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ADSTRACT

The results of statistical analysis based on studies

of the frequency distributions of tin and copper assays
of the lode bands of Hall's Lode, Lenses "A"™, tBM

and "C" at Cleveland Mine are presented, and their

applications to mineral evaluation are discussed.

These analyses allow confidence limits to be placed
on thie tin and copper ore-reserve grade estimates and
indicate the number of lode samples, and the approxi-
mate number of intersections required in an ore-body
in order that the mean grade may be estimated with a

known degree of reliability.



INTRODUCTION

In the evaluation of mineral bodies, whether one is
dealing with a completely virgin arca, a new mineral
body within an area of Inown mineralisation, or an
cxtension of a known ore-~body, geological and sample
data are colicgted with the object of obtaining
continually more accurate and reliable geological
interpretations and mineral grade and tonnage estimates.
With the availability of additional data, earlicr
interpretations and cstimates are continually modified
and/or extended until a stage is recached where
suffi¢icent data has been cbtained to satisfy the degree
of reliability rcquired of such an interpretation and/
or estimato.. The reliability required will vary
considerably depending on the use %o which the results
are to be put, be it a gencral interpretation and
mineral grade/tonnage estimate during an exploration
programme o1, atl the other cend of the scale, detailed
stope—control and orec-rescrve block grade/tonnage

estimates during mining operations.

The degree of reliability of 2 geological interpretation
may be ecxpressced as poor, fair or good, depending on the
adequacy of the-cxposure/drilling pattern. In dealing
with mineral grade cstimatoes, however, the degree of
reliability of the mcan grade may be cxpressed quantita-
tively subjecct to certain limitations by employing the
techiniques of statistical analysis based on a study of
frequency distributions. VWhen sulficient data are
available, such analyses may be employed to cstimate the
number of samples and the approximate number of inter-—
scctions required in o mineral body to compute the
average grade with sclected fiducial intervals at

specified confidence levels,

This report presents the results, and evaluates the
applications of statistical analysis based on studics
of the frequency distributions of tin and copper assays
from the lode (sulphide) bands of Hall's Lode, Lenses
AT, "B" and "C" at Cleveland Ming, Tasmania, These
three orc-bodies contain more than 80 percent of the

prcsently known orc reserve tonnage (viz. March 1966
cstimatos).
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The reader is agsumed to be familiar with the
gecological setting and the sampling and drilling
investigations undertaken at Cleveland Mine to date or,
at leoast, to have acgess to the necessary information;

(sco References 4, 6, 7 and 9),

COMPUTATION OF ORE RELSERVES DY THE
CROSE wSEALTION / IIORIZON PLAX IETHOD

The most eommonly uscd mctheds of gomputing ore reoserve
cstimates (Reference Mo, 2) are the eress-scgtion,
polygon and trianglc mecthods, These methods allow the
grade and tonnage to be determined with acceptable
agcuragy providing a suffigicnt numbor of intcrscetions
arc obtained, By cmploying the teghniques of statise
ticgnl analysis in gonjungtion with onc or more of thesc
three methods Lt is possible to determine the average
grade of a mincral depesit within a speocificd degrec of

confidenge,

The latest oreercserve cstimates at Cleveland Mine
(Refercnec No, 7) were gomputed by the croscescction/
horizon plan mcothod, although the polygon and trianglo
mcthods would also have becen suitable, Split diamond
drill core, groove and ghannecl samples (Referenco 9)
were employed,. A geoological dinterpretation of the
drilling results, combincd with surfag¢ge and underground
napping, was made (Roference 6) cmploying groscescctions
at approximately. 120 ft; ccntres along strike and
horizon plans at 100 ft. vertical intervals, Cn a
longitudinnal sccetion showing all sample intersections,
cach orc-body was divided up into a scries of rectangular
blocks definced by the various crosc=scoetions and

horizon plans, The tonnagc of caeh block was galeulated
as the product of the average width of the block, the
area on longitudinal projection and a constant density
factor, The grade of cach block was determined by
weighting the grade of all interscctions within the
blocl by their respective true widths, The average

ore reserve grade of a wvhole orc-body or lens was
determined by weighting the grades of all blocks by

thoir respective tonnoges,
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In the cressesection/horizon plan method of eomputing
ore reserves an attcmpt‘fs made to recognise'differences
in (1) truec lode width and (2) areas of influence for
each interseetion, by weighting the results, The
method of selecting boundaries for eacih ore reserve
block is, however, subject to personal judgement on the
part of the individual undertiaking the computations.

The choice of different block boundaries will result in

slightly differcent estimntes,.

