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PREFACE

This document represents the second in a series of
publications describing geophysical data collected by the Deep
Sea Floor Group of the National Institute of Oceanography. The
series is intended to provide an efficient means of documenting
the data not only for internal use but also for distribution to
the sgcientific community. On citing this report in a bibliography
the reference should be followed by the words "UNPUBLISHED
MANUSCRIPT" in accordance with accepted bibliographic custom.

The present report contalns magnetic and bathymetric data
collected during the Cantat II Ocean Survey Cruise conducted by
the British Post Office on N.C. Marcel Bavard in June/August/
September 1971. Whereas the first report in this serieq was
produced from data files stored on disk by a shipboard computer,
the profiles, tables and 1:1000000 track charts presented in
this report were all generated automatically frém manually
digitized data. A description is included of the methods used

in the acquisition and preparation of the data.
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CRULSE OBJECTIVES

The CANTAT II OCEAN SURVEY CRUISE was undertaken by the
British Post Office in the summer of 1971 in order to select and
survey a suitable route for the trans-Atlantic cable 'Cantat II!
to be laid in 1973 between Widemouth, U.XK. and Beaver Harbour,

Nova Scotia. The French cable ship N.C, Marcel Bayvard (built

1961; Length 400 ft:; Breadth 51 ft; Displacement 7080 tons) was
chartered for the survey and two scilentists from the National
Institute of Oceanography were invited to participate.

A provisional cable route had been selected prior to the
cruise on the basis of existing charts. Because of the risk of
cable breakdowns due to trawling on the Grand Banks the route was
not chesen to lie on a great circle line between its shore ends.

It was taken instead on a great circle line from Widemouth, U.K.

to a point south of the Grand Banks at approximately LO®N, 50°W

and then, after a slight deviation westwards, on a great circle
line to Beaver Harbocur N.S. The basic intention of the cruise was
to check the suitability of this provisional route and where
necessary to survey alternative route sections. From a bathymetric
standpoint the suitability criteria were based on providing a

route that (a) avoided slopes in excess of about 1 in 3, (b) avoided
large local variations in depth, and (c) lay as deep as possible.
However, due to the high cost per mile of a submarine cable these
factors had to be optimised in such a manner as to provide as short
a route distance as possaible. Route selection was further
restricted to areas at least 10n. miles from existing cable routes

although, where necessary, other cables could be crossed providing



the crossing was made (a) half way between the fepeaters of
existing cables, and (b) with as great an angle as possible
between the cables. These restrictions were particularly relevant
in the region of the mid-Atlantic Ridge crossed by TAT 2 cables

1 and 2 between 48°30' and 49°30'N, The shallow water parts of
the route (i.e. depths less than 1000 fms) had been surveyed
earlier in the year by the C.S. 'J. Cabot'. On the basis of this
work a final route had been selected across the continental
shelves of both Nova Scotia and the United XKingdom out to roughly
the 200 fm contour line i.e. to 43°26'N, 60°05'W and 50°12'N,
11°05'W, respectively. The cruise was thus intended to fill in
the route between these two positions paying particular attention
to the mid-Atlantic Ridge region between 25° - 31°W at 49°N and
to the continental shelf edges between depths of 200 and 1000 fms.
Bottom temperatures were taken during the cruise but due to the
equipment and techniques used these are not considered to be
reliable,

As mentioned the prime purpose of the cruise was to survey
for the Cantat II cable route. However, as it provided an
excellent opportunity for obtaining a cross section across a
geophysically interesting part of the Atlantic Oceah, a magnetometer
was installed on board and towed on all possible occasions.
Furthermore, as the cruise schedﬁle necessitated sailing between
the U.K. and the mid-Atlantic Ridge on four occasions, it was
decided that, once the cable route had been covered by two of these
tracks, the other two were to be made 10 miles to the north and

south respectively of the cable route in order to provide a suitable



. section for the correlaticn ahd identification of gecmagnetic
anomalies. It was hoped that such a section would make a wvaluable
contribution to our understandihng of the nature and timing of the
drift of No?th America from Burope especially in the region
between the Azores-Gibraltar plate boundary and the Charlie Gibbs

Fracture Zone at 52°N,



INSTRUMENTATION

ﬂgg_giigg:— Except during temperature stations, shelf
edge surveys and passage tracks on the continental shelves, the
earth's magnhetic field was logged continuously using a Varian
Associates protbn magnetometer towed some 200 metres astern of

the ship. Some 630 hours of maghetic data were obtained during
the cruise covering a total distance of 7,600 nautical miles. The
data was recorded in analogue form on a chart recorder ahd was
digitized mahually at five minute intervals as well as at
gignificant peaks and troughs. No corrections were made for either.
daily variation or the effect of ship's heading.

