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O vervisy
TheA rcticM id-O ceanR dge Ex-

pedidon AM ORE 2001) retumed n

early O ctober2001 afteran ncredbly

successfiilnine-w esk study of G akkel

Ridge and its sumounding basins n

thehighA rctic.AM ORE 2001w asan

htemationaleffortinvolving tw o ice-
breakers: PFS Polarstem, firom the

A Mfred W egener nstiute In B rem er-

haven, Gem any, and the new U S.

ioebreaker,U SCG C H ealy .iw asH ea-

Iy’sm aiden scientificvoyage,and she

proved to be an excellent iosbreaker

and scientific platform . Thishistoric
and highly successfiil expedition far
exceeded anyone’s expectations and

w entw ellbeyond the goals set forth

by InterR idge In charting and sam -

plingG akkelR idge. Som eofthehigh-

Tights of the expedition are:

- Basalts and peridotites were
recovered from over 200 sies
w ithin andneartheaxisofG akkel
R idge, aboutthree tin esasm any
sites asw ere planned.

- Hydrotherm al plumes were
discovered and sam pled along this
ulraslow spreading ridge.

- A high-resolition, well-navigated
m ap oftheridgew asunexpectedly
produced using the hull-m ounted
muldbeam sonarsystem s, which
worked farbetter In the ice than

anticipated.

- Successful seigm ic m easurem ents
showed that crustal thickness
varies stongly along the axis of
G akkel Ridge, most likely
according to distinct volcanic
centers.

-The crustal thickness in theN ansen
Basin doesnotfollow theoretical
m odels,w hichpredictthin crustat
slow spreading rates. The crmust
thickenstow ardstheG akkelR idge.

Introduction

G akkelR dge isanend-m em berof
theglobalspectrum ofm id-oceanridg-
estm any respects,andoffersaunigue
com bination of characteristics eg.
oreading rate, geographical location,
obliquity, segm entation) w hich m ay
control the com position of the erupt-
edm agm as, the crustal thicknessand
the presence of hydrotherm al activi-
ty. s spreading mate is by far the
slow est of any m id-ocean ridge and
varies by a factor of wo along is
length AM ORE 2001 hasthusgreatly
extended the range of values over
w hichw ecan Investigate the relation -
ships betw een ridge properties and
Freading rate. G akkelR idge hasan
exceptionally deep riftvalley,and the
thinnest known cmst for a nom al
ridge 4 km ).Ithasno large offsets,

=0 itaTlow sexam nation oftherolesof
ridgeobliquity (ransform faults)ver-
susm antleupw elling n causing ridge
segm entation .G akkelR dge isfarfrom
the Tndian O cean, and therefore al-
low s separation of the effects of
goreading rate from the anom alous
Tnhdian O cean mantle source M the
geochem istry ofbasalts. Analysisof
afew am allbasaltand peridotite sam -
ples from G akkelR idge suggests the
extents of m eltng m ay be very low
M Uheetal., 1997 ;H ellebrandetal.,in
press) . This has in plications forthe
1atio ofperidotite tobasaltic crustthat
m ay be present n the ridge axis.

W hileso farthere islittledoubton
the existence of thin crust n the rift
valley, the situation off-axis isdiffer-
ent. Past cbservations and a recent
sudy W eigelts Jokat,2001) hdicate
thattherem ightbeno sin ple relation
betw een spreading velocity and crus-
Elthicknessaw ay from theG akkelrift
valley . A lthough spreading velocity
decreases, sparse seign ic refraction
data and gravity m odeling suggesta
thickening of the oceanic crust. kis
notclearw hether this observation is
typical or if it represents only local
variations n the com position of the
oceanic crust. n any case itchalleng-
escunently acoepted theoreticalm od-
els.M aybeG akkelR ddgerepresentsa
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threshold spreading environm ent,
w here existing globalm odels fail in
general.

How them antle beneath the A rc-
tc O cean is related to the m antle be-
neath the northemm ost A tlantic
O cean and the restof the planet, and
how itm ay have been influenced by
the neatby continents are additional
by geochem ical study of the igneocus
1ocks.G akkelR idge isoursoleoppor-
ttnity to sam ple this portion of the
earth’sinterior.

