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Interstratification of carbonaceous material within illite
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LETTERS

INTRODUCTION

Synthetic carbon intercalation compounds are widely used
for designing desirable materials in industry (Al-Jishi 1983;
Morawski and Kaluch 1996), but naturally interstratified car-
bons in geological environments have not been recorded.  Car-
bon in its various forms is widespread in terrestrial (French
1964; Jedwab and Boulegue 1984; Buseck and Huang 1985;
Ross and Bustin 1990) and extraterrestrial materials (Smith
and Buseck 1981; Allamandola et al. 1987; Wopenka 1988).
Much terrestrial carbonaceous material was derived from early
organisms and, when solid, ranges from kerogen and coal to
highly ordered graphite.  Extensive investigations using X-ray
diffraction (XRD) (Landis 1971; Wada et al. 1994), HRTEM
(Buseck and Huang 1985; Buseck et al. 1988; Oh et al. 1991)
and Raman spectroscopy (Tuinstra and Koenig 1970; Yui et al.
1996) have been carried out to study the graphitization pro-
cess and have shown that during metamorphism carbonaceous
matter progressively increases in crystallinity, trending toward
graphite.

Previous HRTEM, XRD, and Raman studies aimed at ob-
serving the crystallinity and structural characteristics used
materials disaggregated from their host rocks, and thus the tex-
tural and crystallographic integrity of the matrix was lost.  We
found that the undisrupted textural and structural states of car-
bonaceous materials can be investigated in situ by utilizing
ion-milled specimens.  Non-crystalline and poorly crystalline
carbonaceous material tends to aromatize with temperature and
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time, producing planar structures (Buseck and Huang 1985;
Buseck et al. 1988).  Clay minerals also have planar struc-
tures, so there is at least the possibility that the two could form
in intergrowths with their basal planes parallel.  Our observa-
tions of undisrupted specimens from low-grade metamorphic
rocks confirm that some carbonaceous materials were inti-
mately interstratified within illite crystals rather than occur-
ring entirely as discrete crystallites.

EXPERIMENTAL  METHODS

We studied a carbonaceous slate of the Late Triassic–Early
Jurassic Daedong Group from the Jeongok area, Korea (Yu et
al. 1992), which was subjected to subgreenschist facies meta-
morphism.  Thin sections retaining the original textural integ-
rity of the host rocks were prepared with orientations
perpendicular to the foliation.  Following optical and electron
microprobe observations, 3 mm washers were attached to se-
lected areas.  Washer-mounted specimens were ion-milled,
lightly coated with carbon, and examined at 400 kV with a
JEOL JEM-4000EX transmission electron microscope
equipped with a top-entry stage having tilting angles of ±15°,
a spherical aberration coefficient (Cs) of 1.0 mm, and a struc-
ture resolution of 1.7 Å (Smith et al. 1986).  A 40 µm objective
aperture and a 150 µm condenser aperture were used for high-
resolution TEM imaging.

RESULTS

Carbonaceous material occurs primarily as thin domains be-
tween illite crystals approximately 100 Å thick (Fig. 1).  In most
instances, it lies parallel to the enclosing illite layers.  Its
interplanar spacings vary slightly, and lattice fringes exhibit “fin-
gerprint” textures, i.e., the carbonaceous layers are somewhat*E-mail: junghahn@cbucc.chungbuk.ac.kr


