Part I – Bio
Hello everybody my name is Whitney Cobb and I am with McREL, Mid-continent Research for Education and Learning, and as a part of McREL, we do a lot of work with education and public outreach with several different Discovery missions, and it is my delight today to introduce Dr. Michael Zolensky.  Raised in up-state New York, Mike received his undergraduate degree from New Mexico Institute of Mining and Technology and his doctorate in Geochemistry and Mineralogy from Pennsylvania State University.  Hired by NASA in 1985, Mike has been based at Johnson Space Center in Houston ever since.  Mike’s most current work includes research on solar system materials and processes.  He is a NASA Associate Curator for Stardust interplanetary dust and space-exposed hardware.  Mike is also co-investigator of the Stardust Discovery mission and on the sample analysis team for the Hayabusa mission.  Among his many accomplishments, Mike has authored more than 600 publications with amazing titles.  One is Petrographic, Chemical, and Spectroscopic Evidence for Thermal Metamorphism in Carbonaceous Chondrites, and another is Extraterrestrial Water.  Mike has led or participated in meteorite-recovering expeditions on four continents. He’s leading efforts to locate and characterize aqueous fluid inclusion in meteorites, and last, but not least, has an asteroid named for him, 6030zolensky.  So without further ado, Dr. Mike Zolensky.

Part II – Previous Understandings
So I’m actually a mineralogist, not an astronomer.  I didn’t start out being a planetary scientist, I think, actually, I did my research on nuclear waste disposal in grad school, so I kind of got into this from a back direction.  I have one zillion slides to show so what I’ll do is zoom through many of these slides quickly, mostly dwelling on some of the text slides but if you have a question, please put it in the chat window and occasionally I will stop and try to get through those.  Basically, we know that there are dust and small objects orbiting many stars in the galaxy, and this is an image of Beta Pictoris and its mass field to the stars.  What you can see is that the colors indicate that there are small bodies orbiting this other star just as there is our own Sun.  This cartoon in slide two shows what’s going on with the fact that we see comets.  There are short period comets and long period comets.  The evidence is that there are several reservoirs of icy, dirty, dusty objects orbiting the Sun, some of which were in place for the entire 4.5 billion years of our solar system’s history and some whose orbits have evolved quite a bit.  The upper part of the slide shows white, dusty fields of Kuiper Belt objects which are orbiting the Sun.  Pluto is one of the larger objects.  These are out beyond the giant planets; they are almost within the ecliptic plane, but not quite, and these are probably the source of the short period comets like the ones these missions have gone to.  Well beyond this, 10^5 A.U. away from the Sun, there is this spherical cloud of comets, which is hypothetical still, called the Oort Cloud.  I think of it as a hollow basketball around our Sun.  This is the source of the long period comets, which we will not be visiting for any time soon for any mission because they are just too hard to get to, and they appear too sporadically around our Sun.  We actually think that these were originally formed amongst the giant planets and were scattered out into what is now the Oort Cloud by the formation of Jupiter and other large giant planets.  It’s really the Kuiper Belt objects and the short period comets that are perhaps the least processed.  There are still basically in place, where they formed, we think.  Of course, we could all be wrong.  We will see. 
So now we have in the last two years actual images of nuclei of comets.  Here we see Borelly on the right and Halley on the left, and the cool thing is that they don’t all look the same. People thought comets might  be very boring objects, just smooth, little, rounded objects, perhaps with a few jets of dust and gas coming out of them.  That’s wrong.  One thing that we’ve learned, these are all quite different objects all with their own often very complex histories. 
