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Sedimentation rates and the iron-based redox proxy 
The best estimate is that the BDF succession up to the top of member 3, formed 
within 250 Kyr following the end of the Sturtian snowball glaciation, according to 
the following logic: 
 
(1) In the original Snowball Earth hypothesis, cap carbonates were thought to have 
formed within 10 Kyr, based on instantaneous melting models. However, 
subsequent magnetic reversals within cap carbonates pointed to longer 
timeframes, consistent with post-glacial sediment starvation because of seawater 
level rise15. There is a transition from coarse-grained sediments to being very fine 
grained up the studied sequence, consistent with a rise in seawater level and 
reduction in detrital loading after the Sturtian glaciation. 
 
(2) Globally, δ13Ccarbonate values generally recover from -5‰ towards more positive 
excursions following the transition from the Sturtian icehouse into the greenhouse 
interval5,16. Similarly, published δ13Ccarbonate values for the immediate Bonahaven 
dolomite formation (BDF) succession upwards to member 3, as are our data, 
switch towards a more positive δ13Ccarbonate values immediately above the PATF.  
 
(3) The abrupt shift of δ13Ccarbonate to up to +10‰ in member 4 in the BDF is far 
more extreme than any reported worldwide, leading some workers to equate this 
to the “Keele Peak” in Canada. However, the occurrence of member 4 halfway up 
the Sturtian post-Snowball interval towards the Marinoan Snowball Earth poses a 
problem, particularly because member 4 is estimated to be older than the Keele 
Peak. Although no explanation for the anomalous positive δ13Ccarbonates value was 
given, Fairchild interpreted member 4 in a PhD thesis as a supratidal dolomitic 
deposit. Therefore, the top of member 3 in the BDF lies within the bounds of the 
timeframe when the negative δ13Ccarbonates values were yet to consistently rise 
towards the strong positive values recorded in member 4.   
 
(4) In the absence of radiometric dates for the BDF, we use unique 
cyclostratigraphic constraints in the widely accepted classic Sturtian Snowball 
Earth succession in Svalbard4, to estimate sedimentation rates for the BDF. Here, 
the δ13Ccarbonate values > -5‰ are consistently recorded up to ~10 m in the 
immediate post-glacial section which terminates in a shale facies 
succession. Within this succession, 0.5 m thick precessional cycles estimated to 
represent 18 Kyr in duration are linked to 6-8 Myr interglacials17. To a first 
approximation, the 10 m thick succession above which δ13Ccarbonate switches to ≥ -
5‰ values, formed over an estimated 200-250 Kyr interval, is related to the time 
of deposition of the 300 m thick BDF unit up to member 3, based on stratigraphical 
correlation and similar and consistent ≤-5‰ δ13Ccarbonate values. This suggests an 
estimated 30 times faster sedimentation rate for the BDF compared to the 
Svalbard succession, accounted for by syndepositional faulting and basin 
subsidence associated with the Dalradian Supergroup.  
 
