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INTRODUCTION

The concentration of tungstic oxide and molybdenum within the

Dolphin orehody has been measured by assaying samples of drill core.

Programs of cheCk assaying have shown that the measured concentration

varies not only between drill holes but between:

1. the left and right halves of drill core;

2. samples taken from the same interval of crushed and

pulverized drill core;

samples of differing weights which may have been taken

from material which has been crushed to different sizes;

4. different laboratories which mayor may not use different

analytical methods;

5. replicate determinations which have been made by the same

laboratory.

The average value for the variability, or variance, which may be

associated with anyone of these five sources may be small; however the

effect of each may be additive, and their sum may be a significant portion

of the variance within the orebody.

This report describes an attempt to assess the variances related

to these five sources and to relate them to that for the whole orebody.

In order to gain confidence in the estimation of an ore reSOUrce it has

now become customary to continue to reassay cheCk samp~es throughout the

course of an ore blocking program. There is no reason to ignore the

results of the check assaying, and in fact there are strong reasons why

this information should be incorporated into the estimation process on a

routine basis. Thus, it is proposed that Recommended Grades, rather

than the original assay values, be used for an ore resource estimate.

•

•

•

f,
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SUMNARY

The results of the assaying and check assaying procedures for

the Dolphin Mine on King Island are reviewed and discussed ifl relation

to the Ore reserve estimation procedures •
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CONCLUSIONS

J.

1. The results of replicate and check assaying samples taken from

diamond drill core confirm the traditional view that there are

difficulties in assaying for tungsten.

2. These difficulties and the variation in the reported tungstic

oxide content of replicate samples are attributed to

inhomogeneities in the distribution of mineralization through the

host rock.

3- This variation consists of two components, namely the accuracy

and the precision of assaying.

4.. A request to a laboratory for an lIaccurate" determination will

yield a precise result. Such precision is not apparent in the

results of routine assaying.

5- The total error associated with an ore reserve computation is

related to the variance components at all levels of sampling the

orebody. At a high level is the placement of drill holes. The

lowest level is the sampling of finely ground material for the

preparation of an XRF pellet.

6. Imprecision in assaying contributes less than 10 percent to the

total error associated with an ore resource computation.

7. A greater contribution to the total error comes from the variability

of mineralization between adjacent metre lengths of core. This is

assessed to be 60 of the total.

•

8. The relative m~gnitude of these errors can be determined fairly

readily. However methods have yet to be developed to determine

the absolute value for the" error in estimating the grade for

individual mining bloCks.
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Consequently it is not possible, at this time, to assess the

financial implications of these relative levels of uncertainty.

10. The traditional view is that the absolute magnitude of sampling

and assaying errOrs, as measured by a coefficient of variation,

must be less than an arbitrary limit, say 8 percent.

•
11. This view is challenged in that demands for high precision:

(a) do not necessarily produce accurate assay results;

(b) do not remove the source of errors which are not conspicuous

and which are more significant;

(c) unecessarily increase the cost of assaying.

12. Nevertheless gross errors cannot be tolerated.

13. Analysis and interpretation of assaying results, which is

presented in this report indicates that there have been changes

in the level of accuracy and precision of sampling and assaying

over a period of time.

l~. Some lack of precision is attributed to the quantity of material

useo at each stage of the process to reduce the sample weights •

• 15. Several methods for the estimation of grades for mining blocks

were examined. A three-dimensional technique for elliptical

search and weighting has been implemented.

16. It is not possible as yet to calculate the estimation errors for

grades of mining blades, nor has it been possible to provide a

proper reconciliation of these estimates with mining grades.

•
17. The spacing between diamond drill holes is adequate for resOurce

computations. However it is inadequate for a reserve computation,

which must then include the results of grade control sampling.
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RECOMMENDATIONS

1. The procedures for the quality control of assaying, which includes

check and umpire assaying, used by Geopeko and the K.I.S. Assay

Laboratory be maintained and consolidated. In particular:

(al by determining the minimum quantity of material required

for each stage of the sampling procedures, for diamond drill

core and for piles of broken ore, in order to achieve an

appropriate standard errOr.

(bl by extending the check assaying procedures to the sampling

of broken ore, and to establish the components of variation

in mine sampling.

(c) monitor fluctuations in the precision of assaying samples

from the orebody by the regular assaying of standard rock

pOWders.

2. To investigate the feasibility of other assaying procedures, such

as the use of energy dispersive techniques using a multi-channel

analyser to determine the WO
J

concentrations of material crushed

to say 3/8 inch, in order to reduce the variance due to periodic

changes in bias and precision.

3- To determine the absolute error for estimates of the metal

content for mining blocks.

~. To implement a routine for the reconciliation of the estimated

and the mining grades for blocks.

•

I
I•
,
I

I
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CONCEPTS

Error is an inherent factor in all types of measuremeht, and the

admission of its existence is not necessarily an admission of incompetence,

but rather than the equipment and techniques used have practical limitations.

Miesch (1966) has dra';n attention to the types of error, and the concepts of

accuracy, precision and bias, which are associated with the estimation of

mean values or grades.

ACCURACY

The term accuracy implies close agreement between the average of a

large number of estimates and the correct value. In ,practice, this correct

value is never known, but if it were, it would be the value derived by some

technique which is inherently more likely to be correct than the technique

used to derive the estimate.

PRECISION

The term implies reproducibility, or close agreement among replicate

measurements, and is thus a measure of the sample handling, and laboratory

procedures, as well as the performance of the equipment used for measurement.

The very great -reduction in sample, from 5,000 grammes of drill core

to the 0.01 grammes used by conventional XRF techniques, is the procedure

which is most vulnerable to errOr of this type. However, it can always be

overcome by additional sampling and analysis.

BIAS

The difference between the average of a large number of assays, and

the correct value is called bias. It may be one of two types, a systematic

bias which is present in all assays, or a non-systematic bias which is

present in some but not in other batches of assays.

In practice, a systematic bias in instrumental results may result

from an inadequate calibration curve for the instrument. A non-systematic
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bias may be the result of slight changes in analytical procedures, or the

operating environment which occur from time to time. For example, inadequate

corrections for mass absorption coefficients may cause a non systematic bias

for batches of samples which have different mineralogical compositions. Of

the three types of error, it is the most difficult to detect, because the

correct value is never known. However it is the easiest to correct, by

us:i.ng the results of umpire assays.

VARIANCE

The relative magnitude of these errors may be determined by making

more than one measurement, with more than one technique, using one or more

samples, which have been 'C1repared from the same interval of drill core,

.'; _11. j this case is 0-"- one metre length. It can be measured by

calculi:'

amonn

;'~ v.ariabi

It';.:::; 11 statis

set of assays.

y, or variance, of the results.

11 device for describing the degree of variation

Xj is the jth measurement in a group of n assays

(1.6 j ~.- ), then the varian :-? is estimated by:

_I-
.""", .... /

where x is the average of the n values.

By using a proper statistical design it is possible to readily

calculate the variance which is associated with a lack of precision or

accuracy.

ESTIMATION ERRORS

The effects of imprecision or inaccuracy are additive, in that an

estitL1ate may be:

•

both precise and accurate;

neither precise nor accurate

precise but not accurate;

accurate but not precise.

J,
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• BASIC D~TA

This interpretation of the accuracy and precision of assaying is

based on the results of several experiments, which were provided by Geopeko,

King Island. These experiments were:

1. Replicate assaying of left and right halves of drill core from 30

to 62 metres in DDH - D2~0/3. Each metre length of half core was

•

•

2.

crushed and then split into four portions. Each portion was then

pulverized and assayed by KIS for WO and Mo (Appendix A). Umpire
3

assays for eleven portions were provided by AMDEL and ASCL laboratories.

