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• Impressive recent advances have been madeby physicists' concerned; with::dating of -archaeolo- 

gical materials too small or too old to be accurately dated by application of the convențional radiocarbon 

method. The lower.limit of.the Jatteris-about .60*000—50,000 BP. At the. same time,-. ho.weve^.the lower 

limit of the new AMS, ESR and.-23!U*--30 Th series dating'methdds has.now.b.een.pushed back.to-at least 

100.000 years BP. This will, .of course, be pf interest for Palaeolithic specialisțș, but alsp .for those specia- 

iizing.in the post-Palaeolithic period, e.g. the Neolithic. These three innoyative țechnically .sophișticațed, 

and costly, methods. are now.in usc in Romania pn projects deyeloped by this auțhpr... . ■ >:

. , Accelerator Mass Spcclrometrij (ÂMȘ) In.the first technique, samples containing only a few 

milligrams,of carbon can be securely dated. However, Parkes 2 has notedțhât''‘The’pbsșibințy of using 

y.ery* small samples for dating doe.ș,< however, increașe the risk.of producirig misleading dates unless the 

archâeologist iș extremely careful to erisure that the samples dated do belorig îh 'the (archaeological) 

context in which they are found“.‘In other words' the sample must be in a prîmary ih silii poșition and 

not be intrusive duc to solifhictional, cryoturbational or anthropogenic disturbances' '

-,7’Theoretically, the AMS iriețhdd could'produce dates of 100,000 years- BP. ;Fbr the present, the 

Oxford Accelerator'Unit has a’lbwer capacity of 35,000 BP '(R. Hoiisley, 1988-personal communication). 

The ages detcrmined a’re wițh ân error of ±1 per cent bnly arid are quoted' at;bne (68%) standard devia- 

tidn (SD). ■ - ■ i: . . - â :>•

It is based on measuring the proportions of 14C and 12C in graphite prepâred'from sample’carbon 3. 

The meticulous Chemical: pretreatment of-samples is needed to remove extraneous-contaminants. It is 

carried out in the receiving laboratory 4. . ■; .. ■ •

In the Oxford facility/i 200 mg or more of pure wood; charcoal or 5 — lO grams’of either unburnt 

or charred compact long bone are needed for analysis/ Other materials suitable-for AMS-dating are, in a 

closed stratigraphic context;'masses of in situ biirned seeds, food residues or sodt-on- pottery, charcoal 

used as a fuel in iron. or cppper furnaces, charcoal in slag, molluscs (marine, only),. șediments pnd more. 

Samples are colJected. in aluminum foii or PV plastic bags. Labe.lling should be separately atțached using 

permanent ink.

Ten AMS samples were;collected by V. Chirica and this author in Upper .Palaeolithic cultural 

levels at Mitoc-Malu Galben. Their interpretation is later presented. • . ;■ .

Electron Spin Resonance (ESR) 6. ESR spectroscopy is currently being used to.solve avariety 

of archaeological problems but it is not widely available. This new method is the only one for dating such 

materials which are too old or too small to be dated by the 14C technique Also, it can be carried out 

non-destructively and only small samples of teeth, long bones or calcite are required (1 gram).

1 Parkes, P. A., Ctirrenl Scienlific Technîques in Archaeo- 

Ingy, 198G, London, Croom Helm, pp. 27—34 ; Mook, W. G. 

and H. T. Waterbolk, Radiocarbon Dating, Handbooks for 

Archacologists, N. 3, 1985, Slrasbourg, ■ European Science 

Foundation, pp. 15 — 17, 55; Taylor, R. E., Radiocarbon 

Dating: An Archaeological Perspective, 1987, Orlando, Aca­

demic Press, pp, 61—64. 90—95; Gillespic, R., Radiocarbon 

tîsers Handbook, Committee lor A’rchăeology, 19'86, Oxford, 

Oxford Uni verși ly, p... 3. '• - ' *'• '

Arheologia Moldovei, -XIII, 1990, p. 9—12.

