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A Preliminary Report on Geochemistry

of the Antarctic Ocean and Adjacent Seas

Tsutomu AKIYAMA~=

T-p

FA g+ & OV O BT 35 0 2 HTE L oe

oW s
g =1 Gl T AIREME b o (0 VT DFE R B BT
BT AN s Ty, B e S ot Teki, Vv, LAk—LE OUER
LT, Hitldih o 7C DB Al 7B s\ TR R s ELTHURA BN Ux
S OFR AR KA O R Iy A5 F’D/m T, dad B & LT J:/J Progh i oon Tl 7%

I. Introduction

Belore the 7th Japancse Antarctic Research Expedition (JARE-7) was com-
merced the geochemical investigation committee discussed the mnvestigation projects
to be conducted during the Expedition. In comphance with the resolution made
by the committec, the following studies werc carried out.

Partial pressurcs of carbon dioxide i the air and in the surface water were
measurcd along the cruisc to mvestigate the carbon dioxide exchange through the
boundary betwcen the atmospherc and the hydrosphere. The phosphoius, 1wron
and boion contents 1n sca water werc also studied.

Analyses of the caibonic acid substances and the biologically 1eactive mon n
sca water were carried out on board the R V. Fuji.  This papct 1s preliminary
report of the results of thesc works with respect to carbon dioxide and won The
results of the observations are summarized at the end of the paper.

Water samples were collected [or analyses of the total phosphorus, the total
won and the total boron which were brought to the laboratory on land. The

results of the analyscs of thesc elements will be 1eported later in a scparate paper.

2. Analytical methods

1) Partial pressurc of carbon dioxide 1n the awr
Infrared Gas Analyscr, Model I. R.-315, mannufactured by Beckman-Toshiba
Company was used For the purposc ol obtamning higher precision of meas-

urcment, the analyser was partly rcconstructed by modifying the standard type,

* GRS Marime Diwvision, Japan Meteorological Agency
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using a long cell of 30 cm length and having a precision of 1% over a whole
span of 150 ppm ranging from 250 to 400 ppm of the carbon dioxide content.

The factors influencing the analyser readings are 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 pentoxide 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, calibration of the analyser must
be performed by flowing the nitrogen gases which contain lower concentration of
carbon dioxide (300 ppm) and higher concentration (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 calibration.

For an infrared analysis of the partial pressure of carbon dioxide in sea water,
an attached instrument was designed in order to equilibrate the water with the
circulating air, and then the air which reached the equilibrium with sea water
was analyzed. But unfortunately the equilibrator did not work well due to the

trouble in the part of 1its glass works.

2) pH and alkalinity

The pH was measured by a pH meter with a glass electrode and a temperature
compensation electrode (Model HM-5A, Té6a-Denpa Company). The instrument
has a precision of +0.03 in pH unit when the meter is standardized by using two
standard buffer solutions of different pH.

Temperature of samples was quickly equilibrated with the laboratory tempera-
ture by immersing a sampling bottle in a water tank, and measurements were
carried out within 3 hours after sampling. The measured pH (pHm) values were
converted to the values of pH wn situ (pHd) by the equation given by STRICKLAND.

pHd=pHm—a(t—tn)—gd

Total alkalinity determinations were done by the method of STrRickLAND. Re-
sults of the total alkalinity are expressed per litre (20°C) on the volume basis.

Carbonic acid substances in sea water such as specific alkalinity, carbonate
alkalinity, the total carbon dioxide and partial pressure of carbon dioxide in sea
water are calculated using the observed values of temperature, salinity, pHd and
the total alkalinity of sea water by referring to the equations and related coefh-
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 STrRICKLAND were employed, and 500 m/ of sea water sample was filtered
through a Millipore HA filter. For the determination of soluble iron, 200 m/ of
filtrate was treated with dilute hydrochloric acid in an acetate buffer in the pres-
ence of hydroxylamimne and then bathophenanthroline was added. For the deter-
mination of particulate a Millipore HA filter was treated with hot dilute hydro-
chloric acid (95-100°C, 10%HCI) for 15 min. The wron thus brought into solution
was added with «, a’-dipyridyl in an acetate buffer in the presence of hydroxyl-
amine. After the maximum colour developed, the extinction of the solution in 10
cm cell was measured using a wave length of 533 mp and 522 mpu respectively
against a reference of distilled water by a Hitachi Model 139 Spectrophotometer.

