
\

\
1
t

'"'.

,,

I

-rc~

170C01

.-_ ..

.,.~-

ABERFOYLE Jl'Iil.NAGEMENT PTY. LTD. ,<

___;. ,,,*jc:;,.J

The Appliea tion of Statitlfical Analysis in

IHneral Evaluation, utilising data from Hall1s

Lode, Lenses "A" .. 11j31t and "Cu, Cleveland Mine

Tasmania

67-469

I
I
J
I
I-
I
I
I

I.
I
f;

I
;\-; ",~~A'

..•...,.... "

':~ ,

'I

'e
I
I
I
I
I
I
I
I



ABSTRACT

INTRODUCTION

CONTENTS

CONCLUSIONS

170002

Page

1

2

3

4

4
7
8

8
8
9
9

9

9
10
10

10

11

12

13

13
14

14

15
16

19

20

22 - 25

26

27 - 59

Ari thmetic Io1oan
Median
Hode
Effect of Skm.noss

L,.,
r~ _

3.
4.

d. Measures of Dispersion and
Skewness

QUMr-,ITIVE STATISTICAL AnALYSIS

a.. Limitations
b. The Frequency Distribution
c. Measures of Central Tendency

COHPUTATION OF ORE RESERVES BY 'IRE
CROSS-SECTION/HORIZON PLAN ;'ETHOD

1, Range
2. Standard Deviation
3. Coefficient of Variation
4. Pearsonian Measure of

Skewnoss

e. Fiducial Interval and Confidenee
Limits

f. Humber of Lode Sample Analyses
required for selected fiducial
intervals

g. Hurr.:bcr of' Lode Intersections
required for selected fiducial
intervals

h. Sampling Grids required for
selected fiducial intervals

i. 8wmnary

APPLICNJ'IONS OF STATISTICAL ANALYSIS
TO IHNERl\.L ;J;VALUil.TION

'l'.AELES 1 - 4

a. Ore Reserve Computations
b. Sampling Grid Design

APPENDIX

REFERENCES

FIGlTAES 1 - 7

1.

2.

3.

'"I •

8.

6.

10.

I
I
I
I
I
I
I
I

I.
I
I
I
I
I
I­
I
I
I
I
I
I
I
I



I ~

~

I
I
I
I
I
I
I

I.
I
I
I
I
I
I­
I
I
I
I
I
I
I
I

170C03

1

1. AilSTRACT

The results of stCltistical analysis based on studies

of thc frequen~y distributions of tin and copper assays

of the lode bands of Hall's Lode, Lenses ",\" , "B"

and "c" at Clevela.nd Minc arc presentcd, and their

a.pplications to cineral evaluation arc discussed.

These analyses allow confidenco limits to be plaeed

on the tin and copper ore-reservc grade estimates and

indicatc the number of lodc sacplcs, and the approxi­

matc number of intorscctions required in an orc-body

in ordor that the mean grade may bc estimated with a

known degree of reliability.
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2. Il'.'TROiJUCTION
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three ore-bodies contain more than 80 percent of the

presently ImOlvn ore reserve tonnage (viz. Harch 1966
estimatos),

Those

When surricient data are

ItAU, tlDn and nc n at Cloyoland ~linc,. To..smanin..

In the evaluation of mineral bodies, whether one is

dealing with a completely virgin area, a new mineral

body within an area of ImOlvn mineralisation, or an

extension of a ImOl"ln ore-body, geological and sample

data are collected with the object of obtaining

continually more accurate and reliable geological

interpretations and mineral grade and tonnage estimates.

lfith the availability of additional data, earlier

interpretations and estimates are continually modified

and/or extended until a stage is roached where

suffi¢icnt data has been ebtained to satisfy the degree

of reliability required of such an interpretation and/

or estL~ate. The reliability required will vary

considerably depending on the use to which the results

are to be put, be it a general interpretation and

mineral grade/tonnage estimate during an exploration

program.~e or, at the other end of the scale, detailed

stope-control and ore-reserve block grade/tonnage

estimates during mining operations.

frequoncy distributions.

The degree of reliQbility of a geologieal interpretation

may be expressed ns poor, fair or good, depending on the

adequney of thc· (,xposure/drilling pattern. In dealing

wi th mineral grade estimates, hOlvever, the degree of

reliability of the mean grade mny be expressed quantita­

tively SUbject to certain limitations by employing the

techniques of statistical analysis based on a stUdy of

available, such annlyses may be employed to estimate the

number of , samples and the approximate number of inter­

sections required in a mineral body to compute the

average grade with selected fiducial intervals at

specified confidence levels.

This report presents the results, and evaluates the

applications of statistical analysis based on studies

of the frequeney distributions of tin nnd copper nssays

from the lode (sulphide) bands of Hnll's Lode, Lenses
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CO}WUTATION OF ORE RBSERVES DY TIm
CROSS ...S¢,';TION I HORIZON PLAN lJETIIOD

ore reserve grade of a ,.,hole ore-body or lens was

determined by weighting the grades of all bloclw by

their respective tonnages.

The average

The tonnage of eaeh block 1Vas caleulatedhorizon plans.

101001: by their respective true 1Vidths.

The most eommonly used methods of computing ore reSerVe

estimates (Reference No, 2) arc the cross-section,

polygon and triangle methods, These methods allow the

grade and tonnage to be determinod with acceptable

accura.y providing a sufficient number of intersections

are obtained.· By employing the techniques of statis.

tical analysis in conjunction with one or more of these

three metheds ~t is possible to determine the average

grade of a mineral deposit within a specified degree of

confid enc e.

The reader is assumed to be familiar with the

geological setting and the sampling and drilling

investigations undertaken at Cleveland Nine to date or,

at least, to have aecess to tile necessary information;

(see References 4, 6, 7 and 9).

as the product of the average 1Vidth of the block, the

area on longitudinal projection and a constant density

factor. The grade of eelch block ,.,as determined by

1Veighting the grade of all intersections ,.,ithin the

The latest ore.reserve estimates at Cleveland Mine

(Rcferenee No, 7) were computed by the cros=.scction/

horizon plan method, :>.lthough the polygon and triangle

methods would also have beon suitable. Split diamond

drill eore, groove and channel samples (Reference 9)

were employed. A geologieal interpretation of the

drilling results, combined ,"ith surface and underground

mapping, was made (Reference 6) employing crose.sections

at aPP:r'pximately 120 ft.. cent.res along strike and

horizon plans at 100 ft. vertical intervals, On a

longitudinal section showing all sample intersections,

each ore-body was divided up into a series of rectangular

blocks defined by the various crose-sections and
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4n LIlHTATIONS

possible to compute

lindts for the

is

of tin and copper assnys

it

"ould have n weighted avernge grado oJ:'

.r
Indicated Ore = 1,038 ,075 tons at 0.89% Sn, 0.:31% Cu.
Inferred Ore = 62,9:30 tons at 0.911% Sn, 0.311% Cu.
Total Ore = 1, 101,005 tons at 0.90% Sn. 0.32%Cu.

the ore body

1. 20;& Sn and

fiducinl intervals and confidence

the frequency distributions

from lode (sulphide) bnnds,

In the cr~~~~~t~on/horizonplan method of oomputing

ore reserves o.n attCiClp-t·":ts mo.de to recognise differences

in (1) true lode "idth o.nd (;» o.reo.s of influence for

each intersection, by \V'cighting the results. The

170COG

By employing the techniques of qunntitive stntistical

analysis, (References 1, 2 and 3), bo.scd on a study of

mothod ef selecting bounda.ries for each ore reserve

block is, ho"over, subject to personal judgement on the

part of the individual undertaking the computations.

The choice of different block beundaries will result in

slightly different estimates.

In the case of Hall's Lode, Lens "A", for example, the

oro reserve estimates by the cross-scction/horizon plan

method, as at !'brch 1966 (Referer.ce No. 7) '~ere as

avorQgc grQdo of ore at selected confidence levels.

Further, it is possible to estimate tl"e number of lode

snmples, and the approximn te number of lode inter·,

sections, required in an ore body in order that the

moan grade may be determined with n 1010"n degree of

re liabili ty.

This ostim::-.te includes intcrbanded chert horizons "hieh

form nppro",imntely 30 percent volllllle (~r 25 percent

"eight) of the ore-body (Referenee 5). The chert

horizons contain negligible tin and copper mineralisntion

(References 4 and 9) nnd the Qgcregate lode (sulphide)

bnnds, "hich f'orm tho remaining 75 per cent "eight of

4. QUANTITATIVE STATISTICAL ANALYSIS
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Hm,evcr, these methods of sta tistiealanalysis have

several limitatior,s "hich must be constantly borne

To 41ini1:1ise the effects 01' unequa 1 sample
VOlUI:1CS to SOnIC C'xtent, the majority of data
employed in this report (see Appendices 2, J
and 4) C\re 1'1'01;] split diamond drill core samples,
whereas in the orc-reserve calculations by
the cross-section method a largor proportion
of tho samples used wore fran channel and
groove cutsa The Qujority of the split~coro

samples arc from AXT size drill holes. It
is to be noted, hO\';rovcr, that earlier

The mostthe results.

discussed belm,.

1. The reliability of the results can be stated
mathematically only if HANDOH sampling data
are employed. Handom data are secured ",ith
non-rand on sampling of a random di$L:ric,ution,
or random sampling 01' a nen-randon distribu­
t;ton. Random sampling requires that each
item to be snmpled have an oqual chnnce ",ith
every other item of being selected in any
s:tmplc. In practice mOG-L mineral ovaluation
sampling is done on a grid pntter~ ",ith
onmpling dosign Grrnngod to give each inter-
section an equal "arc:\ at"' influence". The
only thing random is the choosing of the
ini tiQ 1 reference plane and cross -section
p~Qnes. Systemntie sampling of this type
IlJay or may not yield raudem dC'tn, depending
i.n particular on the prODCTICC of' trend.
At Cleveland Mine distinct trends exist as
evidenced by the spatial distribution patterns
for tin, 0epper and zinc grades (Reference 8).
Also, the effects of steeply inclined 01'0­
bodies and steep topographic relief preclude
ench intcrsection in an orc-body having an
equal area of influonce. It is not known,
therefore, ",hether the sample dc, ta employed
in this report are random data, and this
limitation should be appreciated.

in mind ",hen interJ2reting

important limitations arc

2. Thc sClmpIes should nIL be of equnl volume,
since it is recognised thnt snmple size
influenees the magnitude of fluctuations of
nssnys. In practice nt Clevelnnd Mine this
is diffienJt""1Oo.:-nl>.i;ain. Sample lengths vary
considerably fro", 1+ in. to 60 in. (see
Appendices 2, J and 4) due to the complicated
minor structures within the ore-body and the
existence of t",e populations (viz, lode and
chert bands) ",hich.•.. du') to marked dif1'erences

-in pi·.",i "al nature and minerClls content, had
to be snmpled separately. Furtlwrmore, due
to the effects of steeply dipping ore-bodies
and steep topographic relief, the various
drill intersections penetrate the ore-bodies
at varying angles to the true dip. Thus
equal sample lengths in di1'ferent intersec­
tions may represent unequal true widths.
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investigations (Reference 9) have shown a good
degree of correlation between assays from samples
of different sizes, (viz, groove and channel
samples) •

It would be opportune to state here that core
recovery in the Cleveland ore-bodies has been
excellent and little error ,vou1d be introduced
into the sal~p1e 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 sample data.

3. The sample population should be homogeneously
distributed. The sample populations employed in
this report (viz. tin and copper grades from the
lode bands) are heterogeneously distributed within
Lenses "A" and "B", displaying distinct spatial
pa tterns, (nefGrencc 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 spatial distribution patterns
arc t of ~curse, quite a common feature of mineral'
bodies, but they can introduce errors into the
sample data, especially if the sample data is not
random data. This limitation should be appreciated.

4. The analysed element should be present in only one
mineral, under ideal conditions. At Cleveland
J.Iine tin occurs essentially in tho form of cassi­
terite, ,·,i th only very minor amounts in the form
of stannite. Also, copper occurs essentially in
the form of chalcopyrite, with minor (and wide­
spread spatially) amounts in the form of tetrahedrite,
and enly very minor amounts in the form of chalcocite
and stannite. Errors introduced due to this source
are, therefore, considered to be small.

5. Experimental errors, sueh as 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 produce an estimate that is
different from the true value. Meticulous atten­
tion has been paid to sampling and sample prepara­
tion at Cleveland Hine (Referenees 4 and 9) with a
view to keeping such errors to the absolute prac­
tical limit.

6. If normal curve analysis techniques are to be app­
U.ed the samplo items should show an approxi­
matoly 'normal' distribution. However, acoording
to Hazen (Referenoe 2, p. 54) "It is expeoted that
population distributions are more nearly normal
than sample distributions. For this reason
normal-curve analysis is often employed to infer
conditions of a population, even though the sample
that represents the population is appreciably
skowod n.

The sample populations employed in this report
(viz. tin and copper assays) are all positively
skewed.
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may contain only a few .h1.mdred items or less, it may

be reasonably representative of the larger population

from which it was drawn.

in

= 156 tin assays
IIBI', cover~ng all
1966) and grouped

Frequency Distribution No. J
from 22 intersections of Lens
the oro roserVQ blocks (March
o.4f Sn. grade intervals.

1. Frequency Distribution No. 1 = 357 tin assays
from 37 intersections of Lens IIl\.", covering all
ore reserve blocks (Harch 1966), and grouped in
O.20%Sn. grade intervals.

5. Frequency Distribution No. 4 = 154 copper assays
from 21 intersections of' Lons IIBU, covering the
same aroa as F.D. No.3 and grouped in 0.1% Cu.
grade intervals.

2. Frequency Distribution No. 1A = 156 tin assays
frOID 16 intersections (early drill holes) of Lens
"A", covering a 11 ore reserve blocks (March 1966)
and grouped in O. 2~r, Sn. grade intervals.

~ frequency distribution is a method of organising

and summarising statistical data in \~hich the various

items of a sample population are classified into

groups and the number of items falling into each group

is stated. Thus a frequency distribution usually

represents a sample population drawn from a much

larger population and, although the sample population

3. l"requcncy Distribution No. 2 = 277 copper assays
from 31 intersections of Lens "A", covering all
ore reserve blocks (i.larch 1966) and grouped in
0.15; Cu. grade intervals.

