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Pottery Function and Organic Residue: An Appraisal
James M. Skibo & Michael Deal

Use-wear  analysis  1s commonly
employed in the study of stone tools.
Researchers are often able 1o determine,
bused on microchips and polish, the
material that was cut or seraped by the ool
and, in many cases. some activities of stone
tool use. Pottery use-wear, or what we call
"use-alteration,” has not received the same
amount of attention. But this is not for lack
of need; a clear understanding of pottery
function is at the core of many
archacological inferences. Inferences about
prehistorie diet, demography, social
complexity, exchange, and technological
change. all would beneflit from a technigue
to determine how potiery was actually
used.

Pottery use-alteration traces occur in
three general forms: attrition. carhon
deposits, and the topic of this paper, organic
residues. In this paper we will (1) briefly
introduce the ethnoarchaenlogical and
experimental studies of potiery residue
performed by the authors, (2} demonstrate
how organic residue absorbed into the
ceramic body can be linked to vessel
contents, and (3) discuss some current
research and the direction [or further study.

This discussion of organic residue
analysis of pottery 15 from an archaeological
perspective, The authers have collaborated
with organic chemists and approached
the  study  of  pottery  residue
ethnoarchacologically, experimentally, and

with the analvsis of prehistoric Woodland
and Palcoeskimo collections [Deal and

Skibo 1993].

Kalinga Ethnoarchacological Project

The senior author's interest in residue
analysis stems from his research among the
Kalinga, the houschold potters living in the
rugged mountains on the Philippine island
of Luzon. The staple crop, rice, is grown on
irrigated terraces surrounding their villages.
Their diet also consists of a variety of
vegetables, grown in swidden plots, and
also the occasional pig, chicken, duck, dog,
or water buffulo. The Kalinga have been the
focus of a long-term ethnoarchacological
study that has researched, for example,
pottery use-life [Neupert and Longacre
1994], pottery production and distribution
|Stark 1994, formation processes | Tani
19494, and the subject of this paper, pottery
use-alieration [Skibo 1992; see Longacre

and Skibo 1994 for a general discussion of
the Kalinga research|.

The use-alteration study [see Skibo 1992
for a complete description] was done in the
village of Gumna-ang, which consists of
slightly over 100 houses on a ridge
averlooking the Pasil River Valley. Kalinga
cooking is done over an open fire in two
types of pots: a rice cooking pot, which is
taller and has a more constricted neck. and a
vepelabl
has a more open aperture. About 200 used
vessels were collected and now serve as the

¢ meat pot, which is sguatter and
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study collection.

The objective of the use-alteration study
was first 1o link use traces on the vessels 1o
the activity observed i the tield, and then to
understand the process involved in trace
formation. This type ol information
provides the prehistorian with the ability to
infer vessel use from alteration traces.

Three Torms of use-alieration were
analysed: carbon deposits,

1on, and

organic residue. Carbon is deposited on the
vessel exteriors as sool, and on the interior
as burnt foad. The pattern of these deposits
15 determined by the intensity of the fire,
type of food cooked, and the number of use
events |Kobayashi 1994 Skibo 1992:147-
173]. Attritional traces are the nicks, chips
and abrasions formed as the pot 1s used.
Various activities form different attritional
patterns. The rice and vegetable meal
ceoking pots could be discriminated based

on hoth carbon deposits and atirinon. Skibo
[1992] formulated a general model of
attrition and carbon formation so that the
prehistorian can apply these lindings
directly to their ceramic assemblage. The
use-alteration study alse made considerable
progress toward understanding the linkage
between vessel contents and absorbed
residue.

North American Woodland Pottery

In 1985, Michael Deal began an
exploratory study of absorbed and adhering
organic residues from prehistoric Eastern
Canadian pottery. Both ethnographic and
cthmohistoric information indicated that
boiling was the most common food
preparation technique used by native
groups, and it is also assumed 1o be a
characteristic of the late prehistoric period.
The study began with experiments 1o

determine the Teasibility of identifying
prehistoric  organic  residues.  Inital
experiments determined that fats from
boiled meats are absorbed into porous
ceramic [abrics and that fatty acids could be
identified in organic residues derived from
prehistoric sherds [Deal and Silk 19851,
Subsequent analyses also meluded residues
found adhering to the interior and exterior
walls of prehistoric ceramic vessels and
Paleoeskimo soapstone bowls | Deal 19490,
These studies Tocused on methods of
identifving the original compounds from the

relative concentrations and ratios of specitic
fatty acids. For comparative purposes, some
samples were divided in hall and subjected
to both gas chromatography [/ mass
spectroscopy (GC/MS) and stable isotope
(S analysis [Deal ef af. 1991] or were sent
1o two different Taboratories for GC/MS

analysis,

Organic Residue Analysis

Based upon ihe Kalinga and Woodland
Period research, along with a number of
other studigs, we now know that organic
residue recovered from an ancient pot can
provide direct evidence of the substance that
was onee stored or cooked in the vessel.

