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•• ObjectivesObjectives::
OutlineOutline

Establishment the relationship between nodule coverage Establishment the relationship between nodule coverage 
and abundance and the depths of the sea bottom and its and abundance and the depths of the sea bottom and its 
morphology in the eastern part of CCZmorphology in the eastern part of CCZmorphology in the eastern part of CCZ morphology in the eastern part of CCZ 

Estimation of the regional variability of nodule abundance Estimation of the regional variability of nodule abundance 
and coverage vs water depth and seafloor morphologyand coverage vs water depth and seafloor morphology

•• Basic Parameters:Basic Parameters:
Nodule coverage (%);Nodule coverage (%);
Nodule abundance (kg/mNodule abundance (kg/m22 ););Nodule abundance  (kg/mNodule abundance  (kg/m2 2 ); ); 
Types of nodules and their distribution;Types of nodules and their distribution;
Mn/Fe ratiosMn/Fe ratios

•• Resent research of the Interoceanmetal Joint Resent research of the Interoceanmetal Joint 
Organization (IOM) in the exploration area Organization (IOM) in the exploration area 



Study AreaStudy Area
AreaArea ~~ 810810,,000000 kmkm22
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Nodule Abundance and Coverage vs Water DepthNodule Abundance and Coverage vs Water Depth
7 10 22.53470-4100 Nodule abundances:Nodule abundances:
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Nodule abundances:Nodule abundances:
mean 8.27 kg/mmean 8.27 kg/m22

max of 43.6 kg/mmax of 43.6 kg/m22;;
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Nodule coverage varied Nodule coverage varied 
between 0 to 99%between 0 to 99%
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The highest nodule coverage The highest nodule coverage 
were observed within 4,300were observed within 4,300--
4 400 m4 400 m23.8
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Nodule Coverage Determined from Photos and Sample Nodule Coverage Determined from Photos and Sample 
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Buried  Nodules Buried  Nodules 
Station 2176

Station 2176: D th 4 449S i 2292 Station 2176: Depth – 4,449 m;

Surface nod. abundance - 0.1 kg/m2;

Station 2292

Buried nod. abundance - 9.9 kg/m2;

Station 2292: Depth – 4,530 m;

Surface nod. abundance – 8.9 kg/m2;

Buried nod. abundance - 11.3 kg/m2



Nodule Abundance and Seafloor MorphologyNodule Abundance and Seafloor Morphology
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In general stations that yielded high nodule abundance were foundIn general, stations that yielded high nodule abundance were found 
on all types of seafloor morphology.

A total of 372 stations with nodule abundance > 10 kg/m2: 
• 151 (about 40%) occurred on undulating plains; ( o ) o o g p ;
• 89 (24%) on horst slope areas, and 
• 56 (15%) on trough slope areas. 

The remaining 96 stations were distributed among the other seafloor types. 



Genetic Types of NodulesGenetic Types of Nodules

H- hydrogenetically grown,H hydrogenetically grown,

HD-hydrogenetic-diagenetically grown (Mixed Type),
D- diagenetically grownD diagenetically grown 

(Mn (Mn -- 3030±±1%,  Ni 1%,  Ni -- 1.41.4±±0.1%, Cu 0.1%, Cu -- 1.21.2±±0.1%);0.1%);

D1- diagenetically sub-type (Mn ≤ 33%,  and Cu>Ni),(Mn ≤ 33%,  and Cu>Ni),1 g y yp
C- crusts, grown on hard substrates
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Histogram of Genetic Nodule Types in the Eastern CCZ



Morphological Types of NodulesMorphological Types of Nodules
•• D, discoidal, D, discoidal, 
•• E, ellipsoidal, E, ellipsoidal, 
•• S , spheroidal,S , spheroidal,
•• T , tabular, T , tabular, 
•• P polyP poly--nucleic aggregatenucleic aggregate•• P, polyP, poly--nucleic aggregate, nucleic aggregate, 
•• I, irregular shaped, and I, irregular shaped, and 
•• f , fragments. f , fragments. 
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Nodule Size Distribution vs MorphologyNodule Size Distribution vs Morphology
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Size class of nodules < 4 cm is dominant for spheroidal andSize class of nodules < 4 cm is dominant for spheroidal and
poly-nucleated aggregate;

Size class 4 – 8 cm is dominant for ellipsoidal and tabular;

The largest nodule size (>8 cm) is dominant for discoidal and
irregular types and their regenerated fragments.



Hydrogenetically Grown Type Hydrogenetically Grown Type (H)(H)

Small size Small size -- usually 2usually 2--44cm; smooth top cm; smooth top 
and underside; spheroidal, polyand underside; spheroidal, poly--nucleic nucleic 
aggregateaggregate ;; nucleus: multi type volcanicnucleus: multi type volcanicaggregateaggregate ; ; nucleus: multi type, volcanic nucleus: multi type, volcanic 
clastic, bioclasts; Mn/Fe < 3.clastic, bioclasts; Mn/Fe < 3.