This slide shows our previous understanding of comets.  We’ve known that they are a combination of dust and ice for a long time.  The thinking was that these things might actually be mostly interstellar materials, perhaps captured from other solar systems, perhaps just primordial_ dust and ice from interstellar or environments from other stars.  We didn’t know this.  Based on spectroscopy of dust of other stars, we thought that perhaps comets consisted of amorphous materials, materials without definite crystal structures, maybe partially crystallized by a little bit of heating around the stars, maybe some circumstellar dust partially crystalline by annealing.  Maybe the dust would prove to be mostly amorphous glass, like you have on your car window.  We also thought that probably these grains would grow at low temperatures for the most part around stars or near-star space, or in giant intergalactic clouds.  So our thinking was that these grains might consist entirely of amorphous material, very poorly crystal material, perhaps from interstellar material or other solar systems - not from our own.  We’d probably see low temperature phases, lots of organics, really cold things than formed in really cold environments.  It turns out that all of these things are wrong, and so our picture of comet dust has completely changed, just in the last ten years – really just the last five years. 
We also thought that perhaps nuclei would have very few significant features and be very geologically boring.  Based on what we saw at Halley, there would be very few jets operating at one time, and that was also wrong.  We also thought that since the dust is coming out of these jets, once the dust gets away from the comet, it slows down; probably the dusty cloud around these comets would be homogeneous.  If you say you’re trying to pass through dust by passing through a comet coma as we did for Stardust, you would probably catch dust all the way through, like traveling through a cloud of smoke or something like that.  That was also wrong. In fact, if we’d known that was wrong, the Stardust mission would have been considered much more dangerous, might not have even been approved.  It turned out that the dust we got on the Stardust mission was mostly from just a couple of jets and in a lot of the passes through the coma, we collected no dust whatsoever, which was a big surprise to the engineers.  
So let’s talk about the Stardust mission now. This was the first sample return mission launched from the Earth to another object since the early ‘70s, when we had missions to the Moon – the Apollo missions and the Russian or Soviet missions to the moon in the early ‘70s.  Nothing was launched again until the Stardust mission was launched in 1999.  Almost 30 years of no sample return missions.  So we had this mission, Stardust, made possible because of several things.  One, we had a way of collecting dust from the comet.  We used silica aerogel - you all know about that.  It is also very hard to get close to a comet long enough to do anything because it’s traveling so fast and it’s usually not in the ecliptic plane.  The spacecraft was lucky because there was this one comet, comet Wild 2, which happened to have had a close encounter with Jupiter back in the ‘70s and was swung into a new orbit, which was much more available to get to and was also very close to being in the ecliptic.  So it was a comet that was fairly easy to get to with a low encounter velocity, relative to most comets, and that was only possible by this close encounter it had, which is shown in this diagram here.  In the diagram, the planet orbits are in white, and you can see there’s two orbits, one in yellow, and one in red, which are the previous and the current orbits of the comet Wild 2.  The yellow/previous one was taken way out beyond Jupiter and into the orbit of Jupiter, so it’s a Kuiper Belt object.  The red orbit is the orbit it took on soon after it had a really close encounter with Jupiter back in 1974.   So, comets’ orbits are always evolving; that’s why these missions are always dicey propositions, and this one evolved quite dramatically over one close passage.  It wasn’t torn apart like Shoemaker-Levy was, but it was pushed into the new orbit very close to the Sun.  And also, these orbits are constantly evolving, which is the reason why these couldn’t evolve back out again where it was before, and maybe it’s done that.  There’s evidence from the mission that perhaps it’s been in and out of the solar system numerous times in the past. 
