Berries, Brittany & Buzzards
MVGS Earthquake Monitoring
Dr Mark G Eller
In our last MVGS Newsletter in July, I introduced our RaspberryShake seismometer and stated
that “another nice big earthquake around Newdigate would be good” in order to know definitively
what an earthquake looks like among all the noise on the seismograms. Well, be careful what you
wish for, especially if you live in Leighton Buzzard. You may have seen or read in the news that
there has been a series of earthquakes centred around this town in Bedfordshire since September
8th. These haven’t been the only earthquakes to turn up on the recorder. There have been
multiple earthquakes oﬀ the north coast of Brittany and around the Isle of Jersey which have also
been clearly identifiable. There is also the possibility that the instrument actually picks up
evidence of some very big quakes from thousands of miles away.
Anyway, I get ahead of myself. I had installed the RaspberryShake and started monitoring by the
end of June. Unfortunately, by 20th August, the date of this year’s socially-distanced MVGS
Committee meeting, I could not admit to having seen anything I could justify as a seismic
response to a real earthquake, and I reported to the Committee that it was all a bit disappointing perhaps my hallway was not a good location for the device.

France wobbles
It turned out that, even as I was giving that report, France was trembling. An earthquake occurred
just oﬀ the north coast of Brittany near Grandcamp-Maisy, west of Caen. It was a Magnitude 3.1
at a depth of 2km, occurred at 15:24:13 UTC and was reckoned to be 210km from where I live. I
discovered this from an app on my iPad called “Earthquake 4.4.0” which lists and plots
earthquakes from around the world and allows you to filter them by size and distance: very useful.
You can also find lists of earthquakes on the website of the European-Mediterranean
Seismological Centre (EMSC: https://www.emsc-csem.org/Earthquake/info.php) and, especially
for the UK, the BGS (http://www.earthquakes.bgs.ac.uk/earthquakes/recent_uk_events.html).
This is what the earthquake looked like on the 3 detectors of the MVGS RaspberryShake:
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i.e. not all that much to see on the raw data and easily overlooked among the background noise.

The seismogram traces below, taken from the RaspberryShake, have zoomed in on the signal and
start about 30 seconds after the earthquake at its point of origin (the timings on all the traces are
UTC which is 1 hour less than BST). The top (blue background) trace is the same raw recording
from the vertical (Z) sensor as on the previous image; the next trace down is the same data after a
3-8 Hz bandpass filter has been applied. This basically gets rid of all of the local high-frequency
’noise’, such as vehicles on the nearby road, people slamming doors in my house, hoovering, or
tramping heavily on the stairs. This process brings out and magnifies the detail of the earthquake.
The next two traces are the E-W and the N-S oriented sensor recordings, similarly filtered.
The responses on the detectors show not only initial movements starting at about 15:24:47 UTC
but also a later phase of movement, best seen on the horizontal E-W and N-S detectors, starting
about 24 seconds later at 15:25:11 UTC. Taking into account the time it would take for seismic
waves to travel from North Brittany to my house in Eﬃngham, there is good reason to believe that
these are, respectively, the P-wave arrivals and the S-wave arrivals of the earthquake. The timing
of these after the origin of the quake is about right and the time diﬀerence between P-waves and
S-waves is also about right for a quake 210 km away.
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A [very] Little Geophysics
So, what does all this mean ? What are P-waves and S-waves and why do I care ?
When a geological fault moves it is caused by the gradual build-up of stress within the crust due
to plate tectonic movements. Although most fault activity occurs at plate boundaries such as
subduction zones, mid-ocean ridges, strike-slip zones, or areas of active mountain building (due
to thrusting in plate collision zones), the stresses that are set up by these worldwide movements
are transferred many thousands of kilometres away through the relatively brittle crust.

