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APPENDIX DR1 
 
Analytical Procedures 

 
Apatite and zircon were separated and concentrated from our rock samples using standard 

crushing, hydrodynamic, heavy liquid and magnetic separation techniques. Individual grains 
were handpicked from mineral separates, measured, and photographed using a high-power 
stereomicroscope with crossed polarizers and mounted digital camera. Suitable grains were 
selected based on size, morphology, and absence of visible inclusions and other defects. In 
general, the selected grains were near euhedral, greater than 70 µm in width, and appeared 
inclusion-free. Such guidelines minimize errors associated with U and Th-bearing inclusions and 
the alpha-ejection (Ft) correction (Farley et al., 1996). 

Samples from the southern Black Mountains and the Panamint Range were analyzed at 
the (U-Th)/He Geo- and Thermochronometry Lab at the University of Texas at Austin. Single 
grains were packaged into 1-mm Pt foil tubes and crimped on the end. Apatite grains were 
heated for 5 min at 1070 °C using a continuous-mode laser. Zircon grains were heated for 10 min 
at 1300 °C. The extracted He gas was then spiked with 3He, purified using a gettering and 
cryogenic gas system, and measured on a Blazers Prisma QMS-200 quadrupole mass 
spectrometer. For apatite, degassed grains were then dissolved in their Pt-foil packets in a spiked 
(230Th, 235U, 149Sm) HNO3 solution and analyzed using a Thermo Scientific Element-2 
inductively coupled plasma mass spectrometer (ICP-MS). By contrast, degassed zircon grains 
were removed from packets and dissolved using standard Parr pressure vessel digestion 
procedures (HF-HNO3 and HCl). Following dissolution, all samples were spiked (230Th, 235U, 
149Sm) and analyzed for U, Th, and Sm using an ICP-MS. 

Samples from Sheep Canyon in the central Black Mountains were analyzed at (U-Th)/He 
Thermochronology Lab at the University of California, Santa Cruz. Although analytical 
procedures are similar to those described above, there are some differences between laboratories. 
Instead of Pt tubes, individual grains were loaded into Nb foil tubes. Laser heating temperatures 
and schedules also differ slightly, with apatite grains heated to 1000 ± 25 °C for 3 min and zircon 
grains heated to 1100–1250 °C for 15 min. Samples were spiked with 229Th and 233U and parent 
nuclide concentrations were measured using an Element X-series II ICP-MS. 
 
Error Reporting 

 
Our single-grain (U-Th)/He analyses have propagated analytical uncertainties of ~3–4% 

(2). However, the often poor reproducibility of dates from a given sample suggests that the 
analytical uncertainties do not capture all of the sources of uncertainty. Both parent isotope 
distributions and the Ft correction contribute to reproducibility issues, but uncertainties related to 
these factors are difficult to quantify. Therefore, we follow common practice in (U-Th)/He 
dating and apply percentage errors to individual analyses based on the reproducibility of 
laboratory standards (Farley et al., 2001; Reiners et al., 2002; Tables DR1 and DR2). These are 
6% for apatite and 8% for zircon. We report the error in our mean ages as the standard deviation 
(1) of our grain population for a given sample (Table DR1). The exceptions are samples 
12BM01, 12SC08, and 12PC09, which are single grain ages shown with standard errors. 
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Table DR1 summarizes our (U-Th)/He mean ages and associated errors (1). In general, 
we used three or more replicates to calculate our means; however, 11 of the 61 reported mean 
ages were calculated using a smaller number of replicates. These samples contained outliers that 
were excluded from our calculations. Outliers included (1) ages that were more than 2 standard 
deviations from the mean and (2) single-grain analyses with large numbers of reextractions 
during laser He degassing. The latter criterion can be an indication of mineral or fluid inclusions 
within the grain and potentially “parentless” helium (House et al., 1999). Out of the 245 single-
grain analyses completed, 39 or ~16% of the aliquots were excluded. As part of our analysis, we 
also evaluated dates for a given sample for radiation damage effects, usually recognized by a 
strong positive or negative correlation between (U-Th)/He dates and both He concentration and 
effective U concentration (Nasdala et al., 2004; Reiners, 2005; Shuster et al., 2006; Flowers et 
al., 2009; Guenthner et al., 2013). No radiation damage effects were observed in the data. 
 
Thermal Modeling 

 
We modeled footwall transects from the central Black Mountains and Panamint Range 

using the numerical modeling software Helium Modeling Package (HeMP; Hager and Stockli, 
2009). The software searches for viable thermal histories for multi-sample transects by 
calculating model ages for temperature-time paths generated using a Monte Carlo approach, and 
comparing those ages to the measured data. The algorithms used to model He production, 
stopping, and diffusion, and the goodness-of-fit tests are described in Ketcham (2005). Model 
inputs include sample elevation, mean age and uncertainty, isotopic concentrations, and grain 
size. Other parameters include the model precision, set to 3.5 and 0.1 Ma increments; the 
geothermal gradient, which we allowed to range from 10 to 200 °C; and the number of nodes 
between model constraints, set to 10. For the Sheep Canyon transect, central Black Mountains, 
we applied two T-t constraints: a starting temperature of 300–500 °C between 10–8 Ma based on 
published hornblende and biotite ages (Holm et al., 1992; Holm and Dokka, 1993) in the vicinity 
of our transect, and a final temperature of 5–15 °C . Thermal models for the Panamint Range use 
the same final temperature, but had a starting temperature of 350–500 °C between 110 and 80 
Ma, constrained by muscovite and hornblende K-Ar ages from the range (Lanphere, 1962). 
Models were allowed a maximum of 3 outliers and ran until 1000 acceptable fits were achieved. 
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Table DR1. Summary of (U-Th)/He data 

Sample Longitude Latitude 
Elevation 

(m) 
Mass 
(µg) Ft* U (ppm) Th (ppm) 

Sm 
(ppm) Th/U 

He 
(nmol/g) 

Mean 
age (Ma) 

St.Dev.†  
(Ma) Replicates 

Sheep Canyon zircon 
GV-2 -116.63310 36.077115 1463 0.77 0.55 384.5 112.3 n.m. 0.38 0.86 9.26 3.86 5 
SC-9 -116.64328 36.072439 1341 10.18 0.78 317.6 124.0 n.m. 0.39 11.06 7.31 0.86 5 
GV-1 -116.62521 36.070510 1341 6.29 0.75 389.9 295.4 n.m. 0.75 8.53 7.48 0.95 5 
SC-8 -116.64804 36.075145 1189 6.44 0.72 742.5 2254.2 n.m. 2.85 19.51 8.74 0.71 4 
SC-10 -116.65775 36.074620 1006 3.55 0.69 461.8 398.6 n.m. 0.82 5.02 6.29 1.12 2 
SC-11 -116.65775 36.074620 1006 2.61 0.64 1146.6 1150.3 n.m. 0.85 3.94 6.18 0.85 2 
SC-1 -116.66641 36.078071 890 5.14 0.75 161.7 156.1 n.m. 0.97 2.88 6.78 1.03 4 
SC-2 -116.68060 36.079366 707 12.27 0.77 172.8 159.9 n.m. 0.91 5.46 5.62 0.45 4 
SC-3 -116.69049 36.079115 579 3.49 0.70 507.3 167.7 n.m. 0.49 3.04 5.55 0.70 5 
SC-5a -116.70257 36.083810 329 6.41 0.71 428.4 314.7 n.m. 0.79 5.97 5.43 0.59 5 
SC-5b -116.70257 36.083810 329 7.18 0.74 100.0 86.0 n.m. 0.84 1.74 4.61 0.77 5 
SC-6 -116.70727 36.082991 256 2.53 0.66 179.5 48.1 n.m. 0.55 1.03 5.96 0.93 5 
SC-7 -116.71988 36.083660 122 2.06 0.60 499.1 138.9 n.m. 0.21 3.11 5.50 1.00 3 

