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KEYNOTE ADDRESS

Professor Iain Stewart

Director of the Sustainable Earth Institute 

School of Geography, Earth and Environmental Sciences (Faculty of Science and
Engineering), University of Plymouth

2 Geologists’ Association Student Symposium 2017

Professor Iain Simpson Stewart,

MBE FGS FRSE is a Scottish

geologist, a Fellow of the Geological

Society of London, the Royal Society

of Edinburgh, and President of the

Royal Scottish Geographical Society.

He is Professor of Geoscience

Communication at the University of

Plymouth,  a member of the

Scientific Board of UNESCO's

International Geoscience

Programme and a great friend and

sefless contributor to the Geologists’

Association and Rockwatch activities

down the years.

Described (on his wikipedia page...

don’t we all wish we had one!) as

geology's "rock star", Stewart is best

known to the public as the presenter of a number of science

programmes for the BBC, notably the BAFTA nominated

Earth: The Power of the Planet (2007).

He attended Mount Cameron Primary School and then

Claremont High School from 1976 to 1982. In an interview

with the Herald newspaper, Stewart revealed that he initially

struggled with geology: "I was a middling student, never

really at the top of the class, nor at the bottom. Which I think

is good, in a way. When you're out there at the top, it can be

quite isolating."

Stewart was a child actor and holder of an Equity card, but

leaving acting behind, he studied geography and geology at

Strathclyde University, graduating in 1986 with a first class

honours Bachelor of Science degree. He obtained his

doctorate, entitled "The evolution of neotectonic normal fault

scarps in the Aegean Region" in 1990 at the University of

Bristol on research into earthquakes in Greece and Turkey. 

In 1990 he began teaching geology at the West London

Institute of Higher Education (WLIHE) in Osterley and from

1995 at Brunel University (due to its merger with WLIHE).

After 12 years in London he moved back to Scotland to

develop a new career as a science broadcaster.

He moved to the University of Plymouth in 2004, later

becoming Professor of Geoscience Communication, a position

he believes to be unique in the world!

Iain returned to television as an expert academic for Helike

– The Real Atlantis, a 2002 BBC Horizon film about the

destruction of the Greek city of Helike by earthquake and

tsunami in 373 BCE, newly

rediscovered in 2001. This, he says,

"gave me a hunger to get more

geology on telly."

He featured in another Horizon

film, on earthquakes, in April 2003,

before appearing as a team member

in the fourth series of Rough Science

(shown January/February 2004), a

series where a group of scientists is

challenged to solve tasks using only

the resources of the local

surroundings and a small set of

supplies.

His main research interests are in

the broad area of Earth hazards and

natural disasters, particularly in

terms of identifying past major

earthquakes, tsunamis and volcanic eruptions in the

Mediterranean region. Iain also specialises in geology's effect

on culture and religion throughout the history of the world.

He appears in other roles, including as a scientific

commentator.

Iain was appointed Member of the Order of the British

Empire (MBE) in the 2013 Birthday Honours for services to

geology and science communication.

As well as teaching at Plymouth University, he is a patron

of the English Riviera Geopark, a member of the Scientific

Board of UNESCO's International Geological Programme and

chair of its 'Hazards' theme, a vice-president of The

Geographical Association and its primary Geography

'Champion', a member of the Steering Committee of the

IUGS-Commission on Geoscience for Environmental

Management Working Group on 'Communicating

Environmental Geoscience', a member of the UK National

Coordinating Centre for Public Engagement's Academic Action

Research group, and a member of The Geological Society of

London's external relations committee.

He has always been a generous contributor to Geologists’

Association activities and in this vein the Convenors of GASS

2017 determined that there was only one champion of

Student Research who would be most suited as the first

keynote speaker at what we hope will be become a mainstay

in the GA’s programme of events.
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The ability to communicate your research effectively is a

crucial skill for scientists. It does not matter how important

and ground-breaking your research is if other scientists,

policy makers, industry and the general public do not know

about it. In these changing times where it feels sometimes

like “experts” are no longer trusted like they once were, it has

never been more important to communicate science

accurately and engagingly. 

There are plenty of conferences in the Geosciences but

these are often highly focused and provide you the

opportunity to present your research to other specialists in

your field. These presentations often involve a discussion of

your methods and results in detail, but do not include an

explanation of why your science is important or why it

matters to society (which, it surely does as it has been

funded by someone!). As a student myself I often found

describing my research to family and friends a challenge-

fault development might be interesting to a structural

geologist, but why should my great uncle care?

The fact that science communication to a broad audience is

so difficult, and that it is not a skill that students routinely get

to practise, has inspired us to organise a new conference- the

Geologists’ Association Student Symposium (GASS). The

Geologists’ Association was founded in 1858 and has played

a strong role in geoconservation in the UK and promoting the

communication of science to the public. The aim of the GASS

symposium is to assist in the development of effective

science communicators by providing an opportunity for

students to practise their oral and poster presentation skills,

and for other students to learn by watching excellent

communicators in action. For policy makers, industry and the

public the GASS symposium is a unique opportunity to gain

an insight into the cutting edge science being conducted by

students in the UK and internationally. 

Our chosen topic for the first GASS symposium is “Geology

and societal change: What difference does your research

make?” We have thirteen exciting talks lined up as well as at

least twelve posters. The day will be divided into five different

subject areas that are based on the range of abstract topics

that were submitted- Geohazards, Offshore geoscience,

Climate, Geomechanics and Geoeconomics.

As well as the student presentations we are also delighted

to host Iain Stewart, Professor of Geoscience Communication

and Director of the Sustainable Earth Institute, Plymouth

University as our key note speaker. Many of you will likely

recognise Iain from a number of television appearances that

may well have inspired your decision to study geosciences.

We will also have presentations by the Geologists Association

and Geological Society where you can learn more about the

work done by these groups and what they can offer to

students. Finally, we are honored to host Claudia Jaksch from

Policy Connect, a not-for-profit social enterprise that brings

together parliamentarians with public and private

organisations to tackle big issues across a range of sectors

affected by policy.

It is important to recognise and commend excellent

communicators and we will be awarding a prize for the best

talk and best poster. The best presentations will be those that

are enjoyed (and understood) by a broad audience, so the

winners will not be decided by a small panel but by all

symposium attendees! You will be asked to vote for your

favourite presentations throughout the day using an

electronic voting tool (don’t worry, everything is explained on

page 4).

We hope that you will enjoy the slightly

different format and focus of this conference

compared to others that you may have been to.

We hope that the symposium will continue to

run in the future, and if you are interested in

hosting the next GASS symposium at your

university or institution please speak to any of

the conveners. 

We would like to extend our sincere thanks to

The Geological Society for their strong support

organising and promoting the GASS conference

and for donating the use of Burlington House.

We are also thankful to our sponsors Atkins, The

Micropalaeontological Society (TMS), Shell and

Elsevier.

We are very much looking forward to meeting

you at GASS 2017!

Dr Rebecca Bell
WELCOME TO GASS 2017 on behalf of Convenors GASS2017

If you can't explain something simply, you don't understand it well enough.

Most of the fundamental ideas of science are essentially simple, and may, as a rule, be expressed in 

a language comprehensible to everyone.

Everything should be as simple as it can be, yet no simpler

Albert Einstein

GASS 2017 3
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Training. Advice. Discussion. Networking.

publishingcampus.com

Free online lectures, training and advice covering:
• Introduction to scholarly publishing
• How to get published in a journal
• Book publishing
• Peer review
• Publishing ethics
• Grant writing
• Getting your paper noticed

Helping you on your way to publishing 
a world-class book or journal article
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SESSION 1          GEOHAZARDS

SESSION SPONSOR: ELSEVIER CO-CHAIRED BY: REBECCA BELL & NICHOLAS PIERPOINT
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Devastating earthquakes, such as the 2016 M6.2 Amatrice

and M7.8 Kaikoura events in Italy and New Zealand involve

ruptures across multiple, seemingly isolated faults strands.

Furthermore, during these events a fault may rupture along

some strands but not others. Little information is available on

the geometry and connectivity of the faults at depth. As such,

the location of where faults are likely to rupture, how

earthquakes can affect adjacent faults, and the maximum

earthquake magnitude that could occur within an area may

be poorly constrained. However, 3D seismic reflection data is

able to provide unparalleled insights into the 3D geometry of

the subsurface, allowing the detailed mapping of ancient fault

systems. Understanding the geometry of such fault systems,

and how they interact and link with one another, may offer

invaluable insights into the connectivity and geometry of

active fault systems at the present day.  

