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SUMMARY oot

TIHIS ARTICLE CORsists 0F fwo paits, a recapitniation of the thegreieal formula
relative to borcholcs vnth rigid spacing zaet i ceverimental verification in
the case of a bauaiic «£Rsi

1. Thearetical Formilae
The statistical population is considered as constituted by the aszy valies
x of boreholes in infiniic numbcrs which can theoretically be drifld inzo the '
deprsit. No assumrption is made regarding the law of statisticol CLasibution .
of these assay valucs. The assay values x, 2 nd >, of two boreholes ata distance
d from cach other are not indspendent. The smatier the distance d is, the
less will be, on an average, the difference eiween the wssay values x; and Xp.
This correlation expresses in a statisticar serse the cuistence of a cerlain
degree of continuity of the mineralization and wwy be repeesented by a
. variogram, i.e. the curve of % = f(d) which gives the vanance of the ditiei- b4
ence (x;—X,)? as 2 funciion of the distance d.

3

The variogram can often be represented Ly 2 Jogerithmic formula i
f(d) = A-4alogd, where a is the absolute scatter. This exprassion cannot .
' be veed any more when the values for tic distane # are very small. If the : )

spacing of the borcholes is, however, greai comparcd with the thickness
of the bed, the behaviour of f(d) around ¢ = 0 is of no practical importance.
The rvariance of sampling is the variance which defines the precision with

which the assay value of a deposit, explored by n boreholes with a spacing 4, -

is known and is put in the form \

., 1/ d} .

@ =5t \35i) ‘

2. Experimental Verification

The African bauxite deposit oi Mehengui was explored by 300 borcholes
with a 50 m spacing. -Moreovei, 1wy *guUAres of 50 %50 were explored for
every 121 boreholes wiih a 5 m spacing.

- The variogram wac coostmeied on the basis of 28 experimental points,
included between d = § and @ -= 500. The distinction hetwecn the pairs in
407
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408 G. MATHERON

the direction NS and EW and NE-SW and NW-SE does not reveal any
anisotropy. The values relative to each of the two 50 X 50 squares are in
remarkable paraliciism ~luch indicates that the small irregularities of the
curve correspond to a real phenomenon. All the experimentzl points are
approximately in alignment in 4 logarithmic diagram. The deviations are
not caused by simple fluctuations bat their ampti*tude is fairly small, so that
the theoretical formulae remain usable. ,
Among the 300 borcholes with 50 m spacing it is possible to extract an
exploration scheme of spacing 200 in 16 different ways. We have studied
the distributions of the mean and of the varfance of these 16 schemes. The

scatter of the mean values, in particular, enablics a good estimate to be made. -

of the variance of sampling of spacing 200. The experimental value Obtaingd
is in excellent agreement with the value deduced from the theoretical formulae:

1 !

Theoretical | Experimental
g prediction value
———— e e — . __:. —
Variance of sampling o=, 0.8 I © 0.60
] o ey | + 1.55

Possible error -+ 20

1. GENERAL REMARKS ON THE PRECISIOM OF A .
SPACING OF EXPLORATION

(a) Concepiion of Variunce—Verianes of Sampling

ft is theorciically possible 1o sink into a dJeposit an infinite number of
boreholes or shafts. The wholc of the assay values x;, which all these boreholes
or shafts would produce. constitutes a statistical population. It is convenient
to characterize sucl a novulation by two parameters:

—an arithisetical rreai

l -
[ z xi {where n = numbe: of boreholes)

H

which is no other than the mean assay valuc of the desosit.
~a pariance or mean quadratic deviatian

<A
2 .. e 1)
of = 24( i)

which measures the degree of scatter of the individual values arcund their
mean value.

The square roct ol the variance is tive s undard deviation o. If the individual
values are distributed according to the log-normal law (bell-shaped curve),

