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ABSTRACT

The zoned petalite-subtype Tanco granitic pegmatite, located about 180 km east-northeast of Winnipeg, near the Manitoba—
Ontario border, intrudes amphibolite. Tourmaline is not abundant, but is widespread in most of the pegmatite zones. Tourmaline
is black, brown or rarely green in the border zone (10), wall zone (20), aplitic albite zone (30) and central interme{@Xg zone
it is pink and rarely green in the petalite-bearing lower and upper intermediate zones (40) and (50). On the basis dEparagenes
and compositional zoning within individual tourmaline crystals, tourmaline at Tanco is characterized by the following sequence
of crystallization: foitite — schod~ (+ schorl — foitite}— Al-rich schorl €Mg) — schorl £Mg) — schorl — elbaiteMg) —
“fluor-elbaite” — schorl £Mg) — Fe-rich “fluor-elbaite”— Mn-bearing “fluor-elbaite™ rossmanite — elbaite> elbaite —
rossmanite— (+ Ca-bearing “fluor-elbaite”, Ca-bearing “fluor-elbaite” — rossmanite). The dominant substitutiorXagitbeés
Na = [J, and there is a positive correlation between proportions of Na and F. The dominant substitutigisise ith8F&" =
1.5Al + 1.5Li, which is controlled by fractionation of the pegmatite-forming melt. Magnesium and Ti incorporated from the host
amphibolite into the pegmatite-forming melt generated endomorphic Mg-bearing schorl to Al-rich Mg-bearing schorl to Mg-
bearing schorl — elbaite to Mg-bearing elbaite — schorl in zones (10), (20) and (30). Sodium, Mn and F all increasefrom foitit
schorl to “fluor-elbaite” — schorl and Fe-rich “fluor-elbaite” in zones (10), (20), (30) and (60). In late-stage tourmadine FCa
increase from rossmanite—elbaite to Ca-bearing “fluor-elbaite” — rossmanite to Ca-bearing “fluor-elbaite”in zones (4Q) and (50)
Late Ca-enrichment is due to sequestering of Ca in the melt as fluoride complexes. This is the first occurrence o$foéitéeros
and late-stage Ca-enrichment in tourmaline reported a petalite-subtype pegmatite.

Keywords tourmaline, foitite, rossmanite, granitic pegmatite, petalite subtype, Tanco, Manitoba.
SOMMAIRE

La pegmatite granitiqgue de Tanco, zonée, située environ 180 km a I'est-nord-est de Winnipeg, prés de la frontiére Manitoba—
Ontario, a été mise en place dans une amphibolite. La tourmaline n’est pas abondante, mais elle est répandue dans la plupart de
zones de cette pegmatite. Elle est noire, brune ou, plus rarement, verte dans la zone de bordure (10), la zone da panai (20), |
a albite aplitique (30) et le centre de la zone intermédiaire (60); elle est rose ou, plus rarement, verte, dans |&rieartestin
supérieure (a petalite) de la zone intermédiaire, (40) et (50), respectivement. A la lumiére de la paragenése et dedieszonation
cristaux individuels, la tourmaline a Tanco suit la séquence de cristallisation suivante: foitite —sghedhorl — foitite)—
schorl alumineuxfMg) — schorl £Mg) — schorl — elbaiteMg) — “fluor-elbaite” — schorl £Mg) — “fluor-elbaite” enrichi
en Fe— “fluor- elbaite” manganifére- rossmanite — elbaite elbaite — rossmanite> (+ “fluor-elbaite” et “fluor-elbaite” —
rossmanite calciferes). La substitution dominante astrait Na= [, et il y a une corrélation positive entre les proportions
de Na et de F. La substitution dominante au¥gerait 3F&" = 1.5Al + 1.5Li, qui témoigne du fractionnement du magma. Le
Mg et le Ti, incorporés dans le magma par contamination avec I'encaissant amphibolitique, a généré une croissance
endomorphique de schorl magnésien a schorl magnésien alumineux a schorl-elbaite magnésien a elbaite — schorl magnésien dans
les zones (10), (20) et (30). Le Na, Mn et F augmentent dans la séquence foitite — schorl & “fluor-elbaite” — schotbaitétior-e
ferreuse des zones (10), (20), (30) et (60). Dans la tourmaline tardive, la concentration en Ca et F augmente dans la séquence
rossmanite — elbaite a “fluor-elbaite” — rossmanite calcifére a “fluor-elbaite” calcifére des zones (40) et (50). L'ergithissem
tardif en Ca serait d0 a la présence de Ca dans le bain fondu sous forme de complexe fluoré. Il s’agit du premier exetmple de fo
rossmanite et d’enrichissement tardif en Ca d’une tourmaline & étre signalé dans une pegmatite granitique du soustéype a pétali

(Traduit par la Rédaction)
Mots-clés tourmaline, foitite, rossmanite, pegmatite granitique, sous-type a pétalite, Tanco, Manitoba.
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INTRODUCTION embedded in medium-grained quartz, albite and micas;
(2) quartz pods (0.5-2.0 m) with amblygonite—
Tourmaline is a useful petrochemical indicator bemontebrasite and aggregates of spodumene + quartz.
cause it shows extensive substitutions that are controll€de lower intermediate zone (40) grades gradually into
by the environment in which it crystallized. In granitidhe upper intermediate zone (50), characterized by gi-
pegmatites, changes in tourmaline composition can bantic crystals€.g, amblygonite to 2 m, microcline
related to the bulk composition of each pegmatite zoperthite to 10 m, petalite to 13 m long). The central in-
and the compositions of the coexisting minerals (Jollitermediate zone (60) consists mainly of microcline
et al 1986, Lauret al 1998, Selwayt al. 1999). The perthite, quartz (5-40 cm) and fine-grained greenish
Tanco granitic pegmatite, in southeastern Manitoba, isuscovite with significant amounts of Ta—Nb oxide
extensively exposed owing to underground mining oprinerals, beryl and hafnian zircon. The quartz, pollucite
erations, and is one of the few petalite-subtypand lepidolite zones (70), (80) and (90) are monominer-
pegmatites that has been studied in de@ekfy et al  alic. The Tanco pegmatite is mined for Ta (wodginite
1998). These attributes make it an excellent candidated tantalite), Cs (pollucite), Rb (lepidolite) and ce-
for a detailed study of the compositional variation in touramic-grade spodumene.
maline in petalite-subtype pegmatites. Previously, the
tourmaline compositions from only one petalite-subtype ExPERIMENTAL METHODS
pegmatite (Urubu, Brazil) have been discussed briefly
in the literature (Quéméneetal. 1993, Marchetti 1997). Electron-microprobe analyses were done on a
Here, we discuss the compositional evolution cEAMECA SX-50 instrument in wavelength-dispersion
tourmaline and explain the origin of various correlationsrode; the beam voltage for all elements was 15 kV, and

