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SUMMARY

This cruise forms part of a multidisciplinary geological
investigation of the Cape Verde archipelago. Previous land studlies have
defined the geochemical nature of the island volcanism. The geophysical
studieg are aimed at determination of the structure of the island
velcanlec centres, the underlying oceanic crust and the upper mantle. The
marine geophysical investigation was started on Shackleton crulse 8371,
but curtailed by industrial actiocn.

The principal egcientifice aim of this cruige was to investigate
the oceanile erustal structure around the islands, particularly with
regard to flexure of the crusat due to the loading effect of the 1islands.
Thias required the collection of gravity, bathymetry, magnetic and
selemic profiiing data on a eystematic grid enclosing the 1islande.

The cruise was beset by a gseries of problems. Firstly the geismle
streamer was damaged on the previoug cruise, and the supply of oil for
repairs was critically short. Both compressors for the airgun supply
failed while under test in port before the start of the cruise. Equally
seriously several members of the ships company contracted dysentery 1in
Mindeloc. These combined probleme led to an initial cruise leg of 10 days
with no seismic capability, followed by & portcall to collect spares.
Unfortunately as the ship docked, a generator control motor failed. Two
sick erew members were hospitalised. Five days were lost in port before
spare parts and replacement officers could be supplied to allow the ship
to s8ail. Of the remaining scientific time, nearly all was spent in
collecting seiemic reflection data, mosgtly using the multichannel

‘Bystem.

Dezpite the problems the cruise has been surprisingly productive.
While the seismic system was disabled, magnetic survey and a dredging
program were progregsgsed. The range of methods used on the crulege meant
that with a little ilngenuity, it was usually possible to perform useful
work despite the technical breakdowns. 2150 Km. of multichannel
reflection data heve been recorded, less than was planned, but hopefully
sufficient to resoclve the major objectives of the study. Magnetic
survey has been about 70X completed, and the dredging programme also
about 70X completed. After the portcall the cruise was blessed with very
good weather conditions and few equipment fallures, Detalls of the
sclentiflce achievemente of the crulse are given in chapter U.
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SCIENTIFIC OBJECTIVES

The long term purpose of the investigation of the Cape Vedre
Islands is to provide information about the conditions within the mantle
of the earth, at depths of 70 to several nundred kilometers, which give

rise to intra-plate volecaniec areas such as the Cape Verdes. This
infromation ig only obtainable by inference from measurments on the
relavitely near surface rocks and structures. Particulat lines of study

and itemiged below in order of priority:

1) To investigate the thermal heating of the oceanic lithosphere by
the activity of the Cape Verde Hotspot. This can be achieved by
observing the "depth anomaly" of the oceanic crust and the "flexural
rigiaity". These studies reguire knowledge of the age of the ocean
crust from maghetic anomaly dating, the sediment thicknesses from
seigmic reflection, and gravity field obsgervations.

l2) To determine the relationshlp between oceanic fracture =zZones and
the position of voleanic centres. This reguires a combination of
magnetic field and seismic reflection data.

3) To complete an investigation of the geological structures
underlying the shallow submarine ridge between the i1slands of Malc and
Boa Vista

lIL) To investigate the local island structure 1in the vicinity of Fogo,
the active voleanic centre.

I5) To obtain dredged rock samples for geochemical analyeis of voleanilce
rocks fProm outlying seamounts &as well as the 1sland volcanle centres.

l6) Toe record gea-gurface gravity data along a Seasatl repeat orpit on
the passage from the work area to Madeira to provide "eround truth"
checking of satelite-derived grvity data.
7) To perform a maghetic survey to the southwest of the archipelago to

. .investigate previous reports of strong lineated magnetic ancomalies 1lying
within the "Cretaceous Quiet Zone'.
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SCIENTIFIC NARRATIVE
Mindelo, Cape Verde Islands

The sclentiste, technicians and relief officers flew from Heathrow
on Thursday 3rd October with SAA and after an overnight stop at Sal fliew
on to Mindelo with TACV. The ship arrived con the 5th. the handover
period until the 8th was useful since there was a complete change of RVS
technical personnel. The major problem was the breakdown of one of the
compressors during the previous cruise. Spares arrived by airfreight on
the 7th, but by this time tests had revealed similar faults in the
second compressor.

During the pericd of the portcall some personnel, mostly from those
who had gtayed in the Porto Grande Hotel gtarted to develop symptoms of

ayvaentery. Mogst pasgsged 1in a couple of days, put gome people,
particularly Taylor and Gimber had persistent aymptomg. Also during the
portcall the ghips supply of freshwater was depleted, and it wasg

essential to set tracks outside the 50 mile 1limit 1in order to make more
water.

while further spares and advice were sought from Hamworthy (the
manufacturers of the compresscors), the ship sailed on time from Mindelo
at 1000 on the 8th for a gravity and magnetic survey te the sgsouth-west
of the islands. This survey had a low priority in scientific work, but
was one task for which seismic data was not essential, and the survey
was almoet exclusively outside the 50 mile.limit so that the evaporators
could be run.

October 8th-11th (2.D. 281-284)

The ghip sailed south in calm weather from San Vicente to & point
to the southwest of the island of Fogo making bathymetric, magnetic and
gravity measurements. At latitude 214 s the ship turned west to begin a
ceries of tracks parallel to the spreading dAirection of the ocean crust
to measure magnetic and gravity data. The magnetiec anomaliee studled
are the young end of the M-gsequence of anomalies and the margin of the
Cretaceous guiet zone., Six parallel tracke were completed.

