Chapter 3

Neolithic pottery from Switzerland: raw materials and
manufacturing processes

M. Maggetti'

Abstract

The Neolithic pottery found at the twelve Swiss sites investigated so far was predominantly
manufactured from silicate, fatty clay. This forms a contrast to the clayey objects which were
produced from very local, mainly carbonate clays. The former contains approximately 10-30
vol% temper. The clayey objects, on the other hand, were either non-tempered or tempered
with organic substances. Two vertical sections show the local origin of the artificially added,
a-plastic elements. The oldest ceramic (appr. 5250 BC) found at Bellinzona-Castelgrande TI,
for instance, was tempered with gneiss, whereas ceramic from the intermediate time slot
(3750-1800 BC) contains mainly amphibolite. Gneiss is again predominant in the objects from
the youngest layers. Ceramic from eleven sites of the Swiss Midland show that, over time,
granitoid rock became the temper material of choice. This may be due to its characteristic to
crumble into a granulous heap when heated in fire and quenched in water. Many potential
temper rocks occur in local moraines, dating from the Riss and Wiirm glaciations, but the
Neolithic potter selected specifically mainly granitoids. Generally, pots were manufactured
with coils of clay, which were either spiraled upwards or piled up. Swiss Neolithic pottery was
open-fired, either in surface bonfires or in pits. The ceramic body recorded temperatures in
the range of approximately 500-700°C. Twenty fragments of eleven crucibles from the Pfyn
culture from five Swiss provenances were analyzed in order to understand if they were used
as smelting or only as casting crucibles. They were made of local, high CaO- as well as low
CaO-clays, and most of them were tempered with threshing waste, i.e. chaff. The uppermost
parts of the crucibles are molten, which may be explained by the use of blow-pipes acting
upon the crucibles from above. The inner parts of these objects show a significantly higher
concentration of copper than do the parts which face away from the blow-pipes. In the
scorified areas, mostly chalcopyrite and less frequently copper, cuprite, bornite, and
chalcanthite can be found. While the use of casting crucibles seems most plausible, it may be
possible that some crucibles were utilized for smelting sulphide ores.

Introduction an excellent representation of current archaeological

The earliest Neolithic settlement in Switzerland is
located on the top of mount Bellinzona-Castelgrande
(approximately 5250 BC, Stockli 1995). However,
Neolithic settlements in the Swiss Midland were
preferably established around lake shores and
especially on the lake beaches. On the one hand, no
clearing of the area was necessary before a village
could be built, on the other, the lakes offered a
suitable means of transport. SPM II (1995) provides

knowledge of the different Neolithic cultures in
Switzerland.

Very few papers summarizing and providing an
overview of archaeometric investigations on Neo-
lithic ceramics in Europe have been published so far
(e.g. Gibson and Woods 1990; Hardmeyer et al. 1995;
Muntoni 2002). While the studies of Hardmeyer et al.
(1995) focused on the archeological interpretation of
scientific results, the following discussion will be
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Table 1: Number of Neolithic pottery samples from Switzerland studied by optical microscopy, X-ray fluorescence (XRF)
and X-ray diffraction (XRD). Date according to Cueni et al. (1995) and Stockli (1995).

(VA)

based on material-technical aspects, mainly the
selection and preparation of raw materials and the
firing processes. Table 1 provides a general overview
of the 12 sites that were investigated, Figure 1
indicates their location and Table 2 the chronology of
the Swiss Neolithic period.

Terminology

It is generally known that in clay-based ceramic
objects, non-plastic parts are distinguished from

n analyses

Location Cultural group Date (BC) microscopy XRF XRD Literature
Arbon-Bleiche 3 (AB) Pfyn/Horgen 3384-3370 163 163 163 Bonzon (2003)
Auvernier-La Saunerie Auvernier cordé ca. 2700 16 16 16 Benghezal (1993, 1994)
(AS)
Bellinzona-Castelgrande Castaneda 2600-2500 15 15 15 Schubert (1986),
(BC) Zanco et al. (2003)

Lagozza 3750-3500 16 16 16 “

Vasia bocca quadrata 45004000 31 31 31 ’

