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1. Structure of the supplement 
This supplement contains the raw code, visual output, notes, and raw outputs for all 
Bayesian chronological models discussed in the Main Text. For an explanation of the 
rationale behind the model structures and the interpretation of these models, we 
refer the reader to the Main Text. 
 
Each section contains the following elements:  

- Model code  
o The CQL code for the Bayesian chronological model in OxCal v4.4.4 

(Bronk Ramsey 2021); 
- Notes 

o A discussion of dates and distributions with poor agreement indices or 
convergence. 

 
The raw output of the models and the Order() queries (if applied) as given by OxCal 
v4.4.4 have been uploaded as separate files. A visual summary of the model output 
is also available separately. The naming of these files refers to the corresponding 
model. E.g., Model_1_raw_output.csv is the raw output of Model 1. 
 
The visual summaries of the models feature the following lay-out. Grey distributions 
are posterior parameters and distributions and light grey distributions the calibrated 
dating ranges of radiocarbon dates prior to modelling; Solid circles are the means of 
posterior distributions and the transparent circles the means of calibrated dates prior 
to modelling. Solid diamonds are the calendrical date of simulated radiocarbon 
dates. Horizontal brackets show the two-sigma and three-sigma intervals of posterior 
distributions. Vertical brackets and OxCal verbs define the model structure. The 
agreement indices and convergence for all relevant distributions are also shown. 
 
An overview of all radiocarbon dates, formatted according to the recommendations 
by Bayliss (2015) has also been included as OM1_radiocarbon_dates.csv. The 
bibliography for this file is combined with the bibliography of this document. 
 
Throughout the Supplement, archaeological phenomena are referred to by the same 
abbreviations as those used in the Main Text. For convenience, a brief overview ot 
these abbreviations follows: Linearbandkeramik (LBK), Großgartach (GG), Rössen 
(RÖ), Blicquy/Villeneuve-Saint-Germain (BVSG), and Swifterbant (SWB). 
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2. Model 1 
This Bayesian chronological model was formulated as an initial test for the 
overarching chronology for the Rhineland, Hesbaye, and Limburg proposed by 
Blouet et al. (2021, Tab. 3) and incorporates radiocarbon dates from all these areas. 
 
Model code 
Plot() 
 { 
  Sequence("Chronozones") 
  { 
   Boundary("Start_RA") 
   { 
    Start("Start_Start_RA"); 
    Transition("Duration_Start_RA"); 
    End("End_Start_RA"); 
   }; 
   Phase("RA") 
   { 
    R_Date("GrA-27837",6170,45); 
    Combine("Geleen-Janskamperveld_house_35") 
    { 
     R_Date("OxA-15601",6210,38); 
     R_Date("GrA-27839",6110,45); 
    }; 
    R_Date("OxA-15542",6204,35); 
    R_Date("GrA-27836",6240,70); 
    Combine("Geleen-Janskamperveld_house_13") 
    { 
     R_Date("GrA-27842",6180,50); 
     R_Date("OxA-15600",6208,38); 
    }; 
    R_Date("GrA-27838",6260,50); 
    R_Date("BRAMS-1923",6142,33); 
    R_Date("BRAMS-2611",6154,31); 
    R_Date("UtC-13232",6312,35); 
    R_Date("UtC-13234",6250,39); 
    R_Date("UtC-13235",6229,33); 
    R_Date("GrA-53554",6340,50); 
    R_Date("GrA-52815",6150,35); 
    R_Date("GrA-32979",6240,35); 
    R_Date("Utc-7179",6230,70); 
   }; 
   Boundary("Transition_RA_RM") 
   { 
    Start("Start_transition_RA_RM"); 
    Transition("Duration_transition_RA_RM"); 
    End("End_transition_RA_RM"); 
   }; 
   Phase("RM") 
   { 
    R_Date("OxA-2899",6290,70); 
    Combine("Fexhe_pit_61") 
    { 
     R_Date("GrA-32977",6200,35); 
     R_Date("GrA-33013",6130,35); 
    }; 
    Combine("Fexhe_pit_89") 
    { 
     R_Date("GrA-33015",6150,35); 
     R_Date("GrA-33017",6190,35); 
    }; 
    R_Date("ECHO-2446.1.1",6150,80); 
    Combine("Remicourt_pit_141") 
    { 
     R_Date("OxA-21409",6139,37); 
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     R_Date("OxA-21356",6213,36); 
     R_Date("OxA-21355",6219,38); 
    }; 
    R_Date("OxA-6688",6205,45); 
   }; 
   Boundary("Transition_RM_RR") 
   { 
    Start("Start_transition_RM_RR"); 
    Transition("Duration_transition_RM_RR"); 
    End("End_transition_RM_RR"); 
   }; 
   Phase("RR") 
   { 
    R_Date("OxA-2896",6190,60); 
    R_Date("OxA-2897",6230,60); 
    R_Date("OxA-2898",6170,60); 
    R_Date("OxA-2900",6160,60); 
    R_Date("BRAMS-2602",6201,36); 
    R_Date("OxA-5881",6060,55); 
    R_Date("OxA-6690",6135,60); 
    R_Date("GrA-33019",6120,35); 
    R_Date("OxA-5878",6065,60); 
    R_Date("OxA-6692",6215,45); 
   }; 
   Boundary("Transition_RR_RF") 
   { 
    Start("Start_transition_RR_RF"); 
    Transition("Duration_transition_RR_RF"); 
    End("End_transition_RR_RF"); 
   }; 
   Phase("RF") 
   { 
    R_Date("OxA-5880",6070,60); 
    R_Date("OxA-6691",6105,45); 
    R_Date("OxA-6696",6110,45); 
    R_Date("OxA-6697",6105,40); 
    R_Date("OxA-6782",6205,60); 
    Combine("Liège_Place Saint Lambert_pit 2") 
    { 
     R_Date("Lv-1341",6250,80); 
     R_Date("Lv-1342",6270,100); 
    }; 
    R_Date("OxA-5876",6060,55); 
    R_Date("OxA-5877",6090,90); 
    R_Date("GrN-64062",6035,40); 
    R_Date("GrN-64059",6110,40); 
   }; 
   Boundary("Transition_RF_RT") 
   { 
    Start("Start_transition_RF_RT"); 
    Transition("Duration_transition_RF_RT"); 
    End("End_transition_RF_RT"); 
   }; 
   Phase("RT") 
   { 
    R_Date("KN-1367",6410,45); 
    R_Date("OxA-21410",6131,37); 
    R_Date("OxA-21411",6108,37); 
    Span("Duration_RT"); 
   }; 
   Boundary("End_RT") 
   { 
    Start("Start_End_RF"); 
    Transition("Duration_end_RF"); 
    End("End_end_RF"); 
   }; 
  }; 
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 }; 

 
Notes on Model 1 
As discussed in the Main Text, this model returns poor agreement indices (cf. Bronk 
Ramsey 1995; 2009a) for a relatively large number of radiocarbon dates. These 
dates are ordered by the chronozone to which they were attributed (cf. Blouet et al. 
2021, Tab. 3) below. 
 
Rubané ancien 
GrA-27839: 6110±45BP; A = 33.7%; 5205-4906 calBC (CI=95.4%). The calibrated 
range of this date is younger and broader than the modelled range. The date was 
performed on a charred seed found in a settlement feature at Geleen-
Janskamperveld (Van der Velde 2008). A potential intrusive date cannot be excluded. 
 
