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Supplementary Information

Chemical, physical and geological data
All Expedition 329 chemical, physical and geological data and their measurement
protocols are described in reference 1. We present site details and summary results in

Table 1. All samples were taken by piston coring in advance of the drill bit'.

Cell enumeration procedures

We provide the cell-count data for this manuscript in Table 2. These are not the
shipboard data in reference 1; the minimum quantification limit (MQL) for the shipboard
cell counts (~10° cells/cm®)! was too high to conclusively test the presence or absence of
microbial cells in the deepest, oldest sediment of our sites. Consequently, we greatly
refined the cell-counting protocols and undertook new counts for this manuscript after the
expedition.

For cell enumeration, we routinely took 2-cm’ samples from the center of cut core
ends using a 3-cm” syringe. Each 2-cm”® sediment plug was extruded into a sterile 15-ml
centrifuge tube containing 8 ml of 2.5% (w/v) NaCl solution with 2 % (v/v) formalin as a
fixative, and then thoroughly shaken to form a homogenous suspension. We performed
cell counts by a fluorescence color-based cell enumeration technique using SYBR Green

)

I fluorescent dye’. To evaluate low-density populations (below 10* cells cm™, we

detached cells from sediment by using a multi-layer density gradient technique’. For
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blank samples, we replaced the sediment slurry with sterile-filtered TE Buffer. We then
counted cell numbers by either manual or computer-based microscopic observations™”.

We defined the MQL as the mean of the blank counts plus three times their standard

deviation. As shown in manuscript Fig 2, the MQL for these counts is 130 cells/cm’. We

carried out all filter preparation steps, including sonication of sediment and SYBR Green

I staining, in an ultra-clean bench placed in a HEPA-filtered clean booth at the Kochi

Institute for Core Sample Research, JAMSTEC.

We confirmed the presence of dissolved O, throughout the sediment column at all six

SPG sites by independently undertaking parallel O, measurements for each site using
fiber-optic O, microsensors (optodes)’ and amperometric Clark-type O, sensors
(microelectrodes)®. For consistency, we used optode data for all O, calculations and
illustration, except for Sites U1368 and U1371, where optode data are limited to small
fractions of the sediment column; at those sites, electrode-based measurements are used

for illustration.

Calculation of O, exposure times
We calculated O, exposure times’ by dividing O, penetration depth by sediment age

at the depth of O, penetration. For Sites U1365 to U1370, O, penetration depth equals

total sediment thickness and sediment age at the depth of O, penetration equals basement

age'. For Site U1371, we used mean sediment accumulation rate calculated from

sediment thickness and basement age to estimate sediment age at depth of O, penetration.

Comparison of dissolved O, to dissolved NO;
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Because O, measurements and NO3;” measurements were made at different sediment
depths and (often) in different holes, we interpolated O, concentrations for comparison to
NOs™ in SI Fig 1. Because the diffusion coefficient of dissolved O, is about 10% higher
than that of NO5 at in situ temperatures®, O, diffuses into the sediment slightly faster
than NOs™ diffuses out. This difference is consistent with the slight excess of NO3”
relative to the Redfield O,/NOs™ respiration ratio in at the sites with greatest sediment
thickness (U1365 and U1370). To account for the slight difference in diffusion
coefficients of O, and NO3', the relationship of O, and NOj" profiles to the Redfield ratio
in subseafloor SPG sediment has been quantitatively tested by use of a diffusion-reaction
model for the O, and NO5™ data of Site U1370’; this test demonstrated that the best-fit NO
; /-0, respiration ratio is indistinguishable from the Redfield ratio throughout the

sediment column.

Reaction rate calculations

We quantified vertical distributions of O, reaction (aerobic respiration) rates (Table
3) using the MatLab program and numerical procedures of reference 10, with dissolved
O, concentrations, physical properties (in situ temperature, porosity, formation factor)
and sediment burial rates from reference 1. For our calculations, we assumed fluid
advection rates to be below detection. We derived our diffusion coefficients from in situ
temperature data' and diffusion coefficients of O, in seawater at standard temperatures®.

