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Table A1. Cycled step heating diffusion experiment data zircon from KTB drill hole  
Sample ZKTB4050-DE-1     

             

Step Temp 
(°C) 

Time 
(mins) 

4He 
(ncc) f Σf D/a2 ln(D/a2) 

1* 400 60 1.19E-02 2.19E-04 0.00 1.16E-12 -27.48 
2* 400 61 1.07E-02 1.96E-04 0.00 2.96E-12 -26.54 
3* 400 121 2.08E-02 3.82E-04 0.00 5.57E-12 -25.91 
4* 400 121 2.00E-02 3.67E-04 0.00 8.66E-12 -25.47 
5* 400 241 3.80E-02 6.97E-04 0.00 1.27E-11 -25.09 
6* 400 240 3.79E-02 6.96E-04 0.00 1.86E-11 -24.71 
7* 400 241 3.80E-02 6.96E-04 0.00 2.44E-11 -24.44 
8* 400 360 5.56E-02 1.02E-03 0.00 3.10E-11 -24.20 
9* 400 480 7.20E-02 1.32E-03 0.01 3.95E-11 -23.96 

10* 420 181 5.84E-02 1.07E-03 0.01 1.05E-10 -22.97 
11* 430 120 5.95E-02 1.09E-03 0.01 1.91E-10 -22.38 
12* 440 61 4.45E-02 8.16E-04 0.01 3.17E-10 -21.87 
13* 450 60 6.34E-02 1.16E-03 0.01 5.16E-10 -21.38 
14* 460 60 8.70E-02 1.60E-03 0.01 8.14E-10 -20.93 
15* 470 61 1.21E-01 2.21E-03 0.01 1.31E-09 -20.45 
16* 480 60 1.64E-01 3.00E-03 0.02 2.19E-09 -19.94 
17* 490 61 2.18E-01 4.00E-03 0.02 3.53E-09 -19.46 
18* 500 60 2.85E-01 5.23E-03 0.03 5.87E-09 -18.95 
19* 510 61 3.79E-01 6.95E-03 0.03 9.69E-09 -18.45 
20* 520 61 4.75E-01 8.71E-03 0.04 1.54E-08 -17.99 
21 530 61 7.35E-01 1.35E-02 0.05 3.22E-08 -17.25 
22 540 61 9.61E-01 1.76E-02 0.07 5.64E-08 -16.69 
23 550 60 1.06E+00 1.95E-02 0.09 8.34E-08 -16.30 
24 560 60 1.06E+00 1.95E-02 0.11 1.05E-07 -16.07 
25 570 61 1.11E+00 2.04E-02 0.13 1.31E-07 -15.85 
26 580 61 1.24E+00 2.28E-02 0.15 1.76E-07 -15.55 
27 590 61 1.43E+00 2.62E-02 0.18 2.42E-07 -15.23 
28 575 61 8.61E-01 1.58E-02 0.20 1.68E-07 -15.60 
29 565 61 6.10E-01 1.12E-02 0.21 1.29E-07 -15.86 
30 555 61 4.37E-01 8.01E-03 0.22 9.75E-08 -16.14 
31 545 121 6.03E-01 1.11E-02 0.23 7.17E-08 -16.45 
32 535 120 4.22E-01 7.73E-03 0.23 5.31E-08 -16.75 
33 525 121 2.96E-01 5.43E-03 0.24 3.83E-08 -17.08 
34 515 121 2.08E-01 3.82E-03 0.24 2.76E-08 -17.41 
35 505 120 1.49E-01 2.73E-03 0.25 2.02E-08 -17.72 
36 495 121 1.07E-01 1.96E-03 0.25 1.46E-08 -18.04 
37 485 120 7.83E-02 1.44E-03 0.25 1.09E-08 -18.34 
38 492 181 1.39E-01 2.55E-03 0.25 1.29E-08 -18.17 
39 502 180 1.84E-01 3.37E-03 0.26 1.74E-08 -17.86 
40 512 180 2.52E-01 4.61E-03 0.26 2.43E-08 -17.53 
41 522 180 3.37E-01 6.18E-03 0.27 3.34E-08 -17.21 
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Table A1. continued
               