Neolitico inferiore 5300-4500 15 15 15 ”
Burgéschi See-Siid, SW  Cortaillod classique 3760-3748 60 60 Nungésser and Maggetti

and Nord (BS) (1978, 1981)

Delley-Portalban Auvernier cordé 2634-2440 43 43 43 Benghezal (1994b)
(DP) Auvernier cordé 2700-2650 50 50 50 Di Pierro (2002, 2003)

Auvernier cordé 2634-2440 6 Sturny and Ramseyer (1987)
Egolzwil 3 (E3) Egolzwil 42824275 15 15 15 Schubert (1986, 1987)
Kleiner Hafner, ZH spates Horgen 2802-2781 5 5 5 “
(KH) dstliches Horgen 3222-3201 7 7 7 ’

Pfyn 8 8 8 ”

klassisches Cortaillod ~ 3968-3831 27 27 27 ’

frithes Cortaillod 4231-4032 23 23 23 “

Egolzwil 43844280 15 15 15 “
Muntelier-Platzbiinden Horgen occidental 3179-3118 40 40 Rodot et al. (2003)
(MP)
St. Blaise-Bains Auvernier cordé 2640-2450 9 9 9  Benghezal (1993, 1994)
des Dames (SB)

Liischerz 2794-2673 8 8 8 “

Horgen occidental 3166-3121 6 6 6 ”

Auvernier cordé 2640-2450 63 63 63 Di Pierro (2002, 2003)
Sutz-Lattrigen Riitte ~ Auvernier cordé 2754-2652 30 30 30 Benghezal (1993, 1994)
(SL)
Twann-Bahnhof Horgen 3405-3072 20 20 Nungisser et al. (1985)
(TB) Cortaillod classique 3838-3768 80 80 Y

" Vinelz-Alte Station Auvernier cordé 2793-2715 30 30 30 Benghezal (1993,1994)

previously plastic parts, i.e. the clay minerals. Non-
plastic elements are, according to Maggetti (1979), all
grains of an average diameter of > 0.015 mm. In Swiss
archaeometrical studies, the differentiation between
naturally present and artificially added (temper) a-
plastic inclusions is based on the criteria derived by
Maggetti (1994), i.e. (1) bimodal (hiatal) distribution
of the non-plastic grains; (2) angular outlines of the
temper grains; (3) organic material; (4) grog, com-
plemented by the comparison with local raw clays,
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10 mm

Figure 2: Coarsely tempered Neolithic ceramic, with temper in black.

whereby grains of a diameter >0.5 mm (Benghezal
1994; Bonzon 2003) or = 1 mm (Di Pierro 2002) indicate
artificially added temper. Figure 2 is a typical example
of a coarsely tempered Neolithic ceramic, showing
hiatal distribution of the added, angular granitic
fragments. The matrix is defined as the clay used for
the pottery production and contains therefore pre-
viously plastic components, as well as non-plastic
elements < 0.5 mm and <1 mm respectively. A fatty
matrix is inclusion-poor (0-5 vol%), a meager matrix
inclusion-rich (>5 vol%). A silicate matrix contains
predominantly silicate minerals, a carbonatic matrix
mainly carbonate minerals and a silicatic-carbonatic
matrix consists of silicates and carbonates in equal
proportions.

Geology

The investigated sites are located in the Swiss
Midland, situated between the Jura Mountain belt

and in the Alps (Bellinzona-Castelgrande) (Fig. 1).
The Tertiary basement (Oligocene to Miocene) com-
prises predominantly sandstones and marls and is
covered by Quaternary moraine deposits, composed
mainly of Pleistocene sediments from the Riss and
Wiirm glaciations. They consist of ground moraine
clays, sands, coarse pebbles and big erratic boulders.
During the Holocene, clayey, silty, and sandy sedi-
ments were deposited in lakes and ponds, which
formed as a result of glacial retraction.

Clays for the pottery production

Unfortunately, a detailed description of the matrix is
not available for all samples discussed here. However,
the 601 sherds (Table 3) can provide an indication as
to the selection of clay. Even though the number of
different matrix-types varies between the sites, the
overall conclusion can be reached that Neolithic

Table 3: Number of pottery samples belonging to the different matrix types.

Settlement Meager
Silicate Sil. Carb. Carb.

