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A

Introduction

Founded in January 1976, the IAH-Irish Group has grown from 10 members to over 150 and draws
individuals from professional backgrounds ranging from academic to state agencies to private
consultancies. The IAH committee consists of: President, Secretary, Treasurer, Burdon Secretary,
Northern Region Secretary, Fieldtrip Secretary, Education & Publicity Secretary, Conference
Secretary, plus a conference sub-committee.

Regular activities of the Irish Group include our annual two-day conference (currently held in
Tullamore), an annual weekend fieldtrip, and a series of monthly lectures and technical meetings.
Funding for the association is derived from membership fees and the annual conference. We welcome
the participation of non-members in all our activities. Other activities of the IAH (Irish Group)
include submissions to the Irish Government on groundwater, the environment and matters of concern
to members, organising the cataloguing of the Burdon library and papers which are now housed in the
Geological Survey of Ireland Library, the invitation of a guest expert speaker to give the David
Burdon Memorial Lecture on a topic of current interest in the field, and informing the broader
research community by contributing to the Geological Survey of Ireland’s Groundwater Newsletter.

The Irish Group also provides bursaries to students undertaking postgraduate degrees in hydrogeology
and pays the annual subscriptions of a few members in other countries as part of the IAH’s Sponsored
Membership Scheme. If you would like to apply for a student bursary, details can be found on the
IAH (Irish Group) website shown below. IAH are encouraging members to highlight their local IAH
Group to their colleagues/ students and to invite anyone they feel may be interested to join.

The 1AH (Irish Group) is also a sponsoring body of the Institute of Geologists of Ireland (IGI).

For more information please refer to:  www.iah-ireland.org

Future events: www.iah-ireland.org/upcoming-events/

IAH Membership (new or renewal): www.iah.org/join_iah.asp
www.iah.org/payonline



http://www.iah-ireland.org/
http://www.iah-ireland.org/upcoming-events/
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2022 1AH (Irish Group) Conference Groundwater: Making the Invisible Visible

It gives me great pleasure, on behalf of all of us on the organising committee, to welcome you to the
42" annual 1AH Irish Group Conference. Your continued involvement and support of the IAH Irish
Chapter is invaluable.

As with last year, we are running the entire meeting online, using the same format from 2021: two
half-days with short presentations from early career hydrogeologists. The main sessions will each be
followed by live Q&A, and questions can be submitted by attendees through Zoom.

The theme of the conference this year is Groundwater: Making the Invisible Visible. This not only
follows the main theme of World Water Day 2022 but also allows us as practitioners to think about
how we talk about groundwater. Groundwater is invisible, but its impact is visible everywhere. Out of
sight, under our feet, groundwater is a hidden treasure that enriches our lives, it is the source of
springs, wells and many rivers. As climate change impacts become more acute, groundwater
resources will become more and more critical, are we doing enough to plan for potential
eventualities?*

On our first day, session one, Exploring Groundwater, will take a broader perspective and includes
talks on the role of groundwater in the 2022 UN World Water Development Report (Michaela
Miletto, UNESOC WWAP), on Ireland’s geothermal potential (Sarah Blake, GSI) and how structure
influences groundwater movement and storage (Pat Meere, UCC). Session two, Groundwater
Resource Resilience, gets underway with an overview of groundwater in the World Water Quality
Alliance (Claudia Ruz Vargas, UN IGRAC), updates to the Irish National Karst database (Caoimhe
Hickey, GSI), how groundwater is being incorporated into public supplies in Northern Ireland (Paul
Wilson, GSNI), and updates on two GSI programmes that focus on groundwater (Katie Tedd, GSI).

Half-day number two kicks off with a session on Communication, with talks on how to use
groundwater in geoscience communication (Kirstin Lemon, GSNI), the broader experiences of
communicating geoscience to the public (Fegus McAuliffe, iCRAG), and how to foster and support
community engagement (Donal O’Keefe, LAWPRO). The final session considers Emerging Issues in
Groundwater, and the speakers will talk about their research on using passive seismic methods to
listen to water flowing in conduits (Haleh Karbala Ali, DIAS), groundwater contaminants of emerging
concern (Dan Lapworth, BGS), and a linked presentation on the global and Irish perspective on PFAS
in groundwater (Olivia Hall & lan Ross, TetraTech). The final presentation will consider Irish Holy
Wells (Bruce Misstear, TCD).

