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Welcome
Welcome to the British Geophysical Association Postgraduate
Research in Progress Meeting 2015! We at the University of
Southampton are proud to be hosting this year’s event. Following
in the tradition of previous years’ events, we hope that this year’s
meeting will initiate a range of diverse and stimulating academic
discussions.
The annual BGA Postgraduate Research in Progress meetings offer
young research students a unique opportunity to meet fellow members of the geophysics community, and to present their research to
a knowledgable and friendly audience in a more relaxed environment.
Our thanks go to Shell, for kindly sponsoring the conference. We
would also like to take this opportunity to thank the University of
Southampton and NERC staff for their valuable support and advice.
Additionally, we would like to extend our thanks to the students who
have volunteered their time to help, without whom this meeting would
not have been possible.
Above all, we really hope you have a great time at BGA 2015. Enjoy
the conference!
Sincerely,
BGA 2015 Organising Committee
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Conference Venue
The conference will be held at the National Oceanography Centre
Southampton (NOCS), which is located beyond Dock Gate 4 on the
A33.
Talks will be held on the fourth floor of the building in the Henry
Charnock lecture theatre, which can be accessed by taking the stairs
on the right hand side of the reception area. Poster boards will be
put up in the exhibition area outside the lecture theatre, and in the
seminar room next door. Please locate your allocated poster board
and put up your poster upon arrival on the morning of the 10th , during
conference registration.
Refreshments and the buffet lunches will be served in the exhibition
area. Breakfast will be served in the main NOCS canteen, located on
level 4, between nodes.
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Accommodation
Conference accommodation is being provided by Southampton
Solent University at the Lucia Foster Welch student residence,
which is approximately a 15 minute walk from the conference venue,
NOCS. You may arrive at any time after midday on the 9th September.
Luggage storage will be available onsite for Friday, if you would prefer
not to transport it to the conference venue.
For directions from/to the accommodation to/from NOCS, please see
the map on the back page of this brochure.
The accommodation has flat configurations containing 10 single
study-bedrooms, each with a washbasin, and individual toilet and
shower facilities in each flat. Bed linen and towels are provided.
Breakfast will be served in the NOCS canteen from 08:00 before the
scheduled start of each day.
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Events
Icebreaker
The icebreaker event will be held on
board the Princess Caroline. The
vessel has two decks, boasts two
fully stocked bars, a dance floor
and more. Boarding will be from
Ocean Village Marina at 18:45 on
the evening of the 9th September.
Please aim to arrive 5 minutes early
to ensure a swift departure. Feel
free to join us for drinks in the
Pitcher and Piano bar (on the North
side of the marina) from 17:30. A
hot buffet will be provided, along
with a limited amount of drinks - afterwards moving over to a cash bar.
Return to port will be at 21:00.

Conference Dinner
The conference dinner promises to
be a special treat for any football
fans in attendance; the meal is being hosted in the Markus Liebherr
Lounge at St. Mary’s Stadium,
the home of Southampton F.C. The
dinner will start at 19:00 on the
10th September and should finish at
around 22:00. There is no dress
code; wear whatever you feel comfortable in. A cash bar will be available.
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Bullerwell Lecturer
The “Bullerwell Lecture” is an award that, since 1981, has been
bestowed annually by the British Geophysical Association to “an
outstanding, young British geophysicist” for significant contributions
to the field of geophysics. This year’s recipient is Prof. Tim Wright,
from the University of Leeds.
Tim graduated with a Natural Sciences degree from Emmanuel College, University of Cambridge in 1995. Subsequently he obtained a
M.Sc. in Remote Sensing at the University of London (intercollegiate:
UCL, Imperial College) in 1997. He then went to the University of
Oxford where he completed his Ph.D. titled: "Crustal deformation in
Turkey from synthetic aperture radar interferometry" in 2001. Tim
remained at the University of Oxford until 2006, initially as a NERC
Postdoctoral Research Fellow and then as a Royal Society Research
Fellow. Since 2006 Tim has been at the University of Leeds, initially
as a Royal Society University Research Fellow before becoming
Professor of Satellite Geodesy in 2012. Research highlights include
the first measurement of inter-seismic strain using InSAR and
his work on the 2005-2010 Afar rifting episode. Additionally Tim
has investigated of a series of major earthquakes using geodesy,
seismology and geomorphology. He will be presenting the 2015 BGA
Bullerwell lecture, "The Earthquake deformation cycle and seismic
hazard in the continents" at this year’s BGA Postgraduate Research
in Progress Meeting.
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Bullerwell Lecture Abstract
We are pleased to announce that Tim Wright will be presenting the
following talk on Thrusday 10th :
Reliable assessment of hazard from short-term geodetic observations requires physical models that can explain any time-dependent
surface deformation. In this lectures, I will review the observations,
show models that are consistent with all the data, and discuss the
implications for the mechanics of fault zones and the strength of the
continental lithosphere. The last twenty years has seen a dramatic
growth in our ability to measure surface deformation in fault zones
using satellite geodesy. Collectively, these observations require any
successful model to be capable of producing rapid postseismic deformation transients that decay with a 1/t dependency, and steady strain
focussed in relatively narrow regions around the fault later in the cycle.
I will show that these observations require (i) the lower crust outside
of fault zones to have a viscosity greater than ∼ 1020Pa·s, (ii) a region beneath the seismogenic upper crust that can respond rapidly to
a stress perturbation. Rapid postseismic relaxation can occur through
afterslip on a downward continuation of the fault, or by viscoelastic relaxation in a weak zone beneath the fault. If the relaxation is occurring
viscoelastically, explaining the 1/t dependency requires a non-linear
power-law relationship between stress and strain, and/or a viscosity
that varies spatially due to temperature. It has been shown that such
rheologies concentrate lower-crustal shear into narrow zones, a few
kilometres wide. A model with narrow shear in the lower crust beneath major faults is also consistent with geological observations and
results from a recent seismic experiment on the North Anatolian Fault
conducted by the University of Leeds with Turkish partners at Kandilli
Observatory and Sakarya University. I will conclude by discussing the
implications of this synthesis for the use of satellite geodesy for seismic hazard assessment, the mechanics of continental deformation,
and the strength of the continental lithosphere, and by speculating on
the future of geodetic observations in the coming era of big data.
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Invited Speakers
In addition to the Bullerwell Lecture, we will also be very privileged
to hear from two invited speakers: Dr. Gareth Collins of Imperial
College London, and Prof. Jason Morgan of Royal Holloway,
University of London.
Gareth Collins graduated with a geophysics degree from the university of Liverpool in 1998. He then went to Imperial College to study
for his Ph.D. titled: “Numerical Modelling of Large Impact Crater Collapse”. He then travelled to the University of Arizona and spent two
years as a research associate at the Lunar and Planetary Laboratory.
In 2004, Gareth returned to Imperial as a Postdoctoral researcher
fellow, he rose through the ranks and is now a reader in planetary science. Gareth’s research spans a wide range of impact themed topics,
from the Chicxulub impact crater to impacts in the very early solar
system. His talk will focus on his research into the moon’s craters
and how direct observations can be combined with numerical models.
Jason Phipps Morgan has previously worked on the geodynamic
modeling and marine geophysical observation of deformation and
melting at rifts (Reston and Phipps Morgan, 20043, Pérez-Gussinyé,
Phipps Morgan, Reston and Ranero, 2006), ridges (Phipps Morgan
and Chen, 1993; Thiessen-Krah et al., 2011), hotspots (Yamamoto et
al., 2007; Phipps Morgan et al., 2012), and subduction zones (Hasenclever et al., 2011). He has had 15 years of deep sea marine geophysics experience working as a Professor at the Scripps Institution
of Oceanography and Director of the Geodynamics Department of
the GEOMAR Research Institute in Kiel. His current research focuses on the development of 3-D parallel finite element codes for
deformation for numerical experiments exploring the dynamics of the
mantle-asthenosphere-lithosphere system and coupled deformation,
fluid flow, and serpentinization.
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Programme
Wed 9th Sept
17:30
18:45
21:00-22:00

OPTIONAL: Meet at the Pitcher and Piano
Board the Princess Caroline
Alight from Princess Caroline

Thur 10th Sept
08:00
08:45
09:15
09:30
10:30
11:00
12:00
13:00
14:00
14:40
15:30
16:00
17:20
19:00

Breakfast in NOCS canteen
Registration and poster setup
Welcome
Oral Presentations A (x3)
Coffee
Oral Presentations B (x3)
Lunch
Bullerwell Lecture: Tim Wright
Talk from our sponsor
Poster Session
Coffee
Oral Presentations C (x4)
End of day
Conference dinner

Fri 11th Sept
08:00
09:00
10:20
10:50
11:50
12:35
13:35
14:15
15:35
16:00
16:30

Breakfast in NOCS canteen
Oral Presentations D (x4)
Coffee
Oral Presentations E (x3)
Invited speaker: Gareth Collins
Lunch
Invited speaker: Jason Morgan
Oral Presentations F (x4)
Poster Session
Awards and closing remarks
End of day
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Oral Presentation Schedule
Thur 10th Sept
A.1
A.2
A.3

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

Matthew Funnell
Adam Robinson
Chen Chen

B.1
B.2
B.3

11:00 - 11:20
11:20 - 11:40
11:40 - 12:00

Tom Hall
Alistair Boyce
Mitchell Liddell

C.1
C.2
C.3
C.4

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

Simon Libby
Richard Delf
Fred Richards
Louise Hawkins

D.1
D.2
D.3
D.4

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

Luke Wedmore
Ryan Lloyd
Finnigan Illsley-Kemp
Robert Green

E.1
E.2
E.3

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

John Emeana
Ben Maunder
Chandra Taposeea

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

14:15 - 14:35
14:35 - 14:55
14:55 - 15:15
15:15 - 15:35

Laurence Cowton
Kelvin Amalokwu
Bedanta Goswami
Sourav Sahoo

Fri 11th Sept
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BGA PGRiP 2015 - Oral Presentation A.1

09:30 Thursday 10th Sept

Crustal Structure and Flexural Characteristics of the
Louisville Ridge and Tonga-Kermadec Subduction System
Matthew J. Funnell1 , Christine Peirce1 , Wanda R. Stratford1 , Anthony B. Watts2 ,
and Ingo Grevemeyer3
1. University of Durham, Durham, U.K.
2. University of Oxford, Oxford, U.K.
3. GEOMAR Helmholtz Centre for Ocean Research Kiel, Kiel, Germany

Pacific oceanic lithosphere has been subducting along the Tonga-Kermadec Trench for at
least 28 Myr. Variations in the sediment thickness, subduction angle, and roughness of the
subducting plate over this time have controlled deformation along the Tonga-Kermadec
forearc. This constant process of forearc evolution has been punctuated since at least
7 Ma by the subduction of seamounts, as the trench-oblique Louisville Ridge Seamount
Chain (LRSC) migrates southward along the trench. The subduction of these seamounts
appears to be associated with accelerated tectonic erosion, the tilting of sedimentary
units and ∼80 km of forearc shortening north of the present-day collision zone at
∼26o S. South of this collision zone, the overriding and subducting plates appear to be
undergoing processes and exhibiting structures expected of normal Pacific plate subduction.
In 2011, a suite of geophysical data was acquired to image the crustal and upper mantle
structure across the LRSC and Kermadec forearc with the aim of: a) establishing the
degree of seamount isostatic compensation and the nature of crustal and sub-crustal
support at the northwestern end of the LRSC; b) resolving the flexural state of the
overriding and underthrusting plates in regions of normal subduction and at the point
of LRSC-collision; and from these c) determine the primary influences on the flexural
behaviour and nature of deformation in the underthrusting and overriding plates along
the Tonga-Kermadec subduction system.
From the 2011 acquisition, swath bathymetry data, multichannel seismic reflection profiles,
and an initial wide-angle refraction seismic model across the LRSC and the Kermadec forearc, south of the present-day collision zone, are presented to reveal the structures associated
with differing modes and extents of forearc deformation across the seamount-trench collision zone. The sub-seabed imaging data are also used to determine the internal structure
and support mechanisms for the LRSC seamounts closest to the subduction zone, and to
show how the flexure of the subducting plate varies as individual seamounts are subducted.
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BGA PGRiP 2015 - Oral Presentation A.2

