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Executive Summary

Thisreport accompanies the publication of data and maps that predbatinorganic geochemical data for
deepertopsoil sampledn the urban areas of Cork, Galway, Limerick and WaterfS8aimplesvere collected
in FebruaryandMarch2024, as part of the Tellus geochemical survey project of Geological Survey Ireland.

Dataare reportedhere for1083 sites distributed at a typical density fofur sitesper km? and covering an area
of 270 km? (0.39 %of the country).

Each sample wasrepared and chemicallgnalysedby a number of techniques. Laboratory testsmprisel
soil pH (Cag)l losson-ignition at 450°C and utti-elementpartialextract analyses ahajor, minor and trace
elementsby ICP followingiqua regiadigestion. ICRaqua regig, pH and LQdnalyses were conducted by ALS
Minerals,Loughrealreland.Further analysis by XRF will be conducted rsdltspresentediater.
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LY GNRBRdAzOUGA2Y

Geological Survey lIreland conductinga flagship project to sample and measure the geochemical
characteristics of thesurficial environmentof Ireland. The Tellus project geochemistry workstream
commenced irR011. Its aim is to produce spatial data to determine the geochemical baselamaldw and
deepertopsoil, stream sediment and stream water in predominantly rural Ireland. Work began in the border
region to complement the Tellus project of Northern Ireland, completed in 2@08 surveying has
systematically extended in a southerly direction sinli&tional coverage of soil sample acquisition was
completed in 2024.

This report describes all aspects of data associated wlitgepertopsoilsampleE RSy 2 G SR ®ISY LI S
collected fromfour survey sits per kn? in the cities of Cork, Galway, Limerick and WaterfoFtlese four

survey areas are collectively known as Block G#gails d the samples and laboratory analysis arevided.

This report is the quality assurance delivered to accomptingypublished datasetslescribingall quality

control (QC) measured§ his includedataassessentsto determine that data ardit-for-purpose whichis to

describe the regional geochemical baseline concentrations in the surficial environment. The authors do not
define anomalies or recommend follemp works or research.

This report details the analytical procedures and work undertaken to validate the geochemical analytical
results. Validating the quality of an environmental dataset is critical given that any chemicalisigalys
confounded by uncertainty. Using reputable laboratories with accredited analytical and other procedures has
been afforded the highest priority, yet it is still essential to assess thetdataamine the reliability of the
results and ensure that they are-fivr-purpose. To this end the geochenmsprogramme has employed a
range of internal quality control (QC) procedulleggsed on recommentations for comparable geochemical
surveys Plantet al.,, 1975. Broadlythese comprise:

9 collection of field duplicate samples and preparation and analysis of field duplicate and analytical
replicate samples

1 randomization of sample IDs assigned to individual samples

1 blind insertion of international (preferably certified) or external reference materials
9 blind insertion of internal or secondary reference matereatsl

1 use of analyticalaboratoryduplicates.

The trueness of the analytical results has been primarily assessed using certified reference mhbterials,
reference toits accepted (statistically validated) element concentrations. These data are also used to gain an
understanding of the systematic bias in the data.

The accuracy of the analytical results is typically assessed using repeated analyses of primary and secondary
reference materials. Repeated determinations over the whole period of analytical works are useful and can
identify analytical drift over time orlmupt changesfor example in the calibration setp of the instrument.

To this end, the laboratories were instructed to perform the analyses in sequential sample number order. Each
sample analysis was reported with a date and time stamp to evaluatertteesieries of the data.

The variance of the sample data is assessed using a series of randomly distributed duplicate and replicate
samples to apportion the analytical variance to different sources.
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Samping and sample summary

Survey design and sample locations

Mapsdisplayinghe survey extent andample site locatins ofdeepertopsoilsamplesare shown below fap

1 andMap 2). The survey design @systematicone based on a predefined fishnet 80 m by 500 nyrid

cells based on eveimumberedeasting and northing lines on the Irish National Grid (Geographic Coordinate
System: GCS_TM®6%s printed on the 1:50000 published map serieSurvey grid cells each ofthe four
urbansurvey areawere planned in advancesing GISThe result is a total af083 sample sites at a typical
density offour samples per square kilometre 366 sites in Cork205sites in Galway, AL sites in Limerick and
191 sites in Waterford.

In the urban environment it is difficult to adhere to the standard Tellus regional soils distance criteria
(nominally >100 m from any mapped or observed minor feature and R2@@m more significant features
such as dual carriageway roads and quarri€kge following criteria were employed for urban sample site
selection in the field:

9 samplers should make every effort to seek permission from relevant landowners prior to sampling;

1 asoil sample site should if possible be greater than 125 m from the edge of the 500 m by 500 m survey
grid cell (except for coastal survey grid cells);

9 samplers should seek to sample least disturbed, unbuilt ground available that is most central to the
500 m x 500 m survey grid cell and that best reflects the dominant land use represented by the wider
survey grid cell;

1 asoil sample site should not bi@ectly under any trees or bushes or along the edges of an area of soil
(e.g. beside paths, walls, railings, flower beds, etc.);

1 a soil sample should not be taken from obviously imported or recently disturbed areas of soil (e.g.
flower beds, raised beds, etc.;

1 samples should not be taken across different areas of soil, even if they are proximal to one another
and the same land use type

1 if space is limited dr exampleon anarrowgrass vergeand smplescannot becollected irnthe normal
format, i.e. auger holes arrayed in a square, then #uger holes should be distributed evenly, with
GPS recording the location of the most central hole

Each unique sampling location was designated a numericdigibsite number, beginning with numerical
two-digit project code In the field and for sample preparation and analyses, samples are mdamnio field
batchesof one hundrechumbers

Sample nmberswere allocated to sampling teams so that samples were collectguadefined random
sampleorder according to a series of randamamberchecHists. Upon collection and checking, samples were
then sorted into sequential numerical order for preparation and analys

Details d the standard operating procedures affidld sampling logistidsave beerdocumented internally by
the client.
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Summary of regular and control samples by field hundred batch
Deeperii 2 LJa 2 A f

In each field batch of a hundred numbe84, were allocated to truesoil samplesite locations. The remaining
16 were set aside to be allocated to a vayi®f quality controlsamplegQCS)In summary:

al YLi Sa

A = 7

0ée

GKS®St f dza

adzNB S &

1 Foursets of field duplicates (DUP) were collected in each batch, denoted duplicate QRiGR, K
F and GH, with each pair collected from a single siRUPADUPCDUPE and DURLe treated as
true samples for the purpose of the survey

9 Each duplicate site number has a corresponding replicatubsample(SS) number; theuplicate
sample wasubsampled in the laboratory to create the replicate sample, whichama$ysed blindly
to the analytical laboratories. Theseplicate samplesre denoted SSA, SSB, SSSDSSE, SSF, SSG
and SSHFor example, a quartet of DUPA, DUPB, SSA and SSB together provide four results from a
single sample locationThe éta from duplicate and replicate samplese used to evaluate data
variability.

9 Foursample numbers are reserved for a selectiostahdards (STY@r analytical reference materials
including certified reference materials (CRMs) and secondary reference materials .(3Rd4g) are
used asquality control samples@C$ for data quality assurance (QA) and quality control (QC)
procedures.

Typically, a field duplicate sample was collected at a rateusfsets (quartets) pefield hundred batclof 100

samples Sample andQCSjuantitiesby field hundred batch are samarized inTablel.

Tablel Summary of QCS by field hundrédtches

(CRM numbers refer to ICPar analysis gronly SRMs were used for pH and LOI)
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(i %) 2
6 6711xx 671101S 6712005 07/02/2024 12/02/2024 100 84 2 2 16
1 671Xx 671201S 671300S 08/02/2024 13/02/2024 100 84 2 2 16
2 6713x 671301S 671400S 12/02/2024 19/02/2024 100 84 2 2 16
3 6714xx 671401S 671500S 13/02/2024 20/02/2024 100 84 2 2 16
4 6715«x 671501S 671600S 15/02/2024 22/02/2024 100 84 1 3 16
5 6716xx 671601S 671700S 19/02/2024 26/02/2024 100 84 1 3 16
6 6717xx 671701S 671800S 21/02/2024 27/02/2024 100 84 2 2 16
1 671&x 671801S 671900S 23/02/2024 2902/2024 100 84 2 2 16
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Soilsample preparation

All soil samples were prepared in a trdegel facility without the use of metallic or otherwipetentially
contaminating apparatus.

Soil sampleswvere collected inRilsa®PALL nylon resibags which were sealed with plastic tieSamples
were packaged into Euro stacking crates in numerical order and transported tabtheatorycontracied
to undertake sample preparatiosample preparation was conductatALS Minerals Loughrea, Ireland.

Upon receipt, sampleswefe 2 33SR Ay G2 GKS fFr02NFG2NEQEA AYyF2NNI
sample was then removed from its bag and spread out into a large aluminium tray. Trays were placed in
warming ovens to dry at c. 38C The dried sample was thguaced in a heawduty plastic bag and
disaggregated using a wooden malléhking carenot to break up lithicclass. Disaggregation was
completed, if requiredusing aceramic mortar and pestlduplicate samples were riffle split to create
replicatesubsamplesThe disaggrezmfed material was conand-quartered to obtain a representative sub
sample ofc. 30 - 359 suitable for agate ball milling. Excess unmilled material was bagged, labelled and
boxed. The subsample was milled in Eritsch agate planetary ball mill with 2dm & sized agate grinding

balls at 300 rpm for 40 minutes to prode a milled or pulped sample for chemical analyses so that
nominally 99% of sample is <gf and 95% of sample is <Aéh. The mills are operated under conditions

that cause minimal sample htiag and hat ensure a final product particle size of <82 ® -ahd2 y' S
guartered sample splitsf the milled material were prepareak the same time for théollowinganalytical
methods LOI at 450°C, 1@Pand XRFS.aBiple splits of coarsefraction €2 mn) fraction were also
prepared forpH analyss.

Condition of samples submitted from the field contractor

A total of1083survey grid cells were samplé&m 07 Februaryo 13 March2024. Overall, the weather
did not causeny significant issuda terms of samplingSibsequent handlingvas made easier than was
the case inmelluscampaigngrior to 2020by the use of Rils&@bags for collection, obviating the need for
drying or significant rebagging by field teatvefore dispatch taGSl.Typicallysamples received by GSI
were in an appropriate state for onward transfer to the preparation laboratatigeit a small number of
samples were subsequently rebagged in GSI owing to the presence of tears to aedhes sides or
bottoms of bags

Samplesplits preparedfor analyses

Sample split prepared for pH analyses

Subsamples prepared for soil pH analyses were dried, disaggregated and sieved to <2 mm but not milled.
Typically,just over20 g of sample mass were provided in a labelled securitainer, enough for ghe 5
required plus more for repeatnalyssif desired by the laboratory. Sample excesses are usually returned.

Sample split prepared for I@Fnulti-element analyses

Subsamples of prepared (disaggregated, sieved and milled) samples and reference materials were
prepared for IC& multi-element analysesTypically 5 g of sample mass were provided in a labelled
securitainer, enough for the ¢ required plus more for repeats as desired by the laboratory. Sample
excesses are usually returned.

Sample split prepared for XRFS raeltiment analyses

Subsamples of prepared (disaggregated, sieved and milled) samples and reference materials were
prepared for XRFS multlement analyses. Typicall¥3 gof sample mass were provided in a labelled
securitainer, enough for the 1@ required to make a pressed pellet for analysis. Sample excesses are
usually returned.
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Sample split prepared for lessrignition (LOI) analyses

Subsamples of prepared (disaggregated, sieved and milled) samples were prepared for LOI analyses.
Typically,3 gof sample mass were provided in a labelled securitainer, enough for the 1 g required plus
more for repeats as desired by the laboratory. Sample excesses are usually returned.

Insertion of reference materials, blind to the analyst

The sample preparation contractor prepared a range of @@t the randomized sequence of samples
as per instructions, for blind submissitmthe analytical laboratory

A range of reference materials (RMs) were portioned and potted in the eseamemanner as regular
samples and not identified in any way by their packaging or sample lists sent to the laboratory.
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Soilsamples were analysed by several methods:
1 soil losson-ignition at 450°C
1 soil pH by Cagslurryand

1 multi-element analyses for a range of majmiinor and trace elements P followingqua regia
digestion(a L dre}.

''[ { aAy SN EakghréaHielantpfovided analytical servicdsr all tests Table 3 and Table 4

provide a list of all soil analysiseasuands concentration units, methods, lower limits of detection (LLD)

and upper reporting limits (URLAppendixC provides a description of the analytical methodologies. Note

that the reported LLDs for several elements analysed by ICPar (Fe, Ga, La, Rhamdthdngedsince

the analysis of samples from preceding Tellus blocks. The reported LLDS have changed for the certified
ME-MS41L data but not for the corresponding elements reported bekovdt OSNIAFASR [[5 04

Laboratory chemical analyses

Tellus rulti-element data are requested to be reported uncensoreide. without truncation or
replacementby a fixed valuebelow or abovethe limits of detection or reporting.A reported dataset
commonly includes negative values. The advantages of this are manyfold for regional geochemical data.
For Tellus, lhinterpolation spatial mapping makes use of uncensored datdach provide a continuous
variable dataset. All statistical measures and data transformations lsefter with uncensored data and

a proportion of data below a theoretical LLD can still be useful in the overall statistical assessment.
Statistical tests such as ANOVA cannot be carried out on censored or false value data, or on zero
concentration values. Uncensm data has an advantage of not having artefacts of rounding which can
lead to step changes in the data distribution. This practice greatly facilitates the QC procedures and is
LI NI AOdzf  NY @ NBt SOOIyl 6KSNB |y | ¢thddetécton Bmit.yTheld dzNI f
reported uncensoreatoncentrationvalues are maintained throughout the QC process and uploaded in
this format to the database.

Soil losson-ignition at 450°C

ALS Minerals O&RAOE Soil LOI analyses of 1 g prepared (milled)ssutple

Method code OAGRAObSIs usedfor soillosson-ignition (LOI) analysesf prepared (milled/pulped) soil
samples. A weighed. g sample is combusted in a tared, pgnited cruciblein a temperaturecontrolled
Vecstaibenchtop muffle furnace at 48C for four hours. It is then cooled in a controlled (moistines)
atmosphere and reveighed. LOI is calculated as the proportionate mass difference before and after
combustion.

Soil pH by Cagslurry

ALS Minerals GELEQ7: Soil pH analyses of 5 g prepared (not milleehasuple

Method code OAELEOQ7 igsedfor soil pH analyses of preparedifaggregated and sieved? mm fraction

soil sampls. A weighed gsample is mixed with 12/8L of 0.01M Cagand placed omreciprocal shaker

for c. 5 minutes to form a slurryln the case of hygroscopic soils and salts or other problematic matrices,
a greater degree of dilution, standardized at 20 mL £aty be appliedThe ®il suspension is allowed

to settle forc. 1 hour. A pH electrode andutomated titrator (794 Basic TitrinoTitrando905 or Xylem
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TitroLine 780Pare used to measure the solution pH potentiometrically. The pH meter is calibrated to a
range of buffer calibration solutions.

Multi -element partial extract analyses of major, minor and trace elementslBy followingaqua regia
digestion

ALS Minerals MS41L: Mutfiement ICRAES/MS) analyses of 1 g prepared (milled)-saimple after aqua
regia extraction

Method code MSA4llis used for multi-element sample analysis ammbmbinesa two-acid aqua regia
digestion of homogenzed soil sample followed by analisby ICPMS or ICPAES A sample aliquot
weighingc. 0.5g is mixed with 75%qua regia 3:1 HNQ:HC| digested in a graphite heating block and
made up to final volume of 12l with dHO. This method is particularly well suited for samples with high
calcium content. For reactive samplesich as organidch soil,slow addition of acid mixture and/or
reduction of the nominal sample weigtgt required

Samplesubmission tothe laboratories

All samples were packed in numerical order into archive boxes for transport from the preparation facility
to the analytical laboratoryA total of1291samples includingQCSwere submitted to ALS Minerals Ltd.

for chemical analysign Novenber 202 For each analysis type (ICP, pH, L@jpdes were analysed
acrosssixlaboratory batches o€. 200 samples per batc{fTable2). Data for1516 sample IDsincluding
QCShy LOI wre reported to GSby 23/09/2025. Data for1485sample IDsincluding QC3y pH were
reported to GSI b@2/10/2025. Data forl465 sample IDsincluding QC®y ICPar were reported to GS|
23/10/2025.

Details of analytes and their analytical methods and reporting limits are provideabie3 (ICP) and able

4 (pH, LOI).

Table2 Laboratory work orders for soil analyses

Analysis ALS Work Order Reporting date Sample ID

From To
ICPar  LR25114622 11/07/2025 671101S 671300S
ICPar  LR25115878 07/07/2025 671301S 671500S
ICPar  LR25155954 23/07/2025 671501S 671700S
ICPar  LR25168055 23/10/2025 671701S 671900S
ICPar  LR25249264 29/09/2025 671901S 672100S
ICPar  LR25276051 07/10/2025 672101S 672400S
LOI LR25114670 12/05/2025 671101S 671300S
LOI LR25115856 01/07/2025 671301S 671500S
LOI LR25156156 30/06/2025 671501S 671700S
LOI LR25168064 02/07/2025 671701S 671900S
LOI LR25249278 08/09/2025 671901S 672100S
LOI LR25275942 23/09/2025 672101S 672400S
pH LR25114585 24/06/2025 671101S 671300S
pH LR25115895 24/06/2025 671301S 671500S
pH LR25156040 21/07/2025 671501S 671700S
pH LR25168062 21/07/2025 671701S 671900S
pH LR25249297 23/09/2025 671901S 672100S
pH LR25276084 02/10/2025 672101S 672400S
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Table3 Deepertopsoil ICRr analytes, concentration units, methods, lower limits of detection and reporting (LLD/LRL), upper
reporting limits (URL), accreditation statuses.

Element Symbol Unit Lower reporting URL Instrument Instrument  Accredited
limit (LRL, also LLD method
Gold Au mg kg' 0.000002 25 ICRMS MS41EBLD No
0.0002 25 ICRMS MEMS41L  Yes
Silver Ag mg kg 0.00001 100 ICRMS MS41EBLD No
0.001 100 ICRMS MEMS41L  Yes
Aluminium Al weight % 0.0001 25 ICRMS MS41LBLD No
0.01 25 ICRMS MEMS41L  Yes
Arsenic As mg kg' 0.0001 10000 ICRMS MS41EBLD No
0.01 10000 ICRMS MEMS41L  Yes
Boron B mg kgt 0.1 10000 ICRMS MS41LBLD No
10 10000 ICRMS MEMS41L  Yes
Barium Ba mg kg 0.005 10000 ICRMS MS41LBLD No
0.5 10000 ICRMS MEMS41L  Yes
Beryllium Be mg kg' 0.0001 1000 ICRMS MS41LBLD No
0.01 1000 ICRMS MEMS41L  Yes
Bismuth Bi mg kg' 0.000®5 10000 ICRMS MS41LBLD No
0.0005 10000 ICRMS MEMS41L  Yes
Calcium Ca weight % 0.0001 25 ICRMS MS41EBLD No
0.01 25 ICRMS MEMS41L  Yes
Cadmium Cd mg kg 0.00001 1000 ICRMS MS41EBLD No
0.001 1000 ICRMS MEMS41L  Yes
Cerium Ce mg kgt 0.00003 500 ICRMS MS41EBLD No
0.003 500 ICRMS MEMS41L  Yes
Cobalt Co mg kgt 0.00001 10000 ICRMS MS41EBLD No
0.001 10000 ICRMS MEMS41L  Yes
Chromium Cr mg kg' 0.0001 10000 ICRMS MS41EBLD No
0.01 10000 ICRMS MEMS41L  Yes
ABEXX-02 17
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Element Symbol Unit Lower reporting URL Instrument Instrument  Accredited

limit (LRL, also LLD! method
Caesium Cs mg kg 0.00005 500 ICRMS MS41LBLD No
0.005 500 ICRMS MEMS41L  Yes
Copper Cu mg kgt 0.0001 10000 ICRMS MS41EBLD  No
0.01 10000 ICRMS MEMS41L  Yes
Iron Fe weight % 0.00001 50 ICRMS MS41LBLD No
0.0002 50 ICRMS MEMS41L  Yes
Gallium Ga mg kg 0.00004 10000 ICPMS MS41EBLD No
0.0 10000 ICRMS MEMS41L  Yes
Germanium Ge mg kg 0.00005 500 ICRPMS MS41LBLD No
0.005 500 ICRPMS MEMS41L  Yes
Hafnium Hf mg kg 0.00002 500 ICRMS MS41EBLD No
0.002 500 ICRMS MEMS41L  Yes
Mercury Hg mg kgt 0.00004 10000 ICPMS MS41EBLD No
0.004 10000 ICRMS MEMS41L  Yes
Indium In mg kg 0.00005 500 ICRMS MS41EBLD No
0.005 500 ICRMS MEMS41L  Yes
Potassium K weight % 0.0001 10 ICRMS MS41LBLD No
0.01 10 ICRMS MEMS41L  Yes
Lanthanum La mg kgt 0.00002 10000 ICPMS MS41EBLD No
0.001 10000 ICRMS MEMS41L  Yes
Lithium Li mg kg 0.001 10000 ICRMS MS41EBLD No
0.1 10000 ICRMS MEMS41L  Yes
Magnesium Mg weight % 0.0001 25 ICRMS MS41EBLD No
0.01 25 ICRMS MEMS41L  Yes
Manganese Mn mg kgt 0.001 50000 ICRMS MS41LBLD No
0.1 50000 ICRMS MEMS41L  Yes
Molybdenum Mo mg kg' 0.0001 10000 ICRMS MS41EBLD No
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Element Symbol Unit Lower reporting URL Instrument Instrument  Accredited
limit (LRL, also LLD! method
0.01 10000 ICRMS MEMS41L  Yes
Sodium Na weight % 0.00001 10 ICRMS MS41LBLD No
0.001 10 ICRMS MEMS41L  Yes
Niobium Nb mg kg 0.00002 500 ICRMS MS41LBLD No
0.002 500 ICRMS MEMS41L  Yes
Nickel Ni mg kg 0.0004 10000 ICRMS MS41LBLD No
0.04 10000 ICRMS MEMS41L  Yes
Phosphorus P weight % 0.00001 1 ICRMS MS41LBLD No
0.001 1 ICRMS MEMS41L  Yes
Lead Pb mg kg 0.00005 10000 ICRMS MS41LBLD No
0.005 10000 ICRMS MEMS41L  Yes
Palladium Pd mg kg 0.00001 25 ICRMS MS41EBLD No
0.001 25 ICRMS MEMS41L  Yes
Platinum Pt mg kg 0.00002 25 ICRMS MS41EBLD No
0.002 25 ICRMS MEMS41L  Yes
Rubidium Rb mg kg 0.00005 10000 ICRMS MS41EBLD No
0.005 10000 ICRMS MEMS41L  Yes
Rhenium Re mg kg 0.000®2 50 ICRMS MS41EBLD No
0.00 50 ICRMS MEMS41L  Yes
Sulphur S weight % 0.0001 10 ICRMS MS41LBLD No
0.01 10 ICRMS MEMS41L  Yes
Antimony Sh mg kg 0.00005 10000 ICRMS MS41EBLD No
0.005 10000 ICRMS MEMS41L  Yes
Scandium Sc mg kgt 0.00005 10000 ICRMS MS41LBLD No
0.005 10000 ICRMS MEMS41L  Yes
Selenium Se mg kg 0.00003 1000 ICRPMS MS41LBLD No
0.003 1000 ICRMS MEMS41L  Yes
ABEXX-02 19
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Element Symbol Unit Lower reporting URL Instrument Instrument  Accredited
limit (LRL, also LLD! method
Tin Sn mg kg' 0.0001 500 ICRMS MS41LBLD No
0.01 500 ICRMS MEMS41L  Yes
Strontium Sr mg kg 0.0001 10000 ICRMS MS41LBLD No
0.01 10000 ICRMS MEMS41L  Yes
Tantalum Ta mg kg 0.00005 500 ICRMS MS41LBLD No
0.005 500 ICRMS MEMS41L  Yes
Tdlurium Te mg kgt 0.0003 500 ICRMS MS41EBLD No
0.003 500 ICRPMS MEMS41L  Yes
Thorium Th mg kg 0.00002 10000 ICRMS MS41LBLD No
0.002 10000 ICRMS MEMS41L  Yes
Titanium Ti weight % 0.00001 10 ICRMS MS41LBLD No
0.001 10 ICRMS MEMS41L  Yes
Thallium Tl mg kg 0.000 10000 ICRMS MS41LBLD No
0.001 10000 ICRMS MEMS41L  Yes
Uranium U mg kg 0.00005 10000 ICRMS MS41EBLD No
0.000 10000 ICRMS MEMS41L  Yes
Vanadium \Y mg kgt 0.001 10000 ICPMS MS41EBLD No
0.1 10000 ICRMS MEMS41L  Yes
Tungsten w mg kgt 0.00001 10000 ICPMS MS41EBLD No
0.001 10000 ICRMS MEMS41L  Yes
Yttrium Y mg kg 0.00003 500 ICRMS MS41EBLD No
0.003 500 ICRMS MEMS41L  Yes
Zinc Zn mg kg 0.001 10000 ICRMS MS41EBLD No
0.1 10000 ICRMS MEMS41L  Yes
Zirconium Zr mg kgt 0.0001 500 ICRMS MS41LBLD No
0.01 500 ICRMS MEMS41L  Yes
ABEXX-02 20
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Table 4 Deepertopsoil pH (CaG) and LOI(450°C)analytes, concentration units, methods, lower limits of detection and
reporting (LLD/LRL), upper reporting limits (URL), accreditation statuses.

Analyte Unit Lower reporting limit (LRL, also LLD) URL Instrument Accredited
SoilpH pHunit 0.1 pH meter/ CaCislurry No
Soil LOl % 0.01

Losson-ignition at 450°C  Yes
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Figure 1 Graphic of the periodic table, witHCRir element analytes fordeeper topsoil samples shown in black text, Soil pH (Gh@ind LOI (at 450°C) in green text. Adapted after
http://www.sciencegeek.net/tables/PToE_basic.pdf
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The main types of quality control samples (Q&8ployed for Tellus soil geochemistse:

i. Duplicate a sample collected from the same sample sitgpically 20 m away fronthe original
sampling locationlt is used to assess the variability of the sampling process.

i. Replicate created in the laboratory Y dividing aDuplicatesample into two identical partaising a
recognzed subsampling methid (e.g.riffle splitting). Replicates are ged to assess analytical or
laboratory errors.

iii. Reference materiala sample prepared and analysed previousiystated methodswith statistical
validation provided throughrepeated testing, to achieve accepted results used as a reference.
Reference materials aresad to assess precision and accuracy of analysis. Ideally the reference
material used should match the nature, sample type and matrix of the regular sabgitemnalysed.

iv.  Blank asample used to investigate risk of contaminatfoam the handling, treatment and/or anadis
of samplesFor Tellus soil analysidabks areused by the laboratory for analytical quality control.

