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A bstract 
-Recent studies undertaken by the Centre National pour l'Exploitation des Oceans have focused 
some attention on th(; environment of nickel- and copper-bearing iron-manganese nodules in the 
Tuamotu Archipelago region of the South Pacific. The results indicate that the distribution of the 
nodules is closely linked to that of deep currents in the area. We attempt to show that these currents 
are associated mainly with the Antarctic Bottom Water and we attribute the episodical character of 
nodule formation in this region to major pulsations of the Antarctic Bottom Water. A synthesis of 
what are considered to be primary factors in the nodules formation are incorporated into a tentative 
rnodel which is presented as a guide for future exploration for polymetallic nodules. - 

INTRODUCTION 
Numerous works have underlined the 

local importance of bottom currents on 
sedimentation in the Pacific (Johnson et al., 
1970; Johnson, 1972), the presence of 
outcrops of preQuaternary sediments and of 
sedimentar y hiatuses (Bramlette, 196 1 ; 
Riedel and Funnell, 1964; Moore, 1970; 
Tracey et al., 1970; Hays et al., 1972), the 
relationship existing between bottom 
topography, sedimentary facies, submarine 
volcanism and the distribution of 
polymetallic nodules (Menard, 1964; Mero, 
1965; Barnes, 1967; Horn et al., 1972; 
Glasby 1973a; Friedrich and Plüger, 1974; 
Beiersdorf and Wolfart, 1974; Andrews, 
1974). However, most of these works deal 
almost exclusively with the North Pacific and 
only rarely emphasise the relatioilship 
existing between the structural and 
sedimentological situation and the 
distribution of polymetallic nodules. Further, 
these works consider polymetallic nodules in 
a global fashion, without dissociating those 
nodules whose high contents of nickel and 
copper justifies an economic interest. The 
aims of the present article are as follows: 

1. To propose a course of the Antarctic 
Bottom Current to the latitude of the 

J 
Tuamotu Archipelago and the 
Marquesas Islands. 

2. To establish in this zone the 
relationship existing between erosion 
structures, sedimentar y hiatuses and 
the passage of the Antarctic Bottom 
Current; 

3. To illustrate the role played by the 
Antarctic Bottom Current on the 
genesis of polymetallic nodules; 

4. To illustrate in the light of recent 
research carried out in the South Pacific 
(Glasby, 1972, 1973b; Glasby et al., 
1974; Hollister et al., 1974) and, 
especially, from our own observations 
(Pautot and Melguen, 1975), a "model" 
for the formation of polymetallic 
nodules rich in nickel and copper. This 
"model", integrating the principal 
factors controlling the formation of 
nodules of economic interest, is 
proposed as a "guide for exploration". 

1. Proposais for a traverse of the Antarctic 
Bottom Current in the Tuamotu-Marquesas 
Islands (South PaciJic) 

The Tuamotu Archipelago, bounded in 
the north by the fracture zone of the 
Marquesas, is interpreted (Pautot, 1975) as a 
volcanic structure comparable to an 
undeveloped oceanic ridge. The Marquesas 
Islands Archipelago is composed of a modern 
volcanic mass (PliePleistmne) (Pautot and 
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Fig. 1.  Regional setting and general bathymetry of the Tuamotu Marquesas islands in the central south Pacific ocean: 
1. seismic ~rofiles 
2. principal directions of the near-bottom current, deduced from the observation of the erosional structures 
3. piston core 



Dupont, 1974). The region studied is situated 
between the Tuamotu Archipelago and the 
Marquesas Islands (Fig. 1). This zone has 
been the subject of detailed bathymetric and 
structural research (Monti and Pautot, 1974; 
Pautot and Dupont, 1974; Pautot, 1975). 

The course of the Antarctic Bottom 
Current in the South Pacific has been 
described, at least partially, by Wooster and 
Volkman (1960), and more recently by 
Hollister et al. (1974). The Antarctic Bottom 
Current enters the Pacific south of Tasmania, 
at the latitude level of the Pacific ridge, and 
flows in fracture zones through channels or 
basins at a depth greater than 4,000 m. From 
the Tonga-Kermadec trench, it flows into the 
Samoan Basin and then into the North 
Pacific through the Samoan Passage. 
Nevertheless all the Antarctic Bottom Water 
reaching the Samoan Basin do not flow 
through the Samoan Passage. A second 
passage exists. It was brought to light on the 
new bathymetric chart by Mammerickx et al. 
(1974) and named the Aitutaki Passage 
(Pautot and Melguen, 1975). 