In this report the raw sample data given in Appendices

2, 3 and 1~ have been arranged into seven frequency

distributions (;,ppcndix 1) as follows :-

6. I<requency Distribution No. 5 = 92 tin assays
from 18 intersections of Lons Hell, covering an
area a little in excass ai' all tho ore-roserve
blocks (March 1966) and grouped in O.2~ Sn.
grado intorva1s - i. e. including block Eos. C7,
CIO, and C11 excluded from the ore reserve esti­
rna tes.

4.

I Q;)
C)

C)
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Frequency Distribution No. 6 = 73 eopper assays
from 13 intersections of Lens "C", covering the
same area as F.D. No.5 and grouped in 0.1% Cu.
grade intervals.

I
I

These seven frequency distributions are shown diagram­

matically as column diagrams in Figures 1 to 7.
It should be noted that the raw data are the assays of

the lodo (sulphide) bands only.

I he. lIEASUTIES 01' CENTRAL TEHDEIWY

1. Arithmetie Mean

Hedian

Ma = ~(fxmp)
N

G. I.

frequency of median G.I.

limit of median G.I. +
Cum. frequency of preceding

Lower

~~ -

The aritrunotic mean is the summation of all the
items or nlli~bers in a group divided by tho number
of items. For grouped data in a frequency dist­
ribution, the arithmetic mean is determined from
tho summation of the products of the midpoint of
eaeh grade interval and the frequency divided by
the total number of items in the distribution,
thus

One disadvantage of the arithmetic mean is that it
is affected by extreme values. For example, the
arithmetic mean of 1.45 for frequency distribution
No • 3 may be misleadingly high due to 3 extreme
assays (9.48, 12.40 and 18.4).

The arithmetic mean is a ealculated value and
depends upon every item in the frequency distribu­
tion. The sum of the deviations about the
arithmetie mean equals zero, and the sum of the
squares of the deviations is less than those cal­
culated about any other point.

HEDIAN=

Where G.I. = grade interval.

The median is the value of the middle item of a
number of items when the latter arc arranged in
order or according to size. It is an average of
position and is af'feetod by tho number of items
and not by the size of the individual items
(e.g. extreme values). The median is calculated
for grouped data in a frequency distribution fro~ 1-

2.
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3. ]'iode

The mode is the most common or most frequently
occurring valuo. It is an avorage of position
and is independant of extreme values. The value
of the mode Hill 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 groupod data in a frequency distribution, the
mode is determined :from :-

HODE=Lm"er lind t of nlOdal G. I. +.J:U:... x Grade Interva:j.
Dl+D2

'There Dl = frequency or modal grade interval minus
frequency of pr.eeeding grade interval, and D2 =
frequency of modal grade interval minus frequency of
next larger grade interval.

4. Effect of Skewness

For a symmetrical distribution the arithmetic mean,
median and mode aro identical. If the distribution
is positively skewed, as is 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.

1Vhen skewness is not general but is due to a few
items deViating a great deal from the mode, the
median will only be slightly affected. The
arithmetic mean, hOHever, is afrected by the value
of every item in the series, and the pr&88nCe of
one or a few extremely high (or low) values in a
series may result in a mean which is very misleading.

4d. y~ASURES OF DISPERSION AND SIillWNESS

Measures of central tendency may lli~ve little value

unless the amount of variation or dispersion of the

data about these averages can be expressed quantitively.

Disperoon of values about the measures of central

tendency may be expressed in absolute terms (e.g.

range and standard deviation) or in relative terms

(e.g. coefficient of variation), independant of the

ill,its in which the raw sample data are expressed.

1. Range

Tho range is a Sil;lplc measure of dispersion, the
value of which depends on only two items - the
lowest and highest - in a series. The difference
bet"'een theso h"o values gives some notion of' the
spread of data but can be misleading ir the two
values arc irregular or wlusunl.
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Coefficient of Variation

Standard Deviation

This measure varios between tho limits ~ J, but
values as large as :1 are rather wlusual (see
Reference 1, p.228). The skewness of frequency
distributions 1-6 is positive in all cases and
varies between +0.560 and +1.010 (se0 Table 1).

Sk = J (}la - Median)
S

Personian Hoasuro of Skewness

V = S
Ma

The standard deviation is the r.l0st important
measure of absolute disperson. It is one of the
factors involvcd in the equation for the normal
curve and for vnrious skewed curves, and is used
for testing for reliability and correlation.
For a norr.tal distribution 68.27 percen~ of all
i terns are inc lud ed in the rang~ of Ha - S ;
95. 115 percent in the range Ma - 25; and 99.7J per­
cent in the range Ma ~ as If the distribution
is slte1"ed these percentages will be only approxi­
mately realisod.

s Ji. fx(mp) 2
N

For groupod data in a frequency distribution, the
standard deviation is determined from :-

TIle standard deviation is the square root of the
mean of the squares of the deviations about the
arithmetic moan, thus :-

A distribution which is as}~netrical is said to be
skewed. Measures of skewnoss indicate the amount
and also the direction. A serios is said to be
skewed in the direction of the extreme values.
Thus positive skewness, or skewness to the right,
indicates the extreme values are high.

Where S = standard deviation and Ma = arithmetic
mean. The coefficient of variation is a measure
of relative dispersion, and is used for oomparing
tho dispersions of distributions having differont
moan values.

Tho pcarsonian ncasurc of skewness is given by :-

The coerfieiont of variation is given by :-

lIhere m p = uid point of each grade interval
f = frequency of each grade interval
N = total number of items in the distribution

2.

4.
I­
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l...e. FIDUCIAL IN'l'El1VAL AND COJ\'FIDENCE LIHITS

Frequency distributions may be used to con,pute fiducial

intervals and confidence limits about the arithmetic

mean, at selected levels of confidence.

At the 95 percent confidence level, for example, we

may state (assuming that the data aro 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 aritlmetic mean

I
of the population.

from :-

The fj.ducial interval is determined

where Ha = arithmetic mean, to. 05 is the "t" value for

the 95 percent lovel of confidence and S- is the stan­x
dard error of the mean. The standard error of the

I.
I

F. I~ +
= !-fa - to o~ • s

.:J ll:

In mineral evaluation j.t is desirable to know the

mean is given by :-

where S = standard deviation and N = total number of

S- = S
x

lfN

The forml'la for theitems in the distribution.

standard error of the mean was originally derived l'or

a normal distribution, but gives a good approximation

when used with moderately Skewed distributions

I
I
I·

I
I

I
I
I
I
I
I
I
I

degree 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 er-d, computations have bcon undertaken in

Appendix 1 to determine the fiducial interval at the

95 percent confidence level for frequency distribu­

tions 1-6.

The size of the fiducial interval may be decreased by

decreasing tho standard deviation or increasing the

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,

sample preparation and assaying) will become
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insignificant after a rcasonablo numbor of halos has

determine the number of analyses, (NI ), required.

Beyond this point the

same standard deviation will

it is possible toS

..IN

assumed that the

theu from Sl_ =
x

been drilled in an ore-body.

prevail,

170014

fiducial interval may be reduced by additional drilling

and sampling, but here it is redueed solely on the basis

of the increase in the total number of sample analyses

and not by any reduction in the standard deviation.

If it is

4f. m:JHBEH OF LODE SAHPLE ANALYSES REQUIHED
FOR SELECTED FIDUCIAL INTERVALS

To illustrate this point we may compare frequency

distributions 1 and lA for tin assays from the total

orO-r8S ervo blocks in Lens lIA ". Frequency distribu-

tion No. 1A contains 156 assays from 16 early (pre­

1964) diamond drill holes. Frequency distribution

Eo. 1 contains 357 assays from 37 drill hole inter­

sections (as at ~arch 1966). The additional data

was obtained from underground pattern drilling on the

RL. 1300 ft. horizon and from some deep drilling on

"Qa" section. Froquency distributions 1A and 1 have

ari thmetie means of 1. 12 and 1. lL, rospective ly and

similar standard deviations 0.77 and 0.75 respectively.

Hare than doubling the number ef samples and inter­

sections has had little effect on the arithmetic m_an

and standard deviation,therefore. However, it has had

the effect of reducing the fiducial interval from

! 0.12 to ! 0.08 (see Table 1).

The number of lode sample analyses required for selected

fiducial intervals at a 95 percent confidence level

may be determined from frequeney distributions 1-6,
(soe Appendix 1).

1The required value of (S -) may be determined as the
x

arithmetic l1.lean, I--ia, and to.OS remain the same.

Thus :-

SI_
x

I
0;)

I ~

I
I
I
I
I
I
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4g. l\'UHBER OF LODE n~TERSECTIONS REQUIRED
FOR SELECTED FIDUCIAL INrERVALS

4h. SAHPLING GRIDS REQUIRED FOR
SELECTED FIDUCIAL IN1~RVALS

Such changes should not be great, however,

Grid No. 1 = 100 f't x 100 ft. rectangular grid
Grid No. 2 = 50 ft x 50 ft. rcctangular grid
Grid No. 3 = ero s s -13 OC tions at 60 ft centres x 50 ft

vortical intervals
Grid No. 4 = cross-sections at 120 ft centrcs x 100 ft

Vertical intcrvals
G"id No. 5 = 150 ft x 150 ft. rcctangular grid
Grid No. 6 = 200 ft x 200 ft. rectangular grid.

analyses.

In mineral evaluation it is eorr~on practice to drill

or sample a mineral body on a systematic grid. In

tIlis respect it is particularly instructive to ascertain

the number cf interscctions tlli~t would be obtained from

Hall's Lode, Lenses "A", "lO" and "C", (employing the

same ore-body· dimensions as used in the various

frequency distributions, Nos. 1-6) by employing various

sampling grids. Six grids havc been chosen with the

following details :-

Obviously the standard deviation will change, such

that it will bo larger for smaller numbers of sample

The nnmber of :i.ntersections within oach of the three

ore-bodies, Lonsc~s "A n, liB" and lie 1I, from thoSG 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

intervals for tin and copper grade may be determined

as evidenced by frequency distribution Nos. 1 and ~

which have standard deviations of 0.75 and 0.77 for

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

The number of lode intcrsections, NI rcquired for

selected fiducial intervals at a 95 pcreent confidence

level may be dctermined approximately by dividing the

number ai' samples required, Nl by thc avcrage number

of samplcs per intersection. In the case of frequency
1

distribution No. I, for example, NI = :1L. as there are

357 lode samples from 37 drill hole inl~rseetions or

approximately ~O samp1.0s per intorsGction.
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5. APPLICATIONS OF STATISTICAL ANALYSIS
TO MINERAL EVALUATION

The raw data are presented in Appendices 2,and "C'I

2. the number of samples required to deter­
mine the average grade of a deposit with
a pre-determined degree of confidence.

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

In mineral evaluation studies it is desirable to

ascertain :-

The studies embodied in this report have been under­

taken with the object of applying the results to

mineral evaluations during the exploration, develop­

mental and mining stages at Cleveland Mine.

J and 4 respectively. The frequency distributions,

together with computations (based on normal curve

analysis) for arithmetic mean, median, mode, standard

deviation, standard error of the mean, coefficient of

variation, Pearsonian measure of skewness, fiducial

interval at a 95 percent confidence level and number

of lode sam?les and intersee~ioAS required (at a 95
percent confidence level) for selected fiducial

intervals are presented in Appendix 1.

Table 1 presents a summary of the results of these

statistical analyses and Tables 2, J and 4· prosent a

sUIDDary of' the fiducial j_ntervals expected from various

sampling grids (at the 95 percent confidence level)

for Lenses "A", "Bn and ne" respectively.

at the 95 percent confidence level, for the number of

intersections given by each of the six sampling grids.

Frequency distributions have been set up for the tin

and copper assays of the lode (sulphide) bands

obtained from diamond drill hole, and a few groove

and channel samples of :Hall' 0 Lode, Lenses "A II, uBIt

I ~
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The appliGations of the results to ore-reserVG

computations and the design of suitable sampling

grids arG considered iL this section.

Sa. ORE-}JESERVE COHPUTATICNS

It is desirable that the normal wGighted mGthods of

ore-reserve computations by the cross-section, polygon

or triangle mothod'" be supplemented by a statistical

analysis of the sampling data. Such an approach

provides the only practical method of ascertaining the

degrc8 of relaibility or confidence that may be placed

in the averago grade of a deposit.

In the case of Hall's Lode, Lens "A", for examplG, the

total indicated and inferred ore at Ibrch 1966

(Reference '7), as determined by the cross -section/

horizon plan method employing split core, channel and

groove samples, was 1,101,005 tons with an average

grade of 0.90% Sn. and 0.32% Cu. Allovling for a chGrt

(mulloGk material containing nogligible mineralisation)

content of appreximately 25 percent by weight, tho

average grade of the lode bClllds within the ore-body

would be 1.20% Sn. and 0.43% Cu. (see Section J of

this Report).

From a statistical analysis based on a study of

frequency distributions Nos. I and 2 (which Gcver an

area of the ore-body identical to that included in

the orG-reserve blocks of Mareh 1966, but Which

employ split GorO samples aloost exclusively) the

average grade of the lode (sulphide) bands is 1, 14

! 0.08% Sn. and 0.46 ! 0.04% Cu. at a 95 percent

confidence level. The 95 percent confidence limits

(seo 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 unequal sample lengths and the

marked positive skewness of the distributions, there

is a reasonable degreo of agreement between the
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5b. SArIPLING GRm DESIGN

requiremonts,

Hhen a stage

Addit:ional drill:ing and samplingmethods being used.

* See Section 4b for details of' ore-reserve blooks
covered by the various frequoncy distribut:ions.

is reached :in the dr:illing and sampling where the

standard deviation is no longer reduced by the addition

of more intersections, then the average grade has been

estimated with:in practical limits of accuracy for the

170C18

with a specified degree of conf:idence.

