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Abstract

The variability in the storage of the oceanic anthropogenig(C&}) on decadal timescale is
evaluated within the main water masses of the Subtropical Mtlehtic along 24.5°N. To
this aim, CQ measurements on five cruises of the A05 section are usesetssdhe changes
in Cynt between 1992 and 2011 in the presence of variability in circulationg deur
methodological procedureaC*, TrOCA, (pCTO, TTD). We find good agreement between the
results obtained using chlorofluorocarbons and, Geasurements. The overall,nC
distribution showed higher concentrations and greater decadal stategj@rthe upper layers
with both values decreasing towards the bottom. The central wateses presented the
greatest g enrichment, with their upper limb showing a mean yearly acaiionl of about
~1 umol-kg-yr* and the lower limb showing, on average, half of that value.ffich lower
mean storage rates found in intermediate and deep layleo$ tf@m being lesser than ~ 0.25
umol-kg'-yr') became more relevant when longitudinal differences in thea€umulation
were considered. In particular, west of 70°W the ventilation Hgy ltabrador Sea Water
created a noticeable accumulation rate up to ~0.5 pniejKgbetween 1000 and 2500 dbar.
If a transient stationary state of the,Qistributions is considered, significant bi-decadal
trends in the G, storage rates of the deepest North Atlantic waterseteei@d, in agreement
with recent estimations. In the upper layers, our results suthigesover the course of the last
two decades, £t was absorbed more intensely in the western side of the Noldhtiat
SubTropical Gyre, althoughaf concentrations were greater in the east. These findiegs ar

accordance with data reported in fixed Time Series Stations.

Keywords:

Anthropogenic CQ@ C, storage rates; Decadal variabilityz,Cestimation; Steady State;
Water masses.

Atlantic Ocean; Subtropical North Atlantic Gyre; DeepWestoundary Current.
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Abbreviations:

Cant

[Cand

[CeCT

ant

TrOCA
[Cant

[Cant

[Cane’

DT(¢Cr°)
DT(TrOCA)
DT(AC*)
DT(TTD)

TSSRECY)

TSSR(TrOCA)

TSSRACH)

TSSR(TTD)

Anthropogenic C@

Mean Gy concentrations, in pmol-Kg

Mean Gy values estimated by thgC:° method, in pmol-k§
Mean G values estimated by the TrOCA method, in pmeét:kg
Mean G values estimated by theC* method, in umol-kg.
Mean G values estimated by the TTD method, in pmat:kg

Decadal Trend % uncertainty infgaccumulation by the;CTO method,

in pmol-kgtyr.

Decadal Trend * uncertainty ingfaccumulation by the TrOCA

method, in pmol-kgyr™.

Decadal Trend + uncertainty inygaccumulation by th&C* method,

in pmol-kg'yr.

Decadal Trend £ uncertainty ingfeaccumulation by the TTD method,
in pmol-kg'yr.

Transient Stationary State rate + uncertainty jaa@cumulation by the

¢C1° method, in pmol-Kgyr™.

Transient Stationary State rate + uncert@nGs.accumulation by the
TrOCA method, in pmol-kgyr™.

Transient Stationary State rate + uncertainty jpdccumulation by the
AC* method, in pmol-kgyr™.

Transient Stationary State rate + uncertainGiraccumulation by the
TTD method, in pmol-kgyr™.
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1. Introduction

The ocean plays a major role as a sink for carbon dioxide) f€l@ased by humankind to the
atmosphere, annually contributing to the removal of about one quaitehe total
anthropogenic CQ(Cs,ny) atmospheric emissions (Khatiwala et al., 2013). The Northnéid
Ocean plays an important part absorbing and, especially, accurgui@ti (Watson et al.,
1995; Vazquez-Rodriguez et al., 2009a; Pérez et al., 2010a). dirconip to 25% of the
oceanic G, although its surface represents only 13% of the global ocean (Sstbaie
2004). Actually, despite its large;fecstorage rate, air-sea uptake in the North Atlantic is not
predominantly anthropogenic, since the natural, G{take largely prevails over the
anthropogenic perturbation in the North Atlantic Subpolar Gyre (NASP&kgz et al., 2013).
The Gneentrance into the ocean interior takes place in the NAS#Gg to deep convection,
significantly contributing to the efficiency of the North Atlensink. This Gn;entrance is
supported up to 65£13% due to lateral transports that carryo@ded subtropical waters to
these northern latitudes through the upper limb of the Meridional OnerguCirculation
(MOC) (Alvarez et al., 2003; Macdonald et al., 2003; Roson. e2@03; Pérez et al., 2013).
At 24.5°N, the MOC is responsible for almost 90% of the memali heat flux (Johns et al.,
2011) and it also transports up to 0.17-0.20 PY®fyCan (Macdonald et al., 2003; Rosén et
al., 2003). Since the North Atlantic Subtropical Gyre (NASTG) &gsevailing role in the
Cant Uptake from the atmosphere, the WOCE AO05 hydrographic lindesitad 24.5°N plays a
relevant role in the evaluation and quantification of thg Kuild-up in the North Atlantic
sink. It has been studied several times from high spatialutesolin situ CO, system
measurements performed in 1992 (Rosbal, 2003), in 1998 (Macdonalet al, 2003) and
in 2004 (Brown et al., 2010). Two new recent occupations, in 2010 and 20d %o this
historical record.

Estimating the g storage in the ocean is not simple becaugg<Ca small perturbation (3%
at the most) on the natural bulk of oceanic inorganic carbey $ice Gn: is not directly
measured in the ocean, it has to be estimated based on tirtditkniques from in-situ
observations. Brewer (1978) and Chen and Millero (1979) presentéicsth@,,; calculations

in the late 1970s, which attempted to separate thes@nal from the background GO
distribution by correcting the measured for changes due to biological activity and by

