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1 Executive summary  

1.1 Introduction  

A very large nickel, manganese, cobalt, and copper resource occurring as polymetallic nodules is 
located on the seafloor in the Clarion-Clipperton Zone (CCZ) of the north-east Pacific Ocean. TMC the 
metals company Inc. (TMC), through their wholly owned subsidiaries, are undertaking assessment on 
the technical and economic viability of recovering metals from polymetallic nodules to support 
increasing demand from electrification, electric vehicle (EV) battery and stainless-steel demand. 
Working with offshore and onshore partners, TMC has designed and demonstrated nodule collection 
and processing systems that can generate nickel, copper, cobalt and manganese products with little to 
no solid waste (AMC Consultants, 2025).  

Four consortia of offshore development companies demonstrated the technical feasibility of 
collecting, lifting, and converting nodules into metals in the 1970s, but development of the industry was 
frustrated by the absence of regulation and a governing body. In 1994, the United Nations (UN) 
established the International Seabed Authority (ISA) pursuant to the UN Convention on the Law of the 
Sea (UNCLOS). The ISA governs the development of seabed resources for UNCLOS member states in 
the territories beyond the exclusive economic zones governed by coastal states. This international 
territory is known as the Area.  

TMC through its subsidiaries, Nauru Ocean Resources Inc. (NORI) and Tong Offshore Mining Limited 
(TOML), holds exploration contracts for a total of ten areas in the CCZ regulated by the ISA. NORI holds 
exploration rights to four areas (NORI A, B, C, and D) totaling 74,830 km2 that were granted in July 2011. 
TOML holds exploration rights to six areas (TOML A, B, C, D, E and F) covering 74,713 km2 under an 
exploration contract approved in July 2011 and then formalized on 11 January 2012.  

These exploration contracts were granted and formalize an exploration area, for a term of 15 years with 
a program of activities approved for the first five-year period. NORI and TOML have a priority right to 
apply for an exploitation contract to exploit polymetallic nodules in the respective Contract Areas (ISA 
Regulation 24(2)). Both the NORI and TOML exploration contracts may be extended for periods of five 
years at a time beyond the initial 15-year period, provided NORI and TOML have made efforts in good 
faith to comply with the requirements of the plan of work. These exploration contracts do not confer any 
commercial production rights. A separate Plan of Work for exploitation must be submitted and 
approved by the ISA Council before any commercial recovery may occur. 

At the time of this report, the ISA is yet to finalize the Mining Code, including Regulations on the 
Exploitation of Mineral Resources in the Area as required under UNCLOS. 

In 1980, the Unites States of America (U.S) enacted the Deep Seabed Hard Mineral Resources Act 
(DSHMRA) 30 U.S.C. §1401 et seq.) authorizing the National Oceanic and Atmospheric Administration 
(NOAA) to issue licenses for exploration and permits for commercial recovery from the deep seabed. 
These activities are limited to areas beyond national jurisdiction and are intended to ensure that U.S. 
entities can participate in seabed mining despite the US not being a party to the UNCLOS or the 1994 
Implementation Agreement.  

TMC, through its wholly owned subsidiary The Metals Company USA LLC (TMC USA) has submitted 
requests directly under the U.S. regulatory regime governed by DSHMRA. These applications are 
summarized below:  

¶ Exploration License for the USA-A Area which covers 65,186 km2 in the CCZ.  
¶ Exploration License for USA-B Area which covers 121,789 km2 in the CCZ. 
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USA-A includes the existing ISA approved exploration Area identified as NORI Area D and TOML area F. 
USA-B includes the existing ISA approved exploration Areas identified as NORI Areas A, B, C and TOML 
Areas A, B, C, D, and E. 

These applications are still under review and commencement of Commercial Recovery by TMC USA is 
subject to approval of these licenses under DSHMRA. At the time of writing this report, TMC USA does 
not hold any exploration licenses or commercial recovery permits under the DSHMRA framework.  

TMC USA has submitted applications for such rights, and subject to regulatory review and approval, 
anticipates that any future commercial recovery activities would be conducted pursuant to a permit 
issued by National Oceanic and Atmospheric Administration (NOAA) under the U.S. legal regime.  

Any reference in this Initial Assessment (IA) to activities proposed to be conducted by TMC USA is 
inherently uncertain and should be considered forward-looking in nature. No assurance can be given 
that any permit under DSHMRA will be issued, or that if issued, such permit will contain terms and 
conditions commercially or operationally viable for the project considered in this IA. 

This IA considers only the Areas for which TMC have mineral rights, specifically, the NORI and TOML 
Areas subject to existing ISA approved exploration licenses (collectively known as the Property). This IA 
specifically excludes NORI Area D as this is the subject of a separate Pre-Feasibility Study (PFS) (AMC 
Consultants, 2025).  

A phased development is outlined for the NORI and TOML areas that make up the TMC Property. Each 
offshore collection system comprises collectors on the seafloor, Vertical Transport System (VTS), and 
Production Vessels (PV) that are expected to collect polymetallic nodules. The nodules are expected to 
be transferred from the PV to a Transport Vessel (TV). The polymetallic nodules are expected to be 
shipped to onshore processing facilities, where established processing technology are expected to be 
used to produce manganese silicate, a feedstock for silico-manganese alloy production used in steel 
making, and nickel-cobalt-copper matte which is expected to be refined into products in the US that 
can be used in energy, defense, manufacturing, and infrastructure. 

ШĦŸŰƻĲƖƣĲĬШĬƖŔũũƚőŔƓЯШƣőĲШcŔĬĬĲŰШ]ĲůЯШƖĲĦũċƚƚĲĬШċƚШƣőĲШƽŸƖũĬќƚШŉŔƖƚƣШĬĲĲƓƽċƣĲƖШůŔŰŔŰŊШƚőŔƓЯШƽċƚШƨƚĲĬШ
by NORI to support successful test mining in 2022 (Test Mining), where 3,000 wet metric tonnes (wmt) 
of nodules were lifted to the surface. Learnings from the Test Mining and further testing and modelling 
completed by Allseas has informed engineering of the First-Generation Mining System (1st Gen), the 
commercial-scale system as described in the NORI Area D Technical Summary Report (AMC 
Consultants, 2025). The engineering of the Second-Generation Mining System (2nd Gen) is expected to 
be informed by the operational and environmental performance of the 1st Gen.  

TMC has commissioned AMC Consultants Pty Ltd (AMC) to conduct an IA of developing the full ground 
position held by TMC through its subsidiaries NORI and TOML. An IA is a conceptual study of the 
potential viability of Mineral Resources. This Initial Assessment is preliminary in nature, includes 
Inferred Mineral Resources and describes the economic viability of mining and processing systems that 
are at conceptual stage of development. However, many of the concepts in the IA are based on systems 
studied and designed at a prefeasibility level for NORI Area D (AMC Consultants, 2025). 

This IA indicates that development of the Mineral Resources within the NORI and TOML Areas, is 
potentially technically and economically viable and indicates a positive economic outcome is possible. 
Headline results of the IA financial evaluation are provided in Table 1.1. However, due to the low level 
of confidence in much of the Mineral Resource base, the need for more exploration, and the need for 
more detailed evaluation of aspects of the Project, such as seafloor bathymetry, engineering design, 
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environmental characterization, and mine planning, the technical and economic viability has not yet 
been demonstrated. 

Table 1.1 Project headline financials 

Item  UOM Amount  

Total Revenue US$M $298,923 

Post-Tax NPV8 US$M $18,081 

Post-Tax NPV0 US$M $122,364 

Project IRR (Real Terms) % 35.6% 

Project Payback т after pre-production period Years 2 

EBITDA US$M $171,852 

EBITDA per tonne (dry nodules) US$/t $349 

Total Project Capital US$M 8,852 

Note: The economic projections presented in this table are based on Measured, Indicated, and Inferred Mineral Resources 
and do not support a determination of Mineral Reserves or demonstrate economic viability 

1.2 Location  

The Property is located within the CCZ of the northeast Pacific Ocean (Figure 3.1) between Hawaii and 
Mexico. The western end of the CCZ is approximately 1,000 km south of the Hawaiian island group. 
From here, the CCZ extends over 4,500 km east-northeast, in an approximately 750 km wide trend, with 
the eastern limits approximately 2,000 km west of southern Mexico. The region is well-located to ship 
nodules to the American continent or across the Pacific to Asian markets. 

The Property comprises of nine separate areas (NORI A, B, C, TOML A, B, C, D, E and F) with a combined 
area of 124,381 km2.  

1.3 Regulatory environmental and the tenements  

The principal regulatory environments governing the international seabed area include: 
¶ The UN Convention on the Law of the Sea, of 10 December 1982 (The Convention). 
¶ The 1994 Agreement relating to the Implementation of Part XI of the UN Convention on the Law of 

the Sea of 10 December 1982 (the 1994 implementation Agreement). 
¶ The Deep Seabed Hard Mineral Resources Act (DSHMRA) (30 U.S.C. §1401 et seq.) 

Part XI of the Convention and the 1994 Implementation Agreement deals with mineral exploration and 
exploitation in the Area, providing a framework for entities to obtain legal title to areas of the seafloor 
from the ISA for the purpose of exploration and eventually exploitation of resources. 

The Convention entered into force on 16 November 1994. As of October 2024, the Convention had been 
signed by 169 States Parties1 and the European Union. The US is currently not a party to the Convention. 

The Deep Seabed Hard Mineral Resources Act, enacted in 1980 by the U.S., authorizes the issuance of 
Exploration Licenses and Commercial Recovery Permits over the deep seabed. These activities are 
limited to areas beyond national jurisdiction and are intended to ensure U.S. entities can participate in 
seabed mining despite not being party to UNCLOS.  

 

1  https://itlos.org/en/main/the -tribunal/states -parties/ 



Technical Report Summary-Initial Assessment of TOML and NORI Properties, 
Clarion-Clipperton Zone 

 

TMC the metals company Inc. 0225054 
 

amcconsultants.com  iv 
 

To date, the ISA has issued regulations on prospecting and exploration for polymetallic nodules in the 
Area. 

At the time of this report, the ISA is yet to finalize the Mining Code, including Regulations on the 
Exploitation of Mineral Resources in the Area as required under UNCLOS. 

Consequently, TMC, through its wholly owned subsidiary TMC USA on April 28 2025, submitted 
applications for two exploration licenses and a commercial recovery permit under the U.S. regulatory 
regime governed by DSHMRA. 

ÑőĲƚĲШċƓƓũŔĦċƣŔŸŰƚШċƖĲШƚƣŔũũШƨŰĬĲƖШƖĲƻŔĲƽШċŰĬШÑ~9ќƚШĦũċŔůШƣŸШƣőĲƚĲШċƖĲċƚШƨŰĬĲƖШ?Éc~Å ШċƖĲШƚƨĤŢĲĦƣШƣŸШ
approval of these licenses and permits by NOAA. NOAA has advised TMC USA that the exploration 
license applications are substantially complete, which provides TMC USA with the priority right to areas 
subject to application, which includes the Property, for the duration of the application process.  

1.4 Geology and Mineral Resources 

Seafloor polymetallic nodules occur in all oceans, but the CCZ hosts a relatively high abundance of 
particularly nickel and copper-rich nodules. The CCZ seafloor forms part of the Abyssal Plains, which 
are the largest physiographic province on Earth. 

The average depth of the seafloor in the Project area ranges from 3,800 m to over 6,000 m. The Abyssal 
Plains are traversed by ridges and are punctuated by inactive volcanoes rising 500 up to 2,000 m above 
the seafloor.  

The formation and distribution of polymetallic nodules in the CCZ are primarily controlled by water 
depth, latitude, and seafloor sediment type. Geological domains identified include volcanic outcrops, 
volcanic highs, sediment drifts, and high-slope (>6°) areas, which were excluded from resource 
estimates. 

Exploration data underpinning the Mineral Resource estimates comprise historical sampling by Pioneer 
Contractors using free-fall grab samplers (FFG) and box core (BC) samplers, supplemented by recent 
campaigns conducted by NORI and TOML involving box coring, dredging, multibeam echosounder 
MBES surveys, side scan sonar, sub-bottom profiling, autonomous underwater vehicle (AUV) 
deployments, and photographic seabed imaging.  

Nodule abundance is reported on a wet basis with an assumed moisture content of 28% for TOML 
areas, and 24% for NORI-A, B, and C. No significant correlations were found between moisture content 
and nodule size, grade, or geological domain. Nodule size measurements and long-axis estimation 
methods were applied to improve abundance estimates from photographic data. 

Mineral Resource estimation employed geostatistical techniques including declustering to correct for 
sample spacing bias, variogram modeling to characterize spatial continuity, and Ordinary Kriging for 
grade interpolation. The Mineral Resource classification follows SEC Regulation S-K (subpart 1300), 
with Measured, Indicated, and Inferred categories assigned based on data density and quality (Table 
1.2). Areas with sparse data or high uncertainty, such as volcanic highs and steep slopes, were 
excluded. 
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Table 1.2 NORI and TOML Mineral Resource estimates, in situ, at 4 kg/m2 abundance cut-off 

Area Classification  Tonnes (Mwmt ) Abundance (wet kg/m²)  Ni (%) Cu (%) Co (%) Mn (%) 

NORI-A Inferred 72 9.3 1.35 1.06 0.22 28.0 

NORI-B Inferred 36 11.0 1.43 1.13 0.25 28.9 

NORI-C Inferred 402 11.0 1.26 1.03 0.21 28.3 

TOML-A Inferred 114 11.1 1.11 0.96 0.23 25.0 

TOML-B Measured 3 11.8 1.3 1.0 0.2 27.6 

TOML-B Indicated 14 11.1 1.3 1.1 0.2 28.6 

TOML-B Inferred 63 9.1 1.2 1.0 0.3 25.9 

TOML-C Indicated 15 8.6 1.3 1.2 0.2 30.5 

TOML-C Inferred 115 9.0 1.3 1.1 0.2 28.2 

TOML-D Indicated 29 12.2 1.3 1.2 0.2 30.1 

TOML-D Inferred 102 9.0 1.3 1.2 0.2 28.8 

TOML-E Inferred 58 10.6 1.3 1.1 0.2 28.7 

TOML-F Indicated 12 21.6 1.5 1.2 0.1 32.5 

TOML-F Inferred 244 16.6 1.4 1.2 0.1 32.2 

Note: Tonnes are quoted on a wet basis; grades are reported on a dry basis consistent with industry practice. 
Moisture content was estimated to be 28% w/w for TOML and 24% for NORI-A, -B, and -C. These estimates are presented on 
an undiluted basis without adjustment for resource recovery. The estimates in this table include Inferred, Measured and 
Indicate Mineral Resources. These are not Mineral Reserves and do not have demonstrated economic viability. 

1.5 Development plan and mining methods  

The development plan for the Property envisions a phased, 23-year mining operation leveraging 
advanced offshore technologies including remotely operated Collector Vehicles (CV), VTS, and PVs. 
Mining is expected to target polymetallic nodules on seafloor slopes up to 6°, with recovered nodules 
transported to onshore facilities for processing into manganese silicate and nickel-cobalt-copper 
products essential for steelmaking and battery materials.  

The life of mine schedule prioritizes higher grade areas, commencing with TOML-F before progressing 
through the other areas in a systematic sequence designed to optimize resource extraction and 
maintain steady production aligned with processing capacity. Environmental safeguards such as buffer 
zones are integrated throughout the plan. This approach, informed by exploration in the NORI and TOML 
areas and Test Mining and environmental studies conducted in NORI Area D provides a framework for 
developing the Mineral Resource in the wider Property. The development of these NORI and TOML areas 
are expected to benefit from the offshore and onshore experience gained through operating in NORI 
Area D. 

The mining method for the NORI and TOML areas employs bespoke deep-sea technology featuring 
remotely operated, self-propelled, tracked CVƚШĲƕƨŔƓƓĲĬШƽŔƣőШ9ŸċŰĬčШŰŸǍǍũĲƚШƣŸШĲŉŉŔĦŔĲŰƣũǃШƖĲĦŸƻĲƖШ
polymetallic nodules from the seafloor. These CVs are expected to operate on slopes up to 6°, removing 
nodules while minimizing sediment disturbance. Nodules are expected to be transported via a VTS 
using airlift or hydraulic pumps to PVs on the surface, where dewatering and offloading is expected to 
occur before shipment to processing facilities.  

These 2nd Generation Production Systems are expected to build on successful Test Mining conducted 
in 2022 in NORI Area D and a decade of experience that is expected to be gained from operating a 1st 
Generation Production System in the NORI Area D.  
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A total of eight PVs are expected to operate within the Property across the 23 year mine life. Each PV is 
fitted with three 20 m wide CVs and is capable of producing 7 million wet metric tonnes per annum 
(Mwmtpa) of nodules in the high abundance areas within TOML-F and 5 Mwmtpa in the other areas that 
make up the Property.  

The fleet of production, transport, and supply vessels are expected to be coordinated through 
centralized offshore control centers, enabling safe, efficient, and adaptive operations with reduced 
offshore personnel exposure. This innovative mining approach is designed to maximize resource 
recovery while maintaining environmental stewardship and operational reliability in the challenging 
deep-sea environment. 

1.6 Mineral processing and metallurgical testing  

The mineral processing strategy is supported by extensive bench-scale and pilot-scale metallurgical 
testwork that has demonstrated the technical feasibility of converting polymetallic nodules into 
marketable products. Bulk sampling and Test Mining successfully recovered nodule material from 
NORI Area D that was used for large scale processing trials.  

The processing flowsheet involves drying and calcining the nodules in a rotary kiln(s) followed by 
electric furnace (RKEF) smelting to produce two immiscible phases: a nickel-cobalt-copper-rich alloy 
and a manganese silicate oxide slag. A pilot plant campaign produced 35 t of calcine that was then 
smelted at eXpert Process Solutions (XPS, a division of Glencore) and tested in industrial scale trials by 
Pacific Metals company Ltd (PAMCO), producing demonstration quantities of these target products 
with stable operation and emissions compliant with relevant regulations. High recoveries were 
achieved, including approximately 97% for nickel, 93% for cobalt, 94% for copper, and 99% for 
manganese. The alloy is expected to be further processed in Peirce-Smith converters to generate a 
matte product containing 5% iron. This was also piloted at XPS with suitable quantities of matte 
generated to feed downstream refinery bench-scale testing. 

