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modified polygonal method of grade estirnatiori. ! 
The gold deposit is contained in a coarse-grained. clastif:. 

sedimentary sequerice of Middle Miocerie aye which is cut by a 
rhyolite-porpiiyry as st iown in Figure 2 (Charripigriy and Siriclair, 
198 1 ). 7-tie sequence is composed of iriterbedded coricjlorncrate 
arid saridstone uriits dipping gently (15 degrees) to the east. 
Upper Cretaceous shales are in fault contact with ttie rhyolite 
intrusion on the west and constitute ttie footwall of the dqmsit. 
1-tiese three uriits are cut by several gerieri~tion~ of quam veins 
that locally contairi high gride values (tiigt ier tliari 0.20 oz. Au!st). 
Gold is also disserniiinted though ttie silicified codrsc-grairid 
sediments. to a lesser extcrit in the rhyolite-yorpliyry. arid r,ircly in 
ttie shales. Pyrite arid rmrcasitc are the most aburidiiiit, sulpliidcs. 
and gold particles are niainly of submicroscopic size. A steeply 
dippirig envelope of intensive argillic alteration abruptly trtirimtrs 
the ecoriornic miineratiration on the east and north. 

1 he ultirricitrl goal of this study was to devclop a gcwtntistical 
niodtl lor f t i c  Ciiidd tlctiwsit arid to Jtvttlop a procc.(lurc: l o r  
estirriating rriean glades and errors for blocks riic:itsui it IC] 

30x30~ 1 Orn. where 1 O m  is the bench heiqtit proposed fi>r 
open-pit rniriiriy. An irnportant product of the yt.ostatistir.il1 
approach iricludes test.irig whether the drill hole spacing. 
comrnorily about 30 to 40rn at Ciiioln, is close eriouyh to provide 
reasonable estimdtes for 30x30~ I O r n  blocks. 'Tu ariswr these 
questioris. we proceeded in four stages as follows: ( I ) data 
evaluation. (2) gcneratioii of experirriental st!r~,i-vnric-)yrarns, (3) 
development of semi-variogiarii models, arid (4) kriyiricj 

More than 20,000rn of assayed drill core provide ttie data base 
for this study. Calculations involving this quantity of data riiust be 
done with a computer. In addition. extensive care must be taken in 
editing data so that errors are not built into subsequent exyerisike 
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A geostatistical study of the Cinola gold deposit 
Queen Charlotte Islands, British Columbia 

ABSTRACT. Cinola gold deposit, owned by Consolidated Cinola 
Mines Ltd, is a large low grade deposit that has been explored 
exterisively by diamond drilling. The deposit has been the subject 
of a feasibility evaluation. Drill holes are mostly vertical arid over 
much of the deposit are spaced at about 30m. Half core lengths 
of 2m wpie assdycd for most of the drillirig to providc an 
exterisive data base. An exploration adit also provided essential 
assay and geglogical information. 

Two geological features are important in developing a 
serni-variogram model for the ore: ( 1 ) presence or absence of 
extensive argillic alteration; (2) a preferred orientation to 
gold-bearing quartz veins and veinlets, viz. vertical dip with an 
average strike of 028 degrees. A three-dimensional 
semi-variogram model for the deposit consists of a nugget effect, 
a short range spherical isotropic model plus a long range 
spherical anisotropic model. 

Two-dimensional and three-dimensional kriging results are 
compared and potential applications or problerns with each 
approach are discussed. One of the most striking results of the 
study has been the documentation of the relative uniformity of 
grade distribution at Cinola compared with much more erratic 
grade distribution in other large, low grade gold deposits. 

INTRODUCTION. Ore reqerve cstiniation of gold deposits is 
probdbly one oC ttie I T ~ O S ~  ditficult problerris f x c d  by ycologists 
arid mining engineers. 1 he apparently erratic distribution of gold 
in many ore bodies is the main reason for a common lack of 
confidence in making estimations of mean grades for selection 
units (mining blocks). This paper documents a rigorous 
geostatistical approach to grade estirnation at the Cinola gold 
deposit. based on a relatively uniform and dense distribution of 
sampled diamond drill holes. The mathematical concepts used in 
this analysis have been described in numerous publications, such 
as Journel and tluijbregts (1978), and Clark ( 1980). 