BRAMS-1923: 6142±33BP; A=52.6%; 5210-4995 calBC (CI=95.4%). This date too 
has a calibrated range which is significantly broader and younger than the modelled 
range. The date was performed on the combined C16 and C18 fraction of absorbed 
lipids in an LBK sherd from Geleen-Janskamperveld (Casanova et al. 2022). The 
sherd might be intrusive.  
 
UtC-13232: 6312±35BP; A=38%; 5360-5214 calBC (CI=95.4%). The calibrated 
range of this date is older than the modelled range. The sample was a seed from a 
settlement context at Niederkassel-Uckendorf (Heinen 2010). A residual date cannot 
be excluded. 
 
GrA-53554: 6340±50BP; A=31.1%; 5471-5212 calBC (CI=95.4%). The calibrated 
range of this date is also older than the modelled range. The date was performed on 
charred seeds from a post hole at Stein-Hedekampweg (Porreij-Lyklema and Van 
Wijk 2012). Potentially a residual date. 
 
Rubané moyen 
OxA-2899: 6290±70BP; A=45.5%; 5470-5048 calBC (CI=95.4%). The modelled 
range of this date falls in a time range which has a low probability density for the 
calibrated range. The date was performed on a charred cereal from a settlement 
feature at Langweiler 8 (Hedges et al. 1993). The combination of a relatively large 
error margin in the dataset and a relatively narrow modelled range may be the cause 
of the poor agreement index. 
 
Rubané récent 
OxA-5881: 6060±55BP; A=51.3%; 5208-4797 calBC (CI=95.4%). The modelled 
range of this date is old relative to the calibrated range. The date was performed on 
a hazelnut (or potentially a bulk sample of hazelnuts) from a settlement feature at 
Darion (Jadin and Cahen 2003). A residual date cannot be excluded. 
 
Rubané final 
OxA-5876: 6060±55BP; A=59.3%; 5208-4797 calBC (CI=95.4%). The modelled 
range of this date is old relative to the calibrated range. The date was performed on 
cereals (potentially a bulk sample) from a settlement feature at Oleye “Al Zepe” 
(Jadin and Cahen 2003). A residual date cannot be excluded. 
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GrN-64062: 6035±40BP; A=10.5%; 5041-4800 calBC (CI=95.4%). The modelled 
range of this date is old relative to the calibrated range. The date was performed on 
charred seeds from a settlement feature at Maastricht-Cannerberg (Van Wijk 2016). 
An intrusive date cannot be excluded. 
 
Rubané terminal 
KN-1367: 6410±45BP; A=0.0%; 5476-5308 calBC (CI=95.4%). The modelled range 
of this date is young relative to the calibrated range. The date was performed on a 
cereal from Lamersdorf-Inden (cf. Jadin and Cahen 2003). A residual date cannot be 
excluded. 
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3. Model 2 
This Bayesian chronological model was formulated to check the regional 
typochronology from Blouet et al. (2021) for Hesbaye with only those radiocarbon 
dates from the area and assemblages for which the typochronology was formulated. 
 
Model code 
Plot() 
 { 
  Sequence("Blouet chronology") 
  { 
   Boundary("Start Blouet 1") 
   { 
   }; 
   Phase("Blouet 1") 
   { 
    R_Date("GrA-32979",6240,35); 
   }; 
   Boundary("Transition Blouet 1/2") 
   { 
   }; 
   Phase("Blouet 2") 
   { 
    R_Date("ECHO-2446.1.1",6150,80); 
   }; 
   Boundary("Transition Blouet 2/3") 
   { 
   }; 
   Phase("Blouet 3") 
   { 
    Combine("Fexhe_pit_61") 
    { 
     R_Date("GrA-32977",6200,35); 
     R_Date("GrA-33013",6130,35); 
    }; 
    Combine("Fexhe_pit_89") 
    { 
     R_Date("GrA-33015",6150,35); 
     R_Date("GrA-33017",6190,35); 
    }; 
    Combine("Remicourt_pit_141") 
    { 
     R_Date("OxA-21409",6139,37); 
     R_Date("OxA-21356",6213,36); 
     R_Date("OxA-21355",6219,38); 
    }; 
    R_Date("OxA-6688",6205,45); 
    R_Date("GrA-33018",6210,35); 
    R_Date("GrA-33019",6120,35); 
   }; 
   Boundary("Tansition Blouet 3/4") 
   { 
   }; 
   Phase("Blouet 4") 
   { 
    R_Date("OxA-5878",6065,60); 
   }; 
   Boundary("Tansition Blouet 4/5") 
   { 
   }; 
   Phase("Blouet 5") 
   { 
    R_Date("OxA-5880",6070,60); 
    R_Date("OxA-5881",6060,55); 
    R_Date("OxA-6691",6105,45); 
    R_Date("OxA-5877",6090,90); 
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   }; 
   Boundary("Transition Blouet 5/6") 
   { 
   }; 
   Phase("Blouet 6") 
   { 
    R_Date("OxA-21410",6131,37); 
    R_Date("OxA-21412",6183,39); 
   }; 
   Boundary("End Blouet 6") 
   { 
   }; 
  }; 
 }; 

 
Notes about Model 2 
The number of dates per subphase of the typochronology porposed by Blouet et al. 
(2013) was too low for present purposes. Therefore, only the main phases of this 
typochronology (ME1-6) have been modelled here. 
 
One radiocarbon date is flagged for having poor agreement with the model by 
OxCal: 
 
OxA-21412: 6183±39; A=43.3%; 5287-5007 calBC (CI=95.4%). The peaks of the 
modelled probability distribution fall on valleys of the calibrated range pf the date, 
and tend towards the younger range of the calibrated range. The date was 
performed on a seed from a settlement feature at Remicourt (cf. Jadin and Cahen 
2003). A residual date cannot be excluded. 
 
 



9 
 

4. Model 3 
This Bayesian chronological model was formulated to check the regional 
typochronology for the Rhineland (Stehli 1989, cf. Hedges et al. 1993) with only 
those radiocarbon dates from the area and assemblages for which the 
typochronology was formulated. 
 
Model code 
Plot() 
 { 
  Sequence("Rhineland chronology") 
  { 
   Boundary("Start Stehli XI"); 
   Phase("Stehli XI") 
   { 
    R_Date("OxA-2899",6290,70); 
   }; 
   Span("Duration Stehli XI"); 
   Boundary("Stehli XI-XII"); 
   Phase("Stehli XII") 
   { 
    R_Date("OxA-2897",6230,60); 
    R_Date("OxA-2898",6170,60); 
    Span("Duration Stehli XII"); 
   }; 
   Boundary("Stehli XII-XIII"); 
   Phase("Stehli XIII") 
   { 
    R_Date("OxA-2900",6160,60); 
    R_Date("OxA-2896",6190,60); 
    Span("Duration Stehli XIII"); 
   }; 
   Boundary("End Stehli XIII"); 
  }; 
 }; 
 

Notes about Model 3 
The model contains a relatively small number of dates from HG XI-XIII. The 
coverage of the typochronology is therefore limited. 
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5. Model 4 
This Bayesian chronological model was formulated to check the regional 
typochronology for Limburg from Modderman (1970) with only those radiocarbon 
dates from the area and assemblages for which the typochronology was formulated. 
 
