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Introduction: The Yarrabubba impact structure is
a deeply eroded feature located within the Murchison
Terrane of the Archean Yilgarn Craton in Western
Australia [1]. While no circular crater remains at Yarrabubba, the remnant structure is centered on a large
exposure of granophyre known as Barlangi Rock
(118˚50’E, 27˚10’S). Impactites of the Yarrabubba
impact structure are predominantly the Yarrabubba
Monzogranite (YM), the granitoid target, and the Barlangi Granophyre (BG), interpreted as an impact generated melt rock. Evidence for an impact origin of the
Yarrabubba structure include shatter cones and
shocked quartz grains within the YM and BG [1, 2]. In
addition, large meter-wide pseudotachylite veins cross
cut the YM and kink-banded biotite has been identified
in minor breccia units [1]. The original dimensions of
Yarrabubba are poorly constrained due to post impact
tectonics and deep erosion of the structure, but an elliptical magnetic anomaly ~20 km N-S by ~11 km EW centered on Barlangi Rock provides the minimum
diameter of the original size of the structure.
The age of the Yarrabubba impact structure is nominally Proterozoic, but is very poorly constrained. The
upper limit of the impact age is 2.65 Ga based on U –
Pb zircon ages from the YM [3]. Zircon grains from
the Barlangi Granophyre have a more complicated U –

Pb age spread. Concordant zircon ages extend from
2.79 Ga to 2.58 Ga [3, 4]. A 1.13 Ga 40Ar/39Ar age
from sericite in pseudotachylite veins records a minimum age for the Yarrabubba impact structure [5], although it is unclear whether this age reflects the impact
event or overprinting by subsequent tectono-thermal
activity.
During shock deformation, zircon and monazite
behave crystal-plastically, which can result in Pb mobilization and variable resetting of the U – Th – Pb
system (e.g., [6, 7, 8]). The development of planar and
sub-planar microstructures by dislocation creep during
shock can lead to partial resetting of the U – Th – Pb
systematics. However, the nucleation of new zircon
and monazite within the highly-strained shocked host
and growth by grain-boundary migration can result in
domains with ages reflecting the time of impact [6, 7,
8, 9]. While shocked zircon and monazite can be used
to determine the age of an impact event, subsequent
tecono-thermal activity can partially to completely
overprint this signature (e.g., [10]). In order to address
that complexity, this study undertakes a detailed microstructural examination of shock features in zircon
and monazite from the YM and BG to identify targets
for high-resolution U – Th – Pb analyses that will best
determine the Yarrabubba impact age.

Figure 1. BSE, CL and EBSD images of shocked zircon from the Yarrabubba impact structure. (A-D) Shocked zircon recovered
from the Yarrabubba Monzogranite displaying primary igneous zonation overprinted by crystal-plastic deformation and shock
twins that are highlight in red in (C) & (D). (E-H) Polycrystalline zircon from the Barlangi Granophyre with crystallographic
evidence for recrystallization after reidite and shock twin formation.
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Figure 2. BSE and EBSD images of a typical shocked monazite from the Yarrabubba impact structure. The grain is derived
from the Barlangi granophyre and contains {101} shock twins boundaries systematically misoriented 180° about <101>, highlighted in green in (C) & (D). Domains of strain-free neoblasts also occur within the grain, colored blue in (B).

Methods: Shocked zircon and monazite were extracted from samples of the YM and BG using a Selfrag electric pulse disaggregator. Grains were mounted
in a 27.5 mm epoxy stub and polished. A chemicalmechanical polish with colloidal silica dispersion was
used to achieve a final surface with <50 nm topography. Electron imaging was undertaken using a Mira3
field emission gun scanning electron microscope.
Backscatter electron (BSE) and cathodoluminescence
(CL) images were collected prior to electron backscatter diffraction (EBSD) microstructural analyses.
Results: Within the Yarrbubba Monzogranite zircon and monazite preserve a range of microstructures.
Zircon grains display primary oscillatory zonation that
is crosscut by planar and sub-planar microstructures
(Fig. 1A, B). Mapping by EBSD reveals low-angle
grain boundaries, {112} shock twins and {100} planar
deformation bands (Fig. 1C, D [6, 11, 12]). Monazite
grains preserve a broader range of shock features including domains with low-angle grain boundaries and
multiple sets of shock twins; (001), (100) and (101),
and domains of strain-free granules or neoblasts [8,
13].
Within the Barlangi Granophyre, zircon and monazite are xenocrystic and contain a broad spectrum of
shock features. The textures in shocked zircon range
from minimally shocked grains preserving primary
oscillatory zoning to grains containing planar microstructures, to polycrystalline aggregates, and to grains
with ZrO2 inclusions (Fig. 1 E-H). The polycrystalline
zircon aggregates contain systematic misorientations
indicative of formation after shock-produced {112}
twins and the high-pressure polymorph reidite (Fig. 1
G, H; [14, 15, 16]). Zircon with ZrO2 inclusions form
by shock-driven dissociation to ZrO2 and SiO2 and
subsequent reversion to zircon during cooling. This
texture occurs in silica saturated melts, such as BG,
above 1673 °C [15]. Monazite grains from BG preserve a similar range of shock features to those from
YM, including low-angle boundaries, shock twins, and
neoblastic domains (Fig. 2).

Conclusions: Due to scarcity, preservation bias,
and complex subsequent tectonic reworking, only two
Precambrian impact structures, Sudbury [17] and the
Vredefort Dome [18, 19], have precise ages. U – Th –
Pb zircon and monazite ages, both of which can be
reset by shock but are resistant to metamorphic and
hydrothermal alteration, offer the best potential for
dating ancient impact structures. Here we identified a
range of U – Pb geochronology targets for the Yarrabubba impact structure including polycrystalline zircon
aggregates from the BG and monazite grains with neoblastic domains from the BG and YM. These grains
not only help to further reveal the shock history of the
Yarrabubba impact structure, much of which is thermally overprinted [1, 2], but also help constrain the
impact age. Yarrabubba is potentially Earth’s oldest
preserved impact structure and determining its age will
aid understanding of the history of the Yilgarn Craton
and, importantly, will help chart the evolution of our
planet’s impact flux.
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