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' Impressive recent advances havc been madc by phySlc:sts concerned thh datmg of mchaeolo—
gical materials too small or too old to be accurately dated by application of the conventional radibcarbon
inethod. The lower.limit of the latterisrabout.60,000—50,000 BP.: At the:same time,. however; the lower
limit of the new AMS, ESR and:24U~2% Th series dating'methods has now. heen:pushed:back to: at least
100,000 years BP. This will, .of course, be of interest for Palaeolithic specialists, but also .for those specia- -
lizing.in the:post-Palacolithic. pcnod e.g. the Neolithic. These three innovative techmca!ly sophisticated
and. cosLly, methods. are now. in use in Romama on prolects develnped by this author. ;

Accclerator Mass Spcclromelr_j (AMS) 1. In the first technique, s'nmples contammg cnly a few
:mllih‘z'ams .of carbon can be securely dated. IIO\vever Parke:, ¢ has noted that “The¢’ possablllty of using
very small samp]es for dating does, however increase the risk of producing mlsleadmg datés unless the
archaeclousst is e\tlcmcly careful to ensuré that tlie samples dated do belong in ‘the (ar chaeologlcal)
context in which they are found®.' In other words, the sample must be in a pnmary in .ufu poamon and
not he intrusive due to solifluctional, cryoturbational or anthropoccmc “disturbances.

‘ ““Theoretically, the AMS me!hod could produce dates‘of 100,000 years: BP: ‘For thé present, the
Oxford Accelerator' Unit has 2 lower capamty 0[ 35,000 BP 355 Housley, 1988 personal commumcatmn)
The ages' dctcrmmed are w:th an crmr of +1 per cent only and are quoted at onc (680/) staidard devla-
tion (SD). i

Itis based on measuring the proportmns of 1C and’ *"{, in graphite preparedwfrom sample car hon 3

The meticulous chemical’ pretreatment- of. samples .is needed to remove extraneous contamman[s It is
amcd out in the receiving laboratory 4. :

- * In the Oxford facility;+200 mg or more of-puré wood charcoal or:5-—10:grams: o[ mt]aer unburnt
or charred compact dong bone are needed for analysis.: Other materials suitable. for AMS: dating -are, in a

. closed stratigraphic contéxt; ‘masses of ‘in sifu hirned seeds,; food residues or soot-on.pottery; charcoal
used. as a fuel in.iron or copper furnaces, charcoal in.slag, molluscs (marine only),: sediments-and more.
Samples are collected in aluminum foil or PV plastic bags. Labelling should be:separately. attached usmg
permanent ink.

: -Ten "AMS samples were collected by V. Chirica and this author in Uppcr Palaeolithic cultural
levels at Mitoc-Malu Galben. Their interpretation is later presented.

: _ Electron Spin Resonance (ESR) 5 ESR spectroscopy is -currently bemg used to solve avar:ety
of archaeological problems but it is not wxdely available. This new method is the only one for dating such
materials which are too old or too small to be dated by the MC technique . Also, it ¢an be carried out
non-destructively. and only small samples of teeth, long bones or calcite are required (I gram).
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E\ample, when atoms combine to form

electrons and hence
a“" 7

‘Wher%ver possrhle electrons combine to form p]mr.-s,1 I‘lor bt BT
oleculep nérmally. do.so in such a way, that a molecule has.an even
Elo ;unpalrec?{llectroni' Oecas:onally, howcver, “atoms ‘oceur in wlueh there are unpaired electro!ns th "
This method is a means of detecting these electrons: "llus is done’by establishing wlr;:l. her 5 :ed
are any electrons present capable of ahsorbmg energy. of a partlcular wavelength when a san}rlp ﬁ lihp qab-
in a magnetic field of known' strength The amount of energy and:the wayelengths over w 1; 2, lssur-
‘sorption occurs males it possrble to draw conclusrons about some of tlle electrons present an eir
roundings. i
_Technically, “. the ESR method is hased on the measurement of unpau'ed electrons produebed
by environmental and internal radiation and trapped:in a erystal at some charge defect site. The nun:] er
of trapped electrons increases with age and, if the radlatlon dose rate remains constant (measured in

years) is given hy Age— accu;mt!alc(;l d;gﬁ(fD) \vhcn the qccumulated dose (AD) is the total
PR ose rale

radiation dose. recelved hy the sample since its lormatnon and I:he dose rato (D R) - Jis generated by the

radioactive elements of the sample and its surroundmgs as well as by cosmic rays“ ®.

