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Material and methods:
Geological context
The Neoarchean Campbellrand platform from the Transvaal Supergroup in South Africa
is one of the oldest, best-studied carbonate platforms in the Archean sedimentary record (32).
The Neoarchean to early Paleoproterozoic Transvaal Supergroup is preserved in two distinct
structural basins (Griqualand West and Transvaal) over an area of 0.2×106 km2 (Fig. S1). In
Griqualand West, the Transvaal Supergroup is divided into three distinct subgroups—the
middle of these, the Campbellrand Subgroup, is represented by an extensive, ~2 km thick
marine platform. The platform began as a carbonate ramp and developed into a mature
rimmed carbonate shelf that spread across the entire Kaapvaal Craton through the stacking of
numerous progradational cycles (36). Eventually the carbonate platform drowned during a
major transgression, reflected in the deposition of iron formation units of the Asbestos Hills
Subgroup across the craton.
Compared to most rocks of this age, the Campbellrand platform is strikingly well
preserved. It remains flat-lying across much of the ancient craton, particularly in Griqualand
West, where metamorphism was limited to sub-greenschist facies equivalent (36). Though
the behavior of sulfur isotopes in CAS during true high temperature metamorphism is not
known, such a metamorphic path is not unusual in CAS studies from younger successions
[e.g. (37)]. Steep structural dips (and higher metamorphic temperatures) occur around the
Bushveld Igneous Complex, and acute folding and faulting appear along the western edge of
the craton, where Proterozoic red beds of the Olifantshoek Group are thrust over
Campbellrand rocks (32). Petrographic textures in carbonate lithologies are commonly
preserved by fabric-retentive, early diagenetic dolomite, though in many areas, calcite
remains (31, 32, 38).
A detailed sequence stratigraphic framework for the Campbellrand-Kuruman
sedimentary succession has been previously assembled, built on inferences from the unique
carbonate sedimentology consisting of a substantial amount in situ, benthic carbonate
precipitation (31, 32, 38-44). This style of carbonate sedimentation is useful because these
marine cements offer an attractive archive of the isotopic composition of seawater sulfate
across the platform (45). Carbon and oxygen stable isotope data from carbonates sampled at
high-resolution from different paleoenvironments on the platform provide context for
understanding carbonate diagenesis (31).
Key aspects of the sedimentary geology as it relates directly to the sections in this study
are summarized as follows. The platform can be broadly divided into two large sequences,
the Lower Nauga/Reivilo and the Upper Nauga formations, each representing aggradational
packages separated by a thin transgressive unit comprised in part of a thin iron formation-rich
sequence at the top of the Lower Nauga/Reivilo Formation. Carbonate deposition was
reestablished by the time of the Upper Nauga Formation. During Upper Nauga time, the
Campbellrand platform slope was at its steepest, with a lagoon that developed episodically
behind the reef margin. Immediately above these facies, a major transgression led to the
ultimate demise of the Campbellrand platform, as carbonate deposition was slowly outpaced
by accommodation. This transgression is recorded within the Gamohaan Formation, in a
sequence characterized by deep subtidal fenestral microbialites with increasing chert content
that ultimately grade into iron formation of the Kuruman Formation, which was subsequently
deposited across the entire Kaapvaal Craton.
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Our CAS data comes from samples collected from three different stratigraphic sections.
Section W1 captures shallow subtidal paleoenvironments of the Reivilo Formation at Boetsap
(38, 46, 47), during the early development of the Campbellrand platform. Textures consist of
minor grainstones and abundant precipitated stromatolites including seafloor aragonite fans.
Most of the carbonates in this part of the platform have been altered with a fabric-retentive
dolomitization, though in this section some horizons still remain limestone—a comparison of
dolomite and calcite CAS values closely agree (Table S3). Section W2 is located at Kuruman
Kop (38, 46) and captures the terminal drowning of the carbonate platform with a subtidal
microbialite facies that includes abundant early marine cements (Fig. S1). The deep subtidal,
fenestral microbialite facies of the 2.521 Ga Gamohaan Formation contains abundant
herringbone calcite (22, 43, 48). Herringbone calcite comprises a texture of early marine
cements composed of staggered alternating bands of light and dark elongated length-slow
calcite (probably originally as Mg-calcite, now as low Mg-calcite or dolomite) crystals (42);
and in the Campbellrand platform it occurs as encrusting beds and an important phase of
void-filling cementation associated with the deep subtidal fenestral microbialites (22). These
early marine cements provide an attractive and important fabric for recording seawater sulfate
in subtidal environments on the Campbellrand platform. The third section GKP01 comes
