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OCEANOGRAPHICAL CRUISE REPORT
No, 41

Oceanographical Observations in the Indian Ocean in 1964

H.M.A.S. Gascoyne
Cruise G5/64

August 19-30, 1064
I. INTRODUCTION

This report records the data collected during the fifth cruise
in 1964 of H.M,A.S. Gascoyne, Royal Australian Navy oceanograph-
ical frigate,

Objectives

To study the penetration of phosphate-rich upwelled water from
the eastern Arafura Sea into the Gulf of Carpentaria.

To study, in the sediments, the relation between bulk silic-
ates and grain size and mineralogy, and to determine the rela-
tion between the chemistry and texture of the sediments.

Itineragx

The cruise began at Cairns, worked six north-south sections in
the Gulf of Carpentaria and Arafura Sea, and ended at Darwin
(Figu 1).

Scientific Personnel

D, Rochford (Cruise Leader)

F. Davies

N. Dyson

K. Fleming

J. Kaulback (Bureau of Mineral Resources)

The analyses of hydrological samples were done in the shipls
laboratory by Messrs Davies, Dyson, and Fleming, Nitrate analy- .
ses were done at Cronulla by Mr Klye. The sediments were examin--
ed on board by Mr Kaulback and then stored, Analyses were made
by the Bureau of Mineral Resources and the University of Sydney.
Samples were analysed for P05, Cu, Pb, Zn, Ni, Co, Cr, C0y, V,
F, S, and organic C. In addition, 18 piston cores were taken to

study late pleistocene sedimentary history,
The hydrology data were processed, under the direction of
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Mr Hedge, by Mrs Bailey, Miss Hammond, Mrs Sander, and Miss
Wanstall. The track chart was prepared for publication by Mr
Breach, _ :

The results of the sediment study will be published separately
by Dr C. Phipps of the Department of Geology and Geophysics,
University of Sydney,

IT. WORK ACCOMPLISHED

Forty-orne stations were worked (G5/194/64—G5/234/64). Surface
and subsurface hydrology samples were collected at all stations.

TABLE 1

WORK DONE AT EACH STATION

Stn Hydrology Stn Hydrology

No. Surface to Depth (m) No. Surface to Depth (m)
194 40 215 50
195 60 216 . 35
196 60 217 50
167 60 218 50
198 50 219 50
199 35 220 50
200 . 30 221 50
201 . 25 222 45
202 45 223 55
203 60 224 35
204 60 225 35
205 60 226 35
206 50 227 . 35
207 50 228 60
208 35 229 60
209 35 230 50
210 50 . 231 35
211 55 232 55
212 55 233 100
213 55 234 : 100
214 55 '

ITI, METHOD OF COLLECTION: AND ANA;XSIS OF SAMPLES
1. Physics

Temperature.—Water temperatures were taken with deep-sea re-
versing thermometers. Two protected thermometers were used at
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each depth, together with an unprotected thermometer on all but
the upper six Nansen water bottles. Differences between corrected
protected thermometer readings were generally less than 0,03
degC, and the mean values listed in this report are considered
accurate to + 0.03 degC.

Thermometric Depth.——Depth calculations were made by the
method described by Pollak (1950) and are considered accurate
to 1%.

Sigma-t.—Sigma-t values were computed from temperature and
salinity values, using the equations of Knudsen (La Fond 1951).

2. Chemistry

Salinity.—Salinity was measured on board using an inductive
salinometer (Brown and Hamon 1961).

Dissolved Oxygen.—A version of the standard Winkler method
was used to determine the amount of dissolved oxygen in the sea-
water samples. The version used is a modification of that des-
cribed by Thompson and Robinson (1939) and differs in some
respects from the revision by Jacobsen, Robinson, and Thompson
(1950). Potassium iodate was used as the iodometric standard,
and the reagents necessary to fix the oxygen in solution were
used at different concentrations (Rochford 1963). Duplicate tit-
rations were made on approximately every tenth sample. Satura-—
tion values were calculated by computer using the simpler of the
equations given by Richards and Corwin (1956) ~

Oz(ml/l) x (33.5 + T°C) x 100
332.4 - (1.354 x S%)

Inorganic Phosphate.—The method of Atkins (1923) was used
with 1 ml molybdate rcagent (300 ml 10% w/v ammonium molybdate
and 100 ml 50% v/v sulphuric acid) and 0.1 ml 1% w/v stamnous
chloride diluted afresh from a 407 stock solution in hydro-
chloric acid, which was kept under paraffin. The reagents were
dispensed automatically by a piston dispenser.

