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Haughton is a 23 million-year-old impact structure, located on Devon
Island, Nunavut, Canada [1]. The 23 km-diameter crater is complex and
bears a subdued central uplift [2]. In this study, twenty zircon grains in a
shocked rock collected from the structure were investigated using a
combination of field emission scanning electron microscopy (FESEM),
Raman spectroscopy (RS), and electron backscatter diffraction (EBSD)
mapping. Previous work on Haughton zircons [6] did not incorporate
EBSD, and so, is missing a wealth of information to facilitate the
identification of key microstructures including FRIGN (former reidite in
granular neoblasts) zircon, non-FRIGN granular textures, neoblasts
versus sub-grain rotation formation of subdomains, and various
dissociation textures, as described in [7, 8]. The goal of this work is to
constrain the shock conditions experienced by crystalline basement
rocks at Haughton with the use of zircon, a mineral that is increasingly
recognized as a shock indicator. Both the strengths and limitations of
micro-RS versus EBSD mapping, as they relate to the identification of
high-pressure phases in shocked rocks, as well as their crystallography
and microtextures, are explored.
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Fig. 5. (A) BSE image of zircon containing lamellar reidite.
Two grains in the studied samples exhibit this texture. The
yellow box represents the location of BSE image Fig. 5B. (B)
Reidite is observed as thin (< 1 μm), closely-spaced sets of
bright (greyscale) lamellae that cut across the primary
growth zoning of zircon (white arrows). (C - D) EBSD map (C)
and accompanying pole figures (D) for the reidite-bearing
zircon. Zircon is colored for crystallographic misorientation,
relative to the reference at the red cross. Note, that lamellae
yield poor EBSD patterns that could not be indexed; this is in
contrast with RS spectra collected from lamellae, with mixed
zircon-reidite spectra peak positions similar to that shown in
Fig. 4C.
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Fig. 2. Photograph of the ~ 8 cm x
6 cm clast from which three
polished thin sections were
prepared. The host rock is cut by
a vein of calcite-rich impact melt
that flows into a larger region of
melt (white arrows). The yellow
box represents the area from
which the thin section
investigated in this study was
prepared.
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Fig. 3. (A) BSE image of a highly fractured, igneous-textured zircon. This grain is representative of a population (n = 10) that is largely
crystalline, and igneous in texture and morphology. The yellow box denotes the location of the higher magnification BSE image shown
in Fig. 3B. The red dot marks the area analyzed by Raman Spectroscopy (RS), corresponding to the spectrum shown in Fig. 3C. (B)
Igneous zoning is preserved, and is visible as light-dark (greyscale) oscillations (white arrows). (C) Spectrum RS-1 exhibits peak positions
at ~192, 200, and 212 cm-1 (Zr-1), 344 cm-1 (Zr-2), 426 cm-1 (Zr-3), and 962 and 994 cm-1 (Zr-4) – these are consistent with that of
unshocked ZrSiO4.
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Fig. 4. (A) BSE image of a zircon
grain with a vesicular-textured
margin. Vesicles are sub-
micrometer in size, and are
spatially-associated with grain
boundaries and fractures in a
population of n = 3. The yellow box
indicates the location of the higher
magnification BSE image shown in
Fig. 4B. The red dots mark the
areas analyzed by RS,
corresponding to the spectra
shown in Fig. 4C. (B) Note the
distinction between ‘frothy’- and
smooth-textured domains. (C) RS-2
and -3 show mixed spectral
signatures with peaks that can be
assigned to both zircon (Zr) and
reidite (Rd). Peaks at ~384 cm-1

