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Editor's ForewordThis volume of the Balti Ponti Studies fouses on the results of the researharried out so far into the absolute (radioarbon) hronology of the area lyingbetween the Vistula and Dnieper or the bio-ultural borderland between the Westand East of Europe. Absolute hronology is treated here both as a researh goal andfundamental premise in the broader studies of the hronometri and developmentsynhronization of \borderland" ultural systems. In a series of artiles devoted toindividual taxa a onsiderable number of new 14C dates have been ompared. Thedates onern soure materials that have been hosen from the point of view of theirrepresentativeness and hronometri value (\short-lived" materials were preferredto minimize a potential error). The vast majority of analyses were purposefullymade in the same 14C laboratory of the State Sienti� Center of EnvironmentalRadiogeohemistry of Ukrainian Aademy of Sienes in Kiev taking advantage offunds generously provided by the Polish Committee for Sienti� Researh.The volume devoted to the \dark" setion of the \borderland" history (3150--1850 BC) is the �rst but not the last publiation on the broader issues mentionedabove that we intend to present in the near future.



Editorial omment1. All dates in the B-PS are alibrated [see: Radioarbon vol.28, 1986, and thenext volumes℄. Deviations from this rule will be point out in notes.2. The names of the arhaelogial ultures and sites are standarized to the Englishliterature on the subjet (e.g. M. Gimbutas, J. P. Mallory). In the ase of a newterm, the author's original name has been retained.3. The spelling of names of loalities having the rank of administrative entresfollows oÆial, state, English language artographi publiations (e.g. Ukraine,sale 1 : 2 000 000, Kiev: Mapa LTD, edition of 1996).



Balti-Ponti Studiesvol. 7: 1999, 27-33PL ISSN 1231-0344Vadim V. Skripkin, Nikolay N. KovalyukhRADIOCARBON LS DATING OF BONE MICRO-SAMPLESSamples of bones from arheologial exavations are reliable and often exlu-sive material for radioarbon dating. At the same time radioarbon dating of fossilbones is assoiated with some diÆulties. Porous struture of bones when being inground absorbs water soluble organi substanes, whih have age di�erent from ol-lagen of bones. Besides, bone ollagen when being in ground is subjeted to bateriaand miro-fungus destroying inuene. Miro-biota inuene leads to breaking ofarbon isotopes primary orrelation, so alled \isotopi frationating".The fators mentioned above have an inuene partiularly on the bone mi-ro-samples dating, in whih arbon total ontents does not exeed one gram.Miro-samples form not less than 50% in a whole arheologial material availa-ble for radioarbon dating. Miro-samples of bone material are the only possibleobjets in determination of absolute age by isotopi methods for many arheologialmonuments. It should be given the speial attention for primary hemial proessingof samples under investigation. An important and inonsistent problem is deidedon this stage: as muh as possible full removing of introdued organi substanesand bad admixtures with keeping simultaneously as muh as possible amount ofbone ollagen, and of bone oal - for burnt bones. It is important for the sampleswith signi�ant biologial destroying of ollagen (more than 50%), that stable ar-bon isotopes orrelation with subsequent orreting of radioarbon age should bede�ned by masses-spetrometri method.Methods and strategies. A new omplex tehnology is designed in our labo-ratory of bone miro-samples primary hemial proessing and subsequent arbondating frations deposition in a kind of benzene.Primary proessing. Traditional strategy of bone samples primary proessingomprises a stage of ollagen deposition in a pure substane type [Arslanov 1987℄.For this aim the sample redued to fragments is proessed by 0.5% - 2% solutionof hydrohlori aid at room temperature. Mineral part of bone onsisting of pho-sphates and alium and magnesium arbonates is dissolved in hydrohlori aid,