Matte is expected to be refined hydrometallurgically using a two-stage leach process, followed by 
copper electrowinning, cobalt and nickel solvent extractions (SX), impurity removal steps and 
crystallization of the nickel and cobalt phases to generate sulfate products. The copper phase that are 
expected to be generated following the electrowinning is copper cathode. Bench-scale testing at 
Lakefield, Ontario (SGS) was able to generate about 1 kg of nickel and cobalt sulfates suitable for use 
in batteries.  

The process design leverages existing ferronickel production assets in Indonesia with minor 
modifications to accommodate nodule feedstock, supporting cost-effective commercial-scale 
operations. New build refineries in the USA are expected to then complete the conversion of the matte 
produced in Indonesia to saleable materials. 

1.7 Market studies  

Benchmark Mineral Intelligence (BMI) was contracted by TMC to provide market overviews for three 
commodities: nickel, cobalt, and copper and to provide forecasts for the premia/discounts for nickel 
and cobalt sulfate over nickel metal price forecasts.  

CRU Group (CRU) was commissioned by NORI to examine the marketability and pricing for the three 
intermediate products that are expected to be produced (CRU, 2024): 

¶ Nickel-cobalt-copper alloy. 
¶ Nickel-cobalt-copper matte. 
¶ Manganese silicate.  
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Additionally, CRU was retained to provide manganese ore market forecasts.  

The global market for critical metals like nickel, cobalt, and copper is expected to grow significantly, 
driven by demand from sectors such as the transportation, electrical infrastructure and consumer 
goods sectors. BMI and CRU forecast the following metal supply, demand and price scenarios: 

¶ Nickel production, led by Indonesia, is expected to rise from 3.6 Mt in 2025 to 4.9 Mt by 2035, 
fuelled by about equal its demand in stainless steel and EV batteries. 

¶ Cobalt demand is expected to grow at a 5.8% compound annual growth rate through 2030, 
dominated by battery production, with supply heavily reliant on the Democratic Republic of 
Congo (DRC) and China. But as mines begin to deplete reserves and the visibility for new assets 
into the 2030s is limited, BMIќƚ expectation for mine supply is a slight decline into the 2030s. 

¶ Manganese remains essential for steelmaking, although projected demand is forecast to remain 
flat. However, this is expected to be tempered by rapid demand growth in battery-grade products. 

¶ Copper, a critical for green energy infrastructure, faces an 8 Mt shortfall by 2035, despite 
production increases in Africa. 

¶ Prices for these metals are forecast to rise steadily due to tightening supply-demand dynamics. 

TMC manganese silicate and TMC matte are expected by CRU to gain market traction given their high 
quality. CRU notes: 

¶ TMC manganese silicate offers advantages in silico-manganese alloy production and battery 
applications, with demand projected to grow alongside manganese markets. 

1.8 Environmental studies, permitting, community, or social impact  

Extensive environmental baseline studies and impact assessments have been conducted in NORI 
Area D and are planned to be expanded across the other NORI and TOML areas to support responsible 
deep-sea mining development in the CCZ. These studies are expected to encompass geological, 
oceanographic, biogeochemical, benthic ecological, and trace metal analyses, building from the 
current knowledge base generated through extensive offshore efforts in NORI Area D and the growing 
dataset in published literature.  

The ISA provides an exploration regulatory framework, requiring comprehensive Environmental and 
Social Impact Assessments (ESIA) and Environmental Impact Statements (EIS) as prerequisites for 
moving to exploitation licensing. Both NORI and TOML are compliant with current ISA exploration 
contract obligations.  

Environmental management plans are expected to incorporate mitigation strategies informed by the 
2022 Test Mining, which demonstrated limited and manageable environmental impacts.  

Key social benefits include community development and training programs, particularly supporting the 
Republic of Nauru and Tonga. The absence of competing economic uses and landowner displacement 
ŉƨƖƣőĲƖШƚƨƓƓŸƖƣƚШƣőĲШƓƖŸŢĲĦƣќƚШƚŸĦŔċũШũŔĦĲŰƚĲЮШA key environmental benefit compared to terrestrial mines 
is that the project is expected to essentially produce zero waste from the mining and processing of the 
nodules. 

Overall, the environmental and social programs establish a strong foundation for sustainable seabed 
mineral development while ensuring adherence to evolving international and national regulatory 
requirements. 



Technical Report Summary-Initial Assessment of TOML and NORI Properties, 
Clarion-Clipperton Zone 

 

TMC the metals company Inc. 0225054 
 

amcconsultants.com  viii 
 

1.9 Capital and operating cost estimates  

The proposed strategy for the project includes engaging contract miners to conduct polymetallic 
nodule collection and transport to existing RKEF facilities in Indonesia with Contractor capital 
investment recovered in the first 10 years of operation. Sustaining capital during PV class surveys is 
included for the collection equipment. RKEF processing in Indonesia is expected to be by tolling 
arrangement. Matte from RKEF facilities in Indonesia is expected to be shipped to the USA for 
refinement through TMC built / owned / operated infrastructure with associated capital expenditure 
(CAPEX) and operating expenditure (OPEX) included.  

The CAPEX for the NORI and TOML projects is estimated at approximately US$15,000 million, 
encompassing Project capital of $8,850 million, sustaining capital over the life of mine (LOM) of 
US$5,300 million, with closure costs estimated at US$805 million.  

OPEX is forecasted at approximately US$126,000 million over the LOM, averaging US$188.3 per wet 
metric tonne of nodules processed. Key OPEX components include collection, transport, processing, 
refining, consumables, and corporate costs, with processing and refining representing the largest 
shares.  

These cost estimates, prepared to an  IA -level confidence standard, incorporate contingencies and 
reflect current engineering designs and operational plans. 

1.10 Economic evaluation  

The economic evaluation of the NORI and TOML projects demonstrates potential for strong financial 
viability based on a real, ungeared, post-tax discounted cash flow model using an 8% discount rate over 
a 23-year life of mine starting in 2037. The analysis incorporates metal price forecasts, metallurgical 
recoveries, payabilities, and detailed cost structures without inflation or escalation.  

In the model, the proposed project delivers a post-tax net present value (NPV8) of approximately 
US$18,100 million and an EBITDA of US$172,000 million over the LOM. Sensitivity analyses highlight 
ƣőĲШƓƖŸŢĲĦƣќƚШƖĲƚŔũŔĲŰĦĲШƣŸШŉũƨĦƣƨċƣŔŸŰƚШŔŰШůĲƣċũШƓƖŔĦĲƚЯШŸƓĲƖċƣŔŰŊШĦŸƚƣƚЯШċŰĬШĦċƓŔƣċũШĲǂƓĲŰĬŔƣƨƖĲƚЮШ9ċƚőШ
cost analysis positions the operation competitively within the global nickel market, supported by 
significant by-product credits from cobalt, copper, and manganese.  

Overall, the economic evaluation confirms the robust commercial potential of the project under current 
assumptions. However, due to the low level of confidence in much of the Mineral Resource base, the 
need for more exploration, and the need for more detailed evaluation of aspects of the Project, such as 
seafloor bathymetry, engineering design, environmental characterization, and mine planning, the 
technical and economic viability has not yet been demonstrated. 

1.11 Qualified Person's conclusions and recommendations  

The Qualified Persons (QPs) recommend advancing the NORI and TOML projects through continued 
engineering development, environmental management, and operational planning to support a 
prefeasibility study. 

Key priorities include more detailed bathymetric surveys, detailed definition and increase in confidence 
in the Mineral Resources, developing mine plans aligned with finalized Commercial Recovery Permit 
conditions, design and testing of 2nd Gen CVs, VTSs, PVs, and associated infrastructure, refinement of 
CAPEX and OPEX estimates. The buildup of experience expected through development and operation 
of the 1st Gen in NORI Area D are expected to be important for derisking the Project.  



Technical Report Summary-Initial Assessment of TOML and NORI Properties, 
Clarion-Clipperton Zone 

 

TMC the metals company Inc. 0225054 
 

amcconsultants.com  ix 
 

Expanding engineering studies and design efforts for the hydrometallurgical plant capabilities is 
required to meet required plant availability to manage proposed production volumes. Engagement and 
commercial arrangements with existing or emerging industry partners is key to TMC operating strategy 
and therefore recommended.  

Environmental monitoring and adaptive management frameworks should be refined and aligned with 
finalized Commercial Recovery Permit conditions. 

These recommendations collectively aim to mitigate risks, improve technical and economic outcomes, 
and support responsible advancement of the TMC Property.   
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MnO2 manganese dioxide 

Mo molybdenum 

Na sodium 

NaHS sodium hydro sulfide 

Na2S sodium sulfide 

Nd neodymium 

Ni nickel 

P phosphorus 

Pb lead 

REE rare earth elements 

S sulfur 

SiO2 silicon dioxide 

Sr strontium 

Ti titanium 

V vanadium 

Y yttrium 

Zn zinc 

Zr zirconium 
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List of units 

° degree 

°C degrees Celsius 

% percent 

% w/w % mass/mass or weight 

µm microns 

cm centimeter 

cm/s centimeter per second 

dmtu dry metric tonne unit 

G gram 

GWh gigawatt-hours 

ka Thousand years 

kg kilogram 

kg/m² kilograms per square meter (surface abundance) 

km kilometer 

km² square kilometer 

kn knots 

kPa kilopascal 

kt kilotonne (metric) 

kt/a kilotonnes (metric) per annum 

kWh/h kilowatt hours per hour 

kWh/t kilowatt hours per tonne 

Kt Knots (nautical miles per hour) 

Lb pound 

m meter 

m/h meters per hours 

m/s meters per second 

m2 square meter 

m3 cubic meter 

m³/y cubic meters per year 

mbsl meters below sea level 

mg/L milligrams per liter 

mm millimeter  

MPa megapascal 

mt metric tonnes 

Mmt million tonnes 

Mmtpa million tonnes per annum 

Mwmt million wet metric tonnes 

Mwmtpa million wet metric tonnes per annum 

mV millivolt  

MW megawatt 

nm nautical mile 

ppm parts per million 

ppmw parts per million weight 
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s second 

t tonne (metric) 

t/d  tonnes (metric) per day 

t/h  tonnes (metric) per hour 

US$ US dollar 

wmt Wet metric tonnes 

y year 
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2 Introduction  

A very large nickel, manganese, cobalt, and copper resource occurring as polymetallic nodules is 
located in the Clarion-Clipperton Zone (CCZ) of the northeast Pacific Ocean between Hawaii and 
Mexico. The nodules are located at depths of between 4,000 to 6,000 m and have been explored with 
considerable success between the mid-1960s and the present day using a variety of deep-sea 
technologies. Successful trial extraction in the CCZ has also been carried out to demonstrate that the 
nodules can be collected and pumped to a surface platform and processed for recovery of metals. 

Interest in seafloor mineral deposits grew through the 1960s. Several commercial and government 
funded organizations and consortia started exploring the oceans as part of a cooperative program 
known as the International Decade of Ocean Exploration. These organizations became known as 
Pioneer Contractors. 

Exploration of the seafloor in international waters is administered by two governing bodies; the 
International Seabed Authority (ISA) the regulator of the United Nations Convention on the Law of the 
Sea (UNCLOS) and the National Oceanic and Atmospheric Administration (NOAA), the regulator of the 
U.S. Deep Seabed Hard Mineral Resources Act (DSHMRA). These regulatory frameworks operate 
independently of one another.  

TMC the metals company Inc. (TMC), through its wholly owned subsidiaries. NORI and Tonga Ocean 
Minerals Limited (TOML), hold exploration contracts with the ISA.  

NORI holds exploration rights to four areas (NORI Area A, B, C, and D) in the CCZ that were granted by 
the ISA in July 2011. TOML holds exploration rights to six areas (TOML-A, B, C, D, E, and F) in the CCZ, 
under an exploration contract approved in July 2011, and then formalized on 11 January 2012 by the ISA.  

TMC, through its wholly owned subsidiary TMC USA has submitted requests directly under the U.S. 
regulatory regime governed by DSHMRA. These applications are summarized below:  

¶ Exploration License for the USA-A Area which covers 65,186 km2 in the CCZ  
¶ Exploration License for USA-B Area which covers 121,789 km2 in the CCZ 

USA-A includes the existing ISA approved exploration Area identified as NORI Area D and TOML area F. 
USA-B includes the existing ISA approved exploration Areas identified as NORI Areas A, B, C and TOML 
Areas A, B, C, D, and E. 

As of the effective date of this report, these applications remain under review by NOAA. Any future rights 
to these U.S. areas remain contingent upon approval of the submitted applications. Accordingly, this 
report only assesses Mineral Resources located within areas covered by the ISA exploration contracts 
held by NORI and TOML. 

2.1 Registrant, terms of reference and purpose of report  

The registrant is TMC the metals company Inc. (TMC). TMC commissioned AMC Consultants Pty Ltd 
(AMC) to undertake an Initial Assessment (IA) of the Mineral Resources contained in NORI Area A, B, 
and C, and TOML-A, B, C, D, E, and F (combined as the Property) and compile a Technical Report 
Summary compliant with SEC Regulation S-K (subpart 1300). This IA is preliminary in nature, includes 
Inferred Mineral Resources, and is not supported by a pre-feasibility or feasibility study. Mineral 
Resources are not Mineral Reserves and do not have demonstrated economic viability. 

This IA contains forward-looking statements within the meaning of the U.S. securities laws. These 
statements include projections, expectations, and assumptions regarding future technical, regulatory, 
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financial, and operational outcomes for areas of the NORI and TOML Contract Areas not currently 
covered by a pre-feasibility or feasibility study. These statements are based entirely on Measured, 
Indicated, and Inferred Mineral Resources and do not reflect demonstrated economic viability. The 
projected development scenarios, cost estimates, timelines, and financial metrics such as IRR and 
NPV are preliminary in nature and may differ materially from actual results due to changes in technical 
data, market conditions, permitting outcomes, regulatory frameworks, or other factors. 

For a discussion of material risks and uncertainties that could affect these forward-looking statements, 
ƚĲĲШљfƣĲůШΝ ЮШÅŔƚťШ[ċĦƣŸƖƚњШċŰĬШљ9ċƨƣŔŸŰċƖǃШ ŸƣĲШÅĲŊċƖĬŔŰŊШ[ŸƖƽċƖĬ-xŸŸťŔŰŊШÉƣċƣĲůĲŰƣƚњШŔŰШÑ~9ќƚ 
most recent Annual Report on Form 10-K, as supplemented in subsequent SEC filings. Readers are also 
referred to the full cautionary statement regarding forward-looking information included in Chapter 19 
of this report. 

2.2 Sources of information and data  

This Technical Report Summary is based on information and reports supplied by TMC, NORI, TOML, and 
TMC USA or in the public domain.  

2.3 Qualified personnel  

ÑőŔƚШÑĲĦőŰŔĦċũШÅĲƓŸƖƣШŔƚШċƨƣőŸƖĲĬШĤǃШƚĲƻĲƖċũШĲǂƓĲƖƣƚШŸƖШљQualified PersonsњШыÄÂƚьЯШċƚШĬĲŉŔŰĲĬШŔŰШSubpart 
1300 of Regulation S-K promulgated by the US Securities and Exchange Commission (S-K 1300). The 
QPs are listed in Table 2.1 and Table 2.2. The QPs have not visited the site, as the nodules, which are 
the subject of the Technical Report, are located in the north-east Pacific Ocean and lie at a depth of 
approximately 4,500 m below sea level. As permitted by Item 1302(b)(2)(iii), personal inspection has 
been substituted with inspection of sample material and survey data collected using remotely operated 
vehicles (ROV), which the QPs consider reasonable given the depth and location of the deposit. 
Nodules are only accessible to autonomous or remotely operated specialist underwater vehicles. 

Table 2.1 List of Qualified Persons responsible for each Section 

Qualified Person  Responsible for the following report Sections:  

AMC Consultants Pty Ltd 
Sections 1.1, 1.4, 1.11, 2.1 - 2.4, 4, 5.1, 5.3, 6.8 - 6.10, 6.11.2, 7.1 - 7.4, 8.1, 8.2.1, 
8.2.2, 8.3, 9.2, 11, 12, 13.7, 13.8.1, 13.8.2, 13.9, 20, 21, 22.2, 22.4, 22.6, 23 - 25 

MARGIN - Marine Geoscience Innovation Sections 6.1 - 6.6, 6.11.1, 7.6.2 - 7.6.5 

APYS Subsea Ltd Sections 7.6.6, 7.7.6 

Canadian Engineering Associates Ltd Sections 1.6, 10, 14, 15, 22.3, 22.7, 22.8 

Lanasera Sections 1.10, 19, 22.12 

TMC the metals company Inc. 