HydrogeneticHydrogenetic--diagenetically Grown Type (HD)diagenetically Grown Type (HD)

UsuallyUsually mediummedium sizesize –– 44--88 cmcm;; smoothsmooth topicstopics andand aa roughroughUsuallyUsually mediummedium sizesize 44 88 cmcm;; smoothsmooth topicstopics andand aa roughrough
undersideunderside;; ellipsoidal,ellipsoidal, discoidal,discoidal, tabulartabular typestypes;; nucleusnucleus ––
lithifiedlithified sedimentssediments (clayey(clayey--zeolitic),zeolitic), bioclastsbioclasts;; Mn/FeMn/Fe >>33<<55..



Diagenetically Growth  Type (D)Diagenetically Growth  Type (D)

Size from 6 up to 12 cm and more; topside is rough or
b t id ll d id i h di id l lli id lbotryoidally, underside is rough; discoidal, ellipsoidal,
irregular morphotypes are dominant; nucleus – fragments of
older nodules, micronodules; Mn/Fe>5



Regional Variability of Nodule Abundance Regional Variability of Nodule Abundance 

and Genetic Typeand Genetic Typeand Genetic Typeand Genetic Type
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Mn / Fe RatiosMn / Fe Ratios

Mn/Fe (around 3) in the most
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IOM IOM ‘2009 ‘2009 cruisecruise

IOM exploration area in theIOM exploration area in theIOM exploration area in the IOM exploration area in the 
eastern part of Clarioneastern part of Clarion--Clipperton Clipperton 
Zone (75 000 kmZone (75 000 km2)2)..

Selected prime site Selected prime site for detailed exploration for detailed exploration 
(IOM’2009) (IOM’2009) covers about 4000 kmcovers about 4000 km22



IOM’2009 geological explorationIOM’2009 geological exploration
• bathymetric survey (multi-beam 
echo-sounder system);

d t h t h• deep-tow photography survey 
(digital format); 
• bottom sampling and analysis of 
physical mechanical and chemicalphysical, mechanical and chemical 
properties of sediments and 
nodules.

IOM’2009 environmental researchIOM’2009 environmental research

• establishmentestablishment ofof baselinebaseline inin thethe
explorationexploration areaarea
•• development of monitoring development of monitoring 
programprogram



Mineability of nodulesMineability of nodules in the IOM areain the IOM area

•• The estimation of The estimation of nodule resources, nodule resources, as well as a basic metals tonnageas well as a basic metals tonnage
and their contents of Ni, Cu, Co, Zn, Mo, and Fe within the IOM’s area and their contents of Ni, Cu, Co, Zn, Mo, and Fe within the IOM’s area 
was accomplished by Ordinary Kriging method. was accomplished by Ordinary Kriging method. 

•• The ore is assumed to contain Mn The ore is assumed to contain Mn –– 31.3%, Ni 31.3%, Ni –– 1.31%, Cu 1.31%, Cu –– 1.18%, 1.18%, 
and Co and Co -- 0.18%; also: Mo 0.18%; also: Mo –– 0.056%, and Zn 0.056%, and Zn –– 0.141%. 0.141%. 

h k f d dh k f d d•• The key parameter for assigning a station to standard category was The key parameter for assigning a station to standard category was 
nodule productivity as assessed with the nickel equivalent content nodule productivity as assessed with the nickel equivalent content 
(≥0.35 kg/m(≥0.35 kg/m22). ). 

•• TheThe monetarymonetary valuevalue ofof productsproducts ofof miningmining andand processingprocessing thethe
commercialcommercial oreore withinwithin thethe contouredcontoured indicatedindicated nodulenodule resourcesresources ofof thethe
IOMIOM explorationexploration areaarea waswas calculatedcalculated forfor differentdifferent indicesindices ofof oreore--bearingbearing
((11 00 00 77 00 66 00 55)) exhaustionexhaustion ((55 1010 andand 1515%%)) andand losseslosses onon miningmining((11..00,, 00..77,, 00..66,, 00..55),), exhaustionexhaustion ((55,, 1010,, andand 1515%%),), andand losseslosses onon miningmining
andand transporttransport ((2020,, 3030,, andand 4040%%))..

•• As shown by the calculations, the supply of commercial ore for a future As shown by the calculations, the supply of commercial ore for a future 
i i i i 3 illi d d l hi i i i 3 illi d d l hmining enterprise processing 3 million tonnes dry nodules, at the mining enterprise processing 3 million tonnes dry nodules, at the 

worstworst--case scenario of geological and mining conditions, should case scenario of geological and mining conditions, should 
support the enterprise’s operation for more than 30 years. support the enterprise’s operation for more than 30 years. 



