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Introduction

Science cases for a multidisciplinary study of Earth-Ocean interactions
in the SE Pacific have recently been proposed. The primary focus of
the proposed science is biogeochemical cycling and ecosystem
functioning across a range of chemosynthetic ecosystems
(hydrothermal vents, cold seeps, whale falls, wood falls and an oxygen
minimum zone) which occur close to the Chile Triple Junction. Here,
the active subduction zone of the Chile Trench intersects the southern
Chile Ridge, a medium-fast spreading mid-ocean ridge. The full scope
of proposed investigations will expand across disciplines, ranging from
Southern Ocean circulation to plate-tectonic processes.

In order to aid in the development of detailed science plans for such
programmes, NERC have funded this project - a DVD which provides a
comprehensive overview of all the key existing oceanographic and
geologic data acquired by the international community in the SE Pacific
study area. This area extends from 20 to 50°S and from 90 to 70°W
and from 200m to full ocean depth. The background data represented
here have been collected from a broad range of environmental settings
along the Chile Continental Margin, the Chile Trench, the Chile Ridge
and surrounding the Chile Triple Junction. Most of the papers and
cruises are post 1986, with the exceptions of the "“Expedition
Downwind” conducted in 1958 which covers a substantial area within
the region and the “Scorpio Expedition” of 1967.



Availabili

I. Georeferenced Map & Database

Using ArcGIS, a georeferenced database has been constructed to show
the following:

X/
°o*

Relevant peer-reviewed papers from the study area (citations
only). Papers are represented on the map by a point (centroid)
which relates the centre of the area studied. Map ‘tips’ will
inform the user of the paper title. The extent of the study area
may also be viewed. Using ArcReader or ArcMap, use the @
button to identify the author of a particular paper by clicking on
the centroid on the map. Select Edit, Find (or use the binoculars
tool) and type in the authors name in the find box. Select the
Papers & Polygons Joint Table layer in the layer box. Click on
the authors name in the value box and the polygon relating to
the extent of area studied will flash up on the map.

Sample stations from cruises in the form of a dot-density map.
Map ‘tips’ will enable the user to see cruise references. Sample
sites may be viewed in their entirety or by selecting one or more
cruises at a time. Information regarding the sample type (e.g.
core, trawl, CTD etc.) is also given. In some instances, sample
sites consisted of lines or areas and these are also marked on
the map.

This information is presented on a map constructed using ArcInfo,
ArcMap (ArcGIS Version 9). A screen shot of the Map and Table of
Contents (legend) is shown below.
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This information may be viewed using either ArcMap or ArcReader
http://www.esri.com/software/arcgis/arcreader/index.html (available
as a free download).

I1. Bibliography

A bibliography of source materials for peer-reviewed papers is
available in electronic format (Endnote Library). This bibliography is
also available as a Word document. Printed copies of these papers are
available in a dedicated box file (Location LD1216) held in the National
Oceanographic Library at the National Oceanography Centre,
Southampton. A selection of key papers pre 1986 is also included in
this file. This is a reference only collection.

III. Map “Views”

A selection of map “views” is also provided.

IV. Cruise Summary

A list of key cruises to the region (as featured on the map) is provided.
This list features information (where available) regarding PI's and the
nature of the cruise.



Appendices

Table below links to available file formats.

1LPDF || Word || Endnote || JPG

Bibliography Post 1986 Il -'" \/ II ‘/ IE
Bibliography Pre 1986 || II \/ " \/ IE
Map View - Cruise Sample Stations IDDD- -
Map View - Papers II |I I |I_J -

Map View - Geological Features II " I II \/

S [ -

Proposal - NOAA O&E II " " " l
Proposal — INSPIRE II " \/ l II I




APPENDICES



Bibliography — Post 1986

Bangs, N. L. B., D.S. Sawyer & X. Golovchenko (1993). "Free gas at the base of
the gas hydrate zone in the vicinity of the Chile Triple Junction,." Geology
21: 905-908.

Bangs, N. L. & S. C. Cande (1997). "Episodic development of a convergent
margin inferred from structures and processes along the southern Chile
margin." Tectonics 16(3): 489-503.

Barrientos, S. E. & S. N. Ward. (1990). "The 1960 Chile earthquake: inversion for
slip distribution from surface deformation." Geophysics Journal
International 103: 589-598.

Behrmann, J. H. & A. Kopf. (2001). "Balance of tectonically accreted and
subducted sediment at the Chile Triple Junction." International Journal of
Earth Sciences 90(4): 753-768.

Behrmann, J. H. et. al.. (1992). Proceedings of the Ocean Drilling Program, Initial
Reports. Vol. 141, College Station, TX (Ocean Drilling Program).

Bourgois J., C. Guivel., Y. Lagabrielle, T. Calmus, J. Boulégue & V. Daux (2000).
"Glacial-interglacial trench supply variation, spreading-ridge subduction
and feedback controls on the Andean margin development at the Chile
triple junction area (45-48°S)." Journal of Geophysical Research 105:
8355-8386.

Brown, K. M., N.L. Bangs, P.N. Froelich & K.A. Kvenvolden (1996). "The nature,
distribution, and origin of gas hydrate in the Chile Triple Junction region."
Earth and Planetary Science Letters 139(3-4): 471-483.

Cande, S. C., R.B. Leslie, J.C. Parra & M. Hobart (1987). "Interaction between
the Chile Ridge and Chile Trench - Geophysical and Geothermal
Evidence." Journal of Geophysical Research - Solid Earth and Planets
92(B1): 495-520.

Cande, S. C. & R.B. Leslie (1986). "Late Cenozoi tectonics of the Southern Chile
Trench." Journal of Geophysical Research 91: 471-496.

