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Welcome
Welcome to the UCL for the 2016 edition of the British Geophysical Association Postgraduate
Research in Progress Meeting. At UCL, we are all both excited and honoured to be hosting
this year’s conference, and we hope that you to have an enjoyable experience at London’s
Global University.
The BGA PGRIP provides a unique opportunity for geophysicists in the United Kingdom and
from further afield. Not only to showcase their research in a relaxed and friendly
environment, but to also meet fellow members of the geophysics network who are at similar
stages in their career. We hope that many thought provoking discussions will occur over the
conference which will benefit both current and future research.
We would like to thank Badleys Geoscience Limited for sponsoring the event. Our thanks
must also go to the faculty of Maths and Physical Sciences and the Earth Science Department
of UCL for providing additional funds and support.
We hope you have an enjoyable and enlightening time at UCL, and if there are any issues
please speak to a member of the organising committee.

Sincerely,
BGA 2016 Organising Committee
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Conference Venue
The conference is being hosted in the Wilkins building of UCL. Which is the large building in
front of you as you enter the main entrance of UCL and into the quad.

The South Cloisters which is located on the south side of the Wilkins Building (right of the
building with pillars), is where registration will occur, along with the poster presentations
and coffee breaks. If you are bringing a poster, please ensure that the poster is up by 9:15
on the Thursday. Featuring the auto-icon of Jeremy Bentham (1748 - 1832) the South
Cloisters connect the Octagon Dome, housing the main library, to the South Junction and
south wing of the Quad. Jeremy Benthan, described as the “spiritual founder” of UCL, was
an English philosopher, jurist, and social reformer - his vision for education was one that
was inclusive, irrespective of wealth and social standing.
Oral presentations will be held in the Gustave Tuck Lecture Theatre, which is accessed by
going up two flights of stairs at the south of the South Cloisters. We ask that all presentations
are loaded onto the presentation computer on the morning before your talk, or during the
coffee break prior to your allocated session. The Gustave Tuck LT, is named after the
president of the Jewish Historical Society of England who funded its reconstruction in 1932.
The third son of Raphael Tuck, Gustave (1856 - 1942) was the Chairman and Managing
Director of Raphael Tuck and Sons from 1926 to 1937, a distributor of graphic art printing,
specialising in postcards. The lecture theatre has been featured in prominent films and
television such as Inception (2010) and Spooks (2004).
The buffet lunch on the Thursday will be provided in the South Cloister. On the Friday, lunch
will be provided in the Jeremy Bentham Refectory which is located between the North and
South Cloisters.
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Accommodation
Ramsay Hall
The accommodation will be in Ramsay Hall: Ramsay Hall, 20 Maple Street, London W1T 5HB.

The details of the accommodation are:
Arrival time: from 14.00hrs onwards on the 31st Aug
Departure time: 10.00hrs on 2nd Sept.
The halls are about a 5-minute walk away from UCL and we will provide a place to store bags on the
Friday.
Breakfast will be provided on both mornings of the conference at the Halls.
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Events
Icebreaker
The icebreaker will be held in the Print
Room Café, which is located one floor
down, south of the South Cloisters.
Limited free drink and nibbles will be
provided from 19:00, with a cash bar
afterwards.

Conference Dinner
2 Wilson Street, Moorgate EC2M 2TE
Located near Moorgate underground station,
Bangers is a traditional Davy’s wine bar at which
the conference dinner will be held at 19:30 on
Thursday. We will provide drinks between 17:30
and 19:00 in the South Cloisters, before heading
over to the restaurant
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Bullerwell Lecturer
Dr. Pippa Whitehouse
Durham University, Department of Geography, UK
Pippa is a NERC Independent Research Fellow (2013-2018) who studies glacial isostatic
adjustment (GIA); the response of the Earth system to changes in ice and ocean loading
during a glacial cycle. She investigates how this process can be used to understand changes
in sea-level, solid earth deformation, and the volume of the global ice sheets during the last
glacial cycle, and in the present day.
Pippa’s previous work includes research into GIA processes in North America, Scandinavia
and Siberia, and her current research focuses on Antarctica. She uses numerical ice sheet
models to create glaciologically- and data-consistent reconstructions of ice mass changes
throughout Antarctica since the Last Glacial Maximum. These ice history models are used to
drive a GIA model, from which predictions of present-day uplift rates and relative sea-level
changes can be calculated. The outputs of the GIA model are tuned to fit observations of
relative sea-level change around Antarctica by varying the rheological properties of the Earth
within the model. The accuracy of the model predictions are then verified by comparing to
GPS uplift rates.
Ongoing GIA processes result in the redistribution of internal and surface masses, and this
alters the shape of the geoid. Gravity Recovery and Climate Experiment (GRACE) data, which
record temporal variations in the Earth's gravity field, must be corrected for GIA affects
before we can tease out the signal due to current ice-mass change. Pippa’s recent work
provides an error-bounded, GIA correction which has been used to place tighter constraints
on the distribution of present-day ice-mass change throughout Antarctica.
Previous work also includes research into the effect of lateral heterogeneities in Earth
structure upon GIA, and the implications of including this complexity upon inferences of ice
sheet history and mantle viscosity. This is an area that she is currently pursuing further as
improved constraints on heterogeneous Earth structure become available.
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Bullerwell Lecture Abstract
Glacial Isostatic Adjustment - a hot topic in cold regions
Glacial Isostatic Adjustment (GIA) modelling tackles the classic geodynamical problem of
determining the solid Earth response to surface load changes by ice and ocean water whilst
at the same time solving for the gravitationally-consistent redistribution of ice sheet
meltwater across the global ocean. Understanding this process is important for quantifying
both present-day ice mass balance and the response of ice sheets to past and future climatic
change. The two fundamental unknowns in this problem are (i) the rheology of the solid
Earth, and (ii) the history of global ice sheet change. In this talk I will discuss the myriad of
approaches that are used to constrain these two components. In particular, I will focus on
Antarctica, where the presence of a continuously-evolving ice sheet, situated on top of one
of the most rheologically-diverse regions of the planet, provides us with a challenge that can
only be resolved by drawing on knowledge from across the fields of geodynamics,
glaciology, geology, geodesy and seismology.
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Invited Speakers
Dr. Stephen Stackhouse
Stephen is a Lecturer in Solid Earth Geophysics in the School of Earth and Environment at
the University of Leeds. He has a PhD in Theoretical Chemistry from the University of
London. He is a fellow of the Higher Education Academy and a member of the American
Geophysical Union.
His main research interests are in the area of theoretical mineral physics, performing
quantum mechanical based calculations to determine the properties of lower mantle
minerals at high temperatures and pressures. In particular, he is interested in phase
transitions, spin transitions, elasticity and thermal conductivity.

Prof. Michael Kendall
Mike is the BGS Professor of Geophysics in the School of Earth Sciences at the University of
Bristol and was Head of School from 2009-2013. He has a PhD in Geophysics from Queen's
University in Canada and he was a NSERC postdoctoral fellow at the Scripps Institution of
Oceanography in the USA. He has held faculty positions at the Universities of Toronto and
Leeds, and he worked briefly for Chevron Canada Resources in Calgary. He was previously
president of the British Geophysical Association and vice-president (Geophysics) of the Royal
Astronomical Society. Mike's research covers pure and applied seismology, with connections
to mineral physics, geodynamics and engineering. He has led seismic field experiments in
geologic settings ranging from cratons to active rifts. In exploration seismology his interests
lie in passive seismic monitoring, rock-fracture characterization, and linked geophysics,
geomechanics and fluid-flow modelling. He has managed a number of large industryfunded consortia, including the Bristol University Microseismicity Projects (BUMPS).
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Programme
Wednesday 31st August
19:00

Icebreaker

Print Room Café

Thursday 1st September
08:45
09:15
09:30
10:30
11:00
11:45
12:45
13:30
14:15
15:15
16:15
17:15
19:30

Registration and poster setup
Welcome to UCL
Talks A 3x
Coffee Break with Posters
Invited Speaker: Michael Kendall
Talks B 3x
Lunch with Posters
Invited Speaker: Stephen Stackhouse
Talks C 3x
Poster Session
Talks D 3x
End of Day
Conference Dinner

South Cloisters
Gustave Tuck Lecture Theatre
Gustave Tuck Lecture Theatre
South Cloisters
Gustave Tuck Lecture Theatre
Gustave Tuck Lecture Theatre
South Cloisters
Gustave Tuck Lecture Theatre
Gustave Tuck Lecture Theatre
South Cloisters
Gustave Tuck Lecture Theatre
Bangers - EC2M 2TE

Friday 2nd September
09:00
10:20
11:00
12:20
13:00
14:00
15:00
16:10
16:30

Talks E 4x
Coffee Break with Posters
Talks F 4x
Lunch
Bullerwell Lecture by Pippa Whitehouse
Poster Session
Talks G 3x
Awards and closing remarks
End of Day

Gustave Tuck Lecture Theatre
South Cloisters
Gustave Tuck Lecture Theatre
Jeremy Bentham Refectory
Gustave Tuck Lecture Theatre
South Cloisters
Gustave Tuck Lecture Theatre
Gustave Tuck Lecture Theatre
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Oral Presentation Schedule
Thursday 1st September
A.1
A.2
A.3

09:30 – 09:50
09:50 – 10:10
10:10 – 10:30

Thorbjorg Agustsdottir
Caroline Harkin
Laura Petrescu

B.1
B.2
B.3

11:45 – 12:05
12:05 – 12:25
12:25 – 12:45

Isabel Hodgson
Zoe Mildon
Emma Gregory

C.1
C.2
C.3

14:15 – 14:35
14:35 – 14:55
14:55 – 15:15

Michael Faggetter
Carmelo Sammarco
Sourav Sahoo

D.1
D.2
D.3

16:15 – 16:35
16:35 – 16:55
16:55 – 17:15

Michael Grund
Rebecca Coats
Tom Hudson

Friday 2nd September
E.1
E.2
E.3
E.4

09:00 – 09:20
09:20 – 09:40
09:40 – 10:00
10:00 – 10:20

Jennifer Neale
Toni Zieger
Najeeb Aladwani
Marta Pienkowska-Cote

F.1
F.2
F.3
F.4

11:00 – 11:20
11:20 – 11:40
11:40 – 12:00
12:00 – 12:20

Ryan Gallacher
Nurmalahayati Nurdin
Alex Dickinson
Elvira Papaleo

G.1
G.2
G.3

15:00 – 15:20
15:20 – 15:40
15:40 – 16:00

Sergio Leon-Rios
Adam Robinson
Ben Chichester
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BGA PGRiP 2016 - Oral Presentation A.1

09:30 Thursday 1st September

Seismicity accompanying the 2014 Bárðarbunga-Holuhraun
intrusion and the co- and post-eruptive activity
Thorbjörg Ágústsdóttir*1, Jennifer Woods1, Tim Greenfield1, Robert G. Green1, Robert S.
White1, Bryndís Brandsdóttir2, Sveinbjörn Steinþórsson2, Ross Mackie1
1. Bullard Laboratories - Department of Earth Sciences, University of Cambridge, UK
2. Institute of Earth Sciences, Science Institute, University of Iceland, Reykjavík, Iceland

An intense swarm of seismicity on 16 August 2014 marked the beginning of intrusion of a
large dyke from the subglacial Bárðarbunga volcano, central Iceland. Melt propagated
laterally NE from the volcano at the brittle-ductile boundary ~6 km b.s.l. and created over
30,000 earthquakes along a 48 km path. On 31 August a fissure eruption began at Holuhraun
and the seismicity rate within the dyke immediately dropped to a much lower level,
suggesting that once a pathway to the surface had formed magma was able to flow freely
and largely aseismically. Melt was fed from the subsiding Bárðarbunga volcano to the
eruption site at Holuhraun for 6 months. The volcano experienced over 70 earthquakes
greater than M5 during the eruption and subsided 66 m in total. We discuss the relationship
between bursts of seismicity in the volcano and periods of rapid dyke propagation, and the
link between the volcano and the eruption site during the co- and post-eruptive periods.
Moment tensor solutions show distinct differences in failure mechanism between
earthquakes occurring in the dyke and those occurring in the subsiding caldera. The
dominant earthquake source in the dyke is left-lateral strike slip faulting in the advancing
tip, orientated sub-parallel to the dyke, whereas in the caldera earthquakes arise from a
chaotic trapdoor-piecemeal caldera collapse.
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BGA PGRiP 2016 - Oral Presentation A.2

09:50 Thursday 1st September

Magmatism at Magma-Poor Margins: A Study of the SE Indian
Margin using an Integrated Quantitative Analysis
Caroline Harkin1, Nick Kusznir1, Brian Horn2
1. Earth, Ocean and Ecological Sciences, University of Liverpool, Liverpool, UK
2. ION Geophysical, Houston, USA

