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Abstract (100-200 words as desired)

This report presents 1lists and graphs of CTD data
taken aboard RRS Charles Darwin during February 1985. The
majority of the 1lowerings were made in support of two
experiments; the deployment of deep SOFAR floats near 32°N
24°W and of moorings near 31 30°N 25°W (GME site). Others
were made on a basin-wide section along 32°N. All CTD data
is compared with reversing the?mometer observations and with
measurements of salinity and dissolved oxygen derived from

samples.
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METHOD OF DATA COLLECTION

The data described in this report was gathered aboard

the first scientific cruise of the RRS Charles Darwin during

February 1985, The ports for the cruise were Falmouth (UK)
and Funchal (Madeira). Measurements were made with a NBIS
CTD equipped with a Beckman dissolved oxygen sensor and a
1 m path transmissometer from Sea Tech., Inc. Earlier
reports in this Series (Saunders and Manning, 1984) furnish
details of the eguipment and procedures. Here we comment
only on changes necessitated by the change of ship.

CTD stations were worked from the midships wirch using
the new CTD/multisampler frame, see Figure 1 of Saunders
(1985a) and all, save station 001 to within 10 m of the
bottom. A novel feature of the frame is a junction box
which allows the winch cable to be disconnected at will and
connected to another instrument, e.g. the hydrophone used
for listening to SOFAR floats. The frame and instruments
weigh approximately 200 kg in air but the height of the
Darwin's A frame, its unobstructed 1lift and considerable
outboard reach ensured ease of handling for the weather
encountered on the cCruise. The constant temperature
laboratory and wet Jlaboratory were both accessible and
well-laid out spaces: the salinity samples yielded some of
the best determinations yet made by 1IOS. Other comments
about the ship and eguipment are found in the Cruise Report

(Gould, 1985).
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Stations 2-5 were made on the ridge associated with

the East Azores Fracture zone, near 37°N and west of
Discovery Gap. The remainder were made near 32°N (see
Figure 1) in support of 9 SOFAR floats released near station
9 and of 3 current meter mooring at the position of stations
6, 7, 8 at GME. Stations 11-14 (like 2-5) were worked
searching for a deep swift current found at the margins in
this basin. The final stations extended the measurements to
the east side of the Madeira abyssal plain. Table 1 gives
details of the measurements and Figure 1 shows the location

of the latter stations.

RECONCILIATION OF CTD DATA WITH MULTISAMPLER DATA

(a) Pressure

The deck pressure offset was stable and a value of
11 db was assumed for all stations. Differences between the
pressure measured by the CTD and by pairs of reversing
thermometers are shown in Table 2. The results are similar
to previous experience (Saunders and Manning, 1984) and
confirm the stability of the CTD sensor.

(b) Temperature

Laboratory calibrations made in January and June 1985
confirm the stability of the platinum resistance sensor and
associated electronics. Since the end of 1983 when this
sensor was installed the calibration has drifted only about
.003*.001 (Saunders, 1985a). A comparison 1is given in
Table 2 between CTD temperatures and reversing thermometers,

separating the deep and the shallow measurements.



(c) Salinity

The sample measurements on this cruise were slightly
fresher by about .002 than the canonical 06-s relation,
S = 34.698 + 0.098 x 6. (0 is the potential temperature).
This we attribute to a slightly saline batch of standard sea
water (P91), see the discussion of this problem in Saunders
(1985b). The cell factor required to bring the CTD
salinities into agreement with the above equation for each
station is listed in Table 1. Had we chosen a constant cell
factor (0.999923) for the entire cruise the deep 8-s would
have appeared to change by .020 PSU between stations 3 and
11, at least an order of magnitude greater than derived from
the sample data. Thus the CTD conductivity sensor was
somewhat less stable than usual (compare Saunders & Manning,
1984).