removing an estimate of the preindustrial preformedSeveral authors have tried to improve
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those first back-calculation methods (also called carbon-baksd)ing to a number of
methodologiesAC*(Gruber et al., 1996)AC° (Kortzinger et al., 1998), TrOCA (Touratier
and Goyet, 2004; Touratier et al., 2007) a@° (Vazquez-Rodriguez et al., 2009b). Overalll,
they rely on the general assumption that ocean circulation andidlugical pump have
operated in a steady state since the preindustrial time. Irticeijdsome more recent
conceptual approaches (Broecker and Peng, 1974; Thomas and IttekkotHa0gs;and
Hall, 2002) do not use {Omeasurements and treat,{&s a conservative tracer (i.e. a tracer
that is not influenced by biological processes in the ocean), avditgngncertainties related
to the biological correction of the back-calculation methodologies€eF distributions can be
established by using the so-called TTD functions (Transi@ne Distributions), that are
mathematical expressions which serve to constrain the tepsea since a water parcel was
last in contact with the surface (Waugh et al., 2004; Waugh ,e2006; Steinfeldt et al.,
2009), to describe how the oceans circulation connects and transgpfitertt the surface to
the ocean interior. Nevertheless, there is no clear consebsus$ the more appropriate
method to estimate 4 (Sabine and Tanhua, 2010). While some authors have repagied C
estimations using only one methasC* (Macdonald et al., 2003; Roson et al., 2003), TTD
(Tanhua et al., 2008) asC:° (Pérez et al., 2010a; Rios et al., 2012), other authors have
decided running together two or more methods to compare the abtasdts: TrOCA and
oC1° (Pérez et al., 2010b; Castafio-Carrera et al., 2012; Fagar 2012), TrOCApC® and
AC*, (Flecha et al., 2012),C*, AC{° and TrOCA (Lo Monaco et al., 2005) 4€*, TrOCA,
IPSL, TTD andpC° (Vazquez-Rodriguez et al., 2009b). Moreover, some authors suggfest t
a combination of approaches should be necessary to achieve aqoanstication of the
ocean sink of ¢ (Khatiwalaet al, 2013).

The AO5 repeat section cruises provide a valuable time serlestter constrain the decadal
variability of the North Atlantic & storage from observational data. To this aim, the present
work studies the &: changes between 1992 and 2011 along 24.5°N through four
methodological procedures. Three back calculation metha@% (Gruber et al., 1996),
TrOCA (Touratieret al, 2007) anolanT0 (Vazquez-Rodriguez et al., 2009b)) and a tracer
based technique (TTD (Waugt al, 2006)) are used to quantify the temporal changes in the
Cant cOncentrations within six different water masses of the Sub#aibpiorth Atlantic. This

study also faces possible longitudinal differences in the deCagatorage rates and provides
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a general approximation of the results to a transient statiosi@te of oceanic f

accumulation.

2. Data

Five cruises of the AO5 repeated section are used to study thertgravolution of the &
storage in the Subtropical North Atlantic Ocean. Table 1 suimesathe information of
interest relative to each one. The cruises carried out in 1992, h@98084 are referred as
earlier cruises, with respect to the two most recentigaioons in 2010 and 2011. All the
cruises tracks are depicted in figure la: the 1992 occupationamdsdcout along 24.5°N,
lying south of the following cruises at boundary regions and sagfiie Florida Strait at
26°N. Subsequent occupations were set starting from 28°N nehx¢ #fiican shelf, joining
the 24.5°N line at 24°W and angling northward near the oppositetstmimplete the line at
26.5°N, sampling the Florida Strait at 27°N. Among them, only the 2@ii6e crossed the
Mid Atlantic Ridge (MAR) following the Kane Fracture Zone, thsightly deviating from
the common track.

2.1. Earlier cruises
The corresponding datasets are available on the CDIAC webgite//cdiac.ornl.goy/. The

1992 cruise was conducted under the frame of the WOCE Prajeced@res for C@system
parameters analysis and its adjustment are described ém Bbal. (2003) and Guallart et al.
(2013). The 1998 measurements are reported in Peltola et al. (2000)aaddnaldet al.
(2003). Due to the lack of nutrient data to compuig Gutrient gaps in positions wherg C
and Ar were available were filled by interpolation using a multipseter linear regression
(MLR) technique (Velo et al.,, 2010). In 2004, the section wascrgmed within the
framework of the CLIVAR Program. The analysis methodologies d@escribed in
Cunningham (2005) and Browet al. (2010). The 2004 dataset used in this work is a
combination between the data available at CDIAC and the Fl@tdait measurements

submitted to the British Oceanographic Data Ceftiittp:(/www.bodc.ac.uf/ The Argaps in

bottles where €was available were filled from interpolated normalized(NMAT = At - 35/
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salinity). The interpolation was done on Néata because it is less variable than(iillero
etal., 1998).

2.2. Recent cruises

In 2010, the € was measured by coulometry (Dickson et al., 2007) and/as determined
by potentiometric titration (Dicksoat al, 2007) using a VINDTA system (Marianda, Kiel,
Germany). Certified reference material (CRM, batch 97) seghddy Scripps Institution of
Oceanography was analysed twice daily. Accuracy was cadudast+2.9 umol-kg(n = 399)
for Cr and +1.9 pmol-k§ (n = 397) for A. After Secondary Quality Control (2ndQC)
(Tanhua et al., 2010b) onrCAt, nutrients and oxygen @Pdata, Q and silicate were bias-
adjusted (Table 1). ThetGnd A data are further described in Schuster et al. (2013). The
CFCs were measured at the LGMAC lab following Smettial. (2000) and Lawet al.
(1994). Nutrient gaps were filled as described above. In 2011,dhedeupation of the A05
section was carried as part of the Circumnavigation Expedii@lLASPINA 2010

(http://www.expedicionmalaspina.gs/ The pH was measured spectrophotometrically

(Clayton and Byrne, 1993) andrAvas determined potentiometrically by titration at endpoint
detection (Mintrop et al., 2000).-Ajaps were filled as reported above. Then@s calculated
from Ar and pH using the dissociation constants of Mehrbach et al. (1973gdefliy
Dickson and Millero (1987) using the G€ys program (Pierrot et al., 2006). Discrete C
samples were taken in 11 stations and analysed for qualitypktanthe 1IM-CSIC laboratory
by coulometric determination using a SOMMA system (Johnson.,e1398). The internal
consistency between calculated and measuredad estimated to be of 0.9 + 3.5 pmof:kg

(n=22). No adjustments were needed after 2ndQC.

3. Methods

3.1. C4t determinations

Three back-calculation methods@*(Gruberet al, 1996),(|>CTO (Vazquez-Rodriguez et al.,
2009b) and TrOCA (Touratier and Goyet, 2004; Touratier et al., 2@@d)pne tracer-based
method (TTD (Waugh et al., 2006)) were selected to determee&th distributions. The

overall uncertainties in & are +9 pmol-kg, 5.2 pmol-kg, +6.25 pmol-kg and +6
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umol-kg' for AC*, ¢C°, TrOCA and TTD estimates, respectively. Further detilsthe
specific assumptions of each of the four methodologies are pdoindappendix A, in the

Supplementary information.

