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INTERPLANETARY DUST PARTICLE L2005T12 DIRECTLY LINKED TO TYPE CM 
CHONDRITE PETROGENESIS; Frans J.M. Rietmeijer, Department of Geology, University of 
New Mexico, Albuquerque, NM 87131, USA. 

Chondritic interplanetary dust particles [IDPs] are an important fraction of the Earth's 
atmospheric dust population. Based on their texture and mineralogy, chondritic IDPs that 
survive atmospheric entry intact include two major groups: (1) particles that differ significantly 
from any known meteorite class1 and (2) particles that resemble known meteorite types such as 
the cronstedtite-tochilinite bearing IDP that is linked to type CM chondrites, and hence an 
asteroidal origin2. Many IDP studies have used the mineralogy of individual chondritic IDPs to 
link these particles to a parent body source by comparison with the meteorite database. These 
attempts are generally futile with the potential exception of type CM chondrites. These 
meteorites have unique mineralogical and textural properties among the primitive meteorites3. I 
here present new data for chondritic IDP L2005T12 with a type CM chondrite paragenesis but 
which does not necessarily imply an asteroidal source. 
Experimental. Serial-ultramicrotome thin sections (-100 nm thick) of particle L2005T12 were 
analysed using a JEOL 2000FX analytical electron microscope equipped with a TN 5500 EDS 
for in situ microanalysis of elements Z>10 using a 15-20 nm probe size. Bulk compositions 
were obtained by randomly probing thin sections using a probe size larger than the average 
grain size. The EDS data have a rel. error of <5%. 
RESULTS. Particle L2005T12 has a chondritic bulk composition [Table 11. Its porphyroblastic 
texture shows islands (0.72x0.7 pm up to 2.0x1.0 pm, in size) of stacked tabular crystals and 
individual tabular crystals (up to 320x125 nm, in size) in a 'spongy' (cf. ref.3) low-iron matrix 
[Table 11 containing dispersed Fe,Ni-sulfide nanocrystals (5-10 nm, in diameter). The tabular 
crystals have a high FeO content and variable MgO/FeO ratio. The dense, fine-grained, 
'spongy' material that surrounds the islands also penetrates tabular grains in these islands along 
(001) planes and pseudomorphically replaces individual tabular crystals. This material has 
higher SiO, and lower FeO contents than the tabular crystals [Table 11. The high bulk sulfur 
content of this IDP [cf. Table 11 is due to high sulfur domains (up to 41% SO3) in insular 
tabular crystals and surrounding dense material. A discontinuous rim on this particle is closely 
associated with the high-sulfur domains. This polycrystalline maghemite rim with an occasional 
iron-sulfide grain is -150 nm thick. The matrix close to particle's outer surface contains 
individual, and clustered, tubes that are 18nm to 40nm in diameter. These tubes are 3-7 nm 
thick. The composition and electron diffraction data indicate that the tubes are polycrystalline, 
low-sulfur, 7-Fe/FeS and 7-Fe or FeNi,/pentlandite mixtures. 

Tabular crystals. Tabular crystals have (rare) nanometer-sized domains with 0.8 nm basal 
spacing but the single-crystal diffraction patterns generally confirm a turbostratic layered 
material. Streaking of the basal spacing spots suggests stacking disorder. Lattice fringe images 
show a "porous" structure of misoriented basal units and long, distorted basal layers with 1.55, 
1.97 and 2.5 nm spacings. These layers merge with the surrounding poorly ordered, dense 
material. Adjacent layers in the tabular grains can have variable A1203 content (0.1 and 3.1 
wtO/o, semi-quantitative). The chemical composition [Table I] and basal spacings suggest that the 
tabular crystals are a mixed layer compound of three cronstedtite/greenalite layers in between 
two chamosite/clinochlore layers with (hkl) 001 = 5.03 nm. The structural formulae, which are 
calculated similar to cronstedtite in the Cochabamba (CM2) meteorite4, yield a sum of cations 
of 4T (assumed ideal) and 6.1-6.2(0) with ~ e ~ + / ( ~ e ~ +  ~ e ~ + )  = 0.1 and M ~ / ( M ~ + F ~ ~ + )  = 0.18- 
0.30. The tabular crystals have intercalated FeS bands parallel to the basal plane. The bands are 
0.18-0.41 nm thick and invariably form a multiple of 0.59 nm. These bands correlate with the 
high sulfur domains in tabular crystals and the surrounding dense material. 

