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Effect of Sediment-Water Interface ‘ Boundary layer’
on Exposure of Nodules and their Abundance :
A study from seabed. photos
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Abstract

The results obtained from seabed photos and boomerang grab samples reveal a
striking similarity in distribution patterns of size classes of polymetallic nodules. Due
to partial sediment cover, there is a ‘fractionation ’ effect on nodules, which affects
nodule abundance estimates based on photos. A model showing variable burial (or
exposure) depending upon the thickness of the Sediment-Water Interface Boundary
(SWIB) layer is presented. Standard relationships can be established between nodule
burial and SWIB thickness. :

INTRODUCTION

With the continuing development of seabed photography as a tool for explora-
tion of nodules, higher efficiency of this technique over most other sampling devices
has been established (Anoaymous, 1979 ; 1982). This technique is preferred due
to the large area it covers than other samplers (Fig. 1) and lesser chances of mechani-
cal failure or missing a nodule. Moreover, it is much faster and more economical.

“Various studies have been carried out on nodule distribution, coverage and
abundance estimation from seabed photos and comparison with grab samples
{Ewing et al. 1971 ; Frazer et al. 1978 ; Fewkes et al. 1979 ; Felix, 1980). Tktey
have emphasised the need for a correction factor for photo estimates to account for
burial of nodules under the upper soft, fluffy sediment layer or the sediment-water
interface boundary (SWIB) layer (Menard, 1964 ; Cronan and Tooms, 1967 ; Sorem
and Fewkes, 1979).

The present study deals with exploration of nodules in the Indian Ocean, using
photo-boomerang grabs and comparison” of the abundancejdata with that of the
grab samples in order to work out certain relationship between nodule burial and
SWIB layer, which can be used for calculation of nodule abundance from seabed
photos without actually collecting the nod}lles.

METHODS AND APPROACH

The data used in this study was collected during the fourth cruise of MV Far-
nella from 12 operations of photo-boomerang grabs (Table I). Nodules in graband
photos at each location were classified in different sizes: 0-2 and 2-4 cm as small;
4-6 cm as medium, and 6-8 and 8-10 cin as large.
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Figure 1. Area covered by samplers and seabed photographs, witl: patchy distribution of
nodules on seafloor.

The coverage (C) of nodules was calculated as

C=an/ap x 100 ()
where an=area of the nodules in the photograph
and ap=total area of the photograph.

Nodule abundance from photos (Ap) was calculated as (Handa and Tsurusaki,
1981).

Ap=7.7 x D x C/100 2)
where D =average nodule diameter (cm).
Nodule abundance from grab (Ag) is
Ag=35/0.13
where S =samplerecovered
0.13 =area of the grab, (m,).
Relative abundance (RA)= Ap/Ag x 100 3)

RESULTS
Comparison of size classes .
There appears to be a striking similarity in the distribution patterns of various

nodple sizes (Table II) except for a marginal difference in the frequency (%) distri-
butjon of the smallest size class (0-2 cm) when compared in photos (32.3%) and
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TasLE 1I Comparison of size classes of Nodules in photographs and grabs

Size classification of Nodules

Sr. StaNtign 02 Cm 54 Cm 4.6 Cm 68Cm 810 Cm Total
No. " P G P G P G P G PG P G
b a0 — — — 2 14— — - _ 1 P
5 3252 718 57 80 8l 28 28 2 02— — 188 168
3, 6 — 5 — 16 - - - - _
4. 3257 — 14 — 12 1 1 — — _ - 1 27
s 32609 1 2 17 22 6 6 — — — — 3 30
6. 3219 5 30 21 27 5 5 1 1 — — 38 6
7. 3282 — 3 — 16 10 10 11— — 1 30
8. 3289 — 44 10 17 — - —_ - 10 61
9. 3293 34 22 48 45 16 10 3 3 1 1 102 87
0. 3294 10 10 28 3 1216 32— — 53 53
. 3302 20 12 32 1 8 8 - — — — e 3
2. 3304 34 19 42 36 8 8 2 2 1 1 87 66

Total 188 218 284 316 95 96 12 1t 2 2 581 643

Frea. (%) 32.35 34.30 49 49 16.3 15 2 17 035 031 100.05 100.01

Abbreviations:— P-Photo, G -Grab.

grabs (34%). This can be due to burial (or non-exposure) of small nodules under
SWIB layer (Felix, 1980).

