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Abstract—The paper deals with the rale of morphological evolution and possible lifetimes of small 
craters (diameters are between a few meters and 1-2 km). Using high-resolution photos, these craters 
were subdivided into five morphological classes which represent an evolutionary line: A ^ A B ^ B ^ > 
BC-+C. Crater intersection analysis, together with some absolute exposure age determinations, yield 
the possible lifetime of the craters (T) from their diameter values (D). For craters with diameters less 
than 160 m: T„„.y, — 2.."i • D,ml, for larger ones: 7",m.y> = 8 • />„„, - 900(,„.„,. Then analyzing how 
steady-state crater density on slopes depends on slope angle, the relation between reduced crater 
lifetime and slope steepness was evaluated. A comparison with tcrrcstrail relief evolution shows that 
the average destruction rate of small landforms on the moon is three orders of magnitude less than on 
the earth 

1. INTRODUCTION 

CRATERS ARF T H E PREDOMINANT FORM of relief of lunar landscapes and 
therefore the possibility of their age determination is important for the solution of 
a number of geologic and geomorphologic lunar problems. In this paper the 
question about the absolute age of small craters, ranging in diameter from = 1 m to 
1-2 km is considered. Work in this direction was independently carried out in our 
laboratory (Florensky et «/., 1971; Basilevsky, 1973. 1974; the present paper) as 
well as by Trask (1968, 1971), Swann (1974) and others. Owing to different 
morphological classifications of the craters it is for the time being difficult to 
compare the results, but a general conclusion following both investigations, 
establishes the extreme slowness of the processes of evolution of the moon's 
craters. 

The morphological similarity between the small craters and funnels from 
experimental explosions, the indifference to peculiarities of the geological setting, 
uniformly-random character of crater distribution over the surface (within the 
ranges of coeval formations), as well as the intensive shock metamorphism of a 
substantial number of particles composing deposits correlated with the small 
craters (regolith) and the presence of meteoritic matter among them, indicate that 
the craters under consideration are impact-explosion ones and their origin is 
connected with the bombardment of the lunar surface by meteorites. Most of the 
small craters observed at present have been formed during the post-maria period 
of the history of the moon. 

2. CHARACTER O F T H E E V O L U T I O N O F T H E S M A L L CRATERS 

The small lunar craters are, as a rule, bowl-shaped. Other varieties— 
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flat-bottomed, conic, and concentric ones—are rather rare (Florensky et ai, 1972; 
Florensky and Taborko, 1972). Deviations from bowl-shapes are in most cases 
apparently connected with the double-layer character of the target-unconsolidated 
regolith on a hard-rock substrate (Quaide and Oberbeck, 1968). According to the 
sharpness of the relief the craters form a continuous series of forms which may 
conveniently be divided into five morphological classes: three main classes A, B 
and C and two transitional ones, AB and BC (see Fig. 1 and Table 1). 

In the equilibrium part of the crater population (D < 50-150 m on maria, 
D < 400-1000 m on highlands) for which the rates of crater formation and 
destruction are equal, constant ratios between craters of different morphological 
classes are observed. The craters of the classes A, AB, B, BC, and C comprise on 
the average 0.5, 2.5, 17, 30 and 50% of the total population respectively. In the 

Fig. 1. Photographs of craters belonging to different morphological classes. Left 
column—craters with diameters 400-500 m, Lunar Orhiter II and III photos. Right 
column—craters with diameters 3-5 m, Lunokhod I and 2 pictures. Solar angles lie 
between 20° and 30° for all pictures. These sequences illustrate the evolutionary line for 

small lunar craters. 
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Table I. Typical characteristics of bowl-shaped craters. 

Maximum 
Relative angle of 

Class General characteristics depth inner slope 

A Very steep sloping craters with a 1/3-1/5 35-45° 
clearly defined rim and a well 
pronounced /one of blocky ejecta. 

AB Steep sloping craters with a sharply 1/5-1/7 25-35° 
defined but slightly flattened rim 
and a discernable zone of ejecta in 
which blocks are common. 

B Moderately steep sloping craters 1/7-1/10 15-25° 
with a rim of smoothed outlines; 
blocks are frequent on the rim only. 

BC Gently sloping craters; rim poorly 1/10-1/12 10-15° 
pronounced, surface adjoining the 
edge from above is practically 
undistinguishablc from the inter-
crater surface. 

