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ABSTRACT This study deals with the petrological

and chemical analyses of 40 Horgen pots
(3179-3118 av. J.-C.) from Montilier-Platzbünden
(western Switzerland). The petrographical
analyses show the use of a paste with natural
and added inclusions of granitic origin. These
crystalline materials comprise quartz, feldspar,
micas, epidote, sphene, amphibole, zircon, rutile,
stilpnomelane and carbonate as mineralogical
inclusions, and slightly metamorphic granite,

granodiorite and diorite as rock fragments.
Stilpnomelane is a fingerprint of Mont Blanc
granite, transported by the Rhône ice field.
In the studied area, these materials exist only in
moraines. There is more variability in sediment
than in temper. The most homogeneous
parameter in the pastes of this corpus is the
added granite inclusions. Therefore, the local
moraines are the most probable provenance
of both the sediments and of the temper.

1. Introduction
Montilier-Platzbünden is located in the Three Lakes Region (Switzerland) on the
southern shore of Lake Morat. This archaeological station is a Neolithic village occupied
between 3179 and 3118 calendar years BC (Ramseyer, 1985). The study of the ceramic typology shows that the pots (Fig. 1: flat-bottomed, with straight or sub-conical profile) are characteristic of the Horgen culture (Ramseyer and Michel, 1990). The Three Lakes Region is
located on the Switzerland Molassic Basin (Tertiary) between the Jura Belt and the Alps.
This basin is mainly composed of sandstone and marls, and is in part covered by Quaternary formations: alluvium, lake sediments, fluvial gravels and sands (Riss-Wurm), moraines

FIG. 1

– Typology of Horgen pots (Michel, 1990). Flat-bottomed with straight or sub-conical profil.
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left by the Rhône ice field (Wurm), and other formations (Fig. 2) (Becker, 1973). The main
moraine deposits are chiefly granite, quartzite and gneiss (Di Pierro, 2002).
The aims of this study are: 1) to establish the nature and geological provenance of the
ceramic raw materials by petrographical and chemical analyses; 2) to determine the technological parameters of paste preparation, and the nature of the inclusions whether natural
or/and added; 3) to estimate the number of potential sources for the ceramic raw materials. The objective is to compare these results with those of other Horgen settlements.
Finally, possible socio-economic interpretations are suggested.

– Synthetic geological map of the Morat Region (according to Becker and Ramseyer, 1972). Moraines with granitic rocks
are present near the Neolithic settlement of Montilier-Platzbünden.
FIG. 2

2. Methodology
Earthenware, which is composed of clay minerals (argillaceous matrix) and inclusions
(natural and/or added) can be considered as an artificial rock and thus be studied with earth
science techniques (Echallier, 1985; Maggetti, 1994).
Petrographical techniques are used to identify the nature of temper, the nature of the
rock fragments and minerals in the sediment, and the aspect of the argillaceous matrix.
Microscopic analysis allows natural inclusions to be distinguished from added inclusions
(temper) on the basis of four criteria: “bimodal distribution of the inclusions, angular outlines of the temper grains, organic material, grog” (Maggetti, 1994, p. 27). Other studies (Constantin and Courtois, 1985; Constantin, 1986; Echallier and Courtin, 1994; Convertini,
1998), also based on technological aspects (grinding, burning, etc.), mineralogical association, and geological context, have shown that materials such as bone, calcite, flint, and some
crystalline rocks, were voluntarily added to the paste. The nature of the added inclusions is
our criterion for temper groups. Characterisation of inclusions leads to better understanding of paste preparation methods. Temper nature and paste preparation constitute technocultural pottery traditions (Constantin and Courtois, 1985). The nature of the inclusions nat-
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urally present in the sediment and the aspect of the argillaceous matrix are used to establish
sediment groups. Our sediment groups are considered to be representative of sediment
variability. Ceramic paste groups correspond to data from sediment and temper groups.
The bulk chemical method is used to quantify paste elements by X-Ray Fluorescence technique (XRF conducted at Fribourg University by G. Galetti, Geosciences Department). The
XRF analysis gives the bulk chemical composition of ceramic paste, which depends on the raw
materials (sediment, temper, water, etc.) processing and even, sometimes, pollution. Twentytwo elements were measured: 10 major (wt%): SiO2, TiO2, Al2O3, Fe2O3, MnO, MgO, CaO,
Na2O, K2O, P2O5; and 12 minor (ppm): Ba, Cr, Cu, Nb, Ni, Pb, Rb, Sr, V, Y, Zn, Zr (Table 2).
Statistic processing (univariate, bivariate and multivariate methods: cluster analyses with
standardised data, unweighted averages, Euclidian distances, and Statistica software) aims to
evaluate the degree of homogeneity and allow chemical paste groups to be constituted.
The comparison of these two types of results (petrographical and chemical) allows better understanding of ceramic raw material variability and of the different sources exploited
by Neolithic potters.