(d) Oxygen

A very small change was made to the procedure
described in earlier reports. The current lag was
determined from the expression

Lag{seconds) = 70 exp - 0.14 x T(ambient)®°C
which was found to give better behaviour especially near the
bottom of the surface mixed layer. A correction was made to
each station to bring the dissolved oxygen in the deep water
below 3500 db close to 5.67 ml/1, (see Saunders 1985Db). The
comparison between CTD and sample oxygen estimates is found
in Table 2 and represents an improvement on our previous

efforts.
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COMPUTER PROCESSING OF CTD DATA

There were many teething problems with the brand new

computer system aboard the RRS Charles Darwin and CTD data

was not logged on it during the cruise. Data from the NBIS
deck unit was converted into ASCII characters wvia an
IOS-built interface, then formatted into blocks of size 1960
to which timing and header information was added. The data
was then written to a dedicated Digidata tape deck at the
sampling frequency (16 Hz). This data was input ashore into
the GEXEC file handling package on the Honeywell 66/DPS-300
at IOS Bidston. The computation path 1is described in
general terms 1in Table 3 and a description of the Jjobs
lJisted in the appendix.

Standard plots and ]ists'occupy the main body of the
report. Derived quantities have been computed from
algorithms published in UNESCO Technical Paper on Marine
Science No. 44 (Fofonoff & Millard, 1983).

Because of our interest in the deepest parts of the
water column we have included plots of potential
temperature, salinity and potential transmittance below
3500 db. Transmittance is often related to the suspended
particulate concentration, see Spinrad et al., (1983). The
expression found by these and other authors suggest that in
the resuspended sediment which produces a transmittance

decrease of 0.2% (or attenuance increase of .003 m'1

) the
bottom concentration is about 2 ppb. This figure agrees

closely with estimates by Biscaye and Eittreim (1977) in the

same area. The (excess) concentration falls off
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approximately linearly with height vanishing about 500 m
above the bottom where the clearest water is found. The
vertically integrated conceqtration or suspended particle
load is 0.5 x 2pg/dm® x 500 m = 0.5g/m?. Such a load,
totally deposited, yields a lJayer of thickness 0.5um,
somewhat less than the annual deposition rate of about

2.5um/year (Searle et al., 1985).

ACKNOWLEDGEMENTS

I am grateful to Messrs. J. Moorey and J. Smithers who
assisted with the work at sea and Mr. J. Holmes who did much
of the processing ashore. Dr. W. J. Gould was the chief
scientist for the cruise and actively assisted 1in the

measurement programme.



REFERENCES

Biscaye, P. and S.L. Eittreim. 1977 Suspended particulate
loads and transports in the nepheloid layer of the
abyssal Atlantic Ocean. Marine Geology, 23,
155-172.

Fofonoff, N.P. and R.C. Millard Jr. 1983 Algorithms for
computation of fundamental properties of seawater.
UNESCO Technical Papers in Marine Science 44.

Gould, WwW.J. 1985 RRS Charles Darwin Cruise 1/85 13
February-4th March 1985, IOS Cruise Report No. 173,
28pp.

Saunders, P.M. 1985a Collection, calibration and
processing of CTD data at I0S C.M, 1985/C.5
Hydrography Committee, ICﬁS.
1985b The accuracy of measurement of salinity, oxygen
and temperature in the deep ocean. J. Phys.
Oceanogr. (in press).

Saunders, P.M. and A. Manning. 1984 CTD data from the
northeast Atlantic Ocean 22-33°N, 19-24°W July 1983
during RRS Discovery Cruises 138, 139. IOS Report
No. 188, 114pp.

Searle, R.C. et al. 1985 Great Meteor East (Distal Madeira
Abyssal Plain): Geological studies of its suitability
for disposal of heat-emitting radiocactive wastes. I0Ss
Report No. 193, 161pp.

Spinrad, R.W., Zaneveld, J.R.V. and J.C. Kitchen. 1983 A
study of the optical characteristics of the suspended
particles in the Benthic Nepheloid TLayer of the
Scotian Rise. J. Phys. Oceanogr., 88, c12,

7641-7645.