True extinction can be obtained by subtracting a blank.

3. Results of observations
Partial pressures of carbon dioxide in the air above the ocean are shown in
Table 1 and Fig. 2. In Table I, values of partial pressure of carbon dioxide are
summarized at intervals of 10 degrees of latitude. It 1s to be noted that the carbon
dioxide content decreases rcgularly from the north toward the south. The mean
value of 144 measurements 1n the area of 30°N-70°S and 10°E-140°E was 319.3 ppm,
324.3 ppm 1n the northern hemisphere, and 317.4 ppm 1n the southern hemisphere,

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

Table 1. Partial pressure of COy wn the aiwr over the ocean

Whole cruises
Latitude Cruise A and B Cruise C,D and E
* *ok *okok
( pp
30 ~ 40° N 4 | 328.2 8 324 4 12 325 746 1
20 ~ 30 2 325 3 5 325 1 7 | 3251+l 4
10 ~ 20 2 | 325 7 6 324 2 8 324 641 7
0~ 100 N 3 ‘ 317.8 16 323 2 19 322 142 7
0~ 100 S 2 | 319 5 3 321 0 5 320 442 0
10 ~ 20 2 ‘| 317.7 6 320 2 8 319 6+2 5
20 ~ 30 2 \ 318 0 9 317 7 11 317 7+2 1
30 ~ 40 4 318 3 9 316 8 13 317 242 0
40 ~ 50 6 217 2 3 316 7 9 317 041 3
50 ~ 60 10 316 1+2 7
60 ~ 70 39 317 1+2 6
70 ~ 3 315.74+1 7
N 27 3206 | 65 320 8 144 | 3193
* numbers of measurements

**  mean value.
*¥%  standard deviation
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Fig 2. Partial pressure of COy wn the awr and wn surface water along
the cruise A and B.

bon dioxide showed the lowest value, 316.8 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 1s mostly released 1n the air in the northern hemisphere.

The variation 1in the meridional direction appears to be much smaller than
that in the latitudinal direction.

Diurnal variation of the partial pressure of carbon dioxide does not cxceed
6 ppm over the ocean. The maximum occurs at the time from midnight to early
morning, and the minimum 1 the aftcrnoon. To eliminate the effcct of diurnal
variation the time for daily measurement was fixed at 9 and 21 o’clock.

The partial pressure of carbon dioxide in surface water varies in wider range
as compared with those in the air  In the cquatorial region, the partial pressure
of carbon dioxide 1n surface water 1s shghtly lower than that in the aw, and in
the middle latitude between 20°-40° both north and south 1t 1s much lower than
that 1in the air. On the contrary, in the latitudinal arca 1n the Antarctic Ocean
higher than 50°S, the partial pressure of carbon dioxide 1 sea water 1s much
higher than that in the air.  So, 1t may be said that therc 1s a tendency that carbon
dioxide 1n the Antarctic region moves from the sca surface toward the air, wheieas
an opposite tendency 1s noticed 1n the northern region

The pH values of the surface water are comparatively constant, 1anging from
8.24 to 8.29 in the northern area than 40°S, and begin to fall suddenly at 40°S and
gradually to 8.06 toward the south. There scems to be a shight corrclation betw een
the variations of pH and the water temperature but not always parallel.

The content of the total carbon dioxide 1s low and nearly constant in the

noi thern hemisphere with the value of 2.0 m mole/l, but gradually increases toward
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Fig 3 pH w situ and total CO, wn surface water
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Fig. 7 Vertwcal distribution of pH wn situ and
total CO, at station 10 (Lat 64°58 3'S,

Long 13°56.7'E).



108 Tsutomu AKIYAMA (2216) (A @EE

the south to the value of 2.3 m mole// 1n the southern hemisphere. Correlation of
the carbon dioxide variation to the water temperature seems to be more distinct
than that of pH.

I1g. 4 shows the vertical distribution of pH 1n the profile along the line from
the Antarctic to South Africa. In the Antarctic region further south than 50°S,
pH values 1n deep water below 200 m are nearly 8.0 and almost constant. In the
latitudinal area lower than 50°S, values vary in a wider range from 7.96 to 8.26.
The minimum layer of pH hes at the depth of 1000-1400 m.

