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Introduction. Suggestions of - 26 m.y. and - 30 m.y. periodicities, 
depending on the statistic, in the marine extinction record (11, coupled with 
evidence for a major impact event at the K-T boundary, have resulted in claims 
of equivalent periodicities in the terrestrial cratering record (2, 3). This 
leads to the hypothesis that the earth is subjected to periodic cometary 
showers (2,3) and implies that a large portion of terrestrial craters are 
produced by cometary bodies. Before accepting these conclusions, it is 
important to consider some of the salient points of the record. 
The number of craters. The known record is incomplete. Crater retention 
rates are variable but crater preservation indicates that a 20 km structure 
may be unrecognizable in as little as 100-200 m.y., even in cratonic areas 
(4). Few systematic studies aimed at crater recognition have been carried out 
and many craters have been recognized by chance. Known craters occur in a 
wide variety of geological circumstances (e.g., well-exposed to completely 
buried) and several new structures are discovered each year. Given the 
variability in geological and geophysical data, it is unlikely that any 
general listing (e.g., 5), taken at face value (2, 3 ) ,  is representative. 
The aRes of craters. Considerable uncertainty is attached to age estimates of 
many structures. In some cases, different isotopic methods yield different 
a es (e.g., Boltysh, Carswell, Histastin). Experience has shown that 39~r 
-$oA~ ages on unaltered, equilibrated melt rocks are probably the most 
reliable. Few structures, however, have been dated by this method (Table 1). 
Single K-Ar or biostratigraphic ages should be viewed with caution, 
particularly if emphasis is on detailed statistical analysis (Table 2). 
The question of periodicities. The status of the record notwithstanding, we 
have undertaken a search for periodicities. The fit of the observed ages to 
yi = A + rit was tested, where A is the phase, ri is an integer and t is 
the period. The rms of the departure of Ei/t, where Ei is the observed 
interval between events, from an integer (Q) is a measure of periodicity. For 
random events, Q has a mean of 0.29 (6) and a threshold of Q<0.29-3 s.d. is 
considered for discussion. A number of periodicities with different phase can 
be defined (Table 2), depending on what is considered the "best" dataset 
(D>20 km on the cratons, isotopic ages, all with ages 5250 m.y, etc). 
This raises the question of which, if any, is physically valid. 
Other considerations. It has been possible to identify the projectile type at 
some craters through siderophile and other data. At others, only a weak 
meteoritic signature, open to some interpretation, has been detected (5, 7). 
It is apparent, however, that a variety of projectile types produced the 
craters in Table 1. The recent terrestrial cratering rate is estimated at 
5.4 +_ 2.7 x 10-l5 km-2 y-l for D> 20 km (4) and is similar to an 
estimate of 6.0 + 3.0 x 10-l5 km-2 y-l based on observations of Apollo 
bodies (8). The craters used to calculate the terrestrial cratering rate are 
in part the same craters used to call for periodic cometary showers. If the 
cometary hypothesis is correct, this raises the question of where are the 
craters formed by Apollos? This enigma is compounded by the similarity in the 
estimated cratering rates based on known craters and observations on Apollos. 
Concluding remarks. Although the record may be sufficient to estimate the 
cratering rate over periods of 1 0 ~ ~ ~  the fact that various statistical 
periods can be retrieved limits confidence in their significance. Additional 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



PERIODIC COMETARY SHOWERS 

Grieve, R.A.F.  e t  al. -- 

data are required before statements on generalized cometary impact-extinction 
relationships can be considered categorical. Contrary arguments to periodic 
cometary impacts can be advanced, based on considerations of siderophile data 
and cratering rate estimates. 
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Table 1. Terrestrial impact craters with D > 5 km and well-constrained ages L 250 m.y. 

Ane. m.~. Dating* 
m e t h o d  

Projectile 
M e  

Evidence 

Iron 
Iron 
Achondrite 

Siderophiles 
Siderophiles 
Sideraphiles 

Karla 
Haugbton 
Ries 

n.d. 
n.d. 
Chondrite or 
Achondrite? 
Chondri te 
Iron or 
Achondrite? 

- 
- 

Siderophiles 

Wanapitei 
Mistastin 

Siderophiles 
Siderophiles 

P0pig.i 
Beyenchime-Salaatin 
Kar. 
ust-Kar. 
Fhmensk 
Lappajarvi 

Iron 
n.d. 
Iron? 
n.d. 
n.d. 
Chondrite 
n.d. 
n.d. 
Iron? 
Stony? 
n.d. 
Stony? 
n.d. 
n.d. 
Iron 
Iran or 
Chondri te? 
n.d. 
? 
? 

Taenite - 
mi. co - 

- 
Siderophiles - L-ogoisk 

Steen River 
Boltysh 
Dellen 
Carswall 
Mien 
Gosses Bluff 
Oblon' 

- 
Pi, co 
Siderophiles - 
Siderophiles - 

- 
Taenite,Kamacite 
Siderophiles Rochechouart 

Puchezh-Katunki 
Mainicouagan 
St. Hartin 

- 
Siderophiles 
Sidsrophiles 

* 1. Fission track. 2. Geomagnetic reversals. 3. K-Ar. 4. Rb-Sr. 5. Biostratigraphy. 6. 39~r-40Ar. 
n.d. not determined. 

Table 2. Statistical periodicities from Table 1 

Data-set 

All 

n - Period, m . ~ .  Phase. m . ~ .  2 

P. American and 
European cratons 16 

Cratons. D > 20 lan 10 

Cratons. D > 20 lnn. 
T < 150 m.y. 6 

Isotopic ases 19 

Alvarez and Uuller (2) 11 

Rampino and Stothers (3) 41 
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