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Resumen

Entre los siglos XIl y XV, los Incas expandieron su control y poder dentro de la regidn del Cusco para
desarrollar el imperio mas grande de las américas. Realizamos excavaciones en el sitio de Yunkaray — un
sitio que probablemente sea el nacleo de un grupo con compiejidad socio-paolitica. El grupo asentado en
Yunkaray parece haber competido con otros grupos cuzquefios durante las fases de desarrollo en estos
siglos. Durante la prospeccion arquealdgica regional y sistematica realizada entre 2004 a 2006 por
Wilfredo Yépez y Alan Covey, se ha identificade a Yunkaray como un drea de rivalidad con los Incas
{Covey 2014).

Yunkaray fue el pueblo mas amplio dentro de una red de sitios jerdrquicos en Maras, con una extension
de 35 hectdreas {350,000 m2). Nuestras excavaciones han intentado identificar viviendas, recintos
publicos y administrativas y plazas en el sitio. La identificacidn de estos rasgos nos permite investigar las
interacciones economicas, politicas y saciales entre los Incas y los marefios en el Periodo Intermedio
Tardio. Se pretende determinar la manera en la que |la competencia regional termind con el abandono
de Yunkaray cuando el ejército Inca empezd a conquistar tierras mas alla del Cusco en el siglo XV,

Este informe contiene los resultades del proceso de la investigacion realizada en el sitio arqueoldgico
Yunkaray - Maras durante el afio 2015, detallande asi mismo las conclusiones a las que se llegaron
gracias a los fechados radio-carbonicos de contextos arqueologicos seleccionados.

Se registrd evidencia doméstica del periodo intermedio tardio (PIT) con un caracter distinto a otros
sitios de l1a regién del Cuzco. Registramos viviendas poco elaboradas que contenian material cultural
diferente y que es poco usual en otros sitios del PIT-fragmentos de ceramica de estilo local y ausencia
de artefactos de metal -. Los resultados indican que se trata de un asentamiento independiente a los
caolindantes en la misra regién —hay poca interaccion con los pobladores de Cuzco y de sitios cercanos.

De acuerdo a la distribuciéon de material recuperado, las dreas gue contenian muy poca evidencia
cultural se ubicaran en los que podrian ser los limites del sitio

El andlisis estratigrafico y de materiales, nos han permitido obtener una visidn amplia del sitio, asi
mismo, se ha podido definir una variedad de contextos arqueoidgicos. Sin embargo, no se encontrd
arquitectura relevante que se pueda conservar.

Yunkaray es un sitio clave para la investigacidn de la expansién Inca en la regién del Cusco. La
excavacion efectuada nos ha dado nuevos datos sobre |a identidad politica y social de un grupo gue
competia con la sociedad Inca temprana.
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Antecedentes

El sitio arqueoldgico de Yunkaray se ubica en la comunidad campesina de Maras Ayllu, en el distrito de
Maras, provincia de Urubamba, a 55 km al noroeste de la ciudad del Cusco, al norte de la comunidad de
Maras.

El drea se emplaza sobre |a pampa de Maras entre el templo de San Francisco de Maras y las salineras,
Tiene una extension aproximada de 35 hectareas. Registra las siguientes coordenadas:

TAB 1: Coordenadas del sitic

i_COGI’dEI'IEi-dHE uTm tUnivetsal Transwers;! l‘-l'l-e.rl:;tur 1933;}. ] 18L, 808200 E, 8525660 N
| Coordenadas geograficas -13.3152 latitud y -72.1552 longitud
| Altitud : 3260 m.s.n.m.

Los tHimites del sitio arqueolodgico limitan por en norte con Cruz Moqo, Quichopata y las salineras de
Maras, por el este: Qoripuquio, pueblo de Joronta y la Quebrada Salinera, por el sur: la comunidad de
Maras Ayllu y por el oeste: Chugchi’gata, Quebrada Huayllacro y el pueblo de Pitic

Cirvisidon politica
dal departamenta
del Cusco

IMAGEN 1: Regién del Cusco con la ubicacién del distrito de Maras.

En cuanto a la formacion geolégica del area, Yunkaray se situa en la pampa de Maras sobre la
Formacion Geoldgica Maras, su compaosicion contiene una mezcla de yesos, lutitas vy calizas (parte del
Grupo Yuncaypata; Carlotto et al. 1996}, entre la Quebrada Huayllaoro por el ceste y la Quebrada
Salinera por el este. En superficie se observa una distribucién homogénea de roca caliza y arcilla, los
afloramientas rocosos son indicadores de la proximidad de la roca madre a la superficie, especialmente
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en el limite sur de Yunkaray. La altitud disminuye considerablemente desde el templo de Maras hasta
las salineras, donde se encuentre en limite norte del sitio.

En cuanto a los indicadores arqueoldgicos del sitio, el drea intervenida se ubica muy proxima a dos
caminos, un caming Inca y otro de herradura que atraviesan la seccion media del sitio de sur a norte
(desde el templo de San Francisco de Maras hasta las salineras). A ambos lados del caminoe Inca (este v
oeste) se observan lomas bajas y dreas abiertas, las mismas gue podrian ser plazas. La superficie del
lugar presenta un porcentaje elevado de fragmentos de cerdmica (en algunas dreas hay mas densidad
que en otras). las dreas de mayor abundancia de material se registran en las lomas bajas vy
posiblemente constituyan espacios administrativos o domésticas de elites. Ei tipo de material superficial
lo conforman en su mayoria fragmentos de ceramica del periodo Intermedio Tardio {1000-1400 d.C) y
un reducido parcentaje de cerdmica de estilo Inca (siglo XV a XVI}. No hay presencia de arquitectura
prehispanica en superficie, es muy probable que durante las excavaciones podamos hallar e identificar
secciones de muros y otros rasgos para entender la funcidn del sitio y su organizacién espacial.

Las investigaciones del Periodo Intermedio Tardio para la zona de Maras, han incluido prospecciones y
excavaciones dirigidas por varios investigadores. Una de los trabajos y el que usamos como referencia
en esta investigacidn es el Proyecto de Reconocimiento Intensivo de Xaquixaguana (PRIX, 2004-2006)
{Covey y Yépez 2004), el mismo que recolecté material en superficie de 81 unidades de 50 m2. Ellos
lograron recolectar 1251 fragmentos de ceramica, de los cuales 870 fragmentos se clasificaron como
diagnosticos, 15 de estilo Inca o Inca-relacionado, 30 de estilo colonial, 158 de estilo killke, 1 de estilo
lucre y 666 de estilo Intermedic Tardio local {no fueron del estilo killke ni lucre) el mismo que
representa un estilo que debe pertenecer al grupo socio-politico asentado en Yunkaray. Asi mismo, la
ausencia de cerdmica Inca demuestra que el sitio fue abandonado muy rapido durante el Periodo en el
que los Incas empezaron a conquistar areas fuera de la regién del Cusco (es decir, durante |la misma fase
en que empezaban a producir ceramica del estilo Inca imperial}.
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Asi mismo hay investigacicnes para el Periodo Inca que figuran dentro de los antecedentes relevantes
para este proyecto. Entre los monumentos presentes en la zona de Maras tenemos a Moray: andenes
circulares fechados como Periodo Inca e Intermedic Tardio {Earls y Silverblatt 1978, Quirita 2G05),
ubicados a 9 kildmetros al ceste de Yunkaray. También estdn las Salineras de Maras que se ubican en el



limite norte del sitio {Beltran 1988) y que posiblemente fueron utilizados durante el Periodo Intermedio
Tardio. En el limite noreste de Yunkaray se ubica el sitio Cueva Mogo donde excavaron Haguehua y
Magque (Haquehua y Magque 1996, Magque y Haguehua 1993) y hallaron evidencia de estilos de
ceramica local del Intermedio Tardio (no killke}. La coleccién es muy similar a la recolectada en Yunkaray
por Covey y Yepez.

Al sur de Yunkaray, se ubica el sitio Inca y prelnca de Cheqog, a 2 km del centro del pueblo de Maras,
donde se hallaron almacenes, contextos domeésticos y un taller de ceramica Inca {(Guevara 2004, Quave
2012, Quave et al, 2013). En el valle de Vilcanota, a 4 km al noreste de Yunkaray se encuentra ¢l palacio
de Wayna Qhapag: Qhespiwanka {Farrington 1995, Niles 1999, Valencia Z. 1982). Al este se halla el
conjunto arqueoidgico de Machugollga v a 3 km en direccidn sureste se encuentra el conjunto
arqueoldgico de Chinchero (Alcina 1970; Alcina, et al. 1976; Nair 2003).