The “crystal” in question is hydroxyapatite in either teeth or bone. A very large tooth, or about
six individual teeth from a mandible or maxilla (which is to saved for future species jdentllleatlon) and
250 grams of soil surrounding the sample are collected. The latter is used for analysis of uranium (U).
-thormm (Th) and potassium (K) content. Calcite is also be dated by this method.

. \Theupper. !mu-..af this: metlmd is: about 30 000 years BP and l,lae lowcr. more than. 100, 000 ycars
(1—2 Ma)il 1aiiin 3 i
o CESRywill-be. used“ll: M:toc—Malu Gall)en in 1989 and 1990 in: datmﬂ l,he lower Aurlgnactan and
Mousterlan Tevels; ‘below 10.50 ‘m. Samples will be processed in’ Canada!- ;

Uranium-Thorittm ‘Serics *. This final new dating method is devoted to the ageing of various
forms of chléite (ealeulm carbonate) as‘in bones,shell, certain edlcarcous ‘concretions and travertine,
It’s range is [rom about 5,000 to 500,000 years BP: About 100200 grains of calcite are needed for analysis,

- _Wh_e nlol s Iormcd 1I, normally contaln«; urflmum from the surroundmrT soil matrix, but no
fhbrlu’m ‘As'fime passes uranium’ undergoes radioactive decay producmg thorium ('“U 2¢Th). " Thus.
lf one knows t pncentratmn ‘of uranium in the newly formed ealcite, one can worl( out how old the
calcite is by measurmg the amount of thorium present ‘today“ states. Parkes 1o, 'lheu* ratio, then, of Lhe
one to the other 15 the eritical factor. . -~ .

~The calcr .drssolve(l in a pa1 ticular acu:l chemlcally separatmg, the thor:um from the uranium.
"lhe alpl:a palt:eles emitted by both elements are then studied and used to determine the ratio 239Th/
3, The ratio, 2=“*U,’23“U is,determined. af the same time becausé 24U s, produced by the decay. of. ®28U
and so the conceiitration of #*U in the sample will effect the #0Th/2tU ration of the sample. I‘he age
of the sample.can then. be.calculated from these measurements® 2t . | .

.The theoretical accuracy. of uranium-thorium series . datmg meLhod is: hetter tllan j:lO per cent
at one sigma standard deviation (68 9,).

A series of:samples, at least three should be collected in each materlal to be dated in a partleular
geoarchaeologrcal level. In practice, the Groningen laboratory usually prefers ‘to compare the ratios of
“‘"4U/°“"Th -samples: collected in an uppermost level with those in a lower level.

' Sevéral ‘uranium-thorium date determinations will soon be ‘available for Pestera Cioarei de la -

Borostem (Gorj:County) where a Middle Palacolithic level is correlated with one of the Upper Palaeolithic
rperlod

?:;

B i

_ Tlhis'tethod will be-used for the first time at Mitoc- Malu Galben in 1989 and 1990 m Cross-
.datmg Aurignacian and Mousterian levels.

Compnrtsoh o] Methods. The AMS method operates with mlllmam quantltles of sqmples carbon

derived from wood ohareoal burnt seeds, soot, food partlcles orgamc collagen in’ bone and marine
molluses.

ESR'is used mamly to provrde dates ‘beyond tllose unattainblé by conventlonal and AMS radlo—
carbon methods. Teeth, bone and calcite are the principal agents used in dating.

