o

DAVE TENNEY

neod +ao r:l'lrnl:x'l-n the oro recorvoc at

Faro are empirical to the extent that their accuracy cannot bhe
auaranteed except with reference to prior blasthole production.
Thie, ag far 2s 1 am aware, ig true of 311 nre recerve calculatione
except those using geostatistical methods (Y"Krioina”) Gonstatic—
tics not only provides an ore recserve tonnaoe and arade but can
aleo give an estimate of the likelv error rcontained in the
estimates. If a particular degree of confidence is needed in the
ore recerve ectimate 91fher on 2 local or olobal bhasie_ - then the
required pattern and dencsity of camplina can be determined. This
‘wmonld be of par ticular 16nnrtan:e in the current drillina prooramme

Since Kriging, the branch of geostatictice in most common use
ie a complexy subiect T sugagest we invectionate the possibilitv of
hirino a consultant gégstatisti:ian- The names of Michel David and
Michel Daghbert of Geostat in Montreal come to mind immediatelv_ but
there are others.  Their mandate would be to plare some confidence
limite on the ore reserve sstimate (hoth _lcballv and 1ocally) and
suggest a drill hole pattern and densitv which will oive us the
lovel of confidence we roouirs. 1 understand from Jim Hendrv that
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Thic study ie nrobably hetter handled throuah Grean Jilson’'s offire
in h!hiteh-:-fse, where farilities for this tvpe of work better
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| ERNATIONAL INC.

FACSIMILE TRANSMISSION

TO: Mr. Dave Tenney, Chief geologist, Curragh Resources, Faro, Yukon
FROM: Mr, Michel Daghert, Geostat Systems Inernational Inc., Montreal, Quebec

DATE: 09/10/1990

Number of pages including this one:1

Subject/Message: Dear Dave,

We arc couriering {0 you a secand drafl of the report with the validation of the long
term error prediction and the correction of block estimates for proportion of blast holes in
block. We think that this correction is particularly useful. In a 1est zone around the blast
noles of benches 3490 1o 3450, we found that it we apply the cut-offs on the straight black
estimates derived from D.H, composites, we can get uverestimation of tonnage of as much
as 30% in 20/30 and 14% in 50/70 and underestimation of grade of up to 17% in 20/30 and
7% in 50/70. With the proposed "lognormal” shortcut correction, these numbers are down
to 8%, 3%, 5% and 2% respectively. The cotrettion can easily be implemented once you
get the block estimate file,

I am still working on the last two jtems of the study i.e. the testing of the "geclogical
framework" of the madel us well as the processing of B.H. data for grade control, I am
leaving for Africa bui I huve my portable with me and I will finish the work there. Final
seetions of the report will be sent to Montreal and forwarded 10 you. In the meantime, if
you have any question, send 4 fax to Montreal and it will be relayed to me.

Regards,
GEOSTAT SYSTEMS INTERNATIONAL INC.

) ,%%Q/gf)l(c, {nu

Michel Dagbert, Manager

4385, rue St-Huberl, suite 1
Montreal, Oc, Canada  H2J 2X1
Téldphona: (514) 671-7544
Télex: 05-25134 MTL
Fax: (414) 525 8484
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”INTERNATIONAL INC.

Montreal, Septembef 10® 1990

Mr. Dave Tenney
Chief Geologist
Curragh Resources Inc.
P.O. Box 1000

Faro, Yukon

YO0B 1KO0

Dear Dave,

Please find herewith a second draft of the report on the geostatistical analysis of Faro
drill hole and blast hole data. The validation of the long term error prediction and the
correction of block estimates for proportion of blast holes in block have been added to the
text. Still to come is the testing of the "geological framework" and the B.H. data processing
for grade control.

I am leaving for Africa but I have my portable with me and I will finish the work there.
Final sections of the report will be sent to Montreal, and forwarded to you. If you have any
question, send a fax at our Montreal office to my attention and it will be relayed to me the
same day.

Yours sincerely,

GEOSTAT SYSTEMS INTERNATIONAL INC.

75@%"'%‘)

Michel Dagbert, Manager

Encl.

