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Abstract 
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1. Introduction 
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1.1 The Archean environment 
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Figure 1: Development of atmospheric composition in time. From Arndt and Nisbet (2012) 

1.2 Iron isotopes 
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Figure 2: Range of iron isotope fractionation in some environments, modified from Dauphas and Rouxel (2006) 
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Figure 3: Relationship between Zero point energies and dissociation energy for two molecules AB with different 
isotopes of A. Modified after Bigeleisen (1965) 
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1.3 The Barberton greenstone belt and the Mapepe basin 
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Figure 4: Simplified geological map of the Barberton greenstone belt, South Africa. Modified after Hofmann, 
Harris (2008) 
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Figure 5: simplified core log of the Barb 5 drill core depicting lithologies and inferred depositional environment. 

From Drabon et al. (pers. comm.). 



 Niklas Stausberg   |   msc thesis   |   12 

2. Methods 

Table 1: Chemical procedure for preparation of samples for Fe isotope measurements, modified from (Dauphas 

et al. 2004; Dauphas et al. 2009b)  

 Digestion: Addition of ~25 drops conc. HF, ~12 drops conc. HNO3 and one drop conc. HCLO4 

 Heating in closed beakers at 140°C for at least 24h 

 First Oxidation step: Cooling down, evaporation for 2-3h at 120°C, cooling down and addition of 150 µl H2O2 
(31%) 

 Heating with closed lit at 120°C for 1h and evaporation at 150°C 

 Second Oxidation step: Addition of two drops conc. HNO3, one drop HCLO4 and 50 µl H2O2. Drying down at 150°C; 
Redissolution in 2 ml 6 M HCl + 0.001% H2O2 

 Column preparation: Disposable Bio-Rad Poly-Prep polyethylene columns are filled with 1 ml of AG1-X8 200-400 
mesh Cl-form anion exchange resin 

 Precleaning sequence for resin: 10 ml H2O, 5 ml 1M HNO3, 10 ml H2O, 10 ml 0.4M HCl, 5 ml H2O, 2 ml 6M HCl 

 The resin is preconditioned with 3x 1 ml 6 M HCl + 0.001% H2O2 
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 Loading of 1-1.3 ml sample onto the column. The remainder is dried down at 120°C 

 Elution of matrix: : 1 ml 6M HCl + H2O2, repeat one time, 2 ml 6M HCl + H2O2, 4 ml 6M HCl + H2O2 

 Change beakers to collect iron 

 Elution of Fe: 3x 3 ml 0.4M HCl 

 Evaporation at 120°C, reoxidation with two drops H2O2; the sample is left with closed lit for one hour and subsequently 
dried down at 120°C. Redissolution in 0.5 ml 6 M HCl + 0.001% H2O2 

 The resin is suitable for a second re-use when precleaned with 10 ml 6-7 M HCl, 10 ml H2O. If visibly dirty, the resin 
should be replaced. If needed, columns were stored in 0.165 M HCl 

 The column procedure is repeated a second time. 

 After drying down the sample, both the Fe fraction and the remainder of the digested sample were dissolved in 2 ml 
1% HNO3. The samples are now ready for analysis with ICP-OES and MC-ICPMS. 

Table 2: Selected published values for the geological standards BHVO-2, MAG-1 and SGR-1 that were processed 
in this study. Our measurements yielded δ56Fe values of 0.10‰ for BHVO-2, 0.09‰ for MAG-1 and 0.045‰ for 

SGR-1 

Standard Value (δ
56

Fe) Publication 

BHVO-2 0.114 +/- 0.011 (2SD, n=12) Craddock, Dauphas 2011 
0.102 +/- 0.012 (2SD, n=7) Wang et al. 2012 
-0.03 (average, n=2, SE for individual measurements: 0.07) Dideriksen et al. 2006 

MAG-1 -0.04 +/- 0.14 (2SD, n=2) Beard et al. 2003 
0.13 +/- 0.06 (2SE) Dideriksen et al. 2006 

SGR-1 0.036 +/- 0.015 (2SD, n=5) Craddock, Dauphas 2011 

-0.36 +/- 0.3 (2SD, n=2) Beard et al. 2003 
0.15 +/- ? Dideriksen et al. 2006 

3. Results and Discussion 



 Niklas Stausberg   |   msc thesis   |   14 

Figure 6: Variation of iron and sulphur isotopes and total inorganic and organic carbon concentrations in 42 
selected reference samples 

3.1 Geochemistry of Barb 5 sediments 
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Figure 7: Observed variations in aluminium normalized Na and K concentrations that were interpreted as 
alteration product, and the Zr/Nb ratio throughout the Barb 5 drill core which reflects more mafic components 

at the bottom and more felsic at the top 

3.2 Origin of iron 
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3.3 Sequestration of iron from the seawater 
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3.4 Influence of the volcanoclastic unit 
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Figure 8: left: Variation in total sulphur concentrations in the Barb 5 drill core; right: cross-plot of FePy/FeHR 

