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IJse-weat traces :
processes of development
and post-depositional alterutions

R6suMr
Cet article pr6sente des recherches sur les surfaces

lithiques polies aprds usage, obsetwEes au microscope
optique et au MEB. Des surfaces natluellement polies

observ6es dans des conditions post6rieures au d€p6t
anthropique ont aussi 6t6 6tudi6es. Ces travaux ont 6t€
inspir6s par les r6sultats d6cevants de la . trac€ologie i
forts grossissements , sur des outils de diff6rents lges et

de sites vari6s qui suggdrent que I'apparence seule des
. polis " d'usage ne permet pas de diagnostiquer le
mat6riau travaill6. Ils ont, en olltre, montr€ qlle certains
processlrs du sol affectaient n6gativernent la surface du
silex qu'elle soit polie par l'usage oLr n()n. Pendant ces
travallx, les surfaces lithiqr-res ont 6t6 polies clans des

conditions contr6l€es. employant plusiettrs mat€rier-tx
poLlr en Etudier les processus dc polissage plut6t qr-re
por-rr r6pliquer les activit6s cles pr6l-tistrtr"iques.

This is a report about the research carried out

to investigate the processes of " polish , formation

on flint surfaces. In oarticular the aim was to

Irene LEW-SAIA

ABSTRACT

This is a report on lesearcl't carried out to investigate
(with Optical and Scanning Electron Microscopy) the
polished surfaces which appear optically on the edges of
flint tools after use. \atr-rrally polished surfaces also
appear optically on flint under some depositional con-
ditions. and the project investigated both this natural
polishing and its possible eff'ects on the polishing produced

by use. Ttris research was promptecl by . high power

microwear analysis , of implements from set'cral sites of

clifferent ages rvl-ricl'r cast cloubt on thc clistinctive

appearance of . polish " on flint ancl fufthermore suggestecl
that post-depositional pr()cesses negetivcly alter the sr-rr-
face of flint implemcnts ancl degracle the polishecl strrfa-

ces. In this rvork flint strrf:rces rvcre polishccl r-tnclcr

control le cl concl i t ions trsing cl i f fe r-ent lnate r ixls, t()
investigatc the processes involvecl in the firrmation of
polistred eclges rather than to replicate tasks rvhich
pretristoric people ere likely to have carricd ottt.

ascertain whether the . polish " observed optically

after use can be attributed to the phenomenon of

plastic deformation alone (which would sug€lest
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\vcar l)y a nrechanical action ) or u'hcthcr sil ica gel
(thror-rgl-r l-ryclrolysis) is l irrnrccl as wcll. I) lestic
clcfirrn-rati<>n alr.r-rost alu'ays tncans thc firnnation <>f
a layer of some'uvhat antorpholrs sil ica l>ccar-rse tl-rc
at()m.s on the flint slrrfucc arc n() longcr orclcrecl in
the same \vey us in unpolisl-rccl flint. Amorphor-rs
sil ica is to be clistinglrishecl f iom sil ica gel, which
is hydrolysecl arnorphor-rs silica proclr-rcecl as thc
result of a one t() one combination of sil ica :rncl
water (sce fig. 1 fbr definitions of terms).

In experiments pr-rblished previously, water
''vas shown to greatly enhance polish formation
and derrelopment. To test whether it was the water
as H,O n'hicl-i lr,.as initiating a process of l"iyclrolysis
or rather its presence as a liquicl meciium, hexane
s,'as used. It is a l-rydrc>carbon oil not kn()wn to
callse the clissoh,rtion of silica ancl is very dif'ferent
che n-rically fior-n rvater in tcrms of polarity (fig. 1).
Experir.nents 'uvere als<> carriecl cut to rnonitctr the
rolc ccrtain r, 'ariables play in thc clevel<>pment <tf
polisl-recl sr-rrfuccs on fl int cclgcs. ' l 'hc Iactors
c<>nsiclcrccl important in tl.rc appcerancc <>f . polish ,

slrch as alrr:rsivcs. watcr. otl-rcr f luicls ancl ctlgc
anglc r"'crc variccl ancl thc rcsr-rlts oltservccl
rnicroscopically.

Flint *'as pc>lishecl, lry hancl ancl rnechanically,
lrncler clifTerent conditions ancl with cliffbrcnt orgrrnie
and inorganic n.raterials.

Amorphous silica : Regions of atomic oder of crystals of extremely
smal l  s ize,  which do nol  have the usual  arranqement of  s i l ica
motecutes.

Plastic deformation : Occurs when you " increase the tensile
strength until there is permanent shape change " (Anderson etal,
1 985 :  1 55-1 56).

Polar liquids : The electrons in such ltquids are fairly evenly shared
between the coponent atoms makins the bonds between carbon and
hydrogen very strong. Hydrogen is not f ree to ally itseli with silica as
occurs in water.  This is  t rue hexane and al l  non-oolar  l iouids.

Polish : As used in microwear is more correctly : a polished surface.

