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ABSTRACT

Tbe purpose of this article is to 8how in a simplified manner how the promising zones of mine- 
raİization are identified by using stream sediment samples in Couvin, tbe Ardennes, Belgilim. 
Among eleven anomalous areas (mainly bot“extracted lead anomalies) seven of tbem are found 
possibly related to mineralization. Among such target areas, numbers II, III and V are evî- 
dently due to tbe kno^vn mineralized veins located upslope. The anomalous values at number 
IV are directly a result of industrial poUution. The source of anomalous values at target areas 
VI, VII and X are not certain. Co-precipitaion with manganese in area VII and contamination 
in area VI are expected to a limited extent. The anomalous values at VIII, IX and XI are con- 
sidered false and related to contaminations sourced from the viUages located upstream. Only
the target area I is identified as a previously unknown mineralization.

INTRODUCTION

The survey area, Couvin, is located in the Namur Province of 
Southern Belgium hetvveen Chimay on the M^est and the Belginm-France 
border OD the east (Fig. 1). The area is located on 1:25,000 scale sheets 
of Belgium, namely Sautour-Surice 58 /1-2, OUey-sur-Viroin-Treignes 
58/5-6 and Chimay-Couvin 57/7-8.

The survey of the stream sediment was conducted över an area of 
about 210 sq. km and 754 samples were coUected from streams, tribu- 
taries and gullies at distance of 200 m. The stream sediments were analy- 
sed for Pb, Zn, Cu, Ni and Mn. For ali analyses atomic absorption, spec- 
trophotometry was uşed.

This article considers mainly the stream sediment survey of hot 
extractable lead values and comparison of them to other metal values. 
Lead is chosen as the main metal to do this evaluation because the lit- 
hostratigraphically controlled mineralization is essentially a lead bearing 
type.
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figüre 1: Location Map.

I

The frequecy distribution of the data by histoğram and the discrete
value map (raw data classified into groups)
data is interpreted considering the data on 

are given. The analytical
geologic, topographic, vege-

tation and possibilities of contamination, in the area.

Geologically, the study area is located on the Southern flank of the 
Dinant syncline ^vhere mainly the Lower, Middle and Üpper Devonian 
sediments are exposed. A limited extent of Information about the geolcgy 
of the area is given in ARAL (this editicn of COMMUNICATIONS).

The study area is located mainly on the valley slopes of two main
streams, Eâu Blance and Eau Noire running southwest to northeast 
towards La Mense in Fran.ce. The highest elevation from where samples 
are taken is at the söutheast of the study area and is about 30Q meters. 
The loWest elevation is about 150 meters at the northtvestern part. The 
main rivers generally flow in an alignment with the geological structure. 
The Southern part of Eau Noire is densely forested. The northern part 
is mainly covered by meadows, cultivated fields and partly patchy fo- 
rests and bushes.

There are many small towns located in the study area causing in- 
dustrial and househöld contamination of the samples collected. Also in
several places ancient mine dumps, pits and slag piles were seen which
were sometimes used for railway and road ballasting, which make it 
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more difficult to propose anomalous areas for certain indications of 
mineralization.

PRESENTATION OF DATA

a
The analytical results (only for lead) of 754 samples are listed in 

sequential order (Table 1) against number of samples (frequencies)
and shown as a histogram (Fig. 2).

Table 1. List of data.

ppm frecpıency ppm freguency ppm fregnency ppm freguency PPm freguency

14
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

1
1
5

10
5
4
6
3
7
9

12
17
15
25
10
11

7
14
16
10
24
21
13
17
12
24
18
16
22
15
15
12
10

8
9

17
8
6
9
9
8

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
96

7
8
7
5

12
2
2
7
3
6
2
2
2
3
1
3
1
3
4
2
3
3
2
3
2
4
3
1
5
1
3
5
1
4
1
5
2
1
1
1

97
98

100
102
103
106
107
108
109
111
113
114
115
116
117
118
119
120
122
125
128
129
130
131
136
137
138
139
140
143
144
145
146
148
151
152
155
156
161
162
165

2
4
4
1
2
1
3
2
1
1
4
1
1
2
3
1
2
1
2
1
3
2
2
1
1
2
1
2
2
2
2
2
1
1
1
1
1
2
1
1
1

167
168
178
185
188
189
190
191
200
201
203
205
210
211
213
214
215
216
220
223
236
243
244
247
248
254
255
262
263
269
274
285
286
293
308
323
337
339
342
358

2 
1
2
1
1
1
1
1
2
2 
1
2
1
1
1
2
1
1
1 
1
1
1
2
2 
2
1
1
1
1
1
1
1
1
1
1
1
1
1 
1
1

360
363
370
372
373
374
378
414
419
465
505
510
570
690
700
785
980

1010
2240
2410

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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Table 1 indicates that the lowest hot extractable Pb value is 14 
ppm and the highest is 2410 ppm. The mean value is 82 ppm with a 
Standard deviation of 150 ppm. The mean value between 5th and 95th 
percentile is 60 ppm. Twenty-seven number of classes (y^754=27) are 
recognized for ali samples. 90 % of the samples (698 samples) fail in the 
range of 20-270 ppm Pb whicb represents 25 class intervals. 5 % of the
samples (one class interval) are represented by 26 samples with values

150-

100-

»/»

c
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26
Mmp c

10 15
c 1 a s ses

20 255

figüre 2: Histoğram of lead values. Eaclı class interval is 10 ppm.
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less than 20 ppm and the other 5 % are represented by 30 samples with 
values higher than 270 ppm.

Further statistical treatment of the data wiU be pubhshed elsewhere. 
Multivariate statistical evaluation of this data (Application of Two- 
population Discriminant Analysis Method to Geochemical Stream Sedi
ment Data from the Belgian Ardennes) is given in ARAL in this edition 
of COMMUNICATIONS.

The data wbich is statistically classified into 4 groups is present- 
ed as a discrete value map (Fig. 3). The analytical value ranges and 
the 8ym,bols used for each group are shown as follows:

ppm

<60..5
60.5-110.5

110.5-390.5
>390.5

Symbol Group

Background
Poorîy Anomalous 
Moderately High Anom. 
Highly Anomalous

INTERPRETATIONS AND DISCUSSIONS

Eleven interesting areas, named TARGET AREAS, are selected
as a result of visual examination of the discrete map of HxPb. These 
areas of interest are shown in Figüre 3 by the Roman numerals from I 
to XI. The map shows that most of the anomalous values are ccming 
from northeastern and to a lim.ited estent from southwestern and middle 
parts of the sample area. In this section the data related to geology, 
topography, vegetation and correlation witb other metals are presented 
and the importance of the target areas related to further exploration are 
discussed.

Target area I is located in the eastern part of the map in an area 
between Matagneda-Petite and Treignes. A geochemical profile (Fig. 4) 
drawn along this stream indioated the anomalous values persisted about 
2.5 km.

Target area II is located in the mid-eastern part of the map in an 
area at the northeast of Dourbes. A geochemical profile (Fig. 4) drawn 
along this stream indicates the anomalous values persisted about 1.5 km.
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figüre 3: Streaın sedimcnt survey discrete value map with local geology.
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Target area III is located close to II and at the northwest of Dcur- 
bes. The anomalous values persist about 1.5 km. This area coincides 
with knowıı mineral veins and therefore is considered as a MODEL
AREA to compare the other areas with, so that similar mineralization
can be found İFig. 5).

Target area IV is located in the northwestern part of Nismes. The 
anomalous values persist more than 2 km. The anomalous values are due 
to contamination by FINIMETAL, a metal processing factory.

Target area V is located in the mid-northeastern part of the area 
at the north and west of Fagnolle. This is the longest anomalous tract 
in the sample area and it is seen from geochemical profile (Fig. 5) that 
it peısists about 4.5 km.

Target area VI is located in the northeastern part of the area, at 
the north of Matagne-Ia-Grande, and the anomalous values persist 2.0 
km (see geochemical profile in Figüre 6).

Target arca VII is located in the easternmost part of the map, at 
the southwest of Gimnee, and the geochemical profile (Fig. 6) indicates 
that the anomalous values persist 1.4 km.
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figüre 4: Geachemical profiles at target areas I and IIv '
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figüre 5: Geochemical profiles at target areas III and V.
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Target area VIII is located in the mid-western part of the map at 
the north of Pesche and tbe anomalous values persist 1.2 km.

