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We	 would	 like	 to	 thank	 ExxonMobil	 for	 kindly	 sponsoring	 this	
event.	We	also	extend	our	thanks	to	Cardiff	University	for	hosting	
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  Welcome	
 

 
Welcome	to	Cardiff,	where	we	are	proud	to	be	hosting	the	2018	
edition	 of	 the	 British	 Geophysical	 Association’s	 (BGA)	
Postgraduate	 Research	 in	 Progress	 Conference	 (PGRiP).	We	 are	
very	 much	 looking	 forward	 to	 this	 opportunity	 for	 so	 many	
students	to	come	together	and	share	their	exciting	science	with	one	
another.		
	
PGRiP	is	an	annual	meeting	of	postgraduates	studying	in	the	field	
of	geophysics	organised	by	the	students	themselves.	The	aim	is	to	
create	a	relaxed	 setting	 in	which	young	 researchers	can	present	
their	work,	perhaps	 for	 the	 first	 time,	 to	build	skills	 that	will	be	
useful	throughout	their	career.		
	
Thank	you	for	choosing	to	attend	PGRiP,	and	enjoy	your	stay	here	
in	Cardiff!		
	
		

 

 

 

 

 

 

 

 

 

 

 



   Programme 
 

 

 

 

 

	
	

Wednesday 12th 
September 	 

19:30 Bowling at Superbowl 
Thursday 13th 
September 	 

09:00 Registration & Poster Setup 
09:30 Welcome Message 
09:45 Group 1 Talks (x2) 
10:25 Tea Break 
11:00 Invited Speaker Anna Horleston 
11:45 Group 2 Talks (x2) 
12:25 Lunch & Posters 
14:00 Invited Speaker Bob White 
14:30 Group 3 Talks (x2) 
15:10	 Tea Break 
15:40	 Group 4 Talks (x3) 
16:40	 End of Day 
19:30 Conference Dinner at Zero Degrees 

Friday 14th 
September 	 

09:30 Group 5 Presentations (x3) 
10:30 Tea Break 
11:00 Invited Speaker Paula Koelemeijer 
11:45 Group 6 Presentations (x2) 
12:25 Lunch & Posters 
14:00 Group 7 Presentations (x3) 
15:00 Tea Break 
15:30 Awards & Closing Remarks 



								Venue	
	
Talks	and	posters	are	going	to	be	hosted	in	the	Psychology	Tower	building.	
This	can	be	found	on	Park	Place,	a	short	walk	from	Cathays	rail	station.	Talks	
will	be	held	in	Lecture	Theatre	2	and	posters	in	the	Tower	Coffee	Shop,	both	
of	which	are	on	the	ground	floor.		The	building	can	be	found	by	searching	for	
‘Tower	Building,	Cardiff	University’,	or	with	the	address	70	Park	Place,	CF10	
3AS.	
	
	
	

	 	 	
	 								
	
	
	
	
	

			Events	
	

Icebreaker		
 
We	will	be	bowling	on	the	evening	of	Wednesday	12th	at	Superbowl	UK,	
Cardiff,	located	next	to	the	Principality	Stadium.	You	can	find	this	on	google	
maps	by	searching	‘Superbowl	UK,	Cardiff’.		Games	will	start	from	19:30.	
	
	

Conference	Dinner	
 
The	conference	dinner	is	being	held	on	the	13th	of	September	at	19:30	at	
Zero	Degrees,	located	at	27	Westgate	street	.	This	area	of	the	city	sits	just	
behind	the	Principality	Stadium	and	is	always	a	hive	of	activity.		
 
  



	 	 		 	 Invited	Speakers	
 
 
 
 
Anna	Horleston	–	My		seismic	life	–	from	subduction	zones	to	Mars	
 
Paula	Koelemeijer	–	Constraints	on	phase	transitions	in	the	deep	mantle	
using	global	seismic	tomography	

 
Robert	S	White	–	The	Spreading	Plate	Boundary	across	Iceland:	Rifting	and	
Volcanism	
	 	



My seismic life - from subduction zones to Mars

Anna Horleston

University of Bristol

anna.horleston@bristol.ac.uk

Abstract

This is a talk of two halves. First I’m going to use my career history to help explore

the diversity of seismology and it’s applications - from studying Earth’s interior to tracking

Concorde going supersonic; from glacier slip to football crowds; from working with the BBC

replicating the magnitude of dinosaurs stamping to checking out the local bus timetable out-

side my house; from tracking induced seismicity from fracking to keeping bats safe; and finally

to Mars. It’s all in a day’s work for a seismologist!

The second part of the talk catches up with where I am now and I’ll give an overview of

NASA’s InSight Mission to Mars. InSight (Interior Exploration using Seismic Investigations,

Geodesy and Heat Transport) is a Discovery Class lander mission which launched on May 5th

2018 and will land on November 26th 2018. InSight is carrying a full suite of geophysical tools

including a seismic module which will be placed onto Mars’ surface - the first seismometer

ever to be put directly onto the surface of Mars. I’ll outline the mission objectives, share the

latest news including in-flight testing of the sensors as they approached the mid-point of their

journey, and discuss plans for the data when it starts arriving here on Earth.



Constraints on phase transitions in the deep mantle using

global seismic tomography

Paula Koelemeijer
1
University of Oxford

Bernhard Schuberth, Rhodri Davies, Arwen Deuss, Jeroen Ritsema, Ana Pagu

paula.koelemeijer@univ.ox.ac.uk

Abstract

The increase in pressure and temperature in the Earth gives rise to phase transitions in

mantle minerals, with a noticeable effect effect on seismic velocities. Seismic observations of

sharp discontinuities and changes in velocity ratios can thus be used to infer mantle tem-

peratures at depth. In particular, the phase transition from bridgmanite to post-perovskite

provides a much-needed temperature probe in the lowermost mantle. Robust observations of

this phase transition have the potential to constrain the temperature of and heat flow across

the core-mantle boundary and thus provide estimates of the heat budget and thermal evolu-

tion of the Earth.

Traditionally, the presence of post-perovskite (pPv) has been inferred from observations of

seismic reflectors in the lowermost mantle. However, this only gives a very patchy image of

lateral variations in the presence of pPv due to our heterogeneous seismic data coverage. In

addition, interpretations are complicated by the fact that the properties and stability field of

pPv remain uncertain from a mineral physics point of view.

Here, I describe different proxies for the presence of post-perovskite, which have been

proposed based on global seismic tomography. To investigate their accuracy, I utilize synthetic

tomography models derived from geodynamic modelling in combination with mineral physics

and I compare the predicted presence to the true occurrence of pPv in the model. By using

both high-resolution geodynamic models as well as filtered models that have been corrected

for the limited resolution of seismic tomography, I investigate whether a proxy works in theory

(on the high-resolution versions) and also in practice (on the filtered models). I will discuss

how we can constrain the stability field of pPv based on comparisons to published tomographic

models and I will make recommendations as to what has to improve in seismic tomography to

make different proxies work.



