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Lithic use-wear analysis mainly deals with use-wear features which can be observed on the surface of stone tools but a
major part of the wear of brittle material is found under the surface. This wear might also be a clue to the interpretation
of archaeological stone tools. In this paper we try to examine subsurface damage on experimental and archaeological
quartz tools by dying them with fluorescent colour and scanning them with a CLSM. This method shows that various
worked materials cause diﬀerent subsurface damage, which is related to the hardness of the worked material.
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Introduction

I

t is known from material sciences that sliding
contact in a tribo-system does not only cause a
smoothed surface but also subsurface damage in
brittle materials (f. ex. Lawn & Marshall, 1979; Ling &
Finnie, 1989; Larsen Basse, 1994). These mechanisms
have also been described and explained in archaeological literature dealing with use-wear (Kamminga, 1979;
Knutsson 1988a). Based on experimental replication of
tool use this has helped to define the causes behind
many of the traces used to identify prehistoric stone
tool use.
In lithic use-wear analysis mainly surface features
like smoothing, striations and abrasion are used to
identify prehistoric tool use. However, since postdepositional influences from the soil often cause
serious surface modifications, many surfaces from
archaeological artefacts cannot be uncritically compared with their experimental counterparts (Levi Sala,
1996). The experiments conducted by Plisson &
Mauger (1988) showed that chemical etching, and to a
lesser degree also tumbling, remove the uppermost
smoothed layer and make hidden striations visible.
This has led us to look for subsurface damage more
systematically, which might still be visible on archaeological artefacts after natural weathering processes.

Naturally, subsurface damage is also likely to be
caused by natural mechanical processes in the sediment
and has to be distinguished from use-wear. In this
article we have examined the possibilities of dyeing
experimental and archaeological quartz artefacts
with fluorescent colour to make subsurface damage
visible. The dyed tools were examined using a confocal
laser-scanning microscope. This methological idea was
first outlined in 1999. (Dendarsky, 1999: 72F and Figs.
7, 8).

The Confocal Laser Scanning Microscope
(CLSM)
Confocal means, ‘‘having the same foci’’. In the confocal microscope the condenser and the objective are
focused on the same point. Together with the use of
pinhole aperture in the light path, this forms the
fundamental principle of confocal microscopy. The
purpose of the pinhole is to block all light that does not
originate from the focal plane. Thereby, a shallow
depth of field (0·5–1·5 m) allows information to be
collected from a well-defined optical selection rather
than from most of the specimen as in conventional
light microscopy. Consequently out of focus images
are virtually eliminated, which results in increased
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contrast, clarity and detection. Both reflection and
fluorescence illumination modes are possible to use
(cf. f. ex. Pawley, 1995).
Stacks of optical sections taken at successive focal
planes can be processed to produce a three dimensional
view of the specimen. Thus, confocal microscopy provides a means to observe three-dimensional structures
in microwear studies of the tools. Other advantages of
using a CLSM in microwear studies are a better
control over light intensity, contrasts etc. In the recent
years confocal microscopes have been used in use-wear
and related studies to study topographic images by
measuring the micro-relief (Fiegenbaum, 1996; Jühlich,
Miller & Fiegenbaun, 1997; Kajiwara et al., 1998;
Steguweit, 1999). In this study, however, we have investigated the possibility of scanning using fluorescent light
to enhance and discriminate wear features.