Step Temp 
(°C) 

Time 
(mins) 

4He 
(ncc) f Σf D/a2 ln(D/a2) 

42 532 181 4.47E-01 8.21E-03 0.28 4.57E-08 -16.90 
43 542 181 5.87E-01 1.08E-02 0.29 6.27E-08 -16.58 
44 552 180 7.54E-01 1.38E-02 0.30 8.57E-08 -16.27 
45 562 121 6.52E-01 1.20E-02 0.31 1.17E-07 -15.96 
46 572 121 7.62E-01 1.40E-02 0.33 1.44E-07 -15.75 
47 582 120 9.02E-01 1.65E-02 0.34 1.84E-07 -15.51 
48 590 61 5.24E-01 9.61E-03 0.35 2.22E-07 -15.32 
49 600 61 6.59E-01 1.21E-02 0.36 2.91E-07 -15.05 
50 610 61 8.10E-01 1.49E-02 0.38 3.77E-07 -14.79 
51 620 60 9.97E-01 1.83E-02 0.40 5.04E-07 -14.50 
52 630 61 1.19E+00 2.18E-02 0.42 6.36E-07 -14.27 
53 640 60 1.39E+00 2.55E-02 0.44 8.28E-07 -14.00 
54 635 61 1.08E+00 1.99E-02 0.46 6.90E-07 -14.19 
55 625 61 7.75E-01 1.42E-02 0.48 5.24E-07 -14.46 
56 615 61 5.64E-01 1.03E-02 0.49 3.99E-07 -14.74 
57 605 61 4.17E-01 7.64E-03 0.50 3.04E-07 -15.01 
        

Final   27.47 0.50    
Total   54.53     

        
Do/a2 = 1078.5 s-1     
Ea =  159.9 kJ/mol (38.2 kcal/mol)     
Tc (dT/dt = -10 °C/m.y.) = 181 °C     

* step not used in regression for diffusion parameters and closure temperature  
        



 5 

Table A2. Cycled step heating diffusion experiment data zircon from KTB drill hole 
Sample ZKTB1516-DE-1     

               

Step Temp 
(°C) 

Time 
(mins) 

4He 
(ncc) f Σf D/a2 ln(D/a2) 

1* 400 61 2.59E-02 1.39E-03 0.00 4.59E-11 -23.80 
2* 400 61 1.52E-02 8.14E-04 0.00 6.96E-11 -23.39 
3* 400 121 2.17E-02 1.16E-03 0.00 7.76E-11 -23.28 
4* 400 121 1.69E-02 9.02E-04 0.00 8.27E-11 -23.22 
5* 400 241 2.67E-02 1.43E-03 0.01 8.59E-11 -23.18 
6* 400 241 2.17E-02 1.16E-03 0.01 8.78E-11 -23.16 
7* 400 360 2.68E-02 1.43E-03 0.01 8.77E-11 -23.16 
8* 400 481 2.96E-02 1.58E-03 0.01 8.70E-11 -23.17 
9* 420 180 2.28E-02 1.22E-03 0.01 2.07E-10 -22.30 

