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This study describes an investigation of the pre-eruptive conditions (T, P and fO,) of
dacite magma erupted during the KZI cycle (12,000-8400 years ago) of Kizimen
Volcano, Kamchatka, the earliest, most voluminous and most explosive eruption cycle
in the Kizimen record. Hydrothermal, water-saturated experiments on KZI dacite pum-
ice coupled with titanomagnetite-ilmenite geothermometry calculations require that the
KZI dacite existed at a temperature of 823 +20°C and pressures of 125-150 MPa
immediately prior to eruption. This estimate corresponds to a lithologic contact
between Miocene volcaniclastic rocks and Pliocene-Pleistocene volcanic rocks located
at a depth of 5-6 km beneath the Kizimen edifice, which may have facilitated the
accumulation of atypically large volumes of gas-rich dacite during the KZI cycle.

Keywords: Kizimen volcano; Kamchatka; magma storage; magma accumulation;
experimental petrology

Introduction

Kizimen Volcano (2376 m) is a Holocene stratocone situated on the eastern edge of the
Central Kamchatka Depression, where the Shchapinsky graben intersects a network of
large-amplitude NE-striking normal faults (Figure 1). At least 20 tephras ranging in vol-
ume (<0.1 to >20 km?) and composition (basalt, andesite and dacite) were erupted from
Kizimen Volcano during the Holocene (Melekestsev et al. 1995). Future large-volume
eruptions seem likely, which underscores the volcanic hazard potential of the area.
Despite the high frequency and compositionally heterogeneous Holocene eruptions,
Kizimen Volcano is one of Kamchatka’s least understood active volcanoes. Our work
builds on previous stratigraphic and petrologic investigations of Kizimen Volcano by
experimentally constraining the pre-eruptive storage conditions of dacite magma erupted
during the KZI cycle (12,000-8400 years ago), the earliest, most voluminous and most
explosive eruption cycle in the volcanic record (Melekestsev ef al. 1995). Results from
this study will serve as an important resource for future examinations of Kizimen Volcano
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Figure 1. Simplified map of the Kamchatka Peninsula (lightly shaded) with location of Kizimen vol-
cano (solid triangle) as well as several other historically active volcanoes (open triangles), the Central
Kamchatkan Depression (dark shading), the Kamchatka River and the city of Petropavlousk-Kamchatsky.
A distance scale is also provided.

and other stratocones composed of intermediate magmas, particularly geophysical investi-
gations designed to better understand subsurface magma plumbing systems.

Preliminary studies at Kizimen Volcano performed by Piip (1946) and Shantser et al.
(1976) focused on the general structural characteristics of the erupted material. These
studies were followed by that of Melekestsev et al. (1995), who combined tephrochrono-
logical and petrological techniques to divide the eruptive history into four cycles (KZI-
KZIV), where each cycle was initiated by explosive activity and concluded with the
effusion of a dome or lava flow. Their findings are summarized here.

The earliest Kizimen eruptive deposits were emplaced during the KZI period 12,000—
8400 years ago. This phase is significant for having produced the most voluminous and
explosive deposits, accounting for more than 80% of the total volume of material erupted
over Kizimen’s history. Moreover, magma generation rates were significantly high during
the KZI cycle, estimated at 8.4 x 10° m3/year compared to subsequent cycles ranging from
0.3 to 4.0 x 10® m3/year (Melekestsev er al. 1995). KZI deposits range in whole-rock
composition from silicic andesite to dacite (63—65 wt% SiO,; Table 1) and are predomi-
nantly composed of distally deposited tephra and block-and-ash pyroclastic units that
extend up to 15 km from the vent.