Specific alkalinity 1n the profile C (from the Antarctic to South Africa) 1s
shown in F1g. 5. The mimimum value (0121-0122) hes at the depth of 50-200 m.
Below this depth 1t increases with depth and reaches 0.125 in the south of 50°S
and 0.123 1n the north of 50°S 1n bottom water. Antarctic surface water has a
specific alkalinity of 0.123 which spreads further toward the north to 55°-50°S.

The total carbon dioxide along profile C 1s shown in Fig. 6. The valus he 1n
the range of 2.10-2.37 m mole/l. The content increases from the surface to the
depth of 200 m 1n the south of 50°S and to the depth of 1200 m in the north of
50°S  Bclow these depths values of the total carbon dioxide are almost constant,
being 2.35 1n the south of 50°S and 2.30 in the north of 50°S in bottom water.

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

the biologically reactive 1iron, as

shown in Fig. 8. The analytical 0 ‘i02<01ﬁ \Z,?/ ' 7{)5
results of 108 samples collected at L / oz
15 serial observation stations show 500+ 01 /
that the mean value of soluble

won is 0.10 pg-atoms/! and that 10001

T
-
<2

of particulate ron 1s 0.05.g-at- 02 01 L

oms/l. The amounts of soluble

|

iron vary mn a very wide range, 2000]
both horizontally and vertically,
and the minimum value seems
to occur at the depth of 50-300 m.
The amounts of the particulate 30004
won are generally low at the L
depth of 0-300m, and become