The algorithm for calculating reaction rates uses iterative numerical procedures to
identify the maximum number of depth intervals with statistically different reaction rates

at a prescribed significance level (o = 0.05). It explicitly accounts for downhole variation
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68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

in physical properties and measurement spacing.

A key variable in this approach is the user-defined minimum number of data points
required to define a reaction zone. We used a minimum of either 5 data points (for Sites
U1365, U1367, U1369, U1370)) or 7 data points (for Site U1366) to define the minimum
reaction zones for our calculations after testing a range of values from 3-21 data points.
Our selection of these minimum reaction zones was based on the fit of an algorithm-
derived best-fit line to the actual O, measurements and the complexity or variability of
the defined reaction rate zones. For example, reaction zones defined by fewer than 5
points exhibited nice fits to the actual O, data, but the resulting reactions rates were very
erratic and unrealistic as the values often alternated rapidly between positive and negative
values. This erratic character resulted from rapid changes in slope of the best-fit line used
to derive reaction rates. For reaction zones defined by more than 7 points, the best-fit line
departed significantly from the actual O, measurements, and the reaction zones are
typically too broad and underestimated the characteristic reaction rate. Our selection of
the 5- or 7-point minimum reaction zone iteration depended on which number of points
per minimum zone yielded a lower uncertainty.

We used a Monte Carlo technique to estimate uncertainties in the calculated reaction
rates'’. The key variables for the uncertainty estimate are the precision of the O,
measurement and the number of reaction rate iterations. For our results, we used a 1%
measurement precision with 50 iterations.

At Sites U1365, U1369 and U1370, the program calculated brief intervals of net O,
production for the second reaction zone below the seafloor. These results are essentially

indistinguishable from zero (see Table 3 and manuscript Fig 3) and disappear if we
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calculate the mean rates over longer data intervals. Their cause is unclear, but their
consistent occurrence in the second reaction interval at each site suggests that they may
be an artifact of the rapid change in O, gradient at this depth and the very small number
of data points in this reaction subzone (five).

We calculated per-cell respiration rates from these reaction rates and the cell counts
in manuscript Fig 2a. These rates were converted to electron transport rates assuming
transfer of 4 electrons per O, molecule reduced. We calculated per-cell respiration rates
for equatorial Pacific ODP Site 1226 using sulfate reduction rates from reference 10, cell
counts from reference 11, and assuming transfer of 8 electrons via reduction of each

sulfate ion.

Predicting the global distribution of O, and aerobic communities from seafloor to
basement

To map where oxygen may be present in the sediment from seafloor to basement, we
examined the relationship between O, penetration to basement and several relevant
variables for which there are globally extrapolated maps; these variables included
estimates of mean annual seasurface chlorophyll content'?, particulate organic carbon

flux at 2 km waterdepth'®, seafloor carbon deposition flux'*, organic carbon burial rate'>

15,16 17, 18

' seafloor oxygen flux'> '°, oxygen-equivalent carbon flux'®, sediment thickness'” '®,
and mean sedimentation rate (calculated as described below). Global extrapolations of
seafloor carbon deposition flux, seafloor oxygen flux and sedimentation rate are generally
correlated because seafloor carbon deposition flux and seafloor oxygen flux are typically

calculated from estimates of sedimentation rate®%* 1> '°,
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Of these variables, we found the combination of mean sediment accumulation rates

and sediment thickness best explained the distribution of sites where dissolved O, does or

does not penetrate from seafloor to basement. Consequently, we used sediment thickness

and mean sediment accumulation rates to create a map that predicts where oxygen is

likely to be present throughout the entire sediment column. We created the global

17,18

sediment accumulation rate map by merging sediment thickness grids and dividing

17-19

by the basement age grid'’. For these maps, we resampled the original grids ata5-

minute grid interval. We used Generic Mapping Tools software™ for grid manipulations
and calculations.
To define combinations of sediment thickness and sediment accumulation rate for

