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Materials and methods 
Two visibly well-preserved hand specimens of stromatolites from the Pongola Supergroup were 

collected in the White Mflozi inlier. They were cut, polished, and petrographically analyzed using a 
secondary electron microscope (SEM). Stromatolitic laminae are partly silicified and alternating 

with carbonate layers. Stromatolite chips within the carbonate matrix indicate very early silicification 

in a high-energy aqueous environment. 

Quantitative trace element maps of 1.5cm x 1.5cm were analyzed using in situ LA Q-ICP-MS 

analyses at ChemLab, Shanghai, using external 3D-trace element calibration to a set of reference 

materials (NIST glasses 610, 612 and carbonate nano-powders Jct-NP, Jcp-NP) and processing 

in Iolite® software.  

Ten micro-cores (ø 4mm) were drilled and homogenized to powder in an agate mortar for trace 
metal and C-O-Cd-Ni isotope analyses. C-O isotopes were analyzed on orthophosphoric acid 

leachates using an isotope ratio mass spectrometer (Thermo MAT 253 IR-MS) at the State Key 

Laboratory of Mineral Resources Research (SKLMR) at Nanjing University.  

For trace metal and Cd isotope analyses, ~0.5 g sample powder was either reacted with ultrapure 

1M pH 5-buffered acetic acid for carbonate leachates or a mix of double distilled concentrated 

HNO3 (6mL) and H.F. (4mL) in screw-top 30 mL Savillex® beakers (72 hrs at 120 °C) for bulk 

digestion. Solutions were then dried down, aliquots diluted in 2% HNO3, and trace elements 
analyzed at Freie Universität Berlin (FUB) using a sector-field inductively coupled mass-

spectrometer (Thermo Element XR ICP-MS) and linear calibration to matrix matching carbonate 
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standards. For Cd isotope analyses, aliquots containing ~100 ng Cd were mixed with an inhouse 

106-108 Cd double spike, followed by Cd purification (1) and isotope composition analysis using a 

thermal ionization mass spectrometer (Thermo TIMS) and offline double spike inversion and 

isotope dilution computation at FUB. 
For Ba isotopes, ~100 mg of the same sample powder was weighed into acid-washed centrifuge 

tubes, washed with M.Q. and sodium acetate (buffered to pH ~8), and then leached in 1M HAc 

overnight at room temperature (2). After centrifugation, supernatants were dried down, and aliquots 

containing ~50 ng Ba were mixed with an in-house Ba double spike at SKLMR, followed by Ba 

purification and isotope composition analysis using a multi-collector inductively coupled mass 

spectrometry (Thermo Neptune Plus MC ICP-MS) and offline double spike inversion and isotope 

dilution computation. 

For Ni isotopes, ~10 mg of sample powder was leached with 1M HAc, followed by a two-step Ni 
purification and isotope composition analysis using a Thermo Neptune Plus MC ICP-MS at the 

China University of Geoscience, Beijing, with the standard sample bracketing method.  

Authigenic carbonate δElauth has been calculated by subtracting the influx of detrital silicate 

components using the samples' El/Al ratio and comparing this with either BSE or time equivalent 

diamictites concentrations and isotopic compositions (SI). 

 
REE anomaly and authigenic fraction calculations: 
 
Post Archean Australian Shale (subscript N) normalized Europium anomalies were calculated 
from BaO isobaric interreference corrected Eu concentrations (3) following the equations given in 
Lawrence et al., 2006 (4): 
 

Eq. 1:  EuN/EuN* = Eu/ (SmN2 * Tb)1/3 
 
Post Archean Australian Shale (subscript N) normalized Europium anomalies were calculated 
following the equations given in Lawrence et al., 2006 (4), avoiding overinterpretation from 
neighboring La anomalies: 
 

Eq. 2: CeN/CeN* = CeN/PrN(PrN/NdN) 
 
In order to calculate detrital input corrected authigenic carbonate (acetic acid leachable phase) 
elemental compositions and isotope compositions the following calculations were performed 
following (5): 
 

Eq. 3: δRauth = (δRsample*(ƒEl*[El]det+(1-ƒEl)* [El]auth)-( δRBSE*[El]det*ƒEl))/( [El]auth*(1-ƒEl)) 
 
With:  
 

Eq. 4: [El]auth     =   [El]-([El]det.*([Al]/Al in detrital reservoir)) 
 

