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Figure 5.9: The vertical distribution of DIC (or TCO2) (preliminary data) along the ANDREX section 
a) in the upper 700 m and b) across the water column. The dots indicate the location of 
samples taken. Bottom topography has not been indicated and is roughly 10 m. 



 
 
Figure 5.10: The vertical distribution of total alkalinity (preliminary data) along the ANDREX section 

a) in the upper 700 m and b) across the water column. The dots indicate the depth of 
samples taken. Bottom topography has not been indicated and is roughly 10 m. 

 
 
 

5.5  Stable oxygen isotope 
 Loïc Jullion (NOCS, UK) & Mike Meredith (BAS, UK) 

 
As a parallel project to ANDREX, we obtained funding from the NERC Small Grants round to 
investigate the freshwater composition of water masses exiting the Weddell Gyre, by making 
measurements of the stable isotopes of oxygen (O18) in seawater on ANDREX and 16S. O18 is useful 
in high latitude freshwater studies, since it enables quantification of freshwater from separate 
sources. When measured alongside salinity, O18 allows the determination of inputs of freshwater 
from meteoric sources (glacial ice melt, precipitation) separately from those due to oceanic sources 
(sea ice melt). The Weddell Gyre is a region where the O18 of the pure glacial and non-glacial 
freshwater components are sufficiently well-known to enable quantification of their exports by this 
method. 

 
The measurements of O18 wi11 be combined with salinity and velocity fields derived from the 
cruises, and will enable us to quantify for the first time the individual exports of different forms of 
freshwater (sea ice melt, precipitation and glacial melt) from the Gyre into the global oceanic THC. 
Comparison with (sparse) historical data will reveal any changes in the freshwater composition of 
individual water masses, and place our measurements in the context of interannual and decadal 



change. The implications for controls on ocean circulation and climate against a background of a 
changing hydrological cycle will be assessed. 

 
During JC30, every other station was sampled for O18 (14 stations sampled in total). Due to the 
limited amount of samples available (the price of the analysis limits the number of samples that we 
can get to the laboratory for analysis), most samples were drawn near the surface Niskin bottles, 
where the icemelt signal is expected to be the strongest and near the bottom, where several flavours 
of Antarctic Bottom Water can possibly be found. 

 
Samples were drawn into 50m1 glass bottles, which had been rinsed once with water from the 
Niskin. These then had a silicon bung inserted and a metal crimp overlaid, which was sealed with a 
pair of crimping tongs. The bung and crimp are the same as are used for sealing bottles of OSIL 
standard seawater. Toward the end of the JR239 section, it was realized that we had been 
over-enthusiastic in our sampling near the start, and that we would run out of 50m1 bottles before the 
eastern end was reached. Accordingly, we re-used standard seawater bottles that had been left over 
from the salinity analyses; these (although significantly larger, and therefore more troublesome to 
transport and store) are perfectly adequate for the task. All samples will be transported back to the 
UK, and will be delivered to the NERC Isotope Geosciences Laboratory, Keyworth, for laboratory 
analysis. 

 
 
 
 
 



6  CTD 
 Sheldon Bacon and Dave Teare (NOCS, UK) 

 
The CTD system comprised the following equipment. Seabird 911+ CTD with dual pumped 
temperature and conductivity sensors. Seabird 5BE43 dissolved oxygen sensor, fitted in the primary 
T\C duct. Seabird SBE32 carousel with twenty-four OTE externally sprung, twenty litre bottles. A 
downward looking RDI 300 KHz workhorse ADCP. Chelsea Instruments Alphatracka 
(transmissometer) and Aquatracka (fluorometer). Benthos 915T altimeter. Wetlabs light-backscatter 
BBRTD. An IOS 10 KHz pinger and a Sonardyne location beacon. 