10* 430 121 2.13E-02 1.14E-03 0.01 3.20E-10 -21.86 
11* 440 61 1.49E-02 7.96E-04 0.01 4.79E-10 -21.46 
12* 450 60 2.05E-02 1.10E-03 0.01 7.22E-10 -21.05 
13* 460 60 2.78E-02 1.49E-03 0.02 1.07E-09 -20.65 
14* 470 60 3.73E-02 2.00E-03 0.02 1.61E-09 -20.25 
15* 480 61 4.73E-02 2.53E-03 0.02 2.28E-09 -19.90 
16* 490 61 5.91E-02 3.16E-03 0.02 3.28E-09 -19.54 
17* 500 61 7.00E-02 3.75E-03 0.03 4.50E-09 -19.22 
18* 510 61 8.42E-02 4.51E-03 0.03 6.30E-09 -18.88 
19* 520 61 1.02E-01 5.48E-03 0.04 8.96E-09 -18.53 
20* 530 60 1.20E-01 6.42E-03 0.04 1.25E-08 -18.20 
21* 540 61 1.47E-01 7.87E-03 0.05 1.85E-08 -17.81 
22* 550 60 2.77E-01 1.48E-02 0.07 4.42E-08 -16.93 
23* 560 61 2.11E-01 1.13E-02 0.08 4.10E-08 -17.01 
24* 570 60 2.52E-01 1.35E-02 0.09 5.90E-08 -16.64 
25* 580 61 3.08E-01 1.65E-02 0.11 8.46E-08 -16.29 
26 590 61 3.65E-01 1.96E-02 0.13 1.20E-07 -15.93 
27 575 121 4.00E-01 2.14E-02 0.15 7.96E-08 -16.35 
28 565 121 2.73E-01 1.46E-02 0.16 6.25E-08 -16.59 
29 555 120 1.84E-01 9.84E-03 0.17 4.62E-08 -16.89 
30 545 120 1.29E-01 6.93E-03 0.18 3.45E-08 -17.18 
31 535 121 9.11E-02 4.87E-03 0.18 2.50E-08 -17.51 
32 525 121 6.46E-02 3.46E-03 0.19 1.82E-08 -17.82 
33 515 121 4.57E-02 2.45E-03 0.19 1.31E-08 -18.15 
34 505 121 3.20E-02 1.71E-03 0.19 9.31E-09 -18.49 
35 495 121 2.24E-02 1.20E-03 0.19 6.56E-09 -18.84 
36 485 120 1.50E-02 8.00E-04 0.19 4.45E-09 -19.23 
37 492 181 2.93E-02 1.57E-03 0.20 5.81E-09 -18.96 
38 502 181 4.17E-02 2.23E-03 0.20 8.39E-09 -18.60 
39 512 180 5.86E-02 3.13E-03 0.20 1.20E-08 -18.24 
40 522 181 7.97E-02 4.27E-03 0.21 1.66E-08 -17.91 
41 532 181 1.10E-01 5.88E-03 0.21 2.37E-08 -17.56 
42 542 180 1.47E-01 7.84E-03 0.22 3.30E-08 -17.23 
43 552 120 1.32E-01 7.04E-03 0.23 4.63E-08 -16.89 
44 562 120 1.71E-01 9.14E-03 0.24 6.27E-08 -16.58 
45 572 120 2.23E-01 1.19E-02 0.25 8.66E-08 -16.26 
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Table A2. continued 
        
               

Step Temp 
(°C) 

Time 
(mins) 

4He 
(ncc) f Σf D/a2 ln(D/a2) 

46 582 121 2.86E-01 1.53E-02 0.26 1.18E-07 -15.95 
47 590 121 3.37E-01 1.80E-02 0.28 1.51E-07 -15.71 
48 600 61 2.20E-01 1.18E-02 0.29 2.09E-07 -15.38 
49 610 60 2.68E-01 1.44E-02 0.31 2.75E-07 -15.11 
50 620 61 3.33E-01 1.78E-02 0.32 3.61E-07 -14.83 
51 630 61 4.05E-01 2.17E-02 0.35 4.77E-07 -14.56 
52 640 61 4.81E-01 2.57E-02 0.37 6.23E-07 -14.29 
53 649 61 5.39E-01 2.88E-02 0.40 7.77E-07 -14.07 
54 635 120 6.23E-01 3.33E-02 0.43 5.14E-07 -14.48 
55 625 121 4.36E-01 2.33E-02 0.46 3.96E-07 -14.74 
56 615 121 3.05E-01 1.63E-02 0.47 2.98E-07 -15.03 
57 605 121 2.19E-01 1.17E-02 0.49 2.24E-07 -15.31 
        

