
Sequence

Xoundary4Start4w

Start4Start4of4Start4w

&nd4&nd4of4Start4w

Phase4w

R_/ate4X&RckxJJxMUM(6

R_/ate4X&RckxJJxMUM(G

R_/ate4X&RckJJxMUM(I

R_/ate4X&RckxXeta4w(MHIW

R_/ate4X&RckxXetax6HWHH(

R_/ate4Xuhl4XetaxIGHMM

R_/ate4Voopers4XetaxwwI(I(

R_/ate4Voopers4TOxWGI(

R_/ate4Voopers4TOxWGMw

R_/ate4Voopers4TOxWGM6

R_/ate4Kishbone4Ono4lab4according4to4/ixon

R_/ate4KishbonexOKV)Lx6IM

R_/ate4=andprint4OXetax6wUUM

R_/ate4=atwai4OTxxGwM(

R_/ate4=atwai4OTxxGwmH

R_/ate4=ell4Zap4OJxMHH

R_/ate4=ell4Zap4OJJxwmmHH

R_/ate4=ell4Zap4OIxwmW

R_/ate4Marmes4OWSU46ww

R_/ate4Marmes4OWSU4GmG

R_/ate4Marmes4OWSU4Gmm

R_/ate4Paisley4x4Xeta46wGI6G

R_/ate4Paisley4x4OxJ4wmGWm

R_/ate4PaisleyxXeta4wWw(GU

R_/ate4PaisleyxXeta4wU6(6H

R_/ate4PaisleyxXeta4w(M(HU

R_/ate4PaisleyxXeta46wGI6M

R_/ate4SmthVrkxObirmxWH6

R_/ate4SmthVrkxObirmx(wW

R_/ate4SmthVrkxOgakxMII6

R_/ate4SmthVrkxOgakxMIIG

R_/ate4SmthVrkxOgakxMIIIb

R_/ate4SmthVrkxOgakxMIIM

R_/ate4SmthVrkxOtxxwmGU

Xoundary4&nd4w

Start4Start4of4&nd4w

&nd4&nd4of4&nd4w
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Western6Stemmed6Start6of6Start6666666666Pz.A,66666666Span6of6Start66666NMA&(6
Western6Stemmed6Knd6of6Start66666666666Pz&P(666666bbSpanbofbWGbStembw,N)Aw(RN

Western6Stemmed6Start6of6Knd66666666666P&Pz.66666666Span6of6Knd6666NMP&A%
Western6Stemmed6Knd6of6Knd666666666666PPz(P

A model = 110.2
Western6Stemmed6sites6H6PP
Western6Stemmed6agesH66.&

Western4Stemmed

Trapezium0Model0of0Western0Stemmed0

Sequence4South4Jmerican4Kishtail4Trapezium4S=IntVal4wG

Xoundary4Start4Kishtail

Start4Start4of4Start4Kishtail

&nd4&nd4of4Start4Kishtail

Phase4South4Jmerican4Kishtail

R_/ate4OVerro4La4Vhina4S4wxIxw6WIw

R_/ate4OVerro4La4Vhina4S4wxJJ)wG6W

R_/ate4OVerro4La4Vhina4S4wxJJxU(M6

R_/ate4OVerro4La4Vhina4S4wxJJxU(MG

R_/ate4OVerro4La4Vhina4S4wxJJxU(MI

R_/ate4OVerro4La4Vhina4S46xJJxU(MM

R_/ate4OVerro4La4Vhina4S46xJJxU(Mm

R_/ate4OVerro4La4Vhina4S4GxJJxwG6U

R_/ate4Verro4&l4SombreroxJJxIWmM

R_/ate4Verro4&l4SombreroxJJxIWmW

R_/ate4Verro4&l4SombreroxJJxM66H

R_/ate4Tagua4Taguaxgxxw6HM

R_/ate4Tagua4TaguaxNo4Referencew

R_/ate4Tagua4TaguaxNo4Reference6

R_/ate4Quebrada4Santa4JuliaxXeta46wMHU(

R_/ate4Quebrada4Santa4JuliaxXeta46wMH(H

R_/ate4Quebrada4Santa4JuliaxXeta4w(IW6M

R_/ate4Peidra4Museo4level4mxOXJ4UM6U

R_/ate4Peidra4Museo4level4mxJJx6W(MH

R_/ate4KellOs4VavexI4G(UU

R_/ate4KellOs4VavexW4(wM

R_/ate4Vueva4del4MedioxNUTJ4wUww

R_/ate4Vueva4del4MedioxNUTJ46GGw

R_/ate4Vueva4del4MedioxXeta4G(HUw

R_/ate4Vueva4del4MedioxNUTJ46GGH

R_/ate4Vueva4del4MedioxNUTJ46w(W

R_/ate4Tres4Jrroys4Layer4VaxOxJ4(6IW4JMS

R_/ate4Tres4Jrroys4Layer4VaxOxJ4(6Im4JMS

R_/ate4Tres4Jrroys4Layer4VaxXeta4wHwH6G4JMS

R_/ate4Tres4Jrroys4Layer4VaxXeta4wwGwWw4JMS

Xoundary4&nd4Kishtail

Start4Start4of4&nd4Kishtail

&nd4&nd4of4&nd4Kishtail

wwHHHw6HHHwGHHHwIHHHwMHHHwmHHHwWHHH

Modelled4date4FXPi
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Kishtails