Here, we use 2D and 3D seismic reflection data, located

offshore Norway, to analyse the geometry of ancient faults

systems, and compare these systems to those observed in

the present day. These ancient fault systems often display

complex geometries, with seemingly individual structures in

plan-view being geometrically and kinematically linked to

adjacent structures both laterally and at depth. Faults within

the Farsund Basin, offshore south Norway, are imaged as a

series of isolated en-echelon segments, separated by relay

ramps; however, at depth these form part of a single joined

structure. Furthermore, longer, basin-bounding faults are

often comprised of individual segments, joined at relay

ramps. How and when these segments linked during their

evolution could hold important implications for the maximum

potential earthquake size.

Although, the North Sea

rift system is now largely

inactive and is located at

great distances away from

active plate boundaries,

minor seismic activity is

still observed at the

present day. Earthquakes

are often associated with

ancient structural

weaknesses within the

crust, which often have an

increased propensity for reactivation throughout their history.

The Laerdel-Gjende fault system, onshore Norway is located

above a c. 5 km wide structure, the Hardangerfjord Shear

Zone. Offshore, this structure has been shown to control the

geometry of faults systems and increase their propensity for

reactivation on geological timescales. Faults located above

such weaknesses in seismically active areas may be

susceptible to increased earthquake activity.

We use well-imaged natural fault systems, located within

the North Sea, to attempt to better understand the geometry

and potential seismic hazard associated with active fault

systems. Although these fault are active over drastically

different timescales, ancient fault systems are able to offer

insights into the 3D geometry and connectivity between

different fault systems. Furthermore, the presence of long-

lived ancient structures may cause faults to be more active

on geological and neotectonic timescales.

Presentation 1:   Seismic hazard and fault geometry – 
Linking active and ancient fault systems

By: Thomas B. Phillips*; Rebecca E. Bell; Christopher A-L. Jackson
Basins Research Group (BRG), Department of Earth Science and Engineering, Imperial College London

* t.phillips13@imperial.ac.uk
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During an earthquake, stress is redistributed around the

fault that ruptures and surrounding faults may experience an

increase in static Coulomb stress. This has been shown to

increase the likelihood of earthquakes occurring on positively

stressed faults from examples in Turkey and California. The

central Apennines of Italy is well known for moderate sized

but devastating earthquakes occurring, including a series of

events in 2016 causing the deaths of ~300 people. In the

Apennines, the causative normal faults are well exposed at

the surface and hence can be accurately located and mapped

to determine their geometry. In addition, there is a long

historical record, with 34 earthquakes M>5.5 occurring since

1349. These earthquakes can be assigned to the capable

faults based on the distribution of shaking, observations of

surface ruptures and paleoseismic trenching. Using the

historical record and the measured geometry of the faults,

the Coulomb stress transfer and build-up can be modelled

from 1349 to the present day. This includes the 2016

Amatrice earthquake and

ongoing seismic sequence.

Historical earthquakes

generally occur in regions

of positive Coulomb stress

changes, including the

most recent earthquakes.

The distribution of the

seismic sequence in 2016

may be explained by the

heterogeneous stress

transferred to the faults by

historical earthquakes. 

Presentation 2:   Stress transfer during earthquakes in central Italy: 
using the historical record to inform the future and 
the 2016 seismic sequence 

By: Zoe Mildon *
University College London

* zoe.mildon.13@ucl.ac.uk
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The recent discovery of slow slip events (SSEs), slip which

occurs faster than the plate motion rate but too slow to cause

earthquakes, has transformed our thinking about how slip

occurs on subduction zone plate boundary faults. The

mechanisms responsible for SSE generation are not well

constrained, but have been linked to temperature, fluid

pressure and fault zone rheology.  The Hikurangi margin,

offshore North Island, New Zealand, is particularly interesting

as it exhibits a number of different slip behaviours, including

shallow slow slip (<2km to 15 km). There is also a strong

contrast in geodetic coupling across the margin. The

mechanisms that are important in controlling SSEs remain

elusive, largely due to the fact that no wells have yet drilled

a subduction margin slow slip zone to provide direct

geological evidence. High resolution images of the physical

properties of the fault zone is an alternative method of

examining the properties at SSE regions, in lieu of drilling

data. I aim to derive a high resolution acoustic velocity model

in areas of Hikurangi shallow slow slip using Full Waveform

Inversion (FWI). FWI is a cutting edge inversion algorithm

which uses the anisotropic wave equation, to match, trace-

by-trace, the waveforms obtained from a seismic surveys.

Such a survey was done over the Hikurangi megathrust in

2008. Starting with a P-wave velocity model obtained from

Normal Moveout velocities, FWI will iteratively update

subsurface velocities to produce a high-resolution model.

Besides the presence of SSEs at Hikurangi, The velocity

model will map the subduction fault zone, in order to identify

the existence of overpressure and aid in drilling safety for an

IODP drilling expedition set in 2018. Examination of the

model will allow the interpretation of physical properties in

the shallow part of the slow slip zone at Hikurangi, giving

insight into how fluids affect seismic behaviour at SSEs. 

Presentation 3:   Slow slip events (SSEs) on subduction zone plate boundary faults, 
Hikurangi margin, offshore North Island, New Zealand

By: Melissa Gray *
Basins Research Group (BRG), Department of Earth Science and Engineering, Imperial College London

* m.gray15@imperial.ac.uk
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Gold, silver and tellurium are vital commodities in modern

society, and so understanding the processes that enrich them

to world-class grades is of great importance. Cripple Creek,

Colorado, is an example of a low-sulfidation epithermal

deposit that contains unusually high quantities of tellurides,

which is hosted by Oligocene alkaline volcanics and

Precambrian felsic intrusions, such as the Pikes Peak granite.

The historic mining district comprises mineralised

hydrothermal breccias

with abundant dis-

seminated pyrite, and

cross-cutting quartz-

fluorite veining that hosts

the majority of high-grade

gold mineralisation as

tellurides and gold-silver

alloy. Pyrite mineralisation also shows

variable arsenic concentrations, which

is proportional to the quantity of trace,

‘invisible’ gold. So, there is an

important distinction in gold

mineralisation across the district,

which considerably varies in grade.

Constraining the distribution of key

economic ore minerals, including

tellurides and gold, will enable more

effective mining and processing of bulk

ore material, from strategic targeting

of the most favourable prospects in

and around the Cripple Creek district. 

POSTERS A - D

Poster A:   Ore mineral assemblages and their relation to Au grade at the Cripple Creek 
epithermal Au deposit, Colorado

By: Keiran Doyle
University of Leicester

* kd159@student.le.ac.uk
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Poster B:   How complete is the fossil record of non-avian theropod dinosaurs? Assessing 
skeletons to disentangle bias and identify knowledge gaps

By: Daniel D. Cashmore*, Roger A. Close & Richard J. Butler 
School of Geography, Earth and Environmental Sciences, University of Birmingham

* DDC050@bham.ac.uk

Changes in the completeness of the fossil record through

time, space and phylogeny can alter our interpretations of

ancient species’ diversity, ecology, biogeography and

macroevolution. Calculating the proportion of a complete

skeleton that is preserved within an individual specimen

provides one approach to quantifying the quality of the

tetrapod (four-limbed vertebrate) fossil record. Following on

from previous studies, the goal of this research was to

quantify the quality of the non-avian theropod dinosaur fossil

record in order to understand the natural (e.g. biological and

geological) or human (e.g. sampling techniques) biases

acting upon it. By doing this we can identify taxonomic

groups, geographical localities or geological time periods that

have relatively good or poor fossil records and so make us

aware of the gaps in our

knowledge that should be

explored. Public

fascination with dinosaurs

means this research may

have a relatively strong

impact on the perception

of the fossil record and its

uses in understanding the

evolution of life.

Results show that non-

avian theropod record has

lower levels of

completeness in the Rhaetian, Middle Jurassic and the

‘middle’ Cretaceous. Completeness

does not correlate significantly with

sampling proxies or sea level

changes through time. Of the major

continents, Europe and South

America have the least complete

records and Asia and North America

have the most complete.