09:50 Thursday 10th Sept

Crustal and Upper Mantle Structure of the Louisville Ridge
Seamount Chain
Adam H. Robinson1 , Christine Peirce1 , Anthony B. Watts2 , Ingo Grevemeyer3
1. Department of Earth Sciences, Durham University, South Road, Durham U.K.
2. Department of Earth Sciences, South Parks Road, Oxford, U.K.
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, ultramafic material at the pre-existing Moho, and the second characterised by lower
density, mafic material being vertically intruded to shallower depths within the crust. The
age of the underlying seafloor at the time of seamount emplacement is thought be to a
controlling factor on the internal structure, as the vulnerability of the crust to a point
source of excess magmatism may depend on thickness and temperature structure, both
of which are controlled by age. Additionally, the structure and nature of formation of
seamounts has been suggested to be a potential factor in their tendency for subduction, as
this may impact on their coupling to the plate surface on which they were erupted, and
their mode of isostatic compensation. The 4300 km Cretaceous-Cenozoic Louisville Ridge
Seamount Chain (LRSC) intersects the Tonga-Kermadec subduction zone at ∼26o S, where
is it subducted beneath the Indo-Australian Plate. At this intersection point, the LRSC is
located proximal to the Osbourn Trough, an E-W striking extinct oceanic spreading centre.
Attempts to constrain the spreading rate and age of cessation of the Osbourn spreading
centre have suggested that the seafloor underlying the LRSC in this region is 10 Ma older
than the seamounts. The oldest extant seamount has been dated to ∼ 77 -79 Ma. Multichannel seismic (MCS) reflection, wide-angle (WA) seismic refraction, gravity, magnetic,
swath bathymetry, and Parasound sub-bottom imaging 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 ∼500 km of the extant LRSC. The initial model is developed using MCS data to
determine the sediment thickness, and this is underlain by a representation of standard
Pacific oceanic crust and upper mantle as a starting point. Once the final, best-fit forward
model is achieved, independent inversion of picked WA travel times will be performed to
test model uniqueness and resolution. The velocity-depth model will also be converted
to density, and the gravity anomaly calculated and compared with the observed free-air
anomaly. We present an in-progress model for the LRSC and pre-subduction crust, from
which we can determine if the LRSC displays any along-ridge variation in crustal structure
or magmatic underplating. Future work will extend the WA model into the overriding plate
in order to understand how it 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, post-collisional forearc uplift. Constraint on the three-dimensionality and
interpretation of structures will be provided by additional profiles acquired perpendicular
to the LRSC and from adjacent parts of the trench.
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BGA PGRiP 2015 - Oral Presentation A.3

10:10 Thursday 10th Sept

Seismic Structure of the Crust and Upper Mantle of
Porcupine Basin from Wide-Angle Data
Chen Chen1,2 , Louise Watremez1 , Manel Prada3 , Tim Minshull1 , Rose Edwards2 ,
Brian O’Reilly3 , Tim Reston4 , Gerlind Wagner5 , Viola Gaw5 , Dirk Kläschen5 ,
Patrick Shannon6
1. University of Southampton, Southampton, U.K.
2. National Oceanography Centre, Southampton, U.K.
3. Geophysics Section, Dublin Institute of Advanced Studies, Dublin, Ireland
4. School of Geography, Earth and Environmental Sciences, University of Birmingham,
Birmingham, U.K.
5. Geomar Helmholtz Centre for Ocean Research, Kiel, Germany
6. School of Geological Sciences, University College Dublin, Dublin, Ireland

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. It formed during the opening of Atlantic Ocean, around Mid-Late Jurassic
time. A geological feature named Porcupine Median Ridge (PMR) is identified at the
southernmost part of the basin. However, the origin of PMR has remained debated, with
serpentinization, volcanic activity and crustal faulting being suggested. Previous studies,
mainly using seismic reflection and gravity data, show an increasing stretching factor from
north to the south (from less than 1.5 to greater than 6). Wide-angle seismic data acquired
along a ca. 100 km long profile across the basin axis yield new insights into the crustal and
upper mantle structure. During this study, both refractions and reflections recorded by the
OBS are used to perform a joint travel-time inversion, and a 2D P-wave velocity model
has been obtained which contains information about the sedimentary, crustal and upper
mantle structure. Multi-channel seismic data have been used to constrain the accuracy of
all the seismic phases. The tomographic model is consistent with the forward modelling
result. Analysis of the velocity features from both models reveals the crustal thickness
at the south Porcupine Basin is up to 12 km in the middle of the basin, then gradually
decreases to 4 km under the PMR. Thus, the stretching factor is lower than that inferred
from former studies. Based on the results, we discuss the rifting process and the geological
nature of the PMR. 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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BGA PGRiP 2015 - Oral Presentation B.1

11:00 Thursday 10th Sept

A 3D Passive Model of Central Sumatra from Simultaneous
Inversion of Local and Teleseismic Source Data.
Thomas R. Hall1 , Nicholas Harmon1 , Timothy Henstock1 , Lisa McNeill1
1. National Oceanography Centre, University of Southampton, Southampton, U.K.

The Australian plate subducts beneath the Sunda plate at rate of ∼60mmyr−1 of the
coast of Sumatran. The subduction zone has created many devastating earthquakes in
recent history, e.g the 2004 9.3Mw event. The zone shows distinct segmentation along
strike with segments periodically rupturing throughout time. Central Sumatra contains
two segments of the subduction zone and is an ideal area to look at subduction mechanics
as the two segments are at different stages in there seismic cycle. During 2008 -2009 a
temporary seismic array was deployed to central Sumatra. The network comprised of 52
seismometers, of which 10 were ocean bottom seismometers, and covered the forearc islands
of Nias, Siberut and the Batu islands and extended to the Great Sumatran fault on the
mainland. From this data a tomography study was conducted. Local tomography studies
are often limited in resolving the slab and sub-slab mantle due to the limitations of local
events. We modify the program Simulps to jointly invert local and teleseismic arrival times
to derive P and S wave velocity structure based on 651 local events and 88 teleseismic
events. We present Vp and Vp/Vs models of central Sumatra as well as relocating the local
events in the new velocity model. From the results higher resolution images of the shallow
subducting slab are obtained showing a definitive boundary between the subducting crust
and its subducting lithosphere, as well as new insights into the features of the Sumatran
forearc region. Local hypocentre locations are compared to pre-existing tectonic features
and previous rupture areas.
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BGA PGRiP 2015 - Oral Presentation B.2

11:20 Thursday 10th Sept

P and S Wave Tomography of Southeast Canada: Insights
into Mantle Development and Evolution from Archean to
Phanerozoic Times
Alistair Boyce1 , Ian Bastow1 , Fiona Darbyshire2 , Alex Ellwood1 , Amy Gilligan1 ,
Vadim Levin3 , William Menke4
1. Department of Earth Science and Engineering, Imperial College, London, U.K.
2. Centre de Recherche GEOTOP, Université du Québec à Montréal, Montreal, Quebec, Canada
3. Rutgers University, Department of Earth and Planetary Sciences, Piscataway, NJ, U.S.A.
4. Lamont-Doherty Earth Observatory of Columbia University, Palisades, NY, U.S.A.

Whether the tectonic processes seen today at plate boundaries are analogous to those on
the young, hotter, more ductile Earth of the early Precambrian is still widely debated.
Extensive slab melting and other Archean processes, such as the extraction of komatiitic
magmas, caused large-scale lithospheric depletion, resulting in a buoyant cratonic core
able to survive multiple Wilson cycles. The cratons are characterized by a thick (>200
km), seismically fast keel, which is readily identified on tomographic images.
The Laurentian keel beneath North America does not fit easily within the Archean model
of formation; the lithospheric root is thought to persist beneath both the Superior craton
and the younger Proterozoic Grenville province in southeast Canada, suggesting that keel
formation may not have been restricted to Archean times.
In order to address this issue we present a P and S wave relative arrival-time tomographic
study using data from seismograph networks in SE Canada and the NE US, stretching
from the southern tip of Hudson Bay within the Superior craton to the coastal Phanerozoic
Appalachian terranes. 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. We observe a linear low-velocity feature
resulting from modification of the Laurentian keel by the passage of the Great Meteor
hotspot. This feature is progressively offset southwestward with depth, potentially due
to viscous coupling with mantle flow. No major plate-scale underthrusting during the
Grenville Orogeny is apparent, which contradicts the inferred results from crustal seismic
reflection and refraction studies. Our results support the developing consensus that keels
form in two stages: a chemically depleted core of Archean age followed by a thermally
developed, less-depleted lithosphere during Proterozoic times, highlighted by an abrupt
wavespeed contrast in the tomographic images.
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BGA PGRiP 2015 - Oral Presentation B.3

11:40 Thursday 10th Sept

Precambrian Processes, the Trans-Hudson Orogen, and
Cratonic Keels: Insights from Teleseismic Tomography in
Northern Hudson Bay, Canada
M.V. Liddell1 , I. Bastow1 , N. Rawlinson2 , A. Gilligan1 , F. Darbyshire3 , M.
Kendall4
1. Imperial College London
2. University of Aberdeen
3. Université du Québec à Montréal
4. University of Bristol

Earth conditions in the Precambrian, and their effect upon the formation of cratons
and orogenies from that era, are not fully understood. For example, the precise onset
of modern plate tectonics remains ambiguous; it has been hypothesised to have begun
anywhere from ∼4.1Ga (Hopkins, 2008) to ∼1Ga (Stern, 2005). Also, the exceptional
depth to which fast wave-speed and geoid anomalies extend beneath some cratons points
to the existence of thick “cratonic keels”, the origin of which remains unexplained. To
improve our understanding of the early Earth processes, geological evidence preserved
within ancient plates that have remained largely unchanged since the Precambrian can be
used. The rocks of northern Hudson Bay include Archean domains, the Paleoproterozoic
Trans-Hudson Orogen (THO), and lie atop one of the largest cratonic keels on Earth (Bastow et al., 2013), making this region an ideal laboratory for study of Precambrian processes.
Here, we use seismological data recorded at Canadian POLARIS and Hudson Bay Lithospheric Experiment (HuBLE) stations to perform a relative arrival-time study of northern
Hudson Bay region and the THO. Waveforms are aligned using the adaptive stacking routine of Rawlinson et al. (2004), and inversions are produced using the Fast Marching
Tomography (FMTOMO) inversion code of Rawlinson et al. (2006). Our inversions provide an improved velocity model of the lithosphere and upper mantle of northern Canada,
suggesting updated boundaries between lithospheric blocks at mantle depths and constituting new body-wave constraints on their structure. The results are used to address a
number of outstanding questions regarding the processes that formed the THO and the
Laurentian Keel of North America.
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BGA PGRiP 2015 - Oral Presentation C.1