3. Microscopic analyses
In ceramic thin section, eleven specimens show secondary carbonate (calcite or
dolomite) in paste porosity (2, 10, 11, 12, 17, 20, 24, 26, 30, 33 & 36), indicating carbonate
pollution during utilisation and/or burial. In the text, bold numbers correspond to these contaminated samples.

3.1 Sediment groups
Petrographical analyses (N=40) permit the determination of two matrix groups (Table 1).
The first one corresponds to a phyllitic matrix aspect (N = 36), interpreted as clay sediment.
The second matrix group shows a phyllito-calcic aspect, interpreted as marl (N=4). In the different sediments, the main minerals and rock fragments are: quartz, feldspar (K-Feldspar and
plagioclase), micas, epidote, sphene, amphibole, zircon, stilpnomelane, rutile, carbonate (calcite or dolomite), slightly metamorphic granite, granodiorite and diorite (Fig.3). The associations of some of these minerals and rock fragments allow 4 natural inclusion groups to be composed (Table 1).

– Examples of different inclusions in ceramic thin section. Granite inclusion is composed of quartz, feldspar, chlorite
and epidote. Granodiorite inclusion shows quartz, amphibole and epidote. The stilpnomelane is present in a K-feldspar
mineral, which belong to a granite inclusion.
FIG. 3
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– Petrographic groups (matrix, sediment, temper, paste) and chemical groups. Mineraligical abreviations: Qz – quartz;
F – feldspar; C – carbonate.
TABLE 1

On the basis of these four natural inclusion groups, and of the two matrix groups (calcic and
phyllito-calcic), we have established five petrographic sediment groups (I to V, Table 1). But no
correlation exists with natural inclusion abundance, underlining natural sediment heterogeneity. Three-quarters (75%) of the pots are made of clay sediment with granite rock fragments and
minerals (sediment group I); 7,5% are of a clay with granite and carbonate minerals (II); 7,5% show
a clay sediment with granite and granodiorite (III), 5% are of a marl with granite and carbonate
inclusions (IV) and 5%, a marl with granite, granodiorite and carbonate minerals (V) (Table 1).

3.2. Temper groups
Three principal temper groups are identified by petrographic analyses (Table 1). Only
one pot contains no temper (2,5%). The different inclusions added are granite in 80% of the
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TABLE 2

– XRF chemical data of 40 ceramic samples of Montilier. LOI = Loss on ignition.

corpus and granite associated with granodiorite rock fragments in 17,5% (Table 1). Furthermore, some metagranite fragments show stilpnomelane (Fig. 3), as accessory mineral
(30%). The temper abundance in paste varies between 0 to 40 vol.%. The nature and the
abundance of the temper show no correlation.
The data correlation from the five sediment groups and the four temper groups shows
eight paste groups (Table 1) that reflect the paste preparation variability.

3.3. Discussion
Petrographical analyses show five sediment groups (Table 1) suggesting the maximum number of geological sediment sources exploited during the Neolithic occupation is
equal to or lower than five. Although variability exists in natural inclusions, the fact that all
the sediments contain crystalline inclusions, and that such inclusions are rare in the western Switzerland geological context, may indicate that the raw materials have a common geological origin. The homogeneity of the temper nature (crystalline, chiefly granitic rocks)

NATURE AND PROVENANCE OF MONTILIER-PLATZBÜNDEN HORGEN POTTERY (3179-3118 CALENDAR YEARS BC, WESTERN SWITZERLAND)

235

FIG. 4A

– CaO-SiO2 bivariate graph of the 40 Montilier-Platzbünden samples shows two groups of pots.