Black Mountains range front apatite 
12BM01 -116.76033 36.286186 328 0.52 0.52 16.3 0.8 16.9 0.05 0.07 1.5 - 1 
12BM07 -116.76115 36.177779 132 0.68 0.51 11.9 24.2 29.8 2.22 0.15 2.8 2.2 4 
12BM09 -116.75526 36.035909 8 2.39 0.66 6.7 4.0 49.4 0.89 0.05 1.6 1.1 4 

Black Mountains range front zircon 
12BM02 -116.76127 36.287203 339 4.25 0.74 612.7 51.8 0.6 0.09 11.84 4.8 0.6 3 
12BM03 -116.76217 36.286247 246 3.21 0.72 328.1 48.2 0.6 0.15 6.78 5.1 0.3 3 
12BM04 -116.77231 36.254035 21 3.56 0.72 57.5 24.5 0.5 0.51 1.13 4.2 2.8 4 
12BM05 -116.76184 36.233222 73 16.27 0.83 341.6 68.0 0.5 0.19 6.77 4.2 0.2 3 
12BM06 -116.77074 36.220020 38 10.45 0.79 166.7 269.0 1.0 1.61 4.55 4.8 0.5 3 
12BM07 -116.76115 36.177779 132 5.64 0.75 378.0 507.1 1.9 1.12 11.38 5.5 0.3 3 
12BM08 -116.73845 36.114283 -4 4.54 0.74 394.5 79.6 0.5 0.22 7.01 4.3 0.5 3 
12BM09 -116.75526 36.035909 8 18.06 0.82 38.5 56.7 0.8 1.46 0.76 3.3 0.3 3 

Confidence Wash zircon 
12CW01 -116.51200 35.886307 479 3.22 0.72 655.1 71.9 0.8 0.13 22.11 8.5 1.4 3 
12CW02 -116.51421 35.880763 532 4.92 0.75 482.0 72.9 1.5 0.15 14.78 7.4 0.4 3 
12CW03 -116.52175 35.878388 417 6.06 0.77 462.3 103.6 1.7 0.22 15.86 7.8 0.8 5 
12CW04 -116.53210 35.875175 322 11.61 0.81 538.1 72.5 1.2 0.13 16.95 6.8 0.6 3 
12CW05 -116.53593 35.871230 313 7.21 0.78 614.1 85.7 1.3 0.14 19.77 7.3 0.9 5 
12CW06 -116.53961 35.868324 242 4.67 0.75 582.1 93.0 1.1 0.15 14.78 6.1 0.2 3 
12CW07 -116.54398 35.866795 243 5.21 0.75 543.2 111.1 13.4 0.19 13.42 5.8 0.5 3 
12CW08 -116.54624 35.864399 214 9.86 0.79 603.3 75.8 0.9 0.15 15.00 5.8 0.6 3 
12CW09 -116.54991 35.862237 163 3.95 0.74 546.6 66.6 0.7 0.12 12.16 5.4 0.2 3 

(continued) 



 
Table DR1. Summary of (U-Th)/He data (continued) 

Sample Longitude Latitude 
Elevation 

(m) 
Mass 
(µg) Ft* U (ppm) Th (ppm) 

Sm 
(ppm) Th/U 

He 
(nmol/g) 

Mean 
age (Ma) 

St.Dev.†  
(Ma) Replicates 

Surprise Canyon apatite 
12SC01 -117.13505 36.115919 1446 1.72 0.66 7.8 2.2 3.9 0.28 0.12 4.1 1.4 4 
12SC04 -117.15092 36.113839 1230 1.33 0.63 34.0 2.4 36.5 0.07 0.43 3.8 0.4 3 
12SC05 -117.15494 36.114349 1172 1.91 0.66 44.0 13.0 68.2 0.30 0.83 4.5 0.6 4 
12SC08 -117.17406 36.112891 819 0.84 0.55 1.4 8.1 3.1 5.96 0.03 2.8 - 1 
12SC09 -117.18034 36.110764 754 1.22 0.60 2.4 3.0 3.1 1.35 0.04 3.8 0.4 3 
12SC10 -117.18618 36.106805 724 1.14 0.59 25.1 3.2 15.7 0.15 0.25 3.1 0.5 4 
12SC12 -117.19570 36.103297 597 0.68 0.53 16.9 19.8 11.9 1.34 0.20 3.3 0.5 2 
12SC13 -117.19915 36.101602 584 0.88 0.57 16.0 7.9 24.0 0.49 0.14 2.6 0.5 3 

Surprise Canyon zircon 
12SC01 -117.13505 36.115919 1446 4.20 0.74 100.7 40.0 0.5 0.40 11.25 33.5 7.6 2 
12SC04 -117.15092 36.113839 1230 5.17 0.77 337.2 43.0 0.5 0.14 44.08 30.6 1.7 4 
12SC05 -117.15494 36.114349 1172 3.51 0.73 526.6 67.8 0.7 0.13 51.46 23.7 2.1 4 
12SC09 -117.18034 36.110764 754 3.72 0.71 124.9 79.1 1.2 0.65 7.19 13.0 8.0 2 
12SC10 -117.18618 36.106805 724 2.82 0.70 522.5 84.4 0.7 0.18 19.74 9.6 5.2 4 
12SC12 -117.19570 36.103297 597 2.25 0.69 109.4 56.7 0.8 0.53 2.96 6.4 1.0 3 
12SC13 -117.19915 36.101602 584 4.11 0.74 856.7 125.5 0.5 0.15 28.70 8.5 2.9 5 

Pleasant Canyon apatite 
12PC01 -117.11634 36.031701 1589 1.05 0.59 34.5 25.5 75.0 0.74 2.57 19.4 0.3 2 
12PC03 -117.12819 36.031582 1451 1.01 0.58 35.9 17.8 54.3 0.50 0.59 4.7 1.2 3 
12PC05 -117.15183 36.029646 1150 0.78 0.56 18.3 9.7 25.3 0.78 0.28 4.8 1.4 3 
12PC06 -117.15756 36.029400 1085 0.59 0.52 7.0 6.8 4.4 0.94 0.08 3.5 0.6 2 
12PC09 -117.17460 36.032835 877 1.68 0.61 1.0 3.8 21.5 3.85 0.01 1.5 - 1 
12PC10 -117.18268 36.034612 799 0.93 0.54 19.7 51.6 17.0 2.66 0.26 2.7 0.1 2 

Pleasant Canyon zircon 
12PC02 -117.12261 36.032303 1550 2.75 0.71 300.2 92.4 1.9 0.31 51.15 41.6 2.1 3 
12PC03 -117.12819 36.031582 1451 5.52 0.76 199.6 75.0 1.1 0.41 38.35 44.9 6.3 3 
12PC04 -117.13260 36.033366 1422 3.35 0.73 391.6 167.6 3.3 0.55 77.85 45.3 4.9 3 
12PC09 -117.17460 36.032835 877 3.71 0.73 389.7 66.8 0.7 0.19 19.59 12.2 2.4 5 
12PC10 -117.18268 36.034612 799 2.93 0.69 135.5 94.7 1.8 0.72 4.28 7.5 1.9 6 

Note: See Appendix DR1 for discussion of analytical procedures and errors.       
*Ft is the alpha ejection correction of Farley et al. (1996)       
†St. Dev.—standard deviation       
       

 



Table DR2. (U-Th)/He data 

Name W1 (µm) W2 (µm) L1 (µm) L2 (µm) 
Mass 
(µg) Ft* U (ppm) Th (ppm) Th/U 

He 
(nmol/g) 

