Curry Fund Support Report

Raspberry Shake: A Saga of Seismic Scale

By Dr Mark Eller, Mole Valley Geological Society
As reported last year in the pages of the Magazine of the meant that in the short term, at least, it was clear that we
Geologists’ Association (V18, No 2, June 2019), the Mole would not be able to site it anywhere involving third parties
Valley Geological Society celebrated its 40th anniversary and so we decided to just go ahead with the purchase - while
in 2019 with a ‘Geoextravaganza’ of fascinating lectures we still had a grant. This would enable us to gain experience
concerning a wide variety of topics of local interest to our area of operating the instrument before deciding, ultimately, what
of Surrey. One of the invited speakers was Dr Stephen Hicks of to do with it.
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Figure 1: The MVGS RaspberryShake seismometer in action
And so it was, that at
which makes identification
on my hall floor
subsequent
committee
and distance estimation
meetings and our Society
AGM, the idea of the MVGS acquiring its own seismometer
came to be a serious proposal. That autumn Prof. Selley put
in an excellent application to the GA Curry Fund for financial
assistance and we were delighted to receive a rapid response
offering funds to support the project.   The next steps were
to form a sub-committee to consider such things as what
model to purchase, where to site it and what to do with the
readings: we didn’t want to just go and buy an expensive bit
of kit if we didn’t know what to do with it. This actually proved
more difficult than might seem at first. The instruments are
called “RaspberryShake” since they are based on an included
Raspberry Pi computer board attached to a number of
accelerometers and are all set up to ‘plug and play’ into a
worldwide network of seismometers with minimal fuss. The
problem of siting the RaspberryShake is that it needs solid
ground to stand on (no carpets or floorboards), 24hr internet
via a wired connection and, of course, power. This has been
tricky - and is still not definitively resolved. We considered
placing it in a school but rejected this for reasons of access,
security and day-to-day “noise”.  We thought about putting it
in our local museum but, again, issues of access and security,
along with finding a suitable surface on which to mount it,
have made that difficult.
We were in the middle of these deliberations at the beginning
of this year when the Coronavirus pandemic struck. This
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much easier than with just
a single vertically-oriented sensor, as on some other models.  
It turned out that the factory in Panama was in lockdown and
that, although they had models ready to ship, there was noone at work to actually ship them. The silver lining to this
was that they were offering a 10% pandemic discount on
orders placed at the time - small mercies!  At the end of May,
lockdown in Panama was lifted and our RaspberryShake was
finally sent out, via America, using DHL. You can probably
imagine what customs in both the US and the UK thought of
a small box containing lots of wires, a circuit board and three
unidentifiable cylinders about the size of a C battery!   It is
therefore very much to DHL’s credit that the whole shipment
only took 5 days (and quite a few emails about the contents).
Thus it was that in early June we finally had our seismometer
- or, at least, I had it.  I then had to find somewhere to set it
up: somewhere with a solid floor, power and a wired internet
connection. This was not as straightforward as it sounds,
even for a temporary installation. Eventually I positioned it,
carefully oriented, in my front hall (See Figure 1). As you will
see from the picture, apart from some nice coloured lights,
it is not a very interesting instrument to look at: no moving
parts or fancy displays! However, it did start recording. The
signals are sent to servers in the cloud associated with the
RaspberryShake network and can be accessed from there,
after registration, along with all the rest of the network’s
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distanced MVGS committee meeting in
mid-August I could not report having
definitively detected a single earthquake.  
This was disappointing! There had been no
local earthquakes in that time except for
one reported in the middle of the English
Channel, which had definitely not turned up
on our seismograph, and so I was wondering
whether it had all been a waste of time and
money.
Unbeknownst to me, and actually while
making this downbeat report to our
committee, an earthquake was taking
place offshore Brittany.  When I got home I
routinely checked my apps and then looked
for the earthquake on the records - and there
it was, in amongst the noise (See Figure 3).
With a little bit of filtering, the signal stood
out (See Figure 4) and finally we had our first
record of an earthquake! This was a quake
of 3.1 local magnitude (3.1ML), from about
2km depth and about 210km away from our
detector. The delay in time between the
Figure 2: Our first 24 hours recording at the beginning of July
recorded time of the earthquake and the
arrival of the signal in my front hall agreed
instruments. Various bits of free software and apps can then
with calculated travel times and in the
be used on a computer, notepad or smart phone to visualise
filtered signals the S-waves could clearly be seen following
the waveforms, although they all take a bit of getting used
the P-waves at the appropriate time (S- or shear waves are
to. Nevertheless, by the beginning of July we were off and
slower than compressional P-waves). Everything was working
running.
