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Figure 24:  Silica concentration versus total alkalinity 
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Figure 25:  Nitrate concentration versus phosphate concentration 
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Figure 26:  Silica concentration versus nitrate concentration 
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LONG-LINES (AJAX) SOUTH ATLANTIC AND SOUTHERN OCEAN CARBONATE 
CHEMISTRY DATA 
 
With the exception of the carbonate chemistry parameters (pCO2, TCO2 and TALK), all of the data were 
obtained by the Physical and Chemical Oceanographic Data Facility (PACODF) of the Scripps Institution 
of Oceanography (see "Physical, Chemical and in-situ CTD Data from the AJAX Expedition in the 
South Atlantic Ocean", SIO Reference 85-24 and TAMU Reference 85-4-D, 275 pp., 1985). 

 
The carbonate chemistry data obtained by the Lamont-Doherty Geological Observatory group consist of 
the partial pressure of CO2 in seawater (pCO2) (measured at a constant temperature of 20.00 °C) and the 
total dissolved carbon dioxide concentration in seawater (TCO2). The TCO2 data are represented in 
micromoles per kilogram (uM/kg). The partial pressure of CO2 in seawater at 20.00 °C (rather than at in 
situ or potential temperature) is expressed in microatmospheres (uatm). The partial pressure of CO2 at 
another temperature, T1, can be computed by using the following equation: 
 

pCO2(T1) = pCO2(T20°C) exp ((T1-20) x 0.043) 
 
In addition to the observed quantities pCO2 and TCO2, the table includes the computed quantity TALK 
(total alkalinity), in microequivalents per kilogram (uEq/kg), and apparent oxygen utilization (AOU), in 
micromoles per kilogram (uM/kg). TALK is computed from the observed pCO2 TCO2 (GC determination 
only), salinity, silica (SiO3) and phosphate (PO4) concentrations, using the computer subroutine given in 
Appendix A. In a few cases TALK appears in the table in spite of the absence of pCO2 and/or nutrient 
concentration values; in these cases a second Niskin sampler was tripped at the same depth and the values 
for the missing parameters are taken from the companion sampler. Data for the second sampler will 
normally be found on the immediately preceding or following line in the table. AOU has been computed 
by: 
 

AOU = O2(sat.,8) - O2(obs.), 
 
where O2(sat.,9) is the concentration of oxygen the water would have at its potential temperature if 
saturated with air, and O2(obs.) is the measured concentration of oxygen in the sample, both expressed in 
uM/kg. The value for O2(sat.,8) is computed using the solubility data of Weiss (1970). 

 
The computed quantities "potential temperature", "sigma-theta", "sigma-2" and "sigma-4" have been 
calculated from the observed values of temperature, salinity and pressure using the UNESCO 
International Equation of State for Seawater (Millero et al., 1980), and the adiabatic temperature gradient 
expression of Fofonoff (1977), based on the results of Bryden (1973). 
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APPENDIX A 
 
C  **********  SUBROUTINE TALKX**********   
 
C  TO CALCULATE TOTAL ALKALINITY (TALK) FROM TOTAL CO2 AND PCO2 
 
C This is a FORTRAN 77 program using the symbol @ in column C six as a 
continuation mark for a line of code longer than C 72 characters. 
 
C   ******************************************************** 
C   * PROGRAMMER:  S. C. SUTHERLAND                        * 
C   *              LAMONT-DOHERTY GEOLOGICAL OBSERVATORY   * 
C   *              PALISADES, NY 10964                     * 
C   *              U.S.A.                                  * 
C   *              PHONE:  (914) 359 2900 EXTENSION 632    * 
C   ******************************************************** 
 
SUBROUTINE TALKX (ITEMP,I5ALIM,1PO4,15103,IPCO2,1TCO2,TALKO1J) 
REAL TEMP,SALIN.PO4,SI03,PCO2,TCO2,TALKOU,ITENP,ISALIN,1PO4 
1,131O3,1PCO2,ITCO2,K1CO2,K2CO2,K6,KCO2,K1PO4,K2PO4,KH2O 
2PKB,KSIO3,H2CO3,ASIO3,APO4,AH2O,ACO3,HCO3,CO3,ABORON.TBORON 
3,CB,CU,HION 
INTEGER I,J,K 
 