Here’s what we really thought of the nucleus.  The nucleus of comet Wild 2 didn’t resemble any of the objects we’ve seen in the solar system.  Instead of being really boring and featureless, it was, in fact, really interesting and very active.  It is still argued about.  It looks like there’s abundant impact craters on this comet.  Again, that’s a big mystery because most people think that comets are for the most part far enough from the Sun that they don’t encounter anybody else for a long time, and they shouldn’t accumulate impacts, even over the length of the solar system’s history.  But this object’s covered with circular features that sure look like impact craters so people still argue about that today.  The presence of these impact craters suggests that the evolution of these comets is not all we thought they were.  Also, Wild 2 had at least 22 active jets going on when we passed by it, which is an order of magnitude more than we thought we’d see.  Again, the engineers who planned the mission had counted on a couple of jets as a potential hazard to the spacecraft, but 22 jets is an awful lot.  If the review panel had known about this ahead of time they might not have approved the mission. They might have thought it would be too dangerous a place to visit.  Also we found that the dust is extremely inhomegeneously dispersed in the coma; it’s really randomly distributed, mostly concentrated in very well-columnated jets.  The dust in these jets is coming out like a shotgun from some place within the comet – being pushed through the little hole of the surface and coming out as very highly columnated stream of dust and gas.  This was totally unexpected, I think. 
Slide 9 shows the best image of Wild 2.  The mission had a camera on board and the main purpose of the camera was to miss the comet.  The idea was to pass pretty close to get dust and gas, but not hit it.  It wasn’t really intended to be a really great imaging of the camera.  I wish we’d gotten better pictures, but here’s what we got, and it’s really fabulous, and you can see it’s better than being a featureless object like a cue ball or something.  It’s extremely busy.  There’s a lot going on there. For instance, there are pinnacles, just like in some of these movies with Bruce Willis, this comet was totally covered by up to 100 meter tall pinnacles, like porcupine spikes.  One shown here, is a rather dark feature in fact, was like a radio tower, and if you do 3-D imaging of the nucleus, you can see these cover the nucleus entirely.  There are 10s to 100s of these all over the nucleus. 
There are also faults.  I was totally surprised to see normal faulting on the surface.  These haven’t been reported on any other comet yet.  There are cracks viewed on the right, lines from left to right; these are blocks that have dropped down into one of these depressions on the surface.  We probably have removal of material from the interior by jetting, and you have cavities produced below the surface.  As small as the object is, just a few kilometers across, there is enough gravity to cause these open areas to collapse and fill in like sink holes, and so there is actually normal faulting going on in the surface. 
We also have landslides, shown by the arrows, which you can see much better in 3-D.   The walls of these deep slopes and depressions are constantly caving and filling in and new depressions are being made.  So this is a very active surface.  No one expected that, I think.  If you compare the nucleus of Wild 2 to all of the other comets we’ve seen (Tempel 1, Borrelly, and Halley), they’re all quite different from each other.  They are all distinct looking.  They are all different worlds with different evolutions.  This is a big surprise to most people, I think.

Part III – Sample Return
The reality was that for the nucleus of the comet, it was very different from what we expected to see.  Even on the new comets, even Tempel 1, you can see very different processes going on there that weren’t seen on Wild 2, and so each comet’s a different world, and observing and quite a bit of study shows you that just visiting one comet just isn’t enough; you’re not learning enough from that.  It’s like visiting one planet in the Solar System.  They are all quite different objects with their own mysteries and their own things to tell us about the early history of the solar system. This is a sample return mission and that’s what I do - I analyze samples in the lab.  I’m not an astronomer.  So for me, ground truth is really having a sample of an object in the lab where you can make measurements of it.  You can compare these to the astronomical spectra you have, which enables to you to leverage all the astronomy you have on an object with ground truth, but also if you have samples on the ground, you can make more detailed analyses of things than you possibly can on a spacecraft.  You can repeat analyses.  If you get a strange result, you can go back and try to figure out what you did wrong or if it really is a real result.  People can repeat your experiment to see if they can get the same result.  But also, our grandchildren have these samples to look at in the future.  So years later when we’re gone our descendants can analyze these samples and learn what we didn’t learn now and when new questions come up, they can address them.  I have a few slides from the actual samples we brought back from the comet, and what the reality is of the comet, and the reality was that we thought that perhaps comets formed out at the edge of the solar system and the only contained materials that formed there are perhaps there or in interstellar space.  And that was wrong.  This was a combination of everything that was forming in the early solar system - materials from next to the Sun, materials from mid-part of the solar system, materials from the very edges of the solar system, including presolar and interstellar materials.  Far from being mainly presolar or interstellar material, this comet’s mostly home-grown.  There is a sprinkling of presolar stuff mixed in, but 99.999 percent of the comet that we’ve seen so far is from our solar system.  In distinct contrast from the results from Tempel I, we’ve seen no evidence at all for the presence of liquid water ever on comet Wild 2.  Other minerals we’ve seen in the lab, except for maybe one grain appear, to have formed in liquid water.  Of course, that could change in the future; you might see that we find a few grains that form that way.  After five years of analyses we’ve seen maybe only one grain, which means that liquid water was certainly not an important factor on Wild 2. 
