
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Distribution of Li abundance versus Teff and log g for all samples. The inverted triangles show four stars with upper limit measurements, and the blue line is the value of a standard definition Li-rich giant, i.e., log ϵ(Li) = 1.5 dex.

      

    

  
    
      Fig. 5. 
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        Comparison between the composition expected by stellar evolution models and observation for the abundances of Na and Al (both in NLTE). The points are color-coded according to the cluster’s metallicity, and the line colors also indicate the metallicity. References for models: (1) Lagarde et al. (2012); (2) Ventura et al. (2013).

      

    

  
    
      Fig. 7. 
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        Average [X/Fe] as function of [Fe/H], Rgc and |Z| for the SPA OCs, colored by log (Age) and with uncertainties in chemical abundances indicated. The field giant stars (small dots, also colored with age) are selected from the APOGEE DR17.

      

    

  
    
      Fig. 10. 
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        Enlarge plot of Mg and Ca based on Figs. 8 and 9.

      

    

  
    
      Fig. 11. 
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        Distribution of abundance ratios with age. Besides our clusters, we show data from the APOGEE DR16 (Donor et al. 2020), GES (Casali et al. 2019), OCCASO (Casamiquela et al. 2019), and GALAH (Spina et al. 2021), plus SPA results already published (Frasca et al. 2019; Casali et al. 2020; D’Orazi et al. 2020).

      

    

  
    
      Fig. 12. 
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        Comparison between model predictions of magnesium (Minchev et al. 2013, 2014) and observations for clusters younger than 1.5 Gyr. The red and the blue lines are simulations from the MCM models for |z|< 0.3 kpc and 0.3 <  |z|< 0.8 kpc respectively. The color in the symbol indicates the distance from the Galactic midplane. All clusters are within 0.6 kpc from the Galactic plane, and SPA clusters are all within 0.5 kpc. The open “diamond” in the first panel is ASCC 123 (Frasca et al. 2019) and the “triangle” symbol in the 0.3−0.6 Gyr range is NGC 2632 (D’Orazi et al. 2020), for clusters between 1.5 and 4.5 Gyr. Only one SPA cluster is older than 4 Gyr: Ruprecth 171, from Casali et al. (2020).

      

    

  
    
      Fig. 13. 
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        Comparison between model predictions of oxygen (Minchev et al. 2013, 2014) and the observations for young samples. The colors and symbols are the same as for as Fig. 12.

      

    

  
    
      Table A.4. 

      Sensitivity matrix of Li, Na, and Al.

      
        


	Name
	Δlog ϵ(Li)/Δ Teff
	Δlog ϵ(Li)/Δlog g
	Δlog ϵ(Li)/Δ[Fe/H]
	Δlog ϵ(Li)/Δ vmicro





	Collinder 350_1
	0.028
	0.013
	0.020
	-0.003



	Alessi-Teausch 11
	-0.026
	0.030
	0.030
	-0.023



	Collinder 463_1
	0.090
	0.020
	-0.007
	0.001



	Gulliver 37
	0.068
	0.030
	-0.003
	0.004



	NGC 2548_3
	0.079
	0.021
	-0.043
	0.000



	Tombaugh 5_1
	0.091
	-0.002
	0.001
	0.000



	Alessi 1_4
	0.036
	0.014
	-0.012
	0.013



	UPK 219
	0.072
	-0.031
	-0.086
	-0.069



	NGC 2548_1
	0.060
	-0.001
	0.030
	0.049



	




	Name
	Δ[Na/Fe]/Δ Teff
	Δ[Na/Fe]/Δ log g
	Δ[Na/Fe]/Δ[Fe/H]
	Δ[Na/Fe]/Δ vmicro



	




	Collinder 350_1
	0.011
	0.073
	-0.049
	-0.004



	Alessi Teusch 11
	0.037
	-0.013
	-0.047
	-0.028



	Collinder 463_1
	0.021
	-0.009
	-0.047
	0.002



	Gulliver 37
	0.034
	-0.015
	-0.026
	-0.028



	NGC2548_3
	0.031
	-0.008
	-0.036
	-0.017



	Tombaugh 5_1
	0.032
	-0.020
	-0.043
	0.001



	Alessi 1_4
	0.000
	0.042
	-0.092
	-0.012



	UPK219
	0.084
	-0.012
	-0.047
	0.000



	NGC2548_1
	0.021
	-0.011
	-0.044
	0.000



	




	Name
	Δ[Al/Fe]/Δ Teff
	Δ[Al/Fe]/Δ log g
	Δ[Al/Fe]/Δ[Fe/H]
	Δ[Al/Fe]/Δ vmicro



	




	Collinder 350_1
	0.027
	-0.002
	-0.053
	-0.087



	Alessi Teusch 11
	0.036
	0.007
	-0.051
	-0.027



	Collinder 463_1
	0.021
	0.002
	-0.050
	-0.008



	Gulliver 37
	0.031
	-0.007
	-0.029
	-0.09



	NGC2548_3
	0.064
	0.000
	-0.052
	-0.012



	Tombaugh 5_1
	0.030
	0.000
	-0.051
	-0.011



	Alessi 1_4
	0.045
	0.000
	-0.051
	-0.011



	UPK219
	0.093
	0.000
	-0.050
	-0.015



	NGC2548_1
	0.064
	0.000
	-0.052
	-0.012





      

    

  
    
      Table A.5. 

