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PREBFACE

This document describes geophysical data collected by the Deep Sea
Ploor Group of the Institute of Oceanographic Sciences (Wormley), and
continues the series of N,I,O. Data Reports (Geophysics). The series is
intended to provide an efficient means of documenting the data not only
for internal use but also for distribution to the scientific community.
On citing this report in a bibliography the reference should be followed
by the words "UNPUBLISHED MANUSCRIPT*' in accordance with accepted biblio-
graphic custom.

The present report contains magnetic and bathymetric data collected
during Cruise 47 on R.R.S. Discovery in June-July 1972. The profiles,
tables and track charts were all generated automatically from data files
stored on disk by the shipboard IBM 1800 Computer. Included in the report

is a description of methods used in data acquisition and preparation.
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CRUISE CBJECTIVES

The principal objective of this cruise was to intensively sample the
outcrop geology of the shallower banks on the Rockall Plateau. The major
tool was a 1 metre 1.G.S. drill with back up equipment comprising vibrocorer,

rock corers, dredges and a stereo-camera., The three main areas for study were:i-~

(a) Rockall Bank

Previous cruises to the area had provided good geophysical control and
defined the location of outcrops and sediment distribution. Objectives
included sampling of in-situ rocks, superficial sediments and use of the
asdic for structural mapping of the outcrops and observation of sediment

distribution patterns.
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Previous seismic reflection profiles across these banks had shown out-
cropping basement at depths accessible to the available sampling equipment,
The intention was to obtain in-gitu rock for intercomparison of the geology
of the three main banks of the Plateau.

It was planned to continuously seismic profile on all passage tracks
using Bolt air-guns and in the shallow water areas to obtain high resolution
seismic profiles using the ORE 3.5 kHz seismic profiler. The side-scan sonar
was carried for continuous operation as a narrow beam echo-sounder in the
deeper waters and for use as a support for bottom sampling and sediment
distribution studies in all depths less than 300 fathoms. Magnetics and
depth data were to be obtained on all tracks,

The results of Cruise 47 can be found by referring to (Rllett et al 1973),
(Roberts et al 1973), (Miller et al 1973), (Roberts et al, in press) and (Roberts,

in press).
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INSTRUMENTATION

yfgﬂffifé - A varian proton magnetometer was operated throughout the
cruise, but broke down due to mechanical and electronic failures three times,
The data was recorded in analogue form on a chart recorder and was also stored
in digital form by the shipboard computer as two minute values averaged over a
period of 30 seconds (i.e. 5 six second readings). Apart from the three
malfunctions of the magnetometer the errors in stored total field values
coincided with radio transmission from the ship. The erroneous data was
corrected during the editing of the data files omn board. No corrections were

made for either daily variation or the effect of the ship's heading.

Bathymetry - An N.I.O. Merk III Precision Bcho-Sounder with an N.I.O,
Mark II towed fish was used to record bathymetry on a Mufax display at an
assumed velocity of 800 fms/sec. It was operated continuously during the
cruise. The records were manually digitised at five minute intervals. This

data was manually entered into the computer system for reduction and storage.
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NAVIGATION

The following navigational aids were used:-

(a) Satellite Navigation System using a Magnavox C/A 702 receiver working
in conjunction with the shipboard IBM 1800 computer,

(b) Loran 'C® using a Decca Loran ADL21 receiver in the Rockall Area,

(c) Decca SW British Chain when in range,

The computer was used throughout the cruise to control the navigation
and was checked daily with manually prepared track charts. The satellite
navigation was used as the prime navaid throughout the cruise and gave about
twenty acceptable fixes per day. Loran *'C*' was logged by the computer but not
used directly in determining the ship's position by the computer system.