G akkelR dge
G akkelR idge stretches 1800 km

across the Eurasian Basin of the A rc-
tic O cean, allof itheneath A retic sea
ice Fig.1l). tisthem ostrem oteand
slow est gpreading portion of the glo-
balm id-ocean ridge system . To the
w est it passes via Lena Trough and
theM olbyFractureZone ntoK nipov-
ich R idge, the m ostnorthem partof
theM AR . Iiseasemend nnsnto the
conthentalm axginoftheLaptev Sea,
w here rifting continues O rachev et
al., 1998). Spreading 1ates decrease
from 133 an Ar (ullate) atthew est-
em end to 063 an Aratthe eastem
end In the Laptev Sea. Spreading is

nearly orthogonal to the strike of the
ridge and there isonly onem ajoroff-
set In the ridge axis at about 60°E
K ovacset.al., 1985).

C ruiseO peration

The shipslefrTrom szJuly 31 and
approached G akkelR idge fiom eastof
Svalbard atabout15°E Fig.1).The
shipsfirstpinedG akkelR idgeat20°E
after the seiam ic reflection survey
crossing theentireN ansen B asin .Both
ships then traveled w estw ard along
theaxisto8W perform ingbathym et~
ricm apping and sam pling and acquir-
Ing seiam ic refraction data along axis
betw een the sam pling sations. The
ships then sam pled the rift axis and
walls mtensively as they retumed
eastw axd o 20°E ,operating som ew hat
Independently because of favorable
ice condidons. The northem and
southem w alls of the riftvalley w ere
m apped during thisretum .D uring all
seiam ic reflection experin ents in the
N ansenandAm undsenbasmnsasw ell
asthe seiam icrefractionprofilesalong
theG akkelR idge, both shipsoperated
Jontly .H ers, H ealy led the convoy t©
break ice forPolarstem thattow ed the
stream erand theatrguns Fig.1).For
both transects in the Nansen and

Amundsen basinsthissstup w ascrit-
ical for the excellent data quality
achieved.B ecause of ice conditions,
the lattertransect took place at 72°E

Tnstead of the prim ary geographical
cbjective w hich w as to have been a
Jong transectperpendicularto theridge
at85°E . A ttheend ofthe survey,both
shipsvisited the N orth Pole, where a
brief celebration washeld. USCGC

Healy retumed toG akkelR idgeat87°E

formntensive sam pling ofarecentlava
flow Edw ardsetal.,2001)w hilePo-
lIrstem retumed toG akkelR dgealong
the seism ic survey’spath to thewest
and occupied heatflow sationsinthe
basin. The ships rejpined on G akkel
Ridgeat72°E fortheretum tripw est-
ward along the ridge that lnvolved
Tntensive sam pling and m ore bathy-
m etric m appng, w ith a w ide angle
seiam ic study carried outconcurrent-
Iy. Ice and fog conditions w orsened
around September 11, so sam pling
ecam e m ore difficultand som e tar-
getsw ere forssken. Stll, Healy and
Polarsterm sam pledandm apped som e-
w hat independently but in a coordi-
nated program untilthe tim eatw hich
they leftthe ice around 24 °E on Sep-
tem ber27,2001. USCGC Healy re-
tumed to Trom sz on O ctober2,2001
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Figurel.M apofthe seafloorofthe A reticO cean show Ing the cruise tracksofU SCG C H ealy and PFS Polarstem during

theAM ORE 2001 expedition.
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w hilePolarstemw entto B rem erhaven
on O ctober7.

New bathym etric m ap of G akkel
R dgeproduced

Surprisingly, the ships’ bottom
m apphg sonarsystem s Sesbeam 2112
on Healy and Hydroswesp on Po-
larstem) w ere able to generate superb
m aps of the seafloor even w hile the
ships w ere breaking ice. The bathy-
m etric results farexceeded ourexpec-
tatons. The tot@al surveyed region
covers~1000km oftheaxisfrom 8W
(LenaTrough) to 88°E ,providing the
firstdata forthew estem G akkelR dge.
The resolution of these data is signif-
icantly betterthan previously existing
bathym etry from SCICEX (Cochran
etal.,, n prep.) and reveals geologic
detail critical to undersanding the
Segm entation and volcanic and tec-
tonic processes of this ulra-slow
soreadingM OR .Thenew bathym etry
data show three distnct m agm atic-
tectonic regions within the area
m apped.

Rock recoveries

There was some doubt about
w hetherw ew culdbeabletodredge In
icecoveradw aters A fierasteep leam-
g curve, the success ate fordredg-
ngw asfairlyhigh .Flexbility nchoos-
Ing targetsw asin portant,and ina few
cases, large ice floes kept us away
from entire regions. Each dredge
operation had to be carefully setup
and planned, using leads through the
ice pack and kg nto account ice
driftvelocites. Thaddition todredges
on both chips, USCGC Healy em -
plyedw ax coresto recoverglassand
PFS PolarstemhadaTV -G b . These
m ethods required less open w ater to
succeed. Rock sam plesw ere recov-
ered from m ore than 200 sites along
the axis and flanks of G akkelR idge,
m ostly by dredging.

