Supplementary data files

Supplementary table 1(A): Concentration of major ions for selected Himalayan glacier snowpit profiles. 

	Site Name
	SO4 -2
	Cl-
	NO3-
	SO4 -2 /Cl-
	NO3 - /Cl-
	Reference 

	Gangotri Glacier
	6.35
	6.52
	14.47
	0.97
	2.22
	Ahmad and Hasnain, 2009

	Dokriani Glacier
	2.82
	7.62
	10.02
	0.37
	1.31
	Sundriyal et al., 2018

	Chota Shigri Glacier
	2
	21
	8
	0.10
	0.38
	Nizampurkar et al., 1993

	Mukteshwar
	17.5
	52
	23
	0.34
	0.44
	Kumar et al., 2015

	Average for Himalaya
	 
	 
	 
	0.44
	1.09
	 

	Seawater
	28 200
	545 000
	
	0.05
	N/A
	Holland, 1978


Dissolved ion unit is in µmole/l

Supplementary table 1(B): Average concentration of major ions for snow, ice and rainwater from selected Himalayan sites.
	Parameter
	Na+ /Cl-
	K+ /Cl-
	Mg2+ /Cl-
	Ca+ /Cl-
	Reference 

	Snow
	0.81
	0.33
	0.19
	0.29
	Nizampurkar et al., 1991

	Ice
	0.73
	0.27
	0.13
	0.24
	Nizampurkar et al., 1991

	Rain
	1.16
	0.38
	0.50
	1.28
	Handa 1968

	Seawater
	0.89
	0.02
	0.10
	0.02
	Holland, 1978


Dissolved ion unit is in µmole/l

Supplementary table 2: Solute fluxes in atmospheric, aerosol, marine and crustal provenance categories.
	Glacier Name
	Year of Study
	Solute Component
	Cl-
	SO4 2-
	NO3-
	HCO3-
	Total HCO3-

	
	
	
	All Cl- marine
	Seasalt
	Aerosol
	Crustal
	Aerosol 
	Aerosol Hydrolysis
	SO-CD
	Simple Hydrolysis
	Silicate derived
	Carbonate Carbonation (50% crustal, 50% atmospheric)
	Atmospheric
	

	Gangotri
	2008
	Pre-monsoon
	20.40
	1.04
	7.94
	223.02
	2.82
	18.69
	446.05
	220.00
	190.40
	216.57
	298.68
	1390.39

	
	
	Monsoon 
	13.40
	0.68
	5.21
	190.10
	0.00
	10.43
	380.21
	220.00
	242.76
	217.45
	351.48
	1422.32

	
	
	Post Monsoon
	12.20
	0.62
	4.75
	217.63
	6.17
	15.66
	435.26
	220.00
	302.26
	245.59
	425.06
	1643.83

	
	2009
	
	10.00
	0.51
	3.89
	213.70
	3.70
	11.48
	427.40
	220.00
	528.70
	352.44
	704.92
	2244.94

	Dokriani
	1994
	
	3.54
	0.18
	1.38
	169.14
	0.00
	2.75
	338.29
	220.00
	310.37
	147.63
	384.19
	1403.23

	Chota Shigri
	2003
	
	11.40
	0.58
	4.43
	66.48
	6.83
	15.70
	132.97
	220.00
	124.44
	47.05
	147.97
	688.13

	
	2004
	
	10.50
	0.54
	4.08
	90.38
	6.25
	14.42
	180.76
	220.00
	165.24
	75.71
	203.09
	859.22

	
	2005
	
	11.20
	0.57
	4.36
	288.07
	9.39
	18.10
	576.14
	220.00
	171.70
	47.47
	195.44
	1228.86

	
	2006
	
	13.90
	0.71
	5.41
	235.38
	4.55
	15.36
	470.77
	220.00
	227.80
	3.47
	229.53
	1166.93

	
	2007
	
	12.50
	0.64
	4.86
	265.00
	5.04
	14.77
	530.00
	220.00
	217.26
	18.99
	226.75
	1227.77

	
	2008
	
	15.00
	0.77
	5.84
	107.40
	39.00
	50.67
	214.80
	220.00
	421.60
	148.04
	495.62
	1550.72

	
	2009
	
	23.00
	1.17
	8.95
	153.88
	37.00
	54.89
	307.76
	220.00
	489.60
	255.63
	617.41
	1945.29

