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Appendix: Fast grain boundary model 

Diffusion of oxygen isotopes between minerals in a closed system during cooling was modeled by the Fast Grain Boundary model (FGB) of Eiler, Baumgartner & Valley (1992, 1994). The model predicts 18O values of all the minerals involved given their modal abundances, grain parameters, diffusion parameters and fractionation coefficients. The model enables calculating 18O of minerals at progressively decreasing temperatures and at different cooling rates. Grain sizes and modal abundances are based on our petrographic study. These as well as diffusion parameters and fractionation coefficients used in calculations are detailed in Table 1. Whole rock oxygen isotope ratios were estimated based on the measured 18O values of zircon and on empirically determined magma-zircon fractionations (Valley, 2003).

Appendix Table 1. Mineral and rock parameters for the FGB model

	(a) Timna Alkaline Granite
	
	
	
	
	
	
	

	Minerals
	Mode
	Diameter (mm)
	Diffusion calibration
	A Factor
	
	Initial δ18O
	Final δ18O 

	
	
	
	
	
	
	
	10 °C/Ma
	100 °C/Ma
	1000 °C/Ma

	Quartz
	34%
	2
	Farver & Yund, 1991
	 
	 
	7.772
	9.381
	8.937
	8.525

	Plagioclase (An15)
	19%
	4
	Elphick, Dennis & Graham, 1986
	1.2
	Clayton, Goldsmith& Mayeda, 1989
	6.730
	5.836
	6.142
	6.411

	Alkali feldspar
	44%
	2
	Elphick, Dennis & Graham, 1986
	1
	Clayton, Goldsmith& Mayeda, 1989
	6.903
	6.383
	6.561
	6.714

	Biotite
	2%
	1
	Fortier & Giletti, 1989
	2.16
	Chacko et al. 1996
	5.896
	1.221
	1.667
	2.345

	Magnetite
	1%
	0.05
	Giletti & Hess, 1988
	6.29
	Chiba et al. 1989
	2.310
	−2.224
	−0.832
	0.447

	Zircon
	0.1%
	0.03
	Watson & Cherniak, 1997
	2.64
	Valley, Bindeman & Peck, 2003
	5.479
	5.460
	5.461
	5.464

	δ18O (WR)=7.10‰
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	(b) Yehoshafat Granite
	
	
	
	
	
	
	

	Minerals
	Mode
	Diameter 
(mm)
	Diffusion calibration
	A Factor
	
	Initial δ18O
	Final δ18O

	
	
	
	
	
	 
	
	10 °C/Ma
	100 °C/Ma
	1000 °C/Ma

	Quartz
	35%
	3.5
	Farver & Yund, 1991
	
	
	8.851
	10.115
	9.710
	9.347

	Plagioclase (An15)
	15%
	2
	Elphick, Dennis & Graham, 1986
	1.2
	Clayton, Goldsmith & Mayeda, 1989
	7.809
	6.640
	6.962
	7.264

	Alkali feldspar
	49%
	5.5
	Elphick, Dennis & Graham, 1986
	1
	Clayton, Goldsmith & Mayeda, 1989
	7.983
	7.444
	7.634
	7.800

	Magnetite
	1%
	0.05
	Giletti & Hess, 1988
	6.29
	Chiba et al. 1989
	3.389
	−1.174
	0.238
	1.526

	Zircon
	0.1%
	0.03
	Watson & Cherniak, 1997
	2.64
	Valley, Bindeman & Peck, 2003
	6.559
	6.538
	6.539
	6.539

	δ18O (WR)=8.23‰
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	(c) Timna Porphyritic Granite
	
	
	
	
	
	
	

	minerals
	Mode
	Diameter (mm)
	Diffusion calibration
	A factor
	
	initial 18O
	Final δ18O

	
	
	
	
	
	
	
	10 °C/Ma
	100 °C/Ma
	1000 °C/Ma

	Quartz
	30%
	2
	Farver & Yund, 1991
	 
	 
	8.551
	10.446
	9.928
	9.446

	Plagioclase (An15)
	39%
	5
	Elphick, Dennis & Graham, 1986
	1.2
	Clayton, Goldsmith& Mayeda, 1989
	7.509
	6.941
	7.157
	7.339

	Alkali feldspar
	25%
	20
	Elphick, Dennis & Graham, 1986
	1
	Clayton, Goldsmith& Mayeda, 1989
	7.682
	7.562
	7.627
	7.671

	Biotite
	5%
	0.2
	Fortier & Giletti, 1989
	2.16
	Chacko et al. 1996
	6.675
	2.752
	3.423
	4.191

	Magnetite
	1%
	0.05
	Giletti & Hess, 1988
	6.29
	Chiba et al. 1989
	3.089
	−1.337
	0.017
	1.263

	Zircon
	0.1%
	0.03
	Watson & Cherniak, 1997
	2.64
	Valley, Bindeman & Peck, 2003
	6.258
	6.241
	6.243
	6.246

	δ18O (WR)=7.76‰
	
	
	
	
	
	
	
	


Mineral and rock parameters for the FGB model (Eiler, Baumgartner & Valley, 1992, 1994) calculation for the rocks of Elat and Timna. A factors are for the formula Δ(Qtz-Mineral)≈A*106/T2. Cooling modelled from 800 °C to 200 °C. All minerals are modeled as spheres. Initial whole rock composition is the average δ18O(Zrn) + 1.6‰. 
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