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Detecting a Periodic Signal in the Terrestrial Cratering Record 
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Tune-series analyses of periodic, random, and a mixture of periodic and random ages indicate that 
it is difficult to consistently detect a period if age uncertainties are present. This problem is present 
in real data taken from the terrestrial cratering record, which always has attached age uncertainties. 
In a model of 50:50 periodic and random data, the correct period can only be detected at the 99% 
confidence level over 50% of the time when the age uncertainties are <10% of the period being sought. 
Analyses of compilations of observed crater ages; one by Shoemaker and Wolfe ( 1986), the other presented 
in this study, f.lil to detect a consistent ~30-my. period, the most common periods found being ~16 
my. and ~18-20 my., respectively. Data truncation according to criteria of age uncertainty and age 
indicate that these are relativcly stable periods but that the ~18-20-m.y. period is largely controlled 
by events in the last 40 my. Given the problems with age uncertainties and the evidence furnished 
by siderophile trace clement data, the significance of these periods, particularly the most common period 
at ~18-20 my., is doubtful and its statistical detection may be fortuitous. Whatever the case, the evidence 
for a consistent ~30-my. period, previously reported as coincident with other geological phenomena, 
is weak, and the question of periodicities in the cratering record is debatable. 

INTRODUCTION 

Following Raup and Sepkoski's ( 1984) report of a periodicity 
in marine faunal extinctions over the past 250 m.y., a number 
of workers have proposed several imaginative astrophysical 
causes centering around periodic cometary showers ( e.g., 
WbiJmire and Jackson, 1984; Davis et al., 1984). Tune-series 
analyses of various subsets of the known terrestrial cratering 
record have suggested a periodic component, which in turn 
has been cited in fuvor of these mechanisms (Alvarez and 
Muller, 1984; Rampino and Stotbers, 1984a,b ). The subsets 
analyzed were selected from the then current lists of known 
terrestrial impact structures ( Grieve, 1982 ), using a variety of 
selection criteria ( e.g., age, age uncertainty, diameter). 

however, analyzed their own updated compilation of terrestrial 
craters with ages <250 m.y. with <20-m.y. uncertainty and 
diameters >5 km. They concluded that the record is 
"moderately cyclical" and may consist of a mix of random 
( asteroidal and cometary) and periodic (cometary) impacts. 
Most recently, 'Jreftl and Raup ( 1987) compared the results 
of time-series analysis of model simulations of periodic and 
random ages with an analysis of the data used by Grieve et 
al. (1985a). They duplicated the occurrence of periods at ~20 

We have argued that the significance of these periods, 
generally around 30 m.y., is questionable because of the 
inherent uncertainties and biases in the known cratering record 
( Grieve et al., 1985a ). It was also noted that the period, phase, 
and statistical significance of these periods was dictated by 
the selection criteria used to generate the subsets of crater 
ages and that the cratering rate based on the observed flux 
of earth-crossing bodies is similar to that calculated from known 
craters. We have further argued that siderophile evidence for 
impacting body compositions did not fuvor a cometary impact 
origin for a number of the craters contributing to the periodic 
signal ( Grieve et al., 1985b ). -

Recently, the hypothesis that the terrestrial cratering record 
has an ~30 m. y. periodic component again figured prominently 
in a number of papers in Smolucbowski et al. ( 1986). In most 
cases, these papers draw upon earlier studies or a reanalysis 
of the data in Grieve (1982). Shoemaker and Wolfe (1986), 
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FJg. 1. Plot of variable Q against period, in my., for (a) 30 my. 
periodic data, (b) random data, and (c) 50:50 random and 30 my. 
periodic data A value of Q bdow the line 3 s.d ( three standard 
deviations) is considered significant in terms of a period. 
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Fig. 1. Plot of variable Q against period, in m.y., for (a) 30 m.y. 
periodic data, (b) random data, and (c) 50:50 random and 30 m.y. 
periodic data. A value of Q below the line 3 s.d ( three standard 
deviations) is considered significant in terms of a period 

my and -30 m.y., noted by Grieve et al. ( 1985a ), but ascribed 
the -20-my. period to random events. They concluded that 
the cratering record has a periodicity of -30 m.y., but it is 
diluted by a substantial number ( 50-66%) of random events. 

