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The seabed - an important mineral resource of Slokaa in the future

Peter Blistart, Branislav Kr$4aK, Monika Blistanov& and Vojtech Ferencz

In 1987, Slovakia bought part of the ocean bottoith whe occurrence of mineral resources future dypwetallic nodules.

The polymetallic nodule is a geological term formag natural features consisting of more than 4Qatseand other chemical elements.
These special services originated in the ocearviiorto three million years and nowadays, they drenain interest for countries whose
mineral wealth is little or no available. Nodulesntain about 30 % manganese, 1.2 % copper, 1.2&ehi0.2 % cobalt, rare earth
elements, etc. The existence of submarine nodaedound by the British ship HMS "Challenger" byatographic research in 1872 -
1876. Research and the subsequent mining of nodides particularly points of interest for Westeiwuatries as well as the USSR. Rules
for the use of mineral resources of the seabedrzktfre limits of national jurisdiction were coddién the Convention on the Law of 1982,
which came into force on 16.11.1994, and in the&}{@m on 21.7.1996. The seabed is one of the iatiemal space next to the high seas,
Antarctica, outer space and celestial bodies, whighnot subject to the sovereignty of any stataarity.
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Introduction

Growth demands on energy and mineral resourcelenindustry and increasing demands on people's
quality of life increases dependence on raw mdser&afety is not just concerned with military thredist
increasingly also with non-military threats. Thelitary threats are also threats related to defuies and
subsequent security of mineral resources and emespurces (lvatik a Kelemen, 2013). Finding new sources
is one way to reduce the risk of exhaustion of maheesources. For these reasons, it is very impbtb survey
and research in the field of mining and the pobtés of using the non-traditional mineral resasc Sea
polymetallic nodules can be regarded as such amaltive and interesting source of raw materials.

Deep sea polymetallic nodules are formed at thewboof the world's oceans in addition to flora dadna
and are also significant mineral reserves. Nodalestubers and clods lying in sediments and diftefrom
surrounding by its composition. Nodules containesyviarge stock of mainly non-ferrous metals, e&ggc
manganese, cobalt, copper, nickel, titanium, chuomiand zinc. In addition, there was also foundnareased
content of gold, silver, uranium, and more raremngats in them. They are called the polymetallic ulesl
mostly because they contain especially manganesiei amount of about 13-25 %. The average manganes
content in the earth's crust is about 0.095 to%,Jnd thus, a general interest in them is quitgcsd. Stocks
nodules lying freely on the ocean are estimateshattrillion tons. Polymetallic nodules also conteglatively
high amounts of iron, about 10-20 %, so its nanmelgdeto be iron - manganese concretions since 1988,
because some traces of many other metals, a totabe than 40, a universal name polymetallic nedub
often used. Polymetallic nodules are interestirsp dlecause such a combination of metals (iron, ersesg,
cobalt, copper and nickel) cannot be found on thekand.

The discovery of nodules on the seabed is congldmne of the most outstanding achievements of ggolo
in the 20th century. Therefore, no wonder that ibésie has started to address the United Natiocsulse this
mineral wealth was claimed as the property of athhnity. The United Nations convened the third eostice
on the Law of the Sea as early as 1973. The UNgibns Convention on the Law of the Sea signetioig2
came into force until 1994 (www.1). It was creatsdthe International Seabed Authority based in Kiog,
Jamaica and the International Tribunal for the ladwthe Sea established in Hamburg (www.2).

1. Legislative background
Polymetallic nodules were discovered during an @gibry voyage of the ship Challenger in the Pacifi

Ocean in the years 1872-1976. Their systematicarebebegan in the mid- 60s of the™6entury, when
methods of analysis, which revealed high levelshef mentioned metals and thus their usefulnessdusiry,
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were discovered. Mainly western countries, and #isdformer USSR, showed their interest in thearsteand
subsequent extraction of nodules.

Rules for the use of mineral resources of the skabgond the limits of national jurisdiction weredified
in the Convention on the Law of 1982, which cante fiorce on 16.11.1994, and in the Slovakia on 2DJ6.
The convention on the Law of the Sea identifiesstbabed beyond national jurisdiction as an "anehich is
the common heritage of humanity and managed bylintenational Seabed Authority (International Sehbe
Authority - ISA) based in Kingston Jamaica. ISAoals the exploration of minerals on the seabed and i
the future will allow their extraction (Fig. 1, wwg).