Arbon-Bleiche 3 9 - 6
Auvernier-La Saunerie 3 3 1
Burgischi See-Siid, SW and Nord - -
Delley-Portalban 34 3 -
St.Blaise-Bains des Dames 14 4 6
Sutz-Lattrigen Riitte 15 1 1
Twann-Bahnhof (Cortaillod) 37 -
Twann-Bahnhof (Horgen) 8

Vinelz-Alte Station 10 1

Fatty Hetero-
Silicate  Sil. Carb. Carb. geneous Total
152 - 163
3 4 - - 14
58 - 1 1 60
30 23 2 4 96
26 56 3 - 109
6 4 3 30
26 : 17 - 80
12 - - - 20
7 6 - - 29
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Figure 3: Percental distribution of the different matrix-types in Swiss Neolithic pottery (n=601) and of clays (n=41) from

Western Switzerland (Benghezal 1994).

potters preferred fatty, silicate clay (Fig. 3). So, what
types of clay were available to the artisans in those
days? When studying 41 superficially outcropping
raw materials taken from the vicinity of the investiga-
tion sites in Western Switzerland, Benghezal (1994)
observed predominantly meager silicate clay (Fig. 3).

The studies of Sigg et al. (1986) have shown that the
CaO-content in the Holocene lake sediments are
subject to large fluctuations, vertically as well as
horizontally. According to detailed studies by Gasser
and Nabholz (1969), Jenny and de Quervain (1960,
1961), Mumenthaler (1979) and Peters (1961), the
Pleistocene, fine grained sediments found in the Swiss
Midland are characterized by a high carbonate
content of 25-50 wt%. In fact, it is a common propriety
of a carbonate-rich, clayey sediment to be carbonate-
poor to carbonate-free in the top layers. This is due to
the original carbonate minerals having dissolved in
acidic ground water and then precipitated again at
deeper layers. This could explain why the ceramics
have less carbonate matrices (25% of 601 matrices) in
comparison to the clay matrices (39% of 41 matrices).
However, the discrepancy between the dominantly
fatty matrices in the Neolithic pottery and the meager
matrices in local raw materials suggests clearly that

Neolithic potters consciously selected fatty, silicate
clay. On the one hand, this type of clay can be moulded
easily because of its high plasticity, on the other hand,
it can be fired without difficulty due to the absence of
carbonate. This applies to open firing in particular, as
here temperature cannot be controlled and firing
temperatures fall within the critical range for post-
firing spalling, i.e. 600-800°C. Another possible
explanation could be that Neolithic potters refined
meager clays by soaking. However, this is con-
tradicted by the experiments of Di Pierro (2002), who
proved that local, soaked clay is not chemically
compatible with the separated matrices (see below).
But, do these clays occur locally? None of the previous
studies has provided convincing evidence of the use
of local clays, i.e. raw material found within 1-2 km
(Arnold 2001), in Neolithic ceramic production. As a
result, Di Pierro (2002, 2003), continuing preliminary
experiments of Benghezal (1994b) and Marro (1978),
developed a method which allows the matrix to be
separated from the temper in low fired sherds. This
process was tested on samples from the sites of Delley-
Portalban (n=17) and St. Blaise-Bains des Dames
(n=17). Both productions could be distinguished
clearly (Fig.4), with the exception of some samples
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Figure 4: CaO-MgO plot of the matrices of Delley-Portalban and St. Blaise-Bains des Dames pottery (Di Pierro 2002).

which have been discussed in detail by Di Pierro
(2002). The matrices from St. Blaise have generally a
lower MgO- and a higher CaO-content and the
considerable fluctuation in CaO can be attributed to
the proximity of the Jura Mountain belt, rich in
limestones and marls. This indicates the use of two
different clays and, as a result, local production is
more likely than production in one centre. Despite
this new method, no adequate raw material could be
identified in the close neighbourhood of the studied
sites, which can be explained (1) by the fact that the
prospecting was insufficient, i.e. that the Neolithic
clay pits were not detected; (2) by the fact that the
clays have been completely used by the Neolithic
potters; and (3) that the clay areas have been com-
pletely built over. However, this new separation
technique represents a promising tool for the future.