FIG. 4B

– P2O5-Cu bivariate graph of the 40 Montilier-Platzbünden samples places in a prominent position three groups of pots.

added to the pastes seems to show its common techno-cultural tradition (Constantin and
Courtois, 1985; Di Pierro and Martineau, 2002). The fact that sediment and temper groups
contain granite and granodiorite inclusions, both of a crystalline nature, suggests a common
geological provenance for these two materials. Moreover, stilpnomelane (in metagranite
fragments) is a fingerprint mineral of the Mont Blanc granite formation (Von Raumer,
1969). In the Three Lakes Region, crystalline fragments are only present in the Wurmian
moraine formations, deposited by the ice field of the Rhône (Di Pierro, 2002). These formations are located near the settlement of Montilier-Platzbünden (Fig. 2) and could have
been exploited by the Neolithic population. This provenance hypothesis does not allow us
to identify how many sources were exploited (1 to 5). Indeed, the natural heterogeneity of
moraine formations is a restrictive factor for provenance studies. It therefore would seem
necessary to collect further natural samples from the moraines near the Neolithic Montilier
settlement and to compare them with archaeological data.
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4. Chemical analysis
4.1. Bivariate analysis
Among all the bivariate graphs correlating the 22 chemical elements analysed, only two
graphs show distinct chemical groups (SiO2-CaO and P2O5-Cu).
• The SiO2-CaO graph places 2 groups of ceramic samples in a prominent position
(Fig. 4a). One group (10, 20, 24, 26, 28 & 35) shows relatively high values for CaO
(> 4wt%) and low values for SiO2 (< 64wt%). It contains the samples with a phyllitocalcic matrix aspect (20, 26, 28 & 35) and some samples that show petrographic carbonate pollution (10, 20, 24 & 26). But no correlation with nature and abundance of
temper exists (Table 1). The other group (N=34) shows relatively high values for SiO2
(≥ 64wt%) and low values for CaO (≤ 4wt%).
• The P2O5-Cu graph shows 3 groups of pots (Fig.4b). The first group (7, 10, 3, 36 & 2)
is relatively rich in P2O5 (> 0,3wt%), the second group (17, 14, 34, 26 & 15) is rich in
Cu (> 50ppm) with values higher than average environmental values (Wedepohl,
1995), and the third group (N=30) is relatively poor in P 2O5 (≤ 0,3wt%) and Cu
(≤ 50ppm).

4.2. Discussion concerning CaO, P2O5 and Cu
Chemical analysis shows that the bulk chemical composition of the pottery corpus is
relatively homogeneous. Ceramic groups are prominent in only two graphs. But there is no
correlation between the groups placed in a prominent position in the 2 graphs (SiO2-CaO
& P2O5-Cu, Fig. 4). Ceramic paste chemical variability can be explained by the use of different materials, by the natural heterogeneity of the geological formation exploited, by the
use of different quantities of material, or by pollution during utilisation or burial. In all
cases, no relation exists between chemical paste groups and temper nature or abundance,
which allows the exclusion of the hypothesis that different quantities of material have been
used. Moreover, the P2O5-rich group and the Cu-rich group show no correlation with petrographical parameters. The CaO-rich group (N=6) is explained by sediment variability
(phyllito-calcic matrix aspect) and/or pollution (secondary carbonate in porosity). The P2O5rich group (N=5) may indicate a particular provenance for ceramic materials or more probably pollution during utilisation or burial of pots (Picon, 1982). The Cu-rich group (N=5)
may indicate a particular raw material source or human pollution corresponding to metallurgic activity (either Late Neolithic or Bronze Age).