Cande, S. C. & W. F. Haxby. (1991). "Eocene propagating rifts in the Southwest
Pacific and their conjugate features on the Nazca Plate." Journal of
Geophysical Research - Solid Earth 96 (B12): 19609-19622.

Castro-Gonzalez, M. & L. Farias (2004). "N20 cycling at the core of the oxygen
minimum zone off northern Chile." Marine Ecology-Progress Series 280:
1-11.

Cuevas, L. A., G. Daneri, B. Jacob & P.Montero (2004). "Microbial abundance
and activity in the seasonal upwelling area off Concepcion ([not, vert,
similar]36[deg]S), central Chile: a comparison of upwelling and non-
upwelling conditions." Deep Sea Research Part IlI: Topical Studies in
Oceanography 51(20-21): 2427-2440.

Daniel, A. J., N.J. Kusznir & P. Sytles (2001). "Thermal and dynamic modeling of
deep subduction of a spreading center: Implications for the fate of the
subducted Chile Rise, southern Chile." Journal of Geophysical Research-
Solid Earth 106(B3): 4293-4304.

Diaz-Naveas, J. (1999). Sediment Subduction and Accretion at the Chilean




Convergent Margin Between 35’ and 40’S., Christian-Albrechts-Universitat
zu Kiel,: 130.

Escribano, R., G. Daneri, L. Farias, V.A. Gallardo, H.E. Gonzalez, D. Gutierrez,
C.B. Lange, C.E. Morales, O. Pizarro, O. Ulloa & M. Braun (2004).
"Biological and chemical consequences of the 1997-1998 EI Nino in the
Chilean coastal upwelling system: a synthesis." Deep-Sea Research Part
1l 51: 2389-2411.

Farber-Lorda, J. (2004). "Oceanography of the Eastern Pacific--an introduction to
volume llI." Deep Sea Research Part II: Topical Studies in Oceanography
51(6-9): 505-512.

Fossing, H., V.A. Gallardo, B.B. JOrgensen, M. Huéttel, L.P Nielsen, H. Schulz,
D.E. Can¢eld, S. Forster, R.N. Glud, J.K. Gundersen, J. Kuéver, N.B.
Ramsing, A.Teske, B. Thamdrup & O. Ulloa (1995). "Concentration and
transport of nitrate by the mat-forming sulphur bacterium Thioploca."
Nature 374: 713-715.

Gallardo, V. A., M. Palma, F.D. Carrasco, D. Gutierrez, L.A. Levin & J.I. Canete.
(2004). "Macrobenthic zonation caused by the oxygen minimum zone on
the shelf and slope off central Chile." Deep-Sea Research Part li-Topical
Studies in Oceanography 51(20-21): 2475-2490.

Gonzalez, H. E., D. Hebbeln, J.L. Iriarte & M. Marchant (2004). "Downward
fluxes of faecal material and microplankton at 2300 m depth in the oceanic
area off Coquimbo (30[deg]S), Chile, during 1993-1995." Deep Sea
Research Part |I: Topical Studies in Oceanography 51(20-21): 2457-2474.

Grevemeyer, |., J.L. Diaz-Naveas, C.R. Ranero & H.W. Villinger (2003). "Heat
flow over the descending Nazca plate in central Chile, 32 degrees S to 41
degrees S: observations from ODP Leg 202 and the occurrence of natural
gas hydrates." Earth and Planetary Science Letters 213(3-4): 285-298.

Guivel, C., Y. Lagabrielle, J. Bourgois, R.C. Maury, S. Fourcade, H. Martin & N.
Arnaud (1999). "New geochemical constraints for the origin of ridge-
subduction- related plutonic and volcanic suites from the Chile Triple
Junction (Taitao Peninsula and Site 862, LEG ODP141 on the Taitao
Ridge)." Tectonophysics 311(1-4): 83-111.

Guivel, C., Y. Lagabrielle, J. Bourgois, H. Martin, N. Arnaud, S. Fourcade, J.
Cotten & R.C. Maury (2003). "Very shallow melting of oceanic crust during
spreading ridge subduction: Origin of near-trench Quaternary volcanism at
the Chile Triple Junction." Journal of Geophysical Research-Solid Earth
108(B7): art. n0.-2345.

Gutierrez, D., V.A. Gallardo, S. Mayor, C. Neira, C. Vasquez, J. Sellanes, M.
Rivas, A. Soto, F. Carrasco & M. Baltazar (2000). "Effects of dissolved
oxygen and fresh organic matter on the bioturbation potential of
macrofauna in sublittoral sediments off Central Chile during the 1997/1998
El Nino." Marine Ecology - Progress Series 202: 81-99.

Helly, J. J. & L. A. Levin. (2004). "Global distribution of naturally occurring marine
hypoxia on continental margins." Deep-Sea Research Part |-
Oceanographic Research Papers 51(9): 1159-1168.

Hormazabal, S., G. Shaffer & O. Pizarro (2002). "Tropical Pacific control of




intraseasonal oscillations off Chile by way of oceanic and atmospheric
pathways." Geophysical Research Letters 29(10.1029/2001GL013481).

Hormazabal, S., G. Shaffer & O. Leth (2004). "The Coastal Transition Zone off
Chile." Journal of geophysical Research - Solid Earth 109: C01021,
doi:10.1029/2003JC001956.

Hucke-Gaete, R., L.P. Osman, C.A. Moreno, K.P. Findlay & D.K. Ljungblad
(2003). "Discovery of a blue whale feeding and nursing ground in southern
Chile." Proceedings of the Royal Society of London B. 271: 170-173.

Karsten, J. L., E.M. Klein & S.B. Sherman (1996). "Subduction zone geochemical
characteristics in ocean ridge basalts from the southern Chile Ridge:
Implications of modern ridge subduction systems for the Archean." Lithos
37(2-3): 143-161.

