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A Preliminary Report on Geochemistry 
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1. Introduction 

Before the 7th Japanese Antarctic Research Expedition CJARE-7) ,vas com

merced the geochemical mvestigat10n comrmaee discussed the mvcst1gatwn projects 

to be conducted durmg the Exped1t10n. In compliance with the re<;olullon made 

by the committee, the f ollm,v mg studies were earned out. 

Partial pressures of carbon dioxide rn the air and m the surface ,v<1tcr were 

measured along the crmsc to mvestigate the carbon dioxide exchange through the 

boundary between the atmosphere and the hydrosphere. The phmpho1 us, iron 

and b01 on contents m <;ca water \Vere also studied. 

Analyses of the car borne acid substances and the biologically 1 eactivc non m 

sea water were earned out on board the R V. FUJI. This papc1 1s prchmmary 

report of the results of these works with respect to carbon dioxide and iron The 

results of the observations are summarized at the end of the paper. 

vVatcr samples '"' ere collrcted for analyses of the total phosphorus, the total 

iron and the total boron ,, hich were brought to the laboratory on land. The 

results of the analyses of these elements will be 1 eported later 111 a scpar ate papc1. 

2. Analytical methods 

1) Partial pt essm c of carbon dioxide 111 the air 

Infrared Gas Analyser, Model I. R.-315, mannufactured by Beckman-Toshiba 

Company was used For the purpose of obta111n111g higher prcc1')10n of meas

urement, the analyser \Vas partly reconstructed by modifying the standard type, 

* �f,',£{frd1}{l�J+1. Manne D1v1S1on, Japan Meteorological Agency 
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using a long cell of 30 cm length and having a prec1s10n of 1 % over a whole 

span of 150 ppm ranging from 250 to 400 ppm of the carbon d10x1de content. 

The factors influencing the analyser readings arc water vapour in air sample, 

temperature and the total pressure of the air sample in the cell. To remove dusts 

and water vapour, a special filter, which does not absorb any gas, and a phos

phorus pentox1de drying column are installed on the way of the gas stream. The 

temperature of the sample in the cell 1s regulated constant at 60°C by an auto

matic heating device. Before each measurement, calibrat10n of the analyser must 

be performed by flowing the nitrogen gases which contain lower concentration of 

carbon d10x1de (300 ppm) and higher concentrat10n (390 ppm) for reference stan

dards. Pressure effect of measurement can be eliminated by adjusting the flow 

rate of the sample gas to the same flow rate as employed in the cahbrat10n. 

For an infrared analysis of the partial pressure of carbon d10x1de in sea water, 

an attached mstrument was designed in order to equilibrate the water with the 

c1rculating a1r, and then the air which reached the eqmhbnum with sea water 

was analyzed. But unfortunately the equilibrator did not work well due to the 

trouble in the part of its glass works. 

2) pH and alkalinity 

The pH was measured by a pH meter with a glass electrode and a temperature 

compensat10n electrode (Model HM-SA, Toa-Denpa Company). The instrument 

has a precis10n of ±0. 03 in pH umt when the meter is standardized by using two 

standard buff er solutions of d1ff erent pH. 

Temperature of samples was quickly eqmhbrated with the laboratory tempera

ture by immersing a sampling bottle in a water tank, and measurements were 

earned out within 3 hours after sampling. The measured pH (pHm) values were 

converted to the values of pH in situ (pHd) by the equation given by STRICKLAND. 

pHd = pHm-a( t-tm)-13d 

Total alkahmty determinations were done by the method of STRICKLAND. Re

sults of the total alkalmity are expressed per litre (20°C) on the volume basis. 

Carbonic acid substances in sea water such as specific alkalinity, carbonate 

alkalimty, the total carbon dioxide and partial pressure of carbon d10x1de in sea 

water are calculated using the observed values of temperature, salmity, pHd and 

the total alkalinity of sea water by ref erring to the equat10ns and related coeffi

cients given by STRICKLAND. Coefficients for the second decimal of pH values are 

read with a graphical interpolations. 

3) Soluble and particulate Iron 

For the determination of soluble and particulate iron in sea water, the meth-
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ods of STRICKLAND were employed, and 500 ml of sea water sample was filtered 

through a Millipore HA filter. For the determination of soluble iron, 200 ml of 

filtrate was treated with dilute hydrochloric acid m an acetate buff er m the pres

ence of hydroxylamme and then bathophenanthrolme was added. For the deter

mination of particulate a Millipore HA filter was treated with hot dilute hydro-

chloric acid (95-I00°C, 10%HC 1) for 15  mm. The iron thus brought into s0Iut10n 

was added with a, a'-dipyridyl m an acetate buff er m the presence of hydroxyl

amine. After the maximum colour developed, the extmct10n of the s0Iut10n m 10  

cm cell was measured usmg a wave length of 533 mµ and 522 mµ respectively 

against a reference of distilled water by a Hitachi Model 139 Spectrophotometer. 

True extmct10n can be obtained by subtracting a blank. 

3. Results of observations 

Partial pressures of carbon d10xide in the air above the ocean are shown m 

Table 1 and Fig. 2. In Table 1, values of partial pressure of carbon d10xide are 

summarized at intervals of 10  degrees of latitude. It is to be noted that the carbon 

d10xide content decreases regularly from the north toward the south. The mean 

value of 1 44 measurements m the area of 30°N-70° S and 10°£- 140 °£ was 3 19.3 ppm, 

324.3 ppm m the northern hemisphere, and 3 17.4 ppm m the southern hemisphere, 

respectively. In the latitudinal area higher than 50° S the partial pressure of car-

Table 1. Partial pressure of CO2 in the air ove1 the ocean 

Latitude Cruise A and B 

30 ,....., 40° N 
20 ,....., 30 
10 ,....., 20 
O ,....., 10° N 
0 ,.._, 10° 

s 

10 ,....., 20 
20 ,....., 30 
30,....., 40 
40 ,....., 50 
50 ,....., 60 
60 ,....., 70 
70 ,....., 