4.3. Cluster analysis and chemical groups
All samples present in the three rich groups (Cao-rich, P2O5-rich and Cu-rich groups)
must be considered as “contaminated” samples. For this reason, these samples, and those
showing secondary carbonate in petrography, are not taken into account in the cluster
analysis. Therefore, analysis was performed with only 22 samples. This analysis (Fig. 5)
shows a heterogeneous group constituted of two chemical subgroups and three out-layer

NATURE AND PROVENANCE OF MONTILIER-PLATZBÜNDEN HORGEN POTTERY (3179-3118 CALENDAR YEARS BC, WESTERN SWITZERLAND)

237

– Cluster analysis of the compositional data (N=22, Table 2) using standardised data, unweighted averages and
Euclidean distance shows two chemical subgroups.
FIG. 5

pots (16, 18 and 37). Subgroup A is composed of 7 samples (31, 39, 32, 21,29, 19 and 6) and
subgroup B of 12 samples (40, 23, 38, 13, 9, 25, 5, 22, 4, 27, 8 and 1). This result suggests
that two principal chemical paste subgroups exist in the ceramic corpus.

4.4. Discussion
The cluster analysis (N=22) shows two chemical paste subgroups and three out-layers.
Petrographical paste group 1 is present in chemical subgroups A and B, whereas paste group
2 is only present in chemical subgroup B, and paste groups 4 and 5 are only present in chemical subgroup A (Table 1). The paste groups 3, 6, 7 and 8 have not been taken into account
in the multivariate analysis because of sample contamination. Petrographical sediment
group I is present in chemical subgroups A and B, whereas sediment group III is only present in chemical subgroup A (Table 1). These comparisons underline the fact that the
nature and abundance of paste group 1 and sediment group I are not correlated with the
chemical groups. For the other numerically minor paste and sediment groups, it is not possible to conclude if correlation exists or not. The two principal temper groups (granite, granite and granodiorite) are present in the two chemical subgroups A and B (Table 1). Chemical variability is thus the result of sediment variability. However, the fact that the two
chemical subgroups (A and B) are present in sediment group I probably suggests that
these chemical subgroups reflect the chemical variability of a single geological formation.

5. Conclusion
The petrographic and chemical analyses of these Horgen pots show temper homogeneity and sediment variability (Table 1). This study places in a prominent position the cultural aspect of the temper, and the exploitation of a single geological formation, with perhaps different sediment sources (probably inferior to 5). All the raw materials (temper and
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sediments) have a common (crystalline) genetic origin, corresponding to the Wurmian
moraine formations. But natural variability of moraines does not allow the determination
of the precise number of geological sources exploited, nor their exact provenance. The
Montilier petrographic results were compared to the Saint-Blaise Horgen settlement
(Benghezal, 1994) in the Three Lakes Region (Switzerland) and to the areas around the Chalain 3 (France; Martineau et al., in press) and Arbon-Bleiche 3 (Switzerland; Bonzon, 2003)
Horgen occupations. As already demonstrated by many authors (Benghezal, 1994; Maggetti,
1994; Nungässer and Maggetti, 1978; Nungässer et al., 1985, 1992; Martineau et al., 2000;
Di Pierro, 2002; Di Pierro and Martineau, 2002; Bonzon, 2003), the intentional use of
granitic rocks for pottery tempering is a cultural regularity. Granitic temper is recognised
in Montilier (97,5%) and Saint-Blaise pots (100%; Benghezal, 1994), which indicates a common technical practice in the ceramic “chaîne opératoire”, revealing techno-cultural tradition. Moreover, granitic temper is used for the Pfyn/Horgen pots of Arbon Bleicher 3
(73,3%; Bonzon, 2003), underlining the cultural relations between western and eastern
Switzerland; but in the Chalain 3 settlement only 15,2% (layer VIII) then 4,5% (layer VI) of
the Horgen pots show granitic inclusions, suggesting that contacts were fewer with eastern
France (Martineau, 2000). It is interesting to note that all these results underline a common technical practice of tempering, which reveals a common cultural geographical area.
In perspective, chemical comparisons with other settlements, and geological prospections
will aim to determine if ceramic exchanges existed between settlements. Moreover, these
studies could determine if the sediment sources exploited came from a single geological formation (moraine) or from several.
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