The south-east Indian continental rifted margin, as imaged by the INE1-1000 deep long-offset
seismic reflection section from ION Geophysical, appears to be a classic example of a magma-poor
rifted continental margin, displaying highly thinned continental crust with exhumed mantle within
the ocean-continent transition (OCT). Outboard, the steady-state oceanic crust has a 4-5 km
thickness, consistent with a magma-poor breakup. However, between the crust and the exhumed
mantle there appears to be a region of thicker magmatic crust of approximately 11 km thickness and
100 km width. Such juxtaposed features contradict the classic magma-poor status of the margin, so
an understanding of their origin is needed.
An integrated quantitative analysis (IQA) consisting of gravity inversion, residual depth anomaly
(RDA) analysis and subsidence analysis supports the interpretation of a magma-poor OCT structure
with a region of thick magmatic crust. Our gravity inversion uses a 3D spectral technique and includes
a lithosphere thermal gravity anomaly correction. Our RDA analysis corrects for sediment loading
using flexural backstripping while subsidence analysis calculates lithosphere thinning factors. The
RDA analysis gives a small negative value over the oceanic crust compared with a positive value over
the thick magmatic crust. This RDA difference is consistent with the variation in crustal thickness seen
by the seismic reflection interpretation and gravity inversion and is also supported by the thinning
factors calculated from subsidence analysis.
We also use joint inversion of time domain seismic reflection data and gravity data to investigate the
average basement density and seismic velocity of the anomalously thick magmatic crust. Results
show the thickened crust is slightly less dense than that of the outboard steady-state oceanic crust,
possibly implying an alternative source other than a MORB basalt or the presence of continental
fragments.
Plate reconstructions show that initial rifting and sea-floor spreading between Antarctica and
India/Elan Bank was underway from ~140 Ma prior to the arrival of the Kerguelen Plume and its
associated magmatism. The exhumation of mantle, which is consistent with the IQA analysis, is
indicative of magma-poor rifting. Subsequently at ~120 Ma rifting and sea-floor spreading jumped
northwards separating Elan Bank and India. This timing of the ridge jump appears to coincide with
the Rajmahal traps at ~118 Ma which are an early expression of the Kerguelen Plume.
Our analysis suggests a change in margin type from magma-poor to magma-rich and back to
magma-poor again during two rift phases. We believe that the northwards ridge jump at ~120 Ma
occurred into the weak serpentinized mantle and tapped the mantle thermal anomaly from the
Rajmahal traps, creating the region of thick magmatic crust. The thin oceanic crust outboard of the
thick magmatic crust may possibly be explained by mantle depletion from the two rift events
resulting in magma-poor sea-floor spreading. This is consistent with the mechanism of inherited
extensional history proposed by Armitage et al., 2010, that can suppress melt generation through
the tapping and depletion of mantle thermal anomalies during previous rift phases.
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BGA PGRiP 2016 - Oral Presentation A.3

10:10 Thursday 1st September

Illuminating Precambrian lithosphere: anisotropic Rayleigh
wave tomography in eastern Canada
Laura Petrescu1, Fiona Darbyshire2, Ian Bastow1, Eoghan Totten1, Thomas Eeken1, Saskia
Goes1, Amy Gilligan1
1. Imperial College London
2. Université du Quebec á Montréal

The thick and seismically fast Precambrian continental remnants (cratons) provide
fundamental clues
about the tectonic processes that operated on the early-Earth. Eastern Canada is a natural
laboratory to study such processes: its geological record spans more than 2.5 Ga of Earth
history, including the assembly of the largest Archean craton in the world (the Superior
craton), surrounded by global scale Proterozoic and Phanerozoic orogenic belt.
To address questions concerning deeper lithospheric evolution of Precambrian North
America, including the Laurentian keel, a 3D anisotropic Rayleigh wave phase velocity model
was constructed. Phase velocity heterogeneity and azimuthal anisotropy patterns reveal
multiple lithospheric layers within the Superior craton, with distinct tectonic origins. Layer 1
preserves Archean fossil anisotropy, implying that cratonic blocks were strong enough to
sustain plate-scale deformation during collision at 2.5 Ga. This layer tapers beneath the
adjacent Proterozoic belt and survived subsequent metasomatism. Layer 2 is fast, more
homogenous and weakly anisotropic, documenting post-assembly lithospheric growth,
possibly in a slow or stagnant convection regime. Layer 3 is a chemically heterogenous
transitional layer between the rigid lithosphere and the flowing mantle. Cratonization
processes may thus be episodic and are not exclusively an Archean phenomenon.
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BGA PGRiP 2016 - Oral Presentation B.1

11:45 Thursday 1st September

Crustal structure at a young continental rift:
A Receiver function analysis of Lake Tanganyika
Isabel Hodgson1, Finnigan Illsley-Kemp1, Ryan James Gallacher1, Derek Keir1, Cynthia
Ebinger2
1. National Oceanography Centre Southampton, University of Southampton, European Way, Southampton
SO14 3ZH, UK
2. Department of Earth & Environmental Sciences, University of Rochester, Rochester, New York 14627, USA

The role of magma during continental rifting is a widely debated issue. The Western Branch
of the East African system presents as avolcanic and is therefore largely considered as
amagmatic. This observation is difficult to reconcile with the approximate coeval initiation
of rifting of the Eastern and Western branches. The nature of rifting at Lake Tanganyika,
within the Western Branch, provides an ideal setting to research the initiation of continental
rifting and early-stage development of continental rifts. Very few bulk crustal constrains
currently exist within this region. Therefore eight broadband instruments have provided the
opportunity to implement receiver function analysis using H-κ stacking, a method sensitive
to crustal thickness and Vp/Vs ratio, to determine bulk crustal properties. Confidence in these
results and interpretation has been ascertained through substantial error analysis including
bootstrap, variance and phase-weighted stacking. Results show the Archean Tanzanian
Craton and Bangwuelu Block can be characterised by Vp/Vs ratios marginally lower than the
average for continental crust, implying a felsic bulk composition. The Proterozoic crust,
within which the rift lies, shows elevated Vp/Vs throughout suggesting the addition of
mafic/ultramafic material to the crust. Anorthosite within the Ubendian belt may contribute
to localised high Vp/Vs. However regionally increased Vp/Vs combined with high heat flow
measurements and hydrothermal vent sites indicates possible mafic magmatism as lower
crustal intrusions or under plating is present. Consequently the amagmatic nature of the
Western Branch is called into question. Hence it is proposed that the regionally elevated
Vp/Vs values and consequent mafic bulk composition may be attributed to extension of the
Ubendian lithosphere aided by lower crustal intrusions. This allows for the maintenance of
crustal thickness during the early stages of continental rifting.
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BGA PGRiP 2016 - Oral Presentation B.2

12:05 Thursday 1st September

Insights into tectonic processes from studying the detailed
geometry of normal faults in the Italian Apennines
Zoë K. Mildon1, Gerald P. Roberts2, Joanna P. Faure Walker1, Shinji Toda3, Luke N. J.
Wedmore1, Ken J. W. McCaffrey4
1. Institute for Risk and Disaster Reduction, University College London, UK
2. Department of Earth and Planetary Sciences, Birkbeck, University of London, London, UK
3. International Research Institute of Disaster Science, Tohoku University, Japan
4. Department of Earth Sciences, Durham University, Durham, UK

Active normal faults worldwide show variations in their geometry (strike, dip, rake and throw)
on a range of scales, from corrugations on surface fault scarps (centimetre scale) to bends
over several kilometres. These variations in geometry can generally be seen from studying
geological or structural maps and can be studied in greater detail where scarps are exposed
at the surface. In the central Italian Apennines, Holocene limestone scarps are well-exposed
and these variations in geometry can be measured to a high resolution (down to centimetre
scale). By undertaking structural mapping, new insights can be gained into slip during
earthquakes and Coulomb stress transfer between faults. Debated coseismic slip from an
earthquake sequence in 1997 can be observed as a pale unweathered stripe at the base of
a fault scarp in the Umbria region of the Apennines. Using structural measurements taken
along a section of the scarp, a systematic relationship between the strike, dip and height of
the unweathered stripe is found, and hence tectonic, not surface, processes must form the
stripe. Coulomb stress transfer is routinely modelled following large earthquakes and is
hypothesised to trigger subsequent aftershocks/mainshocks. However most of these models
incorrectly assume source and receiver faults to be planar and do not consider the effects of
including variable fault geometry. A method has been developed to model strike-variable
normal faults and applied to the historical catalogue from the Italian Apennines. There are
marked differences between planar and strike-variable models of Coulomb stress transfer
that may better explain the observed earthquake sequence and aftershock locations. These
examples highlight the importance of utilising the fault geometry when studying earthquake
processes.
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BGA PGRiP 2016 - Oral Presentation B.3

12:25 Thursday 1st September

Understanding fracturing and alteration at ODP borehole 504B:
3D seismic structure and anisotropy of 5.9 Ma oceanic crust
Emma PM Gregory1, Richard W Hobbs1, Christine Peirce1, Dean J Wilson1
1. Department of Earth Sciences, Durham University, Durham, UK

Faults and fracture networks within the oceanic crust influence the pattern of hydrothermal
circulation. This circulation changes the primary composition and structure of the crust as it
evolves, particularly the upper crust (layer 2), through the secondary alteration of minerals
and the infilling and 'sealing' of cracks. Processes influencing the extent and the depth within
the crust of these changes are currently not well known. Alteration can be quantified by
observing changes in the seismic velocity structure of the crust, and analysis of seismic
anisotropy within the upper crust reveals the nature of ridge-parallel aligned faults and
fractures.
Here we show a 3D P-wave velocity model and anisotropy maps for 5.9 Ma crust at ODP
borehole 504B, situated ~200 km south of the Costa Rica Rift, derived from an active-source
wide-angle seismic survey in the Panama Basin conducted in 2015. The seismic structure
reveals relatively homogeneous, ~5 km thick oceanic crust with upper crustal velocity
boundaries occurring coincident with alteration fronts observed in 504B. Correlations
between basement topography, velocity anomaly and anisotropy indicate that a distinct
relationship between hydrothermal alteration, basement ridges, fractures, and the velocity
structure of layer 2 exists in this location. A significant difference is seen in the velocity and
anisotropic structure between regions to the east and west of the borehole, that correlates
with patterns in heat flow observations and indicates that: 1) these two regions of crust have
inherited differences in crustal fabric during accretion; and/or 2) different regimes of
hydrothermal circulation have been active in each part of the crust as they have aged.
This research is part of a major, interdisciplinary NERC-funded research collaboration
entitled: Oceanographic and Seismic Characterisation of heat dissipation and alteration by
hydrothermal fluids at an Axial Ridge (OSCAR).
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BGA PGRiP 2016 - Oral Presentation C.1

14:15 Thursday 1st September

Time-lapse (4D) ultra-high-frequency seismic reflection
imaging
Michael Faggetter1
1. Ocean and Earth Sciences, National Oceanography Centre Southampton, University of Southampton

Data acquired over the same area at different times is often referred to as time-lapse (or 4D)
data. By redesigning standard seismic acquisition and processing procedures, time-lapse
seismic reflection data has been made feasible and is now an established tool, commonly
used in the subsurface reservoir monitoring industry. By applying the same rationale to highfrequency seismic reflection systems, it should also be possible to track much smaller
subsurface changes at higher resolution.
To optimize the repeatability of seismic acquisition, the procedure for operating the 3D
Chirp, an ultra-high-frequency (UHF) sub-bottom profiler (1.5-13.0 kHz) developed by the
University of Southampton and Kongsberg GeoAcoustics Ltd, has been refined. Locations of
3D Chirp source and receiver arrays are determined to centimetric accuracy using a RealTime Kinematic (RTK) GPS, dual-antenna system mounted on a planar array. This is coupled
with a motion reference unit (MRU) to determine horizontal and vertical positions at a
frequency to match the 4-8Hz shot rate.
By integrating new GNSS post-processing methods, the location of seismic volumes are now
accurate to within ±1.05 cm + 1 ppm in plane coordinates and ±2.3 cm + 2 ppm in height,
independent of coordinate reference system. With improvements to the navigation accuracy
by more than a factor of 10, traces from different surveys can easily be compared, ready for
quantitative 4D analysis, when binned into 12.5 or 25.0 cm mid-point grids.
In addition, the exact dimensions of the 3D Chirp have been reassessed. Navigational
accuracy has been further enhanced by combining independent measurements with GNSS
and laser scan data to calibrate the GPS-MRU system and ensure high accuracy in motion.
This high precision component also facilitates excellent coherency in acquired 3D volumes,
which is only possible within a rigid frame. This circumvents many physical challenges
inherent in conventional streamers, such as undulations and feathering. It does, however,
also substantially limit the range of available offsets and has implications for the manual
deployment of the system.
With an increasing number of 3D Chirp datasets, progress has also been made towards
understanding amplitude repeatability under a range of operating conditions. When
combined with improved navigation, this aims to extend the capability of all UHF seismic
reflection imaging to include quantitative temporal monitoring of changing subsurface
conditions.
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BGA PGRiP 2016 - Oral Presentation C.2

14:35 Thursday 1st September

Crustal Imaging of the Faroe Islands and North Sea Using
Ambient Seismic Noise
Carmelo Sammarco*1, Nicholas Rawlinson1 & David G. Cornwell1
1. School of Geosciences, University of Aberdeen, King's College, Aberdeen, *carmelosammarco@abdn.ac.uk

The recent development of ambient seismic noise imaging offers the potential for obtaining
detailed models of the crust. The resolution is largely controlled by the configuration of the
seismometer network rather than by a distribution of earthquakes, which has been a
limitation of traditional passive seismic imaging methods. In this approach, each station can
be viewed as a “virtual source” of seismic energy that is recorded by every other station in
the network. Cross-correlation of long-term recordings from station pairs reveals an
empirical “Green’s function” which is related to the impulse response of the medium
between the two stations. Here, we present preliminary ambient noise imaging results from
a recent broadband deployment on Faroe Islands, which are situated in the North Atlantic,
approximately equidistant from Norway, Scotland and Iceland. The relatively small number
of stations (12) means that the dataset is ideal for developing and testing the methodology
that we will apply to a much larger North Sea dataset (>50 stations) in the future. In order
to obtain cross-correlations with high signal-to-noise ratios, we apply phase weighted
stacking, which is shown to be a significant improvement over convectional linear stacking.
For example, coherent noise concentrated near the zero time lag of the linearly stacked cross
correlations appears to have an influence on the dispersion characteristics beyond 10 s
period, but we have managed to minimize these effects with phase weighted stacking.
Furthermore, we use phase-match filtering to optimize the extraction of travel time
information from surface wave dispersion analysis. We obtain group velocity maps from 0.5s
to 15s period by inverting inter-station travel times using an iterative non-linear inversion
scheme. It reveals the presence of significant lateral heterogeneity in the mid-upper crust,
including evidence of a low velocity zone in the upper crust, which may mark the base of the
basalt layer. This is most clearly revealed by taking the average group velocity dispersion
curve for all station pairs and inverting for 1-D shear wave velocity. The computation of a 3D shear wave speed model both verifies and adds further detail to these results. Subsequent
application to the North Sea dataset will be challenging due to the highly attenuate nature
of the crust in this region, which has previously been observed to dramatically reduce the
signal-to-noise ratio of short period surface waves. However, preliminary indications are that,
with the help of phase-weighted stacking, good quality empirical Green’s functions can be
retrieved for this large dataset.
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BGA PGRiP 2016 - Oral Presentation C.3

14:55 Thursday 1st September

Presence and consequences of co-existing gas and hydrate in
the hydrate stability zone
Sourav K. Sahoo1,2, Héctor Marín-Moreno1, Laurence J. North1, Angus I. Best1 and Tim A.
Minshull2
1. National Oceanography Centre, University of Southampton Waterfront Campus, European Way,
Southampton, SO14 3ZH, United Kingdom.
2. National Oceanography Centre Southampton, University of Southampton, European Way, Southampton,
SO14 3ZH, United Kingdom.