In the easc of Hall's Lode, Lens "A", for cxample, the
oré reserve cstimates by the cross—scction/horizon plan
method, as at Mareh 1966 (Refercrce No, 7) werc as
folleows :+

e
Indicated Ore
Inferred Ore
Total Ore

1,038,075 tons at 0.89% Sn, O, 31% Cu,
62,930 tons at 0, 9hﬂ Sn, O, 3hp Cu.
1,101,005 tons at 0,90% Sn, 0,32% Cu.

I

This eostimnte includes interbanded chert horizons whieh
Torm approximatcly 30 percent volume (6r 25 percent
weight) of the orc-body (Reference 5).  The chert
horizons contain mnegligible tin and copper mineralisation
(Rcfercnces 4 and 9) and the aggregate lode (sulphido)
bands, which form the remaining 75 per cent weight of

the ore body would have a weighted average grade of
1.20% Sn and ©,19% Cu,

QUANTITATIVE STATISTICAL ANALYSTS

Lo  LIMITATIONS

By employing the techniques of guantitive statistical
analysis, (References 1, 2 and 3), basced on a study of
the frequency distributions of tin and copper assays
from lode (sulphide) bands, it is possible to compute
fiducial intervals and confidence limits for the
average grade of ore at sclected confidenee levels.
Further, it is possible to cotimate the number of lode
gsamples, and the approximnte number of lode inter-
scctions, recquired in oan ore body in order that the

mean grade may be determined with a lnmown degree of

reliability,
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However, thesc methods of statisticalanalysis have

several limitations which must be constantly borne

in mind when interpreting the rcsultis. The most

important limitations are discusscd bolow.

1.

The reliability of the results can be stated
mathematically only if RANDOM sampling data
arc cmployved, Fandom data are sccured with
non-randon sampling ¢f a random digtribution,
or randon sampling of 2 non-randon distribu-
tion. Random sampling rcquires that cach
item to be sampled have an cqual chance with
cevery other item of being sclected in any
gsample. In practice mosi mincral evaluation
sampling is done on a grid pattern with
sampling design arranged to give cach inter-
scction an egual "arca of influence. The
only thing random is the choosing of the
initinl reference planc and cross-scction
plhnes, Systematic sanpling of this type
may o may not yield rardem drnta, depending
in paritidular on the prescnce of trend,.

At Cleveland Mino distinct trends coxist as
evidenced by the spatial distribution patterns
for tin, ecopper and zine grades (Rcforence 8).
Also, the effccts of steeply inclined orc-—
bodices and steep topographic relicf preclude
enchh interscection in an orc-body having an
cqual arca of influcnce. It is not known,
therefore, whether the sample data employed
in this report are random data, and this
limitation should be anpreciaoted. :

The sanples should all be of egual volume,
gsince it is rccognised that sample size
influences the mognitude of fluctuations of
0SS 8saYS. In practice at Cleveland Mine this
is difficul+ "ol ohtain. Sample lengths vary
considerably from % in. to 60 in. (sec
Appendices 2, 3 and 4) due to the complicated
minor structurcs within the orc-body and the
existence of two populations (viz, lode and
chert bands) which,. duc tc marked difforences

Tinprecsical nature and minerals content, had

to bec sampled sceparately. Furthermore, due
to the ¢ffects of steeply dipping orc-bodiecs
and stoop topographic relief, the various
drill interscctions penctrate the orc-bodies
at varyving anglces to the true dip. Thus
cqgual sanple lengths in differcent intersec-
tions may represent uncegual truc widths,

To minimisce the effeccts of uncgual sample
volures to some extent, the majority of data
employed in this report (scc Appondices 2, 3

and 4) arc from split diamond drill core samples,
whereas in the ore-rescrve calculations by

the cross—scetion method a larger proportion

of the samples used were from channel and

groove cuts, he majority of the split-core
snmples are from AXT size drill holes. It

is to be noted, however, that earlier
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investigations (Reference 9) have shown a good
degree of correlation between assays from samples
of different sizes, (viz, groove and chammel
samples).

It would be opporitune to state here that core
recoveryv in the Cleveland ore-bodies has been
excellent and little error would be introduced
into the sammple data from this source.

However, the problem of unequal sample lengths
representing varying true widths cannot be over-
come and constitutes a major limitation to the
application of statistical techniques on the
Cleveland samplc data., '

The sample population should be homogeneously
distributed. The sample populations employed in
this report (viz. tin and copper grades from the
lodc bands) arc heterogeneously distributed within
Lenscs "A" and "B", displaying distinct spatial
patterns, (Reference No. 8.). The same is
probably true in the case of Lens "C" although lack
of sufficient data at present precludes a detailed
investigation. Such gpatial distribution patterns
are, of n~curse, guite a common feature of mineral
bodies, but they can introduce errors into the
sample data, cspecially if the sample data is not
random data. This limitation should be appreciated,

The analysed celement should be present in only one
mineral, undcr ideal conditions. At Cleveland

