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WELCOME
Welcome to the British Geophysical Association Postgraduate
Research in Progress Meeting 2017 in Aberdeen. We are
proud to be hosting this year’s event and we hope that the
conference will trigger inspiring and diverse presentations and
discussions.
The annual BGA Postgraduate Research in Progress meetings
oﬀer young researchers a unique opportunity to meet fellow
geophysicists and to present their research to a
knowledgeable and friendly audience in a more relaxed
environment.
We would like to take the opportunity and thank BP and
Seismix 2016 for sponsoring this conference. We would also
like to thank Prof Nicholas Rawlinson, the University of
Aberdeen and Dr David Cornwell for their support and advice
throughout the planning and organisation of the conference.
Finally, a big thank you goes to all the students who
volunteered their time to help, making this meeting possible.
We really hope you have a great time at BGA PGRiP 2017 and
enjoy yourselves and the conference!
Sincerely,
BGA PGRiP 2017 Organising Committee
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CONFERENCE VENUE
The conference will be held in the Sir Duncan Rice Library,
which is located on the main campus of the University of
Aberdeen.
Talks will be held on the seventh floor of the library, in Craig
Suite which can be accessed via the lifts of the library. Visitor
passes will be given to all attendees. Poster boards will be in
Craig Suite as well. Please locate your allocated poster board
and put up your poster upon arrival on the morning of the
31st, during conference registration.
Refreshments and coﬀee will be served on the 7th floor of the
library. Lunch will be provided in the James MacKay hall in the
old King’s College building (please see the map attached at
the end of the booklet).
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ACCOMMODATION
Conference accommodation is provided at Unite Students
Causeway View in Causewayend, which is approximately a 20
minutes walk from the conference venue, in ensuite rooms.
Check in is open from 14:00 until 21:00 on Wednesday the
30th.
For directions from/to the accommodation to/from the Sir
Duncan Rice library, please see the map at the end of the
booklet.
Breakfast will be served in the Hub, located very close to the
Sir Duncan Rice Library, between 08:00 and 09:00.
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EVENTS

Icebreaker
The icebreaker event will be a Scottish Ceilidh. It will be held
at the Blue Lamp, located close to the city centre and a 5-10
minutes walk from the accommodation hall. The ceilidh will
start at 19:30 and free drinks will be provided.
Conference Dinner
The conference dinner will be on the 31st of August at 19:00
at Howies, located in Chapel Street in the West End of
Aberdeen. The restaurant oﬀers great Scottish cuisine and
there is no dress code.
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BULLERWELL LECTURER
The “Bullerwell Lecture” is an award that, since 1981, has
been bestowed annually by the British Geophysical
Association to “an outstanding, young British geophysicist”
for significant contributions to the field of geophysics. This
year’s recipient is Dr Juliet Biggs from the University of
Bristol.
Juliet Biggs, received her BA and MSci in Natural Sciences
from the University of Cambridge where she specialised in
Geology and Geophysics. She then proceeded to do a PhD
at the University of Oxford titled “Measuring Interseismic
Strain Accumulation Using InSAR” until 2007. Since then,
she uses earth observation data to study active tectonic
processes such as earthquakes and volcanoes. Currently,
her work focusses on understanding the volcanic and
magmatic processes that cause deformation over a range
of timescales.
She is involved in several projects around the world. In
Central and South America, they are “working with volcanic
observatories to integrate satellite observations with
traditional ground-based monitoring methods and hazard
analyses”. In East Africa, they are “working to understand
how and where magma rises and strain accumulates in an
active continental rift”.
Juliet received the 2012 Winton Capital Award of the Royal
Astronomical Society for Geophysics, for making an
outstanding contribution to astronomy during her PhD.
Additionally, she received the 2014 Lloyds of London
Science of Risk Prize. She will be presenting the 2017 BGA
Bullerwell lecture on Magma Storage and Ascent at this
year’s BGA Postgraduate Research in Progress Meeting.
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BULLERWELL LECTURE ABSTRACT
Dr Juliet Biggs will be presenting the following talk on Friday
1st of September:
Over 800 million people live within 100 km of one of the
world’s ~1500 Holocene volcanoes. Improved volcano
monitoring has saved tens of thousands of lives and enabled
populations to co-exist with erupting volcanoes. Yet, more
than a third of historically active volcanoes have no
monitoring equipment on the ground, including many close to
large populations in developing countries. The growing
number of Earth Observation satellites can measure a wide
variety of volcanic phenomena, and taken together, they have
the potential to form a ‘global volcano observatory’, providing
baselines information for every volcano in the world and
underpinning the work of local observatories. Here I focus on
measurements of surface deformation and their relation to the
conditions of magma storage and ascent, considering what
we’ve already learned from 25 year of satellite radar
observations, and the road ahead.
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INVITED SPEAKERS
In addition to the Bullerwell Lecture, there will be two other
presentations from our invited speakers: Dr Chris Davies
from the University of Leeds and Prof Nicholas Rawlinson
from the University of Cambridge.
Chris Davies graduated from the University of Leeds in 2004
with a degree in Computer Science. He then proceeded to do
a Master degree in Computational Fluid Dynamics and a PhD
in Geophysics at the University of Leeds as well. He then
worked as a Postdoctoral Research Fellow at the University of
Leeds and a Green Scholar at the Scripps Institution of
Oceanography in San Diego, USA. At the moment he is
working as a NERC Independent Research Fellow at the
University of Leeds. His current research focusses on
understanding the dynamics and evolution of Earth’s deep
interior.
Nicholas Rawlinson graduated with a BSc from Monash
University and he then completed his PhD at the same
university in 2001. He then worked at the Australian National
University where he became a Senior Fellow in 2013. He then
worked at the University of Aberdeen as a Professor of
Geophysics until 2017, when he moved to Cambridge. At the
University of Cambridge he holds the BP-McKenzie Chair in
Earth Sciences. His research covers a wide range of topics in
seismology, Earth imaging and tectonophysics. He is
particularly interested in “developing and applying new
methods to large seismic datasets in order to improve our
understanding of Earth structure and processes”.
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INVITED SPEAKERS’ ABSTRACTS
Chris Davies:
Seismic tomography and geodynamic modelling both strongly suggest
that Earth’s lowermost mantle supports large-scale lateral temperature
anomalies. The liquid core must respond to the associated lateral
variations in heat flow at the core-mantle boundary (CMB) and there is
growing evidence that the response can be observed in the spatial
pattern and temporal variations of the geomagnetic field and fluid flow
at the top of the core. It has even been suggested that lateral CMB heat
flow variations govern the dynamics of the whole core, changing the
eﬃciency of heat transfer, reorganising the flow pattern, and leaving a
detectable imprint on the inner core boundary. These predictions are
fundamentally limited by our ability to model rapidly rotating and
strongly driven convection with and without magnetic fields. This talk
will focus on the latest developments in our understanding of thermal
core-mantle interactions.
Nicholas Rawlinson:
The mechanisms underpinning Cenozoic intraplate volcanism in eastern
Australia: insights from seismic tomography and geodynamic modelling
Cenozoic intra-plate volcanism is widespread throughout much of
eastern Australia, and manifests as both age-progressive volcanic
tracks and non-age progressive lava-fields. Various mechanisms have
been invoked to explain the origin and distribution of the volcanism, but
a broad consensus remains elusive. We use results from seismic
tomography to demonstrate a clear link between lithospheric thickness
and the occurrence, composition and volume of volcanic outcrop.
Furthermore, we find that non age-progressive lava-fields overlie
significant cavities in the base of the lithosphere. Based on numerical
simulations of mantle flow, we show that these cavities generate
vigorous mantle upwellings, which promote decompression melting.
However, due to the intermittent nature of the lava-field volcanics over
the last 50 Ma, it is likely that transient mechanisms must also operate
to induce or enhance melting. In the
case of the Newer Volcanics
Province, the passage of a nearby plume appears to be a likely
candidate. Our results demonstrate why detailed 3-D variations in
lithospheric thickness, plate motion and transient sources of mantle
heterogeneity need to be considered when studying the origin of non
age-progressive volcanism in continental interiors.