1,21-23

regions with oxic sediment to basement, we used dissolved O, measurements or

measurements of dissolved NOs concentrations that approximate or exceed local bottom-

water values™. At sites where dissolved O, measurements approach zero™, we detrended

the data, discarded measurements that lie outside the second standard deviation of the
data profile and then determined if zero fell within the second standard deviation of the
remaining measurements. To define combinations of sediment thickness and sediment
accumulation rate for regions with anoxic sediment at depth, we used profiles of
dissolved O,, NOj’, dissolved manganese, dissolved iron, dissolved SO, and dissolved
CH,4 from Deep Sea Drilling Project, Ocean Drilling Program and Integrated Ocean
Drilling Program sites® and profiles of dissolved O, from deep piston coring sites®"" >,
We examined dissolved chemical profiles from 401 open-ocean DSDP, ODP and IODP

drill sites and 24 long-coring sites that geographically bound the regions of possible O,

penetration to basement (425 total sites). To previent our results from being affected by
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small numbers of bad measurements at individual sites, we limited this analysis to the
149 sites (of the 425) that exhibit smoothly varying concentration profiles for
measurements of one or more of these dissolved chemicals. At eight sites, we used
dissolved manganese as evidence of O, absence, following the standard assumptions that
(i) manganese is not reduced in oxic environments®® ® and (ii) dissolved manganese is
predominantly reduced [Mn(II) and MnC1" >’ or ligand-stabilized Mn(III)**]. However,
recent studies have recorded dissolved manganese concentrations of a few micromolar in
subseafloor sediment with abundant dissolved O, in the South Pacific Gyre' and the
North Pacific Gyre (R.W. Murray, pers. comm. 8/14); whether these concentrations are
sampling artifacts or (meta)stable concentrations of dissolved manganese in strongly oxic

sediment remains to be determined.

Assessment of influence on subducting sediment

To assess effects of O, penetration depth on the chemistry of subducting sediment, we
examined published records of sediment composition at DSDP/ODP/IODP sites seaward
of subduction zones. In some regions, sediment sequences that we infer to be fully
penetrated by O, directly enter a subduction zone (e.g., the Tonga Trench and the central
and southern portions of the Peru-Chile Trench) (see manuscript Fig 4). In other regions,
sedimentation rate and sediment thickness increase as the trench is approached. Despite
anoxia in the upper sediment column of the latter regions, a great deal of oxidized
material is present deeper in the sediment. For example, porewater chemical profiles
indicate that manganese reduction is dominant in the upper sedimentary column of DSDP

Site Sites 1149 and 1231, which respectively approach the Izu-Bonin Trench and the
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northern Peru-Chile Trench® "', In such sequences, dissolved O, is not present in the
upper sediment column at the time of subduction, but oxidized iron and oxidized
manganese may remain abundant in solid phases at greater depth (e.g., DSDP Sites 303,

426,578 and 581)** and dissolved O, and NO, may be present in the deepest sediment

and the upper basement''.
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Table 1. Site properties' and depth-integrated O, reduction rates below 1.5 mbsf. n.d. =

not determinable (no optode data). n.a. = not applicable (O, does not penetrate to

1.5 mbsfat U1371).

Site Latitude Longitude Water Seasurface Total 0, 0, consumption
depth chl-a sediment exposure in sediment
concentration  thickness time >1.5 mbsf
(m) (mg Chl-a/m?) (m) (Ma) (mol/cm?/yr)
Within gyre
U1365 -23°51'  -165°39’ 5695 0.057 75 84-120 -2.20E-08
uUl1366 -26°03'  -156°54’ 5127 0.054 30 84-120 -6.28E-09
ul13e67 -26°29'  -137°56’ 4289 0.035 27 33.5 -2.03E-09
Ul1368 -27°55'  -123°10’ 3740 0.030 16 13.5 n.d.
U1369 -39°19' -139°48’ 5277 0.110 16 58 -3.24E-09
u1370 -41°51' -153°06’ 5075 0.138 68 75 -1.77E-08
Outside gyre
u1371 -45°58'  -163°11’ 5305 0.199 131 0.035 n.a.
14
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Table 2. Post-expedition cell counts for Expedition 329 sites. The cell counts shown in

