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[ #B1FEEAZEE | Multiple lines of evidence for the
dominance of antecrysts in arc eruptive products,
and a study of crystal mushes from the Mexican
Volcanic Belt (BilEEMH» 7T XM
BOEVWOIWLKODPDEER - A X2 aARUFTD
HERY Y 10OM%R)

Georg F. Zellmer ’
("1AE, Massey University, New Zealand)

Volcanic hazard mitigation at subduction zones critically
depends on knowledge of magma generation and ascent
processes and timescales. Multiple lines of evidence are
presented that point to crystal uptake as the principal process
by which arc melts acquire their crystal cargo: (i) variable
#*U-P*U disequilibria in mineral separates; (ii) hydrous
mineral rims with amorphous alteration textures; and (iii)
two-pyroxene pseudo-decompression paths; cf. Zellmer et al.
(2014a, Geol. Soc. London Spec. Pub., vol. 385, p. 161-184;
2014b, Geol. Soc. London Spec. Pub., vol. 385, p. 185-208)
and Zellmer et al. (2015, Geol. Soc. London Spec. Pub., vol.
410, p. 219-236). These observations point to a scarcity

of true phenocrysts in arc magmas, and thus indicate rapid

decompression of aphyric melts that take up their crystal cargo
during ascent. The crystal cargo may thus be used to gain
insights into present-day intrusive magmatic compositions
and processes. For example, the Trans-Mexican Volcanic Belt
(TMVB) is known for the chemical diversity in its erupted
products. We have analysed the mineral chemistry of 30
geochemically well-characterized mafic eruptives from Isla
Maria at the western end of the arc to Palma Sola in the east.
A combination of plagioclase antecryst chemistry and MELTS
thermodynamic modelling of H,0O-saturated isobaric fractional
crystallization was employed to develop a pressure sensor
aimed at determining the ponding depths of the co-genetic
magmas from which the erupted plagioclase crystal assemblage
originates. We show that the depth of magma-mush reservoirs
increase eastwards along the TMVB. Magma-mush ponding
depth variations fully explain the observed westward increase
of average surface heat flux along the TMVB, supporting a
new model of mafic arc magma ascent, where rapidly rising,
initially aphyric melts pick up their antecrystic crystal cargo
from a restricted crustal depth range, in which small unerupted
batches of previously risen co-genetic magmas typically stall
and solidify. We suggest that magma ponding is triggered by

degassing-induced crystallization during magma ascent, and
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that the pressure sensor can also be regarded as a degassing
sensor, with more hydrous melts beginning to degas at greater
depths. Modelled initial magma H,O contents at the Moho
range from ~ 4 to ~ 9 wt%. This implies that globally, mafic
arc magmas may be used to constrain the depths of degassing
and mush zone formation, as well as the amount of H,O in the
primary melts. Cf. Zellmer et al. (2016, Amer. Mineral., vol.
101, p. 2405-2422).

Keywords: antecryst, plagioclase, magma mush, ponding

depth, Trans-Mexican Volcanic Belt

Snapshot of hydrous arc magma differentiation
at deep crust: constraints from melt inclusion in
amphibole-bearing gabbroic xenoliths (Ichinomegata
maar, Northeast Japan) GRALB4 - —/ Bi§~—JLIC
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Thermodynamic modeling of hydrous melts:
Density, seismic velocity and olivine-hydrous basalt
equilibrium (K J~YDHRNZFHEETT IV : BE,
WEHRE L, H2I7 A-a8XKEREBOFHE)
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+ v < 3> 2 : Evolution of magmatic systems (¥ % < ##8RNDE1L)

[ #B#FEFA%E | Temporal signals and magmatic
histories of mushy silicic magma systems
revealed by zircon chronochemistry: implications
for catastrophic caldera-forming eruptions
(PIasERPSREYYAREREYI Y
DATLOBENY TFIVETTIBES LD
BEHIVT SRERIENX)

Shanaka de Silva
("CEOAS, Oregon State University, USA)

Several different pre-eruptive timescales need to be
considered that characterize different stages of silicic magma
system: 1) Formation of parental “mush” and associated
plutonic complex (10° — 10° years); 2) Extraction of crystal-
poor rhyolite (10° — 10° years); and 3) Eruption timescales that
describe the transition from storage to eruption (years, months,
days). Three case studies will be presented that provide
valuable insight into the magmatic history and intrusive to
extrusive ratios of large silicic systems.

