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Lithium pegmatites in southeast Ireland: iICR
A storehouse for critical metals

D. Kaeter?, R. Barros'-%4, J. Harrop3, J. Menuge’

'SCHOOL OF EARTH SCIENCES, UNIVERSITY COLLEGE DUBLIN PRESENT ADDRESS: GEOLOGICAL SURVEY OF BELIGIUM

SBLACKSTAIRS LITHIUM LTD & COAST MOUNTAN GEOLOGICAL
BACKGROUND

INTRODUCTION

Lithium is a key element for electromobility and
renewable energy storage due to its use in long-life
high-energy-density batteries. Lithium is, therefore,

important to attain a range of UN Sustainable De-
velopment Goals (SDGs) [1] in Ireland and the EU:

= Lithium batteries are an integral part
of sustainable energy and transport
infrastructures (SDG 9)

= These Iinfrastructures are essential
for sustainable cities (SDG 11).

= A domestic, European lithium sup-
ply chain would allow responsible
production and consumption with a
lower carbon footprint and less
environmental impact than current
production (SDG 12).

= Moving from fossil fuels to renew-
able energies (decarbonisation) is
an essential part of climate action
(SDG 13).

Currently, lithium is mined from only two types of
deposits: Li-Cs-Ta-enriched (LCT) pegmatites and
subsurface brines in salt flats (dry lakes) [2]. High
emissions and energy consumption of long-distance
transport in current supply chains strongly contribute
to their CO, footprint and environmental impact.
Brine production poses additional threats to local
ecology and agriculture. Understanding how domes-
tic lithium deposits formed and how they may be
found are therefore crucial steps towards sustain-
able lithium supply. Other valuable metals typically
enriched in LCT pegmatites include tantalum and tin,
which are often deemed critical because of their
requirement in modern electronics.
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RESULTS

GEOLOGY

A belt of unexposed anatectic LCT pegmatites
containing the ore mineral spodumene is emplaced
within the East Carlow Deformation Zone along the
margin of the Caledonian S-type Leinster Batholith,
southeast Ireland [e.g. 3, 4]. In drill cores, these LCT
pegmatites show ore grades, up to 1-2 wt.% L.
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Geologic setting of the Leinster lithium pegmatites. Compiled with data from
Geological Survey Ireland [5].

RESEARCH OPPORTUNITIES

Ore geology, mineralogy and geochemistry
research is the fundament of the life cycle of any
mined resource. Research outcomes directly feed
into the first four domains of the supply chain —
exploration, mining, processing and raw product.

Ore deposit research

The fundamental steps in a raw material life cycle.

Research opportunities for LCT pegmatites include:

= Deposit models not nearly as advanced as for high
demand metals such as copper.

= Current exploration models are limited and not
widely applicable.

= VVegetated and glaciated terrain as typical for
central and northern Europe poses additional
challenges to exploration.

= Heterogeneous internal structure of deposits with
direct implications for mining and processing.

MINERAL CHEMISTRY

Pegmatites form from melts. Growing crystals of
minerals record the changing physical and chemical
conditions of a crystallising liquid by changes in their
chemistry. Studying mineral chemistry allows re-
construction of melt and fluid evolution.

Muscovite (left) is a rock-forming
mineral and shows three distinct
growth stages recorded for ex-
ample by boron and caesium [6].
Columbite (bottom left) is the main
host for tantalum in the rocks and
records a similar crystallisation
history. Cassiterite (bottom right) is
the main host for tin and shows at
least two growth stages.
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Schematic model of the magmatic—
hydrothermal transition in the Leinster
lithium pegmatites [6].

Examples of macroscopic textures
typical for each stage. Field of view in
all images is about 8 cm.
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TELLUS STREAM SEDIMENTS

Southeast Ireland stream sediment data was
released to the public as part of the Tellus project by
Geological Survey Ireland [5]. Catchments with LCT
pegmatites show anomalous tantalum and tin.
Columbite and cassiterite in sediments show the
same chemical zoning as in LCT pegmatites.
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Residuals of tantalum (Ta) and tin (Sn) are high in catchments associated with
lithium pegmatites [7]. Raw data: Geological Survey Ireland [5].

PRINCIPAL CONCLUSIONS

= Magmatic crystallisation in LCT pegmatites is fol-
lowed by processes which remobilise and (re-)
deposit critical elements.

= Lithium was deposited in early magmatic units
(Stage |); tantalum and tin are enriched in late
subsolidus units (Stages Il-IlI).

= Cassiterite, columbite and other tantalum oxides in
stream sediments can be used as indicator min-
erals in LCT pegmatite exploration.

The results allow refinement of deposit models and
support exploration in Europe contributing towards
responsible lithium production (SDG 12).

Understanding distribution of critical metals in LCT
pegmatites allows optimisation of efficiency and by-
product output of mining activities (SDGs 9, 12, 13).
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Trace element study of sulfides from Irish Zn-Pb
deposits: Potential vector towards mineralization

Aileen L. Doran'*, Steven P. Hollis%, Julian F. Menuge!, Stephen J. Piercey3

Irish Centre for Research in Applied Geosciences (iCRAG) & University College Dublin, Department of Earth Sciences, 2Geological Survey Ireland, Dublin, 3Memorial University of
Newfoundland, Department of Earth Sciences, St. John’s, Canada

1. Irish Zn-Pb Ores: Background

Since the 1960s, Ireland has seen 5
carbonate-hosted Zn-Pb orebodies mined
and over 20 sub-economic prospects
discovered (Fig. 1). After the closure of
Lisheen mine in 2015, only 1 operational

mine remains: Tara mines in Navan.

Ireland is in a position to become a
leader in Zn production, but for more
targeted Zn exploration, our current
understanding of ore formation needs to

be improved.

EMPA trace element analysis can be used
fluid
identify

to understand hydrothermal

processes. This will help

geochemical haloes around orebodies

and thereby enhance exploration

strategy.

Figure 1. A simplified geological map of Ireland, with the

significant Zn-Pb deposits highlighted. Geology adapted

from GSI, Bedrock 1:500,000 series. Images from Doran

et al. (in prep.)

2. The Lisheen deposit: Background

Figure 2. The orebodies of the Lisheen deposit, with key

structural features shown. Structure adapted from Kyne et .

al., 2019 and Torremans et al., 2018). Image from Doran et

al. (in prep.).

The Lisheen deposit (Fig. 2; 23 Mt at 13.3
% Zn and 2.3 % Pb) in the southern Irish
ore field formed by the replacement of
Lower Carboniferous limestone, triggered
primarily by fluid mixing (Wilkinson et al,,
2005).

Lisheen mine was active for over 15
years, leaving a wealth of deposit
understanding. It offers an excellent
testing ground for potential geochemical

vectors.

This poster presents work on the high-
grade Island Pod orebody in the northern
part of the mine.

3. Electron microprobe analysis (EMPA): Results

Several generations of sphalerite,
galena and pyrite were analysed by
EPMA from the Island Pod orebody

and its sub-economic halo (n = 574).

EPMA data for Fe, Mn, Co, Ni, Zn, As,
Pb, Bi, Mo, Ag, Cd, Tl, S, Si, Se, Cu, Au
and Sb were collected at Memorial
University Newfoundland and the
Natural History Museum, London.

Sphalerite Fe content was the most
variable, with a maximum value of
6.09 wt. % (Fig. 3a). Elevated Fe
correlates with low S isotope ratio
to be
derived from bacteriogenic reduction

(not shown), interpreted

of seawater sulfate.

commonly growth-zoned,
with
significant values of Co (maximum
15.1 wt. %), As (maximum 9.64 wt.
%), Ni ( maximum 11.2 wt. %), and Tl
%) (Fig. 3b).
Concentrations of Co, As, Pb and TI

Pyrite,

showed most variation

(maximum 1.0 wt.

are distinctly higher in main ore stage
pyrite than in pre-ore (diagenetic)
pyrite (Fig. 3b)

Galena was relatively clean, with Zn
and Fe being the most common trace
elements, likely due to inclusions of
sphalerite and Fe sulfides.

References:

wt. %

wt. %

Caruso et al. (2018). Precambrian Research, v. 317. p 211 —229.
Doran et al. (submitted). Economic Geology.

Figure 3a. (above) Sphalerite trace element data from the
Island Pod orebody and its sub-economic halo. Note the
large range Fe concentration in sphalerite.

Figure 3b. (below) Trace element data for main ore stage
pyrite and pre-ore stage (diagenetic) pyrite.

Ore stage

5 Main
O Pre

Kyne et al. (2019). Economic Geology, v. 114, p. 93-116.
Torremans et al. (2018). Economic Geology, v. 113, p. 1455-1477.
Wilkinson et al. (2005). Economic Geology, v. 100, p. 63-86.

This publication has emanated from research supported in part by a research grant from Science Foundation Ireland (SFI) under Grant Number
13/RC/2092 and co-funded under the European Regional Development Fund and by iCRAG industry partners.

4. Pyrite trace element variation: Orebody vs halo

Mean concentrations of As, Tl, Ni

and Co are about 40-80% lower in

the sub-economic halo than in the

orebody (Fig. 4a, Table 1):

Orebody n above

mean
(wt.%)
Co 0.34
As 2.03
Tl 0.54
Ni 1.45

detection
limit

111
104
55
13

Halo
mean
(wt. %)

0.12
1.25
0.24
0.34

n above

detection

limit
151
138
4
5

Table 1 (above). Mean pyrite trace element

concentrations in orebody and halo samples.

Where the number of analyses (n) is low,

most were below detection limits.

d

Figure 5a.
consistently

Figure 4a (above). Pyrite trace element data
separated into orebody vs halo samples.

Tl appears to depend on the presence of
As, with a positive correlation (0.79) noted
(Fig. 4b).

Figure 4b (left). As vs Tl concentrations
in orebody and halo pyrite.

Pyrite trace element variation: Intra-grain scale

Pyrite mineral chemistry can record the hydrothermal

evolution of a mineralizing system.

Island Pod pyrite preserves oscillatory zoning (Fig. 5a-b),
indicating episodic flow of hydrothermal fluids.

Intra-grain and other small scale (<250 pum) variation suggests a
continuously evolving mineralizing system, which received fresh
pulses of trace element-bearing fluids (Fig. 5a-c).

Commonly, As and Co concentrations systematically increase
from pyrite cores to rims. Changes in As from one band to
another of up to 3 wt. % are characteristic of precipitation from
distinct pulses (Caruso et al., 2018).

Pyrite oscillatory zones. As and Co concentrations

increase from core to rim.

Figure 5b. Detail of the box outlined in Fig. 5a, showing growth

bands in more detail.

Figure 5c. A thin (<5 um) Fe-sulfide band surrounded by pyrite. This

band revealed the highest concentrations of Co, As and Tl from all

Fe-sulphides analysed.

6. Applications: Exploration and Sustainable Development Goals

Exploration applications

e Pyrites offer a useful tool for understanding the

genesis of ore deposits, with a single grain

potentially recording the entire fluid history of a

system.

 Pyrite trace element differences between the

Island Pod orebody and its sub-economic halo

suggest a potential application of pyrite mineral

chemistry as a vector towards mineralization.

Sustainable Development Goals (SDGs) applications

 Zn has arole to play in several of the SDGs (Fig.

6). From its use as a fertiliser in agriculture

(SDGs 2, 3) to its potential use in long term
energy storage (SDGs 7, 11, 12, 13), Zn demand
will increase with sustainable development.

* |reland has an opportunity to be a world leader

in Zn production, and significantly contribute

towards achieving several of the SDGs.

Figure 6. Some of the SDGs in
which Zn may play a role.
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Aggregate Potential of lIrish South Coast
Offshore Palaeovalleys (AggrePOP):

Preliminary Results
O’MAHONY, E.»»:, WHEELER, A. »»: and PETERS, J. v2#

1 School of Biological, Earth and Environmental Science, University College Cork; 2Environmental Research Institute, University College Cork; 3Irish Centre for Research in Applied Geosciences (iCRAG);

“*Marine and Renewable Energy Ireland, MaREI Centre.

INTRODUCTION

* New construction and development projects are a
vital aspect of improving social wellbeing and sand
and gravel are often required for such projects (1).

* Known shortage of angular sands vital for concrete
production could be strained even further by
predicted enlargement of Cork City by ¢.100,000
new residents in the near future (2).

* From an ecological and socioeconomic perspective,
marine mining aggregates can both cause
significantly less permanent habitat modification
and increase job prospects in the Irish South Coast
(3,1).

* The AggrePOP aims to quantify resource quality in
order provide these critical and potentially more
environmentally-responsible resources, with the
end goal of delimiting resource presence.

METHODOLGY

* Data obtained was predominantly collected
on board the RV Celtic Voyager cruise no:
CV18034 — A joint venture between the
AggrePOP and Eirwind projects.

* This was done via the use of a combination of
multiple data acquisition systems such as;
EM2040 Bathymetric surveying (Fig. 1),

= : : i H Fig. 1 Map of CV18034 cruise area. The white, arrowed line
Shlpek grab Sampllng and VlbrOcorlng (Flg 2) shows multibeam survey track line and direction. Labelled,
accumu |at| ng tO he | p better q ua nt|fy the vellow dots mark the areas targeted for coring activities.