Food residue in pottery refers 1o the
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iter, predominately lipids,

proteins,  carbohvdrates,  and  other
biopalymers that either adhere to the vessel
5 ¢ or have been absorbed into the
vessel body [see Heron and Evershed 1993
for a general discussion|.  Various
biomolecular techniques are used to identily
in the residuce what Evershed [1993:75]
refers to as "hiomarkers.”  Biomarkers can
b individual compounds or combinations
of compounds used o link the prehistoric
organic residue o a plant or animal.

A whole suite of techniques have been




used in the analysis of ceramic organic
residue that either adheres 1o the surface or
has been absorbed into the vessel wall
[Heron and Evershed 1993:260-267; Skibo
1992:81-85]. These include elemental
analysis [Cackette ¢f af. 1987; Fie et al.
1990], stable isotope analysis |Deal er al.
1991; Morton er al. 1991], infrared
spectroscopy [Hill and Evens 1989], and
pyrolysis [Oudemans and Boon 1991],
Each of these technigues focuses on
different components of the food residue
and have had varying degrees of suceess.
Most positive results thus far, however,
have been accomplished throwgh the
analysis of lipids with gas chromatography
combined with mass spectroscopy [Deal e
al, 1991; Evershed 1993; Heron and
Evershed 1993: Rottlander 1990]. Gas
chromatography is a technigue used to
separate individual compounds as they elure
off a capillary wbe. The mass spectrometer
records the mass spectra and thus permits
the investigator to identily individual
compounds. This 1s a highly sensitive
technique that requires very lintle sample,
The remainder of the discussion will focus
predominantly on prehistoric  lipids
analysed by this techmique.

Lipids are composed of chains of
carbon, hydrogen, and oxygen that bond
together in a number of arrangements.
There are three main groups of lipids: fais
and oils, waxes, and phospholipids.
Because different types and different
combinations of lipids oceur in all plants
and animals, they are ideally suited for
residue analysis. Moreover, lipids can
survive long periods in the depositional
environment,

In principle, identitying lipid biomarkers
in an ancient residue and linking it 1o a plant

or animal seems like a straight forward
exercise, but in practice there are many
obstacles. These obstacles include the
preservation of the organic compounds,
post-use contamination, problems with
studying multi-use vessels, and identifying
the biomarkers that can be readily attributed
to individual plants or animals. Each of
these obstacles will be addressed below.

Preservation

Any time that archaeologists work with
ancient organic matter, the issue of
preservation is paramount. Interms of lipids
there are two 1ssues related (o their survival,
First, lipids within the vessel wall, for
cooking pols, must survive cooking
temperatures, and second after disposal the
deposited  lipids are subject to
decomposition in  the depositional
enyirenment.

Many researchers have demonstrated
that ancient cooking pot lipids can be
identified [Hill and Evans 1989;
Marchbanks 1989; Pairick er al. 1985;
Rottlander 1990], but the guestion of how
lipids are destroyed and for altered by
normal cooking fires had not been
addressed. But recent ethnoarchacological
and experimental findings [Deal and Silk
1988; Skibo 1992:81-102] demonstrate that
lipids will withstand, relatively unchanged.
the hear of a standard open fire. Skibo
[1992:88-496] demonstrated that fatty acids
were preserved inall 11 of the used Kalinga
cooking pots. The vessels were used in
numerous cooking episodes directly over a
rapidly burning fire. Thermocouple
temperatures taken at the base of a cooking

pot recorded temperatures between 3007
and 600°C.

Similarly, Deal and Silk [1985]
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simulated the preservation ol absorbed
lipids in cooking vessels by experimentally
impregnating ceramic tles with fats from a
white-tailed deer, beaver, and yellow perch.
Forty-nine standardized ceramic tiles were
made using different combinations of local
clays and quartz temper, and then fired at
varying temperatures (ie., 500°-1000°C) 1o
simulate the fabrics of prehistoric pot sherds
from southwestern New Brunswick,
Canada. The three tiles mosi closely
characterising the prehistoric sherds, in
terms of temper content and waler
absorption properties, were each immersed
in a flask of water (500 ml), along with a
small sample of raw mammal or [ish meat,
and boiled for 30 minutes on a Lindberg
Heating Unit. Significant amounts of fatty
acids were identified in the extracts derived
from the dried crushed tiles, indicating that
porous ceramic fabrics will absorb and
retain lipids from animal meats prepared by
normal aboriginal cooking techniques, By
contrast, twe unaltered control tiles revealed
only minute traces of Fally acids and a high
background  profile  of  phthalates,
ting from plastic sheeting used 1o
protect the sample during drving and
transportation.

