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We have a fundamental
understanding of the principal
magmatic processes of
compositional  differentiation
and mixing of magmas prior to
their eruption. However, the
duration of these magmatic
processes preceding the
eruption, differentiation,
storage, mixing,

i.e.

crystal mush, as well as
amalgamation  of  distinct
magma batches, are yet to be
understood.

Here we describe the
olivine crystals from 7600 C
BP eruption of Shiveluch
volcano  (Kamchatka) that
preserve the full history of
growth and diffusion from deep
mantle source to the Earth
surface at unprecedented level
of detail (Gordeychik et al.,
2018). Based on Fo and Ni
diffusion modeling, we
demonstrate  that  olivines
stayed in mixed mafic magmas
at mantle depth for 100 to 2000
days before their ascent to
surface that lasted only 1-10

days.

All measurements were
conducted at the GZG,
Gettingen  University.  The

composition of olivine profiles
were measured with  JEOL
JXA  8900RL  microprobe.
Crystal orientation was
determined via EBSD on
Quanta 200F instrument.
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Fig. 1. (a) Olivines W|th Fo and N|O zonlng are divided into four groups Spatial axes along

the profiles are in dimensionless coordinates: “0” corresponds to the location of the
resorption interface, “-1” to the margin of the crystal, and “1” to centre of the crystal.
Gray fields show all data for reference. The shapes of gradients in the cores change from
bell-shaped to flat from group 1 to 4. (b) Representative compositional maps of crystals for
four different groups of cores for elements of different diffusivities. The spectrum of colors
from red to violet corresponds from maximum to minimum element concentrations. Note the
smooth compositional variations for Fe-Mg. Ni shows more structure and clearly outlines
the dissolution interface (DI) between outer core and mantle of the crystals. Cr is an
element with slow diffusivity and shows a dissolution interface (DI) between the core and
the mantle more clearly than Fe, Mg, and Ni. Cr also has retained delicate oscillatory
growth zoning in the crystal mantle. The high-chromium inclusions in olivine is chromite.

To better compare profiles for many olivines of different sizes, we used dimensionless spatial
coordinate to represent all profiles in Fig. 1. Such normalized profiles of Fo and NiO for every group of
olivines allow to more clearly define distinct cores, transition zones, as well as common mantles and rims.
The shapes of cores smoothly change from bell-shaped to flat from group 1 to 4; Fo and Ni level differences
are increasing in the transition zone from group 1 to 4, while zoning of the Fo and Ni in the mantle outside
the transition zone are similar in all groups.

Group 1 cores have well-defined bell-shaped distributions for forsterite and nickel. These zoning
patterns are interpreted as diffusion profiles. All inner cores have identical high Fo and NiO contents in their
centres, their rims indicate equilibrium with less mafic and lower NiO melt. These cores with bell-shaped Fo
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and Ni distributions strongly
contrast with group 4 cores,
which have low and entirely
flat Fo and NiO distributions in

their cores. Groups 2 and 3 are ”
. 7~
their cores are ¢

intermediate,
getting gradually lower in Fo
and NiO and their distributions
become increasingly flat.

This clearly indicates
that (1) cores and mantles were
formed by distinctly different
types of processes and (2) after
dissolution all crystals were
immersed in, and grew from,
the same new and increasingly
differentiated magma. While
Fo and Ni

slower diffusing elements (Ca,
Cr,
oscillatory zoning patterns (Fig.
1b, 2).

Olivine  growth
diffusion history
schematically shown in Fig. 3
and described below:

1. Olivine cores (Fog
and NiO~0.5 wt. %) were
formed from a high-Mg and
high-Ni melt and initially had a
uniform Fo and Ni distribution
(Fig. 3a).

2. These olivine crystals
encountered a more evolved
melt to which they
interchanged by  diffusion
towards equilibrium at Fogs4
and NiO~0.22 wt. % (Fig. 3b).
Olivine crystals where the
diffusion process did not reach
the inner cores (group 1)
indicate diffusion times ranging
from 400 to 1800 days. The
inner cores of olivines from
groups 2 and 3 were affected
by diffusion to variable degrees

and

with diffusion time ranging
from 100 to 2000 days.
Olivines from 4  group

completely equilibrated with
this evolved melt.

