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Introduction:  The most chemically-pristine group 

of meteorites are the CI carbonaceous chondrites. 

There are five CI meteorite falls (Alais, Orgueil, Tonk 

Ivuna and Revelstoke), plus our Antarctic finds which 

are listed in the Meteoritical Bulletin as CI [1], but  

likely form a separate group, coined the CYs [2]. Of 

the falls, the type specimen Ivuna is the most recent 

that is of significant mass (> 10g).  

The detection of magnetite on Bennu [3] suggests a 

possible association with CI chondrites, as these mete-

orites contain up to 10% magnetite, more than any 

other meteorite group [4] (although this mineral may 

also be from space weathering of CMs[3]). Therefore 

the CI chondrites may be used as an analogue for the 

OSIRIS-REx returned sample, for curation preparation 

purposes. 

In this abstract we summarize details of the fall of 

Ivuna and describe how it has changed while it has 

been on the Earth’s surface, with the aim of providing 

lessons learned for the curation of carbonaceous chon-

dritic material returned from space. There has been 

previous work on the terrestrial alteration of Orgueil, 

demonstrating that this meteorite is highly susceptible 

to terrestrial oxidation [5, 6] but no similar studies 

have been reported on Ivuna, for which we have multi-

ple pieces of the same stone at the Natural History Mu-

seum (NHM), London, with separate and distinct cura-

tion histories. As the most recent fall of significant 

size, we postulate that Ivuna is likely to be less severe-

ly affected by terrestrial processing than other availa-

ble CIs. A more detailed account of this project, in-

cluding new bulk element data for Ivuna, is currently 

under review [7]. 

The Fall of Ivuna and appearance post-fall:  

Ivuna fell at 5:30pm on 16th December 1938 on the 

western shore of Lake Rukwa, near the Ivuna salt pans 

in Tanzania.  One stone of 704.5g was recovered at the 

time, with reports that two other stones fell into nearby 

sandy soil but were not reported recovered. The recov-

ered mass fell into the branches of a tree, from where it 

was collected the following day [8].  

The first description of Ivuna was by Oates in 1941 

[8] who states: “The stone has a bitumous or coaly 

appearance but micro-slides do not reveal any notable 

structure. The stone contains sporadic blebs of nickel-

iron”. A sketch of the meteorite soon after its fall is 

shown in Fig. 1. 

 Figure 1. A sketch of the Ivuna meteorite soon after it fell, from [8], 

drawn by Mr E. Harvey of the Tanzania Lands and Mines Depart-

ment. The figure is described as “actual size” which equates to a 

stone approximately 18 cm in length. Note the lack of features visi-

ble in the broken, non-fusion crusted part of the stone.  

Holdings of Ivuna at the Natural History Muse-

um: The NHM houses three fragments of Ivuna: the 

main mass of ~200g (BM2008, M1); a fragment of 

2.2g (BM1996, M4) and a fragment of only 0.6g (BM 

1991, M5). The ~200g stone was purchased from a 

private collector in 2008. It was reportedly stored in a 

nitrogen atmosphere since the meteorite fall, although 

this cannot be verified. However, since its acquisition 

into the museum collections is has been stored in a 

nitrogen atmosphere within a sealed glass case, and 

thus may be considered our gold standard of curation 
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conditions. A subsampling of this stone was conducted 

in 2012, to separate pieces for allocation to research 

requests without needing to repeatedly expose the main 

mass. The fragments removed have been kept in mi-

croenvironments since; they are stored in glass vials, 

aluminium foil or polyethylene (depending on their 

size and friability), heat-sealed in an Escal barrier film 

enclosure, with oxygen, corrosive gas and moisture 

scavengers (Mitsubishi RP-A system).  The other sam-

ples of Ivuna are stored as is typical for carbonaceous 

chondrites of our collection: double-bagged in poly-

ethylene within in acid-free cardboard trays, in glass-

topped drawers, in wooden cabinets. This all serves to 

prevent contamination, but also to buffer the tempera-

ture and relative humidity against changes in the local 

environment. All materials have been approved for 

long-term curation use by our conservation team, i.e. 

have been tested for off-gassing and subjected to ac-

celerated degradation experiments.  

Petrology and Present-day alteration of Ivuna: 

The main mass of Ivuna currently at the NHM is a 

rounded friable stone approximately 7cm in maximum 

dimension. A black fusion crust is present over around 

50% of the surface. The interior is also black in colour; 

in parts it is completely black and in other sections, 

especially closest to the fusion crust, is covered in 

white millimetre-sized flecks of sulphate (Fig 2). We 

undertook an SEM comparison of thin sections of Ivu-

na of different curation history – BM2008, M1 and 

BM1996, M4. Both sections show Ivuna consists of 

rounded ~mm clasts of different Fe and K content. The 

clasts are predominantly composed of phyllosilicates, a 

mix of serpentine and saponite. Embedded in this ma-

trix are irregularly shaped grains of carbonates and 

euhedral or anhedral crystals of pyrrhotite. Magnetite 

is abundant and present as isolated grains or in clus-

ters.  

Sections from both specimens of Ivuna contain 

abundant sulphate grains; sulphates are Fe-bearing, and 

in the case of one section where silver dag was used as 

a conductant, Ag-bearing. Sulphates grow out of the 

plane of the thin section, showing that they postdate 

the polishing of the section. They are approximately 

equally abundant in both specimens and must have 

grown in less than 6 years, from the time of section 

preparation. BM2008, M1 also contains an enrichment 

in Na and S in the cracks in the meteorite, which are 

likely to be terrestrially-formed Mg- and/or Na-bearing 

sulphates such as epsomite or bloedite. These are not 

observed in BM1996, M4. 

Conclusions and Implications for curation of 

carbonaceous sample return samples: We find that, 

like the case for Orgueil [5], the appearance of Ivuna 

has changed significantly from the time of its fall, from 

a black, bitumous-like stone to one with a heterogene-

ous but obvious growth of white sulphates on its sur-

face. The sulphates likely formed either by dissolution 

and reprecipitation of primary sulphates and/or oxida-

tion of sulphide grains on reaction with water in air. 

The original description of Ivuna reported abundant 

Fe-Ni blebs [8], but we assume these were actually 

sulphide grains rather than metal that has reacted over 

time, since no metal is reported in any CI.   

Although curated under Museum conditions in dif-

ferent ways designed to halt terrestrial interactions, this 

has failed to prevent the stones of Ivuna from oxidizing 

in air. The mobilization of S and Na in some samples 

is of particular concern.  

We conclude that sample return material that is 

composed of porous and volatile-rich carbonaceous 

chondrite type materials are likely to be very quick to 

react on exposure to terrestrial atmosphere, as previ-

ously shown by studies of Orgueil [5]. We would rec-

ommend that they are stored in an inert atmosphere 

(e.g. N2) with absolute minimal exposure to air with 

consistent conditions, and preferably in a cold (~-10oC) 

environment [9]. This applies both to rock chips and to 

prepared thin sections, because these are also highly 

susceptible to alteration. 

 
Figure 2. The present day appearance of the main mass of Ivuna 

(BM 2008 M1), stored in N2. Note the white sulphate grains across 

the surface, but only on some lithological units, others remaining 

relatively pristine. The stone is approximately 7cm across.  
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