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ABSTRACT
Only in recent years have statistical methods been agpplied
to evaluation of ore reserves. An attempt is made in this study to
prepare an outline to be followed throughout the exploration in
order that statistical methods can be applied to valuation problems.
Particular emphasis is given to the preliminary requirements to a
statistical approach., Representative parameters, sampling pattern,

and sample size are discussed in separate chapters.
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Chapter 1
INTRCDUCTION

Statistical methods have been employed for only a few years by
the mining industry in operational control and in mineral exploration.
The higher number of variates to be considered, the impossibility of
conplying exactly with the requirements for random sampling, the long
delgy between the elaboration of an hypothesis and its verification,
may account for the slowness of adoption, compared with other fields
of industry.

Almost all of the research has been carried out in the last
ten years and it has stagnated in theoretical evaluations. Besides
university teachers and some official organizations (e.g. U. S.
Bureau of Mines in the U.S.A., Commissariat a 1l'Energie Atomique in
France) only a few mining companies have applied and tested these
methods (e.g. Climax Molybdenum, San Manuel, Bear Creek). .

The existing bibliography (approximately 250 articles and
papers to date as of January lst, 1959, with exception of the almost
unknown Russian literature) covers only articles which ai'e generally
concerned with a specific problem. So far no attempt at a general
publication has been made. The aim of this study is to prepare an
outline for application of statistical methods for the computation
of ore reserves of a deposit during the exploration phase. This
exploration is assumed to be carried out by drilling, before any

underground mining has really taken place.



Numerous other problems in Mineral Engineering can be solved
by application of statistical methods: mine sampling (27)%, location
of favorable areas for exploration (13), or the probability of finding
a given amount of a certain cormodity over a certain area (52) are a
few examples of applications.

What are the advantages of the statistical methods over the
classical or mumerical methods used in the computation of ore reserves?

First of all they are better fitted to approach problems on
which only dispersed and fragmentary data are present. The few
representative parameters to which a set of data is "cooked down®
are not only given with their naked numerical values, but also with
their level of confidence. Trends in variations can be detected.

Besides these more technical advantages, there is also a
financial advantage, as the investor obtains a better knowledge of
the risks presented by a mining venture. This feature will probably
be more and more prevalent with the development of huge, low grade
operations requiring greater capital investments.

A good introduction to the statistics used in this study will
be found in Freund (5). More detailed textbooks on the theory are
listed in the bibliography.

For the convenience of those not familiar with statistical

studies, a brief glossary of terms is included in the appendix.

# A1l references are in bibliography.



Chapter II
ANALYSIS OF THE CONDITIONS FOR A STATISTICAL
APPROACH TO ORE-RESERVES COMPUTATIONS
In order to be possibly submitied to statistical methods, data,
vhatever may be their nature, have to fulfill the following conditions:
- sufficiently large number of samples
~ similarity of samples
-~ randormess in sampling and distribution
These conditions can be expressed in terms of drilling and
sampling.
A. Number of data

The theory of statistics usually requires that each statistical
study be based upon a minimum of 30 homogeneous samples, in order to
ascertain valid results. This figure is exceeded in almost every min-
eral exploration project. Less freedom in the sampling of a deposit, .
than is offered in fabrication control, and a very small ratio between
volumes of samples and deposit justify and require this larger number.

Knowing the optimm numbef of samples is of importance to the
mining engineer exploring a deposit. It can be approximated by'dif-
ferent ways:

(1) Theory of statistics

Relations have been established between number of samples,
mean and standard deviation of the statistical universe and standard
deviation of the sample mean (with respect to the true mean) as well
as of the standard deviation of sample (with respect to the true

standard deviation). These relations enable us to determine, once a



first set of data is obtained, how far the sampling has to go in order
to ascertain a certain level of confidence in the final result.

This approach by the theory of statistics has some disad-
vantages, as it is based on the assumption of normal distribution of
sample mean around true mean. This is correct in a normal distribu-
tion, but only approximated in other distributions, however,it is
satisfactory if the groups of samples are large. Nevertheless this
method gives us a minimum, since in the case that the assumption of
normal distribution of sample mean is not correct more samples will
be required in order to give the same level of confidence.

(2) Limit of the standard deviation

Common sense indicates that the standard deviation will
decrease with an increasing number of samples., A cumulative plot of
standard deviation vs. number of samples, in their chronologic order
of appearance can be expected to approach a limit, which, under ideal
conditions, is the standard deviation of the entire population. If a
further increase in the number of samples does not decrease appre-
ciably the standard deviation, there is no need in further sampling,
and it can be stopped.

In order to obtain a limit for the standard deviation, the
samples have to belong to the same population. It can happen that
with an increasing rumber of samples the standard deviation oscillates
in a wide range. In that case the superposition of two, or occa-
sionally more populations has to be examined. If the different
populations are spatially separated it is of advantage to introduce

a stratification, and to make a separate plot for each zone or strate.



The exploration of a zone can then be considered finished if the
standerd deviation related to it nears the limit.

It may not be possible to relate the various populations
to different parts of the deposit. In that case a close geological
investigation should reveal if the same commodity can be found in
different minerals, with different contents and grades, or if there
are several distinct mineralization periods.

(3) Financial considerations

Filippo Falini (27) emphasizes the cost of sampling. The
other items he considers are initial plant cost and ratio between the
annual working expenses and the depletion and depreciation allowances.

As shown before, there is a technical limit to the accur-
acy of the information obtained through sampling, and there is a
limit beyond which a higher number of samples does not bring more
accuracy, only confirmation. Therefore Falini's proposition to
increase the number of samples in proportion to initial cost and
vworking expenses may lead to unnecessary expenseé. However his con-
cluding statement corrects this faults

"The number of samples to be taken is limited by the con-
sideration that, beyond a certain number the risks of economic loss
in the exploitation (or of loss of profit if it is decided to not
exploit the deposit) no longer offsets the costs of further samples.”

Practically, the number of samples to be taken can be
determined in advance only if the characteristics of the deposit are
already known, by comparison with similar neighboring deposits. For

instance, in a wildcat exploration the first drillings will give the



information necessary to determine the approximate number of samples.
The decision to stop a drilling campaign should be taken

as soon as the optimum number of samples has been reached, the optimm
being given by the combined Methods No. 2 and No. 3, whichever may
give the smallest number. Method No. 3 is usefully checked by the
theoretical approach.

| It can be noticed that in order to obtain the maxdmum in-
formation of a drill hole the cores should be cut in reasonably short
length (1t to 3t). All the samples in a deposit must be of the same
length to prevent overweighting or underweighting any hole.
B. Similarity of samples

In mineral exploration it is often difficult to fulfill the
requirements of similarity. In order that each sample shall influ-
ence the total average grade to the proper degz;ee, it is supposed to
have the same weight (influence), which factor ﬁan be, for instance, |
the weight or the volume.

As Filippo Falini (27) pointed out,the degree of dispersion
(defined as the ratio of the average deviation of grade f.o the meari
grade) of samples assays taken in a homogeneous deposit is an
inverse function of the number of elementary particles in the
sampling volume and of the grade (by volume). We prefer to substi-
tute the standard deviation for the degree of dispersion, the former
being mo;-e commonly used.

In order to have similar samples, the number of particles
should be constant. Their total weight (i.e.,the weight of the

sample) is a function of the densities and proport.ions of the



different minerals present. The volume is independent of densities
and proportions and depends essentially on the number of elementary
particles, therefore it is the quantity to be kept constant.

An example of lead ore formed by galena (demsity 7.5) and dolo-
mite (density 2.5) shows convincingly the variation in weight of a

given volume of ore as the relative proportions of the two components

chénge.
Volume Volume Density Percent galena
galena gangue of ore by weight
1% 99% 2,55 2.94
10% 90% 3.00 25.0

It would be interesting to study the application of the prin-
ciple of constant volume to channel sampling. It would probably mean
that in a vein with varying widih, the channels would have to be sub-
divided in small lengths, 1 foot for instance, so that the excess at
the ends of a channel would be closer to a sample length.

Two remarks should be mades

The constancy of volume is hampered by an imperfect core
recovery, which has a strong effect on the assays. For instance if
the explored deposit contains sulphides which are concentrated in
planes an underevaluation is likely to occur. The cores are suscep-
tible to breakage along the sulphide planes, so that the valuable
minerals are eroded and pass into the slime.

The assays are given by weight, not by volume. In the
case of heavy minerals (about twice the density of the gangue or
above) the density contrast introduces an important bias. This

problem will be discussed in a Report of Investigations of the U. S.



Bureau of Mines by Leonhard W. Becker and Scott W. Hazen, Jr.

The samples have to come from statistically homogeneous zones
in order that representative parameters can be computed for each zone.
Such subdivision of a deposit, if any, may have been produced by a
difference in:

(1) Process: supergene vs. hypogene, for instance.

(2) Time: different periods of mineralization.

(3) Source of the material.

(4) Host rocks according to physical and chemical behavior.

In a frequency diagram, several populations belonging to dif-
ferent zones are likely to appear &s a plurimodal curve, If this is
the case a separation of the superposed populations is to be attempted
by one of the following methods.

A new zonation procedure for oil fields, with respect to the
vermeability parameter, has been proposed in 1958 by LeRoy Allan
Beghtol (51). This method can be usefully applied to the detection of
distinct vertical grade zones within the profilé of each hole. Between
the different assays obtained from one drilling exist variations, from
which & part only, are due to chance alone. Variance tests, worked out
by Ronald A. Fisher (4) and others, are used to detect significant
differences at any preset level of confidence. Same gzones, appearing
in neighboring holes are then connected,

A statistical approach to the valuation of gold placers has
been proposed by V. Baty (32). Gold in placers is assumed by this
author to have three modes of deposition. The first two of which

result in homogeneous distributions, folloxdng the normal law, whereas



the third does not answer to any statistical law. Nean and standard
deviation of the entire set of data are computed, and the contents
deviating from the mean by more than two times the standard deviation
are eliminated. Mean and standard deviation are now computed for the
remaining contents, which enables us to divide them (as in the first
elimination) in two fractions:
~ (A) Homogeneous content of the placer

(B) Leftover contents

The latter are plotted on the prospection plan, what gives an
indication of probable runs. Therefore (B) is divided in

(C) Heterogeneous content of the placer, not

belonging to the run

(D) Run contents

The run contents (D) are distributed in

(E) Normal run contents

(F) Heterogeneous run contents

The second point in Baty'!s study is concerned with the valua-
tion of reserves. Designating by A the tonnage of the group (A), by ty
the content of this group, and so forth, and assuming that (A) and (C),
as well as (E) and (F) have respectively the same content, Baty derives
following formula giving T the mean content of the deposit:

T=(A+C) t, +(E+F) t

A+C+E+PF
The third point of this study is concerned with the graphical
determination of placer content, run content and the heterogeneous

values. The plottings of his figures 1 and 2 are merely frequency
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distributions. Through an unfortunate choice in the intervals (too
large) the usual skewed curve, which can be fitted to a lognormal
curve, does not appear entirely. Only the descending branch is
present.