Areas under contract and areas reserved for the International Seabed Authority
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E’é@% Polymetallic Nodules Exploration Areas in the Clarion-Clipperton Fracture Zone
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Contract area or contract approved as of 28 February 2013 AT Sasber 0o R 1 Arcwne . R
B arawa Research and Exploration Lid (Kiribati) I institut francais de recherche pour l'exploitation de la mer (IFREMER; France}

for G und (BGR; ) [ interoceanmetal (IOM; Bulgaria, Cuba, Czech Republic, Poland, Russian Fed., Slovakia)
China Ocean Minaral F and D (COMRA; China} Mauru Ocean Resources Inc. (NORI; Nauru)
|77 Deep Ocean Resources Development Company (DORD; Japan) Il Tonga Ofishare Mining Ltd (TOML, Tonga)
B G-TEC Minerals Resources NV (GSR: Belgium) | UK Seabed Resources Ltd (UKSRL, UK)
[ | Government of the Republic of Kerea B vuzhmorgeoiogia (Russian Federation)

| Reserved area* |:| Area of particular environmental interest (APEI)** D Exclusive Economic Zones (VLIZ, 2011)

* In the case of polymetallic nodules, the so-called paralle! system provides that each application for bya ped State must cover two parts of "equal estimated commercial value”.
One part is allocated 1o the applicant and the other is to become the reserved area, which is sat aside for the conduct of activities by the Autharity or developing States,
**In July 2012, the Authority adopted an environmental management plan for the Clarion-Clipperton Zone to be implemented on a provisional basis aver an initial three-year period
The plan includes the designation of a network of areas of particular environmental interest (ISBA/18/C/22).

Fig. 1. Map Clarion - Clipperton Island in the Rfic Ocean with the position of polymetallic noduibreas (www.2).

Before the adoption of the Convention on the Lawhef late '70s and early '80s, however, consoftia o
western countries and the Soviet Union divided tinest profitable area of Clarion - Clipperton Islaimd
the Pacific Ocean. On conference on the Law of3éa, the United Nations decided in its Resolutiod982
that, if these consortia or states meet certairditions may be preferentially examined and prepaeds
mining nodules as a pioneer investor in the rdsdiarea, which registers the Preparatory Comnmisfio
the International Seabed Authority and the Intéomat Tribunal for the Law of the Sea (Internatibmabunal
for the Law of the Sea). Whereas the western cmstfFrance, Japan and the consortium of Belgium,
Netherlands, Germany, Italy, Great Britain, USAd &anada) registered much more territory in a \ngadrea
of Clarion - Clipperton in comparison to Easterro®lthe International Tribunal for the Law of theaS
(the initiative of the USSR, and discussions inlthé bodies) decided in 1986 on the possibility ofiatries in
Eastern Europe and developing countries, indivigluad as a consortium, to apply for a pioneeringestor
status with the allocation of area on the seabedn\(\®).

1.1. Slovakia and InterOceanMetal
In 1987, based on the decision made by the IntematTribunal for the Law of the Sea, the orgatia
InterOceanMetal was founded (founding members USSkechoslovakia, Poland, Bulgaria, East Germany,

Cuba and Vietnam). Since then, the organizatiaask is to search for Polymetallic nodules, theterafard
research and preparation for mining.
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The home office of the organization is situatedSmczecin, Poland. In 1989, Vietham gave up its
membership and East Germany (as the successor &) @GBs also left InterOceanMetal in 1991. USSR'’s
membership was taken up by its successor the Ruds@mleration. In 1993, after the separation of
Czechoslovakia Federation, both newly founded a@s{Czech Republic and Slovak Republic) had becom
members of InterOceanMetal. After 12 expeditioméedlOceanMetal has found the most suitable location
the eastern parts of the Clarion-Clipperton areacife Ocean). Afterward, InterOceanMetal requested
the International Tribunal for the Law of the Séasofficial registration of the areas in 1991. (e 21.8.1991,
the General Committee of the International Tribubalthe Law of the Sea has allocated an area 60D knd
to the member states of InterOceanMetal. Other thahnical issues, one of the conditions for olajrthis
area was the clarification and approval of terigoborders with China and the Republic of Koreajol have
applied for registration of their territory aftdret request of InterOceanMetal. The signature okttetusion of
overlaps and conflicts in relation to deep — sealertk necessary from the governments of Belgiunma@a,
Germany, Italy, Netherland, Great Britain and USrepfesented companies and organizations within
the international consortium registered in the &bhit States of America). The agreement between
the governments of member states and the membénseo®©ceanMetal was singed on thé"Zugust 1991 in
New York.