M ore than 120 basaltglass sam -
plesw ereanalyzed onboardU SCG C
H ealy form ajprelem ents, SrandBaby
direct current plasm a spectom etry .
B ecause the cruise track encom passed
adoublepassalongm ostoftheridge,
the onboard data pemm itted testing of
hypotheses formulated on the first

pass by further sam pling on the sec-
ond pass. M odels for the effect of
decreasing spreading rate on melt
com position that predicted progres-
gively an aller extents of m elting at
greater depths eastw ard along the
ridge w illbe tested using these data.

Forty-six thin sections and hun-
dredsofhand sam plesofm antleperi-
dotites were exam ned during the
course of the expediton. M ost of
theseperidotitesarealtered 60-90% ,
like m ostabyssal peridotites. Som e
how ever are stunningly fresh, con-
taning no detectable serpentine n
thin section .Thedistribution ofm an-
tle rock types is sim ilarto that from
otherm id-ocean ridges, butperidot-
itesfrom G akkelR idge seem tohave
undergone low degrees of partial
m elting in accordance w ith theoreti-
calpredictions.

H ydrotherm alactviy alng G akkel
R ige

M mniature Autonomous Plume
Recorders from Ed Bakerof NOAA
PM EL w ereused ondredgesand rock
coresto dentify sitesofhydrotherm al
venting through light scattering and
tem peratureanom aliesassociatedw ith
hydrotherm alplm es.hall, therew ere
118 M A PR deploym ents from H ealy
and19 from Polrstem. Severalplim es
were found, and several had cone-
soonding tem peratureanom alies.On
board analysis and mteypretation of
the M APR data were used to target
CTD fosettedeploym ents,w hichw ere
collected from Healy at six stations
along theG akkelR idge .Plum ew ater
sam plesw erecollected forM n,m eth-
ane,and’*H eto confim thehydrother-
m alnatureofthe Ilightscatteringanom -
alies and provide som e estim ate of
source strength .U nw eathered hydro-
therm alsulfidechin neysw eredredged
atone gite. Th additon, a potential
fossil hydrotherm al upflow zone as
evidenced by abundant epidosite
1rocksw asalso dredged from atecton-
ically uplifted portion of the ridge
flank.

B iologicalspecin ens
M any ofthe 98 recovered dredges
by U SCG C H ealy contained biologi-

cal samples from the benthos and
w atercolum n A nin als,m ollisk shells,
fossils, associated rocks,and allother
evidence of biological activity w ere
collected .0 rganian sw erepreserved
using m ultple m ethods for planned
m orphologicalandgeneticstudies. A
surprisingnum berofdredgesyielded
goongesand shrim p.Though thesam -
pling w as not biologically targeted,
the recovered anin als are uniquely
valuable to science. Sessile species
hold cluesto them inin um age ofre-
cent lava flow s and sulfide deposits.
If the organism s are hydrothemm ally
associated, theirdistrbutionsw illin-
dicateorconfim activeventing areas
along the ridge, and could extend bi-
ogeographic nferences mto another
ocean basin. Pending fimding, com -
plete taxonom ic sorting of sam ples
and species identifications w ill be
conducted, new speciesw illbe fully
described, and conrelations betw een
biological distdbutions and extant
venting w illbe nvestigated.

G eophysical Experin ents

To provide a consistent geo-
physicalpetrological m odel for the
superslow G akkelR idge, sufficient
Inform ation on the crustal thickness
and the com position of the upper
m antle beneath the riftvalley and its
flanks is required . Several different
geophysical m ethods w ere applied
to m eet these objectives. Both con-
ventionalshipdased experim entslke
seian icreflection experin entsasw ell
asm easurem ents located on drifting
ice floesw ere conducted . Theresults
arebriefly review ed here.

Seian iR eflection Experin ents.To
detem ine the crusal structure of the
Eurasin Basin north and south of
Gakkel Ridge, wo long seism ic
transects n Amundsen and N ansen
basins w ere acquired. A 24 lairgun
cluster n com bination w ith a 300 m
Iong stream er @8 channels, 6 25 m
group spacing) w asused . naddition,
36 sonobuoysw eredeployed horder
o provide mform ation on sedin ent
and crustalvelocities fora depth con-
version of the seism icdata.A Ll three
profiles provided excellent data and
m ost of the oceanic bassm ent was
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clearly Im aged afterprocessing. The
sonobuoys provided signals from
evendesperlevelsoftheoceaniccrmist
and In a few cases, signals from the
M choarevisible.Thisallow edam -
Inum estn ate of the crus@al thick-
ness.G ravitym odelingofthetransacts
w llprovidem orerlisblecmisalm od-
els than In the past.

