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Table DR1

Specimen Lab # Mineral
Plateau Age 

(Ma)
err (1!)

Isochron Age 
(Ma)

err (1!)
Closure 

Temperature 
(˚C)

err

MS-43 KL-12 Ms 15.18 0.18 15.50 0.31 432 24

MS-37 KL-5 Bt 12.43 0.15 12.63 0.27 345 16

MS-32B KL-6 Bt 4.46 0.09 4.53 0.12 345 16

MS-30 KL-8 Ms 4.34 0.14 4.47 0.31 345 16

MS-30 KL-9 Bt 2.60 0.15 2.93 0.68 418 25

MS-23B KL-10 Ms 3.07 0.20 2.98 0.56 418 25

MS-23B KL-11 Bt 3.83 0.12 3.90 0.52 345 16

MS-16 KL-7 Bt 53.89 0.41 50.52 4.36 332 20

Closure temperatures calculated based on the equations of Dodson (1973) using cooling rate of 80˚C/Ma as 
estimated by Godin et al., (2006b) for the Nar area (Figure 4.1) with an estimated error of ±20˚C/Ma.  Biotite (Bt) 
parameters and errors are from Grove and Harrison (1996).  Muscovite (Ms) parameters are from Hames and 
Bowring (1994) with estimated error in the activation energy of ± 6% and coefficient of diffusion error of ±75%.
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40
Ar/

39
Ar Thermochronologic methods 

Specimens and flux-monitors (standards) were wrapped in Al-foil and loaded into 

an 11.5 cm long and 2.0 cm diameter irradiation container, and then irradiated with fast 

neutrons in position 5C of the McMaster Nuclear Reactor (Hamilton, Ontario) for 9 hours. 

A group of flux monitors (7 in total) were located at approximately every 0.5 cm along the 

irradiation container and J-values for individual samples were determined by interpolation. 

 For total-fusion of monitors and step-heating of the unknowns, specimens were 

mounted in an aluminum sample-holder, beneath the sapphire view-port of a small stainless-

steel chamber connected to an ultra-high vacuum purification system. An 8W Lexel 

continuous argon-ion laser was used for step-heating by de-focusing the laser beam to 

cover the entire sample and heating for approximately 3 minutes at increasing power 

settings. The evolved gas, after purification using an SAES C50 getter, was admitted to an 

on-line, MAP 216 mass spectrometer, with a Bäur Signer source and an electron multiplier 

(set to a gain of 100 over the Faraday), and analyzed in static mode. Blanks, measured 

routinely, were subtracted from the subsequent sample gas-fractions. 

 Measured argon-isotope peak heights were extrapolated to zero-time, normalized to 

the 40Ar/39Ar atmosphere ratio (295.5), and corrected for neutron-induced 40Ar from 

potassium and 39Ar and 36Ar from calcium. Dates and errors were calculated using formulae 

given by Dalrymple et al. (1981), and the constants recommended by Steiger and Jäger 

(1977). Errors shown represent the analytical precision at 2!, assuming that the error in the 

J-value is zero. A conservative estimate of error in the J-value is 0.5% and can be added for 

inter-sample comparison.  Intra-laboratory standard MAC-83 Biotite (24.36 Ma referenced 

to FCT sanidine at 28.02 Ma; Renne et al. 1998) was used as the monitor for laser step-

heating analyses. 
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Electron Microprobe Methods and Data 

Quantitative analyses were made on an automated 4 spectrometer Cameca Camebax 

MBX electron probe by the wavelength dispersive x-ray analysis method (WDX). 

Operating conditions were: 15kv accelerating voltage, 20 nan0-amperes beam current . 

Specimens were analyzed using either a focused electron beam (1 micron diameter) or a 

rastered electron beam 5 x5 to 10x10 microns in size on beam sensitive minerals such as 

plagioclase or mica. Counting times were 15-40 seconds or 40,000 accumulated counts. 

Background positions were carefully selected to avoid instances of peak overlap. 

Background measurements were made at 50% peak counting time on each side of the 

analyzed peak. Raw x-ray data were converted to elemental weight % by the Cameca PAP 

matrix correction program. A suite of well characterized natural and synthetic minerals and 

compounds were used as calibration standards. Analyses are accurate to 1-2 % relative for 

major elements (>10 wt %), 3-5 % relative for minor elements ( >0.5<5.0 wt %). As 

detection limit is approached (<0.1 wt %), relative errors approach 100 %. 

Element Line Standard 

Si,Ca K-alpha wollastonite 

Al K-alpha syn spinel 

Ti,Mn K-alpha syn MnTiO3 

Cr K-alpha syn Cr2O3 

Fe K-alpha syn. fayalite 

Mg K-alpha olivine 

Ba L-alpha barite 

Na K-alpha albite 

K K-alpha orthoclase 

Cl K-alpha tugtupite 

F K-alpha syn LiF 

 Specimens were also examined with an EDX (energy-dispersive x-ray analysis) 
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system to confirm mineral identifications and determine the presence or absence of major 

and trace elements prior to quantitative analysis. 

 Digital BSE ( back-scattered electron ) images were collected at 512 x 512 pixel 

resolution with an Electron Optic Services digital imaging system consisting of : a 4Pi 

Analysis Inc. digital imaging and EDX x-ray system and Power Macintosh G3 computer 

interfaced to at a Lamont 4 element solid state BSE detector and BSE Quad Summing 

Amplifier, Kevex EDX detector, and Aptec spectroscopy amplifier.  

