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AP:  So you’re here in Antarctica doing seismic work with Mt. Erebus?

RA:  That’s right, I’m the co-PI for the Mt. Erebus observatory with my colleague Phil Kyle and we record motions of the Earth’s surface on he volcano at various points and use that to understand how the seismic waves, the solid-earth equivalent of sound waves, are bouncing around inside the volcano and also how they are being generated by eruptions.  

AP: So how to you measure those waves?

RA: These are very delicate sensors that basically measure the velocity of the Earth’s motion down to very quiet levels, even down to microns per second.  So we can no only see activity occurring on Mt. Erebus, but we can also pick up the world’s ocean signals from around the world that are generated by waves, we can pick up very large earthquakes from anywhere in the world actually here in Antarctica because those waves travel through the deep interior of the earth, even through its very core, and move the seismometers on Mt. Erebus.  We just had a large earthquake from, I think it was, Fiji this morning that registered very strongly on our instruments.  So these types of networks can not only be used to study very local phenomenon like an active volcano, but also can study the deep interior of the earth.  

AP: What are these monitors physically/ Are they just like a microphone embedded in the earth?

RA: The simplest analogy is that they are basically a mass on a spring with some damping and some sensing. So the mass acts like an inertial body and tends to stay still, and the earth and the seismometer, except for the mass, tends to move around it, and the differential motion is picked up by sensitive electronics.  

AP: So kind of the principle of a microphone with a magnet and a…

RA: Yes, it’s a little bit different in that it doesn’t measure pressure, it actually measures velocity of the earth’s surface.

AP: So how do you differentiate between what is coming from the volcano and what is coming from waves or from Fiji?

RA: Right, well there are a variety of techniques, some of them are based on our fundamental understanding of the physics of how seismic waves propagate, some are based on the fact that not only do we have a network of sensors on Mt. Erebus, but actually there’s a real-time recording system of seismometers all over the globe.  So when we see a very large signal coming in, first of all we know from our understanding of earthquake physics that it’s a large earthquake coming from far away just by the character of the waves, the period of the waves, the amplitude of the waves, the envelope of the wave train, that type of thing, and we’ve seen lots of these and we know what they are, but because we have an international network of seismometers, I can go to the USGS (U.S. Geological Survey National Earthquake Information Center) and find out exactly how big it was and where it was.  Now when we’re looking at local events here on Mt. Erebus, well we know what eruptions look like and we also have a camera system and an infrasound system that actually records the waves in the air.  That’s a sub-audible frequency, so we actually know when there’s been an explosion on the mountain as well.  

AP: So tell me now the difference between the seismic waves and the infrasound waves.

RA: To a physicist there’s no difference, because infrasound is just seismology in the atmosphere, but the atmosphere is a fluid and fluids only support one type of wave, familiar sound waves, which is just compressions and expansions, changes in pressure that propagate at a single velocity.  Solid materials, like the solid parts of a volcano, actually propagate two types of fundamental waves.  One is very much like the one in the atmosphere, it’s a compression and rarefaction.  The other is called a shear wave, and that is actually a side-to-side motion that propagates more slowly than the faster compressional wave.  And you can kind of understand that intuitively by thinking about the kinds of elasticity that you have.  If you’ve got a fluid, like water or air, it really only has one kind of elasticity.  If it changes volume it will snap back, it will push back, but it won’t push back at all if you just change its shape.  Solids have two types of elasticity, they have that sort of volume elasticity and they also have what’s called a shear elasticity.  Because of that, if you do the physics right, you should derive that there should be two types of seismic waves, and there are in fact. P and S waves, they’re called.  

AP: Now is that related to the layers that you see when you see cross sections of the earth?

RA: Well the layers affect these waves in complicated ways.  For example if you have a place where you have a layered earth, like a sedimentary basin where people look for oil, then what happens is every time there’s a change in rock type, the speed of the seismic waves can change and the density of the medium can change, and those types of abrupt boundaries between different materials, just like a sound wave bouncing off a wall, can cause seismic waves to reflect, but they’ll do even more than that, they’ll also cause seismic waves to transmit into the second medium, maybe propagating at a different angle, and they also cause the P waves to convert to S waves and the S waves to couple and convert to P waves, so the situation gets much more complicated in seismology than in acoustics.