 
The CTD processing route is described in some detail in Bacon (2010), the RRS Discovery cruise 
332 report, and is briefly summarised here. For each station, initial processing was carried out using 
SeaBird software, running (in order) DatCnv, A1ignCTD, WildEdit, CellTM and Translate. Unix 
processing using Pstar then followed. Script ctd0 takes the ascii output from Translate, converts to 
Pstar and sets headers; the .24hz file is output. Script ctd1 performs basic editing and averaging; 1hz 
and .10s files are output. Script ctd2 crops the head and tail of the 1hz file to output the .ctu file, and 
averages the downcast to output the .2db files. Script fir0 converts the .ros file into Pstar format, 
takes data from the .10s file and pastes it into anew file fir30nnn. Script samfir creates the file 
sam30nnn containing variables from fir30nnn so that the results from the bottle sampling analysis 
can be added. 

 
The bottle sampling analysis provides calibration data for the CTD conductivity and oxygen sensors. 
Script sal0 reads in the sample bottle salinity files (Excel text) and outputs Pstar files sal30nnn.bot. 
Script sal1 pastes bottle file values into sam30nnn files. Script sal2 calculates bottle conductivity. 
Script oxy0 reads in the sample bottle oxygen files (Excel text) and outputs Pstar files oxy30nnn.bot. 
Script oxy1 pastes bottle file values into sam30nnn files. Script oxy2 converts bottle oxygens into 
µmol/kg. Script oxy3 replaces upcast CTD oxygen in sam30nnn with the downcast value using Pstar 
program pbotle. 

 
CTD conductivity calibrations were determined by calculating the (bottle minus CTD) conductivity 
differences for both CTD sensors. For CTD variable cond, and for the 145 values in the range 
(-0.005, 0.005) mmho/cm, the mean difference was -0.0004 (sd 0.0013). For CTD variable cond2, 
and for the 145 values in the range (-0.005, 0.005) mmho/cm, the mean difference was -0.0009 (sd 
0.0013). CTD conductivities were adjusted with these offsets, and salinities recalculated. See figure 
6.1 for bottle minus CTD salinity differences. 

 
CTD oxygens were adjusted, as for D332, using an offset and a pressure-dependent term, so: 

 
Obottle - OCTD = a + bP 

 
The values of a and b were found to be 6.3932 and 0.0015837, respectively, and CTD oxygens 
adjusted accordingly. 

 
 

Table 6.1: JC30 station positions. Station number (statnum) is 30nnn; beboen signifies station 
beginning (1), station bottom (2), station end (3); timings are conventional 
(year-month-day, hourminute-second); positions are in degrees and decimal minutes; 
pmax is station maximum pressure (dbar). 

 
statnum beboen ymd hour lat  lon  pmax 

  YYYYMMDD HHMMSS DEGR MIN  DEGR MIN  db 
30001 1 20081228 074905 040 47.824 S 022 44.184 E  
30001 2 20081228 094101 040 47.573 S 022 42.449 E 5255 
30001 3 20081228 111236 040 47.436 S 022 41.498 E  
30002 1 20081231 183004 053 29.999 S 030 0.003 E  