Randomzation of sample identities

The field QC and analytical data quality checks are based upemamiemiation of sample identitiegPlant,
1973. This serves severpgurposeson alargescalesurvey. In any measurement process, thevidl be a
degree of both random error and systematic bias. Randatian of the sampleidentities ensures that the
errors are spread out evenly across all samples aa@ consequence, acrdle survey area. Any errors that
are dependent on a particular portion of time or processes within a laboratorynéigatedby spreading out
the effects. In particular, very commonly there is slawalyticaldrift by analyticalinstruments. Where
geographically contiguou@.e. not randonded) sampls are also analysed in the same sequence, any drift
may bemaskedby natural geochemical variatiomnd difficult to identify. If analytical drift occws during
analysis of samples that exhilsihatural increase or decrease in abundance of measuranmsildresult in
artificial amplification or suppression of true measurands abundances. Thereforeandomized samples
can lead to false geochemical spatial patterns.

Randomiation of sample identities allows the geochemist to check for quality concerns such aswearigf
highvalues(be they a memory effect or contamination) from one sample to another and to refine any data
conditioning actiongnlyto thosesamples with identifiable quality issues rather than across the board. Finding
clues of sample misidentification is only possible if there is a number of placeholder QCS where an expected
limited range of result(s) can be used to establish whether orthete isany evidence of samples being
misidentified at the preparatory and/or laboratory analyses stades. the G2S samples,reanalysis was
carried out on a small number of samples for both LOI (one analytical batch) and ICPar (two batches) following
one incidence of a sample swap, addntification of potentially erroneous reporteldaresults. Mislabelling

of some sample IDs was also identified in one batch each of LOI and ICRaheéatata were corrected and

the reports reissued.

A chart for each analyte of laleported cata is made to assure that the range of concentration values for the
measurands are randomly distributed across the sample ID range. These data are also assesseg with log
transformation. Each analyte has been assessed alongside the control charts to identifyaictechanges

that might lead to boundary effects on the combined spatial dataBefplicate and replicate pairs aedso
examined against each othdhrough x/y plots stacked box residugblots and mea percent relative
difference plotgo identify any significant deviations.
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Collection and preparation of duplicateandreplicates

In each field batch of one hundred sample numbéosir pairs of field duplicate samples€. two samples
collected from the same site) were collected: duplicate pAiB, GD, EF and GH. A field duplicate consists
of a second complete composite sample, collectgth a central pointa small distancec(21 m) from the
original sampling poin{Figure2). Thus,no two samplesf a duplicate pai@are strictly a duplicate of one
another butare separated by very shortdistanceonwhat is considered the same site. There n@tessarily
be somecompositionalvariancebetween the duplicatesamplesand thiswill depend onsoil type, geology
and other factors, including anthropogenic influences.

® Auger hole
) 20m -
@ ® O---------- ®
A 1 | ]
1 ]
1 ]
£ o 4 ® '
< ' '
" '
v @ ® 0------=-=-=-- -+
<>
1 m offset

Figure2 Diagrammatic plan for collection of a fivaugerhole composite soil sample and a fielduplicate sample (indicated by
dashed line pictogram).

For each of the samples denoted DUPA, DUPB, DUPC, DUPD, DUPE, DUPF, DUPG and DUPH, each sample
riffle split in half to produce two subsamples, one retaining the original DUP label (i.e. DUPA, DUPB, DUPC,
DUPD, DUPE, DUPF, DUPG and DUPH), the seciledilab a replicate sample, denoted SSA, SSB, SSC, SSD,
SSE, SSF, SSG and SSH.

The relationshipbetween duplicate and replicate samplds displayed diagrammatically Figure3. The
guartets of samples fronthe field duplicate sample siteareused to statistically evaluate the data variability
(i) between sample sitesii) betweensamples on the same sitand (iii) within individualsamples.

The locations ofluplicate sample sites aiguite randomly distributed across the survey area. Duplicate and
replicatesamples wereeachassigned a unique sample dbd were thusot identifiedas control samplet
the analyticallaboratoly.

Note that for each duplicate pair in a field batch, by convention analytical dat®tPA, DUPC, DUPE and
DUPG NBE NBLRNISR Fa GKS ay2N¥IFfé AFYLIES RFGEFE F2NJ 0F

Duplicate and replicate analyses

The geochemical (spatial) and technical (sampling plus analytical) variance in the chemical results can be
examined using duplicate and replicate sampling. A duplicate sample is a sample that is collected from the
same sampling site as an original sampleeplicate is an original sample subdivided prior to receipt by the
analyticallaboratory. A duplicate sample will therefore indicate sampling variability within a single site
whereas a replicate will indicate the variability of the laboratemgparationandanalysis. In practice, replicate
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samples are the subsamples creatiedm a duplicate sample. The laboratory may analgsg sample in
replicate as part of their own QA/QE,Y R Yl & f I 0S8t { raffigduéh samplesésBodibitbd O G S
confusedwith Tellus duplicate and replicate samples

The use of duplicates and replicates quality controlof data generated for large systematic geochemical
surveysis a welestablished approacfJohnsonret al. 2008 Ramseyet al. 1992. This procedure allows for
understanding of sample data repeatability and the types and sources of variability in the analytical chemical
data. A fully nested analysis of variance of the duplicate and replicate samples data is used to quantify the
systemdic and random uncertainties caused by the sample collection, preparation/handling and sample
analytical procedures.

. Unique
Geochemicabr SanplEite Unique

betweensite Unique sample site
variance sample site

Samplingor
betweensample
variance

Analyticalor
within-sample
variance

Quartet of 4 analyses for 1 unique sample s

Figure3 Diagram to show the relationship between field duplicat&s & 5 | and réplicated & { darbples, used to apportion data
variance.

Evaluating the duplicateeplicate control samples data is undertaken in three ways:

1 Compilation of the data into the quartets amspectingconditionally formatteddata to flag anyarge
variations between duplicate and replicate pairs that may refltoneous results. For example,
these might be due to sample misidentificatidviean paired relative difference (MPRD) values are
also calculated for each DURJP and DUBSpair, providing a numerical estimate of variation for
each element within eactiuplicatesite and within each duplicate sample, respectively.

9 Data analysis using charts to vismalihe data and to investigat@nomalous data
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1 Undertaking a hierarchical fully nested analysis of variance (&fteclair, 198Bto quantify the
proportions of data attributable to betweenite, betweenrsample and withirsample variance.

For eachanalyte the raw results(not modified or censoredare charted in a number of ways flour sets of
paired values: (i) duplicatduplicate (DUPDUP) and (ii) duplicateeplicate (DUFSS). Each is inspected to
identify samples that do not exhibit a close equality and to follow up ompses where a sample
misidentification is suspected.

A total of 208 samples of duplicatesreplicates from52 unigue sample sites (quartets of datagross the
survey area are available to assess in this viFy. elements where the betweesample ¢r within-site)
variability is high, usuallywing tolocal inhomogeneity, the duplicatduplicate (DUPDUP) relationships will
show a greater scatter away from the 1:1 equality lingejplicatesthat are not homogeneouthere will be a
greater scatteiin duplicatereplicate(DURSS) relationships.

Review of conditionallyformatted and MPRDOdata for DuplicateReplicate quartets

Data for DuplicateReplicate quartets are conditionally formattemflagquartetvalues that are greater dess

than one standard deviation of the mean of that quartet. This allows an assessment of variation within
guartets using measured concentrations, rather thatative percentagé variations, which can be very large

at low concentrations owing to analytical uncertainty. Sample misidentifications are normally readily
identified using this approach since significabsolutevariationin concentratimswill generallybe observed
across the whole range of elements in the sample, rather than randomly among a limited number of elements
as is typical of most sampleghis approach also helps to flag potentially poor individual elemealyses
However, inspection of conditionally formatted data for each of th2 DURSSquartetsdid not identify any
systematic data errors that could be attributed to sample misidentificatiosystematicanalytical error.

MPRD%values are calculated for each DDRP and DUREP paiand are an expression of the percentage
variation from the mean of the pairFor example, for theDUPA¢ DUPBpair, the equation is (DUPA
DUPR/ (mean DUPADUPB+100). The withinsample (DURBSS MPRD % calculationor GL2S reveal
consistently larggositive and negativegalues forsome elements, for many or even most of the paka, B,
Ge,Hf, Hg, InK,Na,Pd,Pt, ReSb,Sn, Ta, @and W.The withinsample variatiorarises fromthe splitting of

the original duplicate sample to form the replicate and the subsequent analysis of both. Elements such as Au,
Hf, K,Na, Sn and W are prone to nugget effects and/or potentially incomplete digestion of host minerals in
agua regia leading to potentially significant variation in neeaied concentrations between pairs. Elements
such asAu, B, Ge,Hg, In,Pd,Pt, Re Ta and & are present in very low concentrations so that analytical
uncertaintycan give rise to significant variation in measured concentration between samples in-RERJP
pair.

There are numerous elements that have relatialge (>20 %petweensample (DUDUP) MPRD % values

for more than 1Gsites(i.e. >20 % of sitespu,Ag,As,B, Ba, Be,Ca, CdCu,Fe, Ga, G&f,Hg, In, Mn, Mo, Na,

Nb, Ni, PPb,Pd,Pt, ReS5,Sb,Se,Sn, Sr, Tde, Ti,W, Zn,Zr.Asis the case fortte withinrsample MPRD %, for
some elements the relativekargewithin-site MPRD reflects very low measured element concentrations and
accompanying analytical uncertainty. For others, however, the data suggest significant degree of
compositional variatiorin soil within someindividual sites(Ca,Cu, Fe,Mn, P Srand Zn, with metallic
elements suggestive @f nugget effect owing tthe presence of sulphide minerals in some fractions

DuplicateReplicate data analysis using charts

For eachanalyte the raw results(not modified or censoredare charted in a number of ways for two sets of
paired values: (i) duplicatduplicate (DURDUP) and (ii) duplicateeplicate (DUFSS)Charts includ€i) DUR
DUP and DUBS XY plots, faceted both by laboratory batch and field batch nurtiberesidual values
(differencein concentration oDUP and corresponding DUP or SS samlls) faceted by laboratory and field
batch numbers, and (iii) plots of MPRD % (EDUAP and DUBS)Eachchartis inspected to identify samples
that do not exhibit a close equality and to follow up omgdes where a sample misidentification is suspected.
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For elements where the betweesample 6r within-site) variability is high, usuallpwing to local
inhomogeneity, the duplicateluplicate (DURUP) relationships will show a greater scatter away from the 1:1
equality line. Inreplicatesthat are not homogeneouthere will be agreater scatterin duplicatereplicate
(DURSS) relationshipghe chartsare a visual expression of the tabulated conditionally formatted data and
MPRD % datall are available to download fromww.gsi.ie/tellus

Analysis of variance (ANOVA)

Analysis of variance (ANOVA) is a statistical test applied to assess the representativity of geochemical results.
Nested (hierarchical) ANOVA analysis is carried out on duplicate and replicate samples and quantifies the
variability of withirg and betweemsample sites data. For applications to geochemical mapping, it is a
requirement that the variance between sample sites is greater than the variance associated with the sampling
and handling/analytical processes. The recommended varipod#n limits are 8% for between site, 16%

for between saple, and 4% for within samp{@ohnson, 2002

If there is any doubt about the sampling and subsampling methodologies futiogyed then ANOVA should

not be applied. If any individual duplicate or replicate sample is suspected to be misidentified as part of a
guartet, that quartet of results is best excluded. The ANOVA assessment is done without any concern for the
site or geologicatharacteristics. There is reliance on the random and even distribution of duplicate sample
sites across the areand over the period of sampling and tme random assignm# of sample collectorso
duplicate sites

ANOVA assumes a normal distributitnat geochemical data rarely display. A transformation assists in this
requirement but the effects of extreme outliers, poipodal or noR(logig) hormal distributions will be
apparent in the ANOVA test results. It is recommended that the sample data are examined by cumulative
frequency and other charts for exploratory data analysis (EDA) in order to esteltb@ I NA | 6 f SQa ad
behaviour and to assess the ANOVA resnlthe context ofS I OK @ [daNdidistibiti®nQ &

For eachvariable apart from pHthe data are log transformed §incemany geochemical datasets are {og
normally distributed) and therefore it is a requirement that there are no zero or negative concentration values.
Censored data distorts the ANOVA analysis and so any control quartet containing censorea daghoww
detection data substituted by a constant value) was used in the analysiginy incomplete quartet cannot

be usedfor exampleif one of the four duplicate areplicateresultsismissing or not determined, #hquartet

is excludedSince pH values are aédy in logo form, they are excluded from the lggtransformation and
ANOVA analysis is carried out on the origptatiata.

Most variableshave data above theLLD for ach of the52 duplicatereplicatequartets (Table5). Exceptions
wereB (@data available fod5 quartets),In (50 quartets), Na (51 quartet®t 37 quartets)andTa(46 quartets).

Where the withinsample variance is >%, the results are highlighted pale orangmld (Au) boron (B),
germanium (Ge)indium (In),sodium (Na)platinum (Pt) tantalum (Ta)titanium (Ti), tin (Snand tungsten
(W). Elements for which the betweesite (geochemical) variance falls below 80 % incyald (Au) platinum

(Pt), tantalum (Ta) and tungsten (W) was not possible to carry out ANOVA analysis for Pd dategfor each
guartet, with one exception, included at least onegativevalue i.e.below the detection limit.

ANOVA approach and results

The ANOVA test results based on all available duplicate site détsefsurvey areare presented imable5
and graphically i€hartl.

Onlyfourout ofthe 54 analytesreported for ANOVAn the survey area datasative the proportion of variance

that can be attributed to betweessite variance below 80 %, indicating that the data are generally suitable for
regionalmapping. Betweersample variance, as measured by the difference between duplicate samples on
the same site, igreaterthan 16 % fojust one element Pt The withinsample variance, as measured by the
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difference between duplicate andorrespondingeplicate samples, is above 4 % idrout of 54 analytes,
indicating a degree of sample heterogeneity. Thasalytes includelements thatexhibit nugget effectge.g.
Au, Sn, Ti,W) and/or are prone to significant analytical variability owing tdheir generallyvery low
concentratiors (Au, B, Ge|n, Pt, Tg. For Na, the relatively high withisample variance6(46 %) mayalso
reflect poor or uneven extraction iaqua regia

Table5 ANOVA results for all duplicate sitgeepertopsoil data.

Sorted by descending betwesesite variance component. Where the within sample variance is >4%, the results are highlighted pale
orange.

Variance component (100% sum)

Variable  Method Between site (%) Between sample (%) Within sample (%) n quartets

Y ICPar 98.73 1.16 0.11 52
Cd ICPar 98.50 1.17 0.34 52
Ca ICPar 98.18 1.79 0.04 52
Li ICPar 98.12 1.60 0.28 52
U ICPar 98.05 1.73 0.22 52
Cr ICPar 97.61 2.00 0.38 52
Sr ICPar 97.54 2.38 0.08 52
Sc ICPar 97.45 2.16 0.38 52
Co ICPar 97.40 2.25 0.35 52
Ni ICPar 97.11 2.67 0.22 52
Mg ICPar 96.91 2.88 0.20 52
Be ICPar 96.72 3.07 0.22 52
Zr ICPar 96.70 2.65 0.65 52
Vv ICPar 96.42 3.21 0.37 52
Al ICPar 96.15 3.31 0.54 52
Th ICPar 95.93 3.60 0.47 52
Hf ICPar 95.66 3.09 1.25 52
Ga ICPar 95.53 3.81 0.66 52
La ICPar 95.50 3.82 0.68 52
Ce ICPar 95.46 3.90 0.64 52
S ICPar 95.38 4.21 0.41 52
pH pH CagGl 95.27 3.22 1.51 52
Fe ICPar 95.15 4.55 0.30 52
Cs ICPar 95.05 4.49 0.46 52
Zn ICPar 95.03 3.82 1.15 52
Mn ICPar 95.02 4.80 0.18 52
Nb ICPar 94.91 3.35 1.74 52
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Variance component (100% sum)

Variable  Method Between site (%) Between sample (%) Within sample (%) n quartets
Bi ICPar 94.56 5.00 0.44 52
P ICPar 94.46 5.31 0.22 52
LOI [ hL 94.28 5.56 0.16 52
Re ICPar 94.19 3.92 1.88 52
K ICPar 94.14 4.09 1.77 52
Rb ICPar 93.40 5.82 0.77 52
Cu ICPar 93.17 6.65 0.18 52
Hg ICPar 92.54 5.94 1.52 52
Mo ICPar 92.51 7.07 0.42 52
Tl ICPar 92.15 7.43 0.42 52
Sb ICPar 91.76 6.01 2.23 52
Te ICPar 91.58 5.34 3.08 52
Pb ICPar 91.15 8.40 0.45 52
Se ICPar 91.15 7.91 0.94 52
Ge ICPar 90.39 541 4.20 52
Ag ICPar 89.30 9.89 0.82 52
As ICPar 88.75 10.63 0.62 52
Na ICPar 87.91 5.63 6.46 51
B ICPar 86.77 4.60 8.63 45
Ti ICPar 85.89 8.77 5.33 52
Sn ICPar 85.57 10.33 4.10 52
Ba ICPar 85.50 14.14 0.36 52
In ICPar 85.30 9.19 5.51 50
W ICPar 79.33 8.60 12.07 52
Au ICPar 75.03 12.27 12.70 52
Ta ICPar 74.21 11.18 14.61 46
Pt ICPar 42.04 23.24 34.72 37
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Reference materialRMs)are a critical aspect of grchemical dataquality assurance program. They are
used to measure and monitothe accuacy and repeatabilityof analftical resultswithin the same
programme of works and the reproducibility of results compared to another prograniheselection of
suitableRMs isbased on(i) identifying the besmatchbetweenthe matrix of thesample mediaandthe
matrix of the referencematerial, (ii) the range of analytesn the RM (iii) the concentration ranges
expected to be encountered in the regular sammesl (iv) the availability and cost of the materials

RMs comprise primary or certified reference materials (CRMs), purchased from suppliers with an
accompanying certificate of elemental analys&asd secondary reference materials (SRMs) produced and
used by the geochemical mapping programmé are submitted blindly to the laboratory in order to
assess the results without bias. In addition to these control samples, the laboratory has used dskoyin

K 2 dz&efétion of blank samplimaterialand CRMsTogether theRMsare a critical tool to evaluate data
quadlity, not only for a given dataset, but al$o tie together multple datasets that may span yeaos
decades andnore than oneanalytical facily.

Goncentrationdatafor all RMsare presented ilppendixA 6RMs dataQCS charts
Laboratoryin-house RMs

The RMs used and reported by the laboratories for each analytical method are déklibed(Table6 and
Table7).

Table6 In-houseCRMs used for multelement ICRr analyses

CRM name CRM Description
Manufacturer

MRGeo08 ORE Research & Blend of copper, zinc, nickel, molybdenum and lead concentrate mixed
Exploration granite, Australia.

OREAS 45f ORE Research & Blend of mineralted lateritic soil, barren lateritic soil and minor additions
Exploration gold and nickel oresAustralia.

OREA86 ORE Research & Glacial, basal till collected in Quebec, Canada
Exploration

OREASZ2 ORE Research & Lowgradecopperore prepared from material from the CSA minéNiaw
Exploration South Wales, Australia.

Table7 In-house CRMs used for soil LOI analyses

CRM name CRM Description
Manufacturer

GIOP 122 Geostats Pty Ltd Pulp iron ore.

GIOP 123 Geostats Pty Ltd Pulp iron ore.

GIOP 124 Geostats Pty Ltd Pulp iron ore.

AEX%-02 31 AU R LI M



Randomgeed andblind-to-laboratory RMs

A range ofeferencematerials (RMs) asused, comprising CRMs and SRMs submitted blind tarihéyst
(Table8 and Table9, respectively in a randonied order amongst other QCS and regular site samples

Certified reference materials (CRMSs)
Table8 Blind CRMs used fdCRar multi-element analyses.

CRM CRM Description

name Manufacturer

STSH CCRMP Stream sediment from Lavant Creek, Ontario, Canada.

STSEB CCRMP Stream sediment mixture from Hirok Stream, British Columbia, and Lavant Ci
Ontario, Canada.

TILLL1  CCRMP Soil sample collected near Joe Lake km northwest of Lanark, Ontario, Canad:

TILL.2 CCRMP ¢CAff alFyYLIES O2tft SOGSR ySINI {Oraanz

TILLL-3  CCRMP {2Af &aAlYLXS O02tt SOGSR ySINI hQ. NASYy

Seconday reference materials (SRMs)

A number of project SRMs have bedggveloped from soil and stream sedimardllectedon the island of
Ireland(Table9). Bulk soil samples CARLST, CNLST, LGRAN, LMGPSH, MONPB, ORS, WWLPAL and WXSE
were collected in 2015 as part of a joint @&S initiative. APT, AST, SPT and SST are soil samples derived
from several thousand individual Tellus site samples that werellgipeepared by BGS and then discarded

owing to collectioarelated QC failures. They were subsequently repurposed by BGS as SRMs for the Tellus
project. The original 2 mm and milled A and S samples were sorted by visual inspection into silty (or
mineratrich) and peaty (or orgariich) fractions, combined and then homogenized. These RMs are used

for QAQC of pH and LOI analyses.

Table9 Blind SRMs used fdCRar multi-element, LOI and plnalyses

SRM Locationco- Material Primary Stream Description Stream
name ordinates(ITM) type land uses  order drainage type
CARLST 72293E807165N  Topsoil Potato crop Silty soilderived

field (BDC1) from Lr Palaeozoic

sandstone and
shaletill, overlying
Carboniferous

limestone
CNLST  63877E817%0N  Topsoil Grass Silty soil derived
moor/rough from alluvial
grazing deposit overlying
(ACO00) Carboniferous
shale and
limestone
LGRAN  697129E695189N  Topsoil Pasture Sandy soitlerived
(BABO) and from granitetill,
agricultural overlyingquartz
grassland diorite

(BAOO)

AEX%-02 32 A U R U M



SRM Locationco- Material Primary Stream Description
name ordinates(ITM) type land uses  order drainage type
LMGPSH 6036452827212\  Topsaoill Pasture Silty soilderived
with goats from Namurian
(BABO). sandstone and
Large open shaletill, overlying
field Lower
surrounded Carboniferous
by bog land. shale and
sandstone
MONPB 68723E824492N  Topsaoil Long Silty clay saoll
grassed derived from Lr
fallow field Palaeozoic
with no sandstone and
livestock shaletill, overlying
present or Silurian black shale
any
evidence of
(ACO00)
ORS 582724E600936N  Topsoil Agricultural Silty soilderived
grassland from Devonian
(BAOO). sandstone (ORS)
Teagasc till, overlying
Moorpark Carboniferous
agricultural Waulsortian
research limestone
grassland,
field 38C
WWLPAL 696954E708922N  Topsoil Ploughed Till derived from Lr
field. Arable Palaeozoic
land (BD0OO) sandstone and
shale overlying
granite
WXSERP 706259E666211N  Topsoil Grass Silty clay topsoil
moor/rough overlying
grazing serpentinite and
(ACO00) Ordovician slate
and phyllite
APT n/a Topsoll Diverse Peaty soil, mainly
land uses in overlying Lr
North Carboniferous
Midlands limestone and
region clastic rocks
AST n/a Topsoil Diverse Silty soil, mainly
land uses in overlying Lr
North Carboniferous
Midlands limestone and
region clastic rocks
SPT n/a Topsoil Diverse Peaty soil, mainly
land uses in overlying Lr
North Carboniferous
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SRM Locationco- Material Primary Stream Description Stream
name ordinates(ITM) type land uses  order drainage type
Midlands limestone and
region clastic rocks
SST n/a Topsoil Diverse Silty soil, mainly
land uses in overlying Lr
North Carboniferous
Midlands limestone and
region clastic rocks

Assessment of RMs data
Data are monitored by statistically sumnmg and charting data batches.

All RMs data are charted layalyte concentration (y axis) against the sample ID (x #&lample IDs are
expected to be analysed in numerical order. Data are compiled for each RM and statistically sachmari

to assess the proportions of datselow the detection limits and the absolute values relative to the
reference values. The certificate reference values are given priority but a series of information values in
the literature are also used for elements where no certified or information refereabees is supplied by

the manufacturer. These RM data arensidered in the context dhe concentration rangelisplayed by

the sample data.

All datawith the exception of LOkere reported with date and time stamps for each sample ID. Control
charts were plotted for each analyte and thienplifiedWestgard rules for datquality (Westgard, 1981)

are followed(only 13sand 2sviolations are monitored)Cantrol charts are used to assess particular
drift in the analytical instrumenipoor analytical performancenistaken ID®r inter-batch differences that
might lead to the need to condition or level data when merging discrete batches of data.

A welthomogenked reference material would be expected to display a normal distribution of results
around an accepted reference value, for each determindralverify this assumption, a histogram of all
resultsis plotted for each RMto evaluate the spread odinalytical dataMoreover, te control charts
displaywarninglimits. In a statistically normal datasetpproximately5% of samples will fadutsideof the
warning limits and, herefore, results outside of these limits are expected and acceptable. If two
consecutivgoints fall outside, the data are usually deemed to have failed this quality check. All SRMs are
assumed to besomewhatless homogenous than CRMs. The magnitude of any fadassessed here in

the context of the overall analysis fargivenanalyte and the element response across all available RMs is
used where possible when assesswntietherthere is a problematic tranche of results.

All data reported as leghan (@ )& KS [ [ 5 | N[ %dll &diessbrivially disregarded

Control charts

Shewhartstyle control chartgShewhart, 193)Lhave been created for all blinahd laboratory ishouse
RM data where date and time stamp data are availabée for ICPar and pH dafAppendix A)The G2
soil samples were collected I8 field batches, giving a total 82 blind RMs, since each field batch allows
for four RM insertions-or ICPar analysefgsewere split betweer22 CRMsamples and30 SRMsamples;

for pH only SRMs were uselhe Tellus RMatilized for the QC programmnter ICPar analysésclude five
individualCRMs aneightindividualSRMs Table8 and Table9). For pH analyse$2 SRM analyse@®ine
APTpH samples, 21 A$H samples, six SPT_pH samples and 16 SST_pH sanepéespbmpleted for
Gl2s

Certified reference materials are also inserted at regular intervals into analytical batches by the laboratory
(Table6). These irfhouse CRMs may thus provide an additional check on data quality albeit it is important
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to note that these analyses armaot blind to the analyst.Therefore caution must be exercised in
considering the result®\Nevertheless, as is clear from the review ehouse RM data below, the reported
results for the irhouse material do not appear to display better quality than those for blind RMs submitted
by Tellus. Indeed, at face value the results appear to be ofgpaprality. However,tdeast a partiateason

for this is likely to be the much larger number of analyses of individdabuse CRM compared to blind
RMs. ALS reported a total 87 ICPauniqueanalyses of inouse CRM24 of MRGe0823 of OREAS 46,
210of OREAS 4ahd190of OREAS922) f@12Sanalyticalbatches. Most of the failures and warnings noted
on control charts in respect ofimouse RMs are for those that have been analysed most frequeasly
would be expected where failures and warnings are for the most part randoe number of failures or
warnings observed for MRGeo08 wails for OREAS4E3, for OREAS9ZB and for OREASA497.

In addition to CRMs for ICPar analyses, the laboratory also repbfidanalysefor 88 samples ofn-
house CRMs

Using theggQC package R, the control charts are based on the data mean moving range (mR) value
rather than just the mean and standard deviations of the whole data population. The mean moving range
(WY S I y)dsbaseddrabsolute differencebetween sequential pairwise measuremerite. one data

point and its predecessor in the sequence. The upper and lower control limits are each three times the
sequential deviation defined anean(mR)1.128 above and below the process mean, and that window
accountsfor 99.7% of data in a normally distributed data population. The sequential deviation is
accounting forthe sequential nature of the data points and control limits are less biased by systematic
processes offsets. Therefore, these control chéitgive a clearer picture of random error and (ii) allow

for detection of systematic (assignable cause) variation which is sought to be identified.