Kilian, R. J. & J.H. Benrann (2003). "Geochemical constraints on the sources of
Southern Chile Trench sediments and their recycling in arc magmas of the
Southern Andes." Journal of the Geological Society 160: 57-70.

Klein, E. M. J. L. Karsten (1995). "Ocean-Ridge Basalts with Convergent-Margin
Geochemical Affinities from the Chile Ridge." Nature 374(6517): 52-57.

Lagabrielle, Y., C. Guivel, R.C. Maury, J. Bourgois, S. Fourcade & H. Martin
(2000). "Magmatic-tectonic effects of high thermal regime at the site of
active ridge subduction: the Chile Triple Junction model." Tectonophysics
326(3-4): 255-268.

Laursen, J., D.W. Scholl & R. von Huene (2002). "Neotectonic deformation of the
central Chile margin: Deepwater forearc basin formation in response to
hot spot ridge and seamount subduction." Tectonics 21(5): art. no.-1038.

Leth, O. G. Shaffer (2001). "A numerical study of the seasonal variability in the
circulation off Central Chile." Journal of Geophysical Research 106.:
22229-22248.

Leth, O. G. S. O. Ulloa (2004). "Hydrography of the eastern South Pacific Ocean:
results from the Sonne 102 cruise, May-June 1995." Deep Sea Research
Part II: Topical Studies in Oceanography 51(20-21): 2349-2369.

Levin, L. A. (2003). "Oxygen minimum zone benthos: Adaptation and community
response to hypoxia." Oceanography and Marine Biology 41: 1-45.

Lewis, S. D., J.H. Behrmann, R.J. Musgrave, & S.C. Cande (1995). Proceedings
of the Ocean Dirilling Program, Initial Reports. Vol. 141, College Station,
TX (Ocean Drilling Program).

Marchant, M., D. Hebbeln, S. Giglio, C. Coloma & H.E. Gonzalez (2004).
"Seasonal and interannual variability in the flux of planktic foraminifera in
the Humboldt Current System off central Chile (30[deg]S)." Deep Sea
Research Part Il: Topical Studies in Oceanography 51(20-21): 2441-2455.

Mix, A. C., R. Tiedemann, P. Blum et al. (2003). Proceedings of the Ocean
Drilling Program, Initial Reports. Vol. 202. Southeast Pacific
paleoceanographic transects. Covering Leg 202 of the cruises of the
Drilling Vessel "Joides Resolution", Valpariso, Chile, to Balboa, Panama,
Sites 1232-1242, 29 March-30 May 2002. (2003), College Station Tx:
Ocean Drilling Program: 144pp.

Molina, V., L. Farias, M.Graco, C. Rivera, L. Pinto & V.A. Gallardo (2004).




"Benthic nitrogen regeneration under oxygen and organic matter spatial
variability off Concepcion ([not, vert, similar]36[deg]S), central Chile."
Deep Sea Research Part Il: Topical Studies in Oceanography 51(20-21):
2507-2522.

Montecino, V., R. Astoreca, G. Alarcon, L. Retamal & G. Pizzaro (2004). "Bio-
optical characteristics and primary productivity during upwelling and non-
upwelling conditions in a highly productive coastal ecosystem off central
Chile ([not, vert, similar]36[deg]S)." Deep Sea Research Part Il: Topical
Studies in Oceanography 51(20-21): 2413-2426.

Morales, C. E. C. B. Lange (2004). "Oceanographic studies in the Humboldt
current system off Chile: an introduction." Deep Sea Research Part Il:
Topical Studies in Oceanography 51(20-21): 2345-2348.

Munoz, M. & V. Hamza (1993). "Heat-Flow and Temperature-Gradients in Chile."
Studia Geophysica Et Geodaetica 37(3): 315-348.

Munoz, P., C.B. Lange, D. Gutierrez, D. Hebbeln, M.A. Salamanca, L. Dezileau,
J.L. Reyss, & L.K. Benninger (2004). "Recent sedimentation and mass
accumulation rates based on 210Pb along the Peru-Chile continental
margin." Deep Sea Research Part |I: Topical Studies in Oceanography
51(20-21): 2523-2541.

Murdie, R. E., D.J. Prior, P. Styles, S.S. Flint, R.G. Pearce & S.M. Agar (1993).
"Seismic Responses to Ridge-Transform Subduction - Chile Triple
Junction." Geology 21(12): 1095-1098.

Murdie, R. E., P. Styles, D.J.Prior & A.J. Daniel (2000). "A new gravity map of
southern Chile and its preliminary interpretation." Rev. geol. Chile, 27(1):
49-63.

Murdie, R. E. R. M. Russo (1999). "Seismic anisotropy in the legion of the Chile
margin triple junction." Journal of South American Earth Sciences 12(3):
261-270.

Palma, M., E. Quiroga, V. A. Gallardo W. Arntz, D. Gerdes, W. Schneider & D.
Hebbeln (2005). "Macrobenthic animal assemblages of the continental
margin of Chile (228 to 428S)." Journal of the Marine Biological
Association of the United Kingdom 85: 233-245.

Party, S. (1992). "Ocean Drilling Yields Surprises at the Chile Triple Junction."
Geotimes 37(9): 19-21.

Pichler, T., W.I. Ridley & E. Nelson (1999). "Low-temperature alteration of
dredged volcanics from the Southern Chile Ridge: additional information
about early stages of seafloor weathering." Marine Geology 159(1-4): 155-
177.

Pizarro, O., A. J. Clarke & S. Van Gorder (2001). "El Nino sea level and currents
along the South American coast: comparison of observations with

theory." Journal Physical Oceanography 31(7): 1891-1903.