At this time there wasg etill no definate newe of arrival of spares
in Mindeleo, so 1t wae decided to continue at gea and etart the dredzing
programme. Thie would not be affected'by the lack of seismic capability,
and the eastern dredge sites were outseide the 50 mile 1limit to allow
more water to be made. It was declded to include a brief survey of the
area around the island of Fogo “en passant'.

Course was set to the north to perform a detailed bathymetric and
magnetic survey around the i=zland of Fogo.

October 12th (J.D. 2858)

During the day the ship steamed & grid survey between the islands
of Fogo and Brava. The obiective was to investigate the likely
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geological connection between the two islands. Fogo is an active
volcano, but Brava is8 currently experiencing seilsmicity indicative of

volcaniec events.

In the evening the ship headed to the southwest of Brava and a
dredge site (D885/1) was selected on & steep southern slope of a bank
rising to 1700 metres. The active weight dredge was rigged and deployed
at 22282, The dredging operation seemed to proceed well, with several
good "snatches'" until the dredge snagged and a pull of ¢ Tonnes was
reglstered on the tenslonmeter. On recovery the weak l1inke were found to
have parted and the dredge was lost.

A conventional pattern dredge was rigged and deployed at 03162 on
the 13th. This haul was successful in recovering samples of volcanic
rock.

Cctober 13th-16th (J.D. 286-289)

Course was get to the east to collect magnetic, bathymetry and
gravity data on passage to the next dredge site,. This was reached at
23002 on the 13th. After an initial box survey over the gseamount rising
to 1500 metrez depth, a dredge gite was selected and three hauls were
made on day 287. Hauls were generally small with 1ittle volcarnie rock
80 operations were continued until a reasonable Quantity of rock was
obtained which would be suitable for geochemical analyesls.

The pattern of fast passage between seamount dredge gltes continued
until day 289. Hauls were genreally small, except for dredge 885/5 which
cantained several hundred kilos of useful volcanice rock samples and

blocks of conglomerate. on each dredge the standard pattern dredge
buckets were deformed, on one occasion the welds on the mouth frame
being broken. Two furthenr dredges were lost. There appeared to be

1ittle consistency 1n the shear strength of the weakK links used. Some
hauls were ended after snatches over 6 Tonnes with the expectation that
weak links would have sheared, only to find the dredge completely
intact. On other occalslions the dredge was lost on what were apparently
lesser snatches. On each occaision allowance was made for the varying
welgnht of warp at that time.

October 17th-19th (J.D. 2%0-292)
Having completed a proportion of the dredging program, the

objective was to arrive in Mindelo early on the morning of Friday 18th
to take on boarad the sparees for compressors and the supply of oil for

the gelsmic streamer, which we were informed would be awaiting us.
Gimber and Taylor had not recovered from The sugpected dyeentery and
there was increasing concern over thelr health. Other persgonnel had

recurring short boutg of the game symptome.

The passage to Mindelo was arranged to 1ncorporate a magnatie
survey to determine the exact gequence of M-geqQuence anomalies to the
north of the north-western 1islands.
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October 19th-23rd {(J.D. 292-296)

The ship arrived off Mindelo at about 10002 &and anchored off the
main quay in the hope that the stores would be dellivered by launch. By
late morning 1t was arranged that the ship had to move to an alongside
berth. The doctor who was requested to see Taylor and Gimber came
aboard immediately the ship docked and took the two patients to the
local hospital for obhservation. As the ship moved alongsilde a control
motor 1in ohe of the generators burnt out. The ship was unable to sall
becatuse of the failure of one generator and the lack of &a third
engineer.

Arrangments were made to Ply out spare parts for the generator and

a relief engineer (D. Anderson), but this was not possible before
wWednesday 23rad. The intervening period was spent alongslde with the
ships company belng somewhat reluctant to eat ashore. The only good

aspects of this wasted scientific time were that the spares for the
compressors arrived and the coOmpressors were returned to working
condlition, the oll for the seismic streamer was taken o©on board, and
three days were spent 1in removing the seismic streamer from its drum and
curing electrical faults along its length. These were mostly due to salt
water ingress to sections damaged during the previous leg., where the
punctureg to the skin had been repaired, but residual salt water had
migrated to electrical econhectors and caused corrosion and short
circuits.

QOcteber 23rd-27th (J.D. 296-300)

Eventually the relief engilneer arrived at about 1800 on the 23rd
and the ship salled immediately. One lasting effect of the long stay in
Mindeloc was that the ship's water supply had reached a critically low
level, and it was essential that the ship move outside the 50 mile 1imit
from the 1slands sc that the evaporators could be operated. It
was possible to proceed directly to the start of the multichannel
seismic 1ines, but since most of the multichannel lines lay within the
island group, 1t was essential to stock up with fresh water before
engaging on this part of the survey. This requirement dictated the exact
scientific courses followed, and the ship made a circultous route,
staying 50 miles away from the islands., towards the start of the
multichannel seismic profiling lines at DSDP Site 367.

Along these tracks single channel profiles were obtained, and the
opportunity was taken to run-in the repaired compressors, and to
experiment with gun deployment and array types. 1t wae immediately

discovered that the twin-channel seismic streamer had only the leadlng
channel coperative, and that the capstan used for deployment had no
brake. The latter deficiency makes controlled deployment of the
Etreamer very difficult. Although the alrgun depth measurement system
had been checked and calibrated with the ship staticonary in Mindelo, the
depths read from the system were susplciously deep. The airgun array
uged for the multichannel work was of five guns 1000, 300, 300 with wak,
40 and 40 cu, ins. Thils array was up to the theoretical maximum
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capacity of the compressors and in view of their past frallty it was
considered unwise to overlcad them.

