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Introduction:  In the absence of detailed strati-

graphic information, radiometric age determinations of 

lunar highland rock suites are the primary mechanism 

used to elucidate their temporal relationships, as well 

as to constrain the origin and evolution of their sources 

[e.g. 1-2].  However, despite their tremendous power, 

results of radiometric age investigations are often am-

biguous because the ages are not reproducible, have 

large uncertainties, or have internal inconsistencies that 

suggest they do not represent geologic events [3].  Be-

low we explore the mechanisms for these disturbances 

and examine the criteria that can be used to define reli-

able igneous crystallization ages. 

Disturbances:  The most common chronometers 

used to date crystallization of highlands rocks are Rb-

Sr, Sm-Nd, and U-Pb.  In order to account for inherited 

daughter isotopes, ages are calculated by plotting iso-

topic data from multiple fractions on isochron dia-

grams.  The slope (or the y-intercept for Pb-Pb) of the 

isochron defines the age of the sample.  Linearity of 

the fractions on the isochron is the basis for calculating 

the age uncertainty and is ultimately the main criteria 

by which the reliability of the age is evaluated. 

The isotopic systematic of lunar highlands rocks 

are strongly disturbed by the late heavy bombardment 

[e.g. 4].  Experimental investigations of shocked and 

heated lunar samples demonstrate that Sm-Nd is least 

mobile during shock metamorphism and therefore is 

the most reliable recorder of igneous events [4].  In 

contrast, Ar-Ar, Rb-Sr, and U-Pb systems are more 

easily disturbed, accounting for the wide range of ages 

reported for highlands samples [Fig. 1].  However, 

replicate Sm-Nd ages on single samples are usually 

discordant.  For example, average Sm-Nd ages deter-

mined on FANs 60025 and troctolite 76535, are 

4.38±0.12 Ga and 4.34±0.18 Ga respectively (see refs 

in [1]; uncertainties are 2 stdev of ages).   

Much of the disturbance to the Sm-Nd isotopic sys-

tem is likely to reflect the fact that the Moon is a rela-

tively small, water-poor body and consequently crys-

tallizes only a limited number of phases that contain 

REE.  These phases include: plagioclase, pyroxene, 

olivine, and phosphates.  Many rocks contain only two 

REE-bearing phases so that isochrons produced from 

these samples are in essence mixing lines.  These lines 

can have chronologic significance, provided fractions 

are in isotopic equilibrium.  The presence of minor 

amonts of extraneous minerals, however, can produce 

highly linear “isochrons” (i.e. with small age uncer-

tainties) that have do not temporal significance.  Fur-

thermore, the extraneous mineral phases can have very 

similar mineralogical characteristics to the indegene-

ous minerals and are therefore very difficult to detect. 

is difficult to detect [5].  Note that such mixing lines 

will have inappropriate initial isotopic compositions.  

Thus, isochron linearity is necessary but not suffi-

cient to demonstrate isotope equilibrium. 

 
Criteria:  Samples that yield concordant ages from 

multiple isotopic systems almost certainly record a 

crystallization event.  Ages determined by single chro-

nometers should be considered with caution especially 

if: (1) multiple isotopic systems yield discordant ages 

on the same fractions, (2) ages are not reproducible 

between replicate analyses, and (3) initial isotopic 

compositions are inconsistent with petrogenetic models 

for the origin of the samples.   

Conclusion:  To our knowledge there are only three 

FAN and Mg-suite rocks that yield concordant ages 

from multiple isotope systems.  These are FANs 67075 

(4.47±0.07 Ga, [6]) and 60025 (4.359±0.003 Ga, [1]) 

and norite 78238 (4.344±0.037, Ga [7]).  Clearly, the 

paucity of reliable ages does not permit the temporal 

relationship of these highland rock suites to be eva-

luated rigorously.  Furthermore, the existing data indi-

cate that the age distinctions are likely to be small (~50 

Ma) between rock suites.  Therefore in order to relia-

bly elucidate the temporal relationships between high-

land samples the application of higher precision chro-

nometers currently being developed will be required.  
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Figure 1.  Ages of highlands samples that have been dated 

multiple times.  Ages in parentheses are average Sm-Nd ages. * 

denotes average Sm-Nd and U-Pb ages. 
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