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10. DATA REPORT: IRON ISOTOPE
GEOCHEMISTRY OF MID-CRETACEOUS
ORGANIC-RICH SEDIMENTS AT DEMERARA
RISE (ODP LEG 207)1
Robin E. Clayton,2, 3 Alexandra J. Nederbragt,2 Dmitry Malinovsky,4 Per Andersson,5 and Jürgen Thurow2

ABSTRACT
Fe isotope measurements are presented for 10 samples from the Cenomanian–Turonian black shale unit in Hole 1260B at Demerara Rise.
The samples bracket the latest Cenomanian ocean anoxic event and
were selected to ascertain whether Fe isotopes can be used to gain a better understanding of oceanic redox conditions during the mid-Cretaceous. Three extraction procedures were used to provide Fe extracts that
represent the Fe oxide (average FeCBD = 0.07 wt%, N = 8), Fe oxidesulfide-carbonate (average FeAR = 0.34 wt%, N = 10), and total Fe fractions (average FeHF = 0.81 wt%, N = 10). Fe isotope measurements were
conducted on all FeAR extracts as a priority as these were considered to
best reflect changes in the redox environment. δ56Fe values range between 0.02‰ ± 0.09‰ and –0.77‰ ± 0.05‰ and appear to correlate
negatively with the C/N ratio and oxygen index of total organic carbon.
Isotopic measurements of two Fe oxide (FeCBD) extracts show a much
heavier isotopic composition (δ56Fe = 0.74‰ ± 0.08‰ and 0.63‰ ±
0.04‰), which suggests isotopic partitioning between different mineral
components in the sediment.
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INTRODUCTION
Stable isotope geochemistry of light elements (C, N, S, O, and H) is a
recognized tool to reconstruct large-scale changes in global biogeochemical cycles from the Archaean onward. Over the past 5 yr, the
stable isotopes of the transition elements have emerged as a novel and
exciting development in the field of isotope geochemistry made possible by recent advances in multicollector inductively coupled plasma–
mass spectrometers (ICP-MS). This is a rapidly expanding field of research that is only just beginning to address the physical, chemical, and
biological driving forces for isotopic fractionation in nature. Iron is perhaps the most important transition element in (bio)geochemical processes and cycles. It is heavily implicated in contemporary
paleoceanographic and paleoclimatological issues, such as the Fe fertilization hypothesis for the control of atmospheric carbon dioxide concentrations (Charette and Buesseler, 2000; Watson et al., 2000; Bakker
et al., 2005).
There are four stable isotopes of Fe: 54Fe (5.84%), 56Fe (91.76%), 57Fe
(2.12%), and 58Fe (0.28%), which show a mass-dependent fractionation
of ~2‰ per atomic mass unit. Iron is a redox-sensitive element (Fe reduction is a common terminal electron accepting process), and so the
changes in redox conditions that affect Fe speciation are of fundamental importance. However, there is only rudimentary knowledge about
the mechanisms of kinetic isotopic fractionation in response to these
changes. In addition, only sparse information exists on the equilibrium
fractionation of Fe isotopes during crystallization of simple inorganic
phases. As new experimental data become available, more Fe isotope
measurements on samples from the natural environment are required
to assess how closely natural systems can be modeled in terms of environmental changes, such as changes in Eh-pH and oceanic anoxia. In
particular, natural environments for which a coherent set of proxy information already exists are the most suitable to examine the fractionation of Fe isotopes in nature.
This preliminary study is concerned with the Fe isotope geochemistry in mid-Cretaceous organic-rich sediments at Demerara Rise and
aims to explore whether Fe isotope geochemistry has potential to contribute to a better understanding of local and/or global redox processes
during the mid-Cretaceous. Several ocean anoxic events (OAEs) occurred during the Jurassic and Cretaceous that represent periods with
widespread anoxic conditions in the world’s oceans and which had an
impact on the oceanic Fe cycle. The Cenomanian–Turonian sequence
on Demerara Rise recovered during Leg 207 was selected because it represents a combination of regional and global anoxia (Erbacher, Mosher,
Malone, et al., 2004). Black shale deposition occurred throughout the
Cenomanian and Turonian in a belt along the southern North Atlantic
margin, while the world’s oceans remained mainly oxic for most of this
time interval. Global anoxia is represented by the latest Cenomanian
OAE 2, when anoxic conditions were prevalent in much of the world’s
oceans. In theory, this makes the Demerara Rise sequence ideal to test if
global vs. local effects on Fe isotope fractionation can be distinguished.
Our results are presented as a data report because only part of the
planned measurements could be realized due to technical problems.
These measurements, however, indicate that substantial fractionation
of Fe isotopes did occur within the black shales, which in part can be
correlated with a change in organic matter preservation. We investi-
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gated the possibility that these isotopic variations are influenced by
changes in oceanic redox conditions.