AP: That’s really fascinating, so really when vibrations are moving through the earth, they are moving in much more complicated ways than they might be moving through the air.  

RA:  That’s right, there is more physics in the propagation of waves in solid materials than there is in air or water.  

AP: So why do you monitor the infrasound in the air and is there a difference between monitoring infrasound and sound in the audible range?

RA: Well infrasound is very valuable for us working on a volcano because eruptive sources, whether they are effusive ash eruptions that take many tens of seconds or impulsive explosions of the Erebus lava which only take a fraction of a second, put a lot of their energy into the air.  Because if you think about it, it’s a surface explosion, so they send some energy into the seismic field, into the volcano and we pick that up with seismometers, but they put a lot of energy into the air.  So, we’d be missing a lot of the signal coming from this phenomenon if we didn’t measure the air pressure.  

AP: But is there a difference between sound in the audible range and the infrasound?

RA: There’s fundamentally no difference, it’s just that these are very large sources, spatially large, and they occur over fairly long time periods, much longer than the typical things that vibrate, make sounds that you’re familiar with, so you just need to go to much lower frequency.  So the frequencies that we look at are on the order of several seconds to ten hertz, so well below the audible range, because that just happens to be where all the power is in these signals.  

AP: So I understand that you have been bumping these signals up to the audible range, and why have you been doing that and has it been useful?

RA:  Well you can, you can do this with seismic signals and volcano signals, and they typically sound like cracks and snaps when you do that, because they are really pretty transient things.  They just go ‘blip’ and then they’re gone.  They’re not particularly musical, they sound more like percussion instruments rather than tonal instruments, and you can do this with earthquakes too.  If you take…oh there’s an eruption right now…might be a small eruption there.

AP: We’re looking at a real-time graph.

RA: This is data streaming in from the mountain right now.  So if you take these very long period signals as well in the seismic band, which are generated by a different process I’ll describe in a moment, and you speed them up, they sound sort of like hitting a bongo because they’ve got atonal harmonics, that are non-harmonically related.  Speeding up earthquakes they sort of sound like crackles and snaps, because they are pretty broad-band, and they have an impulsive beginning and they have a coda where it dies off.  The signals I’ve been studying from Erebus that are particularly musical are the iceberg tremor signals.  I’m working with Doug MacAyeal at the University of Chicago and Emile Okal at Northwestern University on this right now.  We’re just putting together one of our first (we hope) important papers, it’s going to describe how these tones arise.  And they sound more like -- if you speed them up 100 times because their lowest harmonic frequency is typically around 1 hertz -- so if you speed them up 100 times, you put them in the audible band, and they sound like horns and whales and swooshes and all kind of interesting, wind noise, all kinds of interesting sounds.  

AP: What does that tell you about the science of them?

RA: Well it’s sort of been a mystery.  People started picking these up originally here and in Antarctica and as far away as Tahiti, believe it or not because they get into a sound propagation channel in the ocean called the SOFAR [Sound Fixing and Ranging] channel that is a low velocity channel in the ocean that can carry signals thousands of miles, whales use it for communication.  And so people started picking these signals up and they didn’t know what they were.  We started picking them up on Mt. Erebus and originally we thought that it was a process called volcanic tremor, that seems to occur on sound volcanoes around the world, but eventually we tracked it to these giant icebergs that started calving off of the Ross ice shelf at around 2000/2001, and as these icebergs grind against eachother, they basically produce a sequence of tens of thousands of tiny ice quakes, and these ice quakes occur so regularly, about once per second, that when you take the fourier analysis of a very regular spiky time series, it looks like…

AP: A smooth tone!

RA: A smooth tone, exactly, because it’s got all those frequencies in it. So we, actually Doug MacAyeal and his group, went to C16 iceberg and put some seismometers, IRIS PASSCAL which is the same [NSF-funded] group at my institution that we borrow instruments from, put some seismometers on the iceberg and were able to detect this signal very close to the source, before the high frequencies had a chance to die off, be scattered or otherwise confused.  We were viewing it from many tens of kilometers away before they started putting the instruments on the iceberg, and you can see it’s just a sequence of little ice quakes occurring.  

