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DUNG BY PREFERENCE: THE CHOICE OF FUEL AS AN EXAMPLE 
OF HOW ANDEAN POTTERY PRODUCTION IS EMBEDDED 

WITHIN WIDER TECHNICAL, SOCIAL, AND ECONOMIC 
PRACTICES* 

B. SILLAR 

lnstiiuie of Archaeology, Universify College London. 31 -34 Gordon Square, London, WCIH OPY, UK 

A discussion of how Andean potters acquire and use their fuels is used to demonstrate the 
‘embedded’ nature of ceramic technology. The most common choice offuel in the highlands of 
Peru and Bolivia is animal dung (mainly cow, sheep, and llama). This technological choice is 
related to wider social and economic practices (particularly in relation to animal husbandry) 
which has further repercussions that affect other technologies (such as agriculture practices). 
Such a succession of interrelated activities is not unique to pottery; it is fundamental to all 

technologies and should be considered within archaeological analysis. 

KEYWORDS SOUTH AMERICA, ANDES, BOLIVIA, PERU, ETHNOARCHAEOLOGY, ANIMAL 
DUNG, CERAMICS, FIRING, FUEL, TECHNOLOGICAL CHOICE 

INTRODUCTION 

The production of every pot requires the potter to make a series of ‘choices’ selecting from a 
range of possible raw materials, tools, energy sources, and techniques. Yet the potter is never 
aware of all the potential techniques she  could use, and the specifics of a particular pottery- 
making tradition will depend on the wider social practices and technological traditions that the 
potter is a part of (Sillar and Tite this issue). 

In this paper the ‘embedded’ nature of ceramic technology will be considered through a 
discussion of how various modern Andean potters acquire and use their fuel during pottery 
firings. The most common choice of fuel in the highlands of Peru and Bolivia is animal dung 
(mainly cow, sheep, and llama). This choice has influenced the structure of the pottery firing, the 
form and decoration of the pots, and the longer-term development of the region’s ceramic 
technology. The technological choices involved in pottery firing arrangements are dependent on 
wider social and economic practices (particularly animal husbandry in this case) and the choice 
of firing techniques will have further repercussions that affect other technologies (such as 
agriculture practices). This interdependence between a range of different techniques and 
activities is not unique to pottery making, it is fundamental to all technologies. Archaeologists 
should be ideally placed to utilize this interconnection between different technologies to discuss 
the basis upon which technological choices were made and maintained in the past. This approach 
should help us to escape from the rather unsatisfactory distinction between the functional and the 
symbolic aspects of technological choices and to focus more upon the cultural background that 
informs the development of technological traditions. 

* Received 24 March 1999, accepted 21 May 1999 
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44 B. Sillar 

WHY DID I CHOOSE TO STUDY DUNG? 

Why should I take such a passionate interest in an animal product that most people politely 
ignore? During my ethnographic fieldwork in the highlands of Peru and Bolivia I was confronted 
by animal dung on a daily basis, not just as a fuel and a fertiliser, but also as an ingredient in 
ritual drinking, a major influence in the use of space within the house compound, and a frequent 
topic of conversation. This made me aware of just how rich a resource dung is, and, more 
significantly for this paper, how the management of that resource impinges on many different 
areas of Andean life. 

If archaeologists wish to understand ‘technical choices’ in the past we must consider how the 
particular materials and technologies we wish to study were related to (embedded within) the 
wider technical practices and cultural values of the society. I have chosen to look at fuel because 
it is one of the major areas where the interdependence of pottery technology with wider social, 
economic, and technical practices is most visible. Any analysis of Andean pottery firing 
technology would have to include a discussion of the physical properties of dung as a fuel. 
But, in order to understand the ‘technical choices’ involved in selecting dung as a fuel, we will 
need to widen our analysis in order to see how the production, procurement, and use of dung are 
embedded within many other activities. 

POTTERY PRODUCTION IN THE ANDES 

The Andean highlands are a rugged area with many communities at 4000 m and above. Pottery 
production in this area is surprisingly consistent both in terms of the techniques used as well as in 
the organization of production. The pottery production I have observed in the highlands of 
southern Peru and Bolivia is organized at the household level. Pottery forming usually involves 
the use of a flat slab of clay to form the base, and large thick coils that are further thinned by 
drawing the clay up to form the sides. Firings usually take place in the evening after the vessels 
have dried and warmed in the powerful Andean sun. Open firings normally involve placing the 
pots on a flat surface which has a low protective wall around the base of the firing and then 
covering the vessels with fuel, usually dried dung (see Table 1 and Figs. 1-4). This is not to say 
that alternative methods are not known about and used-two-, three-, and four-part moulds are 
used for slip casting in the Pucara area, the potter’s wheel and kilns are used in both Pucara and 
Huayculi, kilns are also used in Paracay and were being introduced to Charamoray while I was 
there (see below). But the underlying grammar of pottery-making technology, described above, 
appears to be characteristic of the south-central Andes and is consistently reported by a number 
of authors (e.g., Tschopik 1950; Donnan 1971; O’Neale 1977; Ravines 1978; Hagstrum 1988; 
Ravines and Villiger 1989; D. E. Arnold 1993; Chivez and Mohr 1992; Sillar 1997). 

FUEL-A QUESTION OF VALUES (CALORIFIC AND CULTURAL) 

The large number of ethnographic reports on pottery production and firing allows us to 
appreciate the near infinite variety of materials and techniques that can be used in the craft, 
particularly when the restraints of large-scale mechanized production are not imposed. In the 
case of fuels used in non-kiln firings it is accepted that in many areas, where wood is not 
plentiful, potters will develop fuel resources that are often the waste product from an agricultural 
process or industry, such as prunings from vines and olive trees, cotton lint, or car tyres. There is, 
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46 B. Sillar 

I think, a tendency to consider these fuel choices as inferior to that of wood, choices born of 
economic or environmental necessity, and it is perhaps for this reason that there has been little 
consideration of the effect that the choice of fuel has on the pottery technology or the wider 
society. 