Assaying of replicate samples taken from crushed half core. One

sample was selected for reassaying from each group of ten samples

assayed from the following drill holes:

000/1,2,3

D~0/1,2,3,~

D80/1,3,~,5

D120/1,~,5

D160/1,2,3,~,6,7

D200/1,2

D2~0/2

These 100 gramme samples were taken from crushed core, each sample

was pulverised and split into two 50 gratmne samples. The six samples

were then submitted to KIS for analysis, and umpire assays

were provided by AMDEL and ACSL laboratories.

3. Repeated assaying of material, crushed to 3/8" and 1/8". Replicate

assays \{ere obtained for several samples from each of the size ranges.

~. Replicate assaying of 50, 100, 150, 200 and 250 gramrne samples ~plit

• 5·

from pulverized material.

Repeated XRF readings for the same pellets for several samples.
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The basic data used for the estimation of the grades for mining

blocks was the set of assay results from the surface and underground

diamond drilling and the grab samples of broken ore which are collected

by K.l.S. for grade control purposes.

~
I
I

,
i

1•I
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The first step in the analysis of the assay data which was

provided, is to determine the statistical frequency distribution of grade

values in the orebody. From this we obtain an estimate of the mean grade

and the total variance.

The accuracy and precision of assaying was determined by the

statistical methods of principal component analysis, and analysis of

variance which compares the analytical results from several laboratories for

the same samples.

A regression analysis was used to determine if the KIS assaying is

biased. This ""-as done by using an estimate of the "correct" grade for each

sample which was calculated during the analysis of the accuracy of assaying.

The degree of confidence which can be placed on individual and the check

assays is shown by the confidence limits about this bias curve.

Parameters were calculated which would allow an assessment of the

quantity of assaying for batches of samples. This follows the method

proposed by Sichel in which he established criteria for the acceptance Or

rejection of the results obtained by assaying a batch of samples. An

assessment was made of the variability of grade in the orebody through

the use of geostatistical techniques. The results of the analysis were

translated into a practical form by computing the probable errOrs for the

estimation of the grade for mining blocks of various sizes. Finally a

method is described for the computation of Recommended Grades, which makes

use of the results obtained by check assaying.

STATISTICAL FREQUENCY DISTRIBUTION

A frequency distribution waS constructed for all core assays (Fig.

lA); this is markedly as)~etric, and it indicates that the assay values

fr,om the orebody are not normally distributed. Sichel (1966) has indicated

that a three parameter logarithmatic normal distribution is approximate in
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• such cases. Accordingly all assay values were transformed according to

the relation~

g ~ log (x + '" )
e

where x is the original assay value and ~ is a constant which is

to be determined.

Several trial values foro( were used to calculate the coefficient

of samples taken from the orebody was then estimated to be 0.56% WO
J

, and

their logarithmetic variance was computed to be 1.15.

of skewness, which is a measurement of the degree of symmetry of the

distribution. A value of 0.07 for the constant ~ produces a satisfactorily

small value for the coefficient of skewness (Figure 1B), and a reasonably

• symmetric frequency distribution. (Figure 1C). The mean value for assays

•

•

ACCURACY

The term accuracy implies close agreement between the average of a

large number of estimates and the correct value. In practice this correct

value is never known, but if it were, it ,,,ould be the value derived by some

technique which is inherently more likely to be correct than the technique

used to derive the estimate.

The method of principal component analysis lvaS used to rank the

assay laboratories into their order of relative accuracy (Table 2). The

steps in this procedure were:

1. Crnnputation of the correlation coefficient between each of the

three laboratories (Table 1). A three parameter logarithmetic

transformation was used to stabilise the variances for the

computation, in which a value of 0.07 Was used for the parameter

alpha.

2. Extract the two most significant principal components from the

correlation matrix. These components represent the coordinate ones

which can be used as a framework to describe the variation between

laboratories. Because the data used for the analysis consisted
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TABLE 1

Correlation coefficients for UO determinations between analytical
3

laboratories.

K.loS. AMDEL ACSL

K.loS. 1.00 0.93 0.95
AMDEL 0.93 1.00 0.96

I
ACSL 0.95 0.96 1.00

~
TABLE 2

Relative accuracy and precision of assay techniques for WO
J

-

COMPONENT LOADINGS
LABORATORY

AMDEL

ACSL

K.loS.

CORRECT VALUE
(ACCURACY)

0.82

0.77

0·58

PRECISION

-0.55

-0.62

-0.82 ~
I

•
i .
I
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solely of measurements for the tungstic oxide content of samples, one

component must be related to the correct values for the samples. In

practice these correct values will never be known. The second component

must represent the accuracy for the techniques of the three laboratories.

The loadings on the component axes then can be used as weighting factors.

Firstly to make estimates for the "correct" values, and secondly to rank

the assaying techniques by their accuracy (Table 2). The most accurate

technique will be that which has the smallest loading on the second

component axis.

The IFcorrect" value for each sample interval is a weighted average

of the determinations by each laboratory, using the factor weights. A bias

curve (Fig. 2) was then computed for the King Island Scheelite laboratory.

The ratio of this ncorrectlT value and the appropriate K .. I.S. average for

two determinations is plotted for 225 replicate samples in Figure 3. The

samples are plotted in the sequence in which they were assayed, and even

though this is not an absolute time scale, the resultant plot indicates a

periodic change in bias from September 1971, to July 1975.

PRECISION OF ASSAYING

The term precision of assaying is used to describe the degree of

similarity between several results obtained by sampling and assaying the

same portion of Wl orebody. We know that assaying and sample handling

techniques are precise if there is little difference between the assay

values for replicate measurements. Such differences are due to the

variability, that is a lack of homogeneity in the material taken from the

orebody. There is a very real chance that scheelite grains will be more

abundant in one half of drill core, or in a certain size fraction of

crushed material.

Thus the total variability of assay results for an orebody is the

sum of the natural variability of grade, and the variability induced by

sampling. There are statistical sample designs which will yield estimates

of these components of variance, and to relate them to particular aspects

of the sampling and assaying procedures.
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There were three main experiments which were designed to aSsess

the variatioQ, or error, associated with some of the stages of sample

preparation and assaying. These are:

1. Repeated sampling and assaying - the results were from splitting

selected samples from several drill holes and duplicate assaying

of each split. ~he design for this experiment WaS:

.Original Samples

A-A'

B-B'
storage

C-C'

2. Testing between left and right halves of core. In this case a

single drill was divided into one metre samples and each sample

was split into two (half cores) and each half core was split into

four duplicates. Thus the design was:

Drill Hole

•

Repeated assaying of a single pulverised sample. ~iO samples

taken from two levels of crushing (i.e. 3/8". 1/8") were split

into several portions and then each portion was reassayed several

times:

1 metre samples

I
I

left half core right half core

I I
J I I I I I I

A B C D A B C D

3·

1/8" Crush

Split into Several Parts

Duplicate Assaying

I
3/8" Crush

Split into Several Parts

Duplicate Assaying

,
I

!
I
I.
i
i
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C-Lens Half Repeated
Orebody Core Splitting Complete Repeated Repeated

and Sampling Experimental Assays Assays Estimated Frequency Cwnulative
A-B-C 2nd Batch New Batch Van Gelder Desion 1/8" 3/8" Value % %

Orebody 1.15 1.512 1.32 100 100.00

Drill Section

Drill Hole

Sample 0.8078 0.9020 1.05836 0.67352 0·77207 1.4381 .912 69 85.22

Half Core 0.759 .076 6 16.22-
Crushing

Splitting 0.0140 0.0050 0.0363 0.0)611 .017 1 10.22

Pu1ve,.izing 0.0399 0.21831 0.16220 0.35376 0.03755 .113 9 9.22

Splitting 0.0005 0.0032 .002 0.2 0.22

Instrwnenta1 0.0005 0.00002 .0003 0.02 0.02

TABLE 3. Estimates of Variance Components for the Assaying of Scheelite
in the C-lens orebody within the Dolphin Mine.