Final   9.62 0.51    
Total   18.69 1    

        
Do/a2 = 16332.3 s-1     
Ea =  182.5 kJ/mol (43.6 kcal/mol)     
Tc (dT/dt = -10 °C/m.y.) = 215 °C     
* step not used in regression for diffusion parameters and closure temperature  
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Table A3. Cycled step heating diffusion experiment data rutile from KTB drill hole 
        

Sample RKTB3575-DE-1     
               

Step Temp 
(°C) 

Time 
(mins) 

4He 
(ncc) f Σf D/a2 ln(D/a2) 

1* 400 60 3.23E-02 2.13E-02 0.02 1.10E-08 -18.32 
2* 400 61 1.70E-02 1.12E-02 0.03 1.44E-08 -18.05 
3* 400 121 2.17E-02 1.43E-02 0.05 1.37E-08 -18.11 
4* 400 120 1.38E-02 9.09E-03 0.06 1.18E-08 -18.25 
5* 400 240 2.13E-02 1.41E-02 0.07 1.13E-08 -18.30 
6* 400 240 1.53E-02 1.01E-02 0.08 9.77E-09 -18.44 
7* 400 360 1.73E-02 1.14E-02 0.09 8.52E-09 -18.58 
8* 400 480 1.62E-02 1.07E-02 0.10 6.79E-09 -18.81 
9* 420 180 8.81E-03 5.82E-03 0.11 1.08E-08 -18.35 

10* 430 121 7.40E-03 4.89E-03 0.11 1.42E-08 -18.07 
11* 440 121 8.99E-03 5.94E-03 0.12 1.82E-08 -17.82 
12* 450 121 1.12E-02 7.38E-03 0.13 2.41E-08 -17.54 
13* 460 121 1.30E-02 8.59E-03 0.13 3.01E-08 -17.32 
14* 470 121 1.50E-02 9.91E-03 0.14 3.75E-08 -17.10 
15* 472 121 1.50E-02 9.89E-03 0.15 4.04E-08 -17.02 
16* 500 121 2.73E-02 1.81E-02 0.17 8.18E-08 -16.32 
17* 508 150 3.17E-02 2.09E-02 0.19 8.70E-08 -16.26 
18* 288 150 1.56E-02 1.03E-02 0.20 4.73E-08 -16.87 
19* 530 151 3.77E-02 2.49E-02 0.23 1.26E-07 -15.89 
20* 540 151 3.21E-02 2.12E-02 0.25 1.21E-07 -15.93 
21* 550 151 3.01E-02 1.99E-02 0.27 1.26E-07 -15.89 
22* 560 151 2.74E-02 1.81E-02 0.29 1.26E-07 -15.89 
23* 570 151 2.34E-02 1.55E-02 0.30 1.16E-07 -15.97 
24* 580 151 2.34E-02 1.54E-02 0.32 1.24E-07 -15.90 
25* 590 150 2.20E-02 1.45E-02 0.33 1.25E-07 -15.89 
26* 585 181 1.62E-02 1.07E-02 0.34 8.03E-08 -16.34 
27* 575 181 7.56E-03 5.00E-03 0.35 3.88E-08 -17.06 
28* 565 180 6.72E-03 4.44E-03 0.35 3.53E-08 -17.16 
29* 555 181 5.31E-03 3.51E-03 0.36 2.82E-08 -17.38 
30* 545 210 5.66E-03 3.74E-03 0.36 2.63E-08 -17.45 
31* 535 241 5.63E-03 3.72E-03 0.36 2.31E-08 -17.58 
32* 525 240 4.62E-03 3.05E-03 0.37 1.93E-08 -17.76 
33* 515 241 3.82E-03 2.52E-03 0.37 1.61E-08 -17.95 
34* 505 240 3.25E-03 2.15E-03 0.37 1.39E-08 -18.09 
35* 495 240 2.46E-03 1.62E-03 0.37 1.06E-08 -18.37 
36* 492 271 2.24E-03 1.48E-03 0.38 8.57E-09 -18.58 
37* 502 271 3.52E-03 2.32E-03 0.38 1.36E-08 -18.12 
38* 512 271 3.69E-03 2.44E-03 0.38 1.44E-08 -18.06 
39* 522 270 4.12E-03 2.72E-03 0.38 1.63E-08 -17.93 
40* 532 271 5.05E-03 3.34E-03 0.39 2.01E-08 -17.72 
41* 542 271 6.16E-03 4.07E-03 0.39 2.49E-08 -17.51 
42* 552 241 5.99E-03 3.96E-03 0.39 2.76E-08 -17.40 
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Table A3 continued 
               

