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PRESENTATION STRUCTURE



We are what we repeatedly do. 

Excellence, then, is not an act, 
but a habit.

Aristotle (384-322 B.C.)

The Aristotelian 

philosophical approach 

demands a rational 
assessment of quality. 

‘Quality’ is subjective.
  

In modern times, it is most often 
defined as ‘fitness-for-purpose’.

https://en.wikipedia.org/wiki/Aristotle 

https://en.wikipedia.org/wiki/Aristotle
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• All field teams must be trained by an experienced field Applied Geochemist 

before they start sampling on their own.  This prerequisite is important for 

all geochemical surveys at any mapping scale.

• The field teams must be continuously supervised by an experienced field 

Applied Geochemist.

• Sampling should be completed, if possible, in a single field season (ideal 

situation).

• All samples should be prepared, homogenised and split into sub-samples 

for analysis and permanent storage at the SAME sample preparation 

laboratory by experienced staff under strict supervision.

• A sufficient amount of the sample should be safely stored for future use. 

You must remember that the cheapest survey is the one that uses archived 

samples for additional determinations when needed in the future.

PROCEDURE TO BE FOLLOWED (1/3)



Production of High Quality Harmonised

Geochemical Databases at any mapping scale depends on:-

Sampling

Sample 

preparation

Laboratory 

analysis

• These are the two most crucial stages 

of any geochemical survey.  

• Any errors during these two stages 

are carried forward, and can result in 

the failure of a whole survey. 

• Errors can be corrected by re-analysis 

of samples, provided enough sample 

material is available.

(2/3)



• Large project reference samples should be prepared at a laboratory with 

such experience (this is the external – It is part of your Quality Control - QC).

• All samples should be randomised and project and international standard 

samples, as well as field duplicate sample splits, inserted.  Thus,  inevitable 

bias will be distributed randomly throughout the sample suite, and any 

errors will be spread out randomly on the map, thereby avoiding false 

anomalies.

• All samples should be analysed for the SAME determinands at the SAME 

laboratory by the SAME analytical method, and the determinations should be 

made by the SAME analytical instrument.

• The analytical laboratory MUST not censor values at its internal lower 

detection limit, but MUST provide uncensored values (This is an important 

requirement for you to estimate the Practical Detection Limit for each 

element of your project).

• The analytical laboratory MUST provide the analytical results in the 

sequence they were analysed together, with the date and time stamp.

PROCEDURE TO BE FOLLOWED (3/3)



Quality control issues (1/3)

• Field duplicate samples:  Depending on the total number of samples that 

will be taken in a geochemical project, duplicate field samples should be 

collected at a rate between 3% to 10%.

• Apart from the field duplicate samples, it is recommended to prepare two 

solid blank project reference samples from fine-grained kaolin tailings from 

two different kaolin plants, and if possible, from two different countries 

(Schermann, 1990).  Alternatives to kaolin are quartz (need to manage 

silicosis risk) or feldspar ‘wash’, or even corundum.  A sack of the solid 

blank sample to be carried in the jeep during sampling, and to be sampled a 

few times during the sampling campaign.  The solid blank samples should 

follow the same sample preparation and analytical procedures as the 

normal routine samples.  The purpose of the solid blank samples is to 

monitor the quality of sample preparation and laboratory analysis.

Quality control starts in the field, and continues in the laboratory during 

sample preparation and analysis.



Quality control issues (2/3)

➢Analysis of field duplicate splits (unknown to the laboratory).

➢Analysis of External project reference materials (unknown to the 

laboratory).

➢The laboratory should analyse its own secondary reference materials, 

and also international reference materials (between 1 and 2%, 

depending on the method) to monitor long-term stability.

➢The laboratory should perform replicate analysis of project samples at 

regular intervals.

➢The laboratory should analyse ‘analytical method blank samples’ at 

regular intervals.

➢The laboratory MUST provide the UNCENSORED analytical results in 

the order analysed, the date and time stamp, together with a detailed 

report about encountered problems and solutions given.

