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NOAA Office of Ocean Exploration Quick Look Report

Expedition Title: 
New Zealand American Submarine Ring of Fire 05
	Results (please check all disciplines in which this cruise collected data)
	Details (please describe any novel discoveries in the discipline, answers such as “possible, awaiting data analysis” and “no apparent discoveries” are acceptable)

	Bathymetric Mapping

 MACROBUTTON CheckIt ( Yes    X No


	

	New Species Discovered

 MACROBUTTON CheckIt ( Yes     MACROBUTTON CheckIt ( No


	Possibly/Probably on some sites, but it will take time for these specimens to be examined by taxonomists.

	Bio-prospecting

 MACROBUTTON CheckIt ( Yes    X No


	There was contact with Dr. Shirley Pomponi on this subject.  She was going to contact 

colleagues in New Zealand to inquire about a joint program, but no word about the results of this were communicated to us prior to the expedition.

	Habitat Range Extended

 MACROBUTTON CheckIt ( Yes     MACROBUTTON CheckIt ( No


	Probably for some species

	Chemical Processes

X Yes     MACROBUTTON CheckIt ( No


	(1) Extensive gas-rich venting at Giggenbach and Macauley volcanoes

(2) The most extensive Fe-rich venting we’re aware for submarine hydrothermal systems on Healy volcano

	Geologic Processes

X Yes     MACROBUTTON CheckIt ( No


	Awaiting data analysis

	Physical Processes

X Yes     MACROBUTTON CheckIt ( No


	Awaiting data analysis

	Sub/ROV/AUV Dives

X Yes     MACROBUTTON CheckIt ( No


	(1) PISCES V Submersible (HOV): 17 Dives (612-628); 

(2) RCV-15 (ROV): 2 Dives at Macauley volcano

See Appendix A for operations log and Appendix B for dive location map.

	New Technology

 MACROBUTTON CheckIt ( Yes    X No


	New for PISCES V

(1) Digital Still camera                     (3) Ultra-shortbaseline navigation capable of deep water 

(2) HMI lights                                                                   operation



	Maritime Cultural Heritage

 MACROBUTTON CheckIt ( Yes    X No


	Not applicable

	Outreach

X Yes     MACROBUTTON CheckIt ( No


	Logs, images and video clips from dives during expedition

	Students Involved

 MACROBUTTON CheckIt ( Yes     MACROBUTTON CheckIt ( No


	A doctoral student in microbiology from the University of Washington

Note:  Because this program was jointly funded by New Zealand institutes, NOAA only had 5 bunks per leg.

	Multidisciplinary

X Yes     MACROBUTTON CheckIt ( No


	Marine Geology, Volcanology, Economic Geology, Vent Fluid Chemistry, Gas Chemistry (inc. He3), Macrobiology, Microbiology, Physical Oceanography.  See Attachment C for list of personnel and specialties.

	Exploration of New Regions

X Yes     MACROBUTTON CheckIt ( No


	Dives were made on eight volcanoes; Monowai (Caldera), Macauley (Cone), Giggenbach, “W”, Rumble V, Clark, Healy, and Brothers.  All of these except for Brothers were explored in situ for the first time on this expedition


NOAA Office of Ocean Exploration - Quick Look Report, 2005 Expeditions

Project title: Submarine Ring of Fire

Principal Investigator and institution:  Robert W. Embley; NOAA, Pacific Marine Environmental Laboratory
Expedition title: New Zealand American Submarine Ring of Fire 05

Expedition dates and itinerary: 
Leg I:
3 April -Depart Pago Pago, American Samoa







22 April -Arrive Tauranga, NZ








Leg IIa:
25 April -Depart Tauranga, NZ







29 April -Arrive Tauranga, NZ for personnel change






Leg IIb:
29 April -Depart Tauranga, NZ







10 May -
Arrive Tauranga, NZ; end of expedition
















Chief Scientist and institution:  Dr. Robert W. Embley, NOAA, Pacific Marine Environmental Laboratory
Co-sponsors / partners / participating organizations: 

· New Zealand Institute of Geological and Nuclear Sciences (GNS)

· New Zealand National Institute of Water & Atmospheric Research (NIWA)

· U. Washington

· Oregon State U.

