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AP PLI CA TION OF GEOSTATISTICS FOR ES TI MAT ING THE DIS TRI BU TION

OF ONE OF THE BAUX ITE DE POSIT RE SERVE IN THE RE PUB LIC OF GUINEA

To es ti mate the con tent of Al2O3 in the block ex plor ing a baux ite depositsiteof Sangaredi in the Re pub lic of
Guinea (West Af rica), one of geostatistics meth ods, dis crete kriging, was ap plied. The use of dis crete kriging in these
con di tions al lows to en sure tightly con trolled amountmore re li ably, i.e., not less than 48% of Al2O3 con tent in the con -
cen trate when ship ping it from the pro cess ing plant onto bulk car ri ers. This prob lem isbecoming more and more ur gent 
as the amount of field parts be ing rich is de creas ing.
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Geostatisticsin ge ol ogy is used for as sess ing geo log i cal pa -
ram e ters such as the con tent of chem i cal el e ments in the
orebody, the power of the orebody and oth ers, be tween the
ex plo ra tion mine work ings on the ba sis of dis crete sam pling of 
min er als in these work ings. In geostatistics the con cept of
spa tial vari able [3] is usedas the ob ject of study. Any geo log i -
cal pa ram e ter can be taken as such vari able. When solv ing
prac ti cal geo log i cal problemsthe ran dom func tion [3] is
usedas a math e mat i cal model of the spa tial vari able.

Geostatistics is basedon J. Krige’s as sump tion, a South —
Af ri can ge ol o gist, [5] that there is a finiteincrement vari ance
of the spa tial vari able, i.e.sta tion ary in cre ments ex ist. The as -
sump tion is true for many fields. In this case, the math e mat i -
cal ex pec ta tion of the spa tial vari able in cre ment is equal to
zero:
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where N  is the num ber of pairs of val ues of the spa tial
vari able at two lo ca tions xi  and  xi + h, h is the dis tance be -
tween two lo ca tions; Z  is  the value of the spa tial vari able in
the points xi  and xi + h.

Un der the as sump tion for the incrementvariancemade
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is called semi-variogram or variogram. In geostatistics
variogram is the pri mary tool for struc tural stud ies and eval u a -
tion of the de posit.

One of the most ef fec tive meth ods of geostatistics is
known as kriging.

Kriging is the method for search ing for the estimationof
the av er age value of the spa tial vari able (for ex am ple, the av -
er age min eral con tent in the ore de posit) in the block us ing
the sam pling re sults both in side and out side the as sessed unit.
The sam pling re sults are usedwith the weights for the vari ance
of the av er age use ful com po nent to be min i mal.

Let an orebody is drilled for square ex plo ra tion net work. It 
is nec es sary to es ti mate the av er age con tent of the spa tial
com po nent in the block, in the cen ter of which the well is
drilled A (Fig. 1). In this case, the kriging prob lem is to de ter -
mine the weights to be as signed to the spa tial vari able val ues
in  cen tral well A and wells B1, B2, B3, B4 and C1, C2, C3, C4,
be ing equi dis tant from well A and sur round ing  it. The se -
lected val ues of the weights must en sure the min i mum er ror of 
the av er age value es ti mates of the spa tial vari able in the es ti -
mated block.

Let ZA  is the  av er age value of the spa tial vari able in well
A; ZB — the  av er age value of the spa tial vari able in the loop
formed by wells B1, B2, B3, B4; ZC is theaverage value of the
spa tial vari able in the loop formed by wells C1, C2, C3, C4;

t
h

d
= , where h is the min eral body power; d is the ex plo ra -

tion networkstep, then the av er age value of the spa tial vari able 
in the es ti mated block iscalculated us ing the fol low ing kriging
for mula:

Z Z Z ZA B C
* ,= + +l h m (4)

where l h m, ,  are weights, and l h m+ + = 1.
The weight val ues l h m+ +  de pend on the variogram

model and the spa tial de riv a tive. For the log a rith mic model of 
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Fig. 1. Location of wells in a disrete kriginge



de Wijs’s variogram, the for mu las for the weights at t < 1 are
the fol low ing [2]:
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l h m= - -1 .

The as sess ment of reservedistribution
of one of the ar eas of Sangaredi baux ite de posit

Polygenic baux ite de posit Sangaredi in West Af rica
(Guinea) was formedin the re sult of deep chem i cal ero sion of
the De vo nian shales [7]. The qual ity of ores is rather high
(Al2O3 up to 65%). The field is de vel oped by the pit method.
The baux ite cut-off grade is 42% of Al2O3. The ex plo ra tion

net work is 37,5´37,5 m. The contentof Al2O3 and SiO2, TiO2, 
Fe2O3, and losses dur ing the com bus tion in the block are es ti -
mated by the con tent of these com po nents in the core ex -
tracted from a well drilled in the cen ter of the block. The de -
posit de vel op ment is realizedby the blast ing method. Blast
holesare drilledbetween ex plor atory wells un der the net work

6´6 m. Af ter hav ing been bro ken the ore is stored on the area
at a cer tain place in the blocks. The Al2O3 con tent in the
block and its po si tion in the stor age lo ca tion are en tered the
da ta base. The ore loaded into carsis sentfrom the stor age sites
to the pro cess ing plant. Hav ing been en riched the ore is
loaded onto bulk car ri ers and sent to steel mills. On board the
bulk car rier, the Al2O3 con tent should be less than 48%. If the 
con tent block does not pro vide that num ber, then theore of
this block is mixed with bauxites of other blocks with a higher
con tent of Al2O3.

