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Introduction:  Impact cratering is one of the most 

common geological processes in the solar system, and 

the resulting structures are often studied with remote 

sensing to understand planetary crustal processes and 

compositions. On many solar system bodies, impact cra-

ters are the principal windows into the composition and 

stratigraphy of the subsurface. All impacts generate 

some amount of melt, which in simple and complex cra-

ters will mix with fragments of target rock to form 

lenses or coherent “sheets” of impact melt rock and/or 

melt-bearing impact breccias in the crater interior 

(where they would be termed crater-fill deposits).  

The impact melt rock is often considered as a single, 

uniform unit. Evaluating the heterogeneity of these de-

posits is a challenge due to the variability in clast size 

and composition; no single sample can be collected that 

is entirely representative of the outcrop, let alone the 

crater-fill in general. Previous studies have tended to in-

vestigate differences in melt composition at micro-

scopic scales [1-3]. Others have noted qualitative differ-

ences at the outcrop or field-mapping scale [3, 8] and 

discovered a compositionally-distinct flow feature at 

Copernicus crater on the Moon [4].  

Here, we quantitatively evaluate the compositional 

diversity and heterogeneity of clast-rich impact melt 

rocks around the Haughton impact structure, Canada, 

via spectral mapping of full outcrops at several cm’s 

spatial resolution using imaging spectroscopy. This 

technique provides compositional information at every 

pixel, allowing us to essentially sample compositions of 

entire complex outcrops. In addition, hand samples were 

collected for laboratory analysis of smaller-scale com-

positional diversity and comparison to field data. 

Field site:  The ~23.5 Ma, ~23 km diameter Haugh-

ton impact structure is located at 75.37°N, 89.68°W on 

Devon Island, Nunavut, Canada [5-6]. The target stra-

tigraphy is well-characterized; ~1880 m of lower Paleo-

zoic sediments overlie Precambrian basement rocks [5]. 

Images were acquired at five clast-rich impact melt rock 

outcrops recently exposed by erosion as well as two 

sites where the melt rock has undergone hydrothermal 

alteration; we focus here on the five unaltered sites.  

Methods:  Outcrops were imaged during the 2016 

field season with the Caltech field portable imaging 

spectrometer manufactured by Headwall Photonics, Inc. 

This pushbroom imaging spectrometer contains co-

boresighted visible-near infrared (0.4-1.0 μm; 1600 spa-

tial pixels, 371 spectral bands, 5 nm spectral resolution) 

and shortwave infrared (1.0-2.6 μm; 640 spatial pixels, 

283 spectral bands, 6 nm spectral resolution) sensors 

and was mounted atop a rotational stage for use in the 

field. Images were corrected to reflectance using in-

scene calibration targets and were classified according 

to lithology using combinations of spectral parameter 

 
 

Fig. 1. Lithologic classification overlain on approximate true color images of clast-rich impact melt rock outcrops at the Haughton impact struc-

ture derived from imaging spectroscopy measurements at (a) the Rhinoceros creek outcrop and (b) a pinnacle of melt rock exposed in the south-

eastern portion of the structure. For exact imaging locations, see Fig. 2. 
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and band depth calculations. In the lab, the instrument 

was stationary, and a halogen-illuminated translation 

stage was utilized to collect data at sub-mm scales. 

Results:  The main minerals present in clast-rich im-

pact melt rock outcrops identified here are calcite, dolo-

mite, gypsum, hydrated silica (either in gneiss or sand-

stone), and clays, consistent with previous work [e.g., 5, 

7]. Some pixels in the acquired images contain more 

than one lithology, either boundaries between larger 

clasts or locations with many fine clasts. Ongoing work 

will further quantify compositions within mixed pixels.  

Lithologic compositions of clast-rich impact melt 

rock outcrops vary with location in the structure. Two 

examples are shown in Fig. 1. While both outcrops con-

tain high proportions of calcite, (b) contains abundant 

gypsum and minimal hydrated silica, while (a) contains 

relatively more hydrated silica and little gypsum. The 

outcrop in (b) also shows a compositional stratification, 

with the bottom portion dominated by calcite and the top 

by gypsum. Other locations imaged (Fig. 2) also show 

variations in composition. Similar trends in terms of the 

presence or absence of lithologies are consistent be-

tween hand samples and the outcrops from which they 

were collected, though exact proportions vary. 

Discussion: The clast-rich impact melt rocks at the 

Haughton structure vary in composition spatially, im-

plying that the impact melt was not homogenized during 

formation, emplacement, and cooling (cf. [8]). While 

others have found heterogeneities at microscopic or or-

bital scales or qualitatively from outcrop to outcrop 

[e.g., 1-4, 8], this is the first work quantitatively map-

ping compositions of entire melt rock outcrops at high 

spatial resolution including the matrix and clasts of var-

ious sizes. We find heterogeneities within and between 

outcrops but do not identify systematic spatial patterns 

or gradations. It should be noted that the impact melt 

rocks directly to the east of the outcrop in Fig. 1a con-

tain abundant gypsum-bearing blocks. There does ap-

pear to be an inverse correlation between gypsum from 

higher in the target stratigraphy and silica from lower in 

the stratigraphy (Fig. 2), which suggests that the source 

depth of the clasts within the melt rock may differ 

throughout the structure [8]. The high clast content also 

indicates that the melt may have quenched too rapidly 

to fully mix [9].  

Implications for planetary studies: Impact melt-

bearing units are highly heterogeneous, at least for sed-

imentary and volatile-rich targets [5]. While there 

would be considerable sub-pixel mixing, larger litho-

logical differences are likely present at scales observa-

ble by orbital remote sensing instruments such as 

CRISM on MRO or VIR on Dawn. As such, impact melt 

rock should be considered as a complex, heterogeneous 

unit when interpreting planetary remote sensing data. 

Furthermore, this work provides quantitative constraints 

with which to test models of impact crater formation. 
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Fig. 2. (a) Geologic map of the Haughton structure modified from [5] and proportions of various lithologies within four outcrops derived from im-

aging spectroscopy. (b) Target stratigraphy with dominant compositions modified from [5]. See Fig. 1 for legend for pie charts and stratigraphy. 
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