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CRUISE OBJECTIVES

This cruise wes a co-operative effort of the Institute of Oceanographic
Seiences and the Devartment of Ceodesy and Geophysics, University of Cembridge.
The two principal objectives of the cruise were seismological, corresponding to
the mein interests of the I0S Blacknest and Cambridge teams involved;
1. Observation of microearthquskes on the Reykjanes Ridge with en array
of Ocean Bottom Seismographs neser 59%0H.
2. Determination of the structure of the ridge by means of three long
renge seismic refraction profiles positioned along the O, 4 and 9 Hy isochrons.
Tn addition to these two main objectives two lesser objectives were
included:
3. Projectile experiment, Ten projectiles were dropred to the sea bed to
see whether their impects could be deteccted by the OBS.
4, Temperature measurement., An TOS temnerature-telemetering pinger vas
towed nesr the sea floor to look for temperazture anomelies in the vater which

might be associated with geothermal springs.

Tast but not least, bathymetric, gravity and masnetic dats were accuired
H ’ B (A ol

continuously throughout the cruise, or when the station work permitted. A
detziled bathymetric/magnetic survey was made of the ridge axis in the vieinity
of the 0BS arrey.

NARRATIVE (a1l times GHT)

Shackleton sailed from Aberdeen et 1030/5 July (dey 186). Contren
tides through the Pertland Firth obliged us to go round the Orkneys, so thet
the ship did not settle onto & westerly course past Horth Ronaldsey until
0240/187. Scientific watches with echo-sounder, gravimeter and magnetometer
were begun at 0800/187. The passoge oub to the Reykjanes Ridge carried ug over
Rosemary Benk and the northern edges of George Bligh end Hatton banks,
Visibility was freguently poor so that the ship was forced to proceced at reduced

speed and our arrival ai the first station was nearly a day late.




R/T communication was established witna Discovery on day 18C, shortly
after that ship hqd sailed from Reykjavik, They were able to inform us in
some detail zbout the GLORIA survey in our planned area of operations on the
Reylkjanes Ridge on their previous leg. )

At 0430/191 we reazched the position of the first Cambridge refraction
line, line Z., Four sonobuoys were lzid and exvlosive charges fired along =
north easterly course from 1041 to 1635/191. In spite of some fog patches the
ship maintained a good speed of just over 10 knots. This wes imnortant beczuse
the rather delicate state of Shackleton's stern glend obliged us to get as far
away as possiblé from the bigeger cherges., Haximum charge weight was 300 1b,
Despite thickening fog the last sonobuoy wes recovered by 0130/192 after which
the ship returned to the north-east to begin a reflection profilé along the
same line,

At 0930/192 R/T communication wos eateblished with Dr Jecoby in the
German research vessel lieteor, He informed us of their shooting schedu}e a
few hundred kilometres further north on the Reykjsnes Ridge, béginning on dzy
195 and continuing on and off for & week, This allowed us to plan our remaining
refraction programme so as not to interfere with or be troubled by theirs, Two
furtner R/T links were made with Heteor in the following week,

At 2005/192 we stovpped to lay the rader transponder buoy, at the centre
of the planned array of (B3. During the next two days.the five 0BS were laid
at the corners of a regulsr pentagon, all between 3 and 5 nm from the transponder.
The first four OBS behaved impeccebly on leunch, all switching off their pingers
after four hours - indicating that the programming of the OBS on the bottom was
operating correctly, The fifth OBS failed to switch off its pinger, suggesting
that the tape reccrder in that instrument hzd failed to unclamp, Overnight and
between OBS launchings, short bathymetric/magnetic surveys vere run in the
vicinity of the array.

From 1621/194 to 0215/195 the 1000 cubic inch eirgun was fired along

tracks over the array, triggered once a minute by the 12" cloclz, to nrovide sound



ranging and close range refrzction date in the vicinity of the OBS. A single
disposzble sonobuoy was deployed as an extre receiving point. £% the conclusion
of this exveriment we conducteé our first sound velocity meter snd temperature
telemetering pinger station, A dozen more velocity/temperature stations were

to follow in the next eight days.