Vessel Identification: 
R/V Ka’imikai-o-Kanaloa (operated by University of Hawaii)
Primary Equipment: 
PISCES V submersible; RCV-150 ROV
Geographic area of operations:  Submarine volcanoes along Kermadec Arc (See attached map)

Summary of Expedition Objectives:


(1) Explore 6 or more submarine volcanoes with active hydrothermal systems along Kermadec Arc;

(2) Collect samples for geologic, chemical and biologic studies

Milestones Achieved:
(1) 17 dives with PISCES V submersible; 



(2) Explored and Sampled 8 submarine volcanoes (7 for the first time) along 




Kermadec Arc;




(3) Average bottom time per dive – 5 hours, 3 minutes;




(4) 192+ samples of biology, rocks, minerals, and vent fluids collected;




(5) 2 dives with RCV-150;




(6) Recovered 3 current meter moorings at Brothers Volcano (part of 





hydrothermal flux experiment jointly funded by N.Z. GNS





and PMEL.




(7) Recovered 4 Ocean Bottom Hydrophones at Brothers Volcano (separately 





funded OE project; PIs – R. Dziak and H. Matsumoto).

Sample log entries:  See Logs on website. 
Summary of Digital Data Collected (also see Table attached):   


(1) Video – DVCam and DVD formats during time on bottom of all dives and RCV-150 (2): ca. 



(a) PISCES V (17 dives; total of 53 DVDs); ca. 249 Gb.



(b) RCV-150 (2 dives; total of 4 DVDs); ca. 19 Gb.


(2) Digital Still Images of seafloor for each PISCES V dive 



(a) Through Front Port - (559 Mb total)



(b) External Digital Still Camera - ca. 17.5 Gb (Note: this camera set at 15 sec. repetition rate




but well-lit pictures only when submersible near bottom with HMI lights on –




Approximately 200 frames per dive (=200 Mb) of useable pictures


(3) CTD data from each PISCES V dive – ca. 12 Mb total.


(4) Navigation files (still being edited) – ~ 1 Mb

Summary of outreach and educational activities:     

(1) Extensive Web reports produced by PMEL/CIMRS personnel during expedition (see OE Website for New Zealand American Submarine Ring of Fire 05).  

(2) The submarine fly-through movies and 3D views of the target volcanoes for the 05 expedition were prepared by PMEL/CIMRS personnel before the website became (http://www.oceanexplorer.noaa.gov/explorations/05fire/background/kermadecarc/kermadecarc.html
 (3) A set of nine movies excerpted from the dive videos of the 05 were produced at sea by Bill Chadwick (CIMRS/PMEL).   

http://www.oceanexplorer.noaa.gov/explorations/05fire/logs/photolog/photolog.html
(4) A PowerPoint presentation will be prepared for public outreach (to be used initially at the summer lecture program in the Public Wing of the Hatfield Marine Science Center) by Ltcdr Shannon Ristau and made available to OE .
Science Summary for New Zealand American Submarine Ring of Fire 05 Expedition:

(1) A shallow hydrothermal system at one of the Kermadec volcanoes has yielded very high total gas contents equal to the highest values measured at Mid-Ocean Ridge sites.  Boiling vents produce gas bubbles at 202° C (~2 x the boiling point at sea level).   These hydrothermal systems are well within the photic zone at 160-180 meters (~290-330 feet).  Schools of fish interact with abundant chemosynthetic life that includes prolific microbial mats and beds of mussels.

(2) The high gas content at some arc volcanoes is accompanied on the seafloor by abundant precipitation of sulfur directly from the vent fluids and from small sulfur “flows” oozing from fractures, is evidence for direct degassing from underlying magma chambers.  This “magmatic degassing” process may be ubiquitous on submarine arc volcanoes and could lead to new insights into ore-forming processes, including a better understanding of the processes that concentrate gold and other precious and exotic metals.