A normaldatadistribution is not required in the calculation of control limits and thesatrol charts are

robust for norhomogenous samples. Infrequent, cn#f exceedances of thapper and lower control

limits (process mean + 3 sequent@dviations dark blue horizontal linesn control char} aretermed

failures but arestatistically acceptableExceedancesf the warninglimits (process mean 2 sequential
deviations mediumblue horizontal linesjre more commonOne exceedance constitutes a warningile

two or more consecutive data pointgimhgoutside a limit constitute a failurélhe lightest blue horizontal

lines on the control charts arprocess mean # sequentialdeviation Theyare useful reference lines
against which drift and shift came observedut do not constitute a formal limit used for monitoring of

the analytical process qualityThese control charts are inspected for trends in the sequence and/or
multiple analytes exhibiting patterns of behaviolihe main quality cheslarefor multiple analytes of the

same sample presenting warning or failures dhd periods of timefor the analyses where multiple

AL YLX S 461 NYyAy3Ia 2N FlF At dzZNBa | NB AtBeb vnpdederiptionid€ S Y S i
control failures is meaningless. These are not described in this report. However, it is still useful to assess
the reproducibility of data results below the LLD in an uncensored datassimmary of flagged quality
issuedor ICPar analysgs presentedn Tablel0 (blind RMs) and ablell (in-house CRMd)elow.

Blind RMsICPar analyses

The review of control charts for blind RM&aple10) suggestgenerally good data quality for both ICPar
and pH analyses for G32It should be noted that the total number of RMs analysed for &4 2elatively

low compared to some other blocks (e.g. G10). Since most warningsrdadures observed on control
charts are random in nature, themallquantity of analyses results in a correspondingly low number of
warnings angbr failuresfor G125 This in turn emphasizes the importance of identifying multiple warnings
and/or failures that might reflect systematic analytical shortcomiagspecific timesWhile any such
observed events raise caution about potential implications for data quality witkrtain data ranges,
these events do not invalidate reported data but caution users that confidence is slightly lower than for
the rest of the data. This increased uncertainty is not quantified. Users are cautioned to treat affected data
accordingly.
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1 On 01/05/2025 at 18.46 there were multiple analyte warnings, for Au, Ba arMulidple analyte
failures and warnings were also recorded fohipuse reference materiais this analytical batch
aroundthis time. Affected batch: LR25114622. Possible cause: poor analytical performance.

1 Between 12.07 and 17.12 on 18/05/2025, there were multiple analyte warnings, affecting a range
of analytes. Warnings were recorded once eachAipy BeFeandIn. Multiple analyte failures and
warnings were also recorded for-frouse reference materialg this analytical batchn this
interval. Affected batch: LR25115878. Possible cause: poor analytical performance.

1 Between22.42 on 01/10/202%nd02.340n 02/10/2025, there were multiple analyte warnings,
affecting a range of analyteMultiple analyte failures and warnings were also recorded fer in
house reference material® this analytical batcln this interval Warnings were recorded once
each forCe, Nb and InAffected batch: LR25115878. Possible cause: poor analytical performance.

1 Between D.08and 13.060n 03/10/2025, there were multiple analyte warnings, affecting a range
of analytes. Warnings were recorded once eachddr Re, Ta, Ti and.Afultiple analyte failures
and warnings were also recorded forhinuse reference materiais this analytical batcin this
interval. Affected batch: LR25276051. Possible cause: poor analytical performance.

Blind RMs: pH analyses

The blind SRMs @tuded for pH analysis have, like pH samples themselves, been sieXdnimn. They

are relatively heterogeneous compared to milled samples used for ICPar and LOI analysis. This contributes
to the significant imprecision or scatter generally observed in pH SRMTddgan turn results in relatively

high standard deviations about the mean and, thedativelywide control limits.Control charts for the

four pH SRM§Appendix Adisplaytwo failures (two type 13s violations for AP and one warning (AS)
(Tablel10). None of these, in themselves, raise concerns about the pH data.

A plot of Tellus pH SRM data collected to défggured), for both A and S samplesdicates that the

reported data for G2Sare broadly in line withthose for previous survey blocksr the peaty material,

APT and 8T, except forthe early G3/G5 data arebme @ data. The A2Sdata forthe siltySRM, ST,are
consistentlyhigher (mean = @3) than those recorded forthe other silty SRM, AST (mean 539,
somethingalso observed for G10&nd G12Aamplesand to a lesser degree fother blocks.The reason

for this markeddifference is uncleabut may reflectowerl Y2 dzy G & 2F LISIF G& YI GSNAL
samples from which SST was deriv@® Y LJF NBR (2 GKS aKI fabaBticsdWdiatoh ¢ & 2 d
and/or heterogeneity among the SRM batchés with previous blocks, these variations in pH SRM data
require that the @Q2SpH data be conditioned or levelled prior to mapping together with data from other
survey blocksln the absence of CRMs for piHe approachthat has beeradoptedto dateis to use the

mean values of each of the SRMs (APT, AST, SPT, SBd pfevious surveylocks G3 to @&, as the

accepted values for these RMs, in order to provide reference valuesefpession analysisThese

reference values are interim values pendingexaluation of the pH data for the whole country once the

Tellus survey is complete.
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Figure4 TellusSRM pHlata for survey blocks G3 toX2, plotted in order of analysigoldest analyses on left).

In-house RMsICPar analyses

Numerousobserved events raise caution about potential implications for data quality within certain data
ranges(Table11). These events do not invalidate reported data but caution users that confidence is
somewhat lower than for the rest of the data. This increased uncertainty is not quantified. Users are
cautioned totreat affected data accordingly.

1 On 30/04/2025 between 10.34 and 12.48here were multiple analytdailures and warnings,
affecting a wide range of analytdzilures were recorded foBa, Ce, La, Nb, ,Nvarnings for Al,
Au, Cs, Fe, Hf, K Na, Ni, Tl, W anéiffécted batch: LR25114622. Possible cause: poor analytical
performance.

I On 01/05/2025 between 19.06 and 19.5&here were multiple analyte failures and warnings,
affecting arange of analytedrailureswere recordedor La, Li and Na, warnings for Li, Pd, Pt, Re,
Sh Several warnings were also recorded for blind RMs in this analytical battis interval
Affected batchl. R25114622Possible cause: poor analytical performance.

T On 18/05/2025 between 12.18 and 17.28, there were multiple analyte failures and warnings,
affecting a wide range of analytdsilures were recorded fdu (twice) and Th and Tl (once each),
warnings for Au, Cr, Cu, Hg, In, K, Mo, Sb, Ti, Tl, W &e\hZral warnings were also recorded for
blind RMs in this analytical bataithis interval Affected batchL R25115878Possible cause: poor
analytical performance.

T On2906/2025 between 12.08 and 15.41, there were multiple analyte failureand warnings,
affecting a wide range of analytes. Failures were recotdace each for Hg, Mo and Sb, and once
each for Ge, Nb, Sn and Sr. Warnings were recorded for Ce, Co, Cs, Mg, Mo, Re, S (twice), Y, Zn and
Zr. Affected batchLR25155954Possible cause: poor analytical performance.

1 On30/06/2025 between 15.46 and 18.5%here were multiple analyte failureasnd warnings,
affecting a wide range of analytes. Failures were recotdace each for Li and Sb and once each
for Al, B, Bi and Mo. Warnings were recordetite for Ti and once each fa&a, La, Li, Mg, Mn, Ni,
P, Pt, RbS, Srand Tl Affected batchLR25168055P0ssible cause: poor analytical performance.

1 On01/07/2025 between 09.49 and 12.5%here were multiple analyte failureand warnings,
affecting a wide range of analytes. Failures were recotueck for Te and once each f8a, Cs,
Li, Nb, Shand Sr. Warnings were recorded once each for Al, Au, Mg, Ni, Pb, Rb. &fte&ed
batch:LR25155954Possible cause: poor analytical performance.
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On 21/07/2025 between 08.48 and 11.16, there were multiple analyte failures and warnings,
affecting a wide range of analytes. Failures were recofde@e,Cs(twice), Ge(twice), Hf, Na, Nb
(twice), Pd (twice)Sand Zn There were alsmanywarnings for As (twice) B (twice), Ba, Ca, Cd,
Ce, Cir(twice), Cu, FeGa, GeHf, In, KMo, Na,Ni, P (twice), Pb(twice), Rb, Rdfour timeg, S
(twice), Ta U, VandZr. Affected batchLR25168055P0ssible cause: poor analytical performance.

On 13/09/2025 between 10.39 and 14.13 there were multiple analyte failures and warnings,
affecting a wide range of analytedlany failures were recordedAg, Ba(thrice), Cr, Fe, Géive
times), Li(thrice), Mg (twice), Mn (twice), Ni(thrice), P(thrice), Re,TiandV (twice). There were
alsonumerouswarnings Ca, CrCo,Cu(twice), Fe(twice), K(twice),Li, Mg, Mn, MgNa, P, Pland

V. Affected batchLR25249264Possible cause: poor analytical performance.

On 01/10/2025 between23.10and 03.11, there were multiple analyte failures and warnings,
affecting a range of analytes. Failures were recordedC®rLa, \WTh, Na and Tlyarnings forAg
(twice), Au, CdGe,La(twice), Pb (twice)Pd, Tland U Several warnings were also recorded for
blind RMs in this analytical batch at this tinfdfected batch1.R25276051Possible cause: poor
analytical performance.

On 07/10/2025 between 10.51and 11.0Q there were multiple analyte failures and warnings,
affecting a range of analyteBailures were recordedor Al, Sb (twice) and Sn. There were also
severalwarnings Au, Bi, Mo, Ni, Pb, Tl and. Affected batchLR25276051Possible cause: poor
analytical performance.
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Table10. Summary of data quality issues observed &ntrol charts for CRir analysesof Tellus CRMand pH analyses of SRMs

RM Sample  Laboratory Analyses Date Description Failure/warning
ID batch number application

STSH 671106S LR25114622 ICRMS 30/04/2025 09:55 Multiple analyte warnings: As, Pt Outwith upper/lower warning limits

STSEB 671209S LR25114622 ICRMS 01/05/2025 18:46 Multiple analyte warnings: Au, Ba, Ta Outwith lower warning limits

TILEL 671259S LR25114622 ICRMS 02/05/2025 11:25 Single analyte warning: Pd Outwith upper warning limit

LMGPSH 671284S LR25114622 ICRMS 02/05/2025 12:50 Single analyte warning: Ti Outwith upper warning limit

WWLPAL 671320S LR25115878 ICRMS 18/05/2025 12:07 Multiple analyte warnings: Fe, In Outwith upper/lower warning limits

WXSERP 671370S LR25115878 ICRMS 18/05/2025 15:15 Single analyte warning: Be Outwith upper warning limit

TILE3 671421S LR25115878 ICRMS 18/05/2025 17:12 Single analyte warning: Ag Outwith upper warning limit

CARLST 671494S LR25115878 ICRMS 21/05/2025 13:11 Multiple analyte warnings: Hf, Pd Outwith upper/lower warning limits

MONPB 671447S LR25115878 ICRMS 22/06/2025 20:01 Single analyte warning: Nb Outwith upper warning limit

TILEL 672132S LR25276051 ICRMS 01/10/2025 22:42 Single analyte warning: Ce Outwith lower warning limit

WXSERP 672158S LR25276051 ICRMS 01/10/2025 23:33 Single analyte warning: Nb Outwith upper warning limit

MONPB 672219S LR25276051 ICRMS 02/10/2025 02:34  Single analyte warning: In Outwith lower warning limit

LMGPSH 672242S LR25276051 ICRMS 03/10/2025 10:08 Multiple analyte warnings: Cd, Ta Outwith upper warning limits

CNLST 672268S LR25276051 ICRMS 03/10/2025 11:07 Single analyte warning: Re Outwith lower warning limit

STSH 672306S LR25276051 ICRMS 03/10/2025 13:06 Multiple analyte warnings: Ti, Zn Outwith upper warning limits

APT_pH 671370S LR25115895 pH CagGl 13/05/2025 20:44 Single analyte failure Outwith lower failure limit

APT pH  672331S LR25276084 pH CaGl 24/09/2025 18:16 Single analyte failure Outwith upper failure limit

AST_pH  671945S LR25249297 pH CaGl 11/09/2025 19:43 Single analyte warning Outwith lower warning limit
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Tablel1 Summary of data quality issues observed by control charts foRIr analyses of laboratory inouse CRMs

CRM Batch LIMS code Analysis Date / Time Description Failure / warning
number

OREA85f LR2511462: RR29386408 ICPMS  30/04/2025 10:34 Single analyte failure: Ce Outwith upper failure limit
031

OREAS 92 LR2511462z RR29386408 ICPRMS  30/04/2025 11:06 Single analyte failure (Nb) and multiple Outwith upper failure and warning
040 analyte warnings (Au, Cs, Ni, TI, W) limits

OREAS 46 LR2511462z RR29386409 ICPRMS  30/04/2025 11:53 Multiple analyte warnings: Hf, Na Outwith upper warning limits
016

MRGeo08 LR2511462z RR29386409 ICRMS  30/04/2025 12:45 Multiple analyte failures (Ba, La, Ni) an Outwith upper failure limits,
040 multiple analyte warnings (Al, Fe, K, V) consecutive upper warning limit and

upper warning limits

OREAS 46 LR2511462z RR29386411 ICPMS  01/05/2025 19:06 Single analyte failure (Li) and multiple Outwith upper failure and warning
015 analyte warnings (Pd, Pt, Sb) limits

MRGeo08 LR2511462z RR29386411 ICRMS  (01/05/2025 19:58 Multiple analyte failures (La, Ni) and  Outwith consecutive upper warning an
040 multiple analyte warnings (Li, Re) upper warning limits

OREA85f LR2511462: RR29386412 ICPMS  02/05/2025 11:17 Single analyte failure (Be) and multiple Outwith upper failure limit and
013 analyte warnings (Mg, Ni, Re, V) upper/lower warning limits

OREAS 46 LR2511462: RR29386413 ICPMS  02/05/2025 13:22 Multiple analyte failures (Co, Sc, Te) ar Outwith upper/lower failure limits and
014 single analyte warning (Rb) upper warning limit

MRGeo08 LR2511462: RR29386413 ICRMS  (02/05/2025 14:07 Multiple analyte warnings: Rb, W Outwith upper warning limits
040

MRGeo08 LR2511462: RR29482942 ICRMS  17/05/2025 00:20 Single analyte warning: Sb Outwith upper warning limit
040

OREAS 46 LR2511587¢ RR29473942 ICRMS  18/05/2025 12:18 Multiple analyte warnings: Cr, Cu Outwith lower warning limits
012

MRGeo08 LR2511587¢ RR29473942 ICRMS  18/05/2025 14:07 Multiple analyte failures (Th, U) and Outwith upper failure limit, consecutive
040 multiple analyte warnings (W, Zr) upper warning limit and upper/lower

warning limits
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CRM Batch LIMS code Analysis Date / Time Description Failure / warning
number

OREA85f LR2511587¢ RR29473943 ICPMS  18/05/2025 15:12 Multiple analyte warnings: K, Sb, Ti Outwith upper/lower warning limits
019

OREAS 92 LR2511587¢ RR29473943 ICPMS  18/05/2025 15:46 Single analyte warning: Hg Outwith upper warning limit
040

OREAS 46 LR2511587¢ RR29473944 ICPMS  18/05/2025 16:51 Multiple analyte warnings: In, Tl Outwith upper/lower warning limits
022

MRGeo08 LR2511587¢ RR29473944 ICRMS  18/05/2025 17:28 Multiple analyte failures (TI, U) and Outwith lower failure limit, consecutive
040 multiple analyte warnings (Au, Mo) upper warning limit and upper/lower

warning limits

OREAS 46 LR2511587¢ RR29473946 ICPRMS  21/05/2025 12:17 Single analyte failure (Zr) and multiple Outwith upper failure and warning
015 analyte warnings (La, Mo, Se, Sr) limits

MRGeo08 LR2511587¢ RR29473946 ICRMS  21/05/2025 13:18 Single analyte failure (Sc) and multiple Outwith lower failure limit and
040 analyte warnings (Cd, Pt, Ti) upper/lower warning limits

OREAd85f LR2511587¢ RR29473947 ICRMS  21/05/2025 14:13 Single analyte failure (Ge) and multiple Outwith upper failure limit and
002 analyte warnings (Au, Sh) upper/lower warning limits

OREAS 92 LR2511587¢ RR29473947 ICRMS  21/05/2025 14:23 Single analyte failure (Pd) and multiple Outwith upper failure and warning
008 analyte warnings (Pt, Th) limits

MRGeo008 LR2511587¢ RR29572151 ICRMS  29/05/2025 23:38 Single analyte failure (Y) and single Outwith consecutive lower warning
008 analyte warning (B) limit and lower warning limit

OREAS 46 LR2515595/ RR29731901 ICPMS  22/06/2025 21:13 Multiple analyte failures (Ag, Au) and  Outwith upper failure limits and
023 multiple analyte warnings (Cu, Sr, Ta) upper/lower warning limits

MRGeo008 LR2515595¢ RR29731901 ICRMS  22/06/2025 21:40 Single analyte failure (Y) and multiple Outwith consecutive lower warning
040 analyte warnings (Ag, Be, Ca, Cd, Nb, limit and lower warning limits

OREA85f LR2515595¢ RR29731902 ICPRMS  22/06/2025 22:45 Single analyte failure (Nb) and multiple Outwith lower failure limit and
027 analyte warnings (Na, Sn, Tl, Zr) upper/lower warning limits
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CRM Batch LIMS code Analysis Date / Time Description Failure / warning
number

OREAS 92 LR2515595¢ RR29731902 ICPMS  22/06/2025 23:08 Multiple analyte warnings: Ca, Rb, Ti  Outwith lower warning limits
040

OREAS 46 LR2515595¢/ RR29731903 ICPMS  29/06/2025 12:08 Multiple analyte failures (Hg, Sb) and  Outwith consecutive upper/lower
016 single analyte warning (S) warning limits and lower warning limit

MRGeo08 LR2515595/ RR29731903 ICRMS  29/06/2025 13:19 Single analyte warning: Zn Outwith upper warning limit
040

OREAd85f LR2515595¢ RR29731904 ICRMS  29/06/2025 14:51 Single analyte failure: Mo Outwith consecutive lower warning
030 limit

OREAS 92 LR2515595/ RR29731904 ICPRMS  29/06/2025 15:07 Multiple analyte warnings: Mg, Mo, S Outwith upper/lower warning limits
040

OREAS 46 LR2515595/ RR29755386 ICPRMS  29/06/2025 15:35 Multiple analyte failures (Ge, Hg, Sh, S Outwith lower failure limit, consecutive
002 and multiple analyte warnings (Ce, Re) upper/lower warning limits and

upper/lower warning limits

MRGeo08 LR2515595/ RR29755386 ICRMS  29/06/2025 15:41 Multiple analyte failures (Mo, Nb, Sn)  Outwith lower failure limit, consecutive

005 and multiple analyte warnings (Co, Cs, lower warning and lower warning limits
Zr)

OREA85f LR25168055 RR29755390 ICPMS  30/06/2025 15:46 Multiple analyte failures (B, Li, Mo, Sb) Outwith upper failure limit, consecutive

011 and multiple analyte warnings (Sn, Tl) upper/lower warning limits and lower
warning limits

OREAS 92 LR2516805t RR29755390 ICPMS  30/06/2025 16:53 Single analyte warning: Mn Outwith upper warning limit
040

OREA85f LR25168055 RR29755394 ICPMS  30/06/2025 18:32 Multiple analyte failures (B, Li, Sb) and Outwith upper failure limit, consecutive
023 multiple analyte warnings (La, Ni, Pt, S upper/lower warning limits and

Ti) upper/lower warning limits

OREAS 92 LR2516805t RR29755394 ICPMS  30/06/2025 18:59 Single analyte failure (Al) and multiple Outwith lower failure and warning limit:

040 analyte warnings (Ca, Li, Mg, P, Rb, Ti
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CRM Batch LIMS code Analysis Date / Time Description Failure / warning
number
OREAS 46 LR2515595/ RR29731905 ICPMS  01/07/2025 09:59 Multiple analyte failures (Ba, Cs, Sr) ar Outwith lower failure limit, consecutive
009 single analyte warning (Al) lower warning limits and lower warning
limit
MRGeo08 LR2515595/ RR29731905 ICRMS  01/07/2025 11:25 Multiple analyte failures (Nb, Te) and  Outwith lower failure limit, consecutive
040 multiple analyte warnings (Mg, Ni, Pb, . lower warning limit and upper warning
limits
OREAd85f LR25168055t RR29731906 ICPMS  01/07/2025 12:57 Multiple analyte failures (Li, Sb, Te) ani Outwith consecutive upper/lower
018 multiple analyte warnings (Au, Rb) warning limits and upper/lower warning
limits
OREAS 46 LR2516805t RR29755391 ICPRMS  01/07/2025 21:03 Single analyte failure (Cs) and multiple Outwith consecutive lower warning
026 analyte warnings (Ga, Mn, Sn) limit and lower warning limits
OREAd85f LR25168055t RR29755392 ICPRMS  01/07/2025 22:54 Single analyte failure (Te) and single  Outwith lower failure and warning limit:
004 analyte warning (Mo)
OREAS 92 LR25168055t RR29755392 ICPRMS  02/07/2025 00:15 Single analyte failure (Pd) and multiple Outwith upper failure and upper/lower
040 analyte warnings (Mn, Nb, Pt) warning limits
OREAS 46 LR25168055 RR29904074 ICPRMS  21/07/2025 08:48 Single analyte failure (Pd) and multiple Outwith upper failure and upper/lower
031 analyte warnings (Ce, Cr, Cu, Mo, Nia, warning limits
Pb, Re)
MRGeo008 LR2516805t RR29904074 ICRMS  21/07/2025 09:41 Multiple analyte failures (Ce, Zn) and  Outwith upper failure and upper/lower
040 multiple analyte warnings (B, Fe, P, Pb warning limits
Re, S, U)
OREA85f LR25168055 RR29903118 ICPMS  21/07/2025 10:10 Multiple analyte failures (Ge, Nb, Pd)  Outwith upper failure limit, consecutive
002 and multiple analyte warnings (Ba, Ca, lower warning limit and upper warning
Cd, Cr, P, Rb, Re, V) limits
OREAS 92 LR25168055t RR29903118 ICPMS  21/07/2025 10:16 Single analyte failure (Hf) and multiple Outwith lower failure and upper/lower
005 analyte warnings (B, In, Re, Ta) warning limits
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CRM Batch LIMS code Analysis Date / Time Description Failure / warning
number
OREAQ5f LR25168055 RR29904075 ICPMS  21/07/2025 11:05 Multiple analyte failures (Cs, Ge, Na, N Outwith upper failure limits,
002 and multiple analyte warnings (As, Hf, consecutive lower warning limits and
S, Zr) lower warning limits
OREAS 92 LR25168055 RR29904075 ICRMS  21/07/2025 11:16 Multiple analyte failures (Cs, S) and Outwith upper/lower failure and
008 multiple analyte warnings (As, Ga, Ge) warning limits
MRGeo008 LR2524926¢ RR30283568 ICRMS  12/09/2025 20:27 Multiple analyte failures (Au, Ge, Hg)  Outwith upper/lower failure and lower
040 and single analyte warning (Ga) warning limits
OREAS 46 LR2524926< RR30283566 ICPRMS  12/09/2025 21:01 Multiple analyte failures: Ge, P Outwith upper failure and consecutive
007 upper warning limits
MRGeo08 LR2524926/ RR30283566 ICRMS  12/09/2025 22:04 Single analyte failure (Ge) and single  Outwith upper failure and lower
040 analyte warning (Zr) warning limits
OREAd85f LR2524926< RR30283567 ICRMS  12/09/2025 23:08 Multiple analyte failures: Ni, Re Outwith upper failure and consecutive
021 lower warning limits
OREAS 92 LR2524926< RR30283567 ICPMS  12/09/2025 23:53 Single analyte warning: Hg Outwith upper warning limit
040
OREAg5f LR2524926¢ RR30283569 ICRMS  13/09/2025 10:39 Multiple analyte failures: Ba, Li, Mn, Ni, Outwith upper failure limit and
026 P, Re, V consecutive lower warning limits
OREAS 92 LR2524926/ RR30283569 ICRMS  13/09/2025 11:14 Multiple analyte failures: Ag, Ge Outwith upper failure and consecutive
040 upper warning limits
OREAS 46 LR2524926</ RR30283570 ICPMS  13/09/2025 12:00 Multiple analyte failures (Ge, P) and  Outwith upper failure limit, consecutive
015 multiple analyte warnings (Fe, Li, Mg, lower warning limit and upper/lower
Pb) warning limits
MRGeo08 LR2524926/ RR30283570 ICRMS  13/09/2025 13:03 Multiple analyte failures (Ba, Ge, Ge, L Outwith lower failure limits, consecutiv
040 Mg, Ni, Ti) and multiple analyte upper/lower warning limits and lower
warnings (Ca, Cr, Cu, K, Mn, Na, P, V) warning limits
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CRM Batch LIMS code Analysis Date / Time Description Failure / warning
number

OREAQ5f LR2524926</ RR30283571 ICPMS  13/09/2025 13:51 Multiple analyte failures (Ba, Cr, Fe, Li, Outwith lower failure limits, consecutiv:

011 Mg, Mn, Ni, P, V) and multiple analyte lower warning limits and lower warning
warnings (Co, Cu, K) limits

OREAS 92 LR2524926</ RR30283571 ICPMS  13/09/2025 14:13 Single analyte failure (Ge) and multiple Outwith consecutive upper warning
024 analyte warnings (Fe, Mo) limit and upper/lower warning limits

OREAS 46 LR25276051 RR30374199 ICRMS  24/09/2025 11:09 Single analyte failure (Ba) and multiple Outwith upper failure and warning
018 analyte warnings (Cs, U) limits

MRGeo08 LR2524926/ RR30374199 ICRMS  24/09/2025 11:55 Multiple analyte failures (Th, Ti) and  Outwith consecutive lower warning ant
040 single analyte warning (La) lower warning limits

OREAd85f LR25276051 RR30401044 ICPRMS  01/10/2025 23:10 Multiple analyte failures (Ce, La, W) an Outwith upper/lower failure and
024 single analyte warning (Cd) warning limits

OREAS 92 LR25276051 RR30401044 ICRMS  01/10/2025 23:43 Multiple analyte warnings: Cd, La, Pb  Outwith lower warning limits
040

OREAS 46 LR25276051 RR30401045 ICRMS  02/10/2025 00:17 Multiple analyte warnings: La, Pb Outwith lower warning limits
004

MRGeo08 LR25276051 RR30401045 ICRMS  02/10/2025 01:22 Single analyte failure (Th) and multiple Outwith consecutive lower warning ant
040 analyte warnings (Ag, Au, U) lower warning limits

OREA85f LR25276051 RR30401046 ICPMS  02/10/2025 02:31 Multiple analyte warnings: Ag, Pd, TI  Outwith lower warning limits
021

OREAS 92 LR25276051 RR30401046 ICPMS  02/10/2025 03:11 Multiple analyte failures (Na, Tl) and  Outwith upper/lower failure and lower
040 single analyte warning (Ge) warning limits

OREAS 46 LR25276051 RR30401047 ICPRMS  03/10/2025 09:58 Single analyte failure (Bi) and single  Outwith upper failure and lower
003 analyte warning (Fe) warning limits

MRGeo08 LR25276051 RR30401047 ICRMS  03/10/2025 11:15 Single analyte failure (Bi) and multiple Outwith lower failure and upper/lower
040 analyte warnings (In, Te, Y) warning limits

AEXZ-02 45

AURUM



CRM Batch LIMS code Analysis
number

Date / Time

Description Failure / warning

OREA85f LR2527605] RR30401048 ICPMS
032

OREAS 92 LR25276051 RR30401048 ICPMS
040

OREAS 46 LR25276051 RR30401049 ICPMS
012

OREA85f LR2527605] RR30401050 ICPMS
004

OREAS 46 LR25276051 RR30401059 ICPMS
011

MRGeo08 LR2527605] RR30401059 ICRMS
016

OREA85f LR2527605] RR30484354 ICPMS
002

OREAS 92 LR25276051 RR30484354 ICPMS
007

AEX%-02

03/10/2025 12:57

03/10/2025 13:11

03/10/2025 15:16

03/10/2025 19:31

03/10/2025 21:20

03/10/2025 21:40

07/10/2025 10:51

07/10/2025 11:00

Single analyte failure (Sb) and single  Outwith consecutive upper warning an

analyte warning (Re) lower warning limits

Single analyte failure (Ni) and multiple Outwith upper failure and upper/lower
analyte warnings (Co, Re) warning limits

Multiple analyte warnings: Cd, W Outwith lower warning limits

Single analyte failure (Sb) and single  Outwith consecutive upper warning an
analyte warning (Ce) lower warning limits

Single analyte failure (As) and multiple Outwith upper failure and lower
analyte warnings (Co, Cs, Cu, Ni, Te) warning limits

Single analyte warning: Te Outwith lower warning limit

Multiple analyte failures (Al, Sb) and  Outwith upper/lower failure and
multiple analyte warnings (Au, Mo, Ni, upper/lower warning limits
Pb)

Multiple analyte failures (Sb, Sn) and  Outwith upper/lower failure and
multiple analyte warnings (Bi, Tl, Zr)  upper/lower warning limits
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Linear regression plotand data conditioning

For all CRM data, a regression analysis of the certified reference concentration against the mean measured
concentration was evaluated to assess analytical performance and precssiae all analyses reported

here were carried out followingqua regiaextraction, available certified values ameported for aqua

regiaor other incomplete extractioswhere availabld Yy R | NB NBFSNNBR G2 a WL
OSNIATASR Ol tfdzSa 20GFAYSR (KNREZ2K I QI RAAISBAARYIE
insteadto carry out regression analysishe methodology fo#2 (| £ Q R AigsSeinieen Biffedent @I NJ
CRMshut certified values forsuchextractions aretypically significantly higher than those recorded for

agua regiaextractions.In these cases, the utility of the regression analysis is limded the wser is

advised to interprethe resultantplots accordinglyfFor thelCParanalytes five CRMare available: STSD

1,STSD 3, TILL 1, TILL 2 and TILL 3. Each regression line and itsaegbatied on up to five dataoints.