Cinola is a large-tonnage low-grade gold deposit in central 

Figure 1. Location map of Cinola Gold Deposit 
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DATA EVALUATION. 
Borehole gold assays obtained during all explordtion phdses of the 
deposit sirice discovery to the tirue of this study were made 
available to the authors by Consolidated Cinola Mines Ltd. 1 hese 

of writing. Several iriforrnatioq types make tip the dat.a set as listed 
in 'Table 1. Nearly all holes are vertical, arid the core was arialytcd 
in continuous sarnple lengths of 1.5, 2, or 3m. Limited 
interlaboratory check analyses were available to us. I hose we 
investigated indicated ttie presence of an expectdble raridom error 
but were irisulficierit to deterrriirie the existence of bias. For 
purposes of our study we assume gold assay data used by us to 
be representative of the Cinola deposit. 

computer-based coding system (Godwin et al 1982) arid included 
the coding of a number of geological variables. For exarrilAe the 
three yiiricipal host rock categories are: ( I ) 
concJlonierate-saridstoiie, (2) rhyolite-por yliyry, arid ( 3 )  st i l k .  
Early in the study it appeared that all lock types could riot be 
taken into account because of the small proportion of both 
rhyolite-porphyry arid shale. All assays of shale are below the 
0.025 oz Aukt cutoff, and are excluded from the study. 

data represerit about 75 percent of total data available at ttie time ! 
I 
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Our data base was developed using the GEOLOG 

Probability graphs were constructed for assays for each of three 
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different core lengths, 1.5, 2 and 3m. An example, for sample 
length of 2m, is shown on Figure 3. Two lognormal populations 
are apparent in each case, arid a threshold separatiny them was 
selected using the partitioning procedure described by Sinclair 
( 1976). The thresholds represent optirnum separation of a 
high-grade population from a low-grade population. An 
approximately linear relationship was found between the threshold 
values and the core sample length. Longer and therefore bigger 
core samples are less variable in their gold values than are shorter 
samples, and thresholds separating the two populations are lower 
for shorter sample lengths. 

"high-grade" population which totals 3.5 percent of the data and 
is assumed to be distributed randomly throughout the deposit, 
and (2) a "low-grade" population which comprises the bulk of the 
data and whose distribution is more continuous. The values above 
threshold, that is, the "high-grade" population, were deleted for 

The two populations can be interpreted as follows: ( 1 ) a 

Figure 2. East-west cross-section demonstrating drill hole 
spacing arid ycncral geological character of the Cinola Gold 
Deposit. .)-lcac,y line at base ol rfiyolilc' unit is h e  Footwall fault 
below which negligible gold niiric*raliration occuis 
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Figirr-e 3. Pmbahility graph of gold assdy values /or the 2m 
samples, €3 drill core, Ciriola tiold Deposit 

Table 1 .  Data Qpes 

Drill type Core size Sample length X of total 
metres drilled (n1) 

Percussion 3.0 I .4 
Diarnorid Ax I .5 0 3 

BX 1.5 6.0 
BX 2.0 40.5 
BX 3.0 2.5 
Nx 3.0 49.3 

mathernatical modelling of the "low-grade" population. 
Justification for this procedure is sirriyly that ditfeierit 
autocorrelation functions are to be expected for ea.h  of the two 
poyul&ms because the two have differelit r i  iodes o f  OCCUI rcwe. 
?-tie low grade population is esseritially rnicror 1 yold whereas the 
high grade population is coarser-grained free gold in quartz and 
native gold associated with chalcopyrite and sphalerite. 

EXPERIMENTAL SWl-VARIOGRAMS 
The semi-variogratn, y (h), is a measure of the difference between 
the grades of samples separated by a distance h. An experimental 
semi-variograrn is calculated using the equation: 

Y (h) = -! 2: [gh) - g(x+ 

where g is the grade, x indicates the location of one sample in the 
pair, arid x t h indicates the location of the other. The total 
number of pairs for each spacing, h, is giver1 by n. y (h) v s  units 
of grade squared if calculated as above, that is, (02 Auist)' in our 
case, and is determined for a rnaxirnum number of different 
values of h. Relative serni-variograms are obtairied by dividing 
various y (h) values by the squared mean grade of all samples 
used in their respective calculation. All the sc:rni-varioyrams 
rqmdi i r  ed ticrc are rcldive scriii-vario!irorrI'j. 