South coast seabed substrate.

* Post in-situ sediment extraction, particle size
analysis is completed via the use of a Malvern
Mastersizer 3000 optical system that uses
laser diffraction to measure particle size
distribution (PSD) of a given sediment ranging
from 0.1 to 1500 pum

Fig. 2 (Left): (Action shot) Shipek grab sampler in use off the South-West
coast of Cork. (Right): Vibrocorer stored safely ready for use during the
AggreWind research cruise (CV18034). Barrel length 3 m; diameter 11 cm.

RESOURCE IDENTIFICATION

e The south coast of Ireland sports a jagged
coastline, the seabed is quite similar in nature.
ArcGIS is used to compile physical sediment data
with remotely sensed data in order to quantify
the seabed.

 Bathymetry and Backscatter collected from both
research cruises and INFOMAR projects.

ENVIRONMENTAL BENEFITS OF MARINE

AGGREGATES

 Marine aggregates (MA) have some benefits
over their terrestrial counterparts. From an
industry standpoint, MA are typically
cleaner and less prone to pyritization with
improved calcium carbonate contents (4).

CORK e Studies of a mixed seabed substrate (sandy

to pebbly) under low dredging intensity has

WATERFORD

e

1st

2nd

Final

Fig. 4 Left to right: Bathymetry — Backscatter — Combined to
distinguish Bedrock from sediment and sediment veneer.

/7 shown full natural recovery of the seabed
/ within a short 10-year period (5).

* 1 typical aggregate ship delivers around 250
lorry loads of product, largely reducing
ig. 3 Regional display of both remote and physical data used in the AggrePOP Ca rbon emissions a nd infra structure

specific areas of research, inc: Multibeam, Vibrocore and Shipek grab sample .
data. Note, the data has been condensed and clipped to increase resolution. damage due to extensive truck-based

5 Vibrocores from the area 2 (Fig. 4), show transport.

initial signs of sand to gravel sized grains. A
positive result for preliminary sediment

dNd Iysis (ANNOTATED BY YELLOW STAR).

RESOURCE QUALITY -

e PSD Malvern laser diffraction and sieve stack
analysis will be performed on the 36 cores and 32
grab samples to assess and quantify particle size

distribution across the South Coast; (below is an initial

size fraction classification of Grab (black) and Vibrocore (green)
samples taken, displayed on a FOLK 7 ternary plot)

°
®e
0°%e¢
c'.
¢
°
Ceo
oo *
® 90 %02
o ©
oo’ :: -

Fig. 5 Folk 7 Ternary plot template taken from Kaskela et al., (2019)

FUTURE PLANS AND ACKNOWLEDGEMENTS SCAN ME
* Probable comparative particle size analysis study

against quantified known terrestrially quarried
aggregates located on the upstream areas of the
studied palaeovalleys.

e Carbonate content to be included in particle size
analysis to assess the lithic fraction versus the
carbonate fraction of South Coast sediment
samples.

e The authors would like to commend the Marine
Institute, the MaREl Centre and the INFOMAR
project for access to workspace and invaluable Scan QR to visit AggrePOP webpage
research data.
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Fingerprinting Volcanic Ash of the
Irish Midlands

Hilde A. Koch®2 (hilde.koch@icrag-centre.orq), Michael E. Philcox?, Balz Kamber? ,David Chew2

ICRAG, 2 Trinity College Dublin, 3Queensland University of Technology

INTRODUCTION

The Lower Carboniferous limestones in Ireland host the Irish Zn-Pb orebodies, one of the most significant sources of Zn in the world but stratigraphic correlations
are difficult, relying on incomplete biostratigraphy. The main goal of this study to develop a chemostratigraphic reference framework for the volcanic ash layers to

support exploration for the carbonate zinc-lead deposits of Ireland.

The conventional practice in most tephra correlation is to analyse the elemental chemistry of volcanogenic glass (e.g. Lowe, 2011 [1]). The studied tuffs were
deposited into Mississippian age carbonates of the Irish Midlands Basin and are largely diagenetically altered to bentonite clay bands which coincides with the
devitrification of glass. But despite alteration, some bentonites contain resistant phenocrysts like zircon and apatite. Therefore, this study introduces a multi-proxy
tool using high-precision trace element bulk-rock geochemistry, apatite characterisation as well as U-Pb zircon geochronology.

SAMPLE DESCRIPTION U-Pb ZIRCON DATING drillcore 3471/4 drillcore 3470/15

Three different tuff horizons were sampled from two drillcores (3470/15; 3471/4) in the The used method was laser ablation inductively

Slieve Dart area in the north-west of Ireland. Individual tuff horizons are shown in coupled mass spectrometry (LA ICP-MS). Tuff 1 in

different colours. Tuff 1 is the stratigraphically highest tuff in the drill-cores, liing in the both drill cores did not yield any zircons. Zircons D

Oakport Limestone formation, followed by Tuffs 2 and 3, which occur in the Kilbryan from the four other samples are plotted on U-Pb

Limestone. zircon Wetherill concordias. Samples yield con- Omimop py
cordant analyses as well as discordant analyses \

RESULT

which are interpreted as older inherited grains,
common Pb bearing grains and grains which
suffered Pb loss (C, D, E, F). The concordant ages
for the 2" tuffs are 345.4 and 347.6 Ma, whereas
the ages for the 3" tuffs are both around 358.5 Ma.

U-Pb zircon dating reveals that Tuff 2 and Tuff 3 can
be differentiated. Tuff 2 is roughly 12 Ma younger

than Tuff 3.
E F
A B
A) Simplified geological map of Ireland, showing the locations of available samples (black
stars). This poster shows the results for the highlighted area. B) Stratigraphic columns for SEM-CL imaging of the zircons shows the zoning
the two sampled boreholes from Slieve Dart. and the average sizes of the occuring zircons (G).

HIGH-PRECISION TRACE ELEMENT BULK GEOCHEMISTRY

Volcanic ashes in general are not a one-to-one geochemical image of their source. Their bulk-rock geochemistry
may be influenced by alteration, phenocrysts, aeolian fractionation, dilution with matrix sediments,... . To minimise
the influence of these secondary effects on the tuffs, the focus is on aluminium, titanium, niobium, tantalum, rare
earth elements (REEs) [2]. Used method is a refined high-precision solution ICP - MS trace element analysis [3], [4]
using low-P hotplate HF-HNO, digestions. REE/Al ratios were first normalised to MUQ before they were vertically
translocated to comparable levels in the diagram (H). Negative europium anomalies, like observed in all three tuff
layers, are characteristic of silicic igneous rocks. They also indicate highly evolved, sub-alkaline magma sources [5].
Marker Tuffs from a different area (Tara Deep) are shown for comparison.

-1.5

In(Al/Ti)

-3.5
1 1.5 2 2.5 3

In(Nb/Ta)

RESULT

The REE plot can clearly distinguish three tuff horizons
and correlate the same horizon across cores indicating an
evolved magma source. Binary plots also separates the
three different tuff layers (I).

MATCHOGRAM

Modified method after Marx et al., 2005 [6] compares the relative concentrations of the least mobile elements of
two samples with each other. First step is to divide all elements from sample A with the corresponding element in
sample B. A perfect match would be unity. To correct for asymmetry and bias, the concentration of sample A serves
once as the numerator and once as the denominator. Results are summed up and divided by two to receive the
symmetrical ratio. Step two corrects for dilution effects. Finally, the reference point is set to zero. Therefore, a
perfect match would result in the sum of absolute

TUFF1 | TUFF1 TUFF 2 | TUFF 2 TUFF 3 | TUFF3

deviates (2,) of zero. The closer the samples’ Z; is to zero, 3471/4 | 3470/15 | 3471/4 | 3470/15 | 3471/4 | 3470/15
the more likely they share the same origin. The following |Turr13471/4 |0
element list was used: Al, Ti, Y, Nb, Sn, Ta, La, Pr, Nd, Sm, | TuFF13470/15 | 0.4 0
Gd, Dy, Er, Yb TUFF 23471/4 | 5.0 5.8 -
TUFF 2 3470/15 | 3.2 4.1
RESU LT TUFF 3 3471/4 5.9 6.3 5.7 5.1 0
The three different tuff horizons can be distinguished. TUFF 3 3470/15 | 7.9 8.4 4.7 4.2 0.4 0

REFERENCES

[1] Lowe (2011) Quaternary Geochronology 6, 107-153 [4] Babechuk et al. (2010) Geochimica Et Cosmochimica Acta 74(4), 1448-1470 SITE VISIT, 2"d December 2019
[2] Kiipli et al. (2017) Sedimentary Geology 347, 148-159 [5] Rollinson (1993) Using geochemical data: evaluation, Singapore. Ongman iCRAG

[3] Eggins et al. (1997) Chemical Geology 134, 311-326 [6] Marx et al. (2005) Earth Surface Processes and Landform 30, 699-716

This publication has emanated from research supported in part by a research grant from Science Foundation Ireland (SFI) under Grant Number
13/RC/2092 and co-funded under the European Regional Development Fund and by iCRAG industry partners.

APATITE CHARACTERISATION

Apatite ages are less precise than Zircon ages. But as the trace element chemistry of apatite can provide an
effective link to the parent igneous rock type of the tuffs, apatite dating will only be used to rapidly characterise
sample age populations before analysing them for trace elements. Apatite dating as well as trace element data
were gained using LA ICP-MS. Only both tuff 3 yield enough apatites to date them. Apatite U-Pb ages for sample
3471/4 and 3470/15 all lie on Tera-Wasserburg discordias (J, K), yielding lower intercept ages 379 + 28 Ma and
368 + 35 Ma, respectively. The initial Pb composition was anchored using an initial 2°’Pb/?°°Pb composition
derived from the Stacey and Kramers model with a conservative uncertainty of 0.02, as otherwise they exhibit a
relatively poor constrained intercept age due to the small spread in U-Pb ratios.

The Sr/Y vs ZLREE biplot introduced by O’Sullivan et al., 2019, in review discriminates Tuff 3 apatites as felsic
granitoid apatites (L). Tuff 1 falls into the alkali-rich igneous apatite and Tuff two into the mafic granitoids to mafic
igneous apatite field.

2= low-and ultramafic-
medium carbonatitic
grade UM

metamorphic

mafic

> igneous
0~ LM
wn IM
high-
1 grade
) metamonphic
HM
) K 1L s
) felsic granitoids
0 1 2 3 4 5

LREE

The rare earth elements of apatite phenocrysts were RESULT
normalised to chondrite. The REE pattern of both
tuff 3 layers are notably different from those of the
stratigraphically higher beds (M).

The apatite ages for both Tuff 3 samples are in
accordance with the zircon ages. The principal
component analysis links both tuff 3 samples to a
felsic parental magma composition which is
already indicated by the whole-rock chemistry.
The REE patterns from tuff 3 are also
distinguishable from tuff 1 and tuff 2. Thus, the
combined approach is able to reveal different ash
beds and can be used for a big dataset to develop
e i1 e Tuff2 - A~ iz an lrish chemostratigraphic framework.

lundin mining
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Vein-hosted Copper Deposits

and Hydrothermal Processes of SW Ireland
J. Lang', P. Meere’, R. Unitt', S. Johnson?

Irish Centre for Research in Applied Geosciences (iCRAG),
School of Biological, Earth and Environmental Sciences, University College Cork, Ireland
?Irish Centre for Research in Applied Geosciences (iCRAG), University College Dublin, Ireland

366.4 £ 1.9 Ma

311.8+1.6 &
315.5+1.6 Ma
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Tara Deep is a recently discovered Irish-type deposit, satellite to the ¢ z cor
Navan orebody, with an inferred mineral resource of 10 Mt @ 8.5% Zn f 5= o v -
and 1.8% Pb. It is mainly comprised of sphalerite- and galena-rich | | ... O
: y Sedimentary breccia-2
stratabound lenses hosted by the Courceyan Pale Beds. The Tara i N —
1 : : : g ------------- Ui uUsM TBU-2
Deep er93|t IS overlain by the Arundian Upper_Dark leestor_\e (UDL) I A y o, 1. Goological skelohes of the
[1] which includes towards the footwall the Thin-Bedded Unit (TBU). <5 8 7 30 v, \\ T SED0C0 Sedimentary Breccia 3 Tara Deep Deposit and the
: : 4g 50 Metros o Tov overlying Upper Dark Limestones.
The TBU is formed by alternating sequences of dark .mudston_es, i |5°M ti ———S— (3) Schematic stratigraphy of the
siltstones and calcarenites. Here, seafloor exhalative sulfide l 05 Cawreoeess | (o Navan Group Navan area [1];fa?: (t_)r)h_Scréer;r;jtig
e . . . . T Repeeps RED BEDS cross section of the T'hin-Bedde
Qieposmon has been linked to Pale Beds mineralization [2]. vasaaiaaan VAR s Unit (TBU). ),

/MINERALOGY vs S ISOTOPE COMPOSITION N
In-situ laser S isotope analysis has been performed on petrographically well-characterized samples of TBU-hosted mineralization. Four mineral assemblages have been identified:

(1) Laminated pyrite (Fig. 2):
It is the major assemblage and is mostly composed of 0.5-15 cm thick bedding-parallel layers of framboidal pyrite and subordinate interstitial sphalerite. It is widely distributed in the TBU,
progressively decreasing upwards and closely associated with organic matter-rich mudstones. Sulphides have mean 634S value of -23%o.
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included in mudstone; (¢) Framboidal and fine aggregates of pyrite microcrystals filling open space in the mudstone; (d), (e) Interstitial sphalerite (sl) included in framboidal pyrite; and (f) Detail of interstitial sphalerite embedding pyrite framboids.

