Geological Survey Ireland
Tellus geochemical survey:
shallow topsoil multi-
element maps for the
northern half of Ireland

October 2020

Rialtas na hEireann "

Government of Ireland Geological Survey
Suirbhéireacht Gheolalochta
Ireland | Eireann




Document Information

Project title: Tellus geochemical survey: shallow topsoil multi element maps for 50% of Ireland

and Northern Ireland
Current Document version: Version 2.1

Prepared By Date Comment
M.A. Browne 07 October 2020  Geological Survey Ireland
V. Gallagher 07 October 2020 Geological Survey Ireland
Reviewed by Date Comment
Approved By Date Comment
Geological Survey Ireland
Version History
Ver. No. Ver. Date Comment By
1.0 07 October MAB, VG
2020
2.0 15 April 2021  Minor corrections to the text and legends of Ca and | MAB, VG
Cd maps.
2.1 21 December | Missing reference to SGS, Canada was corrected. MAB, VG
2021

Tellus geochemical survey: shallow topsoil multi element maps for the northern half of Ireland




Table of Contents

EXECULIVE SUMMAIY ...ccuuiiieiiiieeiiineiiieeiieniiieesiensisinsisieessrsnssssnssssnsssssssssssssssnssssnssssnssssas 6
1. INtrOdUCHION .....uuueiii s 7
1.1. Sample collection and analysSis.......ccccccueeeeiiiieeeciieee e e e 7
1.2. Data processing and map production .........ccccceeecieeeeiiiiee i e 9
1.3, REFEIENCES ..ttt ettt s ree e s e e sare e 10
I W 1 - 1 (o 1TV Y oY Wy 1 - T o 13 11
2.1, SOOI PH oottt eee e ee e et s e s s e eree s erenens 12
P2 B Mo TR o o B = o TN oY o L TSR 13
D T Y11V o - SR 14
2.4, ATUMINIUM (AD) et ae et e e abe e s e e ebae e sabeeennne s 15
D T VY=Y o 1ol (X3 PPN 16
2.6, BariUum (Ba) ..ccoeeeeieiiiee ettt et e e e rt e e e e e bt e e e e erraeaeeans 17
2.7, Beryllium (B) weeeeeceiiee ettt ettt ettt e e e bt e e e e rt e e e e ebraeaeeans 18
2.8, BIiSMULN (Bi) couvveeeiiiiiee ettt ettt e e e ete e e e e ebre e e e e bt e e e e ebreeeeebraeaeeans 19
D T 6 | (ol 4] o T (- ) U UPRRPRPRN 20
2.10.  Cadmium (Cd) cooceeeeeeiieee et et etr e e e e at e e e e et e e e e erraeaeeans 21
D R 1Yo 10 o T (=) ISP 22
2,12, CODBAI (CO) wrrriiiiieiee ettt e e e et e et e e e etraee e e 23
2.13.  ChromiUum (CF).cccueeee ettt et e eetree e eeetre e e eetreeeesetbeeeestreeeestreeeennns 24
2,14, CAESIUM (CS)eriiiiriiieiiteeeeieiteeecettee e ettt e eetre e e eeeteeeeeetaeeeessbeeeeesnbraeeesbeeeeennns 25
2 1 T @01 o] o<1 g (61U ) RS TR 26
D S T 7o T o (1= TSRO PRURRRRRRRON 27
2.17.  GallIUM (GA) eeeiieriiei ittt e e bttt e e e ebraeeeeans 28
2.18.  Hafnium (HE) oottt ettt e e et e e 29

Tellus geochemical survey: shallow topsoil multi element maps for the northern half of Ireland
i



2,19, IMEICUINY (HE) coeeeeieee ettt ettt e ettt e bt e e e et e e e e tr e e e e ebraeaeeans 30