3.2. Averaging by regions and layers

The five AQ5 datasets were divided vertically in six densijets and longitudinally into five
regions that are depicted in figure 1b, over the salinityiligton of the 2011 cruise. The
water column was divided by identifying the main water masspeesentative of the
Subtropical North Atlantic Ocean following (Talley et al., 2018lprth Atlantic Central
Waters NACW), Antarctic Intermediate WateAAIW), North Atlantic Deep WaterdNADW)
and Antarctic Bottom WateAABW. The subducted thermoclinRACW was further split in
two main cores: the upparNJACW, including a warm and saline component related with the
SubTropical Mode Water and the lowdNACW), denser and fresher, related with the
SubPolar Mode Waters (McCartney and Talley, 1982). The linintd®n theAAIW and the
UNADWwas also better constrained according to the TS properties.thbubyee uppermost
layers were delimited using, along the isopycnalsy = 26.7 kg-1it, 6= 27.2 andso = 27.6
kg-m*® (Fig.1b). TheuNACW layer includes depths between ~150 - 450 dBdmce the
isopycnal is tilted up towards the east, it is far shallowetheneastern side of the section,
until ~250 dbar. Thigayer shows the highest salinity values of the water coluwthjn an
average of 36.6. TH®NACW layer is located between ~250 and ~850 dbar. A&V (from
~600 to ~1100 dbar) encompasses the oxygen minimum zone in the shatteglerof the
layer. The slight eastward salinization at these depth®&drom the MW influence, as it
spreads through the layer below. The M&DW components were delimited according to a
reference level of 2000 dbas,], alongo, = 37 kg-nT (Fig.1b). TheuNADW layer extends
from ~1100 to ~2500 dbar. Its freshening close to the western margelated to the
Labrador Sea Water (LSW) spreading. TRADW layer fills the eastern basin from ~2100
dbar to the ocean floor but extends to ~4500 dbar in the western basihABW was
delimited in the western basin along the isopyenat 45.9 kg-rif. In addition to the water
masses classification, the section was zonally divided a@pgrthe eastern and western

basins at 45°W, each side of the Mid-Atlantic Ridge. The idivisf the western basin was
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refined in order to better constrain, in terms of its catiah features, the temporal variability
of Cynt distributions. The Florida Strait was identified as an indeperrégiidn ranging from
80°W to 78°W. It was isolated from the main section due tondgpendent behaviour in
terms of transports (Schmitz and Richardson, 1991; Macdonadtl, €2003; Roson et al.,
2003). The zone of deep ventilation by the Deep Western Boundary Cun®@BiQ]) Region

1 (R1), was separated from the ocean interior at 70°W tiisglé from Region 2 (R2), where
AABW fills a considerable volume of the deep ocean. Despite showing a priori
remarkable oceanographic particularities, the eastern baas also halved at 30°W,
differentiating Region 3 (R3) and Region 4 (R4) to isolate thévelmaximum of salinity of

Mediterranean Water (MW) that enters the section from frieakh Coast.

A total of 25 boxes (Fig. 1b) were obtained, and the temporabiiity of the mean G
estimations within them was studied. Data above 150 dbar reereved to avoid seasonal

biological effects, since conservative tracers do not varyosallg in the subsurface (100-

200m) (Vazquez-Rodriguez et al., 2012). Meap @lues ({:;prcf], [CTrOCA] '[cACT, [CTTD,

in pmol-kg') of thepCr°, TrOCA, AC* and TTD estimates within each box were computed
as the mean and standard deviation of the corresponding ensemti@sasferages obtained
through random perturbations of tdpé:TO, TrOCA, AC* and TTD estimates in each box. The
random perturbation of the data was done according to each methothintzeThe values
obtained are shown, for each cruise, in Appendix B of the Suppleméntarmation. Mean
values + standard error of the mean (s/4¥N) of pressure (dbar), salinity,,@umol-kg'),
potential temperature (°C) and Apparent Oxygen Utilization (AOU, pmol#gvithin each

box are also shown as supporting information of thedata.

3.3. Decadal trend and rate of change in C4n¢ Storage

In order to study the temporal changes in the megqnc@ncentrations ([6d) of (pCTO,
TrOCA and AC* within each box for the period 1992-2011, an ensemble of 100 linear
regressions between the five years and the 100 random-perturbedjes/ was obtained.
Linear regressions for TTD were performed from 1992 to 2010. Tla rmed the standard

deviation of the 100 linear regressions were considered as tta@elrend (DT) and the
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uncertainty (in umol-kgyr™?) for [Can]) inside each box. (Table C1 in Appendix C). As each
Cant method vyields a specific DT, hereafter they will be denotedd& (method), e.g.
DT(¢Ct%), DT(TrOCA), DT(AC*) and DT(TTD). Table C1 in the Supplementary Information

shows the DT values in each box, per method.

Tanhua et al(2006) found that & is in transient steady state (TSS) in the North Atlantic
from comparison of the observed changes+iraf@d CFC fields with those predicted from an
eddy-permitting ocean circulation model. This means thairi€reases over time through the
whole water column in a manner that is proportional to the tirperdient surface
concentration. Hence, ofz changes for a given time period can be determined frog [C
(Tanhua et al.,, 2007; Steinfeldt et al., 2009; Khatiwala et28l13; Pérez et al., 2013)

considering the exponential ﬁ€t) = Ae’t, that describes the history of atmospheric @

c2,: in the ocean surface mixed layer since the IndustriablRgon. Steinfeldtet al (2009)
reported an increase rate of 1.69% for the faofgr?), for characteristic NADW properties.
The uncertainty associated towas found to be 0.10%, based on the variability found
between 1992 - 2012 in the estimated rate€2gf increase in the surface mixed layer. The
CantStorage rate (umol-Kgyr?) under a transient steady state can be calculated within each
box as the product betweén(yr') and [Gn] (umol-kg"), being the term [G{] variable
depending on the method used to estimate C

Cant

dt

=X [Cant] €y

To obtain robust‘% within each box, an ensemble of 1@(9} were obtained per each

0 *
cruise via equation (1), from the 100 random-perturbed ave(f@lsa], [CTIO%A], [CAS],
[CTTP]) obtained as reported above and also considering the randambpgon ofA. Since
all the cruises were grouped off to increase the amou%{i—a‘ﬁ estimations, the 100 random-

perturbed averages relative to each cruise were previoosynormalized (Khatiwalat al.,
2013) to the year 2000, via equation 2:

Cirz) = CepyeM2™t 2)

110
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where t1 corresponds to each AO5 cruise occupation year and t2 isetiemae year 2000.
C1) corresponds to [{] in each cruise, and & to the one normalized to year 2000. The
temporal rescaling was performed to reduce the variabilitiydrobtained storages due to the
difference in [Gn] between years, obtaining TSSR storages that were g&t middle of the

studied period. The TSSR and its uncertainty were consider¢deasiean and standard
deviation of the 5091% (100 per cruise). Hereafter, the,Cstorage rates (umol-ﬂg/r'l)

computed following the Transient Stationary State approximationbeillenoted as TSSR
(method), e.g. TSSECTO), TSSR(TrOCA), TSSR(C*) and TSSR(TTD). Table C1, in the
Supplementary Information, shows the TSSR values in each boxngibod. Taking into
account that sometimes thg,@stimates from different methods extend over a broad range
of values, Khatiwala et al., (2013) suggesed that a combinati@y,oéstimation methods,
each with its own strengths and weaknesses, should be necessaiyietee aa robust
quantification of the ocean sink ot By applying their consideration to the.Cstorage,
table C1 shows the mean DT and TSSR within each box, wherfeuhenethods used to
compute Gnt are combined. Since DT uncertainties were more varidideaveraging was
done by weighting the back-calculations with respect to the rtramghod. The time-

normalized [Gn] (to year 2000) obtained averaging the four methods estimad&soishown.

4. Results

4.1. Modern Cgy distribution

o
Figure 2 shows the average distributionchﬁfgr in 1992 and 2011, for the eastern and

western basins separately. All profiles show a common owsrale in space and time, with

0
higherc;"rf;r values near the surface that decrease towards the bottorwerTical gradient is
really strong in the upper ocean, from 150 to 1000 dbar, whilst conbemsreemain low and
almost constant deeper than this. Below 1000 dbar, only the DVeBtbutes to the deep

ocean ventilation, mostly through the LSW spreading pathwayolgscan be identified as

0
the relative maximum im:jrfg between 1100 and 1800 dbar, in the western basin. Temporal

0
°CT in both basins that

ant

differences in the profiles reveal a systematic full-degpthichment irC

111
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is substantially greater in the first 1000 dbar. These pressngesaencompass the three
uppermost density layers. Among them, uNACW and INACW, whiclicaneed at relatively

close subtropical and temperate latitudes, show the largest datiomdetected in the water

. . . . . . co .
column, in a similar magnitude in each basin. Insteathérdeep ocean th& T penetration

oCT

occurs faster in the western than in the eastern basitodhe DWBC spreading. Thg,

increase is larger between 1000 and 2000 dbar, while it is diff@udifferenciate changes

below that level to the bottom as the uncertainty estinmatedap (Fig.2).

4.2. Decadal Trendsin Cy Storage by layers
4.2.1. uNACW (oo < 26.5 kg m™)

The four G methods show the greatestjfof the whole water column inNACW as it is

the most ventilated layer (Fig.3). The range iR,{Qluring the 1992 - 2011 period is wide
and depends on the method used, suggesting a rise of about ~ 1@nel®gh The four
methods show consistent DT values between them in the easter(R#and R4, Fig. 4) but
different DT in the Gn accumulation of the western basin (R1 and R2). There, DT(TTD)

indicates much lower decadal increaseqdi’] than any DT obtained by using back-

calculation methods. Thus, Whiléiff], [CTrOCA] and [CAS] are estimated to have been
increasing up to nearly ~ 1 pmolkgr?, [CTTP] shows a decadal increase quite below this
amount (DT and TSSR values are reported in table C1 of the Suppéeynenformation).
The TTD method typically produces the highest estimates in ther lgypers (Vazquez-
Rodriguez et al., 2009a; Khatiwala et al., 2013). Howd@&f>] show a noticeably common
change with time (Fig. 3) along the entire layer: a sydtieaily changing offset with respect
to the other three estimations from 1992 onwards, whereas fifet ofmains generally
constant between cruises in the layers below. This can presubsadtiributed to the decline
in the atmospheric CFC concentrations since their peak during $hdgade (Tanhua et al.,
2008), which would lead to an even greater underestimatipl§P] in this layer (the most

recently ventilated) moving closer to the end of the stuplgtbd.
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4.2.2. INACW (26.5< 60 < 27.1 kg m™®)

Regardless of the cruise:;f?], [cTrocA], [cAS] and [CIIP] are in general higher moving
towards the east along tHheACW, coinciding with a higher ventilation due to the tilting of
the isopycnal (Fig. 3). This layer shows a continuous and considaraiéase in [, of
about 6 to 11 pmol-kd, when considering the four methods. The four methods agree in
pointing to R4 as the region with the highest storage at theske @eyges (Fig. 4). Close to
the western margin (R1), DT(TTD) suggests lower storégeé tack-calculations, which
could also be explained as in the layer above, from thendesii the atmospheric CFC
concentrations and the intense mixing with the layer above due wirttexr outcrop (Bates,
2012).

4.2.3. AAIW (27.1< 6 < 27.5 kg m™)

The four methods agree in showing a higher storage in R1 compatedheiremaining
regions (Figure 4). Moreover, D@FC:°%), DT(TrOCA) and DT(TTD) results show a similar
longitudinal pattern: their high DT in R1 is reduced in the ocetarior (R2-R4) until quite
similar DT values in R2 and R4 and a near absence of signigcanimulation in R3. A

noticeable exception concerns the stabilizationc§lf§[| and [CIIOCA] in R3 (Fig. 3), which
seems a real feature and not an artefact from the methaologed, sincgéCLTP] do not
show either changes in time. However, the values of DT(Tar®)ow in general compared to
back-calculations (Fig. 4). DAC*) results mostly coincide with this zonal pattern but
suggest a considerable increase[@4%] in R3 and R4. It is important to remark that
determining Gnin this layer is particularly difficult for a number of sems. TheAAIW layer
encompasses characteristic biogeochemical singularitigs;ludes the @ minimum layer,
for instance, and it is strongly influenced by the dynamic watess front betweefAAIW and
MW and the coastal upwelling (Broweat al, 2010). Alltogether, the different behaviour in
[CAC] could be related to the fact that this method appears tmbesansitive than the other
methods to changes in and Q horizons shifts that occur in R3 and R4, in AAIW and
UNADW (tables B3 and B4 in the Supplementary Information), which duaNeé an effect on

the computation of the disequilibrium term in these regions. Thongmder of factors make
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inherently difficult to correctly compute [g] or interpret its decadal trerat these depth
ranges. Moreover, the fact that the temporal evolution of thea@erages along th&AIW
layer practically parallels that @fNADW (Fig. 3) suggests that it might also be somewhat
influenced by the LSW £ ventilation. Steinfeldt et al., (2007) also found a noticeable
increase in the CFC-12 concentration with time close to theemelsbundary, at depth ranges

right above the layer where the LSW spreads.

