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Coordinator:
Excuse me. This is the Operator. This is a reminder today's conference call is being recorded. If anyone has any objections you may disconnect at this time. Mr. Brooks you may begin.

Shawn Brooks:
Good morning and welcome to the second half of the CHARM Anniversary Telecon. Today we are pleased to bring you Doctors Bonnie Buratti and Zibi Turtle. Dr. Bonnie Buratti will be talking first about recent results on Saturn's icy satellites.

She is a research scientist here at JPL involved in numerous missions, Cassini of course. She's also been involved with the New Horizons Mission to Pluto, with Voyager, Deep Space One. She received her Ph.D. from Cornell.

And her primary research focus is on the nature and composition of planetary surfaces, of bodies like Iapetus, Io, Pluto, Triton, Titan, and small comets. She's been quite a prolific publisher. So there are quite a number of objects she's written about and studied.

After Dr. Buratti, we're going to be hearing from Dr. Elizabeth, also known as Zibi, Turtle. She is a research scientist at the Johns Hopkins Applied Physics Laboratory. She, aside from being involved with Cassini, has also been involved with the Lunar Reconnaissance Orbiter and with Galileo.

She received her Ph.D. from the University of Arizona, and like Dr. Buratti she also studies remote sensing observations. She combines that with geophysical modeling of planetary surfaces of bodies such as Mars, Io and Titan, of course. And Titan is what Dr. Turtle will be speaking to us about today.


So, with that I would like to invite Dr. Buratti to begin her talk entitled “Cassini's Coolest Results for Icy Moons during the Past Year”. Bonnie, please, take it away.

Bonnie Buratti:
Thanks, Shawn. Is it at all possible to get, like, a rundown on the types of people that have dialed in? Is it mainly museums, or schools, or is there any way to do that? Just so I can pitch the talk to a specific audience.

Shawn Brooks:
There actually is quite a wide audience of people who dial in. We get pretty much all of the above. You know, we have people from schools and museums. We have Cassini scientists and engineers who are going to be on. So, you know, pitch your talk with that kind of person in mind...

Bonnie Buratti:
Okay, I'll pitch it for everyone in other words.

Shawn Brooks:
Exactly.

Bonnie Buratti:
Okay, great. Okay, thanks so much, Shawn. Thanks for organizing it. Okay, so let's move past the title page there and go on to the first page, real page, that is entitled Overview of New Results. And I'm going to talk about actually seven things that have happened over the last year. And I've divided it into two main categories.


The first thing is published peer review papers. These are projects that scientists have been working on. In many cases they've been working on them for a year, two years, or even more gathering data over nine years, so far, of the life of this mission. Papers have been published. They've been reviewed by colleagues and scientists.

And, you know, we've decided that these are pretty solid results. So, I have actually five things in that arena. There are three things on Enceladus and then something on Dione, and then another thing that deals with the whole group of satellites together.

And then I'm also going to talk about two data gathering events we've had. One of them occurred with our fourth targeted Rhea flyby. And we haven't had very much time to digest the data and come up with results, solid scientific results, but I'll just show you one interesting image and talk about the goals of that flyby and the fact that it occurred successfully. And then, also, I want to mention all the hundreds of new observations that we obtained.


Okay, so let's go on to the first item I'd like to talk about. That's page number three that's entitled Small Hot Spots on Enceladus form Plumes, that should be from plumes. That's a little typo there. Or actually, no, it is okay. Small Hot Spots on Enceladus Form Plumes. That's fine. Okay, so, this is actually a peer review paper that came out in April. I'm sorry; it came out in July.

It dealt with some data that we obtained during a close flyby, a 74-kilometer flyby. That's really getting up close and personal. A 74 kilometers, that's roughly 50 miles flyby of Enceladus, 40 or 50 miles. And we've been analyzing this data and have come up with the most, you know, wonderful results.


Let me just back off a little bit and talk about our strategy for observing Enceladus. We have 22 targeted flybys. We have, you know, a few more yet to do. We're not doing any right now because the spacecraft is up in the plane above the plane of Saturn. So, we're not observing Enceladus.

We start observing it again in 2015, but so far we've had nearly 20 flybys. And each of the flybys focuses on a different aspect of Enceladus. We might try to get high resolution images on one flyby. On another flyby we might try to measure the heat from the plumes.


Now, just to review, there is basically a boiling cauldron in the south pole of Enceladus. There are these fascinating tiger stripes that you see here in the lower left image, and this is the origin - they're hot. And this is the origin of the water ice plumes that are emitted from Enceladus and also believed to be the source, we're pretty sure this is the source, of the E Ring.

So, this particular flyby, which occurred in April 2012, is a close flyby, and the main goal of that flyby was to have the particle instruments on to basically sniff the plume. They were going to focus on the composition, and also magnetic field, which Enceladus doesn't have, but, basically, focusing on the composition of the particles coming out of the plume.


But what we did at the same time was we pointed the spacecraft so that the, what we call the optical remote sensing, but it's really optical and infrared, and ultraviolet. The ultraviolet sensor, the camera, and the two infrared sensors were dragged across the field of Enceladus, the tiger stripes.


And if you look up there in that top image, which shows a wonderful close up of a imaging picture of the tiger stripe, that little line there goes right across Baghdad, one of the tiger stripes. And if you look at the lower left image, that shows our ground track. And by the way, this takes about one minute, to go across the field because we're so close, we're going so fast.


The optical remote sensing field of view sensors were dragged across that fissure called Baghdad, and if you can see there in the lower right, there's a little 'x' where we got the close interaction with data point.

If you look at Slide 4, Small Hot Spots Continued, that's what it's titled, on the left there is our data. What this is, is from each point that we observed on that ground track, we extracted a spectrum. That is a measure of the energy from three to five microns. And that's shown there on the right.


And we noticed that one of the spots, one of the data points that we took was very, very warm. And that's that little black arrow there at the top on B there. It shows this bright line that goes across our data. So that strip on the left is just the various spectra we took from the limb to the limb. That is the edge of the moon. So the data there on the bottom, it's all kind of dark because we were in dark. We didn't get any reflective radiation.

Then when we cross the terminator that's the point at which night becomes day, you can see it gets bright, but we extracted the spectra from the dark side, and one of them is very bright. And low and behold that is heat. That is heat that we've detected. It has to be very hot because normally VIMS, you're just looking at reflected light. You can't observe heat.


CIRS is the instrument which, you know, observes out at 10 microns, you know, much further into the thermal infrared, but here, low and behold, in a study that was led by Jay Goguen and the VIMS team, the Visual and Infrared Mapping Spectrometer team, we notice this upturn, this brightness which the team fit, and it turns out that the thermal signature here if you're a scientist is a blackbody spectrum of heat and you, it's best fit by a temperature of nearly 200 degrees, 197 degrees, with a spot size of only nine meters.

So what we discovered is that the plumes are coming out of these small hot spots. That was, you know, the first major result of this year published in Icarus, journal of planetary science, last month. So, we're very pleased with that result.


Now let's go on to slide number four. I'm sorry, slide number five. This is the second thing I'd like to talk about, and that is evidence for previous activity on Enceladus. Now, we have a pretty good view. We really learned a lot about the nature of the plumes, how valuable they are. We're pretty certain there they come from subsurface liquid sources. We're sure they come from the tiger stripe. They seem to come from small hot spots.


