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KEITH HOLSAPPLE, K.A.:  What do we need to 
know to model impact processes? 
 
Holsapple discusses the current state of material 
modeling, both in terms of equations of state and 
constitutive equations. He concludes pointing out that 
although we are far from a good understanding and 
complete modeling of material properties, so far we 
have already learned a lot. He then lists a few new 
directions that have been taken by different groups 
that already show some new and encouraging results.  
 
QUESTIONS/COMMENTS TO HOLSAPPLE’S 
INVITED 
 
Asphaug:  There are a couple more complexities that 
I would like to throw into the mix. One is that the 
strength curves depend strongly on density for solids, 
and a lot of these codes have troubles in getting 
density right to 10-4. Not the Eulerian and grid-
Lagrangian codes, but in SPH it is not a simple trick, 
so when you do a lot of SPH modeling it is not easy 
to get these transitions into a fractured phase, for 
instance, where a density difference of 10-6 can 
trigger fracture, and it might be totally artificial. 
Rock strength depending on scale:  that is another 
issue where, going back to Jay’s talk about trying to 
model the small and the big, you put in a strength of 
a 1/10 is great to model something a thousands time 
as large, but that means that this little rock sitting in 
the calculation somehow knows how big of a place it 
belongs to. It is a sort of philosophical conjecture, 
but that has to be addressed as well, so you need 
some sense of scale independence at that level. 
Regarding porosity, this is my question to you:  To 
what extent is Mach number included in calculations 
with porosity, because sound speed will go down to 
tens of meters per seconds? 
 
Yes, the P-alpha model, believe it or not, is coupled 
into the thermodynamics, so the sound speed of the 
pores is part of the output; I mean it is part of the 
model. Whether it is right or not, we do not have the 

test really very well.  
 
Asphaug:  So will it shock up again, when you 
encounter a more porous target material… 
 
You squash it down and ultimately you get the wave 
going out away from it, just as you do a regular one. 
The proportional growth may be dominated or 
strongly affected by the porosity, which is an early 
time, and then it is the wings, which tend to flow out 
according to what we expect for normal materials. So 
some of the things that we think are true proportional 
growth may not be true, but in principle the model 
can handle all of that. 
 
Schultz:  Keith that was really enjoyable. But a 
couple of things:  1) the idea of proportional growth:  
even laboratory experiments for sand have long been 
known to be non-proportional. The idea that they go 
down deep first and then grow laterally has been 
known for a long time. In fact it has also been 
reproduced in NASA1 and NASA2 calculations as 
well as some of the explosions – well and the water – 
yes, but this was into dunite, the calculations have 
shown that there is no proportional growth for some 
time. 2) My real question/comment is:  You 
emphasize the idea of the point source model, and yet 
we know from oblique impacts that it is definitely not 
a point source. In fact that persist to a very late 
times. So even though it maybe works in terms of 
your pressure decay curves, it does not seem to be 
expressed in terms of the ultimate flow that you see. 
And that extends to very late times even within 
gravity control growth. 
 
But isn’t that generally true only for very, very 
shallow impacts? 
 
Schultz:  No, we see this all the way to 45°, and some 
of it is velocity dependent. 
 
Well, this is an approximation. I mean, we know that, 
so we should not force everything into that. (At 7 



km/s the normal velocity has been reduced by…) 
 
Schultz:  Ok, but we are still using a hypervelocity 
into sand and we are still doing something where we 
can alter that if you want, but we are still dealing 
with this issue of point source versus non point 
source. My only point is that the point source 
approximation is incredibly valuable for testing the 
code especially for idealized cases, but as you go 
away from these idealized cases, which is typical for 
most materials and most impacts on a planet, it does 
not always work. 
 
That is why we want to rely on the code. Codes do 
not build that in. If it does come out it comes out, if it 
does not then it doesn’t. 
 
JOHN SPRAY, J.G.:  Mechanisms of in situ rock 
displacement during hypervelocity impact:  Field 
and microscopic observations 
 
Spray focuses his talk on the field observations and 
interpretation of different kinds of pseudotachylites 
observed at major terrestrial structures, in particular 
Vredefort and Sudbury. He then ends putting forward 
his own difficulty in understanding how it is possible 
that during the early stages of an impact the target 
material can be pushed down elastically into the 
footwall, and then come back as if nothing had 
happened to it (or better, without clear evidence in 
the field of that happening). 
 
