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1. Introduction 

"#$ + &$# → &$"#(																(1)	

&$"#( + "-"#( → 2&"#(/ + "-$0															(2)	

2&$"#( + "-12#( + &$# → 2&"#(/ + "-$0 + &312#3								(3)
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4671$ + 15#$ + 8&$# → 267$#( + 8&$1#3							(4)

	

8&$1#3 + 16"-"#( → 81#3$/ + 16&"#(/ + 16"-$0			(5)

8&$"#( + 8"-12#( + 8&$# → 81#3$/ + 8"-$0 + 8&3Si#3			(6)
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1.1 Aims 
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2. Study Areas 

2.1 Kärkevagge 

Figure 1. The geographical siting of Kärkevagge and Miellajokka in relation to road 
E10, auxiliary sites G1-10, lake Torneträsk and the Torneälv river. 
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Figure 2. Photo over Kärkevagge towards the valley opening in the north. The southern 
boulder field is visible to the left and the central boulder field extends towards the edges 
of the image. Many boulders in the foreground are coated with a white-brownish crust. 
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2.2 Miellajokka 
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3. Methods 

3.1 Fieldwork 

Figure 3. Sampling at site MS2, a small runnel draining a snow patch in the Miellajokka 
catchment.  
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3.2 Laboratory procedures 

3.2.1 Initial analysis and subsampling 
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3.2.2 DOC  

±

Figure 4. Map over Kärkevagge, with boulder fields and sampling sites marked out. 
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Figure 5. Map over Miellajokka, with sampling locations marked out.  
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3.2.3 ICP-OES 

3.2.4 IC 

3.2.5 Alkalinity 
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3.2.6 Isotope analysis

3.2.6.1	Sulfur	Isotopes	preparation	

!
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Figure 6. Eluation of ion exchange colums with a NaCl solution at Stockholm University  
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!(31	 = 	
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∆((1 = !((1 − 0,515 ∗ !(31									(9)
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!

!ST#	 = 	
U/ U@ABCDE

VWVX

U/ U@IAJKALK
VWVX − 1 ∗ 1000

3.2.6.2	Water	isotopes	

!Y = 	
Z/[@ABCDE

Z/[@IAJKALK
− 1 ∗ 1000

3.2.6.3	!13CDIC	

!

!S("	 = 	
"/ ">\]^_`

S$S(

"/ ">a\bc\dc
S$S( − 1 ∗ 1000					(12)

!
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3.2.7 Data processing 
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4. Results 

4.1 Meteoric Water 
 

e
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4.2 Solid samples 

Figure 7. Top: The 
relationship between δ33S and 
δ34S for all samples, plotting 
close to the mass-dependent 
fractionation line of δ	33S	≈ 
0,515 δ34S	Bottom:	∆33S	vs	
δ34S.	Grey	area	indicates	the	
±0,5‰	which	is	considered	
indistinguishable	from	mass-
dependent	fractionation	
(Domagal-Goldman	et	al.	,	
2011).	 
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4.3 Stream Water 

4.3.1 Water chemistry 

Figure 9. Box plots over pH, pCO2 concentration and 
DOC concentration distributions for groups of data. 
Boxes connects quartiles, and whiskers equals 
1,5*Interquartile range. Crosses denotes mean. Left: 
Kärkevagge main headwater sites (pH, pCO2 n=15, 
DOC n=14). Middle left: Kärkevagge springs and 
small tributaries (pCO2, pH n=22, DOC n=25). 
Middle right: Miellajokka main headwater (pCO2, pH 
n=11, DOC not available). Right: Miellajokka springs 
and small tributaries (n=15).   
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Figure 10. Major ions and elemental concentrations in Kärkevagge. Number beside 
sample point depicts TDS concentration in mg/L. 
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Figure 11. Major ions and elemental concentrations throughout the Miellajokka 
catchment area. Number beside sample point depicts TDS concentration in mg/L. 
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Figure 12. Element 
correlations with R values 
and n values in graphs. Red 
text and markers refers to 
Kärkevagge, green to 
Miellajokka., Top left: Mg vs 
S. Top middle: Ca vs Sr. Top 
right: Al vs Ni. Center left: 
Cu vs Co. Center middle: Cd 
vs Ni. Center right: Co vs 
Zn. Bottom left: Cu vs Ce. 
Bottom right: Mn vs Co.  
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Figure 13. Box plots over Fe 
(upper left), Si (upper right), 
Mn (lower left) and S (lower 
right) distributions for groups 
of data. Boxes connects 
quartiles, and whiskers equals 
1,5*Interquartile range. 
Crosses denotes mean. Left: 
Kärkevagge main headwater 
sites (n=15). Middle left: 
Kärkevagge springs and small 
tributaries (n=25). Middle 
right: Miellajokka main 
headwater sites (Fe n=13, Si, 
Mn, S  n=14). Right: 
Miellajokka springs and small 
tributaries (n=15).   
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4.3.2 Isotopes 
 