;-
~ ,...
C 0:>

•
C
~:;

.....
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•

•

•

•

A conventional analysis of variance could not be used for this,

because the results were provided by six different experiments. Thus

the components of variance had to be determined separately for each level

of assaying and sampling and then combined. The process by which this

was done was not a rigorous one, and could be criticised on theoretical

grounds. Nevertheless it is believed that the results are valid, and that

they indicate the correct order of magnitude for the variability and the

precision at each level for sampling and assaying the orebody.

The result is shown in the column "Estimated Value" of Table J

and in the graph of Figure q. A steep rise in the graph at the 1 metre

sample level dramatically illustrates the variability in grade between

adjacent lengths of core •
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CONTROL OF THE QUALITY OF ASSAYING

21.

Attention has been drawn to differences in the reported grades

for the assaying of the same samples. and it has been shown that the

magnitude of these differences is less than 10 percent of the total

variability within the orebody.

Under normal operating conditions the variance of replicate,

assaying should be one twentieth that of the variance of the orebody.

It should then have a value of 0.05.

H.S. Sichel has described (Coxon and Sichel 1959. Rowland and

Sichel 1960) the methods used in the South African Gold Mines to control

the quality of routine sampling and assaying in order that the results

are acceptable within such a variance. The basis of the method is the

continued scrutiny ratio between the logarithm of the original assay

value and the logarithm of the replicate assay value.

Sichel established the form of the exact sampling distribution

to establish warning and action limits to the ratios for unacceptable

assay values. The mathematical form of the distribution is rather

difficult to deal with, so these limits were set in this case by an

heuristic method. A random number generator was used to generate 1000

assay values with a mean and variance equal to that of the whole

orebody. For each of the 1000 values a replicate value was generated at

random with a variance of 0.05, which is equal to the value expected from

the splitting of 1/8 inch crusted material. A cumulative frequency

distribution was constructed for the 1000 ratios of the logarithms for the

two values, and the values for the ratios were determined for the chances

of 1 in 1000 and 1 in ~O that a ratio is unacceptable.

If the ratio of the logarithms for the two assay values is

greater than 0.9~ and is less than 1.14 then the precision assaying of

these two samples is within the normal limits. A value of the ratios

between 0.8~ and 0.9~ or between l.l~ and 1.22 indicates that the

precision of assaying is less than to be expected under normal conditions,

this should occur for fewer than 1 in 40 assays. There is normally a

I

I
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i
I
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chance of 1 in 1000 that the value of the ratio would be less than 0.8~

or greater than 1.22.

GRADE CONTROL SAMPLING

King Island Scheelite have made available the results of assaying

the samples which have been taken for grade control purposes. Between

two and twelve saJnples have been taken from ore broken in most of the

firings or rounds. Contingency tables and histograms (Figures 5. 6)

Were constructed for samples taken in the Wedge Block Undercut. The

asymmetric shape of the histograms for individual samples and for the

arithmetic mean for each round (Figure 5) indicates that the arithmetic

mean is a poor estimate of the grade. Similar histograms which Were

constructed for the logarithms of the values are reasonably symmetric.

Accordingly the geometric mean, for the values obtained from each firing,

has been used for the computer work performed by Geopeko •
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SA~WLE SIZE

25.

•
P. Gy has described the relationship which exists between the

standard deviation of sampling errors, the characteristics of the ore

samples, and the weight of the sample. The computation of the minimum

weight of samples uhich should be used, in order to achieve a desired

standard deviation for the sampling errors, requires a knowledge of the

grade for various size fractions. This information is not available

for Dolphin ore.

Another method was proposed by Ingamells (1974), in which a

number of SUb-samples, each of a constant weight, are taken from broken

Ore and assayed. This exercise would be repeated for other sets of

sub-samples of different weights. The results are plotted on a diagram

to illustrate the decrease of sampling errors with increasing sample

size.

The results of two sets of experiments, which were undertaken by

the K.I.S. assay laboratory have been combined to produce-a similar

diagram. The first set of experiments were performed in 1971, and the

exact conditions are not known. They were combined with the 1976

experiment in order to produce a meaningful result, but it is one which

cannot be considered to be definitive.
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VARrOGRAMS

Two methods were used to compute variograrns for the orebody. For

the first method the orebody was divided into a number of grid cells, with

dimensions of 4 metres by 4 metres by 1 metre. The variogram was then

computed by summing the square of the differences between grades in two

grid cells. The second method is based on a suggestion which was made

by the "Matheron Group". Variograms were computed for each drill hole,

and these were then grouped and averaged, according to the direction in which

the hole was drilled, to form composite variograms for the various directions.

The variogram function was computed by the first method for each of

the three main directions - east, north and the vertical. That for the

northerly and vertical directions were reasonably satisfactory (Figure 8)

while that for the easterly direction was discarded because assay values

are clustered about drill sections which are 40 metres apart.

The interpretation of these variogram curves should be approached

with caution, because we are not able as yet to correct for any regional

trends in the grade of the orebody, or for its geological structure. The

mine coordinates were used to compare the differences between pairs of

assays, and as the geological boundaries transgress the mine grid such

comparisons will be frequently between assays in different rock units.

A variogram taken in a horizontal direction will then contain a significant

component of the variance between grades in adjacent rock units.

The basic assumptions used for this interpretation were that:

a) it will apply to the "e-lens" orebody;

b) there is a hole effect in the vertical direction, and that

this has a range between 3 and 5 metres;

c) the curves of figure 2 are compound ones, in which the

" s teps" represent natural periodicities of grade in the

orebody;

d) the vert ical thickness of the lie-lens" is approximately

40 metres;

I

~

e) the three dimensional variogram function is anisotropic, in

that within the interval 15 to 40 metres the height of the

steps in the two directions are different.
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The results of this method of computation were useful but they

were not entirely satisfactory.

An attempt was made to try and resolve this problem by only

calculating variograms down drill holes and then to relate these

variograms to various components (i.e. to relate them either to mine

grid or to bedding). To try and reduce the random noise component it

was decided to consider only a small part of the orebody, from the top

of the Pgh to the base of C-Iens within the Wedge Block area.

The CUrves for fifteen drill holes are shown in Figure 9

together with the average value for each of four directions. Hole

effects are apparent in most of the variogram curves, and this is

considered to be a reflection of a banding of the mineralization.

ORE RESOURCE AND RESERVE ESTIHATION - METHODS

The purpose of sampling and assaying portions of an orebody is

to estimate the quantities of metal which exist within specified volumes.

The distinction between resource and reserve estimation is merely the

basis for the specification of the volume. Resource estimates are

concerned with geological boundaries to the volumes, and reserves are

estimat~d for volumes which are to be removed by mining. There should

then be no difference in the computational methods which are used to

derive the estimates. A number of methods are available (Knudsenetal, 1975).

These include:

The Polygonal Method

This method has been most widely used in the past for porphyry

copper deposits in the U.S. The method has been used for total ore

reserve estimation (i.e., total tonnages and the average grade) and for

individual block grade estimation.

In this method, the assay grade of a drill hole is extended

halfway to any adjacent hole, thereby defining an extent of the influence

this hole exerts. This. procedure results in each block receiving the
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grade of the nearest hole.

JJ.

The method has a certain practical appeal in

that: (1) it is simple because no weighting of different holes are

required, (2) suitable for updating of ore reserves when additional

drill holes are drilled.

However, some difficulty arises in the use of this method when there

are insufficient number of drill holes in the area, thus resulting in a

rather extensive "area of influence!! of a drill hole. The common practice

has been to choose an arbitrary distance called lithe radius of influence"

and to limit the grade assignment of individual blocks to only those that

lie within this radius of influence. This difficulty is avoided in other

conventional Ore reserve estimation methods as well as in the geostatistical

methods.