Ship's position was determined from satellite fixes used in conjunction
with a dead reckoning derived from the N,I.O. two component electromagnetic
log and the ship's gyrocompass, At regular intervals the dead reckoning track
was automatically adjusted by the computer to agree with the satellite fixes.
The difference between the dead reckoning positions and the satellite positions
was attributed to a 'current! which was used to compute adjusted values of ship's
position at two minute intervals. These values were stored in the reduced data
file (GBOE), As the computed 'current' can be considered the sum of actual
ocean current, satellite fix error and e.m. log calibration error, all satellite
fixes giving rise to a 'current' of greater than 2 knots were rejected as
erroneous., After a track up date, the dead reckoning is started from the last

accepted satellite fix,
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SHIPBOARD AOCQUISITION, REDUCTION AND STORAGE OF DATA

The basic configuration used during Cruise 47 is summarised in Pig. (1).
The Sequential Sampling Program controls the sampling of the digital clock,
gyrocompass, magnetometer, 2 component e.m, log and the meteorological
ingstruments, and buffers the data to a raw data disk buffer, There are two
of these buffers and every two minutes the sampling program switches buffer
and initiates the Raw Data Manipulation Program to filter the sampled data,
to yield two minute values of the sampled variables which together with the
day number and time are written to the raw data disk file DATE (see Table 1).
At this stage the program also updates the dead reckoning position of the
ship and stores it in the processed data file GREOF,

When the satellite receiver locks on to a satellite, an interrupt is
given to the computer which then reads the satellite data and stores it on
disk., These interrupts occur every two minutes while the satellite passes
over and after the completion of a pass a series of programs are executed to
decode the information and to calculate the geographical position. A summary
of this data is then stored on the satellite fix disk file SATF (see Table 2).

At intervals of the order of four hours the Track Adjustment Program is
executed to update and adjust the dead reckoning to agree with the satellite
fixes., Satellite fixes giving ’'currents' of greater than 2 knots are ignored
and ad justed values of position, course and speed made good and distance covered
are written to the processed data file GBOF (see Table 3). At this stage the
Data Reduction Program is also executed to reduce total magnetic field values to
anomaly values by removal of the International Geomagnetic Reference Rield
(Mead 1970) and to correct the measured wind's velocity for the effect of the
ship's velocity., These reduced values are also written to GEOFR,

Depths are entered manually into the system through the P.D.R. Console
as day number, time and depth in uncorrected fathoms. This data is written
by the PDR Console Program to the depth data disk file DPCl (see Table 4)
and at regular intervals (usually at the time of running of the Track
Ad justment Program) the Mstthews Correction Program is executed to convert
the depths to corrected metres. Computer approximated curves are used in the

application of the correction (Howarth (1970)) and information about the time
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of changing from one Matthews Area to another 1s usually inputted through the
computer console.

General purpose plotting programs are available to display data stored
on the disk files. It is possible to plot profiles of the observed variables
against either time or distance, and also to plot Mercator track charts with,
if required, plotted numerical values of an observed variable. During Cruise
47, a complete series of 1:1,000,000 track charts and profiles of geophysical
and meteorological variables were produced. These were used both for on-the-

spot interpretations and for identifying errors in the stored data.
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CONTENTS OF SHIPBOARD DATA RILES

DATF - Raw Data File

15 words/record; nominal data frequency = 2 mins.
Field

Day No. (G.M.T.)

Time (G.M.T.)

Ship's speed (North) through the water
Ship's speed (Bast) through the water
Relative wind speed (North)

Relative wind speed (Bast)

Solarimeter reading

Starboard dry temperature

Starboard dry-wet temperature

Port dry temperature

Port dry-wet temperature

Total magnetic field in gammas

Ship's heading

Relative humidity

Sea surface temperature

SATF - Satellite Fix File

10 words/record; nominal data frequency = 2 hours
Field

Day No. (G.M.T.)

Lock on time (G.M,T.)

Latitude - degrees

Latitude - minutes

Longitude - degrees

Longitude - minutes

Shipts velocity North

Ship'*'s veloci;y Rast

Antenna Height (metres)*100+elevation (degrees)

No. of messages received and frequenciles used

Unit
0.1 mins
0.01 knots
0.01 knots
0.01 knots
0.01 knots

T

Scanned
Digit
Values

|

gammas (-32000)

0.1 degrees
0.01%

Digit value

(approx. )

Unit
0.1 mins
degrees
0.01 mins
degrees
0.01 mins
0.01 knots
0.01 knots
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GEOF - Processed Data Pile

16 words/record; nominal data frequency = 2 mins,

Field

Day No. (G.M.T.)

