v SIMPOSIO
( INTERNACIONAL DE
CIENCIAS DEL MAR

I el 20-22 JULID

V Simposio Internacional de Ciencias del Mar

Emissions of Fe(Il) due to the undersea volcano of El Hierro and its kinetic
of oxidation

Carolina Santana—Gonzélezl, J. Magdalena Santana—Casianol, Melchor Gonzalez-Davila' and
Eugenio Fraile-Nuez”

'Instituto de Oceanografia y Cambio Global. IOCAG. Universidad de Las Palmas de Gran Canaria.
’Instituto Espafiol de Oceanografia, Centro Oceanogréafico de Canarias, Santa Cruz de Tenerife, 38180, Spain.

ABSTRACT

The eruptive process and the subsequent hydrothermal stage which took place in the undersea volcano at the
southeast of the El Hierro Island, have increased the concentration of TDFe(II) (Total dissolvable iron(Il),
unfiltered) in the waters nearest to the main cone. Three cruises were carried out in October 2013, March 2014
and May 2015 in order to detect any variation in concentrations of TDFe(II) due to hydrothermal emissions, two
years after the eruptive process. Flow injection chemiluminescence using luminol as the reagent was used to
determine the concentrations of TDFe(II). The results confirm positive anomalies in TDFe(I) which coincide
with negatives anomalies in pHt in a secondary cone during these cruises. Temporal studies in the stations
located over the main cone and two secondary cones with positively anomalies in TDFe(II) concentrations and
negative anomalies in pH values were carried out during hours to days. These showed an important variability in
both pHt and TDFe(Il) concentrations which indicated that the volcanic area was affected by intermittent events
of hydrothermal fluid emissions. These anomalies were present in the volcanic cone three years after the eruptive
phase had ceased. The increased TDFe(Il) concentrations and the low associated pHt values may be triggering
an important fertilization event in the seawater around the volcano at the Island of El Hierro providing optimal

conditions for the regeneration of the area.

INTRODUCTION

Hydrothermal vents are an important source of material of
different size, texture and chemical composition, such as
gases and metals particularly reduced species.. The
emission of gas and reduced species in hydrothermal vents
modifies the carbonate system, decreasing the dissolved
oxygen concentrations and reducing p€ and pH which
favour the presence of Fe(Il) and decrease its oxidation rate

[1].

It is known that the Fe(Il) is thermodynamically unstable
and is rapidly oxidized in oxic waters (seconds to minutes)
to Fe(Ill) by O, and H,0O, [2-4]. The concentration of
Fe(Il) dissolved in shallow and deep waters, depends on
the rate of oxidation of Fe(II) which is a function of O, and
H,0, concentration, pH, temperature, [HCO57]
concentrations and ionic strength and nutrient
concentration [4-10].

In hydrothermal vents, the Fe(Il) oxidises in the presence
of O, and precipitates in various mineral forms, mainly
oxy-hydroxide [11] forming massive deposits of iron.
Moreover reduced species of Fe and S form a FeS colloidal
complex, which remains suspended in the water and is
changing as the pH changes [12]. These nanoparticles can
stay suspended in the deep sea for years with slow settling
rates [13] and will solubilize and release the Fe(II).

The presence of shallow hydrothermal vents in the post-
eruptive phase of the submarine volcano close to the
coastal area gives us the opportunity to study the emissions
of dissolved Fe(Il), changes in the pH of the surrounding
waters and the correlation with the dissolved Fe(Il)
concentration. This provides information about both the
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kinetics of oxidation of Fe(Ill) and natural Fe(Il)
fertilization process taking place in the area.

MATERIAL & METHODS

The study was conducted in the region of the undersea
volcano, south of the island of El Hierro (Canary Islands,
Spain, at 27°37°07°N — 017°59°28”°W).

In order to determine the concentration of Fe(Il) in
seawater the FeELUME system (Waterville Analytical) was
selected. The FIA-chemiluminescence technique uses
luminol as the reagent [14]. Dissolved, colloidal and labile
phases of Fe(Il) are determined and expressed as TDFe(II).
The Software executed in the chemiluminescence was
provided by Waterville analytical (WA CONTROL V105,
PHOTO COUNTER CONTROL). The detection limit
obtained was 0.09nM (LD= 3xSTD [Blank], n =4), with
correlation coefficients of r’= 0.999.

The pH was measured in the whole the water column using
an SBE18 pH sensor that provides values expressed in the
NBS scale. Additionally, discrete samples were measured
on the total scale at a constant temperature of 25°C (pHr »5)
by the UV-Vis spectrophotometric technique [15] that used
m-cresol purple as an indicator [16].

The kinetic studies were undertaken in a thermo regulated
cell connected to a thermostatic bath (PolyScience). For
each study the seawater was tempered to the temperature
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chosen. When the temperature was equilibrated the pH was
measured and also the Tris buffer.

RESULTS & DISCUSSION

Important deviations were observed in the proximities of
the volcano during the October 2013, March 2014 and May
2015 cruises. TDFe(II) positive anomalies were followed
by negative anomalies in pHr along the full profiles and for
the bottom samples for October 2013, March 2014 and
May 2015 cruises.

The temporal study in station 55 during 4 days during the
October 2013 cruise, in stations 56 and 61 during 5 days
and four and a half hours, respectively, and in station 56
during 2 hours in May 2015, showed an important
variability in both pHy and TDFe(Il) concentration. This
indicated that the volcanic area was affected by intermittent
events [17] of hydrothermal fluids in vents that remain in
the volcanic cone three years after the eruptive phase has

ceased.

During May 2015 kinetic studies were done with two
seawater samples at salinity 35.457 and 36.924. In all the
cases the oxidation of iron (II) followed a pseudo-first
order behaviour. For each salinity sample the oxidation
became faster as the temperature increased. Moreover, the
oxidation of iron (II) was faster in surface waters with
salinity 36.924 and pHt over 8§ than in deeper seawater (at
341dbar) with salinity 35.457.

Kinetic studies carried out in the volcanic area show Fe(II)
oxidation faster than expected in natural seawater. In
general, a kinetic behaviour similar to that in in high
nutrient seawater was observed. Gonzalez et al[7] have
demonstrated the effect of high nutrient seawater
increasing the Fe(Il) oxidation rate, particularly the silicate.
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