higher 1in waters deeper than 500 Biol react iron
m. 4000+

The general trend of distri- Fig. 8. Biological reactice won wn the profile C

bution of the biologically reac- (ng-atoms|l).
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tive iron both horizontally and vertically is not clear in the present investigation.
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Appendices
St. No = Date Dec 18,1965 |l Lat  59°16.70 S Depth Weather
1 l Time 0300~0730 } Long 97°19 0 E 4450m cloudy
\ |
Depth | l bHA | Total A | Specific 3CO, Biol react iron (ug-atm/l)
m | O o |7 Jmeui) | AT mol) T T ol par
- — I
0| 02 | 3103] 800 247 0 128 2382 0.3 “ 0 02 0 38
10 | —0 05 03| 04 — — — N B =
20 —006| .03  16% 45 127 29 — = —
30 | —0 03 031 08| — — — — — —
50 | —0 11 041 08 39 124 251 002 008 0 10
75 | —0 45 05 14 42 125 26 — —
100 | —0 77 13, 08 46 127 32| 008 ’ 0 07 015
150 | 0 49 %6 0l 43 125 31 — = -
200 | 147 51" 798 .46 126 35 — = —
203 | 181 62, 98 46 125 350 009 017 0 26
301 | 187 671 9% 48 126 38 — = -
486 | 185 00 9 48 126 39| 001| o028 0 29
580 | 18l 720 97 46 125 36 B —
770 | 165 74 99 | 48 126 37 — —
965 | 149 74 800 49 126 381 013] 002 015
1,165 | 1 32 740 79 50 | 127 41 — = —
1,380 — 720 9% 48 126 39 - —
1,880 | 0 62 700 9 48 126 38| 012 004 016
2,380 | 036 69 | 98 48 126 38 — — —
2,880 — 67 | 80l 49 126 390 021 023 0 44
3,380 | 0 00 671 ol 48 126 | 38— — —
3,880 | —0 09 67/ ol 48 126 | 38| 023 010 0 33
|
*  value deubtful
|
St No | Date Dec Lat 63°00 4 S Depth Weather
2 ] Time 1000~1330 ' Long. 89°12 0 E 3820m snow
| | | | |
Depth T ‘ w pH | Total A I‘ Specific | =CO, !} Biol react iron (ug-atm/l)
m | &{0)) J %o) !][ } (mequy/{) i A (m mole/l) H i part | sol+ part
! |
0| —07 3394‘ 8 08 239} 0 124 | 225% 009 008 017
11| —136 93 08 38 | 124 | 24 | — — _
201 —1 38 93 | 08 87 1 123 | 23 | — — _
30 | —1 42 9 | 08 37 123 | 23 — — —
47 | —1 54 9| 09 37 123 23] 002 00 0 05
70 | —1 54 | 34 23 | 08 38 | 122 24 | — — —
93 —0 9l 34 L‘ 05 38 | 122 % || 00| 0061 007
143 | 019 491 o 39 122 28 — — —
220 | 034 5% | 798 39 | 122 29 | — — —
315 | 098 651 96 } 122 290 009 008 017
405 | 117 69 % 122 31 | — _ —
495 | 115 71 9% 0| 122 310 012] 025 0 37
590 | 108 1y % 3 | 122 330 = _ _
770 | 0 99 — 9% 1 122 31 | - o #
950 073 69 | 92 40 122 | 321 0171 002 019
1,150 | 0 62 69 9i 42 | 123 | 4 | _—
1,610 1 0 31 67 | 95 45 | 124 | 36 N _
2,070 . 009 67 | 93 43 | 125 3511 007 0 04 011
2,550 | — 0 06 07 | 92 12 123 \ 31 !l _ _ o
3,035 | —0 19 66 | 93 42 | 123 | #4024, 0107 034
3,525 | —0 24 66 92 10 | 122 | ) 025 0l2] 037
! | , 1 ; i
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St. No. Date Dec. 21,1965 | Lat. 64°17.75S Depth Weather
3 Time 0930~1210 Long. 71°15.’5 E 3440m cloudy
Depth o S pHd | Total A | Specific | 3CO, Biol. react. iron (ug-atm/l)
mo &) (%0) (mequifl) A (m mole/l)| sol part r sol + part
1
0 —-11 33.47 8 07 2 37 0 125 2 23 0 01 0.04 0.05
10| —1 29 .47 08 34 .124 21 — — —
200 —115 . 58 08 .31 . 122 .18 — — —
30 | —1.31 34. 00 .07 .33 L121 .19 — — —
50| —160 .18 .07 .35 .121 .22 0.00 0 03 0 03
751 =170 . 26 .07 .37 . 122 .23 — — —
100 | —1 53 29 .07 .37 . 122 .23 018 016 0 34
149 1 —0 65 .41 .03 .37 121 25 — — —
199 | —0 46 .47 .01 37 .121 .26 — — —
296 1 32 .67 7 94 .38 .121 .30 013 002 015
394 125 .69 .94 .39 . 122 .31 — — —