Quiroga, E., R. Quinones, M. Palma, J. Sellanes, V.A. Gallardo, D. Gerdes & G.
Rowe (2005). "Biomass size-spectra of macrobenthic communities in the
oxygen minimum zone off Chile." Estuarine Coastal and Shelf Science
62(1-2): 217-231.

Sawyer, D. S., N. L. Bangs, & X. Golovchenko (1994). "Deconvoluting ODP




Temperature Logging Tool Data to Improve Borehole Temperature
Estimates: Chile Triple Junction." Journal of Geophysical
Research(99(B6),): 11,995-12,003.

Sellanes, J., E. Quiroga & V.A. Gallardo (2004). "First direct evidence of methane
seepage and associated chemosynthetic communities in teh bathyal zone
off Chile." Journal of the Marine Biological Association of the United
Kingdom 84: 1065-1066.

Shaffer, G., O. Pizarro, L. Djurfeldt, S. Salinas & J. Rutllant (1997). "Circulation
and low-frequency variability near the Chile coast: remotely forced
fluctuations during the 1991-1992 EI Nino." Journal Physical
Oceanography 27.: 217-235.

Shaffer, G., S. Hormazabal, O. Pizarro & S. Salinas (1999). "Seasonal and
interannual variability of currents and temperature off central Chile."
Journal of Geophysical Research 104: 29951-29961.

Shaffer, G., O. Leth, O. Ulloa, J. Bendtsen, G. Daneri, V. Dellarossa, S.
Hormazabal & P.l. Sehlistedt (2000). "Warming and circulation change in
the eastern South Pacific Ocean." Geophysical Research Letters 27:
1247-1250.

Shaffer, G., S. Hormazabal, O. Pizarro & M. Ramos (2004). "Circulation and
variability in the Chile Basin." Deep-Sea Research Part I-Oceanographic
Research Papers 51(10): 1367-1386.

Sherman, S. B., J.L. Karsten & E.M. Klein (1997). "Petrogenesis of axial lavas
from the southern Chile ridge: Major element constraints." Journal of
Geophysical Research-Solid Earth 102(B7): 14963-14990.

Stuardo, J. & C. Valdovinos (1988). "A new bathyal Calyptogena from off the
coast of central Chile Bivalvia Vesicomyidae. Venus." Japanese Journal of
Malacology 47: 241-250.

Stuart, V., O. Ulloa, G. Alarcén, S. Sathyendranath, H. Major, E. J. H. Head & T.
Platt. (2004). "Bio-optical characteristics of phytoplankton populations in
the upwelling system off the coast of Chile." Revista Chilena de Historia
Natural 77: 87-105.

Sturm M. E., E. M. Klein., D.W. Graham & J. Karsten (1999). "Age constraints on
crustal recycling to the mantle beneath the southern Chile Ridge: He-Pb-
Sr-Nd isotope systematics." Journal of Geophysical Research 104: 5097-
5114.

Tebbens, S. F., S.C. Cande, L. Kovacs & J.C. Parra (1997). "The Chile Ridge: A
tectonic framework." Journal of Geophysical Research 102: 12035-12059.

Tebbens, S. F. S. C. Cande (1997). "Southeast Pacific tectonic evolution from
early Oligocene to present." Journal of Geophysical Research 102(B6):
12061-12084.

Tsimplis, M. N., S. Bacon & H. L. Bryden (1998). "The circulation of the
subtropical South Pacific derived from hydrographic data." Journal of
Geophysical Research 103: 21433-21468.

Tsuchiya, M. & L. D. Talley (1998). "A Pacific hydrographic section at 88W:
water-property distribution." Journal of Geophysical Research 103: 12899-
12918.




Ulloa, R., S. Palma & N. Silva (2004). "Relationship between spatial distribution
of chaetognaths and oceanographic conditions off Concepcion Bay,
Chile." Deep Sea Research Part Il: Topical Studies in Oceanography
51(6-9): 537-550.

Well, R., W. Roether & D.P. Stevens (2003). "An additional deep-water mass in
Drake Passage as revealed by 3He data." Deep Sea Research Part |
50(9): 1079-1098.

Zelt, C. A., A. M. Hojka, E. R. Flueh & K. D. Mclintosh (1999). "3D simultaneous
seismic refraction and reflection tomography of wide-angle data from the
central Chilean margin,." Geophysical Research Letters 26: 2577-2580.




Bibliography — Pre 1986

Fisher, R. L. & R. W. Raitt (1962). "Topography and structure of the Peru-Chile
trench." Deep Sea Research 9: 423-443.

Herron, E. M. (1981). "Chile Margin near Lat 38-Degrees-S - Evidence for a
Genetic- Relationship between Continental and Marine Geologic Features
or a Case of Curious Coincidences." Geological Society of America
Memoirs 154: 755-760.

Herron, E. M., S. C. Cande, & B.R. Hall (1981). "An Active Spreading Center
Collides with a Subduction Zone - a Geophysical Survey of the Chile
Margin Triple Junction." Geological Society of America Memoirs 154: 683-
701.

Menard, H. W. (1960). "Consolidated slabs on the floor of the Eastern Pacific."
Deep Sea Research 7: 35-41.

Raitt, R. W. (1964). Geophysics of the South Pacific. Research and Geophysics.
H. Odishaw. Cambridge, Mass., M.I.T. Press: 223-241.

Shipek, C. J. (1960). "Photographic study of some deep-sea floor environments
in the Eastern Pacific." Bulletin of the Geological Societry of America 71:
1067-1074.

Stommel, H., D. Stroup, J. Reid & B. Warren (1973). "Transpacific hydrographic
sections at Lats. 43degS and 28degS: the SCORPIO Expedition - I." Deep
Sea Research Part |: Oceanographic Research Papers 20: 1-7.