Target area IX is located in the southwestern corner of the study 
area and anomalous values persist about 2..5 km.

Target area X is located in the mid-eastern part of the map at the 
southeast of Nismes and the anomalous values persist about 1 km.

Target area XI is located at the east of X, at the southwest of Vier- 
ves-sur-Viroin and anomalous values peısist about 1 km.

An area located at the north of Dailly, although it shows a large 
area of low anomalous values, is not found interesting for further treat
ment for the following reasons:

a. some of the streams sampled in this area had a width of more 
than 4-5 meters, and

b. most of the small streams sampled in this area are actually not- ' 
hing else than man-made channels diverted from the majör stream.s.

Table 2. Tlıe range of IîxPb values at target areas.

II IV VI vn VIII IX XI

Lowe8t Value
(ppm)

Highest Value 
(ppm)

36

363

84 143 18 80 71 74 100 35 44 113

370 378 339 2240 785 700 165 156 191 178

I m V X

In Table 2, the lowest and highest values for target areas are tabu- 
lated.

Accordiug to Table 2, in Model Area (Target area III), the highest 
value at the anomalous area is 378 ppm which is classified as “moderately 
high anomaly”. In this respect, Target areas 
rity to the Model Area.

I and II sb.ow clo.se simila-

A visual coparison of geologic map (see Fig. 3) with discrete value 
map is done to determine whether there are possihle relations between
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Figüre 8: Geochemîcal profiles at target areas VI and VII.

the distribution of lithologic units and of anomalous values. The dis- 
tribution of anomalous Pb, Zn, Cu, Ni, Mn ^>alues (values are not given 
here) in comparison to stratigraphic units is shown in Table 3. Âccording 
to Table 3 there is a moderately strong correlation between Pb values 
and Middle Devonian sedimentary rocks. Copper values are more or 
less confined to Upper Devonian rocks. Zinc values are rather restricted 
to Upper and Middle Devonian, whereas nickel values to Upper and
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Lower Devonian. The manganese values are 
practicaUy in ali lithologies.

sporadically distrihuted

Table 3. The relation between stratigraphic units and anomalous values.
Pb Zn Cu Ni Mn

U. Devonian 
Frasnien

M. Devonian 
Givetien 
Couvenien

L. Devonian 
Burnotien 
Coblencien

X XX X

X
X

X
X

X
X

X
X

Table 4. The comparison of the trend of geologic houndaries with the direction of flow of streams.
I II IIÎ IV VI VII VIII IX XIV X

Parallel to 
Geol. Trend XX X

Crossing
Geol. Trend

X XX XXX X

Jn the study area, the known mineralized Pb+Ba+Fe^Cu veins 
usually traverse the geologic houndaries at about right angles. In Tab
le 4 the direction of flow of streams in target areas are compared with 
the trend of geologic bouadaries.

The metallogenic map of Ardennes (not shawn here) indicates the 
following associations of mineralizations in the study area: (1) Zn-F 
around Matagne, (2) Pb-Fe around Dourbes, (3) Pb-Zn-Fe around 01- 
loy, (4) Ba around Vierves, (5) Fe-F around Couvin and (6) Fe around 
Nismes.

A visual comparison of anomalous metal values at target areas 
are made to find whether there is any correlation among tbem. In Tab
le 5 results of such a correlation is tabulated.

The following are deduced from Table 5:

1. No correlation exisîs among Pb-Zn, Pb-Cu, Pb-Ni, Zn-Gu, Zn-Ni, 
Zn-Mn, Cu-Ni, Cu-Mn and Ni-Mn in Target area III, ■which is considered 
as a model area for uncontaminated mineralization.

2. Only poor correlation exists between Pb-Mn in III. The higher 
correlation rank could indicate a false anomaly due to the enrichment 
of lead by scavenging property of manganese.
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Table 5. Comparison and correlation of metal values at target areas.

Correlating Pairs
Target 
Area

Pb 
Zn

Pb 
Cu

Pb
Ni

Pb
Mn

Zn
Cu

Zn
Ni

Zn
Mn

Cu
Ni

Cu
Mn

Ni
Mn

I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI

None 
None 
None 
VG

Poor 
VG

None 
VG 
Poor 
None 
Good

None 
None 
None
VG 

Poor 
Good 
Good 
Poor 
V-Pr 
None 
V-Pr

None 
None 
None
VG 

None 
None 
None 
None 
None 
None 
None

None 
None 
Poor 
V-Pr
VG 

None 
Good
VG 
VG

None 
VG

None 
None 
None
VG 

V-Pr
VG 

None 
Good 
Poor 
None 
Poor

None 
None 
None
VG 

None 
None 
None 
None 
None 
None 
None

None 
None 
None 
None 
None 
None 
None 
Good 
Good 
None
VG

None 
None 
None
VG 

None 
None 
None 
None 
None 
None 
None

None 
None 
None 
None 
V-Pr 
None 
Good 
Poor 
V-Pr 
None 
V-Pr

Nonc 
None 
None 
Poor 
None 
None 
None 
None 
None 
None 
None

NOTE:
None: No correlation
V-Pr: Very poorly correlated
Poor: Poorly correlated
GOOD: Good correlation
VG: Very good correlation

3. Although the metallogenic map indicates the association of cop- 
per with Pb-Ba-pyrite mineralization in the model area, no correlation 
between Pb-Cu is obtained. This is explained by the acidic pH of the 
stream (roughly about 5.0).

4. In the area, the source of Cu and Zn anomalies are considered as 
twofold: one is due to association with lead mineralization and the
second, due to contamination. As
map, Zn-F type mineralization is also possihle.

it is seen from the metallogenic

5. The Ni anomalies are considered false and are related to industrial 
and household contaminations.

6. Good to very good correlations are detected among Pb-Zn, 
Pb-Cu, Pb-Ni, Zn-Cu, Zn-Ni and Cu-Ni in industrially contaminated area 
number IV.

7. Mn is not an important scavenging metal for trace metals in
area III. Mn has only minör importance as a scavenging material in area
IV. In this polluted area, Mn shows only poor to no correlation with Pb,
Zn, Cu and Ni. Probably this 
bility limits and mobilities.

can be explained by considering their sta-
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8. Mn together with organic matter are important scavenging mater- 
ials to adsorb divalent Cu, Zn and (Pb) in areas where household waste 
is the main source of contamination, as in the case of Target area IX 
and /or in the stagnant and bog enviıonment conditions which provide 
the formation of metallo-organic compounds (as in the case of Target 
area V). In such areas the rank correlation increases giving rise to false 
anomalies.

9. The visual comparison of rows among each other also shows that 
Target areas I, II, III and X resemble each other practically in every 
aspect. Area V also resembles these areas but this has a bigher Pb-Mn 
correlation rank.

10. Target area VI shows higher ranks of Pb-Zn, Pb-Cu, Zn-Cu cor
relations. This may be due to the Zn-F mineralization located around 
Matagne, as indicated in the metallogenic map of Ardennes and by Pb- 
pyrite mineralization around Dourbes.

11. Target area VII resembles the model area in many aspects but 
bigher ranks of Pb-Cu, Pb-Mn and Cu-Mn correlations are obtained.

12. Target areas VIII, IX and XI show irregular metal correlations.

The average metal values for certain lithologic units at certain tar
get areas are tabulated in Table 6. In Table 7 the ratios of these average 
trace metal values are tabulated in order to see whether there are any 
correlations among certain lithologic units at certain target areas.

Table 6. verage trace metal values in stream sediments for certain lithologic units at certain 
target areas.

Lithologic 
IJnit*

see text for lithologic name».

The followings are deduced from Table 6:

1. The highest average Pb value comes from Target area V where 
the greenish schists (Fala) are the lithologic unit. The lotvest average Pb

Target Area 
No

Pb Zn Cu Ni Mn

Gva 
Gva
Fala 
Fala
Frlm 
Frlm 
Frlm

III
I
V
VI 
IV
V
VII

239
229
555
286
146
216
285

121
109
150
286
628
180
130

24
10
24
35
73
18
30

31
27
46
48

435
44
46

1281
628

1070
542
749

1252
1082

*
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value comes from Target area IV which represents less Pb contamination 
from FINIMETAL metal processing plant compared to high Zn, Ni and 
Cu contaminations.

