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Exposure ages for lunar materials whose total exposure histories on the 
lunar surface are established can be used to determine absolute dates for the 
events which exposed the materials. This technique has been applied rather 
extensively to the dating of source craters that exposed materials sampled by 
the Apollo missions. 

A method for determining the relative ages of craters, based on size 
versus stage of erosion, which is especially applicable to those of the 
Copernican system, was developed for use in detailed mapping of the Apollo 
landing sites by Trask (ref. 1). By relating the techniques of exposure age 
dating with those of determining the relative ages of craters by their 
morphologies, one should be able to roughly estimate by their stage of erosion 
the actual age of small Copernican craters. 

Trask's method of determining relative ages of craters is based on the 
following assumptions: 1) newly formed craters appear sharp with raised rims 
and rayed ejecta; 2) craters are subdued and are eventually destroyed by 
subsequent meteorite impacts; and 3) small craters erode at a greater rate 
and disappear in less time than do larger craters. These assumptions are 
well supported by thousands of examples of sharper craters superposed either 
on older more subdued craters, or on the ejecta blankets of older craters. 

Some of the reported exposure ages are used here to develop a first 
approximation of a scheme from which an estimate, based on stage of erosion, 
of the ages of Copernican craters 10-1,000 m in diameter can be made. The 
size limit is imposed by the lack of sampling of the ejecta blankets of 
larger Copernican craters. A graph (fig. 1) shows arbitrary break-points in 
time segments along the abscissa, chosen such that on a logarithmic plot the 
time increments are of essentially the same physical length. The exception 
is that the scales are shortened for the number 6 and 7 craters, which erode 
at a very rapid rate. No attempt is made here to evaluate the effects on 
erosion rates of the material in which the craters were formed. Variations 
in erosion rates of different materials are probably no greater than 
variations caused by uncertainties in applying absolute exposure ages to 
the events, or to the determination of the relative age bracket to which a 
crater should be assigned. 

The system developed by Trask employs a numbering system of 1 to 6 for 
which 1 represents the oldest recognizable Copernican craters and 6 represents 
the youngest Copernican craters. A number 1 crater is shallow pan-shaped; a 
number 2 crater is shallow bowl-shaped; a number 3 crater is a bowl with a 
well defined break in slope at the rim; a number 4 crater has a raised rim 
with visible blocks near the rims of larger craters; a number 5 crater is a 
relatively sharp-rimmed crater surrounded by an identifiable ejecta blanket; 
larger craters are rayed and blocky; a number 6 crater has a very sharp rim, 
well developed rays, and if large enough to penetrate the regolith, many 
blocks on its rim and ejecta and abundant secondary craters. (See ref. 1 for 
a more complete description.) In the scheme proposed here a number 7 crater 
type is added which includes those small craters with sharply raised rims and 
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abundant clods of regolith that are caused by the impact. This type of crater 
cannot be identified on orbital photographs because the clods are below the 
limit of photographic resolution, but was observed from the lunar surface 
during all Apollo landing missions. These craters are so young that the clods 
have not been broken down by micrometeorite impact. 

Several difficulties are inherent in the scheme proposed here. The rate 
of erosion is much greater in the earlier stages of degradation than it is for 
older craters that have already been nearly obliterated. Thus the morphology 
of a crater changes more slowly with time. A more difficult problem lies in 
evaluating the effect of size on the apparent relative erosion rates. Mapping 
experience has shown that it is more difficult for workers to agree on the 
relative ages of older craters than it is on fresh craters, although 
experienced mappers will usually agree to within one crater number. 

A third major difficulty lies in the exposure ages themselves. Before 
the exposure age of a sample can be considered as representative of a cratering 
event, it must be determined that the sample was actually exposed by that 
event, and that the sample has been subjected to only one exposure. Otherwise 
a multiple exposure history must be determined and the correct exposure time 
recorded in the sample's history correlated with the event being dated. Large 
rocks on crater rims are less likely to be eratics, or to have had multiple 
exposure histories, than are small rocks. However, on the older crater rims, 
it is likely that the presently exposed large rocks were originally overlain 
by rim deposits which were subsequently stripped by erosion. Thus, the ages 
reported in these cases probably represent minimum ages for the cratering 
events. Variations in reported exposure ages tend to increase with the length 
of exposure. These variations are probably due to a large extent to 
complications in the exposure history, and by contamination from sources of 
different ages. This contamination is especially likely in soils. 

The exposure age events chosen to construct the curve are as follows: 
1) the cloddy crater at station 9  p pol lo 15) is a type 7 crater; 2) the 
crater from which the station 2 boulder (Apollo 15) was ejected is a type 6 
crater; 3) South Ray (Apollo 16) is a type 5 crater (ref. 2) ; 4) Cone (Apollo 
14, ref. 3) and North Ray (Apollo 16, ref. 2) are type 4 craters, 5) Camelot 
(Apollo 17) is a type 3 crater; and 6) Copernicus (Apollo 12) and its 
associated secondaries are old type 2 craters (crater numbers that are not 
referenced were determined by the author). No type 1 crater can be identified 
as having been properly sampled for application to the construction of the 
curve. The base of the Copernican system is considered to be about 2,500 m.y. 
(ref. 4). 

~lthough the scheme presented here attempts to bracket the ages of the 
different classes of Copernican craters only approximately, it should provide 
a useful way of estimating the ages of Copernican surfaces. For example, the 
ejecta blanket from a large crater, avalanche, or other type of deposit that 
has no craters older than type 4 should have been formed between 10 and 50m.y. 
ago. Comparison of the population of number 4 craters on that surface with 
that of number 4 craters on an older surface should help to shorten the time 
range. 
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The exposure ages of a number of craters reported in the literature were 
notused in the actual construction of this scheme, because there were one or 
more reasons to suspect that the exposure age might not be representative of 
the cratering event. Some of these craters fit well into the scheme, others 
do not. In this respect the curve can be used also as one line of evidence 
for determining which crater or group of craters might be the source for a 
particular sample. 
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Figure 1. Copernican crater numbers versus age. 
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