4385, rue St-Hubert, suite 1
Montréal, Qc, Canada H2J 2X1
Téléphone: (514) 521-7544
Télex: 05-25134 MTL
Fax: (514) 525-8484



grade of each of them using % L osites of the same type but in
different holes. Witk the standard 400’ x 150’ X 60’search ellipsoid, we can reestimate 719
composites. Average estimate js 5.19% Pb + Zn which compares well with the mean vajye of the
719 data (5.18% Pb + Zn) ie. the average error is virtually zero, The average absolute error i
2.35% Pb + Zn and the average squared error is 8.79 e, a standard deviation of 2.96% Pp + Zn,
In other words, the average experimental uncertainty in the reestimation of samples from nearby
samples is 2.96/5.18 = 579, The average kriging variance is 8,02 Or a standard deviation of 2,839
Pb + Zn, very close to the experimental vajue (individual standard errors vary from 2.35 to 4,059
Pb + Zn). These standard errors of aboyt 2.9% Pb + Zn in the reestimation of composites at
distances from 70’ to 140’ are consistent with the predicted standard errors of 1.20% to 1.73% Py
+ Zn in the estimation of 25" x 35" blocks at about half those distances.

The same method can be used to test various features of the variogram mode] =

+ if we do the reestimation using a variogram model with no horizontal anisotropy
(horizontal range = 300’ in aji directions), the absolute erroris 2.34% Pp + Zn, the
experimental error variance is 8.84 but the average kriging variance js only 7.50. Hence
this model] is giving estimates as good as the anisotropic model but the predicted error is

+ if we do the reestimation using only the nearest composite in the 400 x 150’ x 60’ search
ellipsoid, the average absolute error is 2.969% Pb + Zn hence distance weighting
interpolation methods like kriging are preferable to polygon.

Back to the original p.rediction model, another way of checking the validity of error prediction with
the sample reuse methog Is to count the number of times when the actua] error is less than the

indicated by the correlation plot of figure 17. Correlation coefficient of estimated and true values
is in fact only 0.18, What WE Can notice on this diagram is that estimates are smoother (less
dispersed) then actual values. In fact the standard deviation of estimates is only 1.41% Pb + Zn

whereas that of true values is 2.88% Pb + Zn.
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A direct Consequence of toq Smooth estimates js an Overestimation of the proportion of values
(tonnage) above a Jow cut-off and the underestimation of the Proportion of vajues above g high
cut-off (Table 10). Estimated grades above cut-off are always Underestimated, Hence somekind
of correction is necessary to "unsmooth" the distance weighted estimates. This would be
considered in the next section,

out of 985 reestimated samples, the average error is 0.07% P + Zn (mean of true values is 6.65%
Pb + Zn, mean of estimates js 6.57% Pb + Zn), the average absolyte €rror is 2.22% Pb + Zn, the
€xperimental error variance is 843 (standard error; 2.90% Pb + Zn) and the average kriging
variance is 8,89 (standard error 2.98% Pb + Zn). Ako 73% of the actua] Crrors are less than the
Predicted standard error and 95% of them are less then two Standard erropg, Correlation of
estimates and trye values is much better than in 20/30 (figure 18), Correlation coefficient is now
0.61. Oversmoothing of estimates is sti]] Present. Asa result, since oW all cut-offs are Jess than
the mean grade, all the Proportion of values aboye cut-off are Overestimated and g grades above
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F{gure 17: SCattergram of rea Pb + Zn value a5 estlmatnk@.
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Figure 18: Scattergram of real Z Pb + Zn value and estimated Z Pb + Zn value
in 40/70. |
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Table 10: Reestimation of composite % Pb + Zn grades Proportion of actual and estimated
values above cut-offs (% values)

Cut-off om0 am
| (@Pb+zn) Actual Estimated Actual Estimated
| 3 76 - .95

4 | 61 B 84

5 48 55 6 7

6 .- 34 27 ; 54 57

Table 11: Reestimation of composite % Pb + Zn grades. Mean % Pb + Zn grade (no SG
weighted) above cut-off: actual and estimated.