30002 2 20081231 201444 053 29.999 S 029 60.000 E 5283 
30002 3 20081231 230847 053 29.998 S 029 59.998 E  
30003 1 20090101 055953 054 0.000 S 030 0.004 E  
30003 2 20090101 073657 054 0.001 S 030 0.004 E 5307 
30003 3 20090101 103133 054 0.002 S 030 0.002 E  
30004 1 20090101 143110 054 29.995 S 030 0.005 E  
30004 2 20090101 163703 054 29.996 S 030 0.005 E 4743 
30004 3 20090101 193041 054 29.996 S 030 0.006 E  
30005 1 20090102 013102 054 0.210 S 029 6.658 E  
30005 2 20090102 030845 054 0.210 S 029 6.657 E 4771 
30005 3 20090102 055822 054 0.210 S 029 6.658 E  
30006 1 20090102 141119 054 1.401 S 027 23.033 E  
30006 2 20090102 155355 054 1.693 S 027 22.904 E 4337 
30006 3 20090102 183340 054 2.082 S 027 22.721 E  
30007 1 20090102 233623 054 0.173 S 026 29.318 E  
30007 2 20090103 011401 054 0.174 S 026 29.319 E 4765 
30007 3 20090103 035901 054 0.172 S 026 29.319 E  
30008 1 20090103 075635 054 0.964 S 025 43.609 E  
30008 2 20090103 091521 054 0.964 S 025 43.604 E 3501 
30008 3 20090103 111817 054 0.963 S 025 43.609 E  
30009 1 20090103 192837 054 45.175 S 024 38.287 E  
30009 2 20090103 205639 054 45.172 S 024 38.286 E 3647 
30009 3 20090103 231043 054 45.172 S 024 38.287 E  
30010 1 20090104 072903 055 29.963 S 023 26.049 E  
30010 2 20090104 090111 055 29.963 S 023 26.047 E 4677 
30010 3 20090104 113201 055 29.966 S 023 26.050 E  
30011 1 20090104 192857 056 14.693 S 022 14.838 E  
30011 2 20090104 211320 056 14.694 S 022 14.836 E 5373 
30011 3 20090104 235336 056 14.691 S 022 14.836 E  
30012 1 20090105 072524 057 0.053 S 021 0.359 E  
30012 2 20090105 091241 057 0.054 S 021 0.356 E 5111 
30012 3 20090105 115814 057 0.053 S 021 0.359 E  
30013 1 20090105 191659 057 13.802 S 018 59.390 E  
30013 2 20090105 204730 057 13.804 S 018 59.388 E 4787 
30013 3 20090105 233148 057 13.802 S 018 59.387 E  
30014 1 20090106 055732 057 22.179 S 017 15.561 E  
30014 2 20090106 073332 057 22.125 S 017 15.519 E 5171 
30014 3 20090106 100251 057 22.127 S 017 15.517 E  
30015 1 20090106 170606 057 32.251 S 015 22.501 E  
30015 2 20090106 185308 057 32.251 S 015 22.504 E 5243 
30015 3 20090106 212020 057 32.253 S 015 22.501 E  
30016 1 20090107 051936 057 42.791 S 013 29.278 E  
30016 2 20090107 070846 057 42.792 S 013 29.269 E 5693 
30016 3 20090107 094223 057 42.890 S 013 29.038 E  
30017 1 20090107 172829 057 53.743 S 011 35.846 E  
30017 2 20090107 192247 057 53.765 S 011 36.000 E 5813 
30017 3 20090107 220852 057 53.762 S 011 36.000 E  
30018 1 20090108 062642 058 4.003 S 009 39.660 E  
30018 2 20090108 081419 058 4.010 S 009 39.655 E 5631 
30018 3 20090108 105631 058 4.010 S 009 39.656 E  
30019 1 20090108 182904 058 19.885 S 007 45.564 E  
30019 2 20090108 195743 058 19.872 S 007 45.563 E 4305 
30019 3 20090108 215724 058 19.873 S 007 45.567 E  
30020 1 20090109 055102 058 25.044 S 005 49.573 E  
30020 2 20090109 074358 058 24.971 S 005 49.555 E 5211 
30020 3 20090109 100532 058 24.979 S 005 49.560 E  
30021 1 20090109 211420 058 49.031 S 002 51.451 E  
30021 2 20090109 230115 058 49.031 S 002 51.452 E 5581 
30021 3 20090110 015736 058 49.029 S 002 51.450  E  
30022 1 20090110 120631 059 12.783 S 000 6.969 W  



30022 2 20090110 134821 059 12.783 S 000 6.971 W 5163 
30022 3 20090110 163239 059 12.780 S 000 6.972 W  
30023 1 20090111 025310 059 37.615 S 003 6.666 W  
30023 2 20090111 043722 059 37.616 S 003 6.666 W 5051 
30023 3 20090111 072257 059 37.612 S 003 6.665 W  
30024 1 20090111 172649 060 0.280 S 006 3.832 W  
30024 2 20090111 192042 060 0.280 S 006 3.831 W 5231 
30024 3 20090111 214459 060 0.279 S 006 3.830 W  
30025 1 20090112 092303 060 24.031 S 009 2.257 W  
30025 2 20090112 110206 060 24.035 S 009 2.257 W 5103 
30025 3 20090112 134507 060 24.033 S 009 2.259 W  
30026 1 20090113 011828 060 47.781 S 012 0.677 W  
30026 2 20090113 031720 060 47.780 S 012 0.680 W 5581 
30026 3 20090113 060510 060 47.779 S 012 0.679 W  
30027 1 20090113 222439 061 20.227 S 016 4.856 W  
30027 2 20090113 234404 061 20.219 S 016 4.848 W 3929 
30027 3 20090114 020617 061 20.222 S 016 4.849  W  

