FAMENIN, IRAN ORDINARY CHONDRITE 2015 FALL: NON-DESTRUCTIVE ANALYSIS
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1. Famenin fall event

3. Non-destructive methods

A

On the early morning of June 27, 2015
(~08:30 local time), Mr. Reza Salimi heard an
object hit the roof of his house in Famenin,
Hamedan Province, Iran [1]. Upon
investigation, he found that a small meteorite
had punctured his flat, concrete roof.
The broken stone was immediately recovered
as two large fragments of about 220 g each
(Fig 1) and several smaller pieces. Over the
following days, additional scattered fragments
from the hammerstone were recovered
bringing the total mass to nearly 700 g [1].

X-ray computed tomography [e.g. 2] was done using three
medical CT imagers at Western University and the University
of Oslo. Images over 360° rotation were taken at 80 - 120
kVp applied energies to deliver volume resolution of between
12 and 154 μm/voxel for the 3D reconstructions. Beam
hardening was corrected using a custom calibration for the
speCZT and voxel greyscale values were corrected to
Hounsfield Units [2]. Image and volume analysis using 3D
isosurfaces was performed with MicroView software.
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Fig 1: Famenin meteorite
455 g total of main masses
and roof damage

In situ micro-XRD [e.g, 3, 4] to investigate minerals and
textures in the broken surface and fusion crust of Famenin
meteorite fragments was performed using a Bruker D8
Discover diffractometer, operating with Co Kα radiation (λ =
1.78897 Å) at 35 kV and 45 mA and a nominal incident beam
diameter of 300 μm [3].
Magnetic susceptibility [e.g, 5] was measured using a
Sapphire Instruments SI2b susceptibility meter.
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2. Initial classification H/L3
The fall event was publicized quickly and a local
journalist assisted in getting ~25 g of fragments to
the University of Tehran.
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Isosurface volume = 67.12 cm3;
bulk density = 3.22 g/cm3

Classification was done at CEREGE, France by
Hamed Pourkhorsandi and others [1].
Mean apparent chondrule size: 615±380 μm (N=32)
[~L chondrite]; sulphide rims on some chondrules.
Magnetic susceptibility 5.08 log χ (× 10-9 m3/kg)
EPMA Mineral chemistry:
Olivine Fa17.4±3.7 (Fa6.4-24.9, PMD 14%, N=23),
low-Ca pyroxene Fs17.1±9.0, Wo1.8±1.5 (Fs5.431.0, PMD 41%, N=7). [~ H chondrite]

D

Famenin is one of 51 recorded H/L meteorites.
Only 14 of these are H/L3 (unequilibrated). Famenin
is one of only three observed unequilibrated H/L3
meteorite falls (MetBull Database, March 2016). The
other two are quite old:
Bremervörde, Germany (H/L3.9) 1855 fall
Tieschitz, Czech Republic (H/L3.6) 1878 fall
References: [1] Pourkhosandi et al. (2015) MetBull no.104; [2] Edey,
D.R. et al. LPSC XV Abstract #2616; [3] Flemming, R.L. (2007) Can. J.
Earth Sci. 44, 1333–1346; [4] Bramble, M.S. et al. (2015) Am. Mineral.
100, 1899-1911; [5] Rochette et al. (2003) MAPS 43, 251-268; [6] Britt
D.T. and Consolmagno G.J. (2003) Meteoritics & Planet. Sci. 38, 11611180; [7] Brearley, A.J. and Jones, R.H. (1998) Rev. Min. 36, 398pp

Fig. 2: (A) Image of 216.32 g fragment of Famenin; Maximum
intensity projection (MIP, B) of radiodense material within the
fragment; (C) Micro-CT isosurface rendering yielding bulk
volume (Table 1); (D) Isosurface chosen for high voxel HU
values >15000 to illustrate ~metallic content of the main
fragment, including vein-filling and subspherical FeNi.
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Fig 3: CT image slice
views for: (A) two
smaller Famenin
fragments. Note the
sulphide rims on
some chondrules
(arrowed); (B) 216 g
mass showing a half
cm size metal-poor
clast (dk) and similar
size sulphide-rich (?)
angular clast (lt).
Several of both occur
in the rock volume.

4. Famenin findings
This study follows [1] with examination of more sample using
in situ methods, expanding the description of Famenin to
identify vien-filling metal (Fig. 2), sulphide clasts and several
4-6 mm dark radiodensity regions within the main fragment
(Fig 3b); these may represent unusually large, metal-free
clasts or chondrules. Bulk density and magnetic susceptibility
(Table 1) are at the low end of typical H chondrite values [5,
6]. Micro-XRD on broken surfaces, chondrules and dark
clasts confirms the olivine compositional heterogeneity found
by [1] but also identifies ubiquitous pyrrhotite (Figs. 4,6) and
fine polycrystalline feldspar in chondrule mesostasis (Fig. 5)
as well as fine-grained enstatite as a key constituent in a
dark, possibly shocked clast. Famenin appears to be a
chondritic H/L breccia with petrographic grade at high 3 [7].
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Fig. 4: Pyrrhotite and troilite exhibit a ‘peacock ore’-like
tarnish (A), likely associated with the fireball event. XRD beam
spot (B), 2D diffraction image (C), and integrated diffraction
pattern (D) with match phases from the ICDD database.
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Fig. 5: Famenin small fragment targets (A), first frame 2D
diffraction image of chondrule 1 (B), highlighting coarse
crystalline forsterite (spots), fine crystalline plagioclase (broad
rings) and kamacite (ring), and integrated diffraction pattern (C).
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Table 1: Famenin meteorite bulk physical properties

Fig. 6: Spot 9 (Fig 5a) beam spot on rusty matrix (A), 2D
diffraction image showing kamacite, troilite and pyrrhotite rings
(B), and integrated diffraction pattern (C).