P20 10 R 1 Vo L1V ' (1 ) S 31
P2 T o' - 11 [0 o o (TS 32
P2 B ¥ 114 o T [0 18] o ol (- ) SR 33
2.23. LIERIUM (LI) ceerieenieie ettt et s 34
D \V - 1= g Y=Yy [0 o o €1/ = USRI 35
2.25.  MaNZANESE (IMN) ..cei ettt ettt e e etre e e e stre e e e e bt e e e e e bta e e e ebeaeaeeans 36
2.26. Molybdenum (MO) ....c.ueii ittt e 37
D 2 B Yo Yo [TV 1 o I (- ) U UPUTN 38
D2 TR \[To] o 10 T 0 T (V] o) PSPPI 39
2.29.  INICKEL (Ni) evvreeeeeeeeeeeeeeeee e e e eeeee e e eeeee s ee s s see s seesessesseeseesesseees 40
P28 10 R o Vo3 o o Lo T U 1K {24 ISR 41
2.31. LEAA (PD) et e e eeeee e es e ee e s ee s ese s e enens 42
2.32. RUBIQIUM (RD) oo eeeeeeeeeseeeeeeeees e s s es e s sseseesseeseeseeseseees 43
2.33.  SUIPRUL (S) cereeeereeeeeeeeeeee e eeee e eeeseeeeee e e se e s seesseeseeseseesseseeseesesees 44
2.34.  ANTIMONY (SD) curiiiiiiiiiee ettt ettt e e re e st e e ba e e s be e eaae s 45
2.35.  SCANAIUM (SC)eeieorriiiiitieeeietteee ettt ettt e eeetre e eetreeeeeetreeeeeetreeeeebreeeenans 46
2.36.  SEIENIUM (S€) coiitiiee ittt ettt ettt e e et e e e e e bae e e e e bt e e e e ebteeeeebeaeaeeans 47
D A T o I 1] o) ISP 48
2.38.  SErONTIUM (SI) ittt e e e et e e e e e bt e e e e sbeeeeeeabeeeeeeans 49
2.39.  ThOrium (TR) oot e et e e e e bt e e e e bt e e e e ebaeeeeeans 50
2.40.  Thallium (T1) ottt e et e e e et e e e e bt e e e e ebreeeeeabraeaeeans 51
2,40, Uranium (U)ot eetee ettt ttee e et e e et e e e e e sat e e e e e tr e e e e ebreeaeeans 52
2.42.  VanadiUm (V) cooooeeeiieeeec ettt cetee e eetre e eetve e e e stre e e e sbre e e e sbraeeeeans 53
2,43, TUNZSEEN (W) eneriieiie ettt ettt ettt e e tae e st e e e eabe e s beeebaeesabeeennaes 54
244, YEEFUM (Y]t st ettt e e st sttt b e 55

Tellus geochemical survey: shallow topsoil multi element maps for the northern half of Ireland
iv



D T A | Vol 74 o ) 1S 56

T A ole Yo Y[¥ ] o 1 (74 o PR 57

Tellus geochemical survey: shallow topsoil multi element maps for the northern half of Ireland
\"



Executive summary

This publication presents interpolated maps of geochemical data for shallow topsoil samples across
the northern half of Ireland and Northern Ireland. Samples were collected between 2004 and 2019,
as part of the Tellus geochemical survey projects of Geological Survey Ireland and the Geological
Survey of Northern Ireland (Figure 1).

The maps presented here represent almost 17,000 sites covering the northern half of Ireland, an
area of just over 50,000 km?. Together they represent a wide variety of geological domains in Ireland
(Figure 2).

Each sample was prepared and chemically measured by a number of techniques. Laboratory tests
comprise: soil pH (CaCl2); loss-on-ignition at 450°C and multi-element partial extract analyses of
major, minor and trace elements by ICP following aqua regia digestion. ICP (aqua regia) analyses
were conducted by SGS, Canada, and ALS Minerals Ltd., Ireland.
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1. Introduction

1.1. Sample collection and analysis

Soil samples were collected from 6,862 sites in Northern Ireland in 2004 — 2006 for the original
Tellus survey, conducted by the Geological Survey of Northern Ireland (GSNI). In Ireland, 9,921 sites
were sampled between 2011 and 2019 as part of Geological Survey Ireland’s (GSI) Tellus programme
(Figure 1). In Northern Ireland soil samples were taken at a density of one sample per 2 km?, with
sites typically located in the northwestern and southeastern quadrants of the 2 x 2 km grid square.
In Ireland regional samples have been collected at a sampling density of one sample per 4 km?, i.e.
one sample per 2 x 2 km grid square. Periurban samples around Dublin and Galway were collected at

a sampling density of one sample per 1 km?, i.e. four samples per 2 km x 2 km grid square.
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Figure 1: Shallow topsoil ‘A’ survey areas, completed by the Geological Survey of Northern Ireland Tellus
Survey and Geological Survey Ireland’s Tellus Programme (2011 and 2019).