4.2.4. uNADW ( 6p> 27.5 and 6,<37 kg m™)

The DT results from the four methods highlight a signifigahigher accumulation in R1
with respect to the remaining regions of the layer (Fig. 4)pdb 08 to 11 pmol-kg, due to
the LSW penetration into the section. The DT values in Rt@rsistent with, or even higher
than in the layer above, with the four values amounting @5 pmol-kg yr. This value
confirms the important £ advection in depth associated to the LSW, as it matchgeénky
Cant accumulation alondNACW and half of that alongiNACW As reported above, the
DT(AC*) results are somewhat high compared with the other three meithake eastern

basin (Fig. 4), giving to significant storages along the emdiyer. Instead, a significantly

0
lower accumulation ofC’CT], [CTTOCA] and[CTIP] appears to take place in R4 (at least half

ant

of that in[C2S;]), whereas no increase in any of them occurred in R3.

4.2.5. INADW ( 62> 37 and 64<45.9 kg m*)

As shown in Figure JCA5], [CZE?], [CTrOCA] and[CTTP] are different in magnitude in some
regions but, nonetheless, their temporal trends do suggest llglatwsistent results (Fig. 4).
DT values from the four methods agree in showing a signifie#imejt low, decadal increase
in [Cand in R1, that amounts to about half of the annual increasieeitayer aboveAC* and

TTD methods agree in suggesting significBE ] and [CAS;] accumulation in the entire

western basin, whil@C:° and TrOCA do not indicate any build-up in R2 (Fig. 4). In the
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eastern basin, none of the methods indicates accumulatiqop;dtihg the last two decades,

despite the fact that significant mean concentrations arbitachiFig. 3).

4.2.6. AABW (0,>45.9 kg m?)

In this layer, [Gnd changes in time appear to be negligible in general @igAlthough the
Cant content can be considered to be significant by the four methodfly(ritom 2004 on),
the error bars are too high to confirm a significant rise inrtbencentrations. In R1,
DT((pCTO) and DT(TrOCA) results suggest a low accumulation from labdtulation
methods, while[CITP] remain almost constant in time (Fig. 4). Regarding R2,r&8ults
neither reveal any changes during the last two decades. cbldd be related to the
guantification limits of the methods, as in the layer above, mgaKifficult to evidence,
during a bi-decadal period, the slow increase of the redlyedi G signal by the time it
arrives at these latitudes. Alternatively, ir couldrélated, to the more pristine characteristics
of theAABW

4.2.7. Florida Strait

As shown in Figure 3, [§] increases are observable in the three layers that movehtiioeig
FS. Although higher variability is found in the J estimates within the FS, DT results in
this region show, in general, a higher accumulation than in Ré&ntral watersyNACWand
INACW. However, the values in t#AIW layer suggest a lower accumulation than in R1 that
is really noticeable when using the TTD method. According to Szhamd Richardson
(1991), the vertical pattern with regard to the main section couléxpéined by the
respective origins of the three layers entering the FSUNACWandINACWfind its origin

at closer latitudes, in relation with the recirculation of tHorth Equatorial Current. In
contrast, theAAIW layer in the FS proceeds directly from the South Easteantétl While

the two uppermost layers show similatS and oxygen values with the next region, AW
shows respectively lower/Sand higher AOU values than those in the main section (tables in

Appendix B of the Supplementary Information). Thus, DT(TTD) suggesterl decadal
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increases than back-calculation methods (Fig. 4), as ther@ increase ifC1LP] during the
last two decades. DT results by using back-calculation methods stwsistent values
between TrOCA andC* in the FS. DT¢C°) are slightly lower in the two first layers while

it is consistent with them in th®AIW layer.

4.3. TSSR Cy; Storage rates by layers

Purple dashed lines in Figure 3 correspond to the mean TSSR reporfedble C1 of
Appendix C, taking into account its confidence interval. Long-tstonage (TSSR) results
indicate the expected storage according to thg][@vels found in each box taking into
account the exponential fit of theg£accumulation in the surface ocean on long time scales.
Thus, TSSR values follow the [ distribution (i.e. boxes containing the greater
concentrations exhibit the highest storages, and the accumulatesndecrease in depth or
along the different layers according to the progressively l@m@macentrations). TSSR results

are in general more consistent between the four methods thaaréhzgm the DT approach,

which indicates that(ﬁrcj], [cTrocA], [cAS; ] and[CLIP] estimations are, actually, very close
between them. However, TSSR results do not always match thoseedbteom the DT
approach (Fig. 4). They also show much lower uncertainties thddTttagproach, mainly in
the deep ocean, due to the time-normalization of the dataislthie main benefit of using the
TSSR approach. By referring the mean,Jf the five cruises to the year 2000 (values in
table C1 in the Supplementary Information), possible biases in amsetatre smoothed from
the averaging with the other ones. Thus, the uncertainties obtiained storages are reduced,
making them more robust. In contrast, the DT approach is moreigensithe data quality
from each cruise, taking into account that few averages (neS)s&d to perform the linear
regressions. However, the DT approach allows the detectiamaire realistic & storage in
relation to the specific bi-decadal period of study, since clsarage computed only
considering data from this time period. Conversely, TSSRIt® need to be interpreted in
terms of a previous accumulative history of the estimatgg [flie to the fact that the storage
is computed based on the assumption of the obserygih€ease in the surface since the
preindustrial era that follows an exponential fit. Thus, possibld variations in [Gn]

increase which deviate from a steady-state accumulatidd beaome masked in the TSSR
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results due to its integration into the past accumulativerisf G, Comparisons between
the two approaches are helpful to interpret the observed telncparages in [Gn], especially
if these changes can be compared between estimations obtainednigplboth CQ (back-
calculation) and tracer based methods. When the outputs of both appr@itlteesl TSSR)
coincide, this could be interpreted as situations in which the pumretual or short-term (here
bi-decadal) G storage (i.e. the DT) is confirmed with the integrated amgiterm
(centennial) G storage (i.e. the TSSR).