A model = 114
Gishtail6sites6H6666666666666666666(66
Gishtail6ages6H6666666666666666666zN6

Gishtail6Start6of6Start666666666666666666666666666PzNNP6666666666Span6of6Start66666666666666666NMPw(6
Gishtail6Knd6of6Star66666666666666666666666666666P&(Nz666666666bSpanbofbFishtailsbbbbbbbbbbgN)ANNN

Gishtail6Start6of6Knd6666666666666666666666666666P&w,N6666666666Span6of6Knd666666666666666666NMP.w
Gishtail6Knd6of6Knd66666666666666666666666666666P&%AN

Sequence4&astern4Vlovis4x4/ebert4and4beyond4sequential4phases

Xoundary4Start4&astern4Vlovis

Phase4&astern4Vlovis

R_/ate4Vactus4=ill4XetaxUwMU(

R_/ate4Sheriden_VJMSxwHGI(

R_/ate4=iscock4VJMSxGHM6U

R_/ate4=iscock4VJMSxGHM6(

R_/ate4=iscock4TOxGw(I

R_/ate4=iscock4ZX466HGU4JMS

R_/ate4ShawneexMinisink4Xeta4wHw(GM

R_/ate4ShawneexMinisink4Xeta4w6Wwm6

R_/ate4ShawneexMinisink4Xetax6HGUmM

R_/ate4ShawneexMinisink4UVIJMSx6IUmM

R_/ate4ShawneexMinisink4UVIJMSx6IUmm

R_/ate4Slothx=ole4SLx6UMH

Xoundary4&nd4&astern4Vlovis

Xoundary4Start4/ebert

Phase4/ebert

R_/ate4KHIxPWIG

R_/ate4Vail4Xetax6HWMW(

R_/ate4KwMxP(WG

Xoundary4&nd4/ebert

Xoundary4Start4Xull4Xrook

Phase4Xull4Xrook

R_/ate4=edden4XetaxWHmmU

R_/ate4=edden4XetaxmUUHm

Xoundary4&nd4Xull4Xrook

Xoundary4Start4Michaud

Phase4Michaud

R_/ate4Templeton4WxGG(w

R_/ate4Michaud4XetaxwMmmH

R_/ate4Neponset4XetaxWMM6W

R_/ate4Volebrook4XetaxwHWI6(

Xoundary4&nd4Michaud

Xoundary4Start4Vormier

Phase4Vormier

R_/ate4Vormier4Xetaxw6mmIM

R_/ate4&sker4XetaxwHG6UI

Xoundary4&nd4Vormier
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A model = 113.1 

/
eb

er
tL

V
ai

l

X
ul

l4
X

ro
o

k

M
ic

ha
u

dL
N

ep
on

se
t

V
or

m
ie

r

Kastern6;lovis6Start6of6Start666666666666666666666PzNN(6666666Span6of6Start666666666666666NMP&A6yrs
Kastern6;lovis6Knd6of6Start6666666666666666666666P&(P.66666bbSpanbofbEastbCL)6666666w"9Ag,9

66666666666666666666666666666666666666666666666666666666666666666666666666666666666Span6of6Transition)66666NMA.6
Kast6;”V"ebert6Start6of6Transition66666666666P&,A,
Kast6;”V"ebert6Knd6of6Transition666666666666P&,z&6666666SpanbofbDebert:bbbbbbbbbg"AwN(b

66666666666666666666666666666666666666666666666666666666666666666666666666666666666Span6of6Transition)66666NMP,N
"ebertVIull6Irook6Start6of6Transition666666P&wAN
"ebertVIull6Irook6Knd6of6Transition6666666P&%((6666666SpanbofbBullbBrook:bbwwwA,g9

66666666666666666666666666666666666666666666666666666666666666666666666666666666666Span6of6Transition)66666NMPAN
Iull6IrookV'ichaud6Start6of6Transition666P&.&%
Iull6IrookV'ichaud6Knd6of6Transition6666P&&%w666666SpanbofbMichaud:bbbbbbN)Ag9"b