16:00 Thursday 10th Sept

Forward Modelling Halokinesis around the Eratosthenes
Seamount
Simon Libby1 , John Underhill1
1. Heriot-Watt University

The Eratosthenes ‘Seamount’ (ESM) is a spectacular bathymetric feature located in the SE
Mediterranean Sea ∼100 km south of Cyprus. Although originally interpreted to represent
a volcanic seamount, more recent analysis suggests that it is a continental fragment capped
by a drowned carbonate platform. The bathymetric high is bordered on 3 sides by an
anomalous depression (moat) which is defined by an external escarpment. The feature has
been interpreted by various workers as having been formed due to the effects of normal
faulting, strike slip motion, gravity sliding of supra-evaporite sediments causing thrusting
and the dissolution of underlying evaporites. This interpretation disparity is due in part
to poor imaging of the evaporites that underlie the sediment around the moat. The high
velocity of the evaporites relative to the surrounding sequences ‘pulls’ the underlying reflectors up on time migrated seismic and therefore is not representative of the geological reality.
In this study, interpretation of pre-stack depth migrated seismic data suggest that the moat
escarpment represents the limit of gravity driven translation of Messinian evaporites with
supra-salt sediment translation only a secondary driver of the moat’s formation. To test
this hypothesis a numerical model was constructed to forward model evaporite translation.
This 2D model is derived from a 1D model published by Peel (2014) and shares the same
mechanical underpinnings whereby lateral geostatic pressure gradients acting on mobile
evaporites are used as a proxy for evaporite flux. Poiseuille flow is assumed within the
salt (proportional to the cube of salt thickness), and sedimentation and sediment strength
are simulated in addition to halokinesis. The model output shows that formation of a
moat around the Eratosthenes Seamount can be modelled to occur without translation of
overlying sediments, lending credence to the initial hypothesis.
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BGA PGRiP 2015 - Oral Presentation C.2

16:20 Thursday 10th Sept

Seismic Attenuation within the Ice of Pine Island Glacier,
West Antarctica and Implications for Ice Dynamics
Richard Delf1 , Andy Smith2 , Alex Brisbourne2 , Ed King2 , Roger Clark1 , Graham
Stuart1
1. School of Earth and Environment, University of Leeds, U.K.
2. British Antarctic Survey

Seismic P-wave attenuation within polar ice is a proxy for the ice’s temperature, whilst its
effects on measured seismic reflection data, if not compensated for, degrade the accuracy
of seismic-derived estimates of sub-glacial conditions. Determining the attenuation-depth
profile is therefore of direct benefit to quantitative analysis of seismic reflection surveys
for sub-glacial properties, and offers a non-invasive means of providing temperature-depth
profiles of polar ice sheets and glaciers.
Two parallel seismic profiles were acquired at adjacent locations on Pine Island Glacier,
separated by less than 2 km, a distance over which changes in ice properties would not
normally be expected. However, co-incident radar coverage shows internal reflections that
dip markedly between these two profiles, possibly indicating temperature variations within
the ice, with implications for the ice flow and its history. Radar and seismic properties
are not necessarily related, but differences in attenuation at the adjacent locations would
imply localised temperature variations within the ice.
Seismic P-wave attenuation has been derived from changes in frequency content of reflected
arrivals with source-receiver offset, i.e. travel path length. We have applied spectral
ratio techniques to pairs of reflections from the bed and from within the ice to determine the
seismic attenuation within the
ice column, and thus the
temperature-depth profile in the
ice: it indicates temperatures
are lower than expected compared to a continental scale
thermal model. Variations in
attenuation are also observed
between the survey lines. A
lower temperature profile is consistent with basal melting upstream of the survey location,
resulting in drawdown of cold,
shallower ice towards the bed
over a small area.
In such
a case, basal melting can be
attributed to geothermal heat
sources upstream of the survey
location.
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BGA PGRiP 2015 - Oral Presentation C.3

16:40 Thursday 10th Sept

The Cenozoic Evolution of Dynamic Topography in
Peninsular India
Fred D. Richards1 , Mark J. Hoggard1 , Nicky J. White1
1. University of Cambridge, U.K.

Despite its remoteness from convergent plate boundaries, the relief of Peninsular India
exhibits strongly asymmetric relief with a clear long-wavelength (>1000 km) eastward tilt
from the Western Ghats escarpment (∼1000 -1500m amsl) down to the floodplains of the
Mahanadi, Krishna, Godavari and Cauvery rivers. Residual depth measurements from
the ocean basins surrounding the peninsula display the same asymmetry and spatially
correlate with upper mantle (<500 km) shear wave velocity anomalies. Peninsular
topography deviates substantially from isostatic equilibrium while the 9.3 km (-2.2
km/+3.8 km) effective elastic thickness of the region generates flexural wavelengths that
are incompatible with the dominant topographic trend. These observations strongly
suggest that convective circulation in the Earth’s upper mantle is responsible for the
present first-order relief of the Indian Peninsula.
To determine the age of this topographic configuration, we have jointly inverted large inventories of longitudinal river profiles, calibrating our models against published U-Th/He
thermochronology, palaeosurface incision and sediment flux data. Our results suggest that,
following a period of topographic quiescence in the Early-Middle Eocene, the eastward tilt
grew slowly from 40 Ma -25 Ma (<0.02 mm/yr), with uplift rates then accelerating from
25 Ma onwards (<0.2 mm/yr). This Neogene acceleration is reflected by contemporaneous
shifts in the stratigraphic architecture of Indian margins: on the west coast, regional unconformities document recent uplift and erosion; while on the east coast, a major switch
from progradation to aggradation points to rapid subsidence and increasing accommodation space. The onset of rapid uplift predates the intensification of the Indian monsoon at
8 Ma indicating that climate change has played a secondary role in the development of the
relief of the peninsula. We therefore propose that the long-wavelength tilt of Peninsular
India was generated by late Cenozoic changes in upper mantle circulation.
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Long-term Geomagnetic Field Variation and its Relation to
Whole-mantle Convection; was the Geomagnetic Field Weak
and Unstable Preceding the Permo-Carboniferous
Superchron?
L. Hawkins1 , A. Biggin1 , R. Duller1 , M. Hill1 , V. Shcherbakova2 , T. Anwar3 , J.
Holt1 , V. Shcherbakov2 , V. Kravchinsky3 , A. Shatsillo4 , V. Pavlov4
1. Department of Earth, Oceans and Ecological Sciences, University of Liverpool, U.K.
2 Geophysical Observatory, Borok, Russian Academy of Sciences
3. Department of Physics, University of Alberta, Edmonton, AB, Canada
4. Institute of Physics of the Earth, Russian Academy of Sciences

Analysis of the palaeomagnetic record for the past 300 million years (Myr) indicates that
the Earth’s geomagnetic field fluctuates on the order of 10 -100 Myr. It has been hypothesised that this behaviour is related to changes in the total heat flow and the spatial pattern
of heat flow across the core-mantle boundary (CMB), controlled by whole-mantle convection. Numerical modelling suggests that increasing the total heat flow, heat flow at low
latitudes or both results in an increased frequency at which the geomagnetic field reverses
and a reduction in field strength. Observations reveal a peak reversal rate in the Middle
Jurassic (∼170Myr), associated with a weak geomagnetic field, and a strong field during
a period of no reversals, or Superchron, during the Cretaceous (84 -121Myr). The aim of
this project is to extend the palaeomagnetic record back to 400Myr to determine if these
variations in field behaviour are still evident. This will include microwave and thermal
palaeointensity experiments on samples from Russia and Scotland to determine the field
strength and magnetostratigraphy on Scottish sedimentary successions to determine the reversal frequency. Initial results for the Russian samples indicate that between 360 - 410Myr
the field may have been an order of magnitude less than the present day field. These observations suggest the field was weak ∼50Myr before the onset of the Permo-Carboniferous
Superchron (262 - 318Myr). This transition in field behaviour is similar to that from the
Middle Jurassic to the Cretaceous, suggesting periodic fluctuations in field behaviour due
to whole-mantle convection extended back to this time.
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Coulomb Stress Changes and Fault Interactions in the
Central Apennines, Italy, Using a 660-year Record of
Historical Earthquakes.
Luke N.J. Wedmore1 , Joanna F. Walker1 , Gerald Roberts2 , Peter Sammonds1 ,
Ken McCaffrey3 , Patience Cowie4
1. Institute for Risk and Disaster Reduction, University College London, U.K.
2. Department of Earth and Planetary Science, Birkbeck College, University of London, U.K.
3. Department of Earth Sciences, Durham University, U.K.
4. Department of Earth Sciences, University of Bergen

Modelling fault interactions using realistic fault geometries is challenging due to the
poor availability of long earthquake records that are needed to explore the effects of
stress changes caused by multiple earthquakes. This is particularly the case in low
strain-rate continental areas. Moreover, in such areas, the density and complexity of
the fault distribution makes understanding how faults are interacting with each other a
key constraint on seismic hazard. In the central Apennines, Italy, 27 well-constrained
historical earthquakes extending back to 1349 AD, on faults with known geological slip
rates, allow us to test models of fault interactions and understand how Coulomb stress
changes due to these earthquakes affect the timing and location of future events.
The central Apennines has complex sets of NW-SE striking normal faults, distributed
across the topographic high of the Apennines mountain chain. Historical earthquakes
since 1349 have clustered along the northeast side of the fault system whereas Holocene
averaged strain-rates are distributed more evenly. To understand how such clustering can
occur, we model the Coulomb stress changes caused by each of the 27 large earthquakes
since 1349 and resolve the stress changes onto all faults in the region. Our model includes
interseismic loading stresses over this period, where stress accumulates due to a shear
zone beneath the seismogenic portion of each fault which is constrained by over 100
measurements of fault slip-rate. Field mapping and measurements from frictional wear
striae on bedrock fault scarps are used to control fault geometry and kinematics in our
model.
We find that in the first instance, earthquakes occured on faults where the net accumulation of stress was positive over the time period modeled. However, interseismic Coulomb
stress accumulation on the order of 10−3 MPa/yr dominates over triggering of subsequent
earthquakes by co-seismic Coulomb stress increases which are on the order of 10−2 -10−1
MPa. In contrast, co-seismic Coulomb stress decreases, which affect faults across strike
from earthquake ruptures, are more pervasive and can lead to changes in earthquake recurrence on the order of 102 -103 years. Additionally, we show that the ability of a fault to
interact with other faults is strongly controlled by the length of the fault in question.
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The Influence of Pre-Existing Structures on Magmatic and
Hydrothermal Processes: Geophysical Evidence from
Corbetti Caldera, Main Ethiopian Rift
Ryan Lloyd1 , Juliet Biggs1 , Matt Wilks2 , Mike Kendall2
1. COMET, School of Earth Sciences, University of Bristol, U.K.
2. School of Earth Sciences, University of Bristol, U.K.