Cut-off 2030 40/70

(% Pb + Zn) Actual Estimated Actual Estimated
3 624 532 7.83 6.78

s 6.93 5.68 8.28 7.19 .

5 758 679 8.83 7.63 |

6 8.41 688 9.42 8.21 : |
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1.6 CORRECTION OF BLOCK ESTIMATES FOR PROPORTION OF B
IN BLOCEKS -

Another way to validate the long term predlctlon of block values ﬁom dnll hole bench mtercepts
is to compare block estimates derived from those intercepts and blast hole grades in the same

We have % Pb, % Zn, % Pb + Zn as well as coordmates from 2083 BHs in benches 3490 3470
and 3450 in the south phase of the pit. Table 12 lists some statistics of those blast hole values
according to rock code. We can see that most of the blast holes that we have are in rock type 50.
We have a significant group of "55" that we did not have before and which seems to have the same
(low) means grades as type 40 in DHs. With the exception of 70, all mean B.H. grades in that
zone are higher than the overall D.H. mean grades (Table 1-3), hence it is a relatively rich zone.

If we just consider the quartzite types, 20 and 30, we have 568 blast holes with % Pb + Zn values
ranging form 0.10% to 14.83%, a mean of 6.39% and a standard deviation of 2.80%. Figure 19
is 2 map of those blast holes (x with size proportlonal to % Pb + Zn) in bench 3470. On the same
map, we have the 20/30 D.H. composites in the same bench(0 also with size proportional to % Pb
+ Zn). We can notice that, ovetall, there is'a good agreement between ore type characterization
of D.H. composites and blast holes. There are however a few 20/30 D.H. composites which are
more than 25’ away from the closest 20/30 B.H., hence there are almost coincident with a B.H.

which is not classified in type 20/30.

We can find all the blocks of the 25° x 35° model which contain a blast hole of type 20/30 and do
the interpolation of the % Pb + Zn grade of those blocks from the drill hole composites (Figure
20). All together there are 413 blocks but since the blast hole grid is about 20°, most of the time,
there is only one blast hole in a block. The interpolation method that we use is kriging with the
variogram model of % Pb + Zn for 20/30 D H. composites (Table 4) and the 400’ x 150’ x 60°
search ellipsoid.

{m

If we compare the mean kriged 'grade of the 413 blocks with the mean grade of the 568 blast holes-
in those blocks, they are reasonably close: 6.24% Pb + Znvs 6.38% Pb + Zn. The difference of

" 0.14% Pb + Zn (or relative difference of 2.2%) is consistent with the monthly and quarterly

precision figures of % Pb + Zn estimates in 20/30 of table 10 (413 blocks represents about 1.5
months of production. ,

Even if means are close, the correlation between kriged D.H. grade of a block and mean B.H.
grade of that block is not that great (Figure 21): correlation coefficient is only 0.11. The main

reason for that poor correlation-is the oversmoothing of kriged block values: kriged values range
from 3.31 to 9.59% (standard deviation: 1.02%) whereas B.H. values range from 0.10 to 14.83%

(standard deviation of 2.68%).

Asa dn'ect consequence of that oversmoothing, if we apply the usual cut-offs to the kriged b]ock
values, tonnages are too high and grade too low (Table 13). Tonnage difference is as much as

+ 30% (5% cut-off) and grade dlfference as much as 17%.
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If we repeat the same exercise in 40-70 (excluding 55), we end up with 795 blocks that contain at
least one blast hole of either 40, 50, 60 or 70 type. Mean of knged values for those blocks is
8.16% Pb + Zn whereas the mean of blast holes in these blocks is 8.84%. This almost 10%
difference is more than what can be expected A closer look at the location of blast holes with
type 55 indicates that they are in regions with D.H. compos1tes of type 40 (Figure 22). Hence it
seems more reasonable to krige all blocks that contain blast holes of type 40, 50, 60, 70 and 55
with the 40/70 D.H. composites. In that case, we end up with a mean of 909 blocks equal to .75%
Pb + Zn whereas the mean of the BHs in those blocks is 8.12% Pb + Zn.