More recent eruption cycles are characterized by progressively smaller volumes and
more mafic compositions (Melekestsev et al. 1995). Deposits from the KZII cycle (8400—
6400 years ago) include a small lava dome and 1.5-2.0 km? of tephra fall deposits with
glass compositions ranging from 62 to 68 wt% SiO,. The KZIII cycle (6400-3000 years
ago) is characterized by several minor eruptions of andesitic tephra (57—63 wt% SiO,)
totaling only ~0.1 km® of erupted material. During the current Kizimen eruptive cycle,
KZIV (3000—present), eruptive products have been dominated by lava flows and pyroclastic
units ranging from basaltic andesite to andesite (53—58 wt% SiO,), totaling an eruptive
volume of 0.7-1.0 km?>. Approximately 1100 years ago an explosive lateral blast produced
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Table 1. Whole-rock analyses (oxides in
wt. %) of KZI dacite pumice and dome block
from Melekestsev et al. (1995).

[1* 12*
Sample Pumice Lava
SiO, 63.38 63.72
Al,Oq 15.60 16.94
TiO, 0.62 0.58
FeOy, 522 4.87
MgO 0.10 0.11
MnO 2.20 1.84
Ca0 5.10 5.70
Na,0 3.19 3.68
K,O 1.78 1.49
P05 0.17 0.17
Total 97.36 99.10

FeOy,, all Fe calculated as FeO.

a 1.0 x 0.7 km wide amphitheatre crater on the NE flank, followed by the effusion of a
small lava dome within the newly formed crater. The only known historical eruption of
Kizimen occurred from December 1928 to January 1929 and involved ‘fire flames’ ema-
nating from the summit and a black eruption cloud rising from high on the NW flank
where present-day fumaroles exist (Piip 1946).

Most recently, Churikova et al. (2001b, 2007) coupled Sr-Nd isotopic analysis of
pumice and lava samples from Kizimen Volcano over the past 12,000 years with in situ
minor- and trace-element zoning patterns in plagioclase crystals. One of the most import-
ant findings of the Churikova et al. study was that magmas erupted from Kizimen Volcano
appear to have originated as a result of mixing between a cool dacite magma stored in the
shallow crust and a hotter basaltic magma that intruded into the base of the dacite magma
reservoir. Furthermore, Churikova et al. (2007) showed that mixing in the Kizimen
Volcano magma reservoir does not produce a uniformly hybridized intermediate product,
as evidenced by dacite lavas that contain abundant quenched basaltic enclaves and a
disequilibrium mineral assemblage composed of plagioclase, hornblende, orthopyroxene,
clinopyroxene and rare quartz and olivine crystals. Interestingly, some Kizimen dacite
samples from the Churikova e al. (2007) study show no evidence of interaction with
basaltic magma prior to eruption; they interpreted this to reflect mixing interrupted by the
withdrawal and eruption of the incompletely blended dacite and basalt magmas shortly
after intrusion of basalt into the magma chamber.

In an attempt to better understand the magma reservoir system that supplies Kizimen
Volcano, our investigation experimentally constrains the pre-eruptive storage conditions of
magma erupted during the earliest and most voluminous KZI cycle. A series of
hydrothermal experiments performed on KZI dacite pumice provides an estimate of the pre-
eruptive pressure, temperature and fO, conditions in the magma storage system during this
eruptive period. Results show that the KZI dacite existed at a temperature of 823 + 20°C and
pressures of 125-150 MPa immediately prior to eruption, corresponding to a depth of
5-6 km, assuming a crustal density of 2.6 g/cm’. Interestingly, this estimate corresponds to a
structural discontinuity beneath the Kizimen edifice between Miocene volcaniclastic rocks
and Pliocene-Pleistocene volcanic rocks, which may have facilitated the unusually large
accumulation of dacitic magma below the volcano during the earliest KZI cycle.
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Materials and methods
Experimental techniques

Determining pre-eruptive storage conditions of magma ejected during a volcanic eruption
involves reproducing the mineral assemblage, mineral modal abundance, and mineral
textures, as well as the compositions of the minerals and coexisting melt of the natural sam-
ples, through the use of experimental petrology techniques (e.g. Rutherford et al. 1985; Gard-
ner et al. 1995; Grove et al. 1997, Barclay et al. 1998, Hammer et al. 2002; Browne and
Gardner 2006; Scaillet ef al. 2008). Oxygen fugacity and temperature are first constrained by
analysing Fe—Ti oxide pairs in natural samples. A series of phase equilibria experiments run
at different pressures and temperatures can then be used to construct the stability fields of the
most common mineral phases by plotting them in pressure-temperature space. Finally, com-
positions of the experimentally formed mineral rims and coexisting matrix glasses are com-
pared with the mineral rims and coexisting matrix glass from the natural samples in order to
improve the pre-eruptive storage estimate (e.g. Rutherford et al. 1985; Hammer et al. 2002).