We have investigated this hypothesis with respect to whether 
it is possible to detect consistently a significant period from 
such a mix of random and periodic impacts. The philosophical 
approach is similar to that of 1reftl and Raup ( 1987). In detail, 
we undertake time-series analysis of model periodic data, where 
the period and phase are known, and consider specifically the 
effect of age uncertainties and random ages in the detection 
of a periodic signal. An equivalent analysis is then performed 
with observed data on crater ages and compared with the 
model data Finally, the effects of the temporal distribution 
of crater ages on the results from time-series analysis is 
investigated The results of these studies are then used to 
evaluate the hypothesis that the terrestrial cratering record has 
a periodic signal. 

PROCEEDINGS OF THE 18th LPSC 

MODEL DATA 

Periodic and Random Events 

For easy comparison with our previous work ( Grieve et al., 
1985a), we have continued to use an adaptation of the method 
described by Broadbent (1955, 1956) to search for a constant 
time interval (period) between events. Briefly, the procedure 
is to examine the hypothesis that a series of crater ages, y1, 
may be expressed as follows 

y1 =A+ r1t (i = 1,2 ... ) (1) 

where A (phase) and t (period) are constants, and r1 is zero 
or a positive integer. A similar model for periodicity was used 
by Rampino and Stothers ( 1984a,b ). As a measure of the 
goodness-of-fit of the data to a period, we use the variable 
Q, which is an r.m.s. measure of q;, the departure of the 
individual observed ages divided by the period in question from 
an integer, such that 

(2) 

For perfectly periodic data, Q is zero. An example is shown 
in Fig. la, for 26 crater ages with a model 30-my. period 
Zero Q values at 15 my., 10 my. and smaller periods (Fig. 
la) can be considered as harmonics of the 30-my. period 
They are an arithmetical result stemming from the fact that 
ages equal to n x 30 are also divisible by 15, 10, and smaller 
numbers to yield integers and thus low Q values. 

For random data, Q is an approximately normally distributed 
variable with a mean of 0.29 and a standard deviation of 0.13/ 
n112• An example is shown in Fig. lb, for 26 random crater 
ages chosen from a uniform distribution ranging from 0 to 
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Fig. 2. Typical plot of variable Q against period, in m.y., for 50:50 
random and 30 m.y. periodic data but with± 20 m.y. age uncertainty 
attached to periodic data. See text for details. Note no 30-m.y. period 
is detected and plot is similar to that with random data (Fig. lb). 
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GRIEVE ET AL.: PERIODIC SIGNAL IN THE CRATERING RECORD 

TABLE 1. Percentage probability of detecting model 30-m.y. period, 
for 26 ages with uncertainties. 

Uncertainty, m.y. Periodic Data 50:50 Periodic and 
Random Data 

±20 1 1 
±15 1 1 
±10 1 1 
±9 1 1 
±8 3 1 
±7 20 5 
±6 25 9 
±5 95 18 
±4 100 30 
±3 100 44 
±2 100 52 
±1 100 59 
±0 100 65 

250 m.y. Perfectly periodic ages combined with random ages 
yield Q values between 0.29 and zero, depending on the relative 
proportions of periodic and random data We consider Q values 
less than 0.29-3 s.d as indicating the signal of a statistically 
significant period 'This corresponds to less than 1 chance in 
100 that the detection of a specific period is the result of 
a fortuitous combination of random data A similar level of 
significance is quoted (Almrez and Muller, 1984; Rampino 
and Stotbers, 1984a) for periods determined from analyses 
of subsets of the observed cratering record. An example is 
shown in Fig. le, for 13 periodic 30-my. ages and 13 uniformly 
distributed random ages. It is apparent that such a 50:50 
mixture of periodic and random ages, which is similar to in 
proportion to that suggested by Shoemaker and Wolfe ( 1986) 
and the maximum periodic component suggested by 'Jreftl and 
Raup ( 1987), still yields a clear periodic signal. It assumes, 
however, that the periodic ages are known exactly. 
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The Effect of Age Uncertainties 

If the terrestrial cratering record has a periodic signal it 
will not be perfect. 'This is due in part to orbital dynamics, 
which will smear out over several million years the time of 
impact of an injection of cometary bodies (Hut, 1984). More 
importantly, real age data always have an attached uncertainty, 
due to experimental error, variability of isotopic ages from 
different samples and, in some cases, uncertainties in the 
absolute age of biostratigraphic indicators. To simulate age 
uncertainties, the algorithm determining Q for each p<>Sfilble 
phase and period was run 100 time with noise added to each 
age. The noise was added in such a manner that after 100 
cycles it conformed to a normal distribution around each age, 
with a standard deviation equal to the desired uncertainty. 