Down-hole semi-variograms w t w  ycrwdcd by c oiripul(~i 
separately for each drill hole, and average semi-varioyrarns were 
produced for each data support ( 1 able 1). The puipose of 
generating these is to cwnpare the variability of gold values from 
the different categories of data. Such a comparison may lead to: 
( I )  grouping certain data types with sirriilar variability, and (2) 

2n 
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recognizing data supports that have distinclly different lweh or 
variabilily Experimental semi-variograms from very limited data 
sets lor AX and percussion drill holes are niarhedly diflerenl from 
those lor other data types. and these luo data types were excluded 
from the study because of the likelihood of the small available 
sample sets not being representative. 

All lhe semi-variograms for BX drill holes are very similar 
regardless of lhe sample lengths (Figure 4). Similar curves baed 
on NX drill holes are divided into hvo groups: one group has 
semi-variograms comparable to those lor BX core samples. 
whereas a second set of NX data has a much higher nuyget 
ellecl This second group of semi-variograms was calculated from 
drill holes located in zones of extensive argillic alteration. whereas 
those with a lower lwel 01 variability. as well as all the 
semi-variograms based on BX core. derive from the main 
mineralized part of the Cinola deposit (Figure 4). Consequently. 
the following two geological groups are defined for geostatistical 
purposes. ( 1 )  "mineralized" samples with negligible argillic 
alleralion. including all BX and some NX drill Iiolrs and (2) 
"ary,llicalk altered' samples comprisiiiy only part of lhe NX drill 
holes and consisting of extensively altered rock. 

From llre foregoing we conclude that type of alleration. as 
opposed lo small variations in core size. dictates the behaviour of 
experimental down-hole semi-variograms at Cinola. Fortunately 
l h e  data can be divided into two spalially distinct gioups. an 
argillicallv altered zone fringing the main mineralized zone on the 
east and north (Figure 5). Argillically altered rocks have grades 
less than ,025 oz Auist and are of no economic interest at the 
present time. The remainder of our study is confined to a 
geoslatistical walualion of data representing the main mineralized 
zone at Cinola. 

mineralized drill holes were combined into IOm bench 
composiles. IOm being the proposed bench height at Cinola. For 
each level. horizontal semi-variograms were generated for lour 
directions with azimuths 028 degrees. 073 degrees. 1 I8  degrees 
and 163 degrees. The 028 degrees direction is the averaye strike 
of verlically dipping quartz veins in the deposit In addition, ari 
average isotropic semi-variogram for each level and a weighted 
average isotropic semi-variogram for all levels were produced. 
Experimental semi-varioyrams for Ihe lour directions were similar 
for a given level and were also similar to the grand average 
senti-vaiiograms lor all levels. as rcproduced ill Figure 6. A 
substantial anisotropy is wident in the two semi-variograms of 

' 

Horizontal Semi-varlograms. Drill core assays from t k  

F Igm6.  n p c m t d i v c  of thc cross.vein dirrction ( 1  18 deqi 
awitulh) and tlie pdiallel vew diieclioii fO2R drqiees aziniutl 

l ipcrii i iri i l~l srini-~di iugiaow w r i r  CaIculdtvd i i i ~ l ~ ~ ~ w d v ~  
for hoivontal channel samples and verlocal cliaiiiwl s~riipler 
(Figure 61 alonq a seqtnrril 01 a horuorilal adil c u l l l r q  tnm 
10 'high ' grade nialerinl. tloitzonlal chamel Sdii~pIcs IdhoUt 
long1 on llie two sides of 1 1 ~ s  adit gsbe COnlpdfJbk tlul sliqt 
dilleienr experimental semi-varioyiams. ar dtd b o  cottesyoi 
sets 01 vertical channel samples I he aveiage rxpcritrienlal 
serni.vaiiogramo Irelalwe) lot both lioiizonirtl and vertacd ch 
saniplec ale alwo11 Bdriitical as are tlie slaiidaid dc\idltonr 
(Figure 6 )  indicalirig that the variabilities 01 tlie Wo hvcs 01 
samples are coinparable. 