At the 3.64 Ma Pastos Grandes caldera in SW Bolivia,
Kaiser et al. (2017, Earth Planet. Sci. Lett., vol. 457, p. 73-86)
show that zircon crystallized continuously for over at least
1.1 Ma while magma accumulated, erupted and eventually
solidified. Such longevity is also evidenced at five Pleistocene
domes in the same volcanic region. Tierney et al. (2016,
Geology, vol. 44, p. 683-686) found essentially continuous
zircon crystallization for 3.5 Ma prior to eruption. This

requires time-integrated recharge rates and extremely high

intrusive to extrusive ratios of 75: 1. A similar conclusion is
drawn from the U-Th in zircon systematics at Unzen volcano,
Shimabara peninsula in Kyushu, Japan. Murphy et al. (in
prep) show that while eruptive activity at Unzen is episodic
over its 500 ka history, zircon crystallization was continuous,
supporting the disconnect between eruptive and intrusive
fluxes.

The longevity recorded in these magmatic systems supports
the predictions of theoretical models that emphasize the
thermomechanics of calderas (Jellinek and DePaolo, 2003,
Bull. Volcanol., vol. 65, p. 363-381; Gregg et al., 2012,
Jour. Volcanol. Geotherm. Res., vol. 241-242, p. 1-12). A
thermomechanical division of calderas into smaller “brittle”
systems that are triggered internally (bottom-up) while larger
“ductile” systems are triggered externally (top-down) is
proposed.

Keywords: pre-eruptive timescale, zircon, U-Th dating, large

silicic magma reservoir, thermomechanical feedback

Relationship between temporal changes of
magma-discharge rate and magmatic compositions
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Long-term evolution of the andesite-dacite magma
system of Ruapehu volcano, New Zealand
(WPRTRUORILNE-TAHA YT~

HIEROREAREL)

Chris Conway
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Evolution of magma plumbing system of

Aso volcano, SE Japan
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Age, petrology and chemistry of volcanic
products from Omine volcano, a precursory event
of Aso-4 eruption (F%k -4 RIBEMEA & U T
T h 3 KREXNUELEYMOENR, Fh E{LEHERK)
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Collapse calderas and their magma chambers
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tyar3: 39370 ADA M1 LX—I)b (Timescales of magma processes)

[ $BFESA#EE | Timescales of magma injection
and triggering processes
(FIVEAEBAR)H—BEOBEBRXT—IV)

Fidel Costa '
("EOS, Nanyang Technological University, Singapore)

Openly degassing volcanoes are among the most active
on earth (e.g., Llaima, Etna, Stromboli, Mayon, Arenal),
producing mildly explosive eruptions (VEI 1-3) every few
months or years. During quiescence they deliver thousands
of tones of gas per day to the atmosphere. Many of these
volcanoes erupt similar bulk magma composition for decades
and their deposits tend to be crystal-rich. Petrological and
geochemical studies show that crystals are strongly zoned (e.g.
Fe/Mg in olivine and pyroxenes), which can be interpreted
as evidence for shallow crystallization and partial dissolution
by intrusion of a volatile-rich primitive melt in a crystal-
rich shallow reservoir/conduit. However, the time scales
between the first intrusion and eruption can vary significantly:
at Stromboli and Etna intrusion times are days to months,
whereas in Mayon or Llaima they are months and years.
There seems to be a correlation between volcanoes with
longer repose periods showing longer times since the first
intrusions and eruption. The mass and pressure balance of
open vent volcanoes suggests that magma intrusions could be
induced by pressure instabilities driven by the gradual loss of
mass occurring during quiescent degassing. We propose that

during quiescence the shallow magma cools, degasses and

crystallizes. This leads to an increase in viscosity and density
of the resident magma, which becomes stiffer with time.
Thus, volcanoes with longer repose times may need more
magma replenishment before eruption, either through multiple
intrusion episodes or larger intrusion volumes. The eruption
frequencies or repose times of openly degassing volcanoes
are the combined result of intrusion times (which depend on
degassing fluxes) and the crystallization kinetics which depend
on initial volatile contents and on heat diffusivity.

