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Key Questions

 What are the processes that control
evolution of melt inclusions after
trapping?

* Do these produce irreversible changes
In composition?

e Can modification of melt inclusions

during evolution be recognized and
corrected?



Evolution of melt inclusions after trapping

Important impact on physical appearance and chemical compositions




Melt Inclusion Variations
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Evolution of melt inclusions after trapping
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Evolution of melt inclusions after trapping
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Inclusion evolution: Key Factors

Temperature Diffusivity
Vapour solubility
Cooling rate Mineral growth rate

Quench vs crystallization

Vapour content and | Vapour exsolution PT

composition DI
Internal pressure
Size/geometry Breach probability
Diffusional exchange
Host mineral Bulk modulus, Diffusivity,
Compatibility
Composition Diffusivity, Vapour solubility,

Phase equilibria




Changes in Pressure
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Pinclusion (MPa)
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Melt Inclusion Evolution

Post entrapment crystallization (PEC)
Diffusional Equilibration
Volatile Loss (Wallace)

Tests for Inclusion Fidelity



Postentrapment
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Correction for postentrapment
crystallization

Experimental R e
Raw Analyses A
* Reheat to (this study) —| |
(estimated) trapping B Matrix giasses| __ s
temperature [ Glass o |
N . 1 ‘ inclusions
umerica |
D . , — ___.I 0
« Based on chemical . \ - 10
cqey . | Corrected B |
equlhbrlum Analyses f
—Olivine: KpFeoMo = | (8 |

| L5

0.33 =+ 0.03

? [] Glass inclusions

I |

4 5 6 7 & 9 10 11 12 13 14
MgO

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture

Loihi Seamount (Kent et al., 1999)



Uncorrected Corrected
MgO = 5.1 wt% MgO = 9.1 wit
TiOs = 1.15 wi% TiOy = 1.0 wit%

S .
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H

Compatible elements are the least robust after
correction for post-entrapment crystallization




Equilibration between Host and Inclusion

f(D,Xp,R/1,T)

Equilibration more rapid at

Higher Diffusivity
Higher Temperatures
More compatible
Larger inclusion
Smaller host

Qin et al. (1992)
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Fe Loss
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FeO* (Wt.o/o)

10

¢ Naturally quenched glassy melt inclusion
OHomogenized melt inclusion

Forward Path

A-B  No equilibration
A-Bq Partial equilibration

A-Bo Full equilibration

uid line of descent g

Liq
. R;
No Equi ] ’
A
5 ojese [
_” O O 4 4
’ & e l
’ eatiS ——{A ,
7 C o ~ AP 1 ,
7 R —
- . Closed system
o 2 (isobaric)
Cg C -58 ‘,"
et *..—" Equilibrated
c o7 Inclusion
S o L
= L. 8 10
= MgO (wt.%)
1 LL] 1 1 1 1
4 8 12 16 20

MgO (wt.%)



FeO* (wt.%)
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Trace element re-equilibration

e The most robust data
sources in melt inclusions
are slow diffusing and
Incompatible elements

— Altered only by
dilution/concentration

— Ratios unchanged

f(D,Kp,R/1,T)

Are iIncompatible trace elements affected by
diffusional re-equilibration?
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100, Southwest Indian Ridge
H. Plagioclase hosted (Lund, 2003)
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Trace element re-equilibration
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Primive Mantle
Normalised
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Baffin Island olivine-hosted n = 103
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Preserve inter-crystal variations
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Driving Force?
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Investigating the Fidelity of

Melt Inclusions

Investigate:

1. The relationship between inclusions and host
minerals

2. Relationship between host crystals and host
melt

3. Relationship between trapped melt
compositions and host

4. Relationships amongst inclusions

5. Test specific hypotheses - diffusion, boundary

layer trapping etc.
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Average Lava
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Sours-Page et al. 1998
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Key Points

e After trapping melt inclusions may undergo
significant changes - primarily related to
crystallization of the host minera

e Other potential phenomenon include
diffusional equlibration, vapour exsolution,
crystallization and venting

e Careful examination of data can generally let
you decide if inclusion compositions are
reliable
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