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Introduction: Wark-Lovering Rims (WLRs) are tens-of-μm 

multilayered structures that coat the outer surfaces of most Ca-
Al-rich inclusions (CAIs). Recognized over three decades ago 
[1], their texture, composition, and enveloping form have 
prompted interesting questions regarding their formation. WLRs 
were hypothesized to have formed by several mechanisms in-
cluding condensation, metasomatic exchange, and flash heating 
[1-4]. We initiated a coordinated structural-isotopic study of 
WLRs and their contacts with the underlying CAIs to gain in-
sight into their origins [5]. Here we expand on those efforts and 
report results on a WLR from the Vigarano CV3 chondrite. 

Methods: A 20×1×1 μm strap of Pt was deposited across part 
of a WLR surrounding a Fluffy Type-A CAI in the Vigarano 
CV3 chondrite (USNM 477-5). We used an FEI Nova 600 fo-
cused ion beam (FIB) microscope to create and extract, in situ, an 
electron-transparent cross section of the WLR for transmission 
electron microscope (TEM) analysis. We examined the FIB sec-
tion using a 200 keV JEOL 2200FS TEM. 

Results and Discussion: The WLR consists of an outermost 
layer of forsterite (Fo) that surrounds sequential layers of pyrox-
ene (Px), spinel (Sp), and perovskite [6]. The FIB section tran-
sects the Sp, Px, and Fo layers as well as the accretionary rim 
material surrounding the entire inclusion. Bright-field TEM im-
ages show that Sp, Px, and Fo layers are polycrystalline with eu-
hedral and subhedral interlocking textures. Grain sizes range 
from hundreds of nanometers to several microns in length. Elec-
tron-diffraction patterns indicate that several adjacent Px grains 
occur in close orientation to one another. Bright-field imaging 
shows that abundant fibrous material occurs at the edge of the Fo 
layer. Energy-dispersive X-ray (EDS) analysis is consistent with 
stoichiometric Mg-Al spinel and Ca-Al-rich pyroxene. Quantifi-
cation of a spectrum acquired from one of the Fo crystals devi-
ates from ideal stoichiometry. Z-contrast and bright-field imag-
ing show that voids occur in several of the Fo crystals, with some 
oriented parallel to grain boundaries. Also, several of the Fo 
crystals exhibit high Z-contrast at their grain boundaries. The 
WLR appears to exhibit an equilibrium microstructure, but the 
presence of sheet silicates at the Fo edge suggests that it was af-
fected by aqueous alteration. The variation in Z contrast at the Fo 
grain boundary is suggestive of zoning. Additional measure-
ments, e.g., EDS profiles, should help clarify whether such zon-
ing is due to diffusion-controlled growth or in situ alteration. 
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