Con la base de datos del Intermedio Tardio y Periodo Inca establecidos en esta zona al noroeste del
Cusco, se puede realizar una investigacion que trate de sustentar la relacion entre un grupo Inca
temprano y el grupo de Maras. Es importante considerar que el grupo sociopolitico de la zona de Maras
con asentamiento principal de Yunkaray, corresponda posiblemente al grupo étnico de los Ayarmaca
coma describio Rostworowski (1970). Segdn algunos cronistas, Wiraqucha Inka conguisté a los
Ayarmaca y la pampa de Maras {Cabello Valboa 1951[1586], Sarmiento de Gamboa 2007{1572]: cap. 20
a 22). Después de una alianza inicial, los Ayarmaca supuestamente negaron recenocer la autoridad de
los Incas bajo Pachakutig. Los Incas llevaron a su lider Togay Qhapag al Cusco como prisionero,
Pachakutig declard la destruccion de los Ayarmaca y destrozo sus asentamientos (Sarmiento de Gamboa
2007[1572]: cap. 34). Posteriormente los Incas ordenaron el reasentamiento de los Ayarmaca en
pueblos dispersos por la region del Cusco: Pucyura, Chinchero {"Ayarmaka®}, Santa Ana de Cusco y San
Sebastidn de Cusco {Rostworowski 1970). De esta manera vemos por las fuentes histdricas que los
Ayarmaca vy los Incas tenian una relacion dificil y tensa. Después de la destruccion y reasentamiento de
los Ayarmaca, la pampa de Maras se convirtid en un recurso para los ayllus reales de los Incas; por
gjempla, invirtieron en la produccion de sal {Fornée 1965[1586]).

A través de esta investigacion argueoldgica hemos podido ver las evidencias materiales de esta relacién
para entender la base econdmica, poder politico y organizacion social de la etnia asentada en Yunkaray.
La informacién que proporcionan las crdnicas es muy reducida y esta investigacion puede empezar a
esclarecer el entorno con datos arqueoldgicos contextualizados. Contamos con la base de datos de
Cheqog {Pierce Terry 2010, Quave 2012) que detalla 1) un asentamiento contemporaneo con Yunkaray
{que tiene un componente del Intermedio Tardio) y 2} un asentamiento del Periodo Inca durante la
reorganizacidn de Maras bajo el gobierno Inca después de |a decadencia de los Ayarmaca en Yunkaray.
Esto presenta una oportunidad para comparar los contextos domésticos y piblicos entre los dos sitios.



Informe cientifico de los resultados del analisis

Conforme a los planteamientos considerados en la propuesta para expartacién de muestras
arqueoldgicas con fines cientificos, la finalidad del andlisis fue {a obtencidn de los fechados que nos
ayuden a entender las relaciones cronolédgicas entre varios sectores del sitio arqueoldgico, asi como
también la presencia/ausencia de ocupaciones.

Durante la temporada de excavacidn 2015, el equipo de campo colectd muestras de carbén
desde contextos domésticas y ceremoniales con integridad estratigrafica. Once de estas muestras
fueron procesadas en Beta Analytic.

Los datos absolutos provenientes de nuestras excavaciones confirman que Yunkaray fue
establecido durante la primera parte del Periodo Intermedio Tardio, con su asentamiento inicial datado
después del 1000 d/C, y la evidencia més tardia de ocupacion datada para la primera mitad del siglo 15.

Tabla 1. Fechados radio-carbénicos de Yunkaray

[ MUESTRA | UNIDAD/NIVEL | CONTEXTO ECAD TSHCal13 (Zsigma) | imiCal 13 (Z-sigma) |
| | RADIOCARBONICA
|  — | proMEDID | =e— - = H
Betadi0616 | UEZ NIVELS | Pisotardio | 500:30 AP CALAD 13351440 | CALAD. 13331449 |
| Beta 430617 | UE2. RASGOD | Bap vasija de ceramica | 520+ AP | CALAD 13951445 CALAD 13241443 |
Bela 430618 | UE2 NVELS | Pisotemgrano | BT0:30AP. | CALAD 11601270 | CALAD 10451250 |
Betadd0619 | UEZ RASGOI | Centro de pared e temprana o 810+30 A P CAL A D.1205-1280 CAL AD. 11691270
| Bela 430620 | UE 3, RASGOLD | Ocupacion lemprana 860130 AF “CALAD, 1180-1275 CALAD 1049-1256
| Betad30621 | UE3J.NIVEL | Ocupacion lemprana | B30 AP CALAD 1150-1270 CALAD 11651265 |
| Bela 430622 | UE 3. NIVEL 3 [ Ocupacion tardia (dentro de vasija de cerdmica | B10:30 AP CAL AL 1295-1400 CALAD 1295-1404
| Beta 430624 | UEB, RASGO G2 | Ceniro de ofrenda human | BE0:3AP | CALAD 12851385 | CALAD 12771393 |
Bela 430625 UE & RASGOB Dentro de ofrenda quemada | 510£30AP CAL AL 13151355 y CALAD 1295-1404 ]
| AD 1380-1415
LBela 430826 | UE 14, RASGCB | Ocupacién lardia | 500230 AP CALAD 1400-1450 | CALAD 1333-1449
| Beta 430627 | UE 14, RASGC €| En hoyo, en pisa de patic | 780304 P CALAD 12201285 | CALAC 12103281

Nota: La edad media radio-carbonica y calibracion de SHCal 14 (hemisferio sur) representa resultados
proveidos por el laboratorio. Los datos de IntCal (hemisferio norte) fueron calibrados basados en las
publicationes de Radiocarbon Vol. 55 usando OxCal 4.2.

Como la Tabla 1 demuestra, dos sigmas de rangos de probabilidad varian basados en la curva de
calibracién hemisférica seleccionada, ademas, no estd claro que incluso |a curva sea ideal para su uso en
las montafias andinas {Ogburn 2012). Nosotros proveemos tanto los rangos del hemisferio sur coma del
hemisferio norte indicando que el uso de la curva IntCall3 bota una ligera fecha temprana para la
ocupacion temprana del sitio. Ambas curvas ofrecen fechas terminales similares, tan tardias como para
la mitad del siglo XV.

Estas fechas sugieren que Yunkaray crecid rapidamente en el periodo que siguid a la
colonizacion Wari de partes de |la regidn de Cuzco (Covey et al. 2013). Cuando la influencia Wari decayd
y nuevas scciedades locales se unificaron, el sitio de Yunkaray atrajo nuevos habitantes, un proceso que
también parece haber ocurride en la cercana regién de Cuzco. Las fechas terminales establecen el
abandono de Yunkaray en el cantexto de amplias transformaciones observadas a lo large de 1z region de
Cuzco justo despues del tiempo en el cual los Incas empezaron las conquistas imperiales hacia el
corazén del imperio (Bauer et al. 2012) y dentro de otras partes de los Andes.
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En otras palabras, los Incas habian ya empezado campafias fuera de la regidn de Cuzco cuando
ellos consclidaron el control sobre |a planicie de Maras mediante el abandono de los asentamientos
Ayarmaca.

Habiendo datado la ocupacion de Yunkaray hacia los siglos finales del Perioda Intermedio
Tardfo, es posible considerar las condiciones ambientales bajo las cuales el sitio fue establecido,
ocupado y abandonado. Datos paleo-ambientales locales incluyen nicleos desde el Lago Huaypo,
ubicado a nueve kilometros hacia el sureste (Sublette Maosblech et al. 2012), v el Lago Marcacocha, 12
km hacia el noroeste (Chepstow-Luty 2011).

Estos pueden ser comparados con décadas de registros desde la capa de hielo de Quelccaya,
localizado a 100 km hacia el sureste de Yunkaray (Thompson et al. 1985), En conjunto, los datos paleo-
climaticos sugieren el comienzo de condiciones calientes y secas en el drea después del 1000 al 1100
d/C, con niveles de precipitaciones fluctuantes y de al menos un periodo prolongado de aridez
principalmente al comienzo de las mejores condiciones de la Pequefia Edad de Hielo alrededaor del 1500
d/C.

La localizacion de Yunkaray sugiere gue el sitio no fue propenso a heladas, pero infarmes
coloniales hacen referencia a la aridez de Maras (Enrique de Monrroy [1689} 1982: 270) vy hoy las
autoridades municipales se encuentran trabajando para brindar agua desde areas vecinas con gran
precipitacion anual.

En consecuencia, la poblacion que se asentd en Yunkaray pudo haber experimentado una
mayor sequia la ocupacion mas temprana, fa cual pudo haber sido mitigada por las terrazas agricolas
irrigadas localizadas dentro del conjunto de asentamientos del Periada Intermedio Tardio con énfasis en
el pastoreo de camélidos, como ha sido observado a través del andlisis de los restos faunisticos.
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Beta Anabytic Inc. Darden Huud

HES SW 74 Court Presiduent
B ETH Miami, Floritla 3355 LAy
Tel: 305 667 5167 Ronald Harfickl

Far: 03 663 0964 Christopher Patrick
Betan cadiocarbon.com Depuaty Tircetors
Cansistent Accuracy . . . wr w.radivcarbon.com

w o Defivered On-time

February 19, 2016

Dr. Kylie Quave
Beloit College
700 College Street
Beloit, WI 53511
United States

RE: Radiocarbon Dating Results For Samples M1, M2, M3, M4, M5, M6, M7, M9, M10, M11, MI12
Dear Dr. Quave:

Enclosed are the radiocarbon dating results for 11 samples recently sent to us. As usual, the
method of analysis is listed on the report with the results and calibration data is provided where
applicable. The Conventional Radiocarbon Ages have all been corrected for total fractionation effects
and where applicable, calibration was performed using 2013 calibration databases (cited on the graph

pages).