Methods
The objective of this study was to view the subsurface
damage on a sample of diﬀerent use situations. Flakes
of veined quartz and rock crystal were used to
scrape dry hide, to saw fresh wood, soaked antler and
shell, to cut grass and reeds, to harvest wheat, to
butcher a sheep and to whittle dry jet. After use the
artefacts were cleaned with H2O2 (c. 5% at room
temperature), mild detergent and distilled water in an
ultrasonic tank. Before and after use replicas of acetate
foil (cf. Knutsson, 1988a: 28–38) were taken and
inspected together with the tools themselves with a
metallurgical microscope at 200 and 400 magnification. The experimental artefacts were also heated in
a mixture of NaOH and CaCO3 (in a ratio of 1 to 5
volume percent) at 70C for 3 h and cleaned with
mild detergent and distilled water afterwards. That
treatment was originally designed to etch away the
polish or part of it from the surface of chert tools
without patinating them. Surface alterations after
this treatment could not be seen on the quartz
tools at 200 and 400 magnification under the
incident light microscope except on a reed knife of rock
crystal. Also the last persistent residues had been
removed. The archaeological artefacts were only
cleaned with mild detergent and distilled water in the
ultrasonic tank.
The fluorescent dye used was Crystal Violet (C.I.
42555; Sigma C-3886). It was dissolved in water at
0·1 mg/ml. The artefacts were immersed in the solution
and brought to the boil in a microwave oven. By this
procedure the subsurface cracks should widen and be
filled with the hygroscopic dye. The artefacts were left
to cool in the liquid before they were cleaned with
water and distilled water in the ultrasonic tank. (The
dye could be removed by soaking the artefacts in
acetone or pure alcohol.)
The used edges of the artefacts were then inspected
at 200 magnification under a CLSM (Leica TCS 4D

CLSM; Leica, Heidelberg, Germany) using the 568 nm
line of an argon/krypton laser for both fluorescence
excitation of the dye and reflection imaging. The lens
used was Plan 20/0·40 dry objective. A number of
vertical sections suﬃcient to cover the area
of interest was scanned at 200–500 magnification.
The obtained image stack was processed with Image
Space software (Molecular Dynamics, Sunnyvale, CA,
U.S.A.) using the ‘‘look-depth’’ algorithm. For publication the images were further processed with Adobe
Photoshop 5·0 (Adobe Systems Inc., U.S.A.).
In contrast to conventional light microscopes, the
CLSM uses a scanned point of light to produce digital
images. The resolution, which can be achieved with an
objective, depends on the number of pixels in the image
and the total scanned area. Therefore, smaller areas
can be zoomed in which allows higher magnification.
The resolution of a 10/0·40 lens, e.g. allows a zoom
of more than 4 for a 512512 pixel image, and thus
shows the same details as a picture taken with 40
/0·70 of the same area, at least when using reflected
light. On the other hand, the objective influences the
amount of light that can be received which plays an
important role when using fluorescence. Since the 50
objective could not be brought close enough to the
irregular surface, we scanned smaller parts of some
areas to enlarge the features seen at 200 magnification. Unfortunately, it was not possible to see the
cracks directly under the microscope using fluorescent
light since the fluorescence was not strong enough.
Only after scanning selected areas did the filled cracks
become visible on the computer screen. That technical
problem inhibits the examination of whole edges with
fluorescent light since scanning images is a very timeconsuming process.
The resulting fluorescent images depend on the lens,
the laser power, the wavelength of the emitted and
detected light and other adjustments like gain and
oﬀset. Also, the further processing of the image to
improve the visibility of certain features by increasing
the contrast between selected light levels can make the
pictures less comparable. For a better comparability
we decided therefore to increase the general
contrast only but not the contrast between selected
light levels.

Results of the Experimental Tools
The use-wear features, that can be detected on quartz
tools, were described by K. Knutsson (1988a; for
use-wear on quartz, see also Sussmann, 1985, 1988).
Under a light microscope the use-wear appears mainly
as diﬀerent types of surface features like various
striations, abrasion as well as smoothing of the surface,
especially when working silica-rich materials. All these
features can appear after working diﬀerent materials,
but only by a multivariate analysis the worked
materials can be diﬀerentiated (Knutsson 1988a: 65).
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Figure 1. The dry hide scraper displays under reflected light usewear mainly in the form of striations of the sleek type and a heavily
abraded edge. Some furrow-type striations are marked with an ‘‘A’’.

