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Supplementary material

Methods
Bayesian age modelling
Bayesian chronometric modelling was used to create chronometric figures, presenting pervious dates obtained for the Crimean sites within this paper. The software allows for statistical analysis, using OxCal software (Bronk 2009). The mathematical basis of the model originates from Bayes’ theorem (Bayes 1763). Bayesian age modelling undertakes quantitative assessment, combined with the stratigraphic position. The difference for Bayesian modelling in comparison from traditional statistical assessment, is that the more prior information is known, the higher the refinement of the probability (Bayliss et al. 2007). The original equation from Bayes (1763):
P(tly)∝p(ylt)p(t)
To simply the equation Tab s1 describes each part of the equation. 

Tab s1. Symbols and definitions of the Bayesian age modelling mathematical equation
	Symbol
	Definition

	t
	Set of parameters

	y
	Measurements made

	p(t)
	Information on the parameter’s measurements

	p(ylt)
	Within a set of parameters, the likelihood of the measurements

	p(tly)
	The likelihood/posterior probability for a parameter with the set measurements



The equation combines three parts of important information. These include the posterior information (quantitative answers), standardised likelihood (radiocarbon date), and prior information (stratigraphic position in the archaeological record) within the equation (Bayliss 2009). 

Buran Kaya III
Tab s2. Radiocarbon dates from Péan et al., (2013) and Uthmeier, (2024), showing intercomparisons between the same bone, using different methods from each layer. 
	Lab code
	Layer
	14C BP
	t value
	Chi-squared value

	GrA-47318
	B
	35,900 + 290
	
	

	GifA-11218/SacA-25135 Ninhydrin
	
	36,500 + 1200
	
	

	OxA-36921 Ultrafiltration
	
	37,700 + 900
	3.75
	5.99

	
	
	
	
	

	GrA-47318
	6.5
	32,800 + 230
	
	

	GifA-11217/SacA-25134 Ninhydrin
	
	35,900 + 1100
	7.61
	3.84

	
	
	
	
	

	GrA-48399
	6.4
	31,250 + 2450
	
	

	GifA-11220/SacA-25137 Ninhydrin
	
	33,350 + 830
	0.66
	3.84

	
	
	
	
	

	GrA-40485
	6.3
	34,050 + 260
	
	

	GifA-80181/SacA-12260 Ninhydrin
	
	34,910 + 950
	0.76
	3.84

	
	
	
	
	

	GrA-53942
	6.1
	29,640 + 170
	
	

	OxA-25669
	
	32,200 + 450
	28.32
	3.84



Tab s2 represents the comparisons of dates within each layer, for each bone, using different methods. The approach uses t and chi-squared values, to determine any significant difference. Only layer 6.1 has a significant different. 
[image: ]
Supplementary material, Figure 1 – Overall Bayesian model of all radiometric dates for Buran Kaya III

As mentioned in the discussion section of the main paper, not all the radiometric was used within model 2 of the Bayesian model (Fig 10). This was due to some of the previous dates using older protocols or known to have discretion. We believe the radiometric dates within Fig 10 are the most reliable for Buran Kaya III. 
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CQL codes
 

Buran-Kaya III Model 1 (Figure 1 in supplementary material)