I have one question: what might mechanism be for the faulting?  And again, I’m thinking that you have removal of material from the subsurface through vents, and cavities form below the surface, and this material crashes in by gravity.  And as small as these objects are and as low as gravity must be on them, it’s enough to make these weak surfaces with just materials of ice and dust to crash in and form these faults.  It hasn’t been observed or noted yet on other comets, but they certainly are present on Wild 2 and the picture I showed wasn’t that convincing, perhaps, but if you use a 3-d stereo viewer, you can see this fault very well.  The blocks are rotated.  It’s really pretty neat. 
I’ve mentioned already that rather than just having material from the very edge of our solar system where comets formed, the dust that’s in them came from everywhere in the early solar system.  The first evidence of that was in one grain we found in the aerogel, which contains very very high temperature materials.  That’s shown in these next few slides.  It’s refractory material like you’d find in fire brick on your fireplace.  Before I go on, I’ll describe that these grains that we captured from the comet were very tiny, all less than 50 microns in size, for the most part less than a few microns in size.  And the analyses for getting data from such small objects may seem very difficult, and they are very difficult, but it’s very rewarding.  You basically take a grain.  There are all kinds of analyses you can do separate grains.  You can then embed a grain in epoxy and then slice it up using a diamond knife like you’d slice bread and then farm out these slices to labs all around the world and do things like look at them using a transmission electron microscope.  You can use a SIMS – an ion microprobe - to look at the isotopes in the sample that tells you about how the grain formed, and where the atoms came from and how they formed.  You can look at organics in the sample - all of these things from a single little 5-micron grain.  So doing that, we’ve learned an awful lot about these samples in just a few years.  One grain here, shown on this slide, this is a grain that has been mounted in epoxy.  It has been partially sliced away.  This is an exposed flat surface, looking at it in a scanning electron microscope, and the different minerals are here shown with the arrows, and the main thing is all of these minerals were formed at very high temperature phases.  They require over 1000 degrees C to form, which is a big surprise, and those must have formed next to the Sun. 
One grain, that the next slide shows, a little bitty 25-nanometer dark grain in the center of vanadium nitride, which is an extremely refractory phase not even found in meteorites in fact.  This must have formed right up next to the Sun.  This diagram on the left is showing just a little grain of titanium vanadium nitride called osbornite, and on the right are some diagrams that show the stability where these minerals would form depending on the temperature, which is on the left, that is building up to the temperature in Kelvin, and on the bottom is a scale showing the kind of atmosphere, the kind of gas you’d have to make this grain stable.  So this tells us that this would have formed in a place where there is a lot of oxygen around because along the bottom you will see a C/O ratio of almost 1 and that pink field that says TiN (titanium nitride) in the middle is forming around C/O ratio of 1, which is an awful lot of oxygen.  This means there is a lot of gas around this environment.  To the left, you see there are temperatures are 1300 to 1600 Kelvin, which is a very, very high temperature.  This could only have been present very close to the Sun.  So this grain must have formed right next to the Sun and then have been tossed out, way out to the edges of the solar system where the comet formed, which was a big surprise for most of us.  Other surprises are in that same grain are little nuggets and this one shown here contains iron, nickel, ruthenium, platinum, osmium, iridium, molybdenum, and tungsten all in the same sub-micron-sized bit.  This has to be an extremely refractory nebular condensate.  This is a grain that was formed at the very dawn of the solar system. 