The web directory containing the table of results and PDF download also contains pictures, a cvs
spreadsheet download option and a quality assurance report containing expected vs. measured values for
3-5 working standards analyzed simultaneously with your samples.

Reported results are aceredited to ISO/IEC 17025:2005 Testing Accreditation PTLA #59423
standards and all chemistry was performed here in our laboratory and counted in our own accelerators
here. Since Beta is not a teaching laboratory, only graduates trained to strict protocoels of the 1SO/IEC
17025:2005 Testing Accreditation PJLA #59423 program participated in the analyses.

As always Conventional Radiocarbon Ages and sigmas are rounded to the nearest 10 years per
the conventions of the 1977 International Radiocarbon Conference. When counting statistics produce
sigmas lower than +/- 30 vears, a conservative +/- 30 BP is cited for the result. The reported d13C values
were measured separately in an [RMS (isotope ratio mass spectrometer). They are NOT the AMS di3C
which would include fractionation effects from natural, chemistry and AMS induced sources.

When interpreting the results, please consider any communications you may have had with us
regarding the samples. As always, your inquinies are most welcome. [f you have any questions or would
like further details of the analyses, please do not hesitate to contact us.

The cost of analysis was previously invoiced. As always, if you have any questions or would like

to discuss the results, don’t hesitate to contact me.
Sincerely,

G Hod?

Digital signature on Als
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4985 S.W. 74 COURT

BETA ANALYTIC INC. MIAMI, FLORIDA, USA 33155

PH: 305-667-5167 FAX:305-663-0964
DR. MAA. TAMERS and MR. D.G. HOOD beta@radiocarbon.com

REPORT OF RADIOCARBON DATING ANALYSES

Dr. Kylie Quave Report Date: 2/19/2016
Beloit College Material Received: 2/3/2016
Sample Data Measured d13C Conventional
Radiocarbon Age Radiocarbon Age(*)
Beta - 430616 500 +/- 30 BP -20.8 o/oo 570 +/- 30 BP
SAMPLE : M1

ANALYSIS : AMS-Standard delivery

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

2 SIGMA CALIBRATION : Cal AD 1395 to 1440 (Cal BF 555 to 510)

Beta - 430617 520 +/- 30 BP -22.8 ofoo 560 +/- 30 BP
SAMPLE : M2

ANALYSIS : AMS-Standard delivery

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

2 SIGMA CALIBRATION : Cal AD 1395 to 1445 (Cal BP 555 to 505)

Beta - 430618 700 +/- 30 BP -14.8 o/oo 870 +/- 30 BP
SAMPLE : M3

ANALYSIS : AMS-Standard delivery

MATERIAL/PRETREATMENT : (organic sediment): acid washes

2 SIGMA CALIBRATION : Cal AD 1160 to 1270 {Cal BP 790 to 630)

Beta - 430619 810 +/- 30 BP -23.3 o/oo 840 +/- 30 BP
SAMPLE : M4

ANALYSIS : AMS-Standard delivery

MATERIAL/PRETREATMENT : (charred material): acid/alkali/acid
2 SIGMA CALIBRATION Cal AD 1205 to 1280 (Cal BP 745 to 670)

Dates are reported as RCYBP (radiocarbon years before present,
‘present” = AD 1950} By international convention, the modern
reference standard was 95% the 14C activity of the National Institute
of Standards and Technalegy (NIST) Oxalic Acid (SRM 4950C) and
calcutated using the Libby 14C half-life (5568 years). CQuoted emors
represent 1 relative standard deviation statistics (68% probability)
counting errors based on the combined measurements of tha sampla,
background, and modern reference standards. Measured 13C/12C
ratios (delta 13C) were calculated relative to the PDB-1 standard.

The Conventional Radiocarbon Age represents the Measured
Radiocarbon Age comrected for isotopic fractionation, calsulated
using the delta 13C. On rare occasion whers the Convenfional
Radiocarbon Age was calculated using an assumed delta 13C,
the ratio and the Conventionat Radiocarbon Age will be followed by ",
The Conventional Radiocarbon Age is not calendar calibrated
When available, the Calendar Calibraled result s calculated
from the Conventicnal Radiocarbon Age and is listed as the
“Two Sigma Calibrated Result” for each sample.
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BETA ANALYTIC INC.

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

4985 S.W. 74 COURT

MIAMI, FLORIDA, USA 33155

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

i REPORT OF RADIOCARBON DATING ANALYSES

Dr. Kylie Quave

Report Date: 2/19/2016

Sample Data Measured d13C Conventional
Radiocarbon Age Radiocarbon Age(*)
Beta - 430620 850 +/- 30 BP -24.2 oloo 860 +/- 30 BP
SAMPLE : M5
ANALYSIS | AMS-Standard delivery
MATERIAL/PRETREATMENT : (organic material): acid/alkali/acid
2 SIGMA CALIBRATION Cal AD 1180 to 1275 (Cal BP 770 to 675)
Beta - 430621 820 +/- 30 BP -22.0 o/oo 870 +/- 30 BP
SAMPLE : Meo
ANALYSIS : AMS-Standard delivery
MATERIAL/PRETREATMENT : {charred material): acid/alkali/acid
2 SIGMA CALIBRATION Cal AD 1160 to 1270 (Cal BP 790 to 680}
Beta - 430622 610 +/- 30 BP -22.0 o/oo 660 +/- 30 BP
SAMPLE : M7
ANALYSIS | AMS-Standard delivery
MATERIAL/FRETREATMENT : (charred material): acid/alkali/acid
2 SIGMA CALIBRATION Cat AD 1295 1o 1400 (Cal BP 655 to 550)
Beta - 430624 660 +/- 30 BP -23.3 ofoo 690 +/- 30 BP

SAMPLE : M9
ANALYSIS : AMS-Standard delivery

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

2 SIGMA CALIBRATION -

Cal AD 1285 to 1395 (Cal BP 665 to 555)

Cates are reported as RCYBP (radiocarbon years before present,
‘prasent” = AD 1980). By intemational convention, the modern
refarence standard was 95% the 14C activity of the National Institute
of Standards and Technology {NIST) Oxalic Acid (SRM 4890C) and
calculated using the Libby 14C halldife (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/2C
rafios (della 13C) were calculated relative to the PDB-1 standard.

Page 3 of 15

The Conventional Radiocarbon Age represents the Measured
Radiocarbon Age corrected for isotopic fractionation, calculated
using the delta 13C. On rare occasion whera the Conventional
Radiocarbon Age was calculated using an assumed delta 13C,
the ratio and the Conventional Radiccarbon Age will be followed by “*”,
The Conventional Radiccarbon Age is not calendar calibrated.
Whan availabte, the Calendar Calibrated result is calculated
from the Conventional Radiocarbon Age and is listed as the
“Twa Sigma Calibrated Result” fer each sample.
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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

Dr. Kylie Quave Report Date: 2/19/2016

Sample Data Measured d13C Conventional
Radiocarbon Age Radiocarbon Age(*)
Beta - 430625 610 +- 30 BP -24.2 o/oo 620 +/- 30 BP

SAMPLE : MI0

AMNALYSIS : AMS-Standard delivery

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

2 SIGMA CALIBRATION Cal AD (315 to 1355 (Cal BP 635 to 595) and Cal AD [380 to 1415 (Cal BP 570 to 535)

Beta - 430626 300 +/- 30 BP -22.4 o/oo 540 +/- 30 BP
SAMPLE : M1

ANALYSIS : AMS-5tandard delivery

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

2 SIGMA CALIBRATION Cal AD 1400 to 1450 (Cal BP 550 to 500)

Beta - 430627 780 +/- 30 BP -23.4 o/oo 810+/-30BP

SAMPLE : M12

ANALYSIS : AMS3-Standard delivery

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

2 SIGMA CALIBRATION : Cal AD 1220 to 1285 (Cal BP 730 to 665)

Dates are reperied as RCYBFP (radiocarbon years before present,
"present” = AD 1880). By intemational convention, the modern
reference slandard was 95% the 14C aclivity of the National Institute
of Standards and Technology (NIST) Oxalic Acid {SRM 4980C) and
calculated using the Libby 14C half-life (5568 years). Quoted errors
represent 1 relative standard deviation statistics (68% probability)
counting errors bassed on the combined measurements of the sample,
background, and modern reference standards. Measured 13C/12C
ratios (delta 13C) were calculated relative o the PDB-1 standard.