Si l ica gel  :  Can be found only in the presence of  water producing a
chemical reaclion between silica and water through hydrolysis
yielding S|OH. lt can be said to be hydrolysed amorphous silica.

Wear: As defined in tribology is. the progressive loss o{ subslance
from the operating surface of a body occurring as a result o{ relative
motion at the surface . (Oecd, 1 969 ln Dowson, 1979).

Fig. 1. Definit ions of terms used in text.

" Polish , formation

Friction. q,'ear, lr,rbrication, and adhesion are :r
gr()Llp of mechanical surface interactions invctlved
in the formation of polished snrfaces which are

I. I-uvr-S,u.,r

stucliecl t()gether'. They arc well known ltLrt the
lclativc irlportancc ol'eaclt is not wcll r-rnclcrst<tocl.

The tl'reor1' Itlrs first bccn put firrwarcl lty
\f l i tt l 'r<rft 1961 : 3u5) ancl supportccl l>y rnany
othcrs r-rnti l recently that cluring lrse sil ica in fl int
reuches a ser-ni-rn<>lten state or is transformecl intcr
gel by the prescnce of localizecl high temperzrtltres
ancl lvater. A n-rolten layer, howcvcr, wor,rlcl inclicate
tl-rat very higl-r ten-rper.rtllrcs wcrc rcachecl over the
rvhole surfirce during the polishing process wherea s
generally . this consists of a moderate temperatllre
rise over the contacting bodies, and superimposecl
on this there are higher flash temperatLlres at the
junctions. " Rabinorvicz (1966). A hyclrolysecl layer
rvor-r1d firrthcl"lrrore presuppose that water interactecl
chemically u.ith the flint (as silica clissolves very
slorvly in water).

It rl':rs further sr-rggestccl that resicitres such zrs
phytoliths fiorn plants can lte trappecl in sr-rch a
layerclr.rl ing its. aruorphorrs gcl,(Anclerson, 1980 :
184). In orclcl t<> trap phytoliths, t l 'rc thickncss of
such e lay'cr rvoulcl hrrvc to bc l-ncasrrralt lc in
lnicr<rns as ph,vtoliths xe II-44 uticr()ns in length
(Ollcncl<rlf, 1987 : 1+57 )ancl in fact Anclerson ( ibid.)
suggestecl a layer of at least l0 microns hacl f<>nr-recl
in he r experirl ients. A consiclerable rnass <>f sil ica
rvor-rlcl har,'e to l>c clissol'u,ecl ancl precipitatcd to
give snch a tl-rick layel on a sicklc ltlacle whose

Fig. 2. Thickness of deformed layer
on Neoli thic sickle blade. 2 000x.
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clorsal ancl ventral sLlrfltces are gl()ssy along tl-re

whole eclge up to 20 rnn inlancl.

In none of thc cxpcritnents carriecl or-rt in this

was any e viclenc:e <>f sr-rcl-r a tl-rick layer firr.rncl r.tncler

the SEM. The exar-nination of a Neolithic sickle

blacle fiom the site of l-ar'ah (fig. 2) at 2 000x

rnagnifications illLtstrates clcarly that tl-re polished

or defc>rmecl layer is in the region of a tlicrtln or

less in thickness. Tl-re top picture shows pzrrt of the

bottorn picture magnifiecl ten times.

Experiments 1

The details of the follctwing series of experiments

were purblished elseu'here (Levi Sala, 1988), s<r

only the results will bc illustr-atecl ancl discr,rssed

here. 
'$7ood was gr()oved with flakes retnovecl

fiom the sallnc core of urcclittm grainecl Israeli flint

with water, l-ryclrocarltc>n oil, and talcr-ttn pttwclcr

r,rsccl separately. The clegrcc to which the f-lint

sr-rrf:rce was polisl-rccl was the sztme ltttth when

water ancl oil r 'vere r-rsecl. When thc water-

wet r,vood 
"vas 

usecl, hctwevcr, the p<>lishecl area

was of greatel' clistance frot.n thc edge sr-rggcsting

a deeper pcnetration of the woocl lty the tool (fig. 3
ancl 4).

The. polish " obseruecl optically on a flake with

a 45 degrees edge angle had many striations while

on a burin-edge of f30 degrees no striations appeared

in spite of the presence of talcr-rm as an abrasive in

both cases : compare figurres 5 and 6. This suggests

that flint particles from edge scarring and elsewhere

are responsible for some of the striations optically

observed on the polisl-red surfacc. They need not

necessarily be the only caurse.

Experiments 2

As the next set <tf experin-rents havc not llcen

reportecl before, I will clescribe ancl discuss thcm

in some dctail. They wcre carriecl out to polish fl int

with ch.rst-fi'ee hicles in orcler to eluciclate the

abrasive [actor (which secms botrncl t<> be present)

when flint sLrrfaces are polished by soft materials

surch as damp hide.
Goat hide was washecl with ammonia-free

detergent and brushed with a nylon brush as free

of dust and dirt as possible. Separate clean squares

were then used to cover a soft wool buffing wheel.