So the conclusion of the mineralogy of the comet is that we see a lot of very high-temperature materials that would have formed close to the Sun, but they’re presently in this comet.  How they got from next to the Sun out to where the comets formed way out beyond the planets is kind of mysterious.  Although the model may have shown how this might have happened, it is still very unclear how this might have happened. We have always known that as the Sun was forming, materials were flowing in from our part of the nebula in the disc into the Sun to make the Sun larger and forming planets along the way.  But we didn’t know that it was a two-way street - that materials can be tossed back out again. We didn’t know that.  Now we know that it had to have happened, only because we have these samples from the comet. 
So you might think – gee, did you have anything that was low-temperature in this comet?  Yes we do.  The mirror material is stuff we have from low temperatures.  For instance, this grain, here on the right shown in reflected light and in transmitted light down below, is a grain that is mapped out here.  It is called Febo.  On the left is a view again of a part that has been embedded in epoxy.  It has been sliced away partially to leave a polished sample, which has been observed in a transmission electron microscope.  On the right is a cartoon showing the mineralogy of this grain.  The large yellow area, most of the particle, is iron sulfide. In the blue, magnesium silicate, a very common mineral – pyroxene – is also in here.  The gray, the fine grained solar composition, that’s very interesting.  It’s very, very fine-grained, nanometer-scale dust material, and in there, if you look at it from high magnification, you can see carbon in the very fine grained material.  Arrows point to it on the far left side.  The bright material, where it says carbon image, those bright areas are carbohydrates and hydrocarbons.  We will see hydrocarbons – carbon-rich material – inside this particle.  The right is showing a transmission electron microscope image of a bit of this carbon to show you that it is a ring, like a donut.  So on the right, where it says 37, there is a little ring of white and again, the white is showing you where the carbon is in this image.  And the carbon here is taking the form of a donut.  And since this is a really thin slice of the sample, this is probably a hollow sphere - a shell of hydrocarbon that’s been sliced and we’re seeing just one slice through that so it just looks like a donut.  We have seen these things in meteorites before.  These are little hollow hydrocarbon globules. They are common in some really primitive meteorites and would have been falling on the early Earth or early Mars piling up in water and on the surface supplying a source of hydrocarbon to these early worlds. 
The next slide shows maps in the center showing nitrogen, carbon, and sulfur in this grain. The cool thing is the high concentrations of nitrogen shown in the middle where it says “C/N” – this was imaged using a secondary ion mass spectrometer of the same particle looking at the carbon.  It’s is also enriched in nitrogen. Not just that, it is enriched in extremely heavy nitrogen.  It is enriched in Nitrogen-15, which is a very heavy isotope of nitrogen, and is also enriched in deuterium, which is on the lower right showing the concentrations of the heaviest isotope of hydrogen – deuterium – in the same grain.  So the high concentrations of deuterium and nitrogen indicate these grains had to have formed at very low temperatures.  In fact, they could even have formed in our solar system; they would have had to have formed right at the edge of the solar system or perhaps in interstellar space in a giant molecular cloud.  So this little grain of carbon with its preserved very heavy isotope concentration of nitrogen and deuterium is a little preserved grain from the very dawn of the solar system, but at the very edge of the solar system, or maybe way out even into interstellar space.  And preserved in the comet is the entire history of the solar system without ever having been heated up because if it had been heated up at all, it would have lost these heavy isotopes of nitrogen and hydrogen. In the same few grains of comet dust we have from this mission, we have material that formed at the very edge of the solar system and material that formed at the very center of the solar system all mixed together in a big hodge-podge in the comet.  That was a huge surprise to all of us.  There is still one weird puzzle.  We have found some iron, calcium, and even carbonate grains in the comet that are really rare.  We have only found about 4 or 5 so far, and these are definitely from the comet.  As you may know, carbonates generally form in a liquid environment - liquid water, like in a lagoon, the Gulf of Mexico, something like that.  It can also be igneous material; it can form at high temperatures as well.  Those looking for signs of liquid water on a comet are heartened by the discovery of a few carbonate grains.  It is not clear at all how these carbonated formed.  But, if there were liquid environments in Wild 2 with liquid water, there certainly was not much of it, because all we have is this little bit of carbonate, which might have formed that way, but it might not have, as well.  