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Abstract 
 Loan 802 had a two-fold aim: to ascertain whether seismic events were associated with the movement of the Mam Tor 
landslide and could help with our understanding of sliding mechanisms; to field test the then new Guralp DCM recorder. 
From the 19th December 2006 to 9th January 2007 a CMG-3T sensor was deployed in a vault on the Mam Tor slip, whilst a 
second control sensor was placed a few hundred metres away, off the slip, in farm buildings.  
 Surprisingly, correlation of waveforms with significant slip events on the co-located Manchester University’s 
strainmeter showed no demonstrable evidence of seismic emissions. We deduce that Mam Tor is moving as an aseismic 
‘slurry’ at rates out-with the period band of the CMG-3T (>>120s). An undergraduate at Leeds University determined 
receiver functions for the two sensors as part of his independent project. Despite the very different superficial conditions on 
and off the slip, he showed that the receiver functions for sensors only few hundred metres apart were in fact very similar. 
The velocity-depth structure of the crust determined by modelling the receiver functions was similar to the LISPB model. 
 Specific developments with Guralp on the DCM resulting from this project include: 1) producing reliable 
communication with recorder, 2) enabling locking of 3T and 3TD sensors without serial communication. 3) an understanding 
of the optimal DCM data recording parameters, 4) using autonomous systems without battery charge capability. 
 This preliminary loan led to a NERC small grant proposal (Sept 2007) entitled ‘Monitoring seismic slip on the Mam 
Tor landslide  PIs (Prof. E. Rutter, Manchester University; Prof. G. Stuart, Leeds University; Dr Brisbourne, Seis-UK). 
Unfortunately this grant was unsuccessful. 
 
Background 
Annually since 1995, and more recently twice yearly, Manchester University have used electronic distance surveying 
methods on 40 survey stations on the Mam Tor landslide, Derbyshire, England to study its creep motion. This work 
substantially augmented earlier studies by Skempton et al. (1989) and Waltham & Nixon (2000). Since its formation ca 3000 
years ago, the slipped mass, some 600 m downslope and 350 m across slope (Fig. 1a), has been moving continuously. 
Manchester University’s surveys, plus analysis of maps of the area extending back some 200 years, showed that slippage has 
been uniformly occurring at rates up to 500 mm per year in different parts of the slide. Rutter et al. (2003) used methodology 
for analysis of glacier sliding to determine the strain rate distribution within the landslide. Although there was an evident 
crude correlation of slip with annual rainfall, it became clear that high resolution monitoring of slip, rainfall and groundwater 
pressure would be needed to take full advantage of the opportunity presented by this unique natural laboratory. Long-term 
monitoring of the Mam Tor slip provides what is perhaps the best opportunity in the UK to assess the potential sensitivity of 
slope failure to extreme rainfall events that might be expected to arise due to global warming. 
 
A full high-resolution monitoring program (NERC sponsored) was operational on Mam Tor since summer 2006. This 
consisted of continuous records (at 3-hour intervals) of automatic measurements of creep (measured from 3 underground wire 
creep meters, to 0.2 mm resolution), rainfall, temperature and barometric pressure, and groundwater pressure and tilt at each 
of 2 depths in 2 boreholes. It was at the EGU, Vienna, Easter 2006 that Professors Stuart and Rutter discussed the possibility 
of deploying a broadband seismometers on and off the Mam Tor slip to establish whether short-duration creep 'events', which 
appear to be characteristic of early stages of movement periods (Fig 1b), could be detected seismically, in the same way that 
has recently been discovered to be characteristic of surging glaciers (e.g. Stuart et al. 2005).  The project was thus initiated as 
a feasibility study for the use of broadband seismic stations for monitoring the Mam Tor land slip. SEIS-UK provided 
significant support for the fieldwork as this project presented an opportunity to thoroughly field-test the new 2nd generation 
DCM datalogger system. 
 
Figure 1b shows data from the creep meters for the period May 2006 to July 2007.  Creep is firmly localized in the period 
November through March, although the exceptional rainfall of June and July 2007 has produced an additional surge. 
Although creep correlates with groundwater pressure fluctuations, a normal summer at Mam Tor is on average no drier than 
the winter period. However it is during the autumn and winter that rain water can permeate the ground. This is due to the 
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retention effect (on leaves and by evapotransporation via roots) on summer rainfall by vegetation, which effectively reduces 
summer infiltration.  
  

 
Fig.1  (a) Map of Mam Tor landslide showing total movement vectors between 1995 and 2007. (b) Wire creep meter records 
(array at southern edge of slip), total offset ~20 cm from May 06 to July 07. Small steps in record are rapid, potentially 
seismogenic slip events at the creep meter sites. 
 
