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The Kara project is over. A rain goal of the project was to study a possible link between the Kara impact 
structure and the K/T event. This link was suggested by [I] and then the idea was supported by our group [2] 
after the discovery of K/T shocked quartz. The project started in 1987 with field work and included geoche- 
mical, mineralogical, and geochronological studies of collected samples. This paper summarizes principal 
results of the project which we hope will be useful for studies of the K/T and other impact events. 

Approach. It is clear now that the K/T event must have led to the forsation of a big iepact crater or cra- 
ters. Let us suppose that we found solae impact crater which can be suggested as a K/T crater. bat evidence is 
required to prove the suggestion ? In principle it would be enough if we could prove that the K/T event and the 
crater are synchronous. However, practically it cannot be proved. In fact the K/P boundary age is still poorly 
constrained. It is known only that it is in the range of 64-67 la. On the other hand a crater age cannot be me- 
asured exactly. The recent confusion with the dating of the Popigai crater [3,41 and other examples [51 demon- 
strate the problem. Moreover, different geochronological methods gave different results pointing to systematic 
errors in crater dating. Therefore if the Kfl age and a crater age do not show statistical differences, it does 
not mean that they are of the same age, because the Kfl impact and the crater event could have taken place at 
different tiees within the range of uncertainties of age determinations. On the other hand, if these ages are 
statistically different, it can be suggested that the difference is due to systematic errors. Thus using geo- 
chronological rethods we cannot resolve the lain question exactly in terms of "yes" or "no". However, on the 
basis of age aeasurements we are able to establish confidence limits for the crater age and to estimate the 
maximun possible age difference (t), between the crater age and the K/T boundary age. If the tise is long and 
there is a possibility for a few impact events for the time at the cratering rate, then we can say that the K/T 
and the crater events can be of different ages. Otherwise, if the tire is too short when compared to the tise 
between iapacts, then we can suppose a relation between these impact events. Phis is the nain idea of the ap- 
proach used in the Kara research. The idea demands us to estinate the probability of the link at the observed 
cratering rate. If cratering is a Poisson process then the probability (P(j)) of j impact events for a time 
interval It) is given by: P(,j)=((KtAj)/j!)%exp(-Kt), where K is the cratering rate. Let us suppose that the K/T 
and the crater events are different in their ages. Then we can calculate a probability of 2 or more different 
iepact events for a time of t. This is because a lot of impacts including the two which interest us could take 
place in the given tise. The probability is equal to [I-P(0)-P(1)l. If the probability is very small we can say 
that the events should not be different in age, i.e,. the crater is the proposed K/F crater or produced by the 
K/T event. One can see that the probability depends on the tire interval (t) and on the cratering rate (I). The 
latter for craters with a direter (he) of >D is equal to: K=1/(1,400%D^2) when normalized over the whole 
terrestrial surface for one year [61. Hence the probability is dependent also on the crater size and on the 
square of a posaible K/T impact area. (If we knew exactly the size of the Kfl crater and its locality, then 
P(j) would be equal to 0, i.e. any crater of another size and position cannot be the K/P crater). Thus in order 
to estimate the probability of the link between the Kara and the K/P events we shonld receive constraints on 
their ages, sizes and a square of the K/P impact area. That was a main focus of our Kara research. 