1.2, 1.3, 1.5, 1.7 - 1.9, 3.1, 3.1.1, 3.1.1.1, 3.1.2, 3.1.2.1, 3.2, 3.2.1, 3.2.2, 5.2, 5.4, 
6.7, 6.11.3, 7.5.1, 7.5.2, 7.6.1, 7.7.1 - 7.7.5, 8.2, 9.1, 13.1 - 13.6, 13.8.3, 16 - 18, 
22.1, 22.5, 22.9 - 22.11 
Refer to Table 2.2  

[ƨƖƣőĲƖШĬĲƣċŔũƚШŸŰШƣőĲШÄÂќƚШĲůƓũŸǃĲĬШĤǃШƣőĲШRegistrant are provided in Table 2.2. 
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Table 2.2 TMC Qualified Persons responsible for each section 

Qualified Person  Responsible for the following report 
sections:  

ŰƣőŸŰǃШ§ќÉƨũũŔƻċŰ, Chief Development Officer  
Anthony is a mining executive with over 30 years of experience in mineral 
exploration and project development. As Chief Development Officer at 
TMC, he oversees technical and strategic development of deep-sea 
ƓŸũǃůĲƣċũũŔĦШŰŸĬƨũĲШƓƖŸŢĲĦƣƚЮШcĲШőċƚШŸƻĲƖШΞΜШǃĲċƖƚќШĲǂƓĲƖŔĲŰĦĲШŔŰШƚƨĤƚĲċШ
ƖĲƚŸƨƖĦĲШĬĲƻĲũŸƓůĲŰƣШƽŔƣőШΝΜШŸŉШƣőĲƚĲШǃĲċƖƚќШĲǂƓĲƖŔĲŰĦĲШŔŰШƓŸũǃůĲƣċũũŔĦШ
nodule development involving exploration, development of 
environmental impact statements and permitting, project development, 
offshore equipment design, onshore processing and product marketing. 
He has held senior roles at Nautilus Minerals and BHP Billiton and is a co-
inventor on multiple subsea mining patents. He is a current fellow of the 
AusIMM. 

Sections 1.2, 1.3, 1.7, 3.1, 3.1.1, 3.1.1.1, 3.1.2, 
3.1.2.1, 3.2, 3.2.1, 3.2.2, 5.2, 5.4, 6.7, 6.11.3, 
7.5.1, 7.5.2, 7.6.1, 7.7.1, 7.7.2, 7.7.3, 7.7.4, 
7.7.5, 8.2, 9.1, 16, 22.1, 22.9  

Rutger Bosland, Chief Innovation and Offshore Technology Officer  
Rutger is an offshore engineer and project leader with a track record of 
delivering pioneering technologies in deep-sea mining and heavy-lift 
engineering. He led the technical development of Pioneering Spirit, the 
ƽŸƖũĬќƚШũċƖŊĲƚƣШŸŉŉƚőŸƖĲШĦŸŰƚƣƖƨĦƣŔŸŰШƻĲƚƚĲũЯШċŰĬШŸƻĲƖƚċƽШƣőĲШƚƨĦĦĲƚƚŉƨũШ
ĬĲƚŔŊŰЯШĤƨŔũĬЯШċŰĬШƣĲƚƣŔŰŊШŸŉШ ũũƚĲċƚќШŔŰƣĲŊƖċƣĲĬШŰŸĬƨũĲШĦŸũũĲĦƣŔŸŰШƚǃƚƣĲůШ
aboard Hidden Gem. Under his direction, Allseas executed the first 
integrated nodule collection trials in the Pacific Ocean since the 1970s. 
At TMC, he now leads the development and commercial scaling of the 
polymetallic nodule collection system. He is a current member of 
AusIMM.  

Sections 1.5, 13.1, 13.2, 13.3, 13.4, 13.5, 13.6, 
13.8.3, 22.5 

Dr. Michael Clarke , Environmental Program Director  
Michael is an environmental scientist with extensive experience in marine 
biology, mining, environmental impact assessments, and regulatory 
compliance. At TMC, he leads the Environmental Program for the project, 
overseeing baseline studies, monitoring, and stakeholder engagement. 
He has contributed to the development of novel adaptive management 
systems and environmental monitoring protocols tailored to deep-sea 
mining.  
Michael is certified as an Environmental Practitioner and Impact 
Assessment Specialist by the Environmental Institute of Australia and 
New Zealand (EIANZ) and has participated in the planning and offshore 
execution of multiple research campaigns to the NORI Area D site. 

 

Sections 1.8, 17, 22.10 
 

Adam Price, Project Control Manager  
Adam is a seasoned project controls and analysis professional with over 
15 years of experience managing estimate, cost, schedule, financial 
economics/planning /reporting and risk performance across large-scale, 
complex construction and infrastructure projects. In his current role at 
TMC, Adam leads the strategic planning, capital and operating 
estimating, economic analysis, modelling, implementation, and oversight 
of integrated project controls systems across all phases of project 
deliveryуfrom Pre-Feasibility (PFS) and Feasibility Studies (FS) through to 
execution. 
Adam has worked across a wide range of estimating and contracting 
models and has a deep understanding of commercial structures and their 
implications on project performance and risk. His expertise spans the full 
project lifecycle, with a strong focus on establishing robust estimates, 
baselines, developing earned value management systems, and driving 
data-informed decision-making to optimize outcomes. Adam is a 
member of AACE International and AusIMM.  

Sections 1.9, 18, 22.11 
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2.4 Update to a previously file d Technical Report  

This IA refers to Mineral Resources previously reported for the NORI (AMC Consultants, 2021a) and 
TOML areas (AMC Consultants, 2021b). There has been no change to the Mineral Resources previously 
reported in these reports. This IA considers the combined Mineral Resources contained in NORI Area A, 
B, and C, and TOML-A, B, C, D, E and F.  
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3 Property description and location  

The NORI and TOML properties are located within the CCZ of the northeast Pacific Ocean Figure 3.1. 
The CCZ is located in international waters between Hawaii and Mexico. The western end of the CCZ is 
approximately 1,000 km south of the Hawaiian island group. From here, the CCZ extends over 4,500 km 
east-northeast, in an approximately 750 km wide trend, with the eastern limits approximately 2,000 km 
west of southern Mexico. The region is well-located to ship nodules to the US or across the Pacific to 
Asian markets. 

Figure 3.1 Location of NORI and TOML Project and other ISA exploration areas within the CCZ.  

 
Source: https://www.isa.org.jm/map/clarion -clipperton-fracture-zone, downloaded 22 July 2025.  

3.1 Tenements and permits  

NORI holds exploration contracts covering four areas with a combined area of 74,830 km2 (NORI Area 
A, B, C, and D) in the CCZ that was granted by the ISA in July 2011. Table 3.1 and Table 3.2 provide details 
regarding the location of the NORI areas. This IA considers only the NORI т A, B and C areas. NORI Area 
D is subject to a separate Technical Report Summary that is supported by a PFS (see AMC Consultants, 
2025). 

  

https://www.isa.org.jm/map/clarion-clipperton-fracture-zone
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Table 3.1 NORI Area details 

Area Size (km2) ISA number Pioneer Contractors  

A 8,924 13 Yuzmorgeologiya 

B 3,519 15 Yuzmorgeologiya 

C 37,227 22 Interoceanmetal Joint Organisation (IOM) 

D 25,160 25 Arbeitsgemeinschaft Meerestechnisch Rohstoffe (AMR) 

Table 3.2 NORI Area extents 

Area Minimum 
Latitude 

(DD) 

Maximum 
Latitude 

(DD) 

Minimum 
Longitude 

(DD) 

Maximum 
Longitude 

(DD) 

Minimum  
UTM X 

(m) 

Maximum  
UTM X 

(m) 

Minimum  
UTM Y 

(m) 

Maximum  
UTM Y 

(m) 

UTM 
Zone 

A 11.5000 13.00000 -134.5830 -133.8330 545220.4 627276.0 1271339 1437255 8 

B 13.5801 14.00000 -134.0000 -133.2000 607995.7 694759.8 1501590 1548425 8 

C 12.0000 14.93500 -123.0000 -120.5000 500000.0 769458.3 1326941 1652649 10 

D 9.8950 11.08333 -117.8167 -116.0667 410465.2 602326.1 1093913 1225353 11 

DD т Decimal degrees, UTM - Universal Transverse Mercator map projection 

TOML holds exploration rights to six areas (TOML A, B, C, D, E and F) with a combined area of 74,713 km2 
(Table 3.3 and Table 3.4) in the CCZ under an exploration contract approved in July 2011, and then 
formalized on 11 January 2012 by the ISA. 

Table 3.3 TOML exploration area in the CCZ 

Exploration Area  Reserved areas Area  
(km2) 

Area A 2 10,281 

Area B 15 9,966 

Area C 16 15,763 

Area D 20 15,881 

Area E 21 7,002 

Area F 25 15,820 

Total 74,713 

 
Table 3.4 TOML area extents 

Area Minimum 
Latitude 

(DD) 

Maximum 
Latitude  

(DD) 

Minimum 
Longitude 

(DD) 

Maximum 
Longitude 

(DD) 

Minimum  
UTM X 

(m) 

Maximum  
UTM X 

(m) 

Minimum  
UTM Y 

(m) 

Maximum  
UTM Y 

(m) 

UTM 
Zone 

A 7.167 N 8.167 N 151.667 W 152.510 W 553972 647187 792205 902968 05N 

B 13.580 N 14.667 N  132.000 W 133.200 W 694518 824685 1502009 1623605 08P 

C 15.000 N 15.800 N 128.583 W 131.000 W 284947 544791 1658371 1747847 09P 

D 13.125 N 14.083 N 123.583 W 125.333 W 247293 437022 1451031 1557860 10P 

E 12.750 N 13.083 N  123.583 W 125.333 W 246693 436796 1409563 1447513 10P 

F 9.895 N 11.083 N 117.817 W 118.917 W 289835 410804 1093917 1225828 11P 

DD т Decimal degrees, UTM - Universal Transverse Mercator map projection 

Figure 3.2 shows the location of the NORI and TOML Contract Areas. These contracts were granted for 
a term of 15 years and cover a program of activities for the first five-year period. These contracts also 
formalize the rights of NORI and TOML around tenure. Pursuant to the Regulations, NORI and TOML 
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have priority right to apply for an exploitation contract to exploit nodules over the exploration Contract 
Area (ISA Regulation 24 (2)).  

In April 2025, TMC USA submitted two applications (USA-A and USA-B) for polymetallic nodule 
exploration licenses and one application for a commercial recovery permit to NOAA under the U.S. 
DSHMRA framework. These exploration applications cover the NORI and TOML areas (Figure 3.2) 
currently held by TMC under the NORI and TOML ISA exploration contracts. 

At the time of writing this report, TMC USA does not hold any exploration licenses or commercial 
recovery permits under the DSHMRA framework. However, TMC USA has submitted applications for 
such rights, and subject to regulatory review and approval, anticipates that any future commercial 
recovery activities would be conducted pursuant to a permit issued by NOAA under the U.S. legal 
regime. No assurance can be given that such rights will be granted or that regulatory approvals will be 
obtained on the anticipated timeline or terms.  

Figure 3.2 NORI and TOML Areas  

 
Source: TMC USA 

To date, no commercial recovery permits for extracting minerals from the seafloor within the Property 
have been granted under ISA or DSHMRA.  
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3.1.1 United Nations Convention on the Law of the Sea  

The Area is defined as the seabed and subsoil beyond the limits of national jurisdiction (UNCLOS Article 
1). Figure 3.3 shows a map of the Area (blue zone) as well as 200 nautical mile exclusive economic zones 
(grey zone) and extended continental shelf zones (orange zone). Figure 3.4 shows the relationship 
between depth, distance and jurisdiction. 

The principal UNCLOS policy documents governing the Area include: 

¶ The UNCLOS, of 10 December 1982 (The Convention). 
¶ The 1994 Agreement relating to the Implementation of Part XI of the United Nations Convention 

on the Law of the Sea of 10 December 1982 (the 1994 implementation Agreement). 

The Convention deals with, among other things, navigational rights, territorial sea limits, exclusive 
economic zone jurisdiction, the continental shelf, freedom of the high seas, legal status of resources 
on the seabed beyond the limits of national jurisdiction, passage of ships through narrow straits, 
conservation and management of living marine resources in the high seas, protection of the marine 
environment, marine scientific research, and settlement of disputes. 

Part XI of the Convention and the 1994 Implementation Agreement deals with mineral exploration and 
exploitation in the Area, providing a framework for entities to obtain legal title to areas of the seafloor 
from the ISA for the purpose of exploration and eventually exploitation of resources. 

The Convention entered into force on 16 November 1994. A subsequent agreement relating to the 
implementation of Part XI of the Convention was adopted on 28 July 1994 and entered into force on 28 
July 1996. The 1994 Implementation Agreement and Part XI of the Convention are to be interpreted and 
applied together as a single instrument. 

As of 20 July 2025, the Convention had been signed by 169 States (countries) and the European Union. 
The US is currently not a party to the Convention. 
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Figure 3.3 Map of seafloor jurisdictions 

 
Note: International seabed area map (blue zone) as well as 200 nautical mile exclusive economic zones (grey zone) and 
extended continental shelf zones (orange zone). Source: Marine Geospatial Ecology Lab, Duke University (2011). 

Figure 3.4 Maritime space under the 1982 UNCLOS 

 
Source: TMC - adapted from UNCLOS, 1982 
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3.1.1.1 International Seabed Authority  

The ISA is an autonomous international organization established under the Convention and the 1994 
Implementation Agreement to organize and control activities in the Area, particularly with a view to 
administering and regulating the development of the resources of the Area in accordance with the legal 
regime established in the Convention and the 1994 Implementation Agreement. 

All rules, regulations, and procedures issued by the ISA to regulate prospecting, exploration, and 
exploitation of marine minerals in the Area are issued within a general legal framework established by 
the Convention and the 1994 Implementation Agreement. 

To date, the ISA has issued (https://www.isa.org.jm/mining-code/ Regulations): 

¶ The Regulations (adopted 13 July 2000 and updated in 2013; the Regulations). 
¶ The Regulations on Prospecting and Exploration for Polymetallic Sulfides (adopted 7 May 2010). 
¶ The Regulations on Prospecting and Exploration for Cobalt-Rich Ferromanganese Crusts in the 

Area (July 2012). 

The ISA is currently working on the development of a legal framework to regulate the exploitation of 
polymetallic nodules in the international seabed area. 

3.1.2 Deep Seabed Hard Mineral Resources Act (DSHMRA) 

While the ISA regulates seabed mining for UNCLOS member states, the U.S. maintains its own 
regulatory regime. The U.S. legal framework for seabed mineral activities in areas beyond national 
jurisdiction is governed by the Deep Seabed Hard Mineral Resources Act (DSHMRA), enacted in 1980 
(30 U.S.C. §1401 et seq.). This Act authorizes the National Oceanic and Atmospheric Administration 
(NOAA) to issue licenses to US citizens for exploration and permits for commercial recovery of 
polymetallic nodules containing manganese, nickel, cobalt, and copper from the deep seabed.  

These activities are limited to areas beyond national jurisdiction and are intended to ensure that U.S. 
entities can participate in seabed mining despite the US not being a party to UNCLOS or the 1994 
Implementation Agreement.  

3.1.2.1 National Oceanic and Atmospheric Administration (NOAA)  

NOAA is the U.S. federal agency responsible for administering the Deep Seabed Hard Mineral 
Resources Act (DSHMRA), which establishes a legal regime for the exploration and commercial 
recovery of hard Mineral Resources from the deep seabed in areas beyond national jurisdiction. All 
rules, regulations, and procedures issued by NOAA to regulate prospecting, exploration, and recovery 
of marine minerals under DSHMRA are issued within the legal framework established by the Act and its 
implementing regulations under 15 CFR, Subchapter D. To date, NOAA has issued: 

¶ The regulations governing the issuance of exploration licenses for polymetallic nodules in areas 
beyond national jurisdiction (15 CFR Part 970). 

¶ The regulations governing the issuance of commercial recovery permits for polymetallic nodules 
(15 CFR Part 971). 

NOAA is currently responsible for reviewing and processing applications for both exploration licenses 
and commercial recovery permits submitted by U.S. entities. In April 2025, the President of the US 
signed an Executive Order establishing a national policy to advance U.S. leadership in seabed mineral 
exploration and responsible commercial recovery, emphasizing environmental stewardship, supply 
chain resilience, and interagency coordination.  
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In May 2025, NOAA released a draft update to its DSHMRA regulatory framework, including proposed 
revisions to streamline the application process for commercial recovery permits and enhance 
environmental safeguards. The draft incorporated feedback from interagency consultations, industry 
stakeholders, and environmental groups, and was published for public comment via the Federal 
Register. NOAA has stated its intent to finalize the revised regulations by early 2026, in alignment with 
ƣőĲШ EǂĲĦƨƣŔƻĲШ §ƖĬĲƖќƚШĬŔƖective to modernize the permitting process and ensure timely access 
to critical minerals.  

Pursuant to DSHMRA and 15 CFR § 970.209, a licensee who submits a timely and substantially 
complete application for a commercial recovery permit for the same area covered by their exploration 
license is granted a priority of right over other applicants, provided regulatory requirements are met. 

Further permitting detail is outlined in Section17. 

3.2 Exploration contract  obligations and sponsorship  

NORI and TOML, under their ISA exploration contracts, are required to, among other things:  

¶ Submit an annual report to the ISA. 
¶ Meet certain performance and expenditure commitments. 
¶ Pay an annual overhead charge (currently US$60,000) to cover the costs incurred by the ISA in 

administering and supervising the contract. 
¶ Implement training programs for personnel of the ISA and developing countries in accordance 

with a training program proposed by NORI and TOML in its application and five-year work plans. 
¶ Take measures to prevent, reduce, and control pollution and other hazards to the marine 

environment arising from its activities in the Area. 
¶ Maintain appropriate insurance policies. 
¶ Establish environmental baselines against which to assess the likely effects of its program of 

activities on the marine environment. 
¶ Establish and implement a program to monitor and report on such effects. 

NORI is sponsored to carry out its mineral exploration activities in the Area by the Republic of Nauru, 
pursuant to a certificate of sponsorship signed by the Government of Nauru on 11 April 2011.  

TOML is sponsored to carry out its mineral exploration activities in the Area by The Kingdom of Tonga, 
pursuant to a certificate of sponsorship signed by The Kingdom of Tonga on the 23 September 2021. 

Sponsorship of an entity requires the sponsoring State to certify that it assumes responsibility for the 
entity's activities in the Area in accordance with the Convention. NORI and TOML as incorporated 
entities in their respective countries (Nauru and Tonga) are subject to applicable regulations and 
legislation applicable to their respective national regulatory frameworks.  

