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Introduction: Vesicles are common in mi-

crometeorites (MM) with scoriaceous, porphy-

ritic, or glass textures. We propose the breakdown 

of sulfides as a way to produce vesicles because 

(1) sulfides are present in the matrices of carbo-

naceous chondrites, which are thought to be the 

precursors for most MMs [1]; (2) sulfides decom-

pose at temperatures at which the major silicate 

phases of these extraterrestrial materials start to 

melt [2]; (3) sectioned MMs show a series of 

stages in which sulfides melted, migrated, and 

decomposed; and (4) sulfur is quite common in 

the SPWW samples [3]. Sulfides are optically 

visible in polished section in about 15% of all 

MMs, primarily scoriaceous, porphyritic, and 

glass textures  

Glass spherules also have vesicles and 5% are 

so highly vesiculated that they have porosities 

over 50% [3]. We do not think sulfide are respon-

sible for the vesicles in glass MMs.  

Here we present new microscopic and tomo-

graphic evidence for the role of sulfur in vesicle 

formation. 

Methods: All of the MMs studied were col-

lected from the South Pole water well [4]. We 

examined 1,583 previously sectioned and imaged 

MMs from the 1995 and 2000 collections and 

analyzed the sulfide compositions of selected mi-

crometeorites using an FEI XL-30 field scanning 

electron microscope and energy dispersive X-ray 

system (SEM/EDAX) at Dartmouth College.   

We imaged the internal structure of 190 

whole MMs using synchrotron computed micro-

tomography (SCMT) on beam line X2B at 

Brookhaven National Laboratory. The apparatus 

on X2B has good spatial resolution, 4 !m voxel 

size. The x-ray attenuation coefficients for the 

silicate and sulfide differ sufficiently to identify 

them tomographically. Finally some of the MMs 

imaged tomographically were mounted, sectioned 

and analyzed using the SEM/EDAX. 
 

Results: SEM images show that scoriaceous 

MMs have visible blebs of sulfides in their fine-

grained matrix, often adjacent to vesicles (Fig. 

1a).  Porphyritic spherules have sulfides inter-

spersed within silicate crystals and also adjacent 

to sulfides (Fig. 1b). Sulfides found in the more 

highly heated barred olivine and glass spherules 

are generally confined to well-defined areas often 

at one or both ends of ellipsoidal micrometeorites 

(Fig. 1c) and are not near vesicles. Once at the 

surface, the sulfides can ‘wet’ the surface of the 

MM and are quickly evaporated or oxidized. Fig. 

2 shows a barred olivine spherule with a bright 

two phased, FeS and FeNi, region.  The FeS 

which flowed along the surface is now mainly 

FeO, presumably because the S evaporated or re-

acted with atmospheric oxygen. 

 

 
Fig. 1. Sulfides in scoriaceous (a), porphyritic (b), and 

glass (c) MMs. 

 

 
Fig 2. a) Barred olivine spherule illustrates how a sul-

fide wets the suface of the MM and, after the sulfur 

vaporizes, leaves a thick, ~2-5 !m, FeO coating be-

hind; b) spectra of the sulfide (black) and the rim (red). 

The FeS (grey in image of MM) is intermixed with 

FeNi (white in image; spectrum not shown). The sec-

ond spectrum, which has only a little S, was taken 

from the rim material (red arrow) and has an apprecia-

ble oxygen peak. 

 

Evaporation or oxidation of sulfur also occurs 

in MMs that are not as highly heated as the glass 

spherule shown in Fig. 1c and the barred olivine 

spherule shown in Fig. 2. Figure 3a shows a MM 

with a texture transitional between scoriaceous 

and porphyritic that contains disseminated FeNiS 

(Fig. 3b).  Interestingly two of its vesicles are 

coated with a bright phase dominated by oxygen, 
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iron, and nickel (Fig. 3c & d). We think the iron-

nickel oxide lining the vesicle formed as pentlan-

dite (FeNi)9S8 decomposed and interacted with 

the Earth’s atmosphere during entry heating. The 

surface rim has a similar composition, and might 

be formed by either decomposition or oxidation of 

pentlandite.  

 

 

 
Fig. 3. a) Porphyritic micrometeorite with dissemi-

nated FeNi sulfides (bright phase); b) spectrum of sul-

fides; c) close-up showing FeNi oxide (bright phase) 

lining a vesicle; d) spectrum of the phase lining the 

vesicle which is also found on the surface of this MM.  

 

The SCMT images allow us to extend the ob-

servations made on sections into the third dimen-

sion. Using a series of images we can see a sulfide 

becomes ring shaped as it coats the cavity of a 

vesicle (Fig. 4). These features are common in 

SCMT images of scoriaceous and porphyritic 

MMs. 

 

 
Fig. 4. Three SCMT images, taken 8!m apart, show a 

sulfide (arrow) opening up into a vesicle and coating 

the interior. This vesicle eventually intersects the sur-

face. 

 

Discussion: We expect that volatile content 

and degree of heating control vesiculation and 

porosity. Sulfides are very common in MM and 

meteorites but other phases might also give rise to 

vesicles.  Laboratory experiments show that H2O 

(g) from phyllosilicates and CO2 from the oxida-

tion of organic matter are lost between 100-600°C 

[5,6], temperatures that do not melt the MMs. The 

lack of vesicles in unmelted MM suggests that 

gases diffuse out from the sub-micrometer pores 

[7,8] or from the large desiccation features. Simi-

larly CO2 evolves from calcite at ~900 °C [5], at a 

temperature below that observed to melt fine-

grained MMs [2]. Sulfur evolves from sulfides at 

temperatures between 800-1100 °C [5]. Labora-

tory heating experiments on carbonaceous chon-

drite matrices place the transition from unmelted 

to scoriaceous textures between 1000 and 1500 

°C, depending on the duration of heating [2]. We 

propose that when the surface melts – which is 

thought to precede formation of the magnetite 

rims [2] – the surface becomes less permeable, 

thereby trapping the evolving gases in interior 

vesicles. Observation of discontinuous magnetite 

rims on fine-grained unmelted MM, which con-

tain no large vesicles, and continuous rims on sco-

riaceous MM, that are very vesiculated, supports 

this idea. As heating begins to melt the entire 

MM, gas pressures and mobility increase to the 

point where gas escapes.   

Conclusions: We think that vesicles in sco-

riaceous and porphyritic MMs result when fine-

grained matrix melts and some of it – primarily 

the sulfides -  decomposes.  Volatiles released at 

lower temperatures escape via pores and cracks in 

the MM. Increased heating melts and ‘seals’ the 

MMs surface. This occurs as MMs transition be-

tween unmelted and scoriaceous textures. Contin-

ued heating raises the temperature throughout al-

lowing some gas to escape as suggested by MMs 

with relict grains or porphyritic textures which 

have smaller and more spherical vesicles. Further 

heating continues to reduce porosity as evidenced 

by barred olivine spherules, most of which have 

no vesicles. The glass spherules do not follow this 

sequence; vesicle formation in them requires an-

other explanation, probably related to their initial 

composition.   
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