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INTRODUCTION and BACKGROUND

Healy-1603 (HLY1603)is thetenthin a seris of Healy cruises dedicated tmapping and
sampling regions of the Arctic north of Alaska that may qualify as "extended continental
shelf" under Article 76 of the Convention on the Law of the Sea (UNCL®&k of these
cruises Healy-0302,Healy-0405,Healy-0703,Healy-0805 andHealy-1202 were single

ship operationsed by scientists from the University of New Hampshirat focused on

the collection of multibeam eckspunder bathymetric, and shalldwgh-resolution chirp
subbottom profiler datgand some sample collection)n 2008there was a secondealy
cruise Healy0806. led by scientists from the U.S. Geological Suribsit worked
together with the Canadian icebreakeuis S. St. Laurent (ISh)to collectmulti-channel
seismic and multibeam ecfsounder data in the ig@veed regions. The success of the
2008two ship operation led to a second talup operationHealy-0905 in 2009 a third

in 2010 Healy-1002 and a fourth,Healy1102 in 2011, with scientists from the
University of New Hampshire leading operations onHlealy during these joint missions
During Healy-1603, theHealyoperated on her own but the mission included collaborative
work (dredging)on behalf of Canada. As part this collaborative effort theouis S. St.
Laurent (LSSL¥ollected seismic data on behalf of the United States, earlier in September.

Under Article 76 of UNCLOS, coastal states may, under certain circumstances gain
sovereign rights over the resource ot he seafl oor and subsurf
extensions of their continental mar gi no beyc
their Exclusive Economic Zone. The United States has not yet acceded to the UNCLOS.
However, increasing recognition thatplamentation of Article 76 could confer sovereign

rightsto large and potentially resourceh areas of the seabadd subsurfacbeyond its

current 200 nautical mile (nm) limit has renewed interest in the potential for accession to

the treatyand in thecollection of the data necessary to establish sovereign rights to the
resources of the seafloor and the subsurface beyond 200 nm (referred ttexrte tiued

continental shelfor ECS.

The Convention on the Law of the Sea defines the conditions under slscoastal state
may extend its continentahelf over regions beyond the 200 nm HER, 1982). These

conditions involve the definition of a juri
significantly from standard morphological descriptions ohtmental margins. A key
el ement of this definition is the demonstr

prolongd i ono of t he Thexetare amegpiicit gudealirksifar desnonstration

of Anatur al pr ol on gat The de@rmiodtion amussbe based 6nsa | a n d
general knowledge and interpretation of thmerphology geology, and nature of the

seafloor in a region.

Once a natur al prolongation is demonstrated,
shel f o be ymirdidit bashdeon &itled of two formulae. The distance formula
all ows an extension of the shelf to a |ine t

sl opeodo ( dthd pointefdnaxinmum thange in gradient at its baBkis line is
known asthe Hedberg Line.The sediment thickness formula allows the extension of the
shelf to a point where the sediment thicknesmepercent of the distance back to the foot
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of the slope.This line is known as the Gardiner Lin&hichever formula line is nxt
advantageous to the coastal state may be used and they can be combined for the most
advantageous extension. There are limits to the extension (limitiinkes)ECS shall not
extend beyond 100 nmi from the 2500 m isobath or not beyond 350 nmi fréenritozial
baseline (the officially defined shoreline). Again these limit lines can be mixed in whatever
way is most advantageous to the coastal state. Thus the definition of the extended
continental shelf under UNCLOS Article 76 is based on a combinatioathymetric data
(defining the 2500 m contour and the foot of the slope) and geophysical data (defining the
thickness of sedimentWhen a nation accedes to the Law of the Sea Treaty,tiimgsars

to submit all data and evidence supporting its ssbion to the Commission on the Limits

of the Continental Shelf (CLCS) who evaluate the submission and offer recommendations
on it.

The largest potential for an extended continental shelf beyond the current 200 nmi limit of
the U.S. EEZ is found in the ar®f the Chukchi Borderland, a tightly clustered group of
generally highstanding, NS-trending bathymetric elevations that form a natural
prolongation from the Chukchi Shelf north of Alaska.

