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[1] The rate of oxygen utilization beneath the sunlit surface ocean provides a measure of

the export rate of biologically produced carbon to the deep sea, and its variation with
depth suggests where remineralization of that carbon occurs. The latter consideration is
relevant to the efficiency of carbon sequestration in deep water. However, accurate
characterization of this process, particularly within 200 m of the euphotic zone where
carbon utilization is most intense, has been difficult owing to limitations of techniques
applied to these shallow depths. Here, a novel approach utilizing the cosmogenic isotope
7
Be indicates that at a site in the subtropical North Atlantic, 65% of sinking carbon is
remineralized within 200 m of the ocean’s surface and is thus readily available for return to
the atmosphere. The corresponding oxygen utilization rates are greater than would be
suggested by the attenuation with depth of organic matter measured by shallow sediment
traps.
Citation: Kadko, D. (2009), Rapid oxygen utilization in the ocean twilight zone assessed with the cosmogenic isotope 7Be, Global
Biogeochem. Cycles, 23, GB4010, doi:10.1029/2009GB003510.

1. Introduction
[2] The downward flux of biologically produced particulate carbon from the ocean’s euphotic zone is significant to
the global carbon cycle, climate, and deep sea ecology.
While the majority of this material is respired before reaching the seafloor, the functionality of remineralization with
depth controls the time scale over which carbon can be
sequestered before return to the atmosphere and affects the
distribution of nutrition within the aphotic ecosystem. If
sinking particulate organic carbon (POC) persists to depths
greater than wintertime mixed layers (hundreds of meters)
then the period of sequestration will be comparable to deep
ocean circulation times of hundreds of years. However
shallower remineralization suggests that this carbon would
be exposed to the atmosphere within a time scale of only
several years or less [Martin et al., 1987, 1993]. The
efficiency of organisms in metabolizing this material as it
settles out of the euphotic zone ultimately controls its
distribution within the water column.
[3] POC fluxes measured with sediment traps show a
sharp decline with depth in the upper 200 m of the ocean
‘‘twilight zone,’’ which is the dimly lit portion of the water
column beneath the euphotic zone from 100 m extending
to 1000 m depth [Martin et al., 1987, 1993; Buesseler et al.,
2007; Lampitt et al., 2008; Berelson, 2001]. Exact quantification of the depth-dependent POC flux via this approach
has been difficult because of uncertainties in the trapping
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efficiency, despite recent advances in sediment trap technology [Buesseler et al., 2007; Lampitt et al., 2008]. As
respiration will leave an imprint on ocean chemistry, it is
possible to compare the trap-determined attenuation of POC
to other estimates of organic carbon remineralization. For
example, the rapid remineralization of POC implied by
shallow sediment trap observations should be manifested
by high oxygen utilization rates (OUR) below the euphotic
zone. This quantity has been estimated by several
approaches aimed to derive the carbon export flux by
vertical integration of OUR. However, accurate characterization of OUR, particularly within 200 m of the euphotic
zone where carbon utilization is most intense, has been
difficult owing to limitations of techniques applied to these
shallow depths. Significant differences among these methods are found, arising at least in part from the different time
scales of the various approaches. For example, in vitro
determination of respiration rates between 100 and 200 m in
the North Pacific [Williams and Purdie, 1991] yielded
values that are much higher than OUR implied by the
decline of POC observed in most trap studies (Figure 1).
These values, which can be considered ‘‘instantaneous’’
measures of OUR, were also substantially greater than OUR
estimated by tracer-based time estimates applied to measurements of apparent oxygen utilization (AOU). The tracers
commonly used in these studies, such as the 3H-3He couple
and chlorofluorocarbons [e.g., Jenkins, 1977, 1998; Jenkins
and Wallace, 1992] are characterized by multiyear to
decadal time scales and likely miss the rapid organic
matter remineralization occurring along shallow isopycnal
surfaces.
[4] To estimate OUR within the shallow water just
beneath the euphotic zone, where the most significant
remineralization is occurring, a time tracer appropriate for
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Figure 1. Oxygen utilization rate (OUR) profiles obtained
by several methods for the Sargasso Sea and North Pacific.
The particulate organic carbon (POC) flux (F) reported for
the ALOHA traps (22°450N, 158°W) and the Bermuda
Atlantic Time-series Study (BATS) were converted to the
OUR profile using equation (5). The ALOHA trap rates are
substantially less than those derived from a composite of in
vitro measurements in the same general area (28.5°N,
154.50°W). At BATS, the integrated OUR implied by the
trap flux between 100– 200 m is only 40% of that derived
from the 7Be tracer technique. The shallow 7Be-derived
value neglects oxygen production and is thus a conservative
calculation. The OUR profile estimated from the 3H-3He
technique in the subtropical North Atlantic is also indicated.