C Very gently sloping craters: the rim < 1/12 < 10° 
is not pronounced in the relief, the 
surface in the crater dilfers little 
from the intercrater space. 

non-equilibrium population part, the proportion of steeply sloping forms (A. AB. 
and B) increases and conversely the share of gently sloping craters (BC and C) 
decreases and possibly may be entirely lacking. Thus, for example, craters of the 
classes BC and C with a diameter above 1 km are extremely rare on the surface of 
lunar maria. although as just mentioned, in the equilibrium part, craters of these 
morphological classes make up the majority. 

It is natural to expect that for a constant size, class A craters are youngest and 
those of class C the most ancient ones. Furthermore it may also be assumed that 
the degree of crater preservation depends not only on its age, but also on its size. 
Flo re n sky el «/. (1971) showed on the basis of a statistical study of a large number 
of inlersitperpositions and mutual intersections of craters of different classes, that 
the morphological series of crater classes A, AB. BC. and C really represents an 
evolutionary sequence, in which at a constant diameter the craters of the class A 
are the youngest and the craters of the class C the most ancient ones (see Fig. 2). 
In this case the decrease in relief crispness from class A to C may be correlated 
with the morphological maturity of the crater form and one can speak about 
craters of class A as the freshest and about craters of class C as the most mature 
ones; one can also mark out in the crater development five stages of evolution 
corresponding to the above morphological classes. 

The small craters on the moon evolve under the influence of two main factors: 
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Fig. 2. Scheme of morphological evolution of small lunar craters. The length of segments 
corresponding to morphological classes A. AR, B. BC. and C is proportional to the time a 

crater belongs to the respective classes. 

(1) impact phenomena connected with the bombardment of the surface by 
meteorites and (2) downslope displacement of matter under the action of the 
gravity force (slope processes). The role of the impact process for the destruction 
of craters has been examined in a number of papers (Chapman et al.. 1970; Gault 
el al., 1968; Marcus, 1964-1967; Soderblom. 1970; and others). The essence of this 
process is that the elements of the crater structure most elevated above the 
surrounding surface (edge, rim) are destroyed at the expense of the superposition 
of later craters and that the crater depressions are filled with ejecta from newly 
generated craters. The materials rilling the craters are mainly ejecta from nearby 
impacts, the amount of materia! supplied from afar being not great. This is 
confirmed by observations of the near edge zone of the Straight Furrow (Borozda 
Pryamaya) in the region of the "Lunokhod-2" investigations which show that 
under conditions being characteristic of crater reworking of the lower Eratosthe-
nian maria plain of the Le Monier crater bottom the effective distance of the 
ejecta material mass transfer does not exceed some tens of meters (Florensky et 
al., 1976). 

The role of slope processes in the modification of the surface of the moon is 
not sufficiently clear and is obviously, until now, strongly underestimated. The 
results of geological and morphological observations from Lunokhod 1 and 2 
together with data of other experiments give convincing examples of the 
participation of slope processes (avalanches, taluses, landslides, deserption) in the 
modification of the lunar surface and. in particular, for the evolution of small 
craters (Florensky et al., 1974, 1975). Slope processes participate in the destruc
tion of craters at all stages of their morphological evolution, but they are 
especially effective at the stages A, AB, and B, for which avalanches, landslides, 
and taluses are characteristic. Deserption (creep) representing downslope mass 
transfer of regolith material under the action of gravity forces during the 
provoking influences of temperature variations and meteoritic bombardment, 
probably occurs at all evolution stages but obviously its relative role is the 
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greatest during stages B and BC. At stage C the slope processes in craters have 
apparently sharply declined. One of the proofs of the important role of slope 
processes in the transformation of the lunar surface is the depletion of small 
craters on slopes, considered in more detail later (see section 4). 

3. ESTIMATES OF CRATER LIFETIMES 

Florensky el a!. (1971) have shown that the smaller the crater diameter, the 
faster it evolves from a class A to a class C type and beyond complete 
obliteration. This evolution trend of craters is illustrated (see Fig. 3) by abundant 
cases, where the rim of a relatively large, morphologically fresh crater (for 
example of the class A or AB) is overlapped and superposed by younger craters of 
smaller sizes, some of which display morphologically mature forms (for example 
BC or C). 

If the age of any intersected crater is T. the formation ages of the superposing 
craters must be between T and the present. The largest of the most mature 
intersecting craters will be of an age most closely approaching T. When a great 
number of intersections are investigated, pairs of intersecting craters and of those 
being intersected may be selected in which the age of the intersecting form will be 
most close to the age of the form being intersected. Such a selection was carried 
out in the work of Florensky et at. (1971) and was subsequently continued by 
Basilevsky (1974). as a result of which a list of 34 approximately coeval crater 
pairs has been compiled (see Table 2). 