Model code 
Plot() 
 { 
  Sequence() 
  { 
   Boundary("Start Modderman 1a"); 
   Phase("Modderman 1a") 
   { 
    R_Date("GrA-27837",6170,45); 
    R_Date("OxA-15601",6210,38); 
    R_Date("GrA-27839",6110,45); 
   }; 
   Boundary("Modderman 1a-1b"); 
   Phase("Modderman 1b") 
   { 
    R_Date("OxA-15542",6204,35); 
    R_Date("GrA-27836",6240,70); 
    R_Date("BRAMS-2611",6154,31); 
   }; 
   Boundary("Modderman 1b-1c"); 
   Phase("Modderman 1c") 
   { 
    R_Date("GrA-27838",6260,50); 
    Combine("Geleen-Janskamperveld house 13") 
    { 
     R_Date("GrA-27842",6180,50); 
     R_Date("OxA-15600",6208,38); 
    }; 
    R_Date("GrA-52815",6150,35); 
   }; 
   Boundary("Modderman 1c-2b"); 
   Phase("Modderman 2b") 
   { 
    R_Date("BRAMS-2602",6201,36); 
   }; 
   Boundary("Modderman 2b-2d"); 
   Phase("Modderman 2d") 
   { 
    R_Date("GrN-64062",6035,40); 
    R_Date("GrN-64059",6110,40); 
   }; 
   Boundary("End Modderman 2d"); 
  }; 
 }; 

 
Notes about Model 4 
Unfortunately, no radiocarbon dates for phases Id, IIa, IIc, and IIIa in the 
typochronology from Modderman (1970) could be found. Coverage is therefore 
limited. 
 
One radiocarbon date is flagged as having a poor agreement index (cf. Bronk 
Ramsey 1995; 2009a) by OxCal:  
 
GrA-27838: 5331±45BP; A = 55.3%; 5331-5052 calBC (CI=95.4%); attributed to 
Modderman Ic. The calibrated range of this date is old relative to the modelled age. 
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The date was performed on a charred seed found in a settlement feature at Geleen-
Janskamperveld (Van der Velde 2008). A potential residual date cannot be excluded. 
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6. Model 5 
This Bayesian chronological model incorporates simulated dates to determine 
whether the model structure or shape of the IntCal20 calibration curve gives rise to 
the issues observed in Model 1. 
 
Model code 
Plot() 
 { 
  Sequence("Chronozones") 
  { 
   Boundary("Start_RA") 
   { 
    Start("Start_Start_RA"); 
    Transition("Duration_Start_RA"); 
    End("End_Start_RA"); 
   }; 
   Phase("RA") 
   { 
    R_Simulate("RA-0",-5151,43); 
    R_Simulate("RA-1",-5150,43); 
    R_Simulate("RA-2",-5252,43); 
    R_Simulate("RA-3",-5273,43); 
    R_Simulate("RA-4",-5196,43); 
    R_Simulate("RA-5",-5224,43); 
    R_Simulate("RA-6",-5261,43); 
    R_Simulate("RA-7",-5293,43); 
    R_Simulate("RA-8",-5280,43); 
    R_Simulate("RA-9",-5278,43); 
    R_Simulate("RA-10",-5146,43); 
    R_Simulate("RA-11",-5182,43); 
    R_Simulate("RA-12",-5299,43); 
    R_Simulate("RA-13",-5264,43); 
    R_Simulate("RA-14",-5144,43); 
    R_Simulate("RA-15",-5298,43); 
    R_Simulate("RA-16",-5188,43); 
    R_Simulate("RA-17",-5227,43); 
   }; 
   Boundary("Transition_RA_RM") 
   { 
    Start("Start_transition_RA_RM"); 
    Transition("Duration_transition_RA_RM"); 
    End("End_transition_RA_RM"); 
   }; 
   Phase("RM") 
   { 
    R_Simulate("RM-0",-5124,45); 
    R_Simulate("RM-1",-5107,45); 
    R_Simulate("RM-2",-5121,45); 
    R_Simulate("RM-3",-5136,45); 
    R_Simulate("RM-4",-5101,45); 
    R_Simulate("RM-5",-5091,45); 
    R_Simulate("RM-6",-5084,45); 
    R_Simulate("RM-7",-5140,45); 
    R_Simulate("RM-8",-5091,45); 
    R_Simulate("RM-9",-5113,45); 
   }; 
   Boundary("Transition_RM_RR") 
   { 
    Start("Start_transition_RM_RR"); 
    Transition("Duration_transition_RM_RR"); 
    End("End_transition_RM_RR"); 
   }; 
   Phase("RR") 
   { 
    R_Simulate("RR-0",-5023,53); 
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    R_Simulate("RR-1",-5021,53); 
    R_Simulate("RR-2",-5020,53); 
    R_Simulate("RR-3",-5000,53); 
    R_Simulate("RR-4",-5013,53); 
    R_Simulate("RR-5",-5065,53); 
    R_Simulate("RR-6",-5036,53); 
    R_Simulate("RR-7",-5024,53); 
    R_Simulate("RR-8",-5002,53); 
    R_Simulate("RR-9",-5045,53); 
    R_Simulate("RR-10",-5042,53); 
    R_Simulate("RR-11",-5013,53); 
   }; 
   Boundary("Transition_RR_RF") 
   { 
    Start("Start_transition_RR_RF"); 
    Transition("Duration_transition_RR_RF"); 
    End("End_transition_RR_RF"); 
   }; 
   Phase("RF") 
   { 
    R_Simulate("RF-0",-5000,60); 
    R_Simulate("RF-1",-4993,60); 
    R_Simulate("RF-2",-4982,60); 
    R_Simulate("RF-3",-4950,60); 
    R_Simulate("RF-4",-4961,60); 
    R_Simulate("RF-5",-4953,60); 
    R_Simulate("RF-6",-4998,60); 
    R_Simulate("RF-7",-4975,60); 
    R_Simulate("RF-8",-4965,60); 
    R_Simulate("RF-9",-4971,60); 
    R_Simulate("RF-10",-4992,60); 
   }; 
   Boundary("Transition_RF_RT") 
   { 
    Start("Start_transition_RF_RT"); 
    Transition("Duration_transition_RF_RT"); 
    End("End_transition_RF_RT"); 
   }; 
   Phase("RT") 
   { 
    R_Simulate("RT-0",-4875,40); 
    R_Simulate("RT-1",-4928,40); 
    R_Simulate("RT-2",-4941,40); 
   }; 
   Boundary("End_RT") 
   { 
    Start("Start_End_RF"); 
    Transition("Duration_end_RF"); 
    End("End_end_RF"); 
   }; 
  }; 
 }; 

 
Notes about Model 5 
This model is a simulation in which the dates are random calendrical dates within the 
time periods proposed for the chronozones from Blouet et al. (2021; calculated on 
the basis of Meunier 2013; Balkowski 2024a, Fig. 25). 
 
The script for generating the random calendrical dates was written in Python v3.12.4 
and is as follows: 
 
import  csv  
f rom random import  rand int  
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phase_l is t  = [  
    [ 'RA ' ,  -5300,  -5140,  43,  18] ,  
    [ 'RM' ,  -5140 ,  -5080,  45,  10] ,  
    [ 'RR',  -5080,  -5000,  53,  12] ,  
    [ 'RF ' ,  -5000,  -4950,  60,  11] ,  
    [ 'RT' ,  -4950,  -4850,  40,  3 ] ,  
    ]  
 
s imulated_dates = [  
    [ 'Lab_ID ' ,  'BC' ,  '1s ' ]  
    ]  
 
for  phase in  phase_l is t :  
    for  i  in  range(0,  phase[ -1] ) :  
        year  = randint (phase[1] ,  phase[2] )  
        s imulated_dates.append(  
            [ f ' {phase[0] } - { i } ' ,  year,  phase[3] ]  
            )  
 
for  date in  s imulated_dates:  
    pr in t (date)  
 
f i lename =  's imulated_dates_again.csv '  
with open( f i lename, 'a+ ' ,  newl ine = ' ' )  as  ef :  
    wr i ter  =  csv.wr i ter(e f ,  de l imi te r  = ' ; ' )  
    for  da te in  s imulated_dates:  
        wr i te r.wr i terow(date)  

 
 
The model performs well (C > 95%; Amodel=67.5%; Aoverall=70%) despite some 

simulated dates featuring poor agreement indices. Specifically: RA-4 (A=47.7%), RA-

16 (A=52.2%), RR-5 (A=51.8%), RF-0 (A=39.3%), RF-2 (A=46.3%), RF-4 

(A=36.2%), RF-9 (A=59.8%). The relatively high number of simulated dates with low 

agreement for the Rubané final is likely due to the fact that the average error 

margins of the radiocarbon dates attributed to this period is larger than the proposed 

duration of said period (see script above). However, this average error margin is also 

high compared to that found in recent AMS dates in the dataset. 
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7. Model 6 
This Bayesian chronological model grants interpretative priority to the overarching 
typochronology from Blouet et al. (2021, Tab. 3) in formulating an absolute 
chronology for the LBK period in the Rhineland, Hesbaye, and Limburg. 
 