28but ollagen stays as a jelly-like material. It is important to note that a ertainportion of the bone organi material is also dissolved and, moreover, it disappe-ars forever. Subsequent proessing of ollagen is impeded and requires muh time.Hydrated form of ollagen is extremely unomfortable for washing, entrifugationand drying. A great amount of phosphorus and sulphur ompounds is abundantin the end produt - dry ollagen. Phosphorus and sulphur are the most harmfuladmixtures in lithium arbide produing, and that is why it is neessary to oxidize aollagen beforehand till arbon dioxide with subsequent gas purifying. Multi-stageof traditional tehnology leads to inevitable losses of arbonaeous substanes, thatis undesirable partiularly for miro-samples. It is impossible at all to selet a da-ting arbon fration from some types of bone material by traditional tehnology. Sofor instane burnt bones ontain semi-destroyed ollagen and �ne-dispersed boneoal. Both omponents are ompletely available for the purpose of undistorted ra-dioarbon age determination, but semi-destroyed ollagen is pratially ompletelydissolved in aids, and �ne-dispersed bone oal an be deposited only with the helpof super-speed and loweÆient entrifugal mahines.Tehnology developed makes possible lithium arbide prodution from ollagenor bone oal without preliminary deposition of them in a pure kind [Skripkin,Kovalyukh 1998℄. The bones for this purpose are redued to fragments, and afterwashing with trisodium phosphate solution they are proessed by 1-3% hydrouoriaid. This aid transforms arbonate and partly alium phosphate into uoride.Calium uoride does not dissolved pratially in weak aids, but hange of CO−23and PO−34 volumetri anions for ompat F leads to genesis of mineral matrix whihis porous and leaned from organi-siliate omplex. Collagen in this ase exists insemi-bound nonhydrated state. Essential advantage of hydrouori aid is its abilityto dissolve siliates and humi aids as well as produts of bateria vital ativityabsorbed on them. It make it possible to remove introdued organi substanes andarboni arbon, to wash and dry the proessed sample easy and qualitatively. Thelosses of bone organi substanes or bone oal are minimum under suh proessing[Kovalyukh, Skripkin, Sobotovih 1996℄.The sample subsequently is redued to fragments and mixed with manganesedioxide for lithium arbide prodution by tehnology of \vauum pyrolysis" (the di-ret hemisorption into a lithium alloy of arbonaeous gases produed by the ontrolledthermal degradation of organi materials under vauum).This tehnology is based on ombination of two proesses: thermal breakdownof organi sample and hemial absorption of gaseous produts by lithium. Reatoronstrution and elements of tehnology are shown on the �gure 1. Synthesis isarried out within the reator made of stainless steel with metalli lithium plaedon the bottom, but the sample is seated inside the titanium glass. The glass withthe sample is held at the optimum height in the tubular holder, whih direts a gasow for the melted lithium. Suh loation of lithium and arbonized sample permits



29

F i g . 1. Reator onstrution and elements of tehnologytemperature regulation to be made within the area of thermal breakdown (and on-sequently gassing veloity) without temperature hanging within the melted lithiumarea. Reator is inserted into the stove at optimum depth, and is �xed in suh aposition. When temperature onditions are properly hosen a veloity of hemi-al absorption of thermal breakdown gaseous produts by metalli lithium slightlyexeeds a sample thermal breakdown veloity. The reator pressure is stabilized at0.1-0.2 atm. This promotes raising of thermal breakdown light - volatile produtsgassing and prevents ondensation of these materials for reator walls.As a result of running proesses the ollagen is onverted into a volatile organiombinations and into a bone oal. Addition of manganese dioxide plays an impor-tant role. When the temperature is above 550oC the manganese dioxide disintegrateswith ative oxygen liberation all over the volume of mixture. Oxygen liberation runsquietly, under the broad range of temperatures (550-940oC). Fine-dispersed boneoal therewith is oxidized till arbon oxide and dioxide, and in suh a kind it isabsorbed by melted metalli lithium. An essential feature of manganese oxides is