This has implications for the accuracy of the iron-based redox proxy because 
sedimentation rates of up to 0.0077 m yr-1 are reported to falsify its sensitivity and 
accuracy18-20. The above calculations suggest a maximum sedimentation rate of 
0.0015 m yr-1 for the BDF up to member 3, which is 4× slower than the rate 
expected to strongly interfere with the accuracy of the iron-based redox proxy18-20. 
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Moreover, evidence suggests that depositional rates during the formation of the 
BDF sequence, switched to a slower pace because of global seawater 
transgression slowing down sediment supply to the basin. Hence if anything, the 
iron-based proxy is expected to become more accurate in their prediction of 
bottom seawater oxygenation at this time, as false oxygenation trends can be 
produced during rapid sediment accumulation18-20. The signal remains 
consistently anoxic during the deposition of the 1.1 km thick PATF succession, 
whose sedimentation rates were likely much faster than for the BDF. Moreover, 
throughout the sequence, the redox signal appears unaffected by carbonate 
concentration; staying consistently anoxic or oxic, depending on the interval, 
regardless of whether carbonate concentrations varied from near 0.0 wt.% to 50 
wt.%. 
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Supplementary Figures 
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Fig. S1 | Carbon systematics for representative samples plotted along sequence stratigraphy. (a) 
Carbonate concentration. (b) Corg concentration. (c) Table carbon isotope ratios in organic carbon. (d) 
Carbon isotope ratios in carbonates. (e) Oxygen isotope ratios in carbonates. BDF, Bonahaven Dolomite 
Formation (BDF). PATF, Port Askaig Tillite Formation.  LLF, Lossit Limestone Formation. VPDB, Vienna 
Pee Dee Belemnite. PAT1 and PAT2 are samples collected at Port Askaig.  
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Fig. S2 | (a) δ18Ocarbonates versus δ13Ccarbonate cross plot. δ18Ocarbonates values are spread between -15.09‰ up to -6.48‰, 
averaging -11.66±2.26‰. Average δ13Ccarbonates values of -2.04±4.1‰ range from as low as -7.02‰ and up to +5.64‰. (b) 
δ13Corg versus δ18Ocarbonates cross plots. δ13Corg values are typically photosynthetic, ranging from -11.87‰ to -28.57‰, with an 
average of -24.51±4.36‰. (c) δ18Ocarbonate versus δ13Corg cross plot. (d) Corg versus carbonate content cross plot. Carbonate 
concentrations in the sample suite range from 0.01 wt.% and up to 85 wt.%, averaging 17.6±23.45 wt.% across sequence 
stratigraphy. Corg values average 0.044±0.039 wt.% and range from 0.01 to 0.18 wt.%. The data show that the highest 
carbonate concentrations are recorded in dolomite-rich samples further up from the interval immediately following the 
deglaciation in the Bonahaven Dolomite Formation and in the underlying pre-glacial Lossit Limestone Formation. The lowest 
carbonate concentrations are encountered in the immediate post-glacial deposits. Organic carbon concentrations are 
generally low across sequence stratigraphy. They range from 0.02-0.08 wt%, averaging 0.038 wt%. No correlation was found 
between the different variables, as common for Proterozoic Corg and carbonate concentrations. The absence of correlation 
between δ13Ccarbonates and δ18Ocarbonates is interpreted to suggest limited diagenetic alteration of the primary δ13Ccarbonates signal1,2. 
Broadly, the data are consistent with primary C signatures that have been correlated world-wide to the Sturtian Snowball 
deposits3-7.	
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Fig. S3 | (a) Fe/Ti and Al/(Al+Fe+Mn) cross plots showing a mainly detrital origin for the sampled sequence. 
Red arrow=hydrothermal origin (cut off minimum threshold at 100≥Fe/Ti>1000). Blue arrow shows continuous 
gradation towards mixed chemical+detrital to pure chemical sediments9. (b) Relationship between TiO2 and Zr, 
showing that the analyzed rocks have a strong detrital origin.  
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Fig. S4 | SiO2 versus Al2O3/TiO2 ratios across lithostratigraphy. The distribution suggests the source provenance for the studied 
lithologies were mainly from intermediate-to-felsic rocks. In weathered igneous rocks, Al is hosted largely by mica and clays 
and residual feldspars, whereas Ti is hosted primarily by mafic minerals, including pyroxene, biotite, ilmenite. Therefore, the 
Al2O3/TiO2 ratio was used to broadly estimate the source rock composition, where Al2O3/TiO2 ratios < 8, 8-21 and >21, 
approximate a mafic, intermediate igneous and felsic igneous source rock composition, respectively8. 
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Fig. S5 | Graphs showing an inverse oscillatory behaviour between (a) LOI versus P2O5 and (b) LOI versus Fe2O3 distribution 
across the sampled succession. LLF, Lossit Limestone formation. PATF, Port Askaig Tillite Formation. BDF, Bonahaven 
Dolomite. PAT1 and PAT2 are samples collected at Port Askaig. PAT3-PAT5 represent sample LL-16-a at the top of the LLF that 
conformably underlines the Port Askaig tillites. 
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Fig. S6 | Relationship between facies Ca, P, Corg and δ13Corg content. (a) CaO versus P2O5 distribution along sequence 
stratigraphy. (b) CaO versus P2O5 scatter plot. (c) Scatter plot for representative data available for P2O5 and Corg (d) Scatter plot for 
representative data available for P2O5 and δ13Corg. PAT1 and PAT2 are samples collected at Port Askaig. PAT3 and PAT5 represent 
sample LL-16-a at the top of the LLF that conformably underlines the Port Askaig tillites. 
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Fig. S7 | Box and whisker plots showing P distribution in various mineral phases relative to bulk P concentrations (P2O5) in low 
P2O5 pre-Snowball Lossit Limestone Formation and immediate post-Snowball high P2O5 and late post-snowball low P2O5 
intervals. Bulk unreactive P was calculated by deducting the concentrations of highly reactive iron oxide-bound P and sheet 
silicate (phyllosilicate) associated P from total bulk measurements for corresponding samples. (a) Total unreactive P in ppb. (b) 
% unreactive P in bulk. (c) % Fe oxide-bound P in bulk. (d) % sheet silicate P in bulk. Centre line = median value; whiskers = 
minimum and maximum values; box limits = lower and upper quartiles. 
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Fig. S8 | Chemically extractable P associated with iron oxides and phyllosilicates (sheet silicates) phases. 
(a) Carbonate associated P. (b) Fe oxyhdr(oxide) associated P. (c) Magnetite associated P. (d) Hematite 
associated P. (e) Sheet silicate associated P. Points were there are no data imply values were below the 
analytical detection limit of ~5 ppb and must therefore not be interpreted to imply absence. The trends are 
considered representative of true P distribution, considering that all samples were normalized to the same 
procedural treatment and analysis. P-oxyhydr(oxides) represent extractions that include goethite, akageneite 
and some hematite. LLF, Lossit Limestone formation. PATF, Port Askaig Tillite Formation. PAT, Port Askaig 
Tillites. BDF, Bonahaven Dolomite. 
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Fig. S9 | Examples of back scatter electron (BSE) SEM and SEM-EDS mineral maps showing the distribution of Fe and P in a 
representative tillite and immediate post-Snowball sample. (a) BSE photomicrograph showing angular and subangular white iron 
oxide crystals identified as putative magnetite phases in the BH-16-02 immediate post-Snowball sample. (b) SEM photomicrograph 
showing association between magnetite particles and P. (c-d) Magnified particles from panel b showing co-occurrence of Fe and 
P in the immediate post-Snowball samples. (e) SEM photomicrograph showing the distribution of Fe and P in a tillite sample. Note 
the absence of the large blocky magnetite grains in the immediate post-Snowball sample in the tillites sample. 	

