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Abstract

In this report, we give the concentration and sulfur isotope com-
position of iron monosulfide and pyrite in samples recovered
during Integrated Ocean Drilling Program Expedition 316 to the
Nankai Trough, Japan. We studied the impact of complex tectonic
activity in this depositional system on the precipitation and oc-
currence of iron sulfide minerals and their isotopic composition
by analyzing samples from sediment cores taken at the megasplay
fault and frontal thrust.

The dominating iron sulfide species is pyrite with concentrations
up to 2 wt% (median = 3325 ppm, average = 4480 ppm, and min-
imum = 20 ppm; n = 197). The sulfur isotope composition of py-
rite covers a range from —49 to +47%o (median = -17%o0 and aver-
age = -18%o; n = 117). Strongly negative sulfur isotope
compositions, which are typical for open-system conditions
where sulfate enriched in 34S can be exchanged with seawater,
tend to be associated with relatively low pyrite concentrations.
Strong enrichments in 34S in pyrite tend to be associated with
high pyrite content. With one exception, boundaries between
sedimentary units are associated with low pyrite content and
strongly negative sulfur isotope composition. This could indicate
that these boundaries may have acted as conduits for sulfate ex-
change between pore water and seawater for most of the time
since the deposition of the sediment, preventing establishment of
closed-system conditions. In contrast, within undisturbed sedi-
ment packages closed-system conditions promoted a high degree
of sulfate consumption and concomitant incorporation of sulfide
enriched in 34S into the pyrite fraction. In some cases, sulfate
drawdown was quantitative, leading to terminal degradation of
organic matter by methanogenesis and to the installation of sul-
fate-methane transitions. Where such transitions persisted over a
substantial period of time, pyrite strongly enriched in 34S could
accumulate. Iron monosulfide concentrations are generally low
(median = 1.5 ppm, average = 44.8 ppm, and maximum = 1952.7
ppm; n = 195). Slightly elevated concentrations appear to be tied
to specific sediment units, suggesting that their inventory of reac-
tive iron species allows for an ongoing interplay with the sulfur
cycle and thus sustaining the presence of these mineral phases.
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Introduction

As part of the multiphase-multiyear Nankai Trough
Seismogenic Zone Experiment (NanTroSEIZE), the
main goal of Integrated Ocean Drilling Program
(IODP) Expedition 316, using the D/V Chikyu, was to
investigate and understand the complex nature of
tectonic activity in the accretionary prism system off
Japan (Tobin and Kinoshita, 2006; Kimura et al.,
2008; Strasser et al., 2009). One target of Expedition
316 was to study the impact of tectonic processes at
the megasplay fault and frontal thrust area on the
geochemical composition of deeply buried sediment
(Screaton et al., 2009). Deep subsurface fluid flow
and changes in depositional settings strongly influ-
ence the sulfur inventory in this sedimentary system
(e.g., Riedinger et al., 2010).

Pyrite is often the most abundant iron sulfide in ma-
rine sediment (e.g., Goldhaber and Kaplan, 1975;
Cornwell and Morse, 1987). In conjunction with its
precursors (i.e., metastable iron sulfides), pyrite and
its isotope composition can be used to investigate
biogeochemical sulfur cycling in marine sediment
(e.g., Goldhaber and Kaplan, 1974; Goldhaber et al.,
1977, Howarth, 1979; Howarth and Jergensen,
1984).

The abundance of pyrite in surface sediment is
mainly controlled by the amount of buried total or-
ganic carbon (TOC) and availability of dissolved sul-
fate that drive microbial sulfate reduction and by the
content of reactive iron, a scavenger for the pro-
duced sulfide (e.g., Jorgensen, 1977, 1982; Gold-
haber and Kaplan, 1974; Berner, 1984). In surface
sediment and deeply buried sediment, the interplay
between sulfide production and inventory of reac-
tive iron, which not only acts as a sulfide scavenger
but can also drive oxidative sulfur cycling, exerts a
major control on the formation and alteration of in-
termediate metastable iron sulfides such as macki-
nawite and greigite. These mineral phases can be
transformed into pyrite by the addition of elemental
sulfur (e.g., Goldhaber and Kaplan, 1975; Rickard
and Luther, 2007, and references therein).