The materials selected for phase-equilibria experiments are large portions of lightly
crushed dacite pumice (01BBKZ-1) (Table 1) from a pyroclastic flow deposit located at a
distance of 9 km north of Kizimen Volcano. This sample was selected because, unlike
lava, pumice-forming magma ascends through the crust rapidly enough to preserve the
phenocryst and melt (glass) compositions characteristic of the temperature, pressure, and
fugacity of the pre-eruptive magma reservoir through quenching. In addition, neither
banding nor clots of mafic material were observed in this pumice, which have been sug-
gested by Churikova et al. (2007) to form through the mixing of a basaltic and dacitic
magma.

All phase equilibria experiments were conducted in the University of Alaska
Fairbanks Experimental Petrology Facility and performed within Ag;,Pd,, tubing. With
one end of the tubing crimped and welded, 0.1-0.5 g of powdered dacite sample
(01BBKZ-1) was combined with sufficient distilled water to ensure that all samples were
water-saturated (PHzo = P,)- No additional volatiles (e.g. CO,, S) were added to the
experiments. The open end of the tubing was then crimped and the capsule weight was
recorded. After welding the crimped end, the capsule was heated for 1 h on a 150°C hot
plate to determine whether any distilled water escaped during welding. Finally, capsules
were re-weighed, and discarded if water loss occurred.

Experiments were performed in Rene cold-seal pressure vessels in which water is
utilized as the pressurizing fluid. Oxygen fugacity was buffered to the Ni-NiO (NNO) oxy-
gen buffer curve as a result of reactions between the Ni-alloy Rene pressure vessel, a Ni
filler rod inserted into the vessel, and pressurized water (Geschwind and Rutherford 1992).
Temperature and pressure settings in the University of Alaska Fairbanks Experimental
Petrology Laboratory are precise to £3°C and £0.5 MPa, respectively (Larsen and Gardner
2000). All phase equilibria experiments were held at constant pressure and temperature for
4-6 days in order to grow crystals large enough to identify and analyse. At the end of an
experimental run, Rene pressure vessels were removed from their horizontal furnaces at high
pressure (i.e. the pressure of a given experiment) and immediately quenched by submerging
them in water at room temperature. Reversal experiments were run for most conditions.

Electron microprobe techniques

Samples were mounted in epoxy on thin sections and polished by hand. Back-scattered
electron (BSE) images, as well as mineral and glass compositional analyses, were
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obtained from polished thin sections of all natural and experimental samples using a JEOL
JXA-8200 Superprobe, located at UCLA, and a Cameca SX-50 electron microprobe,
located at the University of Alaska, Fairbanks. BSE imaging was conducted using a 2 pm-
wide focused beam, an accelerating voltage of 15 KeV and a beam current ranging from
25 to 50 nA. Mineral analyses were performed through a procedure involving a 1 pum-wide
focused beam at an accelerating voltage of 15 KeV, and a beam current of 10 nA. Glass anal-
yses were acquired with a defocused electron beam (~10-um-wide), an accelerating voltage
of 15 KeV, and a beam current of 8 nA in order to minimize sodium migration. During all
glass analyses, sodium concentration was monitored in 2-second intervals. Upon comple-
tion of the analysis, sodium X-ray counts, which were detected by the electron microprobe
spectrometer, were regressed to determine the initial sodium content of the glass (Devine
et al. 1995). Standards of hydrated glasses with known dissolved water contents were used
prior to and following analyses of experimental samples to ensure validity of data. Mineral
phases in the experiments were also identified and evaluated through the use of a tradi-
tional petrographic microscope, where phase stability was determined based on the pres-
ence of new, euhedral crystals that grew during the experiment.