 
 
 
 
 
 



SeaBird sensor types, serial numbers and calibration dates 
 
Date: 04/14/2011 
 
Instrument configuration file: C:\Documents and 
Settings\dml\Desktop\SheldonJC030\CTD005.CON 
 
Configuration report for SBE 9llplus/9l7plus CTD 
------------------------------------------------- 
 
Frequency channels suppressed : 0 
Voltage words suppressed      : 0 
Computer interface            : RS-232C 
Deck unit                     : SBEllplus Firmware Version >= 5.0 
Scans to average              : 1 
NMEA position data added      : Yes 
NMEA depth data added         : No 
NMEA time added               : No 
NMEA device connected to      : deck unit 
Surface PAR voltage added     : No 
Scan time added               : Yes 
 
1) Frequency 0, Temperature 
 
   Serial number  : 03P-4116  
   Calibrated on  : 3 September 2008 
   G              : 4.42598619e-003 
   H              : 6.84453782e-004 
   I              : 2.44752965e-005 
   J              : 2.01756698e-006 
   FO             : 1000.000 
   Slope          : 1.00000000 
   Offset         : 0.0000 
 
2) Frequency 1, Conductivity 
 
   Serial number  : 04C-2580  
   Calibrated on  : 3 September 2008 
   G              : -1.03504968e+001 
   H              : 1.52151375e+000 
   I              : 4.04775865e-004 
   J              : 5.44771095e-005 
   CTcor          : 3.2500e-006 
   CPcor          : -9.57000000e-008 
   Slope          : 1.00000000 
   Offset         : 0.00000 
    
3) Frequency 2, Pressure, Digiquartz with TC 
    
   Serial number  : 83008 
   Calibrated on  : 10 Sep 08 
   Cl             : -4.093335e+004 
   C2             : -1.005887e-001 
   C3             : 1.104120e-002 



   Dl             : 3.017600e-002 
   D2             : 0.000000e+000 
   Ti             : 2.992572e+001 
   T2             : -3.202788e-004 
   T3             : 3.724670e-006 
   T4             : 2.870340e-009 
   T5             : 0.000000e+000 
   Slope          : 0.99995000 
   Offset         : -1.45830 
   AD59OM         : 1.285350e-002 
   AD59OB         : -8.337660e+000 
 
4) Frequency 3, Temperature, 2 
 
   Serial number  : 03P-4105 
   Calibrated on  : 17 Sept 2008 
   G              : 4.39437796e-003 
   H              : 6.48191237e-004 
   I              : 2.34394537e-005 
   J              : 2.12096134e-006 
   FO             : 1000.000 
   Slope          : 1.00000000 
   Offset         : 0.0000 
 
5) Frequency 4, Conductivity, 2 
 
   Serial number  : 04C-3052 
   Calibrated on  : 3 September 2008 
   G              : -1.01167738e+001 
   H              : 1.41017872e+000 
   I              : 2.62673478e-004 
   J              : 5.16150703e-005 
   CTcor          : 3.2500e-006 
   CPcor          : -9.57000000e-008 
   Slope          : 1.00000000 
   Offset         : 0.00000 
 
6) A/D voltage 0, Oxygen, SBE 43 
 
   Serial number  : 43-0862 
   Calibrated on  : 30 September 2008 
   Equation       : Sea-Bird 
   Soc            : 4.28700e-001 
   Offset         : -4.98400e-001 
   A              : -1.49650e-003 
   B              : 1.37000e-004 
   C              : -3.10980e-006 
   E              : 3.60000e-002 
   Tau2O          : 1.15000e+000 
   Dl             : 1.92630e-004 
   D2             : -4.64800e-002 
   Hi             : -3.30000e-002 
   H2             : 5.00000e+003 
   H3             : 1.45000e+003 



