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19. DATA REPORT: DISSOLVED SULFIDE
CONCENTRATION AND SULFUR ISOTOPIC
COMPOSITION OF SULFIDE AND SULFATE IN
PORE WATERS, ODP LEG 204, HYDRATE
RIDGE AND VICINITY, CASCADIA MARGIN,
OFFSHORE OREGON'

Walter S. Borowski2

ABSTRACT

We report dissolved sulfide sulfur concentrations and the sulfur iso-
topic composition of dissolved sulfate and sulfide in pore waters from
sediments collected during Ocean Drilling Program Leg 204. Porewater
sulfate is depleted rapidly as the depth to the sulfate/methane interface
(SMI) occurs between 4.5 and 11 meters below seafloor at flank and ba-
sin locations. Dissolved sulfide concentration reaches values as high as
11.3 mM in Hole 1251E. Otherwise, peak sulfide concentrations lie be-
tween 3.2 and 6.1 mM and occur immediately above the SMI. The sul-
fur isotopic composition of interstitial sulfate generally becomes
enriched in 34S with increasing sediment depth. Peak $*45-SO, values oc-
cur just above the SMI and reach up to 53.1%o0 Vienna Canyon Diablo
Troilite (VCDT) in Hole 1247B. &**S-XHS values generally parallel the
trend of §*4S-SO, values but are more depleted in 34S relative to sulfate,
with values from -12.7%o to 19.3%0 VCDT. Curvilinear sulfate profiles
and carbon isotopic composition of total dissolved carbon dioxide at
flank and basin sites strongly suggest that sulfate depletion is controlled
by oxidation of sedimentary organic matter, despite the presence of
methane gas hydrates in underlying sediments. Preliminary data from
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sulfur species are consistent with this interpretation for Leg 204 sedi-
ments at sites not located on or near the crest of Hydrate Ridge.

INTRODUCTION

Sulfur cycling in anoxic marine sediments is complex (e.g., Gold-
haber and Kaplan, 1974; Jorgensen, 1983) and is linked to other bio-
geochemical cycles like that of carbon (Henrichs and Reeburgh, 1987;
Valentine and Reeburgh, 2000). Major microbially mediated processes
involving sulfur include sulfate reduction (e.g., Berner, 1980; Jorgensen,
1983) and anaerobic methane oxidation (AMO) (Reeburgh, 1983; Val-
entine and Reeburgh, 2000). Both sulfate reduction and AMO deplete
sulfate in pore waters and produce dissolved hydrogen sulfide, ulti-
mately determining the precipitation of sulfide mineral phases, some of
which are preserved in the geological record (e.g., Berner, 1980).

Sulfur cycling in sediments overlying significant amounts of gas hy-
drate may be increasingly influenced by AMO occurring at the base of
the sulfate reduction zone or sulfate/methane interface (SMI) (Borowski
et al., 2000b; Takacs and Borowski, 2004; Thompson et al., 2004).
Ocean Drilling Program Leg 204 sites include those on the flanks of Hy-
drate Ridge (Sites 1244, 1245, 1246, and 1247), within the sedimentary
basin to the east of the feature (Sites 1251 and 1252), and on the crest
of the ridge (Sites 1248, 1249, and 1250), where methane is advecting
upward at and near the seafloor (Tréhu, Bohrmann, Rack, Torres, et al.,
2003; Tréhu et al., 2004). Here we report dissolved sulfide concentration
data and sulfur isotopic compositions (834S) of dissolved sulfate (SO4%)
and sulfide (XHS) as a first step in assessing the role of AMO in sulfate
depletion and investigating other aspects of sulfur cycling in these sedi-
ments overlying gas hydrates of the Cascadia margin (Tréhu, Bohr-
mann, Rack, Torres, et al., 2003; Tréhu et al., 2004).