Microbial sulfate reduction produces sulfide strongly
depleted in 34S, causing enrichment of remaining
sulfate in 3*S (Thode et al., 1961; Jones and Starkey,
1957; Harrison and Thode, 1958; Kaplan and Ritten-
berg, 1964; Sim et al., 2011). Oxidative sulfur cycling
(e.g., with reactive iron) can transform 34S-depleted
sulfide into sulfur intermediates, such as elemental
sulfur or thiosulfate. The subsequent disproportion-
ation of these sulfur intermediates into 3*S-enriched
sulfate and 3*S-depleted sulfide (e.g., Bottcher et al.,
2005) can further increase the offset between iso-
topically heavy sulfate and light sulfide (Canfield

and Thamdrup, 1994). Overall, these processes result
in the formation of dissolved sulfide, monosulfides,
and pyrite that are depleted in 34S relative to their
sulfate source (e.g., Jorgensen, 1979; Canfield and
Teske, 1996; Bottrell et al., 2009).

Under conditions in which sulfate enriched in 34S
can be rapidly exchanged with seawater sulfate, such
as close to the sediment/water interface or in the vi-
cinity of seawater fluid conduits (highly permeable
sediment such as sand or gravel layers or discontinu-
ities such as faults), isotopically light sulfides can ac-
cumulate. Isotope compositions of sulfides ap-
proaching -50%o relative to +20%o for seawater
sulfate are not uncommon under such circum-
stances. In sediment where the sulfate concentration
decreases because of a diminished resupply with sul-
fate (i.e., through diffusion), the sulfate pool be-
comes isotopically heavier with depth (e.g., Gold-
haber and Kaplan, 1980), resulting in the
precipitation of iron sulfide minerals that are less de-
pleted in 34S. At the sulfate-methane transition,
where sulfate is almost entirely consumed, iron sul-
fides are precipitated with the heaviest isotope com-
position compared to the upper sediment (Borowski
et al., 2013). Under such conditions, the sulfur iso-
tope composition of sulfides can become heavier
than the isotope composition of the original sulfur
source, which is often seawater sulfate.

Here we investigate the occurrence of iron sulfides in
deeply buried sediment at the megasplay fault and
the frontal thrust area and the relationship of the
complex tectonic environment on the iron sulfide
isotope signal. For this purpose, we analyzed samples
from cores at the megasplay fault (Sites CO004 and
CO0008) and the toe of the accretionary prism (Sites
C0006 and C0007) for iron sulfide phases and their
isotopic signature.

Methods and materials

Samples were taken during Expedition 316 (see the
“Expedition 316 methods” chapter [Expedition 316
Scientists, 2009a]). The shipping and storage tem-
perature for all sediment cores was -20°C, which
suppresses rapid oxidation. For determination of
acid volatile sulfide (AVS) and chromium reducible
sulfur (CRS) species, frozen wet samples (0.5-1 g)
were treated with a two-step acid Cr(Il) distillation
method (Fossing and Jergensen, 1989). AVS was ex-
tracted cold for ~1 h. This step was followed by Cr(Il)
extraction at 200°C for ~2 h. The released sulfide was
trapped in a 5% w/v Zn acetate solution. After soni-
cation, the trap samples were shaken, and an aliquot
of each sample was diluted and analyzed spectropho-
tometrically by the methylene blue method (Cline,
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1969). The data are reported in dry weight units (Ta-
ble T1). During the AVS extraction, mainly iron mo-
nosulfides, such as mackinawite, and ~66% greigite
were extracted. In the Cr(Il) reduction step, mainly
pyrite, elemental sulfur, and ~33% greigite were ex-
tracted (e.g., Cornwell and Morse, 1987). For simpli-
fication, we refer to AVS as iron monosulfide and
CRS as pyrite throughout the text.