U-Th series dating method.is used in'the dating of C'll(‘,lte bone, ealeareous eoncretlons shells
and traverl.me " : .

. : : : g
Par]left (lp c:l p. 57, . " Parkes, op..cil., pp. 100--10;, Schwarcz, H. P. and

8 S;,meh S., H. P. Schwarcz-and R. Gruen. ESR daling A, G. Latham, Umnlum S’cr:csagedc!crmmolionsof!ravcrlmes
of Pleistocene fossil teeth from Atberta and Saskatchewan, [rom the site of Vertesszillss, Hungary, Journal of Archaeological

Conlribution 147 from the McMaster Isolopic, Nuclear and Sc!ﬁgcga:]?‘,s“o;gift pl; 312[;10 336,

Geochemical Group (Canada), p. 235. 1 pm}mg op. cl, pp 101_102
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v Miloc-Malu Galben:.( Botogani County ). ‘Teni critical Upper Palaeolithic radiécarbon- samples were
«;cleclcd for AMS dating at the Oxford Radiocarbon Unit in Enrrland They :were: lshxppcﬂ sthere:in-May
]987 and fesults were réceived in late 1988 -apd-early: 1989, © - -2’ omitianall wely
v Due ‘to the: expected: niilligram ‘carbon :content: 0[ mdnldual samplcs :all wére’- metlculous]y}
chcm:ca!lj prefrealed: Lo Témove: contaminants®, " - i e T e L
i ‘Seven. unburnt bone samples were -used to producc analyses of co]]aﬂen carbon with tha aim: nﬁ
mcasurmg aminoacid concentration in them. "This is needed since previous datmg ‘experiencd. hasi showan
iis. that low: collagen bones give:unreliable: dates due to introduction of .contaminants into:the structure
of the bone. The general cut-off:point-use (below which:hones are not. dated):ist: nppro“unmttly 12 1"
mg[g“ (R. Housley, Sentor Oxford: Archaeologist, letter dated 5th August : 1988).;, :h. L

*= The Mitoc bone samples analyses give :the following results : : AT o
MMG 43 (Square A2, 8.15 m)-—lO ‘mglg
too0 1 'MMG 44 (Square A2, 8.15'm)— 7 mgfg -+ .. .. o0
i 'MMG .46, (Square A3, 8:15 m)— 4 mgfg: 0ol I Do e
¢i + " MMG 63 (Square G8, 480 m)— “‘mil = o Vo 8 gL o
MMG 64 (Square G8, 5.00 m)—10 mgfg .~ ~ - ‘ -
St MMG 67 (Square "J8,; 5:40°m)-21 mg/g
7 7T UMMG-90 (Square':C1;:9.75.-m)— 3 mg/g :
Snmp]cq 43, 64 and 67 orily were dated.in: I‘ebruary 1989. . A R A
:The three wood charcoal samples sent:gave-the followmg results, oI Ll1c1r respetuve .carhoh conténls
MMG 86 A (Square D3, 10.65 m)—20 mg/g L N
MMG 87 - “(Square B35, 10,65 ‘m)—sparce (not dateable) R
MMG 88 (Square B5. 10,65 m)—sparce (not: dateable) Ly ‘
The Oxford results, e\pressc(l in years BP at one sigma standard dcvmt:on at 68% ccltamy, are
OxA —1 779 23,650 + 400 24,050 —23,250- Gravettian G8, 505 m  -.-: .. -
OxA —1 780 24,650 4+ 480 25,100—24,200 Gravellian. J8, 540 m . .
OxA —1778 27,500 4- GO0 28,100 —26,900 Gravellian A2, 8.15 m - .. .- .1
OxA —1 646 31,100 4- 900 32,000—30,200 Aun"nau‘ln D5, 10.65 m. ~
These samples can only be viewed in the context cf the Other 34 Uppcr Paiaeohl]uc convenlional
radiocarbon dales, most of which were produced at Groningen (GrN) (23 samples) Elcvcn othcrs were
analyzed at Geochron (GX), Cambridge, Massachusetts, U.S.A. A
The Oxford dales have greatly aided in resolving some particularly vexmg temporal (]llESLIOI'IS

al Mitoc. Foremost of Lhct;c are qll(‘SttOl‘lS on frco'lrch'teo]ogu,nl relatlonsinps and’ rehc pcrlglacml fealures
there.