(3) The extreme and varied chemical and physical conditions within the subsurface and seafloor hydrothermal systems of arc volcanoes are likely to host microbial life with unusual adaptations including new and unique enzymes.  We believe that these have a high potential for developing new natural products of interest to industrial and medical research.

(3) Results from the present dives on the Kermadec Arc and from the 2004 dives on the Mariana Arc appear to show a high productivity of chemosynthetic communities relative to Mid-Ocean Ridge communities.  This is probably at least partly related to the enhanced level of magmatic activity of arc volcanoes which typically yields more S gases.  

(4) The chemosynthetic biological communities on the Kermadec Arc are dominated by mussels.  Although the individual communities have, from initial observations, lower biodiversity relative to mid-ocean ridge vents, the biomass at some sites is high and each appears to have a unique combination of macrofauna.  A number of species are new records for the New Zealand region, and some may be new to science.

(5) The ongoing seismic activity of one of the Kermadec submarine volcano prohibited its direct study using an underwater vehicle.  Since there is high potential for rich scientific rewards from making observations and sampling fluids from submarine volcanoes, this has prompted an initiative (see comments under “Thoughts for the Future” below) to develop new technology and methods for remote monitoring and time-series sampling of submarine volcanoes with long-term volcanic activity.  Studies of extreme oceanic environments such as active submarine volcanoes using new exploration technology could also have important implications and lessons for future remote explorations on other planets and moons in our solar system.

(6) The extensive Iron-dominated venting at Healy volcano was a surprise.   Large areas (acre size) on several young volcanic cones were covered with actively forming or recently active microbial mat.  At this microbial by-product ages, it forms crusts over large areas that may mimic lava flows in some places.  This extensive iron-venting process and crust formation has been also been observed on NW Eifuku Volcano on the Mariana Arc and may be common during some stages of evolution of arc volcanoes.   

(7) Brothers Volcano is an exciting laboratory for studying hydrothermal processes at arc volcanoes.  There are two major types of active venting (gas-rich venting on the young cone in the southern caldera and metal rich high-temperature venting on the northwest caldera wall.  This site deserves much more detailed explorations at a smaller scale and would be an ideal place to explore the evolution of a submarine ore deposit in an arc setting in both space and time.  

(8) The success of the New Zealand American Submarine Ring of Fire Expedition 05 underscores the value of international collaborations in ocean exploration, particularly those where both partners bring expertise, resources and a commitment to a multi-year effort to define sites for more focused exploration.  

Thoughts for the Future: 

General: The submarine volcanoes of the Intraoceanic island arcs of the western Pacific remain a frontier for ocean exploration.  Substantial progress has been made in multibeam mapping of the submarine volcanoes along the Mariana and Kermadec-Tonga arcs but only 15 of the more than 150 known volcanoes have been explored using ROVs and HOVs.  Furthermore, there are still at least 30 volcanoes in these regions that have known hydrothermal activity on them that have not yet been explored.  Considering the astounding discoveries to date in these regions (e.g., Liquid CO2 venting, first direct observations of submarine eruptive activity on an arc volcano, new ecosystems etc.), this region should remain a high priority for future explorations.  About 80% of the Mariana Arc lies within the U.S. EEZ (some within the territorial waters of the Territory of Guam and the Commonwealth of the Northern Mariana Islands).   Both the Mariana and Kermadec Arcs have been and will remain fruitful sites for international ocean exploration programs with Japan and New Zealand.  The submarine volcanoes of the Tonga Arc (lying within the EEZ of Tonga and Western Samoa) are virtually unexplored, as are numerous submarine areas along the small intraoceanic arcs lying within the triangle between Australia, New Guinea and Fiji.