Hine tin occurs essentially in the form of cassi-
terite, with only very minor amounts in the form

cof stannite. Also, copper occurs essentially in

the form of chalcopyrite, with minor {and wido-
gapread spatially) amounts in the form of tetrahedrite,
and only vory minor amounts in the form of chalcocite
and stannite. Errors introduced due to this source
arc, therefore, considered to be small,

Exporimental crrors, such ag those involved in the
physical tasks of sampling and sample preparation,
and in assaying, all contribute to bias in sampling,
that is they tend to Pproduce an estimate that is
differcnt from the true value, Meticulous atten-
tion has been paid to sampling and sample prepara-—
tion at Cleveland Mine {(Refeorences # and 9) with a
view to keeping such errors to the absolute prac-
tical limit.

If normal curve analysis techniques are to be app-
lied the sample items should show an approxi-
mately 'normal' distribution. However, according
to Hazen (Reference 2, p.54) "It is expected that
population distributions are more nearly normal
than sample distributions. For this reason
normal-curve analysis is often employed to infer
conditicns of a pepulation, sven though the sample
that represents the population is appreciably
skowed",

The sample populations employed in this report
(viz. tin and copper assays) are all positively
skewed,
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Lb THE FREQUEHCY DISTRIBUTION

A freguency distribution is 2 method of organising

and summarising statistical data in which the wvarious
items of a sample population arce classified dinto
groups and the number of items falling into each group
is stated. Thué a frequency distribution usually
represcnts a sample population drawn from a much
larger population and, although the sample population
may contain only a few hundred items or less, it may
be reasonably representative of the larger population

from which it was drawn.

In thie report the raw sample data given in Appendices
2, 3 and & have been arranged into seven frequency

distributions (Appendix 1) as follows :—

1, Freguency DPistribution No, 1 = 357 tin assays
from 37 interscections of Lens "A", covering all
ore reserve blocks (March 1966), and grouped in
0, 20%5n. grade intervals.,

2,  I'requency Distribution No, 1A = 156 tin assays
from 16 intersections {early drill holes) of Lens
MAM, covering all ore rescrve blecks (March 1966)
and grouped in 0.29 Sn, grade intervals.

J« Trequency Distribution Mo, 2 = 277 copper assays
from 31 interscctions of Lens "A", covering all
ore reserve blocks (larch 1965) and grouped in
0.1% Cu, grade intervals,

4, TFreguency Distribution No. 3 = 156 tin assays
from 22 interscctions of Lens "B", covering all
the orc resoerve blocks (March 1966) and grouped in
0,45 Sn, grade intervals.

5. Frequency Distribution No. 4 = 154 copper assays
from 21 intersections of Lens "B", covering the
same area as F.D., No., 3 and groupcd in 0, 1% Cu,
grade intervals,

6, TFrequency Distribution Mo, 5 = 92 tin assays
from 18 intersections of Lons "CY, covering an
area a little in excoess of all the ore-reserve
blocks (March 1966G) and grouped in 0, 2% Sn. '

grade intervals - i,e. including block ifos, C7,
Cl0, and Cll excluded from the ore reserve esti-
mates.
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7. TFrequency Distribution No., 6 = 73 copper assays
from 13 intersections of Lens "C", covering the

samc area as D, No. 5 and grouped in 0.1% Cu,
gradce intervals.

These scven frequency distributions are shown diagram-—
matically a8 column diagrams in Figures 1 to 7.

It should be noted that the raw data are the assays of
the lode {sulphide) bands only.

Le, MEASURES OFF CENTRAL TENDENCY

1. Arithmetic Mean

The arithmetic mean is the summation of all the
items or numbers in a group divided by the number
of itcms, For grouped data in a frequency dist-
ribution, the arithmetic mean is determined from
the summation of the products of the midpoint of
cach grade intcerval and the frequency divided by
the total number of items in the distribution,
thus

Ma = i!fxmm

N

The arithmetic mean is a calculated value and
depends upon cvery item in the freqguency distribu-
tion, The sum of the deviations about the
arithmetic mean equals Zero, and the sum of the
squares of the deviations is less than those cal-
culated about any other point.

One disadvantage of the arithmetic mean is that it
is affected Dy extreme valucs. For example, the
arithmetic mean of 1l.45 for frequenecy distribution
No . 3 may be misleadingly high due to 3 extreme
assays (9.48, 12,40 and 18,4),

2 Median

The median i3 the wvalue of the middle item of a
number of ditems when the latter are arranged in
order or according te size. It is an average of
position and is affectoed by the number of items

and nct by the size of the individual items

(eeg. extreme values). The median is calculated
for grouped data in a freguency distribution from -

MEDIAN= Lower 1limit of median G.I, +

N _ - Cum. frequency of preceding G.I.;x G.TI.
2

frequency of median G,I,

where G.X1. = grade interval,
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3. Mode

The mode is the most common or most frequently
occurring value, It is an average of position
and is independant of extreme values, The value
of the mode will be that of the highest position
on a frequency distribution curve if there is a
sufficient number of items to form a smooth curve.