The au thor eval u ated the Al2O3 con tent in the block us -
ing the kriging method. The con di tions for its us ing at this
baux ite depositwere fa vor able. Firstly, the field has clear
bound aries, sec ondly, there are no faults; and thirdly, no
abrupt changes in the Al2O3 con tent be tween ex plor atory
wellsare dis cov ered.

The area of Bundu Vaade of Sangaredi field con tain ing
287 wells is cho sen to ap ply the kriging method. The sta tis ti cal 
data of sam pling re sults of the area are pre sented in Ta ble 1.

 The vari ance of the spa tial vari able (in this case the con -
tent of Al2O3) or the variogram thresh old is 35,59, which
agrees well with the data of Ta ble 1 (vari ance 35,49). The
impactinterval of spa tial vari able or autocorrelation ra dius is
112,5 m, which al lows the use of kriging to es ti mate the av er -

age Al2O3 con tent in the block un der the ex plor atory net work

of 37.5´37.5 m.
It may be noted that the variogram model is co or di nated

with de Viysa’s log a rith mic model: Y (h) = A + Blg (h). This
allowsto re al ize kriging method us ing the above for mu las (5
and (6) to es ti mate the av er age Al2O3 con tent in the block.
Be sides, it may be stressed that the max i mum thick ness of the
ore layer (18 m) is much smaller (2-fold) com pared to ex plo -
ra tion net work step (37.5 m), which also al lows to use these
for mu las for kriging. Kriging re sults for the area of 
BunduVaadeare given in Ta ble 2, kriging sta tis tics in Ta ble 1.

Ex clud ing the anom a lous value of the dif fer ence be tween
the re sults of geo log i cal sam pling and kriging (-13.77, -10.11
- 9.1), that may be ex plained by the er ror of chem i cal anal y sis
of the core, the dif fer ence be tween the sam pling re sults and
kriging var ies from -5.69% to 5.52%.

The ob vi ously smooth ing ef fect af ter the ap pli ca tion of
kriging can be noted. The dis tri bu tion of baux ite re serves in
the given area be comes calmer af ter the ap pli ca tion of the dis -
crete krigingprocedure. Cer tainly, the same ef fect can be
achieved by us ing other meth ods, such as cal cu lat ing the av er -
age value in the pre de ter mined size. How ever, the use of
kriging has the ad van tage of pro vid ing the min i mum value of
the vari ance Al2O3 con tent when weight ing factorsareproperly 
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Fig. 2 shows the variogram of Al2O3 con tent on the BunduVaadearea

Fig. 3 shows the variogram with log a rith mic hor i zon tal scale

Ta  b l e  1

Sta tis ti cal data of Bundu Vaade area sam pling

Sta tis tics Sam pling Êriging

Average content, Al2O3, %  46,18 46,18

Maximum content, Al2O3, % 62,80 56,80

Ìinimum content, Al2O3, % 27,30 27,60

Average thickness of the ore layer, m 9,12 9.12

Maximum thickness of the ore layer, m 18,00 18,00

Minimum thickness of the ore layer, ì 1,00 1,00

Content variance, Al2O3  35,49 20,45



se lected. The use of dis crete kriging in these con di tions al lows 
to en sure tightly con trolled amountmore re li ably, i.e., not less 
than 48% of Al2O3 con tent in the con cen trate when ship ping

it from the pro cess ing plant onto  bulk car ri ers.This prob lem
isbecoming more and more ur gent as the amount of field parts 
be ing rich is de creas ing.
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Òàb l e  2

Kriging re sults for some area of Bundu Vaade

LI NES

 PROFILES

                    XV                        XVI                    XVII 

1 2 3 1 2 3 1 2 3

14 48.1 50,45 -2,35 53 51,10 1,90 48,8 48,91 -0,11

13 54,7 49,35 5,35 49 47,61 1,39 34,9 45,01 -10,11

12 38,3 41,20 -2,90 45 44,07 0,93 47,9 45,38 2,52

11 38,9 38,45 0,45 39,8 40,86 -1,06 45 43,35 1,65

10 40,1 40,74 -0,64 38,6 40,86 -2,26 38,3 40,52 -2,22

9 53,3 48,99 4,31 43 45,10 -2,10 48,3 45,15 3,15

8 52 49,79 2,21 50,1 47,41 2,69 48 45,60 2,40

7 39,6 45,29 -5,69 43,8 44,66 -0,86 31,4 40,57 -9,17

6 54,8 49,28 5,52 49,7 46,21 3,49 47,6 45,59 2,01

5 52,6 48,14 4,46 29,3 43,07 -13,77 45,6 45,83 -0,23

N o t e. Col umn 1 gives the re sults of chem i cal an a lyzes of the core (per cent age). Col umn 2 shows Al2O3 con tent (per cent age) cal cu lated by
the method of dis crete kriging, i.e. Al2O3 con tent in the given well and 8 wells clos est to the given one (see Fig. 1). Col umn 3 shows the dif fer -
ence be tween the re sults of the chem i cal anal y sis of the core in the given well and kriging.

Fig. 4. 5. Pre sented maps of the dis tri bu tion of the stocks on the BunduVaadearea
(9 pro files and lines 10—90 wells) on the re sults of sam pling and af ter kriging