But a team led by Besserer looked at evidence for previous activity on Enceladus. And if you look in the northern hemisphere, which is currently inactive and it's cratered, so we think the surface is old. It seems to date from about 4 billion years ago. There are areas, if you look at that upper right image, this is from the paper by Besserer et al. in JGR this year, those depressions there, those dark spots are actually they're holes. They're indentations in the surface of Enceladus.


And Besserer et al. actually did an analysis there on the lower right showing the altitude of these holes. And they're actually nearly a kilometer deep. And their idea about this is that there was, these are actually episodes of previous activity. And what they show is that convection occurred.

As you know, convection is just the old thing about, you know, hot air, stuff that's hot rises, and then when it starts to go down towards the interior of Enceladus it cools and it gets compacted. And that's what caused the depressions.

So this is previous episodes of activity and convection and compaction at the surface cooling tank. This is evidence that there was a previous, some sort of heating and there's no evidence for plumes, but maybe in the past there were in the Northern hemisphere of Enceladus. That was published in JGR earlier this year, quite a nice result.


Let's go on to the third thing on Enceladus I'd like to talk about. And this is an article that just appeared in Nature. It was accepted. And I think it appeared just literally weeks ago. And this is an example where - this is called the plumes of Enceladus.

It's page six. This is an example where you have to collect basically years and years of data. And this an example of, you know, sometimes people ask me, well why are you taking so many plume observations? You have hundreds of plume observations.


Well you have to look at plumes over many years and many types of viewing geometry. And that's what Matt Hedman also of the VIMS team, he led a group that looked at the brightness of the plumes of Enceladus. You know the same plumes that come from the tiger stripes, these wondrous plumes. He looked at the brightness as a function of distance from Saturn.


Now on the left here, I have, there's two little pictures down there below Saturn. And on the left that is apoapse. That means when Enceladus is furthest away from Saturn. And you'll notice the plume, which is circled, now this data is from the Visual Infrared Mapping Spectrometer. So, we don't have very high spatial resolution. This is data that is only about 1/80 the spatial resolution of the camera. But we are able to observe in about over 350 spectral channels. So what you lose in spatial resolution you gain in spectral range and resolution.


But here we show just one color, and on the left, when Enceladus is far from the planet Saturn we see that the plume is very bright. But there on the right, when it's nearest to Saturn the plume is much less dim. It's like factor of force. It's very, very marked.

And Matt discovered this and did an analysis on hundreds of observations. And the best explanation that we can come up with at the moment is that there are tidal forces on Saturn. And as the moon is closest to Saturn, these tiger stripes, these kind of vents from which the water ice plumes are created get squeezed shut from the tidal forces exuded by Saturn on Enceladus. It just kind of closes up when it's close, when the tidal forces are much greater. So that was a very nice result, Nature article appearing last month.


Okay so those are our three pretty good results on Enceladus. So let me move on to Rhea. Now Rhea, we have, this is the fourth targeted flyby of Rhea. And this occurred just this past March. And it's one of kind of a, a suite of observations to kind of understand the interior structure of Rhea.


There were some results from the first Rhea flyby earlier, much earlier, in the mission that implied that Rhea wasn't really gravitationally compensated. In other words, it wasn't in what scientists call hydrostatic equilibrium. And that's just a fancy term for saying that pressure and gravitational forces are balanced. Okay?

And one of the ideas was that there is this giant impact crater Tirawa which somehow excavated material and that kind of left this gaping hole that wasn't, you know, kind of compensated by other gravitational forces.


So, we have this fourth Rhea flyby which was to determine what the internal structure of Rhea is and whether or not, to what extent this giant crater of Tirawa of Rhea, kind of like, wrecked the internal structure of Rhea.

So, we did get good data. Scientists are still analyzing. This is kind of difficult to do. So hopefully next year we'll have some peer reviewed results on this flyby. We also got data from the fields and particles instruments.

Rhea is, you know, it's a massive satellite kind of in the outer part of the satellite system and it's a gravitational focuser. It kind of collects stuff from outside, exterior dust into the Saturnian system. So the fields and particles instruments were trying to measure that to get an idea of that. But what I wanted to show here was this amazing image that was obtained on March 9 during this flyby.


Now, we actually don't have any dedicated flybys for optical remote sensing for Rhea. We just have, basically, gravity passes and fields and particles. But we do turn on our instruments the infrared, UVIS, the ultraviolet and the optical cameras. And we try to get images of Rhea kind of on the way by.

And here is a, really, a very nice image showing, this is about 2700 kilometers distant, showing this very odd fault. If you look at this picture here on Page 7, right towards the middle of the image there's this crack now. And it seems to be associated with this old basin or crater.

And we just don't understand what's happening there. Is it, you know, something that cracked later? Is it some substructure below that, you know, was cracked because of tidal forces? We really don't know what that is. It's just an interesting fault that scientists are analyzing.

Shawn Brooks:
Excuse me, Bonnie. Do you have any idea what the image scale is here?

Bonnie Buratti:
Oh, yes, you know I should, okay, so let's see 2700 - yes, I should have put that on there. Let's see, let me do a quick calculation here. Let's see, I think it's about two kilometers, you see the pixel size... I think it's about two kilometers, roughly two kilometers. Yes, I can get back to you on that. I can get...

Shawn Brooks:
And that's what we call science on the fly.

Bonnie Buratti:
Yes, I know that the two kilometers would be VIMS resolution, so .02 kilometers times 1000, no it's 2000. Oh, maybe it's 20 kilometers. I can do a more exact calculation. Sorry, I should have had that on there. I think it's the field of view there is about 20 kilometers, but I'll do a calculation and get back to you.


Okay, well, actually I can tell you the resolution though. It's about .02 kilometers resolution on that image.

Okay, so let me go on to this next image. And this is kind of complicated so let me spend some time on this. And this is actually work that the VIMS team has been doing, led by Gianrico Filacchione He's an Italian colleague member of the VIMS team, participating scientist. And he has been putting together, basically, all the data on the satellite through the last, you know, nine years of the mission. And trying to - now we're just looking at the visible part of the spectrum, so this goes from about .35 microns up to .95 microns.

This is actually the channel on the Visual Infrared Mapping Spectrometer that was built by the Italian Space Agency. And he's been gathering all this data. And he put it together in this one graph that summarizes the colors of the major icy satellites there on the left, Mimas, Enceladus, Tethys, Dione, Rhea, etc.


And then on the right, he has the major rings and then some of the smaller satellites are also there. But this is work that he's published, you know, all along. But two papers came out in 2012 and 2013, and you know, just so, not everybody's used to looking at these slopes, you know, and ways of measuring color. But one way of looking at it is, if you go up on either axis, the x- or y-axis, that corresponds to a redder spectrum.


Okay? So, here Hyperion is very red in both the measure from the .5 to the .9 microns and the .3 to the .5 microns. And if you look at Enceladus down there in the purple dot close to the origin, it's a very blue, okay?


And what he's done is he's catalogued all this data throughout the mission showing that these satellites do have their unique colors and kind of have their unique location in what is known as a color-color plot. But what Gianrico and his team have done, his team has gone in and showed that if you take off these various surface colors, you end up with an ice spectrum that is pretty much the same for all these objects.