It seems that the Antarctic Bottom Water 
masses flowing through the Aitutaki Passage 
reach the Tuamotu-Marquesas zone. In 
effect, some hydrological measurements 
taken during the Transpac 1 cruise suggest 
the presenœ of a bottom current along the 
north flank of the Touamotou Archipelago. 
The Antarctic Bottom Current flows towards 
the east along Marquesas fracture zone 
(Pautot and Dupont, 1974), and reaches the 
Tiki Basin where it is probably stopped by the 
ridge. The Antarctic Bottom Water then 
flows towards the NW, overflowing into the 
Tapu Basin (Fig. 1). 

II. Antarctic Bottom Current, erosional 
structures and sedimentary Hiatuses 

The evidence given of the Antarctic 
Bottom Current flowing along the north flank 
of the Touamotou Archipelago explains the 
presenœ of erosional structures (for 
example: channel of erosion, Fig. 2,1 and II) 
and of sedimentary hiatuses (for example: 
core KS 13, Fig. 2, III). The cores sampled a 
water depth of about 4,200 m. in the basins 

bordering the volcanic reliefs (Fig. 2,I) show 
a superposition of greatly differing facies and 
a stratigraphic gap (for example: sample KS 
13, Fig. 2, III). At the top of the cores a few 
crns. of chocolate-brown mud ("Red clay" or 
mud) is Quaternary in age. Below this and 
separated by a very sharp contact is a white 
Upper Oligocene calcareous ooze. 

The origin of this sedimentary hiatus, with 
a stratigraphic gap of almost 30 million years, 
has been discussed in detail (Pautot and 
Melguen, 1975). The Antarctic Bottom 
Current appears to be the major factor 
controlling the presenœ of this gap, by its 
influence on the "abyssal fractionation" of 
carbonates (Berger, 1970: Berger and 
Winterer, 1974) and on sediment erosion. 
The upper limit of the Antarctic Bottom 
Current corresponds, in the South Atlantic 
(Melguen and Thiede, 1974) as in 
the Pacific (Berger, 1974), with the water 
depth of the calcite lysocline. Towards 4,000- 
4,200 m. water depth, calcarmus sediments 
and more particularly planktonic foraminifera 
are subject to a drastic increase in the degree 
of dissolution. Because of its relationship with 
the presence of the Antarctic Bottom Water 
masses, this water depth (4,000-4,200 m.) is 
also called "hydrographic lysocline" (Berger, 
1974). The passage along the core KS 13 
(Fig. 2) from a white calcareous ooze to a 
brown mud much poorer in carbonate reflects 
a great fluctuation of the hydrographic 
lysocline at the end of the Oligocene. 
Furthermore, it seems that the fluctuations 
of the lysocline (during Oligoœne, upper 
Miocene, Plioœne, and Quaternary) (Berger, 
1973, 1974)is liiked to the pulsations of the 
Antarctic Bottom Water masses during the 
major Cenozoic glaciations (Watkins and 
Kennett, 1971; Weisell and Hayes, 1972). In 
effect, at the end of the Cenozoic, the 
intensity of the Antarctic Bottom Current 
fluctuated in response to worldwide climatic 
variations and particularly to the major 
oscillations of glacial and interglacial periods 
(Hayes et al., 1969; Kennett, 1970). The 
corrosive flow of the Antarctic Bottom 
Current has played a role of primary 
importance in the presence of sequences of 
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Fig. 2. Example of an erosional charnel, cut through sedimentary strata by a near-bottom current, flowing in the 
Marquesas fracture zone. We suggest that the current corresponds to a branch of the Antarctic Bottom Current. Note 
the obvious asymmetry of both flanks of the channel and the location of core KS 13. 

very low sedimentation rates (< 2 m./m.y., Oligocene, upper-Middle Miocene and 
i.e. less than the normal sedimentation rate Pliocene hiatuses were brought to light 
of abyssal clay) and of sedimentary hiatuses. (Hayes et al., 1973; Melguen and Thiede, 
The same observations were made in the 1974b; Perch-Nielsen et al., 1975). The 
South-west Atlantic, where Eocene, localisation of these hiatuses in the oceans is 



of primary importance for the reconstruction 
of the palaeocirculation of the deep water 
masses and, consequently, for the exploration 
of polymetallic nodules. 