Following the conference, we will be sending out a survey to all registrants and we are keen to hear
your feedback, thoughts, ideas and suggestions.

The organising committee wishes to express their gratitude to all of those attending this year’s and
conferences in previous years, and we extend a huge thanks to all of the speakers. We hope you find
the conference interesting, educational and thought provoking.

Tiernan Henry

IAH (Irish Group)
Conference Secretary

* www.worldwaterday.org/
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The IAH (lIrish Group) would also like to acknowledge the support of the following members and
organisations whose staff have worked on the committee of the IAH-Irish Group throughout the year
and helped to organise the conference:
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‘Groundwater: Making the Invisible Visible’

International Association of Hydrogeologists — Irish Group
42" Annual Groundwater Conference — Online Event
Tuesday 26" April — Wednesday 27" April 2022
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SESSION I:

13:30

13:40

14:00

14:20

14:40

15:00

15:20

Programme Day 1, Tuesday 26™ April
Conference Login Open

Exploring Groundwater

Welcome & Introduction -Tiernan Henry (NUIG), Conference Secretary, IAH (Irish
Group)

Richard Connor (UNESCO WWAP): Making visible the invisible groundwater
resource: the 2022 UN World Water Development Report.

Sarah Blake (GSI): Ireland’s Geothermal Potential: data from Grangegorman,
Dublin City.

Pat Meere (UCC): Structural Controls on Fluid Flow in the Munster Basin, Southern
Ireland.

Q&A

Early Career One-Minute Poster Presentations

Introduction & Chair: Lindsay Connolly (ARUP)

Break

SESSION I1: Groundwater Resource Resilience

15:35
15:40

16:00

16:20

16:40

17:00

17:30

Introduction

Claudia Ruz Vargas (UN IGRAC): The Role of Groundwater in the World Water
Quality Alliance.

Caoimhe Hickey (GSI): Revealing the Invisible: Geological Survey Ireland’s
National Karst Database.

Paul Wilson (GSNI): Bringing Groundwater Back into Public Supply.

Katie Tedd & Ted McCormack (GSI): Improving the understanding of current
and future groundwater resources: GW3D and GWClimate.

Q&A

End of Day 1
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Programme Day 2, Wednesday 27" April
09:00 Conference Login Open

SESSION I11: Communication

09:30 Introduction

09:35 Kirstin Lemon (GSNI): Creating Lightbulb Moments: the Power of Using
Groundwater in Geoscience Communication.

09:55 Fergus McAuliffe (iCRAG): Geoscience Communication.

10:15 Donal O’Keefe (LAWPRO): Evolving Community Engagement.

10:35 Q&A

11:00 Break

SESSION 1V: Emerging Issues in Groundwater

11:15 Introduction

11:20 Haleh Karbala Ali (DIAS): Locating Flowing Conduits in Karst using Passive
Seismic Approach.

11:40 Dan Lapworth (BGS): Groundwater Contaminants of Emerging Concern.

12:00 Olivia Hall & lan Ross (TetraTech): Poly- and Perfluoroalkyl Substances
(PFAS) in Groundwater: a global & Irish perspective.

12:20 Bruce Misstear (TCD): Irish Holy Wells: their Groundwater Sources, Water
Chemistries & Healing Reputations.

12:40 Q&A

13:10 Closing Address — Gerry Baker (ARUP), President, IAH (Irish Group)

13:20 End of conference
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MAKING INVISIBLE GROUNDWATER RESOURCES VISIBLE:
THE UN WORLD WATER DEVELOPMENT REPORT

Richard Connor, UNESCO World Water Assessment Programme, Perugia (It)

ABSTRACT

The 2022 edition of the United Nations World Water Development Report describes the
challenges and opportunities associated with the development, management and
governance of groundwater across the world.