So this is his last paper that was published in 2013. So what you have is a bunch of icy satellites that look basically the same, implying that they may have been formed from the same cloud of gas and dust that formed the Saturnian system. But over the ages, various contaminating substances have been placed on the surface of these moons.


They include a dark primitive deposit, which is still, scientists still cannot agree on what the dark material in the outer solar system is. It's especially prevalent in the Saturnian system; it coats Hyperion, the dark side of Iapetus and apparently some of these other satellites also have it.

One member of the VIMS team thinks it's nano-iron. Another member of the VIMS team thinks it's polycyclic aromatic hydrocarbons and other types of organic material. So without saying what it is, if you just subtract this dark material from the satellites, what Gianrico and his team have shown is you end up with a basic icy satellite.


Another contaminating material is the E ring of Saturn. You know a lot of these satellites are bright and Mimas especially and the leading side of Tethys are coated with particles from E ring. And if you take all that off, you know, you end up with the same basic type moon.


So that was an important work that was also published here. Alright so let's go on to nine, okay. Slide 9, Enceladus Plume Observations. Now this is something, this is kind of an answer to all those people who are wondering why you have to have so many plume observations.


Well, we need different viewing geometry to characterize its shape, the particle size. If you look at various, what we call, solar phase angles that is the angle between the sun, the object, and the observer. If you look at the brightness of the plume, especially the function of spectral color, if you look at how that changes the function of viewing geometry, solar phase angle, you can actually derive what the particle sizes are.


So we've been doing some of that. Matt Hedman and Phil Nicholson have been doing that to understand the variability of geologic activity on Enceladus. Okay we've been working on that. And I gave an example of what happened in the - that the work that Matt Hedman did, looking at how the plumes vary as a function of distance from Saturn. We would not have been able to do that study if we didn't have hundreds of plume observations at various distances from Saturn.


And the other thing is we need many of these observations to understand what causes the jets. Is it tidal, as I said earlier? Matt Hedman and his team's work suggests that it is tidal. Do the jets come from a liquid source? If it's tidal that implies that it does come from a liquid source. There are all sorts of questions that we're trying to answer with these hundreds of plume observations.

Okay, a final thing - Shawn, how long do you want me to talk for?

Shawn Brooks:
Well we've also got to have Zibi give her presentation. So I think if you can wrap it up in the next ten minutes or so, that would be great.

Bonnie Buratti:
Okay I'll do that. Okay there's actually only one other thing I wanted to talk about. And that was whether Dione is active. This is something we've been working on, you know, for a long time. And we have actually gotten a peer reviewed paper that implies that it at least at some point recently had a liquid subsurface ocean.


So let me just kind of review some of the evidence. Because there's lines of evidence from several Cassini instruments that suggest Dione is active. This is all review stuff. So let me kind of go through it.

The first here on Slide 11, Evidence Map Data, this was an article that was published, I think it was actually published in Science in 2007, that showed that if you look at the fields and particles signature, it's best explained by a magnetic field for Saturn that has plasma streams originating from Dione. This also applies to Tethys.


Now that work was criticized. Rymer has GRL article that has a counter explanation for that, but there was some evidence. At least one interpretation that showed that there were plasma streams coming from Dione.


Now if you look here under Slide 12, Evidence Geological, it looks like, there on the lower right, there's almost like, you know, fossil tiger stripes on Dione. And if you look up there in the upper right you can see that there's areas that are very smooth, that look like it was either plume deposits or even some kind of a slumping due to an ocean.

Paul Schenk, Slide 13 I’m showing some of the evidence that Paul Schenk has mentioned. You see there on the right there's a crater that has what is called a rampart around it, which basically implies there's liquid underneath of the surface. And those two little craters to the right of that rampart crater, they're not really craters according to Paul. They're actually cryovolcanic features.


And you can see in that left picture it looks like there are all sorts of like fossil tiger stripes and smooth surface. So that's a big piece of evidence.


And then on Slide 14, I show this data from Roger Clark published in 2008 looking at data from 2005 that showed a transient atmosphere. That's shown there in Cell E, that little aura around Enceladus. I'm sorry, Dione. And then there's also in 2010, published in 2011, there is another evidence for a transient atmosphere detected by the fields and particles instruments. So that's Slide 15.

And there's also a paper that was published by Sarah Newman back in 2009 showing that there was an unusual amount of what we call amorphous ice. This is ice that doesn't really have a solid crystalline structure. Right in that area where - actually the ice is more crystalline in the area where the smooth kind of fossil tiger stripes. And does this mean that there is heating and some fresh crystallization of the ice? That's a question that we don't really know with this evidence.


So these are all parts of the puzzle, and lo and behold there was a, second to last slide, 17, there was a paper published this year by Hammond et al., in Icarus. And what they did was, they did some altimetry and analyzed - this is actually, I have a little area here circled. It's actually closer to the northern pole of where this active area may be.

But this team measured by looking at the geologic evidence and looking at the elevation, they calculated a thickness of Dione's crust to be about 3.5 kilometers. And this is actually, this local estimate, is in complete agreement with previous global values derived from long wavelength topography.


What they did was, they went in there and calculated what the corresponding heat flux for that thickness of crust would be. And they came to the conclusion that the heat flux is much more than you would expect from radioactive decay. The only way you would be able to generate this type of heat flux is if we have current tidal, or at least in the near, in the recent past, if you would have a subsurface ocean.


And that would have to be present at the time that this feature, this feature that I showed here in the image from the Hammond et al. paper, in order for that to form it requires a liquid ocean. So that's the new evidence, and there are seven or eight pieces of distinct evidence, most of it peer reviewed, that Dione is either active today or was active in the recent past.


So just let me kind of sum up the results here that, you know, we've gotten. We've been able to continue to draw results from past data. You know we have this collection of data extending over nine years. New results on Enceladus, we've been able to understand the creation of the plumes from a small hot spot, how the plumes vary with thickness from Saturn.

We've gotten new data on Rhea that we will be analyzing. And finally we have new evidence that there is activity either recently, or currently going on, on Dione. Now just on my last slide here I want to point out that because we are currently on an inclined orbit, that is Cassini is in inclined orbit, we have no significant upcoming events.


We're focusing now on the rings in the polar regions of Saturn. But we are going to be busy. Icy satellite scientists are going to be busy studying the treasure trove of data we already have, and we expect to have new peer reviewed results coming out over the next two years. Thank you.

Shawn Brooks:
Bonnie, thank you very much for that summary. I think it was a really great talk. Before I move on to the next one I would like to open the floor to questions from our audience. If anyone has any questions for our speaker, please fire away. Okay, not hearing any …
Elizabeth Turtle:
Actually, this is Zibi. I have a question for Bonnie. You mentioned they measured the elastic lithospheric thickness on Dione. Do they have an estimate for the entire thickness of a lithosphere or a range of thicknesses that would be consistent with that heat flow?

Bonnie Buratti:
No, I don't think that paper actually came out with that. I don't believe so. I think it's just a local calculation.

Elizabeth Turtle:
Right, right, from the flexure there, yes.

Bonnie Buratti:
Yes.

Elizabeth Turtle:
Okay.

Bonnie Buratti:
But they do...