Eq. 5: [El]det   = [El]- [El]auth 

 
Eq. 6: ƒEl = [El]det   /[El]auth *100 

 



 
 

3 
 

As detrital reservoir for calculation of authigenic components average Cd and Al concentrations of 
the Kaapvaal craton were taken from the GEOROC database (Cd = 67µg/g (n = 109), Al = 53743 
µg/g (n =5108). Additionally, different detrital reservoirs were implemented here as to match 
potential authigenic enrichment from detrital silicate background sedimentation. While BSE and 
UCC values overlap in the case of Ni and Cd isotope systematics, Ba isotope compositions in BSE 
are systematically heavier than UCC. For a mafic volcanism dominated Archean lithosphere the 
heavier BSE value thus represents a better constraint for the detrital component into the Pongola 
stromatolite formation environments. In Fig.3 Mesoarchean diamictite values are also plotted as 
currently best fit for a time-equivalent continental detrital composite.  
 
Detrital component reservoirs:  

 UCC δ UCC conc. BSE δ BSE conc. MDA δ MDA conc. 
Ba 0 638 µg/g 0.06 1.3 µg/g -0.053 374 µg/g 
Ni 0.2 47 µg/g 0.23 >2000 µg/g 0.063 158.5 µg/g 

Cd 0.15 147 µg/g -0.03 38 µg/g n.a. n.a. 
Al  40,750 µg/g  9,315 µg/g  26,832 

References (6–10) (8, 10, 11) (12–14) 
 
 
 
Fully-quantitative element mapping using Iolite® 
Quantitative trace element maps of 1.5cm x 1.5cm were analyzed using in situ LA Q-ICP-MS 
analyses at ChemLab, Shanghai, using external 3D-trace element calibration to a set of reference 
materials (NIST glasses 610, 612 and carbonate nano-powders Jct-NP, Jcp-NP) and processing 
in Iolite® software (15–17).  
The iolite® spatial integration mode allowed for the assessment of local element enrichments that 

we have defined as carbonate infill, mat surface, silicified mat and stromatolitic carbonate clast 

(Fig. S1): 

 

  
Fig. S1: Fully quantitative element maps including spatial enrichments of Cd, Ni, Ba, P, Si, Mn, 
Fe, and Ca normalized to Al 
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Fig. S2: a,d) hand specimen photographs with drill holes and drill path locations; b,e) PAAS 
normalized REY patterns of acetic leachates in drill cores #3 and #4  (dotted lines) and diamond 
coated drill paths 1 to 10 of hand specimen 6.1a and 1 t0 5 of hand specimen 6.1b, respectively. 
Dashed lines represent silicified layers. Black line for comparison from authigenic carbonate 
leachates (18); c,f) classic Bau-plot(19) of Pr/Pr* vs Ce/Ce* anomalies showing true negative Ce 
anomalies (IIIb) in LA-ICP-MS analyses of Pongola stromatolites. 
 
 
 

  
Fig. S3: Influence of detrital silicate contamination in authigenic carbonate leachates of the Pongola 
stromatolites. While HAc leachates of partly silicified stromatolitic carbonates show low 
concentrations of almost immobile Ti, detrital infill between stromatolitic domes, as well as bulk 
digestion and silicate residue digestion of the domes show elevated Ti concentrations that 
approach average Ti concentrations of Pongola shales ((18)). 
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Fig. S4: Assessment of influence of meteoric or hydrothermal fluid-flow and oxide formation on Cd, 
Ni and Ba isotopic compositions. All R2 are calculated on 95% confidence intervals with linear 
correlation. 
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Fig. S5: Cd isotopic composition correlations with Cd over Cu, P and Mo concentrations. All R2 are 
calculated on log linear correlations and 95% confidence intervals. 
 
 
 
Table S1: Major element concentrations in leachates, bulk and detrital fractions of Pongola 
stromatolites and carbonate reference materials 
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6.1a-4-leach leach 4.93 0.700 not calibrated 194 22.5 0.116 0.552
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Table S2: Trace element concentrations and REY ratios in leachates, bulk and detrital fractions 
of Pongola stromatolites and carbonate reference materials  
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Table S3: Isotopic compositions in leachates, bulk and detrital fractions of Pongola stromatolites 
and carbonate reference materials 
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