Meat consumption in most Andean communities is comparatively low (chickens or guinea 
pigs are the main meat for birthdays and festivals); most animals are utilized for their wool, draft 
power, and dung, and they are usually sold to traders for the urban market rather than slaughtered 
by the household that reared them. While we tend to think of livestock mainly as a source of 
meat and milk, in practice they produce more dung than anything else. In fact cows, sheep, and 
llamas drop about four times their body weight in dried dung each year, turning widely dispersed 
and bulky grasses into a ‘compact and easily gathered source of energy and nutrients’ 
(Winterhalder et al. 1974, 89). So it is not surprising that dung is one of the most widely 
used fuels for non-kiln firings-in India and Pakistan (Saraswati and Behura 1966; Rye and 
Evans 1976), Africa (Nicklin 1981; Tobert 1984), North America (Shepard 1985; Colton 1951), 
and Latin America (Reina and Hill 1978; D. E. Arnold 1985). It is worth noting at the outset that 
all of these locations have a significant dry season; the local environment, and the way it is 
understood and managed, is a major consideration in shaping many technological choices. In the 
Andes the use of dung as a fuel for pottery firing appears to be a long-standing practice, as is 
evidenced by recent excavations at Tiwanaku (Franke 1992; Melanie Wright pers. comm.). 
Father Bernabe Cob0 writing c. 1653 (Historia del Nuevo Mundo, Book 3, chap. 6, cited in 
Ravines and Villiger 1989, 18) also states that dung and grasses were the fuel used for pottery 
firings, commenting that cow dung was quickly appropriated as a fuel by indigenous potters soon 
after the Spanish conquest. 

All herbivore dung shares a few distinctive characteristics that make it particularly suitable for 
firing pottery: it has a compact, porous structure that, when dry, will burn steadily, and 
completely, without too vigorous a flame. The rate of fuel combustion is affected by the ratio 
of surface area to weight, as it is this which determines the availability of oxygen (Rice 1987, 
157), which helps to explain why the porous structure of dry dung makes it such an efficient fuel. 
Because dry dung bums evenly, it does not, like wood, release a lot of free carbon that would 
smudge the pottery, and the porous structure means that even vessels surrounded by it will be 
oxidized rather than reduced. It is important to note that this will depend on the form of the dung 
and the firing arrangements used by the potters. For instance, Rice (1987, 158, quoting LeFree 
1975) reports layering powdered manure on top of the pottery towards the end of an open firing 
to create a smudging effect where the oxygen supply is reduced and a layer of carbon is 
deposited on the surface of the pottery (I expect this would work most effectively if the manure 
was slightly damp). This example helps to remind us that it is not just the availability of raw 
materials which shapes a technology, but the way they are used within local technological 
practices. 

One of the greatest problems for non-kiln firings is the fluctuating temperature, particularly at 
the edges of the firing structure, which can create great stress in the pottery and cause it to ‘blow’ 
or shatter. One of the advantages of dung is that the ash tends to retain its structure after 
combustion; thus, the ash acts as an insulator which protects the pottery from these fluctuations 
in temperature. This makes dung an exceptionally appropriate material for firing pottery without 
the use of any permanent structure. Open firings using dung as their fuel also have the significant 
advantage of all ‘open firings’ that the size of the firing can be easily adapted according to the 
amount of pottery being fired. Nonetheless, it is advantageous for the potter to build a 
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sufficiently large firing so that she  can achieve a good temperature for the pottery to fuel ratio. 
Larger firings also facilitate the potter’s ability to achieve and maintain a stable firing 
temperature. I have never taken a pyrometer into the field, but temperatures up to 865°C 
have been recorded for dung firings (Nicklin 1981) and the lead sulphide glaze used in 
Charamoray (see below) would suggest a temperature not much below 900°C was achieved. 
I have also seen some wasters that have been heavily warped in the firing, suggesting that 
temperatures around 1000 “C do occasionally occur. Nonetheless, one of the remarkable features 
of the firings I have observed is the very low level of wasters produced. Most potters expect a 
success rate of about 95% from their firings and they frequently achieve 100%; they tend to be 
very disappointed if the success rate falls below 90%. 

This has implications for how we use pottery vessels and sherds to interpret the firing 
techniques used in the past. The frequent assertion that kiln firings permit a greater control over 
the firing atmosphere and temperature has encouraged an overly dogmatic split between the 
properties of ‘open firings’ as opposed to ‘kiln firings’. Whether the ceramic analysis is based on 
simple observation or more sophisticated techniques (e.g., Mossbauer spectroscopy), we should 
remember that it is possible to achieve a relatively stable high temperature and oxidizing 
condition within some open firings. 

Several authors have referred to the deliberate oxidation or reduction of vessels that are 
intended for particular functions (Tobert 1984; Bryant and Brody 1986; Reina and Hill 1978). As 
I have described, the use of dung as a fuel tends to promote oxidation. However, at the base of 
the firing, the part of the vessel that is towards the ground will crush the dung as it burns and so 
lie in a bed of crushed ash that oxygen cannot enter, and this part of the vessel will be reduced. In 
Raqchi (Sillar 1997), Colcapirhua, Surumi Rancho, and Seq’ueracay (Fig. 1) care is taken to 
ensure that the vessels are raised above the ash by using large sherds to support them. In 
Machaca (Fig. 2) and Totorani (Fig. 3) many vessels are not raised above the ash so that part of 
each vessel on the bottom layer of the firing is reduced, but it is only pots that are intended for 
use on the hearth (mainly cooking pots) that are placed at the base of the firing and so subjected 
to reduction, all other vessels being lifted above it and so oxidized. The itinerant potters from 
Pumpuri place their large open-mouthed jars (wirqis) with their mouth to the ground so that the 
inside of these vessels is reduced to black, whereas the closed mouth jars (p’ufius) are fired with 

Grass ( paja brava. Lhhu ) 

Wind break - using wall Of 

smnm from field boundary 

Figure I 
pottery firing. 

Seq’rreracay. Department of Cuzco, Peru: cross-section showing the placement of pots and fuel in the 
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Burnt out turfs from previous firings - - acts as an insulator , 

Wind 
break 
stones 

Sheep dung / Wind break of broken pottery 

Figure 2 Machaca, Department of Cuzco, Peru: cross-section showing the placement of pots and fuel in the pottery 
firing. 

their base in the ash so that only the base is reduced to black and the inside is fully oxidized 
(Fig. 4). Thus, the oxidizing properties of using dung within this firing arrangement are made 
significant, and the placement of the vessels in the firing relates to the practical and symbolic 
values of the pots. 

