
Traces etfonction : les gestes retrouu€s
Colloque interuMtional de Li)ge
Editions ERAUI, uol. 50, 1993

The formation process
of . use-wear polishes ,,

Sboh YAMADA*

REsunf
Les traits diagnostics des caractdres optiques des

. polis , ont 6t6 reconnus au microscope 6lectronique a

balayage. Le d6veloppement progressif des ' polis ' a 6t6

observ6 par placage d'argent et par st6r6o-photographie.

Les processus se sont av6r6s d6finis par I'usure en

tribologie. Deux types d'usure ont 6t6 observ€s : type de

coupe et type de fracture. Ni accumulation de silice ni

fluidit6 de surface n'ont 6t€ observCes. L'hypothdse du gel

de silice est donc rejet€e. Une hydratation de l'ordre de

moins d'un micron peut se produire en surface, mais il est

admis que le diagnostic des caract6ristiques d'un " poli '

est principalement produit par la duret6, les propri6t6s

visqueuses et 6lastiques ainsi que la texture superficielle

des matidres travail16es.

ABS]]I.ACT

Diagnostic features of optical polish types were

recognized with a scanning electron microscope. The

progressive development of the " polishes , were observed

with the use of silver-coating and stereo-photography.

The processes proved to be wear defined in tribology.

Two types of wear were observed : cutting type accom-

panied by striations and fracture type accompanied by

pitting. Neither deposition of silica gel layer nor fluidiry

of the surface weres observed. 
'fhe silica gel hypothesis

is thus denied. Hydration on the order of less than a

micron may occur on a surface, but it is believed that the

diagnostic features of . polish , rypes are mainly produced

by the hardness, the viscous and elastic properties, and

the surface texture of the worked materials.

Introduction analysis have been reported. Still, the question of

why such a . polish , is produced is not agreed

upon. Even its recognition is still problematical.

Most researchers, in other words, are investigating

a topic which they do not understand completely'

A . polish , is often defined in terms like ' an

altered flint surface which reflects lieht and which

The establishment of the periodical use-wear

meeting shows that experimental use-wear studies,

especially investigations of " polish ,, have become

popular. Many archaeological studies with " polish '
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cannot be removed with acids, bases and solvents ,
(Vaughan, I98I : 732). That is to say, Lrse-wear
analysts cannot define our basic phenomenon in a
positive way. This makes the entire stucly of

" polish, somewhat tentative .
The problem of understancling the . polish "

mechanism is the basis of all the qr-rcstions faced by
those of us who clo use-wear analysis. Does a

" polish , type represent the type of materials
worked ? How might a " polish , be altered
by natr-rral wcathering ? Is this str-rdy of . polish "
app l i cab le  t o  v : r r i oL rs  rock  t ypes  ?  \ 7ha t
features shoulcl be selected to measure in the
compllter irnage analysis for quantification of

" polish " ?
The most popular explanation of " polish '

among cllrrent Llse-wear analysts is the " silica gel
theory, put forth by Anderson (1980 ; see also
Mansur-Franchomme, 1983). In this paper, I r.rsecl
scanning electron microscope (SEM) observations
to show that a . polish , is procl-rced by - wear,
(defined in the field of tribology), and n<>t by thc
mechanisms proposed by the silica gel theory.
Before that, I will explain the terrninology used
here, and summarize the major competing theories
on. polish , formation presentecl so far. Then I will
show how a " polish , looks urnder the SEM, and
discuss the clevelopment process of " polish ,, in
order to evaluate the silica gel explanation of the
phenomenon.

Terminology

In this paper, I consistently use terms in the
meaning defined in tribology which is . the science
and technology of interacting surfaces in relative
motion and of the practices related thereto. ,
(OECD, 1969 :62).

In use-wear studies, the word . wear " irnplies
various phenomena, including. polish , and micro-
flaking. In tribology, however, . wear " is defined
as . the progressive loss of substance from the
operating surface of a bocly occurring as a result of
relative motion at the surface , (OECD, 1969 :64).
Use-wear researchers tencl to r-rse the word

" abrasion " for this sarne meaning. In tribology,
abrasion - or abrasive wear - refers to a type of
wear " by displacement of material caused by hard
particles or harcl protllberances ' (op. cit. : l3).
Microflaking is, then, a type of fracture, not wear.