4.3.1. Theupper ocean: uUNACW, INACW and AAIW

Central WatersUNACWandINACW) show progressively higher TSSR values from R1 to R4
(Fig. 4), suggesting a higher expected storage in the edlsterrin the western basin. This
pattern is in accordance with thegjdistributions along the layers. In ttdACW TSSR
and DT results from any method are fairly coincident in R4. él@w, the storages obtained
from both approaches start to differ while moving towards the (iRd5t in one hand, TSSR
values from the three back-calculation methods slightly dsergeoving from R3 to R1 (as
[Can] dO) but their analogous DT remain more or less eqp@}’j or even increase (TrOCA
or AC*) in that direction (Fig. 4). On the other hand, the obsEE¥E(TTD) values suggest a
lower [CTIP] accumulation towards the west while TSSR(TTD) resultscatdithat a quite
similar accumulation should be expected along the layer. Theeabte difference between
DT and TSSR approaches is significant for the four methods invéiséern basin. While
DT(TTD) suggest that{CII°] has been accumulating slower than expected from the
inventory, at least during the last two decades,gd!):ﬂ), DT(TrOCA) and DTAC*) results

suggest the contrary fociﬁi}], [CTXOCA] [c4ST], which have increased their values in the
basin more substantially than would have been expected from aestieelavior. In contrast
to this, the eastern basin shows decadal trends closer to staoeary build-up. In water
masses below, the most noticeable feature alondNAEW is the strongest longitudinal
gradient in the storage rates between the eastern (highethandestern (lower) basins
suggested from TSSR results in comparison with the DT rebaliate more consistent along
the entire layer. This is due to the strong gradient jpj[@ssociated to the shallowing of the

isopycnals towards the east. However, only DT(TTD) showsédire gattern since DT from
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back-calculation methods, in general, are more similar alo@mdayer. In theAAIW, TSSR
values from the four methods are really close between thenmdicdte very similar storages
along the entire layer (Fig. 4). A noticeable common featutbat no method suggests an
expected greater accumulation in the DWBC region (R1) compegite the remaining layer,
as their relative DT results indicate. The expected TStBRiges in the ocean interior (R2 to
R4) are mostly similar between the TTD and the back-calculBESR results, which is not
paralleled always in the DT(TTD) values, that are lowgéneral. The TSSR storages found
from R2 to R4 are consistent to the observed DT values@f? and TrOCA. The only

mismatch occurs in R3 where a TSSR storage similar teutteunding regions is expected,

0
as the Gy concentrations are significant, but neitl‘[éfnfT], nor [CIXOCA] nor[CTTP] actually

appear to have been increasing during the two decades.

4.3.2. The deep ocean: uNADW, INADW and AABW

In the deep layerastNADWandINADW) both approaches coincide in pointing out R1 as the
leading region in the & build-up with respect to the ocean interior. However, TS&Rults
exhibit a softer zonal gradient in the storage rates alongethimis than their respective DT
values (Fig.4), mostly in theNADW This result highlights the significant role of the DWBC
on the observed [ entrance in the deeper western basin and the noticeabtédatah of

the LSW to this penetration during the period of study. The boxes otdan interior where
[Can] are close to the detection limits show low but significa®SR storages (Fig. 4).
Opposite to this, their related DT values are not alwaysfgignt. This might be related to
the inherent difficulty to accurately estimate thg:@vels in deep waters and also to its
(slow) temporal increase, as they are assumed to containowerconcentrations that are
quite close to the detection capacity of the methods. It is dHhfisult to ascertain if the
absence of rising [§ observed in the deep ocean interior (mainly inl&DW) s real or,

as reported above, just a consequence of the time series notdmgrgnough in duration.
This restriction is also relevant for thABW where TSSR and DT approaches do describe
consistent storages in R1, indicating the likely,JQoresence and its increase at very low

rates (significant fronpCr° and TrOCA) in old waters close to the bottom. Thg Build-up
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could be considered to be occurring in R2 as well, according to thedssine of the TSSR
results with those in R1.

5. Discussion

The mean TSSR storage rate for the wha\ACWIlayer, considering the results obtained
with the four methods, gives an expected accumulation of 0.84 +uOr®I-kg" -yr*. The
equivalent mean DT suggests a slightly higher observed valQ@®f+ 0.09 pmol-kgyr*

(Fig. 4) that is mostly influenced by the significant dissintyabetween the two approaches

in the western basin, opposite to the eastern one, that showaldds closer to a steadier
accumulation. DT results from the back-calculation methods mhakeifference, indicating a
significant higher storage than expected in the uppermost lag&eL08 umol-kg -yr* on
average) mainly due to the high storage found in FS, R1 and R2 (0IQttol-kg -yr?)

with respect to that in R3 and R4 (0.98+0.12 umal-kg*). Our findings are in accordance
with those reported in the time series stations in the Subtrdgaréh Atlantic. Observations

at BATS (Bermuda Atlantic Time-series Study), situatedhim Western Subtropical North
Atlantic, suggest a three-decade trend (1983-2011) of 1.08 + 0.06 pthgltkdor surface
salinity-normalized € (nG;) (Bates et al.,, 2012). Conversely, at ESTOC (European Times
Series Canary Islands), situated opposite to BATS in the Bdstsin, a surface rGtorage

rate of 0.99 + 0.20 pumol-Keyr! was reported (1995-2004) (Santana-Casiano et al., 2007).
Although both values indicate an equivalent;r&forage taking into account error bars, a
slightly faster n@ accumulation could be suggested for the western besiaddition, the
particular Gn;storage rate for Subtropical Mode Water (the main component aNAEW
layer in the western basin) was estimated at 1.06 pmbojikgbetween 1988 and 2011
(Bates, 2012). In ESTOC, a.storage rate of 0.85 + 0.6 pmolkgr! was reported for the
first 200m, matching the observed increase in @85 + 0.16 pmol-kyyr?) for the
seasonal thermocline (about 120 meters) (Gonzéalez-Dawllg, 010). Moreover, net GO
air-sea fluxes of -0.81 + 0.25 to — 1.3 + 0.3 mAlym* (1983 — 2005) and -0.051 + 0.036 to —
0.054 + 0.03 mol-fayr* (1995 — 2004), reported respectively for BATS (Bates, 2007) and
ESTOC (Santana-Casiaret al., 2007), would also indicate that the eastern side of the
NASTG has been acting as a much weaker sink of atmosphesicadipared to the BATS
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site. These findings are consistent with previous results wB&T€S was found to be in a
region of strong spatial gradients in air-sea,@l0x (Nelson et al., 2001)These results
support our finding that during the last two decadegs 1@ight have been absorbed more
intensely in the western side of the NASTG. Circulatiottgpas would support these findings
as STMW water that forms near the Sargasso Sea ret@suear the formation site and also
travels to the eastern NASTG through the Azores Current (Bclamd Richardson, 1991,
Follows et al.,, 1996). Larger amounts of £@éntering into the ocean near Bermuda,
according to the larger GQluxes described (Bates, 2007), would be thus advected to the
opposite part of the section below the surface. The arf\@}penriched waters into the east
could have an effect in both the lower uptake observed in the ead(Santana-Casiaret