TECHNICAL CHOICES IN ANIMAL HUSBANDRY A N D  THEIR EFFECT ON THE 
PROPERTIES A N D  AVAILABILITY OF DUNG AS A FUEL 

The type of dung produced by different animals varies, according to the species, the size of the 
animal, environmental conditions, diet, age, and the health of the animal. The accessibility of the 
dung and its structural properties are also affected by animal husbandry practices, such as 
whether or not the animals (and their manure) are sheltered from the rain in a roofed barn, 

Bones sometimes placed on firing 
Cow dung and clods of / \  trampled dung from corral 

Dried grass ichhu 

\ 
Turbas (thick pottery 'tiles' 
especially made for the ti Pottery sherd ( k ' a n a k ~ )  

Sheep and llama dung/ Wind break of broken mankas 

Figure 3 Totorani, northern Potosi, Bolivia: cross-section showing the placement of pots and fuel in the pottery firing. 
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Cow dung (khura) 
Pottery sherd (k’analla) \ I 

Embers from cooking hearth 
(with incense) put at four corners 

/ 
Llama, sheep and goat dung (faglla) Offering of coca leaves, q’uwa and incense 

Figure 4 Punipuri, northern Potosi, Bolivia: cross-section showing the placement of pots and fuel in the pottery Jiring 
arrangement used by the itinerant potters from Pumpuri. 

whether or not the dung is mixed with other materials (such as straw bedding) or compacted by 
trampling, and how and when it can be collected (Anderson and Ertug-Yaras 1998). The specific 
combination of these natural and cultural factors has a significant effect on how easy it is to 
collect, store, and dry out the dung, as well as its nutritional and combustible properties. These 
‘technical choices’ may be largely understood in terms of animal husbandry practices, but they 
will play a significant role in determining the availability and the properties of animal dung. For 
instance, cow dung ‘pats’ are very easy to collect and dry out and burn steadily for a long time. 
Although sheep dung pellets are more difficult to pick up, and they produce an acrid smoke when 
burnt in small quantities, they can achieve a hotter temperature than cattle dung, and are richer in 
nutrients (Winterhalder el al. 1974). Rice (1987, 157) has pointed out the inconsistencies in 
published description of the properties of dung as a fuel, inconsistencies which are not 
surprising when the differences in species, diet, and moisture content are considered along 
with variations in firing structure, wind velocity, and the observer’s previous experiences in 
pottery firings. This is an area that would benefit from detailed experimentation to compare the 
properties of different fuels (cf. Winterhalder el al. 1974) and different firing structures (cf. 
Woods 1982). 

Variations in animal behaviour and husbanding practices also affect the availability of their 
dung. Cattle are taken to many different fields to be pastured and to be used as draught animals, 
but, because of their large size, cow pats are relatively easy to collect, and this becomes an 
almost unconscious habit, particularly for children and the people who are pasturing the animals. 
Sheep pellets are more difficult to collect, but, by encouraging sheep to graze over fallow plots, 
they will be automatically fertilizing the soil, and, as, like many animals, they do much of their 
defecating in the evening or in the early morning, their produce can be centralized by penning 
them in at night. Collecting dung from animal pens highlights the fact that the animals have 
grazed over a wide area and, thus, concentrated a very dissipated resource into a compact form 
which they have conveniently transported back and ‘down-loaded’ in the animal pen. Llamas 
and alpacas are grazed in the higher areas of the altiplano above most arable land, their dung is 
collected by the shepherds that are guarding them, and many families make special trips towards 
the end of the dry season to collect 20 or more sacks of llama dung from the high puna. This is 
facilitated by the tendency of camelids to choose a restricted area, often near a water source, 
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where they defecate in communal piles, making the collection of this resource very much easier. 
Cultural attitudes to the ownership of resources may vary widely-but in my experience there 
seems to be a relatively common understanding in the Andes that the dung which accumulates in 
an animal pen belongs to the animal herder, but when defecated on fields or pasture land it is 
considered to be available to any community member who is able to collect it. 

While today cattle dung has become very important for pottery firing, in the past there was a 
larger population of llamas and alpacas that would have supplied a vast amount of dung for use 
as fuel and fertiliser. For example, 800000 loads of llama dung were taken each year to the 
colonial silver mines at Potosi to be used as fuel in smelting the ore (Browman 1974, 194). 
Llama dung has a higher heat value and energy efficiency than cattle dung, burning with an even, 
hot fire that produces little smoke (Winterhalder et al. 1974,98). The form of open pottery firings 
used in several present-day communities uses the greater heat of sheep and llama dung by 
placing this fuel at the base of the firings, whereas the large plate-like structure of cow dung 
allows for an easier covering of the firings (see Figs. 1-4). But, although the trampled dung from 
sheep and llama corrals is commonly dug up and used as a fertiliser, it can be used as a fuel for 
pottery firing. Where cow dung is not available the laminated layers of trampled dung from these 
corrals can be used. For instance, at Totorani dung from llama corrals was dug out in ‘plates’ 
some 3-5 cm thick, and 10-20 cm in diameter, and these were used to cover the firing (Fig. 3). 

Like all fuels, dung is most effective when it is thoroughly dry. Cow pats are plastered onto the 
wall of many Andean animal corrals and houses so that they can be dried out thoroughly. Sheep, 
llama, and horse dung is usually collected dry from the pasture lands, but, if damp, it is spread 
out on the ground to dry in the sun, wind, and frost for two or three days. Although dung is 
produced all year, it is difficult to collect and dry during the rainy season, and I was told that this 
was a major reason for not firing at this time. But, dung is a very storable resource and in some 
areas of highland Peru and Bolivia stacks of dung (as large as 8 x 4 x 2 m), often built on a stone 
platform to raise them above moist ground and promote air drying, are a common sight. In other 
areas many households have a separate outhouse that is used to store dung for use throughout the 
year, and a special effort is made to fill it during the dry season. The collection and storage of 
fuel, like so many aspects of society, is embedded within the social relations of the family, and 
the use of space in the house is organized to facilitate the management of dung and ash which are 
not seen as waste products but as valuable raw materials (Fig. 5 ) .  When Denise Y. Arnold (1988) 
reports that the house is sometimes perceived of as a giant dung-heap, this is not meant to be a 
disparaging term; it is a reference to the centrality of dung within the productive activities of the 
household. 