Pre-existing structures, such as faults, in volcanic settings are understood to have an important role in the formation of elliptical magma chambers, and hence elliptical calderas.
However the role that these pre-existing structures have post caldera formation is poorly
understood. In this study we employ InSAR, seismology, magnetotellurics and a topographic assessment to identify a pre-existing structure that cross-cuts Corbetti Caldera,
an elliptical caldera in the Main Ethiopian Rift (MER). We identify a sharp gradient in
deformation and resistivity, and linear patterns of seismicity and eruptive vents that align
with the caldera long axis. We also identify distinct deformation sources beneath the two
centres of resurgent volcanism within the caldera that also lie along this structure. From
these observations we conclude that post caldera formation, pre-existing structures continue to influence magma migration and the hydrothermal system over a continuum of
timescales. Cross-rift structures also play an important role in mid-ocean ridge settings,
and we here discuss how these structures might control the localisation of strain and magmatism at developing continental rifts. We discuss three possible hypotheses of the origin
of this structure: whether it is the ring-fault of a larger caldera, whether this is a reactivated basement structure or whether it is a normal fault associated with the nearby
triple-junction.
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Seismicity of an Incipient Oceanic Spreading Centre in
Northern Afar
Finnigan Illsley-Kemp1 , Derek Keir1 , Jon Bull1 , Atalay Ayele2 , James Hammond3 ,
Michael Kendall4 , Ryan Gallacher1 , Thomas Gernon1 , Berhe Goitom4
1. National Oceanography Centre, University of Southampton, U.K.
2. Institute of Geophysics, Space Science and Astronomy, Addis Ababa University
3. Department of Earth Science and Engineering, Imperial College London, U.K.
4. School of Earth Sciences, University of Bristol, U.K.

The transition from continental breakup to seafloor spreading is characterised by voluminous intrusive and extrusive magmatic activity, focused along narrow rift segments.
The manner in which this magma is stored and transported within the crust is poorly
constrained. It is difficult to answer these questions by studying previously rifted continental margins, as the area of transition is buried deep beneath volcanic and sedimentary
sequences. Northern Afar presents a unique opportunity to resolve this problem, as it exposes subaerially the magma-rich transition from continental rifting to an oceanic spreading
centre. The region therefore acts as a laboratory in which the geological signatures of continental breakup can be investigated unambiguously. For two years, between 2011 and
2013, a seismic network of 20 seismic stations was deployed in the area. Presented here
are the hypocentral locations and local magnitudes of over 4500 earthquakes. Seismicity
is focused along the western border fault and at active volcanic centres. Magma pathways
beneath active volcanoes are clearly defined by seismicity spanning the entire crust. The
data allows for the development of a calibrated local magnitude scale for northern Afar
and provides an insight into the nature of seismic attenuation in the uppermost mantle. I
discuss the implications that these results have on our understanding of the distribution of
extension, melt storage and migration and upper mantle processes during the last stages
of continental rifting.
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Triggered Earthquakes Suppressed by an Evolving Stress
Shadow from a Propagating Dyke; Bárðarbunga Volcano,
Iceland
Robert G. Green1 , Tim Greenfield1 , Robert S. White1
1. University of Cambridge, U.K.

Large earthquakes can generate small changes in static stress: increases that trigger
aftershock swarms, or reductions that create a region of reduced seismicity - a stress
shadow. However, seismic waves from large earthquakes also cause transient dynamic
stresses that may trigger seismicity. This makes it difficult to separate the relative
influence of static and dynamic stress changes on aftershocks. Dyke intrusions do not
generate dynamic stresses, so provide an unambiguous test of the stress shadow hypothesis.
Here we use GPS and seismic data to reconstruct the intrusion of an igneous dyke that is
46 km long and 5m wide beneath Bárðarbunga Volcano, central Iceland, in August 2014.
Locations of earthquakes focussed at the leading edge of the dyke map out its northward
segmented propagation in short rapid bursts. Combining this with daily GPS solutions
we construct a time-dependant model of dyke opening. We find (Green et al. NatGeosci
2015) that during dyke emplacement, bursts of seismicity at a distance of 5 to 15 km were
first triggered and then abruptly switched off as the dyke tip propagated away from the
volcano. We calculate the evolving static stress changes during dyke propagation and show
that the stressing rate controls both the triggering and then suppression of earthquake
rates in three separate areas adjacent to the dyke. Our results imply that static stress
changes help control earthquake clustering. Similar small static stress changes may be
important for triggering seismicity near geothermal areas, regions being hydrofractured
and deflating oil and gas fields.
Green, R. G., Greenfield, T. & White, R. S., “Triggered earthquakes suppressed by an
evolving stress shadow from a propagating dyke”, Nature Geoscience, doi:10.1038/ngeo2491
(2015)
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The Thermal Regime Around Buried Submarine High
Voltage Cables
C.J. Emeana1 , J.K. Dix1 , T.J. Henstock1 , T.M. Gernon1 , C.E.L.Thompson1 , J.A.
Pilgrim2
1. Ocean and Earth Science, National Oceanography Centre, University of Southampton,
Southampton, SO14 3ZH, UK
2. Electronics and Computer Science, University of Southampton, Southampton, SO17 1BJ, UK

The expansion of offshore renewable energy infrastructure and the desire for “transcontinental shelf” power transmission, all require the use of submarine High Voltage (HV)
cables. These cables have maximum operating surface temperatures of up to 70o C and are
typically buried at depths of 1 -2m beneath the seabed, within the wide range of substrates
found on the continental shelf. However, the thermal properties of near surface shelf
sediments are poorly understood and this increases the uncertainty in determining the
required cable current ratings, cable reliability and the potential effects on the sedimentary
environments.
We present temperature measurements from a 2D laboratory experiment, designed to represent a buried, submarine HV cable. We used a large (2.5m high) tank, filled with watersaturated ballotini and instrumented with 120 thermocouples, which measured the timedependent 2D temperature distributions around the heat source. The experiments use a
buried heat source to represent a series of realistic cable surface temperatures with the
aim for identifying the thermal regimes generated within typical non-cohesive shelf sediments: coarse silt, fine sand and very coarse sand. The steady state heat flow regimes,
and normalised and radial temperature distributions were assessed. Our results show that
at temperatures up to 60o C above ambient, the thermal regimes are conductive for the
coarse silt sediments and convective for the very coarse sand sediments even at 7o C above
ambient. However, the heat flow pattern through the fine sand sediment shows a transition
from conductive to convective heat flow at a temperature of approximately 20o C above
ambient. These findings offer an important new understanding of the thermal regimes
associated with submarine HV cables buried in different substrates and has huge impacts
on cable ratings as the IEC 60287 standard only considers conductive heat flow as well as
other potential near surface impacts.
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Delamination of Mafic Crust Throughout Earth’s History
Ben Maunder1 , Jeroen van Hunen1 , Valentina Magni1 , Pierre Bouilhol1
1. University of Durham, U.K.

It is commonly accepted that the building of continental crust is linked to subduction zone
processes, but the refining mechanism isolating the felsic product from its basaltic counterpart, leading to a stratified crust, remains poorly understood. Upward delamination of
subducting material from the slab, its subsequent melting and segregation, with the felsic
part being underplated and added to the overriding crust from below has been suggested to
be a viable scenario.In this study we use thermo-mechanical numerical models of subduction
to explore the possibility of delamination of the mafic part of the slab crust and determine
the conditions that are required by varying key parameters, such as subduction speed and
angle, slab age, crustal thickness and density, overriding plate thickness, mantle temperature, depth of eclogitisation and the rheological properties for crustal and mantle material.
Our preliminary models demonstrate that, for present day mantle potential temperatures
and average slab crustal thickness, only the uppermost 2 - 3 km of mafic slab crust may
delaminate and only for extreme rheologies (i.e very weak crust) or very slow subduction
(∼2cm/yr convergence), making slab mafic crust delamination unlikely. Contrastingly, in
an early earth setting (High mantle temperature potential and thicker mafic slab crust) we
find that delamination of the subducting mafic crust is a dynamically viable mechanism
for a reasonable rheology under a wider range of subduction conditions and that when it
does occur, it can be much more extensive, with the entire crust able to delaminate from
the slab in some cases.
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Factors Affecting Initial Oceanic Crustal Thickness
Production in the Southern Segment of the South Atlantic: a
Numerical Modelling Approach.
C. Taposeea1 , N.G. Gyori1 , C. McDermott1 , J.J. Armitage2 , J.S. Collier1
1. Earth Science and Engineering Department, Imperial College, U.K.
2. Dynamique des Fluides Geologiques, Institut de Physque du Globe de Paris

To understand what generates along strike variation of volcanism at conjugate margins, we measure the thickness of earliest oceanic crust in the South Atlantic, south
of the Walvis and Rio Grande ridges. Thickened initial oceanic crust, seen at the
landward limit of the oceanic crust production along divergent passive margins, suggests
influence by increased mantle temperature, potentially originating from a mantle
plume present at breakup. At a similar scale to mantle temperature, variations in
lithosphere thickness can also enhance or reduce volcanism. Alternatively, evidence from
seaward dipping reflector distributions has recently suggested that segmentation plays
a major role in the pattern of volcanism during breakup, particularly in the South Atlantic.
In order to test these theories, we use measurements of initial oceanic crustal thickness
from a combination of published wide-angle and multichannel seismic profiles and
unpublished multichannel seismic profiles. A strong linear trendÂăwith a negative
correlation between initial oceanic crustal thickness and distance from hotspot centres,
defined as the commencement of Walvis and Rio Grande ridges, and having a regression
coefficient of 0.7, is observed. At 450 km south of the Walvis Ridge, earliest oceanic
crustal thickness is found to be 11.7 km. This reduces to 7.0 km in the south at a distance
of 1,420 km. Such a linear trend suggests rift segmentation, whilst still influential, only
plays a secondary role on volcanism during breakup.
To explore the cause of this trend, we use a 2D numerical model of extension capable
of predicting the volume and composition of melt generated by decompressional melting
during extension to steady state seafloor spreading. We explore the effect of both mantle
temperature and lithosphere thickness on melt production with a thermal anomaly (hot
layer) 100km thick located below the lithosphere with an excess temperature of 50 -200o C,
and lithospheric thickness ranging from 125 -140km covering the thickness range estimated
from tomographic studies.
By focusing on a set of key seismic profiles, we show a reduction in hot layer temperature
is needed in order to match observed oceanic crustal thickness, even when the effect of
north to south variations in lithosphere thickness are included. This model implies that the
observed oceanic thickness requires the influence of a hot layer up to 1,500km away from the
hotspot centre, with temperatures decreasing from 200 to 75o C from north to south. This
decrease in mantle temperature, also seen in published thermobarometry results, suggests
that temperature is the primary control of volcanism during breakup of the southern South
Atlantic.
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Volumetric Measurements of CO2 at the Sleipner Carbon
Storage Project from Time-lapse Seismic Reflection Surveys
Laurence Cowton1 , Jerome Neufeld1 , Nicky White1 , Mike Bickle1 , Jim White2 ,
Andy Chadwick2
1. Bullard Labs., University of Cambridge, U.K.
2. BGS, Keyworth, Nottingham, U.K.