Ih is coticlusion is 01 the utmost inipomnce becawe 
exploration diilling lo dale has h e n  riio~tly veilical. Iiaviiiq t 
completed piour 10 the driving of UBe expluralion adil a i d  1111 
recqnil ion 01 a pieleired oiirnlatiuii to quaitl VCIIIS (028 df 
strike. $eltical clip). Because 01 11119 p#t'leiitd oii~ii1alioti of k 
some colicern uas lrlt about Vie r c l ~ b  Ihh, 01 weft cal COW s; 
on wh ich  ore rewrve eslimate< weir In bp b r e d  I1 ai,pwr% 
tlie b o  hpes 01 saniples (hotizonlal chip atid ber(ica1 011p) I 

comparable in their iepresentdtiori 01 llie dq,o,il 1)) extm5i 
expect Ilia1 vertical drill core smriples hakoi>g rouylily the w? 
support and less obkious chatice of bias die equdllv accepk 
being represenlatire of the Cinola deposit 

SEMI-VARIOGRAM MODELS 
Exptwinri&4 seini-vaiiograms shown in Figures 4 and 6 ari 
sau.tOoth curves thal can be approxtmaled by sniooth 
nidllienidlical models. lhe  mosl cotnmoii niodel lhal ayplw 
ekperimenldi semi.variograms 1s the spherical model delmel 

1 (hl = Co + C, [(3hZa) - ( I R )  (haJ ' ) l  for h ': a 

1 (h) = Co C, for h :. a 

where Cu is Ihe nuggel efferl. C, is the sill of the sgdwical r 
"a' is l l ie range. arid h '  is aiiy sample sepaiatmn. Th? ran( 
influence 01 a samplp. a. IS the distaiice at uliich wiiiples b 
independenl llie ~ 0 1 1 .  C,. represents llie slrurtuwd pdtt of 11 
iegional idlion. uhrieas Ihe nugget ellrct IC a raiiduiri coni1 
and illd!cdle% the prerence of olic or i w i e  9mdllu wale 5111 
c u ~ ~ ~ p t i r i ~ t s  (ne. S I t ~ d I k I  1hau the niiwiiuin sainple spwiig 
aboul 301nl. each w i l l i  its own sill and iaiiye 
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Figure 5. Collar localionc oldrill holec LL'ifh assay dah wed in 
UIIS study. FF is fhc surface lrace ol  Ure Footulall hull wli ich 
dip5 moderately to fhc edsf arid lonns fhe weslcm and lourr 
boundary lo (he main zone orgold co~centr~~l ior r .  llle sinuous 
Imr. AA' separafes (he main zaire ol gold niineralization Irom 
an easterly zone of intense argillic alteration 

The experimental dwn-hole semi-variograms for "mineralized" 
and "argillicatly altered sample data are very dillerent (Figure 4). 
I 3 c i l t i  d.11.) gtoul,r t m ~  rrlaiwviv diwt i.inwrrs (22 and I H ~ v 1 l .  and 
llr. scvtwwiioytmi lor aiyiilicdly dleied data I u s  a sill 1.8 ~ii i ies 
higher than the sill lor Ihe main mineraiized zone. 'Thesr results 
clearly demonstrate the dramatic influence that geological 
character exerts on the semi-variogram. It is apparent that a single 
model for all data would have been inappropriate and would have 
resulted in a semi-variogram biased on Uie high side lor all ore 
estimation which is conlined entirely to the "mineralized' category. 

The loregoing spherical models were used merely lo illustrate 
the diflerences beheen "altered" and "mineralued' parts of lhe 
Cinola deposit A three-dimensional model is required lor 
estimation purposes and must lit horizontal experimental 
semi-variograms as well as down.hole semi-variograms. 

varioqram model was as follous: two nested spherical models 
were litled lo the experimental horuonlal semi-variogram lor lhe 
I18 degrees direction [perpendicular to qua* veins). The nuggel 
ellect was estimated lrom semi-variograms for the 2m chip 
samples lrom the adit (Figure 6). A nested model with comparable 
sills. nugget ellect and short range structure. but dillerenl long 
range structure was then lined lo the experimental hoiizontal 
semi-variograrn lor the 028 degrees diieclion (parallel lo q u a e  
veining). Regularized models are shown litled Lo the h o  
experimental curves in Figure 6, l h e  parallel-lo-vein model clearly 
fits the mean vertical (down-hole) experimenlal semi-variogram as 
shown in Figure 4. 