Model code 
Plot() 
 { 
  Sequence("Chronozones impose sequence") 
  { 
   Outlier_Model("General", T(5), U(0,4), "t"); 
   Boundary("Start_RA") 
   { 
    Start("Start_Start_RA"); 
    Transition("Duration_Start_RA"); 
    End("End_Start_RA"); 
   }; 
   Phase("RA") 
   { 
    //Assume this date is erroneous 
    //R_Date("GrA-27839",6110,45); 
    R_Date("BRAMS-1923",6142,33); 
    R_Date("BRAMS-2611",6154,31); 
    R_Date("GrA-52815",6150,35); 
    R_Date("GrA-27837",6170,45); 
    R_Date("OxA-15601",6210,38); 
    R_Date("OxA-15542",6204,35); 
    R_Date("GrA-27836",6240,70); 
    Combine("Geleen-Janskamperveld_house_13") 
    { 
     R_Date("GrA-27842",6180,50); 
     R_Date("OxA-15600",6208,38); 
    }; 
    R_Date("GrA-27838",6260,50); 
    //Assume this is too old 
    R_Date("UtC-13232",6312,35) 
    { 
     Outlier("General", 1); 
    }; 
    R_Date("UtC-13234",6250,39); 
    R_Date("UtC-13235",6229,33); 
    //Assume erroneous date 
    //R_Date("GrA-53554",6340,50); 
    R_Date("GrA-32979",6240,35); 
    R_Date("Utc-7179",6230,70); 
    Span("Duration_RA"); 
   }; 
   Boundary("Transition_RA_RM") 
   { 
    Start("Start_RA_RM_transition"); 
    Transition("Duration_RA_RM_transition"); 
    End("End_RA_RM_transition"); 
   }; 
   Phase("RM") 
   { 
    After("assume residual grain?") 
    { 
     R_Date("OxA-2899",6290,70); 
    }; 
    Combine("Fexhe_pit_61") 
    { 
     R_Date("GrA-32977",6200,35); 
     R_Date("GrA-33013",6130,35); 
    }; 
    Combine("Fexhe_pit_89") 
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    { 
     R_Date("GrA-33015",6150,35); 
     R_Date("GrA-33017",6190,35); 
    }; 
    R_Date("ECHO-2446.1.1",6150,80); 
    Combine("Remicourt_pit_141") 
    { 
     R_Date("OxA-21409",6139,37); 
     R_Date("OxA-21356",6213,36); 
     R_Date("OxA-21355",6219,38); 
    }; 
    R_Date("OxA-6688",6205,45); 
    Span("Duration_RM"); 
   }; 
   Boundary("Transition_RM_RR") 
   { 
    Start("Start_RM_RR_transition"); 
    Transition("Duration_RM_RR_transition"); 
    End("End_RM_RR_transition"); 
   }; 
   Phase("RR") 
   { 
    Before("Assume intrusive cereal?") 
    { 
     R_Date("OxA-5881",6060,55); 
     R_Date("OxA-5878",6065,60); 
    }; 
    R_Date("OxA-2896",6190,60); 
    R_Date("OxA-2897",6230,60); 
    R_Date("OxA-2898",6170,60); 
    R_Date("OxA-2900",6160,60); 
    R_Date("BRAMS-2602",6201,36); 
    R_Date("OxA-6690",6135,60); 
    R_Date("GrA-33019",6120,35); 
    R_Date("OxA-6692",6215,45); 
    Span("Duration_RR"); 
   }; 
   Boundary("Transition_RR_RF") 
   { 
    Start("Start_RR_RF_transition"); 
    Transition("Duration_RR_RF_transition"); 
    End("End_RR_RF_transition"); 
   }; 
   Phase("RF") 
   { 
    After("Assume pit is buggered") 
    { 
     Combine("Liège_Place Saint Lambert_pit 2") 
     { 
      R_Date("Lv-1341",6250,80); 
      R_Date("Lv-1342",6270,100); 
     }; 
    }; 
    R_Date("OxA-5880",6070,60); 
    R_Date("OxA-6691",6105,45); 
    R_Date("OxA-6696",6110,45); 
    R_Date("OxA-6697",6105,40); 
    R_Date("OxA-6782",6205,60); 
    R_Date("OxA-5877",6090,90); 
    Before("Assume intrusive cereal") 
    { 
     R_Date("OxA-5876",6060,55); 
     R_Date("GrN-64059",6110,40); 
     R_Date("GrN-64062",6035,40); 
    }; 
    Span("Duration_RF"); 
   }; 
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   Boundary("Transition_RF_RT") 
   { 
    Start("Start_RF_RT_transition"); 
    Transition("Duration_RF_RT_transition"); 
    End("End_RF_RT_transition"); 
   }; 
   Phase("RT") 
   { 
    After("Assume intrusive grain") 
    { 
     R_Date("KN-1367",6410,45); 
    }; 
    R_Date("OxA-21410",6131,37); 
    R_Date("OxA-21411",6108,37); 
    Span("Duration_RT"); 
   }; 
   Boundary("End_RT") 
   { 
    Start("Start_End_RT"); 
    Transition("Duration_End_RT"); 
    End("End_End_RT"); 
   }; 
   //Delete if problems with convergence persist 
   Span(“Duration_LBK”) 
  }; 
 }; 

 
Notes about Model 6 
OxCal returns suboptimal convergences (cf. Bayliss et al. 2011) for the start 
boundary of the Rubané ancien (89.4%), the start of this start boundary (91%), the 
end of this start boundary (93.1%), the duration of the Rubané récent (94.5%), the 
duration of the Rubané final (94.5%), the end boundary of the Rubané final (94%), 
the start of this end boundary (94.2%), end of this end boundary (93.4%), and finally 
the span of the LBK sequence (88.2%).  
 
The low convergences reported above are likely due to the Span() queries in Model 
6. Other compounding factors are the complexity of the model, the multimodal 
posterior distributions of the boundaries for the Rubané ancien and final. A version of 
Model 6 without these queries returns good convergence rates and marginal 
differences in estimated boundaries, so the estimates reported here are likely robust. 
Regardless, further work is needed arrive at more precise estimates for these 
boundaries. 
 
As stated in the Main Text, a number of radiocarbon dates was included with a 
general outlier model (Bronk Ramsey 2009b), included with the Before() or After() 
commands (Bronk Ramsey 2009a), or rejected altogether to maximise the 
agreement indices of Model 6 over multiple iterations. This applies to the following 
dates (listed by chronozone). 
 