Injected CO2 at the Sleipner carbon storage project is monitored primarily through threedimensional time-lapse seismic reflection surveys. The injected CO2 has been previously
shown to be trapped in nine distinct thin layers within the reservoir. Time-lapse seismic
reflection images acquired of the reservoir have been successfully used to measure changes
in lateral extent of these layers through time, but measuring the volume of CO2 trapped
within each layer has proven difficult. The vertical resolution of the seismic images is only
sufficient to directly measure CO2 -saturated layers thicker than 8m, yet the uppermost
CO2 layer of the reservoir is thought to be less than 10m thick. This vertical resolution
limit coupled with noise in the data has made estimating thickness of the layers difficult,
and has hence hindered our understanding of the fluid dynamics of the CO2 within the
reservoir. Here we present a new method to measure the thickness of thin, CO2 -saturated
layers by measuring relative changes in the seismic dataset between different years of the
time-lapse survey. Measurements of reflection amplitude from the top of the CO2 layer
are combined with measurements of changes in two-way-travel-time to the same reflector
between different years to give a unique estimate of CO2 -layer thickness. This method is
applied to the uppermost layer at Sleipner. Synthetic testing allows quantitative assessment of the uncertainty in CO2 thickness estimates introduced by noise and uncertainties
in seismic data, and to examine the region over which the method is valid. CO2 -layer
thickness is calculated for all time-lapse surveys, and temporal changes in the volume of
CO2 in the top layer are extracted. The flux of CO2 into the top layer is observed to be
growing at an increasing rate, and the implications for CO2 propagation throughout the
reservoir are discussed. The relationship between the thickness of CO2 and topography of
the structural trap for the top layer is also considered. These results provide a benchmark
against which to compare fluid dynamical models of CO2 flow through saline aquifers. The
improvement of our understanding of the flow of CO2 through saline aquifers is important
for the development and approval of future carbon storage projects.
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Water Saturation Effects on Fracture-induced Seismic
Anisotropy
Kelvin Amalokwu1,2 , Angus I. Best1 , Mark Chapman3,4 , Tim Minshull2 and
Xiang-Yang Li4
1. National Oceanography Centre, Southampton, U.K.
2. University of Southampton, National Oceanography Centre Southampton, Southampton, U.K.
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4. Edinburgh Anisotropy Project British Geological Survey, Edinburgh, U.K.

Studies have shown that seismic waves are strongly affected by the presence of partial gas
saturation and by the presence of aligned fractures, the latter causing seismic anisotropy.
This sensitivity makes it possible (in theory) to obtain fracture and fluid information from
seismic data. The combined effect of both is still poorly understood as little work has
been done on partial saturation effects in fractured rocks. P-wave anisotropy and shear
wave splitting (SWS) are commonly used methods for fractured rock characterization. In
anisotropic rocks fluid compressibility can affect shear wave propagation, causing fluiddependent shear wave splitting. P-wave anisotropy in fractured rocks is also known to
depend on saturating fluid. Fluid-dependent seismic anisotropy has been observed both in
field data and laboratory experiments and has been shown to be frequency-dependent due to
wave induced fluid flow mechanisms. The presence of partial gas saturation is also known
to affect elastic waves in a frequency-dependent way. Recent experimental results show
interesting water saturation (Sw ) effects on SWS at oblique angles and P-wave anisotropy.
We found that our experimental results could be explained by combining a frequencydependent partial saturation model and a frequency-dependent fractured rock model. These
findings could have important implications/applications for the seismic characterization of
fractured reservoirs containing gas.
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Resistivity Image Beneath an Area of Active Methane Seeps
in the Continental Slope of West Svalbard Margin
Bedanta K. Goswami1 , Karen A. Weitemeyer1 , Timothy A. Minshull1
1. Ocean and Earth Science, University of Southampton, U.K.

The Arctic continental margin contains large amounts of methane within hydrates. The
west Svalbard continental slope is one of the areas where active methane seeps have been
reported near the landward limit of the hydrate stability zone. The presence of bottom
simulating reflectors (BSRs) on seismic reflection data in water depths deeper than 700m
provides evidence for the presence of hydrate. Resistivity obtained from marine controlled
source electromagnetic (CSEM) data provides a useful complement to seismic methods
for detecting shallow hydrate and gas. We therefore acquired two CSEM lines in the west
Svalbard continental slope, extending from the edge of the continental shelf to water depths
of around 800m. High resistivities (5 -12 Ωm) observed above the BSR support gas hydrate
presence in deep water depths. High resistivities (3 - 4 Ωm) at 700 - 390m water depth also
suggest possible hydrate occurrence within the gas hydrate stability zone (GHSZ) of the
continental slope. Additionally, high resistivities (4 - 8 Ωm) landward of the GHSZ are
coincident with high-amplitude reflectors and low velocities reported in seismic data that
indicate the likely presence of free gas. High resistivities (6 -15 Ωm) mark the top of the
oceanic crust in the area.
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Effect of Methane Hydrate Saturation and Morphology on
the Geophysical Properties of Seafloor Sediments.
Sourav K. Sahoo1,2 , Angus I. Best1 , Laurence J. North1 , Tim A. Minshull2 ,
Gaowei Hu3
1. National Oceanography Centre, Southampton, U.K.
2. University of Southampton, National Oceanography Centre Southampton, Southampton, U.K.
3. Qingdao Institute of Marine Geology, Qingdao, Shandong 266071, China

Methane hydrates are ice like compounds of methane entrapped in a lattice structure of
water ice that are stable at high pressure and low temperature. Hydrates are considered
as a viable alternative source of energy, and have possible roles in climate change and
continental slope stability. Accurate estimation of amount and distribution of sub-seafloor
gas hydrates is essential for these studies. The presence of solid hydrate increases the
seismic wave velocity and attenuation of the sediment host. Generally, the presence of
hydrates is inferred by observation of bottom simulating reflectors on seismic reflection
profiles, but this cannot quantify hydrates. The use of seismic velocity anomalies in
particular has been used to quantify hydrates in marine sediments, based on physics
models relating hydrate content to velocity. These models need a suitable understanding
of the effect of hydrate on various sediment properties including porosity, elastic moduli,
density, grain packing, cementation, hydrate morphology and sediment mineralogy.
These effects are difficult to understand unambiguously from marine experimental data
alone because of spatial averaging and lack of information of the sub-surface. However, recent laboratory studies that have been helpful in understanding these effects and
for constraining marine data inversions for hydrate content and other properties of interest.
A further complication is that, as hydrate saturation increases, the morphology of the
hydrates can change too, and this has different effects on P wave and S wave velocity
and attenuation of the hydrate-bearing sediment. Initially, it is thought that the hydrate
cements the sand grains causing a rapid increase in both P and S wave velocity and attenuation, and then the rate of increase diminishes when hydrates start to form in the pore
space. We present novel laboratory experimental results aimed at quantifying these effects.
In an ultrasonic rig, up to 18% hydrate saturation was attained in a Berea sandstone sample to study changes in electrical resistivity, P wave velocity and attenuation and S wave
velocity and attenuation. The rate of increase of both Vp and Vs is higher initially, but then
decreases, which may mark the end of cementation. With increase in hydrate saturation,
both P and S wave attenuation increase, with maxima at a particular saturation (yet to be
determined). The results will be used to calibrate and develop rock physics models suitable
for use in marine seismic data inversions.
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Napa Valley Earthquake, 2014: An Opportunity to Shake-Up
Slip Inversion Methods
Ruth M.J. Amey1 , Andy J. Hooper1 , Jessica C. Hawthorne1 , Tim J. Wright1
1. COMET, University of Leeds, Leeds, U.K.

Modelling the slip distribution along fault planes is an essential part of earthquake
investigations. From a societal perspective, understanding slip distributions is important
for constraining seismic hazard, since patches that did not rupture in one earthquake
may fail in future events. From a scientific perspective, slip gives insight into earthquake
propagation, frictional and stress properties of a fault.
Earthquake slip can be determined using data from a variety of sources, with different
data offering different benefits. Satellite-borne Interferometric Synthetic Aperture Radar
(InSAR) provides spatially-dense coverage but poor temporal resolution, which can instead
be provided by seismology.
With the launch of ESA’s satellite Sentinel-1A in 2014, the scientific community is now in
a position to routinely investigate all large earthquakes using InSAR, and inverting for slip
is a crucial part of that procedure. However, in order for the slip inversions to be useful
we need to ensure that the inversion processes give results that are properly representing
the slip distribution.
There is growing evidence that faults show fractal properties, and that slip distribution
is best described by a von Karman distribution, which incorporates fractal properties
through the Hurst parameter. In such a distribution a geometry term allows for a different
correlation length in the along-strike and down-dip directions. This can be incorporated
into the slip inversion using a Bayesian approach and has more physical meaning than
standard regularisation methods.
Here we present the results of synthetic tests demonstrating the differences between
Bayesian slip inversions performed with and without von Karman smoothing. We then
apply these methods to the Mw 6.0 Napa Valley, California, earthquake of 24th August
2014, which was the first earthquake captured by Sentinel-1A.
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Spatio-temporal Properties of Seismic Noise Recorded by the
Aquistore Permanent Surface Array
Claire Birnie1 , Anna Stork2 , Lisa Roach1 , Doug Angus1 , Sebastian Rost1
1. University of Leeds, Leeds, U.K.
2. Bristol University, Bristol, U.K.

Synthetic datasets are commonly used to aid interpretation, test hypothesis and benchmark
seismic imaging algorithms. This allows confidence limits to be determined under which
these algorithms will perform. To mimic field data, noise is commonly added to these
synthetic datasets. This noise is often assumed stationary and modelled as white and/or
Gaussian. By assuming such a model, we do not account for the spatial and temporal
variations and trends observed within field data. Noise arises from a multitude of sources
ranging from well-site activity to meteorological effects, which cannot be accurately
represented as a single statistical phenomenon.
This study defines a noise classification scheme that systematically represents the observed
temporal and spatial variations and trends. We propose that for modelling purposes
noise should be represented as multiple phenomena dependent on their individual
spatio-temporal properties and split into the following noise classifications depending on
their temporal properties: stationary, non-stationary and pseudo-non-stationary noise.
A 3-month period of passive seismic data from the permanent surface array at the
Aquistore carbon injection site was used to investigate the noise present at the site.
Initial investigations focussed on mapping the spatio-temporal properties of seismic
energy at the injection site identifying both areas and times of heightened seismic energy.
Non-parametric statistics were performed on the total noise field using the first and
second mathematical moments to identify stationary and non-stationary components of
the noise field. Individual noise signals were identified from traffic, electrical interference
and drilling-activities and classified using the scheme previously defined based on their
individual properties in the time and frequency domain.
Future studies aim to provide further quantitative characterisation of individual noise signals and the total noise field focussing on non-stationary and non-linear properties with
the goal of mathematically recreating the noise field. The overall objective of this study is
to build a realistic noise model to be incorporated in the production of synthetic seismic
datasets.
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Continental Hyper-extension and Mantle Exhumation at the
Ocean-continent Transition, West Iberia: New Insights from
Wide Angle Seismic
R. G. Davy1 , T. A. Minshull1 , G. Bayrakci1 , C. A. Zelt2 , J. M. Bull1 , D.
Klaeschen3 , C. Papenberg3 , T. J. Reston4 , D. S. Sawyer5
1. University of Southampton, Southampton, U.K.
2. RICE University, Houston, TX, U.S.A
3. GEOMAR Helmholtz Centre for Ocean Research, Kiel, Germany
4. University of Birmingham, Birmingham, U.K.