Elizabeth Turtle:
That's an intriguing result.

Bonnie Buratti:
Yes, I think that there's global, I think previous works have looked at global values from just looking at the long wavelength deposits. I think that was previous work.

Elizabeth Turtle:
Right, and you can, of course, put a lower limit on it by looking at the crater morphology and the, some reasonably sized craters have pretty standard crater morphology. So that indicates that the crust is thick enough that the craters formed as if they formed in a solid target. So that can put a lower limit on it, but still, that's really exciting about Dione.

Bonnie Buratti:
Yes, I found it very intriguing. I think we did a press release on that, the Cassini Project.

Shawn Brooks:
So that kind of raises the question in my mind, what sort of future opportunities there will be to observe Dione? I don't really know if we have any planned close flybys. What do you know about that, Bonnie?

Bonnie Buratti:
Yes, we don't unfortunately. You know, Rhea I think there's another flyby, but yes, you know, a lot of it comes out of analyzing data. I mean this work with analyzing old data, you know, a lot of the results come out of not just gathering data together but doing detailed modeling of data that we already have.

Shawn Brooks:
Yes, okay. Of course, there are all kinds of non-targeted flybys. I wonder if any of these will be close enough to shed any more light on this interesting result. I think it's interesting too. I'm glad Zibi was here to ask the question that she did.


I actually want to get back to Enceladus. I am curious about the work that Jay Goguen did and the VIMS team, looking at the tiger stripe. And I was wondering if there's been any attempt to sort of correlate those VIMS data with CIRS.

Bonnie Buratti:
Just a minute. I want to correct an error I made, okay? There is actually another targeted flyby. There's actually a couple targeted flybys of Dione. Okay? There's one in... Yes, I had to look up the data. Okay, in 2015, 16th of June there's a targeted flyby and then in 17th of August there's another targeted flyby. We actually are going to get some targeted flybys of Dione. But, yes, sorry about that.

Shawn Brooks:
Oh, that should be interesting...

Bonnie Buratti:
Yes, we don't have any more flybys of Rhea. It's Dione that we have flybys of. So that's good news. Sorry about that. Yes, I'm sorry, what was your question?

Shawn Brooks:
Oh, I was getting back to the study that you had referenced led by Jay Goguen, looking at Baghdad Sulcus in high resolution with VIMS. And I was wondering what attempts there have been to correlate the VIMS data with the CIRS data from that same pass.

Bonnie Buratti:
Yes, we actually have done that. And it turns out that our hot spot to within the errors does actually correspond to a hot spot on, that CIRS has measured. If you go to, I think, it's Slide 3.

Okay, that little ‘x’ there on, I think, it's subset number C. This is from the Icarus paper. That little ‘x’ there is the closest that we can locate a hotspot. It's probably there to the right some place in the, you can see right down in the fissure there. That's in errors of measurement, but that is an area where CIRS actually measures a fairly warm temperature. I think 183 K or something like that.

Shawn Brooks:
And can that help you reduce the uncertainties on the temperature that you have for that hotspot?

Bonnie Buratti:
No, not really. It turns out that we're actually a little bit more accurate, because first of all our spatial resolution is really good. We're in a special mode, an occultation mode, where we just basically took data as we - you know, if you look on Page 4, those little, each one of those is a data point. We were in a special fast taking data mode. And we were able to get our spot size.


If you look at that blackbody curve, that's the best fit between size and temperature because, you know, there's a tradeoff between size and temperature. Spot size of nine meters and a temperature of 197 seems to fit the data very well.


So I think actually it turns out the VIMS instruments in this particular case, you know, operating this occultation mode, they were able to measure the temperature actually, you know, at least as accurately, certainly the size we were able to measure more accurately than CIRS because I think they have a much bigger beam size...

Shawn Brooks:
Yes, because the beam size is bigger, what's going to happen is your going to be getting all that flanking material that's colder. So I can see how you could get a better accuracy with VIMS.


And another question about Enceladus that I had relates to the previous activities slide, page five, and this talk about the location of potentially old tiger stripes based on the depression that we see. Does this imply that perhaps the surface of Enceladus has reoriented itself over time? I mean I would expect maybe those tiger stripes would be like today, situated near a pole, and that would have to have some pretty big implications to do that.

Bonnie Buratti:
Yes, this is right, you know. And I think this is, my own opinion is one possible interpretation, you know? These aren't really tiger stripes. They're just indentations. I mean, I would argue, well maybe they're, like, impact based, old impact basins. Or - I think they argue that because they're kind of like depression that there would have had to been some pressure change that you get, you know, some sinking and compaction, that you get in conduction.


So I would say that could be one possible explanation of this, but it's not clear whether the mechanism for this was the same as that on the tiger stripes. You know, they're just presenting this as evidence for some type of convection that happened there.

Shawn Brooks:
Yes, I guess my thinking is if there is some sort of convection, some sort of tidal driven thing, you might imagine that Enceladus would have had to been in a similar orientation to what it is today. But clearly without a root cause, it is hard to say.

Bonnie Buratti:
Yes, I think it's a possibility, but it's not proved. I don't think there's proof of that.

Shawn Brooks:
Okay, do we have any other questions from our audience? Okay, well if not, I would like to thank Bonnie. Perhaps if anyone has any other questions for Bonnie and would like to bring them up after the next presentation, they can do that.


But with that I would like to move on to Dr. Zibi Turtle's discussion of Titan. So, Zibi, please take it away.

Elizabeth Turtle:
Thank you. I'm going to summarize some recent results for Titan. And as with Bonnie's presentation, some of the things presented here are recent observations and others area actually, you'll see, the observations have been taken over a period of time. And the analysis and the papers have just been published.


So on the second slide is just an overview of the Cassini Mission and where we are in it. Just starting our tenth year, which is incredible. And you can see that there have been a lot of Titan flybys. Each of the flybys is represented by a satellite. The closest targeted flybys is represented by a satellite in the columns here.


You can see that there have been quite a lot of Titan flybys over the past nine years. We just had the 93rd at the end of July, and the 94th is coming up in a few weeks. So that sounds like a lot of flybys, and it is. And it's an excellent dataset. Titan is a very complex place to understand.


As Bonnie was showing, the icy satellites in general are objects that are very, are not always familiar to us. And it takes a lot of study to really understand their inner workings in particular. And Titan, of course, has the added complexity of an atmosphere. We know from Earth how much more complicated that makes everything.

Not only studying the atmosphere itself, but the effects of the atmosphere on the surface, and that can erase the history which on the other icy satellites is a little more clear. So that makes it all the more complicated. And it's a good thing we've been able to get this many flybys and the associated data about Titan because it's a truly fascinating place, and very challenging to understand.


The third slide has a list of the Titan encounters over the past year or so, including the one, T94, which is coming up in a few weeks. Each of these flybys has, I just included the, highlight slides from the Cassini webpage for some of the flybys here. Each of them has several goals, of course, and almost all of the instruments are making observations during all the flybys.


As Bonnie mentioned, the orbits, Cassini's orbits right now are inclined. So that means it's harder to have icy satellite flybys, but it means the Titan flybys get very good views of the high latitudes. So, the series of flybys we're in right now have had really excellent views of the high northern latitudes where the lakes and seas are. And I've got some of those observations coming up.