in tourmaline of the Tanco granitic pegmatite. the spot diameter waspdn. Data were collected with a
beam current of 20 nA for Na, Fe, Ca, Al, Si and Mg,
GENERAL GEOLOGY and 30 nA for F, Mn, Zn, K, Ti and P. Count times for

peak and background determinations for all elements

The zoned petalite-subtype Tanco pegmatite intrudeere 20 and 10 s, respectively. Analytical data were
amphibolite, and is located on the northwestern shorerefduced and corrected using #{@z) method (Pouchou
Bernic Lake, about 180 km east—northeast of Winnipe§, Pichoir 1984, 1985).
near the Manitoba—Ontario border. It is a member of the Structural formulae were calculated on the basis of
Bernic Lake pegmatite group, and is located in the Bigil anions, under the assumption of stoichiometric
River Greenstone Belt of the Superior Province. amounts of HO as (OHJ (i.e., OH + F = 4apfu atoms

The geology of the Tanco pegmatite has been sugper formula unit), BO3 [as (BQ) with B = 3apfd], and
marized byCerry et al (1998, and references citedLi,O (as Li) (MacDonale@t al 1993, Burngt al. 1994).
therein). The subhorizontal Tanco pegmatite, 1990 Lithium is assumed to be present, as (1) calculations of
1060 X 100 m in size (Stilling 1998), consists of arstructural formulae for Li-free compositions produce
exomorphic halo and nine pegmatite zones: (10) bordexcancies at th¥ site, and (2) the Tanco pegmatite is
zone, (20) wall zone, (30) aplitic albite zone, (40) loweknown to be rich in LiCerny et al. 1998). The amount
intermediate zone, (50) upper intermediate zone, (60) Li assigned to th& site is taken to be equal to the
central intermediate zone, (70) quartz zone, (8@eal sum of thd, Z andY sites minus the amount of
pollucite zone and (90) lepidolite zone. In contrast tother cations occupying those sites [Li = 15 — (Si + Al +
previous papers on Tanco, in which the above pegmB-+ Mg + Fe + Mn)], and the calculation was iterated
tite zones were numbered (1) up to (9), we use the (10)self-consistency (Burret al.1994). If OH + F is less
to (90) designation to correspond to the system usedttman 4apfu then the estimated Li content will be too
the Cabot Corporation, which operates the mine high (Tayloret al.1995). All Mn and Fe are assumed to
Tanco ¢f., Stilling 1998). The Tanco pegmatite consistbe divalent, as crystal-structure studies have shown that
of nine pegmatite zonenpt ninety, as the numbering this is the most common valence state of Mn and Fe in
system may imply. The border zone (10) is dominantlpurmaline (Burnt al. 1994, Bloodaxet al. 1999). In
an assemblage of saccharoidal albite and quartz alargler to describe the tourmaline composition in more
the pegmatite—wallrock contact, and is <30 cm thickletail, a combination of end-member names and adjec-
The wall zone (20) consists dominantly of giant coluntives is used, following the method of Selway & Novak
nar microcline perthites@ m) in a matrix of quartz, (1997) and Selwagt al. (1999). If F is greater than OH
medium-grained albite and tabular greenish muscovit theW site, then the prefix “fluor” is used, following
(10 cm). The aplitic albite zone (30) consists mainlifawthorne & Henry (1999).
of fine-grained undulating layers of saccharoidal albite
and quartz with significant Ta—Nb mineralization. Th€CRYSTALLIZATION SEQUENCEOF THE TANCO PEGMATITE
lower intermediate zone (40) consists of two main as-
semblages: (1) large crystals of microcline perthite and Textural evidence indicates that consolidation of the
spodumene + quartz pseudomorphs after petalten) pegmatite proceeded from the border zone (10) and wall
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zone (20) to the lower and upper intermediate zones (489rder zong10)
and (50) Cerry et al 1998). Zones (40) and (50) crys-
tallized inward in their footwall and hanging-wall seg- Fine needles of tourmaline range from black to
ments, forming a shell-like concentric zone. The centrafown to green, and are commonly zoned (but may be
intermediate zone (60), aplitic albite zone (30), lepidddomogeneous). The tourmaline is enclosed in aplitic
lite zone (90) and most of the quartz bodies (70) cryatbite and quartz, and may contain albite + quartz inclu-
tallized within this innermost concentric shell, the uppesions. Tourmaline and minor green prismatic beryl are
parts of which contain the pollucite zone (80) as a latgranged perpendicular to the pegmatite contact with the
but integral part (for a map of Tanco, see Fig.Garfy  host amphibolite.
1991, Stilling 1998). The pressure and temperature con-
ditions of solidification, based on experimental studied/all zone(20)
of the Li-aluminosilicates (London 1984, 1986) and on
studies of the fluid inclusions (London 1986, Morgan Black to brown tourmaline occurs in “leopard rock”
& London 1987, Thomas & Spooner 1988a, b, Thomgsound brown quartz enclosed in a network of pink albite
et al. 1988, 1990), support this sequence of crystallizaf the “cleavelandite” habit) and in an albite + K-feld-
tion. spar + quartz matrix. Euhedral tourmaline ranges in size
The presence of petalite, amblygonite, Rb-rich arfdom medium (<3 mm) to comb-textured and very
Cs-bearing lepidolite, pink elbaite, manganotantaliteoarse €24 X 4 cm), and is commonly composition-
and lithiophilite (81-92 mol.% of the end-member) irally zoned perpendicular to its length. The coarse to very
the lower and upper intermediate zones (40) and (5&)arse prismatic tourmaline may be cross-cut by vein-
indicates that these zones are Li-rich and highly fratets of K-feldspar + quartz. Tourmaline commonly con-
tionated Cerry et al. 1998). There is a notable lack oftains albite inclusions.
Li-bearing minerals in the central intermediate zone Fine (<1 mm) to coarse (<5 mm) needles of green
(60), which is enclosed in the concentric shell consisieurmaline occur in aplitic albite pods in wall zone (20),
ing of zones (40) and (50). The presence of greeniahd may be zoned with a brown core and a green rim.
(Rb, Cs, Li)-poor muscovite, black schorl, ferrotapiolite
and lithiophilite (77 mol.% of the end-member) in centower and upper intermediate zornd¢) and (50)
tral intermediate zone (60) indicates that it is Fe-en-
riched and, in some respects, less fractionated than lowerThe accessory tourmaline is commonly euhedral,
and upper intermediate zones (40) and (50). zoned and pink, and rarely has a green core and a pink
In the eastern lobe of the pegmatite, the aplitic albitem. Pink tourmaline ranges from coarse to very coarse
zone (30) either forms sheet-like layers along the comelumnar to fibrous (1-18 cm long) and is commonly
tacts of the wall zone (20) with overlying the centratoned with a cloudy pale-pink core and a transparent
intermediate zone (60) and quartz zone (70), or gradaisk rim. Pink tourmaline (50 vol.%) enclosed in albite
into the central intermediate zone (6@e(ry et al  forms parallel aggregates of very coarse columnar crys-
1998). In the western lobe, the aplitic albite zone (30) fals (6—18 cmx 2-5 mm) surrounded by coarse (1-3
dispersed as a network within the central intermediaten long) radiating needles of tourmaline and minor 1.5
zone (60) and along the contacts between the wall zacra pods of fine-grained lepidolite. Tourmaline enclosed
(20) and lower intermediate zone (40) (see Fig. 8 @i purple curvilamellar (Cs, Rb)-bearing lepidolite is
Cerry et al 1998). Some of the minerals in aplitic al-dark pink to red. Zoned pink tourmaline enclosed in
bite zone (30)i(e., greenish muscovite, curvilamellarpollucite is columnar (6< 1 cm) and contains K-feld-
lithian muscovite to lepidolite, black and green tourmaspar + pollucite veinlets. Pink patchily zoned tourma-
line) are slightly more fractionated than those in thiene enclosed in amblygonite is associated with
central intermediate zone (60), whereas the oxide mifine-grained, almost end-member topaz,(@#@bi(F1.96
erals in zone (60) are more fractionated than those @Hg o4)s2.00 by electron-microprobe analysis), to date
zone (30). Rare apatite, cassiterite, ilmenite, zircon attte only occurrence of topaz at Tanco.

