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X. REGIONAL AND LOCAL VARIATIONS OF MANGANESE
NODULE DEPOSITS IN THE SOUTHERN PART OF
THE CENTRAL PACIFIC BASIN (GH82-4 AREA)

Akira Usui

Introduction

Variations of manganese nodule deposits in abundance, coverage, morphology,
chemistry, and mineralogy have been reported on various scales; from hundred meters
(Andrews and Friedrich, 1979; Halbach and Ozkara, 1979) to thousand kilometers
(Mckelvey er al., 1983). During the GH82-4 cruise conducted by Geological Survey of
Japan (GSJ), regional and local variations of nodule deposits were investigated in the
southern part of the Central Pacific Basin and in a small detailed survey area.
Although this area may not be considered as a possible prime mining area, a small-
scale geological mapping of manganese nodule field is significant in understanding
genesis of manganese nodules and mineral exploration. GH82-4 area is the third
model site of our program (1979 to 1983) on the Wake-Tahiti Transect (Fig. X-1). The
objective of this survey is to characterize the regional and local variation patterns of
manganese nodule facies and to relate them to sedimentary conditions.

Methods

Reconnaissances seismic survey and sampling were done during the first leg of the
cruise using free-fall grabs at 49 stations. Station intervals are about 10 nautical miles
(approximately 18 km). During the second leg, nodule and sediment sampling were car-
ried out in the detailed survey area located in the eastern part of the regional survey
area by using free-fall grab, piston corers, box corers and dredges. The shortest sta-
tion interval in the detailed survey area is around one kilometer which is nearly equal
to the maximum ship positioning error at that time. Methods of sampling, sea-bed
photography, and on-board description employed are same as those during the cruises
GHB80-5 (Usui and Nakao, 1984) and GH81-4 (Usui, 1986; Usui et al., 1987).

Survey areas

The GHB82-4 area (0°20’'N-2°40'S, 165°40'W-169°00'W) is located at the
equatorial zone of the Central Pacific Basin. This area is terminated to the north by the
Nova-Canton Trough and is located about three hundred kilometers to the north of
the Manihiki Plateau. The area may be divided into following three topographic pro-
vinces: steep ridges and depressions of the Nova-Canton Trough, western flat basins,
and eastern rugged abyssal hill area. The topographic lineation is nearly parallel to the
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Fig. X-1 Location map of survey areas of GH82-4 cruise and earlier study areas by GSJ. Base map
modified from Chase er al. (1977) published by Scripps Institution of Oceanography. Contours
denote 2000 and 2600 fathoms.
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axis of the trough in the western part but normal to the axis in the eastern part
(Tanahashi, chapter IV of this volume). Most of the GH82-4 area is covered with sur-
face siliceous ooze or clay, though older consolidated sediments or basement rocks are
in places exposed in the vicinity of the trough. Topographic highs of which water
depth is less than 5000 meters are covered with calcareous surface sediment in the
regional and detailed survey areas (Nishimura and lkehara, chapter VI of this volume).
This area includes earlier sampling Stations 1605, 1606, 1630, and 1631 along the
Wake-Tahiti Transect of the GH80-1 cruise (Usui, 1983), where a local variation of
nodule facies has been suggested. The detailed survey area (0°45'S-1°05'S,
166°05'W-166°30'W) was selected in the eastern part of the GH82-4 area. This area in-
cludes two seamounts at the northwestern corner and in the southern part. Small
basins and abyssal hills are present in the middle and eastern parts. The maximum
elevation from the basins is around 1700 m. Short-scale sampling were made along
twelve lines combining two known sample stations at 5-mile intervals (Fig. X-2).
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Fig. X-2 Topography and sample location of the detailed survey area. Each combined line shows a set of
small-scale sampling by free-fall grabs.
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Acoustic and bathymetrical survey was carried out at 6 to 30-mile intervals during
the regional survey and at 2.5 to 5-mile intervals in the detailed survey area. Seismic
profile records reveal that the structure is considerably variable within the GH82-4
area. The uppermost transparent layers are widely distributed in this area. They may
be correlated to the Unit 1 consisting of acoustic transparent layers defined in the nor-
thern Central Pacific Basin and can be correlated to siliceous oozes and clays from the
Oligocene to the Recent (Tamaki et a/., 1977). Acoustic basement is locally exposed at
steep flanks of abyssal hills and near the Trough, some of which may be identifiable as
outcrop of basaltic basement (Tanahashi, chapter IV of this volume).