For grouped data in a frequency distribution, the
mode is determined from :-

MODE=Lower 1limit of modal G,I, + DLl x Grade Interval
Dl+D2

¥Yhere D1 = frequency of modal grade dinterval minus
frequency of preceeding grade interval, and D2 =
frequency of modal grade interval minus frequency of
next larger grade interval.

b, Effect of Skewness

. For a symmetrical distribution the arithmetic nean,
median and mode are identical, If the distribution
is positively skewed, as 13 the case with frequency
distribution Nos. 1~6, then the median is larger
than the mode, and the arithmetic mean is larger
than the median,

When skewness is not general but is due to a few

l items deviating a great deal from the mode, the
median will only be slightly affected, The
arithmetic mean, however, is affected by the value
of every item in the series, and the pressnce of

l one or a few extremely high {or low) values in a
series may result in a mean which is very misleading. .

hd, HMEASURES CF DISPIRSTON AND SKLWNESS

. Measures of central tendency may have little value
unless the amount of variation or dispersion of the

data about these averages can be cxpressed quantitively,

Disgperson of values about the measures of central
tondeney may be expressed in absolute terms (e.g.
range and standard deviation) or in relative terms
(c.g. cocfficiont of variation), indcpendant of the

mwits in which the raw sample data are expressed.

1. DRange

The range is a simple measurce of dispersion, the
value of which depends on only two items — the
lowest and highest - in a series, The differcnce
between these two values gives some notion of the
spread of data but can be misleading 4if the two
values are irregular or wumusual.
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Standard Deviation

The standard deviation is the square root of the
mean of the squares of the deviations about the
arithrietic mean, thus -

5 -’:/ édz
N

For grouped data in a frequehcy distribution, the
standard deviation is determined from -

55;{ £ fxng! 2 - {ﬁifxm?ﬂg
N N

Where mp = mid point of cach grade interval
f frequoncy of each grade interval
N total number of items in the distribution

LI

]

The standard deviation is the most important
measurc of absolute disperson, It is one of the
factors involved in the equation for the normal
curve and for various skewed curves, and is used
for testing for reliability and correlatiomn,

Tor a normal distribution 68.27 percong of all
items arc included in the Tangg of Mla -~ B

95,45 porcent in the range Ma ~ 283 and 99.73 per-
cent in the roange Ma - 2% If the distribution
is skewed these percentages will be only approxi-
mately realiscd.

Coefficient of Variation

The coefficient of variation is given by :-

V = §

Ma
Where S = stoandard deviation and Ma = arithmetic
mMeall, The cocefficicent of variation is a measure

of rolative dispersion, and is used for comparing
the dispersions of distributions having differcnt
mean values.,.

Personian Heasure of Skewness

A distribution which is asymmectrical is said to be
skowed, Measures of skewness indicate the amount
and also the dircction. A serics dis said to be
skewed in the direction of the extroeme values.
Thus positive skewness, or skewness to the right,
indicates the extreme values are high.

The pearsonian ncasure of skewness is givon by -

Sk = 3(Ma - Median)
S

This measure varics beotween the limits = 3, but
values as large as -1 are rather unusual (see
Refercnce 1, p.228), The skewnoss of frequency
distributions 1-¢ is positive in all cases and
varies between +0,5360 and +1.010 (see Table 1),
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iﬁ. TIDUCTIAL INTERVAL AND CONFIDENCE LTIITS

Frequency distributions mav be used to compute fiducial
intervals and confidence limits about the arithmetic

imgan, at selected levels of confidence,

At the 95 percent confidence level, for example, we

mey state {assuming that the data are normally dist-’
ributed) with only 5 chances in 100 of being incorrect,
that the fiducial interval, or the interval between

the confidence limits, covers the true aritlhmetic mean
of the population, The fiducial interval is determined

from :-

F-In = I‘{a

. where Ma = arithmetic mean, is the "t" wvalue for

*0.05 |
the 95 percent level of confidence and SE is the stan-~
dard error of the nean. The standard error of the

mean is given by -

8- = 8
x

Il i
where S = standard deviation and N = total number of
l items in the distribution. The formrla for the
' standard error of the mean was originally derived for
l a normal distribution, but gives a good approximation

when used with moderately skewed distributions

In mineral evaluation it is desirable to know the
degrece of reliability or confidence that may be placed
in the estimate of the average grade, which is
determined from the available sample analyses.