al.,, 2007) and the higher [g] described estimations (tables in appendix A). The winter
outcrop in the west (Bates, 2012) could also favour lowgi] [@ INACW due to the mixing
with the less saturated underlying waters. The mixiniN&ICW with uNACWcould be also
responsible of the observed opposite TSSR and DT zonal gradients,pipostisg a higher

Cantuptake by central waters at the western side of theogsecti

Opposite to central waters that show a general sustained lomgrierease in [, values
over their whole extent during the last two decades, the lagbosy AAIW, NADW, AABYV
show a generalized contrasting behaviour between the DT resBiisand those in the ocean
interior (R2-R4). The DWBC influence extends to R2 in mos¢rsyresulting in contrasting
DT between the western and eastern basins as a whol@AIW, the greater rise in
concentrations appears to occur in the western basin. (Brbaln 2010) pointed out that the
variability in [Cyn{ at these intermediate depths most likely results fotranging mixing
characteristics of waters of southern and Mediterraneannpngainly due to a lateral
movement of the water mass front that occurs betweeAAl® and theMW. Regardless of
the modulation of the & budget from théMW spreading (Alvarez et al., 2005), the eastern
basin shows almost no (R3) or slight (R4 {Cchanges in time, which indicates that the
observed DT storage rate for the whal&lW (0.22 + 0.08 pmol-kyr') might have been
mainly driven by R1. Although the higher DT in R1 represents awvelatinimum compared

to those iUNACWanduNADWin the same region, it might have been mainly influenced by
the Gt signal of the LSW spreading underneath (Steinfetdil, 2007). The prevailing role
of R1 in the full section storage variability on decadalesdecomes much more evident in
deep waters below 1000 dbar (Macdonald et al., 2003; Brown et al., 2ORl).the storage
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rates inUNADW andNADW are significantly higher than those in R2 to R4 (Fig. 4). This is
the region influenced by the DWBC (Fig. 2), which igx@aded (Steinfeldt et al., 2009;
Pérez et al., 2010a) with respect to the less-ventilateztdaypat recirculate in the ocean
interior, which show smalufNADW or not significantiNADW) DT values.

RegardingAABW weighted DT results in R1 also show a non significant trentbaditeD. 11

+ 0.14 pumol-kg-yr* (Fig. 4), while those in R2 suggest no increase inj[CHowever, the
corresponding TSSR values (0.12 + 0.05 pmdid' in R1 and 0.11 + 0.04 pmol kgr*

in R2) suggest similar storages for the whole layer treatraturn equivalent to the observed
DT results in R1. Rios et al. (2012) reported a significapt STorage rate of 0.15 + 0.04
pumol-kgh-yr! (1971 to 2003) iMABWIn the Western South Atlantic (55°S-10N). For this
same basin, Wanninkhof et al. (2013) were able to detect €pathanges, from pCO
measurements, in deep waters from 44°S to the Equator, obtaintogagesrate of 0.47
mmol-nf-yr® for depths under 2000 m. Considering an average thickness for tee wa
column of about ~3000 m (from ~2000 m to the ocean bottom) it can be dechadtdiaety
found storage rates equivalent to ~0.15 umatg, that are applicable to deep and bottom
water masses at these latitudes in the North Atlanticgiaeanent with Rios et al.(2012).
Both results are consistent with the mean TSSR values obtairted AABW (table C1 in
Appendix C) which indicate the expected storage according to tmeaesd [Gn{ in this
layer. Only the weighted DT in R1 appears to confirm thisddition, a mean TSSR of 0.12
+ 0.05 pmol-kg-yr' is also obtained for the wholADW layer, which is also consistent to
Rios et al. (2012) and Wanninkhof et al. (2013). Only DT(TTD) andAD¥) suggest a
similarly observed result for tH&BlIADW layer in R2 (table C1 in Appendix C). Brown et al.
(2010) described a significant nonzergGignal at 24.5°N for depth ranges between 4000 -
6000 dbar in the deep eastern basin (Fig 7 in Brown et al.(2010))dkatonfirmed from
CCl, measurements). The authors suggested that thqsel¢@els might be related to the
arrival of ventilated waters from the North along the eastankfof the Mid-Atlantic Ridge,
which (Paillet and Mercier, 1997) described as Iceland-Scotlaed|Gw~ Water. Roughly, it
would correspond to and approximate storage of about ~ 0.2 - 0.3 pmgpi“kgvhich is
consistent with our results, given the fact that our storagefesred to a layer with almost
double thickness (between 2500- 5500) dbar.
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6. Conclusions

The 2010 and 2011 most recent occupations of the AO5 section, acrosd ##.8%e
Subtropical North Atlantic, were put into historical context witbpext to their C@system
measurements through comparison with data of three previous cithgefive A05 repeated
sections permitted the estimation of thg;6torage on decadal timescales, taking into account
changes in circulation during this period. To better constrain tbermadation of G, this

was estimated by using four different methods that include taickdation AC*, TrOCA
and(pCTO) and tracer (TTD) principles. Regardless of the method usestitmate [G.{, the
overall distribution showed higher&concentrations near the surface that decreased towards
the bottom. From the study of thg,@ccumulation along the different water masses found in
the section, we found that the greatest decaidedge rates were observed in the central water
masses: theNACWshowed a mean storage rate close to ~1 pmblkband thelNACW
displayed half of that (~0.5 umol-kgr') on average. Our results along tiiéACWare also

in accordance with the reported storage rates gfddd nG for BATS (Bates, 2012) and
ESTOC (Gonzalez-Davilat al, 2010) time series stations and suggest that during the last
two decades £ might have been absorbed more intensely in the western sideNABTEG.
Below the central layers, neither intermediate nor deeprwadsses showed average storage
rates greater than ~0.25 umol'kg™. However, the four methods gave evidence of the
strong zonal gradient in the,festorage rates below 1000 dbar, in which the western basin
presented a noticeable{accumulation close to the continental margin due to the conveyer
role of the DWBC, in comparison with the low storage rateghe ocean interior. In
particular, the storage rate of theNADW within the DWBC region amounted to ~0.5
umol-kg'-yrt due to the great ventilation by the LSW.