Step Temp 
(°C) 

Time 
(mins) 

4He 
(ncc) f Σf D/a2 ln(D/a2) 

43* 562 240 7.19E-03 4.75E-03 0.40 3.38E-08 -17.20 
44 572 241 9.62E-03 6.35E-03 0.41 4.60E-08 -16.89 
45 582 241 1.19E-02 7.86E-03 0.41 5.85E-08 -16.65 
46 589 241 1.40E-02 9.22E-03 0.42 7.09E-08 -16.46 
47 599 241 1.76E-02 1.16E-02 0.43 9.26E-08 -16.19 
48 606 241 2.17E-02 1.43E-02 0.45 1.20E-07 -15.93 
49 611 241 2.54E-02 1.68E-02 0.47 1.49E-07 -15.72 
50 618 240 3.04E-02 2.01E-02 0.49 1.91E-07 -15.47 

        
Final   0.78 0.51    
Total   1.51 1    

        
Do/a2 = 61205.9 s-1     
Ea =  203 kJ/mol (47.4 kcal/mol)     
Tc (dT/dt = -10 °C/m.y.) = 241 °C     
* step not used in regression for diffusion parameters and closure temperature  
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Table A4. Cycled step heating diffusion experiment data rutile from KTB drill hole 
        

Sample RKTB1464-DE-1     
               

Step Temp 
(°C) 

Time 
(mins) 

4He 
(ncc) f Σf D/a2 ln(D/a2) 

1* 400 61 1.08E-01 3.61E-02 0.04 3.11E-08 -17.28 
2* 400 60 4.13E-02 1.38E-02 0.05 2.88E-08 -17.36 
3* 400 121 4.55E-02 1.52E-02 0.07 2.21E-08 -17.63 
4* 400 120 2.72E-02 9.08E-03 0.07 1.62E-08 -17.94 
5* 400 241 3.72E-02 1.24E-02 0.09 1.29E-08 -18.17 
6* 400 241 2.51E-02 8.38E-03 0.10 9.90E-09 -18.43 
7* 400 361 2.81E-02 9.39E-03 0.10 8.20E-09 -18.62 
8* 400 480 2.67E-02 8.91E-03 0.11 6.44E-09 -18.86 
9* 420 180 2.21E-02 7.40E-03 0.12 1.54E-08 -17.99 