Accounting for approximately 99% of all liquid freshwater on Earth, groundwater has the
potential to provide societies with tremendous social, economic and environmental benefits
and opportunities. Groundwater already provides half of the volume of water withdrawn for
domestic use by the global population, including the drinking water for the vast majority of
the rural population who do not get their water delivered to them via public or private supply
systems, and around 25% of all water withdrawn for irrigation.

However, this natural resource is often poorly understood, and consequently undervalued,
mismanaged and even abused. In the context of growing water scarcity across many parts
of the world, the vast potential of groundwater and the need to manage it carefully can no
longer be overlooked.

Key words: Groundwater, WWDR

—ox Wartsn unesco
The United Nations World Water Development Report 2022

GROUNDWATER
Making the invisible visible

Full report available for download here:

https://www.unwater.org/publications/u
n-world-water-development-report-
2022/#:~:text=The%202022%?20edition
%200f%20the,0f%20groundwater%20a
cross%20the%20world.
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IRELAND’S GEOTHERMAL POTENTIAL: DATA FROM
GRANGEGORMAN, DUBLIN CITY

Dr Sarah Blake, Groundwater & Geothermal Unit, Geological Survey Ireland, Block 1,
Booterstown Hall, Booterstown, Blackrock, Co Dublin, A94 N2R6.

ABSTRACT

Through the provision of high-quality geothermal data and products, Geological Survey
Ireland are currently working to remove some of the barriers to deployment faced by
geothermal energy projects, at both small and large scales. Our ambition in this next decade
is to help realise the first deep geothermal district heating demonstration project in Ireland
and support the development of an indigenous geothermal industry. To this end, Geological
Survey Ireland have partnered with Technological University Dublin (TUD) to explore the
geothermal resource beneath the TUD Grangegorman campus in Dublin 7. In late 2021 an
exploratory corehole was drilled by Geological Survey Ireland at Grangegorman to a depth
of 998 m, and a local average geothermal gradient of 28 ‘C/km was established. The
information from this hole will be used to plan and budget for a deep geothermal installation
at the same location. A successful geothermal district heating pilot scheme will prove the
technology in Ireland and pave the way for further projects to fulfil geothermal energy’s
potential in Ireland’s energy transition.

Key words: Geothermal energy, geothermal gradient, district heating, Dublin Basin,
stratigraphy, decarbonisation of heat

INTRODUCTION

Founded in 1845, Geological Survey Ireland is Ireland's public earth science knowledge
centre and is a division of the Department of the Environment, Climate and Communications
(DECC). Geological Survey Ireland has supported geothermal projects in Ireland since the
early 1980s, and geothermal research has been a core programme activity of our
Groundwater & Geothermal Unit for over a decade. We collect and collate geothermal data
to produce maps, reports, and user guides on lIrish geothermal resources, and provide
impartial scientific advice to policy makers and the public.

Geothermal energy is a secure, environmentally sustainable, and cost-effective source of
renewable energy commonly used across the globe to heat and cool homes and businesses,
as well as in industrial and agricultural applications. It is currently enjoying a period of
renewed interest and support across the EU in response to ever-increasing pressure to
decarbonise our energy systems and improve the security of our energy supplies.
Technological advances in recent decades have placed deep geothermal heat and electricity
within reach in many “low-enthalpy” (or low-temperature) locations across the EU, including
in Ireland.

The EU defines geothermal energy as “energy stored in the form of heat beneath the surface
of solid Earth” — this definition covers everything from heat stored in the soil and subsoil, to
high temperature resources many kilometres beneath the Earth’s surface. In general, heat
flows outwards from the centre of the Earth, and the temperature (and the amount of
available energy) increases with depth at an average rate of 25 to 30 °C per kilometre for
most places in the world. Geothermal energy is practically zero-carbon at source, and whilst
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Ireland does not have a ‘traditional’ geothermal setting (i.e., we are situated far from active
volcanoes), geothermal energy could be a viable, significant source of energy in Ireland
particularly for heating and cooling homes and businesses, district heating and the agri-food

sector.
Barriers

Lack of publicinterest/supportfor GT
No “proof of concept” in Ireland (deep)
Lack of funding for demonstrator projects
Lack of regulatory framework

Lack of subsurface knowledge

Figure 1: Identified barriers to large-scale deployment of geothermal projects in Ireland.