Corrected 
Age [Ma] 

Error 
(Ma) 

Mean age 
(Ma) 

St.Dev.†  
(Ma) 

SC-1 84.50 82.25 160.50 156.50 5.14 0.75 161.73 156.08 0.97 2.88 - 0.54 6.8 1.0 
SC-1-1 82.00 88.00 170.00 170.00 5.70 0.76 131.8 178.9 1.36 2.88 7.1 0.6 
SC-1-2 81.00 80.00 164.00 147.00 4.69 0.74 275.4 254.6 0.92 5.15 8.1 0.6 
SC-1-3 94.00 81.00 168.00 167.00 5.93 0.76 120.1 83.1 0.69 2.02 5.9 0.5 
SC-1-4 81.00 80.00 140.00 142.00 4.25 0.74 119.6 107.7 0.9 1.49 6.0 0.5 
SC-1-5 46.00 50.00 94.00 97.00 1.02 0.59 265.8 288.0 1.08 1.21 11.1 0.9 

SC-2 95.75 98.00 214.50 211.00 12.27 0.77 172.80 159.88 0.91 5.46 - 0.45 5.6 0.5 
SC-2-1 74.00 83.00 214.00 214.00 6.11 0.75 142.8 114.5 0.8 2.60 6.1 0.5 
SC-2-2 78.00 84.00 218.00 215.00 6.60 0.76 195.5 258.1 1.32 3.57 5.1 0.4 
SC-2-3 98.00 130.00 177.00 188.00 10.81 0.81 97.4 63.2 0.65 1.46 2.7 0.2 
SC-2-4 147.00 162.00 302.00 302.00 33.44 0.86 143.9 100.4 0.7 14.05 5.4 0.4 
SC-2-5 84.00 63.00 124.00 113.00 2.92 0.71 209.0 166.5 0.8 1.61 5.8 0.5 

SC-3 69.60 66.00 154.00 151.40 3.49 0.70 507.30 167.72 0.49 3.04 5.55 0.44 5.5 0.7 
SC-3-1 74.00 66.00 134.00 125.00 2.94 0.71 183.8 51.5 0.28 1.18 5.3 0.4 
SC-3-2 59.00 58.00 148.00 148.00 2.36 0.68 1399.0 41.3 0.03 5.47 4.5 0.4 
SC-3-3 91.00 87.00 187.00 188.00 6.90 0.77 214.4 72.7 0.34 3.88 5.8 0.5 
SC-3-4 57.00 51.00 141.00 137.00 1.88 0.65 503.3 476.8 0.95 2.32 5.7 0.5 
SC-3-5 67.00 68.00 160.00 159.00 3.38 0.71 236.0 196.3 0.83 2.35 6.4 0.5 

SC-5a 76.00 74.60 173.60 173.40 6.41 0.71 428.38 314.72 0.79 5.97 - 0.43 5.4 0.6 
SC-5a-1 136.00 133.00 244.00 247.00 20.65 0.84 281.8 121.7 0.43 16.38 5.6 0.4 
SC-5a-2 73.00 72.00 178.00 175.00 4.31 0.73 715.5 138.5 0.19 8.15 6.4 0.5 
SC-5a-3 44.00 52.00 124.00 122.00 1.31 0.60 494.1 611.1 1.24 1.45 5.3 0.4 
SC-5a-4 75.00 67.00 169.00 172.00 3.98 0.72 248.7 216.7 0.87 2.27 4.8 0.4 
SC-5a-5 52.00 49.00 153.00 151.00 1.80 0.63 401.8 485.6 1.21 1.61 5.0 0.4 

0.00 
SC-5b 73.80 81.20 220.00 221.40 7.18 0.74 100.02 85.98 0.84 1.74 - 0.37 4.6 0.8 
SC-5b-1 101.00 118.00 308.00 311.00 17.15 0.82 100.9 84.8 0.84 4.25 4.6 0.4 
SC-5b-2 75.00 80.00 274.00 279.00 7.71 0.76 94.1 80.4 0.85 2.03 5.7 0.5 
SC-5b-3 61.00 66.00 200.00 199.00 3.73 0.70 171.9 158.1 0.92 1.49 5.0 0.4 
SC-5b-4 51.00 62.00 148.00 149.00 2.18 0.66 62.0 55.1 0.89 0.22 3.8 0.3 
SC-5b-5 81.00 80.00 170.00 169.00 5.11 0.75 71.2 51.5 0.72 0.68 3.9 0.3 

SC-6 56.00 60.20 154.80 153.20 2.53 0.66 179.46 48.08 0.55 1.03 - 0.48 6.0 0.9 
SC-6-1 52.00 47.00 171.00 168.00 1.93 0.63 127.3 92.7 0.73 0.66 6.7 0.5 
SC-6-2 66.00 68.00 173.00 173.00 3.61 0.71 66.2 58.9 0.89 0.69 6.2 0.5 
SC-6-3 48.00 61.00 131.00 136.00 1.82 0.64 37.1 35.3 0.95 0.13 4.6 0.4 
SC-6-4 42.00 53.00 131.00 129.00 1.35 0.61 432.9 29.7 0.07 1.08 5.5 0.4 
SC-6-5 72.00 72.00 168.00 160.00 3.95 0.73 233.8 23.8 0.1 2.58 6.9 0.6 
               



Name W1 (µm) W2 (µm) L1 (µm) L2 (µm) 
Mass 
(µg) Ft* U (ppm) Th (ppm) Th/U 

He 
(nmol/g) 

Corrected 
Age [Ma] 

Error 
(Ma) 

Mean age 
(Ma) 

St.Dev.†  
(Ma) 

SC-7 52.67 57.33 111.00 110.33 2.06 0.60 499.13 138.90 0.21 3.11 - 0.44 5.5 1.0 
SC-7-1 81.00 95.00 133.00 131.00 4.72 0.75 878.1 348.1 0.4 8.55 4.6 0.4 
SC-7-2 42.00 42.00 122.00 122.00 1.00 0.57 327.8 44.9 0.14 0.56 5.3 0.4 
SC-7-3 35.00 35.00 78.00 78.00 0.44 0.48 291.5 23.7 0.08 0.23 6.6 0.5 
SC-7-4 32.00 48.00 123.00 124.00 0.88 0.54 363.8 91.4 0.25 23.00 225.0 18.0 
SC-7-5 54.00 57.00 108.00 106.00 1.53 0.64 -2.2 -0.8 0.38 0.01 -9.7 -0.8 

SC-8 72.75 90.75 160.00 159.25 6.44 0.72 742.45 2254.18 2.85 19.51 - 0.70 8.7 0.7 
SC-8-1 97.00 152.00 262.00 257.00 17.79 0.82 436.0 647.4 1.48 38.78 8.3 0.7 
SC-8-3 69.00 69.00 134.00 132.00 2.94 0.69 788.8 2617.8 3.32 13.31 8.5 0.7 
SC-8-4 54.00 70.00 130.00 131.00 2.29 0.66 893.7 2816.7 3.15 12.63 9.8 0.8 
SC-8-5 71.00 72.00 114.00 117.00 2.75 0.69 851.3 2934.8 3.45 13.30 8.3 0.7 