Results
KZI dacite

The KZI dacite pumice sample used in this study is crystal-rich, averaging 40% crystals
by volume; plagioclase and hornblende are the most common phenocryst phases with
lesser orthopyroxene, magnetite, and ilmenite. Plagioclase phenocrysts are typically large,
ranging from 0.3 to 0.8 mm in diameter, and are usually euhedral. Hornblende phenoc-
rysts are also typically euhedral and elongate, ranging from 0.1 to 0.5 mm in diameter at
their widest point. Although neither olivine, quartz nor clinopyroxene were observed in
the KZI pumice sample used for these experiments, Melekestsev et al. (1995) and Churik-
ova et al. (2007) report observing olivine, clinopyroxene, and quartz in trace amounts
(<0.5 vol%) in some KZI dacite samples, noting that, when present, olivine is invariably
rimmed by orthopyroxene and clinopyroxene is typically mantled by orthopyroxene and
Fe—Ti oxides. Where quartz crystals are observed, they invariably display embayed crystal
faces (Churikova et al. 2007).

Fe-Ti oxide geothermometry

Average compositions of coexisting titanomagnetite and ilmenite phenocrysts from the
KZI dacite pumice and temperatures based on the Anderson and Lindsley (1988) geo-
thermometer are listed in Table 2. The method of Stormer (1983) was employed to calcu-
late the distribution of iron between Fe?* and Fe>* as well as mole fractions of ulvospinel
and ilmenite. Titanomagnetite is abundant in KZI dacite pumice, accounting for 1-2
vol%, present as 0.03-0.6 mm, euhedral to subhedral phenocrysts and as plagioclase- and
hornblende-hosted inclusions. Titanomagnetite core compositions are more variable
compared to rim compositions: cores range from 4.4 to 6.6 wt% TiO, (12.8-18.6 mole%
ulvospinel) and rims range from 4.6 to 4.9 wt% TiO, (12.9-14.2 mole% ulvospinel).
Ilmenite is much less abundant than titanomagnetite, accounting for less than 0.5 vol% of
the KZI pumice. Ilmenite forms as 0.02—0.08 mm, euhedral to subhedral grains that are
either attached to titanomagnetite phenocrysts or forms as inclusions in pyroxene. Simi-
lar to titanomagnetite, ilmenite core compositions are more heterogeneous compared to
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ilmenite rims. Whereas ilmenite core compositions range from 57.4 to 66.0 wt% FeO
(53.8-68.8 mole% ilmenite), rim compositions range from 56.4 to 59.2 wt% FeO (63.9—
73.8 mole% ilmenite).

Geothermometry estimates are based solely on analyses of touching titanomagnetite
and ilmenite grains exhibiting euhedral or subhedral crystal faces and pair compositions
characterized by Mg/Mn equilibrium partitioning as defined by Bacon and Hirschmann
(1988). Typical errors for temperature and oxygen fugacity calculations are +20°C and
*0.15 log units, respectively. Titanomagnetite-ilmenite pairs are normally zoned, with
core temperatures ranging from 855 to 875°C (average = 860°C) and oxygen fugacities
ranging from 107104 to 107112 bars; temperatures and oxygen fugacities calculated from
rim compositions vary from 816 to 828°C (average = 823°C), and 10~116 to 10~119 bars,
respectively.

Phase equilibria and compositions

Twenty phase equilibria experiments were performed in order to constrain the stability
fields of hornblende, plagioclase, orthopyroxene, and Fe-Ti oxides (Figure 2) in water-
saturated KZI dacite (Table 3). Significant observations include the following:
titanomagnetite and ilmenite are stable at all experimental conditions; plagioclase is sta-
ble at temperatures below 880°C and becomes more calcic with decreasing pressure;
pyroxene is stable below 900°C; below 860°C, hornblende is stable at pressures as low
as 100 MPa, but with increasing temperature, hornblende stability is restricted to higher
pressures. These results are similar to many other recent experimental studies on inter-
mediate composition magmas, including the 1989—1990 dacite eruption of Redoubt vol-
cano, Alaska (Browne and Gardner 2006), the 1991-1995 dacite from Unzen volcano,
Japan (Sato ez al. 1999) and the 1997 andesite from Soufriere Hills volcano, Montserrat
(Barclay et al. 1998).