66666666666666666666666666666666666666666666666666666666666666666666666666666666666Span6of6Transition)66666NMPz(6
'ichaudV;ormier6Start6of6Transition66666666P&NA.
'ichaudV;ormier6Knd6of6Transition666666666PP((P666666SpanbofbCormier:bbbbbb"Aw""b

;ormier6Start6of6Knd666666666666666666666666666666666PPw%N666666Span6of6Knd6666666666666666PMPP,
;ormier6Knd6of6Knd6666666666666666666666666666666666PP%zw

Trapezoid4Node4/ates4444444444444444444444444444Spans44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444Number4of4Sites4T4Jges

Kastern6;lovis6sites6H6666666%
Kastern6;lovis6ages6H6666666P&

"ebertVVail6sites6H666666666666&
"ebertVVail6ages6H666666666666z

Iull6Irook6sites6H6666666666666&
Iull6Irook6ages6H6666666666666.

'ichaudVNeponset6sites6H6.
'ichaudVNeponset6ages6H6.

;ormier6sites6H666666666666666666&
;ormier6ages6H666666666666666666&
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Sequence4Plains4Vlovis4to4Kolsom4Trapezium

Xoundary4Start4Plains4Vlovis

Start4Start4of4Start4Plains4Vlovis

&nd4&nd4of4Start4Plains4Vlovis

Phase4Plains4Vlovis

R_/ate4LangexKerguson4JJx(HM

R_/ate4LangexKerguson4UVIJMS4wwGIM

R_/ate4LangexKerguson4UVIJMS4wwGII

R_/ate4Jnzick4XetaxwmGUG6

R_/ate4Jnzick4XetaxwmU(mW

R_/ate4/ent4UVIJMSxwwGIH

R_/ate4/ent4UVIJMSxwwGG(

R_/ate4/omebo4UVIJMSxwwGIw

R_/ate4Lehner4Site4SMUx6mI

R_/ate4Lehner4Site4SMUxwUw

R_/ate4Lehner4Site4SMUxw(m

R_/ate4Lehner4Site4SMUxw(I

R_/ate4Lehner4Site4SMUx6(H

R_/ate4Lehner4Site4JxGWU

R_/ate4Lehner4Site4SMUxwmI

R_/ate4Lehner4Site4SMUxwmU

R_/ate4Lehner4Site4SMUxGIH

R_/ate4Lehner4Site4SMUx6(W

R_/ate4Lehner4Site4SMUxGIW

R_/ate4Lehner4Site4SMUxGHU

R_/ate4Murray4Springs4SMUxwU

R_/ate4Murray4Springs4JxUHM

R_/ate4Murray4Springs4TxxwIwG

R_/ate4Murray4Springs4TxxwIm6

R_/ate4Murray4Springs4SMUx6W

R_/ate4Murray4Springs4SMUxIw

R_/ate4Murray4Springs4SMUxI6

R_/ate4Murray4Springs4TxxwIM(

R_/ate4Volby4UVIJMSxwwGI6

R_/ate4Volby4UVIJMSxwwGIG

R_/ate4Jake4Xluff4VJMSxW((IH

R_/ate4Jake4Xluff4VJMSx(H(mU

R_/ate4Jake4Xluff4VJMSx(H(m(

R_/ate4XW/_JJxGHIMI

R_/ate4XW/_JxI(w

R_/ate4XW/_JxIUw

R_/ate4XW/_JxI(H

R_/ate4/omebo4JJxU6M

R_/ate4/omebo4JJxUww

R_/ate4/omebo4JJxUHM