manuscript Fig 2a and used for our per-cell reaction rate calculations (Table 3)

were limited to counts from sedimentary intervals described by shipboard

scientists as characterized by no visible sediment disturbance or only slight

disturbance'. Counts from sediment described by shipboard scientists' as heavily

disturbed, moderately disturbed or affected by flow-in were excluded from

manuscript Fig 2a and our per-cell calculations. Define disturbance notes of

fourth column. The extent of sediment disturbance at each sampling depth is

identified in the Disturbance intensity column as follows: H (heavily disturbed),

M (moderately disturbed, S (slightly disturbed), F (flow-in). Intervals free of

visible disturbance are left blank in the Disturbance intensity column.

Site Hole core section cm interval Depth cell abundar;ce Di'sturba'nce
(mbsf) (cells / cm”) intensity
uUl1365 B 1 1 40-50 0.5 5.14x10° H
uUl1365 B 1 2 40-50 2.0 5.29x10* M
Ul1365 B 1 3 40-50 3.5 3.02x10* M
uUl1365 B 2 1 75-85 4.9 1.69x10*
uUl1365 B 2 2 140-150 7.1 2.27x10*
uUl1365 B 2 3 75-85 7.9 2.19x10*
uUl1365 B 2 4 75-85 9.4 1.44x10*
uUl1365 B 2 5 75-85 10.9 1.00x10*
uUl1365 B 2 6 75-85 124 1.06x10*
uUl1365 B 2 7 58-68 13.7 8.41x10°
uUl1365 B 3 1 75-85 14.4 1.31x10* S
Ul1365 B 3 2 75-85 159 1.18x10*
uUl1365 B 3 3 75-85 17.4 8.00x10°
uUl1365 B 3 4 75-85 18.9 1.17x10*
uUl1365 B 3 5 75-85 20.4 1.33x10*
uUl1365 B 3 6 75-85 21.9 4.43x10°
uUl1365 B 3 7 40-50 23.1 5.22x10°
15 |
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U1365 B 4 1 75-85 23.9 6.91x10°
U1365 B 4 2 75-85 25.4 1.71x10°
U1365 B 4 3 75-85 26.9 1.69x10°
U1365 B 4 4 75-85 28.4 4.96x10°
U1365 B 4 5 75-85 29.9 2.04x10°
U1365 B 4 6 75-85 31.4 4.96x10°
U1365 B 4 7 25-30 32.4 3.34x10°
U1365 B 5 1 75-85 334 2.26x10°
U1365 B 5 2 75-85 34.9 3.08x10°
U1365 B 5 3 75-85 36.4 1.03x10°
U1365 B 5 4 75-85 37.9 6.84x10°
U1365 B 5 5 65-75 39.3 1.43x10°
U1365 B 5 6 75-85 40.9 6.64x10°
U1365 B 5 7 63-73 42.3 6.67x10°
U1365 B 8 2 40-50 65.5 1.33x10"
U1365 B 8 3 55-65 66.6 8.70x10"
U1365 B 9 1 140-149 68.4 5.17x10°
U1365 B 9 2 40-50 69.0 1.01x10"
U1365 B 9 3 40-50 70.5 3.86x10°
U1365 B 9 4 40-50 72.0 2.76x10°
U1365 B 9 5 40-50 73.5 3.60x10°
U1365 B 9 6 50-60 74.7 4.99x10°
U1365 B 9 6 50-60 75.1 2.10x10°
U1365 B 9 6 50-60 75.6 4.55x10°
U1366 D 1 2 40-50 2.0 2.27x10"
U1366 D 1 3 40-50 3.5 1.05x10"
U1366 D 1 4 50-60 5.1 5.23x10"
U1366 D 1 5 40-50 6.5 5.10x10"
U1366 D 1 6 40-50 8.0 1.43x10°
U1366 D 1 7 20-30 9.0 1.71x10"
