Summary of the Analysis


For 40Ar/39Ar analysis, 1 rock sample was submitted to the Geochronology laboratory at UAF where it was crushed, sieved, washed and hand-picked for phenocryst free rock chips (1000 microns to 500 micron size fraction). The monitor mineral MMhb-1 (Samson and Alexander, 1987) with an age of 523.5 Ma (Renne et al., 1994) was used to monitor neutron flux (and calculate the irradiation parameter, J). The samples and standards were wrapped in aluminum foil and loaded into aluminum cans of 2.5 cm diameter and 6 cm height. The samples were irradiated in position 5c of the uranium enriched research reactor of McMaster University in Hamilton, Ontario, Canada for 20 megawatt-hours.  

Upon their return from the reactor, the sample and monitors were loaded into 2 mm diameter holes in a copper tray that was then loaded in a ultra-high vacuum extraction line.  The monitors were fused, and samples heated, using a 6-watt argon-ion laser following the technique described in York et al. (1981), Layer et al. (1987) and Benowitz et al., (2014). Argon purification was achieved using a liquid nitrogen cold trap and a SAES Zr-Al getter at 400C.  The samples were analyzed in a VG-3600 mass spectrometer at the Geophysical Institute, University of Alaska Fairbanks. The argon isotopes measured were corrected for system blank and mass discrimination, as well as calcium, potassium and chlorine interference reactions following procedures outlined in McDougall and Harrison (1999). Typical full-system 8 min laser blank values (in moles) were generally 2 × 10-16 mol 40Ar, 3 × 10218 mol 39Ar, 9 × 10-18 mol 38Ar and 2 × 10-18 mol 36Ar, which are 10–50 times smaller than the sample/standard volume fractions. Correction factors for nucleogenic interferences during irradiation were determined from irradiated CaF2 and K2SO4 as follows: (39Ar/37Ar)Ca = 7.06 × 10-4, (36Ar/37Ar)Ca = 2.79 × 10-4 and (40Ar/39Ar)K =  0.0297. Mass discrimination was monitored by running calibrated air shots. The mass discrimination during these experiments was 1.3% per mass unit. While doing our experiments, calibration measurements were made on a weekly– monthly basis to check for changes in mass discrimination with no significant variation seen during these intervals.
A summary of all the 40Ar/39Ar results is given in Table A1, with all ages quoted to the ± 1 sigma level and calculated using the constants of Renne et al. (2010). The integrated age is the age given by the total gas measured and is equivalent to a potassium-argon (K-Ar) age. The spectrum provides a plateau age if three or more consecutive gas fractions represent at least 50% of the total gas release and are within two standard deviations of each other (Mean Square Weighted Deviation less than 2.5). 

Benowitz, J. A., Layer, P. W., & Vanlaningham, S., 2014, Persistent long-term (c. 24 Ma) 

exhumation in the Eastern Alaska Range constrained by stacked thermochronology. Geological Society, London, Special Publications, 378(1), 225-243.

Layer, P.W., Hall, C.M. & York, D., 1987, The derivation of 40Ar/39Ar age spectra of single grains of hornblende and biotite by laser step heating, Geophys. Res. Lett., 14, 757-760.

McDougall, I. and Harrison, T.M., 1999, Geochronology and Thermochronology by the 40Ar/39Ar method-2nd ed, Oxford University Press, New York, 269pp.

Renne, P. R., Mundil, R., Balco, G., Min, K., and Ludwig, K. R., 2010. Joint determination of 40K decay constants and 40Ar∗/40K for the Fish Canyon sanidine standard, and improved accuracy for 40Ar/39Ar geochronology.Geochimica et Cosmochimica Acta, 74(18), 5349.
Renne, P. R., Deino, A. L., Walter, R. C., Turrin, B. D., Swisher, C. C., Becker, T. A., Curtis, G.H., Sharp. W.D., and Jaouni, A. R., 1994, Intercalibration of astronomical and radioisotopic time. Geology, 22(9), 783-786.

Samson S. D., and Alexander E. C. (1987) Calibration of the interlaboratory 40Ar/39Ar dating standard, MMhb1. Chem. Geol. 66, 27-34.

Steiger, R.H. and Jaeger, E., 1977, Subcommission on geochronology: Convention on the use of decay constants in geo and cosmochronology, Earth and Planet Science Letters, v. 36, p. 359-362.

York, D., Hall, C.M., Yanase, Y., Hanes, J.A. & Kenyon, W.J., 1981. 40Ar/39Ar dating of terrestrial minerals with a continuous laser, Geophys. Res. Lett., 8, 1136-1138.