R_/ate4Kanorado4VJMSxww6WIw

R_/ate4Kanorado4VJMSxww6WI6

R_/ate4Lubbock4Lake4Sub4Stratum4wb4smuxMIU

R_/ate4Lubbock4Lake4Sub4Stratum4wb4smux6mG

R_/ate4Jubrey4JJxM6Ww

R_/ate4Jubrey4JJxM6WI

Xoundary4Transition4Plains4VlovisLKolsom

Start4Start4of4Transition4Plains4VlovisLKolsom

&nd4&nd4of4Transition4Plains4VlovisLKolsom

Phase4Kolsom

R_/ate4Jgate4Xasin4SIxGWGG

R_/ate4Jgate4Xasin4IxIW6

R_/ate4Jgate4Xasin4SIxGWG6

R_/ate4Xlack4Mountain

R_/ate4Vooper

R_/ate4Mac=affie4XetaxwM(wmW

R_/ate4Xobtail4Wolf4WSUxIIII

R_/ate4Xobtail4Wolf4WSUxIIIW

R_/ate4Mountaineer4VJMS4wHMWmI

R_/ate4Mountaineer4VJMS4wHMWmM

R_/ate4Mountaineer4UVIJMS4ww6IH

R_/ate4Mountaineer4UVIJMS4ww6Iw

R_/ate4Indian4Vreek4w

R_/ate4Indian4Vreek46

R_/ate4Waugh4NZJxGmH6

R_/ate4Waugh4NZJxGmHG

R_/ate4Xlackwater4/raw4JxGUm

R_/ate4=anson4RLxGWI

R_/ate4=anson4RLxMMU

R_/ate4=anson4Xetax66MwI

R_/ate4=anson4XetaxGwHW6

R_/ate4=ell4Zap4JxMHG

R_/ate4=ell4Zap4JxMHI

R_/ate4Lindenmeier4IxwIw

R_/ate4Lindenmeier4TOxGGW

R_/ate4Lindenmeier4TOxGI6

R_/ate4Xlackwater4/raw4JxIUU

R_/ate4Xlackwater4/raw4JxI(6

R_/ate4Xonfire4Shelter4TXxwMG

R_/ate4Xonfire4Shelter4TXxmMU

R_/ate4Xonfire4Shelter4TXxmMW

R_/ate4Xonfire4Shelter4JJxGIm

R_/ate4KolsomxVJMSxWImMM

R_/ate4KolsomxVJMSxWImMm

R_/ate4KolsomxVJMSxWImMW

R_/ate4KolsomxVJMSxWImMU

R_/ate4KolsomxVJMSxWImM(

Xoundary4&nd46

Start4Start4of4&nd4Kolsom

&nd4&nd4of4&nd4Kolsom
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Plains4Vlovis Kolsom

A model = 94.6

Plains6;lovis6sitesH6666666666666PP
Plains6;lovis6ages6H6666666666666.w
Golsom6sites6H6666666666666666666666P%
Golsom6ages6H6666666666666666666666z,

Plains6;lovis6Start6of6Start666666666666666666666666Pz.%A6666666666666Span6of6Start6666666666666.wAM.zw6
Plains6;lovis6Knd6of6Start6666666666666666666666666P&Az(6666666666666SpanbofbPlainsbCLbbbbR9)A9N)

Plains6;”VGolsom6Start6of6Transition6666666P&,&P66666666666666Span6of6Transition6666NMPN.
Plains6;”VGolsom6Knd6of6Transition66666666P&%,,

Golsom6Start6of6Knd6666666666666666666666666666666666P&&.N6666666666666SpanbofbFolsombbbbbbbb,9)A(NRbbb

Golsom6Knd6of6Knd66666666666666666666666666666666666PP(Pz66666666666666Span6of6Knd66666666666666NMw&P