(2) Pyritized calcarenite (Fig. 3):
It is widely distributed throughout the TBU and occurs mainly in calcarenites. Textural patterns include filling of open spaces and fossil replacement by pyrite with mean 634S of -13%eo.
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Fig. 3. Hand specimen, reflected light and back scattered electron images of the pyritized calcarenites from TBU overlying the Tara Deep deposit. (a) calcarenite with high degree of pyritization; (b) Microforaminifera internal mould filling by sphalerite (sl) and external mould by pyrite and
calcite; (c), (d) External mold of microforaminifera replaced by pyrite (py); (e), (f) Microforaminifera and radiolaria replaced by pyrite (py).

(3) Replacive assemblage (Fig. 4):
It is pervasively distributed throughout the TBU and occurs as late remobilizations both crosscutting, and parallel to, the bedding overprinting the early laminated pyrite. It comprises
mostly marcasite, with minor pyrite, sphalerite, chalcopyrite, galena, stibnite, arsenopyrite and pentlandite, with
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Fig. 4. Hand specimen, reflected light and back scattered electron images of the replacive assemblage from TBU overlying the Tara Deep deposit. (a), (b), (c) Marcasite and pyrite filling fractures and interstices in both silts and calcarenite; (d), (e) Interstitial galena (gn) and chalcopyrite (cp)
in pyrite; and (f) Skeletal marcasite (mrc) replacing radiolaria in calcarenite.

(4) Hydrothermal cherts (Fig. 5):
Mainly comprises 0.5-2 cm thick microcrystalline quartz bands rimmed by euhedral coarse Mn-rich dolomite associated with bird’s eye marcasite, fine euhedral aggregates of pyrite,
sphalerite, chalcopyrite, and galena which includes very fine exsolved Ni-sulfosalts and stibnite. It is found systematically at higher stratigraphic levels in the TBU and a heterogeneous

Reddish
Mn-alteration

i " ar
n'.i. “ '

Ni-Sb
sulfosalt

Fig. 5. Hand specimen, reflected light and back scattered electron images of the hydrothermal cherts from TBU overlying the Tara Deep deposit. (a), (b) Centimetre scale hydrothermal cherts included in mudstone which shows a reddish Mn-alteration; (c) Sulfide rim formed by marcasite
(mrc) bird’s eye texture associated with pyrite (py); (d) Sulfide rim comprises chalcopyrite (cp), galena (gn) and sphalerite (sl); (f) Detail of galena forming the rim showing fine inclusions of stibnite (stb), siegenite (sie) and Ni-Sb sulfosalts.

Hydrothermal chert calcarenite \

Fig. 6. S isotope analyses from the mineralized TBU and its related mineralogy. / \
*J1|/ CONCLUSIONS

TBU
Detailed petrographic and S isotope analyses
iIndicate overlapping diagenetic and multi-

sulphide rimon chert

o0 GB0 @0 @ @
phase hydrothermal sulphide mineralization in
the TBU. First, light &3¢S in both laminated
o ©000 6 6 o replacive ore pyrite and pyritized calcarenites suggests a
bacterial origin within sediments during early
diagenesis. Later, anomalous values of
oyritized calcarenite Laminated pyrite chalcophile elements, linked to hydrothermal

© o000 o000® o O chert and replacive (heavy 034S), sulphides,

suggest hydrothermal exhalation during early-
mid diagenesis. Similarities in mineralogy and

Replacive association

@ ®oo @@  © o ° o laminated pyrite S isotope compositions suggest genetic links
between the TBU mineralization and the
underlying Tara Deep deposit. Hence, the

2 .8 || TBU mineralization forms part of the
-0 -40 -30 -20 -10 0 10 20 30 40 >0 L8 || geochemical halo to Tara Deep.
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Introduction

- For fertile porphyry systems with large metal endowments, bulk concentrations of major commodities (Cu, Mo, and Au) are well constrained from assay data
- Energy critical elements (ECEs) and precious metals, relevant for energy production/conversion technologies can occur as trace constituents in copper ores
- These trace metals can be potentially be recovered as by-products, adding value to the primary targeted commodities.

- For example, 90 % of the global Te production is recovered from anode slimes during the Cu refinng process (USGS Mineral Commodity Summaries)

- Mineralogy and substitution mechanisms, responsible for the deportation of trace ECEs in Cu ores are not fully understood -> effective recovery limited!

- Insufficient knowledge on the mineral scale distribution of deleterious elements (i.e. As, Cd, Sn) that may result in refining penalties

-> Characterisation of trace metals signatures (penalty vs. credit) may add value to resources, improve recovery and help migitate environmental effects

-> By linking trace metal signatures and abundance of ore phases, zones of high trace metal potentials at the deposit scale can be identified
Cu and its potential by-products (Hageluken and Meskers, 2010)

- Bingham Canyon is a giant copper deposit, situated in northern Utah, USA

- Belongs to a belt of Eocene to Oligocene intrusions

- Deposit developed after a change from regional compression to extension

- Bingham stock: monzonite and a series of mineralisation related porphyry dikes
- Historical samples were taken from the high-grade (>1% Cu, >1g/t Au) zone

- At least five distinct crosscutting porphyry phases have been identified:

1. Quartz monzonite porphyry (QMP)

2. Latite porphyry (LP) 4. Quartz latite porphyry breccia (QLPbx)

3. Biotite porphyry (BP) 5. Quartz latite porphyry (QLP)

- Each porphyry phase, at declining intensity, with associated sequence

of quartz veins, copper-gold mineralisation and potassic alteration

Geological Maps and cross sections (Redmond and Einaudi, 2010)

Mineralogy | Trace Element Contents of Cu- (Fe-) Sulphides

Cu- (Fe-) Sulphide Type
@ Bn (dg free) n=90
@® Bn (withdg) n=20
Cep n=119
@ Dg n=24

oldest Porphyry youngest | | A : I»i

|

relative bornite abundance B ) !|

relative chalcopyrite| abundance

_ abundance Co Ga Ge As Se Ag Cd In Sn Sb Te Au Bi
Trace element box and whisker plots of Cu-(Fe-) sulphides. Bn (bornite), Ccp (chalcopyrite), Dg (digenite). Boxes are bordered by the 25 and 75 percentiles. Lines in the boxes indicate
Representative thin section examples of the five porphyry dikes at Bingham Canyon ordered from oldest to youngest intrusion, simplified mineralisation intensity (locally the medians, circles represent geometric means. Circular outliers are defined by being 1.5 times the interquartile range from the boxes. Triangular outliers are defined by being three

mineralisation intensity might be different) and relative abundances of Cu- (Fe-) sulphides over the porphyry sequence. times the interquatrtile range from the boxes. Whiskers are extreme values that are not defined as outliers. Each box represents a minimum of 5 samples.

LA-ICP-MS Trace Element Maps Trace Metal Inclusions

native gold

SEM MAG: 17.0 kx

ti m e Scan speed: 7 View fielld: 16.3 pm
Inclusions are idicated by peaks in time-resolved laser ablation profiles Backscattered electron images

Methods

- Reflected light microscopy -> Mineral characterisation

- SEM-EDS -> Major element chemistry of sulphides, BSE imaging

- Spot laser ablation inductively coupled mass spectrometry (LA-ICP-MS)
-> Trace element chemistry of sulphides

LA-ICP-MS trace element distribution maps of a bornite (bn), digenite (dg) and chalcopyrite (ccp) composite crystal - LA-ICP-MS mapping -> Visualisation of trace metal distributions

Laser spot raster -> Map

This publication has emanated from research supported in part by a research grant from Science Foundation Ireland (SFI) under Grant Number
13/RC/2092 and co-funded under the European Regional Development Fund and by iCRAG industry partners.
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Tackling Sustainable Development

Goal 13 via Dawsonite Precipitation

Niamh Faulkner?, Juan Diego Rodriguez-Blanco’
1) Department of Geology, Museum Building, Trinity College Dublin

13 senon

1)BACKGROUND

The aim of the Paris Agreement unrccc, 2015) IS to limit the increase
in the global average temperature to well below 2°C above pre-
industrial levels and pursuing efforts to limit the temperature
increase to 1.5°C above pre-industrial levels”.

A minimum of 15-20% of global CO,

emission reduction will need to result from

Carbon Capture and Storage (CCS).

An estimated 6000 Mt CO,, yr~! will need to

be SE( uestered (International Energy Agency, 2013).

Figure 1: Types of in situ geological CCS (prcc, 2005).

3)BASALTIC CCS

Compared to conventional CCS, in sedimentary reservoirs, basalt
is highly reactive to CO2, resulting in rapid carbonation.

Basaltic rocks are considered as a great potential repository for
CCS because of their Ca2*, Al3*, Na*, Mg* and Fe?* content, and
their abundance on the Earth’s surface (~10%).

The CarbFix project has shown that solubility trapping occurs
immediately & carbonation is rapid, >95% mineralized within 1
year (Matter et al.).

Basaltic reservoirs don't require a cap rock, as the dissolved CO,
isn’t buoyant & doesn’t migrate back to the surface.

It has been estimated that the active rift zone in Iceland could
store over 400 Gt CO,, (carbrix, 2019).

Figure 2: Carbon storage in sedimentary basins versus basaltic rock. Based on
Gislason & Oelkers (2014)

This publication has emanated from research supported in part by a research grant from Science Foundation Ireland (SFI) under Grant Number

13/RC/2092 and co-funded under the European Regional Development Fund..

2)KNOWLEDGE GAP

« Despite the high content of Al¥*, Na* and K* in basalts, no methods
to target the crystallization and stabilization of dawsonite have been
tested during the carbonation of basaltic rocks.

There are discrepancies between field data, modelling and
experimental about the conditions that dawsonite forms in e.g. pH
and pressure.

* More knowledge on the kinetics of the Al-Carbonate system;

o Feldspars typically are replaced by dawsonite in high
pressure CO, systems. However, a lack of dawsonite in
natural CO, accumulations suggests that is only stable in
a narrow chemical window & easily transforms to clays.

4)METHODS

 There are two methods used to synthesize dawsonite:
« Solutions mixing.
* Mineral- aqueous solution interaction (Figure 3).

« Solutions mixing involves adding an Al bearing solution, e.g.
AlI(NO,),, to a CO,- bearing solution, e.g. HCO;-.

* Mineral- aqueous solution interaction involves adding e.g. gibbsite
(Al(OH)3) to a Na-(H)CQO3- solution under hydrothermal conditions.
The aim is for dawsonite to fully replace the gibbsite.

« Boehmite, AIO(OH), precipitation is an issue with both methods, but
can apparently be countered by increasing the Na:Al ratio.

Figure 3. Dawsonite synthesis via mineral- aqueous solution interaction of calcite
and gibbsite. Dawsonite precipitates on the surface of the calcite and gibbsite.
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Irish offshore heavy mineral placer development and mineralogy

1. INTRODUCTION

3. APPROACH

5. SEM-EDS (PHASE ANALYSIS)

Ireland has not yet fully explored the potential
for secure and sustainable offshore mineral
deposits. Heavy mineral rich sands have been
identified in Ireland bearing lucrative Ti-rich
minerals e.g. ilmenite, rutile and titanite but
could also possess other economically important
minerals i.e. rare earth elements (REEs) and

Mesoproterozoic, Annagh Gneiss Complex

Paleoproterozoic, Annagh Gneiss Complex

platinum group elements (PGEs), amongst Blacksod Bay
others. Their distribution and accumulation are
controlled by source, hydrodynamics and a
tendency to sort by individual mineral densities
Achill

therefore understanding sediment transport
pathways is imperative in identifying priority
targets and assessing economic viability.

2. STUDY AREAS

e Blacksod Bay
e Achill Island
* Clew Bay

Clew Bay

Fig 1. Geologic map of study area displaying high grade metamorphic
terrane and offshore study areas.

e Offshore research surveys —
identify key offshore sites to study.

 Collection of seabed mapping and
shallow seismics to help
understand concentration
processes and quantify.