from a drill core through proximal slope facies of the Campbellrand platform collected with
the Agouron Institute South African Drilling Project (39). Here we also targeted herringbone
calcite in the Upper Nauga Formation where those cements developed associated with deep
subtidal fenestral microbialites.
Sample preparation and petrographic observations
Samples were cut with a rock saw orthogonal to bedding, and the resulting two
bookmatched slabs were marked to preserve orientation. Powder samples for isotopic
analysis were collected by micromilling from one slab, and corresponding ~25 µm-thick
sections for petrography were collected from the same area of the matching slab. Slabs were
cleaned with MilliQ water then drilled using a Sherline 5410 mill equipped with a RoundTool
diamond-coated carbide end mill (GR4SI 1/16 D1; 1.5mm diameter) to collect 40 to 150 mg
of powders from different petrographic textures. Microscopy was performed using natural,
cross-polarized and reflected light to assess the relative abundance of pyrite and kerogen
within different sample textures. Four of these samples were additionally screened by
scanning electron microscopy (SEM), which offers finer resolution and a more sensitive
detection of pyrite (Fig. S4).
SEM observations were performed using the ZEISS 1550VP field SEM operated with a
working distance of 8 mm and an electron high voltage of 15 kV. Backscatter
photomicrographs were taken with a quadrant backscatter detector (QBSD). Secondary
electron photomicrographs were taken with a SE2 detector. Elemental analyses and
composition maps were obtained with an Oxford X-Max 80mm2 energy-dispersive X-ray
silicon drift detector (SDD EDS). Compositional maps were used to discriminate calcite
from dolomite. Many samples from W1 show textures preserved in fabric-retentive dolomite
and rarer calcite. Samples from W2 largely remain calcite with abundant herringbone
cements. Pyrite is visually absent from the herringbone calcite textures.
X-ray Absorption Spectroscopy
X-ray absorption spectroscopy (XAS) is a powerful technique used to observe the
chemical environments of specific elements within a sample. We applied this approach to
directly observe the redox state of S present in our Late Archean carbonate samples and
assess whether these rocks indeed contain measurable amounts of CAS. To prevent oxidation
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of any reduced S present in the samples, we used an anaerobic glove box and vacuum bags to
prepare the samples. A micro-rotary drill with a 1 mm drill bit was used to produce powders
of sample textures, producing ~20-100 mg of powder. The samples were loaded into small
glass vials then transferred to an anaerobic chamber wherein they were deoxygenated,
returned to the anaerobic glass vials, and then stored in heat-sealed Mylar bags for transit to
the beam line. In addition, several samples (W2_80m_b, GKP_a, GKP_b) were prepared at
the beam line using a micro-rotary drill and immediately analyzed to test for oxidation during
sample preparation (no significant differences were observed). Several mg of powder were
placed onto sulfur-free (< 1 ppm) tape in a milled aluminum sample holder, and placed in He
atmosphere for analysis. X-ray absorption near edge structure (XANES) spectra for bulk S
valence state were collected at beamline 4-3 at Stanford Synchrotron Radiation Lightsource
(SSRL) in Menlo Park, California. A silicon 111 Φ = 90 crystal was used and Xray
absorption spectra (XAS) was collected on a Vortex fluorescence detector. A collimating
mirror was used to help reduce harmonics in the beam, and a sodium thiosulfate (NaS2O3)
standard was used for energy calibration. Multiple repeats through the S K-edge were run on
all samples by measuring fluorescence while scanning from 2.43 to 2.70 keV, and averaged
to obtain better spectral resolution. Multiple repeats show no evidence of any photooxidation
or redox changes during analysis.
We fit the sample spectra for the energy range 2.45 to 2.53 keV using standards to
estimate the relative abundance of different S phases (sulfate, pyrite, and organic sulfur) in
the samples (Fig. S5). The carbonate-associated sulfate (CAS) standard is a deep-sea coral,
which provides a commonly used external isotopic standard in the Adkins lab. Pyrite and
dibenzothiophene (a proxy for organic sulfur in Archean kerogen) standard spectra were
taken from the European Synchrotron Radiation Facility (ESRF) S XANES database,
http://www.esrf.eu/UsersAndScience/Experiments/Imaging/ID21/php) (49). Estimates of the
relative abundances of S-bearing phases can be found in Table S4. Importantly, even though
the XANES data consistently revealed the presence of other reduced S-bearing phases,
sulfate was detectable in all Archean carbonate samples analyzed. This confirms that CAS is
a native phase in low abundance in these rocks, and illustrates both the existence of a viable
proxy archive as well as the importance of small-sample sizes and texture-specific
measurements.
Carbon and oxygen isotope analysis
The carbon- and oxygen-isotopic compositions of carbonates were measured at Caltech
on a Thermo Scientific Delta-V isotope ratio mass spectrometer equipped with a Gasbench II
introduction system. Results are presented using δ-notation, expressed as permil (‰)