Fe 

P	



	 13	

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R² = 0.075
R² = 0.0309

R² = 0.2417

0

0.1

0.2

0.3

0.4

0.5

0 0.2 0.4 0.6 0.8 1

M
nO

 (w
t.%

)

TiO2

R² = 0.1103R² = 0.0784

R² = 0.2683

0

0.1

0.2

0.3

0.4

0.5

0 5 10 15 20
M

nO
 (w

t.%
)

Al2O3 (wt.%)

BDF
PATF
LLF

a b 

Fig. S10 | MnO versus TiO2 (a) and Al2O3 (b) cross plots. LLF, Lossit Limestone formation. PATF, 
Port Askaig Tillite Formation. BDF, Bonahaven Dolomite Formation. 
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Fig. S11 | Average Upper Continental Crust (UCC) concentrations(ref. 10) for (a) major oxides (MO), (b) rare earth elements 
(REE) and (c) trace elements (TE) plotted against average sample values. The samples are relatively depleted in MO, REE 
and TEs relative to UCC, but show similar trends to UCC, suggesting a strong UCC provenance for the sediments. Calcium 
isotopes have suggested a large flux of contiental materials to the sea at the end of Snowball glaciations11, supported by Li 
isotopes indicative of CO2-induced silicate weathering12-14.	