The validity 01 the model is lutttier emphasized because the 
m p a r i s o n  Is made for a 2m regularized model ralher than Ihe 

The procedure we used lo determine a three-dimensional semi- 

I I !  

l a h k  2. IkL~llve poltit sct~~l-va~logiaiil wudelr lur Au. Cliiub 
gold d e p s l l  

ANIS01 ROI'IC 
parallel perpendicular isomomc 

0.06 
0.20 
2Om - - 

0.06 
0.19 

0.06 
0.19 

lain I8m 
0.228 0.228 
18Um 280111 

'Assuming I Om composites. 

loin cornposiles from which lhe model was derived originally. A 
comparable verification 01 the gcneral model is shown by Ute 
close lit of the perpendicular-lo-vein. 2m regulaiized model lo the 
mean 2m experimental semi-variogram lor chip samples l iom the 
exploration adit (Figure 6). 

The three-dimensional nested spherical model is thus consistent 
with all available data; point paramelers ate listed in Table 2. This 
model can be expressed as a short range lwtropic structure 
(iairge I8m) and a long range anisotropic stiucture 
(perp:rrdicular-to-veiri range of I80in; parallel-to-vein range 01 
28Om). The short range structure probably represi'rib "clustering 
01 veins" and their lack 01 unilormily 01 orientation. Ihe geological 
significance 01 the longer range slructur? is lar from certain atid, 
of course, the ranges are not well delined neverlheless. the scale 
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of these long range structures would suggest the possibility of 
contl.ol by large scale features such as-variations in host rock 
characteristics. This latter speculation remains to be 
demonstrated. 

, 

0.018 

0.012 

0.006 

KRlGlNG 
Kriging is a weighted average procedure for estimating local mean 
grade, and is optimal in the sense that the estimation variance is 
minimized. Procedures are summarized by various authors (eg. 
Jourriel and t-luijbregts 1978), and will not be outlined here. The 
low sill level and ranges of the Ciriola nested semi-variogram 
model relative to the 30m dimensions of the blocks to be 
evaluated suggest that reasoriable block estimates might be 
obtained by two-dimensional kriging using 1 Om bench 
composites. Because values in the kriging procedure will be based 
on a sample spacing of about 30m or more, a simple, point 
isotropic model fitted directly to the experimental horizontal 
semi-variograms for 1 Om composites might be adequate for 
kriging. 

Orre such model given in Table2 was deduced from an early 
subset of tQtal drill data (Champigny 198 1 ) assuming isotropy. We 
will examine ttie application of this model to grade estimation 
because it represents an early stage in our geostatistical 
knowledge of this deposit. The isotropic model was developed 

- 

- 

- 

Figtire 7. Cor7 iparison o/ block yradns hrigcd by two dil;l;rent 
strni-vdriograrn niodcls for 30ni blocks, 1 1 Orii leilel, Ciriola 
Gold Deposit. The tLvo models are a two-dirner isiorial isotropic 
model arid a three-dimensional anisotropic rnodel 

prior to recognition of the pronounced preferred vein or ieritation 
in underground workiiiy's. The orientation of ttiese veiiis (028 
degrees strike) is substantially different, than any of the four 
horizontal directions for which semi-var iograrns were first 
determined (0 degree, 045 degrees, 090 degrees. 135 degrees), 
and this, combined with the procedure for deterrniriing 
semi-varioyrarns for randomly distr ibuted data in a 
two-dinierisional field, masked tlie existence of ari anisotropy. 
Once the preferred orieiitation of veins was clearly defined the 
more repi'esentative ariisotroyic three-dimerisional serrii-variogram 
model of Table 2 was developed. This latter rrrodel car1 also be 
considered a two-dirri$nsionaI anisotropic iiiodel if or ily 
two-dirtiensional data assays are used in block estir r1atio.n. 