In the case of ihouse CRMs, all certified values used in the regression analyses are for partial extractions.

For the LO&nd pHanalyses there are no CRMs but a series of project SRMausedeAPT, AST, SPT and
SSTThe reference concentrations employed for the regression analysis of measured LOI and ai¢ data

the means of previous analyses of the SRMs carried out for preceding survey blocks up to and including

G6 block data.

A summary of the linear regression relationshipisthe ICPar analytes presented imTablel2 for Tellus
CRM data and imablel4for in-house CRM datd.ablel3displays the regression relationship for la@d
pHdata.Regression curves fonalytesfor whichOS NI A FASR @I f dzS& 200 JaSR (K1
availablegenerallydisplay a very godfit to the data points and, in turn, the measured valuesgeaerally

a good match for certified valueBr some cases (BEg, KNg, the good fit obtaineds at least partly a
reflection ofclustering of data at either end of the data range, yielding a #varpoint regression curve

or an actual twepoint regression curve in the case of Bor a few analytesuch as Be, K and Na, measured
values are a poor match for certified valugsgssibly reflecting the different partial extraction
methodology used for the CRMsther than any analytical issueb the case of P, the measured
concentration for one of the three CRMs (FR)Llis significantly lower than the certified value, giving rise
to a poor fit (F = 0.629). Measured concentrations for the other two CRMS;IT#rd TIL43, are close to
the certified values. This mismatch between measured and certified P concentration f& AdklLbeen
observed throughout the Tellus analytical programme for |@B&. It is possible that the certified partial
extract value foiTILE2 used here for regression analysis may not be the most appropriateativeit the
extraction method cited involved concentrated HN(Dd HCI and thus appears comparabladua regia

SomeSINBaaAA2Y OdzNIBSa F2NI FylfeidSa F2NI 6KAOK 2yfée C
available displagoodfits to the data @As, Ce Cs,Cu,La,Li,Mn, P, SbUJ, Zr) but, with the exception oAs,

Cuand U, measured and certified valudsr these analytesare generallypoorly matched.Regression

curves for aalytesAu,Ca, Co, Féif,K, Mg, NaSc, Sr, T&h,Ti, Yand Zr display poor fits to the measured

dataas well as a poor match for certified valud$e poor match between mesured and certified values

is unsurprising in the case of elements séehthatRA A LJt | @ | aGNRByYy3 dadaydg@emSGé S
the small quantity of sample analysed. In the case of other elemaqts regiaextracts from soil a small

proportion of thetotal concentration of element present in the sample (e.g. c. 1 % of Hf &tedimanret

al. 2019, so a significant mismatch between certified and analytical values is to be expRetge:ssion

plots were not constructed foBi, Ga, Gen, Pd, PtRe, SeSn Te, Thnd W due tansufficientcertified
data.NoICPawdata are recommended to be conditioned

In the case of pH, as noted above, reportizda forG12SpeatyRMdata are generallin line with data for
adjacent survey blockslhe G2S data for the silty SRM, S$H, are consistently higher than those
recorded for the other silty SRM, ABH, somethingalsoobserved foiG10A and G12A data but only to a
limited extent for dher blocks.Consequently, the &2Ssampledata require conditioningor levelling jf

they are to be mapped together with data for other blocks. The linear regression relationship between the
G12SpH RMdata and the mean values for the pH SRMs for blocks up to G6 (Table 13) pravidaesa

of conditioning the data in this case.
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Tablel2Linear regression relationships for |@Panalytes.

Linear regression relationships

Analyte CRMs Digestion Intercept Slope R
Ag(mg kg)  STSH, STSB, TILEL, TILE2, TILE3 partial 0.0333 0.983 1
Al (%) TILEL, TILE2, TILE3 partial 0.379 0.703 0.986
As(mg kg') STSH, STSE, TILK, TILE2, TILE3 partial 3.39 0.976 1
Au(mg kgl)  STSH, STSB, TILLL, TILE2, TILE3 total 0.000376 0.454 0.832
B(mg kgt STSH, STSB total -10.6 0.207 1
Ba(mg kg)  TILEL, TILE2, TILE3 partial -6.47 1.08 0.999
Be(mg kg)  TILEL, TILE2, TILE3 partial -0.375 0.86 0.995
Bi(mg kg')

Ca(%) TILEL, TILE2, TILE3 partial -0.00849 0.807 1
Cd(mg kgh TILEL, TILE2, TILE3 partial -0.00492 1.18 1
Ce(mg kg)  STSH, STSE, TILLL, TILE2, TILE3 total -2.35 0.762 0.971
Co(mg kgh) STSH, STSE, TILK, TILE2, TILE3 partial 0.706 0.958 0.875
Cr(mg kg') STSHEL, STSE, TILK, TILE2, TILE3 partial 2.29 0.835 0.999
Cs(mg kgt) STSHEL, STSE, TILK, TILE2, TILE3 total -0.0886 0.572 0.997
Cu(mgkg)  STSEL, STSE, TILEL, TILE2, TILE3 partial 0.338 0.968 1
Fe(%) STSHEL, STSE, TILK, TILE2, TILE3 partial 0.257 0.906 0.923
Ga(mg kg')

Ge(mg kgh)

Hf (mg kg') STSH, STSH, TILEL, TILE2, TILE3 total 0.0183  0.00241 0.0756
Hg(mg kg)  STSHL, STSB, TILEL, TILE2, TILE3 partial -0.00309 1.04 0.937
In (mg kg')

K (%) TILEL, TILE2, TILE3 partial -0.0232 0.757 0.992
La(mg kg') STSH, STSE, TILK, TILE2, TILE total 0.532 0.662 0.927
Lilmg kg)  STSH, STSB, TILLL, TILE2, TILE total 1.24 0.713 0.977
Mg (%) TILEL, TILE2, TILE3 partial -0.0592 0.991 0.997
Mn (mg kg)  STSH, STSE, TILEL, TILE2, TILE3 partial 116 0.902 0.997
Mo (mg kgl)  TILEL, TILE2, TILE3 partial -1.87 1.27 0.984
Na (%) TILEL, TILE2, TILE3 partial 0.0141 0.275 0.95
Nb(mg kg?)  STSH, STSB, TILLL, TILE2, TILE3 total -0.517 0.215 0.894
Ni (mg kgh) STSHL, STSE, TILK, TILE2, TILE3 partial 2.78 0.943 0.966
P (%) TILEL, TILE2, TILE3 partial 0.00895 0.74 0.629
Pb(mg kg) STSH, STSE, TILK, TILE2, TILE3 partial 2.01 0.978 0.993
Pd(mg kg")

Pt(mg kg')

Rb(mg kg") STSH, STSE, TILK, TILE2, TILE3 total -5.31 0.309 0.953
Re(mg kg)
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Linear regression relationships

Analyte CRMs Digestion Intercept Slope R
S(%) STSHL, STSB total -0.0166 1.3 1
Sb(mg kg)  STSH, STSB partial -1.23 1.65 1
Sc(mg kgh)  STSH, STSE, TILKL, TILE2, TILE3 total 405 -0.00754 0.000249
Se(mg kgh)

Sn(mg kg')

Sr(mg kg)  STSH, STSE, TILKL, TILE2, TILE3 total 35.7  -0.0408 0.0192
Ta(mg kg') STSHL, STSE, TILK, TILE2 total 0.00288 -0.0006 0.591
Te(mg kg)

Th(mg kg') STSHEL, STSE, TILK, TILE2, TILE3 total -1.04 0.531 0.815
Ti(%) STSHL, STSE, TILK, TILE2, TILE3 total 0.0528 0.0114 0.556
TI(mg kg")

U (mg kgt STSH, STSB, TILL, TILE2, TILE3 total -1.03 0.907 0.967
V (mg kg) STSH, STSE, TILK, TILE2, TILE3 partial 15.6 0.666 0.599
W (mg kg")

Y (mg kgt) STSHEL, STSE, TILK, TILE2, TILE3 total -2.75 0.531 0.591
Zn(mg kg') ~ STSEL, STSE, TILEL, TILE2, TILE3 partial -3.65 1 1
Zr(mg kgb) STSHEL, STSE, TILK, TILE2, TILE3 total 0.9 0.00216 0.0433

Tablel3Linear regression relationships for LOI at 45@f@ pH CaGl
Linear regression relationships

Analyte Intercept Slope R
LOI at 450°C (%) 0.322 1 1
pH CaGl -0.0163 1.08 0.995

Tablel4 Linear regression relationship fdaboratory in-house ICPar analytes

Linear regression relationships

Analyte CRMs Digestion Intercept Slope R
Ag(mg kg') OREAS 922, OREAS 46, MRGeo08, GBEAS partial 0.00257 1 1
Al (%) OREAS 922, OREAS 46, MRGe008, @BEAS partial -0.0535 1.03 0.998
As(mg kg OREAS 922, OREAS 46, MRGe008, @BEAS partial -0.137 1.03 1
Au(mg kgh) MRGeo08, OREAISf partial 0.000133 0.915 1
B (mg kgh) OREAS 922, OREAS 46, MRGeo08, @RBEAS n/a

Ba(mg kgl) OREAS 922, OREAS 46, MRGe008, QIBEAS partia| 4.74 1.02 1
Be(mg kgl) OREAS 922, OREAS 46, MRGe008, QIBEAS partia| -0.00761 0.986 0.99
Bi(mg kgt) OREAS 922, OREAS 46, MRGeo08, @BEAS partial -0.0223 1.07 1
Ca(%) OREAS 922, OREAS 46, MRGe008, @BEAS partial -0.014 1.05 0.999
Cd(mg kgt OREAS 922, OREAS 46, MRGe008, @BEAS partial -0.00745 1.03 1
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Linear regression relationships

Analyte CRMs Digestion Intercept Slope R
Ce(mg kg) OREAS 922, OREAS 46, MRGeo08, GBEAS partial 1.23 1.03 1
Co(mg kg OREAS 922, OREAS 46, MRGeo08, OBEAS partial 0.111 1.01 0.999
Cr(mg kgt OREAS 922, OREAS 46, MRGeo08, OBEAS partial 1.1 0.989 1
Cs(mg kg OREAS 922, OREAS 46, MRGeo08, OBEAS partial -0.0969 1.02 1
Cu(mg kg OREAS 922, OREAS 46, MRGeo08, OBEAS partial 6.94 1.02 1
Fe(%) OREAS 922, OREAS 46, MRGeo08, OBEAS partial -0.0513 1.01 1
Ga(mg kgt OREAS 922, OREAS 46, MRGeo08, OBEAS partial -0.065 1.01 0.997
Ge(mg kgt OREAS 922, OREAS 46, MRGeo08, OBEAS partial 0.0301 0.962 0.715
Hf (mg kgb) OREAS 922, OREAS 46, MRGeo08, @BEAS partial 0.0123 0.948 0.999
Hg(mg kg OREAS 46, MRGe008, OREHS partial 0.00193 0.985 0.998
In (mg kgt OREAS 922, OREAS 46, MRGeo08, OBEAS partial -0.00445 1.03 0.999
K (%) OREAS 922, OREAS 46, MRGeo08, OBEAS partial -0.0131 1.03 0.999
La(mg kgt OREAS 922, OREAS 46, MRGeo08, OBEAS partial -0.853 1.04 0.994
Li(mg kg OREAS 922, OREAS 46, MRGe008 partial -0.116 1.01 0.999
Mg (%) OREAS 922, OREAS 46, MRGeo08, @BEAS partial -0.0322 1.05 0.999
Mn (mg kgb) OREAS 922, OREAS 46, MRGeo08, @BEAS partial -7.86 1.01 1
Mo (mg kgb) OREAS 922, OREAS 46, MRGeo08, @BEAS partial -0.0607 0.995 1
Na (%) OREAS 922, OREAS 46, MRGeo08, OBEAS partial -0.00775 1.14 1
Nb (mg kgh) OREAS 922, OREAS 46, MRGeo08 partial -0.162 1.07 0.999
Ni (mg kgb) OREAS 922, OREAS 46, MRGeo08, OBEAS partial -1.26 1.01 1
P (%) OREAS 922, OREAS 46, MRGeo08, @BEAS partial 0.000171 1.01 0.999
Pb(mg kg OREAS 922, OREAS 46, MRGe008, @BEAS partial -0.159 1.01 1
Pd(mg kg') MRGeo08, OREAISf partial -0.00431 1.08 1
Pt(mg kg') MRGeo08, OREAISf partial -0.0006 0.978 1
Rb(mg kg OREAS 922, OREAS 46, MRGeo08, OBEAS partial -0.632 1.02 1
Re(mg kg MRGeo008 n/a

S(%) OREAS 922, MRGe008, OREZS partial -0.00117 1.01 0.999
Sb(mg k') OREAS 922, OREAS 46, MRGe008 partial 0.123 0.912 0.992
Sc(mg kg OREAS 922, OREAS 46, MRGeo08, OBEAS partial 0.165 0.991 1
Se(mg kgh) OREAS 922, MRGeo08 partial -1.11 1.34 1
Sn(mg kgb) OREAS 922, OREAS 46, MRGeo08, OBEAS partial -0.00739 0.994 0.999
Sr(mg kg OREAS 922, OREAS 46, MRGeo08, OBEAS partial 231 1.08 0.997
Ta(mg kg') MRGeo008 n/a

Te(mg kgh) OREAS 46, MRGeo08 partial -0.00741 1.31 1
Th(mg kg OREAS 922, OREAS 46, MRGeo08, OBEAS partial 0.127 1.01 1
Ti(%) OREAS 46, MRGeo008, OREHS partial 0.0045 0.959 1
TI(mg kgt OREAS 922, OREAS 46, MRGeo08, OBEAS partial -0.00579 1.02 1
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Linear regression relationships

Analyte CRMs Digestion Intercept Slope R
U (mg kgb) OREAS 922, OREAS 46, MRGeo08, @BEAS partial -0.0451 1.03 1
V (mg kgb) OREAS 922, OREAS 46, MRGeo08, @BEAS partial 0.204 0.994 0.999
W (mg kgb) OREAS 922, OREAS 46, MRGeo08 partial 0.0189 0.926 1
Y (mg kg OREAS 922, OREAS 46, MRGeo08, OBEAS partial 0.233 0.959 0.994
Zn(mg kgt OREAS 922, OREAS 46, MRGeo08, OBEAS partial 1.2 1.01 1
Zr(mg kg OREAS 922, OREAS 46, MRGeo08, OBEAS partial -0.189 0.987 0.999

Beryllium (Beby ICPa(MS41EBLD)

Berylliumconcentrations measured ihe MS41EBLD methodlo not fit well to certified concentrations

in the CRMs, being significantly lower in each case. The regression line is nevertheless broadly parallel to
the 1:1 line, indicating a consistent rate of extraction of Baguoa regiaacross the range of CRMs. This

data should be used with caution. No data conditioning is recommended.

TILL-1 TILL-2 TILL-3
y =-0.375 + 0.86,4° = 0.995 y =-0.375 + 0.86,4° = 0.995 y =-0.375 + 0.86,4° = 0.995

LS}

0.94 0.9 0.9

=

0.64 061

Mean measured concentration Be (mg kg™')

.
34 0.3 0.3
08 12 16 20 08 1.2 16 20 0.8 12 16 20

Certified concentration Be (mg kg'w)

Chart2 Beryllium (Be\MS41LBLD) determined by IGRIS in blind CRMs, faceted by CRM name.
The 1:1 equality line is shown as a dashegnline.
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Calcium (Cd)y ICRr (MS41LBLD)

Calciumconcentrations measured bthe MS41LBLD methoddo not fit particularly well to certified
concentrations in the CRMs, being significantly lower in each case. The regression line is nevertheless
broadly parallel to the 1:1 line, indicating a consistent rate of extraction of @gua regiaacross the

range of CRMs. This data should be used with caution. No data conditioning is recommended.

TILL-1 TILL-2 TILL-3

051 v=-000849 +0807.¢" =1’ 051 y=.000849+0.807, =1 051 y=-0.00849 +0.807, =1’

0.4 0.4

0.3 0.34 0.3

021 024 - 027

Mean measured concentration Ca (%)

02 0.3 0.4 0.5 0.6 0.2 03 0.4 0.5 0.6 0.2 0.3 0.4 05 06
Certified concentration Ca (%)

Chart3 Calcium(Cg (MS41EBLD) determined by IGRIS in blindCRMs, faceted byCRM name.
The 1:1 equality line is shown as a dashegnline.

Potassium (Kjy ICRr (MS41EBLD)

Potassiuntoncentrations measured liie MS41EBLD methodlo not fit well to certified concentrations

in the CRMs, being significantly lower in each case. The regression line is nevertheless broadly parallel to
the 1:1 line, indicating a consistent rate of extraction of Kdna regiaacross the range of CRMs. This

data should be used with caution. No data conditioning is recommended.

TILL-1 TILL-2 TILL-3

o
w

y =-0.0232 + 0.757, /= 0.992 03]  y=-00232+0757, = 0992 03] y=-00232+0757, 7= 0992

=}
[N}

0.24 024

014 014

Mean measured concentration K (%)
o

0.2 0.3 0.4 0.2 03 0.4 0.2 0.3 0.4
Certified concentration K (%)

Chart4 Potassium (K) (MS41BLD) determined by IGRIS in blind CRMs, faceted by CRM name.
The 1:1 equality line is shown as a dashed cyan line.

AEX%-02 52 A Ll R LI M



Magnesium (Mgpy ICRr (MS41ELBLD)

Magnesiuntoncentrations measured lifie MS41EBLD methodio not fit well to certified concentrations
in the CRMs, being significantly lower in each case. The regression line is nevertheless broadly parallel to
the 1:1 line, indicating a consistent rate of extraction of Mgqgua regiaacross the range of CRMs. This

data should be used with caution. No data conditioning is recommended.

Mean measured concentration Mg (%)

085

0.60

0.55

TILL-1

y =-0.0592 + 097, * = 0.997

065

0.604

TILL-2
y =-0.0592 +0.997, I’ = 0.997

0654

0.60

TILL-3
y =-0.0592 + 0.997, ©* = 0.997

0.64 0.68

0.72

r 0.55
0.76

0.64 0.68 072
Certified concentration Mg (%)

064 0.68 0.72 0.7¢

Chart5 Magnesium (Mg) (MS41BLD) determined by IGHS in blind CRMs, faceted by CRM name.
The 1:1 equality line is shown as a dashed cyan line.

Sodium (Napy ICRr (MS41EBLD)

Sodium concentrations measuredn CRMsby the MS41EBLD methodare significantly lower than
correspondingcertified concentrations in each caséhis data should be used with cautioNo data
conditioning is recommended.

Mean measured concentration Na (%)

0.028

0.026

0.024

o

TILL-1
y=0.0141+0.275,1 = 0.95

0.028

0026

0.024

TILL-2
y =0.0141 +0.275,r" = 0.95

0.028

0.026

0.024

TILL-3
y=0.0141 +0.275,r" = 0.95 ¢

0.035

0.040 0.045

0.050

0.035 0.040 0.045 0.050
Certified concentration Na (%)

0.035

0.040 0.045 0.050

Chart6 Sodium (Na) (MS41BLD) determined by IGRIS in blind CRMs, faceted by CRM name.
The 1:1 equality line is not visible but lies to the left of the chart area.
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Phosphorus (Ryy ICRr (MS41LBLD)

Phosphorus concentrations measured by M841EBLD methodare generally good but yield a poorly
fitting regression curve owing to apparently poor data for one CRM-gJ1ISome caution is required given

aKIF G

iKS

G LI NI A I f

¢ SEGNI OGA2y YSi(iK2R

digestion.No data conditioingis recommended.

o
o
=]

Mean measured concentration P (%)
a
(o3

o
o
@

o
o
=

o
o
a

TILL-1
y = 0.00895 + 0.74, * = 0.629

L ‘ 0.09
0.08
0.07
0.06

0.05

TILL-2

y = 0.00895 + 0.74, r* = 0.629 .

0.09

0.08

0.07

006

005

TILL-3

dzagBaRregim 2 NJ (0 K

y = 0.00895 + 0.74, r* = 0.629 .

0.05

006 007 008 009

006 007 008 009

Certified concentration P (%)

0.05

0.05

0.06

0.07

Chart7 Phosphorus (P) (MS44BLD) determined by IGRIS in blind CRMs, faceted by CRM name.
The 1:1 equality line is shown as a dashed cyan line

Vanadium (Vpy I®Par(MS41EBLD)

Vanadium concentrations measured by th&41EBLD methodare generally good but yield a somewhat
poorly-fitting regression curve. No data conditioning is recommended.

50

Mean measured concentration V (mg kg™')
I
=]

40

s
=}

STSD-1
y = 15.6 + 0.666, r**= 0.599

STSD-3
y =156 + 0.666, r*= 0.599

TILL-1
y = 15.6 + 0.666, r"& 0.599

008 009

40 50 60
TILL2
y = 15.6 + 0.666, r"*= 0.599

40 50 60
TILL-3
y=15.6 + 0.666, r°*= 0.599

40 50 60

40 50 80
Certified concentration V (mg kg")

40

50

Chart8 Vanadium (V) (MS41BLD) determined by ICRIS in blind CRMs, faceted by CRM name.
The 1:1 equality line is shown as a dashed cyan line.
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pH CagGl

Reported pH values fahe SSPpHand ASTIpH SRM for G12A and G128re similar to those reported for
survey blocks G7 to G10 but ssemewhat higher than those for the dataported for previoussurvey

blocks Thus, egression of the data against mean values for Tellus survey blocks up to G6 yields a
regression curve that sightly offset from the 1:1 line. For mapping purposes, in order to level data against
adjacent survey block$sg GG G9 G10, data conditioning is recommendagsing the equation for the
regression curve (Table 13)

APT_pH AST_pH
y=-0.0163 + 1.08, ¥ = 0.995 . y=-0.0163 + 1.08, ° = 0.995 °

o

N

40 45 50 55 60 40 45 50 55 60
SPT_pH SST_pH
y=-0.0163 + 1.08, * = 0.995 . y=-0.0163 + 1.08, = 0.995 .

Mean measured concentration pH (unit)
@

4

40 45 50 55 60 40 45 50 55 60
Estimated concentration pH (unit)

Chart9 pH CacCl2 in blind SRMs, faceted by SRM name.
The 1:1 equality line is shown as dashed cyan line.
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Calculating relative bias
) Al Aofis AATAACGGAAMAT O OAGERIGAT AAT O0AGET 1
0o OAZEAGAT AT OOAOET 1 prT

Equationl Relative bias %

The relative bias of each analytelative to the certified concentration in each of tlEgRMsanalysed

(STSHL; STSE; TILEL; TILE2 and TIL3) has beertalculatedaccording to Equation 1 (above). The results

are presented inTablel5, Tablel6, Tablel7, Tablel8 and Tablel9. Certified concentrations for partial

SEGNI OGiA2ya I NB dzaSR 6KSNB @Ol At+FoftS odzi 2GKSNBA.
latter can be expected to differ significantly, in the case of some elements, from concentrations measured
following partial extraction iraqua regia potentially leading to large negative bias estimates for those
elements with low extraction rates.
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Tablel5{ dzY Y NB 2F NB{il G§AJS 0Al 4 CRMdata (n3)analyseddy ICRadaiethad MEBUDE 2 NJ { ¢ { 5
Gbk! ¢ AYRAOFIGSE y2 NBTSNBYyOS 02y OSyidNI GAz2Yy @Ff dzS A& 2108 H AL F20MN) K | GNTSANTE 8 ASYERIANG Qi v KYSSKK
detection for the analytical method.