Assuming that diﬀerent use wear features seen on the
surface are connected with varying subsurface features,
dyeing should enable subsurface use-wear to be discriminated in a similar measure as surface wear. Surface features, which are regarded as characteristic for a
certain use, were chosen and compared with the damage under the surface. In the following, reflected light
images, which correspond to the ‘‘traditional’’ high
magnification images obtained by metallurgical light
microscopes, are compared to the fluorescent images,
which should display the subsurface damage.
The grass knife and the hide scraper should be seen
as examples for working soft materials. The example of
the experimental dry hide scraper shows the diﬀerence
in the pictures taken (Figures 1, 2). Using reflected
light, intensive abrasion of the edge and large numbers
of striations, mainly of the sleek type, are visible. These
are, together with heavy abrasion of the working edge,
considered to be most typical for working dry hide
(Knutsson 1988a: 79). Sleeks are caused by plastic
deformation while furrow type striations are due to
microfracturing (Kamminga, 1982: 12). The former
thus should not have subsurface fractures where the
dye could be trapped. On the picture taken with
fluorescent light neither the edges of the cleavage
planes—except when they had been abraded—nor the
shallow sleeks can be seen. As expected, the dye only
got stuck in the few furrow type striations (A) and in
the fractures on the abraded edge. At 500 magnification even very faint traces of some sleeks can be
detected using fluorescent light.
On the grass knife fine striations which looked
similar to the ones on the hide working tool as well as

Figure 2. On the same area as Figure 1 only the few furrow type
striations and the abraded edge can be seen under fluorescent light.

a few broad striations with regular outlines and little
abrasion could be seen. Under fluorescent light the
subsurface cracks seen seemed to be connected with the
broad striations. The fluorescence seemed to be weaker
in this case than on the images of cracks caused by
harder material. The ratio between striations with
subsurface cracks to the superficial striations was much
higher than on the hide-working tool.
Wood is generally considered as a middle hard
material and broad straight sided striations of the
furrow type are seen as most characteristic for wood
working though other types of striations and smoothing as well as abrasion occur also (Knutsson 1988a:
70). These straight-sided striations can be identified,
especially after etching the surface, as rows of narrow
partial cone cracks under higher resolution using the
... (Knutsson, 1988a: 75, 96). Under fluorescent
light it seems at 200 magnification that narrow
linear cracks are lying under these striations (cf. the
striations on the butchering tool, Figure 6). It is,
however, not possible to recognize clearly whether
these cracks are lines or rows of very small crescent
cracks. The dorsal aspect of the wood saw was an
‘‘old’’ surface and therefore some of the features worth
discussing were certainly not induced by use but comparable to features seen on archaeological tools. The
large single Hertzian cone cracks (D) on Figure 4 were
only made visible by the fluorescent light and could not
be seen with reflected light (Figure 3) even though the
surface of quartz is rather translucent. These were
certainly not caused by use and can be ascribed to
non-use mechanical damage. This picture is comparable to experimental crack patterns where isolated
groups of cone cracks are formed when free blunt
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Figure 3. This picture of the wood saw displays intensive
striations—may be caused by non-use wear and abraded edges of the
cleavage planes (‘‘B’’) using reflected light.

Figure 4. Under fluorescent light, large Hertzian cone cracks (‘‘D’’)
are revealed which cannot be detected under Figure 3.

particles cause abrasion (Lawn & Wilshaw 1975: Fig.
41; Cotterell & Kamminga 1990: 154 and Fig. 6.18a)
whereas fixed blunt abrasives produce lines of cone

