
07/27/90 lSI19 :It 514 525 8484 S'IoIST GEOSTRT IN 82

" '.'
l 000688

l,-
8Y8TAMIIS

OSTAT
INTERNATIONAL INC, Montreal. July 27 , 1990

Dear Dave,

Mr, Dave Tenney
Chief Geologist
CURRAOH RESOURCES INC.
P.O. Box 1000
Faro
Yukon,YOB 1KO

Please find herewith my report for the Phase 1 geostatistical stUlly of the Faro pit drill
hole und blast hole data. It follows my visit of last week to Faro, AJ; indicated in the original
proposal, this report docs not provide any definite answers to your questions about the
accuracy of b'l'ade and tonnage estimates derived from drill holes or blast holl;!s, It rather lists
II series of points which must be checked with real dlltCl in the phuse 2 study.

After this evaluation, we are now in II bt:tter position to evaluate the ilmount of time
nnd efforts for that second phase, Our time lind cost estimate is :

= $4,150
- $5,100
= $ SO()

Senior geos1alisticiun : 5 duys at S830/dny
Engineer: 10 days lit $510/day
Expenses ( courier, long distance )

TOTAL = $9,750

Based on those projections, we estimate that we could produce the Phase 2 report 3
weeks after receiving your go-lihead.Since we hllve all the datil and they are io good shllpe ,
we clIn start anytime you wish, Please keep in mind however that I Hm in Africa for 6 weeks
sk1rting at the beginning of September hence it would better tu start on ur before August 13

Don't hesitate 10 contact me if you hllY': questions or sugge.tions about the Phase 1
report and the propuseo work fUf Phase 2, J wish to thank you for your Wllrm hospilality in

Faro '

Yours 5incerely

4385. rue 51-HUbert, IUIUl 1

Monue.l. Dc. CBnlda H2J ZX 1
TiIOphono: (5141 521-7544

Till"JI: 115·25134 MTl
F,UI: (514) ~2.s-11484
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This study has been initiated by a letter of April 25 , 1990, from Dllve Tenney, chief
geologist of the Faro opeIHtions for Curragh Resources Inc. to Geostat . This letter stated the
three main objectives of the contemplated geostatistica!analysis i.e, 1) estlOlate tile likely error
( global lind local) of current computer-generated inverse distance (10) grade and tonnage
cstim"tes, 2) determine the neoo"ary 'pacing between holes to achieve a given confidence on the
saOle estimates ( in laler dj~cu••ion. , it was mentioned that management objectiveS arc a
maximum +/.5% deviation for monthly Ilrddc and tonnage estimates Rnd +/.2% d"viatioll for
annual estimates) ,3) using blaSt hole data, compare the 10 estimates with truly geostatistjcal

estimates ( kriging) for the sallle blocks .
In its answer Jetter of April 30, Geos!at proposed to conduct a two phases study: Phase

1 would include a visit of Faro operations by a Geostat's representative ( M. DlIghert ) for
gathering tha nece",ary information and preparing a detailed scope of work ..Phase 2 would be
the "nalytical work itself conducted in Montreal.

Phase 1 was accepted by C'lTTagh Resource. un JUlie 12. The site visit was conducted by
M, Dagbert in the week of July 1Ii and this is the repmt for that ph".., of the .tudy .

INTRODUCTION

Curra.gh Resources Inc. ~ curr"ntly mining lead.rille-silver sulphide orc from the Faro
open pit northeast of Whilehor.e in the Yukon. The mine i' nlo,tly II .1Illldard truck alld shovel
operation with some undergrouml mining from a ramp at the n"Uom of the pit. Shovels are 12
yd3 and trucks 15U·170 tons. Bench height is 2U fl. Ore production is about 450,llOO tonnes/ll1<lnth
.or 15,000 toones/day . Mining in the pit is now restricted to the S (south) amI E (east) phases.
The central (A phase) is now completed. An estimated (i M2 tonnes above 5 % Pb+Zn is left
to he mined .

Initial expluTlltion of the depu~itwas don" un Nfi.SW sections at 140 ft intervals, Holes
were mOStly vertIcal amI spacing belWe(:n holes all the sections was ,,1'0 abo\lt 140 ft . In dIe
recent years, in-lilI drilling on about a 7Ox70 ft grId has been conducted in the remaining E and
Sparts oflhe pit These new holes are generally verlicalllul some of them are dipping to the NB

.or SW . Drill hole assay intervals are generally 2.5 105ft long. Each interval is llssigned a
lithologicaJ code ( see below). Assay values are %Pb,%Zn,glt Ag lind gil Au. !I. pulp specific
gravity is also available for most intarvals .

The FIlTOdeposlt is considered as a polyddormed stratifornl deposit .Sewral different rock
and ore types can he identit1ed . Main ore types are from the outside into the rore of the deposit

2A Graphitic quartzite ore ( code 20 )
2DCD Pyritic quartzite ore ( code 30 )
2E Pyritic llGmi-massive sulphide or" ( code 40 )
2F Pyritic massive sulphide ore ( code 50 )
20 Barytic massive sulphide are ( code 60 )
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2H Pyrrhotitic massive ~ulphide are ( cud.. 70 )

1110 quartzite ore type~ ( 20 amI 30) torm the uut\idc "shell" ot'the dllpusit . The mll••ive
and semi·massive ~ulphjde ore types ( 40 to 70 ) form the core of the deposit . Mu~t ofthe are left
to be mined in the Sand E phase of the pit i'i mostly of types 20,30,40 and 50

Main waste rocks are the FW and HW phyllites (codes 1()().120), a elllc-silicate breccia
cap to the ea.t ( code 170 ) and dike ntaterial ( codes 180-J90 ) .

The ,tr"tiform deposit hIt. !>toen .ubjected to intense folding and faulting. Isoclinal folds
suhparalJelto .chi.tosity can be recognized. Low "ngle thrust faults as well ... post-metammphic
extensional faults with displacement of up 10 several hundred feet hove be.>I1 interpreted un
sections and plans .

Grade control uses hiast hole a~say data (%Pb,%Zn and %Fe) . A specific gravity is
derived from grade values u~ing a linear regression formula derived from pulp SG values in drill
core samples. Lithological codes of material found in each blast hole are also recorded. Blast
holes are on a square grid with side from 20 to 25ft. Bllllit holes are elal',ified according to
%Pb+%Zn grade limits; 3-5% is low grllde ( 3-4 is LLG Rnd 4-5 is LGA or LGC ),5·6% is
medium grade anti abnve 6% Is high gratle . A first calculatiun of ure in the blll.t i. done after
chmifying each blast hole and assigning a tonnage from the volume uf influencc of the blast hOle
( g~n~rally the blast hole grid cell ) and the inferred density of the blast hole material. A secontl
classification is done after grouping neighbor blast holes with similar grades and lithology. Limits
of that ~econd cJa<sification are ulied tu fug ore in the hlast .

LONG TERM PRBDICrION FROM DRILL HOLE DATA

Current modelUng lechnjij ue :

Current estimation of ure n,serves from drill hole data is done through a regular block
model and the PC·EXPLOR/PCMINEsoflware package. The block grid i:; parallel to the NW
strike of the deposit ( N of grid ) a~ well as the NE direction of drill hole s~ctil,"s ( E or grid) .
mock size is 25 ft E-W x 35.35 ft N·S x 20 ft vertical ( from 1300 to 2400 tonnes depending of
density) . Of course, the block reserve grid is using the same benches as the mining operation
. Maximum number of columns and rows in the grid is 121! . Maximum number of benches is 50

In a fint .tep • a "geological' block model is defined. This meam that a single lithological
code is IUlsigned to the block. This i. done by digiti2ing the interpreted limits of lithologicill units
on the cro..·.ections . Traces of section litholub~cal intercepts aro then dn,wn on bcnch plans (
mid· bench elevation) and a new Interpretation of lithological limits is then dnne 1m each beoch
plan. 11 is frum this interpretatlon that the block geolOb'Y assignment Is malle : lithnlogical code
of the block is that of its center on the interpreted bench plan.

The next step is the illtcrpolatioll of average grades (%Ph, %Zn. gIt Ag and glt Au) and
specific gravity (SG ) of each block from surrounding drill hole .ample•. Original drill hole ",say
intervals Rre grouped intn 20ft bench comp05ites . Q.lI11posiw gn,des are SG weighted ",v"rage<
or portion of drill hole assay intervals in the composites. In the IUlest models (1'8910 Rnd F9003)



Z 51' 525 a.a. SYST SEOSTAT IN 02

, tile hishe.t lI.uay value. ( above 95th percentile of the di,trihution ) are clipped before
compositing. Important too i. the lithological a"ignment of the composite from the lithology of
intervals in the compoaitc • It loo~ likc thc rule u.ed i. majority one ie. the code of composite
is the coue of intervals with the longest cumulated length in the composite ( although thc internal
company report describing the comparison between drill hole predictions amI blast hole values
mentions a different rule : code of compt,site is code ofilS mid·pointLc. a rule similar to that used
for hl(Jck.~ ) .

The .election of composite. u-ed to interpol"te a block is uone uccording to lithological
code and maximum distance to block center. In the latest hlock model. ( F1l9011 , fo'!l91O and
F9003 ) blocks of quartzite ore (codea 20 nnd 30 ) are interpolated from cumposites of the same
type amI blocks of semi-massive and massivtl sulphide ore ( 40 to 70 ) arc interpol~ted f",m
composites of the same type. llence , there are only two categories of ore for block grade
interpolation. Maximum distance from block center is defined with a sourch ellipsoid centered
on the block: long axi~ of the ellipsoid is always along strike ( NW·SE ) with a search distance
between 120 and 300 ft ; intermediate axis is across strike ( NE-SW) • horizontal or dipping 12
deg. or 20 deg. to the SW depending of the parlt'f the deposit where the hlock is located· search
distlince along that llJ(is varies from 70 to 200 ft ; 6hort t1Xis i' ~luJ1!l v..rticnl ( or nearly vertical)
with a search distance from 14 to 37.5 ft. Dlock interpulation i. dune in two or three pa.se. with
an increasing search ellipsoId in each pass. Hence, In the fust pass t only hlocks close to drill
holes are interpolated and the block values are very much dependent of those drill hole values.
This similarity is a.lso achieved in the latest model ( F9l103 ) by restricting the interpolation to the
six closest composites ( of the right lithological code ) in the search ellipsoid.