METHODS

Sediments in the Hydrate Ridge vicinity were collected by coring op-
erations during Leg 204 (Tréhu, Bohrmann, Rack, Torres, et al., 2003).
Pore waters were generally extracted and processed using standard
methods (Manheim and Sayles, 1974; Tréhu, Bohrmann, Rack, Torres,
et al., 2003). At sea, sulfate concentration was determined by ion chro-
matography, and alkalinity was measured by titration (Gieskes et al.,
1991; Tréhu, Bohrmann, Rack, Torres, et al., 2003). The detection limit
for both sulfate and alkalinity measurements is <0.1 mM (Gieskes et al.,
1991). Other sulfur measurements occurred on shore (see below). A ~3-
mL aliquot of pore water was preserved with saturated mercuric chlo-
ride (HgCl) solution and flame-sealed within ampoules for carbon isoto-
pic measurements of total dissolved carbon dioxide (3**C-ZCO,) (Torres
and Rugh, this volume). These $4C-ZCO, measurements were per-
formed using automated headspace sampling and continuous-flow
mass spectroscopy with a precision >0.15%o (Torres and Rugh, this vol-
ume).

Dissolved Hydrogen Sulfide

For hydrogen sulfide (ZHS = H,S + HS- + $*) concentration measure-
ments, 1 mL of pore water was removed from a secondary syringe
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linked to a 50-mL syringe that was directly attached to the squeezing
apparatus (D’Hondt, Jergensen, Miller, et al., 2003) and was injected
into a vial containing at least an equal volume of 1.0-M cadmium ace-
tate (Cd[CH3CO;]-2H,0) solution. Assuming a maximum concentration
of 30 mM of dissolved sulfide, the trapping solution is concentrated to
33 times in excess for sulfur, assuring the capture of all ZHS as cadmium
sulfide (CdS) precipitate. The precipitate is stable for long periods (T. Ly-
ons, pers. comm., 2003), and XHS concentration was measured gravi-
metrically after the leg. On shore, the preponderance of the trapping
solution and pore water sample was decanted. The remaining fluid with
its CdS precipitate was progressively diluted and centrifuged to rarefy
ions in solution. Then each sample of CdS precipitate was exposed to
10 mL of a composite solution composed of 1-M silver nitrate (AgNO3)
and 10% ammonium hydroxide (NH4OH) (Werne et al., 2003). The CdS
precipitate was instantly converted to silver sulfide (Ag.S) precipitate
(Werne et al., 2003), which is very insoluble and resistant to acidifica-
tion. This Ag,S precipitate was caught on a 0.1-um polycarbonate mem-
brane, treated with 5% nitric acid to remove any carbonate solids (pore
water samples with sufficient alkalinity are susceptible to forming car-
bonate precipitate during storage), rinsed repeatedly, dried, and
weighed.

Sulfur Isotopic Composition of Dissolved Sulfide

Dissolved sulfide (83*4S-ZHS) was preserved as CdS within flame-
sealed, 7-mL ampoules by placing up to 3 mL of pore water into an ap-
proximately equal volume of 1.0-M cadmium acetate solution with a
few added drops of saturated HgCl solution. On shore, the pore water
and fixative solution was decanted and used for §*4S-SO4 measurements
(see below). The CdS precipitate of each sample was repeatedly rinsed
and centrifuged to remove chloride ions (Cl-) in solution and treated
with AgNO;-NH4OH solution, as described in the section above (Werne
et al., 2003). The resultant Ag,S precipitate was captured on a 0.1-ym
polycarbonate filter, stripped of any carbonate precipitate by acidifica-
tion, and dried. For final preparation for mass spectrometry, Ag,S pre-
cipitate was weighed using a microbalance and placed in tin capsules
with vanadium pentoxide (V,0s) catalyst. The sulfur isotopic composi-
tion of sulfide sulfur was determined after the general method of Holt
and Engelkemeir (1970) at Indiana University (USA) using a Finnigan
252 isotope ratio mass spectrometer (Studley et al., 2002). Reproducibil-
ity experiments show that the total uncertainty of the extraction pro-
cess and instrument sensitivity on &4S-ZHS measurements is ~0.2%o0
Vienna Canyon Diablo Troilite (VCDT).