The Spreading Plate Boundary across Iceland: Rifting and

Volcanism

Robert S White1, Thorbjörg Ágústsdóttir
1
, Brynd́ıs Brandsdóttir

2
,

Clare Donaldson
1
, Robert G. Green

1
, Tim Greenfield

1,4
,

Tom Hudson
1
, Jennifer Jenkins

1
, Heidi Soosalu

3
, Tom Winder

1
, Jennifer Wood

1

1
Bullard Laboratories, Department of Earth Sciences, University of Cambridge, Madingley Road, Cambridge, CB3 0EZ, UK

2
Institute of Earth Sciences, University of Iceland, Askja, Sturlugata 7, 101 Reykjavk, Iceland

3
Geological Survey of Estonia, Kadaka tee 82, 12618 Tallinn, Estonia

4
University of Southampton, University Road, Southampton SO17 1BJ UK

rsw1@cam.ac.uk

Abstract

The mantle plume beneath Iceland pushes the Mid-Atlantic Ridge above sea level, making
it an ideal natural laboratory in which to study rifting and volcanism at a spreading plate
boundary. Over the past 25 years we have operated a large seismometer array and run a
series of seismic experiments across Iceland in conjunction with geodetic and petrologic con-
straints to study the dynamics of plate spreading and volcanism. Icelandic crustal structure
constrained by wide-angle seismic refraction, by receiver functions, by ambient noise analysis
and by local earthquake tomography shows the influence of the underlying mantle plume in
generating additional large volumes of melt at the spreading centre.

The plates in Iceland are spreading at a full rate of 20 mm/a. In central Iceland the
spreading direction is about 10 degrees oblique to the fabric of the volcanic rift zones. This is
sufficient for the tectonic motion in the brittle layer to be accommodated almost entirely by
conjugate strike-slip faults rather than by the expected normal faults. In a well documented
example, we have mapped two crossing conjugate faults moving simultaneously using hundreds
of small earthquakes.

We have captured in unprecedented detail three dyke injection episodes and the largest
volcanic eruption for 250 years as well as long-term pockets of seismicity in the lower and mid-
dle crust caused by melt rising from its source in the mantle. The 2014-15 Brarbunga dyke
propagated horizontally for almost 50 km at a depth of 7 km before erupting for 6 months in
the Holuhraun lava field. We have mapped the two-week dyke propagation by locating the
hypocentres of more than 31,000 microearthquakes generated at the cracking front of the dyke.
Moment tensor solutions enable us to constrain the strain field at the dyke tip. Concurrent
seismic activity in Brarbunga, beneath which lies the melt reservoir which fed the eruption,
constrains the subsidence of the caldera as magma emptied along the dyke, as well as the
post-eruption adjustments.

Tomographic studies and repeating pockets of deep crustal seismicity show that melt is
stored at a variety of depths in the crust, and that melt may be fed long distances laterally
from central sources. This is consistent with petrological geobarometers which suggest that
there are multiple sills within the crust through which the mantle-derived melt passes, or often
freezes in situ.



	 	 		 	 		 		Talks	

	

Group	1	

Thurs,	09:45	Raad	M.	Eissa	-	Electrical	resistivity	tomography	array	comparison	to	
detect	subsurface	resistive	features		

Thurs,	10:05	Ben	Roche	-	Characterising	Gas	Flux	From	Scanner	Pockmark		

	

Group	2	

Thurs,	11:45	Tom	Hudson	-	Using	icequakes	to	study	basal	sliding	of	glaciers		

Thurs,	12:05	Guy	J.	G.	Paxman	-	The	origin,	filling,	and	erosion	of	the	Pensacola-
Pole	Basin,	East	Antarctica		

	

Group	3	

Thurs,	14:30	Mohammed	Bello	-	Crust	and	upper	mantle	structure	beneath	Bass	
Strait,	southeast	Australia,	from	surface	and	body	wave	tomography		

Thurs,	14:50	Emily	Crowder	-	Transdimensional	ambient	noise	tomography	of	
Bass	Strait	reveals	the	sedimentary	basin	and	deep	crustal	structure	beneath	a	failed	
continental	rift		

	

Group	4	

Thurs,	15:40	Callum	Fry	-	Identifying	Conventionally	Sub-Seismic	Faults	in	Polygonal	
Fault	Systems:	An	Ultra-High	Resolution	Geophysical	Study		

Thurs,	16:00	Conor	Bacon	-	Seismic	anisotropy	in	the	Icelandic	rift	zone		

Thurs,	16:20	Kajetan	Chrapkiewicz	-	High-resolution	imaging	of	Santorini	
volcano	 



	

Group	5	

Fri,	09:30	J.	Michael	Grappone	-	Solving	the	mystery	of	the	1960	Hawaiian	lava	
flow:	Implications	for	understanding	the	Earth’s	magnetic	field		

Fri,	09:50	Daniele	Thallner	-	What	on	Earth	was	the	geomagnetic	field	doing	just	
before	the	Cambrian	explosion	of	life?		

Fri,	10:10	Robert	Allen	-	A	new	marine	magnetic	anomaly	chart	for	the	Caribbean:	
Implications	for	the	tectonics	of	the	Antilles	island	arc-subduction	system		

	

Group	6	

Fri,	11:45	Frank	Syvret	-	Joint	inversion	for	volumetric	and	boundary	heterogeneity	
with	the	adjoint	method		

Fri,	12:05	James	Panton	-	Exploring	Earth’s	chemical	heterogeneity	using	numerical	
mantle	convection	models	

	

Group	7	

Fri,	14:00	Jamie	Ward	-	Locating	Sharp	Velocity	Changes	in	the	Lowermost	Mantle	
using	Refraction	and	Multipathed	Arrivals		

Fri,	14:20	Vanessa	Monteleone	–	Rift	structure	and	crustal	composition	in	the	
Eastern	Black	Sea	Basin	from	long-offset	seismic	reflection	data		

Fri,	14:40	Christopher	Ogden	-	The	Crustal	Structure	of	Cyprus:	Insights	from	
Surface	Waves	and	Receiver	Functions		

 

	

	
 

  



Electrical resistivity tomography array comparison to detect
subsurface resistive features

Raad M. Eissa, Jamie K. Pringle, Ian G. Stimpson
Keele University

Nigel Cassidy
University of Birmingham

r.m.a.eissa@keele.ac.uk

Abstract

Electrical resistivity surveys in 2D and 3D are commonly used to detect near-surface buried

foundations and other subsurface resistive features. Although about 100 electrode configura-

tions have been performed for resistivity surveys, quite few arrays are widely utilized. A need

to test better 2D profile array types, therefore, arise to help the practitioners with them sur-

veys in near-surface applications.

A scaled-model to simulate large buried building foundations at a test facility was therefore

used as a target. Multiple 2D Electrical Resistivity Tomography profiles using four di↵erent

electrode configurations were performed into orthogonal directions. The collected resistivity

datasets were used to produce 2D and pseudo 3D resistivity models of the subsurface target

using least-square smoothness-constraint inversion and robust inversion algorithms.

A comparison of 2D results of the least-square inversion, with facility test site structure,

demonstrates the accuracy of the Wenner and dipole-dipole arrays in detecting both the target

foundation and the test area. The dipole-dipole array configuration was found to be better in

delineating the top of the target whilst the Wenner array was found the better for the base.

However, on the pseudo 3D models, the dipole-dipole and pole-dipole arrays demonstrate

greater accuracy for detecting the foundation and test area. Results suggest both Wenner

and dipole-dipole array configurations should be utilised to detect buried foundations for 2D

resistivity surveys, with dipole-dipole and pole-dipole array configurations used for 3D

resistivity surveys.



Characterising Gas Flux From Scanner Pockmark

Ben Roche
F. Illsley-Kemp, G. Bayrakci, J.M. Bull, T.J. Henstock, T.A. Minshull

University of Southampton

J. Li, P.R. White

Institute of Sound and Vibration Research

Br4g13@soton.ac.uk

Abstract
Pockmarks are submarine gas escape structures commonly found in basins globally and

often associated with active hydrocarbon systems. Despite first being observed in the 1960s

the variability and controls on gas emissions are poorly understood. The Scanner pockmark

complex is located o↵ the north east coast of Scotland in the Witch Ground Basin, and was

studied during the NERC funded cruise James Cook 152 (JC152). Scanner comprises two

large pockmarks (200-300m in diameter) extending approximately 17m below the depth of the

surrounding seabed (-150m) that are actively venting methane gas. Over a two-week period

during August/September 2017 Scanner was repeatedly surveyed with multibeam bathymetry

and EK60 profilers, while a grid of Ocean Bottom Seismometers (OBSs) were placed in and

around the western pockmark. This was a unique opportunity to study temporal variability

of the escaping gas plume.