Inverse of the Distance Squared

With the introduction of a computer in ore reserve computation,

the use of many variations of distance weighting schemes as well as the

geostatistical methods became practical. The use of many variations of

distance weighting schemes is to recognize that there are certain spatial

relationships between the grade of a hole and the grade of adjoining blocks

and that these relationships are some function of the distance between the

from all or nearly all surrounding holes by giving certain weights that

are determinedoby the distance between the drill hole and the block under

Just as in the polygon method, there are some practical difficulties

as well as shortcomings of this method. One difficulty is in deciding (or

defining) the surrounding holes. Simi!arly, one shortcoming is that the

consideration. Obviously, the sum of weights must add up to one, thereby

forming the linear (convex) combination of the grades of surrounding

samples. The particular weights to form the linear combination are

inversely proportional to the distance squared, which are calculated from

the central point of the block under consideration. The decision as to

whether or not the distance should be squared, cubed, or even raised to

2/3 power is either based on past experience or an arbitrary one.

two. In contrast to the polygon method, these methods utilise the grades
I•
i

I

I

•
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directional effect (i.e., geologic anistropy) of surrounding drill holes

are ignored in the weighting scheme.

Elliptical Weighting

This is an improvement on the previous method, in that the

weighting scheme is based on the square o£ an elliptical distance from a

central point. The geological anistropy of the orebody is used to define

the parameters of the ellipse which is used.

Kriging

Kriging is the geostatistical technique to find an estimate of the

true grade of a block as a linear combination of all the available samples,

such that the estimate is unbiased and has minimum variance. Simply stated,

kriging is a technique to find the set of weights that minimises the

extension variance, according to the geometrical characteristics of the

problem. Kriging assigns low weights to distant samples and vice versa,

but also takes into account the relative positions of the samples with

respect to the block and each other. Thus samples close to the block may

form a screen that lessens the influence of samples farther away~ In spite

of the unbiased condition, assumed in the derivation of the weights there

appears to be a bias in the results, in that the metal content of lower

grade blocks is over-estimated and that for the higher grade blocks is

under-estimated. There are normally mare blocks with low grades than there

are with high areas, so the result is an over-estimate of the total contents

of metal in the orebody. Moreover the method ensures that the estimated

grades will not rise above the largest observed value, nor will they pass

below the lowest. There is then a weakness in the method, as there is no

certainty that drill holes will intersect the highest and the lowest grades

throughout the oreoody.

COMPARISON BETWEEN METHODS

A comparative test of the four methods was described by Knudsen

et. al. (1975). In their view the total metal content is over-estimated by

all four methods by the following amounts:
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Method

Elliptical Weighting

Kriging

Inverse Square of the Distance

Polygonal Method

35.

Percentage Over-Estimation

l~

13%

17%

2~

•
The four methods derive estimates for the metal content of volumes

directly from the original assay values. It is proposed that this is the

basis for the bias, and that it would be preferable to estimate the metal

content by numerical integration of grades at points throughout the

orebody. For this it is necessary to know or to estimate the grades at

regular intervals, which may be done by interpolation. This method was

used to estimate the reserves in the Warrego Gold Pod, and an example

from the results is shown in Figure 10.

Grades at twelve points bounding a bloCk are shown, as are

estimates for its metal content. It is a considered opinion that the

estimate by numerical integration is closest to the grade which was

recovered in the mill.

INTERPRETATION OF ASSAY RESULTS

The differences in the reported values (Appendix A) for the W0
3

content of half core prompted the institution of routine procedures for

check and twpire assaying of one in ten samples. The laboratories used

for the umpire assaying are AMDEL and ACSL in Adelaide. f
I

and

These differences raise the two questions ­

(a) what is their cause?

(b) are they significant, and materially affect an Ore

resource computation?

It is proposed that these differences are introduced by -

(i) the taking of 100 gram samples from some 5000 grams of

crushed core, and is attributed to the heterogeneity of

the material;
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(ii) the presence of a bias in the K.l.S. assaying

technique (Figure 2).

periodic changes in this bias (Figure ~).

37.

The cumulative value of the sample handling variance component

(Table 3) is 0.1}23, and this includes variability from these three

sources. An important feature of this component is that it was estimated

from determinations which were made over a long period of time, between

the 30th September, 197~ and 2~th July, 1975. Moreover the determination

of the sample splitting and instrumental variances was done over a much

shorter time interval, during which conditions external to these

experiments should be constant.

Thus it can be argued that the difference between the two

,
II

II
"II

Total sample handling variance

Variance due to sample splitting (Fig.~)

Variance due to pellet preparation (Table 3)

Instrumental variance (Table 3)

Difference

0.006~

0.0020

0.0003

0.1323

0.0087

0.1236

represents the variance component for periodic changes in the bias and

precision of the laboratory procedures, it is approximately 9% of the

total variance within the orebody. A reduction of this value to 5% is

believed to be feasible.

If the sample handling techniques are precise, what then is the

cause of these significant changes in precision: The Geopeko Ortec multi­

channel analyser was used to produce the three XRF Spectra in Figure 11.

There are two main differences in the three:

(a) the marked difference in the areas of the tungsten peaks

for the samples;

the peak areas of the matrix and compton affects are of an

order of magnitude greater than that for tungsten.
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It could be concluded that such ~luctuations in precision are

due to difficulties in positioning the three detectors in the K.I.S.

Philips Machine, in order to correct for matrix affects, and to maintain

its calibration.

The largest source of variation is between adjacent metre

lengths of drill core, which is 69% of the total, and it is felt that

this is too high to permit these assays to be used, with numerical

interpolation procedures, to define grade variations within the orebody.

Methods by which this component might be reduced were investigated, that

which was adopted is now described.

The shape of the variograms in Figure 8 indicates a strong

nugget phenomenon in the distribution of mineralization, within the range

2 to 4 metres. The magnitude of this nugget effect is approximately 58%

of the sill height, which is comparable with the cumulative variance

compound at the level of metre lengths of core.

Consequently it was decided that interpolation should be based

on recommended grades for lengths of core between 2 and 4 metres. The

average length for a drill hole intersection in rectangular volumes of

6 x 8 x 3 metres and 8 x 8 x 3 metres is 3.65 metres. Moreover it would

be desirable that any interval used for a recommended grade should be

wholly within one stratigraphic unit. Accordingly grades were computed

within each stratigraphic unit for a number of intervals, of equal lengths

which are closest to 3.65 metres.

Accordingly the drill hole intersections for each of the

stratigraphic units were divided into a number of intervals and recommended

grades '~ere computed for each. Within a unit the intervals are of lengths

closest to 3.65 metres which will yield an integer number of intervals.

The variance components associated with these recommended grades have yet

to be determined. Similar procedures such as the traditional compositing

of samples, or the geostatistical technique of regularization of grades,

are frequently used within the industry.

I

i,
I•I
I
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NUMERICAL INTERPOLATION

Interpolation is the insertion of intermediate terms in a mathematical

series, which in a geological context means the computation of values at

intermediate points between sampling localities, using the sampled values.

We know that the distribution of mineralisation varies in the three

dimensions of the body, and that this variation is complex. It follows that

the calculations required are also complex, and cannot be done without

computing machines.

A computer is a complex calculating machine, which should be capable

of interpolating ore reserves in three dimensions. However, it is not yet

possible to completely define in detail and in terms of a machine language,

all of the logic and procedures to be used. It has been found that the logic

which produced adequate results for the massive sulphide bodies at Tennant

Creek was totally inadequate for the Dolphin orebody. Consequently, we

developed the logic to perform machine interpolation in three dimensions,

and the results which are now presented are based on this method. However

it is believed that, while these results are reasonable, it will be necessary

to further develop the method so that the orebody is "unfolded" and so that

grades are not extrapolated into barren portions of the marble marker.

The basic assumptions which have been used for the machine

interpolation are that grade varies systematically in all directions, along

the strike, down dip, and stratigraphically across the orebody.

The rate of changes in grade can be defined by the slope of a

simple plane of best fit to the concentrations in neighbouring intervals.