Standard phosphate solutions were made up in distilled water.
At air temperatures less than 25°C, analyses were carried out in
batches of 10; readings were begun within 10 min of adding
reagents, and completed within 10 min., At air temperatures great-
er than 25°C, batches of 6 were analysed; readings were commen-
ced within 5 min of adding reagents, and completed within 7 min.
Each batch was compared with a distilled water blank and a 0,65
ng-atom/1 standard in a Hilger Spekker absorptiometer using 4 cm

02(% Satn,) =
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cells and Ilford 608 filters. Each day a complete calibration
was made using standards up to 3.25 pg-atom/l. Results are given
as ug-atom/1 with no correction for salt error and are precise
to + 10% for values less than 0.5 pg-atom/1 and + 5% for higher
values. To correct for salt effects, the results given should be
muitiplied by 1.15.

Total Phosphorus.,—100 ml samples were drawn from the Nansen
botties into 150 ml Pyrex conical flasks, 0.2 ml of 72% per-
chloric acid was added and digestion at 200°-250°C carried out
immediately on a sand tray. After evaporation of water, heating
was continued until fuming of the salt residue commenced. The
samples were then allowed to cool and 100 ml of distilled water
and 2 drops of 2% w/v phenolphthalein were added. If alkaline,
perchloric acid was added until a slight acidity persisted. The
flasks were allowed to stand for about 24 hr to allow the salts
to dissolve. Phosphate was then determined as described above
for inorganic phosphate. Results are given as pg-atom/1, with
no salt correction. To correct for salt effects, the results
given should be multiplied by 1.15.

Nitrate.,—After collection, water samples were stored in
plastic bottles and preserved with 2 drops of saturated HgCl,.
Nitrate was determined at Cronulla by the strychnidine method
(Rochford 1947). The reagent was prepared by adding 0.64 g of
strychnidine to a litre of nitrate-free sulphuric acid. Five ml
of this reagent were added, with minimum agitation, to 5 ml sea-
water or standard nitrate solution. The standards were made up
in a mixture of equal volumes of artificial seawater and nitrate-
free sulphuric acid. The standards and samples were shaken to
distribute the reagent, and the colour developed for 2 hr, The
solutions were read in a Unicam SP 600 spectrophotometer at a
wavelength of 530 mp using a 5 mm cell, Samples with an absorb-
ance greater than the standard corresponding to 14.4 ug-atom/1
were diluted with artificial seawater-sulphuric acid mixture
before reading. Results are given in pg-atom/1,

REFERENCES

ATKINS, W.R.G. (1923).—The phosphate content of fresh and salt
waters and its relation to the growth of algal plankton.
J. mar. biol. Ass. U,K. 13, 119-50.

BROWN, N.L., and HAMON, B,V. (1961).—An inductive salinometer.
Deep Sea Res. 3, 65-75.
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JACOBSEN, J.P,, ROBINSON, R.J., and THOMPSON, T.G. (1950).—A
‘review of the determination of dissolved oxygen in seawater
by the Winkler method. Publs scient. Ass. Oceanogr. phys. 11,

LA FOND, E.C. (1951).—Processing oceanographic data. U.S. Navy
Hydrogr. Off. Publ. No. 614.

POLLAK, M.J. (1950).—Notes on determining the depths of sampl-
ing in serial oceanographic observations, J, mar. Res. 9,
17-20, -

RICHARDS, F.A., and CORWIN, N. (1956).—Some oceanographic appli-
cations of the solubility of oxygen in sea-water, Limnol,

Oceanogr. 1, 263-7.