0

10

20

30

40

50

60

70

La Ce Nd Sm Eu Gd Dy Er Yb

C
on

ce
nt

ra
tu

in
 (w

t.%
)

0

10

20

30

40

50

60

70

SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5

C
on

ce
nt

ra
tio

n 
(w

t.%
)

Average sample

Average UCC

0

100

200

300

400

500

600

700

800

Rb Sr Ba Sc V Cr Co Ni Y Zr Nb Th

C
on

ce
nt

ra
tio

n 
(p

pm
)



 15 

Supplementary Tables 

 
 
Table S1  | Sample description. 

Locality Coordinates Formation and Stratigraphy 
Port an t-
Struthain   
PS-16-01 N55°55.499' W006°11.332' Bonahaven Dolomite, Member 4 metapelite 
PS-16-02 N55°55.500' W006°11.331' Bonahaven Dolomite, Member 4 Semi metapelite 

PS-16-03 N55°55.460' W006°11.331' 
Bonahaven Dolomite, Member 4, Middle of the sandwich cream 
dolostone 

PS-16-04 N55°55.528' W006°11.216' Bonahaven Dolomite, Member 4, cream dolostone  
PS-16-05 N55°55.434' W006°11.230' Bonahaven Dolomite, Member 3, iron rich dolostone 
PS-16-06 N55°55.432' W006°11.199' Bonahaven Dolomite, Member 2, quartzite 
PS-16-10 N55°55.489' W006°11.184' Bonahaven Dolomite, Low member 4 or high member 3 
PS-16-11 N55°55.542' W006°10.769' Bonahaven Dolomite, Member 3 Muddy dolostone 
PS-16-12 N55°55.539' W006°10.644' Bonahaven Dolomite, Member 3 Dolomitic mudstone 
Port a'Chotain   
PC-16-01a N55°55.726' W006°10.069' Bonahaven Dolomite, Member 4, Foliated 
PC-16-01b N55°55.726' W006°10.069' Bonahaven Dolomite, Member 4, Massive 
PC-16-02 N55°55.672' W006°09.806' Bonahaven Dolomite, Member 4, Dolostone 
PC-16-03 N55°55.760' W006'09.918' Bonahaven Dolomite, Member 3 (just under member 4), Dolostone 
Bagh an da 
Dhoruis   

DD-16-04 N55°56.005' W006°09.425' 
Bonahaven Dolomite, Member 3 Muddy dolostone under 
stromatolite 

DD-16-06 N55°56.002' W006°09.072' Bonahaven Dolomite, Member 3 Muddy dolostone 
DD-16-07 N55°55.973' W006°08.664' Bonahaven Dolomite, Member 4 
Caol Isla   
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Ci-16-01 N55°51.375' W006°06.570' Bonahaven Dolomite, Member 1 unit 1 Metapelite mudstone biotite 
Ci-16-02 N55°51.431' W006°06.555' Bonahaven Dolomite, Member 1 unit 4 (very base) 
Ci-16-23 N55°51.460' W006°06.531' Bonahaven Dolomite, Top member 4 mudstone 
Ci-16-03b N55°51.460' W006°06.531' Bonahaven Dolomite, Base member 5 dolostone 
Bonahaven    

BH-16-01 N55°52.704' W006°07.118' 
Bonahaven Dolomite, Member 1 unit 1 Metapelite with carbonate 
pebbles 

BH-16-02 N55°52.750' W006°07.156' 
Bonahaven Dolomite, Member 1 unit 4 Mud and siltstone. 
Unmetamorphosed 

BH-16-03 N55°52.763' W006°07.168' 
Bonahaven Dolomite, Member 1 unit 5 Mud layer growing over 
mica cement. Unmetamorphosed 

BH-16-03b N55°52.762' W006°07.177' Bonahaven Dolomite, Member 1 unit 5 Mud layer 
BH-16-04 N55°52.987' W006°07.309' Bonahaven Dolomite, Member 3 Stromatolitic dolostone 
Lossit  
LL-16-k N55°48.293' W006°07.379' Lossit Limestone 
LL-16-01 N55°48.194' W006°07.781' Lossit Limestone 
LL-16-j N55°48.317' W006°07.464' Lossit Limestone, Grey limestone 
LL-16-j(b) N55°48.323' W006°07.505' Lossit Limestone, Oolitic dolostone 
LL-16-i N55°48.374' W006°07.525 Lossit Limestone, Stromatolitic 
LL-16-h N55°48.383' W006°07.655' Lossit Limestone, Slate 
LL-16-g N55°48.412' W006°07.732' Lossit Limestone, Muddy limestone 
LL-16-c N55°48.451' W006°07.670' Lossit Limestone, Limestone 
LL-16-d N55°48.467' W006°07.698' Lossit Limestone, Muddy layer in metacarbonate (mudstone) 
LL-16-e N55°48.435' W006°07.823' Port Askaig tillite, Muddy layer in diamictite 

