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Postdepositional changes on surfaces
of flint arttfacts as observed under
a scanning electron microscope

RAsumj
Les surfaces de trois s6ries d'afiefacts en silex provenant

de sites sablonneux ont 6t€ examines au microscope

€lectronique i balayage pour I'identification de divers

types c1'endornmagements naturels. On a reconnu trois

facteurs principaux responsables de telles d6t€riorations :

le gel (climat p€riglacial), le facteur €olien et le facteur

chimictue (corrosion par les acicles du sol).

Between the moment of discarding a flint

artifact by its producer or user in prehistoric times

and the moment of recovering it by archaeologists,

a very long period of time elapses - a periocl of

thor-rsands of years. During this period the surface

of a flint artifact is exposed to the action of various

climatic anci environmental factors which damage

and transform it. Sctme of these transformations

can be seen even with the naked eye (polishing,

smoothing, glosses, changes of color) while others

can be observed only with the use of smaller or

greater nragnifications. The scanning electron mi-
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Abstract
The surfaces of three series of flint artifacts coming

from sandy sites were scrr-rtinized under a scanning

electron microscope in order to observe various types

of natural damages. Three main factors were recognized

to be responsible for such damages : fiost (peri-

glacial climate), eolian, and chemical (etching of soil

acids).

croscope is one of the instruments which can be

used to make such observations.

The studies of traces mentioned above can

allow the reconstftiction, in part at least, of the

history of an artifact and changes of its nearest

environment. Research with very similar aims

concerning the surfaces of sand quafiz particles

from various sediments and soils in different

climatic zones is being done by sedimentologists

and pedologists. The primary results of this research

are very encouraging (Mycielska-Dowgiallo (ed.),

1988 ; Kowalkowski, 1988 ; Gozdzik, Mycielska-
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Dowgiallo, Bezkowska, Makowski, 1988 ; \X/halley,
197i3 ; Smart, Tovey, 1!81).

'i(e could enumerate at least three kinds of
advantages deriving from studies of clifferentiation
of flint artifacts' surfaces changed by natural fac-
tors. Firstly they give a possibility to sertle or check
the homogeneity of flint assemblages. This very
important problem often arises especially in cases
of cllrne or sancly sitcs, common in European
lowlands. Secondly they can give sctme additional
data for establishing the relative chronology of
a.ssernblages of different ages found on one site
ancl rnixed together, allowing at the same time
reconstrllction of some environmental factors.
Thirclly, they fbnn the essential background for
str-rdying the changes of the flint tools' surface
connected with the fr-rnctions of such tools, making
it possilrle to distinguish and to correctly interpret
various types of traces and damages of different
origins.

In this article we introdllce three exarnples of
using a scanning electron microscope to study
postdepositional changes on the surfaces of flint
artifacts. The analysed assemblages come from
Late Pleistocene ancl Early Hoktcene sandy sites in
the Polish lowland. All str-rcliecl artifacts are made
of the same kincl of raw material : the Cretaceous
erratic flint, commctn in the area. None of the
artifacts bore any visiltle traces of fire, frost or any
other kind of natlrral darnage.

Tl-re samples tct be olrserved under the scanning
electron micrr>scope need special preparation.
Initially small flat flakes (,i-6 mm2) are taken
from thc artifact. They should be cleanecl by
immer.si<>n in distilled water, then in 10 % HCI
solution for 24 hours and again in distilled water,
ancl finally they should be rinsed in pure alcohol
to be dehumidified properly. As we were not sure
about the influence of HCI on the flint sr-rrf'aces we
prepared a parallel series of samples immersed
only in acetone instead ctf HCI br-rt cltrring the
obserwation it appeared that the way of cleaning
the surfaces has no effect on their microscopic
images, at least where natLtral damages are
concerned.

The cleaned samples were gh-red to specially
adapted metal discs (. stages ,) 10 mm in diameter,
and uniformly spLltter-coated with gold.

All the arrangements described above are the
routine trcatment of samples which are to be
viewecl under a scanning electron microscope.
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Our samples were observed in the Geological
Institute in'Warsaw. The costs were paid from the
funds of the RPBP-III-35 project.

All specimens were scrutinizecl mainly at mag-
nifications ranging from 400 to 4 000 times. Each of
the appearing images was descriltecl in detail, and
the most important and interesting parts were
photographed. The selection of photographs pre-
sented in this article is only a very small part of the
whole documentation.

As we have already mentioned ali three series
of flint artifacts are made of this same kind of flint
raw material. To l>etter urnderstand the changes
in the artif)cts' snrfaces we examined first the
images of freshly chipped fragments of this ffpe of
flint.