- 95 per cent of them are inciudee n the inierval m--20. Any value, chosen

at random, has 95 chauces ot ¢f 180 to Al within this interval. The interval
+2u givas therefore & pracncat ineasuze for the scope of prseible vaniation.
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al any When a deposit has been explored by @ iimited number n of boret.oles
are in the mean ' of the assay valucs of these hoichaoles .o gencraliy not exactly 3
of the equal to the real mean assay value m of the deposi.. We can imagine that it '
its are would be nossible to drill in an infinite pumber of different ways the same \f
ns are number n of borcholes with the sare regular spacing, with e possible
.0 that different schemes deduced from each other by tran<fer. We can also imagine oL
that cach of these schemes would give & differcnt arithmetical mean m'. )
act an ; On these grounds m’ appears as a randein vayiable and the whoele of 1ae mean it
tudied values m’' corresponding to all the possibt: Looies drilled constitutes a statisucal
The population. This vopulation can be characterized in turn by iwo paruncters:
made (1) a mean vibc waich ir no o than the true assay value of the
tained deposit,
nulae: (2) a variance which we shall c1ll the variance of sampling 6l
This variance of sampling characterizes the scatter of the possible estimates
of the mean assay valuc fot a given number of boreholes and a given spacing,
in other words. it measures the precision of a scheme of explc:.cicr. i
It is intcresting to consider the standard deviation of sampling og. In
] fact, even if the assay values of the boreholes are not rigorously distributed !
‘ according to a normal law, the arithmetical means m’ have a distribution
| which converge towards the normai type when the number # increases. In
- ; the case of bauxite deposits, we are practicaliy assured of normality. The ™
result of this is that the mean assay value furnished by any scheme of hol:
' drilled with a total number of n boreholes at a fixed spacing has 95 chances
ber of out of 100 to fall in the interval m:-20g. a
‘choles In reality, m is nct known. We can understand, however, that there are’
‘enient also nearly 95 chances out of 100 thut the real mean assay value m differs )
! from the value m’ furnished by the boreholes only by a quantity of less than
20g in absolute value. - ik
Practically, this means that we can take as limit of the error in mean assay vl
value twice the value, i.e. +2og of the standard deviation of sampling.
(b) Theoretical Expression of the Variance of Sampling—The Variogram
Mathematically speaking, the assay values x; and x, which would result s
from two boreholes drilled at a disiance d from each other cannot be con- .
_ sidered as independent data. It is understandable that if the distance dis ;:
! small and if the borehole / as produced a high assay value x;, the borehole e
I 2 drilled at the distance d has more chances of producing a high assay value
1 their than a borchole drilled at randow. Two adjoining boreholes will produce,
i on an average, assay values which are less different from each other than any NS
‘vidual : two other boreholes. Thic correlation, in the statisrical sense, between the R
‘urve), assay values of adjacent boreholes significs nothing other than the existence s
chosen of a certain degree of continuity of the mincralization. !t is interesting to try *
iterval . to express this degree of continuity in figures which must obviously differ
iatiof. depending on the types of deposit. Let us simply indicate here that it is
um
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convenieni 10 represent this continuity relationship by a curve which we shall

call a rariogram.

17 we consider all the pairs x; ar.d x. of the assay values of possible boreholes
drilled in the deposit at the distonce o from each other. the variable x;—x,
is charactciized by a mean which is zero and a variance of:

H
o5 == 1 z (t_\’l—xz)z

which gives a measure of the mutual dependence of these two assay values.
The variogram is the curve which represents this variance as a function of

the distance d, i.e.

S B#=fW). S a

“We expect that f(d) is a function which rises with the distance d since
the nearer the boreholes are to cach other, the less their assay values should
differ, on an average. At the limit, i.e., for d = o f(d) must become zero-since
the iwo boreholes toincide. The behaviour of the function near the origin
has, however, no grcat iraportance from the practical point of view. In the
range of customary usage. the variogram can often be represented 1 a very
acceptable fashion by an equation of the form

fld) = A+4alogd. 2)

The paraiazier « or absolute scatter, characterises the degree of dis-
continuity of the mincralization. It is an intrinsic parameter, the theorctical
significance of which is closely connected with the principle of similarity
and s of great signilicance for the metallogenesis.

Without insisting here or these theoretizal implications. ws regard this
_elationship as representing & good ‘interpeiation of the experimental duia,

we can demonstrate that, it that relationship is verified, the variance of
campling which fixes the predision with which the assay value of a deposit
oxplored by » borcheles dritled in a square spacing of dimension d, is given
by the formula:

o2d  2.14a 1 [ d>
o 2 _1y(dy o

T T Th T 27230

Tt is noi surp-sing that the variance of sampling takes a form of 1/n and
is closely connceted with the variogram. In fact, the possible error comes
from the Set that the assay value x; of cach berehole differs from the real
assay value 7 o {2 "~ polygon of influence . The total error is of the form

<,
/z _1_1 (xi—mi).