Sequence4Vlovis4Liberal4Trapezium

Xoundary4Xeginning4of4Vlovis

Start4Start4of4Start4w

&nd4&nd4of4Start4w

Phase4w

R_/ate4LangexKerguson4JJx(HM

R_/ate4LangexKerguson4UVIJMS4wwGIM

R_/ate4LangexKerguson4UVIJMS4wwGII

R_/ate4Slothx=ole4SLx6UMH

R_/ate4Jnzick4XetaxwmGUG6

R_/ate4Jnzick4XetaxwmU(mW

R_/ate4/ent4UVIJMSxwwGIH

R_/ate4/ent4UVIJMSxwwGG(

R_/ate4PaleoVrossing4JJxU6MHxV

R_/ate4PaleoVrossing4JJxU6MHx&

R_/ate4PaleoVrossing4JJxU6MHx/

R_/ate4/omebo4UVIJMSxwwGIw

R_/ate4Lehner4Site4SMUx6mI

R_/ate4Lehner4Site4SMUxwUw

R_/ate4Lehner4Site4SMUxw(m

R_/ate4Lehner4Site4SMUxw(I

R_/ate4Lehner4Site4SMUx6(H

R_/ate4Lehner4Site4JxGWU

R_/ate4Lehner4Site4SMUxwmI

R_/ate4Lehner4Site4SMUxwmU

R_/ate4Lehner4Site4SMUxGIH

R_/ate4Lehner4Site4SMUx6(W

R_/ate4Lehner4Site4SMUxGIW

R_/ate4Lehner4Site4SMUxGHU

R_/ate4ShawneexMinisink4Xeta4wHw(GM

R_/ate4ShawneexMinisink4Xeta4w6Wwm6

R_/ate4ShawneexMinisink4Xetax6HGUmM

R_/ate4ShawneexMinisink4UVIJMSx6IUmM

R_/ate4ShawneexMinisink4UVIJMSx6IUmm

R_/ate4Murray4Springs4SMUxwU

R_/ate4Murray4Springs4JxUHM

R_/ate4Murray4Springs4TxxwIwG

R_/ate4Murray4Springs4TxxwIm6

R_/ate4Murray4Springs4SMUx6W

R_/ate4Murray4Springs4SMUxIw

R_/ate4Murray4Springs4SMUxI6

R_/ate4Murray4Springs4TxxwIM(

R_/ate4Volby4UVIJMSxwwGI6

R_/ate4Volby4UVIJMSxwwGIG

R_/ate4Jake4Xluff4VJMSxW((IH

R_/ate4Jake4Xluff4VJMSx(H(mU

R_/ate4Jake4Xluff4VJMSx(H(m(

R_/ate4XW/_JJxGHIMI

R_/ate4XW/_JxI(w

R_/ate4XW/_JxIUw

R_/ate4XW/_JxI(H

R_/ate4/omebo4JJxU6G

R_/ate4/omebo4JJxUww

R_/ate4/omebo4JJxUHM

R_/ate4=iscock4VJMSxGHM6U

R_/ate4=iscock4VJMSxGHM6(

R_/ate4=iscock4TOxGw(I

R_/ate4=iscock4ZX466HGU4JMS

R_/ate4Kanorado4VJMSxww6WIw

R_/ate4Kanorado4VJMSxww6WI6

R_/ate4Sheriden_VJMSxwHGI(

R_/ate4Lubbock4Lake4Sub4Stratum4wb4smuxMIU

R_/ate4Lubbock4Lake4Sub4Stratum4wb4smux6mG

R_/ate4Vactus4=ill4XetaxUwMU(

R_/ate4Jubrey4JJxM6Ww

R_/ate4Jubrey4JJxM6WI

Xoundary4&nd4of4Vlovis

Start4Start4of4&nd4w

&nd4&nd4of4&nd4w
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Liberal
Vlovis

A model = 114.5
”iberal6;lovis6Start6of6Start66666666666666Pzz&&66666666666666Span6of6Start6666666666666z,%M%AP66
”iberal6;lovis6Knd6of6Start666666666666666P&Az,66666666666666SpanbofbLiberalbCLbbN(NA(")

”iberal6;lovis6Start6of6Knd666666666666666P&w,N66666666666666Span6of6Knd666666666666666NM,w
”iberal6;lovis6Knd6of6Knd6666666666666666P&w&&

”iberal6;lovis6sites6H66666P(
”iberal6;lovis6ages6H66666wP6

Sequence4WS6HHW

Xoundary4Start4w

Start4Start4of4Start4w

&nd4&nd4of4Start4w

Phase4w

R_/ate4LangexKerguson4JJx(HM

R_/ate4LangexKerguson4UVIJMS4wwGIM

R_/ate4LangexKerguson4UVIJMS4wwGII

R_/ate4Slothx=ole4SLx6UMH

R_/ate4Jnzick4XetaxwmGUG6

R_/ate4Jnzick4XetaxwmU(mW

R_/ate4/ent4UVIJMSxwwGIH

R_/ate4/ent4UVIJMSxwwGG(

R_/ate4PaleoVrossing4JJxU6MHxV

R_/ate4PaleoVrossing4JJxU6MHx&

R_/ate4PaleoVrossing4JJxU6MHx/

R_/ate4/omebo4UVIJMSxwwGIw

R_/ate4Lehner4Site4SMUx6mI

R_/ate4Lehner4Site4SMUxwUw

R_/ate4Lehner4Site4SMUxw(m

R_/ate4Lehner4Site4SMUxw(I
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RESULTS6

6

The6Iayesian6analysis6in6OxCal 4.26was6used6to6evaluate6the6span6and6strength6of6different6

modelsk6not6all6shown6herec6We6tested6two6versions6of6the6Ioundary6and6Trapezium6model6

proposed6by6WLS6using6the6average6age6for6each6site6as6well6as6the6individual6ages6from6the6

sites6with6no6averagingc66We6also6compiled6a6more6liberal6set6of6ages6and6analyzed6that6set6

using6both6Ioundary6and6Trapezium6'odelsc6

6

We6also6investigated6two6transition6models6with6data6from6Western6;lovis6and6Plains6Golsom6

sites6and6Kastern6;lovisMtoM"ebertMthroughM;ormier6sites6to6show6how6Iayesian6analysis6can6

be6used6to6picture6a6series6of6archaeological6phasesc6Ginallyk6we6ran6data6sets6of6South6

Rmerican6Gishtail6and6Western6Stemmed6point6sites6to6evaluate6and6confirm6their6

contemporaneity6with6;lovis6DGaught6&NNAbc6

6

ReB:nalysis0of0the0W(S0data0

0

The6Ioundary6'odel6using6WLS6age6average6for6each6site6produced6a6marginally6adequate0