The best usage of this method is to be found in the graphical
plotting of the runs on a map. Thé graphical zonation procedure can

be \ised, with a slight modification, however. The assumption of nor-
mal distribution has to be checked in each case. Ordinarily a lognor-
mal distribution will be found, so that in the operating modus the
assays have to be replaced by their logarithms.

For valuation purposes this method is objectionable. The author
considers a run as a superimposed phenomenm (though homogeneous) on a
normal and homogeneous background, which is still present under the
higher values of a run. In a placer a run can hardly be considered
being epigenetic with respect to the normal mineralized volume, so that
there cannot be 'superposition. (Baty does not specify explicitly that
a run is epigenetic, but this is a logical conclusion of his hypothesis
on the assay diétribution.in a placer.) As long as the distribution of
assays is normal, there can be no objection to this formula. In the
case of a skewed distribution it should be abandoned.

The frequency curve has a continuously varying slope, not a
slope in three parts as suggested. A unique solution can therefore not
be obtained graphically.

C. Randomness in sampling and distribution

This characteristic may be discussed under two headings:

(1) Randomness of distribution of the assays in the deposit.



This cannot be controlled by the sampler, and the methods
of sampling have to submit to imposed conditions. Friedrich Stammberger
(43) gives two criteria for a random distribution; the grade of the
sample should not interfere with the grade of a neighboring sample,rnor
should it be influenced by its position in space.

The interdependency of assays coming from two neighboring
holes appearsin a regression study. A close relation is to be expected
in bedded deposits: minette iron ore (England, France and Germany) or
Lake Superior iron ore (United States, Brazil, Canada), These justify
a vide spacing of the drill holes. It would be interesting to make a
survey of the behavior of‘different genetic types in that respect. A
study of correlation has been carried out at Climax, Colorado. After
an oral communication with Mr. Hazen, ffom the U. S. Bureau of Mines,
the coefficient of correlation between samples coming from two holes,
three feet apart has been insignificant (0.09, from a set of more than
fifty samples). The correlation between successive samples taken
along the same hole has been higher, 0.9.

Different commoditiesbmay have a different behavior in the
same deposit. For instance in a deposit in Arocostook County, lMainse,
the iron shows a high correlation between neighboring holes, whereas
manganese is not correlated at all. A closer geological investigation
shows that thé iron is still in banded form, but that manganese under-
went remobilization and recrystallization in small fissures.

A remobilization will not always have the effect of random-
nization. According to the distance of transportation of the remobil-

ized material and sample size, two different results can be produced:



- small ratios (for instence regrouping in little

and close fractures) the distribution will be
randomized.

- large ratio: (for instance cementation) the dis-

tribution is organized and zonation is produced.

The influence of position in space is difficult to elim-
inate. A deposit can have limits of two sorts. Geological limits
can be found in a vein for instance, where the ore has usually a
definite boundary with the wall rock. In a porphyry copper deposit
the limit of what is called ore is purely economical, as it is deter-
mined by a cutoff grade which varies according to the circumstances.
In the last case a good valuation procedure requires a zonation
according to the grade. |

(2) Randomness of sampling

A random sampling procedure requires that one sample does
not have more chances to be selected than another. The human factor
does not have much influence in selecting a sample in exploration
(vhereas in mine sampling great attention has to be given to this
bias). Drill sampling cannot be considered completely random. The
location may be random, so will be the first length of core, but the
location of all the following cores is determined. Therefore each
hole has to be considered as one sample.

The method of obtaining a random sample will be discussed
extensively in the chapter on sample location.

(3) Tests of randormess

a. Data coming from one hole. In the case of data coming
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fron a certain number of holes it is impossible to use the tradi-
tional tests of randomness, all based upon the order of production
of the data. However data coming from one hole can be analyzed that
way, if they are numerous enough and if trends do not already appear
at visual examination. The following four methods are indicated by
Hald (7):

Runs above and below median. All the data can be divided
in two groups: data smaller than the median, and data larger than
the median. A sequence of data of the same kind is called a run.
Assuming that all arrangements have the same probability of occur-
rence, the probability of a run of given type and length can be com-
puted, so checking if the material is random.

Runs up and douwn. Consider a sequence of observations and
the sequence of signs (+) or (~) of the successive differences of the
data. A sequence of signs (+) is called a run up, a sequence of signs
() is called a run down. Here slso the probability of occurrence of
a run of given type and length can be computed and checked against the
observation data.

}Mean square successive difference. This figure is divided
by the variance. This ratio has a significance level, which is a
function of the number of data.

Subgroups. If at least one hundred data are given, they
can be divided in subgroups of four data each. HMean and standard
deviation of each subgroup are computed and their distribution checked.
If the sampled naterial is randomly distributed, the mean and the

standard deviations of the subgroups follow a normal distribution.



And at last, de Wijst' coefficient of variability (48),
which will be explicitly described in Chapter IV, can also be con-
sidered a test of randomness.

b. Data coming from a set of holes. The average grade
for each hole could be computed and preceding tesis applied to these
average grades in their chronologic order of appearance. There is
however less significance to the order of execution of drill holes
than to the succession of assays in a hole.

In the already mentioned Report of Investigations,
Lecnhard W. Becker and Scott W. Hazen indicate the following test
which seems more adequates using v, to denote the volume of a
sample of the class n, s, the standard deviation of that class, if
the distribution is random, following relation is verified:

Vn ot sﬁ = constant
Let a hole be subdivided into successive core sections

Cls €2 Cgs oee of same volume v. Standard deviations are computed

for different populations of volume Vi, Vj, VB , 8uch ass

Standard
Volume Units deviation
Vp=v Vis Vo ees ' 81
Vo = 2v vy + V3 VgtV e 8
V3 = 3y V]t V3t Vgy vt Vst vy eee 83

The distribution of grades in the deposit can be considered
random (and also for the applied sampling procedure) if following

relation is checked:

Vl . 81 V2 . 82 VB .'83
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ors
s% =2 s% =3 s%
If the distribution is not random there is no further advan-
tage in using statistical methods, and classical methods of computing

ore reserves should be applied.



Chapter III
DISTRIBUTIONS OF ASSAYS AND GRADES

A. Distribution as function of the geologieal type of the deposit

So far this problem has not received much attention. Pernand
Blondel (18) studied statistics of the copper production in the United
States and arrived at the following conclusionss

(1) The grades are fairly constant for 50% of the American
copper production.

(2) The data are much less explicit for the remaining 50% and
are only given by district, county or state.

(3) Variations in grade are of two types:

a. Sharp increases due to the development of new.
properties, which begin their output by cemen-
tation and oxidation material, that is high
grade ores.

b. Slow decrease due to the exhaustion of these
enriched zones and extension of the operations
to the lower grade protore.

In another article (19), published the same year, Fernand
Blondel extends his conclusions to other metals, gold and tin par-
ticularly. A cumulative negative frequency curve (i.e. tonnage of
ore mined below a certain grade) has a stairlike shape. Over a cer-
tain period of time some fluctuations are noticeable around the modal
values, What is even more important: the record of reserves follows
the same curve, but the mcdal levels have slightly higher values this
time. This is to be explained by an imperfect recovery (mining factor),

which lowers the grade.
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From these observations Blondel deducts the following
hypothesiss

"The grades are not distributed at random. To each type of de-
posit corresponds an average grade, around which the highest tonnages
are concentrated. These types are not numerous and form a series of
discrete figures."

The preceding statements call for a few remarks. The hypo-
thesis of the distribution of the grades around a few modal values
seems extremely logical. There are no objections to the determina-
tion of the grades by the physicochemical conditions under which the
deposit was formed, as these conditions are closely related to the
geclogical type. This study has‘been carried out on copper mainly
and it would have been instructive to read actual figures. A recent
book on the porphyry coppers (53) supports this hypothesis by the
figures which it gives., Annual production of ten copper mines in
both Americas:

Tonnage above 1.0% 5.00 millions of tons 5.8%

- - at 108  14.90 17.2%
-- = 0.9 459 53.2%
- = - 0.8% 20.5 23.8%
Total production EZT; 166752

This shows that in the porphyry coppers the grade is fairly
constant. Unfortunately it is not possible to plot a frequency curve
of grades vs. tonnages for all rocks presenting the characterist;cs
of a porphyry copper, simply because detailed investigations are only

carried out where some indices are already present. In other words



it is impossible to know if there are metal concentrations below the
present cutoff grade, but above the geochemical trace content, and
what is their tonnage. This would show whether the indicated modes
are significant or not. It can be noticed that the geochemical trace
content depends upon the host rock, which is a proof of relation be-
tween grade and environment.

In narrow veins obviously the grade will be lowered through
wall rock, broken in order to obtain a minimum stoping width. In the
case of the porphyry coppers this is less obvious, and the discrepancy
can probably be explained like it has been for the Witwatersrand as we
will see in the discussion on the arithmetic mean.

It would be useful to carry out a survey of all ore deposits, to
check if there is actuglly a trend toward a few modal values., Such a
survey, in order to respect small changes in the physicochemical con-
ditions, would have to follow a very diversified classification, like
Schneiderhoehn's (55). Should some results appear the number of types
of deposits should be reduced, and the characteristics of more compre-
hensive groups studied. Not only is the avérage grade to be considered,
but also the dispersion of the grades, which can be characteristic of
the constancy (or the absence thereof) of the genetic conditions, as
well as of the degree of dependability of the grade toward these con-
ditions.

A part of this program is being carried out by Professor Henri
Lepp, of the Geology Department of the University of Minnesota. In
order to prove a sedimentary origin for the Lake Superior iron ore

deposits, he studied several other districts where the iron is
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undoubtedly of sedimentary origin. As a temporary conclusion he could
state that €0% of the assays coming from such deposits are betwoen 257
and 35% ircn.

A plotting of grade frequencics of Canadian gold ores, prepared
by Falinl (27) after production data taken in the %Canadian Mines
Hoandbook 1954% shows that the prades oscillate arownd fow modal wvaluess
3, 12, 22 and eventually 32 g/ton. ith an increasing gradje, the fre-
queney decreases, and the higher the pgrade, the less pronounced ig the

T :

. Frecuency

{requency peak. No attempl hes been mado to check if each lsvel
belongs to a different geological background. If a law can bo estab-
lished, relating the grade of a deposit to its environment, the plan
of exploration can be rore cerefully deviged,
‘B. Diotribution ss function of sempling

In the ususl case, whon the average grade of a doposit is
avcund 5% or less, the distribution curve is skewed to the right._

This curve can be fitted to several theoretical curves. The best
approxizations ave, however, given by the lognormal and the binoxdal
distributions.
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The Yognormal distribution has been described by Ahrens for a
limited case (15), but has been extended by the same author to a geo-
chemlcal laws "The concentration of an element is lognormally dis-
tributed in a specific igneous rock® (16).

Hesn grade and dispersion vary widely according to the metal
and to the host rock. Sometimes the dispersion may be so small as to
hide the law of distribution if & prohibitive number of samples is not
used. Ahrens mentioned also the likelihood of the lognormal distribu-
tion in sedimentary rocks.