SC-9 94.00 96.20 221.20 223.00 10.18 0.78 317.64 124.00 0.39 11.06 - 0.59 7.3 0.9 
SC-9-1 99.00 108.00 256.00 257.00 12.75 0.81 262.6 103.6 0.39 10.87 6.8 0.5 
SC-9-2 87.00 90.00 200.00 201.00 7.30 0.77 362.2 138.0 0.38 8.77 7.2 0.6 
SC-9-3 139.00 123.00 244.00 249.00 19.60 0.84 325.0 59.0 0.18 25.12 8.3 0.7 
SC-9-4 79.00 85.00 228.00 233.00 7.20 0.76 219.5 111.0 0.51 5.88 8.0 0.6 
SC-9-5 66.00 75.00 178.00 175.00 4.06 0.72 418.9 208.4 0.5 4.65 6.2 0.5 

SC-10 71.00 70.50 139.00 137.00 3.55 0.69 461.75 398.60 0.82 5.02 - 0.50 6.3 1.1 
SC-10-1 94.00 87.00 145.00 146.00 5.53 0.76 528.4 582.1 1.1 8.35 5.5 0.4 
SC-10-2 50.00 56.00 104.00 105.00 1.36 0.63 212.9 125.2 0.59 26.40 231.0 18.5 
SC-10-3 48.00 54.00 133.00 128.00 1.57 0.63 395.1 215.1 0.54 1.70 7.1 0.6 
SC-10-4 63.00 58.00 105.00 106.00 1.79 0.66 308.4 226.1 0.73 11.60 49.8 4.0 
SC-10-5 33.00 47.00 103.00 105.00 0.75 0.54 950.2 383.0 0.4 6.31 27.8 2.2 

SC-11 56.50 57.50 139.00 140.50 2.61 0.64 1146.55 1150.25 0.85 3.94 6.18 0.49 6.2 0.9 
SC-11-1 71.00 74.00 182.00 181.00 4.43 0.73 344.9 212.4 0.62 4.71 6.8 0.5 
SC-11-2 46.00 55.00 118.00 108.00 1.33 0.62 156.3 115.9 0.74 1.05 12.8 1.0 
SC-11-3 39.00 47.00 104.00 103.00 0.88 0.56 92.7 73.4 0.79 2.02 67.9 5.4 
SC-11-4 37.00 46.00 97.00 95.00 0.76 0.54 153.9 128.8 0.84 3.25 78.0 6.2 
SC-11-5 42.00 41.00 96.00 100.00 0.78 0.55 1948.2 2088.1 1.07 3.17 5.6 0.4 

GV-1 79.60 84.20 194.40 193.60 6.29 0.75 389.92 295.38 0.75 8.53 - 0.60 7.5 0.9 
GV-1-1 89.00 102.00 279.00 277.00 11.74 0.80 280.2 149.6 0.53 14.53 9.1 0.7 
GV-1-2 68.00 94.00 205.00 206.00 6.11 0.75 362.9 264.9 0.73 7.59 7.2 0.6 
GV-1-3 81.00 78.00 186.00 184.00 5.44 0.75 571.4 359.5 0.63 10.56 7.3 0.6 
GV-1-4 79.00 70.00 173.00 174.00 4.46 0.73 320.0 215.2 0.67 4.32 6.6 0.5 
GV-1-5 81.00 77.00 129.00 127.00 3.71 0.73 415.1 487.7 1.17 5.68 7.3 0.6 



Name W1 (µm) W2 (µm) L1 (µm) L2 (µm) 
Mass 
(µg) Ft* U (ppm) Th (ppm) Th/U 

He 
(nmol/g) 

Corrected 
Age [Ma] 

Error 
(Ma) 

Mean age 
(Ma) 

St.Dev.†  
(Ma) 

GV-2 41.80 41.20 96.00 96.00 0.77 0.55 384.48 112.28 0.38 0.86 - 0.74 9.3 3.9 
GV-2-1 50.00 41.00 93.00 92.00 0.88 0.57 183.8 169.8 0.92 0.44 7.1 0.6 
GV-2-2 42.00 46.00 97.00 96.00 0.87 0.57 350.6 180.6 0.52 1.67 15.8 1.3 
GV-2-3 34.00 45.00 79.00 87.00 0.59 0.52 384.9 101.7 0.26 0.65 9.5 0.8 
GV-2-4 42.00 35.00 84.00 82.00 0.57 0.52 484.7 46.1 0.1 0.58 7.4 0.6 
GV-2-5 41.00 39.00 127.00 123.00 0.93 0.56 518.4 63.2 0.12 0.96 6.4 0.5 
               

Name L (µm) W (µm) 
Mass 
(µg) Ft* U (ppm) 

Th 
(ppm) 

Sm 
(ppm) [U]e Th/U 

He 
(nmol/g) 

Corrected 
Age [Ma] 

Error 
(Ma) 

Mean age 
(Ma) 

St.Dev.†  
(Ma) 

12BM01 91.33 53.23 0.52 0.52 16.34 0.78 16.85 16.60 0.05 0.07 - 0.09 1.5 - 
12BM01-1 87.05 59.94 0.63 0.57 5.8 -1.1 48.2 5.8 -0.18 0.01 0.4 0.0 
12BM01-2 91.33 53.23 0.52 0.52 16.3 0.8 16.9 16.6 0.05 0.07 1.5 0.1 
12BM01-3 67.43 66.51 0.60 0.58 7.3 -1.7 38.9 7.1 -0.24 0.03 1.3 0.1 
12BM01-4 95.75 62.38 0.75 0.36 1.0 -1.3 26.5 0.8 -1.32 0.04 22.7 1.4 

12BM07 104.07 57.05 0.68 0.51 11.93 24.23 29.76 17.66 2.22 0.15 - 0.17 2.8 2.2 
12BM07-1 132.61 52.16 0.73 0.50 2.2 6.6 28.6 3.9 2.97 0.03 3.0 0.2 
12BM07-2 80.91 61.51 0.62 0.52 16.6 39.2 32.4 25.8 2.37 0.43 5.9 0.4 
12BM07-3 133.03 59.19 0.94 0.55 12.7 24.1 25.6 18.4 1.89 0.04 0.7 0.0 
12BM07-4 69.73 55.35 0.43 0.47 16.2 27.0 32.3 22.6 1.66 0.11 1.9 0.1 

12BM09 179.40 80.96 2.39 0.66 6.70 4.03 49.44 7.87 0.89 0.05 - 0.10 1.6 1.1 
12BM09-1 169.62 96.09 3.15 0.71 6.1 2.4 34.1 6.8 0.40 0.08 2.8 0.2 
12BM09-2 170.30 83.92 2.41 0.68 9.3 2.8 49.7 10.2 0.30 0.08 2.1 0.1 
12BM09-3 168.68 67.21 1.53 0.60 2.1 4.6 52.4 3.4 2.16 0.01 0.5 0.0 
12BM09-4 209.01 76.63 2.47 0.66 9.3 6.3 61.6 11.0 0.69 0.04 0.9 0.1 

12BM02 191.35 69.11 4.25 0.74 612.74 51.83 0.64 624.68 0.09 11.84 - 0.39 4.8 0.6 
z12BM02-1 192.73 71.28 4.55 0.75 441.6 24.4 0.3 447.2 0.06 9.89 5.5 0.4 
z12BM02-2 206.06 68.17 4.45 0.74 833.2 53.0 0.7 845.4 0.06 14.84 4.4 0.4 
z12BM02-3 175.27 67.89 3.76 0.73 563.4 78.1 0.9 581.4 0.14 10.79 4.7 0.4 

12BM03 157.77 66.10 3.21 0.72 328.12 48.25 0.58 339.22 0.15 6.78 - 0.41 5.1 0.3 
z12BM03-1 151.93 68.85 3.35 0.73 461.4 35.2 0.4 469.5 0.08 9.94 5.4 0.4 
z12BM03-2 155.62 61.61 2.75 0.71 340.1 87.3 1.0 360.2 0.26 6.57 4.8 0.4 
z12BM03-3 207.96 68.45 4.53 0.74 1192.2 242.9 1.8 1248.2 0.20 1.16 0.2 0.0 
z12BM03-4 165.77 67.85 3.55 0.73 182.9 22.3 0.3 188.0 0.12 3.84 5.2 0.4 
z12BM03-5 137.36 61.20 2.39 0.70 267.5 30.8 0.2 274.6 0.12 6.85 6.6 0.5 