10

PROGRAMME
Wednesday 30th August
______________________________________________________
19:30

Scottish Ceilidh at the Blue Lamp

Thursday 31st August
______________________________________________________
08:00 - 09:00
08:45
09:15
09:30
10:30
11:00
11:45
12:45
14:00
14:30
15:20
15:40
17:00
19:00

Breakfast at The Hub
Registration & poster setup
Welcome
Oral presentations x3 (Group A)
Coﬀee break
Invited Speaker (Chris Davies)
Oral presentations x3 (Group B)
Lunch in James MacKay Hall
Invited Speaker (Mark Webster, BP)
Poster session
Coﬀee break
Oral presentations x4 (Group C)
End of day
Conference dinner at Howies

Friday 1st September
______________________________________________________
08:00 - 09:00
09:00
10:20
10:45
11:30
12:50
14:00
15:00
16:00
16:30

Breakfast at The Hub
Oral presentations x4 (Group D)
Coﬀee break
Invited Speaker (Nicholas Rawlinson)
Oral presentations x4 (Group E)
Lunch in James MacKay Hall
Bullerwell Lecture
Coﬀee Break with posters
Awards and closing remarks
End of day
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ORAL PRESENTATION SCHEDULE
Thursday 31st September
______________________________________________________
Group A

09:30 - 09:50
09:50 - 10:10
10:10 - 10:30

Gabriella Alodia
Orsi Baillie
Kirsty Bayliss

Group B

11:45 - 12:05
12:05 - 12:25
12:25 - 12:45

Alistair Boyce
Emma Chambers
Roseanne Clement

Group C

15:40 - 16:00
16:00 - 16:20
16:20 - 16:40
16:40 - 17:00

Minxuan Feng
Gina-Maria Geﬀers
Finnigan Illsley-Kemp
Aude Lavayssiere

Friday 1st September
______________________________________________________
Group D

09:00 - 09:20
09:20 - 09:40
09:40 - 10:00
10:00 - 10:20

Sergio Leon-Rios
James Panton
Rebecca Pearce
David Riley

Group E

11:30 - 11:50
11:50 - 12:10
12:10 - 12:30
12:30 - 12:50

Oliver Sanford
Lin Shen
Arthur Valencio
Bernhard Weise
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ORAL PRESENTATIONS ABSTRACTS
The Use of Magnetic Signatures in Identifying Oceanic Core
Complexes in the Mid-Atlantic Ridge
Gabriella Alodia1, Chris M. Green1, Andrew M. McCaig1, Douglas Paton1,
Simon Campbell2
1University of Leeds, Leeds, UK, 2GETECH, Leeds, UK

Studies of sedimentary architecture and on lap relationships in the
continental margins play an important role in the early stages of
petroleum exploration. As exploration has pushed into deep water
areas, studies to assess the risks associated with the thermal
regime and hydrocarbon maturity must be carried out. One common
approach is to carry out modelling and inversion of the shipborne
gravity and magnetic signatures. Gravity and magnetic anomalies
observed at the ocean-continent boundary are a mixture of signals
from rocks originating from seafloor spreading and from rocks
resulting from processes in the continental margin (e.g.
sedimentation), addressing complexity on the modelling and
inversion processes. The initial part of this research focuses on the
characterisation and demarcation of detachment faults, and
associated Oceanic Core Complexes (OCCs), compared to the
classic/magmatic mode of spreading in slow spreading ridges.
OCCs are 20-50 km wide massifs which exposes lower-crust or
upper-mantle rocks (e.g. gabbro, peridotite). Investigation of
available high-resolution bathymetry in the 28-32 N section of the
Mid-Atlantic Ridge (MAR) has been carried out to identify these two
modes of spreading, followed by examination of available ship-track
magnetic anomalies in the corresponding area. It is found that the
magnetic signals in the areas which spread in detachment fault
mode are not as symmetrical as those in areas spreading in
magmatic mode. This asymmetrical trend might define the tectonic
setting (i.e. the rolling hinge model) which is likely to dominate in the
presence of the detachment fault and exposes rocks that originate
from the lower-crust at the sea floor.
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An Investigation into Geoelectric Tides in the UK
Orsi Baillie

Electric fields are created by the motions of sea water through
the geomagnetic field. Continuous geoelectric field monitoring
began at the UK magnetic observatories in 2012/2013. An
initial investigation into the relatively low frequency tidal
eﬀects has been carried out revealing solar and lunar signals.
Firstly, superposed epoch analysis has been performed to
confirm the findings of Osgood et al. (1970) on the magnitude
of solar and lunar semi-diurnal (S2 and M2) variations.
Secondly, frequency analysis, using the fast Fourier transform,
has been used to find the frequencies present in the electric
field data to verify the link to known tidal periods.
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Mainshock-Aftershock or Awarm: A Probabilistic
Approach to Earthquake Cluster Identification
Kirsty Bayliss, Mark Naylor, Ian Main
School of GeoSciences, University of Edinburgh

Earthquake occurrence is often clustered in both time and
space, but we still need robust methods for identifying and
analysing earthquake clustering.
Work on identifying earthquake clusters is often motivated by
a need to remove clustered events from the catalogue to
examine the background rate of earthquakes, but
understanding these clusters themselves can inform physical
understanding of local seismicity.
In this work, earthquakes are linked by their space-time
proximity to other events to construct probabilistic networks
of earthquake families. These networks allow us to explore
styles of clustering in diﬀerent regions and how these cluster
styles vary throughout time and space. Better understanding
of the spatio-temporal variation in earthquake clustering could
allow for improved earthquake hazard assessment,
particularly in areas which experience both swarm and
mainshock-aftershock type clustering, where the application
of traditional probabilistic seismic hazard assessment may not
be possible.
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Insights into the Tectonics of the Eastern North American
Shield at the Macro-scale: A new Absolute P-wave
Tomographic Model for North America
Alistair Boyce1, Ian D Bastow2, Eva Marie Golos3, Scott Burdick4, Robert D
van der Hilst3 and Stephane Rondenay5
(1)Imperial College London, London, United Kingdom, (2)Imperial College
London, London, SW7, United Kingdom, (3)Massachusetts Institute of
Technology, Cambridge, MA, United States, (4)Wayne State University,
Geology Department, Detroit, MI, United States, (5)University of Bergen,
Bergen, Norway
The Grenville orogen is a 1Ga old, 4000km long tectonic collision zone that
bounds the North American Shield to the east, often drawing comparisons
to the modern-day Himalayas in collisional style and extent. Local studies of
the Grenville province are legion, however it remains enigmatic at the macro
scale due to its large spatial footprint (from Labrador to Mexico), interaction
with Phanerozoic tectonics and present-day sedimentary cover. Recently,
the USArray Transportable Array seismic stations have gone someway to
addressing this issue but station coverage remains sparse in global
absolute wavespeed models in the shield regions further north. However,
the newly published method of Boyce et. al., (2017) enables data from
regional seismic networks to be incorporated into these global models. Here
we use this method to add ~13000 new P-wave arrivals from stations in
Canada to the continental portion of the global absolute wavespeed
tomographic model of Burdick et. al., (2017). Thus we are able to
seismically illuminate, for the first time, mantle seismic structure for the
entire footprint of the Grenville Orogen.
Recent work suggests that in SE Canada the edge of the Superior craton
has undergone post formation modification. Using these images it will be
possible to investigate whether craton edge modification is ubiquitous along
the entire Grenville front and whether oblique or direct “head-on” shortening
was dominant during the collision of Laurentia and Amazonia at ~1Ga.
Through further comparison with the GLimER 2D receiver function profiles
(Rondenay et. al., 2017), we aim to unify theories from local scale studies for
evolution of the eastern portion of stable North America. Furthermore, we
will be able to constrain the morphology of the North American keel and
assess to what extent this may influence present day asthenospheric flow
fields and the resulting implications for modification of the cratonic root.
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Imaging the Northern East African Rift Using Ambient
Noise
Emma L. Chambers1*, Nicholas Harmon1, Derek Keir1, Catherine A. Rychert1
1Ocean and Earth Science, National Oceanography Centre, University of
Southampton, Southampton, SO14 3ZH, UK *E.Chambers@soton.ac.uk

The East African Rift system is one of the only places on Earth where
we see the transition from continental rifting to insipient seafloor
spreading. The main aim is to understand where melt migration and
storage occurs in the upper mantle and crust during continental rifting
and breakup. Additionally, we aim to provide insights into how the
lithosphere is modified by plate thinning, intrusion and heating. Here we
use ambient noise tomography to generate a regional absolute shear
wave velocity model for the crust and uppermost mantle of the Main
Ethiopian Rift (MER) and Afar Depression.
We use a combination of 157 temporary and permanent seismic
stations active from 1999-2011 to generate vertical component noise
correlation functions. We measure Rayleigh wave phase velocity
dispersion from 7-45s period, and invert for phase velocity maps at
each period. The phase velocity maps are inverted for a 3D shear wave
velocity model of the crust and uppermost mantle.
In our shear velocity models at 15km depth, the average velocity
beneath the plateau is 3.45 kms-1, consistent with continental crust. The
MER is slower at 3.25 kms-1. These velocities are too slow to be
accounted for by temperature or composition, given the widely
acknowledged presence of gabbro intrusions at this depth in the rift,
which should result in velocities >3.81kms-1. Additionally, a temperature
anomaly of >800°C would be required. We therefore infer the presence
of partial melt or fluids to explain the lower velocities in the rift. Afar has
the fastest shear velocities in the crust, with values of 3.7 kms-1
consistent with shear velocities for mafic intrusions. At lower crustal/
upper mantle depths, we still image anomalously slow Vs beneath the
MER.
Our S-wave images provide strong evidence for the presence of partial
melt beneath the rift, especially at mid–lower crustal depths in the MER.
The deep crust may therefore be an important melt storage region
during early magma-rich continental breakup.
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Repeating Earthquakes: Are They More Common Than We
Think?
Roseanne Clement, Prof Ian Main, Dr Andrew Bell
University of Edinburgh

Earthquakes are a natural phenomenon that can cause
catastrophic consequences around the world. While most
large earthquakes come out of the blue, some are
apparently preceded by patterns of smaller events that may
be related to the nucleation process, at least when
examined in retrospect. These include conventional
foreshocks and localised sequences of small repeating
earthquakes, which may be associated with either an
accelerated nucleation process, or with stable repeated
slip. The problem with finding these repeating events, is
that they are quite often beneath the noise and hidden in
the data.
We are developing an algorithm which will find these
repeating earthquakes in both volcanic and tectonic
settings. We have included volcanic settings in our
development due to the high number of repeating
earthquakes which have been found in volcanic datasets,
thus it is a good test for our algorithm. The 2004-2008
drumbeat seismicity from Mount St. Helen’s is used as a
case study due to the extremely repetitive pattern and high
signal-to-noise ratio. Preliminary workings with synthetic
data show that our algorithm works significantly more
successfully than the conventional short-time-average/
long-time-average (STA/LTA) approach for picking events.
Once the algorithm is optimised, we will apply it to past
significant earthquake sequences in order to analyse how
common these repeating earthquakes really are, and what
potential they have for earthquake forecasting.
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Probing the Rheology of Continental Faults: Decade
Postseismic InSAR Time Teries Tollowing the 1997 Manyi
(Tibet) Earthquake
Minxuan Feng1, Lidong Bie1, Andreas Rietbrock1
1School of Environmental Sciences, University of Liverpool, Liverpool, UK