Fig. 3. Characteristics of crater intersections vs. the ratio of diameters of intersected 
craters (D,) and overlapping ones (D,(. legend: I—fresh craters overlap mature ones, 
2—intersected and overlapping craters belong to the same morphological class. 
3—mature craters overlap fresh ones. It is interesting to note that ihc third type of 
intersections is observed only for the cases when the diameter of overlapping crater is 

less than the diameter of the intersected one. 
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Table 2. Pairs of intersecting and intersected craters 
of similar formation age. 

Classes and diameters of the craters (m) 

NN 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
M 

Being intersected 

A—2500 

A—950 

A—650 

AB—1500 

AB—780 

AB—380 
AB—340 

AB—310 

B—550 

B—420 
B—420 

B-^»00 

B—320 

B—320 
B—300 

B—290 
B—280 

B—270 

B—250 

B—250 
B—240 

B—240 

B—230 

B—230 

B—220 
B—210 

B—200 

B—180 

B—180 

B—150 

B—100 

BC—200 

BC—140 

BC—100 

Intersecting 

C—80 
BC—100 
B-^J0 
C—250 

BC—350 
B—190 
C—190 

BC—130 
C—250 
C—140 
C—130 
C—160 
C—210 
C—150 
C—100 
C—120 
C—90 
C—90 
C—150 

BC—180 
C—140 
C—80 
C—140 
C—110 
C—140 
C—80 
C—120 
C—120 
C—70 
C—80 
C^IO 
C—100 
C—100 
C—90 

The data of Table 2 may be used to reveal the dependence of the crater lifetime 
and crater size if it were known what fraction of its lifetime the crater will spend 
in each of the morphological classes. This information may be obtained from 
estimates of the relative abundance of craters of various morphological classes 
amongst equilibrium crater populations, where the relative abundance of craters 
of a specific class is proportional to the time interval which the craters spend in 
the state of the corresponding classes. Accordingly class A craters span 0.5% and 
class C craters 50% of their potential lifetime (see Fig. 2). The above noted 
deficiency of mature craters in the non-equilibrium population part is apparently 



On the evolution rate of small lunar craters 11)1 I 

connected with the fact that these relatively large craters had existed only for a 
part of their lifetime. 

On the basis of such data Florensky et at. (1971) established a size-dependent 
rate of morphological evolution of lunar craters. The age of the craters was 
expressed in arbitrary units because absolute formation ages were unknown, 

It is necessary to note that in the cited paper and later we have taken into 
account only such craters which can be identified with confidence on the 
high-resolution pictures taken at illumination angles no less than 10-15°. These 
pictures are supposed to allow identification of craters with inner slopes steeper 
than 3-5°. This limitation excludes consideration of more degraded craters. Low 
illumination photography would increase the number of craters which could be 
identified and therefore would "expand" the crater lifetime. 

Relationships between morphology, relative age and size of craters were also 
obtained by Trask (1968, 1971). These studies differ from our data in the fact that 
the relative time units (G_s, E, and I) followed traditional stratigraphic subdivi
sions, i.e., are not proportional to equal periods of absolute time, and conse
quently only fix the succession of events. 

Since then a number of absolute crater ages for diameters from some meters to 
some hundreds of meters has appeared which can be used for quantitative 
calibration of the relative time units as already attempted by Basilevsky (1974); 
the present communication incorporates some new data. For this purpose, 
determinations of the absolute formation age of some craters (according to the 
time of their ejecta deposition) as well as estimates of the crater existence (based 
on the absolute age of mare lavas) were used. Determinations of the age of craters 
from regions where expeditions were working according to the Apollo program 
are summarized in Table 3. The ranking of these craters to some morphological 
class was prepared by the author of the present communication from available 
photos and publications. 

Estimates of the crater lifetime according to the absolute age of lavas on which 
such craters had developed, are based on the following: Almost completely 
destroyed craters formed probably close to the age of mare lava crystallization; 
on surfaces of late Imbrian—early Eratosthenian age—such craters have a 
diameter of less than 500 m and on typical Eratosthenian surfaces—no more than 
300 m (Trask, 1968, 1971). The Imbrium and Eratosthenian periods span the time 
intervals of 4.0-3.3 and 3.3-0.9 b.y., respectively (LSAPT, 1972). Thus the 
probable potential duration of the existence of craters with a diameter about 
500 m lies within the range of 3.0-3.5 b.y. For craters of 300 m diameter owing to 
the long duration of the Eratosthenian period the estimates of the potential 
lifetime are less definite. There are, however, assumptions for these estimates for 
the age of Eratosthenian mare lavas. It cannot be ruled out that the age being the 
most possible for the existence of craters with a diameter about 300 m is the time 
interval of 2.0-3.0 b.y. (Schaber, 1973; Boyce et al., 1974). 