oceanic regions, the 7Be inventory varies as a function of
rainfall, and therefore mixed layer concentrations are inversely related to salinity [Young and Silker, 1980; Kadko
and Olson, 1996]. On smaller scales, for a given input of
7
Be, the mixed layer depth (MLD) is a critical parameter
that largely determines the 7Be surface activity, and as the
North Atlantic MLD varies seasonally in a fairly regular
way, the 7Be activity likewise will vary in a predictable
fashion in this region over the course of a year (Figures 2a
and 2b) [Kadko and Olson, 1996]. Therefore the major
features of oceanic 7Be profiles can be generated by a
simple model that accounts for the seasonal deepening
and shoaling of the mixed layer on the basis of empirical
observations of the mixed layer history [Kadko and Olson,
1996; Kadko, 2000]. In the spring, when the mixed layer is
at its deepest, the 7Be, input over the previous season, is
uniformly distributed through the deep mixed layer. Thereafter, upon restratification, the mixed layer shoals and the
7
Be activity in the shoaling mixed layer increases as the
input flux is distributed over a smaller volume. The remnant
7
Be beneath the mixed layer decays radioactively as this
water is now isolated from further atmospheric input
(Figures 2b and 2c). Similarly, O2 beneath the mixed layer
is no longer affected by gas exchange, and below the
euphotic zone will be utilized during respiration of organic
matter (Figure 2d). By comparing the decrease of oxygen to
the decay of 7Be it is possible to derive the rate of oxygen
utilization beneath the mixed layer. The June– November
time frame of this study captures the period of restratification after maximum MLD in the spring to the initial mixed
layer deepening in late fall.
[6] To apply this technique, a modification of an approach
that employs radium228 to derive OUR is used [Sarmiento
et al., 1990]. For oxygen, a measure of aging (t O2) of a water
parcel along an isopycnal is represented by
t O2 ¼ ðAOUt  AOUi Þ=OUR

2. Background: 7Be
[5] Be-7 is deposited upon the ocean surface by rainfall
and subsequently homogenized within the surface mixed
layer [Silker, 1972; Aaboe et al., 1981; Young and Silker,
1980; Kadko and Olson, 1996; Kadko, 2000]. Over broad
*The sentence is correct here. The article as originally published
appears online.

ð1aÞ

where
AOUt

seasonal time scales is needed. Here 7Be, a cosmic ray
produced radioactive nuclide with a half-life of 53.3 days, is
utilized for this purpose. As discussed below, the oxygen
utilization rates derived by this method are greater than
would be suggested by the attenuation with depth of organic
matter measured by shallow sediment traps. Samples for
this study were collected monthly, from June to November
2007, in the vicinity of the US JGOFS Bermuda Atlantic
Time-series Study (BATS, 31°400N, 64°100W) and Hydrostation S (32°100N, 64°300W) in the Sargasso Sea.*

GB4010

AOUi

= apparent oxygen utilization measured in the
water column at time t (mmol kg1).
= apparent oxygen utilization measured in the
water column at some initial time.

[7] Note that in this formulation, AOUi need not be the
surface concentration which usually is taken as zero (i.e., the
O2 is assumed to be in equilibrium with the atmosphere). This
precludes assuming that the surface waters are in a state of
saturation and focuses on the gradient of AOU with time.
[8] In shallow layers beneath the mixed layer, primary
production may not be zero. This equation could then be
expressed as
t O2 ¼ ðAOUt  AOUi Þ=OUR*

ð1bÞ

OUR* is an apparent oxygen utilization rate which equals
(OUR – p) where p is primary production. In the discussion
that follows, the OUR term is retained but with the
understanding that in certain instances represents a lower
limit due to oxygen production.
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Figure 2. (a) Seasonal evolution of the mixed layer depth (MLD) for the study area in 2007 (dark circles
are observations). Mathematical representations of the trends used in the model are shown. (b) Results
from the simple one-dimensional model illustrating how, with the measured flux of 7Be (F) and the
known MLD history (Lmax is the maximum MLD), month-to-month profiles of 7Be can be generated in
response to the evolving mixed layer depth. The arrow indicates the decay of 7Be beneath the mixed layer
after the onset of restratification. (c) Observed temperature and 7Be profiles for June and November 2007
at Hydrostation S indicating that the model captures the major features of the 7Be data. (d) The
corresponding profiles of oxygen concentration showing the decrease from June to November.
[9] For the same initial and observation times, a measure
of aging utilizing 7Be can be formulated:
h 
i
t 7Be ¼ ln 7 Bei =7 Bet =l7Be