cracks (Lawn & Wilshaw 1975: Fig. 40; Cotterell &
Kamminga 1990: Fig. 6.18b).
After harvesting ripe wheat the quartz surface made
a very ‘‘rough’’ impression due to persistent residues.
After chemical etching (see above), smoothed areas
and many striations, mostly of the straight sided type,
became visible (cf. Knutsson, 1988a: 75). It might be
worth noting that most of the dust which tends to
adhere after dyeing got stuck just in the same areas
which had been covered with residues earlier. The
cracks seen under the surface with fluorescent light
were comparable to the ones on the wood saw.
On the tool, which was used for sawing soaked
antler, the wear features were similar to the wood saw,
though the amount of abrasion and the striations with
irregular outlines increased. Under some of these
striations narrow rows of crescent cracks could be
discerned.
The shell saw displayed, under incident light (Figure
7), striations (A, B, and D) and linear cracks normal to
the working direction, which could be interpreted as
deep surface cracks (C). Besides these wear features,
heavy abrasion would be characteristic for this activity.
Scanning the same area with fluorescent light resulted
in a rather complicated picture (Figure 8). Cracks
similar to those on the wood working tools were
revealed under some of the striations (A) while similar
striations only seem to be plastic deformations (B),
broader than the ones on the hide-working tool.
Beyond other striations rows of very large crescent
shaped cracks (cf. f. ex. Lawn & Wilshaw 1975: Fig.
20) appeared (D), which dominate the image. The deep
surface cracks, now seen as linear cracks (C), are
obscured by these striations. Here, the amount of
damage hidden under the surface becomes obvious.
A flake was used for whittling jet that was supposed
to represent a rather hard and dry material. This
tool exhibited many scars on the working edge and
striations of diﬀerent types—broader and finer,
straight sided and more irregular. Under the scanned
surface only lines of striations were visible and no
distinction to ‘‘middle hard’’ materials could be drawn.
On the butchering tool striations normal and parallel
to the working edge were visible. They were of diﬀerent
types like on the previous tool but even flat and slightly
curved striations occurred, which can be attributed to
the diﬀerent wear situations during butchering like
dehiding and cutting softer and harder tissues. Often
the striations parallel to the working edge were more
clearly visible under reflected light and they usually
were situated more closely to the working edge (Figure
5). The subsurface damage consisted of lines of cracks
and was not more pronounced than the one on the
woodworking tool or the harvesting knife (Figure 6).
Examining the experimental reed knife of veined
quartz gave very interesting results. Here, rather large
patches of the surface became fluorescent which
occurred as smoothed and ‘‘polished’’ areas under
reflected light, whereas the surface of the other tools
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Figure 5. Most materials produce furrow type striations (‘‘A’’) as
on the butchering tool made of rock crystal seen under reflected
light. Except the rather few striations the surface seems to be
unaﬀected.

Figure 6. Under these striations linear cracks or rows of narrow
Hertzian cone cracks can usually be discerned using fluorescent light.
Also here, most of the surface seems to be undamaged.

where only fractures were dyed seemed unaﬀected. The
short regular striations of the furrow type looked
similar to the ones on the wood saw (cf. Knutsson,
1988a: 74) under reflected light as well as under fluorescent light. The experimental reed knife made of rock

Figure 7. Using reflected light, striations (‘‘A’’, ‘‘B’’, ‘‘D’’) and linear
cracks normal to the working direction (‘‘C’’) are visible on the shell
saw.

crystal and used on green plants in summer displayed
extreme smoothing and regular striations after use.
After etching, the striations became more visible
(Figure 9). By using fluorescent light, it can be seen
that very many striations are lying under the smoothed
area (Figure 10) which would support the theory
that polish is a result of striations and abrasion
(cf. Diamond, 1979) even when working silica rich
materials under wet conditions. Another interesting
phenomenon is that lines of fine Hertzian cracks can be
more clearly discerned than when working materials,
which we would consider as being ‘‘harder’’.
The analysis of the micrographs from the experimental artefacts indicates that subsurface damage can be
seen under fluorescent light and the hypothesis about
the diversity of subsurface features related to surface
variability seems to be correct. Since topographic
features do not ‘‘disturb’’ the picture, the working
direction might become more clearly visible especially
when many diﬀerent cracks and striations are present.
The incipient cone cracks on the experimental shell
saw on Figure 8, f. ex., show that the tool has been
used in two directions by the orientation of the crescent
shaped cracks (cf. Lawn & Marshall 1979: 71f). The
diﬀerences observed are related to the hardness of
the material worked and dyeing thus does not only
reveal use-wear, but also discriminates between diﬀerent load situations by the character and size of
the subsurface wear features. Since diﬀerent load
situations are characteristic of diﬀerent worked
materials, the dyeing should enhance the possibilities
for interpretation.
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Figure 10 Using fluorescent light striations can be seen even under
these smoothed areas. In contrary to other ‘‘middle hard materials’’
even the single Hertzian cone cracks can be identified in these
striations.

