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CRUISE OBJECTIVES

This cruise was a co-operative effort of the Institute of Oceanographic
Sciences and the Department of Geodesy 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. Observetion of microearthquekes on the Reykjanes Ridge with zn arra
of Ocean Bottom Seismographs near 593°N.

2. Determination of the structure of the ridge by means of three long
renge seismic refraction profiles positioned along the O, 4 and 9 My isochrons.

In addition to these two main objectives two lesser objectives were
included:

3. Projectile experiment, Ten projectiles were dropned to the sea bed to
see whether their impacts could be detected by the 0BS.

4, Temnerature measurement, An I0S temperature-telemetering pinger was
towed near the sea floor to look for temperature ancmalies in the water which
might be associated with geothermal springs.

Last but not least, bathymetric, gravity and magnetic data were accuired
continuously throughout the cruise, or when the station work permitted. A
deteiled bathymetric/magnetic survey was made of the ridge axis in the vicinity
of the 0BS array.

NARRATIVE (a1l times GIT)

Shackleton sailed from Aberdeen at 1030/5 July (dey 186), Contrary
tides through the Pentland Firth obliged us to go round the Orkneys, so that
the ship did not settle onto a westerly course past North Ronaldsay until
0240/187. Scientific watches with echo-sounder, gravimeter and magnetometer
were begun at 0800/187. The passage out to the Reykjanes Ridge carried us over
Rosemary Bank and the northern edges of George Bligh and Hatton banks,
Visibility was frequently poor so that the ship was forced to proceed at reduced

speed and our arrival at the first station was nearly a day late.
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R/T communication was established with Discovery on day 18¢, shortly
after that ship hgd sajled from Reykjavik., They were able to inform us in
some detail about the GLORIA survey in our planned area of operations on the
Reykjanes Ridge on their previous leg. )

At 0430/191 we reached the position of the first Cambridge refraction
line, line Z. Tour sonobuoys were laid and explosive charges fired along a
north easterly course from 1041 to 1635/191, 1In spite of some fog patches the
ship maintained a good speed of just over 10 knots, This was important because
the rather delicate state of Shackleton's stern gland obliged us to get as far
away &8 possible from the bigger cherges, lNeximum charge weight was 300 1b,
Despite thickening fog the last sonobuoy was 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 was esteblished with Dr Jecoby in the
German resesrch vessel lMeteor, He informed us of their shooting schedu}e a
few hundred kilometres further north on the Reykjanes Ridge, beginning on day
193 and continuing on and off for & week, This allowed us to plen our remaining
refraction programme so as not to interfere with or be troubled by theirs., Two
further R/T links were made with Meteor in the following week,

15\3005/192 we stopped to lay the rader transponder buoy, at the centre
of the planned array of OBS. During the next two days.the five 0BS were laid
at the corners of a regular pentagon, all between 3 and 5 nm from the transponder,
The first four OBS behaved impeccebly on launch, all switching off their pingers
after four hours ~ indicating that the programming of the OBS on the bottom was
operating correctly., The fifth COBS failed to switch off its pinger, suggesting
that the tape recorder in that instrument had failed to unclamp., Overnight and
between 0BS launchings, short bathymetric/magnetic surveys vere run in the
vicinity of the array.

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

tracks over the array, triggered once a minute by the la’ clock, to »rovide sound




ranging 2nd close range refraction date in the vicinity of the OBS. A single

disvposeble sonobuoy was deployed as an extra receiving point. At the conclusion

of this experiment we conducted our first sound velocity meter end temperature
telemetering vinger stetion., A dozen more velocity/temperature stations were
to follow in the next eight days.

At 1200/195 we began laying sonobuoys some 50 km northeast of the OBS
array for Cambridge refraction line X, The first shot on this line was fired

just north of the OBS array at 1945/195 and shooting continued on a north-

easterly course past the sonobuoys 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 sonobuoys were retrieved between 0700 and 1020/196.

