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Discovery and Origin of Names

The name manganeseis of Italian origin and is a corruption
of magnesia, from the Latin magnes meaning magnet, a
reference to the magnetic properties of the ore mineral
pyrolusite.

The manganese oxide pyrolusite has been used in glass-
making since the time of the pharaohsin Egypt. Manganese
was first distinguished as an element in 1774 by the
Swedish chemist Carl Wilhelm Scheele while working
with pyrolusite. It wasisolated the sameyear by Scheel€e's
associate, Johan Gottlieb Gahn, by burning pyrolusite with
charcoal. Manganese had no practical usesuntil 1839, when
it was introduced as an additive in the manufacture of
crucible steel. From 1856, the use of ferromanganese in the
Bessemer method of steel-making made this process very
successful.

Major Ores and Minerals

Manganese is the twelfth most abundant element in the
earth’ scrust and is present in morethan 300 minerals, but the
only known natural occurrences of manganese metal are in
meteorites. Theeconomically important manganeseminerals
include: the oxides pyrolusite, psilomelane, braunite, and
manganite; the silicate piemontite; and the carbonate
rhodochrosite (Table 1). The most important ores consist of

Symbol Mn

Atomic no. 25

Atomic wt 54.94

Specific gravity 7.21-7.44
Valence 2,3,4,6,7
Melting point 1245°C
Boiling point 1962°C
Crusta abundance 0.1%
Preferred plasma atomic
analysis method emission spectroscopy
Routine detection limit | 5 ppm

manganese dioxide in the form of pyrolusite, psilomelane
and wad, usually with variable amounts of iron oxides. Ores
containing 5-10% Mn are called manganiferous iron ores,
those containing 10-35% Mn are ferruginous manganese
ores, whereas those with more than 35% Mn are manganese
ores. Manganiferous iron ores and ferruginous manganese
ores are also referred to as manganiferous ores. The major
production isfrom sources with about 15% Mn to more than
50% Mn.

Properties

Manganeseisatransitionmetal inGroup V1B of theperiodic
table, between chromium and iron. It is a hard, brittle,
silvery-white metal with a high specific gravity of 7.21 to

Name, Formula Colour Hardness | Density | Lustre Crydal Sysem |Transparency |Fracture
Braunite brownish- 6-6.5 48 submetallic |tetragonal opaque uneven
3(Mn,Fe),0,MnSIO, black brittle
Manganite steel grey 4 43 submetallic |orthorhombic |opaque uneven
Mn,0_.H,0 to black

Psilomelane dark sed grey | 5-6 3.7-4.7 | submetallic |orthorhombic |opaque
BaMn,O,,(OH), to black

Pyrolusite dark sed grey | 2-2.5 4,75 metallic tetragonal opaque rather
MnO, to black brittle
Piemontite reddish brown| 6.5 34 vitreous monoclinic semi- uneven
Ca,(Mn,Fe* Al).AI0.OH(S,0,)(SO,) transparent
Rhodochrosite red-brown 3.545 3.45-3.6| vitreous rhombohedral | semi- uneven
MnCO, transparent | brittle
Wad dull black, 56 3.4-4.3 | dull amorphous opaque

oxides of manganese bluish, lead grey,

with variable compostion | brownish black

Table 1. Manganese minerals.




7.44 (depending on the allotropic form), and somewhat
resemblesiron in appearance and properties.

Pyrolusite is a soft, iron-grey mineral with ametallic lustre
and specific gravity of 4.75. It occurs as a pseudomorph of
manganite or other manganese mineral's, usually massive or
reniform, in some examples with a fibrous and radiate
structure. Psilomelaneis similar to pyrolusite in colour and
specific gravity, but it has a submetallic lustre and is much
harder (5 to 6). It is amorphous and can be massive,
botryoidal, reniform or stalactic.