In the evaluation of mineral bodies it is desirable to

know when sufficient samplc jata have been obta:ined

for the average grade of the deposit to be determined

The number of sample analyses, and therefore, the

8.pproximatu numbGl"' of intorsections, required in a

mineral body for the average grade te be estimated

within selocted fiducial intorvals at given confidence

levels may be determined from statistical analysis.

In the exploration stago, for example, relatively large

f:iducial intervals may be acceptable whereas dur:ing

mining operations, on the other hand, smaller f:iduc:ial

intervals are likely to be required. In both eases a

sampling grid can be designed to obtain the necessary

number of sample analyses to satisfy the indiv:idual

boyond this point during exploratioTc would be a waste

of funds from the point of view of grade estimation,

and should be undertaken only if geological conditions

(such as s tructiral complexitie s, for example) and/or

:.uining roquiroments warrant it.

aV8rage grade as determined by the two methods.

The fiducial intervals of ! O.08iS Sn, ! O. O~.% Cu. for
+ 0 J.d ~ + d B"Lens "A", - • _)/() u:J., O. lIfO Cu. for Lons 11 and

+ 0 ad!. C' + 2 d C "C"' th ~- .2, /0 Cln, _. O. _.3/') u. :for Lens gJ..ve, crcI oro,

measures of confidence for tho averago tin and copper

grades 01' the lode bands occurring wi th:in the comb:ined

*:indicated and inferred ore-reserve blocks of these

I l\.
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The reliability of these estimates may be checked in

170C19

In considering various sampling grid designs for

Clevc12cnd (i:inc, the s81ection of' the moat suitahle grid

and

From

The arithmetic mean

those rcquil""'emcnts for Lonses lfA",

Actually sampling grid No. 4 (cross-sections

tL.c caso of' tho tin assays for Lons "A".

from 16 early intorsections.

"C II •

sntisf'ics

frequency distribution No.1, which employs 357

samplos, it was estimated (A;;,pendix 1, Section l-7e)

that if only 150 samples were taken (frem approximately

15 intersections) the fiducial interval at the 95 per­

cent confidence level would be : O.l~ Sn. Frequency

distribution No. u\ has been set up using 156 samples

I" actual mining operations a snaller fiducial

interval is usually demanded by the mining, mineral

dressing and geological departmonts. Again for an

ore-body wi th a mean grade of 1.00% Sn. or 1. 50% Sn,

fiducial intervals of the order: 0.05 to O.lO%Sn.

and: 0.07 to 0.15% Sn. respectively would be accep­

table. Referring to Tables 2, 3 o.nd 4 we may

conclude thD.t sampling grid No.3 (cross-sections

o.t 60 ft. centres x 50 ft. vcrticnl intervals )

for the various phases of exploration, development and

mining must bo g:::.vcrned by the degreo of rclinbili ty

reql,j_red of thc tin grade, rather than the copper

grade. In the explorntion phase it i.B eonsider"d that

a fiducial interval of the order! 0.15 to 0.20 %Sn.

"'Quld be acceptable for an ore-body l'lith a mean grade

of 1.00% Sn. For a higher grade ore-body, say 1.50%

Sn. then a largor fiduc:7..al interval of the order

+ 4'- o. 0% Sn. waule likewise bo acceptable. Referring

to Tables 2, 3 and 4, we may conclude that sampling

grid N08. 5 and 6 (i. e. 150 ft. x 150 ft. and 200 ft.

x 200 ft. rectangular grids respectively) satisfy these

roquirements for Lenses l!AlI, "B II and "Cit.

and standard deviation are similar to those of froquency

distribution No.1, and the fiducial interval is!O.l~ Gn

(sec Tnble 1).

• a;,
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at 120 ft. ccntres x 100 ft. vertical interval~ would

170020

satisfy these roquirements in tho case of Lons nAn

but not for Lenses "B" and lie".

and saople data

In fact, an

effective and reliable stope control

trend analysis. (aee Reference 8).

It is Opportlme to poi.nt out here that sanpling grid

design is influonc0d by geological factors, such as

structural cO!:Jploxitios and Llining requirements, such

as stope control, in addition to those related to

grade esti",ation. In most instances at Cleveland

Hine, certuinly in the ground investiguted in this

report, saLlpling grids Nos. 5 or 6 und No. 3 would

satisfy the geologicul requiremcnts of such grids.

r'ur mining purposes grid No. 3 '""ould provide the ideal

amount ef sampling and geological data to allow

analysis of the spatial distribution patterns of

various popula b.ons 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 each oro-body based on

sampling grid No. 3 would yrovide invaluable data for

accurate and reliable estin~tions, allOWing stope

control and grade centrol to be planned in advance.
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6. CONCLUSIONS

Stati8tica1 analysis based on a study of frequency

distributions or the tin and copper assay populations

cf the lode (sulphide) bands within the ore-bodies at

Cleveland Mine provides, subject to certain 1imita-

tiOl1.S :-

(1) The only :aot',o(~ 01' applying quantitive fiducial
intervals for the average grade of ore. Because
of these Ij_mi tations this Bathod should be used in
conjunction with other weighting methods of ore­
resorve COI:lputntion (suc~i__l as tho cross-section,
polygor:~ :lnd triangle methods). The o..vorage grade
of tho lode bands in the indicated and inferred
ore-reserve blocks of Harch 1966 ~n Lenses "A",
113 11 8.nd ne" are cm::'lputed as 1.14 ... 0,08% Sn~ and

46 + I, .l . I +, 6 ...o. ) - O. o,+~" Cv; 1+ .'5 - o. J5~ Sn and 0. 2 -
O.llj·s CC'; and 0.91 - 0,2°7'; Sn and 0.64 ! 0,25% Cu.
respectively.

(2) A 1!10thod of calculating the ll.Ul:lber of sa~nplG assays,
and, therefore, the approximate number of
intorsections required i:;,l each orc-body for selec­
ted fiducial intervals, about thc arithmetic mean,
at given levels of confidenee. This allows the
design of sat:Jp1ing grids to meet the requirements
of grade estimation during exploration, develop-
ment and mj.nj.l1{; operations. For explora.tion
purposes a 150 ft. x 150 ft. or 200 ft. x 200 ft.
rectangular grid is considered adequate for grade

ostiraation purposes. For mining oporations a
rectangular grid w~th cross-scctions at 60 ft.
centres x 50 ft. vertical intervals is considered
adequate for all mining, milling, geological and
grade ostimation purposes .
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Table No. I

Table No. 2

Table No. J

Consolidated Statistical Results
from Froquency Distribution
1'\1'"08. 1-6

Hall's Lode, Lens "/'..11 _
Fiducial Intervals for Sampling
Grids

Hull's Lode, Lons liB" _
Fiducial Intervals for Sampling
Grids

Hall's Lode? Lens ItC lt _

Fiducial Intervals for Sampling
Grids
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TABLE NO.1

CONSOLIDATED STATISTICA!., RECUL':~S FROH FREQUENCY

DISTRIBUTION NOS. 1-6

i Frequency
Distribution 1 lA 2 3 4 5 6

No. of
Samples 11 357 156 277 156 154 92 73

No. of Inter-
sections NI 37 16 31 22 21 18 13

Arithmetic
liean, Na 1.14 L12 o. LI·6 L45 0.62 0.91 0.64

Hedian LOO 0.96 0.37 0.76 0.41 0.58 0.38

l>fod e 0.89 0.89 0.39 Not 0.32 0.14 0.27
, D,ternineP

Standard
Deviation, S 0.75 0.7'7 0.37 2.24 0.70 0.98 L07

Standard Error
of' Mean, S - 0.0397 0.0616 0.0222 0.0179 0.0566 0.1022 0.1253x -
I..)earsonian
Hea.sure of
Skewness +0.560 +0.623 +0.730 +0.924 +0.900 +1. 010 +0.729

F.I~ at + + :1:0.04 :1:0.35 :1:0.11 :1:0.20 :1:0.25to,OS -0.08 -0.12

Confidence 1.06 1.00 0.42 L 10 0.51 0.71 0.39
Limits at to to to to to to to
to.O? L22 L 24 0.50 L80 0.73 1.11 0.89

Coefficient

I of Varia tiol1,

I V 0.658 i 0.688 O. 130L~ L 51,5 1.129 1.077 1.672



• No. of' \

Grid Grid
F. I.

No. Dimensions of Sampling Grid Inter- ')bSn. ')bCu.
sections

1 100 ftox 100 ft. rectangular grid,
giving (13x6)= 78 intersections 78 :::0.06 +

.
-0.03

2 50 Et.x 50 ft. rectangL,lar grid,
giving ( 25x11)= 275 intersections 275 :::0.03 :0.02

3 19 cr08s-sections(G 60'centres) by
50 r··- vertical intervals, givingUo

(19:<11)= 209 intersections 209 :0.04 :0.02

II l' cross-sections (@120'centres) by7

100 ft. vertical intervals, giving
(9x6 ) - 54 intersections 54 :!:0.07 :!:0.04

" 150 ft.x150 f't. rectangular grid,
"

giving (9x4 )= 36 intersections 36 :!:0.08 :!:0.04

r6 200 ft.x200 ft. rectangular grid,
:::0.06. giving (7x3)= 21 intersections 21 :!:O. 11

23

I-fn == 1.145-: Sn. and 0.1-1-6;) Cu.

TABLE NO.2

FIDUCIAL INl'EHVALS FOR SAIclPLIiYG GRIDS

1'70C25

The six sampling grids for Lens "A" cover the known extent
of the ore-body as at March 1966. This is approximately
a rectangular area between croGs-sections nG Il and "V n

inclusive, and between HI,. 1,000 ft. and 1,500 ft. inclusive
(strike length =, 1,200 ft. vertical height = 500 f't).
This area is covered by ore-reserve block Nos. Al to A26
inclusive (Reference No.7 ), and by frequency distribution
Nos. 1 and 2,

HALL'S LODE, LENS "A"

L

2
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TABLl~ NO.3

cIALL '::: LODE, LENS "13" - FIDUCIAL INTE"WALS FOR SAMPLING GRIDS

,
I roo of F. I.G-}.""id Grid

No. Dimensions of' Sampling Grid Inter- 9bSn. I %Cu.
sections

1 100 ft.x 100 ft. ree tnngular grid ,I ,

giving (9x7)= 63 63 2:0.21 +intersections -0.07
grid

2 50 ft.x 50 ft. rectangular/giving, + "
(17x13)'"

+

~1
221 intersections 221 -0.12 -0.04

13 cross-sections (@ 60'centres)

I' '

by 50 ft.verticnl intorvals,

i I (13x13)= 169 169 ::'0.13 +giVing intersecti.ons -0.04

j l~ I 7 crOGs ....sections (@ 120'centres)

I I
by 1.00 ft. vertical int orvals '"
(7x7) '" 49 49

+ ::'0.08intorsoctions -0.24
I

I 5
I

150ft. x 150 ft. rectangular grid,
+0 ~O +;) giving (6x5)= 3 0 intorsections 30 -0.10I - • .J,

\-200 f't.x 200•, 6 ft . rectangular grid,•
12:0.12j +

! ; giving (5x4) = 20 intersections I 20 -0.37 , ,, ,

170C26

1. The six sampling grids for Lens nDlI cover most of the
known extent of the oro-body as at ~~rch 1966. This
is approximately a rectangular area between cross-sections
"L" and "V" inc lu.sive , and between ilL. 800 and 1,400 ft.
inclusive, (striko length = 800 ft. vertical height =
600 ft.). This area approximates to that covered by
:frequency distribution Nos. 3 and 4. This latter includes
ore-reserve block Nos. B3 to BS, B1l, Bl3 to B1B and
B2l to 323 inclusive (sec Reference No.7).

2.

3. Ma '" 1:45% Sn. and 0.62~ Cu.
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200 ft.x 200 ft. rectangular gr1d,
giving (7x3)= 21 intersections

o

~fu = 0.91% Sn. and 0.64% Cu.

TABLE NO.4

170027

25

The six samnling grids for Lens "C" coVal' most of the Imown
e:xtont_ of ti~c oro-body as at I-larch 1966. This is approxi­
matoly 8. rectangular area between cross-sections "lI ll and
lilT" inclusive, and between i"{L. 900 ft. and 1,300 ft. inclusive,
(striko length" 1,300 f't. vortical hoight " 400 ft.).
Tllis area approximates to that coverod by frequency distri-
bution Nos. 5 and 6. This latter includes ore-reserve
block Nos. Cl to C18 inclusive. Inferred ore-reserves at
"larch 1966 (soe Rcferonce 7) includes block C1-C18,
excluding C7, C10 and Cll.

HALL'S LODE, LElJSE "C" - FIDUCIAL INTEHVALS POR SfI_HPLING GRIDS

I INa. of I F. I. I.
Grid Grid ,

l'.~ ! Dimensions of Sampling Grid Inter-
, %Sn. %Cu.... ', o.
Isections

1 100 ft.x 100 ft. grid (rectangular)
giving (14x5)= 70 intersections 70 :!:O. 11 +-0.11

2 50 ft.x 50 ft. rectangular grid,
giVing ( 27x9 ) =21,3 intersections 243 j :!:0.06 :!:0.06
-

i3 20 cross-sections(@60ft.centres)
x 50 ft. vertic'-l in t (~rva Is, giv:Lng I
(20x9)= 180 intersections 180 + :!:0.07I -0.07

I -
h 10 cros s-co ctions (Q 120ft. centres)I

I , x 50 ft. vertic3.1 intorvals giving iI (10x5)= 50 intersections 50
,

:!:O. 12 :!:O.13I

I I5 150 ft.x150 ft. rectangular grid,

I
!

giving (9xJ )= 27 intersoctions 27 I +0 1"

I
+0 17- . { - !

i' It: - - ,

2

1.

