President's Message

Discussions with AAG members at our bien-
nial symposia, by email, or at other confer-
<l i ences or workshops indicates that most mem-
Paul Morris  bers rate AAG’s publications (EXPLORE
and GEEA) as significant reasons for
belonging to the Association. Apart from being the means
of spreading applied geochemical knowledge, both seem to
draw together the applied geochemistry community, which
is spread over all continents. The most recent editions of
GEEA (volume 10 numbers 1 and 2) - released in February
and May this year - include a collection of papers present-
ed at the Exploration 07 meeting in Toronto in September,
2007. The papers reflect on both advances made in explora-
tion geochemistry in the last decade and future directions,
discuss advances in analysis, the efficacy of different diges-
tion techniques, the use of groundwater in mineral explo-
ration, and approaches to understanding large, regional
geochemical datasets. These types of paper provide concise
and often thought-provoking summaries, as well as includ-
ing a comprehensive list of references. They are a valuable
complement to the more deposit- or technique-focussed
papers which span the breadth of applied geochemistry.
This edition of EXPLORE contains a discourse on
sampling written, in his inimitable style, by Cliff Stanley.
The focus of the paper - how much is enough (in terms
of sampling) - has been a vexatious issue since explora-
tion geochemistry was seen as a cost-effective approach to
exploring for a variety of commodities, and I’'m sure that
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Cliff’s exposition will provoke some worthwhile responses.
Revisiting issues such as estimating ideal sample numbers
highlights the importance of computer technology, which
at the embryonic phase of exploration geochemistry was
embryonic, precluded any rigorous statistical examina-
tion, and instead relied on consulting voluminous tables
and making calculations using electronic equipment with
limited capabilities. In hoping for some replies to Cliff’s
paper, it should be pointed out that EXPLORE is a great
vehicle for canvassing different points of view. Publishing
in EXPLORE does not necessarily require writing a paper,
as there is scope for letters-to-the-editor, which I hope will
inspire some members to contribute.

In looking at a fundamental of exploration geochemis-
try such as sample size, a few members will cast their minds
back to the late 1960s and early 1970s when these issues
were often discussed. It’s timely to reflect now in that 2010
is AAG’s (AEG’s) 40th birthday. However, the formali-
sation of the Association was preceded by the inaugural
applied geochemistry symposium held in late April 1966
in Toronto. After the next (1968) meeting, a group of ap-
plied geochemists, including Alan Coope, John Hansuld,
and Bob Garrett, started up the Association of Explora-
tion Geochemists (AEG). AEG/AAG has passed over the
same hurdles and through the same hoops as most other
professional societies (increasing costs, fluctuating mem-
bership, journal demises and rebirths, change in focus) but
has maintained its relevancy to the applied geochemistry
community, and expanded to embrace environmental as
well as exploration geochemistry. These successful adapta-
tions over the past 40 years are due to the commitment of
AAG’s Council, and the ongoing support of its members.

I browsed a couple of websites today, AAG’s and that
put together by Pertti Sarala and his group in Rovaniemi,
Finland. Bob Eppinger, Andrew Ransom and Gemma
Bonham-Carter have updated and expanded AAG’s web-
site, www.appliedgeochemists.org, and I encourage you to
not only visit it, but also send any contributions, upcoming
event details, etc directly to Bob, eppinger@usgs.gov, for
addition to the site. Judging by the ever-changing website
for the 25th IAGS meeting in Rovaniemi, Finland (August
2011), Pertti Sarala and his local organising committee
are continually working to provide AAG members with
a memorable meeting. Already Actlabs and ESSA have
indicated they will be taking up Trade Exhibitor opportuni-
ties, and ALS Minerals have signed up as a sponsor. The
documentation available on the website for trade display
and sponsorship options is easily available and compre-
hensive, and I urge companies to have a look and take the
opportunity to reach a wide range of applied geochemistry
professionals at this meeting, which is now less than 12
months away.

Paul Morris
President
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How Many Samples Are Enough?

Introduction

Recently, I had the good fortune to be selected to go
on a CIMM lecture tour across Canada to present a talk on
quality control to geoscientists in the mining industry. After
several of these talks, a number of geoscientists asked me
the question: “how many samples are enough?”

