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in a newly assembled IMB and have their K-Ar systematics variably
affected, ranging from unreset to fully reset depending on the duration
and magnitude of the heating they experience. Incremental heating
“°Ar/*’ Ar analyses of mixed generations of impact melts and/or par-
tially degassed materials typically yield dates that are difficult to inter-
pret, though evidence for multiple impact events may still be recovered
from some samples [for example, (23)].

One approach to enable more robust interpretations of **Ar/*’Ar
data involves dating small masses of material (on the order of micro-
grams or less) in petrographic context. Some early work using this
strategy involved the use of infrared (IR) lasers to heat and melt small
sample volumes to explore apparent age variations over spatial scales
of a few hundred micrometers (17, 24-26). However, IR lasers can
cause considerable collateral heating of material adjacent to the area
under the laser beam (27, 28), making it difficult to reliably quantify
the exact volume of the sample that contributed gas to the analysis. If
distinct generations of melt or relict clasts are present within the col-
lateral heating zone, anomalous dates may be obtained. In an effort
to avoid this problem, Cohen et al. (29) successfully used a 100-um-
diameter microcorer to physically extract small aliquots from impact
melt clasts in lunar meteorites before *’Ar/*’Ar dating. By combining
petrologic data with their **Ar/*’Ar dates, they were able to infer that
at least six to nine distinct impact events were represented in the pop-
ulation of melt clasts sampled from only four meteorites. Another
alternative, which can sometimes provide even higher spatial resolu-
tion, is to use pulsed ultraviolet lasers to ablate, rather than melt, small
volumes of a polished sample (30). Experimental and theoretical work
has shown that ultraviolet lasers with short pulse durations (for exam-
ple, <5 ns) produce very little collateral heating and consequent diffu-
sive loss of helium in apatite (28, 31), implying that the collateral loss
of argon (which is significantly less diffusive than helium) is negligible.

Our data for Apollo 17 IMBs were obtained using the UVLAMP
method (30). Sample 77115 is a “blue-gray,” poikilitic, clast-rich IMB
that was collected from the Station 7 boulder located at the base of the
North Massif during the Apollo 17 mission to the Taurus-Littrow Valley.
The Station 7 boulder consists of several distinct lithologies, including
a large noritic clast (sample 77215) that is cut by dark veinlets (77075),
which are continuous with the blue-gray breccia, and a “green-gray”
fragment-laden IMB (77135) that is in contact with the blue-gray li-
thology (6, 32, 33). Despite the continuity of the blue-gray breccia and
the dark veinlets, Stettler and co-workers (19, 20, 34) found 77075 to
be older than 77115, leading them to suggest that the blue-gray breccia
was partially degassed when the younger green-gray breccia (77135)
was emplaced. Here, we have focused our attention on thin sections of
the blue-gray matrix of 77115. The conventional *’Ar/*’Ar dates reported
in the 1970s (20, 34) for clast-rich and clast-poor fragments of 77115
range from 3.902 + 0.048 Ga to 3.796 + 0.039 Ga (table S1) when they
are recalculated using modern values for “’K decay parameters and
the irradiation monitor age (see Supplementary Materials and Meth-
ods). (Throughout this paper, all dates are reported at the 20, ca. 95%
confidence level unless otherwise noted.)

Sample 73217 is a polymict impact melt rock that was collected at
Station 3 from the rim of a small crater in the landslide material from
the South Massif (35). Petrologic studies of a variety of fragments from
this sample have identified multiple distinct breccia types (with gen-
erally aphanitic and partly glassy matrices) that have been interpreted
to record a prolonged and complex history of crystallization, breccia-
tion, and impact [for example, (36-38)]. A combined zircon U/Pb
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date of 4.356")%% Ga was interpreted by Compston et al. (39) to
be the crystallization age of a gabbronorite clast, and they observed
slight Pb loss for some zircon grains that they attributed to one or
more thermal events as young as 1.1 Ga. Ion microprobe U/Pb dates
for apatite, merrillite, and three distinct morphological types of zircon
from a different section of this sample were interpreted by Grange et al.
(2) to represent two impact events at 4.335 + 0.005 Ga and 3.934 +
0.012 Ga (ca. 95% confidence level).