Finally, once the neighbor composites are selected , the interpolation method is an
illv..,.e distance one: the final block estimate is a weighted average ofselected composite value.
with weight._ inversely proportiolll.1 In sume power uf the distance bctween block and cump,,.;te
centers. Early models used a power 2 ( lID') . Lallist model ( F9003 ) uses power I ( lID ) amI
2.

valjdation of modelljnc technique

Verification of the long term reserve model is done periodicaJly by comparing blast hole
values with estimated block values within the same limit ( one year prodoction or any parlieul"r
bencb in a one year productIon) . In Table I , we are reproducing the results of thaI comparison
for the latest model F9003 which uscs the latest in·fill drill hole data on the 70 x 70 ft grid in the
Sand E pllrt~ of the pit and both lID and 11D2 wtlightings . Other parameters of that most recent
model are:

-assay data and SG clipped to 95th rercentile before honch compositing
·2% reduction of SO ( to allow for porosity) before eompOBiting
-blocks of 20/30 esthnated by compOSites of 20/30 . Blocks of 40-70 estimated with
composites of 40·70 .
·search radii for first pass: 120 x 70 x 19 ft
·search radii for second pass: 240 x 140 x 19 ft
-minimum number of compoKites : 2
-maximum numbtlr of composites: 6

4
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The modelllppears to do a very good job in 1989 but it is tau much conservative in the
three previous yellrs where both grade lind tonnage are undere~timated . This discrepancy is mMe
pronounced at 5% ( 15% underestimation of metal) than 4% cut-off ( 12% undere.timation of
metal). It can be I1rgued that the hettcr J'<'rformancc ufth" model in 1989 eomcs from the simple
fact that the additional in-fill drilling used by the model was precisely In the area mined during
dlat year.

If we compare the lID and IlDzweighting, as a general rule the metal qllantitie~ come
very close but we find less tonnes and an higher grade with the 1/1)2: this is to be expected since
tile higher the 1X,wer of inve"e dislllnce , the lc~ smouth is the distribution of grad" ".timate•.

In 1989 , with both weighting methods and at the two cut-oft's , there is still an
underestlmatJon of metal by about 2% , This might come from the clipping of high grade sample
values: cutting or Clipping high grade i~ fine for local ( block) estimates close to those high grade
samples hut overall it generates a reduction of the eStinJated metal quantity. .

Alltogetbllr , even if metal quantitie~ estimateg are vory clm;e , the lID weighting seem~

to give better resuljg th"n the lID' (tonnage and grade estimate. tire elmer to tho.e indicated by
blast holes)

Ifwe do a similar comparison 011 a bench-hy-bench basis for that year 19R9 (Table 2 - lID
weighting only), we see much more variation betweell predicted re~erves and reserves iIIdicatcd
by blast holes. Benches have been ordered according to totlJll!lle above 4% cut-off indieHted by
blast holes with only tho~e benches with more th"n 100 KtolUles retained . We CIIn see two
benches with major discr"pancies : 3430 and 3630. In the first cnsc there is tin overestimation of
tunnes and grade at the same time. In the ."com] etiSe , this is an underestimation ,In both cases
th" difference on metal is around 12,000 tonnes _ In most of the other benches, there is a
wmpensatlon of errors: grade is lwerestinmted and tonnage is underestimated or vice·versa .
Hence metal i, generally well predicted. 111ere are also henches like 3410.3610 or 3550 where
the prediction of botil grade and tonnage are right.
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Comparisun area BJHRt hole 1'9003(1/0) F9003(1 f1)2)

S6·87 All (+4%) 5,978 Kt :l,R7S Kt 5,669 Kt
7.87% 7.07% 7.31%
471 Kt 416 Kt 414 Kt

Rn-1l7 All (+5%) 5,291 Kt 4,970 Kt 4,860 Kt
8.29% 7.54% 7.77%
438 Kt 374 Kt 377 Kt

RR All (+4%) 4,579 Kt 4,429 Kt 4,382 Kl
8.92% 8.11% 8.26%

408 Kt 359 KI 362 KI

88 All (+5%) 4,ZM Kt 3,860 Kt 3,786 Kt
9.19% 8Ji3% 8.H6%
394 Xt 333 Kt 335 Kt

89 All (+4%) 5,066 Kt 5,028 Kt 4,904 Kt
7.38% 7.32% 7.51%
374 KI 368 KI 368 Kt

89 All (+5%) 4,309 Kt 4,1H1 Kt 4,.148 KI
7.90% 7.118% fl.05%
340 Kt 330 Kt 334 Kt

Table 1 Comparison of hiasl hole irnlicatcd reserv.;lS and drill hule predicted reserves in
the lalest block model for various production periods and two cuI-Oft':< .

Bench Blast hole Block model
Klonne. O/OPb+Zn Metal KLonne. %Pb+Zn Metal

3430 696 7.07 49 759 8.09 61
3410 till!l 7.23 50 6RO 7.30 50
3390 4tiH 7.03 33 5311 6.48 35
3370 442 7.29 32 331 7.44 25
3590 428 7.89 34 368 9.22 34
3610 38l! 8.38 32 388 8.17 32
3630 312 7.25 23 239 5.14 12
3570 309 7.64 24 277 8.25 23
3350 238 6.67 16 225 7.49 17
3550 228 6.97 16 235 7.06 17
3650 192 fU8 16 199 6.15 12
3530 184 7.13 13 144 6.87 10
3670 145 8.20 12 208 6.56 14

3690 108 6.92 7 IS 1 6.91 10

TOTAL 5,066 7.38 374 5,028 7.31 368

Table 2 Comparison of hiasl indicated reserves and t1riJIltole predictcd reserves in
the latest model (F9U03 with .lID) aL a 4% Pb+Zn clIL·offfor Y~'H 19BIJ
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Discussion:
When we estimate the average grade ofa block with a weighted average ofgmdes of bench

cumpo'ite. nearby, there is an inference crror the magnitude ofwhich ;"1 function of the Dntul'nl
t1iffercnce between the grade uf thuse composites and the grade of bendl interu:pts inside the
hlock . Obviously this dllIerellcc increases with the distance between the samples ami the block
. A way to characterize this increase of the difference hetween bench intercepts as a function of
the distance between the intercepts is by calculating variograDls of bench composites grade valucs
. To slick to the rules of the current modelling method. we would compute and model variograms
of bench composites of type 20·30 and of type 40-70 Sepllrlll><ly . Then we woultl use those
variogram, to infer the likely error for block grade estimate•• in ellch of the twu lithulogical
groups. lind using a invC"e di>tancc weightin!l method from eomposites in drill holcs on vari"us
grid: 140 x 140ft, 140 x 70 ft , 70 x 70 ft ...... The "likely error" Is measured by a standard
deviatlon of the pos-,ible errors. This "standard error" can be converted into confidence intervals
for b'1'ade estimates after assuming a normal distribution for the possible errors; for example, tile
95% confidence interval is +1· 2 standard errors. With the variograms of 20/30 and 40nO bench
composites. it is possible to get the standard error with any distance weighted method and
ohviously find out, in the two lithological group' • whieh power of tile in~eT&e distance gives the
lea,t error ( this "optimal" waighting would give re~ults very close to tflle kriging of block grades
fTom composite grades) .

Also from the varJograms of bench compOSite grades in the two lithological groups. it will
be possible to get the standard eITor for the grade estimate of groups of blocks (Which is less than
for a single block aIld not a straight combination of standard errors for blocks in the group). We
can look at groups represellling a month • 3 months and a year production with various
proportions of 2().30 140.70 block. 'md varillus drilling grids. As a result of that study. we could
derive the drilling grids ncces.ury to get Ie.. thHn 5% rel.tive devi«tion on monthly estimatcs ond
2% on yearly estimates (at a 95% confidence level) .

Results from the varlogram study are faIrly lheoreticaland it would he good to check them
against real dllta . We have two sets of real data lhal we can use: the drill hole bench composites
themselves and the blast hole data. In both cases, we estimate the grade of hench compusites or
hlast holes from bench composites around and in the same lithological type with various distance /
weighting methods (including kriging). We then check that the di.trihution ofexperimenllll error
ha>: Ii .tllndard deviation similar to that predicted from the v.riogram .

The variogram study described above is fine to get the precision of block gradc cSlimalcs
from various interpolation methods nslng the same compOSite data. However. the ultimate
comparison of those hlock values is with the grade distribution of blast holes inside the same
blocks. In other words. we don't compare block estimates with hlock true values: we rather
wmpare the distribution oi block estimates wilh the distribution of bench intercept values in the
same area. Now we know by experience that hlocks do not have the same variability as samples
, hence. even if we had parfect hluck values, we wOllld not get thc somc proportion and average
grade of blocks and SlImples «bove a given cut·off: at a low cut-of( compared to the mean of all
value, •we expect more tonnes and less grade for hlDcks i at a high cut·off •we expect less tOlltlCS
and Ie,s grade for blocks .In fact. what we should estimate ill each block so that we hav" a fiiir
comparison in the end, is the likely proportion and average grade (If bench illlercepts ( = blast
holes) with a grade ahuve the cut·olI . Several methods can give this answer. We can examine
two of them: l-(lug)norrnal shortcllt : we assume thaI the distrihution ofIlH grades in a block has
a simple shape ( norlUal or lognormal), the mean of the distribution is the regular block estimate

7
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and its variance is a combination of the estimation variance ( takes inlo account oversrnoothing
from uncertainty) and the expected variability of Ell grades in a block 2) indicator estimalion :
we directly estimate tbe quaDtiJes of the BII grade distribution in blocks from the surrounding
bench composites. Like before, we hHve 10 valid..te those different estim..tion methods: besl Is
10 usc hlast hole dam available. In the area where we have those blaSI holes we wlll 1) estimate
block~ from bench composites with the regular distance weighting ( lID ) procedure 2) do a
(Iog)normal correctlon on top of those block estimates 3) run II direct indicator interpolation of
the blast hOle grade distribution in the blocks. We will then compare the results of the 3 mcthods
at different cut-otTs with what we get when WI: apply the same cut-off.< directly on the blast hole
data .