To analyze the sulfur isotope composition of CRS
(834S-CRS), zinc sulfide was converted to silver sulfide
(Ag,S) with a 5% silver nitrate (AgNO;) solution. The
precipitate was rinsed with deionized water and
washed with 1 M NH,OH. In a final step, all Ag,S
precipitates were rinsed with deionized water and
dried at ~50°C in an oven overnight. Sulfur isotope
measurements were performed by continuous flow
gas source stable isotope ratio mass spectrometry
(GS-IRMS) (model Delta V, Finnigan; Thermo Fisher
Scientific, Waltham MA, USA). The sulfur isotope
measurements were calibrated with reference materi-
als NBS 127 (84S = 20.3%0) and IAEA-SO-6 (834S =
-34.1%o) relative to the Vienna Cafion Diablo Troi-
lite standard. The standard deviation (1o) of repli-
cate measurements of an in-house standard was
<0.2%o0 for 534S values. All samples were analyzed at
the Max Planck Institute for Marine Microbiology,
Bremen, Germany.

Results

Iron monosulfide and pyrite concentrations vary
strongly at the investigated sites. At Site C0004, iron
monosulfide concentrations are close to the detec-
tion limit with only a slight increase at ~350 meters
below seafloor (mbsf) to a maximum of ~6 ppm (Fig.
F1). In contrast, pyrite concentration reaches 1.3
wt% (13,000 ppm), with four main accumulation
zones at ~30, 100, 140, and 250 mbsf. Pyrite sulfur
isotope compositions (5**S-CRS) range from -49%o
to +47%o; the highest enrichment in 34S occurs in
the zone dominated by mass transport (lithostrati-
graphic Subunit ITA) (Fig. F1). Low 8**S-CRS and py-
rite concentrations are observed at the sediment/wa-
ter interface and appear to coincide with transitions
between different sedimentary units.

In the upper two-thirds of Unit II at Site C0006, iron
monosulfide concentrations reach values of 550
ppm, whereas values are low for the remaining sedi-
ment column (Fig. F2). Except for a peak at 523
mbsf, pyrite concentrations are highest in the upper
~45 mbsf. Three features of the &**S-CRS profile are
remarkable. First, the isotope composition of pyrite

shifts dramatically in the vicinity of the transition
between lithostratigraphic Units I and II from —40%o
to over +20%o, coinciding with a drop in pyrite con-
centration. Second, §3*S-CRS displays a trend to
lighter values with depth in Unit II. Third, a strong
depletion in 34S was observed at the Pliocene/Pleisto-
cene boundary followed by a maximum enrichment
in 34S to 30%o0 concurrent with a peak in pyrite con-
centration reaching almost 2 wt%.

In Hole C0007D, iron monosulfide concentrations
are only elevated in the upper deposits, with values
below 220 ppm followed by a downward decline
(Fig. F3). Unlike iron monosulfide concentrations,
pyrite concentrations are highest in the deeper sedi-
ment of Unit III, with a maximum value of ~7700
ppm. This pyrite concentration peak is accompanied
by a sulfur isotope excursion from strongly negative
8%4S (less than -48%o0) to almost positive values
(-1.6%0), succeeded by a return to strongly negative
3%4S (-39%o0) at the boundary with Unit IV. Overall,
the sulfur isotope profile of the deeper sediment in
Hole C0007D shows a resemblance to the §3*S-CRS
profile at Site C0O006.

Pyrite concentrations at Site CO008 are lowest be-
tween ~40 and 160 mbsf. Higher amounts of pyrite
occur above and below this zone, with concentra-
tions up to 1.5 wt% (Figs. F4, F5). [ron monosulfide
concentrations show an inverse trend, with highest
values (<650 ppm) in the zone of lowest pyrite con-
centration. The &3S-CRS composition in Hole
C0008C is nearly homogeneous throughout the sed-
iment column, with a mean sulfur isotope composi-
tion of —3%o0 (£10%0). In only two zones is pyrite
slightly more depleted in 34S (~5 and 95 mbsf) (Fig.
F5).