12BM04 155.76 68.52 3.56 0.72 57.48 24.52 0.48 63.13 0.51 1.13 - 0.34 4.2 2.8 
z12BM04-1 171.83 81.37 5.29 0.76 67.1 38.5 0.5 75.9 0.57 1.04 3.3 0.3 



Name L (µm) W (µm) 
Mass 
(µg) Ft* U (ppm) 

Th 
(ppm) 

Sm 
(ppm) [U]e Th/U 

He 
(nmol/g) 

Corrected 
Age [Ma] 

Error 
(Ma) 

Mean age 
(Ma) 

St.Dev.†  
(Ma) 

z12BM04-2 150.45 72.70 3.70 0.74 70.3 18.8 0.3 74.7 0.27 1.07 3.6 0.3 
z12BM04-3 127.16 53.31 1.68 0.65 27.6 26.5 0.6 33.7 0.96 0.21 1.7 0.1 
z12BM04-4 173.59 66.70 3.59 0.73 64.9 14.2 0.5 68.2 0.22 2.23 8.3 0.7 
z12BM04-5 131.64 80.84 4.00 0.75 231.3 95.7 0.9 253.3 0.41 63.58 61.8 4.9 

12BM05 260.41 113.75 16.27 0.83 341.56 67.97 0.53 357.21 0.19 6.77 - 0.34 4.2 0.2 
z12BM05-1 274.38 121.22 18.75 0.84 369.8 87.9 0.6 390.1 0.24 7.26 4.1 0.3 
z12BM05-2 279.10 126.72 20.84 0.85 182.0 27.3 0.3 188.2 0.15 3.53 4.1 0.3 
z12BM05-3 227.76 93.32 9.22 0.80 472.9 88.8 0.7 493.3 0.19 9.51 4.5 0.4 

12BM06 250.91 93.08 10.45 0.79 166.66 268.96 1.00 228.58 1.61 4.55 - 0.38 4.8 0.5 
z12BM06-1 300.37 101.18 14.30 0.81 101.6 128.4 0.8 131.2 1.26 2.68 4.6 0.4 
z12BM06-2 254.20 95.43 10.76 0.80 122.8 242.8 1.7 178.7 1.98 4.13 5.3 0.4 
z12BM06-3 198.17 82.62 6.29 0.76 275.6 435.6 0.6 375.8 1.58 6.83 4.4 0.4 

12BM07 198.67 77.91 5.64 0.75 377.97 507.08 1.87 494.71 1.12 11.38 - 0.44 5.5 0.3 
z12BM07-1 184.39 73.53 4.64 0.74 306.5 318.0 1.3 379.7 1.04 8.84 5.8 0.5 
z12BM07-2 209.80 75.33 5.54 0.75 718.2 1121.8 3.3 976.4 1.56 22.52 5.7 0.5 
z12BM07-3 201.83 84.86 6.76 0.77 109.3 81.5 1.0 128.0 0.75 2.77 5.2 0.4 

12BM08 167.49 73.95 4.54 0.74 394.53 79.63 0.47 412.86 0.22 7.01 - 0.35 4.3 0.5 
z12BM08-1 193.53 90.80 7.42 0.79 166.0 38.1 0.3 174.8 0.23 3.63 4.9 0.4 
z12BM08-2 181.21 66.08 3.68 0.73 104.6 26.1 0.5 110.6 0.25 1.67 3.8 0.3 
z12BM08-3 127.72 64.98 2.51 0.71 913.0 174.7 0.7 953.2 0.19 15.74 4.3 0.3 

12BM09 351.74 103.86 18.06 0.82 38.51 56.71 0.81 51.57 1.46 0.76 - 0.26 3.3 0.3 
z12BM09-1 370.37 98.53 16.72 0.81 33.3 42.3 0.8 43.1 1.27 0.65 3.4 0.3 
z12BM09-2 313.89 93.29 12.70 0.80 53.6 84.2 1.0 73.0 1.57 1.09 3.5 0.3 
z12BM09-3 370.97 119.77 24.75 0.84 28.6 43.6 0.6 38.6 1.53 0.52 3.0 0.2 

12CW01 155.93 65.48 3.22 0.72 655.07 71.94 0.76 671.63 0.13 22.11 8.55 0.68 8.5 1.4 
z12CW01-1 212.21 67.53 4.50 0.74 385.5 47.6 0.8 396.4 0.12 6.95 4.4 0.4 
z12CW01-2 133.55 66.59 2.75 0.71 526.6 173.3 1.2 566.5 0.33 39.55 18.1 1.4 
z12CW01-3 149.01 64.65 2.90 0.72 555.6 65.7 0.7 570.7 0.12 15.47 7.0 0.6 

z12CW01-4 139.05 57.36 2.13 0.69 1010.5 72.1 0.7 1027.1 0.07 34.69 9.1 0.7 
z12CW01-5 129.95 56.42 1.92 0.68 390.4 62.7 0.9 404.8 0.16 39.74 26.7 2.1 
z12CW01-6 179.74 74.42 4.63 0.75 399.2 78.1 0.9 417.2 0.20 16.17 9.6 0.8 

12CW02 205.03 71.53 4.92 0.75 481.98 72.95 1.55 498.78 0.15 14.78 - 0.59 7.4 0.4 
z12CW02-1 236.93 72.85 5.85 0.76 603.9 97.9 1.5 626.4 0.16 17.78 6.9 0.6 
z12CW02-2 189.16 77.05 5.22 0.76 321.0 49.1 1.3 332.3 0.15 10.25 7.5 0.6 
z12CW02-3 189.01 64.68 3.68 0.73 521.1 71.8 1.8 537.6 0.14 16.31 7.7 0.6 



Name L (µm) W (µm) 
Mass 
(µg) Ft* U (ppm) 

Th 
(ppm) 

Sm 
(ppm) [U]e Th/U 

He 
(nmol/g) 

Corrected 
Age [Ma] 

Error 
(Ma) 

Mean age 
(Ma) 

St.Dev.†  
(Ma) 

12CW03 200.20 80.27 6.06 0.77 462.35 103.60 1.73 486.21 0.22 15.86 - 0.62 7.8 0.8 
z12CW03-1 207.45 85.99 7.13 0.78 606.2 162.0 0.7 643.5 0.27 23.80 8.8 0.7 
z12CW03-2 222.54 82.43 7.03 0.78 381.2 69.6 0.6 397.2 0.18 11.00 6.6 0.5 
z12CW03-3 199.17 79.21 5.81 0.77 476.1 84.9 1.8 495.6 0.18 16.41 8.0 0.6 
z12CW03-4 211.07 79.55 6.21 0.77 471.4 138.5 4.6 503.3 0.29 15.51 7.4 0.6 
z12CW03-5 160.76 74.15 4.11 0.75 376.9 63.0 0.9 391.4 0.17 12.60 8.0 0.6 

12CW04 244.61 100.87 11.61 0.81 538.13 72.48 1.24 554.83 0.13 16.95 - 0.55 6.8 0.6 
z12CW04-1 254.73 87.90 9.15 0.79 597.1 80.7 1.9 615.7 0.14 18.21 6.9 0.6 
z12CW04-2 235.81 108.07 12.81 0.82 697.2 95.4 1.1 719.2 0.14 23.61 7.4 0.6 
z12CW04-3 243.30 106.63 12.86 0.82 320.0 41.4 0.7 329.6 0.13 9.01 6.2 0.5 