4 I 

� i 
2 

I 2 
I 

2 I 

! I 

I 

I 

27 I 
* numbers of measurements 
** mean value. 
*** standard deviation 

ppm 
328.2 
325 3 
325 7 
3 17.8 
3 19 5 
3 17. 7 
3 18 0 
3 18 3 
2 17 2 

320 6 I 

Cruise C, D and E 

8 
5 
6 

16 
3 
6 
9 
9 
3 

65 J 

324 4 
325 1 
324 2 
323 2 
321 0 
320 2 
3 17 7 
3 16 8 
3 16 7 

320 8 I 

Whole crmses 

* I ** *** 

12 
7 
8 

19 
5 
8 

1 1  
13 
9 

10 
39 

3 

325 7±6 1 
325 1 ± 1  4 
324 6± 1 7 
322 1 ±2 7 
320 4±2 0 
3 19 6±2 5 
3 17 7±2 1 
3 17 2±2 0 
3 17 0± 1 3 
3 16 1 ±2 7 
3 17 1±2 6 
3 15. 7± 1 7 

144 I 3 19 3 
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350 

250 

Fig. ]. Cruise chart and hydrographic stations 

30�N 20 10 

• QI r 

o sea water 

0 10 20 30 40 50 60 70°-S 

Fig 2. Partial pressure of CO2 zn the air and in surface water along 

the cruise A and B. 

bon dioxide showed the lowest value, 3 1 6.8 ppm on an average. In the higher lat

itudinal area than 30°N, the values are the highest and fluctuate remarkably (stan

dard deviation, 6.1 ppm). This result seems to reflect the effect of carbon dioxide 
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which is mostly reledsed m the air n1 the northern hemisphere. 

The vanat10n m the mend10nal direct10n appears to be much smaller than 

that in thc3 latitudinal dircct10n. 

Dmr nal vanat10n of the partial pressure of carbon d1ox1de does not exceed 

6 ppm ove1 the ocean. The maximum occurs at the time from rmdmght to early 

mornmg, and the mm1mum m the afternoon. To ehmmate the effect of dmrnal 

vanat10n the time for daily measurement was fixed at 9 and 21 o'clock. 

The partial pressure of carbon d10x1de m surf ace water vanes m w1de1 range 

as compared with those m the air In the equatorial r eg10n, the partial preswre 

of carbon d10x1de m surface water 1s slightly lower than that m the all', and rn 

the middle latitude between 20°-40° both north and south 1t 1s much lower than 

that m the all'. On the contrary, m the latitudmal area m the Antarctic Ocean 

higher than 50° S, the partial pressure of carbon d10x1de m sea water 1s much 

higher than that m the air. So, it may be said that there 1s a tendency that cai bon 

d1ox1de 111 the Antarctic reg10n moves from the sea surface toward the air, 'Whe1eas 

an opposite tendency 1s noticed m the northern r eg10n 

The pH values of the surf ace water are comparatively constan1, 1 anging from 

8.24 to 8.29 m the northern area than 40° S, and begm to fall suddenly at 40° S and 

gradually to 8.06 tmvard the south. There seems to be a slight corrclat10n betv\ een 

the vanat10ns of pH and the water temperature but not always parallel. 

The content of the total carbon d10x1de 1s lovv and nearly constant m the 

nm thern hemisphere with the value of 2.0 m mole/l, but gradually increases to,ward 

0 
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Fig. 7 Vertical distribution of pH zn situ and 

total CO 2 at station 10 (Lat 64 ° 58 3' S, 

Long 13° 56.7' E). 



108 Tsutomu AKIYAMA (2216) Cffifui'.fH-t 

the south to the value of 2.3 m mole/l m the southern hemisphere. Correlation of 

the carbon dioxide variation to the water temperature seems to be more distmct 

than that of pH. 

Fig. 4 shows the vertical distribution of pH m the profile along the lme from 

the Antarctic to South Africa. In the Antarctic region further south than 50° S, 

pH values m deep water below 200 m are nearly 8.0 and almost constant. In the 

latitudmal area lower than 50 ° S, values vary m a wider range from 7.96 to 8.26. 

The mmimum layer of pH hes at the depth of 1000-1400 m. 

Specific alkalmity m the profile C (from the Antarctic to South Africa) is 

shown m Fig. 5. The mmimum value (0 12 1-0 122) hes at the depth of 50-200 m. 

Below this depth it mcreases with depth and reaches 0. 125 m the south of 50° S 

and 0. 123 m the north of 50° S m bottom water. Antarctic surface water has a 

specific alkalmity of 0. 123 which spreads further toward the north to 55 °-50° S. 

The total carbon dioxide along profile C is shown in Fig. 6, The valus he 111 

the range of 2. 10-2.37 m mole/l. The content mcreases from the surface to the 

depth of 200 m m the south of 50° S and to the depth of 1200 m m the north of 

50° S Below these depths values of the total carbon dioxide are almost constant, 

be111g 2.35 m the south of 50° S and 2.30 111 the north of 50° S m bottom water. 

A sum of the soluble and the particulate iron represented by the amounts of 

the biologically reactive iron, as 

shown m Fig. 8. The analytical 

results of 108 samples collected at 

15 senal observation stations show 

that the mean value of soluble 

iron is 0. 10 µg-atoms/l and that 

of particulate iron is 0.05µg-at

oms/l. The amounts of soluble 

iron vary 111 a very wide range, 

both horizontally and vert1eally, 

and the minimum value seems 

to occur at the depth of 50-300 m. 

The amounts of the particulate 

iron are generally low at the 

depth of 0-300 m, and become 

higher m waters deeper than 500 

m. 

The general trend of distri

bution of the biologically reac-

1000 

2000 

3000 

4000 

L 

81 ol react iron 

Fig. 8. Biological reacli0e iron m the profile C 

(µg-atoms/ l). 
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tive iron both horizontally and vertically is not clear in the present investigat10n. 

Acknowledgements 

The author would like to thank Prof. Y. MIYAKE, for his kind advice and 

correction of the manuscript. The author wishes to express his thanks to Dr. T. 