Page 4 of 15

The Conventional Radiocarbon Age represents the Measured
Radiazarbon Age corrected for isotopic fraclionation, calculated
using the delta 13C. On rare occasion where the Conventional
Radiocarbon Age was calcutated using an assumed deffa 13C,
the ratio and the Conventional Radiccarben Age will be followed by ™
The Conventional Radiocarbon Age is net calendar caiibrated
When available, the Calendar Calibrated result is calculated
from the Conventional Radiocarbon Age and is listed as the
“Two Sigma Calibrated Result” for each sampie.
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS
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{Variables: C13/C12 = -20.8 o/co : lab. mult = 1)
Laboratory number Beta-430616 : M1
Conventional radiocarbon age 570 £ 30 BP

Calibrated Result (95% Probability) Cal AD 1395 to 1440 (Cal BP 555 to 510)

Intercept of radiocarbon age with calibration Cal AD 1410 {Cal BP 540)
curve

Calibrated Result (68% Frobability) Cal AD 1400 to 1425 (Cal BP 550 to 525)

g7s—2la 30 BF i : GHAR?ED MATERIAL
G5 -
i
&0

a7

85

525

Radipcarbon age (BP)

500+

475~

45

I | I 1 I
1380 1380 1400 1410 1420 1430 1440 1450 1460

Cal AD

Database used
SHCAL13

References
Mathematics used for callbration scenaric
A Simplified Approach to Calibrating C14 Dates, Talma, A S, Vogel, J G, 1993, Radiocarbon 35(2):317-322
References to SHCAL13 database
Hogg AG, Hua Q, Blackwell PG, Niu M, Buck CE, Guilderson TP, Heaton TJ, Paimer 4G, Reimer PJ, Reimer RW, Tumey CSM, Zimmerman SRH
2013 §HCal13 Southern Hemisphere calibration, 0— 50,000 years cal B8F Radwocarbon 55(4):1889— 1903

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Count, Miami, Florida 33155 « Tel: (305)667-5167 « Fax: (305)663-0964 « Email: belar@ggdiocarbon.cc:m
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

(Variables: C13/C12 =-22.8 o/oo : lab. mult = 1)

Lahoratory numhber Beta-430617 : M2

Conventional radiocarbon age 560+ 30 BP

Calibrated Result (85% Probability) Cal AD 1395 to 1445 (Cal BP 555 to 505)

Intercept of radiocarbon age with calibration Cal AD 1415 {Cal BP 535)
curve

Calibrated Result (68% Probability) Cal AD 1405 to 1430 (Cal BP 545 to 52Q)

560 + 30 BP

675

650

625

600+

Radiocarbon age (BP)

CHARRED MATERIAL
T

T T
1380 1390 1400 1410 1420 1430

Cal AD

Database used
SHCAL13

References
Mathematics used for calibration scenario

T T
440 1450 1460

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

Refarences to SHCAL13 database

Hogg AG, Hua Q, Blackwell PG, Niu M, Buck CE, Guilderson TP, Heaton TJ, Palmer JG, Reimer PJ, Reimer RW, Tumey CSM, Zimmerman SRH,

2013 SHCal13 Southem Hemigphere calibration, 0— 50 000 years cal BP. Radiocarbon 55(4):188%- 1903

Beta Analytic Radiocarbon Dating Laboratory
4985 S W. 74th Court, Miami, Florida 331585 - Tel; (305)667-5167 - Fax: (305)663-0964 - Email: beta@radiocarbon.com
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

(Variables: C

Laboratory number

Conventional radiocarbon age

Calibrated Result {95% Probability)

Intercept of radiocarbon age with calibration

curve

Calibrated Result (68% Probability)

870 + 30 BP

13/C12 = -14.8 o/ao ; lab. mult = 1}

Beta-430618 : M3

870 £ 30 BP

Cal AD 1160 to 1270 (Cal BP 780 to 680)

Cal AD 1220 (Cal BP 730)

Cal AD 1205 to 1225 (Cal BP 745 to 725)

975

ORGANIC SEDIMENT
—

a -
o
U —
(=]
o T
c
[=]
2 | -
| Wsasleped o o nne e e ] L] |
[53
2
=] =
] r |
e d__ 14 4l _] BN SN B 5 S

BO0— | —

7754 ' -

|
I
750 T T I I
1150 1175 1200 1225 1250 1275 1300

Database used
SHCAL13

References
Mathematics used for calibration scenario

Cal AD

A Simplified Approach to Calibrating C14 Dates, Taima, A 5, Vogel, J C,, 1993, Radiocarbon 35(2).317-322

References to SHCAL13 database

Hogg AG, Hua Q, Blackwell PG, Niu M, Buck CE, Guilderson TP, Heaton TJ, Palmer JG, Reimer PJ, Reimer RW, Tumey C5M, Zimmerman SRH
2013, SHCal13 Southen Hemisphere calibration, 0— 50,000 years cal BP. Radiocarbon 55(4):1889— 1903

Beta Analytic Radiocarbon Dating Laboratory

4985 S.W. 74th Court, Miami, Florida 33155 »

Tel (305)B67-5167 » Fax: (305)663-0964 = Email: beta@radiocarbon.com
Page 7 of 15
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

(Variables: C13/C12 = -23.3 o/oo : lab. mult= 1)
Laboratory number Beta-430619 : M4
Conventional radiocarbon age 840 £ 30 BP

Calibrated Result (95% Probability) Cal AD 1205 to 1280 (Cal BP 745 to 670)

Intercept of radiocarbon age with calibration Cal AD 1225 (Cal BP 725)
curve

Calibrated Resuit (68% Probability) Cal AD 1220 to 1270 (Cal BP 730 to 680}

gﬁc_ﬁ_dﬂl + 30 Bgp

CHARRED MATERIAL
I

Radiocarben age (BP)

750 | -

725 ; ; I
1185 1200 1215 1230 1245 1260 1275 1290

Cal AD

Database used
SHCAL13

References
Mathematics used for calibration scenario
A Simplified Approach to Calibrating C14 Dates, Talma, A_S., Vogel, J. C, 1993, Radiocarbon 35(2):317-322
References to SHCAL13 database

Hogg AG, Hua Q, Blackwell PG, Niu M, Buck CE, Guilderson TP, Heaton TJ, Palmer JG, Reimer PJ, Reimer RW, Tumey CSM, Zimmerman SRH.
2013 SHCatt3 Southern Hemisphere calibration, 0— 50,000 years cal 8P Radiocarbon 55(4}:1885— 1903

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 741h Court, Miami, Florida 33155 ¢« Tel; (305)667-5167 » Fax: (305)663-0964 « Email. beta@radwcarbon com
Page 8 of 15 \
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

{Variables: C13/C12 = -24.2 o/o0 : lab. muit = 1)
Laboratory number Beta-430620 : M5
Conventional radiocarbon age 360 £ 30 BP

Calibrated Result {95% Probability) Cal AD 1180 to 1275 (Cal BP 770 to 675)

Intercept of radiocarbon age with calibration Cal AD 1220 (Cal BP 730)
curve

Calibrated Result (68% Probability) Cal AD 1210 to 1230 (Cal BP 740 to 720)
Cal AD 1245 to 1265 (Cal BP 705 to 685)

75 BED + 30 BP ORGAMIC MATERIAL
o T

Radiocarbon age {(BF)

13040

Cal AD

Database used
SHCAL13

References
Mathematics used for calibration scenarlo
A Simplified Approach to Calibraling C14 Dates, Talma, A. S, Vogel, J C, 1993, Radiccarbon 35(2):317-322
References to SHCAL13 database
Hogg AG, Hua Q, Blackwell PG, Niu M, Buck CE, Guilderson TP, Heaton TJ, Palmer JG, Reimer PJ, Reimer RW, Tumey CSM, Zimmerman SRH
2013, SHCal13 Southemn Hemisphere calibration, 0— 50,000 years cal BP Radiccarbon §5{4):1889- 1903

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 » Tel: (305)667-5167 » Fax. (305)663-0964 » Email: beta@radiocarbon com
Page 9 of 15
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

(Variables: C13/C12 = -22 ofoo : lab. mult = 1)

Laboratory number Beta-430621 : M6

Conventional radiocarbon age 870+ 30 BP

Calibrated Result {95% Probability) Cal AD 1160 to 1270 {Cal BP 790 to 680)

Intercept

of radiocarbon age with calibration Cal AD 1220 (Cal BP 730)
curve

Calibrated Result (68% Probability) Cal AD 1205 to 1225 (Cal BP 745to 725)

75

85

92

9

B7

B

825+

Radiocarbon age (BP)

-

750

870+ 30 BP CHARRED MATERIAL
T

11

T T T T
50 1175 1200 1225 1250 1275 1300

Cal AD

Database used
SHCAL13

References
Mathematlcs used for callbration scenario

A Simplified Approach to Calibrating C14 Dates, Talma, A S, Vogel, J. C, 1923, Radiocarben 35(2) 317-322