To this ernd, computations have been undertaken in
Appendix 1 to determine the fiducial interval at the

95 percent confidence level for frequency distribu-
tions 1-6.

i

i

l The gizc¢ of the fiducial interval may be decreasced by
decreasing the standard deviation or increasing the

I number of samples., Reduction of the standard
deviation (which is a function of the ore-body, com-

' bined with the physical acts of drilling, sampling,

i

sample preparation and assaying) will become
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insignificant after a reascnable number of holes has
been drilled in an ore-body. Beyvond this point the
fiducial interval mayvy be reduced by additional drilling
and sampling, but here it is rcduced solely on the basis
of the incryrease in the total number of sample analyses

and not by any reduction in the standard deviation,

Te illustrate this point we may compare Ireguency
distributions 1 and 1A for tin assays from the total
org-~raserve blocks in Lens "A", Frequency distribu-
tion No. 1A contains 156 assays from 16 early (pre-
1964} diamond drill holes. Trequency distribution
¥o. 1 containg 357 assays from 37 drill hole inter-
sections (as at March 1966). The additional data

was obtained from underground pattorn drilling on the
RL, 1300 ft. horizon and from somec deep drilling on
"Qa" section. Frequency distributions 1A and 1 have
arithmetic means cof 1.12 and 1.14 rcespectively and
similar standard deviations 0,77 and 0.75 respectively,
More than doubling the number of samples and inter-
sections has had little effect on the arithmetic mean
and standard deviation, therefore. However, it has had
the effect of readucing the fiducial interval from

£ 0.12 to ¥ 0.08 (see Table 1).

4f, NUMBIR OF LODE SAMPLE ANALYSES RTQUIRED
FOR SELICTED IPIDUCIAL INTERVALS

The number of lode sample analyses required for selected
fiducial intervals at a 65 percent confidence level
may be determined from frequency distributions 1-6,

(see Appendix 1).

The required wvalue of (Slg) may be determined as the

arithmetic mean, Ma, and tO 05 remain tiie same,
Thus -
Sl_' = F.I.
* %
0.05

If it is assumed that the same standard deviation will
prevail, then from SIE = 8§ it is possible to
.I N

determine the number of analyses, (Nl), required.
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Obviously the sitandard deviation will change, such
that it will be larger for smaller numbers of sample
analysos. Such changes should not be great, however,
ags evidenced by frequency distribution Nos, 1 and 1A
which have standard deviations of 0.75 and 0,77 for

357 and 156 samples respectively, (sec Table 1).

Lheg, NUMBER OF LODL INTERSECTIONS RIEQUIRED
TOR SELECTED SIDUCTAL INTERVALS

The number of lode intersections, NI roeguired for
selected fiducial intervals at a 95 percent confidence
level may be determined approximately by dividing the

1
number of samples required, N& by the average number

of samples per intcersection. Tn the case of frequency
distribution No. 1, for example, N. = Ei as therc are

I
0
357 lode samples from 37 drill hole in%ersections or

approximately 10 samples per intersection,

L4h, SANPLING GRIDS REQUIRED FOR
SELECTTD FPIDUCTIAL INTERVALS

In mineral c¢valuation it is common practice to drill

or sample a mineral bodv on a systematic grid. In

this respcect it is particularly instructive to ascertain
the number of intorsections that would be obtained from
Hall's Lode, Lenses "A", "B" and "C", (employing the
same oTe-body dimensions as used in the various
frequency digtributions, Nos. 1-6) by employing various.
sampling grids, S5ix grids have been chosen with the

follewing details -

Grid Ne. 1 = 100 ft x 100 ft., rectangular grid

Grid NWo. 2 = 50 ft x 50 ft. rectangular grid

Grid No. 3 = cross-scections at 60 ft centres x 50 ft
vertical intervals

Grid No. 4 = cross-~scctions at 120 ft centres x 100 ft
vertical intervals

Grid No. 5 = 150 't x 150 ft, rectangular grid

Grid No. & = 200 ft x 200 ft. rectangular grid,

The nuaber of interscections within each of the three
ore-bodies, Lenscs "A", "B" and "C", from these six
sampling grids is given in Tables 2, 3 and 4 res-
pectively. From a study of the respective frequency
distributions in Appendix 1, the probable fiducial

intoervals for tin and copper grade may boe determined
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at the 95 percent confidence level, for the number of

intersections given by each of the six sampling grids,

Li. SUMMARY

Frequency distributions have been set up for the tin
and copper assays of the lode (sulphide) bands
obtained [rom diamond drill hole, and a few groove
and channel samples of Hall's Lode, Lenses "A'", "B"
and "C% The raw data are presented in Appendieces 2,
3 and 4 respectively. The frequeney distributions,
together with computations (based on normal curve
analysis) for arithmetic mean, median, mode, standard
deviation, standard crror of the mean, coeifficient of
variation, Fearsonian measure of skewness, fiducial
. interval at a 95 percent confidcence level and number
of lode samples and interseetioms required (at a 95
percent confidence level) for selected fiducial

intervals are presented in Appendix L.
Tnble 1 presenits a summary of the results of these
summary of the fiducial intervals expected from various

sampling grids (at the 95 percent confidence level)

For Lenses "A"™, "B" and “"C" respectively.