III. Antarctic Bottom Current, sedimentary 
hiatuses and polymetallic nodules 

The analysis of results (put at Our disposa1 
by Our colleagues from the Nodules Project) 
from the nodules-prospecting cruises in the 
South Pacific leads to the following 
observations: 

(i) the oœan floor situated at depths less 
than 4,000 m. is poor in nodules and the 
nodules encountered there are economically 
uninteresting. 

(ii) the ocean floor rich in economically 
interesting nodules is found at water depths 
greater than 4,000 m. (for example: the Tiki 
and Tapu Basins), that is, below the 
hydrographic lysocline, which itself, as 
previously indicated, marks the upper limit of 
the Antarctic Bottom Water masses, and also 
coincides with the distribution of 
sedimentary hiatuses. Similar observations 
have been made in the South Atlantic in the 
Vema Channel, where indurated beds rich in 
manganese nodules have been encountered. 
They are present in the zone of the Antarctic 
Bottom Current passage, at a depth of more 
than 4,200 m. They are associated with non- 
calcareous sedimentary facies (abyssal clay or 
"red clay" showing at least locally a Miocene- 
Lower Pleistocene sedimentary hiatus 
(Melguen and Thiede, 1947a, 1947b; Pautot 
and Melguen, 1975). 

If, however, the present hydrographic 
lysocline delimits potentially rich zones of 
polymetallic nodules on the ocean floor, it is 
important to note that it has varied during 
the geological periods, correlating to the 
pulsations of Antarctic Water masses. Thus, 
in the Vema Channel, for example, it has 
undergone fluctuations in depth of 800 m. or 
more in the Miocene and Pleistocene 
(Melguen and Thiede, 1975). Therefore al1 
polymetallic nodules exploration must take 
into account not only the present depth, but 
also the palaeo-depths of the hydrographic 
lysocline and the palmbathymetry of the 

considered ooeanic region: palaeebathymetry 
depending notably on the relative mobility of 
ocean plates, on subsidenœ, on tectonics, on 
major oceanic transgressions and regressions. 

IV. Proposa1 for a "model" of formation and 
distribution of polymetallic nodules rich in 
nickel and copper 

It is well known at present that 
polymetallic nodules form around a nucleus 
consisting of volcanic debris, of indurated 
clay, of fish teeth or of any other organic or 
inorganic debris exposed on a well- 
oxygenated sea floor with a low sedi- 
mentation rate (deep basins far away from 
continents) and situated near active volcanic 
mnes (mid-oceanic ridge, volcanic chains) . 
The bottom topography also controls the 
nature and the distribution of nodules 
(Menard, 1964; Barnes, 1967; Friedrich and 
Pluger, 1974) i.e. nodules rich in nickel and 
copper are concentrated in the basins, while 
nodules rich in cobalt are more frequent in 
higher regions. In spite of considerable 
number of dating studies undertaken on 
manganese nodules (isotopes, potassium- 
argon, biostratigraphy of nuclei of organic 
origin), the rate of formation of the nodules 
seems to remain an open question. Therefore 
no discussion on the subject is presented in 
this article. A particular emphasis is put on 
the episodic character of the nodules 
formation. 

The cortex of manganese nodules, 
consisting of rings of growth, strongly 
suggests an episodic formation. Conse- 
quently, this reflects the presence of episodic 
factors in the environment of formation of 
the manganese nodules, factors such as 
volcanism and bottom currents. The 
proposed model (Fig. 3) is very largely based 
on these two factors. 

The role of volcanic activity in the genesis 
of nodules was first studied at the level of the 
axis of the East-Pacific Rise (Transpac 
cruise): a zone where transition metals can 
be released in an ionic state in the sea water. 
But in the samples taken in the immediate 
proximity of the emissive zones of the ridge, 
we have found only fragments of 