Table 7. Ratios of average trace metal values in streanı sediments for certain litbologies at 
certain target areas.

Litbol,
Unit*

Gva 
Gva 
Fala
Fala 
Frlm 
Frlnı
Frlm

Target 
area

III 
I
V
VI
IV 
V
VII

Pb

2.0
2.1
3.7
1.0
0.2
1.2
2.2

Pb
Cu

10.0
23.0
23.1
8.2
2.0

12.0
2.5

Pb
'nT
7.7
8.5

12.0 
6.0
0.3
4.9 
6.2

Mn 
Pb

5.4
2.7
1.9
1.9
5.1
5.8
3.8

Zn
Cu

5.0
10.9
6.2
8.1
8.6

10.0
4.3

Zn
Ni

3.9
4.0 
3.2
5.9
1.4 
4.1
2.8

Mn

10.5
5.7
7.3
1.9
1.2
6.9
8.3

Ni
Cu

1.3
2.7
1.9
1.4
5.9
2.4
1.5

Mn
Cu

53.3 
62.8
44.5
15.4
10.2
69.5
36.0

Mn 
^i

41.3
23.2
33.2
11.3
1.7

28.4
23.5

* See text for lithologic names.

2. The highest average Zn, Cu and Ni values come from area IV. 
In this area, moderately low Mn values are obtained.

3. The second highest average Zn values come from Matagne-la-
Grande area. This may be
Ardennes which shows a

a verification of the metallogenic map of the
Zn-F mineralization in this particular area.

4. Target area I (Gva, marine limestone) shows aclose similarity
in Pb, Zn, Cu and Ni values compared to area,s III (Gva) and VII (Frlm, 
various schists).

5. Other than area IV the Ni ana Cu values exhibit a rough uni- 
form average distribution in different lithologies.

The following are deduced from Table 7;

1. In Target area IV the lowest ratios of Pb:Zn, Pb:Cu, Pb:Ni,
Mn:Zn, Mn:Cu, Mn:Ni and Cu:Ni are obtained.

2. No significant correlation among the ratios of Gva I and Gva III 
are detected other than Pb:Zn and Zn:Ni.

3. No significant correlation among the ratios of Frasnien greenish
schists (Fala) at Target areas V and VI are detected except Mn:Pb.

4. No significant correlation among the ratios of Fala IV, V and 
VI are detected.

The fcllowing Information about the topographic features of the 
target areas can be listed from topographic maps (Table 8). It is seen



evaluation of THE GEOCHEMICAL... 61

from Table 8 that the uncontaminated model area (III) and other such 
possible anomtlies are restricted to topography where the valley slopes 
are distinet.

Table 8. Topograpbic features at the target areas.
Targeto’
Area Flat-Iying

Distinet Valley 
Slope

Elevation 
Highest (m)

Elevation 
Lowest (m)

I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI

220
235
220
170
160
180
235
240
260 
200
160

X
X

X 
X
X

X
X
X

X
X

140
190
190
155
158
175
200
220
245
160
155

The data about pH, width, speed of streams and vegetation in 
eac.h target area are compiled from the field notes and tabulaîed in Table 
9. The Information given in Table 9 is rough and averaging is quite 
approximate, therefore no attempt is made to d ra w any conciusion 
from it.

Table 9. Tabulation of fieîd data for tbe target areas.
Target 
Area

pH Width of 
Streem

Speed of 
Streem

Vegetation

I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI

5.0
6.0
5.0
5.5
6.5
5.0
6.0
5.5
5.5
5.5
6.0

2.0 
0.8
1.5
1.0
1.5
2.5
1.0
1.0
1.5
1.4
1.0

Moderate 
Moderate 
Moderate 
Moderdte 

Stag. + Mod.
Slow 
Slow 

Slow T Mod. 
Moderate 
Moderate

Slow

Meadow 
Mead. + Forest 
Meadow -j~ Forest

Meadow 
Meadow + Forest

Meadow 
Meadow 
Meadow 
Meadow

Meadow 4- Forest 
Bushy

In Table 10 the target areas that may involve contamination are 
classified as certain, possible and probable according to tbe degree of 
contamination.

Table 10. Classification of target areas based on degree of contamination.
I II III IV VI VII VIII IX XIV X

Certain 
Possible 
Probable

X
X

X X
X

X
X

X
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CONCLUSIONS

The following conciusions are drawn about each Target area:

TARGET AREA I: (East Dourbes):

— The range of HxPb is 36 to 36.3 ppm where the upper value is 
in agreement vvith the model area.

— The visual correlation of lead with other metals shows very close 
similarity to that of the model area.

— The anomalous zone in this area is restricted mainly to Givet- 
tian limestones as in the case of the model area.

— The average Pb value for marine limestone IGva) is sometvhat 
the same as tlıe average Pb value of the model area.

— The topographic characteristics of the area is somewhat similar 
to the model area.

No evident sign of contamination is seen in the area. Therefore, 
the 2.5 krn long Target area I, in practically ali of the above aspects, 
sbows a strong similarity to the model area. The geologic map of the 
area shows mineralized Pb-Ba-Fe veins located at the west slope of 
the stream. The pessibility of an unmapped mineralization or an unex- 
posed sballow mineral vein shonld also be considered. Further exami- 
nation of this area is suggested.

TARGET AREA IT: (Dourbes):

— The range of HxPb is 84 to 370 ppm where the upper value is 
very close to the value of the model area.

— The stream is Crossing the geologic trend which is the same as 
in the case of the model area.

— The visual correlation of lead with other metals shows very close 
similarity to that of the model area.

— The topographic charactristics of the area is somewhat simUar 
to the model area.

— No evident sign of contamination is obsc-rved.
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Therefore, Target Area II shows a very strong similarity to Target 
Area I and Target area III in many aspects. About 1.5 km long anoma
lous values are evidently caused by mineralized Pb-Fe veins knownto
be located upslope on the western side of the stream (see Fig. 3).

TARGET AREA III: (Dourbes):

— The range of HxPb values is 143 tc 378 ppm.

— The direction of the flow of the streanı crosses the geologic 
trend.

— Nb visual correlation is found among Pb-Zn, Pb-Cu, Pb-Ni, 
Zn-Cu, Zn-Ni, Zn-Mn, Cu-Ni, Cu-Mn and Ni-Mn. Only a poor correlation 
exists between Pb-Mn.

— No evident means of contaminatioBa is observed.

—■ This area is located on known mineralized veins and therefore
accepted as a model area to compare other areas with to predict similar 
types of mineralizations.

■— The mineralized veins are located in Givetien marine limestones.

TARGET AREA IV: (Finimetal):

— About 4.5 km long anomalous values ranging from 18-339 ppm 
HxPb and high amounts of Zn, Cu, and Ni values are due to conta
mination by a metal factory, FINIMETAL, located upstream.

TARGET AREA V: (Fagnolle):

— About 4.5 km long anomalous values ranging from 80 to 2410
ppm HxPb makes this area the most attractive anomaly in the area.

— This anomaly most probably sources from mineral veins loca
ted at the north of Dourbes, a known mineralized region.

—■ The stream runs parallel to the geologic trend. The anomalous 
zone is restricted to Frasnien schists of Upper Devonian age.
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— The visual comparison of anomalous metal values indicates a 
Very close resemblance to the model area. However, a higher rank of 
Pb-Mn correlation, flat-iying topography, close to neutral pH, stagnant 
to moderately slow water flow conditions, high organic matter content 
and the presence of an old railroad (out of service) bring out şuspicion 
about the validity of this anomaly.

TARGET AREA VI: (Matagne):

— Two km long anomalous HxPb values range from 71 to 785 ppm.

—■ The direction of flow of the stream is parallel to the geologic 
boundaries. The anomalous zone is restricted to greenish schists.

The presence of Zn-F and Pb-Fe type mineralization in this re- 
region is known from the geologic map of the area. This may oxplain 
the presence of high rank visual correlations among Pb and Zn, Pb and
Cu and Zn and Cu. However, to a certain extent contamination from
Matagne-la-Grande is also expectcd.

