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Introduction:  Coesite, a high-pressure SiO2 poly-

morph [1-2], is a well-known mineral associated with 

meteorite impact structures [3]. Even though it can be 

produced in extreme tectonic environments (e.g., eclo-

gites [4]), natural coesite was first discovered in impac-

tites, and its formation is often linked to shock meta-

morphism. 

Interestingly, coesite has only been reported from 

28 of the ~190 known impact structures. Of these re-

ports, overwhelmingly, coesite identification has not 

been made in-situ. Common methods for coesite identi-

fication include dissolving host silicates to concentrate 

coesite and whole-rock or powder spectroscopic (IR 

and XRD) analysis. Published photomicrographs of 

coesite are exceedingly uncommon (e.g., Ries [5]; Bo-

sumtwi [6-7]). Petrographic context, however, may 

provide insight into coesite formation, but unfortunate-

ly such context is not commonly described in the litera-

ture.   

Here we present the first identification of coesite 

from the Lonar Crater (India) from both optical petrog-

raphy and detailed micro-Raman imaging. Specific 

spatial location of coesite in these samples likely re-

flects the complex nature of a secondary silica precipi-

tate within amygdaloidal basalts, which was then 

shocked. 

Methods: We conducted optical petrography and 

micro-Raman spectroscopy on doubly polished thin 

sections. Thin sections were slightly thicker than stand-

ard sections (~45 m rather than standard 30 m).  

We collected micro-Raman spectra using a WiTec 

alpha300R confocal imaging system equipped with 532 

nm Nd YAG laser with 50 mW nominal power at the 

sample surface, and a spot size of 763 nm. Images were 

acquired over a 175 x 175 m area with acquisition 

times of 0.1 sec. 

Samples: We identified coesite in three samples, 

LC09-253, LC09-294, and LC09-256 (see [8] for de-

tailed sample descriptions). Each is a shocked basalt of 

shock class 2 [9]. Labradorite has been transformed to 

maskelynite and is fully optically isotropic. Pyroxene 

grains, however, show little deformation and remain 

birefringent and lack fractures. Shock barometry sug-

gests an average shock pressure in these rocks of ~25-

28 GPa [9]. Coesite occurs within bright white amyg-

dules inside 1-2 mm vesicles. 

Optical Petrography: In thin section (Figure 1-2), 

2 phases are identifiable optically within the vesicle-

fills. Phase 1 is clear in plane-polarized light, and opti-

cally isotropic in cross-polarized light. Small patches 

of brown glass are common, particularly associated 

with fractures. No flow textures are present, which 

could indicate it is a form of diaplectic glass. However, 

we cannot rule out the possibility of a high-pressure 

fused glass, and it is likely that this glass is a mix of 

multiple types of amorphous silica. Preliminarily Nu-

clear Magnetic Resonance spectroscopic results sug-

gest the presence of a second amorphous phase. Nei-

ther micro-Raman nor optical petrography are able to 

easily resolve distinct silica-rich amorphous phases. 

Phase 2 occurs as 30-40 m high-relief, greenish 

spherical aggregates of smaller crystallites, consistent 

with coesite (“granular coesite” of [12]). Granular 

coesite occur primarily along the rim of the amygdule, 

but also concentrated in patches of the interior. Under 

higher power, individual aggregates can be recognized 

within the close-packed network of coesite occurring in 

the rim (Figure 2). 

 

Figure 1: Plane-Polarized 

light image of an amyg-

dule containing amor-

phous SiO2 and coesite. 

Coesite is concentrated 

along the rim and in 

patches of the interior. 

Red box shown in Figure 

2. 

Figure 2: ppl im-

age of coesite rim 

shown in Figure 1. 

The rim itself is a 

closely packed net-

work of coesite ag-

gregates. Area in red 

shown in Figure 3. 

 

Micro-Raman Spectroscopy: We used micro-

Raman spectroscopy to distinguished between the 2 

optically-identifiable phases present: 1) SiO2 glass, 

characterized by a broad peak near 449 cm-1 and a 

dramatic drop-off in intensity at 494 cm-1, and 2) 

coesite, indicated by a spectrum with characteristic 
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peaks at 113, 173, 267, 429, and  a strong Si-O mode 

at 521 cm-1 (Figures 3-4). Granular coesite, however, 

are not entirely pure coesite, and many are a mix of 

amorphous SiO2 and coesite.  

 

Figure 3: Micro-

Raman image of the 

amygdule rim. Red 

(Cs) indicates the 

primary coesite peak 

(521 cm-1), Green (Si) 

indicates amorphous 

SiO2 (449 cm-1 peak).  

Granular coesite con-

tains internal amor-

phous silica. 

 

 

Figure 4: Selected micro-Raman spectra of coesite 

(“Cs” on Figure 3) and amorphous SiO2 (“Si” in Figure 

3).  

Discussion: Raman imaging and optical petrogra-

phy reveal coesite of 2 petrographic types: 1) coesite 

that occurs as isolated balls of granular coesite within 

amorphous SiO2 and 2) densely packed network of 

granular coesite concentrated along the rim and in the 

interior of amygdules. The individual or small groups 

of coesite crystals matches descriptions from other 

impact structures (e.g., Bosumtwi, [6-7], Xiuyan, [12]). 

The overlapping network of coesite aggregates, has not 

been reported from other impact structures. In these 

regions, coesite is so closely packed that they obscure 

optical recognition of individual aggregates. In slightly 

thicker sections, changing the focal depth shows that 

the close-packing is in 3 dimensions.  

This texture likely reflects complex interactions be-

tween the shock wave, host rock, vesicle wall, and 

amygdule. Pore space is a known source of shock het-

erogeneity, causing spikes in temperature (and to some 

extent pressure) due to perturbations of the shock wave 

[9-10]. Here, it is even more complex since the amyg-

dule fills the vesicle, restricting the pore from collaps-

ing during shock. Thus, we suggest the coesite crystal-

lized from a melt after spikes in temperature (at slightly 

elevated pressures) concentrated along the rim and 

interior as the shock wave passes through the host bas-

alt, hit a free-surface of the vesicle wall, and then trav-

eled into the amygdule itself. Intense refraction of the 

shock wave likely caused reverberations between the 

amygdule and the vesicle wall. Shock reverberation has 

been proposed for formation of natural impact-

produced lechatelierite [11] but may also be an im-

portant process here. The coarse grained granular 

coesite is consistent with crystallization from a high-T 

melt [12].   

Comparison with unshocked basalt from nearby 

Deccan flows shows quartz and opalline silica as com-

mon secondary minerals [8-9]. While the coesite in the 

shocked samples likely is transformed from crystalline 

quartz, we cannot rule out the possibility that it formed 

after a less-crystalline material. 

Conclusion: We present the first observation of 

coesite from the Lonar Crater. This is also the first re-

port of a high-pressure polymorph as the product of a 

shocked secondary precipitate. The unusual texture of 

densely packed granular coesite concentrated along 

amygdule rims likely reflects extremely heterogeneous 

shock conditions due to complex interactions between 

the shock wave and SiO2 precipitates. 

Secondary silica is a common component of the 

target rocks at many impact structures, and so shocked 

secondary SiO2 may be more common than previously 

recognized on Earth [13] and Mars [14] 
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