Exploring Active Submarine Volcanoes - An Exciting New Venture for OE:   


Our experience at Monowai volcano this year and at the NW Rota-1 volcano on the Mariana Arc last year (on the Submarine Ring of Fire 04 expedition) underscored the potential hazards of conducting explorations on active submarine volcanoes.  Much of our experience to date in conducting studies on submarine volcanoes has been on the Mid-Ocean Ridge (MOR).   All of the eruptive events that have been monitored and studied on the MOR have been short-lived and have produced effusive lava flows.  Submersible and ROV investigations have all been conducted safely after the eruption or eruptions have occurred and in no case has there been any hazard to the seafloor vehicle or to the surface vessel.  These events have all been very short-lived, i.e., one or more diking event occurring over a period of days to weeks with a rapid falloff to near zero activity.  Continuous real-time monitoring of the Juan de Fuca Ridge and Gorda Ridges in the NE Pacific over more than a decade have shown this pattern over three subsequently verified diking/eruptive events.  Long-term monitoring of Icelandic central volcanoes show a similar pattern of short-lived sporadic activity lasting up to a few years followed by long-term inactivity lasting a century or more.  Island arc volcanoes, on the other hand, may have a very different pattern.  Kavachi Volcano (on the Solomon Island Arc), for example, has had eruptions about every 10 years since 1939 (Baker et al., Geology, v. 30, pp. 975-978, 2002).  Monowai volcano has been intermittently active since at least 1977 (http://www.volcano.si.edu/) and sporadic hydroacoustic events have been monitored on the Polynesian Seismic Network (Réseau Sismique Polynésien, or RSP, in Tahiti) since 1988, including episodes lasting a day or more in late 2004 and early 2005.  Our decision to abort the dive program at the Monowai Cone site was based on this information as well as evidence for a major sector collapse of the volcano between 1998 and 1994 (based on a comparison of multibeam sonar surveys made in those two years).   A succession of hydroacoustic events from Monowai was recorded by the RSP hydrophone array one week after we departed from the area (communicated to us at sea by Dr. Olivier Hyvernaud of RSP).  Dives were made in Monowai Caldera located about 8 km from the cone site, where we discovered diffuse venting and associated extensive biologic communities.  The summit of Monowai Cone comes up to at least 138 m, so an explosive event occurring there could endanger the surface vessel as well as the submersible or ROV.  In contrast, the low-level eruptive activity at the NW-Rota-1 volcano discovered in 2004 permitted the ROPOS ROV to sample the fluids coming from the active crater (this would not have been safe for a human-occupied vehicle, however).  


In spite of the difficulties of mapping, imaging and sampling of active submarine arc volcanoes there is excellent scientific justification for studying them.  First, they are potential hazards, both to shipping from degassing events and, for the rarer but potentially very damaging, large-scale caldera-forming events that could generate ocean-wide tsunamis.   Second, measurements and sampling of the plumes overlying active sites show extreme highs in gas content.  The gas flux from the volcanically active ones probably represents the (high) end member for magmatic degassing of arc volcanoes.   Finally, this high gas flux is probably stimulating very high microbial productivity, possibly including some microbial communities with unusual ecology able to cope with the high volume of toxic substances produced during volcanic episodes.  This direct relationship between magmatic events and microbial productivity is now well-established for MOR events.  At the MOR ridge, the problem is to “catch” the event during its active phase, which last only a very short time and is largely unpredictable in time and space.  At the arc volcanoes, the issue is how to safely sample active sites.


Survey and sampling of such active sites could be undertaken with autonomous vehicles that have been under development for more than a decade.  Most of the capabilities needed in this environment are already available on a range of deep-sea AUVs such as ABE.  Remote surveys and water-column measurements have already been conducted in numerous locations, including some very challenging environments on the Mid-Atlantic Ridge.  Protection of the vehicle and development of sampling strategies will be the next step.  A mapping and sampling program for active submarine volcanoes would probably require the use of more than one type of autonomous vehicle.  Such a program could be undertaken jointly with NASA if an equitable arrangement could be made – their exobiology program certainly has a long-term interest in developing technologies for remote sampling of extreme environments.  