And of the southern latitudes which are just going into southern winter. Titan's obliquity, the tilt of its pole is pretty similar actually to that of the Earth. So, it' year is much longer. It's 29.5 years long, but it experiences seasons the same way we do on Earth with the one pole going into darkness in the winter, the other coming into light in its summer. So, we're in kind of the equivalent of May on Titan.


And the South Pole is just going into winter, and the North Pole is becoming illuminated, or has become illuminated as it moves into late spring. And so, one of the other aspects of this long term data set that we've acquired is that ten years is coming up on a third, or nine years, is coming up on a third of a Titan year. And that's giving us a baseline to really understand the seasonal changes and these longer term changes on Titan, and I'll talk about some of those as well.


So the fourth slide actually has a topographic map of Titan. This is a recent paper that was published this year. The, this is interpolated, the topographic data of Titan are actually fairly sparse, but there's enough that we can start to put together a global map and get a sense of the topography and how it correlates with the surface features.


So the topography is almost 2 kilometers of relief on the surface of Titan. The red colors are high and the bluer colors are low. And you can see, for example, the poles are low. And in a number of cases, the areas where the - well, as you would hope, the areas where a lot of the liquids, the polar seas - the north polar seas and some of the south polar lakes have accumulated - are in the lows.


The fifth slide is a map of the surface, the ISS map of the surface, so this is taken in the near infrared at 938 nanometers. And they're pretty well registered, so if you blink back and forth between the fourth and the fifth slide you can kind of see where the highs are and what surface features they correlate with.


So on Titan, as I've mentioned, the north pole has quite a lot of liquid in the form of lakes and seas. The south pole has a few lakes but not nearly as many - no seas. And the equatorial dark regions are actually giant dune fields. And then the brighter areas of the equator are areas that are dune-free.


And at about - if you look at the ISS map on Page 5, the area around - near the equator, around 90 to 120 degrees West longitude is about the brightest area on the surface at this wavelength, and that's an area called Xanadu. So you can see that the dunes, the dark features at the equator, don't cover Xanadu.


For some reason this area is dune-free. And one of the early hypotheses had been that this region actually stands higher. But if you go back to Slide 4, you can see that there are parts of Xanadu that actually stand lower than the dune field, so this is actually telling us something about the formation of the dunes and what allows or prevents them from forming.


So there are short wavelengths, small scale topographic boundaries at the edge of Xanadu that prevent the sand from getting into Xanadu. So even though it's lower, the sand-sized particles can't be transported into it, and the dunes are actually interrupted at that western boundary of Xanadu. So that's quite intriguing.


Also intriguing is that if you go back to the ISS slide, at about 180 degrees longitude and 70 degrees South latitude, there's actually a lake there. That's Lacus Ontario, which is a lake a couple hundred kilometers long. And it's the largest body of liquid that we've found in the south polar region. But if you go back to the topographic map, you can see that although it is in a low, it's not actually the lowest area at the south pole.


So one of the things this is telling us is that hydrologically, the south pole is not interconnected. So the area of Ontario Lacus, the liquid is being held there even though it's actually higher than some of the other areas, so there are some sort of barriers within the surface of Titan, preventing the liquid from flowing through the surface and connecting the entire south polar region.


And this is really important because understanding the methane cycle on Titan, understanding how the methane - how much methane there is on the surface and within the surface in aquifers or methanifers, if you prefer, is fundamental to understanding Titan's atmosphere as well, because the methane in Titan's atmosphere is actually broken down and won't survive more than 10 million years or so without some sort of resupply from either the interior or a reservoir near or on the surface.


So understanding this methane cycle is similar to understanding the water cycle on Earth. It's just as fundamental to understanding how Titan works, and how - and what its history is, and how long it has been and can continue to have this thick atmosphere that we see today.


If you go to Slide 6, Slide 6 and 7 show the data from which the topographic maps were - or the topographic map was compiled. So Cassini has a radar instrument, and that instrument can get topographic data in a number of ways. It can do actual altimetry, just measuring the altitude of features, the elevation of features on the surface.


But when it does imaging, so the synthetic aperture radar imaging, which is one of the ways we - the best way, in terms of resolution and - that we have of really seeing the details of the surface over a wide area, there's also a way, because of the way the radar works, that I won't go into the details, but there's a way of getting some topographic information from within the SAR strips.


And finally, there's a - you can do stereo, with the radar data the same way - the radar imaging data, the same way you can do stereo with optical imaging data. So all of those sources of topographic data have been combined and then interpolated to put together the map on the bottom.


The map on the top shows the radar SAR swath, each of those kind of gold swaths that covers the surface. And many of those you see have colored lines running through them, and that's the topographic information that was either achieved from the SAR data or from altimetry data on some of the passes.


And there are also some areas, like I said, where we have stereo data from the overlaps between two of the SAR strips, two of the radar imaging strips. So that's the actual data, and that's overlain on a map of Titan, a global map of Titan from the Visual and Infrared Mapping Spectrometer, the VIMS instrument. So that's an infrared map of the surface.


And then Slide 7 has a similar arrangement, but showing the poles, so you can see the topography of the polar regions there.
Okay, so changing gears a bit, I wanted to talk about seasonal changes. As I say, we've got a long time frame now to start to look at how Titan's atmosphere changes as the seasons progress. And this is just the - Slide 8 has a list of events and when they occurred in Titan's year.  So the two Voyager flybys actually occurred in very early spring, in Titan's year. And we're now - more than a Titan year later, more than a Saturn year later from the Voyager encounters with the Saturnian system. When Cassini got there it was roughly mid-January, and as we moved into late winter and northern spring we started to see changes in the atmosphere, changes in the haze, changes in the cloud distribution, changes in not only the number of clouds but where they were. We saw a very large storm at low latitudes that actually brought methane rain to the surface. And more recently, as we've been moving later into northern spring, into southern fall, we've seen changes at the south pole, the south polar vortex, which I talked about last year and I have some more recent observations of in this presentation.


The models, the atmospheric models, have predicted that clouds should pick up in the northern hemisphere, that cloud activity, storm activity should pick up as we moved into northern spring, coming toward northern summer. Intriguingly, we have yet to see that. So it should rain on Titan any day now, but we've been saying that for a year.


So this is one of the reasons that these data are so important, because they put important constraints on the models that we're using to understand Titan's atmospheric activity. And a lot of those models are also used to study terrestrial atmospheric activity.


So one of the best tests of a model, of whether you really understand the physics in the model and whether the model is representing the physics correctly, is if you can take a model that works, say for Earth, and change the parameters, the data that go into it, and apply that to another body, to Titan. It's a good example, it's got a big thick atmosphere, but the materials are different. The temperatures are different.


And if you can take the model that works for Earth and apply it to Titan and have it work, then you know that the fundamental physics is being represented well and that you understand it well enough to incorporate it in that model. So this is a very good test of atmospheric modeling. So being able to predict the weather on Titan is an important test.  And getting more data to put constraints on those models will really help us understand not only Titan but the models, and through them, improve the models that we also apply to Earth.

So, like I said, we're waiting for clouds to appear in the northern hemisphere, but in the meantime, we've actually been able to fill in some of the surface coverage at the infrared wavelength, so that's been really good.