 Geochemical characterisation of
mineral sands.

r

e Source identification

4. SAMPLE COLLECTION

Marine research survey
QuiMPeR 1 2017:

Acquisition of:

e 213km of high resolution
shallow seimics

e 213 km of high resolution
multibeam bathymetry

e 19 vibrocores

* 86 offshore grab samples sample

Fig 2. Location of sample S_33 off Achill Head

MINERAL CHARACTERISATION

* Following heavy liquid separation
using 2.9g/cm3 methylene iodide,
1g of heavy mineral concentrate
from offshore placer sand was
mounted using epoxy resin for
analysis under SEM-EDS (Fig 2 —
bottom left).
Two grain size fractions (63-125
um and 125 - 250 um) are
analysed in order to identify all
HM assemblages within the placer.
Multiple fields of view are mapped
and collected for elemental
composition using EDS and
stitched together into a montaged
image (Fig.3).
This allows us to quantify and
identify major phases in the

2cm

Fig 3. EDS Phase map displaying concentration of minerals phases in sample.

6. PLACER MINERALOGY - preliminary

Achill Head - sample S_33

Mineral assemblages show mostly

* Exsolved Fe-Ti oxide mostly dominate the
Achill Head sample.

 Tibearing minerals (rutile) abundant but
concentrated in Quartz. Grade yield up to
55% wt% Ti.

e Abundant amphibole and zircon phases

 Minor amounts of garnet (almandine), Cr-
spinel, apatite, rutile and titanite.

65

Fig 6: Minor phases have been excluded using this mapping tool —
further work is needed in order to capture full spectrum of
mineralogy and improve results.

(FeO) (SiFeO)

Magnetite

Amphibole -

Almandine -

Cr-spinel

(TiFeO) - (ZrO)
ilmenite Zircon
BT P
(CaPO) (TiCaO) -
Apatite - Titanite

8. CONCENTRATION MECHANISMS

Settling velocity (Critical Current Velocity Depositional
Threshold) for each sample in Blacksod Bay was calculated
by using the mode grainsize of each sample.

Soulsby (1997) defines the formula to calculate the critical current velocity
depositional threshold from particle size distributions as:

1
Ugpyy = g[(m. 36% + 1.049D 3)% — 10. 36],

Where,
v = kinematic viscosity of water = 1.4313 x 10°° m?/s (8°C and 35.1 ppt)

d = grain diameter = mode of sample grain size curve
1

g(ps—p)]§ d

D* = D.= dimensionless grain size = [ pye>

p = water density = 1027.4 kg / m3
ps = grain density = 2650 kg / m3 (quartz)

Results:

Results show display that with grainsize settling velocity
increases. In samples where placers are highly concentrated we
see a lower grainsize and settling velocity figure. Grainsize
fractions 63-250um are more concentrated in heavy minerals in
comparison to samples above this grain size fraction. (See Fig 7)

ai 3jdwes

Fig 7: Map displaying grainsize vs settling velocity. Placer
sample S_33 has a lower grainsize and settling velocity.

Inside
Blacksod Bay

D50 (mm)

Settling velocity
cm/s
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Achill

v
Achill Head
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11. SOURCE

The study area is located in NW Co. Mayo,
Ireland. The geology of the area comprises
mostly of high grade metamorphic terrane
gneisses, schists with granite, metabasite
and pematitic intrusions.

* Future work will utilise detrital U-Pb
geochronology to fingerprint the source
region of the heavy mineral placer
sands.

 Key Indicator minerals titanite, zircon,
rutile and garnet will help distinguish
source terraces and in combination with
trace element analyses to provide insight
into potential source rocks.

9. PLACER TRAPS - CLEW BAY SPARKER TRANSECTS

4 km

Fig.8. High-resolution
single channel seismic
profiles collected in Clew
Bay using the Sparker.
The top and base of each
sand horizon was picked
using IHS Kingdom suite
in order to calculate

Clew Bay, Mayo SW Achil

® Louisburgh

A B spatial thickness of the
sand body. The
seismoacoutic data
reveals laminar layering

] of sand buried and sub-
buried drumlins within
‘ . Clew Bay.
C D —
10. ISOPACH MAPS — SAND CONCENTRATION RESULTS

. Keem

Dooega

« Ashleam

——
km

500 m

Fig 9. The thickness of sand was calculated using IHS Kingdom suite. At Clew bay it appears that sand thickness increases moving offshore
however, Keem displays an increase with thickness moving into the bay. SW Achill is mostly homogenous.

Keem Bay

e Clew Bay displays sand thickness
up to 20 meters. Concentrations
are focused mostly between
glacial bed forms.

12. MBES MAPPING —

Clew Bay

QUiMPeR Il marine survey
successfully mapped the extent of
Clew Bay to a 1m resolution. The
data will be utilised to create a sea
bed classification for the area and
identify areas of placer formation

Fig 10. Tracklines and grab sampling

Fig 11 . Acoustic Backscatter

Fig 12 . Clew Bay 2m shaded relief

 SW Achill displays no particular
trend but uniform depth
distribution. Sand thickness up
to 11 meters in depth.

« Keem shows a denser thickness
of sand moving onshore towards
the bay with sediment thickness
up to 12 meters.
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13. CONCLUSIONS

Placer mineralogy for Achill
Head is mostly dominated by
Fe-Ti oxides (Fig. 5)
Phase mapping is useful for
estimating the % of mineral
present but not useful for
minor phases (Fig. 6).
Settling velocity
(concentration) is controlled
by grain size and density. In
placer samples we see a
correlation of grainsize and
settling velocity (Fig.7).
In Clew Bay — placer
development may be
controlled by seabed
morphology i.e. buried
drumlins and could be a
reason why sand is
concentration (baffling
effect) (Fig.8)
Sediment thickness in NW
Mayo is associated with
coastlines that have sheltered
bays and inlets but in the case
of Ashleam (SW Achill) where
there is no apparent trend in
sedimentation, it is likely that
rock falls and landslides are
responsible for sand
accumulation and
concentration close to shore.
This is supported by existing
backscatter available from
INFOMAR.
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3. Principle Component Analysis

Conclusions

Rock aggregate layer

Pyrite is often found

Irish houses.

SEM -

Bi plot of Fe vs S concentrations for quarry sources 1 -6

Box and whisker plot of SEM - EDS analysis of bulk rock aggregate from quarry sources

PCA is an unsupervised statistical
method that rotates and shears a
data matrix of n-dimensions along
axes (components) of greatest
variability.

For PCA, if the ppm values of the
various trace, minor and major
elements are examined in isolation,
and not in the context of the entire
ablated volume, misleading
determinations may result.

As a result, the data used in PCA has
been transformed using centred log
ratio (CLR) transformation, including
a residual value ((v) or
“stoichiometry) representing
non-analysed elements to sum to
unity (i.e. 1 million ppm).

CLR is calculated as the log of the
individual measurement divided by
the geometric mean of that element
across the entire dataset. CLR can be
calculated using i0GAS, CoDaPack
or”R"

- Using machine learning models, such as logistic regression and random forest, it is possible to generate
an accurate source identification mechanism for aggregate quarry sources based on their bulk rock and
pyrite geochemistry. Depending on the dataset used, these models can range in accuracy from 31 % to 100

%.

- The accuracy of these models is enhanced using median concentration values when combining
datasets. These median values are applied as the composition of the pyrites analysed by SEM - EDS and LA
— Q- ICPMS follow a non — normal distribution. Were this classification mechanism used as part of an actual
quarry classification system, mean values taken from a near normally distributed dataset would need to be
established in order to accurately represent the quarry composition.

in the
sub-floor, rock aggregate layer of

The application of machine learning methods to aggregate

geochemistry predicts quarry source location:
the Irish aggregate industry.
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Pyrite Peak

7

Oxidation of pyrite forms H_SO,. This reacts with
limestone aggregate and results in gypsum forma-
tion. Gypsum crystallisation causes delamination
and expansion of aggregate material.

12,500 thought to be affected. €50,000
to remediate each home. Overall cost

to Irish Government: €562,500,000.

EDS IRMS

Isotope analyses were carried out at the University
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aTrinity College Dublin (TCD), Department of Geology, Museum building,
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Loughshinny Fm.

Tobercolleen Fm.
Waulsortian limestone Fm.

Malahide Fm.
Bray Group.

Quarry 6

Quarry 1
Quarry 2

Quarry 4
Quarry 5

Carboniferous

Quarry 3

Ordovician

Pyrite to be analysed from 8 different quarry
sources (A-H), located in east of Ireland in
counties Meath (MH), Dublin (D), Kildare (K)
and Wicklow (WW).

LA - Q - ICPMS

LA-Q-ICPMS analysis was carried out at in the iICRAG Raw
Materials Characterisation Laboratory in Trinity College Dublin,

In-situ major element analysis of the pyrite
crystals was undertaken using a Tescan MIRA
XMU field emission scanning electron microscope
(FE-SEM) equipped with an Oxford X-max 80mm2
Energy Dispersive Spectrometer at the Centre for
Microscopy and Analysis (CMA)/ICRAG Lab in
Trinity College Dublin.

All analyses were carried out using a working
distance of 18.5 mm, an acceleration voltage of 20
kV, with a 0.2 nA beam current to maintain a
detector dead time around 30 per cent, and a
counting time of 30 seconds using both natural
pyrite (Fe, S) and pure metal standards (Co, Ni, As,

of St. Andrews with an EA Isolink coupled to a
MAT253 IRMS via a Conflo IV. Decarbonated rock
powders were weighed into 8 x 5 mm tin capsules
and combusted at 1020°C under a constant He
stream with a 5-second pulse of O2 gas (flow rate
of 250 ml/min) to convert all sulphide to SO, gas.

Analytical accuracy was monitored with IAEA-ST,
which agreed with internationally recognized
values to within < 0.5%o.. Peak areas were
calibrated for abundance measurements with of a
series of sulphanilamide standards. The isotopic
data are expressed in standard delta notation
relative to VCDT

using a 193 nm Teledyne CETAC Analyte G2 ArF excimer laser
coupled to a Thermo Fisher Scientific iCAP-Qc mass
spectrometer.

Elements such as Au, V, In and Tl were all included in the early
analysis stages, however, Au, V and In were all found to be
below the detection limits of the instrument, while Tl and Ni
were found to have mass interferences with ®Pb and *%Fe
respectively. As a result, none of the elements were included in
later analyses.

Regular ablations of the carbonate matrix were also conducted
to verify that no contamination of the pyrite trace element

In).

Bi plot of TS vs **S concentrations for quarry sources 1 -6

Box and whisker plot of IRMS analysis of bulk rock aggregate from quarry sources 1 - 6. Bi plot of trace element concentrations for

quarry sources 1 - 6.

content was occurring due to contribution from carbonate
matrix.

Box and whisker plot of LA - Q - ICPMS analysis of
pyrite from quarry sources 1 -6

Machine learning methods employ computational algorithms that attempt to emulate the process of human
intelligence and neural networks by learning from data fed into the system. Machine learning methods may
be useful to our understanding when applied to any kind of data, and are increasingly applied to large

geochemical datasets.

Two main types of machine learning software were used in this investigation; the Aggregate Quarry

software.

PCA plot of PC1 vs PC2 for trace element concentrations of quarry sources 1 - 6

4. Machine learning

Example of decision tree used as part of the random forest classification of quarry

Factor loadings plot for PCs 1 — 7. Analytes with a factor loading score of > 0.4 are shaded black, between 0.2 — 0.4 shaded grey sources 1 - 6 using WEKA software

and < 0.2 are shaded white. (v) represents stoichiometry, the residual value needed for CLR transformation.

The AQCM is a bespoke piece of machine
learning software, tailored to the data
generated through the geochemical analysis of
bulk rock aggregate and pyrite. This software
has been made open source and can be used
for the classification of any geochemical
database. Further information regarding how
to operate the AQCM and its potential uses can
be found usingthe QR code attached to this
poster.

Aggregate Quarry Classification
Model (AQCM)

- Although PCA was used as part of this investigation, it proved detrimental to the performance of the

machine learning models, causing the performance of the logistic regression and random forest models to
drop by 25 % and 19 % respectively. PCA transformation reduced the dimensionality of the dataset and
caused the variables to appear monotonous to the machine learning models leading to a reduction in

model performance.

- Machine learning models from both the AQCM and WEKA reached classification accuracies of 100 %.
However, both models offer their own set of advantages in the classification process. For instance, WEKA
can create visualisations of the classification process, while also offering a slightly improved performance
when compared to the AQCM, especially when using single variable datasets. The advantages of the AQCM
lies in the code as it is entirely open source and customisable to fit the needs of any classification system.

Ireland.

discover

Published Work

This publication has emanated from research supported in part by a research grant from Science Foundation Ireland (SFI) under Grant Number
13/RC/2092 and co-funded under the European Regional Development Fund and by iCRAG industry partners

Classification Model (AQCM) and Waikato Environment for Knowledge Analysis software (WEKA).

Both pieces of software use Logistic regression and random forest learning models in order to classify and
predict the quarry sources of aggregate fill based on their geochemical composition. Two different pieces of
software were used in order to compare the results of the AQCM with that of a freely available piece of

Results for the classification of quarry sources 1 — 6 by AQCM and WEKA using random

forest classification and logistic regression models.