A Laboratory for Study of the Evolution of Hydrothermal Systems in Arc Settings - See comment 8 under Cruise Science Summary above.
Summary of Expedition Operations: See Attachment A and B - Operations Log and Table for NZASRoF-05 Expedition
Attachment A:  Operations Log for NZASRoF-05 Expedition

	Day (-11)


	Time (-11)

All Times Local (HURL Protocol)

PISCES V Dive Bottom Times are In Bold 
	EVENT

	3-Apr-05
	~0930
	depart Pago Pago, Begin Transit to Monowai

	4 Apr.-05
	
	Transit to Monowai

	5-Apr-05
	
	Transit to Monowai

	6-Apr-05
	
	Transit to Monowai

	7-Apr-05
	10:09-15:33
	Dive P5-612; SW side of Monowai Caldera. Diver. R. Embley

	7-Apr-05
	
	CTD V05A-01 in evening near dive site SW caldera

	8-Apr-05
	09:30-15:52
	Dive P5-613; SW side of Monowai Caldera; Diver - Ian Wright

	9-Apr-05
	09:37-15:56
	Dive P5-614; SW side of Monowai Caldera; water sampling;  Diver - Dave Butterfield

	9-Apr-05
	
	Aborted RCV-150 dive 310 (aborted) on flank cone of Monowai

	
	
	RCV-150 out of commission with thruster problem

	10-Apr-05
	09:57-15:56
	Dive P5-615; SW side of Monowai Caldera; Diver(s) - Bill Chadwick and Malcolm Clark

	10-Apr-05
	17:30
	Leave Monowai, begin transit to Macauley Cone site

	11-Apr-05
	
	Transit to Macauley

	12-Apr-05
	08:50-15:28
	Dive P5-616 on Macauley Cone; Diver - Gary Massoth

	13-Apr-05
	
	Weather Day; dive on Giggenbach Volcano aborted in a.m.

	14-Apr-05
	08:50-15:29
	Dive P5-617 on Macauley Cone; Diver - Cornel (de Ronde

	
	
	Lee side (NW) of Macauley Island provided enough shelter to conduct dive - it made the difference!

	
	
	for dive

	14-Apr-05
	
	CTD V05A-02 in evening into crater of Macauley Cone

	15-Apr-05
	08:54-16:34
	Dive P5-618 at Giggenbach Volcano-Exploration; Diver - Matt Stott

	
	
	RCV-150 Dive 311 on Curtis Ridge

	16-Apr-05
	09:38-15:13
	Dive P5-619 at Giggenbach Volcano - Water Sampling; Diver - Dave Butterfield

	16-Apr-05
	
	RCV-150 Dive 312 along SW rim of Macauley Caldera

	17-Apr-05
	10:57-15:26
	Dive P5-620 at Giggenbach Volcano; Diver(s) - Cornel de Ronde and Ron Greene

	
	
	Transit to Volcano "W" overnight

	18-Apr-05
	6:00
	CTD V05A-03 in southeastern most Caldera, Volcano "W"

	18-Apr-05
	09:24-15:23
	Dive PV-621; Volcano "W";  Diver - Ian Wright

	19-Apr-05
	Time -11
	Transit day from "W" to Rumble V Volcano

	
	
	Crossed date line and moved clocks 1 hr behind; now in time zone +12

	
	
	20 April skipped.

	21-Apr-05
	Time +12
	

	Time +12
	
	

	21-Apr-05
	09:08-11:47
	Dive PV-622 at Rumble V Volcano: Dive - Malcolm Clark

	22-Jan-00
	
	In Tauranga 9 a.m.

	23-Apr-05
	
	Press Briefing

	24-Apr-05
	
	In Tauranga waiting out storm

	25-Apr-05
	
	Depart Tauranga 1600

	26-Apr-05
	
	Weathered out

	27-Apr-05
	
	Weathered out

	27-Apr-05
	
	Weathered out

	28-Apr-05
	09:13-15-15:16
	Dive PV-623 at Clark Volcano

	29-Apr-05
	
	In and out of Tauranga for personnel exchange

	30-Apr-05
	08:53-15:30
	Dive PV-624 at Rumble V volcano.  Diver: Ashley Rowden

	1-May-05
	09:08-15:51
	Dive PV-625 at Healy Volcano.  Diver:  Gary Massoth

	
	