Gas Hydrate is a naturally occurring ice-like, crystalline solid comprising a hydrogen-bonded
water lattice with trapped gas molecules that forms in seafloor sediments at high pressures
and low temperatures. Nearly all the gas in natural hydrates is methane, with the remainder
comprising higher order hydrocarbons such as ethane. Remote geophysical methods are
used to quantify seafloor methane hydrates over broad areas. Typically these methods
exploit the increase in seismic velocity and electrical resistivity caused when hydrate replaces
saline water in sediment pores. Hydrate saturation estimates from remote geophysical data
and borehole logs are needed to assess the role of hydrates in climate change, continental
slope stability, and energy resource potential. Saturations estimated from electrical resistivity
data are commonly tens of percent higher than those based on seismic data. Here we
present laboratory hydrate formation/dissociation experiments in which we determined the
hydrate content independently from pore pressure and temperature, and from electrical
resistivity. These experiments demonstrate for the first time that gas and hydrate can coexist in conditions of hydrate stability, and that this co-existence can explain the discrepancy
between geophysical estimates of saturation. This co-existence likely results in
underestimation of the methane inventory in ocean sediments and facilitates rapid methane
release into the ocean, perhaps explaining enigmatic observations of methane plumes at
ocean depths where hydrate is presently unaffected by climate change. It also explains gas
pockets in cores from the gas hydrate stability zone (GHSZ) and abrupt early peaks in
methane production rate from hydrate dissociation. We suggest that co-existing gas is
widespread within the global seafloor.
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BGA PGRiP 2016 - Oral Presentation D.1

16:15 Thursday 1st September

Analysing complex seismic anisotropy beneath Finnish
permanent stations
Michael Grund1 and Joachim R. R. Ritter1
1. Geophysical Institute, Karlsruhe Institute of Technology (KIT)

Within the ongoing ScanArray project (~150 temporary and permanent stations) we analyse
the signatures of anisotropic structures across the different geological units of Scandinavia
using core-refracted shear waves (SKS, SKKS, PKS) from teleseismic earthquakes. For this
purpose, we combine standard shear wave splitting (SWS) techniques with stacking
procedures to improve the backazimuthal (BAZ) coverage. Here we present new results of ~
10 years of data, continously recorded at several stations of the two Finnish permanent
networks between 2005 and 2016. Strong variations in the determined SWS parameters with
BAZ indicate that the source of anisotropy is quite complex. Furthermore, standard models
with one or two anisotropic layers are not able to explain all of our observed SWS parameters
with high reliability so far.
Our analysis includes data from the Northern Finland Seismological Network and Finnish
National Seismic Network, freely available from the GEOFON data centre.

19

BGA PGRiP 2016 - Oral Presentation D.2
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Lava dome eruptions: testing the strain rate dependence of
porous lava rheology
R. Coats1, J. E. Kendrick1, P. A. Wallace1, T. Miwa2, A. Hornby1, J. D. Ashworth1, Y. Lavallée1
1. The University of Liverpool
2. National Research Institute for Earth Science and Disaster Prevention, Japan

Lava domes are mounds of viscous lava that have extruded slowly from active volcanoes and in the 20th
century alone, dome eruptions caused over 46,000 fatalities [1]. Domes have a tendency to switch
between effusive and explosive behaviour, and frequently suffer collapse events that result from their
structural instability. For example, between 1991 and 1995 Mt. Unzen, Japan, underwent an extensive
period of effusive dome growth involving frequent partial dome collapses that generated many
pyroclastic density currents, causing 44 fatalities and significant damage to Shimabara City. During this
time approximately 2.1x108 m3 dense rock equivalent of magma was emplaced at effusion rates of 0.14x105 m3day-1 [2]. The complex dynamics that govern these volcanic phenomena result in their
unpredictable and dangerous nature, highlighting the priority of improving our understanding of the
mechanisms at play during the rise of magma and its eruption at the earth’s surface.
Strain rate and temperature play primary roles in the transition of silicate melts from viscous bodies to
elastic solids; this regime change is known as the viscous-brittle transition and is bound by the glass
transition of the melt, which signals the onset of either flow or failure. Although this switch in behaviour
is well understood for pure melts, the presence of crystals and pores in the system alters this transition
and thus our understanding of the failure of magma remains poor. One of the keys to grasping this
behaviour lies in understanding the rheology of magma. To achieve this, laboratory experiments can be
carried out to deform magma under controlled volcanic conditions.
Uniaxial compression tests were carried out on crystal rich (>40%) and variably porous (9-32%) samples
from Unzen. These were conducted at ~20°C and 900°C with strain rates of 10-1, 10-3, 10-4 and 10-5 s-1. All
experiments with a brittle response show a nonlinear decrease in failure strength with increasing porosity.
In addition, the data clearly show that magma at 900°C fails at higher peak stresses than its room
temperature rock equivalent. During high temperature experiments we also performed dynamic, stepped
strain-rate experiments; the purpose of which was to demonstrate how strain rate influences the
rheological response of the magma. During this procedure we noted a decrease in apparent viscosity with
increasing strain rate, which is evidence of non-Newtonian, shear-thinning behaviour.
Our findings demonstrate that the strength of both rocks and magmas is strongly influenced by porosity
and that magmas are stronger at higher deformation rates, which has important implications for relating
eruption rate and hazard assessment. Further, contrary to common belief, this study shows that magmas
are stronger than their rock counterparts, suggesting that, upon cooling, lava domes may be at higher
risk of collapse. Thus, even quiescent lava dome volcanoes, such as Mt. Unzen, may pose significant
hazards to surrounding populations.
[1] Calder, E.S., et al. (2015), Lava Dome Eruptions. In: Sigurdsson, H., et al., (Eds.), The Encyclopedia of Volcanoes, pp. 343362.
[2] Hornby, A. J., et al. (2015), Spine growth and seismogenic faulting at Mt Unzen, Japan, J. Geophs. Res. Solid Earth, 120.
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Using micro-seismicity to track deep magma movement and
pressurisation preceding the 2014 Bardarbunga-Holuraun
Eruption
Tom Hudson1,2, Robert White1, Alex Brisbourne2
1. University of Cambridge
2. British Antarctic Survey

Understanding magmatic plumbing and pressurisation within an active volcanic system
preceding an eruption is important for future predictions of when and where an eruption
might occur. This is of particular significance for volcanoes such as Bardarbunga, which lies
underneath the Vatnajokull ice cap in SE Iceland. The significance lies in ascertaining whether
an eruption will either come up vertically through the ice or erupt as a fissure eruption away
from the ice cap, critical in predicting hazard risks such as ash clouds and flooding.
Earthquakes induced by magma movement and pressurisation preceding the 2014
Bardarbunga-Holuraun eruption are studied, with melt observed to travel up from depths of
15-20 km, within the ductile region of the earth’s crust, pressurising the volcano before the
eruption. These earthquakes are detected using a network of 27 seismometers in SE Iceland,
providing sufficient constraint to allow for fault plane solutions associated with the melt
movement to be derived. The orientation and any volumetric components of the rock
fracture are used to understand how and why the melt travels along the path it takes. This
path is of particular interest since it is in close proximity to the path of the dyke during the
subsequent fissure eruption. The seismic activity associated with the melt movement is also
compared to that after the eruption, possibly induced by the system recharging, in order to
understand what role deep melt movement plays in pre-eruptive pressurisation.
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From seismometer to significant wave height: estimating ocean
wave conditions from ambient seismic noise
Jennifer Neale1, Nicholas Harmon1, Meric Srokosz2
1. Ocean and Earth Science, University of Southampton, U.K.
2. National Oceanography Centre, Southampton, U.K.

The main part of low-frequency ambient seismic noise has its origins in the oceans, and
travels to the seismometer as surface and body waves. Generated by the interaction of
ocean waves, and subsequent coupling with the seabed, the amplitude of the microseism
source depends on the ocean wave energy as well as degree of wave interaction and water
depth. Therefore, seismic ‘noise’ has potential to reveal information about ocean wave
conditions hundreds or thousands of kilometres away.
Here we investigate the body wave component of microseisms recorded in California, USA,
in order to understand what seismic body waves can reveal about ocean wave conditions in
the North Pacific Ocean. Using beamforming, we locate the sources of body wave
microseisms for each 3-hour period from mid-October 2012 to mid-March 2013, and
compare with sources modelled using a numerical ocean wave model.
We use a regression between observed beampower and modelled source power to estimate
the microseismic body wave sources during the following year (mid-October 2013 to midMarch 2014). The estimated source, combined with water depth and an assumption about
the degree of wave interaction, is then used to estimate the ocean wave energy spectrum,
from which significant wave height can be calculated. Estimated significant wave height and
modelled significant wave height are found to correlate by 0.62 (>99% significance). An
analysis of errors introduced through the regression, location estimation, and assumption of
wave interaction suggests that with improvements in amplitude and location estimation
from the beamforming, correlations of up to 0.75 should be achievable.
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Vibrations due to Wind Turbines and their Influence on Seismic
Records near Landau (Germany) as part of the ongoing
“TremAc” Project
Toni Zieger1, Joachim Ritter1
1. Geophysical Institute, Karlsruhe Institute of Technology (KIT)

Since the turnaround of the energy policy in Germany in 2011, the number of new wind
turbines is strongly increasing. The main goal of the TremAc project is to detect influences
of wind turbines on buildings and humans, as well as on sensitive devices like seismic
stations. Seismic stations prefer locations with low anthropogenic noise and low population
density, just as wind turbines.
In this talk, we will present first results of the influence of a wind park near Landau (Germany).
The stations are located at different distances to the wind park (up to 6 km) and we can
detect clear effects on this stations in a frequency range between 1 and 7 Hz, depending on
the wind speed. The results will be shown as averaged hourly noise spectra at different wind
speeds over several months. Furthermore we will present analyses of different borehole
stations in the vicinity of the wind park at several depths.
The seismic data were provided by “Erdbebendienst Südwest”. The meteorological data were
provided by “Institut für Meteorologie und Klimaforschung, KIT”.
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Clay classification effect on the Joint Elastic-Electric Properties
of reservoir Sandstone
Najeeb Aladwani1, A.I. Best1, L.J. North1
1. Ocean and Earth Science, National Oceanography Centre Southampton at the University of Southampton

A clay classification scheme was applied to both the new laboratory measurement and old
dataset for joint elastic –electric properties. New laboratory measurement for joint elastic
electrical properties has been obtained to compare the new data and old dataset and to
understand further of clay distribution effect on the joint properties. It helps us to
understand the role of pore-filing and load bearing shale and their effect on primary and
secondary velocity, attenuation and electrical resistivity at 60 MPa effective pressure.
The previous dataset was obtained from Han et al. (2011) which he has collected data set for
67 sandstone samples. Sørensen et al. (2015) presented a practical method for classifying
clay mineral distributions in shaly sandstones based on elastic velocity, clay volume and
porosity measurements.
By applying a clay classification scheme to a joint elastic and electrical of new and previously
collected dataset for shaly sandstones, we were able to identify how pore-filling and loadbearing shale affects joint elastic-electrical properties. The new data set follows the pattern
of the old data set. Further, load-bearing shale forms a distinct trend to pore-filling and clean
sandstones in resistivity-velocity space and gives rise to decreasing attenuation with
increasing resistivity. Furthermore, Pore-filling shale trend straddles the clean sandstone
trend and touches the load-bearing shale trend in resistivity-velocity space, and gives rise to
increasing attenuation with increasing resistivity up to a maximum when clay content is
about equal to frame porosity. The outcomes give further direction for the development of
joint property rock physics models, needed for better geophysical property inversions and
improved reservoir characterization.