Waikato Environment for Knowledge
Analysis software (WEKA).

WEKA is a free to download collection of machine
learning algorithms. It contains tools for data
preparation, classification, regression, clustering,
association rules mining, and visualization . This
software is coded in the Java programming
language and allows

users  to harness

machine learning

models without any

prior computer

programming

knowledge

Published in the Quaterly Journal of Engineering Geology
and Hydrogeology, this paper illustrated that a clear
geochemical variation exists between pyrites from 8
different aggregate quarry sources located in eastern

The results from this paper indicated that further research
into the geochemistry of pyrite was needed in order to
which

compositional variation between the quarry sources.

technique provided the clearest




The Re-Os Isotope System: Introduction,

Applications, and Development
Danny Hnatyshin, Murray Hitzman, and Sean Johnson

Both Rhenium and Osmium are Platinum Group Elements
with interesting geochemical behavior.

Chalcophile/Siderophile
Organophile

Re and Os accumulate in certain minerals and
substances (sulfides, metals, organics).

75
Re

76
Os

*

Re and Os are often devoid in the minerals/rocks that
make up the majority of the crust.

. Applications of the Re-Os system

Isotope Dating

. The isotope '®’Re is radioactive and decays into '®’Os. The older the rock or
mineral becomes the more Re converts into Os. Through measuring the relative
abundances of these elements we can determine how old a rock or mineral is.

Half-Life
q

42 Billion Years

Due to the unique geochemical behavior of Re (i.e. chalcophile/siderophile/
organophile) compared to other radioactive elements (e.g. uranium, rubidium)
this isotope system can date rocks that would typically be impossible, such

as sulfide minerals (ECONOMIC GEOLOGY) and organic-rich sediments/rocks
(PETROLEUM GEOLOGY, CHRONOSTRATIGRAPHY).

Pyrite Re-Os Geochronology

Re-Os dating of pyrite confirms an early diagenetic onset and

extended duration of mineralization in the Irish Zn-Pb ore field
Danny Hnatyshin, Robert A. Creaser, Jamie J. Wilkinson, and Sarah A. Gleeson
GEOLOGY, February 2015; v. 43; no. 2; p. 143-146; Data Repository item 2015055 doi:10.1130/G36296.1

Lisheen Ore Deposit Simplified

PR e s T s s
va Ly v v v v v va LA Blva S A i " 5
Basemen t AS T A EINCA A ALY . Modified from Hitzman et al. (2002)

Proper geochronology of Lisheen was important in determining what
genetic models are possible for Lisheen (e.g. diagenetic vs. epigenetic)

)
)

The mineralogy of Lisheen precluded many dating techniques (e.g. U-Pb)
and some other methods proved problematic (e.g. paleomagnetism)

Pyrite Re-Os geochronology is known to be a robust system that isn’t
typically disturbed by secondary events.

|
1cm

/Calcite

| Lisheen Main Zone Sample 8S08FW

Sediment Depth (m)

187OSI1880$

Model 3 Solution (+95%-conf.) on 12 points
Age = 346.6 + 3.0 Ma

Initial 187/188=0.253 + 0.045

MSWD = 1.6, Probability = 0.099

Initial 187/188 variation =0.026 (2c)

The precise nature of this date
(347 +/- 3.0 Ma) is consistant
with a early diagentic
mineralization event for Lisheen.

800 1200

187Rel18803

Goals/Philosophy for the UCD Re-Os Laboratory

UCD’s Re-Os group is relatively new (<5 years) and is interested
in developing the lab into a well-recognized research facility.

Approach the analytical capabilities of world-class Re-Os labs
(e.g. University of Alberta, Durham University, Colorado State University).

Provide opportunities for students, researchers, and industry to acquire
high-precision and accurate Re-Os ages and isotopic ratio’s.

Working towards these goals requires collaboration with established
research labs and experts in the appropriate fields.

This publication has emanated from research supported in part by a research grant from Science Foundation Ireland (SFI) under grant
number 13/RC/2092 and 16/SP/4319, and is co-funded under the European Regional Development Fund and by iCRAG industry partners.

) Mantle Os
Ocean Anoxia Zone D WIS |sotopic Composition

Figure modified from Turgeon and Creaser (2008)

Introduction to Rhenium (Re) and Osmium (Os

Typical ranges of abundances

Rhenium

Parts-Per-Thousand

Parts-Per-Million

Parts-Per-Billion

Parts-Per-Trillion

Parts-Per-Quadrillion

During mineralization or deposition (i.e. time = 0) different
sub-samples will typically have different Re/Os ratios.

Daughter ('®’Os/'®0s)

All samples at time = 0 will have the same Os isotopic composition.
Therefore, all samples lie on the horizontal red ling, called the initial Os ratio.

Parent ('®’Re/'®Qs)

@

Time>0 -~
— -
-
Q
-

» -
Over time Re decays into Os. The older the rock/sediment the steeper
the slope of this line. All data should project to the initial Os ratio.

Parent ('®’Re/'8Qs)

-

-
-

Daughter ('¥’0s/'®0s)

and isotop

Osmium Isotope Tracing

Cretaceous oceanic anoxic event 2 triggered by a
massive magmatic episode

Steven C. Turgeon & Robert A. Creaser nature Vol 454 17 July 2008 doi:10.1038/nature07076

Ocean anoxic events (OAE) can be found throughout geologic history,
however their cause is often poorly understood. During these events a
large amount of organic material is often preserved and is often
marked by an excursion in carbon isotope space.

One possible mechanism that can trigger widespread anoxia is the
emplacement of large igneous provinces.

187
12 OS O_L . I0.5I » 10 *

Turgeon & Creaser (2008)
proposed a way to test if
large-scale magmatic activity
coincided with ocean anoxia
in the Cretaceous.

06

Location 2
_ Pl

An increase of magmatic
activity should lower the
870s/%80s of seawater and
associated sediments.

In organic-rich sediment
deposited during ocean
anoxia they observed a sharp

0.1 03 05 decline in the '¥70Os/'%20s.

{

Sediment Depth (m)
<— ( X N X N X N J

In organic-rich sediment
deposited around the
time of ocean anoxia they
observed a sharp decline
in the '¥70Os/"**0s.

Mass balance calculations
suggested that Os input from
magmatic sources increased
by 30-50x. Suggesting a
strong link between
magmatism and the OAE

Research Capabilities

* Short-term Capbilities * Potential Future Development

Isotopic analysis of non-radiogenic sulfides (e.g. pyrite)
Isotopic analysis of organic-rich sediments (e.g. black shales)
Isotopic analysis of petroleum (e.g. crude oil)

Abundance analysis of water * Isotopic analysis of water

Isotopic analysis of highly radiogenic sulfides (e.g. molybdenite)

Surface and
Ground Water

Qils Average Crust  Sulfides/Metals/ Molybdenite*
Organic-rich *Does not incorporate

sediments Os except for Re deca

Geochemical Tracing

* Different systems can be defined by their different '®70Os/'%30s isotopic compositions.

Average Crust

~ 14 @

Ancient Seawater

——= 0.2-1.0

18705
18805

In ore systems the Os composition can be used to find the source of fluids (e.g. magmatic
vs crustal fluids).

Os isotope stratigraphy can be used to monitor the relative inputs of magmatic,
cosmic and crustal sources found in sediments. Can be useful as a weathering proxy.

Anthropogenic contamination can be monitored using Os isotopes because the abundance
ic com

osition of anthropogenic sources is often distinctive

Environmental/Anthropogenic Tracing

Rhenium-Osmium isotope systematics of surface, shallow and deep groundwater ]

from the Western Canada Sedimentary Basin (WCSB)
Danny Hnatyshin, Ben Rostron, Robert A. Creaser Unpublished PhD Thesis, November 2018

This study focused on defining the Re and Os composition of
groundwater from the Western Canada Sedimentary Basin.

Water/oil samples were collected from water source wells and oil wells.

During collection there were suspected signs of sample contamination.

Due to the extremely low concentrations of Re and Os in groundwater
mixing with secondary sources can possibly be easily recognized

Mixing Formation Waters

[

Water is injected
to help extract oil

[Os] =100 ppq

Measured Composition

Aquitard Formations

Suggests mixing of ~20% Ravenscrag
water and ~80% Winnepgosis water

Aquitard Formations

Aguitard Formations Consistant with estimates given using

oxygen and hydrogen isotopes

Contamination in Oil

Sample 2 Sample 3

187OS
18805 =

[Os] = 600 ppq

Sample 1

I 0'2

18805
[Os] = 50000 ppq

3.3
[Os] = 1800 ppq
* Samples 1 and 2 are typical values for Oil (radiogenic Os signature)

Sample 3 has a mantle signature (unlikely in the WCSB!). Simplest
explanation is that the Os is sourced from metal associated with the well.

(1)

. N
[Defme the geologic

(<10 mg)
per datapoint

Workflow Considerations
or environmental problemJ

= J |

\_/
Select samples and Typical Sulfides (e.g. Pyrite)
ensure adequete context (25-400 mg)

per datapoint

[ Typical Molybdenite Typical Black Shale ]

(50-400 mg)

Typical Oil
(2 mL)
is given - Re/Os analysis per datapoint per datapoint

is destructive

\® [

(30 mL)
per datapoint

N/
Sample Preparation

(e.g. crushing, mineral
seperation)

Typical Water ]

(4)

N
Wet Chemistry:

Isolation of Re and Os

(5)

\__/
Thermal lonization

Mass Spectrometry (TIMS):
Measure Re and Os




Abstract

The hydrothermal dolomite and associated Black Matrix Breccia (BMB)
at Lisheen mine are indicated to be the result of infiltration of deep-
sourced hydrothermal fluids along normal fault conduits. These fluids
have resulted in the dissolution of the surrounding Waulsortian

Characterising Hydrothermal Alteration along
the Rathdowney Trend, Ireland

N.A Vafeas*!; M. Hitzman'; S. Johnson’ and J. Given’
lrish centre for Research in Applied Geosciences (iCRAG), University College Dublin.

*Corresponding Author: nick.vafeas@icrag-centre.org

Aims

 Define hydrothermal alteration using petrographic and
geochemical characterisation of the hydrothermal
dolomite at Lisheen mine as well as the greater
Rathdowney Trend.

dolomite and the reprecipitation of black hydrothermal dolomite i.e. * Potentially identify geochemical vectors for future

(BMB) and the emplacement of phyllosilicates within the dolomitic
matrix. Spatial characterisation of these fluid-derived phases may
potentially reveal geochemical vectors towards future Irish type Pb-Zn

deposits.

Geological Setting

Lead and zZinc sulphide
mineralisation at Lisheen is hosted
within the lower Carboniferous
rocks of the Rathdowney Trend
and is intimately associated with
hydrothermally-derived, replacive
dolomite, commonly referred to as
“Black Matrix Breccia”. Lisheen
mine (Fig. 1) is a historically superb
example of hydrothermal
mineralisation and a prime testing
locality for sulphide geochemical
vectoring.

sulphide exploration in Ireland
 Zinc and lead form a vital constituent in technologies for
low-carbon energy. Future development of ore deposits

in Ireland will directly contribute toward achieving UN
sustainable development goals.

Geochemistry

Scanning electron
microscopy analyses of BMB
reveals an intricate mosaic
of fine dolomite crystals,
sulphide precipitates and
phyllosilicates  (Fig.  4).
Sourced from underlying
shales and mudstones,
these phyllosilicates were
mobilised by hot upwelling
fluids. They are ubiquitous

Fig. 1. Location of Lisheen mine along the
Rathdowney Trend, Ireland

Fig. 4. a, b, c. Back-scatter electron images of the Black .
Matrix Breccia. D. Electron dispersive image of the occur almost exclusively
elemental distribution within a phyllosilicate.

Sampling

Metal-bearing hydrothermal
fluids infiltrated the
carbonate stratigraphy of the
Waulsortian Fm., resulting in

rapid dissolution and
replacement of regional
dolomite by black

hydrothermal dolomite.

The resulting rock is a dark,
sulphide-bearing matrix with
pale-grey Waulsortian Fm.

clasts (Fig. 2).

Fig. 3. Sample of hydrothermal dolomite exhibiting settling textures over
Waulsortian dolomite clasts.

This publication has emanated from research supported in part by a research grant from Science Foundation Ireland (SFI) under
Grant Number 13/RC/2092 and 16/SP/4319 and co-funded under the European Regional Development Fund and by iCRAG

industry partners.

Fig. 2. Example of classic matrix hosted BMB

Fluid-filled cavities form
a prime environment for
solution-based dolomite
precipitation.

As indicated in Figure 3,
nydrothermal dolomite
orecipitated out of a
super-saturated fluid
and settled on the cavity
floor. Fragments of host
dolomite fell into the
settled precipitate,
flexing around settled
black dolomite laminae

(Fig.3).

throughout the BMB and

within fractures and inter-
crystal pore spaces.