Formation

The formation of manganese deposits and classification of
different deposit typeswasdescribedin detail by Roy (1981).
A five-fold classification schemeis used here:

Sedimentary depositsareformed by chemical processesthat
segregated manganese during the deposition of marine
sediments. The deposits are stratiform and lenticular. Two
subclasses are defined based on their mineralogy: carbonate
and oxide. Carbonate deposits are associated with
carbonaceous or graphitic rocks, often clayey, that were
formed in a reducing environment, probably in enclosed
basins. In contrast, oxide deposits are most commonly
associated with coarser clastic sediments, with little or no
free or organic carbon, produced under strongly oxidising
conditions with free water circulation. Oxide deposits
generally have higher grades and are more extensive than
carbonatedeposits. Inmany of themined oxideand carbonate
deposits, the grade has been increased by residual
concentration. The world’s largest manganese deposits are
sedimentary deposits, including those of the Nikopol district
in Ukraine, Chiaturadistrict in Georgiaand Kalahari district
of South Africa. These are mainly oxide deposits, although
some haveassociated carbonatefacies. Thislateral zonation
from oxide to carbonate facies is probably related to the
proximity totheancient shoreline, withtheoxidefaciesbeing
formed close to the basin margin, whereas the carbonate
facies formed more distally. Other oxide deposits include
GrooteEylandtin Australiaandthelmini depositin Morocco.
TheMolango depositinHidalgo State, Mexicoisan example
of alarge carbonate deposit.

Seafloor nodulesareaspecial typeof sedimentary manganese
deposit that represent alarge unmined resource of manganese,
iron, copper, nickel and cobalt. They areabundantin sediment-
starved areas of the deep ocean basins, mainly in the Pacific
Ocean. They occur in irregular, single-layer fields at or
within a metre of the sediment-water interface. Individual
nodul es are potato-sized earthy brown to bluish black lumps
with adull lustre. They consist of one or more nuclei (shark
teeth, whale ear bones, rock fragments or other nodules)
surrounded by discontinuousconcentriclayersof metal oxides
and clay.

Hydrother mal manganese deposits are typically found as
epithermal and mesothermal veins, and rarely asstratabound
deposits. The manganese minerals may form ore-grade
concentrations, or may be present as gangue in association
with ore mineralsof other metals, commonly with Pb-Zn-Ag

vein mineralisation. Examples include Butte in the USA
(mesothermal -epithermal Pb-Zn-Cu-Ag-Auveins), Navidad
in Chile (epitherma Mn veins) and Dzhezdain Kazakhstan
(Mn mantos and veins).

Volcanogenic sedimentary manganese oxide deposits are
associated with chert and basaltic volcanics in oceanic
basins. These deposits are of minor importance in terms
of world manganese production, but are the main typefound
in New Zealand. Worldwide, these deposits are mainly
silicate ores, with less common carbonate ores, and rare
oxide ores. In contrast, the New Zealand deposits contain
mainly oxide ore. The depositsin Olympic Peninsulain the
USA and Noda Tamagawa in Japan are examples related to
mafic volcanic rocks, whereas Langban in Sweden and
Karadzhal in Kazakhstan are examples related to felsic
volcanic rocks.

Residual accumulations and laterites (supergene deposits)
arefoundinhumidtropical regionswhereintenseweathering
has leached many elements from the rocks, usually
sedimentary manganese proto-ores, forming a residual
concentration of manganiferous material. Deposits of this
typeare mined extensively in Brazil (Serrado Navio deposit
inAmapadistrictand MorrodaMinadepositin MinasGerais
district), India(Orissa, Karnataka, Maharashtraand Madhya
Pradesh) and Gabon (Moanda deposit). Other examples
includeNsutainGhana, TambaoinBurkinaFasoandKisenge
in Zaire.

Uses

Manganese is the fourth most widely consumed metal after
iron, aluminium and copper. More than 90% of manganese
isused by theiron and steel industry, both in the production
of ironand steel, andinaloysof steel. Theremainderisused
in a variety of industrial, chemical and pharmaceutical
applications.

The various end-uses of manganese have different ore
requirements giving rise to the classification of manganese
ore into metallurgical, chemical, and battery grades.
Metallurgical grade material hasabout 38-55% Mn and may
differ fromchemical gradeoreonly inphysical form. Chemical
and battery grade ores are often categorised by their MnO,
content, which istypically in the range of 70% to 85% (44%
to 54% Mn).