Keywords: pre-eruptive timescale, degassing, magma

viscosity, repose period

Petrologic features of the magma reservoir
around beginning of the Goshikidake activity, Zao
volcano (BEAXLAGBEFERBRIEZEOELEHD
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Pre-eruptive process and timescale of basaltic
eruption: A case study of the 2.5 ka subplinian eruption
at Fuji volcano (ZEAEFE X DOE X ZERRFE & B
Z4r—Jb : BXIUD 25 ka DET ) Z—KEXOHI)

EEHHEE
(" WA )

— 179 —



WEFHAMZWE 2017 F B 68% F4a4s

Pre-eruptive process and timescale of the 60

ka caldera-forming eruption at Hakone volcano,

Japan: A preliminary results (FE#RAIL®D 60 ka
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+ v 2 32 4 : Pre-eruptive conditions of magma reservoirs ("ENERID~ 7 v HIER)

[BiFHEFAEE | Pre-eruptive structure of the

magma system of a caldera-forming eruption: Case

studies for Shikotsu and Kutcharo volcanoes,

Japan (AT SHREAREIOY T vROBEE :
% H S UCESBXLOEFIIFE)
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Keywords: caldera-forming eruption, silicic magma,phenocryst

content, magma mixing, mushy magma chamber

Melt inclusion constraints on pre-eruptive storage,
evolution, and eruption of catastrophic caldera-
forming (CCF) magma systems (XJL c3FHH
S5REDNVTIHR~YTI YL XFT L (CCF) DME
KEi~ TV EE - ELE LU THBRIMER)

Shanaka de Silva '

("CEOAS, Oregon State University, USA)

Large caldera system and small caldera system
(KANWTF I RATLENHVT T AT L)
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Conditions of the magma chamber and eruptive
process of Ofunato scoria in Ofunato stage,
Miyakejima volcano (ZEBXIUAMFHD~Y I~
BEVEZGEEARMEZTY 7OMEHIBIE)
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+ v 32 5: Magma ascent and eruption G35~ 7 ¥ LR ~IE A BIE)

[#B#FETEE ] Shallow level bifurcation of

eruption styles: petrographical and experimental

constraints (MEXR TOERFERIODE - A
SCEk & EER A S DOFIE)

Michihiko Nakamura®,
Mayumi Mujin"and Akira Miyake *

(" Graduate School of Science, Tohoku University,
*Graduate School of Science, Kyoto University)

Once magmatic unrest starts, we presume a wide variety
of outcomes. If we understand the mechanisms behind
the branching of events, then we can utilize the results of
geophysical monitoring for prediction and forecast of eruption
styles effectively. A growing consensus formed in recent years
is that explosive—effusive transitions often occur in shallow
volcanic conduits, as evidenced by the hybrid explosive—
effusive activities in which explosive and effusive eruptions
occurred simultaneously (e.g. Castro et al., 2014, Earth
Planet. Sci. Lett., vol. 405, p. 52-61). In this sense, the “pre-
eruptive” period continues until the last minute before we see
magmas in the Earth’s surface. Such transitions in eruption
style have been hardly distinguishable by using only microlite
petrography. As reported by Mujin and Nakamura (2014,
Geology, vol. 42, p. 611-614) for the 2011 Shinmoedake
activity, eruption styles may be discriminated by assemblages
of nanolites, i.e., groundmass minerals exhibiting a kink (break)
in their CSD slopes at a few micrometers to hundreds of
nanometers. The nanolite and ultrananolite are considered to
have crystallized in a nearly closed, non-steady state system,
because the CSD analyses in this scale are made in very small
areas of dehydrated viscous melts with small turbulence
within a short duration. The increase in crystal number density
in a sub-micron size range should thus have been driven
by accelerated increase in effective undercooling owing to
extensive degassing in a shallow conduit. We additionally
discovered a gap from ~ 100 to 30 nm in the size distribution
of pyroxene in a dense juvenile fragment of the 2011 Vulcanian
explosion, and defined the finer-sized crystals (~30-20 nm)
as “ultrananolites.” Besides, Fe—Ti oxide ultrananolite ~1-2
nm in diameter was recognized with a ~10 nm gap from
titanomagnetite nanolites. These nucleation hiatuses in the late
stage of groundmass crystallization are considered to have
been caused by increased interfacial energy and decreased melt
diffusivity in a dehydrated melt. Experimental determination of