deviations in the 13C/12C or 18O/16O ratios of a sample with respect to the Pee-Dee Belemnite
(VPDB) standard. The Carrera Marble standard reproduced to ±0.11‰ (2SD, n=8) for δ13C
values and ±0.19‰ (2SD, n=8) for δ18O values.
CAS isolation
All plastics (centrifuge tubes, autosampler vials and Biorad columns) were leached in
10% reagent grade HCl and rinsed 5 times in MilliQ water. Savillex vials were cleaned in
5% Seastar HNO3, rinsed 5 times in MilliQ water, refluxed overnight with concentrated
Seastar HNO3 at 160ᵒC and rinsed 3 times in MilliQ water. For each sample, 40 mg of
powder were weighed and sonicated for 60 min in 0.6 M NaCl, with the exception of samples
2 to 11 that were first soaked in a solution of 30% H2O2 and 1M NaOH for 30 min and rinsed
3 times in MilliQ water. All samples were then centrifuged and rinsed 4 times in MilliQ
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water. After drying, the samples were weighed again, dissolved in 30% v/v HCl,
centrifuged, and the supernatant was collected in a Savillex Teflon vial. The supernatant was
dried at 120ᵒC on a hot plate under laminar flow and the insoluble residue was dried in an
oven at 90ᵒC. Both residues were weighed, and the dried supernatant was dissolved in HCl.
Biorad disposable columns were loaded with 2 ml of clean AG1X8 anion-exchange resin.
Once in the column, the resin was cleaned with 20 ml of 10% v/v HNO3, 20 ml of 30% v/v
HCl and 20 ml of 1.5% v/v HCl. Samples were loaded, cations were removed by rinsing the
column with 3 times 5 ml of MilliQ water, and sulfate was eluted with 3×4 ml of 0.5 M
HNO3.
The sulfate extraction protocol was adapted from Das et al. (50). We did a series of
elution tests on anion exchange columns using a solution of 6.5 grams of aragonitic deep-sea
coral, from an individual similar to the one analyzed in (20), dissolved in 10% HCl. The first
test ran the equivalent of 23 mg of dissolved aragonite through the column to ensure
complete release of sulfate from the column after two water rinses (Fig. S6A). A second test
used 30 mg of coral equivalent through 1.5 ml of resin, with a third MilliQ wash of the resin
(Fig. S6B), demonstrating that no sulfate was released before elution.
Seawater and corals were run through the columns following the same procedures. The
advantage of using anion exchange resin AG1X8 over cation resin AG50X8, as described in
(15), was a significantly lower blank. With this new protocol, the blank is globally lower but
with some variability, so its concentration was measured for each batch of columns (Table
S1). Blanks and concentrations of sulfate were measured using a Dionex ICS 2000 ion
chromatography system.
Sulfur isotope ratio measurements
Sulfur isotopes were measured as 32S+, 33S+ and 34S+ ions on a Thermo Neptune Plus
multi-collector inductively-coupled plasma mass spectrometer (MC-ICPMS) in high
resolution mode equipped with a desolvating membrane (Aridus, Cetac) to decrease
interferences, following the method described in (20). Samples were calibrated by samplestandard bracketing to correct instrumental fractionation. The bracketing standard was a 20
µmol/l Na2SO4 solution. Na + was added to the samples after purification as NaOH to match
the sodium concentration of the bracketing standard. The sulfur-isotope ratio of the Na2SO4
bracketing solution was determined by comparing it directly to a solution of international
standard IAEA-S1 (δ34SVCDT = -0.3‰, δ33SVCDT = -0.055‰, (51, 52). The δ34SVCDT value of
our bracketing Na2SO4 solution is -1.55‰±0.16 (2sd) and the δ33SVCDT value is -0.77±0.17‰
(Δ33S = 0.02±0.17‰). All values were corrected assuming linear drift and corrected for
instrumental background.
Consistency standards (seawater and a deep-sea coral aragonite, (20) , Table S2) were
purified and measured alongside the Archean carbonates. Most of the samples textures were
too small to allow replicates of the same micromilled powder. Triplicates in Table S3 are
based on 40mg aliquots of a bigger batch of powder from the same texture. Sample 11 was
replicated after redissolution of a larger amount of powder. The overall external
reproducibility for sample 11 demonstrates the typical external reproducibility for δ34S and
Δ33S values (2σ is 0.22‰ and 0.51‰ respectively for samples before blank correction.
Blank correction and assessment of analytical uncertainty
Uncertainties for sulfur isotopic compositions are given as blank-corrected 2 standard
deviations. Blanks come in two forms, a machine blank from the MC-ICPMS that is
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subtracted using bracketing blanks, and a total procedural blank (TPB) that includes reagents
and sample handling. To measure the TPB we processed empty vials through the whole
procedure. Typically there is not enough sulfur to run both the IC and the ICPMS for TPB
samples. We usually run them through the IC to monitor the size of our blank (Table S2), but
in two cases we ran them on the MC-ICPMS instead, and report the results here
(δ34S=11.73±3.61‰, δ33S=5.98±1.95‰ and Δ33S=-0.05±0.10‰). We used these numbers in
the following TBP correction equations as ratios ( 34 R blk ) and not delta values to correct the
isotopic ratio ( 34 R meas ) to the true CAS isotopic ratio ( 34 R carb ):
34