U1366 D 2 1 40-50 9.9 3.36x10"
U1366 D 2 2 40-50 11.4 8.32x10°
U1366 D 2 3 40-50 12.9 1.11x10"
U1366 D 2 4 40-50 14.4 5.56x10°
U1366 D 2 6 40-50 17.2 2.75x10°
U1366 F 2 2 60-70 7.7 9.15x10°
U1366 F 2 4 60-70 10.7 1.44x10"
U1366 F 3 1 40-50 14.5 5.44x10°
U1366 F 3 2 40-50 16.0 6.67x10°
U1366 F 3 3 40-50 17.5 4.99x10°
U1366 F 3 4 40-50 19.0 8.74x10°
U1366 F 3 5 40-50 20.5 5.75x10°
U1366 F 3 6 40-50 22.0 3.55x10°
U1366 F 3 7 30-41 23.4 2.48x10°
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U1366 F 4 1 40-50 24.0 5.61x10° H
U1366 F 4 2 40-50 253 5.67x10°
U1366 F 4 2 40-50 25.5 9.81x10°
U1366 F 4 3 40-50 27.0 5.49x10°
U1366 F 4 4 0-10 28.1 7.18x10°
U1366 F 4 5 50-59 29.5 8.84x10° H
U1366 F 4 5 40-50 30.1 7.47x10° H
u1367 C 1 1 10-20 0.2 2.31x10° S
u1367 C 1 2 60-70 2.2 1.91x10°
u1367 C 1 3 60-70 3.7 3.84x10"
u1367 C 1 4 60-70 5.2 9.56x10°
u1367 C 1 5 60-70 6.7 1.06x10° S
u1367 C 2 1 60-70 7.9 2.82x10°
u1367 C 2 2 60-70 9.4 1.89x10°
u1367 C 2 3 60-70 10.9 5.90x10°
u1367 C 2 4 60-70 12.4 1.70x10°
u1367 C 2 5 60-70 13.9 1.43x10°
u1367 C 2 6 60-70 15.4 4.90x10°
u1367 C 2 7 50-60 16.8 4.79x10°
u1367 C 3 1 50-60 17.3 1.82x10"
u1367 C 3 2 0-5 18.2 5.00x10°
u1367 C 3 3 60-70 20.4 4.38x10°
u1367 C 3 4 60-70 21.9 2.23x10°
u1367 C 3 6 0-5 23.6 6.04x10° F
u1367 D 2 4 50-60 12.5 4.31x10° S
u1367 D 3 1 80-90 17.8 2.42x10" S
u1367 D 3 2 10-20 18.6 1.28x10° S
u1367 D 3 3 10-20 20.1 7.45x10" S
u1367 D 3 4 80-90 22.3 2.23x10° S
u1367 D 3 5 80-90 23.8 3.34x10°
u1367 D 3 6 10-20 24.6 2.85x10°
U1368 C 1 1 10-15 0.1 1.13x10°
U1368 C 1 2 60-70 2.2 4.04x10°
U1368 C 1 3 60-70 3.7 5.45x10°
U1368 C 1 4 60-70 5.2 1.05x10°
U1368 C 1 5 40-50 6.5 1.85x10°
U1368 C 1 6 10-20 7.7 1.04x10°
U1368 C 2 1 50-60 8.6 3.43x10° S
U1368 C 2 2 60-70 10.2 5.07x10° S
U1368 C 2 3 60-70 11.7 2.40x10° S
U1368 C 2 4 60-70 13.2 7.85x10° S
U1368 C 2 5 60-70 14.7 2.19x10°
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U1368 C 2 6 10-20 15.6 1.31x10°
U1369 C 1 1 15-20 0.2 4.83x10°
U1369 C 1 2 50-60 2.1 6.18x10°
U1369 C 1 3 50-60 3.6 9.93x10°
U1369 C 1 4 50-60 5.1 2.85x10°
U1369 C 2 1 50-60 6.6 2.41x10°
U1369 C 2 2 50-60 8.1 1.71x10°
U1369 C 2 3 50-60 9.6 2.16x10°
U1369 C 2 4 50-60 111 9.99x10°
U1369 C 2 5 50-60 12.6 5.34x10°
U1369 C 2 6 50-60 141 1.24x10°
U1369 C 2 7 45-54 15.5 1.09x10"
U1369 E 2 6 90-100 15.3 1.38x10"
u1370 E 1 1 35-42.5 0.4 9.55x10°
u1370 E 1 2 30-40 1.9 1.88x10°
u1370 E 1 3 30-40 3.4 1.07x10°
u1370 E 1 4 147-152 6.0 8.67x10*
u1370 E 2 1 135-140 7.6 2.62x10°
u1370 E 2 2 135-140 9.1 8.31x10°