To cornpare the effects of these two two-dirnensioria~ models 
we have kriged 30x30~ I Om3 blocks for the 1 I Om level in three 
ways; that is. using each of the.rriodels iri Table 2. A visual 
comparisori of results can be made by plot.ting estirriated grade by 
a two-dimensional model versus estirnated grade by the 
three-dimension model (Figure 7). The relative quality of two- and 
ttiree-dinierisiorial models is dernonsliated by an XY plot of block 
errors obtained for the two kriging approaches (Ficprrr 8) .  
Exariiination of these two graphs shows that large block estimates 
are not sensitive to detailed difference in two-dimensional 
semi-varioyr a m  models. 

estiniatcs on average than the two-dirilciisiorial q)proix:ti. - 1  tie 
level of block error is clearly less for ttiree-dirr,ensiori;~I tliari tor 
two-dimerisiorial estirnates. All models appear to provide uiibiased 
estiriiates of block means. 

The tlirce-dimensional approach, must. by dcfii.iitiori give better 

Drill hole spacing is sufficient for estimates of the type 

0 e 
0 
U 
t- 
0 
!!? 
0 cu 

. .  

dernoristrated here--and the ttiree-diriiei.rsic)r~al scrni-variogram 
model is applicable to global estimates by tlie r-tiettiod of 
contlitiorial prcdmbility. I lowever, cstirrialiori 01 cjiijd(2s ot blocks 
corresljoiidirrg to reasonable sctectiori units dur i r  iy t i  i i r  iiriy (say ,.. 

10x10~ IOri i . ' )  for purposes of pit desiyri caiiiiot be dc)rie to a n  
entirely acceptable quality with tlie present drill hole spicing. 

results referred to here is as I'ollows for a specilied block size: 

(30~30x1 Om.") arraiiged in a rectarigular array nitasuririg 22 
blocks by 16 blocks. Individual blocks were kriged only if: ( 1  1 four 
or more assays (bench height cornposites) are fouiid within ttie 
search radius of 8Orn from the centre of the block to be kvigd, 
(2) one or more bench composites occur wittiiri the block to be 
kriged, and (3) the block centre lies betweeri the footwall fault arid 
tile eastern zone of iritense aryillic alteration. Thesc rrstr ictions 
lead to  estimates for a miixirnurn of only orie aureole of blocks 
beyond the limit of available dr i l l  data. Estiiiistcd grades l o r  the 
1 I Oiri level are summarized on Figure 9. Final block estirnated 
grades consist of two components cor-nbined in a mariner 

0.06 

0.04 
l h e  general procedure we have used in obtairiirig all the 'kriging 

; 
For the 1 IOrri level we attempted kriging of blocks 

0.03 

0.0 1 

0.0 
0.0 0.01 0.03 0.04 0.06 0.08 

30 ANISOTROPIC 

FigiJrc 8. Plot ol  3Orii block- hrigirig mors u.Sirig 1uv d i / / i . w t l t  
sen ii udriogrm is modtls. Lclt: twodiii ICY isior ial i.sotr.opic 17 iocicl 
errors us two-dimensional anisotropic niodcl errors. Right: 
two-dimensional isotropic model errors us three-dimensional 
anisotropic model errors 

I /  v. I 1 1 

0 0,006 0.012 0.018 

2D ANISOTROPIC 30 ANISOTROPIC 
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suggested by Giroun and Sinclair (personal cmrnunicaticin 
1981) lor the Equity Silver deposit. Each blmk estimate conslsls 
of a kriged component and a purely random component. The two 
componenls are present in the proportion of 96.5 and 3.5 percent 
for the low grade and high grade populatioris respectively. For 
each block the estimated grade (m) is determined as lollows: 

m = ( I - p ) m ,  + pm, 
m = 0.965 m, + 0.035 mh 

where m, is the kriged block grade and mh is the average of the 
high grade component The high grade random component has a 
mean value of 0.235 oz Aulsl. or an average contribution of 0.W8 
02 Adst for each block 

DISCUSSION 
l h i s  study demonstrates the importance of a clear understanding 
of geological factors that relate to mineralization in attempting to 
define an appropriate semi-variogram model. For example. 
experimental semi-variograms for an extensive argillic altered zone 
surrounding the main mineralized zone on the north and east are 
drarnabcally dilierent than for the main mineralized zone. Had 
thew two environments not been recognized and if both sels of 
data had been mergpd for semi-varicgiam modelling purposes. 
unnecessary complexities and uncertainties would have been 
introduced. 