Sulfur Isotopic Composition of Sulfate

Porewater sulfate (*4S-SO,) was obtained by carefully decanting fluid
from flame-sealed ampoules prepared as described in the above section.
The pore water of each sample was added to 10 mL of a saturated (~1
M), filtered barium chloride (BaCl,) solution. Any dissolved sulfate
present was quantitatively precipitated as barium sulfate (BaSO,). The
precipitate was filtered on a 0.1-uym polycarbonate filter, repeatedly
rinsed with deionized water, and dried. To prepare samples for mass
spectrometry, subsamples of the BaSO, were weighed on a microbal-
ance, added to tin capsules, and combined with V,0s. The sulfur isoto-
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pic composition of sulfate sulfur was determined using the same
procedure as for 6*4S-ZHS (Studley et al., 2002). Reproducibility experi-
ments show that the total uncertainty of the extraction process and in-
strument sensitivity on §4S-SO4 measurements is ~0.1%o0 VCDT.

RESULTS

Selected shipboard data and onshore sulfur measurements are tabu-
lated in Table T1. Data from sites not located on or near the crest of Hy-
drate Ridge—the ridge flanks (Sites 1244, 1245, 1246, and 1247) and
eastern sedimentary basin (Sites 1251 and 1252)—are graphed in Figure
F1. Sulfur data from the advective sites of Hydrate Ridge (Sites 1248,
1249, and 1250) are generally sparse and without sufficient resolution
to characterize sulfur cycling within these sediments, so these data will
not be further addressed in this report.

Pore water concentration and isotopic profiles are generally typical
of anoxic marine sediments. Sulfate concentration decreases with in-
creasing sediment depth, exhibiting concave-up profiles. The SMI is de-
fined by low concentrations (<1 mM) of sulfate and rapidly rising
methane concentrations (Tréhu, Bohrmann, Rack, Torres, et al., 2003)
and occurs between 4.5 (Site 1251) and 11 (Site 1247) meters below sea-
floor (mbsf). Typically, dissolved sulfide reaches peak concentration at
or immediately above the SMI, where it rises as high as 11.3 mM (Hole
1251E), although peak concentrations are generally 3.2-6.1 mM. Alka-
linity profiles generally increase with depth until just above or at the
SMI, where alkalinity increases with less rapidity. Peak depletion of '3C
within total dissolved carbon dioxide (XCO,) also occurs immediately
above or at the SMI, with an overall minimum &'3C value of -24.9%o Vi-
enna Peedee belemnite (VPDB) (Hole 1245B). The sulfur isotopic com-
position of sulfate generally increases with depth until just above the
SMI; the maximum observed value is +53.1%o0 VDCT (Hole 1247B), but
values usually range between 35.3%o0 and 48.0%o. In Holes 1244C and
1245D, &*S-SO4 decreases with depth at and below the SMI, showing
slight depletions of 34S relative to maximum values. The sulfur isotopic
composition of dissolved sulfide also becomes more enriched in 34S
with depth and generally parallels the trend of &4S-SO4 profiles. The
difference in the sulfur isotopic composition of the two species is gener-
ally 18.4%0-48.7%o0 VCDT, with increasing divergence of *4S values ap-
proaching the SMI. At the SMI and below, &4S-ZHS generally reaches
stable values of 15.6%0-19.2%0 VCDT.

PRELIMINARY INTERPRETATIONS

Sulfur cycling in marine sediments is complex, although it is essen-
tially controlled by microbially mediated sulfate reduction. Porewater
sulfate concentration decreases with sediment depth at all sites because
of sulfate reduction. Sulfate containing 32S is preferentially utilized by
microbes (e.g., Goldhaber and Kaplan, 1977) so that the sulfur isotopic
composition of sulfate becomes more enriched in 34S with depth ap-
proaching the SMI. Anomalously, three samples from two holes (1244C
and 1245D) show a decrease in 3**S-SO4 values below maximum values
higher in the sulfate reduction zone. This is likely an artifact produced
as sulfide is abiotically oxidized to sulfate during handling of samples
with very low sulfate concentration. For these samples, dissolved sul-

T1. Dissolved sulfide concentra-
tion and sulfur isotopic composi-
tion, p. 11.