after all: it turned out that the Channel earthquake that I
Figure 2 shows the output from our first full 24 hours of
had previously been looking for was a phantom and just
recording. It shows the response of the vertical (Z) sensor
disappeared from published lists of earthquakes. I therefore
only, but the others, in this case, were not dissimilar. Between
had to send an apologetic email to the rest of the committee
the hours of about 23:00 at night and 6:00 in the morning,
saying that I had got it all wrong…
very little is going on, while during the rest of the day there
Over subsequent days, other, smaller, earthquakes turned
are many ‘events’.  It turns out that almost all of this is nonup off northern France and then, on September 8th, the first
seismic “noise”, although to a significantly lesser extent than
of the Leighton Buzzard earthquakes struck. This was a big
that to be seen on some of the other RaspberryShakes on
quake, with a magnitude of 3.5ML; deeper, at about 10km;
the network in London or near busy main roads. The ‘events’
but only 80km away in Bedfordshire. It had a big response on
are mostly vehicles passing on the lane nearby, about 150m
our seismometer (See Figure 5), clearly standing out from all
away, or driving up to my house to make deliveries. The
the surrounding noise. According to Richter (he of the Scale)
noise also includes things like my front
door opening and closing, people walking
heavily around the house, vacuuming and
the like. The instrument is very sensitive.
Fortunately, all of this noise is relatively
high frequency (typically above 10Hz) and
can easily be filtered out using some of
the aforementioned fancy software. What
is left after such filtering may, or may
not, be of earthquake origin. The easiest
way to check this is to use various free
apps or websites like the BGS or EMSC
(European-Mediterranean Seismological
Centre) to look for regional earthquakes
of significance and then check on the
seismogram record as to whether they
have turned up, taking travel times for
the various seismic waves into account.
Nearby RaspberryShakes on the network
can also be checked to see if they have
registered the same event.
Despite the above settling-in process,
Figure 3: Our first earthquake!
by the time of our next suitably socially-
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a 3.5ML earthquake that close
to me should have shaken
my house by a couple of
millimetres. Needless to say,
in the fine tradition of previous
Chairmen of the MVGS, I felt
nothing. As the residents of
Leighton Buzzard will testify,
this first earthquake was
followed by three others over
the following two weeks: one
with a magnitude of 3.0ML and
two 2.1ML quakes. They were
all seen on the seismometer
and I have plotted the vertical
(Z) components of all four
earthquakes at the same scale
on Figure 6. This clearly shows
the differences in magnitude
between
the
quakes.
Since the Richter Scale is
logarithmic, a 3.5ML quake
should have an amplitude
some 25 times the size of
a 2.1ML quake (and release
something like 125 times
more energy). Because the
earthquakes were so close,
the P-waves only took 12
seconds to reach me, while
the S-waves arrived a mere
9 seconds later, overlapping
the P-waves and causing
the second, and largest, set
of peaks.
The RaspberryShake can
thus record a great deal
of fine detail in quite small
events nearby.
It has
been interesting to see,
now that I have my eye
in, how distant and small
quakes can still be detected. On
September 16th a 2.8ML quake
was detected from near Jersey,
some 260km away, while on
the 22nd a 3.4ML quake was
detected from central France,
nearly 600 km away. At the
end of September there were a
series of at least 50 earthquakes
in the Pyrenees, near Pamplona
in Spain, about 940km away
and varying in magnitude from
2.0 up to 4.6ML.
The four
largest of these were clearly
detected in the Mole Valley but
nothing below 3.5ML has proven
visible. On the other hand, there
have been local and regional
earthquakes during September
that have not been detectible,
including a small quake of
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magnitude 1.0ML under Bristol,
a 1.7ML near Plymouth and
various relatively small quakes
in Wales and Scotland. We
are thus gradually building
up a picture of detectability
based on earthquake size and
magnitude. However, it is
already clear that this must also
be influenced somewhat by the
local geology near the source,
since there are quakes from
some areas, such as the West
of France, that just cannot be
detected even though they can
be quite large (<3.5ML) while
smaller quakes from further
away can be seen.
Figure 4: The same earthquake with all the noise
Possibly the most exciting
filtered out
event seen to date was
recorded on September
18th.
This
was
small
but well-defined on our
seismogram. It corresponds
precisely with the P-wave
arrival time for a big
earthquake of magnitude
6.9ML on the Mid-Atlantic
Ridge between Africa and
Brazil, some 6,118km away!
There was no sign of the
corresponding
S-waves,
which either did not reach
us or were indistinguishable
from the background noise.
This is remarkable. The
idea that we are all being
shaken, incredibly gently,
by large earthquakes from
Figure 5: The Magnitude 3.5 Leighton Buzzard
as far away as the Midearthquake stands out from the noise
Atlantic Ridge in the South
Atlantic is extraordinary but rather wonderful.
It therefore turns out that
the purchase of the MVGS
RaspberryShake seismometer,
generously supported by the GA
Curry Fund, has proven well
worthwhile, after a shaky start
(pun intended). As time goes on
and we build up a track record
of events detected, and not
detected, we will get a clearer
picture of the detectability of
earthquakes from the Mole
Valley in Surrey. One of the
remaining challenges will be
how to use this information for
education and outreach beyond
the immediate constituency of
our members.
Figure 6: The four September Leighton Buzzard
earthquakes all plotted at the same scale
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