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Don Voight,  Pole Net, Department of Geosciences, Penn State University
Interviewed by Andrea Polli www.andreapolli.com
AP: So, what kind of work are you doing here in Antarctica?
DV:  This year we have a fairly large, involved project that is called Pole Net.  It’s a group of different organizations and universities with an effort to put seismic and GPS stations, most of the time co-located stations, out along the Transantarctic Mountains and across the West Antarctic to get information on the geology of the continent that we haven’t obtained before because it takes a large effort like this.   It is very difficult getting to most of these places, so we’re trying to be as efficient as we can, putting as much equipment out as we can in one place.  
AP: How long has Pole Net been going on?

DV: About 3 months. 

AP: Really?   This is the first year? That’s exciting!

DV: It got funded this summer and we’ve been hustling to get everything ready and in place to start.  A lot of people have done a lot of prep-work already on this project.

AP: And how long is it scheduled to go on for?

DV:  I think it’s a five-year project.  I’m a worker-bee, I’m not sure the exact extent of it.

AP: Just what kind of equipment is going out there and where, the whole length of the Antarctic Mountain range?

DV: I actually have a map here.  We have a series across the Transantarctic Mountains and then up to the base of the peninsula, and then the second year we have a line of seismic stations that will go across the middle of the West Antarctic.  So it’s fairly extensive.   The equipment that’s going out – the GPS receivers are geodetic receivers that will be able to show movement of millimeter scale of these areas when you process the data.

AP:  Of the ice?

DV: No, these are all on the rock.  All the GPS stations are on rock, and the intent there is to look at motion of the crust, so everywhere there’s a piece of rock sticking out of the ice, we’re basically putting a GPS receiver on it.  

AP: And when you say co-located, what does that mean?

DV: Well that means that the seismic station is in the same general area as the GPS station, so the plane only has to land in one spot.  It’s more a matter of convenience.  It’s not always the best spacing for a seismic array, but we’re trying to take advantage of an airplane going to a location and being able to put both a seismic and a GPS station out.  
AP: Do you actually have to dig into the ice to find the rock in certain places?

DV: No, these will all be on rocks that stick up at the top of the mountains.  Up on the plateau there are a lot of places where you get a small of a mountain just coming out of the surface of the ice.  Some of the seismic stations will also be placed on the snow, for instance we have a station next week going in at Siple Dome.  We've had stations there before. And then next year the seismic arrays on the mountains will all be on snow.  The seismic doesn’t matter that much because you’re not worried about the motion, you’re just worried about detecting the earthquake activity, the waves coming from elsewhere, and the ice is a very nice medium for transmitting the seismic waves.  
AP: Did you also do something like this in Greenland?

DV: We did an active seismic project in Greenland where we were looking at the bed of the Jacobshavn Glacier using an active seismic system where you produce your own seismic source, generally using explosives and then record the waves that come back off.  It’s a different seismic technique.

AP: OK, so Pole Net does not involve any explosives on the ice.

DV: That’s correct.  

AP: So tell me a little bit about that work in Greenland, because it’s pretty fascinating.  You’re placing an explosive in the ice, and setting it off…is it a large explosive?

DV: No they are very small.  Were using ¼ kilogram of explosives in each shot hole. We drill a hole ten meters depth with a steam drill. The holes were I think 240 meters apart, that was our spacing.  And we have a cable with geophones on it, usually 24 or 48 channels.

AP: What are geophones?

DV: A geophone is just basically a motion detector, it’s a very sensitive device that measures the motion of the ice at frequencies that are similar to what the explosive produces.  These are 40 Hz phones, so fairly low frequencies.  

AP: But still in the audible range?

DV: Yes, that’s correct. So we have a string of, I think it was 1.2 kilometers of cable out and 24 phones, and you set off the shot and record the reflections off the bed, and off of any feature that it refects off of.  It will reflect off of any place there’s a change in density or characteristics of the material. So you get reflections off features within the ice, where there are changes in the characteristics of the ice.  You get reflections off the bed, where the ice-rock interface is.  If there is sediment at the bed you get reflections off the boundary between the sediment and the rock underneath. So you get a lot of information out of that. What we’ll do is we’ll survey in a 10 kilometer line and then move the whole string ¼ of a spread length, or a 1/3 of a spread length.  I think we’re moving 240 meters each move, so you get overlap, and that allows us to stack or add the data up and it improves our signal to noise ratio.

AP: So what is noise in this case?  When you think about the sound of an explosion or of ice responding to an explosion, I can’t even imagine what that would sound like, but it seems like it would be like noise.  What do you mean when you talk about signal?