Sediment cover and podule exposure

Varying thickness of SWIB layer can be observed from the total or partial
burial of the camera counterweight in the photographs. Stations having smaller
nodules, show none exposed in photos, in case of thick SWIB layer (station nos.
3250, 3256, 3257, 3282) as against those photos with comparatively thin SWIB
layer (station nos. 2279, 3289).

In some cases, the number of nodules of smallest size class as seen in photos is
larger than those from grab, due to the ° fractionation * effect of thin cover of sedi-
ment on the nocules which ‘ divides ’ the nodules in more than one part when seen
in the photograph, hence giving a feeling’ of larger number of nodules of the
smaller size class (Fig. 2).

Nodule abundance and coverage

Distribution of nodule abundance (Table III) shows that the estimates from
photos are lower than thai of grabs. Due tc sediment cover, average diameter of
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Figure 2. ‘ Fractionation ’ effect on nodules due
to thin sediment cover. Dotted lines show actual
nodule boundary, continuous lines show exposed
parts of nodule.

TasLe III.
Distribution of abundance values of Nodules in photos and grabs.

Photo Grab

Abundance Freq. Cu}nm. Freq. Cumm.
(g/m)2 Frd- "0z  Freq. Fr4 (%) Freq.

0.00 H 8.33 8.33 0 0.00 0.00
>5.00 7 58.33 66.66 6 50.00 50.00
5.00-10.00 3 25.00 91.66 3 25.00 75.00
10.00-15.00 1 8.33 99.99 2 16.66 91.66
15.00-20.00 0 0.00 0.00 1 8.33 99.99

12 12 =




ON EXPOSURE OF NODULES 315

nodule quite small as a result of fractionation effect or burial of nodules, whereas
grab penetrates into these sediments, collecting the buried nodules.
Nodule coverage has no direct bearing on abundance, because abundar = also

depends on the size (and shape) of nodules (Felix, 1980) and thickness of the SWIB
layer (Sorem and Fewkes, 1979).

SWIB layer and abundance estimates

Wherever the SWIB layer is thin, there is a high relative percentage of agree-
ment (RA >60%) because more number of nodules are exposed, and in case of thick
SWIB layer, there is a low percentage of agreement (RA < 10%) and the intermediate
thickness shows RA =30-50% (Table IV).

TaBLE IV.
Relationships of various parameters studied on Nodules in Central Indian Ocean Basin.

. Wt, IB1 . Relat. %age
?\IL Sbgg P(e:;lettrgiton S}Ki ok n‘;g’:r Comparison of size classes of abund. in
o. . photo wrt. grab.
1. 2250 Complete Thick Only 1 of medium size is ex- 4.0%
posed, others buried
2. 3252 Intermediate  Intermediate Almost all nodules are exposed 34.0%
3. 3256 Complete Thick All nodules totally buried —
4, 3257 Complete Thick Cnly 1 of medium size is ex- 5.0%
posed, smaller buried
5. 3269 Partial Thin All nodules seem to be exposed 61.6%
6. 3279 Complete Thick Small size nodules are buried 9.0%
1. 3282  Complete: Thick Only medium and large nodules 4.0%
exposed, smaller ones buried
8. 3289 Thin Intermediate Many of 2-4 cm class exposed, 69.5%
only smallest size buried
9. 3293 Intermediate  Intermediate Almost all nodules seem to be 34.6%
exposed
10. 3294 Intermediate  Intermediate Almost all nodules exposed 42.6%
11 3302 Partial Thin Many nodules exposed 86.3%
{2, 3304 Partial Thin Many nodules exposed 112.0%
DISCUSSION

Effect of SWIB on nodule exposure

A hypothetical model (Table V) can be prepared to show variable burial of
nodules depending upon their size and thickness of the SWIB, taking into considera-
tion that (i) the Sediment-Water Interface Boundary thickness extends up to about
10¢m (Sorem and Fewkes, 1979 ; Felix, 1980), and (ii) the nodule sizes generally
fange from <1 to about 10 cm along their longer axis. Since. nodules are assumed
10 be spherical, whereas in practice they are shorter along the vertical axis, more so
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TaBLE V. A model showing variable burial of nodules under varying thickness of SWIB layer_