	

36	

Figure 15. plotting of samples in respect to 34SSO4 and 18OSO4 . Red field marks the field in 
between solid samples KR1-2. Rain water composition (green ring) is based on the two 
δ34SSO4 measurements and he single δ18OSO4 data point of Miellajokka rain water. 
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Figure 17. Water 
isotope plot with 
GMWL and 
LMWL (Jonsson 
et al., 2009) 
marked out.  
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5. Discussion 

5.1 Data evaluation 
 

5.1.1 potential error evaluation  
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5.1.2 Rain water δ18OSO4  
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5.1.3 Rain water δD & δ18OH2O 

! !

5.2 Local variations within study areas 



	

42	

(figure	 7,	 Domagal-Goldman	 et	 al.,	 2011).	 This	 find	 would	 therefore	
indicate	the	presence	of	
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5.3 Comparison between study areas 
 

Compared to Miellajokka, Kärkevagge shows a larger variation in 
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5.3 Sulfide weathering in the Torneträsk region 
 

5.3.1 Relative importance of carbonate and silicate rock weathering  
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Figure 19. Log-log relationship between Ca/Na and HCO3/Na for all sample groups, 
together with rock type end members as defined by Gaillardet et al., 1999. Samples (large 
symbols) were projected onto the theoretical mixing line (small symbols) according to the 
method in appendix 3.  
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5.3.2 δ34S end members
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Figure 20. δ34SSO4 plotted against SO4/Cl ratios. Rain end members are marked out based 
on the approximate SO4/Cl ratios of rain based on data from Swedish measurement data 
(SITES) and Kroopnick (1977) 
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Figure 21. Miller Tans plots 
for Kärkevagge (top) and 
Miellajokka (bottom). The 
slope determines the 
background isotope value 
(Miller & Tans, 2002).  
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5.3.3 Mass balances 

gh = ij ∗ j + ik ∗ k + ⋯	im ∗ m

ij + ik + ⋯	im = 1														(14)

gh = ino_pmc` ∗
(31no_pmc` + (1 − ino_pmc`) ∗

(31c`^qnmamqb							(15)	

	

Solving	the	equation	with	the	end	members	det
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5.3.4 Flux estimations 
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emol/L.	
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5.3.5 Relative importance of sulfuric acid weathering 
 

In	accordance	with	conceptual	equations	5	and	6	in	the	introduction,	every	mole	of	sulfate	derived	

from	 sulfide	 weathering	 is	 accompanied	 by	 two	 moles	 of	 CaCO3	 or	 one	 mole	 of	 CaSiO4.	

emol/L.	The	corresponding	value,	calculated	for	the	

mean	of	the	early	summer	and	late	autumn	site	at	site	M1	in	Miellajokka,	equal	20	emol/L.	The	

mean	calcium	concentrations	for	the	same	samples	taken	at	sites	K7	and	M1	were	332	and	118	

emol/L,	respectively	(appendix	2.1).	Thus,	the	ratio	 /Ca	thus	equals	1,01	in	Kärkevagge,	

and	0,16	in	Miellajokka.	

In	practice,	the	proportion	of	weathering	reactions	are	not	known,	and	Ca	is	not	the	

only	important	cation	in	calcium	nor	carbonate	rocks.	The	above	calculation	therefore	only	serves	
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to	 illustrate	 that	weathering	 by	 sulfuric	 acid	 is	 a	 strong,	 possibly	 even	 dominant,	 pathway	 in	

Kärkevagge.	 This	 pathway	 also	 appears	 to	 be	 significant	 in	Miellajokka,	 although	 to	 a	 smaller	

extent !S("

!

!S("

!

!S("

!S(" !S("

!
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6. Conclusions 
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Appendix 1: potential contamination and other potential errors during 
sulfur isotope preparation 
 
 
Below follows a list of sulfur concentrations measured for NaCl used for the sulfur isotope 
analysis preparation steps. H.P. = High purity salt, concentration of S not measured on ICP. 
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1) Waterbath were set to 110°C 2) BaCl were added approximately 8 minutes after position 
on bath 
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Appendix 2: Data tables 

2.1 Main water characteristics 
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2.2 Main elements (ICP-OES)  
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2.3 Main anions (IC) 
 
 
n.d. = not detected.  
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2.4 Trace elements (ICP-OES) 
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2.5 Isotope data 
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2.6 DIC, alkalinity and DOC 
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Appendix 3: linear algebra projection method 
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Appendix 4: Keeling plots 
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