on the a@. The K / T  boundary age as above nentioned is in the range of 64-67 Ma. At present it 
cannot be constrained better. Detailed biostratigraphical studies [71 of the Iara crater complex showed that 
the structure should not be older than the Maastrichtian/Capanian boundary (about 74 Ma). Moreover it is most 
plausible that Kara was formed less than 70 my ago [81. The solid upper limit for the age of the Kara crater is 
Lowersost Bocene (55 Ha) but it seems to be posaible that the crater is not younger than the K/T boundary [?I. 
Thus the biostratigraphical constraints on the Kara age are 55-74 my or 65-70 By. Paleooagnetism studies [91 
indicated both normal and reversed magnetic components. It is not clear which of them is prinary and, there- 
fore, the crater age cannot be constrained on the basis of the paleomagnetic data. The K-Ar bulk isochron [lo] 
yielded an age of 65.68+/-.44 (1 sigma) Ha. 39Ar-40Ar age measuresents [Ill gave different age values in the 
range of 71-81 Ma. When averaged according to their accuracy they show a mean age of 71.65+/-1.47 Ha. Finally 
fission track studies [I21 led to an age estimate of 66.50+/-2.08 Ha. Faking into account the accuracy of the 
measured ages one can calculate a mean value of 66.19+/-1.91 Ha. It reans that the Kara crater age should be in 
the range of 60.5-71.4 Ma at a probability of 99-91. This interval is compatible with biostratigraphical const- 
raints and shows that the age difference between the Kara and the K/T events, if it exists, is less than 8 ry. 
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o n . c ~ a t e r .  The aodel diaaeter of the KIT crater was estimated to be about 250+/-50(1 
sigma) h [13]. Therefore it should be bigger than 100 hr. However the K/T projectile could have been disrupted 
before the collision and a few craters of a smaller size could have been forred si~ultaneously. Thus the I/T 
impact is extraordinary when related only to all terrestrial surface. fie Kara structure vas supposed firstly 
[I41 to consist of two adjacent impact craters, the Kara and the Ust-Iara craters. According to this interpre- 
tation the Kara crater is located on land and has a pre-erosion diameter of 65 km [I51 whereas the Ust-Kara 
crater is mainly underwater and has only limited onshore exposure. The diareter of the Ust-Kara crater was 
earlier suggested to be 25 h [I41 but our studies [I51 indicated a diareter of 75 b or 155 h. Recent recon- 
structions [16,17] based on gravity data, altimeter measurements, and geological and geochemical considerations 
showed that Kara is a single (but not tvin) impact structure of 120 la diameter. The Kara crater described 
earlier is only a central depression of the structure. The Ust-Kara suevites are remnants of a suevite sheet 
which covered the outer ring of the big structure and was erased by erosion. 

on the impact area. W e  possible area of the l/T inpact(s) can be constrained on the basis of 
the geochemical features of the K/l ejecta. The proposed K/T crater should have similar geochemical features, 
i.e. it should be inside the area from the geochemical standpoint. Kfl boundary studies showed that the K/T 
projectile or its fragment impacted a quartz-bearing target. The target can be represented by the continental 
crust (41% of the surface of the globe) and by areas of turbidite sedimentation in the ocean (<I11 of the terr- 
estrial surface [la]). The total square of the quartz-bearing area is (52% of the surface of the Barth. The K/T 
iepact area can be further reduced taking into account that KIP glasses and Kfl shocked quartz [19,201 gave evi 
dence for a K/T impact on a folded belt. Folded belts (geosynclinal areas) total 18% of the terrestrial surface 
[211. The Kfl impact area should be less than the value because no Cenozoic folded belts had yet been formed be 
fore the KIT event. The Kara structure is located inside the Ural folded belt on the continental crust. Geolo- 
gy, nineralogy, geochemistry, and Nd-Sr characteristics of the Kara target are compatible with those proposed 
for a I/T target [17,19,20,22,231. Therefore the Kara structure belongs to the possible K/P iepact area. 

Discassion. Let us suppose that the diareter of a Kfl crater is egual to or more than that of the Kara 
crater, i.e. it is in the interval of 120-400 h. Then one can calculate probabilities of the Kara and the K/T 
and other impacts of this scale and of different ages on the whole terrestrial surface, quartz-bearing areas 
and geosynclinal areas during 8 my. The probabilities are less than 5.1%) 1.6% and 0.21, respectively. 
Obviously the probabilities are too small, and, hence, even if the constraints on the Kfl impact area are 
incorrect, we can conclude that the Kara structure should be the K/P crater or one of the Kfl craters. 
Alternatively, i.e. if the Kara structure is not related to the KIP event, there should be only two possibi- 
lities which could change the resulting probabilities. First, during the time from 60.5-71.9 Ha the cratering 
rate was much higher than the normal rate. Practically, this means that the Ifl biotic crisis was due to a 
meteorite bombardment during sore time interval, and Kapa vas produced by the bombardment. It seems that this 
possibility cannot he supported by geochemical studies, which have not yet shown clear evidence for wltiple 
impact anomalies around the I f l  boundary. Second, the diameter of the K P  crater(s) is less than that of the 
Kara structure. This possibility demands that there should be a few K/P craters, and contradicts the uniform 
composition of the K/T ejecta. Thus a direct relation between the Kara and the K/T events seems to be most 
plausible. Moreover it should be noted that Kara ray be only one K/P crater. The structure is big enough to 
result in significant biotic consequences. In addition, the structure was formed in sedimentary rocks enriched 
in volatile8 and the impact could have fired huge gas deposits of the Yaral Peninsula located 100 km NE of the 
Kara impact site. The last argument which should be produced is that Kara can be translated as Nemesis from 
Russian, and, therefore, the Kara crater is really the crater of Nemesis. 
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