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dissolution of the network, freeing the 
vesicle for exocytosis at the presynaptic 
membrane. 

For the process of chromaffin granule 
secretion, it was suggested' that the secret­
ing granules are crosslinked within a 
fodrin/actin cytoskeleton in the resting 
state and are released following network 
disassembly that, as in the synapse, is 
secondary to calcium influx, activation of 
calcium/calmodulin-dependent protein 
kinase, and the phosphorylation of an as 
yet unidentified granule membrane or 
cytosolic component". 

Might this component be a synapsin­
like molecule? In a study directed at deter­
mining which chromaffin granule mem­
brane proteins become phosphorylated 
when stimulated in the presence of 
[y-" P]ATP'", polypeptides of M, 60,000 
(tyrosine hydroxylase) were described. 
It is of interest to note, however, that 
careful examination of their auto­
radiograph reveals additional labelling of 
polypeptides of about M, 73,000, remark­
ably similar to those found for synapsin Ia 
and lb on discontinuous SDS-PAGE. 
Furthermore, in one of the early synapsin 

Impact crate ring and flood 
basalt volcanism 
SI R-Two contrasting causal mechanisms 
for the mass extinctions at the Cretaceous/ 
Tertiary (KfT) boundary at 66 Myr BP 

continue to be the subjects of intense 
debate : (1) a comet or asteroid impact (or 
several impacts during a comet shower)' , 
and (2) increased volcanic activity, as 
summarized recently by Officer et al. '. 
Evidence for a large-body impact is strong 
- a worldwide ejecta layer containing 
anomalous iridium, with microspherules 
and shocked minerals. coincides closely in 
time with the mass extinctions on land and 
in the sea' . There are also several can­
didate K/T craters on the continents, 
although none so large (10() to 200 km in 
diameter) as suggested by the composition 
of the impact layer. On the other hand , 
recent study shows that the great Deccan 
flood basalts in India were erupted in a 
period of only 1-3 Myr. also coinciding 
with the KfT boundary" and with possible 
widespread environmental effects'. 

The seeming coincidence raises the ques­
tion: could flood basalt eruptions and 
large-body impacts be causally related? 
Impacts might lead to basaltic volcanism 
directly by penetrating and deeply fractur­
ing the Earth 's crust. allowing magma to 
reach the surface, or by causing pressure­
release melting in the upper mantle by the 
excavation and removal of crustal rocks, 
and thus triggering a rising plume of 
magma; . Very large impacts might also 
indirectly trigger volcanism through seis­
mic disturbances at pre-existing volcanic­
ally active zones, but this is very uncertain . 
The major question is: how deeply do 

studies", the molecule (then known as 
Protein I) was shown to be abundant in the 
adrenal medulla. Determining whether 
synapsin is confined to nerve terminals in 
this tissue or whether it is also present in 
chromaffin cells may allow what has been 
learned about neurotransmitter release in 
the brain to be applied to the molecular 
mechanism of chromaffin cell exocytosis. 
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large-body impacts excavate the Earth's 
surface? Or more generally: what is the 
depth/diameter ratio for large impact cra­
ters? Two studies reported at the recent 
18th Lunar and Planetary Science Confer­
ence in Houston have now provided 
quantitative evidence for an answer"'. 

Previous work showed that small im­
pacts form simple , bowl-shaped craters' 
with a true depth (d) to diameter (D) ratio , 
d/ D = 0.2 to 0.3 (taking into account par­
tial fill by impact breccia' . At diameters 
above about 1-2 km in sedimentary tar­
gets and 3-4 km in crystalline targets, 
however, terrestrial impact craters have a 
complex form, with a central core of up­
lifted, shocked rocks surrounded by one 
or more concentric depressions (terraces 
formed by faulting and slumping of the 
outer portion of the crater). These fea­
tures apparently represent collapse of the 
initial crater and isostatic rebound of the 
underlying crust and mantle as they adjust 
to the sudden removal of the surface 
rocks". Most studies agree that the final 
crater form for large impact craters should 
therefore be quite shallow (dID = 0.1 to 
0.006 in some cases) and this agrees with 
observations for large craters on the Moon 
and other terrestrial planets"'. 

But what about the depth of the initial 
transient crater produced during large 
impacts? Although it has been claimed 
that large craters might be initially quite 
shallow (see, for example , ref. 10), with 
only minimal penetration on impact, 
two recent studies suggest that the depth 
of excavation of large terrestrial craters is 
great enough to have considerable geo-
10gic?1 effects on the lower crust and 
upper mantle. In the most recent detailed 

modelling of impact penetration and later 
crater readjustment , O'Keefe and 
Ahrens· show that for high accelerations 
and large scales , a deep transient bowl­
shaped crater is always produced. They 
conclude that the initial crater morphol­
ogy is given by d,r = 0.002r02 (in c.g.s. 
units, where d, is the depth of excavation, 
r is the crater radius, for the Earth's grav­
ity and an impact velocity of 12 kms-') . 
This agrees in general with earlier work by 
Orphal" and Melosh9

, and indicates that 
large impact craters should have had deep 
initial penetration cavities. 

If the above relationship holds true , 
then the transient depth of excavation of a 
100-200 km diameter crater on the earth 
(as proposed for a lO-km diameter im­
pactor at the KfT boundary) would be in 
the range of about 20-40 km; deep 
enough to penetrate easily through the 5-
km-thick ocean crust, and even deep 
enough to excavate much or all of the 
thicker continental crust. This supports 
the evidence presented at the same con­
ference by Hildebrand and Boynton', 
which shows that the KfT ejecta layer has 
a substantial mantle component. Rare­
earth element abundance patterns in the 
boundary layer can be explained by a mix­
ture of ocean crust, continental sedi­
ments and oceanic mantle; the fraction of 
mantle material indicates a minimum 
depth of cratering of about 40 km . These 
results suggest that the crater produced by 
the proposed Kff impactor could have 
been deep enough to generate directly 
volcanism in an oceanic impact, or create 
deep fractures in the lower continental 
crust. Perhaps the target areas(s) for the 
largest KJT impactor(s) lies beneath the 
Deccan Traps, the Iceland hotspot (the 
source of the Brito-Arctic basalt erup­
tions), or some other hotspot or oceanic 
plateau". The extinctions at the K!T bound­
ary might therefore be related both to 
impact and volcanic phenomena. 
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