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Syneruptive magma ascent revealed by crystallization processes

�Recent progresses with decompression experiments�

Yuki SUZUKI�

This paper reviews the principles and the methods used to investigate the ascent process of water-saturated

magmas based on crystal texture and composition, which are especially relevant to recent progress made in

decompression experiments. The primary cause of syneruptive crystallization is an increase in the liquidus

temperature and resultant undercooling due to a decrease in dissolved H,O in the melt. Analyses of ejecta crystal

texture provide time-resolvable information.

Firstly, recent decompression experiments have improved knowledge regarding crystallization kinetics and

have confirmed correlations made between ascent conditions, texture and crystal composition. The number

density of groundmass microlite, crystal size distribution, and crystal form all reflect e#ective undercooling (�
Te#). This increases with an increased pressure drop (�P), and also with an increased decompression rate (�
P/�t). If �P or �P/�t match in an experiment series, we can compare the texture of the run products with

respect to the other parameters. The experiments confirmed that the rates of crystal growth and nucleation show

classical bell-shaped curves with �Te# . Growth rate reaches a peak at a lesser �Te# than for nucleation.

Variation of �Te# causes a shift in crystallization style.

Secondly, decompression experiments help in estimation of the rate and style of magma ascent during a

specific eruption through replication of crystals found in ejecta. To best reproduce natural ascent conditions one

needs to know a) the number of syneruptive ascent stages, each of which can be assigned an approximate constant

speed, b) temperature and pressure of magma at the start and end of each ascent stage, c) how texture evolved

during the syneruptive ascent. Ascent conditions are estimated for each stage based on the experimental

reproduction of the texture and composition of the natural ejecta. Accuracy in the estimation of ascent rate is

thus influenced by errors in quantitative analysis of natural ejecta and the correlation of the decompression rate

with textural parameters. Such experimental approaches improve our interpretation of eruption mechanisms by

enabling us to combine observation made upon the eruptive product and time-resolved geophysical data. The

application of this approach to the ,*** A.D. eruption of Usu Volcano in Japan is presented. With further

improvement in the experimental techniques both laboratory and observational studies on ejecta will play a more

important role in linking various volcanology research fields.

Key words : rate and style of magma ascent, e#ective undercooling, nucleation and growth rates, quantification of

groundmass microlite, experimental replication of crystals
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Fig. +. Procedures investigating magma ascent condition using crystallization. Italic letter indicates result in each

procedure. Procedure and result at the starting point of arrow control those at the end point.
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Fig. ,. Phase diagrams for isothermally decompressed felsic melt. a) A diagram showing increase of liquidus

temperature with decrease of pressure for water saturated conditions. Modified from Eichelberger (+33/).

,**, ,*, + MPa correspond to reservoir, conduit and near-surface, respectively. L, C and V represent liquid,

crystal and vapor, respectively. Boundaries of L vs. LµC and LµV vs. LµCµV denote liquidus. When

reservoir magma is water saturated and free from vapor, its melt part locates at “Melt”. As magma ascends

to surface and the melt is transformed to groundmass ("GMS”) of ejecta, the liquidus increases from T,** to

T+. b) H,O-saturated phase relations. Modified from Cashman (,**.). Each phase is stable over low-

pressure side of phase boundary, except hornblende. Orhopyroxene (Opx), augite (Aug), plagioclase (Pl),

hornblende (Hb) and quartz(Qtz).

Fig. -. BSE image of groundmass (micropumice in

Usu ,*** eruption). Microlites are magnetite

(Mt), pigeonite (Pig) and plagioclase in order

of decreasing brightness. Skeletal plagioclase

microlite appears to show a swallow tail form

(S.T.) or to have a hollow filled with glass (H.

L.) depending on the orientation of the section

of each crystal.
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from interplay between thermodynamic driving

force and kinetic barrier.
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Fig. 1. Magma plumbing system beneath Usu volcano, and ascent process (a) and textural evolution (b) of Usu

,*** magma supplied from shallow reservoir. From Suzuki et al. (,**0). For reservoir at +* km depth,
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Fig. 2. Representative CSDs from groundmass of

volcanic ejecta. For interpretation, see text. a)

Linear CSD, b) Kinked CSDs, c) CSD with

negative slope at large sizes and positive slope at

small sizes.
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�+� ��l�st
Couch (,**-)� Couch et al. (,**-)� Hammer and
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8������w�� z'{����~(� (Fig. ++b�.
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AP�At��i ; Table +� 8+� z'{k���l�w

Fig. 3. Undercooling simply defined by di#erence

between temperature (12*�) and plagioclase

liquidus (AT in text). Modified from Hammer

and Rutherford (,**,).