ð2Þ

For the identical water mass, t O2 = t 7Be, and
7

Bet ¼7 Bei exp½lðAOUt  AOUi Þ=OUR

ð3Þ

In an analysis of the 3H-3He tracer to assess OUR, it was
noted that age-AOU relationships on shallow isopycnals are
not significantly impacted by mixing [Jenkins, 1998], and

therefore over the relatively short half life of 7Be it is
reasonable to expect that the advective assumption implicit
in this approach is valid. For example, with a vertical
diffusivity (Kz) of 1  105 m2/s, the diffusional
p transport
length over the 77-day mean life (T) of 7Be is (Kz  T) or
8 m, which is small compared to the range of isopycnal
depths considered in this study (described in section 4).
[10] Another assumption is that the OUR is constant
throughout the period of observation. Exported DOC into
the mesopelagic generally reaches seasonal background
values after the spring bloom by June– July [Hansell and
Carlson, 2001], which implies a relatively constant rate of
remineralization. However, individual production events,
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Table 1. The 7Be Extraction Efficiencies
Volume (L)
300
400
500
600
700

Extraction Efficiencies
0.839
0.819
0.805
0.782
0.757

±
±
±
±
±

0.034
0.028
0.029
0.024
0.023

for example, those triggered by ubiquitous eddies in this
region, [McGillicuddy et al., 1998; Oschlies and Garcon,
1998] could lead to short-term variability of OUR over the
observational period.
[11] Finally, there is an implicit assumption of constant
initial 7Be and O2 concentration in this approach. The extent
to which source waters extend over broad regional gradients
in rainfall would affect the input of 7Be, and this would be
reflected in variable salinity. Within the isopycnals studied
(discussed in section 4) there is only a small range of
salinity which implies a relatively constant input of 7Be.
Variability in the mixed layer depth, however, particularly in
the early spring (Figure 2a) could contribute to variability in
initial concentrations. Interannual variability of 7Be flux is
not problematic to the application here as the tracer is
relevant to only the seasonal time scale.

3. Methods
[12] Vertical profiles of 7Be were collected in the NE
Atlantic during June– November 2007 from the R/V Atlantic
Explorer. The methods are slightly modified from an
earlier work [Kadko and Olson, 1996]. Beryllium-7 was
collected by pumping 400– 700 L of seawater through ironimpregnated acrylic fibers [Lal et al., 1988; Krishnaswami
et al., 1972; Lee et al., 1991] packed in cylindrical cartridges. The water was taken at various depths through a
1.5-inch hose whose end was attached to a conductivitytemperature-depth system. The pumping was achieved with
a deck-mounted centrifugal pump at a rate of 12 L/min.
The efficiency of the fiber for extraction of Be from
seawater was determined by adding 500 mL of a 1000
ppm Be atomic absorption standard to a drum containing
seawater. The seawater was pumped through an iron fiber
cartridge, and at every 100 L the Be content of the cartridge
effluent was measured by atomic absorption. From this data,
the integrated Be extraction efficiencies were calculated. Six
such trials were performed on fibers made from three
different fiber batches. The average extraction efficiencies
are shown in Table 1. On land, the fibers were dried and
then ashed. The ash was subsequently pressed into a pellet
(5.8-cm diameter) and placed on a low background germanium gamma detector. In some cases, two fibers were taken
from the same depth (typically greater than 190 m) to assure
adequate signal and combined, ashed, and placed in a
Marinelli beaker configuration. For such samples, up to
1200 L were analyzed.
[13] The 7Be has a readily identifiable gamma peak at
478 keV. The detector was calibrated for the pellet and
Marenelli beaker geometries by adding a commercially
prepared mixed solution of known gamma activities to an
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ashed fiber, pressing the ash into a pellet or adding the ash
to a beaker, and counting the activities to derive a calibration curve. The counting efficiencies were adjusted to the
height of the pellets (ranging from 9 – 12 mm) by preparing
pellet standards of different heights. Similarly, the Marenelli
beakers were calibrated for different ash weights. The error
for each measurement is the statistical
counting error (d) and
p
the uncertainty in the blank, (d 2 + d 2b), multiplied by
½ðl  CTÞ=ð1  expðl  CTÞÞ  ½expðl  DÞ=ðCE  FE  PEÞ

where D is the number of days after sample collection, l is
the decay constant (0.013 d1), CT is the counting time, CE
is the counting efficiency of the 478 keV gamma, FE is the
fiber extraction efficiency, and PE is the photon emission
fraction (0.104) for 7Be. The uncertainties of the extraction
efficiency (4%) and the detector efficiency (2%) were in all
cases smaller than the statistical counting error and the
uncertainty in the blank.