Jahawanaig ‘| auuos A/ 18] BUUOS|G00Z-+002
Ayl Ay D7 % zew.os) [epIA Jaded sau9||8s 4002
BIPUBIOG 'Y % BJsne| ‘H aueeyy, 7 AN 3d40S0Ig|#002
euljoy 8jeqy A/ sdnyd €002
Jefeeyund A/ opIwliod|z002
XIN 'OV uojnjosay sepior A/Q ¢0¢ dd0|co0c
uleqgeH 'a 95| 8uuos A/ uonipadx3 MONd| 1002
ajueey, 7 A/ anbinb| - oquinbo) | 6661
(OYIN) 8siniy yoleasay aAisusju| Aseuldiosipiinin (866 L
peiuoH Ny 10620(8861
$8sini) snoleA|0002-L661
9004) 'A’'N ZeWw.J.os) [epIA Am_._.<v Co_“__bmaxm |euoljeutaiul youal] ewedely| /661
siobunog ajueleyy, 7 N rLO|.661
9siojuod 'g sjuelely.1 Nid NnoNd| 661
auuos N/Y ¢0| |uuos|S661
oquinboQ }seo0d JO|(L661-€661
diouy] N/Y co_u_bmaxm_ SS04D UIBylnoS | €661
uapAig "H Joux A/Y (3D00M) 1uswiadx3 uonendIID UeddQ PO | E661
1P3IS|YSS ‘|I'd "Oul snoliep ZBUWII0Y [BPIA 9 BUIIOWN 8jeqy N\/Y $8sini) snNoUeA|L00Z-L661
uuewuyag ‘a’'H ® swme1 'a’'s uonnjosey ssepior A\/A vl dA0O|C661-1661
00IqgISaMA 'O uimueq sslieyn N/ 9€ dD|8861
uaLep\ 'v'g ‘dnoss 'g'3 ‘eWWolS IN'H ‘Pley 1T 62'®8¢ uiwejg N\/e uoppadx3 01d100g (/961
Jaysid “1Y B PJBUBIN 'M'H| UOZLIOH A/Y 8 plleg "o 190uadS A/ pumumoq uonipadx3|8s6L
}SULILS Ja1Y9 |[9SSOA jJoy asinip| ajeq




)oeJ} 8sInJd 10 buldwes Jo s|iejap oN soI1sAydoas Auew.la9) ‘Jewosn)
S8)}UNWWOD d3dYUASOWaYD Jo A1anoasiq AbBojoig

juawiiadx3 oiioed yynog sondo B Assiwayosoabolg|  Aisiwayo/soisAyd/Aboloig ayouela||iA ap alydeiboueas,p aliojeioqe]
Jaded $00z sele4 B ojjse) 99 Asiway)
Agsiway)

21j10Bd 1S3 YInos Aydeiboueadoajoed Ajis1oAlun aje)s uobalp

Jaded GOOZ ‘e 10 ew|ed 89S ABojoig uawalug je)isiaAlun
uopjue|dojiyd Abojoig
uopjue|doifyd Abojoig

dao Joj Aenung ayg youau ] /abpry ajiyo soisAydoag) Aysianiun eiquiniod O SqO yue3 AuayoQq-juowe

ABojojuawipas/Abojoig BAOUSS) Ip B}ISIOAIUN ‘SUIIBIA I|BJUSIqUIY 8ZOUBI0S ap OINJISu|

S92UBI0S095) slied ‘SYND

S90UBI0S095) Sled ‘alIN)-ale\-}8-a.181d S)ISIaAIUN

BuljoA9 uoguen ¥ uoie|NaID uead Ajaonpoudosjeed uabeyuado) Jo Aysianiun

uone|naIID uesdn

s9ss920.d |eoIsAyd

MN ‘@nua) Aydeiboueas uoydweyinog

(1212M doap pue mojjeys) sAe.ly Bulloop Juaing

sassao0.d |eoisAyd

uabeyuado) jo AysieAlun

uonounr ajduL ajIyd

solsAydoas

uassal9 JeYISIOAIUN B SOSN

(VI4019) Aenung sAydoag abpry aliyo

solsAydoas

weybuiwag jo Ausiaaiun

(2-1)0z ¥Sa ‘(€261) |e 18 [pwwog ul sieded pue spodas asiniy

Ansiway) g saisAud

IOHM ‘lemeH Jo AysuaAiun “yoa] ‘Isu| sepasnyoessey ‘sdduog

Kieuydiosipniniy

Aydeibouead jo uonnyysu| sdduog

oju| JIaYy0

auldiosig

(s)uonmiysuj 3spualdg Ja1IY9o




International South-East Pacific Investigation of
Reducing Environments (INSPIRE)

Chris German, Dana Yoerger & Tim Shank (WHOI), Lisa Levin & Kevin Brown (SIO),
Marv Lilley (UW), Chuck Fisher (PSU), Ed Baker & John Lupton (NOAA-PMEL),
Paul Tyler, Doug Masson & Lindsay Parson (NOCS, Southampton, UK),

Juan Diaz-Naveas (PUCV, Valparaiso, Chile), Javier Sellanes (UCN, Coquimbo, Chile)

This proposal aims to conduct first exploration for and
discovery of hydrothermal vents and cold seeps located
close to one another at the intersection of the South Chile b T A% L

Ridge and Margin. The Chile Triple Junction (CTJ) is : South  Chile Andes

Chile Ridge Trench
L !

the only place on Earth where an active ridge is currently
being subducted beneath a continental margin but such
geologic processes have recurred throughout the 200Ma
history of the Pacific Ocean basin, represent a direct
precursor to the modern tectonic setting of earthquake-
prone southern California and, at the CTJ, are associated
with the largest single earthquake ever recorded. In this
one-year programme, we will conduct state-of-the-art
exploration combining TOBI sidescan sonar, CTD and
nested ABE deployments to map and image the triple-
junction and to locate and photograph new hydrothermal
vents, cold seeps and novel “hybrid” chemosynthetic
ecosystems at the triple-junction itself.