References {o SHCAL13 database

4

Hogg AG, Hua Q, Blackwall PG, Niu M, Buck CE, Guidersen TP, Heaton TJ, Palmer JG, Reimer PJ, Reimer RW, Tumey CSM, Zimmerman SRH
2013 SHCal13 Southem Hemisphers calibration, 0— 50,000 years cal BP Radiocarbon 55(4):1889- 1903

Beta Analytic Radiocarbon Dating Laboratory

985 S W. 74th Court, Mam, Florida 33155 «+ Tel: (305)867-5167 = Fax: (305)863-0964 + Email: beta@radiocarbon.com
Page 10 of 15 \
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

e N e e DRSS

(Variables: C13/C12 = -22 o/o¢ ; lab. mult = 1)
Laberatory humber Beta-430622 : M7
Conventional radiocarbon age §60 £ 30 BP

Calibrated Result (95% Probability} Cal AD 1295 to 1400 (Cal BP 655 to 550)

Intercepl of radiccarban age with calibration Cal AD 1320 (Cal BP 630)
curve Cal AD 1350 (Cal BP 600)
Cal AD 1385 (Cal BP 565)

Calibrated Result {68% Probability) Cal AD 1315 to 1380 (Cal BP 635 to 590)
Cal AD 1380 to 1395 (Cal BP 570 to 555)

775 660 + 30 BP {_:JHARHED MATERIAL

7

Radiocarbon age (BP)

550 T T I
1275 1300 1325 1350 1375 1400 1425

Cal AD

Database used
SHCAL13

References
Mathematics used for calibration scenario
A Simplified Appreach to Calibrating C14 Dates, Talma, A S, Vogel, § C, 1993, Radiocarben 35(2):317-322
References to SHCAL13 database
Hogg AG, Hua Q, Blackwell PG, Miu M, Buck CE, Guilderson TP, Heaton TJ, Palmer JG, Reimer PJ, Reimer RW, Turney CSM, Zimmerman SRH,
2013, SHCal13 Southem Hemisphere calibration, 0- 50,000 years cal BF. Radiocarbon 55(4):1889= 1903

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Flerida 33155 « Tel: (305)667-5167 + Fax: (305)663-0964 - Email: beta@radiocarbon.com
Page 11 of 15
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

B~ T, T e S T T T e P e e T e ]

{Variables: C13/C12 = -23.3 o/oo : lab. mult = 1)
Laboratory number Beta-430624 : M9
Conventiconal radiocarbhon age 690 * 30 BP

Calibrated Result (95% Probability) Cal AD 1285 to 1395 (Cal BP 665 to 555)

Intercept of radiocarbon age with calibration Cal AD 1315 (Cal BP 635)
curve Cal AD 13680 (Cal BP 520)
Cal AD 1380 (Cal BP 570)

Calibrated Result (68% Probability) Cal AD 1295 to 1320 (Cal BP 855 to 630)
Cal AD 1350 to 1385 (Cal BP 600 to 565)

anp-E30 £ 30 BF

CTHF'.FE RED MATERIAL

=

= -
o
@©
o ! -t
& g |
- E
_g | | ] | =
: . L e %
= | | -
2 ' - L
,. I I| =
600 I =
575 T T
1275 1300 1325 1350 1375 1400 1425
Cal AD

Database used
SHCAL13

References
Mathematics used for calibration scenario
A Simplifiea Approach to Calibrating C14 Dates, Talma, A, 5, Vegel, J. C, 1993, Radiocarbon 35(2):317-322
References to SHCAL13 database
Hogg AG, Hua Q, Blackwell PG, Niu M, Buck CE, Guilderson TP, Heaton TJ, Palmer JG, Reimer PJ, Reimer RW, Tumey CSM, Zimmeman SRH
2013 SHCal13 Southem Hemisphere calibration, 0— 50,000 years cal BP Radiocarbon $5(4):1889- 1903

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. T4th Court, Miami, Florida 33155 + Tel: (305)667-5167 » Fax: (305)663-0964 + Email: beta[?
|
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

e T e e e e S e e e S e T e e @ R

Cal

{Variables: C13/C12 = -24.2 o/oo : lab. mult = 1)
Laboratory number Beta-430625 : M10
Conventional radiocarbon age 620 £ 30 BP

ibrated Result (95% Probability} Cal AD 1315 to 1355 (Cal BP 635 to 595)
Cal AD 1380 to 1415 (Cal BP 570 to 535)

Intercept of radiocarbon age with calibration Cal AD 1385 {Cal BP 555)

curve

Calibrated Resull (68% Probability} Cal AD 1325 to 1345 (Cal BP 625 to 605)

[

Cal AD 1380 to 1405 (Cal BP 560 to 545)

620 + 30 BP

CHARRED MATERIAL
T

Fili]
675 |
— |
& 65 -
g |
& 62
c I |
£ 0
8 ______________________________ o e e e ] e
[=]
) 575
[+
2 JEE L | RN |y ST [ —_—————) e
550~ |
525 ‘
SO0 T L ]
1300 1320 1340 1360 1380 1400

Cal AD

Database used
SHCAL13

References
Mathematics used for calibration scenario

A Simpiified Approach to Calibrating C14 Dates, Talma, A. S, Vogel, J. C, 1983, Radiocarbon 35(2}:317-322

References to SHCAL13 database
Hogg AG, Hua Q, Blackwell PG, Miu M, Buck CE, Guilderson TP, Heaton TJ, Palmer JG, Reimar PJ, Reimer RW, Tumey C5M, Zimmerman SRH

2013 SHCal13 Southerm Hemisphere calibralion, 0~ 50,000 vears cal BP Radiocarbon 55(4):1839- 1903

1440

Beta Analytic Radiocarbon Dating Laboratory

4985 S.W. 74th Court, Miami, Flonda 33155 - Tel: (305)667-5167 » Fax: (305)663-0964 «+ Email: beta@radiocarben.com
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Radiocarben age (BP)

CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

{Variables: C13/C12 = -22.4 ofoo : lab. mult = 1)

Laboratory number Beta-430626 : M11

Conventional radiocarbon age 540 * 30 BP

Calibrated Result (95% Probability) Cal AD 1400 to 1450 (Cal BP 550 to 500)

Intercept of radiccarbon age with calibration Cal AD 1425 (Cal BP 525)

curve

Calibrated Resull {(68% Probability) Cal AD 1410 to 1440 (Cal BP 540 to 510)

540 + 30 BF

650 T T T T T
v
60
57

35

a2

500+

475+

450

CHARRED MATERIAL
T

425 | T
1380 1400 1410 1420 1430 1440

Cal AD

Database used

SHCAL13

References

Mathematics used for calibration scenario
A Simplifed Approach to Cafibrating C14 Dates, Talma, A. S, Vogel, J. C, 1993, Radiocarbon 35(2):317-322
References to SHCAL13 database

1460

Hogg AG, Hua Q, Blackwsall PG, Niu M, Buck CE, Guitderson TP, Heaton TJ, Palmer JG, Reimer PJ, Reimer RW, Tumey CSM, Zimmerman SRH

2013. SHCal13 Southem Hemisphere calibration, 0~ 50,000 years cal BP Radiocarbon 55(4): 1885~ 1903

Beta Analytic Radiocarbon Dating Laboratory

4985 5.W. 74th Court, Miami, Florida 33155 - Tel: (305)667-5167 « Fax: (305)663-0964 - Email: bet
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

(Variables: C13/C12 = -23.4 0/00 : lab. mult = 1)
L.aboratory number Beta-430627 : M12

Conventional radiocarbon age 810 £ 3¢ BP

Calibrated Result (35% Probability) Cal AD 1220 to 1285 (Cal BP 730 to 665)

Intercept of radiocarbon age with calibration Cal AD 1270 (Cal BP 680)
curve

Calibrated Result {(68% Probability) Cal AD 1225 1o 1280 (Cal BP 725 ta 670)

P 810 + 30 BP CHARRED MATERIAL
T T T

2004 |

875

8504

82

80

[l

Radiocarbon age (BP})

| 1
1200 1215 1230 1245 1260 1275 1280 1305

Cal AD

Database used
SHCAL13

References
Mathematics used for calibration scenario

A Simpiified Approach to Calibrating C14 Dates, Talma, A. S, Vogel, J. C., 1993, Radiocarbon 35(2):317-322
References to SHCAL13 database

Hogg AG, Hua Q. Blaciwell PG, Niu M, Buck CE, Guiiderson TP, Heaton TJ, Palmer 4G, Reimer PJ, Reimer RW, Turney CSM, Zimmerman SRH
2013 3HCal13 Southern Hemisphere calibration, 0— 50,000 years cal BP Radiocarbon 55(4}:1889— 1903

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W, 74th Court, Miami, Florida 33155 « Tel: (305)667-5167 « Fax: (305)663-0964 + Email beta@radiocarbon.com
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Bet Analytic Inc, Darden Hood

4985 53 74 Court Presidesl
BETH Miuami, Florida 3355 USA
Tel: 305 667 51467 Ronald Haclield

Fax; 305 663 (964 Christopher Patrick
Betaf radievarbon.com Deputy Directors
Consistent Aceyraey., .. www.radiscarbon.com

.. Delivered On-timne

February 19, 2016

Dr. Kylie Quave
Beloit College
700 College Street
Belout, WI 53511
United States

RE; Radiocarbon Dating Results For Samples M1, M2, M3, M4, M5, M6, M7, M9, M10, M11, MI12
Dear Dr. Quave:

Enclosed are the radiocarbon dating results for 11 samples recently sent to us. As usual, the
method of analysis is listed on the report with the results and calibration data i3 provided where
applicable. The Conventional Radiocarbon Ages have all been corrected for total fractionation effects
and where applicable, calibration was performed using 2013 calibration databases (cited on the graph

pages).