Au (mgkd) Ag (mgkd) Al (%) As (mgkd) B (mgkd) Ba(mgkd)  Be(mgkd)  Bi(mgkg)  Ca (%) Cd (mgkg)  Ce (mgkg) Co (mgkg)
Bias % -63.19% 5.74% -76.86% 16.40% -91.24% -55.59% -75.11% #DIV/0! -38.69% 18.04% -27.42% -0.32%
Cert Total Partial Total Partial Total Total Total N/A Total Partial Total Partial
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Cr (mgkd) Cs (mgkg) Cu(mgkg)  Fe f0) Ga(mgkd)  Ge(mgkd)  Hf(mgkg)  Hg(mgkd) In(mgkd) K (%) La (mgkd) Li (mgkd)
Bias % -6.41% -40.18% -1.10% -5.99% N/A N/A -99.59% 4.73% N/A -92.84% -27.82% -18.73%
Cert Partial Total Partial Partial N/A N/A Total Partial N/A Total Total Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Mg (%) Mn (mgkg?) Mo (mgkg?) Na (%) Nb (mgkd)  Ni (mgkdh) P (%) Pb (mgkg) Pd (mgkg) Pt (mgkd) Rb (mgkg) Re (mgkg)
Bias % -43.92% -6.82% -50.54% -97.78%  -85.64% 13.58% -12.01% -0.13% N/A N/A -73.45% N/A
Cert Total Partial Partial Total Total Partial Total Partial N/A N/A Total N/A
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 40.0% 0.0% 0.0%

S (%) Sb (mgkd) Sc (mgkd) Se (mgkd) Sn (mgkg) Sr (mgkd) Ta (mgkgd) Te (mgkd) Th (mgkd) Ti (%) TI (mgkd) U (mgkd)
Bias % 21.10% 3.94% -75.64% N/A -55.93% -83.04% -99.30% N/A -83.45% -92.32% N/A -13.50%
Cert Total Partial Total N/A Total Total Total N/A Total Total N/A Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

V (mgkd) W (mgkd) Y (mgkd) Zn (mgkd)  Zr (mgkd)
Bias % -2.84% N/A -41.78% -2.77% -99.69%
Cert Partial N/A Total Partial Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0%
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Tablel6{ dzY Y NB 2F NB{f Il 6§A DS 0Al 8CRMdata (n3)analyseddy ICRadaiethad MEBUDE 2 NJ { ¢ { 5

Gbk! ¢ AYRAOFIGSE y2 NBTSNBYyOS 02y OSyidNI GAz2Yy @Ff dzS A& 2108 H AL F20MN) K | GNTSANTE 8 ASYERIANG Qi v KYSSKK
detection for the analytical method.

Au (mgkd)  Ag(mgkd) Al (%) As (mgkd) B (mgkd) Ba(mgkd)  Be(mgkd)  Bi(mgkg)  Ca (%) Cd (mgkg)  Ce(mgkd)  Co (mgkg)
Bias%  -52.60% 8.23% -72.23% 14.27% -92.26% -56.11% -57.26% N/A -46.24% 16.26% -35.81% -1.03%
Cert Total Partial Total Partial Total Total Total N/A Total Partial Total Partial
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Cr(mgkg)  Cs(mgkg)  Cu(mgkg)  Fe (%) Ga(mgkd)  Ge(mgkd)  Hf(mgkg)  Hg(mgkd) In(mgkd) K (%) La (mgkd) Li (mgkd)
Bias%  -9.15% -47.03% -0.65% -4.97% N/A N/A -99.74% -2.46% N/A -91.36% -39.35% -13.53%
Cert Partial Total Partial Partial N/A N/A Total Partial N/A Total Total Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Mg (%) Mn (mgkg) Mo (mgkd) Na (%) Nb (mgkd)  Ni (mgkdh) P (%) Pb (mgkg) Pd (mgkg) Pt (mgkd) Rb (mgkg) Re (mgkg)
Bias %  -42.70% -6.59% -12.35% -96.73% -89.46% 12.02% -17.81% 6.47% N/A N/A -17.17% N/A
Cert Total Partial Partial Total Total Partial Total Partial N/A N/A Total N/A
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 50.0% 0.0% 0.0% 0.0%
S (%) Sb (mgkd) Sc (mgkd) Se (mgkd) Sn (mgkd) Sr (mgkd) Ta (mgkgd) Te (mgkd) Th (mgkd) Ti (%) TI (mgkd) U (mgkd)
Bias%  18.46% 14.19% -14.27% N/A -62.32% -712.46% -99.71% N/A -88.44% -90.81% N/A -21.02%
Cert Total Partial Total N/A Total Total Total N/A Total Total N/A Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
V(mgkd) W (mgkg) Y (mgkg) Zn (mgkg)  Zr (mgkd)
Bias%  -15.87% N/A -44.40% -1.03% -99.71%
Cert Partial N/A Total Partial Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0%
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Tablel7{ dzY Yl NB 2F NBt I G§A DS 0 A |-BACRY dataAi=E2) Hnadysed 6y HOP& drbthodiNSRID.T 2 NJ ¢ L [ [
Gbk! ¢ AYRAOFIGSE y2 NBTSNBYyOS 02y OSyidNI GAz2Yy @Ff dzS A& 2108 H AL F20MN) K | GNTSANTE 8 ASYERIANG Qi v KYSSKK
detection for the analytical method.

Au (mgkd)  Ag (mgkd) Al (%) As (mgkg) B (mgkd) Ba(mgkg)  Be(mgkd)  Bi(mgkd)  Ca (%) Cd(mgkg)  Ce(mgkd)  Co (mgkd)
Bias %  -48.36% 11.08% -3.52% 29.45% N/A 1.03% 373.41% N/A -21.35% N/A -24.28% 7.77%
Cert Total Partial Partial Partial N/A Partial Partial N/A Partial N/A Total Partial
% <LLD 0.0% 0.0% 0.0% 0.0% 33.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Cr(mgkd)  Cs(mgkd)  Cu(mgkg) Fe (%) Ga(mgkg) Ge(mgkd)  Hf(mgkd)  Hg(mgkd) In(mgkd) K (%) La (mgkg) Li (mgkd)
Bias %  -9.75% -39.73% -0.48% 7.47% N/A N/A -99.88% 3.22% N/A -55.05% -33.98% -33.92%
Cert Partial Total Partial Partial N/A N/A Total Partial N/A Partial Total Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Mg (%) Mn (mgkg) Mo (mgkd) Na (%) Nb (mgkd)  Ni (mgkdh) P (%) Pb (mgkg) Pd (mgkg) Pt (mgkd) Rb (mgkg) Re (mgkg)
Bias %  -10.95% 16.21% N/A -44.47% -82.54% 0.34% -1.40% 17.75% N/A N/A -85.77% N/A
Cert Partial Partial N/A Partial Total Partial Partial Partial N/A N/A Total N/A
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 75% 0.0% 0.0% 0.0%
S (%) Sb (mgkd) Sc (mgkd) Se (mgkd) Sn (mgkd) Sr (mgkd) Ta (mgkgd) Te (mgkd) Th (mgkd) Ti (%) TI (mgkd) U (mgkd)
Bias%  N/A -28.51% -62.63% N/A N/A -96.26% -99.72% N/A -59.26% -85.28% N/A -60.52%
Cert N/A Total Total N/A N/A Total Total N/A Total Total N/A Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
V(mgkd)  W(mgkd) Y (mgkg) Zn (mgkd)  Zr (mgkd)
Bias%  20.40% N/A -64.12% -2.68% -99.87%
Cert Partial N/A Total Partial Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0%
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detection for the analytical method.

Au (mgkd)  Ag (mgkd) Al (%) As (mgkg) B (mgkd) Ba(mgkg)  Be(mgkd)  Bi(mgkd)  Ca (%) Cd(mgkg)  Ce(mgkd)  Co (mgkd)
Bias%  -34.13% 22.23% -19.38% 9.08% N/A -0.11% 586.31% 28.15% -23.57% 14.84% -25.36% 3.95%
Cert Total Partial Partial Partial N/A Partial Partial Partial Partial Partial Total Partial
% <LLD 0.0% 0.0% 0.0% 0.0% 100% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Cr(mgkd)  Cs(mgkd)  Cu(mgkg) Fe (%) Ga(mgkg) Ge(mgkd)  Hf(mgkd)  Hg(mgkd) In(mgkd) K (%) La (mgkg) Li (mgkd)
Bias %  -12.60% -43.08% -3.17% 1.74% N/A N/A -99.29% 0.13% N/A -29.69% -28.70% -27.61%
Cert Partial Total Partial Partial N/A N/A Total Partial N/A Partial Total Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Mg (%) Mn (mgkg) Mo (mgkd) Na (%) Nb (mgkd)  Ni (mgkdh) P (%) Pb (mgkg) Pd (mgkg) Pt (mgkd) Rb (mgkg) Re (mgkg)
Bias%  -8.87% 14.79% 14.61% -47.17% -79.54% 2.13% -33.90% 7.62% N/A N/A -71.98% N/A
Cert Partial Partial Partial Partial Total Partial Partial Partial N/A N/A Total N/A
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 25.0% 0.0% 0.0%
S (%) Sb (mgkd) Sc (mgkd) Se (mgkd) Sn (mgkd) Sr (mgkd) Ta (mgkgd) Te (mgkd) Th (mgkd) Ti (%) TI (mgkd) U (mgkd)
Bias%  N/A -51.75% -59.50% N/A N/A -90.30% -99.91% N/A -49.04% -97.87% N/A -43.49%
Cert N/A Total Total N/A N/A Total Total N/A Total Total N/A Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
V(mgkd)  W(mgkd) Y (mgkg) Zn (mgkd)  Zr (mgkd)
Bias%  9.56% -62.55% -69.42% -3.61% -99.04%
Cert Partial Total Total Partial Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0%
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detection for the analytical method.

Au (mgkd)  Ag(mgkd) Al (%) As (mgkd) B (mgkd) Ba(mgkd)  Be(mgkd)  Bi(mgkg)  Ca (%) Cd (mgkg)  Ce(mgkd)  Co (mgkg)
Bias%  -33.63% 0.34% 0.22% 1.75% N/A -7.90% 328.50% N/A -20.60% N/A -26.04% -2.12%
Cert Total Partial Partial Partial N/A Partial Partial N/A Partial N/A Total Partial
% <LLD 0.0% 0.0% 0.0% 0.0% 75.006 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Cr(mgkg)  Cs(mgkg)  Cu(mgkg)  Fe (%) Ga(mgkd)  Ge (mgkd)  Hf (mgkd) Hg (mgkd)  In(mgkd) K (%) La (mgkd) Li (mgkd)
Bias%  -13.12% -57.71% -7.89% 0.15% N/A N/A -99.25% -3.86% N/A -34.52% -31.02% -20.38%
Cert Partial Total Partial Partial N/A N/A Total Partial N/A Partial Total Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Mg (%) Mn (mgkg) Mo (mgkd) Na (%) Nb (mgkd)  Ni (mgkdh) P (%) Pb (mgkg) Pd (mgkg) Pt (mgkd) Rb (mgkg) Re (mgkg)
Bias %  -9.46% -0.59% N/A -30.47% -83.95% 1.64% -3.46% 9.86% N/A N/A -84.60% N/A
Cert Partial Partial N/A Partial Total Partial Partial Partial N/A N/A Total N/A
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 20.0% 0.0% 0.0%
S (%) Sb (mgkd) Sc (mgkd) Se (mgkd) Sn (mgkd) Sr (mgkd) Ta (mgkgd) Te (mgkd) Th (mgkd) Ti (%) TI (mgkd) U (mgkd)
Bias%  N/A -30.18% -64.41% N/A N/A -94.35% N/A N/A -36.95% -75.85% N/A -43.87™%6
Cert N/A Total Total N/A N/A Total N/A N/A Total Total N/A Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 20.0% 0.0% 0.0% 0.0% 0.0% 0.0%
V (mgkd) W (mgkg) Y (mgkgd) Zn (mgkg)  Zr (mgkd)
Bias%  2.55% N/A -62.03% -9.58% -99.07%
Cert Partial N/A Total Partial Total
% <LLD 0.0% 0.0% 0.0% 0.0% 0.0%
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Blank sample data are useda quality check to see if any component of the analytical data can be measured
and quantified as a contaminant introduced to a sampleere such contamination is introduced during the
analytical processes.

The LLD is a theoretical concentration lesadtulated ashree standard deviations (99.7% confidence interval)
above the mearackground count ofun blanks.

The raw data are examined and presented here. All data close to the lower limits of detection (LLD), nominally
10*LLD, are generally considered to be normal analytical noise and such low absolute quantities, even in the
event of a contaminant component the samples, are generally acceptable.

Analytes of concern and carfgver contamination investigated

Not every blank sample with detectable measurands is investigated in great detail. Howeudgrdesample
with numerous analytes flaggl as above the LLD is investigatedpecially in relation to the predecessor
sample ID/LIMS code. Camwyer contamination and, rarely, sample migs, can be a source of this and
further quality checks and sometimes samplear@alyses are undertaken to rule these both out.

It is very important to assess the blank sample concentrations in the context of the real sample site data. If
the blank sampleare reported tocontain a measurable analyte above its Lamlevensome way above it,

but that concentration is quantifiably low compared to thencentrations reported for actualamples, then

there is really no need to reject the data in the application for regional geochemical mapioiwgyver, fithe
measured amounts in the blank samples are close to or similar toaheerrations reported forsample data,

then caution in the data use is required. The naturally low baseline concentrations of precious metal analytes
combined with advanced analyticathemistry,which is reaching very low limits of detection, together mean
that an overlap is somewhat likelgt least for such metals

Blank data reported for |Ci

ALSMinerals Limitedemployed procedural QC blanks of high purity pure silica sapdoximatelyevery 40
submitted samples (including laboratory standaréts) ICPMS analyses (MEIS41L/MS41BLD method)
yielding a total o#6 blank analyses for theX2 Sdataset These data are compiled and summarily reported
at the end of eachanalytical batch- & W. Blank/ data @® methosl MEEMS41Land MS41EBLD are
summarkedin Table20andTable21. In a standard, lefcensored dataset baseline observationsdoumber
of elements typically occung closeto the certifiedLLD can be lost. To understand bettiee behaviour of
these elements athe low end of the distributionthe datawere originallyreported to an arbitrarftimit lower
by a factor of 10 than the certified LLPthus producing the MS41B1 D datasetData records in 8@MS41L
BLD datasetvere then censored to the certified LLDs to produce the certified &1L dataset.lt is
therefore expectedhat frequent blank dateexceedanceswvill be observedn the BLDdataset given its very
low detection limitsandthe user is cautioned to interpret these data in this context.

For the MEMSA41L dataset, blank data fb6 elements contained exceedances of the LLD concentratfans:
(one exceedance)Ag (one exceedance), As (one exceedance)iwBi €xceedancs across two analytical
batcheg, Cd(two exceedanceacross two batchgsCo (two exceedanceés one batch, Ga(five exceedance
across two batchgsGe (ive exceedancs acrossfive batcheg, Hf (one exceedancelg fine exceedance
across ifze batcheg, In (two exceedanceacross two batchgsPb (one exceedanceyb (four exceedances
across three batchgsSe (two exceedancesross two batchgs Sn (two exceedancds one batch and TI
(one exceedance)These exceedances agenerallynot systematic, indicatingnostly random deviations.
Moreover, for Ag, As, Bi, Co, Ga, Hg, Pb, Sb, Se, Sn and The recorded concentration of the blank
exceedances)istypicallymuch lower than the minimum measured concentration for the samples
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Table20 Summary of abovenethod] [ 5 o0& [ [ 5 0 R SNiS81D ddtadntbiénk teferericeNdateréal. Analytes with >5% of data above the LLD are highlighted in orange.
Aumgkd  Ag mg kg Al % As mg kg B mg kg Ba mg kg Be mg kg Bi mg kd Ca% Cd mg kg
Count 46 46 46 46 46 46 46 46 46 46
Count>LLD 1 1 0 1 0 0 0 2 0 2
% > LLD 2.2% 2.2% 0.0% 2.2% 0.0% 0.0% 0.0% 4.3% 0.0% 4.3%
Cemgkd Comgkg Cr mg kg Cs mg kg Cu mg kg Fe % Ga mg kg Ge mg kg Hf mg kgl  Hg mg kel
Count 46 46 46 46 46 46 46 46 46 46
Count>LLD O 2 0 0 0 0 5 5 1 9
% > LLD 0.0% 4.3% 0.0% 0.0% 0.0% 0.0% 10.9% 10.9% 2.2% 19.6%
In mg kd K % La mg kg Li mg kg Mg % Mn mg kgt Mo mg kg Na mg kg Nb mg kd Ni mg kgt
Count 46 46 46 46 46 46 46 46 46 46
Count>LLD 2 0 0 0 0 0 0 0 0 0
% > LLD 4.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
P % Pb mg kg Pdmg kgt Pt mg kgl Rb mg kg Re mgkg? S % Sb mgkg? Sc mg kg Se mg kg
Count 46 46 46 46 46 46 46 46 46 46
Count>LLD O 1 0 0 0 0 0 4 0 2
% > LLD 0.0% 2.2% 0.0% 0.0% 0.0% 0.0% 0.0% 8.7% 0.0% 4.3%
Sn mg kg Sr mg kg Ta mg kg Te mg kg Th mg kg Ti % Tl mg kg U mg kd V mg kd W mg kd'
Count 46 46 46 46 46 46 46 46 46 46
Count>LLD 2 0 0 0 0 0 1 0 0 0
% > LLD 4.3% 0.0% 0.0% 0.0% 0.0% 0.0% 2.2% 0.0% 0.0% 0.0%
Y mg kg Zn mg kg Zn mg kg
Count 46 46 46
Count>LD O 0 0
% > LLD 0.0% 0.0% 0.0%
ABX6 02 63 AU RU M



Table21 Summary of abovemethod-LLD detectable ICPar MS4BLD data in blank reference material. Analytes with >5% of data above the LLD are highlighted in orange.

Aumgkd  Ag mg kg Al % As mg kg B mg kd Ba mg kg Be mg kg Bi mg kd Ca% Cd mg kg
Count 46 46 46 46 46 46 46 46 46 46
Count>LLD 27 25 5 20 9 12 8 19 18 27
% > LLD 58.7% 54.3% 10.9% 43.5% 19.6% 26.1% 17.4% 41.3% 39.1% 58.7%

Cemgkd Comgkg Cr mg kg Cs mg kg Cu mg kg Fe % Gamgkg  Ge mgkg Hf mg kgl  Hg mg kel
Count 46 46 46 46 46 46 46 46 46 46
Count>LLD 17 23 19 17 24 10 25 29 16 41
% > LLD 37.0% 50.0% 41.3% 37.0% 52.2% 21.7% 54.3% 63.0% 34.8% 89.1%

In mg kgt K % La mg kg Li mg kd Mg % Mn mg kgt Mo mg kgt Na mg kg Nbmgkd  Nimg kd
Count 46 46 46 46 46 46 46 46 46 46
Count>LLD 15 14 19 6 2 14 28 7 25 17
% > LLD 32.6% 30.4% 41.3% 13.0% 4.3% 30.4% 60.9% 15.2% 54.3% 37.0%

P % Pb mg kg Pdmg kgt Pt mg kd Rb mg kg Re mgkg? S % Sb mgkg? Sc mg kg Se mg kg
Count 46 46 46 46 46 46 46 46 46 46
Count>LLD 29 19 28 14 18 18 6 23 13 20
% > method 63.0% 41.3% 60.9% 30.4% 39.1% 39.1% 13.0% 50.0% 28.3% 43.5%
= Sn mg kg Sr mg kg Ta mg kg Te mg kg Th mg kg Ti % Tl mg kg U mg kgl V mg kd W mg kd*
Count 46 46 46 46 46 46 46 46 46 46
Count>LLD 32 19 41 22 21 0 16 13 21 31
% > LLD 69.6% 41.3% 89.1% 47.8% 45.7% 0.0% 34.8% 28.3% 45.7% 67.4%

Y mg kg Zn mg kg Zn mg kg
Count 46 46 46
Count>LLD 13 21 20
% > LLD 28.3% 45.7% 43.5%
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In analytical chemistry there is always potential for interferences between analytes. This can be due to the
chemical properties of a measurand, spectral interferences (where a signal overlaps or masks another) or
physical matrix effects whereby the chemlidehaviour in a given matrix needs to be specifically accounted
for by calibrationTypicallythese are addressed by the laboratory through adaptation of the method and/or
instrument g.g.sample dilution), othrough better processing and correctionddta. Analytical data reports

are accompanied by notes from the analyst/laboratory that may flag the potential for analytical interferences.

Further, where there is a measurement of the same element or its species by more than one aliquot and/or
method, it is good practice to check the relationship between them as a means to assess their performance
independently.

Check on IC& interferences

The analytical laboratory is primarily responsible for checking and where possible correcting for analytical
interferences. Nanstances ofnterference werereported by the laboratory
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The univariate statistics of published data are presented here. All data are freely available to download and to
view fromwww.gsi.ie/tellus

When publishedby GSl all ggochemical data are censored, so that results below the lower reporting
(detection) limit arereported asone half the stated lower limit of detection. Dealistatisticallywith non-
detects and data truncated to both a lower and upper reporting limit is challenging, as numerically there needs
to be a systematic and robust way of including these data. Representing censored data on a map can be
managed by statistically classifg the data, based on percentile breaks in the d&alow is astatistical
summary of the datgTable22, Table23 and Table24) including bothICRMS methods These statistical
summaries are calculated using the R progi@&rCoreTeam, 201Bemployingthe NADA (Nosetects and

data analysis for environmental data) packdbee, 2009 The percentile values calculatede default GSI
recommendedbins forconstructinginterpolatedgeochemical magwith Tellus dataFor several analyte®,

Ta, Pd and Ptjhostof the observations wre below certified LLD (MEIS41L method) and thubke accredited

data setdoes not allow production of useful maps for these analytdewever, data below certified LLD
(MS41LBLD) may be used menerate usefumaps. Users are cautioned that MS4ILD data provided for
these four analytes @re acquired usinga non-accredited methodand dl interpretation and conclusions
arising fom analysi®f this datamust take the above into consideration.

Note that data used for thepercentilecalculationdor the MS411BLDand MEMS41ldatasesare only right
censored URL) and neteft censored (LLD3o that thepercentile values represent points calculated for the
entire data populationincluding values belowhe LLD For analytes for which a proportion of data fall below
the LLD, thecalculatedO™ percentile does not always match withe minimum value of theentire data
populationbecause the calculation tiie 0" percentile value involves discountinglues below the LLD.

Three methods for robust estimators of descriptive statistics (median, mean and standard deviation) are
employedand colour codediccordingly(Table25, Table26andTable27)® C2NJ G K2aS St SYSy
censored data, the Kaplavieier estimator method was used to estimate theedian,meanand standard
deviationof the data(Kaplan and Meier, 195® C2 NJ (i K2aS St SySyida oKSNB bHp
censored, the maximum likelihood estimation (MLE) method was used to estimateed&n, meanand

standard deviationWhere >80% of the data were censored thedian,meanand standard deviation are
estimated using a regression on order statistics (ROS) methtmsel, 200k This follows some
recommendations of the NADA package and\nfweiler and Taylor (200®)n estimators of environmental

datasets

Note: Phosphorusinits

Phosphorus (P) was reported in unitsnog/kg by SGS, the laboratory that carried out the ICPar analyses for
the Gl (Tellus Border) blocksamplesfor subsequent blocks were analysed by ALS daid have been
reported in units of %. The data were converted to mg/kg units when the data for the northern part of the
country (blocks Gto G6) were merged for publication in 202Bubsequentlypublished datdor blocksG?,

G8 andG9 were also converted to mg/kg for publication. However, many of theQ@Aplots dr individual
blocks employ raw data and have always included P in units ef@blinear regression plots (above) and
Shewhart plots (Appendix Affor G10A and subsequent data releases, P is reported Bodid4, as reported

by the laboratory to ensure consistency between XC plots and published data for individual blocks
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Table22 Univariate summary statistics fodeepertopsoil pH (CaCl2) and LOI (450°C) sample data.