The effect of age uncertainties was first evaluated on the 
model data set of 26 ages with a 30-my. period but with 
± 20-m y. uncertainty attached to each age. 'This is equivalent 
to the maximum uncertainty permissible for "good" crater ages 
in previous time-series analyses. It was found that the model 
30-my. period was detected only -1% of the time, using the 
3 s.d criterion A typical result (Fig. 2) resembled that from 
random data Expanding the simulations to model jiggling of 
the ~ible period by orbital forces, increases the chance of 
detecting a period at, for example, 30 ± 2 my., to -5%. As 
the attached uncertainty is reduced, the chances of detecting 
the model 30-m.y. period increases (Table l; Fig. 3), but it 
is only detected in more than 50% of the runs when the 
uncertainty is reduced to ±6 my., i.e., <20% of the period 
in question 

If the simulations are a mixture of random and periodic 
data with attached age uncertainties, the ability to consistently 
detect the model period is greatly reduced over that of periodic 
data with age uncertainties (Table 1; Fig. 3). It is apparent 
that age uncertainties have to be <10% of the period being 
sought for the correct periodic signal to be detected in at 
least 50% of the trials from a 50:50 mixture of random and 
periodic ages. Age uncertainties were also considered in the 
model simulations by 'Jreftl and Raup (1987). They modeled 
age uncertainties as ranges of ±2.5 my. 'This range is <10% 
of the period in question and, therefore, unlikely to affect 
significantly the detection of the model period ( see Fig. 3 in 
'Jreftl and Raup, 1987). They did not specifically investigate 
the effect of varying the age uncertainty range. 

omERVATIONAL DATA 
::J 40.0 
IQ 
< t3 30.0 
re 

\ We have applied the linear test for periodicity to the crater 
\ ages cited by Shoemaker and Wolfe (1986) and to our latest 
\. compilation of ages, which is restricted to isotopic ages (Table 

\ 2). We have not repeated the analysis on 'Jreftl and Raup's 
200 

10.0 
\ (1987) data, as they used the data in Grieve et al. (1985a). 

o.o-t---~-,----,-----.---,----.---.--=~:;:·~7""""'~ Both data sets are limited to craters with diameters, D, >5 
.O JO 2·0 AGEtr°NCERifrnr/gN PE~~om/gATA 8"0 9·0 !O.O km with ages <250 m.y., and quoted uncertainties <±20 my. 

Fig. 3. Plot of probability of detecting a 30-my. period against age 
uncertainty attached to 30 m.y. periodic data and 50:50 random and 
30 my. periodic data 

The lowest Q for Shoemaker and Wolfe's data was for a phase 
of +3 my. and period of 16 my. Marginally higher value of 
Q was noted for a phase of +4 m.y. ~d period of 30 my. 
Both just satisfy the 3 s.d criterion (Fig. 4). Different crater 
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378 PROCEEDINGS OF THE 18th LPSC 

TABLE 2. Impact structures used in time series analysis. 

Shoemaker and Wolfe This study 

Name Diameters, km Age, m.y. Age,m.y. 

Bosumtwi 10.5 1.04± 0.11 1.3 ± 0.2 
Zhamanshin 10 1.07 ± 0.05 0.75 ± 0.6 
Elgygytgyn 23 4.5 ± 0.1 3.5 ± 0.5 
Karla 12 5 ± 3• 
Bigatch 7 6±3 
Ries 24 14.7 ± 0.4 14.8 ± 0.7 
Haughton 20 20 ± 5 21.5 ± 1.2 
Popigai 100 30.5 ± 1.2 39 ± 9 
Wanapitei 8.5 32 ± 2 37 ± 2 
Mistastin 28 38 ± 4 38 ± 4 
Logoisk 17 40 ± 5 
Logancha 20 50 ± 2 
Montagnais 45 52.8 ± 3 
Goat Paddock 5 55 ± 3• 
Rogozinskaja 8 55 ± 5 
Kara 60 57 ± 9 57 ± 9 
(Ust Kara 25 57 ± 9 57 ± 9) 
Kamensk 25 65 ± 3 
Manson 32 67.5 ± 2.5 61 ± 9 
Lappajarvi 14 78 ± 2 77±4 
Steen River 25 95 ± 7 95 ± 7 
Boltysh 25 100 ± 5 100 ± 5 
Dellen 15 100 ± 2 109.6 ±1 
Carswell 37 117 ± 8 117 ± 8 
Mien 5 119 ± 2 118±3 
Gosses Bluff 22 133 ± 3 142.5 ± 0.5 
Vyapryai 8 150 ± 16· 
Rochechouart 23 160 ± 5 165 ± 15 
Puchezh-Katunki 80 183 ± 3 183 ± 5 
Obolon' 15 183 ± 17• 
Manicouagan 100 212 ± 3 212 ± 2 
St. Martin 23 220.5 ± 18 

