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Abstract–A meteorite fall was heard and collected on July 13, 2010 at about 18:00 (local
time) in the Shibanjing village of the Huaxi district of Guiyang, Guizhou province, China.
The total mass of the fall is estimated to be at least 1.6 kg; some fragments are missing. The
meteorite consists mainly of olivine, low-Ca pyroxene, high-Ca pyroxene, plagioclase,
kamacite, taenite, and troilite. Minor phases include chromite and apatite. Various textural
types of chondrules exist in this meteorite: most chondrule textures can be easily defined.
The grain sizes of secondary plagioclase in this meteorite range from 2 to 50 lm. The
chemical composition of olivine and low-Ca pyroxene are uniform; Fa in olivine and Fs in
low-Ca pyroxene are, respectively, 19.6 � 0.2 and 17.0 � 0.3 (mole%). Huaxi has been
classified as an H5 ordinary chondrite, with a shock grade S2, and weathering W0. The
weak shock features, rare fractures, and the high porosity (17.6%) indicates that Huaxi is a
less compacted meteorite. The preatmospheric radius of Huaxi is ~11 cm, corresponding to
~21 kg. The meteorite experienced a relatively short cosmic-ray exposure of about
1.6 � 0.1 Ma. The 4He and 40Ar retention ages are older than 4.6 Ga implying that Huaxi
did not degas after thermal metamorphism on its parent body.

INTRODUCTION

A fist-size stone fell in a farmyard in Shiban
Village, Huaxi District, Guiyang City, Guizhou
province, China at about 18:00 (local time) on July 13,
2010 (Fig. 1). The owner of the farmyard (Fig. 2a)
heard the sound of the stone falling accompanied by a
heavy thudding noise against the slate floor. The stone
created a small crater (geographic coordinates
26°27052.88″ N, 106°37056.68″ E) in the carbonate slate
with radial fractures in the northeast rim (Fig. 2b). All
fragments of the stone were collected in a corner of the
northeast wall of the farmyard. Both findings indicate a
flight direction southwest-northeast. The stone was
broken into more than four fragments after the impact
(Fig. 3). Each of the four collected fragments is partly
covered by fusion crust. The total mass of all four
fragments is ~1600 g. The biggest fragment has a mass
of ~1200 g and the three smaller pieces have a total

mass of ~400 g. One or more fragment(s), with a total
mass of ~100 g, is unaccounted for; it may have
bounced into the cornfield next to the northern wall of
the farmyard. The meteorite was named Huaxi in the
Meteorite Bulletin No. 100 (Ruzicka et al. 2014). The
Huaxi meteorite is the fourth meteorite fall in the
Guizhou province, China, after the fall or find of
Anlong, Guizhou, and Qingzhen.

SAMPLE AND ANALYTICAL TECHNIQUES

The noble gas measurements were performed at the
University of Bern, Switzerland. Other measurements
were carried out at the Institute of Geochemistry,
Chinese Academy of Sciences, Guiyang, China.

A polished section and one double polished thin
section (30 lm thickness) of Huaxi were prepared for
petrographic investigations and mineral chemical
composition analysis. For investigating the pores, we
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also prepared a slice sample. Petrographic investigations
were performed with a JEOL JSM-6610LV scanning
electron microscope (SEM) equipped with an EDAX
energy dispersive X-ray spectrometry (EDS) and a
Scios-FIB field emission scanning electron microscope.
The shock stage was determined using the double
polished thin section and an OLYMPUS-BX51
polarizing microscope in transmitted light. For
determining the major element composition of olivine

and low-Ca pyroxene, we used the EPMA-1600 electron
microprobe with an acceleration voltage of 15 kV and a
beam current of 20 nA. Silicates (olivine for Mg and
Fe; plagioclase for Al, Si, and Ca; pyrope garnet for Ti,
Cr, and Mn) were used as standards. We applied the
standard ZAF-correction procedure for data reduction.
For measuring the whole rock chemical composition we
prepared a fine powder of 50 mg, which was digested
with a mixture of HF and HNO3. The concentrations of