The above fom' 5amplés are re[erenced to the field surface datum in squarc 'J8 (0 00 m) I'hc
lettered squares in the west profile are, from Nto S: J, G, F, E, D, C,; B, A, H and 1., Their .coordinates
in-the north profile are, from W to K- '8.to 1. The mclmatmn (dlp) oi qeoarchacolog:cai levels in the
north profile, from W to E, is about 15 degrees. That in the west, from N to S, is about ;5 degrccs
J Traces of ancient relic solifluctional disturbances are apparant throughout the: levcls in the A-1/
8 1 transect-in the southcrn and castern pcnpheral sections. The latter phcnomexn wxl] enter. mto t,he
bclow discussion. = - - iy T et b

Discussion, Aur:gnacmn Teclmocomplcr Fhe A\IS charcoal samplc date of 31 100 G o 900 (O\A.z
1646) IS matched by another conventionally processed one, 31,850 4 800 BP (GrN- 12637 square B4;
8.70 m, charcoal). They seem to-pertain to different archacological events. Their- technical :ages are 750
years, and the error-is 100¢ -years apart. According to Taylor, the affinity, should be onlyiabout 200 —300
years 2. The formér was retrieved in square D5 at a depth of 10.65 m. The latter, however, was taken
at distance of 6.50 m further-south at a depth of 8.70 m. The differences in depth, then, is 1.95 m between
the two measured from the square J8 datum (0.00 m). Since the geoarchacological levels:at the sile are
inclined to the south margin it can be argued cultural levels arealso. i

At the'same time'the OxA:- 1646 samp]e was collected, an another sparcer-one 'was' takén in the
saime square and depth. It produced an '1nomlous date of "4 400 —]— 2 200/1- 700 BP (GrN—I5 4.)7) m
rct‘lccllon of its scanty carbon ‘content. = : .

Two additional radiocarbon (c!mcoal) samples, from square B-5 (10 6.) m) iurthcr south are
now being processed at Oxford. Results are expected in 1990.

The other Aurignacian wood charcoal samples should be discussed at this point : 28 910 4- 480
(GrN- 19635 D4, 7. 8.) m) and 29, 410 =, 310 BP (GrN—15 454; H3, 9.45 m) Although the mean of

evenls. I'hcu' aﬂcs are JOU y ars and the error is 110 \enrs apart.

11 Taylor, op. cil,, pp. 41—61. 3 Taylor, op. cif., p. 141,
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Thus, four distinctive occupation: levels at Mito(tlz belopg to thc‘Aulngnacla_n _Tech.no_con?ple)'(.
However, confirming radiocarbon samples are still needed. Ba : i L . :

East Grqvettﬁm chhnacomplr:c.p The Oxford collagen date of 27,500 - 600 (OﬁA—'}}W%)s]gniill{S
the inception of the Gravettian occupation at Mitoc. However, the sample appears toh ave eer!,n 0% ch
soliflucted. It was collected in square A2 at a depth of 8.15 m fairly close-to the southern mg"g1480 a5
éxcavation area. The difference between this date and the u%)permosif: ?;(;lg'l;:‘;g;an one (28,910 % P,

rN—12636; D4, 7:85 m) is 1,400 years with a margin of error-o . o

-G ‘N :Ano?;her Gravettiazl date tha}l':r can be used in fvaluatiOn of this early period is 27,410 & 430 BP
(GrN—14914; 1'3‘14‘, 8.70' m, carbon). The difference of this datg and ];he above Oxford ﬁne Ls only 9? :}é
170 years. Essentially, the same point in archaeological time in radiocarbon years BP has been reache
so that both can be seen as mutually equivalent. In this context, they appear to belong in- the same
geoarchaeological and cultural level (mean 27,450 4 510 -BP). a3 n .