sulfides occur in zones (30) and (60). Pink tourmaline in the lower and upper intermediate
zones (40) and (50) is commonly altered to mica. Tour-

PARAGENETIC AND TEXTURAL ATTRIBUTES maline enclosed in fine-grained white muscovite is com-

OF TOURMALINE monly completely replaced by medium-grained pale

purple lepidolite, with the basal plane of lepidolite per-
Tourmaline at Tanco occurs in the exocontact and pendicular to the axis of tourmaline. Some very coarse
the pegmatite. The exocontact tourmaline is discussedlumns of tourmalinesL2 cm long) are zoned parallel
by Selwayet al (2000). The internal tourmaline occursto thec axis and consist of pink tourmaline at one end,
in the border zone (10), wall zone (20), lower and upparnarrow zone of very fine-grained green muscovite, a
intermediate zones (40) and (50), central intermediat@rrow zone (2 mm) of blue tourmaline and very fine-
zone (60) and aplitic albite zone (30). grained green muscovite at the other end.
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ported occurrence of rossmanite, foitite and late-stage
Ca-enrichment in tourmaline in a petalite-subtype peg-

The central intermediate zone (60) contains venmyatite. A similar sequence of crystallization occurs from

coarse£4 cm long) black to brown tourmaline with ancentral intermediate zone (60) to aplitic albite zone (30):

occasional thin green rim. foitite — schorl— (x schorl—foitite)— schorl — elbaite

— “fluor-elbaite” — schorl £Mg) — Fe-rich “fluor-

elbaite” (Fig. 1e, Table 5).

This sequence of crystallization is also seen in the

Black-to-brown and green zoned prisms of tourmaeurmaline compositions for each pegmatite zone
line occur in the aplitic albite zone (30). They are er{Fig. 1). Endomorphic tourmaline occurs within the peg-
closed in albite and form medium (1-3 mm longjnatite, close to the contact with the host amphibolite or
needles, whereas tourmaline crystals in contact withbiotite-enriched xenolith, and the tourmaline’s com-
coarse-grained K-feldspar are slightly longer (5 mrposition reflects an influx of Mg and Ti from the
long). amphibolite into the pegmatite-forming melt. Magne-
sium-rich endomorphic tourmaline cores are surrounded
by Mg-poor or Mg-free rims (Fig. 2). Black-to-brown
endomorphic tourmaline in border zone (10) is zoned

On the basis of compositional zoning within indi-according to the sequence: Al-rich Mg-bearing schorl
vidual crystals of tourmaline (Table 1), tourmaline at> Mg-bearing schod- Mg-bearing schorl — elbaite

Tanco evolved through the following sequence of cry$4g-bearing elbaite — schorég, <0.44 apfu Mg and

tallization from the border zone (10) to the wall zon®.10apfu Ti occurs in black Mg-bearing schorl in fine-

(20), to the lower intermediate zone (40) and upper igrained albite in border zone (10)]. Black-to-brown

termediate zone (501 foitite — schorl, schorl — foitite) endomorphic tourmaline in the wall zone (20) is Mg-

— Al-rich schorl & Mg) — schorl ¢ Mg) — schorl — bearing schorl and Mg-bearing elbaite — schery|

elbaite ¢ Mg) — “fluor-elbaite” — schorl £ Mg) — Fe- <0.37apfuMg and<0.09apfu Ti occurs in black Mg-

rich “fluor-elbaite” — Mn-bearing “fluor-elbaite™—  bearing schorl in the granitic parts of wall zone (20)].

rossmanite — elbaite- elbaite — rossmanite> (+ Ca- The source of Mg and Ti (and to a degree, Fe) is the

bearing “fluor-elbaite”, Ca-bearing “fluor-elbaite” —host amphibolite. Calcium infiltrating from the am-
rossmanite) (Fig. 1, Tables 2, 3, 4). Rossmanite is a ghibolite was preferentially partitioned into plagioclase
cently describe&-site-vacant, (Al, Li)-rich tourmaline over tourmaline, as andesine @gnoccurs in border
end-member that is common in lepidolite-subtype pegone (10) Cerry et al. 1998). The plagioclase in the
matites (Selwagt al 1998, 1999). This is the first re- rest of the pegmatite is almost pure albite (An
Black-to-brown and green tourmalines in the border
zone (10) and wall zone (20) have a similar composi-
tional range, from foitite — schorl to Fe-rich “fluor-
elbaite”, with or without Mg (Figs. 1a, b, c). Black-to-
brown tourmaline in the granitic part of the wall zone
(20) is foitite — schorl to “fluor-elbaite” — schorl, whereas