It is clear that the use of dung in open firings depends very heavily on the interrelationship 
with other aspects of Andean production, particularly animal husbandry and agriculture, which 
in most cases is another facet of the pottery-making household’s own activities. The fuel is 
collected on a daily basis by whoever is pasturing the animals, and by occasionally devoting a 
few hours or a day to collecting extra fuel. For instance, in Raqchi many family members collect 
fuel each morning, sometimes rising before sunrise in order to collect frozen cow pats from 
communal pasture lands. A few Raqchi potters are occasionally supplied with fuel through 
exchange relationships with other community residents who have more access to dung. In other 
areas, fuel can be given to the potters by non-community members; for instance, in Totorani 
some traders will bring sacks of llama dung which they exchange for some of the fired pots. 

There is a sense in which the choice of dung as a fuel makes Andean pottery production a 
more stable and sustainable craft activity. It is difficult to overexploit the use of dung as a 
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Figure 5 
kitchen. etc. 

Raqchi. Depurtmenr of Cutco, Peru: house plan showing location ofpottery firing. animal pens, store of dung, 

resource because you can only use as much dung as the animal defecates, and, as long as you 
continue to look after the animals, they will continue to produce dung (although one should not 
underestimate the damage that overgrazing can cause). This can be contrasted with the use of 
wood as a fuel where the over-exploitation of the wood can kill off the plants. This has been a 
frequent problem in areas of intensive pottery production where potters are forced to acquire 
their fuel from greater and greater distances (D. E. Arnold 1985), which implies a significant 
change in the social relations involved in acquiring the fuel. This is the case in Huayculi 
(Department of Cochabamba, Bolivia) where the potters make wheel-made pottery which they 
fire in kilns. They have greatly depleted their local wood supply and now either go on trips to 
collect fuel from more distant trees or, more commonly, they depend on non-potters bringing in 
bundles of brushwood. In a sense the choice of dung from household or community animals may 
help to maintain stability, whereas the use of wood as a fuel can lead to increasing intensification 
and increasing dependence on pottery production as the major input to the household economy. 
We have very limited pollen studies from the Andes but one from the Department of Cuzco 
(Chepstow-Lusty er al. 1997) shows virtually no tree species from the start of the sequence c. 
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4000 years BP, and another from Columbia (Behling et al. 1998) demonstrates that tree cover 
had been removed before 2300 years BP. It is possible, therefore, that the use of dung as a major 
fuel in the Andes may itself be the result of an earlier period of land clearance and deforestation. 

DUNG AS A FERTILISER 

Perhaps one of the most forceful arguments that can be presented for the preferential choice of 
dung as a firing fuel is to illustrate that it is not an otherwise useless waste product. Dung is in 
fact a highly desirable resource which is used as a fuel for cooking and as manure for the fields. (I 
have not encountered the use of dung as a pottery temper as occurs in many other areas of the 
world: Tobert 1984; Miller 1985; Gaimster 1986; London 1981). Llama, sheep, and cow dung 
are commonly used as a fuel in Andean cooking hearths (q’unchu); these are very efficiently 
designed enclosed structures which help to maximize the value of the fuel. The smell of llama 
dung in the hearth is associated by many Andean people (and some anthropologists) with that 
feeling of comfort and security associated with home. 

In pre-ICI societies, and places where the farmers can’t afford sacks of chemical nitrates, dung 
is an essential element in the agricultural cycle that is laboriously collected and broadcast on the 
fields as a fertiliser. Dung provides the essential organic component to bind the soil matrix, 
reduce erosion, and fasten any available nutrients so that they are not leached out of the soil too 
rapidly, while at the same time the dung gradually releases its own vital plant nutrients as it 
decays. In Qaqachaka, Bolivia, dung is ritually referred to asjukufiu, meaning placenta, as it is 
thought to wrap round the potato and nurture it (D. Y. Arnold 1988, 498), and this is a fairly 
accurate description of dung’s role in maintaining agricultural fertility. 

Today, many communities (particularly those that use dung for pottery firings) try to collect 
some brushwood, eucalyptus leaves, or agricultural by-products like corn cobs, bean stalks, and 
wheat chaff for use in their kitchen hearths, in order that some of their animal dung can be 
retained for use in the fields. In most pottery-making communities, the ash from firings is 
collected and stored to be put on to the fields as a fertiliser, and in Seq’ueracay the potters 
deliberately locate their firings in a field that is shortly to be planted. Using the ash as a fertiliser 
will return the potassium and phosphorus to the soil, but the nitrates go up in smoke and the 
physical properties of the organics in the dung are lost. 

The use of dung as a fuel was a long-standing practice before the Spanish arrived in the Andes, 
and the agricultural system that had been developed accommodated the removal of a large 
proportion of this vital resource from the soil. Garcilaso de la Vega reported in 1612 (1989 edn., 
246) that the Inkas ‘fertilized the soil by manuring it, and in the valley of Cuzco and almost all 
the highland area they treated their maize fields with human manure, which they regarded as the 
best.’ Human manure does not usually have the same fibrous structure that makes the dung of 
ruminants so attractive as a fuel. The Inkas also imported vast amounts of bird guano from the 
coast to produce a nutrient-rich soil. Andean agricultural technology is particularly good at 
compensating for the removal of this vital resource from the soil. Terracing reduced the problem 
of erosion, and by planting and irrigating crops before the heavy rains the problems of erosion 
and the leaching out of nutrients is further reduced. 