F1. Concentration and isotopic
profiles, p. 9.
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fide is at concentrations several times higher than that of sulfate so that
sulfide oxidation is more likely to affect &4S-SO, values. One sample
(9.90 mbsf; Hole 1244C) shows the strongest case for abiotic oxidation,
as it has a 8*45-SO, value of 17.9%o0—a value less than the accepted sul-
fur isotopic value of seawater sulfate (21%o) (Rees et al., 1978).

Dissolved sulfide concentrations are controlled by a complex inter-
play of sulfide production via sulfate reduction and AMO, diffusion of
dissolved sulfur species, dissolved sulfide oxidation rates, and iron sul-
fide mineral precipitation rates, which are in turn governed by avail-
ability of dissolved iron (Fe?*) that is determined by iron mineral
dissolution (e.g., Werne et al., 2003). Interestingly, peak sulfide concen-
trations occur immediately above the SMI. Once interstitial sulfate is
depleted, sulfate reduction processes and sulfide production cease. Con-
centration profiles indicate that sulfide produced within the sulfate re-
duction zone diffuses into the wunderlying methanogenic zone,
presumably because of the lack of dissolved iron needed to form iron
sulfide minerals within the sulfate reduction zone. Below the SMI, sul-
fide is eventually exhausted as it combines with dissolved iron to form
iron sulfide minerals. Dissolved iron data (not shown; see Tréhu, Bohr-
mann, Rack, Torres, et al., 2003) are consistent with this interpretation,
generally showing low concentration when dissolved sulfide is present
and increases in concentration once sulfide is absent. Microbial trans-
formations of sulfate to sulfide in nature typically exhibit a fraction-
ation factor (o) ranging from 1.029 to 1.059 (e.g., Chambers and
Trudinger, 1979). Thus, as expected, the sulfur isotopic composition of
dissolved sulfide tracks that of the sulfate pool but is 18.4%0—48.7%0
more depleted in 34S for any particular sample pair. The fractionation
involved in forming iron sulfide minerals from dissolved sulfide is only
~1%o0 (Price and Shieh, 1979; Wilkin and Barnes, 1996) so that when
fractionation caused by sulfate reduction ends, there is little change in
&*4S-XHS values below the SMI.

Sulfate depletion in marine sediments is usually controlled by the
amount and quality of organic matter deposited within sediments;
thus, the oxidation of sedimentary organic matter through sulfate re-
duction is the prime sulfate-depletion pathway (e.g., Westrich and
Berner, 1984; Canfield, 1991; Berner, 1980). A secondary mechanism of
sulfate depletion is through AMO, which involves the oxidation of
methane and co-consumption of methane and sulfate (Reeburgh,
1983). In some deep-sea sediments associated with methane gas hy-
drates, AMO is a major sulfate depletion mechanism (see table 4 in
Borowski et al., 2000a). For example, AMO is a demonstrably significant
process in sediments that overlie gas hydrate deposits of the Blake Ridge
region, likely due to low organic matter delivery rates and significant
upward flux of methane from underlying gas hydrates (Borowski et al.,
1999, 2000a).