Fig. 1. Map of the Huaxi meteorite fall area. (Color figure can be viewed at wileyonlinelibrary.com.)
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Na, K, Ca, and Mn were analyzed by a Vista MPX
ICP-OES. Magnesium, Fe, Co, and Ni were measured
by a PinAAcle 900F ICP-AAS; other trace element
concentrations were measured using an ELAN DRC-e
ICP-MS. Cobalt, Ni, and Sr were measured on both
ICP-AAS and ICP-MS. Five platinum group elements,
including Ru, Rh, Pd, Pt, and Ir, were measured with a
Finnigan MAT ELEMENT magnetic sector ICP-MS
using a 200 mg aliquot of the solution and applying the
method described in Qi et al. (2003, 2011). Four
fragments of Huaxi with masses of 2.29, 3.82, 2.84, and
3.26 g were used for the determination of densities and
porosities with a Micro-ultrapyc 1200e ideal gas
pycnometer and applying the method developed by Li

et al. (2012). The light noble gases were measured on
two small fragments with masses of 55.62 and 57.09 mg.
The selected fragments were located ~2 mm and 1 cm
below the fusion crust, respectively. The isotopic
concentrations of He, Ne, and Ar have been measured
by noble gas mass spectrometry at the University of
Bern following standard procedures (e.g., Ammon et al.
2008; Leya et al. 2013). Briefly, after cleaning the
samples with ethanol they were wrapped in 9 cm2

aluminum foils and were loaded in an all metal sample
chamber. The sample chamber was evacuated and was
then heated together with the samples at approximately
80 °C for 3 days to release terrestrial gas
contamination. Noble gases were extracted in a single
temperature step at about 1700 °C for 45 min. The
extracted gases were cleaned on various getters (SAES�)
working in the temperature range between room
temperature and 280 °C. After cleaning, Ar was trapped
on an activated charcoal held at the temperature of
liquid N2 and the remaining He and Ne fraction was
further purified and expanded into the inlet of a 90 °
sector field mass spectrometer with a radius of 10 cm.
After further purification, the Ar fraction was expanded
into a self-made tandem mass spectrometer.

RESULTS

Petrography

Huaxi is a typical chondrite (Fig. 4) containing a
variety of chondrule types: porphyritic pyroxene
(Fig. 5a), porphyritic olivine (Fig. 5b), porphyritic
olivine and pyroxene (Fig. 5c), barred olivine (Fig. 5d),

Fig. 2. The place where Huaxi landed. a) The farmyard where the Huaxi meteorite fell. b) The small crater made by the impact
of the Huaxi meteorite. (Color figure can be viewed at wileyonlinelibrary.com.)

Fig. 3. The main mass and three fragments of the Huaxi
meteorite. (Color figure can be viewed at wileyonlinelibrary.com.)
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cryptocrystalline chondrules (Fig. 5e), compound
chondrules (Fig. 5f), and Cr and Al rich chondrules
(Figs. 5g and 5h). The apparent diameters of
distinguishable chondrules range from ~200 to
~1500 lm; the mean diameter is ~500 lm. Matrix
material in Huaxi is significantly recrystallized and
contains secondary plagioclases with grain sizes ranging
from 2 to 50 lm. Huaxi is petrographic grade 5
according to the criteria of Van Schmus and Wood
(1967). The meteorite is mainly composed of low-Ca
pyroxene (30 vol%), olivine (27 vol%), plagioclase
(12 vol%), Fe-Ni metal (kamacite and taenite, 8 vol%),
high-Ca pyroxene (5 vol%), troilite (4 vol%), as well as
minor apatite and chromite (<1 vol%). The most
significant characteristic of this meteorite is the porous
texture (Figs. 4 and 6a), which represents about 14 vol%
of the analyzed section. A small (~10 9 30 lm) metal
copper (contains 6 wt% Fe and 3 wt% Ni, according to
EDS area analysis) grain was observed at a grain
boundary between troilite and taenite (Fig. 6b) and
plessite was observed in a taenite grain (Fig. 6c). There
is no indication of shock veins in any of the fresh
surfaces of the hand specimen. In addition, we found no
microscopic shock vein in the studied thin sections and
polished sections. Most olivine grains show undulatory
extinction and we found no olivine grain with planar
fractures. These findings indicate that Huaxi is weakly
shocked with shock stage S2 based on the criteria

described in St€offler et al. (1991), although a few olivine
grains with mosaic extinction can be found in the
polished thin sections. Fractures in all mineral grains
are very rare, indicating that the meteorite is only
weakly shocked. Since Huaxi was collected within 10
minutes after its fall, it is very fresh and has therefore a
weathering degree W0 according to the classification
scheme by Wlotzka (1993).