As sponsoring nations, both the Republic of Nauru and The Kingdom of Tonga have enacted Seabed 
Mineral Acts (Nauru International Seabed Minerals Act 2015 and Tongan Seabed Minerals Act 2014) to 
regulate and manage their respective countries' involvement in deep sea mineral activities. 

In June 2017 and September 2021, NORI and TOML, entered into Sponsorship Agreements with the 
Republic of Nauru and The Kingdom of Tonga, respectively formalizing certain obligations of the parties 
in relation to exploration and potential exploitation of the Contract Area of the CCZ. The NORI 
sponsoring agreement was revised on June 4, 2025. 
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Under the Sponsorship Agreements, NORI and TOML have the exclusive right to explore for nodules in 
the Area pursuant to the contracts for exploration dated between the ISA and NORI and TOML (the 
љexploration contractsњьЮ 

The terms of the NORI and TOML Sponsorship Agreements are aligned with the duration of each 
exploration contract (15 years) and contain provisions for automatic extension for a further 20 years 
upon reaching the Minimum Recovery Level (as such term is defined in the Sponsorship Agreement) 
under an ISA exploitation contract. 

3.2.1 Work program 

As of the date of this Technical Report, both NORI and TOML are in the fourteenth year of their 
exploration contracts.  

Under the NORI and TOML exploration contracts, 23 offshore campaigns were completed over 997 days 
focused on resource assessment, seabed mapping, and environmental baseline studies in the 
Clarion Clipperton Zone.  

Key offshore work included deploying and testing a full-scale prototype CV that recovered 3,000 mt of 
nodules from NORI Area D, extensive bathymetric and geotechnical surveys, metocean mooring 
deployments for oceanographic data, and comprehensive benthic and water column biological 
monitoring using remotely operated vehicles (ROVs), (AUVs), 
and other instruments.  

These efforts established a detailed understanding of seafloor conditions, mining system performance, 
and environmental impacts to support commercial recovery planning.  

Both NORI and TOML have submitted detailed annual reports to the ISA which include financial 
statements on levels of expenditure on the Contract Area.  

As of the date of this report, TMC USA has submitted two applications for exploration licenses, USA-A 
and USA-B. These are currently being reviewed by NOAA in accordance with 15 CFR Part 970. 

The activities included in the proposed exploration plan for USA-A include: 

¶ Completing resource definition and environmental baseline data collection outside the NORI 
Area D initial development area. 

¶ Pursuing the commercial recovery permit application for the NORI Area D, where sufficient work 
has already been completed.  

¶ Advancing mine planning and feasibility studies for offshore nodule collection systems and 
onshore processing facilities in the USA.  

The activities included in the proposed exploration plan for USA-B include: 

¶ Selecting an Initial Development Area by mapping the entire Contract Area using hull-based 
multibeam surveying (where it has not been done already) and assessing Mineral Resource 
distribution to Inferred status.  

¶ Conducting reconnaissance environmental baseline sampling and habitat mapping to support 
selection of the Initial Development Area, followed by completing an environmental scoping 
study and obtaining approval for the environmental baseline program. 

¶ Upgrading Mineral Resource definition to Indicated status through closer-spaced sampling, 
completing habitat mapping to define a two-year mining area and Preservation Reference Zones 
(PRZ), and identifying a preliminary development sequence. 
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¶ Completing comprehensive environmental baseline studies to meet NOAA regulations, 
concurrently upgrading the Initial Development Area to Measured Mineral Resource status with 
detailed bathymetric, photographic, and geotechnical surveys for collector path planning. 

¶ Undertaking mine planning and pre-feasibility studies for offshore nodule-collection systems in 
partnership with Allseas and onshore processing facilities in the USA, culminating in preparation 
of a Commercial Recovery Permit application supported by pre-feasibility, environmental impact 
assessment (EIA), and management plans. 

3.2.2 Royalties and taxes 

Under DSHMRA, royalties and taxes payable on any future commercial recovery of polymetallic nodules 
by U.S. entities in areas beyond national jurisdiction are governed by domestic U.S. law rather than 
international frameworks such as the ISA, to which the U.S. is not a party.  

DSHMRA does not prescribe specific royalty rates, it authorizes NOAA to issue exploration licenses and 
commercial recovery permits, with terms and conditions that may include financial obligations. These 
obligations are determined on a case-by-case basis during the permitting process and are designed to 
ensure that U.S. seabed mining activities are conducted responsibly and in alignment with national 
interests.  

 § ќƚШ ƖĲŊƨũċƣŸƖǃШ ŉƖċůĲƽŸƖťШ ƨŰĬĲƖШ ?Éc~Å Ш ŔŰĦũƨĬĲƚШ ƓƖŸƻŔƚŔŸŰƚШ ŉŸƖШ ƓƨĤũŔĦШ ĦŸůůĲŰƣШ ċŰĬШ
ĲŰƻŔƖŸŰůĲŰƣċũШƖĲƻŔĲƽШĤƨƣШĬŸĲƚШŰŸƣШĦƨƖƖĲŰƣũǃШůċŰĬċƣĲШċШŉŔǂĲĬШƖŸǃċũƣǃШŸƖШƣċǂċƣŔŸŰШƖĲŊŔůĲШċťŔŰШƣŸШƣőĲШfÉ ќƚШ
proposed ad valorem models. As such, financial terms are negotiated individually and may evolve with 
future legislative or executive directives, such as the April 2025 Executive Order promoting U.S. 
leadership in seabed mineral recovery. 

A revised sponsorship agreement with NORI has been signed. The updated agreement with NORI, 
announced in June 2025, ensures that the Republic of Nauru continue to receive financial benefits, 
training, and community development support. Importantly, it introduces "continuity benefits" that are 
expected to be activated once commercial production begins, either by NORI or another TMC 
subsidiary. A similar revised agreement is currently being finalized with The Kingdom of Tonga. 
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4 Accessibility , climate, local resources, infrastructure and 

physiography  

4.1 Accessibility and infrastructure  

The CCZ lies between Hawaii and Mexico and is accessible by ship from various ports in the US and 
South America. As the CCZ deposit does not include any habitable land and is not near coastal waters. 
All personnel and material is expected to be transported to the project area by ship. The region is well 
located to ship nodules to the American continent or across the Pacific Ocean to Asian markets. 
The CCZ is generally outside major shipping lanes as indicated in Figure 4.1 which shows the global 
cargo shipping network, illustrating the trajectories of all cargo ships bigger than 10,000 gross 
tonnage during 2007. 

Figure 4.1 Global cargo shipping network 

 
Note: The color scale indicates the number of journeys along each route. 
Source: Adapted from Kaluza et al. 2010. 

4.2 Climate  

The CCZ has a tropical oceanic climate, with average temperatures of from 20°C to 32°C. Minimum and 
maximum temperatures generally occur in March and September, respectively (ISA, 2001), and the 
average sea surface temperature is 25°C. The CCZ is located in open ocean and is subject to tropical 
weather patterns.  

Off-shore operations are planned to run throughout the year, with the exception of hurricane events, 
which are expected to occur once every three years. Tropical hurricanes are difficult to predict due to 
their erratic frequency but have high intensity over short periods and occur mostly during the period 
from May to October (Tilot, 2006, GSR 2018).  
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5 History  

5.1 Overview 

Submarine ferromanganese concretions were first discovered in the Kara Sea off Siberia in 1868 (ISA 
2010a, citing Earney 1990). HMS Challenger, during its round the world expedition from 1873 to 1876, 
collected many small dark brown balls, rich in manganese and iron, which were named manganese 
nodules (ISA 2010a, citing Murray and Reynard [1891], Manheim [1978], and Earney [1990]). 

Since the 1960s, polymetallic nodules have been recognized as a potential source of nickel, copper, 
cobalt, and manganese, and have been comparatively well studied because of their potential economic 
importance (Mero 1965). Scientific expeditions demonstrated that polymetallic nodules have a 
widespread occurrence in the world's oceans although their metal content and concentration vary from 
region to region. 

During the International Decade of Ocean Exploration (1971 т 1980) and prior to the implementation of 
UNCLOS, many offshore exploration campaigns were completed in the CCZ by international 
organizations and consortia (the Pioneer Contractors). Several at-sea trial mining operations were also 
successfully carried out in the CCZ in the 1970s to test potential mining concepts. These system tests 
evaluated the performance of a self-propelled and several towed collection and mining devices, along 
with submersible pumps and airlift technology for lifting the nodules from the deep ocean floor to (SV). 

NOAA monitored some of these tests as part of the Deep Ocean Mining Effects Study (DOMES II) 
program. The information collected during these activities provided key inputs to the impact analysis 
presented by NOAA in its Final Programmatic Deep-Sea Mining Environmental Impact Statement in 
1981. 

5.2 Pioneer Contractors  

For the purpose of this report, the Pioneer Contractors include those entities that carried out 
substantial exploration in the Area prior to the entry into force of UNCLOS, as well as those entities that 
inherited such exploration data. This Section describes some of the more important activities of the 
Pioneer Contractors. Table 5.1 lists the Pioneer Contractors that operated in the areas that form the 
NORI and TOML areas. 

Table 5.1 NORI and TOML ISA exploration Contract Areas and Pioneer Contractors 

Area Size (km2) Pioneer Contractor  

NORI A 8,824 Yuzhmorgeologiya 

NORI B 3,519 Yuzhmorgeologiya 

NORI C 37,227 Interoceanmetal Joint Organisation 

TOML A 10,281 DORD1 

TOML B 9,966 Yuzhmorgeologiya 

TOML C 15,763 Ifremer 

TOML D 15,881 DORD 

TOML E 7,002 KORDI, Interoceanmetal Joint Organisation 

TOML-F 15,820 
Arbeitsgemeinschaft Meerestechnisch Rohstoffe (AMR) and Ocean Management 
Inc. (OMI) 

Notes: 1 Deep Ocean Resources Development Co. Ltd 

NORI Area D and TOML-F were originally explored AMR. AMR subsequently joined Ocean Management 
Inc. (OMI). The OMI consortium comprised Inco Ltd (Canada), AMR (Federal Republic of Germany), 
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SEDCO Inc. (US), and Deep Ocean Mining Co. Ltd (Japan). OMI completed a successful trial mining 
operation in 1978. Hydraulic pumps, an air lift system, and towed collectors were tested in 
approximately 4,500 m of water. Approximately 800 t of nodules were recovered. 

Kennecott consortium (now a division of Rio Tinto) first became seriously interested in seafloor 
polymetallic nodules in 1962 (Agarwal et al. 1979). In the 1970s, Kennecott developed and tested 
components and subsystems of a seafloor mining system and also carried out significant polymetallic 
nodule metallurgical processing test work. 

Ocean Mining Associates (OMA) was formed in the mid-1970s, and comprised Essex Minerals (US), 
Union Seas (Belgium), Sun Ocean Ventures (US), with Deepsea Ventures as contractor. OMA 
conducted trial mining in the CCZ in 1977-78, recovering about 550 tonnes of nodules via suction 
dredge and airlift systems. 

Between 1969 and 1974, Deepsea Ventures Inc. carried out 16 survey cruises of three to four weeks' 
duration each, to define the extent of the polymetallic nodule deposit discovered by them in 1969 in the 
CCZ. As reported by Deepsea Ventures Inc: 

џÑőĲƚĲЮċĦƣŔƻŔƣŔĲƚЮŔŰĦũƨĬĲĬЮƣőĲЮƣċťŔŰŊЮŸŉЮƚŸůĲЮΥάΧЮĬŔƚĦƖĲƣĲЮƚċůƓũĲƚеЮŔŰĦũƨĬŔŰŊЮƣőĲЮĤƨũťЮĬƖĲĬŊŔŰŊЮŸŉЮƚŸůĲЮ
164 tonnes of manganese nodules from some 263 dredge stations, 28 core stations and three grab 
sample stations, cutting of some 28 cores, approximately 1000 lineal miles of survey of seafloor 
recorded by television and still photography, etc. As a result, the deposit of nodules identified with the 
discovery has been proved to extend generally throughout the entire area (American Society of 
International Law, 1975)Юњ 

Also active in the CCZ was the Ocean Minerals Company (OMCO), comprising Amoco Minerals Co. 
(US), Lockheed Missiles and Space Company Inc. (US), Billiton International Metals BV, and dredging 
company Bos Kalis Westminster (Netherlands). In a program lasting 16 years, OMCO collected 
thousands of free-fall grab and BC samples of nodules from its claim area and carried out trial mining. 
Lockheed's design efforts resulted in over 80 patents, a seafloor production system that consisted of a 
remote-controlled collector and crusher, a seafloor to surface slurry riser system, the first industrial 
scale DP system for a vessel, and a metallurgical processing plant (Spickermann, 2012). 

In 1978, OMCO used a remote controlled fully maneuverable self-propelled miner with conveyor and 
crusher Figure 5.1 and Figure 5.2 to trial mine polymetallic nodules in the CCZ at approximately 4,500 m 
below sea level. The miner used an Archimedes screw drive system to provide traction and accurate 
maneuverability on the seafloor. Nodules were picked up by the miner and transferred to the buffer, 
where they were to be pumped to the surface by an airlift system. 
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Figure 5.1 ÉĦőĲůċƣŔĦШŸŉШxŸĦťőĲĲĬШ]ƖŸƨƓќƚШΝΦΤΜƚШƣƖŔċũШůŔŰŔŰŊШƚǃƚƣĲů 

 
Source: DeepGreen. Used with permission of Prof. Jin Chung. 

Figure 5.2 Remote operated collector used by the Lockheed Group in 1970s trial mining 

 
Source: Spickerman 2012. 

Yuzhmorgeologiya (Russian Federation) conducted extensive sampling in NORI Areas A and B using 
enclosed FFG combined with photographic units. Their sample preparation and chemical analysis 
methods closely resembled those of OMCO. 
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Six Pioneer Contractors are known to have surveyed areas within the TOML areas and collected 
samples of polymetallic nodules. Much of this work overlapped as it predated the signing of the Law of 
the Sea. These Pioneer Contractors include the Japanese group, Deep Ocean Resources Development 
Co. Ltd. (DORD), the South Korean group (KORDI), Yuzhmorgeologiya, the French group (Ifremer), the 
German group (FIGNR or BGR), and OMCO. The timing and location (ISA, 2003) of the OMCO sampling 
is known but the results are not available outside of ISA published contour maps. The samples within 
the TOML Area used for the Mineral Resource estimate were collected by Yuzhmorgeologiya, DORD, 
KORDI, IOM, and Ifremer. 

Interoceanmetal Joint Organization (IOM), a consortium of Bulgaria, Cuba, Czech Republic, Poland, 
Russia, and Slovakia, registered as a Pioneer Contractor in 1992. IOM focused on geological and 
geophysical surveys covering large parts of the eastern CCZ, followed by research into mining system 
design and metallurgical processing. 

Preussag (Germany) explored the CCZ in the 1970s using FFG and box corers. Their detailed laboratory 
procedures included cleaning, drying, photographing, measuring, crushing, pulverizing, and assaying 
nodules for key metals using atomic absorption spectrophotometry (AAS) and X-ray fluorescence (XRF). 

AFERNOD (Association française pour l'étude et la recherche des nodules) / GEMONOD (France) 
completed programs backed by the French government, starting in the 1970s. The programs were 
focused on exploration near Marquesas Islands and the CCZ. Innovative mining concepts were 
developed, including free-shuttle autonomous vehicles and hydraulic lift systems. Detailed biological 
studies and metallurgical test work were conducted. 

Deepsea Ventures Inc (DVI) was active from the mid-1960s, supported by US academic research. DVI 
conducted collector and airlift trials in the Blake Plateau and later formed part of the OMA consortium 
focusing on higher-grade nodules in the central CCZ. 

DORD (Japan) began manganese nodule exploration activities in 1983 and was formally accepted as a 
Pioneer Contractor in late 1987. Between 1981 and 1989 it spent some JPY20 B (~US$80 M at the time; 
Kajitani, 1990). Much of the research and development expenditure was on a mining system concept, 
models and simulations and pilot development. 

KORDI (now KIOST: Korea) began studying CCZ nodules in the 1980s, with collaboration and data 
collection through the 1990s. From 1995т2002, they defined Mineral Resources and established 
environmental baselines. Since 2002, research prioritized environmental impacts and benthic 
experiments, with detailed surveys and sampling. Their mining concept has undergone successful pool, 
shallow, and deep sea testing, with pilot-scale subsea components built and tested in 2015. 

COMRA (China) conducted multiple oceanographic expeditions from 1978 onwards, with pilot-scale 
vehicle tests and lifting experiments conducted in the early 2000s. 

Further details of these programs are presented in: 

¶ ÑőĲШƣĲĦőŰŔĦċũШƖĲƓŸƖƣШƚƨůůċƖǃШƣŔƣũĲĬШљÑĲĦőŰŔĦċũШÅĲƓŸƖƣШÉƨůůċƖǃ--Initial Assessment of the NORI 
Property, Clarion-9ũŔƓƓĲƖƣŸŰШüŸŰĲЯШŉŸƖШ?ĲĲƓШ]ƖĲĲŰШ~ĲƣċũƚШfŰĦЮњШыƣőĲШљ §ÅfШÑĲĦőŰŔĦċũШÅĲƓŸƖƣњьЯШ
with an effective date of March 17, 2021 (AMC Consultants, 2021a). 