Microscopy

SEM HV: 20.0 kV WD: 15.00 mm MIRA3 TESCAN
SEM MAG: 2.65 kx

View field: 104 ym iCRAG Lab

Fig. 5. Framboidal pyrite emplaced within the hydrothermal dolomite as well as a

false-colour layered element map.

Spherical masses of framboidal pyrite within the hydrothermal
dolomite (Fig. 5) reveal a temporal relationship between
dolomite precipitation and sulphide development

Fig. 6. Back-scatter electron images of detrital rutile in the Black Matrix Breccia.

Past studies have shown the hydrothermal fluids to be derived
from a deep source, but how deep? The occurrence of tiny
grains of detrital rutile (a high temperature Ti mineral) may
provide further insight into this question (Fig. 6.).
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Visualisation of flow and contaminant

transport in karst aquifers
Lea Duran, Laurence Gill

Project context and aims

Carboniferous limestone is the primary aquifer rock in Ireland, coinciding with the most productive agricultural land, areas
of most economic activity and major centres of population. Much of this carboniferous limestone is karstified and as such,
the aquifer is at greater risk of contamination and flooding issues due to the rapid transit of water, to the direct infiltration
through swallow holes, the lowland nature of much Irish karst and the thin layer of soil cover which typically overlays them.
It is thus of great importance to increase the often poor understanding of these complex systems. .

The primary aim of the project was to develop a modelling approach in order to simulate the groundwater flow and
contaminant transport through karst aquifers , using visual 3D models

Methods Study site

Fieldwork and times series analysis are first used to build a conceptual model

and a geological model using MOVE. This model is exported to Leapfrog in order The first study site is a small karst spring near Manorhamilton, in
to build a Modflow compatible grid and for visualisation purposes. This grid is County Leitrim. The karst network takes place in the Dartry
exported to be used in Modflow- USG with CLN ( from the USGS) and the GUI Limestones formation (Fig. 2), covering the Glencar formation
Groundwater Vistas 7 (Figure 1). (with higher shale content).

The flow and contaminant Three tracer tests were carried out to check and redefine the
transport simulations are catchment boundaries. Sinkholes and infiltration features were
carried out. Results are assessed through a field survey.

analysed and visualised in

GWV7 and Leapfrog.

All the steps are checked

against the current conceptual

model of the studied site, but Fig. 2 : Stratigraphy
can be used to refine the

A water balance budget
highlighted that the catchment
was slightly bigger than expected.
Time series analysis and signal
analysis were used to characterise
the hydrology of the catchment.

conceptual model itself. Fig. 1 : Workflow, steps for the groundwater modeling and
software used Fig. 3 : Catchment and conduits hypotheses
FIOW mOdel AT g ﬁﬁ% Different boundary conditions were tested out
2+ (constant head, no flow cells, general head
The gEOIOglcaI model built in MOVE was then exported \ jEiaaEa \é#:: boundary, variable heads), and different geological
to Leapfrog Geo where the hydrogeological module set ups as well (permeability gradients in the
enables to assign the hydrological properties of each - « matrix domain », configuration of the karst
formation and to grid the model. - - -
& network, ) S|mulat|c?ns were run in stead.y state 1 6. Exampel of simulated
and transient configurations and calibrated vsobserved discharge at the
— manually against observed data. spring for Oct.-Nov. 2017
> > A sensivity analysis was carried out for the main
parameters (impact of the hydraulic head and on
the spring discharge).
Fig. 4 : Geological model of the catchment and Modflow grid\ pring 8 )
The hydrogeological characteristics of the geological formations were Fig. 5 : Impact of activating one or several conduits (up), of
based on existing literature (Gunn 1982, Misstear 2008, etc.), and the complexifying the geology (middle) and modifying

Fig. 7 : Visualisation

hydrogeologigic parameters (bot.) on the portentiometric .
in Leapfrog

surfqgce

Contaminant transport model Conclusions and perspectives

Once the flow model was calibrated, the transport modeling
was done using the Block Centered Package (BCT). Different
configurations were simulated (constant source located
near the conduit network, punctual source in the fissured

data collected in the field (tracer tests) for the karstified domain.

After having built and validated the methodology on Manorhamilton
catchment, a flow model was also built for a study site with more complex
river interaction and surface-groundwater interaction processes :
Ballindine catchment, county Mayo (Fig. 10 &11). '

matrix domain) and the resulting impact of the contaminant ﬁ,.,ﬁﬁ e |

transport depending on hydrogeological conditions e By

assessed (fig. 8 and fig. 9). T ul = Iy
ﬁl (steady state — 365 d)-Day 1 SP2 (Transient, 6 d)-Day 3

Fig. 10 : Geological model of Ballindine catchment

Fig. 11 : Modflow model
In conclusion, the combined use of flow and transport groundwater

models and visualisation animations are useful tools to investigate the

hydrogeological behaviour of karst aquifers. The models and their

\ visualisation can help inform the management of water resources both
guantitatively and qualitatively (climate change issues, contamination....)

Fig. 8 : Contaminant transport in high flow conditions, effect of a major rain event and a recession

This publication has emanated from research supported in part by a research grant from Science Foundation Ireland (SFI) under Grant Number
13/RC/2092 and co-funded under the European Regional Development Fund and by iCRAG industry partners.




Spatiotemporal transients of water age
determined with radium isotopes as a tool to
assess the extent of vertical mixing in coastal

systems. Maxime Savatier, Carlos Rocha

Biogeochemistry Research Group, School of Natural Sciences, Museum Building, Trinity
College Dublin, College Green, Dublin 2, Ireland. savatiem@tcd.ie

Water ages = The time it takes for any parcel of water to leave a system since it got into the system.
Water ages and Stratification play a key role for nutrient cycles and phytoplankton.

Why spatiotemporal changes of

water ages in coastal area?

lllustrate the combined effect of
stratification, spatiotemporal

Fully and instantaneously mixed coastal systems changes to water age and seasonal
do not exist. variability on elemental
Vertical mixing and ages patterns of estuaries Nitrogen:Phosphorus (N:P) ratios in
continuously change depending on fresh water the water column.

inputs, tides, wind...
Show consequences for the

Consequences? . . .
. biogeochemical functioning of local

* Water age, transit/residence time varies within system.

* Interplay between Phytoplankton, Nutrient and Water ecosystems.

turnover time scales determine ecosystem function and

response to change. Develop an indicator of Klllary Harbour: 105 I\/Im3, Avg Depth 20m, 700 m Wide, 13
e -> Different parts of the system react in different ways stratification based on Ra isotopes. km long, 3.7m tidal range

to different stimulus River Discharge: 0.13 — 11.6 Mm3/d, 74% in the upper bay.

O Fieldwork Ra isotopes -> derive ages spatial variability (3.3%.
-Six successive detailed profiles of 224Ra/223Ra ages, nutrient Ra profiles in
and salinity in surface and deep waters.

-Sampling under different discharge conditions and during spring
tide to estimate the minimum effect of river discharge for the

\system stratification.

deep/surface

WELEES

%

., __N:Pratio vs Ra derived water ages \
23 i . ¢ ® Summer 3.6 hm3d
{7 W Winter 3.3 hméd™

% > ¢ <>’-I— . u +Winter 2.0 hm3d-

. % 3 * n® 1o -

No EffECt Of Ages o 20 oo Ne o . Autumn 1.4 hm?3d
' ol " o Spring 0.9 hm?d-:
On N:P ratIO... 10 -P s u _ u ¢ 5pring m

5 & - . A Summer 0.2hm?3d!
0h gags ok "4 W

1 1 .
0 5 10 15 20
Relative water Ages (days)

/Relative accumulation of SRP in deep water (b) when \
normalised age difference >0.2 (d) -> Higher N:P ratio (c)

..but N,P cycles
driven by
discharge and

stratification
Discharge affect salinity (a,b,c) and ages (d,e,f) spatial
variability. (coloured area show surface/deep salinity
differences in a, b,c and RMSE of ages regression in d,e,f)

/ Results consequences for coastal systems

* Fully and instantaneously mixed coastal systems do not exist.

* Mixing is spatially and temporally variable.

* Benthic pelagic coupling and vertical exchanges plays a major role in nutrient dynamics.

* Thus:

»System averaged transit time/residence time cannot predict system biogeochemistry.

»Ra224/Ra223 allow to consider spatial and temporal variability of ageing profiles for
surface and deep water, and estimate the magnitude of stratification for coastal systems.

»Vertical mixing controls Benthic pelagic coupling, and hence N:P ratio in the water

\\ column. This is likely to affect the timing of Phytoplankton composition shift in estuaries./

This publication has emanated from research supported in part by a research grant from Science Foundation Ireland (SFI) under Grant Number

13/RC/2092 and co-funded under the European Regional Development Fund and by iCRAG industry partners.




Modelling diffuse groundwater recharge in Irish karst

Philip Schuler'?, Lea Duran'?, Paul Johnston’, Laurence Gill"?

"Trinity College Dublin; “Irish Centre for Research in Applied Geosciences (ICRAG)

INntroduction

» Karst aquifers are vulnerable to contamination, yet, in Ire-
land and worldwide, they bare important groundwater re-

sources for societies;

 Karstified aquifers are highly heterogeneous - triple poro -
ity systems with different groundwater recharge, flow and

discharge dynamics;

 Karst groundwater flow modelling is relevant but challen -

INng given the heterogeneity.

Objectives
1. Develop conceptual hydrogeological models of 3 study

sites;

2. Quantify between slow (diffuse) and fast (concentrat-
ed) recharge and flow dynamics based on spring hydr -

graphs;

3. Develop 3 numerical pipe network models accounting
for the different dynamics.

1. Identifying and modelling of recharge and flow components

Ballindine spring: low lying aquifer receiving Manorhamilton spring: highly karstified

major recharge from the losing stream Robe.

MRC

The power spectrum and the master recession curve
(MRC) of both springs suggest the presence of three

conduit dominated upland-lowland aquifer.

power spectrum MRC

‘structured’ components of low, intermediate and high

power spectrum

frequency related to slow (diffuse), intermediate and
quick (concentrated) recharge and flo .

2. Modelling

Full pipe (drainage channel)

Outfall (spring)

O

" Ground Infiltration Module (GIM N

O %Channel (River Robe)

Sub-catchment manhole * Slow (Qg)

Runoff Unit Hydrograph Model

Sub-catchment recharge components:

» Intermediate (Q )
\ * Fast (Runoff)

Permeable pipe (Darcy flow

G Sub-catchment

/

@\i

—_

Full pipe (pressurized and shallow water flow

3. Results

0

|
N
o

— Simulated discharge

Observed discharge

Rain

(€]
o
Rain [mm/d]

~
(6]

100

The simulated discharge and
. the power spectrum suggest
| that the overall discharge as

“““““““““““““““““““““““““““““
-------

eeeeeeeee

well as recharge components
are realistically represented by

the model.

This publication has emanated from research supported in part by a research grant from Science Foundation Ireland (SFI) under Grant Number

13/RC/2092 and co-funded under the European Regional Development Fund and by iCRAG industry partners.

o
-
=)
N
oy
o
Qo
o
wid
o
O

Approaches
» Catchment delineation using water balances, tracer

test and geological information;

» Characterise different recharge and flow components

using recession, frequency and multi-resolution analy-
sis using high-frequency long-term hydroclimatic time
series;

 Establish most parsimonious models using InfoWorks

ICM® (version 7.0.5., Innovyze Ltd., Wallingford, UK).

4. Application: Bell Harbour

Bell Harbour: coastal aquifer discharging
via multiple submarine and intertidal springs
from the Burren Plateau.

5. Results

0

calibration

|

‘ ” 4100
“‘m 'Mu'l “\ | 1 ) "“1‘ ‘q " \\"'l

\ ) 'N. '\.Jw" ‘(M ( | '\'ﬂ,,_,mu*%“
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— SiGD (observed) validation
— SiGD (simulated)

2 Rain

|
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Rain [mm/d]

The developed modelling approach can represent
a complex multi-level karst conduit aquifer with
seasonally fluctuating shallow submarine and i -
tertidal discharge.

6. Conclusions

* Time series analyses identified distinct recharge
and flow components in the karst spring signals
* Pipe network models can simulate different karst
recharge and flow dynamics and the overall
spring discharges;

« Contaminant transport mechanisms may be real-
istically represented in such models.




Principal Component Mapping of
Geochemistry Data — An Example Using
TELLUS Data from the Border Region

Sean Wheeler', Tiernan Henry', John Murray?, Liam Morrison’ and Frank McDermott?

