CHEMISTRY AND ZONING OF TOURMALINE FROM THE GRANITIC PEGMATITES OF THE LIPOVKA, MIDDLE URALS, RUSSIA

1Memetova L.R., 1Pekov I.V., 1Bryzgalov I.A., 2Kononkova N.N.

1Dept. of Mineralogy, Moscow State University, Moscow, Russia, mineral@geol.msu.ru; 2Institute of Geochemistry and Analytical Chemistry, Moscow, Russia
Pegmatite localities near the Lipovka village (Rezh District, Middle Urals, Russia) became world-famous after the find of abundant beautiful colour, especially polychromatic, gem tourmaline in 1900. Gem mineralization occurs there in lithium-type granitic pegmatite veins situated within gneisses, amphibolites, marbles, serpentinites and granites. It seems paradoxical that well-known tourmaline from the Lipovka was poor-studied.

We have examined Lipovka tourmaline, including its gem varieties, from several pegmatite veins. The material for the study was taken from Fersman Mineralogical Museum, Moscow, (old specimens collected in the beginning of 20th century) and Urals Geological Museum, Ekaterinburg, and, in another part, collected by us from pegmatites recently uncovered during mining operations at the Quarries #4 and #6 on the Lipovka nickel deposit.

The material studied is mainly represented by polychromatic tourmaline crystals. So-called “water-melon type” concentric-zoned crystals are usual: they consist of crimson or pink core and green rim, with sharp boundary. Concentric-zoned crystals with black core and pink periphery are typical too; some of them have green rim. Other kinds of concentric colour zoning were also observed. Another type of polychromatic crystals is characterized by several “bands” of different colour along the main axis; the crystals with yellow-green “base”, pale pink intermediate zone and dark-blue termination are widespread at the Lipovka. Both concentric and band types of zoning were observed in some crystals. Fully black, pink or green crystals are also usual. Lipovka tourmaline crystals are typically long-prismatic, to 15 cm long and to 2-3 cm thick.

Black tourmaline that occurs in the graphic-granite (usually peripheral) zone of the veins is schorl [sample #104: (Na0.67Ca0.03)0.70(Fe2+1.42Fe2+0.77Mg0.72Li0.07Mn0.03)3.02Al6(Si5.53Al0.47)6O18[BO3]3(OH3.81

F0.19)4]. Colour tourmaline is mostly elbaite; pink elbaite crystal #MM-9674/1 contains rossmanite core: (Na0.45Ca0.01)0.46(Al2.17Li0.82Mn0.01)3Al6(Si5.88Al0.12)6O18[BO3]3(OH3.26O0.70F0.04)4. In polychromatic crystals, the colour zoning corresponds to the chemical zoning. In “water-melon type” crystals from the Toporkovskaya vein and some other pegmatites, green rim is Ca-, Mg- and Fe-enriched and Mn-poor in comparison with pink core. In concentric-zoned crystals from a pegmatite uncovered by Quarry #4, the Mn content increases and Fe and Ca contents decrease from pink core to olive-green intermediate zone and further to crimson-red rim. In a specimen of elbaite with both concentric and band-type zoning from the Toporkovskaya vein, (#ММ-1281) uneven distribution of the constituents in different outer parts of the crystal was found: from its pink core [(Na0.54Ca0.01)0.55(Al1.99Li1.00Mn0.01)3Al6(Si5.74Al0.26)6O18[BO3]3(OH3.35O0.22F0.43)4] to green rim [(Na0.50Ca0.17)0.67(Al1.88Li1.00Mn0.07Fe0.05)3Al6(Si5.89Al0.11)6O18[BO3]3(OH3.05O0.61F0.34)4] overgrowing the faces {hk0}, the contents of Ca and (slightly) Fe increase and Mn content decreases, whereas dark-blue termination [(Na0.59Ca0.02)0.61(Al1.19Li1.00Mn2+0.39Fe3+0.38Mn3+0.04)3Al6 (Si5.76Al0.24)6O18[BO3]3(OH3.96F0.12)4] formed by pedion and obtuse pyramid faces is characterized by significantly higher (compare a core) amounts of Mn and Fe but not Ca (Li content is calculated). Black core of concentric-zoned crystal (#102) from the Mikheevskaya vein consists of Fe enriched olenite [(Na0.77Ca0.02)0.79(Al1.60Fe1.05Mn0.33Mg0.02)3Al6(Si5.78Al0.22)6O18[BO3]3 (OH2.46O1.19F0.35)4]; its pink periphery is Fe-free elbaite [(Na0.57Ca0.05)0.62 (Al1.82Li1.00Mn0.18)3Al6(Si5.78Al0.22)6O18[BO3]3(OH3.41F0.32O0.27)4; Li content is calculated]. Similar olenite/elbaite crystal from another vein (#ММ-1256) has also thin green rim enriched in Ca and Mg [(Na0.53Ca0.29)0.82(Al1.37Li1.00Fe0.41Mg0.11Mn0.11)3Al6(Si5.83Al0.17)6O18[BO3]3(OH3.33F0.36O0.31)4; Li content is calculated]. Thus, polychromatic tourmaline from the Lipovka is characterized by complicated different-type primary zoning caused by both changes of mineral-forming media chemistry and properties of different crystal faces to concentrate different chemical elements during the growth.

Zoning of tourmaline crystals is a key to the understanding of chemical evolution of the mineral-forming media during all time of the development of Lipovka pegmatites. Basing on the data obtained, it is concluded that the pegmatite history consists of three main stages with breaks (boundaries between concentric zones in crystals are sharp). The first, early-pegmatitic, stage gave black schorl rich in Fe and relatively poor in Al, Li and Mn that is associated with almandine, ferrocolumbite and first generations of microcline, quartz, muscovite and beryl in the graphic-granite zone. The second stage produced rare-metal and gem minerals. In this stage, the main amount of colour Fe-poor lithian tourmaline (elbaite and rossmanite) was formed together with lepidolite, blocky microcline, albite, massive quartz, muscovite, beryl, (including Cs-enriched vorobievite firstly described from the Lipovka) topaz, petalite, fluorapatite, spessartine, gahnite, dumortierite, brabantite, and tantalates/niobates of Mn, Sb, Bi and Ca. Apparently in the beginning of this stage, olenite – the most Mn-enriched species of the Lipovka tourmalines and intermediate in Fe content between schorl and colour tourmaline – was crystallized. During both mentioned stages, the pegmatite system can be considered as chemically isolated. Unlike them, the distinqiushing feature of the third stage is “slight opening”: an infiltration of Ca and Mg, the elements non-typical for the granitic pegmatites but the major constituents of host marble and serpentinite, took place. The main indicator of this stage is Ca- and Mg-enriched green rim (usually not thicker than 1 mm) on the faces {hk0} of colour elbaite crystals. In some pegmatites, this rim on tourmaline crystals is absent. It probably means that no last (“open”) stage in these veins. It seems very important take into account strong chemical anisotropy of a tourmaline crystal when interpret the data on its zoning.