The Chukchi Borderland juts out between eastern Siberia artedrmédaska into the deep
Amerasia Basin north of the Chukchi Sea. The borderland occupies a rectangular area
about 600 by 700 km, or some 4 percent of the Arctic Ocean. This area encompasses three,
approximately norttsouthtrending segmented topograplhighs: the Northwind Ridge,

the Chukchi Cap and Rise, and the western (Arlis, Sargo, and T3) plateaus (which are
located beyond- westward of-- an agreedmaritime boundary line with Russia). The
plateaulike crests of the Chukchi Borderland rise, in sorases, as much as 3,400 m
above their surroundings and they are relatively shallow (depths between 246 and 1,000
m). The ridges have steep flanks, which in some places exhibit remarkable linearity over
hundreds of kilometers, especially along the east sfdhe Northwind Ridge. Between

these ridges lie the Northwind, Chukchi, and Menelele ia by s s a | pl ai nso.
depths between 2,100 and 3,850 m

In2003Congress (through NOAA) funded the Uni vel
Coastal and OceaMapping/Joint Hydrographic Center (CCOM/JHC) to explore the
feasibility of using a multibeam soraquipped ice breaker to collect the data needed to
make a submission for and extended continental shelf4coeered regions of the Arctic.
This was in reognition of the fact that a submission for an ECS under Article 76 must be
substantiated by highuality bathymetric and geophysical data, and that the existing
bathymetric database in the Arctias in many areas, inadequdte these purposesrhe

ted proved successful and since 2003 scientists from the UNH CCOM/JHC) haveaised th
USCGC Healy (WAGB-20), originally equipped with a SeaBeam 2112 (12 kHz, 121
beam) swath mapping systeand now equipped with a Kongsberg EM122 (12 kP88
beam) multibeamahosounderto map the bathymetry of the Arctic in support of ECS
studies The Healy also operate@ Knudsen 320B(now upgraded to a Knudsen 3260)
shallow penetration chirp subbottom profilding additional pertinent informaticas

well as a BGM3 gravimeter (on some cruises).



The multibeam echsounderand chirp sukbottomdata provided by thélealy systems
provides the morphol ogical e asremgedr gue ¢ de
the determination of the Hedbekge, the Gardiner Line and the 2500 m contour). The

seismic system on thieouis S. St. Laurerduring past cruises have providsediment

thickness information required for establishing the Gardiner Line (once the foot of the slope

is determined.The Krudsen system provided additional geological information relevant

to the location of the base of the slope and the continuity of sediments in the region.

Previous Cruises:(Detailed cruise reports from each of these cruises can be found at
http://www.ccom.mh.edu/theme/lavgeaor USGS websitgs

Healy-0302 Overview:

A 10 day, 3000 km long exploratory missidde@ly-0302, September-11, 2003 from
Barrow, Alaska, to the Chukchi Borderland demonstrated the viability of using the
multibeam echasounder irnce-covered waters to follow specific bathymetric targets. The
2003 cruise began at the BRssian boundary line at 780'N 168225'W and followed

the 2500 m contour around to 788'N 159207'W (Figure 1). The cruise collected ~3000
km of highresolutiom multibeam echsounder data and made several significant
discoveries that include:

1 substantially changing the mapped position and complexity of ther®5686bath
(a critical component of a Law of the Sea submission for an ECS),

1 found further evidenceof pervasive ice and current erosion in deep water (flutes
and scours),

1 finding evidence for gaselated features (poeakarks), and

1 discovering a previously unmapped seamount that rises more than 3000 m above

the surrounding seafloor. This NEW trendingfeature, some 18 km wide and 40 km long
with a slightly concave and northward tilted crest, has been officially nateady
Seamount.

The full cruise report foHealy-0302 can be found atww.ccom.unh.edu/theme/lagea
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Figure 1. Track ofHealy-0302 September 2003.