C  The function "LOG" is the natural logarithm 
 
C  UNITS: 
 
C  TEMP IN DEG C. 
C  SALINITY IN 0/00 
C  PO4 IN UMOL/KG 
C  SI03 IN UMOL/KG 
C  PCO2 IN UATM 
C  TCO2 IN UMOL/KG 
 
C  VARIABLES WHICH BEGIN WITH I (IPCO2, ISI02. ETC.) ARE USED AS 
C  INPUT VARIABLES, AND ARE MOVED TO WORKING VARIABLES WITHIN THE 
C  SUBROUTINE, TO PROTECT THEIR SEPARATION FROM ANY CALLING ROUTINE 
 
C  CONVERT UNITS TO MOLES/KG, ATMOSPHERES, AND DEG K. 
 
     TEMP = ITEMP + 273.15 
     SALIN = ISALIN 
     PO4 = 1PO4 * 1E-6 
     SI03 = 15103 * 1E-6 
     PCO2 = IPCO2 * 1E-6 
     TCO2 = ITCO2 * 1E-6 
 
C  CALCULATE SOLUBILITY OF CO2 IN SEAWATER   KCO2 
 
     KCO2 = EXP (-60.2409 + 9345.17 / TEMP  23.3585 * 
     @  LOG (TEMP/100.) + SALIN * (0.023517 - 2.3656E-4 
     * TEMP + 4.7036E-7 * TEMP * TEMP)) 
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C  Calculate solubility constants K1 & K2 of carbonic acid 
C  as determined by Mehrbach, et. al. (Mehrbach, C., C.H. Culberson, 
C  J.E. Hawley and R.M. Pytkowicz 1973,Limnology and Oceanography, 
C  18, 897-907.) 
 
C  K1CO2, K2CO2 
 
     KICO2 = 10. ** (13.7201 - 0.031334 * TEMP - 3235.76 / TEMP 
     @ - 1.3E-5 * SALIN * TEMP + 0.1032 * SQRT(SALIN)) 
 
C  INTERMEDIATE VARIABLE K6 
 
     K6 = ( -5371.9645 - 1.671221 * TEMP - 0.22913 * SALIN 
     @  + 128375.28 / TEMP + 8.0944E-4 * SALIN * TEMP - 2.136 
     @  * SALIN / TEMP * ( -18.3802 * LOG (SALIN) + 2194.3055 
     @  * LOG (TEMP) + (5617.11 / TEMP) * LOG (SALIN)) / 2.302585) 
 
     K2CO2 = EXP (2.302585 * K6) 
 
C  Calculate dissociation constant of boric acid after Lyman (1956), 
C  (Lyman, J. 1956, Buffer Mechanism of seawater, 
C  ph.D. Thesis, Univ. of Calif., Los Angeles, 196 pp.) 
 
   KB = 10. ** ( -9.26 + 0.00886 * SALIN + 0.01 * ITEMP) 
 
C  Calculate dissociation constants for phosphoric acid after Kester 
C  and Pytkowicz. 1967. (Kester. D.R. and R.N. Pytkowicz 1967, 
C  Determination of the apparent dissociation constants of 
C  phosphoric acid in seawater. 
C  Limnology and Oceanograph, 12, 243-252) 
 
   K1PO4 = EXP ( -9.039 -1450. / TEMP) 
 
   K2PO4 = EXP ( 4.466 - 7276. / TEMP) 
 
C  Calculate dissociation constant for silicic acid after Ingri (1959) 
C  (Ingri, N., 1959, Equilibrium studies of polyanions IV. Silicate 
C  ions in NaC1 medium, Acta Chemica Scandinavica, 13, 758-775.) 
 
   KSI03 = 4.OE-1O 
 
C  Calculate dissociation of water by the convention used by 
C  Culberson and Pytkowicz (1973) (Culberson, C.H. and R.M. Pytkowicz, 
C  1973, Ionization of water in seawater, Marine Chemistry, 
C    1, 403-417.) 
 