	CTD Tow in evening into a.m. of 2 May

	2-May-05
	10:20-15:02
	Dive PV-626 at Brothers Volcano (NW caldera wall).  Diver:  Bob Embley

	
	
	CTD Tow in evening into a.m. of 3 May

	3-May-05
	09:48-14:59
	Dive PV-627 at Healy Volcano.  Diver: Ian Wright

	4-May-05
	
	Recovered 3 current meter moorings at Brothers Volcano

	
	
	Didn't start until 10:30 a.m. because of bad weather

	5-May-05
	
	Bad storm; 45 knots with gusts to 50-60 knots; 25 ft and above seas

	6-May-05
	
	35-40 knot winds most of day; no operations

	7-May-05
	
	Weathered out

	8-May-05
	
	Recovered 4 OBH moorings in morning

	8-May-05
	14:47-16:19
	Short Dive PV-628; Diver -Cornel de Ronde

	8-May-05
	
	CTD in evening

	9-May-05
	
	Weathered out

	10-May-05
	
	Arrive Tauranga, New Zealand; End of NZASRoF05 Expedition
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Leg I

Dive PV-612 Monowai 25° 47.738’ S177° 10.253’ W 25° 48.403' S177° 10.121' W 10:09 15:33 1372 B, G, 3 Y

Dive PV-613 Monowai 25° 48.313’ S177° 09.843’ W 25° 48.233' S177° 10.073' W 9:30 15:52 1297 B, G, W, GT 4 Y

Dive PV-614 Monowai 25° 48.296' S177° 09.968' W 25° 48.350' S177° 10.155' W 9:37 15:56 ~1166 B, W, GT 3 Y

Dive PV-615 Monowai 25° 48.213’ S177° 10.005 ’W 25° 483466' S177° 10.513' W 9:57 15:56 1228 B, G, W, GT 3 Handheld

Dive PV-616 Macauley 30° 12.516' S 178° 24.055' W 30° 12.745' S178° 26.930' W 8:50 15:28 521 B, G, W 3 Y

Dive PV-617 Macauley 30° 12.619' S178° 27.064' W 30° 12.747' S178° 26.888' W 8:50 15:29 438 B, G, W, GT 4 Y

RCV-150- Macauley 30° 10.3' S 178° 35.1' W 30° 11.1' S 178° 33.2' W 19:51 22:32 NA 2 Y

     Dive 311 (approx.) (approx.) NA

Dive PV-618 Giggenbach 30° 02.240' S178° 43.223' W 30° 01.994' S178° 42.612' W 8:54 16:34 276 B, G, W, GT 4 Y

RCV-150- no info 30° 12.900' S178° 32.500' W 30° 15.300' S178° 29.700' W NA 4 Y

     Dive 312 (approx.) (approx.) NA

Dive PV-619 Giggenbach 30° 01.962' S178° 42.406' W 30° 02.178' S178° 42.384' W 9:38 15:13 ~183 B, G, W, GT 3 Y

Dive PV-620 Giggenbach 30° 02.265' S178° 42.774' W 30° 02.027' S178° 42.615' W 10:57 15:26 178 B, G, W, GT 3 Handheld

Dive PV-621 Volcano W 31° 51.891' S179° 11.245' W 31° 50.873' S179° 11.102' W 9:24 15:23 1299 B, G, W 3 Y

Dive PV-622 Rumble V 36° 09.015' S 178° 12.002' E 36° 08.450' S 178° 11.857' E 9:08 11:47 796 B, G, W 2 Handheld

Leg II Y

Dive PV-623 Clark 36° 26.835' S 177° 50.651' E 36° 27.067' S 177° 50.350' E 9:13 15:16 1072 B, G, W, GT 3 Y

Dive PV-624 Rumble V 36° 08.546' S 178° 12.169' E 36° 08.445' S

178° 11.729 E

8:53 15:30 651 B, G, W, GT 4 Y

Dive PV-625 Healy 34° 59.544' S 179° 00.742' E 34° 59.935' S 179° 00.293' E 9:08 15:51 1483 B, G, W, GT 3 Y