491 122 .70 96 38 121 28 0.19 0 06 0 25
605 1.19 .72 97 38 121 28 — — —
800 1.01 .71 96 39 122 30 — — —
990 0 84 .71 .96 .39 122 30 0 23 019 0 42
1,190 073 .70 95 40 .122 31 — | —
1,480 0 52 .69 .95 .40 .122 31 — — | —
1,970 0 24 .67 .93 .40 122 .32 0.09 016 | 025
2,460 | —0 01 . 66 .93 39 121 .31 — — —
2,950 | —0.18 .66 .90 .40 . 122 i .33 016 0 02 | 0.18
i I
St No Date Dec. 24,1965 | Lat. 64°36 '0S Depth Weather
4 Time 0840~1100 Long. 53°14 5 E 3500m snow
Depth T S pHd Total A | Specific 3CO; Biol react iron (ug-atm/l)
m °0) (%0) (mequifl) A (m mole/!) sol part ‘ sol -+ part
|
0} —-13 33 58 8 11 2 37 0124 2 22 016 0 07 0 23
9| —1 48 .58 15 34 .123 19 — — —
18 | —1 51 .69 15 .34 .123 19 — — —
27 | —1 55| 34 06 .14 37 . 123 21 — — —
46 | —1 67 .09 .13 .37 .122 22 0.03 0 03 0 06
69 | —1 72 .11 .13 .37 122 22 — — —
92 | —1 55 .20 08 .37 122 23 0 01 0 01 0 02
135 0 88 .35 00 .39 . 122 .28 — — —
185 1 65 67 7 99 .40 122 .29 — — —
285 1 57 69 .97 42 .123 31 011 0 03 0 14
380 1 50 71 97 .40 .122 .30 — — —
477 1.41 72 8.00 .42 123 .30 0 53 0 06 0 59
574 1 36 .72 .02 43 123 ) — — —
764 1 08 .71 01 42 . 123 .30 — — —
953 0 81 70 7 98 43 123 32 0 42 017 0 59
1,148 0 62 69 .98 .43 .123 .32 — — —
1,430 0 41 .68 99 45 124 .34 — — —
1,910 0 03 66 8 01 .45 .124 34 0 24 018 0 42
2,400 | —0 20 .66 00 .43 123 32 | — - —
2,890 | —0 41 65 7.99 44 .124 .33 0 20 0.07 0 27
3,380 | —0 51 .64 .99 43 .123 32 0 07 0 09 016
|
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|
St No Date Jan 19,1966 | Lat 68°25 '0 S Depth ’ Weather
5 Time 0730~0800 Long 40°52.72E | 280m ‘ cloudy
Depth | T S oHd | Total A | Specific | 3CO; Biol react iron (ug-atm/l)
o 0,
m &%} (%0) | (mequyfl) A (m mole/l)| ‘ part | sol + part
0] 08 | 3366 = - = — | 016| 0.03 019
6 —100 .66 [ — — — — — _ _
12 | —1 03 73 — — — — — _ —
20 | —1 19 97 | — — — — _ - _
34 | —1 29 .99 | — — — — — - _
55| —1 32| 3401 — — — — | 007| 003 0 10
77 | —1 48 06 | — — — — — _ _
127 | —1.74 19 — | — — _ | 009| oo1 010
175 | —1 82 21 — | — — _
221 | —1 83 23 — | — — — _ _ _
265 | —1 82 25 | — | — — — 0 01 0 03 0 04
St No i Date Feb 11,1966 Lat 69°11 7 S Depth Weather
|
6 | Time 1330~1400 Long 39°32 7 E 272m ] fair
| | l
Depth | T S | pma | Towl A | Specific | 300, | Pl react wonfugratmfl
m Q) (%) (mequ/) A (m mole/l) ‘ ool part | sol+part
0 30 [(27 37 = — = — 017 002 019
10| —0 66 | 33 78 — — — —| _ _ _~
20| —155| 3402) 823 2 37 0123 219 — _ _
30 | —1 57 05 13 39 124 2 | — _ _
50 | —1 61 10 12 39 124 25| 007 008 015
75 | —1 61 14 11 38 123 24 | — — _
100 | —1 53 18 11 38 123 24| 004] 002 016
150 | —1 46 23 09 39 123 25 — | -
200 | —1 46 23 09 39 123 25 | — — | —
250 | —1 54 26 10 39 123 %50 002] 003] 0 05
St No | Date TFeb 2,1966 | Lat  68°07./1S 1 Depth | Weather
7 Time 1130~1245 Long 38°50 5E | m ; fan
Depth T S pHd Total A | Specific sCO, Biol react won (ug-atm/l)
m o) (%0) 3 (mequu/l) A (m mole/l) sol ‘ part | sol - part
07—06 3278 810 224 0 121 210] 001 003 0.04
10, —0 94 | 70 12 24 121 .10 — — —
20| 114 3310 12 % .120 12 — — —
30 —119 51 12 27 120 13 | — - —
50 —147 | 3408 | 13 34 121 21 006| 005 011
75 —1 72 17 11 35 122 .21 — — —
100 | —1 75 20 .10 35 122 22 003| 004 0 07
149| —~1 76 23 .09 35 122 22 — — -
198 | —1 77 24 09 37 122 23 — — .
297 | —1 58 32 06 37 122 2 004] o001 0 05
395 | 0.63 61 01 39 122 27 — _ _