• Stratigraphic age. Most of the differences in ages between data sets result from Shoemaker and 
Wolfe~ (1986) preference for fission track ages over K/Ar ages for structures <100 m.y. in age. The 
ages used in this study are all isotopic and are an updated version of those in Grieve (1982). They 
include some additional ages and modified ages from recent isotopic dating. 

ages contribute to these periods and they are not hannooics 
of each other. Our most recent compilation of ages, however, 
indicates no significant period at 30 my., with the only Q 
value meeting the 3 s.d criterion occurring for periods of -18-
20 my. (Fig. 5 ). Considering other "impact" events, such as 
those hypothesized for the Cretaceous-Tertiary and Eocene-
Oligocene boundaries in addition to the crater ages, does not 
affect this conclusion. It could be argued that the 3 s.d criterion 
is too stringent and a lower level of significance would intprove 
detection of a period While a lower level of significance would 
result in an apparent intprovement in the "strength" of these 
periods, it would also increase the number of other periods 
that satisfy the significance criterion (Figs. 4 and 5). 

As with the model data, the effect of the quoted age 
uncertainties in both data sets (Table 2) on detecting these 
periods was examined Simulating the quoted age uncertainties 
as before, the 30-my. period in Shoemaker and Wolfe's data 
was detected only in 4% of the trials. Interestingly, the - 16-

my. period was detected more often (Table 3). Using our 
data, the 18-20-my. period was detected in 6% of the trials 
(Table 3). This is not surprising in view of the results from 
model sintulations (Table 1; Fig. 3) and the fact that the average 
quoted age uncertainties, treated as standard deviations, for 
the observational data sets are -7 my. (Table 2). 

In an effort to reduce the randomising effect of age 
uncertainties, the observational data sets were culled to remove 
the crater ages with large uncertainties. As an example, 
Shoemaker and Wolfe's data set with ages with uncertainties 
of<±l0 my. and <± 5 my. exhibited the 30-my. period at 
a phase of 4 my. in 8% and 6% of the trials, respectively. 
This is only a marginal improvement in period detection. At 
<±3 my. uncertainty in ages, which is 10% of the period being 
sought and is the uncertainty lintit suggested for -50% 
probability of detection (Fig. 3), the 30-my. period was 
detected in only 1 % of the trials. This is little better than 
expected from random data, using the 3 s.d criterion. Although 
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Fig. 4. Plot of variable Q against period, in m.y., for Shoemaker and 
Wolfe's data (Table 2). Plot is for a phase of 4 m.y. The lowest Q 

· occurs as a period of 16 m.y., although a 30 m.y. also results in a 
Q value satisfying the 3 s.d criterion. 

culling the data set does not significantly improve the detection 
of a 30-m.y. period, it does, however, improve slightly the 
detection ofan -16-m.y. period (Table 3). 

Culling our data set to remove crater ages with the large 
uncertainties does lead to an improvement in the detection 
of the -18-m.y. period It is detected in -50% of the trials, 
when only ages with <±3-m.y. age uncertainties are considered 
(Table 3). 'Jrefil and Raup (1987) analyzed a culled data set 
based on Grieve et al. (1985a), removing craters with ages 
<5 m.y. and with uncertainties of >±10 m.y. and adding random 
noise to simulate a ±2.5-m.y. age uncertainty on each age. 
Their results [Fig. 2 in 'Jrefil and Raup (1987)) indicated 
periods at -19 m.y. and -29 m.y. that were detected in 
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Fig. 5. Plot of variable Q against period, in m.y., for the data in 
this study (Table 2). Plot is for a phase of 1 m.y. The lowest Q occurs 
for a period of 18.5 m.y. Note there is no indication of a 30-m.y. 
period 

379 

approximately equal proportions in >50% of the trials. These 
results are similar to ours. The data sets, however, are not 
exactly the same. They also used 2 s.d as their significance 
criterion and a fixed age uncertainty. 'Jrefil and Raup ( 1987) 
chose to ascribe the -29-m.y. period to a real periodic 
component and the -19-m.y. period to the cumulative effects 
of random impacts, although they stated that the -19-m.y. 
period ''was not simply a statistical fluctuation." 

