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SIMMARY

The usefulness of the scanning electron microscope to archaeoclogy is

discussed with examples of work on wood, fibres, insects and egashells

carried out at the Ancient Mormments Laboratory.
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The scannine electron microscane {S$i11) ie recommised as a valuahle
rreoarch tool and ia widelv need in many brmmehes of science (&m Baset and
fiacobini 1973, Boyde 1972, Chaloner and Collinson 1975, Chen and Schnitzer
1976, B®chlin and Gregory 1975, Heywood 1971, Peat and Lloyd 1974, Todd,
Cromack and Knutson 1973, Winter 1975). A Jeol JSM=S1 {(which operates at
either 4 or 1O Kv) was purchased by The Ancient Monuments Laboratory (AML) in

1974 and has proved to be of value in the examinatior of archaeological materials.:

The object is placed in a vaocuum chamber and scanned by an electon
beam, This causes the emission of gecondary electrons from the
atoms near the specimen surface, Some of these are collected in a
geintillation detector, The resulting signal is amplified and used 1o
alter the briehtness of a spot on a cathode ray tube, The spot scans in
synchronisation with the heam on the snecimen, The remlting picture
resenmhles the surface of the object maomified many times, Topographic
information is obtained mainly becanse the narts of the snecimen nearer to the

detectar anvear brichter (for furthar detsils see Hearle, Sparrow and Cross

1972),

The main adventares of the SEY sre that hetter resolution and a very
hiegh depth of formis are obtained compared with optical microscopy. This
enables a clear, three-dimensional imave of the specimen surface to he
obtained directly at mapnificatinns of up to 10000 times or sometimes more,
Fairly large objects (up to about 1 nm}) may be examined, Combined with
the ability to alfter magnification easily, this means that a detailed study
may be made of an area while its relation to the entire specimen is known.
Sample preparation is generally fairly simple and invelves drying and
sticking on to a metal .stub. Non~condueting materials are
usually coated with a thin layer of a conductor such as carbon or metal
evaporsted. under vacuum., Gold-palladium is used routinely in the AML, This

helps to prevent the build up of an electriral charge which could cause

image anomalies,




There are very few archaeolosical materiuls which might not be
investigated rewardingly with the $WM. ‘The mineral deposits themselves
can be examined (eg Keller 1970, NOfiez and Alﬁonen 1974). Artefacts may be
studied to obtain technological information (eg Tite and Maniatis 1915),
and material of biological origin can be examined to aid taxonomic and
many other studies (egz Conolly 1976). BExamples of work carried out at the
AML are discussed below. Most of this falle into one of two categories =
that of an investigative nature,and where the SFM is used merely as 2a
convenient method of illustration. Vhatever its function in the
archaeological context, however, it is important that standards recommended
for the larger scientific community (Clark and Glagor 1976) are still

applied.

Much of the SFM work at the AMI, hag been on wood. Routine identifications
may be carried out by standard optical methods., The SFM has, however, proved

to be pariicularly useful in ihe study of poorly preserved or altered wood

remains.

Mineralised remaing, which commonly occnr when.wood has been buried in
contact with a metal object, had previously presented many problems in
examination., The material superficially resembles wood but often consists
entirely of metal corrosion products {eg "rust"). It is usually fragile and
opague and cannot be sectioned easily for examination by transmitted light.
Exposed surfaces or fractures tend to be uneven and difficult to observe at
high magnifications using reflected tight., In the SEM the apparent oells
are often found to be separate tubes with walls composed of corrosion compounds,
The structures observed, including bi-convex discs between adjacent "cells™
(plate I), suggest that &« layer of corrosion products is deposited on the cell

wall which later decays away (Keepax 1975a). The discs represent the casts of
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pil=pairs. Purther deposition may fill the remzinine cavities.