The second Oxford collagen date, at 24,650 + 450 (OxA —1780 ;. .‘1.8.- 5.40 m), is also ‘.matched
by the two closely allied ones of : 24,820 + 850 (GX-9425; G7, 5.50 m; carbon) and 24,620 + SIQ BP
(GX-9422; B7, 5.00 m, carbon). The latter two are 200 4 40 years apart. They all seem to pertain to
the same cultural level with a mean of 24,695 4 700 BP. ; _ B, 7

The final Oxford assay of bone collagen, 23,650 + 400 BP (OxA-l'?rQ ; G8 , 5.05 m) also has
two counterparts. They are: 23,830 + 330 (GrN-14034 ;- J5, 5.75, charcoal) and 23,490 4+ 280 BP
(GrN-15805 ; J3-4, 6.15 m, bone collagen). Differences between the latter are 340450 BP. The mean of
all three is 23,655 -+ 335.BP. Again, all point to a single archaeological event-and habitation level.

Comparison. of Aurignacian-Early Graveltian, O'c%:up-aiion Intervals ‘at Miloc.

A GrN-12637 31,850 4-'800 BP ' - L
S - A—B (750 £ 100 years)y =~ = -~
B. 0xA-1646 . 31,100 4 900 BP
B—C (1.690 £ 590 years) “
C GrN-15454 ' -~ 29,410 4- 310 BP
C—D- (500 4 170 years) . ‘
D.-+ GrN-12636 - @ - 28,910 4 480 BP -
v D=E (1,400 4 120 years): -
E. 0xA-1778 27,500 4- 600 BP -

. The basic calcilation ‘presented above by Taylor regarding the close affinitiés of radiocarbon
dates beloiiging together is about 200—300 years 1. By extrapolation of the database at hand, it can
be argued that ages between individual cultural levels follows the same pattern when a series of dates
are presented.- ' - T i R e R Wk RS RU PNE WE 2@ B
“ - A glancé-of the above list indicates several different things: The time ‘interval between ‘A'—B/C —D
is the smallest ‘but those between B—C and D'—E are about three times as great. The latter instances
could point:to’ 0¢cupational hiatuses or not. - - SR ' w0

CONCLUSIONS: In the'context of the entire thirtyeight radiocarbon dates of Upper Palaeolithic
levels already obtained:at Mitoc, the above mentioned interval of 200-—300 years will: be utilized in
defining speciflic stratigraphic archaeological events. It is possible, and is here suggested,ithat a parti-
cular cultural level may produce evidence of re-use of that same level over a period of more than 200 —
300 years s, .-. - o S ; E g i . Do ‘ : o

- In the core area of Malu Galben, between the transects squares of B—J in the west profile and
coordinates 9 —3 in- the north profile, the geoarchaeological levels are about 30—40 c¢m in .depth.” They
are:separated by sterile sedimentary units about 50.cm deep. In some cases, though, shallower or deeper
intrusive refuse or storage pits may have been dug into the below sterile deposits or lower cultural levels
frptrln an overlaying level: To complicate matters relic periglacial features must- also be eventually dealt
with, . S = B Ho 0 1 ; LBy Eag
<+ . The use of the very sensitive AMS and conventional radiocarbon methods have done much in
resolving certain problems connected with the stratigraphy at the site. ‘The-auxi]liafy use of the ERS
and U-Th techniques should greatly enhance the chancer of recovery of samples connected with the early
Aurignacian and late Mousterian technocomplexes. transitions. This should take place. . in the next five
years digging at Mitoe with Vasile Chirica. : L e

~

< Ibid:ni'.:" R _.;“_- 5 5 : tx'm‘ " . : . S g S
] e . ; puriu §i cronostraligrafta de la Mitoc— Malu Galben (jud.
13 Honea, K., I'ranzifil cullurale in paleoliticul superior .. Bolosani) (in prchsj.g R . * : R v
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