Temper for the pottery production

The authors of the publications discussed here
postulate either a local or regional production for
most of the examined objects. Only a few pieces have
been identified as imports. These would have been
introduced from an area of no more than 20 km away
(Schubert 1987). The following discussion examines,
based on the tempered pieces, whether the petro-

graphic nature of the temper changed over time and
within certain cultures. Two vertical examples —
Castelgrande, Bellinzona (appr. 4’000 years of settle-
ment) and Kleiner Hafner, Zurich (appr. 1’800 years
of settlement) as well as four horizontal time slots
have been selected for this purpose.

Vertical sections

Bellinzona-Castelgrande (Ticino): The pottery found
during the Bellinzona-Castelgrande excavations by
P. Donati (1980 — 1984) provides a unique insight into
European Prehistory (Carazzetti 1986, 1993;
Carazzetti and Donati 1990). Typological classifi-
cation by R. Carazzetti shows that the ware represents
a complete sequence from the early Neolithic (+ 5300
BC) to the Late Bronze Age (+ 1200 BC), suggesting a
permanent settlement of the area around Bellinzona
for about 4’000 years (Fig. 5). In addition, some objects
belonging to the Early Iron Age (700-600 BC) were
found, giving the opportunity to study the time-
related development of pottery technology and
changes in the used raw materials. 111 samples of
different typologies and ages (77 Neolithic ceramics,
Table 1) were analyzed, including samples from the
Bronze (n=18) and Iron Ages (n=16).

On the basis of the petrographic nature of the non-
plastic inclusions, Zanco et al. (2003) identified two
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Middle (n=7) and Late (n=5)
Bronze

Middle Neolithic
Vasi a Bocca Quadrata (n=31)

Early Neolithic (n=15)

5500 —

Figure 5: Vertical section of the human occupation at
Castelgrande, Bellinzona. Shaded = prevailing amphibolitic
temper. White = prevailing gneissic temper.

main petrographic groups: (1) in the first (gneissic
type) many gneissic and granitic fragments were
recognized, with minor amounts of micaschists and
quartzites. Quartz, feldspars, muscovite and some-
times biotite represent single crystals distributed in
the groundmass; (2) the second group (amphibolitic
type) comprises ceramics characterized by amphi-
bolitic fragments in addition to quartz, muscovite
and feldspars monocrystals.

In the course of the 4’000 production years, a
remarkable change in the specific choice of the
temper material took place (Fig. 5): (1) approximately
5500-3500 BC: the ware of the Neolitico inferiore
padano-alpino (Early Neolithic), Vasi a Bocca
Quadrata (Middle Neolithic) and some fine Lagozza
(Late Neolithic) belongs to the gneissic petrographic
type; (2) 3750-1800 BC: from coarse Lagozza to
Bronzo antico (Ancient Bronze) the ceramic products
are characterized by amphibolitic inclusions; (3)

Table 4: Amount of Verrucano temper (vol. %) in the
Neolithic station of Kleiner Hafner, ZH (Schubert 1986,
1987)

Culture n Verrucano Rest
Spites Horgen 5 100 -
Ostliches Horgen 43 57
Pfyn 8 87 13
Klass. Cortaillod 27 96 4
Friithes Cortaillod 13 46 54
Egolzwil 15 60 40

1400-1100 BC: from the Middle Bronze to the Late
Bronze, the potters go back to produce pottery with
a gneissic type of temper. The same kind of temper
belongs to the Iron Age pottery.