¶ ÑőĲШƣĲĦőŰŔĦċũШƖĲƓŸƖƣШƚƨůůċƖǃШƣŔƣũĲĬШљÑĲĦőŰŔĦċũШÅĲƓŸƖƣШÉƨůůċƖǃ--TOML Mineral Resource, 
Clarion-9ũŔƓƓĲƖƣŸŰШüŸŰĲЯШÂċĦŔŉŔĦШ§ĦĲċŰЯШŉŸƖШ?ĲĲƓШ]ƖĲĲŰШ~ĲƣċũƚШfŰĦЮњШыƣőĲШљÑ§~xШÑĲĦőŰŔĦċũШ
ÅĲƓŸƖƣњьЯШƽŔƣőШċŰШĲŉŉĲĦƣŔƻĲШĬċƣĲШŸŉШ~ċƖĦőШΞΣЯШΞΜΞΝШы ~9 Consultants, 2021b). 
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5.3 NORI 

NORI completed several offshore campaigns that included collection of geological data between 2012 
and 2023. The offshore campaigns were named as follows: 

Campaign 1. In 2012, NORI completed an offshore exploration campaign in NORI-C and Area D aboard 
the RV Mt. Mitchell, which sailed from the port of Seattle. NORI conducted extensive hull-based 
multibeam geophysical surveying of the seafloor and bulk sampling.  

Campaign 2. In 2013, NORI carried out a second exploration campaign within NORI-A and B. This cruise 
was carried out in collaboration with TOML, using the RV Mt. Mitchell, and focused on hull-based 
multibeam bathymetry in NORI-A and B, identifying nodule fields based on acoustic data (including 
interpretation of backscatter data), and recovering bulk polymetallic nodule samples. 

Campaign 3. In 2018, NORI conducted a successful survey and seafloor sampling program in NORI 
Area D. The work completed included detailed survey work using an multi -beam echo sounder (MBES) 
deployed on an AUV, side scan sonar (SSS), sub-bottom profiler (SBP), and camera payload; collection 
of 45 box cores from which nodule samples, biological samples and geotechnical samples were 
collected.  

Campaign 6A and 6B. In 2019, NORI conducted two campaigns (6A and 6B) in NORI Area D. Campaign 
6A was undertaken from 19/08/2019 to 03/10/2019 and Campaign 6B was undertaken from 10/11/2019 
to 21/12/2019. The work completed included collection of 207 box cores from which nodule samples, 
biological samples, and geotechnical samples were collected. 

Further details of Campaigns 1 to 6B are presented in: 

¶ ÑőĲШƣĲĦőŰŔĦċũШƖĲƓŸƖƣШƚƨůůċƖǃШƣŔƣũĲĬШљÑĲĦőŰŔĦċũШÅĲƓŸƖƣШÉƨůůċƖǃ--Initial Assessment of the NORI 
Property, Clarion-9ũŔƓƓĲƖƣŸŰШüŸŰĲЯШŉŸƖШ?ĲĲƓШ]ƖĲĲŰШ~ĲƣċũƚШfŰĦЮњШыƣőĲШљ §ÅfШÑĲĦőŰŔĦċũШÅĲƓŸƖƣњьЯШ
with an effective date of March 17, 2021 (AMC Consultants, 2021a). 

Campaign 7A and 7B. In 2022 NORI completed an integrated collection system test, supported by the 
Hidden Gem collector vessel in NORI Area D. Campaigns 7A and 7B in NORI Area D were primarily 
concerned with collecting environmental data. Campaign 7A was conducted prior to the collector 
system test and Campaign 7B was collected after the collector system test. Box cores were collected 
and environmental sampling and geotechnical testing, including in situ cone penetration tests (CPT) 
conducted from a ROV, were carried out. High resolution AUV MBES bathymetric, side scan and SBP 
and camera imagery surveying within the collector system test area were completed. 

Campaign 8 

Campaign 8A was conducted in late 2023 and early 2024, 12 months after completion of Test Mining, 
and was focused on collecting benthic biological data and conducting high resolution mapping work in 
the proposed initial production area within the NORI Area D. During this campaign six (6) box cores were 
collected to provide additional resource information in areas which had not been directly impacted 
by collection. 

Additionally, 196 line km of AUV deployed MBES, SSS, SBP, and 245 line km of camera data were 
collected over an area of 245.712 km2 in areas delineated as runs 19 and 20 in the NORI Area D PFS 
(AMC, 2025). 
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5.4 TOML 

TOML completed offshore campaigns in 2013 and 2015 to collect data define Mineral Resources. The 
offshore campaigns were named as follows: 

CCZ13. In 2013, the MBES system of the chartered vessel RV Mt Mitchell was used to map the seafloor 
in TOML Areas B through F. Dredge samples were collected from TOML B and TOML D to confirm the 
nodule grades indicated by Pioneer Contractor samples and support metallurgical test work. 

CCZ15. In 2015, TOML used the experienced team and equipment spread on the RV Yuzhmorgeologiya 
to sample and image map priority areas so that a higher confidence and expanded Mineral Resource 
could be estimated, and to collect environmental baseline and geotechnical data. A total of 113 box 
cores were collected from TOML-B, TOML-C, TOML-D, TOML-E and TOML-F for resource definition 
purposes. Biological samples and geotechnical samples were also collected. Deep-tow sonar, 
including SSS, SBP and high-resolution bathymetry 
were completed. 

Further details of these programs are presented in: 

¶ ÑőĲШ ƣĲĦőŰŔĦċũШ ƖĲƓŸƖƣШ ƚƨůůċƖǃШ ƣŔƣũĲĬШ љÑĲĦőŰŔĦċũШ ÅĲƓŸƖƣШ ÉƨůůċƖǃ-TOML Mineral Resource, 
Clarion-9ũŔƓƓĲƖƣŸŰШüŸŰĲЯШÂċĦŔŉŔĦШ§ĦĲċŰЯШŉŸƖШ?ĲĲƓШ]ƖĲĲŰШ~ĲƣċũƚШfŰĦЮњШыƣőĲШљÑ§~xШÑĲĦőŰŔĦċũШ
ÅĲƓŸƖƣњьЯШƽŔƣőШċŰШĲŉŉĲĦƣŔƻĲШĬċƣĲШŸŉШ~ċƖĦőШΞΣЯШΞΜΞΝШы ~9 Consultants, 2021b). 
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6 Geological setting and mineralization  

6.1 Global distribution of nodules  

Seafloor polymetallic nodules occur in all oceans, and the CCZ hosts a relatively high abundance of 
nodules. Other relatively dense zones are found in the Peru Basin in the southeast Pacific, the centre of 
the north Indian Ocean, and the Cook Islands Figure 6.1. 

Figure 6.1 Schematic diagram of average abundance of polymetallic nodules in four major 
locations 

 
Source: GRID-Arendal 2014b. 

6.2 Regional tectonic setting and topographic features  

The CCZ is defined by two major west-south-west and east-north-east trending fracture zones running 
through the seafloor; the Clipperton Fracture Zone to the south and the Clarion Fracture Zone to the 
north. These fractures zones can be seen clearly on the bathymetric map Figure 6.2. The eastern and 
western limits can be defined by the Mathematicians Seamounts or Ridge in the east, and the Republic 
of Kiribati or Line Islands in the west. 

The CCZ seafloor forms part of the Abyssal Plains, which are the largest physiographic province on 
Earth, covering some 70% of the area of ocean basins and 30% of the Earth's surface (ISA 2004). The 
Abyssal Plains are traversed by ridges, believed to have formed from the process of seafloor spreading. 
Orientation is north-north-west to south-south-east (locally ±20°), with amplitude of 50 m to 300 m 
(maximum 1,000 m; Hoffert 2008) and wavelength of 1 km to 10 km. The Abyssal Plains are punctuated 
by extinct volcanoes rising 500 m to 2,000 m above the seafloor. 

Depth increases from 3,800 m to 4,200 m at 115° west to 4,800 m to 5,200 m at 130° west, and 5,400 m 
to 5,600 m at 145° west. 

The seafloor sediments exhibit trends perpendicular to the fracture zones, from predominant 
carbonate sediments in the south-eastern extreme to predominant siliceous red clay in the 
west north-west. 
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Figure 6.2 Bathymetric map of the Clarion-Clipperton Fracture Zone 

 
Source: ISA 2010. 

Figure 6.3 Formation of abyssal hills at mid-oceanic ridges 

 
Source: modified from Olive et al. (2015) 
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6.3 Regional geological domains  

Classification of the seafloor into geological domains allows the important geological, topographic, and 
tectonic features which characterize nodule prospectivity to be captured for Mineral Resource 
estimation and mine planning purposes. Based on analysis of bathymetric data together with  BC data, 
TMC recognized and mapped eight geological domains within NORI Area D: 

1) Abyssal plains:  these constitute the majority of the CCZ and are characterized by gentle slopes 
of 0° to 6°, and nodules lying on soft sediment. Nodules were observed to be ubiquitous in this 
domain wherever it was surveyed and sampled. It is considered a highly- prospective domain for 
nodules. 
The abyssal plains can be further divided into three subdomains based on backscatter response 
and ground-truthing (box core samples and land-out video footage):  

½ Areas considered indicative of Type 2 and 3 nodule facies (see Table 6.1), as determined 
from high amplitude backscatter response. 

½ Areas considered indicative of Type 1 nodule facies (see Table 6.1), as determined from 
moderate amplitude backscatter response. 

½ Sediment drift domainsуcharacterized by a soft sediment ooze with low amplitude 
backscatter response, and extremely low to no nodule abundance.  

½ Volcanic cones (see below). 
2) Abyssal hills:  these are topographically higher features, oriented NNW-SSE, and are parallel to 

one another. Slopes of the hills are mostly gentle on the western side, while they are very steep 
at the eastern side, likely representing horsts (fault blocks) bounded by inward-dipping normal 
faults and outward-dipping volcanic growth faults respectively.  

3) Abyssal hills (hard) : abyssal hills where the hill crests are associated with the occurrence of 
hardgrounds, caused by proximity of underlying (harder) Neogene-age footwall sediment 
succession at the seafloor, typically covered by a veneer of unconsolidated sediment. 

4) Slopes ² 6°: these are associated with the flanks of abyssal hills, where the slope is 6° or 
greater, and are likely associated with hardgrounds and/or volcanic debris and volcanic outcrop 
development typically associated with NNW trending faults. These steep slopes are considered 
to have low nodule prospectivity but have not been fully tested with sampling or photography.  

5) Slopes ² 6° (hard): these are associated with the flanks of abyssal hills where the slope is 6° or 
greater, and are associated with hardground development, typified by outcropping (harder) 
Neogene-age sedimentary rocks. These steep slopes are considered to have low nodule 
prospectivity, based on limited box core sampling, AUV SBP data and photography. 

6) Volcanic outcrops:  these are associated with volcanic growth-faults along the abyssal hill 
flanks, which trend NNW-SSE, and are elongated, narrow bodies mapped through integration of 
AUV SBP and camera data with EM 122 MBES data backscatter data.  

7) Volcanic cones : these are typically grouped in chains and follow the east-ƚŸƨƣőĲċƚƣШљcċƽċŔŔċŰШ
ƣƖĲŰĬњЮШÑőĲƚĲШċƖĲШŔƚŸũċƣĲĬШŉĲċƣƨƖĲƚШċŰĬШƽĲƖĲШŰŸƣШƚċůƓũĲĬЯШőŸƽĲƻĲƖЯШĬƨĲШƣŸШƣőĲŔƖШƻŸũĦċŰŔĦШŸƖŔŊŔŰЯШ
steep slopes (>6°) and dominant high-intensity backscatter (typically associated with volcanic 
outcrop), they are also considered to have low nodule prospectivity.  

8) Volcanic high:  this is a macro-scale topographic feature situated in the SE corner of NORI Area 
D. It is interpreted as a relic volcanic intersection high, which also includes a relic transform 
parallel trough. Both are volcanic related features associated with the Clipperton transform 
zone, situated to the south of NORI Area D. 

Geological investigations and the mapping of geological domains are less advanced in the other NORI 
and TOML areas, compared to NORI Area D. Features such as abyssal plains, abyssal hills, volcanic 
cones, and slopes ² 6° have nonetheless been identified in these areas using MBES surveys. In addition, 
sediment drifts ponded in depressions, covering approximately 7 % of TOML Areas B to F, have been 
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interpreted from MBES data. There is also evidence for sediment accumulation near the base of some 
seamounts. 

6.4 Regional trends in polymetallic mineralization  

The ISA completed a geological modelling project in 2009, based on data collected by Pioneer 
Contractors over the preceding 30 years (ISA, 2010a).  

Nodule chemistry varies only slightly within the CCZ. Figure 6.4 to Figure 6.7 show the distribution of 
nickel, cobalt, copper, and manganese grades across the CCZ, as estimated by the ISA. The high 
continuity and low variability of grades across vast distances is remarkable. Copper and manganese 
generally increase towards the southeast, cobalt is generally higher towards the north, and nickel is 
generally higher towards the centre and southwest of the CCZ. The reason for these very large-scale 
trends is not clear. The German data for NORI Area D were not included in the 
ISA geological model. 

The nodules vary in abundance, in some cases touching one another and covering more than 70% of 
the seafloor. The highest concentrations of nodules have been found on abyssal plains between 
4,000 m and 6,000 m below sea level.  

Figure 6.8 shows estimated nodule abundance data from the ISA geological model project. 
Data analysis shows that variability of nodule abundance is significantly higher than variability of metal 
grades.
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Figure 6.4 Map of nickel grade distribution in the CCZ 

 

Source: ISA (2009) 
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Figure 6.5 Map of cobalt grade distribution in the CCZ 

 

Source: ISA 



Technical Report Summary-Initial Assessment of TOML and NORI Properties, 
Clarion-Clipperton Zone 

 

TMC the metals company Inc. 0225054 
 

amcconsultants.com  30 
 

Figure 6.6 Map of copper grade distribution in the CCZ 

 

Source: ISA 
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Figure 6.7 Map of manganese grade distribution in the CCZ 

 

Source: ISA 
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Figure 6.8 Map of abundance distribution in the CCZ 

 

Source: ISA
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6.5 Nodule formation and sedimentation  

Seafloor polymetallic nodules are composed of nuclei and concentric layers of iron and manganese 
hydroxides and formed by precipitation of metals from seawater. The metal accumulation rates are 
slow, and it takes a few million years to form a nodule (Skowronek et al, 2021). 

Nodules are abundant in abyssal areas with oxygenated bottom waters, low sedimentation rates 
(less than 10 cm per thousand years), and where sources of abundant nuclei occur (Hein et al. 2013). 
Nodules grow on 0.1 cm to 1 cm nuclei (e.g., pieces of pumice and older broken nodules) and generally 
range from about 1 cm to 12 cm in their longest dimension, with the low to middle-range typically the 
most common (1 to 5 cm). 

The specific conditions of the CCZ (water depth, latitude, and seafloor sediment type) are considered 
to be the key controls for its formation, along with the following factors: 

¶ Supply of metals to the growing surface. 
¶ Presence of a nucleus. 
¶ The erosive forces caused by benthic currents. 
¶ Occurrence of semi-liquid surface layer on the seafloor (sediment water interface). 
¶ Bioturbation. 

The highest values of metals in nodules are thought to be developed on the seabed in the equatorial 
regions away from land sources of sediments. In these regions surface waters have high primary 
productivity. Tiny plants and animals concentrate the metals from seawater and when they die, they 
sink to the seafloor, dissolve, and release the metals into the pore water of seafloor sediments. 
Sediments from the CCZ consist mostly of clays and siliceous biological casts. Sands and larger 
sediments are not generally found so far from land, and the commonly formed carbonate biological 
casts dissolve on the seabed in these deep-water regions faster than they accumulate. 

Nodules are classified according to their morphology or texture, as: 

¶ S-type (smooth type). 
¶ R-type (rough type). 
¶ S-R-type (smooth-rough mixed type). 

It is postulated that the different textures are related to the position of the growing nodule, relative to 
the seafloor, as shown in Figure 6.9. The S-type nodules are interpreted to have grown by absorption of 
metals directly from seawater (hydrogenetic processes), the Rough type nodules (R-type) are 
interpreted to have absorbed metals from the water within the seafloor sediment (diagenetic 
processes), and the Smooth-rough type nodules (S-R-type) are interpreted to have grown as a result of 
both hydrogenetic and diagenetic processes.  

In the NORI and TOML areas, most of the polymetallic nodules lie on the seafloor, often partly 
covered with soft sediment. In other locations, some nodules have been recorded as completely 
buried but the frequencies of such subsurface occurrences are very poorly defined 
(e.g., Kotlinski and Stoyanova (2006). 
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Figure 6.9 Polymetallic Nodule Types 

 

Source: ISA (2010) 

NORI and TOML developed classification systems for nodules similar to the ISA system, using 
descriptors of nodule form, such as size, shape, texture, and fragmentation. These were recorded and 
the logs were captured in digital databases. Examples of nodule type are shown in Figure 6.10, 
Figure 6.11 and Figure 6.12.  

Figure 6.10 Sections through a S-type Nodule (left) and a R-type Nodule with a S-type core (right) 

 
Source: von Stackelberg and Beiersdorf (1991). 
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Figure 6.11 Example nodules found in the TOML area 

 
Source: TMC. Smooth (top left), rough-smooth (top right), rough (bottom left) and overturned rough-smooth (bottom right) 
types. 

Figure 6.12 Examples of nodules recovered during the 2018 NORI Area D campaign 

 
Upper left т example of large nodules with rough texture. Top right т close-up of large nodule. These nodules were the 
least-dominant size class. More common were nodules in the 2-5 cm range, as shown by examples in lower left and 
right. Source: TMC 
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6.6 Nodule facies  

Nodule size, shape and texture can be quite variable within a single sample. As a consequence, it is 
difficult to apply practical classification schemes based on these characteristics to broad areas of the 
seafloor. In order to characterize nodule occurrences on the seafloor at a larger, more practical scale, 
NORI identified three broad facies of nodule distribution. These are based on nodule coverage and the 
range of nodule sizes, as interpreted from camera imagery. They are summarized in Table 6.1. 