   KH2O = EXP (148.9082 - 13847.26 / TEMP - 23.6521 * LOG (TEMP) 
   @  + ( -79.2447 + 3298.72 / TEMP + 12.0408 * LOG (TEMP)) 
   @  * SQRT(SALIN) - 1.9813E-2 * SALIN 
 
C  Calculate activity of H+ ion by formulation of Takahashi, et.al. 
C  (1982a) of Culberson and  Pytkowicz (1973) (Takahashi, T., 
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C  R.T. Williams and D.L. Bos 1982a, Carbonate chemistry, in 
C  "GEOSECS PACIFIC EXPEDITION", Vol. 3 Hydrographic Data, 
C  1973-1974. W.S. Broecker, D.W. Spencer and H. Craig. U.S. 
C  Government Printing Office, 78-82.) 
 
 
   FH = 1.29 - 0.00204 * TEMP + 4.61E-4 * SALIN * SALIN 
   @  - 1.48E-6 * SALIN * SALIN * TEMP 
 
C  CALCULATE TOTAL BORON (BASED ON CULKIN, 1965) 
C  (Culkin, F., 1965, The major constituents of sea water, in 
C  CHEMICAL OCEANOGRAPHY, Vol. I, Chapter 4, First Edition, 
C  J.P. Riley and G. Skirrow editors, Academic Press, London, 
C  121-161.) 
 
   TBORON = 4.106E-4 * SALIN / 35. 
 
C  MAJOR CALCULATIONS BEGIN HERE: 
 
   H2CO3 = KCO2 * PCO2 
 
   HION = (K1CO2 + SQRT(K1CO2 * K1CO2 + 4. * K1CO2 * K2CO2 
   @  * (TCO2 / H2CO3 - 1.))) / ( 2. * (TCO2 / H2CO3 * 1.)) 
 
   ACO2 = KCO2 * PCO2 * (K1CO2 / HION + 2. * K1CO2 * K2CO2 
   @  / (HION * HION)) 
 
   ABORON = KB * TBORON  / (HION + KB) 

   ASIO3 = KSIO3 * SI03 / (HION + KSIO3) 

 
   APO4 = PO4 * (1 / (1 + K1PO4 / HION + K1PO4 * K2PO4 
   @  /  HION**2) + 2 / (1 + HION / K1PO4 + K2PO4 / HION) 
   @  + 3 / ( 1 + HION / K2PO4 + HION * HION / (K1PO4 * K2PO4) 
 
   AH2O = KH2O * FH / HION - HION / FH 
 
   TALKOU = (ACO2 + ABORON + ASIO3 + APO4 + AH2O)/1.E-6 
 
   HCO3 = K1CO2 * H2CO3 / HION 
 
   CO3 = K2CO2 * HCO3 / HION 
 
   RETURN 
   END 
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Chlorofluorocarbon Measurements 
 
R.F. Weiss, J.L. Bullister, M.J. Warner, F.A. Van Woy, P.K. Salameh 
June, 1990 
 
 
INTRODUCTION 

 
This report contains the results of measurements of the chlorofluorocarbons (CFCs) F-­‐11 
(trichlorofluoromethane) and F-­‐12 (dichlorodifluoromethane) dissolved in seawater and in the 
atmosphere as measured during Legs I and H of Ajax expedition aboard R/V Knorr of the Woods Hole 
Oceanographic Institution. Leg I extended from Abidjan, Ivory Coast, to Cape Town, South Africa, 
between 7 October and 6 November, 1983, and included Stations 1 -­‐ 59. F.A. Van Woy and M.J. Warner 
were the CFC analysts on this leg. Leg II extended from Cape Town to Punta Arenas, Chile, between ii 
January and 19 February, 1984, and included Stations 60 -­‐ 137. J.L. Bullister and F.A. Van Woy were 
the CFC analysts on this leg. Dissolved CFC concentrations were measured at most stations, with a total 
of 3276 analyses, and measurements of atmospheric CFC dry air mole fraction were made at regular 
intervals along the cruise track. 
 
Hydrographic data were collected by the Oceanographic Data Facility of the Scripps Institution of 
Oceanography. This report includes hydrographic data for only those bottles from which CFC samples 
were analyzed. A complete listing of the hydrographic data is given in the expedition data report 
(Scripps Institution of Oceanography and Texas A & M University, 1985). 
 