October 27th-26th (J.D. 300-302)

Single channel profiling ended at 14 N. 21 20'W. and the sghip made
a quick passage at full speed towards DSDF Site 367, slowing to begin
deployment of the Multichannel gstreamer when 30 miles short of the
regquired line.

Deapite the work done on the streamer in Mindelo, the deployment
was noet a qQulek process. Further electrical faults were found during
deployment and it was decided to correct them before commencing
recording. This involved some time-consuming fault tracing but finally

resulted in a2 completely functlional streamer apart from c¢hannel 56,
which had high leakage and was switched out, and an intermittent fault

on the readout on depth sensor 2. with the streamer successfully
deployed, a towing trial showed that it was well balanced and towing

stably under contrcl from the birds. Course was altered towards the
start of the seismic line. :

As airgun deployment started it was found that the electrical
pressure sensors for the airgun supply, and the depth measurement had
developed faults. Additionally several airguns failled to seal on initial
deployment. With all these delays, the ship overran the start of the
seismie line before the system was operational and it was necessary to
make a large circle while these problems were overcome. Data recording
started at 0130 on day 302.

October 29th-November 8th (J.D. 302-312)

Line 01 was recorded as & link between DSDP Sites 367 and 368 to
provide a reference to which the remainder of the survey could bhe tied.
The eaquipment worked well apart from Tape Deck "A" whieh was &
continuing eource of write errora, usually following insertion of & new
tape. Chn one occasgion one particular tape produced continuous errors
from deck "AY, and it was suspected that the tape was faulty. The tape
was mounted on the level "C" shipboard computer where no faults were
found. It was returned to stock and sucessfully recorded. The exact
cauge of the poor performance of deck "A"™ 1s not understood.

. . Considerable efforts were made to rig a Par-field hydrophone. A
working system {as described in chapter 3) was devised and recorded
sucessfully for about 80X of the line mileage.

Ppuring the initial line +the ship's engineers ran both evaporators
and produced record amounts of water, such that by the time the ship
entered the 50 mile l1limit again there was a sufficient gsupply to last
throughout the remaining sclentifiec time.

The selsmic aystem proved much more robust and reliable than had
been expected. It was used continuocusly for 10 AQays until all the
scilentific time had been exhausted. No fresh faults developed until
several days had passed, and it was only on the last two days that any
complete channels were lost, possibly as a result of a fish attack on
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the turn between lines 05 and 06. The quality of the data was good with
the EPC display of channel 2 showing gcod penetration of the sedimentary
section, low noise levels and considerable stratigraphlc detail.

November 8th-1i2th (J.D. 312-316)

At 0230 the scientific time was exhausted and the multichannel

system was retriaved. It was found that several sectlons had bad
punctures in the form of Jjagged tears or neatly cicular holes which were
attributed to fish attacks. As damaged sections were recovered they

were drained of oill in the area around the holes B0 that the ocuter
sheath c¢ould be repaired by welding, and the welded repairs securely
taped over. Despite this proceedure at least one of the repairs burst
under pressgure on the winceh drum. The recovery was completed by 1000,
the procesgs having been much delaved by the necesazary repair work.

The ship immediately turned to & course cof 023 at full gpreed and
proceeded to Madeira. It had been arranged that the seiesmic line ended
at a point on a SEASAT satellite track whieh could be followed towards

Madeira. Gravity., magnetic and bathymetric measurements were made until
0800 on the 10th when the ship entered the 200 mile limit of the Canary
Islandes and scientific watches were discontinued. The data

collected will be used to check on the free air gravity values
calculated from the SEASAT altimeter data. The ship slowed briefly to
recover the PES f£ish and magnetometer bottle then continued at full
speed to Madeira, arriving off the coast 1n the early hours of the
morning of the 12th, then moving alongside the quay at about 0900.

The Leiceter equipment was packed during the passage and stowed in
Explosive store No. 1, to be left there for collection when the ship
raacheeg a U.K. port.
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EQUIPMENT PERFORMANCE

1. NAVIGATION
The Magnavox Sathav worked without faults, and seems to be a very
good system, but it would be useful to have access to more data about

the fixes, specifically the course and speed used to compute the fix,
and the geometry of the fix (N,S and E,W). This information 1s necessary
in order to adjust the fix position for incorrect speed and heading
input.

The E.M. log falled early in the Cruigse due to water ingress,
and falled a second time soon after rewiring. The spar was deformed and
it was written off until & replacement could be provided in Funchal. The
doppler log was used as a substitute and worked well except for sudden
apparent speed surges, probably due to large concentrations of plankton
encountered south of 14 degrees N, It did develop an unexplained
intermitent fault on the fih&1l passage to Madeira. wWith the E.M. log
failure, and the inarility of the data-logging system to interface to
the Doppler log, there was no accurate log data for the second leg of
the c¢rulse,. Approximate fore//aft speed dats were recorded by connecting
a voltage calibrator to - the EM-log LevelvA'" interface and adjusting its
value to give a value on the level "B" monitor which matched the Doppler
log ocutput. Heath Robinson was a great man. -

It is important that the 1interfacing of the Doppler log be
accomplished as guickly as possible, to provide a backup log system.
Indeed it is argueable that the doppler log should be the primary log
system for scilentific navigation.

NNSS satellite navigation is inadegusate for multichannel seismic
agquisition. A high priority should be agssigned to purchasing a GPS
recelver,

2. SEISMIC SYSTEM
A} Compressors and Alr supply.

The two Hamworthy compressors distinguished themselves by both
falling while under test in Mindelo, before the Leicester party had
moved aboard the ship. The fault, ldentical in both compressorse, was in
the third stage where the valves falled to seal. Eventually thls fault
wasg solved by the supply of replacement cylinders and valves for the
third stage on both compressors. It is interesting that the fourth
stages had already had a similar rebuild by Hamworthy engineers. 1t

seems likely that there is a deslign fault that may be c¢causing
progressive faults 1n the various stages.