So it's a win-win scenario. If we get clouds, we can observe the weather patterns and understand that, but if we don't, we get to observe the surface with the infrared and visible instruments, the camera, the Imaging Science Subsystem and the Visual and Infrared Mapping Spectrometer, VIMS.


So I'll show you some of those observations. Those of you - there may be some of you who noticed on Slide in the ISS map, there's a big gap at high northern latitudes, and that's being filled in with the recent flyby, so that's been excellent.


So the ninth slide shows the development of the south polar vortex. We first observed this early in 2012, and over the past year we've had several opportunities to observe the vortex [at] different wavelengths, different times. And we get to see this form in Titan's atmosphere, which is going to tell us a lot about the atmosphere.


The images on Slide 9 were acquired with the ISS system, and I put the wavelengths there. You can see in some we see the surface, which is the 938 nanometer band window, a methane window, that allows us to see the surface. One of the other wavelengths there is also, isn't too far away but it's not in a - it doesn't let us see as deeply to the surface. But we still see the polar vortex in both of them.


The - Slide 10 is actually an artist's impression of atmospheric changes over the last several Titanian years. The CIRS instrument, the Composite Infrared Spectrometer, has also been observing Titan's atmosphere, its upper atmosphere. And this instrument has detected changes in the temperature and the composition above the south polar vortex.


So at much higher altitudes in the atmosphere, 600 kilometers or so, they're seeing downwelling now that we're moving into southern winter, and as a result of that, formation of more complex species in the atmosphere. So, by combining the data from these different instruments, we can understand a wider range of the - a wider vertical range, altitude range of the atmosphere, and different aspects of the atmosphere.


We can see the morphology and the structure of the south polar vortex at the near infrared wavelengths. With VIMS we have more information out into the infrared. It also gives us spectral information and therefore compositional information. And CIRS is sensitive to higher altitudes. It gives us not only the temperature information but also some compositional information. So this combination is very powerful.


The - and that result is from just last fall, a paper from Nature, the CIRS observation for the changes at high southern latitudes. This is - Slide 11 shows another ISS observation. This is actually in the ultraviolet, so that's why the atmosphere looks very different and you're not seeing down to the surface. But you can see - in this observation the south pole is off to the bottom left, but you can see this dark kind of torus or halo around the north pole up to the upper right. And that's the formation of a different, a change in the haze. Now, this is something we've observed before, Earth-based and with HST, but now we're getting to observe it with Cassini more closely. And this again will help us understand how that atmosphere is behaving.


Finally, there's an observation of the haze on Slide 10. This is an observation, an image that was taken when Titan was in eclipse, was eclipsed by Saturn, so it was in Saturn's shadow. And any contribution to the illumination of Titan by Saturn-shine has also been removed from this.


So the image, the calibrated but not stretched image is shown on the left, and on the right we have a very stretched image. So you can see the stars are elongated. This is a fairly long exposure, 560 seconds. And you can see there's a grid overlain on Titan, and then above Titan's surface there are two circles, kind of outlining this region in which there's actually some brightening around Titan.


So this is quite high in Titan's atmosphere, 300 to 1000 kilometers above the surface. And in this region, we're seeing that Titan's haze, actually, is emitting some light within this region. So the haze - and we know the haze extends up this far. One of the challenges with Cassini has been to be able to get Cassini as close to Titan as possible, because Cassini actually feels torque from the - some drag from the upper atmosphere when Cassini goes below 1000 kilometers altitude above the surface. And in fact, the lowest Cassini's gone is about 900 kilometers, and that was quite challenging to plan. But throughout this region, the haze is actually emitting light, which is an intriguing result.


The 13th slide shows the - just the, how the haze is formed. And this also illustrates the breakdown of the methane particles. And what happens is the illumination breaks down the methane particles. They recombine, but some of the hydrogen escapes. And it's that escape of hydrogen that limits the lifetime of Titan's atmosphere, unless there's resupply from the interior.


Then the recombined more complex molecules form aerosols in the atmosphere, and that's actually one of the things that makes it so challenging to see the surface of Titan, especially at visible wavelengths. The aerosols are - it's easier out where VIMS is observing in the farther out into the infrared to be able to - at 2.5 or 5 microns to be able to see the surface, but it's quite a challenge in the visible.


And one of the results from the CIRS observation is that these complex molecules are forming quite high in the atmosphere, the 600 kilometers above the surface, and this is telling us about the structure of the haze. In many observations of Titan you can see a detached haze layer. There's a layer of haze and then it actually, it's clear again, and then there's another layer of haze beneath that as you go down to the surface. It kind of extends just through the surface.


And the CIRS result, the Teanby et al. paper, demonstrates that there's - it's not a lack of haze, necessarily, that's causing this gap, but just a change in the nature of the particles and how they therefore scatter light, that is causing that apparent gap in the haze between the, what we call the detached haze layer and the lower atmosphere. So these recent observations and resent results are really changing our understanding of the complexity of Titan's atmosphere.


So now I'll talk about the surface a little bit. There's a map on Slide 14, or an image, a mosaic image from the - Cassini's radar, synthetic aperture radar observation of Ligeia Mare, which is a large sea on the surface of Titan. So all the dark area here, all the dark are in the center is the liquid within Ligeia Mare.


And, as I mentioned, there have been several flybys of high - where we've had opportunities to observe high northern latitudes recently, and some of these have targeted Ligeia Mare. And, as Bonnie said, it takes a while, sometimes, for the results to get analyzed, for all the data to get together to make sure everything's well understood and there aren't any - that you're not misinterpreting anything you see.


But there should be some really intriguing results coming out this fall from these flybys. If you looked on the - one of the earlier slides, one of them was designed to look to see if we could detect waves, for example, on Ligeia Mare. The surfaces so far, of the lakes and the seas have all been very flat. That's why they're dark to the radar. That indicates that they're very smooth at the radar wavelength, which is 2.2 centimeters.


So we haven't - we have yet to observe waves, but this was an observation to look to see if waves are starting to appear now that we're moving into potentially a stormier time in Titan's northern hemisphere, although as I also said, we haven't seen clouds yet forming at high northern latitudes.


So it may still be calm, but this is another aspect of Titan that we expect to change. We expect the seas to get - there to be waves on the seas, perhaps, from the winds associated with these storms. So there are going to be several - I anticipate several interesting results coming out from these observations of Ligeia Mare and the other northern lakes.


This is a - on Slide 15 is an observation from last fall, of Vid Flumina, and this is actually a river channel, 400 kilometers long or so, running into Ligeia Mare. And you can see on the left is Ligeia Mare. It's very dark. It doesn't even stand out, really, from the background of the slide.


And the river system here, Vid Flumina, running off across the slide to the right, is also dark. And from that it was inferred that there is liquid flooding this river at this time. It doesn't necessarily mean that it's higher and there's liquid flowing down. It may actually just be flooded because that's the level of the liquid.


But this is one of the things that we're going to be paying attention to in Cassini observations over the next several years, hopefully, is whether there are changes in the levels of the liquids as the, you know, as the seasons change, if there's storms that bring rainfall, do the levels rise, do they rise everywhere or only in a few places, to really understand the hydrology and the subsurface of Titan - Titan's near subsurface, and how connected that is.