24

BGA PGRiP 2016 - Oral Presentation E.4

10:00 Friday 2nd September

Wave propagation hybrid method based on broadband
waveform databases
Marta Pienkowska-Cote1, Tarje Nissen-Meyer1
1. University of Oxford

One of the crucial challenges in numerical modeling of seismic and acoustic waves lies in the
complexity of the medium through which the waves propagate. Although we understand
wave propagation and its numerical solution, and have realistic models at hand, it still
remains computationally prohibitive to propagate waves through true multi-scale complex
media.
We are going to discuss the advantages of two-step hybrid modelling that allows to tackle
large-scale wave propagation with a focus on localized heterogeneous structures. Such
techniques represent the bulk medium as a sparse or smooth structure that accounts for
source and path effects, and optimally honour complexities in the model to resolve local site
effects where necessary.
Currently, we are working on a new hybrid method that would merge existent
AxiSEM/Instaseis codes with popular 3D solvers such as SPECFEM. The novelty of this
approach lies in employing Instaseis that near-instantaneously extracts seismograms from
AxisSEM-generated waveform databases. We hope for the method to be usable with any 3D
numerical method based on the discrete form of the wave equation.
Such efficient hybrid propagators allow to address a variety of new problems, such as the
near-source structure and its influence on earthquake source estimates, as well as complex
structures at depth, like the core-mantle boundary.
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Variations in Shear Wave Splitting Beneath Southern Arabia and
the Gulf of Aden
Ryan James Gallacher1, Caroline Eakin2, Derek Keir1,3, Sylvie Leroy4, Graham Stuart5,
Nicholas Harmon1, Abdulhakim Ahmed4,6
1. Ocean and Earth Science, University of Southampton, Southampton, U.K.
2. College of Physical and Mathematical Sciences, The Australian National University, Canberra, Australia
3. Dipartimento di Scienze della Terra, Università degli Studi di Firenze, Florence, Italy
4. Institut des Sciences de la Terre Paris, CNRS UPMC, Paris, France
5. School of Earth and Environment, University of Leeds, Leeds, U.K.
6. Seismological and Volcanological Observatory Center, Dhamar, Yemen

Mantle flow beneath Southern Arabia and the Gulf of Aden remains enigmatic due to a
paucity of seismic measurements in the region. Potential processes contributing to mantle
flow include northward progression of the African Superplume, radial flow from the Afar
plume and vertical flow from small-scale convection along the margins of the Gulf of Aden.
These would result in characteristic mantle flow directions, creating mantle anisotropy that
can be detected by shear wave splitting. We analyse SKS, SKKS & PKS phases for shear wave
splitting at 141 stations deployed throughout Yemen, Oman and Socotra along the margins
of the Gulf of Aden. Large numbers of null measurements from a range of back azimuths are
found beneath the entire region. These may indicate that vertical anisotropy is present in
the upper mantle beneath the region, consistent with models of small-scale convection. The
null measurements may also be due to complicated layering of crustal anisotropy interfering
destructively and precluding measurement of shear wave splitting. A small number of
splitting measurements are found throughout the region and may be explained by rift
related faulting, shallow aligned melt or from variations in lower mantle flow. These results
show that anisotropy beneath the region is not controlled by the northward progression of
the African Superplume or radial flow from the Afar plume. Instead, upper mantle flow is
likely vertical with splitting occurring either in the crust or the lower mantle.
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Integrating DRR education in Secondary High School
Curriculum in Indonesia
Nurmalahayati Nurdin1
1. Institute for Risk and Disaster Reduction, University College London

Indonesia has adapted to various natural calamities such as landslides, floods, droughts,
forest fires, and coastal erosions. Every year, the death toll and the cost of the natural
disasters have significantly increased. The Indonesian government has been aware of the
urgencies of embedding the issues of disaster risk in the national education curriculum. A
lot of effort has been made to support the action through both intra and extra-curricular at
formal education. The vision of this strategy is to realise disaster-awareness culture,
preparedness, safety and resilience at schools’ level to prevent and reduce potential losses
from natural disasters. However, Indonesia is still facing a lot of issues in understanding
disaster risk reduction at the school level. From this point of view, this research will examine
DRR aspect the national curriculum, which focusing on the science curriculum and
investigate whether the implementation of school disaster based preparedness affected
students understanding on DRR.
The finding of research will give a positive contribution to the development of the national
curriculum and to improve the current implementation of school disaster based
preparedness program in Secondary High School in Indonesia. With Banda Aceh as case
study to introduce the DRR knowledge through science curriculum, the result can be a model
and a lesson learns for another school across Indonesia. The finding also can be adapted to
another country, which has the similar problem with Indonesia.
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Three-Dimensional Seismic Imaging of Thermohaline
Circulation in the Faroe-Shetland Basin
Alex Dickinson1, Nicky White1, Colm-cille Caulfield2
1. Department of Earth Sciences, University of Cambridge, U.K.
2. BP Institute and Department of Applied Mathematics and Theoretical Physics, University of Cambridge, U.K.

Exchange of water across the Greenland-Scotland Ridge between the Atlantic Ocean and
the Arctic Mediterranean is a key component of the global thermohaline circulation. The
Faroe-Shetland Channel is a major conduit for this transport and dominates northward
transfer of heat and salt. Here, we investigate the spatial and temporal variation of
thermohaline structure within this channel using three-dimensional seismic reflection
imagery generously provided by PGS. These data were acquired in April-September between
1995 and 1999. A total of seven separate seismic surveys, covering an area of 600 square
kilometres, were processed and analysed. Observed acoustic reflections are caused by
changes in temperature and, to some extent, salinity. In this way, thermohaline fine structure
is imaged. Bright reflectivity at depths of 400-650 m corresponds to the prominent
thermocline (temperature contrast ~ 10 ºC; salinity contrast ~ 0.3) that separates Modified
North Atlantic Water from Norwegian Sea Antarctic Intermediate Water. Deepening of this
thermocline from northwest to southeast is clearly observed. At shallower depths, fainter
reflections reveal highly discontinuous fine-scale structure, including subsurface eddies.
Below depths of 500-750 m, nearly constant temperature and salinity give rise to negligible
reflectivity. The three-dimensional nature of these surveys enable the oceanic wave field to
be imaged at vertical and horizontal length-scales on the order of 10 m. This ability permits
investigation of fundamental fluid dynamical questions such as the extent to which the
turbulent regime might be horizontally isotropic.
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The deep structure of the North Anatolian Fault: insights from
high-resolution teleseismic tomography
Elvira Papaleo1, David G. Cornwell1, Nicholas Rawlinson1
1. School of Geosciences, University of Aberdeen, King's College, Aberdeen

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 properties that control fault dynamics throughout
the seismic cycle, we constrain fault structure in unprecedented detail by applying 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 ~8 and ~15 km, respectively) 3D seismic
imaging of the velocity structure beneath the NAF.
Our results constrain velocity variations of -300 to +250 m/s within the crust and upper mantle beneath
the DANA network and, broadly, regions of relatively slow crustal velocity (-50 to -150 m/s) tend to occur
beneath the mapped surface fault locations and elevated seismicity. A relatively slow (-50 to -150 m/s)
anomaly is also located in the upper mantle adjacent to the northern NAF (NNAF) that may be connected
to the slow crust above it. A well-constrained relatively fast velocity anomaly (+150 to +250 m/s) occurs
in the crust (and possibly upper mantle) between the two NAF strands, bounded by slow velocity
anomalies. The slowest anomalies (up to -300 m/s) beneath the study region occur in the upper crust
immediately beneath the mapped surface extent of the southern NAF (SNAF). The NNAF coincides with
an abrupt change between opposite velocity anomalies and can be traced to at least Moho depths (~36
km) with a width of ≤8 km. A similar pattern of antithetic anomalies occurs over a horizontal distance of
30-50 km below the Moho and may indicate a widening shear zone as it passes from the crust into the
upper mantle. We find evidence for significant along-strike variation in NNAF structure over distances of
≤20 km and interpret an east-to-west narrowing of upper mantle slow velocity anomalies (from ~50 to
~30 km) to represent laterally variable strain focussing within the lithosphere.
Our observations are consistent with the notion that the narrow NNAF marks the boundary between
lithospheres with different tectonic histories and represents a complex reactivation of the pre-existing
Intra-Pontide suture zone. Slow upper crustal velocities and dense seismicity is confined to a ≤20 km wide
region beneath the SNAF, where along-axis variation is minimal. SNAF-related major slow velocity
anomalies do not appear to extend beneath the Moho and therefore we conclude that it is a crustal
feature and suggest that strain is less focussed than on the NNAF, consistent with a slower slip rate
(NNAF≈16 mm/r; SNAF≈9mm/yr). We discuss our new results in terms of the influence of inherited
structure and geological complexity on the development and evolution of global continental strike-slip
fault zones and assess the applicability of current shear zone deformation models.
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Mega-thrust earthquakes: insights on the recent events in Chile
and Ecuador
Sergio Leon-Rios1, Amaya Fuenzalida1, Tom Garth1, Sergio Ruiz2, Andreas Rietbrock1
1. School of Environmental Sciences, University of Liverpool, Liverpool, UK
2. Departamento de Geofísica, Universidad de Chile, Santiago, Chile

The South American convergent margin is well known as an active region with crustal
deformation, volcanism and the potential to generate large mega-thrust earthquakes. This
features show a different behaviour along strike including regions with low interseismic
coupling, flat slab slow slip, among others.
In the past two years, the seismogenic contact between the oceanic Nazca plate and the
continental South American plate has produced large mega-thrust earthquakes that struck
several regions like the 2014 Mw 8.1 in Iquique, Chile; the 2015 Mw 8.2 in Illapel, Chile and
the Mw 7.8 in Pedernales, Ecuador occurred last April. These events represent a huge
opportunity to study the area in deep and to compare and analyse its differences and
similarities.
In the present study we focus on the 2014 Iquique, Chile and the 2016 Pedernales, Ecuador
earthquakes and give insights about both seismic sequences and its characteristics. We are
going to discuss preliminary regional moment tensor solutions and put them in context with
the slip distribution, the associated aftershock sequence and the general tectonic context.
We also will present our current aftershock network installed directly after the 2016
Pedernales, Ecuador, M7.8 which we jointly operate with our international partners from
Ecuador, France and the US.
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Construction and Subduction of the Louisville Ridge Seamount
Chain – Insights from Wide-Angle Seismic Imaging
Adam H. Robinson1, Christine Peirce1, Matthew J. Funnell1, Anthony B. Watts2, Ingo
Grevemeyer3
1. Department of Earth Sciences, Durham University, South Road, Durham DH1 3LE
2. Department of Earth Sciences, South Parks Road, Oxford, OX1 3AN
3. GEOMAR | Helmholtz Centre for Ocean Research Kiel, East Shore Campus, Wischhofstr. 1-3, D-24148 Kiel,
Germany

Geophysical studies of submarine magmatic features have identified a diversity in the nature
of the lower crustal and upper mantle structures present beneath them. Two end-member
structures have been suggested, the first comprising magmatic underplating of high density
material at the pre-existing Moho, and the second characterised by lower density intrusion
of material to shallower depths within the crust. It has been suggested that the age of the
underlying seafloor at the time of seamount emplacement may be to a controlling factor on
the internal structure.
The 4300 km Cretaceous-Cenozoic Louisville Ridge Seamount Chain (LRSC) intersects the
Tonga-Kermadec subduction zone at ~26˚S, where it is subducted beneath the IndoAustralian Plate. At this intersection point, the LRSC is located proximal to the Osbourn
Trough, an E-W striking extinct oceanic spreading centre, where the underlying seafloor is
suggested to be ~10 Ma older than the seamounts.
Multichannel seismic reflection, wide-angle (WA) seismic refraction, gravity, magnetic and
swath bathymetry data were collected along an ~725 km profile over the LRSC and the
overriding plate. We apply a forward ray-tracing approach to the WA data to develop a
crustal and upper mantle velocity model along the oldest extant LRSC seamounts and the
adjacent overriding plate. This is followed by independent inversion of picked WA travel
times to test model uniqueness and resolution. Additionally, the velocity-depth model is
converted to density, and the gravity anomaly calculated and compared with the observed
free-air anomaly.
Here we present the final crustal models, from which we determine if the LRSC displays any
along-ridge variation in crustal structure or magmatic underplating, how the overriding plate
interacts with the down-going seamounts of the LRSC during their subduction, and how
along-ridge variation in topography and crustal structure relate to, or control, postcollisional forearc uplift. Constraint on the three-dimensionality and interpretation of
structures is provided by additional profiles acquired perpendicular to the LRSC and from
adjacent parts of the trench.
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Seismic Imaging of the North American Mid-Continental Rift
System Using S-to-P Receiver Functions
Ben Chichester1, Catherine A Rychert1, Nicholas Harmon1, Suzan van der Lee2, Andrew W
Frederiksen3, Hao Zhang4
1. National Oceanography Centre Southampton, Ocean and Earth Sciences, University of Southampton,
Southampton, UK
2. Department of Earth and Planetary Sciences, Northwestern University, Evanston, IL, United States
3. Department of Geological Sciences, University of Manitoba, Winnipeg, MB, Canada
4. Department of Earth and Planetary Sciences, Northwestern University, Evanston, IL, United States

North America’s ~1.1 Ga failed Mid-Continent Rift System (MCRS) is one of the most striking
features of gravity and magnetic anomaly maps across the continent. However, how the rift
formed and its subsequent failure are not well understood. Important constraints are the
degree to which rifting was accommodated by crustal or lithospheric thinning and to what
extent magmatism played a role. Here we image crustal and lithospheric discontinuities
using S-to-P (Sp) receiver functions. The Sp receiver functions are calculated with a method
of extended multitaper deconvolution followed by migration to depth to constrain 3-D
discontinuity structure of the rift and its flanks. We use data from 55-80⁰ epicentral distances
recorded by the Superior Province Rifting Earthscope Experiment (SPREE) and Earthscope
Transportable Array, focusing on the south-westward arm of the MCRS. We image a velocity
increase associated with the Moho at ~30-40 km depth. Generally, there is only minor riftflank Moho variation of <8 km. In N.W. Wisconsin the rift Moho is slightly deeper than its
flanks; and in S. Minnesota and Iowa the rift Moho is slightly shallower than its flanks. The
Moho signal grows very weak beneath the rift in E. Minnesota at the Minnesota-Wisconsin
border. We also image a velocity decrease at ~65-95 km depth over the region, again with
a generally small variation in rift-flank depth. Beneath the rift, its depth is ~80-90 km in Iowa
and ~72-76 km in S.E. Minnesota. The discontinuity is also very weak beneath the rift along
the Minnesota-Wisconsin border into N.W. Wisconsin. This velocity decrease may be related
to a mid-lithospheric discontinuity, possibly caused by a compositional variation. Beneath
the rift on the Minnesota-Wisconsin border, ~46⁰ N, we image additional discontinuity
structure at ~120-145 km depth, which possibly relates to ancient melting processes. In the
northern portion of the MCRS’s western arm our results may support existing theories that
magmatic activity was great during the rifting event and increased approaching Lake
Superior. Stark weaknesses beneath the rift in both the Moho signal and the velocity
decrease, in addition to a rift Moho that deepens from its flanks, may indicate that
magmatism played an important role during rifting in lithospheric modification and
underplating of the crust.
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From cratonic modification to asthenospheric interaction: Body
wave tomography of the North American cratonic margin
Alistair Boyce1, Ian Bastow1, Fiona Darbyshire2, Alex Ellwood1, Amy Gilligan1, Vadim Levin3
and William Menke4
1. Department of Earth Science and Engineering, Imperial College, London, UK.
2. Centre de Recherche GEOTOP, Université du Québec à Montréal, Montreal, Quebec, Canada.
3. Rutgers University, Department of Earth and Planetary Sciences, Piscataway, NJ, USA.
4. Lamont-Doherty Earth Observatory of Columbia University, Palisades, NY, USA