O v i r a p t o r o s a u r s ,

ornithomimosaurs, and basal

coelurosaurs have the highest

average completeness values while

basal tetanurans and alvarezsaurs

have the most limited. The

relationship between time bin,

geographical locality and taxonomic

group completeness will need to be

assessed in more detail to unpick

the complexity in relation to

geological formations, sedimentary

facies, palaeoenvironments,

taphonomic processes and modern

day climatic regimes within which

specimens are preserved.
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Poster C:   Mechanical interaction between volcanic systems in Libya

By: Abdelsalam Elshaafi & Agust Gudmundsson
Department of Earth Sciences, Royal Holloway University of London

* abdelsalamelshaafi@yahoo.co.uk

The spatial distributions of monogenetic volcanoes,

primarily volcanic craters, within the four principal volcanic

provinces of Libya are examined and presented on density

map using ArcGIS. Six main volcanic clusters have been

identified, referred to as volcanic systems. Remarkably, the Al

Haruj (AHVP) and Nuqay (NVP) volcanic provinces have

double-peak density distributions, while Gharyan (GVP) and

Sawda (SVP) volcanic provinces have single-peak density

distributions. We interpret each density peak as

corresponding to a separate volcanic system, giving a total of

six systems in these four provinces. Age determinations show

that there was overlapping in time between the activities in

these provinces, suggesting that at least three of them were

simultaneously active. We propose that each of the 6 volcanic

system was supplied with magma from a large reservoir –

similar in lateral dimensions to the systems/clusters

themselves. We made many numerical models using Comsol

Multiphysics in order to test the possible mechanical

interaction and stress

transfer between the six

identified volcanic

systems. The magma

reservoirs are modelled as

holes within elastic lower

crust or at the crust-

mantle boundary. The

results show a strong

mechanical interaction

between nearby volcanic

systems in Libya, and

some interactions

between all the systems. More specifically, the numerical

results indicate zones of high tensile and shear stresses

between the reservoirs that coincidence roughly with the

main swarms of extension (dykes and volcanic fissures) and

shear (faults) fractures in the area. The numerical results are

supported by direct observations. Thus, recent

volcanic eruptions in Libya have mainly been in a

zone of modelled high stress concentrations

between northern part of NVP and southern part

of AHVP, primarily in the volcano Waw an Namus.

Similarly, the Holocene Al Mashaqaq lava flow

was erupted in the stress-concentration zone

extending between AHVP and SVP. While there

are no known eruptions in Libya in historical

time, some or perhaps all the volcanic systems

may have been subject to one or more dyke

injections in during this time. For example,

seismic events in the Hun Graben (in the

northwest part of Libya) during the past century

may be related to arrested dyke propagation. If

the inferred magma reservoirs are still fluid, they

pose significant of earthquake and volcanic

hazards to parts of Libya, particularly to the

Gharyan (population about 45,000 population)

and Zallah town (population about 8000), as well

as to many oil fields. 
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Poster D:   Coccolithophore diversity and paleoecology across the Eocene-Oligocene 
Boundary of the Nanggulan Formation, Java, Indonesia

By: Amy Jones
School of Geography, Earth and Environmental Sciences, University of Birmingham

* APJ527@bham.ac.uk

The Nanggulan Formation of Java, Indonesia, is a new low

latitude locality yielding calcareous nannofossils from the

latest Paleogene. Samples were collected from an onshore

site in south-central Java

and analysed for

nannofossil content,

recording diversity and ecological

changes through the assemblage.

Climates dramatically shifted from

warm, high pCO2 conditions in the

Eocene into a glaciated low pCO2

Oligocene. These changes are

documented by positive excursions in

benthic foraminifera δ18O and δ13C

isotopes portraying a detrimental

effect on the calcareous nannoplankton

communities in surface waters. Using

statistical analyses, documenting

nannofossil diversity and abundance of

species provides evidence of increased

productivity associated with the

Eocene - Oligocene boundary

(~33.9Ma).
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Presentation 4:   Overpressure Analysis for Improved HPHT Exploration 
Opportunities and Drilling Safety in UK Central North Sea 

By: Kingsley Nwozor *
Department of Geology and Petroleum Geology, University of Aberdeen

*  k.nwozor16@aberdeen.ac.uk

The older and more deeply buried formations constitute

over 60% of the target objectives of the oil and gas industry

in the Central North Sea. These formations are dominated by

high magnitudes of pore fluid pressures and elevated

temperatures with great implications for the petroleum

system and associated industry operations. In the main,

HPHT settings have higher potentials for reservoir seal

breaching, complex operational challenges caused by narrow

drilling margins, expensive well designs and high risk of well

control problems during drilling. Where these issues are

poorly appreciated and managed, it could lead to non-

productive downtimes (e.g. due to tool sticking and loss of

circulation), abandonment of wells, costly sidetracks and dry

holes. At the root of many of these challenges is the

inaccurate definition of pressure regimes along and around

the proposed well path. It is therefore important to have an

accurate knowledge of the subsurface pressure systems to

guide investment decisions, exploration strategies and

drilling operations.

By analysing several downhole datasets from HPHT wells in

the Central North Sea through series of novel workflows, this

study developed a geologically-consistent model of

overpressure variation in

the basin. Firstly, density

log data were used to

build a four-layer model of

the overburden stress

that is reflective of the

distinctive vertical

succession of rocks from

the Cenozoic formations

deep into the Mesozoic

strata. The age,

provenance, supply

history and distribution of

sediments were

considered and the

loading curves of

mudstones were established as varying both in the vertical

and lateral directions across the basin. Based on the

interpretation of mudrock property cross-plots, the causes of

overpressure were determined as disequilibrium compaction

and late overpressure mechanisms. Further analytical

responses of the density and velocity logs suggest that fluid

expansion (especially gas generation) is likely the

dominant late overpressure mechanism. The relevance

of late overpressure progressively increases from the

shallower graben margins into the deeper and hotter

parts of the inner graben where it could contribute as

much as 70% of fluid overpressures. This predictable

quantification of the pressure regimes will help

constrain the drilling programme for a safe and

sustainable navigation of the anticipated narrow drilling

window at such great depths. It is further reasoned that

the prevalent high temperatures in the inner graben

would facilitate the generation of gas from the

ubiquitous Kimmeridge Clay Formation source rocks and

the further cracking of hydrocarbons in the deeply-

buried reservoirs. Consequently, the model of

overpressure distribution established in this study has

potentials as an exploration tool that could unlock more

opportunities in the Central North Sea.
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Presentation 5:   Understanding the evolution of the East African Margin: 
Integrating plate kinematic reconstructions, paleostress modelling 
and basin fill histories

By: Amy Tuck-Martin*, Jürgen Adam, Graeme Eagles & Rob Govers
* Royal Holloway, University of London, Egham

*  Amy.Tuck-Martin.2010@live.rhul.ac.uk

Over the past two decades, the sedimentary basins of the

East African and West Madagascan margins have been

gaining interest as a new frontier in hydrocarbon exploration.

However, their geodynamic and geological evolution remain

poorly understood.  Formed during the breakup of Gondwana,

their architecture has been shaped by major tectonic events

offshore in the NW Indian Ocean.

We present a plate kinematic model built by joint inversion

of seafloor spreading data that identifies four main phases of

tectonic development of the NW Indian Ocean. These were

preceded by intracontinental ‘Karoo’ rifting episodes (late

Carboniferous to late Triassic/Early Jurassic), which

culminated in the eruption of the Karoo-Ferrier LIP (183-177

Ma). A separate period of rifting at the start of Phase 1 (183-

177 Ma to 133 Ma) led to successful breakup (~170-165 Ma)

between East Gondwana (Madagascar/India/Antarctica) and

West Gondwana (Africa/South America), and subsequent

seafloor spreading in the West Somali and Mozambique

Basins. At approximately 133 Ma seafloor spreading in the

West Somali basin ceased and the plate boundary relocated

to the West Enderby Basin, between Madagascar/India and

Antarctica (Phase 2). The initiation of the Mascarene Ridge

(89 Ma) separated India from Madagascar during Phase 3. By

60 Ma spreading on the Mascarene ridge ceased and the

Carlsberg Ridge

propagated south to form

the Central Indian Ridge,

separating India from the

Seychelles and the

Mascarene Plateau (Phase

4).

The first-order plate-

scale stress fields were

estimated for each Phase

using plate motion vectors

and plate boundary

geometries derived from

the plate model. During

rifting and break-up, the

maximum horizontal

stress (SH max) is

perpendicular to plate vectors and follows rift basin trends.

This changes abruptly with the onset of seafloor spreading,

when SH max is parallel to the plate vector and perpendicular

to ridge segments. As the passive margin develops, tectonic

stresses can become overprinted by local gravity stresses due

to sediment loading and collapse. The subsequent far-field

stress maps are effective at predicting plate-scale tectonic

stress fields but do not include regional factors e.g.

lateral variations in topography, density or lithospheric

thickness. To address this, the plate kinematic model was

used as input for dynamic stress modelling to calculate

the forces acting on the African plate at important

tectonic stages, and the resultant stress fields. By

assuming that the plate is in mechanical equilibrium (i.e.

not accelerating or decelerating), the torques arising

from edge forces, lithospheric body forces and mantle

tractions are required to cancel out. Fairly well

constrained edge forces (derived from our tectonic

model), and lithospheric body forces were used to

constrain poorly understood mantle traction torques [1,

2, 3]. We anticipate that the numerous tectonic changes

in the NW Indian Ocean described in our plate kinematic

model will change the balance of torques acting on the

East African margin and thus affect the orientation of the

stress field across the East Africa – Madagascar

conjugate margins.