Plot()
 {
  Sequence()
  {
   Outlier_Model("General",T(5),U(0,4),"t");
   Label("Buran-Kaya III");
   Boundary("Start C");
   Phase("Unit C, Szeletian (All AMS)")
   {
    R_Date("OxA-6672", 32350, 700)
    {
     color="#ff0000";
     Outlier("General",0.40);
    };
    R_Date("OxA-6868", 36700, 1500)
    {
     color="#ff0000";
     Outlier("General",0.40);
    };
    R_Date("OxA-6869", 32200, 650)
    {
     color="#ff0000";
     Outlier("General",0.40);
    };
   };
   Boundary("Transition C-B");
   Phase("Unit B, Micoquian")
   {
    R_Date("OxA-6673", 28840, 460)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("GifA-11218/SacA-25135 Ninhydrin", 36500, 1200)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("GrA-47319 Longin", 35590, 290/270)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("OxA-25879 Ultrafiltration", 37700, 900)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("OxA-39621 Ultrafiltration", 37700, 900)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
   };
   Boundary("Transition B-Horizon 20");
   Phase("Horizon 20, Aurignacian")
   {
    R_Date("OxA-6990", 34400, 1200)
    {
     color="#6b389e";
     Outlier("General",0.05);
    };
   };
   Boundary("Transition Horizon 20-6-5");
   Phase("Unit 6.5, Aurignacian")
   {
    R_Date("OxA-4128", 28700, 620)
    {
     color="#6b389e";
     Outlier("General",0.05);
    };
    R_Date("GrA-47318", 32800, 230)
    {
     color="#6b389e";
     Outlier("General",0.05);
    };
    R_Date("GifA-11217/SacA-25134 Ninhydrin", 35900, 1100)
    {
     color="#6b389e";
     Outlier("General",0.05);
    };
   };
   Boundary("Transition 6.5-6.4");
   Phase("Unit 6.4, Aurignacian")
   {
    R_Date("OxA-13302", 32790, 280)
    {
     color="#6b389e";
     Outlier("General",0.05);
    };
    R_Date("GrA-48399", 31250, 2450)
    {
     color="#6b389e";
     Outlier("General",0.05);
    };
    R_Date("GifA-11220/SacA-25137 Ninhydrin", 33350, 830)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
   };
   Boundary("Transition 6.4-6.3");
   Phase("Unit 6.3, Aurignacian")
   {
    R_Date("GrA-53939", 29040, 180/170)
    {
     color="#6b389e";
     Outlier("General",0.05);
    };
    R_Date("GifA-11221/SacA-25138", 32740, 780)
    {
     color="#6b389e";
     Outlier("General",0.05);
    };
    R_Date("GrA-40485", 34050, 260)
    {
     color="#6b389e";
     Outlier("General",0.05);
    };
    R_Date("GifA-80181/SacA-12260 Ninhydrin", 34910, 950)
    {
     color="#6b389e";
     Outlier("General",0.05);
    };
   };
   Boundary("Transition 6.3-6.2");
   Phase("Unit 6.2, Gravettien")
   {
    R_Date("GrA-50460", 29440, 190)
    {
     color="#5d782e";
     Outlier("General",0.05);
    };
    R_Date("GrA-50457 Hs", 32450, 250)
    {
     color="#5d782e";
     Outlier("General",0.05);
    };
    R_Date("OxA-6882", 30740, 460)
    {
     color="#5d782e";
     Outlier("General",0.05);
    };
   };
   Boundary("End 6.2");
   Boundary("Start 6.1");
   Phase("Unit 6.1, Gravettien")
   {
    R_Date("GifA-10021/SacA-19018 Ninhydrin", 31300, 820)
    {
     color="#5d782e";
     Outlier("General",0.05);
    };
    R_Date("GrA-37938 Longin", 31900, 240/220)
    {
     color="#5d782e";
     Outlier("General",0.05);
    };
    R_Date("GifA-11216/SacA-25133 Ninhydrin", 31630, 670)
    {
     color="#5d782e";
     Outlier("General",0.05);
    };
    R_Date("GrA-53942", 29640, 170)
    {
     color="#5d782e";
     Outlier("General",0.05);
    };
    R_Date("OxA-25669 Ultrafiltration", 32200, 450)
    {
     color="#5d782e";
     Outlier("General",0.05);
    };
   };
   Boundary("End 6.1");
  };
 };














CQL codes
 

Siuren I (Figure 9 in main text of paper)
 
Plot()
 {
  Sequence()
  {
   Outlier_Model("General",T(5),U(0,4),"t");
   Label("Siuren I");
   Boundary("Start H");
   Phase("Unit H, Aurignacian/Micoquian? ")
   {
    R_Date("OxA-8249", 28200, 440)
    {
     color="#7f7f7f";
     Outlier("General",0.05);
    };
   };
   Boundary("End H");
   Boundary("Start G");
   Phase("Unit G, Aurignacian/Micoquian?")
   {
    R_Date("OxA-5154", 28450, 600)
    {
     color="#7f7f7f";
     Outlier("General",0.05);
    };
   };
   Boundary("End G");
   Boundary("Start F");
   Phase("Unit F, Aurignacian")
   {
    R_Date("OxA-5155", 29950, 700)
    {
     color="#6b389e";
     Outlier("General",0.05);
    };
    R_Date("GrA-46552",30910,240)
    {
     color="#6b389e";
     Outlier("General",0.05);
    };
   };
   Boundary("End F");
  };
 };




















Buran Kaya III (Figure 10 in main text of paper)