Rubané ancien 
Two radiocarbon dates had to be rejected: 

- GrA-27839 6110±45BP was performed on a charred seed in the infill of a 
settlement feature at Geleen-Janskamperveld (Van der Velde 2008). 

- GrA-53554 6340±50BP was performed on a charred seed in a post hole at the 
settlement Stein-Heidekampweg (Porreij-Lyklema and Van Wijk 2012). 

 



18 
 

UtC-13232 6312±35BP, 5360-5214 calBC (CI=95.4%) could be included with the 
general outlier model from Bronk Ramsey (2009b). This date was performed on a 
seed in a settlement feature at Niederkassel-Uckendorf (Heinen 2010). 
 
UtC-13234 6250±39BP, 5312-5066 calBC (CI=95.4%) was flagged as having poor 
agreement (A= 59.7%). The date was performed on a seed from a settlement feature 
at Niederkassel-Uckendorf (Heinen 2010). The modelled range of the date is young 
compared to the unmodelled, calibrated range, likely as the model converges on the 
51st century BC for the duration of the Rubané ancien. 
 
Rubané moyen 
OxA-2899: 6290±70BP, 5470-5048 calBC (CI=95.4%) was performed on grain from 
a settlement feature at Langweiler 8 (Hedges et al. 1993) and has been included as 
a terminus post quem. 
 
Rubané récent 
Two radiocarbon dates have been included as a terminus ante quem. 

- OxA-5881: 6060±55BP, 5208-4797 calBC (CI=95.4%) a potential bulk sample 
of hazelnut shells from a settlement feature at Darion (Jadin and Cahen 
2003). 

- OxA-5878: 6065±60BP, 5208-4799 calBC (CI=95.4%) a potential bulk sample 
of grain from Oleye “Al Zèpe” (Jadin and Cahen 2003). 
 

Rubané final 
The outcomes of a Combine() on two dates on bone from an unknown species from 
the same settlement feature at Liège Place Saint-Lambert (Jadin and Cahen 2003) 
have been incorporated as a terminus post quem. The radiocarbon dates are: 

- Lv-1341: 6250±80BP, 5462-4997 calBC (CI=95.4%); 
- Lv-1342: 6270±100BP, 5473-4996 calBC (CI=95.4%). 

 
The following dates are treated as a terminus ante quem. 

- OxA-5876, 6060±55BP 5208-4797 calBC (CI=95.4%), performed on 
(potentially bulked) grain, from a settlement feature at Oleye “al Zèpe” (Jadin 
and Cahen 2003).  

- Two dates on charred seeds from Maastricht-Cannerberg (Van Wijk 2016). 
GrN-64059, 6110±40BP; 5210-4935 calBC (CI=95.4%); GrN-64062, 
6035±40BP; 5041-4800 calBC (CI=95.4%). 

 
Rubané terminal 
KN-1367: 6410±45BP, 5476-5308 calBC (CI=95.4%), performed on a seed from a 
settlement feature at Lamersdorf-Inden (Jadin and Cahen 2003) is treated as a 
terminus post quem. 
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8. Model 7 
This Bayesian chronological model grants interpretative priority to the radiocarbon 
dates in formulating an absolute chronology for the LBK period in the Rhineland, 
Hesbaye, and Limburg. 
 
Model code 
Plot() 
 { 
  Outlier_Model("General", T(5), U(0,4), "t"); 
  Sequence("Rubané ancien") 
  { 
   Boundary("Start_RA") 
   { 
    Start("Start_Start_RA"); 
    Transition("Transition_Start_RA"); 
    End("End_Start_RA"); 
   }; 
   Phase() 
   { 
    KDE_Plot("RA") 
    { 
    }; 
    Sum() 
    { 
    }; 
    R_Date("GrA-27839",6110,45) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-27837",6170,45) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-15601",6210,38) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-15542",6204,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-27836",6240,70) 
    { 
     Outlier("General", 0.05); 
    }; 
    Combine("Geleen-Janskamperveld_house_13") 
    { 
     R_Date("GrA-27842",6180,50) 
    { 
     Outlier("General", 0.05); 
    }; 
     R_Date("OxA-15600",6208,38) 
    { 
     Outlier("General", 0.05); 
    }; 
    }; 
    R_Date("GrA-27838",6260,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("BRAMS-1923",6142,33) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("BRAMS-2611",6154,31) 
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    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("UtC-13232",6312,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("UtC-13234",6250,39) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("UtC-13235",6229,33) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-53554",6340,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-52815",6150,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-32979",6240,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("Utc-7179",6230,70) 
    { 
     Outlier("General", 0.05); 
    }; 
   }; 
   Boundary("End_RA") 
   { 
    Start("Start_End_RA"); 
    Transition("Transition_End_RA"); 
    End("End_End_RA"); 
   }; 
  }; 
  Sequence("Rubané moyen") 
  { 
   Boundary("Start_RM") 
   { 
    Start("Start_Start_RM"); 
    Transition("Transition_Start_RM"); 
    End("End_Start_RM"); 
   }; 
   Phase() 
   { 
    KDE_Plot("RM") 
    { 
    }; 
    Sum() 
    { 
    }; 
    R_Date("OxA-2899",6290,70) 
    { 
     Outlier("General", 0.05); 
    }; 
    Combine("Fexhe_pit_61") 
    { 
     R_Date("GrA-32977",6200,35) 
    { 
     Outlier("General", 0.05); 
    }; 
     R_Date("GrA-33013",6130,35) 
    { 
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     Outlier("General", 0.05); 
    }; 
    }; 
    Combine("Fexhe_pit_89") 
    { 
     R_Date("GrA-33015",6150,35) 
    { 
     Outlier("General", 0.05); 
    }; 
     R_Date("GrA-33017",6190,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    }; 
    R_Date("ECHO-2446.1.1",6150,80) 
    { 
     Outlier("General", 0.05); 
    }; 
    Combine("Remicourt_pit_141") 
    { 
     R_Date("OxA-21409",6139,37) 
    { 
     Outlier("General", 0.05); 
    }; 
     R_Date("OxA-21356",6213,36) 
    { 
     Outlier("General", 0.05); 
    }; 
     R_Date("OxA-21355",6219,38) 
    { 
     Outlier("General", 0.05); 
    }; 
    }; 
    R_Date("OxA-6688",6205,45) 
    { 
     Outlier("General", 0.05); 
    }; 
   }; 
   Boundary("End_RM") 
   { 
    Start("Start_End_RM"); 
    Transition("Transition_End_RM"); 
    End("End_End_RM"); 
   }; 
  }; 
  Sequence("Rubané récent") 
  { 
   Boundary("Start_RR") 
   { 
    Start("Start_Start_RR"); 
    Transition("Transition_Start_RR"); 
    End("End_Start_RR"); 
   }; 
   Phase() 
   { 
    KDE_Plot("RR") 
    { 
    }; 
    Sum() 
    { 
    }; 
    R_Date("OxA-2896",6190,60) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-2897",6230,60) 
    { 
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     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-2898",6170,60) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-2900",6160,60) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("BRAMS-2602",6201,36) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-5881",6060,55) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-6690",6135,60) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-33019",6120,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-5878",6065,60) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-6692",6215,45) 
    { 
     Outlier("General", 0.05); 
    }; 
   }; 
   Boundary("End_RR") 
   { 
    Start("Start_End_RR"); 
    Transition("Transition_End_RR"); 
    End("End_End_RR"); 
   }; 
  }; 
  Sequence("Rubané final") 
  { 
   Boundary("Start_RF") 
   { 
    Start("Start_Start_RF"); 
    Transition("Transition_Start_RF"); 
    End("End_Start_RF"); 
   }; 
   Phase() 
   { 
    KDE_Plot("RF") 
    { 
    }; 
    Sum() 
    { 
    }; 
    R_Date("GrN-64062",6035,40) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrN-64059",6110,40) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-5880",6070,60) 
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    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-6691",6105,45) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-6696",6110,45) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-6697",6105,40) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-6782",6205,60) 
    { 
     Outlier("General", 0.05); 
    }; 
    Combine("Liège_Place Saint Lambert_pit 2") 
    { 
     R_Date("Lv-1341",6250,80) 
    { 
     Outlier("General", 0.05); 
    }; 
     R_Date("Lv-1342",6270,100) 
    { 
     Outlier("General", 0.05); 
    }; 
    }; 
    R_Date("OxA-5876",6060,55) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-5877",6090,90) 
    { 
     Outlier("General", 0.05); 
    }; 
   }; 
   Boundary("End_RF") 
   { 
    Start("Start_End_RF"); 
    Transition("Transition_End_RF"); 
    End("End_End_RF"); 
   }; 
  }; 
  Sequence("Rubané terminal") 
  { 
   Boundary("Start_RT") 
   { 
    Start("Start_Start_RT"); 
    Transition("Transition_Start_RT"); 
    End("End_Start_RT"); 
   }; 
   Phase() 
   { 
    KDE_Plot("RT") 
    { 
    }; 
    Sum() 
    { 
    }; 
    R_Date("KN-1367",6410,45) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-21410",6131,37) 
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    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-21411",6108,37) 
    { 
     Outlier("General", 0.05); 
    }; 
   }; 
   Boundary("End_RT") 
   { 
    Start("Start_End_RT"); 
    Transition("Transition_End_RT"); 
    End("End_End_RT"); 
   }; 
  }; 
  Order("Phase order") 
  { 
   Date("=Start_RA"); 
   Date("=End_RA"); 
   Date("=Start_RM"); 
   Date("=End_RM"); 
   Date("=Start_RR"); 
   Date("=End_RR"); 
   Date("=Start_RF"); 
   Date("=End_RF"); 
   Date("=Start_RT"); 
   Date("=End_RT"); 
  }; 
 }; 