It was possible to correlate the above crater formation data and to obtain an 
estimate of the morphological evolution rate of craters with diameters from 5 m to 
1 km (see Fig. 4). The graph of the dependence of the absolute crater existence 
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Table 3. Age of craters determined according to the time of crater ejectaexposition. 

NN 

1 

2 

3 

4 

5 
f> 

7 

X 

9 

Region 

Oceanus 
Procellarum 

Ocean us 
Procellarum 

Fra Mauro 

Hadley 
Apennine 

Descartes 
Descartes 
Descartes 

Taurus-
Littrow 

Tau r us-
Li ttrow 

Crater 

Surveyor 

Head 

Cone 

Nameless at 
Station 9 

North Ray 
South Ray 
Plum 

Shorty 

Camelot 

Morpho
logical 
class 

BC 

H 

AB 

A 

A 
A 

BC 

AB 

AE 

Diameter 
m 

200 

100 

340 

15 

950 
650 
30 

110 

730 

Age 
m.y. 

240 

40 

26 

0.75 

so 
2 

30 

10 

85 

Source 

Funkhauser, 1971; 
Wanke et at., 1971 

Funkhauser, 1971 

Turner et al., 
1971 

Rancitelli et al., 
1972 

I.SAPT, 1973 
LSAPT, 1973 
Fleischer and 

Hart, 1974 
Kirsten et at., 

1973 
Kirsten et at., 

1973 

time for various stages of evolution on the absolute diameter consists of two 
groups of rectilinear branches, the boundary falling into the diameter interval of 
160-170 m. Naturally the expression of the T(D) dependence in the form of two 
segments of straight lines is only one of the possible approximations. The linear 
approximation seems to us to be preferred because during an earlier analysis of 
some theoretical models of the crater population evolution it has been ascertained 
that the T(D) dependence is linear in these models (Basilevsky, 1973). These 
models assume a constant rate of crater formation and linear relation between the 
rate of crater degradation and total crater density (the higher the density, the more 
craters are destroyed per unit time). It led us to the steady-state (equilibrium) 
density (N,) as N , > D - 4 > D * T > D . where q^D is the average rate of crater 
formation and T>r> is the average lifetime for craters with diameters > D. 
Non-equilibrium density (N„) was deduced as N„~..D — <l*i> • tsurt, where r511ri is the 
surface age. Knowing that N, ~D~2, N„ ~ D ~ \ we obtained T^D'-D. 

It is necessary to clarify that the general lines of Fig. 4 were based on Table 2 
data. These data lead us to the two straight lines of diagram 4 (Florensky et al., 
1971), Absolute data available permit only to transform the diagram into an 
absolute scale. Among the absolute age data the crystallization ages of early 
Eratosthenian-late Imbrian lavas seem to be the most important ones because of 
their constraining character. Even if we exclude the absolute ages of craters 1, 2, 
4, 7, and 9 according to Arvidson et al. (1975) (see Table 3) our diagram maintains 
its shape and sense. 

As is the case for most of such estimates, the obtained correlations are a 
compromise between various data and they are therefore inevitably highly 
idealized, statistical averages. The evolution rate of each crater may to some 
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Fig. 4, Crater lifetime during different stages of morphological evolution as a function of 
crater diameter. The typical values of maximum steepness of wall slopes are shown 
along with the boundary lines. Cross-shaded symbols indicate the crater lifetimes 
deduced from crystallization ages of mare lavas. Circles mark estimates based on the 
absolute ejecta exposure ages, where the numbers near the circles refer to the craters in 

Table 3. 

extent differ from the suggested scheme but it is thought that these differences are 
of a random character. The dependence obtained is applicable to estimate the 
evolution rate of craters on horizontal and slightly inclined surfaces under 
conditions characteristic of the Copernican and Eratosthenian periods of lunar 
history. During older epochs, for which a more intensive bombardment of the 
lunar surface has been established, the rate of the morphological evolution of 
craters was doubtlessly higher. Synthesizing Trask's (1968, 1971) data as well as 
absolute ages of Apollo crater ejecta, Swann (1974) estimated the absolute 
lifetimes of craters following Trask's crater subdivisions based on lunar stratig-
raphic relationships. The minimum ages of seven subdivisions of the Copernican 
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period ( C T - C [ ) have been estimated by Swann to be approximately 1, 2, 10, 50, 
200, 1000, and 2500 m.y., respectively, A direct comparison of Swann's estimates 
with our data is impeded by difficulties in comparing the morphological classifica
tions used by us and by the U.S. Geological Survey. In some cases where such a 
comparison was possible, the crater stratigraphic scale of Swann is systematically 
larger than our estimates. It seems that this difference is mainly caused by 
different estimates of the absolute age of the beginning of the Copernican period. 
Swann places the lower boundary of the Copernican period at 2.5 b.y. before 
present; in our opinion it is more appropriate to begin the Copernican period 
closer to the formation of the crater Copernicus (0.9 b.y.; LSAPT, 1972). 