Plot()
 {
  Outlier_Model("General",T(5),U(0,4),"t");
  Sequence("Buran Kaya III")
  {
   Boundary("Start C");
   Phase("Unit C Szeletian")
   {
    R_Date("OxA-6672", 32350, 700)
    {
     Outlier("General", 0.40);
     color="#ff0000";
    };
    R_Date("OxA-6868", 36700, 1500)
    {
     Outlier("General", 0.4);
     color="#ff0000";
    };
    R_Date("OxA-6869", 32200, 650)
    {
     Outlier("General", 0.4);
     color="#ff0000";
    };
   };
   Boundary("Transition C-B");
   Phase("Unit B Micoquian")
   {
    R_Date("OxA-36921", 37700,900)
    {
     Outlier("General", 0.05);
     color="#004aad";
    };
    R_Date("GifA-11218/SacA-25135", 36500, 1200)
    {
     Outlier("General", 0.05);
     color="#004aad";
    };
   };
   Boundary("Transition B-6.5");
   Phase("Unit 6.5, Aurignacian")
   {
    R_Date("GifA-11217-SacA-25134", 35900, 1100)
    {
     Outlier("General", 0.05);
     color="#6b389e";
    };
   };
   Boundary("Transition 6.5-6.4");
   Phase("Unit 6.4, Aurignacian")
   {
    R_Date("GrA-48399", 31250, 2450)
    {
     Outlier("General", 0.05);
     color="#6b389e";
    };
    R_Date("GifA-11220/SacA-25137", 33350, 830)
    {
     Outlier("General", 0.05);
     color="#6b389e";
    };
   };
   Boundary("Transition 6.4-6.3");
   Phase("Unit 6.3, Aurignacian")
   {
    R_Date("GifA-80181", 34910, 950)
    {
     Outlier("General", 0.05);
     color="#6b389e";
    };
    R_Date("GifA-11221/SacA-25138", 32740, 780)
    {
     Outlier("General", 0.05);
     color="#6b389e";
    };
    R_Date("GrA-53939",29040,180)
    {
     Outlier("General",0.05);
     color="#6b389e";
    };
    R_Date("GrA-37938",31900,240)
    {
     Outlier("General",0.05);
     color="#5d782e";
    };
   };
   Boundary("Transition 6.3-6.2");
   Phase("Unit 6.2, Gravettien")
   {
    R_Date("GrA-50460", 29440, 190)
    {
     Outlier("General", 0.05);
     color="#5d782e";
    };
    R_Date("GrA-50457 Hs", 32450, 250)
    {
     Outlier("General", 0.05);
     color="#5d782e";
    };
    R_Date("OxA-6882", 30740, 460)
    {
     Outlier("General", 0.4);
     color="#5d782e";
    };
   };
   Boundary("End 6.2");
   Boundary("Start 6.1");
   Phase("Unit 6.1, Gravettian")
   {
    R_Date("OxA-25669", 32200, 450)
    {
     Outlier("General", 0.05);
     color="#5d782e";
    };
    R_Date("GifA-10021/SacA-19018", 31300, 820)
    {
     Outlier("General", 0.05);
     color="#5d782e";
    };
    R_Date("GifA-11216-SacA-25133", 31530, 670)
    {
     Outlier("General", 0.05);
     color="#5d782e";
    };
   };
   Boundary("End 6.1");
  };
 };











Zaskalnaya V (Figure 11 in main text of paper)

Plot()
 {
  Sequence()
  {
   Outlier_Model("General",T(5),U(0,4),"t");
   Outlier("General",0.05);
   Label("Zaskalnaya V");
   Boundary("Start IV");
   Phase("Unit IV, Micoquian")
   {
    R_Date("ki-10603", 47000)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("GrA-13916 Burnt Bone", 46000)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
   };
   Boundary("End IV");
   Boundary("Start III");
   Phase("Unit III, Micoquian")
   {
    R_Date("OxA-35602 CHAR", 32000, 800)
    {
     color="#004aad";
    };
    R_Date("OxA-35526 CHAR", 42700, 100)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("Ki-10603", 39200, 520)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
   };
   Boundary("End III");
   Boundary("Start II");
   Phase("Unit II, Micoquian")
   {
    R_Date("OxA-35786 CHAR", 41600, 1400)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("OxA-35253 CHAR", 37350, 500)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("Ki-10743", 31600, 350)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
   };
   Boundary("End II");
   Boundary("Start I");
   Phase("Unit I, Micoquian")
   {
    R_Date("Ki-10744", 30080, 350)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
   };
   Boundary("End I");
  };
 };



























Zaskalnaya VI (Figure 12 in main text of paper)

Plot()
 {
  Sequence()
  {
   Outlier_Model("General",T(5),U(0,4),"t");
   Label("Zaskalnaya VI");
   Boundary("Start IV");
   Phase("Unit IV, Micoquian")
   {
    R_Date("ki-10611", 47000)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
   };
   Boundary("Transition IV-IIIA");
   Phase("Unit IIIA, Micoquian")
   {
    R_Date("OxA-4773", 39100, 1500)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("Ki-10610", 39400, 480)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
   };
   Boundary("Transition IIIA-III");
   Phase("Unit III, Micoquian")
   {
    R_Date("OxA-X-2788-9", 32250, 400)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("OxA-4772", 35250, 900)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("Ki-10894", 36400, 450)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("Ki-10609", 38200, 410)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
   };
   Boundary("Transition III-II");
   Phase("Unit II, Micoquian")
   {
    R_Date("OxA-4131", 30110, 630)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("Ki-10607", 30220, 400)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("Ki-10893", 30700, 450)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("Ki-10608", 31100, 490)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
   };
   Boundary("End II");
   Boundary("Start I");
   Phase("Unit I, Micoquian")
   {
    R_Date("Ki-10892", 22500, 450)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("Ki-10605", 22800, 400)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("Ki-10606", 24400, 480)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("Ki-13373", 25700, 160)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("Ki-13375", 25200, 160)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("Ki-13376", 24600, 170)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
   };
   Boundary("End I");
  };
  Sequence()
  {
  };
 };


















Starosel’e (Figure 13 in main text of paper)

Plot()
 {
  Sequence()
  {
   Outlier_Model("General",T(5),U(0,4),"t");
   Label("Starosele");
   Boundary("Start I");
   Phase("Unit I, Micoquian")
   {
    R_Date("OxA-37083", 41300, 1300)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
    R_Date("OxA-37084", 43000, 1700)
    {
     color="#004aad";
     Outlier("General",0.05);
    };
   };
   Boundary("End I");
  };
 };
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