The Mw7.6 Manyi earthquake happened on November 8, 1997 in
north-central Tibet. It is a left‐lateral strike slip earthquake and
located close to Manyi fault, south of the Chaoyang Lake. Previous
studies have documented well the coseismic and early postseismic
deformation of the Manyi earthquake. Standard linear model,
afterslip model as well as Burgers model can be preferred
mechanisms for Manyi earthquake (Ryder et al. 2007 2011). Other
authors also proposed alternative models, like shear zone by
Hetland et al. (2014), gradual increasing viscosity model by
Yamasaki et al. (2012). However, their dataset only contains 4 years
postseismic deformation measurements. A more extended time
span of post‐seismic observation is essential to determine which
mechanism is most plausible. We use 12 years of high spatial‐
temporal geodetic observations to study the early‐to late
postseismic deformation. SAR data was obtained from the ERS and
Envisat satellites, covering the central part of the Manyi fault from
1997 to 2010. We explore the diﬀerent proposed mechanisms.
Diﬀerent model approaches are used to understand the observed
variations in surface displacement. Specifically, we test diﬀerent
viscoelastic models in order to assess how viscosity changes over
the decade following the earthquake and compare with previous
results to investigate whether viscoelastic rheology is consistent in
diﬀerent studies. Our results show that the viscoelastic models are
unable to explain the temporal deformation, which may be due to
spatial variation in material properties around Manyi fault. The
afterslip model can better explain the postseismic deformation than
the viscoelastic models. Our modeling suggests that, the transient
viscosity of the lower crust must increase to accommodate the
observed decaying trend of the postseismic deformation.. From rate
map, the LOS maximum average velocity during 2008 to 2010 is
~4mm/yr, the postseismic deformation might gradually step into
interseismic phase.
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Operational Earthquake Forecasting: Natural and
Induced Seismicity
Gina-Maria Geﬀers, Dr. Margarita Segou (BGS), Prof. Ian Main (UoE), Dr.
Mark Naylor (UoE)

Earthquakes cause some of the world’s worst natural disasters. They
have killed some 2.32 million people and resulted in 1.8 trillion US
dollars of economic damage since 1900 (phys.org). Due to lack of
knowledge regarding the behaviour of earthquakes and details of the
Earth’s inner structure, it is diﬃcult to predict earthquakes reliably above
chance. However, long-term average rates provide a forecast of future
ground shaking used in designing resilient buildings. The tendency of
aftershocks to cluster means we can also identify elevated probabilities
of occurrence above this background level, albeit still providing a low
absolute probability. The result may nevertheless be a potentially
operationally useful forecast, where ‘operational’ means ‘providing the
public with authoritative information on the time dependence of regional
seismic hazards’ (Jordan and Jones, 2010). Looking into current
methods of operational earthquake forecasting, seismic patterns in
space, time and magnitude (in both natural and induced earthquake
data) may teach us more about how earthquakes nucleate. Here, I show
an example of testing the Gutenberg-Richter law which describes a
linear relationship between the number of events and the magnitude of
an event according to log10N = a – bM. This is used as a hypothesis for
the frequency-magnitude scaling relationship on earthquake catalogue
data. By creating frequency-magnitude distributions, I estimate the
magnitudes of completeness using various methods. Using this
magnitude, I aim to calculate both the rate of seismicity (the ‘a-value’)
and the ratio of small to large earthquakes (the ‘b-value’) – the two
parameters of the Gutenberg-Richter law. The b-value is generally
around unity (Frohlich and Davis, 1993), however uncertainties can be
large. Preliminary lab data analysis has shown that at least three orders
of magnitudes of data (N=1000) are crucial to obtain a robust estimate
of the completeness magnitude which has a direct eﬀect on the
accuracy and uncertainty of the estimated a-value and b-value. In this
project, I will use diﬀerent sets of data (lab, natural and induced
seismicity) to provide crucial information useful for forecasting the
largest earthquakes in these settings.
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Mapping Extension and Stress During Continental
Breakup: Seismic Anisotropy of the Crust in Northern Afar
Finnigan Illsley-Kemp*1, Martha K. Savage2, Derek Keir1,3, Hamish
P. Hirschberg2, Jonathan M. Bull1, Thomas Gernon1, Atalay Ayele4,
Berhe Goitom5, James O. S. Hammond6, J-Michael Kendall5
1 Department

of Earth Science, National Oceanography Centre
Southampton, University of Southampton, Southampton, U.K. (F.IllsleyKemp@soton.ac.uk)
2Institute of Geophysics, Victoria University of Wellington, Wellington, New
Zealand
3Dipartimento di Scienze della Terra, Università degli Studi di Firenze,
Florence, Italy
4Institute of Geophysics Space Science and Astronomy, Addis Ababa
University, Addis Ababa, Ethiopia
5Department of Earth Sciences, University of Bristol, Bristol, U.K.
6School of Earth and Planetary Sciences, Birkbeck, University of London,
London U.K.

We use shear wave splitting to measure the seismic anisotropy of
the crust in Northern Afar, a region of active, magma-rich continental
breakup. Studies that attempt to simulate continental rifting and
subsequent breakup require detailed knowledge of crustal stresses,
however observational constraints from continental rifts are lacking.
In addition, a knowledge of the stress field around active volcanoes
can be used to detect sub-surface changes to the volcanic system.
We combine shear wave splitting tomography with modelling of
gravitational and magmatic induced stresses to propose a model for
crustal strain and stress across the rift. Our results suggest that the
crust at the rift axis is characterized by rift-aligned structures and
melt inclusions, consistent with a focusing of tectonic extension at
the rift axis. In contrast, we show that at regions within the rift where
extension rate is minimal the stress field is dominated by
gravitational forces originating from variations in crustal thickness.
Seismic anisotropy away from the rift is controlled by a combination
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of inherited crustal structures and gravitationally induced extension
whereas at the Dabbahu region we show that the stress field
changes orientation in response to magmatic intrusions. Our results
provide a benchmark of crustal stress in Northern Afar which will aid
the monitoring of volcanic hazard. In addition we show that
gravitational forces play a key role in measurements of seismic
anisotropy, and must be considered in future studies. We
demonstrate that during the final stages of continental rifting the
stress field at the rift axis is primarily controlled by tectonic
extension, but that gravitational forces and magmatic intrusions can
play a key role in the orientation of the stress field.

22

Imaging Rifting at the Lithospheric Scale in the Northern
East African Rift Using S-to-P Receiver Functions
Aude Lavayssiere, Catherine Rychert, Nicholas Harmon, Derek Keir, James
Hammond, Michael Kendall, Sylvie Leroy, Cecile Doubre

Imaging the lithosphere is key to understand processes of
extension as rifting progresses. Continental rifting is a
combination of mechanical stretching, heating and potentially
partial melting of the mantle lithosphere. We image the crust
and upper mantle discontinuity structure beneath the northern
East African Rift System (EARS), a unique active continental
rift exposing the transition from active continental rifting in the
south to seafloor spreading in the north. S-to-P receiver
functions from 182 stations across the northern EARS were
generated from 3688 high quality waveforms using a
multitaper technique and then migrated to depth using a
regional velocity model. Waveform modelling of data stacked
in large conversion point bins confirms the depth and strength
of imaged discontinuities. We image the Moho at 29.6±4.7 km
depth beneath the Ethiopian plateaux with a variability in
depth that is possibly due to lower crustal intrusions. The
crust is 27.3±3.9 thick in the Main Ethiopian rift (MER) and
thins to 17.5±0.7 km in northern Afar. We identify a drop in
shear velocity at 65.7±4.4km depth beneath the Ethiopian
plateaux, likely associated with the lithosphere-asthenosphere
boundary. This velocity drop is very weak beneath Afar and
non‐existent beneath the MER. This is likely associated with
partial melt near the base of the lithosphere, reducing the
velocity contrast between the melt-intruded lithosphere and
the partially molten asthenosphere. We identify an increase in
velocity at around 90km depth beneath the rift. This signal is
weak in Afar but stronger in the MER. This is consistent with
the onset of melting found by previous receiver functions and
petrology studies. Our results provide independent
constraints on the depth of melt production in the
asthenosphere and suggest melt percolation through the base
of the lithosphere beneath the northernmost East African rift.
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Minimum 1D Velocity Model and Regional Moment
Tensors Based on the Aftershock Sequence of the 2016
Mw 7.8 Pedernales, Ecuador earthquake
Sergio Leon-Rios1, Ana Luiza Aguiar1, Benjamin Edwards1, Andreas
Rietbrock1, Hans Agurto-Detzel2, Philippe Charvis2, Yvonne Font2,
Alexandra Renouard2, Susan Beck3, Anne Meltzer4, Lillian Soto-Cordero4,
Alexandra Alvarado5, Mario Ruiz5, Javier Santo5
1 Department of Earth, Ocean and Ecology, School of Environmental
Sciences, University of Liverpool, Liverpool, UK
2 Géoazur, Université Nice, IRD, CNRS, OCA, Nice, France
3 Department of Geosciences, University of Arizona, Tucson, AZ, USA
4 Department of Earth and Environmental Sciences, Lehigh University,
Bethlehem, PA, USA
5 Instituto Geofisico de la Escuela Politecnica Nacional, Quito, Ecuador
On 16th April 2016, a Mw 7.8 mega-thrust earthquake occurred in northern
Ecuador, close to the city of Pedernales. The event that ruptured an area of
120 x 60 km led to a deployment of a large array of seismic instruments as
part of a collaborative project between the Geophysical Institute of Ecuador
(IGEPN), Lehigh University (USA), University of Arizona (USA), Geoazur
(France) and the University of Liverpool (UK). This dense seismic network,
with more than 80 stations, includes broadband, short period, strong motion
and OBS instruments were recording up to one year after the mainshock.
Using the recorded data set, we manually analysed and located 450 events.
Selection was based on the largest aftershocks (Ml > 3.5 from the IGEPN
catalogue) and additional preliminary automatic locations to increase the
observation density in the southern part of the network. High quality P and
S arrival times plus several reference velocity structures were used to create
more than 80.000 input models in order to obtain a minimum 1D velocity
model and associated P and S waves station correction terms. Aftershock
locations are concentrated in NW-SE striking lineaments reaching the
trench.
Additionally, we computed moment tensor solutions for a subset of
earthquakes to independently confirm hypocentre depths using a full
waveform simulation approach. Based on this analysis we can identify
normal and strike-slip events located in the marine forearc and close to the
trench. This type of activity has been observed in previous megathrust
earthquakes (e.g. Maule 2010 and Tohoku-Oki 2011), and might be
associated with extensional re-activation of existing fault systems due to a
large event located on the megathrust fault.