495 | 093 67 00 40 122 29| 002] 005 0 07
594 | 083 68 || 7 99 42 123 .31 — — —
79 | 0 57 67 98 40 122 30 — - _
994 | 0 36 } 67 | 98 .42 123 32 003| 004 0 07
1,190 ;021 66 | 97 40 122 31 —_ — —
1,480 | 0 04 66 | 97 .44 124 .34 — — —
1,972 | —0 20 65 1| 8 00 .45 125 34| 010]| 006 016
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St. No. | Date Feb 6,1966 " Lat  67°11 /3S Depth | Weather
8 | Time 1410~.1540 | Long 43°50.0 E m ‘ cloudy
Depth T S " pHd Total A | Specific : 3CO, Biol react wron (kg-atmyl)
m (°C) | (o) H (mequi/l) | A ;(m mOIC/l)J sol ’—‘_}:art sol +part
|
‘ <
0| —-08 | 3361| 812 2 37 0124 222 — — —
10 | —0 92 62 13 35 124 21 — — —
17 | =0 86 62 14 34 123 19 — — -
26 | —0 84 61 14 34 123 19 — — -
42 | —0 93 65 16 35 123 19 — — —
62| —170| 3412 14 37 122 21 — — —
84 | —175 17 12 37 122 | 22 — — —
130 | —1 75 19 12 .37 122 22 | _ _ _
174 | —1 75 21 12 38 122 24 — — -
272 | —1 53 27 | 10 38 122 24 — — —
362| 015 54 07 40 123 27 — — —
451 [ 123 .69 } 03 .40 122 | 28 — — —
545 | 120 71 | 02 42 123 30 ‘ — — —
720 | 0 93 70| 02 42 123 30 — — —
909 | 0 72 700 02 43 123 31 | — — —
1,092 [ 059 69 02 44 124 32 — — —
1,346 | 0 29 | 67 i 0l 44 124 33 — — —
St No , Date Feb 13,1966 [ Lat 69°08 6 S Depth Weather
9 | Time 0800~0920 | Long 1637 0E m fair
Depth T S l pHd Total A | Specific 3CO, Buol react wron (ug-atmjl)
m °C) (%0) J' (mequy/!) A (m mole/fl) ool part | sol +part
l
0| —-08 | 333 | 818 2.34 0 124 217 0.25] 004 0.29
10 | —0 81 35 20 34 124 17 — — —
20 | —0 78 55 20 34 123 17 — — —
30 | —0 13 85 .19 37 123 19 — — —
50 | —0 05 92 18 37 123 19 02| 005 0 29
75 | —1 60 | 34 22 15 38 122 22 — — —
100 | —1 70 29 11 .39 123 25| 001 | 002 0 03
150 | —1 64 34 10 38 122 .24 — — —
200 | —1 47 38 10 37 .121 .23 — — —
300 | —0 53 54 06 39 122 26 015 0.02 017
400 | 071 65 01 40 122 29 — — —
500 | 0 89 — 01 40 — 291 005| 00l 0 06
600 | 0 78 69 01 40 122 29 — — —
790 | 0 61 68| 799 40 122 30 — — —
990 | 0 44 68 | 800 43 123 32 011| o0l 012
1,190 | 0 31 — | 79 43 — 32 — — —
1,480 | 0 14 67 99 43 123 32 — — —
1,980 | —0 08 66 | 800 43 123 3201 007| 003 0 10
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St No . Date Feb 14,1966 E Lat 64°58 '3 S | Depth I Weather
10 \ Time 1520~1800 B Long 13°56 '7E | m - cloudy
| |
Depth | T ‘i S pHd Total A l Specific 3CO, ! Biol rea& won (ug-atm/l)
m ‘ &Ls) i (%%0) (mequu/l) { A (m mole/l) sl \\ part l sol+ part
| | | b |
0/ 14 | 3405 806 237% 0123 2923 006 | 004 010
9( 136: 05 09 37 123 22 — = _
20, 117 | 05 10 37 \ 123 22 | — | — —
30 102, 06 11 37 123 22— ] —
8 —131 36 12 39 123 24, 0.0l 003 0 04
71 —141! 43 09 39\ 123 1 I —
94 | —067 52 06 29 | 122 26 003, 002 0 05
140 | 0897 67 - | — — - = —
189, 099 69 01 40 | 122 29 | — — —
2891 090, 69| 79 40 122 | 310 0! 00| 013
3831 08 69 98 40 122 | 30 0 —  — —
476 0 80 70 9% 42 | 123 ' 32 004, 004 0 08
57. 076. 70 99 . 42 | 123 31—, — —
755« 063 71 97 | 43 123 | 33 . — — —
952 | 0 50 70 | 97 | 43 123 | 330 003] 002 0 05
1,152 0 %9 — N 98 44 — | 3, —'  — —
1,49 | 024 68 99 44 124 33 e —
1,980 1 0 00 671 o8 43 123 33 003) 007, 010
2,470 —0 16 66 | 97 45 125 35 h — - —
2,960 | —0 25 66 99 44 124 | 33, 007 ‘ 0 04 011
3,450 © —0 29 — 1 98 45 — 35 | - — —
’ ' l | 1 !
St No i Daie  Feb 16,1966 | Lat  59°36 '0S Depth Weather
11 } Time 0550~0940 1‘ Long 12°15 6 E m | cloudy
’’’’’ \' Nl | U .