o o
-
— -
- 2 2 2 2 2 2 2 2 2 2 2 2 2 2
% g 5 < < < < < < < < < < < c € < <
© = [ [0} [} [} [ [0 [0 [0 [0 (O] () (O] = QO Q o
= [a) = © o o o s 2 s 2 s 2 s 2 s 2 s L s 2 s L S 2 n o s L S 2
© - < P =) +‘C- [} E [} o o n o n o o o o o n o o o o o n o ~ o [e2 3] o o
> — ) c c > S o n o — O - Q N n Q ~ Q ~ o ® Q o a o Q o a o a — Q
pH 0.1 pHunit 1083 O 0 3.5 4.9 5.2 5.4 5.75 6.7 7.0 7.1 7.1 7.3 7.5 7.5 7.62 8.0
LOI (450°C) | 0.01 % 1083 0 0 1.38 2.96 3.52 3.85 4.36 5.63 6.9 7.37 8.05 10.3 125 17.7 25.1 91
Table23 Univariate summary statistics fodeepertopsoil ICPar sample data calculated for MS4LD method.
Q <@ <@ <@ Q Q Q <@ Q Q Q Q Q@ Q
e ] o c c c c c c c c c c c c © c c
] | [0 [} [} [} [ [ [ [} [} ] (0] = QO (0] o
= [a) = i o o s L S 2 s L = 2 s L s 2 s L s L S 2 n e s 2 IS
© | c v Y E=3Ko) S 0 S o b o 0 o ISE] S o n © S o ISE) 5 © ~ © > © S ©
> - D c c > o Q n o — QO — QO N Qo n Q ~ Qo ~ Qo w0 Qo o Q o Q o Q o Q — Q
Ag 0.00001 mgkgt 1083 O 0 0.0162 0.0418 0.0518 0.0587 0.0711 0.101 0.136 0.152 0.173 0.24 0.339 0.481 0.826 20.7
Al 0.0001 % 1083 O 0 0.151 0.597 0.697 0.763 0.849 0.996 1.13 1.18 1.25 1.44 1.66 1.94 2.13 2.7
As 0.0001 mgkgt 1083 0 0 2.4 4.22 5.01 5.66 6.73 9.29 11.7 12.4 13.3 16.5 215 26.6 46 850
B 0.1 mgkgt 1083 64 591 0.2 0.759 1.1 1.4 1.9 2.7 3.8 4.2 4.6 5.9 7.9 10.6 13 49.4
Ba 0.005 mg kgt 1083 O 0 8.48 34.6 40.5 44.1 50.2 70.7 97.2 104 115 154 210 287 413 783
Be 0.0001 mg kgt 1083 O 0 0.121 0.333 0.374 0.416 0.486 0.646 0.81 0.871 0.94 1.14 1.3 1.51 2.03 413
Bi 0.000005 mgkgt 1083 O 0 0.0235 0.0784 0.0948 0.108 0.129 0.164 0.202 0.214 0.234 0.335 0.596 0.888 2.04 41.9
Ca 0.0001 % 1083 O 0 0.014 0.0906 0.121 0.141 0.185 0.639 2.24 2.94 3.75 7.2 10.9 13.7 16.4 25
Cd 0.00001 mgkgt 1083 1 0.09 0.0191 0.0964 0.122 0.139 0.171 0.317 0.55 0.624 0.766 1.1 1.37 1.67 2.16 10.9
Ce 0.00003 mgkgt 1083 O 0 2.8 16.8 20.3 22.2 25.5 315 37 38.3 40 44.8 49.5 56.4 69.4 281
Co 0.00001 mgkgt 1083 O 0 0.439 3.61 4.59 5.39 6.39 8.49 10.2 10.8 11.2 12.9 15.1 17.4 19.8 41.9
Cr 0.0001 mg kgt 1083 O 0 3.74 10.3 12.2 13.1 14.8 17.6 21.3 22.7 24 29.4 36.7 46.6 53.2 115
Cs 0.00005 mgkgt 1083 O 0 0.0885 0.521 0.578 0.616 0.694 0.937 1.29 1.36 1.5 1.78 2.04 2.24 2.52 3.94
Cu 0.0001 mgkgt 1083 0 0 3.96 7.93 9.93 11.7 13.8 19.6 26.5 29.2 33.2 48 64.2 102 165 2570
Fe 0.00001 % 1083 O 0 0.167 1.09 1.28 1.44 1.68 2.07 2.35 2.46 2.6 2.96 3.37 3.79 4.49 21.5
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Q <@ <@ <@ Q Q Q <@ Q Q Q Q Q@ Q
g 5 3 g g g g g g g g |5 |5 g =5 g =5
= [a) = - v o 2 £ 2 = 2 = 2 = 2 £ 2 s 2 = 2 £ 2 S 2 n o s 2 S L
S 3 5 c Z S g8g B2 S8 Bg Bg 28 2% Pz 2z 8g bLE 52 g8 g8
Ga 0.00004 mg kg 1083 O 0 0.283 1.88 211 2.3 2.58 3.08 3.57 3.73 3.97 459 541 6.37 7.31 9.8
Ge 0.00005 mg kg 1083 O 0 0.0109 0.0284 0.0334 0.0366 0.0415 0.0542 0.0663 0.0697 0.0742 0.0843 0.0942 0.105 0.126 0.412
Hf 0.00002 mg kg 1083 O 0 0.00383 0.0187 0.0268 0.0328 0.0414 0.0575 0.0741 0.08 0.0899 0.113 0.13 0.154 0.19 0.46
Hg 0.00004 mg kgt 1083 O 0 0.0152 0.0453 0.0549 0.0621 0.0753 0.113 0.17 0.192 0.225 0.372 0.573 0.944 1.39 3.76
In 0.00005 mg kg 1083 18 1.66 0.00059 0.002 0.00%5 0.0112 0.0132 0.0175 0.0218 0.0232 0.0245 0.0297 0.0348 0.0401 0.0456 8.89
K 0.0001 % 1083 O 0 0.0169 0.0673 0.0725 0.0768 0.0847 0.104 0.124 0.13 0.139 0.163 0.2 0.233 0.262 0.295
La 0.00002 mg kg 1083 0 0 2.41 7.84 9.63 10.4 12.1 15.2 17.7 18.4 19.3 21.9 24.4 27.6 37.3 114
Li 0.001 mg kg 1083 O 0 0.759 6.2 7.4 8.24 9.81 13.5 16.8 17.6 18.6 21.7 26.6 33.8 38.2 44.8
Mg 0.0001 % 1083 O 0 0.0295 0.0922 0.113 0.132 0.167 0.234 0.304 0.327 0.379 0.524 0.681 0.818 1.06 4.42
Mn 0.001 mg kg 1083 O 0 13.2 255 333 382 491 704 885 942 1010 1160 1330 1500 2260 4810
Mo 0.0001 mg kg 1083 O 0 0.159 0.383 0.479 0.529 0.624 0.851 1.06 1.13 1.23 1.53 2.13 2.59 4.04 16.8
Na 0.00001 % 1083 5 0.46 0.00008 0.0041 0.0060 0.0070 0.008& 0.0112 0.0143 0.0152 0.0162 0.0207 0.0237 0.0322 0.0417 0.847
Nb 0.00002 mg kgt 1083 0 0 0.0273 0.193 0.22 0.234 0.262 0.321 0.411 0.436 0.489 0.622 0.739 0.979 1.27 3.07
Ni 0.0004 mg kgt 1083 0 0 2.34 7.92 10.3 11.8 14.4 20.2 24.9 26.3 27.8 33.1 38.6 45.2 54.2 83.6
P 0.00001 % 1083 0 0 0.0113 0.0297 0.0372 0.0418 0.0503 0.0658 0.0814 0.0866 0.0956 0.125 0.16 0.199 0.265 0.485
Pb 0.00005 mg kgt 1083 O 0 7.29 18.2 21.4 24 29.5 41.8 61.9 71.8 84.6 135 248 358 691 7220
Rb 0.00005 mg kg 1083 O 0 0.927 6.29 7.23 7.75 8.56 10.9 13.6 14.4 15.3 17.5 19.3 20.8 23 31.2
Re 0.000002 mg kgt 1083 1 0.09 0.000029 0.0001 0.0001 0.0002 0.0002 0.0004 0.0006 0.0007 0.0008 0.0012 0.0018 0.0027 0.0048 0.022
6 34 74 04 62 1 72 59 85 7 2 6 7 2
S 0.0001 % 1083 O 0 0.0038 0.0154 0.0196 0.0217 0.0252 0.0358 0.0473 0.0508 0.0578 0.0787 0.103 0.14 0.186 0.919
Sh 0.00005 mg kgt 1083 O 0 0.0841 0.2 0.24 0.275 0.339 0.467 0.65 0.709 0.807 1.15 1.83 3.46 6.38 95.1
Sc 0.00005 mg kgt 1083 O 0 0.277 1.04 1.22 1.31 1.46 1.85 2.39 2.6 2.88 3.74 4.45 4.93 5.82 10.3
Se 0.00003 mg kgt 1083 0 0 0.0836 0.278 0.306 0.334 0.369 0.481 0.601 0.639 0.693 0.853 1.01 1.5 2.32 4.73
Sn 0.0001 mg kgt 1083 0 0 0.24 0.505 0.594 0.708 0.956 1.73 3 3.7 4.86 8.47 14.7 28.1 50.7 302
Sr 0.0001 mg kgt 1083 0 0 2.04 5.41 6.41 7.21 8.58 15.5 38.2 49.4 63.5 117 185 235 287 533
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2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 o) Q = 2 2 £ 2 2 2 £ 2 £ g £ £ £
< - = [} o] o] o] [0} [0} [0} o] ] [} [0} = O [0} c o
= [a)] = - v o 2 £ 2 = 2 = 2 = 2 £ 2 s 2 = 2 £ 2 S 2 n o s 2 S L
© — c v o = 0 S 0 o o n o© n o (s3] [SIK) 0 o o o oo n o ~ @O o O [S]
> - ) c c > oS a n o - O - N n o ~ Q ~ o 0 Q o o o Q o a o Q - Q
Ta 0.00005 mg kgt 1083 26 2.40 0.00007 0.0002 0.0003 0.0004 0.0006 0.0009 0.0012 0.0013 0.0015 0.0021 0.0034 0.0050 0.0084 0.015
6 8 7 2 1 1 2 2 8 2 3 3 1
Te 0.00003 mg kgt 1083 0 0 0.00372 0.0075 0.00&8 0.0095 0.0107 0.0132 0.0159 0.0167 0.0177 0.0215 0.0265 0.0388 0.0542 0.528
Th 0.00002 mg kgt 1083 O 0 0.099 0.573 0.761 0.897 1.09 1.38 1.62 1.71 1.82 2.34 2.87 3.39 4.11 10.5
Ti 0.00001 % 1083 O 0 0.00167 0.0025 0.0029 0.003%# 0.002 0.003 0.0069 0.00/8 0.0082 0.0101 0.0121 0.0166 0.027 0.145
TI 0.00001 mg kgt 1083 O 0 0.0246 0.0624 0.0711 0.0776 0.089 0.125 0.151 0.161 0.17 0.203 0.239 0.272 0.397 8.92
0.00005 mg kgt 1083 O 0 0.243 0.506 0.575 0.618 0.711 0.885 1.1 1.16 1.25 1.58 2.29 3.55 7.53 22.7
\% 0.001 mg kgt 1083 O 0 5,51 14.1 16 17.2 18.9 22.8 27.5 29.3 31 38.6 47.4 53.7 66.3 111
0.00001 mg kgt 1083 0 0 0.0254 0.0477 0.0568 0.0626 0.0761 0.109 0.162 0.193 0.236 0.449 0.757 1.86 5.26 44.5
Y 0.00003 mg kgt 1083 O 0 1.32 3.52 4.03 4.37 5.12 7.94 12.8 14 15.6 20.5 235 26.7 29.9 43
Zn 0.001 mg kgt 1083 0 0 9.31 30.2 36.3 39.6 45.6 60 76.7 83.7 92.4 130 177 346 540 7790
Zr 0.0001 mg kgt 1083 O 0 0.135 0.634 0.876 1.05 1.29 1.78 2.31 2.52 2.77 3.54 4.16 4.8 5.42 24.9
Au 0.000002 mgkgt 1083 O 0 0.00005 0.0004 0.0005 0.0006 0.0008 0.0013 0.0021 0.0023 0.0026 0.0038 0.0049 0.0071 0.0125 0.46
9 71 86 99 78 8 2 9 7 3 7 7
Pd 0.00001 mg kgt 1083 905 83.6 <LLD <LLD <LLD <LLD <LLD 0.0000 0.0000 0.0000 0.0001 0.0004 0.0012 0.0020 0.0033 0.018
132 483 696 01 9 6 2 2
Pt 0.00002 mg kgt 1083 149 138 0.00001 0.0000 0.0000 0.0000 0.0001 0.0003 0.0004 0.0005 0.0006 0.0007 0.001 0.0013 0.0017 0.013
4 482 645 8 4 4 9 45 2 88 4 1
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Table24 Univariate summary statistics fodeepertopsoil ICPar sample data calculated for MES41L method.

2 2 2 2 2 2 2 2 k) k) k) k) Q2 i)

E 5 3 § 3 5 _% _% _% _% _% _% _% _§ =% _§ <c&

= a) = i v =4 =4 £ 2 s 2 s 2 s 2 s 2 s 2 s 2 s 2 s 2 o e s £ IS

B 3 5 c < £ 8¢ B¢ S8g& HBg Kg 3Zg g Lg gg& 8¢ Bg 58 g <S%g
Ag 0.001 mg kgt 1083 O 0 0.016 0.042 0.052 0.059 0.071 0.101 0.136 0.152 0.173 0.24 0.34 0.481 0.827 20.7
Al 0.01 % 1083 0 0 0.15 0.6 0.7 0.76 0.85 1 113 1.18 1.25 1.44 1.66 1.94 2.13 2.7
As 0.01 mg kgt 1083 O 0 2.4 4.22 5.01 5.66 6.73 9.29 11.7 12.4 13.3 16.5 21.4 26.6 45.9 850
B 10 mg kgt 1083 1075 99.3 <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD 12.7 19.5 50
Ba 0.5 mg kgt 1083 0 0 8.5 34.6 40.5 44.1 50.2 70.7 97.2 104 115 154 210 287 413 783
Be 0.01 mg kgt 1083 0 0 0.12 0.33 0.37 0.42 0.49 0.65 0.81 0.87 0.94 1.15 1.3 1.52 2.03 4.13
Bi 0.0005 mgkgt 1083 0 0 0.0235 0.0784 0.0948 0.108 0.129 0.164 0.202 0.214 0.234 0.335 0.596 0.889 2.03 41.9
Ca 0.01 % 1083 1 0.09 <LLD 0.09 0.12 0.14 0.18 0.64 2.24 2.94 3.76 7.2 10.9 13.6 16.4 25
Cd 0.001 mg kgt 1083 1 0.09 0.0191 0.0961 0.122 0.139 0.171 0.317 0.55 0.625 0.766 11 1.37 1.67 2.15 10.8
Ce 0.003 mg kgt 1083 0 0 2.8 16.8 20.3 222 255 315 37 38.2 40 44.8 49.5 56.4 69.3 281
Co 0.001 mg kgt 1083 O 0 0.439 361 4.59 5.39 6.39 8.49 10.2 10.8 11.2 12.8 15.1 17.4 19.8 41.9
Cr 0.01 mg kgt 1083 0 0 3.74 10.3 12.2 13.2 14.8 17.6 21.3 22.6 24 29.4 36.7 46.6 53.2 115
Cs 0.005 mg kgt 1083 O 0 0.088 0.521 0.578 0.616 0.694 0.937 1.29 1.36 15 1.78 2.04 2.24 2.51 3.94
Cu 0.01 mg kgt 1083 O 0 3.96 7.92 9.93 11.7 13.8 19.6 26.5 29.2 33.2 48.1 64.2 102 164 2570
Fe 0.001 % 1083 0 0 0.168 1.09 1.29 1.44 1.68 2.07 2.35 2.46 2.6 2.96 3.37 3.79 4.49 21.5
Ga 0.004 mg kgt 1083 0 0 0.283 1.88 2.11 2.3 2.58 3.08 3.57 3.73 3.98 4.59 5.41 6.38 7.32 9.8
Ge 0.005 mg kgt 1083 0 0 0.011 0.0281 0.033 0.037 0.0415 0.054 0.066 0.07 0.074 0.084 0.094 0.105 0.126 0.412
Hf 0.002 mg kgt 1083 0 0 0.004 0.019 0.027 0.033 0.041 0.058 0.074 0.08 0.09 0.113 0.13 0.154 0.19 0.46
Hg 0.004 mg kgt 1083 O 0 0.015 0.0451 0.055 0.062 0.075 0.113 0.17 0.192 0.225 0.372 0.573 0.944 1.39 3.76
In 0.005 mg kgt 1083 42 3.88 <LLD 0.0072 0.009 0.011 0.013 0.018 0.022 0.023 0.024 0.03 0.035 0.04 0.046 8.89
K 0.01 % 1083 0 0 0.02 0.07 0.07 0.08 0.08 0.1 0.12 0.13 0.14 0.16 0.2 0.23 0.26 0.3
La 0.002 mg kgt 1083 0 0 2.41 7.84 9.63 10.5 12.1 15.2 17.8 18.4 19.3 21.9 24.4 27.7 37.2 114
Li 0.1 mg kgt 1083 0 0 0.8 6.2 7.4 8.23 9.8 13.5 16.8 17.6 18.6 21.7 26.6 33.8 38.2 44.8
Mg 0.01 % 1083 0 0 0.03 0.09 0.11 0.13 0.17 0.23 0.3 0.33 0.38 0.52 0.679 0.82 1.06 4.42

AEX%-02 70

AURUM



2 2 2 2 2 2 2 2 k) k) k) k) Q@ i)

E 5 3 § 3 5 _% _% _% _% _% _% _% _% =% _§ <c&

= a) = i v =4 =4 £ 2 s 2 s 2 s 2 s 2 s 2 s 2 s 2 s 2 o e s £ IS

s 3 5 c < £ 8¢ B¢ S8g& Hg Kg 3Zg g Lg gg& 8¢ Bg 58 g <S8
Mn 0.1 mg kgt 1083 O 0 13.2 254 333 382 491 704 884 942 1010 1160 1340 1500 2260 4810
Mo 0.01 mg kgt 1083 O 0 0.16 0.38 0.48 0.53 0.62 0.85 1.06 113 1.23 1.53 2.13 2.59 4.05 16.9
Na 0.001 % 1083 14 1.29 0.0019 0.004 0.006 0.007 0.008 0.011 0.014 0.015 0.016 0.021 0.0239 0.032 0.0417 0.847
Nb 0.002 mg kgt 1083 O 0 0.027 0.193 0.219 0.234 0.262 0.321 0.41 0.436 0.489 0.623 0.739 0.979 1.27 3.07
Ni 0.04 mg kgt 1083 0 0 2.34 7.92 10.3 11.8 14.4 20.2 24.9 26.3 27.8 33.2 38.6 45.2 54.2 83.6
P 0.001 % 1083 0 0 0.011 0.03 0.037 0.042 0.05 0.066 0.081 0.087 0.096 0.125 0.16 0.199 0.265 0.485
Pb 0.005 mg kgt 1083 O 0 7.29 18.2 21.4 24 29.5 41.8 61.9 71.8 84.6 135 248 358 691 7220
Rb 0.005 mg kgt 1083 O 0 0.927 6.29 7.23 7.75 8.56 10.8 13.6 14.4 15.2 175 19.3 20.9 23 31.2
Re 0.0002 mg kgt 1083 68 6.28 <LLD <LLD 0.0002 0.0002 0.0003 0.0004 0.0007 0.0008 0.0009 0.0013 0.0018 0.0028 0.0049 0.0222
S 0.01 % 1083 47 43  <LLD 0.02 0.02 0.02 0.03 0.04 0.05 0.05 0.06 0.08 0.1 0.14 0.19 0.92
Sb 0.005 mg kgt 1083 0 0 0.084 0.2 0.24 0.275 0.34 0.467 0.65 0.709 0.807 1.15 1.83 3.46 6.38 95.1
Sc 0.005 mg kgt 1083 0 0 0.277 1.05 1.22 1.3 1.46 1.84 2.38 2.6 2.88 3.74 4.45 4.93 5.82 10.2
Se 0.003 mg kgt 1083 O 0 0.084 0.278 0.306 0.334 0.369 0.481 0.601 0.639 0.693 0.853 1.01 15 2.32 4.73
Sn 0.01 mg kgt 1083 O 0 0.24 0.501 0.592 0.71 0.96 1.73 3 3.7 4.86 8.47 14.6 28 50.6 302
Sr 0.01 mg kgt 1083 O 0 2.04 5.41 6.41 7.21 8.58 15.4 38.2 49.5 63.5 117 185 235 287 533
Ta 0.005 mg kgt 1083 1058 97.7 <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD 0.0057 0.008 0.015
Te 0.003 mg kgt 1083 0 0 0.004 0.007 0.009 0.01 0.011 0.013 0.016 0.017 0.018 0.0218 0.0269 0.039 0.0542 0.528
Th 0.002 mg kgt 1083 0 0 0.099 0.573 0.761 0.897 1.09 1.38 1.62 1.72 1.82 2.34 2.87 3.39 4.11 10.5
Ti 0.001 % 1083 0 0 0.002 0.003 0.003 0.003 0.004 0.006 0.007 0.007 0.008 0.01 0.012 0.017 0.0267 0.145
Tl 0.001 mg kgt 1083 O 0 0.025 0.062 0.071 0.078 0.089 0.125 0.151 0.161 0.17 0.204 0.239 0.272 0.397 8.92
U 0.005 mg kgt 1083 O 0 0.243  0.506 0.575 0.619 0.711 0.885 11 1.16 1.25 1.58 2.3 3.56 7.53 22.7
\Y 0.1 mg kgt 1083 0 0 55 14.1 16 17.2 18.9 22.8 275 29.3 31 38.6 47.4 53.7 66.2 111
w 0.001 mg kgt 1083 0 0 0.025 0.048 0.057 0.0623 0.076 0.109 0.162 0.193 0.236 0.449 0.757 1.85 5.25 445
Y 0.003 mg kgt 1083 0 0 1.32 3.52 4.03 4.37 5.12 7.94 12.8 14 15.6 20.5 23.5 26.7 29.9 43
Zn 0.1 mg kgt 1083 O 0 9.3 30.2 36.3 39.6 45.5 60 76.7 83.7 92.4 130 177 346 540 7790
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2 2 2 2 2 2 2 2 2 2 2 2 2 2
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> | ) c c > oS a n o - Q - Q N n a ~ Q ~ Q 0 Q o a o Q o a o Q — Q
Zr 0.01 mg kgt 1083 O 0 0.14 0.631 0.88 1.05 1.29 1.78 231 251 2.77 3.54 4.16 4.8 5.42 24.9
Au 0.0002 mg kgt 1083 11 1.02 <LLD  0.0005 0.0006 0.0007 0.0009 0.0014 0.0021 0.0024 0.0027 0.0038 0.0660 0.0072 0.0125 0.46
Pd 0.001 mg kgt 1083 1037 958 <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD 0.0014 0.002 0.003 0.018
Pt 0.002 mg kgt 1083 1075 99.3 <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD 0.013
Table25 Univariate summary statistics including best fits based on proportions of pH (CaC2) and LOI (450°C) data below the LLD.
8 ] c g g
s ¢ 0§ 0§ 3 % 5 & -
3 o q @ g < o o £ £ o £ £ a ? ?
< 3 c € ¢ ) ] IS 1S n
5 Q g v v 23 39§ 2 s e s 8 u s 8 u s 8 u
pS = 5 c 2 S e 8 = 3 5 < & = < T = < T =
pH 0.1 1083 0 0 6.4 6.34 0.741 3.73 7.77 6.7 6.7 6.34 6.4 6.4 6.4 0.832 0.832 0.886
LOI 0.01 % 1083 0 0 6.73 5.86 2.12 -0.147 8.87 5.63 5.63 5.86 6.73 6.73 6.54 5.62 5.62 3.25
Table26 Univariate summary statistics including best fits based on proportions of ICPar data below the MBUDLLLD.
© © = =
: F &8 £ 3 5 5 3
2 a) Q o T 2 2 ] g L e g o a o a
[ = O = E c ) o} IS IS %)
5 Q £ v v £8 S S 2 = g s 8 W = 8 W s 8 W
= =
S - 5 c £ 8 ZE S E = 3 5 < & = < T = < T =
Ag 0.00001 mgkg- 1083 O 0 0.162 0.108 0.0535 -0.0505 0.193 0.101 0.101 0.108 0.162 0.162 0.135 0.672 0.672 0.101
Al 00001 % 1083 O 0 1.04 0.995 0.241 0.353 1.35 0.996 0.996 0.995 1.04 1.04 1.04 0.325 0.325 0.331
As 0.0001 mgkgt 1083 O 0 11.6 9.36 4.14 -1.81 15.3 9.29 9.29 9.36 11.6 11.6 10.7 27.3 27.3 6
B 0.1 mg kgt 1083 64 591 3.65 2.93 1.48 -1.6 5.6 2.7 2.7 2.36 3.45 3.48 4.15 3.5 3.48 6.01
Ba 0.005 mgkgt 1083 O 0 91.3 75.3 36.5 -30.8 131 70.7 70.7 75.3 91.3 91.3 89.1 74.5 74.5 56.4
Be 0.0001 mgkgt 1083 O 0 0.722 0.653 0.27 -0.091 1.06 0.646 0.646 0.653 0.722 0.722 0.72 0.364 0.364 0.335
Bi 0.000005 mgkg- 1083 O 0 0.281 0.178 0.0625 0.000764 0.257 0.164 0.164 0.178 0.281 0.281 0.219 1.34 1.34 0.157
Ca | 00001 % 1083 O 0 2.36 0.759 0.768 -3.95 4.32 0.639 0.639 0.759 2.36 2.36 2.63 3.7 3.7 8.74
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. e : &g g E o 5 s
2 c 5 &, . . 3 3 B ; e ¢ ¢ & g & 3
= a\ = 7 v £ g S g = S s 8 W s 8 Y s 8 W
$ - 5 e L £ zE = s 3 =} < % = < % = < % =
Cd 0.00001 mgkg- 1083 1 0.09 0.497 0.335 0.257 -0.507 0.851 0.317 0.317 0.332 0.497 0.497 0.506 0.608 0.608 0.583
Ce 0.00003 mgkg- 1083 O 0 32.8 30.8 9.5 6.32 44.6 315 315 30.8 32.8 32.8 32.8 13.9 13.9 11.8
Co 0.00001 mgkg- 1083 O 0 8.78 8.01 3.26 -0.171 12.9 8.49 8.49 8.01 8.78 8.78 8.9 3.67 3.67 4.31
cr 0.0001 mgkg: 1083 O 0 19.9 18.3 5.16 2.99 26.6 17.6 17.6 18.3 19.9 19.9 19.8 9.28 9.28 8.13
Cs 0.00005 mgkg- 1083 O 0 1.08 0.978 0.454 -0.31 1.7 0.937 0.937 0.978 1.08 1.08 1.08 0.496 0.496 0.515
Cu 0.0001 mgkgt 1083 O 0 30.1 20.9 10.3 -9.22 36.9 19.6 19.6 20.9 30.1 30.1 26.3 87.7 87.7 19.9
Fe | 0.00001 % 1083 O 0 2.14 2.01 0.584 0.492 2.86 2.07 2.07 2.01 2.14 2.14 2.14 0.946 0.946 0.803
Ga 0.00004 mgkg 1083 O 0 3.29 3.11 0.834 0.859 4.3 3.08 3.08 3.11 3.29 3.29 3.29 1.15 1.15 1.11
Ge 0.00005 mgkg 1083 O 0 0.0577 0.0535 0.0203 -0.000707 0.0837 0.0542 0.0542 0.0535 0.0577 0.0577 0.0577 0.0253 0.0253 0.0234
Hf 0.00002 mgkg 1083 O 0 0.065 0.0552 0.0283 -0.0165 0.0993 0.0575 0.0575 0.0552 0.065 0.065 0.0663 0.0379 0.0379 0.044
Hg 0.00004 mgkg- 1083 O 0 0.192 0.129 0.0716 -0.1 0.251 0.113 0.113 0.129 0.192 0.192 0.175 0.276 0.276 0.162
In 0.00005 mgkg 1083 18 1.66 0.0282 0.0174 0.00715 -0.00163 0.0283 0.0175 0.0175 0.0158 0.0277 0.0278 0.0245 0.27 0.27 0.029
K 00001 % 1083 O 0 0.113 0.107 0.0323  0.0168 0.153 0.104 0.104 0.107 0.113 0.113 0.113 0.0414  0.0414  0.0391
La 0.00002 mgkg- 1083 O 0 16 14.9 4.65 2.65 21.6 15.2 15.2 14.9 16 16 15.9 7.91 7.91 6.04
Li 0.001 mgkgt 1083 O 0 14.4 13 5.78 -1.84 21.5 135 135 13 14.4 14.4 14.5 6.64 6.64 7.23
Mg 0.0001 % 1083 O 0 0.29 0.239 0.114 -0.0722 0.407 0.234 0.234 0.239 0.29 0.29 0.287 0.235 0.235 0.191
Mn 0.001 mgkgt 1083 O 0 751 654 338 -186 1170 704 704 654 751 751 767 408 408 472
Mo 0.0001 mg kgt 1083 O 0 1.02 0.864 0.369 -0.137 1.38 0.851 0.851 0.864 1.02 1.02 0.991 0.993 0.993 0.557
Na | 0.00001 % 1083 5 046 0.0151  0.0111  0.00468 -0.00162 0.0186  0.0112  0.0112 0.0107  0.015 0.015 0.0147  0.0405  0.0405  0.0137
Nb 0.00002 mgkgt 1083 O 0 0.388 0.346 0.118 -0.000373 0.524 0.321 0.321 0.346 0.388 0.388 0.383 0.232 0.232 0.18
Ni 0.0004 mgkgt 1083 O 0 21.3 19 8.81 -3.37 32.2 20.2 20.2 19 21.3 21.3 215 10 10 114
P 0.00001 % 1083 O 0 0.0761 0.0668 0.0263 -0.00419 0.105 0.0658 0.0658 0.0668 0.0761 0.0761 0.0756 0.0454 0.0454 0.04
Pb 0.00005 mgkg- 1083 O 0 83.3 49.4 23.9 -33.9 93 41.8 41.8 49.4 83.3 83.3 68.1 257 257 64.7
Rb | 0.00005 mgkgt 1083 O 0 11.7 11 3.99 -0.247 17.4 10.9 10.9 11 11.7 11.7 11.7 4.14 4.14 4.46
Re 0.000002 mgkg 1083 1 0.09 0.000679 0.000454 0.000294 -0.000482 0.00101 0.00041 0.00041 0.000452 0.000679 0.000679 0.000642 0.00104 0.00104 0.000648
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S 0.0001 % 1083 O 0 0.0465 0.0373 0.0182 -0.0133 0.0637 0.0358 0.0358 0.0373 0.0465 0.0465 0.0446 0.0527 0.0527 0.0292
Sb 0.00005 mgkg- 1083 O 0 0.822 0.518 0.246 -0.215 0.893 0.467 0.467 0.518 0.822 0.822 0.672 3.1 3.1 0.555
Sc 0.00005 mgkg- 1083 O 0 2.18 1.96 0.727 -0.26 3.17 1.85 1.85 1.96 2.18 2.18 2.17 1.11 1.11 1.05
Se | 0.00003 mgkgt 1083 O 0 0.569 0.503 0.187 -0.036 0.774 0.481 0.481 0.503 0.569 0.569 0.558 0.385 0.385 0.267
Sn 0.0001 mgkgt 1083 O 0 4.64 2.06 1.48 -3.16 5.07 1.73 1.73 2.06 4.64 4.64 3.64 13.6 13.6 5.32
Sr 0.0001 mgkg- 1083 O 0 42.7 21 13.2 52.7 69.8 15.5 15.5 21 42.7 42.7 39.7 62.5 62.5 63.5
Ta 0.00005 mgkg 1083 26 2.40 0.00129 0.000963 0.000489 -0.000385 0.00169 0.00091 0.00091 0.000892 0.00127 0.00127 0.00129 0.00143 0.00142 0.00135
Te 0.00003 mgkg 1083 O 0 0.0165 0.0137 0.00426  0.00162 0.0198 0.0132 0.0132 0.0137 0.0165 0.0165 0.0152 0.027 0.027 0.00731
Th 0.00002 mgkg 1083 O 0 1.5 1.34 0.458 0.152 2.03 1.38 1.38 1.34 1.5 1.5 1.51 0.766 0.766 0.791
Ti 0.00001 % 1083 O 0 0.00676 0.00571 0.00239 -0.000745 0.00913 0.00577 0.00577 0.00571 0.00676 0.00676 0.00652 0.00698 0.00698 0.00358
TI 0.00001 mgkg 1083 O 0 0.148 0.123 0.0533 -0.0185 0.197 0.125 0.125 0.123 0.148 0.148 0.137 0.314 0.314 0.0683
0.00005 mgkg 1083 O 0 1.18 0.953 0.329 0.0423 1.38 0.885 0.885 0.953 1.18 1.18 1.09 1.53 1.53 0.616
v 0.001 mgkg® 1083 O 0 25.6 23.9 6.98 3.15 34.6 22.8 22.8 23.9 25.6 25.6 25.5 11 11 9.55
0.00001 mgkg- 1083 O 0 0.391 0.137 0.0632 -0.0992 0.251 0.109 0.109 0.137 0.391 0.391 0.217 21 2.1 0.267
Y 0.00003 mgkg 1083 O 0 10.3 8.47 5.19 -8.25 18.5 7.94 7.94 8.47 10.3 10.3 10.3 6.71 6.71 7.04
zn 0.001 mgkgt 1083 O 0 91.9 65.3 24.9 -11.5 103 60 60 65.3 91.9 91.9 79.3 262 262 54.7
Zr 0.0001 mgkgt 1083 O 0 2.04 1.74 0.879 -0.555 3.13 1.78 1.78 1.74 2.04 2.04 2.06 1.3 1.3 1.3
Au 0.000002 mg kg 1083 O 0 0.00251 0.00146 0.000915 -0.00139 0.00315 0.00138 0.00138 0.00146  0.00251 0.00251 0.002 0.0144 0.0144 0.00187
Pd 0.00001 mgkgt 1083 905 83.6 0.00123 0.000629 0.000704 -0.00147 0.00211 NA 0.0000132 1.75E08 0.000218 0.000221 101 0.000872 0.00087 5.87E+11
Pt 0.00002 mgkgt 1083 149 13.8 0.000486 0.000351 0.000252 -0.000285 0.000765 0.00034 0.00034 0.000218 0.000423 0.000428 0.000599 0.000619 0.000616 0.00153
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Table27 Univariate summary statistics including best fits based on proportions of ICPar data below thé/ISE1L LLD.