3.
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FIGUHES

Figure No. 1 Column diagram, frequency distribution
No. 1

Figure No. 2 Colwnn diagram, frequency distribution
No. lA

Figure llo. J ColUllUl diagram, frequency distribution
No. :3

Figure No. 4 Column diagram, frequency distribution
No. S

Figuro No. 5 Colwnn diagram, frequency distribution
No. 2

Figure ~·~o. 6 Column diagram, frequency distribution
No. 4

Figure No. 7 Column diagram, frequency distribution
No. 6
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170029

Lens fOB", covering all are reserve blocks (Barch 1966)

and grouped in 0.40% Sn. grade intervals.

in:;ersections of' Lens "A", covering all ore reserve

blocks (1-'iarch 1966) and grouped in 0.20% Sn. grade

intervals.

frequency distribution

22 intersections of

Coluum diagram of frequeney distribution

Column diagra;n of frequency distribution

CATTIONS FOR FIGIL:SS 1-4

Colmnn diagram of frequency distribution

156 tin assays from 16 early D.D.II.

Column diagram of

156 tin assays from

92 tin assays from 18 intersec b.ons of

Figure 1.

Fi.gure 4.

No. lA.

Figure 2.

roo 1. 357 tin assays from 37 ~~tersections of

Lens riA", covering all ore reserve blocks

(Narcll 1966), and grouped in 0.20% Sn. grade intervals.

Figure 3.
No.3.

:tJo. 5.

Le:i.1.s nCll, covering an area a little in excess o:f all

the are reserve blocks (March 19(6) and grouped in

0.20% Su. grade intervals.

(A)

(D)

(c)
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intervals.

26B

CAPTIONS FOR FIGURES 5-7

1~'OC31

Colmnn diagram of frequency distribution

copper assays from 13 intersections of

Lens nell, covering the sarno area as frequency

distri.bution ~!o. 5 and grouped in 0.10% Cu. grade

Figure 7.

No.6. 73

Figure 5. Column diagram of frequency distribution

No.2. 277 copper assays from 31 intersections of

Lens "Au, covering all ore reserve blocks (March 1966)

and grouped in 0.10% Cu. grade intervals.

Figure 6. Column diagran of frequency distribution

No.4. 154 copper assays from 21 intersections of

Lens "B", covering all 0- e reserve blocks (l1areh

1966) and grouped in 0.10~ Cu. grade intervals.

(B)

(A)

(C)
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170033

FREC1Uli:l'JCY DTSTIU3UTION NO.1 - HALL'S LODE, LENS "A"! TIN ASSAYS

357 LODE SAKPLES FRO;l ALL 37 D.D .II. INTEI$ECTIONS

CLIDm1ative I Hidpoint ...
I

Gro.de of Grade Frequencyx FrequencY)2j
Iftt:erval l'requency Frequency Interval Midpoint (Midpoint)

f mp fx m 'p fx mf

0.00-0.19 28 28 0.10 2.8 0.28

0.20-0.39 25 53 0.30 7.5 2.25

0.40-0.59 31 8L~ 0.50 15 • .'5 7.75

0.60-0.79 42 126 0.70 29.4 20.58

O. GO-O. 99 53 179 0.90 47.'7 42.93

1, 00-1. 19 39 218 1.10 42.9 47.19

1.20-1. 39 39 257 1.30 50.'7 65.91

1, 40-1. 59 16 273 1, 50 211.0 36.00

1, 60-1. 79 23 296 1, 70 39.1 66. 117

1, 80-1. 99 17 313 I 1,90 32.3 61. 37

2. OO-;? 19 13 326 I 2.10 27.3 57.33

2.20-2.39 9 335 2.30 20.7 47.61

2.ltO-2.59 5 340 2.50 12.5 31. 25

2.60-2.79 5 345 2.70 13. ;> 36.45

I
2.80-2.99 5 350 2.90 14.5 42.05

3.00-3.19 Hil 350 3.10 Nil Nil

3.20-3.39 I 1 351 3.30 J.J 10.89

I
I

3.40-3.59 3 351: I 3.50 10.5 36.75

3.60-3.79 1 355 3.70 3.7 13.69

I3.80-3.99 nil 355 3.90 Nil Nil

I It. 00 -4 • 19 1 I 356 4.10 4.1 16.81

/4.20-4. 39 I Nil 356 4.30 Nil Nil

i 4.40-4.59 I 1 357 4.50 4.5 20.25
•

1
;

Totals , 357 I 1106. , 1663.81I I I,

I cv
(;;)":>

I
I
I
I
I
I
I

I.
I
I
I
I
I
I·
I
I
I
I
I
I
I
I
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SECTION 1



COHPUTATIONS TO ACCOHPANY FREQUENCY DISTRIBUTION NO. 1

= 0.89

intersections
at a 95 percent

F.I. where (Ma)
1,96

_~2

\ 357 1
663.81

357

0.75

+(N/2~(Cum.frequencyfor preceeding
G.I.) x G.I.

x 0.20 frequency of median G.I.

= 0.80 + 0.20 = 1.00

1, 14

178.5-126
53

;::;: o.ao +

l1a = i.sxm P= h06. '5
N 357

Noc1ian ::; L.L. median G.I.

170C34

28

Hode = L.L. mc:dal G.I. + Dl G I
D + D x ••

(53-42) 1 2 _
= 0.80 + (53-42 )+(53-39)x 0.20 - 0.80 + 0.09

I<u..'Uber of sample analyses and drill hole
required for selected fiducial intervals
confidence levol

(a) New required value of (S~) = F.I. =
x ..--

remains the same. "0.05

Assuming standard deviation (s) remai~s the same the
number of sample analyses required (N ) is obtained
from ~l

C"- = S = ~
X

,/W ...'NY

(c) 357 lode samples were obtained from 37 intersections,
this approximates to 10 lode samples per intersection.
The number of intersections required for selected
fiducial intervals, N = Nl

I 1'0

(3) s- = s = ~ = 2....1..2. = 0.0397x
\IN' \/357 18.89

(4) F.I. Ma + s- 95 pGrcent confidence level= - t o. 05 atx

1,14 + 1,96 0.0397 1,14 + 0.08= - x = -

(6 )

(5) Median E = 221 = 178.5; (178.5 is in the 5th grade interval)
2 2

••
I
I

•
I

••
••••
I

••.e
I

•
I

••
I
I
I



I F.I. Sl_ .;-;r- N1 NI Sampling
x Grid

0.20 0.1020 7.35 54 5
0.15 0.0765 9.80 96 10

0.12 0.0612 12.25 150 15

0.10 0.0510 14.71 216 22 (6)= 21

0.09 o. Olf 59 16.34 267 27

0.08 0.01,08 18.38 338 34 (5)= 36

0.07 0.0357 21.01 441 44
(4)=

.

54
0.06 0.0306 24.51 601 60 ( 1)= 78
0.05 0.0255 29.41 865 87

0.04 0.0204 36.77 1352 135 (3)=209
0.03 0.0153 49.02 2/f03 240 (2)=275,

I 0.02 10.0102 73.53 51f07 I 541, ,
I,

I
I
I
I
I
I
I
I

I.
I
I
I
I
I
I­
I
I
I
I
I
I
I
I

(8)

170C35

Frequency Distribution No. 1 employs all lode (sulphide) samples,
from all 37 intersections (D.D.H. Nos. C9 1;, C33, c40,

C55, c42, c43, C81, C13, C53, C17, C80, C38, c47, C95, C36,
C37, C39, C23, C25, c48, C9, C84, C50, CI0, C83, C51, C18,
C31, C82, C54, c24, C86, C30, C57, C92, C87 and C93).

~egree of Skewness = 3(Ma-Median) = 3(1.14-1.00)= +0.42
S 0.75 0.75

= + 0.560



156 LODE Sju>~PLES FRO:L\l 16 E.J:PLOP..r\TION D.D.H's

J"l1EQTJEI';CY DISTRIBUTION NO .1A - HALL'S LODE! LENS "A ", TIN ASSAYS

170C36

SECTION 2

30

APPI~~mIX 1

!
!CUllluln tive

Hidpoint
,
-

Grade of' Grade Frequency Frequency 2
Interval Frequency Frequency Interval Bidp~int (Midp~int)

~ mf:;:> fx mp fx(mp)2.L

0.00-0.19 11 11 0.10 1.10 0.11

0.20-0.39 15 26

I
0.30 I}. 50 1. 35

0. 110-0.59 11 37 0.50 5.50 2.75

0.60-0.79 20 57 0.70 14.00 9.80

0.80-0.99 26 83 0.90 23.40 21.06

1.00-1.19 19 102 1,10 20.90 22.99

1. 20-1. 39 13 115 1. JO 16.90 21.97

1. ho-1. 59 7 122 I 1. 50 10.50 15.75

1, 60-1. 79 8 130 1.70 13.60 23.12

1. 80-1. 99 " 138 1.90 15.20 28.880

2.00-2.19 l~ 1112 2.10 8.40 17.64

2.20-2.39 4 I 146 2.30 9.20 21.16

I
2.40-2.59 2 143 2.50 5.00 12.50

2.60-2.79 3 151 2.70 8.10 21. 87

2.80-2.99 1 152 2.90 2.90 8.41

J.00-3.19 :iil ~52 3.10 :Nil Nil

3.20-3·39 Nil 152 3.30 Nil Nil

3.40-3.59 2 1511 3.50 7.00 I 24.50

3.60-3.79 1 155 3.70 3.70 I 13.69

3.30-3.99 Nil 155 3.90 Nil Nil
11.00-4.19 Nil 155 4.10 I Nil Nil

4.20-4.39 N i1 155 4.30 Nil Nil;

11.40-4.59 t 1 156 4.50 4.50 20.25

Totals 1 156 I 174.40 287.80,

I
I
I
I
I
I
I
I

I.
I
I
I
I
I
I·
I
I
I
I
I
I
I
I



CQi.lPUTA'I':::ONS TO ACCOMPANY FREQUEHCY DISTRIBtrrIm, )<0. lA

(1) lIa = ~fxmP = 174. 1;0 = 1, 12
N 156

+0.48
0.77

0.89=

+1,12 - 0.12

0.0616=

- 0.77

=j'287,80
156

at 95 pcrcent conftdence level

0.0616 =

= Q.IL

12.49

t o,05 SiC

:!: 1.96 x

= Q.IL

\/156-

modal G. I. +2 G I
D +D x T. ..

1 2
(26-20)

1. 12

Ma+

N = .!2§. = 78; (78 is in the 5th grade interval)
2 2

Frequency for median G.I.

= 0.80 + (7 3-i7 ) x 0.20 = 0.30 + 0.16 ; 0.962)

=

= 0.80

::: L. L.

= S

1""7

=.1 ~fx(mp)2 -L~~i£

V N 'N 1
=v'l,84 - 1.25 = V 0.59

s....
x

Mode

F. I.

170C37

31

= + 0.623

Degree of Skewness = 3 U·la - Median)= 3 (1, 12-0.96) =
S 0.77

N
,'ledian= L, L. mcdian G, I .....(2-( Cum. frequency for preceeding

G.I.)xG.I.

S

(8 )

(7) Frocluency Distributio" No. lA cmploys all lode samples
from 16 intersections (D.D,H; Nos; C33, c40, C42, c43,
C13, CJ3, C39, C37, C25, cJ6, C10, C1S, C31, c24, C30
and C87) •

( 6 )

(5) Median

I
I
I
I
I
I
I
I

I.
I
I
I
I

•••
I
I
I
I

•
I
I
I



•

4.3350
).6100

7.7175

7.9350

Nil

Nil

8.41.00

Nil

2.7225

Nil

Nil

Nil

Nil

4.6225

Nil

Nil

Nil

Nil

Nil

7.5625

8.7025

•

1.65
Nil

Nil

Nil

Nil

2.15
Nil

Nil

Nil

Nil

Nil

5.10
3.80

, 7.J 5
6.90

1,25

Irlil

5.80
Nil

2.75

INil
i 2.95

126.25

1. 15

1,25

1.35

1.45

1.55
1,65

1,75

1.85

1,95

2.05

2.15

2.25

2.35
2.45

2.55

2.65

2.75
2.85

2.95

SECTION 3

32

251

255
262

268

269
269

273

273

274

274

274

274

274

275

275

275

275

275

275

276

276

277

APPENDIX f

6

4

7

6

4

1

Nil

1.

1

1

Nil

Nil

!H1

Nil

Nil

1

Nil

Hil

Nil

Nil

Nil

Nil

I
I

i

•

L 20-1. 29

1,00-1.09

170C38

Totals I 277
!

1. 10-1. 19

F:'3Q~!ENCY DISTHIBUTIOl'; NO.2 - HALL'S LODE, LENS "A" COPPER ASSAYS

277 LODE SAEPiES F'ROH 31 D.D.H. INTERSECTIONS

1,70-1,79

0.80-0.89

0.90 -0.99

L 30-1. 39

1,40-1.49

1, 50-1.59

1. 60.-1.65"

2.30-2.39

1.90-1.99

2.00-2.09

2" 10-2. 19

2.20-2.29

2.60-2.69

2.70-2.79
2.80-2.89

2.50-2.59

2 .. 40-2~h9

2.90-2.99

I
!cumu1a.tive

Hidpoint I I
I Grade of' Grade l"i'requency Frequency 2
I Interva.l Frequency 'Frequency Interval ilid ri'& in t (HidP'bin t)

f'x mt> 2
f m!> hemP)

~OO-O'09 17 17 0.05 0.85 0.0425

0.10-0. 19 )3 55 0.15 5.70 0.8550
0.20-0.29 58 11) 0.25 14.50 3.6250
0.30-0.39 38 151 0.35 13.30 4.6550
0.IIO-O.I~9 36 I H)7 0. 11;) 16.20 7.2900
0.50-0.59 28 I 21;) O. 5;) 15. 40 8.4700
0.60-0.69 19 234 0.6;) Le.35 I 8.0275
0 70 0 79 11 21L 5 0 75 I 8 ~5 6 1875

I",
rO;,

I
I
1
I
I
I

I.
I
I

•
I
I

••
I
I
I
I
I
I
I
I



COH?UTATIONS TO ACCOHPANY FREQUENCY DISTRIBUTION NO.2

(5) Median N = 312 = 138.5; (138.5 is in the 4th grade interval)
2 2

(7) Number of sample analyses and drill hole intersections
required for selected fiducial intervals at a 95 percent
confidence level.

where

same,
is

= F.I.

x G.I.

= 0.46126.25
277

Frequency of median G. I.