Difference is less than before but still fairly high. It shows that when a few low grade D.H.
composites of type 40 are used in the estimation of mostly high grade 40-70 blocks, there is some
overall underestimation of grade.

If we restrict ourselves to types 50-60-70, we have 1148 blast holes with % Pb + Zn values ranging
from 3.13% to 18.21%, a mean of 9.07% and a standard deviation of 2.73%. Map of those blast
holes in bench 3470 (together with the D.H. composites in the same bench) is on figure 23. In that
case, we see that all D.H. composites are surrounded by BHs of the same type. However, we can
see extensive zones of blast holes 50/70 with no 50/70 D.H. composites around = D.H. composites
in those zones have probably been assigned a different rock type.

There are now 765 blocks with 50/70 BHx in them (Figure 24). The average kriged % Pb + Zn
of those blocks is 9.02% which compares well with the mean B.H. of 9.07% Pb + Zn.

However, like in 20/30, correlation of D.H. estimate with B.H. value is not good (Figure 25).
Correlation coefficient is a mere 0.31. Like before, this poor correlation is derived from the
oversmoothing of block estimates: kriged values range from 5.70 to 10.94% (standard deviation:
1.11%) whereas B.H. values go from 3.13% to 18.21% (standard deviation: 2.52%). Again,
because of that oversmoothing, if we apply a cut-off to the knged block values, tonnages are too
high and grades are too low (Table 14) Tonnage difference is as much as 14% (6% cut-off) and
grade difference, 7% (same cut-off). _

A way to overcome the oversmoothing of straight block estimates is to_estimate the likely

" proportion and grade of blast holes above the cut-off in each block.

We can take the kriged estimate as the mean of that distribution. Its variance can be derived from
the variogram of D.H. composnes it is simply the average value of the horizontal variogram in
a rectangle 25’ x 35°, ‘It is 4.41 in 20/30 and 4.53 in 40/70. "The shape of the distribution can be
assumed to be a simple model, normal or lognormal (considering the histograms of D.H. bench
composites, the best assumption is probably lognormal in 20/30 and normal in 40/70).

We have tried a "lognormal short cut” correction of the kriged block values in both 20/30 and
50/70 with the above variances. This means for example that if we have a kriged block estimate
of 5.54% in a 20/30 block, we estimate that:
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17.2% of the BHs are between 3 and 4% with a grade of 3.54% Pb + Zn.

22.1% of the BHs are between 4 and 5% with a grade of 4.50% Pb + Zn.
19.5% of the BHs are between 5 and 6% with a grade of 5.48% Pb + Zn.
34.4% of the BHs are above 6% with a grade of 7.82% Pb + Zn.

This is far different from the answer that you get if you apply the cut-off directly on the block
estimate. In that case the estimated proportions for the same grade categories are simply:

0, 0, 0, 100% and 0. If we sum all the estimated proportions and grades above cut-off in each
block, we get the results of Table 13.

We can see that the correction is achieving its goal: reduce tonnage and increase grade.
Maximum tonnage difference is now 8% in 20/30 (6% cut-off) and 3 % in 50/70 (6% cut-off
maximum grade difference is 5.4% in 20/30 (3% cut-off) and 2.4% in 50/70 (6% cut-off).
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Table 12: Summary statistics of B.H. data available.
Mean % Pb

Rock
type

0

10

20

30

40

50

55

60

70

20 + 30

40 + 50
60 + 70

40 + 50
60 + 70
+ 55

50 + 60
+ 70

Number
of BHs

37
12
398
170
55
1061

263
81
568

1203

1466

1148

2083

1.09

1.56

2.16
2.85
2.21

'3.46

1.66
4.61
3.75

2.37

3.42

3.11

3.48

2.86
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Mean % Zn

1.03
2.47
3.75
4.65
3.35

75,60

1.99
7.33
5.25

4.02

5.49

4.86

5.59

'4.55

Mea% Po + Zn

2.12
4.03
5.92
7.50
3.56
9-.05
3.65
11.96
9.00

6.39

8.91

7.96

9.07

7.41




GEOSTAT
Table 13: Resources above cut-off from D.H. kriged block estimates and blast lioles in those
blocks. Type 20/30 - 413 blocks.