Survey Procedure and Data Recovery 
The data for this project were collected between 29th November 2005 and 19th December 2006. Due to the public location of 
the field area, and consequent problems with security, only 2 Guralp CMG-3TD (120sec period) stations were deployed. One 
station was deployed within a strain meter vault on the landslip (GR 413332 383540) and the other in a barn on the nearby 
Mam Tor Farm (GR 413309 383989), a few hundred meters off the slip. For the first six months, only the barn station was 
operational as the strain meter at the vault site was still being deployed and was therefore not secure enough for seismometer 
deployment. 
 

Site Sensor Latitude Longitude Elevation Start End SPS Recovery 
VAULT 3G76 53.3486 -1.80122 300.0 2006:131 2007:038 200 72% 
BARN 3G84 53.3572 -1.801429 300.0 2005:333 2007:038 200 77% 

Table 1 Seismic station details for the Mam Tor land slip monitoring project 
 
The site in the barn was run on mains electricity. For security reasons, the site on the landslip could not be run with solar 
power and was therefore powered by 3 x 75Ah gel-cell batteries which were swapped on a regular basis. Both seismometers 
were deployed inside a rigid housing lined with rigid foam and entirely enclosed in loft insulation to reduce thermal effects 
and drafts. However, due to limitations of space, optimal insulation was not possible.  
 
Regular disk and battery swaps were carried out to attempt to maintain data continuity at the vault site. Both instruments 
were run at their maximum sampling rate of 200sps with mass positions also recorded at 4sps. A new 2nd generation Guralp 
DCM datalogger was used at the vault site whereas a SAM was used at the barn. This was SEIS-UK’s first deployment of the 
2nd generation DCM unit and therefore provided an opportunity to develop field methods for the new equipment. The high 
power consumption of the 3TD/DCM system (~4W) makes running a system without an external power source extremely 
time consuming, requiring battery swaps every 3 weeks in this instance. However, the regular servicing of this station 
provided ample opportunity to test field methods and user interaction with the DCM system. 
 
Figure 2 presents the uptime of both seismic stations for the period 24th June 2006 to 6th February 2007, when continuous 
strain meter data are available (the data recovery value presented in Table 1 includes the period for the entire deployment, 
which started at the barn in November 2005, prior to strain meter commissioning). The downtime at the barn station was a 
result of a loss of mains power for a period and also a disk problem with the SAM. Gaps in the vault station data resulted 
from problems with DCM hardware, sensor- 
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Fig. 2 Seismometer uptime for vault (yellow) and barn (magenta) stations plotted alongside creep data (blue). Four 
significant slip events are apparent in this time window, 2 of which occur during uptime of both seismic stations. 
 
DCM serial communication, disk problems, battery problems and user interface issues. The experiment resulted in number of 
improvements to the SEIS-UK recommended field procedures which should improve data continuity for future experiments 
and have subsequently been implemented in the field protocols. 
 
Data Quality 
Figure 3 presents the probability density functions of the power spectral density at both stations for all data collected during 
the experiment (McNamara and Bulland, 2004). It is clear from these data that the barn station has a much higher and less 
consistent short-period noise level than the vault station, due to being located in a barn on a working farm. Both stations 
show a large variation in long period noise levels. This is likely to be a result of both instruments being deployed at the 
surface in thermally unstable environments. Towards the end of the deployment (19th December 2006 to 9th January 2007) 
both horizontal components of the vault station sensor flat-lined and only vertical component data are therefore available for 
this period. It is possible that a very large movement of the slip could cause such a phenomenon, due to the sudden motion 
damaging the pivots of the horizontal masses. However, no coincident event is observed on the strain meters. 
 

 
Fig. 3 Probability Density Functions of Power Spectral Density data for all seismic data collected. Both stations demonstrate 
large variation in seismic noise at all frequencies. The barn station shows greater variation at short periods (higher cultural 
noise due to its location on a working farm).  
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This was the first deployment of the second generation DCM datalogger so was a full field test allowing development of field 
and data management procedures which are now in general use with the 50 DCMs in operation. Specific developments 
resulting from this project include: 
        - Reliable communication with DCMs. 
        - Locking of 3T and 3TD sensors without serial communication. 
        - Optimal DCM data recording parameters. 
        - Optimising autonomous systems without battery charge capability. 
Further to this, the deployment methods used here indicated the optimal use of batteries on mains supply, e.g. low-voltage 
disconnect capability is required in case of power loss (via a solar regulator for the DCM). 
 
Processing and modelling 
All data were converted to miniseed for archiving with the SEIS-UK data management system. Velocity and mass position 
data were carefully examined at times where 4 significant high-strain events occurred (see Figure 2). Both seismic stations 
were running for only 2 of these 4 slip events. Also, data were visually scanned for large events, which occurred on both 
stations when no high-strain events were recorded.  
 