Kieiner Hafner, Ziirich: The ceramics date from 4500 to
2700 BC, i.e. come from a period of 1’800 years. The
temper typically used by nearly all cultural groups
consists of coarse grained and fine grained verrucano-
fragments, i.e. a deformed and metamorphosed
quartz porphyry (Table 4). The ceramics belonging to
the oldest Egolzwil cultural group (4384-4280 BC)
are of heterogeneous composition in regards to their
a-plastic inclusions. According to Schubert (1987),
verrucano, sandstone, radiolarite, quartzite, mica
schist and granite are present. Half of the 15 analyzed
samples show a hiatal distribution of the non-plastic
elements, which suggests tempering. In the following
group, that of the older Cortaillod, i.e. “friihes
zentralschweizerisches Cortaillod” of Table 2, (4231~
4032 BC), the pottery does not differ significantly
from the previous group and the non-plastic con-
stituents present are markedly heterogeneous. Coarse
a-plastic inclusions are interpreted by Schubert as
temper. However, some pots belonging to this culture
were tempered with fossil fragments (19-29 vol%) as
well as granite. Furthermore, these pots stand out
due to a high total temper-content (26-37 vol%).
Palaeontological investigation reveals Mesozoic
(Oxfordian/Dogger) fauna of the Jura Mountains,
which are located at a distance of 20 km from the
Kleine Hafner area. This type of ware may therefore
have been imported. In the younger Cortaillod group,
i.e. “klassisches zentralschweizerisches Cortaillod” of
Table 2 (3968-3831 BC), verrucano is the dominant
temper material, an indication of a systematic
selection of this material. The Pfyn-ceramic resembles
the previous pottery in terms of a-plastic constituents.
Granitic fragments are the main constituents of the
temper of the older Horgen, i.e. “6stliches Horgen”
of Table 2 (3222-3201 BC) ceramic. The temper of the
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Figure 6: Percental distribution of the three temper types in
pottery of the Egolzwil and Cortaillod cultures (dark shaded
areq: granite only, light shaded area: granite with other
rocks, white area: no granite).

younger Horgen, i.e. “spates Horgen” of Table 2
(2802-2781 BC), on the other hand, is more varied
(sandstone, quartzite, verrucano).

Horizontal (culture) time slots

Egolzwil (4500-4000 BC): A noticeable feature of nearly
all sherds collected at the site of Egolzwil 3 is a coarse,
most often granitic temper, which was added to a
very fatty, silicate clay. An unusual characteristic is
the presence of angular grog fragments, with a
considerable part of the total sherd volume of up to
9 vol%. This forms a contrast to the ceramic of the
Kleiner Hafner, which is of the same age and where
such a temper is absent. The latter is of a very
heterogeneous composition and characterized by
verrucano fragments, which are missing from the
Egolzwil 3 ceramic. Both products can therefore be
well differentiated. Another petrographic criterion
can be used too, as the Egolzwil 3 pottery contains
much more granitic temper than the Kleiner Hafner
products (Fig. 6).

Cortaillod (4000-3750 BC): While granitic temper is
most common at the sites of Western Switzerland
(Fig. 6), its (quantitative) occurrence decreases in the
region of lake Zurich, where verrucano is dominant
(Table 4).

Classic Horgen (3500-3000 BC): The ceramic of the
transitional period between Pfyn/Horgen found at
Arbon-Bleiche 3 contains generally, but not ex-
clusively, a granitic temper (Fig. 7). Its amount
increases in the pottery of the Swiss Neolithic stations
going from East to West.

Auvernier cordé (2700-2500 BC): The ceramic of all
sites was mainly tempered with granite (Fig. 7). Fossil-
rich pottery is interpreted as an import from the
Jurassic realm.

HORGEN AUVERNIER CORDE

100 100

St. Blaise (n=6) Delley-Portalban (n=91)

33 67

Muntelier (n=40) St. Blaise (n=71)

20 e 80

Twann (n=20) Vinelz (n=30)

37 63

Kleiner Hafner (n=7)

Sutz (n=27)

10
K2} 53 47

Arbon (n=163) Auvernier (n=16)

Figure 7: Percental distribution of the three temper types
in pottery of the Auvernier cordé and Horgen cultures
(dark shaded area: granite only, light shaded area: granite
with other rocks, white area: no granite).
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Interpretation

Bellinzona-Castelgrande: This settlement was located
on a mount consisting of interbedded strata of gneiss
and amphibolite. The temper material was therefore
right on the potters’ doorstep, so to speak. The
evolvement of temper, as in the case of Bellinzona-
Castelgrande, is puzzling and difficult to explain.
Technical reasons seem not plausible enough, so
socio-cultural aspects are probably the motivation.
Only comparisons with other, not yet studied Neo-
lithic settlements in Northern Italy will perhaps give
an answer.