24

Using 3D Spherical Mantle Convection Models to
Investigate Isotopic Evolution and Melting in Earth’s
Mantle
James Panton1, *, J. Huw Davies1, Matthew Price1
1School of Earth and Ocean Sciences, Cardiﬀ University, Main Building, Park
Place, Cardiﬀ, CF10 3AT
*E-mail: pantonjc@cardiﬀ.ac.uk

Geochemical heterogeneities are well documented across
Earth and in many cases rocks will contain geochemical
signatures that are characteristic of the environment in which
they were formed [1]. Although these patterns are known to
exist, our understanding of the geodynamic processes which
facilitate the generation and persistence of such
heterogeneities is relatively poor. Mantle convection models
are one method used for investigating these processes. Here
we present how trace elements are tracked within the 3D
global-scale mantle model TERRA, and how the isotopic
composition of the model evolves through time [2]. In
particular, we consider the well constrained U-Th-Pb system
with emphasis on the Pb-Pb pseudo-isochron and what this
can tell us about melting in the model [3]. We also introduce
new implementations to the model including water
concentration dependent rheology, melting and density.
Reference:
[1] Sun. S., & McDonough. W. F., (1989). Chemical and isotopic
systematics of oceanic basalts: implications for mantle composition
and processes. Geological Society, London, Special Publications,
42(1), 313–345.
[2] van Heck, H. J., Davies, J. H., Elliott, T., and Porcelli, D., (2016).
Global-scale modelling of melting and isotopic evolution of Earth’s
mantle: melting modules for TERRA, Geosci, Model Dev., 9, 1399–
1411, 2016.
[3] Rudge, J. F., (2006). Mantle Pseudo-Isochrons Revisited, Earth
Plan. Sci. Let., 249, 494-513
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Investigating Crustal Scale Fault Systems Controlling
Volcanic and Hydrothermal Fluid Processes in the SouthCentral Andes, First Results from a Magnetotelluric
Survey
R. Pearce, T. Mitchell, M. Moorkamp, J. Hammond, University College
London
London NERC DTP

At convergent plate boundaries, volcanic orogeny is largely
controlled by major thrust fault systems that act as magmatic
and hydrothermal fluid conduits through the crust. In the
south-central Andes, the volcanically and seismically active
Tinguiririca and Planchon-Peteroa volcanoes are considered
to be tectonically related to the major El Fierro thrust fault
system. These large scale reverse faults are characterized by
500 – 1000m wide hydrothermally altered fault cores, which
possess a distinct conductive signature relative to
surrounding lithology. In order to establish the subsurface
architecture of these fault systems, such conductivity
contrasts can be detected using the magnetotelluric method.
In this study, LEMI fluxgate-magnetometer long-period and
Metronix broadband MT data were collected at 21 sites in a
40km2 survey grid that surrounds this fault system and
associated volcanic complexes. Multi-remote referencing
techniques is used together with robust processing to obtain
reliable impedance estimates between 100 Hz and 1,000s.
Our preliminary inversion results provide evidence of
structures within the 10 – 20 km depth range that are
attributed to this fault system. Further inversions will be
conducted to determine the approximate depth extent of
these features, and ultimately provide constraints for future
geophysical studies aimed to deduce the role of these faults
in volcanic orogeny and hydrothermal fluid migration
processes in this region of the Andes.
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Assessing the Viability of Arctic Gas Hydrate Exploitation
David Riley1, Marije Schaafsma2, Héctor Marin-Moreno3 and Tim A.
Minshull1
1National
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Southampton, UK
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3National
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Gas hydrates are solid compounds where a molecule of gas is
encased in a lattice of ice. Since this gas can be produced
using current technology, hydrates have the potential to be a
substantial unconventional source of natural gas. For many
countries for whom domestic conventional sources of natural
gas are limited, hydrates within their exclusive economic zone
could provide an important alternative. Currently hydrates are
not being commercially exploited, but there is significant
interest and investment aiming to make their exploitation
economically viable over the next two decades. Hydrate
exploitation in the Arctic may be of particular interest, as the
cold weather conditions allow hydrate to form onshore
beneath existing permafrost, and oﬀshore at relatively shallow
water depths (deeper than about 350 m) when compared to
lower latitudes. However, proposals for heavy industry in the
Arctic are generally contentious, as the environment is
relatively undisturbed by human development and at high risk
from existing climate change. There appear to be few existing
studies exploring whether hydrate exploitation in the Arctic
could be appropriate from an economic, environmental and
social viewpoint.
Before any viable commercial production commences, the
potential impacts across society must be considered. This
project aims to evaluate the potential of gas hydrate
production within the Arctic. We will numerically model several
probable hydrate production scenarios on known hydrate

27

reservoirs. The resulting magnitude and rate of gas production
predicted will be used in an exhaustive analysis of the
potential social, economic and environmental impacts of
hydrate exploitation on an area. These impacts will be
quantified using existing data and expert judgement to
provide a holistic assessment of Arctic gas hydrate
exploitation that varied stakeholders can use to make
informed decisions.
This review presents the preliminary results from this ongoing
project. Potential impacts have been established using a
DPSIR (Driving forces; Pressures; States; Impacts;
Responses) framework. We have focussed on impacts upon:
health and wellbeing, land use and access, services and
infrastructure, population, employment opportunities, income
and lifestyles. We plan to evaluate these impacts using multicriteria decision analysis (MCDA), as this will allow a mixture
of data types and sources to be considered simultaneously.
We have also begun to model hydrate-sourced gas
production of an existing hydrate reservoir in the North Slope
region of Alaska using depressurisation and thermal
stimulation. We have hypothesised a potential production
regime using information from prior scientific testing of the
technique. These modelling results will eventually be
incorporated into the MCDA, as well as evaluation of the
range of possible environmental impacts. Going forward, a
greater selection of sites where hydrate exploitation may
occur in future will be explored. These sites have been chosen
to provide a representative sample of the Arctic. Overall this is
building towards an assessment of to what extent hydrate
exploitation can be considered beneficial to a range of
diﬀerent stakeholders.
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Modelling Seismic Wave Propagation and Scattering
within Extrusive Basalt Sequences
Oliver G. Sanford1, Richard W. Hobbs1, Richard J. Brown1, Nick Schofield2
1Durham University, Department of Earth Sciences, Durham, DH1 3LE, UK
2University of Aberdeen, Department of Geology & Petroleum Geology,
Aberdeen, AB24 3UE, UK

Reliable basalt and sub-basalt seismic imaging remains an outstanding
exploration challenge, due to high levels of scattering and attenuation of
the seismic wavefield occurring as a result of heterogeneous extrusive
basalt sequences. This results in the generation of substantial interbed
multiples, mode conversions and scattering, with reduced transmission
throughout the sequence. Conventional reflection imaging is typically of
poor quality, so often wide-angle seismic refraction has been used to
develop a velocity model by ray-tracing tomography based on the
assumption that the velocity of the sequence increases with depth. This
model can then be used to aid processing of reflection data, or as a
starting point for full waveform inversion, for example. It may also be
used as part of assessing drilling risk of potential wells, as the refracted
wave is believed to be able to constrain the total thickness of the
sequence.
When modelling seismic wave propagation through the subsurface, a
number of approaches and approximations can be taken, depending on
the type of media the wave is propagating through. Ray-tracing
techniques are appropriate in regions of low geological complexity, with
high frequencies present. Basaltic sequences are a highly scattering
medium, and so full-waveform modelling and inversion methods are
required. However, ray-tracing methods have been widely used along
volcanic margins, where, due to the high level of heterogeneity of basalt
sequences, this approach is not appropriate.
Using highly heterogeneous models of basalt sequences, developed
from wireline logs and field analogues, we use 2D finite diﬀerence
modelling to understand the eﬀect of diﬀerent properties of basalt
sequence on the first arrival refracted seismic waves. We find that the
first arrival from a basalt sequence does not necessarily represent the
whole sequence, as the wave may have only propagated through the
top portion before returning to the surface. This has implications for
basalt thickness estimations derived from wide-angle refraction data.
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Interseismic Deformation along the Altyn Tagh Fault Zone,
Northern Tibetan Plateau, from InSAR Measuments
Lin Shen, Andy Hooper, John Elliott, Tim Wright COMET, School of Earth
and Environment, University of Leeds