Laboratory:



Lab No. Sample No. Ag (ppm) Al (%) As (ppm) Zn (ppm) Zr (ppm) Date Time
Blank 0.01 0.01 0.1 … 0.2 0.1 07/02/07 07:02:00
ICP-5 13.40 0.89 638.0 … 3230.8 8.0 07/02/07 07:04:00

1 G5B 0.11 2.80 7.2 … 84.2 2.4 07/02/07 07:06:00
2 G9B 1.05 1.77 7.5 … 141.1 1.9 07/02/07 07:08:00
3 I11B 0.09 1.48 3.1 … 38.5 1.1 07/02/07 07:10:00
4 J3B 0.03 1.59 6.7 … 115.3 1.1 07/02/07 07:12:00
5 K1B 0.03 1.76 5.3 … 166.1 1.5 07/02/07 07:14:00
6 K6B 0.05 2.19 9.0 … 68.6 1.1 07/02/07 07:16:00
7 K9B 0.04 1.88 4.0 … 45.8 1.3 07/02/07 07:18:00
8 L3B 0.01 1.85 5.8 … 64.6 3.0 07/02/07 07:20:00
9 N6B 0.16 2.25 7.2 … 99.3 1.2 07/02/07 07:22:00

10 O3B 0.03 2.41 7.7 … 77.4 1.5 07/02/07 07:24:00
Rep10 0.03 2.43 8.0 … 77.6 1.5 07/02/07 07:26:00

Quality control issues (3/3)



Upon receipt of the analytical results, the leading applied geochemist studies the 

analytical report of the laboratory before proceeding to check the quality of the 

project’s analytical results.  Afterwards, the arduous task of verifying the quality 

of the analytical data will be performed, using the project’s external quality 

control results and the laboratory’s internal quality control results.  

Important Condition:  If the leading applied geochemist is not satisfied with the 

quality of analytical results, then the laboratory is obliged to reanalyse the 

problematic batch or batches of samples, or even the whole sample suite.  

Verifying the quality of the generated analytical results, before full payment, 

is an important condition that should be included in the contract with the 

commercial laboratory, and even with the in-house laboratory.

Verifying the Quality of Analytical results



The first assessment of data quality will consist of simple, obvious procedures 

that involve reviewing the analytical results.  This needs to be done systematically, 

immediately upon receiving the laboratory results, so that any quality issues can be 

addressed promptly.  A series of questions should be addressed:

1. Are all the elements specified in the contract reported?

2. Is the number of samples reported, the same as the number of samples 

submitted?

3. Are the samples analysed in the correct order, and date & time stamps provided?

4. Are the results reported with the correct concentration units?

5. Have results outside detection limits and/or missing data been reported 

correctly?

6. Have the values been reported with the requested number of significant digits?

§7.3.1. Checking of raw analytical data (1/2)



7. Does the range of element values for each element look reasonable for the survey 

area?

8. Can any systematic trends (analytical drift or cross-sample contamination) be 

identified in samples reported in the order they were analysed? – See next slide

Answers to the above questions will give an immediate impression of the quality 

of the analytical results, and it is at this stage that the most obvious problems with 

the data can be identified.

• Laboratory reagent blank samples check (Refer to §7.3.1.1. in IUGS Manual)

• Project blank (solid/water) materials check  (Refer to §7.3.1.2. in IUGS Manual)

• Laboratory standards check

• Project standards check

• Duplicate pairs check 

Checking of raw analytical data (2/2)



QUALITY CONTROL OF CHEMICAL ANALYSES

• Sequence diagrams plotted (sample number against 

analytical results in the sequence analysed) to see if there 

are any peculiarities (strange patterns);

• Results of Standard/Reference samples extracted for their 

statistical treatment, and

• Replicate analyses on duplicated field sample splits 

extracted for their statistical treatment (e.g., Thompson and 

Howarth Charts).

After the visual check of the analytical results, their quality is 

evaluated by plotting different diagrams, i.e.,



Because the samples are randomised, the plot displays random variation as 

shown in this sequence diagram

Sequence diagram or Shewhart chart

MAD = Median Absolute deviation



Sequence diagram of As

In this case, the two spurious As results are due to the two splits of the 

routine sample.  Hence, it is verified that this is a valid anomalous sample.

MAD = Median Absolute deviation



X-charts of project standards (External QC)

Median

Median

10% deviation

20% deviation

Outlier  

must be 

checked

Outlier 

must be 

checked

Loess regression line

Time trends and outliers in the data must be checked before their acceptance.

