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Genetic Origins of the Dogon Population
in the Arrondissement of Boni (Mali)

M. H. CAZES

SUMMARY

A study of probabilities of origin of genes was carried out on a Dogon
population in Mali, spread over four massifs separated from each
other by about 20 kilometers. Within each village, the founder contri-
butions are very disparate and show that each village has a very
specific origin. Therefore, the exchange of wives between massifs has
not resulted in a homogenization of the population, which has re-
mained strongly structured into four relatively independent isolates.

INTRODUCTION

In studying population genetics, the traditional approach, in particular where
kinship study is involved, consists of measuring the mean coefficient of in-
breeding. This depends on one hand, on the genetic drift, which grows in
importance as the size of the population decreases, and on the other hand, on
the possibilities of spouse choice based on a kinship criterion.

This coefficient, which translates by a single figure all the complexity of the
kinship chains linking the different members of a group, considerably weakens
the information contained in the genealogies. But even more importantly, it
constitutes a measure of the information that exists on the population, rather
than the measure of a real characteristic of this population; its numerical value
is, in fact, higher when the number of common ancestors taken into account
increases, that is, when the genealogy goes further back into the past [1].
Another possible approach for analyzing genealogical information consists of

studying the "probabilities of origin of genes." This approach permits a de-
scription of the population in both time and space. As they are cumulative,
these probabilities can be analyzed using any criterion for classifying the found-
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DOGON POPULATION

ers. This paper presents the findings of a study of the latter type, conducted on
a Dogon isolate in Mali.

DATA: PRESENTATION OF THE POPULATION

The Dogons of the Arrondissement of Boni, between Douentza and Hombori, have
settled on the sandstone massifs that, rising vertically 600 m above the plain, overhang
the region. Wishing originally to protect themselves from looting by neighboring ethnic
groups, they settled either at the summit of the plateau or halfway up. According to local
legend, certain villages were settled in the region five or six centuries ago. In some
villages, informers have actually furnished a list of heads of families that dates back
about 20 generations; this corroborates local legend. But most detailed genealogies, with
collateral branches, go back only two or three centuries. In several villages, they seem
to go back as far as the first settlement. A certain number of these villages have since
resettled at the foot of the massifs.

In all, there are 15 Dogon villages located on four massifs, with three or four villages
per massif, and a distance of 30 km at most between the massifs. The village community
is organized into families corresponding to patrilineal lineages issued from the one
ancestor. These sedentary farmers, isolated in the South Sahel semidesert, only subsist
on one millet crop a year.
The population of 4,400 inhabitants presents a very distinctive geographical structure

(fig. 1, table 1), which is reflected in the marriage patterns: highly endogamous, the
Dogons have contracted few marriages with the neighboring ethnic groups (Peul, Son-
rai, Rimaibe). Preference is given to marriage between individuals living in the same
massif (84% on average).
The data collected in this population relies entirely on oral tradition and on the

memory of the living individuals. In each village, the chosen informant, a village notable
of about 40 years of age, was spontaneously surrounded and helped by the main family
heads in answering the questions. In this way, the genealogies over 9-10 generations
were reconstituted. The biological and social kinship are identical, births out of wedlock
being extremely rare events. A double data collection and several cross-checks are
strong points in favor of the internal coherence of the data. For the first generations,
omissions concern the ancestors' wives, whose villages of origin and even massifs have
been forgotten.
Each individual is identified by a number and is located within the group by: father's

number, mother's number, sex, dates of birth and death when these could be estimated,
massif and village of birth, patrilineal lineage (called "family"), number of marriages,
and the numbers of his or her successive spouses.
Each individual was given a generation number, moving down the genealogies from

the "founders" (that is, the first-known ancestors) and following the matrilineal
filiations that are shorter in timespan than the paternal ones [2].
The genealogies for the whole of the population thus cover 14 generations. In all, 510

"founders" are at the origin of the different families in each massif, with a total of 9,128
persons in these reconstituted family histories. A large proportion of these are
unidentified wives.

METHOD: THE PROBABILITIES OF ORIGIN OF GENES

If a random selection is made of one of an individual's genes, the probability that it
comes from each parent is 1/2, each grandparent, 1/4, and so on. If we go back as far as
the first-known ancestors, called "founders." totalizing the coefficients corresponding
to the different paths leading to these founders, we obtain a series of parameters that
represent the probability Wij that a gene selected in an individual i comes from the
founder j.