As corollary the following law was announceds "The abundance
of an element in an igneous rock is always higher than the most
prevalent concentration; the difference may be immeasurgbly small or
very large and is determined solely by the magnitude of dispersion of
its concentration.®

In 1953 Krige (39) showed that in the examination of bors hole
values the assays can also fit & lognormal curve.

Working on different data, de Wijs (48) found that the binomial
distribution gives a better approximation. It seems that with an
increasing grade the skewness of that frequency curve is decreasing,
&gnd getting negative above 50%, therefore the lognormal distribution,
always positively skewed cannot claim to be the only approximation.
Besides, the grades vary only between 0% and 1008 (in the case of
native metals, and much less, of course in any compound), whereas the
lognormal curve is extending to the infinite.

If, instead of plotting individual assays, we plot the means of

groups of assays, taken in the same part of the deposit, the distribution



curve will be more symmetrical; it is tending toward a normal curve,
as a consequence of the central limit theorem.

The use of an estimator as described in Chapter IV, requires the
knowledge of the distribution followed by the assays. It is necessary
%o checl in esch case which curve gives the best approximation. It is
possible that different genetic conditicns give different distributions.
The lognormal distribution cannot yet be considered as & law, however
it gives a very satisfactory approximation for the most low grade
deposita.



Chapter IV
REPRESENTATIVE PARAMETERS
‘Ae Introduction
A population can b_g represented by various parameters. Accord-
ing to the type of the distribution or the purpose of the study, one
or the other will be better suited for representation.
A good description of a set of data is given by following
characteristicss
- Type of the distribution, or the type which gives
the best approximation,.
- Parameter of central tendency: Jlocating the center
around which the data are distributed.
~ Parameter of variation: description of the disper-
sion of the data around the center.
-~ Parameter of symmetrys indicating how the data are
balanced around the center.
- Parameter of peakednesss indicating how close to
the center the data are located.

B. Parameters of central tendencies

(1) Arithmetic mean (In abbreviation: AM)

The AM has been used for a long time for computation of
. grades, as a straight mesn or as a weighted mean. It is very easy
to calculate, and gives undoubtedly the true average if the sampling
is exhaustive or at least represents an important part of the sampled
volume. In the case of a normal distribution, the AM is identical
with mode and median, and is therefore the ideal parameter.
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Furthermore the AM can be computed from the AM of subgroups of data,
welghted by the number of data in each group.

' However the assays coming from a deposit do not follow a
normal, nor a symmetrical distribntioxi, but a moré or less skewed one.
It has been demonstrated in many exploration projects that where few
samples were taken, the grade of the deposit will appear to be higher
than it actually is.

One of the most famous examples of overevaluation is that
of the gold mines of the Witwatersrand, where the AM for a long timewas
employed for computation of grades. A discrepancy was noticed between
%y, the assays of drift sampling, and i),the assay of stope sampling of
the same panels. The ratio tp/t; is constent and smaller than 1. A
second digcrepancy was noticed between t3, the assay of the mill feed,
taken at the crusher and t;. Ratio t3/t; is constant also and equal
to 0.9. The first of these ratios is called "block plan factor,! the
second "™mine call factor.® The true average is therefore smaller than
the grade given by the AM.

A satisfactory mathematical explanation has not yet been
worked out. Thls overevaluation is & well known fact, curiously
enough partislly compensated by an underevaluation of the tonnagest
The underevaluation of grades above 50% is much less known, since iron
is almost the only commodity occurring with such a high grade. Two
possible reasons for that discrepancy may be the sensitivity of the AM
to extreme values, and the high dispersion of the AM as campared to
other estimators of the true average, which will be dealt with later.

The aim has always been to determine g method giving



exactly the grade of the mill feed from the sample assays teken in
the deposit. This way of attacking the problem is wrong: besides
the unavoidable bias and errors, a sampling camnot be expected to give
anything else ‘than an appi'o:dmation of the sampled universe. The dis-
persion of the results can be shrunk, not supressed. Therefore the
search for a representative parameter has to be oriented in another
dirvections the theory of maximum likelihood, worked out by R. A.
Fisher mainly (4), and applied to valuation by Sichel (42). The esti~
mators based on this theory have a smaller variance than the AM; less
samples are required in order to obtain the same accuracy.

The weighted AM calla for a remark: the usual weighting
factor is the thickness of the sampled bed or vein. In a mumerical
method this procedure is correct. In statisties,however, there cannot
be any weighting.

N. W. Wolodomonov (49) conducted an experiment to prove the
uselesenesg of weighting, even in numerical methods. Dividing a gold
deposit in blocks, he computed thg grades of each block, first by &
straight AM, then by a weighted mean. The distribution of the differ-
ences between ths grades of each block appeared to be symmetrical and
is not significant. (The assay distribution in this deposit is not
mentioned. )

The AM is a good estimate of the abundance of an element
in a deposit, if this element has a symmetrical distribution. If the
latter is skewed, the AM can still be used, provided that a large

number of samples are present. Its large variance should however

restrict its use.



{2) Geomstric mesn {In abbreviation: G¢)

The (£ hos bean consldered by various anthors as glving
the trus average gvode of a deposibt. A first reascn may be that it
is alweys msaller than the A¥, and so, closer to the nill feed, which
ls generally below the sstimated grade. Hancosk (33) tried to give s
Justificatdun Lo the use of the {3, He baased 1t on the assunption,
taken over fram Jadduz (6), that the mode of a lognormal distribution
iﬁa@mwt&a@%ofmadata.

To ahow that this assurpiion 18 not true let us plot the
frequensy curve of a lognorsal dlstribution with & logarithande scale
on sbucinag. Ths curve i3 mymeetrical, the AM of the absclages rep-
resents usan,Gedian,and mode 68 well as the logarithn of the (M.

If wo return to a normal plotting, iece with an arithmstic
goals on abscissa, the three paraseters, mesn,msdisn,and mods will be
disscclatede The median doss mot change its position and is stdll
equal to the Gi,
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The @f cannot take into account the zero values, for which
we are obliged to substitute small arbitrary values.

The G is associative and can be combined from the Gi of
parts of the universe. In the G the high velues are underweighted,
whereas the low values are overemphasized, resulting in a lower aver-
age grade than truly exists; and the greater the range of values, the
higher the discrepancy between G and actual grade.

(3) Median and mode

There is no advantage in using one of these two parameters
for grade estimate, because they are not very representative. The
mode is the value with the highest probability of appearance. In the
lognormal and binomial distributions it is equal to the @, aﬁd has
therefore been indirectly advocated by the defenders of the @i. It
is too sensitive to the choice of the class intervals and cannot
give an exact estimate.

The median is not sensitive to extreme figures, and has been
recommended for this reason.

The major disadvantage, for which both should Be discerded,
is their high deviation from true median and mode. In other words,
let M and X, be median and AM of a population, and m and x, median and
AM of the sample set taken from this population, thent

Hem > X5 - Xg
(4) Estimators based on class frequency

The first attempt to decrease the discrepancy between mill

grade and estimated grade has been made by Watermeyer in 1919 (47).
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His study is mostly concerned with drift sampling during the develop-
ment of a new block, and tries to eliminate the fact that a sample

can only be taken along the drift. The probability of finding a given
_assay in the block is the same as its frequency in the drift. There-
fore, according to Watermayer, weighting by the frequency is desirable.
In fact the frequency will be considered twice, since in éomputing the
AM of a set of data, the frequency is included implicitly. The fre-
quency is determined by the records of the mine,

Truscott (45) adds as weighting factor the assay itself,
considering that behind the wall the assay appears itself, not only
its probability.

The comparison of the two eatimatorss

Vetermeyers g'= g.fg/ ¢

g
Truscotbs g" = g £, / 8- £y

shows that in the first formula the central values are overweighted;
whereas, the high grades at least, are rehabilitated in the second
formula, through the square. |

These formulas have been checked on very large series of
mine samples and have been found satisfactory. Howsver their use is
not to be recommended, since they ere not built upon a sound theory,

(5) Estimators based on the theory of maximm likelihood

This theory has been worked out by Fisher (4). In shorts
the AM is the unbiased estimate of the average. Other estimators are
more likely to be close to the true average thdn the AM, because they
have a smaller variance. Let sy be the standard deviation of the AM,
and s, the standard deviation of any estimator. The efficiency of



the latter is defined by the ratio sy / s, which can be set equal to
ko That means that the varience of the AM of k « 100 data is the
same as that of an estimator computed from 100 data.
a - Sichelt's estimator. The most likely value of the
mear of 3 lognormal population is of the forms
ry = G . £(v, N)
wheras
v: variance of the data (expressed in logarithms)
N: mumber of data
Particular solutions of the complex function £(v, N) are given by
Sichel (41)s If the number of data is higher than 100, following
approxinmation can be useds |
m, = Gl e v/2
The veriance of mj is equal to following expressions
v = (A / n) (% + 1 s4)
b - de Wijs?! estimator. Under the assumption of a
binomial distribution, de Wijs proposes following estimator of the
means
mt = X, F
wheres m? is the average grade
X, median
F a factor given as F= (1 - d)-ék
d de Wjs coefficient of variability (See
next paragraph)
k the binomj.al coefficient, such as n = 2K
If the mumber of data is amal? the @1 should be substi-
tuted for X,, and if it is below 30, the correcting factor (n / n - l)%



is to be introduced, so that in the last case the estimator will be:
m? -(n/n—l)% . (l-d)'%k o G
(6) Conclusions

The law of the large mmbers is the only Jjustification
for the A¥. It is the easlest way of computing a grade, but other
methods will give better results. In following cases it is indis-
pensable to use an estimator:

low grade ores with high coefficient of variation

suall number of samples

According to the closer fitting of the assay frequency
disbributionA to a lognormal or binomial type of distribution Sichells
or de Wijs eatimator is to be preferred.

If there is still a lerge discrepancy between estimated
and actual average, physical biases should first be investigated.

C. Parameters of variation
(1) Probable error
The probable error is defined as the error which we are
50% sure will not be exceeded by the error of our estimate. It is
given by the relation
Pe € = 0.6745 8
where 8 is the standard deviation of the sample mean.
(2) Cosfficient of variation
The standard deviation is the usual measure of variation.
In order to compere it with the value of the mean, it can be trans-

formed in Pearson's coefficient of variation cyi

e,y =8/ A

29
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(3) Coefficient of variability

De Wijs (48) proposed a new measure of variation, defined
as the mean successive difference. By the thought, a deposit of aver-
age grade G 1a divided in two equal parts, of which one will have a -
grade equal to (1 + d) ¢ G, the other (1 - d) + G. After k divisions,
there will be 2K parts, and thae grade of any one of these parts will
be of follotd.rig forms

g=(Q+d)*.(1-a)7

with, of course: x+y=k

The interest of this parameter is evident for samples taken
in 3 line, as éonsecutive core sections of a drill hole, because the
order of appearance is respected and not affected by a gradient.
D. Conclusion

The estimated average grace of a deposit or cf a part thereof
should always bs followed by a paramotor describing the sccuracy of
this estimste. The traditionzl classification of ore reserves accord-
ing to their certainty is very subjective, if applied during explora-
tion. Only the definition of the measured reserves includes the pos-
slbility of deviation from the estimated reserves: *The computed
tonnage and grade are supposed to be accurate within limits, ... and
no such limit is supposed to be different from the computed tonnage
or grade by more than 20%."

