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REFERAT

I forbindelse med arkeologiske utgravinger i forkant av reguleringsarbeid for naeringspark pa Haland
gnr. 4, bnr. 3, Time kommune, ble det tatt ut makropraver. 24 prgver fra ni stolpehull, tre groper, et
ildsted og et kulturlag ble analysert. I alle anleggstypene ble det funnet enkelte korn, Cerealia, eller
kornfragmenter, Cerealia fragm. Et korn ble datert til yngre steinalder. Trekull fra et ildsted ble datert
til eldre bronsealder. I et stolpehull ble det funnet et korn som ligner pa naken bygg, Hordeum vulgare
cf. var. nudum. Det ble ogsa funnet hasselngttskall, Corylus avellana, og krekling, Empetrum nigrum.
Bosetningssporene pa Re-Svertingstad er vanskelige a tolke men funn av korn tyder pa jordbruk.
Mangelen pa ugress antyder et tidlig jordbruk uten gjedslede akrer. Hasselngttskall viser at hasselngtter
har blitt spist og krekling kan ogsa ha blitt brukt i husholdningen.

STIKKORD
Yngre steinalder Eldre bronsealder
Naken bygg, Hordeum vulgare var. nudum Hasselngttskall, Corylus avellana

Krekling, Empetrum nigrum Korn, Cerealia
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Innledning

Time kommune gnsket & omregulere et omrade til naeringspark og i 2009 ble det gjennomfart
registreringer av Rogaland fylkeskommune pa Haland gnr. 4 bnr. 3. Det ble funnet ikke-
synlige kulturminner i form av bosetningsspor innenfor et begrenset omrade og i perioden
11.06.12 — 06.07.12 ble en utgraving pa stedet utfart av Arkeologisk museum under ledelse av
Christopher Kvastad. Utgravningen avdekket bosetningsspor som var konsentrert i et
aktivitetsomrade. Denne rapport omhandler de naturvitenskaplige resultatene fra utgravingen.
De arkeologiske resultatene blir presentert i en rapport av Kvaestad (2012). Lokaliteten ligger
pa garden Haland men prosjektet ble kalt Re-Svertingstad og dette navn vil bli brukt i
rapporten.

Bakgrunn og problemstillinger

Utgravningsomradet ligger pa et lavt hgydedrag som hgrer til garden Haland, sgrast for
Svertingstad gard og nordvest for Haland industriomrade (Fig 1). Omradet rundt lokaliteten er
et lavtliggende jordbruksomrade. | 2004 ble det gjort registreringer i omradet av RFK men
haydedraget ble utelatt grunnet hgyspentledningen som krysser omradet. Omradet er rikt pa
kulturminner og 150 m nord far lokaliteten er det registrert to gravhauger (ID 44822). Det er
0gsa registrert et gardsanlegg og en rydningsrgyslokalitet med uviss alder i naerheten. Malet
med de naturvitenskaplige analysene var a finne ut anleggets alder, funksjon og struktur samt
kulturhistoriske utstrekning og sammenheng i forhold til tidligere kjente arkeologiske
kulturminner.
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Fig 1: Kart: Statens kartverk. Bearbeiding: Christopher Kvastad.
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Metode

Uttak av naturvitenskaplige praver

Det ble tatt ut 61 makrofossilprever (2012/06-1 til -61). 43 praver fra stolpehull, ti fra groper,
syv fra ildsteder og et fra kulturlag. Samtlige praver ble tatt ut av arkeologene i felt under
ledelse av Christopher Kvastad. 24 praver ble analysert. Analyseresultatene blir presentert i
vedlegg 1.

Analyse av makrofossil

Volumet pa pravene ble malt far de ble flottert ved hjelp av en flotasjonsmaskin utviklet ved
Arkeologisk museum i Stavanger (Bakkevig et al. 2002). Med hjelp av denne blir det
organiske materiale separert fra jord og stein og samlet opp i en sikt med maskevidde 0,5 mm.
Pravene ble tarket og sortert. | forbindelse med analysearbeidet ble relevant
identifiseringslitteratur (Jacomet 2006, Cappers et al. 2006, Mossberg et al. 1992, Berggren
1969 & 1981, Korsmo et al. 1981, Anderberg 1994) og Arkeologisk museums
referansesamling brukt. Til bade sortering og analysearbeid ble stereolupe med forstarrelse
7,5x til 112,5x brukt. Nomenklaturen for hgyere planter fglger Lid & Lid (2005).

Det bevarte plantematerialet i denne undersgkelsen var forkullet, noe som betyr at det har blitt
mineralisert og derfor motstandsdyktig mot angrep fra mikroorganismer i jorden. Det kan
ligge i jorden i flere tusen ar og fremdeles vaere mulige & identifisere. | de analyserte pravene
ble det ogsa funnet uforkullede frg og frukter. Disse ble dokumentert og er inkludert i tabellen
men blir ikke kommentert videre, da de sannsynligvis er et resent innslag.