Time (G.M.T.)

Latitude - degrees

Latitude - minutes

Longitude ~ degrees

Longitude - minutes

Course made good overground

Speed made good overground

Distance run from start of leg (0,01 n. mile/0-9999)
Distance run from start of leg (100's of n., miles)
Blank

Corrected wind speed

Corrected wind direction

Blank

Magnetic anomaly

Unit
0.1 mins
degrees
0.01 mins
degrees
0.0l mins
0.1 degrees
0.01 knots
0.0l n. miles
100 n, miles

0.01 knots
0.1 degrees

gammas

Plag to indicate that Track Adjustment Program has been executed

DPC1 - Depth Data File

9 words/record; nominal data frequency = 5 mins. {(approx.)

Pield

Day No, (G.M.T.)
Time (G.M.T.)
Latitude

Latitude

Longitude
Longitude
Uncorrected depths
Corrected depths
Corrected depths

Unit
0.1 mins
degrees
0.01 mins
degrees
0.01 mins
fms
fms

metres
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BEDITING OF DATA FILRES

The Cruise 47 data stored on the disk files was edited on the ship and
completed before leaving the ship. Data collected the previous day was checked
daily., Computer tracks plus satellite fixes were plotted at 1 in 1,000,000
and compared directly with a manually updated track. This track was controlled
by Loran *'C®' and satellite, also bathymetric crossovers. Satellite fixes were
rejected or reaccepted manually and the navigation updating programs rerun to
correct the ship's track. Depths entered into the data files were listed and
compared with the P.D.R., Mufax recorder and any errors detected were then
corrected on the data file. Total magnetic field values stored on the computer
were displayed in profile form and compared with the analogue chart recorder.
Errors were thus detected and corrected.

Brrors in bathymetry were caused mainly by human error, whereas magnetics,

gyro, etc. seemed related to radio transmissions from the ship.
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FIG.(2) LABORATORY STORAGE AND DOCUMENTATION OF DATA
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DATA TRANSFER TO LAMONT FORMAT CARDS

Once edited the magnetic, bathymetric and navigational data stored on disk
are sampled and output onto card in the standard Lamont format (Talwani, 1969).
As much of the data handled at N,I,0, is in Lamont format, the laboratory series
of programs for reducing and compiling magnetic data in particular is based
around this standarxd card input. The format has a certain degree of national
and intexnational acceptance and as such is useful for data exchange purposes.
The data is stored on cards as a time series of raw data points which are allowed
to be at unequal time intervals and separate decks are prepared for bathymetry,
magnetics and navigation data. Bach deck consists basically of a series of day

cards each followed by a series of data cards.

(a) Magnetics
Magnetic data is read off the DATF files as total magnetic field using
the CDMAG program which outputs a Lamont card deck of the forma-
Day Card: IDAY,IMON, IYR,TZ,LB,LC,JCT in the format (I2,13,15,F5.0,13,I2,I5)

where IDAY,IMON, IYR

Date as day, month, year
TZ = Time Zone in hours (set as 0.0)

LB = 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

(JHR(I), JMINCI),JG(1), = 1,9) in the format 9(I2,I2,I3,1X)
where JHR,JMIN = Time in hours and minutes
JG = Last three digits of total field reading in gammas

New Day Cards are punched when either the date changes or the first two
digits of total field change. CDMAG outputs one data point for each 2 minute

total magnetic field reading present on the DATF files and ignores blank fields.