By 1730/196 the ship was back over the 0BS array to start the projectile

experiment., During the next 10 hours a2 totel of ten projectiles were dropped,
two near OBS1l, five near 0BS6 and three near 0BS4., The impacts of all were
heard on the Precision Echo Sounder =nd timed against GIIT, Depending on water
depth they took from 67 to 78 seconds to reach the sesbed, Prior to each pro-
jectile drov the airgun was fired s few times to provide sound ranges, Since
the ship was stopred for this operation only the smallest chamber -~ 40 cubic
inch - could be used for fear of dameging the ship's stern gland,

During the early moraing of day 197 the resdsr transponder becsme pro-

gressively more difficult to see on the rader and finally ceased operating. The

buoy was recovered 0830/197 and found to have a flat battery. Throughout the day

sound velocity/temperature stztions were conducted along the ridge axis,

At 0015/198 we left the OBS ares and ren bethymetric tracks towards
Cambridge refraction line Y. Five sonobuoys were laid and shooting proceeded,
again along a northeasterly track, from 1515 to 2116/198. After recovering the
last sonobuoy st 0606/199 the ship returned to the north east end of the line
for a seismic reflection profiling run slong the shooting track, This was com-
pleted by 1200/199 following which the ship set course to return to the OBS

array. The remaining 400 1b of explosive were fired on this course between
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2100 and 2300/199, with the OBS as receivers at the western end of the line znd

a disposable sonobuoy et the ecstern end. This wes labelled refrzction line .

transponder and fresh batteries close to the cite of the first buoy. Bethymetric/
negnetic surveying occupied the night until the first OBS was scheduled to lecve
the bottom at 0600/200.

In spite of good weafher and visibility day 200 proved disestmus,
Neither the explosive bolt nor the pinger of OBS1 was heard on the PI5 ¢nd a
box search failed to fihd the instrument on the surface, O0BS4 was sighted on
the surface at 1249 and brought on board without incident, Then =% 1800/20C,
on scheduie, the pinger of 0OBS6 switched on but no explosive bolt wao hezrd to
fire, The instrument remained stuck on the bottom, Although the chances of
dredging the instr?ment up from rough, sediment-free topography seemed small,
the shallow depth (1166 metres) and operating pinger on the 0BS encouraged us
to have a go, In this water depth the ship has to be within about 300 metres
horizontal range of the instrument for its pinger to f2l1l within the echo sounder
beam and be detected, With the help of Mr Storrier, Chief Engineer, and Mr
Rees, Second Engineer, grapnel and barbed chain were welded together - no grapnels
suitable for this operation existed on board - and dragging operations were
carried out from 2125/200 to 0030/201. 2700 metres of the mein warp were
vaid out - 1500 metres more than the water depth - but nothing was achieved,

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

-the surf=ce at 0619'and with the aid of the rubber boat was hooked onto the

crene and broucht inboard without damage. By 1245/201 when OBS5 was sighted

on the surface, it was blowing 2 gale and visibility was down to about half a
mile, The weather was too bad to allow men over the side in the rubber boat and
the 0B3 had to be gravnled from the ship's‘dedk. It was only brought inboard
after suffering several hard knocks ecgeinst the ship's side,

Soon after the recovery of 0BS3 it became appesrent that the transponder

buoy wes dregging its anchor, This was recovered, 5 miles to the northwest of




oy

where it wes laid, et 1430/201. The weether renained too bad to attempt a further

dregging oporation for OBS6 so the remainder of the day were spent on velocity/
temperature stations.

By day 202 the veather had moderated and in the early afternoon another
attemnt vas made to drag for 0BS6., The pinger wes still operating to act as a
guide for this operation., A similer amount of mein werp wes paid out as on
the first occasion, but again without success, At 1805/202 the ettennt wes
abendoned snd the shin headed east to the start of e long gravity profile across
the ridge. The finel velocity/temperature station wes carried out in the eerly
hours of day 203 just before starting this profile, The gravity profile then
took us on a 120 mile track on course 3060, crossing the ridge axis at 60°H,
29%9W. Unfortunately the weather déteriorated throughout the day until by the
early afternoon the wind speed was 45 knots and the barometer had fallen to 977
millivers., The gravimeter remained operational but the heavy weather probably
caused some deterioration on the gquality of the dsta., Days 201 and 203 were
the only deys throughout the cruise in which bad weather hampered operations,

Cn completion of the gravity traverse of the.ridge course was set for
Reykjavik, At 0830/204 we stopped to recover the magnetometer and FES fishes
and concluded scientific watchkeeping. Our position then was 61029'H, 29004'W,
just outside the Icelandic 200 mile limit,

PROJECT REPORTS

Ocezn Bottom Seismographs

Tive OBS were deployed et the corners of a regular pentagon centred
aprroximately at 59020'N, 3002O'W. The v»osition of the arrey was chosen to
coincide with the northermmost concentration of teleseismic activity reported
from the Reykjanes Ridge, The first four OBS behaved correctly at launch, but
0BS5 feiled to switch its pinger off at the required time, indicating that the
tape recorder hed not switched on.