Now, I have heard this question asked many times
before, and am aware of the ‘conventional wisdom’ that a
dataset of approximately 30 samples is generally considered
to be ‘enough’ for geochemical applications. Consequently,
although my immediate answer was “30”, the widespread
interest in this question amongst geoscientists motivated me

Notes from the Editor

Congratulations AAG
on your 40th birthday! I
Ho,q ) am writing this birthday
note from Hay River,
Northwest Territories,
Canada, where I am part
of a team conducting till
sampling for an indica-
tor mineral study around
the world class Pine Point
Pb-Zn deposits. The
deposits exposed in the
abandoned open pits are impressive and make for some of
the best mineral collecting I have ever experienced- exciting
for any geologist or geochemist! The September 2010 issue
of EXPLORE contains one article by Cliff Stanley asking
the question “How many samples are enough”. It should
stimulate some discussions amongst AAG members. Scien-
tific and technical editing assistance for this EXPLORE issue
was provided by Bob Garrett, Emeritus Scientist, Geological
Survey of Canada, and Steve Amor, Geological Survey of
Newfoundland and Labrador. Sue Davis, Geological Survey
of Canada, contributed the birthday graphic.
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to investigate the origins of this ‘rule of thumb’.

In the geological literature, this concept apparently dates
back to a publication by Bob Garrett (1979). In that paper,
Bob noted that the standard error of the mean is a function
of the inverse of the square root of the number of samples.
Consequently, he plotted n versus 1/V7 and pointed out that
the resulting curve basically ‘leveled out’ at approximately
n = 30. As a result, Bob concluded that there is no real ad-
vantage to using more than 30 samples to estimate the mean,
because no substantial further decrease in the estimation
error of the mean can be achieved by such effort.

Clearly Bob’s analysis is highly practical. Unfortunately,
the point at which Bob’s curve ‘levels out’ is a function of
both the scale one plots the curve at, and the ‘eye of the
beholder’, making use of such an approach rather arbitrary.
Bob readily acknowledged this, and pointed out that the
number of samples required “will depend on the particular
situation” (Garrett 1979), a prudent caveat. Unfortunately,
this hasn’t really prevented the widely quoted and employed
“30 samples” from being used by probably the majority of
geoscientists as anything but a hard and fast rule (i.e., im-
mutable and inviolable) that should apply in all situations.
Until now, I can’t say that I have been anything but guilty of
employing this erstwhile ‘constant’ in an array of geochemi-
cal applications where its use may have been inappropriate.
After I understood the reason for the conventional wisdom
of “30 samples”, I was justifiably chagrined, and decided to
see if I could derive a more comprehensive way to determine
“how many samples are enough” that doesn’t have the inher-
ent subjectivity of the present ‘conventional wisdom’.

In undertaking this task, it became immediately appar-
ent that Bob Garrett (1979) was on the right track, as the
standard error of a statistic provides information about the
confidence one can place in an estimate of that statistic.
However, experience shows that geoscientists are many times
concerned with the relative error of a statistical estimate
instead of the absolute error. As a result, to determine “how
many samples are enough”, one should probably also con-
sider the relative standard error of that statistic.

Because Bob Garrett’s suggested ‘rule of thumb’ (1979)
is based on the formula of the standard error on of the mean,
the 30 samples’ that Bob advocated applies only to the
estimate of a mean of a set of observations. It is likely that
the estimation of other statistics (e.g., the standard deviation,
correlation coefficient, etc.) would require different numbers
of samples in order to obtain an adequate estimate. Fortu-
nately, the mean is a statistic that is commonly investigated
by geoscientists, and the formula for the standard error of
the mean (se;) is: o = St
where n is the number of samples and sy is the standard
deviation. Because the relative standard error of the mean
(rsez) is merely the standard error of the mean divided by the
mean, the relative standard error statistic is:

rse. = S _ ﬂ __ % _CV
* X x xvn Vn'

continued on page 4
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How Many Samples Are Enough? continued from page 2

where CV is coefficient of variation, equal to the standard
deviation divided by the mean (= s,/ ).

Now, the standard approach to making decisions about
the quality of an estimate of a statistic involves the use of
formal inferential significance tests. Unfortunately, these
commonly require assumptions about the distribution of
the data (e.g., that the data are normally distributed). In my
experience, geochemical data only very rarely exhibit distri-
butions similar to ideal statistical distributions (e.g., Sinclair
1976). As a result, any method to determine “how many
samples are enough” probably should not assume a statisti-
cal distribution for one’s data. This is particularly true given
that when one asks such a question, one typically has, or can
afford, only a small number of samples to begin with, and
thus one has, and will continue to have, very little evidence to
deduce what distribution the data actually derive from.