Nodule occurrence and morphology

Among 177 sampling operations, 119 samplers (98 free-fall grabs, 11 box cores, 8
piston cores, and 2 dredges) recovered manganese nodules from the sea bed. Occur-
rence of nodules on sediment surface were viewed by one-shot cameras fixed to free-
fall grabs or box corers, and observed at recovered box cores on deck. Nodule abun-
dance, sea-floor coverage ratio, external morphology, sea-bed occurrence, and other
on-board data are listed in Appendix X-1 and X-2.

The criteria for on-board nodule description established during previous GSJ
cruises in the northern Central Pacific Basin (Moritani ef al., 1977) was adopted again
and proved available in describing GH82-4 nodules. Nodules were classified according
to surface structure into type s (smooth surface nodules), type r (rough surface
nodules), and type s.r (nodules of intermediate surface feature). Intermediate feature
is due to recent change in depositional environment as revealed by microscopical study
of polished cross sections (Usui, chapter XII of this volume). As very few nodules
from this area are of different surface structure between top side (in contact with sea
water) and bottom side (with sediments) sides on the sea floor, most nodules were
classified into one of three morphological types.

Sea-bed photographs and on-site observation of box core surface show a marked-
ly different occurrences with nodule type. Typical rough surface nodules (type r) are
commonly buried within top siliceous sediments at several centimeters depths. For in-
stance, at Stations FG492 and FG516, many nodules of Sr and Dr (abundance: 5.1,
7.5 kg/m?, respectively) were collected in spite of no visible nodule on sea-bed
photographs (coverage=0 %). On the other hand, type-s nodules on the sea floor are
usually exposed to sea water, and are always visible on sea-bed photographs (e.g.,
FG459, FG488). Figure X-3 showing the relationship between nodule abundance and
coverage well demonstrates buried feature of type-r nodules.

Frequency distribution of abundance (Fig. X-4) and size (Fig. X-5) demonstrate
that each type has characteristic ranges. The size of type r is relatively small ranging
from less than 0.5 cm to 2.5 cm, and the abundance quite variable. The shape is mostly
spherical or discoidal, and mononucleated nodules are dominant.The size of type s is
relatively large; the maximum diameter greater than 2 cm. Their abundance is rela-
tively great. The shape is various, and polynucleated feature is dominant. Intermediate
type generally has intermediate features between type s and type r in terms of sea-bed
occurrence, size, and abundance.

These tendency of sea-bed occurrence and physical characteristics of manganese
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Fig. X-5 Frequency distribution of nodule diameter. Nodule long axis is represented by median values of
the longest diameters in each station. Frequency is shown in numbers of station of nodule occur-
rence.

of the GH82-4 area is generally common to those found in the northern Central
Pacific Basin during our previous cruises (Moritani et a/., 1977; Usui, 1983; Usui et al.,
1987). Table X-1 summarizes characteristics of the two types taking previous results
into account.

Regional and local variations of manganese nodule facies

It was found during the GH80-1 research cruise on the Wake-Tahiti Transect
(4000 km long) that nodule morphology varies from type s to type r in accordance with
four geologic provinces in the Central Pacific Basin. This regional variation of nodule
type is determined by nodule mineralogy resulting in different nodule growth structure
and compositions (Usui and Mochizuki, 1982). In the GH82-4 area a great regional
variation of nodule type was again found on a scale of hundred kilometers during
regional survey and on a scale of several kilometers during detailed survey.

Regional variation in the GH82-4 survey area

A regional pattern of variation of manganese nodule facies (Fig. X-6) shows that
nodules are most abundant in the eastern abyssal hill area of rolled topography. The
abundance often exceeds 10 kg/m?, while their morphology (type s, typer, in-
termediate) is variable. In contrast, only type-r nodules are distributed in the western
flat basin area with very low abundance. The southern ridge of the Nova Canton
Trough yields local great abundance of type s and manganese crusts associated with
thin calcareous clay sediment and basement hard rocks.
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This regional distribution patterns appear to be generally related to three general
topographic provinces. Abundant nodule deposits in the east are related to slow
sedimentation in basin areas, and a local high abundance is similarly related to no
sedimentation or erosion in topographic highs. Very flat abyssal plain in the west in-
fluenced by calcareous turbidite deposits derived ambient island chain may have
prevented nodules to grow.