S.  YANTAI )A

Theories on . polish , formation

" Corn gloss ,, the most clistinctive type of
Lrse-wear . polish ,, was recognizecl by the end of
the last century (Diarnoncl, 1979). Other types
of " polish' were not recognizecl lrntil Keeiey
established the " high power approach , in the late
1970s.

Semenov (1964 : 14) classified . frictional
wear , in thrce categories on a scale from polishing
to grinding ancl finally rasping. In this system

" polish " sllggcsts plastic deformation.
A well-known paperby'Witthoft (1967) explains

corn gloss is a product of fr-rsion on the flint surface
developed by high frictional heat, with a large
amount of transfe rential fused silica from the plant
bocly accr-rmulated on the flint sr,rrface. This process
increases the mass and volume of a stone to()I.

In the papers of the first use-wear conference
(Hayden ed., 1979), three ar,rthors cliscr,rssecl
mechanisms of . polish " formation.

First, Kammtnga (1979) divicled . polish " into
. phytolith polish , and. abrasive sm<>othing ,. Tl-re
former corresponds to corn gloss, and, with SEM
observation, a glass polishing moclel was lrsed to
explain its formation. The smooth surface of a corn
gloss was said to be the reslrlt of chemicerl wear
which removes the soft, hyclrated silica gel layer.
Phytoliths were sLtggcstecl to act as altrasives in the
process. The . abrasive smoothing , is a worn
surface which is proch,rcecl by foreign dust, sand,
micro-chips of stone edge and so on. It is said t<t
be . more akin to the grinding that is preparatory
to c>ptical polishing , (Karnminga, 1979: 151).

Diamoncl (7979) proposed a combination of

" vcry rnild and rniid abrasive wear,, " fatigr,re
breakage wear , and . surface fatigue wear , t()
explain. polish ,. Finally, Del Bene 0979) ciividecl

"  po l i sh  ,  i n to  .  depos i t i ona l  po l i sh  "  anc l

" mechanical polish ,. He said the fbnner is prr>cllrcecl

by deposition of some foreign substance sr-rch as
opaline phytolith, while the latter is proclucecl by

" abrasion ' and . transl<>cation ". There are no
appropriate existing models to explain abrasion
and translocation, but, since striations are not
frequently obserwed under SEM, Del Ilene sr-rggested
that abrasi<>n does not seem to be a dominant
factor in. polish , f<>rmation. These three authors
explainecl the . polish ' forrnation in tribological
terms, although they clo not Lrse the term tribology.
However, all of thern triecl to apply existing models
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without extensive obselvati()n of Llse-wear. polish "
itself.

The silica gel theorywas originally proposcd by

Anderson (1980), who undertook extensive SEM

studies Lrased on Keeley's high power apprctach.

Her understanding has undergone s()me changc
(Anclerson-Gerfaud, 1986) but, according to origi-

na l  t heo ry ,  a  "po l i sh ,  i s  a  " s i l i ca  ge l  , l aye r

prodr-rced by hydration of a flint surface. It does not

mean that tl-re hydrated layer is removed by

friction. On tl-re contrary, the layer can reach about

10 m thick, ancl inorganic micro-residues such as

phytoliths are often frl-rnd to be sinking into the

layer. In the case of plant wc>rking, transferential

silica gel from workccl plants is also merged into

the layer, althougl-r the 2rm()Llnt cannotbe evalurated.

This theory was sLlpported by M. E. Mansur-

Franchomme (1983), who proposed an aclclitional

hypothesis of striation formation based on the

silica gel theory. It proposed that a cleveloped
. polish " entered a fluid state dr-rring the work, so

that scratched grooves which may have surtwived

on the surface disappear .

Mecks et a|.0.982) presented a contrary posi-

ti<>n when they reported that they could not cletect

" polish , layer with SEM within their resctlution on

cross sections of carefully prepared specimens.

They concluded that the built-up appearance of

polishecl sr-rrfaces is an illusion caused by rounded

edges of fractr-rre scars. They aiso indicated that

" the optical illusion that the gloss has some depth

is caused by tl-rc transparency of the flint and the

fact that tl-re edgcs of abrasion features are rounded

by polishing " (Meeks et al., 7L)82 : 337). They

explained striations and pits as prodllcts of wear,

and that gloss is the result of a concLtrrent polishing

process in which some chemical change of silica

has occurred. Furthermore, they surcceeded in

producing polished surface sirnilar to corn gloss

with metallurgical polisher impregnated with fine

diamond paste.