Fig. 3. Pol ished edge from grooving birch
w/water 3 000 strokes, 200x.

Fig. 4. Pol ished edge from grooving btrch
w/oil 3 000 strokes, 200x.

Fig. 5. Striations from grooving wood with low-angled
ednc rrs ino sof l  abrasive,  200x.

Fig. 6. No striations from grooving wood with high
angled edge using soft abrasives, 200x.
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Fig. 7. Unused goat hide ; optical,  200x.

Fig. 8. Unused cow hide ; SEM, 80x.

To avoid microchips from the edge of the artefacts
coming between the hide and the flint, no contact
was allowed befween the buff and the edges of the
flakes. Fingers were used to protect the edge, and
the hide tor-rched only a previously circled area of
f1int. Figr-rres 7 and 8 show the hide squares before
Llse optically ancl with the SEM respectively

Two fine Brandon flint flakes were buffed for
45 minlrtes. One flake was repeatedly dipped in
distillecl water to remove hide particles from its
surface during work. There was no apparent
increase in temperature probably due tothe frequent
immersions in water. The other flake was burffed
with dry hide. During work the flake became
barely warm to the touch.

On both artefacts a discrete surface was polished
as seen in figures 9 and 10 in the presence of

[. Lr,vr-Sue

Fig. 9. Flint surface polished by buffing with wet hide
macroscopic " gloss " like bright spots, 400x.

Fig. 10. Lesser smoothing of the surface
on artefact buffed with dry hide, 200x.

Fig. 11. Smoothed " tail " on. comeftail " striation onfl int
potished by dry hide, 500x.

water ; however, the " gloss , was visible with the
naked eye. Minute " comet tail pits , were visible
optically. \Xzith dry hide, a small area of was totally
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Fig. 12. Goat hide used wet speckled
with flint padicles, 200x.

405

Fig. 15. Fl int part icles embedded in goat hide
used dry ; SEM, 50x.

F i g .  1 6 .  X - r a y  d o t  m a p p i n g  o f  s i l i c o n  d i s t r i b u t i o n
on hide in f iqure 12.70x.

the goat hicle sr-rrface after both cxperiments,

sr-rggesting that f l int particles have become

embedded in the hide. The same appears on the

Fig. 13. Goat hide after use speckled
with flint particles, 200x.

Fig. 14. Flint particles embedded in goat hide used wet ;
SEM higher magnification of f igure 12, 170x.

polished with a . comet tail pit " oo 2l prominent

point on the microtopography observed by the

SEM (fig. 11). Figr-rres \2 and 13 show optically
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Opposite, from top to bottom :

Fig. 17. X-ray spectrum of elements on unused goat hide.
Fig. 18. X-ray spectrum of elements on goat hide showing

increase in si l icon on hide used wet.
Fig. 19. X-ray spectrum of elements on goat hide showing

increase in si l icon on hide used drv.

Fig. 20. Striation as a groove in the surface smoothed bV
goat hide, 800x.
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SEM (fig. 14 ancl 15). Figulc 16 shor'vs a clot

mapping lry e ncrgy clispcrsivc X-ray analysis of thc

clistribr,rtion of silicon on thc l'riclc sr-rrfircc ln

figr-rrc 14. An X-ray spcctrLlrtt <tf clcrncnts prcscnt
()n the goat hicle slrrfrtce was takcn l>cfc>rc r"tsc
(fig. 17). Nclv spccttt sltou,aftet-r-rse the increase

of sil icon on the surface of the hicle (fig. 18 wet

hicle ancl fig. 19 clry l'ricle).

Discrete areas of the flint sr.rrfacc have Lreen

smoothecl by the higl'r speecl conta ct with the hide :

compare figr-rre 20 n'ith figure 21 of unusecl flint.

The srnoothness, hon'ever, is restricted to more

localised areas on the surface than in scraping hide

by hand where the eclge is involved as in figttrc 22.

The degrec of contact u.hich occlrrs and the

amoLlnt of presslrre excrtccl, u'hen the edge is

used, are likely to be greatcr than in rr-rbbing even

at the high speecls involvccl rvith a mechanical blrff
(frg. 22 hancl scraping). The eclge is gcncrally more

vulnerable as its particles arc ficc standing ()n at

least one aspect, hencc r-uore easily ret.t.tovaltlc.

As cxpcctecl. thc eclgc charactcristics ancl tl-tc

flint microtopography af'fLct thc clistriltr-rtion ancl

l inking up of polish. On the artefact which was

freqr,rently clippecl in watcr it is clor-rbtfirl that any

significant heating colrlcl have occttrrecl. Vcry well

clevelopedmacroscopic. polish,or" gloss,formecl

nonetheless.