Deep-seated fault systems exist throughout the continents, some having been in existence for
hundreds of millions of years, and they can easily become re-activated, given the right pressures
and stresses. Thus it was with the Surrey earthquakes of 2017 and 2018, and thus it is with the
swarm of earthquakes that have been occurring recently in the Channel oﬀ the coast of France, of
which the above earthquake is an example.
A fault ‘fails’ when there is enough stress to overcome friction along the fault plane and, quite
literally, the earth moves, with one side of the fault moving in relation to the other anything up to
several metres. This releases a huge amount of energy from the built-up stress in the form of
pressure waves that radiate out from the area of the fault movement. These waves take a number
of forms, all of which have somewhat diﬀerent properties. The most important are the
compressional, or P-waves, and the shear, or S-waves. You can think of the P-waves as waves
that are propagating forwards and backwards away from the source, whereas the S-waves are
moving from side to side as they spread away from the source. The important thing to remember
is that P-waves move faster than S-waves. S-waves also attenuate in the presence of liquids.
The P-waves will therefore arrive at any detector first, followed by the S-waves, and the diﬀerence
between these ‘arrival times’ depends on how far away is the source of the quake - the fault itself.
There are graphs such as this one
that plot the diﬀerent travel times
for P- and S-waves in a generic
crust. The diﬀerence in time
between these two curves is a
measure of the distance from the
epicentre. One can also use it the
other way around to predict when
a known earthquake might appear
on our seismogram, once you
know how far away the source lies.
So in the case of our first
identifiable quake in France,
shown above, the epicentre lay
210 km from our RaspberryShake
and this translates to a travel time
of about 30 seconds for the Pwave and slightly less than 1
minute for the S-wave. Using this
information we can pinpoint when
each part of the seismic response
will arrive.
In fairness, there are other types of
seismic waves as well, the most
important being surface waves
such as Rayleigh waves and Love
waves (each named after the
people who defined them). These
form when the P- and S-waves
reach the surface of the earth and
then propagate along that
boundary (earth/air). They can be
the most destructive, along with the shear waves, close to the epicentre, but they dissipate
relatively quickly. The Rayleigh waves and the Love waves are even slower than the S-waves and
are usually diﬃcult to distinguish from them. Of course, nothing is simple and there are many
combinations of direct and reflected waves (bouncing oﬀ things like the MOHO) which complicate
earthquake traces. Friction and the spreading out of the waves away from the source act to
dissipate the energy and so smaller and more distant quakes can be diﬃcult to see above
background noise. However, the P-waves of very large quakes can be identified over great
distances (thousands of kilometres), although they may well have lost their S-wave equivalents,
especially if the propagation takes the waves through partially molten areas of the mantle.

Leighton Buzzard Rocks!
On September 8th at 09:45:29 BST life changed for the inhabitants of Leighton Buzzard in
Bedfordshire. They were hit by a Magnitude 3.5 earthquake, which could be felt for at least 30
seconds (and actually reverberated for about two minutes. This was a significantly larger quake
than the largest of the Surrey swarm, which was a Magnitude 3.0 quake on July 5th 2018. The
Leighton Buzzard earthquake showed up very clearly on the MVGS seismometer, standing out
from all the surrounding daytime noise:

The epicentre for this quake was just 78 km from my house, at a depth of about 10 km. It
therefore only took 12 seconds for the P-waves to arrive and a further 9 seconds for the S-waves
to turn up. The detailed traces are shown on the next page where, as before, the top trace is that
from the vertical (Z) detector, as measured. The next three are the traces of the Vertical, N-S and
E-W oriented detectors, having been filtered to remove high-frequency noise above 8 Hz and very
low frequency vibrations below 3 Hz. They are all plotted on the same scales and so you can see
that, because in this case we were so close to the epicentre, the S-waves are a higher amplitude
than the P-waves and actually overlap them. These shear waves are much more clearly visible on
the horizontally-oriented N-S and E-W detectors. The RaspberryShake detectors record
acceleration, in metres per second, rather than displacement, but according to Richter (he of
earthquake magnitude fame), a Magnitude 3.5 quake at a distance of ~80 kms should have
produced a maximum displacement of my house of about 4mm !
Needless to say, in the fine tradition of previous Chairmen of the MVGS, I felt nothing…
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For the geophysically curious, one can look at this data in diﬀerent ways, using fancy software.
The top trace below shows the unfiltered vertical component of movement for a full 2 minutes
around the earthquake. The plot below that shows the distribution of frequencies throughout that
time, i.e. the frequency content of the the entire earthquake as measured in Eﬃngham. What you
can see is that there is a lot of energy between about 0.2 and 10 Hz and that therefore the above
traces are missing quite a lot of the low frequency energy. The coloured spectral plot below this
shows the distribution of those frequencies throughout the earthquake (frequency is the vertical
axis and the colours represent the amount of each frequency present: red - lots; blue - little). This