ToRII and Dr. Y. SuGIURA for their helpful advices and encouragements. 

The author is greatly indebted to Messrs. S. HoRI and M. SHIOZAKI for their 

cooperat10n in the field observation, and to Messrs. T. SAGI and T. YuRA for fa

cilitating the observation. 

(Received October 7, 1966) 



1 1 0 Tmtomu AKIYAMA 

Appendices 
=-�=-=----=--,- � ,--==-�---------=--=-----�- ======= 

St. No 1

1 

Date Dec 18 ,  1 965 \ Lat 59° 16. '0  S Depth I Weather 
1 Time 0300,....__,0730 I Long 97 ° 1 9  '0 E 4450m I cloudy 

n
;:

th T

1 

T S I i  
pHd 

'
1

1

-
T
-
o
-
t
-
al

_
A 

_
_ 
I
_ -

S
-
p
-
cc
_
i
_
fi
_
c 
�
j 

--
:$
-
C

_
O
_
z
_;-;--

1

-'--

B-1_0_1 -re_a_c_t _ir_o_n_(,-'.lg---atm/l) 

------ - �- c
-
oc_) _ _  c

_
�
_
oo_

)
�i! _ __ _  (m

_

e
_q __ 

u

_

1/
-

l)
�

i _ _ 
A 
__ 

I (m mole/!) 
, I sol I part I sol + part 

I I I  

0 
1 0  
20 
30 
50 
75 

1 00 
1 50 
200 
293 
391 

I

I 

486 
::i80 
770 
965 

1 ,  1 65 
l , 380 
1 , 880 
2, 380 
2, 880 
3 , 380 
3 , 880 

o 2 I 34 03 ii 
- 0  05 

I

' 03 ,I 
- 0 06 . 03 11 
- 0  03 I 03 1 1 

-
0 1 1  

1
' 04 1 1  

- 0 45 
1 

05 I ; 

-
0 77  

I 

l '3 II o 49 
I 

36 :1 
1 47 5 1  1 1  

1 81  62 
1 87 67 
1 85 70 
1 81 
1 6':> 
1 49 
1 32 

0 62 
0 36 

0 00 
-0 09 

72 
74 
74 
74 
72 
70 
69 
67 
67 
67 

8 09 1 
04 
16*: 
08 
08 
I 
08 
01  

7 98 
98 
96 
94 
97 
99 

8 00 
7 95 

95 
98 
98 

8 Ul 
01  
0 1  

2 47 I o 1 28 I 

45 1 27 

39 1 24 
42 125 
46 1 27 
43  1 25 

. 46 1 26 
46 1 2 5  
48 1 26 
48 126 
46 1 25 
48 1 26 
49 I 1 26 
50 I 1 27 
48 1 26 
48 1 26 
48 1 26 
49 1 26 
48 1 26 I 

29 

. 25 
26 
32 
3 1  
35 
35 
38 
39 
36 
37 
38 
4 1  
39 
38 
38 
39 
38 
38 

0. 36 1 
- 1  

- I  
0 02 j 

o 08 I 

_ j  
- I o 09 
- I  o 01  I 

- 1  
- I  

o 1 3  I
, 

_ I  

- 1 
0 1 2  

0 2 1  

0 23 

0 02 

o os [ 
0 07 

0 1 7  

0 28 

0 02 

0 04 

0 23 

0 1 0  

0 38 

0 1 0  

0 1 5  

0 26 

0 29 

0 1 5  

0 1 6  

0 44 

0 33 48 1 26 
I 

----- ___ _____ ______ __c _ __ _ __ _ _ __ _ _ _  , ____ __ _  l ___ __ __ _ __ ____-c ___ ____ __ __ _  '----- -- --

* value doubtful 

St Nu 
2 

Depth 
m 

Date 
Time 

T 
( ° C) 

Dec 1 9, 1 965 I Lat 63 °00 '4 S 
1 000,....__, 1 330 j Long. 89 ° 12 '0 E 

Depth 
3820m 

s 
(%0) 

I 
I 

pHd I 
Total A Specific :$CO2 

1 (mequ1/l) A l (m mole/!) 

- - -- ---- ---c---- --- ---.---- - --f- --- -- c---' -- -- -- '-----

0 -o 7 33 94 · s 08 2 39 o 1 21 I 2 25 
1 1  - 1 36 93 08 38 1 24 24 
20 - 1  38 93 I 08 37 1 23 23 
30 - 1  42 93 i: 08 3 i 1 23 23 
47 - 1 54 99 II 09 37 1 23 23 
70 -- 1 54 34 23 08 38 1 22 24 
9'3 --0 g1 34 ' OS 38 1 22 26 

143 O 1 9  49 01 39 1 22 28 
220 0 34 55 7 98 '39 122 29 
3 1 5  O 98 G'i 96 39 1 22 29 
40'i 1 1 7  69 96 40 1 22 3 1  
495 1 1 5  7 1  

I 
96 40 1 22 3 1  

590 1 08 7 1  : , 96 43 1 22 '33 
770 O 99 -- f '  95 40 1 22 3 1  
950 O 73 6 9  : 92 40 1 22 32 

L 1 50 O 62 69 : 9.t 42 1 23 34 
1 , 6 1 0  0 3 1  67 I 9 "i 4S 1 24 36 
2 , 0 70  Cl 09 67 ! 93 43 1 23 ! ',;J 

Weather 
snow 

B10l react iron (µg-atm/l) 

sol ! par t sol + part 

0 09 0 08 0 1 7  

Cl 02 0 03 0 05 

0 01 0 06 0 07 

0 09 0 08 0 1 7  

0 1 2  0 25 0 37 

0 1 7  0 02 0 1 9  

0 07 ' 0 04 0 1 1  
2 ,  550 - o  06 67 

1 

92 42 1 23 I 34 
3 ,  ()�-V i - 0 19 66 1 93 42 1 23 

1 
34 0 24 0 1 0  , 

3 , 52.J - 0 2,1 66 , 92 10 1 22 ; 33 0 25 0 1 2 1  
0 34 
0 37 

---- -- - ---- -- -- --"---- -�! ___ __ ----- ----- - -- -''- -- -- - -- -- - ---- - -- �1 - - -- --- - �- - -- - - --------
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St. No. 
3 

Depth 
m 

0 
10 
20 
30 
50 
75 

1 00 
1 49 
1 99 
296 
394 
491 
605 
800 
990 

1 , 1 90 
1 , 480 
1 , 970 
2, 460 
2, 950 

St No 
4 

Depth 
m 

0 
9 

1 8  
27 
46 
69 
92 

1 35 
1 85 
285 
380 
477 
574 
764 
953 

1 , 1 48 
1 , 430 
1 , 9 10  
2, 400 
2, 890 
3, 380 

I 

! 