7) A/D voltage 1, Free 
 
8) A/D voltage 2, Fluorometer, Chelsea Aqua 3 
 
   Serial number  : 088108 
   Calibrated on  : 9 January 2008 
   VB             : 0.174500 
   Vi             : 2.092100 
   Vacetone       : 0.198200 
   Scale factor   : 1.000000 
   Slope          : 1.000000 
   Offset         : 0.000000 
 
9) A/D voltage 3, Altimeter 
 
   Serial number  : 1040 
   Calibrated on  : March 2003 
   Scale factor   : 15.000 
   Offset         : 0.000 
 
10) A/D voltage 4, Free 
 
11) A/D voltage 5, Free 
 
12) A/D voltage 6, User Polynomial 
 
   Serial number  : BBRTD-115R 
   Calibrated on  : 13 May 2008 
   Sensor name    : Wetlabs backscatter 
   A0             : -0.00034810 
   Al             : 0.00295000 
   A2             : 0.00000000 
   A3             : 0.00000000 
 
13) A/D voltage 7, Transmissometer, Chelsea/Seatech/WET Lab CStar 
 
    Serial number  : 161045 
    Calibrated on  : 8 Sept 2005 
    M              : 24.0279 
    B              : -0.4806 
    Path length    : 0.250 
 
Scan length        : 41 

 
 



 
 
Figure 6.1: Comparison of sample and CTD salinities post-calibration: bottle minus CTD channel 

1 salinity (black), bottle minus CTD channel 2 salinity (red). 
 
 
 

 



7  UNDERWAY MEASUREMENTS 
 
 
7.1  Thermosalinograph 

 
It became apparent that there was a serious problem with the thermosalinograph (TSG) remote (i.e. 
external) temperature measurements, which should be the sea surface temperature (SST) 
measurement. The instrument was found to be faulty but no spare was available. The resources 
available to attempt to construct a viable record of SST (and salinity) were: the regular TSG 
housing temperature (temp_h) and conductivity, plus a new TSG instrument (the SeaBird SBE4S 
microTSG), and CTD data. The following text describes the identification of the problem(s), and 
the subsequent processing to generate continuous SST and surface salinity records. 

 
Figure 7.1 compares TSG remote and housing temperatures with the SBE4S temperature. The 
green (SBE4S: temp) and black (temp_h) track each other closely; their difference (blue: T_t-th) is 
small. The red (temp_r) tracks both of the others less well, and as is seen in the difference from the 
SBE4S (cyan: T_t-tr), there is large variability on long timescales (range of up to 1°C over 
days/weeks) and on short timescales (fuzziness over hours/days, range of -0.2°C). Therefore TSG 
temp_r is unusable, and both TSG temp_h and SBE45 temp are potentially usable. 

 
Figure 7.2 compares SBE45 temp and TSG temp_h with CTD temperatures from between 5 and 7 
m water depth (the non-toxic intake is at about 6 m depth); temp_r is also included, for 
confirmation of the above conclusion. The green (CTD minus TSG temp_h: T_ct2-th) and red 
(CTD minus SBE45 temp: T_ct2-tb) offsets are of magnitude (sd) of -0.277 (0.038) and -0.341 
(0.054) °C respectively. The TSG housing temperature (temp_h) is a little less noisy than the SBE 
(lower sd compared with CTD). Also, the SBE45 record stops on 15-01-2009 (i.e. does not 
continue to the end of the cruise). For these two reasons, the TSG temp_h is chosen on which to 
base the SST record. 

 
Figure 7.3 compares CTD, TSG and SBE45 conductivities. The black (CTD minus SBE45) is fairly 
stable over the whole record (mean difference -0.259, sd 0.048 mS/cm), whereas the red (CTD 
minus TSG) is less accurate and less stable (mean difference over -2.5 mS/cm in the early part, -2.3 
in the later part). The SBE45 is clearly preferable for conductivity, but the record does not last to 
the end of the cruise; therefore the whole of the SBE45 cond record is used, and the record 
extended to the end of the cruise with the TSG cond. 