R meas × n meas =

34

R blk × n blk +

34

R carb × n carb

(1),

where n meas is the total mass of sulfur from a single sample and

n carb = n meas - n blk
The true isotopic composition of our sample,

(2).
34

R icarb , and concentration of our sample,

ppmicarb , were calculated as:
34

R carb = ( 34 R meas × n meas - 34 R blk × n blk )/ n carb
(3)
and
[SO42-]carb = (ncarb × 96.04) / mcarb
(4),
with mcarb the mass of carbonate collected for each experiment.
Uncertainty in the TPB corrected ratio was calculated by propagating the standard
deviation obtained for random populations of 1000 values with a normal distribution
characterized by the standard deviation estimated for each member of equation (3) and (4).
An analogous set of equations can be written for R 33Scarb . The blank correction increases the
typical δ34S reproducibility from 0.22 to 0.35‰ and the Δ33S one from 0.51 to 0.70‰.
Cleaning of the sample prior to analysis
We know from microscopy (light and electron) and XANES analyses that our rocks
contains sulfate, but also other S-bearing compounds. We therefore tried to understand how
to best prepare our samples before sulfate extraction and to evaluate the influence of chemical
cleaning on our samples. We drilled the microbial laminae of sample W2_80 and split the
powder into multiple aliquots for parallel treatments. Such tests require a bigger mass of
sample than usually drilled for our analyses (~250 mg), which makes it difficult to ensure that
the powder is homogeneous. Half of the splits were leached in 1 ml of 0.6 M NaCl for one
hour in an ultrasonication bath, rinsed three times with MilliQ water, reacted in 1ml of 50/50
mixture of 30% H2O2 and 1M NaOH for 30 min at room temperature, and rinsed again four
times in MilliQ water, the other half were left uncleaned. All splits were then dissolved in
5% HCl. Except for one cleaned and one uncleaned split, all samples were centrifuged and
the supernatant was separated from solid residuals. All samples, including the uncentrifuged
splits, were analyzed for sulfur isotopic composition and CAS concentration (Fig. S7 A, B).
Within measurement uncertainty, the chemical cleaning technique does not affect the results.
The main difference seems to arise from the choice of centrifuging or not. Uncentrifuged
samples exhibit higher concentrations as well as higher Δ33S values. Values for δ34S vary
between 12 and 14 ‰ and do not correlate with 1/[CAS], whereas Δ33S values are correlated
with 1/[CAS], suggesting the addition of a S phase bearing similar δ34S values but a more
positive MIF signal in the solid residuals. Either the residues contained reduced sulfur that
was oxidized during loading on the column or the observed variability reflects heterogeneity
within the sample. The latter is supported by a comparison to samples from the same
stratigraphic layer that went through a simple NaCl leach.
6