:0modelbindex6of677c666?oweverk6averaging6the6ages6from6these6sites6is6inappropriate6under6

criteria6developed6by6Ward6and6Wilson6DP(,Abc66Using6the6suite6of6individual6ages6from6the6

set6of6sites6compiled6by6WLS6to6run6a6Ioundary6'odel6resulted6in6an6even6poorer6:0modelb

index6of6ccxIc6

6

The6Ioundary6'odel6run6with6WLS6individual6ages6resulted6in6the6;lovis6Phase6starting6

between6U6DI4U0cal!P0and0U6Dkc60cal0!P6and6ending6between6U6DFRU0cal!P0and0U6D7770

cal!Px66Rt6PMsigmak6the6span6of6the6WLS6;lovis6Phase6was6between6Uc,0and06ck6yearsk6

which6is6less6than6the6&NN6to6.NN6year6estimate6by6WLSc6On6the6other6handk6the6Iayesian6

analysis6indicates6the6beginning6of6the6;lovis6Phase6zNN6years6later6than6the6WLS6estimate6

of6U,D6cR0cal!P6and6the6ending6PNN6years6or6more6later6than6their6estimate6of6U6DkRR0cal!Pc66

6

Ioth6Ioundary6and6Trapezium6'odels6were6run6with6the6”iberal6set6of6ages6from6;lovis6

sitesc6The6Ioundary6'odel6resulted6in6a6beginning6between6U,DU7c0cal!P6and6U,DRcI0cal!P6

and6an6end6between6U6D7IR0cal!P6and6U67cR0cal!P6with6an6:0modelbindex6of6kcx6c66The6

Trapezium6'odel6had6a6more6robust6:0modelbindex6of6U6Ux70than6the6:0modelbindex6of6I7x66for6

the6Trapezium6model6using6WLS6datac6The6beginning6of6the6trapezium6is6between6U,D,660

cal!P0and0U,DUkU0cal!P6and6the6end6between6U6D7k4BU6D7660cal!Pc66The6span6of6the6;lovis6

Phase6in6this6model6is6from64740to07Rk6years6at6PMsigmak6approximating6WLS6at6the6early6

endk6but6extending6the6;lovis6Phase6later6in6time6as6with6the6Ioundary6'odelc66

Waters0(0Stafford0Sites0and0:ges Plains0Clovis0to0Folsom

South0:merican0Fishtails

Western0Stemmed

Multiplots0of0Single0Calibrated0:ges0ygray)
and0!ayesian0Calibrated0:ges0y!lack)

for0Each0of0the0Data0Sets

Comparison0of0the0IntCal0R4D0RID0and0U,0
Calibration0Curves
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6

Iayesian6analysis6is6a6method6for6calculating6the6chance6of6an6occurrence6of6an6event6based6on6

prior6information6that6informs6the6likelihood6of6that6eventc6R6Iayesian6analysis6repeatedly6

calculates6the6chances6of6an6event6occurring6andk6after6a6sufficient6number6of6calculationsk6arrives6

at6the6most6likely6result6given6the6prior6constraints6and6the6datac6The6idea6was6originally6

formulated6in6the6P,NN’s6by6Reverend6Iayesk6but6it6was6not6until6the6advent6of6computers6that6the6

method6could6be6widely6appliedc66

6

[n6the6Iayesian6analysis6of6radiocarbon6agesk6our6prior6knowledge6constrains6the6possible6R;6

and6calibrated6agesc6Gor6instancek6the6”aw6of6Superposition6requires6that6lower6stratum6R6was6

laid6down6earlier6than6stratum6I6abovec6Thusk6even6though6the6sigmas6of6R;6ages6from6strata6R6

L6I6overlapk6the6”aw6of6Superimposition6requires6that6the6calibrated6age6of6stratum6R6must6

precede6the6calibrated6age6of6stratum6Ic6R6Iayesian6analysis6runs6through6all6the6possibilities6

that6meet6these6constraints6and6converges6on6the6most6likely6resultc66The6number6of6iterations6in6a6

Iayesian6analysis6can6run6into6the6millions6depending6on6the6number6of6samples6being6

comparedc6666

6

Gor6the6analyses6herek6we6ran6two6basic6models6of6several6offered6by6Oxcal 4.2)6Phase6and6

Sequencec6R6Phase6model6presupposes6that6we6know6the6R;6ages6are6related6in6time6but6we6

don’t6know6their6temporal6orderc6We6used6variations6of6the6Phase6model6to6define6the6cultural6

phenomena6;lovisk6Golsomk6"ebertk6etcc6R6Sequence6model6presupposes6that6we6know6the6order6

of6the6R;6agesc6?ere6we6don’t6know6the6order6of6the6ages6within6a6Phasek6but6we6know6the6order6

of6the6Phasesc6Thusk6we6can6instruct6OxCal 4.26to6consider6the6R;6ages6for6each6cultural6

phenomenon6as6a6Phase6and6to6order6the6Phases6in6a6Sequence6with6;lovis6at6the6early6end6

followed6by6Golsom6in6one6case6and6"ebertVVailk6Iull6Irookk6etcc6in6anotherc6

 