Table 6.1 Polymetallic Nodule Facies in NORI Area D 

Nodule camera facies type  Description  Example 

Type 1 - densely packed / 
interconnected  

>50% of seafloor covered 
by nodules 

~1 т 10 cm length 

 

Type 2 - mostly 
individual  /  locally 

interconnected  

~20 т 40% of seafloor 
covered by nodules 

Mostly 5т20 cm length 

 

 

Type 3 т mostly 
individual  /  sparse 

10 т 20% of seafloor 
covered by nodules 

Mostly 5 т 20 cm length 

 

 

Other 
Volcanic outcrop - 

associated with NW-SE 
ridges 
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Type 1 nodule facies is typically characterized by >50% nodules (by area of coverage). The majority of 
these nodules are typically medium-sized and are closely packed, with many nodules in contact with 
their neighbors. 

Types 2 and 3 are characterized by larger nodules, and the nodules are typically separated (i.e., there 
are noticeable sediment gaps between individual nodules). 

In high-resolution camera imagery, facies boundaries may be quite sharp (i.e., not gradational) and 
variable over short distances (<100 m), as illustrated in Figure 6.13. 

Figure 6.13 Camera Imagery Showing Change from Type 3 Nodules (right) to Type 2 (left) 

 

Nodule distributions can be mapped by measuring the backscatter (return signal) response from multi-
beam echo sounding (MBES) from vessels on the ocean surface. Type 1 nodule facies correlates with 
moderate-amplitude backscatter areas and is the most common facies. Type 2 and 3 nodule facies 
typically correlate with higher-amplitude backscatter areas. These correlations are shown in Figure 
6.14, which shows the density of nodule coverage according to photographic traversing by AUV. In this 
figure, the ribbon-tracks are colored as Type 1 (green), Type 2 (yellow), Type 3 (red) against a background 
of backscatter data. The backscatter data are colored by amplitude; high-amplitude areas associated 
with Type 2 and 3 nodule facies shown in warmer colors, with Type 1 represented by colder colors. The 
highest amplitude signals indicate volcanic outcrops associated with seamounts and ridge-tops. 
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Figure 6.14 Map of nodule classification compared to backscatter intensity 

 

Source: MARGIN. Note: box core locations are labelled with box core number and coloured by abundance. Ribbon-track coloured by facies Type: Type 1 (green), Type 2 (yellow), Type 3 (red)) 
against a background of backscatter data. The backscatter responses are coloured by amplitude; high-amplitude areas associated with Type 2 and 3 nodule facies shown in warmer 
colours, with Type 1 represented by colder colours.



Technical Report Summary-Initial Assessment of TOML and NORI Properties, 
Clarion-Clipperton Zone 

 

TMC the metals company Inc. 0225054 
 

amcconsultants.com  1 
 

6.7 Diagenetic crusts  

Minor amounts of ferro-manganese crust were observed in photo-profiles collected from TOML areas. 
Two types of crusts were logged in a few locations by TOML and have been recognized by other workers 
(e.g., Menot et al., 2010): 

¶ Massive crust is five to ten centimeters thick and is typically found in blocks tens of centimeters 
wide but occasionally as pavement; and 

¶ Crustal-nodules are small to medium sized (<20 cm) discrete fragments of ferro-manganese that 
can grade into nodules. 

In total, crusts were logged in ~0.6% of the photo-profiles, with crustal nodules more common (~0.5%) 
and massive crusts being present in only ~0.1% of the photographs Neither type was collected in box 
cores during the TOML CCZ15 campaign, and their extent is deemed insignificant in terms of the Mineral 
Resource estimate.  

6.8 Moisture content of nodules  

The moisture content of polymetallic nodules determined by laboratory analysis is the free 
(chemically unbound) water occurring within the pore spaces of the individual nodules which is 
released by drying of the samples prior to chemical analysis. The drying temperature for this is typically 
105°C. Moisture contents of the nodules in the NORI and TOML areas are reported on a wet basis 
(wet weight-dry weight)/wet weight. 

The nodules also contain chemically-bound water and hydroxide ions, mainly within manganese and 
iron minerals. Manganese minerals with various types of crystalline lattice have different levels of 
thermal stability. Layered manganese minerals (buserite I, asbolane-buserite, and birnessite) are 
stable up to 120°C т150°C; asbolane up to 180°C, vernadite, up to Ḑ500°C; todorokite up to 600°C, and 
pyrolusite up to 670°C (Novikov and Bogdanova, 2007). The chemically-bound water and any other 
volatiles, such as carbon dioxide, are measured by measuring the loss of mass on ignition (LOI) 
that occurs when the samples are heated from 105°C to 1000°C. 

The moisture content of the nodules in the NORI and TOML areas has been measured at various stages 
throughout the exploration and related scientific programs. The conditions under which the samples 
were collected, stored and dried varied and, consequently, some systematic differences between data 
sets were observed. In order to understand these differences, AMC reviewed the moisture content data 
from NORI Area D, TOML, the Federal Institute for Geosciences and Natural Resources (BGR) Contract 
Areas, and Interoceanmetal Joint Organization (IOM) Contract Area.  

Studies of the impact of drying nodules for different lengths of time by TOML and NORI indicate that 
nodules should be dried for at least 24 hours. In the studies reviewed, moisture contents of about 28% 
were reported for the nodules dried at 105°C or 110°C for 24 hours and moisture contents of 32% were 
reported for those dried for 48 т 72 hours. This suggests gradual breakdown of very loosely-bound water 
of crystallization during extended drying periods.  

Differences between the nodule moisture contents measured in the off-shore campaigns at NORI Area 
D are probably due primarily to differences in the time of exposure of the nodules to air prior to sealing 
in plastic sample bags. It is likely that in a production environment there will be some fluctuation 
in moisture content of shiploads of nodules due to variations in ambient conditions during 
handling and transport. 

No correlations were identified between the moisture contents of the NORI Area D nodules and assays, 
nodule size fraction, nodule type, abundance, bathymetry, or geological domain.  
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So far as estimation of metal production units is concerned, the wet abundances must be converted to 
dry abundances. This should be done using the measured moisture contents, on a sample by sample 
basis. In this way any biases arising from different handling of the samples prior to sealing them, will 
not compromise the estimation of dry abundance and metal content. The corollary of this is that dry 
abundance should be estimated in the Mineral Resource block model. 

The current estimate of moisture content of in situ nodules in NORI Area D is 28%, based on data from 
Campaign 6, 7 and 8 box cores and sampling of 3000 t of nodules recovered during the collector 
system test in 2022. 

The current estimate of the moisture content of nodules in NORI-A, NORI-B and NORI-C is 24% and 
in the TOML areas is 28%. 

For production planning and accounting, it is necessary to use the wet abundance of nodules 
calculated by adding the moisture content to the estimate of dry abundance. 

6.9 Density of nodules  

In 2018, during campaign C3, NORI measured the density of 45 samples of individual nodules or 
batches of nodules. Non-breakable beakers ranging from 200 ml to 2L were used for taking nodule 
weights and for volume displacements. These measurements were used to calculate wet density 
values. The average of the results was 2.0 t/m3 (wet). 

TOML measured the density of 76 individual nodules or batches of nodules from TOML Area B, C, D and 
F (AMC Consultants, 2016). The batches of nodules included fragments and sand resulting from 
attrition during transport and handing. The mean density of 34 individual nodules was 1.95 t/m3 (wet) 
and that of 27 batches of nodules was 2.0 t/m3 (wet).  

TOML confirmed historical results from the north Pacific by Hessler and Jumars (1974). Figure 6.15 
shows the data from TOML and Hessler and Jumars. The data points are consistent with a mean  
density of 2.0 t/m3 (wet). 

7ċũČǏШ ыΞΜΞΞьШ ƖĲƓŸƖƣĲĬШ ƣőĲШ ƖĲƚƨũƣƚШ ŸŉШ ŔŰƻĲƚƣŔŊċƣŔŸŰШ ŸŉШ ŰŸĬƨũĲƚШ ŔŰШ ƣőĲШ f§~Ш ĦŸŰƣƖċĦƣШ Ñ§~x-From 
2016 to 2021. The IOM Contract Area is in the eastern part of the CCZ but not immediately adjacent to 
NORI Area D. A total of 1,005 individual and batch sample measurements were reported, with a mean 
of 1.96 t/m3 (wet) (Figure 6.15).  

AMC considers that a wet density of 2.0 t/m3 is supported by the data and is appropriate for use 
on the NORI and TOML areas. 
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Figure 6.15 Density data from TOML Areas B, C, D and F and Hessler and Jumars (1974) 

Source: TOML 

6.10 Abundance of nodules in NORI and TOML 

In detailed sampling of nodules by depth in the box cores from NORI Area D, on average, 96% of the 
nodules were recovered between the surface and a depth of 5 cm. Figure 6.16 presents a schematic 
representation of the average proportion of nodules by depth in the box cores in campaign C3 from 
NORI Area D. The nodules recovered below 5 cm depth from NORI Area D were generally interpreted to 
have been pushed into the soft clay by the BC frame. There were only two box cores where nodules 
deeper than 15 cm were confidently observed in situ, but these nodules were so friable that they 
crumbled when attempts were made to remove the surrounding clay and were not recoverable. 



Technical Report Summary-Initial Assessment of TOML and NORI Properties, 
Clarion-Clipperton Zone 

 

TMC the metals company Inc. 0225054 
 

amcconsultants.com  4 
 

Figure 6.16 Schematic representation of average proportion of nodules by depth in the box cores in 
NORI Area D campaign C3 

 

Source: TMC 

The abundance of buried nodules in NORI-A, B, and C is poorly known at this time. Buried nodules were 
not included in Mineral Resource estimates. 

In the TOML areas, nodules buried more than 10 cm beneath the surface were observed but are not very 
common. A total of 16 out of the 113 box cores taken during CCZ15 had buried nodules, however all of 
these were located in Area D and F. If just Areas D and F are considered then buried nodules were found 
in about 23.8% of samples which is a similar ratio to that described by Kotlinski and Stoyanova (2006). 
Buried nodules tend to be of much lower abundance and larger than the average nodules found at the 
surface. They were collected from the box-cores in CCZ15 purely for reference purposes and their 
weights and chemical analyses were not included in the dataset supporting the Mineral Resource 
statement. 

6.11 Nodule size distribution  

Understanding of the particle size distributions (PSD) of the nodules is important for the engineering 
design of the collector and for estimating nodule recovery during mining operations. The collector is 
expected to pick up nodules up to a certain maximum size and nodules greater than this size may be 
left on the seafloor. Therefore, measurements of nodule dimensions and understanding of how nodule 
dimensions vary across the NORI and TOML areas is expected to enhance the accuracy of mine plans 
and recovery predictions. 

6.11.1 NORI Area D - Physical measurement of size and estimation of abundance  

Subsea imagery, BC top shots, and laboratory photographs of trays of nodules, only provide 
measurements of the major and intermediate axes of the nodules. During Campaign 7A at NORI Area 
D, the axial lengths of selected nodules were manually measured during offshore nodule processing. 
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The objective was to assess whether addition of the short (vertical) axis measurement can be used to 
significantly improve the estimation of nodule abundance from subsea imagery.  

For each tray of nodules presented for photography in the offshore laboratory, the major, intermediate, 
and minor axes of the four nodules in the corners of each tray were measured. This resulted in 500 
individual measurements acquired over the campaign, from 22 box cores.  

The first step in the analysis of the data was to assess whether there was a relationship between major 
(X), intermediate (Y) and short (Z) axes data. Figure 6.17 shows scatter plots comparing the axial lengths 
of the 500 nodules. It is clear that the axial lengths are positively, linearly correlated. Variability in these 
relationships increase as the size of the nodule increases (seen as a comet-tail distribution,  widening 
with increase in axes length). 

Figure 6.17 Scatter plot comparing axis lengths of 500 manually measured nodules 

 

Source: MARGIN 

A regression model was established to predict short axis lengths ὤ as a function of major axis ὢ and 
intermediate axis ὣ,. The data was split into test (70%) and training (30%) subsets. An initial regression 
model with an R2 of 0.66 was achieved: 

ὤ πȢςσςσὢ πȢρσωφὣ πȢυπψρ 

The model has a training set accuracy of 0.687 and test set accuracy of 0.601, so the model is not 
significantly over-fitting the data. 

ImageJ image-processing software was used to measure the major and intermediate axes of all the 
nodules in the laboratory photographs of the trays of nodules collected from the 22 79ќƚ in Campaign 
7A. All the nodules were weighed as part of the normal BC processing, so each BC had a measured 
nodule abundance.  

The new regression model was then applied to all the ImageJ data to derive an estimate of minor axis 
length for each nodule. The volume of each nodule was then estimated, assuming that each nodule is 
a perfect ellipsoid, using the following equation: 

ὠ τȾσ “zz ὢȾςz ὣȾςz ὤȾςȟ 

The estimated nodule volumes were then converted to nodule weights using an assumed nodule wet 
density of 2 g/cm3. This density value is supported by 45 measurements by NORI, 76 by TOML (AMC 
ConsultantsЯШΞΜΝΣьШċŰĬШΝΜΜΡШĤǃШf§~Шы7ċũČǏЯШÂЮШΞΜΞΞьЮШ 
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Figure 6.18 shows a scatter plot comparing the nodule abundance measured by weighing the nodules 
in each of the 22 box cores versus the nodule abundance estimated from the axes lengths. There is a 
very strong linear correlation and a linear regression model shows an R2 value of 0.90. 

The study shows that it may be possible to apply this method to high resolution AUV images to generate 
estimates of nodule abundance that are sufficiently accurate to inform production planning. The tray 
images show numerous broken nodules and are likely to be more fragmented compared to in-situ 
seafloor imagery and are thus not perfect ellipsoids. Nonetheless, the method performed remarkably 
well. 

 

Figure 6.18 Scatter plot comparing actual versus predicted nodule abundance in C7A box cores 

 

Source: MARGIN 

6.11.2 NORI Area D - Measurement of nodule dimensions using image processing  

During Campaign 3 at NORI Area D, an image classification approach was tested for measuring the long 
and intermediate axes of individual nodules taken from BC samples. NORI collected nodule size 
measurements from the BC samples by photographing all the nodules nominally greater than 1 cm in 
length and then using ImageJ to automate the measurement of the orthogonal major and intermediate 
axes of the nodules. The minor axis of the nodules is the vertical axis of the nodules which cannot be 
seen in the photographs. Nodules < 1 cm diameter were bagged and sealed into small clear sample 
packets and included in the photographs but not measured by the image processing software. They 
were included in the weighing process and are included in the abundance measurements. The image 
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classification method showed a very good correlation against hand-held calliper measurement (see 
Section 6.11.1) and was adopted for subsequent offshore campaigns at NORI Area D.  

The NORI Area D data consists of 232,068 individual nodule measurements from 287 box cores. Figure 
6.19 shows a scatter plot of the major axis length versus the intermediate axis length for all the nodules 
in this data set. The points are colored according to the local density of points, where the light green 
cloud highlights the region with the most points. A curve is fitted to the data using a non-linear 
smoothing algorithm. The plot demonstrates that most nodules manifest some ellipticity, confirmed by 
the cloud of points lying below the 1:1 line, along which any circular nodules would lie. The mean ratio 
nod_intermediate : nod_major is 0.75 and the ratio nod_intermediate : nod_minor is similar. Note that 
the data does not discriminate between whole nodules and broken fragments. 

Figure 6.19 Scatter plot of nodule major axis dimension versus nodule intermediate axis dimension 
for all nodules 

 

Source: AMC 

Figure 6.20 shows boxplots of the major axis lengths of all 287 box cores. It shows that most of the box 
cores exhibit a median length in the range 2 cm - 3 cm, and in most cases at least 75% of the nodules 
(as indicated by the righthand limit of the boxes) are less than 5 cm. This is typical of Type 1 nodule 
facies (colored black in Figure 6.20). The nodule size distributions are in all cases positively skewed. 
That is, the distributions show a tail of longer nodule lengths extending to the right of the plots. 
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In most cases, the skewness is weak and the tail is short. However, the box plots and histograms show 
that 48 box cores are dominated by larger nodules or have more strongly skewed distributions or even 
bimodal distributions, with a large population of small values and a small population of higher values. 
These anomalous box cores correlate with the extent of Type 2/3 nodule facies interpreted from 
backscatter data. Kuhn and Rühlemann, (2021b) made similar statistical observations in the BGR 
Contract Area, to the north of NORI Area D. 

Figure 6.20 Box plots of nodule major axis dimension for all box cores 

 
Source: AMC 
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Figure 6.21 shows a plot of the cumulative distributions of nodule major axis lengths for all the 287 box 
cores from NORI Area D for which the ImageJ major axis length data were available. The data was 
divided into Type 1, Type 2/3, and mixed Type 1 and Type 2/3 groups. The plot shows that there are 
significant differences between the statistical distributions of major axis length in the three nodule 
types. The Type 1 box cores have the smallest median major axis length. The Type 2/3 box cores have 
the largest median major axis length. The mixed facies box cores have an intermediate size distribution. 
These statistical features illustrate the complexity of nodule size distributions at the local scale and the 
need for further work to improve the spatial definition of Type 2/3 nodule facies. 

Figure 6.21 Log probability plot of nodule major axis dimensions by interpreted nodule facies 

 
Source: AMC 
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6.11.3 TOML Areas т Measurement of nodule sizes  

TOML made physical measurements of nodule dimensions in box cores and measurements using the 
long axis estimation method applied to photo-profile images. Roughly every 100th image was measured 
for the purpose of estimating abundance. The results of these measurements are shown in Figure 6.22. 
The distribution of nodule long axis length at each BC and photograph location is represented by pie-
charts. 

The surveyed TOML areas host a range of nodule sizes at each location and there is variation on a scale 
of several kilometers across the surveyed areas. Within TOML-D, there is a mixture of sizes with some 
very large nodules found in the BC samples. Bigger nodules were recovered from the BC than were 
measured on the photo-profiling lines because partial cover by sediments resulted in an 
underestimation of nodule length.  

The characteristics of nodule size and nodule size variation appear similar in NORI Area D and TOML-B, 
C, D, E and F. For the IA, it is reasonable to assume that mining systems designed for NORI Area D would 
be appropriate for the TOML areas. 