12CW05 220.76 83.32 7.21 0.78 614.15 85.72 1.33 633.89 0.14 19.77 - 0.58 7.3 0.9 
z12CW05-1 266.97 82.29 8.41 0.78 852.9 109.0 2.5 878.0 0.13 31.84 8.6 0.7 
z12CW05-2 219.34 71.75 5.25 0.75 563.2 134.4 1.3 594.1 0.24 17.69 7.3 0.6 
z12CW05-3 194.35 76.35 5.27 0.76 737.1 60.9 1.3 751.1 0.08 20.82 6.7 0.5 
z12CW05-4 191.75 90.98 7.38 0.79 549.4 74.4 0.6 566.5 0.14 18.10 7.5 0.6 
z12CW05-5 231.37 95.25 9.76 0.80 368.2 50.0 1.0 379.7 0.14 10.39 6.3 0.5 
               
12CW06 184.38 73.28 4.67 0.75 582.05 92.96 1.07 603.46 0.15 14.78 6.06 0.48 6.1 0.2 
z12CW06-1 171.58 76.63 4.69 0.76 819.4 158.1 1.8 855.8 0.19 21.05 6.0 0.5 
z12CW06-2 177.30 64.33 3.41 0.72 525.6 64.7 0.8 540.5 0.12 13.30 6.3 0.5 
z12CW06-3 204.27 78.87 5.91 0.77 401.2 56.1 0.6 414.1 0.14 10.00 5.8 0.5 

12CW07 208.42 73.60 5.21 0.75 543.23 111.07 13.44 568.87 0.19 13.42 - 0.47 5.8 0.5 
z12CW07-1 186.93 75.54 4.96 0.76 530.8 86.4 0.9 550.7 0.16 14.33 6.4 0.5 
z12CW07-2 237.70 64.84 4.65 0.73 642.8 187.5 38.0 686.1 0.29 14.87 5.5 0.4 
z12CW07-3 200.62 80.43 6.03 0.77 456.1 59.3 1.4 469.8 0.13 11.06 5.7 0.5 

12CW08 282.32 86.46 9.86 0.79 603.31 75.79 0.85 620.76 0.15 15.00 - 0.46 5.8 0.6 
z12CW08-1 310.62 90.12 11.73 0.80 417.2 73.8 1.0 434.2 0.18 11.23 6.0 0.5 
z12CW08-2 273.62 84.50 9.08 0.79 463.2 89.8 1.0 483.8 0.19 12.89 6.3 0.5 
z12CW08-3 262.71 84.76 8.78 0.79 929.5 63.8 0.6 944.2 0.07 20.88 5.2 0.4 

12CW09 171.70 70.34 3.95 0.74 546.62 66.57 0.71 561.94 0.12 12.16 - 0.44 5.4 0.2 
z12CW09-1 169.82 68.24 3.68 0.73 683.1 80.8 0.9 701.7 0.12 15.57 5.6 0.4 
z12CW09-2 151.32 72.06 3.65 0.74 602.4 71.1 0.5 618.8 0.12 12.74 5.2 0.4 
z12CW09-3 193.97 70.71 4.51 0.75 354.3 47.8 0.7 365.3 0.13 8.17 5.6 0.4 

12SC01 102.59 90.00 1.72 0.66 7.80 2.21 3.95 8.32 0.28 0.12 - 0.24 4.1 1.4 
12SC01-1 112.89 106.43 2.57 0.71 7.1 0.8 4.0 7.4 0.11 0.10 3.6 0.2 
12SC01-2 88.81 82.51 1.22 0.62 6.9 3.3 5.4 7.6 0.48 0.08 3.3 0.2 
12SC01-3 115.35 88.50 1.82 0.67 7.9 1.5 3.1 8.3 0.19 0.10 3.4 0.2 
12SC01-4 93.30 82.57 1.28 0.63 9.2 3.2 3.3 10.0 0.34 0.21 6.1 0.4 



Name L (µm) W (µm) 
Mass 
(µg) Ft* U (ppm) 

Th 
(ppm) 

Sm 
(ppm) [U]e Th/U 

He 
(nmol/g) 

Corrected 
Age [Ma] 

Error 
(Ma) 

Mean age 
(Ma) 

St.Dev.†  
(Ma) 

12SC04 97.53 79.99 1.33 0.63 33.99 2.39 36.48 34.72 0.07 0.43 - 0.23 3.8 0.4 
12SC04-1 116.02 94.48 2.09 0.69 23.3 1.6 42.2 23.9 0.07 0.33 3.7 0.2 
12SC04-2 153.75 85.75 2.28 0.68 16.4 2.1 38.0 17.1 0.13 0.36 5.7 0.3 
12SC04-3 89.92 78.32 1.11 0.63 22.1 1.2 28.4 22.5 0.05 0.32 4.2 0.3 
12SC04-4 86.65 67.18 0.79 0.58 56.7 4.3 38.9 57.8 0.08 0.62 3.4 0.2 

12SC05 130.74 83.44 1.91 0.66 43.99 12.98 68.21 47.31 0.30 0.83 - 0.29 4.5 0.6 
12SC05-1 147.59 104.01 3.21 0.72 35.5 12.5 65.3 38.7 0.35 0.58 3.8 0.2 
12SC05-2 152.29 84.44 2.19 0.68 51.4 7.6 82.9 53.5 0.15 1.02 5.2 0.3 
12SC05-3 136.88 74.82 1.54 0.64 42.9 13.6 68.9 46.3 0.32 0.67 4.2 0.3 
12SC05-4 104.33 82.04 1.41 0.64 39.0 12.1 43.0 42.0 0.31 0.72 4.9 0.3 
12SC05-5 112.60 71.87 1.17 0.61 51.2 19.0 81.0 56.0 0.37 1.16 6.3 0.4 

12SC08 77.21 73.31 0.84 0.55 1.35 8.05 3.06 3.22 5.96 0.03 - 0.17 2.8 - 
12SC08-1 112.44 94.14 2.01 0.65 0.5 2.2 1.2 1.0 4.54 0.09 24.3 1.5 
12SC08-2 99.24 84.21 1.42 0.62 1.0 3.5 0.4 1.8 3.58 -0.05 -8.4 -0.5 
12SC08-3 77.21 73.31 0.84 0.55 1.4 8.1 3.1 3.2 5.96 0.03 2.8 0.2 

12SC09 116.58 72.49 1.22 0.60 2.39 3.01 3.13 3.10 1.35 0.04 - 0.23 3.8 0.4 
12SC09-1 122.05 69.27 1.18 0.59 1.7 3.2 2.5 2.5 1.88 0.03 4.1 0.2 
12SC09-2 97.53 87.66 1.51 0.64 2.5 3.0 3.9 3.2 1.19 0.04 3.4 0.2 
12SC09-3 117.06 69.21 1.13 0.59 1.6 2.8 2.8 2.3 1.72 0.17 22.5 1.4 
12SC09-4 130.16 60.55 0.96 0.56 2.9 2.8 2.9 3.6 0.97 0.04 4.0 0.2 

12SC10 103.69 65.61 1.14 0.59 25.09 3.24 15.67 25.91 0.15 0.25 - 0.17 3.1 0.5 
12SC10-1 82.04 61.20 0.62 0.54 12.6 3.0 6.9 13.3 0.24 0.06 1.5 0.1 
12SC10-2 96.61 66.51 0.86 0.58 18.3 3.5 16.2 19.2 0.19 0.16 2.7 0.2 
12SC10-3 109.82 67.17 1.00 0.60 26.9 3.4 16.3 27.7 0.13 0.33 3.6 0.2 
12SC10-4 115.61 62.39 0.91 0.58 37.7 3.9 22.7 38.7 0.10 0.33 2.7 0.2 
12SC10-5 114.39 70.79 2.34 0.62 30.0 2.5 16.4 30.6 0.08 0.36 3.5 0.2 