In order to avoid artifacts due to possible oxidation of trace amounts of pyrite or organic
sulfur, we therefore chose to use only a NaCl leach for most of the samples (note however
that samples 2 to 11 have been oxidatively cleaned before the NaCl leach, with no difference
apparent in the results). Additionally, the K-edge profiles show that our samples contain
sulfate, organic sulfur, and pyrite. Because our samples are extremely small, they are
dissolved in a few ml of 1.5 M HCl. The dissolving rock degasses CO2 instantaneously. If
pyrite gets dissolved, H2S would too degas quickly, with no time to oxidize and remain in the
solution. If pyrite does not dissolve, it would be removed during centrifugation. If the
difference between treatments in the cleaning text is caused by mixing between the different
S phases present in the sample, this would suggest indeed that the reduced S phase in our
samples gets oxidized and measured with sulfate only when the residues are loaded onto the
column.
To provide additional context for these results, we plotted them with samples from the
main data set that fall at the same stratigraphic interval as the hand sample used for the
cleaning test. One microbial laminae texture, drilled from the same hand sample as the
cleaning tests (diamond in Fig. S7 C, D) and taken through a full cleaning procedure, shows
higher sulfate concentration and slightly elevated Δ33S. Two textures from a separate hand
sample, with only NaCl cleaning, show even more elevated Δ33S and higher CAS
concentration despite centrifugation. Importantly, these data show just as much
heterogeneity in our powders at small scales as between different cleaning approaches.
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Fig. S1.
Geologic map of Kaapvaal Craton (modified from (53)) showing the surface exposures of the
Late Archean Transvaal Supergroup, broadly divided into two structural sub-basins. The
inset contains a detailed close-up map of the stratigraphic sections in Griqualand West where
the samples were collected.
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Fig. S2.
Cross-section through the Campbellrand platform from A to A’ (Fig. S1), showing the
generalized stratigraphy of the Transvaal Supergroup with key geochronological constraints
and the stratigraphic and paleoenvironmental breadth of sections W1, W2, and GKP01 shown
(modified from (54)).
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Fig. S3.
Lithostratigraphy of W1, GKP01, and W2 ordinated according to their relative age (from
bottom to top) with geochemical data plotted alongside. Grey-filled circles mark triplicate
analyses of the same powder and show in some cases variability beyond analytical
uncertainty (at 12 m), suggesting small-scale variability of the isotopic composition of CAS
in some samples. Error bars plotted as 2SD.
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Fig. S4.
Petrographic images of sample textures collected from stratigraphic sections. From top to
11

bottom, samples W1-21.7, W1-80, W2-100. W2-110 and W2-80. Sample W1-21.7: shallow
subtidal precipitated stromatolites and aragonite crystal fans, now dolomite. Sample W1-05:
shallow subtidal precipitated stromatolites with occasional grainstone laminations. Sample
W2-100, 110, 80: deep subtidal fenestral microbialites with abundant herringbone calcite
marine cements growing from microbial laminae and light-colored late void-filing sparry
cements. From left to right: cut and polished slabs with black boxes denoting locations from
which different textures were microsampled (coin for scale), transmitted light images of thin
sections cut directly from the opposing face of the sample (scale 50X), transmitted crosspolarized light images of the same textures, reflected light images of the same textures (note
the lack of pyrite grains), backscatter electron (BSE) images of sample textures show rare
grains with high backscatter composed primarily of oxides, apatite and (more rare) pyrite and
close-up secondary electrons (SE) views of pyrite grains. Only two samples were investigated
with SE, W1-21.7 (*1) and W2-100 (*2).
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Fig. S5.
XANES spectra of carbonate samples from this study. Sample names are listed on the right.
Number of repeats through the K-edge are shown in parentheses next to the sample names.
CAS, pyrite, and organic sulfur (dibenzothiophene) standards are shown on top. An example
of spectra-fitting is shown inset for drill core sample GKP_b.
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Fig. S6.
Sulfate elution curves for our anion exchange resin. Collected fractions using 1.5 ml of
AG1X8 strong anionic resin, introducing 23 mg (A) and 30 mg (B) of dissolved carbonate.
Each wash consisted of 2 CV (column volumes, here 1.5 ml) of MilliQ water and each
elution of 2 CV of 0.5 M HNO3. Figure S6A shows that three elutions of 0.5 M HNO3
remove all sulfate from the resin. Each elution is slightly fractionated but the total collection
is not (dashed line). Figure S6B shows that even with a larger amount of carbonate loaded,
and a third wash of MQ, sulfate is retained. Error bars are 2SD.
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Fig. S7.
(A, B) Cleaning test results for sample W2-080. All of the tests come from powder drilled
from the same microbial laminae and went through either full cleaning (squares) or no
cleaning at all (circles), followed by centrifugation (open symbols) or not (closed symbols).
(C, D) Comparison of the cleaning test results with data from the same stratigraphic interval.
One sample is from the same microbial laminae texture as the cleaning powder (diamond),
and it was fully cleaned. The other three are from a separate hand sample and only rinsed in
NaCl.
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Fig. S8.
A- crossplot of δ34S vs. 1/[SO4], B- crossplot of Δ33S vs. 1/[SO4]. Data are broken out by
lithology and texture: dolomite W1 (diamonds), microbial mats (closed symbols) or herring
bone (open symbols) for W2 (circles) and the drill core samples (squares). Average error
bars are given in the corner of each plot (10% on concentrations, 0.35‰ for δ34S and 0.70‰
for Δ33S).
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Fig. S9.
Histograms comparing the distribution for δ34S (A) and Δ33S (B) between CAS measured in
this study (grey bars) and disseminated pyrite measured in the Campbellrand formation
(yellow bars) (4, 23-30). The histograms show a different distribution of the CAS data,
which is shifted towards more positive values for both δ34S and Δ33S. Our CAS data exhibit
mean δ34S and Δ33S values of 8.59 ± 3.24‰ (n=44) and 6.39 ± 2.79‰ (n=44), respectively,
whereas disseminated pyrite data give mean values of 4.48±7.15 (n=346) and 4.48±2.60
(n=336).
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Fig. S10.
Relationships between carbon and oxygen isotopes and sulfur isotopes [Δ33S vs. δ13C (A)
and δ18O (B), δ34S vs. δ13C (C) and δ18O (D) and δ13C vs. δ18O (E)]. Comparison of
limestone and dolomite (fabric-retentive) samples from the same stratigraphic horizon reveals
very similar isotope data and suggests preservation of CAS through early dolomitization.
Typical 2SD error bars are given in the corner of each plot. C and O units in permil VPDB, S
units in permil VCDT.
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Batch 1

