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ABSTRACT

The feldspars from granidc pegmatites ofthe Sierra Albarrana Lower Paleozoic complex (C6rdoba Spain) are present in the

following snuctural states: orttroclase, low and intermediate microcline, tlre latter being the most abundant of the three, as revealed

by an Xi'ray-diffraction study (powder method). The Al-Si distribution is quite ordered, with triclinic phases of intermediate

triclinicity,-and moderate degrei of order, together with highly ordered phases, whereas only rwo samples are more- disordered
aad have monoclinic symrnetry. The Al-Si diitribution seems to follow an intermediate trend between a one-step and a fwo-step
path of ordering. The geochemical data show that in the successive generations of feldspan, the Or and An contents decrease'

whereas the Ab content increases. In the same way, the P, Rb and Cs contents increase, whereas the Sr and Ba contents decrease.
Pb presens an eratic behavior. Toward the centei of the pegmatite, t1o value increases,. and 4la and 2t, ry1as". The feldspars

r"uiul th. development of the magmatic, subsolidus and hydrothermal stages of crystallization of Parsons & Brown (1984). The

first stage is demonstrated by the-metastable persistence of disordered monoclinic feldspar (orthoclase). During the subsolidus

.tug", d"fni. feldspar appein with an intermediate degree of order and the development of vein-textured and braided perthite

-i d6it"-p"ri.line twiiiring. K-feldspar with a higlr degree of order (close to the low microcline end-member) and the

development of patch p€flhite are indicative of the hydrothermal stage.

Keywords: feldspars, granitic pegmatites, X-ray diffraction, powder method, Al-Si order, orthoclase, microcline' Sierra Albarrana

Spain.

SomuaRs

Une 6tude par diffuaction X sur poudres de feldspath perthitique provenant de pegmatites gonitiques du complexe pal6ozoiQue

de Sierra Al6arrana d C6rdobA'en Espagne, demontre la pi6since de I'orthose, du microcline ordonnd et du microcline

interm6diaire, le plus abondant. l,a distribution Al-Si est relativement bien ordonn€e; la plupart des 6chanlllon9 cglttiennent un

feldspath triciinique b "triclinicitd" intermediaire, et montrent une association de celui-ci avec un microcline trbs bien ordonn6'

tandis que seulement deux &hantillons contiennent un feldspath monoclinique, et donc plus d6sordonn€. la distribution de Al et

Si semble poursuiwe une 6volution interm6diaire enue une transition d une 6tape et h deux 6tapes. I€s donn€es g6ochimiques

montrent que dans les g6n6rations successives de feldspaths, la teneur en Or et en An diminue, tandis que la teneur en Ab augmente.

De la meme faqon, la-teneur en P, Rb et Cs augmenti tandis que celle en Sr et Ba drminue. lr Pb a un comportement erratique.

Lavaleurde r1(i augmente vers le coeurde lapegmatite, effl met2t2dirrnnnent Les grains_de feldspath montrenlun d6veloppement
magmatique it deimodificarions subsoliduieihydrothermales (Parsons & Brown 1984). Le premier staqe qe cristallisation est
panf,elbment pr6serv6 dans I'orthose. Au cours du stade subsolidus, le feldspath triclinique i degr6 d'ordre interm6diaire a fait

son apparition, de m6me qu'une texture perthitique en veines et en tresses et ies macles albite-p6ricline. le feldspath poassique

a Oegi.E A'orOre ebv6, prOi du p6le microcline ordonn6, et le d6veloppement de perthite en taches sont les nuudfestations du stade

hydrothermal' 
(rraduit par la R6daction)

Mots-clds:feldspafls pegmatites granitiques, diffraction X, m6thode des poudres, degr6 d'ordre Al-Si, orthose, microcline, Sierra

Albarrana Espagne.

IN'IRODUCNON AND GEOTOGICAL CONTEXT

The pegmatite deposits of Sierra Albarrana of Her-
cynian age according to Azor et al. (1991), are located
in the northern part ofthe province ofC6rdoba. near the

town of Fuenteobejun4 in the southwestern part of the
Iberian Massif, in the Ossa Morenazone (Chac6n et al.
1974, Gasote 1976, Egtiluz 1987, Azor et al. 1991)
(Fig. lA). The host rocks (Fig. 18) are Lower Paleozoic
rocks belonging to three distinct complexes (Garrote et
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al. 1980, Ortega-Huertas et al. 1982, Azor et aL.7997);
1) a succession of metamorphic rocks: quartzites,
gneisses, schists, amphibolites and metabasites (Chac6n
et al. 1974, Garrote 1976, Delgado-Quesadaet al. 1977,
Quesadaet al. 1990) (Fig. lB, I to 6),2) continental-type
conglomeratic sediments, with abundant clasts of meta-
morphic rocks, lava flows and pyroclastic materials,
which unconformably overte the metamorphic rocks
(Garrote & Sdnchez-Canetero 1983, Gabalddn et al.
1983) (Fig. lB, 7), and 3) posunetamorphic igneous
rocks including the Alcornocal volcanic complex and
the granitic stock of La Cardenchosa (Delgado-Quesada
1971).