 
The surfmet data stream for the whole cruise, Cape Town to Stanley, was downloaded into file 
smt301.raw. Variables time and temp_h were copied out into an intermediate file, smt301.T1. This 
file was edited to remove bad data outside the limits (-10, 40) °C, then despiked with a median filter 
allowing a maximum difference between adjacent data points of 0.2°C, and finally cleaned up with 
an interactive editor. A second file was then created, smt301.T2, containing a second copy of the 
variable temp_h. In this file, one of the temp_h variables was renamed SST and calibrated by 
comparison with CTD temperatures (primary sensor, CTD variable temp2): SST = temp_h minus 
0.277°C. 

 
To generate a continuous good-quality surface conductivity record, first the SBE45 record, 
variables time and cond, were copied out between 000000Z on 26-12-2008 and 133419Z on 
15-01-2009 (output file SBE45.C1); cond was converted from S/m to mS/cm (cond = cond x 10). 
The conductivity record was manually despiked, then calibrated by comparison with CTD 
conductivities (primary sensor, CTD variable cond2): cond = cond minus 0.259. Next, to fill 
through to the end of the cruise, the variables time and cond were copied from smt301.raw into file 
smt301.C1 between 133420Z on 15-01-2009 and 120000Z on 21-01-2009. This record was edited 
(limits 20-60 mS/cm) then manually despiked, then calibrated by comparison with CTD data (as for 
the SBE45): cond = cond minus 2.262. The two conductivity records were then joined to form a 



single continuous record (output file surfcond); the continuous SST record (file smt301.T2) was 
merged onto this record (output file surfTC); a pressure variable, set to 0 db, was added (output file 
surfPTC); then salinity was generated from the combined SST and conductivity records (output file 
JC30_surfTS). Spikes were edited manually. Finally, navigation was added (output file 
jc30_surfTS.nav), and a 1-minute-averaged file created (jc30_surfTS.nav.lmin). Figure 7.4 plots the 
whole cruise SST and surface salinity record vs. time. Remaining gaps are the result of the 
non-toxic supply being turned off, either due to entry into harbour, proximity to sea ice, or 
unfeasible daftness. 

 
 
 
 

 
 
 

Figure 7.1: Records of (1) TSG housing temperature (temp_h, black), (2) TSG remote 
temperature (temp_r, red), (3) SBE45 temperature (temp, green), (4) temp minus 
temp_h (T_t-th, dark blue), (5) temp minus temp_r (T_t-tr, light blue). 

 



 
 
 

Figure 7.2: Comparison of CTD primary temperature (temp2) with surface temperatures (as 
CTD minus surface): (1) CTD minus TSG remote temperature (black, T_ct2-tr), (2) 
CTD minus SBE45 temperature (red, T_ct2-tb), (3) CTD minus TSG housing 
temperature (green, T_ct2-th). 

 



 
 
 

Figure 7.3: Comparison of CTD primary conductivity (cond2) with surface conductivities (as 
CTD minus surface); (1) CTD minus SBE45 cond (black, C_ct2-cb), (2) CTD minus 
TSG cond (red, C_ct2-cs). 

 



 
 
 

Figure 7.4: Full cruise record of calibrated sea surface temperature (SST, red) and salinity 
(black). 

 
 
 



CCHDO Data Processing Notes 
 
Date Person Data Type Action Summary 
2013-02-19 Key, Bob CTD/BTL/CrsRpt Submitted to go online 
 The CTD data are in 2 formats, use whichever is easier. 
2013-02-19 Staff, CCHDO CTD Website Update Available under 'Files as received'  

 

The following files are now available online under 'Files as received', unprocessed by the CCHDO. 
 
740H20081226.exc.csv 
74JC20081226_JC30_ctd.mat 
JC30_CTDdata.csv 
jc030cruisereport2nw2011.pdf 
74JC20081226_JC30_Metadata_DIC_TA_25092012.xls 

2013-05- Kappa, Jerry CrsRpt Website Update Preliminary PDF version 

 

I've placed a new PDF version of the cruise report: 

a21_740H20081226do.pdf 

into the  directory: co2clivar/atlantic/a21/a21_740H20081226/ . 

It includes all the reports provided by the cruise PIs, summary pages and CCHDO data processing 
notes, as well as a linked Table of Contents and links to figures, tables and appendices. 

     
 




