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Overview

(1) Formation of crystalline silicate grains  

(2) Metallicity effects on crystalline silicate       
     mineralogy 



Silicate dust: mineralogySilicate dust: mineralogy

Si-O     O-Si-OSi-O     O-Si-O
  AmorphousAmorphous Crystalline Crystalline 

The glass temperature Tglass ~1000 K for silicates

Tcond < Tglass: 
immediate 
freeze out → 
amorphous silicate

Tcond > Tglass: 
atoms in mineral 
are mobile, 
crystallisation 
may occur



Variations in grain shape, size, lattice structure, temperature & 

composition alter the feature profile. 
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Silicate dust: mineralogySilicate dust: mineralogy

Olivine:          MgMg2x2xFeFe(2-2x)(2-2x)SiOSiO44
                       with 1 ≥ x≥ 0

●Orthosilicate (tetrahedral)

●Saturated in oxygen.
●

Pyroxene: MgMgxxFeFe1-x1-xSiOSiO33
                       with 1 ≥ x≥ 0

● Inosilicates (Single Chain)

●Share oxygen with other units.
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Why do we care about crystalline Why do we care about crystalline 
silicates?silicates?

In evolved stars they tend to 
be found in stars with high 
mass-loss rates.

Questions on the formation:

Form directly as crystalline 
grains or by annealing of 
amorphous grains?

What determines the onset 
of crystallinity:

The critical density of gas 
Or
The critical density of dust?

 Sylverster et al. 1999 



Formation of crystalline silicates by 
Direct condensationDirect condensation?

Gail & Sedlmayr 1999                                                           Tielens 1990



Formation of crystalline silicates by 
Thermal AnnealingThermal Annealing?

 Sogawa & Kozasa 1999 
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Does the crystalline fraction depend on the 
gas density or the dust column densitydust column density?
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LMCLMC
SMCSMC

Does the crystalline fraction depend on the 
gas densitygas density or the dust column densitydust column density?

We can investigate this by varying the metallicity   
(and thus the gas/dust ratio). 
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SAGE-SpecSAGE-Spec

Spitzer IRS spectra (λ = 5.2–38 μm)

~1000 IRS observations in LMC
  (including 197 from SAGE-Spec legacy               
    program*)

~250 IRS observations in SMC

Use spectral information to verify 
photometric classification

Characterise dust composition of 
object classes 

* Kemper et al. 2010
Woods et al. 2011

Boyer et al. 2011Boyer et al. 2011



The sample .....The sample .....

134  MW   (ISO SWS & Spitzer IRS)

114  LMC           (Spitzer IRS)

32   SMC           (Spitzer IRS)

39   Spitzer IRS from 14                           
         Galactic Globular Clusters

–

Selection Criteria:

- Classified as O-AGB or RSG

- M
bol 

< -7.1 for RSG

- O-rich silicate features in 
emission



Sargent et al. 2011

O-rich grid of 68000 GRAMS 
models

Dust-MLR  = 10-13  - 10-5 M  ʘ yr-1

Luminosity = 103     - 106  L  ʘ

GRAMS ModelsGRAMS Models



2MASS

IRAC

MIPS
Conv. 
IRAS 
[12]

IRS

GRAMS models: dust mass-loss rateGRAMS models: dust mass-loss rate



  

Crystalline Silicate Feature StrengthCrystalline Silicate Feature Strength

      23 μm    28 μm     33 μm         23 μm    28 μm     33 μm 



Dust Mass-Loss rate vs Feature StrengthDust Mass-Loss rate vs Feature Strength

Jones et al. 2012Jones et al. 2012



Total Mass-Loss rate vs Feature StrengthTotal Mass-Loss rate vs Feature Strength

Jones et al. 2012Jones et al. 2012



Crystalline silicate absorption features



Crystalline silicates detected  across 3 dex Crystalline silicates detected  across 3 dex 
MLRs. MLRs. 

Crystalline silicates are more prevalent in Crystalline silicates are more prevalent in 
higher mass-loss rate objects.higher mass-loss rate objects.

  TheThe  dust mass-loss ratedust mass-loss rate appears to have a  appears to have a 
greater influence on the crystalline fraction.greater influence on the crystalline fraction.

Does the crystalline fraction depend on the 
gas densitygas density or the dust column densitydust column density?



Does Crystalline Silicate dust Does Crystalline Silicate dust 
production vary with production vary with 

metallicity?metallicity?
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Does Crystalline Silicate dust production vary 
with metallicity?

Forsterite ForsteriteEnstatite
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Does Crystalline Silicate dust production vary 
with metallicity?

Jones et al. 2012Jones et al. 2012



  

Does Crystalline Silicate dust production vary 
with metallicity?

Oxygen-poor crystalline silicates may be Oxygen-poor crystalline silicates may be 
more common at low metallicity.more common at low metallicity.

Enstatite  (MgSiOEnstatite  (MgSiO
33
) is seen increasingly at ) is seen increasingly at 

low metallicity, while forsterite (Mglow metallicity, while forsterite (Mg
22
SiOSiO

44
) ) 

becomes depleted. becomes depleted. 

Maybe a different condensation sequenceMaybe a different condensation sequence
operates at low metallicity?operates at low metallicity?

●



Thanks Thanks 
& Questions?& Questions?
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Does Crystalline Silicate dust production vary 
with metallicity?

Jones et al. 2012Jones et al. 2012



  

Background: AGB StarsBackground: AGB Stars

AGB stars: evolved low AGB stars: evolved low 
to intermediate mass to intermediate mass 
stars (1 ≤ M ≤ 8 Mstars (1 ≤ M ≤ 8 M

ʘʘ
)   )   

Bright populations in Bright populations in 
the infraredthe infrared

High mass loss rates: High mass loss rates: 
up to 10up to 10-4-4 M M

ʘʘ
 / yr / yr
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Dust production in AGB starsDust production in AGB stars

Molecules condense into dust grains
              T ~ 1000 K



  

Why do we care dust production in evolved 
stars?

Image courtesy of Greg Sloan

O-rich AGB stars: 67%

C-rich AGB stars: 20%

Red supergiants: 8%

Sources of Milky 
Way dust:

Gehrz (1989)
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