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ALKALI-DEFICIENT ELBAITE FROM PEGMATITES OF THE SERIDO REGION,
BORBOREMA PROVINCE, NE BRAZIL
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ABSTRACT  The chemical composition and structural formulae of elbaite from pegmatites of the Seridé Pegmatitic Province, northeastern
Brazil, indicate important vacancies in the X structural site, with values varying from 12 up to 44%, Na being the dominant component in this
site (55-85%), Ca in low amounts (<1-11%) and K in insignificant amounts (<1%). There is a linear positive correlation between vacancy in
the X site and Al in the Y site, a behavior observed in tourmalines elsewhere in the world cited in the literature, and believed as due to
compensation of the additional of Al in the Y-octahedral site by deficiency of cations in the X site.
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INTRODUCTION The X-structural site of tourmalines can becan be cited Ferreigt al (1990), Fritsket al (1990), Bank and Henn

occupied by Na, K (alkaline metals), and Ca, or can show vacanci€s990), Henret al (1990), Rossmaat al. (1991), Brito and Silva

the total or partial occupancy usually related to the deficiency of Cd,992), Adusumilliet al (1993 1994), MacDonald and Hawthorne

Na and K cations. The deficiency in these alkaline cations {1995), and Karfunkel and Wegner (1996).

tourmalines are cited by several authors, usually ranging from 5% (e.g.In this province, some pegmatites are intrusive in quartzite and

feruvite cited by Sewagt al. 1998) up to 74% (e.g. foitite studied by metaconglomerate of Equador Formation, forming a trend that is

MacDonaldet al 1993). Vacancy of 45% in elbaite was described byoughly coincident with NNE-trending shear zones, which characterize

Gorskayeet al. (1982). the Serido fold belt. Some pegmatites, however, intrude biotite schists
In this paper, the compositional variations of elbaite fronofthe Seridé Formation. Most pegmatites in the region is zoned, some

pegmatites of the Seridé pegmatitic province, NE Brazil, will bef them presenting internal tubular bodies, which show typical

shown, and some aspects related to the alkali deficiency in this mineabstitution enrichment. In some places substitution is so advanced

will be discussed. The chemical and structural data of elbaite fraimat the pegmatite zoning is masked, like in the Quintos pegmatite

Quintos (Parelhas, State of Rio Grande do Norte) and Alto QuixafBoares 1998).

(Frei Martinho, State of Paraiba) deposits are shown, and comparecElbaite occurs mainly in these replacement bodies as accessory

with data for Gregoério (Parelhas, State of Rio Grande do Norte) amdneral, associated with quartz, cleavelandite and lepidolite. Some

Sé&o José da Batalha (Salgadinho, State of Paraiba) deposits, thetyyizal mineral associations of elbaite-bearing pegmatites from the

latter studied by Adusumilkt al.(1994) and Rossmaet al. (1991), Seridé province are listed in the Table 1.

respectively. These deposits besides bearing excellent gem-quality

elbaite, are the only ones in the region for which systematic

geochemical studies have been done. Table 1 - Mineral associations of elbaite-bearing permatites from the Serid6

pegmatitie province, northeastern Brazil.

OCCURRENCE AND MINERAL ASSOCIATIONS The

) e . . . L . Pegmatite Mineral association Reference
Seridé Pegmatitic Province is located in the Serid6 foldbelt that is p fintos (Parelhas, State of R|o Cleavelandite, quartz, | Soares 1998
of the Borb_orema structural proving:e, northeastern Brazil (Fi_g. 1Y, Grande do Norte) lepidolite kaolin
whose major development IS believed to have occurrec_i n U0 Quixaba (Frei Martinho, | Cleavelandite, pink mica, Ferreira 1998
Neoproterozoic during the Brasiliano orogenic cycle (e.g. Jardim de State of Paraiba) quartz, manganotantalitd
1994).‘ The .Se”do pegmatitic province Is characterlzed_ _by a Ia'gﬁa'reg()rio (Parelhas, State of| Cleavelandite, lepidolite,| Adusumilli et
quantity of simple and complex, heterogeneous pegmatitic plutons,” iq Grande do Norte) quartz al. 1994
which present diverse mineralizations. Among them, aquamarine and— g <" 1= gataha Quartz, lepidolite, feldspal Rossmeral
tourmaline gems are the most famous, as well as tantalite-columbiEgalgadinho State of Paraibd) ' ' 1991