OxCal 4.26provides6several6[ndices6that6allow6one6to6evaluate6the6extent6and6quality6of6the6modelc6

Gor6our6purposesk6the6most6important6is6the6:0model0indexk6which6is6a6measure6of6the6overall6

quality6of6the6modelc6[f6:0model6drops6below6wNk6the6model6is6suspectc6T he6relative6quality6of6

models6can6be6assessed6by6comparing6the6:0model6indicesq6a6higher6index6indicates6a6better6modelc6

Some0Important0Considerations0

4 :veraging0is0not0needed0yor0usually0appropriate)0to0increase0precisionc6

4 Results0from0the0one0sigma0error0range0are0adequatec6Simulations6run6in6OxCal 4.26

demonstrate6that6we6can6have6high6confidence6in6using6the6results6from6R;6ages6with6

one6sigma6error6DIayliss6et6alc6&NN,bc6

4 It0is0not0necessary0to0automatically0exclude0outliersc6There6should6be6additional6

reasons6for6excluding6an6age6as6an6outlierk6because6we6would6expect6about6P6in6&N6R;6

ages6to6be6outlierc6

Which0:ge0Sets0:re0Included'0

6

Uc66WLS6&NN,)PP&.k6Table6P6data6set6used6to6estimate6of6the6range6of6the6;lovis6phase6

6

6c66R6v”iberalv6set6of6;lovis6ages6that6includes6sites6excluded6by6WLS6DRubreyk6Ilackwater6

"rawk6;actus6?illk66?iscockk6“anoradok6”ubbock6”akek6and6Sheridan6;avebk6as6well6as6recently6

published6ages6not6available6then6DIlackwater6"rawk6Sheridenbc6

6

,c6R6cull6of6ages6from6the6”iberal6set6west6of6the6'ississippi6to6run6a6sequence6trapezoid6model6

with6ages6from6Golsom6sites6listed6in6;ollard6et6al6D&NPNbc6

6

4c6R6cull6of6ages6from6the6”iberal6set6east6of6the6'ississippi6to6run6a6sequence6trapezoid6model6of6

;lovisMtoM"ebertMthroughM;ormier6based6on6phases6proposed6by6Iradley6et6alc6D&NNAbc6

6

cc6a6compilation6of6South6Rmerican6Gishtail6ages6culled6from6Gaught6D&NNAb6and6processed6using6

Sh;alPz66showing6close6contemporaneity6with6the6people6who6made6;lovis6points6in6North6

Rmerica6

66

7c6a6compilation6of6ages6from6Stemmed6Point6sites6west6of6the6Rocky6'ountains6from6"avis6and6

Schwegger6D&NN.bq6Gaught6D&NNAbk6Joebel6D&NN,bq6]enkins6D&NN,bq6and6Pitblado6D&NNb6showing6

contemporaneous6culture6groups6in6North6Rmerica6with6the6people6who6made6;lovis6pointsc6

6

Trapezium

!oundary

HOW0TO0INTERPRET0THE0TIMELINES0

6

These6timelines6were6developed6from6the6results6of6the6OxCal 4.3 analyses6producing6Trapezium6

and6Ioundary6models6as6indicated6for6each6linec66The6results6are6probabilities6so6that6each6corner6

on6the6trapezoid6or6rectangle6is6actually6a6wide6spread6of6agesc6Gor6examplek6the6start6of6the6start6

of6the6Kastern6;lovis6Phase6Trapezoid6'odel6falls6somewhere6between6PzNNA6DAb6and6P&P(Pw6

calIPk6and6the6end6of6the6start6falls6between6P&,A%6DBb6and6P&wwP6calIPc6The6span6of6the6start6

that6is6represented6by6the6slanted6line6to6the6left6is6somewhere6between6N6and6P&P6years6in6lengthc6

6

[n6the6Trapezium6sequence6model6the6nodes6represent6the6start6of6the6end6of6Kastern6;lovis6DCb6

and6they6are6coincident6with6the6start6of6the6start6of6the6rise6of6the6"ebertVVail6Phase6DEbc6

”ikewisek6the6end6of6the6end6of6the6Kastern6;lovis6Phase6DDb6is6coincident6with6the6end6of6the6

start6of6the6"ebertVVail6Phase6DFbc6The6start6of6the6decline6and6end6of6the6decline6of6the6

"ebertVVail6Phase6DG6and6Hb6coincides6with6the6start6of6the6start6and6end6of6the6start6of6the6Iull6

Irook6Phasek6and6so6onc66

[n6a6Ioundary6'odel6the6boundaries6are6areas6or6spans6of6probability6that6mark6the6earliest6and6

latest6ages6of6the6phaseDsbc6

6

The6program6also6produces6the6probable6span6of6a6phase6and6its6beginning6and6endingk6and6this6

information6is6included6in6the6timelinesc6
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6

