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This confirms the opinion that iron in calibrated
ammonium paratungstate grains has no reason whatsoever
to segregate in a substantial way, and all the observed
variability is due to the variance of FSE, as suggested by a
nearly perfect Poisson’s fit illustrated in Figure 1 showing the
problem was a sample mass too small by more than one order
of magnitude.

The most probable result
The most probable result γ for the assaying of iron as a
function of analytical sample mass MS is calculated with the
following Ingamells Equation1–3, 22:

[36]

Values of γ are illustrated in Figure 3, and it basically
represents the location of the mode of the probability distri-
bution relative to the expected arithmetic average aL.
Notations in Figure 3 are old Ingamells notations and the
author apologizes for this inconvenience due to the use of an
old software program (i.e., γ =Y, aL = x, L= aH). 

A careful study of the γ curve in Figure 3 (i.e., light blue
curve) is the key to complete our discussion of the difference
between Ingamells’s recommendation and Gy’s recommen-
dation for a suggested maximum value for the standard
deviation of FSE. It can be observed that the recommended
mass by Ingamells (i.e., 6 grains in the sample or a %sSFE =
±41%) leads to a location of the mode still substantially away
from the expected arithmetic average aL. It is not the case
with the necessary sample mass of 34 grams in order to
obtain a %sSFE = ±16% as recommended by Gy.

Ingamells’s gangue concentration
The low background iron content aH estimated earlier to be 4
ppm can be calculated using the mode from results from

small samples and the mode γ2 from results from large
samples. Modes can be calculated using the harmonic means
h1 and h2 of the data distribution of the small and large
samples. The harmonic mean is calculated as follows:

[37]

where N is the number of samples.
From Equation [36] we may write:

[38]

[39]

Then from Equations [1], [2], and [3] the low
background content aH can be calculated as follows:

[40]

Results are shown in Figure 2 and confirm the earlier
estimate of 4 ppm.
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Figure 2—Search for a value of the low background iron content aH

Figure 3—Illustration of the Ingamells’s sampling diagram for iron traces in pure ammonium paratungstate ( �=Y, aL = x, L= aH)



If the reader is interested by the full derivation of the
above formulas, refer to Pitard’s doctoral thesis22. 

Conclusions

The key to sampling for trace amounts of a given constituent
of interest is a thorough microscopic investigation of the
ways such constituent is distributed on a small scale in the
material to be sampled. Liberated or not, the coarsest grains
of such constituent must be measured and placed into the
context of their average, local expected grade. The use of
Poisson statistics and the calculation of an Ingamells’
sampling diagram can lead to defining a minimum sampling
effort during the early phase of a project. Equipped with such
valuable preliminary information, someone can proceed with
a feasibility study to implement a necessary sampling
protocol as suggested by the TOS, with a full understanding
of what the consequences would be if no due diligence is
exercised.

Recommendations

As the sampling requirements necessary to minimize the
variance of FSE as suggested in the TOS may become
cumbersome to many economists, it becomes important to
proceed with preliminary tests in order to provide the
necessary information to create valuable risk assessments.
The following steps, in chronological order, are
recommended: 

➤ Carefully define data quality objectives. 
➤ Always respect the fundamental rules of sampling

correctness as explained in the TOS. This step is not
negotiable.

➤ Perform a thorough microscopic investigation of the
material to be sampled in order to quantify the grains
size of the constituent of interest, liberated or not.
Emphasize the size of clusters of such grains if such a
thing can be observed. 

➤ Proceed with a Visman’s experiment, calculate the
Ingamells’s parameters, and draw an informative
Ingamells’s sampling diagram. 

➤ Show the information to executive managers who must
make a feasibility study to justify more funds to
perform a wiser and necessary approach using Gy’s
requirement to minimize the variance of FSE. 

References

1. GY, P.M. L’Echantillonage des Minerais en Vrac (Sampling of particulate
materials). Volume 1. Revue de l’Industrie Minerale, St. Etienne, France.
Numero Special (Special issue, January 15, 1967).

2. GY, P.M. Sampling of Particulate Materials, Theory and Practice. Elsevier
Scientific Publishing Company. Developments in Geomathematics 4. 1979
and 1983. 

3. GY, P.M. Sampling of Heterogeneous and Dynamic Material Systems:
Theories of Heterogeneity, Sampling and Homogenizing. Amsterdam,
Elsevier. 1992.

4. INGAMELLS, C.O, and PITARD F. Applied Geochemical Analysis. Wiley
Interscience Division, John Wiley and Sons, Inc., New York, 1986. 733 pp. 

5. INGAMELLS, C.O. and SWITZER, P. A Proposed Sampling Constant for Use in
Geochemical Analysis, Talanta, vol. 20, 1973. pp. 547–568.