THE SOCIAL AND RITUAL SIGNIFICANCE OF DUNG 

The itinerant potter I met from Ticatica, who uses his llamas as pack animals when he goes down 
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to the valleys to make and trade pottery during the dry season, stated that he was obliged to 
provide the dung dropped by his llamas for his compadre’s fields. It has also been reported that in 
the past the cnlonos who lived on the privately owned hacienda estates were required to pasture 
their animals on the hacendado’s fields and sometimes to provide the hacienda with dung 
manure from their own corrals (Deere 1990,62-4). In Pumpuri, northern Potosi, the son-in-law 
is obliged to bring manure from his animal corrals to fertilize the field of his wife’s family (cf. 
D. Y. Arnold 1988, 309). These very varied examples of ‘relations of fertility’-the social 
obligations expressed through the exchange of dung as a fertiliser-are an important expression 
of Andean social values. It is entirely logical, then, that the word for manure (wanu) is also used 
to describe a debt. ‘In the metaphorical association of debt and credit with manure we can detect 
a vision of circulation itself-or rather delayed circulation-as a fertilizing force’ (Harris 1989, 
248). In fact, the term wanu has a similar meaning to the word fertility (Meininger 1995) and it is 
used to describe the fertilizing effects of the winds that blow down to the crops from the pre- 
Colombian burial towers (Allen 1988, 56). 

The ritual importance of dung as a fertiliser and fuel is recorded in many rituals. During the 
cattle markings I have attended in Lyncha, participants are given chicha (maize beer) to make 
libations requesting that the owner’s herds will increase. This chicha is presented in two 
ruruwasus (wooden bowls which have two yoked bulls carved in the centre), with three coca 
leaves and three bits of cow dung in each. In Qaqachaka, llamas and sheep are thanked for their 
dung during the k’i1lp”a marking ceremony, and songs celebrate their defecating as libations on 
the ground (D. Y .  Arnold 1988,468-71). Alb6 (1974, 171-2) reports offerings of animal dung 
and candles made from animal fat being made during Santa Vera Cruz at a pilgrimage site near 
Cochabamba; afterwards, the ash is taken home with a little bit of the earth from the pilgrimage 
site to be scattered in the animal corral. Each of these rituals shows a deep concern with the role 
of animals in maintaining Andean society and they acknowledge the vital role that the 
production of animal dung plays in maintaining the household economy and the community’s 
fertility. Within this context it is perhaps less surprising that it is considered a compliment to say 
that the shining eyes of a lover are like small pieces of fresh moist llama dung (D. Y. Arnold 
1988, 322). 

ALTERNATIVE FUELS 

Although dung appears to be the preferred fuel for most highland potters it is not the only fuel. 
Ichhu, a tough highland grass, is also used to cover many firings and, where large amounts of this 
grass are used, often in combination with manure from the corral, it has a similar effect to dung 
of insulating the firing with the layer of matted porous ash that is formed. In one village 
(Machaca) organic-rich turfs, with similar properties to peat, were dried and used to cover the 
firing in the same way as cow pats are used in the Pucara area where these potters’ parents and 
grandparents came from over 50 years ago. In fact, these organic-rich turfs have very similar 
properties to those of dung in that they leave a porous structure which insulates the firing while 
allowing oxygen to pass through, resulting in well-oxidized vessels. Perhaps even more 
adaptable are the itinerant potters from the highlands who traditionally take their prepared 
clay down to the valleys where they make fire and exchange their vessels prior to returning home 
with valley produce (Sillar 1997). These itinerant potters use several criteria to decide where 
they will make and fire their pottery (accessibility, social acceptance, a house or shelter where 
they will be noticed by passers-by, a water supply, the quality and quantity of that year’s harvest, 
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etc.), but one of the most important is the availability of suitable fuel. All the itinerant potters I 
have talked to prefer to use dung, but, if suitable quantities of dung are not available, they can 
also use dried cactus plants and peat. They will occasionally use some brushwood, but I was told 
they never fire using only wood. Itinerant potters need to be exceedingly flexible in their choice 
of fuel because their distance from their home community means that they are neither able to 
guarantee access to dung through their own household activities nor through secure exchange 
partners. Potters can deliberately search for alternative fuels, and when they do so it is their 
perception of appropriate firing technologies that guides their choice and makes them search for 
materials which have similar properties to dung. Innovation in one aspect of the technology is 
always chosen through a knowledge and continuation of other aspects of the technological 
tradition (Sillar 1996). 

CHANGE AND CONTINUITY-THE CASE OF CHARAMORAY 

The two villages of Charamoray and Urubamba (Province of Chumbivilcas, Department of 
Cuzco, Peru, altitude 2970 m) are situated on opposite banks of the River Santo Tomas. Pottery 
making is a major activity in these villages between July and October. Some potters give their 
pottery two firings, the first using dried leaves and cactus fronds, the second using horse and cow 
dung in an open firing. I visited this community in September 1987 and accompanied members 
of a development project directed by Marco Villasante Llerena from the University of Cuzco and 
the Instituto de Investigacion UNSAAC-NUFFIC, which was working in the area. One of the 
development project’s aims was to improve the local pottery production. 

There is a frequently repeated rule of pottery technology that glazed pottery must be fired in a 
kiln; Charamoray provides at least one exception to this rule (see also Reina and Hill 1978, 89). 
Because pottery which is surrounded by dung in the firing can still come out ‘clean’ and well 
oxidized, the potters in Charamoray are able to produce lead glazed pottery out of an open firing. 
I assume that this innovation represents the incorporation of Spanish glazing practices into the 
indigenous firing technology. Locally mined lead is ground into a fine powder and mixed with a 
little water to form a watery paste that is wiped onto the pots in much the same way as red slip is 
painted onto pottery in many other communities. Water evaporating from the vessel during the 
firing could distort the glaze, and cause it to flake off before it melts into the pot’s fabric. I 
presume that the initial firing (Fig. 6 (top)) (which I have not encountered in any other Andean 
communities) reduces this problem; however, I saw some glazed pots being fired without a first 
firing. During the open firing (Fig. 6 (middle)) the potter looks at the vessels occasionally to see 
when the surface of the vessels begins to reflect light, at which point the potter knows that the 
glaze has melted (this probably takes place at somewhere around 800-900°C). This firing 
technology requires one significant variation to other open firings in the Andes because the 
glazed vessels have to be removed from the firing while still red-hot, presumably to prevent dung 
ash, as well as small stones embedded in the dung, adhering to the glaze. The pots are removed 
using a long wooden pole inserted in the mouth of the vessel; this must be done quickly after 
breaking the insulation of the dung covering as the vessels will cool rapidly and must be 
separated before they stick together; smaller vessels and plates are just rolled out of the 
ashes. 