LL-16-f N55°48.401' W006°07.863' 
Port Askaig tillite, Magnetic sandstone interlayered by dolostone 
diamictite 

LL-16-b2 N55°48.445' W006°07.609' Port Askaig tillite, Dolostone diamictite  
LL-16-b1 N55°48.442' W006°07.605' Port Askaig tillite, Mudstone diamictite.  Contain a carbonate clast 
LL-16-a N55°48.520' W006°07.553' Port Askaig tillite, Muddy tillite  
LL-16-a2  N55°48.519' W006°07.535' Port Askaig tillite, Clast of dolostone in tillite  
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Creagan Loisgte   
CL-16-01 N55°49.262' W006°06.787' Port Askaig tillite, Member 3, Dolostone  

CL-16-02 N55°49.353' W006°06.695' 
 
Port Askaig tillite, Member 3, dolostone, the second diamictite 

CL-16-03 N55°49.370' W006°06.747' Port Askig tillite, Top member 3, Metapelit 
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Table S2 |  Semi-quantitative bulk XRD mineralogical composition for representative samples  measured in weight percent (wt.%). 
PAT1 and PAT2 are samples collected at Port Askaig. PAT3 represents sample LL-16-a at the top of the LLF that conformably 
underline the Port Askaig tillites. nd=not detected. 
 

Samples Quartz Illite Calcite Albite Kaolinite Dolomite Microcline Pyrite Hematite 
PS-16-11 33 9 9 7 nd 40 nd 2 nd 
PS-16-12 36 8 nd nd 2 50 nd nd nd 
PS-16-13 50 11 nd 11 nd 18 7 3 nd 
BH-16-03 53 23 nd 8 nd 13 nd nd 3 
BH-16-02 68 17 nd 11 2 nd nd nd 2 
Ci-16-01 53 35 nd nd nd nd nd nd nd 
PAT1 41 5 5 46 2 1 nd nd nd 
PAT2 48 14 7 25 4 2 nd nd nd 
PAT3 54 16 nd 7 2 21 nd nd nd 
LL-16-g 55 18 nd 12 1 nd nd nd 1 
LL-16-i 5 1 nd 3 nd 91 nd nd nd 
LL-16-j 1 nd 1 nd nd 98 nd nd nd 



 19 

Table S3 | Trace and rare earth elements (ppm) and major elements (wt.%) data for representative samples across the sampled 
section. LD, lower than detection limit. PATF, Port Askaig Tillite Formation. 
 
 

Port Askaig Tillites
Bonahaven Dolomite Formation (BDF) Lossit Limestone FormationPATF

LL-
16-j2

LL-
16-j1

LL-
16-i

LL-
16-f

LL-
16-h

LL-
16-g

LL-
16-f

LL-
16-f

LL-
16-f

LL-
16-e

LL-
16-e

LL-
16-d

LL-
16-d

LL-
16-dLL-16-a3

LL-
16-
a2

LL-
16-
a1

Port 
Askaig
tillites

Port 
Askaig 
tillites

BH-16-
03

BH-
16-02

Ci-
16-01

PS-
16-13

PS-
16-12

PS-
16-11

PS-
16-10

PS-
16-
09

PS-
16-08

PS-
16-01

PS-
16-06

PS-
16-05

PS-
16-04

PS-
16-03

PS-
16-00

4.62.36.153.767.258.054.457.726.216.644.821.86.837.81.756.358.769.367.753.561.761.658.233.677.428.39.735.522.990.668.67.76.264.3SiO2

0.020.030.070.670.710.670.340.900.150.070.610.090.030.140.050.510.640.360.630.790.890.790.580.330.040.460.080.110.180.040.350.070.050.61TiO2