The two exercices that we just described do not 4uestion the "geological" framework of the
long term prwiction model. Dasiclilly we say that a block is 50 ( massive SUlfide) because il~

center is interpreted tu be in a 50 lens and even If 30 or 40 % of the block might he in ~ 20 or 30
zone. Also, we say that a compusite is 50 because it is mostly made of 50 intervals and even if
30 or 40% of the composite is made of intelVdls with a 20 or 30 rock type. So we llJay end up
estimating blocks with a significant fraction of Jow grade ore wilh composites entirely in high grade
· On the other hand. blocks entirely in high grade ure might be interpolated from composites with
a significant fraction in low grade. These oddities mHy happen a few times after considering tilll!

mosl contacts hetween Ore types are subhmiT."ntal and they do not coincide with bench limits.
To get Braund tltis appmximatioll of the exisllng geological Interpretation in the long term
prediction model, it will be necessary 10 estimate partial hlocks ie. find which different are types
there are in each block and inler the grade of <:ach ore type fraction in the block from the
surrounding samples ( no longer bench composites) in the same ore lype . Practically, thi,
involves the estim~tion of smaller blocks ( e.g. 5 ft cubes) fr(lm smaller compo'ites ( e.g. Sft ) in
the drill holes and the recon'bining of all tbe small block ostim..tes in the 20 ft high block. We Clin
te't that method on the drill hole bench composites themselves: lint we reestimate the grade of
those composites using composites uf the ssme type in neighbor holes j second, we estimate lIlC

grade uf each different ore type fraction of composites using values of intervals of the same type
in the nclghbor holes and we recombine these composite fraction estimates to get a full composite
grade estimate. We then look at which estimates are closer to the real composite values.

Another approximatiun of the geological interpretation is the "loose" matching ofore types
· With the current model , ~ massive .ulfid~ block (SO) might be interpohtted ,,~th some semi-
manive (40) compo.ites and vjc,,·ver~ft . A slrict m..tching might j,.we better results. Again this '*=
can he checked on real data: in thftt case, we could use blast hole data as the reference values
· We reestimate blast hole brrades from hench composite~with 1) loose matching 2) strict matching
and determine which predictioll is best. We can also compare Ille statistics of composite grade
values in lithological types grol.ped together in the estimation of blocks.

A last approximation of the lleolOllical interpretation is that it forgets ahout faulti between
a block and a composite in the sam~ ore type i.e. two composites SO ft from ft block will have the
samc influence on the block eSlim..t" even if one of them is scpar..ted frum the block by a fault
und the other is not. 1I0wever lltking individual faults into account In the estimation of blocks
might jllSt be the linlit of block reserve models with distance weighted grade interpolation method
· The alternative is a sectional model with a large number of small "geological" blocks interpreted
on sections. There is no internal variation of grade in each block: grade estimate is the rl~in
average of drill hole intervals in the bluck . "Geological" block eSlimat~s can be recombined into
any kind of 20 fthigh "mining" blocks. Thi. metbod is lhe one commonly used in highly folded lind



" ....

Z 514 525 8484 SYST 6EOSTRT IN 04

, ~~(
faulted stratiform dep(l~its with strung geoIoglQll controls like the iron ore deposits of Lahrador dxJ ')
or Western Australia. Ilowever huilding and testing such K detailed aectional model ill beyond the ~~ tMy ,

scope of this study _ I

T6Sks tp be accompli:)1Jed :

A-Grade interpolation of blocks (or groups pf blocks ):errQrs with various methods and
drillini Wds;

· conduct a statistical study elf %Pb , %Zn and %Pb+Zn values of bench composites in
units 20·30 and 40-70 (histogram~,stati£tics and correlation)

· calculate and model a 3D VHriOgI6111 of %Ph , %Zn and %Pb+Zn values of bench
composites in units 20-30 and 4()-70 .

- usc variQgram models to get standard errors for block estimates of %Pb,%Zn and
%Ph,.Zn in the two lithological units and with various drilling grids and distance weighting
methods ( including kriging ).

- w;e variogtam models to get standard errors for estimates of average %Pb,%Zn and
%})b+Zn of groups of blocks representing a month, 3 months amI a year production.

- validate standard error prediction by estimating bench cumpo:\ites lind blast holt:s frum
tloarby bench composites of the :lame lithological type . Compare standard deviation of
experimental errot:s willI predicted standard errors from variograms .

B-Cprrection of block estimates for proportion and grade of blast holes in bloch;

· rccognjze all blocks in the area where we have hlat;t holes with coordinates ( henche:l
3530 to 3570). Determine the lithological type of those blocks (from bench map or DB lithology
)

· perform l! regular lID grade interpolation ofthose blocks using bench composites arOtlnd
( 20·30 and 40·70 estimated separately) . Get tonnes and grades above various cut-oils (
3%,4%,5% and 6% ) directly from block estimates.

- perform a (Jog)normal correction on top of hlock estimates. Recalculate tonnes and
grades at various cut-offs now using the block corrected valucg (haction and grade of blocks with
BH above cut-offs )

· do an indicator l'stUnt\tion of tho BH grade distribution in each block. Calculate a third
set of tonne:!! and grade~ flom those estimated distributions.

- finally, compare the 3 sets of estimates with results obtained after applying cut-offs
directly to blast hole data .

C·Testing the "2eQIQ~jcltJframework" pf the lalla term model:

- reestimate bench COmp(l~jte grades fron1 ~omposites in neighbor holes using 1) fuJI
composites 2) separate ore type fractions in composites. Determine if composite grade estimates
are signmcantly better in the second case.

- compare statistics, histograms and correlation teatutes of bench composites grades in ore
types which are merged together in the estimation ( 2U and 30.40 and 50 and 60 ~lld 70 ) .

· estimate blast hole grades hom nearby blmch compoliiites: with 1) lODGe matching 2) 8trict
matching of ore types.

9
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SHORT TERM PREDICI'ION FROM BLAST HOLB DATA

Current modeDiDIl techniQue;

As explained above , the proeessing of blast hole data to define the limits of the different
ore types in a blast is fairly straighlIorward ; blast hole assays ( %Pb • % Zn and % Fe ) as well
as lithology are put on bench maps . Each blast hole is assigned a volume of influence
corresponding 10 the hla.~1 hole lirid ( from 20 x 20 ft to 25 x 25 ft ) . Volume is transformed into
tonnllge using Il specific gravity dorived from blast hole grades from a linMr ragession formula,
Thcll the grade .:ontrol geologist rlllmulllly gruup. neighbor blast holes with similar grades and
liThology, Tonnage and grades of material in each ore caTegory ( low, medium and 1I.1gh grade
) in the blast are Then derived from those groupings,

Valjdation of modcJ!jn2 tcchniQue '

The way to validate the prediction of the ~hCJrt Itorm model", to comp"re them with mill
result. nver the same period of time. Unfortunately, in the ellse nf raro , thi, (:ompllri"m is
difficult because of the large stockpiles oftbe different ore types, One can never be sllre ofwhich
time the ore currently milled has been mined, Ilencc when grade control says thai, in that hlast
I thert: is 60,000 tonnes of high grade at 11.45% Ph+ Zn I lllnnagtl is fine becaustl it is tlxactly what
is sent to the high grade pile hut grade might less than 8% or more than 9% ,

DiSCU/iliOD :

Form~11y , the currcnI short term prediction model Ls also a hlock model with Il distance
weighting grade interpolation method: hlocks are the 20 x 2U n or 25 x 2.~ ft volumes of influenee
of a blast hole and the interpolation method is nearesl·neighbor ( or pO~'gon ) i.e, the grade
estimate for a block is the grade of the single sample in the middle , Like for the long term
prediction model from drill holes, it is possible 10 assess the standard error of single blast-hlock
grade estimate or a !!TllUp of them, We just need compute and modal variogram~ of hla;;t hole
grade. Such varicll!Illms have already been computed and they seem to be quite interpretable.

The variograms may also Indicate that a better hlast-block interpolation method tllan
polygon could be used. Thuse calculated so flu tend to show a significant nugget effect ( .1/3 of
lotal variation is random. probably blast hole sampling error) . In that case, any distancc
weighting method mini sCvcra! nei~bbor blast holes around O,e blast,blod, lU estitt,aw WlJul<.l dn
botter than nearest· neighbor , Obvio\lSly I this blai;t·block llmde interpolation m"thnd must take
into Ilccount the vltrious Iithologi". of th" hla,t holes ( I3J I in dike should not be used tn
interpnJ"te nearby blast· block around BH in massive sUlphide) . Like for long term prediction
model frum drill hole, the foreseen advantages of this alternative shurt term prelliction model
must be checked on the blast holes themselves.

Tasks to be accomplished'

. conduct U 6tHtisticaistudy of%PIl I %Zn and %Pb+Zn oftl1e available ilia" holes in

10
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unit. 20-30 and 40-70 ( hiuograms , statistics, correlHtiun )
· calculate l\nd mud"l 2D (3D'? ) variogram. fur those blast hule•. Try and relate nu!!!!et

cllect to aVlliiahle check sampling results cunducted on bl1l5t hules .
· from the vari(lb'fams , determine the standard error for the grade estimate of a hlast­

block derived from th" hlast hole in its center. Alsu determine the stam.lard error for gmurs uf
hlast holes.