— The flat-Iying topography, slow running wator conditions of 
the streams and slightly acidic (pH = 5.0) conditions are the other 
characteristics of the area.

— No scavenging plıenomena by manganese is detected.

— The source and validity of this anomaly as a sign of previously
unknotvn mineralization is subject to further field checking.

— Apparently, with the high Zn values, the metal paragenesis of 
this anomaly is somewhat different than that of Dourbes.

TARGET AREA VII: (Gimnee):

— 1.4 km long anomalous HxPb values range from 74 to 700 ppm 
with a mean value of 285 ppm.

— The stream runs through Frasnien nodular limestones and it 
is parallel to the geologic boundaries.

—- The visual comparison of anomalous metal values of this area 
witb the model area shows very close similarities. The only difference 



evaluation of THE GEOCHEMICAL... 65

is the higher rank of Pb-Cu, Pb-Mn and Cu-Mn corelations. The average 
Cu content is 30 ppm HxCu and the average Mn content is 1082 ppm. 
Therefore, an enrichment in Pb and Cu can be expected due to the 
scavenging effect of Mn and the possibility of metaUo-organic com- 
pounds. For that reason, the vahdity of this anomaly as a sign of pre
viously unknown mineralization is subject to further field checking.

TAGET AREA VIII: (Pesche):

— 1.2 km long anomalous tract ranges from 100 to 165 ppm Pb 
and sources from a village named Pesche.

— The direction of the flow of the stream crosses the geologic 
boundaries. The anomalous zone is restricted to the Couvinien limes
tones.

— The visual comparison of anomalous metal values show high 
rank of Pb-Zn, Pb-Mn, Zn-Cu and Zn-Mn correlations.

— The flat-iying topography, meadow vegetation, slow to mode
rate ruuDİng water conditions and pH = 5.5 are other characteristics 
of the area.

— The poorly anomalous Pb and high Mu values and the presence 
of a village upstream are the main reasons that make this area uninte- 
resting for further exploration.

TARGET AREA IX: (Farges Bourlers):

— 2.5 km long anomalous values range from 35 to 156 ppm HxPb 
and source from the villages named Farges and Bourlers.

— The direction of flow of the stream crosses the geologic boun- 
daries. The anomalous zone is restricted to Frasnien nodular limestones.

— The visual correlation of anomalous metal values show high 
rank of Pb-Mn and Zn-Mn correlations.

— A flat-iying topography, meadow vegetation, moderately run- 
ning stream conditions and pH = 5.5 are other characteristics of 
the area.
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The poorly anomalous lead (up to 156 ppm) and high Mn values
and the presence of two villages as a possible source of contamination
make this anomaly uninteresting and it is considered as false anomaly 
upgraded by co-precipitation with Mn as in the case of Target area VIII.

TARGET AREA X; (E. Nismes):

— About 1 km long anomalous IIxPb values range from 44 to 191 
ppm and the anomalous zone is restricted to Couvinien limestones and 
schists.

— The visual correlation of Pb with other metals shows a very 
close similarity to Target areas I, II and III.

— The distinct valley type topography, meadow-forest type vege- 
tation, moderately running stream conditions and pH = 5.5 are the 
other characteristics of the area.

— The poor anomalous values (up to 191 ppm Ph) and the small
size of the anomalous tract put this area into secondary importance.

TARGET AREA XI: (Vierves-Sur-Viroin):

— About 1 km long anomalous tract values range from 113 to
178 ppm HxPb and source from the village named Vierves-sur-Viroin.

— The direction of flow of stream crosses the geologic trend. The 
anomalous zone is restricted to Couvinien schists, graywackes and sand- 
stones.

— According to the metallogenic map, in this region, a Pb-Zn- 
Fe and Ba mineral paragenesis is known. However, the exact location 
of the mineralization is not fcnown.

— The visual comparison of anomalous metal values shows good 
to very good Pb-Zn, Pb-Mn and Zn-Mn correlations.

— The poorly anomalous Pb values are highly anomalous Mn va-
lues and the presence of a village located upstream as a possible source
for contamination, make this area uninteresting for further studies. 
Moreover, a false uprading in Pb and Zn values may also be expected.
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In summary, the areas of majör geochemîcal interest are re-tabula- 
ted and the source of the anomalies at target areas are classified as 
shown in Table 11.

O

Table 11. Final classification of the target areas.

TARGET AREAS
I 11 III IV VI vn VIII IX XIV X

Preknown Mi
neraliz. locat- 
ted upstrcam X X X

Previously 
unknown 
mineralization X

False enrich- 
ment caused 
by manganese X X

ünidentified 
source X XX

Contamination X X X XX
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APPLICATION OF TWO-POPULATION DİSCRİMİNANT ANALYSİS 
METHOD TO GEOCHEMICAL STREAM SEDİMENT DATA FROM 
THE BELGIAN ARDENNES

HALÎL ARAL

(University of Ankara, Geological Engineering Department, Ankara)

ARSTRACT

A two-population discrİBiiııant function based on Pb, Zn, Cu, Ni and Mn shows that jointiy. 
these elements decisively discriminate between background and anomalous stream sediment 
samples. Pb and Ni are the best discriminators to differentiate Dourbes-type anomalies from 
tbe Background. Some of the samples with low anomalous Pb values (60-110 ppm hot 
estractable lead) are classified unjustly into the Background. The prevention af such a mis- 
classification has been possible by introducing range values as limits to the popuiations and 
defining new regions bctwcen and outsidc these two popuiations. Such new regions are the 
indication of the esistance of more than two popuiations erabedded in tbe sample data.

INTRODUCTION

The main objectives of this study are to classify the geochemical
Stream sediment data into one of the two poptdations, background or 
anomalous, using a two-population discriminant analysis technigue and 
draw meaningful conciusions about the presence of subpopulations 
possibly associated with them.

The geochemical data, 754 stream sediment samples, were collected 
from the Ardennes of South Belgium (Fig. 1) at an interval of one sample 
per 200 meters. The samples were analysed for Pb, Zn, Cu, Ni and Mn 
by atomic absorption spectrophotometry.

The study area is located on the Southern flank of the Dinant 
syncline where maiıdy the Lower, Middle and Upper Devonjan sedi- 
ments are exposed.

The Lotver Devonian consists of the Coblencian and Burtonian 
sediments. The Coblencian is made up of sandstones (Cbj), grayvvackes, 
schists, psammites and sandstones (Cb2), and sandstones and black schists 
(Cbj). The Burtonian is made up of sandstones and red schists.
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The Lower Devonian sequence was deposited in a neritic, partly 
littoral facies. Its thickness is about 4700 m in the Dinant area.

The Middle Devonian is partly made up of calcareons rocks and 
well-exposed in the Southern part of the Dinant Syncline. It is subdivided 
into two parts; the Couvinian and the Givetian. The Gouvinian consists 
of the following formations from base to top:

Coa : schist, graywacke and sandstone

Cobn : schist

Cobm ; biohermal limestone

The Givetian consists of

Gva

Gvb

: limestone - marine facies 

: limestone — biohermal facies

The thickness of the Middle Devonian is about 1500 m in the Di-
nant area. The Middle Devonian limestones are usually known to be
favorable hoşt rocks for the lead-zinc mineralization.

The Upper Devonian is also subdivided into two parts; Frasnian 
and Famenian. The Frasnian (Fr) is made up of various schists (Folm), 



APPLICATION OF TWO-POPULATION... 71

stratified limestones (Frlo) and red and gray marbie (Erip). The Fame- 
nian (Fa) is consisting of schists, sandstones, shale, sandy shale and 
calcareous rocks.

The 1:25,000 scale geologic maps mark many Pb Zn; Barite: 
and Fe veins which were exploited (presumably exhausted) in the last 
few centuries. According to the geologic maps most of these veins trend 
in a N-S to NW-SE direction, which is somewhat perpendicular to the 
fold axes.

The mineralization is known to be controlled lithostratigraphically 
by the Middle and Upper Devonian lim.estones.