u1370 E 2 3 135-140 10.6 2.19x10°
u1370 E 2 4 125-130 12.0 7.58x10°
u1370 E 2 5 135-140 13.6 1.81x10"
u1370 E 2 6 118-123 14.9 4.53x10°
u1370 E 3 1 135-140 17.1 8.19x10°
u1370 E 3 2 135-140 18.6 6.78x10°
u1370 E 3 3 135-140 20.1 2.11x10°
u1370 E 3 4 125-130 21.5 5.11x10°
u1370 E 3 5 135-140 23.1 2.12x10°
u1370 E 3 6 53-58 23.8 2.76x10°
u1370 E 4 1 135-140 26.6 3.79x10°
u1370 E 4 2 135-140 28.1 1.43x10°
u1370 E 4 3 135-140 29.6 1.03x10°
u1370 E 4 4 125-130 31.0 2.78x10°
u1370 E 4 5 135-140 32.6 6.91x10°
u1370 E 5 1 135-140 36.1 8.61x10°
u1370 E 5 2 129-134 37.5 5.67x10°
u1370 E 5 3 135-140 39.0 6.05x10°
u1370 E 5 4 125-130 40.4 7.71x10°
u1370 E 5 5 135-140 42.0 8.93x10°
u1370 E 5 6 55-60 42.7 5.97x10°
u1370 E 6 1 135-140 45.6 2.48x10°
u1370 E 6 2 124-134 47.0 3.91x10°
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u1370 E 6 3 135-140 48.5 1.85x10°
u1370 E 6 4 135-140 50.0 1.47x10°
u1370 E 6 5 95-100 51.1 7.23x10°
u1370 E 8 2 135-140 58.3 2.06x10° H
u1370 E 8 3 135-140 59.8 5.08x10° F
u1370 E 8 4 125-130 61.2 7.13x10° F
u1370 E 8 5 135-140 62.8 3.74x10° F
u1370 E 9 1 135-140 63.5 6.57x10° F
u1370 E 8 6 135-140 64.3 6.57x10° F
u1370 E 9 2 135-140 65.0 4.43x10° F
u1370 F 5 3 135-140 39.6 4.87x10°
u1370 F 5 4 135-140 41.1 4.06x10°
u1370 F 5 5 135-140 42.6 3.90x10°
u1370 F 6 2 135-140 47.6 5.50x10°
u1370 F 6 3 135-140 49.1 5.68x10°
u1370 F 6 4 135-140 50.6 4.41x10°
u1370 F 6 5 135-140 52.1 6.17x10°
u1370 F 7 1 135-140 55.6 3.65x10°
u1370 F 7 2 135-140 57.1 1.45x10°
u1370 F 7 3 135-140 58.6 2.29x10°
u1370 F 7 4 125-130 60.0 3.94x10°
u1370 F 7 5 135-140 61.6 7.09x10°
u1370 F 7 6 135-140 63.1 2.19x10°
u1371 E 1 1 30-40 0.4 4.91x10° H
u1371 E 1 2 30-40 1.9 2.37x10°
u1371 E 1 3 30-40 3.4 4.65x10°
u1371 E 1 4 135-140 5.9 1.29x10°
u1371 E 1 5 135-140 7.4 1.48x10°
u1371 E 1 6 52-57 8.0 2.33x10°
u1371 E 2 1 135-140 9.6 1.25x10°
u1371 E 2 2 135-140 111 9.06x10*
u1371 E 2 3 135-140 12.6 1.24x10°
u1371 E 2 4 135-140 141 5.41x10"
u1371 E 2 5 90-95 15.1 1.07x10°
u1371 E 3 2 135-140 20.6 1.05x10°
u1371 E 3 3 125-130 22.0 1.38x10°
u1371 E 3 4 135-140 23.6 1.27x10°
u1371 E 3 5 115-120 24.9 6.93x10"
u1371 E 3 6 41-46 25.4 9.82x10*
u1371 E 4 1 135-140 28.6 3.45x10°
u1371 E 4 2 135-140 30.1 4.05x10°
u1371 E 4 3 135-140 31.6 2.85x10"
u1371 E 4 4 135-140 33.1 2.38x10"
u1371 E 4 5 115-120 34.4 1.34x10"
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277  Table 3. Vertical distribution of O, reaction rates (net respiration) at Expedition 329