DV: Well that’s our signal.

AP: Right!

DV: The wind in particular produces a lot of white noise at the surface.  You can’t really correlate it between locations, you can’t really subtract it out, and if the wind starts blowing to the point where the snow is moving we have to stop our work because it just hammers the geophones.  They are so sensitive that it will swamp the geophones.  Even though these are very sensitive and we have a fairly large explosion, some of the recordings are very small, so just the noise of the snow moving across the surface would swamp the kinds of reflections.

AP: Are you getting a 2-dimensional signal?

DV: Yes. It’s a line or a slice, but we can do 3D by doing cross lines, so when we’re exploring an area we’ll do a line down the middle of it, an ice stream for instance, then we’ll do cross lines, so we can get an idea of the changes in the bed depth and characteristics in two dimensions, the width and depth of the ice sheet.  So that gives us 3 dimensions if you include the vertical. If you think of it, one geophone records waves that are coming vertically, so each geophone records what's coming up from directly below.   
AP: So it only records the reflection?

DV:  That’s correct, so you need a string of 24 or 48 of them to get two dimensions and then if you do parallel lines you can get three dimensions.   They do this when they do oil exploration on a ship.  They’ll do this continuously as they drag a line of geophones along, and they’ll get 3D.  They’ll do hundreds of kilometers a day. It takes us all season to do that.

AP: Because the ice is solid?

DV:  Well, it’s hard to get down and move.

AP: Have you listened to this stuff? I remember you were talking about some interesting sound experiences while you were doing this work.

DV: You don’t really hear the reflections.  You hear what’s called the airway, which is just the noise from the shot.  The shot goes off and you hear it pop.  It’s usually just like a crack.  Sometimes you can feel the reflection in the bed if it’s a big enough shot in the bed or if the bed’s shallow enough you can feel it through your feet under the right circumstances.

AP: And that tells you the depth of the ice?

DV: Well, in the simplest way the time it takes for the energy to go into the bed and reflect off and come back up to your feet.  If you time that, the difference between the time of the shot and the time you felt it, that would be twice the…use the speed of sound in ice, and it would be twice the depth, basically the time it takes to go down and back up.

AP: Does sound move more slowly in ice?

DV: No, it’s faster in ice than in air.  Higher density, the faster it moves.  

AP: So, yesterday I was talking to a scientist who was recording seismic information of ice moving.  I imagine that there is information coming from just the ice moving.  How do you differentiate between the picture that you’re getting with these geophones and the ice actually moving when you’re doing something like that up in Greenland?

DV: Well, you were asking about noise earlier, and that’s actually a source of noise for us.  We actually had a situation this past year where we started the recording and the shot didn’t go off, and we got a record anyway.  It turned out to have been a crevasse cracking, and it put off about the same amount of energy, same sort of energy, same sort of depth as the shot, so Huw Horgan who was recording the shot couldn’t really tell the difference between the shot which didn’t go off and the ice cracking.  So that’s a source of noise. We had several records where we had ice cracking in the middle of them.  We record for about four seconds and you get a crevasse crack at the wrong time and you get noise.  There are also people in Greenland as well recording what we call ice quakes, and we recorded them in the West Antarctic.  It’s basically when the ice moves across the bed.  They freeze to the bed a little bit or stick on the bed, stick and break and it causes these little ice quakes.  The way you tell the difference between that and an earthquake is the frequency and just the characteristics of the waves that you get from that. You get hundreds of them in an hour, whereas that would be very unusual for earth type movements, and the frequency is different.  It’s a lot higher frequency when you get movement of ice, breaking of ice.  
AP: So do you ever listen to this information after it’s been recorded or is it put on an image to be analyzed?

DV: It’s put out digitally and we look at it on a record of the digital signal.  No, I’ve never listened to it, hooked it up and plugged a speaker into it.  It would be fun to do that though.  
AP:  Yeah, I think the stuff with these icebergs rubbing against eachother that.

DV:  Doug McAyeal

AP: Yeah, that was really fascinating.  So, do you think there is something important that you get in terms of understanding by actually being in the space, being there when this information is being recorded, or do you think it would be just as easy to look at the data in a comfortable office somewhere?