If, for instance, we totalize these parameters for all the living individuals of a village r,
we obtain the probabilities of origin "of the village," that is, the part of the genome of
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TABLE I

THE DOGON POPULATION OF BONI ARRONDISSEMENT, BY VILLAGES, IN JANUARY, 1980

99

Massifs Villages Males Females Total

Sarnydr6 Nemg~n .240 298 538
Djaamaga .154 181 335
Tandi .148 133 281
Koyo .73 86 159

Tabi Tabi .512 551 1,063
Tuprd .182 192 374
Tega .197 224 421

Ella Ella-Buli .44 49 93
Ella-Boni .52 59 111
Momni .60 74 134
Banaga .52 63 115

Loro Loro .141 160 301
Yuna .25 35 60
Koyo-Boni 105 85 190
Pringa .129 114 243

Total ............ 2,114 2,304 4,418

the village r that comes from the founderj. Similarly, if we totalize all the founders at the
origin of a village s, we obtain the part of the genome of the village r that comes from the
founders of the village s. It is thus possible to measure the extent to which the inhabit-
ants of a village issue from the founders of this village or from elsewhere.
To obtain an overall view of the origins of the 15 Dogon villages, we tabulated the

probabilities of origin of genes for all the living population aged 0-30 years and still
childless. This "population of youths," classified by village, is characterized by the
genetic contribution of the founders from whom they issue (table 2); the founders are
grouped according to the village in which they "founded."
The most remarkable finding is the extent of the intra-massif endogamy: in each

village, the genetic pool of the youths comes, in 42% of cases on average, from their own
massif, the phenomenon being much less pronounced in the massifs of Ella and Loro. A
village endogamy is also observed, increasing with the size of the village to reach a
maximum of 45% for Tabi.
However, before interpreting table 2, we must look into the nature of the "unknown

founders," who are all unidentified wives. There are two types: (1) certain are known to
be Dogon, but their village and massif of origin are unknown (they are classified in
column "Dogon of unknown massif"); (2) for others, no information is available, we do
not know whether or not they are Dogon or where they come from.
To simplify the analysis, we condensed these probabilities of origin by regrouping the

founders into four categories (table 3): from the same massif, from another massif, from
another ethnic group, and unknown. The column "unknown" reveals the necessity of
further investigation into the probable origins of these wives.

In the earlier generations, it is the men and their descent who are remembered the
most, for in a patrilineal society like that of the Dogons, they are the ones at the origin of
the group. The wives, on the other hand, when they are born outside the village, are
soon forgotten, and it is generally impossible to specify their origin: they are probably
Dogon but there is no way of verifying this.

If we take as reference the same marriage behavior as that observed for the couples
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DOGON POPULATION

TABLE 3

ORIGIN OF GENES OF "THE YOUTHS" IN EACH OF THE FOUR DOGON MASSIFS (%)

FOUNDERS' ORIGIN

"YOUTHS" M A ID U
MASSIF No. Same massif Other massif Non-Dogon Unknown

Sarnyr ............ 720 0.48 0.14 0.01 0.37
Ella ................ 252 0.29 0.07 0.10 0.54
Loro ................ 427 0.26 0.09 0.02 0.63
Tabi ................ 1,053 0.47 0.10 0.05 0.37

Weighted average .0.42 0.11 0.04 0.43

identified since the foundation of the group, the majority of these unknown wives were
Dogon, and many of them came from a neighboring village. However, the limited size of
the first generations may have led to a temporary opening of the population. In order to
include these "unknown" wives in our data, we proceeded with the following assump-
tion: the probability that a wife's origin is forgotten is higher if she is an alien than if she
is a Dogon. Similarly, this probability of being forgotten is higher for a Dogon wife from
another massif than for one from the same massif.
Taking the coefficients of proportionality a, IB, y, of the three events P(unk/M) = aa,

P(unk/A) = ha, P(unk/1D = -ya*, where ac < p< y, and using the observed probabilities
P(M/known) = .74, P(A/known) = .19, P(lD/known) = .07, P(known) = .57, we can
find the value of parameter a by solving the algebraic system formed by these equalities
and thus infer the conditional probabilities P(M/unk), P(A/unk), P(Ib/unk) as a function
of the arbitrary coefficients a, 3, -y (see APPENDIX).

If we choose a = 1, P = 1.7, -y = 2, we thus obtain a new table (table 4) with only
three origins. On average, 63% of the genetic pool of the youths comes from the same
massif, 25% from another massif, and 12% is of some alien origin. The Ella and Loro
massifs, although less closed than the other two, remain endogamous, with over 50% of
genetic pool coming from the same massif.