orig

Organic residues do not char within the
wall of cooking pots used 1o boil foods
because the interior ceramic body never
reaches a high enough temperature.
Although a normal cooking fire can easily
atiain a emperature of 600°C, which is well
beyvond the ignition temperature of organic
matter, the imterior body of a cooking pot
never approaches that temperature because
of the presence of moisiure, In most low-
fired earthenware, water placed in a vessel
for boiling is quickly absorbed into the
ceramic body. Even in cases where a
seemingly impermeable interior treatment

s applied, water will soon pass into the
vessel wall, For example, the Kalinga water
pots are coated with o pine resin while the
vessel is still hot immediately after firing.
This interior coating will slow bul not stop
water permeation | Skibo 1994, Because of
the anspiration of water during the boiling
process, the interior of the vessel will not,
we suspect, greatly exceed 100°C and will
certainly be maintained below 300°C. The
latier temper:
firing experiments [Johnson, ef al. 1988;
Skiba et wl. 1989] in which organic matter
added as temper ignites and carbonizes
beginning at about 300°C. Substantialing
this claim is that there is no evidence for the
-arbonization of the lipids within the body
of the Kalinga cooking pots. In cooking that
involves water, as in boiling, the organic
compounds should be atfected little by the
heat.

ture can be inferred from

Organic compounds that become
deposited within the vessel wall, however,
are not immune o processes ol decay.
Lipids, once entombed in sherds, cenainly
can survive long periods in the depositional
environment [Nakano 1989a], and hipids are
more resistant 1o deterioration that other
compounds [Evershed 1993:77], but they
are, nonetheless, subject to a number of
degradation processes. The preservation of
lipids, however, depends largely on the
chemical conditions of the soil {e.g.. pH)
and the degree to which the organic

compounds have become entrapped within
the clay matrix |Heron and Evershed
1993:253]. Decay of lipids can oceur as a
result of three processes: hydrolysis,
oxidation, and microbiological degradation
|see BEvershed er af, 1992 for a more
complete discussion].




Unsaturated fats are particularly
susceptible (o oxidation, a process that can
transtorm fats into a variety ol compounds
by a direct attack upon double bonds, The
under representation of  many
polyunsaturated fats, although common in
many foods, is likely the result of oxidation.
Under anacrobic conditions fatty acids can
be altered by hydrolysis, which can cause
considerable shifts in the proportions ol
fatty acids, For example, the Kalinga study
also looked at a sample of sherds excavated
from a village midden. The analysis of the
residue demonstrated an over abundance of
palmitic acid, which suggests that the
residues had undergone considerable
hydralysis or microbiological decay. a
process common in adipocere formation
[Evershed 1992; Evershed et af. 1992;
Morgan ¢r al. 1992]. Adipocere
material composed mainly of
carboxylic acids and 15 the prineipal matter
of the bog bodies found in northern Europe
[Evershed 1990, 1992]. Morgan ¢f al.
[1983] suggest that the degree of
decomposition, in this case hydrolysis, can
be evaluated by looking al the ratio of
palmitic to oleic [for a discussion of this and
other ratios see Deal et al. 1991:199-202].

Microbiological degradation is the final
general process that alfects the survival of
food residues. Unless protected, lipids will
be subject 1o attack by the same
microorganisms that break down all buried
organic materials. That lipids survive at all
demonstrates that the ceramic matrix often
provides an environment that prolects the
material from chemical or microbial decay.
Clearly, the survival of lipids depends upon
micro environmental conditions and must
be evaluated on a case-by-case basis.

Contamination

Because all living things contain lipids,
it is quite possible that new organic residue
could be deposited between the time the
vessel was last used and then finally
investigated by the archaeologist. Because
adhering residue would be particularly
susceptible to contamination from lipids in
the soil or even from the archaeologist’s
hands [Evershed 1993:87-9(; Heron ei af.
1941 |, most researchers have focused on the
residue that has become entrapped within
the porous vessel wall, Marchbanks [1989]
and others have been employing a technigue
to avoid possibly contaminated residue in

which the exterior millimeter or so of
ceramic is discarded and the sample
removed only from the interior of the vessel
wall.