Central intermediate zon@0)

Aplitic albite zong30)

CoMPOSITIONOF THE TOURMALINE

TABLE 1. COMPOSITIONAL ZONING IN TOURMALINE AT TANCO

pegmatite zone compositional zones green tourmaline in aplitic pods in the wall zone (20) is
slightly more fractionated: “fluor-elbaite” — schorl to Fe-
brown Al-rich schorl core, schorl-¢elbaite zone, elbaite-schori rich “fluor-elbaite”. Pink and rare green tourmalines in
oS 1 |
zones - zon, Ferrich clbaite rim the lower and upper intermediate zones (40) and (50)
(10)+(20)  brown schorl-elbaite core, green elbaite-schor! rim are more fractionated than those in the rest of the peg-
brown primary Mg-bearing elbaite-schorl core, elbaite-schorl matite, Wlth a c:,‘omposmo_nalll range from_ Fe-l’l.Ch elbaite
rim to Ca-bearing “fluor-elbaite” — rossmanite (Fig. 1d).
Endomorphic tourmaline also occurs in the aplitic
areen elbaite—schor core, pink Mn-bearing elbaite rim albit_e zone (30), as the_ tourmaline’s compo;ition reflects
oy oule ik N oo dark sink the influx of Mg and Ti from the host amphibolite. En-
cloudy pale pink rossmanite—elbaite core, clear dark pi . . . o . .
sones  clbaite-roscnanite tim domorphlc tourmallne in the aplltlc albite zone (30) is
Mg-bearing elbaite — schorl witk0.40 apfu Mg and
(40) +(50)  pink rossmanite—elbaite core, Ca-bearing elbaite-rossmanite rim <0.09 apfu Ti. associated with biotite. Zoned endo-
patchy pink rossmanite—elbaite base, blue Fe-rich elbaite cap; morphic tourmaline in zone (30) has a Mg-bearing
above cap: fine-grained green muscovite elbaite—schorl core and an elbaite — schorl rim (Fig. 2c).
Tourmaline in the central intermediate zone (60) has a
zone (60)  black foitite—schorl core, schorl—elbaite rim compositional range from black foitite — schorl to schorl
zone (30)  brown primary Mg-bearing elbaite-schorl core, schorl-elbaite — elbaite, and in the ap'ItIC albite zone (30)‘ ithas a range

zone, elbaite—schorl rim

from black-to-brown and green schorl — elbaite to Fe-
rich “fluor-elbaite” (Fig. 1e), similar to the composi-
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Fic. 1. Tourmaline compositions from the Tanco pegmatite. A. Black-to-brbwreen
tourmaline from the border zone (10). B. Black-to-brown tourmaline from the wall
zone (20). C. Green tourmaline from the wall zone (20). D. Pink tourmaline from the
lower intermediate zone (40) and upper intermediate zone (50). E. Diamonds: black-to-
brown and green tourmaline from the aplitic albite zone (30), hexagons: black-to-brown
tourmaline from central intermediate zone (60). F. General trend of fractionation of
tourmaline at Tanco.
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Fic. 2. Mg and Ti core-to-rim variation in endomorphic tourmaline at Tanco. A. Brown
tourmaline with a Mg-bearing elbaite — schorl core and an “fluor-elbaite” — schorl rim
from the border zone (10). B. Dark brown tourmaline with a Mg-bearing elbaite — schorl
core and an “fluor-elbaite” — schorl rim from the wall zone (20). C, D. Brown tourma-
line with a Mg-bearing elbaite — schorl core, a schorl — elbaite zone and an “fluor-
elbaite” — schorl rim from the aplitic albite zone (30).

tional range of foitite — schorl to Fe-rich “fluor-elbaite”Ca at theX site (Table 4, composition 8). The fraction-
in the border zone (10) and wall zone (20). ation trend from the border zone (10) to wall zone (20)
In the Tanco tourmaline, the dominant substitutioto the lower and upper intermediate zones (40) and (50)
at theX site is Na= [ (CJ: vacancy) (Fig. 3). Tourma- is from vacancy-rich (foitite—schorl) to Na-rich (“fluor-
line in the border zone (10) and black-to-brown tourelbaite” — schorl and Fe-rich “fluor-elbaite”) to vacancy-
maline in the wall zone (20) have a similar wide rangéch (rossmanite — elbaite) to (N@J)-rich (elbaite—
in Na content (from 0.44 to 0.&pfuNa); green tour- rossmanite), with slight late-stage Ca-enrichment in
maline in the wall zone (20) is slightly more Na-en€a-bearing “fluor-elbaite” — rossmanite (Table 1,
riched (with 0.60 to 0.84pfuNa). In lower and upper Fig. 3). Tourmaline in the central intermediate zone (60)
intermediate zones (40) and (50), vacancy-rich tourmand aplitic albite zone (30) has a narrow range in Na
line (elbaite — rossmanite and rossmanite — elbaite)dentent, with 0.48 to 0.6&8fuNa in zone (60) and 0.67
abundant, but with a wide range in Na content (0.45 to 0.82apfu Na in zone (30). The fractionation trend
0.86 apfu Na). Most tourmaline at Tanco contains alfrom the central intermediate zone (60) to the aplitic
most no Ca, except in the lower and upper intermediaitbite zone (30) is from vacancy-rich (foitite—schorl) to
zones (40) and (50) where late-stage “fluor-elbaite”’Na-rich (“fluor-elbaite” — schorl and Fe-rich “fluor-
rossmanite and “fluor-elbaite” contain up to Odfu elbaite”) (Table 1, Fig. 3e).
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TABLE 2. REPRESENTATIVE CHEMICAL COMPOSITIONS OF border zone (10) and black-to-brown tourmaline in the
TOURMALINE IN ZONE (10) OF THE TANCO PEGMATITE wall zone (20) (Figs. 4b, 5b). Green tourmaline in the
wall zone (20) is slightly more Fe- and Mn-enriched,
ro2 3 4 5 6 7 8 9 wijth<0.27apfuMn in Fe-rich “fluor-elbaite” (Fig. 6b).
Most tourmaline in lower and upper intermediate zones