METHOD AND MATHEMATICAL ASPECTS

Discriminant analysis is a multivariate classification tool exten- 
sively used in many fields of the earth Sciences as well as in other dis- 
ciplines. Fisher (1936) introduced the method first. He showed that two 
sets of multiple measurements may be used to construct linear and 
quadratic functions. Such functions may provide the best separation 
between two sample clusters (populations) and minimize the spread 
within clusters.

Davis (1973) described the discriminant analysis method as fol- 
lows:

6i'Discriminant function analysis consists of finding a
transfrom whiclı gives the minimum ratio of the differcnce 
hetween, a pair of group multivariate means to the muit i-
variate variance witbin the two groups. If we regard our
two groups as consisting of two clusters of points in mul
tivariate space, we must search for the one orientation along 
which the two clusters hav e the greatest separation while 
simultaneously each cluster has the least inflation”.

The method is illustrated by the following example:

Assume we have measurements on two variables x, y (say Pb, Zn) 
from two populations A and B. The problem is to find a function which 
provides optimum separation between A and B and enables us to assign 
any new sample to either population.

In the two-dimensional xy-plane each population will form a cluster 
of sample points probably with 
in Figüre 2.

a certain amount of overlap as shown
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Figüre 2. Scattcr diagram of two clusters af samples in x-y plane.

If we introduce a third dimension D into such a scatter diagram, 
it can bc şeen that projecting the points from the xy-plane onto the
QRST plane slıown in Figüre 3 may introduce a 
the t AV o popuiations.
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Figüre 3. Geometrical illustration of two population discriıninatı analysis.

Optimum separation will be obtained by finding that plane which 
maximizes the separation between popuiations and minimizes the 
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spread within the clusters. Let such a plane (QRST) be represented by 
the eguation

ÜaB = + ZyY

which is also known as the LINEAR DİSCRİMİNANT FUNCTION. 
The slope of the plane is defined by the coefficients Xx and Xy which 
mavimize the relation

z (Ma — Mb^

where (Ma — Mb) is the difference between the mean values of the two 
populations and 82 is the pooled sampie v ariance within two popula- 
tions. The problem then is to find the values of the coefficients Xx and Xy 
which will provide the desired separation.

The problem can be extended to more than two variables and in 
this case the X’s are obtained by solving the following simultaneous 
linear equations for p variables and two populations 1 and 2 (or A and 
B) (Davis, 1966):

^11X1 + 812X2 + 
®21X1“)- 822X2 +

+ SipXp — dj 
4~ SjpXp = d 2

SpıXı + SpzÂ? SppZp — dp

where
Sn
821

S12
822

Sip
S2P

Spı Sp2 Spp

is the covariauce matrix for popu- 
lations 1 and 2,

di =» mu — m2i

»11 and in 21

for the i the variable, and

are the mean vectors composed of the arith- 
metic meaus of the p variables in 1 and 2.

The boundary between A. and B is represented by MN which is the 
intersection of the horizontal plane UVNW with QRST. The line MN 
is named as “index value” of D (called Rp) used to assign new samples 
to one population or to the other. Önce the discriminant iudex value
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has been computed, any sample may be classified by computing its D 
value and comparing this value to Rf,. If the D value is algebraically 
larger than Ro, the sample is classified as A ; if it is smaller, it is classi
fied as belonging to population B.

The distance of an observation X to the mean of a univariate po
pulation vvith variance S“ is simply

wbich can be written in the following form when multivariate means, 
Ma and Mb of the two popuiations are considered.

Da = (X — hia)’^ Sa“1 (X — hia)

Db = (X — ms)^ Sb 1 (X mn)

(1)

(2)

where X = multivariate observation vector

Sa"^! and Sp 1 = inverse symmetrical covariance matrices of A
and B, and ( )'^ = transposed matrix.

Da and Db are the distances of X to the means of the popuiations 
A and B.

A decision function f(x) can be writtcu to assign x to the slıortest
distance. The decision function assigns x to A if f(x) 0 and to B if
f(x) 0. The case f{x)
the decision function is as follows

0 is decided arbitrarily by the worker. Then,

z = (X — M)^

f(x) = Db (x) -— Da(x) or substituting (1) and (2)

f(x) = D ab == X’^Sb^X — X’^S — X + m^S-Ig^ms‘b^“b

- (X’SI^X - X^SiiinA - Î5TSIİX + ÎSTS^İİHa)

Since S~1 is symmetric, m'’^S“^ıX = m"’’ (S-1)TX = XT (S-im)

Dab = X''S5İX — 2mTSB^X + SgSS’mB — XtSI^X 
+ 2inTS;^X - mjSI^ÎnA 

This is an expression for a QUADRATIC (2nd order) function with 
differing covariance matrices, i.e., Sa Sb.

The expression becomes a LINEAR one when Sa = Sb “ S
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Dab>ö A,

Dab = 2 X^S-1. (mA — mg) — (mA + mB)^.S^ı. (mA — mg)

Dab<0 B
If Sa and Sb are not very different, they may be assumed as equal or a 
linear approximation of the quadratic function is used by taking the 
value S = (Sa + Sb) /2, or in some cases apriori weighting factors may 
be introduced, S = a Sa + b Sb-

PROCEDURE

Let us demonstrate the procedure for the following two-popula- 
tion, two-variable case. Each of the model areas, I and II is defined by 
three samples whose values are:

population I 

U (ppm)

Mean:

5
6
7
F

Mo (ppm)

8
6

10
~8~

population II

U (ppm) _
3
4
5“P

Mo (ppm) 
F 
o
4

The sample points and the means are shown in Figüre 4.

An unknown sample with U 7 ppm an Mo 5 ppm values has
to be assigned to one of the two model areas by using the linear discri
minant analysis method. The procedure is as follows:

Y (U ppm)

Unknovvn

5-
Pop. 11

Pop- 1
X

b

X

X (Mo ppm)

X

5 10
Figüre 4. Assignment of an uııknowu sample to one of the two populations.
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a. Calculation of sums of variabless, sums of sguares (SS) and sums 
of products (SP) of each population and writing them in matrix form:

Population I Population II

U
Mo

U

[1
Mo

2
8

Mo
2
8I

U

]
Si Sn

Fortunately, the covariance matrices of the two populations are 
identical, so that the linear discriminant function analysis can be app- 
lied. Then, the vveighted average of the covariance matrices is calcu
lated by

S Si + Sıı
S (np - 1)

- 1 1 -

_ 1 4 _

Avheren Up = the number of samples in the p tb population

b. Calculation of the discriminant coefficients (Z’s):

The coefficient vector is calculated by multiplying the inverse of 
S with the vector of mean differences d.

S-ı d Product

U
Mo

4 /3 -1 /3
-1 /3 1/3

2/3
4/3

4/3
24/3

2
6

The coefficient vector provides the optimum assignment for the 
unknovvn samples and forms the linear discriminant function

Din = (2/3) (U) + (4/3) (Mo)

c, Calculation of the Mahalanobis Distance (D“):

Mahalanobis distance is the inner product of d and

D2 = dTS-l d = 28
3 (and D = 3.055)

d. Calculation of the discriminant values (scores);

The discriminant values are calculated by multiplying each variable 
with its corresponding coefficients and by adding them up. The disc
riminant value of the first sampie of population I is :
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2 + {-5- X 8 42 
3

= 14

The value of ali six samples are :

Population I
1.
2.
3.

Mean:

14
12
18
14.66

4.
5.
6.

Population II
20 /.3
26/3
32 /3
8.66

3 X 5 4
3

e. Standardization of the discriminant values:

The discriminant coefficients (Â’s) are standardized by dividing 
each element of Z by D = 3.055. The vector of coefficients is then

U
Mo

A ■
0.2182 
0.4364

When we multiply these modified coefficients with the original 
sample values, we obtain the followjng standardized discriminant func
tion values:

1.
2.
3.

Mean:

population I
4.5822
3.9276
5.8914
4.8005

4.
5.
6.

populatioın II
1.5274
0.8728
2.8366
1.7455

f. Assignment of the ımknown sample:

In order to assign the unknown sample to one of the populations.
we multiply the sample values with the discriminant coefficients:

Du = 7 X 0.2182 + 5 X 0.4364

Du = 3.7104

As has been stated before the appropriate breaking value is the half- 
way mark between the means of the two populations.