The two most likely possible sources for
contamination are the burial soil and post-
excavation procedures [Evershed er al.
1992:193]. Soils contain organic matter and
of course lipids. Heron ef al. [1991] have
recently considered if lipids in soil can
migrate into the sherd material and
contaminate the food residue. They
performed GC/MS on soil adhering to
sherds as well on the sherd isell. Heron er
af. [ 1991 ] found that the soil and sherds had
very distinet lipids and they argue that linde
or no migration occurred between the soil
and ceramic. But lipid migration may be
affected greatly by local conditions, so a
standard procedure for lipid analysis should
be the analysis of burial soil.

Handling of sherds and the laboratory
procedures can also introduce contaminates,
Because lipid analysis deals with extremely
small amounts of material, lipids can be
added by unclean glassware, human hands,
or storage containers. The ideal sitwation for




lipid analysis is to obtain freshly excavated
and unwashed sherds so that the posi-
excavation history of the material can be
carefully monitored,

Multi-use Vessels

The identification of a vessel's contents
from the residue has the highest possibility
of success if the pot was used 10 cook or
store a single item. For example, cocao
residue was identified in a specialized
Mayan vessel [Hall er al. 1990] and tartaric
acid found within Egyptian amphoera
provided unambiguous evidence of wine
storage [Badler er al. 1990]. Single use
vessels, however, are the exception; the vast
majority of prehistoric vessels were
certainly used to store or cook a variety of
items. The Kalinga study illustrates the
contrast between single and mulii-use
vessels by simply looking at the ratio of
oleic 1o palmitic acid [Skibo 1992:92-96],
Based on this 1 the rice cooking pots
form a distinet cluster whereas the
vegetable/meat cooking pol ratios are
highly variable. Only rice is cooked in the
rice cooking pots whereas many kinds of

vegetables and also pig. dog, chicken, and
duck are commonly boiled in the vegelable/
meat pots. Organic residue from the later
pols appears to be an accumulation of the
many cooking events, Carbonized exterior
encrustations, however, may be more uselul
for identifying individual items from mulii-
use pols because they represent food
charring from a single cooking event [Deal
et al. 1991:177-178]. The possibility of
making a food group identification from the
absorbed residue depends upon  the
investigators ability to isolate biomarkers,

[dentifying Biomarkers
In organic residue analysis it is mare Lo
find a case where the lipids from the

prehistoric vessel can be linked directly 1o
the food source, This would be the residue
analysis equivalent of finding Pompeii.
Most archacologists never excavale a site
like Pompen and so are left with trying 1o
infer the prehistoric behaviour from bits of
potiery, broken tools, and crumbled
buildings. Residue analysts must make
similar types of inferences when trying to
connect the lipids to their food source
rarely is there a one-to-one correlation.
consequently, one must  search  lor
biomarkers, which are the combinations or
ratios of various compounds that one can
use to infer a food source [see Evershed
1993:76-87], Residue analvsts compare
biomarkers 1o contemporary foods or in
some cases 1o ancient foods |Deal e alf.
1991 ]. Unfortunately, the lipid makeup of
many contemporary foods, not 1 mention
prehistoric foods, is not known. Tronically,
archaeologists studying potiery residues
may ultimately contribute a great deal to the
basic lipid chemistry of foods. Tt is still
common procedure to perform GC/MS on a
variety of foods as well as the potiery
sample because one cannot turn to the
chemical literature for very fine distinctions
in plant or animal lipid makeup. Four types
of lipids have been used most successfully
as biomarkers, sterols, diterpenoids, fatty
acids, and acyclic compounds [Evershed
1993:80-87].

Sterols, though found in small amounts
in lipids, have heen used as biomarkers 10
successtully discriminate plant and animal
residue [Evershed 1993; Marchbanks
1989]. Campesterol and sistosterol are
found in plants and cholesterol in animals,
Diterpencids and also triterpenoid have
been used to wdentify ancient pitch and tar
|Evershed er af. 1985], and acyclic
compounds (waxes) served as biomarkers




i

in the identification of leafy vegetables
[Evershed er al. 1991]. Finally, the
proportions and combinations ol va
fatty acids have been emploved as
biomarkers. Rarely have fatty acids alone
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heen able to identify specific plant or animal
species, but there has been some success in
i g the residue 1o general food
groups: marine. [reshwater, plants, and
terrestrial animals [Deal ef al. 1991; Patrick
et al. 1985). But certainly, fatty acid ratios
can be combined with other biomarkers 1o
make finer distiinctions.