Lutz (1985) has argued that a circular time-series model 
is more appropriate when searching for periods. Details of the 
computational method are given in Lutz ( 1985 ). He reanalyzed 
the magnetic reversal record and found no compelling evidence 
for periodicity, although a previous analysis by Raup (1985) 
had suggested a 30-m.y. period He also suggested that a circular 
model be applied to other data sets, such as the impact record, 
for which periodicity had been suggested We have analyzed 
the two compilations of crater ages discussed here using the 
Lutz (1985) circular model. The results are analogous to those 
discussed earlier, using the Broadbent ( 1955, 1956) method 

Lutz also expressed concern over the long-term variation 
in the frequency of events over the record length. Due to 

ThBLE 3. Percentage probability of detecting period taking into 
account age uncertainties in observational data. 

Data, uncertainty Shoemaker and This study 
Wolfe, 1986 

All data, <±20 m.y. 11(3, 16.0)° 6(2, 17.S) 
Culled data, <±10 my. 9(0, 16.S) 21(3, 17.5) 
Culled data, <±5 my. 12(0, 16.5) 30(2, 17.5) 
Culled data, <±3 m.y. 24(1, 16.0) 56(2, 17.5) 

• ( a,b) refers to phase (a) and period (b) detected most often. 
Note a -16-m.y., not -30-m.y. period is detected most often in 
Shoemaker and Wolfe's data. 

the severe effects of subsequent geological processes on the 
retention and recognition of impact structures ( Grieve, 1984 ), 
the subset of the impact record with "good" ages represents 
such a case, with the record strongly skewed to more recent 
ages. For example, the average number of events in the first 
four 30-m.y. periods (0-120 m.y.) in Shoemaker and Woifes 
data (1986) is 5, compared to 1.25 for the next four 30-
m.y. periods (120 to 240 m.y.). A similar variation in sampling 
frequency occurs in our data (Fig. 6). Such effects can induce 
apparent periodicities, which are simply harmonics of these 
long-term variations (Lutz, 1985). We have investigated the 
effects of variation in the sampling frequency of data in the 
cratering record by sequentially removing craters from each 
subset in a manner similar to that suggested by Lutz ( 1985) 
for the magnetic record. For consistency, however, we continue 
to display the results using the Broadbent ( 1955, 1956) 
method. Lutz ( 1985) also noted so-called ''wrapping" effects, 
which arise from the fact that the record length is not 
necessarily an integer multiple of the trial period In our case, 
this is not a major concern, as there are relatively few events 
with old ages (Table 2; Fig. 6). 
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Fig. 6. Bar chart of the variation in the frequency of impact events in Shoemaker and Wolfe's and our data (Table 2) over the record 
length of 250 my. Note the reduction in the frequency of occurrence of events with increasing age. 

In our data, backward truncation tends to strengthen the 
significance of the -18-20 my. period (Fig. 7a). The strength 
of the -18-my. peak is weakened with increased forward 
truncation (Fig. 7b) but is stable in period and phase. As the 
data are truncated forward, a -21-my. peak appears but there 
is no indication of a peak around 30 my. Our results indicate 
that the -18-20-my. peak is probably not related to long-
term variations but is strongly dependent upon events contained 
in the first 40 my. of the record. These results also argue 
against Trefil and Raup's conclusion that their -19-my. period 
was due to random events, whereas the 30-my. peak was a 
true periodicity obscured by a random component 

With backward truncation of the Shoemaker and Wolfe 
( 1986) data, the 30-my. peak undergoes substantial fluctuation 
in period and shape ( Fig. 8a ). With forward truncation of the 
Shoemaker and Wolfe (1986) data, the 30-my. peak is 
weakened when the first two craters are removed When the 
first four craters are removed from the record, the 30-m y. 
peak is strengthened, but the phase has shifted from 4 my. 
to 6 my. (Fig. 8b). In contrast, the 16-m.y. peak is stable 
against forward and reverse truncation and consistently more 
significant than the 30-my. peak. These results indicate that 
the 30-my. peak is wlnerable to moderate changes in the 
sample record, whereas the 16-my. peak is significantly more 
robust Neither of the peaks, however, appear to be directly 
attributable to long-term sampling frequency variations. 