Manganese is an essential ingredient in the process of
converting iron ore to steel, with about 7 kg of manganese
used inthe production of onetonneof stedl. Itisaddedinthe
form of alloys such as ferromanganese (about 80% Mn,
15-18% Fe) and spiegeleisen (12—-33% Mn, the remainder
Fe). The manganese serves as adesulphurising, deoxidising
and conditioning agent during thesmelting of ironore. Asan
aloying element in steel, manganese increases toughness,
strength and hardness. Most steels generally contain less
than 1% Mn. Manganese steel, or Hadfield steel, contains
12-14% Mn and is used for very rugged service where
hardness and toughness are required (e.g. armour plate,
projectiles, safes, crushers, and cutting and grinding
machinery). Nonferrousmanganesealloysincludemanganese




bronze(Mn, Cu, Sn, and Zn) and manganin (Mn, Cu, and Ni).
Manganese bronze resists corrosion from seawater and is
used for propeller blades on boats and torpedoes. Manganin
isusedintheformof wirefor accurateel ectrical measurements,
becauseits electrical conductivity does not vary appreciably
with temperature.

Manganese dioxide is used in dry-cell batteries, most
commonly in the carbon-zinc type, where it acts as a
depolarizer by suppressing the formation of hydrogen gas at
the carbon (positive) electrode. It is also used in paint and
varnish oils, in glass-manufacture (e.g. for decolouring glass
by removing iron-impurities), bricks and ceramics, and in
preparing oxygen, chlorine and iodine. Manganese sulphate
is used as a fertilizer, in dyeing cotton, and in paint and
varnishoils. Sodiumand potassium permanganate(NaMnO,
and KMnQ,) are used as oxidizers and disinfectants.

Manganese is essential in trace quantities for plants and
animals, but excess quantities are toxic. A manganese
deficiency in humans disrupts growth and resultsin various
disorders of the bones and the central nervous system.

Price

Manganese pricesincreased dramatically from 1987 to 1990
but havesincedeclinedto 1988levels. InMay 1995, manganese
ore (48-50% Mn and maximum of 0.1% P) was US$1.95/t,
and manganese metal (99.7%) was US$1700-1780/t.

World Production and
Consumption

The annua world production of manganese oreis about 20 Mt
(19.5Mtin 1993; Dancoisne, 1994). High-grade manganese
oresaremostly supplied by theCommonweal th of Independent
States (Ukraine, 6 Mt in 1993; Georgia, formerly 200 000 t
but no production in 1993; Kazakhstan 150 000 t in 1993),
China(4.2Mtin1993), South Africa, Brazil, India, Australia
and Gabon. The CIShasvery large depositstotalling 3000 Mt
in two principal districts, Nikopol (Ukraine) and Chiatura
(Georgia), but although some material ishigh grade, muchis
of low gradeand otherwise poor quality, and mining costsare
high.

Most of the manganese production is used for steel-
making and therefore demand for manganeseis closely tied
to the fortunes of the steel industry and the industrialised
nations.

Ore Processing, Smelting and
Refining

Raw manganese ore may be upgraded by flotation, heavy
medium or high-intensity magnetic separation. Manganese
ores and concentrates are purified by several methods. The
predominant method used is electrothermy in which
manganese oxide ore is reduced to manganese ferroalloysin
an electric arc furnace with aluminium and silicon. Blast
furnace-type operations are still used in some countries to
make high-carbon ferro-manganese. Higher grades of
manganese, including manganese metal, are commonly

produced by the electrolysis of sulphate solutions of
manganese. Inthismethod, manganeseoresare convertedto
manganese oxides by heating. The oxides are mixed with
sulphuric acid to form manganous sul phate and this solution
is purified and subjected to electrolysis.

Manganese processing usually also recoversironintheform
of ferro-manganese aloys. Recovery of other by-product
metalsisrare.

Some manganese is recycled as by-product recovery from
steel scrap, steel slag and nonferrous scrap. Scrap recovery
specifically for manganese is insignificant.

New Zealand Occurrence and
Resources

Theoccurrence of manganesein New Zealand (Figure 1) has
been reviewed by Reed (1959, 1960), Officers of New
Zealand Geological Survey (1970), Williams (1974), Roser
et al. (1980) and Brathwaite and Pirajno (1993). Morgan
(1927) and Railton and Watters (1990) listed the occurrences
of manganese minerals.