Fra prgve 2012/06-4 ble det sendt in korn til C14 datering. Det ble ogsa sendt in trekull til
datering fra anlegg 2AG1266. Resultatene blir presentert i vedlegg 2.

Et utvalg av de identifiserte artene

Corylus avellana, Hassel

Hassel er en av de viktigste og mest naringsrike av de spiselige ville plantene i Skandinavia
og en av dem som veert her lengst. Ngttene inneholder protein, karbohydrater, sink, fosfor,
kalsium og mye fett (Nilsson 1975). Hasselngtter ble samlet gjennom hele forhistorien og det
er rikelig med funn av ngtteskall fra steinalderen. Pa slutten av bronsealder og i eldre
jernalder er de mindre dominerende pa boplassene. Det blir igjen funnet mye i levninger fra
middelalderen (Krzywvinski et al. 1983). Forkullete hasselngttskall er holdbare i forhold til
andre forkullete planterester og sannsynligvis blir de derfor bedre bevart nar jorden blir flyttet



og bearbeidet. Pa grunn av dette er muligheten til att skallfragmenter ikke reflekterer
anleggelsens alder starre enn for eksempel for korn.

Danthonia decumbens, Knegras

Knegras er et flerarig, lavt gress som vokser i tette tuer (Lid & Lid 2005). Den er vanlig i
mager gressmark langs kysten og utvikler smaaks med frg ved basen (Faegri 1970). Hvis
marken blir svidd kan mange av frgene forkulles og bevares. Derfor er den en gressmark
indikator i arkeobotanisk materiale.

Empetrum nigrum, Krekling

Krekling er en lavvoksende, delvis krypende busk, som vokser pa hei og skogmark
(Henriksson 1978). Den er vanlig i hele landet og har barlignende steinfrukter som blant
annet har blitt brukt til saft (Heeg 1976). Bade i Norge og pa Island har de ogsa blitt brukt til
en slags vin. Norske samer la dem i melk og forvara blandingen i magesekker fra reinsdyr.
Om vinteren, nar det var frossent, spiste man blandingen som is (Henriksson 1978).
Kreklingriset ble brukt til sopelimer og gryteskrubber og i Dalarna, i Sverige, lagde samene
kurver av riset. Bade bar og ris ble ogsa brukt til farging. Barene gav brun eller markt rad
farge og riset gav en sitrongul farge at ulltgy (Pettersson 2005). Krekling er ingen klassisk
medisinalvekst men den er omtalt som urindrivende (Hgeg 1976).

Hordeum, Bygg

Bygg ble domestisert i det gstlige middelhavsomradet for omtrent 10 000 ar siden (Nesbitt
2006) og naken bygg har blitt dyrket i Sgrvest-Norge siden yngre steinalder og eldre
bronsealder (Soltvedt 2000). Det er, ifglge Robinson, det kornslag som vart mest
betydningsfullt i Skandinavias fortid (Robinson 1993). Naken bygg klarer mange forskjellige
klimaer og trives best i kalk og moldrik lettleire (Osvald 1954). Akset er seksradet og i
motsetning til agnekledd bygg har det ikke fastsittende agner som ma fjernes. Dermed kan
den brukes rett etter tresking (Viklund 2005). Naken bygg var dominerende i yngre steinalder
og eldre bronsealder men i lgpet av sein bronsealder tar agnekledd bygg alt mer over, men
naken bygg dyrkedes ogsa under jernalderen (Welinder et al. 1998).

Den agnekledde byggen blir vanlig farst i overgangen til romersk jernalder i Rogaland og tar
da over rollen som dominerende kornslag (Presch-Danielsen & Soltvedt 2011). Anledningen
til dette skifte har lenge blitt diskutert og flere teorier har blitt presentert. Agnekledd bygg har
vist seg svare bedre pa gjgdsling enn det nakne (Viklund 1998), noe som gjar at overgangen
skulle kunne henge sammen med at man begynte a gjgdsle akrene. Den agnekledde byggen er
ogsa, fordi agnene er festete pa kornet, mindre sensitiv for mikroorganismer bade under
vekstperioden og lagringen, enn for eksempel naken bygg. Agnene gjer at melet blir grovt. De



har imidlertid ikke noen betydning ved glbrygging. Foruten & brukes i husholdningen til mat
og @l kunne halmen fra bygg ogsa brukes som for (Engelmark & Viklund 2005).

