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Introduction: Chang’e 5 successfully returned
1731 g of lunar regolith samples from the Mons
Rumker region of Oceanus Procellarum [1], and
represents China’s first lunar sample return. The site
was chosen because it contains relatively young (~2
Ga) mare basalts, which has recently been confirmed
[2,3]. Back-scattered electron (BSE) images (Fig. 1)
and false color element maps were obtained and used
to conduct quantitative textural analyses through
creation of crystal size distributions (CSDs) of
ilmenite. CSD profiles created using the plagioclase in
each of these samples will also be presented in another
abstract in this session [4].

Methods: CSDs are a quantitative, non-
destructive method of analyzing crystallization
histories of igneous samples [5,6]. The CSD data from
this study uses a process similar to [7]. Here,
BackScattered Electron (BSE) images were used in
conjunction with element maps to identify crystals
(Fig. 1). llmenite crystals in each sample were traced
in Paintshop Pro 2020 with an active stylus and
touchscreen laptop computer. These traces, along with
a trace of the perimeter of the sample itself, are filled
with a solid color and then imported into ImageJ to
determine the area, best-fit ellipse, and major and
minor axis of each crystal and its sample by using a
known scale. These data were then input to CSDSlice
[6] and CSDCorrections [8]. This determined the
overall shape and size distribution of the crystals. The
resulting data were used to plot the natural log of
population density versus the length of each crystal’s
major axis (Fig. 2). Any crystals that shared
boundaries were traced on separate layers and
incomplete crystals were omitted. In order to generate
a statistically valid CSD a minimum of 250 crystals
were traced on each sample [2].

Results & Discussion: These five basalt clasts
show generally linear CSDs, which indicate the clasts
underwent a constant cooling rate (Fig. 2). Steeper
slopes represent a relatively faster cooling rate.
Sample 329 possess a distinctly shallower slope when
compared to the rest of the samples in this study,
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Figure 1: Back-scattered electron images of the
samples analyzed in this study. There is armacolite
surrounded by ilmenite present in BO15-04.

consistent with its significantly larger crystals and
inferred slower cooling rate. The other samples have
steeper slopes, with B015-04 possessing the steepest
slope and, therefore, fastest cooling rate. The ilmenite
CSD slopes and intercepts from the five CE5 basalt
fragments are compared to high-Ti samples from
Apollo 11, Apollo 17, and Luna 16 [9-11] (Fig. 3). It
has been shown that presentation of ilmenite CSDs in
this way allows two main cooling rates to be
developed, that were termed simply “faster” and
“slower” cooling by [9]. Ilmenite CSDs from basalts
B015-02, B015-03, B015-04, and B016-04 all plot
within the “faster” cooling trend samples that present
fine-grained textures (Fig. 1), while basalt 329 plots
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with the “slower” cooling trend. The general concave- from Apollo 17 (Fig. 3). Only CES5 basalt 329 has a
upward profile presented by the ilmenite CSD of texture similar to the Apollo 17 basalts and
basalts 329 is consistent with crystal accumulation experienced the slowest cooling rate of the CE5
and/or textural coarsening that was arrested as the basalts studied here

temperature of the lava dropped [12]. These faster Future Work: This could include conducting
cooling samples, along with some basalt fragments cooling rate experiments on high-Ti basalt
from Luna 16 [9] and Apollo 11 [11], help further compositions and constructing ilmenite CSDs on the
characterize the faster-cooling trend. It is possible that run products to calibrate Figure 3 more quantitatively
329 is from the interior of a flow with other samples such that the cooling rate can be determined for a given
closer to the chilled margin. B015-04 also shows sample simply through construction of an ilmenite
armacolite surrounded by ilmenite, which was CsD.
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A semi-quantitative estimation of cooling rates
was obtained by comparing the similarities of textures
in these fragments to textures shown in [13,14]. B015-
04 (smaller crystals and steeper part of the CSD in Fig.
2) and B016-04 both show textures that approximate
to samples that cooled at a rate of 86°C/hr. Images in
[13,14] suggest the cooling rate of 329 could be around
2-7°C/hr. Using the results from Usselman et al.
[13,14] we can broadly define the faster cooling rate
to indicate temperature changes >2°C/hr and the
slower cooling rate to be <1°C/hr. The cross over
between the two trends is 1-2°C/hr.
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basalts studied here indicate that they cooled quickly, Aluna 16
although subsurface cooling and potential textural L . o 2 o
coarsening/crystal accumulation occurred in at least Slope (2 0.1 mm)
two samples (B015-04 and 329). Comparison with Figure 3: A comparison of the ilmenite CSD slopes
cooling rate experlmen_tal results indicates tha_lt four of and intercepts from this study and previously studied
the CE5 basalts experience a range of cooling rates Luna 16 [9], Apollo 11 [11] and Apollo 17 [10] ilmenite-
that were relatively rapid, akin to the Luna 16 basalts rich basalts, with the cooling rates estimated from

and two Apollo 11 high-Ti basalts, but unlike those experimental work [13,14]