Bathymetry:- Bathymetric data was collected using a hull
mounted ELAC model RGN8BK transducer with an ELAC model LAZ17DD
echo-sounder operating at an assumed sound velocity of 1500 m/sec.
This system was not a precision depth recorder and daily checks
were made to control its accuracy. The rotating band of the
recorder was timed daily (with an accuracy of the order of 0.1%)
in order to obtain some control on temporal variations in relative
accuracy. Such measures revealed that the system speeded up in
an almost linear fashion over a range of some 2% during the cruise.
Control on absolute accuracy was provided by comparing cross overs
in flat areas with tracks obtained by other cruises that had used
precision depth recorders in conjunction with a good navigation
system. Due to the sparsity of such information in the areas of
the Cantat IT route, this control relied heavily on crossings in

the area of the box survey undertaken by Cambridge University in
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August 1971 using a 'John Murray' between 49-51°N,, 18-22°W,

A calibration curve was thus constructed for correcting all the
depths measured with the ELAC system (Fig. (1)). At the beginning
of Leg 1 this correction produced a 3.4% increase in depth falling
to an increase of 1.&% at the end of Leg 3. An indication of the

accuracy of the depths so obtained is given below:-

Estimated Absolute
Accuracy After Cali-
bration (fms)

Depth Range {fms) Reading Accuracy (fms)

0-385 +1 +(1-2)
385-770 +2 +(1-2)
770-1540 *+3 +(2-5)
154,0-3080 £5 +(5-10)

Depth wasg logged continuously during the cruise except
during passage between Falmouth and the U.K. shelf edge area, and
between Halifax and the Nova Scotia shelf edge survey area. The
data was manually digitized at five minute intervals as well as at

significant peaks and troughs.



- NAVIGATION

The following navigational aids were uéed:—

(a) Satellite Navigation System using an I.T.T.
receiver linked with a PDP8 computer, (This system
was out of action from 1600 hrs. on 1l4th September
(257) until the end of Leg 3, i.e. last 3 days of
cruise).

(b) YLoran 'C!' using both the airborne and marine

| versions of the Decca Loran ADL21 receilver.

{(c) Omega

(d) Decca Chains on Canadian and U,K. shelves.

(e) Anchored danbuoys — used only during the shelf edge

surveys.

Great importance was attached to the accuracy of the
navigation due to the need to reoccupy the selected route during
the actual laying of the cable in 1973. Pxcept during the last
3 days of Leg 3 when the computing system developed a fault, the
Satellite navigation system behaved extremely well and was used as
the prime navaid. During Leg 1 an average of 16 good Satellite
fixes/day was obtained with 12 fixes on the worst day. For
Leg 2 the average was 21 good fixes/day with a minimum of 18/day
while during the first half of Leg 3 an average of 21/day with a
minimum of 19/day was achieved. Interpolation between these fixes
was usually made using Loran 'C' fixes taken at guarter-hourly

intervals with, whenever possible, 3 Loran chains. During Leg 1



Loran chains SL7W, X and Z were used and, except during the
middle of the night when the Loran was noted to drift by the
order of + to 1 n. mile without losing lock, the Loran readings
were usually within 0.3 n. miles of the Satellite points. The
Loran behaved equally well during Legs 2 and 3 east of about
LO°W, especially during daylight hours. However, at night it
was oftenh necessary to use the Satellite Navigator, or Dead
Reckoning from the ship'!s log and gyro, for lane identification.
West of 4O°W Omega was used as the secondary navaid until the
ship was within range of the S57X and Y chains. The Decca
chains were used for secondary navigation on both the Nova Scotia
and U.K. continental shelves. Thus, by using the Satellite
Navigator in conjunction with the appropriate secondary navaid and
the readings of the ship's log and gyro, a high order of
navigational accuracy was obtained. It ié estimated to be good
to within + n. mile except during the last 3 days of the cruise
when it was probably reduced to the order of 1 n. mile.