QUESTIONS/COMMENTS TO SPRAY’S 
INVITED 
 
Asphaug:  This formation of melt intersperse in these 
highly shocked rocks, is there any evidence that this 
could be something like what Keith (Holsapple) was 
talking about, where you shock up to the sub-solidus 
and then you decompress into the melt phase. 
 
Yes, I think decompression melting would. I see it as 
an unloading effect. Would that work? 
 
Melosh:  No, if it were unloading the rocks around it 
would be highly shocked. 
 
Oh, they are. They have maskelinite, for example.  
 
Melosh:  I think you are right, that they are friction. 
If it was shock decompression it would not be in 
planes.  
 
Asphaug:  No, not the planar one. 

 
This is more homogeneous, localize, melting. I see 
that as a decompression one. It does not seem to be 
related to shear planes the same way. 
 
Dressler:  I have seen very similar features but in the 
central uplift, and I did my phD in Manicouagan. 
There you see about spotlight melt of about 1cm in 
the anorthosite, distributed something like a leopard 
skin. These are little melt spots, quite commonly 
around garnet. This has not been worked on. 
 
Cintala:  I think it is neat, because I think this is 
incipient melt sheet development, if you like, that has 
not quite gone all the way. So we are getting some 
history of maybe how things melt by impact. 
 
Ahrens:  You showed a diagram of the distribution of 
pseudotachylites, large zone periodicities, going out 
with the ring, which I believe was for Sudbury. Can 
you comment on how likely that may be for other 
impact craters, like Vredefort? Because obviously 
there are big pseudotachylites, but I did not realize 
they were tied to ring structures, and finally:  Are 
there any pseudotachylites seen in the drill core from 
Chicxulub? 
 
I think the relationship between pseudotachylites and 
rings is interesting because of ring structures on 
impact craters in other planets. There has been some 
question on what causes rings and what are they.  
 
Ahrens:  Can you see them at Vredefort? 
 
Roger Gibson may be able to bet a comment on that. 
 
Gibson:  Yes. 
 
I would say that a lot more work needs to be done. If 
you think of the size of these impact craters, to 
actually go and find the exposure to make up the 
jigsaw, the person-years involved is huge. But I 
would say, yes.  
 
Gibson:  I guess one of the problems in Vredefort is 
that you are going through a 15-km layer of target to 
start with, before hitting the crystalline basement. In 
the gold fields around Vredefort you do find layer 
parallel zones of pseudotachylite up to about 60 
meters thick. So they are there, but I think they are 
being deflected into pre-existing parallel 
orientations. 
 
One of the key things here is that what we need to do 



is more field geology of impact craters. We need 
detailed maps of impact craters. And there aren’t 
many geologists working on the geology of impact 
craters. If you try to get money to go out and do field 
work, it is not that easy. It may be easier to ask for a 
million dollars for a piece of equipment that does 
some fancy analysis and get it. The amount of people 
working on detailed mapping of impact structures is 
very tiny and we need more of that. The question is 
how do you get funded to do it. So an answer to your 
question is:  more work needs to be done at 
Vredefort. I believe some thick pseudotachylites have 
been found way out in (some proprietary) drill core. 
As for Chicxulub, I think that geophysics would 
indicate that there are major fault systems with large 
displacements. We’d love to drill one to find out if 
there are pseudotachylites. That would be a good test. 
 
Melosh:  Can I make a comment about 
pseudotachylites? I am really confused about 
pseudotachylites. I thought I knew about them by 
reading Sham paper and so on; then I visited them in 
South Africa, and realized that my mental picture is 
completely at odds with what was actually in the 
field. First of all, pseudotachylites are volumetrically 
trivial, compared to everything else. You can mostly 
find thin veins. The pictures that you and other 
people show are in quarries basically targeted at 
large accumulations. But if you average over a 
region and ask:  How much of this melt is there? It is 
absolutely trivial and it is hard to believe that that 
can cause fluidization or fluid behavior of anything, 
because they are less that a tenth of a percent of the 
volume of the rock. Furthermore, there is a 
mechanical problem with the pseudotachylites and 
with this whole idea of friction melting. That is if you 
take a zone and you slide it, indeed you get a force 
time distance, it gives you the energy dissipation, but 
as soon as you develop melt along a plane, it 
lubricates it and you lose your shear stress and you 
cannot melt anymore. I think in looking at the melts 
there, and my experience is not as much as Roger’s 
or yours, my impression is that in these zones there 
are very thin veins that may actually be the sliding 
surfaces along which friction melt occurs and that 
melt, which is very fluid, then flows out and fills up 
adjacent pockets and voids. And the thick 
accumulation that we see are pockets fed by sliding 
in the very thin veins that are adjacent to them. 
 