Dive PV-626 Brothers 34° 51.778' S 179° 03.548' E 34° 51.699' S 179° 03.633' E 10:20 15:02 1774 B, G, W, GT 3 Y

Dive PV-627 Healy 34° 59.637' S 178° 59.797' E 35° 00.272' S 178°59.445' E 9:48 14:59 1527 B, G 3 Y

Dive PV-628 Brothers 34° 51.690' S 179° 03.679' E 34° 51.657' S 179° 03.520' E 14:47 16:19 1692 G 1 Y

Attachment B:  Table of Operations for New Zealand American Submarine Ring of Fire 05 Expedition



Attachment C:  NZSRoF-05 Dive Location Map
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Attachment D:  Personnel on New Zealand American Submarine Ring of Fire 05 Expedition

Leg I:

	Name
	Science Specialty
	Affiliation
	E-mail Address

	David A. Butterfield
	Chemistry
	PMEL/JISAO
	David.A.Butterfield@noaa.gov

	William W. Chadwick, Jr.
	Volcanology
	PMEL/CIMRS
	Bill.Chadwick@noaa.gov

	Malcolm Clark
	Benthic Ecology
	NIWA
	M.Clark@niwa.co.nz

	Cornel de Ronde
	Economic Geology
	GNS
	Cornel.deRonde@gns.cri.nz

	Robert W. Embley*
	Marine Geology
	NOAA/PMEL
	Robert.W.Embley@noaa.gov

	Ronald R. Greene
	Gas Tracers Tech. Support
	PMEL/CIMRS
	Ronald.R.Greene@noaa.gov

	John E. Lupton
	Gas Tracers
	PMEL
	John.E.Lupton@noaa.gov

	Gary Massoth*
	Chemistry
	GNS
	G.Massoth@gns.cri.nz

	Matt Stott
	Microbiology
	GNS
	M.Stott@gns.cri.nz

	Ian Wright
	Marine Geology
	NIWA
	I.Wright@niwa.co.nz



** Co-Chief Scientists

Legs IIa and IIb:

	Name
	Science

Specialty
	Affiliation
	E-mail Address

	Robert W. Embley*
	Marine Geology
	NOAA/PMEL
	Robert.W.Embley@noaa.gov

	Alexander Malahoff*1
	Microbiology
	GNS
	A.Malahoff@gns.cri.nz

	Allan Buell2
	
	PMEL
	Edward.Baker@noaa.gov

	Cornel de Ronde
	Economic Geology
	GNS
	Cornel.deRonde@gns.cri.nz

	Leigh J. Evans
	Marine Chemistry

(Gas Tracers)
	PMEL/CIMRS
	Leigh.J.Evans@noaa.gov

	Gary Massoth*
	Chemistry
	GNS
	G.Massoth@gns.cri.nz

	Kevin Roe
	Marine Chemistry
	PMEL/JISAO
	Kevin.Roe@noaa.gov

	Ashley Rowden
	Benthic Ecology
	NIWA
	A.Rowden@niwa.co.nz

	Matt Stott1
	Microbiology
	GNS
	M.Stott@gns.cri.nz

	Ian Wright
	Marine Geology
	NIWA
	I.Wright@niwa.co.nz

	Andrew Opatkiewicz 
	Microbiology (Student)
	PMEL/JISAO
	apatka@u.washington.edu



** Co-Chief Scientists (Malahoff for Leg IIa; Massoth for Leg IIb; Embley for IIa and IIb)


1 On Leg IIa only


2 On Leg IIb only

Participating Organizations Acronyms:

· NOAA – Pacific Marine Environmental Lab (PMEL)

· Oregon State University – Cooperative Institute for Marine Resource Studies (CIMRS)

· University of Washington – Joint Institute for Study of the Atmosphere and the Ocean (JISAO)

· New Zealand Institute of Geological and Nuclear Sciences (GNS)

· New Zealand National Institute of Water & Atmospheric Research (NIWA)
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		Attachment B:  Table of Operations for New Zealand American Submarine Ring of Fire 05 Expedition