Masson et al. (.981') argued that the silica-gel

theory underestimates wear. Based on knowleclge

of relevant diciplines, such an amorphous layer on

the sr-rrface must be on an Angstr()m or nm scale.

In practrice, they could not obselve amorphous

patterns with X-ray diffraction, and, considering

thc natr-rrc of amorphor.ts silica, they concluded

that it cann()t snwive c>n archaeological specimens.

Even if it is detected, it rnay be the result of post-

depositkrnal alteration. They think that, by changing
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the plasticity of materials worked, moistltre affects
. polish " development by increasing the contact

area between the tool edge and and the worked

surface.
Unger-Hamilton (1984) called attention to the

possibility of misindentification of original rock

inch-rsi<>ns as residues of use. Still, the existence of

a very thin amorphotrs layer, on an Angstrom scale,

which cannot be cletected with X-ray diffraction

cannot be denied, so that she felt . polish , is

produced by both attrition and deposition.

In surn, then, the two competing explanations

of . polish " can be termed tl-re " silica gel theory ,

and the . wear thcory , (fig. 1). At this point the

silica gel theory probably has tnore supporters, but

neither theory has been conch,rsively proved and

neither can be entirelv reiected.

1 .  WEAR THEORY
res  i  due

ffi-M
2 .  S I L I C A - G E L  T H E O R Y

t  - . , ^ -

Fig. 1. Theories e6 " pol ish " formation.

Method

The specimens shown in table 1 were observed

wirh SEM (JEOL, JSM T-200) and metalh-rrgical

microscope (Olympus BHM). To assure accLlracy,

many photos of each specimen were taken, many

at the same spot. Most tests of the obserwed edges

involve movements which were parallel to rather

than across the margin.

Siliceous shale was used in most of this test. It

is a grey-colored, siliceor-rs deposit which was the

prevalent raw tnaterial for prehistoric tools in

northeasternJapan. Although it is called shale, it is

highly silicified and does not have a lamina strutc-

ture. If it were rnore silicified, it would be chert,

since it is close t<> cheft, but includes more inpurities.

Essentially the satne Lrse-wear . polish , patterns

r e s i d u e
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form on this material and European . flint ,
(Kajiwara, Akoshima, 1981) so that the resr-rlt of the
present analysis can also be applied to European
.  f l in t , .

The features
of polished surfaces under SEM

Two closelyrelated questions must be addressed
initially: how does " polish ' look under SEM ? Can
we expect to see similar diagnostic features based
on the worked material as have been seen under
the optical light microscope (OLM) ?

To answer the first question, images of the same
spot taken under SEM and OLM were compared.
Next, detaiied featr.rres were observed under high
magnifications of SEM. Such observations show
the nature of the respective images which we have
to Llnderstand in order to interpret " polish , sur-
faces.

lJnder the SEM, polished areas which are bright
and white under the OLM look relatively dark and
do not allow quick identification (fig. 2). This is
caused by the " edge effect' of SEM. That is,
protrusions and edges of specimen generate more
electrons so thatworn flat surface becomes relatively
dark while unaltered granular surfaces become
bright.

Also, by their excellent focus depth, SEM images
look like a picture without shadows. This decreases
the three-dimensional impression of the image.
Under OLM, many people llet the impression of an
additive polish. This is an illusion caused by the
shallow fbcus depth of OLM. It exaggerates three-
dimensional impressions of the subject. If you see
the same spot Llnder SEM, it is clear that at least

S. Yav,ure

there is not so thick a surface layer as suggested by
OLM.

Striations are also exaggerated r-rnder OLM.
One of the facts that denies the wear theory is
that there are no striations on " corn gloss ,

when obserwed with SEM. However, this too is an
illusion caused by the SEM image and inadequate
observation (fig. 3). If there are no striations on
corn gloss, why are they so often obserwed with
OLM ?

Observations with SEM ftrrther show us an
important aspect of the nature of striations.
Generally, striations are understood as secondary
scratches on a polished surface and are treated as
separated from a " polish ,. They are believed to be
produced by external abrasive agents such as
microchips from stone edge or sand grarns.
However, SEM observations show that " polish'
and striation are not separate things. A polished
surface consists of numbers of fine striations,
although secondary scratches do exist (fig. 4). If
you observe the rnagnified irnage of one striation,
numbers of finer striations are for-rnd inside (fig. 5).

At Tohoku University, all the linear features,
that is, . scratches 'as well as " polish bands ,, have
been defined as striations under OLM, because
they are often difficult to separate. The SEM
observations described above suggest that our
definition was appropriate.