 
CFC MEASUREMENT TECHNIQUES 
 
CFC measurements were carried out by shipboard electron-­‐capture gas chromatography according to the 
methods described by Bullister and Weiss (1988). The results have been corrected for sampling and 
analysis blanks, the statistical variations of which can be responsible for occasional negative values near 
the detection limit. Sampling blanks generally decrease at the beginning of an expedition, as the 
equipment becomes cleaner with use. For Ajax expedition, the following median F-­‐l1 and F-­‐12 sampling 
blanks in picomoles per kilogram, as determined from analyses of deep waters at low latitudes which we 
believe to be CFC-­‐free, were subtracted from all dissolved CFC measurements in the listed station 
intervals: 
 

Stations F-­‐11 F-­‐12 
1 -­‐ 11 0.0228 0.0146 
12 -­‐ 22 0.0074 0.0097 

23 -­‐ 137 0.0034 0.0040 
 
 
It is important to emphasize that the data have been edited to remove serious "flyers" and contaminated 
samples, and to correct gross numerical errors. However, not all of the data have yet been subjected to 
the level of scrutiny associated with careful interpretive work. Readers are therefore requested to contact 
the authors for any revisions in the data which may post-­‐date this report, and to draw to our attention any 
suspected inconsistencies. The results are reported on the SIO 1986 calibration scale. The precision (± 
one s.d.) of the seawater measurements is about 1% or about 0.005 pmol/kg, whichever is greater, for 
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both CFCs. The precision of the atmospheric measurements is about 0.4% for both CFCs. The estimated 
systematic accuracy of the calibrations is about 1.3% for F-11 and 0.5% for F-12. 
 
ATMOSPHERIC CFC DATA 
 
Atmospheric CFC measurements were made at regular time intervals along the cruise track, using air 
pumped continuously from inlets located at the ship's bow or stern, depending upon the apparent wind 
direction. Measurements were made either on station or while the ship was underway. Typically a group 
of 3 to 4 measurements were made consecutively, with a single geographic position being recorded for 
each group. Atmospheric F- 11 and F-12 concentrations are reported as dry air mole fractions. 
 
Atmospheric CFC concentrations at each hydrographic station location were determined by averaging 
measurements taken within ±7 days of a station and within a radius starting at 60 km, and increased in 
steps of 60 km, until a minimum of 5 air values were found. These mean values are reported in the 
station listings. 
 
SEAWATER CFC DATA 
 
Dissolved CFC concentrations are reported in picomoles per kilogram. CFC saturation percentages 
relative to the mean atmospheric CFC concentrations reported at each station, and assuming a 
water-saturated atmosphere at the potential temperature of the sample and a barometric pressure of 1 
atmosphere, are calculated using the solubility functions of Warner and Weiss (1985). F-11/F-12 ratios 
are included in the station listings for all water samples in which the measured F-11 and F-12 
concentrations are both greater than 0.01 picomoles per kilogram. 
 
Replicate CFC seawater samples were analyzed at routine intervals. These generally consisted of two or 
more syringes drawn from the same Niskin bottle, although a single syringe sample may occasionally 
have been analyzed twice. The individual replicate analyses are listed in a separate table, and their mean 
values are reported in the main bottle data listings, annotated with an "R". 
 
Potential temperature is calculated from the equations of Fofonoff (1977). Potential density is calculated 
from the International Equation of State of Seawater (UNESCO, 1981) using potential temperature in 
place of in situ temperature. Oxygen percentage saturation is calculated from the solubility function of 
Weiss (1970). 
 
The following single-character footnotes appear in the data listings: 
 

CFC Footnotes Hydrography Footnotes 
R = mean of replicate measurements H = from thermometric data (value normally from CTD) 
M = manual peak integration D = from CTD (value normally from discrete measurements) 
I = irregular digital integration U = uncertain data 

 
 
CFC PROFILE PLOTS 
 
CFC profiles from 5 stations are plotted on each page along with a map showing the locations of the 5 
stations along the cruise track. Each profile is plotted on two concentration scales, differing by a factor 
of ten, so that features of the high-­‐CFC surface waters and the low-­‐CFC deep waters can both be seen. 
AU profiles are plotted on the same depth scale. Note that the concentration scales for Stations 1 -­‐ 47 are 
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different than for Stations 48 -­‐ 137. A dashed vertical line indicates zero concentration for each scale. 
The bottom depth is indicated where it is known and is on scale. At stations where the reported bottom 
depth is shallower than the deepest reported bottle, the bottom has been drawn 10 meters below the 
deepest bottle. 
 