which has been hand-mined for over 30 years.
Tourmaline-bearing pegmatites, including some stones of
exceptional gem quality, occur mainly in the Salgadinho, Junco dNALYTICAL PROCEDURES A total of 70 electron
Serid6 and Pedra Lavrada areas, State of Paraiba (e.g. Brito and Siti@oprobe chemical analyses of elbaite from the Alto Quixaba and
1992), and in the Equador and Parelhas areas, State of Rio Grand®dimtos pegmatites were performed. Tourmalines from the Alto
Norte (e.g. Diniz and Nesi 1990), although they also occur in oth@uixaba pegmatite were analyzed at the University Pierre et Marie
regions of this province. Blue elbaite tourmalines from the Serid@urie (Paris VI), France, using an electron microprobe CAMECA
region have already been described in the literature, and among theodel SX-50, in the following conditions: 15kV, 10nA, 10mm
diameter electronic beam, and 20 s peak counting time. Boron was
measured using 10kV and peak counting time of 5 seconds. Li and
Phanerozoic sedimentary cover minor elements were analyzed using ICP-AES at the School of Mines
[=] Mesoproterozoic supracrustal rofks Saint-Etienne, France. Samples from the Quintos pegmatite were
) analyzed at the University of Brasilia, Brazil, using an electron
5 Pakeoproterozoic supracrustal rogks microprobe CAMECA model CAMEVAX SX50 in the following
Archean to Paleoproterozoic conditions:15 kV e 20 nA.
gnalssic-migmaitic complex Table 2 shows significant chemical analyses of elbaite, together
with their structural formulae. Cations per formula unit were calculated
based on normalization to six silicons. The analytical results of the
table are average values, as most studied tourmalines are zoned. Table
3 shows chemical analyses of elbaite from two other pegmatites from
the Serid6 province, studied by Adusungllial (1994) and Rossman
et al. (1991). The structural formulae listed in the Table were

Figure 1 — Location of the studied elbaite-bearing pegmatites (stars) in tig@lculated using the chemical analyses provided by Aduswndli
Seridé foldbelt (SFB), Borborema Province, Northeastern Brazil. (op cit.) and Rossmaet al. (1991) on the basis of 31(O,0H).

1 - Pés-Graduagdo em Geociéncias, Centro de Tecnologia e Geociéncias, UFPE, Cidade Universitaria, 50740-530, Recife, PE, Brasil;
2 - Centro Gemologico do Nordeste, Depto. de Mineracéo e Geologia, UFPB - CEP: 58109-170 Campina Grande, PB, Brasil

3 - Dept. de Engenharia de Minas, UFPE, Cidade Universitaria, 50740-530, Recife, PEjrBnaeihoriam)

4 - NEG-LABISE, Depto. de Geologia, UFPE, Cidade Universitaria, 50732-970, Recife, PE, Brasil
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Table 2 Representative chemical compositions of elbaites from the Gregéfiable 3 Chemical composition of elbaites from the Sdo José da Batalha
pegmatite (Adusumilli et al. samples 1 and 2) and Alto Quixabpegmatite studied by Hemt al. (1990, sample 1) andossmaret al.(1991;
pegmatite(Ferreira 1998; samples 3 through 7). Structural formulae fosamples 2 through 6), and from Quintos pegmatite studied by Soares (1998,
samples 1 and 2 were calculated on the basis of 31 (O, OH); for samples@mples 7 and 8). Structural formulae calculate in this work on the basis 31
through 7, according to the procedures described by Henry & Guidotti (1985)Q, OH). * from Rossmaat al.(1991)

on the basis of 29 oxygens.