1 the citfe1epacs L, —7ty) Can on ap average b2 considered as independent

.
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of each other, and if 12 is the varianze of {x;~-mj) the variance of san.pling
must be equal tc hfn. Therefore:

The variance is indced a function of 1/n wrich means that ¢f the same
spacing a four times larger deposit (explered Ly four timzs more borcholes)
is known with twice the precisiorn. .

Ttis proportional to h? which represents a sort of semi-mean of the values
of the variogram for the values of disiance ui less than d. 1t is, therefore,
not surprising to find a formula ol the type (3). In fact the numerical value
of 2.91 for the factor of d is the onl, ore to depend on the ogarithmic nature
of the varicgram.

The inieresi of the furmula (3) is that the variogram f(d) is directly
accessible to experiment.

2. APPLICATION TO THE BAUXITE DEPOSIT GF MEHINGUI

The Data

The stratified bauxite deposit of Mehengui forms a continuous, not very
thick bed. It Jias been explored by 300 cffective boreholes, drilled at a square
spacing of 50 m. Moreover, two 50 < 50 squares, designated in the following
by the names Zone 1 and Zoue I, were each explorsd by 121 boreholes at
5m spacing in an aim to test the homogenciiy of the assay values. Each
borehoie is characterized by its Al,Oy content taken between hangin;, wall
and foot wall. i

Aim of this Study

The object of this study is principaliy te verify from the experimental
data the validity of the law o,, = A zZaiogd which gives the covariance
xy of the assay values of boreholes a distance of d apart. It is possible for the

" Mchengui deposit to calculate numerically such covariances for values of the

distance d lying between 5and 500 m, i.e. an interval of variation of 1 to 100.

To eliminate the boundary effect. we shall calculate numerically, not the
covariances themselves, but the variances o2 of the differences (x—y) of the
assay values x and y of borchotes a distance of d apart. We have:

o = 2Ao?—oa,,) = Bi-dalogd

where o2 is the variance of the assay values of the boreholes. T he expression
o? presents also the advant2ze that it is independent of the dimension of
the deposit or of the portion of the depasit from which the data used for the
calculation aie derived. it is an intrinsic function of the distance d. Tt will
consequently be possible ¢ plot on the same graph the data derived from
the 50 m spacing and from the two squarces explored by 5 m spacing.

Study of the 50 m spacing. The distribution chart of the Al,O4 contents
is reproduced as follows:
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| H
Values ; Mo. of Borcholes ! Valies No. of Boreholes
27 1 43 37
32 1 44 26
33 3 : 45 36
34 3 4t 24
35 6 47 15
36 7 48 13
37 11 49 6
38 14 50 - 5
39 12 51 r
-40 22 52 {
41 . 19 . 53 1 .
42 36 , o . o -

We deduce therefrom:
Number of boreholes [V = 3090 -
Mearn of assay values i7 = 42,63 )
Variziice of asscy values = 15 30.
The variances of the differcnces s (o= 1) of boreholes at a distance d apart
were calculated for 10 values of d from 50 to 500 m and sepdmtcly for the
TW and NS lines, see following table:

i Number of data ! ! Variance o d?
' i

|
i
i
{
!

(unit50m);  EW NS § EW NS | EW NS
V. 267 | 266 i 234 26.0 5.1
S 245 243 {264 24.6 25.5
30 23 233 % 266 23.4 27.6
T 199 22 4 3wz 26.8 205
o4 180 204 4 282 314 30.1
6 | 1% 185 0 30 | 3te 3o
7 | 128 1735 353 29.1 31.9
8 118 i 205 25.7 2738
9 f 95 147 b 305 30.5 a5

s |76 120 ¢+ 316 27.8 26.2
i 1

The EW wnd N5 variiess are compatible with each other, tearing in
mind the ruiiber of available 1:". A test x? regarding the homogpneuy
of the LW ana NS distribution of the difTerences of the order 1 gives y2 = {1.09
for 10 degrees of liberty, "2, £ = 0.35 which is entirely admissible.