4. Results and Discussion
[14] The sample data are presented in Table 2. For this
study, profiles taken within eddies (determined through
satellite-derived sea level anomaly data) were excluded so
as to avoid potential variability in 7Be and O2 source
function. In addition, samples were evaluated for primary
production through the BATS online database (ftp://ftp.bios.
edu/BATS/bottle/bats_production.txt) to ensure that those
influenced by significant O2 production were not used.
Generally, production drops off rapidly at depths greater
than 80 m and by 140 m is 1% of the maximum euphotic
zone values. Several points shallower than 120 m were
eliminated where the online data suggested significant
(>10% of maximum euphotic zone value) productivity.
Oxygen production not accounted for would lead to an
underestimate of OUR (see equation (1b)).
[15] In Figure 3, 7Be is plotted against AOU for two
potential density surfaces beneath the mixed layer (sq =
26.0– 26.29, corresponding to an average depth of 136.7 ±
29.4 m, and sq = 26.3 – 26.43, corresponding to an average
depth of 191.2 ± 35.0 m). Data were taken over the 6-month
period June– November 2007. The plots show the expected
month-to-month decrease of 7Be with increasing AOU as
organic carbon is respired. Within the density range 26.0–
26.29, the best fit solution (R2 = 0.91) for equation (3)
indicates an OUR = 0.112 mmol kg1d1. The model fit,
along with the 1s and 2s uncertainty curves, is shown in
Figure 3a. This result is conservative as it neglects the small
oxygen production remaining at this isopycnal depth range,
but likely underestimates OUR by no more than 30%. For
the density range 26.3 – 26.43 the best fit solution (R2 =
0.70) yields an OUR = 0.132 mmol kg1d1 (curves plotted
in Figure 3b). Sources of uncertainty in these results may
include variability in the initial 7Be and O2 concentrations
discussed earlier, as well as factors that cause departures
from the one-dimensional model described in Figure 2. For
example, despite the effort to avoid eddies, some stations
were taken near eddies which likely influenced the observed
profiles. In addition, intrusions of layers, such as 18 degree
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Table 2. The 2007 Sample Data
Station

Depth

Salinity

sq

Temperature (°C)

7

Be (dpm/1000 L)

AOU (mmol/kg)

June
Site ‘S’

163
220
150
210
150
210

36.62
36.60
36.66
36.64
36.65
36.61

18.51
18.30
19.23
18.88
18.96
18.48

93
128
199
90
120
157
215

36.66
36.62
36.61
36.66
36.64
36.61
36.60

19.10
18.75
18.30
19.40
18.80
18.42
18.25

122
156
209
124
150
209

36.67
36.62
36.58
36.65
36.63
36.59

Site ‘S’

118
151
228

36.68
36.67
36.62

BATS

118
154
219
153
221

36.70
36.70
36.63
36.67
36.60

147
212
125
159
216

36.70
36.64
36.715
36.66
36.61

BATS
SE BATSa

26.38
26.43
26.23
26.31
26.29
26.38

81.78
48.47
67.14
59.44
78.10
35.16

±
±
±
±
±
±

6.30
5.10
5.57
4.93
5.37
4.03

16.06
15.40
12.00
15.10
13.25
20.83

26.26
26.33
26.43
26.19
26.33
26.40
26.44

39.17 ± 13.26
4.05 ± 3.02
24.18 ± 8.44
51.50 ± 11.59
49.35 ± 10.22
37.48 ± 6.32
44.43 ± 5.36