The most stable, long-lived features on Earth are cratons. They form the cores of the
continents that resist the destructive forces of plate tectonics due to their thick (~250km)
cold, buoyant, chemically-depleted lithospheric keels. Keels are readily identifiable in seismic
tomographic images due to their fast wavespeed, but their formation and long-term stability
remains under scrutiny. To address this issue, I have used P- and S-wave relative arrival-time
tomography in southeast Canada, a region that stretches from the Archean Superior
Province to the Phanerozoic Appalachians Mountains at the Atlantic coast. The tomographic
images display three broad zones of increasing mantle wavespeed from globally “slow"" in
the Appalachian terranes, to a “fast"" Grenville Province and “extremely fast"" Superior
craton. The decrease in seismic wavespeed from Archean to Proterozoic domains across the
Grenville Front is consistent with models of two-stage keel formation, supporting the idea
that keel growth may not have been restricted to Archean times. However, while crustal
structure studies suggest that Archean Superior material underlies Grenvillian-age rocks up
to ~300km SE of the Grenville Front, our tomographic models show a near-vertical boundary
in mantle wavespeed directly beneath the Grenville Front. We interpret this as evidence for
subduction-driven metasomatic enrichment of the Laurentian cratonic margin, prior to keel
stabilization. Variable chemical depletion levels across Archean-Proterozoic boundaries
worldwide, may thus be better explained by metasomatic enrichment of Archean material
than an inherently less-depleted Proterozoic composition at formation. The challenge now
is to embed regional tomographic models for Canada in global scale models that betterconstrain absolute wavespeed variations. I am doing this using the method of Li et al (2008).
This is enabling me to look deeper into the mantle, and for the first time in this region, study
the extent of the Farallon slab and lithosphere-asthenosphere interaction.
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Transform faults initiate prior to seafloor spreading
Finnigan Illsley-Kemp1, Derek Keir1, Jonathan M. Bull1, Taras Gerya2, Atalay Ayele3, Berhe
Goitom4, James O. S. Hammond5, J-Michael Kendall4
1. Ocean and Earth Science, National Oceanography Centre Southampton, University of Southampton,
2. Swiss Federal Institute of Technology Zurich, Department of Geosciences, Zurich, Switzerland
3. Institute of Geophysics Space Science and Astronomy, Addis Ababa University, Addis Ababa, Ethiopia
4. Department of Earth Sciences, University of Bristol
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Transform faults are an intrinsic, yet enigmatic feature of plate tectonics. It is generally
believed that they form during nascent seafloor spreading. Little is known about how the
final stages of continental breakup influence the formation of transform faults. The Danakil
region of Northern Afar offers a unique opportunity to study this late stage of the rifting
cycle. We find substantial evidence, from surface faults, geodetic observations and local
seismicity, for a rotating region of oblique, transtensional shear between two magmatic
spreading segments. These observations are consistent with the initiation of a prototransform fault demonstrated by a numerical model. The models further predict that this
proto-transform will develop into a stable transform fault. Our results therefore suggest that
transform faults initiate prior to seafloor spreading. This has significant implications for
global plate reconstructions and for our understanding of the rifting cycle.
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The evolution of continental rifted margins plays an important role in understanding the
geological process of continental extension. As a key rifted basin located to the southwest
of Ireland, the Porcupine Basin is a large V-Shaped sedimentary basin of Late Palaeozoic to
Cenozoic age. A geological feature called Porcupine Arch with high gravity anomaly is
observed on MCS data in the north basin, which has been interpreted as the front of
exhumed upper mantle. Thus, the north basin is highly stretched with a very thin crust.
However, the severely thickening of sedimentary sequence towards the south made it almost
impossible to identify the Moho in the south basin based on MCS data, but a Porcupine
Median Ridge (PMR) is continuously observed. The origin of PMR has remained debated,
due to the unclear deep structure, serpentinization, volcanic activity and crustal faulting are
being suggested. Previous subsidence studies, with very limited seismic data in the south
basin, show an increasing stretching factor from north to the south (from less than 1.5 to
greater than 6). In this study, we use 3 wide-angle seismic profiles (2 across the basin axis
and 1 along the axis) located in the south basin to study the crustal and upper mantle
structure. Both refractions and reflections recorded by the OBSs are used to perform a joint
travel-time tomography following a layer stripping strategy. The 3 obtained P-wave velocity
models clearly imaged the deep structure of South Porcupine Basin for the first time. Analysis
of the velocity features shows that in South Porcupine Basin: (1) the seafloor spreading
actually occurred at the southernmost part of the basin, over-thickened oceanic crust (6 –
10 km) was observed; (2) the transition between continental crust and oceanic crust is abrupt,
the COT lies in a zone less than 20 km; (3) the continental crust is highly stretched with
asymmetry, the stretching factor we observe is almost 10. Based on the results, we discuss
the abrupt transition between continental and oceanic crust, and the possible thermal
evolution. This project is part-funded by the Irish Shelf Petroleum Studies Group (ISPSG) of
the Irish Petroleum Infrastructure Programme Group 4.
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The Formation of Laurentia: Evidence From Shear Wave
Splitting and Seismic Tomography
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Earth conditions during the Precambrian, and their effect on plate tectonic processes during
that era, are not fully understood; how the fast wave-speed cratonic roots, or keels, often
found beneath these regions were formed is also debated. The geological record of
northern Hudson Bay includes the 1.8Ga Trans-Hudson Orogen (THO) terrane, a remnant of
the Paleoproterozoic collision of the Archean Rae and Churchill domains that overlies one
of Earth’s largest cratonic keels. This region is thus an ideal natural laboratory for the study
of Precambrian processes. We use broadband seismological data recorded at 65 stations in
northern Hudson Bay to address questions regarding the manner and scale of plate
deformation during Precambrian assembly of the region.
To explore these questions, we conduct a study of mantle seismic anisotropy using SKS
splitting. Our study constitutes the most complete shear wave splitting analysis of northern
Canada to date utilising up to 11 years of data for some stations. Anisotropic fast directions
(φ) and delay times (δt) are determined using a modified Silver and Chan (1991) method. In
the Hudson Strait, φ directions parallel the THO, while the islands in northern Hudson Bay
show changes in φ over length scales short enough to indicate lithospheric origin. Complex
anisotropy patterns are observed in the central Rae craton and southern Baffin Island,
suggesting multiple sources. Several possible sources of anisotropy are explored, including
basal drag of the North American plate, mantle flow deflected by the Laurentian keel, and
discontinuities associated with possible two-stage keel development.
P and S-wave relative arrival-time tomographic velocity models are also presented.
Waveforms are aligned using the adaptive stacking routine of Rawlinson et al. (2004), and
models are produced using the Fast Marching Tomography inversion code of Rawlinson et
al. (2006). The THO is modeled as a low velocity feature relative to the neighbouring Archean
cratons, corroborating previous studies that interpret Proterozoic under-thrusting of the
Superior beneath southern Baffin Island (e.g. St. Onge et al., 2006). The interpretation of the
mantle velocity structure and the SKS splitting results presented here contribute to a
complex and ongoing story about the Precambrian assembly of Laurentia.
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Antarctica´s lithospheric structure probed by combining
seismological and satellite gravity gradient data
Folker Pappa1, Jörg Ebbing1
1. Christian-Albrechts-Universität zu Kiel, Christian-Albrechts-Platz 4, 24118 Kiel, Germany

The density structure of the lithosphere is of key interest for a better understanding of its
isostatic state, which is crucial for glacial isostatic adjustment modelling in the Antarctic
region. Gravity gradient data, measured in the course of ESA ́s GOCE satellite mission, are
sensitive to geometry and density variations of the main lithospheric layers, i.e. ice and
sediment thickness, the Moho depth and the temperature and composition of the upper
mantle.
We exploit these characteristics to analyse the isostatic state of the Antarctic continent and
to evaluate the latest seismological crustal thickness models. Our results indicate that
Antarctica is in largely isostatic equilibrium, while the seismological models show large
discrepancies in Moho depth and in their impact on gravity gradients at satellite altitude
compared to the observed data.
In order to reduce these ambiguities, we constructed integrated and self-consistent 2D
models of the lithosphere and the upper mantle along a well-studied profile and fitted them
against topography, surface heat flow, seismic body wave velocities and the geoid. However,
even this multi-parameter set-up turned out to be insufficient to constrain the crustal
thickness in that region. This demonstrates the necessity for comprehensive and spatially
extensive 3D modelling of the lithosphere, including the density structure of the whole
lithosphere depending on temperature, pressure and petrology as well as the corresponding
seismic velocities and gravitational force. In future work, we intend to combine GOCE ́s
gravity gradients with recent findings from other geophysical methods in a self-consistent
modelling framework to establish a comprehensive lithospheric 3D model of the Antarctic
continent that can be utilized for GIA modelling and to get deeper insights into its
geodynamic history.
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Geophysical Survey in Iquique, Northern Chile: Tectonic and
Geologic Implications
Tiaren Garcia-Perez1, Gonzalo Yañez1, Jose Cembrano1, Carlos Marquardt1, Isabel
Santibañez1, Rodrigo Gomila1, Jose Maringue1
1. Universidad Catolica de Chile

The crustal deformation nature during the Cenozoic in northern Chile’s forearc (Coastal
Cordillera) is complex due to the several tectonics processes involved, such as plate
convergence, a continental orocline (Arica bend) and great degree of coupling between
Nazca and South America plates. Such deformation could be regionally explained by an EW
extensional mechanism generally accommodated by trench parallel faults systems. Also, in
the Tarapacá Región (~19°-21,6° latitude south), a small but significant trench parallel
shortening produces folding and faults scarps striking orthogonal to the plate boundary.
The main goal of this research is to understand the recent deformation history of the rocks
units making up the Coastal Cordillera in the Tarapacá Región and the structural control
exerted on them by the NS and EW-striking fault systems s. To achieve this, geophysical
surveys have been conducted in Iquique and Alto Hospicio cities, both located in the
Tarapacá Región of the northern Chile.
The first results obtained by the Gravity and Electromagnetics Transient surveys are
consistent with the nature and geometry of geological units previously identified in the zone.
Sedimentary and intrusive rocks show high values of gravity anomaly and resistivity, whereas
volcanic rocks are associated with high values of gravity anomaly but low values of resistivity.
This difference can be explained by the presence of water within the fractured volcanic unit.
On the other hand, the sedimentary units are related to low values of gravity anomaly and
resistivity.
A first-order feature shown by the gravity anomaly is the existence of a NS sedimentary basin
formed by Miocene gravels, however, this sedimentary basin presents several discrete
depocenters, that coincide with EW faults, which can be interpreted as evidence for
Quaternary deformation of the coastal cordillera. The Electromagnetics Transient survey
shows changes in the resistivity of the subsurface suggesting different relative levels for the
same lithological units. These variations can be explained by normal or reverse movements
of NS and EW faults that cut and displace all the units.
In conclusion, the results obtained from the geophysical surveys and their interpretation
based on the surface geology of the sites, has allowed us to understand the deformation
nature and style and the structural control that the trench-parallel and trench-orthogonal
fault systems exert on the geological units during the Cenozoic.
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The case for long term volcanism resulting in limited
magmatism: A seismological study of the Cameroon Volcanic
Line
R. S. M. De Plaen1, I. D. Bastow2, E. L. Chambers3, D. Keir3, R. J. Gallacher3, J. Keane2
1. University of Luxembourg
2. Imperial College London
3. University of Southampton

The Cameroon Volcanic Line (CVL) straddles the continent-ocean boundary in West Africa
but exhibits no clear age progression. This renders it difficult to explain by traditional
plume/plate motion hypotheses; thus, there remains no consensus on the processes
responsible for its development. To understand better the nature of asthenospheric flow
beneath the CVL, and the effects of hotspot tectonism on the overlying lithosphere, we
analyze mantle seismic anisotropy and seismicity. Cameroon is relatively aseismic compared
to hotspots elsewhere, with little evidence for magmatism-related crustal deformation away
from Mount Cameroon, which last erupted in 2000. Low crustal Vp/Vs ratios (∼1.74) and a
lack of evidence for seismically anisotropic aligned melt within the lithosphere both point
toward a poorly developed magmatic plumbing system beneath the CVL. Null SKS splitting
observations dominate the western continental portion of the CVL; elsewhere, anisotropic
fast polarization directions parallel the strike of the Precambrian Central African Shear Zone
(CASZ). The nulls may imply that the convecting upper mantle beneath the CVL is isotropic,
or characterized by a vertically oriented olivine lattice preferred orientation fabric, perhaps
due to a mantle plume or the upward limb of a small-scale convection cell. Precambrian
CASZ fossil lithospheric fabrics along the CVL may have been thermomechanically eroded
during Gondwana breakup ∼130 Ma, with an isotropic lower lithosphere subsequently
reforming due to cooling of the slow-moving African plate. Small-scale lithospheric
delamination during the 30 Ma recent development of the line may also have contributed
to the erosion of the CASZ lithospheric fossil anisotropy, at the same time as generating the
low-volume alkaline basaltic volcanism along the CVL.
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Comparison of molecular dynamics techniques for predicting
the thermal conductivity of lower mantle minerals
Ben Todd1, Stephen Stackhouse1, Andrew Walker1, Jon Mound1
1. University of Leeds