Fra utgravningen av den folkevandringstida garden Ullandhaug er 753 korn av agnekledd
bygg, Hordeum vulgare var. vulgare, registrert. Analyser av makrofossil fra flere steder i
Nordvest-Europa tyder pa at agnekledd bygg har vert det dominerende kornslaget i omradet i
folkevandringstid (Rindal 2011).

Persicaria, Hgnsegras

Hgnsegras er en ettarig urt som foretrekker naeringsrik, litt sur myrjord og lett, humusrik
mineraljord. Den finnes ofte pa dyrket jord, avfallssteder og ved vann (Korsmo et al. 1981).
Hensegras har trolig veert en del av kostholdet i fortiden og man har, farst og fremst i
Danmark, gjort flere starre fynd av frgene (Viklund 1998). Ogsa denne urt var sterkt
representert i Tollundmannens mageinnehold (Helbak 1950). | arkeobotaniske praver finner
man hovedsakelig artene Persicaria maculosa og Persicaria lapathifolia, som kan vare
vanskelige a skille fra hverandre pa grunn av at mange av sartrekkene forsvinner nar de
forkulles. Persicaria lapathifolia er allikevel mer vanlig i materialet fra vikingtiden og
tidligere mens Persicaria maculosa er mer vanlig i yngre perioder (Kroll 1975).

Resultat

Stolpehull
1363 (2012/06-3)

Det ble kun funnet uforkullede frag i praven fra 1363 (Fig. 2).

1472 (2012/06-4)

Det ble funnet et korn som lignet pa bygg, Cf Hordeum, seks kornfragmenter, Cerealiafragm,
tre frg av knegras, Danthonia decumbens, og et av krekling, Empetrum nigrum. Et korn som
lignet pa bygg (Cf Hordeum) ble datert til Cal BC 1880-1730 / 1710-1690.

1047 (2012/06-7)

Det ble funnet to kornfragmenter, Cerealiafragm., to frg av knegras, Danthonia decumbens, et
fra hver av marikape, Alchemilla, krekling, Empetrum nigrum, hgnsegras, Persicaria,
smalkjempe, Plantago lanceolata og gras, Poaceae. Det ble ogsa funnet 5 fra som ikke var
mulig & bestemme, Varia.



925 (2012/06-9)

Det ble funnet tre organiske fragmenter.

896 (2012/06-13)

Det ble funnet et uspesifisert korn, Cerealia, et frg av krekling, Empetrum nigrum og et freg
som ligner pa gras, Cf Poaceae. Det ble ogsa funnet to organiske fragmenter og et
strafragment.

466 (2012/06-14)

Det ble funnet to frg av linbendel, Spergula arvensis, et frg av hgnsegras, Persicaria og et frg
av knegras, Danthonia decumbens. Det ble ogsa funnet fem frg som ikke var mulig a
bestemme, varia, og 73 lyngfragmenter.

882 (2012/06-16)

Det ble funnet tre frg av krekling, Empetrum nigrum, et frg som ikke var mulig & bestemme,
varia, og fire lyngfragmenter.

3025 (2012/06-50)

Det ble kun funnet uforkullede frg.

1251 (2012/06-54 0g -55)

Det ble funnet to lyngfragmenter.
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Fig 2: Oversikt over aktivitetsomradet. Anlegg som det har blitt analysert makroprave fra er
markert med gult. Bearbeiding: Sara Westling.



Ildsted
1266 (2012/06-27, -33, -36, -37, -38 0g -42)

| pravene fra ildstedet 1266 ble det funnet et uspesifisert korn, Cerealia, seks fragmenter av
hasselngttskall, Corylus avellana, fire lyngfragmenter og to fra som ikke var mulig a
bestemme, Varia. Det ble ogsa funnet 21 fragmenter av brent bein. Det ble sendt trekull
(bjark/or) fra ildstedet til datering og det ble datert til Cal BC 1520-1430 (vedlegg 2).

Groper
1903 (2012/06-21)

Det ble funnet tre kornfragmenter, Cerealiafragm., og et frg av hgnsegras, Persicaria.

2873 (2012/06-46, -47 0g -48)

Det ble funnet fem frg av krekling, Empetrum nigrum, to frg som ligner pa
krossblomfamilien, Cf Brassicaceae, et frg av melber, Arctostaphylos uva-ursi og et av gras,
Poaceae. Det ble ogsa funnet to lyngfragmenter.

528 (2012/06-58, -59 og -60)

Det ble funnet tre frg som lignet pa knegras, Cf Danthonia decumbens, to frg som ble bestemt
til knegras, Danthonia decumbens, to frg av krekling, Empetrum nigrum, to frg som lignet pa
gras, Cf Poaceae og et frg som ligner pa ros, Cf Rosa. Det ble ogsa funnet 18 lyngfragmenter
og to frg som ikke var mulig & bestemme, Varia.