shows the gradual dying away of the earthquake with time and the lower frequencies lasting much
longer than higher frequencies. In fact this plot shows that even after two minutes there is still
some low-frequency reverberation, compared to the signal from before the earthquake, even if
this is not particularly evident on the original wiggle trace.
However, Leighton Buzzard hadn’t finished with us. An aftershock of Magnitude 2.1 occurred on
September 13th at 00:20:52 BST followed by another two aftershocks on the 22nd: a Magnitude
3.0 at 09:32:16 BST and another Magnitude 2.1 at 13:39:22 BST. Each of these were from slightly
diﬀerent locations, between 73 and 78 km away. These are the Z-axis (vertical) responses for
each of the four earthquakes:
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And these are the equivalent N-S axis responses:
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All of the traces start at the exact time of the earthquakes, according to the BGS, but the waves
reached me at slightly diﬀerent times, reflecting the small diﬀerences in location for each of the
shocks. It is also evident that the nature of the earthquakes is very similar and that if I were to
have felt any of them, it would have been the first arrival of the S-waves that would have been
most obvious.
One problem with these displays is that, with each earthquake being of a diﬀerent magnitude, the
software has zoomed-in to diﬀerent degrees to make the signals comparable and so all of the
vertical scales in the above plots are diﬀerent. If one re-scales them to all be the same as the
first, largest earthquake, one can really appreciate the diﬀerences in magnitude:
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When plotted on the same scale as the original 3.5 magnitude earthquake, the 2.1
magnitude quakes are barely visible.
Amplitude increases ten-fold each time the Richter Scale of magnitude increases by one
(i.e. it is a logarithmic scale) and so a magnitude 3.5 quake should have an amplitude 25
times the size of a magnitude 2.1 quake. This translates to some 125 times the amount of
energy released. While the first big peak on the magnitude 3.5 quake should have
produced a maximum displacement of my house of about 4mm, the 2.1 earthquakes
should have only moved me about 0.15mm (the magnitude 3.0 quake should have thrown
me around by just over 1mm).
The RaspberryShake can thus record lots of fine detail in quite small events. It will be
interesting to see what happens as the Leighton Buzzard aftershocks continue to decrease
in power over the coming weeks.

Other Earthquakes and Detectability
Other regional earthquakes have been taking place throughout September. There has been a
number of further quakes along the North Brittany Coast and near Jersey which have been picked
up by the RaspberryShake. As an example, this is the Magnitude 2.8 Jersey earthquake from
September 16th, some 260 km away:
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On September 22nd the seismometer picked up a Magnitude 3.4 earthquake from central France,
600 km away in the Limoges area - just:
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You can see that the signal only just stands out from the background noise, and only after
significant filtering.

There has also been a series of at over 50 earthquakes taking place over the past couple of
weeks in the Pyrenees, near Pamplona, in Spain - something like 940 km away. The quakes
reported by the EMSC have varied in magnitude from 2.0 up to 4.6. The four largest of them have
been recorded on the MVGS seismometer but anything less than Magnitude 3.5 cannot be
detected. This is the Magnitude 4.4 earthquake from October 1st:
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Note the gap between P-wave and S-wave arrival times is now over one and a half minutes
because of the distance (c.f. the nine second delay in the Leighton Buzzard quakes).
There have also been local and regional quakes that just have not turned up on the detectors at
all. These include a Magnitude 1.0 under Bristol, a Magnitude 1.7 near Plymouth and various
relatively small quakes in Wales and Scotland.
This brings up the question of detectability. Obviously whether a quake can be detected is
dependent on its strength and its distance from the detector. I have gone over pretty much all of
the regional earthquakes from the past month and compiled the following chart of what is and
what isn’t detectable. Interestingly there are some quakes around the 500km mark that are just
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not detectable, even if they look as if they should be. These are all from the same area on the
west coast of France and the implication is that local geology near the source of the earthquake
must also have an important eﬀect on detectability.
One last image:
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The event that you can see at just before 21:54 on September 18th corresponds precisely with
the arrival time for a Magnitude 6.9 earthquake on the Mid-Atlantic Ridge between Africa and
Brazil - some 6,118 km away ! According to the BGS, the earthquake took place at 21:43:58.3
UTC and, given the distance, the P-waves would have reached Eﬃngham some 9:30 minutes
later. S-waves would have followed some 7:40 minutes after that, but it does not look as if they
got here - or, if they did, they were not distinguishable from the background noise.
I find this remarkable. The idea that we are all being shaken, incredibly gently, by large
earthquakes from as far away as the Mid-Atlantic Ridge in the South Atlantic is extraordinary - but
rather wonderful.

Final Thoughts
So, has it all been worth it ? Well that is for you to judge but it has certainly kept me out of
mischief for the past month or so and I think that the results are remarkable - once we had
worked out what to look for.
We are currently re-working the MVGS website and intend to include a section on Geophysics,
where we can display these records and comments for all to see at their leisure. I think that it will
enhance the standing our our society and, hopefully, will attract more people as well as entertain
our current members.
Please let me know if you have any questions or ideas about how to improve our analysis and
presentation of the data.
Rock on !