Rifting and the subsequent breakup of continental lithosphere has given rise to the
magma-poor Deep Galicia rifted margin in the North Atlantic Ocean. Here, hyperextension of continental crust and has been accommodated by the rotation of continental fault
blocks, which are underlain by the S-reflector, an interpreted detachment fault, which
has exhumed serpentinised mantle peridotite. West of these features is the enigmatic
Peridotite Ridge (PR) which has been suggested to delimit the western extent of the
ocean-continent transition. An outstanding question at this margin is where unequivocal
oceanic crust begins, with little existing data to constrain this boundary and a lack of
magnetic seafloor spreading anomalies.
We present results from a 160-km-long wide-angle seismic profile, which encompasses
the S-reflector to the east, the PR, and the unidentified basement west of the PR.
This profile consists of 32 OBS/H recording wide angle seismic data from coincident
multichannel seismic surveying. Forward and inverse travel time tomography models
of the crustal velocity structure were produced using a range of algorithms, with the
best fit model having a RMS travel time misfit of 74ms, a χ2 of 1.06 and strong
correlation with the structure observed in seismic reflection images. East of the PR,
top of crust has a seismic velocity of ∼3.5 kms−1 and the S-reflector generally lies
between the 6.0 - 6.5 kms−1 velocity contours, giving a crustal thickness of 1.5 - 3.5 km
and an average velocity gradient of 0.75s−1 . Similarly, west of the PR we observe
a basement layer which is 3.0 - 4.0 km thick and has an average velocity gradient
of 0.95s−1 . High velocity gradients, and an absence of velocities typical of oceanic
layer 3 and of clear mantle reflections suggest the presence of exhumed, serpentinised
mantle peridotite west of the PR, which could be analogous to the large expanses of mantle peridotite exposed at the seafloor on the flanks of the ultra-slow Southwest Indian ridge.
Additionally, we present the early results of full waveform inversion performed on this wide
angle seismic dataset, showing an increased resolution of the velocity structure associated
with the S-reflector and the patterns of mantle serpentinisation beneath the detachment
fault.
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Seismic Oceanography in the Gulf of Mexico
Alex Dickinson1 , Nicky White1 , Colm Caulfield2,3 ,
1. Bullard Laboratories, University of Cambridge, U.K.
2. BP Institute, Cambridge, U.K.
3. Department of Applied Mathematics and Theoretical Physics, University of Cambridge, U.K.

Seismic oceanography describes the application of seismic reflection profiling, conventionally used to image the solid Earth, to imaging of the oceanic water column. Acoustic
energy generated in marine seismic surveys is reflected from impedance contrasts within
the water column and recorded at the sea surface. The acoustic impedance of seawater is
primarily controlled by temperature and salinity, and hence seismic oceanographic images
map thermohaline structure. Here, a seismic reflection survey collected in the Gulf of
Mexico is examined.
Thermohaline structure is observed in the top 1000 metres of the ocean, with seismic reflections suggesting interaction with the shallow bathymetry. The seismic data are compared
with collocated measurements of temperature and salinity, in the form of regional climatology datasets and conductivity-temperature-depth casts. The possibility of extracting the
local rate of oceanic diapycnal mixing (the transfer of properties across surfaces of constant
density) from the wave-number spectra of seismic reflections is also investigated.
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Earthquake Source Analysis using Multiple Data Sets: the
Importance of 3-D Earth Structure
Michael Frietsch1 , Ana M.G. Ferreira1 , Dina Vales2 , Gareth Funning3 , Fernando
J.R. Carrilho2
1. University College London, London, U.K.
2. Instituto Português do Mar e da Atmosfera, Lisbon, PT
3. University of California Riverside, Riverside CA, U.S.A.

Accurate earthquake source models are vital for reliable seismic hazard assessments and
active tectonics studies. Different data types from local seismic networks, stations at
teleseismic distances distributed all over the globe and geodetic data such as space-born
radar imagery (e.g. InSAR) and global positioning satellite systems provide complementary information about the earthquake’s source process. The combination of all these
different data types in source inversions can potentially reduce the non-uniqueness of
the inverse problem and reduce parameter trade-offs. Moreover, earthquake and Earth
structure models are intrinsically linked, since uncertainties in Earth structure can act as
a distorting lens in the source imaging process.
In this study we carry out earthquake point source inversions for four earthquakes in the
Azores islands region (Portugal) with magnitudes Mw 4.5 - 6.0 using local seismic and
teleseismic data. Moreover, we investigate the 21st February 2008, Mw 6.0 Wells earthquake
in Nevada, USA using teleseismic and InSAR data. Over ten different local and global
Earth models (1-D and 3-D) are used in our inversions, which lead to a large variability
in the retrieved source models for some of the events, notably for the lowest magnitude
earthquakes in the Azores. We discuss the implications of our results in terms of local
tectonics and earthquake source processes.
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Variations in Shear Wave Splitting Beneath Southern Arabia
and the Gulf of Aden
Ryan James Gallacher1 , Caroline Eakin1 , Derek Keir1 , Sylvie Leroy2 , Graham
Stuart3 , Nicholas Harmon1 , Ahmed Abdulhakim2,4
1. University of Southampton, Southampton, U.K.
2. Institut des Sciences de la Terre Paris, CNRS UPMC, Paris, France
3. School of Earth and Environment, University of Leeds, Leeds, U.K.
4. 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 and 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.
Splitting measurements bordering the Red Sea show North-South orientations that may
result from shallow aligned melt along the Red Sea or from variations in lower mantle flow.
Fast polarization directions of splitting measurements along the Northern margin of the
Gulf of Aden are rift parallel suggesting a shallow source such as rift related faulting might
be responsible. 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.
Upper mantle flow is likely vertical with splitting occurring either in the crust or the lower
mantle.
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Geophysical Analysis of Oceanic crustal Structure at ODP
Borehole 504B
Emma P.M. Gregory1 , Richard W. Hobbs1 , Christine Peirce1 , Dean J. Wilson1
1. Department of Earth Sciences, Durham University, Durham, U.K.

Fracture and fault networks in the upper oceanic crust influence the circulation of
hydrothermal fluids and heat transfer between crust and ocean. These fractures form by
extensional stresses, with a predominant orientation parallel to the ridge axis, creating
porosity- and permeability-derived anisotropy that can be measured in terms of seismic
velocity. These properties change as the crust ages and evolves through cooling, alteration
and sedimentation. The rate at which these changes occur and their effects on oceanic
crustal structure and hydrothermal flow patterns are currently not well constrained. The
NERC-funded OSCAR project aims to understand the development of upper oceanic
crust, the extent and influence of hydrothermal circulation on the crust, and the behaviour
of fluids flowing in fractured rock.
We show P-wave velocity models centred on DSDP/ODP Hole 504B, located ∼200 km south
of the Costa Rica Rift, derived from data acquired during a recent integrated geophysics and
oceanography survey of the Panama Basin. The data were recorded by 25 four-component
OBSs deployed in a grid, that recorded ∼10, 000 full azimuthal coverage shots fired by a
combined high and low-frequency seismic source. Both reflection and refraction data are
integrated to reveal the seismic velocity structure of the crust within the 25 km by 25
km grid. The down-hole geological structure of 6 Ma crust at 504B comprises 571.5m of
extrusive basalts overlying a 209m transition zone of mixed pillows and dikes containing
a clear alteration boundary, which grades to >1050m of sheeted dikes. Our model results
are compared with this lithological structure and other previously published results to
better understand the nature of velocity changes within seismic layer 2. The data provide
a 3D framework, which together with analysis of the S-wave arrivals and particle motion
studies, constrain estimates of the seismic anisotropy and permeability structure of the
upper oceanic crust as it ages.

37

BGA PGRiP 2015 - Poster

Crustal Structure at a Young Continental Rift: A Receiver
Function Study from Lake Tanganyika
Isabel Hodgson1 , Finnigan Illsley-Kemp1 , Ryan James Gallacher1 , Derek Keir1 ,
Cynthia Ebinger2
1. National Oceanography Centre Southampton, University of Southampton, Southampton, U.K.
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York, USA

Lake Tanganyika, in western Tanzania, spans a large section of the Western rift yet there are
very few constraints on bulk crustal and upper mantle structure. The Western rift system
has no surface expression of magmatism, which is in stark contrast to the Eastern branch.
This observation is difficult to reconcile with the approximately coeval initiation of rifting
of the two branches. The variation in the nature of rifting provides a perfect setting to test
current hypotheses for the initiation of continental breakup and early-stage development
of continental rifts. The deployment of a seismic network of 13 broadband instruments
on the south eastern shore of Lake Tanganyika, for 16 months, between 2014 and 2015
provides a unique opportunity to investigate extensional processes in thick continental
lithosphere. We present here results from a P to S receiver function study that provides
information on bulk crustal Vp/Vs ratio along the rift; a property that is sensitive to the
presence of magmatic intrusions in the lower crust. Additionally this method allows us to
map variations in crustal thickness both parallel and perpendicular to the rift axis. These
results thus provide unprecedented insight into the large-scale mechanics of early-stage
continental rifting along the non-volcanic Western rift.
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Influence of Sediment Permeability on Typical Temperature
Response Times of Submarine High Voltage Cables
T.J. Hughes1 , T.J. Henstock1 , J.K. Dix1 , J.A. Pilgrim2 , T.M. Gernon1 ,
C.E.L.Thompson1
1. Ocean and Earth Science, University of Southampton, Southampton, UK
2. Electronics and Computer Science, University of Southampton, Southampton, UK

Submarine high voltage (HV) cables are used to transmit large amounts of electrical
energy over long distances under the seafloor. They are used both to transmit electricity
generated from renewable sources offshore (e.g. offshore wind farms) back to consumers on
land, and as “interconnectors” that link the electricity networks of neighbouring countries
or regions. These cables are set to become increasingly important, due to the high levels
of recent investment into schemes of these types.
Some submarine HV cables are equipped with a distributed temperature sensing (DTS)
system for online temperature monitoring. This allows adjustments to be made to the
amount of current transmitted along the cable (maximising transmission potential) while
ensuring that a threshold tempearture of 90o C (above which the cable components
begin to thermally degrade much more rapidly) is not exceeded. It may be possible
to investigate whether or not conduction is the only mechanism by which heat can be
transferred through the surrounding sediment by inspection of in situ DTS data. If
there is an additional contribution to the dissipation of heat from convection, the time
taken to reach thermal equilibrium following a discontinuity in the amount of heat generated within the cable (resulting from a change in the transmitted current) will be reduced.
The permeability of a porous medium is largely responsible for determining the extent to
which convection can be supported within it. Consequently, the temperature response
time will be correlated with the sediment permeability. Transient finite element method
simulations have been developed to investigate the exact nature of the dependence of the
temperature response time on the sediment permeability, and whether acknowledging this
relationship may be beneficial in assessing whether all heat generated within HV cables is
dissipated by conduction.
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The Crust and Upper Mantle Structure of the Oman
Mountains: Implications for Foreland Basin Formation and
Ophiolite Emplacement.
Brook Keats1 , Prof. Tony Watts1 , Prof. Mike Searle1 , Dr. Mohammed Ali2
1. University of Oxford, Oxford, U.K.
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The Oman mountains host one of the best exposed and most extensively studied ophiolite
complexes in the world, the Semail Ophiolite. A section of oceanic crust up to 15 km
thick obducted on to the Arabian continental margin in the late Cretaceous. It is around
50 km wide and extends some 700 km south from the Musandam peninsula, through the
United Arab Emirates and into Northern Oman. The shallow subsurface structure of
the ophiolite is relatively well known, however little is known about the deeper crustal
structure beneath the mountain belt. The northern section of the ophiolite is flanked
by water on both sides, making it an ideal target for marine geophysics surveys. One
such survey was undertaken in 2014 by the Hawk Explorer, with gravity, magnetics,
bathymetry and reflection/refraction seismic data collected. This dataset is supplemented
by a network of seismometers, installed along two profiles straddling the mountain range
in the UAE section of the ophiolite. There are also plans to collect additional gravity and
magnetics data along these onshore transects, and a vibroseis refraction survey is planned
for early next year.
This project aims to investigate the deep crustal structure of the Oman mountains using
this comprehensive dataset. We hope to be able to image the base of the ophiolite with our
seismic refraction profiles, and map the offshore extent of the ophiolite to the east with the
magnetics dataset. We also hope to obtain new estimates for the total crustal thickness in
the region from both the refraction profiles and new receiver function analysis. We present
some preliminary results from the project, with a focus on the processing of the gravity
and magnetic data collected on the Hawk Explorer cruise last year.
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Variation in Breakup Architecture and Magmatism
Along-strike of South America’s South Atlantic Margin from
Deep Imaging Seismic Reflection Surveys
C. McDermott1 , H. Alhindi1 , J. Collier1 , L. Lonergan1 , P. Bellingham2
1. Department of Earth Science & Engineering, Imperial College London, U.K.
2. ION Geophysical, Egham