Water column methane plume orientations determined from multibeam bathymetry data

are generally in good agreement with tidal direction as predicted by an unstructured grid

model (FVCOM). Plume height varied between 47 and 153 m above the seabed while the

lateral spread varied between 5 and 210 m. Plume height and spread correlate with tidal

height, with higher plumes occurring during low tide, and greater spread occurring during

low tide. The plume typically has a forked shape, splitting into two separate streams with an

upper and lower arm, see figure below. This is presumed to be a result of two dominant bubble

sizes escaping from the pockmark. Where the larger bubbles rise faster and form the upper

arm. Using singlebeam (EK60) data and a newly constructed Target Strength model we are

able to determine the number of bubbles and confirm a bimodal size distribution within the

sampled portion of the plume.

The seismometers observed over 3500 large magnitude monochromatic acoustic events dur-

ing an 8-day period, with most events occurring at low tide. We interpret these events as

resulting from episodic large-scale gas escape. By equating the detected frequencies to single

large bubble injections we are able to produce a continuous estimate of gas flux from the

pockmark during this period.

Left) A 3D model of Scanner pockmark and the methane gas plume, created using

multibeam data.

Right) A diagram explaining how two dominant bubble sizes can result in the distinct forked

shape of the plume.



Using icequakes to study basal sliding of glaciers

Tom Hudson
1,2
, Alex Brisbourne

1
, Robert White

2

British Antarctic Survey (1), University of Cambridge (2)

tsh37@cam.ac.uk

Abstract

Icequakes are triggered by glacier or ice sheet movement. Here, we are particularly in-

terested in basal icequakes, primarily induced by basal slip of ice over bedrock or sediment.

The specific Icequakes investigated in this study are associated with Skeiarrjkull, an outlet

glacier of the Vatnajkull ice cap, Iceland. To detect and locate these icequakes, we use a

network of 13 seismometers deployed on the glacier surface. The seismic energy that travels

from the icequake source to the seismometers can be used to understand the processes that

generate the icequake. We use moment tensor analysis combined with full waveform mod-

elling to investigate basal failure mechanisms, whether subglacial fluids exert influence during

a basal icequake event, and to what extent they govern slip occurring. Although our results

are associated with a relatively small outlet glacier in Iceland, the glacier is su�ciently thick

and fast moving that these results are likely also relevant for ice sheet behavior. Any role of

subglacial fluids in promoting basal slip observed here could therefore aid our understanding

of ice sheet dynamics for the Greenland and Antarctic icesheets.



The origin, filling, and erosion of the Pensacola-Pole Basin,
East Antarctica

Guy J. G. Paxman, Stewart S. R. Jamieson, Michael J. Bentley
Durham University

Fausto Ferraccioli, Tom A. Jordan
British Antarctic Survey

Neil Ross
Newcastle University

guy.j.paxman@durham.ac.uk

Abstract

The East Antarctic Ice Sheet (EAIS) is most vulnerable to retreat in regions where it

is underlain by low-lying sedimentary basins. Exploration of these basins using airborne

geophysics has brought about increased understanding of the tectonic and surface processes

involved in their origin and evolution. These processes are responsible for shaping the modern-

day topography of subglacial East Antarctica, and in turn the dynamics of the overlying EAIS.

Here we use newly acquired airborne geophysical data over the Pensacola-Pole Basin (PPB),

a previously unexplored sector of the ice sheet, to improve our understanding of the evolution

of subglacial sedimentary basins.

Analysing a combination of gravity, magnetic and ice-penetrating radar data, we present

the first detailed subglacial sedimentary basin model for the PPB. Radar data reveal that the

PPB is defined by a smooth bowl-shaped topographic depression (⇠500 m below sea level)

that extends over a 250,000 km
2
area beneath the South Pole. Gravity anomalies indicate that

the basin is underlain by a sedimentary succession with an average thickness of 2-3 km, and

magnetic anomaly models suggest that the sedimentary succession is intruded and overlain by

shallow magnetic bodies.

We use subglacial geomorphology to reconstruct the geometry of the PPB prior to the in-

ception of the EAIS at ca. 34 Ma, accounting for ice sheet growth, subglacial erosion and the

associated isostatic responses. We then use flexural backstripping to isolate the component

of basin subsidence driven by tectonic processes. Based on comparisons with outcrops across

East Antarctica, we propose that the PPB contains Devonian–Triassic Beacon Supergroup sed-

imentary rocks, intruded by Jurassic-age Ferrar dolerites associated with Gondwana breakup.

This indicates that the PPB is a long-lived geological feature, which has likely influenced EAIS

dynamics since the Late Eocene; our reconstructions provide an improved boundary condition

for modelling ice sheet behaviour since this time.



Crust and upper mantle structure beneath Bass Strait,

southeast Australia, from surface and body wave tomography

Mohammed Bello
University of Aberdeen

r02mb15@abdn.ac.uk

Abstract

In an attempt to better understand the geological relationship between mainland Australia
and Tasmania, new constraints on the lithospheric velocity structure beneath Bass Strait and
adjoining southern Victoria and northern Tasmania are obtained by integrating ambient noise
tomography for the crust and teleseismic travel time tomography for the upper mantle. We
perform teleseismic tomography using fifteen sequential deployments of WOMBAT and BASS
transportable array data spanning southeastern region of Australian continent. The starting
model for the teleseismic tomography includes crustal velocity structure constrained by surface
waves obtained from from ambient seismic noise data and a Moho surface and broad-scale
variations in 3-D upper mantle structure from the Australian seismological reference Earth
model (AuSREM). This addresses two of the principle limitations of teleseismic tomography:
(i) the contribution of unresolved shallow structure to teleseismic arrival time residuals and
(ii) the filtering out of long wavelength structure when data from multiple arrays operating at
different times are used. By addressing these limitations, we produce a model with high level
of detail in both the crust and upper mantle. Our new results strengthen the argument for a
localised upper mantle anomaly directly beneath the Newer Volcanics Province (NVP); this is
seen as a very slow anomaly that extends from the base of the Moho down to 150 km depth,
where it appears to terminate. Beneath Bass Strait, upper mantle velocities are low relative to
those found beneath Precambrian continental crust, and as such do not support the existence of
a Precambrian microcontinent connecting the mainland and Tasmania, as postulated in recent
studies. However, it is possible that failed rifting in Bass Strait during the Late Mesozoic to
Early Cenozoic may have altered the seismic character of the lithosphere. Other notable
features of the model include a strong velocity transition in both the crust and mantle in
the vicinity of the Moyston Fault, which we interpret as the boundary between Lachlan and
Delamerian orogens. Our tomographic model also exhibits a rapid decrease in upper mantle
velocity inboard of the east coast of Australia, which is consistent with substantial thinning
of the lithosphere towards the passive margin.