2 Parkes, P. A., op. cit., p. 29.

3 Mook and Waterbolk, op. cil., p. 15—16.

4 Wand, J. O., R. Giliespie and R.E.M. Hedges, Sample 

preparation for accelerator-bascd radiocarbon dating, Journal 

of Archaeological Sciences, 1984, 11, pp. 159—163. .

■ ’ 6 Parkes, op. cit., pp. 54, 57—58. • •

e Parkes, op. cit.,1 p. 58. ' • • . ■"
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“Whenver possible electrons combine to form pairs. For examplc, when atoms combine to form 

m'oleciilesIth^y) n5rmâi|y db.so in such a way'that a molecule has.an even niimbef of.electrons an jence 

no uhpaired electrons. Occasionally, however, atoms occur in which there. are.unpaired eec rons •

This method is a means bf detectihg these electrons. This is done'by estabhshing whe ier 

are any electrons present capable of absorbing energy.of a particular wavelength when a samp e is p ace 

ih a magnetic field of knowmstrength. The amount of energy and'the wayelengths over which this ai>- 

sorption occurs makes it poșsible to draw con.clusions about somc pf the electrons. present and t eir sur- 

roundings. ! J ‘ x. ; ’ , . . .
Technically, “...the ESR method is based on the measurement of unpaired electrons producea 

by environmental and internai radiation and trapped in a crystal at somc charge defect site. Ihe number 

of trapped electrons increases with age and, if the radiation dose rate remains constant (measured in 

years) is given by Age= ,acc u^u!alc(^ dosc (A-D) when the accumulated dose (AD)... is the total

' -.. dose rate (DR) .■ . v,'IV.-, *>'

radiation dose.received by the sample since ițs formation, and the dose, rate, ,(D,R)-.... is generated by the 

radioactive elements of tlie sample and its surroundings as well âs by cosmic rays“ 7 8.

7 Parkes,. op.- cil., p. 57.

8 Symela, S., H. P. Schwarcz-and R. Gruen. ESR dating 

of Pleisloccnc fossil teeth from Alberta and Saskatchctuan,

Conlribution 147 from the McMaster Isotopic, Nuclear and 

Gcochcmical Group (Canada), p. 235.

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 spccies identification) and 

250 grams of soil surrounding the sample are collected. The latter is used for analysis of uranium (U), 

thorium (Th) and potassium (K) content. Calcite is aîso be dated by this method.

: • Thempperr.limjhiof-this method.is:about 30,000.years BP and the-lpwer.more than 100,000 years 

(1—2 ^a)j! jili- •! u V,.: i J S i ‘ ‘

ESPv'Wilt be/used at Mitott-Mahi Galben in 1989 and 1990 in dating the lower Aurignacian and 

Mousteriah levelS; below 10.50 m. Samples will be processed in Canada.’ : ■

; UfâhiulnrȚhorium Series 9. Țhis final riew dating method iș devoted to the ageing of various 

fofrris of- calcite (câlCiiim carbonate) as'in bones/ sliell, ccrtain calcarebus concretions and travertine. 

It’s range is from about 5,000 to 500,000 years BP: About 100 — 200 grains of calcite are needed for analysis’. 

,v ’’Wiipn’;caicițe’is..f6rmed,’it normally conîains uranium from the surrounding soil matrix, but no

thorium. As time pasșeș, urahium undergoes radioactive decay producing thorium (234U, s39Th). ”Thus, 

if phe knowș țiie ppncehțratiori of uraniuțh in the newly formed calcite,. one cân work out how old the 

calcite is by measu'ring the amount of thorium present today“ States Parkes 19. Their ratio, then, of the 

orie to the otlier iș the criticai factor. , ' /

... Tjhc calcite,dissolvcd in a particular acid, chemically separating the thorium from the uranium. 

”,The alpha'.parțicles emitted by both elements arc then studied and used to determine the ratio 230Th/ 

334U. The Tatip ?3?U/*?4U..is:dețcrmined.at the same time because 231U ,is. produced.by the decay. of. 838 U 

and so the conceritration of 238U in the sample will effect the 23“Th/234U ration of the sample. The age 

of the sample. cqn ,țhen be calculated from these measurements" n., .....