Consequently, a method to assess “how many samples
are enough” should be ‘distribution-free’ in order to have
maximum utility. Fortunately, derivation of the formula for
the standard error of the mean, and thus the formula for
the relative standard error of the mean, involves only first-
principles calculus, whereby a first order Taylor polynomial
expansion of the formula for the mean is used to propagate
the errors in a group of measurements into the error in the
mean of that group of measurements (Stanley 1990; Appen-
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dix). Thus, the absolute and relative standard errors of the
mean formulae (Equations 1 and 2) are not derived using
any assumption about the distribution of the data. Conse-
quently, these formulae are ‘distribution free’, and can be
used to determine “how many samples are enough” for data
derived from any and all distributions (e.g., normal, Poisson,
binomial, hypergeometric, exponential, multi-modal, etc.).

An assessment of the literature demonstrates that all
standard error formulae are inverse functions of the num-
ber of samples used in calculating the standard error of a
statistic (e.g., Arsham, un-dated). Aside from indicating that
as n increases, estimates of the mean become more precise,
this functional relation makes it possible to determine “how
many samples are enough” to obtain a reliable estimate of
the mean using the absolute or relative standard error of the
mean formula.

This can be done by first determining the tolerance level
one is willing to accept in one’s estimate of the mean (e.g., an
absolute error of 5 ppm [1 std. dev.] on the mean estimate of
a set of trace element concentrations, or say 5% relative
error on that mean estimate). By assigning this tolerance
level to the absolute or relative standard error of the mean
(sez or rsez) in Equations 1 or 2, and then algebraically
manipulating these equations such that they are expressed in
terms of the number of samples, we obtain:

continued on page 5
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How Many Samples Are Enough? continued from page 4

for the absolute standard error of the mean, and:
CV] 2

rse,

n=

4)

for the relative standard error of the mean.

Functional analysis of Equations 3 and 4 reveals that the
number of samples required to obtain an adequate estimate
of the mean is dependent on both the confidence level cho-
sen (sez or rsez), and either the absolute (s) or relative (CV)
variation in the data. This result is intuitive, as samples from
a distribution that exhibits little absolute or relative varia-
tion (i.e., with a low value of s or CV) will each be relatively
good estimates of the mean of that distribution, and so only
a small number of such samples will be necessary to obtain a
good estimate of the mean. In contrast, samples from a dis-
tribution that exhibits high absolute or relative variation (i.e.,
with a high value of s or CV) will mostly be poor estimates of
the mean, and so a much larger number of these samples will
be required to obtain a mean estimate of adequate quality.

Figures 1 and 2 graphically illustrate how many samples
are necessary to estimate the mean of measurements from a
suite of samples at a variety of absolute and relative preci-
sion levels (sez or rsez). Note that in both cases, the larger the
absolute or relative variation in the data (s or CV), the more
samples are necessary to obtain a given level of confidence in
the estimate of the mean.

Unfortunately, determining “how many samples are
enough” to estimate a mean requires prior knowledge of
the absolute or relative variation in the data (s or CV). If
no samples have been analyzed, this information will not
be available. As a result, in order to estimate the mean of a
suite of samples to a certain level of precision, one has to ap-
proach this problem iteratively. If one can make a ‘provision-
al’ estimate of the absolute or relative variation (s or CV), ei-
ther using a guess, assumption, experience, samples that have
already been analyzed, or results from historical datasets,
and identify an acceptable tolerance level (sez or rsez), then
one can make a provisional estimate of “how many samples
are enough” using Equations 3 or 4, respectively. Collecting
and analyzing this provisional number of samples will pro-
vide (additional) data to make an (improved) estimate of the
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Figure 1. Number of samples (n) required to obtain an estimate of the mean with a desired level of absolute estimation error
(sez). Note that the number of samples required is a function of the standard deviation (s), a measure of the variation in the
measurements, and the number of samples (n), and thus is not, universally, 30.
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How Many Samples Are Enough? continued from page 5
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Figure 2. Number of samples (n) required to obtain an estimate of the mean with a desired level of relative estimation error (rsez).
Note that the number of samples required is a function of the coefficient of variation (CV), a measure of the relative variation in
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How Many Samples Are Enough? continued from page

absolute or relative variation (s or CV), and these can then
be used to make a better estimate of “how many samples are
enough”, again using Equations 3 or 4. Obviously, a poor
initial estimate of the amount of variation that exists will lead
to a poor estimate of the number of samples required, but
because this procedure can be undertaken iteratively, better
estimates of the absolute or relative variation can be ob-
tained as more and more samples are collected, such that an
adequate estimate of the mean, at whatever confidence level
is required, can eventually be obtained.

The following example illustrates how the above
approach can be used to determine “how many samples are
enough.”