While I was in Charamoray the development project was introducing small up-draft kilns 
made out of adobe blocks (Fig. 6 (bottom)). These kilns used dried leaves of the Maguey (paqpa) 
cactus as fuel. This plant was introduced shortly after the Spanish Conquest and it is commonly 
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Figure 6 Charamoray. Department of Cuzco, Peru: cross-sections showing the placement ofpots andfuel in the pottely 
firings, (top) jirstfiring prior to glazing, using Maguey cactus fronds as a fuel, (middle) traditional firing using animal 
dung as a fuel, (bottom) recently introduced kilns using Maguey cactusfronds as afuel. 
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used as a field boundary marker (Gade 1975,148). Kiln firings take from an hour to an hour and a 
half to reach the desired temperature. As the glaze is painted over the entire vessel and no 
separators are used, these pots must also be removed immediately using the long wooden poles, 
but using a kiln means less material becomes attached to the glaze during the firing, resulting in a 
cleaner looking product. 

In Charamoray community members reported that for them the major advantage of the kilns 
was the use of cactus fronds as the main fuel. In this area dung has become a scarce resource due 
to the practice, and the fear, of cattle rustling, and the use of cactus leaves for kiln firings was 
seen (at least in the short term) as an advantage. I think that it would be possible to use dung as a 
fuel for up-draft kiln firings, although most examples I know of where dung is used are ‘pit kilns’ 
using what Rye and Evans (1976, 164-6) called the ‘mixed firing’ method of placing the fuel 
around the pots (not using a separate fire chamber). During a kiln firing the tendency of dung to 
form an insulating layer of ash on top of the fuel would become its major disadvantage; this 
would require the potter to continually rake the fuel to achieve the maximum temperature. Thus, 
the very property which makes dung an ideal fuel for open firings would, I believe, make it a 
poor fuel choice for kiln firings. This may be relevant to changes in firing technology in other 
areas, where alternative fuels help to promote the adoption of a new technology. As Quilici- 
Pacaud ( 1993) has argued, the first technological choice which adequately solves a perceived 
technological problem frequently becomes ‘frozen’ in the minds of the innovators who perceive 
it as the only workable solution, reducing their willingness to consider alternative choices. For 
this reason, one might expect the initial choice of cactus fronds to affect later perceptions/ 
representations of kiln technology in Charamoray and what fuels they considered it appropriate 
to use in the future. 

When firing with a kiln, virtually the same amount of fuel is used for each kiln firing however 
many pots are inside. In contrast, it is easier to adjust the size of open firings according to the 
number of pots being fired or the amount of fuel available. In a kiln firing much of this fuel is 
used to heat up the kiln structure. When firing a large kiln this will be less significant than the 
insulating properties of the kiln, resulting in less fuel being used per pot. But, for small kilns, 
such as those introduced to Charamoray (and used by many small-scale pottery manufacturers), 
the fuel needed to heat up the kiln structure is no less, and frequently more, than what might be 
consumed in an open firing (e.g., P. J. Arnold 111 1991). The few potters in Charamoray who had 
built and now owned their own kilns required payment (commonly in the form of fuel) if anyone 
else wished to use their kilns, and many kiln owners made further advantage of this by re-loading 
their kiln with their own pottery immediately after the previous firing so as to save fuel in 
reheating the kiln structure. The nature of the wasters had also begun to change with the more 
obvious firing faults of over-fired or ‘slumped’ vessels being produced. Some of the potters still 
using dung firings said they would like to use kilns. What held them back was their fear that pots 
would fail while they learnt how to use the kilns, and that they were conscious of losing two or so 
weeks production time to preparing the adobes and building the kiln. Thus, it seemed that it was 
short-term loss of production rather than long-term fears, or conservatism, that stopped them 
adopting this new technology. This conscious evaluation of the economic costs and benefits of 
adopting a new technology is in contrast to Foster’s (1965) suggestion that peasants are 
inherently conservative and fearful of change due to their image of ‘limited good’ (cf. Papousek 
1981). It tended to be the more secure potters (financially better-off, more productive 
agriculturally, with large families and older children that provided support), and perhaps 
those most interested in fostering links with the development project, who were prepared to 
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try out the kilns. An interesting by-product of the development project was that kiln users 
stopped making the flat plates and shallow bowls which they were unable to lift out of the hot 
kiln with a pole. This prompted one potter in Urubamba, who was still using open firings, to 
increase his production of bowls and to start selling dung fired moldes (shallow bowls used as 
supports for pottery making) to other potters. These changes were stimulated by the activities of 
the development project, but each potter was evaluating the costs and benefits of adopting the 
new technology for themselves. The introduction of this new technology changed the potters’ 
relationship with their fuel supply (indeed the adoption of kilns was partly due to changes in 
local animal husbandry practices), and it was also leading to changes in the social and economic 
relationships between the potters with new forms of dependence and new types of specialization 
emerging. 

CONCLUSION: THE ARCHAEOLOGICAL SIGNIFICANCE OF EMBEDDED TECHNOLOGIES 

We are all aware of the variety of fuels and firing arrangements that can be used to fire pottery 
successfully, yet we remain relatively ignorant of the particular characteristics of different fuels 
and firing arrangements, and the archaeological remains that will be left by them. In order to 
increase our understanding of fuels for firings we require a large series of analytical experiments 
comparing the potential calorific values of fuels and their actual performance in various 
conditions (cf. Woods 1982). But experimentation alone cannot provide an adequate basis for 
explaining ‘technological choices’; our knowledge of material properties must be combined with 
a careful consideration of the wider technical, social, and economic context of each cultural 
setting which will have informed the ‘technological choices’ of firing structures and fuels. 
Fortunately, archaeobotanists are already working on the identification of different fuels and 
considering the implications of fuel choice in relation to landscape management. Where animal 
dung has been used as a fuel there is the possibility of using an analysis of the charred botanical 
materials inside the dung to identify the environments used by the animals-and at least some 
aspects of human interaction with them (Anderson and Ertug-Yaras 1998; Hastorf and Wright 
forthcoming). 