The sr,rrface of freshly chipped Cretacectus
erratic flint viewed at 400x magnification is charac-
terized by grainy texture on which the elongated
edges of zones of higher splinting of the silicec>trs
substance of the nodule can be seen (pl. I : 1).
More or less regr-rlar depressions (hoies) are also
present (pl. I : 1). They are createcl most probably
by water washing out less solicl mineral <tr organic
inclusions. In such holes seconclary crystallrzatton
frequently follows (pl. I '  I,2). At,l 000x magnifi-
cation the siliceor:s backgrouncl is rzrther unifbrm,
monoton()us, smo()th ancl dr-rll.

Calowanie, Varsaw voiv

The site in Calowanie yielded the detail stra-
tigraphical sequence of at least six Late Pleistocene
ancl Early Holocene settlement levels. AII the levels
were comprehensively examined not ()nly in
archaeological terms but also with absolute chro-
noiogy (laC dates) ; Eaeomorphology, geology and
soils are all assessed (Schild, f975 :1.94-199). The
results of these studies are very significant for the
interpretation of the features observed r-rncler the
scanning electron microscr>pe. A series of flakes
from each settlement level were chosen to be
examined (levels I, III, IV, V, VI, VII-VIII - see :
Schild, 7975 : 798-799).

The surfaces of the flint artifacts fiom level I
when viewed at 400x ltragnification are character-
izedby relatively small focii or clusters of damage
on the dull, h-rstreless, close-grainy background
(pl. II : 1). On the same sLrrface magnified 4 000x
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Pl. l. 1, 2. The surface of freshly chipped Cretaceous erratic flint
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it was noted that in cluster-like damaged parts the

surface is exfoliated. Scales forming a sort of cover

or crlrst are partly separated from their bedding

and often displaced (pl. II : 2). In some places the

less damaged parts form island-like features (pl. II :

2). The exfoliation of the surface of the artifact and

the displacement of the scales testify that it was

exposed to mechanical damage done by sand

particles moved by wind (eolian damage) while

the characteristic focii and islancl-like features bear

out the presence <tf permanent heaq/ frost in

periglacial climate.

The artifacts from level III viewed at 400x

magnification are characterized by dull, close-

grained texture (pl. II : 3). Sometimes fypical

eolian edges can also be seen (pl. II : 3). On the

same surface viewed at 4 000x magnification

exfoliation can be observed. Also in this case the

scale.s which form the crust are displaced (p1. II :

4).Yery deep punctual etching also occurs (pl. II :

4). The features of the observed sutfaces inclicate

that in this case we are dealing with the distinct

traces of eolian factor (edges, displaced scales),

but in addition we also have the traces of hr"rmic

acids'etching (deep punctuai holes) which prove

that the artifact lied in active soil for a long time.

Level III in Calowanie has an r"rncalibrated raC

date of 9 430 + 95 BC, while the date for level I was

calculated to about 9 600 BC (beginnings of

Allerod period). However, the conclusions derrived

from microscopic studies do not seem to be in full

agreementwith this chronology. All this has changed

0 2,5 pm

with a newly obtained I'C date for level III in

Calowanie which is 9 700 llC (inf. Schild). It cor,rld

also mean that the date for level I should be moved

back to about 9 900 BC - the period of Dr1-as II, not

Allerod. The newly established chronology for

the bottommost levels in Calowanie is in accord-

ance with the types of traces and damages found

on the surfaces of flint artifacts coming from these

levels.
The surfaces of artifacts from level IV viewed at

400x magnification are characterizecl by fairly

monotonous, closc-grained textttre (pl. II : 5).

The parts with direct damage are also present,

especially well seen in depressions (p1. II : 5). At

4 000x magnification inside the damagecl clepres-

sions very deep punctr-ral etching appears (pl. II :

6). Sr-rch damage can have the shape of deep slits

with edges covered with a uniformlly smooth

siliceor-rs crust (pl. II : 6). In depressions exfblia-

tion sometimes occllrs but the scales are not

displaced from their bedcling (pl. II : 6). Such

images are very characteristic for the surfaces

etched chemically by humic acids. Indeed, the

assemblages from level IV cctme directly from the

well preserued soil of Uesselo type dated tcl

between 9 210 + 65 and 8 790 IIC (Schild, 1975 :

L98,223).
The surfaces of the artifacts from level V viewed

at 400x magnification are characterized by fine-

grained texture and small focii of damage (pl. III :

1). At 4 000x magnification hear,y exfoliation of the

surface can be seen. The scales are often displaced
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fiom their bedding (pl. III : 2). Also present are the
smoothed islandlike features incised on one of
their sides (p1. fU : 2). The similar surfaces are
shaped mainly by the eolian factor (displaced

scales and incisions). These observations fit well
with the chronology of this level, which is earlier
than 8 870 + 90 and 8 710 + 100 BC - beginnings
of Dryas III (Schild, 7975 : 1.98).

The surfaccs of thc artifacts coming from level
W viewed at 400x magnification are characterized
by the smoothness of their convex parts and very
hear'1' damage of the depressed parts (pl. III : 3).