Tolkning og diskusjon

Anleggsporene pa Re-Svertingstad var vanskelige a tolke men det makrofossile materialet
styrker bilden av aktivitetsomradet som et boplassomrade. Funnene viser at korn har blitt
brukt og sannsynligvis dyrket pa plassen. Et korn ligner pa naken bygg, Hordeum vulgare cf.
var. nudum. Dette kornslaget var vanlig i overgangen mellom steinalder og bronsealder
(Soltvedt 2000) og det er trolig at det var i bruk ogsa pa Re-Svertingstad der dateringene viser
at boplassen har blitt brukt i den perioden (vedlegg 2). Det ble ogsa funnet hasselngttskall i
flere av prgvene. Hasselngtter var en viktig del av dietten under steinalder og bronsealder og
de er vanlige funn pa boplasser fra denne tiden. Ogsa krekling, Empetrum nigrum, som ble
funnet i syv av prevene, kan ha blitt brukt i husholdningen, liksom lyng, som det ble funnet
mange fragmenter av. Lyngen kan ha blitt brukt til for, brensel, sopelimer, ulike typer av
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fletting etc. Mangelen pa ugress i prevene stemmer godt overens med et lavintensivt jordbruk
uten gjadslede akrer i overgangen mellom steinalder og bronsealder.
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Vedlegg 1: Tabell over makrofossilt materiale
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August 14, 2012

Mr. Christopher Fedrik Kvaestad
University of Stavanger
Museum of Archaeology
Stavanger, N-4036

Norway

RE: Radiocarbon Dating Results For Samples K3-2AG 1266, 2012/06-4

Dear Mr. Kvaestad:

Enclosed are the radiocarbon dating results for two samples recently sent to us. They each
provided plenty of carbon for accurate measurements and all the analyses proceeded normally. The report
sheet contains the dating result, method used, material type, applied pretreatment and two-sigma calendar
calibration result (where applicable) for each sample.

This report has been both mailed and sent electronically, along with a separate publication quality
calendar calibration page. This is useful for incorporating directly into your reports. It is also digitally
available in Windows metafile (wmf) format upon request. Calibrations are calculated using the newest
(2004) calibration database. References are quoted on the bottom of each calibration page. Multiple
probability ranges may appear in some cases, due to short-term variations in the atmospheric 14C
contents at certain time periods. Examining the calibration graphs will help you understand this
phenomenon. Calibrations may not be included with all analyses. The upper limit is about 20,000 years,
the lower limit is about 250 years and some material types are not suitable for calibration (e.g. water).

We analyzed these samples on a sole priority basis. No students or intern researchers who would
necessarily be distracted with other obligations and priorities were used in the analyses. We analyzed
them with the combined attention of our entire professional staff.

Information pages are enclosed with the mailed copy of this report. They should answer most of
questions you may have. If they do not, or if you have specific questions about the analyses, please do
not hesitate to contact us. Someone is always available to answer your questions.

Our invoice will be emailed separately. Please, forward it to the appropriate officer or send VISA
charge authorization. Thank you. As always, if you have any questions or would like to discuss the

results, don’t hesitate to contact me.

Sincerely,

Cducks ol

Digital signature on file
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4985 S.W. 74 COURT

MIAMI, FLORIDA, USA 33155

PH: 305-667-5167 FAX:305-663-0964
beta@radiocarbon.com

BETA ANALYTIC INC.

DR. M.A. TAMERS and MR. D.G. HOOD

REPORT OF RADIOCARBON DATING ANALYSES

mR. Christopher Fedrik Kvaestad Report Date: 8/14/2012

University of Stavanger Material Received: 8/9/2012

Sample Data Measured 13C/12C Conventional
Radiocarbon Age Ratio Radiocarbon Age(*)
Beta - 327960 3240 +/- 30 BP -27.0 o/oo 3210 +/- 30 BP

SAMPLE : K3-2AG 1266

ANALYSIS : AMS-Standard delivery

MATERIAL/PRETREATMENT : (charred material): acid/alkali/acid

2 SIGMA CALIBRATION : Cal BC 1520 to 1430 (Cal BP 3470 to 3380)

Beta - 327961

SAMPLE : 2012/06-4

ANALYSIS : AMS-Standard delivery
MATERIAL/PRETREATMENT : (charred material): acid/alkali/acid

2 SIGMA CALIBRATION : Cal BC 1880 to 1730 (Cal BP 3830 to 3680) AND Cal BC 1710 to 1690 (Cal BP 3660 to 3640)

3490 +/- 30 BP -26.1 o/oo 3470 +/- 30 BP

Dates are reported as RCYBP (radiocarbon years before present,
“present” = AD 1950). By international convention, the modern