Source:  Reimann et al., 2011, Fig. 4, p.15)
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(a) Balanced ANOVA design (b) Unbalanced ANOVA design

Sampling 
uncertainty

Analytical 
uncertainty

Source:  Demetriades (2025, Fig. 31, p.34), https://doi.org/10.1016/B978-0-323-99762-1.00004-8

(a) Balanced and (b) unbalanced ANOVA sampling and analytical designs for the 
estimation of sampling, analytical and geochemical variance, and

measurement uncertainty.
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Applied geochemists, since the 1950’s have developed different methods for 

the quantification of errors (Alfred T. Miesch, Robert G. Garrett, Richard J. 

Howarth, Michael Thompson).

The most recent is by Michael H. Ramsey, Michael Thompson, Martin Hale and 

Ariadne Argyraki, who have also included estimation of measurement 

uncertainty of field sampling.  

ISO and Eurochem have also developed methods of estimation of 

measurement uncertainty.

Quantification of sources of variation (1/6)

Errors can also be estimated by Geostatistics, provided that a sufficient 

number of samples have been collected (>50).  In this case, you must be 

proficient in Geostatistics.



In a Geochemical Survey, it is important to quantify all inherent errors due to 

different sources of variability:

Question:  What property are we mapping in a geochemical survey?

• Sampling

• Analytical (or Laboratory)

• Spatial (or Geochemical)

Answer:  We are mapping the spatial variability of an element in a specific 

geological sample, of a certain grain-size, which is determined by a particular 

analytical method.

Conclusion:  Since in a geochemical survey we are mapping the spatial 

variability of an element, the largest variation must be the Spatial or 

Geochemical variability.

Quantification of sources of variation (2/6)

ANOVA



According to Ramsey, Thompson and Hale (1992) the maximum proportions 

of the Sampling and Analytical variance must not exceed 20% of the Total 

Variance.  They even stipulate the minimum conditions to be satisfied, i.e., 

• Maximum Analytical variance should not exceed 4% of the Total variance, and

• Maximum Sampling variance should not exceed 16% of the Total Variance.

Quantification of sources of variation (3/6)

Therefore, the minimum Spatial or Geochemical variance should be 80% 

of the Total Variance, especially if the point data will be extrapolated into 

unsampled space to plot coloured surface maps. 



Unacceptable results
Acceptable results

Quantification of sources of variation (4/6)
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Geostatistics

Question: Is the quality of the As 

analytical results acceptable?

The variogram is mainly used in 

geostatistics to describe the spatial 

geometry of regionalised variables.  

It characterises the properties of 

regionalised variables by parameters 

such as the variography (fitted 

curve), sill, range of influence, spatial 

variance, and nugget effect.

It is the basis of various prediction 

and simulation algorithms used in 

geostatistical data processing.

Source:  Demetriades (2025, Fig. 48, p.55), https://doi.org/10.1016/B978-0-323-99762-1.00004-8

Quantification of sources of variation (5/6)
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Geostatistics

Source:  Demetriades (2025, Fig. 48, p.55), https://doi.org/10.1016/B978-0-323-99762-1.00004-8

Quantification of sources of variation (6/6)

The spherical model appears to fit 

the experimental variogram perfectly.

However, a careful study reveals that 

the random variance at 5.5 (or nugget 

effect) is larger than 

the spatial variance at 4.14.

This means that this particular As 

data set has a large sampling and 

analytical variance (random 

variance), suggesting that the data 

cannot be interpolated into 

unsampled space. 
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The variability among the sample sites is very important because it provides a 

measure of the stability of the geochemical map.

If the SAMPLING VARIANCE among the sample sites is LARGE, then the 

STABILITY of the geochemical distribution displayed on the map is LOW.

If the SAMPLING VARIANCE among the sample sites is SMALL, then the 

STABILITY of the geochemical distribution displayed on the map is HIGH.

Sampling variability



To assess the Precision of chemical analysis results relative to the variation due to 

sample preparation and sampling, the results of duplicate field samples are used 

(approximately 3% to 10% of sample sites should be sampled in duplicate, depending on the 

total number of samples to be collected). 