In presenting a computation of reserves, the traditional classes.
should be subdivided each time it ssems possible into subdivisions
characterized by a given nean and standard deviation. The mmber of
classes will be more flexible, adaptable to each depoait, and nore

deseriptive.



Chapter V
SAMPLING PATTERN
% ,.s to subdivide each of the
difficulties under examination
into as many parts as possible
and as might be necessary for
its solution."--Descartes,
Rene (Discourse on the Method,
1637)
A. Introduction

The adoption of & given drilling pattern is made under the
assumption that it is possible to subdivide a deposit into cells,
inside of which the different parameter can be considered constant.

At the beginning of an exploration campaign the size of such a cell,
as well as the existence of zones are more or less wnlmown. They will
be approximately determined during the first stage of the exploration,
by examination of the obtained data. If necessary these cells will be
subdivided by new drillings. Thus one criterionof a good patiern is
its ability to be further subdivided. The difficulty arises only in
terms of statistics, because it should still confbrm to the conditions
given in Chapter II.

Too many holes may have been planned a priori. If at a given
moment it appears that no further information can be obtained by con-
tinued drilling, the campaign has to be stopped, and this requires a
certain flexibility in the drilling pattern.

A third condition is imposed by the statistics, in order to
obtain a random samplings no sample should have more chances to

appear than another.
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Be Grid pattern or systematic pattern

A grid pattern has long been used for implantation of drill
holes and this for practical, rather than theoretical reasons. A
nonsystemati_c location necessitates complicated computations to
determine the zone of influence of each hole and to weight the
enalytical resulis by the volume of this szone. Different emphasis
is given to each hole, according to its location, whereas there is no
reason to give more weight to one hole rather than to another.
‘Indeed it is illusory to assign to each hole a zone of influence,
since the variations in grade between two holes are randomly dis-
tributed, although trends can be obgerved (a so-called Mshifting
mean"). Therefore the average obtained that way cannot be expected
to be really represcentative from a theoretical standpoint. In a grid
systen thio inconsistency doss not appear any more. Let it be said
here that the gtatistical approach considers each hole to have the
seme representativity, because it is pogssible, with a limited number
of samples to eliminatc these variations at a preset level of confi-
dence.

The volume to be explored is divided in prisms of regular
bases: equilateral triangles, squares or hexagons. The extemsion to
this field of Bravals! first law in crystallography shows they are the
only three possible unit celles giving an infinite lattice system,

(1) Classical utilization of the results

Each cell is attributed deseriptive parameters (thickness,
grade, etc.) derived from the holes and supposed to be constant inside

of this volume. These parameters are those of a unique hole located
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at the center, along the axis of the cell, or obtained by combining
the data of saveral holes located at the apices (See Figures 1 and 2,
page 34).
(2) statistical utilization of the results

Instead of corbining the resulis as previously deseribed,
they can be submitied to statistical analysis, which will also give
rigbres for the representative parameters.

(3) Discussion of the grid system

The error, i.e. the deviation between true mean and ssti-
mated mean is the smallest for this type of sampling, as compared
with random sampling. This property has not been demonstrated by
theory, but has found a practical affirmation in fabrication control.
The variance cannot be defined, so that no estimate of the confidence
level can be made, and one of the main advantages of the statistical
approach, the knowledge of the accuracy of the results, is lost.
Nevertheless a great economical advantage results from this pattern
since the random sampling requires more samples in order to ascertain
the same error.

A systematic pattern can induce systematic errors. Duval
(26) gives several examples.

8. Deposit presenting equidistant parallel runs. Bad
Juck or the desire to implant one of the rows of holes along a struc-
tural direction can introduce an important error. However a second
condition must be fulfilled in order to produce this errors the
spacing of the holes has to bo the saue, or approximately, as the

interval of the runs.
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A vertical sectionm, nomal to the direction of the-runa
illustrates this possibility (See Figure 3, pegs 34). If the holes
are represented by the points Ay, 4y, Ay, ete. the calculated grade
will be too high. Al the opposite extreme, should they be repre-
sented by the points By, By, B3, etc. it will be too low. A small
dissplacemént of the grid would give an important veriation in the
grade.

Alluvial deposits sometimes can present this periodicity,
and &8 a general rule the implantation of prospsct pits in placers
should always be mad‘e at random, Numerous other possibilities can be
imagined; regularly folded structures with folds of small amplitude,
and "en escaliert fault structures with regularly spaced fanlts, can
presant a periodical variaticn of their properties.

be Deposit pregenting a linear gradient. Flgure 4, page 34,
represents thé: variation in grade along a vertical section as a
function of the distance. If the implantation of the holes corres-
ponds to the holes 1 to 10, the AM will give en exact estimate of
- the a';reraga grade, but nct if the row is alighﬂy displsced to the
left or to the right. The higher the gradient, the higher ﬁhe €TTOT e
(This is not to be taken as criticiem of the AY, as no other moathod
of estimation could give a better approximation, as long as a grid
patbern.is used,) _

| ¢. Irregularly distributed rich abota. Small rich spots can
be spread over & large surface of low grade material (See Figure 5,
page 36), as in mantos type deposits. An unfortunate implantation,
especially if the spacing of holes is very large, may give excessively
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lo# or high results. The ratio d/D gives an idea of the accuracy of
the pattern, with the ideal value being 1 (As an approximation,D
represents the average diameter of the rich spots). Unfortunately
this relationship is not known before the exploration. 7

- Errors of type a and b, which require rather exceptional
conditions are fortunately not likely to occur. The type ¢ error is
mox;e frequent, and a definite answer can only be obtained by mine
woxfkinga.

A last disadvantage of the grid system is its incomplete
agreement with the requirements of randem sampling: only the first
hole l_location is random, the following are determined by this first
anc are not random any more. '

(4) Comparison of tho bases.
A givea number of holes can be arranged in three ways.
Herc is an attempt to find an advantage to anyone of these three

possibilitics. Considering a portion of a plan, divided successively

in the three grids with always the same number of holes, the three

unit cells can be compared:

Parameter Irianglec Scquare Hexagon
Surface ececesesnccccsces 0.5 1 2
Distance apex to center 0.6204 0.7071 0.8T774
Distance apex to apex . 1.0746 1 0.8774

The comperison of the three ceils shows that in the
triangular cell any point 18 closer to the center than in the two
others, thus giving & better coverags of the area to be explored.
This advantage 18 outweighed by the fact that there are three criti-

cal directions instead of the two present in the square, tims increas-
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- ing by 50% the risks of following a periodicity as described previously.
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C. Random sampling

The implantation of the bore holes is made at random. The
randommese is cobtained by two possible meanss

a. In drawing lots giving the coordinates of the holes,
the gbscissae and the ordinates being drawn separately. A lot has to
be replaced after drawing in order to not alter the probabilities of
appearances

b. In using tables of random figures, such as given in (8)
by A. Hald, the tables are opened at random to & page and line, and
the series of consecutive numbers is taken until the required number
is reached.

In order to stop the drilling program if necessary, the
drilling should be done according to the order of appearance of tixe
coordinates and not to position in the explored area.

(1) Classical utiligation of the results
The procedures are classified in two main groups, according
to their division of the area in triangles or polygons.
| &+ Polygon methods. The deposit is divided into a certain
number of cells of which each one contains a hole at its center. The
parameter given by averaging the resulits of these holes are extended to
ths prism.

In the most common method the boundaries of each cell are
given by the bisectors passing between two neighboring holes (See
Figure 6, page 39).

In the Southeastern Missouri method the area is first
divided into triangular cells (See Figure 7, page 39). If point O
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Figure 6 - Tolygzonal cell, cammon method,
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is the location of the hole whose zone of influence we intend to deter-
mine, lines are drewn from apices A and B to the centers of the oppo~
site sides, and the boundaries are obtained as shown on Figure 7. The
so obtained area is closer to a circle, and may be more representative,
but there are twice as many sides, complicating the computations, and
making graphical errors more likely. This method has been described
by Poston (54).
b. Triangle methods. The deposit is divided into
triangular cells, each hole being located at an apex (See Figure 8,
page 41). If the difference in lengths between the three sides is
important a weighted mean is usuglly established, Different formulae
has been proposed, of which follow some examples.
One method involves welghting of each hole by the distance
from this hole to the center of the cell., Let
dgy db, d¢ be the distance from
apex Av, By C, to the center
Ea» Eb» B¢ be the grades in A, B, C
g the estimated grade of the cell

Then

da* 8a * dp ¢ 8+ dg ¢ ge

g =
dg + dp + dg

A second method weights the AM of asssys of each pair of
holes by the length of the side comnecting these holes. Let
a8, b, ¢ be the sides of triangle
ABC, opposite to aplces A, B, C
g8y the estimated grade of the cell
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gp = 8(8p * 8) + blga + &) + c(ga + &)
2(atbtc)

A third method weighta the assay of each hole by the angle

of the sdjacent gides. Let
A, B, C be the angles of the adjacent
sides of the triangle
83 the estimated grade of the cell

g3 = 1/180 (g,c A+ gp + B+ g + C)

A fourth method weights the assay of each hole by the
partial area of the quadrangle limited by bisectors (See Figure 9,
page 41).

Actually this is the usual polygon method with a different
grouping of the data, but as they are additive the final result is the
sane. To avoid complicated measurements of areas a table has been set
up by Temperley (57). In this table the weighting factor is expressed
in percent, based upon the size .of the angles of the triangle. For
determining the factor belonging to one of the holes, we place on the
horizontal axis the largest of the two other angles and follow this
value vertically until the intersection with the curve corresponding
to the other angle. We read then the factor in following horizontally
to the left.

Comparison of those four methods. The triangle of Figure
10, page 43, has the following characteristicss
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Characteristics Hole A Hole B Hole C

Gx‘ade 0090290092000 08230000000 lo 12 B
Distance from apex to center 3.1 bLe7T 3.8
Length of the side opposite

to that hole seesccscnsssce 8 5 7
Angle of the two adjacent v

sides at hole eosssesessos 810 390 600

Temperleyts coefficient ceee 0«43 0.27 0.30
The results for the grade estimated are as followss

Method Grade estinmate
I 11.79
II 11.72
II1 11.43
Iv 11.45

The AM of the three assays is 11.67. Methods I and II give
results above the AM and should therefore be discarded. Methods III
and IV give very close results, however the weighting by the angle of
the adjacent sidesg is much simpler than the reading of Temperley's
coefficients in a table, For this reason only, we prefer Method III.