RESULTS

Backscattered electron (BSE) image mosaics of the ca. 100-pum-thick
sections that we studied (77115,121 and 73217,83) are shown in Fig. 1,
along with x-ray elemental maps of thin section 73217,84, which was
prepared as a facing section to 73217,83. The section 77115,121 is a
vuggy IMB with a very fine-grained crystalline matrix consisting large-
ly of neoblastic plagioclase and pyroxene in a micropoikilitic texture,
with scattered olivine grains and ilmenite throughout. This matrix
contains abundant xenoclasts of anorthosite, norite, and dunite and
xenocrysts of their mineral constituents that are up to ca. 3 mm in size
(Fig. 1A). In contrast, sections 73217,83 and 73217,84 contain three dis-
tinct breccia domains (Fig. 1, B to D): (1a) a medium-grained noritic
anorthosite assemblage with plagioclase grains up to millimeters in size
and orthopyroxene grains up to ca. 750 um in size; (1b) a fine-grained
brecciated equivalent of domain 1a; (2) a clast-rich, quartz-clast bear-
ing gabbronoritic melt breccia with a potassic, glassy matrix and a
phosphate-rich composition that is more ferroan than domain 1; and
(3) a very fine-grained, clast-poor crystalline noritic melt breccia con-
taining abundant plagioclase and low-Ca pyroxene. Domain 3 also has
a potassic matrix, but it is generally less concentrated than those of do-
mains 1b and 2. Both domains 2 and 3 appear to be quartz-normative.
Detailed petrography of the boundaries between domain 2 and other
domains suggests chemical mobility across the boundaries. For example,
domain 1b near the boundary is enriched in potassium, and the enrich-
ment zone in places appears to extend into domain 3 (Fig. 1D). The
elevated potassium content of the melt materials in domains 1 to 3 is
unusual for Apollo 17 impact melts, implying target materials that are
distinct from those of other impact-melted targets for samples collected
in the Taurus-Littrow Valley.

We used the UVLAMP system to target 15 small melt volumes
and 11 monomineralic and lithic clasts for *°Ar/*Ar dating in
77115,121 (Fig. 1A, fig. S1, and table S2). Although the analytical un-
certainties of individual dates are relatively large as a consequence of
the small material volumes ablated, the population of melt dates con-
stitute a single major mode on a probability density plot (PDP; Fig.
2A). When plotted on an isotope correlation diagram (Fig. 2B), these
15 melt analyses form an isochron with a date of 3.834 + 0.020 Ga
[mean squared weighted deviation (MSWD) = 1.01]. Analyses of clasts
in 77115,121 yielded considerably older dates, ranging from 4.23 +
0.25 Ga to 3.892 + 0.067 Ga (table S2). Note that a few of the melt
dates have probability density distributions that overlap those of the
clast population, potentially indicating that the ablation volumes may
have been contaminated by small amounts of clast material that was
undetected during the targeting process (see Supplementary Materials
and Methods). However, given the value of the MSWD for the iso-
chron (1.01) and because there are no clear visual indications for clast
contamination from an inspection of the laser pits under a microscope,

20of 8

6T0Z ‘0z aunc uo /B1o’Bewsdusios saoueApe//:dny wolj papeojumod


http://advances.sciencemag.org/

RESEARCH ARTICLE

Fig. 1. BSE image mosaics and x-ray elemental maps of the studied
sections of 77115 and 73217. White dashed lines mark the lithologic
boundaries of domains 1, 2, and 3 in the sections of 73217 (B to D). (A)
BSE mosaic of 77115,121 with the locations and dimensions of UVLAMP
melt analyses shown as red circles. (B) BSE mosaic of 73217,83 with the
locations and dimensions of UVLAMP melt analyses in domains 1 (yel-
low), 2 (blue), and 3 (red). The coarse-grained region in the upper right
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is a gabbroic granulite. (C) Combined x-ray elemental map of Al-Mg-Fe
(R-G-B) in 73217,84 (the thin section facing 73217,83). Plagioclase grains
are generally red, pyroxenes and olivines are green, and ilmenite is blue;
the black elongate grain in domain 2 is quartz. (D) X-ray elemental map
of Kin 73217,84; arrows denote the apparent enrichment of K in domain 3.
See the text for descriptions of domains labeled 1a, 1b, 2, and 3 in (B) to
(D). Scale bars, T mm.
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