The web directory containing the table of results and PDF download also contains pictures, a cvs
spreadsheet download option and a quality assurance report containing expected vs. measured values for
3-5 working standards analyzed simultaneously with your samples.

Reported results are accredited to ISO/IEC 17025:2005 Testing Accreditation PJLA #59423
standards and atl chemistry was performed here in our laboratory and counted in our own accelerators
here, Since Beta is not a teaching laboratory, only graduates trained Lo strict protocals of the ISO/IEC
17023:2005 Testing Accreditation PILA #59423 program participated in the analyses,

As always Conventional Radiocarbon Ages and sigmas are rounded to the nearest 10 years per
the conventicns of the 1977 International Radiocarbon Conference. When counting statistics produce
sigmas lower than +/- 30 years, a conservative +/- 30 BP is cited for the result. The reported d13C values
were measured separately in an IRMS (isotope ratio mass spectrometer). They are NOT the AMS d13C
which would include fractionation effects from natural, chemistry and AMS induced sources.

When interpreting the results, please consider any communications you may have had with us
regarding the samples. As always, your inquiries are most welcome. If you have any questions or would
like further details of the analyses, please do not hesitate to contact us.

The cost of analysis was previously invoiced. As always, if you have any questions or would like
to discuss the results, don’t hesitate to contact me.
Sincerely,

Cducs ool

Digitai signature on file
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BETA ANALYTIC INC.

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

4985 S.W. 74 COURT
MIAMI, FLORIDA, USA 33155

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

REPORT OF RADIOCARBON DATING ANALYSES

Dr. Kylie Quave

Report Date: 2/19/2016

Beloit College Material Received: 2/3/2016

Sample Data Measured d13C Conventional
Radiocarbon Age Radiocarbon Age(*)

Beta - 430616 500 +/- 30 BP -20.8 o/oo 570 +/-30 BP

SAMPLE : M1

ANALYSIS : AMS-Standard delivery

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

2 SIGMA CALIBRATION Cal AD 1395 to 1440 (Cal BP 555 ta 510)

Beta - 430617 520 +/- 30 BP -22.8 o/oo 560 +/- 30 BP

SAMPLE : M2

ANALYSIS : AMS-Standard delivery

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

2 SIGMA CALIBRATION Cal AD 1395 to 1445 (Cal BP 355 to 505)

Beta - 430618 700 +/- 30 BP -14.8 o/oo 870 +/- 30 BP

SAMPLE : M3

ANALYSIS . AMS-Standard detivery

MATERIAL/PRETREATMENT : (organic sediment): acid washes

2 SIGMA CALIBRATION : Cal AD 1160 to 1270 (Cal BP 790 to 680)

Beta - 430619 8§10 +/- 30 BP -23.3 o/o0 840 +/- 30 BP

SAMPLE : M4

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

2 BIGMA CALIBRATION

Cal AD 1205 to 1280 (Cal BP 745 to 670}

Dates are reported as RCYBP (radiocarbon years befare present,
“present” = AD 1850). By international convention, the modemn
reference standard was 95% the 14C activity of the Mational Institute
of Standards and Technology (NIST) Oxalic Acid (SRM 4990C) and
caiculated using the Libby 14C haif-life (5568 years), Quoted errors
represent 1 relative standard deviation statistlcs (68% probability)
counting errors based on the combined measurements of the sample,
background, and modem reference standards. Measured 13C/12C
ratios (defta 13C) were calculated relative to the POB-1 standard.

Page 2 of 15

The Conventional Radiocarbon Age represents the Measured
Radiocarbon Age comrected for isotopic fractionation, calculated
uging the delta 13C. On rare occasion whers the Cornwentionat
Radiocarban Age was calculated using an assumed delta 13C,
the ratio and the Conventional Radiocarbon Age will be followed by "*".
The Conventional Radiocarbon Age is nol calendar calibrated.
Whan available, the Calendar Calibrated resull is calculated
fram the Conventional Radiocarbon Age and is listed as the
“Two Sigma Calibrated Result” for each sampla.
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‘BETA BETA ANALYTIC INC.

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

4985 S.W. 74 COURT

MIAMI, FLORIDA, USA 33155

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

REPORT OF RADIOCARBON DATING ANALYSES

Dr. Kylie Quave

Repott Date: 2/19/2016

SAMPLE : M9
ANALYSIS | AMS-Standard delivery

Sample Data Measured d13C Conventional
Radiocarbon Age Radiocarbon Age(*)
Beta - 430620 850 +/- 30 BP -24.2 ofoo 860 +/- 30 BP
SAMPLE : M5
ANALYSIS : AMS-Standard delivery
MATERIAL/PRETREATMENT : (organic material): acid/alkali/acid
2 SIGMA CALIBRATION Cal AD 1180 to 1275 {Cal BP 770 to 675)
Beta - 430621 820 +/- 30 BP -22.0 o/oo 870 +/- 30 BP
SAMPLE : Mo
ANALYSIS | AMS-Standard delivery
MATERIAL/PRETREATMENT : (charred material): acid/alkali/acid
2 SIGMA CALIBRATION Cal AD 1160 to 1270 (Cal BP 790 to 680}
Beta - 430622 610 +/- 30 BP -22.0 o/oo 660 +/- 30 BP
SAMPLE : M7
ANALYSIS : AMS-Standard delivery
MATERIAL/PRETREATMENT : {charred material): acid/alkali/acid
2 SIGMA CALIBRATION Cal AD 1295 to 1400 (Cal BP 655 to 5350)
Beta - 430624 660 +/- 30 BP -23.3 /oo 690 +/- 30 BP

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

2 SIGMA CALIBRATION -

Cal AD 1285 to 1395 (Cal BP 665 to 555)

BTy ey R, i R L ™ U T T L L T I e S TR T e e U I e e e e R e T

Dates are reported as RCYBP {radiocarbon years befare present,
“present” = AD 1950). By intermational convention, the modern
reference standard was 95% the 14C activity of the Nationai Institute
of Standards and Technolagy {NIST) Oxalic Acid (SRM 4990C} and
calculated using the Libby 14C hatf-life (5568 years), Quoted errors
represent 1 relative slandard deviation siatistics (68% probabilily)
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.
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The Conventional Radiocarbon Age represents the Measured
Radiocarbon Age corrected for isctopic fractionation, caloulated
using the delta 13C. ©On rare occasion where the Conventional
Radiocarbon Age was calculated using an assumed delta 13C,
the ratic and the Conventional Radiocarbon Age wilt be followed by *".
The Conventional Radiocarbon Age is nol calendar calibrated,
When available, the Calendar Calibrated resull is calculaied
from the Conventional Radiocarbon Age and is listed as the
“Two Sigma Calibrated Result” for each sample.
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4985 S.W. 74 COURT
MIAMI, FLORIDA, USA 33155

‘BETA BETA ANALYTIC INC.

