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Is the Mediterranean Sea Outflow
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the North Atlantic?
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MEDWAVES cruise 2016

Mediterranean Sea Outflow
The Mediterranean Water goes into the Atlantic Ocean through the strait of Gibraltar,
being clearly identified as the most saline water of the water column located at
approximately 1000 dbar [1]. The chemistry of the CO2 in the Mediterranean Sea is
very particular, characterised by warm, salty and high alkalinity waters [2].

MEDWAVES (MEDiterranean out flow WAter and
Vulnerable EcosystemS) cruise was developed in the
framework of the ATLAS project. LEG 1: Cadiz – Punta
Delgada and LEG 2: Punta Delgada – Málaga, SeptemberOctober 2016, Spanish R/V Sarmiento de Gamboa.

The alkalinity climatology from GLODAPv2 [3] shows the tongue of high alkalinity
waters of Mediterranean origin spreading into the Atlantic Ocean.

The main goals were a) to characterize physically and
biogeochemically the Mediterranean Overflow Water
(MOW) path and understand its interaction with the
general Atlantic Meridional Overturning Circulation (AMOC)
stream, and b) to characterize communities associated to
the transition area aiming at understanding the way the
populations of targeted areas contribute to connectivity
between the Mediterranean Sea and the Atlantic Ocean.
Within the specific aim of evaluating the biogeochemical
role of the MOW, a fine scale sampling was made over the
400m above the bottom, to characterize the CO2 system of
the four different areas.

Assessment of

The CO2 variables (spectrophotometric pH and CO32- , potentiometric TA,
coulometric DIC) and potentiometric dissolved O2 samples were measured
following the international recommendations of the CO2 community [4]
and GO-SHIP manuals [5] obtaining a very accurate and precise dataset.

𝟐−
𝐂𝐎𝟑 methodology

The recent work of Patsavas et al. 2015 [6] refined the procedure for directly
measurements of [ 𝐂𝐎𝟐−
𝟑 ] in seawater by UV spectrophotometric
measurements of Gulf of Mexico samples. During the MEDWAVES cruise an
independent assessment of the method was made with strongly different
waters as previously made by Fajar et al. (2015) [7].

Input
variables

Mean ± Std

TA, pH

-0.70±2.11 (n=141)

DIC, pH

-0.98±1.61 (n=19)

TA, DIC

-1.17±2.22 (n=18)

ΔDIC

TA, pH

-0.08±2.28 (n=18)

ΔTA

DIC, pH

0.07±2.43 (n=18)

ΔpH

TA, DIC

-0.0015±0.0057 (n=20)

Residual

Δ[𝐂𝐎𝟐−
𝟑 ]

The path of total alkalinity is detectable by the TA concentrations measured during
MEDWAVES cruise. Different markers represent the four targeted areas.

The residuals of CO2 variables {Δ(i)} are calculated as
the difference between the measured value and the
calculated from inputs variables using CO2sys [8]. The
carbonic acid dissociation constants used are from
Lueker et al. 2000 [9], KSO4 constant of Dickson 1990
[10] and B/Cl ratio of Lee et al. 2010 [11].

Connectivity and sensitivity

FORMIGAS

ORMONDE

According to Fajar et al. 2012 [12] the Cant storage rate in the Iberian basin between
1993-2009 was 1.41±0.25 molC∙m-2∙y-1 for 𝜑𝐶𝑇𝑜 . If we considered only the Cant storage
rate of the MW layer (0.65 µmol∙kg-1∙y-1) and steady state, in the next 10 years the
depth CWC found in MEDWAVES (red points, adapted from Cruise report) could be in an
environment of ~7 µmol∙kg-1 Cant higher. That Cant increase would produce the pH and
ΩAragonite reduction shown in the lower panels.
In order to quantify the ability to resist changes in the CO2 system, we calculated βDIC
and ΩDIC that quantifying the sensitivity of protons [H+]and the carbonate saturation
state, respectively, to changes in DIC when TA is constant.
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Buffer factors (mmol∙kg-1)
Area
βDIC
ΩDIC
Formigas

0.19±0.03 -0.23±0.04

Ormonde

0.20±0.02 -0.24±0.04

Gazul

0.22±0.02 -0.26±0.03

Olivos

0.24±0.01 -0.29±0.01
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SECO DE LOS OLIVOS

Conclusions and future work

The MEDWAVES cruise was the perfect framework to evidence the presence of depth CWC in over
and around the Formigas, Ormonde and Seco de los Olivos seamounts, and the Gazul Mud volcano,
that until now was poorly known. Taking into account that the Mediterranean Overflow water
signal is detectable with alkalinity, and other CO2 variables, along the targeted areas, the DCWC
would be affected by the increase and acidification.
From now on it will be time to evaluate what species would be more affected by changes in MOW,
to link the CO2 variations and the CWC density and try to find some limiting factor - CO2 related
affecting to benthic community.
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