6. INGAMELLS, C.O. Control of geochemical error through sampling and
subsampling diagrams. Geochim. Cosmochim. Acta, vol. 38, 1974. 
pp. 1225–1237.

7. INGAMELLS, C.O. Evaluation of skewed exploration data—the nugget effect.
Geochim. Cosmochim. Acta, vol. 45, 1981. pp. 1209–1216.

8. PITARD, F. Pierre Gy’s Sampling Theory and Sampling Practice. CRC Press,
Inc., 2000 Corporate Blvd., N.W. Boca Raton, Florida 33431. Second
edition, July 1993.

9. PITARD, F. Effects of Residual Variances on the Estimation of the Variance
of the Fundamental Error’, Published in a special issue by Chemometrics
and Intelligent Laboratory Systems, Elsevier: 50 years of Pierre Gy’s
Theory of Sampling, Proceedings: First World Conference on Sampling and
Blending -(WCSB1), 2003. pp. 149–164. 

10. PITARD, F. Blasthole sampling for grade control: the many problems and
solutions. Sampling 2008. 27–28 May 2008, Perth, Australia. The
Australasian Institute of Mining and Metallurgy. 2008.

11. PITARD, F. Sampling Correctness—A Comprehensive Guideline. Second
World Conference on Sampling and Blending 2005. The Australian
Institute of Mining and Metallurgy. Publication Series No 4/2005. 2005.

12. PITARD, F. Chronostatistics—A powerful, pragmatic, new science for
metallurgists. Metallurgical Plant Design and Operating strategies
(MetPlant 2006) 18–19 September 2006 Perth, WA. The Australasian
Institute of Mining and Metallurgy. 2006.

13. ESBENSEN, K.H. and MINKKINEN, P. (guest eds.). Chemometrics and
Intelligent Laboratory Systems. volume 74, 1 2004. Special issue: 50
years of Pierre Gy’s Theory of Sampling. Proceedings: First World
Conference on Sampling and Blending (WCSB1). Tutorials on Sampling:
Theory and Practice. 

14. PETERSEN, L. Pierre Gy’s Theory of Sampling (TOS)—in Practice:
Laboratory and Industrial Didactics including a first foray into image
analytical sampling. ACABS Research Group. Aalborg University Esbjerg,
Niels Bohrs Vej 8, Dk-67000 Esbjerg, Denmark. Thesis submitted to the
International Doctoral School of Science and Technology. January 2005.

15. DAVID, M. Geostatistical Ore Reserve Estimation. Developments in
Geomathematics 2. Elsevier Scientific Publishing Company. 1977.

16. FRANÇOIS-BONGARÇON, D. Theory of sampling and geostatistics: an intimate
link. Published in a special issue by Chemometrics and Intelligent
Laboratory Systems, Elsevier: 50 years of Pierre Gy’s Theory of Sampling,
Proceedings: First World Conference on Sampling and Blending (WCSB1),
2003. pp. 143–148.

17. FRANÇOIS-BONGARÇON, D. The modeling of the Liberation Factor and its
Calibration. Proceedings: Second World Conference on Sampling and
Blending (WCSB2). Published by The AusIMM. 10-12 May 2005,
Sunshine Coast, Quennsland, Australia. 2005. pp. 11–13.

18. FRANÇOIS-BONGARÇON, D. The most common error in applying Gy’s formula
in the Theory of Mineral Sampling, and the history of the liberation factor.
Monograph ‘Toward 2000’, AusImm. 2000.

19. FRANÇOIS-BONGARÇON, D and GY, P. The most common error in applying
‘Gy’s Formula’ in the theory of mineral sampling and the history of the
Liberation factor, in Mineral Resource and Ore Reserve Estimation. The
AusIMM Guide to Good Practice. The Australasian Institute of Mining and
Metallurgy: Melbourne. 2001. pp. 67–72

20. VISMAN, J. A General Theory of Sampling, Discussion 3, Journal of
Materials, JMLSA, vol. 7, no. 3, September 1972, pp. 345–350.

21. WHITTLE, P. On stationary processes in the plane. Biometrika, vol. 41.
1954. pp. 431–449.

22. PITARD, F. Pierre Gy’s Theory of Sampling and C.O. Ingamells’ Poisson
Process Approach— Pathways to Representative Sampling and
Appropriate Industrial Standards. Doctoral thesis: Aalborg University,
campus Esbjerg, 2009. ISBN: 978-87- 7606-032-9.

23. GY, P.M. Nomogramme d’echantillonnage, Sampling Nomogram,
Probeanhme Nomogramm. Minerais et Metaux, Paris (Ed.). 1956.     ◆

Theoretical, practical, and economic difficulties in sampling for trace constituents
J
o
u
r
n
a
l

P
a
p
e
r

The Journal of The Southern African Institute of Mining and Metallurgy VOLUME 110                                        JUNE  2010 321 ▲