(Rd-1), 441 cm-1 (Rd-2), and 862
cm-1 (Rd-3) are consistent with
reidite, as reported by [6], while
the remainder (described in Fig. 3)
are consistent with zircon.Wavenumber (cm-1)
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Fig. 6. (A) BSE image of a representative zircon (n = 5), exhibiting irregular fractures
and a patchy / fine-grained granular texture. Individual granules are found along the
grain margin and associated with fractures cutting across the grain. The yellow box
indicates the location of the higher magnification image BSE image shown in Fig. 6B.
(B) Note that granular-textured domains are brighter (greyscale) than smooth-
textured domains. (C - E) EBSD phase maps (C), crystallographic orientation map (D),
and pole figures (E) of the zircon grain depicted in Fig. 6A. Areas indexed as zircon
are colored blue in (C), and those indexed as reidite are colored red. In (D), the grain
is colored according to crystallographic misorientation, relative to the reference at
the red cross. Pole figures of zircon and reidite in (D) are shown in (E).
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Fig. 7. (A) BSE image of a grain that is primarily granular
in texture, but which contains smooth-textured ‘rafts’
or ‘islands’. The yellow box marks the location of the
BSE image shown in Fig. 7B. The red dots indicate the
approximate areas analyzed by RS, with labelled spectra
shown in Fig. 7C. (B) A circular, smooth-textured ‘raft’ is
observed at high-magnification (white arrow), and is
surrounded by both fine and coarse granular texture. (C)
RS-4 and -5 show mixed spectral signatures with peaks
that can be assigned to both zircon (Zr) and reidite (Rd)
– these peak positions are described in Fig. 2 and Fig. 3,
respectively, with the exception of Rd-5 – a set of peaks
at ~507 and 546 cm-1. Note that Zr-4, however, does not
appear in RS-5. Peaks that cannot be assigned to zircon
or reidite occur at ~726 and 773 cm-1.
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The 20 studied zircon grains show a range of distinct microstructures,
including: crystalline zircon with no definitive evidence of shock, but some
fracturing and limited crystal-plasticity (Fig. 3); poor crystallinity zircon with
irregular fractures and vesicles (Fig. 4); zircon bearing lamellar reidite
(Fig. 5), patchy and/or granular textured reidite (Fig. 6, 7); and granular
textured zircon. No evidence of planar deformation bands, shock twins, or
thermal decomposition of zircon was observed. EBSD mapping shows a
distinctive epitaxial crystallographic orientation relationship with the host
zircon, with one {110}reidite aligned with (001)zircon, and the other {110}reidite
aligned with {110}zircon. This microstructure is best explained as neoblasts
formed by back-transformation to zircon from reidite via multiple,
symmetrically equivalent pathways, a texture termed FRIGN by [8].
Porous, igneous-texture zircon grains exhibit broad, low-intensity peaks
‘zircon’ peaks, suggesting these materials are poorly-crystalline,
consistent with localized radiation damage of U-rich zones (metamict
zircon). Vesicles are interpreted as a consequence of degassing from pre-
existing impurity-rich metamict domains during impact-related heating.

Conclusions
Our combined FESEM, RS, and EBSD study has identified reidite
exhibiting a range of microtextures in a subset of zircon grains. The
presence of FRIGN zircon, identified for the first time at Haughton (this
study), but lack of dissociation textures, indicates that basement
temperatures locally reached >1200 oC but did not exceed ~1673 oC.
Based on the experimentally-determined stability of reidite [e.g., 13],
shock pressures were >30 GPa, consistent with a shock stage III
classification [12]. However, the heterogeneous distribution of shock
features in zircon suggests that shock pressure and temperature varied
locally at the grain scale.
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A fragment of crystalline rock was collected from Anomaly Hill (Fig. 1),
and three polished thin sections prepared from this sample. The optical
properties of twenty zircon grains were observed using a petrographic
microscope, with microtextures characterized using a ZEISS Sigma 300
FESEM in backscattered electron (BSE) imaging mode (University of
Alberta). An X-ray energy dispersive spectrometer (EDS), fitted to the
FESEM, aided in mineral identification. Grains of interest were then
characterized by micro-RS (MacEwan University). Peak positions and
intensities were compared to those acquired from zircon and baddeleyite
standards, as well as reidite reported by [9]. Phase and orientation maps
of 18 zircon grains were acquired via EBSD mapping with a Tescan
MIRA3 FESEM fitted with an Oxford Instruments combined EBSD/EDS
system (Curtin University). EBSD data was processed using Oxford
Instruments Channel 5.12.

Fig. 1. (A) Location of the Haughton impact structure (black dot) in the Canadian Arctic. (B) Geologic
map of Haughton with the location of Anomaly Hill and the Haughton River highlighted. (C)
Stratigraphic column of the target stratigraphy at the Haughton impact structure. Abbreviations: Fm =
Formation; RP = Rabbit Point; BP = Bear Point. Compiled with data from Thorsteinsson and Mayr (1987)
and the field observations of author GRO, modified from Osinksi et al. (2005).
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