The half distance hetween the means, Ro, is
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Ro
4.8005 + 1.7455

2

Ro 3.273

Since the value of Du is larger than Ro, the unknown sample is 
assigned to population I (Figüre 5),

«o
Break Line

Population 11
I I
I
I

Population I

1.7455

I 
I
I

I
I 
I

4. :aoo5

/ Ö Z!3 Unknown 
doubtful region

Figüre 5. Probabilıty that a sample fail in population I or II.

A Computer program (will be published elsewhere) which 
originally tvritten by Davis (1966) is used in the calculations.

was

g. Doubtful region and ınisclassification probabilities:

Mahalanobis’ D 2 is defined as the distance between two popula- 
tions on a dimension which has a unit Standard deviation within the 
popuiations.

The quantity D /2 is referred to as a unit normal deviate and its 
value can be looked up in Standard normal curve tables. From the table 
of the normal curve, we find the probability that a sample which really 
belongs to one group will be incorrectly assigned to the other by the 
discriminant function. If we look at the value of D /2 = 1.5275 in the 
Standard normal curve area table we find a probability of misclassifi- 
cation of 0.0635, which means that we may expect 93.65 percent of our 
assignments to be correct.
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The shaded are£s on either side of the break-line (Ro) in Figüre 5 
give the total probabUity of misclassifying a particular sampie. When 
the populations are clearly separated from each other, usually no doubt- 
ful region is defined. We may arbitrarily decide not to classify any samp- 
le which has a 10 percent chance of belonging to population I, although 
it lies nearer to population II. The 10 percent level of the unit normal 
deviate is 1.2802. Any sampie whicb falls above 4.8005-1.2802 = 3.5203 
has at least a one in ten chance of belonging to population I.

A sampie which scores say for example Du = 3.05 on the discri
minant function is nearer to population II mean than to the population 
I mean, but it stili has at least a one in ten chance of belonging to popu
lation I.

A similar reasoning can be carried out if a sampie lies closer to po
pulation. I than to population II within 1.2802 of the mean of popula
tion II.

h. A priori knowledge:

The break-line (Ro) on the discriminant function may not be the
most appropriate or efficient dividing line. If one population occurs more 
frequently than the other, then Ro should be moved towards the mean 
of the less frequent population. The probability of misclassifying mem- 
bers of the infrequent population is thereby increased, and the proba
bility of misclassifiying members of the more frequent population is 
decreased. By a suitable choice of Ro, the overall probability of mis- 
elassification may be minimized.

APPLICATION TO GEOCHEMICAL STREAM SEDIMENT DATA 
FROM THE BELGIAN ARDENNES

The two-population discriminant functions are defined on the hasis 
of smaU “model areas” represented by samples coUected from the se-
lected drainage basins. The term “model area' can be defined as a99

drainage basin representativc enough for certain geochemîcal charac
teristics.

The following drainage basins (see Fig. 6) were chosen for the two- 
population discriminant analysis:

1. East of Chimay (background population), and
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Figüre 6. Geology and sample locations of two population model areas; Background and Dourbes.
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2. Dourbes and East of Dourbes (anomalous population; Dourbes 
type mineralization).

Figüre 6 also shows the geology around two population model 
drainage basins and sample locations used to define the model areas. 
Table 1 tabulates the talues of each variable in tbe model areas. The 
limited number of anomalous samples played a majör role in repetition 
of some of the samples in some model areas. In some cases a model 
area is defined by the samples of two separate drainage basins.

Special atfention is paid in choosing background and anomalous 
model areas; somewhat similar — but not identical — geologic conditions 
are reguired to eliminate the possible influence of geologic popuiations. 
Most of the samples of both areas come from Middle and Upper Devo-

Table 1. Trace metal contents of two population background and anomalous (Dourbes 
type) model areas.

Background Model Area Anomalous (Dourbes Type) Model Area 
Sample No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Pb Zn Cu Ni Mn

36
39
44
40
28
38
36
43
44
50
56
34
32
37
33
45
41
53
47
44
41
40
35
36
35
36
28
40
28
35
37

68
77
77
88 
77
90
90

142
80 

113
72 

103
69 

124 
132 
132 
124 
117 
187

97 
138 
138 
103

73 
122 
155

94 
132

63 
128

92

20
17
18
18
15
20
23
16
14
16
21
13
15
12
15
11
17
13
16
11
17
14
10
13
12
13 
11
13
11
11

7

50
48
53
46
38
40
47
41
47
55
41
52
44
49
41
48
46
49
54
30
41
37
47
39
45
55
37
53
37
46
45

1000 
2000 
2270 
2520
1435 
2000
1515

870 
1035 
1225 
1090

805 
545

1240 
1255
320 

1220
580 

1370
565 
910

1050 
860
960
935 

1275
660 

1110
210 

1515 
1200

samp. no

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Pb Zn Cu Ni Mn

. 337 
414 
215 
200 
378 
286 
342 
308 
323 
211
189 
363 
188
254 
337 
414 
215 
200 
378 
286 
342 
308 
323
211 
189 
363 
188 
254

114 
210 
101 
128

72 
123 
111 
185
87 
82
82 

221 
104 
149 
144 
210 
101 
128

72 
123 
111 
185
87 
82
82 

221 
104 
149

23
50
19
22
12
19
16
16
12

8
9

16
8

16
23
50
19
22
12
19
16
16
12

8
9

16
8

16

33
47
29
31
21
35
29
38
33
24
23
35
23
27
33
47
29
31
21
35
29
38
33
24
23
235
23
27

1380 
1945 
1040
755 
750
575
465
970 
710 
A50
435

1120
585
640 

1380 
1945
1040

755 
750
575 
465
970
710
450
435

1120
585 
640
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nian drainage basins. Howe\‘er, the numher of samples taken from each 
unit are not the same. The main criteria in selecting samples for each 
area was the amount of trace Pb and Mn content. Visually, the Pb and 
Mn values seem distinctly different from each other in each area.

The Dourbes Model area is selected on the hasis of tbe presence of 
NNW trending galena -(- barite pyrite veins in the area. The results 
of the previous soil survey, cumulative frequency curves, areal trend 
and residual maps of the area (not sbown here) werc also suggestive for 
choosing the area. The Dourbes drainage basin contains also the samples 
whose Pb values fail into the background and the contamination popu
lations, and therefore only the samples with Pb values higher than 188 
ppm are included in tbe model area.

The background drainage basin traverses the Middle and Upper 
Devonian rocks. The background model area contains only the back
ground populations. This drainage basin is beh’eved tc be free of 
contamination.

The mean -value and range of each variable of the fwo-population 
discriminant analysis model areas are tabulated in Table 2.

Table 2. Tbe mean and range values of the variables of two-population model areas.
Pb Zn Cu Ni Mu

Background 
Anomalous 
(Dourbes type)

39(28-56)

286(188-414)

106(63-187)

126(72-221)

15(7-23)

18(8-50)

45(30-55)

31(21-47)

1166(210-2520)

844(435-1945)

Visual inspection of Table 2 indicates that tbe mean Pb and Mn 
values are significantly different in Background and Dourbes. No such 
distinct differcnce exists for Cu and Ni. Zinc values are slightly higher 
in Dourbes-type. Except for Pb, the range values of background and 
Dourbes-type overlap. The variables are studied to find out vvhether 
they are normally distrihuted and have etjual variances. These studies 
incinde;

a. revie-vv of the histograms and freguency curves; study of skevv- 
ness

b. study of coefficients of variance and covariance matrices, and 

c. application of multivariate F-test.
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The geochemîcal data are seldom, if ever, evactly normally distri- 
îjuted. The histograms and cumulative frequeucy curves plotted (not 
sİ ov.’p, here) have shown that ali the elements (Pb, Zn, Cu, Mn) except 
Ni are positively skewed in the study area of the Ardennes. For that 
reason, the natural logarithmic transformation is used to normalize the 
geochemîcal data. Moreover, the use of log-transformed data in the mo
del areas is needed since the Standard deviations of the variables usually 
vary directly with their corresponding mean values. The normality of 
the variables of the model areas is also estimated from their skewness.

However, the significance of the sewness test may be questioned 
because of the limited number of samples (13 to 31) of the model areas.