At 1200/195 we began laying sonobuoys some 50 km northesst of the 0BS
array Tor Cambridge refraction line X, The first shot on this line was fired
just north of the OBS array et 1945/195 and shooting continued on a north-
easterly course past the soncbuoys up the ridge axis until 0200/196, The shooting
team did well to stick to their schedule despite miserably wet and cold weather,
The five sonobunoys vere retrieved between 0700 and 1020/196.

By 1730/196 the shin was back over the 0BS array to start the projectile
experiment. During the next 1C hours a total of ten projectiles were dropgped,
two near OES1, five near OBS6 and three near CBS4, The impacis of all were
reard on the Precision Beho Sounder aznd timed against G, Devending on water
depth they took from 67 to 78 seconds to resch the sezbed. Frior to each pro-
jzctile drop the airgun wse fired e few times to provide sound ranges, Since
the ship vas stovved for this operation only the smallest chember - 40 cubic
ineh - eould be used for fesr of demeging the ship's stern gland,

During the early morning of day 197 the redar transponder becsme pro-
gressively more difficult to see on the roder and finelly ceased operzting, The
buoy wes recovered 0830/197 =nd found to have a flat battery. Throughout the day
sound. velocity/temperature stations were conducted along the ridge axis,

At 0015/198 we left the OBS ares and ran bathymetric tracks towards
Cambridge refraction line Y. Five sonobuoys were laid and shooting nroceeded,
again along & northeasterly track, from 1515 to 2116/198, After recovering the
last sonobuoy &t 0606/199 the ship returned to the north east end of the line
for s seismic reflection profiling run zlong the shooting track, This was com-—
nleted by 1900/199 following which the ship set course to return to the 0OBS

array, The remaining 400 1b of explesive wers fired on this course between



2100 and 2300/199, with the OBS as receivers et the western end of the line snd
a disposable sonobuoy et the esstern eand., This wes labelled refrection line 3/,

At 0035/200 the reder transponder buoy was releid with o different
trensponder and fresh batieries close to the cite of the first buoy. Bathymetricf
negnetic surveying occupied the night until the first OBS wes scheduled to lezve
the bottom at 0600/200.

In spite of good weafher and visibility day 200 proved disszimus,

Neither the explosive bolt nor the pinger of 0BS1 was heard on the II3 ond e
box search failed to find the instrument on the surface., O0BZ4 wos sipbied o

the surface at 1249 and brought on bozrd without incident, Then =% icGs/20C,

]

on scheduié, the pinger of 0B36 switched on but no explosive bolt wzu hewrd To
fire., The instrument remained stuck on the bottom. Although the chances of
dredging the instr%ment up from rough, sediment-free topography secmed ocmell,
the shallow depth (1166 metres) and operating pinger on the 0BS encouraged us
to have a go, In this weter depth the ship has to be within about 300 metres
horizontal range of the instrument for its pinger to fall within the echo sounder
beam znd be detected, With the help of Mr Storriér, Chief Engineer, end Ir

Rees, Zecond Engineer, grapnel and barbed chain were welded together - no grapnels
suitable for this operation existed on board - and dregging operations were
carried ovt from 2125/200 to 0030/201. 2700 metres of the main wary vere

vaid out - 1500 metres more than the water depth - but nothing was achieved.

By dawn on day 201 the vsather had deteriorated. 0BS3 was sighted on

the surfsce 2t 0619:and with the aid of the rubber boat was hooked onto the

crore and broucht inbosrd without demeoge. By 1245/201 when 0BS5 was sighted

on the surfaoce, it was blowing a gele znd visibility was down to about half a
mile, The weether was too bad to allow men over the side in the rubber boat and
the 085 had o be grazwnled from the ship's deck., It was only brought inboard

after suffering several hard knocks cgrinst the ship's side,

Soon after the recovery of 0B33 it became apparent thet the transponder

buoy vas dregging its anchor., This was recovered, 5 miles to the northwest of
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vhere it was ladid, ot 1430/201. The weether remained too bad to attempt a Turther

dreceinge oncretion for OBS6 so the remainder of the dzy were snent on velocity,
r=t=y L) i3 o I o

temperature stations.