Overall, the pattern of high pyrite concentrations co-
inciding with very low iron monosulfide concentra-
tions and low pyrite concentrations coinciding with
elevated monosulfide concentrations suggests that
two modes of operation of sedimentary sulfur-iron
cycling is present in the sediment from Nankai
Trough. In the high pyrite formation mode, local sul-
fide formation may have temporally exceeded the
availability of reactive iron, despite the high amount
of detrital input (Screaton et al., 2009), therefore
suppressing intense oxidative-reductive sulfur cy-
cling. In contrast, intervals with low pyrite concen-
trations concurrent with iron monosulfides point to
an iron-dominated sequence where the excess of re-
active iron rapidly consumes newly formed free sul-
fide either by the formation of monosulfides or by
oxidation, thus limiting the alteration from iron mo-
nosulfide to pyrite.
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N. Riedinger and B. Brunner Data report: concentration and sulfur isotope composition

Figure F1. Iron monosulfide (AVS) and pyrite (CRS) concentrations, sulfur isotope composition of pyrite (§3*S-CRS
relative to Vienna Cafion Diablo Troilite), and major lithostratigraphic units at Site C0004. Lithostratigraphic
units depicted as identified during NanTroSEIZE Stage 1 drilling (see the “Expedition 316 Site C0004” chapter
[Expedition 316 Scientists, 2009b]). CRS data in upper 60 mbsf is from Mills et al., 2012.
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N. Riedinger and B. Brunner

Data report: concentration and sulfur isotope composition

Figure F2. Iron monosulfide (AVS) and pyrite (CRS) concentrations, sulfur isotope composition of pyrite (§3S-CRS
relative to Vienna Cafion Diablo Troilite), and major lithostratigraphic units at Site CO006. Lithostratigraphic
units depicted as identified during NanTroSEIZE Stage 1 drilling (see the “Expedition 316 Site C0006” chapter
[Expedition 316 Scientists, 2009c¢]).
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N. Riedinger and B. Brunner Data report: concentration and sulfur isotope composition

Figure F3. Iron monosulfide (AVS) and pyrite (CRS) concentrations, sulfur isotope composition of pyrite (§3S-CRS
relative to Vienna Cafion Diablo Troilite), and major lithostratigraphic units in Hole C0007D. Lithostrati-
graphic units depicted as identified during NanTroSEIZE Stage 1 drilling (see the “Expedition 316 Site CO007”
chapter [Expedition 316 Scientists, 2009d]).
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N. Riedinger and B. Brunner Data report: concentration and sulfur isotope composition

Figure F4. Iron monosulfide (AVS) and pyrite (CRS) concentrations of sediment in Hole COO08A. Major litho-
stratigraphic units depicted as identified during NanTroSEIZE Stage 1 drilling (see the “Expedition 316 Site
C0008” chapter [Expedition 316 Scientists, 2009¢]).

Hole CO008A AVS [ppm] CRS [ppm]
0 200 400 2000 O 5000 10000 15000
0 - PR S A ./\/.l. L
. a—n" .
Unit I: Trench-to g
slope transition —
. 1m
| Im
I/ Sm
100 o ' y .
- ] § Unit IA .’>. ->.
Q 8 _ "
E {12 p— .,
= o — |
o 1% >l >I
[} L LS
o A u
200 - _ i—
/
o
—n
|| 777777777777777777777777777777777777777777."/7
) >m
Unit IB _—
]
jopb~y———~~~~""9q " " - "~
C
@
300 8 Unit II: Accreted .
1z trench wedge

I hemipelagic mud EES— volcanic ash
E=— sandysilt B=— silt turbidite
BE=— gavel [E=—— sandturbidite

Proc. IODP | Volume 314/315/316 4 9
A | 4



N. Riedinger and B. Brunner Data report: concentration and sulfur isotope composition

Figure F5. Iron monosulfide (AVS) and pyrite (CRS) concentrations, sulfur isotope composition of pyrite (§3S-CRS
relative to Vienna Caflon Diablo Troilite), and major lithostratigraphic units in Hole COOO8C. Lithostrati-
graphic units depicted as identified during NanTroSEIZE Stage 1 drilling (see the “Expedition 316 Site C0008”
chapter [Expedition 316 Scientists, 2009e]).
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N. Riedinger and B. Brunner Data report: concentration and sulfur isotope composition

Table T1. Summary of solid-phase sulfur data, Expedition 316. (Continued on next page.)