Mineral Composition

We analyzed the chemical composition of olivine
and low-Ca pyroxene in a thin section using EPMA. Ten
olivine and 12 low-Ca pyroxene grains were randomly
selected and measured. The data are given in Table 1.
The fayalite content of the 10 olivine grains varies
between 19.3 and 20.1 mole% with an average value of
19.6 � 0.2 mole%. EDS analysis indicated that there is
no chemical zoning in the studied olivine grains. Low-Ca
pyroxene is the most abundant mineral in Huaxi. The
ferrosilite content in the 12 selected low-Ca pyroxene
grains ranges from 16.4 to 17.5 mole% with an average
value of 17.0 � 0.3 mole%. The wollastonite content in
low-Ca pyroxene ranges from 1.6 to 2.0 mole% (the
average value of 12 grains is 1.8 � 0.1 mole%). The
uniform chemical composition of olivine (PMD value of
Fa is 1.3) in Huaxi indicates that this meteorite is an
equilibrated chondrite. The fayalite and ferrosilite
content in olivine and low-Ca pyroxene, respectively, are
in the range of previous measurements for H chondritse
(i.e., Fa 16.9–20.4 mole%, Fs 15.7–18.1 mole%, Keil and
Fredriksson 1964; Gomes and Keil 1980).

Densities and Porosity

In contrast with many other ordinary chondrite
types, the fusion crust of Huaxi is easy to remove. Four
small fragments with masses of 2.29, 3.83, 2.84, and
3.26 g were selected for density and porosity
determination. The results are compiled in Table 2. The
measured bulk densities range from 3.11 to
3.29 g cm�3, the weighted average bulk density is
3.21 g cm�3. The grain densities of the four selected
fragments range from 3.82 to 3.98 g cm�3. The
weighted average grain density of 3.89 g cm�3 is in the
range typical for H-chondrites, i.e., 3.53–4.15 g cm�3

(Consolmagno et al. 2006).
The porosities of the four fragments measured by

ideal gas pycnometry range from 16.5 to 18.7% with a
weighted mean of 17.6%. A high porosity is also
indicated by the BSE images of the prepared sections,
which shows that pore space is usually larger than the
space occupied by metal plus troilite (Fig. 6a). A high
porosity is also indicated by phase analysis with EDS,

Fig. 4. The BSE image of a polished thin section of the Huaxi
meteorite. The significant characteristic of this meteorite is the
high porosity.
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Fig. 5. BSE images of chondrules from the Huaxi meteorite. a) Porphyritic pyroxene chondrule. b) Porphyritic olivine
chondrule. c) Porphyritic olivine-pyroxene chondrule. d) Barred olivine chondrule. e) Cryptocrystalline chondrule. f) Compound
chondrule. g) Al,Cr-rich chondrule (with apatite in the chondrule). h) Al,Cr-rich chondrule. Acronyms: olivine (ol), low-Ca
pyroxene (opx), plagioclase (plg), apatite (ap), and chromite (chr).
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though the EDS analyzed data give a slightly lower
porosity of ~14%. This is likely due to the occurrence
of tiny pores and fractures that are undetectable under
limited magnification (under 9400) during phase
analysis. The pores in Huaxi are mainly intergranular
or are present as porosity halos in rims around
chondrules (Figs. 6, 7, and 8). Low contrast images
taken from the polished slice also confirm that this
meteorite is porous (Fig. 7a). The walls of the pores
consist of minerals with subhedron or/and isiomorphic
crystals (Fig. 7b), which indicates that the pore
structure formed during thermal metamorphism on the
parent asteroid. The distribution of pores in Huaxi is
similar to those in the Miller H5 ordinary chondrite
i.e., 20.0%, which is considered as an incompletely
compacted meteorite (Sasso et al. 2009; Friedrich et al.