Fig. 22. Very smooth surface on edge of f lint used to scrape
hide by hand, 700x.
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Experirnent 3

Anotlicl scrics of expcrinrcnts wrts cat'r iccl oltt

by hancl scraping t 'u"v clatrp hiclc f irr twcnty

r.ninlrtes pcl artefact, r-rsing c>chrc botl-r lrnsiftccl ancl

siftccl in r.neasulecl grrin sizes, scvcl'al typcs of flint,

ancl two hiclc types : c()\\r .rncl goat. Tl'rc hiclc was

lying on a l>ollrcl coverecl rvitl-r ti-rick plastic. \Torking

angle anci clirection $'cre kept constant. Edge

angles were rccordecl as r.ariaLrles. For comparison

experirnents wcre also carriecl out r,vith hyclrocarbon

oi1 insteaci of n'ater and scraping hide without

ochre. The polished eclges rvere eramined optically

and by SENI and the follor-ing are only the more

significant reslrlts :
1. Thc cclges l'ere polisl-recl to the samc cxtent

whetl-rcr \\'ater ol' oil lr.as lrsecl (fig. 23'tncl 24).

2. Thc coarseness of the hicle f ibrcs afTccted thc

clevelr>pr.nent of the polish. Tl-re finer t lte grain of

the l-ricle thc rrorc al'c2r \\'us polishecl ancl ttice uersa.

In one casc (fig. 25 ancl 26) tl ' ic sauc <>chre grein

sizcs (l>etwccn2l2 ancl 300 r-nicrons) ancl the satnc

fl int typc proclucccl vestly clif-f lr ing stagcs of

polisl-ring accorcling to u'hcthcr g()ltt ()r cow hicle

was l>cing scrapccl. The sat.ne obscrvation was

Fig. 23. Highly pol ished edge on f ine f l int scraping hide with
water and ochre, 200x.

Fig.24. Highly pol ished edge scraping hide
with hexane and ochre. 200x.



Fig. 25. Highly pol ished and rounded edge scraping deer
hide with ochre, 200x.

Fig. 26. Very sl ightly pol ished edge scraping cow hide
with ochre, 200x.

Fig. 27. Pol ished and rounded edge scraping deer hide
and unsrfted ochre. 200x.

Fig. 28. Highly pol ished edge scraping hide
with f ine ochre, 200x.

I. Lrvr-S,qr-e

maclc when c()w ancl goat hidcs wcre scrzrpccl with
Ilrandon fl int rvitholrt ()chrc.

3. The flnest ochre corrclatecl with the greatest
p<rlishecl area (fig. 27 ancl2ft). On tl'rese artef:rcts all
the variables were the same except ochre grain

s ize.
Striations rl ir l not correlrfe rl irectlv wifh ochre

grain size as a variety of striations appeared with
all sizes.

Experiments 4

AlthoLrgh the following experiments were
pr-rblished elsewtere (Levi Sala, 19UU) I wouid like
to summarise the results here as they have a direct
bcaring ()n the r.rnclerstancling of the process of
polisl i formation.

Extrer.r-rely well clevelopecl . polish ,, similar in
optical appearance ancl SEM observatioh to. sickle
gloss ', rvas proclucecl by polishing several flint
artefacts i s()me rvith a r()tating tr-rrntal>le covered
with l/4 micr()n clian-roncl pzlste ; others with a
sirnilarly coatccl vn,oollen blrff ; always withor-rt
water (f ig. 29).

Fig. 29. Total ly pol ished sudace from buff ing f l int
with 1/4 micron paste, 100x.

Concltrsions

Dtposil ion us. Abrasion

Thc li igh sil ica content of grasses has been
thougl'rt by r-nany to l>e tl-re main caLlse for the
clevelopment of the macroscopic gloss on Neolithic
sicklcs. Howcvcr, nonc of the experimental blades
cliscussecl above had corne in contact with any
extcrnal source of silica, the diamond grit being
pure carbon. This argues very strongly against any
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depositional theory and sr-rggests that thc silica in

plants acts as an abrasive in the same way as thc

carbon in the diamoncl grit does, which leacls to a

smoothing of the flint sttrfacc.

Time

Scraping hide for the samc lcngth of timc
produced vastly differing polishing stages. It is

obvious that the amount of . polish, obserwed

optically on an implement is the result of the

interaction of manyvariables the most important of
which are, in this case : flint fypes, hide type, and

the presence of an abrasive. Fluids are also crucial

but were kept constant in these experiments,

which were all carried ollt on damp hide.

It wourld seem, therefore, incorrect for functional

analysts to reconstrLlct the length of time a prehistoric

artefact was used, on the basis of the am<>r-rnt of
. polish " observed opticaily on the edgc whcn

many of the variablcs arc unknown.

Smootbing of tbe surfa.ce (. polish ,)

In the experiments buffing flint with hide ncr

edge-flaking was allowed to occur, the abrasive

element in this experiment had to come exclusively

from the asperities removed from the flint surface

itself. . Comet tail pits , developed, in association

with a totally polished surface. The presence of

striations documented optically and with the SEM

in the absence of dust, dirt and added abrasivcs

suggests that the asperities of the flint are themselves

being dragged across the surface. The flint particles

embedded in the hide have seemingly been acting

as fine abrasive caLlsing a macroscopic gloss to

develop.