This table is, of course, based on an a priori assumption where the values a = 1, =

1.7, y = 2 are chosen arbitrarily, taking into account our knowledge of what the popula-
tion tends to remember and forget. To test how sensitive the results are to this arbitrary
choice, we recomputed with the values a = 1, P = 2.55, y = 3. (The probability of
being forgotten is, in this case, three times higher for an "alien" than for a "same
massif" woman.) We now obtain an average of .55 for the origin "same massif," .29 for
"another massif," and .15 for an "alien" origin. These results, although based on a very
extreme assumption, again reveal a preponderance of intra-massif origins.
A more detailed analysis, conducted village by village and generation by generation,

has confirmed this endogamy. In each village, a set of common characteristics are
observed. We have chosen to describe them for only one village, Tabi, in order to keep
this paper as succinct as possible.

FINDINGS-EVOLUTION BY GENERATION: THE VILLAGE OF TABI

The largest Dogon village in the arrondissement, Tabi, has given its name to
the massif. The study, based on a register updated in January 1980, concerns

* M = same massif; A = another massif; 16 = non-Dogon, that is, alien; unk = unknown.
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TABLE 4

ORIGIN OF GENES OF "THE YOUTHS" IN EACH OF THE FOUR DOGON MASSIFS (%) INCLUDING
UNKNOWN WIVES, WITH THE INITIAL ASSUMPTION a = 1, a = 1.7, -y = 2

FOUNDERS' ORIGIN

"YOUTHS" M A U)
MASSIF No. Same massif Other massif non-Dogon

Sarnydrd ............... 720 0.66 0.26 0.08
Ella .252 0.55 0.25 0.20
Loro .427 0.57 0.30 0.14
Tabi. 1,053 0.65 0.22 0.12

Weighted average .................... 0.63 0.25 0.12

2,118 individuals and covers 10 generations. The first founders appear in gener-
ation 4 (generations 1-3 only concern the other massifs); the children born on
average since 1973 belong to generation 13. This last generation is incomplete,
as yet accounting for only a small number of individuals, which explains why
we have studied, at the same time, the group called "youths" comprising all
the under-30s who are still childless. This group is roughly equivalent in size to
generation 12 and represents the current genetic potential of the population.

(1) The 2,118 inhabitants of the village issue from only 160 founders out of the
510 listed in the general population register. This characteristic is repeated for
all the Dogon villages, each one issuing from about 100 or, at most, 200 found-
ers (see table 2): this reveals the specific nature of the origins of each village.

(2) Table 5, which represents the probabilities of origin of genes by genera-
tion, confirms this. The distribution of individuals by generation obviously
retains a certain arbitrariness, and the decrease in numbers observed for the
last 2 generations is only a question of attribution. The founders are classified in
five groups, in decreasing order of contribution, this contribution differing
greatly from one founder to another. The four founder-couples of generation 4,
whose children are the seven persons in generation 5, contribute 33.6% to the
current genome of the "youths." Of these first four, couple 3087 and 2619 of
the Goni family-the first family to arrive in the village-alone contributes
almost 12% to the genetic pool of the youths.
Over half the genome of these youths comes from only 15 founders. The

second group of founders- 19 in all, each with a contribution of around 1%-
2%-accounts for 28% of the genetic pool of the youths. The remaining 126
have an overall contribution of under 21%. These figures confirm what the
collection of genealogies had already revealed: that each village is an isolate.

(3) A third observation is the stabilization, as of the very first generations, of
the contributions of the "weightiest" founders. For Tabi, the "last" 50 found-
ers, who appear in generation 7, barely modify the genetic pool of the popula-
tion, which appears to be stable as of generation 9.
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If we examine the number of descendants per founder, we observe, for each
generation, a parallel between the founders with the largest contributions and
those with the highest number of descendants. However, these two concepts
do not cover the same reality. They are strongly correlated in this case, but this
is not always so. A similar study conducted on the Samaritans [3] revealed a
contrast: the founders with the highest number of descendants did not neces-
sarily have a large contribution in terms of genetic pool. In both studies, on the
other hand, we observe the same stability of contributions over the different
generations. This is established when the genes of the main founders are pres-
ent in almost all the population.
These observations are explainable if we take into account the fact that the

differential fertility of the couples, at this level, no longer has any influence.
The difference in the overall probabilities of origin of genes between one gener-
ation and the next, is related to the covariance between the effective number of
children and the overall probabilities of origin [1]:
For a given founder, i, we have: Wi' - Wi = (1/m)cov (x, Wix), where m

is the mean number of children per family and Wix is, for the individuals with
x children, the mean probability that one of their genes comes from the founder
i. The probabilities of origin are therefore stabilized when this covariance
becomes null, which occurs in the case of Tabi with generation 9.