Healy-0405 Overview:

In 2004 a second, 2@ay cruiseHealy-0405 was conducted from October 6 to October 26,

2004, originating in Nome and ending in Barrow, AlaskaThe cruise covered
approximately 6700 km in 20 days and completed most of the mapping of then2500

isobath (begun oRlealy0 302) as wel | as a detailed survey
a segment of the continental margin east of Barrow, AK. Theaota surveyed during

HE-0405 was approximately 20,000 sg. km (5830 sqg. nmi). The cruise transited northward

from Nome over the Northwind Ridge until it intersected the 2B0@sobath at
approximately 77A 106N, 154AIlinWfromtheeoaghoi nt wt
of northern Alaska intersects the 25@0isobath on the eastern flank of the Northwind

Ri dge. |l ce was first encountered ice at abo
(9/10 to 10/10) with many ridges and very few leads. Progvasslow and we often had

to backup and ram but, nonetheless, we managed to continue mapping tine i2668th

up the Northwind Ridge wuntil approxi mately
approximately 100 nmi in 4 days. Data was difficult toexlin these conditions but we

were able to continuously map the 25@dsobath to its furthest north point. About 5000

sg. km (1458 sqg. nmi) of seafloor was mapped during the transect to the north and back.



At 7 8A Heé&alyad greatrdigficulty braking through the ridges (one ridge took
more than 8 hours to break through) and the decision was made to move south to the
relatively icefree waters of the continental slope east of Barrow. This area was chosen so
that we could define the foot of the g®in the central portion of the northern Alaskan
margin. The foot of the slope can be used in this region as a starting point for determination
of t he A Gairodeiohtkerformula inesoused for making an ECS submission
under UNCLOS Article 76.The survey of the foot of the slope area began on October 18
and continued until October 24. During this time, complete overlapping multiseaan

data was collected over a region of approximately 15,435 sqg. km (4500 sg. nmi), that ranges
in water depttirom 800 m to 3800 m. The survey not only delineated the foot of the slope,
but it also revealed a complex margin with drift deposits, suggesting contour currents, that
are cut by numerous canyonghe full cruise report foHealy-0405 can be found at
http://www.ccom.unh.edu/theme/lasea




Healy-703 Overview:

Healy-0703 was conducted from August 17 to September 15, 200i/both embarkation

and disembarkation via helicopter transfer from Barrow, Ala3ke cruise track covered
approximately 10,000 km (5400 nm) in 30 days (Figure 3). The primary objectives of the
cruise were: 4 to complete the mapping of the 2500sabath that began dtealy 0302
andHealy0405; 2t o begin to define the AFoot of the
eastern edges of Chukchi Cap; andi@®further map an area of pockmarks originally
discovered oiealy-0302. Secondary objectives indkd the recovery and-geployment

of two HighFr equency Acoustic Recording Packages
packages designed to record ambient noise levels at the ice margin for periods up to one
year, and: the deployment of up to four ice buogd aontinuous ic@bservation by
representatives of the National Ice Center. All objectives were achieved, far beyond
expectations.

Using a nominal swath width of approximately 7 km, the total area surveyed during HE
0703 was approximately 70,000 sq. k&®,400 sq nm). The cruise departed Barrow at
approximately 1800L on 17 September and steamed northward approximately 50 miles
and successfully recovered the first of two HARP buoys. The second was recovered 25
miles further to the northwest. Details this recovery as well as a description of the
purpose and capabilities of the buoys can be found in the HARP Buoy Report later in the
cruise report. We next conducted a patch test and a deep CTD cast at the steep southeastern
edge of the Chukchi Cap. Wiest encountered ice at approximately 76N. It was large
pieces of thick, multyear ice but, broken up enough to allow relatively easy passage at 3

6 knots (though we did have to back and ram occasionally). We continued northwest to
the intersectiomf the 2500 m isobath and the U.S./Russian maritime boundary line where
we then began an exploratory, zigg pattern to better define the foot of the slope. No
definitive foot of the slope was apparent until a long excursion to the north revealed a clear
transition between the slope and liging abyssal plain sediments at approximately 81
15N. We made several more noithsouth transits and consistently found this same
slope/plain transition occurring on the northern end of the cap above 81N. Wwiedn

to run a zigzag pattern in the norbast quadrant of the cap and also found and developed
several prominent topographic highs, one which shoaled above 2500 m and may allow the
re-definition of the 2500 m isobath.

A well-developed foot of the slopgas traced down and then back up the eastern side of
Northwind Ridge, revealing a very sharp and clear slope/abyssal plain transition with the
abyssal plain sediments consistently occurring at a depth of approximately 3820 m.
Following this transition tahe north allowed us to define a continuous foot of the slope
around the northern most extreme of Chukchi Cap to the northern most point or our survey
(82 17N); at this point, the slope/plain transition appears to continue to the north and east.
Returnirg south, we mapped a seamount that rose from abyssal plain depths (3820m) to
less than 2200 m at approximately 80 47N and 171 50W and then proceeded to transit
southwest to carry out a detailed survey of a region in which pockmarks were discovered
on a preious leg. We left the ice at about 77N but ran into occasional large packs of flows
until about 75 N.