Transdimensional ambient noise tomography of Bass Strait

reveals the sedimentary basin and deep crustal structure

beneath a failed continental rift

Emily Crowder
emily.crowder@abdn.ac.uk

Abstract

Debate is ongoing as to which tectonic model is most consistent with the known geology

of south-east Australia, formerly part of the eastern margin of Gondwana. In particular, nu-

merous tectonic models have been proposed to explain the enigmatic geological relationship

between Tasmania and the mainland, which is separated by Bass Strait. One of the primary

reasons for the lack of certainty is the limited exposure of basement rocks, which are masked

by the sea and thick Mesozoic-Cenozoic sedimentary and volcanic cover sequences. We use

ambient noise tomography recorded across Bass Strait to generate a new shear wave veloc-

ity model in order to investigate crustal structure. Fundamental mode Rayleigh wave phase

velocity dispersion data extracted from long-term cross-correlation of ambient noise data are

inverted using a transdimensional, hierarchical, Bayesian inversion scheme to produce phase

velocity maps in the period range 2 30 s. Subsequent inversion for depth-dependent shear

wave velocity structure across a dense grid of points allows a composite 3-D shear wave ve-

locity model to be produced. Benefits of the transdimensional scheme include a data driven

parameterisation that allows the number and distribution of velocity unknowns to vary, and

the data noise to also be treated as an unknown in the inversion. The new shear wave velocity

model clearly reveals the primary sedimentary basins in Bass Strait as slow shear velocity

zones which extend down to 14 km in depth. These failed rift basins, which formed during

the early stages of Australia-Antarctica break-up, appear to be overlying thinned crust, where

high velocities of 3.8 - 4.0 km/s occur at depths greater than 20 km. Along the northern

margin of Bass Strait, our new model is consistent with major tectonic boundaries mapped at

the surface. In particular, an east dipping transition from low to high velocities extends to the

surface in the vicinity of the Moyston Fault, a major tectonic boundary between the Lachlan

and Delamerian orogens, which are part of the Phanerozoic accretionary terrane that make

up eastern Australia. A pronounced lineament of high shear wave velocities ( 3.7 - 3.8 km/s)

in the lower crust of our new model may represent the signature of relict intrusive magmatism

from failed rifting in the early stages of Australia-Antarctica break-ip along a crustal scale

discontinuity in the Selwyn Block microcontinent which joins Tasmania and Victoria.



Identifying Conventionally Sub-Seismic Faults in Polygonal

Fault Systems: An Ultra-High Resolution Geophysical Study

Callum Fry, Justin Dix, Michael Faggetter
University of Southampton

Jerome Malgorn
SAND Geophysics Ltd

crf1g11@soton.ac.uk

Abstract

Structural characterisation of sedimentary basins has never been more important with the

continuing development of hydrocarbon and carbon capture industries. In particular, the iden-

tification of potential fluid flow pathways such as faults, is essential for accurately establishing

basin/reservoir integrity. However, identifying these pathways is subject to the limitations

of conventional 3D seismic imaging; only capable of resolving features on a decametre scale

horizontally and metre scale vertically. While outcrops and cores can be used to identify

smaller features, they are limited by the extent of the exposures. The disparity between these

techniques highlights a resolution gap, suggesting many small structural heterogeneities re-

main unidentified. Structures that could suffer from this are polygonal fault systems (PFS),

these are networks of non-tectonic faults, typically associated with the seals of hydrocarbon

reservoir seals and are capable of acting as fluid pathways. PFS were first identified in the

Ieper Clay, also known as the London Clay which reaches the seafloor within the Southern

Bight of the North Sea. In an attempt to fully-characterise fault networks within the London

Clay and other formations containing these PFS, a combination of conventional and high-

resolution techniques were acquired, investigating both deep and coastal examples. For the

first time, polygonal faults across a wide range of spatial scales are identified using an ultra-

high-frequency 3D seismic volume from the 3D Chirp, with additional information provided

by 2D boomer seismic lines and 1m-resolution bathymetry. The smallest faults measure 8 m

and the largest at 926 m in length, with displacements between 30 cm to a couple of me-

tres. A direct comparison with conventional 3D seismic data of the same formation from the

offshore Dutch sector reveals faults at a scale of 100s metres, with throws of tens of metres.

Although this large dataset exhibits characteristics typical of PFS, these are far larger than

those identified in the Southern Bight, indicating that PFS structures contain convention-

ally sub-seismic faults. High-resolution 3D seismic data can be used to identify these faults

that could otherwise create additional unseen pathways, potentially influencing fluid migration

within hydrocarbon basins.



Seismic anisotropy in the Icelandic rift zone

Conor Bacon, Robert S. White, Nicholas Rawlinson
University of Cambridge

conor.bacon@esc.cam.ac.uk

Abstract

Earthquakes associated with volcanic and extensional processes in the Icelandic rift zone

provide an excellent source of seismic data with which to investigate the anisotropic properties

of the shallow crust. We have applied shear wave splitting analysis to local S waves recorded

at stations operated by the University of Cambridge and the Icelandic Meteorological O�ce

in the Northern Volcanic Zone, with a focus on those in the neighbourhood of Askja volcano.

This analysis attempts to account for the e↵ects of anisotropy by performing a grid-search

over two parameters; the fast-polarization direction, �; and the delay time, �t, between the

fast- and slow-polarization arrivals. We have estimated the parameter pairs that best remove

the splitting for a total of 1867 events measured at 77 stations, recorded between 2008 and

2015. After quality control, we find the average fast-polarization direction across the region

to be 19.8 ± 8.3 degrees, which correlates spatially with the mapped surface fissure swarms

and sub-parallel dyke intrusions. This is consistent with the idea that the anisotropy arises

predominantly as a result of structural heterogeneity, such as the alignment of micro-cracks and

the layering of dyke sheets in the crust. We have also looked at some of the temporal variations

in anisotropy, as well as potential environmental e↵ects. Over the region we measure the

strength of anisotropy to be between 1-4%. In the future, we intend to incorporate tomographic

techniques to map the measurements of �t from all earthquake-station combinations as 3-D

variations in the strength of anisotropy, in order to provide a clearer picture of the spatial

distribution of anisotropy. In addition to local earthquake sources, we plan to augment our

model with regional and teleseismic events, providing complementary constraints on anisotropy

in the mid-to-lower crust and upper mantle.



High-resolution imaging of Santorini volcano
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Abstract

Santorini volcano (Greece) has a long record of disastrous, caldera-forming eruptions. Its

recent (2011-2012) uplift indicates an emplacement of a magmatic intrusion at 4 km beneath

the Earth’s surface. The melt-rich zone is believed to be a part of a multi-level plumbing

system rooted in the lower crust. Constraining its geometry and physical properties would

provide a key framework for hazard assessment and petrological studies of the continental

crust.

We propose a full-waveform inversion (FWI) method to obtain a high-resolution 3D model

of P-wave velocity and other physical parameters beneath Santorini. To this end we collected

a 3D wide-angle, multi-azimuth seismic dataset using 154 seismic stations and over 14,000

marine sound sources (PROTEUS experiment).

In FWI, a seismic wavefield is simulated and compared to the observed seismograms, and

a starting model is updated in an iterative fashion. Thus, reliability of the result depends

directly on the accuracy of the wavefield simulation. We applied a 3D acoustic, time-domain

FWI scheme using a finite-di↵erence method defined on a regular grid. Such algorithms are

fast but have inherent di�culty with modelling an irregular land surface. To retain a high-

order accuracy of the forward simulation, we implemented an improved immersed boundary

method capable of handling irregular free surface boundaries such as the steep topography of

the Santorini caldera.

The immersed boundary method will be presented following a short discussion of FWI with

an emphasis on the inversion of sparse datasets. Finally, preliminary results of the inversion

for P-wave velocity will be shown.

⇤PROTEUS Scientific Team: Emilie E. E. Hooft, Douglas R. Toomey, Benjamin A. Heath, Brennah McVey
(University of Oregon), Paraskevi Nomikou (National and Kapodistrian University of Athens), Costas B. Papazachos
(Aristotle University of Thessaloniki).