Depth | T S opa | Total A | Speatic | 3CO; l‘ Biol 1eact 1ron (kg-atmyl)
m ‘i (°C) (%) ;[ (meqm/l) . A !(m mole/l) E‘ sol part | sol+part
o' 08 ! mes| 81 2as o0nes| 2200 oxn oosl 02
70 0691  — | 18 38 124 | 20  — - —
150 068 87 | 18 38 124 20 — — —
22 07 88 20 38 124 20  — — .
40 1052 90 20 38 124 20 — — —
501 018 91 20 38 124 20, 016 002 018
67 | ~163]| 315 18 38 123 DI — — —
108 171 19 14 39 123 24 001 002 0 03
133 1 —085 | 39 | 09 40 123 2% — — -
198 043} 06| 798 43 123 32 - — —
259 044 | 674 % 44 | 124 | 341 015 00l 016
3200 0421 o8] 97 44 124 | 34, - — —
e8! 037 o7 97 44 124 | 3 012 003, 015
515 03[ 67 % i 1241 gi . — -
6, 02| 66 7 « 24 | L = — -
515 018 IR R 41 — | 3. 0o o002l o010
1,192 i 0 00 | 65 | 88 24 1%1 \ %g ‘ - — =
1,645 | -0 16| 64 8 4 2t — — —
2,110 | 027 % 64| 00 45 | 195 | B 00 003 008
9 |- . 0 o | — | 35 — — ! —
§j%§8\ ,8%5 63 | 80 — | — 0% 006 032
3,560 | -0 46 | 63 I 45 | 125 34 — — | —
%080 | 0 50 o L02 Iy 125 34 - — -