 In specimens ms62, ms32B, ms34, ms21, and ms12 analyses of two paired 

garnet/biotite phases were measured.  The temperature (and pressure if appropriate) of 

equilibrium was calculated for each pair; the results from the same specimen were invariably 

well-within error. Rather than choose one estimate over another from one specimen the 

thermobarometric estimates used in this study represents the average of the two analysis. 
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Mineral compositions from schists and gneissesMineral compositions from schists and gneissesMineral compositions from schists and gneissesMineral compositions from schists and gneisses

Budhi Gandaki and Darondi valleys, central NepalBudhi Gandaki and Darondi valleys, central NepalBudhi Gandaki and Darondi valleys, central NepalBudhi Gandaki and Darondi valleys, central Nepal

Plagioclase rim compositionsPlagioclase rim compositions

Sample ms62-1 ms62-2 ms59 ms31 ms32B-1

XAn 0.234 0.237 0.197 0.126 0.200

XAlb 0.763 0.758 0.796 0.870 0.793

XOr 0.004 0.006 0.007 0.004 0.007

Sample ms32B-2 ms34-1 ms34-2 ms47 ms37

XAn 0.199 0.231 0.210 0.239 0.226

XAlb 0.793 0.759 0.783 0.750 0.763

XOr 0.008 0.009 0.007 0.011 0.011

Garnet Minimum-Mn compositionsGarnet Minimum-Mn compositionsGarnet Minimum-Mn compositions

Sample ms76 ms12-1 ms12-2 ms21A-1 ms21A-2

XPrp 0.122 0.097 0.093 0.106 0.095

XAlm 0.838 0.810 0.806 0.825 0.779

XSps 0.010 0.006 0.007 0.005 0.007

XGrs 0.031 0.088 0.095 0.063 0.118

Fe/(Fe+Mg) 0.873 0.893 0.897 0.886 0.891

Sample ms62-1 ms62-2 ms59 ms31 ms32B-1

XPrp 0.170 0.181 0.100 0.124 0.072

XAlm 0.682 0.671 0.799 0.734 0.752

XSps 0.080 0.080 0.061 0.112 0.144

XGrs 0.068 0.067 0.041 0.030 0.032

Fe/(Fe+Mg) 0.800 0.787 0.889 0.856 0.912

Sample ms32B-2 ms34-1 ms34-2 ms47 ms37

XPrp 0.071 0.078 0.072 0.093 0.094

XAlm 0.751 0.704 0.712 0.747 0.780

XSps 0.146 0.183 0.182 0.125 0.093

XGrs 0.033 0.036 0.033 0.034 0.033

Fe/(Fe+Mg) 0.914 0.901 0.908 0.889 0.893

MIca compositions (bt, biotite; ms, muscovite)MIca compositions (bt, biotite; ms, muscovite)MIca compositions (bt, biotite; ms, muscovite)MIca compositions (bt, biotite; ms, muscovite)

Sample ms76 bt ms12-1 bt ms12-2 bt ms21A-1 bt ms21A-2 bt

Si 2.946 2.997 2.975 2.945 2.974

Al 1.959 1.935 1.906 1.921 1.924

Ti 0.038 0.055 0.070 0.073 0.042

Mg 1.126 1.071 1.081 0.886 1.036

Fe2+ 1.451 1.430 1.460 1.658 1.528

Mn 0.002 0.000 0.004 0.004 0.003

Ca 0.002 0.002 0.007 0.004 0.000

Na 0.021 0.034 0.057 0.053 0.050

K 1.004 0.949 0.940 0.961 0.975

Fe/(Fe+Mg) 0.563 0.572 0.575 0.652 0.596

Sample ms62-1 bt ms62-2 bt ms59 bt ms31 bt ms32 ms

Si 2.969 2.995 2.964 2.961 3.353

Al 1.800 1.782 1.876 1.862 3.020

Ti 0.139 0.139 0.131 0.146 0.044

Mg 1.283 1.311 0.997 1.241 0.066

Fe2+ 1.271 1.236 1.504 1.246 0.074

Mn 0.011 0.007 0.003 0.010 0.000

Ca 0.000 0.002 0.001 0.001 0.000

Na 0.057 0.064 0.035 0.049 0.225

K 0.963 0.931 0.931 0.928 0.827

Fe/(Fe+Mg) 0.498 0.485 0.601 0.501 0.529

Sample ms32B-1 bt ms32B-2 bt ms34-1 bt ms34-2 bt ms47 bt

Si 2.968 2.968 2.909 2.904 2.926

Al 1.845 1.834 1.868 1.889 1.958

Ti 0.147 0.158 0.229 0.211 0.127

Mg 0.714 0.680 0.810 0.802 0.873

Fe2+ 1.725 1.751 1.550 1.577 1.547

Mn 0.021 0.024 0.014 0.020 0.013

Ca 0.001 0.000 0.001 0.000 0.001

Na 0.016 0.015 0.026 0.021 0.021

K 1.051 1.052 1.035 1.023 1.021

Fe/(Fe+Mg) 0.707 0.720 0.657 0.663 0.639

Sample ms37 bt

Si 2.924

Al 2.009

Ti 0.103

Mg 0.886

Fe2+ 1.507

Mn 0.009

Ca 0.001

Na 0.025

K 1.024

Fe/(Fe+Mg) 0.630
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