. ,The theoretical accuracy of uranium-thorium series dating method is better than ±10 per cent 

at one sigma standard deviation (68%). .

A.seMesvof  samples, at least three should be collected in each material to be dated in a particular 

geoarchaeological level. In practice, the Groningen laboratory usually pre'fers to compare the ratios of 

s31U/23?Th samples: collected in an uppermost level with those in a lower level.

• Several Urariium-thorium date determinations will soon be avâilable for Peștera Cioarei de la - 

Boroșteni (GbrjYCounty) where a Middle Palaeolithic level is correlated with one of the Upper Palaeolithic 

period.

Tliis'iYiethod will be used for the first time at Mitoc-Malu Galben in 1989 and 1990 in cross- 

dating Aurignacian and Mousterian levels. • ’ . • ’ - •

CoMparisoti o/ Methods. The AMS method operates with milligram quantities of samples carbon 

derived from wood’charcoal, burnt seeds, soot, food particles, organic collagen in bone and marine 

molluscs. • ‘ • . • ■ • .

ESR is'used mainly to provide dates beyond those unattainble by convențional and AMS radio- 

carbon methods. Teeth, bone and calcite are the principal agents used in dating.

U-Th series dating method is used in the dating of calcite, bone, calcareous concretions shells 

and travertine. . ' . ' ? ’

9 Parkes, op. cit., pp. 100-105; Scliwarcz, II. P. and 

A. G. Latham, Uranium Series age determinations of travertines 

from the site of Vertcsszollos, Hungary, Journal of Archacological 

Science, col. II, 1984, pp. 327-336.

Parkes, op. cil., p. 100.

Parkes, op. cit., pp. 101-102.
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: . Mitoc-Malu Galben.( Botoșani Gonnty ): Teii criticai Uppef Palaeolithic’.radiocarbon samplcs were 

sclectcd for AMS dating at the Oxford Râdiocarbon Unit in England. They . were ishippcddhercdn'May 

1987 and'results were rec.eiv'ed>'i'n’ late-1988 and early. 1989.- . ■ nniW-»w.-.V.

• Duc to the. expectcd niilligram ’carbon /content.of individual. samples»: alb w.fefd.'metîculouslyj 

chcmicallg’ prctrcaled to remove. cbntaihihants’18. ’■ ■- • ±..-: ..»w :11

.* ’ Sevcn-linburnt bone samples; were used to produce analyses of collagen carbon with tho.;aim'o£'

mcasuring aminoacid conccntratibn in them. ’.’This is needed since previous dating;expei'iehcd..lîas: shbwâ 

us that low collagen bones give unreliirble dates duc to introduction of contaminanta 5hto;the.Structura 

of the bone. The general cut-off.poirit use (below which. bones are not dated).ăst ap'prbximbtely; 12—15

mg/g“. (R. Houslcy,’ Senior Oxford: Archaeologist, letter dated 5th August .■1988).j!; i.hC\‘î 

• • ■ The Mitoc bone samplcs analyses give ;the following. results : • . d .:tr d J.i t. *.

MMG 43 (Squarc A2, 8.15 m) —10 mg/g . ’ : :• ’•••:• h.--ipch'. > ±

î: ■: : MMG 44 (Square A2, 8.15 m)— 7 mg/g :: : 7 .. h»:c;o;, r-»:T

MMG 46. (Square A3, 8:15 m)± ’4 mg/g: ’. •’ î U .. . yL-.r.os.'! rw.-' .• li.i \:l

<■! : MMG 63 (Square G8, 4.80 m) — ' nil ' ■ ' ' • 7':: .ir i.r.i! ,V.': • -•••’<«')

MMG 64 (Square G8, 5.05 in) —10 mg/g : . •• . k \; • ‘:i;n • c :.. r:’.»