· define a new blast·block grade interpolation methud more consistent with the variograms
Illustrate the'result< of the two metht.w. un a bench.

· ero..-validate the two grade interpolatinn methods on the blll.t holes themselves

DATA OA11iBRBD

During our visit to Faro. we have gathered all the datil nccessary to conduct the
gcostatistical analysis study described here. Data files have been checked on our system and they
are usable, We basically havc 3 dat3 files:

· drill hole data HIe: we have lithology lind ..SSlly data ( %l'b I % Zn) for 429 holes from
the early 66 ones up to 90-P·93 . We have 32117 lithology intervn13 ( codes 20,30,... ) and IOB99
assay intervals.

- drill hole !lench composite file : we have lllid-point coordinates, assigned lithology and
calculated %Ph and %Zn as well as sa of a maximum of7333 20ft D.H bench composites (5733
with calculated HS<"YS )

· blast hole data file: we have coordinates, lithology and asSllY data ( O/OPh , %Zn and
%Fe ) of 1607 bla3t holes in benches 3530,3550 and 3570. This i3 of course just .. frllction of all
blast holes hut there lire tile only ones with digitized coordinates.

We also have interpreted IItbologicallimits on 3 cws.s-sections (with drill hole traces) and
4 !lenches ( with location of D.H bench composites and their values) ; 3 of tbose benches are
those where we have the blast holes ( 3530·3570 ) .

II



In the meantime. do not hesitate to contact me if you have any question or comment

about this first part of the report .

Please find herewith a first draft of the report on the geostatistical analysis of Faro drill
hole and blast hole data 0 The report covers the analysis of D.H. bench composite data. the
calculation ofvariograms for those data and the assessment ofblock estimation errors. Correction
of block estimates for proportion of BHs above cut-off, testing of the "geological framework" of
the long term prediction model and review of alternatives of BoH. data processing for the short
term prediction model will be covered in the final draft to be sent next week 0
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I-I Statistical analysis of D.H. bench co'mposjte data

- distnbutions ofPb+Zn,Znand Pbvalues are positively skewed and lognormal like in the
low grade rock type 40 ( Figure 2 ) . Distnbutions are symmetric and normal like in the rather
high grades rock types 50 , 60 and 70 ( Figure 3 ) . Distnbutions of values are slightly skewed in
20 but rather normal in 30 .

I-LONG TERM PREDICTION FROM DRIT J HOLE DATA

_ on the other hand, the distnbutions of values in 40 are quite different from those in 50
,60 and 70 and it does not seem logical to put all those composites in the same group. 40 has the
lowest values of all ore types whereas 50 , 60 and 70 have the highest values. With this scheme
, we may have potential problems when a high grade block 50 is estimated with a low grade

Out of this total , only 1730 composites are in the "mineralized" rock types ie.
20,30,40,50,60,and 70 ( 3783 composites are in rock type 100 i.e. the top and bottom phyllites - 407
of them have a non-zero Pb+Zn value - surprisingly,31 composites in this supposedly ''waste" rock
type have a Pb+Zn grade above 6% with an overall maximum of 9.07 % ) - In the current long
term model, mineralized composites are grouped in two categories: "quartzite" ore (20+30) and
semi-massive and massive sulfide ore (40+50+60+ 70) - Figure 1 is a map of those mineralized
composites in one of the bottom bench of the pit, bench 3450 , between elevations 3450 and 3470
•. On this map, we can see the 140' drillirig grid in the center and north part of the pit ( now
mined-out) and the 70' drilling grid in the south part ( now being mined). We see also that. as
a general rule, the quartzite ore ( 20 = circles and 30 = triangles) is around the deposit whereas
the sulfide ore ( 40 = plus, 50 = cross ,60 = diamond and 70 = arrow) is in the center. After
producing this map from the composite file, we noticed many discrepancies between the rock type
of composites in the file and the interpreted limits of the different ore types on the same bench
as shown on a map received from the company. Staff at Curragh has been notified of these
discrepancies ( our fax of Aug. 21 ) .

- except for the difference in shape descnbed above, parameters of the distnbutions in 20
and 30 are fairly similar ( there is a little more lead in 30 ) and it makes sense to group those two
ore types in the estimation of blocks .

We can calculate summary statistics of composite values iDthe different mineralized rock
types . They are shown on Table 1 for quartzite composites and table 2 for sulphide composites
. Typical histograms of%Pb+Zn are on figures 2 (type 40 - skewed distnbution) and 3 (type 50­
normal distnbution ) . Our conclusions:

The current file of DH 20 ft bench composite data that ~e i~ceived 'from Curra&h
Resources Inc. has values for 7333 composites from 419 drill holes ( from 65-53 to 90F93) . For
each composite, we have the 3 coordinates of the center point of the comp-osite ,i~ principal rock
type ( from 20 to 190 - 1608 composites have an undefined rock type of -I ) , the calculated
grades for %Pb , %Zn and %Pb+Zn and the. calculated specific gravity (with some undefined
values of -1.0 too) . .

,
.~
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composite 40 nearby and vice·versa

There is a high degree of correlation between %Zn and %Pb in all ore types. Correlation
coefficients range from 0.75 in 50 ( Figure 4 ) to 0.86 in 20 ( Figure 5 ) . Type 20 is also the ore
type where the average ratio %Zn/%Pb is the highest ( 2.0 vs 1.3 to 1.6 in the other ore types)

'..- .

_ the highest relative dispersions ( coefficients of variation above 60 % ) are in the low
grade 40 . Then we have about the same dispersion in 20 and 30 ( coefficients of variation
between 55 and 60 % ) . The lowest dispersion is in the high grades 50 , 60 and 70 (coefficients
of dispersion between 30 and 40 % ) . Hence, for the same drilling grid , precision of block
estimates is expected to be better in high gr;:lde ore (50+60+70) than low grade ore (20+30 )

_ production Pb+Zn cut·off grades ( 3,4,5 and 6%) are quite high compared to mean
values of Pb+Zn in some ore types. The high grade cut-off of 6% is above the median of
distnbutions in 40 , 20 and 30. Then we can expect more difficulties in locating the high grade ore
in those ore types .

, '
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, ' Figure 1 Map of "mineralized" DH composites in bench 3450 . .( 20 = circle, 30 = triangle, 40
= plus, 50 = cross, 60 = diamond, 70 = arrow)
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F~ 2 Histogram of Pb+Zn grades of composites in type 40

,.".. 1."1",
I

I

HISTOGRAM OF LEAO+ZINC GRAOE

" ~ I

• l,

"I"'" "'II'lllqTTI"I'" I 'I
5.000 7.400 8.800 12.200 14.800 17.000 18.400

10,00 :

:
8.00 -::

8.00 -::

8 :
>-

7.00 -::

u :z
'":::>
'" 8.00 -::

'"cr... :
'"> 5.00:... .
< ' .
oJ .
'"cr 4.00 -::

:
3.00 -::

:
2.00 -::

:
1.00 -::

:
0.00

0.200 2.800

, '

- ... - .'

- XPBlN

. ~=I[f t. 4 _. ) •



HISTOGRAM OF LEAD+ZINC GRADE
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Table 1 Statistics of %Pb+Zn composite data

, 20 30 20+30 40 50 60 70 40-70

. Number 639 103 742 383 430 109 66 988

Minimum 0.0 0.0 .0.0 . 0.0 0.0 3.0 1.84 0.0

Percentile 5% 1.12 1.36 1.04 0.77 3.84 4.75 3.64 1.32

Percentile 16% 2.40 2.19 2.38 1.56 5.42 6.40 5.75 2.62

Percentile 50% 4.73 5.33 4.81 3.22 7.98 9.40 9.33 6.47

Percentile 84% 7.84 8.62 7.96 5.71 11.45 12.06 12.37 10.40

Percentile 95% 10.12 11.09 10.23 8.17 13.48 14.70 14.39 13.12

Maximum 16.10 12.97 16.10 12.34 18.64 17.49 15.63 18.64

Mean 5.10 5.55 5.16 3.65 8.27 9.44 9.12 6.67

Standard 2.81 3.17 2.87 2.22 3.04 2.98 3.11 3.67
.deviation

Coefficient 55 57 55 61 37 31 34 55
of variation
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Table 2 Statistics of %Zn composite data

20 30 20+30 40 50 60 70 40-70

Number 639 103 742 383 430 109 66 988

Minimum 0.0 0.0 0.0 O~O 0.0 1.77 1.23 0.0

Percentile 5% 0.68 0.09 0.58 0.36 ' 2.00 2.29 1.85 0.82

Percentile 16% 1.59 1.26 1.57 0.99 3.13 3.52 3.30 1.63

Percentile 50% 3.16 3.19 3.16 2.00 4.97 5.41 5.57 3.90

Percentile 84% 5.15 5.66 5.21 3.48 7.26 6.77 7.02 6.30

Percentile 95% 7.01 6.92 7.00 5.14 8.57 8.25 8.76 8.17

Maximum 10.27 9.03 10.27 7.56 12.04 10.40 9.38 12.04

Mean 3.40 3.40 3.40 2.25 5.10 5.33 5.42 4.04

Standard 1.90 2.03 1.92 1.39 2.03 1.79 1.88 2.27

deviation

Coefficient 56 59 56 62 40 33 34 56

of variation





Figure 4: Scattergram ofZn and Pbcomposite values in ore type 50
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Figure 5 : Scattergram of Zn and Pb composite values in ore~ 20
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1-2 Yariogram analysis of D.H. bench composite data
'c

Varlograms are diagrams'showing the average difference between sample 'vaiu"e~ as a
function of the distance between samples. Variograms are computed along specific directions
since the rate of increase of differences with distance may not be the same in all directions.
Variograms ;ue helpful in 1) assessing the magnitude of errors in the estimation of blocks 2)
determining the most suitable estimation method fOr the blocks ( e~g. choosing between lId or lid'
) . '

To keep consistent with the estimation method currently used at Faro, we have computed
variograms of the grades and SG of bench composites in ore types 20-30 and 40-70 separately.
Note that there is not enough composites in types 30, 60 and 70 to derive meaningful 3D
variograms specifically in those ore types. However, it is quite feasible to have specific variograms
for type 40 ( and others for types SO,60 and 70 together) .