Because of this compresscor failure 1t was not possible to do any
selsmic work in the first ten days at sea, before the spares were
collected from Mindelo.

Once running, the compressors proved quite reliasble though they did
need constant attention because of the rapid build wup of water in the
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humid conditions experienced, especlally south of 14 degrees N. A
rigid high pressure plpe developed a leak at a union and had to be
replaced by a flexible one.

The seismic source 1s one of the weak points of the total system,
and an increase in air capacity should be a priority. To obtain this 1t
would be better to have more compressors of a gimilar size than to have
bigger compressors. This would provide a more flexible and resillent
system.

I suspect that the air supply lines to the A-frame distribution box
are of too emall diameter. It is noticable when trying to seal guns
when deploying,. that on opening the quarter turn valves with a static
pressure of 500 psi, the pressure drops quickKly to about 200 psi and
takeg over ten geconhde to recover to 500 pel, even 1f the gun seals
instantaneously. we had considerable trouble in persuading gune to seal
during deployment and 1 suspect the congtricted air sgupply 1s a major
contributing factor to this. It 18 interesting that Graham Westbrook
made similar comments after crulse 2/785. :

The air supply box on the aft A-frame 1s very useful but has
digadvantages when used with multiple guns. Because the linesg used for
air supply and venting are c¢ommon to all guns, it is impossible to vent
one falled gun while others are firing. Obviocusly such a medification
would result in a more complex system, but providing 1t was well
designed and labelled, I cannot believe it would be inherrently less
safe. Such a modificatibn is essential to allow maintenance of alirgun
arraye without interrupting data collection.

B} Alrguns

The Bolt airguns worked well and proved reliable, as expected.
Once the desired array was streamed and operating for the multichannel
work, the 1500C guns worked continuously for 10 days, while the two 600B
gunsg only had two failures, one due to an abraded hose. On recovery 1t
wag found that the 300 in. gun with waveshape kit had broken all of its
firing seal springs, but was still sealing correctly.

The problems here are the ungatisfactory towing arrangements and
limited range of chamber sizes. The 1000 cu. 1in, chambers are recognised
1o be inefficient, and chamber slzes between that and 300 cu. ing. are
needed. There are many preferences for gun "deployment, but most seem
untidy. RVS should taeke the initiative and produce a subarray carrying
threae 1500C airguns and allowing flexibility of chamber sizes, with a
gingle integrated towlng/umbllical cable. The relatively small number of
guns should make guch an array manageable on the other ships less well
endowed with aft deck space than Darwin. All the towing problems have
been experlenced and solved by the commercial contractors and it 1is
important that their experience is tapped to produce an efficent, safe
and economical solution to this problem.

C) Streamer

The teledyne streamer worked well, was relatively easy to deploy
and was reliable. 40 hours were spent in fixing electrical faults during

RRS Charles Darwin Cruise 8-85




Equipment Performance Page 3.3

initial deployment, but once deployed 1t performed well. 1t was
fortunate that the previous crulse had spent time balancing it for the
local water conditilons. Persistant faults were leakage on channel 56,
and intermittent operation of depth sensor 2. Towards the end of the
ten days of deployment three channeleg of data were lost completely, and
the talil of the streamer started to tow rather deep and the bird depth
gsettings had to be progressively altered.

On recovery, several sections were found to have serious splitse or
holes, all asttributed to fish attack. These were repaired as well as
possible by dralining the sectiones and welding the splits, with patching
where necessgary. Degpite this at least one repair burst under pressure
on the winch drum. The streamer will need comprehensive maintenance
before its next deployment.

D} Sercel system

The Sercel itself proved a reliable and easy ' to use device. The
same cannot be said for the tape decks. Deck "A'" provided a constant
source of anxiety, and H32's. Deck "B" provided far fewer faults,

mostly parity errors and gynechro errorg. Throughout our cruise the § v.
supply for the tape gwiteching unit was provided by two laboratory power
sgupply units, one of them suspended with string from the deckhead. It
gomehow typifies the frailty of the tape deck siltuation. A epare tape
deck with associated switching and power supply 1s esgential as backup.
I1f these decks are to continue in service a microswitech on the tape flap
with a warning light on the cage would be a useful reminder to
watchkeepers.

On the preceeding crulse John Jones reported having trouble
with 3M tapes inatead of the RVS standard Memorex. We have used 150 3M
tapes and have had no problems, although we have played safe and used
most of them on deck "B". Checking of the Executive reports has
reavealed that the 3M tapes may be associated with an increase in parity
and synchro errors, but this has not been rigorously proved. Further
detailed checking will be carried out.

it is highly undesirable that four parallel numbering systems are
ugsed for shotpoint and record numbering, these being the Shot Counter,
BBC Position Number, Sercel Record Number and Event Log Number. Only the
Pozgition Number and Sercel Record Number are needed. The BBC should
produce the Position Number to place in its extended header, and the
event logger ghould read the Position Number and Sercel Record Number
and log both against time and position. The shortcomings of the BBC
goftware in terme of user-friendlinese are highlighted by the problem of
Fosition Numbers not incrementing,. and the burying of often-updated
variableg in Menu 5, which should be directly accessible. Desplte these
ceriticisme the BBC header sytem will be wvery useful, when it is
finiehed.