The thermal conductivity of the lower mantle controls how heat flows from the core to the
surface. If thermal conductivity is high conduction is the dominant mechanism, whereas if it
is low convection will occur. Tectonic processes indicate that the mantle convects, but the
behaviour of the convection and magnitude of heat flux are poorly constrained. The
uncertainty in core mantle boundary heat flow and its effects on outer core dynamics are
due, in part, to poor estimates of the thermal conductivity of lower mantle minerals. The
most commonly used estimate for the thermal conductivity of the lower mantle is 10 Wm1 -1
K , but values between 4 – 16 Wm-1K-1 have also been proposed.
The dominant mineral phases in the lower mantle are bridgmanite (perovskite structured
MgSiO3) and periclase (MgO), comprising around 75% and 20% volume respectively.
Estimates of the lattice thermal conductivity for these phases at lowermost mantle conditions
often require the extrapolation of experimental values at lower temperature and pressures.
In addition, the significance of impurities (such as iron, aluminium, and isotopic variations)
is still poorly constrained. Current experimental methods are unable to measure thermal
conductivity at the high pressure/temperature conditions of the lowermost mantle (4000 K,
136 GPa) and even low-pressure studies report estimates differing by a factor of two.
However, atomic scale simulations can be utilized to calculate the lattice thermal
conductivity of minerals at lowermost mantle conditions, enabling the development of a
model of thermal conductivity in the lower mantle as a function of pressure, temperature,
and composition.
Here, we compare two molecular dynamics techniques to calculate the lattice thermal
conductivity of bridgmanite. We address the problems of small system sizes accessible to
atomic scale methods, which can lead to significant finite size effects. Furthermore, we
ensure sufficient simulation length to obtain a converged value for thermal conductivity.
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Magmatism and Dynamic Topography of Libya
Patrick Ball, Nicky White, John Maclennan
1. University of Cambridge

Deriving mantle potential temperatures from continental basalts could provide a useful
constraint for dynamic topography in the past. The Cenozoic Libyan volcanic field is
characterised by a series of long wavelength topographic swells which may reflect sublithospheric dynamic processes. The southern portion, which includes the Jabal Al Haruj,
Jabal Eghei and Tibesti, occurs on top of continental lithosphere that is <100 km thick.
Gravity, tomography and admittance analysis reveal a low density, upwelling area in the sublithospheric mantle beneath the volcanic province. Inverse modeling of rare earth elements
shows the most recent Jabal Al Haruj basalts were generated by melting of a predominantly
anhydrous mixed mantle source, with an asthenospheric potential temperature of ≈1400 °C.
The presence and distribution of volcanism in Libya is due to the interaction between warm,
upwelling mantle and thin lithosphere under Libya, with melts ascending to the surface
through metasomatised lithospheric channels.
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Testing effects of composition vs. temperature on seismic
velocities in cratonic lithosphere beneath North-Eastern Canada
Thomas Eeken1, Saskia Goes1, Laura Petrescu1, Ian Bastow1, Nick Arndt1, Helle Pedersen2,
Amy Gilligan1, Pierre Bouilhol3, Carolina Lithgow-Bertelloni4
1. Imperial College London
2. Universite de Grenoble
3. University of Durham
4. University College London

The evolution and stability of continents, and in particular the old cratonic cores, depend on
the temperature and composition of the lithosphere. Seismic velocities provide the most
comprehensive constraints on these properties of the lithosphere. We expect cratonic cores
to be relatively simple thermally because these have been stable for enough time to reach a
steady state. Compositions may be more complex, but are not expected to have a major
effect; most proposed compositions for cratons vary very little in their effects on seismic
velocity. Inversions for seismic velocity in North-Eastern Canada reveal significant lateral and
vertical variations that are difficult to explain with steady-state temperatures and common
cratonic compositions. If we interpret these variations in terms of temperature, this gives
unreasonable temperature structures. We will therefor test whether these variations in
seismic velocity can be explained by a wider range of (xenolith based) compositions than
commonly assumed.
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Oceanic Residual Depth Anomalies Maintained by a Shallow
Asthenospheric Channel
Fred Richards1, Mark Hoggard1
1. Bullard Laboratories, University of Cambridge

Oceanic residual depth anomalies typically vary on wavelengths of 800–2,000 km, indicating
that dynamic topography is principally maintained by density anomalies in the upper 400
km of the mantle. There is mounting evidence from glacio-isostatic adjustment, plate
motions and seismic anisotropy studies for the existence of a low-viscosity asthenospheric
channel immediately beneath the lithospheric plates. Horizontal mantle flow will be
concentrated within this channel, decoupling asthenospheric motion from more sluggish
mantle circulation beneath. Resulting deflections of the Earth's surface are therefore likely
to be dominated by variations in thermal buoyancy rather than viscous stresses arising from
vertical flow.
Here, we test for the presence of a sub-plate channel by converting residual depth anomalies
into predicted temperature variations, assuming an isostatic response. Using a
parameterisation that takes into account frequency-dependent anelastic effects, these
temperature anomalies can be converted into Vs anomalies and compared to wavespeeds
observed in seismic tomography models. We consistently find that ±100 °C thermal
anomalies within a 150–200 km channel provide a good match for >95 % of global residual
depth anomalies. These temperature variations are consistent with geochemical evidence
from mid-oceanic ridge basalts, oceanic crustal thicknesses and convective circulation
models, and imply viscosity variations of up to two orders of magnitude assuming a simple
Arrhenius relationship. Away from subduction zones and plume conduits, dynamic
topography can therefore be directly related to asthenospheric temperature anomalies. The
low thickness and viscosity of the channel suggests that dynamic topography evolves
independently of plate motions and over much shorter timescales and wavelengths than
currently predicted by most geodynamic models.
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Seismic imaging without a source: Towards cost effective and
low environmental impact hydrocarbon exploration
Emily Crowder1
1. Aberdeen University

Long term recordings of ambient seismic noise can be cross-correlated to produce empirical
Green's functions between all station pairs in an array/network. The application of dispersion
analysis to these waveforms allows period-dependent surface wave group and phase
velocities to be extracted and combined to create tomographic images of the crust and
upper mantle.
Recently, it has been demonstrated that seismic structure at the exploration scale can be
revealed using this method, but much more work is required before it could be used as a
routine tool in the commercial sector. In this project, I will develop a data-processing
workflow that enhances ambient noise signal with a particular emphasis on high frequency
energy. Methods will focus on pushing the boundaries of what is currently possible in terms
of spatial resolution of near surface structure. This will include exploiting the ellipticity of
Rayleigh wave particle motion, which has the potential to greatly improve the recovery of
structure in sedimentary basins and implementation of advanced Bayesian tomography
methods.
The new techniques will be applied to datasets collected in Australia and elsewhere. For
instance, large volumes of ambient noise data have been recorded by stations located in
Tasmania and SE mainland Australia as part of the WOMBAT transportable array experiment.
This is an ideal location for ambient noise tomography as Bass Strait and the Southern Ocean
provide a strong source of diffuse seismic energy. Furthermore, the ability of ambient seismic
noise methods to delineate the structure of sedimentary basins beneath Bass Strait can be
tested against a vast repository of seismic reflection data collected by industry.
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Waveform modelling of 3-D seismic anisotropy in the Earth’s
mantle
Elodie Kendall1 and Ana MG Ferreira1
1. University College London

Combining observations of seismic anisotropy, the directional dependency on wave speed,
with mineral physics and geodynamical modelling provides crucial information to
understand the temperature, composition and physical processes occurring within our
dynamic planet. The mapping of anisotropy in various parts of the Earth’s interior including
the uppermost mantle and the mantle transition zone begun in the 1960’s; however, today,
decades later, global 3-D anisotropic models are far from consistent. Radially anisotropic
models can be substantially sharpened with the use of state-of-the-art simulations of seismic
wave propagation which, in turn, is one of the key ways to constrain the geometry of mantle
flow in the Earth’s mantle.
This forward waveform modelling of surface waves allows the study of upper mantle
anisotropy, including the lithosphere-asthenosphere region. We present surface waveform
comparisons using the spectral element method (Komatitsch and Tromp, 1999), specifically
the SPECFEM3D_GLOBE package for S-velocity models SGLOBE-rani (Chang et al., 2015) and
S40RTS (Ritsema et al., 2011). We study the effects of 3-D isotropic and anisotropic Earth
structure on surface waves in a wide frequency range for paths across the Pacific. Ultimately,
we will link newly constrained anisotropic structure with mantle geodynamical modelling.
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Body wave tomography of the south-east Asia - Australia
collision zone
Aristides Zenonos1 and Nicholas Rawlinson1
1. School of Geosciences, University of Aberdeen, Aberdeen

Southeast Asia is one of the most tectonically active and seismogenic regions in the world.
Relative plate motions have resulted in a complex and dynamic setting that encompasses a
vast array of processes, from orogenisis, subduction and crustal accretion to rapid
exhumation, megathrust earthquakes and volcanism. The major tectonic plates involved are
the Australian/ Indian, Eurasian and Pacific. The so-called Sundaland block comprises the
southern region of the Eurasian plate and forms the core of Southeast Asia
The aim of this project is to develop a new generation of 3Dseismic model of the Southeast
Asian region in order to build up a clear picture of the subsurface, from the crust to the
upper mantle, by incorporating as much data as possible. As well as inverting regional and
gobal traveltimes for P-wave velocity structure, we will also jointly invert P-and S- arrival
times for Vp/Vs ratio. The new models will provide important constraints on the dynamics
and geometry of subduction zones as well as the composition and temperature of the
subsurface. We wil also focus on marginal basement development and, potentially, the
plumbing systems associated with recent mineralisation. Finally, we aim to understand the
generation of megathrust earthquakes and give insight details on volcanism of the region.
Frequent large earthquakes in the region will provide high quality body wave data. The use
of P and S-wave data from approximately the past 25 years of recordings will be
incorporated. Furthermore, we will focus on the link between southeast Asia and Australia,
by incorporating as much Australian data as possible. We aim to utilize improved imaging
methods with the aid of a non-linear relocation technique and joint Vp and Vp /V s ratio
calculation. . We will be using FMTOMO, the Fast Marching Tomography Package, to perform
relocations and inversions, which has the ability to incorporate 3-D velocity variations as well
as complex interface structure such as the Moho. Finally, we have computed some non-linear
earthquake relocations which will be used as an input in FMTOMO.
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Linear Inverse Modelling and Scaling Analysis of Drainage
Inventories
Conor O'Malley1
1. Bullard Laboratories of Earth Sciences, University of Cambridge

It is widely accepted that the stream power law can be used to describe the evolution of
longitudinal river profiles. Over the last 5 years, this phenomenological law has been used
to develop non-linear and linear inversion algorithms that enable uplift rate histories to be
calculated by minimising the misfit between observed and calculated river profiles.
Substantial, continent-wide inventories of river profiles have been successfully inverted to
yield uplift as a function of time and space. Erosional parameters can be determined by
independent geological calibration. Our results help to illuminate empirical scaling laws that
are well known to the geomorphological community. Here we present an analysis of river
profiles from Asia. The timing and magnitude of uplift events across Asia, including the
Himalayas and Tibet, have long been debated. River profile analyses have played an
important role in clarifying the timing of uplift events. However, no attempt has yet been
made to invert a comprehensive database of river profiles from the entire region. Asian rivers
contain information which allows us to investigate putative uplift events quantitatively and
to determine a cumulative uplift history for Asia. Long wavelength shapes of river profiles
are governed by regional uplift and moderated by erosional processes. These processes are
parameterised using the stream power law in the form of an advective-diffusive equation.
Our non-negative, least-squares inversion scheme was applied to an inventory of 3722 Asian
river profiles. We calibrate the key erosional parameters by predicting solid sedimentary flux
for a set of Asian rivers and by comparing the flux predictions against published depositional
histories for major river deltas. The resultant cumulative uplift history is compared with a
range of published geological constraints for uplift and palaeoelevation. We have found
good agreement for many regions across Asia. Surprisingly, single values of erosional
constants can be shown to produce reliable uplift histories. However, these erosional
constants appear to vary from continent to continent. Future work will investigate the global
relationship between our inversion results, scaling laws, climate models, lithological variation
and sedimentary flux.
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Forward and Inverse Modelling of Post-Seismic Deformation
Ophelia Crawford1, David Al-Attar1, Jeroen Tromp2, Jerry Mitrovica3
1. Department of Earth Sciences, University of Cambridge
2. Department of Geosciences, Princeton University
3. Department of Earth and Planetary Sciences, Harvard University

We consider a new approach to both the forward and inverse problems in post-seismic
deformation. We present a method for forward modelling of post-seismic deformation in a
self-gravitating, heterogeneous and compressible Earth with a variety of linear and nonlinear rheologies. The forward calculations are carried out in the time domain, which allows
for continuous variation in structure, as opposed to the more common Laplace domain
formulation. We further demonstrate how the adjoint method can be applied to the inverse
method in the context of gradient-based optimisation both to invert for rheological structure
and to calculate the sensitivity of a given surface measurement to changes in rheology or
time-dependence of the source. Both the forward and inverse aspects are illustrated with
several numerical examples implemented in a spherically symmetric earth model.
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Methane hydrate dissociation in the Beaufort Sea due to ocean
warming
Haoyun Deng1,2, Hector Marin-Moreno2, Bablu Sinha2 and Tim A. Minshull1
1. National Oceanography Centre Southampton, University of Southampton, Southampton, UK
2. National Oceanography Centre, Southampton, UK