.: MMG 67 (Squarc J8,-'5:40 :m)4-’21 mg/g . . . . • '• . . ■ î O h.nil miT

‘ ' ’MMG 90 (Square :C1, :9.75. m)—'3 mg/g : • •' . .• .rJ-ir.tr.v.-.i

Samplcs 43, 64 and 67-orily were dated in Februar.y 1989. ,r< ?i.r i ; ?irî-K:?)

.‘ The three wood charcoal samples sentgave the following results. of. thcir resptetliye .carbokJcontbhls: 

MMG 86 A (Square D5, 10.65 m) —20 mg/g . , . \

MMG 87 ' (Square B5, 10.65 m)—sparce (not dateable) *’ 5 • ‘.'• ' .j

MMG 88 (Square B5. 10,65 in)— sparce (not dateable) . \

The Oxford results, expressed in years BP at one sigma standard deviation at 68% certainy, are 

OxA-1 779 23,650 ± 400 24,050-23,250 Gravetlian G8, 5.05 m -Â-. r •: 

OxA-1 780 24,650 ± 480 25,100-24,200 Gravetlian .18, 5.40 m -.

OxA-1 778 27,500 ± 600 28,100-26,900 Gravetlian A2, 8.15 ni -

OxA-1 646 31,100 ± 900 32,000-30,200 Aurigiiâcian D5, 10.65 m.; " -

Thcsc samplcs can only bc vicwed in the context of the other 34 Upper Palacolilhic convențional 

radiocarbon dalcs, inosl of which were produced at Groningen (GrN) (23 samplcs). Elevcn others were 

analyzcd at Geochron (GX), Cambridge, Massachusetts, U.S.A. ;

. The Oxford dalcs have greatly aided in resolving some particularly vexing temporal queslions 

at Mitoc. Forcmost of thcsc arc questions on geoarchaeological relatiohships and relic pcrigiacial fcatures 

there. . ........ ••

The above four samplcs are rcferenccd to the field surface datum in square J8 (0.00 m).. The 

Icttercd squares in the west profilc are, from N to S : .1, G, F, E, D, C,- B, A, H and I. ,Țhcir .coordinates 

in the north profilc are, from W to E, 8 to 1. The inclination (dip) of geoarchaeological îeycls in tlțțț 

north profilc, from W to E, is about 15 degrees. That in the west, from N to Ș, iș about ,5/dcgrces., , . 

: • Traccs of ancient relic șolifluctional disturbanccs are apparant throughout the.levcls in the A-I/ 

8—1 transcct'in the Southern and eastern peripheral sections. The lattcr phenomenaiwiU enter.into the 

below discussion. : . ■. - b

Discussion. Aurighacian Technocompler. The AMS charcoal sample date..of-31,100‘± 900 (OxA-2 

1646), is matchcd by another conventionally processed one, 31,850 ± 800 BP (GrN-12 637 ; square 64,: 

8.70 m, charcoal). Thcy seem to pertain to dilfercnt archaeological events. Their- technical ages arc 750 

years and the error is lOO years apart. According to Taylor, the affinity, should bc dnly>âbdut 200—300 

years 13. The former was retrieved in square D5 at a depth of 10.65 m. The latter, hbwever, was taken 

at distarice of 6.50 m further sbuth at a depth of 8.70 m. The differences in depth, then, is 1.95 m bctweeii 

the two mcasured from the square .18 datum (0.00 in). Since the geoarchaeological levcls at the sile ate 

inclined to the souțh margin it can be argued cultural levels are ’also. . i v.

At the same time the OxA-1646 sample was collected, an another sparcer one ’was1 takbn in the 

sainc squarc and depth. It produced an anomalous date of 24,400 ± 2 200/1-700 BP (GtN-15 457) iri 

refleetion of its scanty carbon content. ‘ " : ° ‘ ?

Two additional radiocărboh (charcoal) samples, from square B-5 (10.65, m) further''south, are 

now bcing processed at Oxford. Results are expected in 1990. . . : •

The other Aurignacian wood charcoal samples should be discussed at this point: 28,910 ± 480 

(GrN-12636 ; D4„ 7.85 m) and 29,410 ± 310 BP (GrN-15 454 ; H3, 9.45 m). Although the meap of 

the two is 29,160±395 BP, it seems^the occupational levels appear to .be. different archaeological 

events. Thcir ages arc 500 years and the error is 170 years apart.