Ok, firstly about fluidization, I am not suggesting that 
pseudotachylites are responsible for fluidization. I 
agree with you in the sense that they are 
volumetrically small compared to the rest of the rock 

mass. What that indicates to me is that deformation is 
discrete in terms of that stage of the cratering 
process. We are not looking at bulk behavior we are 
looking at discrete behavior on fault-related type 
planes. I think the notion that once you get melting 
you do not make them any bigger, therefore they 
have a finite size assumes that you have a perfect 
system with a beautifully planar system. There are 
asperities and all sorts of complexities on one of 
these planes and you may be generating melt in one 
place and then because of a huge asperity, ripping 
that off and make huge boulders some of which 
would be the size of this room. Some of the fault 
scarps on collapsed wedges on lunar craters are 
several kilometers; that is a catastrophic failure, 
where you are going to get rubbles and angular 
pieces, asperities. So I do not think that is going to be 
just a matter of lubricating and then it just slips away 
merely, because it is not just a smooth plane. It is 
going to be curvy planar with asperities. So the idea 
that there is time and a pure system for feedback so 
that the melt can lubricate it to stop any more friction 
I thinks works in the lab but I do not think it works 
on a real slipping surface.  
 
Gibson:  Can I just add to that? In Vredefort Uwe 
Reimold did some measurements a few years ago and 
indicated that at least 4% by volume of the rock in 
Vredefort, which is about 80 km in diameter, is 
pseudotachylite. 
 
Melosh:  Is it just in the collar or is it averaged over 
the whole thing? 
 
Gibson:  That is an average over the entire 80 km 
diameter central uplift. Now, the other thing John, I 
also have a bit of a problem with the S-type 
pseudotachylites acting as a nucleation surface for 
some of these large E-type zones because of this issue 
of lubrication. But the point is:  you are indicating 
voluminous pseudotachylite rings outside of the 
shock zone. I’ll be talking a little bit about this 
tomorrow, but the bulk of the shock effects are 
confined to the vicinity of the central uplift. Now I 
know in Sudbury it is difficult to see that, where the 
central uplift actually is. But in Vredefort we have 
got a very clear central uplift and these big 60 m 
wide zones are another 40-50 km beyond that. There 
is not evidence of shock in those rocks, so these 
things have be some kind of friction-related feature. 
 
Yeah, I agree. I would want not say that E-type 
require S-type to form. In the inner zone where you 
have a high shock, they can evolve from the S-type. 



Further out from that I agree, they are just frictional 
gravitationally-driven fault systems. 
 
PANEL DISCUSSION (Holsapple, Spray, 
Pierazzo, Ahrens) 
 
Zellner:  I have a question for the geologists and then 
for the modelers. How often do you find tektites in 
fields that have a homogenous versus heterogeneous 
composition, and what does it tell you related to the 
stratigraphy of the crater. And for the modelers, how 
easy is it to model that?  
 
Spray:  Well, maybe there is somebody in the 
audience who can address that better than me. 
Tektites:  we have not done much work on those; we 
are starting to look at them a little bit. I think that is a 
great area to do some research in terms of 
recognizing different composition. Somebody who 
has worked on the Ries perhaps? 
 
Ahrens:  I have a comment on it:  I think that the 
tektites and the impacts melts have two things in 
common. I think the tektites are more extreme 
versions of impact melts. One of the things that are 
very striking of the Manicouagan impact melts, as I 
understand it, is that it is a very good average 
composition of quite a range of basement rocks that 
the impact structure occurred in. I think what that 
indicates is that the turbulence in the melt during 
excavation and fall back of the melt was very violent. 
I don’t think that is a part of a calculation that we do 
very well, because it is small-scale physics, involving 
viscosity that we know our calculations do not model 
faithfully. So I think there is a very violent mixing 
occurring, which we do not really calculate in any of 
the calculations with any precision. I think the 
surface materials that the tektites are supposedly 
representing, for example the Moldavites form the 
Ries crater, they are supposed to be surface sands that 
were at the impact point at the Ries crater. I think that 
there we have another very, very extreme turbulent 
mixing of that material, yet it is surprisingly 
homogeneous, and they have occasionally a small 
fragment of a possible projectile material. You know 
there are Fe-Ni spherules in them and I believe 
someone discover a cohesite bleb in one of them a 
number of years ago. So I think generally then the 
impact melts are a range of turbulent mixes and the 
turbulence part is poorly described by any of the 
present family of calculations. 
 