The basis for the selection of the points to be used is that they be evenly

distributed, about the point for which a value is required. This is

achieved by a search technique which selects the two closest within each

of q8 sections of an ellipsoid. The estimated value for grade at a point

is a weighted average of the grades for neighbouring intervals, projected

to the point along each of the planes of best fit. An example of the

computation in two dimensions is shown in Figure 12•

An appropriate method of weighting is by the inverse square of the

elliptical distance between two points.
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ORE RESERVE ESTIMATES

Files are maintained on the discs of the computer~ These are

for estimates of grades at points On a three-dimensional array of

points through the orebody. These can be displayed as grade contours

in plan and sectidh (Fig. 13), or as maps showing estimates of mining

grades for rooms in one lift (Fig. l~).

A reconciliation of predicted and mining grades is necessary to

assess the value of the techniques, however there is some difficulty in

establishing a value for the mining grade of a rOom. There is some

objection to the use of the grade control assays, on the basis of sampling

theory and because every firing is not sampled, as an unbiassed and

efficient estimator. It would appear that the best estimate would be the

result of numerical interpolation and integration, using diamond drill

hole assays together with grade control assays for the lifts below,

within and above that being used for a reconciliation. This has been done

for the Undercut and the 1st lift using -those rooms which were mined as

Ore and for which all estimates are available.

For the Undercut (Table ~) two predictions for block grades are

shown, one based On diamond drill hole assays and one using both diamond

drill hole assays and the first batch of grade control sample assays.

These.may be compared with Sichel estimates for block grades using grade

control samples, and the final results obtained by numerical interpolation

using grade control assays between -130 and -119 RL togetber with those

from diamond drilling. It is proposed that these latter be used as best

estimates for the metal content.

The tabulated results may be interpreted as follows:-

•
(i) predictions based on diamond drill results alone yield

an average grade for the lifts which is a reasonable

estimate for the resource grade. However the high standard

deviation for the differences between prediction and the

final estimate indicates that they are inadequate as ore

reserve estimates.
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TABLE- 4­

RECONCILIATION OF GRADE ESTIMATES FOR WEDGE BLOCK UNDERCUT,

-130 to -125 RL • DOLPHIN MINE

I G;;'~;£5 C%WoJ) £srlMF/7'U> Fl'CoM hI1'1' £.R.LNC. E '"

I :l 3 II-
.1-4-J?ooM J>DH »DtI .,. 6oll4l)l. GRR-bE.. I=/AJ4: L. ;;-4- 3.,4-

No. ' AS""'!lS Co,.J""~OL. Co....,rll.al- I ..'rl~FD"'Tb
I i """'''Y-' ASSIl-:tS
i (s,o/.u "'f)j

!
I

W72-28 I 1.12 1.47 1.11 1.14 - .02 +.33 -.03
29

I
.79 1.50 1.15 1.29 - .05 +.21 -.14

30 .95 1.49 1.42 1.63 -.68 -.14 -.21
31 ! 1.25 1. 70 2.10 1.93 -.68 -.23 +.17
32 I 1.62 1.89 1.32 1.65 -.03 +.24 -.33I

33 i 1.88 1.84 1. 77 1.68 +.20 +.16 +.09
i -

W73-28
,

.99
I,
i 1.20 2.09 I 1. 22 -.23 -.02 +.87

30 r 1.07 I 1.53 1.96 1.62 -.55 -.09 +.34
I

i
,

32 1.48 , 1.67 1. 31 ! 1.34 +.14 +.33 -.03
I

I iI
W74-26 i .• 51 I .• 85 1.20 I .85 -.34 .00 +.35

I I27 I .64 .73 .53 ! .76 -.12 , -.03 -.23
28 , .77 .88 .54

,
.65 +.12 I +.23 -.11

I
I I

29 , .91 1.10 1.26 1.02 -.11 I +.08 +.24
I I

30 I 1.13 1.36 1.19 1.38 -.25 I -.02 -.19I !
31

,

1.43 1.65 1.36 1.55 -.12 +.10 -.19; !

I
32 1.28 I 1. 41 .99 I 1.22 +.06 +.19 -.23

I 33 i .95 1.12 .37 I .68 +.27 +.44 -.31
I I Ii i I

,
W75-26

,

.32 , .70 .74 .81 -.49 I - .11 -.07
I

28 .57
i

.57 I .57 .65 -.08 -.08 , -.08
30 1.18 1.13 I 1.27 .91 +.21 I +.22 +.36
32 1.09 ! 1. 25

!
1.59 1.44 -.35 , -.19 +.15

34 .35 i .47
i

.81 .55 -.20

I
-.08 +.26

I ,

I
,

.71 .50 -.25 +.06 I +.21W76-25 .25 .56 I , I,

.42 I .57 -.38 +.01 +.1526 .19 .58

I
I I27 .15 • I .32 .95 ' .72 • -.57 I -.40 +.23

28 .38 i .38 .46 I .61 -.23 I
-.23 I -.15

29 I
I

I WASTE i, !

30 1.30 i 1.01 .74 ' .58 +.72 +.43 i . +.16
I I

I31 1. 25 i 1.13
I

1.19 I 1.21 +.04 , -.08 - .02
32 .68

, 1.05 1. 74 1.46 -.78 -.41 I +.28 ..
I

I
I

r
I

I
,

W77-24 .35
I .43 .47 [ .41 -.06 .02 +.06,

26 .12 i .51 .56 I .38 -.26 i 13 i +.18
I

28 .28 I .30 .16 I .29 -.01 I "Jl I -.13
i !

I 30
, i WASTE I
,

I

I
32 .83 I .87 I .94 i 1.10 -.27 -. '3

!
-.16

I i I I, I I IW78-24 .45
I

.42
, .45 i •29 +.16 I +. +.16

25 ,32 .54 I .40
I

.42 ~ .10 I +.! I
+.02

,42 .42 -.23 , +.C .00
26 .19 , .46 I \I I .62 +.18 ! +.21 I _.14
29 .80 I .83 .48I I I -.03I I .83 .86 +.58 +.28
30 1.44 1.14 . ,

i 1.15 .76 -\;70 I +.28 +<•.39
31 1.46

I
1.04 I I32 1.00 .72 .46 .54 +.46 +'18 -.08i I

I

I
I
I

I

r
i
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1,6.

;(00,""

NO.

.002

-.14
-.01
- .10
...07
-.01
-.43
+.72
-.22
+.05

-.28
+.16
-.38
+.44
~. 29

-.29
+.07
-.21
-.03
+.06
-.30

+.07
+.22
-.28
+.07
+.01
+.16
-.18
- .09
-.06
+.06

+.09
+ .11
+.05
-.15
- .02
- .04
-.26
+.01
+.15

+.05
.. 00

I - .08
i -.30
i -.19
!i +.04

I

I +.03
-.06
+.18
+.29

i +.12
I -.02

i
l

-.11
+.14
- .02

,

! +.27
I
I

I
I
I

+.31
+.49
+.37
-.01

- .11
+.12
+.02
+.98
+.97

~.15

+.56
+.56
+.09
+.90
+.87

.57

.60

.74

.52
1.35

.72

'.42
.46
.49
.53
.54
.92

1.68
1.08

.29

.28

.45

.39

.60

.53

.49
2.40

.86

.34

.28

.67

.53

.49
1.41

.42

.71
.63
.67
.87
.87

.69

.58

.63

.66
1.33

.99

.82

.77

.63

.53

.66

.76

.78
1.07
1.17

.75

.51

.57

.54

.48

.52

.88
1.42

i 1.. 09
.44

I

.73

.95

.86

.52

.43
1.04
1. 70
2.06
2.16

.34

.82

.90
1.08
1.69

.41

.39

.99
1.47
1. 25

.89

.72
1. 19
2.01
2.13

.42
1.16
1. 30

.61
2,25
1. 59

I

W83-22
24
26
28
30

I
W80-24 '