Supplemental Table A1 Interpretive Details
	Sample
	Min.
	Integrated

Age (Ma)
	Plateau Age (Ma)
	Plateau

Information
	Isochron

Age (Ma)
	Isoochron or other

Information

	14JR21
	WR
	51.7 ± 0.7
	52.0 ± 0.9
	7 of 11 fractions

63.6% 39Ar release

MSWD = 1.15
	49.1 ± 1.6
	7 of 11 fractions

40Ar/36Ari = 301.9 ± 4.2
MSWD = 0.66


Samples analyzed with standard MMhb-1 an age of 523.5 Ma. 

Most robust age in bold.

Supplemental Figure Captions:
Supplemental Figure A1:  40Ar/39Ar age spectra, Ca/K and Cl/K ratios for sample from 14JR21. Steps filled in grey were used for plateau age determinations. Steps filled in red were used for age determination.
Supplement Table A1: 40Ar/39Ar step heating results.

Supplemental Table A2: 40Ar/39Ar laser step heat data.
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	Laser Power
	Cumulative
	40Ar/39Ar
	+/-
	37Ar/39Ar
	+/-
	36Ar/39Ar
	+/-
	% Atm.
	+/-
	Ca/K
	+/-
	Cl/K
	+/-
	40*/39K
	+/-
	Age
	+/-

	(mW)
	39Ar
	meas.
	 
	meas.
	 
	meas.
	 
	40Ar
	 
	 
	 
	 
	 
	 
	 
	(Ma) 
	(Ma) 

	250
	0.0037
	1124.6004
	24
	2.19638
	0.0733
	3.72437
	0.0904
	97.84801
	1.1583
	4.03632
	0.1348
	0.02062
	0.00384
	24.23828
	13.0627
	130.82
	68.01

	500
	0.0237
	302.57237
	1.611
	1.98579
	0.0133
	0.97405
	0.0083
	95.08335
	0.6814
	3.64877
	0.0245
	0.0111
	0.00076
	14.89585
	2.07406
	81.52
	11.1

	750
	0.0956
	78.45641
	0.293
	1.88758
	0.0129
	0.2297
	0.0018
	86.34998
	0.6103
	3.46807
	0.0238
	0.00958
	0.00027
	10.71956
	0.48447
	59.03
	2.62

	1000
	0.195
	38.08447
	0.146
	2.90685
	0.014
	0.0982
	0.0015
	75.62269
	1.1183
	5.34464
	0.0259
	0.00421
	0.00027
	9.29583
	0.42976
	51.3
	2.34

	1500
	0.3091
	40.59898
	0.12
	5.65294
	0.0196
	0.1068
	0.0012
	76.64383
	0.864
	10.41394
	0.0362
	0.00491
	0.00013
	9.51344
	0.35448
	52.49
	1.93

	2000
	0.4435
	32.06499
	0.111
	5.93458
	0.0236
	0.0788
	0.0009
	71.1566
	0.7967
	10.93497
	0.0437
	0.00331
	0.00013
	9.27899
	0.26023
	51.21
	1.42

	2250
	0.5044
	22.9289
	0.102
	9.66775
	0.0423
	0.04804
	0.0017
	58.51401
	2.2174
	17.86094
	0.0787
	0.00605
	0.0002
	9.56535
	0.51345
	52.77
	2.79

	2500
	0.5415
	32.04265
	0.145
	11.44379
	0.0583
	0.07707
	0.0028
	68.19771
	2.5899
	21.16887
	0.1086
	0.01316
	0.00044
	10.26388
	0.83761
	56.56
	4.54

	3000
	0.5785
	39.48947
	0.205
	13.5876
	0.0711
	0.10217
	0.0029
	73.67137
	2.1563
	25.17292
	0.1331
	0.0278
	0.00057
	10.48995
	0.86182
	57.79
	4.67

	5000
	0.7326
	17.03606
	0.052
	9.26296
	0.0266
	0.0298
	0.0007
	47.28101
	1.1632
	17.10818
	0.0494
	0.05804
	0.00036
	9.02472
	0.20168
	49.83
	1.1

	9000
	1
	11.52747
	0.021
	16.95793
	0.0323
	0.01588
	0.0005
	28.64544
	1.2712
	31.49262
	0.0607
	0.04128
	0.0002
	8.30389
	0.14894
	45.9
	0.81

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Integrated
	 
	38.21907
	0.042
	9.41417
	0.0109
	0.10034
	0.0004
	75.60813
	0.3204
	17.38932
	0.0202
	0.02428
	0.00009
	9.37749
	0.12425
	51.75
	0.69
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