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Introduction:  Lunar regolith is the fragmental 

layer of debris on the lunar surface caused by meteor-
oids bombardment, and lunar soil, which is commonly 
used as its “unofficial name”, refers to its fine-grained 
fraction [1]. The formation and following evolution of 
lunar soil are very complicated. Both mechanical pro-
cesses and solar/cosmic particle effects have progres-
sively shaped the structure and chemical composition 
of the lunar soil ([1] and references therein). Since 
there is no magnetic field or atmosphere to protect the 
solid Moon, the lunar soil acts as the interface be-
tween the lunar bedrock and the space environment. 
As such, the lunar soil is the boundary layer which 
directly reacts with incoming high-energy particles 
(e.g., solar winds, cosmic rays, secondary neutrons). 
Therefore, lunar soil contains profound information 
on its source materials as well as later stage alteration. 

Isotope systems are a powerful tool to understand 
the complex histories of lunar soils. Many isotope 
studies have revealed heavy isotope enrichments in 
many isotope systems in lunar soils (e.g., O, Si, S, Cl, 
K, Fe, Cu, Zn, Cd; [2–16]). In contrast, some isotope 
systems show limited or no mass-dependent fractiona-
tion effects (e.g., Mg, Ca; [17–18]). The volatilities of 
different elements are proposed as an important factor 
in controlling the observed isotopic compositions in 
lunar soils [16]. Kinetic fractionation during the mi-
crometeorites bombardment causes lunar soils to pref-
erentially lose light isotopes, leaving the residues 
heavy. Other mechanisms including the following 
vapor re-deposition as well as the meteoritic contami-
nation are also used to explain the extensive stable 
isotope fractionations in lunar soils (e.g., [19]). 

Potassium composes of three isotopes: 39K (abun-
dance: 93.26%), 40K (0.0117%), and 41K (6.73%). 
Potassium isotope studies on lunar soils can be traced 
back to the 1970’s [13–15]. Substantial heavy K iso-
tope enrichment has been found in lunar soils com-
pared to lunar basalts (up to ~10‰ fractionation in 
soils relative to ~0‰ in lunar basalts; [13–16, 20]). 
However, earlier studies of K isotopes are at a rather 
low resolution, and the available high-precision K 
isotope data are still limited [20]. Therefore, a sys-
tematic investigation on K isotopic compositions of 
lunar soils is conducted in this study to fully under-
stand the near-surface isotopic fractionation mecha-
nisms on airless bodies such as the Moon. 

Samples and Method:  Fifteen lunar samples in-
cluding thirteen bulk soils from Apollo Mission 12, 
15, 16 and 17 and two pyroclastic (green and orange) 
glasses are analyzed in this study. One terrestrial ig-
neous rock from the collection of USGS geo-reference 
materials (BHVO-2) are analyzed using the same pro-
cedure as the lunar samples to monitor the robustness 
and stability of our measurements. 

The analytical procedures are adapted from [21]. 
Based on the K concentrations from previous studies, 
about 20 to 80 mg chips of each sample are powdered 
and fully dissolved in a concentrated HF/HNO3 (VHF: 
VHNO3~3:1) mixture in Parr high-pressure digestion 
vessels. We ensure the ~100% K yield by monitoring 
the pre-cut and post-cut during the ion exchange 
chromatography. Furthermore, the column chemistry 
purification eliminates matrix elements to avoid any 
potential matrix effect. Potassium isotopic analyses 
are performed on a Thermo Scientific Neptune Plus 
MC-ICP-MS with an Elemental Scientific APEX 
omega desolvating nebulizer. Sample-standard brack-
eting protocol is used to correct any instrumental frac-
tionation. The K isotopic compositions are reported in 
the delta notation. The K standard solution is NIST 
SRM 3141a. All previous values relative to NBS 
SRM 985 standard and Suprapur KNO3 standard are 
converted to values relative to NIST SRM 3141a. 
using the following equations: 
δ41KSuprapur = δ41KNIST SRM 3141a [21] 
δ41KSRM 985 = δ41KNIST SRM 3141a − 0.359 [22] 
Results and Discussions: The K isotopic composi-
tions from this study and the literature are shown in 
Fig. 1.  

 
Fig.1. K isotopic compositions of lunar soils and py-
roclastic glasses vs. maturities (Is/FeO). Literature 
values for lunar soils are compiled from [13-16]. The 
Is/FeO ratios are from [23]. 
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Lunar soils. Compared to the restrained lunar bas-
alt K isotopic compositional range (~0.00±0.05‰), 
bulk lunar soils exhibit a substantial δ41K variation 
from +0.00 (61220, immature trench soil) to +11.77 
(15041, surface trench soil). Nearly all lunar soils 
measured in this study are enriched in heavy K iso-
topes relative to lunar basalts. To further prove the 
consistency of our measurements, we compared our 
new data with literature data from different laborato-
ries (Fig. 2). Except for one sample, 15426, all other 
lunar samples measured in different laboratories show 
a good agreement. The dispersion among different 
measurements for 15426 likely results from the sam-
ple’s heterogeneity.  

The ferromagnetic resonance intensity (Is, indica-
tive of the single-domain Fe particles) to the total FeO 
ratio is a widely accepted index of lunar soil maturi-
ties [23]. Noticeably, the lunar soil δ41K values posi-
tively correlate to their maturities. Two plausible 
mechanisms are listed below and will be discussed in 
details during the conference. 

(i) Kinetic K isotopic fractionation during impact 
evaporation. Potassium is a moderately volatile ele-
ment with a 50% condensation temperature of 
~1006K [24]. During micrometeorite bombardment, 
the impact-induced vaporization would possibly cause 
the preferential loss of 39K. The kinetic fractionation 
mechanism could be quantitatively described by the 
Rayleigh equation 

δ41K = δ41K0 + [(1000 + δ41K0) * (fα−1 – 1)] 
where f is the fraction of remaining K and α stands for 
the fractionation factor, which is 0.9753 for monoa-
tomic K in an ideal open system.  

(ii) Cosmogenic 41Ca decay to 41K. Calcium-41 
can be produced by the low-energy thermal neutron 
capture reaction 40Ca(n, γ)41Ca. The thermal neutron 
cross section of Ca-40 is 0.41 barns. The cosmogenic 
calcium-41 will further decay to 41K with a half-life 
of 1.04 ´ 105 yr. Therefore, the neutron capture reac-
tion of 40Ca will eventually shape the K isotopic com-
position on the lunar surface. 

Pyroclastic glasses Unlike lunar soils, pyroclastic 
glasses, which are derived from fire fountaining pro-
cesses, show unusual light isotopes enrichment in Zn 
[25]. Previous studies have proposed that such a iso-
topically light signature is from the re-deposition of 
light volcanic vapors. However, similar phenomenon 
is not found in K. The orange glass soil 74220 resem-
bles the average lunar basalt δ41K (~0.00±0.05‰), 
whereas the green glass 15426 shifts to a heavier K 
isotopic composition (Fig. 1). A recent microscopic 
study reported that Zn, Cl, S, and Na (but no enrich-
ment of K) dominate the vapor condensates observed 

on the surface of lunar pyroclastic beads [26]. Never-
theless, bulk pyroclastic glass samples contain differ-
ent portions of soil components and cannot be repre-
sentative of the pure glass beads. Further separation 
and leaching experiments will be conducted and the 
results will be reported at the conference. 

 
Fig. 2. Inter-laboratory comparison of K isotopic 
compositions of lunar soils. The data are compiled 
from [13–16]. All values are relative to NIST SRM 
3141a. 
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