12SC12 85.07 62.48 0.68 0.53 16.85 19.85 11.86 21.48 1.34 0.20 - 0.20 3.3 0.5 
12SC12-1 93.03 66.17 0.82 0.56 9.8 17.0 7.9 13.8 1.73 0.15 3.7 0.2 
12SC12-2 77.11 58.80 0.54 0.51 23.9 22.6 15.8 29.2 0.95 0.24 3.0 0.2 
12SC12-3 102.80 60.97 0.77 0.55 8.8 9.3 7.2 11.0 1.05 -0.09 -2.9 -0.2 
12SC12-4 126.71 67.03 1.15 0.58 0.4 0.6 0.1 0.5 1.66 0.09 57.4 3.4 

12SC13 98.86 66.13 0.88 0.57 16.01 7.85 24.01 17.94 0.49 0.14 2.58 0.15 2.6 0.5 
12SC13-1 91.42 58.44 0.63 0.53 22.0 11.2 37.4 24.7 0.51 0.15 2.1 0.1 
12SC13-2 106.98 63.80 0.88 0.57 15.7 7.1 22.3 17.5 0.45 0.17 3.1 0.2 
12SC13-3 98.19 76.16 1.15 0.61 10.3 5.2 12.3 11.6 0.50 0.10 2.6 0.2 
               
               



Name L (µm) W (µm) 
Mass 
(µg) Ft* U (ppm) 

Th 
(ppm) 

Sm 
(ppm) [U]e Th/U 

He 
(nmol/g) 

Corrected 
Age [Ma] 

Error 
(Ma) 

Mean age 
(Ma) 

St.Dev.†  
(Ma) 

12SC01 173.56 71.74 4.20 0.74 100.65 39.96 0.52 109.85 0.40 11.25 27.10 2.17 33.5 7.6 
z12SC01-1 182.50 59.08 2.96 0.70 115.4 41.4 0.6 124.9 0.36 14.98 31.6 2.5 
z12SC01-2 151.18 75.90 4.05 0.74 107.1 46.3 0.6 117.8 0.43 3.70 7.8 0.6 
z12SC01-3 187.01 80.25 5.60 0.76 79.5 32.1 0.5 86.9 0.40 15.06 41.9 3.4 

12SC04 166.21 81.69 5.17 0.77 337.18 43.03 0.53 347.09 0.14 44.08 - 2.45 30.6 1.7 
z12SC04-1 244.07 94.36 10.10 0.80 435.3 66.5 0.8 450.6 0.15 79.18 40.4 3.2 
z12SC04-2 175.15 80.87 5.33 0.77 283.2 32.2 0.5 290.6 0.11 35.04 29.1 2.3 
z12SC04-3 164.45 88.41 5.98 0.78 401.5 33.7 0.5 409.3 0.08 50.48 29.3 2.3 
z12SC04-4 149.26 78.54 4.28 0.76 407.8 44.4 0.7 418.0 0.11 55.54 32.5 2.6 
z12SC04-5 175.98 78.93 5.10 0.76 256.2 61.8 0.4 270.4 0.24 35.27 31.7 2.5 

12SC05 152.54 69.60 3.51 0.73 526.62 67.84 0.74 542.24 0.13 51.46 - 1.89 23.7 2.1 
z12SC05-1 150.15 79.16 4.38 0.76 346.6 39.1 1.2 355.7 0.11 34.99 24.1 1.9 
z12SC05-2 149.73 68.83 3.30 0.73 224.8 73.0 0.7 241.6 0.32 13.83 14.6 1.2 
z12SC05-3 155.16 64.31 2.98 0.72 518.8 75.6 1.0 536.2 0.15 46.32 22.3 1.8 
z12SC05-4 128.81 61.68 2.28 0.70 953.5 122.2 0.4 981.6 0.13 98.39 26.5 2.1 
z12SC05-5 176.03 73.25 4.39 0.75 287.5 34.5 0.3 295.5 0.12 26.14 21.9 1.7 

12SC09 185.01 63.10 3.72 0.71 124.89 79.07 1.23 143.10 0.65 7.19 9.60 0.77 13.0 8.0 
z12SC09-1 213.91 66.72 4.43 0.73 50.3 35.6 0.9 58.5 0.71 1.70 7.4 0.6 
z12SC09-2 136.67 53.07 1.79 0.66 125.3 53.8 0.8 137.6 0.43 2.28 4.6 0.4 
z12SC09-3 171.45 52.87 2.23 0.67 107.5 91.4 2.0 128.5 0.85 1.96 4.2 0.3 
z12SC09-4 218.03 79.72 6.44 0.77 216.6 135.5 1.3 247.8 0.63 22.80 22.2 1.8 
12SC10 159.56 73.70 2.82 0.70 522.48 84.37 0.75 541.91 0.18 19.74 - 0.77 9.6 5.2 
z12SC10-1 171.35 69.77 3.88 0.74 321.2 85.8 0.6 340.9 0.27 5.57 4.1 0.3 
z12SC10-2 161.80 70.37 3.73 0.74 365.4 76.5 0.9 383.0 0.21 24.29 15.9 1.3 
z12SC10-4 154.91 75.70 1.79 0.65 612.1 73.0 0.7 628.9 0.12 15.29 6.9 0.6 
z12SC10-5 150.18 78.98 1.89 0.66 791.2 102.2 0.8 814.8 0.13 33.81 11.6 0.9 

12SC12 123.58 62.27 2.25 0.69 109.38 56.68 0.75 122.44 0.53 2.96 - 0.51 6.4 1.0 
z12SC12-1 118.95 65.42 2.37 0.70 99.0 64.1 0.5 113.8 0.65 2.92 6.8 0.5 
z12SC12-2 121.46 54.66 1.69 0.66 138.9 57.4 1.0 152.1 0.41 3.92 7.2 0.6 
z12SC12-3 130.34 66.74 2.70 0.71 90.3 48.6 0.7 101.5 0.54 2.05 5.3 0.4 

12SC13 166.79 72.17 4.11 0.74 856.68 125.54 0.54 885.59 0.15 28.70 - 0.68 8.5 2.9 
z12SC13-1 212.55 78.49 6.09 0.77 699.1 108.8 0.6 724.1 0.16 33.83 11.3 0.9 
z12SC13-2 180.49 74.80 4.70 0.75 1284.4 171.8 0.6 1324.0 0.13 33.30 6.2 0.5 
z12SC13-3 149.19 68.05 3.21 0.73 765.8 103.1 0.5 789.5 0.13 34.13 11.0 0.9 
z12SC13-4 167.90 68.32 3.64 0.73 641.4 102.5 0.5 665.0 0.16 25.01 9.5 0.8 
z12SC13-5 123.82 71.21 2.92 0.73 892.7 141.6 0.5 925.3 0.16 17.21 4.7 0.4 



Name L (µm) W (µm) 
Mass 
(µg) Ft* U (ppm) 

Th 
(ppm) 

Sm 
(ppm) [U]e Th/U 

He 
(nmol/g) 

Corrected 
Age [Ma] 

Error 
(Ma) 

Mean age 
(Ma) 

St.Dev.†  
(Ma) 