The Conventional Radiocarbon Age represents the Measured
Radiocarbon Age corrected for isotopic fractionation, calculated

reference standard was 95% the 14C activity of the National Institute
of Standards and Technology (NIST) Oxalic Acid (SRM 4990C) and
calculated using the Libby 14C half-life (5568 years). Quoted errors
represent 1 relative standard deviation statistics (68% probability)
counting errors based on the combined measurements of the sample,
background, and modern reference standards. Measured 13C/12C
ratios (delta 13C) were calculated relative to the PDB-1 standard.

using the delta 13C. On rare occasion where the Conventional
Radiocarbon Age was calculated using an assumed delta 13C,
the ratio and the Conventional Radiocarbon Age will be followed by “*".
The Conventional Radiocarbon Age is not calendar calibrated.
When available, the Calendar Calibrated result is calculated
from the Conventional Radiocarbon Age and is listed as the
“Two Sigma Calibrated Result” for each sample.
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

Radiocarbon age (BP)

(Variables: C13/C12=-27:lab. mult=1)
Laboratory number: Beta-327960

Conventional radiocarbon age: 3210+30 BP

2 Sigma calibrated result: Cal BC 1520 to 1430 (Cal BP 3470 to 3380)

(95% probability)

Intercept data

Intercepts of radiocarbon age

1

3210+30 BP
3320 7

with calibration curve: Cal BC 1490 (Cal BP 3440) and
Cal BC 1470 (Cal BP 3420) and
Cal BC 1460 (Cal BP 3410)

Sigma calibrated result: Cal BC 1500 to 1440 (Cal BP 3450 to 3390)
(68% probability)

Charred material

3300 —

3280 —

3260 —

3240

3220

3200

3180

3160 —
3140

3120 =
b
|

3100 "

1530 1520 1510 1500 1490 1480 1470 1460 1450 1440 1430 1420

CalBC

References:
Database used

INTCALOY

References to INTCALOY database

Heaton,et.al.,2009, Radiocarbon 51(4):1151-1164, Reimer,et.al, 2009, Radiocarbon 51(4):1111-1150,
Stuiver,et.al,1993, Radiocarbon 35(1):137-189, Oeschger,et.al.,1975,Tellus 27:168-192

Mathematics used for calibration scenario

A Simplified Approach to Calibrating C14 Dates
Talma, 4. S., Vogel, J. C., 1993, Radiocarbon 35(2):317-322

Beta Analytic Radiocarbon Dating Laboratory

4985 S.W. 74th Court, Miami, Florida 33155 + Tel: (305)667-5167 * Fax: (305)663-0964 « E-Mail: beta(u radiocarbon.com
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

(Variables: C13/C12=-26.1:1ab. mult=1)
Laboratory number: Beta-327961
Conventional radiocarbon age: 3470+30 BP

2 Sigma calibrated results: Cal BC 1880 to 1730 (Cal BP 3830 to 3680) and
(95% probability) Cal BC 1710 to 1690 (Cal BP 3660 to 3640)

Intercept data

Intercept of radiocarbon age .
with calibration curve: Cal BC 1770 (Cal BP 3720)

1 Sigma calibrated results: Cal BC 1880 to 1840 (Cal BP 3820 to 3790) and
(68% probability) Cal BC 1820 to 1800 (Cal BP 3770 to 3750) and
Cal BC 1780 to 1740 (Cal BP 3730 to 3690)

3470:30 BP ' Charred material

3580 T T T T T T T T T T

3560 | —

3540 = -

3520 — |

3500

3480

3460

Radiocarbon age (BP)

3440
3420 o |
3400 - _

3380 - -

3360 I

) T
1900 1880 1860 1840 1820 1800 1780 1760 1740 1720 1700 1680
CalBC

References:

Database used
INTCALOY

References to INTCALOY database
Heaton,et.al 2009, Radiocarbon 51(4):1151-1164, Reimer,et.al, 2009, Radiocarbon 51(4):1111-1150,
Stuiver,et.al,1993, Radiocarbon 35(1):137-189, Oeschger,et.al., 1975 Tellus 27:168-192

Mathematics used for calibration scenario
A Simplified Approach to Calibrating C14 Dates
Talma, A.S., Vogel, J. C., 1993, Radiocarbon 35(2):317-322

Beta Analytic Radiocarbon Dating Laboratory

4985 8. W. 74th Court, Miami, Florida 33155 + Tel: (305)667-5167 * Fax: (305)663-0964 + E-Mail: beta@ radiocarbon.com

Page 4 of 4



Beta Analytic Inc Mr. Darden Hood
BETR 4985 SW 74 Court President
Miami, Florida 33155
_ JEkg0o-aay g1av Mr. Ronald Hatfield
Consistent Accuracy | Fax: 305-663-0964 Mr. Christopher Patrick
. . beta@radiocarbon.com r. Lhristopher Fatric
Delivered On Time

www.radiocarbon.com CISpL DifsEieTs
The Radiocarbon Laboratory Accredited to 1SO-17025 Testing Standards (PJLA Accreditation #59423)

Final Report

The final report is accessed as a PDF via a secure personal directory on our website. UserID
and password are initially provided to you, which you can change to values of your choosing (letters
and numbers only). A mailed copy is also sent to you including a statement outlining our analytical
procedures, a glossary of pretreatment terms, calendar calibration information, and billing
documents. In addition to the analytical result, the final report sheet includes the individual analysis
method, the delivery basis, the material type and the individual pretreatments applied.