Figure 6.22 Plans showing nodule sizes and types from TOML F and sub-areas B1, C1, D1, D2, 
and F1 

 
Source: TMC. Top: B1, Middle-left: C1, Bottom-left: D1-D2, Bottom right: F and F1 
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7 Exploration  

Exploration in the NORI and TOML areas can be considered in terms of three broad phases: 

¶ Historical work and data collected by the Pioneer Contractors who returned Reserved Areas to 
the ISA. This work underpins much of the Inferred Mineral Resource estimate for NORI A, B and 
C, and TOML A- F. 

¶ Offshore exploration campaigns completed by NORI in 2012, 2013, 2018, and 2019. This work 
underpins the Mineral Resource estimate for NORI Area D. 

¶ Offshore campaigns completed by TOML in 2013 and 2015. This work underpins part of the 
Inferred Mineral Resource estimates as well as all of the Indicated and Measured Mineral 
Resource estimates for TOML A- F. 

This report presents information summarized from these exploration programs. Further details of these 
programs are presented in: 

¶ ÑőĲШƣĲĦőŰŔĦċũШƖĲƓŸƖƣШƚƨůůċƖǃШƣŔƣũĲĬШљÑĲĦőŰŔĦċũШÅĲƓŸƖƣШÉƨůůċƖǃ--Initial Assessment of the NORI 
Property, Clarion-9ũŔƓƓĲƖƣŸŰШüŸŰĲЯШŉŸƖШ?ĲĲƓШ]ƖĲĲŰШ~ĲƣċũƚШfŰĦЮњШыƣőĲШљ §ÅfШÑĲĦőŰŔĦċũШÅĲƓŸƖƣњьЯШ
with an effective date of March 17, 2021 (AMC Consultants, 2021a). 

¶ ÑőĲШƣĲĦőŰŔĦċũШƖĲƓŸƖƣШƚƨůůċƖǃШƣŔƣũĲĬШљÑĲĦőŰŔĦċũШÅĲƓŸƖƣШÉƨůůċƖǃ--TOML Mineral Resource, 
Clarion-9ũŔƓƓĲƖƣŸŰШüŸŰĲЯШÂċĦŔŉŔĦШ§ĦĲċŰЯШŉŸƖШ?ĲĲƓШ]ƖĲĲŰШ~ĲƣċũƚШfŰĦЮњШыƣőĲШљÑ§~xШÑĲĦőŰŔĦċũШ
ÅĲƓŸƖƣњьЯШƽŔƣőШċŰШĲŉŉĲĦƣŔƻĲШĬċƣĲШŸŉШ~ċƖĦőШΞΣЯШΞΜΞΝШы ~9 Consultants, 2021b). 

Additional information is provided in the Technical Report on NORI Area D, Clarion Clipperton Zone 
Mineral Resource Estimate, April 2019 (AMC Consultants, 2019). 

Nodule abundance (wet kg/m2) is derived by dividing the weight of nodules recovered by a sampling 
device by the surface area covered by the sampler. 

7.1 Free fall grab sampling method  

Free fall grab (FFG) samplers have been widely used in the CCZ for collection of samples of nodules. 
The principal components of FFG samplers are a pair of spring-loaded clamshell net bags for collecting 
the sample, an air-filled sphere to create buoyancy and containers filled with ballast. 

The operation of a FFG sampler is shown schematically in Figure 7.1. The FFG sampler is released, 
untethered, over the side of the exploration ship and sinks to the seafloor under the weight of the 
ballast. When the FFG sampler makes contact with the seafloor ejection of the ballast is triggered which 
makes the sampler buoyant. As the sampler begins to rise, the clamshell net bags close, capturing the 
nodules at the land-out point. After it reaches the sea-surface, the FFG sampler is recovered 
by the boat. 

FFG samplers are quicker, easier and cheaper to operate than box corers and so were preferred by the 
Pioneer Contractors for much of the early exploration. However, research shows that they produce less 
accurate, conservative, measures of nodule abundance. 
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Figure 7.1 Cartoon showing the recovery of nodules using a free fall grab sampler 

 
Source: Lee et al., (2008). 

7.2 Box core sampling method  

The BC is the preferred sampling method for retrieving polymetallic samples for resource evaluation 
and environmental studies. The BC consists of a steel box (without a base), a trigger, a plunger, and a 
rotating spade-like bottom plate. Upon land out on the seafloor, the trigger is released which allows the 
plunger to push the open sample box into the substrate. Upon retraction, the cutting shovel rotates 
under the box while cutting into the seafloor and sealing the sample box from below (Figure 7.2). 

Figure 7.2 Cartoon showing the recovery of nodules using a BC sampler  
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Modified after: Lee et al., (2008). 

Box corers have been used in the CCZ since the 1970s. As they collect a relatively undisturbed sample 
of the seabed, they are seen by most explorers as the best possible sampling device to measure the 
nodule abundance in any given location. Box cores come in different sizes ranging from typically 0.1 m2 
or 0.25 m2 to 1 m2. Larger box cores provide more accurate measurements of the nodule abundance, 
especially if the nodules are large or sparsely distributed. Figure 7.3 shows photographs of a KC 
Denmark 0.75 m² box corer used for sampling at NORI Area D. 

Both TOML and NORI carried out BC sampling. Handling of nodules and chain of custody were 
supervised by the Lead Scientists. Nodule sampling for geological purposes was carefully integrated 
with collection of biological data. The differences between the sampling procedures in the various 
campaigns were minor. In summary, the procedure was as follows: 

¶ When the box cores arrive on deck, photograph the nodules in situ. 
¶ Remove the nodules from the box and weigh in the laboratory. 
¶ Photograph the nodules on a white background with a graticular scale. 
¶ Split some samples to create duplicates for assaying. 
¶ Pack the nodule samples in specially marked paint pails and seal with tamper-proof tape. 
¶ Store the pails in a refrigerated container (reefer) on deck prior to transport to assay laboratories. 

In most samples, there were no buried nodules, although some were occasionally entrained by the 
sides of the box or the shovel. If present, buried nodules were separated at the point of collection from 
the box and were washed, weighed, and packed separately. Entrained nodules were sampled for 
reference purposes only and were not weighed. 
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Figure 7.3 KC Denmark 0.75 m² box corer 

 
Note: Insert top right shows USBL beacon (circled top) and GoPro camera and lighting system (circled bottom) 
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7.3 Comparison of FFG and BC samples  

Comparison of nodule abundance measurements by FFG and box cores suggests that FFG commonly 
underestimate the actual abundance (e.g., Hennigar, Dick and Foell, 1986). This is due to smaller 
nodules escaping the sampler during ascent and larger nodules around the edge of the sampler being 
knocked out during the sampling process. Additionally, FFG occasionally fail to return any nodules 
where nodule abundance is known to be very high because the sampler fails to penetrate the layer of 
nodules. 

Lee et al. (2008) compared FFG BC data in some detail. They found a wide range but consistent 
differences with FFG under-reporting compared to BC (Figure 7.4). They recommended an overall 
correction factor of 1.4 to convert FFG abundance to BC abundance. However, they acknowledged that 
any simple factor lacks precision.  

No corrections were applied to the nodule abundance data in the TOML and NORI areas because: 

¶ Sample collection type is not specified in the historical data (i.e. proportion and identity of BC 
versus FFG samples is unknown (although most are likely to be FFG). 

¶ The size of collector and nodule sizes is not specified in the historical data. 

Therefore, estimates of nodule abundance estimates based on historical samples are likely 
to be conservative. 

Figure 7.4 Comparison of returned abundances from BC and FFG at test stations within the KORDI 
exploration area 

 
Source: Lee et al., (2008). 
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7.4 Multibeam Bathymetry methods  

MBES is used to determine the depth of water (bathymetry) and the acoustic reflectance (backscatter) 
of the seabed. It operates by transmitting a focused acoustic pulse (Figure 7.5) from a specially 
designed transducer across a swath across the vessel track. These pulses return as a set of receive 
beams that are weaker and narrower and whose arrival time at the detector varies depending on speed 
through the water column and distance. Thus, position and depth can be measured and seafloor 
hardness can be qualitatively assessed from the attenuation of the backscattered acoustic pulse. 

Figure 7.5 MBES operations schematic 

 

Source: TOML 

7.5 Historical exploration data  

Six exploration groups are known to have surveyed areas within the TOML Contract Areas and collected 
samples of polymetallic nodules. Much of this work overlapped as it predated the signing of the Law of 
the Sea. These include the Japanese group (DORD), the South Korean group (KORDI), the Russian 
Federation group (Yuzhmorgeologiya), the French group (Ifremer), the German group (FIGNR or BGR), 
and the consortium, OMCO. The timing and location (ISA, 2003) of the OMCO sampling is known but 
the results are not available outside of ISA published contour maps.  

Sampling of seafloor nodules within the NORI areas was conducted by three Pioneer Contractors; AMR, 
State Enterprise Yuzhmorgeologiya of the Russian Federation and IOM, a consortium formed by 
Bulgaria, Cuba, the Czech Republic, Poland, the Russian Federation, and Slovakia.  

Virtually all the samples in the TOML areas and NORI A, B and C were obtained by free fall grab (FFG) 
samplers, although a few results from box corers (BC) were also included. 
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Each of the Pioneer Contractors used their own procedures for sampling and assaying. The differences 
in methods were relatively minor. The general approach was as follows: 

¶ The nodule samples cleaned of any adhering sediment, weighed and photographed. 
¶ The nodules were air-dried in order to make it practical to crush and sub-sample them. 
¶ The crushed samples were dried at 105°C or 110°C for various lengths of time in order to drive off 

all free moisture. 
¶ The dried samples were pulverized and sub-sampled for assaying. 
¶ The grades of manganese, nickel, cobalt, copper, iron and in some cases zinc, silica, calcium, 

and magnesium were analyzed by mixed acid digest followed by atomic absorption 
spectrophotometry (AAS) or pressed-powder X-ray fluorescence. Yuzhmorgeologiya used a 
photometric (electrometric) titration method for determination of manganese.  

¶ Some Contractors reportedly used polymetallic nodule Certified Reference Materials (CRMs) 
(e.g., NOD-P-1; Flanagan and Gottfried, 1980) and duplicate samples for quality assurance and 
quality control (QA/QC), however details of the CRMs and QA/QC results were not included in the 
datasets supplied by the ISA. 

Upon making an application for an exploration contract under ISA regulations, the Pioneer Contractors 
were required to submit sufficient data and information to enable designation of a reserved area based 
on the estimated commercial value. This sample data provided the basis of the database held by the 
ISA.  

Systematic QA/QC information was not provided to TOML or NORI by the ISA. Nonetheless, the 
acceptance of the data by the ISA suggests the ISA was satisfied with the quality of the data. 

The quality of the Pioneer Contractor data was assessed Golder Associates Pty Ltd r 2015 (Golder) using 
comparative measures between the different datasets. The correlation of data from different sources, 
including Pioneer Contractors and government scientific institutes, provides a satisfactory level of 
quality assurance to support Mineral Resource estimates at an Inferred level of confidence. 

7.5.1 Pioneer Contractor sample data supplied to NORI  

Statistics for the samples that contain both abundance and grade data inside the NORI Areas are 
tabulated in Table 7.1 and illustrated as boxplots in Figure 7.6. The box plots show the range of grades; 
the box represents the range of grades in the middle 50% of the samples, centered on the median 
(middle value) and box width reflects number of samples. The dashed lines represent the range of the 
lowest 25% and highest 25% of the data. 

The range of the assays (as summarized by the coefficient of variation(CoV) is remarkably low compared 
to most terrestrial Mineral Resources. Abundance values vary more widely, making abundance the key 
variable of uncertainty in Mineral Resource estimation. 
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Table 7.1 Summary of Pioneer Contractor sample assay data from the NORI Areas 

NORI Area Grade Number  Min Max Mean Median Var CoV 

A 

Abundance (wet kg/m2) 50 0 28.7 9.3 8.2 57.37 0.81 

Ni (%) 40 1.04 1.75 1.37 1.39 0.02 0.09 

Cu (%) 40 0.66 1.29 1.07 1.1 0.02 0.12 

Mn (%) 40 19.77 32.6 28.06 28.98 8.58 0.1 

Co (%) 40 0.16 0.28 0.22 0.22 0.00 0.11 

B 

Abundance (wet kg/m2) 31 0 25.55 11.24 12 50.54 0.63 

Ni (%) 26 1.01 1.61 1.42 1.44 0.02 0.1 

Cu (%) 26 0.72 1.26 1.12 1.16 0.02 0.11 

Mn (%) 26 20.8 32.2 28.88 29.8 9.94 0.11 

Co (%) 26 0.21 0.31 0.25 0.25 0.00 0.09 

C 

Abundance (wet kg/m2) 152 0 44.1 10.55 10.33 52.90 0.69 

Ni (%) 135 0.68 1.53 1.27 1.31 0.03 0.12 

Cu (%) 135 0.4 1.46 1.05 1.11 0.05 0.21 

Mn (%) 135 12.84 33.54 28.63 29.42 11.65 0.12 

Co (%) 135 0.12 0.33 0.21 0.21 0.00 0.17 

D 

Abundance (wet kg/m2) 159 0.2 52.2 14.12 13.9 72.24 0.6 

Ni (%) 159 1.09 1.41 1.28 1.29 0.00 0.05 

Cu (%) 159 0.88 1.5 1.14 1.13 0.01 0.1 

Mn (%) 159 23.8 33.9 30.58 31 3.12 0.06 

Co (%) 159 0.05 0.2 0.12 0.11 0.00 0.26 

Notes: Var = variance; CoV = coefficient of variation. 
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Figure 7.6 Box plots of sample grades within the NORI areas compared with all other data from the 
Reserved Blocks 

 
Source: AMC. Note: Box size represents 1st and 3rd quartiles centered on the median and box width reflects number of 
samples. 

7.5.2 Pioneer Contractor sample data supplied to TOML  

The statistics for the samples that contain both abundance and grade data inside the TOML Contract 
Areas are tabulated in Table 7.2. Samples in the CCZ but outside the TOML Contract Area are presented 
in Table 7.3. Figure 7.7 shows box plots of Pioneer Contractor sample assay data within the TOML 
Contract Areas. The data shows that the TOML Contract Areas have similar ranges of grade and 
abundance to the rest of the CCZ deposit. 

The CoV of grades are low compared to most terrestrial Mineral Resources. Abundance values vary 
more widely, making abundance the key variable of uncertainty in Mineral Resource estimation. 
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Table 7.2 Summary of Pioneer Contractor sample assay data in TOML areas 

TOML 
Area and 
source  

Grade Number  Min Max Mean Median Var CoV 

A 
(data from 

DORD) 

Abundance (wet kg/m2) 18 2.68 17.93 10.12 9.19 25.81 0.50 

Ni (%) 18 0.71 1.47 1.14 1.15 0.06 0.21 

Cu (%) 18 0.46 1.51 1.00 1.02 0.12 0.35 

Mn (%) 18 21.46 30.05 25.40 25.50 5.95 0.10 

Co (%) 18 0.15 0.30 0.22 0.21 0.00 0.18 

B  
(from 

Yuzhmor-
geologiya) 

Abundance (wet kg/m2) 88 0.03 26.00 8.82 8.09 34.46 0.67 

Ni (%) 88 0.53 1.51 1.16 1.23 0.05 0.20 

Cu (%) 88 0.40 1.40 0.94 1.02 0.07 0.28 

Mn (%) 88 10.30 31.20 25.40 26.55 17.56 0.16 

Co (%) 88 0.02 0.35 0.25 0.25 0.00 0.24 

C  
(from 

Ifremer) 

Abundance (wet kg/m2) 78 1.35 21.25 9.98 9.17 17.64 0.42 

Ni (%) 78 0.93 1.42 1.27 1.29 0.01 0.08 

Cu (%) 78 0.71 1.44 1.15 1.19 0.02 0.13 

Mn (%) 78 22.01 30.90 27.91 28.55 4.54 0.08 

Co (%) 78 0.14 0.32 0.25 0.25 0.00 0.12 

D  
(from 

DORD) 

Abundance (wet kg/m2) 36 0.12 16.37 7.68 7.78 16.73 0.53 

Ni (%) 36 1.09 1.44 1.31 1.32 0.01 0.06 

Cu (%) 36 0.79 1.36 1.16 1.17 0.01 0.09 

Mn (%) 36 22.79 30.45 28.52 28.76 2.16 0.05 

Co (%) 36 0.19 0.30 0.22 0.22 0.00 0.09 

E  
(from 

KORDI, 
IOM) 

Abundance (wet kg/m2) 10 1.48 22.90 11.34 9.22 46.51 0.60 

Ni (%) 10 0.96 1.43 1.21 1.21 0.03 0.15 

Cu (%) 10 0.69 1.27 1.07 1.11 0.03 0.16 

Mn (%) 10 24.04 31.34 27.54 27.17 6.66 0.09 

Co (%) 10 0.16 0.27 0.21 0.22 0.00 0.19 

F Only two samples - statistics not calculated 

Notes: Var = variance; CoV = coefficient of variation. 

Table 7.3 Summary of Historical Samples from the Reserved Areas outside the TOML Contract 
Area 

 Mn 
(%) 

Co 
(%) 

Ni 
(%) 

Cu 
(%) 

Abundance  
(wet kg/m 2) 

Count 2188 2188 2188 2188 2188 

Minimum 4.14 0.05 0.15 0.12 0.01 

Maximum 35.62 3.23 1.75 1.62 52.20 

Mean 27.47 0.21 1.25 1.04 8.21 

Median 28.47 0.21 1.30 1.09 7.10 

Standard Deviation 4.06 0.08 0.20 0.24 6.06 

Coefficient of Variation 0.15 0.40 0.16 0.24 0.74 
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Figure 7.7 Box Plots of Pioneer Contractor sample assay data within the TOML Contract Areas 

 
Source: AMC. Note: Box size represents 1st and 3rd quartiles centered on the median and box width reflects number of 
samples 

7.6 NORI exploration data  

Offshore campaigns were completed by NORI in NORI -C and Area D in 2012, and NORI-A and NORI-B 
in 2013. Detailed exploration data was gathered in NORI Area D in 2018, 2019, and as part of a collector 
system test in 2022. Table 7.4 summarizes data collected from each NORI area. 