278 sites.
Interval # data points in Depth  (mbsf) Reaction rate ‘_rsl*sigma Net respi;alti(;?g;a];e per cell
each zone (mol O/cm?/yr) (mol 0,/cell/yr)

Site U1365
1 4 0.25-2.18 -8.68E-11 + 3.68E-11 -3.06E-16 + 3.76E-16
2 5 2.38-4.69 4.63E-12 + 1.86E-11 1.97E-16 £ 7.95E-16
3 6 4.89 -8.76 -1.52E-11+ 8.49E-12 -6.83E-16 + 3.82E-16
8.95-12.81 -9.28E-13 £ 6.13E-12 -9.98E-17 + 6.60E-16
24.95 -27.20 -9.28E-13 + 1.27E-12 -5.46E-16 + 7.45E-16
4 2> 27.95-30.95 -9.28E-13 + 3.84E-12 -7.33E-16 + 3.10E-16
31.18-37.95 -9.28E-13 + 1.95E-12 -8.99E-16 * 2.15E-16
64.45 - 65.95 -8.45E-12 + 2.52E-12 -1.26E-15 + 1.80E-15
5 13 69.04 - 71.05 -8.45E-12 + 1.96E-12 -1.52E-15 + 1.13E-15
74.45 - 75.05 -8.45E-12 + 1.96E-12 -2.96E-15 * 1.30E-15

Site U1366
1 7 0.25-2.26 -6.27E-11 + 2.22E-11 -2.77E-15 + 1.44E-15
2.41-2.87 -2.67E-12 + 1.25E-11 -8.49E-17 + 4.04E-17
3.03-8.27 -2.67E-12 + 2.36E-12 -3.93E-17 £ 5.29E-17
2 22 8.43-11.82 -2.67E-12 + 2.88E-12 -1.45E-16 + 1.79E-16
11.98 - 14.29 -2.67E-12 £ 9.78E-12 -2.75E-16 + 1.01E-16
14.45 -14.76 -2.67E-12 £ 9.84E-12 -8.90E-16 * 3.44E-16

Site U1367
0.05-0.5 -5.34E-10 + 1.70E-10 -2.13E-15 + 7.89E-16
! 8 0.65-1.10 -5.34E-10 + 1.28E-10 -2.79E-15 + 1.71E-15
1.70-3.35 -1.55E-12 +1.73E-11 -8.11E-18 + 3.11E-18
3.50-3.80 -1.55E-12 + 1.65E-11 -3.12E-18 + 3.34E-18
2 19 3.95-5.75 -1.55E-12 + 5.36E-12 -3.24E-18 +1.27E-18
5.90-18.8 -1.55E-12 £+ 9.67E-13 -1.04E-17 £ 2.72E-17