Outside contributions may, however, radically change a population's genetic
pool, if they occur early enough. An example of this was given by the immi-
grants who settled among the Jicaque Indians in the Honduras [4, 5]: sparsely
introduced in the first generations of the group, they accounted for 29% of the
genes at generation 6. Obviously, the same immigrants, introduced in the popu-
lation 3 or 4 generations later in the same proportions, would not have had the
same impact on the genetic evolution of the population.

(4) By grouping the founders according to the family they belong to, we can
measure the weight of each lineage in the biological constitution of the village.
From the outset, four lineages out of the nine existing in Tabi could be distin-
guished for their importance in the village's history: the Goni family, founder of
the village, and holder of the authority; the Dungoba and Yerba families, which
both dispute the chieftainship, the former much smaller in size but larger in
traditional prestige, the latter numerically more important; and the Zoriba fam-
ily, the largest in size.
When dictating their genealogies, the Dogons had themselves respected this

order for the first four families. The other five families, on the contrary, had
been collected according to the availability of the head of the family. It would
seem that the Dogons' perception of the preponderance of these families corre-
sponds to a biological reality, since these first four families all appear in table 6
in the exact order of their hierarchy. The true weight of each family in the
current genetic constitution of the population is thus revealed.
Out of the 66% of identified founders, 45% are from the village itself and 54%

from the same massif. The contributions from the other three massifs are very
small compared with those from the same massif.
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TABLE 6

ORIGIN OF THE GENES CLASSIFIED BY FAMILIES, VILLAGES,
OR MASSIFS FOR TABI VILLAGE YOUTHS

(594 YOUTHS, 160 FOUNDERS)

Weight of founders

Families:
Goni ......................... 0.0767
Dungoba ..................... 0.0669
Yerba ........................ 0.0515
Zoriba ....................... 0.0495
Warguri ...................... 0.0368
Yukaraba .................... 0.0332
Ganemd ...................... 0.0301
Seguiwa ...................... 0.0181
Morba ....................... 0.0019
Unknown .................... 0.0819

Tabi village total ....... ..... 0.4466
Yukaraba .................... 0.0154
Ankoleba ..................... 0.0009
Unknown .................... 0.0344

Tega village total ....... ..... 0.0507
Koreba ...................... 0.0201
Yamni ....................... 0.0032
Yerba ........................ 0.0011
Unknown ...................... 0.0179

Tupdrd village total ...... .... 0.0423
Tabi massif total ...... .... 0.5396

Villages:
Ella-Boni ..................... 0.0298
Others ....................... 0.0032

Ella massif total ....... ...... 0.033
Nemgdnd ..................... 0.0206
Tandi ........................ 0.0029

Sarnydrd massif total ........ 0.0235
Loro ......................... 0.0184
Others ....................... 0.0033

Loro massif total ....... ..... 0.0217

Dogon, of unknown massif ..... 0.0004

Dogon total ........ ....... 0.6182
Non-Dogon ............... 0.0430
Unknown ......... ....... 0.3388

DISCUSSION

The information given in table 2, presented above and which is a summary of
the history of the 15 Dogon villages, is actually decreased because of the high
proportion of unknown female spouses in the first generations. If consanguine-
ous marriages were as frequent then as nowadays-which, in our view, was
probably the case-some of these spouses must descend from some of the
ancestors. The omission of these kinship links considerably decreases the cal-



culated endogamy. Here, we wish once again to emphasize that an inbreeding
measure is a numerical value of an information (that given by the known
genealogies) and not a reality.
The possible omissions of the male ancestors, in these first generations, must