A. Volcanogenic Sedimentary Deposits
Permian—Jurassic deposits

Stratabound deposits of manganese oxides are associated
with the spilitic red-rock suite of rocks in the Permian—
Jurassicgreywackeandargilliteof theNorthlsland (Waipapa
Group and Torlesse Supergroup), and their metamorphosed
equivalentsin the South | sland (Haast Schist). Theredrocks
consist of mafic lava, chert, jasperite, and volcaniclastic
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Figure 1: Location of manganese deposits in New Zealand.




argillite. The manganese deposits are usually hosted by red
argillite and chert. Deposits are most common in Northland
and South Auckland, where the main localities are Bay of
Islands, Whangarei Harbour, Waiheke |sland, Bombay, and
Otau and Moumoukai in the Hunua Ranges. In the South
Island, the main occurrences are with metamorphosed chert
and spiliteintheform of lensesof manganese oxidesat Taieri
MouthinOtago, and asdi sseminationsof piemontitein schist
near Arrowtown and elsewhere in Otago, Westland and
Marlborough.

The association of the manganese deposits with spilitic
volcanic rocks indicates that their formation was related to
submarine volcanism (Reed, 1960; Stanaway et al., 1978;
Roser, 1983). The manganese and chert were probably
chemically precipitated from low temperature hydrothermal
solutions, and accumul ated on the seafloor along with other
sediments. In many deposits, the manganese was further
concentrated by diagenesis and secondary processes
(Stanaway et a., 1978; Roser, 1983).

The ore occurs as disseminated and massive mineralisation,
in pods, lenses, laminae, lumps, nodulesand veins. Primary
mineralisation, formed during sedimentary (syngenetic) and
diagenetic stages, is characterised by oolitic ore textures.
Secondary (supergene) mineralisation hasrhythmic colloform
structures, abundant cross-cutting veinlets of secondary
minerals, and structurel ess masses of replacement minerals
(Stanaway et a., 1978; Roser, 1983). The mineralogy
consists of quartz, hematite, and a complex variety of
manganese oxides. Syngenetic minerals include braunite,
bementiteMn,S O, (OH), , manganiteandhausmanniteMn,O,,
and some assemblages may be altered to cryptomelane
KMn,O,, and psilomelane during burial and diagenesis.
Secondary mineralsinclude psilomelane, cryptomelane and
goethite, with lesser quantities of pyrolusite, lithiophorite
(Al,Li)MnO,(OH),, trodorokite (Mn,Ca,Ba),Mn_,0,,.8H,0,

nsutite MnO,.xH,O, jakobsite MnFe,O,, birnessite
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Na,Mn 0O, .9H,0, and secondary manganite.

Bay of Idands: At Tikitikioure (TikioraHill), 4 km south-
east of Russell, stratabound lenticular lenses of manganese
mineralisation, 1-10 m long and less than 1 m thick, are
present in coloured argillite, and pink and white chert within
the greywacke-argillite rocks of the Waipapa Group
(Sekula, 1972; Roser, 1983). The mineralisation consists of
braunite, cryptomelane, nsutite (bementite), psilomelane,
pyrolusiteandlithiophorite. Between 1864 and 1885, several
hundred tonnes of ore were mined from small pocketsin
“quartzose or jasperoid greywacke.” Exploration by
Winstone Mineral Exploration Ltd (Carlson, 1974a)
recorded manganese val ues of 50.8% and 28.2% (with low
Fe) on selected ore samples.

At Frenchman’sHill, small quantities of ore were recovered
in the 1800s from numerous quarries and trenches. The
mineralisation is associated with a bedded chert in Waipapa
Group greywacke.

A number of other small deposits are present in the northeast
Northland area and many were worked in the 1800s. They
include deposits at: Kaiwauwaru Bay, Puketi, Purerua

Peninsula (Mt Pocock), Kiripaka Hill, Manganese Hill,
Hukerenui, Ruapekapeka, and Otonga(Bell and Clark, 1909;
Ferrar, 1925, 1934; Sekula, 1972; Stanaway et al., 1978).
Analysesfor single samples have been reported for material
at Kiripaka— 49.4% Mn (Ferrar, 1925), Otonga — 63.4%
(Ferrar, 1925) and Mt Pocock — 50.0% Mn (Carlson, 1974b).
Bell (1976) reported that the deposit at Hukerenui (between
Kawakawa and Whangarei) contains about 150 000 t of
mineralisation with assays up to 79% MnO,,

Whangarei Harbour: At Parua Bay, manganese
mineralisation is present in a thin sequence of red argillite,
chert, and red and green spilites (Roser, 1983). Over 2000t
of ore containing jacobsite and psilomelane was extracted
between 1884 and 1894. Ferrar (1925) reported a single
analysis of 41.16% Mn.