Case History

The North American Soil Geochemical Landscapes
Project (NASGLP) is a tri-national program begun in 2006
that seeks to provide a consistent set of C-horizon soil
geochemical data across North America (Natural Resources
Canada 2008). Collection of soil samples at a density of one
sample per ~770 km? (Goodwin et al. 2009) on a random,
stratified grid was conducted in Nova Scotia, Canada as part
of a pilot study in 2007 and 2008. Analytical results (< 63 um
size fraction, nitric-perchloric-hydrochloric-hydrofluoric acid
digestion, ICP-MS finish) confirm that As concentrations in
Nova Scotia are generally elevated relative to the Canadian
Soil Quality Guideline (Maximum Allowable Concentra-
tion; MAC) of 12 ppm (Canadian Council of Ministers of the
Environment 2009; pers. comm., Terry Goodwin, Nova Scotia
Department of Natural Resources), as concentrations range
from 2.2 to 345.7 ppm (cf., the average As concentration in
soils in Southern California is 1.5 ppm; n = 1086; Chernoff et
al., un-dated).

The MAC’s comprising the Canadian Soil Quality
Guidelines have been developed to determine whether a soil
concentration is at or below a level where no appreciable
risk to human and environmental health is expected. If the
maximum soil concentration at a site exceeds the MAC, a
potential problem exists, requiring further study and possible
remediation (Willis 2006).

Results from the NASGLP indicate that south of the
Cobequid-Chedabucto Fault Zone (CCFZ) within the Megu-
ma Terrane, 75 % of the samples have As concentrations that
exceed the MAC (pers. comm. Goodwin 2010), a probable
consequence of the abundance of arsenopyrite (up to 15 %)
in Meguma Supergroup meta-sedimentary rocks compris-
ing the basement to that terrane. In contrast, north of the
CCFZ, only 25 % of the samples have As concentrations that
exceed the MAC (pers. comm. Goodwin 2010), a proportion
that is still high, probably because erosion products from
the Meguma Supergroup were deposited in Carboniferous
basins north of the CCFZ. These observations indicate that
many uncontaminated sites in Nova Scotia would be consid-
ered ‘contaminated’ using the national MAC for As because
of the naturally high background As concentrations that exist
in the province.

As aresult, it is probably appropriate to identify an
alternative ‘made in Nova Scotia’ As concentration (pers.

comm. Terry Goodwin, NS DNR) for local use, in lieu of

the Canadian MAC of 12 ppm. How this As concentration
will be identified is not entirely clear, because MAC’s are
not merely a series of threshold separating background from
anomalous concentrations, as they have been developed
using “conservative and protective assumptions, and (risk
assessment) principles/methods to ensure protection of

both sensitive human and ecological receptors under typical
conditions” (Willis 2006). As a result, the natural frequency
distribution of As concentrations in soil is only one factor
contributing to the assignment of an MAC; other factors in-
clude analytical geochemistry methods and detection limits;
industrial production and method-of-use factors; physical
and chemical properties; mineral and water speciation; expo-
sure mechanisms; environmental fate and behavior in soils,
waters, air, microbes, plants and animals; bio-availability and
bio-accumulation; metabolic behavior; acute and chronic
toxicity levels (e.g., LDsgs) in a variety of organisms (e.g., mi-
crobes, invertebrates, plants, livestock, wildlife, experimental
animals, and humans); treatment and remediation ease, cost,
and success probability; and benchmarks established by other
jurisdictions (e.g., the US EPA). Unfortunately, the large
number of factors that influence the assignment of an MAC
make most MAC’s appear to have been chosen subjectively
because the ‘influence weights’ each factor is assigned are
not known, and many of these factors are not quantitative.

Nevertheless, in order establish an appropriate local
MAC, the frequency distribution of As concentrations in
soils needs to be understood so that the range of background
concentrations can be identified using probability plot analy-
sis (Sinclair 1976). Unfortunately, the only Nova Scotia-wide
soil survey that has been undertaken is that of the NASGLP,
and it provides only 72 samples (including 3 field duplicates;
Goodwin et al. 2009). This is generally inadequate to charac-
terize the distribution of As in Nova Scotia (with a landmass
of 53,338 km?), and so very many more samples will need to
be collected and analyzed.

As a result, in 2010, the Nova Scotia Department of
Natural Resources (NS DNR) intends to collect additional
soil samples using the same sampling and analysis protocols
as the NASGLP, in order to obtain a better understanding
of the As concentrations in the province. This will create a

continued on page &
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larger database with a higher sample density than the origi-
nal NASGLP survey.