Cut-off Kriged D.H. values B.H. values

% Pb + Zn % above % Pb + Zn % above % Pb + Zn
above above

3% 100 6.24 91 6.81

4% 98 6.28 ‘ 82 7.17

5% 91 6.42 70 7.63

6%  _ 59 6.86 ) 53 833

Table 14: Resources above cut-off from D.H. kriged block estimates and blast holes in those
blocks. Type 50/70 (excluding 55) - 765 blocks.

Cut-off Kriged D.H. values B.H. values

% Pb + Zn % above %Po+Zn % above % Pb +Zn
above above

3% 100 8.90 . 100 9.02

4% 100 8.90 : 99 9.07

5% 100 890 h 97 918

6% 100 8.90 87 9.56
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Table 15: Resources above, cut-off after correction of aversmoothing by lognormal short-cut
(dispersion variances of 4.41 and 4.53 in 20/30 and 50/70 respectively).

- Cut-off Type 20/30 Type 50/70
% Pb + Zn % above % Pb + Zn % above % Pb + Zn
above above
3% 95 6.44 100 8.90
4% 84 6.81 99 8.94
5% 67 7.38 96 9.06
6% 49 809 90 9.33
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Figure 20: Map of estimated 20/30 blocks in
bench 3470,
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Figure 21: Correlation of kriged DH block and mean BH Z Pb + Zn
in 20/30. .

47




21000 21200 21400 21600 21800 22000
q
]
STBOO 37800
X . :@ ) X
X X XX x X
Rxx XX ©
Xixx xXx xXX X
37600 ;(XX Oi(: :;x o o - 37600 - -
X x x % XX |x
X Xx ko
XX X»
@ X x X x
x xE(x
X X % o
XX
37400 X(D X 0. >°< 37400
I :
X
37200 -1 X 2 37200
U]
U]
37000 37000
21000 21200 21400 21600 21800 22000
LEGEND N M _SYSTEMES GEOSTAT INTERNATIONAL
x Bslew 3.00 -
N RS CURRAGH RESOURCES ING.
X Belew 100.00 FARQ DEPOSIT
SCALE 111200 TEST KRIGING IN BENCH 3470
100.0 - " 200.0r4 ! Locetlon of BHs and DHe - typs 55
DWG

BATE 9 /8 /1990 TINE £3017

SEI1 PLOTED B.21

Figure 22: Map of 40 DHs and 55 BHs in benc

3470

48



21000 21200 21400 21600 21800 22000
37800 37800
37600 37600 :
37400 37400
1
O |
1
37200 37200
37000 37000
21000 21200 21400 21600 21800 22000 |
LEGEND RN ME _ISYSTEMES GEOSTAT INTERNATIONAL
% Bslew 3.00 REVISED BY DAYE
5 Below 6.00 - CURRAGH RESOURCES INC.
3 Belew 100.00 FARO DEPQOSIT .
SCALE 1¢1200 TEST KRIGING IN BENCH 3470
108-0 > 209-91 Lecetion of BHs and DHs - type 50/70
DWG

Figure 23: Map of 50/70 DHs and BHs in
bench 3470

49



" Figure 24: Map of estimated 50/70 blocks in
bench 3470
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MESSAGE PAR TELECOPIEUR/FAX MESSAGE

ATO: Télécopieur/Fax No.:
Nom/Name: Mr, Dave Tenncy
COmpagniCICompany- Curragh Resources Inc.

t Systoms International Inec.

DE/FROM: Nom/Name:_ 5022

DATE; September 20th, 1990 Nompre de puges/Number of pages:

Continuation of Geostat report on Faro reccived from Mr.

Message/Subjecte
Michel Dagbert in Abidjan. Tigures and additional text still

to comoe,

Regards,

Lise Mayville, secc.