The use of log-transformed data has reduced the variance and ho- 
mogenized the covariance matrices too (Table 3).

Table 3. Covariance matrices of the two-population discriminant functions.
non-transformed log-transformed

2707
800
197
147

9046

800 
1527
126
148

5586

197 147
1261 148
57 A 29
29 j

219.5 1
' 42 
1553

9046
5586
2195
1553

121608

and

0.050
0.025
0.039
0.019
0.041

0.025
0.099
0.044
0.034
0.054

0.039
0.044
0.140
0.043
0.104

0.019
0.034
0.043
0.034
0.046

0.041
0.054
0.104
0.046
0.212

The comparison of the coefficients of variation of each model area 
also shows that the amount of variance is considerably reduced when 
log-transformed data is used.

The significance of the distance between the meaus of the popula
tions, or, in other words, the validity of the discriminant functions, is 
tested by the multivariate F-test.

The F-value for the two-population discriminant analysis is calcu-
lated as F,5, 53 = 358.2537 which clearly sbows that both areas are 
significautly different at given degrees of freedom (5 and 53) when en- 
tered to the Standard F-tables at 99.5 % levels.

MISCLASSIFICATION PROBABILITIES AND DOUBTFUL
region.

The probability of misclassifying a sampie (Dg) when it comes 
from the first population (D J is;



84 HALİL ARAL

Pr (Ds < Ro) = Pr Dg — Di 
S

Ro —Di 
- S

Pr (Ds < Ro) = O Ro ■— Di

where (2k)
-co

1 
~2 

) e
1*2.“2'-

dt
Z

is the standardized cumulative normal distribution, and the probability 
of misclassifying an observation, when it comes from the second popu
lation İs;

Pr(Ds Ro)= <5 D2 — Ro
S

where S = Standard devaiation obtained from covariance matrix by 
multiplying the elements of this matris with proper weights (X’s of the 
discriminant function), Ro is the discriminatory index, and Dj, D2 are 
the means of the discriminant values of population 1 and 2; D1 is on the 
right side of Ro and D 2 is on the left.

The value of <I> can be calculated from the above equations and can
t»e tested against the theoretical value (at a given confiden.ce level) ob-
tained from the Standard normal curve tables.

A Computer program is written (APPENDIX I) to calcuJate the 
value of O to find out the probability of a sample belonging to that 
population. The computed Values O are tested at 98 % level of confiden- 
ce against O = 2.33 obtained from the Standard normal curve table.

The computed <I> values and corresponding levels of significance 
(as correct and misclassification percent) are tabulated as follows;

<D

Population 1 (Dourbes) : (6.01)
2 (Background) : (5.63)

% correct 
class. 
ÎOO.- 
100.-

% misclassif.

59
- 0 -
- 0 -

These results show that

a) the misclassification probabilities are very low at 98 % level
of confidence and the probability of our 
high as 100 % in many cases.

assignments to be correct is as
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b) The popuiations are ali sufficiently separated from each other 
so that it is not necessary to define limits for a doubtful region. The 
distinet separation of the popuiations bas been also shown by F-tests 
in previous section.

ASSUMING CONFIDENCE LEVELS AROUND DISCRIMINATORY
MEANS

As it has been mentioned before, the discriminant analysis method 
assumes the presence of a certain number of model popuiations for the 
assignment. However, in geologic and geochemical problems, there are - 
- in general - more popuiations than those assumed, and because of 
the exhaustive nature of the discriminant analysis a sample - even if it
does not belong to one of these model popuiations - bas stili to be as
signed to one of them.

This may then lead to undesirable mistakes. Therefore, in this sec-
tion, the possibility of classifying such undefined popuiations as 
parate groups” or as a “single group” is attempted.

u,’se-

The background and Dourbes-type model areas are defined by 31
and 28 samples respectively, creating a common discriminant function
as it has been explained before. Tbe discriminant values (D-valuse or 
D scores) are computed by substituting the natural log-transformed 
values of each variable to the discriminant function. In Table 4 the 
D-values for these samples are listed. These values are ranged from 147 
to 197 in Dourbes-type and from 22 to 63 in Background model areas. 
The former -values bave a mean value of 167. The average value for the 
latter area is 36. The two popuiations are separated from each other by 
a discriminant index value of Ro = 98. Classification of other samples 
are made in the same manner and 743 samples of the Couvin-Chimay 
area (see Aral in this bulletin) are classified into one of the two popula- 
tions. The D-values of the Couvin-Chimay area ranged from - 21 to 277. 
The variation of these values vvithin such a wide range is explaincd by 
the existance of more than two-populations for the classsification. The 
range of the D-values of both popuiations whicb are shown diagram- 
matically in the following scale-free Figüre 7 are clustered in between 
and at the extreme ends (outside) of the Background and Dourbes
-type model areas.
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Background

I

I

Dourbes

I 
I 
X I

22 1^36 63 Rq=98 147 277

Figüre 7. Tbe range of D-values of both populations.

Table 4. Discriminant values (D-values) for the samples of two model areas.

Dourbes-type anomalous

171.0
168.6
151.8
147.2
197.5
163.4
182.1
170.6
161.8
157.4
176.8
156.9
168.1
171.0
168.6
151.8
147.2
197.5
163.4
182.1
170.6
161.8
157.4
176.8
156.9
168.1

Average 167.0

Background

25.7
29.7
31.7
32.5
22.2
36.5
27.7
48.2
40.5
41.8
59.1
23.8
27.3
30.1
31.3
43.7
38.5
53.5
40.9
63.0
45.1
il.5
29.6
36.9
31.7
24.5
27.7
31.9
30.9
28.9
32.8
36.0

Average

The possibility of the presence of populations other than these two 
is also exanuned by cumulative frequency curves. The cumulative fre- 
quency curve of 621 samples with D-scores less than 98 (not given tere) 
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shows breaks of 0,35 and 65, suggesting the possible existance of 3 more 
populations within the Background values. The cumulative frequency 
curve of 122 samples with D-values greater than Ro = 98 (not shown 
here) gives two breaks at D = 137 and D = 193 indicating the presence 
of two more populations within the anomalous values.

The possibility of classifying such undefined populations as separate 
groups or as an undefined population is attempted by the method exp- 
lained briefly below. The results are discusscd in Section, “Results and 
Interpretations”. No name could be given to such new populations 
because of the somewhat “empirical” nature of the method.

Classification based on population range,s

In an arhitrary manner, the upper and lower D-values (range value) 
of each popıdation are assumed as the limits of model populations.

Any sample faUing within these limits is classified as background
or as Dourbes-type. However, there are samples whose D-values fail
in between these two and cutside these limits. Therefore this method 
provides five regions for classification, namely,

190

136 — 190 (range for Dourbes-type)

66 — 135

20 — 65 (range for Background) 

< 20

Although no classificatory names could be given to the new popu- 
lations, some conciusions are drawn from their spatial distribution as 
explained in the following section.

RESULTS AND INTERPRETATIONS

The main purpose of the application of two-population discrimi
nant analysis is to discriminate Dourbes-type anomalous population 
from the Background-type population and to reveal any sub-popula- 
tions embedded in them.



88 HALİL ARAL

The following discriminant function is generated for the Couvin- 
Chimay area as a result of this application:

^12 = 56.7402 Pb + 4.4421 Zn
— 4.3153 Mn ...................

0.4705 Cu 42.199 Ni

The significance of the abo-\ e function

.......... ...........................  (3) 

was tested by the F-test and
a value of 358.2 has heen computed. This value is far past the 0.99
significance level for 5 and 53 degrees of freedom (F5,53 3.2) and
indicates that the above function clearly discriminates between Back
ground and Anomalous populations.

In equation (3) the coefficients differ to a great exteDt, indicating
that the contribution of each variable is not the same. The percent distri
bution of each variable is as follovrs:
Pb = 85.41 %, Zn = 0.5
Mn = 1.05 %

0/
/<)) Cu = -0.03 %, Ni = 13.05 0/ 

/OJ and

The values of percentage contributions suggests that Pb (85 %) has 
played a majör role in separating the Background from Dourbes-type 
anomalies. Nickel with 13 % contribution is also important. The very 
high contribution of Pb also suggests that the multivariate classi
fication map of the study area should be somewhat in agreement 
with the univariate discrete Pb map of the area.