I 

i 

Date 
Time 

T 
( ° C) 

- 1  1 
- 1  29 
- 1  1 5  I 

- 1 .  3 1  I 

- 1 60 
- 1  70 
- 1  53 
- 0  65 
- 0  46 

1 32 
1 25 
1 22 
1 .  1 9  
1 .  01 
0 84 
0 73 
0 52 1 0 24 

- 0  0 1  I 

- 0. 1 8  

Date 
Time 

T 
( ° C) 

- 1  3 
- 1  48 
- 1  5 1  
- 1  55 
- 1  67 
- 1  72 
- 1  55 

0 88 
1 65 
1 57 
1 50 
1 .  4 1  
1 36 
1 08 
0 8 1  
0 62 
0 4 1  
0 03 

- 0  20 
- 0  4 1  
-0 5 1  

Dec. 2 1 ,  1965 
0930,--.., 1 2 10 

s pHd 
(%0) 

33. 47 8 07 
. 47 08 
. 58 08 

34. 00 . 07 
. 1 8  . 07 
. 26 . 07 

29 . 07 
. 4 1  . 03 
. 47 . 01 
. 67 7 94 
. 69 . 94 
. 70 96 
. 72 97 
. 7 1  96 
. 7 1  . 96 
. 70 95 
. 69 . 95 
. 67 . 93 
. 66 . 93 
. 66 . 90 

Dec. 24, 1 965 

I 

0840,--.., 1 100 

s pHd 
(%0) 

33 58 8 1 1  
. 58 1 5  
. 69 1 5  

34 06 . 1 4  
. 09 . 1 3  
. 1 1  . 1 3  
. 20 08 
. 55 00 
67 7 99 
69 . 97 
7 1  97 
72 8 . 00 

. 72 . 02 

. 7 1  01 
70 7 98 
69 . 98 

. 68 99 
66 8 01  

. 66 00 
65 7 . 99 

. 64 . 99 

Lat. 64 ° 1 7 .  '5 s 
Long. 7 1 ° 1 5. '5  E 

Total A Specific 
(meqm/l) A 

2 37 0 125 
34 . 1 24 

. 3 1  . 1 22 

. 33 . 1 2 1  

. 35 . 1 2 1  

. 37 . 1 22 

. 37 . 1 22 

. 37 1 2 1  
37 . 1 2 1  

. 38 . 1 2 1  

. 39 • 1 22 
38 1 2 1  
38 . 1 2 1  
39 1 22 

. 39 1 22 
40 . 1 22 

. 40 . 1 22 

. 40 1 22 I 

39 1 2 1  
. 40 . 1 22 i 

j 

Lat. 64° 36 '0 s 
Long. 53 ° 14  '5 E 

Total A Specific 
(meqm/l) A 

2 37 0 1 24 
34 . 1 23 

. 34 . 1 23 
37 . 1 23 

. 37 . 1 22 

. 37 1 22 

. 37 1 22 

. 39 . 1 22 

. 40 1 22 
42 . 1 23 

. 40 . 1 22 

. 42 1 23 
43 1 23 
42 . 1 23 
43 1 23 

. 43 . 1 23 
45 1 24 

. 45 . 1 24 

. 43 1 23 
44 . 1 24 
43 . 1 23 

Depth 
3440m 

I 

�CO2 (m mole//) I 

2 23 
2 1  

. 1 8  

. 1 9  

. 22 

. 23 

. 23 
25 

. 26 

. 30 

. 3 1  
28 
28 
30 
30 
3 1  
3 1  

. 32 

. 3 1  

. 33 

Depth 
3500m 

�CO2 Ii (m mole/l) 1 1  

2 22 '
! 1 9  

. 1 9 
2 1  
22 
22 
23 

I 
. 28 
. 29 

3 1  
. 30 
. 30 
. 31 
. 30 

32 
. 32 
. 34 
34 
32 

. 33 I 

I 

32 

Weather 
cloudy 

B10l. react. iron (µg-atm/l) 

sol 
I 

part I sol + part 

0 01  0 .  04 1 0. 05 
- = 1  -
- -
- - -

0. 00 0 03 0 03 
- - -

0 1 8  0 1 6  0 34 
- - -
- - -

0 1 3  0 02 0 1 5  
- - -

0. 1 9  0 06 0 25 
- - I  -
- -

I 
-

0 23 o 19 I 0 42 
- - 1  -
- - 1 -

0. 09 o 16 I 0 25 
-

0 02 I 

-
0 1 6  0. 1 8  

I 

Weather 
snow 

B10l react iron (µg-atm/l) 

sol r part / sol + part 

0 1 6  0 07 0 23 
- - -
- - -
- - -

0. 03 0 03 0 06 
- - -

0 01 0 0 1  0 02 
- - -
- - -

0 1 1  0 03 0 1 4  - - -
0 53 0 06 0 59 - - -

- - -
0 42 0 1 7  0 59 -

0 18 1 

-
- -

0 24 0 42 
- -

0 20 0. 07 0 27 
0 07 0 09 1 0 1 6  
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St 
5
No 

1

1 Date Jan 19 , 1966 Lat 68 °25 '0 S 1

1 

Depth I Weather 
Time 0730,..__,0800 Long 40 °52. '2 E 280m I cloudy 

·�- --i- -- �,---- - -'--,----- - --- -----!----�_1.__ _ __ __ ___ _ _ 

Depth 
m 

T 
(° C) 

0 . -0 8 I 

6 -1 00 
12 -1 03 
20 -1 19 
34 -1 29 
55 -1 32 
77 -1 48 

127 -1. 74 
175 -1 82 
221 -1  83 
265 I -1 82 

s 
(%0) 

33 66 
' I . 66 1 73 

97 I 

. 99 I 

34 01 
I 06 

19 
21 
23 

1

i 25 

pHd 

= I  

= 1  
- 1 

= I  

Total A 
(meqm/l) 

I 

Specific 
A 

= I  

::!CO2 
(m mole/!) 