Color Green Bluish Ligh_t Light Light Light Neon Red
Color | Green| Blue | Blue | Violet | Green| Bottle | Greeni oxides | D Feen O veloroil Ba | teeen | B | Bn | og
(01) (02) (03) Blue (05) | Green sh SiQ 3712 3653 3727 3697 3711 370 382 38
Oside (04) ©06) | Bue | [AO oz —msl el sl sy ol uz
S (07) Cca0 0.37 0.05 0.46 0.55 0.62 047 0.07 0.07]
f K20 0.03 0.02 0.03 0.02 0.02 0.02 0.041 0.00
SiO, 38.08] 37.8Q 37.92 37.3R 37.%2 37.p07 37|63 VGO ool 000 05 000 000 000 .00 0000
Al 03 41.47 39.78§ 38.08 38.34 38.06 38.,/0 38|30 |_mno 1.20 1.48 1.47 2.30 1.32 2.55 032 0.46
FeO 0.02 0.07 0.22 0.00 0.00 0.00 0.19 0.00p
NSQO 1.981 2.2 2.6 2.58 2.72 2.64 28 TiO2 = 0.06 0.10 0.01 0.00 0.01 0.016 0.0220
CaO 0.044 0.308 0.20 0.24 0.17 0.13 0|16 cuo 2.14 1.76 0.37 0.72 0.62 0.74 0.67, 0.23
K20 0.017] 0024 0.0 00L 0014 003 opo 42> —= o0 0% 900 200+ 0% 00008 0013
MgO 0.004] 0.495 0.01 0.0p 0.004 0.13 0.0z gfbg o g-gi g-gg g-ﬁ g-gg g-gg -
- s - L 1203 A A . . . . - -
MnO 0.67 2.05 2.8 2.4% 2.09 1.73 1.p9 Li20 1.52 1.62 1.62 1.62 1.62 1.62 1.627 1.621
Fe0 2.229 1.328 297 347 2.$8 504 2[82 \B/ﬁ 1071 %%4 gooézt %)34 Oig%zt %8094 1004 1004
TiO2 0.007] 0.073 0.0% 0.0p 0.01 0.12 0.p8 H,0 3.06 313 313 313 3.13 313 2 23 224
CuO 0.01 0.484 0.02 0.0p 0.01 0.01 0.00 ?:I oo 0.01 0.01 0.00 0.00 0.01 -
CrOs | 0.014] 0.004 - - - - - Toml | 10003 0702 9795 97.60 97.39 974 10041 oods
ZnO 0.06] 0.796 0.4% 0.4p 2.87 0.23 2.8 Si 5.9 5.752 6.05 6.026 6.055 6.054] 6.06) 6.04
1 Ay 1.53 1.492 1.472 1.485 1.544 1.410 2.14 2.24
PbO 0.14 0.22 - - - - - Az 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
i _— _— - - _— At 0.1 0.248 0.00 0.00 0.00 0.00 0.00 0.00
B_IZQ 0.02 0.118 ~ Na 0.68 0.822 0.714 0.715 0.682) 0.744 0.56p 0.5!
LioO 1.50 1560 1.737 181p 1586 1.665 1.465 Ca 0.06 0.009 0.08 0.096 0.108| 0.084 0.01 0.018
s K 0.01 0.004 0.006 0.004 0.004 0.004 0.00 0.00ft
V203 0.003} 0.012 — — - — — Mg 0.002 0.00 0.131 0.00 0.00 0.00 0.0005 0.0d
B.Os 9.80 9.00 10.91 10.8p 10.86 10.¥Y3 10475 Mn 0.16 0.214 0.165 0.317 0.182] 0.352 0.04 0.04
HO | 4to] a4t 4 of 1 o] ) e foms oul onl exl ol exl omt om
Cl 0.01 0.007 = -- Cu 0.26 0.023 0.045 0.088 0.07§ 0.091 0.07p 0.0
Total | 100.23 100.47 98.02 97.91 9749 98.225 98B65—" T o T 2
Si 5.96 5.96] 5.94 5.89 5.93 5.86 5.94 Pb 0.001 0.00 0.001 0.00 0.001] ~
Bi 0.02 0.002 0.016 0.004 0.006 0.004 - o
AIY 1.63 1.36 1.06 1.01 1.0p 1.06 1.06 I_iI 0.97 1.109 1.057 1.062 1.063 1.064 1.02 1.026
Al; 6.00 6.00 6.0Q 6.0 6.00 6.00 6.00 \Y 0.002 0.002 0.00 0.00 0.00
A B 2.94 3.229 3.065 3.078 3.081 3.085 2.99 2.94
AIT 0.04 0.04 0.07 0.11 0.0 0.14 0.06 OH 3.24 3.553 3.389 3.403 3.406 3.411 2.36 2.350
Na 0.60 0.68 0.8]] 0.79 0.833 0.807 085 CF' o—A-,s 0.003 0.003 0.00 0.00 0.003 = =
Ca 0.07 0.05 0.0 0.0p 0.03 0.0p2 0.g27 0.25 0.165 02 0185] 0206] 0170 o041 0.43b
K 0.002 0.04] 0.007 0.00p 0.003 0.003 0J00
Mg 0.0009] 0.114 0.004f 0.0q9 0.0019 0J06 0}00
Mn 0.09 0.27 0.3§ 0.32 0.28 0.43 0.p2 . .
Fo 029 017 039 osh o034 o6s ohk7 Thle elbaite crysta!)s have Ilrathe_r hhl_gk;lFe contents (1.3-5wtfﬁ)_) ﬁnd
Ti | o0.0001] 0004 00057 00047 000110014 o000d Verylow Mg (0-0.5wt%) resulting in high Fe/(Fe+Mg) ratios, whic
4 vary from 0.58 to 1. Samples from the Gregério and S&o José da Ba-
talha pegmatites have low Fe and Mg contents. Fe and Mn tend to
Cu 0.0009 0.06 0.0024 0.J0 0.00110.0011 0.00 . L. L L
2 decrease, and Zn to increase, with increasing crystallization, as
observed when using (Fe+Mg)/(Fe+Mg+Mn+Zn) as differentiation
g 3 P . . y T . .
ZE 0.006 0.08 0.0 0.04 033 0.0p6 084 index (Fig. 4), a behavior typical of crystal fractionation processes.
P_ 0.006 0.0 = = - - - Very low Mg in most samples do not allow to visualize good
y g p g
Bi 0.00| 0.004 =] correlation trends, except for samples from the Alto Quixaba
Li 095| 0.99] 1.04 1.19 101 1.038 1.0%8 pegmatite, for which negative correlation is observed, with curved
\Y% 0.00 0.00 -1 trends, typical of fractional crystallization processes.
B 2.70 2.60] 2.99 2.9 2.964 2.93 2.93
OH 4.35 4.40 4.04 4.0 4.00 4.00 490 Vacancy and Alkali Deficiency Most studied elbaite crystals
Cl 0.003 0.00 -1 are Ca-poor (0.08-0.33%) and Al-rich (37-39%). In most cases Al in
0328 0266 0138 0168 0134 0.168 0.123 the Y structural site corresponds to over 50% total of the site. There