Geochemistry of Fe Isotopes
Comparatively little is known about the possible fractionation mechanisms affecting Fe isotopes relative to our knowledge for isotopes of
the lighter elements. With the exception of vital effects, temperature is
the one principal control determining the magnitude of isotopic fractionation for C, N, O, and S. At atomic masses greater than ~50, the relative importance of temperature is diminished. Instead, other
parameters known to play a subsidiary role for the lighter elements are
implicated to have greater relative influence (Zhu et al., 2000). These include coordination chemistry, speciation, bond type, and redox conditions and can be generally categorized under “the bonding
environment.” Recent studies continue to reaffirm large, low-temperature Fe isotope variation. Implicit in these data is the importance of redox- and biologically induced fractionation in controlling the relative
Fe isotopic abundance in natural reservoirs.
In many circumstances Fe(III) species are isotopically heavier than reduced Fe(II) species, although the reverse occurs during some reactions
(Matthews et al., 2001). Under experimental conditions that simulate
reaction pathways thought to play a role in natural environments, enrichments in δ56Fe of 1.2‰–2.8‰ were found in Fe(III) relative to Fe(II)
during inorganic and biological reactions (Beard et al., 1999; Anbar et
al., 2000; Johnson et al., 2002; Croal et al., 2004; Icopini et al., 2004).
Experiments have shown that for strictly inorganic systems, the bonding environment exerts a key influence in partitioning isotopes. But the
relative dominance of kinetic or equilibrium processes remains poorly
understood. Whereas it is relatively easy to generate a kinetic isotope
fractionation during rapid precipitation of oxide minerals, experiments
that demonstrate isotopic equilibrium are much harder to accomplish.
So far, “equilibrium” fluid-mineral fractionations for Fe have been determined for
Fe(II)aq–hematite