E) Twin channel streamer

Apart from the fact that channel two was u/s at the beginning of
the cruise, and was never operational, this streamer worked well and
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provided good quality data. Its deployment from the capstan 1is not a
good sysBtem, principally due to the lack of a brake and fine speed
control on the capetan, but &also due to the Aifficulty of obtalning a
fajir lead to the stern.

F} Hard copy diseplay

The EPC's worked well and the EPC delay box was very useful. The
bateh of paper which was not EPC's own brand was unsatisfactory, giving
highly variable grey scales acrocss the page for a constant "contrast"

setting. 1t was difficult to print a legible record without some sgreas
being burnt. If this is an economy measgure, it 1= not a satisfactory
one.

G) Sonobuoys

The compact gself-inflating units (Ultra SB10G) were used. The
radioc ranges achleved weare noticably less than those using the older
pattern sonobuoys in the same area two years ago, even though the sea

.conditions for this present c¢rulse were noticably calmer. The radio

range 18 the limitation of these bucys since a good acoustic signal was
obtained until radio reception was lost. We did not perform the gain
maodification to any of the buoys deployed.

I have difficulty understanding why RVS supply a sonobuoy system
comprising sonobuoys, receiver, filters, tape-deck, EPC's but fail to
provide a high-gain, well-gited aerial. 1 did not bring my own aerial on
this ecruise hecause I was told one would be supprlied. 1 was not
satisfieqd with the performance of the aerials fitted and suspect that
they are a major factor 1in the poor ranges achieved by our soncbuoy
lines=s,

Despite long and earnest consultation with the Mates and Master we
could not devise a foclproof method for deciding from which side to
deploy the sonobuoy when the multichannel array was towed. we iostT
three sonobuoys by collision with the tailbuoy. Some kind of simple
launcher which could shoot the sonobuoys several tens of metres away
from the ship would be very useful.

H) Far-field Hydrophone
This is an important part of any multi-gun array system for gun
synchronisation and processing. A sBystem was improvised by using the

hydrophone from a disposable sonobuoy, deployed from the
ORE fish towed from the Rex-Roth winch via the starboard A-frame. The
gignal was carried from the hydrophone to the wet lab by an armoured
cable taped to the Rex-Roth wire. With thils arrangement the hydrophaone
would tow at a depth of about 55 metres vertically below the gun array
in a foresaft direction, but offeet about 4L metres outboard from the
ghip's starboard =side. Thig arrangement is not i1deal, but 1e &adeguate.
A much better system could be made from an old PDR fish, a suitable
hydrophone, 150 metres of CTD wire and a small slip-ring wilinch. Most of
these components are probably avallable at Barry.
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MAGNETOMETER

The old Varian units worked well. The only loss of data was caused
by nolsge in the inbocard cable from Main Lab to Plot. For the latter
part of the cruise data were collected by having the magnetometer
electronics in the Main Lab and the chart recorder in the Plot. Thie 1s
cbviously unsatisfactory for watchkeeping.

Eventually a majJor sgsource of noise was digcovered to be the air
blower fan motor for the geismie compressor compartment, to whieh the
magnetometer inboard cable had been taped. The length of the inboard
cable is likely to be a continuing source of poor eignals. 1f the
magnetometer is to run in the Plot then some preamp. in the Malin lab.
area will be necegsary.

4) GRAVIMETER

The Lacoste-Romberg meter S.40 performed without any faults. Its
drift was low and was well determined by the repeat occupation in
Funchal. Detalls of all Base tles are in Appendix 3.

5) DATA LOGGING

The new computer system with level AS/B/C units was very relliable
and seemed to be efficient. There is a lack of documentation of
exactly what 1s done to each data type in terms of sampling and
ecpecially filtering. This problem was highlighted when we triled ta
check the gravimeter performance by examining crossover errors.
Pistinet step functions were found in the processed free-alr anomaly
data, wilth amplitudes of 3 to 20 mgal. The source of these is the
sudden change in course and heading at the time of gatellite fixes
introduced by the unsophigticated treatment of D.R. errors between
fixes. The navigational computation is degradlng the gravity data. We
did guspect that the problem may be linked to the lack of an EM log for
part of the ¢rulsge, but the problem occurs in a8ll the navigation,

regardless of the source of speed data. I find this navigationsal
algorithm unacceptable and will recompute all navigation after the
crulse, One impediment to- doing this thoroughly is the lack of

parameters of each satellite fix supplied by the MX1107 Satnav to the
Level "A" (2ee comments in Navigation above).

This problem would have been discovered much earlier if there was a
simple utility available toe plot logged varisasbles againgt time or
distance for each 20 hour period. A linear plot is much easier to check
for nolise gpikes and distortion in the data than the annotated track
plots which are the only graphical output currently available. A
program to plot fence diagrams along tracks was developed during the
cruise.

The event logging facillty for seismic shot points is a useful
feature but should be enhanced (see comments under SERCEL system).
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DREDGING

The coring warp was used in lieu of a dredging warp, and led via
diverter sheaves to the aft A-frame. Its main characteristic was its
relative lack of elasticity compared to the dredging cable.

The active weight dredge was tested on deck and appeared to work
well, but was lost on the first deployment (see narrative Day 285). This
was extremely regretable. After 1ts loss, conventional pattern dredges
were used, but often deformed and in one case the welde on the mouth
frame broke. I remain convinced that the active weight principle iz a
great advance 1n dredge techniques.

Some trouble was experienced with the remcte winech control units
and their socket polnts on the aftar-deck. Thls sappears to be the
result of a system deeign problem which will need an early solution.
It wae esential to work from the Main Lab when dredging, the Plot being
too remote from operations.