Seian icR efiaction Experin ents.To
Tvestigate the crusalthicknessalong
the rift valley of G akkel R idge both
ships had to w ork together. For this
type of reoconnaissance survey, only
a few stations w ere deployed along
eachprofile. h case of reverse shoot-
g atm axin um two seisn icdataac-
quisition units w ere deployed on ice
floes t© record the airgun signals.
D uring profiling, USGCC Healy led
thecorvoy,w hileRV Polarstem tow ed
anairgunanay (htotal24-1) togener-
atetheacoustic signals.C rus@althick-
ness was measured at 18 different
Jocations. A 11 sations w orked w ith-
outproblem s.M ostofthe record sec-
tions show clearPn arrivals from the
crust/m antle boundariesw ith veloci-
tesbetween 78 and 79 km /. The
crusalthicknessalong the riftvalley
variesbetw een 2 and 6 km .

Graviy measurements. A fixed
m ountedgraviym eterkK SS31 onboard
theFS PO LARSTERN gatheredgrav-
ity data during the entire cruise. The
Tstrum entw orked w ithoutany prob-
lem sduring the entire cruise . H atbor
valies were tgken In Trom sz and
B1em ethaven.

H elicopterbasedM agnetics.This
program Itended to fly a detailed
m agnetic survey acrossthe riftvalley
ofG akkelR idge.U nfortunatelym ost
of the planned survey could not be
conducted, due to constantly foggy
w eather conditions. M easurem ents
w ereperform ed duringonly 14 daysof
the cruise. M agnetic dataw ere gath-
ered fora toal flighttin e of 56 hours

(44801nm )w itha line spacing of2 km
acrossthe ridge . The data are ofgood
quality and w ere flow n acrossprom i-
nentbathym etric features, so a contri-
bution tow ards betterunderstanding
of spreading processes along the
G akkelR idge canbe expected.

HeatFlow m easurem ents. Thirty

eight heat flow m easurem ents were
m ade at fourteen heat flow sations
along the riftvalley of G akkelR idge,
and seven along an off-axis seigm ic
transect nto the Amundsen Basin.
Here, good contol for the sedim ent
thickness w as provided by the seis-
m ic reflection data acquired on the
w ay to Lom onosov R idge. n the rift
valley, itw asdifficultto find sedin ent
patches of a sufficient extent to per-
form the m easurem ents. The Pam-
sound data clearly show ed thatam all
volcanoes covered m ost of the sea-
floor w ith only a few sediments in
betw een.

Rem ote M agnetotelluric Experi-
m entsand Seism ologicalA nay . The
deploym entof the seism ologicaland
m agnetotelluric stations on the ice
faced tw o problem s. The constantly
bad flightconditions n thebegining
of the cruiise n com bination w ith the
relatively fastsam pling of the petrol-
ogy program did not allow the s@-
tions to be deployed a reasonable
distance to the ship .The risk Involved
T finding the sations after several
days of deploym ent and w ih flight
disancesofm orethan 50NM w astoo
large. Secondly, the tim e of 3 hours
pluslin ited flightw Indow sneeded to
construct one M T station restricted
the num berof instrum ents.

Five M T -experin ents w ere con-
ducted along G akkelR idge to Tnvesti-
gate the conductivity of the earth’s
cmustand the m antle below thism id-
ocean ridge. The sationsw ere recov-
ered after 3 - 9 days. Crtical to the
hterpretation of these data isthe 1ota-
tion ofthe ice floeonw hich the nstmi-
m ents are located . A lthough the floes
show ed significant drift paths, their
oEaton was not o stong. So the
Thstrum ents acquired reasonable data
form ostof the deploym entperiods.

W hile the crusalthicknessalong
G akkelR dgew asdeterm nedby seis-
m ic refraction experim ents, seism o-
logicaldata arenecessary toprobe the
upperm antle. For this experin enta
m obilenetw ork consistingof3-4 sa-
tionsw asdeployedonan ice floe.The
deploym ent of the anay w asm ostly
finished in three hours. The RefTek
recordingunitshad aln ostmo failures

during theirdeploym enton the floes.
A firstview ofthe seism ologicaldata
show ed that teleseian ic as well as
Jocaleventsw ere recorded . Them ost
spectacular quakes were recorded
from the Pacific-A ntarctic ridgew ith
sufficient SN mato. A carefill data
analysis w ill show to which extend
Jocal seiam icity along the ridge w as
recorded.
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