Throughout this period (17 Aug to approximatelySBptembeérice conditions were
variable but for the most part very light considering the latitudesvere at allowing

survey speeds to average about 6 knots. Ice flows large enough to support deployment
NIC ice buoys were difficult to find but three flows were found and three buoys deployed.
A fourth buoy was deployed in open water at the far westetmrerag of our survey.
Details of the ice buoy deployments and ice observations can be found in the NIC trip
report included in this document.

On Healy0302, several large and weléfined pockmarks (probably related to gas
extrusion) were discovered insaallow region of the Chukchi Cap at approximately 76
30N and 163 50W. NOAAG6s Office of Ocean
survey and generate a better map of the distribution of these pockmarks. Our plan called
for a survey of two areagmne where the pockmarks were already discovered and one
slightly to the north and the east of the pockmark area where there is more of a depth
transition and thus we might better understand the relationship of depth to pockmark
formation. Our survey of th second (not previously surveyed) region revealed no
pockmarks but did show a remarkable series of closely spaceesEWiented, parallel
grooves in depths of approximately 400 to 500 m. Given the remarkably parallel nature of
these features, they appeda be related to iesheet flow rather than individual icebergs
scours. Even more intriguingly, south of these grooves, as the water depths get a bit deeper,
there appear to be a series of large, dikeefeatures that appear erosional in origin in the
high-resolution sukbottom profiles. We speculate that these may be related to flow under
an iceshelf that is not grounded but with near the seafloor.

When we reached the pockmark area, just a few miles south of the scoured region, the
winds and seas gatly increased (50 knot winds, 15 foot seas) creating less than optimal
mapping conditions but the size and stability of iHesmly allowed us to continue. An
approximately 40 km x 14 km area was mapped revealing numerous pockmarks of various
sizes, butypically about 300400 m in diameter and 30 50 m deep. Simultaneous
collection of sukbottom profiles revealed an apparent relationship to subsurface faulting
but the nature of this relationship will need further study. Most remarkable was a circle of
pockmarks (approximately 20 of them) forming a ring that is approximately 4 km in
diameter.

Upon completion of the pockmark survey, tHealy transited south to rdeploy the two
HARP buoys that were recovered at the beginning of the leg. These buoys were
successfully releployed approximately 90 and 75 miles off Barrow, to be recovered next
year. Thedealyarrived off Barrow at 0700L on the 16f Sept with transfer of the science
party by helo commencing at approximately 0900he full cruise reportdr Healy-0703

can be found atttp://www.ccom.unh.edtheme/lawsea.
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Figure 3. Shiptrack forHealy0703

Healy-0805 Overview

Healy 08-05 was the fourth in a series of cruises designed to map the seafloor on the
northern Chukchi Cap in order to explore this poorly known region and better understand
its morphology and its potential for an extended continental shelf under UNCLOS. The
mutlibeam echo sounder on board thealy was the primary toolsupplemented by the
Knudsen suibbottom profiler anddeep sea dredging operatso The primary targets for
the mapping were the delineation of the
cortinental slopé the area where the continental margin transitions into the deep sea floor.
In addition to its usefulness for Law of the Sea, the seafloor mapping data we collect is
also valuable for better understanding seafloor processes, fisheritst,hefd as input

into climate and circulation models that will help us predict future conditions in the Arctic.
Three ancillary programs also took place durihealy-0805: 1 the recovery of High

25(

Frequency Acoustic Recor disignedt® mak&klanteens ( HARP (

measurements of ambient noise in the Arctic and that had been deploledlg0703;

2- the deployment of several different types ofmsenitoring buoys by personnel from the
National Ice Center (NIC), and: ghe daily observatin by a specialist from the Fish and
Wildlife Service of both bird and marine mammal sightings. Summary reports of each of
these activities are presented at below.

