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Introduction: The Chang’e-5 mission returned 1731
g of lunar soil samples from the Mons Riimker region of
Oceanus Procellarum. Recent analyses of the Pb isotope
systematics for multiple basaltic fragments have yielded a
~2 Ga crystallization age for the basalt flows from which
the samples originated [1,2]. The textural characteristics,
mineralogy, and bulk major and minor element composi-
tions of a further 28 basaltic fragments from sample
CE5C0400 are being investigated and summarized here.

Analytical Methods: Back-scattered electron (BSE)
images and Energy Dispersive Spectroscopy (EDS) X-ray
element maps were acquired on polished basalt fragments
using the Zeiss Merlin Compact Scanning Electron Micro-
scope, which was followed by in situ mineral Pb isotope
analysis using the SHRIMP II-e MC instrument, both at
the Beijing SHRIMP Center, following the methodology
described by [1].
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Figure 1. BSE images of selected basalt fragments.

Results: Basaltic fragments are the main lithic clasts
in soil CE5C0400 , which also consists of breccias, agglu-
tinates, and glass beads [3-4]. For this study, 28 basaltic
fragments were selected from a 1.5 g scooped soil sample.

Mineralogy. The majority of the basaltic fragments
have ophitic to subophitic textures, with elongated plagi-
oclase grains (>500-1000 pum; see B0O01, B002, and BO05
in Fig. 1), and pyroxene and olivine exhibiting prominent
compositional zoning towards Fe-rich rims (Figs. 2 and 3).
The fragments have a range of grain sizes that suggest var-
iable cooling rates with a trend of continuous change from
aphanitic to holocrystalline-texture (Fig. 1). Ilmenite laths
(~1-100 pm in width) are common and numerous intersti-
tial mesostasis areas contain fayalite, silica, and various
late-stage accessory phases (e.g., K-rich glass, Ca-phos-
phates, Fe-sulfides, and Zr-rich minerals). Many of the
basalts also contain anhedral to subhedral grains of more
forsteritic olivine that occasionally contain melt inclu-
sions and subhedral to anhedral phenocrysts of spinel
(~30-70 pm; e.g., B002, B016-02). The spinel grains have
Cr-rich cores and Ti-rich rims, and in some samples are
also present outside the olivine grains, occasionally form-
ing glomerophyric clusters.
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Figure 2. Compositionallzoning of pyroxene in B0O1 (A),
B002 (B), and B00S5 (C), summarized in a pyroxene quad-
rilateral (D).
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Figure 3. Compositional zoning of olivine in BOO1 (A)
and B002 (B), summarized in a Fa% value plot (C).

Fragment B009-02 has a coarse-grained (>500 pm)
texture dominated by pyroxene (exhibiting complex com-
positional zoning between higher- and lower-Ca concen-
trations, as well as Fe-rich rims). A large (~300 pm) oli-
vine grain is present on one side of the fragment. There is
less plagioclase in this fragment, and it typically forms
less elongated grains than in the other fragments. The in-
terstices between pyroxene grains include several occur-
rences of K-rich glass that hosts various other late-stage
phases (as in the other fragments). The fragment contains
several ~40 pm sized grains of Fe-sulfide.

Fragment B016-07 is also notable for its coarse grain
size (>1000 um), dominated by plagioclase grains up to
~1 mm in length. The fragment also contains large (100-
300 pm) assemblages of fayalitic olivine, silica, and vari-
ous accessory phases such as Ca-phosphates, Fe-sulfides,
and Zr-rich minerals.

Fragment B015-01 has a finer-grained texture (Fig. 1),
although the overall mineralogy is similar to the other
fragments. The fragment is cross-cut by a broken band of
forsteritic olivine crystals and needle-like ilmenite laths,
which lie approximately perpendicular to the band of oli-
vine crystals. To one side of this band the sample has a
generally coarser grain size. The overall mineralogy of
this fragment is similar to that of the other fragments.

Mineral chemistry. Silicate mineral compositions have
been determined for B0OO1, B002, and B005 (Figs. 2-3),
and overall show a high degree of consistency with those
in the multiple basaltic fragments from CE5C0000 and
CES5CO0100 lunar soils investigated previously (Fig. 4).
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Figure 4. Plagioclase (A-B) and pyroxene (C) chemistry
in CE5C0400 basalts, compared with CE5C0000 and
CE5C0100 (data from [1,5]).
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Pyroxene in all three samples exhibit complex compo-
sitional zoning from Mg- and Ca-rich cores to Fe-rich and
Ca-poor rims (B0O1: Eni-26, Fsa4-80, Wo12:36; B002: Enz.37,
Fs39.80, Wois44; B005: Enos7, Fsiszi, Woozos1; Fig. 2),
trending toward pyroxferroite compositions that suggest
rapid crystallization. Olivine in BOO1 has a compositional
range of Fasses (Fig. 3A), while the grain analyzed in
B002 appears to have a more Fe-rich composition (Fas3-os;
Fig. 3B).

Bulk chemistry. The majority of the studied Chang’e-
5 basaltic fragments have intermediate bulk TiO2 concen-
trations from about 2.4 wt.% to 7.5 wt.% (as calculated by
EDS mapping of whole fragments), similar to Apollo 12
ilmenite basalts and Apollo 16 basalts from 60639 [6,7].

Pb isotopes. The mineral Pb isotope compositions in
fragment B0O02 is consistent with the ca. 2 Ga isochron
obtained in previous studies (Fig. 5).
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Figure 5. Mineral Pb isotopes in CE5SC0400-B002.

Discussion: The mineralogy, chemistry, and Pb iso-
tope compositions of basaltic fragments in CE5C0400 are
consistent with those of other CES scooped samples, sug-
gesting most basalt fragments derived from a single basal-
tic eruption event [8]. As such, the variable textures most
likely indicate different cooling rates, with coarser grained
textures from the interior of the flow and finer grained
subophitic textures from the exterior.
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