The navigation was digitised from smoothed tracks drawn
on + million Plotting sheets. Navigation roints were selected
at all course and speed changes and at any other locations
hecessary so as to provide linearly interpolateable positions
at all times lying within + n. mile of those on the smoothed

% million plotting sheet tracks,
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REDUCTION AND STORAGE OF DATA

"The manually digitized magnetic, bathymetric and navigation
data were copied onto computer coding forms on board ship and later
in the laboratory were punched onto card in standard Lamont format.
This format treats the data as a time series of raw data points
which are allowed to be at unegual time intervals with separate
decks for the magnetic, bathymetric and navigation series. Each
deck consists basically of a series of day cards each followed by
a series of data cards

a) Magnetics: -

Day Card: TDAY, IMON, IYR, TZ, LB, LC, JCT in the format
(I2,13,15,F5.0,13,1I2,I5)

where IDAY, TIMON, IYR = Date as day, month, year

T2 = Time Zone in hours (set to 0.0 as time
was always measured in G,M,T.)

IB = No. of magnetic data cards following
this day card

LC = No. of readings on last magnetic data
card following this day card

JCT = First two digits of the total field
reading in gammas.

Followed by a series of Magnetic Data Cards each in the form:-
(JER(T), JMIN(I), JG(I), T = 1,9) in the format
9(12,I2,I3,1X)

where JHR, JMIN = Time in hours and minutes

JG

Last three digits of the total field reading
in gammas.



New Day Cards are punched when either the date changes or

the first two digits of total field change.

b) Bathymetry:-
Day Card: IDAY, IMON, IYR, TZ, LB, LC, NMZ in the format
(12,13,15,Fv.1,2X,I3,I2,I5)
where IDAY,IMON,IYR = Date as day, month, year
TZ = Time Zone in hours (set to 0.0 as
time was always measured in G.M.T.)
LB = No. of bathvmetric data cards
following this day card
LC = No. of readings on last bathymetric
data card following this day card.
NMZ = Matthews Area Number relevant to

this day card

Followed by a gseries of Bathymetric Data Cards each in
the form: -

(JHrR(T), JMIN(I), JG(I), I = 1,8) in the format

8(I2,12,I5,1X)

1l

where JHR, JMIN Time in hours and minutes

IG

Depth in uncorrected fathoms
(at an assumed sound velocity
of éoo fms/sec)

New Day Cards are punched when either the date or

Matthews Area changes.

- 13 -



c) Navigation

Day Card: IDAY,IMON,IYR,TZ,LB in the format (I2,I3,I5,

F5.0,2%X,1I3)

where IDAY,IMON,IYR = Date as day, month, year
TZ = Time Zone in hours (set to
0.0 as time was always
measured in G.M.T.)
LB = No. of navigation data cards

following this day card

followed by a series of Navigation Data Cards each in the
form:
JHR, TMIN, LAT,AT,LONG,ONG in the format (12,12,14,

F5.2,1I5,F5.2)

where JHR,JMIN = Time in hours and minutes
LAT,AT = Latitude in degrees and minutes
(to 0.01 min.)
North taken as positive
LONG,ONG = Longitude in degrees and minutes

(to 0,01 min)
East taken as positive

New Day Cards are punched when the date changes.

Ag discussed earlier the echogounder operated at an
assumed sound velocity of 1500 m/sec aha required corrections
to be made for both instrumental calibration and drift. The
depth data was thus initially prepared as a time series of

depth values as read off the original echosounding trace. These



raw data values were input into the I.B.M. 1800 computer
“gystem at N.I.0. and were automatically corrected according
to the correction curves of fig. (l) and converted to an
assumed sound wvelocity of 800 fms/sec. A new bathymetry
card deck was then output in the above described format.