17.26
25.15
19.42
15.60
19.00
23.11
16.87

26.22
26.35
26.41
26.27
26.33
26.40

28.45 ± 9.36
4.05 ± 3.02
24.89 ± 7.81
28.31 ± 9.19
39.97 ± 3.63
18.80 ± 7.90

10.57
23.80
24.41
18.65
22.56
26.70

26.11
26.25
26.40

26.84 ± 11.91
14.64 ± 6.97
15.88 ± 5.38

22.90
24.90
25.35

26.02
26.24
26.38
26.24
26.39

25.89 ± 10.85
8.41 ± 7.39
22.96 ± 4.73
10.19 ± 6.61
19.20 ± 7.20

24.18
27.14
27.00
25.44
28.56

26.00
26.29
26.01
26.21
26.36

10.54 ± 2.48
16.20 ± 2.73
20.31 ± 4.12
9.02 ± 3.65
23.14 ± 3.40

35.65
31.04
21.78
30.36
27.70

July
Site ‘S’
BATS

Site ‘S’
BATS

Station 11b
Site ‘S’
BATS

August
19.31
18.67
18.28
19.07
18.79
18.38
September
19.77
19.20
18.44
October
20.13
19.23
18.59
19.24
18.44
November
20.23
18.97
20.22
19.33
18.59

31°250N, 63°460W.
31°120N, 64°170W.

a

b

mode water [Kadko and Johnson, 2008], were evident in
some profiles. Such effects would likely be more acute in
the deeper isopycnals than in the more recently ventilated
shallow water.
[16] The results are shown in Figure 1 with other estimates of OUR for the Sargasso Sea and the North Pacific.
The depth-integrated average OUR derived from 7Be (100–
200 m) is 4.46 ± 0.39 (1s) mol O2 m2yr1. This is
somewhat higher than the 3.0– 3.5 mol m2yr1 derived
from oxygen stock assessment within 100– 250 m for the
BATS site between 1992 and 1998 [Hansell and Carlson,
2001]. Combining the 7Be-derived value (integrated between 100 and 200 m) with the estimate based on 3H-3He
[Jenkins, 1998] (integrated between 200 and 1000 m), total
oxygen consumption is 6.9 mol O2 m2yr1. With a
stoichiometric conversion factor for DO2:DC of 1.4:1, this
equates to a carbon respiration rate of 4.9 mol C m2yr1, a
value comparable to the 5.6 mol C m2yr1 new production
rate derived independently for the Sargasso Sea using the
3
He flux gauge technique, which is based on the observed
correlation of 3He to nitrate in the regional upper thermocline [Jenkins and Doney, 2003].

[17] The 7Be estimate of carbon respiration can also be
compared to that derived from the attenuation with depth of
POC measured by shallow sediment traps over the period of
7
Be sampling. The POC accumulation rate from the BATS
traps at 150, 200, and 300 m, averaged over April –
November 2007 (http://bats.bios.edu/bats_form_trap.html),
were used to derive a POC flux profile using the equation of
Martin et al. [1993]. April was chosen as the starting point
so as to capture the effect of C input within a mean life of
the initial 7Be sampling in June. The Martin equation
describes the POC flux (F) as a function of depth z:
F ¼ F150 ð z=150Þb

ð4Þ

where F150 is the observed flux at 150 m and b is a parameter
that determines the depth-dependent flux attenuation. A
value of b = 1.73 is used for the BATS data (Figure 4). Then,
the POC flux (F) was converted to the OUR profile using the
approach from Martin et al. [1993]:
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Figure 3. Be-7 plotted against AOU over the period June– November 2007 for (a) the density range sq =
26.0 –26.29, where the best fit (R2 = 0.91) model curve for equation (3) (solid black line) yields an OUR =
0.112 mmol kg1d1 and (b) the density range sq = 26.3– 26.43, where the best fit (R2 = 0.70) model curve
for equation (3) (solid black line) yields an OUR = 0.132 mmol kg1d1. For each density range, monthly
samples are indicated by symbols. The 1s (red lines) and 2s uncertainty (dashed, labeled black lines)
curves are shown.
where 1.4 is the stoichiometric DO2:DC conversion factor
(Figure 1).
[18] Within the 100– 200 m depth zone, carbon respiration based on the attenuation with depth of POC measured
by shallow sediment traps over the period of 7Be sampling
is only 1.3 mol C m2y1, while that based on 7Be is 3.19

mol C m2yr1. Similarly, the integrated 100 – 1000 m
estimate from the combined 7Be and 3H3He methods of
4.9 mol C m2yr1 is considerably larger than the 1.8 mol
C m2yr1 suggested by the trap data (Figure 1).
[19] Several factors can lead to a mismatch between
respiration based on OUR and that which is implied by
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completely cover the OUR-POC flux mismatch. It has
been suggested that episodic events driven by eddy-induced nutrient injection might contribute to this balance
[McGillicuddy et al., 1998; Oschlies and Garcon, 1998].
Also, lateral transport of suspended POC (undersampled by
traps) might be responsible for a significant portion of the
excess oxygen consumption rates relative to the sinking POC
and DOC supply [Baltar et al., 2009; Aristegui et al., 2005].