_?_i_gz, Wt 3332 3323 3(5)?3 3(5)22 3328 3(5)32 3(5)22 33?1) 332 (40) and (50) is devoid of Fe and has variable Mn con-
i . . . . . . . . . . . "

B0} 1016 1062 1040 1030 1021 1030 1034 1062 1061 (€Nt Mn content decreases from Mn-bearing “fluor-
ALO, 32.10 3430 35.20 33.20 33.20 3230 34.50 35.00 3660  elbaite” (with <0.39 apfu Mn) to undetectable Mn in
MgO 173 155 004 037 024 045 062 020 0.8 e _ ; e

Ca0 013 008 000 000 005 005 008 000 ogs loSSManite e_lba'fe and em?'t‘? rossmai@.@,?apfu
MnO 018 036 055 031 035 028 020 o011 o74 Mnin Ca-bearing “fluor-elbaite” — rossmanite (Table 4,
FeO 13.40 894 11.80 13.80 13.60 14,10 11.50 B8.03 6.03 Compos|t|on 7) andOZOapfuMn in Ca_beanng “fluor-
Zn0 020 024 050 030 039 031 034 000 033 s i ) o
Li,0* 023 094 045 036 038 o044 056 160 140 elbaite” (Table 4, composition 8) (Fig. 7b). Foitite—
Na,0 217 243 136 165 191 193 199 278 263  schorl and schorl — elbaite in the central intermediate
H,0* 325 324 345 337 326 335 322 318 3.04

F 054 089 030 039 056 043 o074 103 131 ZON€ (60) contains high F_e and low Mn_, Whereas “fl_u_or-
O=F 023 -037 -0.13 -0.16 -024 -0.18 -031 -043 055  elbaite” — schorl and Fe-rich “fluor-elbaite” in the aplitic
albite zone (30) contain moderate Fe and Mn (Fig. 8b).

Total 98.91100.60 99.69 99.76 99.11100.10 99.30 99.63 99.02 . .. K
¢ There is a positive correlation between Na and F and
Formulae normalized to 31 anions a weak positive correlation between Mn and F in tour-
T Si apfu 587 601 595 601 593 601 sss 600 ses Mmalineinthe border zone (10) and wall zone (20), from
Al 013 000 005 000 007 000 012 000 002 foitite — schorl (low Na, Mn and F) to “fluor-elbaite” —

3.00 3.00 3.00 300 300 3.00 300 300 3.00 _ri I _ o H .
500 600 600 600 600 600 600 600 600 schorl and Fe-rich “fluor-elbaite” (high Na and F) (Figs.

B
Z: Al . .
7 Al 034 062 08 060 059 043 071 075 105 4c, d, 5¢c, d, 6¢, d). The maximum F content occurs in
u 010 008 002 003 005 009 005 004 082 Fe-rich “fluor-elbaite” in the border zone (10), with
g
Mn

044 038 001 009 006 011 0.16 0.05 004 .
0.02 005 008 004 005 004 004 001 010 SO.72apqu andsO.SOapfuNa, and the maximum Mn

Fet* 192 122 165 195 194 199 (l)gi (l)(l)g ggz content occurs in green Fe-rich “fluor-elbaite” in the

Zn 0.03 003 006 004 005 004 O . . : .

L 015 062 030 025 026 030 o038 1os ooz Wallzone (20). Most tourmaline in the lower and upper
¥ 300 300 300 300 300 300 3.00 300 300 intermediate zones (40) and (50) plots above that in the
X:Ca 002 001 000 000 001 001 001 000 001 :

Na 07 077 044 034 063 063 oes oss oss orderzone (10) and wall zone (20) because of high Ca

o 026 022 056 046 036 036 034 o012 015 and vacancy contents (Fig. 7c). The composition that
OH 371 354 384 379 370 377 361 347 332 plots furthest from the trend is Ca-bearing “fluor-
F 029 046 016 021 030 023 039 053 068