The 16th slide shows some observations. On the right is a radar SAR observation, that's Ligeia Mare at the bottom, and then some of the smaller lakes toward the top. And on the left is a VIMS image of Ligeia Mare. And again, you can see the small lakes.


And this kind of comparison is really essential for understanding the nature of the surface. The radar is telling us a lot about the roughness of the surface, and there's other information about the temperature, the dielectric constant that you can infer from the radar data, whereas VIMS can give us compositional information of the lakes and the seas.


So for example, ethane, they detected liquid ethane in Ontario Lacus several years ago. So that, too, can help us understand the nature of Titan's surface and Titan's liquids. So having these different data sets is very complementary.


On the 17th slide you can see another - this is another radar SAR observation, showing variations in liquid levels in the northern lakes. This isn't a change. It's just that some lakes have liquid in them, and you can see at the bottom, the dark lake. And there's a kind of dark lake off to the left.


But then further to the upper right, there are outlines that look very similar in shape and morphology to the liquid-filled lakes but they don't appear to be filled with liquid by the - at least to the radar instrument. So this is another example of where having observations from ISS, from VIMS and the radar instrument can help us interpret the surface.


Are these brighter floored lakes actually empty? Or are they muddy? Is it just a thin layer of liquid or a wet surface that radar - that is transparent to radar but isn't at the infrared wavelength? So this is another ongoing study and comparison between the different instruments.


We have been looking for changes in the lake levels. And the 18th slide shows a study of observations taken over several years, comparing lakes observed in 2006 to observations of the same lakes again six years later. As of yet in the north we don't see any changes in the lake levels in the shorelines. That may change if the weather picks up, if we get rain. It may change over a longer period of time.


In the south there is some of the - near the south pole there is some hint that there may be changes in liquid levels in Ontario Lacus. Maybe the - it looks like it may be drying up, although there's - there are different lines of evidence there that we're still teasing out, whether - how much change there's been or whether there's been change. But nothing yet in the north, but this is another thing that we're following.


Finally, I want to talk about Titan's impact craters. There are not a lot of them, as on Earth. We don't have a lot of impact craters on Earth compared to say, our moon, and that's because there's so much erosion, so much modification of the surface because of the atmosphere. And similarly on Titan, there aren't actually that many impact craters.


And Neish et al., a result published earlier this year, looked at the topography from radar observations, and two craters are show here, on Titan's surface, and compared the topography of these craters to the topography of craters on, say, Ganymede, which is a similarly sized icy satellite but doesn't have an atmosphere.


And Titan's craters are actually consistently shallower. They're not out of the range of normal depths for Ganymede's craters, but they are as a whole, in the shallower end of that range. And that suggests modification. Now we know there's a fair amount of erosion going on. There are multiple ways that craters can lose depth.


The best explanation they've found, though, is actually infilling. So this would be consistent with material being deposited either by streams or by aeolian - by wind-driven processes. And we know, certainly, at equatorial latitudes there are these long, longitudinal dunes, these seas dunes, so there's obviously a lot of transported material within the atmosphere.


And it looks like that's what's degrading the depth of many of these craters, that they're being infilled by material from outside. So again, this is a really important study to help us understand the history of Titan and how the atmosphere modifies the surface, so that we can try to better understand how the surface might have been before this modification, to really understand its geological history.


So I - the next slide is back to the overview. We have several more flybys coming up. And we stay in this inclined - Cassini stays in the inclined orbit for another few months, so we still get high northern latitudes, high southern latitudes in our Titan flybys for the next several months before we go back to the equatorial orbits.


And that's always a tradeoff. Right now we're getting great observations of the north - of high latitudes on both Titan and Saturn, but we don't get many icy satellite flybys. But those will pick up again as we get down into the lower inclination orbits. You can see here, actually, since this came up earlier, at the bottom there's some more Enceladus flybys coming up in a few years.


And in another year there's a Dione and Tethys flyby and then another Dione flyby, as well as Epimetheus, which is one of the smaller satellites. So there are some of the icy satellite flybys still to come, as well as a number of Titan flybys. So there's still a lot to learn, obviously, and hopefully the spacecraft will continue to be sending back data so that we can learn even more about Titan and the Saturnian system as a whole. Thank you.

Shawn Brooks:
Thanks for the summary, Zibi. I think it was very comprehensive. You covered a lot of regions and types of features on Titan. I was curious about the impact craters. And the question that I - came to my mind was how much the nature of the material plays in the shape of the crater now. I would imagine, for example, that Titan would be mushier. It'd be wetter. And is that not at all factoring in, into the shallower shape of these craters compared to, say, Ganymede?

Elizabeth Turtle:
It's possible if there were impacts into liquid. On Earth, if you have an impact into a shallow sea it will very much modify the shape of the crater. And of course, if the liquid is deep enough you don't even get an impact - a structure in the solid surface underlying the liquid.


So if there were a shallow sea through which the impact occurred, that would definitely change the nature of the crater. Now, we do know from Earth what one would expect for that kind of shape. The materials are different, but in general they behave the same.


So a crater in an icy satellite is actually quite similar to a crater on our moon, our silicate target, because at these temperatures ice behaves very similarly. Although it is closer to its melting point, it's still - the structures are very similar.


But that is one of the hypotheses for why some of these features may be more subdued, is that impact into a liquid-filled substrate or a shallow liquid will modify the crater and make it shallower.

Shawn Brooks:
Yes, that's kind of what I'm thinking...

Elizabeth Turtle:
Yes.

Shawn Brooks:
...something more of a viscous subsurface than anything else, or a slight viscous...

Elizabeth Turtle:
Well, it's not so much that as that the liquid actually modifies the crater. So the subsurface here isn't really any softer than Ganymede at - near the surface. The surface temperature of Titan is 94 K. So the deeper ice may be warmer, and that also may be an effect, you know, for example on Europa, where the deeper ice is almost certainly warmer and not necessarily that deep, because the ice thickness there may be shallower, which is why the craters can sense the less viscous ice.

Shawn Brooks:
Yes. These are pretty deep craters, though, so they would be sensing some pretty deep material, but I guess that's relative.

Elizabeth Turtle:
Yes, it's relative. And the time scale of an impact is very short, so most of the crust will behave elastically on that time scale. But if you have a liquid - and this is something that's observed, actually very commonly. There are a number of Scandinavian impact craters that show this exceedingly well.


If you have a liquid, what happens is the projectile pretty much ignores the liquid, hits the subsurface, the liquid is pushed down and then rushes back in, and you get these resurge deposits and this immediate erosion of the crater. And that's one of the things that really degrades the crater relief.


So it's the short term modification by water on the Earth. Potentially if you had an impact into, you know, Ligeia Mare or a shallow - Ligeia - I don't, you know: it would depend on the depth, but into a shallow methane sea overlying the ice subsurface, then you'd get the same kind of modification, but less so the viscosity of the ice itself on these time scales.

Shawn Brooks:
Okay.

Elizabeth Turtle:
Unless it's - you know, even Menrva is a pretty standard impact structure, and that's a 300- or 400-kilometer structure.

Shawn Brooks:
Continuing with the liquid theme, the deepest depressions in the south, are - have we observed lakes there?