0.20.21.110.817.216.06.513.83.32.110.82.70.45.50.79.09.410.911.415.115.516.412.27.30.87.21.62.04.21.19.81.61.015.4Al2O3

0.90.31.810.73.44.110.212.94.92.016.72.11.32.61.03.46.73.96.67.67.56.94.23.01.09.52.01.03.00.53.00.70.44.7Fe2O3

0.1260.0180.4410.0420.0060.0100.0700.0300.1770.1810.1330.1540.0740.1170.0660.0470.0720.0620.0570.1020.0240.0280.0270.1090.0270.0900.1600.0560.1400.0600.0270.0560.0330.006MnO
20.140.8019.354.831.481.345.032.4512.1916.625.6815.1019.6910.4920.765.804.231.232.343.802.142.203.8010.981.588.9017.161.6713.201.243.3718.7020.073.00MgO
29.7954.0128.295.14<LD5.367.921.3720.5424.665.2522.3328.4315.5930.197.205.203.352.233.210.660.254.0315.229.1915.1527.4331.8321.372.062.7828.7329.330.14CaO
0.000.000.360.081.141.250.450.091.020.080.050.020.011.120.011.520.824.032.190.700.871.901.360.040.010.700.540.190.750.170.080.390.430.09Na2O
0.020.060.204.365.835.001.785.010.170.033.630.700.141.250.132.763.451.703.206.426.185.814.813.500.302.950.460.831.560.464.580.470.237.34K2O
0.0260.0410.0470.2730.0420.1010.1450.2340.0920.0610.2650.0350.0320.0540.0410.1660.2280.1460.2170.2850.2380.2180.1910.1760.0800.1460.0730.0540.0860.0260.1510.0610.0450.147P2O5

44.5942.5342.689.742.877.2313.475.1231.2937.9110.8534.7143.3324.7645.7112.509.353.873.537.373.602.849.3824.328.5219.3840.3925.0332.073.126.0441.7543.103.12LOI

<LD<LD<LD13222917844177<LD<LD<LD<LD<LD27<LD81101439328325923813985<LD85<LD4426<LD131<LD<LD287Rb
330238727723537.266.9587512924696249348308436662157113176113.880723960.211648.1177315117230127.431.34142556.2Sr

07.350.2794768405578155967.46.447910114.719312.345951129351238344967064424949.4304220
1012

0185539505149254.3424Ba
0.10.41.012.313.111.48.718.85.21.413.51.70.33.50.69.111.06.711.116.314.414.710.45.80.67.11.21.63.20.75.61.20.812.5Sc
3.02.75.998.464.964.567.015812.88.495.411.56.521.86.080.089.539.682.391.210380.870.754.76.461.415.515.022.77.138.49.36.684.3V
3.43.66.450.376.873.528.652.614.813.149.98.03.017.36.246.453.830.057.848.161.561.160.333.07.239.08.712.119.333.233.46.45.252.6Cr
5.82.46.715.213.219.822.68.08.67.111.39.56.47.23.833.526.428.220.915.814.027.030.922.054.125.73.819.35.285.426.85.64.59.1Co
2.92.03.017.56.626.79.715.27.04.824.15.23.48.85.027.719.316.927.531.525.530.329.316.17.154.53.63.07.82.510.93.32.69.2Ni
9.82.67.916.614.910.513.115.317.07.817.57.12.59.82.815.514.924.219.434.436.919.019.721.36.327.910.223.318.23.615.59.14.921.4Y
2.42.433.711519517170.616232.416.2110457.837.211.013012113315420525618114794.114.717834.776.957.718.816318.512.0173Zr
0.30.11.117.918.613.42.412.13.21.011.02.00.41.80.99.113.010.615.225.728.822.613.27.31.213.42.42.83.21.07.91.50.321.9Nb
3.62.15.920.748.717.314.336.57.53.819.44.22.16.11.917.613.021.421.227.154.518.525.612.24.918.05.37.66.75.217.74.43.639.2La
9.16.313.240.799.033.429.472.719.87.038.910.74.111.55.037.128.345.244.357.311576.853.725.18.634.812.616.414.810.538.19.17.479.7Ce
4.71.56.220.149.016.216.532.610.95.120.25.12.77.22.516.514.320.318.826.754.819.424.013.25.117.55.18.68.64.817.75.63.736.6Nd
0.90.21.43.79.12.83.96.12.20.93.90.81.01.50.33.62.64.43.75.310.74.34.63.11.03.71.32.72.20.83.41.11.06.4Sm
0.100.020.110.731.650.290.651.210.560.240.830.230.070.330.050.650.700.810.691.011.660.700.750.630.250.700.371.600.740.280.620.320.201.19Eu
1.30.41.13.06.52.22.54.02.71.13.61.00.41.50.03.12.84.22.85.77.74.24.03.31.24.51.53.22.90.73.01.20.55.1Gd
1.50.31.22.83.11.92.52.62.71.13.10.90.31.40.52.42.63.92.35.66.43.83.13.41.04.81.73.63.20.62.41.30.83.8Dy
0.60.30.31.61.41.21.41.51.50.52.00.30.41.20.31.71.72.21.13.13.51.62.12.10.42.81.32.01.80.11.60.50.71.9Er
0.840.150.641.761.771.541.271.841.520.631.960.630.170.990.231.751.652.801.353.543.902.232.171.850.592.970.772.271.540.271.560.760.392.46Yb
1.40.32.25.512.79.84.27.72.31.45.31.80.21.90.85.43.524.27.014.017.821.99.15.11.48.81.63.02.50.85.71.71.110.0Th
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Table S4  |  Bulk iron isotope data for sampled cross section. 
 