4, ACCELERATION OF CRATER EVOLUTION ON SLOPES 

According to measured crater frequencies in regions with a dissected relief, 
e.g., on slopes, the rates of morphological evolution of craters is higher and 
consequently the crater lifetimes are shorter than on a horizontal surface. This is 
evidenced by the fact that for craters less than some hundreds of meters in 
diameter, the values of the crater equilibrium density are noticeably lower in 
regions with a dissected relief as opposed to flat terrains (Swann et al„ 1971; 
Florensky et al, 1974). It may be shown that if some part of the crater population 
has attained equilibrium, the crater equilibrium density (Ns) will not depend on 
the surface age, but is only determined by the crater formation rate (q) and the 
average crater lifetime ( T ) , namely: JV, = q • T (Basilevsky, 1973; Collins, 1968). 
This conclusion is true only for a constant crater production rate which appears to 
be characteristic of the post-mare period of lunar history. Because equal crater 
production rates on flat and on dissected terrains can be assumed, the decrease in 
the equilibrium density of small craters on slopes points to a corresponding 
shortening of the crater lifetime. The possible effect of solid angle of exposure to 
space is rather small compared to the magnitude of crater depletion on slopes (see 
below). 

Detailed work was carried out to estimate the influence of slope steepness on 
the reduction of crater lifetimes (Basilevsky and Popovich, 1976). For large-scale 
Lunar Orbiter II, III, and Apollo 15 photographs of areas with a dissected relief, 
topographic maps and sun elevation angles allowed the angle of slopes to be 
estimated. Values of the equilibrium density for craters of a diameter above 10, 
20, 30, 200, 300, and 400 m were determined. The determinations were carried out 
on rather ancient areas where the crater population part under investigation was 
known to have attained equilibrium state. For craters of diameters above 10, 20, 
and 30 m, dome-shaped elevations in Oceanus Procellarum and hills on the 
highland surface in the center of the lunar disc were studied. For craters of 
diameters above 200, 300, and 400 m a highland region on the eastern rim of Mare 
Serenitatis was selected. 

The density values of specific crater size intervals (measured on slopes) 
were divided by the corresponding equilibrium densities of mare plains (M = 
1045 • D 2 for 1 km2 according to Trask, 1966). This ratio, which we call normalized 
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crater density, represents a dimensionless value ranging from 0 to 1. It may serve 
as a measure of the rate of crater destruction process on sloped surfaces. Results 
of these determinations as a function of slope steepness are shown in Fig. 5. 

Despite considerable spread in the data, it is obvious that the normalized 
equilibrium density decreases with increasing slope angle. This result is fairly 
characteristic for all investigated crater size intervals. The greatest scatter of data 
is observed for gently sloping surfaces, which is most likely due to inaccuracies in 
determining slope angle. If we assume the observed scatter to be caused by 

10 15 20 25 

Sfope steepness Xc 

Fig. 5. Normalized crater density as a function of slope steepness («) . Normalized 
density is the ratio N„)NB, where fV„ is the measured density of craters of certain sizes 
on a slope of angle a, and Na is typical for flat mare, steady-state crater densities for 

corresponding crater sizes (according to Trask, I %6). 
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random deviations and that the most likely estimates lie near the "center of 
gravity" for each measured interval, then the average values of the normalized 
crater density for various slopes may be obtained: 570.6; 1070.35; 1570.2; 2070.1; 
2570.05. These average estimates fit fairly well a smooth line indicative of an 
inverse, exponential relationship. As stated above, to a first approximation one 
may assume that crater lifetime is proportional to equilibrium density for specific 
crater sizes. As a consequence the decrease of crater lifetime on slopes is an 
inverse exponential function of slope steepness. The rate of morphological 
evolution of the craters is directly related to slope steepness and must therefore 

5 10 15 20 25 

Sfcope steepness , d° 
Fig. 6. Normalized crater destruction rate as a function of slope steepness (a). 
Normalized destruction rate is the ratio V. /V„, where V. is the obliteration rate for 
craters formed on slopes of angle a, and V„ is the destroying velocity for the same 

craters on a horizontal plain, 
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have the appearance of a direct exponential function (see Fig. 6). The dual 
influence of crater size and slope angle on the lifetime of these craters is 
illustrated schematically in Fig. 7, 

5. CONSIDERATION O F THE RESULTS 

The above estimates of the lifetimes of small lunar craters first of all draw 
attention to their high values—millions of years for craters with diameters of 
some meters, billions of years for craters with diameters of hundreds of meters. 