Elizabeth Turtle:
No, and that's particularly interesting that we don't. And in some of these areas there may be morphological boundaries as well as the topographic boundary that suggest that in the past there's been liquid there. But right now, there are only a few place where there's liquid. And there was one other place where we saw a transient liquid after a rainstorm very early in the Cassini mission, in 2004, 2005, 2006.


So the - there are two processes that probably affect the distribution of liquids between the north and the south poles. One is the seasonal change that we've been seeing, southern summer, and it's going into winter, and opposite for the north. But we also don't see a lot of those lake-like - those empty lakes, the way I showed on - what was the slide, Slide 17, where you see some empty lakes. And we don't see those structures in the south.


So there may be a longer term process related to the cold Milankovitch cycle, similar to some of the long-term cycles we see on Earth that change the temperature. And it may be that over tens of thousands of years the - which hemisphere has the stronger winter or the stronger summer, if you will, changes, and that we're seeing a change in the distribution of liquids over a much longer time scale between the two poles.


That was the work published by Aharonson et al. You can...

Shawn Brooks:
Yes. Alex Hayes referenced that in our April CHARM from this year.

Elizabeth Turtle:
Yes, yes.

Shawn Brooks:
And one other question that I had is about the emission from the haze layers. You didn't - I don't think you said anything about the wavelength at which we're seeing the emission. What do we have that would give us insight into the nature of the emission from that haze layer? Do you know?

Elizabeth Turtle:
I'm afraid I didn't - I didn't have a chance to look up the way - I think this is a clear filter observation, so I don't think this is a short - I think this is trying to get as much light into the, you know, into the camera as possible, so I think it's a clear filter observation, but I didn't have a chance to confirm that.


I can do that and send an email if it's not - but that would mean that we don't have spectral information, we don't know the wavelength of that, because it's just somewhere within the clear filter, which is a very broad passband. So what we're really learning from this is the altitude. I mean, we know it's the visible wavelength, but I don't think we have any narrower information than that, I'm afraid.

Shawn Brooks:
So I'd like to open the questions up to the general audience. If anyone has any questions for Dr. Turtle or for Dr. Buratti from earlier, please speak up.

Dave Doody:
Yes, on Ligeia Mare, Slide 14, is that a possible eroded impact crater?

Elizabeth Turtle:
We don't know what the - what has caused the basins, what forms the basins in which we see lakes or seas. Obviously, impact craters are a good way to get lower topography. On the other hand, if you go back to the topographic slide, the topographic map, we don't actually see a big - a depression, a large depression, where the Menrva impact structure is, and that's the biggest impact structure on Titan.


So it's not thought, necessarily, that Ligeia Mare would have to require an impact to form that. And in fact, for the smaller lakes, the best explanation that matches the morphologic evidence is karstic processes. It's hard to understand that, how that dissolution, you know, that we see on Earth, acts when we're using such different materials, methane or - in water ice or methane in a compacted hydrocarbon solid is probably the best explanation.


But these basins may simply be erosional, from the - as you can see, there's a lot of channeling on the surface here. And the shoreline of Ligeia Mare actually resembles shorelines on Earth of flooded terrain. So this may simply be an area that was lower lying that's been filled up with liquids.


There's some other lines of evidence that suggest some of that as well, in that some of the topography doesn't necessarily line up with the directions of the channels or what you'd expect them to be. So there may be also longer wavelength, deeper modification subsidence in the crust, in Titan's lithosphere that's caused some of these areas to be lower. It's harder to tease that out because there's so much modification on the surface, though.

Shawn Brooks:
Thanks, Dave. That was a good question. Do we have any others out there?

Man:
I have a question. On Slide 17, where it looks like the former lakes up in the upper part of the image, is there any chance that that could be just a rougher liquids, for example, evidence for wave action?

Elizabeth Turtle:
They're consistently the same, from observation to observation, and these lakes are small enough that it would be much more challenging to get waves to form. There's not enough fetch, really, for waves to form. So if we're not seeing waves on the large seas, it would be very hard to explain waves forming in these kind of depressed little cutouts.


These are - most of these depressions are about a few hundred meters deep. So we don't think that's the explanation. Another reason for that is that these are often - well, yes, so we don't think that that's the explanation. It really seems to be a difference in the material, that it's not a full - it's not a liquid.

Man:
Thank you.

Elizabeth Turtle:
There are aspects of the radar signature that can help - you can look at the way the radar is reflected, and that - details of the signal can help interpret whether it's being reflected off a mirror lake surface, even if it's got some roughness. So none of these had the signatures one would expect with waves.

Man:
Thank you.

Woman:
I have a question here about the same slide, Number 17. In the bottom lake there, there's kind of a darker area in its rough center, which has a kind of almost arrow shape to it with some white outlines around the tip of the arrow shape. What might cause that?

Elizabeth Turtle:
So some of - so the brighter areas within the lakes are typically islands. Now, the radar can actually penetrate through some liquid, so it's also possible that in places where we see bright features at the shores or bright features within the lakes, that they're actually not something that you would see if you could see at this - if you could observe this at this resolution with ISS, for example, because it would just look like liquid, but that radar's actually penetrating into the surface a little bit.


And there have actually been some studies doing bathymetry of Ontario Lacus, for example - this is, again, work done by Alex Hayes, looking at how the radar signal changes at the edge of the lake, and what that implies for the depth, how quickly, what the slopes of the shorelines are.

Woman:
Okay, thank you.

Shawn Brooks:
So we're getting close on to 12:30 here, so I probably should let people go. But before we do, I want to ask of you one last question: do you have a favorite flyby that you're looking forward to in the next year?

Elizabeth Turtle:
I'm actually - the one coming up in October and December, I think it is, will give - I work primarily - well, I work with the camera team and with the radar team, but the flybys coming up this fall give the camera some of our best views of Ligeia Mare. So I'm really looking forward to those, because it'll give us a comparison to the radar observations.


And one of the things that we've been trying to do is get comparisons close in time so we can tell when the differences that you see between the near infrared and the radar wavelengths, when those actually reflect differences in the surface material and when they're actually showing me that changes have occurred between the observations.


So these upcoming flybys give us some great opportunities to see the north polar region of Titan very well with the camera, which is something that we've been waiting for, so looking forward to those in particular.

Shawn Brooks:
Well, great. I'll be looking forward to those as well. Thanks for letting us know it's coming up.

Elizabeth Turtle:
Yes, and there should be some great radar data coming from these flybys. And as I said, stay tuned for results of the data from the flybys this summer to get processed, because there's some really great observations we were able to get this summer.

Shawn Brooks:
Yes, I'm aware of some really good observation, T91 and T92.

Elizabeth Turtle:
Yes, yes. Yes, so the EPSC meeting in a couple of weeks, the DPS meeting in October and the AGU meeting in December will be very interesting.

Shawn Brooks:
Great. Okay, so I would like to thank our speakers, Dr. Buratti and Dr. Turtle once again. I would like to thank everyone who has dialed in, and we look forward to hearing you from our next CHARM telecon, which will be in October. The topic is still TBD, but we will let you know as soon as we have a speaker and topic. Thanks again, and good afternoon.

Elizabeth Turtle:
Thanks, Shawn.

Bonnie Burattii:
Thank you.

Shawn Brooks:
Bye bye.

Elizabeth Turtle:
Take care.

END