The 1600 km-long Altyn Tagh Fault (ATF) is a major intra-continental,
left-lateral strike-slip fault, which trends approximately ENE-WSW at
the northern border of Tibetan plateau. The slip rate of ATF
constitutes an important constraint for deriving the velocity field of
Tibetan Plateau region. Published InSAR estimates along the ATF
are generally consistent with the GPS measurements, whereas they
are 2-3 times less than some of the Quaternary measurements. The
discrepancy could be caused by the uncertainties of measurements,
or may indicate a secular change in fault slip rates over distinct time
scales, leading to a controversy over whether the geodetic
measurements are representative of the measurements over long
time scales. Therefore, accurate estimates of the slip rate for ATF is
essential to understand the tectonic processes in Tibet. We present
here our preliminary interseismic deformation results for the ATF
from InSAR measurements using two-years of Sentinel-1 data in
both ascending and descending tracks. We use a high resolution
weather model data to reduce the tropospheric phase delay and
estimate the mean velocity and annual seasonal signals in time
series analysis. We decompose the InSAR velocity field into faultparallel and vertical components in the overlapping region between
the ascending and descending tracks assuming no faultperpendicular motion exists. Based on an elastic half-space model,
we use a Bayesian inversion method to derive posterior probability
distributions of the slip rate and locking depth for three profiles
selected from the fault-parallel velocity map. We estimate the leftlateral strike-slip motion and locking depth of 8.8 ± 4 mm/y and 12.0
± 5 km respectively for the central portion of ATF at 87°E, which is in
agreement with previous modelling of InSAR and GPS
measurements around this region.
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Identification of Earthquake Precursors with Causality
Arthur Valencio*, Murilo da Silva Baptista, Celso Grebogi
a.valencio@abdn.ac.uk

There are many open candidates for earthquake precursors, many
of which autonomously verified by IASPEI [1-3], but, although some
received a distinguished status, no single candidate yet was
identified as common to events in all areas. It means the
development of an earthquake prediction method is, at current
stage, not possible. However, these candidates may still constitute
the basis for current forecasting tools. The first identification of
precursors, currently done by use of common statistics, could be
made more robust in association with the principles of Granger
causality [4], such as occurs in other fields such as econometrics
and neurology. In this presentation, it is detailed the recent progress
in developing a method for analysis of Granger-like causality in
nonlinear time-series and application in the identification of
precursor candidates.

[1] Wyss, M. & Booth, D. C. (1997) The IASPEI Procedure for
Evaluation of Earthquake Precursors. Geophysical Journal
International, 131, 423-424.
[2] Wyss, M. (1997) Second Round of Evaluations of Proposed
Earthquake Precursors. Pure and Applied Geophysics, 149(1), 3-16.
[3] Wyss, M. (2013) Evaluation of Proposed Earthquake Precursors.
Washington, D.C.: American Geophysical Union.
[4] Granger, C. W. J. (1969) Investigating Causal Relations by
Econometric Models and Cross-spectral Methods. Econometrica,
37(3), 424-438.

*Support: CNPq, Brazil
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Magnetotelluric and Satellite Gravity Data in the NorthWestern USA – towards a Joint Inversion
Bernhard Weise

In the framework of the ESA Support To Science Element “3D
Earth – A Dynamic Living Planet” we investigate the ideal
strategies for a joint inversion of diﬀerent geophysical
datasets. Our test area is the Pacific North-West of the USA
which is characterized by a multitude of geological and
tectonic processes e.g. subduction of the Pacific plate and
hotspot volcanism. MT data from the USArray and the DTU10
satellite gravity model are freely available, high quality data
products with a regular station spacing and homogenous
spatial resolution, respectively. We invert both gravity and MT
data individually in order to develop optimal strategies and to
establish first order density and conductivity models. Issues
considered at this stage include the correction of galvanic
distortion of MT data and the ideal initial model set-up for the
gravity inversion. In a second step, a joint inversion of gravity
and MT data is set up to construct a consistent density and
conductivity model. Future work will aim to include seismic
surface wave data from the USArray in the joint inversion and
the investigation of the eﬀect of sparse data coverage of the
MT and seismic data. The resulting inversion strategies can
then be used for areas which suﬀer from irregular station
spacing such as Southern Africa. The developed regional
density, conductivity and seismic velocity models will be used
to validate the global model developed in the 3D Earth
project.

32

POSTERS ABSTRACTS
Linking Tasmania and mainland Australia using passive
seismic imaging techniques
M. Bello, N. Rawlinson & D. G. Cornwell
School of Geosciences, University of Aberdeen, Aberdeen, UK

Understanding the tectonic evolution of the proto-Pacific margin
of East Gondwana in an attempt to link mainland Australia
(Victoria) and Tasmania is one of the grand challenges in
Australian Earth Sciences. The presence of Bass Strait, which
separates the two land masses, and the thick sub-marine
sedimentary basins therein, has largely masked the underlying
basement rocks. As a consequence,
a variety of plausible
tectonic models have been postulated to explain the presence of
Tasmania, including emplacement of an exotic continental
fragment sourced from the break-up of Rodinia, a pronounced
salient in the Proterozoic East Gondwana margin and E-W
transform faulting in Bass Strait. The key to unravelling the
tectonic relationship between Tasmania and Australia is an
improved understanding of the intervening crust and upper
mantle. Therefore, the goal of this study is to develop a unified
model of the lithosphere beneath Bass Strait by combining
constraints from a variety of classes of passive seismic data
recorded by a recent experiment.
The dataset we used consists of approximately 23 months of
passive seismic data recorded by an array of 24 three-component
broadband instruments covering southern Victoria, several islands
in Bass Strait (Flinders, King and Deal islands) and northern
Tasmania. The aim is to combine teleseismic traveltime residuals,
ambient noise data, receiver functions and shear wave splitting
data to jointly constrain crust and upper mantle structure. The
complementary nature of these datasets means that detailed
information from the shallow crust all the way to the base of the
mantle lithosphere can be extracted: teleseismic traveltime
residuals will constrain P-wave and S-wave heterogeneity in the
mantle lithosphere; ambient noise data will constrain S-

33

wavespeed in the crust and uppermost mantle; receiver functions
will provide constraints on the location and geometry of
subhorizontal discontinuities underneath the array (e.g. the Moho)
and can highlight changes in anisotropy and S-wave velocity; and
seismic anisotropy derived from shear wave splitting of
teleseismic phases will provide insight into mantle processes.
The P-wave teleseismic tomography results demonstrate a key
feature of relatively high velocity stretching from southern Victoria
to eastern Tasmania imaged in the upper mantle and this is
interpreted to represent a Paleozoic geological connection. The
teleseismic tomography model also strengthen the argument for a
localised upper mantle anomaly right beneath the newer volcanic
province; this is seen as a very slow anomaly from the base of the
Moho down to 150 km. The pattern of the seismic anisotropy from
shear wave splitting beneath the study area is rather complex and
cannot be correlated with the roughly north-south absolute plate
motion from recent models. The average delay times at individual
stations range between ~0.8 s and ~2.8 s. Stations in southeastern Victoria exhibit a non-significant shear wave splitting. In
the south-western Bass Strait and northern Tasmania, nearly all
observed fast directions are approximately NE-SW, while to the
north-eastern Bass strait in the Flinders Islands there is more
variability in the splitting patterns. Overall, deviation of the
asthenospheric mantle flow around the lithospheric roots could
be occurring, and so anisotropy related to mantle flow cannot be
excluded. Receiver functions were generated using time-domain
iterative deconvolution (Ligorria and Ammon, 1999) and examined
using H-к stacking. Preliminary results suggest the bulk crustal
thickness (H) and Vp/Vs (к) using the Moho conversion and its
multiple to be H=26-40 km and к=1.61-1.80 for the crust beneath
stations of the study area
The final 3-D seismic model that we will build from our various
passive data sets will be interpreted together with other classes of
data in order to develop a comprehensive structural model for
Bass Strait, Victoria and Tasmania. These include total magnetic
intensity and gravity data, seismic reflection profiles, geological
field mapping and well data.
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Seismic Imaging of the Lesser Antilles Subduction Zone
Using S-to-P Receiver Functions: Insights from VoiLA
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In the Lesser Antilles subduction zone Atlantic oceanic
lithosphere, expected to be highly hydrated, is being
subducted beneath the Caribbean plate. Water and other
volatiles from the down-going plate are released and cause
the overlying mantle to melt, feeding volcanoes with magma
and hence forming the volcanic island arc. However, the
depths and pathways of volatiles and melt within the mantle
wedge are not well known. Here, we use S-to-P receiver
functions to image seismic velocity contrasts with depth
within the subduction zone in order to constrain the release of
volatiles and the presence of melt in the mantle wedge, as
well as slab structure and arc-lithosphere structure. We use
data from 55-80⁰ epicentral distances recorded by 32
recovered broadband ocean-bottom seismometers that were
deployed during the 2016-2017 Volatiles in the Lesser Antilles
(VoiLA) project for 15 months on the back- and fore-arc. The
S-to-P receiver functions are calculated using two methods:
extended time multi-taper deconvolution followed by
migration to depth to constrain 3-D discontinuity structure of
the subduction zone; and simultaneous deconvolution to
determine structure beneath single stations. In the south of
the island arc, we image a velocity increase with depth
associated with the Moho at depths of 32-40 Å} 4 km on the
fore- and back-arc, consistent with various previous studies.
At depths of 65-80 Å} 4 km beneath the fore-arc we image a
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strong velocity decrease with depth that is west-dipping. At
96-120 Å} 5 km beneath the fore-arc, we image a velocity
increase with depth that is also west-dipping. The dipping
negative-positive phase could represent velocity contrasts
related to the top of the downgoing plate, a feature commonly
imaged in subduction zone receiver function studies. The
negative phase is strong, so there may also be contributions
to the negative velocity discontinuity from slab dehydration
and/or mantle wedge serpentinization in the fore-arc.
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Evidence for Depth-Dependent Metasomatism in Cratonic
Lithosphere
Thomas Eeken1, Saskia D B Goes1, Helle Pedersen2, Nicholas T Arndt2 and
Pierre Bouilhol3, (1)Imperial College London, London, United Kingdom, (2)
Université Grenoble Alpes, ISTerre, Grenoble, France, (3)University Blaise
Pascal Clermont-Ferrand II, Clermont-Ferrand, France