25 I
26
27
28
29
30
31
32 i

IW81-22 I

24 'j
26 I
28 I

i
30 ;
32

W82-22
23
24
25
26
27
28
29
30
31

.84 .77 -.36

.99 .77 -.38

.43 ,.71 +.28,

.90 i .83 +.64

.86 I .85 +.40

.88 ! .72 +. 17

.57 .75 -.03
1.04 1.13 +.06

.93 .99 +1.02

.52 1.46 +1.47

I
, I i

.50 .78 -.44 -.Q7 I
i .85 I .69 +.13 -.06 :
i .35 i .73 +.17 -.06 ,

! l:~i I :~~ +~:g~ i ::~~ I

W84-24 .57 .54 I! .51 ! .60 -.03 I' -.06 i -.09
25 .68 .45 .38 I .50 +.18 -.05 i -.12
26 .84 .65 Ii .68 ,.84 .00 -.19 i -.16
27 .93 .90 1.33 I 1.23 -.30 -.33 I +.10
28 '1.11 .84 .89! 1.16 -.05 -.32; -.27

I \ I 51 07 53
29 1.40 ~~:--.-L '~,6 +-,__. 8_9_-+_+_.__l--_-_.__+-1_-_'_--1

Average .97; .88 : .86! .86 .092 i .022 I
--------r---:---t,---+-i----+---i---+---

Std._~v., r i I .450 i .189 i .246

I! I,

I I I I
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RECONCILIATION OF GRADE ESTIMATES FOR IIIEDGE BLOCK 1ST LIFT,
-125 to -122 RL . DOLPHIN MINE

61ZA bE.S (% WOa ~ E :5 roofAT£.b I-IZ01--1 ..D I F ~l.../l. e-A./ c.. E. S

{ 2 .3 £-3 2-3
!ZOOM .PDn , c.",.U C,R.4ll£ ;::INA'-

No. Cowr~oL. C01lJTJ2:t>~ LiVr~Pol"'rfC,<

ASSAYS A :-..50tlJ/50

(I.U.70 ('Su.J.. .. 1 Est.) (8 rf. Dc./- rt )

11169-34 1.0 1.32 1.30 -.20 .02

11170-31 1.08 1. 78 1. 29 -.21 .49
32 1.05 1.08 1.33 -.28 -.25
33 1.01 1.00 1.26 -.25 -.26
34 .93 1.00 1. 26 -.33 -.26
35 .35 1.57 .80 - .45 .77

11171-32 1.36 1. 79 1.50 • -.14 .29
34 .91 2.87 1.30 -.39 USiI:

11172-28 1. 26 2.11 1.56 -.30 .55
30 1. 79 1.12 1. 20 .59 -.08
31 1.50 1.00 1.15 .35 -.15
32 1.48 1.34 1.22 .26 .12
33 1. 70 1.53 1.54 .24 -.01

I
34 .91 2.36 1.28 -.37 1.08

11173-26 .92 •• 59 .80 .12 -.21
28 1. 29 2.46 1.61 -.32 .85
30 1.60 1.71 1.49 .11 .22
32 1.44 .59 .87 .57 -.58

11174-27 .82 1.01 .98 -.16 .03
28 .98 .75 1.10 -.12 ~.35

29 1.23 1.15 1.18 .05 .03
30 1.41 1.30 1.34 .07 -.04
31 1.28 .95 1.10 .18 -.15
32 1.10 .25 .65 .45 -.40

11175-28 .64 .83 .64 .00 .19

30 1.30 .87 .99 .31 -.12

32 1,10 .83 .64 .46 .19

11176-24 .48 .59 .30 .18 .29

30 1.16 .33 .81 .35 - .48

32 1.06 1:01 .78 .28 .23

11177-24 .40 .32 .24 .16 .08

30 1.03 1.14 1.02 .01 .12

32 .69 .53 .62 .07 -.09

11178-24 .38 .23 .16 .22 .07

29 .90 .83 .89 .01 -.06

30 1.16 1.35 1.19 -.03 .16

32 .30 .49 .39 -.09 .10

11179-28 .57 .46 .64 -.07 -.18

30 1. 34 1.93 1.31 .03 .62

•

•
I

I

I
t
I

I

I,
I·
I
!
I

l



TA bLE 5
(Contd)

1600&1
48.

•

•

•

•

6P.A ilLS fro W03 ~ E.. 5rll"",ArE.. D I-lZo""" ..lJ I ~ 1=-E-Il-E-N ~ Fl.. S

{ 2 -3 1-3 2-3
/ZDDM PDf! I 6".", C.,R4l>F- I'INA-/..

No. Co}J"'.~o.L c..o1VrR.QI- LlVr~p(JLATIOO

ASSAY5 A ~5.Q!I~

(1 .... 7') ('S""., /S.Sf.) (Sll. Oe.l-7t )

W80-23 .45 .46 .32 .13 .14
24 .44 .34 .29 .15 .05
25 .36 .45 .41 -.05 .04
26 .32 .91 .45 -.13 .46
28 .68 .72 .83 -.15 .11
29 1.45 1.14 1.71 -.26 .57
30 1.11 1.49 1.33 -.22 .16
31 .46 .34 .45 • .01 -.Il

W81-22 .61 .50 .46 .15 .04
24 .58 .65 .51 .07 .14
28 .42 .40 .90 -.48 -.50

W82-21 .87 .60 .66 .21 -.06
22 .83 .67 .62 .21 .05
23 .65 .54 .63 .02 -.09
24 .65 .88 .69 - .04 .19
25 .61 .68 .64 -.03 .04
26 .60 .54 .58 .02 -.04
27 .66 .40 .58 .08 - .18
28 .97 1.34 LOI -.04 .33
29 1.Il 1.50 1.40 -.29 .10
30 .60 .84 .93 -.33 -.09

Average .92 .996 .92 .0065 .095

Std. Dev. .025 .369

,

I

I
•
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(ii) there is a marked difference in the quality of the

predictions for the first lift, and for the Undercut.

This can be attributed to an increase in the amount of

grade information and improvements to the numerical

techniques between January and April, 1976.

(iii) the quality of the predictions is best within the orebody

and is poor on the margins, because the existing logic

of the computer programs cannot recognise property changes

in dip and rock units. Attempts are being made to rectify

this deficiency.

(iv) the tabulated values do not include dilution by mine fill.

~
!,

I '.
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APPENDIX A

Some Results for Check and Umpire Assaying

Dolphin Orebody

Abbreviations Used

WOR One Metre Recommended Grade

WOK KoloS. Assay for W0
3

STR Stratigraphic Unit

MOK K.loS. Assay for Mo

WOA AMDEL Assay for W0
3

MOA ANDEL Assay for Mo

WOC ACSL Assay for WO
3

MOC ACSL Assay fOr Me

51.

•
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COORDINATION FOR 000U/3
/

1600~5
52.

------------------------------------ ---------------------------------------~ ..~-_._~~.- ._..,'-~._------~ -- -- _._~-.------_.._._--,---- ---,~.•_- - - ..,-- ._._-,-----~ ~, - -, . -.~-- .

•DEPTH
(t'i )

4.00

SAMPLE ASSAY VALUL~

___N(). T.f'-. WOR__ __ wg rL __ STR MOK MOA WOC

5.00

C 902HC 12.705__19.6UO_6._000
C 2116HC 19.100
C2381lriC ~___ 1.9.._6_o_u _
C 174BHC 20.90U
C 2229HC 20.900

------,._-~._-- ----"- ..._,.,-- --'-'-"--- -- -- -'--,'--_ .. _-_.. _'--

.800

.850

.72u

.860

16.8UU

12.00

6.000

___C.._.21 U H_.c_ _ 2__d8.ft z..Lo.o • .1 00\
C 1746HC 2.450 .080
C__22J 6HC_____ _ __ £.450 .070 c

C 910HC 2.410
C 2382HC _ 2.7 21J__

13. 00• ----------------~ ------------------- ------------_._---
31 .00

31.50

__ C__ .'!JJHC _
C 2186HC
C 1756HC
C 2390HC
C2118_H_L_
C 2201HC

.090 .120 6.000
--._-- --_ ... _~-_ .. _.-.,,--_._ .._._- -------------',--

.120
______ .r 0 ~ _ __

.130
___.. l2.Q _

.IOU

59.00

- I

--- ----I
-- j

:

6.000

.231 .2 6U __6.00"O______
.250 .01U
.2~U .010

-" --- - ------_ ..---- ----.no
_ ...?LU ._0_1\) _

.250 .02U

-

C 1757HC 2.714 2.90u .1UU
_____c _2.1 87 tI<:: J_ •.LQ_Q. • I 1.0 _

C 929HC 2.9UO
C 2119HC 3.6UO .07U--- .__ .. _---._-_ .. , .. _-.----- -- -- ------- .._.. _. - - - -_..._. ~---,,--- .-~_ ....__ .._- ---- --------_ .. _---

C 2391HC 2.520 .120
C 2204HC 3._1.0o .1) U

c:_ 940 HC
C 2120HC
C_21B9HC
C 1758HC

_____ Cz? ?_2 He:_
C 2392HC

71. 00

81.00

60.0U I
• :, 0~oo--------------------- -------------------------------- ----------- ---------- -- -----------1

i
- ---1

•
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53.