By day 202 the weather had moderzied and in the early afternoon another

attemnt was made to drag for CR36. The ninger was still operating to act sz &
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suide for this operation, A similar enount of main wern wez peid out az o

F

the first occasion, but agzin without succesz, AT 1805/202 the aitenvt wes

)

abzndoned znd the shivn headed ezst to the sfart of & long gravity profile zcros
the ridge, The finezl velocity/temperature station wes cerried out in the serly

hours of dszy 203 just before starting this profile, The gravity profile then
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took us on a 120 mile treck on course 306, crossing the ridge axi

29&p“. Unfortunately the weather deteriorzted thavoughout the doy until by the
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early efternoon the wind speed wes 45 knots and the barometer hed fallen to 977
millibers. The gravimeter remained operationsl but the heavy weather probably
covsed some deterioration on the quality of the dsta, Days 201 and 203 were
the only deys throughout the cruise in vwhich bad weather hampered operations,
Cn comnletion of the graviity traverse of the ridge course was szet for
Reylcjavik, At 08%0/204 we stopved to recover the megnetometer and PES fTishes
and concluded scientific watehkeeping. Our position then wes 61029'H, 29004'W,

just outside the Icelandic 200 mile limit,

PRCJECT REPORTS

Ocezn Bottom Seismosraphs

Pive OBS were deployed =t the corners of = regular peatagon cenired
aporoximately af 59O2O'E, 30720, The wosition of the arrzy ves chosen to
coincide with the northernmost concentraztion of feleseismic activity renoried
from the Reyljanes Ridge, The first four 0BS behazved correctiy 2t lsunch, but
0BRSS5 failed to switch its pinger off ot the reguired time, indiceting that the
tape recorder hed not switched on.

In addition to recording esrthcuskes the 0BS acted as receivers for
Cembridge refrzction lines X and V and for 10 seismic projeciiles relessed near

0BS1, 4 and 6.
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The expectations of all experinments were to & grezt extert dashed by
the failure of two instruments, OBS1 and 6, to surfzce and by the failure of
0B35 to run tape., The manner of OBS6 failure wes identical to thet of 03S2
in August 1975. Its pinger switched on zt the correet time but the eznlosive
bolt failed to fire (ef IO Cruise Revort I'o 34, 1975), it =& resulf'ﬁf these
failures our loss rate is nov 3 out of 28 drops in the deen occan,

Projectile Zxperiment

Ten projectiles were falen to sez {o fest the »rocticability of weiy

ch

e

dron sources for short range seismic exreriments on the sca floor. msch pro-

jectile consisted essenticlly of = concrete filled length of steel water jnire

k3

o

with streemlined nose cone znd sunbilising fins, The weight in 2ir of each
projectile was around 120 kg, In the water they rcached terminzl velocities of
ebout 20 m/sec. Impect on the sea floor caused = glass ball housed immediately
behind the nose cone to implede. This nrovided 2 high frecuency =ignel which
could be detected by the ship's echo sounder,

Ko difficulties were met with the shi;board aspects of this exneriment.
The impzets of the projectiles on the sez floor were all heard on the ship's
echo-sounder and timed egainst G, Unfortunziely the failure of OBS1 and 6
to surfesce means thet a maximum of only three records sre availsble from the
0BS. (At the %ime of writing the UBS tnpes have yet o be pleyed beek). It
is unliltely thet these will be sufficient to yield much seismic information
and cnother cruise will be needed to aszess the uwscfulness of these nrojectiles,

Sound Velocity/Temnerature Stetions

These stztions emnloyed & Plessey sound veloecity meter tyve 031 and
the temnerature telemetering vinger recently developed by ifr ® Darlington of
the Applied Physics Croup ot Yormley., Anert from three stations (2001, 2004,
2017) in which complete profiles of the water colunn were obiained to provide
sound velocity calibrations for the seismic refrzetion lines, the bulk of this
work was devoted to looking at water temperztures close to the bottem. K Crane

of Scripps Institution of Oceanogravhy recently clzimed to have identified



temperature anomalies of szeothermzl origin in the mneer botton weter of the
Reykjenes Ridge from &n enelysis of Deep Tow observailons ( personal cormunication
1977).