A metamorphic zonation has been recognized in the
Sierra Albanana area (Garrote 1976): from high to low
grade, sillimanite - K-feldspar, sillimanite-muscovite,
staurolite-andalusite, gaxnet, biotite and chlorite (Fig.
lC). The distribution of pegmatites (Figs. lB, C) is
controlled by this metamorphic zonation. The pegma-
tites appear only in the three higher-grade zones.

The morphology and types of pegmatites are summa-
rized in Table I according to their mineralogical com-
position and the characteristics of the host rocks. The
feldspars described here are from type-III granitic
pegmatites (Table I ). As these pegmatiles do not contain
a typical quartz core, we have only been able to establish
the following zonation from border to center and from
top to bottom of the pegmatile bodies in some outcrops

(Cerro de la Sal, Pefra Grajera, Juan Calvillo: Figs. 2, 3
and 4).
l) Border zone (zone2, Figs. 2-4): medium-grained
pegmatites of gfanitic texture, whose size increases
gradually inward. This zone contains quartz andperthitic
feldspar and is rich in tourmaline, garnet, chlorite,
muscovite and arborescent biotite.
2) Wall zone (zone 3, Figs.2-4): coarse-grained, with
a graphic texture, containing quartz, K-feldspar, albite
and minor muscovite.
3) Intermediate zone or Central zone (zone 4, Figs. 2,
4; zore 3, Fig. 3): very coarse-gtained (crystals of one
to two meters) and giantpegmatitic texture, mainly made
up of quartz and K-feldspar.

METHoDoLocY

Feldspar samples were collected from the principal
type-III pegmatites in the following outcrops: Cerro de
la Sal, Peffa Grajer4 Di6resis, Los Morales, Umbrfa
Colmenar, Beta Coma Cruz de Chaparral, Traviesas,
Taravilla Valverda Alameda Valdenoque, Juan
Calvillo. Pozos de Juan Calvillo, Rio Bembezar and
Fuenteobejuna (Figs. 18,2,3 and 4). All outcrops are
irregular, tabular masses Clable 1).

The optical and textural characterization ofthe potas-
sic feldspar and plagioclase was carried out by study of

Frc. 1. (A) Geographic location of Sierra Albarrana. @) Geology of Sierra Albanana and location of the main pegmatites
(modification of the map of Contrcras et aL 1983). (C) Metamorphic zonation (modification of the results of Contreras er aL
1983). (a) Hosr rocks: 1. Albarrana Formation: feldspathic quartzites wittr metapelitic layen, 2. Cabril Formation: pelitic
gneisses, 3. Pefla Grajera Formation: migmatitic gneisses, amphibolitic gneisses, amphibolites, 4. Montesina Formation:
schists, 5. Bembezar Formation: schists, quartzites and metabasites, 6. Azuaga Formation: phyllites and metagreywackes, 7.
Valdinfiemo Basin (I-ower Carboniferous). (b) Pegmatites: 8. quartzofeldspathic pegmatites, 9. pegmatites with aluminum
silicates, 10. pegmatites with amphibole or epidote (or both). Principal pegmatite quarries: Cerro de la Sal: CS, Pefla Grajera:
PG. Di{resis: D, los Morales: LM, Umbrfa: U, Colmenar: CO, Beta: B, Coma: C, Cruz de Chapan'al: CHA, Traviesas: T and
TA, Taravilla: TAR, Valverda: VAG, Alameda: AL, Valdenoque: VD, Juan Calvillo: JC, Pozos de Juan Calvillo: MG, and
FJo Bembezar: RB. (c) Metamorphic zones: 11. lnwer Carboniferous (postmetamorphic), 12. biotite and chlorite zones, 13.
garnet zone, 14. staurolite-andalusite zone, 15. sillimanite-muscovite zone, 16. sillimanite - K-feldspar zone.
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FIc. 2. Schematic cross-section of the Cerro de la Sal quarry showing intemal zonation and location of samples: l. Host rocks:
quartzitic gneisses, 2. Border zone: quartz-perthite pegmatite (granitic texture), 3. Wall zone: quartz-perthite pegmatite
(graphic texture), 4. Intermediate zone: quartz - microcline - albite pegmatite (giant pegmatite structure), 5. chlorite -
muscovite - gamet nodules. A. Muscovite, B. Biotite, C. Chlorite, D. Gamet, E. Tourmaline. F. Bervl.

thin sections, some of which were stained with sodium
cobaltinitrite (after one minute etching with IIF fumes).