E-mail: sean.wheeler@nuigalway.ie

Introduction:

=)

Geochemistry data is from topsoil, stream sediment
and stream water samples

programme

National i nd Phase
geophysical and . (2011-13)
geochemical =
data acquisition : Border Region

Designed to avoid
potential spurious

correlation when using Compositional
PCA on compositional data Data Analysis
(e.g. geochemistry) (CoDA)

Results:

O

O

Figure 2: From CoDA to a PCA map (topsoil data)

X. Principal component compositional biplot, Y. Tellus topsoil sampling locations,

Z. Interpolated (using kriging) principal component loading map

(x) The Biplot.... (X Above 1)

Soil Type: Relationships: Explanation:
Peaty soils Heavy metals (e.g. Retention by organic matter
©e®q Pb, Cd, Sb and Hg)  (e.g. Zadrosny & Nicia, 2009,

Borgulat et al., 2018)

REEs (e.g. La, Ce, Tb, Greater interaction with
Lu, Yb, Sc, and Y) bedrock and niche flora
(e.g. Tyler, 2004)

Mineral soils

(z) The Map.... (Z Above 1)

Biplot observation coordinates

Compare this map to the
environmental conditions
maps above especially the
Teagasc soils map to
demonstrate the accuracy
of this process

PC loadings

4 i

Extract these and interpolate
them geographically
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Figure 1: Environmental conditions in the study area

A. Elevation (source: ArcGIS), B. Geology (source: GSl),
C. Soil type (source: Teagasc), D. Land-use (source: EPA)

Method:

Raw data

_— excel file
Data

Preparation

Compositional

Data Analysis

Principal component
mapping in ArcGlIS

Why though....?

Environmental Change

The CoDA method is an effective way of monitoring environmental
change as it compares variations of numerous elements and
compounds concurrently and is very sensitive to change. Detected
changes can be viewed geographically using the PC mapping technique.

Mineral Exploration

On a smaller scale this method can be used to identify elemental
associations that are indicators of economic mineral prospects.
Mapping these associations as a pose to singular elemental mapping
can help refine target locations.

Contaminant Tracking

Again on small scales, this process can be used to analyse the effects of
contamination on the geochemistry of soils, sediments and waters.
The geographical spread of the effect can be best monitored using
principal component mapping.

|
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®

—_
CH1

1.1 Silver nanoparticles (Ag-NPs)
are used widely as antimicrobial
agents in consumer products and
are released into sewage treatment

systems

1. CONTEXT

Septic tank

CH2

1.3 In countries like Ireland,
untreated sludge can be

1.2 The wastewater contains a wide range of
suspended particulate matter (SPM) with which

2. EXPERIMENTAL METHODOLOGY

1.4 The fate of Ag-NPs in conventional wastewater
treatment plants (WWTPs) (Kaegi et al., 2013; Fletcher et
al., 2019) have been studied widely. However, there is
limited information on their behaviour in small scale
domestic WWTPs such as septic tanks.

Studying the fate of Ag-NPs in septic tanks is critical for
their potential release into water bodies. Moreover, if Ag-
NPs are preferentially sequestered into the sludge phase,

Four spiking experiments (EXP1, EXP2, EXP3 and

EXP4) were performed to assess the aims of the study.
For each experiment 20, 60 and 100 nm Ag-NPs were
used.

The partitioning of
Ag-NPs in the

wastewater/sludge | —
system in septic

tanks (EXP 1 and 2)

Aims

This study focuses on:

The mobility of Ag-
NPs in soils spread

with untreated sludge
(EXP 3 and 4)

* Extracted after sludge centrifugation

land-spread ? Sludge disposal of the latter to landfill and/or its use as a fertilizer
can act as a source of Ag-NPs through leaching and
- l surface runoff under oxidising conditions.
NPs can interact
EXP1 SPM EXP2 Nanoparticle sizing and Ag-NPs imagining
Ag-NPs partitioning Ag-NPs retention on SPM concentration measurement
7 AgNPs ) | & AgNPs TEM and SEM-EDX
& 1< Single Particle - ICP - MS o
--------------------------------- e _ TEM (nanoparticle standards
""""""""" Supernatant Flow rate: 0.36 mL/min S P )
Sludge — Sludge
Dwell time: 5 ms
Transport efficiency: ~ 7% (60 nm o
Au-NPs | - -
) Ag20nm  Ag60nm  Ag 100 nm
Mogi(;?igﬂﬁgiize Nanoparticle Reported Measured
o 0 T diameter (nm) | diameter - TEM
o Sldge % gg I ‘ (nm)
5 20 || Ag 20 nm 20 + 4 nm 19 + 4 nm
Ag-NPs : Aggs T 10 |- Ag 60 nm 60 £ 8 nm 61+ 8 nm
. | R 0 ‘ Ag 100 nm 100 + 8 nm 94 + 16 nm
'?rg';a;lej é’; :?(;'\S'Eif @ O \99\ @b‘@(bo«@g; & Au 60 nm 57 - 63 63 + 6 nm
! N N S gt
EXP3 ' EXP4 A S(ib na‘:’(c‘fi) & The measured diameter of Ag and Au-NPs by TEM
J P is within the range reported by the manufacturer

SPM: Suspended particulate matter

4. RESULTS

4.1 Ag-NPs partitioning in the sludge’s supernatant (EXP1)

Fig 1 Total Ag and calculated corresponding number of nanoparticles in the
supernatant of spiked sludge after 24 hrs

v" Higher concentrations of smaller Ag-NPs (20 nm) are present in the supernatant,
except for ST1-CH1

v 2% of the Ag-NP added remained in the supernatant, while 98% was retained in
the solid phase of the sludge, mainly due to sulfidation l

pH ~ 7, oxidating
conditions (Eh -
178.6 and 64.8 mV)

Ag-NP sulfidation is

[52-83 uM| [62-94 uM |
thermodynamically

CH, + S0% — HCO; + HS™ + H,0

and HS HS- o H* + §2- favourable
concentration
Ag,S
v" If a sulfidation rate of 11-14 nm of Ag converted to Ag,S per day Ag’

(Kent et al., 2014) is considered, 20, 60 and 100 nm Ag-NPs will
be converted to Ag,S in 2, 6 and 9 days, respectively.

4.2 Ag-NPs retention on SPM (EXP2)

Fig 3 Comparison between total Ag
concentration calculated by ICP-MS and
SP-ICP-MS for 60 nm Ag-NP in the
filtered solution

Fig 2 Total Ag in filtered (0.45 pm) (F)
and unfiltered (UF) supernatant for (a)
ST1-CH1 and ST1-CH2

v" In CH1, 80% more 100 nm Ag-NPs
were found in the supernatant
compared to CH2, as there are more
particles < 0.45 ym and colloids
available to retain the nanoparticles in
suspension

v" 60 nm Ag-NPs maintained their size
in the supernatant and were more
abundant in CH2 compared to CH1

4.2 Cont... Ag-NPs retention on SPM (EXP2)

Fig 4 Average suspended particulate matter content (SPM) vs % of retained Ag in the
0.45 um filter for different Ag-NP size for sludge of chambers (a) ST1- CH1 and (b) ST1-
CH2

v" The % of Ag passing through the 0.45 um filter, decreases when SPM increases

v" For CH1, the presence of 20 nm Ag-NP in the filtered solution is unaffected by SPM

concentration
4.3 Retention and remobilization of Ag-NPs from soils (EXP3
and EXP4) ~ 98% 20 nm
~ 99% Ag-NPs were retained | ~73% 60 nm Ag-NPs were
\ ! f ~97% 100 nm retained
|
I
_ : _ ~ 1% 20 nm Ag-NPs
Soil & sludge Soll ~33% 60 nm L were
~ 7% 100 nm | remobilized

In the supernatant (liquid fraction)...

Fig 5 Correlation of Ag (60 nm Ag-NPs) concentration measured by SP-ICP-
MS and ICP-MS in the supernatant

v' The presence of sludge enhances the retention of Ag-NPs in the solid phase by >10
fold

v" According to SP-ICP-MS results, the average Ag-NP size was higher in the presence

of sludge, probably due to the increased of colloidal stability when humic acids
adsorbed to Ag-NPs

ENVIRONMENTAL IMPLICATIONS

v >90% of ionic Ag and Ag-NPs is retained in the solid phase of the sludge
v" The available pool of Ag is higher in the first chamber (ST-CH1)

v' Large Ag-NPs (100 nm) preferentially sorb onto colloids and particles (> 0.45 um) compared to smaller
NPs

v' Despite >99.9% Ag-NPs retention in the soil, the mobile 0.1% can be released into the water bodies

:-O_-I:
-
ST-CH1 ST-CH2
- 2
Septic tank
effluent
Ag +
NOM Ag +
ot 2
Colloids ' .
v (o
Ag +
4
Ag-NP powder as oA, Ag + /1/7/
bactericide ° o Sludge
Ag + ¢ o epgs, land-spreading
0.1 mg/Kg ///1/
Ag-NPs A maximum of 56362 ug Ag/L can be leached from an 2‘8_[:?84@
amended- soil (1173 m?2) with the full content of a 9
septic tank (4000 L)
79 ug Ag/L*m? 4.6 pg Ag/L"m? -
udge
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Surface water

Groundwater
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The Dynamics of Carbon Cycling In
Coastal Waters: Dublin Bay

Daniel Kerr!, Aleksander Glaz!, Anthony Grey!, Margaret McCaul*,

Introduction

he ocean is the main driver of the global
carbon cycle, and easily contains the most
carbon in its sediments and waters; of the
carbon contained within the atmosphere,
terrestrial biosphere and ocean, approximately
93% is located within the seas (1).

The carbon system In seawater can be
described by four interconnected parameters:
Total alkalinity (A;),

Dissolved Inorganic Carbon (C-),

Fugacity CO, (fCO,)

pH.

The values of the above parameters, in

conjunction with CO2SYS software, can be used
to produce an accurate description of the carbon

Dermot Diamond!?, Xavier Monteys?, Brian Kelleher!

system.

Analysis Methods

Analysis was carried out using the VINDTA

system
Determination of Total
carbon and Alkalinity).

Dissolved Inorganic Carbon (DIC)

Dissolved inorganic Carbon is the total of all
Inorganic carbon species within a seawater

Cr=[CO,"+[HCO;] + [CO5%]

As it i1s analytically difficult to discern between
[CO,],, and [H,CO;l,,, the sum of these
species is defined as [CO,™].

DIC is calculated using the formula:

1
Vs.p

NS —b.t—a
C

C 7

Where:

Ngs = Coulometer reading for the sample (counts)

b = Background level of system (counts.min-1)

t = Time required to measure sample (min)

a = Acid blank (counts)

¢ = Coulometer calibration factor (counts.umol-1)
Vs = Volume of sample at temperature of use (dm?3)
o = Density of sample (kg.m3)

Sample Acquisition

Carbon samples were collected from: 15
locations (A-O) encompassing Dublin bay
over a two day period.

All samples were collected and stored In
accordance with the Guide to Best Practices
for Ocean CO, Measurements (2).

Samples were subsequently transported to
the National Oceanographic  Centre,
Southampton, U.K, for analysis.

INstrument  for

dissolved

(Versatile

Sample was acidified with 10% H;PO,
Liberated CO, was purged with ultrapure
carrier gas, N,
CO, trapped
ethanolamine
Hydroxyethylcarbamic acid formed was
then subsequently coulometrically titrated.
Carbon Certified Reference Materials
(CRM) (3) were used to produce a
calibration factor for analysis of coulometer
results.

In absorbent containing

the
Inorganic

sample, and can be expressed by the following
equation:

Figure 1: pmol.kg* DIC Sample Sites Ato O. DIC 0

Discussion

Trend of increasing pmol.kg™' DIC values
observed as sample sites became more
river influenced.

DIC values relatively constant within the
bay and estuarial waters.

Terrestrial carbonate weathering with
subsequent DIC transport to ocean
possible cause of observed increase
within Liffey discharge area (4).

Potential influence on bay carbon
dynamics from Bull Island (5).

Continued sampling with the EPA

Monthly sampling of two locations within
Dublin Bay starting November 2019 — This
will allow for the construction of temporal
studies investigation carbon flux across
seasonal cycles.

Transects of Dublin Bay — Transects of Dublin
Bay in order to obtain a suite of nutrient data
will be used, along with EPA generated
information, to compliment coastal carbon
system dynamics investigations.

Role of CDOM iIn coastal carbon system -
Investigation into the role which CDOM plays in
the coastal carbon cycle and its effects on the
carbon system in coastal seawater.

DCU

1Dublin City University ¢Geological Surve

Ireland

Results

Next Steps

This publication has emanated from research supported in part by a research grant from Science Foundation Ireland (SFI) under Grant Number
13/RC/2092 and co-funded under the European Regional Development Fund and by iCRAG industry partners.

l

Itput originating within the R. Liffey discharge area.

Atlantic Ocean Climate Action Cruise

 Climate Linked Atlantic Sector Science
(CLASS), Global Ocean  Ship-based
Hydrographic Investigations Program (GO-
SHIP) and National Oceanography Centre
(NOC) organised research cruise.

RV James Cook will sail from Fort
Lauderdale, USA, to Santa Cruz, Tenerife,
Spain, along the 24° N in the Atlantic Ocean.
Carbon system analysis will be conducted
over a 42 day period.

ICRAG researcher will be onboard!
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Cold-Water Corals: Environmental

Stressors and Sea Temperature Proxies
Erica Terese Krueger

Department of Geology, School of Natural Sciences, Trinity College Dublin, Dublin 2, Ireland

Background

Cold-water corals are a key component of deep-sea ecosystems
and are proxies for sea water temperature and environmental

change.l?