Pretreatment

Pretreatment methods are reported along with each result. All necessary chemical and
mechanical pretreatments of the submitted material were applied at the laboratory to isolate the
carbon, which may best represent the time event of interest. When interpreting the results, it is
important to consider the pretreatments. Some samples cannot be fully pretreated, making their "“C
ages more subjective than samples, which can be fully pretreated. Some materials receive no
pretreatments. Please look at the pretreatment indicated for each sample and read the pretreatment
glossary to understand the implications.

Analysis

Results reported using the AMS technique were derived from reduction of sample carbon
(after pretreatment) to graphite (100 %C), along with standards and backgrounds, with subsequent
detection in one of two AMS instruments here in our facilities. Results reported using the radiometric
technique were analyzed by synthesizing sample carbon (after pretreatment) to benzene (92% C),
measuring for "*C content in one of 53 scintillation spectrometers. If the Extended Counting Service
was used, the "C content was measured for a greatly extended period of time.

The Radiocarbon Age and Calendar Calibration

The Conventional "C Age and related “percent modern carbon” (pPMC) is the result after
applying "°*C/™C corrections to account for isotopic fractionation differences between the sample and
modern reference. Always cite both this age and the 13C/12C ratio in your reports and papers (as
well as the laboratory number). The Conventional Radiocarbon Age is cited with the units “BP”
(Before Present). “Present” is defined as AD 1950 for the purposes of radiocarbon dating. Results
are reported as pMC for samples containing more *C than the modern reference standard. pMC
results indicate the material was respiring carbon after the advent of thermo-nuclear weapons testing
and is less than ~ 60 years old.

Calendar calibrations are included for applicable materials. If calibrations are not included for
a result, it means it was too young, too old, or inappropriate for calibration. The calibration database
and mathematics used are cited at the bottom of each calibration printout. The most appropriate
approximation of age is the “2 sigma calibrated result”. Be sure to cite this as well as the calibration
database and mathematics used in your reports and papers.
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PRETREATMENT GLOSSARY
Standard Pretreatment Protocols at Beta Analytic

Unless otherwise requested by a submitter or discussed in a final date report, the following procedures apply to pretreatment of
samples submitted for analysis. This glossary defines the pretreatment methods applied to each result listed on the date report form
(e.g. you will see the designation “acid/alkali/acid” listed along with the result for a charcoal sample receiving such pretreatment).

Pretreatment of submitted materials is required to eliminate secondary carbon components. These components, if not eliminated,
could result in a radiocarbon date, which is too young or too old. Pretreatment does not ensure that the radiocarbon date will
represent the time event of interest. This is determined by the sample integrity. Effects such as the old wood effect, burned intrusive
roots, bioturbation, secondary deposition, secondary biogenic activity incorporating recent carbon (bacteria) and the analysis of
multiple components of differing age are just some examples of potential problems. The pretreatment philosophy is to reduce the
sample to a single component, where possible, to minimize the added subjectivity associated with these types of problems. If you
suspect your sample requires special pretreatment considerations be sure to tell the laboratory prior to analysis.

"acid/alkali/acid"

The sample was first gently crushed/dispersed in deionized water. It was then given hot HCI acid washes to eliminate carbonates and
alkali washes (NaOH) to remove secondary organic acids. The alkali washes were followed by a final acid rinse to neutralize the
solution prior to drying. Chemical concentrations, temperatures, exposure times, and number of repetitions, were applied accordingly
with the uniqueness of the sample. Each chemical solution was neutralized prior to application of the next. During these serial rinses,
mechanical contaminants such as associated sediments and rootlets were eliminated. This type of pretreatment is considered a "full
pretreatment". On occasion the report will list the pretreatment as "acid/alkali/acid - insolubles" to specify which fraction of the
sample was analyzed. This is done on occasion with sediments (See "acid/alkali/acid - solubles"

Typically applied to: charcoal, wood, some peats, some sediments, and textiles "acid/alkali/acid - solubles"

On occasion the alkali soluble fraction will be analyzed. This is a special case where soil conditions imply

that the soluble fraction will provide a more accurate date. It is also used on some occasions to verify the present/absence or degree
of contamination present from secondary organic acids. The sample was first pretreated with acid to remove any carbonates and to
weaken organic bonds. After the alkali washes (as discussed above) are used, the solution containing the alkali soluble fraction is
isolated/filtered and combined with acid. The soluble fraction, which precipitates, is rinsed and dried prior to combustion.