Because initial results indicate that soils developed over
different lithologies in Nova Scotia exhibit different As con-
centrations, the NS DNR has divided the province into eight
general but distinct lithozones (soils developed over differ-
ent bedrock lithologies). As part of their effort to determine
the frequency distribution of As concentrations in these
lithozones, they intend to estimate a number of statistics that
contribute to the understanding of the distribution of As con-
centrations in soils developed over each. These statistics will
include the mean, standard deviation, and quantiles, among
others, and it is hoped that at least a crude approximation
of the frequency distribution of As concentrations in each
lithozone can also be obtained from these data.

Two of the lithozones defined by the NS DNR are under-
lain by: (i) ‘granite’, including but not limited to the peralu-
minous South Mountain batholith, and (ii) ‘lower Paleozoic
meta-greywacke and slate’ (the Meguma Supergroup).
NASGLP individual soil sample As concentration results
from these lithozones are presented in Table 1, along with
their means, standard deviations and coefficients of variation
(Goodwin et al. 2009). Although roughly similar numbers of
NASGLP samples were collected and analyzed (17 and 15,
respectively), the As concentration statistics for soils from
these lithozones are significantly different.

Overall, As concentrations are high, with average con-
centrations of 13 and 47 ppm for granite and lower Paleozoic
meta-greywacke and slate, respectively (Table 1). Further-
more, soils developed over lower Paleozoic meta-greywacke
and slate exhibit more variable As concentrations than gran-
ite (standard deviations of 85 and 7 ppm, and coefficients
of variation of 182 and 55 %, respectively; Table 1). Note
that although these Meguma Supergroup rocks are known
to contain As-bearing saddle reef gold deposits (Sangster &
Smith 2007), all of the randomly located NASGLP samples
ended up being collected away from known mineralization,
so the higher As concentrations may be associated with
yet-to-be discovered mineralization, or are merely samples
from the high end of an elevated background As frequency
distribution. In either case, these elevated As concentra-
tions justify health and environmental concern. Additionally,
the standard deviations and coefficients of variation of As
concentrations over different lithozones indicate that a larger

Table 1. Arsenic concentrations (ppm) and statistics from
soil samples collected as part of the NASGLP in Nova Sco-
tia (Goodwin et al. 2009).

Samples & Over granite Over lower
statistics lithozone Paleozoic meta-
greywacke &
slate lithozone
1 13.8 11.4
2 4.8 81.1
3 12.3 37.3
4 18.5 15.8
5 12.1 29.9
6 33.1 16.1
7 2.2 13.4
8 15.3 59
9 15.3 345.7
10 174 26.2
11 15.7 10.2
12 13.7 41.9
13 4.7 22.2
14 15.9 25.2
15 3.0 16.9
16 18.3
17 10.8
Mean 13.35 46.61
Standard Deviation 7.36 84.77
CV (%) 55.12 181.85
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number of samples will be necessary to determine a reliable
average As concentration in soils over lower Paleozoic meta-
greywacke and slate, than in soils over granite.

Example Calculation

Fortunately, because at least some NASGLP As con-
centrations have already been measured from these two
lithozones, we can use these data to provide ‘provisional’
estimates of the relative variations (CVs) of As concentra-
tions in soils over these two lithozones (Table 1). These can
then be used to obtain estimates of the number of samples
(n) required to calculate mean As concentrations for each
lithozone to a certain precision level. After collecting and
analyzing n additional samples, better estimates of the rela-
tive variations (CVs) can then be made using this larger
dataset, and these can be used to further refine/confirm the
number of samples necessary to reliably estimate the mean
As concentrations in the various lithozones. Obviously, this
process can proceed iteratively until sufficiently reliable
mean concentrations have been obtained.

continued on page 9
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Table 2 illustrates the number of samples required to
estimate mean As concentrations in each lithozone at various
tolerances, based on the results from the initial NASGLP
samples. For example, for the soils overlying the granite
lithozone, the calculated sample size necessary to achieve
a 10% tolerance level (rsez) is, coincidentally, (55.12/10)* =
30.38 samples. In contrast, the number of samples necessary
to estimate the mean As concentration in soils over the lower
Paleozoic meta-greywacke and slate lithozone is (181.85/10)?
= 330.69. Obviously, the larger coefficient of variation for As
concentrations in this lithozone necessitates the collection
and analysis of far more samples.

Table 2. Calculated number of samples required to obtain
estimates of the mean As concentration at various tolerance
levels for the granite and lower Paleozoic meta-greywacke
and slate lithozones of Nova Scotia.