 
Notes about Model 7 
Initial versions of Model 7 returned poor convergence for some boundaries, likely 
due to combination of a complex model structure and sparse radiocarbon dates for 
some phases. To compensate for this issue, the general outlier model from Bronk 
Ramsey (2009b) was applied to all dates with initial odds of 0.05. These odds were 
incremented as necessary over multiple iterations of the model. 
 
OxCal flags one radiocarbon date as an outlier: OxA-5881 (6060±55BP, A=59.9%, 
5208-4797 calBC (CI=95.4%)). This date is attributed to the Rubané récent and its 
calibrated range is young relative to its modelled range. This date was performed on 
charred hazelnut shells (potentially a bulk sample) from a settlement feature at 
Darion (Jadin and Cahen 2003). This may be an intrusive sample. 
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9. Model 8 
This Bayesian chronological model was formulated to investigate settlement 
dynamics during the LBK and post-LBK period in the Rhineland. 
 
Model code 
Plot() 
 { 
  Outlier_Model("General", T(5), U(0,4), "t"); 
  Sequence("Rhineland LBK") 
  { 
   Boundary("Start_LBK") 
   { 
    Start("Start_Start_LBK"); 
    Transition("Transition_Start_LBK"); 
    End("End_Start_LBK"); 
   }; 
   Phase("Lamersdorf-Inden") 
   { 
    R_Date("KN-1367",6410,45) 
    { 
     Outlier("General", 1); 
    }; 
   }; 
   Phase("Langweiler 9") 
   { 
    R_Date("OxA-2901",6250,60); 
   }; 
   Sequence("Langweiler 2_Early") 
   { 
    R_Date("OxA-2897",6230,60); 
   }; 
   Phase("Langweiler 8_houses") 
   { 
    R_Date("OxA-2899",6290,70); 
   }; 
   Sequence("Niederkassel-Uckendorf") 
   { 
    Phase("Earliest_phase") 
    { 
     R_Date("UtC-13232",6312,35) 
     { 
      Outlier("General", 0.05); 
     }; 
    }; 
    Phase("Main phase") 
    { 
     R_Date("UtC-13234",6250,39); 
     R_Date("UtC-13235",6229,33); 
    }; 
   }; 
   Phase(Frimmersdorf 122) 
   { 
    R_Date("UtC-7179",6230,70); 
   }; 
   Phase("Königshoven") 
   { 
    After("Residual sherd") 
    { 
     R_Date("BRAMS-2029",6276,24); 
    }; 
    R_Date("BRAMS-2026",6123,27); 
   }; 
   Phase("Müddersheim") 
   { 
    R_Date("MAMS-37745",6195,24); 
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   }; 
   Phase("Younger LBK?") 
   { 
    R_Date("MAMS-37747",6077,25); 
    R_Date("OxA-2900",6160,60); 
    R_Date("OxA-2898",6170,60); 
    R_Date("OxA-2896",6190,60); 
   }; 
   Span("Duration_Rhineland_LBK"); 
   Boundary("End_LBK") 
   { 
    Start("Start_End_LBK"); 
    Transition("Transition_End_LBK"); 
    End("End_End_LBK"); 
   }; 
  }; 
  Sequence(Rhineland post-LBK) 
  { 
   Boundary("Start_post-LBK") 
   { 
    Start("Start_Start_post-LBK"); 
    Transition("Transition_Start_post-LBK"); 
    End("End_Start_post-LBK"); 
   }; 
   Phase() 
   { 
    R_Date("MAMS-37743",5461,27); 
    R_Date("MAMS-37744",5527,24); 
   }; 
   Span("Duration_Rhineland_post-LBK"); 
   Boundary("End_post-LBK") 
   { 
    Start("Start_End_post-LBK"); 
    Transition("Transition_End_post-LBK"); 
    End("End_End_post-LBK"); 
   }; 
  }; 
  Order() 
  { 
   Date("=Start_LBK"); 
   Date("=End_LBK"); 
   Date("=Start_post-LBK"); 
   Date("=End_post-LBK"); 
  }; 
  Difference("Overlap_LBK_post-LBK", "End_End_LBK", "Start_Start_post-LBK"); 
 }; 
 

Notes about Model 8 
OxCal returns poor convergence (cf. Bayliss et al. 2011) for the start boundary 
(C=7%), dates, and end boundary (C=12.6%) of the post-LBK groups in Model 8. 
This is likely due to the combination of sparse radiocarbon dates and multimodal 
posterior distributions. This part of Model 8 should be ignored until further 
radiocarbon dates become available and the model can be reworked.  
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10. Model 9 
This Bayesian chronological model was formulated to investigate settlement 
dynamics during the LBK and post-LBK period in Limburg. 
 