manganese-rich crust. Furthermore, it seems 
that enrichment in nickel and copper must be 
looked for, not along the axis of an 
oceanic ridge but, above all, in the 
neighbourhood of the fracture zones cutting 
across this ridge. In the fracture zones, in 
effect, the bottom water is enriched in 
transition elements (enrichment confirmed 
by the results of the Geosecs programme). 
The enrichment of the water comes about 
either by weathering of outcropping ultrabasic 
rocks or from hydrothermal sources. 
At the outlet of the fracture zones the flow of 
water enriched in metallic ions meets the 
cold bottom current. Low temperatures and 
an oxygenated environment are favourable to 
the precipitation of metallic ions and the 
crystallisation of solid phases. Nickel and 
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copper can not only be transported in an ionic 
state but also be fixed on biogenic fragments, 
organic matter or shells. The fixation of these 
metals on calcareous micro-organisms 
certainly plays an important role in the 
genesis of nodules. In the abyssal depths, at 
the level of the hydrographic lysocline, cal- 
careous organisms, abruptly dissolved by cor- 
rosive cold water masses, free metallic ions, 
which precipitate on a substrate: a fragment 
of volcanic rock, erratic rock fragment or 
indurated argile. The precipitation of 
transition metals seems to take place 
preferably between the hydrographic 
lysocline and the carbonate compensation 
depth or approximately between 4,100 and 
5,000 m. At greater water depths, their 
amounts diminish. The enrichment of 
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Fig. 3. Model proposed as "guide" for future exploration of nickel and copper rich manganese nodules. This mode1 is a 
tentative synthesis of the primary factors interfering in the polymetallic nodules distribution. 



nodules in nickel and copper is a function not 
only of the availability of metallic ions in the 
water and their rate of precipitation but also 
of the rate of precipitation of the manganese. 
In a well oxygenated environment (i.e. zones 
with local acceleration of a bottom current: 
channels, base of a great depth), the 
precipitation of manganese is rapid and the 
dilution of transition metals by the 
manganese is important. Consequently, the 
manganese nodules which are the richest in 
nickel and copper are found on sea floor 
swept by bottom currents but more in zones 
of deceleration (and therefore less 
oxygenated) then in those of acceleration of 
these currents. The example of the Tiki and 
Tapu basins is significant. 

CONCLUSIONS 
From the evidence presented on the study 

of a bottom current and its relationship with 
the sedimentary environment surrounding it 
and the distribution of polymetallic nodules, 
we are trying to establish the importance in 
the genesis of polymetallic nodules of 
currents and bottom palaeocurrents, of 
fluctuations in the hydrographic lysocline, of 
the distribution of zones of volcanic activity 
and of oceanic fracture zones. In integrating 
previously known criteria with these 
deductions from Our observations in the 
South Pacific, we propose (Fig. 3) a mode1 of 
formation and distribution of "nickel- and 
copper-rich nodules", that is to say of nodules 
of economic interest. In brief, in the South 
Pacific, a field of "nickel- and copper-rich 
nodules" will be found: 

(i) far from continents (in order to avoid 
dilution of metallic ions by a too rapid 
rate of sedimentation); 

(ii) in an area with a thin sedimentary 
cover (showing the absence of 
rewcrking of sediments, and of 
turbidity curren ts); 

(iii) in the proximity of an active oceanic 
ridge, cut by fracture zones (a source 
of metallic ions and a circulation area 
for waters enriched in metals towards 
the abyssal depths); 

(iv) not far from active volcanic relief (a 
source of metallic ions and of nuclei * 

of cr ystallisation) ; 
(v) on the course of bottom currents, but 

even more in a zone of deceleration 
of these currents (a zone sufficiently 
oxygenated to allow the precipitation 
of nickel and copper, but not 
favourable to a too rapid precipitation 
of manganese) ; 

(vi) at a greater depth than that of the 
hydrographic lysocline (4,100-4,200 
m., a zone of intensive dissolution of 
carbonates). 

In the context of nodule exploration, these 
criteria may serve as a "guide". This guide, 
however, must depend not only on 
knowledge of the present oceanic 
environment but also on that of the palaeo- 
environment: palaeobathymetry, palaeo- 
currents, and palaeolysocline. 

ACKNOWLEDGEMENTS 
We thank the crew of the CNEXO 

"Nodules Project" for kindly giving us access 
to their cruise results. We also thank those of 
the geophysical-geological department of 
C.O.B. who helped us, whether in the course 
of discussions or in putting their talents as 
draughtsmen at Our disposal. This paper was 
originally presented at the 9th International 
Congress of Sedimentology, Nice, 1975. 