In both cases, variograms are computed along the vertical direction ofmost D.H. ( angular
tolerance 10 degrees -'step for distances 20 ') and the: four principal directions of the horizontal

'benches i.e. E,NE,N and NW ( tolerance 4S degrees- step for distances 7S ' ) . In addition the
omnidirectional variogram ( tolerance 180 degrees) and an average horizontal variogram are
computed. Variograms are of the absolute type with no transformation ohaw data nor clipping
of some high values.

Figure 6 shows the vertical variogram of %Pb+Zn together with the omnidirectional
variogram in ore type 20-30. We can notice an apparent nugget effect of about 4 ( SO% of overall
variation) and higher differences along vertical than average ( anisotropy). Vertical range does
not seem to exceed 60' . On figure '7, we have the horizontal variograms of the same data: nugget
effect is still very much apparent as well as some anisotropy. In this case, for short distances, the
lowest curve ( best continuity) is along N-S and the highest one ( worst continuity) is along E­
W . Also, NE is below average and NW is above average. A suitable model for the variogram
of %Pb+Zn in 20-30 would be the sum of a nugget effect of 4 and a spherical function of sill 4.2
, long range 400' along N-1So-E, intermediate range of ISO' along E-1So·S and short range of 60'
along vertical. Variograms for the %Zn and %Pb grades in 20-30 are of the same type ( Table
4 ) : the only noticeable difference is for %Pb with a truly N-S long range of SOO'.

In 40·70 , the vertical variogram of %Pb + Zn is also above the omnidirectional variogram
( Figure 8 ) . Apparent nugget effect is less than in 20-30 ( 3S % of overall variation) and vertical
range is longer ( 180 ') . Along horizontal directions of the benches ( Figire 9 ), variograms are
almost linear with no apparent anisotropy. Model used is the sum of a nugget effect of 4, a short
range spherical function ( 60' horizontal and 40 ' vertical) and a long range spherical function (
600' horizontal and 180 ' vertical) . Models for %Pb and %Zn are very much similar ( Table 4
) .

In conclusion, for both groups of ore types, it is feasible to define meaningful variograms
for DH bench composite data ~ Horizontal ranges are generally several times the drill hole spacing
. The only exception is with 20-30 where the E-W range is of the same order of magnitude as the

12
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original spacing between holes. Hence for this type of ore. additional holes at 70' distance on E­
W section lines is quite an improvement. Also relative nugget effects are higher in 20-30 than in
40-70 which means that grade interpolation is more difficult in this type of ore ( in other words
• for the same drilling grid and block size • relative errors are likely to be higher)
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FiguIe 6 Vertical and omnidirectional variogram of %Pb+Zn in type 20·30
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Figunl7 Horizontal variograms of %Pb+Zn in type 20-30
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Figure 8 Vertical and omnidirectional variogram of %Pb+Zn in type 40-70
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Figure 9 Horizontal variograms of %Pb+Zn in type 40-70
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1·3 Standard errors for block estim~tes from D.H composites .~\ .~

.. - \Vc." .
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In the current block estimation method, the average grades and SG of 25' x 35.35' x 20'
blocks are estimated by inverse distance using the bench col)lposites of the similar ore type around
the block. As explained above I matching of block and composite ore types is done with only two
categories: 20+30 and 40+50+60+70. . .'

With the variogram models of bench composite data in the two categories, it is possible
to quantify the precision of such block estimates. The common practice is to measure precision
by a standard error. If the block estimate is 7.53 %Pb+Zn and the standard error is 1.40%
Pb+Zn, then:

. there is a 68% probability that the true block grade lies somewhere between 7.53 . 1.40
= 6.13 %Pb+Zn and 7.53 + 1.40 = 8.93 %Pb+Zn

. there is a 95% probability that the true block grade lies somewhere between 7.53 . 2x1.40
= 4.73 %Pb+Zn and 7.53 + 2x1.40 = 10.33%Pb+Zn

Probabilities of 68% ( +/- 1 standard error) and 95% ( +/- 2 standard errors) are derived
from a normal model applied to the distribution of errors. In that case, we could say that the
precision of the estimate at a 68% confidence level is 1.40n.53 = 18.5% and the precision at a
95% confidence level is 2x1.40n.53 = 37% .

Ifwe do the kriging cifthe average Pb+Zn grade ofthe blocks using the variogram models
described in the previous section, we get the following standard errors:

·if the drilling grid is 70' x 70' , standard errors vary from 0.80%Pb+Zn (block centered
on a drill hole) to 1.20%Pb+Zn (block in between drill holes) in types 20·30 and from
1.13%Pb+Zn to 1.25%Pb+Zn in types 40-70.

-if the drilling grid is 140' x140', standard errors vary from 1.17%Pb+Zn (block centered
on a drill hole) to 1.73%Pb+Zn (block in between drill holes) in types 20-30 and from
l.36%Pb+Zn to 1.68%Pb+Zn in types 40-70.

In type 20-30 I because of the horizontal anisotropy of variograms I blocks between two
holes on a N-S line are better estimated than blocks between two holes on an E-W line ( standard
errors of 1.06% and 1.18% respectively for the 70' grid and 1.28% and 1.73% for the 140' grid ).

If we just keep the worst case block to get a single precision attached to a given drill hole
grid , we have the following 95% confidence precisions:

- in type 20-30 : 67% precision for 140' grid and 47% precision for 70' grid.
- in type 40-70 : 50% precision for 140' grid and 37% precision for 70' grid .

In order to illustrate the distribution of standard errors in blocks I we have kriged the
%Pb+Zn grade of blocks in two test zones of bench 3450. First I we plotted all the composites
20-30 and 40·70 in the bench and we defined approximate enveloppes around each type of
composite ( Figure 10) . We filled those enveloppes with the 25' x 35.35' blocks and we kriged the
average %Pb+Zn grade of each block using composites of the same type around. The search
ellipsoid used in each case is defined from the anisotropy ofvariograms : in 20·30, the long radius
is 400' along N·15-E, the intermediate radius is 150' along E-15-S and the short radius is 60' along
vertical. In 40·70 , the long radius is 300' along any horizontal direction and 90' along vertical.
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Figure 11 is a map of block estimates, Figure 12 is a map of block standard errors. The average
standard error is 1.59 %Pb+Zn in 20-30 and 1.73 %Pb+Zn in 4Q.70. Those numbers confirm
the precision values given above.

We can also use the same test zones to compare I.D. (inverse-distance) and kriged
estimates. We have reestimated the %Pb+Zn of block in each ore category by inverse distance
methods using various powers of the inverse distance composite-block. Each time we compared
ourI.D. estimates with kriged estimates for the. same blocks and.we can compute the average
absolute difference for all blocks (Table 5 y. We see that the average difference is minimal for
a power of about 1.4 in type 20-30 (average difference = 0.37% ) and for a power of about 1.75
in type 40-70 ( average difference =0.48 %) . We can also compare reserves above various cut­
offs with the two methods ( Table 6 ) .
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Table 5 Average absolute difference between kriging and 10, with various powers of
inverse distance for block estimates of %Pb+Zn in the ~o ore types

·'

Power

20-30

40-70

0.5

0.45

0.58

1.0

0.38

0.52

1.5

0.37

0.48

2.0

0.41

0.48

2.5 .

0.47

0.52

Table 6 Number of blocks above cut-offs with kriging and I.D. with various powers of
inverse distance for block estimates of %Pb+Zn ( Type 20-30 : total 699 blocks )

Estimate Kriging I.D.0.5 1.0 1.5 2.0 2.5
Cut-off
3%Pb+Zn 675 695 687 675 667 654

4%Pb+Zn 517 565 553 523 503 491

5%Pb+Zn 324 333 350 359 359 350

6%Pb+Zn 144 122 132 140 149 164

Table 6 Number of blocks above cut-offs with kriging and I.D. with various powers of
inverse distance for block estimates of %Pb+Zn ( Type 40-70 : total 699 blocks )

Estimate Kriging J.D. 0.5 1.0 1.5 2.0 25
Cut-off
3%Pb+Zn 668 662 659 657 651 648

4%Pb+Zn 598 576 578 575 577 579

5%Pb+Zn 485 486 485 487 483 476

6%Pb+Zn 387 408 412 412 409 407
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1·4 Standard errors for monthly, Quarterly and yearly production estimates

From variograms , it is ~lso possible to get the magnitude' of errors for large block
estimates i.e, volumes corresponding to one month, three months or one year production.
The technique used to derive those standard errors is a little bit different than the one used before
to get errors of small blocks estimates. We can't combine estimation errors of small blocks in a
big block to get the estimation error of the big block since those estimation errors are not
independent. We can however combine extension errors i.e. errors produced when the small
blocks correspond to the drilling grid cell and the estimation of those small blocks is done with
only the sample in their center ( polygonal estimation) . In that case the estimation variance for
the big block is :

V'-=v2/n

where v2 is the extension variance of one composite to its cell of influence ( derived from
variograms) and n is the number of drilling grid cells in the big block

At Faro, the big blocks that we have investigated correspond to the average monthly,
quarterly and yearly production. To get those volumes, we have considered the production
figures for the first four months of 1990 . Depending of cut·off , the flagged·in·pit volume of ore
varies from 671,000 bcys at 3% Pb+ Zn cut·off to 468,000 beys at 6% Pb+Zn cut·off. Hence, the
"ore bench surface" mined in a month is 226,460 ft2 at 3% and 157,950 ft2 at 6% . For a quarter
it is 3 times as much and for a year, 12 times.