Small circr-rlar pits - or. pot-lids , - which are
frequently observed under OLM on " polish ,

produced by dty hide working are another illusion
caused by OLM. Under SEM they cleady can be
seen to be naturally occurring pits created by
friction or the nature of the rock (ft9.2).

In general, differences in the polished surface
corresponding to the materials worked have not
been reported under SEM. However, if we observe
the polished surfaces carefully under SEM, paying
attention to the nature of the SEM image, we can
find variations of polished surfaces. They are
simply not easy to identify unless one is used to the
SEM images. Especially . plant polish ", which
gives a domed impression under OLM, is actually
found to be a domed polished surface, and " bone
polish ', which gives a flat impression under OLM,
is found to be a flat polished surface (fig. 6). The
difference in profile of polished surfaces was also
demonstrated with a roughometer by Akoshima
and Kajiwara (1984). At higher magnifications, rhe
scope of the observations becomes nafrower so

Siliceous shale
Number of
specimens Number oi photos

Worked materials
unused
grass
wood
soaked antler
boiled bone
dry hide
wet hide
si l iceous shale

Chert
wet hide

3
6
1
6

3
3
2

2

69
365
100
238
130
t o c

1 1 8
90

including 50 for whittling
including 40 for whittling

Total 28 '1355

Table 1. List of exoerimental soecimens.
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100 lr m

-r*omparison 

of oLM and SEM images. Al l  photos in this paper were taken on si l iceous shale.

Fig. 3. Str iat ions on ( corn gloss ,
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Fig. 4. Emergence of secondary " scratches "

Fig. 5. " A striation "

-  l 0 p m

S. Y,tr,r.rr,l

-  10 /n

l 0 l i n t

Fig. 6. " Plant pol ish " and " bone pol ish "

-  l 0 ,um
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that the distribution pattern of polishecl sllrfaces

cannot be observed.
I do not mean that we can identify workecl

material types under SEM, only that " polish "
variations observable under OLM are observable
under SEM as different surface topographies.

Whether these correspond to types of worked

materials or not is another problem (see Yamada
and Sawada in this volume).

One interesting fact revealed by this study
found here is that when a . polish , is not very

developed, and identification of diagnostic features

is difficult with OLM, it is often possible to identify
the diagnostics r-rnder the magnified image of
SEM. A polished surface shows a basically similar
pattern bemveen 200-2500x. The fractal nature of
polished surface, demonstratecl by Rees et al. (1988),

I think is the cause of the controversy as to whether

the materials worked can be identif ied on
undeveloped polished surfaces (Hurcombe, 19f18 :

3 ; Bamforth, 1988 : 17 ; Newcomer et al., \9t18 :
25). Dr-re to the fractallike nature of polished

surfaces, it is sometimes possible to judge workecl

materials from a small patch of . polish " ancl get a

high score in blind test. The fact also suggests that
a computer simulation of polished sr.rrface
development is possible.

W'hether a . polish , is attritional or additional
cannot be determined simply by its appearance.
Still, many of my photos show attritional appearance.
At least, I cannot find thick layers up to about
10 pm of the sort Anderson reported in 1980. I
think the thickly built-up appearance of " polish "
is an illusion caused by the microtopography of the
original surface as Meeks et ctl. (IL)82) indicated.
Also, when a polished surface is domed, it gives an

additional impression of depth.
Based on some reports of electron probe micro-

analysis (Anderson, 1980 ; Mansur-Franchomme,
1983) and chemical cleaning which have been

repeated since Keeley established the . polish '

approach, a. polish " has been demonstrated to be
a part of the rock surface rather than an additive tcr
it. This is also admitted by the silica gel theory

except for some transferential silica from plants.

Micro-residr-res are secondary elements. Therefore,

a . polish , should more properly be called a
. polished surface ,. The word. polish " is nothing

but an optical impression. Since it does not refer to

the material, the use of the term " polish , has no
meaninq for material scientists.
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The progressive development
of a polished surface

Having come this far, the next qLlesti()n we

must ask is, what is the mechanism of the " polish ,

formation ?
Tr> answer this let us trace the progressive

alterati<>n of the surface at a single point on a

specimen Lrsing stereophotography of SEM. If the
silica gel theory is right, distribution of micro-

features snch as striations and pits will greatly

change as the p<>lish develops. If the wear theory
is right, sr-rch features will gracil-rally be smoothed
without changing their locations.

tJ7e have a technical problem to c>vercome first.
Vapor deposition of metal is necessary for the SEM
observation of unconductive materials such as

rock, but how do we manage to remove the
coating film after each obseruation ?