(DOP) ratio vs. FeHR/FeT for shales from the Barb 5 drill core, modified after Raiswell and Canfield (2012) 
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δ

3.5 Depositional setting for organic carbon in the Archean – links 

between geochemistry and sedimentology 

δ

3.6 Mass balance 
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4. Conclusions 

δ

δ

δ

δ

δ
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5. Appendix 

5.1 Sample preparation and digestion 

Table 3: Digestion procedure and preparation for column extraction 

 Digestion: Addition of ~25 drops conc. HF, ~12 drops conc. HNO3 and one drop conc. HCLO4 

 Heating in closed beakers at 140°C for at least 24h 

 First Oxidation step: Cooling down, evaporation for 2-3h at 120°C, cooling down and addition of 150 µl H2O2 
(31%) 

 Heat with closed lit at 120°C for 1h and evaporate at 150°C 

 Second Oxidation step: Add two drops conc. HNO3, one drop HCLO4 and 50 µl H2O2. Dry down at 150°C; Redissolve 
in 2 ml 6 M HCl + 0.001% H2O2 

5.2 Column procedures 
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Table 4: Column extraction 

 Column preparation: Fill disposable Bio-Rad Poly-Prep polyethylene columns with 1 ml of AG1-X8 200-400 mesh Cl-form anion 
exchange resin 

 Precleaning sequence of resin: 10 ml H2O, 5 ml 1M HNO3, 10 ml H2O, 10 ml 0.4M HCl, 5 ml H2O, 2 ml 6M HCl 

 The resin is preconditioned with 3x 1 ml 6 M HCl + 0.001% H2O2 

 Load 1-1.3 ml sample onto the column and dry down the rest 

 Elution of matrix: : 1 ml 6M HCl + H2O2, repeat one time, 2 ml 6M HCl + H2O2, 4 ml 6M HCl + H2O2 

 Change beakers to collect iron 

 Elution of Fe: 3x 3 ml 0.4M HCl 

 Evaporation at 120°C, reoxidation with two drops H2O2; the sample is left with closed lit for one hour and subsequently dried 
down at 120°C. Redissolution in 0.5 ml 6 M HCl + 0.001% H2O2 

 The resin is suitable for a second re-use when precleaned with 10 ml 6-7 M HCl, 10 ml H2O. If visibly dirty, the resin should 
be replaced. If needed, store columns were stored in 0.165 M HCl 

 The column procedure is repeated a second time 

 After drying down the sample, both the Fe fraction and the remainder of the digested sample were dissolved in 2 ml 1% 
HNO3. The samples are now ready for analysis with ICP-OES and MC-ICPMS  

5.3 ICP-OES analysis 

Table 5: Conditions for metal concentration measurements using the Varian 720-ES ICP-OES 

Conditions sets Sample introduction 

Power (kW) 1.30 Sample uptake (s) 40 

Plasma flow (L/min) 15.0 Rinse time (s) 10 
Auxiliary flow (L/min) 1.50 Pump rate (rpm) 15 
Nebulizer flow (L/min) 0.75 General settings 
Replicate time (s) 10 Replicates 6 
Stabilization time (s) 15   
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5.4 Mass-spectrometer set-up 
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5.5 Data 

Sample No. 
B-

number 
Rock type 

average 

depth 
[m] 