Solving the mystery of the 1960 Hawaiian lava flow:

Implications for understanding the Earth’s magnetic field
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Abstract

Paleomagnetism provides a unique window to study the behavior of the geodynamo and
provide insight into the history of the Earth’s core. As lava flows cool, they record the local
magnetic field in magnetic grains, usually magnetite, which can be retained for millions to
billions of years. Studying historic lavas flows provides a rare test for the accuracy of paleo-
magnetic techniques, by comparing direct measurements of the Earth’s magnetic field and the
field information recorded in the rock record. Connecting direct and indirect measurements
provides a way to bridge the gap between historic data in the last 50-100 yr to geologic data
spanning thousands to billions of years. The field strength in Hawaii in 1960 was directly
measured in Honolulu to be 36.4 mT; paleointensity analyses from contemporaneous lava flows
are therefore expected to yield similar values. Since the 1960 lava flow, over a dozen studies
have tried to match this elusive 36.4 mT value. The standard thermal Thellier experiments,
where specimens are thermally demagnetized in an oven, comprise the majority of the pa-
leointensity data available. However, these often overestimate the expected value, whereas
less commonly used alternatives, like using microwave radiation instead of heat, have occa-
sionally yielded apparent underestimates. Here, we test the hypothesis that higher quality,
unbiased measurements are possible using an improved Thellier-type protocol coupled to an
updated microwave system. New paleointensity experiments were performed on two sections
from the 1960 flow, primarily using the Thellier-style Microwave-IZZI+ method, which allows
checks for thermochemical alteration during the experiment. The specimens from section 1
produced more linear Arai plots and gave an estimate within experiment error, whereas those
from section 2 gave an estimate within 10% of the interred value. Our data successfully re-
produce previous data collected using the microwave method and closely match the expected
paleointensity estimate.

Keywords
Paleomagnetism, Paleointensity, Hawaiian lava, IZZI+ method



What on Earth was the geomagnetic field doing just before
the Cambrian explosion of life?
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Abstract

The Neoproterozoic was a time of continental break-up, extreme climatic changes and di-

versification of early life that concluded in the Cambrian explosion of life. Palaeomagnetic

measurements from the Ediacaran period (635-541 Ma) also produce anomalous results which

might indicate unusual behaviour of Earths magnetic field. In contrast to the conventional

geomagnetic dipole field, geocentric and aligned with Earths rotational axis, records of the

palaeomagnetic field, stored in rocks in several locations in Laurentia and Baltica, have been

used to argue that the Ediacaran geomagnetic field spent extended periods of time with its

poles at the geographic equator. Whether the results are explained by continental movement

with unmatched velocity, true polar wander or of a weak geomagnetic field with high reversal

rates is still widely discussed (Kirschvink et al., 2005; Abrajevitch and Van der Voo., 2010;

Biggin et al., 2012, etc). A weak field might also have wider implications on the evolution of

early life due to the weakened shielding e↵ect from solar radiation (Meert et al., 2016).

This project aims to gain a better understanding of the ancient geomagnetic field of the

Ediacaran period by analysing the strength of the field and to investigate the reasons for its

anomalous behaviour. To do this, initial palaeointensity measurements of Ediacaran rocks

from the Grenville Dykes (Halls et al., 2015), the Skinner Cove volcanics (McCausland and

Hodych, 1998) and the Volyn Traps (Elsing et al., 2007) have been conducted using a quasi-

perpendicular microwave IZZI protocol (Yu and Tauxe, 2005). The samples seem to respond

well enough to microwave treatment that a full palaeointensity study will be conducted.

Keywords
Palaeomagnetism, Neoproterozoic, Palaeointensity, Geomagnetic field



A new marine magnetic anomaly chart for the Caribbean:
Implications for the tectonics of the Antilles island

arc-subduction system
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Abstract

Analysis of magnetic anomalies played a fundamental role in the development of plate

tectonic theory through the discovery of sea-floor spreading. However, many other tectonic

features such as island arcs, back-arc spreading and large igneous provinces also present charac-

teristic magnetic signatures that can help plate reconstruction, island arcs, back-arc spreading

and large igneous provinces. In recent decades the development of satellite technologies has

greatly increased both the coverage and availability of such datasets. Here we present a new

marine derived magnetic anomaly chart for the Greater Caribbean region, constructed from

335 individual magnetic surveys over a period of 50 years and containing 1.5 million individual

magnetic measurements. Using cross-over analysis to remove clearly anomalous ship tracks

and following diurnal corrections the final levelled chart has a mean absolute cross-over error

of 22.5nT from 18,000 ship track interactions. After applying reduction to the pole, this com-

prehensive dataset, which is gridded at a scale of 2 arc minutes ( 3.5km), allows us to visualise

the magnetic anomalies in this tectonically complicated region in a level of detail which is

unrivalled by existing regional studies. With support from both new and existing gravity, seis-

mic and geochemical data our final grid allows us to interpret previously unidentified regions

of back-arc spreading and arc volcanism associated with the Lesser Antilles subduction zone

with major implications for the Cenozoic history of the Eastern Caribbean. These results not

only provide answers to some of the outstanding questions about the history of the Lesser

Antilles subduction system, such as the nature of Grenada Basin opening and mechanism for

partial arc retreat, but demonstrate the enduring value of marine magnetic surveying to large

scale regional tectonic studies.



Joint inversion for volumetric and boundary heterogeneity
with the adjoint method
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Abstract

We present an alternative approach to invert for boundary topography with full-waveform

inversion. Seismological studies have typically focused on either determining volumetric pa-

rameters such as wave velocity and density in a given region of the earth, or specifically on

studying boundaries such as the mantle transition zone discontinuities, with attention rarely

given to simultaneously studying both. The proposed method allows naturally for joint inver-

sion for both boundary topography and volumetric parameters with full-waveform inversion

In the proposed method, the elastodynamic equations are formulated and solved on a

fixed reference domain of a chosen geometry (eg. rectangular or circular). The equilibrium

mapping from the reference domain onto the physical body then contains information about

the positions of boundaries, but is globally defined. We can take this equilibrium mapping as

a model parameter and invert for it, along with conventional volumetric parameters such as

wave velocity or density. Sensitivity kernels are obtained for this equilibrium mapping, and can

be calculated using the spectral element method. To do so, we find that we are forced to work

with so-called Sobolev inner products rather than the usual L
2
inner products. This method

of joint inversion has, in particular, the potential to allow for better quantitative resolution

analysis of boundary topography inversions, through the use of second-order adjoints to access

the Hessian operator.



Exploring Earths chemical heterogeneity using numerical

mantle convection models
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Abstract

As geodynamic models grow more and more advanced, it is important that we can test
them against observations to ensure we understand how they are working. Geochemical mea-
surements offer an important constraint with which we can test melting and recycling within
geodynamic models. The U-Pb system has long been a favourite of geochemists, chosen for
its relative ease to measure accurately in melts and its robustness. Here we use the pseudo-
isochron age of Pb isotope ratios measured in Mid Ocean Ridge Basalts (MORBs) as a control
on the 3D mantle convection model, TERRA. As with previous studies of a similar nature, it
is found that the pseudo-isochron age of melts in a simple model is too high when compared
to the data. We investigate various ways in which to decrease the pseudo-isochron age and
comment on the effect each has on the composition of the melt. It is found that there are many
ways in which to decrease the pseudo-isochron age of melts, however the favoured method is
to simply increase the amount of mantle processing.