B10l react iron (µg-atm/l) 

sol / part f sol + part 
0 16 0.03 0 19 

0 07 

0 09 

0 01 

0 03 _ I  
0 01 

0 03 

0 10 

0 10 

0 04 

============c=- =-�=-= --==-=-==-=--�=-=-=-= -=-=--=-=-===========-----

St No 
6 

Date Feb 1, 1966 
Time 1330,..__,1400 

Depth 
m 

II T s I 

( ° C) (%0) I 

o 3 o 
I 

c27 37)
[ 10 -0 66 33 78 

20 -1 55 34 02 
30 -1 57 05 
50 -1 61 10 

75 -1 61 14 
100 -1 53 18 
150 -1 46 23 
200 -1 46 23 
250 - 1  54 26 

pHd 

8 23 
13 
12 
11 
11 
09 
09 
10 

St No 
7 

Date Feb 2, 1966 
Time 1130,..__, 1245 

Depth 
m 

T 
( ° C) 

o I -o 6 I 10 - 0  94 1 

20 I -1 14 1 

30 I -1 1 9  
50 I - 1  47 
75 

I 
-1 72 

1 00 -1 75 
149 I -1 76 
198 1 -1 77 
297 I -1 58 I 

395 I o. 63 
I 495 I O 93 

594 I O 83 I 

794 I O 57 
I 994 1

1 
0 36 

1, 1 90 1 0 21
1 1 , 480 I O 04 

1, 972 
I 

-o 20 

s 
(%0) I pHd 

I 
32 78 

70 
I 

33 1 0  I 
51 I 

34 08 
17 
20 
23 
24 
32 
6 1 
67 
68 
67 
67 

' I 
66 
66 

1
1 65 

8. 10 
12 
12 
12 
13 
11 

. 1 0  

.09 
09 
06 
01 
00 

7 99 
98 
98 
97 
97 

8 00 

Lat 69 ° 11 '7 S 
Long 39 °32 '7 E 

Depth 
272m 

Weather 
fair 

I 

Total A I 

(mequi/ l) 

2 37 
39 
39

1 38 
38

1 39 
39 
39 I 

Specific I ::tCOz I B10l react iron (µg-atm/l) 
A I (m mole/!) 1 --�:1 I part I sol + part 

= 
= i i 

o � o 02 I o 19 

0 123 2 19 I
I 

-- - -
124 24 , - - -
124 25 I o 07 o 08 o 15 
123 , 24 I - - -

123 24 I o 04 o 02 I o 16 
123 25 - -
123 25 1

1 
- -

123 25 1 1  0 02 I O 03 I O 05 

Lat 68 ° 07. '1 S 
Long 38 °50 '5 E 

Depth 
m 

Weather 
fan 

Total A 
(meqm/l) 

2 24 
24 
26 
27 
34 
35 
35 
35 
37 
37 
39 
40 
42 
40 

. 42 
40 

. 44 
. 45 

Specific 
A 

0 121 
121 

. 120 
120 
121 
122 
122 
122 
122 

. 122 
122 
122 
123 
122 
123 

. 122 

.124 
125 

::!CO2 
(m mole/l) 

2 10 

I . 10 
. 12 

I 1 3 
21 

I . 21 
I 22 

22 
23 
24 
27 
29 

. 3 1 
30 
32 
3 1 

I 
. 34 
34 

B10l react iron (1.lg-atm/l) 

sol I part I sol + part 
0 01 0 03 0.04 

0 06 

0 03 

0 04 

0 02 

0 03 

0 1 0  

0 05 

0 04 

0 01 

0 05 

0 04 

0 06 

0 11 

0 07 

0 05 

0 07 

0 07 

0 16 
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St. No. I 8 I Depth m 

Date Time Feb 6, 1966 1 4 10'"'-' 1540 
T I s 1

i I I pHd ( °C) (%0) 
I 

I I  

I 
I Lat 
I Long 67 ° 1 1  '3 s 43 ° 50. '0 E 

Total A I Specific (mequi/l) A 

Depth m 
I 
I :lC02 
j (m mole//) 
i ' ,  

I 

i 0 - 0  8 33 6 1  8 1 2  2 37 0 1 24 2 22 10 -0 92 62 13 '35 1 24 2 1  1 7  - 0  86 62 1 4  34  1 23 19  26  - 0  84 6 1  1 4  34  . 1 23 1 9  42 - 0  93 65 16  35 1 23 1 9  62 - 1  7 0  3 4  1 2  1 4  3 7  1 22 2 1  84 - 1 75 . 1 7 1 2  37 1 22 , 22 1 30 - 1  75 
I 

1 9  . 1 2  . 37 1 22 , 22 1 74 - 1 7 5 2 1  1 2  38 1 22 24 I 272 - 1 53 27 1 o 38 1 22 24 I 45 1 1 23 . 69 03 . 40 1 22 I 28 

I Weather 
j cloudy 
B10l react iron (µg-atm/l) 

sol / part / sol + part 

= I  

362 O 1 5  54 I 07 40 . 1 23 27 
II 545 1 20 7 1  

1 

02 42 1 23 I 30 720 o 93 70 , 02 42 1 23 30 - I 909 o 72 �g i) 02 4'3 1 23 I �

3231 1,I -

_f_: �-�-� _I _
8_�_�_1 _ __ 6

_
7
_�

l
i _ _  gf� _ _ _  ::_j _ __ _ f_�_! _i - -- -�--- - --1 __ -__ I _ _  _ 

St No 9 
Depth m 

0 1 0  20 30 50 75 1 00 1 50 200 300 400 500 600 790 990 1 ,  1 90 1 , 480 1 , 980 