Each of the pioneer investors was required to camtya series of work established in the Resolutioof
the Final Act of the 8 UN Conference on the Law of Sea from th& D&cember 1982 regarding the protection
of preparatory investments within pioneer actigtiegarding poly-metal nodules. These obligationsuded
a variety of tasks such as — transfer of techngltrgyning of specialized staff for ISA and theieaw of half of
the allocated territory for the purpose of submgtit to the ISA reserves, for the future usagedbyeloping
countries. Therefore, InterOceanMetal has reviemed submitted half of the registered area (75 0ff) ko
the ISA reserves in 2000. During 1994 — 1995, 4gassl trainees from Pakistan, Sudan, Belarus arulilbtie
of Korea was trained. On the1#arch 1995, the president of the Internationabiimial for the Law of the Sea
JL Jesus has given to the member states of Intar®betal the certificate (document LOS/PCN/145)
decelerating the accomplishment of the above-meati@bligation by the joint organization InterOdeiatal.

In 2000, the ISA approved new rules for searchimgy @xploration of polymetallic nodules in the ar®a
the 29" March 2001, in accordance with the new rules, atyeeement about the exploration of the remaining
area of 75 000 kffor 15 years was signed in the names of the meistia¢ées by Dr. Kotliski (then General
Director of InterOceanMetal) and Satya Nandan @ba&nSecretary of International Seabed Authority).
Therefore, InterOceanMetal has become a so-cakedractor (other contractors are: China, Japaniajnd
France, the Russian Federation, the Republic ofe&oGermany; and private companies - Nauru Ocean
Resources Inc., Tonga Offshore Mining Limited, Mar&esearch and Exploration Ltd. of Kiribati, UK &ed
Resources Ltd., and G - TEC Sea Minerals Resolbdesf Belgium). InterOceanMetal has the exclusiight
to nodules in the allocated area until 2016. In theire cases, ISA’s approval of extracting nodules
the allocated InterOceanMetal will be prioritizedeo other applicants. The activities of InterOceatdll are
carried out in the approved plan of exploratiorthy ISA, including measures to protect the oceair@mment.

In 2016, Interocenametal may request an extenditiredicense for the exploration for five yearsadicense to
pilot extraction.

2. The seabed - mineral resources also for Slovakia

2. 1. Metal resources in the area of Slovakia

Geological reserves of ore minerals include anniwg of balanced resources (economically useahbid)
non-balanced (potentially economically useabl&de frand bound stocks with various degrees of exjior.
Industrially feasible are only balanced, availabes, from which the real extraction is possibll @mthe case
of 40-90 % of stocks (depending on the mining metllbe size of losses, etc.).

The Decrement of ore mining has been ongoing invaéldia since 1991, because this research and
exploration activities of ore resources are gradgiualducing. According to the Government Resolutitm 502
from the 29" March 2005, only the exploration of metal, goldi ailver ore may be funded by the state budget.
The Ministry of Environment already ended the exation of other types of ore.

Significant development of ore mining is currentigt expected. Imports already cover the vast of raw
material necessary in the national economy. Given high level of geological exploration of the Sd&v
territory, discovering new resources suitable fage in current market conditions is unlikely ptaba

Only the mining of gold is predictable of all oesources, even if the opening of new mines anéetion
sites in a close range of populated areas is tmatyappropriate. Despite it, the District Office Mining in
Banska Bystrica has determined the mining site ®etyproposed by the company EMED Slovakia (daughter
company of the Cyprus company EMED Mining Publimited) on 18' November 2005. EMED plans to mine
gold by surface methods with the use of cyanidehis in the area of Detva called Biely vrch.
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On T January 2012, the geological resources of orerintteachieved 325 million tons on 46 exclusive

deposits, of which 74 % represents non-balanceauress (Tab. 1). Only parts of deposits of iron Nizna
Slana - Man6 — Kobeliarovo; complex iron ore Rz — Strieborna; and the golden ore at deposisi&an
HodruSa and Kremnica may be considered as balakvegilied resources of other metal ore — Cu, PB, S,
Hg, W are currently non-balanced.

Currently, 12 deposits are registered in the tawyitof the Slovak Republic, from which only Banska

Hondrusa is mined. Others are - Kremnica, Banskiv§ita, Dubrava, Pezinok, Jasenie - Kysla, Dolakdta,
Zlata Baa, Klokas, Brehov, Magurka, Medzibrod.

Tab. 1. Ore mineral resources of Slovakia — st&tushe year 2010 (www.4).