"acid/alkali/acid/cellulose extraction"

Following full acid/alkali/acid pretreatments, the sample is bathed in (sodium chlorite) NaCIO, under very controlled conditions (Ph =
3, temperature = 70 degrees C). This eliminates all components except wood cellulose. It is useful for woods that are either very old or
highly contaminated.

Applied to: wood

"acid washes"

Surface area was increased as much a possible. Solid chunks were crushed, fibrous materials were shredded, and sediments were
dispersed. Acid (HCI) was applied repeatedly to ensure the absence of carbonates. Chemical concentrations, temperatures, exposure
times, and number of repetitions, were applied accordingly with the uniqueness of each sample. The sample was not be subjected to
alkali washes to ensure the absence of secondary organic acids for intentional reasons. The most common reason is that the primary
carbon is soluble in the alkali. Dating results reflect the total organic content of the analyzed material. Their accuracy depends on the
researcher's ability to subjectively eliminate potential contaminants based on contextual facts.

Typically applied to: organic sediments, some peats, small wood or charcoal, special cases
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PRETREATMENT GLOSSARY
Standard Pretreatment Protocols at Beta Analytic
(Continued)

"collagen extraction: with alkali” or “collagen extraction: without alkali”

The material was first tested for friability ("softness"). Very soft bone material is an indication of the

potential absence of the collagen fraction (basal bone protein acting as a "reinforcing agent" within the crystalline apatite structure). It
was then washed in de-ionized water, the surface scraped free of the outer most layers and then gently crushed. Dilute, cold HCI acid
was repeatedly applied and replenished until the mineral fraction (bone apatite) was eliminated. The collagen was then dissected and
inspected for rootlets. Any rootlets present were also removed when replenishing the acid solutions. “With alkali” refers to additional
pretreatment with sodium hydroxide (NaOH) to ensure the absence of secondary organic acids. “Without alkali” refers to the NaOH
step being skipped due to poor preservation conditions, which could result in removal of all available organics if performed.

Typically applied to: bones

"acid etch"

The calcareous material was first washed in de-ionized water, removing associated organic sediments and debris (where present). The
material was then crushed/dispersed and repeatedly subjected to HCI etches to eliminate secondary carbonate components. In the case
of thick shells, the surfaces were physically abraded prior to etching down to a hard, primary core remained. In the case of porous
carbonate nodules and caliches, very long exposure times were applied to allow infiltration of the acid. Acid exposure times,
concentrations, and number of repetitions, were applied accordingly with the uniqueness of the sample.

Typically applied to: shells, caliches, and calcareous nodules

"neutralized"

Carbonates precipitated from ground water are usually submitted in an alkaline condition (ammonium

hydroxide or sodium hydroxide solution). Typically this solution is neutralized in the original sample container, using deionized water.
If larger volume dilution was required, the precipitate and solution were transferred to a sealed separatory flask and rinsed to
neutrality. Exposure to atmosphere was minimal.

Typically applied to: Strontium carbonate, Barium carbonate

(i.e. precipitated ground water samples)

"carbonate precipitation"

Dissolved carbon dioxide and carbonate species are precipitated from submitted water by complexing them as ammonium carbonate.
Strontium chloride is added to the ammonium carbonate solution and strontium carbonate is precipitated for the analysis. The result is
representative of the dissolved inorganic carbon within the water. Results are reported as "water DIC".

Applied to: water

"solvent extraction'

The sample was subjected to a series of solvent baths typically consisting of benzene, toluene, hexane, pentane, and/or acetone. This
is usually performed prior to acid/alkali/acid pretreatments.

Applied to: textiles, prevalent or suspected cases of pitch/tar contamination, conserved materials.
""none"

No laboratory pretreatments were applied. Special requests and pre-laboratory pretreatment usually accounts for this.
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Calendar Calibration at Beta Analytic

Calibrations of radiocarbon age determinations are applied to convert BP results to calendar years.
The short-term difference between the two is caused by fluctuations in the heliomagnetic modulation of the
galactic cosmic radiation and, recently, large scale burning of fossil fuels and nuclear devices testing.
Geomagnetic variations are the probable cause of longer-term differences.

The parameters used for the corrections have been obtained through precise analyses of hundreds
of samples taken from known-age tree rings of oak, sequoia, and fir up to about 12,000 BP. Beyond that,
back to about 42,000 BP, correlation is made using multiple lines of evidence. This older data is still
subjective and should be interpreted conservatively.