I 8 8 5 £ 5 : g :
2 = B B 3. 82 3 : : g 2 : o 3 8
Ag 0.001 mg kgt 1083 O 0 0.162 0.108 0.0534 -0.0505 0.192 0.101 0.101 0.108 0.162 0.162 0.135 0.671 0.671 0.101
Al 0.01 % 1083 O 0 1.04 0.995 0.237 0.355 1.34 1 1 0.995 1.04 1.04 1.04 0.325 0.325 0.331
As 0.01 mg kg1 1083 O 0 11.6 9.36 4.15 -1.77 15.2 9.29 9.29 9.36 11.6 11.6 10.7 27.3 27.3 6
B 10 mg kg1 1083 1075 99.3 35 33.6 7.41 11.2 48.8 NA 1.14 0.00251 20.1 2.42 0.827 1.65 4.15 273
Ba 0.5 mg kg1 1083 O 0 91.3 75.3 36.5 -30.8 131 70.7 70.7 75.3 91.3 91.3 89.1 74.5 74.5 56.4
Be 0.01 mg kgt 1083 O 0 0.723 0.654 0.267 -0.08 1.06 0.65 0.65 0.654 0.723 0.723 0.721 0.364 0.364 0.335
Bi 0.0005 mgkgt 1083 0 0 0.281 0.178 0.0623 0.000875 0.257 0.164 0.164 0.178 0.281 0.281 0.219 1.34 1.34 0.157
Ca 0.01 % 1083 1 0.09 2.36 0.762 0.778 -3.95 4.32 0.64 0.64 0.759 2.36 2.36 2.64 3.7 3.7 8.79
Cd 0.001 mg kgt 1083 1 0.09 0.497 0.335 0.257 -0.508 0.852 0.317 0.317 0.334 0.497 0.497 0.491 0.607 0.607 0.531
Ce 0.003 mg kgt 1083 0 0 32.8 30.8 9.49 6.38 44.6 315 315 30.8 32.8 32.8 32.8 13.9 13.9 11.8
Co 0.001 mg kgt 1083 O 0 8.78 8.01 3.28 -0.15 12.9 8.49 8.49 8.01 8.78 8.78 8.9 3.67 3.67 4.31
Cr 0.01 mg kgt 1083 O 0 19.9 18.3 5.19 3.03 26.6 17.65 17.6 18.3 19.9 19.9 19.8 9.28 9.28 8.13
Cs 0.005 mg kgt 1083 O 0 1.08 0.978 0.455 -0.312 1.7 0.937 0.937 0.978 1.08 1.08 1.08 0.496 0.496 0.515
Cu 0.01 mg kgt 1083 0 0 30.1 20.9 10.2 -9.18 36.9 19.6 19.6 20.9 30.1 30.1 26.3 87.7 87.7 19.9
Fe 0.001 % 1083 O 0 2.14 2.01 0.586 0.498 2.85 2.07 2.07 2.01 2.14 2.14 2.14 0.946 0.946 0.803
Ga 0.004 mg kgt 1083 0 0 3.29 3.11 0.83 0.855 4.3 3.08 3.08 3.11 3.29 3.29 3.29 1.15 1.15 1.11
Ge 0.005 mg kgt 1083 O 0 0.0578 0.0535 0.0208 -0.00125 0.0843 0.054 0.054 0.0535 0.0578 0.0578 0.0577 0.0253 0.0253 0.0234
Hf 0.002 mg kgt 1083 O 0 0.065 0.0552 0.0282 -0.0175 0.0995 0.058 0.058 0.0552 0.065 0.065 0.0663 0.0379 0.0379 0.0439
Hg 0.004 mg kgt 1083 O 0 0.192 0.129 0.0712 -0.101 0.25 0.113 0.113 0.129 0.192 0.192 0.175 0.276 0.276 0.162
In 0.005 mg kgt 1083 42 3.88 0.0287 0.0181 0.00741 0.0005 0.0275 0.018 0.018 0.0171 0.0279 0.0279 0.0199 0.27 0.27 0.0116
K 0.01 % 1083 O 0 0.113 0.107 0.0297 0.005 0.155 0.1 0.1 0.107 0.113 0.113 0.113 0.0414 0.0414 0.039
La 0.002 mg kg1 1083 O 0 16 14.9 4.67 2.64 21.6 15.2 15.2 14.9 16 16 15.9 7.91 7.91 6.04
Li 0.1 mg kg1 1083 O 0 14.4 13 5.78 -1.9 215 13.5 13.5 13 14.4 14.4 14.5 6.64 6.64 7.23
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Mg 0.01 % 1083 O 0 0.29 0.239 0.119 -0.07 0.41 0.23 0.23 0.239 0.29 0.29 0.287 0.235 0.235 0.192

Mn 0.1 mg kgt 1083 0 751 654 338 -186 1170 704 704 654 751 751 768 408 408 472

Mo 0.01 mg kgt 1083 0 1.02 0.864 0.371 -0.145 1.38 0.85 0.85 0.864 1.02 1.02 0.991 0.994 0.994 0.557

Na 0.001 % 1083 14 1.29 0.0152 0.0114 0.00445 -1.73E18 0.018 0.011 0.011 0.011 0.015 0.015 0.0135 0.0405 0.0405 0.00955

Nb 0.002 mg kgt 1083 0 0 0.388 0.346 0.119 0.00025 0.524 0.321 0.321 0.346 0.388 0.388 0.383 0.232 0.232 0.18

Ni 0.04 mg kgt 1083 0 0 21.3 19 8.82 -3.45 32.2 20.2 20.2 19 21.3 21.3 21.5 10 10 11.4

P 0.001 % 1083 O 0 0.0761 0.0668 0.0267 -0.0055 0.105 0.066 0.066 0.0668 0.0761 0.0761 0.0756 0.0454 0.0454 0.04

Pb 0.005 mg kgt 1083 O 0 83.3 49.4 23.9 -34 93 41.8 41.8 49.4 83.3 83.3 68.1 257 257 64.7

Rb 0.005 mg kgt 1083 O 0 11.7 11 4 -0.237 17.4 10.85 10.8 11 11.7 11.7 11.7 4.14 4.14 4.46

Re 0.0002 mgkgt 1083 68 6.28 0.00072 0.000505 0.000297 -0.00045 0.00105 0.0004 0.0004 0.000446 0.000687 0.00068 0.000649 0.00104 0.00104 0.000685

S 0.01 % 1083 47 4.34 0.0483 0.0395 0.0148 -6.94E18 0.06 0.04 0.04 0.0368 0.0471 0.0467 0.045 0.0526 0.0528 0.0316

Sb 0.005 mg kgt 1083 0 0 0.822 0.518 0.246 -0.215 0.894 0.467 0.467 0.518 0.822 0.822 0.672 3.1 3.1 0.555

Sc 0.005 mg kgt 1083 O 0 2.18 1.96 0.726 -0.262 3.17 1.845 1.84 1.96 2.18 2.18 2.17 1.11 1.11 1.05

Se 0.003 mg kgt 1083 O 0 0.569 0.503 0.187 -0.036 0.774 0.481 0.481 0.503 0.569 0.569 0.558 0.385 0.385 0.267

Sn 0.01 mg kgt 1083 O 0 4.64 2.06 1.48 -3.15 5.07 1.73 1.73 2.06 4.64 4.64 3.64 13.6 13.6 5.32

Sr 0.01 mg kgt 1083 0 0 42.7 21 13.2 -52.7 69.9 15.45 15.4 21 42.7 42.7 39.7 62.5 62.5 63.5

Ta 0.005 mg kgt 1083 1058 97.7 0.00852 0.00821 0.00297 0.0025 0.0115 NA  0.000989 0.000424 0.00606 0.00148 0.000915 0.000547 0.00158 0.00175

Te 0.003 mg kgt 1083 0 0 0.0165 0.0137 0.00445 0.002 0.02 0.013 0.013 0.0137 0.0165 0.0165 0.0152 0.027 0.027 0.00732

Th 0.002 mg kgt 1083 O 0 1.5 1.34 0.46 0.153 2.03 1.385 1.38 1.34 1.5 1.5 1.51 0.766 0.766 0.791

Ti 0.001 % 1083 O 0 0.00677 0.00571 0.00297 -0.0005 0.0085 0.006 0.006 0.00571 0.00677 0.00677 0.00654 0.00698 0.00698 0.00363

Tl 0.001 mg kgt 1083 O 0 0.148 0.123 0.0534 -0.019 0.197 0.125 0.125 0.123 0.148 0.148 0.137 0.314 0.314 0.0683

U 0.005 mg kgt 1083 0 0 1.18 0.953 0.329 0.0412 1.38 0.885 0.885 0.953 1.18 1.18 1.09 1.53 1.53 0.616

V 0.1 mg kgt 1083 0 0 25.6 23.9 6.97 3.18 34.5 22.8 22.8 23.9 25.6 25.6 255 11 11 9.55

W 0.001 mg kgt 1083 0 0 0.391 0.137 0.0638 -0.0995 0.252 0.109 0.109 0.137 0.391 0.391 0.217 2.1 2.1 0.267

Y 0.003 mgkgt 1083 0 0 10.3 8.47 5.2 -8.24 18.5 7.94  7.94 8.47 10.3 10.3 10.3 6.71 6.71 7.04
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Zn 0.1 mg kgt 1083 O 0 91.9 65.3 24.9 -11.6 103 60 60 65.3 91.9 91.9 79.3 262 262 54.7

Zr 0.01 mg kgt 1083 0 2.04 1.74 0.875 -0.547 3.13 1.78 1.78 1.74 2.04 2.04 2.06 1.3 1.3 1.3

Au 0.0002 mgkgt 1083 11 1.02 0.00253 0.0015 0.00089 -0.00135 0.00315 0.0014 0.0014 0.00146 0.00251 0.00251 0.002 0.0144 0.0144 0.00186
Pd 0.001 mg kgt 1083 1037 95.8 0.00322 0.00273 O 0.0005 0.0035 NA 0.000137 0.0000203 0.00205 0.000367 0.000268 0.000612 0.000865 0.00352
Pt 0.002 mg kgt 1083 1075 99.3 0.0055 0.00474 0.00148 -0.0015 0.0075 NA 0.00000721 0.00000451 0.00302 0.000103 0.000103 0.000387 0.000582 0.00236
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All geochemical data have been assessed to see if the data are suitable to map, primarily adesimeyie
interpolated or pointgeochemical maps. Tellus produces a series of geochemical maps available to download
from www.gsi.ie/tellusand/or viewed orthe GSiveb mapviewer. Theywill be added as GIS layers and layer
packages to the data packag8elow are GSlrecommended parametes used to create provisional
interpolated maps.

Each single variable map is derived froma#ve interpolation method, Inverse Distance WeightiiV). The
interpolation predicts new values as an inverse distance weighted average of surrounding observatians,
predicted value will be more similar to nearby observations than to distdrgervations andwill not
extrapolate beyond thechosen search radiusange of observed valuesThe interpolation makes no
assumptions about the vector of relationships between data poisggested interpolated mapping
parameters forurban geochemical data (collected on a 500 x 500 m grielgivenin Table28. The IDW
function determines the value of a raster surface (grid cell) using a linear weighted combination set of sample
points (Childs, 2004 The weighting is based on the distance of an input (sample data) fponthe output

cell locationsothe greater the distance the less influence s@mple data poinhas on the outputellvalue.

Table28 Geochemical map series interpolation mapping parameters.

Interpolation Search radius Fixed/variable Powerdistance  Output cell size Best viewed at
type (m) exponent (m) maximum scale
Inverse distance 500 Fixed 2 75 1:100,000

weighted (IDW)

The inverse distance weighted (IDW) interpolation was performed on all geochemic&ideaeh urban area
within the G12 blockThese parameters were selected to account for the typicalisdenple distances across
the urbansurvey area only It is acknowledged that alternative interpolation techniques might be equally or
more useful depending on the application and scale of use of these data.

Use of data beyond reporting limits in interpolation mapping

The LLDs are theoreticabncentrationvaluesthat are equivalent to three standard deviations above the

0F Ol ANRBdzyR O2dzyi NI GS F2NJ GKS FylLfeadsS Ay | WLIH2NBQ
lower limits but estimates of average or typical values over an area may be obtained atléweby of
concentration Thusmeaningfulspatial distributionpatterns may be recogeéd for some elements at levels

lower than thereported LLD/LRLFor geochemical mapping, the optimum is to use unsoeed datai.e. data

that are not truncated to the LLIn the mapping process orderto present the data in such a way that the

lower concentrations are not unduly emphzsil numerically antb describebelow-LLD values as such in the
classificationReliability also decreases above the URL but results do, nevertheless, give an indication of the
concentration in the sample. Results outside tbeer detection / upper reporting limits were therefore

reported and entered into the database.

All datacan beinterpolated to form a geochemical map serka# not all data are suitable for presentation in
this way. The following analyté$able29) are not suitable for regional interpolated mappidge toa very
high proportion of data below theertified MEMS41L methodlLD (rendering this presentation meaningless)
However, theycan be represented as interpolated mapsusngdata forthe MS41EBLD methodbut theuser

is cautioned that tesedataare obtained througha non-accredited method.
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Table29 Deepertopsoil analytes where mapping of the certified MES41L dataset is not recommended.

Variable Method

Issue

Recommendation

B

Ta

Pd

Pt

AEX%-02

ICRMS
(MEMS41L)
ICRMS
(MEMS41L)
ICRMS
(MEMS41L)
ICRMS
(MEMS41L)

99.3% data<LLD.

97.7% data<LLD.

95.8% data<LLD.

99.3% data<LLD.

79

Perhaps better presented as
proportional colour/symbol point map.
Better presented as proportional
colour/symbol point map.

Perhaps better presented as
proportional colour/symbol point map.
Perhaps better presented as
proportional colour/symbol point map.
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Abbreviation

Description

CRM

DUP

GIS

GSI

ICRMS

IDW

IQR

K-M

LIMS

LLD

LOI
LRL

MAD

MLE

OES

QA

AEX%-02

Certified reference
material

Duplicate (field
duplicate)

Geographical
Information System

Geological Survey
Ireland

Inductively Coupled
PlasmaMass
Spectromeer

Inverse distance
weighted

Interquartile range

KaplanMeier

Laboratory
Information
Management System

Lower limit of
detection

Losson-ignition

Lower reporting limit

Median absolute
deviation

MaximunQikelihood
Gestimation

Optical Emission
Spectrometer

Quality assurance

Interchangeable with international reference standard and primary
reference materials.

Sample code used in geochemistry field database.
Digital mapping software environment.

Irish national geological agency. The contracting and prégacting
authority.

Analytical instrumentvhich utilzesaninductivelygenerated plasma
flamethat ionizes analytes which are then separated according to thi
mass and quantified by mass spectrometer

Spatial data interpolatiomethod.

Statistical dispersion of distribution between the'2&nd 75"
percentile. Represents 50% of the data set.

Nonparametric method of calculating summary statistics with a
moderate proportion of data below the LLD.

An IT solution for supporting operations of modern analytical
laboratory.

Goncentration at which the analyst's instrument gives a significantly
different signal to that of a "background" or blank signal. Different
analytical methods will define it in different ways and it can be quite
arbitrary. A value that is above the lowemit of detection can be
regarded as quantifiable and reproducible. It is important that a valu
guotable for each laboratory batch of samples analysed.

Analytical method measuring content of volatile analytes

Concentration at which analyte exceethelower calibration range of
an analytical run or instrument.

Parametric method of calculating summary statistics with a moderat
proportion of data below the LLD.

Parametric methodhat fits a distribution curvewith non-detects
included and represented proportionally in the observation populatic

Analytical instrument/detector

Describes the overall set of procedures in assuring the quality of da
system of protocols, checks, audits and corrective actions to ensure
that all analytical results prepared for the geochemistry database ar
high and consistent quality.
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Abbreviation
QC

QCs

REP
RM
RNL

ROS

SRM

SS

STD

TE

URL

AEX%-02

Quality control

Quality control
sample(s)

Replicate sample
Reference material

Random number list
or checklist

Regression on Order
Statistics

Secondary reference
material

Subsample
Standard or control
sample(generic)

Tailte Eireann

Upper reporting limit

Description

Describes the overall set of procedures in controlling the quality of
data. A collection of documented procedures applied to the raw dat:
continuously assess whether the laboratory is producing results of
acceptable quality as assessed by the inclusiorontrol samples in all
procedures from sampling through to analysis.

Samples that do not represent sites but are used in the assessment
analytical data to monitoerror, precision and accuracy
Interchangeable with control sample.

Also known as analytical duplicate, also known astsample
Used as an umbrella for either CRM and/or SRM.

Used to assign sample site numbers in the field.

Statistical transformation and modelling of data iztl with data sets
containing nordetects, zero, negative and lefensored data. Method
of calculating summary statistics with a high proportion of data beloy
the LLD.

A reference material that is not internationally certified (and therefor
less expensive to use), it is submitted blind to the analyst and is mo
likely to have a matrix/mineralogical composition similar to the routir
samples being analysed. In other texts, SRM is an abbreviation of
Standard Reference Material, a more generic term for reference
samples.

Sample code in used in geochemistry field database. Code used to
denote a replicate sample.

Sample code in used in geochemistry field databblsed to describe
compilation of RMs data extracted from the database.

Irish topographic mapping agency and map publisher (paper and
digital).

Concentration at which analyte is exceeding upper calibration range
an analytical run or instrument.
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Terminology

Accepted value

Accuracy

ANOVA Analysis
of variance

Bias

Blind sample

Censored

Conditioning/con
ditioned date

Control chart

Drift

Duplicate sample
(or field

duplicate
sample)

Error

Laboratory batch

Levelling

AEX%-02

Description

It is never possible to determine the exact concentration (true value) of an element in a san
due to limitations of the analytical method. The result determined by one or more analyses
the measured value. After repeated analyses an accepted valubecaomputed and the
sample can be certified as having that element concentration. Different analytical methodol
will have differing accepted values so the accepted value should always be quoted in the ¢
of the analytical method used.

Accuracy measures how close to a true or accepted value a measurement lies. This can be
graphically on a Shewhart plot.

Statistical test. Analysis of Variance (ANOVA) is a statistical procedure dependent on the f:
that the total variability in a data set can be attributed to various sources. With the use of
duplicate and replicate samples random nested analysis of varieauc be performed to
attribute variability to within a site, "between" and "within" samples.

Bias is the tendency to favour one analytical value over another. Analytical errors fall into t\
major categories: bias (systematic error) and variability (random error). Bias causes consis
positive or negative deviation in the results from the guteel value. Repeated measurements
of SRMs over time provide evidence of both intend intrabatch systematic bias and random
variability in the laboratory analytical procedures.

Means of analysing a sample without a distinctive identity. A blind sample is a control samg
that has been submitted for analysis presented in such a way that its identity is unknown ta
analyst.

Censored data that aneplaced orounded. When results (usually reported as semi
gquantitative values) are replaced by a substitute value, the data can be described as censc
data.

Conditioning is the process of making data fit for the purpose for which it is to be used follo
the QA procedures documented in this report It can represent the accumulation of error
checking, verification, quality control, quality assurance and liegfirocesses. It is important
that conditioned data is accompanied by a statement as to what processes it has been sub
to.

A control chart is a graphical representation (plot) showing how the value of a sample varie
over a period of time in relation to an accepted value or range of values as defined by a col
sample. A particular type of control chart showing how a vahréeg over time within an
envelope of mean # standard deviations is referred to as a Shewldduart or plot Both these
can also be more generally referred to as a tisegies plot.

Drift is thecontinuous, incrementathangeof analytical instrument signalver a period of time
relative to thebaselinevalue.

A duplicate sample is collected from the same site as another sample. A control sample th
be used to show the variability in results that can be attributed to the process of sampling b
collecting two samples from the same location. A duplicate saropllected in the field is
sometimes also referred to as a "field duplicate".

Deviation from what is believed to be correct, right, or true is the error of a measurernent,
the measured result minus the true value.

When samples are submitted for anakyshey are grouped together to form a laboratory batcl
The number of samples in each batch will vary according to the sample type and analytical
method. Each batch is assigned a unique laboratory batch number which must be associat
with metadata such adate of analysis, analytical calibration, detection limis,.

Process to decide how disparate data sets are combined to form a single discrete data set.
require data conditioning/norm&ationusing RMs which are repeatedly analysed in each
laboratory batch.
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Terminology

Levelling factor
or conditioning
factor

Lower limit of

reporting

Matrix matching

Measured value

Normaization

Precision

Raw data

Replicate sample
(or analytical
duplicate)

Sensitivity

Shewhart chart
or xchart

Shift

Timeseries plot

Variability

Validation

Verification

AEX%-02

Description

This is a mathematical function that is applied to results in order to combine data sets into
single discrete data set and is determined during the process of data conditioning by
normalzationof the results from RMs repeatedly determined in each analytical batch over a
period of time.

This is a quantitative value representing the lowest measurement that the analyst is prepar
report to the client.

An approach in instrumental analysis where calibration and standardization procedures are
performed on materials that share or match major chemical and/or physical properties of
analysed samples in an attempt to reduce the impact of sample matrix on tieemi@ation of
desired property.

A quantitative result reported by the analyst following analysis of a sample.

The data conditioning process uses the term noiradionin a mathematical senség. "to
adjust the representation of a quantity so that this representation lies within a prescribed ra
or, any process of rescaling a quantity so that a given integral or other functional of the que
takes on a praletermined valué rather than in the statistical sense, where it denotes a
transformation of a data set so that it has a mean of zero and a variance of one. Natioalis
a process to determine leveilj factors carried out using control samples.

Precision is a measurement of how closely the analytical results can be reproduced. It shot
be confused with the term accuracy. Results can have a good predisiaosistently fall at or
near a specified value), yet the mean of these results may be a long way off the accepted \

The results as received from the analyst.

This is a control sample created in the laboratory by dividing a sample into two identical pa
according to a wellefined protocol. It is used to help define laboratory error. Also termed a
sub- sample when derived in the field.

Analytical sensitivity is the lowest concentration that can be distinguished from background
noise or more correctly called the assay's detection limit. When a technique is described as
being sensitive the implication is it has a low limit of detection.

A process control tool used to determine if a process is in a state of caetrshowing
performance deviationsA process is deemed to be in control over a period of time if measul
data do not exceed specified control limits or if frequency of exceedances does not exceed
specified limits. This a control chart or time series plot with defined quality limits nafied
the person who first documented their ugghewhart, 1931L

Shift is a significant sudden change in a measured value compared with the previous
measurement of the same measurand. This can be seen graphically on-setiie or Shewhart
plot and is usually the consequence of an instrument recalibration. It diffens drift in that the
change in measurement is large and sudden.

When a measurement is repeatedly determined over a time period, a plot of quantity again
time graphically shows how the result is varying over time. A Shewhart plot is an example ¢
time-series plot.

Variability is a random error that affects the ability to reproduce results (see bias and precis

Process of establishing documentary evidence demonstrating that process or activity is
reproducible and compliant at all stages

Verification ighe first data conditioning procedure that checks that the laboratory has analys
and reported all the samples submitted to the specifications of the analytical request form/e
detailed in the contract.
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Concentration units Description

% Percentage
Sigma Standard deviation(s)
weightoxide %  Weightoxidepercent Normally of the element oxide, for major element determinands.
equivalent
mg kgjl milligramme per Equivalent to part(s) per million (ppm).
kilogramme
>3 '11 3 microgramme per Equivalent to part(s) per billion (ppb).
kilogramme
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The following appendices present the data analysis charts for quality control samples (QCS) and univariate
exploratory data analysis for all sample data.

These are published as part of the quality assurance procedures of the Tellus geochemical survey in Ireland,
providing transparency and context for all data and products accompanied by this report.