elbaite” — rossmanite, witk0.11 apfu Ca,<0.49 apfu
. _ ' ] » Na and<0.60apfuF (Table 4, composition 7). There is
O o e o e mang s, @ POSitive correlation between Ca and F in late-stage
sample TTC26-1; (2) brown Mg-bearing elbaite-schorl core, sample TTC36-1;(3)  tourmaline, as these elements increase from rossmanite
blackfoitit&schorl, sample TTC6-1; (4) dark green schorl—foitite, sample TTC30-2; — elbaite— Ca_bearing “fluor-elbaite” — rossmanite
(5) brown Al-rich schorl core, sample TTC31-3; (6) dark green schorl, sample . « - . .
TTC30-2; (7) brown schorlelbaite, sample TTC34-3; (8) brown “fluar-cbaite’-  Ca-bearing “fluor-elbaite”. Tourmaline in the lower and
schorl, sample TTC31-2; (9) brown Fe-rich “fluor-elbaite”, sample TTC36-2. upper intermediate zones (40) and (50) shows a wide
range in Mn and F contents, from Mn-bearing “fluor-
elbaite” (high Mn and F) to rossmanite — elbaite (no Mn
The negative correlation between Fe and Al attheand very low F) to elbaite — rossmanite (no Mn and low
site indicates that the dominant substitution in tourm#&) to Ca-bearing “fluor-elbaite” — rossmanite (very low
line at Tanco is 3F¢ = 1.5Al + 1.5Li (Figs. 4a, 5a, 6a, Mn and high F) and Ca-bearing “fluor-elbaite” (low Mn
7a, 8a). Tourmaline in the border zone (10) and blac&nd high F) (Figs. 7c, d).
to-brown tourmaline in the wall zone (20) have similar Tourmaline in the central intermediate zone (60) and
wide ranges in Fe and Al at tiesite, but green tourma- aplitic albite zone (30) also shows a positive correlation
line in the wall zone (20) is slightly more Al-rich between Na and F from foitite — schorl (low Na, Mn
(Figs. 4a, 5a, 6a). Most of the tourmaline in the loweaand F) in zone (60) to “fluor-elbaite” — schorl (high Na
and upper intermediate zones (40) and (50) is devoidarid F and low Mn) (Table 5, composition 6), and Fe-
Fe (Fig. 7a). Tourmaline in the central intermediate zomieh “fluor-elbaite” (high Na and F, moderate Mn) in
(60) is more Fe-enriched than tourmaline in the aplitzone (30) (Figs. 8c, d).
albite zone (30) (Fig. 8a). This negative correlation in- Most tourmaline at Tanco is very poor in Zn, which
dicates that the primitive tourmaline is Fe-rich, and the commonly below its detection lim&@.10 wt% Zn).
fractionated tourmaline is Al-rich at tiesite (Table 1). The only exceptions are0.11 apfu Zn in dark green
There is a negative correlation between Fe and Mte-rich “fluor-elbaite” in the lower and upper interme-
from schorl — foitite and schorl (Fe-rich, Mn-poor) tadiate zones (40) and (50) ag@.09 apfu Zn in green
Fe-rich “fluor-elbaite” (moderate Fe and Mn) in theand dark brown elbaite — schorl in the wall zone (20).
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SUBSOLIDUS ALTERATION replaces lithiophilite, but its compositional range is simi-
lar to that of primary tourmaline in the same pegmatite
Tourmaline appears as an alteration product, andzibne.
becomes altered itself to low-temperature mineral Crystals of pink tourmaline in the lower and upper
phases. In the wall zone (20) and aplitic albite zone (3Mtermediate zones (40) and (50) are commonly altered
orange lithiophilite is rimmed by blue tourmaline as along the rim and cracks, or completely replaced by pink
consequence of local replacement. The tourmaliffRb, Cs)-bearing lepidolite. Sample TTC50-3 is a zoned
ranges in composition froeschorl — elbaite to “fluor- crystal 11 cm long consisting of patchy pink ross-
elbaite” — schorl to Fe-rich “fluor-elbaite” teFe-bear- manite—elbaite at one end, a zone of fine-grained green
ing elbaite. In the wall zone (20), green-to-brown (Fenuscovite, narrow blue Fe-rich “fluor-elbaite” (Table 4,
Mag)-rich lithiophilite (Cerry et al 1998) is rimmed by composition 3) + relict rossmanite — elbaite (2 mm
(Fe, Mg)-rich blue tourmaline, which ranges in compadeng), and fine-grained green muscovite at the other end.
sition from schorl — elbaite, with up to 0.agfuMg, to  The blue tourmaline zone is optically continuous with
“fluor-elbaite” — schorl. This blue tourmaline locallythe pink rossmanite — elbaite zone, and the fine-grained

TABLE 3. REPRESENTATIVE CHEMICAL COMPOSITIONS OF TOURMALINE

IN ZONE (20) AT TANCO
1 2 3 4 5 6 7 8 9 10
Si0,, wt% 35.10 36.70 36.10 3590 34.60 3530 36.70 3730 37.20 3620
TiO, 0.72 0.78 0.20 0.25 0.22 0.16 028 0.23 0.11 0.37
B,0;* 10.19 1054 1056 1053 1026 1035 1057 1074 1075 10.69
ALO, 3140 33.90 36.10 36.10 3410 3460 3550 3640 37.10 3740
MgO 1.45 1.44 0.01 0.02 017 019 0.03 0.18 0.13 0.00
Ca0 0.08 0.00 0.00 0.00 009 007 0.00 0.00 0.25 0.15
MnO 0.21 0.14 0.56 044 031 0.29 0.10 0.58 1.38 1.01
FeO 14.00 854 1060 1020 1350 1190 7.97 7.07 4.96 5.92
ZnO 0.16 0.19 0.54 056 035 0.35 0.26 0.00 0.00 0.47
Li,0* 0.29 1.12 0.64 0.72 038 0.60 142 1.46 1.58 1.38
Na,0 214 242 1.52 1.70 1.95 1.96 269 2.55 2.56 2.62
H,0* 3.32 323 3.48 3.38 325 325 3.11 3.20 3.10 3.18
F 0.41 0.86 0.35 0.54 0.62 0.67 1.14 1.06 1.29 1.08
O=F -0.17 -036 -0.15 -023 -026 -0.28 -048 -045 -0.54 -0.45
total 9930  99.50 100.51 100.11 99.54 9941 99.29 100.32 99.87 100.02
Formulae normalized to 31 anions
T Si 5.98 6.05 5.94 5.93 5.86 5.93 6.03 6.04 6.01 5.89
Al 0.02 0.00 0.06 007 014 0.07 0.00 0.00 0.00 0.11
B 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Z: Al 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
Y Al 0.29 0.59 0.95 0.95 0.67 0.77 0.88 0.94 1.07 1.05
Ti 0.09 0.10 0.02 0.03 0.03 0.02 0.03 0.03 0.01 0.04
Mg 0.37 0.35 0.00 0.00 0.04 0.05 0.01 0.04 0.03 0.00
Mn 0.03 0.02 0.08 006 0.05 0.04 0.01 0.08 0.19 0.14
Fe** 200 118 146 141 191 167 110 096 067 081
Zn 0.02 0.02 0.07 0.07 0.04 0.04 0.03 0.00 0.00 0.06
Li 0.20 0.74 0.42 0.48 0.26 0.41 0.94 0.95 1.03 0.90
Iy 300 300 3.00 300 300 300 300 300 300 3.00
X Ca 0.02 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.04 0.03
Na 0.71 077 049 0.54 0.64 0.64 0.86 0.80 0.80 0.83
O 0.27 0.23 0.51 0.46 034 035 0.14 0.20 0.16 0.14
OH 3.78 3.55 382 372 3.67 3.64 341 3.46 3.34 345
F 0.22 0.45 0.18 0.28 0.33 036 0.59 0.54 0.66 0.55
*B,0,, Li,0 and H,0 calculated by stoichiometry; B =3 apfu, Li= 15 - X(7'+ Z+ ¥) and OH +

F =4 apfu.