Preservation of the superficial form of wood by mineral deposits
occurs freguently in archaeolosical deposits when wood is next to iron
objects (Keepax 197%a and plate I). FExamples have also been observed of
replacement by copper (ag Keepax 1977v and plate IT) and lead corrosion
products. Copper and lead tend to slow down wood decay, iherefore examples
are sometimes found with copper or lead corrosion deposits in the cellspaces
of preserved wood., This then appears as mineral casts in areass where the
wood has partially or completely decayed away (plate III). Replacement by
other substances present in the burial environment are also observed; for
example, calcium carbonate complexes (Keepax 197% and plate IV) or natural

iron pan deposits (Keepax 1977).

Merely identifying the type of replaced organic material involved is
somelimes difficnlt, For exarnle, a Homan brass sheet from Colchester (Essex,
L 96h 230) had mar r remnante of or vailce material on the surface: These
congisted mainly of lon 1.4, narsllel=cided fraements, eream in colour or
stained green, with a meximaun width of zbont % mm,  This superficially
resenbled ;rass. A fragent war examined in the SFW and was found to
display structures ilentical in zppecrance Lo corrosion - replaced

wood, ({Keepax 1777a and plate IT). ‘ool shavings would resemble the remains

in size aand shape.

-An alternative example is provided by some matérial from Mucking,

(Bssex,TQ 73 803) which was thought to resemble wood., Examina'ion in the
CEM, however, revealed structures camparable to impressions of grass

epidermis (Keepax and Keeley 1974 and plate V),

Some archaeological textile canples have also been examined in the SEM:

again, it is partienlarly useful for poorly preserved examples. Use of the

SEN erables Lhe entire sample 1o be giickly scanned and small areas displaying

recognisanle leatures studied in detail (plate VI),
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angient
Tha DY ohoe been Toood ool dn bhe cvaaiantion OfAiHEQ;'CL remaing.,

Me mapority of these moy be bdentifiel ot YTow mepmmification but the SEM is
nseful for reaaral il]us;trations beeaune of the hizh depth of focus
(hirlinq 1974 and  plate VII). Cerlain specice are difficult to separate,
and the SEM 1s useful for hish magnification wotudy of small details such as

cuticle ornamentation which aid ideatification.

The BEM has also been used to investigate the possibility of identifying
birds' egg-shell from small framments found on archaeological sites (Keepax 19770).
It is hoped to ure fine details obeerved in the EEM together with features such
ag shell thickness to enable tentative identifications to be made. Preliminary
examination of archaeological egy~chells has shown that recognisable

structures are preserved (plate VITIT).

In corcl inton, lLhe Ancient Monaments Laborstory has found the SEM to be
of conzidercble use as a tool for the examination of archaeological materials,
Tt choald not be seen as an end in i1tcelf, but as & means of investigation
cémp}ementary o other techrniouer, 1t tu useful bolh for research arnd as a
method of producing good photographs of small specimens. The SEM is used
in these ways by other scientists working in archaeology (eg Kenward 1978,

Krysko and Lehrheuer 1970, Qddy 137%, Pilcher 1908, Werner, Bimson and Meeks

1975) and seems likely to be used even more in the future.
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PLATES

IT.

IIT.

Iv,

Ve

VII,

ViIT.

Wood replaced hy iron corrosion nroducts {Mucking) showine hordered

pit=pair castn. VU0 X

Material from surface of brass sheet (Colchester) identified as
replaced wood. 0000 X

Wood near Yead (Mucking) with casts of ray cells and cell wall
partially surviving,. Q00O X

Calcium carbonate~replaced softwood (Southwark ). 0000 X

Poasible replaced grass from surface of copper alloy object
(Mucking)., 0OO0UO X

Charred textile (Bolton, Lanes) showing interweaving bundles of
fibres, 0000 X

Beetle elytron, Apion aenenm (F), (Breiddin, Wales). 0000 X

Roo-shell (Tcklingham, Suffolk): immer surface with partially
eroded mammillae, 0000 X
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