Please contadellus@gsi.idor further information regarding data quality.
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In this appendix all of the reference materials data are presentadianways foreach analyteifl the same
order as data are reported by instrument and distributed

1

Pt

The first chart is of analyte concentration (y axis) against the sample ID (x axis), faceted by the
reference material (name in the grey banner at the top). With the assumption that all samples are run
in the numerical order as required and directed, eabhrt displays the repeatability of the reference
material across the laboratory analytical batchd@fhe dashed horizontal line denotes ti&ERM
reference valugcertified, information or provisionafpr the appropriate partial extraction method,
where avidlable.

The second is a control chart of analyte concentration (y axis) against the measurement date and time
(x axis) for eacheference material (CRM and SRMach control chart displays the process mean of
the data (central horizontal black line) and a series of control limits at 1, 2 and 3 times the process
mean % the sequential deviation (shown as light, medium and dark blue horizontal lines respectively.
Each date point is connected by a line to show the sequence of analliseddashed horizontal line
denotes the CRMreference value (certified, information or provision&y the appropriate partial
extraction method, where availahld=or some elements this value is sufficiently different to the
reported values for the analysed material that it is not possible to display it on the chart without
severely compressing the vertical axis of the clgart such cases the reference value igitbed.

GF[[5¢ OFtdSa KI{BE a2S Wi NBLIhEESaR adi hdiditeddad ©

censored.Concentration units are shown in parentheses. For reference, the interquartile range (IQR) of the
a | Y LXités Qala is displayed at the botteright of each plot (to 3 significant figure3hus,it can be seen
where theQCSlata are validating the sample data in the appropriate concentration range for this media.
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ICRar RMs data by ALS Minerals method code MS4BLID
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CARLST CNLST LGRAN LMGPSH
0.0081 0.008 1 0.008 1 0.0081
0.006 0.006 1 0.006 1 0.006 4
0.004 1 0.004 1 0.004 A 0.0044
0.002 1 0.002 1 0.002 1 0.0024
0.000 T T 0.000 T T 0.000 T T 0.000 T T
6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
MONPB ORS STSD-1 STSD-3
0.008 4 0.008 1 0.008 1 0.008 4
0.0061 0.006 1 0.006 1 0.0064
L]
9 0.004 1 0.004 1 0.004 1 R 0.004 1
[an] 0.002 1 0.002 1 0.0024 *® . 0.0024 - ° ¢
H —_
<t ' 0.000 T T 0.000 r T 0.000 T T 0.000 T T
(é) g 6715008 672000S 6715008 672000S 671500S 6720005 6715008 672000S
— §, TILL-1 TILL-2 TILL-3 WWLPAL
> 3
< < 0.008 1 0.008 1 0.008 1 ° 0.0084
N—r * L
=] 0.006 1 0.006 1 0.006 1 0.0061
o
o 0.004 0.004 ] 0.004 0.004 1
L]
0.002 1 0.002 1 ¢ 0.002 1 L4 0.0021
L L]
0.000 T T 0.000 r T 0.000 T T 0.000 r r
6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
WXSERP
0.008
0.006
0.004
0.002
0.000 T T
6715008 672000S
Sample ID
Gold (Au) sample data IQR.00087&0.00239mg kg*
ABX6 02 89 A | | R | |
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CARLST CNLST LGRAN LMGPSH
2.0 2.0 2.04 2.04
1.54 1.51 1.54 1.5
1.01 1.0 1.04 1.0
0.51 0.51 0.54 0.51
0.0 . , 0.0 . . 0.0 . - 0.0 , -
6715008 6720003 6715008 6720008 6715008 6720008 6715008 6720008
MONPB ORS STSD-1 STSD-3
2.0 2.0 2.0 2.0
1.54 1.5 1.54 1.5
1.04 1.01 1.04 1.0
0.51 0.51 0.51 059 8 meeee —— e o ...
I a____- y————— [ - -
0.0- . . 0.0 . . 0.0- . . 0.0 Y .
6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
TILL-1 TILL-2 TILL-3 WWLPAL
2.0 2.0 2.0 . 2.04
L ]
1.54 154 1564 " T T T T TR, T P . 151
1.01 1.01 1.04 1.0
0.51 0.51 0.51 0.51
I S - —— - T [ e -—---* _____ »___
0.0 . . 0.0 . . 0.0 . . 0.0 , .
6715008 6720005 6715008 6720008 6715008 6720005 6715005 6720005
WXSERP
20
1.5
1.0
05
0.0 T T
671500S 672000S
Sample ID

90

Silver (Ag) sample data IQR:071%0.152mg kg
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CARLST CNLST LGRAN LMGPSH
3.0 3.0 3.0 3.0
251 251 251 251
2.0 2.0 2.0 2.0
151 151 1.5 151
1.0 1.0 1.0 1.0
5715005 6720005 6715008 6720005 6715008 6720008 6715008 6720008
MONPB ORS STSD-1 STSD-3
3.0 3.0 3.0 3.0
2.5 2.5 251 251
2.0 2.0 2.0 2.0
151 151 151 151 ° ¢ ¢
1.0 1.01 104 ° . ° ° 1.0
6715005 6720008 6715008 6720008 6715008 6720008 6715008 6720008
TILL-1 TILL-2 TILL-3 WWLPAL
3.0 3.0 3.0 3.0
254 251 ‘ ‘ 25 25
204 - R e 2.0 2.0 2.0
15 15 154 154
1.0 1.0 tof =% e - Eommmo == 101
6715005 6720005 6715008 6720005 6715008 6720005 6715008 6720005
WXSERP
3.0
2.5
2.0
151
1.0
6715005 6720008
Sample ID
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Aluminium (Al) sampldata IQR: 0.849;1.18%
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CARLST CNLST LGRAN LMGPSH
751 751 751 751
50 1 50 1 501 501
251 251 251 251
0 . . 0 - . 0 . . 0 . .
6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
MONPB ORS STSD-1 STSD-3
751 751 751 751
A 50 501 50 501
g 251 251 1 .. .. . o Blao-gooe.o... .~ .. . _.
2 "o 0 . . 0 ‘ . 0 . v 0 . .
S = 6715008 6720008 6715008 6720005 6715005 6720005 6715008 6720005
— g
) E TILL-1 TILL-2 TILL-3 WWLPAL
< “\ .
~— < | 0 b d e e [ o= = === (LA - -
© 75 751 75 751
c
2 50 501 50 501
S
<
25 264 e __ o __ .« _____ o __ 25 251
Lo ____ . _____ e e _____
0 . : 0 ‘ - 0 : - 0 . .
6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720005
WXSERP
75
50
25
0 ' .
6715008 6720008
Sample ID
Arsenic (As) sample dal@R: 6.73¢12.4mgkg?
AEX%-02 92
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CARLST CNLST LGRAN LMGPSH
8 8- 8 8
6 61 61 6
4 4 4 4
2 2 24 2]
6715008 6720008 6715008 6720008 6715008 6720005 6715005 672000
MONPB ORS STSD-1 STSD-3
81 8 8] . N . 84
. ] © .
61 6 61 61 .
41 41 4 2
2 2 2 2
6715005 6720005 6715005 6720005 6715005 6720005 6715005 6720008
TILL-1 TILL-2 TILL-3 WWLPAL
& 8- 8 8
61 6 6 61
44 4 4 44 b ¢ . [ ] [ 44
™ [ ]
2 2 2 2
b L]
odeei JRTTTTPRTTR [RUTTITTSTRS oo o o
6715008 6720008 6715008 6720005 6715008 6720008 6715005 6720008
WXSERP
8
6
4
2
e
6715008 6720005
Sample ID
Boron (B) sample data IQR:.9¢4.2mg kgt
93
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CARLST CNLST LGRAN LMGPSH
600 600 1 600 600
400 400 1 400 400
200 200 1 200 2004
6715008 6720008 6715008 6720008 6715008 6720005 6715008 6720008
MONPB ORS STSD-1 STSD-3
. . L
600 600 1 6001 600
400 400 4 4001 4004
(@)
] . . L] ™
a 200 200 200 200
< —
= < 6715008 6720005 6715005 6720005 6715005 6720005 6715005 6720008
< £ TILL-1 TILL-2 TILL-3 WWLPAL
@ @
— 600 600 1 6004 6004
e
S
= 400 4001 400 400
©
m
200 2001 200+ 200
Lo e e e == = = - == N - F————e— - -~ - -—-
F=®=========== P === === == .= -
6715008 672000S 6715005 6720005 6715008 6720008 6715008 6720008
WXSERP
600
400
200
6715008 6720005
Sample ID
Barium (Ba) sample data IQ®0.2¢104mg kg
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Beryllium (Be) MS41RLD
Be (mg kg™

AEXZ%-02

CARLST CNLST LGRAN LMGPSH
151 151 151 151
1.2 121 1.2 1.2
0.9 0.9 0.9 0.9
061 0.6 0.6 0.6
0.34 i i 0.3- . . 0.34 . , 0.34 . .
6715008 6720005 6715008 6720008 6715008 6720008 6715008 6720008
MONPB ORS STSD-1 STSD-3
151 1.5 151 1.51
1.21 1.2 1.2 121 .
. [
0.9 0.9 0.9 0.9
061 0.6 0.6 0.6
° ° . .
0.3 . . 0.3- . . 0.3 . . 0.34 . .
6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
TILL-1 TILL-2 TILL-3 WWLPAL
151 151 . . 151 151
1.21 1.2 1.21 121
0.9 0.9 0.9 0.9
061 . o 0.6 0.6 0.6
L ]
0.34 . . 0.3- . . 031 * L. . . 0.3 . .
6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
WXSERP
15
12
09
06
03 . ,
6715008 6720008
Sample ID
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Beryllium (Be) sample data IQR486;0.871mg kg'
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CARLST CNLST LGRAN LMGPSH

4 44 4 44
2 21 2 21
0 L T T 0 L T T O L T T O A T T

6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008

MONPB ORS STSD-1 STSD-3
4 4 4 41
2 21 2 24
) [ ] L ]
L] L ] L ]

0 . i 01 i i 04 i . 01 . i

6715008 6720005 6715008 6720008 6715005 672000 6715008 6720008

TILL-1 TILL-2 TILL-3 WWLPAL
L ]
L
L ]

4 e i 4 44
2 . . . 21 2 24
0+ i i 04 i i 04 * ° : 0 i i

6715008 6720008 6715008 672000S 6715008 6720005 6715008 6720008

WXSERP

4
2
O T T

6715005 6720008

Sample ID

96

Bismuth (Bi) sample data IQR:129;0.214mg kg'
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CARLST CNLST LGRAN LMGPSH
1.51 1.51 1.5 1.5
1.01 1.01 1.0 1.0
0.5 0.5 0.51 0.51
00 L T T O 0 1 T T O D L T T D O L T T
6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
MONPB ORS STSD-1 STSD-3
L]
1.54 1.54 1.51 L4 . 1.51
. ¢ .
1.0 1.01 1.01 1.01
&)
a 0.5 0.5 0.51 0.51
<
) __ 004 . i 0.04 i i 0.01 . i 0.01 i i
2 = 6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
~—~ ~
1]
8 O TILL-1 TILL-2 TILL-3 WWLPAL
- 15 15 15 15
£
=)
‘O 1.01 1.01 1.0 1.0
5 N
®) 051 _ o o o o e 0.51 0.51 . L] . 0.51
L] ™ L]
''''' F-TTTTTETTTTYMNTTTTTTRTT T
0.0 . . 0.01 . . 0.01 . . 0.0 . .
6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
WXSERP
1.5
1.0
0.5
0.0 . .
6715008 6720008
Sample ID
Calcium (Ca) sample data IQIR18%2.94%
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CARLST CNLST LGRAN LMGPSH
60 1 60 60+ 60
40 40 40 40
20 201 20+ 20
0 L T T 0 L T T 0 L T T 0 1 T
6715008 6720008 6715008 6720008 6715008 6720008 6715008
MONPB ORS STSD-1 STSD-3
60 1 601 60 60
) 40 40 40+ 40
a 204 20 201 20
<
g g 01 04 ot *® 8- -—- - --—- ----- =-- gf--e----- ——-——— - .- —— - ==
—_ = 6715008 6720005 6715005 6720008 6715008 6720005 6715008
T
O E TILL-1 TILL-2 TILL-3 WWLPAL
~—~r el
= O 601 601 601 60
=)
c 401 40 401 40
o
©
O 204 201 201 204
04 . [ * Of=—==-==- @ == ———— B — —— == === - - - 04 L] L] L] L] 04
6715008 6720005 6715008 672000 671500 6720008 6715008
WXSERP
60
40
20
0 T T
6715008 6720003
Sample ID
Cadmium (Cd) sample data IQR171¢0.624mg kg!
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CARLST CNLST LGRAN LMGPSH
801 804 801 80
60 1 601 60 601
40 404 401 40+
201 . . 201 ] . 20 . ] 201 . i
6715008 6720008 6715005 6720008 6715008 6720005 6715008 6720005
MONPB ORS STSD-1 STSD-3
801 80 80 801
60 1 601 60 1 60
(@)
a 401 401 401 . . . 401 . ° .
< —~
) g 201 . . 201 ‘ . 201 . . 201 . .
2 = 6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
~ g’
) £ TILL-1 TILL-2 TILL-3 WWLPAL
O @
= © g0 801 . 801 80
E .
=2 601 60 60 601
G,) L] L
© 401 40 407 401
. L ]
*
201 . . 20 ‘ , 20 , , 20 , ,
6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
WXSERP
80
80
40
20 . :
6715008 6720008
Sample ID
Cerium (Ce) sample data IQE5.5¢38.3mg kgt
AEX%-02 99
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CARLST CNLST LGRAN LMGPSH
401 40 40 401
301 30 301 301
20 201 20 201
10 10 10 104
6715008 6720005 6715008 6720008 6715008 6720008 6715008 6720005
MONPB ORS STSD-1 STSD-3
40 40 40 401
301 30 30 30
() ] ] ] ]
= 20 20 20 20
ﬁ 2 Rl ® - .- - === -——--- «-- F--®=-===--~ - --—-- - p-=--
10 10 10 10
< Ea
s < 6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
= E TILL-1 TILL-2 TILL-3 WWLPAL
o 8
N
= 40 40 40 401
8 30 4 301 301 204
o)
O 20 20 20 20
____________ ————___ __ - =
10_____'. _____ S e 10 < * - 10 -~ *-——-—-——-—---- b e T - 104
6715008 6720008 6715008 6720005 6715008 6720008 6715008 6720005
WXSERP
40
30
20
10
6715005 6720005
Sample ID
Cobalt (Co) sample data IQR39;10.8mg kg!
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CARLST CNLST LGRAN LMGPSH
2001 2001 2001 2001
150 1501 150 1501
100+ 100 100 1001
50- 501 50 50
6715008 6720008 6715008 6720008 6715008 6720005 6715008 6720008
MONPB ORS STSD-1 STSD-3
2001 200 2001 200
A 150 150 150 1501
g 100+ 100 100 1001
<t 50 50 1 501 501
) — bo----- e----- .----- e----- .--- F--®»----»----- - - -
= P - - - : : - : -
= 2 6715008 672000S 6715008 6720008 6715008 6720008 6715008 6720008
— (o))
o E TILL-1 TILL-2 TILL-3 WWLPAL
5]
% 2001 2001 200 1 2001
€ 150+ 150 1 150 1501
o
= 100+ 1001 100 1001
O 50 501 sof © CoT e T 5l
e - === Bemmmmgmma=== [ TTEFTE=E==S F--""@g====== F=="
6715008 6720008 6715008 6720005 6715008 6720008 6715005 6720008
WXSERP
200
150
100
50
6715008 6720005
Sample ID
Chromium (Cr) sample data IQR4.8;22.7mg kg!
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Caesiums) M81L-BLD

AEXZ%-02

CARLST

CNLST

LGRAN

LMGPSH

MONPB

6715008 6720008
ORS

6715008 6720005
STSD-1

6715005 672000
STSD-3

Cs (mgkg™)

TILL-1

6715005 6720005

TILL-2

6715005 6720005

TILL-3

6715005 6720008

WWLPAL

WXSERP

6715008 6720005

102

6715008 6720008

6715005 6720008

Caesium (Cs) sample data I@RE94;1.36mg kg'
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CARLST CNLST LGRAN LMGPSH
150 4 150 4 1501 1504
1001 100 4 100+ 1001
50 50 50 50
6715008 6720008 6715008 6720008 6715008 6720005 6715008 6720008
MONPB ORS STSD-1 STSD-3
1504 150 4 1501 150
100+ 100 100 1001
50 50 50 50
Fg=-===~ S -———— - - .---- F--®--—-3--=---- - -
6715008 6720005 6715005 6720005 6715005 6720005 6715005 6720008
TILL-1 TILL-2 TILL-3 WWLPAL
150 150 4 . . 1501 150
100 100 1 100+ 1004
504 - - @= == = = - -—-=-- - — - 50 1 50 501
F~- s~~~ ~==-=- P -
6715008 6720008 6715008 6720005 6715008 6720008 6715005 6720008
WXSERP
150
100
50
6715008 6720005
Sample ID
Copper (Cu) sample data IQR3.8;29.2mg kg
103
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CARLST CNLST LGRAN LMGPSH
4 4 4 41
3 3 3 3
2 2 2 21
6715008 6720005 6715008 6720005 6715008 6720005 6715008 6720005
MONPB ORS STSD-1 STSD-3
41 4 4 4
____________________ Fo--mEm=mEm=== - - - - - - - _—— - - - - - —— -
. . ° - =
3 31 34 ° 3{ ° .
2 2 2 2
6715005 6720005 6715005 6720005 6715005 6720005 6715005 6720005
TILL TILL-2 TILL-3 WWLPAL
4 4 4 4
.
_____ [ . S I S pRppy DRI SRy Ry P,
3 3 3 3
2 2 2f - N P ——— - - - 2]
6715008 6720008 6715008 6720008 6715008 6720008 6715005 6720008
WXSERP
4
3
2
6715005 6720005
Sample ID

104

Iron (Fe) sample data IQR:68;2.46%
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CARLST CNLST LGRAN LMGPSH
84 84 81 8
61 61 61 6
44 41 44 4
2 1 T T 2 1 T T 2 A T T 2 L T T
6715008 6720005 6715008 6720005 6715005 6720008 6715008 6720005
MONPB ORS STSD-1 STSD-3
84 81 81 81
N 61 61 61 61 R . .
—
ﬁ 44 44 44 . o R 44
< -
92) T 21 . i 24 i i 2 i . 21 i i
= ;—; 6715008 6720005 6715008 6720005 6715005 6720008 6715005 6720005
—~
8 £ TILL-1 TILL-2 TILL-3 WWLPAL
[0]
~— (D
c 81 &1 . * 81 8-
L]
3 L ]
= 61 61 61 6
@©
o 44 41 44 ° . . 44
21 i i 24 i i 21 i i 21 i i
6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
WXSERP
8
6
4
2 T T
6715008 6720005
Sample ID
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Gallium (Ga) sample data IQR58¢3.73mg kg*
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Germanium (Ge) MS4RL D
Ge (mg kg™

AEXZ%-02

CARLST CNLST LGRAN LMGPSH
0.20- 0.20 1 0.20 0.201
0.151 0.151 0.15 0.151
0.10- 0.101 0.10 0.101
0.051 0.051 0.051 0.051
6715008 6720005 6715008 6720008 6715008 6720005 6715008 6720005
MONPB ORS STSD-1 STSD-3
0.20 0.20- 0.20 0.201
0151 0.15 1 0.151 . . 0.151
. L ]
. [ ]
0.10- 0.101 0.10 0.101
0.05- 0.05 1 0.051 0.051
6715005 6720005 6715005 6720005 6715005 6720005 6715008 6720005
TILL-1 TILL-2 TILL-3 WWLPAL
0.20- 0.20 1 0.20 0.201
0.151 0.15 1 . 0.151 0.151
. [ ]
0.10- 0.101 0.101 . 0.101
L ] L ]
. .
0.051 0.05 1 0.051 0.051
6715008 6720005 6715008 6720008 6715008 6720005 6715005 6720008
WXSERP
0.20
015
0.10
0.05
6715008 6720005
Sample ID

106

Germanium (Ge) sample data IQRR0415%0.0697mg kgt
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Hafnium (Hf) MS41BLD
Hf (mg kg™)

AEXZ%-02

CARLST CNLST LGRAN LMGPSH
0.0751 0.075 1 0.075 1 0.0751
0.0501 0.050 0.050 1 0.050
0.0251 0.025 0.025 1 0.025-
6715008 6720008 6715008 6720005 6715005 6720008 6715008 6720008
MONPB ORS STSD-1 STSD-3
0.0751 0.075 0.075 1 0.075-
0.050 0.050 0.050 | 0.0501
0.0251 0.025 00254 ® . . . 0.0251
[ ] ° [ ]
6715005 6720005 6715005 6720005 6715008 6720008 6715005 6720005
TILL- TILL-2 TILL-3 WWLPAL
[ ]
L]
0.0751 0.075 1 0.075 1 0.0751
[ ] ° .
0.050 1 0.050 1 0.050 1 ¢ 0.0501
0.0251 R 0.025 0.025 1 0.025-
® [ ]
6715008 6720008 6715008 6720008 6715005 6720008 6715008 6720008
WXSERP
0.075
0.050
0.025
6715005 6720005
Sample ID
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Hafnium (Hf) sample data IQR:0414,0.08mg kg*
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AEX%-02

CARLST CNLST LGRAN LMGPSH
0.251 0.25 1 0.251 0.251
0.20 0.20 1 0.201 0.20
0.151 0.15 1 0.151 0.151
0.10- 0.10 1 0.101 0.10-
0.051 0.05 1 0.051 0.051
6715008 6720008 6715008 6720008 6715008 6720008 6715008 6720008
MONPB ORS STSD-1 STSD-3
0.251 0.25 1 0.25 0.251
0.20- 0.20 1 0.20 0.20
0.151 0.151 0.151 0.151
_____________ e % _____e__
0.10 1 0.101 0.10 J 0101 - o2 oo .-
Py .
0.051 0.05 1 0.05 0.051
6715005 6720005 6715005 6720005 6715005 6720005 6715008 6720005
TILL-1 TILL-2 TILL-3 WWLPAL
0.251 0.251 0.251 0.251
0.20- 0.20 1 0.20 0.201
0.151 0.15 1 0.151 0.151
_______________ s ____ e _
0107 o 8o e - YR 0.10 . . 0.101 . X 0.101
______ R S S
0.05- 0.05 1 0.051 0.051
6715008 6720005 6715008 6720008 6715008 6720005 6715005 6720008
WXSERP
0.25
0.20
015
0.10
0.05
6715008 6720005
Sample ID
Mercury (Hg) sample data IQR:0753;0.192mg kg!
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AURUM




CARLST CNLST LGRAN LMGPSH
0.06- 0.06 1 0.061 0.061
0.04 ] 0.04 0.04 0.041
0.02- 0.02 1 0.02 0.021
6715008 6720005 6715008 6720008 6715008 6720005 6715008 6720005
MONPB ORS STSD-1 STSD-3
0.061 0.06 1 0.06 0.061
. .
. . . L]
o) 0.041 0.044 0.041 ¢ 0.041
|
a 0.02- 0.02 1 0.02 0.021
g 2 6715008 6720005 6715005 6720005 6715005 6720005 6715008 6720008
()]
— £ TILL-1 TILL-2 TILL-3 WWLPAL
c c .
= =
e 0.06 1 0.06 1 . 0.064 0.06 1
2 . ¢
=] ] ] ] i
2 0.04 0.04 0.04 0.04
0.02 1 0.02 1 0.02 ¢ . o 0.02 1
6715008 6720005 6715008 6720008 6715008 6720005 6715005 6720008
WXSERP
0.06
0.04
0.02
6715008 6720005
Sample ID
Indium (In) sample data IQR.0132,0.0232mg kg!
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AURUM




Potassium (K) MS4BLD
K (%)

AEX%-02

CARLST CNLST LGRAN LMGPSH
0.3 031 031 0.3
0.2 0.2 0.2 0.2
011 0.1 011 0.1
6715005 6720008 6715005 6720005 6715008 672000 6715008 6720008
MONPB ORS STSD-1 STSD-3
0.3 0.3 031 0.3
0.2 021 021 0.2
. . .
0.1 0.1 011 0.1
. * . .
6715008 6720005 6715005 6720005 6715005 6720008 6715005 6720008
TILL-1 TILL-2 TILL-3 WWLPAL
0.3 0.3 . ¢ 0.3 0.3
021 021 021 0.2
R 0.1 XL 0.1
. L] L] L]
. ° .
6715005 6720008 6715008 6720008 6715008 6720008 6715008 6720008
WXSERP
03
0.2
0.1
6715008 6720005
Sample ID
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Potassium (K) sample data IQRR084%0.13%

AURUM
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AEX2%6-02

CARLST CNLST LGRAN LMGPSH

50 1 501 501 50
401 401 40 404
30 1 304 301 304
20 201 20 201
101 . ' 101 i . 10 . . 101 . '

6715008 6720008 6715008 6720008 6715005 6720008 6715008 672000

MONPB ORS STSD-1 STSD-3
50 1 50 50 50
401 40 40 40
301 301 30 301
L ]
L ]

20 204 201 . * ¢ 20 ¢
104 101 101 104

6715008 6720008 6715005 6720005 6715005 6720005 6715008 6720005

TILL-1 TILL-2 TILL-3 WWLPAL
50 1 501 50 1 50
40 401 40 40
*
301 301 E 30 30
204 . . 201 201 20+
. [ ]
L ]

10 1 . . 101 ‘ . 10 . . 10 . .

6715008 6720008 6715008 6720008 6715005 6720005 6715008 6720005

WXSERP

50
40
30
20
10

6715008 6720008

Sample ID
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Lanthanum (La) sample data IQR2.1¢18.4mg kg

AURUM




CARLST CNLST LGRAN LMGPSH
751 751 751 75
50 1 50 1 501 50
251 251 251 25
0 . . 0 . . 0 . . 0 . .
6715005 6720005 6715008 6720005 6715005 6720005 6715005 6720005
MONPB ORS STSD-1 STSD-3
751 751 751 751
A 501 50 50 501
—
r‘ﬂ 251 251 251 251 . . .
—_— L] L ] [ ] L ]
51') T 0 . . 0 : . 0 . . 0 . .
s g 6715005 6720005 6715008 6720005 6715005 6720005 6715005 6720005
[o)]
—~ £ TILL-1 TILL-2 TILL-3 WWLPAL
= 3
e 751 75 751 751
S
= 50 1 50 501 50
| . ®
251 251 251 25
. L] L ] [ ] ]
L ] L]
0 . . 0 : . 0 . . 0 . .
6715008 6720005 6715008 6720005 6715005 6720008 6715008 6720008
WXSERP
75
50
25
0 . .
6715005 6720005
Sample ID
Lithium (Li) sample data IQR:81¢17.6mg kg'
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AURUM




Losson-ignition

AEXZ%-02

LOI (%)

AST

APT
75 e e e e e e el mm e B e ® e [ | " T S —— TS N —— 75
501 50 1
251 251
—————— Lo == P I S N e N R e L
6715008 6720005 6715008 6720005
SPT ssT
_____ L e
751 751
501 501
25 25
S - I up. e e [ —— Y S, [ S —— [V T ——
6715008 6720008 6715008 6720005
Sample ID
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Loss on ignitio(LOIl) sample data IQR.36¢7.37%

AURUM

GLOBAL EXPLORATION




Magnesium (Mg) MS41RL D

Magnesium (Mg) sample data IQR167%0.327%

AEXZ%-02 114 AU R Ll M

GLOBAL EXPLORATION




























































































































































































































































































