Table +. Conditions of experiments for decompression-induced crystallization in felsic system.

For detail of references, see text. Decompression rate (m/s) in MSD experiments in Couch (,**-) was calculated

assuming +** MPa is equivalent to ,./ km. Martel and Schmidt (,**-) tested the most variable decompression

rate in MSD experiments. When final pressure was set at /* MPa, experimental time varied from 0 second to +/
days.

Fig. +*. Styles of decompression. Modified from

Couch et al. (,**-).
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*� (Hammer and Rutherford, ,**,)� �>�¦J� �
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Fig. ++. Relationship between~T (simply defined

by ~P) and plagioclase nucleation rate (I) in

SSD. a) and b) are modified from Hammer

and Rutherford (,**,) and Couch et al. (,**-),

respectively. In SSD, ~T is equal to~Te#

(refer text). There exists time lag between

occurrence of undercooling and nucleation start.

In addition, nucleation stops when system ap-

proaches equilibrium and undercooling becomes

small (e.g. decrease in nucleation rate, as shown

in b)). To evaluate e#ect of ~P, we thus need

to compare samples held at final pressure for the

same duration. a) shows data from samples

which were held for +02 hours at final pressure,

while b) shows incremental rates for various

durations (.�/*. hours).
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	��?� <a?�<d?	��B�01��i�� Fig. +/G 
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Fig. +,. Relationships among {T (simply defined

by {P), decompression rate and plagioclase

nucleation rate (I) in MSD. Modified from

Couch et al. (,**-). Relative decompression

rate is known from the legend showing duration

of experiment.

Fig. +-. Relationship between {T (simply defined

by {P) and plagioclase growth rate (Y and Gi)

in SSD. In SSD, {T is equal to{Te# (refer

text). a) is modified from Hammer and

Rutherford (,**,) where average rates for +02
hours are shown. b) is modified from Couch

(,**-) which includes incremental growth rates

for various durations (2�/*. hours). For

growth rate estimation, ten largest microlites

were used (both a) and b)).
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Fig. +.. Relationship among�T (simply defined by

�P), decompression rate and plagioclase growth

rate (Gm) in MSD. Modified from Couch et al.

(,**-). Legend indicates duration of experi-

ment. Relative decompression rate is known

from the legend showing duration of experiment.
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Fig. +/. BSE images of decompression products in Suzuki et al. (,**0) where samples were decompressed from

+,/ MPa to /* MPa. MSD and SSD show style of decompression (see Fig. +*). Numbers after MSD and

SSD indicate experimental time (hour). Phases are Fe-Ti Oxides (Ox), clinopyroxene (Cpx), plagioclase (Pl),

glass and bubble in order of decreasing brightness. Most crystals are microlite. Crystals which existed before

decompression are labeled with pe (abbreviation of pre-existing). Plagioclase pe in MSD-+./ is fragmented.

Plagioclase microlites in SSD-,. are skeletal (for reason, see caption of Fig. -), while those in MSD products

are tabular and euhedral. Note systematic change in microlite number density with time in MSD run

(increases from MSD-0* to MSD-0 and decreases to MSD-+./ ; also see text). Among all run products in

Suzuki et al. (,**0), SSD-,. best resembles ejecta (Fig. -) in terms of microlite. Actual magma was

decompressed to +*�/ MPa after crystallization was completed (Stage-, ; Fig. 1), so there exists textural

di#erence of bubbles between ejecta and SSD-,..

Table ,. Textual change of run product with final pressure and decompression rate.

Excerpt of Table . of Hammer and Rutherford (,**,). Results are from +02 hour experiments for

both SSD and MSD. �Te# in table corresponds to �T (simply defined by �P) in text.
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Fig. +0. BSE image for plagioclase phenocryst

(Pl-Ph) and groundmass (GMS) of a pumice

sample from Futatsudake eruption at the middle

of 0th century. Low-An rim records syneruptive

magma decompression from reservoir (.**
MPa) to +** MPa (Suzuki, ,**+). Also note

no microlite in groundmass. Fr-Ph ; fragmented

phenocryst.
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