(
N

= L.L. median G.I. +-2
-CL~.Fr0qucncy for preeeeding

G.L )x G.I.

= 0.30 + 138.5-113 x 0.10 = 0.30 + 0.07 = 0.37
38

3 38-58 x 0.10 = 0.30 + 0.09 = 0.39
- O. 0 + (38-58)0i(38-36)

Dl.. L.L. modal G.I. +D-';:';=:D=-
1 + 2

New required value of (Sl_)
x

(Ma) remains the same.

Assuming standard deviation (5) remains t~e
the mnnber of sal:Jple ana lyses required (N )
obtained from 8 1_ = S = ~

x
V·N' VN'

= £. fxm p. =
N

F.I. Ma +
t o. 05

s- at 95 porcent confidence leval= - x

0.46 + 1,96 0.02224 0.46 + O. Olt- - x = -

Ha

33

Hcdian

170C39

(a)

Hade

(c) 277 lode samples were obtained from 31 intersections;
this approximates 9 lode samples per intersection.
The number of intersections required for selected
fiducial intervals N

r
= Nl

9

=;;rf-.. f~(mP)2 /- --_._--
(2) _~2 -f126. 25fs "'j 96.33

277 277

= /0.35-0.21 = /e;.l l l- = 0.37
\I

(3) s- .. s = Q..J1. = Q..J1. = 0.0222lj·x
v'N'-- \/277 16.64

( 1 )

(4)

(6)

I ~
~

I
I
I
I
I
I
I

I.
I
I
I
I
I
I·
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I

I.
I
I
I
I
I

••
•
I

•
I
I
I
I
I

170040

34

I S!. I I :1:'---
N1 I SamplingF.I. VN NI I Gridx

I 0.20 0.1020 3.63 13 2

0.15 0.0765 4.84 2) )

0.10 0.0510 7.26 53 6

0.06 0.0)06 12.09 146 16

0.05 0.0255 14.51 211 23 (6)= 21

0.04 0.0201, 18.14 3 29 37 (5~= 36

0.03 0.0153 24.18 585 65 (4 = 54

I 0.02 0.0102 36.27 1316 146 1 = 78
! " =209

I 0.01 0.0051 17201 55 5263
1585 2 =275

I

(8) Frequency Distribution Eo. 2 employs nil lode snmp1es
from 31 intersections (D.D.H. Nos. C94, C33, c40, C55,
C42, C43, C81,C13, C53, C80, C3B, C47, C95, C36, CJ7,
C39, c48, C84, C50, C03, C51, C31, C82, C54, C24, C86,
C30, C57, C92, C87 and C93).

(9) Degree of Skewness = 3(~~-Modian)= 3(0.46-0.37) =+~
S 0.37 0.37

= + 0.730



TIN ASSAYS

11110.80

IIB II

1226.4

SECTION 4

3.5

APPENDIX 1

156

156 LODE SAEl'LES FilOH 22 INTEHSECTIONS

Totals

FHEOUENCY DISTRI3UTIOI-l NO. 3 - HALL ':3 LODE! LENS

Midpoint -1 Ii Grade Cumulative of Grade F'requency Frequency 2
Interval 'Frequency Frequency Interval Mid]3'oint (Mid:i\'oint)

f mF fxmp fx(mp)2

O. OO-D. '79 81 81 o.lio 32.4 12.96

i 0.80-1. 59 42 123 1. 20 .50.4 60.48

L 60-2. 39 10 133 2.00 20. J ho.oO
2.40-3.19 9 142 2.80 25. 2 . 70 • .56,
3/120-3,,99

I 2 144 J.60 '/.2 25.92I

1:.00-4.79 I I.:. 148 I:. /10 1'7. 6 77.44

l~o~30-5.,59 1 11:9 5.20 " OJ 27.04J.-

.5. Go-6. 39 1
I

150 6.00 6.0 J6.00

6~ 40-,/.19 1 151 6.80 6.8 53.04I
'7n 20-7.99 2 I 153 7.60 15.2 1l5~ 52

S.DO-S.79 I r~,l 153 8.40 I{il I NilI I

G. ~jO-9. 59 I 1 I ISh 9.20 9.2
I

84.64

I9.60-10.39 I,il 154 10,00 Nil Nil

10. 4D-1I. 19 Nil I 151: 10.80 Nil NilI
11. 20-11. 99 ~'~il I 154 11. 60 Nil Nil

12.00-12.79 1 I 155 12.1+0 12.4 153.76

1;2.30-13.59 Nil 155 13, .'20 Nil Nil

13.60-11•• 39 l;il 155 14.DO Nil Nil

14. 1,0-15.19 Nil 155 1/+.80 Nil Nil

15.20-15.99 Nil 155 15.60 Nil Nil

16.JO-16.79 Hil 155 16.40 Nil Nil

16.80-1'7.59 Nil I 155 1'7.20 N il Nil
I I17 .60-18. 39 1 Nil I

155 18.00 Nil NilI

18.40-19.19 I I

I1 156 18.80 18.8 353.44
I I

I
I
I
I
I
I
I
I

I.
I
I
I
I
I
I·
I
I
I
I
I
I
I
I



CQjjPUTATIONS TO ACCOHPidY FR2qumrCY DtSTHIBUTION NO.3

(!~) F. I. I-fa +
t o. 05

s- at 95 percent confidence level-. - x

L45
+

L96 0.1793 1. L!-5 +
0.35= - x = -

F.I.
L96

=

0.1793=

1
of (8 -) =x

2. 2l~

1156

No« required value

s- = S =x
VN

(a)

36

Hedian and :iode both occur «ithin first grade interval,
and therefore, C:ncillOt be calculated.
Frequency distribution Ho. 3A utilises the same sample
data as frequency distribution No.3, but employs e.
grade interv"ll of O. LW in order that the median ear.. be
calculated.

170C42

Number of samplo analyses and intersections requirod for
selected fiducial intervals at a 95 percent eonfidence
leveL

where (~fu) remains thc same.

(b) Assuming standard deviation (5) remains tite same,
the number of sample analyses reqJ.:'ired (1'1 ) is
obtained from ~l 4..., = 8 = ~x

VN' V'N-'
(c) 156 lode samples were obtained from 22 intersections,

this approximates 7 lode samples per intersection.
The number of intersections required for selected
fiducial intervals, N = N1

I -7-

(1) ikt = CfxmP. = 226. Lf = L1>5
N 156

(2) s = r;:, ;x(mel
2
_{~2 = )1-110.80 -(226.4fVN 1\J 156 156

= J7.l2 - 2.10 = 15.02 = 2.24

I " )\.-'

(6)

I
I
I
I
I
I
I
I

I.
I
I
I
I
I
I·
I
I
I
I
I
I
I
I



37

I"requency Distribution No. 3 employs all lode samples
obtained from 22 intersections (D.D.H. Nos. C27, C31, c64,
C35, C10, C23, C25, C62, C39, C88, c67, C76, c43, C42,
C55, C94, C33, c40, C96, and c44, together with 1,300 ft.
H.L. cross-cuts liLt! (S.W a wall groove samples) and ItQa"

(N.E. wall, groove samples).

3 (1. 4 5-0.76)
2. 21~

= + 0.924

Degree of Skewness = 3(Ma-Median) =
S

,.- , I1 -) N1
!'I

1
,

iF.I. S- N , Sampling
x I Grid

0.50 0.2551 8.78 77 11

0.40 0.201n 10.98 121 17 (6)= 20
0.35 I 0.1786 12.54 157 22

(5)= 30

I0.30 0.1531 11;.63 214 31

0.25 0.1276 17.55 30e 1+4 (4)= 49I
0.20 0.1020 21. 96 I 482 69

(1 )= 63
I

0.15 0.0765 . 29.28 857 122 , (3)=169
0.12 I 0.0612 36.60 1340 191 (2)=221
0.10 I0.0510 '+:3.92 ! 1929 I 276

0.05 i 0.0255 87.84 17716 11102 I

( 8 )

I
I
I
I
I
I
I
I

I.
I
I
I
I
I
I·
I
I
I
I
I
I
I
I
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FREQUErW"': DISTIUBUTIOl'! NO.)A-HALL'S LODE, LENS "B"! TIN ASSAYS

(2) Ilodo cannot be calculated as it falls in first G.I.

COHPU·".ATIONS TO ACCOHPANY I'l1EQUENCY DISTRIBUTION
110. 3A

Cum. frequency for
procedingg.I.)x G.I.
frequency of median G.I.

SECTION 5

;'lidpoint
IFre~UeUcy Iof Grade Frequency 21

Interval Hid oint (Midi\'oin t) .

mp fxmp fx(mp)2

0.2 10.8 ."1.16

0.6 16.2 9.72

1.0 2(,.0 26.00

1.4 22.4 31.36

1.8 : 10.8 19.44,
2.2 !

8.8 19.36I
2.6

,
15.6 40.56I

3.0 I 9.0 27.00i
3.h : 3.4 ll.56 I!

I3.8 i ).8 14. l f4 I
I

4.2 8.h 35.28 !

(78 is in the second grade interval)

APPENDIX 1

10 samples omitted

= l22. = 78
22

N
= L.L. grade interval +(2 -

51+ 54

27 81

26 107

16 123

6 129
I~ 133

6 139

3 142

1 143

1 I 11.;·4,
1462 I

f

Cumulative
Frequency Frequency

r"lcdian N

Median

Continued

= 0.40 + 78-54 x 0.40 = 0.40 + 0.36 = 0.76
27

PAlC 0]' FRFQUJtNCY DISTRIBUTION NO.3, UTILISING A GRADE INTERVAL
OF 0.40 156 SAEPLES FROH 22 INTERSECTIONS

2.80-3e19

Grade
Interval

3.60-3.99

3.20-3.59

1;.00-1;.39 I

1 0 . 00 - 0 .39
I
10.1!.0-0.75-

I0.80-1. 19

I
L 20-1. 59

• 1. 60-1. 99

12.00-2.39

I

I
I
I
I
I
I

I.
I
I

•••••
••••
I
I
I
I



170(-"15

FRBQUENCY DTSTIUBUTTON FO.l} - HALL'S LODE,LENS "B",COPPER ASSAYS

1511 LODE SAHPIES FROM 21 INTERSECTIONS

I
,

Midpoint
Frequency 21Grado Cumulative of Grade Fre~enCY

I Interval ~'requency Frequency Interval Hidp int (HidPbint)

mp fxml-;>
2

f fx(mp)

0.00-0.19 22 22 0.1 2.2 0.22

0.20-0.39 511 76 0.3 16.2 4.86

0. 110-0.59 33 I 109 0.5 16.5 8.25

0.60-0.79 I 15 124 0.7 10.5 7.35

0.80-0.99 I 6 130 0.9 5. I. If.86

I1. 00-1. 19 6 136 1.1 6.6 7.26

1. 20-1. 39 5 IIi! 1.3 6.5 8.45

1. 1.:0-1. 59 J ll-r-4 1.5 405 6.75

L 60-1. 79 , 2 146 1.7 3.4 5.78
I

1. 80-1. 99 1 11:7 1 c~ 3.61I . / I .. S·
, 2 0 00-2.19 1 I 148 2.1 2.1 4.41
I

2. 20-~::. 39 !'Til 1 1f8 2.3 Nil nil

2.40-2.59 2 150 2.5 5.0 12.50

2.60-2.79 1 i 151 2.7 2.7 7.29

2.80-2.99 Nil
,

II
151 2,9 Nil , l>TilI

3.00-3.19 Fil I 151 3.1 I:';il Nil

3.20-3.39 Id_1 , 151 3.3 Nil Nil

3.40-3.59 Nil 151 3 " Nil Nil• :J

3.60-3.79

I
Hil 151 3.7 Nil Nil

J.80-3.99 1 , 152 3.9 3.9 15.21
I

4.00-11.19 I 1 153 4.1 4.1 16.81
I

4.20-1:.39 I Nil 153 I 4.3 Nil Nill
4. 40_Lf. 59 I Nil

I
153 I: - Nil Nil_." .J,

4. 60-L~.79 1 154 4.7 4.7 22.09

: Totn1s 154 I I 96.2 135.70;

I~

I
I
I
I
I
I
I

I.
I
I
I
I
I
I·
I
I
I
I
I
I
I
I

APPEUDIX 1

39

SECTION 6



0.32

0.05659

li;eo
- '9~;t1

0.70

x G. I.

0.20 = 0.20 + 0.12

=

-Cum. frequency of preceeding G.I.)
x G.I.

0.62

QLZQ
12.37

s- at 95 percent confidence levelx

x 0.05659 = 0.62:!: 0.11

Dl

median G.I. +(¥

modal G.I. + D
l

+D2
(54-22 )

+
;'la - to. 05

= 0.62 :!: 1.96

= L. L.

= O~ 20

New required value (8-) = F.I. = F.I. , where (}m)
x t- 1.96

remains the same. 0.05

Assuming standard deviation (5) remairs the same, the
nlunber ef sample analyses required (N ), is obtained
from 8 1 _ = 2_ = QLZQ

x
vi N'- I/NL'

154 lode samples were obtained from 21 intersections,
this approxim a tes 7 samples per intersection. The
number of intersections required for selected fiducial
intervals N = Nl

I '7

= S =

VN

H2. = ~fxmP =
N

40

170 (1,16

frequency of median G. I.

= 0.40 + 77;~6 X 0.20 = 0.40 + 0.01 = 0.41

s­x

F. :C.

s

Hedian= L. L.

(a)

(e)

( 1)

(5) I1ec:ian I'! = lZ!. = 77; ('77 is in the 3rd grade interval)
2 2

CO'·jPUTATIOW' TO ACCOHPANY FREQUENCY DISTRFJUTIOH NO. h,

(6 )

(7) Number of' sample C:inalyses and intersections required for
selected fiducial intervals at a 95 percent confidence
level.

I~
~

I
I
I
I
I
I
I

I.
I
I

•
I
I.e
I
I

•
I
I
I
I
I
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Frequency Distribution 110. 4 employs all lode samples
obtained from 21 intorsections (D.D.ll. Nos. C27, CJ1,
C64, C35, C10, C25, C62, C39, c88, C67, C76, c43, C42,
C55, C94, 033, 040, C96 and c44, together with 1,300
ft. R.L. cross-cuts tiLt! (S.\v. "{nll, ~;roove samples) and
llQa l1 (N.E. wall, groove scmples).