30their ability to link phosphorus and sulphur in thermal stable ombinations. Thisallows getting lithium arbide of high quality, and what is more - pratially fromthe whole arbon ontent of bone organi substanes. Formation of lithium arbideruns without ompliations with high output. Lithium oxide, hydride and nitride arealso formed in parallels with arbide. Lithium hydride and nitride are ompletelydestroyed under short reation volume vauuming at the end of proess. The rea-tor of redued volume (400 ml3) was designed for fossil bones miro-samples thathas made it possible to redue greatly the losses on this stage.Lithium arbide is subjeted to hydrolysis, and gassing aetylene is onvertedinto benzene on vanadium atalyst. Vauum system for benzene syntheses is madefrom materials, whih adsorb not at all aetylene and benzene. Internal volume ofvauum line has its minimum possible meaning. Construtive partiularities men-tioned above allow to reah 95-97% benzene output to the total exlusion of thememory e�et. As a result of summation of new omplex tehnology advantages thepossibility appears for bone samples dating arrying-out with ollagen total ontentsup to 250-300 mg.The omplex hemial tehnology of lithium arbide prodution from fossilbones samples had been tested omprehensively. The samples of di�erent type bo-nes as well as of their di�erent preservation after their reduing to fragments andquartering were proessed in parallels by both traditional and new methods. Theresults obtained were ompared and analyzed. The samples age in parallel seriesoinided within the limits of instrumental error under measurement pratially inoverwhelming majority of ases. Moreover there was a suess in dating some testsby only new method of hemial bones proessing appliation. Samples with obvio-usly denominated rejuvenating inuene of humi aids were equally well leanedfrom the last ones both by washingout with alkali or trisodium phosphate and bythe ation of hydrouori aid. Laborious proess of the new omplex approahand a temporal period spent for it was found 5-10 times less than for the traditio-nal method of bone material radioarbon analysis. The most typial results of twomethods omparisons are shown in the Table 1.Traditional tehnology of ollagen deposition stipulates humi substanes re-moving by 0.1% NaOH solution proessing. As a rule, humi substanes are ofyounger age with respet to ollagen, and they are present within the bone samplesin a kind of silion oxide and soil organi material re-preipitated onglomerate.If used new tehnology the humi substanes are removed from the bone samplestogether with siliates at the proessing stage by hydrouori aid. Silion oxide isompletely dissolved in hydrouori aid solution, and humi substanes preipita-ted on siliates form pseudo-solution.One an see from omparative experiments arried out that new tehnologyompletely satis�es requirements for the samples puri�ation from humi substan-es. Comparison was arried out for the samples of di�erent preservation and ar-



31T a b l e 1Comparative dating of fossil bone samples by the traditional tehnology and by \vauum pyrolysis"methodNo. Sample Lab. numb Age 14C, BP1 Ordzhonikidze (exavations 1997), Traditional method Ki-6827a 3890±50b.11, g.8 Vauum pyrolysis Ki-6827b 3910±452 Golovkovka, b.3, g.1 Traditional method Ki-6718a 3905±55Vauum pyrolysis Ki-6718b 3920±603 Ordzhonikidze (exavations 1980), gr. Traditional method Ki-6553a 3710±60Chorna Mogila, b.3, g.17 Vauum pyrolysis Ki-6553b 3745±504 Semionovka (exavations 1990-91), Traditional method Ki-6688a 6800±60b.1 Vauum pyrolysis Ki-6688b 6980±655 O. Surskoy b.II (exavations 1946), Traditional method Ki-6691a 7230±55sq.7 Vauum pyrolysis Ki-6691b 7245±606 Solonoe Ozero IV Traditional method Ki-6202a 12805±95(exavations 1990) Vauum pyrolysis Ki-6202b 12890±1007 Novovladimirovka II Traditional method Ki-6203a 19290±85Vauum pyrolysis Ki-6203b 19340±958 Dmitrievka, Traditional method Ki-5826a 16495±100Upper late Paleolithi layer of seat Vauum pyrolysis Ki-5826b 16520±95heologial age. If the samples ome under the age period of 12-19 th. BP, ®vauumpyrolysis¯ method gives even more anient results, that points to the fat of moreomplete and seletive removing of introdued organi substanes. The ollagen los-ses are likely be redued onsiderably when humi substanes removing tehnologyby hydrouori method of organo-siliate omponent dissolving is in use.Measurement of benzene miro-samples is arried out into the speially de-veloped miro-vials with the help of \Quantulus" - low-bakground spetrometer[Buzinny, Skripkin 1995℄. Miro-vials are made of high pressure non-porous teon.Holders for miro-vials are made of high purity titanium, and they are providedwith by the sreen to prevent \ross-talk" e�et. Construtive partiularities as wellas the hosen materials enable high ounting features to be get (Table 2).As a result of biologial proesses, whih have been going on within the systembone - soil miroorganisms, the natural relation between three main arbon isotopes(12C, 13C and 14C) experienes ertain hanges. These hanges an be inreasedadditionally during the proess of arbon ollagen form hemial transformationsinto benzene one.



