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Rivers	
  and	
  coastal	
  sediments	
  
provide	
  Fe	
  and	
  other	
  metals	
  
to	
  the	
  distal	
  ocean.	
  

The	
  influence	
  of	
  solid	
  Earth	
  on	
  	
  
Ocean	
  chemistry	
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Natural	
  Aerosols:	
  Atmospheric	
  
dust	
  is	
  transported	
  from	
  
con-nents	
  and	
  supplies	
  
micronutrients	
  (e.g.,	
  Fe,	
  Zn)	
  to	
  
the	
  surface	
  ocean.	
  	
  	
  
Volcanic	
  erup6ons,	
  glacial	
  flour.	
  

Submarine	
  Hydrothermal	
  and	
  
Volcanic	
  ac-vity	
  adds	
  3He	
  ,	
  Fe,	
  
Mn,	
  CO2	
  	
  (and	
  others	
  chemicals)	
  
to	
  the	
  Ocean	
  on	
  a	
  con-nual	
  and	
  
consistent	
  basis.	
  

Fossil-­‐fuel	
  and	
  bio-­‐mass	
  
burning	
  supply	
  highly	
  
soluble	
  aerosols	
  with	
  both	
  
poten-ally	
  toxic	
  trace	
  
metals	
  (e.g.,	
  Cu,	
  As,	
  Se,	
  Pb)	
  
and	
  bioavailable	
  Fe	
  and	
  
other	
  elements	
  (V,	
  Cr,	
  Ni).	
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Analy6cal	
  sensi6vity	
  (weight	
  basis)	
  
•  Al	
   	
  0.000000000001 	
   	
   	
   	
  1x10-­‐12	
  
•  Mn 	
  0.0000000000006 	
   	
   	
   	
  6x10-­‐13	
  
•  Fe	
   	
  0.0000000000006 	
   	
   	
   	
  6x10-­‐13	
  
•  3He 	
  0.00000000000000000001 	
   	
  1.20E-­‐20	
  

Al	
   	
  -­‐Dust	
  and	
  submarine	
  erup-ons	
  
Mn 	
  -­‐Hydrothermal	
  ac-vity	
  and	
  trace	
  nutrient	
  
Fe	
   	
  -­‐Hydrothermal	
  ac-vity	
  and	
  trace	
  nutrient	
  
3He 	
  -­‐Unambiguous,	
  conserva-ve	
  	
  tracer	
  of	
  magma-c	
  ac-vity	
  
	
  
	
   	
  -­‐Rela-ve	
  par-cle	
  abundance	
  Light	
  

ScaLer	
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In	
  ~1/3	
  of	
  the	
  ocean,	
  excess	
  
nutrients	
  are	
  perennially	
  

available	
  yet	
  phytoplankton	
  
biomass	
  is	
  rela-vely	
  low.	
  

Abraham	
  et	
  al.,	
  2000	
  	
  	
  
	
  

Fe-­‐	
  Fer-liza-on	
  

Chlorophyll	
  mg/m3	
  



Earth-­‐Ocean	
  Interac-ons	
  	
  

2014	
  PMEL	
  Lab	
  Review	
   6	
  

Basin	
  Scale	
  Trace	
  Element	
  Chemistry	
  Basin	
  Scale	
  Hydrothermal	
  Impact	
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activity been detected on the seafloor between the
volcanoes . Hydrotherma l venting typically occurs
in shallow-­‐water to midwater depths, between
1650 and 200 m [de Ronde et al., 2001; Baker

et al., 2003], considerabl y shallower than those of

MORs (typicall y 2,200 to 2,600 m). Consequentl y,
the maximum temperature of the expelled fluids
will be less than those possible at MORs due to
lower confinin g pressures of the overlying water
column. This in turn enables processe s such as