Geological Survey Ireland has identified five main barriers (Figure 1) to the large-scale
deployment of geothermal energy projects in Ireland (GSI, 2020). DECC and Geological
Survey lIreland are committed to addressing these barriers and encouraging the uptake of
low-carbon geothermal energy and the development of our geothermal industry; this activity
has largely been driven by the Climate Action Plans to date. Geological Survey Ireland have
contributed technical advice to the development of DECC’s 2021 Draft Policy Statement on
Geothermal Energy for a Circular Economy, and DECC will develop dedicated legislation
and a regulatory framework for geothermal energy over the next several years.

Geothermal developments in Ireland are currently hampered by a lack of relevant
subsurface data, which compounds the overall financial risk of a geothermal project and may
contribute to lack of understanding and acceptance from the public. Geological Survey
Ireland are developing a new end-user-focussed National Geothermal Database to support
the Department’s geothermal goals by providing essential geothermal information about Irish
rock types. We also continue to regularly fund geothermal energy research through national
and international consortia. This new information will enable accurate assessment of the
geothermal resources available and help to bridge the existing knowledge gaps about our
deep subsurface geology.

DECARBONISING OUR HEAT SECTOR

The Irish heat sector is our most problematic in terms of carbon emissions and has proved
the hardest to decarbonise. We generate approximately 40% of our carbon emissions by
using fossil fuels to heat our homes, buildings, and businesses (SEAI, 2022). Ireland
currently has the lowest share of renewable heat (RES-H) in the EU at just 6.3 % (Eurostat,
2022), and this is a key factor in our poor performance towards our renewable energy
targets. The recently published National Heat Study (SEAI, 2022) has highlighted that
existing policy measures are insufficient to meet our 2030 target of a 51% reduction in
emissions.

Geothermal energy is a renewable, low-to-zero carbon resource. By tapping into our national
geothermal energy resources for a range of applications (Figure 2), we will replace some of
these fossil fuels with a secure and sustainable heating alternative, whilst also increasing our
RES-H and reducing emissions. District heating networks are common throughout Europe
and have been recognised as the best way to decarbonise the heat sector where the heat
demand, or population density, is high (Connolly et al., 2015). Geothermal energy can be
used on its own or as part of a mix of energy sources in district heating schemes. The
National Heat Study (SEAI, 2022) sets out the need for rapid deployment of district heating
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in Ireland and recognises geothermal energy as a significant potential source for these
networks, whilst also highlighting the following: “Further work aimed at the complete
characterisation of the suitability of the geothermal resource across Ireland will allow a better
understanding of its potential for district heating at various locations”.

o
HEATING INDUSTRIAL

C FOOD ELECTRICITY
BUILDINGS APPLICATIONS

PRODUCTION GENERATION

A

Cement &
Aggregate
Iy Binary

Geothermal

Heer Power Plants

Brewing

District
Heating
(No Heat Pump)
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Evaporation
Pasteurization

Concrete
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>

Mushroom
Culture

Heating
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{Heat Pump)

i

Geothermal
Heat Pumps

Figure 2: Irish geothermal resources could be used for a wide variety of heating and cooling
applications (GSlI, 2021a).

An increase in the number and scale of geothermal district heating systems for municipal
buildings is achievable in Ireland. There are many examples in Ireland of individual municipal
buildings connected to shallow geothermal ground source heat pump systems (GSHPSs).
However, increasing capacity through deeper and larger scale geothermal installations is
possible. For example, the geothermal system installed in Orly Airport in the Tle-de-France
region provides heating and hot water through a 35 km heating network at the airport
campus. It was built between 2008 and 2011 and includes a 1.8 km geothermal doublet (pair
of wells) that cost €9M to drill. The installed capacity of the entire network is approximately
135 MW, (incorporating heat pumps and a biomass boiler) and it is estimated that the
system has reduced emissions by 8,200-9,000 tons of CO, per year compared to the
equivalent fossil fuel heat sources (GeoDH, 2014).