= –3.0‰ ± 0.3‰ (Skulan et al., 2002; Johnson
et al., 2002; Welch et al., 2003).
Fe(III)aq–hematite = –0.1‰ ± 0.2‰ (Skulan et al., 2002).
= 0.5‰ ± 0.2‰ (Wiesli et al., 2003).
Fe(II)aq–siderite
Fe(II)aq–Fe(III) oxide = –0.9‰ ± 0.2‰ (Bullen et al., 2001).
= 2.9‰ ± 0.2‰ (Johnson et al., 2002; Welch
Fe(III)aq–Fe(II)aq
et al., 2003).
= 0.3‰ ± 0.05‰ (Butler et al., 2003).
Fe(II)aq–FeS
Theoretical predictions of isotopic fractionation based on 57Fe
Mossbauer spectroscopic data (Polyakov and Mineev, 2000) have forecast 3‰–4‰ equilibrium isotopic fractionation (siderite-pyrite and siderite-magnetite). From the information above it is evident that relatively
large Fe isotope fractionations take place during reactions that involve a
change in redox state.
In general, only the reduced Fe species (Fe[II]) is soluble in the
present-day oxic conditions of most surface environments, unless low
pH conditions prevail. Despite this, the solubility of Fe(II) is very low in
near-neutral pH environments, such that Fe concentrations <1 nM prevail in much of the modern open ocean (Martin and Gordon, 1988;
Johnson et al., 1997) and exert one of the principal influences that
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limit marine productivity (Martin and Fitzwater, 1988). The residence
time of Fe in the modern ocean is <200 yr, which is much shorter than
the turnover rate of the global ocean (Broecker and Peng, 1982;
Johnson et al., 1997). This implies that any fractionation of oceanic Fe
will be dominated by local processes, as it does not remain long enough
in solution for large-scale circulation processes to maintain isotopic
contrasts between different water masses. Indeed, the Fe isotope composition of most modern Fe minerals is more or less constant at 0‰
and is indistinguishable from that of Fe in igneous rocks (Beard et al.,
2003), indicating that isotope fractionation under modern (oxic) conditions plays a minor role. Loess, turbidites, fluvial particulates and organic carbon (Corg)-poor gray shales deposited under oxic conditions
show a normal distribution of isotopic compositions with an average
δ56Fe of ~0‰, similar to terrestrial igneous rocks. The largest fractionation found in the modern ocean occurs in hot hydrothermal vents
along mid-ocean ridges and in ferromanganese crusts (δ 56Fe about
–0.4‰ and about –0.6‰, respectively) (Beard et al., 2003; Levasseur et
al., 2004).
In contrast, Corg-rich black shales deposited and diagenetically modified under anoxic conditions show a wide range in isotopic composition and include some of the most negative δ56Fe values (Beard et al.,
2003; Yamaguchi et al., 2003; Matthews et al., 2004). Fluctuations of
δ56Fe ~4‰ are measured in late Archaean rocks (–2.5‰–1.0‰
[Johnson et al., 2003] or –3.5‰ to +0.5‰ [Rouxel et al., 2005]), in
which δ56Fe values increase in the order pyrite-Fe carbonate-hematitemagnetite (Johnson et al., 2003). The large range of variability is attributed to a much larger pool of dissolved Fe(II), the result of the reducing
conditions that existed in the late Archaean, whose isotope composition was fractionated globally by deposition of Fe oxides (Rouxel et al.,
2005). The profound determining influence that redox has on the nature and abundance of Fe species and the large Fe isotopic fractionations that occur in response to changes in redox suggest that Fe
isotopes may become a valuable proxy in paleoceanographic reconstructions.

MATERIAL AND METHODS
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Samples were collected from the Cenomanian–Turonian black shale
unit in Hole 1260B based on shipboard stratigraphic data (Erbacher,
Mosher, Malone, et al., 2004). Ten samples were selected for Fe isotope
analysis between ~404 and 456 meters composite depth (mcd), bracketing the late Cenomanian OAE 2. Age assignment of the samples (Fig.
F1) is based on stable carbon isotope stratigraphy established subsequently (Erbacher et al., 2005), which showed that the δ13C excursion
defining OAE 2 is located between 424 and 426.5 mcd.
Bulk sediment samples were dried overnight at 50°C and powdered
using an agate pestle and mortar. In these sediments, Fe is present
within a number of mineralogical components, principally sulfide, carbonate, silicate, and oxide minerals. Three aliquots from the powdered
samples were separated, and separate extractions were performed on
each in order to extract Fe from the oxide-sulfide-carbonate and the oxide-only fractions, as well as a total digestion to extract Fe from all components except organic carbon (Tables T1, T2). The oxide fraction was
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selectively extracted using the Na citrate-Na bicarbonate-dithionite
(CBD) (FeCBD) method (Hunt et al., 1995; van Oorschot and Dekkers,
1999), the oxide-sulfide-carbonate fraction was extracted using an aqua
regia (AR) leach (FeAR), and the total digestion was performed using
HNO3-HF (FeHF). All sediment residues were dried after extraction and
weighed to determine the mass of sample dissolved.
The CBD method (Mehra and Jackson, 1960) is based on reductive Fe
oxide dissolution with dithionite (Na2S2O4) as the reductant and Na citrate (Na3C6H5O7·2H2O) as a chelating agent to bind the dissolved Fe. Sodium bicarbonate (NaHCO3) is used to buffer the H+ loss during the
reaction. The reductive solution of Fe oxides is a kinetic process and factors such as pH, crystallinity, and temperature have a major effect on
the dissolution rate.