The technioue ve adonted was to "fly" the pinger 10 to 20 fm above
the bhottom as the ship drifted. AL couple of temverature anomalies were found
but it is no% vet cleer vhether these were of geothernal or of physicszl oceano-
gravhic origin.

Seismic Refrreiion Profiles

Three lons ranse seicmic refrsction »rofiles, lines 4, Y end 4, vere
ghot wzrellel to the ridge exis (stations 1999, 2002, 2011), Dech line was
ahout 110 lon longs ond concumed approximately 14~ tone of ex»losive. TIour or
five Ceombri-sc sonobuoys werc deployed near the centre of ench line ané shooting
in each cnse was from southuest to northeast. Line X was located along the ridge
exis, immediately north of the 0BS arrey so that the OBS provided receivers
ot its southucst end. Line Y weas displaced saae 35 km off the ridge axis to
the erst and line 7 CC la off the ridge sxis to the east,

In addition to these three rrincipzl seismic refraction lines o shorter
profile, line U (station 2012), waa fired to consume the remeining 400 1b of
exnlosive and effectively connect the 0BS arrsy with line Y.

Dotz Losring and I8 1130 Computer

Vavigetion, bothymeiric, negnetic and grevity date were continuously
logged from 0854/187 to 083¢/204 and the tepes nrocessed on board with the IBII
1130 comnuter houvsed in 2 cercvan in the hold, Havigation plots end bathynetric/
magnetic/gravity profilec were aveilszble ome or two days after the event and wve
were sble to lecve the shin with & merged tzne of eldited geovhysical and
nevigetionsl deta covering the period 0854/127 o 2058/201,

Bothynetric dris vrs digitised for in-ut to the Dets logger by meens
of rn Tdo Dimitral. In zpite of the shzllow water encountered on most of the
cruise the Digitrsi: fresuently lozt lock znd conciderzble mamicl editing of the

bathynetric detz wes necesnar’ 10 remove errors.




In the vicinity of the Reykjenes Ridge Loran C readings were used to
interpolate the ship's tracks between satellite fixes, but had to be manually
inputed into the computer. Much work could have been avoided if +the receiver
had been directly interfeced to the date logger. The Loran ¢ receiver (Decca
DL91 mark 2) only functioned well for relative positioning in spite of being
checked by a Decca engineer in Aberdeen, The MNagnavox satellite navigator

operated well throughout the cruise.



TABLE 1

TRAHNSPOIIDER BUQY POSITICHS

Buoy Laid Recovered Lat N Long ¥ Remarks

1 2045/192 | 0830/197 5992414 | 30°18'3 | Transponder ceased operating ¢ 0600/197.

2 | 0035/200 | 1430/201 | 59%°24'9 | 30°19'1 | Buoy recovered 5 miles to I of leying position