Station

1

O ® N &0 U b WwoN

- a3 e e ed 3 ed 4 2
O 00 ~N &0 U b W N A o

Day
46
51
51
52
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54
55
55
56
57
58
58
59
59
60
60
61
62
62

Down
1722
1020
2052
0231
1514
1918
0020
2239
0752
0611
1518
2212
1143
1635
0812
2220
1129
0011
1024
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TABLE

Lat(N)

46
37
37
37
36
31
31
31
31
31
31
31
31
32
32
33
31
32
32

13
38
28
13
59
30
31
29
59
29
33
47
56
00
59
0o
41
15
20

Long(W)

10
18
18
18
18
25
25
24
24
24
26
26
27
27
25
23
22
21
20

49
53
50
49
53
10
03
45
00
21
07
37
00
11
16
29
35
14
15

Water
Depth{m)

4801
5280
4525
4485
4852
5056
5438
5440
5438
5444
5199
5393
5202
4211
5375
5424
5216
5051
4724

Salra
0.999929
1.000127
1.000220
1.000106
1.000056
0.999887
0.999960
1.000032
0.999965
0.999871
0.999715
0.999863
0.999894
0.999874
0.999677
0.999822
0.999848
0.999842
0.999854

mean 0.999923



TABLE 2

Fit of CTD Data to Rosette Sample Values

Difference between CTD and Rosette
Measurements

Variable Range
Mean difference R.M.S. Number

Pressure, db 0 - 2000 db -1 2 7
2000 - 5400 4db -2 6 28

Temperature, °C 5 - 23°cC + .003 .005 10
2 - 5° + ,006 .006 35

Salinity 0 - 2000 ab - .003 .010 10
2000 - 5400 4b + 001 .002 43

Oxygen, ml/] 0 - 2000 ab + .11 .10 10
2000 - 5400 4db - .02 .06 30

The depth of the 5°C isotherm is approximately 1800 db.



TABLE 3

DATA PROCESSING PATH (See Appendix for further details)

Stage
CTDIN Input raw 16 Hz data and sketch them.
CTDA Provisional edit of noisy variables.
CTDB Delete bad data and calibrate p.
cTDC Decimate data and correct for temperature lag.
CTDD Sort on pressure and average by 2 db.
CTDE Calibrate T, C, Transmittance and compute S, 0.
CTDF Compute potential transmittance and salinity correction.
CTDG Lag oxygen current and correct salinity
CTDH Calculate dissolved oxygen and identify suspzct data.
CTDJ Remove bad values and identify suspect data.
(above step is repeated as necessary)
CTDK Fill data gaps at start of lowering.
CTDL Correct summary file.

CTDPLT Plot T, S, DO versus P (0~-2000 db).
BOTPLT Plot 6, S, POTRAN versus P (below 3500 db).
GF3 Archive 2 db values to tape in GF3 format.

CTDM Construct a station list.
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APPENDIX - STAGES OF DATA PROCESSING
CTDIN. INPUT RAW 16HZ DATA AND SKETCH THEM.

EXEC PDIGIN

0

NAMES, PRES, TEMP, COND, TRAN, OXYC , OXYT
FILE,1,WPRDAOO1BW,5500,5788

TIME, 850215,172200, .0625
POSI,46,13.0,-10,48.8,4801,,

PLATFORM , NEWDEEP, DARWIN, 1/85,P .M. SAUNDERS
REMA, INPUT FROM DIGIDATA AT 16/SEC,TIME=TIME AT BOTTOM
SURS

$$ SELECT(PMS/RUN/TEMP:S)

FIND WTAPE91232

MAKE WCTDWKO2

EXEC PSKTCH

0

GROUP, 500

VARS, -

FIND WCTDWKO2

CTDA. PROVISIONAL EDIT OF NOISY VARIABLES.

EXEC PEDITA

0000001
LIMIT, TEMP, 4000, 40000
LIMIT,COND, 30000, 50000
LIMIT, TRAN, 2300,4500
LIMIT, 0XYC, 10,1000
FIND WCTDWKO2

MAKE WCTDWKO2

EXEC PUSRIO

0

VARS, -

cycs, ,

OVARS, -

FCON, 10.,100.,100.,10.,10.,0.
SUBS

$$ SELECT (RTP/SOURCE/PMDIAN:S)
FIND WCTDWKO2

MAKE WCTDWKO2

EXEC PSKTCH

0

GROUP, 500

VARS, -

FIND WCTDWKO2
*
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CTDB. DELETE BAD DATA AND CALIBRATE P.