The deviations from the AM are not important in s cell,
therefore it seems very questionable to undergo all these tedious
calculations, since the weighting of the holes in itself iniroduces
already some biases. If a large number of holes are present, the
straight AM, computed for the total volume, will give certainly as
good results as any of previocus correction methods if the spacing is
reasonably uniform. If the spacing is irregular, ths attribution to
some of the holes of mch larger zones of influence is arbitrary.

c. Discussion of the random implantation used with classi-~
cal computation methods. As long as these are used, there is not much

advantage to the random sampling.



45

The computations are long and tedious, even if no correc-
tions are applied. The computation sheets are large and difficult to
handle.

The graphical errors committed in the determination of the
areas may be as large as geveral percent.

The results are not always unique; there are two ways of
combining four holes located at the apices of a quadrangle.

Example: Let us take the quadrangle of Figure 11, page 43,
and assume following gradess

Hole As 6.0 Hole Cs 8.5
Bs 7.5 Ds 10.0

The four triengles will have following surface end grades
(grades computed in weighting the assays of each hole by the angle of
the two adjacent sides)s

Triangle Arecas Grades
ABC 5.05 Te49
BCD 20.89 11..05
ABD 11,98 8.11
ACD 13.74 8.29

Combining the triangles two by two, and weighting by their
area we find following grades for ABC:

ABC &nd BCD combined together: 10.36
ABD and ACD ceeccccescccccssed 8421

The average grade of ABCD can also be obtained by combining
the grades of the holes weighted by the angles of the two adjacent
sides, the estimated grade is then 8.97. The AM of the four grades
is 8.00.

The following rules can be set up for the subdivision in
triangular cells; if several possibilities are present, use the one
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giving triangles of same or nearly same surface, and place the dividing
line parallel to the direction of highest gradiemt,

d. Conclusion. There is no clear choice between the poly-
gonal and the triangular methods. The first introduces & higher gra-
phical error, but the computations are very easy. The second gives a
better accuracy in the determination of the area of influence, but the
conputations are more complicated.

Among the polygonal methods, the one determining the area of
influence by the bisectors of two neighboring holes is definitely to be
preferred.

Among the triangular methods, the most advantageous is the
one weighting the grade of a hole by the angle of the two adjaceﬁt
sides. However a straight AM should give sufficiently accurate results.
Some attention is to be paid to the manner of subdividing the deposit
in triangles. |

(2) statistical utilization of the results

The random sampling allows the computation of a significant
variance. However the error is larger than in a systematic pattern.
Systematic errors, as described in heading B(3) of this chapter, are
avoided here.

D. Stratified random sampling

A deposit can also be explored by means of what statisticians
call a random stratified sampling pattern (24, 25). Instead of con-
sidering the entire deposit as one unit, it can be subdivided into
zones, called strates, each of which can be explored independently.
Inside of such a strate the implantation will be made at random, in

the same manner a&s described in preceding paragraph.
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(1) stratification procedure. The stratification can be
realized following two different procedures:

a. Uniform and homogeneous deposit. A uniform deposit is
divided arbitrarily into cells of equal dimensions, each having the
sene mmber of holes distributed at random. In proceeding that way,
~ the distribution of the holes over the deposit will be better balanced,
no large area risks being without holes (See Figure 12, page 48).

A particular solution of this type would be to divide the
" deposit into amall and regular cells, to each one of which one unique
hole would be assigned at & random location.

b. Irregular deposit. An irregular deposit is divided into
zones of same petrographic and mineralogic nature. The number of holes
may be proportional to the area of the cell or to the standard devia-

tion of the results in that cell, so giving the "optimum allowance.™

The optimum allowance has the advantage of decreasing con-
siderably the variance of the errore. In preliminary phase the number
of holes will be proportional to the surface of the cell, than accord-
ing to these first results, the mumber of holes is extended until it
is proportional to the variance. A second adjustment may be necessary
if the standard devaiauion has changed ofva significant amount.,

(2) Utilization of the results. A classical approach can be
used, which will be the same as described in the paragraph on random
sanpling.

If the stratification in cells or strata of equal size is
used, ws are in the case of "'subsampling with subsamples of equal
sige" (25). The results of each cell are combined, then these partial
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results are combined together in order to determine the parameters for
the deposit.

If the stratification has been made with respect to natural
conditions, each zone will be studied separately, no general figures
for the entire deposit will be computed.

(3) Discussion

The stratified random sampling has several advantages over
the random sampling. The holes are better distributed over the ex-
plored area. Parts of the deposit, which seem more important or par-
ticularly difficult to explore are paid more attention. The error
variance is smaller than in the random sampling, especially if the
"woptimum allowance' is applied. Therefore the main disadvantage of
the random sampling, with regard to the systematic sampling dis-
appears in the stratified random pattern.

E, Sectional pattern

If there are good reasons to suppose that an elongated struc-
ture 1s present (e.g., a sedimentary folded structure) a sectional
pattern can be used at least during the first stages of exploration
(See Figure 13, page 49).

The holes are put down, at equal intervals, along a line per-
pendicular to the strike of the structure. The next row will be at a
distance much larger than that interval. We assume hereby that the
variation along a cross section is faster than along a length section.

This pattern has been quoted for completeness, but cannot,
strictly speaking, be interpreted statistically. Nevertheless the
higher density of implantation along the direction of higher variation
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should give the preference of this pattern over the three previously
described patterns in an elongated structure. The possibility of
transforming the sectional pattern into a systematic pattern or a
stratified random pattern (with small cells, having each one hole)
should remain open (See Figures 1, and 15, page 51).

The computations will be made according to the so-called sec-
tion method, as described by Wolff (58).

F. Conclusions

The type of drilling pattern depends upon the method of compu-
tation to be adopted. The systematic patiern is to be preferred for
its simplicity if a classical method of computation is used; for in-
stance, where statistical methods cannot be applied, such as in flat-
lying deposits where a high correlation between neighboring samples
does not allow a random sampling.

Should a statistical method be used, the random sampling is
definitely to be preferred, though the deviation of the grade estimate
from the true grade is greater. But the results are more representa-
tive, and'a variance can be computed. To ascertain a better accuracy,
a stratification can be made, and this is advisable in all cases.

A special mention is to be made for elongated bodies, where at
least during the first stages, a sectional pattern can be expected to
give more inforhation than a two-dimensional pattern, with the sanme
number of holes,
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Chapter VI
SAMPLE S8IZE
" ... accuracy is restricted
to practicability.®” -~ Baxter
end Parks (50) page 77.
In the preceding chapter, sample ldcation,has been discussed.
It is obvious that there is a large range possible in the weight of
samples, mainly if they are teken by churn driwng, rather than by
core drilling. For a standard core length of 5 feet, a rock of den-
sity 2.75 will give the following weights:

EX core drill (7/8")s  1.62 kg.
Churn drill of 10%: 212 kg.

It can be considered that the lower limit of sample weight is
determined by the expected representativity, the upper limit by econ-
omical reasons only.

Is it possible to give a rule or a formulae,which could be
applied to any deposit, to give the optimum sample size, without
using a long trial and error method? Unfortunately, so far the
answer is no. |

The approach to thia problem has been made by two different
wayst It is possible to determine experimentally the threshold above
which the sample is sufficiently representative. Theoretical sampling
formla are given, in order to estaﬁlish the relation betwsen weight
and other factors. But if good formula have been worked out for broken
ore, there are some difficulties in setting up a rule for the sampling
of massive deposits. Let it be noticed that there is no problem for

placers.
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A. Experimental determination of sample size

A deposit should be sampled in taking samples of constant volume
(See Chapter II, heading on similarity). It is this standard volume,
which we will try to determine. Should it be too small, the obtained
grade will not be representative, on the other hand too large samples
are not economical. The homogeneity has an obvious influence on the
minimm weight; this characteristic can be represented, for instance,
by the standard deviation of the assays.

In order to determine the minimum sample size, we have to g0
back to Chapter II, where the following relationshib was establisheds

2

VnOB

i const.ant

This constant may be known by previous experience, or will be
determined by the first holes, provided that statistical methods can
be applied to the deposit in question. The minimum volume is then easy
to deduce. |
B. Sampling formula

In mines the sempling procedures (the sigze, for instance) are

usually fairly standardiged for each operation. For examples, see
Baxter and Parks (50), Chapter 6. But in each case it takes a long
time to work out the procedure through a trial-and-error method. . The
determination of the minimum volume by the preceding method is mmch
faster and probably more accurate.

Assuming that a sample has been taken, it will be crushed and
ground. What amount of sample will be required in order to give repre-
sentative results? Numerous attempts have been mede to give relation
between sample welght and various other quantities, as particle sige.
Two of these formulacshall be discussed.
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(1) Shcherbov. In an article (31) published in 1956, Shcherbov
indicates a relation between weight of sample and the size of con-
stituent particles. Aécording to him this relation is currently used
in the U.8.5.R. for sampling purposecs.

Q=K - a2

Q¢ minimm gllowable weight of
sample in kg.
d: maximm diameter of particles in mm.
Kt coefficient depending upon the deposit
This formula is too rough, the coefficient K does not take in
consideration es many factors as the following formula, by P. Gy.
(2) Gy. In two articles (29 and 30), Gy demonstrates following
relation giving the minimum weight of sample:
Pt=C.d / si
Where
Pt 3 weight of sample
d 3 dimension of the mesh retaining
5% to 10% of the sample
C s constant characteristic of the deposit
8]2. $ variance of the sampling error
8] is the standard deviation of the error committed in cutting the
saupls. It is not related to the error committed during sampling,
whose standard deviation was called s. The variance of the combined
error S° is given by

2 .2
8 81+82
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Constant C is itself a product of four parameters:
C=fegelemn

Where these letters represent following parameters:

£ 3 grain shape (varies from O for lamellae to 10 for needles)

g ¢ grain size (ths higher, the smaller the range of siges)

1 : liberation (for homogeneocus ore it is very small)

(1]

n §$ mineralogicsal composition

A set of 50 tables were first set up in order to simplify the
computations. A nomogram has been published since, giving the resulis
without computations (See Figure 16, page 56).‘ In this nomogram, f and
g are supposed constant, 1 is determined by tables, so that C is obtained
by corbining 1 znd m.
C. Conclusions

The volume of the core length can only be determined by the re-
lation vp « 3121 = constant. This relation is usually determined for the
main cormodity. We saw that different metals occurring in the same de-
posit could have different behaviors. We saw also that the cocfficient
of veriaticn was higher for the metal with the lower grade. Care has
to be given here if the minor constituent is important for penalties or
bormses. In such a case it is the higher wvolume which is to be taken.

Only an aliquot portion of the sample will be analyzed; the
weight of this portion is easily determined with Gy's nomogram.
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Chapter VII
OUTLINE FOR THE VALUATION OF RESERVES

A. Introduction

As it sppears in the preceding study, no attention whatsoever
was given to the density of implantation. This idea may be surprising,
but in fact the number of drillings depends only upons

- expected accuracy

- nmean value of grade

- variance, or standard deviation of assays

In relation with the accuracy it can be noticed that a level of
confidence of 80% to 904, i.e., a guess which will be correct 8 or 9
times out of 10, is sufficient, since the possible errors (due to chemi-
cal analysis, core losses, e¢tc.) would make a higher accuracy illusory.
In no case should it be attempted to exceed a level of confidence of ‘
95%.