5. Conclusions
[20] Within the ocean twilight zone, significant oxygen
consumption occurs through biological respiration of organic carbon delivered from the surface ocean. Differences

Figure 4. The POC accumulation rate from the BATS
traps at 150, 200, and 300 m, averaged over April –
November 2007. Several fits to the Martin equation
(equation (4)) are presented.
the vertical attenuation of POC, all of which lend to the trap
results being a lower limit of downward organic carbon
flux. These include vertical migration of zooplankton,
export and respiration of DOC, missed episodic events,
lateral input of POC, trap collection inefficiency, and
chemoautotrophy. The OUR effectively includes and integrates these effects that would not readily be captured by
sediment traps. Some of these processes can be evaluated. A
study of zooplankton vertical migration at the BATS site
indicated that on an annual basis this contribution was
relatively minor, accounting for a carbon flux of 0.06 mol
C m2yr1 [Steinberg et al., 2000]. It has been reported that
exported DOC oxidation drove 24 – 64% of the annual
oxygen utilization rate in the 100 – 250 m depth range at
BATS between 1992 and 1998 [Hansell and Carlson,
2001]. Observations made during the present study for the
26.0 – 26.29 density surface indicate that 18% of the AOU
can be accounted for by DOC oxidation (Figure 5a). For the
deeper density region, 26% of the AOU can be accounted
for by DOC respiration but the correlation was poor (Figure
5b). This result might indicate that deeper semilabile DOC
is more recalcitrant than that of shallower layers [Carlson,
2002]. Allowing that 20% of the OUR between 100– 200
m is driven by DOC, then 0.2  3.19 mol C m2yr1 or
0.6 mol C m2yr1 can be accounted for. This is within
the 0.4– 1.4 mol C m2yr1 range of DOC export flux at
BATS reported for the period 1992 – 1998 [Hansell and
Carlson, 2001; Carlson et al., 1994]. At BATS, it appears
that vertical migration and DOC fluxes are insufficient to

Figure 5. (a) DOC plotted against AOU for the density
range 26.0 – 26.29. The slope of the line is 18% of that
expected (using a respiration quotient, C/O2, of 0.72) were
all the increase in AOU due to respiration of DOC. (b) DOC
plotted against AOU for the density range 26.3 – 26.5. The
slope of the line is 26% of that expected were all the
increase in AOU due to respiration of DOC, but a strong
correlation is not observed.
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in estimates obtained by various methods arise at least in
part from the different time scales over which these techniques can be applied. In essence, OUR is a time-dependent
variable that decreases as observational time scales increase.
This relates to pools of organic carbon characterized by
different degrees of reactivity such that more labile carbon
is respired immediately below the euphotic zone, and more
refractory components persist to greater depths [Martin et
al., 1993; Carlson, 2002; Carlson et al., 1994; Clegg and
Whitfield, 1990; Kirchman et al., 1993] The time required
for seasonally exported DOC to remineralize within 100–
250 m at BATS was reported as 40 to 98 days [Hansell and
Carlson, 2001] suggesting that the seasonal time scale of
the 7Be tracer technique allows it to capture that portion of
shallow OUR derived from rapid DOC consumption, and,
by inference, rapid consumption of highly labile POC
freshly delivered from the euphotic zone. This is significant,
as the rates derived here are appreciably greater than those
suggested by sediment traps and indicate that 65% of
sinking carbon within the twilight zone is remineralized
within 200 m of the ocean’s surface and thus readily
available for return to the atmosphere. This is relevant to
the efficacy of geoengineering approaches such as ironfertilization to sequester carbon to abyssal depths [Boyd et
al., 2007].
[21] Carbon sequestration in the deep sea is an essential
element for modeling the fate of enhanced carbon input into
the atmosphere, requiring depth-dependent parameterization
of the transport and remineralization of organic carbon.
Oxygen utilization rates provide an integrated assessment
of the processes and distribution of carbon respiration over
a large range of temporal and spatial scales. Development
of tracer techniques and observing technologies [e.g., Martz
et al., 2008] applied over appropriate time scales will
improve basin-scale estimates of the magnitude of this
quantity and the assessment of the export flux of carbon
from the surface ocean and its feedback on atmospheric
CO2 and climate.
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