Locating Sharp Velocity Changes in the Lowermost Mantle
using Refraction and Multipathed Arrivals

Jamie Ward, Andy Nowacki, Sebastian Rost
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Abstract

Seismic tomography models have revealed two continent-sized structures at the core-mantle

boundary under Africa and the Pacific Ocean. Due to their location and size, the structures

a↵ect the whole Earth in several ways including surface uplift, hotspot volcanism and outer

core convection. Through these models, broad observations on the location, morphology and

relative velocity of the structures have been made, but due to resolution limitations, the fine

scale features cannot be recovered. Regional studies have resolved some of the finer details

by using body waves that sample the boundary of the structure. These studies have con-

strained information on the angle, location, velocity reduction and sharpness of the velocity

change at the boundary through analysis of travel time residuals and a phenomenon known as

multipathing. Multipathing occurs when a wavefront is incident on strong lateral changes in

velocity leading to two arrivals when only one is expected (see figure below). Previous studies

using multipathing have used the waveforms only and not the full slowness vector, which gives

information about the backazimuth and absolute slowness of the arrival. The absolute slowness

can then be used to infer the inclination of the arrival. As multipathed arrivals are expected

to arrive from di↵erent backazimuths and absolute slownesses, the multipathed arrivals can

be identified by analysing the full slowness vector. Both the presence of multipathing and

strong changes in direction and inclination of the arrivals can be used to locate sharp veloc-

ity gradients. This study uses events recorded at temporary arrays in Southern and Eastern

Africa to sample the boundary of the African structure. Array seismology techniques are used

to recover the full slowness vector, identify the presence of multipathing and measure backaz-

imuth and absolute slowness deviations. From this, the location of sharp velocity boundary

is inferred to a higher resolution than that found in tomography models. We observe 2.4% of

our points have clear multipathing and are clustered in locations where a boundary could be

located. The back azimuth residuals vary between �15
�
and 18.6

�
with a spatial distribution

of the residuals indicative of sharp boundaries of a small low-velocity structure. The absolute

slowness deviations vary from �1.49 to 1.09 s/
�
with the spatial distribution indicating a long

linear boundary potentially a subducted slab.



Rift structure and crustal composition in the Eastern Black

Sea Basin from long-offset seismic reflection data
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Abstract

The crustal configuration of rifted margins is the result of a complex trade-off between

extension rate and lithospheric compositional variation, which both influence the thermal

structure and strength of the lithosphere. Despite this complexity, defining the nature of the

lithosphere and the structure beneath extensional basins is important to understand how the

uppermost lithosphere deforms under extension. Geophysical data can be used to identify pat-

terns of extension within the continental crust, to differentiate crustal types, and to constrain

the degree of magmatic addition to the stretched lithosphere.

In the Eastern Black Sea Basin (EBSB) there is still uncertainty about whether rifting

generated oceanic spreading and, if so, the extent of oceanic and stretched continental crust.

We use 2D long-offset seismic reflection profiles, acquired by Geology Without Limits (GWL)

and ION GXT in 2011, to investigate the nature and structure of the crust in the EBSB. We

mapped the distribution of deep syn- and post-kinematic sequences and associated unconfor-

mities, which provide an important record of the timing of rifting and help to constrain the

boundaries between crustal domains. Our identification of crustal domains and their distri-

bution across the basin is supported by an analysis of basement morphology. In the EBSB,

the basement reflection changes along a NW-SE direction, highlighting the presence of three

different crustal domains from thinned continental crust in the NW to transitional crust and

then normal oceanic crust in the SE. Velocity information from previous studies also shows a

transition from a thin crust (7-9 km) with continental velocities ( 6.4-6.6 km/s) in the NW,

to a thicker crust (11-13 km) associated with velocities consistent with normal oceanic crust

(lower crust 6.8-7.2 km/s) in the SE. Below the basement, discontinuous intra-crustal reflec-

tions are identified. Among them, the most continuous feature is a flat-lying, SW-trending

structure which is interpreted as a detachment, suggesting asymmetry during the extensional

process. Towards the SE, a more symmetric structure is visible at both conjugate margins of

the basin. The Moho reflection has also been imaged, shallowing at the centre of the basin

(at 19-20 km depth) and dipping down below the basin margins. From these observations,

we assess along-axis structural and compositional changes in the EBSB rift.



The Crustal Structure of Cyprus: Insights from Surface
Waves and Receiver Functions
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Abstract

The island of Cyprus lies on the Anatolian Plate to the north of the subducting African
Plate. The Troodos Ophiolite, an example of a complete ophiolite sequence has, as yet, an
unconstrained thickness and unknown lateral extent at depth beneath younger sediments. Util-
ising broadband seismograph stations located across Cyprus, analysis of receiver functions and
surface wave dispersion are used to provide insight into Cyprus’ crustal architecture. Receiver
function H-K stacking is used to determine Moho depth and bulk crustal Vp/Vs ratio beneath
each station. The method makes the fundamental assumption that the largest amplitude P-to-
S conversions in the receiver function come from the Moho. When the crust is simple and the
crust-mantle transition sharp, this holds: the Moho Ps arrival and subsequent reverberations
(PpPs, PpSs+PsPS) are impulsive and bulk crustal structure is easily constrained.

Results from Cyprus indicate that H-K stacking fails systematically across the island and
is therefore an unreliable technique to analyse crustal structure. This suggests that the Moho
in Cyprus is not a sharp velocity discontinuity. It may also indicate the presence of complex
upper-crustal velocity structure associated with the Troodos Ophiolite. Thus, local earthquake
fundamental mode Rayleigh wave analysis is used to constrain crustal shear velocity struc-
ture. Dispersion curves are picked for each event-station pair and inverted for group velocity
across the eastern Mediterranean. The Troodos Ophiolite is identified as a high shear velocity
anomaly, confined to the upper crust. Below this high velocity anomaly, relatively homoge-
neous group velocities across the island are interpreted as the continental crust onto which the
Troodos Ophiolite was obducted. To allow interpretations of shear wave velocity with depth,
joint inversions of surface wave and receiver functions are performed. These confirm that the
Troodos ophiolite exists as a high velocity package in the uppermost crust (6-10km) with a
gradational Moho at 25-30km depth.
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Imaging the Earth’s Dynamic Mantle
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Abstract

The composition and structure of the lowermost mantle is not well understood. The

resolution of body wave tomography is ever improving; revealing a lowermost mantle

rich in structural features, such as the large low shear velocity provinces (LLSVPs)

and ultra low velocity zones (ULVZs). However, these snapshot images provide limited

constraints on D” dynamics. In particular this uncertainty has led to a range of models

for LLSVP structure and dynamics to be postulated, such as thermal superplumes,

stable piles or metastable piles (Garnero et al., 2016).

Seismic anisotropy is well known to be associated with dynamic processes in the

upper mantle (e.g. Walpole et al., 2014) and provides us with a key tool to improve

our understanding of D” dynamics. Previous work has primarily mapped regional D”

anisotropy using either S/ScS, which propagate horizontally through D”, or SKS/SKKS

data, which propagate vertically. In order to overcome limited azimuthal coverage

simplifying assumptions of vertical or tilted transverse isotropy (also referred to as

radial anisotropy) are often made. These assumptions of hexagonal symmetry in the

horizontal plane severely limit our ability to infer mantle dynamics.

To resolve this issue, we intend to construct a new dataset of azimuthal seismic

anisotropy across D” using the inversion framework of Wookey (2012). In order to

achieve su�cient coverage to image azimuthal anisotropy, we will combine existing

global ScS shear wave splitting data (e.g. Walpole et al., 2018) with a new SKS/SKKS

dataset. Here we present our current dataset of 4,000 SKS/SKKS pairs.