A low rate of morphological evolution of small relief forms, unusual for 
terrestrial exogenic processes, is characteristic for the moon. Let us give some 
comparisons. 

(1) On the Russian plain the hummocky, glacial relief, where the characteristic 
size of forms is also tens to hundreds of meters, has only been well preserved in 
the region of the Valdai glaciation (10,000-20,000 yr ago; Aseev, 1974). On the 
surface of the Moscow moraine (about 100,000 yr ago) such relief has been poorly 
preserved and on the surface of the Dnepr moraine (about 300,000 yr ago) it is 
completely destroyed (Chronology of the Glacial Period, 1971). It follows that the 

Fig. 7. The dependence of crater lifetime on both crater diameter and the steepness of 
surfaces where they are formed. 
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lifetime of such relief forms under conditions of the Russian platform was on the 
order of some 104-105yr, while lunar craters of the same size exist tens and 
hundreds of millions of years. 

(2) The Arizona meteorite crater (diameter 1200m, depth 180m), has been 
formed approximately 50,000 yr ago based on the deposits developed on its 
bottom (Nininger, 1956). According to the sharpness in relief it approximately 
corresponds to the transition from stage A to stage AB for lunar craters. Lunar 
craters of a diameter about 1 km belonging to the class A (transition to AB) and to 
the class AB have an age on the order of 50-250 m.y. (e.g., North Ray Crater. 
Table 3). 

(3) The Boltysh depression (diameter 20-25 km) on the Ukrainian crystalline 
shield, which probably is an ancient meteoritic crater, was filled up with sediments 
and leveled during the Cretaceous and Paleogeneous periods, i.e., approximately 
100-120 m.y. (Yurk et al., 1975). On the moon during such a time interval only 
craters with a diameter about 50 m are completely destroyed. 

The above examples demonstrate that the rate of the morphological evolution 
of small relief forms on the moon is approximately three orders of magnitude 
slower than on earth. Such differences in the rate of exogenic reworking are 
obviously caused by differences in the surface conditions of the moon and earth, 
i.e., the presence of an atmosphere, hydrosphere, and biosphere, 6 x more gravity 
on the earth and the cosmic vacuum on the lunar surface. It is characteristic that 
the moon and the earth practically receive the same amount of solar and other 
kinds of energy per unit surface area, but under conditions of the lunar surface in 
the absence of an erosive agent in the form of gas or liquid, a prevailing part of 
this energy is reemitted into space and only a very small part of it is spent for 
exogenic processes. 

The second peculiarity of the T(D) relationship is its non-monotonicity. The 
cause of this behavior is not very clear. The sharp increase of the lifetime of 
craters with diameters above 160-170 m as obtained in this study may be 
connected with the fact that the diameters of these craters exceed the effective 
distance of the impact ejecta mass transfer of regolith material and the role of this 
factor in the evolution of the craters decreases accordingly. Of great importance 
may also be the circumstance that larger craters penetrate more deeply into the 
mechanically more resistant hard-rock basement, which must retard the destruc
tion of the crater rims by slope processes. Thus there are grounds to suspect that 
for relatively large craters the efficiency of both major factors of the morphologi
cal evolution decreases, i.e., the impact ploughing of the surface and the slope 
processes. 

It is however not excluded that there may be one more effect contributing to 
the non-monotonicity of the T(D) function. Neukum et al. (1975) indicated a very 
low intensity of the meteorite fiux during the period of 0.5-3 b.y. ago. If such a 
decrease of the meteorite activity had indeed taken place, it would lead to less 
efficient surface reworking on the moon and in particular to a reduced evolution 
rate of small lunar craters. 

The decrease of the crater lifetimes on inclined surfaces is doubtlessly called 
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forth by slope processes. The material being displaced under the action of gravity 
moves downslope, encounters craters, fills them up, and thus accelerates their 
destruction. Furthermore for craters on inclined surfaces, the steepness of the 
up-side wall slopes is especially increased because the gradients of the main slope 
and the crater slope are added. This leads to an increase of relatively intensive 
processes such as collapsing, slumping and talus-formation and to a decrease of 
the relative (not absolute!) role of the less intensive process of deserption. Such 
an alternation of processes probably also determines the non-linear (exponential) 
relationship of the crater lifetimes and slope steepness. 