Figure 8. A large amount and diﬀerent types of subsurface damage
becomes visible when using fluorescent light (same area as Figure 7).

Figure 9. On the reed knife very many furrow type striations can be
seen after use, which might be due to a rather abrasive character of
the worked material. The surface between the striations looks
smoothed under reflected light.

The Analysis of Archaeological Artefacts
For a comparison between experimental and
archaeological artefacts some quartz scrapers from
Görviksudden, Tåsjö parish, northern Sweden, were
selected. This site lies at the beach of a lake and was
partly excavated in 1951 but most of the finds are stray
finds. It was assumed that the centre of the site lies
under the modern shore line (Hvarfner, 1952: 21–23).
Even though no modern investigations have taken
place, it is likely that this site belongs to the inland
settlements from 4600–2500  which consist of one of
a few huts and are interpreted as the winter settlements

of a Neolithic hunter-gatherer society (cf. Lundberg,
1997). These scrapers were examined with a metallurgical incident microscope before dyeing. A high
amount of abrasion and furrow type striations on the
whole surface indicated that the artefacts had been
moved in the sediment, probably rolled—at least
slightly—in the beach environment. The three artefacts
with the lowest degree of post-depositional surface
modifications, i.e. those with only little abrasion and
striations in the ‘‘inland’’, were chosen for further
examinations. That these artefacts had been used was
assumed because of the striations situated close to the
retouched edge.
The selected archaeological artefacts displayed clear
signs of chemical etching (Figures 11, 12). The
striations—all of furrow type (A)—had been etched
out, etch pits (B) are visible on the lower part of the
picture and the dye often got stuck under the edges of
the cleavage planes. Compared with the striations on
the experimental artefacts, the striations on the
archaeological artefacts appeared only as relatively
weakly developed traces. An explanation for this might
be that the artefacts had already been etched so deeply
that the remaining cracks under the surface had
become shallow though it cannot be excluded that
these artefacts had been used scrape a rather soft
material. Also, the strong fluorescence of the etch pits
and other disturbed surface layers dominate the
picture.
Except chemical etching, mechanical postdepositional damage could be expected due to the soil
conditions. Only few studies dealing with this type of
wear on quartz tools have been carried out, as for
example a study of aeolian impact fractures (Knutsson
& Lindé, 1990). Such fractures could not be ascertained, maybe due to the magnification used. On
Chinese palaeolithic tools mechanical damage was
found mainly on the protruding ridges and is therefore
comparable with use-wear of hard materials according
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Figure 11. On the archaeological artefact striations normal to the
edge have been etched out (‘‘A’’). Even faint traces of etch pits (‘‘B’’)
can be seen under reflected light.