In addition to recording earthguskes the OBS acted as receivers for
Cembridge refraction lines X and U and for 1C seismic projectiles released neer

0BS1, 4 and 6.
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The expectations of all experiments were to & great externt dashed by
the failure of two instruments, OBS1l anmd 6, to surfece and by the failure of
0BS5 to run tape. The manner of OBS6 failure wes identicel to thet of CBS2
in August 1975. Its pinger switched on =zt the correct time but the explosive
bolt failed to fire (of I0S Cruise Revort Fo 34, 1975); Ae & result of these
feilures our loss rate is novw 3 out of 28 drops in the deex ocean,

Projectile Fixperiment

Ten projectiles were teken to sez to test the practicsbility of weipht-
drom sources for short range seismic exneriments on the seca floor, =ach pro-
jectile consisted essentizlly of = concrete filled length of steel water pirpe
with streemlined nose cone znd stahilising finz, The weight in air of each
projectile was around 120 kg, In the water they rcached terminzl velocities of
about 20 m/sec. Impect on the see floor caused z glass ball housed immediately
behind the nose cone to implode, This nrovided 2 high frecuency =zignal which
could be detected by the ship's echo sounder.,

No difficulties were met with the shipboerd aspects of this exneriment.
The imnacts of the projectiles on the sea floor were nll heard on the ship's
echo-gounder and timed egsinst GIT, Unfértunately the failure of OBS1 and 6
to surfece means thet a maximum of only three records sre aveilsble from the
0BS. (At the time of writing the UBS tajes hove yet to be played beck). It
is unlikely thet these will be sufficient to yield much seismic information
and cnother cruise will be needed to ascess the usefulness of these »rojectiles,
Sound Velocity/Temnerature Stgtigns

These stetions emnloyed e Plessey sound velocity meter tyve 11031 and
the temperature telemetering pinger recently developed by ir & Derlington of
the Applied Physics Group &t Vormley., Apert from three stations (2001, 2004,
2017) in which complete vrofiles of the water column were obiained to provide
sound velocity calibrations for the seismic refraction lines, the bulk of this
work was devoted to looking et water temperatures close to the bottom. X Crane

of Scripps Institution of Oceanogravhy recently claimed to have identified




temperature anomalies of zeothermal origin in the nezr bottom water of the
Reykjenes Ridge from =n enalysis of Deep Tow observations (personal communication
1977).

The technicue ve adonted was to "fly" the pinger 10 to 20 fm above
the bottom as the ship drifted. L couple of temperature anomalies were found
but it is not yet clear whether these were of geothermal or of physiczl oceano-
gravhic origin,

Seisnmic Refrretion Profiles

Three lons- rance seismic refraction »rofiles, lines X, Y end 7, vere
shot werrllel to the ridge exis (stetions 1999, 2002, 2011), Each line vas
about 110 km long cnd consumed approximately 11 tons of explosive, Four or

five Czmbri“rze sonobuoys wvere denloyed near the centre of esch line and shooting

in each c-se was from southwest to northeast. Line X was located along the ridge

exis, immediately north of the OBS arrey so that the 0BS »rovided receivers
2t its southucst end., Line Y wes displaced saae 35 km off the ridge axis to
the erst and line Z 90 km off the ridge axis to the east,
In addition to these three vrincipzl seismic refraction lines e shorter
profile, line ¥ (station 2012), vas fired to consume the remaining 400 1b of

exploaive and effectively connect the OBS array with line Y.

Navigetion, bathymetric, negnetic end gravity date were continuously
logged from 6854/187 to 0830/204 and the tepes vrocessed on board with the IBII
1130 com»uter housed in = carcvan in the hold, HNavigation plots and bathynetric/
magnetic/gravity profiles were aveilable ome or two days after the event and we
wvere sble to leave the shin with & nmerged tene of edited geovhysical and
nevigetionsl dete coverins the period 0854/107 to 2058/201.

Bothymetric drir vrs digitised for inwt to the Deats Logger by meens
of rn Edo Digitrsk, In =pite of the shzllow vweter encountered on most of the
cruise the Digitrek freruently loct lock znd considersble manusl editing of the

bathymetric dzta wes necesnar;: to remove errors,
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In the vicinity of the Reykjanes Ridge Loran C readings were used to
interpolate the ship's tracks between satellite fixes, but had to be menuelly
inputed into the computer. Much work could have been avoided if the receiver
had been directly interfsced to the data logger. The Loran C receiver (Decca
D191 merk 2) only functioned well for relative positioning in spite of being
checked by & Decca engineer in Aberdeen., The Magnavox satellite navigator

operated well throughout the cruise,
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