		Operation		Volcano		Begin Lat.   (On bottom)		Begin Long.		End Lat.     (Off bottom)		End Long.		Begin Time (Local)		End Time (Local)		Max. Z (M's)		Sample Types		VideoTapes		Digital Still Camera

																				B = Biology				Y= Handheld and External;

																				G = Geology  W= Water GT=Gas				Handheld = Handheld Only

		Leg I

		Dive PV-612		Monowai		25° 47.738’ S		177° 10.253’ W		25° 48.403' S		177° 10.121' W		10:09		15:33		1372		B, G,		3		Y

		Dive PV-613		Monowai		25° 48.313’ S		177° 09.843’ W		25° 48.233' S		177° 10.073' W		9:30		15:52		1297		B, G, W, GT		4		Y

		Dive PV-614		Monowai		25° 48.296' S		177° 09.968' W		25° 48.350' S		177° 10.155' W		9:37		15:56		~1166		B, W, GT		3		Y

		Dive PV-615		Monowai		25° 48.213’ S		177° 10.005 ’W		25° 483466' S		177° 10.513' W		9:57		15:56		1228		B, G, W, GT		3		Handheld

		Dive PV-616		Macauley		30° 12.516' S		178° 24.055' W		30° 12.745' S		178° 26.930' W		8:50		15:28		521		B, G, W		3		Y

		Dive PV-617		Macauley		30° 12.619' S		178° 27.064' W		30° 12.747' S		178° 26.888' W		8:50		15:29		438		B, G, W, GT		4		Y

		RCV-150-		Macauley		30° 10.3' S		178° 35.1' W		30° 11.1' S		178° 33.2' W		19:51		22:32				NA		2		Y

		Dive 311						(approx.)		(approx.)														NA

		Dive PV-618		Giggenbach		30° 02.240' S		178° 43.223' W		30° 01.994' S		178° 42.612' W		8:54		16:34		276		B, G, W, GT		4		Y

		RCV-150-		no info		30° 12.900' S		178° 32.500' W		30° 15.300' S		178° 29.700' W								NA		4		Y

		Dive 312						(approx.)		(approx.)														NA

		Dive PV-619		Giggenbach		30° 01.962' S		178° 42.406' W		30° 02.178' S		178° 42.384' W		9:38		15:13		~183		B, G, W, GT		3		Y

		Dive PV-620		Giggenbach		30° 02.265' S		178° 42.774' W		30° 02.027' S		178° 42.615' W		10:57		15:26		178		B, G, W, GT		3		Handheld

		Dive PV-621		Volcano W		31° 51.891' S		179° 11.245' W		31° 50.873' S		179° 11.102' W		9:24		15:23		1299		B, G, W		3		Y

		Dive PV-622		Rumble V		36° 09.015' S		178° 12.002' E		36° 08.450' S		178° 11.857' E		9:08		11:47		796		B, G, W		2		Handheld

		Leg II																						Y

		Dive PV-623		Clark		36° 26.835' S		177° 50.651' E		36° 27.067' S		177° 50.350' E		9:13		15:16		1072		B, G, W, GT		3		Y

		Dive PV-624		Rumble V		36° 08.546' S		178° 12.169' E		36° 08.445' S		178° 11.729 E		8:53		15:30		651		B, G, W, GT		4		Y

		Dive PV-625		Healy		34° 59.544' S		179° 00.742' E		34° 59.935' S		179° 00.293' E		9:08		15:51		1483		B, G, W, GT		3		Y

		Dive PV-626		Brothers		34° 51.778' S		179° 03.548' E		34° 51.699' S		179° 03.633' E		10:20		15:02		1774		B, G, W, GT		3		Y

		Dive PV-627		Healy		34° 59.637' S		178° 59.797' E		35° 00.272' S		178°59.445' E		9:48		14:59		1527		B, G		3		Y

		Dive PV-628		Brothers		34° 51.690' S		179° 03.679' E		34° 51.657' S		179° 03.520' E		14:47		16:19		1692		G		1		Y
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