Local variation in the detailed survey area

The detailed survey area seems the most abundant nodule field in the GH82-4
area. The grid survey and sampling at 5-mile intervals and short scale sampling at 1-
mile interval suggest abundant but variable nodule distribution on a kilometer scale
within this small area (Fig. X-7). No or scarce nodules are distributed on the top and
flank of two seamounts which elevate above CCD. Nodules are scarce in the the
southeastern basins where uppermost transparent layer is thick. Abundant nodule
deposits (ranging from 5 to 30 kg/m?) are related to rolled topography irrespective of
variable morphological type. It appears in general that the distribution of s-type
nodules is related to slightly elevated topography and that of r-type nodules to small
basins. However, this relationship is not always applied exceptionally around the nor-
theastern height,where type r and intermediate nodules are abundant but type s is
distributed in the southern scarped slopes. The different pattern of local variation is
very similar to that found around the small abyssal hills in the GH81-4 survey area
(centered at 3°00°N, 169°30’'W, Usui et a/., 1987). The pattern of variation in the de-
tailed survey area suggests that variation in nodule abundance and morphology are not
simply controlled by water depth or topography in this area. The variation may be
more closely related to sedimentary history during the Neogene and Quaternary
Periods, as pointed out during our previous detailed surveys in the Central Pacific
Basin (Mizuno et al., 1980; Usui et al., 1987). The relationship between nodule facies
and acoustic stratigraphy is in further details discussed in chapter XI (Usui and
Tanahashi, this volume).

Buried nodules

Nine sediment cores contained buried nodules within siliceous clay and ooze (Ap-
pendix X-3). They are considered to have been rested on then sea bed and later
overlain by younger sediments. Four box cores (B75, B79, B80, B84) and five piston
cores (P342, P349, P350, P353, P355) contain manganese nodules at various depths
below sea floor.

The nodules from four box cores are similar in diameter, shape, and depth below
the sea floor. The distances between locations are within several kilometers. It would
be possible that these nodules are correlated to each other in time (Nishimura and
Ikehara, chapter XI of this volume), though stratigraphic investigations of associated
sediments are needed in further details.

Nodules from four piston cores are less abundant and much smaller in size. The
depths of occurrence are variable. It appears that these nodules occur at upper
horizons than the boundary between the upper siliceous clay and the lower siliceous
ooze. Nishimura and Ikehara (chapter VI, this volume) stated that the boundary
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represents the hiatus caused by the strengthened current originated from the Antarctic
Bottom Waters in the early-middle Miocene to the early Pleistocene.

Summary

Reconnaissance and small-scale nodule sampling and observation with sea-bed
photographs have shown a general pattern of variation of nodule facies in the south of
the Nova-Canton Trough, equatorial Central Pacific Basin. Nodules are most abun-
dant in the eastern rolled abyssal hill area but scarce in the western flat basin area.

The criteria of morphological classification of nodules previously established in
the northern Central Pacific Basin proved applicable to nodules of this area. The types
s and r have characteristic morphology and sea-bed occurrences, in spite of their great
areal distributions.

Nodule abundance, morphology, and occurrence are variable on the scale of
several kilometers in the detailed survey area. Abundant nodule deposits are apparent-
ly related to rolled topography of the sea floor with thin transparent layers, and flat
basins where calcareous turbidite is dominant yield scarce nodules. On the other hand,
nodule morphology (surface structure) is much more variable within rolled
topography areas, although nodule abundance is fairly constant. The mode of varia-
tion of nodule morphology seems to be very weakly related to water depth,
topography, or sediment type. Sedimentary history of the nodule field may be most im-
portant factor controlling nodule morphological type.
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REGIONAL SURVEY

3246 FG424 3248 FG426-1

0.0 kg/m?

0% - 4,0 xg/m* 1 % IDs,Fs,Is

16,0 kg/m?