At Manganese Point, a complex sequence of interbedded
spilites, cherts, and coloured argillitesareintercallatedinthe
Waipapa Group greywacke—argillite. Stratabound pods|less
than 30 cminlength and conformablelamellaelessthan5cm
thick arepresent in red and pink chertsand red argillites, and
contain cryptomelane, psilomelane, minor pyrolusite and
braunite (Roser, 1983).

At Stockyard Cove, a sequence of spilite, coloured argillite
and chertisterminated by afault and followed by sandstone
and manganese-bearing bedded chert (Roser, 1983).
Psilomelane and pyrolusite are present as 1 cm-wide
secondary joint fillingsin cream and red cherts. The deposit
was prospected by several adits but no production was
recorded.

Kawau ldand: Manganesemineralisationisfoundat several
locations on the island, associated with jaspilite, chert and
spilite sequences in Waipapa Group greywacke. Three
locations were mined intermittently from 1842; Manganese
Point on the northwest coast, Beaumont Point on the west
coast, and near South Cove on the southwest coast (Ferrar,
1934). Thelastisknown morefor itscopper production than
for manganese. It wasopened asamanganese minein 1842,
but copper was discovered later in that year and became the
main focus of mining for the next 27 years, until the closure
of the mine.

Waihekelsland: Nests, stringers and discontinuous lenses
of manganese mineralisation are found within lenses of
bedded chert and jaspilite of the Kiripaka, Rocky Bay and
Waikorariki formations in the Waiheke Group greywacke
and argillite sequences (Halcrow, 1956; Schofield, 1979).
The chert and jaspilite lenses are usually less than 150 m
thick and some are associated with lavas. The main
occurrences of manganese are on thewest side of Maunganui
(thehighest point ontheisland), wherethe manganeselenses
range from 0.6 to 4.8 min width, and at Te Matuka Bay and
Rocky Bay. Mining between 1878 and 1884 produced 11 600
t of ore. Pickering (1971) reported analyses of 34.0% and
11.7% Mn.

Pakihi Island: Manganeseisassociated withamorethan
85 m-thick section of bedded jaspilite and chert of the
Kiripaka Formation (Hutton, 1869; Schofield, 1979).




Mineralisation of predominantly psilomelane occurs in
numerous bands, about 2.5 cm thick.

Otau: Manganeseoccurswithinanortherly trending band of
KiripakaFormation of Waiheke Group (Schofield, 1976). At
the Otaumine, thisformationisa25 m-thick sequenceof red-
brown, red and green argillites with included dislocated
blocksof iron-chert, confined by sharp contactsto weathered
greywacke (Roser, 1983). Manganese mineralisation crops
out over adistance of 103 m and wasworked in several adits
and trenches (Healy, 1937; Macpherson, 1941). The
mineralisationstrikesnorthanddips65° to80°W, and averages
about 4 m thick. The manganese minerals are bementite,
braunite, cryptomelaneand nsutite (Roser, 1983). Thedeposit
wasworked by Mirandite Products Ltd and produced 3838 t
of ore up to its closure about 1960.

Moumoukai: The band of Kiripaka Formation at Otau
continues southward and contains another concentration of
manganese at Moumoukai (Schofield, 1976). Here, the
mineralisation wastraced over astrike distance of 52 mwith
signs of continuation for a further 46 m to the northeast
(Macpherson, 1941). Themineralisationisexposedina4 m
wide pit and consists of lenticles, laminae and nodules of
primary iron-manganese mineralisation in red argillite with
secondary mineralisation in veins and joints (Roser, 1983).
The manganese minerals are psilomelane and cryptomelane
with minor hausmannite and manganite, and secondary
pyrolusite. The deposit was worked as the Piggots and
Cloudeslay claims and produced 1934 t of ore.

Bombay: At Pinnacle Hill (Figure 2), massive and
disseminated mineralisation is present in bedded hematitic
chert and argillite, of Kiripaka Formation (Fyfe, 1933;
Macpherson, 1941; Schofield, 1976). The orebody was

small as illustrated by the size of the open pit developed
during its extraction, which was 60 m long by 3 m wide and
varying from 4.5 mto 7.5 m deep. The orebody had adip of
60° to 70°, tapered at both ends and narrowed to awidth of

0.6 min the deepest part of the pit. Weak bandingintheore
was considered aremnant of primary sedimentary structure
by Stanaway (1972), probably aslaminae in shale interbeds
or coloured argillite. The mineralisation contains braunite,
psilomelane-cryptomelane, pyrolusiteand nsutite. Production
was 494 t of mostly high-grade secondary ore.