7) THE SHIP

In general I have been impressed by the facilities and comfort
provided by the Darwin. I offer the following observations:

al Fer our cruise the FPlot turned out to be an airy and spacious
watchKkeeping area. However despite the sea state always belng less than
Force 3, two of the scilentific watchkeepers were geaslick. I would not
like to- use the plot for scientific watchkeeping 1in rough weather.
The position of the Plot ia very convenilent for the PSSO, but not for
other sgcientists, for moving equipment, or for communication with
cprerations on the afterdeck.

The 1installation of the SERCEL in the Plot 1s 1inconvenient for
supplies of tapes, for testing the streamer, and for tuning the airgun
array.

In my view the Plot should be used as Just that, for plotting and
analysing data, not as an electronics lab.

b) Before the cruice 1 only became aware of the restrictions imposed
on use of the shlip's evaporators within 50 nm. of land during a chance
conversation. Thie was a seriocug logietic problem for this crulse, and
will probably c¢cause more trouble 1in other areas, particularlty ’'the
Medlterranean. It would be gengible 1f PS0O's were at least made aware of
this conestraint before cruises began.

c) The sharing of the main lab between electronics and airgun
maintenance is clearly unsatisfactory. 1 repeat my request made during
the Summer, that the Main lab be divided by & partition so that the port
side can be Kept aB relativliey clean working space. This would provide
anh analcgue to the Rough Lab/ Wet Lab  Main Lab arrangement which
worked so well on Shackleton.

The dAistribution of fixed eguipment in the Malin Lab (and alsgo Plot)
is irrationsal. The satnav repeater monitor, TV camera monitor, EM log
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epeater, gyro repeater and wineh repeaters should be grouped closely
together to form a natural centre for watchkeeping or operations on
tation. The present arrangement demonstrates the lack of planning in

the layout of laboratory space.

-

a) The afterdeck is an excellent working area, and with the extremely
good weather encountered on our crulse we experienced no water on deck.
The mounting pointg in the deck are a great convenience. The large stern
roller made deployment and recovery of the seismic streamers easy as
well as reducing wear and tear on the streamers. The layout of the
spaces at the stern to elther side of the A-frame should be modified to
ease deployment of airguns, and idesally should be capable of deploying
arrays of guns,.

I can see 1ittle advantage in the flush nateh since for all of our
cruise it was an empty area with a guard rail around 1t. An easy. and
all weather communication from the labs to the hold should be provided
which will allow movement of cases of dimension 1 metre cubed.

e) There is no adequate visibility onto the afterdeck from the bridge.
With the multichannel streamer wineh 1in place the field of view of the
video camera is very restricted, The rear conning position makes a good
bicycle store. The sgafety problems of lack of rear vision might most
easily be solved by additional cameras, one mounted on the A-frame
looking forwards acrogs the biind areas of -the aft-looking ones. A
workable rear conning position with a clear view of the afterdeck (above
the emergency generator?) would be very useful for esuch operations as
recovery of the multichannel streamer.

£) The floodlighting of the working decks ig inadeguate. I understand
this deficiency 1s already well recognised.

Sl
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SCIENTIFIC RESULTS

The sclientific fortunes of the crulise wvaried from disastrous

to good. The start was very depressing when the compressors were u/=,
and the five lost daye in Mindelec sericusly damaged the scientific
program. The necessitity of sepending time more than 50 miles from land
in order to make fresh wsater was a constant worry, and caused many
tracks to be placed away from the optimum scientific position. The

scientific results can best be described with reference to the cruise
objectives listed on Page 1.2,

1) The investigation of the thermal anomaly.

The gravity and maghetic data collected during this cruise were

less than anticipated because of the lost shiptime. However the
magnetic data close to the islands completes most of the pre-cruise
plans. The gravity data is more problematic. While the distribution of

data 1is good, 1f restricted in qQuantity, there 1is a gQuery about the
quality of the navigational data for the second half of the cruise when
the E.M. log was u/s. It is not yet ¢lear whether this will degrade the
corrections for the gravity data to a significant extent.

The gquantity of single channel selismic data is much 1ess than
intended because of the compreszgor failures. Most tracks of the first
ten dayvs would have been profilled 1f the equipment had been servicable,.

The QqQuality of the data which were recorded is however good. The
multichannel seismic acquisition was a definite succesas. Despite
problems during the deployment of the gear, the record quality is good
and the reliability of the gear exceeded expectations. We were

fortunate in having excellent weather conditions and that the streamer
did not suffer from fish attack until the last selsmic line.

The combination of the above data should allow accurate dating of
all the ocean floor surrouding the archipelago, the determination of the
"depth anomalies"™ in oceanic Layer 2 and the calculation of more precise
flexure models. The seismic stratigraphy within the Tertiary
sedimentary seguence on the gelismic reflection records holds great
promigse of revealing the pattern of uplift of the Cape Verde Rise, and
hence provide time constraints on the growth of the Hotspot. For such
detalled analysis the multichannel data will have to be fully processed,

2) Relationship of volcanic centres and fracture zones,.

Despite the lower quantity of data this objective should be
attained with the combilination of these and previous data. It has been
possible to identify magnetic reversal anomsalies very close to the

islands and hence c¢closely constrain the positions of possible fracture
Zones.
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3) Investigation of the Maio-Boa Vista ridge.

This objective was a victim of the combination of the loss of time,
and the requirement to spend time over 50 miles from land.

4)Y Investigation of the Fogo area.

Thie survey was completed, though with lege szeismic profiling than

desired. The interpretation of the results is not immedistely clear,
but 1t is apparent that there is a topographic ridge connhecting the
islands of Fogo and Brava, passing through the 1Islas Secos. The

significance of this ridge will be clearer after full interpretation of
the gravity and magnetic data.