2014). The average porosity of ordinary chondrite falls
is ~9% (Consolmagno et al. 2008; Macke 2010).
Compared to average ordinary chondrite falls, Huaxi
has a much higher porosity. It may be significant that
most high porosity values occur in type 5 meteorites:
Miller (H5, porosity of 20%), NWA 2380 (L5,
porosity of 18.7%), Sahara 98034 (H5, porosity of
16.1%), Baszk�owka (L5, porosity of 18.4–19.4%),
Zaoyang (H5, porosity of 17.5%), and Jinju (H5,
porosity of 19.5%) (Sasso et al. 2009; Li et al. 2012;
Friedrich et al. 2014; Choi et al. 2015). At this time, it
is unknown whether this pattern indicates a significant
process or whether it is a coincidence. From the
comparison with the Miller chondrite we conclude that
Huaxi is most likely also an incompletely compacted
chondrite.

Fig. 6. BSE images of petrologic structures and opaque minerals in Huaxi. a) Chondrules in Huaxi. b) Occurrence of copper. c)
Plessite in taenite. Acronyms: olivine (ol), low-Ca pyroxene (opx), plagioclase (plg), opaque minerals (Opq). The Opq include
kamacite, taenite (tae), plessite (pls), troilite (tr), copper (Cu), and chromite.
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Bulk Composition

The chemical composition for major and trace
elements measured for a whole rock sample is given in
Table 3. The element distribution normalized to Mg
and CI chondrites is shown in Fig. 8. Also shown are
average data for H and L chondrites (Lodders and
Fegley 1998). Most of the lithophile elements in Huaxi
show an abundance pattern similar to average H and L
chondrites. Exceptions are Sc and Cr, which are lower,
and Na and La, which are slightly higher than average
abundances in H and L chondrites. For the chalcophile
elements such as Cu (not shown), Zn, Ga, As, and Sb,
the concentrations in Huaxi are very similar to the

average composition of H chondrites. The concentration
of the chalcophile Ge in Huaxi is higher than the mean
concentration in H chondrites (not shown). Most of the
siderophile elements (i.e., Fe, Co, Ni, Mo, Ru, and Ir)
are significantly higher in Huaxi compared to average
abundances in ordinary chondrite, whereas rhodium in
Huaxi is lower compared to the average concentration
in H chondrites (not shown, 111 ng g�1 versus
210 ng g�1). The relatively high concentrations of
siderophile elements might mainly be due to a sampling
bias. For example, a heterogeneous distribution of Fe-
Ni metal can easily be seen in the prepared sections
(Fig. 4).

Noble Gas Isotopic Compositions and Concentrations

The concentrations and isotopic ratios of the light
noble gases He, Ne, and Ar after blank subtraction and
correction for instrumental mass fractionation are listed
in Table 4. The measured 20Ne/22Ne ratios of the two
aliquots are 0.912 and 1.199, indicating that in addition
to cosmogenic there is a small trapped contribution.
Considering the high petrographic grade for Huaxi (H5)
it is unlikely that the trapped component is planetary
Ne. To separate the Ne components we assumed
cosmogenic and terrestrial compositions for 20Ne/22Ne
of 0.8 and 9.8 respectively. We were not able to
measure 36Ar and 38Ar concentrations in sample Huaxi-

Table 1. Representative electron microprobe analyses of olivine and low-Ca pyroxene (wt%).

SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Total Fa/Fs Wo

Ol-1 38.7 b.d. 0.01 b.d. 18.7 0.47 42.6 0.01 100.5 19.8 –
Ol-2 39.1 b.d. 0.02 b.d. 18.3 0.44 42.3 0.01 100.1 19.5 –
Ol-3 38.2 b.d. b.d. 0.01 17.9 0.48 42.1 0.02 98.7 19.3 –
Ol-4 38.7 b.d. b.d. 0.03 18.1 0.42 41.9 0.04 99.2 19.5 –
Ol-5 38.8 b.d. b.d. 0.02 18.0 0.43 42.0 0.02 99.2 19.4 –
Ol-6 38.0 b.d. b.d. 0.05 18.3 0.40 42.0 0.02 98.7 19.6 –
Ol-7 38.0 b.d. b.d. b.d. 18.1 0.39 41.5 0.01 98.0 19.7 –
Ol-8 39.0 0.06 b.d. 0.23 17.9 0.40 41.9 b.d. 99.4 19.3 –
Ol-9 39.5 b.d. b.d. b.d. 17.9 0.46 39.9 0.01 97.8 20.1 –
Ol-10 39.9 b.d. b.d. b.d. 18.0 0.41 41.6 0.02 100.0 19.5 –
Pyx-1 56.7 0.21 0.17 0.19 11.4 0.44 30.3 0.91 100.3 17.2 1.8
Pyx-2 57.3 0.19 0.14 0.14 11.2 0.47 30.5 0.84 100.9 16.9 1.6

Pyx-3 56.1 0.23 0.16 0.22 11.5 0.43 30.7 1.01 100.3 17.0 1.9
Pyx-4 57.3 0.23 0.20 0.20 11.3 0.43 29.0 0.98 99.5 17.5 2.0
Pyx-5 57.4 0.21 0.16 0.19 10.9 0.47 30.2 0.91 100.5 16.6 1.8

Pyx-6 56.5 0.15 0.13 0.17 11.2 0.45 30.7 0.92 100.1 16.7 1.8
Pyx-7 55.5 0.20 0.15 0.18 11.5 0.45 30.5 0.96 99.5 17.2 1.8
Pyx-8 56.4 0.22 0.17 0.15 11.5 0.47 30.2 0.98 100.1 17.2 1.9

Pyx-9 56.9 0.14 b.d. 0.17 11.0 0.19 30.2 0.84 99.3 16.6 1.6
Pyx-10 57.2 0.19 0.18 0.19 11.5 0.47 30.4 0.82 101.0 17.2 1.6
Pyx-11 57.4 0.28 0.19 0.19 11.5 0.46 30.0 0.97 101.0 17.3 1.9
Pyx-12 58.8 0.20 0.19 0.18 10.9 0.49 30.5 0.98 102.2 16.4 1.9

The detection limits of MgO, Al2O3, CaO, and SiO2 are all 0.01%; of Cr2O3, FeO, and MnO are 0.02%; and of TiO2 is 0.05%. b.d. = below

detection limit.

Table 2. The densities and porosities of four Huaxi
fragments.

Sample
number Mass (g)

Bulk density
(g cm�3)

Grain density
(g cm�3)

Porosity
(%)

1 2.29 3.15 3.83 17.6
2 3.83 3.29 3.98 17.4
3 2.84 3.26 3.90 16.5
4 3.26 3.11 3.82 18.7

Average – 3.21 3.89 17.6

Errors for densities are less than 0.01 g cm�3, errors for porosity are

less than 0.5%. The average has been calculated as a weighted

mean.
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1 because the Ar concentrations were too low to be
reliably measured. The measured 40Ar concentration for
Huaxi-1 is detectable because it is more than 104 times
higher than the 36Ar and 38Ar concentrations. The Ar
concentration and isotopic composition of the second
Huaxi sample (Huaxi-2) could be measured without any
problems. The 36Ar/38Ar ratio of Huaxi-2 of 3.88
indicates that the Ar is a mixture of cosmogenic and
trapped. Again, considering the high petrographic grade
for Huaxi we assume for the component deconvolution
cosmogenic, i.e., (36Ar/38Ar)c = 0.65, and terrestrial

atmospheric contamination, i.e., (36Ar/38Ar)air = 5.32, as
endmembers. This decomposition yields a trapped 36Ar
concentration of 0.67 9 10�8cm3STP g�1. The results
for cosmogenic (index c) 3Hec,