In this paper the ‘embedded’ nature of ceramic technology was considered through a 
discussion of how various modem Andean potters acquire and use their fuel, and I have tried 
to show that this choice of fuel has repercussions on other technologies. Some pottery purists 
may feel that my discussion of animal husbandry, agricultural practices, and rituals has strayed 
rather a long way from pottery technology. But it is precisely by considering these related 
activities, which account for the availability of, and competing demands on, dung as a resource, 
that the technological choices in Andean firing arrangements, and the social and economic 
policies that account for the maintenance of this technology, can be explained. While an analyst 
may choose to study Andean pottery production as a particular area of technology, the potter is 
unavoidably involved in many other interrelated areas of production and consumption. This 
succession of interrelated technologies is not unique to pottery, it is fundamental to all 
technologies. This should be acknowledged and highlighted within our archaeological analysis. 
If we limit the study of the chaine ope‘rutoire to the specific series of operations which transform 
a substance from a raw material into a manufactured product (Cresswell 1976 and 1990), we risk 
isolating the artefacts we study from the other technical and social aspects in which they were 
involved. It is by looking at the interconnections between many different ch ines  ope‘ratoires 
that we will get a more social view of technology as an aspect of material practice which is 
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deeply embedded within people’s cultural knowledge. Such interconnections can be looked for 
at various levels: 
(1) how different technical acts may share the use of the same facilities (e.g., grinding stones are 
used to process both clay and food produce; sacks are used to carry clay, dung, maize, etc.; the 
house compound can be used for pottery production, drying, and firing, etc., as well as for 
sleeping, cooking, crop processing, etc.); 
(2) the continuing cycle of technical acts, where the product of one activity becomes the raw 
material or tool for another (such as the use of dung as a fuel, ash as a fertiliser, or indeed the pots 
themselves as cookery tools); 
(3) how technological understanding cross-cuts between different spheres of activity (Sillar 1996); 
(4) how technology is socially defined (e.g., by age, gender, or community of origin) so that only 
certain people learn and perform particular activities and techniques. 

This consideration of the embedded nature of technological choices should help us to avoid 
our having to make value judgements about the functional versus the symbolic significance of 
technological choices. Technological choices emerge out of wider cultural practices which 
account for the availability of materials, tools, energy sources, and technical knowledge, and this 
cultural setting informs peoples’ perception of what is ‘efficient’ as well as the symbolic 
meaning of the practices. 

ACKNOWLEDGEMENTS 

This research would not have been possible without financial support from the following: Fitzwilliam Trust Research 
Fund (1990, 1991); The Anthony Willcin Fund (1991); Crowther-Beynon Fund, Museum of Archaeology and 
Anthropology, University of Cambridge (1990, 1991, 1995). I have received permission to cany out my research, 
essential letters of introduction, and support from the Instituto Nacional de Cultura’s offices in Lima and Cuzco, and the 
Museo Nacional de Etnografia y Folklore in La Paz. By far my largest debt goes to the communities in Peru and Bolivia 
who permitted me to live amongst them, who fed me, and gently educated me. Some aspects of this paper have been 
presented previously at the Research Laboratory for Archaeology and the History of Art, University of Oxford, and in the 
session ‘Technological choices in ceramic production’ organized by Michael Tite and myself at the World Archaeology 
Congress in Cape Town, South Africa (January 1999); I would like to acknowledge the generous support given by the 
Royal Society for my attendance at WAC. I am currently funded by a Leverhulme Trust Research Fellowship, held at the 
Institute of Archaeology, University College London. 

REFERENCES 

Alb6, X., 1974, Santa Vera Cruz Tatita, Allpanchis, 7 ,  163-216. 
Allen, C. J., 1988, The hold life has: coca and cultural identity in an Andean community, Smithsonian Inst. Press, 

Anderson, S., and Ertug-Yaras, F., 1998, Fuel fodder and faeces: an ethnographic and botanical study of dung fuel use in 

Arnold, D. E., 1985, Ceramic theory and cultural process, Cambridge Univ. Press, Cambridge. 
Arnold, D. E., 1993, Ecology and ceramic production in an Andean community. Cambridge Univ. Press, Cambridge. 
Arnold, D. Y., 1988, Matrilineal practice in a patrilineal setting: ritual and metaphors of kinship in an Andean ayllu, 

Arnold, D. Y.. 1992, La casa de adobes y piedras del Inka; genero, memoria y cosmos en Qaqachaka, in Haciu un Orden 

Arnold, P. J. 111, 1991, Domestic ceramic production and spatial organization: a Mexican case study in ethnoarchue- 

Bankes, G.. 1985, The manufacture and circulation of paddle and anvil pottery on the north coast of Peru, World 

Washington, DC. 

central Anatolia, Environmental Archaeol., 1, 99- 109. 

unpubl. Ph.D. thesis, Department of Anthropology, University College, Univ. London. 

Andino de las cosas (eds. D. Y. Arnold, D. Jim6nez and J. de D. Yapita), 31-108, hisboMLCA, La Paz. 

ology, Cambridge Univ. Press, Cambridge. 

Archaeol., 17, 269-77. 



Dung by preference 59 

Behling, H., Negret, A. J., and Hoochiemstra, H., 1998, Late Quaternary vegetational and climatic change in the Pooayin 

Browman, D. L., 1974, Pastoral nomadism in the Andes, Curr. Anthropol., 15 (2). 188-96. 
Bryant, D. D., and Brody, M. J., 1986, Modern and prehistoric Maya pottery manufacture, Ceramica de Cultura Maya 

et al., 14, 73-86. 
Chivez, K., and Mohr, L., 1992, The organisation of production and distribution of traditional pottery in South Highland 

Peru, in Ceramic production and distribution: an integrated approach (eds. G .  J. Bey 111 and C. A. Pool), 49-92, 
Westview Press, Boulder. 

Chepstow-Lusty, A., Bennett, K., Switsur, V., and Kendall, A., 1997,4000 years of human impact and vegetation change 
in the central Peruvian Andes-with events paralleling the Maya record?, Antiquity, 71, 824-33. 

Colton. H. S. ,  1951, Hopi pottery firing temperatures, Plateau, 24 (2), 73-6. 
Cresswell, R., 1976, ’Avant-propos’, Techniques et Culture. 1, 5-6. 
Cresswell, R., 1990, ‘A new technology’ revisited, Archaeol. Rev. Cambridge, 9 (I) ,  39-54. 
DeBoer, W. R., and Lathrap, D. W., 1979, The making and breaking of Shipibo-Conibo ceramics, in Ethnoarchaeology: 

Deere, C. D., 1990, Household and class relations: peasants and landlords in northern Peru, Univ. California Press, 

Donnan, C. B., 1971, Ancient Peruvian potters’ marks and their interpretation through ethnographic analogy, Am. 