EXEC PCOPYA
1

VARS,1,2,3,4,5
CoPY,1,7119

FIND WCTDWKO2

MAKE PHYSFILE,,,5,90000
EXEC PINTRP

0

LINEAR,1,-,5

FIND PHYSFILE

MAKE PHYSFILE

EXEC PCALIB

0

LINEAR, PRES,PRES,.1,-11.,DECIBARS,-999.
COPY, TEMP, TEMP

COPY, COND, COND

COPY, TRAN, TRAN

COPY, OXYC, 0XYC
COPY,TEMP, DELT

FIND PHYSFILE

MAKE WCTDWKO2

CIDC. DECIMATE DATA AND CORRECT FOR TEMPERATURE LAG.

EXEC PDECIM
0

cycs,,

DECI, 9

MEAN, 4

VARS,1,-,5
USER,-5,0.,0.,0.,0.,0.4
VARS, 6

COMM  SPECIAL VERSION OF PDECIM
SUBS

$$ SELECT(PMS/DECIM:S)
FIND WCTDWKO2

MAKE PHYSFILE,,,6,10000
EXEC PLSTDC

00001

EVERY, 50

cYcs,,

VARS, -

FIND PHYSFILE

EXEC PARITH

0

cYcs, ,

COPY, PRES

ADD, TEMP, DELT, TEMP
COPY, COND, TRAN, OXYC
FIND PHYSFILE

MAKE WPRDAOO1BW

EXEC PLSTDC

00001

EVERY, 50

cYcs,,

VARS, -

FIND WPRDAOO1BW
*
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CTDD. SORT ON PRESSURE AND AVERAGE BY 2 DECIBAR INTERVALS.

EXEC PGFILE

0

FIND WPRDAOO1BW

MAKE TEMPFILE,,,5,10050
EXEC GSORT3
00000000000000002000PRES
FIND TEMPFILE

MAKE WORKFILE,,,5,10050
EXEC GPFILE

0

FIND WORKFILE

MAKE PHYSFILE,,,5, 10050
EXEC PAVRGE

0

SCAN,1,0.0,2.0

VARS, -

FIND PHYSFILE

MAKE WPRDAOO1BW

EXEC PLSTDC

00001

EVERY, 10

cycs,,

VARS, -

FIND WPRDAOO1BW

CIDE. CALIBRATE T C TRANSMIT AND COMPUTE S THETA.

EXEC PCALIB
0

COPY,PRES, PRES
LINEAR,TEMP, TEMP, .00049953, .026, DEGC, ~9.99
LINEAR, COND, COND, .0010008,0. ,MMHO,~9. 99
LINEAR, TRAN, TRAN, .019926,0. ,PERCENT,~99.9
COPY, 0XYC, OXYC

FIND WPRDAOO1BW

MAKE PHYSFILE,,,5,3000

EXEC PE0S83

0

cycs,,

COPY

VARS, PRES, TEMP

SAL78

VARS,P,1,T,2,G,3

PTMP,0.0

VARS,P,1,T,2,G,3

COPY

VARS, TRAN, OXYC

FIND PHYSFILE

MAKE WPRDAOO1BW

EXEC PLSTDC

00001

EVERY, 10

cycs,,

VARS, -

FIND WPRDAOO1BW
%
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CTNF. CALCULATE POT-TRAN AND SALRA.

EXEC PUSRIO
0

VARS, PRES, TEMP, SAL78, POTEMP, TRAN

cycs,,

COMM POTTRAN ACCORDING TO APPROXIMATE METHOD - PMS MARCH 83
COMM FCON(1) IS AIR CAL AND FCON(2) IS OFFSET - BOTH VDC
FCON,4.04,-0.002

OVARS, PRES, TEMP, SAL78, POTEMP

NVARS, POTRAN, PERCENT, -99. 9

OVARS, 0XYC

SURS

$$ SELECT(PMS/TRANSMIT)

FIND WPRDAOOLBW

MAKE WPRDAOO1BW

CTDG. LAG OXYGEN CURRENT AND CORRECT SALINITY.