Tolerance level (%) | # of samples # of samples
over the the lower
granite Paleozoic meta-
lithozone greywacke &
slate lithozone
1 3038 33069
760 8267
122 1323
10 30 331
20 8 83
30 3 37
40 2 21
50 1 13
100 0 3

The results in Table 2 illustrate that significant differ-
ences exist between these two lithozones. The approximately
3 times larger CV, 181.85, observed in soil samples from the
lower Paleozoic meta-greywacke and slate lithozone makes
it necessary to collect and analyze approximately 10 times
more samples to obtain the same relative standard error
of the mean in each lithozone. Obviously, the relatively
high variability in As concentrations in the lower Paleozoic
meta-greywacke and slate lithozone makes estimating the
mean more difficult. Nevertheless, using Equation 4 and the
strategy described above to determine “how many samples
are enough” will allow the NS DNR to estimate, in advance,
how many samples should be collected to obtain adequate,
or at least the best available, estimates of the average As
soil concentration in all eight lithozones within Nova Scotia.
Based on the results in Table 2, it is likely that the additional
samples that they intend to collect will not be sufficient to
obtain mean concentration estimates with highly acceptable
errors for all eight lithozones. Nevertheless, this procedure
will allow them to obtain the best estimates possible given
their survey constraints.

Discussion

Given that elevated As concentrations represent a
potential hazard in Nova Scotia, the concentrations of other
elements measured in the NASGLP with crustally anomalous
background geochemical concentrations should also be as-
sessed to obtain other ‘made in Nova Scotia’ MAC’s, where
appropriate (e.g., U, whose concentrations are known to also
be elevated in Nova Scotia because of the abundance of per-
aluminous granite, and the presence of Carboniferous basins
that host sediments shed by these eroding intrusions). Such
an analysis will provide additional estimates of the numbers
of samples necessary to estimate the mean concentrations
of other elements for each lithozone, and these numbers of
samples are likely to be different than those calculated for
As, above. As a result, before collecting additional samples in
the follow-up survey, the NS DNR will have to balance their
tolerance for mean concentration estimation error for each
element in each lithozone with a number of other factors
(e.g., bio-accumulation and bio-availability; toxicity; treat-
ment and remediation ease, cost, and success probability;
etc.) to determine how many samples to collect from each
lithozone, so that they maximize the quality of the resulting
data.

Now that we understand all of the factors that control
“how many samples are enough”, let us consider the estima-
tion error we would obtain in terms of relative standard error
on the mean if we were to use the ‘conventional wisdom’ of
30 samples (Garrett 1979) to estimate the mean As concen-
tration in the granite and lower Paleozoic meta-greywacke
and slate lithozones, above. Using Equation 2 and the
observed coefficients of variation in each lithozone, we can
see that in soils over the lower Paleozoic meta-greywacke
and slate lithozone, there will be about 33% error on the
mean As concentration estimate, and in soils over the granite
lithozone, there will be only about 10% error on the mean As
concentration estimate. These precision levels are signifi-
cantly different, and may or may not be adequate for the
purposes described above, likely because “how many samples
are enough” is a function of more than just the number of
samples (Garrett 1979), as the variability of the data (in ab-
solute or relative terms) and the desired absolute or relative
standard error on the mean also figure prominently.

Conclusions

Formulae have been derived that allow determination
of how many samples are necessary to obtain an ‘adequate’
estimate of the mean of sample measurements. These deriva-
tions do not assume that any specific data distribution exists,
making this approach perfectly general and applicable to
geochemical (and other) data collected by the mineral explo-
ration/mining (and other) industries and disciplines.

The formulae derived to determine “how many samples
are enough” do not support what has become the ‘conven-
tional wisdom’ that 30 samples are adequate to obtain a good
estimate of the mean, as other factors such as confidence
level and variation in the underlying dataset also exert con-
trol. Rather, these results indicate that a quantitative strategy

continued on page 10
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can be used to more comprehensively address the unspeci-
fied “particular situations” that Bob Garrett alluded to in
his 1979 paper when he first investigated the question: “how
many samples are enough?”
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Appendix

Suppose that a statistic (f) is a function of n measure-
ments of X (x;), all of which have a common error (ses).
Provided that the x measurements are independent and
identically distributed (iid), because they come from samples
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of a single geological entity for which we are calculating
a statistic, propagation of the errors in the x; into f can be
achieved using the following generative formula:

se?, )

n

(Stanley 1990).