Site U1369
1 6 0.3-1.32 -1.72E-10 + 6.35E-12 -3.56E-16 *+ 2.49E-16
2 5 1.44 -4.98 4.43E-12 + 6.35E-13 1.33E-15 + 1.06E-15
3 14 5.10-14.00 -3.59E-12 + 1.51E-13 -1.69E-15 + 1.42E-15

Site U1370
1 15 0.05-1.64 -3.38E-10 + 2.45E-12 -5.19E-16 £ 5.61E-16
2 12 1.81-6.23 7.64E-13 +7.42E-13 7.88E-18 + 7.74E-18
3 12 6.40 - 15.22 -5.04E-12 + 5.32E-13 -6.98E-16 + 5.74E-16
4 13 15.40-37.29 -2.39E-12 + 1.22E-13 -6.08E-16 + 4.18E-16
5 37 37.46 - 68.00 -3.28E-13 £+ 3.92E-14 -6.98E-17 + 3.14E-17
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Fig 1.

Fig 2.

Dissolved O, concentrations vs. dissolved NO;3™ concentrations at Sites U1365-
U1370. Symbol colors as in manuscript Fig 1. Most data closely match the
Redfield ratio [black line™]. Data from the two sites with thinnest sediment
(youngest) basement (U1367 and U1368) fall below the Redfield line because
their O, concentrations are primarily controlled by O, loss to the underlying
basement. Data from below 30 mbsf at U1370 fall below Redfield at low O,
concentrations because NO3™ concentrations at greater depth are affected by loss
to the underlying basement. These non-Redfield losses (of O, to the basement at
U1367 and U1368, and of NOj to basement at U1370) are consistent with non-
heterotrophic (lithotrophic) microbial processes in the basement.

Regions where we predict dissolved O, and aerobic activity to persist from
seafloor to igneous basement, based on sediment thickness and mean sediment
accumulation rates. (A) Sediment accumulation rate and sediment thickness at
sites where O, does or does not penetrate to basement. Sediment thicknesses at
these sites were determined by direct measurement (drilling or piston-coring to
basement). Red dots indicate sites where dissolved O, diffusively penetrates the

1,21,24

entire sediment column (up to 75 mbsf) . Black dots indicate sites where

dissolved O, disappears in cm to meters below the seafloor ' *'**, Yellow dots
indicate sites where dissolved O, penetrates more than 7 to 34 mbsf and may
penetrate to basement but O, content is not fully characterized throughout the

21, 22,24

entire sediment column . (B) Global map predicted from relationships in

(A), combined with mean sediment thicknesses and mean sediment accumulation

17,18

rates defined by standard global maps of sediment thickness and seafloor

22
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314

315

316

317

318

319

320

321

322

323

324

325

age'’ averaged over fine-minute grids.

The blue areas in 2A and 2B are defined by combinations of sediment
thickness and mean sediment accumulation where O; is known to penetrate the
entire sediment sequence; they represent a minimum estimate of the area over
which dissolved O, permeates the entire sediment sequence and the upper
basement (9% of global seafloor in 2B). The green areas are defined by

combinations where O, may penetrate the entire column but chemical data

resolution is too low to be certain (13% of seafloor in 2B). The orange areas mark

combinations of mean sediment accumulation and sediment thickness for which

O, may penetrate to basement but there are no O, or NO;™ data (3% of seafloor
2B). Because estimated mean sediment thicknesses in five-minute grids
17,18

throughout the ocean

by drilling or piston-coring to basement, not all sites where O, penetrates to

in

often differ from local sediment thicknesses determined

basement in 2A are located in the blue areas in 2B. The combined yellow, green

and blue areas in both 2A and 2B are defined by the combinations of mean

sedimentation rates and sediment thicknesses from the standard sediment-

17,18

thickness maps that include all locations where dissolved O, is known to

locally penetrate the entire sediment column (34% of seafloor in 2B). The sum of

the blue, green, yellow and orange regions represents a maximum estimate of the

area over which dissolved O, permeates the entire sediment sequence from the

seafloor (37% of total seafloor in 2B). These collective regions broadly include all

areas of abyssal clay and slowly accumulating carbonate ooze in the world ocean.
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