be of small importance: the memory of a male is linked to the descendance he
fathered. If some male ancestors have been forgotten, either they had no chil-
dren or their descendance died out rather rapidly. These omissions are there-
fore of little importance for our study. On the other hand, it may happen that a
founding ancestor was a Dogon from another massif who came and married-a
rare exception to the rule of patrilocality that imposes on the wife to live with
her husband's family. Because of that emigration, the identity of the parents
may be lost. At Tupdre, the link with the village of origin could be found once,
but for two other families in the massif, the parents of the ancestor were
unknown and he was registered in his offspring's village. Omitting these kin-
ship links with a neighboring massif decreases, in terms of origin, the column
"other massif" in table 3 and thus increases the column "same massif." But,
in terms of group endogamy, these omissions have no effects since, once the
ancestor has emigrated, his descent always marries within the massif of arrival.
Table 4, presented above in order to include the unknown wives, seems to us to
offer a fairly good evaluation of the true origins of the Dogon villages.
The characteristics observed for Tabi are repeated for all the other villages

studied: we find everywhere the same disparity in the contributions of the
different founders, proving how specific the origins of each village are. The
majority of the contributions come from roughly 10 founders per village. This is
a characteristic of small endogamous populations, which are necessary condi-
tions for a founder effect. It is to be found in several other isolate studies,
whether religious in the United States [6], geographic [7], or cultural [8].

It is in the Sarnyere massif that this disparity is the least pronounced: on one
hand, the number of founders observed for each village is higher-some 200
founders, except for Koyo (see table 2); on the other hand, the highest contri-
butions per founder are around 3% (as against 6% in the other massifs). This
may be explained by the fact that the population of Sarnyere covers a larger
number of generations, the oldest ancestors belonging to generation 1, whereas
they appear only at generation 4 in Tabi and many other villages. The probabili-
ties of origin obtained for the current generation are therefore smaller in the
Sarnyere massif.
The Ella massif is characterized by smaller villages- 100 inhabitants at most,

which necessitates more exchange between villages within the massif. These
small village populations may explain the opening of the massif to other ethnic
groups: on average, 10% of its genetic pool comes from "alien" wives.

In the Loro massif, almost all the villages (three out of four) are coupled by
name with a Peul village in the plain, at the foot of the mountain. However,
intermarriages are rare between these "coupled villages." The identified alien
wives (Peul, but above all Sonrai or Rimalbe) only contribute 1%-3% to the
population's genetic pool. "Unknown" origin, on the other hand, is 10% higher
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than in Ella, which could correspond to the presence of alien wives in the first
generations.
The second possible aspect of this study is inbreeding. The averages of the

inbreeding coefficients for each generation for all massifs or villages were mea-
sured from the genealogical network [9] (table 7).

If the thirteenth generation is excluded, since most individuals have yet to
reach the reproductive age, it can be seen that the Tabi massif is the most
inbred. This is a result of the village size-particularly, that of Tabi, which is
large enough to be a self-sufficient matrimonial market. The population is large
enough so that there is no need to marry a woman alien to the village or the
massif. This increases the complexity of close kinship network. The Sarnyere,
whose profile of origin of genes is very similar to that of Tabi is, nevertheless,
the least inbred. In their case, it is the endogamy at the massif level that is
predominant. The relations between the villages are very close, and this creates
a genealogical network at the massif level rather than at the village level.
Finally, the massifs of Ella and Loro, which presented a wider origin of genes
as the result of the presence of a certain percentage of "alien" women in the
first generations, nevertheless attain values of inbreeding comparable to those
of the other massifs. Although the colonization of Ella and Loro is as ancient, if
no more, as that of Sarnyere or Tabi, the inbreeding there appears later but also
more rapidly, as soon as the population size is sufficient to allow an endoga-
mous behavior. Thus, the results calculated from the probability of origin of
genes are in agreement with the relatively intense inbreeding found in all four
massifs.
The genetic origins matrix cross-classifying the 510 Dogon founders with the

group of youths divided into villages provides a general, statistical representa-
tion of the origins of this population. Each village is represented by a vector of
510 elements, over 3/5 of which are null.

TABLE 7

AVERAGE INBREEDING COEFFICIENTS PER GENERATION AND PER MASSIF, IN DOGON POPULATION

MASSIFS

GENERATION Sarnydrd Tabi Ella Loro Total

1-6 ............... 0.0 0.0 0.0 0.0 ...