IRELAND’S GEOTHERMAL RESOURCES

Ireland’s geothermal energy resources are currently under-utilised and mostly used for
small-scale, individual heating projects (e.g., for single domestic dwellings or industrial
heating applications). Our low-temperature, shallow resources have been well documented
by Geological Survey Ireland in a series of geothermal suitability maps and an
accompanying Homeowner’s Guide to Ground Source Heat (GSI, 2015). GSHP technology
is market-ready and highly scalable, and hence has the potential to have a significant
decarbonising impact. However, the sector will require targeted policy measures to grow. In
contrast to other ambient source heat pump systems, GSHPs can provide heating, cooling
and thermal storage and offer higher efficiency due to the stable ground/groundwater
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temperatures all year round. Collection of high-quality data will be important for subsurface
management and environmental monitoring as the installed capacity of GSHPs increases,
particularly in urban areas or areas where there are competing uses of the subsurface.

Ireland’s deep geothermal resources are poorly understood at present. To facilitate
geothermal energy development, further geological research is needed to estimate potential
geothermal resources (flow rates, temperatures, rock properties, and generally improved
subsurface and structural characterisation) through programmes including geological
studies, geophysics, and drilling. The careful treatment of sparse existing legacy data can be
useful, as well as the development of new methodologies for modelling the deep subsurface.
Geological Survey Ireland released a new suite of deep temperature maps in 2021 (Figure
3). These maps were developed using data from a 3D thermal model of the crust beneath
Ireland. This model was constructed using lithospheric scale geophysical data (Mather et al.,
2019) and demonstrates the relative enhanced deep geothermal potential of the southeast,
southwest, and north of the island.

N
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Figure 3: Deep temperature map of Ireland at a depth of 3 km based on a probabilistic joint inversion
of geophysical data (GSI, 2021b; based on thermal model by Mather et al. (2019)). Temperatures in
degrees Celsius range from 90 °C to 260 °C.

GEOTHERMAL EXPLORATION AT TUD GRANGEGORMAN

Geothermal energy has long been linked to the development of district heating in Ireland, as
the traditionally centralised heat source and long-term nature of these projects make them a
natural fit for deep geothermal developments (modern district heating systems also combine
lower input temperatures with a mix of renewable heat sources, which makes them even
more compatible with geothermal heat). In the absence of appropriate financial and
regulatory conditions, public investment is critical to realise geothermal district heating in
Ireland, to raise awareness of Irish geothermal resources and demonstrate proof of concept
here.

The Technological University Dublin (TUD) campus at Grangegorman has been identified as
a suitable candidate for a deep geothermal pilot project, due to its central location in the
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Dublin Basin, and existing district heating infrastructure. An exploratory test borehole was
planned for Grangegorman with the aims of: i) drilling vertically for 1 km, ii) collecting 1 km of
bedrock core samples, iii) accurately measuring the temperature profile and geothermal
gradient to a depth of 1 km, and iv) collection of downhole geophysical data. This information
will be used to help us understand more about the geothermal conditions at Grangegorman
and in the Dublin Basin, and assist with planning future geothermal wells in the area.

With the help of TUD, a site adjacent to the Grangegorman Energy Centre was identified
and prepared for drilling. Works commenced in July 2021 and the borehole was completed
in November 2021 (total cumulative drilling time of around 12 weeks). The final temperature
measurements were filmed by RTE on the 22nd of November (and featured in an RTE
EcoEye episode on decarbonisation of heat, aired on February 8" 2022). Specialist
contractors were procured by Geological Survey Ireland to log downhole with geophysical
equipment (one week on site).

The following data sets were collected:

. Drillers logs,

. 998 m of core samples (NQ diameter),

. Distributed temperature profile (fibre optic method),

. Detailed stratigraphic log,

. Fracture log,

. Downhole wireline geophysics, and

. Experimental seismic data acquired by DIAS during drilling.