In collaboration with geologist June
Morton, Deal [1990; Deal er al. 1991;
Morton 1989] has found some success in
combining fatty acid data with stable
isotope ratios [see also DeNiro 1987;
Hastorf and DeNiro 1985]. These studies
have shown that the ratios of stable carbon
and nitrogen are maintained m carbonized
organic residue, Although siotope analysis
requires that the researcher have a general
idea of the potential food groups, Deal
[1990:9] has shown that isolope matios can
be combined with lipid analysis to make
finer food group distinctions.

Future Directions

We are well on our way 1o solve some of

these obstacles and further advance the
study of organic residue in pottery. To
conclude, we offer suggestions lor
continued work on some of the obstacles,
described above, as well as new directions
for residue analy

Biomarkers

Residue analysis of pottery is a relanvely
new area of study and researchers are still
struggling with the basic problem of linking
biomarkers to foods. We feel that a clear
distinction should be made between "pure”

and "impure” biomarkers. Pure biomarkers
would include the individual compounds
from specific foods and impure biomarkers
wotld include mixtures of compounds, such
as residues from multi-use vessels, prepared
foods (e.g.. stews and soup) or processed
substances (gums, resins, etc.). Further,
Evershed only considers identification of
biomarkers based on comparisons with
modern plants and animals, yet comparison
with preserved prehistoric samples is also
possible (e.g., from charred fauna or flora
and waterlogged materials; Evans and
Heron 1993: Deal et al. 1991).

The identification problems can also be
discussed in terms of pure and impure
biomarkers. We start off by identifying
single compounds (pure biomarkers) that
degrade at different rates and we use ratios
of different compounds to look at
decomposition and 1o point o specific
impure substances (foods. resins, ete.). We
sometimes gel a long List of compounds
from a single residue, but we can only
identify a few of them (e.g.. many papers list
the proportion of unidentified compounds
along with the fatty acids).

Impure  biomarkers represent  the
remnants of the original stered, cooked or
otherwise processed organic substance. For
example. adipocere is the result of the
general degradation of the original
individual (pure) compounds. This point is
eraphically illustrated by Morgan er al.
[1992:132]. They compare the cumulative
percentage compositions of adipocere from
el

butter fat, an archacological sample,
fresh whale oil, in order 1o determine the
degree  of  decomposition  of  the
archaeological substance. Future study on
impure biomarkers should include work on
the characterization of interior and exterior
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residues, the effects of contamination from
other substances in soils, and establishing a
library of comparative samples lor
individual species and mixtures.

Provenience

When exterior carbonized encrustations
are present they certainly should be
analysed along with the absorbed residues.
Deal's [1990] work on exterior
encrustations  suggests that  many
compounds can be preserved within this
charred material [see also Oudemans and
Boon 1991]. But charred residues have the
added problem, usually not affecting
mierior residue, of degradation of the
organic compounds from the heat of the
cooking fire. Oudemans and Boon [1991]
did some preliminary experiments 1o assess

the modification and preservation of

exterior residue and found that heating
temperature and time are key variables.
Certainly, further such experiments are
necessary because exterior charred residue
may provide unique insights. For example,
charred encrustations may represent a
single cooking event, which would be
advantageous for identifying biomarkers in
stew pols or multi-use vessels. Moreover,
some of the compounds that rapidity
degrade when absorbed within the vessel
wall may be preserved in the charred state
|see Oudemans and Boon 1991].

Decomposition

The general processes of lipid
degradation and modification are known,
but we need many more behaviourally
relevant experiments to understand the
process. Realistic cooking experiments
should be done in which both exterior
encrustation residues as well as those
absorbed within the ceramic can be
examined immediately after cooking and

after periods of burial in simulated
depositional environments. [t appears that
most lipid degradation occurs within
months of being deposited [Nakano 1989b],
s0 realistic results could be expected in an
experiment performed ina matter of months
not years,

Beyond lipids

One reason that archacologists have
focused on lipids is that they are less
susceptible than other compounds to
structural modification and degradation
[Evershed 1993:77]. But this has yet io be
explored comprehensively. We recommend
that pottery residue analysis move beyond
lipids to proteins, carbohydrates, and
nucleic acids [see alse Heron and Everhsed
1993:272]. Because these compounds could
provide more information to pinpoint food
sources, one should not preclude the
possibility that many more compounds
could be preserved under some conditions.
We need io determine if and when proteins,
carbohydrates, and even DNA can survive.

Although tremendous progress has been
made, organic residue  analysis  of
prehistoric pottery is not yet at the stage of
generalized application. Each researcher
who attempts organic residue analysis must
know that there are still many pitfalls and
dead ends; this is an area of study still in its
infancy.
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