REFERENCES 
ANDREWS, J. 1974: Recent investigations of the an Sedimenten aus dem zentralen Pazifischen Ozean. 

geological setting of manganese nodule deposiîs and Meerestechnik Mar. Technol. 5(6): 192-8. 
new approaches to the problem. IIe Colloque BERGER, W. H .  1970: Planktonic Foraminifera: 
International sur IEaploitation des Oceans, Bordeaux, selective solution and the lysocline. Mar. Geol. 8: 11 1- 
Octobre 19 74. 38. 

BARNES, S. S. 1967: Minor element composition of BERGER, W. H. 1974: Deep-sea sedimentation. In 
ferromanganese nodules. Sci., N. Y. 15 7: 63-5. Burke and Drake (Eds.), The Geology of Continental 

BEIERDORF. H. and WOLFART, F. 1974: Margins. Springer-Verlag, Stuttgart. p. 213-41. 
Sedimentolagisch-biostratigraphische Untersuchungen BERGER, W. H. 1974: Deep-sea sedimentation Pp. 213- 



41 in Burk, C. A. and Drake, C. L. (Eds) 'The Geology 
of Continental Margins.' Springer-Verlag, New York. 
1009 pp. 

BERGER, W. H. and WINTERER, E. L. 1974: Plate 
stratigraphy and the fluctuating carbonate line. Spec. 
Publs Int. Ass. Sediment. 1: 11-48. 

BRAMLETTE, M. N. 1961: Pelagic sediments. Publ. 
Am. Assoc. Aàv. Sci. 67: 345-90. 

FRIEDRICH, G. and PLUGER, W. 1974: Die 
Verteilung von Mangan, Eisen, Kobalt, Nickel, Kupfer 
und Zink in Manganknollen , verschiedener Felder. 
Meerestechnik Mar. Technol. 5(6): 203-6. 

GLASBY, G. P. 1972: Manganese deposits in the 
Southwest Pacific. Hawaii Inst. Geophys. Rep. HIC- 
72-23: 59-82. 

GLASBY, G. P., 1973a: The rôle of submarine 
volcanism in controlling the genesis of marine 
rnanganese nodules. Oceanogr. Mar. Biol. Ann. Rev. 
11: 27-44. 

GLASBY, G. P. 1973b: Manganese deposits of variable 
composition from North of the Indian-Antarctic 
Ridge. Nature Phys. Sci. 242: 106-8. 

GLASBY, G. P., BXCKER, H. MEYLAN, M. A., 
McDOUGALL, J. C. and SINGLETON, R. J. 1974: 
Extensive manganese nodule province discovered in 
the southwest Pacific near New Zealand. 
Meerestechnik Mar. Technol. 5(5): 145-7. 

HAYES, D. E., FRAKES, L. A., BARREïT, P. BURNS, 
D. A., CHEN, P-H, FORD, A. B.. KANEPS, A. G., 
KEMP, E. M., McCOLLUM, D. W. PIPER, D. J. W., 
WALL, R. E. and WEBB, P. N. 1973: Leg 28 deepsea 
drilling in the southem ocean. Geotimes 18(6): 19-24. 

HAYS, J. D., SAITO, T., OPDYKE, N. D. and 
BURCKLE, L. H., 1969: Pliocene-Pleistocene 
sediments of the Equatonal Pacific: their 
palwmagnetic biostratigraphic and climatic record. 
Bull. geol. Soc. Am. 80: 1481-514. 

HAYS, J. D., COOK, H. E., JENKYNS, D. G., COOK, 
F. M., FULLER, J. T., GOLL, R. M., MILOW, E. D. 
and ORR, W. N., 1972: Initial Reports of the Deep Sea 
Drilling Project, vol 9. U.S. Govt. Print. Office, 
Washington, D.C. p. 1-205. 

HOLLISTER, C. D., JOHNSON, D. A. and 
LONSDALE, P. F. 1974: Current controlled abyssal 
sedimentation Samoan Passage. Equatorial West 
Pacific. J. Geol. 82: 275-300. 

HORN, D. R., HORN, B. M. and DELACH, M. N. 
1972: Ferromanganese deposits of the North Pacific. 
Tech. Rep. OfJ int. Decade Ocean Explor. 1: 78 pp. 

JOHNSON, D. A. and JOHNSON, T. C. 1970: Sediment 
redistribution by bottom currents in the central Pacific. 
Deep-Seo Res. 17: 157-69. 

