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Recently there has been an intense interest in the general question of the influence of the 
galactic neighborhood of the Sun on the solar system, as it appears evident from the book [I] 
resulted from the first get-toghether of the galactic and the solar system scientific communities. 
Most attention has been focused on the possibility of periodic perturbations of the solar system 
outer regions and on their possible relation with the occurrence of terrestrial impact cratering and 
the possibly consequent mass extinctions [1,2]. Due to the profound implications of the suggested 
recurrent cratering, it is worthwhile to  seek for new statistical analyses of the crater ages. 

Our purpose is to reexamine the temporal distribution of dated craters with a new method, the 
cyclogram method which uses the Vector Fourier Analysis recently introduced in [3]. Differently 
from the conventional power spectrum analysis which yields harmonic components integrated over 
the entire time interval under consideration and squared thereafter (thus losing both time and 
phase information), the cyclogram method allows one to follow the amplitude and phase variation 
wit+ time for any component of given periodicity T. In practice in the cyclogram analysis the 
existence of a suspected periodicity T can be continuosly tested along the time series by moving 
a window of lenght T 2 T :  when the periodicity is present the cyclogram will tend toward a 
straight line (the degree of stretching or straight alignment providing the confidence level for the 
existence of non-random oscillations), but when no periodicities are present the cyclogram moves 
in a random walk [3]. 

In Table 1 we list the ages of craters with diameter 2 5 km, with age between 5 and 250 Ma 
and age uncertainty 5 20 Ma (data from [4] with weighted averages when more ages are given, 
here referred as SW set data); as suggested in [5], here referred as AM, the lower cutoff of 5 Ma 
was chosen to reduce the bias from the large number of craters surviving from the recent past. In 
Fig.1 each crater is represented by the equivalent gaussian curve with a standard deviation u = 3 
Ma; shaded areas refer to the 11 craters considered in [5]. Fig.2 shows the power spectra for the 
AM set data (upper spectrum) and for the SW set data or Table 1 set (lower spectrum). Dashed 
curves are the average of 1,000 power spectra of the corresponding random sets generated with 
Monte Carlo method (with the same u as above). 

The search for characteristic periodicities was carried out by constructing phase cyclograms 
for a large number of temporal intervals T (i.e. by representing in the complex plane progressive 
sums of phase versors obtained by Vector Fourier Transform starting from the distributions of Fig. 
1, with a proper window T). Fig. 3 gives the phases cyclogram from AM set in correspondence 
to T = 28.9 and 20.7 Ma, Fig. 4 from SW set for T = 30.1, 20.9 and 16.2 Ma (window T = 40 
Ma). These values were obtained from the study of the probability P ( r )  that a given cyclogram 
(characterized by a definite distance between its extremes) arises from a random series. Fig. 5 
shows that P(T) is at its minima values in correspondence to the above values of T (continuos curve 
from SW set, dashed curve from AM set). These minima values (or the associated cyclogram 
stretching) provide an estimate of the confidence level for the existence of the corresponding 
periodicities. 
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Table 1: Terrestrial impact craters with diameter D 2 5 km 
and well-constrained ages (5 Ma 5 age 5 250 Ma). 

Impact structure D (km) Age (Ma) D.m.' 
N 

Karla, U.S.S.R. 12 5 f 3  5 a d  
Fties, F.R.G. 27 14.7 i 0.4 1, 3 
Haughton, Canada 20 2 0 & 5  5 
Popigai, U.S.S.R. 100 30.8 f 0.8 1 ,  3 
Wanapitei, Canada 8.5 3 5 f 2  2 0. 100. 203. 
Mistastin, Canada 28 38 f 1 1 , 2 , 3  RW (h) 
Goat Paddock, Australia 5 5 5 f  3 6 
Kara(+Ust Kara), U.S.S.R. 60 5 7 f  9 3 . . . . I ' . . . l '  

Kamensk, U.S.S.R. 25 6 5 f  3 5 
Manson, U.S.A. 35 6 8 f  3 2 

7 

Lappajarvi, Finland 14 7 8 f 2  2 - 
Steen River, Canada 25 9 5 f 7  3 

25 9 9 f 5  1 , 3  Boltysh, U.S.S.R. - 
Dellen, Sweden 15 1 0 0 z t 2  2 .. 
Mien, Sweden 5 116 f 2 2 
Carswell, Canada 37 117 f 8 2 - 
Gosses Bluff, Australia 22 132 f 3 1 , 3  i 

Vyapryai, U.S.S.R. 8 150 f 16 5 
Rochechouart, France 23 161 2z 5 1, 3 
Obololi, U.S.S.R. 15 183 & 17 5 
Pucheeh-Katunki, U.S.S.R. 80 183 f 3 3, 5 
Manicouagan, Canada 70 212 f 3 3 , 4  

a D.m.=Dating methods: l=Fission track, 2 = h - h ,  3=K-Ar, iig 0. ?O 0.20 0. 
4=Rb-Sr, S=biwtratigraphic. Fmq. (h-'1 

f\B, 4 

14 Fig.1: Probability distribution P (in Ma-') of ages of 
the AM crater set (shaded areas) and of the SW crater 
set. 
Fig.2: Power spectra for the AM (upper) and SW 
(lower) set data, each versus a background estimahe 

- (dashed lines) from 1,000 randomly generated sets (see 
text). 
Fig.3: Phase cyclograms fiom AM set for r = 28.9 (1) 
and 20.7 (2) Ma. 
Fig.4: Phase cyclograrrm fiom SW set for T = 30.1 (I),  

XT' 20.9 (2) and 16.2 (3) Ma. 
Fig.6: Search for cratering periodicities as minima 
values of the probability P ( r )  that for a given interval 
T (in Ma) the associated cyclogram arises from a ran- 

a. 30. dom series (see text; dashed curve from AM set, con- 
7 , tinuos curve from SW set). 
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