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ABSTRACT

Submarine Groundwater Discharge (SGD) has beergmésal as an important component of the
ocean-continent interface. The few previous stuitieBrazil have focused on nearshore areas. This
paper explores SGD on the Southern Brazilian Cental Shelf using multiple lines of evidence that
include radium isotopes, dissolved nutrients, aatewmass observations. The results indicated that
SGD may be occurring on the Continental Shelf & Atbard&o region, near a paleochannel located
50 km offshore. This paleochannel may thus be &emmetial pathway for the delivery of nutrient-
and metal-enriched groundwater and porewater iomtireental shelf waters.

Resumo

A descarga de agua subterranea ("Submarine Grotedd®escharge”; SGD) é um importante elo
entre continente-oceano. No Brasil, embora hajarescente interesse em estudos sobre este tema,
eles ainda séo raros e se restringem as zonagassfepresente investigacdo explora as evidéncias
SGD na Plataforma Continental do Sul do Brasilgaais incluem is6topos de radio, nutrientes
dissolvidos e distribuicdo das massas d'adgua. €sltaelos indicam que a SGD pode ocorrer na
Plataforma Continental na regido do Albarddo, pnaxa um paleocanal localizado a 50 km da costa.
Esse paleocanal pode, assim, ser o caminho prefaretie entrada de nutrientes e de aguas
subterraneas ricas em metais na plataforma cotainen

Descriptors: Porewater, Subterranean estuary, Rétmeediments.
Descritores: Agua intersticial, Estuario subterirgedimentos permeaveis.

INTRODUCTION with nutrients and metals in coastal zones. Kroeger
al. (2007) reported that submarine groundwater has
Submarine Groundwater Discharge (SGD)concentrations of nutrients orde.rs of magnitudéndiig
has been recognized as an important continenf?@n those of surface waters. Windom e(2006) and
ocean link (NIENCHESKI et gl 2007) which playsa Niencheski et al. (2007) have observed that
fundamental role in the seaward transport of elesaen 9roundwater-derived trace metal inputs into theaace
It is significant for the geochemical cycle of nmi May be one order of magnitude higher than those of
environment and may drive primary productivity and/Vers into the ocean off Patos Lagoon._CabIe et al.
eutrophication in coastal waters. Even though th&1996) and Santos et al. (2010) have pointed @it th
transport of submarine groundwater is not as evided® activities of radium isotopes may be from two t
as the transport of river waters (BURNETT;four orders of magnitude higher in submarine
DULAIOVA, 2003), the flow of groundwater may be groundwater. Therefore, even small volumes of

responsible for greatly enriching superficial water SUbmarine  groundwater  discharge ~ may carry
significant amounts of elements to the ocean. SGD
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may, thus, be an important natural source of mitsie PatosLagoon mouth, where coastal mud deposits can
for primary productivity. In some cases, coastabe found (CALLIARI, 1997), and where there are
eutrophication and primary productivity may bebiodetritic limestone deposits at depths of 28@om
directly related to SGD (CORBETT et al., 1999;(CAPITOLI; BEMVENUTI, 2006). The SBCS
HUSSAIN et al., 1999). In addition, SGD may delivercomprises several depressions related to regreasitn
gases from the bottom of the sea and create siitaltfansgression events of the sea level (ABREU,;
habitats for benthic microorganisms and faun&ALLIARI, 2005; CAMPOS et al., 2009).
(HOVLAND; JUDD, 1988; BUSSMANN; SUESS, In the Pleistocene regressive period, when
1998; STIEGLITZ, 2005). the sea level reached its lowest point 120m below

Despite the fact that SGD is a commonits present level, the continental shelf was caedeinto
phenomenon in inshore regions close to beaches, thdong coastal plain (ABREU; CALLIARI, 2005). The
advection of submarine groundwater is not resttitte drainage of several fluvial systems reached the edg
this zone; it may occur on larger spatial scaleatt@n the shelf and gave rise to several delta compléXasn
(2010) demonstrates that confined aquifers maychtre the sea level started to rise again, it inundatedvast
along the coast quite extensively and reach theoastal plain, the deltas, the estuaries and other
continental shelf several kilometers offshore. itme transitional environments.
cases, deep aquifers may have fractures in confined There are several relatively deep and wide
upper layers - such as ruptures triggered by thealeodrainage systems on the SBCS. The largest
depressions found along the shelf - which makes gmaleochannel (Fig. 1), known as thAlbardédo channel,
exchange of fluids across the sediment-water aaterf is located on the southern limit of the inner and
possible. Santos et al. (2012b) have shown thatugar intermediate shelves. Beside the inner shelf i thi
physical processes may control submarine groundwatehannel, there are coastal sandbanks whereas on the
discharge in areas on the continental shelf. intermediate shelf, there is a bank parallel toctrennel,

There are few studies of submarinethe Albardao Bank, which raises the seabed and thus
groundwater discharge (SGD) in Brazil (SANTOS etdecreases its depth from 75 m to 45 m (CAPITOLI;
al., 2008) despite the fact that there has recdstgn BEMVENUTI, 2006; CAMPOS et al., 2009). The
more interest in estimating SGD and in its poténtiaSBCS is influenced by the Subantarctic Shelf Water
influence on productivity in coastal zones. In fact(SASW) which determines both the low temperature at
some important results have already been achieved the bottom (12-14°C) and the high phytoplancton
the southeastern (GODOY et al., 2006; OLIVEIRA etproductivity. The nutritional quality of the sulmste
al, 2006; BURNETT et al 2008; MOORE; is probably responsible for the large number othien
OLIVEIRA, 2008; SMOAK et al 2012) and southern organisms (CAPiTOLI; BEMVENUTI, 2006) and
regions of Brazil (WINDOM et al 2006; promotes the development of pelagic and demersal
NIENCHESKI et al, 2007; ATTISANO et al., 2008). fish on the shelf (CASTELLO; MOLLER Jr., 1997).
However, direct SGD inputs into Brazilian offshore
waters have not yet been addressed.