Compositions 1-8 are black to brown, and 9-10 are green tourmaline. (1) black Mg-bearing
schorl, sample TTC16-1; (2) dark brown Mg-bearing elbaite-schorl core, sample TTC8-2; (3)
brown foitite—schorl, sample TTC25-1; (4) brown schorl—foitite, sample TTC25-1; (5) brown

" Al-rich schorl core, sample TTC24-2; (6) brown schorl-elbaite core, sample TTC11-1; (7)
brown “fluor-elbaite” — schorl, sample TTC24-3; (8) green “fluor-elbaite” — schorl rim, sample
TTC11-1; (9) black Fe-rich “fluor-elbaite”, sample TTC10-2; (10) green Fe-rich “fluor-elbaite”,
sample TTC21-2.
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Fic. 3. X-site contents in tourmaline at Tanco. A. Black-to-browmreen tourmaline
from the border zone (10). B. Black-to-brown tourmaline from the wall zone (20). C.
Green tourmaline from the wall zone (20). D. Pink tourmaline from the lower and upper
intermediate zones (40) and (50). E. Diamonds: black-to-brown and green tourmaline
from the aplitic albite zone (30), crosses: black-to-brown tourmaline from the central
intermediate zone (60).

TABLE 5. REPRESENTATIVE CHEMICAL COMPOSITIONS OF
TOURMALINE IN ZONES (60) AND (30) AT TANCO

TABLE 4. REPRESENTATIVE CHEMICAL COMPOSITIONS OF zone (60) zone (30)
TOURMALINE IN ZONES (40) AND (50) AT TANCO 1 2 3 4 S 6 7
1 2 3 4 s 3 7 s Si0,, wi% 35.50 3560 3520 3600 3630 3690 37.00
core _nim ore _1im core . rim TiO, 019 029 043 058 036 005 000
Si0, wt% 3620 3800 3839 3830 3830 3940 3880 3810 B,0,* 1040 1043 1036 1045 1056 10.73 10.72
TiO, 009 000 000 000 000 000 000 000 ALO, 3510 3490 3490 3370 3490 3690 3720
B,O,* 1048 1111 1097 1124 1120 1132 1121 11.07 MgO 003 005 002 160 050 020 000
ALO, 3550 4110 3814 4330 4250 4190 4150 40.50 Ca0 000 000 006 005 009 007 007
MgO 0.02 0.00 000 000 0.00 0.00 0.00  0.00 MnO 0.43 0.34 0.41 0.14 0.28 0.29 1.11
Ca0 005 013 020 000 022 044 065 0094 FeO 1220 1250 1110 1010 1100 762 593
FM‘BO g-“ (2’.?2 2-‘2‘2 8'88 g~18 029 052 (‘)-(5)(1) ZnO 053 030 051 019 027 012 000
o 04 11 ! 00 000 000 e
Zn0 041 000 000 000 000 000 000 000 ;12% (1)':‘; ?'22 ?‘gz g;‘; g'gg ;zg ;gg
Li,0* 098 180 198 191 202 223 216 209 " - : : : : - :
Na,0 211 206 238 154 177 15 163 178 H0 35 341 341 313 338 320 318
H,0* 306 333 326 360  3.65 343 329 332 F 012 039 035 100 056 107 109
F L18 106 111 059 046 101 122 105 O=F <005 016 -015 -042  -024 -045 -0.46
O=F 0,50 -045 -047 -025 -0.19  -043 -051 -044 Total 9987 10021 9913 9963 10081 100.58 99.87
Total 9926 100.77_100.58 10023 10011 10112 10047 99.92 Formulae normalized to 31 anions
Formulae normalized to 31 anions T Si 593 593 591 599 597 598  6.00
T:Si 6.00 594 609 592 5.94 6.05 602 598 Al 0.07 0.07 0.09 0.01 0.03 0.02 0.00
Al 000 006 000 008 006 000 000 002 B 300 300  3.00 300 300 300 300
B 300 300 300 300 300 300 300 3.0 7 Al 600 600 600 600 600 600 600
Z: Al 600 600 600 600 600 600 600 600 ¥ Al o84 079 08l ose o074 102 111
¥ Al 094 152 113 181 172 158 158 148 o 002 004 005 007 005 00l 000
Ti 001 000 000 000 000 000 000 0.00 : : - - : : -
Mg 001 000 000 000 000 000 000 0.00 Mg 001 001 001 040 012 005 000
Mn 0.09 034 005 000 002 004 007 020 Mn 006 005  0.06 002 004 004 015
Fe** 125 001 056 000 000 0.00 000 000 Fe™ 1.70 174 156 140 152 103 080
Zn 0.05 000 000 000 0.0 0.00 000 0.00 Zn 007 0.04  0.06 002 003 001 000
Li 065 113 126 119 126 138 135 132 Li 030 033 045 050 050 084 094
¥ 300 300 300 300 3.00 3.00 300 3.00 hoig 300 3.00  3.00 300 300 300 3.00
X Ca 001 002 003 000 004 007 011 016 X Ca 000 000 001 001 002 001 001
Na 0.68 0.63 0.73 0.46 0.53 046 049 054 Na 0.47 0.54 0.61 0.76 0.67 0.81 0.81
o 031 035 024 054 043 047 040 030 O 053 046 038 023 031 018 0.8
OH 338 348 344 371 377 351 340 348 OH 304 379 381 347 371 345 344
- T ?1'6; 5 ?‘Slzted SSi 2 ;533 - T 02'6((;”?;5;) F 006 021 019 053 029 055 056
203 L1, and H1) caleulated by stolchiometry; ap, 1A *B,0,, Li,O and H,0 calculated by stoichiometry, B =3 apfir, Li = 15 - £(T +

and OH + F = 4 apfu Z+7)and OH +F = 4 apfu.

(1) green “fluor-elbaite” — schorl core, sample TTC40-2; (2) pink Mn-bearing “fluor-

elbaite” rim, sample TTC40-1; (3) blue Fe-rich “fluor-elbaite” rim, sample TTC50-3; (1) black foitite-schorl core, sample TTC3-3; (2) black schorlfoitite, sample

(4) cloudy pale pink rossmanite—elbaite core, sample TTCA44; (5) clear dark pink TTC2-2; (3) black. schorl-elbaite rim of (1), sample TTC3-3; (4) green Mg-
elbaite-rossmanite rim, sample TTC44; (6) green rossmanite—elbaite core, sample bearing “fluor-elbaite” — schorl core, sample TTC19-3; (5) brown
TTC39-2; (7) pink Ca-bearing “fluor-elbaite” — rossmanite rim, sample TTC39-1; (8) schorl—elbaite, sample TTC19-1; (6) black “fluor-elbaite” — schorl, sample

pink to purple Ca-bearing “fluor-elbaite” core, sample TTC41-3. TTC20-1; (7) green and brown Fe-rich “fluor-elbaite”, sample TTC1-2.
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Border zone (10)
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Fic. 4. Tourmaline compositions from the border zone (10) at Tanco.

green muscovite forms a complete pseudomorph of the Endomorphic tourmaline occurs in the border zone
pink tourmaline. The fine-grained green muscovite and0), wall zone (20) and aplitic albite zone (30), and
Fe-rich “fluor-elbaite” are products of subsolidus alterranges in composition from Mg-bearing schorl to Al-

ation of the pink elbaite — rossmanite. rich Mg-bearing schorl to Mg-bearing schorl — elbaite
to Mg-bearing elbaite — schorl. The source of Mg and
SUMMARY Ti in the tourmaline is the host-rock amphibolite.