      Sensitivity matrix of α-elements.

      
        


	Name
	Δ[O/Fe]/Δ Teff
	Δ[O/Fe]/Δ log g
	Δ[O/Fe]/Δ[Fe/H]
	Δ[O/Fe]/Δ vmicro





	Collinder 350_1
	0.011
	0.073
	-0.049
	-0.004



	Alessi Teusch 11
	0.007
	0.065
	-0.030
	-0.002



	Collinder 463_1
	0.004
	0.044
	-0.030
	-0.001



	Gulliver 37
	0.009
	0.048
	-0.018
	-0.004



	NGC2548_3
	0.006
	0.042
	-0.023
	-0.001



	Tombaugh 5_1
	0.006
	0.063
	-0.029
	0.000



	Alessi 1_4
	0.006
	0.024
	-0.064
	-0.003



	UPK219
	0.023
	0.046
	-0.030
	-0.001



	NGC2548_1
	0.005
	0.085
	-0.030
	-0.002



	




	Name
	Δ[Mg/Fe]/Δ Teff
	Δ[Mg/Fe]/Δ log g
	Δ[Mg/Fe]/Δ[Fe/H]
	Δ[ Mg/Fe]/Δ vmicro



	




	Collinder 350_1
	0.019
	-0.010
	-0.068
	-0.031



	Alessi Teusch_11
	0.025
	-0.003
	-0.045
	-0.040



	Collinder 463_1
	0.019
	-0.004
	-0.046
	-0.020



	Gulliver 37
	0.017
	-0.011
	-0.023
	-0.085



	NGC2548_3
	0.030
	-0.010
	-0.045
	0.054



	Tombaugh 5_1
	0.029
	-0.015
	-0.045
	-0.021



	Alessi 1_4
	0.036
	-0.008
	-0.092
	-0.017



	UPK219
	0.094
	-0.012
	-0.049
	-0.034



	NGC2548_1
	0.039
	-0.023
	-0.047
	-0.027



	




	Name
	Δ[Si/Fe]/Δ Teff
	Δ[Si/Fe]/Δ log g
	Δ[Si/Fe]/Δ[Fe/H]
	Δ[Si/Fe]/Δ vmicro



	




	Collinder 350_1
	-0.030
	0.030
	-0.058
	-0.012



	Alessi Teusch 11
	-0.020
	0.048
	-0.043
	-0.049



	Collinder 463_1
	-0.001
	0.025
	-0.042
	-0.011



	Gulliver 37
	-0.020
	0.022
	-0.020
	-0.087



	NGC2548_3
	-0.001
	0.024
	-0.037
	-0.051



	Tombaugh 5_1
	-0.006
	0.040
	-0.059
	-0.020



	Alessi 1_4
	0.003
	0.011
	-0.082
	-0.018



	UPK219
	0.022
	0.020
	-0.043
	-0.033



	NGC2548_1
	0.013
	0.025
	-0.035
	-0.017



	




	Name
	Δ[Ca/Fe]/Δ Teff
	Δ[Ca/Fe]/Δ log g
	Δ[Ca/Fe]/Δ[Fe/H]
	Δ[Ca/Fe]/Δ vmicro



	




	Collinder 350_1
	0.060
	-0.010
	-0.082
	-0.058



	Alessi Teusch 11
	0.000
	-0.002
	-0.216
	0.000



	Collinder 463_1
	0.030
	-0.003
	-0.055
	-0.039



	Gulliver 37
	0.047
	-0.034
	-0.026
	-0.186



	NGC2548_3
	0.054
	-0.013
	-0.050
	-0.049



	Tombaugh 5_1
	0.051
	-0.019
	-0.051
	-0.037



	Alessi 1_4
	0.057
	-0.087
	-0.106
	-0.040



	UPK219
	0.134
	-0.008
	-0.054
	-0.069



	NGC2548_1
	0.056
	-0.027
	-0.050
	-0.062



	




	Name
	Δ[Ti/Fe]/Δ Teff
	Δ[Ti/Fe]/Δ log g
	Δ[Ti/Fe]/Δ[Fe/H]
	Δ[Ti/Fe]/Δ vmicro



	




	Collinder 350_1
	0.087
	0.010
	-0.078
	-0.066



	Alessi Teusch 11
	0.077
	0.000
	-0.051
	-0.100



	Collinder 463_1
	0.045
	0.000
	-0.051
	-0.023



	Gulliver 37
	0.064
	-0.007
	-0.029
	-0.262



	NGC2548_3
	0.067
	-0.002
	-0.042
	-0.051



	Tombaugh 5_1
	0.066
	-0.004
	-0.051
	-0.039



	Alessi 1_4
	0.082
	-0.002
	-0.106
	-0.034



	UPK219
	0.201
	-0.006
	-0.0555
	-0.038



	NGC2548_1
	0.048
	-0.008
	-0.055
	-0.075
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