In order to derive the standard error of the mean (in this
case, our f), we propagate the error in x; through the formula
for the mean:

=t 3x. ©

This requires the partial derivatives of the mean with respect
to Xx;:

Ox 1
o ()

Substituting these partial derivatives into Equation 5, using
the variance of x () as the common variance in all x;’s, and
setting all covariances equal to zero, we obtain the well
known formula for the standard error of the mean (Equation

1):
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Paper
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The AAG announces the 8th biennial Student Paper
Competition. The paper must address an aspect of ex-
ploration geochemistry or environmental geochemistry
related to mineral exploration and be based on research
performed as a student. The student must be the princi-
pal author and the paper must have been published in
Geochemistry: Exploration, Environment, Analysis
no more than three years after completion of the degree,
All eligible papers in 2009 and 2010 volumes of GEEA
will be reviewed by the selection panel.

The winner will receive:
A cash prize of $1000CAD generously donated by
SGS Minerals Services.

A 2-year membership of AAG, including the society's
journal (GEEA), EXPLORE newsletter, publication of
an abstract and CV of the winner, a certificate of rec-
ognition and $500US towards expenses to attend an
AAG-sponsored meeting, courtesy of AAG.

The results of the 2010 competition will be announced
at the 25th IAGS in mid 2011. Details are available from
the chair of the committee or the AAG Students' page
(http://www.applied geochemists.org/).

David Cohen

Chair, Student Paper Competition

Schools of BEES

The University of New South Wales
UNSW, NSW 2052 Australia
Email: d.cohen@unsw.edu.au
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WORLD LEADERS IN SAMPLE PREPARATION EQUIPMENT AND REFERENCE MATERIALS FOR USE IN GOLD ASSAYING
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ROCKLABS

Quality Reference Material complies with ASTME
1831-96 and affordable for use on an every batch basis.

Used in over 90 countries and available in 2.5Kg
jars and 30g, 50g, 100g sachets for laboratories and
exploration geologists.

We also offer technical support for choosing the RM
and statistically analyzing results.

www.rocklabs.com

Rocklabs Ltd, 157-161 Neilson Street, PO Box 18-142, Auckland, New Zealand
Ph: 0064 9 634 7696; Fax: 0064 9 634 6896; e-mail: sales@rocklabs.com

Paid Advertisement
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New Members of AAG

Fellow (Voting Members)

Romy Matthies

PhD Research student

Newcastle University

Devonshire Building, 3rd Floor
Newcastle upon Tyne

UNITED KINGDOM NE1 7RU
Membership # 3908

Dr. Peter A. Winterburn

Senior Geochemist-Global Exploration
Vale Inco

1322 Greenbridge Circle

Oakville, Ontario CANADA L6M 2J7
Membership # 3749

Member (Non-voting)

Mr. Alexander Mikhailov

Director

MEN (UK) Ltd

28 Fidlas Avenue

Cardiff, United Kingdom CF14 ONY
AAG Membership # 4016

Mr. John L. Biczok

Senior Exploration Geologist

Musselwhite Mine

c/o 584 Chalfont Road

Winnipeg, Manitoba, CANADA R3R 3H6
Membership # 4017

Prof. Alexander Fitzpatrick
Geochemist

Klohn Crippen Berger

500-2955 Virtual Way

Vancouver, BC, CANADA V5M 4X6
Membership # 4020

Mr. Dale Sutherland

Organics Manager, Director of Research
Activation Laboratories Ltd

1336 Sandhill Drive

Ancaster, Ontario

CANADA LI9G 4V5

AAG Membership # 4021

Mr. Samuel R. Moyle

Mineral Exploration Geologist
TNG Ltd.

11 Buntine Rd

Wembley Downs, Perth

WA. AUSTRALIA 6019

AAG Membership # 4022

Mr. Patrick J. Sullivan
Consulting Geologist
4967 Summit Street

West Linn, Oregon, USA 97068
AAG Membership # 4023

Mr. Aldona Binchy

SLR Consulting Ireland

69 Ennel Court

Ballybrack, Co. Dublin, Dublin, IRELAND
Membership # 4024

Mr. Michael Skead

President and CEO

Valdez Gold

372 Bay Street, Suite 800

Toronto, Ontario, CANADA M5H 2W9
AAG Membership # 4033

Student Members

Cindy Ahuna

San Jose State University

PO Box 12316

San Francisco, California USA 94112
AAG Membership # 4014

Agus Haris Widayat

Inst. of Atmospheric & Environ. Science
Faculty of Geoscience

Goethe University

Jati, Banaran, Galur

Kulonprogo, Yogyakarta

INDONESIA 55661

Membership # 4015

Elise R. Conte

Miami University

714 South Locust Street

Apt. 32, Oxford, Ohio USA 45056
Membership # 4018

Julia Jamieson-Hanes

University of Waterloo

Department of Earth and Environmental Sciences
CEIT Building

200 University Ave W, Waterloo, ON

CANADA N2H 2H9

AAG Membership # 4019

Mr. Benjamin G. vanderHoek
University of Adelaide

26 Blackburn St., Reynella
Adelaide, SA, AUSTRALIA 5161
AAG Membership # 4025

Mr. Byron J. Dietman

University of Adelaide

38 Laver Tce, Felixstow

Adelaide. SA, AUSTRALIA, 5070
Membership # 4026
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25th International Applied
GeochemistrySymposium