Before that, people had thought that this comet could be mostly interstellar material, which is wrong.  The amount of interstellar material and presolar material preserved in the comet is very small.  We have only found less than 6 presolar grains of all that someone has looked at in the last 5 years.  The one shown here is actually a crater and a piece of hardware from the collector and the residue that’s being pointed to in red there - that’s shown on the next slide.  The scale bar is 200 microns, and the next slide shows a magnification of residue and in there is a little red dot, a map of hydrogen isocomposition.  Basically, the color has to do with the enrichment of very light oxygen unlike any you would see on the Earth or even in meteorites.  The red color indicates that this has a composition that is extremely unusual, quite different from anything you would expect to see in any kind of material from our solar system. This little grain that is shown in red here, this little red dot, is a little sub-micron presolar grain captured in this impact crater.  But the main thing is that most of the material that is in the comet is extremely normal for our solar system.  It’s only the rare bits like this, of which there are very few, that are actually presolar, or perhaps interstellar, in origin.  The primary results from Stardust: The rocky components of the comet formed all throughout the solar system – both inner and outer solar system, not just the outer parts.  The comet is not dominated by interstellar dust by any means.  A lot of the material is crystalline.  I mentioned earlier that we thought that perhaps comets are mostly amorphous material.  In fact, it is almost all crystalline material that’s been heated up. 

Part IV Interpreting Spectra
We have another comet mission from a couple of years ago, Deep Impact, which launched a washing machine-sized impactor into comet Tempel 1, a different comet – another Jupiter-family-class comet, assumed to be very similar to Wild 2, but the results were very different.  As you know, Stardust-NExT is going to Tempel 1 to image the crater made by the impact on the comet, and although the spacecraft didn’t make detailed measurements of the mineralogy of the comet, the impact from the comet was viewed by other telescopes.  One of these was the Spitzer Telescope, which is an orbiting telescope around the Earth.  This telescope was able to image the dust coming out of the impact on comet Tempel 1, and the spectra of that dust is shown here on the right as raw spectra, which look ragged.  The trick here is to take spectra like this and deconvolute peaks that are buried and mixed together in the spectrum.  That’s where all the art is.  Depending on how you do that, you get the mineralogy of the dust, and that’s done here on this next slide – they’ve taken this ejecta spectrum, and they deconvolute it into different peaks and try to figure out what those peaks represent, based on laboratory analyses of material which produce spectra, which you can hopefully compare to your astronomical spectra, like from the Spitzer Telescope.  And the problem here is that you can often have more than one mineral that make a very similar spectrum or give you some similar peaks, and so there is some art involved in figuring out what the mineralogy is of an object based solely on spectroscopy.  Speaking as an analyst of actual samples in the lab, we had better have a sample of this comet to look at. But, from Spitzer, we have some spectra of the dust from Tempel 1.  This last slide here shows at the top basically in white, these are the spectra taken by Spitzer Telescope of the dust coming out of Tempel 1, and then people have deconvoluted, or removed, the peaks from this spectrum to see what minerals might be making this kind of spectrum.  You take several minerals; you then put all of them together, and look at your results in the spectra.  If you notice differences, go back, change the mineralogy of your fit, and try it again.  You keep iterating different minerals until you finally get a fairly good match to the spectrum and you go back and look and see what minerals you have to add together to get to that kind of a spectrum.  You will also see strange things.  You will see plausible things.  You will see olivine, from the bottom here in blue, and pyroxenes – these are magnesium and calcium silicates - kind of in greenish here on the bottom.  Those are quite plausible things that can be definitely found in Wild 2.  You can also see smectite, which is clay you have in your backyard.  Carbonates are up on top in kind of a lime green.  You see lots and lots of carbonates, and lots and lots of clay, and that all implies a very liquid water-rich environment on Tempel I back when this comet was probably forming, which we did not see in Wild 2.  So if this mineralogy is correct, and there really is a lot of water-bearing clay on Tempel I, and an awful lot of carbonate implied by these special features here, it’s totally different than Wild 2.  We’re all wondering if that’s real or not.  We’ll see, but it’s certainly a reason for going back to Tempel I and taking a closer look; that’s for sure. 