Core, section,  Depth AVS CRS  3%S-CRS Core, section,  Depth AVS CRS  &%S-CRS
interval (cm) (mbsf) (ppm) (ppm) (%0 VCDT) interval (cm) (mbsf) (ppm) (ppm) (%o VCDT)

316-C0004C- 28X-3 203.99 51.45 1,618.2 NA
TH-3 2.73 0.34 2,503.9 -37.9 29X-7 219.21 140.80 1,963.5 -14.7
TH-6 5.54 0.19 3,325.2 -28.7 30X-3 223.35 208.10  2,343.0 NA
2H-3 9.09 0.11 7,365.9 -7.0 31X-3 232.50 50.20 11,3688 -11.4
2H-7 13.38 0.23  6,467.7 -2.8 32X-4 243.40 36.07 5,221.0 NA
3H-5 20.01 0.20 49757 -12.7 34X-5 263.81 168.40 3,736.2 -14.4
3H-8 22.87 0.27 6,935.7 -15.7 35X-2 268.87 87.00 2,084.9 NA
4H-4 29.52 0.23 13,7345 -10.0 36X-4 281.74 78.30 1,786.2 -20.5
5H-4 39.17 0.07 7,630.5 17.0 37X-5 292.30 33.70 1,580.6 NA
6H-4 48.58 0.13 5,788.2 17.2 38X-2 296.80 1.28 3,480.1 -24.7
7H-6 59.45 0.06 3,185.8 -38.0 39X-4 309.88 13.30  4,049.5 NA
8H-4 67.74 0.22  2,1553 449 40X-7 322.21 2.98 674.0 -26.6
9H-4 77.25 0.05 3,619.8 -48.6 41X-4 329.02 24.21 1,616.4 NA
T10H-3 83.58 0.05 1,646.6 —40.6 42X-5 339.78 0.50 973.7 NA
11H-2 86.35 0.06 2,200.6 424 43X-5 349.30 550.40 3,664.9 NA
12X-6 95.12 0.05 3,900.3 -15.9 44X-5 359.18 21.10  1,235.6 -15.5
13X-3 101.40 0.31 12,109.5 47.1 45X-4 366.86 1.19  3,187.4 NA
14X-5 113.72 0.06 2,533.4 -384 46X-5 377.80 1.20 1,4156 -194
15X-7 126.05 0.07 2,565.8 -35.9 47X-5 386.91 0.27 1,707.8 NA