Mineral Number of all Possible to All resources Balanced Balanced Non-balanced
deposits mine (Z1 +272) Z3

Fe ore [ki] 9 - 76 505 17 562 4165 54 778
Copper [ki] 16 - 533 27 7 499
Lead [ki] 4 - 228 - - 228
Zinc [kt] 4 - 396 - - 396
Antimony [kt] 9 - 55 - - 55
Mercury [kt] 5 - 6917 0 0 6917
Tungster [ki] 1 - 7 - - 7
Silver [t] 8 - 1518 795 226 497
Gold [kg] 21 1 153 234 28 587 40 296 84 351

Silver, zinc, lead and copper are present in inig@mt amounts in the concentrate obtained by stijg
gold ore in gold mining at the Banska HodruSa diep@epper and mercury are present in insignifiGambunts
found in sulfide flotation concentrate obtained thg adjustment of complex ores from the depositiiang

(www.4).

2. 2. Polymetric nodules — The future significantesource of raw minerals
The chemical composition of the nodules is différéepending on the type of manganese minerals, size
and properties of the core (Fig. 2). Nodules withremic importance have the following chemical cosifion

-Tab. 2

Tab. 2. The chemical composition of nodules witimemic importance (www.3).

Manganese - 2% Copper - 1.3% Calcium-1.5%

Iron-6 % Cobalt- 0.25% Magnesium - 0.56
Silicon-5% Oxygen-1.5% Potassium 0.5%
Aluminium -3 % Hydrogen- 1.5% Titanium- 0.2%
Nickel - 1.4% Sodium- 1.5% Barium-0.2%

In relation to the formation of nodules, severadties about their origin were formulated (Kotlinsl999;

Kotlinski, 2003). The following two are the mostdar:
1. Formation from seawater - type H, in which the rleduare formed by slow precipitation of metallic

elements dissolved in seawater.
2. Diagenetic process - type D, in which the manganssemobilized in sediments and transmitted on

the interface sediment/water. These nodules akeincmanganese, but poor in iron, nickel, coppet an
cobalt.

Fig. 2. Polymetric nodules extracted in the ClarioClipperton
area in the Pacific Ocean (www.5).
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The growth of nodules is one of the slowest gealaigbhenomena - average increase for several millio
years is measurable in centimeters. Thereforeagleeof the Pacific nodules is 2 — 3 million ye&tswever, this
theory contradicts with the rapid rise of manganasssts, which was reported at sunken ships dunuogld
War Il. If nodules are formed slowly, their fornati is according to the theories mentioned aboveezhiby
the precipitation of metallic elements dissolvedseawater or by diagenetic processes. In the cha$asb
formation, their formation from sea water of sedmtseis not probable. In this case, rather hydrotia¢rand
halmyrolitic processes are applicable (Kigki and Zadornov, 2002).

The distribution and formation of polymetallic ndelsi indicate that the decisive importance of
the concentration of metals has the following fexto
* the amount of metals present in ocean of hydrothkamd other sources
e the structure and dynamics of waters
* low rate of sediment accumulation
« depth
» relief of the bottom.
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Fig. 3. The position of the deep-sea nodule sitaken from GIS (ISA www.2).

Nodules were found in all oceans (Fig. 3), and awelakes. The accumulation of nodules with ecormomi
importance is concentrated in the three followinginmareas (Fig. 4), which were determined as eafdoy
areas by the states and the international community
e Clarion - Clipperton Fracture Zone,

« Mid - Atlantic Ridge,
*  Volcanic Ridge in the Indian Ocean.

In addition to these three exploration areas, a@roHrea in the Pacific is in the process of comtrac
preparation for the exploitation of the seabed.(B)g

3. The economic benefits for Slovakia from the exaction of polymetallic nodules

The Slovak Republic with the membership in thetjoirganization InterOceanMetal has received a place
a group of about 15 countries of the world, whicivén the rights and obligations of a pioneer investo
The rights include mainly the possibility of exphay the allocated area, preparation of extractiwh @ventually
mining. The UN in the Law of the Sea (1982) adoptesl principle that materials on the sea bottonyghd
the jurisdiction of coastal states) has to be mgghas the common heritage of humanity.

To avoid the possibility that developed countrigplere and extract all the wealth, ISA has adoyitea
principles:
«  Each pioneer investor receives an area of 150 6f®kseabed for exploration.
«  After exploration, the pioneer investor retainsfha the exploration area (75 000 Rmfor further

exploration and mining. All the information abobetother half of the exploration area is submittetSA,
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which in the case of interest in the future subngtene of the today's developing countries oraugrof
this kind of countries.