To facilitate the interpretation of results, a classification map is
prepared. The two-populaticn classification map is shown in Plate I. 
When this map is studied the resemblance of the spatial distrubiton of 
the anomalous and background samples to that of the univariate Pb-
map is - as expected - clearly seen. Practically ali the anomalous uni-
variate Pb values are classified as “anomalous' in the multivariate
classification map. Only tbe drainage basin (Target Area IV, Finimetal) 
between Mariembourg and Nismes is classified as “Background”, alt-
1 ough it appears as 'Anomalous” in the univariate Pb map. The very
high nickel content is the reason for the classification of Target Area
IV samples
malously high.

as background although their Pb and Zn contens are ano-

The discrete Pb map of the Couvin-Chimay area allocates 506 samp
les (out tf 743) to the background (less than 60 ppm Pb), 115 samples 
to lower anomalous (60-110 ppm) and 122 samples to the anomalous 
(greater than 110 ppm Pb) population (see Aral; this bulletin).
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On the other hand, in twc-population discriminant analysis 612 samp-
les (out of 743) are classified as Background (D 
are classified as Dourbes-type anomalous (D 

98) and 131 samples
98). Comparison of

the discrete Pb map with Plate I shows that the number of anomalous 
samples of discriminant analysis is in agreement with that of the ano
malous (greater than 110 ppm) Pb map. The lower anomalous Pb values 
are in general allocated to the background in discriminant analysis. 
The anomalous D-values are also in agreement with the areal trend map 
(not shown here) of Pb.

Wbile the discriminant function (eguation 3) effectively distin- 
guishes between the background and anomalous samples, it is not ne- 
cessarily the best since ali five variables may not be needed to separate 
the two popuiations. For exampie, Pb (85 %) and Ni (13 %) with 98 % 
contribution provide the most efficient separation and might be used in 
classifying unknown samples.

Although no classification maps are prepared based on Pb and Ni,
their use in a simple graphical method is briefly explained here and 
demonstrated in Figüre 8. Since only two variables are involved with 
opposite signs in front of their eoefficients, "K, these variables can be 
used as axes of a twQ-dimensional diagram. Figüre 8 shows a plot of
ZPb and XNi for the two model areas as well as the estimated üne of 
separation between them. This figüre clearly shows the efficient sepa
ration of the two popuiations. The position of the separation line (Ro) 
is established by first determining the direction of maximum slope of 
the discriminant function. This direction is such that projecting the 
model area samples onto it provides the maximum possible separation 
between the two-populations. The line normal to the direction of ıhaxi- 
mum slope of the discriminant function and through the midpoint bet- 
ween the means for the two popuiations is the estimated line of separa
tion.

The use of such diagrams is very simple and (juite convenient ifo
assign unknown samples to one of these popuiations. Several test samp- 
les are chosen and their values are plotted to demonstrate tbe use of it 
as seen in Figüre 8.
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Although the range values are in a way arbitrarily defined, some 
conciusions can be reached by studying their distribution and compa
ring them with the univariate Pb map. The number of samples falling
İnto the background (20-65) and D 20 is 499. This number is quite
close to 506 which is the number of samples allocated to Background 
on the univariate Pb map. The spatial distribution of D-values greater 
than 190 corresponds to the samples with very high Pb and Zn values 
in comparison to moderately high Pb and Zn values of Dourb'es-type 
mineralization. The D-values 66-135 reflects those samples with mo
derate Pb and moderately high Zn, Ni, and Mn. The very low D-values 
( <20) are in good agreement with the spatial distribution of tbe Lower 
Devonian black shales and graywackes which are characteristically low 
in Pb and slightly higher in Ni contents. The range 20-65 corresponds 
to samples with low Pb, and moderate Zn, Ni, Mn values consisting of 
Middle-Upper Devonian drainage basins. Samples falling between 
D = 66 and 135 correspond in general to ■weakly to moderately anoma
lous Pb values of the univariate map. Their distribution shows close
proximity to tbe towns from where household contamination is 
peoted.

ex-

The range values, 136-190 representing the Dourbes-type anoma
lous model area are in good agreement vvitb the breaks of the cumula-
tive freguency curve of D-values 98.

The most striking result of the application of two—population 
discriminant analysis has been the reflection of the lithological diffe-
rences to discriminant values. The multivariate map clearlyrange
brings out the lifhological difference between the Upper-Middle Devo
nian carbonacecus and Lower Devonian shaly and sandy rocks. Samples 
whose discriminant values are -21 <D<20, are concentrated in the 
Southern part of the Chimay-Ccuvin map area vvhere the Lower De
vonian rocks are exposed. Stili some of the Upper-Middle Devonian 
samples are classified vvithin this range. Hovvever, such samples are 
generally in the Southern part and located close to the Lower Devonian 
contact. A few samples to the west of Mariembourg and to the north 
of Gimnee are also assigned to very low D-values because of their 
low Pb and relatively high Ni and Mn contents.

CONCLUSIONS

The foUovving is deduced from the application of two popu
lation discriminations:
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1. A discriminant function based on Pb, Zn, Cu, Ni and Mn shows
that, jointly, these elements decisively diseriminate between back
ground and anomalous samples.

2. The most efficient discriminant function is based on Pb and Ni 
alone since they play

3. Samples that

a majör role (98 %) in d işerimin ation.

are assigned to Background are characteristically 
lower in Pb and slightly higher in Ni contents compared to these 
assigned to anomalous.

4. Besides the geochemîcal differences, the gross lithological dif
ferences are also well refleeted in the discriminant values of the 
background population.

5. The paragenetic association of Dourbes-type mineralization 
is also in agreement with the dicriminant function. Pb with 85 % con
tribution is the majör element. Zn and Cu are the minör elements in 
the paragenetic association.

6. Samples with low anomalous Pb values (60-110 ppm HxPb) 
are classified into the background. To prevent such misclassification, 
new regions are defined in between and outside the Dourbes and Back-
ground by assuming “range” values as limits so that samples with low
anomalous Pb values fail in between these two populations. Such new 
regions may be an indication of the existance of other populations em- 
bedded in the sampie data. The restriction of such anomalies to the in- 
habited areas suggests that some of these anomalies are due to house
hold contamination.
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APPENDIX I

10 PRINT
20 REM ***** COMPUTER PROGRAM TO CALCULATE THE PROBABİLİTY OF AN
30 REM ***** UNKNOWN TO BELONG TO A POPULATİON *****

40 REM

50
60

DIM U (5), Z (5,5), S (5), T (5)
M = 5

70 R = - 23. 924
80
90

DATA 17. 7624, -16.2674, -1. 3008, -2. 4179, -25594
MAT READ U 

100 DATA 0.0892784, 0.0505674, 0.0438021, 0.0003801, - 0.011474
110 DATA 0.0505674, 0.1066525, 0.0615981, 0.0205153, 0.0074678
120 DATA 0.0438021, 0.0615981, 0.1088768, 0.0298966, 0.0338259
130 DATA 0.0003881, 0.0205153, 0.0298966, 0.0394655, 0.025525
140 DATA -0.011474, 0.007678, 0.0338259, 0.025525, 0.1288613
150 MAT READ Z 
160 DATA 5.5562539, 4.7522896, 2.784451, 3.37438, 6.6552672
170 MAT READ S 
180 DATA 4.8215828, 5.7378453, 3.3109452, 3.9010038, 7.4160861
190 MAT READ T 
200 A = 0 
210 B = 0 
220 D = 0 
230 FOR I = 1 TO M 
240 A = A + U (I) * S (1)
250 D = P + U (I) * T (I)
260 FOR K = 8 TO M 
270 B — B -L U (I) * Z (I, K) * U (K)
280 NEXT K 
290 NEXT I
300 B = SQR (B)
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310 PRINT 

320 F = (A-R)/B

330 G = (R-D)/B

340 WRITE (15,370) A,B,F

350 PRINT 

360 WRITE (15,370) D,B,G

370 FORMAT “A F8. 2. “B F8. 2, “PHI F8.2 

380 END 

390 RUN

A = -7.43 B = 5.74 PHI = 2.87

A = -40.42 B = 5.74 PHI = 2.87