J
I

,OORDINAT10N FOR DOBO/5
----------------------------------------

WOA _I_
I

-I

SAMPLE ASSAY VALUES
N(j .TP. W()R ~V/QI< _SIR___MO_K~ __ loIu_'·~ __ i'\9~

__C.lBS2H.C .116 ...• Leu .__(,."OQ.Q. _
.21u

_______ L190J h_c __.__ . . __._--".J2.Q .. ._. . ...__. ._._ .._..
C 106SHC .160 .290

_.__.. .. ._?O_u __.__~ ....__. __.._._ ..__ .__ .....

DEPTH
1M)

60.00

61.00
. .§."OJlJl._. ......_ ._.._. . __h..18S3t1C ·_:318

C 2074HC
__....J1Q

.300 .010 .u12 .440
62.00...._._ ... ... . ---' -_._._----_._._._----_._-_._. ---_._-_. -_.__ .

•
I-- - ,-",,,,,-1

.024 1.:'10C 10SlHC

S6.Q.0
C 207SHC .609 .720 .030

. __ .._ C_lBSBfiL__._. ..... _.~f:>6lL. __6 •.QQ..!). . ___ .. ._
':>7.00

_~ C__1.~,29J:tL l_~_Q_:L~_.,._~._9_~CL_~.-!-Q..Q_.9 ._._ ... __. .__._. __..._--_._..,' --',_ .. -.-------~-~-~._- --- - i
1 .090 i

.. l..o...4_0_L .__.__ ._._9S0__~ ... .. _.~

1.400
C 19 O?H~ "__ . ...!B.d.ll._

6 !l_•._Q.9..... _.

....----...--..--.------------- --.------ ...-.---- .----- .. -- ·----·-1-

.. -- .. -. :e
.. _.._. __ __._.._--_.__ _.._----- _.- _ _- ..__ _------_ _.._. . _!

i
- I.- -I



l{)()057 51,.

COORDINATION FOR 0120/4 ,
--------------------------------------------------------------------------~". - --- ._-- _.- '.- . _..-.-., ---- -,---_ ..._- -~ .-_.. _--_. '---

MOC VlOAWlJLMOK

.120

2.391

SAMPLE
NO •. TP.

C L5QUU:

---- -
C 1903HC

ASSAY VALUES!
WORW9K! __SIR .

1.647...._~._'t.60 C-£>. QQO
2.740 "

.........- .C._IO.52tH:. ... --._--_...1.--.
C 1061HC 2.7101

3.600,- --_ .. -.. r-'
2.:JbO:

I
2.120 6.000

"0_•• _ ••" •••• 2 ...561)._ ..._. _ ... .I~Q_ .. _

14.00
C 1502HC

______C...2.o If:>.HC...
15.00

DEPTH
(M)

13.00•

23.00

._<::_150 B.HC_____ ___.

__ .. • 94 0

•
.C

C
___ . C

J904t:LC .J.. 0}_9_J .OSJ)
1053HC
1 06 2t1~_..__.. _._._1. 2}0

1.420
.900 6.000

--_._~._.,-,---_.- - ~-~--,._, .. _'" .. _-.-- -" .'-----

.970

.047 1.390

24.0 L _

28._0.0_.. _...
C 207BHC
C 1513HC

29.00

.647 .760
.bBO

- -'.--,-.'--'" ---_..•
6.000

.030

33.00
C 1063tt.C . .. _.• 4122

C 190511C
C 151BHC

.09!L.. ._ .
• 210
·_QIO_____
.700 6.000

.•.7B0 .•. _

.110

34.00
..__ ..__C...20U.H.C__.. 5.JQ.6 6 •.3Q.0.. __ ..__ ...250 ... 5.. 25!L. .100 ..5.•.b7.0

C 1519HC 6.000 6.000

C 10MHC

C 1906HC

.040

__ '. , 0.--'- ".__, ,_,

C 1528HC .790 .780 6.000
_.0_. • _ __ •• _ fl tlQ_.._ _._, .

.860
...... . __ J.QO_O__._. __..

.880

35. OJ>'.

44.00

•
52.00

C 1532HC
C 2079HC

.584 .680
-- -------_...- . -------

.620
6.000

.010

••
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55.

---------------------------------------------------------------------------~....-~ ..,-_._- -- ---_... _ .. _-,~----_ ...._---_ ....,_._--------~._-_., - -.---_._,-,~,_.~--_._-- . -.-"" -_. -
DEPTH SAMPLE ASSAY VALUES

(ML NO. TP_. __ ~_0I0R __ I\'OJ:<___~JJL MOK Wlie M_O~__WOA

1.00
. C 10 9qt::t~ .• 294 .4'jO____ _ .040 _

.510
_. J:_l 9_l4.t-i~ ._. __.. ..._ .__0.4_4_0 .__._.. ... .__._. .. _

C 1654HC .430

COORDINATION FO~ 0160/6

•
2.0Q

C 2088HC .872 .050 .170
_____ C 1591_tLC. __ .. . l-"__<3_.9IL _.6.0JlO .__. . . ._._ . . _

59.00

64.00
_ ._. __t;. 2087HC .:368 ._4.1 0. .__.__ ....__ . .0_l9 _

C 1597HC .410 6.000
65._00 ._.--------------------.- ._. __... . . ..

66. () 0 . __ _ _ _ _ ___ _ __ _ __ _ _ _. . . _
C 1599HC 1.309 1.380 6.000

________________ .. __. .J.. ""-".'+Q. . .. _
C 1091HC 1.520 .040

______________ . .~ 1.!..2_QO ._ . . . _
C 1915HC 1.450

67.00- ------ ----,--.

71.00
C 1604HC .265 .300 6.000

_ .. .C_FO§9H.~_____.. ._i:'_~Q. __. . ._.910
72.00

76.00
C_I0921:1.<: J ! 529 L. 65o .________ _.060

1.650
. .. c::: .1 b O'tt-iC . l.!..I 60_ .6 .O.D.()___ .. ...

1.850
_. C J9Itit::lC J .._b~Q ...~ . _

77.00

80.00
____ . C __ 16J3Ijc.__ .?_•.5_9_3 ... __..2_!IZL_ .Q.._() ()O ..._ __

C 2090HC 3.050 .080
81.0.0 _

86_.0 ().

•

•

--.--------- .-.--.--------------- -- i

I,
!

____ I

-----_.----~ -._--_.. ------_.--_._. -_...__ .._--------- -- ._--_.._---- -,---
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COORDINATION FOR 0160/6 1((,1';9
~--------------------------------------------------------------------------_~ ,"',_' '_·__··, ,_, .w. ,..._..__~ . ~_ ,_. ',_._. __. , . ,,_., ,._,,_.

WOAWOC MOCMOKSTR
6.000

ASSAY
WOR

2.897

C 1917HC

C 1093HC

SAMPLE
/>jO •. TP.