DV: We generally do look at the data in the comfortable office.  We had a project at South Pole last year where we were not seeing the bed reflections and not seeing what we were used to seeing on seismic records in the field, and it was kind of discomforting because we didn’t really know if we were getting anything because we couldn’t see the bed.   We couldn’t see internal reflections in the ice just because of the nature of the very cold snow up there, snow and ice.  So we had no real information in the field.   We went back to the lab.  We being the grad students, took the data back and processed it and they could tease the information out of it by post-processing.  There is information you get, we call it just QC, quality control, information about the records.   If your signal to noise ratio is bad in the field you may want to stack.  You can see that.  You may want to do closer interval shots so you can get more records to add up the signal and reduce the noise. So it’s more that kind of information that you get.  In Greenland, the signal, the bed, everything was coming out so clearly in the field that it was really quite remarkable, and it was at times slowing us down because everybody was trying to do science when we needed to be collecting data.  
AP: Ah, OK, so as soon as you see something good or hear something good you want to start…

DV: You want to try and analyze it, and we needed to be moving and collecting data.  
AP: So what has been found to be happening with the Greenland ice sheet right now?  Has anything important come out of it?

DV: This was the first year of a project called ‘CReSIS’ (The Center for Remote Sensing of Ice Sheets)  that’s based out of University of Kansas, so what we went up there to try to do was to get an idea of what parameters we needed to work with for a bigger season next year.  How big our shots needed to be, how deep we needed to drill, what conditions.  For instance last year at the Pole we didn’t have that opportunity.  It was a one year thing and when we got in there we found that we needed to drill deeper, and we needed bigger shots.  We weren’t able to do that. In Greenland we were doing that work ahead of time so that we could go back with a larger scale project and know exactly what we needed to do to get the data.  That being said, one of our students has already written a paper about the data that we got from Greenland that was so good.  It kind of stood in it’s own.   There has not been a lot of seismic, active seismic work done in Greenland.  The last active seismic project was done in the late 70’s I believe.  So, what we’re seeing is just a lot of water at the bed, and the ice stream is moving very fast.  We were on kind of a tributary, a branch of the ice stream, way upstream, and we still saw a lot of interesting features.  There’s not a lot known about that ice stream.   The CReSIS project is centered around remote sensing of the ice stream.   That’s where the name comes from, and part of what we were doing was sort of ‘ground truthing’ where we were getting very detailed information about the ice so that when we fly the radar we know what the radar is looking at because you can get features in the radar data that unless you’ve been on the ground and looked, you don’t know what those features represent.  
AP: ‘Ground truthing’, some of the weather people I was talking to use that term too.

DV: So our efforts were to really get information at the ground and over a short period of time, and very detailed information about the ice, the characteristics, while other people were flying with radar in the aircraft, and then we’ll try and correlate that information and see.   We can say, ‘oh this layer shows up in both, this is what it is’ or ‘we have no idea what this is because it didn’t show up in the seismic’ that happens often.  

AP: So these geophones that you are putting across Antarctica, would those be considered remote sensing because they are automatically giving information all the time, or is remote sensing really only referring to the satellite.  

DV: I guess remote sensing is generally referring only to an airborne or satellite data collection. You know, you could think of these as remote sensing, just not moving along.  I mean you can’t do that with seismic, but it’s sort of a similar way of thinking about it though. We have an instrument out there collecting data that’s looking down.

AP:  Looking down through the ice while planes are looking down on the surface.  So you’ve been in Greenland, it sounds like, for a substantial amount of time, down here I Antarctica and at the Pole.  Have you had any interesting sound experiences?

DV: Some of the quiet times down here are really some of the most interesting, the times when the wind drops and you have no reflectors around you at all.  Especially in the West Antarctic it’s flat, and when you have no reflectors you have no sound coming back that you’re generating. It actually can get still enough that you hear your heart beat, and that’s pretty interesting. Especially when the wind is completely still, and then the other extreme would be when the wind is really screaming,  and you’re in a tent and everything is just sort of vibrating. You get poles humming and bamboo sometimes will crack and the whole thing will whistle as the wind travels past it. So, that’s always interesting. The tent will vibrate and set up harmonics, it gets pretty intense when the wind is really screaming.

AP: Do you find the same kind of sound on the ice sheet in Greenland?

DV: Yeah, it’s very similar. It’s flat and white there too.  The air’s a little more humid, but you get the same sort of things going on. I don’t think the wind ever stopped blowing in Greenland.  It does down here, even though this is supposed to be the windiest continent.  Actually in the West Antarctic we had wind generators out there for a while, and we were not successful using them because there wasn’t enough wind. Greenland it never stopped blowing.  I don’t think we had a calm day the whole time.  It was tough doing seismic there because of that.  

AP: You have to stop all the time.  It's really interesting what you say about the West Antarctic having no reflectors, but ironically what you are doing is listening for the reflectors, but down below your feet.





















