3247 FGA425

—_ SPS N ISPS ’ TS

Appendix X-2

Sea-bed occurrence and morphology of manganese nodules. Each title includes station and
sample numbers (in first row) and abundance, sea-floor coverage, and morphological type
(in second row). Data with ( ) may be doubtful. Diameter of trigger weight in sea-bed
photos is approximately 10 cm. Scale mesh and bar with nodule samples: 25 mm. Width of
box core surface: 40 cm.
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3248 FG426-2
3.4 kg/m® 1z

IDs,Is

3249 FG42/
0.0 kg/m? 0 %

25mm

3251 FG42Z8

5.7 kg/m® IDs, IDPs, Ts,Fs

3248 P336

1Ds

Appendix X-2 (continued)
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3252 FG4Z8 3254 FG431

0.0 kg/m® - - 0.4 kg/m® 1 % IDs,DPs

3253 FG430
0.0 kg/m®> 0 % Vs

3253 B71 3255 rud32
0.0 kg/m* 0z Vs 0.0 kg/m* 0z -

3256 FG433
0.0 kg/m? - -

Appendix X-2 (continued)



3257 FG434
0.0 kg/m? O*Z -

3755 FGA3S

1.5 kg/m? - IDs, DPs

3258 FG436

3260 FGA3/

0.0 kg/m* 02z (Sr)

3261 FG438
0.0 kg/m* 02 -

<

Appendix X-2 (continued)
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3262 FG438 3265 FG442
0.0 kg/m? - - 0.0 kg/m* 0z (Sy)

3262 P337

- IDsv

3263 FG440
0.0 kg/m* 0 v -

3265 P338

3266 FG443
0.0 kg/m* 02 -

3264 FG441
0.0 kg/m* 0% -

Appendix X-2 (continued)
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3267 FG444 3268 FG445

15.8 kg/m* 15 % IDs, IDPs,Ts,Fs 0.4 kg/m* 0 z Ds,IDPs,Fs

3269 FG446
0.0 kg/m* Q0 2z -

3270 FG447
0.0 kg/m? - =

Appendix X-2 (continued)
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23271 FGA4B ’ 3272 FG449
0.0 kg/m®2 0z - 0.0 kg/m? Q0 2z -

3271 B72 3273 FG450
0.0 kg/m* 0% - 0.0 kg/m? 0% -

3274 FGAS1
0.0 kg/m* 0 7 (Ir)

box core surface-

Appendix X-2 (continued)
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3275 FGAS2 3277 FG454
2.3 kg/mz 1% IDS.TS.IS 3.5 kg/m2 - Sy

en—

3276 FGAS3
0.1 kg/m? 0% Ir,S5¢

Appendix X-2 (continued)
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3278 FG456 3282 FG459
_ 0.0 kg/m* - Sr Ir 18.6 kg/m* 50 % IDs, IDPs

S o #
A

- | %

3280 FG457
0.0 kg/m? 0 x

Ve, Sr

3281 FGA4S8
0.0 kg/m* 0% - |

Appendix X-2 (continued)
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3283 FG460 3283 B73
0.0 kg/m% 0 % Sr,Vr 0.0 kg/m? O 2z Vr

box core surface

Appendix X-2 (continued)
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3284 FGa6Bl 3285 FG462
8.3 kg/m® 3 % IDsr,DPsr 0.0 kg/m*

3286 FG463
0.0 kg/m? 02 -

Appendix X-2 (continued)
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3287 FGAB4 3288 FG465S
18.8 kg/m* 30 z  IDPs,DPs 0.0 kg/m*> 02z -

3288 P340

3289 FG466
0.0 kg/m? 0z -

3290 FG467
0.0 kg/m®> 0z -

Appendix X-2 (continued)
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3291 FG468 3294 FG4AZ1
._Q.U Kgim? Nz - 0.0 kg/m?* 0z -

€es0e0EREe0000000000000 s

2450003003000 0000 00000 a0Ec00RC0cRR00ORRORROORCIEBIROOTRSS

3295 FG472
0.4 kg/m* 0 % Sr

3282 FG463
0.0 kg/m? 02z -

3293 FG470
0.0 kg/m* 0O 2 -

000000000000000000000000000000000000 N N T IORIEIntaianiasstettteintotsssenssnsrsnccnannadstsss

Appendix X-2 (continued)
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DETAILED SURVEY

3296 FG473
0.0 kg/m? 0z -

3297 FG474
2.9 kg/m* 0 2z Sr

3298 FG475

0%

0.0 kg/m?

37298 FG476

7.1 kg/m?

