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—~ - Melt Inclusions — What are they?

Melt inclusions (MI) are small (usually < 100 um) blebs of
silicate melt that are trapped within igneous crystals

Quartz — Bishop Tuff
Roberge et al. (2013)

melt inclusions with
vapor bubbles
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Olivine -LF;opocatepetI
Roberge et al. (2009)

20 um

Plagioclase — Montserrat
Mann et al. (2013)
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- Melt Inclusions — What are they?

Because they can form at high pressures and are
contained within relatively incompressible crystal hosts,
they may retain high concentrations of volatile elements

that normally escape from magmas during degassing.



i = Solubil Ity

Solubility is the concentration of a volatile species that
can be dissolved in a melt at a certain P-T-X

most important are
composition (X) and pressure (P)



Volume of
Volume of volatile-free melt
volatile-rich melt +

volatile phase
. (bubbles)

Push reaction to side with smaller volume

This means that solubility increases with pressure

soda analogy
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Saturated
Water and CO, solubility in Silicate melts

Rhyolite (850°C) Basalt (1200°C)
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= = Undersaturated

Water and CO, solubility in Silicate melts

 Rhyolite (850°C) Basalt (1200°C)

H,0 (Wt%)

k.
o
z
B

r
Rhyolite (850°C) (Basalt (1200°C)

2 3 1 2
Pressure (kb) Pressure (kb)




H,0 (Wt%)

Pressure (kb)

Oversaturated

k.
o
z
B

Pressure (kb)



A T
f(' 2
‘L.irll/ — -

Basalt

Vapor saturated
/ 5 | T 32% Continuous transition from vapor to

hydrosaline melt as Cl concentration

0.9%
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Jugo et al. (2005)

o This work
¢ Carroll and Rutherford (1985, 1987)

Oxidation state, AFMQ
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v Dissolved volatile concentrations in magmas

v Minimum pressure of crystallization

(solubility)

v’ Approximate temperature during
crystallization

v' Evidence of magma mixing



v When M.I. are trapped in zonal arrays, it
allows studies on the sequence of inclusion
formation

Bt96-24A (o) - H (=)




. Data NOT obtainable from M.1.

x The composition of the bulk magma (i.e., melt +
phenocrysts + exsolved fluid)

x Maximum pressure (depth) of entrapment

x Fate of fluids exsolved from the magma



2 . How to obtain data from MI?

Cl, S, F —> Microprobe

0 |l ] "ff‘ﬂl

H20, CO2 Cl, S, F— SIMS



- Sample Preparation
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Quartz crystal

Melt inclusion
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Remember

... Melt inclusions (Ml)
are small <100 pm) ...




Melt inclusion




Microscope
stage
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Infrared source
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- Data reduction - Carbon Dioxide

\ 2 >

Measure absorbance intensity using a peak
fitting program that fits the sample spectrum:

» Subtract a devolatilized spectrum

> Fit to a pure 1630 cm band for
molecular H,O

» Fit to a pure carbonate doublet



FTIR LA-ICP-MS

H20 - CO2 Major, S, C Trace

F
#1 v v v
HD v % X
#3 < v v
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New data on Popocatépetl

4+

Thermodynamic model of the gas composition

N4

We suggest deep degassing of CO,-S-rich magma
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® May 1 1th
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Closed-system
cassing

D

400 MPa ——

200 MPa —

H,O (wt%)

Pyroxene-hosted MI (Witter et al., 2005) Olivine-hosted MI from cinder cones
(Cervante and Wallace, 2003)




4=
)
()

Decompression
crystallization

_
=
E
f—
]
=
=]
7 2]
wn
o]
=
Ze

1.2 1.4 |.6
K,O (wt%)




N Degassing Model

Emission rates: SO, CO,
(Delgado Granados, unpublished data) 2900 t/d 33280 t/d Ap]_‘ﬂ 73
6150 t/d 37240 t/d June 19

April 23 Junel9 Higher than Gerlach et al. (1997)

CO,/SO, 4.6 6 and
Similar to Gotf et al. (2001)

We used CO,/SO, ratio of 1-8



2 = Degassing Model

We model degassing as a function of depth (pressure)
at Popocatépetl

By

Calulating the CO,/SO, mass ratio of gas at equilibrium
with the basaltic melt (M.1.) as a funcion of Pressure

Using

Vapor-melt partitioning model of
Scaillet and Pichavant (2005)
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2 . Degassing Model

S——

Mode.l Inputs:

Melt composition - average of all ML.I.

T° - average of 1140°C from Sagawara, 2000

H,O content

S ->150 MPa = 2000ppm, <150 linear varition with P

Jo,- Used range between NNO+0.5 to NNO+1.5 because

o, directly related to the mole fraction of SO, in gas
BIGGEST UNCERTAINTY OF THE METHOD



Degassing Model

Varied Pressure and
used the method of Pichavant (2005)

to get fo,

Converted fg5,
in mole fractions using the
Redlich-Kwong equation of state



Pressure (MPa)




. Summary

The shallow Dacite-Rhyolite magmas do not have
(cannot have) sutticient CO, and S content to produce
the high gas emissions at Popocatépetl



ing of mafic magma at depth is the culprit for the

Decompression drives the degassing during intrusion in
mid-crustal depth
Followed by gas exsolution due to crystallization

The encounter of this mafic magma with smaller batch
of the more evolved end-member produced the small
eruptions seen at Popocatépetl



2 . Summary

Decompression drives the degassing during intrusion in
mid-crustal depth
Followed by gas exsolution due to crystallization



2 . Summary

The encounter of this mafic magma with smaller batch
of the more evolved end-member produced the small
eruptions seen at Popocatépetl



. Summary

Need 0.8 km?

of the mafic magma to produce the 9 Mt measured by
Delgado-Granados (2001)

< 1% erupted

v

The ongoing eruption of Popocatépetl is
essentially an intrusive event



~ .. Degassing at Popocatepet|

What about the hypothesis of limestone
assimilation proposed to explain the short-lived
(0.5-3 hr), very high (<140) CO,/SO, ratios during
1998 (Goff et al., 2001)

?

Even deeper degassing of matic magma (-650 MPa)
could cause CO,/SO, ratios as high as ~-140
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April 16, 2013

Almost no ash
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H,0 (wt%)
Pyroxene-hosted MI (Witter et al., 2005)

Olivine-hosted MI from cinder cones
(Cervante and Wallace. 2003)