I 

Date Feb 13 , 1966 Time 0800'"'-'0920 
I 

I T I s pHd ( ° C) I (%0) 
I 

I I - 0  8 33 35 
I 

8 1 8  - 0  8 1  35 
I 

20 -0 78 55 20 - 0  1 3  85 . 1 9 - 0  05 92 1 8  - 1  60 34 22 1 5  - 1  70 29 1 1  - 1  64 34 1 0  - 1  47 38 1 0  - 0  53 54 06 0 7 1  65 0 1  0 89 - 01 0 78 69 
I 

01  0 6 1  68 7 99 0 44 68 8 00 0 3 1  - 7 99 0 1 4  67 99 - 0  08 66 I 8 00 

Lat 69 °08 '6 S Long 16 ° 37 '0 E 
Total A Specific (mequi/l) A 

2 . 34 0 1 24 34 1 24 34 1 23 37 1 23 37 1 23 38 1 22 . 39 123  38 . 1 22 37 1 . 1 2 1  39 1 22 40 . 1 22 40 -40 1 22 40 1 22 43 1 23 43 -43 
I 

1 23 43 1 23 

Depth m 
:lC02 I (m mole/l) I 2 1 7 1 7  1 7  1 9  1 9  22 25 . 24 . 23 26 29 29 29 30 32 32 32 32 

Weather fair 
B10l react iron (µg-atm/l) 

&ol I part j sol +part 
0. 25 0 04 0. 29 

- - -
- - -
- - -0 24 0 05 0 29 
- - -0 0 1  0 02 0 03 
- - -
- - -0 1 5  0. 02 0 1 7  
- -- -0 05 0 0 1  0 06 
-- - -
- - -0 1 1  0 0 1  0 12  
- - -
- - -0 07 0 03 0 1 0  
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St No Date Feb 1 4, 1 966 Lat 64 °58 '3 S \ Depth Weather 
10 Time 1520� 1 800 m i doudy 

Depth T s pHd 

Long 13 °56 '7 E 

Total A 
I 

Specific 
(meqm/l) I A 

•
I :tC0

2 
II B10l react iron (µg-atm/ l) ( 1 1-� --� ------�-- -

m (
°

C )  ( �00) m mole l l , / ) /
1 

sol I part I sol + part 

I 
O l 
9 i 

20 
30 I 
48 ! 

7 1  
94 

1 40 
1 89 
289 
383 I 

476 , 
57S 
755 
952 

1 ,  152 
1 ,  49'i 
l ,  98() 
2 , 170 
2 , 960 
3 , 450 

I 

-- - - -

I 

1 4 I 

1 36 
I 17 I 

02 l 
- I  3S I 

-- 1 4 1  I 

-0 67 1 

0 89 
0 99 
0 90 
0 83 
0 80 
0 76 , 
0 63 
0 so 

0 ;jg 
0 24 
0 00 

-0 1 6 
-0 75 
-0 29 

- -- - ---

34 05 
05 
0 5  
06 
36 
43 
52 
67 
69 
69 
69 
70 
70 
7 1  
70 
-

68 
67 
66 
66 
-

- - -

8 06 
09 
10 
1 1  
12 
09 
06 
---

0 1  
7 96 

98 
96 
99 
97 I 

97 I 

98 
99 
98 
97 
99 
98 

---------- -��- ----- - -
I 

2 37 
"7 I 
�7 I 
37

1 
39 
39 
29 

I 
--- I 

40 I 

40 
I 40 
I 42 

42
1 43 

43
1 44 

44 
43 
45 
44 
45 

0 123 1 
123 
123 
123

1 123 
1 23

1 122 

122 I 

122 I 
122 I 
123 I 

123 
123 
123 

--

124 
123 
125 
124 

-

1 ' 

2 23 : I 
22 1 1 

22 ] I  
, I  . 22 I i  

24 , 1 25 I : 
26 1 [ 

I ,  

29 i ]  
3 1  
30 , :  
32 1 :  

'3 1 : 1 33 
33 i i 
34 1 :  
33 
33 
35 
33 
35 

' 

59° ')6 10 s St No I Date Feb 16, 1 966 \ Lat 
/ Time 0550�0940 i Long 12 ° 1 5  16 E 

Depth 
1 1  m 

I I 

0 06 1 
- I -- 1 
-

I 

0 .  0 1  
_ i  

I 

0 03 I -- 1 
-- ' 

0 09 ! 
I 

- 1 

0 04 
-
-

0 03 
-

--

0 03 
--

0 07 
-- -

I 

o 04 I 

- 1  
I -

- -

0 03 
-

0 02 
-
-

0 0 4-
--

0 04 
-
-

0 02 
-
--

o 01 I 

0 04 
-

Weather 
cloudy 

0 1 0  
-
-
-

0 04  
-

0 05 
-
--

0 13 
-

0 08 
-
-

0 05 
--
--

0 10  
--

0 1 1  
--

- r 
i i
i
- i 

I 

r I ', ( 
I I I Biol i eact iron µg-atm/ l) Depth 
I 

T S 
I pHd i Total A I 

Specific. �CO2 1
1 

m ,
1 

( ° C) (%0) i (meqm/l) , A \ (m mole//) 1 :  
I _ __ �_ I - --�--- [ _ _________ ! _ ______ __ i ___ 

sol 

O '  
7 i 

l - : 
2� 
40 
50 
67 

J OO 
133 
1 98 
259 / 
320 
388 ! 