En cas de difficulté/If any problems: (514) 521-7544

4385, rye StHubert, suite 1
Manirédal, Q, Ganada H2AJ 2X1
Télgpnone; (614) $21-7544
Télex: 05-25134 MTL
Fan: tE14) 526-0484
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2 SHORT TERM FRED OLE DATA

We have already introduced the refcrence blast hole data set in section 1-6 with summary statistics
of their % Ph + Zn data on Table 10. Those blast holes are categorized according to the
predominant ore type, Since some of the ore types are mostly low grade (55) and others are high
prade (50-70), the distribution of all their % Ph + Zn values is rather heterogeneous Histogram
i n "fat" bell shaped curve with its peak at abount 7.30 % I'b + Zn und large quantities of low and
high grades (Figure a). There is also a tail of very high grade data (above 15%). The coefficient
of variation, 45% is fairly high considering that data come from a fairly restricted zone. If we look
at distributions of values according to ore types, we also sce some heterogeneities within each

group;

Distribution of the 37 %Pb + Zn values in type "0" is positively skewed with most
values below 2% and other values up to 7%.

Out of the 12 blast holes classified as "107, 2 are above 12% whercas the balance
is 5% or less. As a result, the coefficient of variation for the 12 %Pb + Zn values

in that group is §9%.

Most of the 398 values classified in type 20 are within the range 2-10%. However,
maximum reaches 17.68%. Coefticient of variation is similar to that for overall data

46%.

The 170 data in type 30 are morc homogeneous. Most values are within the
interval 3 - 14%. Coefficient of variation is only 35%.

In type 40, we just have 55 values ranging from 2 to 12%. Coefficient of variation
is the same as overall (45%).

Like in 30, the 1061 data in 50 arc more conceatrated: 90% of the values lie in the
interval 5 - 14%. ‘Chere are a few high outliers up to 20%. Coefficient of variation

is a mere 30%.

The 263 values in type 55 have the typical distribution of Jow grade material: lots
of low values (median is just about 2%) and a few scailered high values (up to
13%). As atesult, the coefficient of variation is pretty high: 62%.

There is not much to say about the 6 blast holes classified in type 60. Values range

from 6 to 16%. Cocfficient of variation is 25%.

Distribution of the R1 values in type 70 is well homogeneous with values from 5 to
13% and a coefficient of variation of 25%,
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Formally, the current shori term prediction madel is also a block model with a distance weighting
grade interpolation methed: blocks are the 25 x 25 ft volumc of influence of a blast hole and the
interpolation method js nearest neighbor (or polygon). In other words, the grade estimate for a
blast block is the grade of the single blast hole sarnple in the middle of the block, Like for the
long term prediction model from drill holes, it is possible to assess the standard error a single
blast-block grade estimate or # group of them. We just need compute and mode] variograms of

blast hole grade.

At this poini, we can calculate a) a global variogram of all the 2083 B.11. data available whatever
their rock type assignment b) variograms in each rock type or combination of rock types.

Blast hole variograms are well defined provided they are computed on a few hundred data points.

We have just computed horizontal variograms: with only data from 3 benches, we don't have that
much information on B.IL grade variations through benches. Also, if we were to implement a

blast hole distance weighting grade interpolation procedure (some form of blast hole kriging) we
would tend to limit ourselves to blast holes on the same bench as the blast-block to estimate.

An example of blast hole varfogram is given on Figure b. Ttis for the % Pb + Zn of all available
blast holes. In additjon to the average variogram (circles), we have directional variograms along
E-W (triangles) N-S (X) NE (+) and NW (diamond), Step to classify distances is 25’ along E-
W and N-5 and 36" along NC and NW, Al variogram points are defined from a large number of
samples. There is no restriction on sample data. Those variograms show;

+ a well defined nugget effect of about 4 (%) .e, about 35% of the variance of 11.5, Note
that this is exactly the same as the nugget effect of % Pb + Zn of bench composite in both

20 + 30 and 40 + 70 ore types. Henge it Jooks like the sampling precision of blast holes
is as good as that of drill holes.

+ a short range structure of ahaut 100° (average variogram). For shott distances, less than
100", we can detect some anisotropy pattern on directional variograms which jis similar to

the one observed on the bench composite variograms of type 20-30; wp variogram (least
continuity) is B-W and hottom variogram (best continuity) is N-S.