The field duplicate samples are prepared independently of each other and analysed 

randomly along with all other samples.  Each field duplicate sample is analysed in 

duplicate, as has already been described, to allow estimation of measurement 

uncertainty by the ANOVA balanced or unbalanced statistical interpretation method.

Analytical precision control charts should also be plotted. 

Assessment of precision



In case the above simple steps are not 

followed, and the precautions to avoid 

mistakes are not taken,

then serious errors will occur, which may 

result in the failure of the whole 

geochemical survey. 



Geochemical Survey of Alaska – Cobalt (Co)

Can you see any problems in the 
distribution patterns?

Source:  Weaver (1983)



Geochemical Survey of Alaska – Cobalt (Co)

Map sheet border problems

Source:  Weaver (1983)



Prior to the compilation of the final database the 

field information and analytical results

MUST be carefully examined

• Study of results of Quality Control samples – QC diagrams & ANOVA.

• Study of dot distribution maps, basic statistical tables and 

scattergrams of elements.

• Correction of sample characteristics and site coordinates.

• Laboratory checks by reanalysing samples to verify analytical results.

• Correction of results below detection limit to half the detection limit, 

e.g., Te <0.2 mg/kg → 0.1 mg/kg (this is the case where the laboratory 

provides the censored analytical results).

• Compilation of the final analytical database for the estimation of 

statistical parameters and the plotting of geochemical distribution 

maps.



All analytical problems should be investigated, and some 

sample batches may have to be reanalysed.

As may be appreciated, this is a time-consuming 

procedure, but it must be followed to verify the “quality” 

of the analytical results.

It is stressed that this is the most important job of the 

Applied Geochemist, to produce a sound quality-

controlled geochemical database for the global society.

Job of the Applied Geochemist



Quality control reports MUST be written 

for all analytical methods used, and

all problems encountered must be 

mentioned, as well as the solutions given.

Reporting Quality Control results



NGU Report 2009.049

The EuroGeoSurveys geochemical 

mapping of agricultural and grazing land 

soils project (GEMAS)

- Evaluation of quality control results of 

aqua regia extraction analysis

It is strongly recommended that you consult the 

GEMAS project’s Quality Control Reports:

http://www.ngu.no/upload/Publikasjoner/Rapporter/2009/2009_049.pdf  

http://www.ngu.no/upload/Publikasjoner/Rapporter/2011/2011_043.pdf 

http://www.ngu.no/upload/Publikasjoner/Rapporter/2011/2011_043.pdf 

http://www.ngu.no/upload/Publikasjoner/Rapporter/2009/2009_049.pdf
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Johnson, C.C., 2022. DUPREPPLOT Excel Macro routine for plotting multiple X-Y plots 

of quality control data.  In: Demetriades, A, Johnson, C.C. & Argyraki, A., Quality Control 

Procedures. Chapter 7 In: Demetriades, A., Johnson, C.C., Smith, D.B.,  Ladenberger, A., 

Sanjuan, P.A., Argyraki, A., Stouraiti, C., Caritat, P. de, Prieto Rincón, G. & Simubali, G.N. 

(Editors), International Union of Geological Sciences Manual of  Standard Methods for 

Establishing the Global Geochemical Reference Network. IUGS Commission on Global 

Geochemical Baselines, Athens, Hellenic Republic, Special Publication, 2, 387−428; 
https://www.globalgeochemicalbaselines.eu/content/197/duprepplot-/. 
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PDLPRECIS for estimation of Practical detection limit
The laboratory has given a detection limit of 100 mg K/kg, whilst the estimated Practical detection limit is at 41 mg 

K/kg, which is 2.5 times lower.
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41 mg/kg = Practical detection limit (Lab:  100 mg/kg)