Although what we present here represents a self-contained proposal for fundamental
ocean exploration, this collaborative international project would also mark the first
important step toward a broader initiative to investigate the overlap of organisms between
all the different known forms of chemosynthetic ecosystem which, uniquely, can co-exist
in the Chile Triple-Junction area: hydrothermal vents, cold seeps, oxygen minimum
zones and whale, kelp and wood-falls. Accordingly, this project is now highest priority
for the Census of Marine Life field-program Chemosynthetic Ecosystems (ChEss).

Proposed Work:

Our programme requires 34 days of shiptime on-station to complete multibeam mapping
(2.5 days), TOBI sidescan sonar (12 days), CTD tow-yo operations (6 days) and ABE
investigations and seafloor sampling (13.5 days). The active margin of the Chile Triple
Junction was mapped in Dec.2004 (I.Grevmeyer, Leibniz Institute, Germany) and we will
extend that coverage for 200km along the adjacent South Chile Ridge (2.5 days) prior to
TOBI deployment. Our TOBI/MAPR survey along this same 200km of ridge-crest will
require 6 days shiptime which, along this medium-fast ridge should yield 3-4 plume-
targets. A further 6 days’ TOBI survey will be conducted across the triple-junction
searching for cold seeps (readily identified by the high-backscatter from cementation/
precipitation of methane-derived carbonates) and novel “hybrid” fluid-flow sites resulting
from close juxtaposition of hot vents and gas hydrates at the Triple Junction itself.
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In detail, we aim to locate and investigate three sites of active fluid flow: (i) a “hybrid”
site close to the Triple Junction, (ii) a high-temperature vent-site, nearby along the ridge-
crest and (iii) a “normal” cold-seep along the adjacent margin. Each site will require a
series of up to 6 CTD profiles and/or tow-yo sections prior to ABE deployment.
Allowing <8 hours for each, this might require as much as 6 days’ further shiptime, total.
[NB: previously, no more than ~24 hours of CTD operations were required prior to ABE
deployment to find new vent-sites in the Lau Basin and Sth Atlantic where we have
previously pioneered and established this technique (German et al., 2004, 2005)]. ABE
exploration and vent/seep ecosystem characterization will require a nested approach of 2-
3 dives (total = 4.5 days per site) to locate, map, and photograph the completely novel
ecosystems we will find in this (as yet unexplored) biogeographic province. On the
South Chile Rise we will conduct all 3 phases of exploration at one vent-site: (I) in situ
plume-mapping; (IT) high-resolution (SM2000) mapping and buoyant plume interception;
(IIT) photo-mosaicing of vent-habitats/ecosystems (4.5 days). For the Chile margin, prior
work has shown that TOBI detection of authigenic carbonate deposited around sites of
CH,-rich active flow is sufficient to progress immediately to camera-based investigations
of novel chemosynthetic ecosystems (e.g. Sahling, 2004). For this programme, however,
we request 4.5 days for each of two more sites to conduct extensive high-resolution
mapping and ecosystem characterisation (9 days). A virtue of ABE work is that the same
time can also be used to conduct preliminary seafloor sampling at these three study areas.

Fit to NOAA-OE Mission Priorities:

This proposal fits well to all four of OE’s priorities for General Exploration: (i) We will
characterise novel vent, seep and “hybrid” habitats and ecosystems. (ii) Our work is of
fundamental importance to CoML’s major field program ChEss, focussed on chemo-
synthetic ecosystems: www.noc.soton.ac.uk/chess/field.html. (iii) Our work will involve
mapping at increasing resolution (multibeam, deep-tow 30kHz sidescan, SM2000, photo-
mosaicing) of a quite unique geologic setting as well as completely new vent, seep and
“hybrid” chemosynthetic habitats & ecosystems. (iv) Our research will provide insights
into thermal destabilization of gas hydrates at ocean margins and reveal completely new
species in what we will likely prove to be a completely new biogeographic province.

Proposed Budget & Explanation of Cost-Sharing:
German et al (WHOI) : ABE operations, TDMn analyses, cruise participation  $330,000

Lilley (U.Washington): CTD operations, CH, analyses $170,000
Levin & Brown (SIO): Cruise participation, sidescan/biological interpretation ~ $60,000
Fisher (PSU): Cruise participation, biological interpretation $30,000

Baker & Lupton (NOAA/PMEL): cruise participation, MAPRs, He-3/4 analysis $60,000
We request full costs for ABE and CTD field operations plus partial science support to
include analyses of water-column samples for TDMn and CH, and cruise participation
for US co-PIs critical to future CoML/ChEss research in this area (Levin, Brown, Fisher,
Shank). If this bid is successful, co-funding will be provided from NOC (UK) for TOBI
field operations and senior NOC science staff (Co-PIs Masson, Parson & Tyler). NERC
will support 2 students involved in chemical sensor/sample analyses and sidescan (TOBI
& SM2000) data interpretation. ChEss (CoML) will provide salary support for lead PI
German, outreach activities, database entry (ChEssBase/OBIS) and UK scientists’ travel.

C.R.German - Chile



Exploring Chemically-Fuelled Ecosystems in the S.E.Pacific:
Interactions Between the Solid Earth, Oceans and Life.

