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aBstraCt

X-ray diffraction and Raman spectroscopy confirm a rare terrestrial occurrence of monoclinic 
tridymite in clast-rich impact melt rock from the Eyreville B drill core in the Chesapeake Bay impact 
structure. The monoclinic tridymite occurs with quartz paramorphs after tridymite and K-feldspar in a 
microcrystalline groundmass of devitrified glass and Fe-rich smectite. Electron-microprobe analyses 
revealed that the tridymite and quartz paramorphs after tridymite contain different amounts of chemi-
cal impurities. Inspection by SEM showed that the tridymite crystal surfaces are smooth, whereas the 
quartz paramorphs contain irregular tabular voids. These voids may represent microporosity formed 
by volume decrease in the presence of fluid during transformation from tridymite to quartz, or skeletal 
growth in the original tridymite. Cristobalite locally rims spherulites within the same drill core interval. 
The occurrences of tridymite and cristobalite appear to be restricted to the thickest clast-rich impact 
melt body in the core at 1402.02–1407.49 m depth. Their formation and preservation in an alkali-rich, 
high-silica melt rock suggest initially high temperatures followed by rapid cooling.
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introduCtion

A rare occurrence of terrestrial monoclinic tridymite and cris-
tobalite was recently reported in clast-rich impact melt rocks from 
the Chesapeake Bay impact structure (Horton et al. 2009b). In 
this study, we confirm and further investigate these occurrences 
by X-ray diffraction (XRD), Raman spectroscopy, quantitative 
electron microprobe analysis (EPMA), and back-scattered elec-
tron (BSE) scanning electron microscopy (SEM). 

The buried, late Eocene Chesapeake Bay impact structure 
formed about 35.3 million years ago (Horton and Izett 2005) 
when an extraterrestrial projectile struck what is now the Atlantic 
margin of Virginia in a layered target of seawater, sediment, and 
rock (Powars and Bruce 1999; Poag et al. 2004; Horton et al. 
2005). The ICDP-USGS Eyreville drill site on the Delmarva 
Peninsula in eastern Virginia is located in the deep part of the 
Chesapeake Bay impact structure, about 9 km from the center 
(Gohn et al. 2008). The drill cores recovered (base to top) 
basement-derived metamorphic and igneous rocks with minor 
impact-breccia dikes (1766.3–1551.2 m depth), polymict impact 
breccias and cataclastic gneiss blocks (1551.2–1471.4 m), a 
melt-rich succession of suevites and clast-rich impact melt rocks 
(1471.4–1397.2 m), quartz sand with lithic boulders and blocks 
(1397.2–1371.1 m), a granite slab (1371.1–1095.7 m), sediment 
breccias and sediment megablocks (1095.7–443.9 m), and post-
impact sediments (443.9–0 m) (Horton et al. 2009a). The samples 
for this study are from the thickest clast-rich impact melt body 
(unit M2 of Horton et al. 2009a) at 1407.49–1402.02 m depth 
within the melt-rich succession. The well-indurated rock is flow 

laminated and consists of a variably devitrified, holocrystalline 
to locally hypocrystalline melt matrix that contains abundant, 
variably aligned, undigested mineral grains and lithic clasts that 
range in size from <1 to 8 cm (Fig. 1). We observed variable 
amounts of tridymite, locally ballen textured quartz, smectite, 
devitrified glass, K-feldspar, and plagioclase in different flow 
bands. Wittmann et al. (2009) reported microlites of plagioclase, 
orthopyroxene, spinel, and cordierite in the melt matrix, consis-
tent with our observations, and they interpreted sanidine as late 
stage, locally overgrowing the flow fabric. The flow lamination 
suggests welding of viscous melts due to lithostatic loading 
(Fernandes et al. 2008; Wittmann et al. 2009). The whole-rock 
chemical composition of the M2 melt matrix (average of four 
samples, wt%) is: 69.8% SiO2, 0.80% TiO2, 14.2% Al2O3, 5.11% 
Fe2O3 (total), 0.06% MnO, 0.99% CaO, 1.29% Na2O, 3.55% 
K2O, 0.12% P2O5, <0.1% SO3, and 1.9% loss-on-ignition (LOI) 
(Fernandes et al. 2008; Wittmann et al. 2009). 

Tridymite and cristobalite can occur as metastable phases 
at low temperature where their inversion to quartz is inhibited 
by rapid quenching in occurrences such as volcanic ejecta and 
ash-flow deposits, lunar rocks, and meteorites (Ross and Smith 
1961; Heaney 1994). Following the nomenclature of Nukui and 
Nakazawa (1978, 1980) and as summarized by Deer et al. (2004; 
Table 2 therein), the polytypes of tridymite can be divided into 
numerous crystallographic groups, including monoclinic (MC) 
and (MX-1), pseudo-orthorhombic (PO), orthorhombic (OP), 
high-temperature hexagonal (HP), lower-temperature hexago-
nal (LHP), orthorhombic-low (OS), and orthorhombic (OC). 
Monoclinic tridymite (MC), the crystal structure of which was 
determined by Dollase and Baur (1976) and Kato and Nukui 
(1976), occurs naturally in meteorites (Dollase and Buerger * E-mail: jjackson@usgs.gov