Foster, G. M., 1965, Peasant society and the image of limited good, Am. Anthropologist, 67, 293-315. 
Franke, E. R., 1992, Chiji Jawira: a case for  attached specialization at Tiwanaku, unpubl. thesis submitted to the faculty 

Gade, D. W., 1975, Plants. man and the land in the Vilcanota Valley of Peru, Dr W. Junk B.V., The Hague. 
Gaimster, D. R. M., 1986, Dung-temper? A late Norse case study from Caithness, Med. Ceram., 10, 43-7. 
Hagstrum, M. B., 1988, Ceramic production in the central Andes, Peru: an archaeological and ethnographic comparison, 

in A pot for all reasons: ceramic ecology revisited (eds. C. C. Kolb and L. M. Lackey), 127-45, Ceramica de Cultura 
Maya et al. Spec. Publ., Temple Univ., Philadelphia, PA. 

Harris, O., 1989, The earth and the state: the sources and meanings of money in northern Potosi, Bolivia, in Money and 
the morality of exchange (eds. J. Parry and M. Bloch), 232-68, Cambridge Univ. Press, Cambridge. 

Hastorf, C., and Wright, M. F., forthcoming, Interpreting seeds contained in dung from archaeological flotation samples: 
a charring experiment from the Andes, Erhnobiology. 

LeFree. B., 1975, Santa Clara pottery today, Univ. New Mexico Press, Albuquerque. 
London, G., 1981, Dung-tempered clay, J. Field Archaeol., 8 (2), 189-95. 
Meininger, H., 1995, La production de la fertiliti: le status des engrais dans un systCme agricole paysan a Cotoacachi 

Miller, D., 1985, Artefacts as categories: a study of ceramic variability in central India, Cambridge Univ. Press, 

Nicklin, K., 1981, Ceramic pyrometry: two Ibibio examples, in Production anddistribution: a ceramic viewpoinr (eds. H. 

O’Neale, L. M., 1977, Notes on pottery making in highland Peru, Nawpa Pacha, 14,41-59. 
Papousek, D. A., 1981, The peasantpotters of Los Pueblos, Van Gorcum, Assen. 
Quilici-Pecaud, J.-F., 1993, Dominant representations and technical choices: a method of analysis with examples from 

aeronautics, in Technological choices: transfornations in material cultures since the Neolithic (ed. P. Lemonnier), 
399-412, Routledge, London. 

Ravines, R., 1978, Ceramica actual de Ccaccasiri, Huancavelica, in Technologia Andina (ed. R. Ravines), 447-66, 
Instituto de estudios Peruanos, Lima. 

Ravines, R., 1989, hoceso alfarero en Mollepampa, Cajamarca, 1985, in La cerdmica rradicional del Peru (eds. R. 
Ravines and F. Villiger), 99-104, Editorial 10s Pinos, Lima. 

Ravines, R., and Villiger, F. (eds), 1989, La cerrimica tradicional del Peru, Editorial 10s Pinos, Lima. 
Reina, R. E., and Hill, M., 1978, The traditional pottery of Guatemala, Univ. Texas Press, Austin. 
Rice, P. M.. 1987, Pottery analysis: a sourcebook, Univ. Chicago Press, Chicago. 
Rye, 0. S., and Evans, C., 1976, Traditional pottery techniques of Pakistan: field and laboratory studies, Smithsonian 

Sabogal Wiesse, J. R., 1982, La ceramica de Piura, Instituto Andino de artes populares, Quito. 
Saraswati, B.. and Behura. N. K., 1966, Pottery techniques in peasant India, Anthropol. Survey India Memoirs, 13, Calcutta. 

region, southern Colombian Andes, J. Quaternary Sci., 13 ( I ) ,  45-53. 

implications of ethnography for  archaeology (ed. C. Kramer), 102-38, Columbia Univ. Press, New York. 

Berkeley. 

Antiquity, 36 (4). 439-46. 

of Social Sciences, Department of Anthropology, Univ. Chicago, Illinois. 

(Andes septentrionales de I’Equateur), Annales de la Fondation Fyssen, 10 (4). 19-31. 

Cambridge. 

Howard and E. Morris). 347-59, Brit. Archaeol. Rep. Internat. ser., 120, Oxford. 

Contrib. Anthropol., 21, Washington, DC. 



60 B. Sillar 

Shepard, A. 0.. 1985 edn., Ceramics for the archaeologist, Carnegie Inst. Washington Public., 609, Washington, DC. 
Sillar, B., 1996, The dead and the drying; techniques for transforming people and things in the Andes, J .  Material 

Culture, 1 (3), 259-89. 
Sillar, B., 1997, Reputable pots and disreputable pottery: individual and community choice in present-day pottery 

production and exchange in the Andes, in Not so much a pot, more a way of life: current approaches to artefact 
analysis in archaeology (eds. C. C. Cumberpatch and P. W. Blinkhom), 1-20, Oxbow Monograph ser., 83, Oxford. 

Sosa, G., 1984, El Barro nos unio. Arte y tecnologia de la ceramica de Chulcanas Piura, Centro de Investigacion y 
Promotion del Campesinado, Piura. 

Tobert, N., 1984, Ethno-archaeology of pottery firing in Darfur, Sudan; implications for ceramic technology studies, 
Oxford J .  Archaeol., 3 (2). 141-56. 

Tschopick, H., 1950, An Andean ceramic tradition in historical perspective, Am. Antiquity, 15, 196-218. 
de la Vega, Garcilaso. Livermore. H. L. (trans.), 1989. Royal commentaries of the Incas and general history of Peru, 

Winterhalder, B., Larsen, R., and Thomas. R. B., 1974, Dung as an essential resource in a highland Peruvian community, 

Woods, A., 1982, Smoke gets in your eyes: patterns, variables and temperature measurement in open firings, Bull. Exper. 

Univ. Texas Press, Austin. 

Human Ecol., 2 (2). 89-104. 

Firing Group, 1, 11 -25. 

View publication stats

https://www.researchgate.net/publication/229816130