Our study successfully integrates paleostress analysis,

constrained by the new plate-kinematic model, with

regional basin histories to develop a margin scale

tectono-stratigraphic framework for East Africa and West

Madagascar. The framework enable us to analyse the

impact of plate tectonic changes during the opening of

the NW Indian Ocean on sedimentary basin formation

and the development of petroleum systems along these

complex margins.
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Gas hydrate has garnered significant interest as a possible

clean fossil fuel resource, especially in countries with limited

energy supplies. Whilst the sector is still in its infancy, there

has been escalating development towards commercial

production. To the best of our knowledge it appears that,

despite its potential, existing analyses of the social and

economic impacts of hydrate exploitation have been very

limited. Before any viable commercial production

commences, the potential impacts across society must be

considered. It is likely that such impact assessments will

become a legislative requirement for hydrate exploitation,

similar to their requirement in conventional oil and gas

projects. Social impact analysis should guide hydrate

development to have the highest possible net benefits to the

human and natural environment. 

Without active commercial hydrate operations, potential

socio-economic impacts can only be inferred from other fossil

fuel resource focused communities, including those directly

or indirectly affected by the oil and gas industry either in the

vicinity of the well or further afield. This review attempts to

highlight potential impacts by synthesising current literature,

focusing on social impacts at the extraction stage of

operation, over time. Using a DPSWR (Driver; Pressure;

State; Welfare; Response) framework, we focus on impacts

upon: health and wellbeing, land use and access, services

and infrastructure, population, employment opportunities,

income and lifestyles. Human populations directly or

indirectly related with fossil fuel extraction activities often

show boom and bust dynamics, and so any impacts may be

finite or change temporally. Therefore potential impacts have

to be reassessed throughout the lifetime of the exploitation.

Our review shows there are

a wide range of possible

positive and negative socio-

economic impacts from

hydrate development. 

Exploitation can bring jobs

and infrastructure to remote

areas, although the labour

supply may not fit with the

labour demand. In regions

with an existing strong fossil

fuel energy sector, hydrate

development would prolong

the timeframe for which this

sector could significantly

contribute to the local and wider economy. In unexploited

areas the industry can provide considerable income to an

otherwise undeveloped region. Industrialisation tends to

increase regional population, pressuring existing public

services, such as healthcare and transport infrastructure.

Immigrant fossil fuel sector workers are predominantly

young, male and single. Their presence may be linked to

elevated levels of certain social issues seen as undesirable

problems by the community at large, such as drug usage or

alcoholism. Hydrate development provides limited benefit to

indigenous communities who are still following a traditional

cultural lifestyle in the proposed development area, as many

opportunities are not compatible with their way of life.

Additionally, industry associated infrastructure can reduce

the ability of the indigenous population to utilise the land

directly, or as an access route elsewhere. The range of

possible impacts

show that any

hydrate development

must be carefully

managed to

maximise its

potential, whether

this takes the form of

using the revenue

from hydrate

exploitation to try

and counter the

associated issues, or

whether there needs

to be specific limits

placed on locations

where extraction can

occur.

Presentation 6:   The Potential Socio-economic Impacts of Arctic Gas 
Hydrate Exploitation

By: David Riley*, Marije Schaafsma, Héctor Marin-Moreno & Tim A. Minshull
National Oceanography Centre Southampton, University of Southampton

* D.C.Riley@soton.ac.uk
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Igneous intrusions have been suggested to play a major

role in focussing or baffling fluid 

pathways in sedimentary basins. If this is the case, igneous

intrusions may play a significant role in controlling

hydrocarbon occurrences in basins where such intrusions are

present. The significance of intrusion controlled fluid flow has

not been tested however. Here we present a geological,

seismic and statistical analysis of oil and gas shows

associated with igneous sills from the North Rockall, Faeroe-

Shetland and Judd basins offshore North West Scotland. This

analysis finds no statistically significant relationship between

the presence or absence of shows in wells near the edges of

sills compared with in wells away from sill edges. This result

implies that either

sills play no

significant role in

focussing fluid flow

(and therefore have

no role in controlling

h y d r o c a r b o n

occurrences) or their

effect is not

detectable at the

resolution of our data

sets. This thus has

the potential to

change the current exploration

model for basins hosting large

volumes of igneous material. 

Presentation 7:   The effect of igneous intrusion on fluid flow 

By: Murray Hoggett* & Stephen M. Jones 
School of Geography, Earth and Environmental Sciences, University of Birmingham

* murrayhoggett@gmail.com
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Coda wave attenuation imaging is able to detect fluid/melt

accumulation and ancient magmatic bodies in volcanoes.

Here we use recently developed space-weighting sensitivity

functions to invert for the spatial distributions of multi-

frequency coda wave attenuation (Qc-1 ), measured during

the largest monitored unrest at Campi Flegrei caldera (1983–

1984). High atten-

uation anomalies are

spatially co-rrelated

with the regions of

highest structural

complexities and cross

faulting. They characterize deep fluid

circulation in and around the aseismic

roots of the 1534 A.D. Mount Nuovo

eruption and fluid accumulation in the

areas of highest hydrothermal hazard.

Just offshore Pozzuoli, and at the highest

frequency (wavelengths of ∼150 m), the

main cause of ground deformation and

seismicity during the unrest is an

aseismic low-attenuation circular

anomaly, similar in shape and nature to

those produced by ancient magmatic

reservoirs and active sills at other

volcanoes.

POSTERS E - H

Poster E:   Space-weighted seismic attenuation mapping of the aseismic source of Campi 
Flegrei 1983 - 1984 unrest

By: Zoe Wakeford *
University of Aberdeen

* zoewakeford@abdn.ac.uk
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Plague is predominantly a vector borne disease that is

spread through the transmission of the Yersinia pestis

bacteria. The 14th Century plague pandemic commonly

known as the Black Death which spread across central Asia

reaching Europe in 1346, coincided with significant climatic

shift from the stability of the Medieval Climate Anomaly

(MCA) to the initiation of the Little Ice Age (LIA). Y.pestis is

hypothesised to have originated in the rodent populations of

the Tibetan Plateau and later spread westward though

Eurasia. Studies

regularly determine

that Asian rodent and

vector populations

are highly sensitive

to climatic per-

turbations. The

Samalas eruption,

the largest injection

of aerosols in the Common Era,

probably had a substantial climatic

impact. This study aims to investigate

the interaction between volcanic

loading of the late 13th century with

the subsequent initiation and spread of

the plague pandemic which eventually

claimed 50% of the estimated

population of Europe.

Poster F:   Contribution of volcanic forcing to the initiation of the Black Death
Pandemic

By: Henry Fell *, James Baldini & Ben Dodds
Department of Earth Sciences, Durham University

* h.g.fell@durham.ac.uk

1285 - Cooling Maxima

1319 - Warming Maxima
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Deformation style within accretionary wedges influence

seismic hazard along subduction margins. Previous studies

find two deformation mechanisms in the protothrust zone of

the Nankai margin, SW Japan. This contribution aims to

investigate why. Diagenetic reactions have been suggested to

be important controls on deformation style yet few

observations have been made to confirm this.  Petrophysical

and seismic inter-

pretation techniques

are used to assess how

lithologic and physical

properties of the

incoming sediment

change along strike. It

is found that the

Upper/Lower Shikoku

Basin boundary

exhibits sharp physical

property contrasts,

resulting from clay

and silica (opal CT to

quartz) diagenesis.

Opal CT cement in the

Upper Shikoku Basin

sediments creates a

strong cemented

layer, delaying

consolidation and

allowing the uppermost Lower Shikoku Basin sediments to

become further compacted. In the SW, the cemented layer

lies directly above the décollement as the fault propagates

along the Upper/Lower Shikoku Basin boundary, resulting in

brittle deformation above the décollement. By contrast, in

the NE, the diagenetic front sits shallower relative to the

décollement due to a high temperature anomaly from the

young, and therefore warmer, subducting fossil ridge. This

results in the décollement sitting within the Lower Shikoku

Basin sediments, with the compacted layer, now above the

décollement, undergoing ductile deformation, like folding.

The diagenetic front's spatial relationship with the

décollement is controlled by temperature and influences

deformation within the accretionary wedge. Temperature

may also control physical properties of the décollement along

strike and, therefore, may have seismic hazard implications

on subduction zones globally.

Poster G:   Silica diagenesis controlling accretionary wedge structure and evolution in the 
Muroto area of the Nankai margin

By: Haydn Orme *
Imperial College London

* haydn.orme13@imperial.ac.uk
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The tectonic processes of subduction erosion — where upper

plate material is entrained within the subduction zone fault as

it migrates upwards — and accretion — where oceanic

material is offscraped or underplated to the upper plate — are

traditionally considered to operate over laterally extensive

portions of convergent margins, with sediment volume at the

trench exerting a strong control on this behaviour (Clift &

Vannucchi, 2004). However, detailed examination of forearcs

in areas of subducting high relief seafloor show localised

enhanced subduction erosion in the wake of subducting

seamounts leading to the formation of re-entrant depressions

(Ranero and von Huene, 2000). Seismic and on-land

observations have inferred the partial or complete off-

scraping of seamounts within the subduction channel (Cloos

& Shreve, 1996).