Anion Exchange Chemistry
Samples dissolved in 7-M HCl were purified by anion exchange using
analytical grade macroporous resin (AG MP-1), based on a procedure
described by Maréchal et al. (1999) in which quantitative yields for Fe
were reported. The majority of matrix elements were washed off the
column with 24 mL of 7-M HCl, after which the Fe was eluted in 10 mL
of 2-M HCl. The purified Fe solutions were evaporated to dryness, redissolved in 200 µL of concentrated HNO3, and made up to a volume of 10
mL with deionized water prior to screening for isobaric interferences on
the masses of interest, particularly 54Cr, using a single-collector
magnetic sector ICP-MS (Thermo Finnigan Element 2) operated in lowand medium-resolution modes. The raw data were blank corrected and
normalized using indium (In) as the internal standard, from which Fe
concentrations were calculated offline. Procedural blanks were always
<36 ng Fe.

Mass Spectrometry
Iron isotope ratio measurements were performed using MC ICP-MS
(Neptune, Thermo Finnigan) provided by High Lat resources (HPRI-CT2001-00125) through the European Commissions “Access to Research
Infrastructure” action of the Improving Potential Programme. The operating conditions adopted for the instrument follow the protocols described in Malinovsky et al. (2003) and Andrén et al. (2004). Detailed
description of the procedure for optimization of ion lens settings and
sampling depth in order to obtain lower instrumental uncertainty and
higher mass bias stability is given in Andrén et al. (2004). The Neptune
was operated in high-resolution mode (R = ~9000) throughout this
study to resolve the Fe isotopes from the major spectral interferences:
54Fe: 54Cr

and 40Ar14N+.

56Fe: 40Ar16O+, 40Ca16O+,
57Fe: 40Ar16OH+

and 40K16O+.
and 40Ca16OH+.

58Fe: 58Ni.

The isotopes that were collected are 54(Fe + Cr), 56Fe, 57Fe, 58(Fe + Ni), 60Ni,
and 62Ni. All analyses were made in an alternating sequence of samples
and isotope standards (IRMM-014 Fe isotope standard). Maximum error
in the 56Fe/54Fe ratio caused by 54Cr remaining after the anion exchange
separation was assessed to be <0.005‰. No attempt was made to deter-

5

R.E. CLAYTON ET AL.
DATA REPORT: IRON ISOTOPE GEOCHEMISTRY
mine the 58Fe isotope because Ni was used as an internal standard for
mass discrimination correction.
Samples and isotope standards were prepared at 5 ppm and spiked
with 5 ppm Ni in 0.3-M HNO3. Ni doping allows a correction algorithm
to be applied for mass discrimination effects in the plasma source using
the mass discrimination factor (ƒNi) determined from the 62Ni/60Ni measurement. Linearity between the mass discrimination factors, ƒNi and
ƒFe, is assumed constant during one measurement session according to
the exponential correction employed (Woodhead, 2002), although between sessions the variation between mass discrimination factors can
be significant. Data were corrected for mass discrimination effects using
a procedure based on that described in Maréchal et al. (1999), Albarède
et al. (2004), and Albarède and Beard (2004). By combining standardsample bracketing with Ni doping (Anbar et al., 2001; Cardinal et al.,
2003), mass discrimination factors are calculated for each standardsample data set acquired over a short measurement interval, substantially reducing the effect on the data from variation in mass bias that
occurs over time.
Isotopic data were processed using a combination of online baseline
subtraction, calculation of ion beam intensity ratios, and outlier filtering by a 2σ test. Further statistical treatment and mass bias corrections
were performed offline. The internal analytical precision on the measured ratios was >50 ppm for the 56Fe/54Fe ratio and >100 ppm for the
57Fe/54Fe ratio at 1 standard deviation (σ) level. The external precision
on repeated measurements of the IRMM-014 Fe isotope standard using
the raw 56Fe/54Fe ratios was typically ~450 ppm (2σ). Isotopic variation
in 56Fe/54Fe is expressed as permil variation relative to IRMM-014 (56Fe/
54Fe = 15.69859 ± 0.00027) using the standard δ notation (δ56Fe).