6 ............... 0.01 0.0 0.0 0.0 *
7 ................ * 0.19 0.0 0.0 0.06
8 ............... 0.18 0.23 0.0 0.0 0.17
9 ............... 0.24 1.28 0.0 0.0 0.64
10 ............... 0.63 1.77 0.12 0.16 1.02
11 ............... 1.11 2.29 0.76 0.90 1.54
12 ............... 1.29 2.67 1.82 1.46 1.98
13 ............... 2.11 3.02 2.53 3.08 2.65

Total ............ 0.93 2.11 1.01 1.01 1.45

* Not zero, but negligible.
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Finally, we considered a useful conclusion to this study would be to compute
the distances between villages (using the distance of x2, which is well suited to
the probabilities of origin of genes), and make a spatial representation of them
through a classical factorial analysis. Each of the 15 villages is defined in the
510-dimensional space of the founders. Figure 2 shows the representation ob-
tained by projecting this space into an optimum three-dimensional space (46%
of the variance). The analogy between this representation and the geographical
structure of the group is evident. The grouping of the villages into four massifs
holds no surprise: it reflects the intra-massif endogamy that has been clearly
demonstrated.
The Dogons of the Arrondissement of Boni form a well-defined population,

genetically distinct from the other populations-Peul, Sonrai, Rimaibe-with
which it is in contact; but it is not homogeneous for all that and by no means
represents a "panmictic population" according to the classical model used by
geneticians. It is, in fact, very strongly structured, with internal barriers that,
although they may be crossed, have significant consequences on the popula-
tion's genetic pool.

Yuna

FIG. 2.-Factorial analysis of the genetic origins matrix; representation of the 15 Dogon villages
in a three-dimensional space.
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Analyses of the current composition of this pool (blood and immunological
systems, various types of marker), as opposed to the sole analysis of its origins,
must, if their findings are to be validly interpreted, take into account this
internal structure. For instance, the frequency observed for the A allele of the
ABO system is 7% in Sarnyere and 29% in Tabi: the mean frequency of this
allele among the Dogons has practically no significance. Once more, attention
must be drawn to the danger of a rapid interpretation of data obtained from
insufficiently complete observations.
There is a tendency to measure differences between groups or even between

"races." However, most of the genetic variations observed in mankind are, as
this study confirms, not between the means of different groups but between
individuals within a same group.

APPENDIX

ESTIMATION OF PROBABILITY OF GEOGRAPHIC ORIGIN
OF UNKNOWN SPOUSES

Given:

P(same massif/known) = P(M/k) = .74

P(other massif/known) - P(A/k) = .19

P(non-Dogon/known) = P(ITJ/k) = .07

P(known) = P(k) = .565

we take:

P(unknown/same massif) = P(unk/M) = ota

P(unknown/other massif) = P(unk/A) = ha

P(unknown/non-Dogon) = P(unk/lb) = -ya.

According to the Bayes theorem, we infer

P(M/k) - P(M) P(k/M)

- P(M)(l - aoa) 74
.565

and whence

P(M) = P(M/k) P(k) = .74 x .565
P(k/M) 1 - ota
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Similarly, we obtain:

P(A) P(A/k) * P(k) = .19 x .565
P(k/A) 1 - Pa

and P(JZ) = 1 - P(M) - P(A). If we start with

P(lD/k) = P(JZ)) P(k/JZ)
P(k)

- [1 - P(M) - P(A)] * P(k/lD)
P(k)

we have the following equality:

[1 - P(M) - P(A)] * (1 - ya) - 07
.565

or 1 - -ya - (1 - -ya) * P(M) - (I - ya) * P(A) = .04, which leads to a third-degree
equation in a: aIBy a3 - (.96o43 + .89aoy + .58 r-y)a2 + (.85a. + .54I + .47y)a - .435
= 0.
The root a of the equation must satisfy the condition: 0 , ya S 1 as 0 - a /l/y.
By taking, for example, a = 1, ,B = 1.7, y = 2, we obtain the following equation:

3.4a3 - 5.396 a2 + 2.723 a - 0.435 = 0.
The suitable root must satisfy 0 - a - 0.5. Once we have found a = .3359, we have:

P(unk/M) = .3359

P(unk/A) = .5711

P(unk/lD) = .6719

and we want to calculate

P(M/unk) = P(M) P(unk/M)
P(unk)

We can break down P(M), the probability of belonging to the same massif:

P(M) = P(M n k) + P(M n unk)

= P(k) * P(M/k) + P(unk) * P(M/unk)
Whence

P(M/unk) P(k)) P(M/k) P(unk/M)P(M/unk) P(unk) P(k/M)
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P(A/unk) and P(ITJ/unk) are calculated in the same way, which allows us to distribute the
unknown origins in table 2 according to the proportions obtained.

In our example, this gives:

P(M/unk) = .4868

P(A/unk) = .329

P(1D/unk) = .1865
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