21Nec,
38Arc, and

(22Ne/21Ne)c for Huaxi-1 and Huaxi-2 are given in
Table 5. The (22Ne/21Ne)c ratios of the two Huaxi
samples are 1.221 and 1.182, indicating relatively low
preatmospheric shielding depths. Although the Ne
ratios are the same within uncertainties it is the case
that Huaxi-1 is located 2 mm below the fusion crust,
Huaxi-2 is from about 1 cm below the fusion crust. The

Fig. 7. Low contrast BSE images of a polished slice. a) The pores are well developed. b) The pore wall is composed of
subhedron or/and isiomorphic crystals (the bright gray crystal in the middle of the pore is a troilite grain, the other crystals on
the wall are silicates).
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Fig. 8. Whole rock element abundances of Huaxi, H and L chondrites all normalized to Mg and CI chondrites. The CI
chondrite data are from Anders and Grevesse (1989), H and L values are from Lodders and Fegley (1998). (Color figure can be
viewed at wileyonlinelibrary.com.)
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two Huaxi samples do differ slightly with respect to
their noble gas concentrations. The 3Hec,

4He, 21Nec,
and 40Ar concentrations in Huaxi-2 are ~4%, ~26%,
~3%, and ~5% higher, respectively, than the
corresponding components in Huaxi-1. The differences
in noble gas concentrations between both samples are
most likely not due to different shielding depths but due
to degassing effects during atmospheric entry. Effects
like this are expected since Huaxi-1 was taken just
~2 mm below the fusion crust. The thermal history of
Huaxi is discussed in more detail in the next section.

Thermal History: Helium-3/Neon-21

Figure 9 shows (3He/21Ne)c versus (22Ne/21Ne)c for
Huaxi-1 and Huaxi-2, also known as a Berne plot. In
addition to the experimental data we also show the
empirical correlation line for chondrites as determined
by Nishiizumi et al. (1980), which differs only slightly
from the original one developed by Eberhardt et al.
(1966). The two dashed gray lines represent the � 15%
variations from the correlation line. The black solid line
represents the best fit through model calculations
considering only objects with preatmospheric radii less
than 65 cm and assuming ~80% ablation loss during
atmospheric entry (Leya and Masarik 2009). The data

for Huaxi-2 plot on the modeled correlation given by
Leya and Masarik (2009) but above the empirical
correlation given by Nishiizumi et al. (1980). In
contrast, the data for Huaxi-1 plot below the modeled
correlation but on the empirical correlation. Although
we cannot exclude that the differences are due to
sample inhomogneities, we rather speculate that Huaxi-
1 suffered 3He diffusive losses during atmospheric entry,
which again is reasonable considering that this sample
has been taken just ~2 mm below the fusion crust.
Other possible causes, i.e., storage and preheating of the
samples in the vacuum system before noble gas
measurement, are very unlikely (e.g., Leya et al. 2013).

Cosmic-Ray Exposure History and Gas Retention Ages

We determined the cosmic-ray exposure (CRE) age
using measured 3Hec,

21Nec, and 38Arc concentrations
and applying the correlations given by Eugster (1988)
for 3Hec versus (22Ne/21Ne)c and by Dalcher et al.
(2013) for 21Nec and

38Arc versus (
22Ne/21Ne)c. Since no

36Ar and 38Ar could be measured for Huaxi-1, no T38

age has been calculated. The CRE ages based on 3He
(T3) and 21Ne (T21) for Huaxi-1 are 1.7 � 0.5 Ma and
2.0 � 0.6 Ma, respectively. For Huaxi-2, T3, T21, and
T38 ages all agree within the uncertainties, i.e.,

Table 3. Bulk chemical composition of the Huaxi meteorite.

Element Concentration Unit Method Element Concentration Unit Method

Li 1.08 lg g�1 ICP-MS Ba 1.75 lg g�1 ICP-MS
Na 6473 lg g�1 ICP-OES La 312 ng g�1 ICP-MS

Mg 11.6 wt% ICP-OES Ce 774 ng g�1 ICP-MS
K 641 lg g�1 ICP-OES Pr 105 ng g�1 ICP-MS
Ca 0.92 wt% ICP-OES Nd 512 ng g�1 ICP-MS