11 Taylor, op. cil., pp. 41—Gl. 13 Taylor, op. cit., p. 141.
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Thus, four distinctive occupation levels at Mitoc belong to the Aurignacian Techriocomplex. 

However, confirming radiocarbon samples are still needed. ' n . i77r\ mărire
East Gravettian Technocomplcx. The Oxford collagen date of 27,500 ± '( dirrhtlv

the inception of the Gravettian occupation at Mitoc. However, the sample appears o i . g y

soliflucted. It was collected in square A2 at a depth of 8.15 m fairly close to the sou ern ma g 

excavation area. The difference between this date and the uppermost Aurignacian one ( , ± >

GrN-12 636 ; D4, 7;85 m) is 1,400 years with a margin of error of 120 years. . ■

Another Gravettian date that can be used in evaluation of this early period îs 27,410 ± 430 B 

(GrN —14 914 ; B4’, 8.70 m, carbon). The difference of this date and the above Oxford one is only 90 ± 

170 years. Essentially, the same point in archaeological time in radiocarbon years BP has beenreached 

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 ± 510 BP). ' . .

The second Oxford collagen date, at 24,650 ± 450 (OxA —1780 ; J8, 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 ± 810 BP 

(GX-9422; B7, 5.00 m, carbon). The latter two are 200 ± 40 years apart. They all seem to pertain to 

the same cultural level with a mean of 24,695 ± 700 BP. - , ,

The final Oxford assay of bone collagen, 23,650 ± 400 BP (OxA-1779 ; G8 , 5.05 m) also has 

two counterparts. They are: 23,830 ± 330 (GrN-14034 ; J5, 5.75, charcoal) and 23,490 ± 280 BP 

(GrN-15805 ; .13-4, 6.15 m, bone collagen). Differences between the latter are 340±50 BP. The mean of 

all three is 23,655 ± 335J3P. Agâin, all point to a single archaeological event and habitation level.

Comparison of Aurignacian-Early Gravettian. Occupation Inlervals at Mitoc. 

A. GrN-12637 31,850 ±'800 BP • ;

. • A—B (750 ± 100 years)

B. OxA-1646 31,100 ± 900 BP ; ■

B—C (1.690 ± 590 years) ■ ; ‘ ■

C. GrN-15454 ’ 29,410 ± 310 BP ’ . ’•••

C—D • (500 ± 170 years) .

D. ’ GrN-12636 28,910 ± 480 BP

■«•••• ’ D-E (1,400 ±120 years)- • ■

E. OxA-1778 27,500 ± 600 BP . ■■■ . . ,. <• . • • •• .

The basic caîculațion presented above by Taylor regarding the close affinities of radiocarbon 

dates belonging together is about 200—300 years u. By extrapolation of the databâse at hand, it can 

be argued that ages between individual, cultural levels follows the samepattern when a series of dates 

are presented.- ’ ■ : -

A glance of the above list indicates several different things. The time interval between A — B/C — D 

is the sinallest/bufthbse between B—C and D—E are about three times as great. The latter instances 

could point- to’ bccupational hiatlises of riot. •

CONCLUSIONS. In the context of the entire thirtyeight radiocarbon dates of Upper Palâeolithic 

levels already obtained at Mitoc, the above mentioned interval of 200—300 years wilb be utilized in 

defining specific 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 1S. \

15 V Ni. , , timpuriu șl cronoslraligrafla de la Mttoc-Malu Galben (jud.
15 Honea, K., Iranzlftl culturale tn paleoliticul superior Botoșani) (in press). \

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 cm 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 

from an overlaying level. To complicate matters relic periglacial features must also be eventually dealt 

with. ț .... ..

-• « The use of the very sensitive AMS and convențional radiocarbon methods have done much in 

resolving certam problems connected with the stratigraphy at the site. The auxilliary 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 Mitoc with Vasile Chirica. . J ■ .
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