The objective of this investigation is to
explore the evidence for submarine discharge on tt
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Field Samplings of Subantarctic and Continental Waters, salinity
cannot be used to determine whether or not theae is
Sampling was carried out on the Southerrany fresh submarine groundwater seeping up from the
Brazilian Continental Shelf (offshore transect — asro paleochannel.
from the Albarddo Lighthouse) from  the However, the intrusion of SASW through
Oceanographic Research Stifiantico Sul- FURG,  the AlbarddoPaleochannel may cause the advection of
in winter (August) 2005 and in the austral summegroundwater into the SBCS by the mechanism known
(February) 2007. A Rosetta, with Niskin bottles,as convection. Seasonal differences in temperanale
coupled to a CTD device, was used for collectingalinity between the SASW.(14°C in winter anck
samples at different depthsas well asdata op1°C in summer) (MOLLER Jr. et.a2008) and the
conductivity and temperature. interstitial waters of usually limited temperature
Nutrient samples were filtered through 0.45variation may drive convection on the shelf. The
um cellulose acetate filters with a vacuum pumpe Thintrusion of cold (and hence, denser) SASW into the
samples were then stored in polyethylene flasks anshleochannel may lead to density inversion at the
frozen. Reactants were added whenever necessaggdiment-water interface and may potentially reeas
The samples were then analyzed by the standatfle radium- and nutrient-enriched interstitial wate
methods described by Baumgarten et al. (2010). This process, which may occur in diverse
Measurements of“Ra and #?Ra were environments, acts on temporal/spatial scalesntiast
carried out in subsurface waters using fibersary from hours to years and from centimeters to
impregnated with manganese oxide (MOORE, 1976kilometers (SANTOS et al2012a). For instance, in
The radium samples were measured by the RaDeCCFtorida, groundwater reaches the shelf through
Delayed Coincidence Counter following Moore; fractures in the seabed and creates convectios aell
Arnold’s recommendations (1996). a kilometer scale (KOHOUT, 1967). The balance of
Temperature  and salinity  valuesthe interstitial and overlying waters involved it
characteristic of each water mass were based @Rechanism may reach 0.14 m?'dn estuaries
Méller Jr. et al (2008). This approach allowed the (WEBSTER et al., 1996) and determine the chemical
identification of the classic T-S diagrams as déstt composition of estuarine waters (SANTOS et al.,
by Sverdrup et al(1942) and Miranda; Castro Filho 2012a).
(1979).
Nutrients
ResuLTs anpDiscussion N ,
Silicate, a good groundwater tracer in coastal
Water Masses waters (KIM et al., 2005) (Fig. 3a and b), was
enriched near the paleochannel areas when there was
In the austral summer (February, 2007)SASW intrusion up the paleochannel. This provides
SASW was observed to weaken northwards (Fig. 2vidence for the advection of continental groundwat
Since SASW is a water mass with a broad salinitpr porewater, known to be enriched in silicate and
interval, ranging from 33.5 to 34.2, due to theingx Other nutrients (SANTOS et al., 2009) (Fig. 3).
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Fig. 2. Vertical distribution of water masses ire tAlbarddo region in (A) winter and (B) summer: &tah Water (CW);
Subantartic Shelf Water (SASW); Subtropical Shelatgy (STSW); Tropical Water (TW); South Atlantic rG&l Water
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Fig. 2. Distribution of silicate (umol L-1) alondpé transects offshore in (a) winter and (b)
summer. The dashed line is the break on the sfi&lé dashed line represents the paleochannel
in Albarddo (CAMPOS et al., 2009).

Core samples collected in thalbarddo the Continental Shelf. The increase in the radium
Paleochannel support this hypothesis. They shoats thconcentration between 50 and 100 km from the coast
there is a higher water content (average: 50%)galorcoincides with the location of the depression ie th
the profile than in other regions of the SoutherrAlbarddo Paleochannel. Campos et al. (2009)
Brazilian Continental Shelf. Besides, some clayndicated that the paleochannel starts exactly 50 k
deposits have even higher water-content. There fsom the coast whereas its eastern margin stretohies
likely some recirculation of water in the sedimentsas far as 90 km from the coast. The distribution of
found in this depression, even though they may Imostradium isotopes is thus consistent with our hypsithe
consist of clay. Recent studies have shown that thtbat the paleochannel is a preferred pathway for
activity of benthic microorganisms in impermeablegroundwater or porewater exchange on the shelf.
clay sediments makes the transport of porewater Mulligan et al. (2007) also suggested that
through bioirrigation and burrows possible and thapaleochannels in a coastal oceanic environment may
this significantly enhances the recirculation ofbe the preferential routes for the exchange betwhsen

seawater in sediments (MAHER et, 2013). seawater and aquifers. These authors have modeled
the advection of groundwater in fluvial channels in
Radium Isotopes North Carolina (USA) and have observed that even
small paleochannels promote hydraulic

_ Tzhe distgizbution of short-lived radium connection between the aquifers and the sea, thus
isotopes {*Ra and**Ra) showed a clear enrichmentmaking the intrusion of seawater towards the centin

of isotopes nearshore and again at 50-100 km affshoand the discharge of fresh water offshore possible.
(Fig. 4). The location of the offshore radium

enrichment area indicates advection of groundwater
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Fig. 4. Distribution of activities: (£f“Ra and (bf*Ra, in transect offshore in austral winter.
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