are vacancies in the X structural site of all analyzed samples,
sometimes with values as high as 0.44 (Quintos pegmatite). Na is the
dominant component in this site, occupying from about 55% up to

RESULTS Total Fe determined by microprobe analysis is reporte@®% Of the total, contrasting with Ca and K, which occupy from
as FeO. There is not a good correlation between Fe and Li values (Figf011% and < 1%, respectively. )
2), suggesting the presence of both ferrous and ferric Fe. The greeryacancy () in the X site and percentage of Al in the Y structural
color of some of the studied tourmalines may indicate the presencéé Of all samples have a good positive linear correlation (Fig. 5A),
Fe** in combination with F& (Jollif et al 1986), although it may [ndicating that increasing of Al in the Y site corresponds to an
result also from F&-Ti** charge-transfer processes (Feyal 1974, increasing in the vacancy in the X site. This behavior was also
in Jollif et al 1986). observeq. by Gorskayt al (1982) in elbaite from USSR, who believe
Al studied crystals are elbaite, data plotting next to the Schor"t%jat additional amounts of Al in the Y-octahedral site are compensated
elbaite line (Fig. 3), as nearly complete solid solution exists betweBY deficiency of cations in the X site. They also found that some
these two end-members (Foit and Rosenberg 1977); samples from&ite crystals show vacancies of 0.45 and that percentage of Al in the
Quintos pegmatite are almost pure elbaite. Individual crystals a¥estructural site represents up to 74% of the total, i.e., there is a
normally zoned, those from the Quintos pegmatite presenting higtielationship between alkaline cation deficiency and Al content in the Y
concentrations of Mg, Mn and Fe, and lower Na and K in the cosge. MacDonalat al (1993) suggested that vacancy can be dominant
relative to the rims, indicative of crystal fractionation as the maiim the X site of tourmaline, showing an example of foitite in which
magmatic differentiation process. vacancy represents up to 75% of the total.
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Figure 2 - Fe vs. Li (cations) plot of elbaite from the Serid6 province, NBuinto pegmatite; triangle = pegmatites studied by Adusumilli et al. (1994)
Brazil. crosses = Alto Quixaba pegmatite; diamond = Quinto pegmatiteand Rossman et al. (1991).
triangle = pegmatites studied by Adusumilli et al. (1994) and Rossman et al.