The continental margins of the southern segment of the South Atlantic have long been
considered magma-dominated, where magmatism is manifested as both extrusive seaward
dipping reflectors and heavily intruded lower crust or “underplated crust”. Current
interpretations suggest that the tectonic and magmatic architecture of these margins is
segmented along-strike. However, this interpretation is based on very few wide-angle
seismic profiles and relies heavily on regional 2D time migrated seismic reflection data,
imaging to just 8 -10s TWT. These data are often not deep enough to image the base of
the seaward dipping reflectors let alone any lower crustal bodies.
This project utilises >18, 000 km of 2D regional multichannel seismic reflection data,
acquired by ION-GXT along offshore Argentina, Uruguay and southern Brazil. The data
were collected with a 12 km long streamer and give depth migrated images to 40 km,
routinely imaging deep crustal features obscured from previous surveys such as; the Moho,
landward dipping fault blocks, and regions of highly reflective lower crust. Key horizons
associated with the breakup (pre-rift crystalline basement, breakup unconformity etc.)
have been mapped. This work broadly supports the earlier interpretations, with strong
differences in the crust and extrusive magmatic style, architecture and thickness between
margin segments.
The mapping also shows, for the first time, an along-strike segmentation in lower crustal
reflectivity. However, this work reveals that the reflectivity is not always spatially related
to the seaward dipping reflectors. A simple interpretation of the deep reflectivity as
lower-crustal magmatic bodies that fed the extrusive seaward dipping reflector basaltic
flows may not therefore be correct. It may follow that not all observed highly reflective
lower crust is magmatic and some quantity may, in fact, be inherited deformed continental
crust from ancient orogenesis. We are currently investigating the origin of the deep
reflectivity, and the sensitivity of its reflection strength and geometry to the velocity
model used in processing. New velocity models for chosen dip-sections are being built.
The data will be reprocessed and migrated using the new velocities.
In the future, revised estimates of the degree of magmatism will be combined with 2D
numerical models of continental breakup to investigate how the segmentation pattern was
generated.
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Quantifying Uncertainty in Velocity Models for Seismic
Imaging Using a Bayesian Approach with Application to the
Mentelle Basin - Australia
D. Michelioudakis1 , C. Caiado2 , R. Hobbs1 .
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Determining the depths of key horizons from seismic reflection data is one of the most
important aspects of exploration geophysics. Here, we present Bayesian methods based on
an elicitation tool and Gaussian processes to build a detailed and robust velocity model
of the Mentelle Basin, located south west of Australia, with the ultimate goal to identify
possible drilling targets for the International Ocean Discovery Program (IODP), leg 369.
The Mentelle Basin is a deep water sedimentary basin located between the Naturaliste
Plateau and the southern part of the Western Australian Shelf. It is among the few
regions of the world where we can investigate the effects of the Cretaceous hot-house and
its collapse at high latitude. The Mentelle Basin hosts a continuous shale sequence for this
period that it is over a kilometer thick, the study of which, is crucial for the correlation
between the paleoclimate conditions and the tectonic history of the region.
By reprocessing 2D multichannel seismic reflection profiles around the proposed drill sites, we create a detailed subsurface velocity model which is used as a priori input to the
Bayesian approach. The final goal is to try to build a multi-layered model of n layers and
estimate the depth, zi , and the root mean square velocity, ui , of each layer, both for the
isotropic (ux ≈ uz ) and anisotropic cases (ux 6= uz ), in terms of a multivariate posterior
distribution. Having determined the RMS velocities for each layer, we can calculate,
by inference, their interval velocities and finally estimate the depth of each sequence of
interest with improved accuracy.
The key advantage of the Bayesian approach and the major difference compared to the
traditional semblance spectrum velocity analysis procedure is the calculation of uncertainty
of the output model. As a result, our statistical approach can construct a robust velocity
model which encompasses the noise and the band-limited nature of the data as an error
function. We use this model to control the depth migration of the seismic data and estimate
the depths and its uncertainty to the drilling targets.
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Microseism Source Regions Observed from Land and from
the Seabed
Jennifer Neale1 , Nicholas Harmon1 , Meric Srokosz2
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Ocean waves interact with the seabed beneath them, transferring energy from the ocean
to the solid earth. Most of this energy propagates as seismic surface waves - primarily
in the form of Rayleigh waves - to be recorded by seismometers around the world. For
some seismologists, these seismic waves (or ‘microseisms’) are considered noise on seismic
records, but for others, they provide a signal that can be used to investigate the earth’s
structure in the absence of earthquakes (a technique known as ambient noise tomography). For oceanographers, microseisms offer a way of studying the ocean waves themselves.
In this study we investigate these oceanic sources of microseisms and how they are
observed on land and at the seabed. We aim to find out where in the ocean microseisms
are generated, and whether seismometers deployed on land are sensitive to different source
regions as compared to seismometers deployed on the seabed.
The source regions are modelled using the numerical wave model WaveWatch III (version
5.08), and the modelled sources are compared with the direction of microseism arrivals
observed by seismometers located offshore (Cascadia Initiative Array) and onshore (Pacific
Northwest Array) of the Pacific Northwest coast of the U.S.A.
The results will provide insight as to how representative seismic records are of wave conditions over different parts of the Pacific Ocean basin, and also improve our understanding
of microseism propagation across the continental shelf.
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Constraints on the Lower Crust and Upper Mantle Velocity
Structure of the Westernmost Part of the North Anatolian
Fault Zone from 3D Teleseismic Tomography
Elvira Papaleo1 , David G. Cornwell1 , Nicholas Rawlinson1
1. School of Geosciences, University of Aberdeen, Aberdeen, U.K.

The North Anatolian Fault Zone (NAFZ) is an active strike-slip fault that extends for 1500
km through northern Turkey from the Karliova triple junction to the Sea of Marmara.
In the past century, different segments of the fault have progressively been active with a
sequence of migrating earthquakes that started in 1939 with the Erzincan earthquake and
then moved westward, with the last major events being the Izmit and Düzce earthquakes,
both in 1999. Should the sequence of earthquakes continue, this would pose a major risk
for the city of Istanbul, which is situated close to what may be the next active segment of
the fault.
The recurring sequences of migrating, high magnitude, earthquakes along the fault suggest
a narrow shear zone which accommodates most of the plate motion between the Anatolian
and Eurasian plates. This motion, according to GPS studies following the Izmit and Düzce
events, is not constrained to the upper crust but extends deeper to the mid-lower crust.
The geometry of the fault in the lower crust and upper mantle is not well understood and at
present only large scale studies of the area have been carried out. Since the results of these
studies are in disagreement on the velocity structure of the upper mantle beneath the westernmost segment of the fault, which has recently been active, more detailed studies of the
area are necessary in order to better constrain the geometry of the fault shear zone at depth.
As part of the FaultLab project an array of 70 temporary seismic stations (Dense Array
for North Anatolia, DANA) with a 7 km spacing has been deployed for 18 months, starting
in May 2012. Coupled with the data from three permanent broadband stations, operative
since 2009, a large number of local and teleseismic events were recorded. Amongst all
the recorded events, the earthquakes at distances from 27 to 98 angular degrees from
the centre of the array, and of magnitude ≥5 were selected for teleseismic tomography.
Given the nature of the array, it is possible to achieve high resolution seismic imaging
in 3-D. Results from synthetic tests confirm a resolution comparable to the station
spacing approximately within the bounds of the array to a depth of approximately 80
km. Recovery of structure to a similar level is expected from subsequent inversions which
utilise the DANA teleseismic dataset.
Thus, the present work aims to produce new results at a much higher resolution than
preceding studies, providing a more detailed image of the velocity structure in the lower
crust and upper mantle beneath the western part of the NAFZ. This will allow us to
understand whether the shear zone at depth is still as narrow as in the upper crust or
broadens in the lower crust and upper mantle, leading to a better understanding of the
deep structure of the fault zone.
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Testing the Limit of Predictability of Mantle Circulation
Models
Matthew Price1 , Huw Davies1
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Mantle modelling involves solving the equation for the conservation of mass, momentum
and energy in three-dimensional space.
This system of equations also require boundary conditions and an initial condition in
order to be solved.Since the initial condition for the mantle is some point in the past, it is
therefore unknown and we must use an artificial structure instead.
Due to the chaotic nature of the governing equations, any differences between initial
conditions can grow exponentially. Using the twin experiment method, it has been shown
that two slightly perturbed initial conditions will diverge sufficiently to give unrelated
final solutions.The implications of this is that error growth can produce unrealistic mantle
structures over a time period of 100 Myr; much shorter than the time scale of the breakup
of Pangea.
By employing a known boundary condition of plate motion histories, we will though show
that the ‘limit of predictability’ for our mantle models can be extended far beyond the
timeframe of the available boundary condition.
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Is Near-surface Marine Reflection Seismology Just a
Qualitative Tool?
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A quantitative physical model of near-surface marine sediments is of extreme interest
for geo-hazard and offshore engineering purposes, from the assessment of tsunamigenic
landslides hazard and offshore structures stability to the identification and monitoring of
gas storage sites. Currently, marine sediment characterisation is heavily reliant on direct
sampling of the seabed, using cores, borehole and/or penetrometers. This direct-sampling
approach, however, besides being expensive and time-consuming, suffers from the inherent
lack of three-dimensional coverage. The reliability of a quantitative estimation of soft
sediment properties is also likely to be undermined by the coring process itself, which
deforms and mechanically alters the sampled sediments.
Even though computationally demanding, high-resolution seismic reflection data potentially provides us with a non-destructive, faster and cheaper alternative. Seismic inversion
is a well-established and widely accepted procedure in industry-scale exploration to image
complex structures and build detailed rock physics models for of oil and gas reservoir characterisation. However, the typical oil-oriented seismic exploration is specifically intended
for targets with depth in the order of kilometres and resolution of tens of meters. Here I
will present some initial results from a quantitative imaging methodology custom-tailored
for high resolution marine data in order to obtain a sub-metric resolution sediment model
of the near-seabed. A detailed characterisation of the sediment properties can be obtained
from the inversion of multi-offset data, which allows for the independent estimation of the
elastic properties of the medium in terms of P-wave velocity, density and Poisson ratio.
Tests conducted on both synthetic and real data make us optimistic about performing a
pre-stack seismic inversion of high-resolution marine seismic data and, ultimately, to characterise the sediments in terms of permeability, density and soil stiffness and identify weak
or over-pressured gas-bearing thin beds.

