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ABSTRACT
3+
2

Norrishite, K(Mn Li)Si4O10(O)2, an OH-free mica, is found in a silicate-rich sample from the
Wessels mine, Kalahari manganese field, South Africa. The mineral forms centimeter-sized black
aggregates in dark-purple sugilite, and is associated with kornite and Mn-rich pectolite.
Single-crystal X-ray data, collected on norrishite of end-member composition, yielded a monoclinic C2/m lattice with a = 5.291(2), b = 8.904(2), c = 10.049(4) Å, b = 98.15(5)∞, V = 920.6 Å3, and
Z = 2, characteristic of the 1M polytype.
40
Ar-39Ar analyses on a gem-quality sugilite yielded an age of 1048.1 ± 5.9 Ma interpreted as a
mineral crystallization age that dates the main hydrothermal event that led to enrichment of the Mn
ore. The norrishite age data are more complex and suggest a crystallization age ª1010 Ma and a
subsequent alteration at ca. 850 Ma. The age results obtained suggest that the hydrothermal activity
is related to the collision and tectonism affecting the edges of the Kalahari craton, and show that
sugilite, and probably also unaltered norrishite, are suitable for dating metamorphism.

INTRODUCTION
Oxidized Mn deposits of hydrothermal origin are alkali-rich
(Na, K, and Li), and commonly contain appreciable amounts
of Ba, Sr, and Ca (and lesser Cu, Co, Pb, As; Ashley 1986).
This leads to characteristic oxidized assemblages associated
with more reduced parageneses. Oxidized assemblages of different metamorphic grade are known from Mn deposits in Australia (Ashley 1986; Kawachi et al. 1994), Italy (Dal Piaz et al.
1979; Griffin and Mottana 1982; Lucchetti et al. 1988), Japan
(Nambu et al. 1969), Russia (Kalinin 1980), and India
(Dasgupta et al. 1991; Roy 1971). Norrishite, K(Mn 23+Li)
Si4O10(O)2, has previously been reported only from the oxidized
lower-greenschist facies stratiform manganese deposit of submarine exhalative origin of the Hoskins mine in New South
Wales, Australia (Ashley 1986; Eggleton and Ashley 1989;
Tyrna and Guggenheim 1991; Hawthorne et al. 1995). There,
the mineral occurs in quartz-free and quartz-bearing assemblages associated with Mn-rich alkali pyroxenes, Mn-rich alkali amphiboles, manganoan pectolite, braunite, carbonates,
feldspar, and less commonly with sugilite (Ashley 1986;
Eggleton and Ashley 1989; Hawthorne et al. 1995). Tyrna and
Guggenheim (1991) refined the crystal structure of the Australian type-locality norrishite and described it as trioctahedral
“oxymica,” where the site normally occupied by OH– is occupied by O2–. A similar replacement of OH– by O2– may also occur in other micas like oxybiotite (e.g., Ohata et al. 1982).
During a survey on Mn-rich minerals occurring in pockets
in the Wessels mine, Kalahari Mn field, South Africa (e.g.,
Cairncross et al. 1997), we noted a sample of dark purple sugilite
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containing cm-sized, black patches of a lustreous, biotite-looking material subsequently identified as norrishite. These materials were evaluated to determine whether they could provide
reliable 39Ar-40Ar age estimates of the hydrothermal activity
related to the Mn ore-forming event.

GEOLOGIC SETTING AND SAMPLE DESCRIPTION
Manganese is mined in the Kalahari Mn field from hydrothermal enrichments in stratabound deposits, which formed at
approximately 2100 Ma (Dixon 1989; Söhnge 1977). The Mn
deposits belong to the Hotazel member of the Griqualand West
Sequence, and occur in association with cherts (jasper) and
mafic volcanic rocks (pillow lavas and hyaloclastic rocks).
Kutnahorite-bearing pisolitic hematite lutites and braunite
lutites are generally described as the protolith ore. Manganese
enrichment occurred in the northwestern part of the Mn field
due to metamorphic recrystallization caused by hydrothermal
circulation along faults. Conditions during metamorphism were
in the range of 270–420 ∞C at 0.2–1.0 kbar (Dixon 1989;
Gutzmer and Beukes 1998). The Mn-rich recrystallized ore consists mainly of hausmannite, bixbyite, braunite, and manganite. Within the ore-rich zones are silicate-rich pockets that are
well known for pink to dark purple sugilite of gem quality
(Armbruster and Oberhänsli 1988; Dixon 1989; Dunn et al.
1980). Our sample was collected from the sugilite occurrences
located in the lower Mn-ore layer at Wessels mine.
This norrishite-bearing specimen N2 (Fig. 1) is sugiliterich and contains centimeter-sized patches of black mica. The
macroscopic appearance is like biotite. In thin section, this
mica was identified as norrishite by its bright lemon-yellow
to brownish-yellow pleochroism, and its optically positive
character. The mica occurs in a matrix of sugilite, KNa2