316-C0004D- 48X-5 397.19 0.56 11,3183 NA
3R-2 119.99 018 1,989.6 -38.7 49X-4 404.89 14.20 1,116.9 -9.0
4R-2 129.17 0.25 4,058.7 3.9 316-CO006F-
5R-3 139.69 0.00 7,445.7 1.4 2R-2 405.72 1.19  2,2059 -226
7R-2 153.08 012 24111  -18.7 3R-1 414.20 0.20 7,889.4 -28.0
13R-2 179.47 0.04 1,437.8 -36.7 4R-2 425.09 1.24 1,482.8 -20.5
16R-2 203.20 0.17  4,140.1 -34.3 5R-1 434.37 0.84  4,067.1 NA
T9R-2 226.82 0.09 4,737.7 -27.4 6R-1 439.25 0.21 1,010.1 -44.38
23R-1 248.12 0.10 8,974.5 421 7R-1 448.53 0.34 388.9 NA
26R-3 262.69 0.10 2,250.2 -44.1 8R-1 458.22 1.10 2,087.4 -49.0
28R-2 271.91 0.08 3,050.2 -40.5 9R-1 467.24 1.29 758.4 NA
30R-3 282.19 0.03 39135 454 10R-1 477.37 1.56 4,667.7 NA
32R-3 290.21 0.44 2,098.0 -394 11R-1 485.57 0.40  3,458.4 -42.7
34R-1 296.75 0.44 3,707.9 -35.7 12R-2 496.64 0.39 3,507.8 -41.6
36R-2 306.80 0.51 2,852.5 -33.2 13R-2 506.10 0.46  4,049.8 NA
39R-2 320.29 085 11,8369 -19.8 14R-2 516.80 0.05 4,665.7 -7.2
41R-2 329.45 0.26  2,030.7 -30.2 15R-1 523.70 0.11 19,529.0 29.4
44R-3 344.20 0.74 2,944 -23.2 16R-1 534.21 0.11 3,768.0 NA
46R-2 352.06 1.70 620.8 -14.0 17R-1 542.86 0.06 2,267.6 -38.2
48R-2 361.16 6.34 1,048.5 -3.6 18R -1 553.31 0.11 2,105.2 NA
49R-2 365.81 042 11,3265 -32.2 19R-3 565.46 485 2,333.9 NA
51R-2 375.63 0.51 4,236.6 -24.1 20R-1 571.34 0.27 1,084.7 NA
53R-2 384.10 0.59 628.4 -29.9 22R-1 590.21 0.75 3,816.1 -37.2
55R-2 393.60 0.49 11,7351 -32.3 23R-1 594.00 0.08 1,850.1 NA

316-COO06E- 316-C0007D-
1H-2 1.32 0.19 89409 -12.4 3R-2 191.59 560 1,873.8 23.1
1H-5 4.36 9.72 11,7055 -14.6 4R-1 199.93 3750 5751 -17.1
2H-3 7.91 8.47 9,639.4 0.5 5R-1 20921 19670 3,015.6 -8.0
2H-7 12.21 274 7,978.3 5.1 6R-3 221.65 0.99 3,468.0 -11.4
3H-3 17.40 0.63 7,3303 -3.2 7R-1 229.19 78.80 1,899.3 -125
3H.7 21.77 0.16 12,569.0 -39.2 8R-1 238.65 3.38  1,946.7 -27.8
4H-5 30.04 1.36  4,707.5  24.2 9R-2,23-40  248.74 2.00 56959 -21.0
5H-3 3595 14570 1,379.3  -7.8 9R-2,57-79 24910 2350 2,117.2 -16.4
7H-4 43.04 17.90 18,8719  -7.6 10R-1 257.25 73.60 27334 -10.8
8H-4 51.91 43.60 5106 155 15R-1 304.53 2080 6120 -18.6
9H-5 62.53  110.60 1,606.0  -3.9 16R-1 314.16 118 43519 -21.6
10H-8 64.59  248.10 51505 NA 17R-3 32550 17970  2,392.9 -12.2
11H-4 67.81 22450 24217 3.2 18R-1 332.83 1.06 1,733.6 -32.2
12H-6 7641  101.60 2,649.5  NA 19R-1 342.02 147 1,8295 -212
15X-4 81.87 3.74 56545 147 20R-1 351.66 207 1,817.8 -16.6
16X-2 90.23 729 1,7328  NA 21R-1 356.48 0.71 201 NA
17X-3 100.43 0.25 23559 7.4 22R-2 372.36 0.21 4,472.2 -41.6
19X-5 119.92 11270 4,290  NA 23R-3 383.16 020 1,502.2 -483
20X-7 133.01 1810 11,1043 4.7 24R-3 393.03 0.16 2,554.5 -46.9
21%-3 137.54  172.00 20456  NA 25R-3 402.07 021 4,551.4 -48.6
22X-3 147.00 13.00 1,341.6 -13.3 26R-1 408.21 072 52855 -1.6
23X-4 157.91 1040 1,377.9 NA 27R-1 417.87 040 7,742.9 3.8
25X-7 180.96 1540 6200 -11.7 28R-4 431.59 0.44 34115 -333
26X-4 186.80  41.70 1,206.9  NA 29R-1 437.00 1.82 51007 -39.1
27X-5 197.68  266.60 1,878.2 -3.4
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N. Riedinger and B. Brunner Data report: concentration and sulfur isotope composition

Table T1 (continued).