DR. MA. TAMERS and MR. D.G. HOOD

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

REPORT OF RADIOCARBON DATING ANALYSES

Dr. Kylie Quave Report Date: 2/19/2016

Sample Data Measured d13C Conventional
Radiocarbon Age Radiocarbon Age(*}
Beta - 430625 610 +/-30BP -24.2 ofoo 620+/-30BP
SAMPLE : MI0

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

2 SIGMA CALIBRATION Cal AD 1315 to 1355 (Cal BP 635 t0 595) and Cal AD 1380 to 1415 (Cal BP 570 to 535)

Beta - 430626 500 +/- 30 BP -22.4 ofoo 540 +/- 30 BP
SAMPLE : M1l

ANALYSIS : AMS-Standard delivery

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

2 SIGMA CALIBRATION Cal AD 1400 to 1450 (Cal BP 550 to 300)

Beta - 430627 T80 +/- 30 BP -23.4 o/oo 810 +/- 30 BP

SAMPLE : M12

ANALYSIS | AMS-Standard delivery

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

2 SIGMA CALIBRATION Cal AD 1220 to 1285 (Cal BP 730 to 665)

AT R e T e, e | e e T T T P e I e e T T A T

Dates are reporled as RCYBP (radiocarbon years before present,
“present” = AD 1958). By intermational convention, the modem
reference standard was 85% the i4C activity of the National Institute
of Standards and Technology [NIST) Oxalic Acid (SRM 4880C) and
calculated using the Libby 14C half-life (5568 years). Quoted errors
represent 1 relative standard deviation stalistics (68% probabilily)
counting errars based on the combined measurements of the sample,
background, and modern reference standards. Measured 13C/12C
ralios (defta 13C) were calculated relative fo the PDB-1 standard.
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The Conventional Radiocarbon Age repressnts the Measured
Radiocarbon Age corrected for isotopic fractionation, catculated
using the delta 13C. On rare cccasion where the Conventicnal
Radiocarbon Age was calculated using an assumed della 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 15 calculated
from the Conventicnal 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

(Variables: C13/C12 =-20.8 ofoo : lab. mult = 1)

Laboratory number

Conventional radiocarbon age

Calibrated Result {95% Probability)

Intercept of radiocarbon age with calibration

curve

Calibrated Result (68% Probability)

370 + 30 BP

Beta-430616 : M1

570 £ 30 BP

Cal AD 1395 to 1440 (Cal BP 555 to 510)

Cal AD 1410 (Cal BP 540)

Cal AD 1400 lo 1425 (Cal BP 550 to 525)

675

65

62

0

5T

CHARRED MATERIAL
1

5

525+

Radiocarbon age (BP)

500

475+

45

T T
1380 1390 1400

Database used
SHCAL13

References
Mathematlcs used for callbration scenario

T T T
1410 1420 1430 1440 1450 1460

Cal AD

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

References to SHCAL 13 database

Hogg AG, Hua @, Blackwell #G, Niu M, Buck CE, Guilderson TP, Heaton T, Palmer JG, Reimer PJ, Reimer RW, Tumey CSM, Zimmerman SRH
2013 SHCal13 Southem Hemisphere calibration, 0- 50,000 years cal BP Radiocarbon 55(4):1889~ 1903,

Beta Analytic Radiocarbon Dating Laboratory
4085 S.W. 74th Count, Miami, Florida 33155 » Tel: {305)667-5167 « Fax: (305)663-0964 + Email: beta@radiocarbon com
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

(Variables: C13/C12 = -22.8 ofoo : lab. mult = 1)
Laboratory number Beta-430617 : M2
Conventional radiocarbon age 560 £ 30 BP

Calibrated Result (95% Probability) Cal AD 1395 to 1445 (Cal BP 555 to 505)

Intercept of radiocarbon age with calibration Cal AD 1415 (Cal BP 535)
curve

Calibrated Result {68% Probability) Cal AD 1405 to 1430 (Cal BP 545 to 520)

B75 560 + 30 BP -::Hj"-RFI?ED MATERIAL

650~ .

625

600~

Raciocarbon age (BP)

1 I I T
1380 1380 1400 1410 1420 1430 1440 1450 1460

Cal AD

Database used
SHCAL13

References
Mathematics used for calibration scenario
A Simplified Approach to Calibrating C14 Dates, Talma, A 5., Vegel, J. C, 1993, Radiocarbon 35(2).317-322
References to SHCAL13 database

Hogg AG, Hua Q, Blackwell PG, MNiu M, Buck CE, Guilderson TP, Heaton TJ, Palmer JG, Reimer PJ, Reimer RW, Tumey CSM, Zimmerman SRH.
2013 SHCali 3 Seuthern Hemisphere calibration, 0— 50,000 years cal BP. Ragdiocarbon 55(4):1889— 1903

Beta Analytic Radiocarbon Dating Laboratory
4885 SW. 74th Court, Miami, Florida 33155 - Tel: (305)667-5167 + Fax (305)863-0964 » Email: beta@radiocarbon com
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

{(Variables: C13/C12 = -14.8 o/00 : lab. mult = 1)
Laboratory number Beta-430618 : M3
Conventional radiocarbon age 870 £ 30 BP

Calibrated Result {95% Probability) Cal AD 1160 to 1270 (Cal BP 790 to 680)
Intercept of radiocarbon age with calibration Cal AD 1220 (Cal BP 730)

curve

Calibrated Result (68% Probability) Cal AD 1205 to 1225 (Cal BP 745 to 725)

975 870 + 30 BP 'DI'RGANFC SEDIMENT

Radiocarbon age {BP)

800~ | =

775 -

750 1 T
1150 1175 1200 1225 1250 1275 1300

Cal AD

Database used
SHCAL13

References
Mathematics used for calibration scenario
A Simplified Approach to Calibrating C14 Dates, Talma, A. 5, Vogel, J C, 1993, Radiocarbon 35(2):317-322
References to SHCAL13 database
Hogg AG, Mua Q, Blackwell PG, Niu M, Buck CE, Guildersan TP, Heaten TJ, Palmer JG, Reimer PJ, Reimer RW, Turney CSM, Zimmerman SRH
2013 SHCali13 Southern Hermisphere calibration, 0— 50,000 years cal BP. Radiocarbon 55(4):1889— 1903

Beta Analytic Radiocarbon Dating Laboratory
4985 S W. 74th Courl, Miami, Flarida 33155 « Tel: (305)887-5167 « Fax: (305)663-0864 » Email: bet
Page 7 of 15
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

{Variables: C13/C12 =-23.3 ofoo : lab. muit= 1)

Laboratory number Beta-430619 : M4

Conventional radiocarbon age 840 + 30 BP

Calibrated Result (95% Probability) Cal AD 1205 to 1280 {Cal BP 745 to 670)

Intercept of radiocarbon age with calibration Cal AD 1225 (Cal BP 725)
curve

Calibrated Result {68% Probability) Cal AD 1220 to 1270 (Cal BP 730 to 680)

o - - o IR P i C T SRt -
& I
& 85 |
c > |
c I | |
8 m | i | -
8 [ |
PR o s e Do (e e e e e ' )
S 800+ ! -
o
__________________ e e el T TP T P I Rt LT T P T ST

775

TS50

725 T T T

1185 1200 1215 1230 1245 1260 1275 1280

Cal AD

Database used

SHCAL13
References

Mathematics used for calibratlon scenario
A Simplified Approach ta Calibrating C14 Dates, Talma, A § , Vogel, J. G, 1993, Radiocarbon 35(2):317-322

References to SHCAL13 database
Hogg AG, Hua 0, Blackwell PG, Niu M, Buck CE, Guilderson TR, Heaton TJ, Palmer JG, Reimer PJ, Reimer RW, Tumey C3M, Zimmerman SRH
2013, SHCal13 Scuthem Hemisghere calibration, 0— 50,000 years cal BP. Radiocarbon 55(4}:1883— 1903

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 - Tel: (305)667-5167 - Fax: (305)663-0864 - Email: beta@radiocarbon.com
Page 8 of 15 ,
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

(Variables: C13/C12 = -24.2 gfoo : lab. mult = 1)
Laboratory number Beta-430620 : M5
Conventional radiocarbon age 860 + 30 BP

Calibrated Result (95% Probability) Cal AD 1180 to 1275 (Cal BP 770 to 675)

Intercept of radiocarbon age with calibration Cal AD 1220 (Cal BP 730)
curve

Calibrated Result (68% Probability) Cal AD 1210 to 1230 (Cal BP 740 to 720)
Cal AD 1245 to 1265 (Cal BP 705 to 685)

- BB0 + 30 BP ORGANIC MATERIAL
975 i :

]

Radiocarbon age (BP)

T
1160 1180 1200 1220 1240 1260 1280 1300

Cal AD

Database used
SHCAL13

References
Mathematics used for calibration scenario
A Simpdfified Approach to Calibraling C14 Dates, Talma, A 5, Vogsl, J. C., 1993, Radiocarbon 35{2):317-322
References to SHCAL13 database
Hogg AG, Hua Q, Blackwell PG, Niu M, Buck CE, Guilderson TR, Heaton TJ, Palmer JG, Reimer PJ, Reimer RW, Turney CSM, Zimmerman SRH
2013. SHCal3 Soulhem Hemisphere calibration, 0— 50,000 years cal BP. Radiocarbon 55(4):1859— 1903

Beta Analytic Radiocarbon Dating Laboratory
4985 SW. 74th Court, Miami, Florida 33155 + Tel: (305)667-6167 + Fax: (305)663-0964 + Email: beta (@ adincapn.som—
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CALIBRATION OF RADICCARBON AGE TO CALENDAR YEARS

(Variables: C13/C12 =-22 o/oo : lab. mult = 1)
Laboratory number Beta-430621 : M6
Conventional radiocarbon age 870 £ 30 BP

Calibrated Result (95% Probability) Cal AD 1160 to 1270 (Cal BP 790 to 680)

Intercept of radiocarbon age with calibration Cal AD 1220 (Cal BP 730}
curve

Calibrated Result (68% Probability) Cal AD 1205 to 1225 (Cal BP 745tc 725)

975 B70 + 30 BP CIH.I'-RRED MATERIAL

25 -

22

a0

87

85

825 -1

Radiocarbon age (BP)