Seamount complexes are surrounded by flexural moat

basins, formed by the flexural bending of the oceanic plate in

response to the mass of the growing seamount (Vening

Meinesz, 1941; Gunn, 1943). These are hundred kilometre

wide bathymetric depressions that may accommodate the

deposition of up to 3 kilometres of seamount-derived

sediment and mass wasted igneous blocks (ten Brink and

Brocher, 1987). Collapse of the unstable seamount flanks

may transport 100

metre – kilometre

scale blocks to the

moat (Moore et al.,

1994). 

Our work on the Osa

Melange in southern

Costa Rica suggests

that this unit re-

presents an accreted

moat basin. This

melange consists of

basalt and carbonate

blocks in a pelitic

matrix comprised of

feldspar and pyroxene

grains with rare (0 –

5±2%) quartz grains.

This is consistent with sediment recovered from the distal

portion of the Hawaiian moat by ODP leg 136 (Tribble et al.,

1993).

We propose that subduction of flexural moats provides

sufficient volumes of sediment to the trench to promote the

formation of localised accretionary

prisms, even in margins that are

otherwise non-accretionary. This occurs

immediately adjacent to the subduction

erosion caused by the subduction of the

seamount. The composition of the

subduction channel at depth is

determined by the erosive or

accretionary behaviour of the subduction

zone: where the subduction zone is

erosive, its subduction channel contains

entrained blocks of upper plate material,

whereas where the subduction zone is

accretionary its subduction channel is

composed of subducted sediment from

the incoming plate.

Poster H:   Seamount Chain – Subduction Zone Interactions: influence of subducting seamount
complexes on accretionary and erosive subduction zone behaviour 

By: Alexander P. Clarke*, Paola Vannucchi & Jason Morgan
Department of Earth Sciences, Royal Holloway University of London

* alexander.clarke.2014@live.rhul.ac.uk

Development of frontal
accretionary prism

OA

Accretion of
moat sediments

Entrainment of upper
plate material into

the subduction channel

Subduction channel

Convergence vector

Background oceanic
sediment

Crustal flexure in
response to mass of

seamount chain

Flexural moat
sediments Subduction erosion

ahead of subducting
seamount

A. Normal Ocean Floor
B. Flexural Moat

C. Seamounts
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The Micropalaeontological Society (TMSoc) are delighted to announce this year’s annual conference will be hosted by the Earth 
Sciences Department at the Natural History Museum, London. The conference is open to all aspects of micropalaeontology, 
providing delegates the opportunity to give either oral or poster presentations on their research.  
 
On the first day, the conference Symposium theme is ‘Microfossils: A Deeper Understanding of Human History’ and will include 
presentations on the applications of micropalaeontology to various aspects of our understanding of human activity, from 
palaeoenvironmental reconstructions, geoarchaeology, provenancing of artefacts and forensics. The Symposium will be 
followed by the Society’s Annual General Meeting (AGM), the presentation of Society Awards, a drinks reception and the day 
will end with the conference meal 
 
Day 2 will be an open sessions for which we invite talks related to any area of micropalaeontology. These sessions will consist 
of short (c. 15 minute) talks and dedicated poster sessions. Further details regarding the conference schedule, keynote 
speakers and logistics will be added to the website, available at www.tmsoc.org/tmsoc2017   

 
For further information please contact:  
micropalaeontology@nhm.ac.uk      
 
 
NHM conference convenors: 
Tom Hill, Steve Stukins, Giles Miller & Lyndsey Fox                                
Registered Charity No. 284013 
                        

    

http://www.tmsoc.org 

The Micropalaeontological Society 

Wednesday 15th – Thursday 16th November 2017 
 

The Natural History Museum, London 
 

@MicropalaeoSoc 
@NHM_Micropalaeo  
 #TMSoc2017 

The Micropalaeontological Society 

SESSION 3          CLIMATE & GEOMECHANICS

SESSION SPONSOR: TMS CO-CHAIRED BY: LIAM GALLAGHER & SIMON GOZZARD
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Calcareous nannoplankton, microscopic marine algae,

secrete calcitic cell coverings which are preserved throughout

the geographically widespread pelagic sedimentary record.

By studying calcareous nannoplankton assemblages

preserved within these sediments we can document their

evolution through time; changing diversity, rates of

speciation and extinction and species population composition.

Calcareous nannoplankton are very responsive to changes in

environmental parameters, particularly temperature and

nutrients, with individual species or groups exhibiting

particular preferences for specific ecological niches. Using

quantitative abundance of species within an assemblage we

are therefore able to reconstruct past environmental

conditions for a specific location at a given time. 

The Paleogene represents a key interval in Earth’s climate

history marking the transition from a ‘greenhouse’ into an

‘icehouse’ world. This profound interval of long term climatic

change in the Cenozoic saw major shifts in physical, chemical

and biological parameters in the marine and terrestrial

realms, including long term climatic cooling, an overall

deepening of the calcite compensation depth, decreasing CO2

values (1100 to 550 ppm), restructuring of ocean circulation

patterns and the formation of polar ice sheets. The high level

of climatic and oceanographic change during this transition

was accompanied by significant marine biotic disturbance. In

particular, the calcareous nannoplankton, which were the

dominant oceanic phytoplankton group in the early

Paleogene, suffered a major decline in diversity and

u n d e r w e n t

s i g n i f i c a n t

a s s e m b l a g e

r e s t r u c t u r i n g

coinciding with this

major climatic

reorganisation.

Here we present

c a l c a r e o u s

n a n n o p l a n k t o n

assemblage data

f r o m

strat igraphical ly

e x p a n d e d

Paleogene sections

recovered from the

North Atlantic on

Integrated Ocean

Drilling Program Expedition 342. This interval yields well

preserved calcareous nannoplankton allowing us to produce

high resolution records highlighting diversity patterns and

identifying significant taxic shifts. These data provide an

insight into the relationship between plankton evolution and

palaeoclimatic and palaeoceanographic change across this

key transition in the North Atlantic and suggest that

environmental perturbation beyond a critical threshold is

required for nannofossil assemblages to display above

background evolutionary response and major population

s h i f t s .

Understanding this

relationship between

c a l c a r e o u s

nannoplankton and

major climatic

events is vital for

predicting future

response to a rapidly

warming world. 

Presentation 8:   Major climatic events recorded by microscopic organisms: 
using calcareous nannoplankton to understand the 
Paleogene greenhouse to icehouse transition 

By: Cherry Newsam* & Paul Bown 
Department of Earth Sciences, University College London

* cherry.newsam.11@ucl.ac.uk
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The Eocene-Oligocene transition (E/OT: ~34 Ma) is the

largest climate transition of the past 65 million years. In less

than 0.5 Ma, deep-ocean benthic foraminiferal oxygen

isotope ratios (δ18O) record a large (>1‰) positive step-

change, corresponding to a deep-water cooling and massive

increase in the terrestrial cryosphere, as Antarctic ice sheets

grew to a continental extent. This coincided with a long-term

transition from high to low-pCO2 levels, and from a

greenhouse to icehouse climate state. Recently produced

coccolith-dominated high-resolution bulk carbonate isotopic

records from the eastern Equatorial Pacific show a

pronounced negative shift in both δ18O and δ13C between

~35.5 and 34.5 Ma, prior to the E/OT. Here we present new

data from this pre-cursor interval, through into the E/OT,

from continuously cored continental shelf section on the US

Gulf Coast. Composed of ~137m (15-152m deep) Yazoo

Formation clays, these yield high quality microfossil, and

p a l y n o m o r p h

preservation. A new

high resolution fine-

fraction (<20µm) bulk

carbonate stable

isotope record has

been generated. The

δ18O shows an

overall positive trend,

which is in accordance

with a global cooling.

Based on the isotope

data from both

oxygen and carbon,

two steps were

detected across the core: the first one, with a sharp negative

shift, representing a local/regional increase of continental /

freshwater influence due to a potential global sea level drop;

and a second one possibly related to the Eocene-Oligocene

boundary itself. More than a hundred palynological slides

provided a ~28kyr resolution biostratigraphy, including a

number of potentially useful palynomorph bioevents and

palaeoenvironmental reconstruction. The first step is

characterised by a gradual drop in dinoflagellate diversity and

a simultaneous increase in the abundance of all terrestrial

groups (Pediastrum spp. and palynodebris in general), which

confirms a decreasing influence by marine conditions. X-ray

fluorescence data also indicates the lowest Ca concentration

in the same interval. The next procedures includes the

generation of a TEX86 record for the Sea Surface

Temperature, in order to verify the consistence of the isotope

and palynological data. This would be the first detailed record

of Atlantic tropical / sub-tropical oceans temperatures

through this transition and a major expansion of our current

state of knowledge on the dynamics and relationships

between ice volume and planetary climate. The work was

supported by CNPq, National Council for Scientific and

Technological Development (Brazil).