+ a long range structure of about 350 i.e. similar to what we had for the D.H. bench
composites variograms.

Blast hole variogram models for various combinations of ore types are given on Table a. We can
see that:

+ the sirong E-W/N-§ anisotropy that we had for .. composites in 20/30 is still visible
in the blast hole grades of the some ore type.

+ likewise, the variograms of blast holes in 50-60-70 is jsotropic.
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+ low grades 40 and 55 have been pooled togcther for variogram compmauon. The
variograms show a strong trend at long distances due to the presence of isolated high
grade blast holes categorized in those ore types. The model used does not take that trend

into account.

To check the performance of various blast hole grade interpolation methods, we can use the same
sample reuse method that we had for D.H. bench composites. 'The idea is to reestimate each of
the 2083 B.H. % P'b + Zn grades from blast holes around using various interpolation methods and
segregation of blast holes by ore iype. Results are in Tables b and e.

Fur example, if we do the reestimation with no scgregation at all, we got a pretty good correlation
between original and reestimated B.H. grade if we use kriging (r = (.70 - Figures c). It Is not so
good if we just use the nearest neighbor method (r = (156 - Figure d) even if the dispersion of
estimates perfectly matches that of the original data (see table ¢). In fact, even if kriged estimates
are smoother than real valucs, we can see one advantage of kriging over nearest-neighbor: the
regression line of real an estimate it almast aa y = x line. This means that if we mine all blast
holes with an estimate of 69 the true average of these blast holes is 6% : we mine what we
anticipate. There is no shortfall of grade above cut-off. On the other hand, if we use the nearest-
neighbor approach, the regression line is like y = 0.56x + 3.2. If we enter estimates (x) of morc
than 3.2/(1.056) = 7.27% Pb + Zn in this equation, the corresponding mean true value (y) is less
than the estimate. 1lence we overestimate high grade. Ifor example, if we apply a cut-off of 6%
Ph + Zn to the nearest-neighbor estimates, we get 1367 blast holes (66%) with an average
estimated grade of 9.37% Pb + Zn but an average true grade of 8.57%. If we apply the same cut-
off to the kriged estimates, we get 1560 blast holes (75%) with an average estimated grade of
8.46% I’b + Zn and an average true grade of 8,52%. Hence with kriging, we recover more tonnes
(12%) at the cxpected grade. With nearcst neighbor we have a grade shortfall of 8.5%.

We peteven better results if we da the kriging of blast holes independently in 20-30, 50-60-70 and
all the low grades 55-40-00-10 together. Correlation coefficient of real data and estimates is now

0.74 (Figure e), regression line of real on estimate is virtually y = x. As a result, if we apply the
6% Pb + Zn cut-oifl on the estimates, we recover 1519 data (73%) with an average estimated
value of 8.65% Pb + Zn and an average true value of 8,64%. We get a little less tonnage than
in the casc when we usc all blast holcs together but with a higher recovered grade. Our selectivity
has improved,
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Table a:
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‘Tubls®:  Statistics of errors in the reestimation of % Pb + Zn grade of B.HLs for B.H.s around (on the same bench).

Intorpolation Number Awerage
B.H. gronping method of reestitnations Error Absolute Experimental Theoretical
emrox cIror exITor
varance varance
(%) (%) o6y (%)
Al Kriging 2078 -0.017 1.84 5.83 6.07
All Nearest 2078 -0.071 234 10.04 9.43
Neighbar
20-30 '
50-60-70 Kriging 2078 0.00 172 5.12 4.95
00-10-40-55
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Table ¢ &irehimufemm:mlnhuinthemuﬁnaﬁmdﬁrb+hmdalh&mﬂmumd(mhmbemh).

Standard deviations Correlation

Regreasion
: nterpolation cocfiicient real = £ (eatimates)
All Kriging 337 2.26 .70 y=104x-0.3
All Nearest 337 3.36 0.56 y=056x + 32
Neighbor : '
2030
50-60-70 Kriging 337 2.46 0.74 y=1015x- .11
00-10-40-55

53