Skinner and Chin (1983) carried out a stream-sediment
geochemical survey to detect manganese deposits in the
Bombay-Hunuaarea. Inaddition to detecting the previously
known deposits, anomal ous manganese val ues suggested the
presence of a significant undiscovered manganese
concentration west of Pinnacle Hill.

Par apar aumu: ThisdepositishostedinTorlesse Supergroup
rocksand is notabl e because the mineralisation occursasthe
carbonate rhodochrosite. According to McKay (1899), the
manganese horizon ranged from 1-3 m in width, and was
traceablefor 100-140 malong aridge. Themineralisationis
present as nests and veins in white chert, which is underlain
by a chloritic argillite. Pillow basalts also outcrop in the
immediate vicinity (Roser, 1983).

Taieri Mouth—-Akatore: About 100 t of manganese ore
were mined south of Taieri Mouth (Hector, 1892). The
mineralisation occurs within a 3.7 m-thick band in a brown
argillite/chert sequence in Haast Schist. The band contains
massive manganese oxide mineralisation as pods, up to 15 cm
thick, and more commonly as small pockets and veins.
Manganese minerals include pyrolusite, manganite and
ramsdellite (Coombs, in Reed 1959). Hector (1892) gave
analyses between 17.0% and 58.1% manganese.

Manganese mineralisation is also found afew kilometres to
the south, on the coast, south of Akatore Creek (Read and
Reay, 1971). Felsic metatuff within Haast Schist contains
metachert—carbonate lenses up to 3 m thick, with pink-
coloured pods of manganese mineralisation up to a metre
thick. Associated metavol canic rocks devel oped from basic

Figure 2: Manganese
minein chert and
argillite at Pinnacle
Hill, Bombay, South
Auckland (Photo:
Bruce Thompson).




tuffs, breccias and flows. Rhodochrosite and akatoreite are
the main manganese minerals, along with rhodonite,
spessartine, pyroxmangite and tinzenite (Read and Reay,
1971). Secondary wad, psilomelane, pyrolusiteandtodorokite
fill veinlets and blacken outcrops.

Miscellaneous occurrences in schist: Small lenses of
manganese mineralisationupto 2 mthick arepresentin schist
at several locations in Otago and Westland (Hutton, 1940,
1942; Turner, 1946; Mason, 1955; Reed, 1960; Turnbull,
1975). They areusually represented by rhodonite-spessartine-
rhodochrosite schist, spessartine-magnetite schist, or
piemontite schist. Watters and Challis (1985) described a
manganese-bearing metachert within schist of the Onamal utu
valley, Marlborough. Themetachert contained upto 7% Mn,
mainly as piemontite and spessartine-rich garnet. Meta
quartzite in the Marlborough schist of Wakamarina valley
also contains probable spessartine garnet (Skinner and
Brathwaite, 1994).

Cretaceous deposits

Manganese deposits occur associated with Cretaceous
sedimentary and volcanic rocks at Red Island and nearby
Hinemahanga Rocks in Hawke's Bay, and at Te Awaiti in
southern Wairarapa. Their similar geologic setting to the
Permian—Jurassic deposits suggests a similar volcanogenic
origin.

Red Isdand: Stratiform manganese oxide horizons are
interbedded between basalt and limestones (Roser, 1983;
Kobe, 1976; Kobe and Pettinga, 1984). Manganite,
psilomelane group minerals, pyrolusite, hematite and
limonite are present but ore-grade material is of very small
volume.

Hinemahanga (Kairakau) Rocks: The rocks consist of
basalt pillow lavainterbedded with limestone and mudstone.
Manganese nodules occur in the limestone, whereas copper
mineralisation is present in the basalt (Black et al., 1984;
Kobe and Pettinga, 1984).

TeAwaiti: Fyfeand Reed (1959) described an occurrence
of high-grademanganese mineralisation about 7 km southwest
of Pahaoa River mouth. Manganese mineralsform coatings
and pockets throughout a 20 m wide band of basaltic lava
(spilite) and chert within Early Cretaceous Pahaoa Group
greywacke, argillite and conglomerate. The mineralised
pockets are 1-2 m long and up to 45 cm thick, and in places
are associated with hematite layers. The main minera is
braunite, and minor psilomelaneisal sopresent. Twoanalyses
gave vaues of 86.9 and 90.7% MnQ,,.