Finally, the EPOXI encounter with Hartley 2.  Very recently, again, another world looked totally different, totally distinct from any other comet we’ve seen before.  Again, lots and lots of jets, a very active object. Lots of geologically different-looking features in the surface.  This looks like a contact binary, as you probably know, like the asteroid Itakawa that’s been sampled in the Hayabusa mission.  There’s no mineralogy for Hartley.  You can speculate how it might be similar to Tempel 1 or Wild 2.  We’ll just have to be wondering about this for a long, long time because we haven’t gotten any samples from there.  The important thing is that we’ve learned from the comets so far that they’re not at all what we thought they were, and even further than that, they are all different and so there’s good reason to go back and revisit these in the future and probably have more advanced missions that can land and analyze samples and bring more back. 
So that’s mostly what I had to say.
Questions? 
Outside voice:  “Mike we have the one question in the chat about the mechanisms for the fault.  Could you address that?”
Again, this is my own speculation, but we had very collumnated jets on Wild 2.  It’s the same thing I think, on Hartley.  That real columnated jet implies that the dust and gas are being launched not from the very surface of the comet, but from somewhere below, like in a rifle barrel.  It’s a mystery how you have ablation going on below the surface but it must be going on.  That implies that you’re removing material from the subsurface.  What probably is happening is the material that is being removed from the subsurface is being launched out as a jet of dust and gas going on for a long time, and over time, you basically form a subsurface hollow, a cavity, and although these are very small objects with very low gravity, I guess gravity is enough - it’s sufficiently high that if you make the surface thin enough, you’ll basically collapse down eventually and you’ll make a depression.  Here we have in these normal faults on Wild 2 – these blocks were caught while collapsing basically. You have several blocks that have dropped down en echelon; the top one is the lowest one.  Eventually these blocks will become featureless little landslide areas, and you’ll see the depression there on the surface. So there is basically a new depression forming on the surface, and it’s forming not all at once; it’s forming as the blocks drop down into it, and it landslides as it comes along and modifies that further.  I think that’s what’s going on.  So the cool thing is that this is a lot like geology you see on the Earth.  The field geologists on the Earth, we’ve got pictures to figure out instantly what’s happening.  So there are features like these pinnacles, which really are not found in the Earth, which are a big mystery, and there are features like these normal faults that perhaps can be explained quite easily by any field geologist. 

Part V – EPO
Whitney, you have a few comments to make about some of the E/PO that’s coordinated with some of these missions.  Would you like to talk about that please?
Sure thing.  Mike, thank you.  You brought up so many interesting new things to think about that I am a little speechless.  I really enjoyed it.  So at any rate, we were focusing on comets today, and I want to talk a little bit about the nature of education, public outreach for the comet missions, in particular, EPOXI and Stardust-NExT.  Last month John Ristvey spoke specifically to the Stardust-NExT mission to this group.  So I am not going into a lot of detail about that except towards the end because it is right around the corner and awfully exciting.  What we wanted to share out a little bit was the nature of the E/PO efforts that we have made.  Part of what we are wanting to do is unfold the story of the science and engineering behind missions in a way that allows diverse students and general public to be able to access this super, fascinating, cool science.  I don’t come home to my own family with some story without them questioning what’s happening and why it’s happening because even in a pretty well-educated public, there is so much that we do not understand.  So part of what we are wanting to do in E/PO is help bridge to that access to the complex science.  So in this particular case, we did a Comet Day for the Colorado School for the Deaf and Blind.  We are actually working with students with visual impairments of some kind here.   