	Bara Shigri
	2012
	
	37.00
	1.89
	14.39
	123.72
	56.00
	84.79
	247.44
	220.00
	442.00
	126.11
	505.06
	1625.40

	
	2013
	
	17.00
	0.87
	6.61
	28.02
	18.00
	31.23
	56.04
	220.00
	227.80
	5.47
	225.07
	765.60

	Patsio
	2010
	
	23.00
	1.17
	8.95
	38.88
	13.00
	30.89
	77.76
	220.00
	153.00
	5.33
	155.66
	642.64

	
	2011
	
	10.60
	0.54
	4.12
	75.34
	1.31
	9.56
	150.67
	220.00
	303.62
	101.42
	354.33
	1139.61

	
	2012
	
	3.30
	0.17
	1.28
	50.55
	1.50
	4.07
	101.10
	220.00
	207.74
	46.95
	231.22
	811.07

	Chaturangi
	
	
	12.80
	0.65
	4.98
	412.87
	2.86
	12.82
	825.74
	220.00
	561.68
	556.12
	839.74
	3016.09

	Satopanth
	1989
	
	36.67
	1.87
	14.26
	0.63
	0.00
	28.53
	1.25
	220.00
	49.99
	94.10
	97.03
	490.90

	
	1991
	
	0.00
	0.00
	0.00
	44.45
	0.00
	0.00
	88.90
	220.00
	400.44
	151.26
	476.07
	1336.67

	
	
	Average
	14.87
	0.76
	5.78
	149.73
	10.67
	22.24
	299.47
	220.00
	286.92
	143.14
	358.22
	1329.98


Dissolved ion unit is in µmole/l

The CO2 consumption attributed to silicate and carbonate weathering is calculated for the discharge measurement periods  and the specific discharge (water discharge per unit basin area).. The discharge values were provided by Hasnain and Thayyen (1996, 1999) for Dokriani glacier, Chota Shigri glacier by Sharma et al. (2013), Satopanth glacier by Chauhan and Hasnain et al. (1993) and the Patsio glacier by Singh et al.( 2015). The results produced here for Dokriani glacier disagree from those of Hasnain and Thayyen (1999) because we have West et al. (2002) for a more reasonable basin area calculation of 23 km2.
Supplementary table 3: Annual specific discharge values for selected Indian Himalayan Glaciers. 
	Glacier Name 
	Sampling Year
	Discharge
	Area
	Specific Discharge

	
	
	(m3/s)
	km2
	m/yr

	Dokriani 
	1992
	2.6
	23
	3.56

	
	1994
	4.78
	23
	6.55

	Chota Shigri
	2003
	0.6
	10
	1.89

	
	2004
	1.7
	10
	5.36

	
	2005
	0.9
	10
	2.84

	
	2006
	1.5
	10
	4.73

	
	2007
	1.9
	10
	5.99

	Satopanth
	1981
	11.46
	21
	17.21

	
	1991
	5.8
	21
	8.71

	Patsio
	2011
	0.7
	7.82
	2.82

	
	2012
	0.94
	7.82
	3.79


Supplementary table 4: Correlation matrix analysis of solute fluxes in atmospheric, aerosol, marine and crustal provenance categories.
	 
	 
	SO4 2-
	HCO3-

	 
	 
	Seasalt
	Aerosol
	Crustal
	Aerosol Hydrolysis
	SO-CD
	Simple Hydrolysis
	Silicate derived
	Carbonate Carbonation
	Atmospheric

	SO4 2-
	Seasalt
	1.00
	
	
	
	
	
	
	
	

	
	Aerosol
	1.00
	1.00
	
	
	
	
	
	
	

	
	Crustal
	-1.00
	-1.00
	1.00
	
	
	
	
	
	

	HCO3-
	Aerosol Hydrolysis
	0.63
	0.63
	-0.63
	1.00
	
	
	
	
	

	
	SO-CD
	-0.54
	-0.54
	0.54
	-0.58
	1.00
	
	
	
	

	
	Simple Hydrolysis
	0.42
	0.42
	-0.42
	0.02
	-0.22
	1.00
	
	
	

	
	Silicate derived
	0.18
	0.18
	-0.18
	0.39
	-0.63
	-0.54
	1.00
	
	

	
	Carbonate Carbonation
	-0.36
	-0.36
	0.36
	-0.36
	0.31
	-0.28
	-0.19
	1.00
	

	
	Atmospheric
	0.42
	0.42
	-0.42
	0.50
	-0.67
	0.40
	0.20
	-0.77
	1
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