nmol
0.60

Batch 2

0.37

Batch 3
Batch 4
Batch 5

0.54
0.16
0.23

sd (n=3)
0.45
0.02
(n=4)
0.20
0.02
0.06

Table S1.
Blank variability, measured by Ion Chromatography. Each batch corresponds to a group of
samples. For each batch, the amount of sulfate (nmol) is provided together with the standard
deviation of the population of blanks analyzed.

19

Coral batch 1
Coral batch 2a
Coral batch 2b
Coral batch 3
Coral batch 4
Coral batch 5

δ34S
22.25
22.21
22.23
22.19
22.18
22.24

2sd
0.23
0.12
0.07
0.26
0.11
0.14

Δ33S
0.12
-0.05
0.02
0.05
0.09
-0.05

2sd
0.01
0.07
0.13
0.32
0.16
0.15

n=2
n=2
n=3
n=9
n=5
n=5

SW 1
SW 2
Sample 11-a
Sample 11-b

21.00
20.98
12.75
12.65

0.17
0.13
0.10
0.26

0.02
0.11
0.55
0.52

0.09
0.11
7.17
6.97

n=4
n=6
n=2
n=3

Table S2.
Isotopic compositions for coral and seawater consistency standards and Archean sample
replicates.
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sample

texture

deep subtidal
microbial laminae
seafloor aragonite
W1_5m
crystal fan, now
dolomite
deep subtidal
W2_80m_b1
microbial laminae
microbialite
GKP_a
herringbone
calcite
GKP_b
draping calcite
deep subtidal
microbialite
W2_100m_a
herringbone
calcite
deep subtidal
microbialite
W2_100m_b
herringbone
calcite
deep subtidal
W2_100m
microbial laminae
deep subtidal
W2_80m_a
microbialite
draping calcite
W2_80m_b2

drilling
location

%sulfate %pyrite %organic

Caltech

7

78

15

Caltech

9

75

16

SLAC

9

76

15

SLAC

15

80

5

SLAC

22

75

3

Caltech

27

60

13

Caltech

26

50

24

Caltech

30

60

10

Caltech

50

45

5

Table S3.
Abundances of S-species in selected samples as determined by fitting the S K-edge X-ray
absorption spectra shown in Fig. S5.
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Additional Data table S1 (separate file)
Summary of δ13C, δ18O, δ34S and Δ33S values. Error for δ13C, δ18O is 0.1 ‰ (2sd) and
relative standard deviation for concentration is 10%. *Samples in italic are replicates
aliquoted from the same powder and illustrate possibilities of small scale variability.
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