(b)_Bathymetry
Bathymetry data is read off the DPClL files as uncorrected depth in fathoms
(at 800 fms/sec) using the CDDEP program which outputs a Lamont card deck of the

form:-
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Day Card: IDAY,IMON,IYR,TZ,LB,LC,NMZ in the format (I2,I3,I5,F6.1,2X,
I3,12,1I5)

I{l

where IDAY, IMON, IYR

TZ = Time Zone in hours (set as 0.0)

Date as day, month, year

LB = No. of bathymetric data cards following
this day card

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

i

Matthews Area Number relevant to this
day card

NMZ

Followed by a series of Bathymetric Data Cards each in the form:-
(JHR(I), JMIN(I),JG(I),I = 1,8) in the format 8(I2,I12,15,1X)

where JHR,JMIN

JG

Time in hours and minutes

Depth in uncorrected fathoms

New Day Cards are punched when either the date or Matthews Area changes.
CDDEP outputs one data point for each depth value stored on the DPCl files.
Information about changes in Matthews Area is input to CDDEP from a manually

prepared card deck.

{c) Navigation
Navigation data is sampled off the GBOF files using the SAMNA program
which outputs a Lamont card deck of the form:-
Day Card: IDAY,IMON,IYR,TZ,LB in the format (I2,I3,I5,F5,0,1X,I4)
where IDAY,IMON,IYR = Date as day, month, year
TZ = Time Zone in hours (set as 0.0)

LB

No, of navigation data cards following
this day card

Pollowed by a series of Navigation Data Cards each in the form:-
JHR , JMIN, LAT, AT, LONG,ONG in the format (I2,I2,14,F5.,2,15,F5,2)

' where JHR,JMIN

LAT,AT

LONG, ONG = Longitude in degrees and minutes (to 0.0l min)

Time in hours and minutes

Latitude in degrees and minutes (to 0.0l min)

New Day Cards are punched when the date changes. Navigation points are
not punched for each 2 minute geographic position in the GEOF file., Instead
SAMNA samples the file and only selects a sufficient number of these 2 minute
values so as to define the track covered to within 0.5 n. miles assuming a
linear interpolation between each selected point. The basic operation of the
program is as follows:~ the first 2 minute geographic position in the GEOF
file is taken as the first navigation point and the file is read until a

2 minute value is encountered eight or more minutes later. This is then taken
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as the first temporary navigation point and the file is read until a 2 minute
geographic position is obtained that either (a) departs by more than 0.5 n. miles
from the position estimated by extrapolation from the preceding navigation point
and the temporary navigation point or (b) is more than 30 n. miles from the
preceding navigation point. The 2 minute position immediately preceding this

is selected as a new navigation point. A new temporary navigation point is

then chosen eight or more minutes later and a similar procedure is adopted for
selecting the next navigation point. The whole GEOF file is sampled in this

manner and the data for each navigation point is punched out on card.
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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 Cruise 47. Because of the large volume of
data involved it is not considered practical to include listings of the
original disk data files., The data is presented instead at three levels
of processing - summarised listings of raw data, summarised listings of
reduced data, and profiles of the reduced data. The computing aspects of
the date presentation are summarised in PRig. (2). It is hoped that when
used with either the 1:1,000,000 track charts or the listing of the
navigation points produced by the SAMNA program, the data listings should
gsatisfy 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 scilentific 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. Reduced copies of the original P.D,R.
records are also included in the report for those wishing to study the
bathymetry in more detall than is given by either the profiies or the
listings.

Profile Location Sheet

The ship's track for Cruise 47 has been manually prepared on a bathy-
metric chart of 1 in 2,000,000 at 57 %N. BExcept for the 100 fathom contour,
the contour interval chosen was 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 sheet and each Is identified
on the track by a circled figure representing the start of the profile.
Changes in day number are alsc shown on the tracks by a mark at 0000 hrs
on the new day which 1s annotated with the new day number. Details of the
stations are shown on a 1:1,000,000 insert on the profile location sheet.
P,D,R, records. Magnetic anomaly, corrected depth and course and speed made
good were plotted from the edited GEOF file using the CRPLT program. The
parametexs are each plotted against distance run along track in nautical