Midland settlements: The results presented here show
that (1) each site of the Swiss Midland is characterized
in regards to the petrographic nature of the temper-
elements (e.g. verrucano at the Kleiner Hafner) and
(2) an evolution to the preferential use of a specific
temper, i.e. granitic fragments can be clearly
observed, at least in Western Switzerland. However,
it needs to be pointed out that, on the one hand, the
number of samples is not always statistically suf-
ficient, even when representative samples were taken.
On the other, the Central and Eastern parts of
Switzerland have been insufficiently investigated.

Potters collected temper material from local
moraines. These show a very heterogeneous com-
position of the sand (Gasser and Nabholz 1969; Jenny
and de Quervain 1960, 1961) and boulder fractions.
The occurrence of pure granitic sands at all sites
would therefore be hard to explain by geological
processes only, in view of the fact that the glacial
debris represents a collection of a lot of rock types,
outcropping in the Alps and the Midland (Fig. 1).
Besides, the angular outlines of the granitic temper
further contradict the use of a pure natural granitic
sand, as latter would show rounded forms. The
assumption of a selective enrichment of granitic sand
grains by the potter can be discarded as unrealistic,
especially in light of the preparation time involved. It
can therefore only be assumed that potters added
crushed granite to the ceramic mass. However, as
shown by Di Pierro (2002) for Delley-Portalban,
granitoids make up only 10% of the bolder spectrum
of the local moraines. From this, he concluded
correctly, that Neolithic potters selected these rocks
consciously and specifically. This view has been
supported by Di Pierro and Martineau (2002) and
Rodot et al. (2003).

For what reason did Neolithic ‘potters prefer
granitic rocks? Probably because this type of rock
could be treated in order to meet the desired temper
fraction by investing a reasonable amount of time
and energy. The potters had fire and water at their

disposal. Hard rocks when heated in fire and
quenched with water, will be softened and afterwards
crushed easily by mechanical means. Nungasser et
al. (1992) have experimentally demonstrated the
efficiency of a high temperature/water-shock treat-
ment for metamorphic granites, i.e. gneisses. This
method is essentially based on the following pro-
cesses: (1) heating (in a bonfire during the experi-
ments) causes a volume increase in the rock. This
will be reversed through contraction of those surface
areas which have been exposed to the cooling water,
eventually causing the creation of very fine cracks;
(2) the shift from liquid to the gaseous state for the
water which infiltrated these cracks can support
further formation of cracks/fissures due to the
developing gas pressure; (3) areas of mechanical
weakness, such as pre-firing cracks or planar layers
of micas in parallel-textured rocks (e.g. gneisses), can
also be infiltrated by water and become weakened in
their local cohesion. This thermal shock method, a
basic as well as efficient process, may therefore have
guided Neolithic potters in the selection of suitable
boulders.

Production of the pottery

As indicated previously, Neolithic potters preferred
fatty silicate clay to which they added up to 40 vol%
of temper (average of all analyses: 10-30 vol%).
According to Hardmeyer et al. (1995), pots were
generally manufactured with coils, which were either
spiraled upwards or piled up. Big pots were manu-
factured in several stages. The pots were then open
fired, either in a pit or on surface bonfires. According
to Rye (1981), the ceramic body becomes cohesive at
lower firing temperatures through dry sintering. This
occurs between 400-850°C, depending on the com-
position of the clay mixture. The minimum tempera-
ture requiired for producing a lasting, water resistant
sherd during a short firing period, as is the case in
such an open firing, is approximately 550°C (Cardew
1970; Rice 1987; Rye 1981; Tobert 1984). Diffracto-
metric analyses indicate that these temperatures have
been reached, hence the ceramic body of the analyzed
Neolithic pottery documents temperatures of 500-
700°C. These values support ethnological studies of
similar fired ware (e.g. Shepard 1954; Wotzka 1991)
and experimental findings (e.g. Gosselain 1992;
Gosselain and Livingstone Smith 1995). Firing of this
kind occurred rapidly, within a period of 30 to 60
minutes (Gibson and Woods 1990). During the
extended burial period of the broken pots, the
partially destroyed clay minerals can be regenerated
(Maggetti 1982). Under such uncontrolled firing
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conditions, a fluctuation of the reduction factor is to
be expected, i.e. the ratio FeO/FeO  (Maggetti et al.
1988) will vary considerably (in the studied samples
approximately in the range of 0.5-0.7). Most of the
reduction factors lie above 0.2, thus documenting a
reducing firing atmosphere (Maggetti et al. 1988).