Dense material. This 'spongy' material consists of randomly oriented, fine-grained platey 
(-20xlOnm) and cylindrical (-13 nm, in diameter) (cf. ref.5) layer silicate prototubes. The 
prototubes have a 10 nm basal spacing (smectite?) and are one to several basal layers thick. 
Layer silicate nanocrystals (two or more basal layers thick) with sinuous, fernlike (cf. ref.3) and 
fibrous morphology are present among these prototubes. Basal spacings are 10 nm and 14nm. A 
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few small (-0.1 pm in size) patches of nanocrystalline goethite are present. 
Matrix. Layer silicate nanocrystal morphology is similar to the dense material but they form a 

more open 'spongy' texture. The sinuous nanocrystals are on average thicker (up to 37 nm) than 
in the dense matrix. This distinction is somewhat arbitrary as textural differences appear to be 
gradual but the dense material and matrix are compositionally different [Table 11. 
DISCUSSION. The tabular cronstedtite-rich crystals in the spongy matrix in L2005T12, as well 
as the chemical relationship between tabular crystals and matrix in this IDP, are uniquely 
similar to type CM ~ h o n d r i t e s ~ - ~ .  Sulfur is indeed not an essential component of cronstedtite4 
but occurs as discrete FeS intercalates. These similarities are insufficient cause to confirm a 
common source for type CM meteorites and this chondritic IDP. They rather suggest similar 
petrogenesis. Type CM chondrite matrix compositions are a three-component mixture wherein 
one of the principal components (PCP) is mixed tochilinite and magnesian cronstedtite7. Yet, 
the origin of cronstedtite remains uncertain4. The origin of iron-rich, mixed layer serpentine- 
chlorite crystals in L2005T12 is constrained by the A1203, MgO and FeO distributions in this 
particle. As a function of Si02 content, these major element distributions show a hiatus 
between Si02 - 35-40 wt%. The FeO content decreases from tabular crystals to dense material 
to matrix; A1203 and MgO contents have uncorrelated distributions. Element distributions in 
tabular crystals and in the dense material and matrix (SO2 <50wt%) have mass balance 
relationships delineating a bulk composition Si02= 35wt%, MgO= 1 1.5wt0h and FeO= 45wt0/o. A 
plausible scenario inferred from these chemical relationships includes (1) closed system growth 
of metastable, iron-rich, mixed layer serpentine-chlorite tabular crystals in amorphous Fe-rich 
ferromagnesio-aluminosilica material followed by (2) crystallisation of thermodynamically stable 
proto-phyllosilicates in tabular crystals and Mg-enriched matrix. The pervasive dense, poorly 
ordered material indicates high, potential free energy in the metastable mixed layer 
phyllosilicate when adjusting to conditions commensurate with the ambient thermal regime. 
CONCLUSIONS. The similarity between type CM chondrites and chondritic IDP L2005T12 
might indicate parallel petrogenesis when starting materials and metamorphic environments 
were similar. This proposal implies that amorphous material of approximately chondritic 
composition was a principal constituent of the solar nebula dust population. The common 
occurrence of amorphous material in carbonaceous chondrites and chondritic IDPs gives 
sufficient cause to reconsider the mechanisms of layer silicate formation in these primitive 
extraterrestrial materials. 

TABLE 1: 1 bulk composition of IDP L2005T12 (N=16), 
2 & 3 tabular crystals, 4 dense material and 5 matrix. 

SiO 34.7 (31.1-39.1) 30.6 28.2 46.5 57.5 

~ ~ 2 ~ 3  2.4 (1.8-2.9) 3.2 2.7 1.2 3.05 
MgO 11.6 (11.2-12.2) 11.8 7.3 10.3 19.3 
FeO 44.5 (42.1-46.3) 52.7 60.6 41.5 18.2 
SO, 6.0 (5.0-7.2) tr tr tr 0.15 
MnO 0.25 (0.1-0.35) 0.1 0.1 0.15 tr 
NiO 0.8 (0.5-1.2) 0.55 0.2 0.3 0.4 
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