Figur e 1. Locatio n of the volcanic centers surveyed during NZAPLUME II (this work) and previously during
NZAPLUM E I [ de Ronde et al., 2001]. Volcanicall y active White Island and Raoul Island bracket the dominantly
submarine arc volcanoes of the Kermadec arc. Also shown for reference are the Cotton and Vulkanolog volcanic
edifices reported byde Ronde et al.[2001] and mentioned in the text, but which are now considered part of the Healy
and Curtis volcanic centers, respectivel y. In addition , Rumble II West and Rumble II East togethe r now make up the
Rumbl e II volcanic center. The vast majority of the volcanic centers along the Kermadec arc shown here are
hydrotherma lly active (see legend) , althoug h activity is more subdued in the midpart of the arc (see text). HT, Havre
Trough ; TVZ, Taupo Volcani c Zone.

Geochemistry
Geophysics
Geosystems

de ronde et al.: submarine hydrothermal activity 10.1029/2006GC001495de ronde et al.: submarine hydrothermal activity 10.1029/2006GC001495
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de	
  Ronde	
  et	
  al.,2005,	
  2007,	
  2011,	
  2012	
  
Leybourne.,	
  2012a	
  2012b,	
  Baker	
  et	
  al.,	
  
2002,	
  2003,	
  2012,	
  	
  Embley	
  et	
  al.,	
  2008,	
  
2012,	
  Caratori	
  et	
  al.,	
  2012,	
  Chadwick	
  et	
  
al.,	
  2008,	
  Dziak	
  et	
  al.,	
  2008,	
  Lavelle	
  et	
  
al.,	
  2008	
  

de	
  Ronde	
  et	
  al.,	
  2007	
  



Hydrothermal	
  Ac-vity	
  is	
  a	
  	
  
Global	
  Scale	
  Phenomena	
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•  Green	
  dots—~600	
  confirmed	
  and	
  
inferred	
  vents	
  

•  Red	
  dots—those	
  discovered	
  by	
  PMEL	
  
(~50%)	
  

•  ~25%	
  of	
  all	
  known	
  vents	
  discovered	
  
by	
  MAPRs	
  

0° 

60°N 

30°N 

30°S 

60°S 

Baker	
  et	
  al.,	
  2007,	
  2008,	
  2009,	
  2010,	
  
2014a,	
  2014b	
  submiKed	
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  Data	
  from	
  Lupton,	
  1998	
  

Hydrothermal	
  ac-vity	
  
influences	
  the	
  chemistry	
  	
  
of	
  the	
  ocean	
  basins.	
  

3He	
  is	
  a	
  conserva-ve	
  
	
  tracer	
  of	
  magma-c	
  	
  

ac-vity.	
  

3He	
  enables	
  	
  
us	
  to	
  track	
  deep	
  

ocean	
  flow	
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  Pacific	
  Zonal	
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US-­‐GEOTRACES	
  Program	
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Data	
  at	
  Biological	
  and	
  Chemical	
  Oceanography	
  Data	
  Management	
  Office	
  

GEOTRACES	
  	
  
An	
  interna-onal	
  
program	
  designed	
  
to	
  understand	
  the	
  	
  
broad-­‐scale	
  trace-­‐
element	
  chemistry	
  
of	
  the	
  oceans.	
  

The	
  3He	
  plume	
  
from	
  the	
  EPR	
  
enables	
  us	
  to	
  
evaluate	
  
hydrothermal	
  
impacts.	
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Baker	
  et	
  al.,	
  2007,	
  2008,	
  2009,	
  2010,	
  
2014a,	
  2014b	
  submiKed	
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Oebius et al., 2001 

Korea	
  Ins-tute	
  of	
  Ocean	
  Science	
  and	
  Technology	
  
Joint	
  Project	
  Agreement:	
  Development	
  of	
  a	
  Monitoring	
  &	
  Research	
  
Plan	
  for	
  Korean	
  Benthic	
  Environmental	
  Impact	
  Study	
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  Repeat	
  Hydrography	
  
and	
  Other	
  Transects	
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Grand	
  et	
  al.,	
  2014a	
  