12PC01 97.06 73.28 1.05 0.59 34.51 25.51 74.99 40.76 0.74 2.57 - 1.17 19.4 0.3 
12PC01-1 117.23 73.54 1.28 0.61 36.2 27.7 65.3 42.9 0.77 2.8 19.6 1.18 
12PC01-2 94.87 67.60 0.87 0.55 31.9 124.0 66.1 60.7 3.89 21.7 116.9 7.02 
12PC01-3 76.89 73.02 0.83 0.57 32.8 23.3 84.6 38.6 0.71 2.3 19.2 1.15 

12PC03 124.34 63.76 1.01 0.58 35.91 17.83 54.33 40.29 0.50 0.59 - 0.28 4.7 1.2 
12PC03-1 103.49 65.09 0.88 0.58 31.5 9.4 16.9 33.7 0.30 0.4 3.3 0.20 
12PC03-2 121.94 66.15 1.07 0.59 58.8 32.9 85.4 66.8 0.56 1.1 5.0 0.30 
12PC03-3 147.60 60.03 1.07 0.57 17.5 11.1 60.7 20.3 0.64 0.4 5.8 0.35 

12PC05 79.58 68.47 0.78 0.56 18.33 9.70 25.28 20.69 0.78 0.28 - 0.29 4.8 1.4 
12PC05-1 95.48 76.21 1.12 0.60 0.8 1.0 12.2 1.1 1.13 0.0 6.2 0.37 
12PC05-2 79.22 68.88 0.76 0.56 5.1 3.6 2.5 5.9 0.71 0.1 3.3 0.20 
12PC05-3 64.03 60.32 0.47 0.51 49.1 24.5 61.1 55.0 0.50 0.8 5.0 0.30 

12PC06 79.63 60.47 0.59 0.52 6.97 6.82 4.43 8.57 0.94 0.08 3.51 0.21 3.5 0.6 
12PC06-1 81.24 65.20 0.70 0.55 5.4 4.2 2.2 6.4 0.77 0.1 4.0 0.24 
12PC06-2 78.02 55.74 0.49 0.49 8.5 9.5 6.6 10.7 1.11 0.1 3.1 0.18 
12PC06-3 77.98 54.33 0.46 0.49 3.7 3.7 2.2 4.6 0.99 0.1 11.1 0.66 

12PC09 155.69 73.14 1.68 0.61 0.98 3.78 21.49 1.96 3.85 0.01 - 0.09 1.5 - 
12PC09-1 83.85 61.56 0.64 0.53 4.4 6.2 21.4 6.0 1.41 0.0 -1.2 -0.07 
12PC09-2 93.53 64.90 0.79 0.55 1.9 4.0 19.3 2.9 2.14 0.0 -1.1 -0.06 
12PC09-3 155.69 73.14 1.68 0.61 1.0 3.8 21.5 2.0 3.85 0.0 1.5 0.09 
12PC09-4 129.45 60.00 0.94 0.55 1.3 2.6 23.5 2.1 1.97 1.6 252.2 15.13 

12PC10 126.17 59.79 0.93 0.54 19.67 51.60 16.97 31.63 2.66 0.26 2.73 0.16 2.7 0.1 
12PC10-2 140.04 65.22 1.20 0.58 22.5 54.6 21.1 35.2 2.43 0.3 2.7 0.16 
12PC10-3 112.30 54.36 0.67 0.50 16.8 48.6 12.9 28.0 2.89 0.2 2.8 0.17 
12PC10-4 99.09 50.46 0.51 0.47 11.1 29.2 18.1 18.0 2.63 0.0 0.6 0.03 

12PC02 140.65 65.41 2.75 0.71 300.17 92.35 1.88 321.44 0.31 51.15 41.63 3.33 41.6 2.1 
z12PC02-1 182.14 60.59 3.11 0.71 342.9 108.0 2.9 367.8 0.31 57.55 40.8 3.3 
z12PC02-2 119.95 65.78 2.41 0.71 221.4 75.6 1.4 238.8 0.34 40.12 44.0 3.5 
z12PC02-3 119.85 69.85 2.72 0.72 336.2 93.5 1.3 357.7 0.28 55.79 40.1 3.2 

12PC03 197.56 77.19 5.52 0.76 199.57 75.05 1.08 216.85 0.41 38.35 44.86 3.59 44.9 6.3 
z12PC03-1 191.88 89.97 7.22 0.78 202.1 100.4 1.4 225.2 0.50 38.93 40.7 3.3 
z12PC03-2 181.51 71.07 4.26 0.74 295.9 76.1 0.8 313.4 0.26 52.59 41.8 3.3 
z12PC03-3 219.30 70.52 5.07 0.74 100.8 48.6 1.1 112.0 0.48 23.53 52.1 4.2 

               



Name L (µm) W (µm) 
Mass 
(µg) Ft* U (ppm) 

Th 
(ppm) 

Sm 
(ppm) [U]e Th/U 

He 
(nmol/g) 

Corrected 
Age [Ma] 

Error 
(Ma) 

Mean age 
(Ma) 

St.Dev.†  
(Ma) 

12PC04 128.20 74.80 3.35 0.73 391.56 167.65 3.35 430.17 0.55 77.85 45.29 3.62 45.3 4.9 
z12PC04-1 139.21 80.79 4.23 0.76 589.1 89.6 0.5 609.8 0.15 120.47 48.3 3.9 
z12PC04-2 137.66 66.55 2.84 0.71 375.0 229.7 6.0 427.9 0.61 65.40 39.6 3.2 
z12PC04-3 107.72 77.07 2.98 0.72 210.6 183.6 3.6 252.9 0.87 47.68 48.0 3.8 

12PC09 160.82 69.79 3.71 0.73 389.69 66.83 0.66 405.08 0.19 19.59 12.21 0.98 12.2 2.4 
z12PC09-1 176.38 69.15 3.92 0.74 755.2 105.3 0.4 779.4 0.14 37.37 12.0 1.0 
z12PC09-2 154.83 52.08 1.95 0.67 2707.6 417.5 0.9 2803.7 0.15 53.21 5.3 0.4 
z12PC09-3 128.39 67.50 2.72 0.72 204.4 38.0 0.3 213.1 0.19 10.16 12.3 1.0 
z12PC09-4 183.49 79.41 5.38 0.76 232.8 65.6 0.5 247.9 0.28 9.36 9.2 0.7 
z12PC09-5 151.40 63.36 2.83 0.71 446.4 81.1 0.9 465.1 0.18 20.87 11.7 0.9 
z12PC09-6 164.45 69.54 3.70 0.74 309.8 44.2 1.2 319.9 0.14 20.20 15.9 1.3 

12PC10 159.81 75.33 2.93 0.69 135.46 94.74 1.80 157.28 0.72 4.28 7.45 0.60 7.5 1.9 
z12PC10-1 173.45 80.85 5.27 0.76 70.1 47.5 0.4 81.0 0.68 1.95 5.9 0.5 
z12PC10-2 167.44 65.94 3.39 0.72 118.4 89.2 0.5 139.0 0.75 4.93 9.1 0.7 
z12PC10-3 133.25 64.59 2.58 0.70 97.1 79.0 0.4 115.3 0.81 2.29 5.2 0.4 
z12PC10-4 157.12 72.14 1.65 0.63 263.3 164.9 6.6 301.3 0.63 6.37 6.2 0.5 
z12PC10-5 162.37 87.85 2.52 0.68 134.8 98.0 1.2 157.4 0.73 4.97 8.6 0.7 
z12PC10-6 165.26 80.64 2.16 0.66 129.1 89.9 1.9 149.8 0.70 5.16 9.7 0.8 
Notes: See Appendix DR1for discussion of analytical procedures and errors; samples in italics were not used in calculated mean ages.  
*Ft is the alpha ejection correction of  Farley et al. (1996) 
†St. Dev.—standard deviation. 
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