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Introduction: This abstract presents the results 

from an ongoing study on the sulfur isotopic composi-

tion of troilite (FeS) in iron meteorites.   We report the 

isotopic compositions of acid volatile sulfur from 73 

measurements of troilite nodules from 61 different iron 

meteorites. These meteorites are members of the chem-

ical groups IAB, IC, IIAB, IIE, IIIAB, IIIF, IVA, and 

IVB. We observe systematic differences in the δ
34S, 

∆
33S, and ∆36S of troilite from magmatic (IC, IIAB, 

IIIAB, IIIF, IVA, IVB) and non-magmatic iron meteor-

ites (IAB, IIE). 

Methods: Acid volatile sulfur (AVS) was obtained 

from crushed troilite nodule samples allowing the 

measurement of sulfur isotopic ratios in monosulfide 

minerals. The samples were heated with 5 N HCl bub-

bled with flowing N2 gas; the released H2S (dominantly 

from troilite) was then passed through condensers, 

through a trap containing milli-Q water, and captured 

in a slightly acidic trapping solution containing 

AgNO3. The precipitated Ag2S was rinsed with milli-Q 

water and 1 M NH4OH solution before drying. This 

Ag2S was then reacted with ca. 10 times stoichiometric 

excess of pure F2 at 250 °C overnight, producing SF6 

gas which was subsequently purified with cryogenic 

and gas chromatographic techniques. The sulfur iso-

tope abundances were measured using a 

ThermoFinnigan MAT 253 mass spectrometer moni-

toring m/z = 127, 128, 129, and 131 (32SF5
+, 33SF5

+, 
34SF5

+, and 36SF5
+). All results are reported relative to 

Canon Diablo Troilite (CDT). 

Results: Figure 1 displays the acquired isotopic 

compositions of the AVS fractions of 73 iron meteorite 

measurements: 28 of group IAB, 2 IC, 11 IIAB, 1 IIE, 

19 IIIAB, 2 IIIF (one of which is from Gao and 

Thiemens, 1991), 9 IVA, and 1 IVB. Error bars repre-

sent 2σ uncertainties estimated from repeated analyses 

of sulfur isotopic ratios in IAEA reference materials, 

which are generally better than 0.3‰, 0.008‰, and 

0.3‰ for δ34S, ∆33S, and ∆36S, respectively. 

The analyzed magmatic and non-magmatic irons 

form resolvable groups in ∆33S vs. δ
34S and ∆36S vs. 

∆
33S space.  

We obtain small positive ∆33S values for almost all 

magmatic iron groups with a non-zero mean of 0.015 ± 

0.009‰ (s.d.). Non-magmatic irons have lower ∆33S 

values with a mean of 0.004 ± 0.004‰ (s.d.). 

The observed enrichments in ∆36S are the inverse of 

those acquired for ∆33S analyses: most magmatic irons 

yield ∆36S values near zero [mean of -0.047‰ ± 

0.124‰ (s.d.)]; while non-magmatics tend to be more 

enriched in ∆36S [mean of 0.109 ± 0.115‰ (s.d.)]. 

δ
34S values are similar for both types of irons, with 

a slightly larger range for magmatic irons and a more 

restricted range for non-magmatic irons.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Measurements of (a) ∆33S vs. δ34S and (b) average values of ∆33S 

vs. δ34S for AVS fractions of troilite from 61 iron meteorites belonging to the 

groups IAB, IC, IIAB, IIE, IIIAB, IIIF, IVA, and IVB. Non-Magmatic and 

Magmatic groups are in blue and red, respectively. Error bars represent 2σ 

uncertainties and 2σ std. errors, respectively. Figure 1b shows the average 

values for six subgroups within group IAB. 
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Figure 2 depicts the ∆36S vs. ∆33S of the 61 ana-

lyzed samples. The magmatic and non-magmatic iron 

meteorites appear to form two different groups, as in 

the previous diagrams, with the notable exception of 

the rare group IIIF, which contains the only strongly 

negative ∆33S values of any analyzed group. 

 

 

 
 

 

 

 

 

Discussion: With the exceptions of rare groups 

IVB and IIIF, it appears that troilite nodules from 

magmatic iron meteorite groups have a small yet re-

solvable enrichment in ∆33S compared to those from 

non-magmatic irons. 

The origin of this difference is not yet known, but 

the results are most likely explained by isotopic differ-

ences in the materials that formed the individual mag-

matic and non-magmatic parent bodies, as opposed to 

being a product of their different styles of formation, 

which are not thought to explain the differences in ∆33S 

given the limited range of δ34S.  The small variations of 

δ
34S are most likely attributable to mass-dependent 

parent body processes . 

These differences may instead be inherited from: i) 

preexisting variations due to mixing of sulfur from 

different nucleosynthetic sources [1], ii) spallation re-

actions [2], or iii) photochemical reactions in the early 

solar nebula [3,4]. 

Spallation reactions like those described by [2] are 

ruled out as the cause on the basis of the relationship 

between the ∆36S and ∆33S of the sulfur produced by 

spallation (∆36S/∆33S of approx. 8). Nucleosynthetic 

anomalies like those described by [1] are also ruled out 

as the cause of these enrichments as they would likely 

produce more significant variability in ∆36S. 

The most likely explanation for the 33S-enrichments 

in the magmatic iron meteorites compared to non-

magmatic iron meteorites is incorporation of compo-

nents sourced from gas-phase photochemical reactions 

in the solar nebula.  A similar explanation has been 

invoked to account for anomalous 33S of oldhamite 

(CaS) from the Norton County aubrite [3] and other 

minor mineral phases from which 33S enriched sulfur  

is reported in other meteorites [4-7].  

Recently, photolysis experiments of H2S(g) (thought 

to be the dominant carrier of sulfur in the early solar 

nebula) by lyman α, and other relevant wavelengths of 

radiation, have been shown to cause mass-independent 

fractionation of sulfur isotopes which are likely rele-

vant to the presented iron meteorite data [8]. 

It is interesting to note that the rare IIIF irons 

(which have late Hf-W metal-silicate segregation ages 

[9, 10]) have mass-independent sulfur compositions 

complimentary to those of the earlier formed magmatic 

irons. This may be because they formed out of the re-

sidual gas that, earlier, provided the sulfur for the IC, 

IIAB, IIIAB, and IVA magmatic irons. 

 The ratio between Δ36S/Δ33S has been shown to 

depend on the wavelength of light that is used, and thus 

may be a function of temporal changes in the solar 

spectrum, or position within the solar nebula (either 

radially or vertically from the mid-plane). 
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Figure 2 Plots of (a) ∆36S vs. ∆33S and (b) average values of ∆36S vs. ∆33S 

for AVS fractions of troilite from 61 iron meteorites. Non-Magmatic and 

Magmatic groups are in blue and red, respectively. Error bars represent 2σ 

uncertainties and 2σ std. errors, respectively. Figure 2b shows the average 

values for six subgroups within group IAB. 
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