B. Planning
(1) Number of holes

~ The normal distribution is the most favorable case, i.c. the
type of distribution requiring the fewest samples for a given accuracy,
mean end standard deviation. If we base our determination on the
‘assumption of & normal distribution, we vill obtain the miniwnm number
of samples to be taken.

The computation is conducted es followss
Let m be the AY of the assays
n ¢ number of samples

e § permiseible percent error on the delermination
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of the true average
syt standard deviation of the sample mean
8 3 standard deviation of the populaticn
Then following relation can be written:

% _S
n

e em = .permissible deviation of the sample meen
Consider the inequationg

4.8 ¢
33

which can be writtens
(e . m>2n< 2
. 8
since the distribution is assumed symmetrical. The tables give the
level of confidence for each value of %, and vice versa. For examples
n= 36
m= 6
e = 0005 = 5%
§=2
t = 0.9
The table of + values indicates a 637 level of confidence for an aver-
age grade laying between 5.7 and 6.3, By the same way there is & 93%
level of confidence for the intervel 5.4 to 6.6.
In planning an exploration we can take m and s from neighboring
deposits, from deposits of same type or merely make a guess. The mum-

ber of holes can be written as

na(t'S)z
e oIl

If this number should fall below 30, two possibilities exists
elther teke arbitrarily a mumber of holes equal to 30, or uss the
so~called "student-t" distribution to compute the necessary mumber.
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This distribution applies to a small number of samples, but trends
toward the normal distribution very fast if that number is above 30.
In its general aspect the formula will be the same, except that
(n - 1) is substituted to n, in order ito introduce a larger margin of
security. Tables give also t as function of the level of confidencs
and of the number of samples. The best approach will therefore be to

write following relations:

g= L=+*8
m.n

and try successive values for n unf.il a satisfactory value for e is
found.s The computation has been made for a certain number of cases,
see Table I,
(2) location of the drill holes

We assume that we know enough of the geology of the deposit
in order to decide wheother statistical approach can be uged or not.
If it can be used, we shall decide upon a random sampling pattern.

The approximate boundaries of an ore body are determined
in the most cases by a preliminary geophysical work, so that the holes
are not implanted blindly.

If lots are used, for example, balls with marked digits, the
digits of one coordinate are drawn successively, until the unit. 7o
determine the ordinate along AB, the first draw, giving the hundreds,
will be made from an urn containing four balls, marked from O to 3,
the following two digits will be drawn each from a set of 10 balls. For
the abscissa along AC, the first draw will be méde from 8 balls, marked
from 0 to 7, and so forth. See Figure 17, page 62, where tii2 order of



TABLE 1
NUMBER OF HOLES AS FUNCTION OF AM AND STANDARD DEVIATION

15 -~ - -~ 609 152 68 38 25 .-

- - - 152 38 18 12 9 e
20 - - - 1760 271 119 é8 INA 30

- - - 271 68 30 18 b i 10
25 - - - - 422 187 106 68 46




drawing the abscissa of hole X1 is 3 - 5 - 1 and the ordinate 1 - & -
3.

If a table of random figures is used, the coordinates of
the holes to be drilled will be plotted in the square, until there is
a sufficient nurber of plots inside of the contour. The holes outside
of the contour line will not be drilled. In Figure 18, page 62, the
hcies Y; and ¥3 will be drilled, whereas plot Yo will not be drilled,
bocause located outsids of the contour.

(3) Execution

a. During the drilling. Once the layout is determined,
the operations can begin. It is advisable, as already mentioned, to
follow the order of appearance of the location.

Upon completion of & hole, the results will be analygzed in
order to determine if the deposit can be zoned around this hole, and
to check if the assay devialions are significant.

A continuous plot of standard deviation, as well as of
samnple mean should be made in order to check if both are tending
towvard a limit with an increasing nuwber of samples (The plot needs
to be rade 6nly_ at the appearance of each fifth or tenth assay). If
they are not, the reason has to be discovered probably there is a
superposition of several populations. AV the coiupletion of the drill-
ings a freguency diagram will be plotted, which will show if different
populations can be assumed or not. It will also show the type of dis-
tribution aand determine which estimator has to be chosen to express the
average grade.

C»> "Adjustments
The results of the campaign can show that our assumptions cn
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Figure 17 - Location of bore holes
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mean and standard deviation were wrong, and that the determined rumber
of samples was too low. In that case the corrected number will be de-
termined and the missing drillings completed. A second adjustment may
s8till be necessary, but is less likely.

A sonation may appear in the deposit, and then one or several
zonss only, not the entire deposit, may require an additional mumber of
holes., Here the method of Yoptimum allowance™ can be used.

One comrodity can be determined with enough accuracy, whereas
another would require a higher number of samples. The declsion has
then to be taken on economical basis.

D. Determination of grade and tonnage

According to the type of distribution the grade will be com-
puted by different ways:

- lognormal distribution: Sichel's estimator

- biromial distribution: de Wijs estimator

-~ normagl distributions AM or Sichel?s estimator, since the
latter has a smaller variance. On the basis of the present experi-
ence, these are the only three types of distribution we may expect.

If different gones are present, the grades have to be computed
separately for each. The knowledge of the average grade of the deposit
is not useful in that case.

The volume of a deposit or of a zone will bs caomputed by a
classical method.



Chapter VIII
CONCLUSIONS

The basic requirements of a statistical approach are:

- sufficiently large number of samples

- gimilarity of samples

- randomness in sampling and distribution
If these requirements cannot be satisfied it is more advisable to use
traditional methods of publications,

The following conclusions have been drawng

l, The main advantage of statistical methods is to permit
closer estimates of the average grade, and to back the results by
their levels of confidence,

2. In two cases at least classical methods should be pre-
ferred,

- Bedded deposits with high correlation between neighboring
holes. Randomness of distribution is not obtained, and a systematic
pattern is to be preferred.

~ Elongated deposits. A sectional pattern will yield more in-
formation.

3. Care has to be given to zonation any time this is possible,

Le In order to obtain the most beneficial application of sta-
tistical methods to the computation of representative parameters of
a deposit the following steps must be taken:

a. Planning the exploration

(1) Determination of the number of holes

The necessary datat eaverage grade and its éonsiatency are provided
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by a neighboring deposit of same type, or by a previous campaignj or
they can be assumed, _
(2) Determination of the location of holes
The coordinates will be determined by drawing lots or using tables of
randem figures, The order of drilling the holes should be the same as
the order of obtaining the coordinates in order to stop the campaign
at any time, An exception can be made for holes which are likely to
fall outside of the deposit, which should be drilled only if it is
not reasonably certain that they will be blank.
bs Adjustments
(1) Number of holes
Certain holes drilied during the first step will be blank, They will
be useful to delimit the deposit, but are useless in the computations,
The execution of the first holes may show that the average grade is
smaller, or the standard deviation lsrger than expected., This will
require more samples. If the deposit extends beyond the arbitrary
limits, if a definite zonation appears, or 1f the application of the
"maximum allowance® is described more drillings must be performed,
(2) Location of the additional holes, Position will be
determined as before.
(3) A second adjustment if necessary,
5+ The arithmetic mean is advisable for the estimation of
the average if the samples are numerous and if the results have to
be obtained quickly, Hcwever the usage of an estimator is recommended,
6s It is particularly important to recall that the number of
holes is not directly dependent upon the size of the deposit, bub
rather upon its characteristics,

7« The main disadvantage of statistical methods is the rigidity
of the sampling pattern with respect to the conditions of relief for
the implantation of holes.



SELECTED BIBLIOGRAPHY
Theory of Statistics:

1. CROXTON, F. E. Applied General Statistics. New York:s Prentice
Hall, 1946.

2. COCHRAN, W. G., and COX, G. M. Experimental Design. New Yorks
Wiley, 1950.

3. DIYON, W. J., and MASSEY, F. J. Introduction to Statistical
Analysis. New Yorks HMeGraw Hill, 1951.

4. FISHER, R. A. Statistical Methods for Research Workers.
Edinburg: Oliver and Boyd Ltd., 1948.

5. FREUND, J. E. Modern Elementary Statistics. New Yorks
Prentice Hall, 1956.

6. GADDUM, J. Ho ®Lognormal Distribution", Nature, vol. 156,
1955, P l{.63-l;6l,.

7. HALD, A. Statistical Theory with eering Applications.
New Yorks Wiley, 1952.

8. HALD, A. Statistical Tables and Formulas. New York: Wiley,
1952,

9. HIRSCH, W. Z. Introduction to Modern Statistics. New Yorks
MacMillan, 1957 (Contains en excellent bibliography).

10. HOEL, P. G. Introduction to Modern Statistics. New York:
Wiley, 1954. .

11, KENDALL, K. G. The Advanced Theory of Statistics. Londons
McGriffin & Co., 1943.

12, SNEDECOR, G. W. Statistical Methods. Ames: Iowa State
‘ College Press, 1956,

Prospections .

13. BATES, R. C. "An Application of Statistical Analysis to
Exploration for Uranium on the Colorado Plateau', Economic
Geology, vol. 5L, Noe 3, 1959, pp. 449-467.

14. SHLICTER, L. B. "Geophysics Applied to Prospecting for Ores®,
Economic Geology 50th Anniversary Volume, 1955, pp. 885-970.

Geochemistry. Distribution of Elements in the Crust.

15. AHRENS, L. He "The Unique Association of Rubidium and Thallium
ineliinerals", Journal of Geolozy, vol. 56, No. 6, 1948, pp.
57 -5910




16.

17.

i9.

20,

67

AHRENS, L. Ho "The Lognormal Distribution of the Elements®,
Cosmochimica and Geochimica Acta, vol. 5, No. 1, pp. 49-73
md vol. 6, NO. 32’ pp. 1-21"‘131, 19550

AUBREY, K. V. #Frequency Distribution of Elements in Igneous
Rocks", Cosmochimica and Geochimica Acta, vol. 8, No. 1, pp.
83-89, 1955.

BLONDEL, F. "Sur la teneur moyenne dtextraction des minerals de
cuivre", Comptes Rendus de l%Academic des Sciences, Tome 196,
pps 172-173, Paris, 1933.

BLONDEL, F, "Sur la repartition des teneurs des gisecments
metalliferes, Comptes Rendus de ltAcademis des Sciences, Toue

196, ppe 949-950, Paris, 1933.

COULO¥B, R., GOLDSZTEIN, M. and LeMercier, M. "Etude de la
repartition statistique de lturanium dans le granite.®
Contribution a la prospection geochimique®™, International
Geological Consress, Mexico City, 1956.

DUROVIC, 8. "Contribution to the lognormal distribution of
elements®, Cosmochimics et Geochimica Acta, vol. 15, No. 4,
1959, pp. 330-338.

SHAW, D. M. and BANKIER, J. D. W%Statistical Methods Applied
to Geochemistry", Cosmochimica. et Geochimica Acta, wol. 5,
No. 3’ 1951}’1)}3: lll—l2h.