Pierazzo:  Natasha Artemieva will probably address a 
little more of the work she has been doing on tektite 

formation and evolution from the Ries, but yes, it is 
not an easy process to model, especially to get the 
ejection of the tektites. You get material ejection and 
in a hydrocode you model it as a continuum; but then 
you have to go from the continuum to the discrete 
case and some other physics is coming into place. 
You have to add a lot more to the model, and at a 
certain point it is not important anymore in the 
hydrocode. You have to shut off the hydrocode and 
got with this stuff that has already been ejected and it 
breaking up and it is trying to move through the 
atmosphere. It is a whole new set of problems that we 
are encountering that is beyond just the impact 
cratering process itself. Work is in progress. I think 
we will be doing more and get farther with that but it 
is not directly connected with impact cratering where 
you can determine melting, how much melt you get 
and what is the region that is melted at a certain level, 
but from that on there is something else that is 
coming into play. 
 
Hörz:  I want to follow up on the question of melt 
homogenization. Tom you sort of say, basically, you 
cannot model it due to certain pixel size because of it 
is a small scale turbulent phenomenon, but I think by 
and large the melt sheet are an average of rocks that 
are hundreds, if not kilometers, if not tens of 
kilometers apart. If you add the population of clasts 
you really can demonstrate that they are tens of 
kilometers apart originally. So it cannot be just a 
small-scale kind of turbulence, it must be something 
that is much, much larger than the cell size.  
 
Ahrens:  Yeah, I am very impressed by that too. That 
was my point about Manicouagan:  it looks like you 
took samples over a hundred kilometers, put them in 
a big bucket and violently mix them, and that is what 
you got as a melt sheet. 
 
Hörz:  But that is not just Manicouagan. It is typical 
for most melt sheets. There are some exception, but 
that is the rule. Especially if you look at the clasts 
too, that are in the melts. You can demonstrate where 
they come from. 
 
Spray:  One thing with regards to the tektites that I 
think is important:  More work needs to be done 
correlating the tektite composition to the layer 
stratigraphy of the target source. So, is indeed the 
initial target material contacted the most far flung, for 
example, tektite material? Or does that form its own 
discrete area of distribution? Or the lowermost layer 
then is the one above that, the layer in the target 
beneath it laid on top with a different composition? I 



think more needs to be done on that. Perhaps that is 
what you are alluding to? 
 
Ahrens:  But I think one of the characteristics of 
tektites is that they are really very homogenous and 
there is not a special distribution of Chemistry as far 
as I know. For example, just recently we learned that 
the Chesapeake Bay impact crater probably made the 
North American tektites strewn field, and it is 
amazing to think about an impact into the 
Chesapeake Bay producing tektites that are the same 
composition all the way from Martha’s Vineyard 
down to Texas, which is, I guess, their range. 
 
Pierazzo:  I remember actually asking Dieter Stöffler 
the question:  Do you have any change in 
composition for the Moldavites? I was wondering 
more about the composition with distance from the 
crater; something that is falling earlier is 
compositionally that much different or does it have 
any difference at all from something that went much 
farther away. And he did not have an answer, so I do 
not think that they were really looked at with that 
intention. They were not looked at systematically to 
try to understand:  Do you have this kind of 
compositional differences? They were probably 
looked at as a global, and looked at the range of 
compositions, but never, I think, they had this kind of 
connection (with distance from crater). So I think 
there is still a lot that can be done, just 
observationally, by looking at the tektites to try to 
understand where they are coming from, where they 
are going, and what happened to them. 
 