to Huang & Knutsson (1995: 37). Therefore, it
was expected to find subsurface damage of ‘‘hard
materials’’, comparable with Figures 4 and 8, also on
the archaeological artefacts from Görvicksudden, since
it could be assumed that they had been moved in the
sediment because of the non use-wear seen under the
metallurgical microscope. The absence of such features
on the scanned images seems to indicate that the wear
close the studied edges was only or mainly caused by
use.
This method was also applied on selected artefacts
from Gärdselbäcken, Arboga parish, Central Sweden.
This settlement belongs to the middle Neolithic Pitted
Ware Culture and was situated close to a quartz mine
(Holm & Runesson, in press). The artefacts were
examined at high magnification and at low magnification before they were dyed. Most of the edges were
sharp and fresh and chemical etching did not seem
to have aﬀected these artefacts to a larger extent.
Striations and large cracks in the inland, however,
showed that some mechanical damage was to be expected on these artefacts. In this case, another CLSM
with a 10/0·40 dry objective was used, which resulted
in slightly diﬀerent fluorescent images. Here, subsurface damage became only visible under experimental
striations, which were caused by very hard materials.
Thus, subsurface damage only allowed discriminating
between middle hard and very hard materials in this
case while softer and middle hard materials were
separated by the damage on the surface. Generally, the
artefacts from Gärdselbäcken do not seem to have
been heavily worn which might be due to the abundance of raw material near the site and working soft

Figure 12. Here, the striations (‘‘A’’) are only displayed as faint
traces, which might be due to heavy etching, by soil chemicals. This
etching can also be confirmed by the large amount of etch pits (‘‘B’’)
(same area as Figure 9).

materials, especially scraping, seemed to have taken
place in the central settlement area (Derndarsky,
in press).
For a better comparison, some of the tools were
chosen for an inspection with the earlier named CLSM
with the 20/0·40 dry lens. As could be expected,
more striations became visible under fluorescent light
on these images but the general conclusions about the
wear features of these artefacts remained the same.
Striations, which are likely to have been induced by
non-use wear because of their position and orientation,
were connected with more pronounced subsurface
damage than use-induced striations. On one artefact
which displayed edge rounding on most of its edges
under low magnifications isolated cone cracks comparable to Figure 4 could be found in the inland using
fluorescent light and were ascribed to movement in the
sediment. Etch pits and small bright areas, which
probably are disturbed surface layers, were present
even though these artefacts had displayed only little
chemical etching by reflected light but they were rather
more uncommon. Numerous natural flaws in the raw
material used here became filled with the dye and gave
more fluorescence than the smaller cracks beneath the
striations. Figure 13 shows the edge a large flake with
many fine and some larger striations, which indicate
that the main working direction was transversal to the
working edge under reflected light. The fine striations
normal to the working edge (B) are comparable to the
ones on experimental hide working tools. Under fluorescent light (Figure 14), however, striations parallel to
the working edge (A) dominate the image. This wear
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Figure 13. On the edge of a large archaeological flake many fine
striations normal to the working edge (‘‘A’’) can be seen while there
are fewer striations parallel to the edge (‘‘B’’) under reflected light.

Figure 14. Under fluorescent light the cracks under the striations
parallel to the working edge (‘‘B’’) dominate the picture.

situation with a less heavy load when working transversal than when working parallel to the working edge
can arise during butchering, which would be the most
logical interpretation for this flake.

Discussion
It is known from material science that wear damage is
not only present on the surface of brittle solids but a