Two soil samples were taken at each site using an auger, a shallow topsoil from a depth interval of
0.05-0.20 m (designated ‘A soil) and a deeper topsoil from 0.35-0.50 m (designated ‘S’). Samples

were analysed for pH, loss-on-ignition (LOI) and over 50 inorganic major and trace elements, using a
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variety of techniques. Sampling methodology, sample preparation, analysis and quality control

measures are fully described in Young and Donald (2013), Knights et al. (2020) and Szpak et al.

(2020). All data are freely available

(www2.bgs.ac.uk/gsni/tellus/data_licensing/index.html) and GSI

ie/programmes-and-projects/tellus/Pages/Data-and-Maps.aspx).
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1.2. Data processing and map production

The maps presented here illustrate the geochemistry of ‘A’ soil samples, as analysed for pH (CaCl,),
for LOI at 450°C and for inorganic elements analysed by ICP-MS/AES following acid digestion in aqua
regia. Data for Northern Ireland were processed as described by Young and Donald (2013). GSI data
have not been conditioned. No levelling of the data collected over different years or analysed by
different laboratories has been undertaken. The lack of levelling means that discernible survey
boundary effects may be observed for some elements but, in general, the maps provide a good
regional-scale representation of geochemical variation in the northern half of Ireland, having regard
to the limits of the analytical method. Digestion of samples with aqua regia achieves only a partial
extraction for most elements, especially those in less soluble minerals such as oxides and many
silicates, so the true soil concentrations of many elements reported here are understated. The
observed spatial distributions of elements thus reflect not only the bulk composition of the soil

samples but also the ease of extraction of elements.

The greater density of soil samples in Northern Ireland and in the Dublin and Galway periurban areas
can lead to skewing of the statistics on which the map classes are based, affecting the distribution of
values for some elements across the region. In order to create a more even and representative
spread of sample points, for these areas the average concentration value was calculated for each 2
km x 2 km grid cell, so that the interpolated maps are based on the same 1-per-4 km” sample density

across the entire region.

The interpolation method employed to produce the maps was Inverse Distance Weighting (IDW),
with a cell size of 250 m and a standard circular search radius of 2,000 m. The maps are presented

with linework from the GSI 1:1,000,000 Bedrock Geology map (Figure 2).
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2. ‘A shallow soil maps
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2.1.

Soil pH
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2.2.

Loss-on-Ignition (LOI)

440|000 460|000 480|000

SOOIUOO

520|000

540|000

560]000

SBOIOOO GOOIOOO 620|000 640|000 660|O00 680]000 700|000 720|000 74(::000 760|000

780]000

740|000 760|000 780]000 800'000 820[000 840|000 BGOIOOO 880[000 QUOIOOO 920000 940|000 960000

720|000

Shallow topsoil 'A’

Loss-on-Ignition | LOI (450°C)

Percentile | LOI, %
99-100 [ 97.7 - 99.9
9599 [ 94.9-97.7
90-95 [ 80.2-94.9
7590 [ 46.5 - 80.2

50-75 14.8 -46.5
2550 [ 9.95-14.8
15-25 8.42-9.95

10-15 [ 7.59 - 8.42
510 [ 6.45-7.59

o5 |l o063-645

No. EN 0047220

Government of Ireland

N

/\_~ Bedrock Geology (1:1,000,000)

0 10 20 30 40 50
[ ___mam Ea.
Kilometres

Ordinance Survey Ireland Licence
© Ordnance Survey Ireland /

© Crown Copyright 2020
Irish Transverse Mercator (IRENET95)

T T T T T T T T T
780000 800000 820000 840000 860000 880000 900000 920000 940000 960000

T
760000

740000

T
720000

T
440000 460000

480000

T
500000

520000

540000

T
560000

T I 1 T T T )
580000 600000 620000 640000 660000 680000 700000 720000 740000 760000

T
780000

Tellus geochemical survey: shallow topsoil multi element maps for the northern half of Ireland

13



2.3.

Silver (Ag)
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2.4. Aluminium (Al)
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2.5. Arsenic (As)
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2.6.

Barium (Ba)
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2.7. Beryllium (Be)
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2.8.

Bismuth (Bi)
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2.9.