Fe2O3 

difference Fe content 

after column 
procedure 

δ56 

preliminary 
S(%) TIC TOC 

BARB5-
089.44 133 Sandstone 89.52 3.5 

4.2 
0.17 0.21 0.09 0.46 

BARB5-
102.68 130 Sandstone 102.77 15.9 

2.7 
-0.09 0.03 9.31 0.99 

BARB5-
125.06 126 Volcaniclastic rock 125.14 3.3 

-0.2 
0.32 0.01 0.89 0.42 

BARB5-
143.28 123 Chert 143.36 1.2 

3.0 
0.34 0.06 0.56 0.20 

BARB5-
159.20 120 Volcaniclastic rock 159.28 1.1 

5.3 
0.04 1.30 0.43 0.38 

BARB5-
174.75 117 Volcaniclastic rock 174.84 14.2 

3.7 
-0.12 0.25 7.71 1.40 

BARB5-
190.60 114 Volcaniclastic rock 190.69 0.9 

2.3 
0.16 0.03 0.53 0.20 

BARB5-
205.17 111 Sandy shale 205.25 1.1 

4.1 
-0.03 0.82 0.61 0.31 

BARB5-
220.03 108 Sandstone 220.13 11.7 

-0.4 
-0.40 0.05 7.35 0.85 

BARB5-
235.12 105 Volcaniclastic rock 235.20 4.7 

2.1 
-0.10 0.08 2.84 0.52 

BARB5-
250.07 102 Volcaniclastic rock 250.15 0.5 

-2.3 
-0.46 1.41 0.39 0.22 

BARB5-
265.30 99 Sandy shale 265.39 4.9 

8.3 
-0.08 0.05 1.83 0.57 

BARB5-
285.04 95 

Carbonaceous 
shale 285.14 5.1 

1.7 
0.04 0.12 0.86 0.63 

BARB5-
304.77 91 

Carbonaceous 
shale 304.85 10.9 

2.9 
0.42 0.09 1.81 0.84 

BARB5-
325.60 87 Conglomerate 325.70 3.2 

3.7 
-0.03 0.30 0.59 0.67 

BARB5-
349.44 83 Conglomerate 349.52 1.8 

5.6 
-0.05 0.06 1.26 0.41 

BARB5-
369.07 79 Conglomerate 369.16 2.7 

3.8 
0.11 0.14 2.53 0.47 

BARB5-
389.52 75 

Carbonaceous 
shale 389.59 20.8 

-0.2 
0.31 0.33 4.16 1.50 

BARB5-
410.55 71 

Carbonaceous 
shale 410.63 11.2 

7.7 
-0.11 0.29 2.89 1.33 

BARB5-
429.38 67 

Carbonaceous 
shale 429.46 20.3 

-4.2 
-0.29 0.17 1.10 3.26 

BARB5-
455.63 62 

Carbonaceous 
shale 455.73 13.0 

5.8 
-0.03 0.23 2.23 1.77 

BARB5-
469.70 59 

Carbonaceous 
shale 469.79 13.2 

3.3 
0.15 0.06 2.12 1.27 

BARB5-
485.47 56 

Carbonaceous 
shale 485.56 20.5 

9.2 
-0.29 0.02 2.62 0.55 

BARB5-
500.10 53 Shale 500.19 36.0 

1.6 
0.15 0.16 4.30 0.71 

BARB5-
515.33 50 

Carbonaceous 
shale 515.41 10.0 

-5.1 
-0.14 0.01 1.46 0.59 

BARB5-
530.45 47 

Carbonaceous 
shale 530.53 11.1 

-3.1 
0.13 1.32 1.05 0.87 
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Sample No. 
B-

number 
Rock type 

average 

depth 
[m] 

Fe2O3 

difference Fe content 

after column 
procedure 

δ56 
preliminary 

S(%) TIC TOC 

BARB5-
544.36 44 

Carbonaceous 
shale 544.45 12.2 

1.3 
-0.06 0.14 1.22 0.97 

BARB5-
560.00 41 

Carbonaceous 
shale 560.08 15.0 

33.2 
0.34 1.32 1.63 0.95 

BARB5-
574.56 38' 

Carbonaceous 
shale 574.65 15.0 

6.0 
0.12 0.40 0.98 1.46 

BARB5-
589.41 36 

Carbonaceous 
shale 589.47 11.1 

-9.2 
-0.12 0.29 1.03 0.95 

BARB5-
599.83 33 

Carbonaceous 
shale 599.91 12.6 

2.1 
-0.02 0.30 1.33 1.10 

BARB5-
615.03 30 

Carbonaceous 
shale 615.11 8.7 

1.3 
-0.07 0.16 0.78 1.33 

BARB5-
630.43 27 

Carbonaceous 
shale 630.51 11.0 

0.5 
-0.15 0.13 2.33 1.34 

BARB5-
644.24 24 

Carbonaceous 
shale 644.33 10.2 

-1.5 
-0.25 0.58 1.15 1.25 

BARB5-
660.40 21 

Carbonaceous 
shale 660.48 8.0 

2.2 
-0.18 0.11 0.53 1.21 

BARB5-
675.22 18 

Carbonaceous 
shale 675.30 6.4 

1.1 
-0.13 0.15 0.40 1.97 

BARB5-
686.13 15' 

Carbonaceous 
shale 686.20 8.8 

0.3 
-0.09 0.19 0.71 0.90 

BARB5-
700.01 13 

Carbonaceous 
shale 700.09 9.4 

-1.4 
-0.01 0.21 0.94 1.16 

BARB5-
715.21 10 

Carbonaceous 
shale 715.31 10.6 

-3.9 
-0.15 0.13 0.76 2.05 

BARB5-
730.51 7 Shale 730.58 11.7 

1.4 
-0.17 0.07 0.72 1.83 

BARB5-
744.74 4 

Carbonaceous 
shale 744.82 9.4 

-3.8 
0.10 0.51 0.88 1.78 

BARB5-
760.15 1 

Carbonaceous 
shale 760.23 12.7 

1.4 
-0.16 0.32 1.20 1.99 
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