HALT
EXEC PUSRIO

0

VARS, OXYC, TEMP

cycs,,

COMM *#%%% INPUT AND OUTPUT FILES MUST BE THE SAME *%sdkskkkx
COMM FCON(1) IS LAG OF CURRENT IN SECS AT TEMP O DEG C
COMM FCON(2) IS FACTOR IN LAG=FCON(1)*EXP-FCON(2)*TEMP
COMM FCON(3) IS DATA INTERVAL IN SECS
FCON,70.,0.14,2.0

OVARS, PRES, TEMP, SAL78, POTEMP,, POTRAN, OXYC

SUBS

$$ SELECT(PMS/LAG2)

FIND WPRDAOO1BW

MAKE WPRDAOO1BW

EXEC PCALIB

0

COPY, PRES, PRES

COPY, TEMP, TEMP

LINEAR, SAL78,SAL78,0.999929,0.0

LINEAR, POTRAN, POTRAN,1.0,0.0

COPY, 0XYC, OXYC

COPY, TEMP, OXYT

FIND WPRDAOOLBW

MAKE PHYSFILE,,,6,3000

EXEC PINTRP

0

LINEAR,1,-,4

COPY, 5

LINEAR, 6

FIND PHYSFILE

MAKE WPRDAOO1BW
*
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CTDH. CALCULATE DO AND IDENTIFY SUSPECT DATA.

EXEC POXYGN
0

cYcs, ,

COPY

VARS, -

0XYG, .00375,0.,1.0,0.,-0.037,0.000166,1.0
VARS, PRES, TEMP, SAL78, OXY(, OXYT
FIND WPRDAOO1BW

MAKE PHYSFILE,,,7,3000

EXEC PINTRP

0

COPY,1,-,6

LINEAR, 7

FIND PHYSFILE

MAKE WPRDAOO1BW

EXEC PCHECK

01

cycs, ,

ERRA,0.001,8.0

VARS, -

FIND WPRDAOO1BW

MAKE WEDITPR

CTDJ. REMOVE BAD VALUES AND IDENTIFY SUSPECT DATA

EXEC PRIGHT
01

ENTRIES,4,9,11,12

FIND WPRDAOO1BW

FIND WEDITPR

MAKE PHYSFILE,,,7,3000
EXEC PINTRP

0

LINEAR, -

FIND PHYSFILE

MAKE WPRDAOO1BW

EXEC PCHECK

01

cycs, ,

ERRA,0.001,8.0

VARS, -

FIND WPRDAOO1BW

MAKE WEDITPR

(REPEAT ABOVE STEP AS REQUIRED)
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CTDK. FILL DATA GAPS AT START OF LOWERING

EXEC PCOPYA

0

VARS, -

INSERT, 1

COPY,1,

FIND WPRDAO19BW

MAKE PHYSFILE,,,7,2800
EXEC PEDITA

0000001
NUCYC,1,1.0,17.501,36.594,63.681,499.204,17.501,5.256
FIND PHYSFILE

MAKE WPRDAO19BW

EXEC PLSTDC

00001

cYcs,1,10

VARS, -

FIND WPRDAO19BW

CTDL. CORRECT SUMMARY FILE.

EXEC PDDSUM
000001
P0OSI,46,13.0,-10,48.8
SUMM, COMMENT2, SHIP

SUMM, SHIPCRUS,RRS C.DARWIN
SUMM, COMMENT3,CR1985/1
SUMM, LONGDEGS , CTD

SUMM, CALCONS1,4801

FIND WPRDAOO1BW

MAKE WPRDAOOI1BW

GF3. ARCHIVE CTD DATA IN GF3 FORMAT

MESS JOB USES I0S33 and TAPE 92155
EXEC PGFARC

0

SUBS

$$ SELECT(SPU/GFARCH/PGFARC:S)

$$ SELECT(SPU/GFARCH/BLKDAT:S)
FIND WPRDAOO1BW

MAKE CTD185
*
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CTDPLT. PLOT T,S,DO VERSUS P (0-2000DB).