Sulfate depletion at the flank and basin sites of Leg 204 seems to be
driven by organic matter delivery and oxidation of organic matter
through sulfate reduction. A key parameter in assessing the relative sig-
nificance of sulfate depletion mechanisms in marine sediments is the
carbon isotopic composition of XCO,. As most marine sedimentary or-
ganic matter has §'3C more enriched in '*C than -30%o0 PDB (Deines,
1980), 8'3C-2CO, values more negative than -30%o indicate a signifi-
cant contribution of carbon from methane through AMO (e.g., Ree-
burgh, 1982; Claypool and Threlkheld, 1983; Borowski et al., 1999).
The maximum depletion of '*C in ZCO, in Leg 204 samples collected at
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flank and basin locations is —24.9%o in Hole 1245B (Table T1, Fig. F1)
(Torres and Rugh, this volume), strongly suggesting that any contribu-
tion of methane carbon via AMO is overwhelmed by carbon donated
from sedimentary organic matter through sulfate reduction. Moreover,
sulfate profiles are curvilinear (Fig. F1), also suggesting that sulfate de-
pletion is dominated by sulfate reduction rather than AMO in these
sediments (Schulz et al., 1994; Borowski et al., 1996).

SUMMARY

1. Dissolved sulfide concentration reaches 11.3 mM (Hole 1251E),
but typical maximum values range between 3.2 mM (Hole
1246B) and 6.1 mM (Hole 1247B). Maximum sulfide concentra-
tion generally occurs above the SMI.

2. &4S values of dissolved sulfate increase with increasing depth
into the sulfate reduction zone, reaching maximum values rang-
ing from 35.3%o (Hole 1252A) to 53.1%0 (Hole 1247B) VCDT.

3. &4S values of dissolved sulfide generally mirror the trend of dis-
solved sulfate but are shifted toward increased 34S depletion by
18.4%0-48.7%o0, reaching stable values of 15.6%o0 to 19.2 VCDT
near the SMI.

4. The carbon isotopic composition of total dissolved carbon diox-
ide reaches a maximum depletion of -24.9%0 PDBV (Hole
1245B), strongly suggesting that oxidation of sedimentary or-
ganic matter is the prime mechanism of interstitial sulfate,
rather than anaerobic methane oxidation, despite the presence
of gaseous methane and methane gas hydrates in the sediments
below. Sulfur concentration and isotopic data are consistent
with this interpretation.
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Figure F1. Concentration and isotopic profiles of selected porewater species. Holes 1245D, 1246B, and
1244C are part of a west-to-east transect across the northern flank of south Hydrate Ridge; Hole 12478 is
located on the northwest flank of south Hydrate Ridge closer to its crest; Holes 1251E and 1252A are in the
basin to the east of the feature (Tréhu, Bohrmann, Rack, Torres, et al., 2003). Some profiles are augmented
with data from other holes of the same site, and these are noted within the figure panels. Alkalinity, sulfate,
and sulfide concentrations are in millimolar units (millimoles per liter); alkalinity and sulfate data are from
Tréhu, Bohrmann, Rack, Torres, et al. (2003). Note that graph scales for all sites are identical with the ex-
ception of the alkalinity scale for Holes 1251E and 1252A. The sulfate/methane interface (SMI) is shown
with dashed lines as determined from sulfate and methane concentrations within pore waters (Tréhu, Bo-
hrmann, Rack, Torres, et al., 2003). Carbon and sulfur isotopic composition is expressed in units of permil.
Carbon isotopic composition of total dissolved carbon dioxide (§'3C-XCO,) is relative to Peedee Belemnite,
Vienna (VPDB) and the values are from Torres and Rugh (this volume); sulfur isotopic composition of dis-
solved sulfide (&8**S-XHS) and sulfate (3**S-SO,) are relative to Vienna Canyon Diablo Troilite (VCDT).
A. Hole 1244C. B. Hole 1245D. C. Hole 1246B. (Continued on next page.)
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Figure F1 (continued). D. Hole 1247B. E. Hole 1251E. F. Hole 1252A.
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Table T1. Dissolved sulfide concentration and sulfur isotopic
composition of dissolved sulfate (&4S-SO,) and sulfide (&**S-
>HS) along with other selected interstitial water data. (See table
notes. Continued on next two pages.)