10* 430 120 1.92E-02 6.40E-03 0.13 2.13E-08 -17.66 
11* 440 120 2.58E-02 8.61E-03 0.14 3.06E-08 -17.30 
12* 450 121 3.03E-02 1.01E-02 0.15 3.87E-08 -17.07 
13* 460 121 3.40E-02 1.13E-02 0.16 4.70E-08 -16.87 
14* 470 120 3.54E-02 1.18E-02 0.17 5.38E-08 -16.74 
15* 480 121 3.82E-02 1.28E-02 0.18 6.26E-08 -16.59 
16* 490 120 4.24E-02 1.42E-02 0.20 7.64E-08 -16.39 
17* 500 120 4.47E-02 1.49E-02 0.21 8.80E-08 -16.25 
18* 510 121 4.55E-02 1.52E-02 0.23 9.69E-08 -16.15 
19* 520 120 4.60E-02 1.54E-02 0.24 1.07E-07 -16.05 
20* 530 121 4.63E-02 1.55E-02 0.26 1.16E-07 -15.97 
21* 540 121 4.47E-02 1.49E-02 0.27 1.21E-07 -15.93 
22* 550 121 4.34E-02 1.45E-02 0.29 1.26E-07 -15.89 
23* 560 120 4.12E-02 1.38E-02 0.30 1.28E-07 -15.87 
24* 570 120 3.98E-02 1.33E-02 0.31 1.31E-07 -15.84 
25* 580 121 3.88E-02 1.30E-02 0.33 1.35E-07 -15.82 
26* 590 120 3.69E-02 1.23E-02 0.34 1.36E-07 -15.81 
27* 585 121 2.25E-02 7.51E-03 0.35 8.57E-08 -16.27 
28* 575 121 1.20E-02 4.02E-03 0.35 4.70E-08 -16.87 
29* 565 120 7.34E-03 2.45E-03 0.35 2.93E-08 -17.35 
30* 555 120 4.76E-03 1.59E-03 0.35 1.91E-08 -17.77 
31* 545 181 3.88E-03 1.30E-03 0.36 1.04E-08 -18.38 
32 535 180 2.78E-03 9.29E-04 0.36 7.54E-09 -18.70 
33 525 180 2.23E-03 7.46E-04 0.36 6.07E-09 -18.92 
34 515 180 1.58E-03 5.29E-04 0.36 4.32E-09 -19.26 
35 505 181 7.18E-04 2.40E-04 0.36 1.95E-09 -20.06 
36 495 240 7.42E-04 2.48E-04 0.36 1.52E-09 -20.30 
37 492 270 6.01E-04 2.01E-04 0.36 1.10E-09 -20.63 
38 502 271 1.05E-03 3.49E-04 0.36 1.90E-09 -20.08 
39 512 300 2.13E-03 7.12E-04 0.36 3.51E-09 -19.47 
40 522 301 2.47E-03 8.26E-04 0.36 4.07E-09 -19.32 
41 532 301 3.45E-03 1.15E-03 0.36 5.71E-09 -18.98 
42 542 301 5.41E-03 1.81E-03 0.36 8.99E-09 -18.53 
43 552 301 7.71E-03 2.58E-03 0.37 1.29E-08 -18.16 
44 562 301 1.01E-02 3.39E-03 0.37 1.72E-08 -17.88 
45 572 241 1.16E-02 3.88E-03 0.37 2.50E-08 -17.51 
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Table A4. continued 
        
               

Step Temp 
(°C) 

Time 
(mins) 

4He 
(ncc) f Σf D/a2 ln(D/a2) 

46 582 240 1.60E-02 5.36E-03 0.38 3.53E-08 -17.16 
47 590 241 2.00E-02 6.68E-03 0.39 4.48E-08 -16.92 
48 600 240 2.77E-02 9.24E-03 0.39 6.41E-08 -16.56 
49 610 241 3.60E-02 1.20E-02 0.41 8.66E-08 -16.26 
50 620 241 4.79E-02 1.60E-02 0.42 1.22E-07 -15.92 
51 630 241 6.33E-02 2.11E-02 0.44 1.72E-07 -15.58 
52 640 241 8.15E-02 2.72E-02 0.47 2.42E-07 -15.23 
53 650 241 1.07E-01 3.58E-02 0.51 3.56E-07 -14.85 
54 635 181 4.43E-02 1.48E-02 0.52 2.14E-07 -15.36 
55 625 181 2.87E-02 9.58E-03 0.53 1.45E-07 -15.75 
56 615 240 2.39E-02 8.00E-03 0.54 9.41E-08 -16.18 