In the data reduction process (fig. (2)) the bathymetric
and magnetic data are independently merged with the navigation
data. In the magnetics reduction the navigation data is
first input with the NAVMG prégram s0 as to generate a hew
navigation card deck containing 1n addition the computed
values of the International Geomagnetic Reference Field
(Mead (1970)) at each navigation point. This deck is then

run against the maghetics card deck using the magnetics

reduction program MAGRE., The program computes the geographic
position and I.G.R.F. at each magnetic data point by a

linear interpolation in time between the relevant pair of
navigation poilnts and their associated I.G.R.F. wvalues. It
creates on magnetic tape a record for each maghetic data point
containing date, time, latitude, longitude, course, speed,
distance run from start of leg, total maghetic field wvalue and
maghnetic anomaly wvalue (obtained by the removal of tpe I.G.R.F.
value from the total field value). The MTOPA program operates
in two sections. In the first section the bathymetry card
deck is run against the navigation deck with a link into a
subroutine which applies a Matthews Area correctlon to each
depth value. This correction is applied using computer

approximated curves (Howarth (1970)) with the appropriate
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Matthews Area No. taken from the relevant Bathymetric Day

Card. A record is then created for each bathymetry data
peint on a temporary disk file containing time, latitude,

longitude, course, speed, distahce run, depth 1n uncorrected

fathoms and depth 1n corrected metres. Having produced a
reduced bathymetric data file the second secticon of the MTOPA
program merges this temporary file with the reduced magnetic
data file from tape to produce a final Reduced Data File on

disk. ZEach record on the Reduced Data File contains 16 words

(each of length 16 bits) of data defined as follows:-

Word Field Unit
1 Day No. (G.M,T.) -
2 Time (G.M.T.) 0,1 mins
3 Latitude -~ degrees degrees
4 Latitude - minutes 0,01 mins
5 Longitude - degrees degrees
6 Longitude - minutes 0.01 mins
7 Course made good
overground 0.1 degrees
8 Speed made good
overground 0.01 knots
9 Distahce run from
start of leg (0.01
n mile/0 -999y) 0.01 n miles
10 Digtance run from
start of leg (lOO's
of n miles) ’ 100 n miles
11 Corrected depth metreg
12 Uncorrected depth fathoms
13 Blank
14 Blank

- 17 -



Word ‘Field Unit

15 Magnetic anomaly Gammas
16 32000 - Total
) maghetic field Gammas

A separate Reduced Data File was produced for each

leg of the Contat ITI Ocean Survey Cruise

Leg 1/File 1 1300 hrs. on 13/6/71 to 0530 hrs. on 26/6/71
Leg 2/File 2 1120 hrs on 25/8/71 to 2240 hrs. on 3/9/71

Leg 3/File 3 1945 on 9/9/71 to 0055 hrs. on 17/9/71

The bathymetric data collected during the shelf edge
surveys was not reduced automatically but was manually plotted
onto charts (see folder). The track charts, profiles and
data tables contained in this report were produced directly
from the Reduced Data Files while the raw data itself is
permanently stored on card in the Lamont format (Copies of

these cards can be obtained by writing to:-

The British Oceanographic Data Service,
Institute of Oceanographic Sciences,
Wormley, Nr., Godalming, Surrey.

A new format for magnetic, bathymetry, gravity and
havigation data has recently been proposed by the National
Academy of Sciences U.S3,A, which seems likely to succeed the
Lamont format as a standard for data exchange. In view of
this the computer programs at N.I.O0. are being rewritten such
that the raw data time series will in future be stored in the

new unmerged format, the reduced magnetics file and the reduced

- 18 -



bathymetry file will be stored in the new merged format and
the Reduced Data File in the merged-merged format. Copies
of the Cantat IT Ocean Survey Cruise data will be made available

in each of thege formats on request,



DATA PRESENTATION

This report is intended to meet as effectively as
possible the varying requirements of the personnel most
likely to make use of the collected bathymetric and magnetic
data of the Cantat IT Ocean Survey Cruise. The data is
presented at three levels of processing - summarized listings
of raw data, summarized listings of reduced data, and profiles
of the reduced data. The computing aspects of the data
presentatiocn are described in the data report for Cruise 33
of RRS Discovery(Jones (1972)) It is hoped that when used
with either the 1:1,000,000 track charts or the listing of the
navigation peints, the data listings should satisfy the needs
of those wishing either to incorporate the data into compilation
charts or to perform further computer orientated calculations
on the data. The 1:2,000,000 profiles are intended for those
wishing to make a more direct scientific interpretation of the
data and to this end the profiles are supplemented with a
track chart at the same scale and overlain on a bathymetric
chart.