Core, section, Depth  Alkalinity &'3C-2CO, Sulfate Sulfide &4S-SO, &4S-ZHS
interval (cm) (mbsf) (mM) (%0 PDB) (mM) (mM) (%o VCDT) (%0 VCDT)

204-1244B-
1H-1,140-150  1.40 1.50 30.5 0.8
1H-3,140-150  4.40  10.55 235 1.6
2H-2,140-150  9.50  38.86 0.3
2H-5,140-150 14.00  44.56 0.0 2.4
3H-2, 140-150  19.00 0.0
3H-5,140-150 23.50  57.37 0.0

204-1244C-
1H-1, 65-75 0.65 2.86 3.1 29.7 0.0 20.0
1H-1, 65-75 0.65 3.2
1H-1,140-150  1.40 3.39 28.6 0.0 19.8
1H-2, 65-75 2.15 4.28 -8.3 28.0 0.4 21.0
1H-2, 140-150  2.90 6.20 26.6 0.4 212
1H-3, 65-75 3.65 837  -15.7 24.5 0.8 216
1H-3,140-150  4.40  12.11 213 1.2 24.2
1H-4, 60-70 510 1554  -21.4 18.2 2.0 26.1
2H-1, 66-75 615 2372  -215 1.3 3.2 29.5
2H-1,140-150 690  29.40  -22.5 7.4 44 34.0
2H-2, 66-75 7.65 2382 225 3.8 438 40.4
2H-2, 66-75 7.65
2H-2,140-150 840  37.42  -21.3 1.5 28.2
2H-3, 66-75 9.15 -17.2 0.9 44
2H-3,140-175  9.90  40.08 0.6 3.6 17.9
2H-4, 66-75 10.65  40.65 0.7 3.2
2H-4,140-175 11.40  40.93 0.7 2.4
2H-5, 66-75 1215 42.82 0.5 2.4
2H-5,140-175 1290  43.87 0.5 2.4
2H-6, 66-75 13.65  46.35 0.5 0.4
2H-6,140-175 1440  45.78 0.4 0.4
2H-7, 64-74 1514 45.56 0.5
3H-1,140-150 16.40  50.27 0.5
3H-2,140-150 17.90  51.97 1.0
3H-3,140-150 19.40  53.20 8.1 0.6
3H-3, 140-150  19.40 7.4
3H-4, 140-150  20.90
3H-5,140-150 22.40  55.65 0.5
3H-6,140-150 23.90  56.39 0.4
3H-7,140-150 24.84  58.43 1.1

204-1244E-
1H-2, 140-150  2.90 7.19 27.3 0.4
1H-4,140-150 590  25.19 1.8 1.6
2H-1,140-150 10.10  41.18 1.7 3.2
2H-2,140-150 11.60  43.05 1.4 2.8

204-1244F-
1H-1, 140-150  1.40 3.29 29.4 0.4
1H-2, 140-150  2.90 6.04 25.7 1.2 216
2H-1,140-150  5.50  34.55 5.2 3.6 50.9
2H-3,140-150  8.50  43.71 1.9 1.6
3H-2,140-150 16.50  52.06 13
3H-4,140-150 19.50  56.30 1.5

204-1245B-
1H-2, 140-150  2.90 826  -15.9 24.7 0.8 213
1H-5,140-150  7.40  37.25  -249 1.2 3.2
2H-2,140-150 1240 4332  -11.1 0.4 4.4
2H-2, 140-150  12.40 -10.7
2H-4,140-150 15.40  43.21 2.7 0.2 2.4
3H-2,140-150 21.90  50.47 7.7 0.8 0.0
3H-2, 140-150  21.90 8.3

204-1245C-
2H-5,140-150 14.90  43.46 1.1 2.0
3P-1, 20-30 17.20 1.1

4H-5, 140-150  26.40 53.96 0.6 0.0 0.0
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Table T1 (continued).