There is no anisoticny.

the same oaleniation was wored ot for the differences taken separately
regarding the NE- SW aud INW-SL diagonnls, as follows;

d
(units 5

1.4
2.3
4.2
5.6
7.0
84
9.9
1.3
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!
d Numbecr # of data Variance ¢°d !
(units 50 m)
NE-SW NW-SE Total NE-SW  NW-SE 1 Total
i 1.41 249 248 497 27.10 2175 i T4.48
2.83 224 216 440 33.3 20.% | 31.5
4,24 204 189 393 29.0 203 v 297
5.65 182 160 342 318 28.4 | 30.3
7.06 161 129 290 31.4 KRN ‘ 324
8.49 137 160 237 349 318 - 33.7
2.90¢ 119 73 192 38.2 238 i 370
11.30 103 52 155 28.3 7.6 ‘ 28.3
Study of the 5 m spacing (Zones I and 1I)
i Zone 1 Zone I1
Number of Data \ 121 121
Mean I 44.6 43.3
Variance I 9.30 743

The two means are significantly different. The two variables are probably
not like that but it is difficult to make an accurate test since the 121 data
of each square are not independent. ‘ .

The study of the o% does not reveal any significant differences between
the NS and the EW data cr between those of NE-SW and NV SE in Zone

- Tor 1L On the other hand, the global valucs are significantly difterent between

Zone I and Zone JI. The curve I shows the remarkable parallelism of the
curves o = f(d) for each of the two zones. It is impressive to find that every
little irregularity of a curve which one would bc tempted to attribute to a
non-significant fluctuation has its exact counterpart on the other curve,
Very characteristic is the variance of the slope (sceond derivative):

141 2 28 3 4 425 3 565 6 7 3 85 9
Zone Y + - 4+ = = 4 = - 4 -
Zone 11 L T T S S

The sign of these variations is the same in 12 out of 13 points. Thus means
that these small irregularities of fortuitous appcarance correspond io a real
phenomenon. This is admittedly small enough in amplitude not to stand in
the way of an interpolation by a continuous curve.
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Zone I —
- (unit
d Number of data Variance od? .
(unit 5 m) —- - e
NS EW NS +FW | NS EW Total 1
- - 2.
1 10 110 220 | 1265 - 116 1212 4.
2 99 99 198 14.7 1155 14.62 5.
3 88 88 17¢ 17.8 14.3 16.05 7
4 71 n 154 20.0 15.6 17.80 8.
5 66 66 132 22,5 184 20.45 9.
€ 55 55 110 21.2 229 22.05
7 44 44 88 24.0 174 20.70 -
8 33 - 33 66 243 18.9 21.60 Ha
9 22 22 4. |38 25.1 29.45 diage:
10 - 11 11 22 32.1 27.8 29.95 1.06
- L Tand
‘ g : o as fol
It is hardly possible to infer a heterogeneity of the values relative to the
LW and NS scrics. There is a horizontal isotropy in the Zone 1 for the 5 m J

spacing. It is the suac in Zone Il where we must not attach too much (unit
importance to the divergencies v-hich become apparent starting from line 7.
The latter cemcin admissitle having regard to the small number of data.

l
- L

2
Zone 11 2

3

i 4
d ' Mumber of data ! Variances od? 5‘
(unit 5 m) — i <,
1 NS EM NS + EW N3 EW Towl ;

' Cogie 110 20 1 685 6.61 ©6.73 :

2 .9 99 g 1 o30 i0.2 9.75 ;

2 LS8 88 176 | QL2 12.9 12.31 o

‘. i 77 7 154 | 12.80 14.6 13.70 10

s ! 66 66 12 | 13.85 16.3 15.07

[+ : 35 55 110 ¢ 16.25 20.4 18.32 P

7 i 44 44 34 l 13.28 24.6 18.92 Th

3 i3 33 €a N VA1) 29.8 21.1% !

5 | 2 2 4 | 105 36.3 23.22 para

10 Y 1 22 | 1330 30.1 21.76 : goes

i o : We

in s

L pher

Einally. tae values for 6% were calculated for each zone along the diagon.tls of v
of 45" without in king any distinction between the NE-SW and MW St , T
Lines. (The distributivn charts, cstablished separately for each of the direi- . ~eatlu