Healy 08-05 departed Barrow on 14 Sept and commenced operations with both mapping
and thesuccessful recovery of two HARP hydrophones thatbeshdeployed orHealy

07-03. From the HARP sites we steamed north to pick up mapping of the region thought
to represent the base of the slope in the vicinity 8f\82nd 162W. Surveying continued

east following the morphologic expression of the base of the slope until approximately
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15PW where the character of the morphological expression of the base of the slope
changed and we switched to a reconnaissance mode of surveying. This mode of survey
coninued until we reached the easternmost extent of our survey at approximat&iy 139
From this point we traveled westward mapping several regions that we suspected shoaled
above 2500 m (they did) and then began dredging operations (on 30 Aufyustal of

3114 linear nautical miles were surveyed (5767 km) on HLB&overing an area of
approximately 34,600 sqg. km (assuming an average swath width of 6 km).

A total of severdredges weréaken onHealy-0805, bur on the southerportions of the
Alpha/MendeleeRidgecomplex two on ridges north of the Chukchi Borderland ane on

in the northvestern Northwind Ridge area. The first dredge site on the southern
Alpha/Mendeleev Ridge complgielded samples froiwhat appeared to @ outcrop of
layered sdimentary ock that appeared on shipboard examination to benmame in

origin. The second dredge from the same viciaggtained over 200 pounds of mud and

ice rafted debrisThe third dredge, from another feature on the southern Alpha/Mendeleev
Ridge Complexalso brought back only mud and IRDhe fourth dredge, from the same
general vicinity as the thirdyas predominantly mud and IRD however there where
interesting iron concretions amdanganese crusts along with one sample of a possible
alteredash depositThe fifth dredge, from the northern extend of the Chukchi Borderland,
recoveredover 1000 poursiof mudwith about 10 pounds of IRD of various rock types.
The sixth dredge from a very steep (about 60 degree) slope on the northern Chukchi
Borderlandwas mud free and contained over 200 pounds of what appear to be basalts.
Finally, the seventh dredge from the western wall of Northwind Ridgevery little mud
butover 700 pounds of rock that probably represented both outcrop and angulaptalus fr
the foot of the steep slope from which it was dreddgeSamples fronthis dredge
represented a range obck types including sedimentary, metamorphic, and possibly
basaltic. The full cruise report for Healy0805 can be found at
http://www.ccom.unh.eduieme/lawsea
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Figure 4. Healy08-057 Ship Track 14 Au@5 Sept. 2008 Dredge sites indicated by small blue icons.
Dredges are numbered sequentially (2) from north to south, Dredge Sites 1 and 2 are at the same
location and represented by a single icon; dredge sites 3 an

Healy-0806:

Healy-0806 was part of a twship operation led by scientssirom the U.S. Geological
Survey and the Geological Survey of Canada (operating a seismic system on the Canadian
icebreaker Louis S. St. Laurent). For details of these operations please see

Childs et al, 2009.

Healy-0905

With the success of the twship operation in 2008, a second jal@nadian/U.S. operation
Healy-0905 was conducted in 2009. Temary objective was to take advantage of the
presence of two very capable icebreakersotlect seismic data in support of delineating

the extended continental shelf for both Canada and the United States in regions where a
single vessel would have difficulty due to dicever. A secondary objective of the joint
program was to take advantagetloé two vessels to collect higlsolution multibeam
echasounder data in regions where it would be difficult to collect data with one vessel. In
addition to the collection of seismic and bathymetric data, each vessel also carried out
ancillary projectsncluding meteorological, oceanographic and ice studieddéadywas

also equipped to sample the seafloor with dredges.
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Thelouis S. St. Laurerft. SSI) and theHealyrendezvoused on 11 August and conducted

a seismic source calibration experiment to document the source levels and source
signaturesoftheSSI6 s ai rgun array. After concluding t
12 August), theeSSLdeployed its hydrophee streamer, thelealytook the lead and the
vessels stayed together in the ice until 7 September. By"tbé September the ice had
diminished to the point that the vessels were able to separat&$heontinuing to collect
seismic data and thdealy collecting multibeam bathymetry and sampling the seafloor
with dredges. Over the course of the expedition|&8L collected more than 4000 km of
high-quality multichannel seismic reflection, refraction and gravity data (Figure 5) and the
Healy collecied 9585 km (5175 nmi) of multibeam bathymetry,-boktom profiler and

gravity data (Figur®). Assuming an average swath width of 6.9 km the total area mapped
was 66, 135 sq. km (19,280 sq. nmi). The multibeam bathymetry collected during these
transectsevealed a remarkably flat abyssal plain with an average depth of around 3850m
and changes in depth of less than 20 m over hundreds of kms. On several occasions the
mapping priorities changed and the bathymetric surveys were conducted over targets of
interest. Amongst these targets of interest were the mapping of the foot of the slope in an
area on the southern side of the Alandeleev ridge complex (at approximately 81 30