Koeberl:  As somebody who has worked on tektites 
for over twenty years, I think I have a little comment 
here. Tektites are not as homogeneous in composition 
as people want to think. In the Australasian strewn 
field, for example, macroscopic tektite composition 
ranges from about 62% SiO2 to 85% SiO2. We have 
different groups of tektites. Trace elements 
compositions vary by orders of magnitude between 
different samples. If you want to add microtektites to 
the picture, you have major elements compositions 
vary by factors from 2 to 5. So what you are looking 
at maybe is:  If you have one sample, that is 
reasonably homogeneous, unless you start looking at 
the micrometer to some like 10 micrometer scale, and 
even then tektites get heterogeneous. So, I don’t think 
tektites, for one, can be called all that homogeneous. 
The second thing about the stratigraphy and the 
distribution of where the tektites come from, I think 
we are fairly sure by now that tektites have to come 
from the top of the target surface. And I am going to 

mention a few problems associated with that 
tomorrow in my talk. One of the pieces of evidence 
that we have that in fact there is a relation between 
the distance of the ejecta and the target stratigraphy, 
as John just mentioned or asked if there is such a 
thing, is yes, there is, and we have data to show that. 
That has to do with cosmogenic radionuclides, for 
example 10Be. Muon-Nong type tektites in the 
Australasian strewn field have the lowest 10Be 
content of any of the Australasian tektites, which 
meant they were deeper down in the target 
stratigraphy. If you go to Australites, those that have 
flown the farthest, they have the highest 10Be content, 
and those were the closest to the surface. It is not that 
clear compositionally simply because we are not 
quite sure how thick that layer was. It was probably 
only a 20 meters thick layer or so that got melted up 
and blasted away to form tektites. So they do not 
come from very deep down into the crater. They come 
from very close to the surface, but even then we have 
some handle on the distribution of the target 
stratigraphy.  
 
Ahrens:  We don’t know the crater still, right? 
 
Koeberl:  We don’t know the crater yet for the 
Australasian strewn field. My best guess is it is 
hidden underneath the Mekong river delta, because 
of extreme sedimentation rates there. 
 
Newsom:  I want to make another comment about 
melt homogeneity and heterogeneity. In melt sheets, 
in some cases, one of the processes that has not been 
discussed this morning is sliding of the melt sheet 
back down into the crater, and homogenization 
occurring from that. For example, at the Ries I think 
we have a doubling up of melts in the drill core. So 
this is another process. Of course, one of the things 
that need to be done is to model how fast we are 
going to lose that transient cavity versus the response 
of the melt sheet flowing back down during the 
readjustment period. But that readjustment of the 
melt in a large structure means that melt is going to 
be moving around a lot, after the formation of the 
structure. I think we do see evidence for that, and I 
think it was one of the reasons why people argued 
against an impact origin:  They thought they saw 
inter-fingering and time relationships among melt 
processes and they were thinking of Meteor Crater. 
 
Dence:  I want to add more to the melt story, but first 
I want to ask Keith a question. As it will perhaps 
become clearer tomorrow, I see differences as you go 
up in scale from smaller craters to larger scales in 



terms of the effect of the shock waves and the 
fracturing process on the size of the transient cavity. 
So the question is in part is:  Can you say anything 
about the change of strain rate with size? Is this a 
factor?  
 
Holsapple:  I do not think it is a factor in melt, 
because in modeling of course we do not have a 
strain effect on melt; we have equilibrium throughout 
the melt. 
 
Dence:  No, I am not talking about the melting, I am 
talking about breaking up the crater, fracturing it. 
 
Holsapple:  Well, let me answer what I thought you 
were going to ask, and maybe that was part of your 
question. There is definitely a scale effect, because 
we know that the melt is all enclosed and the volume 
of melt has to depend upon the volume of the 
impactor, to a first order, while for the crater that is 
not true. So, as you go to increasing sizes that 
predicts then that you should get increasing 
percentage of melt, because the crater is effectively 
smaller compared to the melt. The crater moves in 
because of gravity and the melt is not affected by it. 
Certainly, we should see a difference in the field. We 
should see a larger percentage, going to a few % for 
small craters up to, based on field estimates, 20% for 
the larger craters. Amazing. It is also true that the 
small ones act fast, so in terms of any strain rate 
effect on strength the big ones act effectively weaker, 
but generally there the strength does not matter very 
much, because they are out in the gravity-dominated 
regime. 
 
Dence:  Well, perhaps we should wait until 
tomorrow, where I have a chance to discuss what I 
see. Certainly I agree with regards to the melt 
proportions going up, but also it seems to me that 
there are more factors than that, involving the way in 
which the shock moves through the target material 
and breaks it, in the course of this Grady-Kipp 
fracturing process that goes on. That also changes 
with scale, and I wonder whether there are strain 
rate effects here with size. 
 
Holsapple:  There are strain rate effects, but I don’t 
think it plays much role in the melt. The melt all 
happens even closer. 
 