Core, section,  Depth  Alkalinity 8'3C-XCO, Sulfate Sulfide &4S-SO, &4S-ZHS
interval (cm)  (mbsf)  (mM) (%o PDB) (mM)  (mM) (%o VCDT) (%o VCDT)

204-1245D-
1H-1, 60-70 0.60 295 -33 291 00 199
1H-1, 60-70 0.60 -0.1
1H-1,135-150 135 3.66 55 294 04 20.
1H-2, 65-75 215 489 125 277 19.2
1H-2, 65-75 215 -12.
1H-2,135-150 285 707 -160 260 10 218 -3.12
1H-3, 40-50 340 1144 23.1 08 242 -1.89
1H-3, 40-50 22.1 24.1
1H-3,85-100  3.85 -203 24 -0.83
1H-3,85-100  3.85
2H-1, 65-75 5.65  28.06  -24.9 7.7 36 405 8.9
2H-1,135-150 635 3242 -24.2 44 56 455 13.4
2H-2, 65-75 715 3633 -24.6 14 40 351 18.2
2H-2,135-150  7.85 3722 -21.3 1.2 44 188 18.5
2H-3, 65-75 8.65 -18.8 1.1 44 18.8
2H-3,135-150 935 39.23 152 0.9 3.2 19.2
2H-4,135-150 10.85  39.88  -10.4 06 32 18.2
2H-5,135-150 1235  40.82 -6.5 08 20 18.7
2H-5,135-150  12.35 6.4
2H-6,135-150 13.85  44.14 -3.4 0.7 1.6 17.9
3H-1,135-150  15.85  44.60 0.7 1.1 1.2 18.6
3H-2,135-150  17.35  46.31 2.2 07 12
3H-3,135-150 18.85  47.39 4.0 11 1.2
3H-4,135-150  20.35  48.66 5.0 1.0 00
3H-5,135-150  21.85  50.32 6.3 0.8 1.0

204-1246B-
1H-2,145-150  2.95 -100 261 08 213
1H-2,145-150  2.95 1.7
2H-2,145-160  7.65 3290  -30.2 1.6 32 217 19.3
2H-5,145-150  12.15 3568  -11.6 1.0 1.6 18.5
3H-2,140-150 1710 38.30 24 08 08
3H-5,140-150 21.60  38.18 10 04
4H-2,140-150 26.60  40.37 11 0.0

204-1247B-
1H-1,140-150 140  3.75 33 292 00
1H-2,90-100 240  3.60 278 00 204
2H-1,140-150 500 561  -11.9 265 04  21.6
2H-2,140-150 650 1049  -17.2 233 08 241 4.4
2H-3,140-150  8.00  18.02  -196 152 24 294 1.0
2H-4,140-150  9.50  29.34 68 6.1 53.1 44
2H-4,140-150  9.50 49.6
2H-5,140-150 11.00  38.07  -19.5 16 36 18.6
2H-5,140-150  11.00 -19.3
2H-6,140-150 12.50  39.60  -13.5 1.1 24 18.5
2H-7,77-78 1337 4132 9.6 08 24 18.4
3H-1,140-150  14.50  41.96 03 24 183
3H-2,140-150  16.00  44.11 -0.5 02 00
3H-4,140-150 19.00  47.98 0.5

204-1248B-
TH-1, 0-20 000 4265 -185 2.2 77 194
1H-1, 0-20 0.00 -20.0
1H-2, 0-20 120 4267 -0.9 02 56
2H-1, 77-87 7.27 5577 17.6 05 00
2H-3,91-101  9.16  59.90 18.0 02 00

204-1248C-
1X-1,138-148 138 5212 -21.9 02 65
1X-1,138-148  1.38 -25.4
2X-CC,0-15  10.68  54.71 15.6 16 00 182
3X-1,140-150  20.60  71.42 16.3 07 00

204-1249C-
1H-1,110-118 110 48.31 1.7 00 188
1H-1,118-125 118 27.13 00 00
2H-2,0-15 340 41.95 00 00

204-1249D-
1H-2, 25-40 152 3338 27 16 186

3H-1, 79-94 9.79 49.91 0.6 0.0
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Table T1 (continued).