C 1619HC

VALUES
WOK

-- --- -". ~'-' ,'-

3.500
3.500
2.450
2.700

-- -------_.__.- --- ._-,----_•._---------- '-- .. -----,---------
3.600

H7.00

DEPTH
( Ml

•
.89.09. .

C 1622HC·g:4:r7-···s:·ilo-6--· 6.000- .
.. . ....__ Ci;'(!.9.3HC:. . ..fl...JJ.LO. .._ _ .. ' ;UO. _
90.00

95.00

96.00- - - ._~._-~~-_. __... _.._---,--_. -, ..------ ~-_._----~ ._._,~-_._.. __... -------_ .. _----_._---- ._.__ .--_.. _----

---------~-

.400 .034 1.510

C 1628HC .1.277

C 1918HC
- -- - -- -------- --- ---------

C 1055HC

.980 6.000- . --,'---------------_ ....- .
10100

..... <;..109 4Jic: __ _ t ..~OQ .. __ _ ...• 050.__.........._.. _
1.580
1.600•

100 •.()9.. __ .__ __ _._._ .
1.442

101.00

C 1633HC
C 2092HC

------- -----

1.580 6.000
1.760 .070 1.390----_. __ ....- ----- ----

.035 1.770

105.00
!=1095HC

C 1919HC
C 1638HC

.780 .880
----_._-----~ --_._,,-----~---

.900

.930

.750 6.000

.1:120

.040

106.00

•
111.00

112.00

.C.1644.HC 2.825
C 2091HC

.900
- ----- -----

5.390
6.000

.120

115.00
C 1920HC
C 1096HC

C 1648HC

274.461 .660
.750-... ..... ·'-ioo .....
• 580 6.000

-------~-'~.----,.---"';630 ~~

.030

- ----- -- ---- -- -------------------_ .. ------------- -~

C 1056HC
.

• 720 .027
.~

.080

•
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_OORuINATION FOR 0200/1

____C 11 97H~ :3.57'L 5._pO 0 4-. <L9JL____ _
5.600

___._C 10701-1(::________ _ fl._.~~Q.Q__~ ._2.1 0 .. --- --..­
6.200

____c: _lQ 58IjC _
C 1924HC

6 •. 9_0 _
5.200

5·b60

18._00 -----' . . ,.. . . ._. __ . _. . ._
C 1803HC .566 .610 4.000

_C _<! 1.()3H.c. ~_Q.:>O ~___.03Q_

19.00

33.00
___ _ _c: J 925 Hc .\1 UI.__ ._0_2Q .__• .._

C 1071HC .020
_. .__. --'_030 . . __.. _. _

C 1807HC .010 4.000
.020 . . _

•
34-.00

----_._-- --- _.--------- -------._-- ------------
58.00

_ C 1 8 11 He .40 P •390 6._0 Q.lL _
C 2102hC .500 .030

59.00_

60 • _()()__
C 1926HC .280 .060

____ CJ ()7?HC ._81Q. .0_:30________
'.800

______ c_ 18.1 3H_C____ __ __ ._().5 Q __ 6._0QL_____ _ _
.090

b_t._\lL . . . .__ .. _ •2.5UO
30170________ _ • 140__ __

, .._.~-- ------_. . _._.--------- ---.- -_."--_ ...---------_._,--- ------_._~----_._---_.-------

C 1817HC 2.54-8
_C_210 5H,l::. _

65.00

64.00

-_. -.-.-_.~.. - ._----, . __. - ---,- ---_._-~_.,----,._---_.. _._---------'-----_._--"._-_._-_.. , ._,-_._----"-----~-~ ...•---------.._'."-----
73.00

C 1821HC __:3._?~5 __ 3.._!OO__6._0OQ._. . ._. _

-- - ----------.--- --------_._- ----_._---_._--- -- ---- ------------._. ---- - ---_._-- ----_._- --- •
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COORDINATION FOR

• DEPTH
(M)

74.00

SAMPLE
NO. TP.
--'--'--_.'-~-- ..-- .. __ .. _---

C 1921HC

D20011

ASSAY VALUI:.S
wUR wOK STR----_._- -_ .. _---_ .. __ .__._._---~ .-.

3.400
MOK woOl wOA

78.()~_~ __
C 1826HC
L2100HC

.732 • roo
.<;130

6.000
.030

79.00

83.00'- ..
.040

.230

-- -,-_.--------,-- ---,-~._--------

__C__ .l83.lHC J.9_~5__ _.?......21'J! .~t2!JtQ.9 _
2.500

____ ~.2Q 0
1.220

_C1922HC .. __?!.,!8Q.. . _

87.00

!:34.00•
88.00

C 1923HC

C 1069HC

93._0 lL .____. __
C 1B4 1H(-- ---.-033-----.-OTcT --6~O-OO--

.020
-- ------,. ------ • 0 if. 0

.100-_ .. _-_ _._-_ _,. '. _ .

.030
94.00..--~-_ .. - ._-_..._.-,----_.-.~--_ .._--------_._-_._.-.-._._-------~-

•
96.00
-- -'--T-2TonrC---~2"55---~2Tb-'-- ----~o 10" - ~3TG ----.022

C 1844HC .240 6.000
- --'_.'---'-,. _..----- .. _--_.-----_._~_._. __ ..- -_ .. _- ,------ ....,----,-

97.00

------------

••
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•WOC

.._ •.2.40

. .MOA

.1':;U

.030

MOKSTB_.

4.000

.1.2U

0240/2

SAMPLE ASSAY VALUES
NO. T?_~~_.W_()R .. _.WClL._

C 1993HC ._.121 __ .!?C!1l
C 174HC

..... _._C 173HC ._.
C 175HC

12.00

DEPTH
(M)

---------'--

1l.00

COORDINATION FOR

C 171HC 1.447 1.bJU .oao
_l:__ UO_H_C ..._. .__ ._.__ ._. . .. _._ .. ., _._ .. _.__ ._._ 1 .950
C 1997HC 1.500 6.000
C 172HC 1~160 .090

., - _._-,----~ .._.~-- -~_.."~._._------ - -- ,--_._~._------------

26.00

,

I

--- ---·i
.. .9_4 0_1

!
.- ·----------1

.040

.015- - -- --_ ... -
• U3U

.7bU
.06U

6.000

.010

.730

.700

6.t)OO

.- -~O:ii)·---·_---~-03j)

o 161HC .025- -,... ,..~- --- ._._----

D 2046HC
o 162H,C .__ ._
D 163HC

D 164HC .652
D 2036HC

- ._._-- ,. ----------

D 165HC
i) 166H_C_._...._ ..

74.00

..-- .
65.00

36.00._

3S._00_g_2i~i~2 ··<}1 L._._~ 990' - -i;-:ij'o-o- -... ,- -.- -- - -.------. - .'18 o·i.
g -i~~~~---'--- .---1-::-oio··---------.090· J • CJtlU

- __ •.!J/i 5
.. -- ·1

-··1
,

~7-1 0'-1

--I
I

64 ...Q.9.

.025.37u159HC .339
20 541j~______.~~?.Y_ . 9_.(jO(} _

160HC .340 .040
_J5.fl._f:!C . . ...-------.-~.-.-._-.-.-.---~.~l!o.-.i

-----._-_._-_. ---- . _._--- .- .._..... --- ---_._-~
i

o
D

---- ----_._-~

D
. -- ._ .. Q

yS._ttL_. . -.---- .-----.--...-.-----------..---.--. "-"--" -.. - ---.--.--- .. -- ..-. '---'1i.__ oj

!

82.00
---- - -_._-----------

83. 00

-'- --------.. ---- .--.----- ---.-.- -- .--.----.-.---~ - ---- -. --I
!

-...-----'--- --_.,'- .~-~-- - .'"---"-'--'-----'-."-_..-. __ .. ---------,.. --._-,,-~._- --_._~ .. _...- - --_...."--_.__.- ----~·~~--·--I,
i

._ .__ . ._' - _. -----.1
,

_._------ ._--. - - --_._--._._-------_._-.
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