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5) Magmatic systems and experimental petrology
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Times of magma ascent and residence reflected in Mg/Fe and Ni diffusion in olivine from 
arc lavas in Kamchatka
Tatiana Churikova1,2, Boris Gordeychik1,3, Gerhard Wörner1, Andreas Kronz1, Maria Pevzner4, Yaroslav Muravyev2, 
Alexander Belousov2, Oleg Dirksen2
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Time scales of residence and ascent for Kamchatka magmas are presented based on zoned olivines from ba-
salts of distinct volcanic modes: maars, monogenic cones, dikes and stratovolcanoes.
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The time scales were estimated by Ni-Mg/Fe diffusion modeling of zoning in olivine crystal cores and outer 
rims by quantitative geochemical profiles. Modeling is based on the analytical solution of diffusion equation 
to approximate measured geochemical profiles and estimates for P and T from Al-in-olivine thermometry 
and cpx-melt barometry�
Olivine crystals in basalts erupted from of maars preserved the most diverse types of compositional zonation 
– normal, inverse, and even oscillatory in Fo78 to Fo92 olivines. The size of olivine crystals in maar eruptions
is small (<0.3 mm) compared to olivines from other eruptive regimes, which indicates short crystal growth
times. Crystal residence times and time of magma ascent are estimated at 100-2000 and 1-10 days, respec-
tively. Magmas erupted in maars thus move most rapidly to the surface.
In lavas erupted at monogenic cones, oscillatory zonation in olivine is absent, but normal and inverse zoning
are found in all samples, with sharp gradients between the cores and outer parts of crystals� The size of the
crystals in monogenic cones is larger than for maar lavas (<0.5 mm). The time of magma ascent varies from
10 to 60 days. Residence time, estimated for few crystals lasted up to 300 days.
The size of olivine crystals in dikes and stratovolcanoes are larger (0.8-1 mm), which indicates a relatively
longer time of crystal growth in their feeding systems. The majority of crystals show normal zoning. Compo-
sitional gradients in Fo and Ni between the olivine cores and outer parts are smoother, indicating longer dif-
fusion times. Also, olivine with reverse zoning and compositional gradients in their cores are rare in samples
from stratovolcanoes. Diffusion therefore probably erased earlier zonation gradients. The diffusion times for
dikes and stratovolcano lavas were estimated up to 200 and 1500 days, respectively.
The implication of these results is as follows: Maar eruptions are fed from rapidly ascending magmas that
do not reside, cool and fractionate during ascent fast from their mantle reservoirs. Monogenetic cones are
similarly sourced from magmas that ascended relatively fast. By contrast, lavas erupted in stratovolcanoes
and those that ascended through their feeder dikes have longer residence times in crustal magma systems,
where crystallization, mixing and magma processing occurs.
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Mg and Ni are both compatible elements in olivine. Fractional crystallization of olivine typically results in a 
concave up trend on a Fo-Ni diagram. “Ni-enriched” olivine phenocrysts that fall off and above the crystalli-
zation trend of are commonly observed in subduction and intraplate settings. To explain such “Ni-enriched” 
olivine crystals, we develop a set of theoretical and computational models to describe how primitive (high-
Fo, high-Ni) olivine phenocrysts from a parent basalt re-equilibrate with an evolved (low-Fo, low-Ni) 
melt through diffusion. These models describe Fo and Ni decreasing in olivine cores during protracted 
diffusion for different crystal shapes and variable relative diffusivities for Ni (DNi) and Mg-Fe exchange (DFo). 
Such de-pendence is considered as a diffusion trend responsible for the formation of Ni-enriched olivine 
phenocrysts. Theoretical models show if the diffusivity of Ni is lower than the diffusivity of Fo, then affected 
by diffusion the olivine phenocrysts form a concave down trend that contrasts with the concave up 
crystallization trend. These models with different geometries allow showing the diffusion trend does not 
depend on the size of the crystal and weakly depends on its shape. In addition, it is shown that the 
anisotropy of the diffusion coeffi-cient affects the diffusion trend in the same way as a change in the crystal 
shape and both features, anisot-ropy and shape, do not significantly change the concave down diffusion 
trend. Three-dimensional numerical 
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