"> 1 5  ; 
646 I 

8 1 5  
1 , 1 92 
1 , 645 
2, 1 10 
2, 590 
3, 080 
3 560 I 
4: 080 [ 

I 

0 8 3'3 88 8 17 
0 69 18 
0 68 87 1 8  
0 75 88 20 
0 52 90 20 
0 1 8  91 20 

-- l 63 34 15 1 8  
-- 1 7 1  1 9  1 4  
- 0  8S 39 09 

0 43 06 7 98 
0 44 67 96 
0 42 GB 97 
0 37 (17 97 
0 'H 67 98 
0 2S 66 97 
0 16  98 
0 00 65 99 

--0 I b 64 8 00 
--0 27 64- 00 
- -0 34 00 
--0 40 63 00 
- 0 46 b3 0 1  
- o  50 

I 
63 02 

--- - ---- -- ---- --- ---- ----

2 ':18 
38 
':18 
'.18 
38 
38 
38 
39 
40 
43 
44 
44 
44 
44 
·-14 
41 
44 
4·1-
4 'i 
16 

45 
4 ) 

o 1 24 I 

1 24 I 

124 I 

124 
124 
124 
123 
123 
1 23 
123 
121 
124: 
] 24 
124 
1 24 i 
, ;-4 I i - I 
1 2 1  
1 2 5 I 

125 
125 

2 20 ' 1 0 2 1  
20 i '  
20 ,: 
20 
20 1 :  
20 1 ' 0 16 
21 1 1 

24 ; , 0 0 1  
26 
'.-l2 
'34 O l 1 
34 
34 0 1 2  
33 
34 1

: 

'3 4 , ,  0 08 
3 '3 
33 
3 1- U 05 

0 26 

part 

0 02 

0 02 

0 0 1  

0 03 

0 02 

0 03 

0 06 

- 1  
I 

sol + part 

U 25 

0 1 8  

0 03 

0 1 6  

0 1 5  

0 10 

0 08 

0 '-32 
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St. No Date Feb 1 7, 1966 Lat 55 ° 1 2  '5 s Depth Weather 

1 2  Time 1800"-'2245 Long. 9
°32. '5 E m cloudy 

' 
I B10l react iron (µg-atm/l) 

Depth T s PHd Total A Specific :,;co, 
I 

m ( ° C) (%0) (mequ1/l) A (m mole/l) sol I part r sol+ part 
I 

0 1 0 
I 

34. 04 8 1 1 2 40 0 1 24 2. 25 0. 0 1  0. 02 0. 03 

1 0 0. 87 . 03 . 1 2 38 . 1 24 . 23 - - -
20 0 . 87 . 04 . 1 2 38 1 24 . 23 - - -

30 O 88 . 04 . 1 2  . 38 . 1 24 . 23 - - -
50 0 9 1  . 05 1 2  . 38 . 1 24 23 0 . 03 0 05 0 08 
75 - 0. 69 1 9 1 3 . 38 . 1 23 . 23 - - -

1 05 - 1 26 . 36 . 06 . 38 . 1 22 . 26 0 05 0 03 0 08 
1 5 1 - 0. 42 5 1 . 03 . 40 . 1 22 . 28 - - -

207 0 18 . 60 7 . 99 . 4 1  . 1 23 3 1 - - -
302 0 43 66 97 43 1 24 33 0 07 0 02 0 09 
405 0 49 67 . 94 . 43 1 24 34 - - -
5 1 0  0 48 68 . 94 43 . 1 24 34 0 0 1 0 05 0 06 
603 0 46 . 68 . 94 41  1 23 33 

I 

- - -

823 0 36 . 68 95 43 . 1 24 . 34 - - -
1 , 048 0 22 67 96 4 1 . 1 23 33 0 1 2  0 04 0 . 1 6  
1 , 262 0. 1 2 . 67

1 

96 . 43 1 24 . 34 I 
- - -

1 , 525 0 04 68 96 43 1 24 34 - - -

2, 075 - 0 1 9 . 67 98 43 1 24 . 33 0 . 07 0 06 0 1 3 

2, 575 -0 29 65 I 97 43 . 1 24 33 - -

3 , 090 
I 

- 0 35 65 . 95 - - - 0 01  0 07 0 07 
3 , 600 - 0 42 . 65 1 . 96 . 44 1 25 36 - - -

4, 1 30 
I 

- 0 49 64 I 95 43 . 1 24 34 0 08 0 05 0 1 3 

I I 

St. No. Date Feb. 19, 1966 Lat. 50
°

02 '5 s Depth Weather 
1 3  Time 0050"-'03 15 Long. 1 0° 29. '4 E m cloudy 

I B10l react. iron (µ,g-atm/ l) Depth T s Total A Specific 

I 
:,;co, 

( °C) (%0) 
pHd 

(meqm/l) A (m mole/l) j I sol+ part m sol part 

I I 
8 1 7  I 0 3 8 

I 

33 89 i i  2 . 37 0 1 23 2 18  0 06 0 06 0 1 2 
1 0  3 72 89 1 1  20 - - - - - -
20 3 72

1 
89 1 1  20 37 . 1 23 . 1 8 - - -

30 3 69 89 1 1 2 1 37 1 23 . 1 7  - - -

60 3 7 1 I 88 I i  20 . 37 1 23 . 1 8  0 08 0 04 0. 1 2 
75 3 63 

I 
87 

' I 
20 37 1 23 . 18  - - -

1 02 2 6 1 92 1 1  18  37 1 23 1 9  0 02 0. 05 0 . 07 
1 45 1 37

1 
. 98 

1
1 

. 1 5  . 38 . 1 24 22 - - -
1 94 1 .  57 34 09 1 0  38 1 23 . 24 - - -
284 1 .  84 

i 

22 i i  06 40 . 1 24 27 0 09 0. 04 0 1 3 

378 2 0 1  3 1  : :  0 1 4 1  1 24 . 30 

I 

- - -
488 2 16 I 41 1 1 7 97 4 1 1 24 3 1 0 1 8 0 02 0. 20 

555 2 22 46 
I I 

96 . 43 . 1 24 33 - - -
74 1 2 27 I 58 95 ! 43 1 24 . 34

1 
- - -

925 2 30 I 66 ' I  I 44 1 24 34 0 08 0 05 0 1 3  . 97 
I 1 , 1 23 2. 25 7 1 1 1 98 . 44 1 24 34

1 
- - -

1 , 4 1 5 2 1 6 76 I 8 00 44 1 24 33 - -
00 1 , 905 1 78 76 44 1 24 33 

I 
0 1 1  0. 02 0 1 3 

2, 420 1 28 n I oo I 44 . 1 24 33 
I 

- - -
2, 940 0 94 7 1 I 7 99

1 
. 47 1 25 37 0 05 0 02 0 07 

3 , 450 0 75 69 1 1 98 47 1 25 37 I - - -
1
1 I 1 1 
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St No 
1 4  

Date Feb 20, 1966 
Time 0250,...___,0540 

Twtomu AKrYA.MA 

Lat 45 ° 12 '5 S 
Long 1 1  ° 44 '5 E I 

D
ep

: 

I Weather 

I 
cloudy 

Depth I T I S 
I 

Hd 1 Total A • Specific 
A 

�CO" l j  

(m mol;/l) 
I ! 