A WUN “Grand Challenge”

Prof.C.R.German (Southampton Oceanography Centre, UK)
Prof.L.A .Levin (Scripps Institution of Oceanography, USA)
Prof. P.A.Tyler (Southampton Oceanography Centre, UK)
Prof. C.R Fisher (Pennsylvania State University, USA)

Executive Summary

We propose a novel, interdisciplinary investigation of interacting Earth-, Ocean- and
Life-Science processes in the SE Pacific off Chile. This international programme,
which will involve more than 20 internationally-recognised scientists from 7 different
WUN Universities, will take full advantage of key UK capabilities - notably the deep-
diving (6500m) remotely-operated vehicle (ROV) Isis and state-of-the-art expertise
using the deep-tow sidescan vehicle TOBI to image the seafloor. SOC’s co-ordinating
role in this programme will be complemented by our lead partner in the USA, the
Scripps Institution of Oceanography. In addition to their wealth of expertise in the S.
Pacific, a particularly important contribution from SIO will be access to their major
ocean-going research ships that operate regularly in the area.

The site for our proposed study, the intersecting ridge and margin off Chile, is critical
on two counts. From an Earth-Science perspective, it offers a unique opportunity to
examine the full spectrum of plate-tectonic processes, from mid-ocean ridge
spreading centre to subducted oceanic plate, all at one location. Indeed, the Chile
Triple Junction is one of only two modern sites on our planet where an active ridge
crest is being swallowed by a subduction zone. This tectonic configuration is the
direct precursor to modern (earthquake-prone) coastal California and our general
study area will also include the site of the largest Earthquake yet recorded: the great
Chile Earthquake of 1960 (Mw9.5). For the Life-Sciences, the SE Pacific is unique: it
is perhaps the only location, worldwide, where one can investigate a full spectrum of
deep-sea chemosynthetic ecosystems in close proxxmlty hydrothermal vents, cold
seeps, whale carcasses, wood-falls, oxygen minimum zones (OMZs) and gas
hydrates. The chemical fluxes from these systems are significant to both ocean
chemistry and, hence, climate while the chemosynthetic communities that they host,
many of which function largely independently of direct energy from the sun (hence
the term chemosynthesis, cf photosynthesis) are increasingly linked to the origins of
life on Earth and strategies for astrobiological exploration.

We envisage a three-year programme (2005-2008) with two major field seasons in
Jan-Mar 2006 and Jan-Mar 2007. Research in year 1 will include location of vents
and seeps from surface-ship operations while activities in year 2 will be dominated by
detailed investigations at the deep seafloor using the 6500m-rated ROV Isis. Our
proposal will include a strong outreach component, as well as training. It is to this
end, that we are already in discussion with the BBC Natural History Unit, Bristol.



1. Programme Objectives & Outline

Our broad objectives for this project are three-fold:

A: To investigate the unique interaction of plate-tectonic processes currently observed
at the Chile Triple Junction, 46°S, as the South Chile Ridge (a mid-ocean ridge) is
subducted beneath the South American continent.

B: To locate and characterise new sites of chemically enriched fluid flow from the
seafloor associated with the range of tectonic setting encountered and to investigate
the chemosynthetic ecosystems — including species likely to be completely new to
science - that they host.

C: To determine the interactions between a) chemosynthetic ecosystems driven by
Solid-Earth processes (vents, seeps), ) chemosynthetic ecosystems fuelled by
degradation of photosynthetic primary production (whale-falls, wood-falls, oxygen
minimum zone) and ¢) adjacent, non-reducing, deep-sea ecosystems.

Year 1 (2005-06):  First field programme, surface ship operations.
Year 2 (2006-07): Second field programme, ROV dives.
Year 3 (2007-08):  Work-up and synthesis of results, dissemination.

2. Background: Plate Tectonics and Chemosynthetic Ecosystems.

To explain the rationale of our approach it is important, first, to recap briefly on plate
tectonic theory, chemosynthetic ecosystems, and their likely interactions.

a). Plate Tectonics.

More than half the Earth’s surface is covered by deep-oceans more than 3,500m deep.
But because less than 1% of the deep seafloor has been investigated, we currently
know less about the Earth’s surface than that of the Moon, Venus or Mars!

One key discovery arising from deep-ocean research in the last century was that of
plate tectonics. This revolutionised our understanding of the workings of our planet.
Heat is released from the Earth’s interior at volcanic boundaries which, typically, are
found deep beneath the seafloor: mid-ocean ridges (Fig.1). As these ridges spread, the
ocean crust cools and subsides to form the flat seafloor of our deep-ocean basins; this
becomes progressively covered by a rain of (detrital and biogenic) sediment.

Fig.1 Left: NASA satellite image showing the shape of the deep ocean floor. Young Mid-Ocean
Ridges, which are shallow, are shaded pale blue. Right: cross-section of a subduction zone.

Eventually, cooled slabs of ocean /ithosphere become so dense that they subside back
beneath the Earth’s surface into the underlying, asthenosphere. These down-welling



plate boundaries - subduction zones — give rise to the very deepest parts of the
Earth’s seafloor: ocean trenches (Fig.1). In the SE Pacific Ocean, quite uniquely, we
can study all of these processes in close association (see later).

b) Chemosynthetic Ecosystems.

It is now well recognised that there is significant fluid flow and release of chemical
energy from the seafloor associated with plate tectonic boundaries. One spectacular
manifestation is the formation of high-temperature vents on mid-ocean ridges.
Chemically-enriched cold seeps are also known to be abundant along subduction
zones that have been investigated to-date and increased attention is now being paid to
the formation of gas hydrate deposits at ocean margins (Fig.2). What is common to
all these settings is the exciting discovery that they are colonised by a wealth of
completely new species, previously unknown to science, which tend to utilise energy
from this chemical release, rather than sunlight - hence the term “chemosynthesis™.

