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 Introduction: The least equilibrated enstatite chondrites (E3) contain metal-sulfide nodules (MSN) [1]. The 

least equilibrated LL ordinary chondrites (LL3) also contain such nodules [2]. MSN are potentially important links 

between these meteorite groups, and contribute to the relative abundances of siderophile and chalcophile element 

nuclides among them. 

 Observations: All the metal in EL3 chondrites is in MSN, with no metal in chondrules. In the EH3 minor metal 

is found in chondrules [1, 3]. In Semarkona (LL3.00) and Watonga (LL3.05) MSN often occur in clumps of two or 

three. At higher petrologic grade the MSN become less well defined, reequilibrated, and more integrated into matrix 

[4, 5]. Even in LL3.00, the MSN begin to conform to interchondrule spaces, but subgrains in MSN are 

heterogeneous and small, and several sulfide different phases are seen. Discrete MSN are found in Chainpur and 

Manych (LL3.4), but subgrains have coarsened and FeS dominates sulfide. Holbrook (L/LL6) contains only highly 

equilibrated Ni-rich remnants of MSN. 

 The MSN in EH3 and LL3 are rounded, with roughly concentric layering of mineral phases. In Semarkona they 

generally range 300-600 m in apparent (2D) diameter. The MSN in EH3 chondrites are complex, containing highly 

reduced phases including perryite, oldhamite, djerfisherite, graphite, etc. Some are layered with cores of niningerite, 

oldhamite and, in some, graphite, followed by a troilite-kamacite-rich layer, then a thin (5-10μm) silicate-rich layer, 

and then another troilite-kamacite-rich layer [6]. MSN in the LL3 are primarily Fe- and Ni-rich alloys and sulfides. 

A 2.5 mm diameter MSN in Semarkona contains distinct layers of forsteritic olivine. 

 Discussion: Olivine layers within MSN in Semarkona are evidence for a nebular origin by sequential accretion 

of layers. Layering in some EH3 nodules is also consistent with accretionary growth [6, 7]. Grossman [2] identified 

Fe-Ni metal as a principal component in establishing the reservoirs from which the chondrite groups formed. Early 

nebular separation of metal from silicate has been invoked as a factor in the origin of Mercury [8]; however, free-

floating MSN and silicate chondrules should be equally well coupled to the gas in the embryo-forming stage of 

planet formation [9]. 

 Conclusion: Metal-sulfide nodules were primary nebular solids formed and accreted with silicate chondrules 

and fine-grained matrix in both LL and E chondrites. Their dynamical separation from silicates may explain some of 

the variation in chondrite bulk compositions. Further study of the MSN in LL3 chondrites is necessary to establish 

their affinity to those in E3, and whether MSN might be related to nucleosynthetic anomalies in siderophile nuclides 

in both groups [10]. 

 Acknowledgments: This research is funded by NASA grants NNX12AI06G (MKW) and NNX10AI42G 

(DSE). All meteorites analyzed are from the collection of the American Museum of Natural History. 

 References: [1] Weisberg M. K. and Kimura M. 2012. Chemie der Erde 72:101-115. [2] Grossman J. 1996. In 

Chondrules and the Protoplanetary Disk, Hewins R. et al. (eds), pp 243-253, U. Cambridge. [3] Weisberg M. K. et 

al. 2013. Abstract #2871. 44th Lunar and Planetary Science Conference. [4] Friedrich J. M. et al. 2008. Earth and 

Planetary Science Letters 275:172-180. [5] Friedrich J. M. et al. Geochimica et Cosmochimica Acta 116:71-83. [6] 

Weisberg M. K. and Prinz M. 1998. Abstract #1741. 29th Lunar and Planetary Science Conference. [7] Weisberg M. 

K. et al. 2006. Meteoritics and Planetary Science 41:A186.  [8]  Hubbard A. (2014) Icarus 241:329-335. [9] 

Levison H. F. et al. (2015) Proceedings of the National Academy of Sciences 112:14180-14185. [10] Budde G. et al. 

2015. Earth and Planetary Science Letters 430:316-325. 

6549.pdf79th Annual Meeting of the Meteoritical Society (2016)