Theory of Sampling:

23.

2.
25.
26.

27,

29.

30.

BEHRE, He A. and HASSTALIS, M. D. "Sampling" in: Taggert,
Handbook for Mineral Dressing, New York: Wiley, 1945.

COCHRAN, W. G, Sampling Techniques. New Yorks Wiley, 1953.

DEMING, W. E. Some Theory of Sampling, New York: Wiley, 1950.

DUVAL, R. "Contribution a l'echantillonage des gisements®,
Annales des lMines, vol. 144, No. 1, 1955, pp. 3-28, Paris.

FALINI, P. The Problem of Sampling Mineral Deposits. Centro Di
Studio Di Geologia Tecnica, Universita di Roma, Rome, 1956.

GY, P. "Erreur commise dans le prelevement d'un echantillen sur
un lot de minerai’, Rewvue de lt'Industrie Minerale, vol. 35,
NO. 607’ ppo 311*’311-5, 19513-. ’

GY, P. "Die Probenahme von Erzen®, Erzmetall, Beiheft zu Band
VIII pp. B199-B219, 1955.

GY, P. "Poids a donmer a un echantillon®, Revue de 1! Industrie
Minerale, vol. 38, No. 636, pp. 53-99, 1956.




31.

68

SCHERBEOV, -D. P. "Monogram for Determining Minimum Weights of
Assays", Razveda i Okhreng Nedr. No. 3, 1956, pp. 48-49.

CHILINGAR, G. V. "Monogram for Determining Minimum Weights of
Assays", The Compass of Sigma Gamma Epsilon. No. 4, 1957,
Pe BAOO

Valuation:

32.

33.

3k

35.

36.

37.

38.

39-‘

BATY, V. "Statistical Estimation of Mineral Deposits®, Mining
}'{% azine, vol. 79’ Noe. l’ 191{»8’ PPe 9_-'16-

HANCOCK, R. T. "Avering Reef Samples", Mining Magazine, vol.
783 19A8, PPe 273—282.

'HAZEN, S. W, "Utilizing the Techniques of Statistical Analysis

in Computing Reserves and Grade of Ore." Hissouri School of
Mines, Technical Bulletin 92, pp. 3-9, Rolla, 1956.

HAZEN, S. We A Comparative Study of Statistical Analysis and
Other Methods of Computing Ore Reserves, Utilizing Analytical
Data from lMaggie Canyon Mangsnese Deposit, Artillery Mountain
Region, Mohave Co., Arigona. Washington: U. S. Bureau of
Mines, Report of Investigations 5375, 1958.

KRIGE, D, C. ™A Statistical Approach to Some Basic Mine
Valuation Problems on the Witwatersrand®, Journal of the
Chamical Metallurgical and Mining Society of South Africa,
Dec. 1951,

KRIGE, D. G. A Statistical Approach to Some Mine Valuation
and Allied Problems on the Witwatersrand. Thesis University
of Johannesburg, 1951.

KRIGE, D. G. ™A Discussion of a Report by Sichel.” Transac-
tions of the Institution of Mining and Metallurgy, vol. 31,
1951.

KRIGE, Da Ge "A Statistical Analysis of Some of the Bore Hole
Values in the Orange Free State Goldfield," Journal of the
Chemical Metallurgical and Mining Society of South Africa,
vol. 53, No. 2, PPe h7“64, 1953.

MABILE, J. Notions du calcul des probabilities et des
statistiques des gisements. Note 170, Paris: Commissariat
a 1'Energie Atomique, 1956.

SICHEL, H. S. "New Methods in the Statistical Evaluastion of
Mine Sawpling Data", Transactions of the Institution of
Mining and Metallurgy, vol. 61, Part 6, pp. 261-288, 1951.

SICHEL, He S. Mine Valuation and Maxdmum Likelihood. M.S.
Thesis University of the Witwatersrand, 1949.




69

43. STAMBERGER, F. “Konnen Erkundungsdaten die Lagerstatienverhalt-
nisserichtig wiederspiegeln?®, Bergakedemie Bd. 10 Heft 2,
1958, PP» 1&9~60.

Lh. SWANSON, C. O. "Probabilities in Estimating the Grade of Gold
Deposits®, Transaction of the Canadian Institution of Mining
and Metallurgy, vol. 48, No. 5, 1945, p. 323.

45. TRUSCOTT, 8. J« %The Camputation of Probable Value of Ore
Reserves from Assay Results®, Transaction of the Institution
of Mining and Metallurgy, vol. 39, p. 482, 1929.

46, VERHOOGEN, J. "Statistique de la repartition de ltor dans un
gisement alluvionnairs®”, Annales de la Societe Geologigque de
Belgique, Tome 70, 1946.

47. WATERMEYER, G. A. "Application of the Theory of Probabilities
to Ore Reserves™, Journal of the Chemical, Metallurgical and
Mining Society of South Africa, vole. 39, No. l.

48, DE WIJS, H. J. "Statistics of Ore Distribution™, Geology en
Mijnbow. Royal Hetnerlands Society of Geology and Mining,
Dec. 1951 and January 1953.

49. WOLODQMONOV, Ne W. On the Method of Computing Reserves in Vein
Deposits, Moskow, 194k,

Miscellaneous?

50. BAXTER, C. H. and PARKS, R. D. Mine Examination and Valuation,
Houghton: Michigen College of Mining and Technology, 1957.

51. BEGHTOL, L. A. A Stetistical Approach to the Zonation of a
- Petroleum Reserwvoir. M.S. Thesis Hissouri School of ¥Mines,
Rolla, 1958.

52, BLONDEL, F. "La Structure de la Distribution des Produits
Mineraux dans le Mode'", Amnales des Mines, vol. 145, Ho. 11,
New Yorks 1956, pp. 3-91.

53. PARSONS, A. B. The Porphyry Coppers in 1956, AIME, Rocky
Mountain Fund Series, 1957,

5h. POSTON, R. Ho Methods at No. 8§ Mine, St. Louls Smelting and

Refining Co. Washingtons U. S. Buresu of Mines Information
Circulgr 4160, 1929.

55. SCHNELDERHORHN, HANS. Erzlagerstatten. Berlins 1949, G.
Fischer Verlag.




70

56. STAMBERGER, F. Einfuhrung in die Berechmung von Lagerstatten-
vorraten fester mineralischer Rohstoffe. Berlini Akademie
Verlag, 1956.

57. TBIPERLEY, C. E. ¥Bore Hole Estimation®, Engineering and Mining
Journal, 28.XI1, 1931, pp. 528.




APPENDIX A
- GLOSSARY
Coefficient of correlations indicates the closeness of the relation

between two variables, e.g. grades of two metals in the same
deposit. For a given number of data and a certain level of
confidencs, it is significant only above a certain value,
given in tagbles.

Deviation: difference between an experimental value and the expected
value.

Discretes a data which can take only a limited mumber of values, e.g.
only integers.

Distributions

normal distribution: symmetric distribution around a central
value, famous for its bell-shaped curve. It is followed by
mmerous sets of data.
binomial distributions discrete distribution denoting the
probability that an event will take place x times if n obser-
vations are made.
lognormal distribution: similar to the normal distribution.
However the logs of the values, not the values themselves are
norpally distributed.

Estimator: a quantity which may be difficult to compute in using its
definition, can be computed by approximgtion; the latter figure
will be the estimator.

Fabrication controls control of quality and its constancy, in mass

production.
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Frequency curves plot of tho percert frequency of & data vs. value

of that data. A curmlative freguency curve is the plot of the
percent frequencies of all the values below (negative frequency
curve) or above (positive frequency curve) & given value of the
data, vs. that data.

Level of confidence: Percent of successes which a method may expect

on a long run.

Hean: sum of the values of a set of data, divided by their number,

Median: parazeter such that the same mumbers of data lay above as
below.

Hodes value with the highest frequency of occurrence.

Population: the largest set of possible data from which a sample is
taken.

Ranges difference between the highest and the lowest value of a set
of data.

Regression enaglysiss study of the interdependence of two quantities, e

Stratification®*: subdivision of a population in "strates®, of which

each will be handled as an independent population.
Universe: see population.
Variances square of the standard deviation.
Weight: factor by which a value is multiplied, in order to have a
balanced representation of all data.

# Standard deviation: square root of the mean squared deviation.




APPENDIX B
EXAMPLE COF VALUATION: ADAM ZONE OF THE
SUFFIELD MINE, SHERBROOKE, QUEBEC

A. Introduction

The assay data used in this paragraph are condensed in Table 2,
They have been found in a progress report of the Ascot Metals
Corporation (now Quebec Ascot Metals Corporation) in date of March 15,
1951. The explored deposit is located near Sherbrooke, in the southern-
most part of the Province of Quebec, Canada. At present time it is not
operated,

Unfortunately it has not been possible to find a geologic des-
cription of the Suffield HMine, However, according to plate I the de~
posit is flat-lying on an east dipping slope, and imbedded in sedimen-
tary rocks with a NS axis. Therefore it can be admitted that it
belongs to the Mississippi Valley type. The northern half only, is
surrounded by blank holes, so that a volume estimation, which would be
more than & mere guess is not possible,

Bs Utiligation of the results

(1) Grade estimate
Various figures heve been computed for each commoditys AM,
G, Sichel?s estimator. The standard deviation and the coefficient of
variation (ratio of standard deviation to AM) are aleo given. This in-
formation is condensed in Table 3.
The variations in assays between the different holes are
high, thus the use of Sichel!s estimator is advisable.



TABLE 2
ASSAY RESULTS AND THICKNESS

Hole Thickness, Zn Pb Cu Ag Au
Noe leet percent. percent percent oz./ton oz./ton
8 14 6,25 1.62 0.40 2492 -
22 13.3 Leld 1.03 0.87 3.1 0.011
26 11.7 504 080 042 0.73 0.010
23 27 927 0.97 2422 3.89 0.005
20 33.2 5421 0.59 4422 8.4 0,033
1 25 17.42 kb 3.40 7408 0,062
18 2545 18,87 0.88 4032 8.70 0,010
29 17.1 760 027 2,08 L6 0,060
61 16 Lol 0e2L 0.45 1.68 0.040
57 1045 be56 049 0.43 4,02 0.025
60 10.5 10.26 1.30 2.62 576 0,031
63 Te5 731 0020 2453 2,38 00,013
67 16,5 6.16 0.89 0.69 0.69  0.004
38 58 2429 0.20 022 - -
32 23¢5 2430 0,06 0435 0.04 -
33 13 9.10 0.98 0.80 1.76 -
35 58 2.29 0.214- 0.28 0005 -
86 8 354 0.06 0.58 1.39 0.003
88 7 11.49 3.76 057 3430 0.005
41 10 3449 0667 0.05 1.26 0,004
42 65 3.56 Oukb 0454 0.86 -
L5 21 2,91 0.41 1,05 0.10 0.007
L 7645 3.02 0.28 0.57 0.63 -
51 15 3,19 Oa54 0.34 lo.24 0.010
90 Le5 10445 3.02 1.82 3.19 0,010
28 10.5 11.49 3.76 0.57 3.30 0.031
65 12.5 5423 0.92 0.60 2,72 0,010
72 9.0 3.04 0,09 0.35 0,37 -
70 l’-{, 5.10 0.63 0060 2057 0.011&
80 15 8056 1.68 1.98 6469 0.010
79 4 95k 1,20 1.99 SeTh 0.030
8l 1 10.93 1,05 2,03 3.01 0.007
82 20.5 5027 0.95 064 1.56 0,015
85 i, 4403 0.77 0.66 1.25 0.006
93 21 14.98 1.11 1.5k 3.04 0.024
91 L Le36 0.08 0.61 3.11 0.030




frequent association). We suggest therefore a microscopic investiga-
tion, followed by experimental work in a pilot concentration plant in
order to determine the conditions of separation of these commodities.
Since copper and silver shew a high correlation with zinc it is normal
that their correlation with each other is high; its negative sign
could be explained as occurrence of both metals in one minersl, as
reciprocal substitution.