Sc 3.93 lg g�1 ICP-MS Sm 179 ng g�1 ICP-MS
V 65 lg g�1 ICP-MS Eu 63 ng g�1 ICP-MS
Cr 2070 lg g�1 ICP-MS Gd 218 ng g�1 ICP-MS

Mn 2036 lg g�1 ICP-OES Tb 43 ng g�1 ICP-MS
Fe 34.8 wt% ICP-AAS Dy 239 ng g�1 ICP-MS
Co 1440(1460) lg g�1 ICP-MS (ICP-AAS) Ho 53 ng g�1 ICP-MS
Ni 21992(22700) lg g�1 ICP-MS (ICP-AAS) Er 169 ng g�1 ICP-MS

Cu 85.4 lg g�1 ICP-MS Tm 30 ng g�1 ICP-MS
Zn 35.9 lg g�1 ICP-MS Yb 178 ng g�1 ICP-MS
Ga 5.47 lg g�1 ICP-MS Lu 31 ng g�1 ICP-MS

Ge 18.1 lg g�1 ICP-MS Hf 118 ng g�1 ICP-MS
As 1.76 lg g�1 ICP-MS Ta 48 ng g�1 ICP-MS
Rb 1.4 lg g�1 ICP-MS Tl 0.18 ng g�1 ICP-MS

Sr 10.2(8.7) lg g�1 ICP-MS (ICP-OES) Pb 394 ng g�1 ICP-MS
Y 1.72 lg g�1 ICP-MS Th 43 ng g�1 ICP-MS
Zr 4.47 lg g�1 ICP-MS Ru 1164 ng g�1 ICP-MS
Nb 363 ng g�1 ICP-MS Pd 987 ng g�1 ICP-MS

Mo 5.35 lg g�1 ICP-MS Ir 1072 ng g�1 ICP-MS
Sb 61 ng g�1 ICP-MS Pt 1780 ng g�1 ICP-MS
Cs 2.74 ng g�1 ICP-MS Rh 111 ng g�1 ICP-MS

The uncertainties of Na, Mg, K, Ca, Fe, Co, and Ni are lower than 0.1%, the uncertainties of trace elements are about 10%.
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1.8 � 0.5 Ma, 1.6 � 0.5 Ma, and 1.5 � 0.4 Ma,
respectively. The pattern that T3>T21>T38 may indicates
diffusive loss, but if so they are minor. We believe the
results for this sample are robust and we accordingly
calculate an average CRE age for Huaxi of
1.6 � 0.1 Ma.

To calculate the 4He gas retention ages (T4) we
need to subtract from the total 4He concentrations the

cosmogenic 4He contribution. We use the relationship
(4He/3He)c versus (22Ne/21Ne)c given by Leya and
Masarik (2009) for H chondrites with radii of 10 cm
(see below) and assume all 3He to be cosmogenic. Using
a Th concentration of 43 ng g�1 measured in bulk
Huaxi and an average U concentration of 13 ng g�1 as
given by Lodders and Fegley (1998) for H chondrites
we calculated 4He retention ages of 4094 Ma and

Table 4. Helium, Ne, and Ar concentrations (10�8 cm3 STP g�1) in two aliquots of Huaxi.

Sample

name Type

Mass

(mg) 3He 4He 21Nec
22Ne 38Ar 38Arc

20Ne/
22Ne

21Ne/
22Ne

(22Ne/
21Ne)c

36Ar/
38Ar 40Ar 36Artr

Huaxi-1 H5 55.62 2.62 �
0.15

1776 �
98

0.356 �
0.027

0.441 �
0.033

– – 0.912 �
0.018

0.809 �
0.015

1.221 �
0.023

– 6350 �
56

–

Huaxi-2 H5 57.09 2.73 �
0.03

2234 �
19

0.365 �
0.009

0.452 �
0.011

0.184 �
0.008

0.055 �
0.002

1.199 �
0.026

0.810 �
0.013

1.181 �
0.020

3.88 �
0.15

6677 �
204

0.67 �
0.02

Systematic uncertainties for concentrations are 3%. “c” stands for cosmogenic and “tr” stands for trapped.

Table 5. Cosmic-ray exposure ages (Ma) and gas retention ages (Ma) of Huaxi.