Biological Activity & Nodule DistributionBiological Activity & Nodule Distribution

Regular TracesMounds

Volume of the sediments displayed by Echinocardium is about 
20,000cm3/m2/day (Lohrer et al.,2004; www.niwascience.co.nz)



Conclusion Remarks:Conclusion Remarks:

• ThTh tt tt ff thth CCZCCZ f tf t llll thth titi dd• TheThe easterneastern partpart ofof thethe CCZCCZ areaarea featuresfeatures allall thethe geneticgenetic andand
morphologicalmorphological typetype ofof nodulesnodules knownknown inin thethe entireentire regionregion;;

Di ti llDi ti ll tt DD ( d( d DD bb t )t ) d i td i t•• DiageneticallyDiagenetically growngrown typetype DD (and(and DD11 subsub--type)type) areare dominantdominant;;

•• SizeSize classclass 44 –– 88 cmcm isis dominantdominant forfor ellipsoidalellipsoidal andand tabular,tabular, whilewhile thethe
largestlargest nodulenodule sizesize (>(>88 cm)cm) isis dominantdominant forfor discoidaldiscoidal andand irregularirregular typestypes andandlargestlargest nodulenodule sizesize (>(>88 cm)cm) isis dominantdominant forfor discoidaldiscoidal andand irregularirregular typestypes andand
theirtheir regeneratedregenerated fragmentsfragments;;

•• AnalyseAnalyse showshow thatthat highesthighest nodulenodule coveragecoverage werewere observedobserved withinwithin 44 300300•• AnalyseAnalyse showshow thatthat highesthighest nodulenodule coveragecoverage werewere observedobserved withinwithin 44,,300300--
44,,400400 mm;;

••TheThe highesthighest nodulenodule abundanceabundance werewere observedobserved inin thethe seafloorseafloor depthdepth rangerange••TheThe highesthighest nodulenodule abundanceabundance werewere observedobserved inin thethe seafloorseafloor depthdepth rangerange
ofof 44,,400400--44,,500500 mm;;

•• TheThe mostmost productiveproductive stationsstations (with(with thethe highesthighest meanmean abundanceabundance andand withwithTheThe mostmost productiveproductive stationsstations (with(with thethe highesthighest meanmean abundanceabundance andand withwith
thethe highesthighest maximummaximum value)value) werewere situatedsituated betweenbetween 1212 –– 161600 NN;



Conclusion RemarksConclusion Remarks (cont.)(cont.)
• TopographyTopography playsplays anan importantimportant rolerole inin distributiondistribution ofof nodulenodule depositsdeposits;;
stationsstations thatthat yieldedyielded highhigh nodulenodule abundanceabundance werewere foundfound onon allall typestypes ofof
seafloorseafloor morphologymorphology;;

M /FM /F titi ff d ld l ll ( d( d 33)) ii thth tt thth tt ff•• Mn/FeMn/Fe ratioratio ofof nodulesnodules waswas lowerlower (around(around 33)) inin thethe mostmost northernnorthern partpart ofof
thethe studystudy areaarea andand steadysteady increasesincreases towardtoward southernsouthern partpart..

•• TheThe highesthighest Mn/FeMn/Fe ratioratio correspondscorresponds withwith thethe highesthighest meanmean nodulenodule•• TheThe highesthighest Mn/FeMn/Fe ratioratio correspondscorresponds withwith thethe highesthighest meanmean nodulenodule
abundanceabundance -- countedcounted toto 1010..99 kg/mkg/m22 (in(in rangerange 00..11 –– 3030 kg/mkg/m22))..

• AlongsideAlongside geologicalgeological bathymetricbathymetric geographicalgeographical ee aa conditionsconditions andand• AlongsideAlongside geological,geological, bathymetric,bathymetric, geographical,geographical, ee.. aa.. conditionsconditions andand
factorsfactors responsibleresponsible forfor thethe modernmodern patternpattern ofof thethe nodulenodule occurrenceoccurrence onon thethe
seafloor,seafloor, thethe rolerole ofof thethe benthicbenthic activityactivity (bioturbation,(bioturbation, lifting,lifting, burial,burial, rere--
worked,worked, burrowing,burrowing, ee.. aa..)) havehave toto bebe alsoalso consideredconsidered inin understandingunderstanding ofof
thethe distributiondistribution ofof nodulenodule typestypes andand faciesfacies..

• TheThe practicepractice ofof thethe IOMIOM inin evaluatingevaluating ofof thethe nodulenodule depositdeposit withinwithin itsits
ll hh hh ll ff d ld l ddexplorationexploration areaarea isis aa proveprove thatthat thethe potentialpotential miningmining ofof nodulenodule depositdeposit isis

feasiblefeasible..
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