RESULTS
Iron concentrations and isotope values are reported in Table T2. Results are plotted against stratigraphic depth in Figure F1 and compared
to selected shipboard organic geochemical data.

Iron Concentrations
The amount of elemental Fe obtained by HNO3-HF (FeHF) digestion
ranges between 0.6 and 1.3 wt%. The average sample mass digested during this procedure was 82% (range = 73%–87%), indicating that much
of the lithogenic material was consumed and that FeHF essentially represents the total amount of Fe within the sediment. The residue from
these extractions should consist mostly of organic matter. The total organic carbon content in the Cenomanian–Turonian organic-rich levels
that were sampled in Hole 1260B varies ~10 wt% (Erbacher, Mosher,
Malone, et al., 2004), which corresponds to a proportionally higher percentage of organic matter when other elements (H, O, and S) are taken
into account. The AR digestion extracted between 0.2 and 0.5 wt% Fe
(mean = 0.34%) or between 25% and 46% of the total Fe in the sample.
Iron-sulfides, Fe oxides, and any Fe carbonates are dissolved during this
procedure. Shipboard analyses of smear slides showed that pyrite,
which is the main component expected in FeAR extracts, occurs in variable concentrations downhole to the base Core 207-1260A-44R but is
rare or absent lower in the black shale unit. The low abundance of mi-
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croscopically identifiable pyrite agrees with the relatively low FeAR values that were obtained. At this stage in our studies, we cannot evaluate
the relative importance of Fe carbonate; however, the minor proportion
of loosely bound Fe and that contained in the oxide fraction would
have been consumed.
With the exception of two samples, the amount of Fe extracted by
the CBD method yielded low to very low Fe concentrations (between
0.009% and 0.16%, mean = 0.07%, n = 8), such that FeCBD concentrations range from 2% to 49% of FeAR. The two anomalously high FeCBD
yields that were obtained are the result of failure in the anion exchange
procedure, manifested by abnormal discoloration, and behavior of the
AG MP-1 resin bed during Fe separation. A negligible difference in sample mass before and after CBD extraction is found; in some samples, a
small increase in mass was measured, presumably because of precipitation of Na that is present in the CBD mixture. From the negligible mass
difference, it is assumed that the CBD extraction did not dissolve any Fe
carbonate. Calcite is a major component of the sediment, and any dissolution of carbonates would have resulted in more significant losses
from sample mass. The low FeCBD concentrations indicate that Fe oxides
are rare, as would be expected under the anoxic conditions that predominated during the mid-Cretaceous at Demerara Rise.