In addition. sill lwel and nugget effect would have been 
substantially higher than found lor the main mineralized zone with 
the result that different block grades would have been estimated 
with larger apparent errors. A second geological leature of 
importance to semi-variogram modelling is the preferred 
orientation of gold-bearing quam veins. a feature not apparent in 
Ute early part of our study but observed and verified during driving 
and mapping of a lengthy exploration adit The four directions 
chosen to establish experimental semi-variograms unfortunately 
happened to be as lar removed as possible from the pieferred 
orientalion. Thuz. in early work an anisotropy escaped deteclion 
and an isotiopic horizontal semi-variogram model was assumed 
(Charnpigny I981 I. Subsequently, of course. we were able to 
reline this model to a nested anisotropic model using as a guide 
the detailed gPological information from Ihe exploration adit. 

blocks (3Ox3OxIOm’) and provide a generalized vicw of grade 
dis1ribution:Errors for these blocks are generalv from 15 to 50 
percent of the kriged value with larger errors mostly at the fringes 
of l l ie main niineralized zone where drill spacing is widest. Errors 
for smaller blocks that might represent a reasonable selection lor 
mining units (say IOxIOxIOm‘l are much larger except for the 
m a i l  number of such blocks that are intersected by a drill hole. 

The kriging procedure adopted here takes into account the 
presence of two distinct grade populations. referred to here as 
high and low grade populations. I he high grade population is 
assumed to be distributed randomly throughout the depsil: the 
low grade and abundant population is the one we have kriged. 
ConsequenUy. our kriging estimates lor all blocks must have an 
additional random component added to them as described in an 
earlier section. This procedure is not appropriate i f  the high grade 
population has a pronounced preferred location williin Uie deposiL 
In such a case, an alternalive procedure such as multi-gaussian 
kriging using the entire data set might be a more appropriate 
approach to block estimation. 

CONCLUSIONS. This study has provided a systematic procedure 
for geostatistical ore reseive estimation of a large tonnage. low 
grade gold deposit. The procedure includes: 

and “low” grade populations. 

semi-variograms and development of a three-dimensional point 
model. 

Specilic results for the Cinola gold deposit are summarized as 
follows: 

appreciably change the behaviour of experimental 
semi-vai iograms. 

Present drill spacing is adequate lo deliiie kriged grades of large 

I .  Caielul editing of the data. 
2. Construction of probability plots to partitioned “high grade London, 129p, 

Godwin C I. Blanchel PH. Chen 1. Mah HJ, Champigny N 1982. 
rnplication of the c ~ ~ ~ ~ ~ ~ ~ . ~ ~  tieolq syStPm to bploratbn 
and Development Data. U I W ~  Fliirrr. v55 no2 pp7742. 

Jourriel A G  and Huijbregts C 1978. F h r r i r y  l i ~ m f L i l r ~ f i m  Academic 

Richards G G. Chriqtie. J 5. and Wollhard MR 1976. Sptuogna: A 

.. 
3. Generalion of experimental down-hole and horuontal relative 

4. Block kriging. Press. 600~. 

Caiiin-t)pe Gold Deposit. Queen Charlotte Islands. British Columbia 
(absttactl. C m  lncl blin F l c f ~ l I  Bull 6 9  no.173 p64. 

bpl Geochem. Spec Vol1.95p. 

I. Core size (NX. BXI and core length from 1.5 to 3 m  do not 
Sinriair A J  1976. Probability Graphs in Mineral Exploration. Asvx 
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2. Argillic alteration has a pronounced eflect on the behaviour 
of experimenlal serni-variograms. by increasing the relative 
variability. 

3. Geological anisotropy in the Cinola deposh is clearly reflected 
in the corresponding anisotropy exhibited in Ihe rem-variograms. 

4. Kriging using a three-dimensional anisotropic point. relative. 
semi-variogram model provides block estimates of substantially 
better quality than do two.dimensional models. 
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