The long-term stability of the cratonic cores of continents has been
attributed to low temperatures and depletion in iron and water.
However, a long-standing enigma is that steady-state thermal
models based on heat flow measurements and xenoliths
systematically overpredict the seismic velocities in Archean
lithospheric mantle. We perform a Monte-Carlo inversion for thermal
parameters and water content (leading to metasomatism) to fit 1-D
geotherms to average Rayleigh-wave dispersion curves for the
Archean Kaapvaal, Yilgarn and Slave cratons and the Proterozoic
Baltic Shield below Finland. To satisfactorily match the seismic
profiles, we need a significant amount of hydrous and/or carbonated
minerals starting between the Moho and 70 km depth and extending
down to at least 100-150 km depth (if distributed over this depth
range, this requires 0.5 and 1 wt% water for amphiboles, or ~0.2
wt% water plus suﬃcient potassium to form phlogopites or ~5 wt%
CO2 and suﬃcient Ca to make carbonate, or a combination thereof).
Lithospheric temperatures that lead to a good fit of the seismic
constraints are commonly lower than those inferred from xenoliths,
but consistent with heat flow constraints. The dispersion data also
require diﬀerences in Moho heatflux between regions and
100-200°C lower sublithospheric mantle temperatures below
Yilgarn, Slave and Finland than below Kaapvaal, consistent with
regional tectonic settings inferred from global tomography. Thus,
significant upward-increasing metasomatism by water and CO2-rich
fluids is a plausible mechanism to explain the average seismic
structure of cratonic lithosphere. Such metasomatism would also
contribute to the positive chemical buoyancy of cratonic roots.
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Thermal and Chemical Evolution Modelling of a Stably
Stratified Outer Core

Sam Greenwood, Chris Davies and Jon Mound

The Earth's magnetic field is generated by the strongly
convecting liquid iron outer core through a process called the
geodynamo. Seismic and geomagnetic observations suggest
that rather than the entire liquid region convecting, there is a
layer just beneath the core-mantle boundary that is stably
stratified. This ~200km thick region is characterised by a lack
of vertical motion of the liquid, confining convection to deeper
in the core. If such a layer exists, this will aﬀect how the
magnetic field has been produced over time and has
implications for the thermal evolution of the entire planet. The
nature of the stable layer is currently unknown. Several
formation mechanisms for either a thermal or chemical origin
have been proposed but the eﬀects are rarely considered
together. To investigate the evolution of the layer I formulate a
1-D chemical and thermal evolution model for the Earth's
core. We have developed a scheme to account for a stably
stratified region and evolve its thickness over time, producing
a thermal/chemical profile of the core for the present day.
Reconciliation with observations such as inner core/stable
layer thickness and the ability for the geodynamo to operate
throughout history will then allow candidate models of the
stable region to be proposed. Future work will then look to
apply these models to simulations of the geodynamo and
explore the impacts a stably stratified region has on the
magnetic field.
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Coulomb Stress Modelling of Injection Induced Seismicity
Tom Kettlety
tom.kettlety@bristol.ac.uk

Avoiding the accidental triggering of pre-existing faults due to
fluid injection is a significant challenge for operators in the oil
and gas and geothermal industries (Ellsworth, 2013, Davies et
al., 2013). Earthquakes can be generated with magnitudes
that can negatively impact the perceived risk of the operations
(Shapiro et al., 2010, Keranen et al., 2014, Martínez-garzón et
al., 2016). Through geomechanical modelling and analysis of
one of the most comprehensive microseismic data sets
produced, the processes that cause this fault activation can
be investigated. This study uses microseismic data from a
hydraulic fracturing treatment in the Horn River Basin, British
Columbia, comprised of +90; 000 located events, all with
magnitudes (MW ranging from 2:5 to 0:6) and stress drops,
and around 40% of the events having full moment tensors.
During two periods of activation of a pre-existing fault
structure, the elastostatic stress was modelled in order to
determine if the cumulative Coulomb stress changes from
previous seismicity resulted in the triggering of the fault.
Preliminary results suggest that the events associated with
fault reactivation were initially not triggered by previously
occurring seismicity. However, once the fault had been in a
sense “primed” by the first period of injection, during the
second observed period of reactivation the stress changes
contributed significantly to the triggering of the events. This
suggests that once injection fluid has directly interacted with
pre-existing faults, subsequent, continued failure is likely to
occur. Uncertainty analysis is currently being carried out to
determine the robustness of this conclusion.
References
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seismicity and hydraulic fracturing for the recovery of
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Measurements of Fracture Compliance on a Wave-Cut
Platform Using P-wave Anisotropy
Thomas Loriaux, Michael Kendall, James Verdon, Alain Baird, James
Wookey
School of Earth Sciences, University of Bristol, United Kingdom

In the frame of reservoir characterisation, a major interest has
been in imaging fractures, as they represent a natural pathway
for fluid flow in these settings. Fracture sets are likely to exhibit
seismic anisotropy, which is controlled by the normal and
tangential (or shear) compliance of the fractures, ZN and ZT,
respectively. Fractures compliance ratio ZN/ZT is in turn
controlled by fluid fill and then considered to be a good
indicator of permeability in fractured media. We performed
three hammer seismic surveys on a wave-cut platform located
on southern margin of the Bristol Channel Basin, near the
locality of Lilstock, UK. We measured P-wave velocities at
different azimuths to investigate the impact of the fractures on
the seismic anisotropy. In order to investigate temporal
variation of ZN/ZT, we performed three similar seismic
experiments at two hours interval after the high tide. We
detected an increase of ZN/ZT over time, mostly due to a
dramatic drop of the shear compliance, the results of the three
surveys being ZN/ZT(1) = 0.25, ZN/ZT(2) = 0.48, ZN/ZT(3) = 1.08,
respectively. We also measured an increase of the seismic
velocities up to 8% between the first and the third survey. We
attributed these two observations to the draining of the fracture
system in relation with the retreat of the seafront. The two
faces of the fractures show more contact areas, improving the
propagation of the seismic waves and increasing the shear
friction.
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Understanding the Lithospheric Structure of Cyprus Using
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Cyprus, an island in the eastern Mediterranean Sea, is an
ideal study locale for understanding both the final stages of
subduction, and the internal structure of so-called ‘ophiolites’
-rare, on-land exposures of oceanic crust. The Troodos
ophiolite oﬀers an excellent opportunity to interrogate a
complete ophiolite sequence from mantle rocks to pillow
lavas. However, determining its internal architecture, and that
of the subducting African plate deep below it, cannot be
easily achieved using traditional field geology. To address this
issue, we have built a new network of five broadband
seismograph stations across the island. These, along with
existing permanent stations, record both local and distant
earthquakes that we are now using to image Cyprus’ crust
and mantle seismic structure.
Receiver functions are time series, computed from threecomponent seismograms, which contain information about
lithospheric seismic discontinuities. When a P-wave strikes a
velocity discontinuity such as the Moho, energy is converted
to S-waves (direct Ps phase). The widely-used H-K Stacking
technique utilises this arrival, and subsequent crustal
reverberations (PpPs and PsPs+PpSs), to calculate crustal
thickness (H) and bulk-crustal Vp/Vs ratio (equivalently,
Poisson’s ratio). Central to the method is the assumption that
the Moho produces the largest amplitude conversions, after
the direct P-arrival, which is valid where the Moho is sharp.
Where the Moho is gradational or upper crustal discontinuities
are present, the Moho signals are weakened and masked by
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shallow crustal conversions, potentially rendering the H-K
stacking method unreliable.
Using a combination of synthetic and observed seismograms,
we explore Cyprus’ crustal structure and, in particular, the
eﬀectiveness of the H-K method in constraining it. Although
the data quality is excellent across the island, the amplitude of
the receiver function Ps phase is low, and crustal
reverberations are almost non-existent. Therefore, a simple,
abrupt wavespeed jump at the Moho is lacking (perhaps due
to the subducting African plate), and/or evidence for it is
obscured by complex structure associated with the Troodos
ophiolite. On-going analyses also include joint inversion of
receiver functions and surface wave data, which together, are
capable of resolving complex lithospheric seismic structure.
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We present high-resolution tomography images of a major
active continental strike slip fault zone, the North Anatolian
Fault (NAF) in northern Turkey. Historical seismic records
show that the NAF, with a length of 1500 km and a current slip
rate of ~25 mm/yr, is capable of producing large magnitude
earthquakes that activate diﬀerent segments of the fault in a
westward progression to the study region, where the
devastating Izmit and Düzce events occurred in 1999. The
NAF poses a major seismic hazard to the city of Istanbul,
which is situated close to one of the two strands into which
the fault splays east of the Sea of Marmara.
In order to improve understanding of the lower crust and
upper mantle properties that influence fault dynamics
throughout the seismic cycle, we constrain NAF structure
across the Moho by applying S wave teleseismic tomography
to data recorded by an array of 70 temporary seismological
stations at ~7 km spacing (Dense Array for North Anatolia,
DANA). High quality teleseismic earthquakes and the dense
nature of the array allow high-resolution (i.e. horizontal and
vertical resolution of ~15 km) 3D seismic imaging of the
velocity structure beneath the NAF; in addition, using previous
results from P wave teleseismic tomography, we are able to
produce Vp/Vs maps of upper and lower crust.
The northern branch of the NAF coincides with an abrupt
change between opposite polarity velocity anomalies and can
be traced to at least Moho depths (~37 km), where the
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relatively low velocity anomaly widens slightly in the upper
mantle. The southern branch, in contrast, exhibits relatively
low velocities terminating at or above Moho depth. Our
observations are consistent with the notion that the NAF
marks the boundary between compositionally distinct
lithospheres with diﬀerent tectonic histories and reactivates
the pre-existing Intra-Pontide suture zone. We discuss our
results in terms of the influence of lithosphere heterogeneity
on the development and evolution of global continental strikeslip fault zones and assess the applicability of current shear
zone deformation models.
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Lithospheric Flexure in East Antarctica: the Origin and
Evolution of the Transantarctic Mountains and Wilkes
Subglacial Basin
Guy Paxman1, Stewart Jamieson1, Mike Bentley1, Fausto Ferraccioli2, Neil
Ross3, Duncan Young4, Donald Blankenship4, German Leitchenkov5, Pippa
Whitehouse1
1 Department