Sediment Size Classes (cm) :

(SWIB) _ _ 4-6 -8 BT B
fayer 0-2 2-4 6 8§-10 >10
Very thin Partly Fully exposed —
(~1lcm

Thm Not Partly ______ Fully exposed ——

(~ 3cm) exposed  exposed <~ ully exposed —>
[nter-meciate : - Partly <-—— Fully exposed — __
(~ 5 cm) <—-— Not exposed ——o> exposed >
Thick o Partly <—— Fully exposed ——__
(~ 7 cm) <«—— Not exposed > exposed >
Very thick o e Partly Fally

(~ Scm) A Not exposed - exposed exposed
Extremely thick - Not exposed .

(> 10 cm)

for larger nodules (Frazer et al. 1978), there are chances of more nodules being
buried under actual condiiions.

Effect of SWIB layer on Abundance Estimates from Photos -

The Lesser the thickness based on photographs of SWIB layer, more accurate are
the estimates (Table VI). No single correction factor can be applied to all samples.

TasLe VI Relation of SWIB thickness to Relative
"Abundance for nodules

Relative Abundance (RA)

SWIB layer (Accuracy)
Very thick (>8 cm) <20%
Thick (6-8 cm) 20-40%
Intermediate  (4-6 cm) 40-60%
Thin (2-4 cm) 60-80%
Very thin (0-2 cm) >80%

A number of standard rzlationships have, therefore, to be established for different
seabed conditions, i.e., thickness of SWIB, diameter and coverage of nodules from
photos and abundance from grabs.



ON EXPOSURE OF NODULES . 317

ACKNOWLEDGEMENTS

Author acknowledges the critical comments of late Dr. H. N. Siddiquie,
Ex-Director, NIO and suggestions of Mr. R. R. Nair, Assistant Director, NIO.
This study is carried out with financial support from the Department of Ocean
Development, Government of India, under their ‘Surveys for Polymetallic
Nodules ' programme.

References

AxoN (1979) Manganese nodules : Dimensions and Perspectives, UNDET publicaiion, D. Reidel
Pub. Co., pp. 8-20.

——— (1982) Assessment of Manganese Nodule resources, Data and Methodologies, v. I;
Ch. 3: Reliability of the data parameters. Pub.: Graham and Trotman Ltd., pp. 15-29.

CroNAN, D.S. and Toowms, J. S. (1967) Subsurface concentrations of Marganese Nodules in
Pacific Sediments. Deep Sea Research, v. 14, pp. 117-119.

EwING, M., Horn, D., SuLLivan, L., A1TkeN, T. and THoOrRNDIKE, E. (1971) Photographing
manganese nodules on ocean floor, Oceanology International, Dec. 1971.

Feuix Davip (1980) Scine problems in making nodule abundance estimates from seafloor photo-
graphs, Marine Mining, v. 2, no. 3, pp. 293-302.

Fewkes, R. H., McFarLanp, W. D., ReiNHART, W. R. and Sorem, R. K. (1979) Develop-
ment of a reliable method for evaluation of Deep Sea Manganese Nodule deposits.
USEM Report No. 64-80 (NTIS Reproduction).

FrAzER, J. Z., Fisk, M. B., Eirriot,J., WHITE, M. and WiLsoN, L. (1978) Availability of
Copper, Nickel, Cobalt and Manganese from Ocean Ferrcmanganese Nodules. SIO
Repori No. 78-25 (NTIS Reproduction).

Hanpa, K. and Tsurusaki, K. (1981) Manganese nodules; Relationship between coverage and
abundance in Northern part of Central Pacific. G.S.J. Cruise report no. 15, pp. 184-217.

Menarp, H. W. (1964) Marine Geology of the Pacific, McGraw Hill, New York, p. 271.

SoreM, R. K. and Fewxkes, R. H. (1979) La Genese Des Nodule De Manganese, (Ch. 6).
Published by CNRS, No. 289, pp. 61-76.

( Received: March 4, 1988, Revised form accepted: Oct. 3, 1988 )