Water

Several series of experiments, carriecl out on a
variety of used materials, have shown that the role

water plays is not ESSENTIAL to the formation of

very well polished flint surfaces since they were

obtained either in the presence of non-polar liqr-ricls

or in the total absence of liquids.
'W'ater 

promotes the polishing process by

softening the worked material and making contact

ancl aclherence l>ctween the tw() surfhces rrrorc

intimatc. The r-naterials s<>ftenecl by water rnay als<>

retain rern<>vecl flint asperities r.nore reaclily thzrn

the harcl clry <>ncs, hcncc prornoting grcatcr attritkrn.

In other worcls the enhancement of the polishing

process is clue to the presence of a liqlrid medir-rm

acting as a h-rbricant, as in the case of a whetstone,

rather than to the chernical properties of water as

opposccl to any other fluicl.

Hyclrolysis

Regarding the theory of a silica ge I layer forming

in flint during Lrse as a result of localised high

temperatllres and water, the experiments mentioned

above su5alaest that even if high temperatLlres

develop in localisecl arezrs the total amount of heat

involvecl is far sl-rort of that reqr-rirecl to prodr-rce

rnelting ()ver any significant propc>rtion of thc

surface. It is highly unlikcly that increascs in

tcmpcratLll 'c during lrsc cotrlcl bc <>f sr,rch a

magnitlrde as to rnelt or even soften tl're flint sincc

neitl-rer the cloth (on tl're r()tating turntal>le) nor the

woollen br-rff were singecl. l3eing in intimate con-

tact with the flint, similar heat wor-rld be clissipated

in them as that sr-rggested to lre responsible for

melting the flint. On the other l-rand, for a silica gel

to form, temperatLlres have to stay moderate at all

t imes, for gel r 'vould clecompose at higher

IemperatLlres.
As flint surfaces are being polished in the

absence of water, hydrolysis does not seem to be

the mechanism by which the polishing occllrs.

There is some water, no doubt, in the flint stl-Llctllrc

and the hide fibres. More water would be requirecl

in the composition of a gel than woulcl bc available

from these sollrces ancl yet in the experiments

where sr-rrf:rces were macr()scopically polishecl ncr

aclclitional wzitcr u'zrs usecl.

A process of clissr>h-rtion ancl rcclcposition of the

s i l i ca  i n  f l i n t  n ' r i gh t  occL l r  unc le r  cc r ta in

circlrrnstances. In sr-rch cases, l- iowever, sul>stantial

qr-rantities of water wor-rlcl presr.rmably be necessary

as was shown in the PDSM experiments desribed

bclow (tl-rc s<>lulrility of silica Lrcing vcry low), yet

none whatsoever was used in any of the above
experiments. A large qr:antity of silica would have

to go in soh,rtion and be redeposited in order to

obtain a blade as glossy as some Near-Eastern

Neolithic . sickles, are.

409
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Striatiorts

Thc cxpclinrcnts curliccl orrt in this wolk srrggcst
thet striatior-rs (in thc scnse of gr'oovcs in thc
polisl"tccl surfircc as opposccl t<> l incar lcatr,rrcs) arc
firrmccl principally' l>v r.r.ricrochips rcntovccl fion'r
the r.rsecl eclge clr.rring rvork. Tl'ris is sr-rggestccl in
vic'nv of the al>sence of striations whcre very higl'r
anglecl eclges u'ere trsccl on u'c>ocl.

In the hicle scraping expcrilnents striations
formed e\ien ()n eclgcs u.hicl'i r,vere either natlrrally
high angled or r.nacle so through retor:ch. This may
be cl-re to reno\.ecl asperities fiorn the flint suLrfurce.
Ochre p?rrticles n'ill be blencled in the sh-rrry
formecl bl' the sr-rlfuce asperities, tf ius increrrsing
abrasion ancl catrsing a higher nlrmber of striati()ns
to firrnr.

Llncler tl're SHNI tl're strietir>ns that Mansur-
f-runchommc ( 19uj) aptly clcsclibccl as. fcrn-l ikc ,

f irrmecl ()n en alteluct usccl on hiclc with ochre.
Tl'resc striations i l lrrstletc thc pr<lccss by which
thcy arc firrr.nccl. narncly thc rcrtroval of srrrf ircc
particlcs r," l 'r icl 'r urc cllaggccl acr()ss thc surfucc ancl
the corrsccllrcnt su.ro<>thing of thcir path (fig. 30).
Thc fcrn-l ikc eppearance uray bc clr-rc t() l l l lcl '()-
cracks folmecl on either sicle of the rnain track
l>y clrag.