of Geography, Durham University, Durham, UK
guy.j.paxman@durham.ac.uk;
2British Antarctic Survey, Cambridge, UK;
3School of Geography, Politics, and Sociology, Newcastle University,
Newcastle, UK;
4University of Texas Institute for Geophysics, Austin, TX, USA;
5Institute for Geology and Mineral Resources of the World Ocean, St.
Petersburg, Russia

The Wilkes Subglacial Basin extends for 1,400 km from the
margin of East Antarctica into the continental interior. The
basin lies in the hinterland of the Transantarctic Mountains,
which form a 3000 km-long arcuate chain at the boundary of
East Antarctica and West Antarctica. The subglacial bedrock
within the Wilkes Subglacial Basin resides below sea level,
which may render the overlying sector of the East Antarctic
Ice Sheet vulnerable to retreat. Understanding the processes
that led to the generation of the modern Wilkes Subglacial
Basin is of especial importance, because it will aid our ability
to reconstruct the regional palaeo-bedrock topography, and
hence better understand past and future ice sheet dynamics.
We use newly collected radar datasets to produce a new
bedrock topography DEM for the Transantarctic Mountains
and Wilkes Subglacial Basin. We use new continuous and
broken elastic plate models to assess the role of lithospheric
flexure in the evolution of these large-scale topographic
features that are largely concealed beneath the East Antarctic
Ice Sheet. We reconcile previous studies by incorporating into
our models a range of geological processes that drive flexural
isostatic adjustment, including erosional unloading, sediment
loading, ice sheet loading, and thermal unloading.

46

We generate an estimate of the 3D distribution of glacial
erosion within the Wilkes Subglacial Basin and Transantarctic
Mountains. Comparison of our estimated eroded volumes
with oﬀshore sediment thickness datasets in the Ross Sea
and Wilkes Land margins shows good agreement. We
reconstruct bedrock topography from the present day back to
34 Ma by restoring the eroded material to the topography and
correcting for associated flexural isostatic responses. The
reconstructed topography is then compared to predictions
from 2D flexural models for the uplift of the Transantarctic
Mountains driven by erosional and thermal unloading. We test
a variety of elastic plate models, and find that the role of plate
flexure in mountain uplift and basin formation was likely
significant, although there is considerable spatial variability.
This variability is attributed to variations in thermal and
erosional unloading, and the inherited geological structure of
the region; major crustal faults that trend at a high angle to the
continental margin have influenced basin geometry. Our
models also indicate a minor role for mantle dynamics in
generating long-wavelength diﬀerences in elevation.
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Seismicity and Local Earthquake Tomography from Haiti
Daniel Possee1*, Derek Keir1, Nick Harmon1, Catherine Rychert1, Frédérique
Rolandone2, Sylvie Leroy2, Graham Stuart3, Dominique Boisson4, Kely
Guerier4, Sophia Ulysse4, Roberte Momplaisir4, Claude Prépetit5
1Ocean

and Earth Science, National Oceanography Centre, University of
S o u t h a m p t o n , E u r o p e a n Wa y, S o u t h a m p t o n , U . K .
(djp1g15@soton.ac.uk)
2Sorbonne Universités, UPMC Univ Paris 06, UMR 7193, Institut des
Sciences de la Tere Paris (iSTeP), F-75005 Paris, France
3School of Earth and Environment, University of Leeds, Leeds, UK
4Université d’Etat d’Haiti, Faculté des Sciences, Port-au-Prince, Haiti
5L’Unité Technique de Sismologie (UTS)/BME, Haiti

We use seismic data to map active faults and constrain the
crustal velocity structure in Haiti’s transpressional fault
system. Oblique convergence of the Caribbean and North
American plates has partitioned strain across a fault system
that bisects Haiti. Most recently the 2010, MW7.0 earthquake
ruptured multiple thrust faults beneath Haiti’s southern
peninsula and devastated the region. However, while the
rupture mechanism has been well studied, exactly how these
faults are segmented and link to the regional deformation
across the plate boundary is still debated. Understanding the
link between strain accumulation and faulting in Haiti is also
key to future modelling of seismic hazards. To assess the
ongoing seismic activity and structure of the fault system we
used data from 31 broadband seismic stations deployed on
Haiti for a 16-month period as part of the Trans-Haiti project.
Local earthquakes were recorded and initial hypocentre
locations determined using a best fit 1-D velocity model. A
high-quality subset of the data was then jointly inverted using
travel-time tomography to give relocated hypocentres and 2D
images of the Vp and Vp/Vs crustal structure. Earthquake
locations reveal two major clusters of seismic activity, the first
delineates the segmented faults associated with the 2010
earthquake and the second shows activity 100km further east
along a thrust fault north of Lake Enriquillo (Domincan
Republic). The velocity models show large variations in
seismic properties across the plate boundary; shallow low-
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velocity zones with a 5-8% decrease in Vp and high Vp/Vs
ratios of 1.85-1.95 correspond to sedimentary basins that
form the low-lying terrain of Haiti. We also image a region with
a 4-5% decrease in Vp and an increased Vp/Vs ratio of
1.80-1.85 extending to depths of ~20km beneath southern
Haiti. This anomaly matches the location of a major oblique
thrust fault and suggests a substantial damage zone is
associated with this fault. Beneath northern Haiti a transition
to lower Vp/Vs values of 1.70-1.75 reflects the compositional
change from dominantly mafic material such as the Caribbean
large igneous province in the south, to arc magmatic facies
associated with the Greater Antilles arc in the north. Our
seismic images are consistent with the fault system across
southern Haiti transitioning from a near vertical strike slip fault
in the west to a major southward dipping oblique-slip fault in
the east. Seismicity in southern Haiti broadly occurs on the
thrust/oblique-slip faults. The results show evidence for
significant variations in fault zone structure and kinematics
along strike of a major transpressional plate boundary.
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Using Spherical Slepian Functions to Investigate Regional
Diﬀerences in Outer Core Flow
Hannah Rogers, Kathy Whaler, Ciaran Beggan, Lara Kalnins

Our magnetic field is generated by the motion of electrically
conducting liquid iron in the Earth’s outer core. We can use
magnetic field observations, and numerical simulations of this
dynamo process, to infer some information about the global
flow. However, there are good reasons for restricting our flow
models to only parts of the core surface. Firstly, we
have reason to believe that diﬀerent dynamics operate in
diﬀerent parts of the core. Secondly, the flow is ambiguous
over certain parts of the surface. This project uses spherical
Slepian Functions to limit the surface area over which the flow
is decomposed. Spherical Slepian functions retain many of
the advantages of our usual flow description, concerning for
example the boundary conditions it must satisfy, and allowing
easy calculation of the power spectrum, although
greater computational eﬀort is required. This poster will
provide an introduction on the flow maintaining the magnetic
field and Slepian functions, and the initial findings of my
research based on the results of a numerical simulation.
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Understanding the Tectono-Magmatic System of the
Central Andes, Chile from Seismicity and Seismic imaging
Sanchez De La Muela Garzon, Almudena