I confirmed that silver coating films are easily
removed with H2O2, causing little damage to the
rock surface. This was checked on one specimen,

through 4 repeated treatments, with 230 photos.

To check the stability of silver coating film,

J specimens were examinedZ or 3 times each with
200 photos. Treatment with boiled HrOr, 10 wt %0,

10 minr-rtes was enough to clean the surface. It was
followed by acetone wiping to avoid contamination

due to the treatment residr-res. This technique can
be widely applied in the basic research of polished

surfaces ancl in tl-re observation of archaeological

specimens for which color change cannot be
allowed.

In theory, tl-re methocl of continuous olrserwa-

tion seems easy, burt actually it was qr-rite difficult.

First, the specimen has to be fixed at the same
angle for each observation. Microchipping produced

during use and unexpected accidents can also

damage the edge and intern-rpt the obserwations.
To improve the situation, a dorsal ridge was r-rsecl

instead of flake edge for specimens, ancl the

" edge " was rubbed gently to avoid microflaking.
Therefore the amount of use shown by strokes in

the figures is not comparable to what might be
expected in actual use.

Observation at 3500x was found to be most
effective, althougl-r 1000x is effective to obserwe

alterations over a wider area. At more than 3500x,
it is difficLrlt to take continuous photos at the same

spot, and errors in tl-re angle of setting a specimen



440

greatly affect the interpretation of observed
phenomena.

Results of the continuous observation are as

follows. When we compare photos 2 and 3 in
figure 7 with stereophotos, we flnd the domed

area to the lower right of the two pits marked
in photo 2 becomes the same elevation as the
other area in 3. $7ere this alteration caused by
deposition of somc clcments in the upper leftarea,

the two tiny pits could not have survived.'\(l'ear at

the lower right area is reasonable. \7e cannot
determine whether the change is additional or

attritional from the very minute change found in
these photos because the specimen cannot be
fixed in precisely the same angle at each time of the
observation. However, when we compare no I
with 4, wear is obvious.'W'ear is also confirmed in
f i g u r e S : I a n d 2 .

In these development processes of polished

surfaces, two types of wear are confirmed. One is

a cutting type which accompanies striation. The

other is a fracture type which accompanies pitting.
In figures 7 and 9, new pits are for-rnd to be
produced. Strictly speaking, we cannot rr-rle out the
possibility that these pits were produced by HrO,
treatment. However, OLM observations show the
process occurred during use. Under OLM, it has

been demonstrated that dry hide working causes
many pits and a large amount of wear. This may be
related to the nature of dry hide.

I observed 10 specimens (5 specimens for
grass, 3 for soaked antler, 2 for dry hide, 440 photos

in all). The success of these observation depends
on how the spot alters and if there are recognizable

features at the spot. Furthermore, the interval of the
observations has to be appropriate, neither too
long nor too short. For these reasons, wear was not

confirmed in all the photos. Still, at the very least,

there was no evidence of thick surface layers being

formed nor of surface flow occurring. However,
we have to note that, with this method, it is

impossible to interpret the phenomena occtrrring

on the order of less than 1 um.

Some problems
with the silica gel theory

The apparent absence of striation on " corn
gloss , is one of the important pieces of evidence

S. Ye.rmt>,r

against the " wear theory', but I can say that

striations are present on polished sr-rrfaces. This

apparent absence is dure to inadequate obserua-

tion. or because the striations are too fine to

observe.
In the silica gel theory, water is assllmed to

become contained in the " polish , by chemical
reaction. Another possibility is however that water

acts as a h-rbricant. Thr,rs, in abrasivc s/ear, as

defined in tribology, a lubricant brings the reverse

lubricant effect and accelerates wear. 
'W'e 

know,

for example, that a kitchen knife can be sharpened

most effectively with a whetstone and water.
Mansur-Franchomme's hypothesis on striation

formation is also not supported by my observa-
tions. If striations on the surface disappear dlre to