Fig. 4. The position of the allocated mining a by the ISA organization (Ww&y.

During the previous perth IOM activities in the allocated territory cortsid of the following work:
e exploration,
«  monitoring of the environment on the seal
« the technologyf extraction and transport of polymetallic nod,
«  processing technology of polymetallic nodul

After the resignation of half of the exploratioreay IOM remained a territory in the area of 75 @6t
divided into two parts. Under Blastks, wet nodules represent7 million tons (average density of deposit 1
kg/n), representing 47,3 million bs of dry nodules at an average density of 8.2 2 and supplie:

Ni (1,27 %) 600 000 to Cu (0,98 %) 461 000 ton
Co (0,195 %) 92 000 tor Mn (28,43 %) 13 400 000 ton
Fe (7,01 %) 3300 000 to Zn (0,139 %) 65 700 ton
Mo (0,05 %) 23 600 tor

Under B2 stocks, wet nodules represent 376 milimrs (density of 13.3 kg/%), respectively 255 milliol
tons of dry nodules (density 9.1 k¢®). This means:

Ni (1,33 %) 3385 000 to Cu (1,228 %) 3129 000 ton
Co (0,177 %) 449 00Cton Mn (31,63 %) 80 600 000 ton
Fe (5,7 %) 14 500 000 to Zn (0,1452 %) 363 500 ton
Mo (0,0575 %) 146 300 to

Concerning the fluctuating world prices of metatsis meaningless to specify the exact expressib
the quantities mentioned above moktals in financial terms. According to previoudcatations, the value ¢
these metals should be around $ 150 billion. Thissdhot mean cash. It may be estimated that alibtt 8f
thevalue is absorbed by the costs of mining, metaibalgprocessin and transport of these materic
Theremaining 10 % (approx. $ 15 billion) will remaixadlable for the distribution to the members of tBaJ.
The exploration area in which the Slovak Repubbs fits share lies in the Pacific Ocean on the® west
longitude (south of California) and between th® — 1% north latitude (west coast of Nicaragua, El Salva

339



Peter Blistan, Branislav Kr§ak, Monika Blistanova andVojtech Ferencz The seabed - an important mineral resource ofegia in the
future

and Guatemala). The depth of the sea at this ttat between 4-5 km (Hamrédk and Domaracka, 2010;
Domaracka and Hamrak, 2011).

To illustrate the amount of resources that areatgl at the sea bottom is in the following tablak(T3).

Tab. 3. Comparison of stocks and mining of sefectetals on land and in the oceans (Cehlar efi13; Domaracka et al., 2011).

World stockst] World mining [t]
Element
Land Ocean Land Ocean

Mn 8.10° 6.1 15,10 0,75.18
Ni 100. 163 290. 1(53 700. 18) 36. l&
Cu 600. 163 240. 1(53 14. 165 30. l&
Co 3.10 60. 10 50. 16 7.2.10
Ni+Co+Cu 7,0300E+08 5,9600E+08 2,9750E+07 7,3950E+04
Mn+Fe 8,4000E+09

Ni+Co+Cu+ Mn+Fe 8,9960E+09

It may be concluded that polymetallic nodules aespective materials of manganese and associated no
ferrous metals. However, their adjustment and rhetital processing will, regarding investmentgresents
50 % of all costs.

Conclusion

One of the largest areas of accumulation of rawerras in the world's oceans (thie areas of the most
concern to many countries from an economic pointiefv) are represented by polymetallic nodules bluge
range, located in the NE Pacific tectonic Clario@lipperton. They are situated in the territorypédneering
investors, and these investors have the exclugi® to perform reconnaissance operations in aigbdrareas
in the region. The status of Pioneer investor wesigaed to France, Japan, Russia, India, ChinahStuorea
and Interoceanmetal. Member of this internationglanization is the Slovak Republic (since 1993)jcih
became a global along CR as the first landlockeohttg participating in the deep sea bathymetriwayr

The continuation of ongoing works on polymetallimdales in the Clarion - Clipperton zone is consder
as an important role in 2020, having regard to ghegress made in establishing effective extractioits,
application of modern processing technologies fdraeting the main metals - manganese, nickel, ltcral
copper, and the inclusion of movement componend@fzZn, Ti and rare earth elements into usableataet
the beginning of the 21century, it is clear that the oceans are a vastcsoof non-traditional materials.
A prerequisite for the rational use of ocean resesiis to protect the natural ocean environment.
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