L Lrl r-S,u.,r

Somc tcltturcs u'hich u,'erc perceivccl as straigl 'rt
stl iations o1-rticall l , \\ 'crc sccn unclcr thc SIIM t<r
har,'c lrecn thc resr.rlt of tu'o clif ' f lrcnt proccsscs. In
s()nrc cllscs it is clear thet a groove in thc polishecl
sttrfltcc n'as firt'mecl l>y thc rcr-nor,'al of onc ()r ltt()l'e
cry'stals lelrvir-rg lrnsr.r.rootitecl crystals ut its l)()tt()ltt
ancl smoothecl eclges (fig. 20) rvhile in <>thers the
straigl-tt . striatic>n , ol>scrvccl <>ptically w:r.s seen as
a rathe r big sr-rrl:rce asperity whicl'r insteacl of being
removccl has becn sr-noothecl clown (fig. 31). It is
a pr()perty of the f-lint microstrulctllre that some
asperities har.e particr-rlar shapes (c. g. cigar shapecl
rather than spherical) wl'rich might be rnisleacling.

In another instance a f'eatr-rre vcry similar optically
to a . c(xret tail pit , on a Neolitl"ric sickle blacle
revcale cl itself by SEIVI to be a cigar-shapecl natr-rral
l'rollovn in the f-lir-rt slrrfuce r,vhose eclges hacl becn
polishccl ch-rl ing lrsc (fig. 32).In tlt is case, in firct,
t l 're clirecti<ln <if thc . striation , was n()t in thc
clircction of usc.

" Conrct tail pits , $.'erc obscn'ccl ()n tw() scp:rflrtc
rrltefucts lrtrffccl by clust-frec hiclc. Thcy xppcxr t()
()we thcir shape to thc asperit ies fr<>n'r thc fl int
surfuce bcing plLrckecl l 'ronr ()nc sp()t f irrrning tl-re
l'rcacl ancl then clraggccl against the surf:tce firrrning
the tail. As no abrasir,'cs \\'erc r.rsccl in the experiment
(in rvhicl-r the hicle u'as kept fl-ec of aml>icnt ch,r.st

Fig. 31. Linear feature, probably large asperity
plastically deformed, 800x.

Fig. 30. Fern-l ike str iat ion from scraping hide
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as possil)le), it is sr-rggestccl tl-rat this illustratcs one

of the nrechanisms of tl-rc polishing process. 'l'he

smoothecl strrface of thc . tail " is oftcn c1r-ritc

apparent sr,rggesting that tl'rc asperities rem<>vccl

fiom the l'rcacl of the pit hacl n-rbbecl against tl'rc
. tail , aree sn"ioothing it (f ig. 11). Figr-Lre 33 is of

another . couret tail pit , clearly showing at a

rnuch highcr rnagnification whcre the crystal(s)

have been ren'r<>vecl leaving behincl the unpolishecl

flint which forms tl-rc heacl of thc pit. In spite of

the higher magnification, the . tail " area cloes not

seem to have l>cen srnoothecl as uruch as tn

figr-rre 11. This may be chre to the fact tl'rat there was

a clif-ference in tl'rc pressLrre when thc removed

asperities hacl rr.rl>becl against the arca of the
.  ta i l  ' .

In conclursion, thcsc experiments slrggest that

what appears optically as . polish ' is a srnoothing

of thc flint surface proch-rcecl by we:rr car-rsing the

ren.roval of sr-rrficial aspcritics which are solnctilttes

clraggccl across thc sr-rrface flattening it. S<>tue

rernovccl asperities czrn bccotne embedclecl in a

sofi workccl material to act us ubrasir.es. \ilatcr

seems to bc a r-rsefuLl rncclirrn-t ratl-icr than an

essential variablc, n'hile r-rse-incluced heating clocs

not appeal'to be crucial to the clcvelopment of tl'rc

polishecl sr,trfuce.

" Comet tail pits ,, as seen on thc SEM. need not

be indicativc of c<>ntact with plant sil ica sincc thcl

appear whcncvcr a snrface l-ras bcen rrery rvell

polished. Tlicy havc been obsen'ccl on polishecl

f'lint prodr-rcecl by cliar.t-rond paste, hiclc, ancl wool

as shorvn abovc. Tl-reir shape is probably only

apparent when thc sr-rrrouLnding sr-trfltcc is verl

wcll smoothed. On the SEM they appear to be a

typc of striation in thc scnse of a gro()\re on the f'lint

slrrfuce . Striations in gcncral seem to l>e car-rsccl by

crystels being draggccl acr<>ss the sr-rrface grooving

the fl int. . Comet tail pits ", on thc other hancl, scent

t() occLlr rvhen larger crystals or gr()Ltps of crystals

have bccn clisplacecl.
The sar-ne kind of smooth sr-rrface seen <>n tlie

SEM (which optic:rl ly appeers as a lnacroscopically

glossy polish) can also be proclucecl I>y 7/4 micton

diamoncl pastc' on a soft wool l>uff, by reeping

sil ica rich plants and by scraping hide. TI-rc

appearancc of optically observecl . polish " q'ottlcl

sccm, theref<)rc, not to be specific to tl-re workecl

mzrteriai.