B10l react u on (µg-a tm/ l) 
m I (

° C) I (%0) 
p 

I (meqm/l) 
I 

sol I part / sol + part 

0 I

I 

7 6 I 34 07 1 :  8 1 9  ' 2 38 I 2 1 1  [ l  
I 7 j l  
1 6  i 
1 6  I 

1 6  I 

1 6  I 

1 6  : 
1 5  1 1  

1 7  1 1 

0 1 9 1 

1------

1 0  7 66 j 05 I '  20 : 38 I 

0 1 24 1 

124 
123 I 

123 
123 ! 

123 I 

12'3 
1 2 1  
1 2 1  
1 2 1  
122 , 
123 
123 
123 
123 

0 08 1 0 27 

- 1  18  7 63 1 06 I ? 1 3 7 I 28 I 7 65 I 05 I 2 1  
. 

3 7  
42

1 
7 62 j  .06

1

1 2 1  3 7  
64 

I 

7 6 1  
1
, 

06 2 1  3 7 
86 7 6 1  1 05 I : 2 1  3 7 

1 34 1 5 80
1 

1 7 ! 1 9  3 5  
183

1

1 5 00 1 6  : , 1 5  35 
263 4 79 

j 

20 I 13 35 : 
360 4 1 0 .20 1 ,  1 1  37 / 
463 1 3 6 1  

I 

1 9  I 09 , 38 
606 I 3 12 2 1  1 1 06 ! '38 
8 1 4  I 2 67 I 29 1 ! 04 I 40 
97 4 I 2 60 

I 

39 1 00 : 40 
I 

1 ,  1 97 
I 

2 60 5 1  I: 7 96 [ 40 
1 ,  453 2 63 1 63 

I i 
96 1 4 1  

I 1 ,  95 3 
I

' 2 48 : 7 5 , 99 1 
_ 

2, 455 2 1 5
1 78 1 :  8 01 I 43 

2, 920 
I 

1 70 76 I ' 0 1  i 43 
3 ,  390 

I 

1 27 
I 

7 4 1: 00 : 43 
3 ,  860 , o 9o 1 1  

I 
1 99 , 44 

! 

I i --- - -- - --- - - --

123 
123 

I 

123 i 

123 I 

123 
124 ' 

St No 
1 5  

Date Feb 2 1 ,  1 966 
Time 1 7 1 0� 1950 

Lat 39° 57 '0 S 
Long 1 4° 54 '0 E 

18 1

1

1 

2 1  
23 
25 I 

27 
28 
30 
32 

3 1  

H ,: 
1 1 

Depth 

= 1  
- I  o 04 

I 

0 02 I 

0 1 0  
_ I  

0 00 
_ 1  - 1  

0 02 I 

0 00 

0 04 1 -- 1 o 1 1  
I 

0 02 I 

- 1 
0 07 

i 

--
I 

0 07 

0 04 

0 06 

0 03 

0 04 

o 07 I 

Weather 
m cloudy 

0 06 

0 09 

0 1 7  

0 04 

0 08 

0 0'3 

0 08 

0 1 8  

T 
(

° C) 
I 

I pHd Total A Specific �CO2 
I I B10l react iron (1lg-atm/l) 

II cJo) _ _  l _ __ �_(m_c_q_u_1Jl_) �- A
-

(m mole/!) 1 1
1 

[ I sol 
j 

par t  i sol + part 

o l 
8 

1 7  
I 24 

40 I 

60 I 

80  
1 18 
1 60 
2'17 
325 
4 1 5 
48 "> 
658 
8 50 

1 , 040 
I l 325 

1 :  840 
2, 350 
2, 885 
''.i, 420 

l i � I 

35 
n I

I 

8 H 2 43 0 1
-
2
- -
2

-
i 

__ 
2

_
1
_
4

�

,

1

-
0
�

1
-
3
-.

1

--
0
--

�

-

i

- -
o . �

. 

1 4  99 1 6  I 25 40 120 1 1  1

1 
1

' 
I 1 4  68 I • 1 0  

I 
26 40 120 I 1 1  I O 09 0 08 0 17 

t i �� I 

34 £j �� 40 1 2 1  
: 13 I O 01 0 04 1 0 05 

12 2 1  86 2 1  38 l 2 1  1 3  
I 

-1 
� �6 �� t � �� g � ! 1� 1 o 1 o o 11 o 21 
7 66 I 59 I 08 1 38 12 1  : 22 I -- -- / ---
6 2 1  

I 
50 j 05 38 122 , 21 1

, 0 l O O 02 j O I 2 
5 40 4S 

1

1

1 
04 40 123 : 26 I I --- - -

3 68 36 0 1  40 123 28 1

1

1 - - -

� �i t� I 

7 
�� 

40 123 
I 

29 
I 

O �2 
I 

O 08 0 = 

2 79 68 1 97 4 1  123 3 1  I I I --

-2 62 77 I 8 0 1  4 3  123 3 1  !
I 

O 21 I O 08 0 29 
8 ') I, ' 

I 

I 

2 43 , 03 43 123 3 1  , -- I - 1 -

2 23 84 II 02 43 1 ?3 3 1  i - I - --

1 76 80 I ! 02 43 
1 

I 23 : 3 1  I O 05 1 0 09 0 1 4  