Lead shows a lower, though significant coefficient of cor-
relation with zine than do copper and silver. Correspondingly the
‘relation with copper and silver is less marked.

TAELE 4
COEFFICIENTS OF CCRRELATION

Metal Thiciness Zn Pb Cu Ag
Zn 0.0796 - - - -
Pb 04237 @ - - -
Cu %gl_ﬁ 595 0367 - -

Ag "'0°216 o 502 0259 Qe %6 -

Levels of significance of the coefficient of correlation in this set

of samples with a confidence limit of

95% r = 0,331

99% r = 0.436
The figures satisfying the 95% level of confidence have been under-
lined once, Those satisfying the 997 level of confidence, twice.
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(3) Distribution of assays

Sturge?!s rule indicates that the optimum number of inter-

vals is 7. (N the optimum number of intervals is given by

N=14+ 33 1logn
n being the number of samples.) The number of intervals in the dif-
ferent distribution tables has been kept as close as possible to this
figﬁre.

Since the number of samples is relatively small a good fit
with a theoretical curve cannot be expecteds However all the curves
are plurimodal. Two modes are well marked for each metal, a third
one is less definite.

Tables 5 to 8 show the distribution for each element, Table
9 recapitulates the modes of each metal.

The logarithmic distributions of lead and copper have a
unique peak, that of lead is almoat symmetric.

Ce Adjustments
(1) Is the number of holes adequate?

Table 10 indicatea the partial AM and standard deviation
computed upon completion of each fifth hole. The standard deviation
of zinc assays is the only quantity that reached an asymptote: an

In the hypothesis of a normal distribution, the minimum

number of holes would be indicated by the methods given on page 59.



TABLE 5

DISTRIBUTION OF ZINC ASSAYS

(1) Arithmetical distribution:

Assey interval,

percent Fre

2-4
L -5
6 -8
8 - 10
10 - 12
2 -1
1 - 16
i6 - 18
18 - 20

Laadl il ool | \n-l-"-F"'OJt"

(2) Arithmetical distribution:

Assay interval,

total range

enc

range from 2 to 12

percent Frequency
2-3 L
3-4 )
L -5 3
5«6 5
6 -7 2
7T-8 2
8-9 1
9 «:10 3
10 -1 3
11 - 12 2

(3) Logarithmic distribution

Assay interval

(lozcs) Frequency
0435 = 045 3
Ookb = 0455 6
0455 =~ 0.65 5
0+65 = 075 6
0075 . 0985 2
0085 - 0'95 3
0495 - 1,05 6
1005 - lols 2
1015 had 1025 l
1.25 - 1.50 2

Hodes

#1

#11
#111

lModes

#I

#11

Hodes

D i

X7

or x?




TABLE 6
DISTRIBUTION OF LEAD ASSAYS
(1) Arithmetical distribution: total range

Assay interval;
~ percent Fregquenc Hodes

0«0 - 0e5 15
0.5 = 1.0 11
_1.0 - 105 5
1.5 - 240 2
2,0 - 2,5
2.5 - 3.0
340 = 345
3.5 = ll'.o

(2) Arithmetical distribution: range from 0.50% to 1.75%

N

IIT

Assay intervel,

percent enc todes

00 = 0425 8 I
0425 = 0450 6

050 = 0475 I

075 = 1400 8 II
1,00 - 1,25 4

1.25 -~ 1450 1

1.50 - 2,00 2 ?

(3) Logarithmic distribution
Asspy interval,

(Logs) Frequency Hodes
2.5 - 2.0 A
3,0 - 1.5 6
145 ~ 0,0 16 X
0s0 = 0435 8
Ce5 = 1.0 2



TABLE 7
DISTRIBUTION OF COPPER ASSAYS
(1) Arithmetical distributions total range

Assay interval,
~percent b enc Modes

OQO. - 005
005 L2 1.0
10 = 145
le5 -~ 2.0
2,0 = 245
2.5 -~ 3.0
3¢0 = 3¢5
365 =~ L4oO
LoD = 4e5

(2) Logarithmic distribution

i1

Ny HNW#‘PGB

III

Assay interval,

(loxs) Frequency Mcdes
25 = 1,0 !
i.O B 105 2
l.5 - 0e0 20 X
0e0 = 045 10

0e5 =~ 1.0 3



TABLE 8
DISTRIBUTION OF SILVER ASSAYS

(1) Arithnetical distributions total range

Assay intervel,

perceant Frequency ¥odes
0~-1 8 I
1~2 7

2+~3 4

3-~4 8 II
b ~5 2

5«6 2

6 -7 A

7-8 1

g-9 2 IIT

(2) Logarithmic distribution

Assay interval,

(logs) Freguenc Modes
245 -1 2
I 1
1.5 5
0 16
05 12
TABLE 9
FODES OF THE DISTRIBUTICHNS OF THE METALIIC ASSAYIS
I IT IIT
Zn 3% 1z 178
Pb 0e25% 0,824 1.02% (2)
Cu 0e53 2.0% 4,03
Ag 1 ozfton 3 oz/ton 8 og/ton



With

talerated error = 20%

level of confidence = 95% (t = 1,645)
we have following

Hetal Zn Pb Cu Ag

Holes 25 67 57 Al

The present number of holes is satisfylng only for =zincj; but
the fact that the distribution is not normal requires evan a higher
mmber of holes.
TABLE 10
PARTIAL ARITHMETIC MEANS AND STANDARD DEVIATIONS

it et wrsezae S
- e g e

Sz:n: i ; b, C‘;: Ag,
Kurber of samples# vercent. percent percent oz/ton

10 A 8.31 0.735 1.88 LT
Std Dev  5.34 0.437 1,67 3,07

b K A 743 06667 1.68 3e54
Std Dsv  4.76 0,503 1,50 2:68

20 707 0.786 1.375 3.07
Leb52 0.811 1.35 251

25 658 0,817 1,27 270
Le37 00862 1.2 240

30 6,60 0,916 1.20 277
5017 0967 .07 2:35

36 6486 0,907 1,20 2.88
LolS 00896 1,10 Re23

# In order of appearances

(2) Zonation

The contents belonging to the modal peaks of same rank for

each metal fall together very oiten. It is however impossible to

71
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delineate general trends over the deposit. The assays of one of these
modal peaks are spresd over the area, and are not limited to a given
part of it,

It should be decided after consideration of the financial situ-
ation if an increase in the knowledge of the depogit Justifies in-
creased expenses for exploration., A study of the holes not as an
entire data, but as series of cors segment could throw some light.

Ds Conclusions

The application of statistics to the Suffield exploration
project leads to following conclusionss

- The aversge grade of the ore has been estimated by Sichelts
estimator as followss

Zine  6.79%
Lead 0,813
Copper 1.093
Silver 2,20%

~ The grade distribution of zinc, lead, copper and silver shows
three modes, 2llowing a subdivision of the assays of each metal into
thres subpopulations, The assays encountered in a hole usually belong
to subpopulations of same rank,

- No relationship exists bstween thickness and content in zinc,
lead or gilver. A relationship is possible between thickness and grade
in coppere

- A comnecticn grades of copper and silver with the grade of
zinc is likelye.

~ The nuubexr of holes which has been drilled guarantees a good
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accuracy for the minc grade, which is the main comaodity. The know
ledge of the other metals could be increased by & higher number of
samples, but is not worth-while as they are of less importance.

E. Recommendations

- The presence of three subpopulations indicates the possi-
bility of zonationa It has nct been possible to zone the deposit
with global data for each drill hole, A study of the drill logs with
assays of esach core section could throw some light on this problem.

- The high correlation between Cu and Zn could be indicative
of a close mineralogical association. Problems in ors dressing
could arise for the separation of the Cu from Zn, if for instance the
copper would partially occur as blebs of chalcopyrite in sphalerite,
which is very frequent, The negative correlation between copper and
silver may indicate thet in one ore mineral both are in reciprocal
subgtitution, which would camplicate the separation., A preliminary
microgcopice study followed by experiences in pilot plant can bs ex-
pected to solve this problem.

- The present number of holes is satisfactory with respsct to
the knowledge in grads, However the determingtion of the volume of
reserves requires some peripherical holes in the southern half of the
deposit in order to delimit the cutoff,

F. Recommended procedure for exploring this deposit (assuming no
previous work had been done)

The historical circumstances conzerning the discovery of the
Suffield mine are unlnown to us, therefore some assumptions have to

be made, We can adnit that the possible existence of a sulphide body
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was discovered by geophysical prospscting, The resulis of such a
geophysical campaign, &s well as the structurel geoloéy would indi-
cate an elongated ore body, oriented north-south, of about 2,000 feet
in length and about 500 feet in transverse sectione.

As it ig matter of a definitely elongated ore body, & sectional
pattern could seem advisable, However the structure iz very irregular
and varies in width from south to north, A random pattera can be
placed in order to allow an evaluation by statisticsl methods,

Ths following layout is suggestsd on hand of this information:
a rectangls of 2,000 x 500 feet will be laid ocut above the supposed
location of the deposite. This has been thse first lead and ginc de-
posit discovered in this area 8o that no information concerning the
chargdcteristics of this deposit can be obtained from similar deposits
in the same district. The number of bore holes will be arbitrarily
fixed to 30. Upon completion of these first set of holes we will have
enough data to decide en adiustment, i.e., the eventual drilling of
more holess An exception to the rule recommending the holes being
drilled in the order of appearance of their coordinates can bs mads
hsres the holes located at the periphery of the quadrangle can be
drilled last in order to avoid too many blank holes. The outer
boundary of the deposit is not necessarily included in the rectangle
and can on soue sides partially leave the rectangle, In that case,
enother rectangle of same sige is to be placed beside the first, and
the coordinates of new drill holes determined in order that the num-
ber of holes is the same in both rectangles, however only the holes
located in the portion where the body protrudes into the second

rectangle are drilled. This complicated procedure assures the
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respect of the condition of randeox implentaticn. When the drilling
prograx ig completed, the results will be handled as described in the

preceding pagess
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