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Introduction

The presence of polymetallic nodules, commonly referred to as manganese nodules, on the abyssal 
plains has been known for more than a century. The nodules � rocky lumps made up of iron and 
manganese hydroxides � contain a variety of metals of commercial interest. In the 1970s, a number 
of national governments and mineral exploration companies sponsored e�orts to investigate the 
recovery of manganese nodules discovered on the seabed underlying international waters.

At the time, however, there was no international regulatory regime governing the international 
seabed. Consequently, security of tenure and legal certainty of ownership could not be guaran-
teed. This lack of certainty a�ected the commercial development of polymetallic nodules (Der-
kmann et al 1981). At the same time, major land deposits of nickel and copper, the metals then 
driving interest in nodules, were discovered. That pushed metal prices downward and made the 
potential economic return on manganese nodules uncertain. These factors combined to halt the 
full-scale development of the industry. 

Today, there is renewed interest in manganese nodules. Governments and investors see them as a 
potential source of nickel, copper, and a number of rare-earth elements. Initially, the growing inter-
est in nodules focused on Areas Beyond National Jurisdiction � often simply called the Area  � espe-
cially a region of the equatorial North Paci�c east of Kiribati and Hawaii, known as the Clarion-Clip-
perton Zone (CCZ).  In 2010, the International Seabed Authority (ISA), the organization responsible 
for administering the resources in the Area, published a technical report (ISA 2010), which contains 
a geological model of nodule deposits in the CCZ. More recently, there has been increased interest 
in nodules located within the Exclusive Economic Zones (EEZs) of Paci�c Island states. 

To support Paci�c Islands in governing and developing these natural resources, the Applied Geo-
science and Technology (SOPAC) Division of the Secretariat of the Paci�c Community (SPC) is 
providing a range of information products, technical and policy support, and capacity-building 
activities through a project called Deep Sea Minerals in the Paci�c Islands Region: a Legal and 
Fiscal Framework for Sustainable Resource Management (Figure 1). This publication, created as 
part of that project, brings together expert knowledge on the geology and biology of manganese 
nodules and information about best practices related to the environmental management and 
technical aspects of mineral exploration and extraction.
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Figure 1. The Paci�c ACP States (i.e., Africa-Caribbean-Paci�c Group of States) participating in the European-Union-funded SPC 
Deep Sea Minerals Project
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The Geology of 
Manganese Nodules
James R. Hein1 and Sven Petersen2

1 U.S. Geological Survey, 400 Natural Bridges Dr., Santa Cruz, CA, 95060, USA
2 Helmholtz Centre for Ocean Research Kiel (GEOMAR), 24148 Kiel, Germany
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Figure 4. Growth age and growth rate of nodules. Growth age versus cumulative growth rate (left) and growth rate versus model age 
(right) in nodules from the Campbell Nodule Field, New Zealand. Extrapolated ages are based on measured 10Be/9Be ratios and the 
extrapolated 10Be/9Be ratio of the rim.  Model ages are based on measured 10Be/9Be ratios and an assumed initial 10Be/9Be ratio. 
Growth ages  (in m.y.) are based on the elapsed time from initiation of growth (i.e., core to rim). Graham et al. 2004.

Figure 3. Formation of manganese nodules. This process takes place in water depths of 4 000 to 6 500 metres.

Hydrogenetic nodules grow extremely slowly, at a rate of about 
1 to 10 mm per million years, while diagenetic nodules grow at 
rates of several hundred mm per million years. Most nodules 

0

5

10

15

20

0 2 4 6 8 10 12

Growth rate as measured

Million years

Core

Rim

Milimetres/million yearsMilimetres/million years

Growth age in million years

0

5

10

15

20

0 2 4 6 8 10 12

Growth rate as measured

Core

Rim

Cumulative nodule growth rate Nodule growth rate from core to rim

0

5

10

15

20

0 2 4 6 8 10 12

Growth rate as measured

Million years

Core

Rim

Milimetres/million yearsMilimetres/million years

Growth age in million years

0

5

10

15

20

0 2 4 6 8 10 12

Growth rate as measured

Core

Rim

Cumulative nodule growth rate Nodule growth rate from core to rim

form by both hydrogenetic and diagenetic precipitation and, 
therefore, grow at intermediate rates of several tens of mm per 
million years (Figure 4).

Formation environment for manganese nodules
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