Core, section,  Depth AVS CRS 834S-CRS
interval (cm) (mbsf) (ppm) (ppm) (%o VCDT)
316-CO008A-
TH-3 1.75 3.71 9,643.8 NA
TH-7 5.54 8.10 7,773.3 NA
2H-2 8.46 13.50 10,610.3 NA
2H-8 15.55 11.20 8,660.2 NA
3H-3 18.52 9.42 7,491.1 NA
3H-8 23.10 22.20 5,363.7 NA
4H-4 29.30 14.50 10,837.6 NA
5H-4 38.83 0.68 9,093.5 NA
6H-5 49.38 77.30 874.0 NA
7H-5 58.73 176.60 1,159.4 NA
8H-5 68.37 39.70 1,118.7 NA
9H-5 77.70 210.60 620.1 NA
10H-6 87.37 95.00 3,437.4 NA
11H-4 94.87 22.60 2,895.0 NA
12H-5 105.05 68.70 1,464.3 NA
13H-5 114.93 3410 6,895.1 NA
15H-2 120.31 179.50 2,323.1 NA
16H-4 129.00 2.85 1,647.1 NA
17H-6 136.28 380.50 991.8 NA
18H-3 143.15 277.60  2,389.7 NA
19H-2 151.52 14.20 3,676.3 NA
20H-3 155.24 517 20771 NA
21H-5 164.26 1962.70  8,569.0 NA
22H-6 173.76 28.80 1,215.9 NA
23H-5 182.18 NA 3,902.3 NA
24H-6 192.93 2.68 4,024.2 NA
25H-2 198.36 NA 8,401.4 NA
26H-2 202.37 11.60 5,482.8 NA
27H-5 215.79 53.20 5,086.3 NA
28H-3 222.37 7.44 12,096.4 NA
29X-5 229.41 3.44 14,838.9 NA
30X-7 240.34 0.19 10,287.8 NA
31X-6 250.11 0.73 12,781.5 NA
32X-7 260.91 0.14 8,729.2 NA
316-C0008C-
TH-2 1.55 26.60 11,723.7 1.4
TH-5 4.38 19.70 7,189.7 -17.6
2H-2 6.94 19.00 9,683.0 -18.8
2H-7 12.31 9.02 8,128.9 NA
3H-3 17.85 4.34 10,103.9 9.9
3H-7 22.05 0.94 8,532.5 NA
4H-5 29.5 4.61 15,015.0 -4.8
5H-5 38.13 1.15 7,979.6 NA
6H-4 47.88 0.73 7,502.2 -13.6
7H-4 55.99 3.54 3,664.6 NA
9H-4 70.82 38.20 9909 -11.6
9H-7 73.14 61.30 2,449.5 NA
11H-2 82.91 0.59 4,868.2 NA
10H-9 83.41 130.90 1,187.0 NA
T0H-12 85.51 0.19 5,180.8 -7.9
11H-10 88.22 116.60 616.6 NA
13H-8 94.99 55.90 1,191.7 -27.0
13H-10 95.98 0.21 8,012.1 NA
15H-2 102.05 2.68 1,607.2 NA
14H-6 102.82 0.75 5,339.8 -0.5
15H-5 103.44 1.41 10,149.5 1.7
16H-5 112.46 686.00 2,591.7 NA
18H-6 126.36 1.96 5,971.8 NA
21H-5 134.55 80.00 6,031.5 -0.5
22X-5 144.22 3.57 6,036.2 NA
23X-2 149.75 0.15  2,666.1 NA
23X-4 150.51 217  6,768.1 -8.5
24X-4 161.17 0.51 13,706.5 NA
24X-5 161.43 1.53 10,664.8 -1.0
25X-2 167.41 0.13 10,883.3 NA
25X-9 171.76 0.10 14,806.4 -1.0

AVS = acid volatile sulfide, CRS = chromium reducible sulfur, VCDT = Vienna Cafon Diablo Troilite. NA = not analyzed.
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