Presentation 9:   The last Earth`s Climate State Transition and 
its Impact on the Ecosystems 

By: Marcelo Augusto de Lira Mota* & Tom Dunkley Jones 
School of Geography, Earth and Environmental Sciences, University of Birmingham

* mal546@bham.ac.uk
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Rheology is defined as the study of the flow and

deformation of materials under applied forces. Magmas are

complex liquids by nature, and understanding their rheology

will, one day, be fundamental in forecasting their eruption

style. Transitions in flow dynamics can be linked to changes

in porosity, crystallinity and melt chemistry. Physical

interactions due to the presence of both crystals and bubbles

in a volcanic melt can influence a system’s rheology by

causing variations in viscosity, and deformation dependent

flow behaviour, shifting eruption style, often in ways difficult

to predict. It is therefore essential to gain an insight into the

manner in which crystalline, porous magmas flow and fail.

To investigate the influence of crystals and bubbles on the

rheology of magmas, we carried out uniaxial compressive

experiments on a suite of both natural and synthetic

samples; these allow measurements of strength as well as

computation of the suspensions’ viscosity. Variably porous (9-

32 vol.%) and highly crystalline (> 50 vol.%) dacites from

Mt. Unzen, Japan were selected along with sintered glass with

air filled pores (<3, 20 and 30 vol.%) and TiO2 particles (0-

50 vol.%) for

natural magma and

analogue testing,

respectively.

We found that

the strength of a

magma and its

viscosity have a

dependence on

porosity, crystal

content and

temperature, for

which we surmise

that complex

p o r e / c r y s t a l

interactions are the dominant factors. We recently undertook

a series of high-temperature compression experiments on the

synthetic magma imaged by x-ray tomography in-situ at the

Diamond Light Source, the results of which will shed light on

these complex interactions.

Presentation 10:    The importance of understanding complex magma rheology

By:  Rebecca Coats*, B. Cai, J.E. Kendrick, P.A. Wallace, A. Hornby, T. Miwa, J.D. Ashworth, 
F.W. von Aulock, J. Godinho, R.C. Atwood, P.D. Lee, Y. Lavallée
* The University of Liverpool

* r.coats@liverpool.ac.uk
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The gold-hosting Ouro Preto orebodies of the Main

Mineralised Contact (MMC), Brazil, have been mined for gold

since the 1700’s. The MMC is a representative knappe-style

shear zone between two lithological, Archaean to

Paleoproterozoic supergroups comprising the local geology.

The orebodies are mineralised within this shear zone as a

direct result of orogenic deformation. However, both the

source of the gold and timing of emplacement during

deformation are poorly constrained, with previous ages

ranging from Neoarchaean to Cambro-Ordovician. Quartz-

carbonate veins represent the conduit for the gold

mineralisation and are associated with sulphide-tourmaline-

rutile - apatite - monazite - zircon - garnet paragenesis

throughout the MMC. The textural complexity of the MMC has

resulted in highly variable age constraints, furthermore the

provenance of gold has lacked compelling evidence for a

definitive source. These issues ultimately leave the origin and

timing of the gold mineralising fluid unknown.

Rutile has proved to be a significant accessory mineral with

respect to gold mineralisation within the MMC. This

connection is observed as a direct mineralisation relationship,

seen as a gold inclusion within a large rutile grain. Rutile also

displays affinity to sulphides, a common mineralisation

partner to gold, observable as partially recrystallised lobate

rutile rims around

arsenopyrite. This oxide

– sulphide relationship

may indicate varying

fugacity states of the

mineralising fluid,

possibly through

multiple fluid injections,

however, more analysis

is needed on this. To

examine the rutile –

gold mineralisation

relationship, rutiles have

been analysed for trace

element concentrations

and U-Pb isotopes by in

situ LA - ICPMS

techniques. U - Pb

geochronology indicates mineralisation at ca. 500±10 Ma,

with the trace elemental source being suggestive of a

metasedimentary unit. These data provide new constraints

on age and genesis of the Ouro Preto gold mineralisation

whist simultaneously producing a robust method of

constraining the age and source of hydrothermal orogenic

gold deposits. By

recognising the gold

– rutile

m i n e r a l i s a t i o n

affinity, focus can be

placed on this

relationship in

g e o g r a p h i c a l l y

different orogenic

gold deposits,

allowing for accurate

and precise analysis

for gold genesis. 

POSTERS I - M

Poster I:   Utilising hydrothermal rutile as an age and provenance tracer for orogenic gold: An 
example from Ouro Preto, Brazil 

By:   Connor Allen*, Craig Storey, James Darling & Stephanie Lasalle
School of Earth and Environmental Science, University of Portsmouth

* connor.allen@port.ac.uk
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Copper is currently used extensively in building

construction, power generation and transmission and

manufacture of transportation vehicles.  However, the ore

deposits from which copper is sourced are scarce and the

parameters that affect its mineralisation in a particular region

not well known. Porphyry ore deposits, the source of the

majority of the world’s copper, are defined as large volumes

of hydrothermally-altered rock centred on shallow (1-4 km

depth), intermediate to felsic intrusions.  These deposits

typically form at island or continental arc environments above

subduction zones.  Bodies of sedimentary rock adjacent to

intruding magmas, may be metasomatised by magmatic-

hydrothermal fluids, producing ‘skarns’ that often carry

mineralisation.  Porphyry and skarn deposits occur along the

Banatitic Magmatic and Metallogenetic Belt (BMMB) in

western Romania and eastern Serbia. The belt is a 1500 km

long, 10 to 70 km wide corridor of magmatic and

metallogenetic districts formed as a result of the subduction

of part of the Tethys Ocean in the Late Cretaceous.  The

Banat section is separated into two parallel alignments (an

eastern and western zone) of intrusive rocks that are

genetically related.  Styles and intensities of copper

mineralisation vary on both regional and deposit scales.

Samples of intrusive rocks and host rock geology from 3

prospect areas in the under-explored eastern zone of the

Banat region and regional examples of the western zone were

collected for analysis of petrology, geochemistry and

mineralisation (if present), and

compared to determine the

controlling factors on copper

mineralisation.  The geochemistry

of the intrusive rocks of the

eastern zone prospects fit within

fractionation trends defined by

intrusive rocks of the western zone

identified by previous authors.

This suggests that magma origin

and composition is probably not a

major control on the variety of

mineralisation styles observed.

Variation in the intensity of mineralisation is more closely

related to host-rock geology, which affects the efficiency of

ore mineral precipitation from hydrothermal fluids.  Copper

mineralisation that is present within the 3 prospect areas is

notably weak and of low grade.  It may be the case that

shallow porphyry intrusions are sourcing regions of mid-

crustal magma chambers that are depleted in sulphides.

Differential enrichment of mid-crustal magma chambers with

sulphides occurs through fractional crystallisation and

separation of fluids/incompatible phases.  Some parts of the

magma chamber become enriched, while others are

depleted.  Regional variations in mineralisation styles and

intensities may also be related to differences in the depth of

post-mineralisation erosion levels.

A B

erugiF A. lanoigeR pam fo eht tanaB -T
detacidni . ehT yduts yb tnopuD te la .

detacol ni eht aera deniltuo ni ,der ni
raf eht tsegral reppoc tisoped ni poruE

erugiF B. rojaM ni( thgiew %) tnemele
,slobmys ees erugif )A gnitseggus taht

,se ot hcihw noitasilarenim si detaicossa . ehT noitarapes fo eht etsew
, avolciC , acsaS dna NM avodloM( auoN ). ehT evisurtni seidob mas

s eht CMT ( komiT citamgaM )xelpmoC hcihw stsoh eht suomaf adjaM

y )deruoloc( tif eht elgnis dnert denifed yb eht sepmas detceloc yb
fo lareves seslup fo latnerap amgam htiw ralimis snoitisopmoc .

komiT ecnivorp fo eht ,BMMB wohs
( 2002 ) delpmas eht snoisurtni fo T
eht nretsae enoz . sihT nretsae oz

ep . retfA atamaraK te la . ( 7991 ).

t noitairav smargaid rekraH( argaid
lla fo eht evisurtni seidob era eht p

gniw eht snoitacol fo evisurtni eidob
avocniT , acsoB , ancO ed reiF ,

en sdnetxe htuos fo eht ebunaD sa

)sma . ehT selpmas morf siht yduts
tcudorp fo lanoitcarf noitasillatsyrc

nr dna nretsae senoz si osla
delpm hguorht siht yduts era
kepna yryhprop tisoped . oS

tnopuD te la . ( 2002 ) kcalb(

Poster J:   Controls on Porphyry-Skarn Related Mineralisation in the Romanian Western South
Carpathians

By:   Duncan E. Stevens*, Stephen Roberts & Tim Fletcher
National Oceanography Centre Southampton, University of Southampton

* duncaneliottstevens@gmail.com
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Cluster (www.bgr.bund.de/CLUSTER) is a research project

funded by the German Federal Ministry for Economic Affairs

and Energy (BMWi), that investigates the impact of CO2

streams and mass flow for different scenarios along the CO2

capture and storage chain (CCS). This work describes

geomechanical behaviour changes in a reservoir rock caused

by supercritical (sc) CO2 by taking into consideration the

variability of boundary conditions in storage location (e.g.

effective stress changes, storage period, presence of

fractures, CO2 streams composition). An analogue, possible

reservoir formation that was investigated was the

Trendelburger bed which is comprised of a fine to middle

grained sandstone and is classified in mineralogy as a

subarkose within the Buntsandstein group (Solling

formation). This hard and compact silica cemented sandstone

(ρ = 2,3 g/cm³) has an average effective porosity of 11 %

and and total porosity of 13 %, although physical rock

parameters show that a considerable variation occurs

naturally in this formation. Multiple triaxial compression tests

were conducted on rock specimens saturated either with

water or brine. Pore and confining pressures were also varied.