CONCLUSIONS AND DISC~IONS 

From our model simulations of the cratering record, it is 
apparent that it is difficult to consistently detect a period from 
a mixture of periodic and random ages, uni~ the record is 
either dominated by periodic ages or the ages have small 
uncertainties ( <l 0%) with respect to the period in question. 

When two compilations of known crater ages are examined, 
the results of trials to find a period are inconsistent with respect 
to the occurrence of the previously suggested -30-my. period. 
This is similar to our previous conclusion that slightly different 
data sets give different results ( Grieve et al., 1985 ). In addition, 
the Shoemaker and Wolfe data set, which has been used to 
indicate an -30-my. period, fails to indicate such a period 
when age uncertainties are considered. The most common 
period found is at -16 m.y., which is similar to an -18-20-
my. period determined from our compilation of ages. When 
the data are culled to account for variations in the frequency 
of events over the record, similar results are obtained. The 
30-m.y. period in Shoemaker and Wolfe's data is not particularly 
stable and, in addition to a relatively stable period at -16 
my., there is a weak indication of a period at -20 m.y. When 
our compilation is culled for sampling frequency variations, 
the -18-20-m.y. period appears to be relatively stable. If such 
a period is real, it is inconsistent with that of other quoted 
periods of -30 my. for other supposedly related phenomena 
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in the geologic record In the case of the marine extinction 
record, it is in phase at only approximately one out of three 

extinctions. 
The craters that contribute most to the -18-20-my. period 

in our data set: Zhamanshin (0.75 my.), Bosumtwi (1.3 my.), 
Wanapitei (37 my.), Mistastin (38 m.y.), Popigai (39 m.y.) 

.35 --.--------------------, 
THIS STUDY 

-- 25 AGES 
---- 23 AGES 
------· 19 AG ES 

.30 

Q .25 f-
,.... \ 

..... .,, \,\ 

\ 

.20 

(a) 

15 20 25 30 35 40 
PERIOD, m.y . 

. 35,--------------------, 

THIS STUDY 
-- 25 AGES 
---- 23 AGES 
------ 19 AG ES 

.30 

Q .25 

.20 

(b) 

10 15 20 25 30 35 40 
PERIOD, m. y. 
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youngest, and then the eight youngest ages. (b) Data are 
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and Kara and Ust-Kara (57 my.)-are few in number. With 
the exception of Kara and Ust-kara, all have been examined 
with respect to the siderophile trace clement content of their 
respective melt rocks. Only Wanapitei shows a well-defined 
chondritic signature ( Wolfe et al., 1980 ). While siderophile 
data are open to interpretation, variations in their relative 
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Fig. 8. Plot of the minimum value of the variable Q, against period, 
m.y., for any phase, using Shoemaker and Wolfe's data (Table 2). (a) 
Data are p~ly truncated by removing the two youngest, four 
youngest and then the eight youngest ages. (b) Data are p~ 
truncated by removing the two oldest, four oldest, and then the eight 
oldest ages. See text for diso.JS&on 
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abundances at these craters are not consistent with a common 
(cometary) source for the projectiles that produced these 
craters. 

Shoemaker and Wolfe prefer fis&on-track over K-Ar ages for 
young craters. One could debate the relative merits of the 
ages and, thus, the best data set to use for analysis. For example, 
Shoemaker and Wolfe (1986) use fis&on track ages of 4.5 
and 30.5 m.y. for Elgygytgyn and Popigai, respectively, compared 
to our K-Ar ages of 3.5 and 39 m.y. (Table 2). However, 
Komarov et al. (1983) and Komarov and Raykblin (1976) 
report fis&on track ages of 3.4 and 38.9 m.y. for Elgygytgyn 
and Popigai, respectively, which agree with the K-Ar ages. We 
believe that such debates over which data set is better would 
resolve little at this stage, considering the effects of age 
uncertainties in detecting a consistent period. 

In closing, we find no compelling evidence for the 
occurrence of a period in the cratering record due to cometary 
showers. Statistical indications of a period are not strong and, 
when age uncertainties are considered, period detection may 
be fortuitous. We consider the question of periodicity in the 
cratering record as still highly debatable. It may also be a 
difficult question to answer definitively. Not only are additional 
ages required, they must also be precise ages, if age uncertainties 
are treated in the analysis for periodicity. 
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