HYDROGEOLOGICAL SUMMARY

The following notes were compiled from the driller's notes and the stratigraphic log of the
core (carried out by our Geological Mapping Unit). The bedrock was found to be typical of
the Carboniferous limestone succession of this part of the Dublin Basin (Lucan Fm. to 659 m
below ground level (mbgl), Tober Colleen Fm. to 900 mbgl, Boston Hill Fm. with proximal
Waulsortian reef facies to end of hole). First water strike occurred at around 10 mbgl and
rockhead was encountered at 17 mbgl. Some intensely fractured horizons were encountered
at around 170, 370 and 500 mhbgl. Partial losses were reported between 210 and 225 mbgl|
and another water strike occurred in a fractured horizon at 460 mbgl. From 510 mbgl until
the end of the hole the rock was remarkably competent aside from one interval of porous
dolomite at 833 to 845 mbgl (there was a significant artesian water strike at this level). Zebra
dolomite was encountered between 935 and 947 mbgl.

TEMPERATURE PROFILE

Geological Survey Ireland has a fibre optic Distributed Temperature Sensor (DTS) equipped
with reinforced cable specifically designed to measure temperatures downhole. This
provides a continuous temperature profile along the entire length of the cable. Unfortunately,
the temperature measurements had to be taken inside the rods due to instability in the hole.
(The hole later collapsed during wireline logging with the loss of a tool, so repeat
measurements were not possible.) The DTS was deployed on 22" November six days after
drilling ceased (the hole was not flushed during this period). The resulting temperature
profile can be seen in Figure 4. A temperature of 38 “C was recorded at 998 m below
surface (averaged from 12 measurements) giving a local average geothermal gradient of 28
*C/km. No correction has been applied to the temperature measurements.
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CONCLUSIONS

The geothermal gradient at Grangegorman is promising and demonstrates the potential of
the geothermal resource beneath TUD and Dublin City. If source temperatures of greater
than 60°C can be achieved, the district heating system may not require a heat pump as the
water extracted is already at a usable temperature (Codema, 2019). A reservoir temperature
of 80 °C is currently targeted, and this will require drilling to a depth of at least 2.5 km.
Permeability and geological structures at depth are uncertain, and a geophysical survey is
planned to help target the drilling. A full well design and specification exercise using the
detailed geological information collected in 2021 is currently underway. This is needed to
accurately estimate the cost of a functional geothermal well at Grangegorman. In mid-2022
Geological Survey Ireland, TUD and a broader consortium in Ireland and Northern Ireland
will apply for funding for a geothermal demonstration project at Grangegorman. A successful
geothermal district heating pilot at Grangegorman will prove the technology in Ireland and
pave the way for further projects to fulfil geothermal’s potential in Ireland’s energy transition.
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Figure 4: Temperature profile from Grangegorman. Maximum temperature of 38 °C (uncorrected)
recorded at a depth of 998 m.
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Area, Southwest Ireland — A New Structural and Chronological

Evaluation

Patrick A. Meere?, Jurgen Lang'*, Richard P. Unitt!, Sean C. Johnson?, Koen Torremans? &
David Selby?

1 Irish Centre for Research in Applied Geosciences (iCRAG), School of Biological, Earth and
Environmental Sciences, University College Cork, Distillery Fields, North Mall, Cork, Ireland

2 Irish Centre for Research in Applied Geosciences (iCRAG), University College Dublin, Belfield,
Dublin 4, Ireland

3 Department of Earth Sciences, University of Durham, Durham, United Kingdom

INTRODUCTION

Between the Middle and early Upper Devonian, north-south crustal extension led to the
development of a half-graben structure in southern Ireland that comprises the Munster Basin
(Naylor & Jones 1967). The northern bounding structure of this intracratonic basin has been
described as the east-west trending, listric Coomnacronia-Killarney-Mallow Fault Zone (Price
& Todd, 1988; Meere 1995; Landes et al. 2003; Ennis et al. 2015) or the Dingle Bay-Galtee
Fault Zone (Williams et al. 2000). Late Middle to Upper Devonian alluvial and fluvial
siliciclastic sediments derived mainly from the north were transported into the Munster Basin
(MacCarthy, 1990). These ‘Upper Old Red Sandstone’ sediments formed a basinal infill of
over 6 km (Meere & Banks 1997).