DARWIN 1/85 STN 018 32 15N 21 14W
MESS PMS USING IOS 33

EXEC PCALIB, ,WB

0

COPY,PRES, PRES

COPY, TEMP, TEMP

RANGE, SAL78,SAL78,34.9,36.2
COPY, OXYGEN, OXYGEN

FIND WPRDAO18BW

MAKE PHYSFILE,,,4,2900
EXEC PLOTXY,WGST

1

€YCS,1,1000

PLOT, 250,305, 130,200,,,2
XAX1S,2,20,10,2,2,2
YAXIS,2,20,10,2,2,2

YVAR, PRES,0.,2000.,4,200.
XVAR, TEMP,0.,32.5,1,5.0,1
XVAR,SAL78,34.9,36.2,1,.2
XVAR, OXYGEN, 3.,9.5,1,1.0,1
SUBS

$$ SELECT (PMS/GSPOOL:S)
FIND PHYSFILE

BOTPLT. PLOT THETA,S,POTRAN VERSUS P (>3500DB)

EXEC PE0S83, ,WB

1

cYCs, 1751,

COPY

VARS, PRES, SAL78, POTRAN
PTMP,0.0

VARS,P,1,T,2,S,3

FIND WPRDAO18BW

MAKE PHYSFILE,,,4,1250

EXEC PLOTXY,WGST,WB

1

cYcs, ,

PLOT, 250,350,150,250
XAXIS,2,30,15,3,3,3
YAXIS,2,50,10,3,3,3

YVAR, PRES, 3500. ,6000. ,4, 500.
XVAR, POTEMP,1.9,2.4,0,0.1
XVAR, SAL78,34.880,34.930,0,0.01
XVAR, POTRAN,67.5,70.0,0,0.5
SUBS

$$ SELECT (PMS/GSPOOL:S)
FIND PHYSFILE

*
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CThM. STATION LIST.

EXEC PE0S83

0

cYcs, ,

COPY

VARS, -

PTMP,0.0

VARS,P,1,T,2,S,3

SIGP,0.

VARS,P,1,T,2,5,3

SIGP,4000.

VARS,P,1,T,2,S,3

DYNHT, 0.0

VARS,P,1,T,2,S,3

SNDV

VARS,P,1,T,2,S,3

DEPTH

VARS, P, 1

FIND WPRDAOO1BW

MAKE PHYSFILE,,,11,2800

EXEC PFETCH

000001

cYcs,,

VARS, -

SEARCH, PRES

LEVS, 10, 20,30,50,75,100,125,150,200,250,300, 400,500, 600,700,800, 900
LEVS, 1000,1200,1400, 1600, 1800, 2000,2200,2400,2600, 2800, 3000
LEVS, 3200,3400, 3600, 3800, 4000, 4200, 4400, 4500, 4600,4700,4800,4900
LEVS, 5000,5100, 5200, 5300, 5400, 5500, 5600

FIND PHYSFILE

MAKE WCTDWKO1

EXEC PE0OS83

0

cycs,,

COPY

VARS, -

SVAN

VARS,P,1,T,2,S,3

BVFR

VARS,P,1,T,2,S,3

FIND WCTDWKO1

MAKE WPRDAOO1SL

EXEC PLSTDC

00000000000101

(1H1//33X, "C.DARWIN 1/85 STATION 001°//

. P-DB T-DEGC  SAL-PSU POTRAN DO-ML/L POTEMP  SIGO SIG4000’
’  DYNHT-M SNDV-M/S DEPTH-M SVANOM BVFR-CY/HR’///)
(1X,78.0,2F9.3,2F8.2,1X,3F9.4,F9.3,F9.1,F7.0,E12.4,F9.3)

cycs,,
VARS,1,-,13
FIND WPRDAOOLSL
*
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