0 x




3300 FG477 3300 B74
8.7 kg/m* 10 % SPs 11.2 kg/m* 8 z SPs

Appendix X-2 (continued)
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3301 FG478 3303 FG480
0.0 kg/m® O 7 (Yy} 30,3 kg/m* 40 v ISs_

G

3302 FG479
0.0 kg/m? - -

Appendix X-2 (continued)
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3304 FG481 3306 FG483

1.2 kg/m? 1« IDs 11.0 kg/m* 1 % [Ss,IDPs,Fs

3305 FG482
0.0 kg/m* 0z -

Appendix X-2 (continued)
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3307 FGA84 3308 F£G485
1.3 kg/m* 1 z IDPs.IDs,Igs 20.1 kg/m? 1S %z IDs,Fs

Appendix X-2 (continued)
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3309 FGA8B 3311 FG488
0.0 kg/m* - - 20.8 kg/m® 30 % ISs,IDs

3310 FG487
8.0 kg/m* S %

Appendix X-2 (continued)
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3312 FG489 3313 FG4S0
14.7 kg/m®> 5 % IDs,Ds, IDPs 9.5 kg/m? 15 % SPs,DPs

3312 P341
- - Ss,5Ps

o6 @

Appendix X-2 (continued)
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3314 FGASI 3315 P342
0.2 kg/m* 0O % Ss - - -

3316 FG493
0.2 kg/m* 0z ISs

3315 FG482
S.1 kg/m* 0z Sv

© ooe e
olo.:

Appendix X-2 (continued)
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3317 FG4%4 3318 FG495
4,3 kg/m? 0 % Dsy,DPsy 8.2 kg/m?* 2 2

IDPs, Ts

Appendix X-2 (continued)
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3319 D513

Appendix X-2 (continued)
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3320 FG496 3321 FG4SY
13.2 kg/m* 0 % IDs+,IDr 9,5 kg/m* 2 % Sr,SPr

Appendix X-2 (continued)
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3322 FG498 3323 FG499
4.4 kg/m* 1 % Sr 14.2 kg/m* S % ISPs,IDs

Appendix X-2 (continued)
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3324 B/S
6.3 kg/m? 0 %z IDv,Dr, IDPr,Sr

_ - IDT‘. IDPy , Dy buried at 15 em depth

Appendix X-2 (continued)
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REGIONAL SURVEY

1 !
I
o © 1 |
Q [ds]
%zm M 72m
N
(T o [o'n TN
£ B4
SR 2 =
730 3_ 30
N N N3

0z

0 kg/m?

0

0

3325 P343
3326 P344
3327 B76

00 0REE0Eee00000000000000000TacEanetiesssneeccttrtesioseoesosnoecsecsssessseeossosncncssssssonnitese

ssescesessccceress

box core surface

Appendix X-2 (continued)
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3331 FG501 3332 FG502
5.2 kg/m* 1 % 1Ds, IDPs 0.0 kg/m* 0z -

3337 P38

3333 B/8
0.1 kg/m* 0O % St

3331 P347
- - Ss,DPs

P

i 7= W aeyial box core surface

Appendix X-2 (continued)
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DETAILED SURVEY

[Dsx, St

0z

FGS04

1.4 kg/m?

3335

IDs, IDPs

25mir i

3334 FG503
13.5 kg/m? 30 %

P e e et e 0000 rrren0es000080000000000000000000000000000000000asttieerosssesseatsocsssreiscecesreceiossensstsessrscrcesscncncace

Appendix X-2 (continued)
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3336 FG505 3337 FGS506
12.8 kg/m® 10 #  Ssx,SPsr 6.0 kg/m* 3 % Ssr,SPsr

% 3338 FG507
0.0 kg/m® - -

3338 P349

‘“ ~® ‘ - - SPs,ISPs
aole e

Appendix X-2 (continued)
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3339 FG508 3340 FGS08

18.2 kg/n* 5 z IDPs,IDs 16.4 kg/m* - fragments

3341 FGS10
12,2 kg/m* ~ IDs

Appendix X-2 (continued)
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3342 FGS11 3343 B7/S
7.9 kg/m* 15 % [Ds, IDPs 16.1 kg/m?