The f r - rnct ion of  f l in t  ar tc facts can be

l'econstructecl. nonethcless, fiom thc clistribuLtion

of t l ic polishecl areas on thc eclge suggcsting the

directior-r of n-ro'n'cment, fi'orn the edge scarring,

n'hen prcscnt, and thc distri l ttrt ion ctf the polishccl

spots on tl-re rnicrotopograpl-ry hinting at the

hardness of the lvorkccl rnatcrial.

Fig. 32. Cigar-shaped hol low on Neoli thic sickle blade, 300x.

Fig. 33. Comet-shaped str iat ion in surface smoothed
by wet goat hide, 1 200x.
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Post-depositional surface
modification

Tl-re following experiments were carried out to
study the processcs involved in post-clepositional
alteration of flint artef)cts and their eff-ect on urse-
wear traces. Assemlrlages fr<>m rnany sites in
various countries have been folrncl to l>e affected
by post-depositional surface rnocliflcation (PDSM)

and werc consequently unslrital>lc for analysis by
rnicrowear at high magnifications. Most of these
implernents, when not patinatccl, had a macroscopic
sheen or frecllrent bright sp<>ts.

The r-rl>iqr,rity of these altclations promptecl thc
investigation of the processes <>f their fonnation.
Tl-re hypothesis that some .rre clue to mecl-ranical
processes rvas previously tested and prrblished
elsewhere (Levi Sa1a, 1986). Chemical processes
were subsequently investigated to test which
phenomena they werc responsible for.

Shcen has bcen rcf'errcd to in thc rnicrowear
liter'.rture as . glc>ssy patina ,, . gloss patina ,, . sLlr-
face sheen ,, and " soil sheen ,. There is <>ften some
sort of soil sheen on the most pristine artefacts.
Sorne researchers have considered that it could be
attriburtecl to mechanical or to chcrrical polishing
of the flint sr-rrface. It appears optically uniforrn
over the wholc surface though rnicroscopically it
tends to be rnore concentra.tc(l <tn edges ancl
prominent parts ()f artefacts. It varies in degree of
intensity fr<l'n very faint to very glossy (i9,. 34'.rt
37). Plisson and Mar-rger (19UU) have mentionecl
the problems this sheen crcute.s for microwcar
analysts ancl investigatecl chemical alterations of
micrr>wear polish.

Contrary to my expelicnce, however, they feel
conficlent that it is possible to analyze function on
artefacts bearing cl-rernically altered polishecl sur-
faccs. Some experiments will be describecl here
which produced shecn on experimentul artefircts
lry chemical processes. In some cases sl'reen appears
optically as a polishccl surfhce conccntrated on the
usefr-rl edges like Llse-wear.

Rright spots ()ccLrr very frequently on archaeo-
logical artefact.s of a varieryof agcs ancl provenances
(fig. 38 : A ancl l l). Sernenov (1961),l lorcles (1950)

ancl Shephercl(I972), amongst others, notecl thenr
ancl madc varying hypotheses a[>or-rt their origin.
They are a highly reflective polished surface
(" gloss ") c>n flint, varying in size from a pin point

I. Lrtvr-Sem

to the whole artefact being glossy, occurring singly
ancl in clusters on edges, ridges and flat areas of
archaeological flint tools. They do not have a
systematic relation to the probable used edges and
can generally be exch-rded as use-wear, especially
when isolated, f'lat and large, br-rt they clo often
mask large stretcl-res of edge (fig. 39). Bright spots
vary : some appear as an extreme and localised
smoothing of the surface within the area of oc-
cllrrence (fig. 3U to 40) but c>thers are not so
localised with an appearance and a distribution on
the flint t<>pr>graphy mimicking Lrse-wear (fig. 4I
lu.nd 42).

The work described here has shed light on the
processes of their formation having shown hctw
bright spots can also be formed by chemical
processes (see Levi Sala, 19U6, for bright spots
fonnecl by mechanical prc>cesses).

The correlation between bright spots and sheen
on the same pieces has been noted both on
archacological and experirnental pieces suggesting
a similarity in the processes responsible for the two
phenc>mena.

In an experiment where artefacts were immersed
in peat, leaves decaying in water, r-rrine and
calcir-rm carbonate, a solution around pH 7.30/8,
tl-re following was ol>served : on one of the artefacts
a microscopic alteration occurrecl iike a smoothing
of the lower-lying points of the microtopography
(fig. 43). A slightly more polished surface was
observed whcn grooving wood with talc (fig. 3)
and after a tramplin€l experiment (fig. 44). This
polishing on the low points seems to occllr
when the al>rading substance, or in this case the
dissoh,rtion, affects both the protruding asperities
and the low-lying crevices of the flint surface. It
has becn noticed both with chemical polishing
and u'ith nse when soft abrasives are involved and
is often observed on archaeological artefacts
(fig. 36).