Purpose0

0

?ow6long6did6;lovis6last6as6a6phaseO6[t6is6a6question6that6has6important6implications6for6understanding6

;lovis6expansionk6demographicsk6and6relationships6to6other6contemporaneousk6preM6and6postM;lovis6cultural6

phenomenac6Previous6analyses6of6the6question6have6focused6on6increasing6the6accuracy6and6precision6of6the6

large6pool6of6available6R;6ages6Decgck6Waters6and6Stafford6[WLS]6&NN,q6Gaught6&NNAb6and6have6inferred6the6

structure6and6length6of6the6;lovis6Phase6from6the6R;6agesc6[n6contrastk6we6propose6that6the6first6step6in6the6

analysis6is6to6model the archaeological phenomenon6and6then6evaluate6the6R;6ages6in6the6context6of6the6

modelc6The6model6of6the6archaeological6phenomenon6should6direct6how6the6R;6ages6are6treatedk6not6the6

other6way6aroundc6?erek6we6show6ways6to6evaluate6the6ages6in6more6disciplined6ways6using6Oxcal's6online6

Iayseian6statistical6package6for6calibrating6and6modeling6data6sets6into6phases6and6sequences6of6phasesc6

6

WhatGs0Wrong0with0Previous0Models'0

0

'odels6Dexplicit6or6implicitb6are6always6used6to6evaluate6a6set6of6related6R;6agesk6regardless6of6whether6R;6

ages6are6evaluated6as6a6set6of6independent6data6points6or6as6a6group6of6related6agesc6Gor6examplek6WLS6

bracketed6the6;lovis6Phase6by6using6the6latest6end6of6the6earliest6age6Dthe6”angeMGerguson6averageb6and6the6

earliest6end6of6the6latest6age6Dthe6]ake6Iluff6averageb6making6several6assumptions6about6the6imprecision6in6

R;6ages6and6the6growth6and6demise6of6the6;lovis6phenomenonc6[n6contrastk6Gaught6proposed6that6two6or6

more6ages6from6a6single6stratum6would6make6more6accurate6ages6and6that6averaging6would6increase6

precisionc666

6

Ioth6WLS6and6Gaught6D&NNAb6assume6that6the6R;6ages6that6define6the6;lovis6Phase6can6be6made6more6

precise6by6eliminating6ages6with6large6sigmask6averaging6ages6in6stratak6and6“bracketing”6the6phase6with6the6

earliest6and6latest6averaged6agesc6Ioth6WLS6and6Gaught6adopt6models6that6bracket6;lovis6as6a6unitary6

phenomenon6with6abrupt6beginning6and6end6pointsk6analogous6to6an6Oxcal6v!oundary0Modelvc6

6

Rn6alternativek6and6one6that6we6think6is6likelyk6posits6an6initialk6small6population6that6grows6through6time6

and6eventually6transitions6into6subsequent6cultures6in6different6regions6of6North6Rmerica6Decgck6Golsom6on6

the6Plains6and6"ebertVVail6in6the6Northeastbc6This6model6would6describe6the6;lovis6phenomenon6whether6it6

was6the6spread6of6an6initial6population6or6a6new6idea6through6an6existing6populationc6Under6either6scenariok6

the6number6of6people6or6number6of6converts6in6an6existing6population6was6initially6smallk6gradually6

increased6through6timek6and6then6declined6in6popularityc6This6alternative6is6known6as6a6vTrapezium0modelxv66

!ayesian0:nalysisH0:0!etter0Way0to0Model0 0

6

?erek6we6use6Iayesian6analysis6to6evaluate6different6models6of6the6;lovis6and6other6Paleoindian6

phenomenac6Rll6the6Iayesian6analyses6used6here6were6run6in6OxCal 4.26using6the6most6recent6[nt;alPz6

curve6data6DIronk6Ramsey6&NN(bc6This6curve6is6more6precise6than6the6previous6two6calibration6curves6

D[nt;alN.6and6[nt;alN(bc6We6analyzed6six6different6data6sets6including6WLS/s6samplesk6a6more6liberal6

sample6set6of6potential6;lovis6sitesk6examples6of6sequences6of6progeny6culture6groups6in6the6Plains6and6the6

Northeastk6a6data6set6of6Gishtail6fluted6point6sites6from6Southern6South6Rmericak6and6a6sample6of6Stemmed6

point6sites6from6the6Western6United6States6to6show6that6there6are6other6culture6groups6on6the6landscape6at6the6

same6timec6

6

How0Long0Did0Clovis0Last'
R6ReMassessment6of6the6;lovis6

and6
Other6Paleoindian6Occupations6

Using6Iayseian6Statistics6and6[nt;alPz

David0Thulman0and0Michael0Faught
Rrchaeological6Research6;ooperative
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