Calcium (Ca)
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2.10. Cadmium (Cd)
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2.11. Cerium (Ce)
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2.12. Cobalt (Co)
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2.13. Chromium (Cr)
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2.14. Caesium (Cs)

440|000 450|000 480|000 500(000 SZOIDOO 540|000 56()'000

SBOIOOO GDOIOOU 620|000 640]000 GGOIUOO 680]000 700|000 720|00l) 740]000 760[000 780|000

740|000 760]000 78[)]000 800000 BZK)IUOO 840IOOG HGOIOUO 880|[)00 900000 920]000 940|000 96()'000

720|000

Shallow topsoil 'A’
ICP,, | Caesium (Cs)
Percentile | Cs, mg/kg
99-100 [ 2.93 - 27.2

9599 [ 1.54-2.93

90-95 [ 1.24 - 1.54
7590 [N 0.91-1.24

50-75 0.62-0.91
2550 [ 0.3-0.62
15-25 0.1-0.3 : ks i

0-15 |l <0.05-0.1

%
7

N

/\_~ Bedrock Geology (1:1,000,000)

0 10 20 30 40 50
[ .|

Kilometres

Ordinance Survey Ireland Licence

No. EN 0047220

© Ordnance Survey Ireland /
Government of Ireland

© Crown Copyright 2020

Irish Transverse Mercator (IRENET95)

T T T T T T T T
780000 800000 820000 840000 860000 880000 900000 920000 940000 960000

T
760000

740000

T
720000

T T T T T
440000 460000 480000 500000 520000 540000 560000

1 ) I I T I 1 ) T T
580000 600000 620000 640000 660000 680000 700000 720000 740000 760000 780000

Tellus geochemical survey: shallow topsoil multi element maps for the northern half of Ireland

25



2.15. Copper (Cu)
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2.16. Iron (Fe)
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2.17. Gallium (Ga)
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2.18. Hafnium (Hf)
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2.19. Mercury (Hg)
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2.20. Indium (In)
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2.21. Potassium (K)
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2.22. Lanthanum (La)
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2.23. Lithium (Li)
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2.24. Magnesium (Mg)
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2.25. Manganese (Mn)
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2.26. Molybdenum (Mo)
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2.27. Sodium (Na)
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2.28. Niobium (Nb)
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2.29. Nickel (Ni)
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2.30. Phosphorus (P)
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2.31. Lead (Pb)
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2.32. Rubidium (Rb)
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2.33. Sulphur (S)
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2.34. Antimony (Sh)
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2.35. Scandium (Sc)
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2.36. Selenium (Se)
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2.37. Tin(Sn)
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2.38. Strontium (Sr)
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2.39. Thorium (Th)
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2.40. Thallium (TI)
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2.41. Uranium (U)
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2.42. Vanadium (V)
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2.43. Tungsten (W)
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2.44. Yttrium (Y)
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2.45. Zinc (Zn)
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2.46. Zirconium (Zr)

440|000 ASOIOOO 480[000 500|()DO SZOIOOO 540|000

560IO(10 SBOIDOG BOUIOOO 620‘()00 640|000 SGOIOOO 680]000 700|000 720I()00 740|000 760|000 7SOIDOO

740[000 780|000 780[0[]0 800000 8201000 540[000 86(1'000 880000 9001000 9201000 940000 9601000

720]000

Shallow topsoil 'A’
ICP,, | Zirconium (Zr)
Percentile | Zr, mg/kg
99-100 [l 13.2-325

9599 [l 65-13.2
90-95 [ 4.3-6.5
7590 [ 29-43
50-75 1.65-29
2550 [ 0.7 -1.65
o2 [l <05-07

N

/\_~ Bedrock Geology (1:1,000,000)

0 10 20 30 40 50
[ .
Kilometres

Ordinance Survey Ireland Licence

No. EN 0047220

© Ordnance Survey Ireland /
Government of Ireland

@© Crown Copyright 2020

Irish Transverse Mercator (IRENET95)

T T T T T T T T T
740000 760000 780000 800000 820000 840000 860000 880000 900000 920000 940000 960000

T
720000

I ) 1 T
440000 460000 480000 500000 520000 540000

1 [ T I I T 1 I 1 ) T I
560000 580000 600000 620000 640000 660000 680000 700000 720000 740000 760000 780000

Tellus geochemical survey: shallow topsoil multi element maps for the northern half of Ireland

57