B. Hydrothermal Deposits

Rhodochrosite, rhodonite and manganiferous calcite, and
secondary pyrolusite and wad are present in some of the
epithermal gold-silver-bearing quartz veins in the Hauraki
Goldfield (Fraser and Adams, 1907; Morgan, 1924). Inesite,
apink manganesesilicate, ispresent at Waihi (Hutton, 1941).
Rhodonite was reported from the mesothermal gold-bearing
quartz veins of Nenthorn and Waipori in Otago (McKay,
1892; Marshall, 1918). Brathwaiteet al. (1990) noted several

manganese minerals in zinc-lead skarn mineralisation on
Motukokako Island, near Cape Brett.

C. Seafloor Nodules

Manganese nodules are present on the seafloor below 1000 m
of water depth within New Zealand's 200-mile (322 km)
offshore economic management zone, particularly on the
Campbell Plateau (Summerhayes, 1967; Roser et a., 1980;
Glasby and Wright, 1990). The nodules are concretionary
crusts of ferromanganese oxides around a nucleus such as
pumice, coral, glacial pebbles or phosphorite nodules.
M anganesenodul esfromthe Southwest Pacifichaveréd atively
low contents of nickel, cobalt and copper compared with
those in the North Pacific.

Production

The total recorded production of manganese ore in New
Zealand is 26 102 t. New Zealand's first metal-mining
operation was the extraction of manganese from an adit on
Kawau Island in 1842. The export ore, because of its heavy
nature, was sought after as ballast cargo for sailing ships
journeying from New Zealand. The development of amine
shaft on the Kawau Island deposit led to the discovery of a
copper lode which proved much more profitable than the
manganese. A larger manganese operation was carried out
on Waiheke Island, producing 11 600 t between 1878-84.
Mining was also carried out in the Bay of Islands and near
Whangarei in Northland, and at Taieri Mouth, Otago. The
total recorded production for manganese mining in New
Zealand, between 1878 and 1911 was 19 674 t at a grade of
40-50% Mn.

After a long period of virtual cessation of manganese
production, three deposits were worked in South Auckland
between 1937 and 1960: Pinnacle Hill at Bombay, 494 t;
Piggots-Cloudeslay claimsMoumoukai, 1934t; and Mirandite
Co. Otau, 3838t (Reed, 1960). Theorecontained between 19
and 56% metallic manganese.

During both periods of mining, the ore had to be hand picked
after extractionto maintainreasonablegrade. Inaddition, the
patchiness and small size of the deposits required selective
mining techniques by small parties.

Imports

New Zealand imported 281 t of manganese metal and oxides
worth NZ$458 123 during 1994, compared with 1088t worth
NZ$1 632 169 in the year July 1983-June 1984 (Rabone,
1984, Statistics New Zealand).

Potential and Prospectivity

Reed (1960, p. 353), in hisreview of manganese depositsin
New Zealand, concluded that “ All the deposits are small and
patchy and do not lend themselves to large scale mining.”
Thereis potential for discovery of new manganese deposits
of the “red rocks” -greywacke association, however they are
unlikely to be substantially larger than those worked in the
past and would be uneconomic under today’s conditions.
Nevertheless, small quantities of manganese could be




selectively mined from a number of depositsif required for
strategic reasons.

Theoffshoreseafloor noduledepositsrepresent avast resource
that could beutilisedinthe21st century if suitabletechnology
for inexpensive seafloor mining is devel oped.

Future Trends

Manganese will continue to be in demand, particularly for
making iron, steel alloysand batteries. Thereispotential for
the increased use of manganese in specia steels as new
applicationsdevel op, and increases associated with ageneral
riseinsteel productionand useof steel indevel oping countries
such as China.

Cannon (1989) noted that although theknownworldreserves
of manganese are very large, there is a limited supply of
known high-grade ores (>35% Mn) required for steel
production. Future production may be dominated by South
Africa. Improvements in world manganese supply could
result from:

a. Discoveries of new high-grade ore deposits.

b. Development of cost-effective techniques to
upgrade low-grade deposits to make synthetic high-
grade ore.

c. Changesinsted andferromanganesemakingtechnology
to use ores of lower grade than those now used.

d. Initiationof manganeserecovery from seafloor nodules.
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