-

S z IDs,IDPs

box cofe surface

2

Appendix X-2 (continued)
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3343 B/9X 3344 FGS512
8.6 kg/m®* - [Dr+s 7.9 kg/m?* - Sr, SPy

3345 FGS13

16.1 kg/m? -

Appendix X-2 (continued)
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3346 FGS14 3347 FGS15
9.6 kg/m* 2 % Ssr,SPst 0% S¢

Appendix X-2 (continued)
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3348 FG516 3349 FG517
7.2 kg/m* 0 7% Sr 0.6 kg/m* 2 % SPsx,ISsr

|
® & 3343 P350

- - Ssr

Appendix X-2 (continued)
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3350 FG518 3351 FG519
7.1 kg/m* 0 % SPs,Ss,ISPs 2.8 kg/m* 0 % Ssx

=

Appendix X-2 (continued)
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3352 FGS20 3353 FG521
4.0 kg/m® 25 7 _IDPs, IDs, ISP 0.5 kg/n® 0 % Sr,Dr, Vs

Appendix X-2 (continued)
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3354 FG522 3355 B8O
3,1 kg/m? 0 % Sr,Dr 10.9 kg/m? - 1DPs, ISPs, IDs

Appendix X-2 (continued)
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3355 BB0OX 3357 FG524
10.9 kg/m? - ISs, [Ds 14,3 kg/n? S % TS,IDS.TS%Y‘

buried at 12 cm depth

3356 FG523

0.0 kg/m? 0z (Se}
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3358 FG525 3359 FG526
4.0 kg/m®> S 7 Ts,IDs 10.0 kg/m? 2 %

[Ds,Ts, Ts+r
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3360 FG527 3361 FG528
4.9 xg/m* 0 z Sr, Dy 10,5 kg/m* 2 % Sv,Dr

e -

' /-4
P !

@ % @;

® @ T % |
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3362 FG529 3364 FG531
10,1 kg/m* S %z Ser,SPsr 11.6 kg/m* 2 7z ISs

3363 FGS30
0.0 kg/m? - -
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3365 FG532 3366 B8I

R 3 15 RS

19.8 kg/m® 5 7 1Ds,Ts,IDPs 10.1 kg/m* 7 % SPs,Ss
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3367 FGS33 3368 FGS34
14.4 kg/m® 40 z IDs, IDPs 0.0 kg/m? - -
. o : e, —_ - .
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3370 FG536 3373 FG539
: p.O kg/m? 9 L= - 1915 kg/m? S x IDs,IDPs

3371 FGS37
0.0 kg/m? 0z -

3372 FGS38
0.0 kg/m* 0z -

3372 P352
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3374 FG540 3375 FG541
6.5 kg/n*> B z IDs, IDPs
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3376 FG542 3377 FG543
18.3 kg/m* S 7 IDs,ISs, IDPs 2.3 kg/m* 0 % Isr,Fsr

3378 BB2
B.3 kg/m? 1 % Ssr,SPsrx,Dsr
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3379 FG544

6.0 kg/m? 5 x [Ss,IDs,Fs

v

25
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3380 FG545 3382 FG547
0.1 kg/m* 0 % Sr

| @ 3383 FG548
‘ \ ] 13,2 kg/m? S5 % SPs, ISPs

T

3381 FG546
1.9 kg/m* 2 2
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3383 P353 3385 FG550
- - IDs, IDPs, ISPs 0.0 kg/m* 0 2z (Is)

3384 FGS49
_13.8 ke/m® 2

3386 FG551
0.0 kg/m? 0 % Sy

Iy
@ Soeoe
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3387 FG552 3389 FGS53
.,1.1 kg/m?* 0 x 1.1 kg/m® & % (Te,Vr)

3390 FG554
1.0 kg/m? - Sr 0.7 kg/m® 0D 2% 5S¢
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3391 FGS555
0.0 kg/m* 0% (Vr)

N e

3392 FGS56
0.2 kg/m* 0 % V¢,8r

3393 FGS57

Se, Vv, Fy

0.1 kg/m* 0z

3384 P354

3395 FGS58
0.0 kg/m* 0 z
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3386 FG558

0.0 kg/m* 02 -

3387 FG560
0.3 kg/m®> 0 % Fs¢,Sr

3398 FG561
5.6 kg/m* 20 % ISs,IDs,Fs
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3399 B84
1

33399 B84X
3.8 kg/m? - IDPs, IDs buried at 16 cm depth
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3400 P355 3402 FGS62

—

_ _ IDs 1.2 xg/n* 2 % ISs,IDs
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Appendix X-3 Manganese nodules buried deep within piston cores and box cores. Lithological description
by Nishimura and Ikehara (chapter VI of this volume). Scale bar with nodules: 25 mm.
Depth of buried nodules shown with arrows in cm.
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