N, 143 45W) and the examination of several topographic features that weredimplie
earlier bathymetric compilations. One such feature which appeared as a single 100 m
contour (above the abyssal plain) on a Russian chart, turned out to be an 1100 m high, 26
km long, 7.5 km wide seamount.

0 50 100 200 Kilometers
Ly SRy g

Figure 5. Sesmic data collected by LSSL during joint HLY0905.
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Figure 6. HLY-0905 track line. Point A is rendezvous point for LSSLId@alyon 11 August. Point B is
where the two vessels separated on 7 Sept. 2009. Point C is newly mapped seamount.

On 7 September, the ice conditions had evolved to the point whar8$heould continue

to collect seismic data without thtealy breaking ice irher lead. At this point theealy

left theLSSLand started to map independently. Healytransited to the northern end of
Chukchi Cap and proceeded to survey and occupy 5 dredge stations located on relatively
steep slopes amenable to recovargitu material with a dredge. More than 800 kg (1520

Ibs) of rock material was recovered from these dredge sites with much ice rafted debris but
also many samples that appear to representative of the outcrop. The majority of the
material recovered appearedrépresent several types of basalts. There was also a large
amount of manganese crust, and in the Chukchi region, numerous metamorphic rocks.
These samples will be sent to the appropriate labs for full description and analyses.

Four ancillary programsiso took place during HLY0905: % the recovery of High
Frequency Acoustic Recording Packa-teens ( HARP (
measurements of ambient noise in the Arctic and that had been deployed €}8bfh;Y2

ice observations arttie depbyment of several different types of io@nitoring buoys by

personnel from the National Ice Center (NIl launch and recovery of a SeaEagle

glider by representatives of the U.S. Navy supplemented by XBT measurements and
meteorological observationand; 4 the daily observation by a NOAA marine mammal

observer of both bird and marine mammal sightingse full cruise report foHealy-0905

can be found atttp://www.ccom.unh.edu/theme/lasea details of theLSSLleg can be

found in Mosher et al. 2.
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Healy-1002

Healy-1002 waghe thirdtwo-ship joint Canadian/U.Soperation and the seconiéd by
scientists from the U.S. Geological Survey and the Geological Survey of Canada (operating
a seismic system on the Canadian icebrebkers S. StLauren). For details of these
operations please see:

Edwardset al, 2010
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Figure 7. Cruise track foHealy 1002

Healy-1102

Healy-1102 was the fourthin a series otwo-ship, joint Canadian/U.SECS mapping
prograns involving theHealy and the Canadian icebreakssuis S. St. Laurent (LSSL)

The primary objective was to take advantage of the presence of two very capable
icebreakers to collect seismic ddfeom LSSL)in support of delineating the extended
continentalshelf for both Canada and the United Statesegions where a single vessel
would have difficuly due to ice A secondary objective of the joint program was to take
advantage of the two vessels to collect higbolution multibeam echsounder datéfrom

Healy) in regions where it would be difficult to collect data with one vesiath vessel
alsocarried out ancillary projects including meteorological, oceanograpillidiife and

ice studiesthe LSSLcarried a large Autonomous Underwater Vehicle (AUWY test the
feasibility of usi ng AUV b-soverke prttiowatedor f r om i ¢
seafloor mappingandthe Healywasequippedo sample the seafloor with dredgadsould

the opportunity ariseResearchers on theealy also hoped to explerthe feasibility of

using a small autonomous airplane (UAV) to map ice and wildlife around the vessel, but
were denied permission by the USCG and thus the program was moved &Sthe
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While waitingto rendezvous wittheLSSL, theHealyproceeded taregion approximately