To date, most hydrothermal vent and cold seep discoveries have been restricted to the
Northern Hemisphere. Even so, virtually every newly explored vent-field and cold-
seep has yielded species new to science. In the SE Pacific we expect to find vent,
seep and hydrate-fuelled ecosystems in close proximity. Our hypothesis is that these
systems will represent an entirely new biogeographic province, different from
chemosynthetic ecosystems explored previously. Of course, not all chemosynthetic
ecosystems in the deep-sea are fuelled by plate tectonic processes. Large organic falls
(e.g. whale carcasses or wood) or high phytoplankton inputs beneath high-
productivity upwelling areas can also create chemosynthetic ecosystems. In the SE
Pacific we can study these systems as well: whale migration, an oxygen minimum
zone and wood-falls are all well established in the area.

Fig.2 Chemosynthetic ecosystems in various forms (hydrothermal vents, gas hydrates, cold-seeps) can
host a range of specialised, exotic fauna. The SE Pacific may represent a new biogeographic province.

3. Methodology and Approach



The SE Pacific Ocean represents a unique natural laboratory for our proposed
programme. Here, we can study a full spectrum of the interactions between plate
tectonics and chemosynthetic ecosystems (both tectonically driven and otherwise) in a
single location. The setting, close to the Chile Triple Junction where the south Chile
Ridge is being subducted beneath the Andes at the Chile Trench, also provides the
modern analogue for the development of the San Andreas Fault (California) and
associated seismic risk. Our study will include the site of the largest earthquake ever
recorded (the My, 9.5 great Chile earthquake, 1960) which made the Earth ring like a
bell, ruptured the Chile margin for >950km and caused tsunami-fatalities on the
opposite side of the Pacific, in the Philippines and Japan.

South Chile Andes
Chllel Ridge Trench l
|

Fig.3 The SE Pacific/Chile Triple Junction Area.

Our objectives (see Appendix) can be subdivided into Solid Earth Sciences, Marine
Geochemistry and Biological Oceanography. However, the true strength of our
programme rests in the interdisciplinary interactions that lie at the core of our
developed, integrated, strategy.

In Austral Summer 2005/06 we will conduct our preliminary field programme using
state-of-the-art deep-tow sonar equipment coupled with in situ chemical sensing,
water sampling and seafloor photography to investigate both the South Chile Ridge
(42-46°S) and the adjacent Chile margin at sites between 38°S and 47°S. This work
will identify new sites of hydrothermal activity, cold seep flow and, potentially,
completely novel systems where the volcanic ridge is over-ridden by the hydrate-
bearing margin. Seafloor imaging and water-column sampling will be complemented
by sampling of fresh lavas at the ridge-axis, crucial to achieving new insights into the
“plumbing” of subduction zones. We will also deploy long-term experiments in Year
1 including, wood-fall deployments, fluid-flow measurements and (where available)
beached whale-carcass sinkings. In 2006/07 we will return with the 6500m-rated
ROV (remotely operated vehicle) Isis to study the full suite of known chemosynthetic
ecosystems: hydrothermal vents, cold-seeps, wood-falls, whale-carcasses (sunk in Yrl
+ historic), hydrates, and the oxygen minimum zone. All Isis investigations will
involve overlapping and integrated geological, geochemical and marine (macro- and
micro-) biological components.



4. The WUN Partnership

Our project will involve 25-30 principal investigators from seven laboratories. As
well as establishing novel collaborations among the laboratories involved (no PI has
worked previously with the majority of their co-PI’s in this venture) we will also
provide essential training for a new generation of interdisciplinary scientists. Sub-
projects range from the contamination of the mantle at subduction zones to studies of
gene-flow between ridges and margins via stepping stones (e.g. whale carcasses),
from whether fluid flow is associated with major earthquake faults to an investigation
of iron isotopic fractionation: is it a reliable tracer of biotic or abiotic processes?

The coordinating laboratory will be the SOC, University of Southampton where a
multi-disciplinary team (geophysics/ocean chemistry/benthic biology) will be
complemented by specialists in petrology, organic geochemistry, mineralization
processes and development of the chemosynthetic fossil record from the Universities
of Bristol and Leeds. Our lead partner laboratory in the USA will be the Scripps
Institution of Oceanography, UC San Diego who also boast a strong team in
geophysics, geology, geochemistry, micro- and macro-biology. The partnership in
the US will be augmented with specialists in hydrothermal vent chemistry and the
chemistry of low-oxygen marine environments (U.Washington) the world’s lead
laboratory in studying Fe-isotope fractionation (U.Wisconsin-Madison) and further
expertise across both vent and cold-seep chemosynthesis at Penn. State University.

Our project, as formulated, would contribute significantly to three major programmes
that currently benefit from internationally coordinated attention — InterRidge,
Margins/EuroMargins and (just launched) the Census of Marine Life. While any one
of those programmes might be particularly interested in some subset of our proposed
study, only our programme would employ the full breadth of expertise required to
investigate this fascinating system of Earth-Ocean-Life interactions as a whole.

Potential benefits to society will include a greater appreciation of the science involved
— readily communicated via both the Web (live?) & BBC/Discovery using ROV and
shipboard footage. Possible commercial benefits include: insurance risk; resource
extraction (hydrates; hydrocarbon extraction vs. fragile ecosystems); pharmaceuticals.

5. Estimated Budget (2005-2008)

Our estimated budget for the full programme is ~£7.5M. Of this, ca. £2.5M is
estimated for shiptime (2 mths each, Yrs.1 & 2) and the ROV “Isis” (Yr.2 only).
Indirect costs vary, UK vs US. Here we use a rate of 50% of total direct costs.

Table 1: Direct costs
Scientist Salaries: £1,610k
Student Training:  £380k

Consumables: £580k Table 2: Overall Budget Totals
Equipment: £320k Direct Costs Total: £3,315k
Travel: £265k Indirect @ 50%: £1,660k
Outreach: £165k Shiptime/ROV: £2 450k
Total Direct Costs: £3.315k Grand Total: £7.452k