The Pretoria Calibration Procedure (Radiocarbon, Vol 35, No.1, 1993, pg 317) program has been
chosen for these calendar calibrations. It uses splines through the tree-ring data as calibration curves,
which eliminates a large part of the statistical scatter of the actual data points. The spline calibration allows
adjustment of the average curve by a quantified closeness-of-fit parameter to the measured data points.
The calibration database used was INTCALQ09. References for the calibration are listed at the bottom of
each graphic page.

In describing our calibration curves, the solid bars on the graphs represent one sigma statistics
(68% probability) and the hollow bars represent two sigma statistics (95% probability). When you see
multiple calibration ranges reported, it is reflecting “wiggles” in the calibration data in the time range of the
Conventional Radiocarbon Age. These wiggles create gaps in the calendar time scale corresponding to
sections of the calibration curve which go outside of the precision limitations on the BP date (Y axis bars).
In some cases it might be possible to exclude some of the ranges based on other lines of evidence. It is
also acceptable to use the end-limits of the youngest and oldest ranges and preceed the single range with
“circa”. Use of probabilities to establish a “most likely” range within the set of ranges is not recommended
since the radiocarbon result provides an inference of age and will vary within the precision limitations of the
+/- cited. Consequently, the use of these probability calculations can lead to misleading interpretations.

Important Note: The correlation curve for organic materials assume that the material dated was living for
exactly ten or twenty years (e.g. a collection of 10 or 20 individual tree rings taken from the outer portion of a
tree that was cut down to produce the sample in the feature dated). For other materials, the maximum and
minimum calibrated age ranges given by the computer program are uncertain. The possibility of an "old wood
effect” must also be considered, as well as the potential inclusion of younger or older material in matrix
samples. Since these factors are indeterminant error in most cases, these calendar calibration results should
be used only for illustrative purposes. In the case of carbonates, reservoir correction is theoretical and the
local variations are real, highly variable and dependent on provenience.



CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

Variables used in the
calculation of age calibration

Laboratory number:
The calendar age

range in both calendar
years (AD or BC) and ——— 2 Sigma calibrated results:

in Radiocarbon Years (95% probability)

Conventional radiocarbon age:

(Variables: C13/C12=-24.3:lab. mult=1)

The uncalibrated
Conventional Radiocarbon

Beta-123456 / Age (+ 1 sigma)
126030 BP

Cal AD 670 to 780 (Cal BP 1280 to 1170) and

(P) Cal AD 790 to 810 (Cal BP 1160 to 1140) and
Cal AD 850 to 850 (Cal BP 1100 to 1100)
Intercept data The intercept between the
p average raqiocarbon age
Intercepts of radiocarbon age ?“d e calibraien eurve
. i R ime scale. This value is
with calibration curve: Cal AD 720 (Cal BP 1230) and illustrative and should not
Cal AD 740 (Cal BP 1210) and be used by itself.
Cal AD 770 (Cal BP 1180)
1 Sigma calibrated result: Cal AD 690 to 780 (Cal BP 1260 to 1170)
(68% probability)
1260+30 BP Charred material
1360 T T T T T T T T T T
1340 =
— 1320 —
2 sigma “C 1300 —
age range
—~ 1280
o
a,
& 1260
«
5
§ 1240
§ 1220 -
— 1200 —
1180 —
1160 — -
1140 T 1 T T H
640 660 680 700 720 740 760 780 800 820 840 860
References for the l— ) . Cal AD g e l__.J
calibration data and the References: The 2 Sigma calendar Calibrated Age Range

mathematics applied to the Database use This range is determined by the portion of the curve that is in a "box" drawn from the 2 sigma limits on the
data. These references, as INTCALO9 radiocarbon age. If a section of the curve goes outside the "box", multiple ranges will occurs as shown by the
well as the Conventional

two 1 sigma ranges which occur from sections going outside of a similar "box" which would be d t tl
References to INTCALOY database —_— !irgnits . S, whieh we R

Heaton,et.al.,2009, Radiocarbon 51(4):1151-1164, Reimer,et.al, 2009, Radiocarbon 51(4):1111-1150,
Stuiver,et.al, 1993, Radiocarbon 35(1):137-189, Oeschger,et.al.,1975,Tellus 27:168-192
Mathematics used for calibration scenario

A Simplified Approach to Calibrating C14 Dates
Talma, A. S., Vogel, J. C., 1993, Radiocarbon 35(2):317-322

Beta Analytic Radiocarbon Dating Laboratory

4985 S.W. 74th Court, Miami, Florida 33155  Tel: (305)667-5167 * Fax: (305)663-0964 « E-Mail: beta@ radiocarbon.com
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