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IS THERE A SIGNIFICANT PERIODIC SIGNAL IN THE TERRESTRIAL 
CEUTERING RECORD? R.A.F. Grieve and A.K. Goodacre, Geophysics Division, 
Geological Survey of Canada, Ottawa, Canada K1A OY3 

INTRODUCTION Previous time-series analyses of "well-constrained" ages 
of terrestrial impact craters < 250 m-y. old have led to the hypothesis 
that the earth is subjected to periodic cometary showers every - 30 m.y. 
(1,2). The hypothesis that the crater ages can be used to define an - 30 
m.y. period has been challenged in that the cratering record is unsuitable 
for this type of unsupervised statistical analyses and that various periods 
can be defined from different subsets of the data (3). Recently, Shoemaker 
and Wolfe (4) reanalysed the terrestrial cratering record and again derived 
an - 30 m.y. periodic "cometary" component. They also recognized an 
additional random, presumably asteroidal, component. If such a periodic 
component is real, it is a fundamental conclusion, with implications for the 
terrestrial geosystem and solar system processes. Here, we amplify previous 
observations regarding the validity of the hypothesis for periodic cometary 
showers based on the analysis of the cratering record. In undertaking 
further time-series analysis, we continue to have severe reservations re- 
garding the suitability of the data, as well as problems with crater recogni- 
tion and retention and the evidence for impactor compositions furnished by 
siderophile data (3,5). 

OBSERVATIONAL DATA We have used, as before, the Broadbent method ( 6 )  for 
defining a period (3). The method defines a variable, Q, which is a rms  
measure of the residuals and has a mean value of 0.29 for random noise and 0 
for perfectly periodic data. A value of Q < 0.29 - 3 s.d. (standard 

1/2 
deviation = 0.13/n ) is taken as a statistically significant period. We 
analysed the age data of (4) and confirm the signal of a period of 30 to 
30.5 m.y., with a phase of 2 * 2 m.y. Using the same criterion of diameter 
> 5km, age < 250 m.y. and quoted precision of f 20 m.y. for acceptable 
ages, we also analysed our most recent compilation of crater ages. No period 
was detected at the level of Q < 0.29 - 3 s.d. The lowest Q was for a 
period of 19 m.y. and phase of f 1 m.y. and had a value of Q < 0.29 - 1 
s.d. The data set used by Shoemaker and Wolfe consists of 26 age determina- 
tions. Our data set contains 29 age determinations. Wine of the ages of 
common craters differ from those in ( 4 ) ,  with the average difference being 
only 6 m.y. 

Different periods from similar data sets raises the questions: (i) are 
there two periods which mask one another and (ii), since the age differences 
between the two data sets is small, what is the effect of age uncertainties 
in defining the "periods"? In an attempt to answer (i), those craters con- 
tributing to Shoemaker and Wolfe's -30 m.y. period were removed from our 
data set and those contributing to the -20 m.y. period were removed from 
Shoemaker and Wolfe's data set. The net result was that both the -20 and 
-30 m.y. "periods" were less significant. This is due to the fact that 
only -40-50% of the crater ages in both data sets contribute significantly 
to the definition of the "periods" and of these 60% are in common and con- 
tribute to both "periods". This is not unexpected given the arithmetic 
relationship between n x - 20 and n x - 30. 

Age uncertainties are a combination of experimental error, multiple age 
determinations and, in some cases, the fact that the age is a biostrati- 
graphic estimate. They will always occur in real data. The effect of age 
uncertainties was examined by adding random noise to each age, such that, 
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after 100 cycles through the algorithm searching for periodicities, the 
standard deviation of the added noise was equal to the standard deviation of 
the quoted uncertainty. Both data sets with their associated uncertainties 
were cycled 100 times for each period, with incremental values of 0.5 m.y. 
between 8 and 38 m.y., and phase, with incremental values of 1 m.y. The 
number of periods according to the criterion Q < 0.29 - 3 s.d. were re- 
corded. In both cases, periods were detected in < 1% of the runs, with the 
maximum number of possible periods and phases occurring in 7% of the 100 
cycles at 19 m.y. in our data set and also 7% of the 100 cycles at 15 m.y. 
(1/2 period) in the Shoemaker and Wolfe data set. This suggests that, while 
the Broadbent technique may be highly sensitive for detecting periods, the 
fact that each age determination has an uncertainty may make it difficult to 
detect any periods that do exist. We also note that, if no a priori signifi- 
cance is attached to an -20 or -- 30 m.y. period, the total number of 
possible periods derived from both data sets with uncertainties (i.e. < 1%) 
is about that expected from a data set consisting of random numbers. 

HODEL DATA As a result of these low numbers of possible periodicities 
when considering the actual data, we analysed some model age distributions 
to investigate further the effects of age uncertainties and the possibility 
that the actual data is a mixture of periodic and random data, as suggested 
by Shoemaker and Wolfe. A model data set of 50% perfectly periodic 30 m.y. 
and 50% random data (similar to the possible distribution of the actual data) 
was analysed for periods between 28 and 32 m.y. with phases from -1 to 1 m.y. 
After 3000 runs, the criterion of Q < 0.29 - 3 s.d. was met in only a total 
of 14% of the runs, with a period of 30 m.y. and phase of 0 m.y. being 
detected 52% of the time. When an uncertainty of k 8 m.y. (similar to the 
average uncertainty in the our data and Shoemaker and Wolfe's) was added to 
each periodic age, as before, these figures fell to 0.5% and 346, respec- 
tively. This result is similar to that recorded using the actual data. If 
the age uncertainty is reduced to f 5m.y., the probability of a period of 
30 m.y. being detected is increased considerably to 20% of the time. 

CONCLUSIONS From the model data, we conclude that, using our criterion 
for a statistically significant period, it is difficult to reliably detect 
the signal of a period from a 50-50 combination of periodic and random data, 
given the magnitude of the age uncertainties attached to real data. The 
signal of an -30 m.y. period in the Shoemaker and Wolfe data set is in- 
triguing but, given the difficulties associated with the detection of a 
periodicity, it may well be fortuitous. Without arguing the merits of age 
estimates for specific craters, we note that our slightly larger data set 
does not indicate a significant period. To resolve the continuing debate as 
to the existence of a statistically significant periodic signal in the 
terrestrial cratering record, it will be necessary to date as many craters 
as accurately and as precisely as possible. If the uncertainties in the 
ages is to be taken into account in searching for the signal of a period, 
previous work indicates that the uncertainty in the ages has to be < 0.25 
the period being sought (7). 
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