Towards the end of the Devonian the formation of another east-west trending fault system,
the Cork-Kenmare Fault Zone resulted in continuous subsidence of the South Munster Basin
(MacCarthy, 2007). This was accompanied by a marine transgression from the south with
resulting accumulation of marine siliciclastic within the South Munster Basin and limestones

on a more stable platform to the north (MacCarthy, 2007).

At the end of the Carboniferous NNW-directed compression terminated sedimentation in the

region and marked the beginning of the Variscan Orogeny (Sanderson 1984; Meere 1995b;
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Quinn et al. 2005). Bulk shortening of over 52% was achieved by pervasive cleavage
development followed by kilometre scale buckling and faulting. This resulted in the
reactivation of high-angle basin-controlling faults. In the west of the Munster Basin, Meere
(1995c) identified NE-SW-trending reverse faults, as well as rarer NW-SE-trending strike slip

faults. The sediments underwent metamorphism to sub-greenschist facies (Meere 1995b).

ALLIHIES STRUCTURAL SETTING

The Allihies Mining District is located near the western end of the Beara Peninsula. The
predominant lithologies are purple and green siltstones and sandstones of the Caha
Mountain Formation (MacCarthy et al. 2002). The Caha Mountain Formation can be
subdivided into the Allihies Sandstone Member, which mainly outcrops north of Mountain
Mine (Fig. 3.2) and has an approximate thickness of 1200 m, and the underlying
Ballydonegan Slate Member (south of Mountain Mine) that has an approximate thickness of
1500 m (Reilly 1986).The Allihies copper mines are positioned on the northern limb of the
Beara Anticline (Sheridan 1964). Around the mines, third order open symmetrical folds with
wavelengths of 90 to 150 m, trending SW-NE can be found associated with fault zones
following similar strike (Reilly, 1986). Penetrative cleavage is sub-vertical and strikes SW-
NE.

There has been differing opinions about the timing of the vein structures and the copper
mineralization of the Allihies region. For example, mineralized veins were considered to
post-date the barren veins and Variscan compression tectonics (Sheridan 1964). In direct
contrast is the observation by Sanderson (1984) that mineralized (chalcopyrite and siderite)
N-S trending quartz veins are both strongly folded and cleaved, suggesting a pre/syn-
Variscan age. Sanderson (1984) also proposed that the east-west veins, which include the
main lodes of the mining area, were formed in association with the cleavage development
and the folding. Wen et al. (1996) and Spinks et al. (2016) suggested remobilisation of

sediment-hosted sulphides into late- or post-Variscan quartz veins.

PRE-VARISCAN FAULTING

East-West striking, normal faults with a strike-length of 60 to over 1000 m are present near,
and at, the historic mine shafts. Sub-parallel to ESE-WNW striking quartz veins occur up to
35 m from the E-W faults. These veins are mineralized and range from centimetre to metre
scale in diameter and have a maximum length of over 100 m. Only two vein sets have been

observed striking North-South, including the N-S Lode at Mountain Mine.
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VARISCAN DEFORMATION

Early cleavage development was associated with significant layer parallel shortening (LPS).
Penetrative cleavage is clearly visible within the siltstones, but less distinctive within the
sandstones. This cleavage (S1) has a general SW-NE strike with a sub-vertical. Most of the
early quartz veins (e.g. at Great Mountain Mine North and Coom Mine) show clear evidence
of syn-compressional cleavage development, S; cleavage-refraction in the veins compared
to the surrounding siltstones and cataclastic deformation. Smaller E-W veins sometimes
display asymmetric folding, cleavage and boudinage. Cleavage development was followed
by regional folding on all scales from the 1% order regional Beara Anticline to second and
third order step folds show bedding-S;-cleavage intersection lineations with a mean plunge
of 47 degrees to the southwest. Large scale SW-NE trending strike slip faults result in
predominantly sinistral offset of the E-W faults with a maximum dislocation of 17 m observed
near the New E-W Lode. SE-NW to SSE-NNW striking faults (e.g. Cornish Village Fault
constrain the northern and southern boundaries of the fault blocks (Fig. 1). All ESE-WNW
trending veins are affected by oblique faulting with lateral sinistral offsets of up to 83m.