Core samples with length

and diameter of about 140

mm and 70 mm

respectively were prepared

from low, angular, inclined-

bedding rock blocks, which

were obtained from a

quarry in Bad Karlshafen

(Germany). In order to

analyze directional

dependency of geo-

mechanical parameters,

core samples were drilled

parallel and perpendicular

to bedding. The geo-

mechanical behaviour from

the Trendelburg bed was investigated with rock specimens

under three different physical conditions: (1) an unloaded,

untested core sample; (2) a preloaded specimen with shear

fractures; and (3) an altered specimen used before at an

autoclave experiment. Autoclave experiments were carried

out under representative reservoir conditions (T = 60 °C,

p = 16 MPa) by exposing rock specimens to scCO2 and

synthetic formation brine for five weeks. The

experimental results show that permeability, ultrasonic

velocity, fracture pattern and strength properties are

direction-dependent. Rock specimens with longitudinal

bedding planes are more permeable and have higher

Young’s modulus and strength than the ones with

transverse bedding planes. However, after failure

(discontinuum), rock specimens with transverse planes

showed higher residual strength and higher cohesion

values. An influence of scCO2 on geomechanical

properties and mineralogical state could firstly be

detected after a long-term reaction in autoclave

experiments. The influence of scCO2 on the deformability

of the Trendelburger bed is reflected due to the reduction

of Young’s modulus (ca. 17 %), a loss of cohesion (10 %),

as well as a decrease in tensile and compressive strength

(30 % and 20 %). Micrographs made before and after

scCO2 treatment show how mineral phases were

dissolved and therefore how pore spaces became

connected. A systematic relation between mechanical

work, triaxial strength and shear parameters was

identified at the transition from elastic to plastic

deformation and is represented at an index graph. This

relation is associated with a mechanical change of

fracture patterns during shearing. Additional triaxial

compression tests are planned to be conducted with CO2

in combination with impurities such as NOx and SOx. This

will allow supplementary statements about

geomechanical behaviour and property changes in the

context of CO2-storage.

Poster K:   Geomechanical behaviour changes of a Bunter Sandstone due to scCO2 injection 
effects

By: Flora Feitosa Menezes*, C. Lempp, K.Svensson, A. Neumann & H. Pöllmann
Engineering Geology, Institute for Geosciences & Geography, Martin-Luther-University Halle-Wittenberg, Halle,
Germany

* flora.menezes@student.uni-halle.de
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Sediment is typically delivered to submarine slopes by a

combination of wave-, tide- and river-processes, and strike-

fed slope belts. Interaction of these processes drive the

construction and progradation of continental margins.

However, slope degradation and collapse is also common on

continental margins, with MTC stratigraphic emplacement

controlled by base-level variations or other dynamic triggers

(e.g. seismicity). The resulting remobilisation of previously

deposited material as MTCs has profound implications for

slope-basinfloor geomorphology and sediment dispersal

patterns. Understanding of how these processes vary

temporally and spatially and their impact upon petroleum

systems development, has been greatly enhanced by field-

based studies. Nevertheless, these studies are limited to

observations from broadly two-dimensional outcrop belts. As

such, strike variability in slope degradation and progradation,

and the dispersal of sediments to the lower slope and

basinfloor, is often poorly constrained.

Here, we use a 3D seismic reflection survey located in the

Santos Basin, offshore Brazil, to investigate the role that

outer shelf-to-upper slope collapse, MTC emplacement, and

subsequent slope re-establishment have on margin

progradation. These data image a

series of early Palaeogene, south-

eastward prograding clinoforms.

Periodically, large tracts of the

outer - shelf - to - upper slope

collapsed, forming a strongly

scalloped margin. Margin collapse

resulted in the emplacement of at

least two slope-attached MTCs on

the proximal basinfloor. The basal

shear surface of the lower MTC is

characterised by deep (c.10 m),

slope parallel grooves, whereas

more irregular relief defines the top

of the composite MTC body. Within the MTCs, we identify a

range of kinematic indicators associated with extensional and

compressional domains. Margin collapse generated

accommodation on the outer shelf-to-upper slope; this

accommodation was healed by clinothems that nucleated at

the headwall scarp, and prograded basinward, downlapping

onto the underlying MTCs.

We show that numerous degradational and constructional

processes control net-

progradation of continental

margins, and that 3D

seismic data is a vital tool

in documenting the

associated processes and

their products. By

integrating previous 2D

seismic stratigraphic

studies and our own

observations, we propose a

predictive model for MTC

emplacement and assess

the implications for

stratigraphic trapping,

basin evolution and

geohazard assessment.

.......................................................................................................................................... 

..........................................................................................................................................    

.......................................................................................................................................... 

..........................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

Notes:

Poster L:   Mass-transport complexes (MTCs) and their sequence stratigraphic context: a 3D 
seismic reflection case study from the Santos Basin, offshore Brazil

By:   Michael J. Steventon*, Christopher A-L. Jackson, Howard D. Johnson & 
David M. Hodgson 
Basins Research Group (BRG), Department of Earth Science & Engineering, Imperial College

* michael.steventon13@imperial.ac.uk
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The magma-poor rifted margin off the west coast of Galicia

(NW Spain) has provided some of the key observations in the

development of models describing the final stages of rifting

and continental breakup.  In 2013, we collected a ~68 x 20

km 3D seismic survey across the Galicia margin, NE Atlantic.

Processing through to 3D Pre-stack Time Migration (12.5 m

bin-size) and 3D depth conversion reveals the key structures,

including an underlying detachment fault (the S

detachment), and the intra-block and inter-block faults.

These data reveal multiple phases of faulting, which overlap

spatially and temporally, have thinned the crust to between

zero and a few km thickness, producing ‘basement windows’

where crustal basement has been completely pulled apart

and sediments lie directly on the mantle. Two approximately

N-S trending fault systems are observed: 

1) a margin proximal system of two linked faults that are the

upward extension (breakaway faults) of the S; in the south

they form one surface that splays northward to form two

faults with an intervening fault block. These faults were thus

demonstrably active at one time rather than sequentially. 

2) An oceanward relay structure that shows clear along strike

linkage. Faults within the relay trend NE-SW and heavily

dissect the basement. The main block bounding faults can be

traced from the S detachment through the basement into,

and heavily deforming, the syn-rift sediments where they die

out, suggesting that the faults propagated up from the S

detachment surface. Faults across the 3D volume were active

at least in part simultaneously.  Alternatively, extension may

have varied in direction spatially if it were a rotation about a

pole located to the north. 

The possible implications for this research will be qualitatively

explored with respect to hydrocarbon exploration and

element cycling between the oceans and upper mantle. 
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.......................................................................................................................................... 

..........................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

..............................................................................................................................................................................

.............................................................................................................................................................................. 

...........................................................................................................................................................................
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.............................................................................................................................................................................. 
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.............................................................................................................................................................................. 
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Notes:

Poster M:   Fault Linkage and Continental breakup – Any Societal difference?

By:   Derren Cresswell*, Gaël Lymer, Carl Stevenson & Tim Reston 
School of Geography Earth and Environmental Science, University of Birmingham

* DJC335@student.bham.ac.uk
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Presentation 11: Engineering-scale remote characterisation of marine sediments using 
ultra-high-frequency seismic reflection data 

By:  Giuseppe Provenzano, Mark E. Vardyb, Timothy J. Henstocka & Antonis Zervosc
Ocean and Earth Science, University of Southampton

Submarine landslides and offshore structure stability are

highly dependent upon the decimetric scale distribution of

sediment properties within the shallow subsurface. Changes

in lithology, porosity, and permeability control fluid migration

pathways, overpressure build-up and effective stress

distribution, thus preconditioning the failure of submarine

slopes. Quantitative knowledge of the shallow sediments

properties is therefore of key importance for the assessment

of landslide geohazard, as well as for the installation and

monitoring of offshore infrastructure. Currently, the

characterisation of the marine sediments is heavily reliant on

direct sampling of the seabed, using cores, borehole and/or

cone penetrometers (CPTUs). In laterally heterogeneous

areas, a large number of direct samples are required to

reconstruct the spatial variation, which is expensive and

time-consuming. The reliability of geotechnical

measurements from sampled material is also questionable as

the coring process itself deforms and mechanically alters the

sediments, particularly in low-effective stress environments. 