ROCHFORD, D.J. (1947).—The preparation and use of Harvey's re-
duced strychnine reagent in oceanographical chemistry.
Bull. Coun. scient. ind. Res., Melb. No, 220.

ROCHFORD, D.J. (1963).—SCOR-UNESCO chemical intercalibration
tests; results of 2nd series; R.S. Vityaz August 2-9, 1962,
Australia. (Mimeogr.) {CSIRO : Cronulla.)

THOMPSON, T.0., and ROBINSON, R.J. (1939).—Notes on the deter-
mination of dissolved oxygen in seawater. J. mar. Res. 2,
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IV. DATA SHEETS
The data were processed in a C.D.C. 3600 Computer. An explana-

tion of the headings used is given at the beginning of the list-
ing,
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HYDROLOGY



STATION

DATE

TIME

LATITUDE LONGITULDE

SONIC
DEPTH

ATR TEMP,
WET DRY

WIN
DIR.

ANEM,

HEIGH
CLO

TYPE

VIS.

D
SP.

7

D
AMT,

SEA

DIR.

SWE
DIR,

AMT.

1L
AMT.

10

EXPLANATION OF HEADINGS

Hydrology

Gives the station identification. For ex-
ample, G5/194/64 signifies the 194th
station worked by Gascoyne in 1964, on her
5th cruise for that year

Given as day/month/year

Given in Zone Time, and is the time at the
beginning of the first cast. Zone Time

throughout the cruise was Eastern Austral-
ian Standard Time, G.M,T: + 10 hr, Code K

Given in degrees and minutes

Given in metres, measured at standard sound
velocity of 800 fum (1463 m) per second

Air temperatures recorded from wet and dry
bulb thermometers in °C

Wind direction and speed are coded using
Tables 8 and 9 in U,S. Hydrogr. Office
(1955)

The average height of the anemometer above
sea level, given in metres

Cloud type and amount are coded using
Tables 2 and 3 in U,S., Hydrogr, Office
(1955)

Visibility is coded using Table 4 in U,S,
Hydrogr., Office (1955)

Sea direction and amount are coded using
Tables 5 and 8 in U.S. Hydrogr. Office
(2955)

Sea swell direction and amount are coded
using Tables 6 and 8 in U.S. Hydrogr.
O0ffice (1955)



ATMOS.
PRESSURE

WIRE ANGIES
CAST 1 CAST 2 CAST 3

CAST

DEPTH

TEMP,
SALINITY
SIGMA-T
OXYGEN
OXYGEN % SAT.
INORG. P,

TOTAL P, and
NITRATE

11

Atmospheric pressure given in millibars

Wire angles are measured at the surface
and expressed in degrees for each cast

The cast number correspouding to the wire
angle is shown

The actual sampling depth, given in
metres

Sea temperaturesg recorded in °c
Given in parts per thousand
Sigma-t to 2 decimal places
Given in ml/1

Oxygen percentage saturation

Given in pg-atom/1

© % and *¢¢ indicate no data available
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OCEANOGRAPHICAL CRUISE REPORTS