In general, the four methods gave consistent storage ratestingdi@a good agreement
between tracer and G@dased results. However, some differences in the obtaineabstor
rates were observed: the TTD method may lead give to unidesesd storages in the
uppermost layer UNACW, likely because of the decrease in the atmospheric CFC
concentrations after 1992. During our studied period, CFCs would retpbeper proxy to
track the atmospheric 5 increase in the younger water masses, while would it not
compromise the older ones. TAE* method suggested decadal storage values slightly higher

than the other three methods in the eastern basin in intetmadi@d deep layers, which likely
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results from the estimation of its disequilibria. Thg&cumulation by using TrOCA method
usually fells betweem\C* and (pCTO results, with the last method indicating storage rates
closer to the TTD method. There was generally betteremgent between the storage rates of
the four methods in the layers where the estimation @f i€ more robust. Differences
between the storage rates found between methods were more ahdenthe G, detection
limits became more important. In deep homogeneous waters wighloxgrC,,, absolute
uncertainties were of the same order of magnitude as thec@hcentrations, making
significant trends difficult to separate from the background noisea timescale of two
decades. This is the case of mdéSADW and AABW where there was no obvious
accumulation of g considering the uncertainties, despite the fact that theaget G
content could be considered to be significant. Here, we fagndisant bi-decadal trends in
the Gt storage rates of the deepest Subtropical North Atlantiersidly using all five A05
datasets and the assumption of a transient steady state ©Gftlokstributions, in order to
reduce the uncertainties related to deep waters measure@ant®sults are consistent with
Rios et al. (2012) who used the same methodology than our studnd@y measurements)
but a larger timescale (three decades) to compute thestGrage in the Western South
Atlantic basin. Our findings also match those obtained by Wanninkhaf. (2013), who
studied the gy change along the entire Atlantic Ocean during a period of imi&sto ours,

almost two decades, though with more precise p@€asurements.

The AO5 repeat hydrography thus permits the robust estimation of dfagestof Gn: on
decadal timescales and allows a better constraint of teeaations between the ocean
circulation and the carbon cycle, in particular regarding tleehanisms governing the

accumulation of ¢y along the Subtropical North Atlantic.
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Figure Legends

Figure 1. a) AO5 section tracks for the 1992 (green), 1998 (red), 2004 (dark blue), O (I

blue) and 2011 (yellow) cruisels) Regions, layers and defined boxes over the salinity
distribution of the 2011 cruise. The sections were zonally dividé&al five regions:
Region 0 (Florida Strait, 80°W to 78°W), region 1 (78°W to 70°k&gjon 2 (70°W to
45°W), region 3 (45°W to 30°W) and region 4 (30°W to 10°W). Six itleteyers were
defined identifying the main water masses of the SubtropioahNAtlantic: uUNACW
(60<26.7 kg-n7), INACW (26.7 kg-mP<co<27.2 kg-nit), AAIW (27.2 kg-nt<c,<27.6
kg-m®), uNADW (c60>27.6 kg-n? and 0,<37 kg-n¥), INADW (0,>37 kg-nt and
64<45.9 kg-nt) and AABW ©4>45.9 kg-17?).

Figure 2. Mean distributions otggfr (umol-kg') along the AO5 section for the eastern (right

panel) and western (left panel) subtropical North Atlantic bagink992 (red line) and

2011 (blue line). The respective shaded areas correspond tortthardteeviation of the

0 .
meancgrf;r estimates.

Figure 3. Averaged G, concentrations (umol-Ky within each box and its uncertainty

indicated by the coloured dots and the corresponding error bars (adLgnd: [C;F’rcj]

(red), [CTXOCA] (blue), [CAS ] (green),[CITP] (grey). The associated coloured lines are
the respective DT (umol-Reyr?). Each horizontal panel corresponds to each layer,
which are divided in subpanels identifying the regions. Mean TSS&andard

deviation is indicated in each box as the area between plotéel lines

Figure 4. C,y Storage rates (umol-Rgyr?), with their uncertainty. The storage rates

133

calculated trough the DT (coloured circles) or the TSSR (coloumsse&s) approaches,
by using each method&C* (green),¢C:° (red), TrOCA (blue) and TTD (grey). Mean
values, considering the four methods, through the DT (pink) and the TR8pe)
approaches are also shown. Each horizontal panel corresponds tayeackvhich are
divided in subpanels identifying the regions. The yellow dasheddlbitte indicates the

average DT along each whole layer, summing up the regionscaettiicker lines



O©CO~NOOOTA~AWNPE

906
907
908

909

134

highlight the boundary between the Florida Strait and the main secttbbetween the
western and the eastern basins along the Mid-Atlantic Ridgecdrhesponding values

are reported in Table C1, in Appendix C



Tables

Table 1. Cruises information on the repeat section A05.

Cruise name ) Sampled CO, Carbon related  Data adjustments in this
Dataset Year Period Research Vessel . L
(Expocode) stations ~ parameters® data PI(s) study (umol-kg™)
R/V Bio Ar(m), pH(m),  F. Millero /A. Ar(+4)°
29HEO06_1-3 GLODAP 1992  7/14-8/15 . 112 i b
Hespérides C+ (calc) Rios pH(-0.009 units)
R/V Ronald H. Ar(m) pH(m), R. Wanninkhof/
33R0O19980123 CARINA 1998  1/23-2/24 130 0,(*0.99)°
Brown C+(m) R.Feely
CARINA _ SiO, (*0.98)"
74D120040404 2004 4/4-5/10 R/V Discovery 125 Ar(m) Cr(m) U. Schuster d
own data NO; (*0.97)
: 0,(*1.03)'
74DI120100106  Newdata® 2010 1/6-2/18 R/V Discovery 135 Ar(m) Cr(m) U. Schuster . ;
SiO4 (*0.94)
R/V Sarmiento de Ar(m), pH(m),
-- Newdata 2011  1/28-3/14 167 E F. Guallart --

Gamboa

Cq (calc)

& (m) = measured parameter, (calc) = calculated parameter.
®(Guallart et al., 2013)
‘(Stendardo et al., 2009)
“Tanhua et al., 2010a)
®(Schuster et al., 2013)
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