3. The next event in the
history of these olivine crystals
was magma mixing with a new
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Fig. 2. (@) — Fe-, Mg-, Ni-, Ca-, Cr-, Al-, and P-element distribution maps in the olivine
crystal with growth zones. Here we show only a small part of crystal SHIV-08-05 17 OI-8.
The spectrum of colors from red to violet corresponds from maximum to minimum element
concentrations. (b, c) detailed profile with steps of 0.001 mm, marked by white arrows on
(a), shows the variable width of the high-concentration zones, which depend on their
relative diffusivities (P<Al<Cr<Ca<Fe-Mg). This clearly indicates that the mantles of the
olivines were initially zoned on all these elements but subsequent diffusion has partially

erased Mg and Fe and, less so, Ni and Ca zoning patterns.

0.03 0.10

0.02

0.01

high-Mg and high-Ni melt. Due to the high temperature of this melt, the rims of olivine cores were partly
dissolved creating a prominent resorption interface between cores and mantle (Fig. 3c).

Institute of Volcanology and Seismology FEB RAS, Petropavlovsk-Kamchatsky, Russia, 20th-26th August, 2018

87



10th BIENNUAL WORKSHOP on JAPAN-KAMCHATKA-ALASKA SUBDUCTION PROCESSES (JKASP-2018)

4. Subsequent cooling
results in new high-Fo and
high-Ni olivine growths over
resorption interface that formed
the mantle of the crystals (Fig.
3d). This interface was
modified by later diffusion that
smoothed the initial
distributions of the Fo and NiO
across a transition zone.

5. Newly grown olivine
in this zone is enriched in
Cr,0; up to 0.3-0.4 wt. %,
which in some grains is
accompanied by variations in
Al and/or P. Subsequent
crystallization shows
decreasing forsterite down to
Fosy towards the rims of
crystals and concentric,
oscillatory and correlated Cr-
Al-P growth bands (Fig. 2).

6. While Cr, Al, and P
show sharp growth bands in the
mantle, Fo, NiO and less so
CaO variations are smoothed
out by diffusion during the
same time in which diffusion
modified the resorption
interface  (Fig. 3e). The
duration of this last (growth-
and) diffusion stage is only 1-
10 days. This suggests a very
short time between the last
recharge event and surface
eruption.

The growth and diffusion
documented here occurred in
the high-Mg high-Ni cores and
mantles of the olivine crystals.
High-Mg high-Ni mantles of
olivines were formed after the
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Fig. 3. The schematic evolution of the growth, dissolution and diffusion of olivine crystals is
depicted in core to margin Fo-profiles. (a) The high-Mg olivines with a flat Fo-distribution
were formed first. (b) Once in a low-Mg melt, olivines were affected by diffusion to a
different extent. (c) Recharge with a hot high-Mg melt dissolved outer parts of zoned
olivines. (d) High Mg mantles grew over the resorbed cores of different type. (e) Finally,
diffusion across the resorption interface and across the mantle growth zone started. The
resulting Fo-profiles are similar to the measured profiles in Fig. 1.

last mixing event. The composition of the recharging melt has Mg#=64-65, i.e. is in equilibrium with a
primary mantle-derived melt. These factors together with depths 18-30 km from P-T-fO. conditions of
olivine crystallization imply that mixing between distinct melt compositions as recorded in the olivine
crystals must have taken place at mantle depths. Therefore, the formation of the cores, their storage and
mixing in the mantle occurred during 100 to 2000 days before eruption. However, the time after last mixing
and the way from the mantle source to the surface happened within only 1 to 10 days.

Our research shows that crystal growth, mixing and diffusion processes on the way from mantle
source to surface may be quite complex and time of ascent from mantle source to the surface can be very
fast 1 just few days before the eruption T implying ascent rates of 80 to 1200 m/h.
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