Experiments were carriecl out to stucly the eff-ect
on flint surfaces of artcfacts suspended in a heated
sr>lr,rtion of calcir-rm carbonate and water. In
laboratory conditions heat of about ilO degrees
centigrade was recolrlmended by Rottla ender (1976')

tc> obtain results within a relatively short time. This
combination cor-rld freely occur in natllre though
probably at lower temperatures.

Bright spots (fig. 45 and 46) formed on the finer
Brandon flint after 25 days but patination soon
followecl, s() no macroscopic sheen appeared. The
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Fig. 34. Sheen on archaeological artefact mimicking the
distribution observed in use-wear. 100x.

Fig. 35. Sheen on archaeological artefact appearing

" glossy ", 200x.

Fig. 36. Sheen on archaeological artefact
faintly developed, 1 00x.

Fig. 37. Sheen on archaeological artefact
restr icted to edge, 100x.

Fig. 38. A. Bright spot on archaeological artefact, 50x.

Fig. 38. B. Bright spot produced by rubbing f l int on f l int
with water for 2 minutes (cf. fig. 38 : A), 200x.

Fig. 39. Bright spots with str iat ions on edge of
archaeological artefact, 1 00x.

Fig. 40. Bright spots as local ized smoothing,
cf.  f ig. 38 : A and B, 200x.
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Fig. 41. Bright spots mimicking use-wear, 100x.

Fig.42. Bright spots similar to use-wear
in distr ibution. 100x.

Fig. 43. " Polished " surface after 14 weeks
in heated compost, 200x.

Fig.44. " Pol ish " from trampling experimenl
at Kl i thi  similar to f io. 3. 200x.

L Lnrr-S,rr..r

Fig. 45. Bright spots on f ine f l int in a l ine after 25 days
in CaCO., 100x.

Fig. 45. Flat patches of bright spots
on same artefact, 200x.

Fig. 47. Macroscopic sheen after 1 month on edge
of coarser f l int artefact (cf " f ig. 45), 100x.

Fig. 48. Macroscopic sheen after 5 weeks
on same artefact as in f io. 47.200x.
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less homogeneous Brandon fl int developed
. macroscopic' sheen first on the edges then

inland and some bright spots (fig. 45 and 48) but

did not start to patinate even after 50 days in the

same solution.

An Israeli flint which is macroscopically very

homogeneous but microscopically very different

from Brandon flint had after two months iust
started to develop some microscopic alteration to

its surface but no macroscopic gloss (fig. 49).

Although no marked weight loss occurred on

the artefacts in these experiments, soil sheen,

bright spots and patination seem to be surface

modifications which are the result of silica dissolu-

tion and redeposition from the flint surface as

suggested by Rottlaender (ibid.).

Alkaline conditions, and . abundant , water

seem to be necessary for the process to occllr.

Presumably, in nature, temperature s of 25 degrees

are sufficient to produce the same results over a

much longer period of time than in the laboratory.

Flint structures seem to influence the speed at

which the process occurs and probably the type of

alteration which will occur. The different diagenesis

and resulting microstructure of Israeli flint might

be responsible for the difference in results. It takes

a very long time to polish the surface of this flint

during use-wear experiments as well. The obsta-

cles posed by the microstructure when a flint

surface is being smoothed are the same whether

the processes are chemical (as in PDSM) or

mechanical (as in use-wear). It is possible that in

these experiments the flint surface was being

smoothed by some of the dissolved silica being

redeposited in the interstices as suggested by

Rottlaender (1976 :56), who uses the expression

" glossy patina 'to describe what microwear analysts

refer to as " soil sheen ". His explanation is worthy

of being reported in full :
- Glossy patination occurs, if the concentration

of the chemical agents are too weak to penetrate

into the holes and the fissures of the flint. So they
just remove the prominences of the flaked sr-rrfa-

ces, because of their higher potential energy. Since

the fissures and holes have a significantly lower

potential energy than the normal surface, they act

as pitfalls for silica acid occurring free in solution.

By this mechanism the surface is smoothed and

polished. ,

Another experiment was carried out in which

Sodium Carbonate Na,CO. was used in an attempt

to patinate flint. Macroscctpic sheen clevelopecl

before the patination sta€le 6ig. 45 ancl 51). Tl'ie

sheen developed much faster on Branclon flint

than it did on Israeli flint. In the abctve-mentionecl

experiments sheen occurred in tl-re early stages ()n

the useful edges of tools mimicking ltsc-r'vcar.

This should serve as a worcl of calrtion tcr

functional analysts to ascertain that traces thcy are

analyzing on archaeological artefilcts are withor-rt

doubt the result of r-rse. Sheen anci bright spots are

present on artefacts of all ages ancl provenances

Fig. 49. Macroscopic sheen on very coarse flint
after 2 months. 100x.

Fig. 50. Sheen similar to PDSM as in f igure 51, 200x.

Fig. 51. PDSM on archaeological artefact similar
to f ioure 50. 200x.
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and use-wear studies shor-rld not be carried ()ut on
such implements as it is impossible generally to
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