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On lithium isotope systematics and
abundances in lunar mare basalts
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Recent studies of lunar mare basalts and volcanic glasses
[1,2] have revealed resolvable 8’Li differences between the
melt products of low-Ti olivine-orthopyroxene-rich cumula-
tes and high-Ti clinopyroxene-dominated lithologies formed
after extensive crystallization of the lunar magma ocean
(LMO), where the high-Ti basalts carry a higher 8'Li
signature. To more rigorously assess &’Li variations in the
Moon, we have analyzed a variety of lunar low- and high-Ti
mare basalts from the Apollo 11, 12, 14, 15 and 17 sites for
their Li abundances and isotope compositions. The new data
indicate broad 8’Li homogeneity for the suite as a whole, with
a few subtypes clearly deviating from the main field, and only
subtle differences between low- and high-Ti basalts. High-K
A-type basalts from the A1l site show a significant imprint of
Li-rich material, likely consistent with addition of a KREEP
component [3]. This is further corroborated by our new
estimate of KREEP 8’Li and Li abundances derived from
KREEP basalt 15386 and impact melt 14310. C-type basalts
from the A17 site have consistently higher 8’Li than all other
mare basalts, which may relate to metasomatic overprint by
alkali-rich fluids [4], rather than the effect of clinopyroxene
accumulation [1]. The 8’Li variability of A17 high-Ti mare
basalts provides further evidence for their origin from hetero-
geneous mantle sources [5]. Subtle 8'Li fluctuations within
individual A12 flows (olivine, pigeonite and ilmenite basalts)
can be explained by fractional crystallization of olivine (% pi-
geonite). Our new results for olivine-normative A15 basalts
(ONBs) further underscore their differences with A15 quartz-
normative basalts (QNBs) [1], possibly indicating gradual
evolution of their common source via accumulation of olivine
in ONBs and plagioclase accumulation in QNBs [6].
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Why weathering rates differ between
the laboratory and the field
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In order to understand how experimentally-determined
rate constants and kinetic rate laws can be extrapolated to
capture the overall rates and chemical evolution of natural
systems, a reactive transport model was used to fit the aqueous
chemistry, mineral saturation state and solid elemental and
mineral abundances 14—
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linear TST approach. The intrinsic rate constant for the linear
TST model was found to be 2 orders of magnitude smaller
than the experimentally determined laboratory rate constant,
even though the effect of kaolinite precipitation on the fluid
saturation state was accounted for. The ability of the linear
reference model to match the available data was compared to
simulations that used experimentally-derived rate constants
and rate laws with a non-linear dependence on the approach to
equilibrium. When a non-linear dependence on the approach
to equilibrium was considered using alternative rate law
formulations, we found that the calculated rate constants were
within error of experimental rate constants for the same fit to
the data. These results suggest that the discrepancy between
experimentally and field-calculated rates is not purely a result
of close-to-equilibrium dissolution in natural systems, but
depends on the particular form of the rate law as reaction rates
approach equilibrium and on the identity and solubility of
precipitating minerals.