Feldspar grains were separated manually (under the
binocular microscope) and then ground in an agate
mortar for an investigation of structural and composi-
tional properties by X-ray diffraction (powder method).
A Philips PWl7lO diffractometer was used with CuKcr
radiation, $aphite monocbromator and automatic slit.
External standards of Si, CaF2 and KBrO3 were used in
the calibration of the equipment. KBrO3 also was used
as an internal standard (in a 1:1 proportion with the
feldspar).

Two diffractograms were made of each sample using
the '?OLVO" program of Martin-Ramos (1990) under
the following experimental conditions: 40 kV, 40 mA,
Recorder Full Scale = I x 103 counts per second,
integration time = 0.6 s, and static record in order to
avoid peak displacement. The first diffractogram was
made between 27" and,32o 20, with a scanning speed of
l'2Qlmin and counts recorded every 0.012o 20 in order
to differentiate between monoclinic and triclinic K-feld-

spar by the profile of the 131 and 131 reflections; the
second (full) diffractogram was made between 3o and
80o 2e, and counts recorded every 0.060'20.

The results were interpreted using the "LECTOR"
routine C'POLVO" program, Martin-Ramos 1990), fol-
lowing the recommendations of Bish & Post ( I 989). The
resulting reflections were indexed according to the data
of Wright & Stewart (1968), Borg & Smith (1969) and
Ribbe (1983a). The crystallographic parameters were
refined by least squares using the program ofAppleman
& Evans (1973) C'LSUCRE").

The triclinicity index was calculated following the
formula of Goldsmith & Laves (1954). The degree of
Al-Si order was determined using: a) the method of
Kroll & Ribbe (1987) derived from the b - c" and. a* -

f diagrams, b) onrhe basis ofthe translation distances
in the [ 1 1 0] and I l 0] directions following Kroll (197 1 ,
1973, 1980) and Kroll & Ribbe (1987), c) on the b$is
of the 'torrected" translations in the [10] and [1 10]
directions following Kroll & Ribbe (1987). The degree
of internal strain was determined followins Stewart &
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Ftc. 3. Schematic cross-secdon of the Peffa Grajera quarry showing internal zonation and location of samples: 1' Host rocks:

tourmalinized feldspathic schists and quartzitic gneisses, 2. Bordeizone: quartz-perthite pegmatite (granitic texture), 3 ' Central

zone: quartz - peftfite - beryl pegmalte (gianipegmatite structure). A. Tourmaline, B. Muscovite, C. Quartz.

Wright ( 1974) (Aa parameter) and Kroll & Ribbe ( 1987)
(S./. parameter).

The degree of solid solution of each feldspar was
estimated from refined unit-cell parameters, on the basis
that strong modifications in a axis dimension and cell
volume are related to slight changes in composition,
according to Waldbaum & Thompson (1968), Kroll &
Ribbe (1983), Kroll er al. (1986) (compositions esti-
mated from cell volume) and Hovis (1986) (composi
tions estimated from cell volume and a dimension).

The chemical analyses were carried out at the X-Ray
Assay Laboratories in Toronto, Ontario using X-ray
fluorescence (Si, Al, Fe, Mg, Na K, Ca Ti, P, Ba Rb)'
neutron activation (Cs, Au, U), Inductively Coupled
Plasma (Mn, B, Be, Pb, Sr, Y) and wet chemistry. The
analytical determinations using the electron-probe
microanalyzer were carried out at the Universit6 Paul
Sabatier in Toulouse. On the basis of these data possible

temperatures of equilibration were obtained with the
model of Fuhrman & Lindsley (1988).