the sr-rrface flow, there mr,rst be a deep fluid layer

compatible with the depth of striations which can

be up to a few trrm. However, such deep layers

simply could not be detected on the examinecl

surfaces. If such a flow does occur. the f'eatures

said to be representative of worked matcrials

disappear. The silica gel theory cannot explain

why there are different " polish , types corres-

ponding to worked materials. The existence of

micro-residues is proposed as one of the agents,

but these residues are too small in size and density

to greatly affect the OLM image. This by itself is a

contradiction that practitioners of the high power

approach cite to sLlpport the silica gel theory.
It is possible that residr-res may adhere to the

surface. bLrt cann()t sink intc> it because there is no

Iayer to make tl-ris possible. Anderson-Gerfaud

herself proved this in her paper of 1986, making
ref'erence to Andersen and Whitlow (1983)'s ion

beam analysis. There the amorphous layer was

found to be less than 1 pm. Also she detected

transferential silicon by EDAX on bone implements

used on plants, and cite this as an indirect evidence
of the existence of transferential silica on stone

implements. However, silicon was most heavily

detected in depressions, and " the silicious residue

material is much sparser and thinner, or none at all
was detected, in smooth, flattened areas of the
gloss surface of the tools ' (Anderson-Gerfaud,

1956 :71), This means that amorphous silica on the

surface does not contribute to the smooth
appearance. There must be a gel layer which is

thicker than a few pm to catch plant opals and

to flow ollt striations. Again, the silica gel theory
fails.
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miscanthus 30 strokes 2. 80 strokes

Fig. 9. Development of " fracture type ' wear.

Discussion

From all the above resr-rlts, it is evidcnt that
polished sr-rrfaces are pnrduced by wear in the
strict sense of the term. The mechanisms for the
formation of smooth, mirror-like surfaces on thc
order of less than 1 trrm, however, still remain
unsolved. For the polishing process in tribology,
there are multiple theories - abrasion in micro-
scale, plastic flow, fusion, chemical reaction - to
explain the phenomenon.

The features of polished surfaces of stone toctls
show those of abrasion, but the eminent fact that
hard rock surfaces are abraded by relatively sctft
materials may sLrpport the possibility of chcrnical
reaction as one of the possible rnechanisms of glass
pcrlishing which Kanrninga (1979) proposecl firr

" Llse-wear polisl'r ". Tl-rat is, a hyclrated, soft layer is
formecl on the sr-rrface , then rcrnovecl by fiiction.
However, Levi-Sala (in this v<>lume) clenics thc
possibil i ty of hydration.

Relatively soft, l-righly viscous and elastic
materials snch as plants ancl hicle tencl to procl,rce
domecl polislied surfaces. Materials which have
the opposite natLlre, bone and antler, tend tct
produce flat polished sr-rrfaces (fig. 10). Such
features are basically common on various rock
types (Midoshima, 1988). These facts indicate that
diagnostic features of polished surfaces are mainly

clctcrrlinecl by J factors of thc w<>rkcd rnaterials: its
harclness, its r,'iscor-rs ancl elastic pr()perties, ancl its
slrrface textlrre. Grace ( 19i19 : 60) prcdictecl that all
the polishecl slrrfzrccs finally become the same
smooth, flat surfacc. Horvever, there are qr-ralitative
clif'ferences in polished sr,rrfaces such as profile and
freqr,rency of pits.

p l a n t  b o n e / a n t  I e r

Fig. 10. ldeal ized profi les of a worn edge.

Conclusions

1. Diagnostic f-eatures of . use-wear polish,
clcscribecl w.ith OLIVI are also recognizable with
SEM. Profiles of polishecl sr,rrfuces are especially
clistinctive. . I3one and antler polish , tends to be
flat, while . plant polish , tends to be domed.
Identification of . polish " type is more difTicult
with SEM than with OLM because of the nature of
the image.

P r d r l !
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2. The additive appearance of " polish " is an
illusion caused by the natllre of OLM as well as by
microtopography and domed polished sr-rrfaces.

3. Polished surfaces show attritional appearances
which actually consist of a number of striations.

4. The process that polishes surfaces has proved
to be wear. Two rypes of wear were obsetved : a
cutting type accompanied by striations and a
fracture type accompanied by pits. Neither
deposition of silica gel layer nor surface flow were
observed with SEM.

5.  The ef fect  of  moisture on .  pol ish "
development may be due to changes of the viscous
and elastic properties of the worked materials to,
a lubricant effect, to the acceleration of hydration,
or to a combination of these three causes.

6. Diagnostic features of " polish ' types are
mainly produced by the hardness, the viscous and
elastic properties, and the surface texture of the
worked materials.
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