To determine the number of drilling grid cells of ore mined in a month, a quarter and a
year, we have considered two basic drilling grids: 140' and 70' . Hence, at a 3% cut·off , there
are 226,460/(14Ox140)=12 ore composites on a 140 ft grid in a month volume and 46 composites
on a 70 ft grid. At 6% cut·off, number of composites are respectively 8 and 32 .

First uncertainty is OD the estimated surface ( or volume ) of ore above cut·off , This
uncertainty depends of the degree of "connectivity" of the ore above the cut-off and the overall
proportion of ore above that cut-off in the ore type being mined. Obviously, we can be more
confident on the estimate ofvolume of ore above cut-off if80% ofthe samples are above that cut·
off instead of just 20% . More precisely, the "relative" error ( or precision) is likely to be higher
in the second case. Then we can anticipate that the errors on volumes at 3% are less than at
6% and that we should do better in 40-70 than 20-30 because there is a higher proportion of
composites above the usual cut-of!S in this ore type . The connectivity of sample values above a
cut-off can be measured through a variogram of indicator at that cut·off . The indicator value of
a composite is 1 if the grade of the composite is above the cut·off and 0 otherwise, Figure 13
shows horizontal variograms of indicator at 3% Pb+Zn cut-off in 20-30, Figure 14 has the same
type of variograms but for cut·off 6% in 40·70 . As a general rule, indicator variograms have
about the same features as the corresponding grade variograms , Once indicator variograms are
modelled, we can determine v , the extension standard error of the indicator of a composite to
its cell of influence. Then to get the relative standard error of the surface ( or volume) above cut­
off, we use a formula derived from the general one presented above:
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v = v/(nxp)1Il
.' ..

where p is the overall proportion of composites above the cut-off. This formula has been
implemented in ore types 20-30 and 40-70, at 3% and 6% Pb+Zn cut-otIs, and for 70' and 140'
drilling grids. Results are given in Table 7 . We can see that:

-+ monthly standard errors vary from 4.6% ( 70 ft grid . 3% cut-off - 20/30 ) to 26.6% ( 140
ft grid - 6% cut-off - 20(30)

+ yearly standard errors vary from 1.3% ( id ) to 7.7% ( id )
+ as expected. standard errors are increasing with cut-off .
+ as expected. at the 6% cut-off. standard errors in 20-30 are higher than in 40-70

because the proportion of values above that cut-off is less ( 34% vs 54% )
+ at the 3% cut-off, standard errors in 20-30 are slightly less than standard errors in 40­

70 because of the better connectivity of data above that cut-off in that ore type .

As indicated in the previous section. the above standard errors correspond to a 68%
confidence. For a 95% confidence, all numbers must be doubled.

The error on tonnage abOve cut-off is a combination of the error on volume and the error
on the estimated average specific gravity above the cut-off. Relative variations of specific gravity
are rather limited : in 20-30 , average SG of composites at 3% cut-off is 3.25 with a standard
deviation of 0.35 . At 6% cut-off, average is 3.39 and standard deviation is 0.34 . In 40-70 ,
average SG varies from 4.14 to 4.17 whereas standard deviation stays at 0.42 with cut-off from 3%
to 6% . Based on these statistics, we can determine that the relative standard error of estimated
SG above cut-off are: 1.3% (70ft grid) and 2.5 % (140 ft grid) for monthly blocks, 0.3 % ( 70 ft
grid) and 0.7 % (140 ft grid ) for yearly blocks, at both cut-otIs and in the two ore types .
Theoretically, the relative error"variance of tonnage would be the sum of the relative error
variance of volume and the relative error variance of SG . Now there is some negative correlation
between volume and SG above cut-off : if we underestimate the volume , we probably
overestimate the SG . As a result of this negative correlation, we think that the relative standard
errors for tonnage above cut-off should not exceed the relative standard errors for volume above
cut-off in Table 12 .

The error on estimated average grade (Pb+Zn) above cut-off can be derived from the
general formula. In that case. v2 is the extension variance of the Pb+Zn grade of a composite
above cut-off to its cell of influence. It is derived from a variogram of composite grades above cut­
off. Figure 15 presents horizontal variograms of %Pb+Zn above 3% in 20-30. On figure 16, we
have the same type of variograms for %Pb+Zn above 6% in 40-70 . It is interesting to note that
, as we increase the cut-off, the dispersion of grade values is decreasing: in 20-30 , at a 3% cut­
off, mean and standard deviation of %Pb+Zn values are respectively 6.21% and 2.45% j at 6%
cut-off. they are 8.39% and 1.96%. In 40-70, as cut-off goes from 3% to 6% ,mean %Pb+Zn
above cut-off goes from 7.84% to 9.44% and standard deviation goes from 3.09% to 2.46% .
Hence , for average grade , magnitude of estimation errors decreases with cut-off. Relative
standard errors for grade are detailed in Table 8 . Conclusions are:

+ monthly standard errors vary from 3.3 % (20/30 - 70' grid - 6% cut-off) to 8.7% (40nO ­
140' grid - 3% cut-off).
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+ yearly standard errors vary from to % (id,) to 25% (id.)
+ as expected, relative standard errors decrease with cut-off
+ standard errors are slightly better in 20-30 than 40-70 at all cut-ofIs .

All the above errors are given for ore types 20-30 and 40-70 separately. If production in
a given period is made of a mixture of the two ore types , the relative standard error is a weighted
average of standard errors of each ore type in the same proportions. If production is made of
?O% 20-30 and 50% 40.-70 ,we get the 95% confidence precision of Table 9 . From that table it
appears that relative errors are higher for tonnage than grade. Additional calculations show that

+ in order to get 95% relative standard errors of less than 5% on monthly estimates, we
need a drilling grid between 35' and 40' at 3% cut-off and between IS' and 20' at 6% cut-off

+ in order to get 95% relative standard errors of less than 2% on yearly estimates, we
need a drilling grid of about 50' at 3% cut-off and 25' at 6% cut-off .
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Figure 13 Horizontal indicator variograms (3% Pb+Zn cut-off) in 20-30
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Figure 14 Horizontal indicator variograms ( 6% Pb+Zn cut-off) in 40-70
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Table 7 Relative standard errors (%) on estimated surface ( volume) above cut-oII

Cut-oII 3%Pb+Zn 6%Pb+Zn

Ore type 20-30 40-70 20-30 40-70

Proportion of composites 0,76 0,80 0,34 0,54
above cut-oII (p)

Extension standard error (v)
70'grid 0,27 0.31 0,44 0.36
140'grid 0.30 0.32 0.44 0.37

Monthly standard error ry %)
70' grid 4.6 5.1 13.2 8.6
140'grid 10.1 . 10.5 26.6 17.7

Quarterly standard error ry %)
70'grid 2.6 3.0 7.6 5.0
140'grid 5.8 6.0 15,4 10.2

Yearly standard error ry %)
70'grid 1.3 1.5 3.8 2.5
140'grid 2.9 3.0 7.7 5.1
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FJBUllllS Horizontal variograms of %Pb+Zn above 3% cut-off in 20-30
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FIgure 16 Horizontal variograms of %Pb+Zn above 6% cut·off in 4().70
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Table 8 Relative standard errors (%) on estimated %Pb+Zngrade above cut.off "
. -, ',';-:' ' ...,.

Period Month Year

Drilling grid 70' 140' 70' 140'

Tonnage
3% cut·off 9.7 20.6 28 5.9
6% cut·off 21.8 44.3 6.3 128

Pb+Zn grade
3% cut-off 8.0 16.8 23 4.8
6% cut-off 7.1 14.5 20 4.2

./
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Table 9 Average 95% confidence precisions ( 50% 2Q.30 + 50% 40-70 )

,
'.,

,-: .
.. ~ '"

203
206

3.8
7.7

22
4.4

1.1
22

AQ.70.

9.44

6%Pb+Zn

2Q.30

8.39

1.58
1.61

3.3
6.8

1.9
3.9

1.0
20

:.:.
'. 'j

:. '..-
"\;..- ,

228
232

7.84

4Q.70

4.3
8.7

25
5.0

1.2
25

- ,~' .

3%Pb+zn

" -

2Q.30

6.21

1.56
1.70

21
4.6

3.7
8.1

1.1
23

. , ...._,~'. ~ . .,

:,-;:.

Ore type

Average grade above
above cut-off (%Pb+Zn)

Cut-off

Extension standard error (v)
70'grid
140'grid

Monthly standard error 01 %)
70' grid
140' grid

Quarterly standard error 01 %)
70'grid
140'grid

Yearly standard error 01 %)
70' grid
140' grid

.-



; ...

I • ,
:II: 514 525 64a4 SVST aEOSTAT -IR

'.

VIT.IlI.1

OSTAT
INHRNATIONAL INC.

e I

FACSIMILE TRANSMISSION

TO; Mr. Dave Tenney, Chid geologist, Currllgh Resource~, Faro. Yukon

FROM: Mr. Michel Dagher!, Ge~t"t Systems IJI1crnutJonll1 Inc., Montreal, Qut:bt:c

DATE: 09/10/1990

Number of puges inclUding this one: 1

SUhjt:ctlMessage: Dear Dllve,
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holes uf benclles 3490 to 34:;0, we founu Illat if we apply the cut·orrs on the straight block
t:sliruales derived from D.H. composites, we call get uvereslimation of tunnage of as much
as 30% in 20/30 and 14% ill sona and underestimation of grade of up to 17% in 20/30 and
7% in sono. With lhe proposed "lognormal" ,horlcut.correction, these numbers lire down
to 8%, 3%, S% und 2% rc~p"ctively. -The-correction cIiJi"cilsily be irnplefticntcd OIJci:'yliu . _..
gct the block estimate file.