tions are nracticany idcntical, as was to be expected on account of the
absence o any s 2wairer:y )
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i . | "
d Number of data | : Variance od? !
(nit5m) e e e 2Ty
Zone!  Zoncll : Tota! . Zeael | Zoucsl | Total e
et e e m i —— e i —— 1 "“}
141 200 200 o000 | bo728 4 0.9 it
2.83 162 162 1 324 | 3500 | 1020 12.90 il o
4.24 128 128 | 256 1 17.60 ‘ L2r ! 14.40 R
565 1 98 98 | Je6 . w30 | 1334 T 1712 ast
706 | 72 72 1 1a4 0 om0 1838 ¢ 1819 s
8.49 , 50 50 1000t 2401 | 2162 22.83 S
9.90 ! 32 32 64 f 2528 ; 24.6 | 25.22 o
{ ! of
Having acknowledged the absence o anisotrepy we can plot on the same N
diagram the values for o% from 5 to 5 v 2ad from 54/(2) to 54/(2). vhe points ' I
7.06 and 9.3 of this latier spacing will be identified with tre points
7 and 10 of the former and the corresponding data, grouped together, are TR
as follows: T
d Mumber of data ; Variances oc’? ]l tthe
(unit S m) |——— R sttt !
o Zone 1 Zone 11 Total | Zonei Zoacli ,  Total i
1 220 20 | 40 | 122 | 673 | 942
1.41 200 200 403 19t 7.28 ] 9.60
2 198 198 196 R L N YR 265 | 1218
2.83 162 162 324 booises 10200 0 1290 o 3
3 176 176 352 Poleos o 1231, 1418
4 " 154 154 308 | 17.80 1370 - 1575 oy
4.24 128 128 - ¢ 256 L. 1760 . 11.21 - 14.40 Bl
5 132 132 204 f 2045 , 1507 - 1776 - 2 o
5.65 98 ; 98 196 ' 20.90 | 1334 1712 - L&
6 110 i 110 220 22.05 15,32 . - 2018 h "
7 160 160 320 . 2035 ! 17.65 1895
8 66 66 ! 132 . 260 ¢ 2L15 4 2137 i
8.49 50 50 ! 100 r.oo2404 - 2162 - 22.83 o
9 44 44 88 i 2945 2322 ; 26.33
10 54 54 108 P2770 0 2340 25.55 rord
- ] i . i rech
These values are plotted in Fig. 1. The diagram shows clearly the close Ay
parallelism of the two curves relative to Zones T and II, a parallelism which vt
goes a far as to reproduce in detail the fluctuations of the variation of slope. e
. . [y Ists
. We concluded herefrom earlier that the small irregularitics of the curve, ..
in spite of their fortuitous appearance. shculd correspond to a real igin
phenomenon, though of smal! amplitude. It appears also as if the two series iy,
of values are significantly differcnt. ror-
The Zone I in which the variance of 121 borcholes is 9.30 gives greater
values than the Zone II wheze this variance is 7.45. The difference between
um
. s
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Fii. 1. Variogram o = f(d) for the squares Z1 and ZIL

ihe 1o series of values is nearly constant, and equal to twice (9.30-7.45) ==
y . 1
3% of the difference of the variznces. We have also for cach o2

a} == Ne¥—0,,)

where o_, is the covariance {zalculated in the squarc, i.c. in the populaiion
of the 121 boreholes) of .2 boreholes at a disiance o apart. [t appears
theastore that the curve giviag this covariance as a function of « is nearly
e same for each of ihe two squares. This is represented on Fig. 2.

Therefore, the dilferences of o® between the twe zones results solely
from the diffesence of the vasiances o of the iwo populations. This differ-
ence, once it ex’sis, Lies renercussions numericaliy over ali the of values
in spite of the ientity of the covariances. The diflerence of the ¢ is thus
not raciz siynifican: ' that of the two variances (and we have seen that
we were unaplv 1o afiir 0 that it was so).

5‘,4;.'
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Ii16. 2. Covariances v, =< function of the distance « between Gie borcholes (unit

= Sm; fci <ach of the snuares Z1 and ZI1.

REPRESENTATION OF THE ENTIRE PHENOMENON

Figure 3 represents all the data regrouped in a single curve.
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FiG. 3. Varicgram o2 = f(d).
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|
d
(unit 5 m) ' Number of data Variance od?
1 440 9.42
1.41 400 9.60
3 36 12.18
2.83 324 12.90
3 352 14.18
4.24 308 15.75
4 256 144
5.65 264 17.76
5 196 17.12
6 '220 20.18
7 320 18.95
8 ’ 132 . 21.37
8.49 100 22.83
9 83 - 26.33
10 641 25.20
14.1 497 24.45
20 . 488 25.50
28.2 - 440 31.50
30 456 27.60 -
40 421 : 28.50
42.5 393 29.70
56 384 30.1
55.5 ) 342 . 30.3
60 344 31.0
70 ~ 601 - 32.1
30 279 27.8
849 107 ’ - 337
90 . 242 30.5
100 , 398 33.2