+ 0.63
0.70

3(0.62-0.41) _.
0.70

Dogrc:J of Skewness = 3(lJIa-Median) =
S

, ...f;i- N1

I FDI. c 1 1'1 Sampling,j-

x I
Grid

r 0.20 0.1020 6.86 L~7 7
0.15 0.0765 9.15 84 12
0.12 0.0612 11. 1J-t} 131 19 (6)= 20
0.10 0.0510 1.'3.73 189 27 (5)= 30
0.09 0.01; 59 15. 25 23.'3 33
0.08 0.oLw8 17.16 295 1f2

(4)= 49I 0.07 0.0357 19.61 385 55 (1)= 63I 0.06 0.0306 22.88 523 75,
I0.05 0.0255 27. I{5 75 L, 108

o. ali· 0.0204 34.31 1177 168 P~=169
0.03 o 01"'~ 45.75 2093 299 2 =221

I 0.02 I0: 01;; I 68.63 ,1'710 673 :I, ,

(8)

I ~
~

I
I
I
I
I
I
I

I.

•
I

•
I
I

••
I
I
I
I
I
I
I
I



fREC';UE1'!C[ DISTRIBUTION NO.5 - ;lALL' S LODE, L',NS "c" TIN ASSAYS

92 LODE SAi'1PlES FRON 18 INTEHS2CTIONS

I IMidPoint IFr~qUOncy 2
i

Grado CU]~lul::ll'.Lvo ox.... Grade FrC~ency IInterval Ii'requency Froque1it:y Interval Hid_ int (NidP'bin t)

2f mp f'x mp fx(mp)

0.00-0.19 26 26 0.1 2.6 0.26
0,20-0.39 10 36 0.3 3.0 0.90
O. i}O-O. 59 11 L, 7 0.5 5.5 2.75
0.60-0,'79 9 56 0.7 6.3 LI-.41
0.80-0.99 5 61 0.9 405 LI. 05
1.00-1. 19 6 I 67 6.6 7.26

,
1.1 I

I
' ,

L 20-1.391 3 70 1.3 3.9 5. 07

II
L 1:0-1. 59 10 80 1 . .5 15.0 22.50

I
L 60-1. 79 I Nil 80 1.7 Nil Nil

L 80-1. 99 1 81 1.9 1.9 3.61,
2.00-2.19 ! 1 I 82 2, 1 2.1 h.Lt-l

I

'2,20-2,39 2 84 I
2~3 L~ l> 6 10.58I

2. LIO-2. 59 Nil 84 2,5 Nil Nil

I2.60-2.79 2 I 86 2~7 , 5.4 14.58
2.80-2.99 1 87 \ 2.9 I 2.9 8.41,

3.00-3.19 1 88 I 3.1 3~1 9.61
3. 20-J, 39 Nil 88 1 3.J Nil Nil1

3~ L}O'-3o 59 1 I 89 I 3.5 J.S 12.25
3.60-3.79 ,Hl

I
119

I
3.7 Nil Nil

3.80-3.99 1 90 3,9 3.9 15.21
1 11 ,00-1.:.19 1 91 I 4,1 4.1 16.81I11,20-11.39 Nil 91 I 11.3 Nil Nil

1::_. lio -4. 59 Nil 91 I 4.5 Nil Nil

164.7683.6

SECTION 7

42

,.

92

APPENDIX 1

1

92Totals

Lt-. 60-1-1. 79

I
I
I
I
I
I
I
I
I.
I
I
I
I
I.e
I
I

•
I
I
I
I
I



0.40 + 0.18=

0.1022

164.76
92

=

frequency for median G.I.

0.40 ... 2.00
11

=

= 0.91

(46 is in the 3rd grade interval)

83.6
92

= 0.98 = 0.98.._-
" 92 9.59

+Ma - t o. 05 Sx at 95 percent confidence level

+0.91 - 1.96 x 0.1022 = 0.91 ~ 0.20

0.40 + 46-36 x 0.20 =
11

C'

'"

=

92 lode sa~plGs were obtained from 18 intersections;
this approxinntes to 5 samples per intersection.
The number ef intersections required for selected
fiducial intervals N

I
= Nl

5

Now required value of (six) _. F.I. = F.I. where Ma
reI:lains tho snmo. "" t o•

05
1.96

ASGumung standard deviation (S) remains tote same,
the number of sample analyses requj.red (K ), is
obtained from 1

Sx = S = O.~8

.flit -.GIl

--/-nV ..

=

= I-'Z.- f~(mp)2 ~'f~:~£f2
N \ l\T

~, VI1:::;C: - O. 83 = ,{o.96

(c)

s

(a)

s­x

Hedian=L. L. Medi'\:r' G. To +(~-cum. frequency for preeceding G. To )
x G. I.

43

170(\·19

levol.

( ?)

(7) 1"lv.:;tber OJ~ sample Qnalyses and intersGctions required for
solectod f'iduci'J.l intervals at a 95 porcent confidence

(6) I-iode occurs h~ithin the :first grade interval and cannot,
therefore, be calculated. Frequency distribution No.
5A utilises tho same sample data as frequency distribut­
ion No.5, but employs a grade interval oi' 0.10 in order
that the mode can be calculated.

COI,"PUTltTIOf,TS TO .l1.CCOl·1PANY FHEQUEf'TCY DIS':::'::;::::~8UTION NO.5

(5) Hedian N = 92 = L~6
2 2

I
I
I
I
I
I

•
I

I.
I

••••.e
•
I
I
I
I
I
I
I
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I

I.
I
I
I
I
I
Ie
I
I
I
I
I
I
I
I

170050

,
l1'/-

,

F. I. Sl_ N1 NI Samplingx Grid

).20 0.1'J20 I 9.61 92 18

0.19 0.0969 10.11 102 20 (6)= 21

0.17 0.0867 11.30 128 26 (5 )= 27

0.15 0.0765 12. f31 16!{ 33
0.12 0.0612 16.01 256 51 ~ 1;)= 50

1)= 70, 0.10 0.0510 19.22 I 369 74
I
, 0.07 10.0357 ! 27.'~ 5 754 151 (3)=180I0.06 0.0306 )2.03 1026 205 (2)=243 II I 1295I 0.0.5 jO.02".5 33 .If3 147'7
!

•

(8) Frequency Distribution No.5 employs all lode samples
obtainod from 18 intersections (D.D.H. ·Nos. C92, C57,
C27C79065,cj1, C62, C39, C88, 038, 090 , c67, 034, 096,
C72 and C1·j-4, together with 1, JOO ft. Il. L. cross-cuts
tlQa" (S .. l!. wall, channol) and tlV ll (N. E. wall, channel).

(9) Degree of Skewness = 3(I~-Median)= 3(0.91-0.58)
S 0.98

=+3(0.33)= +~ = + 1.010
0.S'3 0.98



APPE}IDIX 1 - SECTION 8

:x: 0.10.- 0.10 +~

21

x G.I"

17-4) x 0.10

modal G. T. +

=

= 0.10 + 0.04 = 0.14

:::: L. L ..

170C51

Hode

CO;tPUTATIOFS TO ACCQ;.fPANY FREQUENCY DISTRIBUTION
NO. 5A

I Grade Cumulative
, Interval Frequency Frequency

f'

0.00-0.09 9 9

0.10-0.19 17 26

O. :'0-0. 29 Ij. JO

O.JO-O.J9 6 36
I etc. !I j.-

PAn,,:, OF ~'REo,UENCY DISTHIBUTION NO. 5 UTILISING A GRADE TNTERVAL
OJ' .10. 92 SAl:PLES FROH 18 INTERSECTIONS

FIm~qu'El'YCY DISTHIBlTTIOH NO. SA - HA.LL t S LODE, LJl~HS "c n, TIN ASSAYS

I
I
I
I
I
I
I
I

I.
I
I
I
I
I
Ie
I
I
I
I
I
I
I
I
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S~CTION 9

HALL'S LODE,LENS "C" ,COPPEH ASSAYS

170052
1:6

AJ?PEl';D IX 1

13

I
: iiidpoint

lFrequency I
Grade Cumulat:i.ve of Grade F'requency 2

Interval IFrequency Frequency Interval Hidpihnt (Hidpoint)
,

ml=> f'x m \=> f'x (m~)2f

0.00-0.09 2 2 0.0.5 0.10 0.0050

0.10-0.19 9 11 0.15 1.35 0.2025

0.20 -0.29 1· 26 0.25 3.75 0.9375 I)

0.30-0.39 1~ 39 0.35 1'.55 1, 5925-'
O.40-0. Li-9 "I 46 0./; 5 3.60 1.6200,

0 .. 50-0. 59 6 52 0.55 3.30 1.8150

0.60-0.69 4 56 0.65 2.60 1, 6900
I

0.'70-0.79 .,
59 0.75 2.25 1. 6875..J

o. BO-O. 1:19 1 60 0.85 0.135 0.7225
0.90-0.99 I J I 63 0.95 I 2.85 2.7075

1. OO-I. 091 2 65 1,05 , 2.10 2.2050

I 1.10-1. 19 i 1 66 1, J.5 1.15 1.3225
1, 20-1, 29 ! " g~ 1, 2? l.jO i:6~~g

f.

1, 30-1. 39 1 1,3 1. 5

1, 40-1. 49 2 71 I 1. Lt. 5 2.90 4.2050

1, 50-1, 59 I Nil 71 1.55 - -,
1. 60-1, 6~ Nil I H 1.65, - -I 1. 70-1. 7 Nil 1. ~5I - -1, 80-1, 89 Nil 71 1. .) - -
1,90-1, 9S Nil 71 1.95 - -
2.00-2.09 ~)il

I 71 2.05 I - -
I ,

2.10-2.19 I 1 72 2.15 I 2.15 4.6225

I 2.20-<3.99 I Nil 72 - I - -
I ').00-9.09 1 73 9.05 j 9 .05 81, 9025 I
I I I, :

I~
I~

I
I
I
I
I
I

I.
I
I

•
I
I.e
I
I
I
I
I
I
I
I



frequency for median C.l.

0.20 + 0.07= 0.27.

at 95 porccnt con:fidence level

0.1253

+
Ma - t o•05 sx

0.64 :!: 1.96 x

L. L.

0.20

= 0.30 + 36.5-26 x.0.10 = 0.30 + 0.08 = 0.38
13

=

=

=

New required value of (8 1 _) = F.I. = F.I~ where
x t-- 196

(l4a) reulains the same. 0.05'

Assuming standard d8viation (5) remains t~e same,
tho number of sample ann lyses roquired (N ) is

obtained from 5 1 _ =.-E...... = .h.Q1
x R I}jl

(a)

(b)

Fe I"

I-fode

( 1 ) Hn = ;:; fxmp = 1~6. ~'o = 0.64
H 73

(2) ,., ,._~ Ei2 -\ ~f~~i?f - (112. 185 - l4~j4f" =J ?-.rx(m
N v 73

=)1:-SL,-O. L,O =Fi:i4 = l.07

(3) s- - s = b..9.7.. = .h.Q1 = 0.1253x ,-- ,1" 73" 8.54V IT

(c) 73 lode samplos \'foro obtained from 13 intersections;
this approximates to 5t lode smnples per intersection.
The number of intersections required for selected
fiducial intervals, N = Nl

I 51

170C53

COic,I'UTATIONS TO ACCO,iPANY FREQ1JEHCY DISTRIBUTION llO. 6

( L.c)

( 6 )

(7) Number of sample analyses and intersections required
for selected fiducial intervals at a 95 percent con­
fidence level,

(5) Nedian.JL = 12. = 36.5 ; (36.5 is in the 4th grade interval)
2 2

N
Hcdian =, L.L.Modian G.L(+2 -Cum.Frequency for proceeding G.I.)

x G. I.

I
I
I
I
I
I
I
I
I.
I
I
I
I
I
.­
I
I
I
I
I
I
I
I
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170C5!1

Frequonc".)' DistributioY";. NOe 6 employs all lode samples
obt";'inod fror~l 13 intersections (D~D.H. Nos. C92, C.5?,
079, 065, 062, 088, 090, 067, 034, 096, 072, together
,,,ith ~,300 Ft. RL. cross-cuts "Qa" (5.11. wa~~, channe~

samples) and "V" (N.E '{,,"all, channol samples).

S~- !VNr Nl I
F. I. NI Samplingx Grid

0.30 O.~53~ 6.99 49 9
0.25 0.~276 8.39 I 70 ~3

0.20 O. ~020 ~0.49 110 20 (6)= 21
O. ;1.8 0.09~8 ~L66 ~36 25 (5)= 27
0.15 0.0765 ~3.99 196 36

o. ~3 0.0663 16. l l ;. 260 47
(4)=

O.06~2 17. 1}8 306 56
50

I
0.12

0.11 O.056~ ~9. 07 364 66 ( ~)= 70
0.10 O.05~0 20.98 1+40 80

0.07 0.0357 29.97 898 163
(3)=~80

I 0.06 I 0.0306 3Ll·.97 ~223 222 (2)=243I lJ.l.96 1176~ 320 I! 0.05 I 0.02.55
II

= 3(0.64-0.38)
~.07

+(jxo.26)=+~ = + 0.729
1,07 L07

Degroo of' Skewness = 3(~·1a-Median)

5

( 13 )

I 0>
I~

I
I
I
I
I
I
I.
I
I
I
I
I
I·
I
I
I
I
I
I
I
I



APPE;iDIX 2

Ej,-LL'S LODE. LENS ".," - CONSOLJJHTED SAMPLING DATA

0.50

0.13

0.65

0.54

0.76

0.89

1.00

0.37
0.58

i

1.041
2.281

0.15

0.25

1.02 0.35
4.06, 0.35

1.03 0.10

2.68,0.34
0.18 0.11

C42

Tr

Tr

1. 01

C41 I
1. all

1. 45 1
1.17

0.53

3.60 I

0.34

Length I Grade
ins I %Sn. %Cu.

