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Introduction: The Apollo Next Generation Sample
Analysis (ANGSA) initiative can be described as a tech-
nology handshake between Apollo and Artemis. New
technology developed in the decades following the
Apollo program can offer new insights into lunar sam-
ples, such as the preserved double drive tube
73001/73002 collected at Apollo 17 Station 3 [1,2]. This
double drive tube collected soil from a ~100 Myr old
avalanche deposit from the South Massif of the Taurus-
Littrow Valley [3] and potentially sampled previously
unknown lithologies that could yield new insights into
lunar magmatic and thermal histories [1]. We surveyed
the micro-X-ray computed tomography (uXCT) data
collected on >4 mm rock fragments in 73002 and ob-
served an unusual magmatic lithology represented by
fragment 1017C.

Rock fragment 73002,1017C (Fig. 1) was located in
the 2-2.5 cm depth interval beneath the surface, and
weighs 0.050 g. Its lithology is consistent with a por-
phyritic basalt, comprised of a plagioclase or glass-rich
groundmass and two types of mafic phenocrysts: (1)
large darker zoned grains, and (2) smaller, brighter,
unzoned grains. The sample does not show evidence of
being a breccia. The unusual texture in ,1017C
prompted a search through the Apollo 17 sample cata-
log, with a focus on samples collected at Stations 2-4 [4-
6], and the lunar meteoritical bulletin database. Thus far,
this exact texture has not been found in the existing lu-
nar sample collection, however, two other 73002 frag-
ments (,1121B and ,1125A) are potentially related to
,1017C.

Methods: All rock fragments in 73002 were
scanned using uXCT by the Nikon XTH 320 at NASA’s
Johnson Space Center (JSC) [7-8]. uXCT data of
,1017C was collected with the following scan parame-
ters: 180kV transmission target source, 110kv, 2.0 W,
no filter, 2.00 s exposure, 2 frame average per projec-
tion, and 2521 projections, yielding 1571 slices with a
voxel size of 2.91 um. This process was non-destructive
and yielded a 3D image set and demonstrated the bene-
fits of this technology for non-invasive characterization
of samples leading to more efficient and effective selec-
tion for consortium studies [9]. We analyzed the uXCT
data in the software Dragonfly [10] to characterize and
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Figure 1. uXCT slice 895 of 73002,1017C showing the modestly ve-
sicular, likely feldspathic matrix with roughly equigranular, mafic
phenocrysts. Judging by the relative brightness of phenocryst grains,
none are plagioclase. Any plagioclase present is in the fine-grained
groundmass. The lack of significantly brighter grains reflects an ab-
sence of resolvable ilmenite grains.

estimate the phenocryst sizes and modal volume propor-
tions of phases (Fig. 2). To do so, we segmented the data
into regions of interest (phases) using global grayscale
thresholding and inspection of the histogram distribu-
tion [11].

Results and Discussion: We studied the uXCT data
for ,1017C and characterized the fragment as a roughly
3x4x4 mm sample with a slightly vesicular, finely crys-
talline, plagioclase-rich to glassy matrix, and subhedral,
roughly equigranular mafic phenocrysts. The grain sizes
are <0.02 mm for the matrix, ~0.1-0.2 mm for the
smaller, brighter phenocrysts, and ~0.4 mm for the
larger, darker phenocrysts. Apparently bright grains oc-
cur near the edges of the sample (Fig. 1, 2), but these
only occur along edges and are likely an artefact of the
uXCT process (beam hardening). The sample is roughly
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Figure 2. Analysis of all 1449 slices of the XCT data in Dragonfly [10], with the 3D view in top left
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The 2D views have been segmented into 4 regions of interest (phases): matrix (maroon), darker mafic phenocrysts (green), brighter mafic pheno-
crysts (orange), and brightest grains, possibly due to artefacts (cyan). Fields of view (x by y mm) noted in 2D views.

36:64 matrix:phenocryst by volume percent. Specifi-
cally, ,1017C is 36% feldspathic matrix (plagioclase or
feldspathic glass), 23% coarser, darker phenocrysts,
37% finer, brighter phenocrysts, and 4% bright grains
by volume. A subset of the data (35% of the volume)
was used to estimate the air volume fraction, which
yielded about 6% porosity. The phenocrysts are most
likely olivine and pyroxenes, and show slight zoning,
more so in the large grains. Sample ,1017C appears to
lack x-ray bright phases such as metal, sulfides, and
FeTiCr-oxides (e.g. ilmenite) that are typically seen in
lunar basalts.

One limitation of uXCT data is that it does not pro-
vide precise quantitative chemical or mineralogical
identification; we have instead relied on comparison to
other Apollo samples of similar composition. Once thin
sections of this sample are made, it will allow for precise
compositional studies of this sample in 2D, which will
help interpret the 3D data of the XCT scan. Two other
fragments (,1121B and ,1125A) have similar suspect
mineralogies, namely they appear to be fragments with
pyroxene and olivine enclosed in plagioclase, albeit
brecciated and without the vesicularity seen in ,1017C.
Another unusual aspect of ,1017C that evades exact
comparison is the exclusively mafic phenocryst popula-
tion. Perhaps early olivine (coarser, darker grains) was

replaced at the peritectic by pyroxene (finer, brighter
grains), resulting in more ragged rims on the former
(skeletal texture). In addition, olivine typically comes
on the liquidus first, and thus olivine phenocrysts should
be larger or at least comparable to pyroxene pheno-
crysts. The texture bears some resemblance to those of
Apollo 12 and 15 pigeonite basalts, specifically the phe-
nocryst and groundmass textures of ,1017C are perhaps
comparable to those of basaltic fine 12070,891 [12,13].
Thus, preliminary examination and characterization of
73002,1017C reveals a rock fragment with an unusual
lithology within the lunar sample suite that awaits fur-

ther exciting study.

Acknowledgements: We thank the Preliminary Examination
Team and the Curation Team at JSC for their outstanding work,
and NASA for supporting the ANGSA program.

References: [1] Shearer, C. et al. (2019) LPS L, Abstract
#1412, [2] Shearer, C. et al. (2021) LPS LII, Abstract #1566.
[3] Schmitt, H. et al. (2017) Icarus, 298, 2-33. [4] Meyer, C.
(2012) Lunar Sample Compendium. [5] Ryder, G. (1993) Catalog
of Apollo 17 Rocks. Volume 1: Stations 2 and 3 (South Massif).
[6] Lunar Receiving Laboratory. (1973) Lunar Sample Infor-
mation Catalog: Apollo 17. [7] Eckley, S. et al. (2020) LPS LI,
Abstract #2182. [8] Zeigler, R. et al. (2021) LPS LII, Abstract
#2632. [9] Jolliff, B. et al. (2021) LPS LII, Abstract #2681.
[10] Dragonfly 2021.3 [Computer software]. Object Research
Systems (ORS) Inc, Montreal, Canada, 2022. [11] Otsu, N. (1979)
IEEE transactions on systems, man, and cybernetics, 9, 62-66.
[12] Alexander, L. et al. (2014) LPS XLV, Abstract #1149.
[13] Alexander, L. et al. (2016) M&PS, 51, 1654-1677.