I am Still workinll on till: last two items of the study i.e. the t~sting uf the "geological
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OSTAT
, INTERNATIONAL INC.

Montreal, September 10'" 1990

Mr, Dave Tenney
Chief Geologist
Curragh Resources Inc,
P.O. Box 1000
Faro, Yukon
YOB 1KO

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.

Michel Dagbert, Manager

Encl.

4385. rue St-Hubert, suite 1
Montreal. Ce. Canada H2J 2X1

Ul6phone: (514) 521-7544
T6lex: 05-25134 MTl
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One way to check the validity of the prediction model is to reestimate samples,from samples
around. Estimates are compared to true values and actual enors with predicted enors.

For example, ifwe take the 742 bench composites of type 20 and 30, we can krige the % Pb + Zn
grade of each of them using % Pb + Zn values of neighbor composites of the same type but in
dm:erent holes. With the standard 400' x 150' x 60'search ellipsoid, we can reestimate 719
composites. Average estimate is 5.19% Pb + Zn which compares well with the mean value of the
719 data (5.18% Pb + Zn) i,e. the average enor is virtually zero. The average absolute enor is
2.35% Pb + Zn and the average squared enor is 8.79 i.e. a standard deviation of 2.96% Pb + Zn.
In other words, the average experimental uncertainty in the reestimation of samples from nearby
samples is 2.96/5.18 =57%. The average kriging variance is 8.02 or a standard deviation of 2.83%
Pb + ~n, very close to the experimental value (individual standard enors vary from 2.35 to 4.05%
Pb + Zn). These standard enors of about 2.9% Pb + Zn in the reestimation of composites at
distances from 70' to 140' are consistent with the predicted standard enors of 1.20% to 1.73% Pb
+ 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 model =

+ if we do the reestimation using a variogram Il)odel with no horizontal anisotropy
(horizontal range = 300' in all directions), the absolute enor'is '2.34% Pb + Zn, the
experimental enor variance is 8.84 but the average kriging variance is only 7.50. Hence
this model is giving estimates as good as the anisotropic model but the predicted error is
too low.

+ if we do the reestimation with a model with no nugget effect, absolute error is 2.44%
Pb + Zn, experimental error variance is 9.63 but average kriging variance is only 6.45.
Hence a nugget effect gives better estimates and a more realistic predicted error. '

+ if we do the reestimation using only the nearest composite in the 400' x ISO' x 60' search
ellipsoid, the average absolute error is 2.96% Pb + Zn hence distance weighting
interpolation methods like kriging are preferable to polygon.

Back to the original prediction model, another way of checking the validity of error prediction with
the sample reuse method is to count the number of times when the actual error is less than the
predicted standard error or less than twice the predicted standard error. According to a normal
model for the distnbution of errors, we should have 68% of the errors less than the standard
errors and 95% of them less them two standard errors. Actual numbers are 480 out of 719 i.e.
67% and 683 out of719 i.e. 95%.

Even if the prediction of errors is correct, the estiIDates"of composites 'are not that good as
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 too smooth estimates is an overestimation of the proportion of values
(tonnage) above a low cut-off and the underestimation of the proportion of values above a high
cut-off (Table 10). Estimated grades above cut-offare always underestimated. Hence somekind
of Correction is necessary to "unsmooth" the distance weighted eStimates. This would beconsidered in the next section.

In 40nO, the reestimation ofcomposites is giving similar results: with the current variogram mode~
out of 985 reestimated samples, the average error is 0.07% Pb + Zn (mean of true values is 6.65%
Pb + Zn, mean ofestimates is 6,57% Pb + Zn), the average absolute error is 222% Pb + Zn, the
experimental error variance is 8.43 (standard error: 290% Pb + Zn) and the average kriging
variance is 8.89 (standard error 298% Pb + Zn). Also 73% of the actual errors are less than the
predicted standard error and 95% of them are less then two standard errors. Correlation of
estimates and true values is much better than in 20/30 (figure 18). Correlation coefficient is now
0.61. Oversmoothing of estimates is still present As a result, since now all cut-offs are less than
the mean grade, all the proportion ofvalues above cut-offare overestimated and all grades abovecut-off are underestimated (Table 10).
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Figure 18: Scattergram of real %Pb + Zn value and estimated %Pb + Zn value
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Table 10:

.. ~OSTAT
Reestimation of composite % Pb + Zn grades. Proportion of actual and e~timated

values above cut-offs (% values)

.' ,.

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

i,

i'I

Cut-off 20/30 40/70
(% Ph + Zn) Actual Estimated Actual Estimated ~ .__ ...

3 6.24 5.32 7.83 6.78

4 6.93 5.68 8.28 7.19

5 7.58 6.79 8.83 7.63

6 8.41 6.88 9.42 8.21

.' ,.
..
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CORRECTION OFB~RmMATFS FOR ;ROPORTION OFB~
INBLQCKS " ...'. "

Another way to validate the long term prediction of block values from drill hole bench intercepts
is to compare block estimates derived from those intercepts and blast hole grades in the same
blocks. . .... , '.,. " . - -

", ~ .' . '.
We have % Pb, % Zn, % Pb + Zn as well as cqordinates from 2083 BRs 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 DRs. 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.

Ifwe j~st 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 280%. Figure 19
is a map of those blast holes (x with size proportional to % Pb + Zn) in bench 3470. On the same
map, we have the 20/30 D.H. composites in the same bench(O also with size proportional to % Pb
+ Zn). We can notice that, overall, there is a good agreeme'nt 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 (fable 4) and the 400' x ISO' x 60'
search ellipsoid.

Ifwe 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 + Zn vs 6.38% Pb + Zn. The difference of

.. 0.14% Pb + Zn (or relative difference of 22%) 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 268%).

As a direct consequence of that oversmoothing, if we apply the usual cut·orrs to the kriged block
values. tonnages are too high and grade too low (Table 13). Tonnage .difference is as much as

. 30% (5% cut-oft) and grade difference as much as 17%.
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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 distnbution. Its variance can be derived from
the variogram of D.H. composites: 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 40nO. 'The shape of the distnbution can be
assumed to be a simple mode~ normal or lognormal (considering the histograms of D.H. bench
composites, the best assumption is probably lognormal in 20/30 and normal in 40nO).

We have tried a "lognormal short cut" correction of the kriged block values in both 20/30 an~

50nO 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:

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, ifwe apply a cut-off to the kriged 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). ...

Ifwe r~strictourselves 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 th.e samebench) 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 50nOwith no 50nO D.H. composites around = D.H. composites
in those zones have probably been assigned a different rock type.

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.

There are now 765 blocks with 50nO 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.

Ifwe repeat the same exercise in 40-70 (excluding 55), we end up with 795 blocks~
least one blast hole of either 40, 50, 60 or 70 type. Mean of kriged values for those blocks is
8.16% Pb + Zn whereas the mean of blast holes in these blocks is 8.84%. 11lis 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. composites 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 40nO D.H. composites. In that case, we end up with a mean of 909 blocks equal to 7.75%
Pb + Zn whereas the mel4l of the BHs in those blocks is 8.12% Pb + Zn.



~
6.8% of the BHs in that block are below 3% with a grade of 2.58% Pb + Zn.

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

. .'. . . ~;'I' . ~ .. . i· ~

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 50nO (6% cut-off
maximum grade difference is 5.4% in 20/30 (3% cut-off) and 2.4% in 50nO (6% cut-off).
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Table 12: Summary statistics ofBE data available. . ,.-\ ~..... - ~ "

Rock Number Mean%Pb Mean%~ Ma:f% III + Zn
type ofBHs 4''''!L.. \:;'.

. '1 .~. :,~'f;o.~' ~

0 37 1.09 1.03 2.12 7

10 12 1.56 2.47 4.03

20 398 2.16 3.75 5.92

30 170 2.85 4.65 7.50

40 55 2.21 3.35 5.56
'T . ;.

. .
50 ·1061 3.46 5.60 9.05

55 263 1.66 1.99 3.65

60 6 4.61 7.33 11.96

70 81 3.75 5.25 9.00

20 + 30 568 2.37 4.02 6.39

40 + 50
60 + 70 1203 3.42 5.49 8.91

40 + 50
60 + 70

...

+ 55 1466 3.11 4.86 7.96

50 + 60
+ 70 1148 3.48 5.59 9.07

.. .' i_

AIl 2083 2.86 4.55 7.41
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Table 14: Resources above cut·off from D.H. kriged block estimates and blast holes in those
blocks. Type 50nO (excluding 55)·765 blocks.

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

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

above above

3% 100 8.90 100 9.02

4% 100 8.90 99 9.07

." ,.
5% 100 8.90 97 9.18

6% 100 8.90 87 9.56

Table 13:

Cut·off
%Pb+Zn

3%

4%

5%

6%

Resources above cut·off from DR kriged block estimates andblas~
blocks. Type 20/30·413 blocks.

Kriged D.H. values B.H. values

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

above above

100 6.24 91 6.81

98 6.28 82 7.17

91 6.42 70 7.63

59 6.86 53 8.33
. ,.
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Table 15: Resources above. cut-offafter correction ofoversmoothing Qy lognormal short-cut
(dispersion Variances of 4.41 and 4.53 in 20/30 and sono respectively).