921 20

923 15

925 13

927 30

Sample'
No.

(~) D.D.H. No.

Cu.

0.32

0.31

0.38

0.35
0.23

0.17

Grade
8n. %

0.70

1. 31

1. 13

1.35 !
0,11

0.32

1°/

12

34

36
32

37
37

36

36

36

36

36

36

36

36

36

36

42

QH178

Vili3

14·46

56'7
568

>64
565

170e55

II; ;~:
562

I

'I saC_<lP le,1 L:mgth
. No~ .. lIla. <;£

rill D.D.Ir. Ho. c94
I

QrT177 I

I
! 566

i
i

.

1. 11,48
11:49

III 1 1, 50

I
lli-51

11~52

I
i
I

I
I
I
I
I
I
I
I

I.
I
I
I
I
I
I-
I
I
I
I
I
I
I
I



50

fL\.LL'S LOD:1, L:2HS "An - CONSOLIDArrED Sli.M?LIHG DATA (Cont.)

170(156

Grade
%Sn. %Cu.

1.1336

Length
ins.

San-pIe
lTo.

78-81

Grade
1£ Sn. %Cu.

Cl'3

Length
i:ls.

[_T No(8) D D

Sample
No·,

.. -..... - •

I Ih7 3G 1.81 10.1+2 81-8!l· 36 1.03
I

8LI-87 1.46148 36 0.39 iTr 36
149 36 1.25 0.19 97-100 36 1.53
150 36 0.61 1.10 100-103 36 1.21
151 36 0.95 10• 32 103-106 36 0.82
152 36 1. 13 : 0.27 106-109 36 0.13

I 153 48 0.59 1.40 109-112 ; 36 0.14
154 36 0.87 0.38 112-1151 36 0.14

10.2l155 36 0.7J (11 ) D.D.:!:. l~o • C80 I156 36 0.63 0.23 1176 29 I 3.54 , 0031
157 36 0.95 0.56 .

1178 16 0.57 10.14
158 36 0.85 0.24

1180 27 1.01.; i 0.15
159 36 0.15 0.14

1181 43 1.64 I0.41
160 36 1.07 Tr

1183 33 0.81 10.46 I161 36 1.09 1°·22 1181+ 32 0.60 0,48
162 36 0.98

1
0

•
12

1185 34 1.30 0.57 I
163 36 O. ,~2 0.16 1188 12 0.86 0.46
164

\
36 0.62 '0.24 I 1190 28 1.31 0.58

(, . ) ,

I
Io n ...-- No • ..Q.2l 1192 22 0.98 0.28.oJ.D.~"1.

IQi·m6 24 I0.69 0.17 1194 33 1.11 0.29I II 883 4 0.46 Tr
,

1238 31 0.74 0.45
885 38 0.29 1240 16 I 0.41I 0.7?. I

, 0.97I i
886 36 0.65 0.19 (12) D.D.!!. No. C38
887 t}l 2.09 0.29 648 42 I0.[;7 0.68
889 5 'I'r 0.35 679 36 1.03 0.56
891 13 1. If7 0.25 680 36 0.81 0.28
85-'3 .1;. Tr Tr 681 36 1.80 0.62
894 13 2.15 0.94 I 682 I I

36 1. 25 0.41
8$'6 15 1.08 0.23 68t} 36 0.17 0.30
898 40 <:.25 0.57 685 36 0.89 0038

I (10) D.D.H. No. C17 686 36 !2.68 0.84I

II 60-63 36 0.30 687 36 2.69 0.68

I63-66 36 0.86 688 36 0.79 0.28
66-69 36 1.97 690 24 0.78 0.22 I

69-72 36 0.92 692 36 1.15 0. 1,1..5 1
72-75 36 1.00 I: II

I Ii ! !
I , -- j-.__.._:I

I~
<::)

I
I
I
I
I
I
I
I.
I
I
I
I
I
I-
I
I
I
I
I
I
I
I
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HALL I S LODE, LENS "A" - CONSOLIDlI.TED S"\.I,lPLING DA rA (Cont.)

0 ,
•

,
I, Sanplc IL?ngth Grade Sample Length GradeI, No. lllS. % Sn. %Cu. No. ins. % Sn. %Cu.I

! (13 ) D.D.H. No. c47 629 36 0.50 0.22
I I I I0.59I QN49

I 50 10.71 630 36 0.98 1. 10
QN36 8 0.97 I 0. 115 631 36 2.23 1.10
QN38 30 1.36 0.45 632 36 1.64 0.44

I Qlf39 30 1.68 0.65 63] 18 1. 31 0. 1+5

I 807 36 1. 84 0.53 635 36 1. 98 1.1~2

I 808 36 1. 7L~ 0.55 636 36 1. 23 0.50

809 23 1. 36 0.72 637 36 0.97 0.34
811 36 1.60 0. LO·3 638 36 1.37 O.l~2

812 31+ 11.32 0. 110 639 18 0.98 0.48
I

813 28 '0.97 0.33 (1', \ D.D .E. No. C'1Q
815 21 11. 56 0.97 671+ 36 0.21 0.14
817 36 10'95 0.52 I 675 36 1.07 0.20

I
c.19 9 0.65 10 .71

676 36 0.91 0.14
821 21 1.81 0.85 677 I 36 4.43 0.18,

I
G23

,
10 1°.91 0.18I I

10.25 I .!.l§J D.D.~J. No~ C2'1825 ! 9 : 1.95 ,
335 36 0.61

( lId D.D.=-I. ~-.y C95hOi 336 36 O. 3L~

QS6 I 27 1.22 0.62
36 1.53337

QS5 30 0.1)2 0.63 338 36 0.88IIllt5S 43 0.82 0.43 339 36 0.85

I1,';59 25 2.13 0.'72 340 36 0.78
11t60 I 28 12.65 1.17 341 36 0.80
1461 I 27 1.30 0.90 342 36 1.04,

(1';\ D. h.Il. NOll 0'16 3/;3 36 0.22

615 36 0.55 0.15 3111.; 36 0.48

61'7 36 0.70 0.23 345 36 1. 2'7,
618 36 0.66 0.20 346 36 0.11
619 36 0.82 0.10 3/17 36 0.19
620 36 1.26 0.19 348 36 0.70

f16) D.D.n. no. C17 349 36 1. 05

622 36 iO.94 1. 20 350 36 0.66

351 I 36 0.79623 36 2.27 0.62
624 36 1.96 0.60 353 36 0.57

354 36
,

O. '.8625 36 1.10 0.29 i
626 36 1.78 0.56 I !

627 36 0,,80 0.23 I
I

0.15 II628 36 1°·55
! I,

I ii
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WiLL'S LODE L:SI!S "A" - CONSOLl1)ATED S;JiPLING DATA (Cent.)

I Sm~ple G-rade il ,
ILength Sample Length Grade

:Lns. %~ c1.C 'I No. ins. %Sn. %Cu.! No. ~. 1" U.
i---

( IS;) D.D.H. No. C25 1259 46 0.83 0.54
h02 36 I 2.11 1260 21+ 0.29 TrI3e9 36 C.32 1261 28 0.99 1.49
390 36 1,L~5 I 1262 18 1.26 0.34
391 36 0.64 , (21) D.~.H. No. CSO
392 36 0.77 I

QS145 22 1, 58 0.37
393 36 1.17 QSILI4 17 0.69 Nil

, 394 36 1.15 I 857 I 24 0.92 o.h3
395 36 2.24

,

II 859 12 0.56 ().55r'396 36 1.26

I 861 I 27 I 1.37 1.01!
3S?7 36 ().69

398 36 I 0.84
I (24) D.D.~·_~. No. CI0

I I r;::;2399 36 ().29 I 7'-'-72 24

lH)O 36 0.67 72-74t I 30 1.71

I LfOI 36 0.76 77-80 • 36 0.16

136.j- 8'-83 1.44
(20) D.D.H. Ho. c48

83-86 I 36 1.41
Qshl 31 2.16 1. 05

86-89 • 36 1. 39
QS39 6 1. 28 1.11 i

89-92 I 36 0.90
:349 14 1, 68 0.72

92-95 136 1.68
E51 26 Tr 0.62 I 36 I95-98 I 1.90
85J J3 2.50 1.13

98-101 136 I

! 1. 71

I
855 36 1, 83 2.15

101-101} I 36 I 0.97 I
!21) D. I.H.

,
• No • Co 104-106 I 24 I 0.62 i

69'3"- (25) D.D.H. No. C83 I72'3" 36 0.92 ,
11, 9472'3"- 1224 1 28 0.72

'/5' 3" 36 1. 10 1225 33 1.83 1.03
! 75'3"- 1226 31 1.27 0.39
I 77'3" 24 D.67 1228 24 1.75 0.23

79'9"- Io. 5J 1229
1

22 1.1781 '9" 24 0.22
1230 26 0.47 Tr

(22) D.D.H. }!o. c84
12Jl 28

! 0.57
0.32 D.30

QSI06 19 0.19 12J2 19 1.88 0.54
1252 44 1, 29 0.48

1233
1

43 1. 1+0 0.79 I125J 45 2.05 0.46
12311

I
JJ 2.81 0.35 I

1255 34
1

0
•
12 0.24 Ii J.235 38 1.67 0.41

I
1257 J4 2. 1~9 0.73 I1237 110 0.98 0.24

1
0 • 951258 44 O. ~·2

j

I !

I Ii II ii ii I , I I ·1



170059

53

CONSOLID~1~D SA~WLING D~TA (Cant.)II .\ 11..

1 96

HALL I S LO:C:::8,

325 I 36

!
Sample Longth I Grade iSample Length I Grade

No. o d c, r1 No. • (,./ Ct'J.ns. ,/1) 01.1." ?) Cu. lTIS. I~ Sn. P Cu.

I
i~?5 )

I
D.D.H. N ("j .. C51 (29) D.D.II. No. C82

IQS198 i 15 1, 24 0.35 QS234 30 i 0.91 0.25
QS197

I
112 1, 74 10.46 (1S231 36 0.48 0.27 \,,

864 31 3.24 0.33 1210 37 1.52 0.62
865 I 14 2.13 0.35 1211 I 30 1, 22 0.23
867 57 1, 76 0.35 (30 ) D.D.H. No. C54
869 46 0.65 0.33 , i

QS258

I
21 I0. l

L
; 1.40

I
870 33 0.58 0 .. l~5

QS257 45 2.27 0.19
;:;71 16 0.67 0.43 I 2.68 0.16I 900 12
873 ! 30 1. 61 0.33 901 18 0.56 0.32 IU74 I 27 1,36 1_°.58 904 36 0.11 0.12

I.127\ D.D .. I-I. No. C18 I 905 36 i0.84 0.25
!

J

i )14 36 0.33 I 906 36 11. 33 0.24

I )15 36 1.12

I
907 I 27 11.39 0.17

I
)16 36 0.28 909 I 45 : 0.43 0.37 i,
317 36 0.97 I (31 ) D.D.7-I. No •. c24,

I
)18 36 0.[,7 I

377 36 10.27 0.3)I,
36 1.04 1°. 82

, )19 \

I , 378 36 0.10
I )20 )6 \1, )1 I

iI I 379 36 I 1, 78 1'r

I
)21 36 1, 33 I 380 I )6 , 0.76 TrI ,

1 )22 )6 : 0.37 I 381 21} 0,31 i Tr
! I

323 i 36 2.03 I II 382 )6 1.84 I0.29, I

3211 i )6 1,46 I I, I i,
" )8) )6 I0.32

,
I 0.27, . : )S4 . 36

1
0 • 98 0.74

)26 )6 2.49 I
~ Ii 385 36 11.11 0.77I

,
327 36 0.75

,. I,I

)86 i 36
I

I I
~ 1 1.21 0.22 I

I
)28 36 0.56 I

II
,

(32) C86329 36 0.86 I D.D.H. No.
\

I I I QS2611 I 1.87330 , 36 I 1, li2 I I 31 0.58 I, , , I0.64QS263 33 1.611.
(28 ) D.D.H. No~ OJI 14111

I
22 0.27 0.56

5LI9 )6 0.79 0.22
1416 16 0.35 1.63

550 36 1,69 0.84
Ilt18 31t 10 • 45 0.23

551 )6 2.24 0.60 I
I. 1419 32 10.21t 0.38

I 552 36 2.09 0.58 :1 1420 50il 1 2• 82 ,G.lt2
! 55) )6 1.63 0.65 ,

1422 21t 0.44 i 0.47
554 36 0.18 0.29 I

i, I I

I I, I, Ii II
I

, , I
~

i :
,

I•___ 1 •,

I "O:J
I ~~

I
I
I
I
I
I

I.
I
I
I

••••
I
I
I
I
I
I
I
I



Sample Length Grude I Sample Length Grade
No. ins .. 5'; 811.. "t C No. ins. %Sn. c' CI:) u. I') u.

(33 ) D.D.H. No. C30 I (J7) D.D.H. No. C93,
Ii

,
I I

1~98

I
36 2.14 i 0.22 QS363 10 2.23 0.15

499 36 0. 7 51°.18 QS362 13 0.60 0.46

50G 36 0.78 ITr 11}37 32 0.84 0.67
502 36 0.48 ITr 1438 5 Tr 0.32

503 36 Tr , Tr 1439 8 1.26 0.20

504 I 36 Tr iTr 1440 23 1.72 0.82
;

505 36 0.52 I Tr 1441 I 8 1.23 0.52, I
I506 36 o. 17 I0.10 1!142 13 2.81 0.58

I
, I

507 36 0. 1;'3 I0.19

508 I 36 1.28 I0.17

I
509 I 36 1.32 !0.19

I
510 I 36 I 2.48 I 0.29I

(3 1})
i

D.D.H. No. C',7 I,,
I I'). 14QS302 I 1}4 11.35

QS301 I h4 1.10 , 0.25

936 I 8 1.03 0.27

93[:)
,

1+9 1. 61 0.17I II

!939 I 33 2.08 0.20

I 940 36 Tr 0.25,
Ii

941 I 30 . 0.14 0.151 ,

! (,~) D.D.H. l'{o • C92 I
I

I I 35 11.01
I

QS330 1°. 72

I 1429 I 7 1.58
1

0
• 23

I

I 1430 I 13 1.13I lNil --
, (36) D.DI·H. No. e87
I
! QS345 I 30 2.81; 0.69
t

I 1297 21 3. 1~4 2.91
! 1299 16 1.08 0.58

I 1301 ; 9 3.52 2.74,
I

I
II

I
I

I j Jj

I
I
I
I
I
I
I
I

I.
I
I
I
I
I

••
I
I
I
I
I
I
I
I

HALL 1 S LODi!:! LENS "./1 II
"

170('60

- CONSOLIDATED SMfPLING DATA (Cont.)