The compositions of coexisting experimental phenocryst rims and matrix glasses can
be used to refine equilibrium conditions based on phase assemblage (Table 4). Average

800 825 850 875 900
Temperature (°C)

Figure2. Phase equilibria diagram for KZI dacite (01BBKZ-1) experiments. Left- and right-pointing
triangles are crystallization and melting experiments, respectively. Solid and dashed lines are ‘mineral-
in’ curves for plagioclase, orthopyroxene, Fe-Ti oxides, and homblende. Shaded region represents
range of pre-eruptive temperatures based on Fe-Ti oxide geothermometry. Patterned region is esti-
mated pre-eruption storage conditions where KZI dacite was stable immediately prior to eruption,
based on geothermometry, phase stability, and compositions of coexisting glass and mineral
phases.
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Table 3. KZI dacite phase equilibria experiments.

Experiment SM* P (MPa) T (°C) Duration (days) Products ”
KZI-1 D 150 825 4.0 P1, Hbl, Opx, Ox, gl
KZI-2 D 150 825 4.2 PI, Hbl, Opx, Ox, gl
KZ1-3 KZ1-2 150 880 5.1 Opx, Ox, gl

KZ1-4 KZI-2 150 880 4.8 Opx, Ox, gl

KZI-5 D 100 825 5.0 PI, Hbl, Opx, Ox, gl
KZI-6 D 100 825 4.8 P, Hbl, Opx, Ox, gl
KZI1-7 D 100 875 4.1 PI, Opx, Ox, gl
KZI-8 D 200 800 5.8 PI, Hbl, Opx, Ox, gl
KZ1-9 D 200 800 5.8 P1, Hbl, Opx, Ox, gl
KZI-10 D 200 825 4.2 P1, Hbl, Opx, Ox, gl
KZI-11 D 200 850 4.0 Hbl, Opx, Ox, gl
KZI-12 KZ1-9 200 850 4.1 Hbl, Opx, Ox, gl
KZI-13 D 200 875 4.0 Hbl, Opx, Ox, gl
KZI-14 D 200 875 4.0 Hbl, Opx, Ox, gl
KZI-15 KZ1-9 250 825 4.6 Hbl, Opx, Ox, gl
KZI-16 D 250 825 4.5 Hbl, Opx, Ox, gl
KZI-17 KZI-16 125 815 5.7 P, Hbl, Opx, Ox, gl
KZI-18 KZI-16 125 815 5.9 PI, Hbl, Opx, Ox, gl
KZI-19 KZI-14 125 860 5.1 P1, Hbl, Opx, Ox, gl
KZ1-20 KZI-14 125 860 4.8 PI, Hbl, Opx, Ox, gl

*SM, Starting Material; D, crushed KZI dacite pumice 01BBKZ-1; Experiment number, products of previous
experiments used as SM.
“PI, plagioclase; Hbl, hornblende; Opx, orthopyroxene; Px, orthopyroxene; Ox, Fe-Ti Oxide; gl, glass.

rim compositions of plagioclase phenocrysts from the KZI dacite and phase equilibria
experiments are listed in Table 4. Rim compositions of KZI dacite plagioclase range from
Anyg to Ans,. Compositions of plagioclase microlite rims grown in experiments range
from Anyg to Ang; and become progressively more sodic as temperature and pressure
decreased (Figure 3). Plagioclase rim compositions from experiments run at temperatures
of 815°C and a pressure of 125 MPa are nearly identical to natural plagioclase rim compo-
sitions, ranging from Angg to Ang; (Figure 3).