Cut-off Type 20/3'0 Typesono
%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 8.09 90 9.33

. ~ .~ .
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Figure 19: Hap of 20/30 DBJ and BBJ
in bench 3470.
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Figure 20: Hap of eatimated 20/30 bloct. in
bench 3470.
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2 SHORT TERM rREWCUQN FROM BLAST HOLE PATA

We have already introd uced the reference blast hole data set in ~ecti(Jn 1·6 wilh sUlllmary statistics
of their % Ph + Zn data nn Tahle 10. Those blast holes lire categorized according to the
predominant are type. Since ~(lme of the ore types are mostly low grade (55) and others arc high
grade (50-70), the distribution of all their % Ph + Zn values is mther heterogeneous. Histogram
is a "fat" hellahaped curve with ita peak at about 7.3U % Pb + Zn lind large quantities of low and
high grades (Figure a). There is aho a tail of very high grade datll (above 15%). The coefficient
llf variation, 4~% is fairly high considering that data r.ome Cram a fairly restricted zone. Ifwe look
;~t distrihuti[lns of values accllrding to orc types, we also see some heterogeneities within each
group:

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

x Out of the 12 blast holes classified as "10", 2 are ahove ]2% whereas the bltlllnce
is 5% or less. A~ a reSUlt, the coefficient of variation for the 12 %Pb + Zn vatues
in that group is 89%.

x Most of the 39l:! values classified in type 20 are within the range 2·10%. However.
m~ximum reaches 17.68%. Coefficient ofv~ri~tjon is similar to that for overall data
46%.

x The 170 data in type 30 arc more homogeneous. Most values are within the
interval 3 . 14%. Coefficient of varia lion is only 35%.

x In type 40, we just have 55 vahles ranging from 2 to 12%. Coefficient of variation
iJ; the &~me a. nv"rall (45 % ).

x Like in 30, the 106] data in 50 arc more concentrated: 90% of the ""lues lie in the
intervalS· ]4%. There are a few high outliers up to 20%. Coemclent of varialion
i~ a mere 30%.

x The 263 v.dues in type 55 have the typical distribution of Inw grade material: lots
of low value& (median is just about 2%) and a few &C31tcred high values (up to
.13%). A_ It result, the coefficient ofvHriation is pretty high: 62%.

x There is nm much to say alloui the (\ blast holes elasslned fn type 6U. Values range
from 6 to 16%. Coefficient of variation is 25%.

x Distribution of the III values in tyre 70 is well homogeneolls with values from 5 to
13% and a coefficient of variation of 25%.
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Formally, the current .hortlerm prediction model i. "Iso 8. block model with Ii tli.t8.ncc weighting
grade interpolation method: hlocks lire the 25" 2S ft volume of influence uf a blast hole and the
interpolation method is nearest nelghhor (or pOlygon). In uther words, the grade estimate for a
hlast block is the gn\(.le of the single blast hole sample in the middle of the hlock. Like for the
long term prediction model from drm holes, it i, pmsihJe to assess the standard error a single
blast·block grade estimate <JT a group of them. We just need compute and model varJograms of
hlast hole grade.

At thi, poiot, we elin cnJculate a) a gloh.1 v8Tiogram of "lithe: 2083 n.H. data available whatever
their rock type aMignment b) vuriugrams In each rock type or combination uf rock types.

l3Jast hole variograms are well defined provided they are computed on a few hundred data points.
We have just computed horizuntal variograms: with only data frum 3 benches, we don't have that
much information un 13.H. grade variations through benches. Also, if we were to implement a
blast hole di.~tance weightin!ll!rade interpolation procedure (Home form of blast hole kriging) wc
would tend to limit ourselves to blast. hole. on the same hench "' the: blast-block to estimate.

An example of blast hole varlogram is given on f'igllTe h. It is for the % Ph + Zn of all available
hlast holes. In addition to lhe 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.
Wand N-S and 36' along NE and NW. All variogram points arc defined from a large number of
samples. There is no restriction on .ample data. Those variograms 'how:

+ a well define:d nugget effect of about 4 (%)' i.e. aOOm 3.5% orthe variance of 11 ..5, Note
that this is exactly the same as the nugget effect of % Ph + Zn ofbenelt compOsite in both
20 + 30 and 4U + 70 ore types. Hence it looks like the sampling precision of hlast holes
is as good as that of drill holes.

+a short range structme of aooutl00' (average variogram). For 'hort tlisllmce,. less than
100', we can detect <ome aniS(,tmpy pRttern on direction"1 vnriograms whieh i. similar to
the one ob.erved all Ihc hench compositc variogrllms of type 20·30: tl,'P varlogram (Ieasl
continuity) i~ E· Wand hottom varlogram (besl continuity) i~ N.S.

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

DJast hole variogram model. for various combinations of ore: types are given on Table a. We can
Sd" thllt:

+ the strong E-WIN·S anisotropy that we hud for D.H. composites in 20/30 is still visihle
in the blast hole grades of the sume ore type.

+ likewise. the varJograms of blast holes in S().6o- 70 i. i",tropie.
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+ low grades 40 and 55 have been pooled togcther for vRrioj,'Tlim computation, The
vMiograms £how a urong tmnd at long distances due to the presence of Isolated higl.
grade blast hole, CflteSorized in tho"" ore types. Tho model used does not take that trend
into account.

To check the performance ofvarious blast hole grade interpolation methods, we can use Ille same
sHrr.pl.. reuse method that we had for D.H. bench composites. The idea i~ to reestimate each of
t.he 2083 B,H. % Pb + Zn grades from hlast holes around using variollS interpolation methods and
segregation of blasl holes by are type. Result.. are in Tahle. h and c.

Fur e~ample, if we do the reestimation with no segregation at all, we get a pretty good eorrelatiun
be·tween orIginal and reestimated U.H. grade if we use kriging (r =0.70· FIgures e). It Is not so
good if we j11st \Ise the nearest neighbor method (r '" 0.56 - Figure d) even if the dispersion of
cstimates perfectly matches lhat ohhe original data (see tahle c). In fact, evcn ifkriged estimates
are smoother than real values, we can see aile advantage of kriging over nearesl·neighbor: tIle
regre!'.<ion line of renl em estimate is almost an y =x lille. TIlis means that if we mine all bIas!
hole~ with Rn e~tim"te of 6% the true average of these blast holes i5 6% : we mine what we
~nticip.tc. There i. no shortfall of srxde xhove cut-off. On the other hand, ifwe usc the nexre.t­
neighbor ~ppro~Cll, the regressJonline Js like y = 0.56 x 1- 3.2. Ifwe enter estimates (x) of more
Ihan 3.2/(1.056) = 7.27% Pb + Zn in this eq\l~Uon, the corresponding mean true value (y) Is less
than the estimate. lienee we overestimate high grade. For example, if we apply II cut-ofT of 6%
Ph + Zn tn the nearest-neighbor estimates, we get 1367 blast holes (66%) with an average
estimated grade of9.37% Pb + Zn but an average true grade nfR.57%. If we apply the same cut·
off to the kriged estimates, we get 1560 blast holes (75%) with an average estimated grade of
6.46% Pb + Zn and an average true grade ofIl5Z%. I·Ienee with kriging, we recover more tOllnes
(12%) at the expected grade. With neart:st neighbor we hiive a grllde shortfall of 8.5%.

We get even hetter results ifwe dn the kriging of hlast holes independently in 20·30,50-60-70 and
ail the low grades 55-40-(}(l· JO together. C"..orrelatinn coefficient of real data and estimates is nnw
0.74 (figure e). regression line of real on estimate is virtually y = x. As a restlli, if we apply the
6% Ph + Zn eut·olT on Ihe estimates, we recover ISIS' dal.ll (73%) with an lIverage estimated
value of 8.65% Pb + Zn and an awrllg" true value of 8.64%. We gM a Iiltle le&s tonnage than
in the case when we use all blast holes together but with a higher rt:e~red grade. Our selectivity
has Improved.
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ModU of % Pb + Zn horimntal wriogIamJ fiJr blast holD&.
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Nupt SJoMTisall SphmcaI2 Sphcriall3 Total'"~
~ Blat E&ct Sin Raup SiJ. R.8Jlsca Sill Rmrp Sill0
w boIea (%)2 (*)" Cft) ('I>)' (ft) ('No)" (ft) (..)<0

~

~,.
~

~ An 4 3.5 100 4.0 350 11.5'"~ (N = 2083)'"
on
N

20+30 3.5 2.0 50 2S 75 (E-W) 8
on

~ (N:; 568) 500 (N-S)-on

14

So-6O-1O 4.0 {l.5 50 3.0 300 7.5(N = 1148)

-40+55 1.5 0.5 50 1.0 250 3.0

'"
(N = 318)
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'"..,
'"N,..
'"
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IJdmpaJUiaD N1IIIIbcr Aw:tajp;
BH.1P0apins IIId\OO of reealjwa Ii nil AbaoIutc Exp.• hi ental Tbeoretir.aI

error CllIOI cnor
variance WmllC'l':

('I» (1(,) ('No)' ('1>)2

AD KrigiDg 2078 -0.017 1.84 5.83 6..07

AD Neuest 2078 ·0.011 234 10.04 9.43
Neighbor

20-30
so.&7() Kriging 2078 0.00 1.72 5.12 4.95
00-1G-40-S5

•m
•m

..
~

TBhID 11: SlaIN,., of errors in die ftJts'imaJjon of 'I> Pb + Zn gtEdc of B.Rafm B.H.a II1U1lDd (au die IIIIIIll bca:h).
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z Tablcc ConeJationafc·'jma.... 1IIId n:alvaluf:a in the r 'jm,tion afS Pb + Zn grade afB.H.a from B.H.a armmd ((Bl tbe IIIlIIIe !leDdl).

Carrelatiao.
OCCffi iem

Rcp;a.jID
real = f (eatima1es)

AD Kriging

AD Nearest
Neighbor

2G-30
5(}.60-70 Kriging
OO-l()..40.SS

337

337

3.37

226

3.36

2.46

0.70

0.56

0.74

y = 1.04 x • 0.3

}' = 0.56 x + 3.2

}' = 1.015 x . 0.11

....,
-..,-
"..,
"N,

i
..
"
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