Fe Isotope Compositions
The δ56Fe values for FeAR extracts range between 0.02‰ and –0.77‰
and, except for the three lightest extracts (δ56Fe = –0.47‰ ± 0.06‰,
–0.43‰ ± 0.11‰, and –0.77‰ ± 0.05‰), correspond to Fe concentration (r = 0.96). This correlation may reflect increasing amounts of Fe
leached from the silicate fraction of the sediment, which results in the
isotopic composition corresponding more closely to the global average
isotopic composition of Fe (δ56Fe = 0‰). There is no correlation between δ56Fe and weight percent dissolved sample or between δ56Fe and
weight percent FeCBD. The three lightest extracts may represent significant reduced Fe in another mineral component not represented in the
other seven extracts or in a different proportion of Fe sulfide and Fe carbonate relative to each other. Unfortunately, the isotopic composition
of only two FeCBD extracts was measured. Both FeCBD measurements are
significantly heavier compared with the isotopic composition of the
corresponding FeAR extracts, yielding positive δ56Fe values of 0.73‰
(Sample 207-1260A-46R-2, 31–32 cm) and 0.63‰ ± 0.04‰ (Sample
46R-5, 53–54 cm). These values are ~0.7‰ heavier than the global average Fe isotope composition of δ56Fe = 0‰ (Beard et al., 2003). Therefore, it is unlikely that the three lightest FeAR extracts are the result of a
Fe oxide component but instead may represent a diagenetic component
precipitated from reduced Fe(II)-bearing pore waters or biologically mediated Fe that is not present in the other AR extracts.
Comparison of the FeAR with FeCBD extractions for Samples 2071260A-46R-2, 31–32 cm, and 46R-5, 53–54 cm, reveals a difference in
δ56Fe of 0.72‰ and 1.10‰, respectively, between δ56FeCBD and δ56FeAR.
These values qualitatively represent the difference between the Fe oxide
and AR-extractable mineral components in the sediment. A mass balance correction for the presence of Fe oxides in the FeAR extract can be
performed assuming that all CBD-extractable Fe is also extracted by AR:
a × δ56FeCBD + (1 – a) × δ56FeAR–CBD = δ56FeAR,
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in which a is the percentage of FeCBD relative to FeAR. Resulting values for
δ56FeAR–CBD are –0.002‰ in Sample 207-1260A-46R-2, 31–32 cm, and
–0.49‰ in Sample 46R-5, 53–54 cm. This results in a corrected FeAR–CBD
that is only ~0.02‰ lighter than the measured FeAR because of the low
concentration of FeCDB in these two samples. This indicates an isotopic
difference between the Fe oxide (Fe[III]) and Fe sulfide + Fe carbonate
(Fe[II]) components in the sediment of between 0.75‰ and 1.12‰.
The δ56Fe variation between different mineralogical components may
reflect redox cycling in the sediments of Demerara Rise, which may include reduction by interaction with dissolved H2S and bacterial processing. The reduction of Fe by bacteria produces isotopically light Fe(II)aq,
and the equilibrium fractionation between this and Fe(III)aq in low-pH
environments has been shown by experiment to be negative (Johnson
et al., 2002, 2004; Welch et al., 2003). Severmann et al. (2002) measured
Fe(II)aq as low as δ56Fe = –5.0‰ in pore fluids from Corg-rich sediments.
Experimental studies have indicated that Fe isotope fractionation between FeCO3–Fe(II)aq and FeS–Fe(II)aq partitions the lighter isotope into
the solid phase (Wiesli et al., 2003; Butler et al., 2003), suggesting that
diagenetically precipitated minerals will be isotopically light in reducing environments. It is likely that the Fe isotopic compositions measured in the Demerara Rise sediments reflect partitioning between
different mineral components and Fe(II)aq under changing redox conditions and that there is indeed a change in redox conditions within the
section is indicated by shipboard C/N ratios and oxygen index (OI) values. Two of the three samples with light δ56FeAR values are located below
442 mcd, at which level there is a change in organic matter preservation. On average, high C/N ratios and OI values are found below 442
mcd, indicating that organic matter is more degraded and contains a
higher portion of inert material than in the upper part of the section
(Erbacher, Mosher, Malone, et al., 2004); hydrogen index values are
high also, which indicates that the organic matter is of marine origin,
not terrigenous. The shift in organic matter preservation points to a
change in bacterial action, which may have affected the partitioning of
Fe within the sediment.
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Figure F1. Plot of δ56Fe values and the abundance of iron vs. composite depth, compared to organic matter
C/N ratios and oxygen index (OI) from Erbacher, Mosher, Malone, et al. (2004). See text for explanation of
different iron extraction methods. Error bars on Fe isotope values = 2σ. Gray bar through plot denotes the
stratigraphic extent of oceanic anoxic event (OAE) 2 as recognized from the δ13C stratigraphy of Erbacher
et al. (2005). Horizontal dotted line = level at which organic matter preservation changes as indicated by
the shift in average C/N and OI values. CBD = Na citrate-Na bicarbonate-dithionite, AR = aqua regia, HF =
hydrofluoric acid.
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Fe oxide extraction
(Na3C6H5O7·2H2O-NaHCO3-Na2S2O4)
Add 10 mL 0.3-M Na citrate solution + 1.25 mL 1-M Na bicarbonate solution
Heat solution overnight at 70°–75°C
Add 0.5 g Na dithionite and stir for 15 s
Maintain at constant temperature for 15 min and stir every 5 min
Centrifuge 30 min at 4000 rpm
Decant and rinse residue with H2O, centrifuge 30 min at 4000 rpm
Evaporate under air in closed Teflon chamber (Aliquot 1)
Repeat Steps 1–7 on residue (Aliquot 2)
Redissolve Aliquots 1 and 2 in 7-M HCl and combine
Centrifuge 30 min at 4000 rpm