Sample Length Grade I Sanple Length Grade
No. ins .. 7~ Sn. )~, Cu. No. ins. '1G Sn. %Cu.

(1) D.D ~;L No" C27 518 36 Tr I0.57
450 36 0.65 0.05 519 36 3.51 10.52
451 36 1.03 0.36 520 24 0.56 1°.28
452 36 1, 69 0.42 (4) D.D.E. c64

I
No. I

453 36
,

o. ::7 0.28 1017 I 31 0.89 0.37
I, 51} 36 2"10 0.18 1018 I 29 1, 18 0.27
456 36 0.14 0.42

(~) D.D.H.
,

!.I. 57 36 0" 1S' 0.27
I'IIo. C35 I

460 36 0.37 0.24
606 36 1, 43 ll. 54

461 36 0,67 0.40 607 36 1,11 0.80

462 36 0.41 0$22

i
60S 36 1.41 0.25

I

~·O 36 0.18 0.16 609 36 9.48 ! 1, 36,
1:·6~· 36 c" 11~ 0.22

610 36 0.94 I 0.65

465 42 0.14 0.18 ,I 611 36 0.11 I0.82
I ! II 467

, 612 36 3.13 I0.67IG I Nil ';"'r , I I
I

613 36 I 0.42 i 1, 60I

I 470 36 I Tr 0.04 :,

I 471 36
;

Gr: 15 0.13 (6) D.D II. No. CI0I

I 472 36 I Tr 0.22 75 36 1.73 0.22

i ~73 36 I c.14 0.27 , 76 33 2.32 1 0 • 21

i If74 36 0,38 0.42 ,
i (7 ) D.D 1!{· No. C23

i 475 36 I 0.19 0.32
332 I 36

!

476 36 I 0.711· 0.46
333 i 36

I0.29

477 36 1, 94
I O. 118

I 0.42I

478 36 I o.41:. 0.46 (8) D.D.H. No. C2'i

47> 36 I 0.13 o~49 387 I 48 0.95 0.29
I4:':;0 36 Tr 0.40 (9 ) D.D E. No. C62

481 36 Oe-l! 0.36 955 43 1. L~ 5 1:49
482 36 0" 3 L:- 0.31 956 5 Tr

I

(2) Lx-Cut! G:roovo Sacoles (10 ) Qa x-Cut, N.E. Hall

.'"1 w~;' I
Groove Snmoles

Q69 0.24
.

Tr QI0 10 Tr 0.65
Q70 0.26 0 0 22 Q12 9 0.36 0.38

(3 ) D.D.H. No. I C31

515 36 l'r 0.49
516 36 Tr 0.24

517 36 0.23 0.26
I

I
I
I
I
I
I
I
I

I.
I
I
I
I
I

••
I
I
I
I
I
I
I
I
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l'.?PENDIX 3

L~,;[JS "Il" - CONSOLIDATED SAMPLING DATA

170(\61



I i , ,
Sample Length Grade Sample Longth Grade

No. ins. (.S Sn. 7~ Cu. No. ins. cot S11, %Cu., I'

( ll) D.D.H. No. C39 (14) D.D.H. No. C76
i I654 36
,

1. 84 1. 88 1119 15 0.33 0.46
655 24 2.42 1.21 1121 9 7.30 0.18
705 36 0.22 Tr 1123 6 0.98 0.56
656 1_~2 4.55 1. 43

(1'5) D.D.H. No. C41
657 I 36 2.92 1.14

'746 36 0.16 0.63

I
658 36 0.93 0.69

74'7 36 0.82 0.11
659 36 1.77 1. 28

71)8 36 0.83 0.40I
I 660 36 0.95 0.29 --I
I 662 36 1:.54 1. 03 (16) D.D.Ii. No. C42
I 663 36 1. 13 1.19 734 36 I 1.37 4.11+
I 665 36 0.11 0.57 736

I
36 1.57 4.71I,

737 36 0.59 1.77I 666 36 4.37 o. I~O I
I
I 667 36 1.16 0.18 (17) D.D.H. No. C55I I ,
I 668 36 Tr 1.05 0.18I 930 ,

29 2.51

I 569 36 18 .I}Q 1.31 932 10 1.06 0.23
I

i 670 I 36 0.80 0.65 I ( IS) D. 1 .R. CG4, I -i-- I QN177 36

No.
I (12) D.D.E. No. C8S 0.70

I
0.32

13 L,4 60 I C• 37 3.91 1. 31 0.31QN178 32
I 1345 29 O. 11, 2.16 1li-h3 37 1. 13 0.38

13L'7 33 1. 64 1.27 1446 37 1.35 0.35
I 1348 2B 2.53 O. >' 2 11,47 12 0.11 0.23
I 1 351 31 1. 51 2.59 141,8 34 0,32 0.17

1352 33 Tr 0.1;.9 11)·1,9 19 2.59 0.92
1353 33 0.17 0.23 1450 34 2.22 0.42
1355 41, 3.6'1 2.75 11:51 20 0.19

1
0

•
52

1357 10 Tr. 0.79 1452 27 1.32 0.30
1359 7 7. L,6 1.53 1453 18 0.43 0.37
1361 23 1.42 0.98 1455 30 0.92 0.30
1363 13 1. 29 0.53 1456 12

I
Tr 1.02

1 365 10 0.23 0.25 1L'57 ; 24 0.50 0.13
I I

1367 12 1.27 0.63 -

I (19 ) D.D.II. Ho. cn
1369 11 2.59 0.51

I 28
55S 36 0.81 Tr1371 5.97 2.43
559 36 0.32 0.201372 !33 17• 03 0.14
560 36 0.24 0.30

~13) D.D.H. No.! C.22

I
562 136 0.48 0.62

1026 I 11 I 2.46 0.43 563 36 0.19 1.03
I1027 7 3.14 0.87

I
!

i I. , , .,

I
I
I
I
I
I
I
I

I.
I
I
I

•
I.e
•
I

•
I

•
I
I
I

~~~i.LL 1 S LODE, LENS "BI!
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- CONSOLIDATED SAlvlPLING DATA (Cont.)
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HALL'S LODE, L'2'!S "3" - CONSOLIDATED SANPLING DATA (Cont.)

i
Sample Length Grade Sample Length Grade

No. ins. 7; Sn. '!> Cu. No, ins. %Sn. :J1,Cu.

564 36 0.67
1

0 • 40 (22) D.D.H. No. c44

565 36 0.h2 10.23 778 36 0.58 0.22

566 36 0.97 0.28 780 36 0.75 0.57

567 I 36 1.09 0,27 781 36 'I'r 0.30
568 36 0.86 0.28 782 36 0.60 0.·17

569 42 0.22 0.25 784 36 Tr 0.17

(2(1) D.D.:a. No. c40 785 36 0.16 i 0.28

580 36 0.63 0.43
581 48 0.17 0.17

I 583 36 o •.56 0.30
58 tl 36 0.45 0.70

585 36 2.02 0.70
586 36 0.50 0.35

587 36 0.72 '0.47

5U8 36 l. 00 0.60

589 36 0.51 0.75
590 36 l. 57 0,63

592 36 1:. 02 0.50

593 36 0.36 0.35
~;94 36 12.40 0.48

595 36 l. 38 0.55
596 I 36 0.99 0.35
597 I 36 0.39 0.22
598 I 36 l.ln 0.25 I
600 I 36 0.97 Oo3 ljI,

I (21) D.D.I-r. No. C96
i

,
1467 12 0.67 0.22

1469 29 0.77 0. JLj

1470 16 Tr 0.51
1471 29 4.28 1°.69

I
11~72 22 I0,5'1 10. LiO
1i'7J

,
11 I 1.28 0.17,

, 1474 5 5037 0.27

I

i I I'---



I~
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APPENDIX 4

HALL'S LODE, LEITS "C 11 - CONSOLID"",_TZD SAHPLING DATA

SaIilplo ILength Grade SnmplG Length Grade
No. I ins. c" S ~)~ Cu.

,
5j Cu.;.' n. Ha. ins. ~~ Sn.

( 1) D.D,H. No. C92 (5) D.D.H. No. c6"
1431 6 0.51 1.17 1019 22 0.33 0.20
lL~32 17 4.17 1. l~8 1020 39 1. 31 0.74
ll;33 6 3. I) 0.68 (6 ) n.D.H. No, C'11
(2) D.D.H. Eo. C57 512 36 0 • .50

;;42 I 22 0.44 Tr 51) 36 0.11:
(3 ) D.D.E. No. C27 (7) D.D.I-L No. C62
1}37 I 36 0.52 958 20 0.69 0.39
[;38 36 1. 52 96c 25 0.57 0.52
[i)9 36 0.82 962 13 1.43 0.65
440 36 0.11 964 46 0.68 1. 29
[1-41 36 0.12 966 46 0.79 0.53
4113 36 O,2S: 968 I 8 0.60 9.0
444 36 2.66 (8) Qa 1100' RLx-Cut
446 36 i 0.82 I 14Q2i\. 0.22 0.18
(4) D.D._a No. C79 (9) D.D.lI. No. C39

I
!1. 26I 1245 34 0.40 649 36 2.63

I 1246 45 0.35 8.57 650 36 2.83
1247 35 0.16 0.41 651 t 36 0.25
1248 32 0.12 0.26 652 ! 91 1.00
1249 33 0.18 0.45

( 10) D.D .IL1251 I 27 0.19 0.41 No. C88

I :

1263 37 Tr 1. 01 1325 14 1.10 1.35

126L~ 44
1
0 •

12 0.37 1327 9 1.G3 0.67

1 265 l~3 0.37 1)28 15 2.30 2.18
ITr

1266 33 0.10 0.41 1330 5 3.93 1.06

1267 31 Tr 0.29 1332 15 2.16 0.74

1269 29 0.12 0.20 1334 34 1.47 0.56

1 271 9 1.51 0.34 1335 34 0.79 0.96
I

1273

1

26 Tr 0.17 1336 35 0.50 0.75

1274 38 0.26 0.17
, 1337 33 1.47 0.99

f

1275 I37 Tr 0.25 1339 32 3.54 1.23

1276 0.11 0.34 1340 33 2.33 1.46

1

42
1277 42 1r 0.27 I

1278 I
7 Tr 0.27I

I •, --



,
San~p1e IL,;,ngth' J;Grade ! Sample Length Grade

c1 Sn. c' C
, ,

Sn. 'i'; Cu.No. i :Lns. /' /) U. No. ins. ~,}

(ll) D.D.H. ~l 'j'1(' 106§ 36 1.03 0.26hO,o.J b

? 36
I 0.69 1066 13 0.99 0.16I

( 12)
1'1°1 C90 1068 21 , 0.70 0.15D.D.H. I

139 11 26 0.99 0.35 (lE)) D.D.H. No. C44,
1395 32

,
O. ll.:· 0.16 '772 I 36 0.18

1396 34 0.84 0.81 773 36 0,'48

1397 2° 'l'r 0.33 775 36 0.75-;7

I I1398 34 If.64 0.98 '776 24 0.14

(11) D.D.n. No. <::67

I
..

1029 30 0.68 0.61

1031 20 Tr ri'r

I 1032 25 0.13 0.48

I 1033 27 0.11 0.12
--,

(14 ) V x-Cut. 1100' :21 .!\.di t

Q72A 36
,

1.03 0.53,

Q73A 36 1. 57 0.33
Q7l.}A 36 1.40 ().29

I
Q75A 36 ! 1. 57 0.41

i,
G06A ,: ':) i 1. 39 0.25,~ 1- 4

I (15 )
I

C34D.D.Ii. No.

I572 I 36 i 0.52 0.12

573 36 I 0.32I i 1. 56
574 36 11.11 0.38
575 36 1.05 0.27
576 36 0.39 0.58

577 I 36 0.32 0.23,

(16 ) D.D.Fl. La. C96
1462 . i 36

1
0 • 40 0.19

I 1463 32 0.33, 11• 55
I 1461; c: 10 • 35 0.25/

10.11:.11.;.65 I 15 0.21
I

(17 )
,

D •D • ~I. No. C72
I 1062 23 10 •35 0.24,
i

,
1063 36 10.49 0.31,

i 1064 36 0.h3 0.32I,
:

, ,
.;. ~.- ..

J
t,
I
I
I
I
I

I.
I
I
I
I
I
fit
I
I
I
I
I
I
I
I
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I
I
I
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l...e. FIDUCIAL IN'l'El1VAL AND COJ\'FIDENCE LIHITS

Frequency distributions may be used to con,pute fiducial

intervals and confidence limits about the arithmetic

mean, at selected levels of confidence.

At the 95 percent confidence level, for example, we

may state (assuming that the data aro 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 aritlmetic mean

I
of the population.

from :-

The fj.ducial interval is determined

where Ha = arithmetic mean, to. 05 is the "t" value for

the 95 percent lovel of confidence and S- is the stan­x
dard error of the mean. The standard error of the

I.
I

F. I~ +
= !-fa - to o~ • s
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In mineral evaluation j.t is desirable to know the

mean is given by :-

where S = standard deviation and N = total number of

S- = S
x

lfN

The forml'la for theitems in the distribution.

standard error of the mean was originally derived l'or

a normal distribution, but gives a good approximation

when used with moderately skewed distributions
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degree 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 er-d, computations have bcon undertaken in

Appendix 1 to determine the fiducial interval at the

95 percent confidence level for frequency distribu­

tions 1-6.

The size of the fiducial interval may be decreased by

decreasing tho standard deviation or increasing the

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,

sample preparation and assaying) will become
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