 Globally widespread, Lophelia pertusa is the most abundant cold-
water coral and is found at depths ranging from 40 m to greater

than 6000 m.>*

 [. pertusa can tolerate a relatively wide range of temperature and
salinity conditions and relies heavily on strong currents for food

supply, sediment and waste removal.*
* These reef builders create biodiversity hot-spots, producing

three-dimensional aragonitic structures that are used as habitat

and shelter for fishes and invertebrates, and serve as an
important carbon sink.%>

* The comprehension of L. pertusa biology, ecology, and physiology
Is of utmost importance since they play such a vital ecological role

in deep-sea environments.3

Broader Implications

* This research will aid in addressing pressing environmental

challenges related to climate change and microplastic pollution.
* Negative consequences are predicted for cold-water corals if sub-

optimal ocean conditions persist.

* |f predictions are correct, increased ocean acidification will result
in less carbon sequestration, decreased calcification rates, and a

less robust skeleton, further resulting in a weaker defense
against strong hydrodynamic currents.

* The impact of microplastics on cold-water corals is currently
unknown.

* The demise of L. pertusa would be catastrophic to deep sea

ecosystems, with a negative impact on marine biodiversity in

general.

A better understanding of how these oceanic parameters are

affecting cold-water corals in terms of growth, structure,
strength, and function is needed in order to determine how

changes may influence these deep-sea ecosystem engineers in

the future.
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Research Objectives

* Developing novel geochemical
proxies for seawater
temperature

* using multi-element
statistics and clumped
Isotopes

* Determining the impact of
microplastic ingestion on cold-
water coral biomineralisation
processes

* insitu strength testing
and electron backscatter
diffraction fabric analysis
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Introduction: Contrasting study areas....why?

In recent years, there has been a growing awareness in the scientific community of the need to understand the
drivers of carbonate chemistry on coastal seas. Land-ocean interaction could be of significant importance in
predicting the future of aquaculture (1). Biogeochemical processes in coastal areas, i.e. the balance of
photosynthesis, respiration, calcification, and CaCO3 dissolution can be different to those in the open ocean.
Predicted pH values for the open ocean could be significantly different to those in coastal areas influenced by
freshwater discharge, because the freshwater input, in the form of rivers and subterranean estuaries, are
generally characterized by low pH values. Furthermore, several studies on subterranean estuaries underlined the
importance of submarine groundwater discharge as a source of carbonate in the form of TA and DIC (2,3,4,5).

The aim of this study is to
understand the effects of
contrasting watershed
inputs on coastal carbonate
chemistry and ecosystem

metabolism. Study sites are: Kinvara bay, underlain by limestone and fed from a karstic

catchment where freshwater inputs are dominated by submarine groundwater
discharge (SGD); and Killary harbour, characterized by shale, sandstone and
conglomerates where freshwater input is via surface runoff in the form of rivers and
several periodic streams. The two sources are characterised by contrasting TA
compositions (high and low, respectively), but both have low pH.

0 Sampling strategies Methodology O Analysis

The two areas were surveyed by seasonal sampling, with an
aim to understand changes in carbonate system variability in
response to freshwater magnitude. Spatial variations were
addressed with sampling transects, from bay head to bay
mouth with 6 sampling sites, plus a marine End Member (EM)
sample and freshwater EM samples, in order to understand
how the freshwater input affects the biogeochemistry on a
long term time-scale.

Salinity

Spatial variability over the year was compared in the two selected study
areas. The freshwater EMs are characterized by contrasting carbonate
composition; therefore carbonate delivery to the coast varies in response
to local geological features.

Conclusions

Three of the four parameters of the carbonate system,
total alkalinity (TA), dissolved inorganic carbon (DIC)
and pH, are analysed using open and close cell
titration, following Dickson’s(6) method and with his
certified reference materials. A multi-parametric
probe, the Aquaread Aquaprobe, is used to measure
pH, temperature, salinity, and electrical conductivity
at each station.

Results

DIC umol/Kg-1

From TA and DIC plots, the TA:DIC relationship and slopes in the two selected
study sites can be seen. Net community production (NCP) is calculated as relative
percentage using the slope values obtained from TA and DIC measurements.

Bivalve aquaculture in Killary

It is clear that freshwater input magnitude and composition act as important drivers of carbonate
systems in coastal areas. In Killary Harbour, river TA is low, and the open ocean is the primary
source of TA. Conversely, the primary source of TA in Kinvara bay is freshwater input from land,
since the subterrenean estuaries in karstic areas are huge sources of TA. NCP scales with
freshwater discharge in Kinvara, suggesting the freshwater magnitude is the main driver of
autotrophic or heterotrophic conditions in the system. Freshwater magnitude and typology are
determined to be important drivers of carbonate system metabolism, hence it will be possible to

manage coastal seas, in relation to climate change predictions.
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Challenging the assumption of stability:
Assessing modes and variability of the AMOC during past

warm climates

Assessing the stability of the AMOC during past warm climates
Megan Murphy O’ Connor & Audrey Morley
e-mail: megan.murphy-oconnor@icrag-centre.org

Motivation

The Atlantic Meridional Overturning Circulation (AMOC) plays a critical role in the climate system as it redistributes
heat and energy around the globe'. Ireland is particularly sensitive to AMOC changes as it is situated along the path
of the North Atlantic Current (fig.1). As a result of our short observational records however, the mechanisms
controlling the strength of this circulation, and how it will respond to climate change are poorly understood?.
Previously large disruptions of the AMOC were believed to be restricted to glacial boundary conditions3. However,
recent observations and models show that we have over-estimated its stability during warm climates, with evidence
that abrupt shifts of the AMOC have occurred during interglacial periods*. Here we propose to use climate proxies to
investigate the response of the AMOC during warm climates under a range of different boundary conditions.

Aims

1. To identify triggers and thresholds that cause abrupt oceanographic changes under different boundary Figure 1: Simplified schematic of the AMOC.
conditions.

2. To improve our understanding of the mechanisms linking the AMOC to climate.

Planned work programme: A Multi-proxy Approach

o Multi-proxy analysis of samples from high-resolution deep-sea sediment cores from the Feni Drift, Rockall
Trough (fig.2) to determine the structure and response of the surface and deep branch of the AMOC during MRIG-SK
the selected past interglacial periods; MIS 1 (Holocene Thermal Maximum), MIS 5e, MIS 11 and MIS 19.
These interglacials were characterised by distinct boundary conditions (greenhouse gas concentrations,
orbital insolation, global temperatures etc.), but are all thought to be analogues for either pre-industrial

conditions, or the climate of the natural near-future>.
Figure 2: Core site DSDP 610 and MR16-5K.
1. Surface reconstruction

« Paired §'%0 and Mg/Ca measurements from planktic foraminifera (fig.3) will be used to determine surface
temperature and salinity changes during our climate change intervals®.

» Ice-drafted debris (IRD) counts per gram of sediment will also be used to constrain ice sheet variability during
times of abrupt climate change.

2. Deep-flow reconstruction

* Grain size distributions of samples will be used to assess deep-water paleocurrent flow strength. End-Member
Analysis (EMA) of the distributions will divide them into meaningful subpopulations depending on unique transport
mechanisms and sources’.

« The Nd isotope proxy ey4, the ratio of *3Nd/'**Nd, will be used as a water mass tracer to establish the source of
bottom-water for the AMOC deep return flow3-°.

» Stable isotope analysis of benthic foraminifera (6*3C) (fig.4) will also be used to constrain deep water ventilation. Eigure?f (top, bottom): Planktic, Benthic
oraminiiera.

Progress To Date

Cores from DSDP 610B were XRF scanned at the MARUM |IODP Bremen Core Repository to identify specific intervals for sampling (fig.5).

Samples from MIS 5e and MIS 19 were collected at 0.5 cm intervals to allow high resolution reconstructions of the AMOC during these periods (fig.5).
The samples collected from MARUM, along with suitable previously collected samples, were washed and prepared for analysis (fig.5).

Nd isotope analysis of 107 samples from the selected isotope stages is currently underway at Géosciences Universite Paris-Sud (fig.d).

O O OO

Figure 5 (left to right): Cores being prepared for XRF scanning at MARUM, sampling of cores, preparation of sediment for analysis, Nd isotope elution.
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INTRODUCTION

A challenge facing industry is the ability to distinguish maritime accidents from naturally occurring phenomena
such as phytoplankton blooms and natural oil seeps [1].

This project aims to link detection and monitoring of these natural and manmade surface slicks with satellite
observations. Launch of the sentinel series of satellites provides opportunities for the fusion of in situ sampling
with remote sensing. Products such as SAR roughness (Sentinel 1) and Ocean Colour (Sentinel 3) will be used.

Sampling has been carried out across the western Irish coastal shelf on the Celtic Explorer last June (CE18009)
and July (CE18010).

METHODS

Conductivity Temperature and Depth (CTD) measurements are taken at sea (Image 1).

Flow cytometry (Image 2) and microscopic enumeration methods are used to identify pico/nano and
phytoplankton species. This includes identification of Harmful Algal Bloom species (HAB’s).

For chlorophyll concentrations, seawater was filtered through 25 mm GF/F filter. The filters were frozen and
analysed back on land.

Baseline optical measurements of CDOM, FDOM and nutrients will be taken from surface waters. Absorption is
obtained using Ocean Optics Spectrometers (Image 3).

Studies on the optical characteristics of CDOM formed from actively growing cultures of phytoplankton species
such as Emiliana huxleyi. (Image 4).

Image 1: Collecting Image 2: Phytoplankton abundance via BD Image 3 : Running CDOM samples on Image 4: Culturing
seawater samples Biosciences Accuri C6 Flow Cytometer spectrometer Coccolithophores

PRELIMINARY RESULTS & DISCUSSION

Satellite observations:

The warm dry summer experienced during WESPAS 2018 provided an
unprecedented number of clear sky days for obtaining good satellite images
of the ocean colour distribution over the North West European shelf. [5]

Image 5: Rare fair skies over lIreland & UK, 27™
June 2018 [5]

The ocean colour images showed high chlorophyll levels
along the shelf edge and porcupine mound with lower
concentrations in the Celtic Sea. Below, an overview of the
conditions during WESPAS, the satellite

OC5CI chlorophyll and SST from June 25 to July 2 (runs left
to right, top to bottom). [4]

Bacteria, Pico and nanoplankton abundance:

Unfiltered seawater samples collected directly from the
CTD were run on an Accuri C6 flow cytometer while at
sea according to (Marie etal.,1997; Marie et al., 2014)
[6] Another sample is fixed with glutaraldehyde and
then treated with the DNA Stain Syber Green to
enumerate marine bacteria.

Populations were determined using C6 software.
Synechoccus (P1), Picoeukaryotes (P2) and
Nanoeukaryotes (P3).(As seen in Graph A03). Bacterial
cells were grouped along the curve. (As seen in AO5).

Population counts were merged with CTD bottle data
to create distribution maps in Ocean Data View.

PRELIMINARY RESULTS & DISCUSSION

Chlorophyll concentration (5-6 m):
The frozen filters were analysed in the laboratory for chlorophyll a (b & c)
concentrations after extraction with 90% acetone using a Telfon grinder and
subsequent measurement of the solution absorbance using an Ocean Optics
Flame spectrophotometer with a low volume 10 cm pathlength cell and DT-mini
light source. The concentration of chlorophyll a was calculated using the
trichromatic equation of Jeffrey and Humphrey (1975). [2]
Below: Near surface mixed layer chlorophyll measurements during WESPAS.

CDOM (5m - 424m):
CDOM was collected from just below the surface waters, at regular intervals
throughout the water column and just above the bottom. The first graph on
the left represents the distribution of CDOM throughout the water column for
Station 39, CE18009. This second graph to the left shows how CDOM
concentration in surface waters decreases with distance from land in this
transect. Stations marked in the map are corresponding to the graphs below.

FUTURE WORK

Baseline studies of CDOM from phytoplankton
and other natural sources along the west
coast of Ireland.

Concentrated sampling where oil slicks have
been observed.[3]

Satellite along with airborne hyperspectral
observations of surface slicks along the Irish

coast. Above: Detailed map of the Irish Atlantic Margin,
Development of 3 Spectral “brary via 3D EEM showing regional structural basins (Funck et al. 2014),

and the areas where oil slicks have been observed (oil-
fluorescence. slick data provided by CGG: GOSD 2014). [3]

A03 CE18010_St52_ 35m_R_bds A0S CE18010_St54_Bm_SG
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Sample area highlighted on the map in red. The numbers of
Synechococcus (Syn), picoeukaryotes (PicoEuk), nanoeukaryotes
(NanoEuk), and bacteria are shown in celluL-1. In order to represent
the bacterial populations they have been divided by 103.
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For this transect (Syn) reached its peak abundance near shore and 35m
depth and decreased towards open ocean. (PicoEuk), (NanoEuk), and
bacterial populations reached their peaks at Station 53 increasing as
they moved further from the coast and decreased again as they moved

towards the shelf.
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