Sample Redox δ56/54Fe (‰ IRMM) 2sd δ57/54Fe (‰ 
IRMM) 

2sd 

PS16-01 Anoxic/ferruginous 0.215405186 0.05467559 0.31888514 0.1368159 
PS16-02 Anoxic/ferruginous -0.18805042 0.05467559 -0.2567931 0.1368159 
PS16-10 ?/ferruginous 0.119779336 0.05467559 0.2126936 0.1368159 
PS16-11 Anoxic/ferruginous 0.140901425 0.05467559 0.19806062 0.1368159 
PS16-12 Anoxic/ferruginous 0.515277145 0.05467559 0.75800868 0.1368159 
DD16-04 Anoxic/ferruginous 0.275878871 0.05467559 0.41860195 0.1368159 
DD16-06 Anoxic/ferruginous 0.075870849 0.05467559 0.1294508 0.1368159 
BH16-03b Oxic/ferruginous 0.394539782 0.05467559 0.51466223 0.1368159 
BH16-03 Oxic/ferruginous 0.107515842 0.05467559 0.12859005 0.1368159 
BH16-02 Oxic/ferruginous 0.206767384 0.05467559 0.36096346 0.1368159 
Ci16-01 Oxic/ferruginous 0.127659478 0.05467559 0.14509852 0.1368159 
BH16-01 Oxic/ferruginous 0.18512519 0.05467559 0.29501582 0.1368159 
CI16-02 Anoxic/ferruginous 0.02869971 0.05467559 0.00057598 0.1368159 
Cl16-03b Anoxic/ferruginous 0.139915033 0.05467559 0.17478635 0.1368159 
LL16-a Anoxic/ferruginous 0.316555954 0.05467559 0.47225133 0.1368159 
LL16-b1 Anoxic/ferruginous -0.36464086 0.05467559 -0.5050093 0.1368159 
LL16-01 Anoxic/ferruginous 0.018283823 0.05467559 0.01916605 0.1368159 
LL16-c Anoxic/ferruginous 0.033044669 0.05467559 -0.0394956 0.1368159 
LL16-d Anoxic/ferruginous 0.605696336 0.05467559 0.8714074 0.1368159 
LL16-g Anoxic/ferruginous 0.088431765 0.0873112 0.14120006 0.15361095 
LL16-h Anoxic/ferruginous 0.272097494 0.05467559 0.43754128 0.1368159 
LL-16-i Anoxic/ferruginous 0.209865936 0.05467559 0.33961185 0.1368159 
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