1. Oceanographical observations in the Indian Ocean in 1959, H.M.A.S. Diamantina Cruises

Dm1/5% and Dm2/59,

2. Oceanographical observations in the Indian Ocean in 1960. H.M.A.S. Diamantina Cruise
Dm1/60.

3. Oceanographical observations in the Indian Ocean in 1960. H.M.A.S. Diamantina Cruise
Dm2/60.

4. Oceanographical observations in the Indian Ocean in 1960. H.M.A.S. Diamantina Cruise
Dm3/60.

5. Oceanographical observations in the Pacific Ocean in 1960. H.M.A.S. Gascoyne Cruises
G1/60 and G2/60.

6. Oceanographical observations in the Pacific Ocean in 1960. H.M.A.S. Gascoyne Cruise
G3/60.

7. Oceanographical observations in the Indian Ocean in 1961. H.M.A.S. Diamantina Cruise
Dml/61.

8. Oceanographical observations in the Pacific Ocean in 1961, H.M.A.S. Gascoyne Cruise
Gl/6l.

9. Oceanographical observations in the Indian Ocean in 1961, H.M.A.S. Diamantina Cruise
Dm2/61.

10. Oceanographical observations in the Indian and Pacific Oceans in 1961. H.M.A.S. Gascoyne
Cruise G2/61,

11. Oceanographical observations in the Indian Ocean in 1961. H.M.A.S. Diamantina Cruise
Dm3/61.

12. Oceanographical observations in the Pacific Ocean in 1961. H.M.A.S, Gascoyre Cruise
G3/61. .

13. Oceanographical observations in the Pacific Ocean in 1962, H.M.A.S. Gascoyne Cruise
G1/62.

14. Oceanographical observations in the Indian Ocean in 1962. H.M.A.S. Digimanting Cruise
Dml/62.

15. Qceanographical observations in the Indian Ocean in 1962. H.M.A.S. Diamantina Cruise
Dm?2/62,

16. Oceanographical observations in the Pacific and Indian Oceans in 1962. H.M.A.S. Gascoyne
Cruises G2/62 and G3/62.

17. Oceanographical observations in the Indian Ocean in 1962. H.M.A.S. Gascoyre Cruise

G4/62.

18. Oceanographical observations in the Indian Ocean in 1962. H.M.A.S. Diamantina Cruise
Dm3/62,

19. Oceanographical observations in the Pacific Ocean in 1962, H.M.A.S. Gascoyne Cruise
G5/62.

20. Oceanographical observations in the Indian Ocean in 1962, H.M.A.S, Diamantina Cruise
Dm4/62.

21. Oceanographical observations in the Indian Ocean in 1963. H.M.A.S. Gascoyne Cruise
G1/63.

22. Oceanographical observations in the Indian Ocean in 1963. H.M.A.S. Gascopne Cruise
G2/63. )

23. Oceanographical observations in the Indian Ocean in 1963. H.M.A.S. Digmantina Cruise
Dm1/63.

24, Oceanographical observations in the Indian Ocean in 1963, H.M.A.S. Diamantina Cruise
Dm?2/63.



OCEANOGRAPHICAL CRUISE REPORTS

(Continued)

25. Oceanographical observations in the Indian Ocean in 1963. H.M.A.S. Diamantina Cruise
Dm3/63.

26. Oceanographical observations in the Pacific Ocean in 1963. H.M.A.S. Gascoyne Cruise
G3/63.

29. Oceanographical observations in the Pacific Ocean in 1963. H.M.A.S. Guascoyne Cruise
G4/63,

31, Oceanographical observations in the Pacific Ocean in 1963. H.M.A.S. Gasecoyne Cruise
G5/63.

32, Oceanographical observations in the Pacific Ocean in 1964, H.M.A.S. Gascoyne Cruise
G1/64.

34. Oceanographical observations in the Indian Ocean in 1964. H.M.A.S. Gascoyne Cruise
G2/64,

35. Oceanographical observations in the Indian and Pacific Oceans in 1964, H.M.A.S. Gascoyne
Cruise G3/64.

36. Oceanographical observations in the Indian Ocean in 1964. H.M.A.S. Digmantina Cruise
Dm2/64,

39. Oceanographical observations in the Pacific Ocean in 1964, H.M.A.S. Gascoyne Cruise
G4/64,

40. Oceanographical obseryations in the Indian Ocean in 1964. H.M.A.S. Digmanting Cruise
Dm5/64,

41. Oceanographical observations in the Indian Ocean in 1964, H.M.A.S. Gascoyne Cruise
G5/64.

42. Oceanographical observations in the Pacific Ocean in 1964. H.M.A.S. Gascoyne Cruise
G6/64.

43. Oceanographical observations in the Indian Ocean in 1965. H.M.A.S. Gascoyne Cruise
G2/65.

46. Oceanographical observations in the Indian Ocean in 1965. H.M.A.S. Gascoyne Cruise
G5/65.