Methane hydrate is an ice-like solid composed of hydrogen-bonded water molecules and
methane. Methane hydrate forms and is stable in low temperature and high pressure
conditions when sufficient methane is available. Within the Arctic Ocean, the cold ocean
temperatures allow hydrates to be stable within marine sediments in water depths greater
than c. 350 m. The Arctic Ocean has warmed considerably in the past two decades, causing
methane hydrate to destabilise at several locations. Here we model the methane hydrate
response to ocean warming from the 1950s to the 2100s in the Beaufort Sea using the
“Tough + Hydrate” code. For the period 1950-2015 we used measured ocean temperature
data from WOD15 (http://www.nodc.noaa.gov/). For the period 1950-2100, we extracted
modelled ocean temperatures from a published climate model (Nemo). Other modelling
parameters come from seismic and geological data. Our preliminary results show that from
1950-2015 the marine hydrate reservoir is stable, in agreement with field observations. Our
models will help to better assess the potential response of the hydrate reservoir in Beaufort
Sea to ocean warming over the 21st century.
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The role of Dynamic flow in the Tethyan closure
Antoniette G. Grima1 & Carolina Lithgow-Bertelloni1
1. Earth Sciences, University College London

The Eastern Mediterranean, particularly the Ionian domain has had a major role in the
Pangean break-up, Tethyan closure and the evolution of the present day Mediterranean
Basin. Potentially floored by some of the oldest oceanic lithosphere on Earth, this region is
important in understanding the development of ancient subduction systems and the
dynamic processes that sustain them.
In this study we develop a density heterogeneity model for the Mediterranean to investigate
flow and dynamic topography in the region and attempt to identify surface expressions of
dynamic flow.
We analysed the depth-age relationship of the basin, based on the existing CROP M3 seismic
line, observed bathymetry data from the GEBCO_08 database and free-air gravity obtained
from the EGM2008 database. We computed a residual bathymetry model based on a modern
depth-age curve corrected for anomalous seafloor by backstripping the sediment cover. We
computed gravity-topography admittance curves to determine whether the anomalous
bathymetry was dynamically supported and augmented our analysis by modelling the
mantle flow from regional high-resolution tomographic models.
The depth-age curve reveals the basin to be oceanic. Residual bathymetry, gravity and
tomography support the hypothesis that the basin is dynamically supported from within the
mantle. Negative dynamic support is observed towards the north and northwest of the
region, zones where Ionian lithosphere is subducting under the Calabrian and Hellenic Arcs
respectively. These regions are characterised by downwelling mantle flow, negative residual
bathymetry and fast s-wave velocity.
We have applied a unique approach in providing detailed insights on residual topography
and gravity admittance for this region of the Mediterranean, constraining the local dynamic
topography of the Ionian Basin. Our work also indicates that small, inactive, marginal basins
such as the Ionian, exhibit the same characteristics and trends as major basins of the Pacific,
Atlantic and Indian Oceans.
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Cenozoic Uplift of Europe from Linear Inverse Modelling of
Longitudinal River Profiles
Fergus McNab1 and Nicky White1
1. University of Cambridge

The shape of a river profile is controlled by the interplay between uplift and erosion. It is
generally accepted that the phenomenological stream power formulation provides a useful
basis for determininghow this shape evolves as a function of time and space. Typically,
erosion is parametrized using two terms. The first term controls the upstream advection of
knickzones and assumes that the advective velocity is a function of upstream drainage area
and local slope. The second term controls ‘rock diffusivity’, which acts to lower the river
profile.
In the geomorphological community, the stream power formulation is usually solved by
assuming steady state and by plotting upstream drainage area as a function of slope. Here,
we use an integrative approach to solve the equation without the need to assume steady
state. Previous work has shown that the ‘rock diffusivity’ term, together with the exponent
of local slope (i.e. n), can be ignored at long wavelengths. This simplification enables
thelinear inverse problem to be posed and solved using the method of characteristics. Large
inventories (i.e. thousands river profiles) can be inverted to determine regional uplift rate
histories as a function of time and space.
We present results from an analysis of a Western Eurasian drainage network, consisting of
1,126 river profiles. This region encompasses at least four areas of high elevation where the
origin of topography is much debated (i.e. Scandinavia, Spain, Turkey, Italy). Linear inverse
modelling yields excellent fits between observed and calculated river profiles. The key
erosional parameters were determined using independent geologic observations (e.g.
stratigraphic evidence for marine incursions, emergent marine terraces, thermochronologic
constraints). Our results suggest that each of these areas has undergone significant regional
uplift in Cenozoic times. Since the linearized approach is computationally efficient, it is
possible to systematically test the sensitivity of our results to key input parameters (e.g.
upstream drainage area, m). This analysis confirms that inverse modelling of large numbers
of river profiles yields coherent results and that this general approach is a powerful tool for
helping to determine the spatial and temporal evolution of topography.
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Reservoir Analogues: A Polygonal Fault System Study
Callum Fry1
1. Ocean and Earth Sciences, National Oceanography Centre, University of Southampton

Traditionally, one of the most common approaches for looking at geological structures of oil
and gas reservoirs is through outcrop analogues. However outcrops are limited on detail
based upon the level of their exposures. Enhanced high resolution imaging of continental
shelves now enables more detailed imaging of comparable bedrock sections where they are
exposed at or near the seabed. This work is focussed on such exposures of Polygonal fault
systems (PFS) within the London Clay of the Outer Thames Estuary. Currently the majority of
our information on PFS is from 3D seismic imaging. Current conventional 3D seismics are
capable of imaging features as small as decametres bins with metres of vertical resolution
which while perfect for conventional PFS with faults within the networks extending for
hundreds of metres to kilometres and throws of tens of metres there is the probability of
missing smaller-scale faults within the network.
An example these smaller faults in PFS networks has been identified in the Outer Thames
Estuary, here the London Clay bedrock presents at the seafloor with a polygonal network in
planform. By using 1m resolution bathymetry data over 1000 surface expressions of faults
have been identified extending for 10s-100s of metres with what appears to be
displacements of decimetres to metres. There are no preferred orientations for these faults
and while these could represent extremely large scale thermal desiccation cracks, the
presence of the London clay bedrock at the surface indicates that these are not the result of
soil processes. Furthermore the London Clay is known to continue across the southern North
Sea and outcrops in Belgium as the Ieper Clay, the same formation where PFS where first
discovered. All this likely indicates that we have identified a smaller scale variation of PFS
that have previously been hidden by the resolution gap of conventional seismic imaging.
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Imaging lithospheric discontinuities using S to P receiver
functions
Aude Lavayssiere1
1. University of Southampton

The Afar depression is at the northern end of the active, continental, East African rift system,
where it forms a triple junction between the Nubian, Somalian, and Arabian plates. The key
to understanding how extensional and potentially hotspot tectonics modify tectonic plates
during progressive continental breakup is to image the lithosphere. We use S to P extended
time multitaper receiver functions on a network of 182 seismic stations that recorded 1616
teleseismic earthquakes in Ethiopia, Djibouti, Eritrea and Yemen. The receiver functions are
migrated to depth to investigate and constrain robust lithospheric structures in 3D.
The results show a number of distinct seismic velocity discontinuities. There is evidence of a
positive velocity increase with depth at 0-15 km beneath the rift valley of the Afar depression.
We interpret this as either sediment accumulation or shallow intrusion. A strong increase in
velocity with depth is observed between 20 to 50 km, interpreted as the Moho. This
discontinuity is thinning beneath the Main Ethiopian Rift but slightly shifted to the northwest,
beneath the Ethiopian plateau. The Moho is also thinning beneath the triple junction,
compared to the adjacent plateaux. We identify two negative discontinuities at 50-75km and
90-120km. The first anomaly disappears beneath the Danakil region, northeast of Afar,
whereas the second one is absent within the overall Afar depression. These discontinuities
are likely related to the lithosphere-asthenosphere boundary (LAB). Locations where the LAB
is absent may indicate a velocity gradient that is too gradual (> 60 km) to be imaged by
receiver functions, potentially because of melt infiltration.
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Decades of InSAR observations and modelling following the
1997 Manyi (Tibet) earthquake
Minxuan Feng1, Lidong Bie1, Andreas Rietbrock1
1. School of Environmental Sciences, University of Liverpool, Liverpool, UK

Coseismic stress changes are accommodated during the postseismic stage. But when and
how stress changes are accommodated is still an open question for discussion. Various
mechanisms have been proposed to explain the geodetically-measured postseismic
deformation, including poroelastic rebound, viscoelastic relaxation, and afterslip. A single
mechanism cannot apply to all postseismic deformation studies and certain earthquakes
may involve various postseismic processes.
The Manyi earthquake occurred in the northern part of Tibetan Plateau with Mw 7.6 on
November 8, 1997. Pronounced transient deformation was observed in the first few years
following the left-lateral strike slip earthquake, and reported by multiple InSAR studies.
Previous researchers have studied the coseismic and postseismic phases in detail. It is found
that the short-term transient deformation can be explained by both afterslip and viscoelastic
relaxation of a Maxwell layer underneath the elastic upper crust. A model with localized shear
zone beneath the fault can also describe the deformation, producing similar spatio-temporal
deformation pattern with those from previous models. This indicates that transient
viscoelasticity maybe not the only necessary condition to explain the deformation.
In this study, additional SAR data are obtained from the ERS and Envisat satellites and
processed by the open source ROI_PAC software. Time-series of deformation are constructed
from 143 interferograms, covering the central part of the Manyi fault for about 12 year after
the earthquake. With this prolonged satellite observation, it is likely to differentiate proposed
mechanisms. Different model approaches will be used to try and 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.
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Investigating the location and strength of the auroral
electrojets using ESA's Swarm satellite constellation
Ashley Smith1, Kathy Whaler1, Ciaran Beggan2, Susan Macmillan2
1. University of Edinburgh
2. British Geological Survey

The auroral electrojets are large horizontal currents that flow within the ionosphere in ovals
around the polar regions, indicative of where the aurorae are visible. They are an important
aspect of space weather and their position and intensity vary with solar wind conditions and
geomagnetic activity. They disturb core and crustal magnetic field models and cause
disruption to human systems, from inducing damaging electric currents in power
transmission networks to increased drag on satellites due to expansion of the atmosphere.
Polar low-Earth orbit satellites carrying magnetometers are an ideal platform to study these
currents, particularly as they provide excellent resolution coverage of all latitudes. This poster
presents an investigation using Swarm's magnetometer data to detect the electrojets as the
spacecraft move above them, following the methodology of Vennerstrom and Moretto
(2013). We determine the oval positions and intensities from two years of Swarm operations
and investigate their variation with solar wind conditions and between seasons. We aim to
elucidate the relative importance of these factors, paying particular attention to
interhemispheric differences.
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Pre-processing of body waves in 2D elastic waveform inversion
for source signatures
Jens Zeiß1, Marco Paschke2, Katrin Peters1, Florian Bleibinhaus1
1. Chair of Applied Geophysics, University of Leoben, Leoben, Austria
2. Institute for Geosciences, Friedrich Schiller University, Jena, Germany

We apply visco-elastic full waveform inversion (FWI) to a 50-km-long controlled-source
refraction/reflection seismic survey at the San Andreas Fault (SAF) to obtain high resolution
P-wave and S-wave velocity models for the SAF Observatory at Depth (SAFOD) drill site near
Parkfield. The profile consists of 63 explosive sources and a fixed spread of 912 3-component
receivers.
Traveltime models from Ryberg et al. (2012) and Hole et al. (2006) are used to derive velocity
starting models for FWI. Attenuation is estimated from Qp and Qs t*-tomography models
after Bennington et al. (2008). Density is estimated from P-wave velocity using Gardner’s
(1974) relation. Preprocessing includes the muting of noisy traces, the estimation of spatiotemporal weighting factors to exclude Rayleigh waves, which otherwise mask the
comparatively low-amplitude body wave signals, and a 3D-to-2D-conversion. This
divergence compensation is estimated for P-, S- and their converted phases using time
dependent functions, assuming homogeneous velocity models and coinciding ray paths.
The forward-modeling is based on a time-domain visco-elastic FD-algorithm of Robertsson
et al. (1996).
Topography is considered using the image method. The inversion is performed in the
frequency-domain using the multi-scale approach.
As a first step, we derived individual source wavelets for the different shots at low frequencies
(3-6 Hz). Therefore, several offset and time windows were tested and evaluated considering
the similarity of the derived source signatures.
The project is funded by the German Research Foundation (DFG) and is part of the
International Continental scientific Drilling Programme (ICDP).
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Linking Tasmania and mainland Australia using passive seismic
imaging techniques
M. Bello1, N. Rawlinson1 & D. G. Cornwell1
1. 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 use consists of approximately 18 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-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 Swave velocity; and seismic anisotropy derived from shear wave splitting of teleseismic phases will
provide insight into mantle processes.
Preliminary P-wave teleseismic tomography results demonstrate that resolution in the upper mantle
beneath Bass Strait is good despite the uneven distribution of stations and dominant source regions
to the north and east. For example, a synthetic checkerboard recovery test with anomalies ~75 km
in size shows good pattern recovery beneath much of the array between 60-300 km depth. Initial
inversion results reveal a coherent pattern of anomalies, with the upper mantle beneath the
Gippsland Basin and Otway Basin characterized by lower velocities, which contrast with a high
velocity zone beneath the centre of Bass Strait. Further work is required before a full interpretation
of these results can be carried out.
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 investigations into Earth's lowermost mantle
Harriet Godwin1, Tarje Nissen-Meyer1, Paula Koelemeijer1, Karin Sigloch1
1. University of Oxford