5. APPLICATIONS OF STATISTICAL ANALYSIS
() TO MINZRAL EVALUATION

The studies cmbodied in this report have been under-
taken with the object of applyving the results to
nmineral evaluations during the exploration, develop-

mental and mining stages at Cleveland Mine,

In mineral evaluation studies it is desirable to

ascertain -~

1. the average grade of deposit with the
greatest possiblc degrec of accuracy con-
sistent with a practical limitation on
budget expenditure, and

24 the number of samples required to deter-
mine the average gradc of a deposit with
a pre—-determined degree of confidence.

l statistical analvses and Tables 2, 3 and 4 present a
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The applications of the results to ore~rcesorve
computations and the design of sultable sampling

grids arc considered in this scction.

Ba, ORE-NEEERVE COMPUTATICHS

It is dasirable that the normal weighted methods of
ore-reserve computations by the cross-section, polygon
or triangle methods be supplemented by a statistical
analysis of the sampling data. Such an approach
provides the only practical method of ascertaining the
degree of relaibility or confidence that may be placed

in the average grade of a deposit.

In the case of iHall's Leode, Lens VA", for example, the
total indicated and inferred ore at larch 1966
(Reference 7), as determined by the cross-section/
horizon plan method employving split core, channel and
groove samples, was 1,101,005 tons with an average
grade of 0,90% Sn, and 0.327% Cu. Allowing for a chert
(mullock material containing megligible mineralisation)
content of approximately 25 percent by weight, tho
average grade of the lode bands within the ore-body
would be 1,20% Sn., and 0.43% Cu. (sce Scction 3 of

this Report).

rrom a statigstical analysis based on a study of
frequency dis‘ributions Nos. 1 and 2 (which ccver an
area of the ore-body identical to that included in
the ore-rcserve blocks of March 1966, but which
employ split core samples almost exclusively) the
average grade of the lode (sulphide) bands is 1,1k

L 0,08% Sn. and 0.46 % 0.04% Cu. at a 95 percent
confidence level, The 95 percent confidence limits
(see Table 1) are, therefore, 1.06 to 1.22% Sn., and

0.42 to 0.50% Cu.

It is opportune to mention again the limitations of
the statistical methods. In spite of these,
particularly the unegqual sample lengths and the
marked posgitive skewness of the distributions, there

ig a reasonable degree of agrecment between the
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average grade as determined by the two methods,
b +
Tho fiducial imtervals of & 0,08% Sn, X 0.04% Cu. for

Lens "A", x 0.35% 5n, ¥ 0.,11% Cu. for Lens "B" and

Y 0.20% sn, %£.0.25% Cu, for Lens "C" give, therefore,
measurces of confidence for the average tin and copper

grades of the lode bands occurring within the combined
indicated and inferred ore-reserve blocks* of these

lensese.

5b.  SAHPLING GRID DESIGN

In the evaluation of mincral bhodies it is desirable to
know when sufficicnt sample data have been obtained
for the average grade of the dcposit to be determined
with a specificd dogrec of confidezice. Vhen a stage
is reached in the drilling and sampling where the
standard deviation is no longoeor reduced by the addition
of more intersections, then the average grade has been
estimated within practical limits of accuracy for the
methods being used, Additional drilling and sampling
bevond this point during exploratior would be a waste
of funds from the point of view of grade cestimation,
and should be undertaken only if sgeclogical conditions
(such as structiral complexities,. for example) and/or

wining requirements warrant it.

The number of sample analyses, and therefore, the
appreximate number of intersections, reguired in a
mincral body fovr the average grade to be estimated
within sclected fiducial intervals at given confidence
levels may be determined from statistical analysis,

In the exploration stage, for example, rclatively large
fiducial intervals may be acceptable whereas during
mining operations, on the other hand, smaller fiducial
intervals are likely to be roquired. In beth cases a
sampling grid can be designed to obtain the necessary
number of sample analyses to satisfy the individual

reguirements,

#* Sce Scoction 4b for details of cre-rescrve blocks
covered by the various frequency distributions,
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Thhe reliability of these cestimatoeos may be checked in

thie case of the tin assays for Lens "AM, From
frequency distribution No. 1, which employs 357

samples, it was c¢stimated (Appcndix 1, Section l~7c)
that if only 150 samples were taken (from approximately
15 intorsections) the fiducial interval at the 95 per-
cent confidence level would be x G.12% Sn, ' Frequency
distribution No. 1A has been sct up using 156 samples
from 16 early intersections, The arithmetic mean

and standard deviation are similar to those of frequoency
distribution FNo. 1, and the fiducial interval isiO.lZ% 5n