The alignment in a logarithmic seale is on the whole satisfactory. The
threc aromalics for 9, 28, and 30 arc alncost significant

Althouri we cannot affirm it, it is probable that they correspond to small
weal deviations. Tt remains nevertheless ‘rue titat, on the whole, the pheno-

Enon obeys a logarithmic law. The Ceviations which appear serious would -

a.mos. dsappear if we restored the arithmetic scale from 1 to 100, We
believe that the iogarithmic law
0% = 7.94-5.76 lcz d {13 orerian logarithms, == Sm unit)

can ve used to make some prediciiens.

DISCUSSION OF ONE SPACING

Starting frem the oeaceding logarithmic formula, we are now gaing to
establish ke law giving Wl.c precision at a lixed spacing. Ve shall then
ceimpare the precision really obtained at a spacing of 200 m with the
theoretical precision which we have found.
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L. Theoretical Formula
For a depesit explored by n boreholes with a spaciag of a the variance
of sampling is

We have to divide the value of o} for -;2.91 by 2n. For 2xampls, for
a spacing of 200 1i (¢ == 40 in. 5 m units) we sheil iake a a curresponding
t0 40/2.91 = 13.75 with 02 =232, Heuce

93
ot om 23.2
£ 2n

For the deposit of Mehiengui which was explored by 300 borcholes with
50 n: spacing, we should have with a 200 spacing

300
=T e . mm ;\'
H i6 1R.7

and
232 -
2 U -
ETi%igy =062

Hence Standard deviation op = 0.785
Possible error (at 95% level) +20p == 4-1.57.

Such are the predictions of the theory which we are now going 1o compare
with the experimental data. . :

2. Experimental Verification

Starting from the 300 boreholes drilled at a 50 m spacing, we can’ select
1& schemes of possible ways of drilling at a 200 spacing. For each of these
schemes we have calculated the mean and the variance of the assay values.
Since they are 16 in number, we can obtain a good approximation of the law
of distribution of the estimate for the meun at a spacing of 200, therefore,
a good estimate for oF.

The 16 values obtained for the mean are spaced out between 40.90 and
43.94, i.e. in an interval of 3 points. It s interesting to see that in- number
of useful boreholes varies between 15 and 22 which may give an ;dea of the
Precision with which the tonnage would be known on the basis of a 200
Spacing. The variances are also similar and extremcly scattered. The principai
interest lies, however, in the distribution of the mean values.
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420 G. MATHERON
No. of scheme Nunber of data Mean - Variance

1 19 43.58 13.05

2 22 43.54 10.60

3 19 41.79 . 16.05

4 19 . 43.00 7.90

5 22 I 4273 13.80

6 22 ! 4286 16.40

7 20 40.90 9.24

8 19 ) 42.73 13.10

9 19 43.94 17.60

10 . 20 43.15 9.84

11 18 42.11 15.75

12 19 41.79 12.90

13 15 4293 30.60

14 16 42.75 23.40

s - 15 41.60 33.60

16 .16 42,31 11.40

Distribution of the m:wn ralues. This distribution is well chzlrziptc'rizc(i

by the iwo customary paramclers:
ncan m = 42, 59
variagee of = 0.596.

The mean m = 42.59 is diffcrent from the mean of the 300 borcholes
(42.63) because the 1€ schemes include a variable nnmber of boreholes.
The variance <2 is re.,arkably close to the theoretical value, calculated
carlier (0.62 against ©.596). This is not a fortuitous coincidence. 1If we
bad cstimated this variance by the conimon process which consists of dividing
the variance of the borehoiss by n = 18.7, i.e. 15.30/18.7 = 0.82, the valuc
obtained would have been considerably higher. We have here, thercfon:, u

oo contiaian of the theories of the estimate based on the formula of
g

i logarithesic covariance,

Distritwion of variances. It is interesting to consider this distribution on
a theoreticai plane. The 16 variances fount a popularior

of mcan £ {s%) = 15.°5
of vanaince D%:") =- 54.5.

f the mean <oes not difter s:gn..xcamly from the general variance (15.30)
of +he 00 boreholes, the vari=zase J%e?) is, on the other hand, considerably
highei than the varianzz 2jn(c'y = 32 which we should have observed if
our 16 sm,-pfm'x.anov*s had heern drawn at random in the deposit.