32 T a b l e 2Counting featuresVial Benzene loss Bg 14C FM FM (E2/BG) tmax (year) tmax (year)volume per 24 hour (mp) eÆieny(ml) (mg) (%)0.85 less than 0.10 0.11 82 23.2 61127 48050 80T a b l e 3Comparative dating of fossil bones samples maro and miro inrements (Yamnaya ulture)No. Sample Lab. numb Age 14C, BP9 Protopopovka, b.1, g.4 Maro Ki-6733a 3945±50Miro Ki-7130 3920±7010 Protopopovka, b.2, g.3 Maro Ki-6734a 3925±55Miro Ki-7131 3910±6011 Ordzhonikidze (exavations 1997), Shakhta 22, Maro Ki-6833 3900±55b.2 g.6 Miro Ki-7132 3930±7012 Golovkovka, b.6, g.8 Maro Ki-6719 3970±55Miro Ki-7133 3960±6013 Golovkovka, b.11, g.5. Maro Ki-6723a 4030±60Miro Ki-7134 4035±6014 Golovkovka, b.5, g.5 Maro Ki-6731 4005±55Miro Ki-7135 4020±7015 Golovkovka, b.7, g.4 Maro Ki-6722 3980±60Miro Ki-7136 3940±70In evaluating radioarbon age the orretion is being taken in aount forbiologial isotopi frationation. Undertaking suh an operation is possible dueto wellde�ned relationship between the deetion of 13C isotope onentrationand the degree of 14 isotope frationation. Pratially �14C = (δ13C)2 equality ispersisting. For this aim the determination is made on variation in onentrations of13C isotope in the ready benzene by mass-spetrometri method. This fator usuallyfalls within the limits −18.5 < δ13C < d13C < −20.7 promille. For suh kindof samples, whih had been under onsiderable e�et of soil miroorganisms, thisfator an reah - 16 promiles, whereas together with hemial frationation it may



33even ome to 14 promile. It means in pratie that samples misrepresentation byage in something like BP=5000 years an reah 250 years. Corretion entering forthe isotopi frationation is urrently entral for miro-samples, sine suh sampleshave as a rule a �ne bone layer, being easy permeable for natural destroying agents.The work arried out in our laboratory on Yamnaya ulture arheologial mo-numents dating is an inherent example of radioarbon method applying for fossilbones miro-samples.As one an see from the data mentioned above in the Table 3 the ages of thebones miro-samples derived are oinided within the limits of error in measurementwith those ages derived from the same samples, taken in maro amounts. Smallrejuvenation for the miro-tests is aused by omparatively most bakground e�etstipulated by the osmi radiation. These deviations an be taken into aountsubsequent to the omplex omparative heking, inluding mathematial statistisare arried out.Conlusions. Complex tehnology has been designed with the purpose of fossilbones miro-samples dating, whih has shown reliability of high degree for resul-ting dating. All the stage of new tehnology had passed all-round inspetion for theonvergene of results with respet to the traditional methods. Represented teh-nology allows getting reliable results for those kinds of samples, whih ould be notdated earlier by traditional method. Translated by authors
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