
Experimental Method

• A basaltic andesite and a dacite (from Osorno, Fig 4 A) were powdered, mixed with water (mud) and
then heated in a muffle furnace at 1000°C to remove volatiles and most crystals (Toplis and Carroll,
1995-1996 ; Pupier, 2018).

• The plagioclase liquidus temperature was first thermodynamically determined with Rhyolite Melts
(Fig 4 B-5).

• A series of experiments were run at 1 atm (ULiège, Fig 4 C) to constrain the plagioclase liquidus
temperature and its growth rate at various cooling rates (1, 3, and 9°C/h) (Fig 5). Loads are quenched
at 1165, 1140, 1120, and 1100°C.

Figure 5 : BSE image of the first
germs of plagioclase in the
sample heated at 1190°C. Figure 4 → : A) Major element composition of the basaltic andesite and dacite.

B) Thermodynamic simulation via Rhyolite-MELTS of the fractional crystallization
of the basaltic andesite.
C) Crystallization path followed experimentally. An initial plateau of 24 hours
around the liquidus temperature, followed by a cooling slope at various rates.
T1, T2, and T3 correspond to the quenching temperatures.

Future experiments will focus on the role of pressure,
composition and initial water content on the
plagioclase) texture.
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Rock

Basaltic 

Andesite Dacite

SiO2 56,94 68,85

TiO2 1,30 0,60

Al2O3 16,27 14,68

Fe2O3 10,63 4,64

Cr2O3 0 0,00

MnO 0,18 0,09

MgO 2,79 1,05

NiO 0 0,00

CaO 6,39 3,67

Na2O 4,32 4,13

K2O 0,91 2,12

P2O5 0,26 0,17

3°C/h, 1165°C 3°C/h, 1100°C

Introduction

The magma ascent rate from the main storage region to the surface is relatively well
constrained (months to years) but there is more uncertainty about the duration of
differentiation within reservoirs (1000 to more than 100,000 years).

The CSD (Crystal Size Distribution) method established by Marsh (1988) is based on the
evolution of the number and size of crystals as a function of the residence time (Fig. 1).
The slope of a CSD depends on the growth rate and residence time of the crystals:

𝒔𝒍𝒐𝒑𝒆 =
−𝟏

𝑮 𝒈𝒓𝒐𝒘𝒕𝒉 𝒓𝒂𝒕𝒆 ∗ 𝒕(𝒓𝒆𝒔𝒊𝒅𝒆𝒏𝒄𝒆 𝒕𝒊𝒎𝒆)

This study is based on samples (Figs 2-3) from four volcanoes (Osorno, Calbuco,
Villarrica, and La Picada) of the Central Southern Volcanic Zone of Chile (CSVZ), a
particularly active volcanic area. Turner et al., 2016 also showed that the geochemical
variability observed within the SVZ is representative of the global arc magmatism,
making it a good reference area.

From Futura Sciences

From Wikipedia

Figure 2 : Map of the Southern Volcanic Zone (modified after Stern
et al., 2004) with pictures of the studied volcanoes (Osorno, Calbuco,
Villarrica).

Figure 3 ↑ : TAS diagram of the samples of studied
area. Most of the rocks collected are basaltic
andesites.

We will combine the experimental determination of the plagioclase
growth rate (G) with the CSD method (slope of the CSD) applied to a
selection of natural samples to estimate the duration of differentiation
within these magmatic systems. Preliminary results are shown here.
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Figure 1 → : CSD profile
allowing to go back to
residence time.
‘t’ is the residence
time, and ‘G’ the
growth rate.
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Results : Evolution of Crystallinity with Cooling rate

Figure 7 ← : Evolution of
the nucleation/growth ratio
during cooling.

L

W

400 µm 450 µm

375 µm

500 µm Germs

Plagioclases

The experimental liquidus temperature agrees with the
Melts model, respectively 1190°C and 1170°C (Fig 4B and 5).

Experiments quenched at decreasing temperatures indicate
spontaneous nucleation of plagioclase around 1190°C
followed by crystal growth and maturation (anhedral to
euhedral shape) until the final temperature T3 (Figs 6-7).

The cooling rate influences the nucleation/growth ratio, and
the shape of the crystals. With increasing cooling rate, the
crystal growth rate decreases in favor of the nucleation rate
(high density of small crystals (Fig. 6-7). These results are in
agreement with those of Gibb (1974) and Pupier (2018).

Euhedral Form

Determination of growth rate (Fig 8) : Gmax =
(L∗W)1/2

2∗t

• Gmax on the 10 largest crystals
• Gmean over all the crystals

Favor tomography to have the real size of the crystals (avoid
corrections for transition from 2D to 3D).

Figure 6 ↑ : BSE images of the experimental loads quenched at the
start (1165°C) and end of cooling (1100°C), for cooling rates at 1°C/h,
and 3°C/h.

100 μm

1°C/h, 1165°C 1°C/h, 1100°C

3°C/h, 1165°C 3°C/h, 1100°C

Figure 8 ↑ : Segmentation carried out via Weka Segmentation in ImageJ. On
the zoom, the long (L) and short (W) axes of the mineral appear in blue, and
those of the germ in red.