Dence:  No, below the melt. I am wondering beyond 
the melt stage, with the shock wave acting at a few 
hundreds of kilobars now, working on the rock and 
breaking it up, being less effective at larger craters, 

relative to the shock pressure experienced by the 
rock.  
 
Holsapple:  I am still not quite sure of your question, 
so maybe we should talk about it more tomorrow. 
 
Osinski:  I just wanted to throw in another 
complication to the melt story, I think. I have been 
looking at the Ries impact crater as part of my PhD 
studies. Doing an analytical SEM study I recognize at 
least four different compositional types of glasses and 
maybe even more. So it looks like there that 
individual target lithologies are melting and not 
mixing. Even individual melt particles can range over 
10 weight percent silica. 
 
Da Silva:  I did a lot with melt homogenization in 
volcanic systems. One of the problems we find is that 
it is very difficult to homogenize and mix melts of 
different viscosities in very shot periods of time. So 
my question to the impact modelers is:  Does the 
relative viscosity difference between melts generated 
from a heterogeneous target not matter on the time 
scales we are talking about, and what is the time 
scale of the melting and homogenization that we are 
talking about? 
 
Ahrens:  I can tell you for sure that there is no way 
that we are even close to doing two liquid 
compositions. What we know occurs upon melting of 
rocks, where you can melt and get two different 
liquids, we cannot begin to model that, much less the 
homogenization of it. There is no intrinsic viscosity 
that we put in as a material property in any of these 
calculations; the viscosity that is used is just to keep 
the calculations stable. We are years away, I think, 
from describing what undoubtedly does occur, that 
you have very violent flows and the interfaces 
between different materials break up unstably and 
you get mechanical mixing as a result of that, and 
later possibly chemical homogenization. We are 
years away from ever doing that even for systems 
where you have rock and melt; we are not even 
calculating in any reasonable accurate way what you 
might consider a pseudotachylite breccia, which we 
saw many pictures of today. Our calculational 
methods just put melt and solid in a box, we may not 
even be able to keep track of those average properties 
after several rezonings. I think your point of what is 
observed is very interesting, and it just shows that we 
have a long way to go in the modeling.  
 
Pierazzo:  I would like to make a remark. Keep in 
mind what Jay was saying at the beginning of his 



talk:  You cannot model the big, hundred kilometer 
size impact, and at the same time model the little 
micro veins or the little breccia structure. We are 
limited in the modeling by the cell size. In the cells 
we can have more than one material, you can have a 
cell with mixed materials, but what is going on 
inside, that is something that you cannot model. That 
is the limit of what you can do:  It is a modeling an 
average behavior of whatever material is in that cell. 
So what Tom is saying is right, that we are far away. 
Sure, if we in the future will have these monster 
computers that will allow us to model with a scale 
down to a meter or centimeter, then maybe we may 
be getting to the point where we can actual begin to 
model that, but right now we cannot. 
 
Melosh:  Let me make a comment, though, on this 
business of the mechanics. There are areas where 
brains can go and computers dare not tread yet, and 
that has to do with this modeling. A lot of the 
misunderstanding of tektites, and their many puzzles 
like their water content, comes from trying to 
compare them to things like volcanic melts. In a 
volcanic melt or in a glass-making operation, you 
take some silicate, you warm it up, and you make the 
melt just barely above the melting point. Remember 
that in these impacts the temperatures of the melts 
are much higher; we start out with vapor, and the 
melts we are talking about are all superheated, and 
they are much hotter than normal volcanic 

experiences. So they behave in a different way. As 
you know, the viscosity of silicate melts depend 
exponentially on the temperature, after you get above 
the liquids. As a result, if you go up a few hundreds 
degree centigrade your viscosity drops by a factor of 
a thousand or tens of thousands. These are very 
runny melts, compared to anything that we are 
experienced with volcanically, and melt mixing is a 
possibility in this case. 
 
Da Silva:  I suppose. Three simple questions:  First 
of all, there seem to be some disagreement on 
whether tektites are homogeneous or whether they 
are heterogeneous. Second, what is the time scale 
that all this homogenization has to happen in? Third, 
to Jay is:  Do relative viscosity differences not matter 
at the temperatures that we are talking about? I 
agree that they are really runny, but there are 
relative viscosity differences related to different 
compositions. Do those not matter at the 
temperatures that you are talking about? 
 
Melosh:  Relative viscosity difference can play a role 
in mixing. If you have to fluids with different 
viscosities and you deform them, you get all kinds of 
instabilities.  
 
[end of tape] 
 
 

 