Core, section,  Depth  Alkalinity 8'3C-XCO, Sulfate Sulfide &4S-SO, &4S-ZHS
interval (cm)  (mbsf)  (mM) (%o PDB) (mM)  (mM) (%o VCDT) (%o VCDT)

204-1249E-
3H-1, 25-45 9.25 0.0

204-1250C-
TH-1,0-10 0.00  39.31 14.1 06 0.0
2H-CC, 1-10 507  64.10 09 00
3H-2,140-150  16.90  68.48 0.5 0.0
3H-5,140-150  21.40  68.02 14.6 00 00

204-1250D-
3H-4,52-62  21.02  66.22 02 00

204-1250E-
1H-1,140-150 140  39.31 17109
TH-2,131-141 281 38.20 15 1.7
2H-5,140-150  13.90  69.07 14 00

204-1251B-
TH-2,145-150 295  56.64 -0.5 0.7 3.6
TH-5,145-150  7.45  74.96 8.2 00 08
TH-5,145-150  7.45 8.3
3H-2,140-150  21.43  107.29 12.7 00 00
3H-4,140-150 24.41  105.16 04 00

204-1251C-
TH-2,140-150 290  27.31 238
1H-5,140-150  7.40  59.61 0.0
2X-1,140-150  9.50  71.98 0.0
2X-3,140-150 12.07  88.49 0.0

204-1251D-
1%-1,140-150  1.40 3030  -17.4 111 40 402 5.6
1X-2,90-100 240  48.85  -17.4 08 6.1 18.4
2X-1,140-150  9.50  75.43 7.2 1.1 0.0
2X-1,140-150  9.50 7.6
2X-3,50-60  11.10 0.0
3X-2,140-150  20.50  97.21 1.6 09 00

204-1251E-
TH-1, 85-95 085 580 -17.4 275 04 224
TH-1, 85-95 0.85 -17.2
TH-1,140-150 140 750 -11.6  26.6 0.4  23.4
TH-1,140-150  1.40 -11.4
1H-2, 80-90 230 1681 70 196 12 297 127
TH-2,140-150 290 2688  -17.0 135 32 336 -2.4
1H-3, 60-70 360 3747  -18.8 6.2 36 472 5.3
TH-3, 60-70 3.60 48.0
1H-3,140-150  4.40 4710  -17.8 1.0 113 17.7
1H-4, 60-70 510 5063  -12.2 0.0 17.4
1H-4, 60-70 5.10 -13.6 6.5
1H-4,140-150 590  52.81 -6.9 05 44 16.5
TH-5,140-150  7.40 24

204-1252A-
TH-1,135-150  1.35 7.60 99 298 04 -8.2
1H-2,135-150  2.85 1291  -17.7 169 20 272 2.0
1H-3,85-100  3.85 39.98  -17.4 7.5 20 34 9.6
1H-3,85-100  3.85 353
2H-1,135-150  6.25  57.84  -10.3 04 3.6 18.9
2H-2,135-150  7.75  55.57 -1 0.4 1.2 18.1
2H-3,135-150  9.25  59.62 -2.3 0.3 0.8 15.6
2H-4,135-150  10.75  65.07 4.1 0.5 0.8
2H-4,135-150  10.75 4.4
2H-5,135-150 1225  68.01 0.8 09 08
2H-6,135-150 13.75  71.93 2.0 0.5 0.0
3H-2,135-150  16.00  82.09 4.6 11 0.0
3H-5,135-150 2050  90.61 09 00

Notes: Sulfate concentration and alkalinity data are from Tréhu, Bohrmann, Rack,
Torres, et al. (2003). Carbon isotopic composition of dissolved carbon dioxide
(8'3C-CO,) is from Torres and Rugh (this volume). mM = millimoles per liter.
VPDB = Vienna Peedee Belemnite. VCDT = Vienna Canyon Diablo Troilite.
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