 
CONTOUR SECTIONS 
 
The F-­‐11 contour sections were machine-­‐generated using the optimal estimation method as adapted by 
Roemmich (1983). Contours are in units of picomoles per kilogram, and are spaced at approximately 
logarithmic intervals in which each successive contour above 0.05 pmol/kg represents a doubling in 
concentration. The bottom has been drawn using the bottom depths reported with the hydrographic data. 
At stations with missing bottom depths, values were interpolated from adjacent stations. At stations 
where the reported bottom depth is shallower than the deepest reported bottle, the bottom has been 
drawn 10 meters below the deepest bottle. 
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AJAX Station Locations where CFCs were Measured 
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AJAX F-­‐11 Section A Station Locations	
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AJAX F-11 Section A: F-11 concentrations in pMol/kg contoured as a function of depth and distance. Station numbers are indicated along 

the upper axis. Antarctica is on the left and Africa is on the right.	
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Ajax F-11 Section B Station Locations
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AJAX F-11 Section B: F-­‐ 11 concentrations in pMol/kg contoured as a function of depth and 

distance. Station numbers are indicated along the upper axis.	
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Data Processing Notes 
	
  
Event Date Contact Data Type Summary 
2010-04-30 Bartolocci, Danie BTL Downloaded from CDIAC 
 Grabbed the file below and crunched it through over here. One thing- PCO2 has units of 

PPM (my brain reads part per million) and not UATM, but I'm not a chemist. Are those 
units correct? 

Oh yeah, you and Alex both treat the AJAX expedition as one cruise (Knorr 11/5), but we 
have it under two separate expos. I've just asked Jim if we should be splitting, but was there 
a reason you kept it as one file/cruise? Leg 1 ended in Nov and leg 2 doesn't start till Jan. 

On Apr 29, 2010, at 2:38 PM, Robert Key wrote: 
> My version of the bottle data is posted at CDIAC 
> bob 

2010-05-04 Diggs, Steve Cruise ID Split data files into 2 cruises  
 Just talked to Jim, and since there's a cruise in between the two AJAX legs, it's a definite 

"split". So please split-up the one file from CARINA into two files/cruises. 
2010-05-06 Bartolocci, Danie BTL Data online  
 2010.05.05 DBK 

  • As per Bob Key's email of 2010.04.30, PPM was changed to UATM. 
  • Jim Swift confirmed split of original bottle file into two legs. 
  • Generated netCDF files and checked in JOA. Zipped files into 

ajax_316N19831007_nc_ hyd.zip. 

The notes below apply to all formatting and splitting of the original ajax_316N19831007 
bottle file. 

Leg one has been placed online. Notes file sent to Jerry.  

2010.04.30 DBK 

Reformatting notes for the ajax_316N19831007 bottle file. This file was obtained from 
CDIAC, originally submitted to CDIAC by Bob Key. Original file named 
316N19831007.exc.csv 

This file contained both legs and was originally reformatted as one file. However, since 
the cruise was marked by over a month between legs, the files were split into two cruises. 

leg 1: ajax_316N19831007 
leg 2: ajax_316N19940111 

This directory contains leg 1, which was subsequently split off of the originally formatted 
file containing both legs. 

At this time, it is unclear which file scheme should go online, until resolved, the original 
file will remain (both legs). 

Following edits were made to parameter and units headers: 

  • DBARS to DBAR 
  • DEGC to DEG C 
  • PCO2_TMP to PCO2TMP 

*NOTE: PCO2 currently has units of PPM. CCHDO accepted units are UATM. Units will 
stand at this time but will be brought to Bob's and Alex's attention for clarification. 
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New parameter RA-8/6 and RA-8/6E were added to the parameter list in order to format 
check and re-order the file. This parameter is RA 228/226 Ratio and error, W. Moore is PI. 

File was re-ordered using copy_bottle_data.rb  

Name/date stamp was added. 

Edited file named ajax_316N19831007_hy1.csv 

File was visually checked with JOA. No netCDF files were generated at this time. WOCE 
formatted file was generated using exchange_to_wocebot.rb. File was visual inspected for 
format errors and placed online. WOCE file named ajax_316N19831007hy.txt  

 
	
  