This s i the logicil crinterpart of the fact that the variance D*(m) of
the e tim,w, ofthe mea. is smalier than if the sub-populations were aleatory.
The uaderlying reascn is that the 18 elements of each population have 4
negative correiatinn hoiwezn »he-n. The mean values should be less scattered
the.n those of the rancom <ut;-nc pulations as onc sub-population including
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an abnormally high value will have more chance of cludi:g an abnormally
lew value too. Inversely, a population short of high values wiil also have
the tendency to be short of very low values. This ex Muie the risein sexticr
of the variances relating to random sub-populations.

If, therefore, the rigid spacing improves the eiin.ate of the mean, it worsens
the estimate of the variance. The cerresponding theory is still to be put up.
It is of great importanc~ in the log-normal case for the Sichel valuato- in
whick median and varianc: appear rogether. Tii: alusior should be com-
pletely altered.

3. Study of 200 x 200 squares

Profiting from the grouping of the data effected for the experimenti.
verifications of the preceding patagraph, we wanted to study aiso the dierpi
bution in the deposit of the assay values of 200 x 200 squares. We retaincd
the 16 squares containing at least 13 boreholes, and studied the 16 corres-
pouding sub-populations. The means and variances of these sud- popalations
arc as follows:

Square Ne. of boreholes ; ~ Mean i Variance
a 16 i 42.31 : 3320
b 15 ; 44.00 i 11.13
c 16 43.12 ; 8.66
d 14 4036 X 8.74
e 16 40.56 i 11.60
f 16 44.13 ! 15.80

g 14 40.07 ! 16.25
h 16 44.00 . 2480
i 16 44.00 1 . 8.00
j 13 4331 | 5.90
k 14 41.88 f 15.55
1 16 43.12 ! 12.90
m 16 44.69 7.54
n 13 41.07 8.90
o 16 4231 371
P 15 41.73 ) 8.06

The squares were arranged on the ground as indicated sche.niatically in
the following pattern: '
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We then obtarr. Jhe follinving parameters for the distributions of the means
and the variances

mean of variances E(m) = 42.54
variance of means D*w) = 2.18
mean of variances #(s¢?) = 13.19

1 varignce of variarces D¥o? = 56.9C
N

The value of the variance of the incauis. as was to be expected, is significantly
greater than for random sub- populatl(u.., The squares have, in fact, reaily
diffcrent assay values.

The sum of D()+-E(o® = 15.37 is, as it should, very close to the
-ariance 15.30 of the boreholes in the whole deposit. The mean value of the
variance of 13.19 is close to the value which one could expect. The mean
value, in a 200 x 200 square, of the tunction o,* == 7.9+5.76 log d musi be
egual to twice the variance of the boreholes in this square. We find

1l:‘('/ 9+5.76 log d) = 14.3

. a theoretical vulv: in fairly good agreement with the experimental value-

of 13.9 (less than 10 per cont devration).

Finally, iae variarce—=56.90--1s censiderably higher thf\n that which we
would have for random sub-pooulations 2/15(0%) = 23.1.

“The reason is the same as in the preceding paragraph. The boreholes in
o square, drilled at cigid spacing in this square, are in negative cerrelation
bewween wmselvss 'h* 2 an increase in the variince of the variances)
of the same order of magnitnde w5 in the preceding paragiaph.

CONCLUSION

The i e rponnic formuta of the covartance is well conitrmed for Mehengui,
Tac uEnt onserved deviations which wee of dttle signifeance from the strictly
clatisl i’ point of view nevertheless vrveubtealy correspond to real pheno-
aiena, rdi have a low enoogh amypiins to enable the foimula to be used in
spite of it. Tustead of the covariuvas it is mre convenient to study the
variance o of the differances of vbe assay vabiey, of Doocholes o distance of
 amart, ard to constiuey ihe covvs for of == fld). T vatiance of sampling
of & denositnxplored Ly o bercholes with spaciug o 15 then given by the

theorst” =l formula
{ ( d
2 .. . e .
%= 2 ‘2.91)

Far a spacing of 2730 o of Mehengui, tids Tormuina gives a vastanes of
sampling of 0.62. ir romarkable agreement with the axperimental value
which is 0.7%6
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