At 4 000x magnification the wear of the convex
parts displayed punctual etching and deeply etched
slits (pl. III : 4).In the more damaged depressed
parts, heavily and deeply cracked siliceor-rs crr-rst
and a net of polygonal cracks can be observecl
(pl. III : 4). Also the traces of deep punctual
penetration of humic acids cor-rld be recognized
(pl. III : 4). Cracking of the crust can be explained
by the presence of the freezing and thau,'ing
processes of a cold climate, however not excluded
is the fact that the process of moistening and drying
of the surfaces can give similar features. The
majority of observed surfaces, however, were
shaped by chemical etching via hr-rmic acids
(damage of chemical type). This interpretation
does not contradict the chronology of level W in
Calowanie - the turn of Pleistctcene and Holocene
(Schild, 1975 : 799).

The surf'aces of the artifacts from level VII-VIII
viewed at 400x magnification are characterized by
very wide focii of damage in depressions and a
fairly monotonous, smooth surface of convex parts
(pl. III : 5). At 4 000x magnification it can be seen
that the smooth parts are covered with crust which
in this case is most probably not siliceous br-rt
carbonate. The crust is distinctly and deeply cracked
(pl. fff , 6). The statement that the crust is of
carbonate origin can be attested by the fact that it
could be partly dissolved in HCI. The cracks cor-rld
be a result of changes in temperature as well as of
changes of moisture in the nearest environment.
The lower parts at the same magnification are
extremely heavily exfoliated and cracked. The slits
of such cracks are very deep (pl. III : 6). Thus, in
this case, we have the hear,y chemical etching
together with accurnlrlation of the carbonate cfl-tst
on the artifacts' surfaces which is probably

connected with soil processes. These obervations
correspond with the Boreal chronology of level

J. Iltl,ltNsr-r, E. Mytrnrsnq-DovcrAllo, K. Szvn<:z,tr

VII-VIII in Calowanie (Schild, Marczak, Krolik,
1975 : 59-60).

Burdeniszkr, Suwalki voiv. ,, srte 4

The flint inventory from site 4 in Ilurdeniszki is
mechanically r.nixecl, as are the majority of the
Stone Age sandy sites in European lowlands. On a
typological basis we could isolate from it the Late
Palaeolithic elements (connected with the cultural
grollps witl-r tanged points), Mesolithic elements
(connected with Kunda culture) and Neolithic
elements (connected with Globular Amphor
crrlture - Kaminska, 7987 : 16-44, 52-58). F<>r
microscopic studies we have chosen the artifacts
representing all these elements : 2 burins, an end-
scraper, the combined tool (end-scraper + burin),
tanged point - Late Palaeolithic, little end-scraper,
blade insert of Borki type - Mesolithic, ancl 4 wide
rectangular inserts - Neolithic.

On the examined series of flint artifacts from
Burdeniszki three main types of sr-rrf-ace damage
were recognized :

1. The frost inclucecl clamage - viewed at 400x
magnification, is characte rizecl by highly damaged
surface featuring focii or clusters of more intense
scaling in the form of . lichens , (p1. tV : 5). The
surface of sr-rch a " lichen patch , viewed at 4 000x
magnification exhibits severe exfoliation. The re-
sultant forms have an Llneven irregular surface of
thedepressionbottomand jaggededges(pl. IV : 6).

2.The eolian damage - viewed at 400x magni-
fication, is strongly transformed from its uniformly
grainy textLlre (pl. IV : 1). The same surface mag-
nified 4 000x features incisions and exfoliation of
all convex parts. The scales are displaced in
relation to the bedding often forming a kind of
crust (pl. IV : 2).

3. The chemical damage viewed at 400x
magnification, also gives a close-grained image of
the surface similar to the one affected by eolian
factors (pl. fv : 3). The differences only become
apparent at 4 000x magnification, which reveals
deep irregular depressions and slits separated,
most probably along the crystallographic net of the
flint nodule, by the oLltermost forms partly con-
nected with the siliceotrs background. These fea-
tllres are rnost probably the result of humic acids
etching the .sr-rrface of the artifact (pl. IV : 4).
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Pl. lV. The surfaces of adifacts from Burdeniszki 4.
1,2.The eol ian type of damage. 3, 4. The chemical type of damage. 5, 6. The frost type of damage.
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On some of the artifacts the presencc <>f uctrc

than one affecting factor cor-rlcl l>e obscrvecl blrt

always one preclominated.

In majority the artifacts of Latc Palaeolithic

character bear the traces of fiost type clamage

which coulcl agree with their probablc chronology

in Dryas III. Thc Early Mesolithic artifacts have

thcir slrrfaces clarnaged rnainly by the eolian or

colian-frost f)ctor whilc on the Neolithic inserts

thc cl-remicul or eolian-chenical damage clomi-

nates.