(1991).
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Figure 4 - Fe, Mg, Zn, and Mn vs. [(Fe+Mg/(Fe+Mg+Mn+Zn)] plot of elbaite from the Serid6 province, NE Brazil. crosses = Alto Quixaba pegmatite; diamond
= Quinto pegmatite; triangle = pegmatites studied by Adusumilli et al. (1994) and Rossman et al. (1991).
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Figure — 5 — (A) - vacancy in the X-site vs. % Al in the Y-site plot for elbaite from the Seridé province, NE Brazil. crosses = Alto Quixaba pegmatite; diamond
= Quinto pegmatite; triangle = pegmatites studied by Adusumilli et al. (1994) and Rossman et al. (1991). Highly alkali-deficient elbaite from USSR (open circle;
Gorskaya et al. 1982) is plotted for comparison. (Bf-=R(AI*")y vs. R = (Na" + 2C&* + K*) + R¥* = (F&" + Mg®" + Mn?* + Zr?") diagram for elbaite from

the Serid6 province, NE Brazil. crosses = Alto Quixaba pegmatite; diamond = Quinto pegmatite; triangle = pegmatites studied by Adusumilli et al. (1994) an
Rossman et al. (1991). Highly alkali-deficient elbaite from USSR (open circle; Gorskaya et al. 1982) is plotted for comparison. (C) - (Li+Al) vs. (Fe+Mg) in the
Y site (cations) plot for elbaite from the Seridé province, NE Brazil. crosses = Alto Quixaba pegmatite; diamond = Quinto pegmatite; triangle = pegmatites studie
by Adusumilli et al. (1994) and Rossman et al. (1991).
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The alkali deficiency according to Foit and Rosenberg (1977) carystal fractionation as the main differentiation process is suggested by
be estimated by the relationship *(R R**)/R®*, where R crystal zoning and compositional variation trends, using (Fe + Mg)
=(Na'+2C&"+K"), , R** =(Fé*+Mg*+Mn?+Zn*"), and R* as differentiation index;

(AI*)y; the most common substitutions are either the alkali defect e x structural site is incomplete in all samples studied, with vacancy
desidroxylization types (OH)- +*R= R°" + 07" The studied elbaite '\ a1yes varying from 12 to 44%:

crystals show negative correlation®fRx (R* + R2*) (Fig. 5B), i.e. ’
increasing in the Al content in the Y site is followed by decreasing
the alkali contents in the X site and*Rsuggesting moderate
substitutions. On the other hand (Li + Al) correlates negatively with
(Fe + Mg) in the Y site (Fig. 5C), suggesting a major substitution m
this site.

Na is the dominant (55-85%) cation in the X site, in which Ca varies
from <1 up to 11% and K is usually < 1%.

There is a positive linear correlation between vacancy and % Al in
e Y site, a tendency observed elsewhere in the world by different
authors.

CONCLUDING REMARKS The chemistry and structural pocknowledgements  To Prof. J.M. Correia Neves and Prof. E.
formulae of gem-quality elbaite from the Serid6 pegmatitic provincgija| for the electron microprobe chemical analyses at the University
indicate: Pierre and Marie Curie, and Saint Etienne Scholl of Mines France, and
presence of both ferric-and ferrous-Fe, with rather high concentratid@dRielva Nascimento for drawing the figure. This is a NEG-LABISE,
(up to 5wt%, contrasting with very low Mg (up to 0.5wt%), UFPE, contribution n. 171. To two anonymous referees of RBG for the

although low Fe and Mg contents can also be found. critical review of the manuscript.
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