JOHNSON, D. A. 1972: Eastward-flowing bottorn 
currents along the Clipperton Fracture Zone. Deep-Sea 
Res. 19: 253-7. 

KENNE'IT, J. P. 1970: Pleistocene paleoclimate and 
foraminiferal biostratigraphy in subantarctic deepsea 
wres. Deep-Sea Res. 1 7: 125 -40. 

MAMMERICKX. J., ANDERSON, R. N., MENARD, 
H. W. and SMITH, S. M. 1974: Morphology and 
tectonic evolution of the East Central Pacific. (In 
press). 

MELGUEN, M. and THIEDE, J. 1974a: Facies 
distribution and dissolution depths of surface sediment 
components from the Vema Channel and the Rio 
Grande Rise (southwest Atlantic Ocean). Mar. Geol. 
17: 341-53. 

MELGUEN, M. and THIEDE, J. 1974b: Dissolution 
depths of Cenozoic planktonic sediments from the 
Vema Channel and the Rio Grande Rise (Southwest 
Atlantic ocean). In: Symposium "Marine Plankton and 
Sediments and Third Planktonic Conference", Kiel. 
Septernber 1974. 

MELGUEN, M. and THIEDE, J. 1975: Influence des 
courants profonds au large du Brésil sur la distribution 
des facib sédimentaires récents. IX Congrès 
international de Skdimentologie, Nice 1975, Thème 8, 
pp. 51-6. 

MENARD, H. W. 1964: Manne Geology of the Pacific. 
McGraw-Hill, New York. 271 pp. 

MERO, J. L. 1965: The Mineral Resources of the Sea 
Elsevier, Amsterdam. 312 p. 

MONTI, S. and PAUTOT, G. 1974: Cinq cartes 
bathymdtriques au 111 000 000e: Tahiti, Raroia, 
Marquises, Hao, Murwoa Cartes &tées par le 
CNEXO, 39, av. d'Iéna, 75016 Paris. 

MOORE, T. C. 1970: Abyssal hills in the central 
equatorial Pacik: sedimentation and stratigraphy. 
Deep-Sea Res. 17: 573-93. 

PAUTOT, G. and MELGUEN, M. 1975: Sedimentary 
hiatus and Antarctic Bottom Current in the South 
Central Pacific Ocean (Touamotou). Deep-Sea Res. 
(In press). 

PAUTOT, G. 1975: Tuamotu archipelago and adjacent 
areas: hot spot or not? Bull. geol. Soc. Am. (ln press). 

PAUTOT, G. and DUPONT, J. 1974: La zone de 
fracture des Marquises. C. R. Acad. Sci, Paris 279D: 
1519-21. 

PERCH-NIELSEN, K. SUPKO, P., BOERSMAN, A., 
BONA'ITI, E., CARLSON, R. L., DINKELMAN, 
M. G., FODOR, R., KUMAR, N., McCOY, F., 
NEPROCHNOV, Y. P., THIEDE, J. and 
ZIMMERMAN, H. 1975: Leg 39 examines facies 
changes in South Atlantic. Geotimes 20(3): 26-8. 

RIEDEL. W. R. and FUNNELL, B. M. 1964: Tertiary 
sediment cores and rnicrofossils from the Pacific ocean 
flmr. Quart. JI geol. Soc. Lond. 120: 305-68. 

TRACEY, J. I., SUïTON, G. H., NESTEROFF, W. D., 
GALEHOUSE, J., VON DER BORCH, C. C., 
MOORE, T., LIPPS, J., BILAL UL HAQ, U. Z. and 
BECKMANN, J. P., 1971: Initial Reports of the Deep 
Sea Drilling Project, vol. 8. U.S. Govemment Printing 
Office, Washington, D.C. pp. 61-709. 

WATKINS, W. D. and KENNETT, J. P. 1971: 
Antarctic Bottom Water: major change in velocity 
during the late Cenozoic between Australia and 
Antarctica. Sci., NY. 173: 813-8. 

WEISSEL, J. K. and HAYES, D. E. 1972: Magnetic 
anomalies in the Southeast Indian Ocean. Antarctic 
Res. Ser. 1% 165-96. 

WOOSTER, W. S. and VOLKMANN, G. H. 1960: 
Indications of Deep Pacific circulation from the 
distribution of properties at five Nlometres. J. Geophys. 
Res. 65: 1239-49. 