(sec Table 1),

In comsidering various sampling grid designs for
Cleveland ine, the selection of the most suitable grid
for the wvarious phases of exploration, development and
mining must be governed by the degreec of reliability
reguired of the tin grade, rather than thce conper
grade, In the exploration phase it is considered that
a Tidancial interval of the order ht 0.15 to 0,20 % Sn.
would be accepltable for an ore-body with a mcan grade
of 1.00% 5n. Tor a higher grade ore-body, say 1.50%
Sn. then o larger fiducial interval of the order

T 0.40% Sn., would likewise beo acceptable. Referring
to Tables 2, 3 and 4, we may conclude that sampling
grid Hos., 5 and 6 (i.e. 150 f£t.x 150 ft., and 200 f+t,

x 200 ft. rectangular grids respectively) satigfy these

roquircments for Lenses "A", "B" and "C",

In actual mining operations a smaller fiducial
interval is usually demanded by the mining, mineral
dressing and geological departments, Again Tor an
orc~body with = mean grade of 1,00% Sn. or 1.50% Sn,
fiducial dintervals of the order i 0.05 to O.10%Sn.
and % 0.07 to 0.15% Sn. respectively would be accep-
tableo, Referring to Tables 2, 3 and 4 we may
conclude that sampling grid No. 3 (cross~soctions

nt 60 ft. centres x 50 ft. vertical intervals )
satisfies these requirements for Lenses "A", "B" and

"cr, Actunlly sampling grid HNo. 4 (cross-scctions

]
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at 120 ft., centres x 100 ft, vertical intervald would

satisfy these requirements in the case of Lens "A"

but not for Lengcs "B" and "CM,

It is opportune to point out here that sampling grid
design ig influcncoed by geological factors, such as
structural complexitics and mining reguirements, such
as stops control, in addition te those related to
grade csiimation, In most instances at Cleveland
Mine, certainly dn the ground investigated in this
report, sanpling grids Nos. 5 or 6 and No. 3 would
gatisfy the geological requircments of such grids.,

TPor mining purposes grid HNo. 3 would provide the ideal
amount of sampling and geclogical data to allow
cffective and reliable stope control and sample data
trend analysis, {(sec Reference 8). In fact, an
analysig of the spatial distribution patterns of
various populations of sample values, (such as

overall lode tin and copper grade, overall lode

width and bulk percentage chert and aggregate sulphide
bands tin and copper grade) for ecach ore-body based on
gsappling grid MNo. 3 would @mrovide invaluable data for
accurate and reliable estimations, allowing stope

control and grade control to he planned in advance,
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COMNCLUSIONMY

Statintical analysis based on a siwdy of frequency
distributions of thoe tin and coppoer assay populations
of the lode (sulphide) bands within the ore-~bodies at
Cleveland MHine provides, subject to certain limita-

tiong 1~

(1) The only nmetnod of applyving quantitive fiducial
intervals for the average grade of ore. Because
of these limitations this method should be used in
conjunction with cther weighting mothods of ore-
reserve conputation (such as the cross-section,
polygon and triangle mcthods). The average grade
of the lode bands in the indicated and inferred
ore-reserve blocks of March 1966 in Lenses "A",
"R and "C" are computed as 1,14 = 0,08% Sni and
0.46 I 0.04% cv ; 1445 ¥ 0,35% Sn and 0,62 =
0.11% Cri and 0.91 = 0,20% Sn and 0,64 * 0,25% Cu.
respectively,

(2) A mothod of calculating the number of sampls assays,
“and, therefore, the approximate  humber of
interscections required i each ore-body for selece
ted fiducial interwvals, about the arithmetic mean,
at given levels of confidonce, This allows the
desigr of sawmpling grids to meet the reguirements
of grade estimation during exploration, develop-
ment and mining operations. F'or exploration
purpoeses a 150 ft. x 150 ft. or 200 ft. x 200 ft.
rectangular grid is considered adequate for grade

estimation purposcs. For mining operations a

rectangular grid with cross-sections at 60 ft,
centres x 50 ft. vertical intervals is considered
adequate for all mining, milling, geological and
grade esgtimation purposes,
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TABLE MO,

