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Economic Deposits including Ores
Some of the mounds of metalliferous sediment contain enough metals in high concen-
trations to be of economic interest. For example, the TAG (Trans-Atlantic Geotraverse)
mound discovered in 1972 on the MAR (26◦08'N) contain 2.7 million tonnes of sulfides
with another 1.2 million tonnes thought to lie beneath the seafloor (Figure W19.3).
Since the copper content of these sediments is 1 to 2% w/w, the TAG deposits are esti-
mated to contain 30,000 to 60,000 tonnes of this precious metal. This is comparable to
the copper ores mined on land. Unfortunately, the TAG mound is located 3650 m below
sea level in the middle of the Atlantic Ocean and is not economically feasible to mine
at this time.

The large ore bodies currently mined for precious metals are thought to be ancient
hydrothermal deposits that escaped subduction by being obducted onto land, e.g.,
ophiolites.1 While only 0.001% of the oceanic crust has been preserved in this way,
their global distribution suggests that hydrothermal activity has been widespread for
billions of years (Figure W19.4). Some ophiolites contain up to 25 million tons of ore,
though deposits of 2 to 5 million tons are most common. Deposits of this size are
mined commercially for copper, zinc, and other metals, including gold and silver. They
are composed of massive polymetallic sulfide deposits, rich in copper and zinc, that
are sandwiched between layers of basaltic rock. One of the most well-studied is the
Troodoos ophiolite in Cyprus, which was formed at an active spreading center during
the late Cretaceous. A diagrammatic section through a typical sulfide deposit in this
ophiolite is shown in Figure W19.5. The mineral veins are remnants of hydrothermal
vents filled in by precipitation of sulfides.

1 Economic ore genesis can also occur at low temperatures in sedimentary basins. In these settings,
diagenesis of organic-rich deposits can produce a metal-rich pore fluid. Following migration of this pore
fluid into various settings, such as carbonates, dolomite, and sandstone, the metals precipitate to form
the following primary minerals: galena (PbS), sphalerite (ZnS), barite (BaSO4), and fluorite (CaF2), and
the following secondary minerals: pyrite (FeS2), chalcopyrite (CuFeS2), and nickel sulfide (NiS). Also see
Chapter 26.9.
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FIGURE W19.3

Schematic of the TAG (Trans-Atlantic Geotraverse) active hydrothermal mound showing lithofacies.

The TAG mound is located on the Mid-Atlantic Ridge at 26◦08'N. TAG1, TAG2, and TAG4 are the

locations of Ocean Drilling Program (ODP) activities. Source: From Kelley, D. S., J. A. Baross, and

J. R. Delaney (2002). Volcanoes, fluids and life at mid-ocean ridge spreading centers. Annual
Review of Earth and Planetary Science 30, 385–491.

The formation of large ore deposits requires hydrothermal venting of long duration.
Sizable bathymetric lows are also needed to trap sulfide precipitates within a limited
area. In some locations, deposition is enhanced by the pooling of hydrothermal fluids
because of their relatively high density. This occurs in the Red Sea, which contains
an active spreading center. As shown in Figure W19.6, hot-water brines produced by
hydrothermal activity collect in the deepest parts of the basin. When brought to the sea
surface, metallic sulfides spontaneously precipitate because of their decreased solubility
at lower temperatures. Despite the sizable accumulation of metals in the deep waters
of the Red Sea, concentrations are not high enough for profitable mining.
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FIGURE W19.4

Global ophiolite distribution. Source: From Thurman, H. V. (1988). Introductory Oceanography, 5th

ed., Merrill Publishing Company, Columbus, OH, p. 95.
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FIGURE W19.5

Diagrammatic section through a typical cyprus sulfide deposit. Propylitization is the formation via

hydrothermal alteration of an andesitic rock consisting of such minerals as quartz, pyrite, iron

oxides, calcite, chlorite, epidote, and serpentine. Source: From Andrews A. J., and W. S. Fyfe

(1976). Submarine metamorphism and massive sulphide generation. Geosciences in Canada, 3,

84–94, p. 88. Geological Survey of Canada, Ottawa, Canada. After Hutchinson, R. W., and D. L.

Searle (1971). Stratabound pyrite deposits in Cyprus and relations to other sulphide ores. Proc.

IMA-IAGOD meetings ’70, IAGOD volume. Spec. Issue, no. 3, 198–205. Society of Mining

Geologists of Japan, Tokyo, p. 202, Mineralogical Society of Japan, Tokyo.
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FIGURE W19.6

(a) Location of Red Sea hydrothermal activity and metal accumulation and (b) a cross-sectional view

of some brine pools and ore deposits. Source: From Edmond, J. M. (1984). The geochemistry of

ridge crest hot springs. Oceanus, 27, pp. 15–19, p. 19.

Another type of massive sulfide deposit of interest are the Besshi ores that form as an
implacement within sedimentary rock. The latter is usually a shale that originated as a
fine-grained organic-rich clay deposit. As shown in Figure W19.7, the Besshi ore bodies
take the form of vertical and horizontal intrusions that lie several hundred meters above
the oceanic basement. They are deposited near ridge axes located close to land masses
that are the source of the clays.

Such a Besshi deposit is currently forming in the Guaymas Basin, which is located
in the middle of the Gulf of California. The hydrothermal activity at this location is
associated with the northernmost extension of the East Pacific Rise. The ridge axis is
buried beneath silt eroded from Mexico. The erupting basalt has intruded into the silt.
Hot-water venting is extensive due to the permeability of the silt. Biological productivity
is high in the surface waters, so the underlying sediment contains large amounts of
biogenic calcium carbonate. The initially acidic hydrothermal fluids cause the calcareous
shells to dissolve, thereby raising the alkalinity and pH of the vent waters. This causes
reduced metals to precipitate as sulfides within the sediments. The Besshi deposits
in the Gulf of California are also notable for the presence of petroleum hydrocarbons.
These compounds appear to be generated by the high-temperature “cooking” of detrital
POM derived from pelagic sedimentation of biomass produced in the overlying surface
waters. The vent fields contain large mats of bacteria that are presumably feeding on
these hydrocarbons.

Although hydrothermal ore mining is currently restricted to ophiolites, several com-
panies are actively exploring submarine deposits to identify and lease sites for future
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FIGURE W19.7

Besshi ores. Source: From Edmond, J. M. (1984). The geochemistry of ridge crest hot springs.

Oceanus, 27, 15–19, p. 19.

extractive mining. At present, two companies have been formed to explore and develop
the massive polymetallic sulfide deposits that lie off the coastlines of New Zealand
(www.neptuneminerals.com) and Papua New Guinea (www.nautilusminerals.com).
Since most of the technical problems with collecting and refining the ores have been
resolved, the only remaining obstacle are market forces. Thus, once metal prices are
sufficiently high, submarine mining of the massive sulfides is likely to commence. In
the meantime, economic geologists have used the insights provided from studying the
formation of these deposits at MORs as a guide to finding ophiolites on land, particularly
in China.




