COPPER GRADE PATTERNS AT DIFFERENT SCALES : AN EMPIRICAL STUDY
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ABSTRACT

A sulphite orebody was recognized at a metric scale for reserve evaluation purposes. A
drilling campaign was performed and 1 m support samples were assayed for copper. In a later
phase, some cuttings were splitted in 2.5 mm pieces in order to measure ore dressing control
parameters. Each 2.5 mm sample was also assayed for copper. Variograms of the copper grade were
calculated for the two sets of samples and a striking similarity was noticed between the general

"attitude'" of the variograms at different scales, suggesting a structural repetition.

A scale-free grade pattern is hypothesised, leading to a reduced variogram model in h®

which depends only on the sampling interval for each set of data.

RESUME

La régionalisation des teneurs en cuivre 4 des échelles différentes

Une étude empirique

Afin d'en évaluer les réserves miniéres, un gisement de sulfures a été reconnu par
sondages a différentes échelles. Un premier ensemble de données constitué par des trongons de
sondages de 1 m a été utilisé pour la détermination des teneurs en cuivre. Dans une phase finale,
quelques sondages destructifs ont été effectués et des analyses en Cu ont été faites sur des
trongons de sondages de 2.5 mm afin d'évaluer les paramétres de contrdle liés a la valorisation
du minerais. Les variogrammes des teneurs en cuivre ont été calculés sur ces deux ensembles de
données. Une ressemblance remarquable peut &tre observée entre ces deux courbes calculées pour

ces deux échelles, ce qui suggere une répétition structurale.

Un modéle de régionalisation indépendante de 1'échelle a laquelle est effectué 1'échan-

3 ” . 3 . ’ a
tillonnage est proposé, le variogramme utilisé est de la forme h .
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A — EXPERIMENTAL EVIDENCE

In a sulphite orebody, two sets of samples were assayed for Cu :

. the first set, denoted "MET" in the following, is composed by 616 core samples taken 1 m
apart in drill-holes. The length of each core is also 1 m.

. the second set, denoted "MIL", contains 1130 small samples (2.5 mm long) taken at a cons-
tant mesh of 2.5 mm in some cores, assumed to be representative of the ore type being
studied.

Variograms down-hole were calculated in both sets (cf. table of experimental variogram values in
Annex A). For the first set, the average reduced variogram is presented in figure 1 in ordinates,
values of the variogram ( 7MET(h)) divided by the experimental variance (VAR) are plotted for
multiples of the basic step size (1 m). The average is denoted by m and the number of points by
N. 13

Tuerlh) 7 VAR

u

N=816
m=8.45 (%)
VAR=45.42 (%) 2

Fig. 1 - Experimental reduced variogram for the metric scale (step 1 m)

For the second set, the average reduced variogram is shown in figure 2. The step is now 2.5 mm
for this set of data.
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Fig. 2 - Experimental reduced variogram for the millimetric scale (step 0.0025 m).
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Fig. 3 - Cross correlation function relating variograms at two scales
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From the simple visual comparison of the two curves (Fig. 1 and 2), a striking similarity comes up.
It seems obvious that both variograms have the same general "attitude" and, apart from scale, it is
felt that the two functions belong to the same "family".

In order to check this idea, values of YMET(h) were plotted against values of~7MIL(h) for each step,
and a rather good linear correlation coefficient was found (p = . 94). Also, the cross correlation
function relating 7MET(h) to YMIL(h) was calculated for different lags. The graph of this function
is shown in Fig. 3.

The analysis of Fig. 3 leads to the conclusion that, despite of some periodicities, a large peak
is reached for small lags (+ 1). So, it was decided to proceed a comparing study of the point to
point variogram for different multiples of the basic step on each scale.

In order to complete experimental evidence about the two sets of data, it is also presented in

Annex B typical profiles of the variable Cu grade along drill-holes and histograms for both sets
(MIL and MET).

B — MODELING EXPERIMENTAL VARIOGRAMS
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Fig. 4 - Variogram model in h® for the metric scale
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For the sake of simplicity, and disregarding the virtual hole-effect apparent in both variograms,
the model chosen to interpolate the experimental curves is a power function scheme given by
v(h) = Co + K h® (1]

For the first set of data (MET), the fitted model is shown in figure 4. The parameters of the
model are the following :

Co="2-0l
K 244220
a7 =i i3b

For the metric scale, the variogram model is written as the following :

35

For the second set of data (MIL), the fitted model and the calculated parameters are presented in
figure 5.

For the millimetric scale, the variogram model is written :

= .35
YMIL(h)/VARMIL . 0% L4630 [3]
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Fig. 5 - Variogram model in h* for the millimetric scale
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C — MATCHING VARIOGRAM MODELS AT TWO SCALES

Comparing the parameters involved in the two models previously fitted, it was noticed that the
following proportional relationship holds:

Comer _ Kuer _ . B 4]
Cor  KmiL  “Swer :
where
SMIL = . 0025 m is the sampling interval (basic step) at the millimetric scale
Swer = 1 m is the sampling interval (basic step) at the metric scale

Hence, the millimetric variogram model may be derived from the metric one through the expression:
Y g (N /VARyr = Y yer(h)/VARyer . (Syer/Syp )™ (5]

In general terms, the following relationship linking variograms models at two scales may be written:

VARS -
Ys(h) = YSi(h) WR_S'R [6]

where
R = §'/S is the ratio of the basic steps (sampling intervals) for each scale

a is the power of the scheme in h® modeling vyg(h) and v (h)

D — DISCUSSION

The problem of dealing with the repetition of geostructures for different scales has been treated
by several authors, in a number of diverse situations.

In particular, Nemec (1983, p. 51) derives experimentally a "planetary" general formula linking the
equidistance between similar patterns to a set of characteristic variables of the planet. It s
obvious that the data presented here are not suitable to such a broad approach, the scope of which
is too global.

Another view of the problem is described in Serra's classical paper (Serra, 1968), which provides an
interpretation of structures at different scales on the grounds of successive nested transition
spherical schemes. The invariant quantities allowing the scale transfer would be the ratio of ranges
and sills for each pair of successive scales (Serra, 1968, p. 150).
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