Sulfide-carbonate leach procedure
(aqua regia)
Add 1 mL 1-M HCl to consume carbonate
Add 3 mL 7-M HCl
Add 1 mL HNO3
Heat on hot plate at 125°C for 24 hr in closed Teflon vessel
Evaporate to dryness at 75°C
Redissolve in 2 mL 7-M HCl
Repeat Steps 5 and 6
Centrifuge 20 min at 4000 rpm

Total digestion
(HNO3-HF)
Add 2 mL conc. HNO3 + 5 mL conc. HF
Heat on hot plate at 125°C for 36 hr in closed Teflon vessel
Evaporate to dryness at 75°C
Redissolve in 2 mL conc. HNO3
Evaporate to dryness at 75°C
Redissolve in 6 mL 7-M HCl
Evaporate to dryness at 75°C
Redissolve in 2 mL 7-M HCl
Centrifuge 20 min at 4000 rpm
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Table T1. Sample preparation methods used for the extraction of Fe from different sediment components.
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Table T2. Amount of iron extracted by different sample preparation methods and the stable isotope composition.
CBD extraction*
Hole, core, section,
interval (cm)

Depth
(mcd)

Fe
δ56Fe
(wt%) (‰)

2071260A-44R-1, 93–94
1260A-44R-4, 32.5–33.5
1260A-45R-3, 27–28
1260A-46R-2, 31–32
1260A-46R-5, 53–54
1260B-35R-6, 21–22
1260A-47R-3, 33–34
1260A-47R-6, 50–51
1260B-37R-6, 62–63
1260B-38R-6, 34–35

407.75
410.95
414.59
418.93
423.24
427.50
430.82
435.42
445.04
455.87

0.05
—
0.09
—
0.02
—
0.01 0.74
0.01 0.63
0.16
—
0.72‡ —
0.14
—
0.61‡ —
0.08
—

2σ†

0.08
0.04

AR extraction
Fe
Percent δ56Fe
(wt%) digested (‰)

0.30
0.24
0.31
0.48
0.43
0.33
0.21
0.41
0.34
0.37

29
46
21
9
23
40
31
33
39
44

HNO3-HF
2σ

–0.18 0.10
–0.20 0.14
–0.21 0.01
0.02 0.09
–0.47 0.06
–0.14 0.18
–0.29 0.05
–0.01 0.11
–0.43 0.11
–0.77 0.05

Fe Percent
(wt%) digested

0.69
0.56
0.97
1.31
0.10
0.78
0.84
1.17
1.16
0.79

73
78
80
87
86
83
84
82
79
85

Notes: * = amount of sample digested with Na citrate-Na bicarbonate-dithionite (CBD) method is
negligible. † = errors are expressed as two standard deviations around the mean for at least
two independent measurements. ‡ = anomalously high values due to contaminated resin. AR =
aqua regia. HF = hydrofluoric acid. — = not measured.