Nowodworce, Bialystok voiv.,
site 1

On site 1 in Nowoclworce in trcnch l, tw<t layers

of the Holocene settlement were ft>ttncl : the r-rpper

layerwhich is Late Mesolithic, clatecl on typological
gror,rnds to the second half of Atl:rntic pcriocl, ancl

the lower layer connected with post-Late l'alac<>lithic

traditions, dated using thermoluminescence ancl

c<>nfirmed by the results of geological, gcorn<>rpho-

logical ancl soil analysis for the l3oreal peliocl
(N<rwak, 1981 : 361, 361-365, 368 r Szymczak.

IL )83 :6 ,  vo l .  I I ) .
Two f-lint f'lakes fron'i both layers founcl in thc

same scllurre rnetrc of trench I were choscn to be

scrr,rt inized lrnclcl u scanning electron microscope.

The sr,rrfucc of tl'ie artifact from the upper layer

observecl at , i00x nragnification is monoto-

nously srnooth in its convex parts, shclwing only

a feu' focii of clar-nage (pl. V: 1). The edges

rnarking zones of natlrl'ul splintering of the flint

nodule are clistinctly smoc>thccl (pl. V : 1, 2). The

heaviest etching can 1>e sccn in small ciepressions

w1-rich sometimes takc tlie shapc of elongatecl

directed slits (pl. v : 1, 2). 
'srhite 

clots secn on

piate V : 1, are the crystals of calcite whicl"r are thc

resr,rlt of secondary precipitation on thc artif:tcts'

surf'ace.

The same surface viewed at zi 000x magnifica-

tion is smoothed in convex parts, especially clearly

<n the ec lges (p l .  Y :2,3) .  The pr- rnctual  etching is

fzrintly markccl. At the same time in dcprcssions the

process of accnmnlation can be obsen'ed (pl. V :

3). Sonrc o1- tlic accr,rrlr-rlzrtecl substances cor-rlcl be

recognizccl (firl instance crystal calcite) while the

others arc rathcr halcl t<> qLralify solely by their

microscopic image.

The surface of the artifact from the l<>rvcr layer

vicq'ccl at,{00x magnification is charactcrizecl in its

convex parts by an extremely srnootl-r sr-rrface,

even smoother than the ()ne ()n thc previc>lts
sarnple. However, the zones of damage in the

clepressions seem to be considerably vaste r (pl. V :

4 ) .
At 1r 000x rnagnification tlie conver parts of

the sarne srrrfuce zlrc slnooth ancl not exfoliated

br-rt tl'rc traccs of pLlnctllal etching are more inten-

sive than on the artifact fhrm the r-rpper layer.

In clepressions only the traccs of sccondary accll-

mnlation c>f sil iccotrs sr-rbstances were observed.

These parts \\.erc l-rcavily crackccl and exfoliatecl

and some <>f tl-rc scales alc uroved from their

prirnary beclcling (pl. V : 5). Also here pttnctual

etching is visible. Seconclary prccipitatecl calcite

crystals are mlrch l-n()re nLllricrolts. In some

cases tl-rey even c:ln l>e sr,rnk into the lrcclcling
( p 1 .  V , 6 ) .

Tl"re irnages of the scnrtinizecl artifacts cliff-er

from one another. Though in both cases thc tr:tccs

<>f chernical etching dominate, on the artiFxct fi()rir

the lrpper layer mainly the process of accur.utrlu-

tion appcars, while on the artifact frotn the lorver

laycr thc m()st important feature is deep pr-rnctr-ral

etching. Also on the slrrface of the former the traces

of colian clarnage ancl cracks are absent r'vl-rile tlrey

arc clcarly visible on the surfhce of the latter

artif:tct.
To sr-rrln.nrizc tl 'rc rcsr-rlts of the present

investigations \\ 'c can say that they urre able to
give arcl'recology sonrc uclclitional clerta to solve

the prol>lcms of h<>r'r.t<>gcnci1y, chroncilogy and

environr.nental str-rclics ol' St<>l-tc Age sites. \ifle

are well asrare that or-rr rcsr.rlts rccluire sorne

better confirmaticln ancl fr-rrthel analysis. lJn-

clor-rbtedly such rcscarch shor.rlcl bc u,iclenecl

to incorporate other types ot'sites, n()t only sancly

ones, and also different types clf flint r:trv tluteri:tl.

It sl'ror-rlcl be repeatecl that str-rclies of tl-ris type

art: necessary in order to distingr-rish pnrpcrly

thc traccs of purcly functional origin on tl'ic flint

tr>ri l snrfaccs i ibscrwcd under a scanning electron

r-nicroscopc.

* I t t s I i I t r I a r t l' A rc h a eo I og1.'. Warcau' L nit)ersit!,
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