Metre-scale joints observed are generally oriented SE-NW with a sub-vertical.
FLUID PHASE PETROLOGY

Quartz vein samples for fluid inclusion microthermometry were classified into 11 extensional
(Pre-Variscan) E-W veins, and two syn-compressional (Syn-Variscan, saddle reef and en
echelon) vein samples. Eight of the extensional (Pre-Variscan) samples are mainly
mineralized with chalcopyrite, as well as minor tetrahedrite/tennantite. The two syn-
compressional (syn-Variscan) vein samples are unmineralized/barren. All fluid inclusions
within the quartz veins show a major liquid (L) phase and a minor vapour (V) phase with
various volumes. The quartz veins show many secondary and pseudosecondary fluid
inclusions along healed fractures. For the pre-Variscan veins, fluid inclusion data suggest
multiple fluid pulses with moderate to high salinities and homogenisation temperatures of up
to 314 °C (Fig. 2a). For the syn-Variscan veins the homogenisation temperature is around
200 °C with moderate salinities (Fig 2b).

Re-Os MOLYBDENITE GEOCHRONOLOGY

A fine grained (grain size < 2 mm) molybdenite sample from Mountain Mine spoil possesses
43.9 £ 0.2 ppm Re, 27.6 + 0.1 ppm ¥'Re and 169.1 + 0.8 ppb ¥’0Os. The ¥’Re-¥’0Os data

yield to a model age of 366.4 + 1.9 Ma for the molybdenite mineralization. A molybdenite
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sample from Caminches Mine spoil is also fine grained and has 3.83 + 0.04 ppm Re, 2.41 +
0.03 ppm ¥’Re and 14.78 + 0.16 ppb ¥’Os. The ¥’Re-¥’0Os model age is 367.3 + 5.5 Ma.

CONCLUSIONS

The Allihies Mining District is dominated by two kinematically distinct quartz veining

generations:

(1) Quartz veins with a general E-W strike are associated with early-extensional faults.
These veins bear the primary copper mineralization as mainly chalcopyrite, bornite,
tetrahedrite/tennantite and molybdenite. The timing of the mineralization is dated by
molybdenite Re-Os geochronology of 367.3 + 5.5 to 366.4 + 1.9 Ma. The dates
coincide with basin development and shortly post-date the early sedimentation
sequences during the Upper Devonian (Fig. 3a).

(2) Syn-Variscan veins occur as saddle reefs and en echelon tension gash shear

structures. Sub-horizontal veins crosscut early extensional structures (Fig. 3b).
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Fig. 2. Fluid inclusions from samples of the Allihies Plot of the salinity wt% NaClequiv Versus
the homogenisation temperatures Ty (°C). The different colours show the various locations,
and the symbols indicate the individual fluid inclusion assemblages (FIA) within one sample.
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3D MODELLING THE STRUCTURE AND HYDROGEOLOGY OF THE
CASTLECOMER PLAT EAU
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The IAH (Irish Group) acknowledge & thank those who contributed to the 2021-2022 Consultant-Student Bursaries:

EN-IROLOGIC
ARUP David. Ball Talamhireland

Hydrogeologist  or Robert Meehan
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Parkmore WATER-ENVIRONMENTAL-CIVIL s

Environmental Services

The IAH (Irish Group) gratefully acknowledge the support of exhibitors for the 2022 conference and for past
conferences and look forward to seeing them again in the future.

The exhibitors for the 42n |AH Annual Groundwater Conference are:

iICRAG (@ clement

IRISH CENTRE FOR RESEARCH
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ENVIRONMENTAL EQUIPMENT SUPPLIER
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