Model code 
Plot() 
 { 
  Options() 
  { 
   ConvergenceData = TRUE; 
  }; 
  Outlier_Model("General", T(5), U(0,4), "t"); 
  Outlier_Model("Cremation", Exp(0.9,-10,-0.1), U(1,3),"t"); 
  Sequence("Limburg_LBK") 
  { 
   Boundary("Start_LBK") 
   { 
    Start("Start_Start_LBK"); 
    Transition("Transition_Start_LBK"); 
    End("End_Start_LBK"); 
   }; 
   Phase("Elsloo-Koolweg_cemetery") 
   { 
    After("Charcoal from cremation burial") 
    { 
     R_Date("GrN-5733",6330,75); 
    }; 
    R_Date("GrM-25653",6215,30) 
    { 
     Outlier("Cremation", 1); 
    }; 
    R_Date("GrM-25657",6185,30) 
    { 
     Outlier("Cremation", 1); 
    }; 
    R_Date("GrM-25654",6210,30) 
    { 
     Outlier("Cremation", 1); 
    }; 
    R_Date("GrM-25652",6197,29) 
    { 
     Outlier("Cremation", 1); 
    }; 
   }; 
   Phase("Geleen-Janskamperveld") 
   { 
    R_Date("GrA-27837",6170,45) 
    { 
     Outlier("General", 0.05); 
    }; 
    Combine("feature 32100") 
    { 
     R_Date("OxA-15601",6210,38); 
     R_Date("GrA-27839",6110,45); 
    }; 
    R_Date("OxA-15542",6204,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-27836",6240,70) 
    { 
     Outlier("General", 0.05); 
    }; 
    Combine("feature 31075") 
    { 
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     R_Date("GrA-27842",6180,50) 
     { 
      Outlier("General", 0.05); 
     }; 
     R_Date("OxA-15600",6208,38) 
     { 
      Outlier("General", 0.05); 
     }; 
    }; 
    R_Date("GrA-27838",6260,50) 
    { 
     Outlier("General", 1); 
    }; 
    R_Date("BRAMS-1923",6142,33) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("BRAMS-2611",6154,31) 
    { 
     Outlier("General", 0.05); 
    }; 
   }; 
   Phase("Maastricht-Klinkers") 
   { 
    R_Date("BRAMS-2602",6201,36); 
   }; 
   Phase("Stein-Heidekampweg") 
   { 
    After(Grain in post hole) 
    { 
     R_Date("GrA-53554",6430,50); 
    }; 
    R_Date("GrA-52815",6150,35); 
   }; 
   Phase("Maastricht-Cannerberg") 
   { 
    Before("Intrusive grain?") 
    { 
     R_Date("GrN-64062",6035,40); 
    }; 
    R_Date("GrN-64059",6110,40); 
   }; 
   Span(Dutation_Limburg_LBK); 
   Boundary("End_LBK") 
   { 
    Start("Start_End_LBK"); 
    Transition("Transition_End_LBK"); 
    End("End_End_LBK"); 
   }; 
  }; 
  Sequence("Dutch Post-LBK") 
  { 
   Boundary("Start_SW") 
   { 
    Start("Start_Start_SW"); 
    Transition("Transition_Start_SW"); 
    End("End_Start_SW"); 
   }; 
   Phase() 
   { 
    KDE_Plot("SW") 
    { 
    }; 
    Sum() 
    { 
    }; 
    R_Date("GrA-21376",5820,50) 
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    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-64342",5380,40) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-62951",5610,40) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-13278",5730,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-13296",6050,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-10950",5430,60) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-13275",6420,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-15034",6010,55) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-13272",5900,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-22781",5569,27) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-23702",5500,45) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-22775",5514,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-25038",5530,30) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-22851",6319,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-22778",6425,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-25040",6126,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-25043",6198,30) 
    { 
     Outlier("General", 0.05); 
    }; 
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    R_Date("GrM-22776",6019,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-26625",6080,27) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-26624",6047,27) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("KIA-26465",5425,30) 
    { 
     Outlier("Cremation", 1); 
    }; 
    R_Date("KIA-17997",5550,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("KIA-17987",5570,30) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("RICH-26555",5499,44) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("RICH-26867",5549,69) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("RICH-26872",5197,76) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("RICH-26871",5364,30) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("RICH-26869",5686,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("RICH-26868",5192,46) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrN-6215",5320,40) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrN-8240",5330,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrN-8241",5385,45) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-25045",5841,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-25036",6017,29) 
    { 
     Outlier("General", 0.05); 
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    }; 
    R_Date("GrM-23704",6550,30) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-25035",6492,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-25033",6502,30) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-26626",6167,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-23741",5889,27) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-22770",6483,22) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-22772",6298,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-22774",6420,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-22769",6473,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-25044",5905,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-25037",6223,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-9802",6050,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-9799",6540,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-9798",6320,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-9803",6380,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-15608",5267,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-15612",5269,37) 
    { 
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     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-15610",5278,36) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-15609",5334,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("OxA-15611",5358,34) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-27308",5247,26) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-27306",5272,28) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-27300",5213,26) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-27298",5300,26) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-27307",5235,28) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-27310",5329,26) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-27304",5326,26) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-27305",5297,26) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-35308",5290,40) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-34814",5245,40) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-38187",5340,45) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-38188",5230,40) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-38189",5340,45) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrN-30447",5390,70) 



33 
 

    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-33953",5010,40) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrA-33954",5350,45) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-28833",5330,30) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-28294",5317,24) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-28800",5380,27) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-28801",5387,27) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-28802",5366,27) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-28295",5338,16) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-28831",5365,30) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-28832",5350,30) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-29664",5321,27) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-29665",5327,29) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-29661",5332,27) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-29659",5306,27) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-29667",5307,27) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-28799",5348,27) 
    { 
     Outlier("General", 0.05); 
    }; 
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    R_Date("GrM-28292",5348,27) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrM-28293",5349,27) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrN-26215",4850,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrN-26214",4980,70) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrN-26216",4740,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrN-26217",4710,60) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrN-26218",4560,60) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrN-26219",4480,70) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("GrN-14122",5035,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("KIA-32618",5595,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("RICH-24227",5586,38) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("RICH-27829",5558,31) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("RICH-27830",5493,30) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("KIA-17986",5400,30) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("RICH-24755",5370,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("NZA-12076",5220,55) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("KIA-35804",5570,35) 
    { 
     Outlier("General", 0.05); 
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    }; 
    R_Date("KIA-35771",5490,40) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("KIA-36257",5385,30) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("KIA-35769",5350,40) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("KIA-35772",5325,35) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("KIA-36231",5305,50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("KIA-35786",5280,40) 
    { 
     Outlier("General", 0.05); 
    }; 
   }; 
   Span("Duration_SW"); 
   Boundary("End_SW") 
   { 
    Start("Start_End_SW"); 
    Transition("Transition_End_SW"); 
    End("End_End_SW"); 
   }; 
  }; 
  Order() 
  { 
   Date("=Start_LBK"); 
   Date("=End_LBK"); 
   Date("=Start_SW"); 
   Date("=End_SW"); 
  }; 
  Difference("Overlap_LBK_SW", "End_End_LBK", "Start_Start_SW"); 
 }; 

 
Notes about Model 9 
Initial iterations of this model suffered from poor convergence for some dates and the 
boundaries. Two steps were taken to address this issue. 
 
Firstly, the general outlier model from Bronk Ramsey (2009b) and (where 
appropriate) cremation outlier model from Rose et al. (2020) were applied. Odds of 
an outlier were set to 0.05 initially, except for cremations which were set to 1. These 
odds were incremented as needed over multiple iterations of Model 9. 
 
Secondly, dates which continued to be flagged for poor agreement were 
incorporated as terminus post quem or terminus ante quem. These dates are: 

- GrA-53554: 6340±50BP; A=31.1%; 5479-5312 calBC (CI=95.4%). This date 
was performed on a charred seed from a post hole at Stein-Hedekampweg 
(Porreij-Lyklema and Van Wijk 2012). The date is incorporated as a terminus 
post quem for this settlement. 

- GrN-64062: 6035±40BP; A=10.5%; 5041-4800 calBC (CI=95.4%). The date 
was performed on charred seeds from a settlement feature at Maastricht-
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Cannerberg (Van Wijk 2016). This date was flagged as too young relative to 
the modelled age of the settlement and had to be incorporated as a terminus 
ante quem. 