AP: And have you spent a lot of time listening to this stuff?

RA: Yes, we’ve got quite a few of these sound files on our web site for instance.

AP: And do you find that you are able to differentiate, to know certain things that are happening based on the sound?

RA: Yes, well we think we’re starting to understand what is happening, no one has ever seen a source like this, it’s sort of like the macroscopic version of the squeaks you might get from a hinge or from pushing a heavy piece of furniture across a polished floor, that’s the same type of thing, or the squealing of tires, because those are just a sequence of thousands and thousands of little stick-slip events.

AP: Doug sent me one from B15 that was very much like that, or almost like crying.

RA: Yes, the cry of B15.  Well we’ve had some very musical ones as well, I’ve got one out on the display, would you like to hear it?  This is a event from B15 iceberg in 2001 and what I’ve done here, you can see I this picture, the spectrogram that shows all these harmonics, those abrupt jumps, meaning that it must be a very small source to change that quickly.  There’s a half-step jump here for instance, some quiet periods, there’s some little whoops, and then there’s a fundamental that’s embedded in a lot of white noise, it sounds sort of wind-like.  So this is that vertical component of ground velocity, sped up 100 times. 

[sound plays]

RA: That sounds very musical, like a trombone.

AP: Sounds like a horn, yeah!

RA: You see there’s a half-step jump there and it will come back here and then it will come back with a very different character.

[sound plays]

RA: Much more broad band, and when it’s very broad band and noisy like this…

AP: It’s like an elephant.

RA: Yes. we think there is ice that’s also grinding at this stage, whereas here you hve very repetitive relatively non-destructive tiny slip events, and I can email you quite a few of these files, they are absolutely fascinating to listen to.  So this is basically an hour, we just heard an hour of data, sped up 100 times.  I’ll play that again for you without the commentary.  

[sound plays]

AP: So what made you imagine to do this kind of shift and start listening to this stuff?

RA: Well when I looked at the spectrum I knew I had to try this because the seismic spectrum was so fascinating and rich I knew it would sound interesting if I sped it up and put it in the audible band.  

AP: Are you a musician yourself?

RA: Yes, I’m a guitarist so I was very interested in the harmonic structure of this, I wanted to know what would appear like.  So this of course is also one way for me to think about the science when I hear these sounds because we all have a spectrum analyzer in our heads, especially those of us who have played music for a while, and it’s kind of fascinating to think about the analogous ways that nature makes sound and human beings make sound with musical instruments because human beings have basically figured out all the natural ways of making sounds and embedded them in one musical instrument or another and so when you hear a sound in nature it usually has some analogy in the orchestra.  

AP: That’s true, so many different types of instruments and different ways of creating sound, animal type sounds…

RA:  Right, right, and in this case what we think, the best analogy again is like a giant squeaking hinge or something like that, where you’ve got two relatively homogeneous pieces of ice, in this case two giant icebergs, one is about 300 meters thick and the other is about 30 or 40 meters thick or a few hundred feet thick and they are grinding against each other with tremendous force for hours and at some point they self-organize into this repeating system, where they are just sticking and slipping, sticking and slipping, once per second for tens of thousands of times, and doing it regularly enough so that it produces this harmonic signal.

AP:  It’s really incredible.  So do you think there’s a place for seismologists to be in the lab listening to this stuff, do you think it’s beneficial in that way?

RA: It helps me, to understand the tonal character and the frequency modulation, the amplitude modulations of the signal.  I think it gives me a more intuitive understanding of the signal that I’m looking at.  At the same time I can analyze it with Fourier or other techniques, and understand it mathematically.  So it leads to a richer understanding of the process that we are trying to study.  

AP: And where is this research going, is there a direction towards doing more sound work in the future?

RA: The hope is that once we understand this we can learn more about how these giant icebergs evolve and crash into each other and migrate through the world’s southern oceans to eventually reach their demise somewhere up north.  And there are certainly indications that these signals can be detected at great distances. So you can imagine if there was a sufficiently dense seismic network in Antarctica, we could not only be monitoring earthquakes and studying the structure of the deep earth, but we could be tracking icebergs as they grind and squirm their way around the edges of the continents and eventually head up north.  

AP: Fantastic, thank you very much, Rick.