Sample

name Type

Mass

(mg) T3 T21 T38

Adopted

age (Ma) T4 T40 T4
a T40

a

Huaxi-1 H5 55.62 1.7 � 0.5 2.0 � 0.6 1.85 � 0.08 4094 � 340 4185 � 357
Huaxi-2 H5 57.09 1.8 � 0.5 1.6 � 0.5 1.5 � 0.4 1.63 � 0.14 4610 � 70 4966 � 669 4681 � 72 4637 � 567

Systematic uncertainties for ages are 3%.
aIndicates that the ages were calculated.
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Fig. 9. Helium-3/21Ne versus 22Ne/21Ne (Berne plot). In addition to the data for the two Huaxi samples the empirical correlation
for chondrites given by Nishiizumi et al. (1980) is shown as a gray line. The gray dashed lines represent the � 15% variations
from the correlation. The black line represents the best fit through model calculations for ordinary chondrites with radii lower
than 65 cm and assuming 80% ablation losses (Leya and Masarik 2009).
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4610 Ma for Huaxi-1 and Huaxi-2, respectively. Using
the average U and Th concentrations for H chondrites
of Lodders and Fegley (1998) instead we obtain T4 ages
for Huaxi-1 and Huaxi-2 of 4185 Ma and 4681 Ma,
respectively. Again, the short distance to the fusion
crust might be the reason why T4 for Huaxi-1 is shorter
than for Huaxi-2.

Radiogenic 40Ar has been calculated after removing
trapped components. Using a K concentration of
641 lg g�1 as measured for bulk Huaxi we calculate
40Ar gas retention ages (T40) of 4966 Ma for Huaxi-2.
However, we calculated a T40 age of 4637 Ma applying
the average K concentration of H chondrites reported
by Lodders and Fegley (1998). The K concentration
measured for bulk Huaxi is slightly lower than the
average K concentration for H chondrites given by
Lodders and Fegley (1998), which is 780 lg g�1. The
T40 age of Huaxi-2 obtained from K concentration of
780 lg g�1 is about 7% lower, which is more in accord
with the age of the solar system.

From the good agreement between T3 and T21 and
between T4 and T40 for Huaxi-2 we can conclude this
meteorite did not suffer He and/or Ar diffusive losses
(except for 3He and 4He for material from close to the
fusion crust), indicating that Huaxi did not experience
any significant heating during its transit from the
asteroid belt to Earth.

Preatmospheric Size

Meteorites enter the atmosphere at very high
velocities, typically ranging from about 12 to 70 km s�1

(Whipple and Hughes 1955; Millman and McKinley
1963), resulting in large atmospheric friction and serious
mass ablation losses. As a consequence, between 27 and
99.9% of total preatmosheric mass is lost by ablation
(e.g., Bhandari et al. 1980). The average mass ablation
loss of meteorites reaching Earth’s surface is ~85%
(Bhandari et al. 1980). Assuming symmetrical ablation
losses and a one-stage CRE history we calculated the
preatmospheric mass of Huaxi using the empirical
relation between preatmospheric masses and
(22Ne/21Ne)c given by Bhandari et al. (1980). Doing so,
we calculate a preatmospheric mass of Huaxi of ~21 kg
with a radius of ~11 cm, based on a bulk density of
3.21 g cm�3 measured in this study.

SUMMARY AND CONCLUSIONS

Petrographical and mineralogical investigations of
Huaxi indicate that it belongs to the H5 ordinary
chondrite group; a classification confirmed by the data
for bulk chemical composition and grain density.
Undulose extinction; rareness of irregular fractures; and

the absence of planar fracture in olivine, low-Ca
pyroxene, and plagioclase grains imply that Huaxi
suffered only very weak shock metamorphism (S2).
Huaxi has a high porosity of 17.6%, which could be a
consequence of the low shock stage.

The preatmospheric mass of Huaxi was ~21 kg with
a preatmospheric radius of ~11 cm. This meteorite has a
relatively short cosmic-ray exposure age of
1.6 � 0.1 Ma and long T4 and T40 gas retention ages of
~ 4681 and ~ 4637 Ma, respectively.
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