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Introduction: The Howardites-Eucrite-Diogenite
(HED) clan of meteorites are generally considered to
be derived from the Vesta asteroid [1-2]. Previous
study demonstrated the pressure of the impact event on
vesta is below 15GPa, as well as few high-pressure
minerals have been found in HED meteorites [3-4].
Thermal metamorphic event is a significant stage of
Vesta evolution, and the temperature is ranging from
~700 to 1000 °C [5]. Iron metal veins (most with minor
Ni) had been reported in HED meteorites, which is
attributed to the fluid deposition during the fluid-driven
secondary alteration stage on Vesta [6]. Spinel is a
common minor mineral in HED meteorites, dominantly
of Cr-spinel [7].

Our work focuses on the observation of pure me-
tallic iron and hercynite particles in the shocked melt
pocket of Northwest Africa 11592 (NWA 11592). Ac-
cording to the results of HR-TEM observation and
quantitative EDS mapping, the pure metallic iron and
hercynite were determined in the meteorite, indicating
a thermal condition of Vesta.

Sample and analytical techniques: NWA 11592
was found in Algeria, 2016, and was classified as ba-
saltic Eucrite. The polished thin section of NWA
11592 was observed and analyzed by the FEI Scios
dual-beam scanning microscope. The mineral composi-
tion was analyzed by JEOL 8230 electron microprobe
(EPMA). Two FIB cross sections were prepared by the
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FEI Scios focus ion beam and analyzed by FEI Talos
field-emission scanning transmission electron micro-
scope.

Results: Petrology of host rock and shocked melt
pocket. NWA 11592 is a basaltic Eucrite that mainly
consists of pyroxene and plagioclase with an ophitic
texture, as well as minor amounts of olivine, troilite,
chromite and ilmenite. Augite exsolution lamella was
universally observed within the pyroxene. The average
compositions of host pyroxene (FSs7.8-631W02.05.6.75)
and augite (FSze.6-27.4\W0444453) Suggest an average
equilibrium temperature about 850°C [8].

Most Plagioclase crystals (Angs1Oro7) exhibit
atypical crystallization characteristics (not completely
transformed into maskelynite), and its Raman spectrum
shows diffuse broad peaks. All these mineral grains
exhibit numerous thin cracks, which are attribute to the
impact events on Vesta.

There are two thin shock-induced melt veins
(~100um wide) and one shocked melt pocket (~300pum
wide) are observed in NWA 11592 (Fig 1a.). Both of
veins exhibit amorphous glass with the composition of
mixture of pyroxene and Plagioclase in host rock. Our
work focused on the melt pocket with typical quench
texture characterized by the dark needle-like material
within the fine-grained matrix, as well as abundant
metallic iron particles (~200nm) attach to the needle-
like material (Fig 1c.).
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Fig 1. (a) BSE mapping of the Northwest Africa 11592. MVs: melt veins. (b)he BSE imae of shocked melt pocket
in NWA 11592. MP: melt pocket; PI: plagioclase; Opx: orthopyroxene; Aug: Augite; Chr: chromite. (c) The high
magnification BSE image of quench texture in melt pocket. Pgt+Pl: pigeonite and plagioclase; Pl+Hc: plagioclase

and hercynite.
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Two FIB cross sections were prepared in our
study. The result of EDS mapping of TEM showing
pure metallic iron particles without Ni and S content,
as well as the FFT pattern can be index with the a-Fe
(Fig 2.). The matrix of the shocked pocket mainly
composed of sub-micron scale plagioclase and pigeon-
ite crystals.
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Fig 2. (a)HAADF image of part of the FIB cross sec-
tion, and white square represents the location of Fig 2c.
Pl+Hc: plagioclase and hercynite. (b) The result of the
EDS mapping of Fig 2a. by TEM. (c) HR-TEM image
of metallic iron particle. The inserted image is the FFT
pattern of the HR-TEM image.
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Fig 3. (a) HR-TEM image of hercynite grain. The in-
serted image is the FFT pattern of the HR-TEM image.
(b)HAADF image of part of the FIB cross section. Hc:
hercynite; Pl: plagioclase. (c) The result of the EDS
mapping of Fig 3b. by TEM.

Besides, abundant Nano-sized hercynite crystals
(~20nm) embedded in the plagioclase that does not
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crystallize well were confirmed by the TEM analysis.
According to the quantitative EDS data of TEM, the
hercynite with the composition of (Mgo20F€o74)
(Alo.97Cro.04)204, and FFT patterns of HRTEM images
of those grains show the cubic structure, which can be
indexed with the hercynite (Fig 3.).

Discussion: Sub-micron scale metallic iron parti-
cles and matrix, needle-like plagioclase, as well as the
Nano-sized hercynite grains imply these mineral as-
semblages crystallized in a very short time. The ab-
sence of flow feature and the oxidation of those pure
iron particles rule out exotic origin [9]. Although the
decomposition of mafic silicate mineral is known as the
main reason for the formation of Fe® in meteorite [10],
very small amounts of silica were found in this sample,
so the source of Fe is questionable. The presence of the
hercynite grains indicate the formation temperature is
above 1310°C [11]. To achieve temperature at zero
pressure exceeding 1310°C, unrealistically high shock

pressure( > 80GPa) is needed [12]. One possible sce-

nario is that the shock occurred during the thermal
metamorphism, which can provide high enough tem-
perature to form these mineral assemblages, in this case,
~30GPa of peak pressure was required to form hercyni-
te. In this meteorite, we did not observe any high-
pressure minerals, which may be attributed to the
longstanding temperature of thermal metamorphism on
Vesta is not conducive to the preservation of high-
pressure minerals [13].
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