800~ -1

750 T T 1 ]
1150 1175 1200 1225 1250 1275 1300

Cal AD

Database used
SHCAL13

References
Mathematics used for calibration scenario
A Simpiified Approach to Calibrating C14 Dates, Talma, A. 5, Vogel, J C, 1993, Radiocarbon 35(2):317-322
References to SHCAL13 database
Hogg AG, Hua Q, Blackwell PG, Niu M, Buck CE, Guilderson TP, Heaton TJ, Palmer !G, Reimer PJ, Reimer RW, Tumey CSM, Zimmerman SRH
2013 SHCal13 Soulhem Hemisphere calibration, 0— 50,000 years cal BF Radiocarbon 55(4):1889— 1903

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W, T4th Court, Miami, Florida 33155 « Tel: (305)667-5167 + Fax: (305)663-09G4 « Email: beta@radiocarbon.com
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

{Variables: C13/C12 = -22 o/oo : lab. mult=1)

Laboratory number Beta-430622 : M7

Conventional radiccarbon age 660 + 30 BP

Calibrated Result {95% Probability) Cal AD 1295 to 1400 (Cal BP 655 to 550)

Intercept of radiocarbon age with calibration Cal AD 1320 (Cal BP 630)

Radiocarbon age (BP)

curve Cal AD 1350 (Cal BP 600)
Cal AD 1385 (Cal BP 585)

Calibrated Resuit (68% Probability) Cal AD 1315 to 1360 (Cal BP 635 to 590)

775 BE0 & 30 BP

Cal AD 1380 to 1395 (Cal BP 570 to 555)

CIHF'-R RED MATERIAL

TS0

7254

700

&7

.|

65
el 1
B0 — —— — — —

57

550

—y
E

1275

Database used

SHCAL13

References
Mathematics used for calibration scenario
A Simplified Approach to Calibrating C14 Dates, Talma, A, 5., Vogel, J. C, 1993, Radiccarbon 35(2):317-322
References to SHCAL13 database
Hogg AG, Hua Q, Blackwell PG, Niu M, Buck CE, Guilderson TP, Heaton TJ, Palmer JG, Reimer PJ, Reimer RW, Tumey CSM, Zimmerman SRH
2013 3HCal13 Southern Hemisphere calibration, O— 50,000 years cal 8P Radiocarbon $5(4):1889- 1903

4985 S.W. 74th Court, Miami, Florida 33155« Tel: (305)667-5167 + Fax: (305)663-0964 « Email: ne!?@?ﬁ‘ﬁm“muu.uu...

1300 1325 1350 1375 1400 1425

Cal AD

Beta Analytic Radiocarbon Dating Laboratory
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

(Variables: C13/C12 =-23.3 o/oo : lab. muit = 1)
Laboratory number Beta-430624 : M9
Conventional radiocarbon age 690 + 30 BP

Calibrated Result {95% Probability) Cal AD 1285 to 1395 (Cal BP 665 to 555)

Intercept of radiocarbon age with calibration Cal AD 1315 (Cal BP 635)
curve Cal AD 1360 (Cal BP 580)
Cal AD 1380 (Cal BP 570)

Calibrated Result {68% Probability) Cal AD 1295 to 1320 (Cal BP 655 to 630)
Cal AD 1350 to 1385 (Cal BP 600 to 565)

800 6490 + 30 BP CHARRED MATERIAL
T

7 -1

75

725 R

Radiocarben age (BP)

T T
1325 1350 1375 1400 1425
Cal AD

Database used
SHCAL13

References
Mathematics used for calibration scenario
A Simplified Approach to Calibrating C14 Dates, Talma, A 5, Vogel, J. C, 1993, Radlocarbon 35(2):317-322
References to SHCAL13 database
Hogg AG, Hua Q, Blackwell PG, Niu M, Buck CE, Guilderson TP, Heaton T4, Palmer JG, Reimer PJ, Reimer RW, Tumey CSM, Zimmerman SRH
2013, SHCal13 Southern Hemisphere calibration, 0— 50,000 years cal BP. Radiocarbon 55(4):1889- 1903

Beta Analytic Radiocarbon Dating Laboratory
4985 S W. T4th Cour, Miami, Florida 33155 « Tel: (305)867-5167 « Fax: (305)663-0964 « Emait: beta@radiocarbon.com
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

(Variables: C13/C12 = -24.2 o/oo : lab. mult = 1)
Laboratory number Beta-430625 : M10
Conventional radiccarbon age 620 £ 30 BP
Calibrated Result (95% Probability} Cal AD 1315 to 1355 (Cal BP 635 to 595)

Cal AD 1380 to 1415 {Cal BP 570 to 535)

Intercept of radiocarbon age with calibration Cal AD 1395 {Cal BP 555)
curve

Calibrated Result (68% Probability) Cal AD 1325 to 1345 (Cal BP 625 to 605)
Cal AD 1390 to 1405 (Cal BP 560 to 545)

725 620 + 30 BP CHARRED MATERIAL
5 T

70

675 - ' -

5751 ™ A

Radiocarbon age (BP)

550+ ! B

525+ I -

500 T T T
1300 1320 1340 1360 1380 1400 1420 1440

Cal AD

Database used
SHCAL13

References
Mathematics used for calibration scenario
A Simplified Approach to Calibrating C14 Dates, Talma, A. S, Vogel, J. C, 19983, Radiocarbon 35(2):317-322
References to SHCAL13 database

Hogg AG, Hua Q, Blackweli PG, Niu M, Buck CE, Guilderson TP, Heaton TJ, Palmer JG, Retmer PJ, Reimer RW, Tumey CSM, Zimmerman SRH
2013 SHCal13 Southern Hemisphere calibration, 0— 50,000 years cal BP. Radiocarbon 55(4):1868— 1503

Beta Analytic Radiocarbon Dating Laboratory
4985 S W. 74th Court, Miami, Florida 33155 = Tel; (305)667-5167 + Fax: (305)863-0864 » Email: beta@radiocarban.com
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

(Variables: C13/C12 = -22.4 ¢foo : lab. mult=1)
Laboratory number Beta-430626 : M11
Conventional radiocarbon age 540 t 30 BP

Calibrated Result (95% Probability) Cal AD 1400 to 1450 (Cal BP 550 to 500)

Intercept of radiocarbon age with calibration Cal AD 1425 {Cal BP 525)
curve

Calibrated Result (68% Probability) Cal AD 1410 to 1440 (Cal BP 540 to 510}

650 540 + 30 BP

CHARRED MATERIAL
I

w =
@
1]
g o=t
[}
=
2 i
= 1
3
2
3 =l
L]
© I

- [ e [~s -

' |
450 =
| |
425 T T T
1380 1400 1410 1420 1430 1440 1450 1480
Cal AD

Database used

SHCAL13
References

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

References to SHCAL13 database
Hogg AG, Hua Q, Blackwell PG, Niu M, Buck CE, Guilderson TP, Heaton T.J, Paimer JG, Reimer PJ, Reimer RW, Tumey CSM, Zinmerman SRH
2013, SHCal13 Scuthern Hemisphere calibration, 0- 50,000 years cal 8P Radiocarbon 55(4):1889— 1903

Beta Analytic Radiocarbon Dating Laboratory

4985 S.W. 74th Court, Miami, Florida 33155 » Tel: (305)667-5167 = Fax® (305)663-0964 + Email: beta@radiocarbon com
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CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

{Variables; C13/C12 = -23.4 ofoo : lab. mult = 1}
Laboratory number Beta-430627 : M12

Conventional radiocarbon age 810 30 BP

Calibrated Resuit (95% Probability) Cal AD 1220 to 1285 (Cal BP 730 to 665)

Intercept of radiocarbon age with calibration Cal AD 1270 (Cal BP 680)
curve

Calibrated Resuit {(68% Probability) ~ Cal AD 1225 to 1280 (Cal BP 725 to 670)

810 + 30 BP

925

|
s B |

850+

8

g

T7E

Radiocarbon age (BP)

CH ATRRE O MATERIAL

T
1200 1215 1230 1245 1260 1275

Cal AD

Database used
SHCAL13

References
Mathematics usad for callbration scenario
A Simplified Approach to Calibrating C14 Dates, Talma, A. 5, Vogel, J. C, 1993, Radiocarbon 35(2):317-322
References to SHCAL13 database

T
1290 1305

Hogg AG, Hua Q, Blackweil PG, Niu M, Buck CE, Guilderson TP, Heaton TJ, Palmer 3G, Reimer PJ, Reimer RW, Tumey CSM, Zimmerman SRH

2013 SHCal13 Southem Hemisphere calibration, 0— 50,000 years cal BF Radiocarbon 55{4);188%- 1903

Beta Analytic Radiocarbon Dating Laboratory

4985 § W, 74th Court, Miami, Florida 33155 - Tel: (305)667-5167 - Fax: (305)663-0964 « Email: beta@radiocarban.com
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