Keywords
shear wave splitting, seismic anisotropy, D”, lower mantle



Distribution and growth styles of carbonate build-ups as a
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Abstract

Isolated carbonate build-ups are of great interest, especially in the petroleum industry due

to their reservoir potential. It is estimated that around 50 billion bbl of oil equivalent reserves

are accumulated within isolated carbonate build-ups worldwide. The mechanisms that control

their initiation and development are key to predicting the best places to drill. This is particu-

larly important in frontier fields. Tectonic-related mechanisms have been documented mainly

as structural highs. However, little has been published about other fault structures such as

fault linkage and relay ramps that control the location and growth of carbonate build-ups.

Fault growth history gives us a great insight into understanding the development and timing

of build-ups, as well as their relationship with carbonate productivity rates. This is especially

important in regions with complex tectonic and stratigraphic settings.

We utilise a 3D seismic dataset from the Bonaparte Basin, North West Shelf of Australia

with emphasis in the Karmt Shoals in the Timor Sea, to use as reference for the growth of

build-ups. This work shows detailed fault throw displacement distribution plots (T-Z, throw-

depth and T-D, throw-distance) in conjunction with high-resolution fault throw maps. These

components help us to determine the exact evolution history and geometry of faults, which

are related to the position and distribution of build-ups.

We critically evaluate the significance of analysing fault growth history when trying to

determine build-up controls. We present different scenarios in which the evolution of fault

systems may influence the growth of carbonate build-ups on equatorial margins around the

world. Depending on how the build-up was created, the reservoir elements such as porosity

and permeability can increase or decrease, influencing the economic attraction of build-ups.



Using stress drop to probe into the rupture physics of
fracking-induced earthquakes
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Abstract

Hydraulic fracturing underpins tight shale gas exploration, but also poses risks, including
those associated with injection-induced fault re-activation and earthquakes. In some cases,
induced earthquakes have led to building damage, abandonment of projects, investment losses
and litigation issues regarding compensation for damage. Neither the mechanisms by which
seismicity is induced, nor the ensuing ground motions are well understood scientifically, even
though these are crucial for accurate hazard risk assessment and governance.

Here, we investigate a unique dataset of fracking-induced earthquakes to shed light on their
rupture mechanics and ground motions. Our dataset comprises of over 90,000 high quality
microseismic events with magnitudes -2.5 < Mw < 0.6 recorded during hydraulic fracturing
in the Horn River Basin, British-Columbia.

To characterise the microseismic events we analyse their stress drops. The stress drop of
an earthquake is a parameter of the ruptured patch in the subsurface, defined as the average
di↵erence in shear stress acting on the rupture patch before and after slip has occurred. It
is determined from the observed frequency spectrum of the seismic waves generated by an
earthquake and can be used as a proxy for high frequency ground motion.

We present preliminary determinations of source parameters needed for stress drop cal-
culation and also consider the statistical estimation problem of fitting a 3-parameter model
(required to determine the stress drop) to a noisy spectrum. Our aim is to test several hy-
potheses about the source parameters of induced seismicity, specifically:

• Do we observe constant stress drops as is seen in global tectonic earthquake catalogues?

• Do induced earthquakes have similar stress drop values to tectonic earthquakes?

• Are there systematic stress drop variations with depth, magnitude or geological layer?

Preliminary results from the stress drops provided by the contracting company who initially
acquired and processed the data reveal some interesting trends. Two observations of particular
interest are:

• Earthquakes occurring below the hydraulic fracturing zone, associated with fault reacti-
vation, shows distinct scaling between stress drop and seismic moment.

• Our observed stress drops during hydraulic fracturing are lower than the global tectonic
range.

However, these results may be tenuous, resulting from a corner frequency cuto↵ set up by
the acquisition company. Therefore the current stage of research concerns the calculation of
revised stress drops for the dataset.



Impact of gaps in ambient seismic data
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Abstract

Ambient seismic noise cross-correlation can provide information about variations in seismic
wave velocity with position in order to image crust and uppermost mantle structure. Previ-
ously, I applied this method to tomographic studies beneath Thailand during research for
my Masters degree. Although the results showed good correspondence between the tectonic
boundaries and the clearly defined interface of low and high velocity anomalies, the stability
of the ambient noise data, and results, is undetermined. Most data from seismic stations of
the Thai Meteorological Department network have gaps which may be a significant cause of
uncertainty in the retrieval of the Greens function of the cross-correlations and the obtained
result of the surface wave tomography.

To determine the impact of gaps in the ambient noise data, seismic data from vertical com-
ponents of stations surrounding Thailand, accessed through the IRIS network, were chosen.
Gaps of various lengths were then inserted into these data, allowing us to compare results
with the original, continuous data records. Results are shown as plots of signal-to-noise ra-
tio vs number of days stacked. Interpolation and zero padding methods for gap correction
were both tested. The modified and the original data were processed separately to obtain
the cross-correlation Greens function between two stations. Signal-to-noise ratio (SNR) of
the cross-correlations, and the variability of the resulting group velocity, as measured from
frequency time analysis, were considered.

The current study found no significant difference between the gap interpolation and zero
padding methods. It did however show that the dispersion curves are sensitive to the amount
of data stacked and the gap length. The results of this study indicate that, depending on
the station pair, the data stacked between 100 and 250 days are required to have reliable
dispersion estimations. These results can be utilised to determine the acceptable gap lengths,
and useable data, to provide a robust ambient noise tomography study of Thailand.



Deformation associated with sliver transport in Costa Rica:
July 2016, Bijagua earthquake sequence.
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Abstract

Central America has a forearc sliver between the Middle American Trench and the Central

American Volcanic Arc. The slip partitioning on the Caribbean plate is product of the oblique

convergence of the subducting Cocos Plate, seamount subduction and the indentation of the

Cocos Ridge.

Previous GPS studies found that the sliver part at northern Costa Rica moves as rigid block

to the NW at a rate of ⇠ 8 to 11 mm/yr relative to the stable Caribbean Plate. From field

work and seismology it was defined that the boundary lies between the Guanacaste Volcanic

arc and the backarc basin in Northern Costa Rica, along the Haciendas Chiripa Fault system

(HCFS).

In July 2016, an earthquake sequence with right lateral strike slip focal mechanism solu-

tions occurred near the HCFS. We analysed the deformation associated with the earthquake

sequence using InSAR data. We generated forward and inverse models to compare the ob-

served ground displacement to the deformation generated from the recorded seismicity. Using

the seismic source parameters as a priori information.



Structural controls on pockmarks fields in the northern Gulf

of Mexico: a case study for hydrocarbon exploration in salt

basins
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Abstract

For the last two decades, much research has focused on the formation of fluid flow fea-

tures such as pockmarks and pipes, as well as their spatial correlation to structures at depth.

Enhancements in the resolution and acquisition of 3D seismic data is allowing more of these

features to be imaged, indicating active plumbing systems and risks of hydrocarbon leakage.

This highlights the importance of mapping and characterising these pockmarks during explo-

ration and basin analysis, to better understand the potential leakage pathways.

Large pockmarks on the seabed are revealed by 3D seismic data in the northern Gulf

of Mexico basin. High resolution seismic mapping, combined with semi-automated mapping

methods in ArcGIS, are used to analyse the morphology and distribution of 720 pockmarks.

Visual examination showed that salt bodies and faults placed a structural control on the dis-

tribution of pockmarks, which is investigated further to determine the significance of these

structures in focusing fluid flow. The fluid flow features are classified according to their struc-

tural setting. Pockmark morphological attributes and depth of source are plotted within the

classification.