Profile Location Sheets: These are inserted in the folder at

the end of the report and are divided into two sheets; the first
containing cruise tracks north of 48°N on a standard Mercator
Projection at a scale of 1:2,000,000 at 57°N, while the second
containg the tracks south of 48°N at a scale of 1:2,000,000 at
16°N (and not 57°N as annotated on the sheets). The sheets were

manually prepared and include bathymetry from the June 1971



version of the N.I.O. bathymetric chart series on Sheet 1

and the available United States Naval Oceanographic Office
charts on Sheet 2. Except for the 100 fathom contour, the
contour interval was chosen as 500 fathoms so as to illustrate
the prominent features of the sea floor relief and to provide

a context in which to study the profiles presented in Section A.
The profiles have been plotted at the same distance scales as
the profile location sheets and each is identified on the

track by a circled figure representing the start of the profile.
Changes in day number are also shown on the tracks by a mark

at 001 hrs. on the new day which is annotated with the new day
number, The tracks covered during the mid Atlantic ridge
survey on Leg 1 are shown as an insert on Sheet 1 at an

enlarged scale.

Section A:; contains profiles of magnetic anomaly, corrected
depth and course and speed made good. The parameters are each
plotted against distance run along track in nautical miles
from the start of a leg - the distance being scaled to a
Mercator chart projection at 1:2,000,000 at 57°N for tracks
north of 48°N and at 46°N for tracks south of 48°N so that
the profiles can be directly overlain on the profile location
sheets. The distance scale is marked every 100 n miles and
annotated every 500 n miles. A time scale axis in GMT is
also included so0 that the profiles can be related to the
tabular listings of sections C and D. Magnetic anomaly is

plotted at a scale of uOOE/inch with a nominal range of from -



600 B’to 600 X although this range is automatically adjusted
when necessary. Corrected depth is plotted atra scale of

2000 fms/inch with a nominal range of O - 4000 fms which is
automatically reduced if more space is required for the
magnetic profile. The vertical exaggeration of the bathymetric
profile is 13.9:1 at 57°N or 4L6°N. Each depth reading is
marked on the profile by a small tick anhd successive readings
are joined by a straight line. Thus gaps in data appear as

straight lines without tick marks.

Section B: contains a listing of the navigation points and

computer generated navigation track charts on a mercantor
projection., The navigation points provide a linearly
interpolatable track to within + n mile of the smoothed %+ million
plotting sheet tracks. The track charts are scaled at 1:1,000,000
at 57°N for tracks north of 48°N and at 46°N for tracks south

of 48°N. PRach hour is marked on the track and annotated with

time (in hours and minutes GMT) and day ho. The first position
on each chart is similarly annotated. So as to provide some
indication of positional control, the positions of the accept-
able satellite fixes are plotted on the track charts as small

cirecles and each is annotated by time in hours and minutes.

Section C: contains tabulated 5 minute value listings of

total magnetic field and uncorrected depth (ie corrected for
instrumental calibration but not for Matthews Area). If a
maximum or minimum value occurs between two five minute readings

it is overwritten onto the field of the nearest five minute



mark and is feollowed by an asterisk and the time of its

occurrence (recorded only as minutes past the hour).

Section D: contains tabulated 5 minute value listings of
reduced and bathymetric data. Corrected depth is given in

both fathoms and metres and the magnetic anomaly (total
magnetic field minus the International Geomagnetic Reference

Field) in gammas.

Shelf Edge Surveys: The'bathymetric data for the UK and

Nova Scotia Shelf Edge Surveys is plotted out on the charts
contained in the folder at the end of the volume. Soundings
from the earlier C.8.J. Cabot surveys are also incorporated

in these charts.
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SECTION &

1:2,000,000 Profiles of Reduced Data (Bathymetric profiles at

13.9:1 vertical exaggeration at 57° and L6°N).
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SECTION C

Tables of a) Total Magnetic Field

b) TUncorrected Depth in Fathoms (at 800 fms/sec).
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SECTION D

Tables of a) Magnetic Anomaly
b) Corrected Depth in Fathoms

c) Corrected Depth in Metres
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