46

BGA PGRiP 2015 - Poster

Understanding Complex Crater Formation through
Observations and Numerical Models
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Impact cratering is a ubiquitous planetary and geological process. The scale of the process
makes it hard to study by direct observation. Consequently, despite the importance of
large impact events through Earth’s history, our understanding of the dynamics of crater
formation is limited. The formation of complex craters (>4 km diameter) requires a
significant, and transient, reduction in the strength of target rocks. One of the working
hypotheses to explain this weakening, often adopted in numerical impact simulations, is
acoustic fluidisation. This mechanism supposes that the passage of the shock wave and
subsequent deformation causes vibrations that are sufficiently strong to release overburden
pressure on slip surfaces, therefore weakening the material whilst vibrations occur. The
parameters of the full acoustic fluidisation model and the related block-oscillation model
are poorly constrained.
Here direct observations from the West Clearwater impact structure (56o 130 N, 74o 300 W)
are used to constrain the mechanics of complex crater collapse. This has been achieved
by comparing shock barometry, drill core logs and other geological observations with the
results of numerical simulations.
Field mapping and drill core logs at West Clearwater indicate that the stratigraphic level
of the para-autochthonous crater floor is near present day lake-level. The topography
(125m) of the island ring is largely composed of the remnant impact melt-sheet. Drill core
logs show that the deformation due to crater collapse is pervasive and occurs as thin,
frequently spaced (1 -10m) shear bands, melt veins, and occasional breccias, often with
small apparent displacements. We found no evidence to support the presence of large
“interblock breccias”, which are assumed and required in the block model hypothesis.
Petrographic analysis, including universal stage analysis of planar deformation features
(PDFs), of the drill cores and field samples show a rapid attenuation of shock beneath the
island ring and a low attenuation of shock beneath the centre, consistent with numerical
simulations of the West Clearwater impact event.
Our results demonstrate that the rheology of an acoustically fluidised mass is capable of
producing spatial shock distributions consistent with the observed shock distribution at the
West Clearwater impact structure. Although the block model adequately produces a viable
rheology for crater collapse, observational evidence to support the physical justification of
the block model is lacking. This may favour the use of the full acoustic fluidisation model
in crater collapse simulations.
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Ambient Seismic Noise and the North Sea: Can we Image
what Lies Beneath?
Carmelo Sammarco1 , Nicholas Rawlinson1 , David Cornwell1
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The recent development of ambient seismic noise offers the potential for obtainingdetailedimages of the crust. The resolution is largely controlled by the configuration of the seismometer network rather than by the distribution of earthquakes, which has been a limitation of traditional passive seismic imaging methods. In this approach, each station can be
viewed as “virtual sources” 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 field 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-correlation with high signal-to-noise ratios, we apply phase weighted stacking,
which is shown to be a significant improvement over convectional linear 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 1s to 20s period by inverting interstation travel times using an iterative non-linear inversion scheme.
Initial indications are that the Faroe Islands are underlain by a district low velocity zone in
the uppermost crust, which is consistent with the presence of sedimentary rock beneath a
thick surface layer of basalt. These results are preliminary, however and further assessment
of their robustness is required. The computation of phase velocity maps will verify and
enhance these results, then we will perform a second inversion step to solve for 3-D shear
wave speed. Subsequent application to the North Sea dataset will be challenging due to the
highly attenuative 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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Tectono-magmatic Interaction at the Boset Volcanic
Complex in the Main Ethiopian Rift
Melanie Siegburg1 , Thomas Gernon1 , Jon Bull1 , Derek Keir1
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The East African rift system provides important insights into the interaction of tectonism and magmatism during continental break. Pre-existing fractures within the
rift system may provide pathways for rising magma, and consequently influence the
orientation of craters and cones at the surface. Alternatively, ascending pressurised
melts and/or pressure variation within sub-volcanic magma plumbing systems may
initiate new fractures within the local stress field. The relative role of these will be examined at the Boset volcanic complex, the largest stratovolcano in the Main Ethiopian Rift.
The Boset volcanic complex covers an area of 600 km2 , and, although it is surrounded
by major population centres, with up to 4 million people within 100 km radius, little
is known about the past history of tectonic or magmatic activity. Boset comprises the
northern Berichia stratovolcano and the southern Gudda caldera which both lie along a
NNE-SSW fissure. The overall fracture system comprises mainly rift-related extensional
faults, striking NNE-SSW with individual faults having displacement of up to 50m. On
top of the Gudda caldera as well as north of Berichia volcano, several cones and craters
are oriented along the continuation of the fissure.
Here, a 2-m resolution digital elevation model derived from a NERC ARSF LIDAR survey,
together with satellite images and field observations will be presented, along with an
analysis of structural and magmatic features. The tectonic mapping includes fracture
distribution, directions, displacements and relative age relations of fractures compared
to lava flows. We use these constraints to characterise the development of rifting at the
Boset volcanic complex in the MER. Further analyses of orientations and distributions of
fissures, craters and cones may indicate the magmatic interaction within the rifting system
through time. Structural mapping results are supported by petrological and geochemical
analyses of lava flows from the Boset volcanic complex.
This study emphasizes the importance of structural mapping in an active continental rift
to understand the tectonic and magmatic development in the past and outline potential
tectonic and volcanic hazards for the future.
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A Cenozoic Record of Uplift, Erosion and Dynamic Support:
Examples from Madagascar
Simon Stephenson1 , Nicky White1
1. Bullard Laboratories, Department of Earth Sciences, University of Cambridge, U.K.

The physiography of Madagascar is characterised by high-elevation and low relief topography. Cretaceous limestones at elevations of ∼300m above sea level and newly dated
emergent ∼125ka coral reefs suggest that Madagascar and its margins have been uplifted
during Cenozoic times. Rivers in Madagascar are often deeply incised and contain steepened reaches, which implies that they are responding to changes in uplift rate. However,
apatite fission track and (U-Th)/He thermochronology, and Be-10 derived erosion rates
suggest that both Cenozoic and recent denudation rates have been low. Extensive lateritecapped flat surfaces also suggest long periods of tectonic quiescence during the Cenozoic.
To bridge the gap between evidence for uplift and quiescence, we inverted 2566 longitudinal
river profiles using a damped non-negative, least-squares inversion scheme for histories of
uplift rate. We used a simplified version of the stream power erosional model
∂z
= −KAm S n + U, where n = 1
∂t
Longitudinal profiles were extracted from the 90 m resolution SRTM digital elevation model.
Calibration of the stream power erosional model is based on new radiometric dating of
marine terraces and incised lateritic peneplains. Fits to observed river profiles are excellent.
Results indicate that Madagascar’s topography grew by 2 km during the last 15 -20 Ma.
Calculated uplift and denudation is consistent with independent observations. Our results
suggest that drainage networks in Madagascar contain coherent signals that record regional
uplift. Admittance calculations and nearby oceanic residual age-depth measurements from
the passive margins suggest that as much as 0.8 -1.1 km of Cenozoic uplift in Madagascar
was supported by the mantle.
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Structure of the North Anatolian Fault Zone from
Auto-correlation of Ambient Seismic Noise Recorded at a
Dense Seismometer Array
George Taylor1 , Sebastian Rost1 , Gregory Houseman1 , Timothy Wright1
1. School of Earth and Environment, University of Leeds, Leeds, U.K.

In recent years the technique of cross-correlating the ambient seismic noise wavefield at two
seismometers to reconstruct empirical Green’s Functions for the determination of Earth
structure has been a powerful tool to study the Earth’s interior without earthquake or
man-made sources. However, far less attention has been paid to using auto-correlations of
seismic noise to reveal body wave reflections from interfaces in the subsurface. In principle,
the Green’s functions thus derived should be comparable to the Earth’s impulse response to
a co-located source and receiver. We use data from a dense seismic array (Dense Array for
Northern Anatolia - DANA) deployed across the northern branch of the North Anatolian
Fault Zone (NAFZ) in the region of the 1999 magnitude 7.6 Izmit earthquake in western
Turkey. The NAFZ is a major strike-slip system that extends ∼1200 km across northern
Turkey and continues to pose a high level of seismic hazard, in particular to the mega-city of
Istanbul. We construct reflection images for the entire crust and upper mantle over the ∼ 35
km by 70 km footprint of the 70-station DANA array. Using auto-correlations of vertical
and horizontal components of ground motion, both P- and S-wave velocity information
can be retrieved from the wavefield to constrain crustal structure further to established
methods. We show that clear P-wave reflections from the crust-mantle boundary (Moho)
can be retrieved using the autocorrelation technique, indicating topography on the Moho
on horizontal scales of less than 10 km. Offsets in crustal structure can be identified that
seem to be correlated with the surface expression of the fault zone in the region. The
combined analysis of auto-correlations using vertical and horizontal components will lead
to further insight into the fault zone structure throughout the crust and upper mantle.
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Simulating the Thermal Conductivity of Lower Mantle
Minerals
Ben Todd1 , Stephen Stackhouse1 , Andrew Walker1 , Jon Mound1
1. University of Leeds, Leeds, U.K.

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
10Wm−1 K−1 , but values between 4 -16Wm−1 K−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 of 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 to measure thermal conductivity at the high pressure/temperature conditions of
the lowermost mantle (4000K, 136GPa) 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.
Computational techniques have their own shortcomings. For example, the small system
size accessible to atomic scale methods can lead to significant finite size effects that must
be carefully evaluated. Here, we utilize the direct method, a non-equilibrium molecular
dynamics technique, to calculate the lattice thermal conductivity of bridgmanite, including anisotropy, taking care to ensure that the results are converged with respect to the
dimensions of the simulation cell.
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Array Methodologies for Forensic and Global Seismology
Neil Wilkins1 , James Wookey1 , Neil Selby2
1. University of Bristol, Bristol, U.K.
2. AWE Blacknest.

The Comprehensive nuclear Test-Ban Treaty (CTBT) prohibits the detonation of
anynuclear device for any purpose, and is the result of over four decades of negotiations.
Now ratified by 159 countries, the success of this attempt at stopping global nuclear
proliferation is reliant on an efficient and robust verification process that ensures no
clandestine nuclear tests can occur.
With this in mind, the CTBT organisation (CTBTO) is assembling an International
Monitoring System (IMS) incorporating radionuclide, infrasound, hydroacoustic, and
seismic recording stations worldwide for the purposes of detecting suspicious events in real
time, and investigating possible treaty violations as rapidly as possible.
The seismological part of the IMS is arguably the most important, as it provides the
best way of monitoring clandestine underground detonations. In order to be effective,
however, any possible nuclear tests must be differentiated from conventional underground
explosions (e.g. in the mining industry) and the tens of thousands of similar-magnitude
natural earthquakes that occur each year. This process is known as ‘forensic seismology’,
and is the primary task of the CTBTO and its international partners (such as AWE
Blacknest). Secondary activities at Blacknest have included studying the catastrophic
explosion aboard the Russian submarine Kursk in 2000; work which led to an explanation
for the cause of the explosion.
Potential seismic discriminants for identifying a nuclear origin include body-wave-tosurface-wave magnitude ratio (mb:Ms), source depth, and P:S amplitude ratio. However,
the accurate measurement of these characteristics requires a very good signal-to-noise
ratio (SNR). This consideration led to the development of the earliest seismic arrays in
the 1960s, and now the IMS incorporates 150+ arrays for this purpose.
This project involves adapting and assessing array processing methodologies, including
frequency-wavenumber (fk) analysis, time domain stacking, F-statistic stacks, and vespagrams. Specifically it will be looking at the effects these techniques have on signal-to-noise
ratio (SNR) and waveform distortion, and how these affect the measurement of the aforementioned seismic discriminants. The stacking techniques will also be used to develop
static corrections for the array that can be applied to data in order to achieve the optimum
SNR enhancement. These techniques (and indeed the IMS seismic dataset itself) can then
be applied to research in global seismology.
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