
Solid Earth Discuss., 3, C371–C374, 2011
www.solid-earth-discuss.net/3/C371/2011/
© Author(s) 2011. This work is distributed under
the Creative Commons Attribute 3.0 License.

Solid Earth
Discussions

Interactive comment on “Dynamic magma mixing
revealed by the 2010 Eyjafjallajökull eruption” by
O. Sigmarsson et al.

D. Perugini (Referee)

diegop@unipg.it

Received and published: 17 September 2011

This manuscript reports about the recent 2010 eruption of Eyjafjallajökull volcano (Ice-
land). Authors demonstrate that magma mixing events played a key role in both modu-
lating the compositional variability of erupted products and in triggering the eruption. It
is hypothesised that mixing occurred between a resident felsic magma and an incoming
mafic magma (magmas) that became more primitive with time.

I read this work with great interest and I agree with the general picture that magma
mixing is likely the most important process governing the compositional variability of
studied rocks. Nevertheless, I have some suggestions that authors may want to take
into account when preparing their revised version.

C371

1) I suggest changing the title of the paper. In particular, I find the expression “dy-
namic magma mixing” a bit misleading. In my view any mixing process is “dynamic”
by definition and I am not aware of any “static magma mixing” process. The concept
of “dynamics mixing” is explained in the paper as the injection of progressively more
mafic magma in the resident felsic magma. So why not using something like “Felsic
magma chamber recharge by mafic magmas and magma mixing revealed by . . .”?. Of
course this is just a possible solution and Authors can surely propose a sexier title,
which reflects their idea and that does not resemble a tautology.

2) I suggest being careful in the use of the words “mingling” and “mixing”. Although
a certain degree of confusion exists in the literature, there is a general agreement to
use the term “mingling” to indicate mechanical interaction (i.e. no chemical exchanges
are involved), whereas “mixing” is commonly used to indicate both mechanical mingling
and chemical exchanges. Given that from presented results it is clear that chemical ex-
changes between magmas occurred, I suggest using only the term “mixing” throughout
the paper.

3) In the interpretation of data displayed in Fig. 3 it is assumed that samples erupted
at different times were also produced at different times in the igneous system. How-
ever, this is only a possible solution of the problem. Several recent works, supported
by detailed analysis of rocks samples, have shown that magma mixing processes are
able to produce a strong modulation of compositional fields both in time AND space
(e.g. Flinders and Clemens, 1996, Perugini et al., 2002; 2003). In particular, different
dynamic regions, tightly connected to the fluid dynamics of the mixing process, can
occur at the same time in the same system. In these regions the mixing efficiency can
be highly variable. As an example, consider the injection of a mafic magma in a felsic
magma chamber. The mafic magma can undergo extremely different degrees of inter-
action with the felsic magma. In one region of the system the mixing efficiency can be
high and the mafic magma signature disappears quickly in favour of an intermediate
composition. In another region, instead, the initial mafic magma composition can be
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preserved (see for instance Perugini et al., 2002; 2003). This being so, the plot of Fig.
3 does not necessary shown a temporal evolution of the mixing process. The compo-
sitional variability triggered by mixing could have been generated by the injection of a
single batch of mafic magma that underwent different degrees of interaction in different
dynamical regions. During the progressive evacuation of the magma chamber magma
batches with variable proportions of the different dynamical regions where the mixing
process occurred with different intensities may have been erupted in time leading to
an “apparent” temporal evolution of the mixing process. I suggest the Authors to con-
sider this alternative interpretation when discussing their data. 4) Data interpretation
and discussion is entirely based on the classic concept that magma mixing processes
produce linear variations between any pair of chemical elements. I would like to bring
to the attention of Authors that this is not necessarily true. Recent works based on
the study of natural samples, numerical simulation, and laboratory experiments (e.g.
Perugini et al., 2006; 2008; De Campos et al., 2011) clearly indicate that linear trends
can be expected only between elements having the same mobility (i.e. diffusion coef-
ficients, D). If two elements have different mobility, curved or scattered trends can be
observed in binary inter-elemental plots. This diffusive fractionation process is true for
both major and trace elements (e.g. Perugini et al., 2006, De Campos et al., 2008).
In the light of these considerations the data displayed in the CaO-MgO plot of Fig. 3,
hence, does not necessarily need to be fitted by several mixing lines. A single mixing
episode could produce the same scattering. I suggest inserting in the revised version
of the paper additional binary inter-elemental plots for different major and trace ele-
ments. Given the obvious difficulty of displaying all possible binary plots, the Authors
may want the evaluate the opportunity to include a colour-coded version of the corre-
lation matrix for all analysed elements in which all correlation coefficients (r) of linear
fitting between any pair of elements are displayed. This means to include one figure,
with a lot of useful information on it, which, in my view, will increase the readability of
the paper.

I Hope the Authors will find these comments useful in preparing a revised version of
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the paper.

References - Flinders J. & Clemens J.D. (1996) Non-linear dynamics, chaos, complex-
ity and enclaves in granitoid magmas, Trans. R. Soc. Edinb. Earth Sci. 87, 225-232.
- Perugini D., Poli G. & Gatta G. (2002) - Analysis and Simulation of Magma Mixing
Processes in 3D, Lithos, 65, 3-4, 313-330. - Perugini D., Poli G.& Mazzuoli R. (2003)
- Chaotic Advection, Fractals and Diffusion During Mixing of Magmas: Evidence from
Lava Flows, Journal of Volcanology and Geothermal Research, 124, 255-279. - Pe-
rugini D., Petrelli M. & Poli G. (2006) - Diffusive Fractionation of Trace Elements by
Chaotic Mixing of Magmas, Earth and Planetary Science Letters, 243 (3-4), 669-680. -
Perugini D., De Campos C., Dingwell D.B., Petrelli M. and Poli, G. (2008) Trace Element
Mobility During Magma Mixing: Preliminary Experimental Results, Chemical Geology,
256 (3-4), 146-157. - De Campos C.P., Perugini D., Ertel-Ingrisch W., Dingwell D.B. &
Poli G. (2011) - Enhancement of Magma Mixing Efficiency by Chaotic Dynamics: an
Experimental Study, Contributions to Mineralogy and Petrology, 161, 863-881.

Interactive comment on Solid Earth Discuss., 3, 591, 2011.

C374