This is a Nugget slide from our Comet Day from the Colorado School of the Deaf and Blind working with visually impaired students.  What we really wanted to try to do for them is unpack the underlying science.  They had multiple opportunities to engage in hands-on tactile opportunities to understand not only the anatomy of a comet and what our different speculations are about its composition, but also about the nature of its movement. We had Allan Cheuvront of the Stardust-NExT Spacecraft team at Lockheed Martin. He came down and spoke to the kids for a period of time. The next slide there is a child who is - actually we had four tents that were helping students understand the night sky.  Of course, if you can’t lie on your back and see that night sky then you won’t have the same kind of sense for space science and astronomy in general.  She is experiencing that and then a variety of opportunities for kids to be able to have the model set bridge into a more abstract understanding of the nature of comets.  That kind of school-based event is a part of what we do.  Another part of what we love to do is a lot of teacher education opportunities.  This is one at the Denver Museum for Nature and Science.  Exploring Small Worlds is focused on comets and asteroids.  We had a variety of our partners that were able to participate in this with us. 
Don Yeomans came to speak and gave a nice, general impression of why we should be caring and understanding about comets and asteroids.  We had a variety of activities at every grade level.  We had an equal mix of middle and high school and elementary school teachers so we wanted to have a spectrum of different opportunities for teachers to engage in materials they could bring back to their classrooms that would help kids appreciate the science behind it.  We also worked with a participant from the Space Science Institute’s National Center for Interactive Learning.  They’ve developed a new small museum interactive called Great Balls of Fire, so they got a chance to do that.  Here’s another outreach at a public library working with families in a variety of both presentation and kids’ pieces.  One example of one of the activities we have is Extreme Navigation. A lot of times kids perceive, and this isn’t just kids, this is actually adults as well, they perceive that when a spacecraft launches it pretty much goes straight up.  It seems to go in an arc, but the whole idea that its trajectory on its way to its destination, that that is in orbit around the Sun, is sometimes novel. Extreme Navigation helps students outside.  They build an approximation of an elliptical comet orbit.  They have the Sun, they have the Earth rotating counter-clockwise around the Sun and sitting on its axis and they launch the spacecraft and they try to have that spacecraft rendezvous with the comet.  That helps them understand some of what it is that is underlying the science behind the mission. 
[bookmark: _GoBack]Finally, heralding the Stardust-NExT approach next week has a few pieces here. There’s the Stardust-NExT website here.  How to watch?  Eyes on the Solar System - you can either go to that just by Googling that or it’s also here on the Stardust-NExT website.  And then, for things to look for: last weekend, we did another educator training onsite at JPL that was also at Cornell and there were participants through the SEEC conference in Houston.  On the 14th there will be a kids’ event hosted at JPL.  You can see the events as they begin to unfold through February 14th and 15th.   Obviously through NASA TV, a lot of this will be live, and there will be images downloaded as they approach them.  You saw from Mike’s slide earlier that Stardust, the original spacecraft, Stardust’s main object was to keep from hitting the comet.  It was not about imaging the comet.  Of course, Deep Impact was an imaging mission; it was one of the major events - release that copper impactor and also gather images from that.  That spacecraft went on to EPOXI and got some gorgeous images from EPOXI, and with Stardust-NExT, we are full of great hope and expectation, even knowing that our camera is doing a new job, a job it wasn’t originally designed for.  We are waiting excitedly for what happens next week at flyby on Valentine’s Day.