Precision changes with concentration

Demetriades, A., 2022. PDLPRECIS for the 

estimation of Practical Detection Limit and 

Precision.  In: Demetriades, A, Johnson, C.C. & 

Argyraki, A., Quality Control Procedures. Chapter 

7 In: Demetriades, A., Johnson, C.C., Smith, 

D.B.,  Ladenberger, A., Sanjuan, P.A., Argyraki, A., 

Stouraiti, C., Caritat, P. de, Prieto Rincón, G. & 

Simubali, G.N. (Editors), International Union of 

Geological Sciences Manual of  Standard 

Methods for Establishing the Global Geochemical 

Reference Network. IUGS Commission on Global 

Geochemical Baselines, Athens, Hellenic 

Republic, Special Publication, 2, 387−428; 

https://www.globalgeochemicalbaselines.eu/conte

nt/198/pdlprecis-/. 

https://www.globalgeochemicalbaselines.eu/content/174/iugs-manual-of-standard-methods-for-establishing-the-global-geochemical-reference-network-/
https://www.globalgeochemicalbaselines.eu/content/174/iugs-manual-of-standard-methods-for-establishing-the-global-geochemical-reference-network-/
https://www.globalgeochemicalbaselines.eu/content/174/iugs-manual-of-standard-methods-for-establishing-the-global-geochemical-reference-network-/
https://www.globalgeochemicalbaselines.eu/content/174/iugs-manual-of-standard-methods-for-establishing-the-global-geochemical-reference-network-/
https://www.globalgeochemicalbaselines.eu/content/174/iugs-manual-of-standard-methods-for-establishing-the-global-geochemical-reference-network-/
https://www.globalgeochemicalbaselines.eu/content/198/pdlprecis-/
https://www.globalgeochemicalbaselines.eu/content/198/pdlprecis-/
https://www.globalgeochemicalbaselines.eu/content/198/pdlprecis-/
https://www.globalgeochemicalbaselines.eu/content/198/pdlprecis-/


Vassiliades, E., 2022. Program ROBCOOP4A for 
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The Spanish version of this program will be available next year.

It also includes the estimation 

of measurement uncertainty 

(next slide).
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We should, however, go a step further and estimate measurement uncertainty, 

which has implications especially in environmental assessments.

Measurement Uncertainty

Measurement uncertainty, smeas =   (s2
sampl + s2

anal)

For more information, refer to:
Ramsey, M.H., 1998.  Sampling as a source of measurement uncertainty:  

techniques for quantification and comparison with analytical sources.  

Journal of Analytical Atomic Spectrometry, 13, 97−104.  [Paper and program 

ROBCOOP4.EXE available from URL:-  

http://pubs.rsc.org/en/content/articlelanding/1998/ja/a706815h/unauth]. 

Demetriades, A., 2011.  Understanding the quality of chemical data from the 

urban environment – Part 2:  Measurement uncertainty in the decision-

making process.  Chapter 6 In:   C.C. Johnson, A. Demetriades, J. Locutura & 

R.T. Ottesent (Editors), Mapping the Chemical Environment of Urban Areas.  

Wiley-Blackwell, Chichester, U.K., 77−98; 

https://doi.org/10.1002/9780470670071.ch6.  

http://pubs.rsc.org/en/content/articlelanding/1998/ja/a706815h/unauth
https://doi.org/10.1002/9780470670071.ch6


If any problems are found in the analytical results, they must be discussed 

with the laboratory, and, if necessary, some batches of samples may be re-

analysed to validate the results.

Assessing the quality of analytical results is a time-consuming process, 

and MUST be carried out upon receiving the laboratory's analytical results.

NEVER accept the analytical results on face value, without checking them 

first, even if the samples are analysed by an Accredited Laboratory.  It is very 

important to understand that the laboratory's accreditation does not mean 

that the results produced are of high quality.  Accreditation requires the 

laboratory to follow a documented procedure — and nothing more.  

Therefore, it is your job as a proficient and efficient professional Applied 

Geochemist to verify the quality of your project’s analytical results.  

When you are satisfied that the results are of acceptable quality (fit-for-

purpose), then and only then can you proceed with data processing.

Quality control:  Concluding remarks



Thank you for your attention 

The IUGS Commission on Global 

Geochemical Baselines, the 

EuroGeoSurveys Geochemistry 

Expert Group, the ASGMI 

Geochemistry Expert Group and all 

the collaborating Institutes and 

Universities consider it very 

important to provide to the present 

and future generations of 

humankind high quality 

geochemical databases for 

environmental and resource 

management, and for improving the 

living conditions on our home 

planet Earth
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