crystallization conditions of the nanolite and ultrananolite will

lead to constrain bifurcation conditions of eruption styles such
as minimum magma ascent rates for the sub-Plinian eruptions
and maximum magma residence time in a shallow conduit for
the vulcanian explosions in the Shinmoedake activity.

Keywords: explosive—effusive transition, groundmass

crystallization, nanolite, ultrananolite, degassing

Evolution of magma ascent during the climactic
phase of 2011 eruption of Shinmoe-dake, Japan,
in view of groundmass microlite textures (A&~
17074 MEfED S R 2011 EHREENR
BHICE T B~ I v LR BEDEL)
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On progress and rate of the peritectic reaction
of olivine to pyroxene, with implications for the
growth rates of microlites at the onset of eruption
(PALAR-BRADIARBRECDEITERE | E
KEAWBEOYAI 7071 PERREEANDEE)

Georg F. Zellmer

("IAE, Massey University, New Zealand)

Magma ascent process of the 2000 eruption at

Miyakejima volcano deduced from melt inclusion

analyses (XJV ha@aEYH 5 H7f-=FE:X1U 2000
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Temporal change in microstructure of volcanic

ashes from Aso Nakadake 2014-2015 eruption
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General discussions (¥#34515R)

Summary of the general discussions
(MEFIEROBIE)

Shanaka de Silva " (moderator)

(" CEOAS, Oregon State University, USA)

1) Deep magma processes — what do we think we know?
* Crystal cargo from deep offers an opportunity to probe
plutonic system (Zellmer)
* Crystal extract is within melt of much more evolved
composition (Yanagida)

» Water content of melts controls seismic velocities (Ueki)

2) Evolution of magma systems — what do we think we
know?
* Variable time scales for different parts of the system (de
Silva)
* Variable eruptive fluxes at different volcanoes (Yamamoto)
* Progressive magma fluxes can erode fertility (Conway)
* Deep melting can produce silicic magmas (Kaneko)
* Omine volcano might be a precursor and trigger to Aso 4
(Hasenaka)
* Mixing and unmixing of magmas during Aira caldera

evolution (Geshi)

3) Timescales — what do we think we know?

« Different time scales for different stages of the system (de
Silva)

* Cause and effect? — temporal relationships don't always
mean a causations (Costa)

* Need to look at processes leading to eruption rather than
focus on a trigger (Costa)

* Degrees of mixed magma development control eruptive
style (Nishi)

4) Pre-eruptive magma conditions — what do we think we

know?

» Recharge, hybridization and depth of extraction explains
the difference between Shikotsu and Kutcharo (Nakagawa)

* Melt inclusion data - shallow storage and evolution of
CCF magma systems; may control eruptive transition from
explosive to effusive (Grocke/de Silva)

* Petrological forensics using experimental and MELTS
approach allows geophysical parameters of magma

chambers to be developed (Miyagi)

5) Magma Ascent and Eruption — what do we think we know?

* Discovery of nanolites and ultrananolites requires us
to think about what CSD’s are telling us about conduit
processes — volcanic glass may not be glass (Nakamura)

* Decompression experiments are critical to resolving this
(Nakamura)

» Same magma may follow divergent decompression paths
(Suzuki)

6) What do we know that we don't know?

» What controls the variable histories of similar volcanoes?

* Time scales

-Arrhenius relationship: Diffusion coefficients,
Temperature

- Nature of recharge — continuous vs step-wise recharge

» What do we mean by “trigger” ?
- What are the triggers?
- How do we know what is important? Recharge as a

universal trigger?

+ CSD’ss, nucleation/growth

- Decompression rate recorded in microlites

- Where divergence of decompression occurs

Keywords: magma process, magma system, time scale, pre-

eruptive magma condition, magma decompression
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