A Leeds University BSc Geophysical Sciences undergraduate, Dan Martin, used teleseismic earthquake recordings at the 2 
sensors to study crustal structure using receiver functions for his final year project (Martin, 2007). For this analysis, 
teleseismic waveforms were extracted between 30 – 95 degrees mb > 6.0 from the NEIC catalogue. Extracted waveforms 
were windowed 15s prior and 70s after the IASPEI91 predicted P-wave arrival time. The signals were filtered between 
0.05Hz and 5Hz and receiver functions were computed using iterative deconvolution (Ligorria and Ammon, 1999). 50 
signals were analysed at BARN and 36 at VAULT of which 15 at each were finally interpreted. 
 
Preliminary findings and interpretation to date 
Strain data are sampled at 3-hour intervals. Individual events observed on the seismic data, recorded at 200sps, cannot 
therefore be correlated directly with observed strain events. A 3-hour window around the known strain event is therefore 
examined. Figure 4 presents data from both seismic stations for the 3 hour window around 2 significant strain events which 
occurred on days 248 and 346 (see Figure 2). Velocity and mass position data from both stations are presented. Of the 4 
significant strain events observed during the autumn and winter of 2007, 2 slip events occurred whilst both stations were 
operational, and 2 when only the barn station was operational.  
 
On day 246, significant seismic events are observed on both the barn and vault stations during the 3 hour period known to 
include the slip. However, no significant events are observed on the seismic stations on day 346. No large event is observed 
concurrently on both the barn and vault stations. By far the largest amplitude signal is observed at the barn station. Data from 
the barn station recorded during the other 2 large strain events both display seismic events. It is significant that data recorded 
during the event on day 346 do not show any large events. This event occurred between 3am and 6am. Similarly, the 2 events 
recorded on only the barn station occurred in the day time. The location of the barn station and consequent high levels of 
man-made noise preclude interpretation of the signals as slip-induced. However, the signals observed are consistent with 
man-made noise on days when no slip event is recorded. 
 
Figure 5 shows a comparison of the stacked receiver functions at the BARN and VAULT stations. Note the similarity in 
signal waveform despite the stations having very different superficial conditions; the BARN on a concrete floor close to 
bedrock, the VAULT on compacted unconsolidated material of the Mam Tor landslide. 
 
Conclusions and recommendations 
A critical observation of the strain data was that early movement of the landslide (October-November), after the summer 
hiatus of movement, was associated with movements of the landslide. Examination of the seismic data around these known 
slip events has not led to the expected observation of large slip events being recorded on seismic systems deployed on and 
adjacent to the slip. No significant seismic events which can be attributed to slip are observed during time windows when it is 
know that large slip events are occurring. Due to the inherent noisy site locations, large amplitude seismic signals can be 
attributed to cultural noise. The Mam Tor site is inherently poor for seismic studies due to high levels of cultural noise. Also, 
the public nature of the site makes deployment of large numbers of seismic stations which require significant power sources 
very difficult. Although the vault site used here is ideal from a location perspective, security and subsequent power problems 
make obtaining a reliable and continuous data set very problematic.  
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Fig. 4 Seismic data from both barn (upper traces) and vault (lower traces) stations around a significant slip events on day 
248 and 346: (a) Day 248 scaled individually by trace (all events except the Barn event at 15:30 are not visible when scaled 
to window); (b) Day 346 scaled individually by trace. Six traces per station are shown, from top to bottom:  velocity E/N/Z 
channels at 200sps and mass positions Z/N/E and 4sps. 
 
.  
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Fig. 5 Receiver function stack at the VAULT sensor (blue) and the BARN sensor (green). The x-axis is time in seconds 
 
 
High levels of cultural noise can only reliably be overcome by the deployment of an array of instruments, rather than a single 
station. This data set, even though it is known to encapsulate large slip events, is difficult to interpret due to the high cultural 
noise levels, especially at the barn station. The occurrence of large events on the vault station, observed coincidently on the 
barn station, would have allowed reliable correlation with the slip data. However, the presence of large disparate noise on 
both stations precludes and such interpretation. We therefore recommend that any subsequent studies of Mam Tor, or similar 
slips, utilises a small array of instruments. 
 
It is not clear why such large slip events as observed on the strain meters are not seen in the seismic data. One potential 
problem, and perhaps conclusion as to the nature of the events, is the time scale. Sampling strain at 3 hour intervals precludes 
direct observation of any sub-3-hour time scale for the events. However, if the event is occurring on a 1-hour time scale then 
it is less likely to be observed on a 120second corner period seismometer. However, the mass position streams of the 
seismometer would probably record such signals. There is no evidence in this data set for such signals. One could reasonably 
expect a slip of 0.5mm over a few hours to be observed on a very sensitive seismometer, such as the 3T. However, perhaps 
the high background noise levels of the sites preclude this. The PSD PDF plots presented here indicate a large variation in 
background noise levels with a fairly high dominant noise level. The high level of long-period noise would preclude 
observation of tilt over these periods. Low frequency filtering of data from the vault station has not resulted in such signals 
being observed. Deployment of an array directly on the slip would be the only way to discriminate slip-induced seismic 
events. 
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