The composition of residual melt (i.e. glass composition) in experiment samples also
varies systematically in composition with pressure and temperature (Table 5). At constant
pressure, the concentration of SiO, and K,O decrease with increasing temperature,
whereas concentrations of Al,O3, MgO, and CaO increase (Figure 4). In contrast, at
constant temperature, concentrations of SiO, and K,O decrease with increasing pressure,
whereas concentrations of Al,O3, MgO, and CaO increase. Finally, although the concen-
tration of Na,O in melt depends strongly on temperature, a systematic variation with
pressure is not observed. Glass compositions from experiments run at 815-825°C and
125-150 MPa are most similar to natural glass compositions (Figure 4).

Discussion

In a water-saturated magma like that of the KZI dacite erupted from Kizimen Volcano,
equilibrium compositions of mineral phases and the coexisting melt phase will be dictated
by the temperature, pressure, and oxygen fugacity of the system. Magnetite-ilmenite geo-
thermometry calculations and the experimentally derived mineral and melt phases indicate
that the dacite mineral assemblage crystallized at temperatures of 825°C + 20°C (Figure 2).
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Figure 3. Plagioclase rim compositions from natural KZI dacite (dashed line) and hydrothermal
experiments where plagioclase was found to be stable for different pressures and temperatures.
Solid lines connect experiments conducted at equal pressures. Melting and crystallization experi-
ments (open and solid triangles, respectively) used both pre-run aliquots and 01BBKZ-1 crushed
KZI dacite pumice (Table 3).

The pre-eruptive pressure can be constrained by comparing the compositions of plagi-
oclase rims and coexisting matrix glass in natural samples with those formed during
experimental runs performed at many different pressures (e.g. Rutherford er al. 1985;
Gardner et al. 1995; Izbekov et al. 2004; Browne and Gardner 2006). In the case of plagi-
oclase, compositions from experimentally grown microlites are nearly identical to natural
plagioclase rim compositions from runs at 125 MPa and 815°C (Figure 3). Similarly, the
compositions of matrix glass from experiments closely match the composition of natural
dacite matrix glass from runs at pressures of 125-150 MPa and temperatures of 815—
825°C (Figure 4). The pre-eruptive temperature and pressure conditions of the KZI dacite
is therefore constrained at 825 + 20°C and 125 + 25 MPa, which is consistent with a depth
of 5-6 km assuming a density of 2.6 g/cm? for the upper crustal volcanic rocks.

A critical responsibility of experimental petrology research papers is to acknowledge
potential sources of error in the findings described here so as to maximize the applicability
and usefulness of the results. Beyond the errors associated with experimental and analyti-
cal precision, which are minor and clearly stated in the Methods and Materials section,
perhaps the most important source of error facing this study relates to the fact that H,O is
the only volatile species used in the phase stability experiments. Other volatile species
such as CO,, S, Cl, and F are common in dacitic magmas, although in significantly lower
concentrations than H,O (e.g. Carroll and Webster 1994; Rutherford and Devine 1996;
Scaillet and Evans 1999; Churikova et al. 2001a, Scaillet and Pichavant 2003; Wallace
2005). Even so, results from experimental phase equilibria studies that utilize mixtures of
volatile species show that the inclusion of even minor concentrations (e.g. 0.1 wt%) of
other volatiles influence the abundance and composition of crystallized mineral phases. For
example, Costa et al. (2004) conducted a series of H,O-saturated phase equilibria experi-
ments and a series of H,O+S-saturated phase equilibria experiments on the same dacite start-
ing material from Volcan San Pedro (Chile). In this study, only the H,O + S-bearing
experiments produced the complete phase assemblage as observed in the natural sample,
including plagioclase, homblende, orthopyroxene, magnetite, ilmenite, biotite and pyrrhotite,
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Figure 4. Normalized matrix glass compositions from natural KZI dacite (dashed line) and
hydrothermal experiments for different pressures and temperatures (Table 5). Solid lines connect exper-
iments conducted at equal pressures. Melting and crystallization experiments (open and solid symbols,
respectively) used both pre-run aliquots and 01BBKZ-1 crushed KZI dacite pumice (Table 3).

even though in some experiments the concentration of S included was only 0.1 wt%. In
contrast, phase equilibria experiments saturated with H,O alone did not result in the crys-
tallization of biotite or pyrrhotite (Costa et al. 2004). Because no such discrepancy in min-
eral assemblage is observed between experimentally derived KZI dacite samples and the
natural KZI dacite starting material in this study; however, we are confident that our
results accurately depict the pre-eruptive storage conditions in terms of temperature, pres-
sure and fO,.