miles from the start of a leg - the distance being scaled to a Mercator
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Chart projection at 122,000,000 at 57 N for tracks north of 48N so that the
profiles can be directly overlain on the profile location sheet. The distance
run axis is marked every 100 n. miles and annotated every 500 n. miles., A time
axis in G,M.T. is also included so that the profiles can be correlated with the
P.D.R. records, and with the tabular 1listings of data in Sections C and D,
Magnetic anomaly is plotted at a scale of 400%¥ /inch with a nominal range of
from -600 ¥ to 600 ¥. However, this range is automatically adjusted by CRPLT
for each profile so as to cope with the range of data values in the GEOF file.
Bach 2 minute magnetic anomaly value is plotted but the pen is lifted each time
there is a data gap in excess of 4 minutes., Corrected depth is plotted at a
scale of 2000 fms/inch with a nominal range of 0-4000 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. As depth is not
continuously recorded at 2 minute intervals each depth reading is marked on the
profile by a small tick and successive readings are joined by a straight line,
Thus gaps in data appear as straight lines without tick marks,

Bach profile is accompanied on its facing page by a reduced copy of the
relevant section of the P.D.R. record. As the P.D.R, records against time and
not distance, it is not practical to provide a one to one correspondence in
horizontal axis scale between the profiles and the P.D.R. records., Correlations
between the two have to be made by time and to this end the P.D.R. records are
annotated with hour marks, The basic five minute interval marks produced by
the P,D.R. can be discerned as vertical lines on the original record. The
records have also been annotated with the recording depth phase of the P,D.R.
and the 100 fathom lines within this phase are discernible on the original
record as horizontal lines,
navigation track charts. The navigation points were selected from the GEOF
file using the SAMNA program and provide a linearly interpolatable track to
within 0,5 n. miles of that contained in the GBOF file. The track charts
were plotted from the two minute positions in the GROF file using the TRPLA
program and are scaled at 1:1,000,000 at 57°N, Bach hour is marked on the
track and annotated with time (in hours and minutes G.M,T,) and day no. The
first position plotted on each chart 1s similarly annotated. So as to provide
some indication of positional control, the positions of the accepted satellite
fixes were automatically plotted on the track charts as small squares and each

is annotated by time in hours and minutes,
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Section C contains tabulated 5 minute value listings of the raw magnetic and
bathymetric data. All data presented in Sections C and D has been produced
using the program CRPRT on the appropriate data file. The program samples

the file and tabulates values of the selected parameter itself, or a simple
function of it, at 5 minute intervals. Where no parameter value is present

on the five minute mark the file is searched for values either side of the
mark up to but not including the two neighbouring five minute marks. An
interpolated value is then produced for that five minute mark but if values
are not available either side of that time the field is left blank, Once

the five minute values have been selected the file is then searched for
maximum and minimum values. If a maximum or minimum value is found that is

3 or more parameter units outside the range of two successive five minute
values, it is overwritten onto the field of the nearest five minute mark

and is followed by an asterisk and the time of the occurrence of the maximum
or minimum (recorded only as minutes past the hour). Section C thus contains
the total magnetic field values accessed from the DATF file and the uncorrected
depth in fathoms as accessed from the DPCl file,

and bathymetric data, Magnetic anomaly (total magnetic field minus the Inter-
national Geomagnetic Reference Pield) is tabulated from the GEOF file and the

corrected depths in fathoms and metres from the DPCl file.
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SECTION A
Precision Depth Recorder Records (Vertical
exaggeration 5,18:1 at a ship's speed of 10 kts)

1:2,000,000 Profiles of Reduced Data (Bathymetric
profiles at 13,9:1 vertical exaggeration)
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SECTION B

Listing of Navigation Points.

1:1,000,000 Track Charts.
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DAY TIME LATITUDE LONGITUDE

NO H M DEG MIN DEG MIN
184 2010 51 14.9 -3 56.5
184 22 7 51 19.9 -3 20.0
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SECTION C

Tables of (a) Total Magnetic Field

{b) Uncorrected Depth in Fathoms (at 800 fms/sec)
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SECTION D

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

(¢) Corrected Depth in Metres
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Station Position Tables

SMI

S

RC

SC
Drill/UTV

A

Grab

Smith and McIntyre grab
Shipek grab

Rock corer

Stereo camera

IGS Minidrill/Underwater
Television/Videotape system

Anchor
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