Grand	
  et	
  al.,	
  2014b	
  

Synergy:	
  
Dick	
  Feely	
  
John	
  Bullister	
  
Greg	
  Johnson	
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Resing	
  et	
  al	
  2014	
  
BarreK	
  et	
  al.,	
  2013,	
  2014	
  
Buck	
  et	
  al	
  2013a,	
  2013b	
  

Partners:	
  
W.	
  Landing,	
  Florida	
  State	
  
C.	
  Measures,	
  University	
  of	
  Hawaii	
  	
  

2003	
  dFe	
  (nM)	
  2013	
  dFe	
  (nM)	
  	
  	
  	
  	
  	
  

2003	
  dAl	
  (nM)	
  	
  	
  	
  	
  	
  2013	
  dAl	
  (nM)	
  	
  	
  	
  	
  	
  

Eq	
  	
  	
  	
  	
  10°N	
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  30°N	
  	
  	
  40°N	
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  20°N	
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  40°N	
  	
  	
  50°N	
  	
  	
  60°N	
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Zonal	
  Velocity	
  along	
  Equator	
  

Slemons	
  et	
  al.,	
  (2010),	
  	
  
Slemons	
  et	
  al.,	
  (2011).	
  	
  

Partners:	
  
J.	
  Murray,	
  UW	
  
F.	
  Lecan,	
  LEGOS	
  



Kavachi	
  

Baker	
  et	
  al	
  2002	
  

Sources	
  of	
  Fe	
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Mackey	
  et	
  al	
  2002;	
  Wells	
  et	
  al	
  1999,	
  
suggested	
  that	
  Fe	
  may	
  be	
  supplied	
  to	
  the	
  
EUC	
  by	
  shallow	
  hydrothermal	
  ac-vity.	
  

Previously	
  we	
  have	
  
implicated	
  
coastal	
  sediments	
  
rivers	
  

Shallow	
  hydrothermal	
  
and	
  erup-ve	
  

ac-vity	
  

Synergy:	
  
William	
  Kessler	
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Lihir	
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French	
  Collabora-on	
  
(LEGOS)	
  
Cathrine	
  Jeandel,	
  
Francois	
  Lecan	
  	
  

PMEL:	
  
William	
  Kessler	
  
U.	
  Hawaii	
  
M.	
  Grand	
  

Graduate	
  Student	
  
S.	
  Michael	
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NW	
  	
  
Rota	
  

NW	
  	
  
Rota	
  



Mariana	
  Arc	
  

Future	
  Direc-ons	
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NW	
  Rota	
  

Mariana	
  Arc	
  

Figure	
  from	
  A.	
  	
  Gordon	
  
NW	
  Rota	
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•  Global	
  Explora-on	
  and	
  Research	
  reveal	
  how	
  the	
  solid	
  Earth	
  interacts	
  
	
  with	
  the	
  Ocean.	
  

•  Submarine	
  Hydrothermal	
  and	
  Volcanic	
  ac-vity	
  affect	
  the	
  chemistry	
  of	
  
	
  the	
  ocean	
  basins.	
  

•  Conserva-ve	
  tracers	
  like	
  3He	
  (and	
  CFCs	
  and	
  SF6)	
  provide	
  cri-cal	
  
	
  informa-on	
  on	
  ocean	
  transport.	
  

•  Fe	
  from	
  shallow	
  and	
  deep	
  hydrothermal	
  sources	
  reach	
  the	
  surface	
  
	
  ocean.	
  

•  The	
  impacts	
  of	
  ocean	
  mining	
  are	
  not	
  well	
  understood.	
  	
  
•  Processes	
  responsible	
  the	
  input,	
  processing,	
  and	
  transport	
  of	
  Fe	
  

	
  throughout	
  the	
  ocean	
  needs	
  to	
  be	
  understood	
  to	
  properly	
  model	
  	
  
	
  anthropogenic	
  and	
  natural	
  	
  effects	
  on	
  ocean	
  produc-vity.	
  

	
  