No 27. 1966] (2223) A Preliminary Report on Geochemistry of the Antarctic Ocean 115
St. No Date Feb 17,1966 | Lat 55°12 ’5 S Depth Weather
12 Time 1800~2245 Long. 9°32.5E m cloudy
Depth | T S | pyq | Total A | Spectfic | 3CO, | Bl react won (rg-atm/l
° %o le/l) \ \
m e | (%) (mequy/l) A (m mo sol part | sol+ part
0 10 | 34.04 8 11 2 40 0 124 2.25 0.01 0.02 0.03
10 0.87 .03 .12 38 .124 .23 — — —
20 0.87 .04 .12 38 124 .23 — — —
30 0 88 .04 .12 .38 . 124 .23 — — —
50 0 91 .05 12 .38 . 124 23 0.03 0 05 0 08
75 | —0.69 19 13 .38 .123 .23 — — —
105 | —1 26 .36 .06 .38 .122 .26 0 05 0 03 0 08
151 | —0.42 51 .03 .40 .122 .28 — — —
207 018 .60 7.99 .41 .123 31 — — —
302 0 43 66 97 43 124 33 0 07 0 02 0 09
405 0 49 67 .94 .43 124 34 — — —
510 0 48 68 .94 43 .124 34 0 01 0 05 0 06
603 0 46 .68 .94 41 123 33 — — —
823 0 36 .68 95 43 . 124 .34 — — —
1,048 0 22 67 ! 96 41 .123 33 012 0 04 0.16
1,262 0.12 .67 96 .43 124 .34 — —
1,525 0 04 68 96 43 124 34 — — —
2,075 | —0 19 .67 98 43 124 .33 0.07 0 06 013
2,575 | —0 29 65 97 43 . 124 33 — —
3,090 | —0 35 65 .95 — — — 0 01 0 07 0 07
3,600 | —0 42 .65 .96 .44 125 36 — — —
4,130 | —0 49 64 95 43 124 34 0 08 0 05 013
St. No. Date Feb. 19,1966 | Lat. 50°02 ’5 S Depth Weather
13 Time 0050~-0315 Long. 10°29.74 E m cloudy
Depth T S pHd Total A | Specific 3CO; Biol react. ron (ug-atm/l)
m &(®) (%0) (mequu/l) A (m mole/l) sol part | sol+ part
|
0 38 } 33 89 8 17 2.37 0123 218 0 06 0 06 012
10 372, 89 20 — — — — — —
20 372 } 89 20 37 . 123 .18 — — —
30 3 69 89 | 21 37 123 .17 — — —
60 371 | 88 ; 20 .37 123 .18 0 08 0 04 0.12
75| 363 ‘ 87 20 37 123 .18 — —
102 2 61 92 18 37 123 19 0 02 0.05 0.07
145| 137! .98 .15 .38 124 22 — — —
194 1.57 34 09 | 10 38 123 .24 — —
284 1.84 i 22 | 06 40 . 124 27 0 09 0.04 013
378 2 01 31, 01 41 124 .30 ‘ — — —
488 2 16 l 41 “ 797 4] 124 31 018 0 02 0.20
555 | 2221 46 9 .43 124 33 — — —
741 227 58] 95 43 124 .34 — — —
925 2 30 66 | .97 44 124 34 0 08 0 05 013
1,123 | 2.25 71 ‘l 98 .44 124 34 — —
1,415 | 216 76 | 8 00 44 124 33 — —
1,905 178 76 ‘ 00 44 124 33 011 0.02 013
2,420 1 28 73 | 00 44 .124 33 — — —
2,940 0 94 710799 .47 125 37 0 05 0 02 0 07
3,450 075 69 H 98 47 125 37 — —
d !
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St No | Datec Feb 20,1966 | Lat 45°12 /5 S Depth | Weather
14 Time 0250~0540 Long 11°44 5E | m ‘ cloudy
Depth | T ‘ S 5 | Total A Specific | =CO, | Biol react won (ug-atm/l)
o 0
m (&) ‘ (o) ’ } (mequi/l) A (m mole/l) sol part | sol--part
; b ‘ ‘ ‘ |
0 76‘3407|‘ 819 2 38 0124 | 217 019 008, 027
10 766| 051 20 38 124 17 — — —
181 763 06 21 .37 123 16 — —
28 765 05 21 37 123 16 — — —
42 762 .06 21 | 37 123 | 16| 004 002 0 06
64| 761 06 | 21 | 37 123 16 | — — —
86 ' 761 05 ! 21 37 123 6] 002 007 0 09
134 | 5 80 | 17 | 19 | 35 121 | 15 — — —
1831 500 16 15 | 35 121 17 — — —
263 | 479 20 13 | 35 121 8| 010, 007 017
360 4 10 .20 1 | 37 122 . 21 — = —
463 1 3 61 19 | 09 | 38 123 231 000, 004 0 04
606 | 3 12 21} 06 38 123 25 | — | —
814 | 267 | 29 | 04 | 40 123 27 S —
974 | 2 60 ‘ 39 | 00 | 40 123 28| 002 006 0 08
1,197 260 | 51179 40 123, 30 — — —
1,453 2 63, 63 | 96 41 123 | 32 — — —
1,953‘ 2 48 - 75 | 99 | — — — 1 000 o003 0 03
2,455 | 215 | 78, 8 0l | 43 123 | 31 | — — —
2,920 170 76 | 01 | 43 123 31 004 004 0 08
3,390 | 127 74 | 00 | 43 123 31 — — —
3,860 | 090 | |79 44 124 340 011 007 018
! | | i I l
St No Date Feb 21,1966 | Lat 39°57 0 S Depth ! Weather
15 Time 1710~1950 Long 14°54 0 E m \i cloudy
Depth | T S oHa | Total A | Speafic | 3CO, Biol react won ug-atm/l)
m (°0) | (%0) (mequu/l) A (m mole/l) sl f part “ sol +part
I ! |
0| 150 | 3522 | 824 2 43 0122 | 214 013 o004/ 017
8! 14 9 17 | 2 — —_ — | — — —
17 15 00 19 ) 25 — — — — — —
24, 14 99 16 | 25 40 120 11 — — -
40 | 14 68 .10 26 40 120 1l oo09! o008 017
60 | 14 07 01 26 ~ — _ — — .
80 | 12 56 | 34 87 24 40 121 13 ool 004 0 05
118 | 12 21 86 21 38 121 13 — — —
160 | 10 95 93 17 38 121 ! 16 — —
237 | 920 75 12 38 121 | 200 010] o011 0 21
325 | 766 59 8 38 121 2 - = ~
415 | 6 21 50 05 38 122 241 010] 002 012
485 | 5 40 45 o4 40 123 | 6l = = =
658 | 3 68 36 01 40 123 28 | — — —
850 | 3 55 48| 7% 40 123 29 W 015 008 0 93
1,040 | 2 91 56 | 97 — — — — — -
1,325, 279 68 | 97 41 123 31 || — | — —
1,840 | 2 62 770 8ol 43 123 310 021, 008 029
2,350 | 243 83 \“, 03 43 123 5Ll — —
2,885 | 2 23 8 i 02 43 123 31 | — | — —
3,420 | 176 80 | 02 43 123 | 31 “ 0 05 | 0 09 0 14
§ ‘1