1

SN r T
B0

1776 FROM FREQUENCY

DISTRIBUTION NOS. 1-6
Freguency
Distribution 1 1A 2 3 4 5 6
fo. of
Samples N 357 156 277 156 154 92 73
No, of Inter-
sections Wo 37 16 31 22 21 18 13
Arithmetic
liean, Ma 1.14 1.12 | 0,46 1.45 | 0.62 | 0,91 ] 0.64
Median 1.00 0.%6 0.37 0.76 0.h41 0. 58 0.38
HMode 0.8¢ 0. 89 0.39 Hot 0.32 0.14 0. 27

Deternined

Standard '
Deviation, S 0.75 0.77 0.37 2,24 0,70 0.98 1.07
Standard Error :
of Hean, S - 0.0397! 0,0616 10,0222/ 0,01%9 J0.0566| 0,1022 {0, 1253
FPearsonian
Measure of :
Skewness +0, 560! +0, 623 1+0.,730} +0,924 |+0.900| +1,010 |+0.729
F.l. at + o+ + + + + +
t{)e[:}_'r)- "“0008 "'"Oo 12 "‘0.0‘]'{' ‘—O|35 "‘"Ou 11 ""O. 20 "'"0.25
Confidence 1,06 1,00 O 42 1.10 0.51 0,71 0.139
Limits at to to to to to to to
+0.05 1,22 1. 24 0.50 1.80 0.73 1,11 0,89
Coefficient
of Variation,
7 0.658! 0,688 0.2304) 1.545 | 1,129) 1.077 | 1,672
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TABLE NO, 2

IIA"

— FPIDUCTIAL INTERVALS

T'OR

P
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SAMPLY:G GRIDS

The six sampling grids for Lens "A" cover the known extent
of tHe ore-body ac at Harch 1966.

This is approximately

a rectangular area between cross-sections "G" and "V

inclusive,

and between RL. 1,000 f+t.

and 1,500 ft.,

(strike length = 1,200 ft. vertical height = 300 £t).
This area is covered by ore-reserve block Nos, Al to A26

inclusive (Reference No.7

), and by freguency distribution

inclusive

Fos., 1 and 2.
HNo. of . T
Grid Grid ) :
No. Dimengions of Sampling Grid inter- %gh. %bu.
sections
L 100 ft.x 160 ft,rectangular grid, + +
giving {13x6)= 78 interscctions 78 -0, 06 -0,03
2 50 ft.x BC ft. rectangular grid, + +
giving (25%x11)= 275 intcrsections 275 ~0,03 { =0.02
3 19 cross-sections{@ GO'centres) by
50 f+. vertical intervals, giving . +
(19x11)= 209 intersections 20% “o,04 | Zo,02
by ¢ cross—ssctions (€120'centres) by
100 £©t. wvertical intervals, giving + +
{ox6) = 354 intersections 54 -0, 07 ~0, Ok
5 150 ft.x1%0 £+, rectangular grid, + + g
giving (9x4)= 16 intersections 36 -0,08 -0, 04
& 200 ft.x200 ft. rectansgular grid, + 4
giving (7x3)= 21 intersections 21 ~0,11 -0,06

1,149 sn., and 0.%46% Cu,
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TABLZ NO. 3

SAMPLING GRIDS

1. The six sampling grids for Lens "B" cover most of the
known extent of the ore-bedy as at March 1966, This
is approximately a rectangular arca between cross-scections
"L" and "V inclusive, and between RL. 800 and 1,400 ft,
inclusive, (strike length = 800 ft, vertical height =
600 ft.). This area approximates to that covered by
frequency distribution Nos. 3 and 4, This latter includes
ore-rescrve plock Nos., B3 to B8, Bll, B13 to BlS and
B21 to 523 inclusive {scec Refercnce No. 7 ).
i ios of
2s Grid Grid F. 1.
No. Dimonsions of Sampling Grid Inter-~ %8N, ; %bu.
sections '
1 100 ft.x 100 ft., roctangular grid, + + '
giving (9x7)= 63 dntersections 63 -0,21 }=0.07
—~—grid
2 50 ft.x 50 ft. rectangular/giving, + + .
{(17x13)= 221 intcrsecctions 221 ~0,12 |~0.04
3 13 cross-sections (@ 60'centres)
by 50 ft.vertical intervals, . £ ,
giving (13x13)= 169 intersecctions | 169 20,13 |-0.04
i 7 cross~scctions (@ 120’céntres}
by 100 ff,vertical intervals = + + .
(7x7 )= 49 intersections 49 -0.24 1=0.08
5 150ft.x 150 ft,rectangular grid, . .
giving (6x5)= 30 intersections 30 -0,30 |-C,10
. 6 200 ft,x 200 f+t., rectangular grid, . .
? giving (5xlt) = 20 intcrsections 20 ~0,37 1-0,12
3. Ma = 1:45% Sn. and 0,629 Cu,
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TABLE NO. 4

HALL'S LODE, LI{SE "C" -~ FIDUCTIAL INTERVALS 