Clayey materials

No relicts pertaining to the production of Neolithic
pottery, such as firing waste, have been preserved to

85

serve as local reference material. To overcome this
problem, scientists will analyze unfired clayey
material for which a local origin is highly likely. This
applies to wall plaster (i.e. cobs), plaster coat and
loom weights. Cobs are clays used as building
material (i.e. clay wall fillings). Plaster coats are crude
clay or loam packages for the hearth fire or for clay
floors. All these types can be ceramized only
involuntarily, e.g. during a destructive fire of a
Neolithic village. Loom weights are compacted clay
pieces used to pull down animal furs during air

80

SIOZ wt.%

[o}
o
)

55

50

@ Pottery
QO Clayey objects
Vv Silicate clays
B Carbonate clays
O
O
O o) c
d) o]0 ®)
@
a
T T T T T T T
6 8 10 12 14 16 18 20 22

80

8102 wt.%

& Pottery
O Clayey objects

15 20 25 30

CaO wt.%

Figure 8 a) SiO,-ALO, plot of potteries (n=50), clayey objects (n=21) and local clays (n=12) from Delley-Portalban (Di
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drying. Most of the archaeological literature agrees
that they were fired before use. Under the micro-
scope, these clayey objects are very heterogeneous in
their structure, the petrographical nature of the a-
plastics as well as the granulometry. There is no
evidence of tempering, except for the loom weights,
where up to 10-15 vol% (Di Pierro 2003) of organic
matter was added (Benghezal 1994).

As shown by the settlement of Portalban, all these
clayey objects, which were manufactured from local
clay, differ significantly from the pottery (Di Pierro
2002) (Fig. 8a). This is supported by a regional
perspective (Fig. 8b), which highlights the fact that
most clayey objects are considerably CaO-richer than
the majority of the pottery. In Western Switzerland,
fatty, siliceous clay was used in the production of
pots during the Neolithic period, whereas unfired or
lightly fired clayey objects were manufactured from
siliceous-calcareous to calcareous clay.

Crucibles

Ceramic crucibles are characteristic of the Neolithic
Pfyn culture of Eastern Switzerland (Fasnacht 1995)
and were studied by Maggetti et al. (1991). A similar
object of the Cortaillod culture in Western Switzerland
has been characterized with non-destructive methods
only (Maggetti and Gloor 1978).

Raw Materials

The eleven analyzed Pfyn objects from five different
places are made from a fine-grained, mostly silicate
clay. The grain diameter of the largest a-plastic grain
never exceeds 0.4 mm. The non-plastic elements
consist of fragments of dominating quartz as well as
little feldspar and chlorite. Only two possess a
carbonate-silicate matrix and thus document the
making from a marly clay. The non-plastic amount
lies in the range of 15-20 vol%. Rough temper (with
a grain diameter of granitic rock fragments up to
3mm) can be observed in five specimens. Longish,
spiky pores are found in the objects with fine-grained
a-plastics, which are attributable to the presence of
now burnt-out, purposely added organic material.
Marks of such vegetable fragments are also found on
the outside and inside of the crucibles. The spectrum
of form and shape corresponds entirely to the
description by Schlichtherle and Rottlander (1982),
according to which they are fragments of straw, spelts
and spindles from ears of corn as well ds cereal grains.
The proportion of added chaff varies considerably
from specimen to specimen. It would appear that
temperature resistance of these crucibles was
increased by varying the artificially added type of

non-plastic elements: (1) organic temper would cause
high porosity upon firing; (2) a temper made up of
rough fragments of granitoids and gneisses tradition-
ally used in domestic ceramic production would
improve the drying and firing properties. Petro-
graphic analysis has shown that at least two clays
(silicate, carbonate) were used and that temper was
added in order to increase stability. The Neolithic
artisans thus did not make a conscious choice of the
raw clays, which is also documented by the chemical
inhomogeneity of the samples.

Casting or melting crucibles?