In conclusion it must be noted that although the estimates of the evolution rate 
of craters on horizontal surfaces and slopes have been obtained on a limited data 
base and though they require greater precision, it has been shown for the Le 
Monier region that even in the present form such analyses may be used for dating 
and reconstructing the lunar surface geological history. 

Acknowledgments—The author thanks K. P, Florensky. A. A. Pronin, and V. P. Polosukhin for the 
useful discussions during the process of carrying out this work, V. D. Popovich for the participation in 
(he accomplishment of some stages of the work, N.N. Bobina, L. I, Komissarova, and V. P, Shashkina 
for aid during the preparation of the manuscript for publication. The author is sincerely grateful to Drs. 
R. Arvidson, F. Horz and H, Moore for the valuable reviews of the paper, 

REFERENCES 

Arvidson R.. Crozaz G., Dro/.d R. J., Hohenberg C. M., and Morgan C. I. (1975) Cosmic ray exposure 
ages of features and events at the Apollo landing sites. The Moon 13, 259-276. 

Aseev A. A. (t974) Ancient Continental Giaciations of Europe. Nauka, Moscow. (In Russian.) 
Basilevsky A. T. (1973) Density of small lunar craters, models and actual distribution. Kocmicneskiye 

hsledovania 11, 612-622. (In Russian.) 
Basilevsky A. T. (1974) Age of small lunar craters. Izvestiya AN SSSR, Ser. Geoi. No. 8. p. 139-142. 

(In Russian.) 
Basilevsky A. T. and Popvich V. D. (1976) On the acceleration of evolution of small craters on the 

lunar relief slopes. Izvestiya AN SSSR. Ser. Geoi. No. 4, p. 56-60. (In Russian.) 
Boyce J. M., Dial A, I... and Soderblom L. A. (1974) Relative ages of lunar near-side plains (abstract). In 

Lunar Science V, p. K2-84. The Lunar Science Institute. Houston. 
Chapman C. R., Mosher J. A., and Simmons G. (1970) Lunar cratering and erosion form Lunar Orbiter 

5 photographs. J. Geophys. Res. IS, 1445-1446. 
Collins R. J. (1966) Crater statistics and erosion. In The Physics of the Moon (Fred Singer, ed.), p. 

37-59. A.A.S. publication Office, Tarzana. California. 
Chronology of Glacial Time (1971) Collection of papers edited by V. A. Zubakov and V. V. 

Kochegura. Leningrad. (In Russian.) 
Fleisher R. L. and Hart H. R, (1974) Particle track record of Apollo 19 rocks from Plum crater. J. 

Geophys. Res. 79. 766-768. 
Florensky C. P., Basilevsky A. T., Bobina N. N., Burba G. A., Grebennik N. N., Ku/min R, O., 

Polosukhin V. P., Popovich V. D., and Pronin A. A. (1976) The processes of the reworking of lunar 
surface in the LeMonier area from the data of detail study using Lunokhod-2. In Tectonics and 
Structural Geology. Planetology, p. 205-234, Nauka, Moscow. (In Russian.) 

Florensky C. P., Basilevsky A. T„ and Grebennik N. N. (1971) Morphologic maturity of small lunar 
craters as a function of their ages and sizes. Kosmicheskiye Issiedovaniya 9,459-464. (In Russian.) 

Florensky C. P., Basilevsky A. T., Gurstein A. A., Zezin R. B„ Pronin A. A., Polosukhin V. P.. Popova 



Z. V.. and Taborko 1, M. (1972) On the problem of structures of lunar mare surface. In Modern 
Conceptions on the Moon, p. 21-45. Nauka, Moscow. (In Russian.) 

Florensky C, P., Basilevsky A. T., Gurchtein A. A., Zasetsky V. V., Pronin A. A., and Polosukhin V. 
P. (1974) Geologic-morphologic analysis of area of investigations of Lunokhod-2. Dokiady Akad. 
Nauk 214, No. 1, p. 75-78. (In Russian.) 

Florensky C. P., Basilevsky A. T., and Ivanov A. V. (1975) The role of exogeneous factors in lunar 
surface formations. In Cosmochemhtry of the Moon and Planets, p. 439-452. Nauka, Moscow. (In 
Russian.) 