Rovaniemi FINLAND
WELCOME TO ROVANIEMI

The 25th International Applied Geochemical Symposium of the Association of Applied Geochemistry
(AAG) will take place in Rovaniemi, Northern Finland, from 22-26 August 2011. The meeting will focus on
applied geochemistry under the theme Towards sustainable geochemical exploration, mining and the

nvironment which encompasses a variety of disciplines including applied geochemistry, new ways of

Y g

IMPORTANT DATES AND DEADLINES

Second Circular and Call for Abstracts 30 September 2010
Third Circular 31 January 2011
Deadline for abstracts 31 March 2011
Notification of acceptance sent by 30 April 2011
Deadline for early-bird registration 31 May 2011

25 |AGS Conference 22-26 August 2011
Deadline for Special Issue submission 15 November 2011

For further information check the conference website at www.iags2011.fi
or contact the conference office (congress@ulapland.fi).

[ ini i ment
Towards sustainable geochemical exploration, mining and the environ
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GAC® SCN 18: $80.00

This volume is a companion to a drift
exploration short course conducted at the
Geological Association of Canada (GAC) 2007
Meeting in Yellowknife. The short course and
this publication was sponsored by the Mineral
Deposits Division of the GAC with additional
sponsorship from the Alberta Geological
Survey, Geological Survey of Canada,
Overburden Drilling Management Limited,
Apex Geoscience Limited and Shear Minerals
Limited. The authors represent a wide range of
specialties and possess many years of
experience in their particular fields of interest.
Federal and provincial geological surveys as
well as academia and the exploration industry
have all contributed to this volume.

Senior Authors (Alphabetical)
Stu A. Averill (Overburden Drilling Management
Limited)

Janet E. Campbell (Saskatchewan Northern
Geological Survey)

Travis Ferbey (British Columbia Geological
Survey)

David Hozjan (Overburden Drilling
Management Limited)

Ray E. Lett (British Columbia Geological
Survey)

Isabelle McMartin (Geological Survey of
Canada)

Roger C. Paulen (Alberta Geological
Survey/Geological Survey of Canada)

Glen Prior (Alberta Geological Survey)
Cliff R. Stanley (Acadia University)
Ralph R. Stea (Quaternary Consultant)
Pamela Strand (Shear Minerals Limited)

L. Harvey Thorleifson (Minnesota Geological
Survey)

Application of Till and Stream Sediment
Heavy Mineral and Geochemical
Methods to Mineral Exploration in
Western and Northern Canada

M Editors:
ey Roger C. Paulen
and

Isabelle McMartin

Editors:

Roger C. Paulen, Northern Canada Division,
Geological Survey of Canada
601 Booth Street, Ottawa, Ontario K1A OE8

Isabelle McMartin, Northern Canada Division,
Geological Survey of Canada
601 Booth Street, Ottawa, Ontario K1A OE8

Full Reference:
Paulen, R.C. and McMartin, I. (eds.) 2009.

Application of Till and Stream Sediment Heavy
Mineral and Geochemical Methods to Mineral
Exploration in Western and Northern Canada;
Geological Association of Canada, GAC Short
Course Notes 18, 229 p.
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WITH MMI GEOCHEMISTRY

Mobile Metal lon (MMI) geochemistry measures the mobile ions that accumulate in soil above mineralization. MMl is used successfully to reduce
the cost of definition drilling programs and locate many deeply buried deposits, with few false positives. MMI geochemistry is now
exclusively available at SGS laboratories.

0

SGS IS THE WORLD’S LEADING INSPECTION, VERIFICATION,
TESTING AND CERTIFICATION COMPANY

ca.min@sgs.com  www.sgs.com/geochem WHEN YOU NEED TO BE SURE

Paid Advertisement

EXPL®RE

Newsletter for The Association of Applied Geochemists
P.O. Box 48836, 595 Burrard Street, Vancouver, B.C., V7X 1A0, Canada
Please send changes of address to: Association of Applied Geochemists
P.O. Box 26099, 72 Robertson Road, Nepean, Ontario, K2H 9R0, Canada - TEL: (613) 828-0199 FAX: (613) 828-9288
e-mail: office@appliedgeochemists.org * http://www.appliedgeochemists.org