200 nm WNW of Barrow to continue mapping the margin off the north slope of Alaska in
order to delineate the foot of tlséope Survey work in this area was completed on 21
August when it wasecessaryo depart in order to meet th&SL at the rendezvous pojnt

a total of approximatel25,000 km (7500nn? of multibeam sonar data collectéudthis

area

Proceeding from the rendezvous pothg Healytook the leadand aremarkablealmost
continuous 750nm seismic line was collectedress the top of Chukchi Cap, west of
Nautilus Basin, over Alphdendeleev Ridge, across Makarov Basin aadially up the
Lomonosov RidgeMultibeam sonar data wadsocollected continuoug along the 750
nm line (Figure 8). Ice conditions on the Lomosov Ridge were such that it was
impossible to collect seismic data so at this point®8Land theHealychange positions
and theLSSLbegan to lead thdealyto optimize multibeam sonar data collection. During
collection of multibeam sonar data on ttemonsov Ridge, thelealyreached its furthest
north point-- 88° 27.4626® N5922.0% E.

Moving south from the Lomonosov Ridgailtibeam sonar survayg focused on mapping

the foot of the slopén the area of MarvinSpur (Figure8). Heavy multiyear ice made
mapping difficult but withLSSLin lead, useful data were collected. On 3 September, the
LSSLseparated from thelealy to deploy an AUV equipped witmultibeam and single
beam sonar(see Mosher et al., 2011 for discussion of\Abberations)vhile theHealy
continuedcollecting multibeam sonar data its ownuntil 6 September

Upon completion of AUV operations, the vessels joined up together and proceeded with
the LSSLin the lead optimizing multibeam sonar data collectishile mapping the foot

of the slope around the eastern side of the Makarov Begjare8). Ice conditions were

heavy with thick multiyearice common and much backing and ramming required.
Nonetheless the tweessel combination allowed useabkthymetic and highresolution
subbottomdata to be acquiredlhe survey of the foot of the slope around Makarov Basin
was followed by a long transit to the southemsibss Alpha/Mendeleev Ridge and into
Stefansson Basin (FiguB). The transit continued untie 12" of September when the
vessels reached of Sever Spur, a prime target for Canadian ECS mappind.SSTLhe
deployed seismic gear at the approaches to Sever Spur and was able to collect seismic data
for 18 hours before ice conditions required recgwd the seismic system. The vessels
swapped positions again and proceeded to the east until approxima&Ilg 80,°1 0 © YV
when ice conditions prevented both vessels from progressing further east. At this point the
survey was turned southwest to once again examine the transition from Sever Spur into the
Stefansson Basin (Figu8®. At the western edge of this line tressnic gear was deployed

again and seismic data collected for another 11 hours. At about 1800Z ori"tbé 16
September theSSLseparated from thidealyto launch it AUV (see Mosher et al. 2011)
while the Healy continued to map Sever Spur on its own. e Messels rejoined on 19
September and began a transit into Canada Basin hoping to again collect seismic data.
During the deployment of the seismic gear tl&SLnoted a strange noise coming from

one of their shafts. Investigation by small ROV revediatithe main propeller had moved
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on the shaft and was loose. Operations ceased whileStBewaited for guidance from
Canadian Coast Guard Headquarters. T&8Lreceived word to proceed directly to the
Northwest Passage and requested thatHbaly accanpany her for some of the way
through the ice. This brought to a close the joint science operations of the program. Despite
this slightly premature ending to the joint program, all of the objectives originally outlined
were more than met.

On 21 September, the two vessels began a transit towards the entrance to the NW Passage,
with theHealyin the lead to ease passage oflitB&Lthrough the ice. Thidealycontinued

to collect multibeam sonar data during the transit over the Canada BHEstnvessels

stayed together until miday on the 22 when ice conditions lessened to the point that the
LSSLwas comfortable transiting on her own. At this pointtlealyandLSSLexchanged

salutes and separated with tt®SLheading for the NW Passagad theHealy heading

towards Dutch Harbor.

Figure 8. Trackline forHealy-1102. Crosshatched lines represent seismic data collection lines.
Multibeam sonar data collected on all lines.

The Healy averaged over 16 knots transiting to Dutch Harbor, arriving980L on 28
Sept. and bringinglealy-1102 to an official endTotal track covered oHealy-1102 was
11,447 km (6181 nm) with 9188 km (4,961 nm) of multibeam sonaradat&75 km (472
nm) of eismic datecollected in support of ECS purpos@&$iese data were collected in
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