efter drzgring its anchor in heavy weather on
day 201,




Time (Z)/Dzy No

TABLE 2

STATTON LIST

Water Depth

~, S NE ME EN EN B0 BN B VR B Eay O NN O EE WP mN By BE En En

Station Eouipment - W Lat. W Let.N - . ]
Humber Type Used Stert fnd Lonz.1 © Long.y | 000 | OF Comments
1999 S.Refr, 3B 0430/191 | 0130/192 58256' 59243' Cembridge seismic line Z. 3250 1b of
(4) 29°06' | 27 52! Geophex in 24 cherges. Followed by re-
I N
AGLCOO0 flection profile rlong s=zine line,
2000 0BS OB3 0530/193 0215/195 59220‘ Apvroximate position. See table ¥ for
Deployment (5} 307200 positions, dewtha, recording windows of
AGI000 individual 0B3. Adirgun tracks over 0B3
DSB for seismic refracfion 4+ sound ranging
to improve navigation.
2001 /v TP 0%15/195 | 0657/195 59226' 650 | 1203 | lMean position and water depth giwven,
i 30716
2002 S.Refr 5B 1216/195 | 1020/196 59230' 60217' Cambridge seismic line X, 3300 1b of
(5) 30 12" | 2858t Geophex in 33 charges.,
OBS
AGYIOQO
2003 Barth Projectiles | 1730/196 | 0320/197 59220' Apvrox position, Total of 10 acoustic/
Shattering (lO) 30720! seismic vrojectiles relessed near ODSL,
AG40 4 and 6, Imnzcets recorded from PR3
against GiT.
2004 /v TRD 0350/197 | 0720/197 59230' 751 | 1391 | Mean position and woter deptih.
VI 30°19!
2005 T/V TTP 0900/197 | 1106/197 59224' 613 | 1134 | Mean position and weter depth.
VI 30 19!
2006 T/V TTP 1142/197 | 1331/197 59219' Meen position and water depth,
VM 309201




TABLE 2 (Continued)

Time (7)/Day No

Water Depth

Station Equipment - Lat.K¥ Lat.d . -
Number Type Used Stert End Long. ¥ % Long.V TCF Cl Comments

2007 A TTP 1400/197 | 1606/197 59219‘ 565 | 1045 | Mean position and water depth,
Vil 30°27"

2008 T/V TTP 1700/197 1905/197 59217‘ 628 | 1162 | lMean position and weter depth,
M 367331

2009 /v TTP 2000/197 | 2145/197 59222' 685 | 1268 | Mean position and water depth,
VM 30° 28!

2010 /v TTP 2220/197 | 0008/198 59225' 778 | 1441 | Mean position and water depth.
VM 307231

2011 S.Refr SB 0827/198 | 0606/199 | 59°10" | 59°55' Cambridge seismic line Y. 3300 1b of
(s5) 297541 28743 Geophex in 3% charges. Followed by re-

AG1G00 flection profile along same line,

2012 S.Refr 0BS 2104/199 | 2301/199 59216' 59225' Cambridge seismic line W. 400 1lb of
DSB 297469 3017 Geophex in 7 charges.,

2013 T/V P 0820/201 | 1045/201 59226' 630 | 1166 | Mean position and water depth.
M 30719

2014 T/V TTP 1613/201 1847/201 59030' 684 1266 | Mean position and weter depth.
V)l 30%12¢

2015 /v TTP 1934/201 | 2150/201 | 59°33* 600 | 1110 | Meen position and water depth,
VM 30°05¢

2016 /Y TTP 0910/202 | 1109/202 59211' 617 | 1142 | Mean position and water depth.
VM 30°38! -

am pam 25U




P4RLE 2 (Continued)

Time (2)/Day No Water Depth
Station Equimment Lat.M Lat. O : - c ot
Number Type Used Start Hind Long.# © Long.i | 008 | CF omments

2017 T/v TP 0354/203 | 0635/20% 59224' 11%6 | 2108 | Hean position and water depth.
Vi1 27 491

3B Sonobuoy (Cambridge type)'

DSB Disposable Sonobuoy

0B3 Ocean Bottom Seismograph

AG1C00 1000 cu in Adrgun

LG40 40 cu in Airgun

TTD Temperature Telemetering Pinger

VI Velocity Meter

3.Refr Seismic Refraction

T/v Temperature and Velocity Station




zh

TABLE 3

0BS PARAITETERS

08S | Launched | Recovered | Latitude N | Longitude W | Depth lemarks

1 0643/193 - 59020'7 30°2%17 1288m | Heither pinger ror exnlosive bolt hecrd on FPES,

4 1224/193 1350/200 59028'9 30023'1 1199 Recorced

6 1840/193 - 59%27.7 30°1117 1166 Dinger switched on at 1800/20C but bolt failed
to fire.

3 | 06350/194 | 0650/201 59%22.4 30°13'5 1121 | Recorded

5 1238/194 1330/201 59025‘1 3002?'7 13C0 Did not run tape., Nearly 1 gellon of water found
in instrument sphere on opening.
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