The dominant substitution at tbesite is Na= [],

On the basis of compositional zoning within indiwhich is closely connected with the F content. There is
vidual crystals (Table 1), the tourmaline at Tanca positive correlation between Na and F and a weak
evolves through the following sequence: foitite — schogositive correlation between Mn and F from foitite —
— (z schorl — foitite)— Al-rich schorl €Mg) — schorl schorl to “fluor-elbaite” — schorl and Fe-rich “fluor-
(xMg) — schorl — elbaitexMg) — “fluor-elbaite” — elbaite” in the border zone (10), wall zone (20), aplitic
schorl £Mg) — Fe-rich “fluor-elbaite”— Mn-bearing albite zone (30) and central intermediate zone (60). The
“fluor-elbaite” — rossmanite — elbaite elbaite — ross- correlation between Na at thesite and F at the O(1)
manite— (x Ca-bearing “fluor-elbaite”, Ca-bearingsite is caused by crystal-chemical constraints (Gebert &
“fluor-elbaite” — rossmanite) (Fig. 1f). This is the firstZemann 1965, Robeet al 1997). Where thX site is
reported occurrence of foitite, rossmanite and late-stagecupied by Na and the thréesites are occupied by
Ca-enrichment in tourmaline in a petalite-subtype pe@M?* or 1.9V* + 1.89v%* (as in schorl and elbaite), F
matite. can replace OH in this six-charge environment. The
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Wall zone (20) - black to brown tourmaline
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Fic. 5. Compositions of black to brown tourmaline from the wall zone (20) at Tanco.

positively charged Hat the O(1) site is repulsed by thenot present in the tourmaline nor in any other minerals
positively charged Naat theX site. Where th& site is  within zones (40) and (50). The presence of albite
empty and the thre¢sites are occupied byv&* + IM3*  (An,_y), fluorapatite (0.1-0.2 vol.%), F-rich microlite
or IM* + 2M3* (as in foitite and rossmanite) to produce0.02 vol.%) and very rare, almost end-member, topaz
a seven-charge environment, F cannot enter the O¢@lgsociated with the Ca-bearing “fluor-elbaite” —
site. There is a similar positive correlation between Na@ssmanite Cerry et al. 1998, Stilling 1998) indicates
and F in tourmaline from lepidolite-subtype pegmatitethat the late Ca-enrichment is due to conservation of Ca
(Selwayet al 1999). during consolidation of the pegmatite by sequestering
The dominant substitution at thesite at Tanco is as fluoride-bearing complexes, such as was suggested
3F&* = 1.5Al + 1.5Li, which is controlled by fraction- by Weidner & Martin (1987).
ation of the pegmatite-forming melt. This compositional The lower and upper intermediate zones (40) and
trend is also shown by coexisting micas, which progreés0) crystallized under conditions of high saliniiykF)
from rare biotite to muscovite and lithian muscovite t¢London 1982), as indicated by the abundance of blocky
lepidolite Cerry et al 1998), parallel to the evolution microcline perthite (24—25 vol.%) (Stilling 1998). These
of tourmaline. petalite-bearing zones also contain rare lepidolite (0.1—
The concentrations of Ca and F are positively corré-5 vol.%) (Stilling 1998), indicating intermediate acid-
lated in late-stage tourmaline in the lower and uppéy (nHF), and high Li-activity (London 1982). Very
intermediate zones (40) and (50). This late-stage Qare, almost end-member topaz associated with am-
enrichment is not attributed to Ca infiltration from thevlygonite in zones (40) and (50) indicates a brief period
host rock, as the expected associated Mg-enrichmenbfshigh acidity (London 1982).
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Wall zone (20) - green tourmaline
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Fic. 6. Compositions of green tourmaline from the wall zone (20) at Tanco.

Pink tourmaline in lower and upper intermediatéated by P. Vanstone of the Tantalum Mining Corpora-
zones (40) and (50) is commonly replaced by a pink (Rtion of Canada Ltd. at Bernic Lake.
Cs)-bearing lepidolite and muscovite. The source of the
Rb and Cs is probably K-feldspar and pollucite in the REFERENCES
upper intermediate zone (50). Both are commonly af-
fected by incipient conversion to clay minerals anB8Loobaxe, E.S., HiGHES J.M., DrAR, M.D., GrRew, E.S. &

white mica, and veined by muscovite + spodumene GuipoTTl, C.V. (1999): Linking structure and chemistry in
sanidine (V,ariety “adularia”). the schorl-dravite serie8Bm. Mineral 84, 922-928.

A Burns, P.C., MhcDoNALD, D.J. & HAWTHORNE, F.C. (1994):
CKNOWLEDGEMENTS The crystal chemistry of manganese-bearing elb@ae.

. o Mineral. 32, 31-41.

The authors thank Bob Martin, Skip Simmons and
George Robinson for their critical reviews, which helpederny, P. (1991): Rare-element granitic pegmatites. 1.
to improve this manuscript. This work was supported Anatomy and internal evolution of pegmatite deposits.
by NSERC Research, Equipment and Major Installation Geosci. Canl8, 49-67.
Grants to FCH and®, and a Faculty of Science Uni- o
versity of Manitoba Postgraduate Student Fellowship to— pe{rsﬁgyzﬁhg‘gxﬁzgpéén(qle?]?i)ég'\"m'gﬁtr:'gggosi .
JBS, and a Faculty of Science (University of Manitoba) . . i '
Postdoctoral Fellowship to MN. Sampling was facili- iﬂoeuér?-l{-jlosrtgrr]?@{WF?Q;QO%?JGZ/:?:;?&;;SOC" 17 Gen.



INTERNAL TOURMALINE, TANCO PEGMATITE, MANITOBA

Lower and upper intermediate zones (40) and (50)
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Aplitic albite zone (30) + Central intermediate zone (60)
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