Seismic tomography reveals the presence of two large antipodal regions of low velocity in
the lowermost mantle, under Africa and the Pacific Ocean. Because of their reduced shear
wave velocity of around 3% they have been termed large low shear velocity provinces
(LLSVPs). However, these regions also display reductions in compressional wave velocity of
around 1%. They are thought to extend up to around 1000 km into the mantle from the
core-mantle boundary (CMB). Their lateral extent is of the order of 10000 km. The LLSVPs
dominate lowermost mantle structure and are therefore expected to play a significant role
in mantle convection, and impact on outer core convection.
The nature of LLSVPs is as yet undetermined, since reduced seismic velocities may be
explained by either thermochemical or purely thermal models. One distinguishing feature
between these models is the nature of the edges of the LLSVPs. Sharp edges imply some
sort of chemical heterogeneity, whereas blurred edges imply a thermal structure.
We are investigating the nature of the edge of the LLSVP under Africa. In particular, we aim
to determine whether the boundary is sharp or smooth. We will use seismic data from an
array in Botswana and analyse the waveforms of the phases S, ScS, Sdiff and SKS. We will
model synthetic waveforms using AxiSEM, an axisymmetric spectral element method to
model in-plane structure. We will also use 3D spectral element methods to take into account
3D structure. It is hoped that comparison of data to synthetic waveforms will provide insight
into the nature of the LLSVP’s edge.
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Going deeper underground: Measuring the thickness and
volume of the shallowest two CO2 layers at the Sleipner Field,
North Sea
Laurence Cowton1, Jerome Neufeld1,2, Nicky White1, Mike Bickle1, Jim White3, Andy
Chadwick3
1. Bullard Labs., Earth Sciences Dept., University of Cambridge, Cambridge, UK
2. BP Institute, University of Cambridge, Cambridge, UK
3. British Geological Survey, Keyworth, Nottingham, UK

At the Sleipner Carbon Capture and Storage Project, CO2 extracted from produced natural
gas is being injected at approximately 1000 m depth into a pristine saline aquifer to reduce
anthropogenic CO2 emissions into the atmosphere. The storage reservoir is a highly porous
sandstone and is 250 m thick in the injection region, sub-divided by 1 m thick shale layers
at intervals of about 30 m.
Monitoring of injected CO2 is primarily achieved through time-lapse three-dimensional
seismic reflection surveys. Previous studies have shown that injected CO2 is trapped in nine
distinct thin layers within the reservoir. Recent advances in interpretation of time-lapse
seismic images has allowed the spatial distribution of CO2 in the shallowest layer (Layer 9)
to be made. Here we present a method to recover the thickness of the next layer down, Layer
8.
Measuring the thickness of Layer 8 is more complex than for Layer 9. This difficulty is due to
the presence of a changing volume of CO2 in Layer 9, situated directly above Layer 8. To
account for this change in the overburden, corrections need to be made to the travel time
and amplitude of the reflected signal from Layer 8. We use our knowledge of the thickness
of Layer 9 to correct for the push-down it causes to the travel time. The correction of the
amplitude attenuation is more difficult, but an empirical relationship can be found using
regions of Layer 8 which are not covered by Layer 9.
We calculate the thickness of Layer 8 in all seismic surveys, and compare the change in
volume with time of this layer to that of Layer 9. We find that, initially, Layer 8 grows more
quickly. However, it does not appear to exhibit the same rate of change in volume seen in
Layer 9.
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Crustal and Upper Mantle Structures Across Haiti’s
Transpressional Fault System
Daniel Possee1, Derek Keir1, Nick Harmon1, Catherine Rychert1, Caroline Eakin1, Frédérique
Rolandone2, Sylvie Leroy2, Graham Stuart3, Dominique Boisson4, Kely Guerier4, Sophia
Ulysse4, Roberte Momplaisir4
1. University of Southampton
2. University of Paris VI
3. University of Leeds
4. UEH, Port au Prince

Haiti’s transpressional fault system is dominated by two strike-slip fault zones that bisect the
island from east to west, the Enriquillo-Plantain Garden fault (EPGF) in the south and
Septentrional-Oriente fault zone (SOFZ) in the north. Much of the fault system has no clear
surface expression and is still relatively poorly studied despite the 12th January 2010, Mw7.0
earthquake. It is now widely accepted that the initial rupture of the 2010 earthquake
occurred on a blind thrust fault before partitioning stress and causing unclamping on the
EPGF, all with no surface rupture. This highlights the importance of understanding the
subsurface aspect of any fault system when assessing the hazards potential. Using a network
of 31 broadband seismic stations, deployed in 2013 for 18 months, crustal and upper mantle
structures across the trans-Haitian deformation belt will be imaged and areas of active
seismicity located. This will allow the location and kinematics of the fault system that show
no surface expression to be determined. To date a catalogue of 670 local earthquakes has
been created from June 2013 to January 2014. The seismicity has shown a previously
unrecorded zone of activity along a mapped thrust fault north of Lake Enriquillo. In addition,
continued activity was observed along the EPGF near to the 2010 rupture and aftershocks.
To better understand the regional geodynamics across Haiti, shear wave splitting was used
on SKS phases from 43 seismic stations to image the seismic anisotropic structure of the
upper mantle and crust. The dominant E-W fast splitting orientation is consistent with
previous studies that have shown measurements parallel to the Lesser Antilles subduction
zone. Moving west however, subduction ceases beneath the Dominican Republic. The
anisotropic structure therefore, while similar, is more likely to be heavily influenced by the
E-W striking lithospheric fabrics caused by the strike-slip fault systems.
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Initial Viscosity Controls on Parametrised Thermal Evolution
and Water Cycling
Kiran Chotalia1, Neil Cagney1, Carolina Lithgow-Bertelloni1, John Brodholt1
1. University College London

Parametrised models provide great insight into the thermal and rheological evolution of a
cooling planet. They have previously been used to investigate the effects of a waterdependent rheology, a layered convective model and viscous dissipation. However, most
models fail to look at the effects of initial conditions, particularly viscosity which is a function
of grainsize and water concentration. We present models to investigate the effects of initial
viscosity in both parametrised and Cartesian models to highlight the role of viscosity in
planetary evolution.
The model is based on Crowley et al. (2011), which solves for the conservation of mass and
energy across a surface ocean and mantle. Using a variable order numerical differentiation
formulae solver, mantle temperature and water concentration of both the mantle and
surface ocean are determined. Further investigation will show the dynamics in 2D with a
thermal evolution similar to those seen in the parametrised model and comparisons to a
thermodynamic depth-dependent code based on mixing length theory.
Preliminary results show that initial viscosity controls the dynamics of the convecting system
where water does not influence viscosity. When the initial viscosity is high, the system is too
stiff to convect and undergoes a period of heating until viscosity is low enough to allow the
mantle to cool. A low initial viscosity enables a high surface heat flow and the mantle
experiences a period of rapid cooling. These two distinct regimes control the exchange of
water between the mantle and surface reservoirs, either catastrophically releasing water
during initial cooling or stalling the release of water until convection occurs after initial
heating.
This ongoing work reveals that the initial viscosity is crucial for understanding the complex
feedback between volatiles and planetary evolution.
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Reconciling mantle wedge thermal structure with arc lava
thermobarometric determinations in oceanic subduction zones
Alexander Perrin1, Saskia Goes1, Julie Prytulak1, Rhodri Davies2, Cian Wilson3, Stephan
Kramer1
1. Imperial College London
2. Australian National University
3. Columbia University

Subduction zone mantle wedge temperatures impact plate interaction, melt generation, and
chemical recycling. However, it has been challenging to reconcile geophysical and
geochemical constraints on wedge thermal structure. Here we chemically determine the
equilibration pressures and temperatures of primitive arc lavas from worldwide intra-oceanic
subduction zones and compare them to kinematically driven thermal wedge models. We
find that equilibration pressures are typically located in the lithosphere, starting just below
the Moho, and spanning a wide range of ∼25 km. Equilibration temperatures are high for
these depths, averaging ∼1300ºC. We test for correlations with subduction parameters and
find that equilibration pressures correlate with upper plate age, indicating overriding
lithosphere thickness plays a role in magma equilibration. We suggest that most, if not all,
thermobarometric pressure and temperature conditions reflect magmatic re-equilibration at
a mechanical boundary, rather than reflecting the conditions of major melt generation. The
magma re-equilibration conditions are difficult to reconcile, to a first order, with any of the
conditions predicted by our dynamic models, with the exception of subduction zones with
very young, thin upper plates. For most zones, a mechanism for substantially thinning the
overriding plate is required. Most likely thinning is localised below the arc, as kinematic
thinning above the wedge corner would lead to a hot forearc, incompatible with forearc
surface heat flow and seismic properties. Localised sub-arc thermal erosion is consistent with
seismic imaging and exhumed arc structures. Furthermore, such thermal erosion can serve
as a weakness zone and aid in subsequent plate evolution.
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Investigating radial anisotropy in the upper lower mantle
around subduction zones
Sturgeon W. 1, Ferreira A.M.G. 1, Faccenda M.2 (University of Padova, Italy), Chang S.J.3,
Schardong L.1
1. University College London
2. University of Padova, Italy
3. Kangwon National University, Chuncheon, South Korea

The joint interpretation of seismic tomography and geodynamic modelling can provide
invaluable insights into the processes of mantle flow and deformation through the study of
seismic anisotropy. Despite abundant evidence of anisotropy in the upper mantle, lower
mantle anisotropy remains poorly understood. A global whole-mantle model of isotropic
and anisotropic S-velocity structure, SGLOBE-rani (Chang et al., 2015), has provided new
information on transition zone (TZ) and uppermost lower mantle (ULM) anisotropy beneath
subduction zones. A pattern of two faster SH anomalies appear, one associated with the
steeply dipping portion of the slab, the other beneath the slab's tip. A global survey of
subduction zones has shown a similar pattern on a global scale. The strength of the faster
SH anomaly beneath the steeply-dipping portion of the slab appears to correlate positively
with the slap dip angle. 3D petrological-thermo-mechanical subduction models have
systematically been tested in attempt to replicate what is found in SGLOBE-rani. Models of
slab stagnation above the 600 and 1000 km discontinuities and of slab penetration through
to 1000 km discontinuity were produced and their associated anisotropy visualised. We
found models of slab stagnation that match SGLOBE-rani's isotropic and anisotropic images
well. By testing several possible slip systems of bridgmanite in the lower mantle, we identify
three systems that reconcile the tomography and geodynamical models: [100](010),
[010](100) and [110](1̅10). Our new seismic observations combined with the geodynamical
simulations provide new exciting constraints on lower mantle deformation and on the
interaction between slabs and the surrounding mantle.
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Episodic Growth of Fold-Thrust Belts: Insights from
Finite Element Modelling
X. Yang1, F. Peel2, D. Sanderson3, and L. McNeill1
Ocean and Earth Science, National Oceanography Centre, Southampton, University of Southampton,
Southampton, UK. xy3g14@soton.ac.uk
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National Oceanography Centre, Southampton, UK.
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The sequential development of an imbricate thrust system was investigated using a set of
2D FEM models. This study provides new insights on how the style and location of thrust
activity changes through cycles of thrust accretion by making refined measurements of the
thrust system parameters through time and tracking these parameters through each cycle.
In addition to conventional wedge parameters (i.e. surface slope, wedge width and height),
the overall taper angle is used to determine how the critical taper angle is reached. A
particular focus is on the region of outboard minor horizontal displacement provides insights
into the forward propagation of material within, and in front of, the thrust wedge. Tracking
the position of the failure front (where the frontal thrust roots into the basal detachment)
reveals the sequence and advancement of the imbricate thrusts.
The model results show that a thrust system is generally composed of three deformation
components: thrust wedge, pre-wedge and wedge front. A thrust belt involves growth that
repeats episodically and cyclically. When a wedge reaches critical taper (~10°), thrust
movement within the wedge slows while the taper angle and wedge width gradually
increase. In contrast, the displacement front (tracked here by the location of 0 m
displacement) rapidly propagates forward and the wedge height accelerates to increase.
During this period, the wedge experiences a significant shortening after a new thrust initiates
at the failure front, leading to an obvious decrease in wedge width. As soon as the critical
taper is achieved, wedge interior (tracked here by the location of 50 m displacement)
accelerates forward reducing the taper angle below critical. This is accompanied by a sudden
increase in wedge width, slow advancement of displacement front, and slow uplift of foldthrust belt. The rapid movements within and in front of the wedge occur alternately. The
model results also show that there is clear, although minor, activity (5-10 m displacement)
in front of the thrust wedge, which distinguishes the failure front from the displacement
front throughout the fold-thrust belt development. This spatial and temporal relationship
may not have been previously recognized in natural systems.
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Converted phases from sharp mid-mantle heterogeneity
beneath Western Europe
Jennifer Jenkins1, Arwen Deuss2, Sanne Cottaar3
1. University of Cambridge
2. University of Utrecht
3. University of Cambridge

Until recently, most of the lower mantle was considered to be well-mixed with strong
heterogeneity restricted to the lowermost several hundred kilometers above the coremantle boundary, also known as the D'' layer. However, several recent studies have started
to hint at a potential change in earth structure at mid-mantle depths, with evidence from
both seismic tomography (Fukao and Obayashi 2013, French and Romanowichz, 2015) and
global viscosity structure (Rudolph et al., 2015). We present the first continental-wide search
for mid-mantle P to S wave converted phases and find most observations come from
approximately 1000 km depth beneath Iceland and Western Europe. Conversions are
identified using a data set of ~50,000 high quality receiver functions which are systematically
searched for robust signals from the mid-mantle. Potential P to s conversions are analysed
in terms of slowness to determine whether they are true observations from depth or simply
surface multiples arriving at similar times. We find broad regions with robust signals from
approximately 1000 km depth in several locations; beneath Iceland and across Western
Europe, beneath Ireland, Scotland, Eifel and south towards NW Italy and Spain. Similar
observations have previously been observed mainly in subduction zone settings, and have
been hypothesised to be caused by down-going oceanic crustal material. Here we present
observations which correlate with slow seismic velocities in recent tomographic models
(Rickers et al., (2013); French and Romanowicz, (2015)). These low velocities appear to be a
channel deviating from the broad mantle plume beneath Iceland at mid-mantle depths. We
hypothesise that the mid-mantle seismic signals we observe are caused by either a phase
transition occurring locally in a specific composition or by small-scale chemical
heterogeneities swept along with upwelling material and ponding around 1000 km.
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