large part of the damage is found under the surface
(Lawn & Marshall, 1979: 74). The wear described is
comparable to the mechanisms known from the
abrasive wear of ceramics: under shallow indentation
only plastic deformation is formed under the indenter
while no cracks are apparent. In our experiment the
dye did not get stuck in fractures of that kind. At
deeper indentation first radial cracks develop to the
side of the indentation, than lateral cracks running
under the surface and finally deep median cracks
(Larsen-Basse, 1994: 106). Lawn & Marshall (1979:
76–78) suggested that the particles, which cause
striations, act as blunt indenters under low load and
create partial cone cracks while under high load
situations even median cracks are formed. Some large
cracks on the shell-working tool (‘‘D’’) might be such
large median cracks. Otherwise the cracks observed
seem to be partial Hertzian cone cracks. These mechanics have already been discussed in archaeological
literature dealing with use-wear (Kamminga, 1982;
Knutsson 1988a, b; Cotterell & Kamminga, 1990:
150–155) but dyeing artefacts enables more applications of this knowledge.
Due to subsurface damage, use-wear can become
enhanced on archaeological quartz tools where the
surface layer has been etched away by soil chemicals
(Knutsson, 1988b: 122). In lithic use-wear analysis
chemical etching, using ammonium bifluoride
(NH4HF2), of used surfaces has shown that this subsurface wear is mainly found as incipient cone cracks
and radial cracks (Lawn & Marshall, 1979; Knutsson
1988a). The eﬀects of dyeing the specimens gives
roughly comparable results to etching but there are
also some diﬀerences: by etching quartz tools the whole
disturbed surface layer disappeared whereby diﬀerent
dislocation traces turned up. In addition many hidden
striations, overlying each other, became visible even
after working rather soft materials. On the other hand,
the dye could only fill crack systems, which started at
the surface—the weak ‘‘etching’’ here did not seem to
have any major influence. It is hard to say to what
extent ‘‘overlying striations’’ occurred by dyeing the
experimental artefacts—as they could be part of crack
systems starting at the surface—due to the magnification used. The etching with NH4HF2, however, was
too strong to make a comparison with archaeological
artefacts possible, where traces of dislocation still were
hidden (Knutsson, 1988b: 123). The simulation of
natural soil processes is problematic since only some
of the processes will occur when concentrated
chemicals are used.
The post-depositional chemical damage seems to
have a larger influence on subsurface damage than
expected. On the one hand, naturally etched areas and
pits on the tools disturb the image; on the other hand it
is likely that the fluorescence of the use-wear features
becomes weaker as the original surface disappears.
Subsurface damage on experimental artefacts might be
more comparable to surface damage on severely etched
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archaeological tools, except when it comes to the
damage of very hard materials. An important field of
further research is the simulation of post-depositional
mechanical damage to understand to which degree it is
possible to discriminate between natural and cultural
wear situations using dye and the CLSM to study
subsurface damage. As the example of the shell saw
shows, various types of subsurface damage can be
found under similar-looking striations.
Quantification of the features of fluorescent pictures
contains some diﬃculties due to the dependence on the
equipment and adjustments used. However, the same
problem occurs when working with polishes seen under
metallurgical light microscopes since the adjustments
of the user when taking as well as when developing the
photos have a strong influence of the resulting image
(see f. ex. Grace, 1996: 210). More experimentation
would be necessary for an evaluation of the intensity of
the fluorescence.
A major problem of examining artefacts with fluorescent light is that the resulting picture cannot be seen
directly. The question here is whether another dye
could give better results or whether the cracks contain
too little colour. Since subsurface damage occurs on
quartz tools only at places where surface changes are
visible (Knutsson, 1988a: 94), it is quite easy to find
‘‘interesting’’ areas. When the same method was used
on experimentally used chert tools, the picture resembled an ‘‘inverted image’’ of an etched surface of the
same type of chert and thus seemed to be dominated by
the structure of the chert. Subsurface damage comparable to that seen on the quartz tools could not be
detected though faint traces might indicate the presence of subsurface damage. For the moment it is not
possible to determine whether areas with subsurface
damage could not be detected because the ‘‘wrong’’
areas were scanned or whether that kind of subsurface
damage does not exist on used edges of chert tools.
Their diﬀerent crystalline structure might hold up the
cracks and cause them to go around individual grains
(cf. Lawn & Marshall, 1979: 66; Larsen-Basse, 1994:
107).

Conclusions
In this article we have shown that use-wear on quartz
tools can be seen more clearly and that complementary
information about the type of damage can be gained by
dyeing artefacts with fluorescent colour and examining
them with fluorescent light. This method permits discrimination between diﬀerent wear situations by the
variability of subsurface damage, by its presence in
general, by diﬀerent features such as cracks, pits or
‘‘disturbed surface areas’’ and especially by the size and
amount of the cracks. The method described here can,
when further developed, be helpful in understanding
the amount of subsurface damage on archaeological
artefacts, aiding interpretation of tool use.
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Rörströmsjöarna i Dorotea sn, Lappland och Tåsjö och Bodum snr,
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