5) Rock Dredging.

This task was persued with vigour during the first ten days of the
cruise while the seismic compressors were u/s. Sites were dredged on
four seamounts and useful rock samples were obtained from at least one
haul on each seamount. Hauls were however somewhat disappointing as
regards the recovery of unaltered volcanic rock, except for one where
over 100 kg. was recovered, These patchy results are probably a fair
reflection of the difficulty of dredging in this type of terrain. Two
further dredge sltes to the northwest of the islands were not attempted.

Geochemical analysis of the samples will take 6 a considerable time,
but should be scientlfically valuable whether they confirm the current
expectation, or produce surprises.

6) Ground Truth gravity for a Seasat track.

Datae was collected from 18 to 26 degreese North on pageage 1o
Funchal. Because of the lack of time the most desirable "repeat" track
could not be usged since it lay over a hundred miles to the wegst. The
gravity data is slightly suspect because of the degraded guallty of
navigational data. Comparison of the collected data with that from
Seasat has not yet been carrtied cut. '

7) Magnetic survey of the Cretaceocus Quiet Zohe.

This survey was completed in preference to those with higher
scientific priority because it mslilowed the ship to make fresh water. The
magnetlc data show several lineastions parallel to the ™M™ sequence
anomalies but 1l1lying within thne '"Quiet =zone". The origin of thege
anomalies as either genuine reversal features, or topographic effects
has to be established by further detalled study of the data.

In summary, the multichannel seismic acquisition was sucessful, but
all other objectives were victims of the series of problems which beset
the crulse.
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APPENDICES

APPENDIX 1: CRUISE STATISTICS

Total Cruilse length (8th Qect.~12th Nov.)}

Days alongside (Mindelo)
Passage time (26 N. to Funchal)
Time lost to breakdowns

Total scientific time

Time on station (14 dredge hauls)

Underway Geophysics
{Magnetics, Gravity, Bathymetry)

Single channel seismic
Multichannel seismic

Time not available for seismlic work
(compressors u/s)

Scientific downtime
{(multichannel sgtreamer and airguns) -

Daye hrs.

35

00
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NM.
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0000
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APPENDIX 2: STATION LIST AND DREDGE SAMPLE DESCRIPTION

SONOBUOY STATIONS

No. Day Time Lat. Long. Csge Spd EoR Chan.
88s/1 297 0959 15 38.7 25 26.9 193 5.7 1120 20

8852 297 2212 il 31.% 25 45,6 185 5.7 2313 20

88573 299 o401l 13 59.3 23 18.7 090 5.9 0520 16

88s5/4 302 o436 12 31.6 20 02.3 310 4.9 0536 17

885/5 305 1012 17 30.6 21 53.3 274 5.0 1137 17

88%5,/6 306 1930 16 o4.1 23 45.8 131 5.1 1945 16

885/7 306 2004 16 01.0 23 U6.5 192 b.9 2022 05

885,/8 307 1625 14 21.6 24 0g9.5 186 5.0 1844 10

885,/9 308 1902 15 29.8 24 35.2 Q09 5.1 2038 10
885,710 309 1334 1% £3.5 23 13.6 087 5.1 1451 10
885711 309 1455 15 43.6 23 06.8 087 5.0 1618 20
885/12 310 1653 16 11.3 21 32.0 283 L.9 1719 10
885,13 311 1656 16 40.8 23 32.3 294 5.0 1826 10
DREDGE STATIONS

No. Day Time Lat. Long. Depth Remarks

88%5/1 285 22/02 14 37.0 24 s4.0 2500 Active welght lost,
885/1A 286 03/06 14 37.0 24 54.0 2500 Rock recovered
88s/2 287 0o/04 14 45,0 22 2%9.0 3100 Dredge empty
385/2A 287 06,710 14 45.0 22 29.0 3000 Rock recovered
885,28 287 12,716 14 45.0 22 29.0 3200 Rock recovered
a8z2/3 288 07,710 15 17.3 21 53.2 1300 Dredge lo8t

885/3A 288 11/12 1% 17.4 21 53.2 1100 Rock recovered
885704 288 13/16 15 18.2 21 50.4 1600 Rock recovered
88%/5 288 1719 15 18.7 21 50.6 850 Good rock recovery
38x5/6 289 11714 17 0Kh.5%' 21 5¢.7' 2000 Dredge broken, few rocks
885/6A 289 14716 17 06.2 21 59.3' 2000 Rock recovered
88s,77 289 17/18 17 08.8 21 »7.7° 600 Dredge haul small
885/7A 289 1920 17 09.3 21 57.3" 380 Dredge haul small
88n/78 289 20/22 17 07.7' 21 56.5' 900 Dredge lost
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885/14

885,/2A

885/2B

885/3A

885 /14

885/5

885/64A

885/7A

APPERNDICES Page A.3

RECOVERY - BRIEF DESCRIPTIONS.

Medium haul of altered balsltic rocks.

About 15 kg. of rock samples, all pillow rinds and
hyaloclasites. Most very altered.

About 20 Kg. of rock. One lange (400mm.) section of pilllow
rind cored with hyaloclasite. Other smaller samples ¢of similar
type

Large haul, but mainly of coral fragments and shells.
Some oyster shells which may be of shallow water origin, and
hence of interest. Some small blocks of altered basalts.

Some small altered basalt samples,.

Large haul with 4 large blocks of basaltie rock greater
than 500mm diameter, containing vesicles up to 3mm diameter.
16 further samples in the range 150-500mm of mixed basaltic and
conglomeratic litheclogy. One bag of smaller fragments of similar
litheology.