57* 605 241 1.68E-02 5.61E-03 0.54 6.74E-08 -16.51 
        

Final   1.36 0.46    
Total   2.99 1    

        
Do/a2 = 90490/54 s-1     
Ea =  203 kJ/mol (48.5 kcal/mol)     
Tc (dT/dt = -10 °C/m.y.) = 247 °C     
* step not used in regression for diffusion parameters and closure temperature  
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APPENDIX C: COLUMN CALIBRATION RESULTS RUTILE 
 
 
 
 
 
 

 
 

 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure C-1.  Display of CPS from ICP-MS with each drop collected from column 
calibration of rutile sample Rutile IVZ R19E, steps displayed in Table C-1.  Shaded 
boxes displays wash used during each collection, HNO3 to collect Sm, HCl to collect 
Th and water to collect U.   
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Table C1.  Data from U-Th micro-column calibration 
Rutile IVZ R19E     

 drops Sm (cps) Th (cps) U (cps) 
HNO3 4 75764.4 198.2 228.7 
HNO3 8 27499.4 182.8 227.6 
HNO3 14 844.9 190.8 1672.7 
HNO3 16 337.4 220.7 10721.8 
HCl 18 317.0 337.7 12792.8 
HCl 20 287.1 182.4 983.1 
HCl 22 445.4 21944.4 465.1 
HCl 24 273.2 7472.6 292.7 
HCl 26 307.1 2170.9 377.8 

MilliQ 28 217.1 447.7 239.0 
MilliQ 30 313.4 303.0 779.5 
MilliQ 32 419.2 202.4 52486.8 
MilliQ 34 375.0 194.1 835.6 
MilliQ 38 246.0 161.7 198.1 
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Figure C-2.  Display of CPS from ICP-MS with each drop collected from column 
calibration of rutile sample Rutile IVZ R16G, steps displayed in Table C-1.  Shaded 
boxes displays wash used during each collection, HNO3 to collect Sm, HCl to collect 
Th and water to collect U.   
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Table C2.  Data from U-Th micro-column calibration 
Rutile R16G-1     

  Drops Ti (cps) Sm (cps) Th (cps) U (cps) 
HNO3 4 5895867.90 11296.93 66.40 98.53 
HNO3 6 6087433.80 17697.09 84.27 414.14 
HNO3 8 2013477.18 8631.96 70.20 100.73 
HNO3 10 129636.76 962.83 60.87 106.47 
HNO3 12 100498.82 342.47 62.67 134.80 
HNO3 13 85107.38 183.07 68.27 154.13 
HNO3 14 46506.81 110.40 66.20 161.47 
HNO3 15 73786.09 96.07 65.80 209.67 
HNO3 16 44118.15 85.20 63.27 226.00 
HCl 20 789062.37 81.33 67.00 710.14 
HCl 21 206311.14 70.33 184.13 135.20 
HCl 23 170411.09 74.00 1548.46 158.47 
HCl 24 211193.58 88.67 2232.86 188.80 
HCl 25 165654.11 73.40 795.48 127.00 
MilliQ 26 154314.70 70.47 307.60 125.47 
MilliQ 28 1458031.83 74.13 115.80 127.20 
MilliQ 30 4146011.00 74.67 78.87 10877.13 
MilliQ 32 147513.59 67.80 70.33 1812.73 
MilliQ 34 3104.97 71.73 65.67 107.53 
MilliQ 40 5040.82 85.20 83.67 212.80 
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APPENDIX D: TRACE ELEMENT GEOCHEMISTRY 
 

 
 

 
 

Experiment A 
    Al Ca V Cr Mn Fe Mo Ni 
  Sample (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 
 1230-1 966 - 597 18 17 6421 - - 
 1252-1 812 20300 333 220 130 13100 - - 
 1464-1 59 - 850 149 2.4 635 - - 
 1516-1 284 - 282 25 - - - - 
  3575-1 -  - 1220 637 10 1260 -  - 