Changes in lithology, porosity and pore-filling fluid are

conducive to changes in the elastic moduli and density, which

control seismic wave propagation. In marine reflection

seismology, the wavefield generated by the acoustic source

penetrates below the seabed and energy reflected from

discontinuities is recorded by an array of receivers at the sea-

surface. The amplitude and phase characteristics of the

recorded wavefield are dependent upon the nature of those

discontinuities and such dependency can be exploited to infer

remotely the mechanics of the medium at the scale of a

fraction of the propagated wavelength. The use of seismic

data as a quantitative remote sensing tool is commonplace in

oil and gas geophysical exploration and is successfully

combined with

r o c k - p h y s i c a l

models for detailed

r e s e r v o i r

characterisation.

However, the

frequency content

of the sources and

the geometry of

the acquisition

systems make the

industry scale data

and algorithms

unfit to obtain

information useful at the engineering scales and target

depths. On the other hand, ultra-high-frequency, UHF (0.2 to

4.0 kHz) marine reflection data have the resolution and

penetration depth, but are most commonly limited to a

qualitative description of the reflections’ architecture.

We present research exploiting the potential of shallow

marine seismic as a remote sensing tool that can be a faster

and more cost-effective alternative to geotechnical direct

sampling campaigns in marine areas prone to shallow

landsliding. Specific modelling and sensitivity issues of UHF

multi-channel marine data have been addressed and

dedicated seismic inversion strategies have been developed

that require minimal pre-processing of the seismic gather. A

stochastic Genetic algorithm inversion strategy has been

implemented and tested successfully on both synthetic and

real data. This approach reduces the dependency upon a

priori knowledge of the earth model and, in addition to

yielding a best-fit model, quantifies the uncertainties of the

solution. We then show

initial results of an example

application to a synthetic

marine slope undergoing

consolidation under

sedimentary loading.

Synthetic seismograms are

generated and inverted for

the distribution of the

elastic properties to test

the sensitivity of the

inversion to changes

relevant to the slope

stability conditions,

demonstrating the

potential use of

quantitative seismic

interpretation as a means

to assess the stability of

submarine slopes.
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The UK has a rich mining legacy that is greatly

underestimated and under-appreciated. Naturally then, two

millennia of mineral exploitation of various scales and ever-

evolving methods will undoubtedly leave an environmental

mark on the host. Such features can be as simple to

understand as a void or cavity - a space where the desired

commodity once was, however, many other features can also

exist including: mine galleries, shafts and levels (adits);

depressions, quarries and backfilled ground, and industrial

archaeological ruins and buildings. More well-known mining

hazards, such as pollution or acid mine drainage are relatively

well studied, however ground instability associated with

historical workings is very poorly understood. In recent

times, collapses of ground as incorrectly termed ‘sinkholes’

has become popular within the media and gained the

attention of the general public. With mining in the UK

occurring throughout history to varying extents and

successes, many (shallow) subsurface workings have gone

undetected, unrecorded or poorly remediated. This is

particularly relevant in some of the UK’s historically industrial

towns and cities, where subsequent land has since been

developed. The poor understanding of this mining legacy and

the impact to ground stability means such features present

hidden hazards to people, property and public services.

Consequently, this project has been developed to outline,

trial and evaluate a methodology of risk assessment of

ground instability associated with historical mineral workings,

applied to a popular recreational site (Clifton & Durdham

Downs) in the City of Bristol.

The desired ‘phase one’

methodology collates a wide

range of geological and inter-

disciplinary sources, some

never before used for ground

instability assessment, to

locate and educate about the

hazards and associated risks

of historical mineral workings.

This is collated and presented

within a bespoke Geographic

Information System (GIS) and

is used to produce multi-level,

interpretative and site-specific

risk assessment reports destined for the purchase or

development of property and land across the UK. As part of

a two-fold approach, this project also critically evaluates the

methodology, while attempting to understand its success,

accuracy and uncertainty via a ‘phase-two’ multi-method

geophysical survey.

The results from the project highlight the importance of

particular data sources within the phase one approach to

locate potential ground stability hazards; notably, the

significance of geological resources and expert interpretation.

However, the influence of other resources, particularly

historical records, should not be devalued and as was the

case here, often provides crucial data to aid hazard

identification. The phase two geophysical survey

supports the findings from the phase one and the

presence of historical lead mining while confirming

its versatility and strength as a non-intrusive

ground investigative tool. Evaluating and

comparing the two phases suggests that the

designed phase one methodology is suitable at

providing a necessary risk assessment process,

with the approach highlighting greater levels of

detail at the site than the ground truth.

Incorporating factors such as cost and time

highlights how a ‘two-phase’, tiered approach can

be implemented to provide the appropriate level of

assessment at the appropriate cost to the correct

areas. Incorporating a cost-benefit analysis to the

geophysical survey suggests particular relevance

to the highest risk, or most poorly known sites.

The specific and tailored nature to such a

methodology ensures the UK has a comprehensive

risk assessment process for ground instability

associated with an extensive, poorly known but

significant, mineral extraction legacy.

Presentation 12:     Trialling a Risk Assessment Process of Ground Instability Associated with 
Historical Mineral Extraction Applied to Lead Extraction on Clifton & 
Durdham Downs, Bristol.

By:  Danny Powell-Thomas
The University of Bristol

* danny@terrafirmasearch.co.uk
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Southwest England represents one of the most intensely

mineralised regions in the British Isles, termed the Cornubian

Ore Province. This province encompasses multiple granite

intrusions of the underlying Cornubian Batholith, which are

associated with polymetallic ores generated through

numerous magmatic-hydrothermal processes. A 15-year

mining hiatus ended with the opening of the Drakelands Mine

(2015), which exploits a world-class tin-tungsten deposit in

the Hemerdon granite. This discovery renewed interest in the

research and exploration of mineral deposits in the

southwest. Aside from the enriched Hemerdon granite, the

remaining South Devon Granites (SDGs) include the Lee Moor

(south Dartmoor) and Crownhill intrusions, both of which

possess no economic mineralisation, despite similarities in

geological setting with Hemerdon. Additionally, Crownhill has

been subjected to no modern analytical analyses in

geochemistry or geochronology. This project aims to resolve

the timing and origin of granite magmatism in south Devon,

refining the model for the evolution of this exceptional ore

province.

The SDGs can be petrographically divided into (i) biotite,

(ii) muscovite-tourmaline and (iii) muscovite granites, where

W(+Sn) ore-minerals commonly occur in association with

tourmaline veins within muscovite-bearing granites. The

granites yield peraluminous signatures with >70 wt% SiO2,

where an evolutionary trend is observed between high-Zr

(>100ppm) biotite granites to low-Zr (<100ppm) muscovite-

tourmaline granites. This observation correlates with current

geochemical data from the ore province and is reflective of

differences in source(s) and/or degree of partial melting.

Moreover, each granite

displays variable degrees of

kaolinisation represented by

differing abundances of

mobile LILEs. Zircons in

backscatter electron imaging

from each granite type

display both oscillatory-

zoned and seldom inherited

cores. These cores are

typically encapsulated within

a ≤30µm rim that hosts a

diverse inclusion assemblage

(e.g. monazite, xenotime,

wolframite). Compositional

domain mixing is recognised in few zircons, identifiable

through a cloudy, gradational texture between cores and

rims, this is inferred as a hydrothermal overprinting feature.

LA-ICP-MS U-Pb zircon geochronology of oscillatory cores

from both biotite and muscovite-tourmaline suites yield ages

at ca. 288 Ma, inferred as a magmatic emplacement age.

Patches of hydrothermal domain mixing and defined rims

produce similar ages of ca. 278-275 Ma.  

Further work analysing zircon trace elements and hafnium

isotopes, will provide insightful information regarding the

processes of crustal-mantle magma mixing that led to the

formation of these granites. Alongside this, U-Pb

geochronology of large monazite inclusions will be added to

better defined the age of the inferred hydrothermal rims. 

Presentation 13:   Evolution of the Cornubian Ore Province: A Study of the South Devon Granites 

By:  W.D. Smith*, J.R. Darling, D.S. Bullen, S. Lasalle & R.C. Scrivener
School of Earth and Environmental Science, University of Portsmouth

* william.smith3@myport.ac.uk
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Thank you for attending
GASS2017...

The Geologists’ Association look
forward to seeing you at their next
Student Symposium
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