2 basalt samples 150mm, and a few smaller fragments. Some
solitary coral material,

Small haul of coral and shell debris with some small
(50mm)} basaltic samples.
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APPENDIX 3: GRAVITY BASE STATION TIES AND DRIFT CALCULATIONS.
Drift of Lacoste-Romberg meter S.40:
Passage from Falmouth to Funchal = +0,07 mgal/day

1) Base at Funchal 29/8/85

At bollard £18 on Commercial Pier using value;

32 38.4'N 16 B4.7'W = 979769.8 mgal.
Meter reading = 8030.0
Meter 3 metres below quay wall.
£ = 979769.8 + (3 x 0.308%)
= Q79770.7

2} Mindelo Base from MSbH

On main quay. established using two marine gravimeters
= 978731.7 mgal.

Meter readling = D6g82.8
Meter 2.2 m. below Qquay wall.
£ = g78731.7 + {2.2 » 0.3085)
= 9Q78732.4

brift Funchal - Mindelo:
= Base at Funchal-{(meter diff. x 0.9917)

Q79770.7 - {(8030.0-6982.8) x 0.9917)
= 978732.2
Drift = 978732.4 - 978732.2
= 0.2/39

- 0.005 mgal/day

Provisional Base tie at Funchal gives a total drift between
Funchal readings of approx. -0.01 mgal//day.
Thics 1is to be confirmed by Steve Jones after the Leicester party
had left Funchal.
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SEISMIC RECORDING FORMAT AND TAFPE USAGE

Channels 48
Group 1interwval 50 m,
Pop interwval 50 m.
Nominal fold of cover 24
Nominal streamer depth 10 m.
Nominal gun depth 10 m.
Sample interval 4 msec.
Record format SEGB, extended headers.
Record length 5 sec(Lines 1,2);6 sec(Lines 3,4,5,6)
Record delay Variable 0-5 secs.
Filters:
Anti-alias 77 Hz. 36dB/octave
Locut 8 Hz. 36 dAB/octave
Notech out.
Auxilliary channels:
1 Waterbreak Hydrophone
2 Far fleld Hydrophone
3 Sonobuoys
4 Neot used.

Tape Usage (1200ft. tapes at 1600 bpl NRZI):

Line No. Tape Numbers.
Q1 001 - 146
02 147 - 198
03 199 - 303
ou 304 - 353
05 354 - 443
0é qalh - 529
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Item
SBO1
CSP

SBOZ2
cSP

SB0O3
SBOld
CSP

CSP

SBO6
SBO7
SBO8
SBOG
SB10O
SB11
SB12
SB13

Tape No.

FEEAFULWWWONRNNNREPRPP

2) ANALOGUE RECORDING (Store 4)

Tp. count.

0000-0396
0397-2828
2829-3375
0000-0335
0336-1320
1356-1921
1937-3400
0000-0030
0030-0344
0344-0551
0570-1886
1921-2837
0000-0745
0789-1575
1634-1881
1902~2759

APPENDICES Page A.6

Remarks
continuesg from SEBOl1

Precedeg SBO0O3 )
continues as CSP only

CSP following SBOi4

Precedes SBOS =

SBO&E lost on multichannel tailbuoy
SB07 lost on multichannel tallbuoy

SB12 lost on multichannel tailbuoy
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l) PES Rolles

No. Start Time
1 1100281
l > 2210/283
3 o4s2/286
i 18187288
5 03547291
l 6 2020/296
7 2135/298
8 10407301
I 9 cli8,/3a02
10 2216/303
11 11427306
l 12 2330/308
13 08287311
14 20477313
l) Magnetometer Rolls.
No. Start Time
1 1224281
I o433/284
3 0708/286
i 1723/287
5 1842/288
6 22297289
7 21007296
8 2224 /297
9 D9585/301
10 1718/301
11 1606/304
12 1632./307
13 11057310
14 1612/312

RRS Charles Darwin Cruise 8-85

APPENDICES

CHART ROLL INDEX

End Time
22087283
olbs0/286
1818,/288
0350,/291
0950/291
2128/298
1036/301
ou08,/302
2214,/303
11397306
Z2327/308
0825,/311
2045/313
0800,/314

End Time
o430./284
2132/28%
2318/286
0700/288
1046,/289
cg00/291
2022/297
0904,/300
17127301
1600,/304
1624,/307
1100/310
1609,/312
osSoo/314
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}y Gravimeter Rolls.

) EPC

Start Time

1000,/281
1h12/282
2336283
1336,/285
0o340/287%
1418/288
ouLu8,/290
20307296
1007/298
0049,/300
i1404,/301
0103/303
1500/304
0630,/306
2123/307
1034,/309
2153/310
1020312
1936./312

chart Rolls.

Start Time

0003,/297
0003/297
0003/297
0003/297
0200/302
1630302
2231,/308
2231/308
1625/305
0156/312
o1r4%5/302

Sonobuoy Records

RS Charles

APPENDICES

End Time
1b412/282
2336283
1334,/285
03367287
14107288
oul7/290
1307/291
1006,/298
0042/300
14037301
0055/303
1555,/304
0625/306
2118,/307
1030,/309
2150,/310
1018312
1930312
08007314

End Time
0031300
0031,/300
0031,/300
0031,/300
1630./303
1620,/308%
01167305
0330/312
0330/312
0338/312
2139,/308

Darwin

Cruice

EPC No.

WNR EFNPRPEEZFWNP

]
DS )

Sweep(s)

CmEEOERFEREODE
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igure 1. Seismic reflection Lines in the Cape Verdes area.
(Multichannel lines solid: Single channel dashed:
Line numbers refer to multichannel lines: 367,

368 are DSDP drill Sites).
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