In convergent margins, the main faults and folds tend to align
parallel to the margin constituting high-strain domains that
control the structural evolution and shape of mountain chains.
These first-order structures are considered to represent the
long-term record of the deformation history of their associated
orogenic belts and volcanic arcs. Nevertheless, second-order
structures are abundant in these subduction settings and are
thought to play a role in the transport of crustal fluids.
Despite this and the presence of significant volcanic edifices,
hydrothermal complexes and ore deposits in the Chilean
Andes, little is known about transverse structures either on
the surface or at depth. With this in mind, an international
Chile-UK team was built to study the tectono-magmatic
impact of transverse faults from all the diﬀerent geological
and geophysical perspectives.
As part of this multi-disciplinary approach and through a
combination of NERC and FONDECYT funding, 12 broadband
seismometers have been deployed in the Teno river valley in
March 2017. My preliminary analysis of the first few days of
data show evidence for significant seismicity in the region. I
will use these data to: accurately locate earthquakes to
identify the geometry of active faults in depth, enabling to
map faults in depth; calculate focal mechanisms of the
earthquakes recorded to determine the state of stress in the
area thus, helping to understand the kinematics of active
faults; perform P and Vp/Vs tomography in order to produce a
3D velocity model to improve earthquake locations and image
low Vp and high Vp/Vs zones, so magmatic and hydrothermal
fluids within the crust can be recognised.
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Simulating the Thermal Conductivity of Lower Mantle
Bridgmanite as a Function of Temperature, Pressure, and
Composition
Ben Todd

Thermal conductivity is a key parameter for Earth models
involving heat flow across the core-mantle boundary. It is not
currently possible to experimentally measure the thermal
conductivity of minerals at lower mantle temperatures,
meaning that lower temperature values must be extrapolated,
introducing considerable uncertainty. Furthermore, the eﬀect
of impurities, such as Fe, is poorly constrained.
In view of this, we use theoretical methods to determine the
lattice thermal conductivity of (Fe,Mg)SiO3 bridgmanite, with
varying concentration of Fe impurities. We utilise the “direct
method” (non-equilibrium molecular dynamics), which allows
thermal conductivity to be calculated via Fourier’s law from
the ratio of an imposed heat-flux and induced thermal
gradient.
We find the thermal conductivity follows the expected trends,
decreasing then saturating with increasing temperature and a
linear increase with pressure. We find composition
dependence varies with temperature, and at high
temperatures (4000 K) saturates quickly with respect to iron
content.
These results will be used to create a model of lower mantle
thermal conductivity at all relevant conditions, with the goal of
determining the heat flux from the Earth’s core to mantle.
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A Preliminary Look at Understanding Patterns of VolcanoTectonic Seismicity in Active Continental Rifts
Rachel Wilcock (University of Edinburgh), Dr. Andrew Bell and Prof. Ian Main
(University of Edinburgh)

Seismicity is one of the most prolific monitoring techniques at
volcanoes, and the reliability and accuracy of forecasts using
volcanic earthquakes has improved considerably in the last 20
years. However, for volcanoes situated in active continental
rifts, the seismicity is far more complex. Tectonic processes
and the migration of non-magmatic fluids leads to lesssystematic swarms that can occur synchronously with
accelerating sequences and/or mainshock-aftershock
sequences. With a focus on the East African Rift, whilst also
using data from other rifts, for example Iceland, this RiftVolc
project aims to improve probabilistic forecasts. This will be
achieved using new methods developed to analyse seismicity
and surface deformation data. The current research emphasis
is on cluster analysis, using interevent times and interevent
distances to identify clusters and families, building on the
work of Touati et al. (2011) and Zaliapin (2008, 2013).
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Challenges in Locating Microseismic Events Using
Distributed Acoustic Sensors
Anna Williams, JM.Kendall, A.Clarke, J.Verdon

Microseismic monitoring is an important method of assessing
the behaviour of subsurface fluid processes, and is commonly
acquired using geophone arrays in boreholes or on the
surface. A new alternative technology has been recently
developed – fibre-optic Distributed Acoustic Sensing (DAS) –
using strain along a fibre-optic cable as a measure of seismic
signals. DAS can oﬀer high density arrays and full-well
coverage from the surface to bottom, with less overall
disruption to operations, so there are many exciting possible
applications in monitoring both petroleum and other
subsurface industries. However, there are challenges in
locating microseismic events recorded using current DAS
systems, which only record seismic data in one-component
(1C) and consequently lose the azimuthal information
provided by a three-component (3C) geophone.
To test the impact of these limitations we used finite
diﬀerence modelling to generate 1C synthetic DAS datasets
and investigated the impact of diﬀerent array geometries and
the impact of picking either solely P-wave or both P- and Swave arrivals. These are then compared to equivalent 3C
synthetic geophone datasets. In simple velocity models, Pwave arrivals alone along linear arrays cannot be used to
constrain locations using DAS. We then tested the impact of
straight cables vs. L-shaped arrays and found improved
locations when the cable is deviated, especially when both Pand S-wave picks are included. There is a trade-oﬀ between
the added coverage of DAS cables versus sparser 3C
geophone arrays where particle motion helps constrains
locations.
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Sound Velocities of fcc-Fe at Lunar Core Conditions:
Result from Ab Initio Calculations
M.C. Wood1*, L. Vočadlo1, I. G. Wood1
1Department

of Earth Sciences, University College London, England
(*correspondence: marisa.wood.09@ucl.ac.uk)

Studies, such as the reanalysis of the Apollo lunar
seismograms [1], have shown that the Moon has undergone
diﬀerentiation and possesses a small core. The composition
of the lunar core is not well constrained, and many
compositional models have been suggested including
combinations of iron, nickel, and light elements such as
sulphur and carbon [e.g. 1, 2, 3, 4], and other more exotic
compositions [5]. Additional constraints are crucial to our
understanding of the Moon, including its formation, the
dynamics of its interior, and a lunar dynamo.
We use ab initio molecular dynamics simulations to calculate
elastic constants of face-centred cubic (fcc) iron and iron
alloys and hence sound velocities at lunar core conditions, at
~5-6 GPa and ~1,300-1,900 K [3]. The results from these
simulations will then be compared with the data from the
Apollo seismograms and experimental data to help form a
description of the lunar interior.
[1] Weber et al. (2011) Science 331, 309-312. [2] Dasgupta et al. (2009)
Geochim. Cosmochim. Acta 73, 66786692. [3] Antonangeli et al. (2015) Proc. Natl. Acad. Sci. U.S.A. 112,
3916-3919. [4] Righter et al. (2017) Earth
Planet. Sci. Lett. 463, 323-332. [5] Wieczorek & Zuber (2002) Lunar Planet.
Sci. 33, abstract 1384.
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Intra-Oceanic Subduction Initiation Induced by Oceanic
Plateau Accretion: A Case Study of Central Tibet, Western
China
Li-Long Yan1, 2, Kai-Jun Zhang1,*, Andrew C. Kerr2
1Asian Tectonics Research Group & College of Earth Science, University of
Chinese Academy of Sciences, Beijing, 100049, China (*correspondance:
kaijun@ucas.ac.cn)
2School of Earth and Ocean Sciences, Cardiﬀ University, Main Building, Park
Place, Cardiﬀ, CF10 3AT, UK

A 167–160 Ma magmatic event related to intra-oceanic
subduction in the Bangong Meso-Tethyan Ocean has been
frequently recognized in central Tibet [1]. However the
mechanism by which this intra-oceanic subduction was
initiated has not been explored yet. In this study we present
new geochemical and structural data from the ophiolites
exposed in central Tibet, western China, in order to
understand the geodynamic mechanism of intra-oceanic
subduction initiation.
Meso-Tethyan ophiolites are widely distributed in central
Tibet, and can be divided into Anduo-Dongqiao, Pengco and
Namco-Yongzhu belts from north to south. The ~178 Ma
Namco ophiolite composes pillow and massive basalt,
dolerite, gabbro and peridotite. The massive basalts are
charactered by subaerial eruption and contain phenocrysts of
plagioclase, pyroxene and minor olivine. All the basalts show
essentially flat chondrite-normalised rare earth element (REE)
patterns and primitive mantle normalised multi-element
patterns, which are similar to those from Onjong Java oceanic
plateau. The Pengco ophiolite consists of pillow lavas and
mafic dykes. These pillow lavas are tholeiitic basalts and
display flat REE patterns with negative Nb-Ta anomalies on
the multi-element diagrams, while the dolerite and gabbro
dykes are boninite-like with U-shape REE patterns. In
addition, mafic rocks from ~164 Ma Pengco ophiolite have
much lower Nb/Yb ratios than those from ~178 Ma Namco
ophiolite, which indicates that the melts forming the Pengco
ophiolite were most likely derived from a depleted mantle
source.
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It is therefore likely that the ~178 Ma Namco ophiolite
represents the remnants of a Jurassic Meso-Tethyan oceanic
plateau, and the ~164 Ma Pengco ophiolite records a later
intra-oceanic subduction initiation event. In conjunction with
the evidence from the Jurassic (~170 Ma) metamorphic event
recorded in Anduo-Dongqiao belt [2], we suggest that a
Jurassic Meso-Tethyan oceanic plateau accreted to the
continental margin and thus jammed subduction zone at ~170
Ma, and induced intra-oceanic subduction initiation at ~164
Ma.
[1] Zeng et al. (2016) Geochem. Geophys. Geosyst. 17,
4859-4877.
[2] Zhou et al. (1997) Can. J. Earth Sci. 34, 59-65.
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