The inferred pre-eruptive storage conditions of 5—6 km depth for the KZI dacite
corresponds to the location of a structural discontinuity between upper Miocene volcani-
clastic sedimentary rocks of the Shchapinsky suite and late Pliocene—Pleistocene-aged
volcanic rocks that underlie Kizimen Volcano (Shantser et al. 1976). Indeed, the
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presence of structural discontinuities, which are particularly susceptible to processes
such as fracturing and slip in response to changes in the regional stress field, may
facilitate physical conditions favourable for the transport and accumulation of magma
(e.g. Frazzetta and Villari 1981; Hoshizumi er al. 1999; Vigneresse and Clemens
2000; Marquez et al. 2001). However, although structural discontinuities in the upper
crust may enhance magma transport and emplacement to some degree, their role in the
long-term storage of magma over the lifetime of a volcano is uncertain as evidenced
by studies that experimentally constrain the pre-eruptive storage conditions of mag-
mas erupted over these time periods. For example, Gardner ef al. (1995) found that
magma storage conditions varied significantly over the past 4000 years at Mount St
Helens (USA), where magma emplacement depths varied from 6 to 12 km despite the
existence of a structural discontinuity located approximately 16 km below Mount St
Helens (Lees 1992). Results from Gardner et al. (1995) indicate that the ‘Bi’ and ‘Wn’
eruptive units, which are separated by ~1200 years, tapped magma from a 6 km stor-
age depth followed by a 12 km depth. Then, two years later, magma stored at 7.5 km
depth was erupted as the ‘We’ unit of the Kalama eruptive period (Gardner et al.
1995). In contrast, Scaillet et al. (2008) found that the pre-eruptive storage depths of
magma erupted from Mount Vesuvius (Italy) has steadily decreased from 11-12 to 3—4 km
over the past 20,000 years despite the inferred presence of a prominent structural dis-
continuity located approximately 11-15 km beneath the Vesuvius edifice (De Natale
et al. 2006).

Whereas upper crustal structural discontinuities appear unable to serve effectively as
magma storage reservoirs over the long term (i.e. ~10°-10* years), experimental evidence
presented here indicate that the KZI dacite last crystallized at a depth that corresponds to a
5—6 km-deep structural discontinuity prior to eruption. How long did this magma reside at
this depth prior to eruption? Many recent studies utilizing high-resolution compositional
analysis of mineral phases to model crystal-melt diffusion timescales coupled with geo-
chronology methods from small volume eruptions of intermediate magmas suggest that
timescales of magma storage prior to eruption may range from <10 to <103 years (e.g.
Turner et al. 2000; Zellmer et al. 2003; Costa and Dungan 2005; Jicha et al. 2006). Cer-
tainly, a short-lived pre-eruptive storage period at 5—-6 km depth agrees with Sr and Nd
isotopic results from basalt, basaltic andesite, and dacite samples erupted during Kiz-
imen’s KZI and KZIV eruptive periods, which show no evidence for assimilation of sur-
rounding country rock (Churikova et al. 2007). A short-lived storage scenario at the
pressures and temperatures determined in this study also supports the finding that many
dacite samples erupted during the KZI eruptive period are characterized by abundant
quenched basaltic enclaves and a complex disequilibria mineral assemblage of plagi-
oclase, homblende, orthopyroxene, clinopyroxene, olivine, titanomagnetite, and ilmenite,
which formed as a result of incomplete mixing between a basaltic and dacitic magma
shortly before eruption (Churikova et al. 2001a; 2007).

We are confident that further study of the Kizimen volcano magma plumbing system
will contribute a great deal to our understanding of magma accumulation and storage,
which will ultimately increase our ability to interpret petrological and experimental data
more effectively.
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