Florensky C P. and Taborko I. M. (1972) Some conclusions on the morphometry of the areas of the 
Moon photographed by Luna-12 probe. In Physics of the Moon and Planets, p. 150-153. Nauka, 
Moscow. (In Russian.) 

Funkhouser J. (1971) Noble gas analysis of KREEP fragments in lunar soils 12033 and 12070. Earth 
Planet. Sci. Lett. 12, 263-272. 

Gault D. (1970) Saturation and equilibrium conditions for impact cratering on the lunar surface: 
Criteria and implications. Radio Sci. 5, 273-283. 

Khabakov A. V, (1949) On the basic problems of the history of lunar surface development. Xapiski 
Vsesoyuznogo Geographicheskogo Obschestva 6, (In Russian.) 

Kirsten T., Horn P., Heymann D., Hubner W., and Storzer D. (1973) Apollo 17 crystalline rocks and 
soils: Rare gases, ion tracks and ages (abstract). EOS (Trans. Amer. Geophys. Union ) 54,595-596. 

LSAPT (1972) Third Lunar Science Conference. Science 176, 975-981. 
LSAPT (1973) Fourth Lunar Science Conference. Science 181. 615-622. 
Marcus A. (1966) A stochastic model of the formation and survival of lunar craters. Icarus 5, 165-177. 
Marcus A. (1967) A stochastic model of the formation and survival of lunar craters. Icarus 6.56-74. 
Neukum G., Konig B., Storzer D., and Fechtig H. (1975) Chronology of lunar cratering (abstract). In 

Lunar Science VI, p. 598-600. The Lunar Science Institute, Houston. 
Nininger H. H. (1956) Arizona's Meteorite Crater, Past—present—future. American Meteorite 

Laboratory, Denver. 232 pp. 
Quaide W. L. and Oberbeck V. R. (1968) Thickness determination of the lunar surface layer from lunar 

impact craters. J. Geophys. Res. 73, 5247-5270, 
Rancitelli L. A., Perkins R. W., Felix W. D., and Wogman N. A. (1972) Lunar surface processes and 

cosmic ray characterization from Apollo 12-15 lunar sample analyses. Proc. Lunar Sci. Conf. 3rd. p. 
1681-1691. 

Soderblom L. A. (1970) A model for small-impact erosion applied to the lunar surface. J. Geophys. Res. 
75, 2655-2661. 

Schaber G. G. (1973) Lava flows in Mare Imbrium: Geologic evaluation from Apollo orbital 
photography. Proc. Lunar Sci. Conf. 4th, p. 73-92. 

Swann G. A. (1974) A scheme for estimating the ages of small Copernican craters (abstract). In Lunar 
Science VI, p. 761-763. The Lunar Science Institute, Houston. 

Swann G. A., Baily N. G., Batson R. M,, Eggleton R. E., Hait M. N., Holt H. E., Larson K. B., 
McEwen M. C , Mitchell E. D„ Schaber G. G . Schafer J. P.. Shepard A. B.. Sutton R. L., Trask N. 
L, Ulrich G. E„ Wilshire H. G„ and Wolfe E. W. (1971) Preliminary geologic investigations of the 
Apollo 14 landing site. In Apollo 14 Prelim. Sci. Rep. NASA publication SP-272, p. 39-86. 

Trask N. J. (1966) Size and spatial distribution of craters estimated from Ranger photographs. In 
Ranger VIII and IX, Part II. Experimenters' Analysis and Interpretations, p. 252-263. JPL Tech. 
Rept. 32-800. 

Trask N. J. (1968) Geologic maps of early Apollo landing sites. Booklet accompanying maps 1-616 to 
1-627, U.S. Geol. Survey. 

Turner G., Huneke J. C . Podosek F, A., and Wasserburg G. J. (1971) 4°Ar-J 'Ar ages and cosmic ray 
exposure ages of Apollo 14 samples. Earth. Planet. Sci. Lett. 12, 19-35. 

Wanke H., Wlotzka F., Baddenhausen H., Balacescu A., Spettel B., Teschke F., Jagoutz E„ Kruze H,, 
Quijano-Rico M., and Rieder H. (1971) Apollo 12 samples: Chemical composition and its relation to 
sample locations and exposure ages, the two component origin of the various soil samples and 
studies on lunar metallic particles. Proc. Lunar Sci. Conf. 2nd, p. 1187-1208. 

Yurk Yu. Yu., Eremenko G. K., and Polkanov Yu. A. (1975) Boltysh depression—ancient meteorite 
crater. Sovetskaya Geologia, No. 2, p. 138-144. (In Russian.) 