Table 7.4 NORI-A, B, C datasets 

 
MBES 
(km2) 

Photo-profile  
(line km) 

Dredge 
(kg) 

Box core 
(#) 

Deep Tow Sonar 
(line km) 

NORI-A 8,924 т 190 т т 

NORI-B 2,911 т 85 т т 

NORI-C 25,720 т 28 т т 

Note: MBES excludes AUV data. 

7.6.1 Dredging and nodule sampling  

In 2012, bulk samples were collected by five dredge deployments in NORI-C and 28 dredge 
deployments in NORI Area D. Approximately 280 kg of nodules were recovered from 
NORI-C and approximately 4,500 kg from NORI Area D. Video footage was also obtained during dredge 
deployments and, together with the samples recovered, provided physical verification of nodules within 
NORI-C and NORI-D. Figure 7.8 shows examples of the nodules recovered. 

Twenty (20) nodule samples (two (2) from NORI-C and 18 from NORI Area D) were assayed. Each sample 
for assaying, was a subsample of a free fall grab sample and weighed approximately 1 kg. Results of 
assaying indicated a mean grade of 1.20% nickel, 1.03% copper, 27.9% manganese, and 0.13% cobalt. 
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These mean values are consistent with the mean grades derived from the historical grab samples in 
NORI-C and NORI Area D (see Table 7.1). The cobalt value of 0.13% confirmed the cobalt grades 
recorded from samples in the German data in NORI Area D. A drying test undertaken on a nodule sample 
collected during the NORI 2012 campaign indicated moisture loss of 24% at 120 °C. 

Figure 7.8 EǂċůƓũĲƚШŸŉШ ŸĬƨũĲШÉċůƓũĲƚШÅĲĦŸƻĲƖĲĬШĬƨƖŔŰŊШ §ÅfќƚШΞΜΝΞШEǂƓũŸƖċƣŔŸŰШ9ċůƓċŔŊŰ 

 

Source: TMC 

In 2013, dredging was carried out using an epibenthic sled that was designed by KC Denmark Research 
Equipment specifically for polymetallic nodules sampling. Approximately 190 kg of nodules were 
recovered from NORI-A and approximately 85 kg of nodules were recovered from NORI-B. 
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Figure 7.9 Photos of Nodules Collected from NORI-A during the 2013 NORI campaign 

 

Source: TMC 

Four subsamples from NORI-A and B were sent to ALS Laboratories in Brisbane for preparation and 
analysis. The samples were dried at 120 C for 12 hours then assayed using a four-acid digest specifically 
designed for high-manganese samples, followed by AAS (method Mn-AA62) and four-acid digest 
followed by Inductively coupled plasma mass spectrometry (ICP-MS) for concentrates (ME-MS61c). 
The Mn-AA62 method has a claimed precision of ±5%. Table 7.5 shows the results for cobalt, copper, 
iron, manganese, molybdenum, and nickel. The average moisture content after drying at 
120 C for 12 hours was 28.7%. 

Table 7.5 Assay Results for NORI-B Nodule Samples 

Sample ID 
Co 
(%) 

Cu 
(%) 

Fe 
(%) 

Mn 
(%) 

Mo 
(ppm) 

Ni 
(%) 

NA1 0.23 1.08 5.27 29.0 589 1.36 

NA2 0.22 1.12 5.06 28.9 545 1.34 

NB1 0.25 1.16 5.62 29.2 601 1.38 

NB2 0.25 1.11 5.60 28.2 590 1.38 

Note: Co = cobalt, Cu = copper, Fe = iron, Mn = manganese, Mo = molybdenum, Ni = nickel, ppm = parts per million 

7.6.2 Box-coring and nodule sampling  

Due to the prioritization of work on NORI Area D, no box-coring has yet been undertaken by 
NORI in NORI-A, B, or C.  

In NORI Area D, a total of 252 box cores were acquired during the 2018 and 2019 offshore campaigns. 
The sample spacing was generally 10 km by 10 km or 7 km by 7 km. Spatial analysis showed that this 
spacing was sufficient to classify the Mineral Resources in these areas as Indicated Mineral Resources. 
For the IA of NORI A, B and C it is reasonable to assume that BC sampling programs on similar spacings 
to those used in NORI Area D could potentially provide data suitable for upgrading Mineral Resource 
estimates in NORI A, B and C to a level of confidence sufficient for mine planning and a PFS. 

7.6.3 MBES surveys 

In 2012, NORI completed an offshore exploration campaign in NORI-C and NORI Area D aboard the RV 
Mt. Mitchell using a hull-mounted Kongsberg Simrad EM120 12 kHz, full-ocean depth multibeam 
system. Due to swath width and vessel orientation relative to course-made-good, some data were 
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recorded beyond the bounds of those areas. Approximately 69.1% of NORI-C (25,720 km2) was 
surveyed. NORI Area D was surveyed in its entirety (25,439 km2). 

In 2013, NORI carried out an offshore exploration campaign within NORI-A and B using RV Mt. Mitchell. 
This campaign was focused mapping bathymetry, identifying nodule fields based on acoustic data 
(including interpretation of backscatter data), and recovering bulk polymetallic nodule samples. A hull-
mounted Kongsberg Simrad EM120 12 kHz, full-ocean depth multibeam system was used to survey 
approximately 8,924 km2 in NORI-A and approximately 2,911 km2 in NORI-B. The Applanix Pos MV 320 
V4 system was used to measure vessel position and attitude, and a dual Trimble Zephyr unit was used 
as the Global Positioning System (GPS) system. 

First pass processing of the data was carried out with the intent identifying areas of nodule abundance 
to be further surveyed with higher resolution AUV-based sonar and to selecting priority areas for nodule 
sampling. More sophisticated processing to clean the MBES data and achieve the highest possible 
ƖĲƚŸũƨƣŔŸŰШůċƓƚШŸŉШƣőĲШĤċƣőǃůĲƣƖǃШƽċƚШŰŸƣШĦċƖƖŔĲĬШŸƨƣШŉŸƖШ §ÅfШ ЯШ7ШċŰĬШ9ШċƣШƣőċƣШƣŔůĲШċŰĬШ §ÅfќƚШ
attention shifted almost exclusively to NORI Area D. 

7.6.4 AUV surveys 

Due to the prioritization of work on NORI Area D, no AUV surveys were undertaken by 
NORI in NORI-A, B or C.  

MBES surveys show that the topography of the seafloor in NORI-A to C and TOML-A to F shows many of 
the geological features mapped in NORI Area D, such as abyssal plains, abyssal hills, volcanic cones, 
and slopes ² 6°. The nodules recovered from NORI-A to C and TOML-A to F are also similar in size and 
shape to those from NORI Area D, although nodule facies mapping and analysis of genetic types 
(hydrogenetic or diagenetic) has not yet been undertaken. Consequently, the information gathered by 
AUV surveys in NORI Area D is considered to provide insight to the possible distribution patterns of 
nodules on the seafloor in NORI-A to C and TOML-A to F and supports the assumptions of the IA. 

Successful AUV surveys were conducted by NORI in 2018 over selected sub-areas within NORI Area D. 
An ESVII 4500 m-rated Kongsberg Hugin AUV was used to conduct the detailed survey work, utilizing an 
MBES, SSS, SBP and camera payload. The surveys included: 

¶ Reconnaissance lines collected at 35 m AUV altitude in order to assess geological and near-
surface conditions prior to acquiring low-altitude camera data. 

¶ Camera lines collected at 6 m AUV altitude in order to map the distribution and abundance of the 
nodules. 

¶ MBES, SSS and SBP data lines collected at 22 m altitude in a 10 km x 15 km area, in order to 
evaluate geologic and near-surface conditions for future Test Mining activities. 

There was an excellent correlation between the AUV bathymetric data and that collected by hull-based 
multibeam methods in 2012, providing confidence in both sets of results. Low-altitude surveys using 
ƣőĲШ ÖéќƚШĦċůĲƖċШƓċǃũŸċĬШƓƖŸƻŔĬĲĬШƻŔƚƨċũШĦŸŰƣŔŰƨŔƣǃШŸŉШnodule distribution between the majority of the 
BC sample sites along the surveyed lines. 
A 3.5 km × 3.5 km grid of camera data was acquired over the Test Mining Site provided near-continuous 
photomosaic coverage. Each camera frame was 6 m across-track and 4 m along-track. Figure 7.10 
provides an example.  
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Figure 7.10 Example of AUV camera photo mosaic from NORI Area D, showing nodules 

 

Source: MARGIN 

7.6.5 Long axis estimation  

Although box coring is an effective method for measuring nodule abundance, it is slow and expensive. 
Therefore, it is advantageous if BC estimates can be supplemented by an alternative method. There is 
a well-documented relationship between nodule length and nodule wet weight (e.g., Felix, 1980): 

Log10 (nodule wet weight) = (2.71)(log10(long axis length)ш0.18 

The process of estimating the weight of nodules using the nodule length is called Long Axis Estimation 
(LAE). NORI confirmed this relationship by taking measurements of the long-axis length of individual 
nodules, using digital calipers, and wet weight, for nodules from NORI Area D BC samples BC001, 
BC002, BC003, and BC005 (Figure 7.11). 
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Figure 7.11 Comparison of nodule long axis measurements, taken using digital calipers, and 
individual nodule wet weight for BC001, BC002, BC003, and BC005 

 

Source: MARGIN 

In areas where nodules are not closely packed, image processing techniques can be used to identify 
each nodule in a photograph unambiguously and measure its long axis length. In this case, it is possible 
to estimate nodule abundance from photographs. However, if nodules are closely packed and touch 
each other, image processing techniques are currently unable to reliably discriminate each 
individual nodule. 

NORI developed an alternative methodology for NORI Area D using a combination of long-axis 
measurement and percentage nodule coverage which was applied to the data. A multiple linear 
regression relationship between percentage nodule coverage estimated from the photographs and 
mean nodule long-axis measurement from six BC samples within the Test Mining Site was found to 
provide a good correlation with nodule abundance.  

Subsets (1 m × 1 m) of AUV camera data acquired on a 3.5 km × 3.5 km grid pattern over the NORI Area 
D Test Mining site were extracted for each intersection point of the survey lines. The percentage nodule 
coverage was measured by applying a color threshold to the image to distinguish nodules from 
sediment. This allowed the percentage area covered by nodules in the image to be calculated. Mean 
nodule long axis measurements were manually extracted from these images. Nodule abundance 
estimates were then derived for each of these intersection points, resulting in a 3.5 km × 3.5 km grid of 
nodule estimation points over the Test Mining site which were used to supplement the Mineral Resource 
estimate for NORI Area D. 
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7.6.6 Geotechnical data collection  

No geotechnical data is currently available from NORI-A, B or C.  

Geotechnical data collected from BC tests and samples, and in situ testing in NORI Area D is 
considered to provide insight to the likely geotechnical conditions on the seafloor in NORI-A, B or C, and 
is sufficient to support this IA. 

Geotechnical soils data was systematically collected across the NORI Area D site during Campaign 3, 
Campaign 6 and Campaign 7. BC samples were geotechnically investigated to a maximum depth of 
0.50 m below sea floor. BC samples were sub-sampled, geotechnically described and tested onboard 
the recovery vessel. Box cores from Campaign 6 and Campaign 7 were additionally subject to cone 
penetrometer testing and a subset were subject to a series of tests, including shear vane profiles and 
plate load tests. Sub-samples from the Campaign 6 BC were transported ashore and a comprehensive 
campaign of laboratory testing was undertaken. During Campaign 7 seabed in-situ testing was 
conducted down to 2.2 m below seabed by an ROV deployed Cone Penetration Test system. 

An assessment of the soils across the NORI Area D area was made based on observations from the 
fieldwork and onshore laboratory testing reports. In general terms the seafloor across the abyssal 
plains can be classified as a very soft (extremely low strength) silty clay, that in parts is very silty and 
sometimes silt like. There are exceptions to this classification associated with depressions or high 
areas of seafloor such as ridge lines, abyssal hills and volcanic features. 

7.7 TOML exploration data  

TOML completed offshore campaigns in 2013 and 2015 to collect data define Mineral Resources. Much 
of the exploration was focused on smaller sub-areas within TOML-B, C, D, and F areas in order to 
increase understanding of local variations in seafloor conditions and nodule mineralization. TOML-A 
was only explored by dredging and TOML-E was only explored with an MBES survey and a single water 
column survey. 

Table 7.6 summarizes data collected from each TOML area. MBES (12 kHz MBES echo-sounding) 
includes bathymetric and backscatter products and geological geomorphological interpretation. 
Photo-profile includes still and video products and logging. Dredge sample data includes grade 
characterization and some size distribution data. Water column includes temperature, pressure, 
turbidity and in some cases physical samples and current. BC data includes nodule grade and 
abundance, fauna, and in some cases vane shear and/or sediment characterization. Deep-tow sonar 
includes SSS, sub-bottom profiler and micro survey and altimetry. Further details of these programs are 
presented in: 

¶ ÑőĲШƣĲĦőŰŔĦċũШƖĲƓŸƖƣШƚƨůůċƖǃШƣŔƣũĲĬШљÑĲĦőŰŔĦċũШÅĲƓŸƖƣШÉƨůůċƖǃ--Initial Assessment of the NORI 
Property, Clarion-9ũŔƓƓĲƖƣŸŰШüŸŰĲЯШŉŸƖШ?ĲĲƓШ]ƖĲĲŰШ~ĲƣċũƚШfŰĦЮњШыƣőĲШљ §ÅfШÑĲĦőŰŔĦċũШÅĲƓŸƖƣњьЯШ
with an effective date of March 17, 2021 (AMC Consultants, 2021a). 

¶ ÑőĲШƣĲĦőŰŔĦċũШƖĲƓŸƖƣШƚƨůůċƖǃШƣŔƣũĲĬШљÑĲĦőŰŔĦċũШÅĲƓŸƖƣШÉƨůůċƖǃ--TOML Mineral Resource, 
Clarion-9ũŔƓƓĲƖƣŸŰШüŸŰĲЯШÂċĦŔŉŔĦШ§ĦĲċŰЯШŉŸƖШ?ĲĲƓШ]ƖĲĲŰШ~ĲƣċũƚШfŰĦЮњШыƣőĲШљÑ§~xШÑĲĦőŰŔĦċũШ
ÅĲƓŸƖƣњьЯШƽŔƣőШċŰШĲŉŉĲĦƣŔƻĲШĬċƣĲШŸŉШ~ċƖĦőШΞΣЯШΞΜΞΝШы ~9 Consultants, 2021b). 

  



Technical Report Summary-Initial Assessment of TOML and NORI Properties, 
Clarion-Clipperton Zone 

 

TMC the metals company Inc. 0225054 
 

amcconsultants.com  28 
 

Table 7.6 TOML datasets by area and by campaign 

 
MBES 
(km2) 

Photo-profile  
(line km) 

Dredge 
(#) 

Water column  
(#) 

Box core 
(#) 

Deep Tow 
Sonar 

(line km) 

TOML-A т т 
2 

CCZ15 
т т т 

TOML-B 
9,966 
CCZ13 

т т т т т 

Sub-area B1 Included in B 
178 

CCZ15 
1 

CCZ13 
14 

CCZ15 
30 

CCZ15 
88 

CCZ15 

TOML-C 
15,763 
CCZ13 

т т т т т 

Sub-area C1 Included in C 
231 

CCZ15 
1 

CCZ15 
14 

CCZ15 
16 

CCZ15 
32 

CCZ15 

TOML-D 
15,881 
CCZ13 

92 
CCZ15 

6 
CCZ13 

т т т 

Sub-area D2 Included in D 
47 

CCZ15 
2 

CCZ13 
26 

CCZ15 
26 

CCZ15 
120 

CCZ15 

TOML-E 
7,002 
CCZ13 

  
1 

CCZ13 
  

TOML-F 
15,820 
CCZ13 

 
4 

CCZ13 
15 

CCZ15 
15 

CCZ15 
 

Sub-TOML-F1 Included in F   
9 

CCZ15 
10 

CCZ15 
 

Total 64,432 587 17 259 113 280 

Note: CCZ13 = TOML 2013 offshore campaign, CCZ15 = TOML 2015 offshore campaign 

7.7.1 Dredging and nodule sampling  

Dredging was carried out during both the CCZ13 and CCZ15 campaigns. The intent was to collect 
samples for whole rock chemical analysis and metallurgical test work. Seventeen sites were sampled 
(Figure 7.12). 

The samples were logged and sub-sampled extensively (up to 30 fragments per dredge sample). The 
sub-samples were assayed to confirm historical grades and to study variability in grade, used in drying 
test work and used for metallurgical test work. 
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Figure 7.12 Dredge sample locations in TOML areas from CCZ13 and CCZ15 campaigns 

 

Source: TMC 

7.7.2 Box-coring and nodule sampling  

Box-coring was undertaken to collect samples for Mineral Resource estimation, to collect biological 
samples for environmental base-line measurement and to collect geotechnical data. Landing points 
were chosen to avoid steeper areas (>10° slope) based on pre-existing multi-beam data. Two types of 
box corers were used: 

¶ 0.75 m2 box corer manufactured by KC Denmark, similar to the ones used by NORI. 
¶ 0.25 m2 box corer manufactured by YMG based on a design from the 1970s. 

Figure 7.13 to Figure 7.17 show nodule abundances at the BC locations and the MBES bathymetry. 
Nodule abundances are reported in wet kg/m2. 
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Figure 7.13 Nodule abundance and BC locations, TOML-B sub-area B1 

 

Source: TMC 

Figure 7.14 Nodule abundance and BC locations, TOML-C sub-area C1 

 

Source: TMC 


















































































































































































































































































































































































































