 
In addition, a date from outside the high-quality dataset was incorporated as a 
terminus post quem to stabilise the modelled dates from the LBK cemetery at Elsloo-
Koolweg. The date is: GrN-5733, 6330±75BP and was performed on charred twigs 
associated with a cremation burial (Vogel and Waterbolk 1963, Lanting and Van der 
Plicht 2000).  
 
Despite these efforts, OxCal flags three dates for having poor agreement. These are 
listed by archaeological phenomenon below. 
 
LBK 
GrA-27839: 6110±45; A=58.7%; 5210-4906 calBC (CI=95.4%). The radiocarbon date 
was performed on a charred seed from a settlement context Geleen-Janskamperveld 
(Van der Velde 2008), but the modelled range of the settlement coincides with a 
trough in the calibrated range of the date. 
 
SWB 
Two dates performed on peat layers from the settlement at Wetsingermaar (Menne 
and Brunner 2021, Supplement 1; Raemaekers et al. 2012) are flagged. The 
modelled ranges of these dates are old compared to their calibrated ranges. 
Potentially an offset due to the natural growth process of peat (cf. Quik et al. 2022).   

- GrA-26218: 4560±60BP; A=7.6%; 3509-3033 calBC (CI=95.4%).  

- GrN-26219: 4480±70BP; A=5.6%; 3364-2929 calBC (CI=95.4%). 

 
OxCal does not return an estimate for the end of the Boundary() at the end of the 
SWB sequence in Model 9. However, the end of the end boundary suggests an end 
date between 3600-3400 BC.  
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11. Model 10 
This Bayesian chronological model was formulated to investigate settlement 
dynamics during the LBK and post-LBK period in Hesbaye. 
 
Model code 
Plot() 
 { 
  Sequence("Hesbaye LBK") 
  { 
   Boundary("Start_LBK") 
   { 
    Start("Start_Start_LBK"); 
    Transition("Transition_Start_LBK"); 
    End("End_Start_LBK"); 
   }; 
   Phase("Pioneer_phase") 
   { 
    Phase("Darion_pioneer") 
    { 
     R_Date("OxA-6782",6205,60); 
    }; 
    Phase("Hollogne-Douze Bonniers") 
    { 
     R_Date("OxA-6692",6215,45); 
    }; 
    Phase("Fexhe_pioneer") 
    { 
     Combine("Pit 61") 
     { 
      R_Date("GrA-32977",6200,35); 
      R_Date("GrA-33013",6130,35); 
     }; 
     Combine("Pit 89") 
     { 
      R_Date("GrA-33015",6150,35); 
      R_Date("GrA-33017",6190,35); 
     }; 
     R_Date("GrA-32979",6240,35); 
    }; 
    Phase("Liège-Place Saint Lambert_pioneer") 
    { 
     Combine("Liège-Place Saint Lambert Pit 2") 
     { 
      R_Date("Lv-1341",6250,80); 
      R_Date("Lv-1342",6270,100); 
     }; 
    }; 
    Phase("Oleye-Al Zèpe_pioneer") 
    { 
     R_Date("OxA-5877",6090,90); 
    }; 
    Phase("Remicourt_pioneer") 
    { 
     Combine("House 1") 
     { 
      R_Date("OxA-21409",6139,37); 
      R_Date("OxA-21356",6213,36); 
      R_Date("OxA-21355",6219,38); 
     }; 
    }; 
    Phase("Waremme-Vinâve_pioneer") 
    { 
     R_Date("OxA-6688",6205,45); 
    }; 
    Phase("Vaux-et-Borset") 
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    { 
     R_Date("OxA-6906",6195,50); 
    }; 
   }; 
   Boundary("End Pioneer-Start Main") 
   { 
   }; 
   Phase("Main occupation") 
   { 
    Phase("Darion_main") 
    { 
     R_Date("OxA-5879",6060,55); 
     R_Date("OxA-5880",6070,60); 
     R_Date("OxA-5881",6060,55) 
     R_Date("OxA-6689",6070,60); 
     R_Date("OxA-6690",6135,60); 
     R_Date("OxA-6691",6105,45); 
     R_Date("OxA-6696",6110,45); 
     R_Date("OxA-6697",6105,40); 
    }; 
    Phase("Fexhe_main") 
    { 
     After("Residual grain Fexhe") 
     { 
      R_Date("GrA-33018",6210,35); 
     }; 
     R_Date("GrA-33019",6120,35); 
    }; 
    Phase("Momalle_main") 
    { 
     R_Date("ECHO-2446.1.1",6150,80); 
    }; 
    Phase("Oleye-Al_Zèpe_main") 
    { 
     R_Date("OxA-5876",6060,55); 
     R_Date("OxA-5878",6065,60); 
    }; 
    Phase("Remicourt_main") 
    { 
     After("Residual grain Remicourt") 
     { 
      R_Date("OxA-21412",6183,39); 
     }; 
     R_Date("OxA-21411",6108,37); 
     R_Date("OxA-21410",6131,37); 
    }; 
   }; 
   Span("Duration_Hesbaye_LBK"); 
   Boundary("End_LBK") 
   { 
    Start("Start_End_LBK"); 
    Transition("Transition_End_LBK"); 
    End("End_End_LBK"); 
   }; 
  }; 
  Sequence("Hesbaye post-LBK") 
  { 
   Boundary("Start_BQVSG") 
   { 
    Start("Start_Start_BQVSG"); 
    Transition("Transition_Start_BQVSG"); 
    End("End_Start_BQVSG"); 
   }; 
   Phase("Vaux-et-Borset_BQVSG") 
   { 
    After("residual grain") 
    { 
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     R_Date("OxA-6905",6200,55); 
    }; 
    R_Date("OxA-6904",6040,45); 
   }; 
   Phase("Darion_ BQY") 
   { 
    R_Date("OxA-6958",6045,65); 
   }; 
   Span("Duration_BQVSG"); 
   Boundary("End_BQVSG") 
   { 
    Start("Start_End_BQVSG"); 
    Transition("Transition_End_BQVSG"); 
    End("End_End_BQVSG"); 
   }; 
  }; 
  Order() 
  { 
   Date("=Start_LBK"); 
   Date("=End_LBK"); 
   Date("=Start_BQVSG"); 
   Date("=End_BQVSG"); 
  }; 
  Difference("Overlap LBK_BQVSG", "End_End_LBK", "Start_Start_BQVSG"); 
 }; 

 
Notes about Model 10 
An intitial version of Model 10 in which the dates were grouped by settlement did not 
yield stable outcomes. Over multiple iterations with alternative configurations, the 
best solution turned out to involve grouping the dates into a ‘pioneer’ and ‘main’ 
phase, following the distinction in Bosquet and Golitko (2012). 
 
Two dates associated with LBK contexts were treated as terminus post quem (cf. 
Bosquet and Golitko 2012): 

- GrA-33018 6210±35BP, 5300-5046 calBC (CI=95.4%). This date was 
performed on a cereal or a bulk sample of cereals from a settlement feature at 
Fexhe. 

- OxA-21412, 6183±39BP, 5287-5007calBC (CI=95.4%). This date was also 
performed on a cereal from a settlement feature, but from the LBK settlement 
at Remicourt. 

 
One radiocarbon date associated with BQVSG material from Vaux-et-Borset was 
included as a terminus post quem for this site, following the comments from I. Jadin 
in Bronk Ramsey et al. (2000, 251-2). The date is OxA-6905 (6200±55BP, 5304-
5002 calBC, CI=95.4%) and was performed on a charred hazelnut shell. 
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