Most of the crucibles analyzed show the effects of
HT-processes in the form of swollen, melted and
pumice-like areas. In most cases, these are only
present at the highest parts of the crucibles. However,
in a few cases, many can be found on the bottom of
the inside or on the handle. As only the uppermost
parts of nearly all the crucibles have been affected by
the melting phenomenon, heat must have acted upon
the objects from above and produced temperatures
of over 1100°C, in order to melt the ceramics. X-ray
diffraction analyses are consistent with such a
punctual high firing, which was caused by blow-
pipes acting upon the crucibles from above.

All objects show a polyphase temperature history.
The first occurred during the ceramic firing in the T-
interval as for the household pottery (500 — 600°C),
overlaid by a second HT-phase during metallurgic
activities. The inner areas of the crucibles show a
significantly higher copper concentration (up to
almost 1 wt%) than do the parts which face away
from the blow-pipes. In the scorified areas mostly
chalcopyrite (Cu,FeS,), copper (Cu), cuprite (Cu,0),
bornite (CuFeS,) and chalcanthite (CuSO,. 5H,0)
were found. Much has been published concerning
the form and function of metallurgical objects
(melting versus casting crucibles, e.g. Tylecote 1976).
The frequently occurring handles and the low
capacity would speak for such use of the Pfyn
crucibles. Mineralogical and chemical analyses of the
studied eleven samples would fit well into this
pattern: raw copper, mixed with charcoal which had
been stacked on top of it, was melted in the crucible,
whereby temperatures above 1100°C were reached
by using one or more blow-pipes, which acted on the
smelting charge from above and caused the raw
copper as well as the ceramics to melt.

On the other hand, Zwicker et al. (1985) have
shown in experiments that crucibles of similar size
with a capacity of approximately 1 kg may also have
been used for the roasting or smelting of copper from
sulphide ores. The remains of chalcopyrite would
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indicate such use, however, the possibility cannot be
ruled out that this formed from copper through
retrograde, bacterial processes during the time they
were buried in the soil. :

The existence of copper mining in Switzerland has
been demonstrated for the Early Bronze Age; how-
ever, there is no evidence of such an activity during
the Neolithic period (Fasnacht 1995). It may therefore
be assumed that the copper melted in Pfyner
crucibles was very pure (Fasnacht 1991), and it may
have come from the Balkan or the Eastern Alps, where
copper had already been mined actively since the 5th
millennium BC.

Conclusion

This overview of archaeometric papers on Swiss
Neolithic ceramic published so far highlights the
following points:

1) Neolithic potters consciously selected two different
types of clay, depending on the intended use: a fatty,
silicate clay for pottery and a meager, carbonate clay
for clayey objects. The latter remained before use non-
fired or weakly fired. Potters were very aware that
calcareous clays needed to be avoided in
uncontrollable open firing (where carbonate-critical
temperatures of 700-800°C are reached), due to the
decomposition of carbonate and the post-firing
rehydration of CaO, causing spalling. However, these
types of clay were suitable for use as floor lining, wall
plaster or loom weights.

2) At present, local provenance has been determined
for carbonate, but not for silicate clays.

3) Neolithic potters specifically selected granitic
moraine material to use as temper, possibly because
such material could be softened and crushed quickly
thanks to a fire/water-shock treatment.

4) In Western Switzerland, the use of granitic temper
increases progressively from the oldest to the youn-
gest cultural groups. This observation is further
corroborated by regional comparisons. This does not
apply for the settlement belonging to the Alpine
realm, where probably socio-cultural motivations
caused a change in temper selection.

5) The firing temperatures of appr. 500-700°C,
documented by radiographic means as well as the
reduction factors, correspond to the conditions of
open firing, either in pits or surface bonfires.

6) Clay was used randomly in the production of the
Pfyn crucibles. However, chaff was added purposely,
because it causes the formation of longish pores
during ceramic firing, which block the propagation
of cracks, induced by subsequent metallurgical

processes.

The standard of pottery during the Neolithic period
was advanced. Potters knew very well how to adapt
the local clay and temper spectrum to different
applications. Further regional comparisons, particu-
larly in Central, Eastern and Southern Switzerland,
will complement and refine the results discussed
here.

Note

1 Department of Geosciences, Mineralogy and Petrography,
University of Fribourg, Ch. du Musée 6, CH-1700 Fribourg,
Switzerland.
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