Results show no clear correlation between the morphological attributes and depth of source,

contrary to studies in other basins. Half of the pockmarks are located within fault scarps, which

are sourced from the top of salt diapirs, emphasising the importance of salt and associated

crestal faults in focusing fluid flow to the seabed. Passive fluid flow through the minibasins is

also evident due to the presence of amplitude anomalies and pockmarks located far from salt

or faults, yet may equally be evidence of shallow, biogenic gas accumulations.

This study uses a novel approach of both seismic and geographic information systems in a

case study to analyse fluid flow paths in a salt basin, which aids to assess risk and uncertainty

in terms of both shallow gas hazards and hydrocarbon leakage from deeper reservoirs.



Understanding the challenges of sub-sill seismic imaging
using full-waveform seismic modelling
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Abstract

Hydrocarbon exploration is increasingly focused on regions containing extensive igneous in-

trusion (sill/dyke) complexes (e.g. NE Atlantic Margins, o↵shore Australia). These represent

discontinuous high velocity layers within the subsurface. Whilst the challenges of exploring

around extrusive volcanic rocks are well-studied (sub-basalt imaging problem), our under-

standing of why there is poor seismic imaging around less heterogeneous intrusive rocks is not

as well developed (sub-sill imaging problem). Some of the causes of poor imaging are due

to: 1) sub-vertical seismic resolution intrusions; 2) steeply dipping/vertical feeder dykes not

normally imaged; 3) intrusions of varying composition; 4) strong multiples and energy lost to

refracted or P-S converted waves; and 5) extrusive basalt overburden scattering energy.

Reliable seismic imaging is essential, as sill complexes can be closely associated with source and

reservoir rocks. Interbed multiples and inadequate processing can introduce artefacts during

imaging that give the appearance of additional sills not present, which may lead to misidentifi-

cation of hydrocarbon traps or pathways. Unidentified sills have an impact on drilling through

igneous sequences, and there have been many documented cases of intrusions hindering ex-

ploration and causing drilling hazards. This study seeks to improve our understanding of the

wave propagation and scattering processes around intrusion complexes, specifically focusing

on the causes of reduced imaging.

Models are developed using complex sill geometries taken from sub-surface seismic studies,

and elastic properties derived from wireline logging through the Paleogene Faroe-Shetland Sill

Complex within the Faroe-Shetland Basin along the NE Atlantic margin. We use full-wavefield

seismic modelling to generate synthetic seismic data, using the finite di↵erence and phase-

screen methods, for acoustic and elastic media. Modelling shows that very thin intrusions,

well below the limits of vertical seismic resolution, will only be imaged in perfect conditions.

E�cient P-S mode conversions occur at the sediment/igneous boundaries, where the S-wave

velocity of the igneous layer is similar to that of the P-wave velocity of the sediments. These

interfere with the primary signal at nearer o↵sets than typically encountered where high ve-

locity contrasts are not present. A substantial amount of energy is sent into guided waves

(refractions) within the intrusions, rather than being returned as a primary reflection. Be-

low an extrusive basalt sequence, even the high amplitude reflections from intrusions can be

obscured as a result of scattering and interbed multiples from within the basalt.

Keywords
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Abstract

The seaward, updip, extent of plate-boundary fault rupture during subduction zone earth-
quakes is an important control on seismic magnitude and tsunamigenic potential. The updip
limit of seismogenesis is controlled by the physical properties and pore fluid pressure of the
sediments that surround the fault plane. Shallow slip on the plate-boundary fault during the
2004 Mw 9.2 Aceh-Andaman Earthquake, offshore North Sumatra has been closely linked to a
thick sedimentary section on the oceanic plate. A high-amplitude, reversed-polarity reflector
has been identified in seismic reflection data offshore the 2004 rupture area, and is thought to
represent an overpressured horizon that eventually forms the plate boundary fault (the decolle-
ment). The thick (1.5 km increasing to 4-5 km in the trench) sedimentary section increases
temperatures in the basal sediments, hypothesised to trigger diagenetic dewatering reactions
(e.g., opal-quartz, smectite-illite). The fluids that are produced from these reactions are fo-
cussed into sediments where the decollement ultimately forms. International Ocean Discovery
Program (IODP) Expedition 362 sampled the entire sequence of sediments on the incoming
plate offshore northern Sumatra, 225 km seaward of the subduction zone deformation front.
The age control and physical and thermal properties measured by Expedition 362 were coupled
with observation from multichannel seismic reflection data to produce 2D thermal models of
the sediments on the incoming plate. Here we show that the basal sediments, in the vicinity
of where the decollement will form, are reaching critical temperatures for diagenetic dewa-
tering reactions before they have reached the deformation front of the subduction zone, i.e.
pre-subduction.
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Abstract

Microseismic monitoring is an important method of assessing the behaviour of subsurface

fluid processes for both hazard mitigation and assessment of operational efficiency. Microseis-

mic data are conventionally acquired using multi-component geophone arrays in boreholes or

on the surface. An alternative technology has been recently developed - fibre-optic Distributed

Acoustic Sensing (DAS) - using strain along a fibre-optic cable as a measure of seismic signals.

The rapid development of the technology has led to increased interest in the application of

DAS systems to monitoring both petroleum and other subsurface industries. However, there

are challenges in locating microseismic events recorded using current DAS systems, which only

record seismic data on one-component (1C) and consequently lose the azimuthal information

provided by a standard three-component (3C) geophone.

Here we model locating microseismic events recorded by DAS arrays. We test array ge-

ometry, station spacing, number of wells and the effects of picking P and/or S- wave arrivals.

Deviated cables (e.g., non-linear) always perform better than unidirectional cables. Sparse

DAS receiver arrays in multiple linear boreholes perform much better than single borehole

arrays. This is true even in comparison with traditional 3C geophone sensors, which benefit

from particle motion analysis. In general, we find cable geometry is more important than

station spacing. Single wells of any shape always produce event locations with some degree of

ambiguity. However they are still useful in regulatory monitoring e.g., estimating frac height.

Finally, we demonstrate the use of a linear DAS cable for locating microseismic events using

a real data example recorded during hydraulic fracture stimulation. Even only using S-wave

arrivals detected on a limited portion of the cable, we can do a good job of determining how

far away from the cable the event occurs.



	
Wi-fi	Access	

 

	

Eduroam	users	can	login	using	their	institution’s	username	and	password.	

If	you	are	not	an	Eduroam	user	then	you	can	login	using	the	following	
steps.	

Wireless	Network	Access	
		

To	connect	your	mobile	device:	
1.									Select	‘CU-VISITOR’	from	your	device’s	list	of	wireless	network	

services.		On	some	Apple	devices,	‘CU-VISITOR’	may	not	be	listed.		You	
can	find	the	network	by	selecting	‘Other’	and	entering	a	search	for	‘CU-
VISITOR’.	

2.									On	connecting,	you	will	be	required	to	state	the	purpose	of	your	visit,	
please	select	‘I’m	here	for	a	Conference/School	Open	Day’	

3.									You	then	need	to	register	your	contact	details	including	mobile	
number	and	enter	the	Conference	ID:	‘CONF2018’.	

4.									Once	registered,	a	text	message	will	be	sent	to	your	mobile	device	
containing	your	logon	username	and	password.	

5.									Logon	through	the	webpage	using	the	username	and	password	in	the	
email	or	text	message	to	connect.	

 

	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
	

The Tower Building is 
accessed from Park Place. 
If you are walking from the 
city centre then the best 
route is to walk east along 
Queen Street (towards the 
Capitol Shopping Centre & 
Easy Gym) then turn left at 
the large carousel. This 
will take you up Park 
Place. Once you get past 
the New Theatre there is a 
large road to cross. 
Continue straight ahead up 
Park Place and after an 8 
minute walk the Tower 
Building will be on your 
left, it has signage for 
School of Psychology.  