DL (equiv ppm) 55 3000 3.8 2.0 31 297 5.6 60 
2x DL 110 6015 7.6 3.9 63 595 11 120 

 

 
 

Table D-1.  Complete trace element geochemistry results for Experiment A and B

Experiment A continued 
    Zr Nb Sn Sb Hf Ta  W U 
  Sample (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 
 1230-1 238 370 3.5 - - - - - 
 1252-1 207 405 - - - - - - 
 1464-1 165 204 - - - - - - 
 1516-1 379 97 1.6 - 5.0 - - - 
  3575-1 176 234  - -   -  -  -  - 

DL (equiv ppm) 8.7 2.6 0.8 5.5 3.1 14 3.9 4.6 
2x DL 17 5.1 1.5 11 6.2 29 7.7 9.1 
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Experiment B continued 
    Zr Nb Sn 121 Sb Hf Ta  W U 
  Sample (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 
 1230-2 226 308 - - 2.1 47 28 - 
 1252-2 88 169 - - - 41 36 - 
 1464-2 1750 543 7.6 - 39 52 31 - 
 1516-2 122 262 - - - 42 27 - 
  3575-2 2710 272 12 -  59 50 44  - 

DL (equiv ppm) 1.1 2.2 2.8 1.8 0.9 2.8 3.5 1.2 
2x DL 2.1 4.4 5.6 3.7 1.9 5.5 7.0 2.5 

 
 

Table D-1 continued

Experiment B 
    Al Ca V Cr Mn Fe Mo Ni 
  Sample (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 
 1230-2 4440 1600 390 631 35 2510 - - 
 1252-2 1140 2780 160 34 24 1940 - - 
 1464-2 4460 14600 1730 374 3.9 574 2.4 - 
 1516-2 2060 13800 474 48 - 2330 - - 
  3575-2 4810 4620 2150 879  - 868  - -  

DL (equiv ppm) 4.7 187 0.1 3.4 0.3 176 0.4 48 
2x DL 9.5 373 0.2 6.8 0.6 352 0.9 97 
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Figure E85.  Single rutile grain in thin section RKTB1516.  Small rutile grain with 
ilmenite lamellae in albite and next to a garnet with quartz inclusions 
 

 
 
Figure E86.  Close up of rutile in RKTB1516. Exsolution of ilmenite lamellae and 
very thin beginnings of a titanite rim. 
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BSEM images from thin section RKTB3575 
 

 
 
Figure E87.  RKTB3575-1 Rutile grain with ilmenite inclusion and titanite 
overgrowth in amphibole 
 

 
Figure E88.  Close up of RKTB3575-1, titanite rim on rutile with ilmenite inclusion 
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Figure E89.  RKTB3575-8a rutile grain with significant breakdown to ilmenite with 
thick titanite rim overgrowth. 
 

   
 
Figure E90.  RKTB3575-8b oxide aggregate, dominantly composed of ilmenite with 
rutile near edges and titanite rim surrounding all.   
 
 
 
BSEM images from thin section RKTB3595 (not analyzed by (U-Th)/He analysis 
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Figure E91.  RKT3595-2 Rutile grain with titanite rim in amphibole 
 

 
 
Figure E92.  RKTB3595-3 Rutile grain with titanite vein through middle of grain and 
zircon inclusion (<5 µm) near center of grain. 
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Figure E93.  RKT3595-5a Rutile grain with ilmenite breakdown at grain boundaries 
with titanite rim overgrown. 
 

 
 
Figure E94. RKT3595-5b Rutile with significant ilmenite intergrowth and titanite 
breakdown 
 



 79 

 
 
Figure E95.  RKTB3595-8 Rutile grain with thin titanite rim  
 

 
 
Figure E96.  RKTB3595-11 rutile grain with ilmenite lamellae and titanite rim 
overgrowth. 
 