TExruRAL, SrnucIIJRel
AND COMPOSMONAL CHARACTERISTICS

oFrHE FtsLDSPARS

The K-feldspar in the type-Itr pegmatites has white,
pink or dark (blue or grey) coloring and a marked
perthitic character. Following the nomenclature of
3-itft (tSz+), we found the perthite Gtg. 5) to have a
vein texture (regular and inegular), which may gradualy
change to either patch or braid perthite, and interlocking
perthite. Antiperthite is rare; the width of the albite blebs
varies from 0.1 to 1.5 mm. The K-feldspar commonly
contains albite-pericline twinning, with twinned areas
coexisting in the same crystal with other apparently
untrpinned areas. Plagioclase crystals are less abundant
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Ftc' 4' schematic cross-section.of the Juan calvillo quarry showing intemal zonation and location of samples: l. Host rocks:quartzitic gneisses and feldspathic schists, 2. Bordei zone: quartz-perttrite pegmatite (granitic t""t*";, 3. walt ,one,quartz-perthite pegmatite (graphic texture), 4. Intermediate toie: quaru - mcr&tne - Jbite pegmatite'lgiant pegmatite
structure), 5. Replacemenr body with biotite. A. Muscovite, B. BiodG, c. Garnet. D. Tourmaline.

t]ran potassic feldspar, but invariably display polysyn-
thetictwinning @ig.5e). Where they are juxtapbseO, tle
{-feldspar seems to have replaced the plagioclase.
Graphic K-feldspar - quartz intergrowths ilso are
present.

. The ptrases ofK-feldspar detected by X-ray diffrac_
tion, following Ribbe (1983b) and McGregor & Fer-
guson (1989), indicaie a wide variation in the structural
state: orthoclase, intermediate microcline (much more
abundant than the former), low microcline and low albie.
Table 2 shows the refined crystallographic parameters
of the different K-feldspar sampbJ stuOleO. Note the
presence of the four structural states mentioned above,
_Triclinicity ("obliquity,,) derived from the 131 and

131 reflections [A = 12.5(drrr - drJr): Goldsmith &
Laves 1954)l ranges between 0.25 and 0.94 (Iable 3),
with a small additional monoclinic peak between reflec-
tions 131 and 131 in the samples *it} tor triclinicity,
due to the coexistence of both structural states (mono-
clinic and intermediate triclinicity). Values of triclinicity
based from refined unit-cell parameters (A = measured
^f - 90"/2.29": McGregor & Ferguson 19g9) are more

JUAN

CALVILLO
ffil F-':, M. l*'j. lffil u

lXNlo M, l=3. F^:Flo

reliable because of the large amount of low albite
certainly present with the K-feldspar in the powder
samples analyzed by X-ray diffraction. No significant
variations were found in the values of the degree of
AI-.Si order obtained by the two different methods
(Tables 3,4).

The D - c" diagram (Fig. 6) shows that rhe K-feldspar
presents a moderately ordered Al--Si distribution, only
two samples having monoclinic symmery (pc-2cz and
JC-liz: Table 3), whereas the a' - f diagram (Fig. 7)
shows the presence of the structural state$ mentioned
above (orthoclase, intermediate microcline. low micro-
cline). Similar conclusions can be deduced from the
study ofFigure 8 (Table 4), in which the coexistence of
moderately ordered triclinic phases with intermediate
triclinicity can clearly be seen, together with samples
with a high degree of Al-Si order (close to that of the
low microcline end-member).

The Al-Si distribution observed in most of the
samples seerns to follow an intermediate tendency
9:ry""n a- one-step and a two-step distribution path
(Figs. 9, l0). However, two of the samples @G-3ciand
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Flc. 5. Photomicrographs illustrating feldspar texfures: (a) vein perthite, O) patch perthite, (c) antiperthite (in a b and c' the
K-feldspar is dark, and plagioclase, ligh!, (d) microcline: albite-pericline rwinning, (e) albite: polysynthetic twinning (albite

law), and (f) coexisting-K-feldspar (dark) and plagioclase (light): the K-feldspar seems to replace the plagioclase. All photos

in cross-polarized light.

JC-lbz) show a highly ordered Al-Si distribution, close
to the low microcline end-member.

Despite the limitations of the powder-diffraction
method, we have attempted to determine the degree of
strain in the cell. Some strain can be detected in the
structure of most of the K-feldspar examined (Table 5):
Aa varies from -0.108 to +0.154 (Table 5), S./. from
-20.03 to +l1.50 (Table 5, Fig. l1). Such strain may be
due to high Na contents in the bulk feldspars. It would
also explain why many of the feldspar samples have
anomalous parameters, since oostrain" in the structure is

associated with the exsolution of the Na-phase and the
inversion of symmetry, and is independent of the Al-Si
distribution in each phase (Stewart & Wright 1974,
Eggleton & Buseck 1980). Therefore, since the feldspar
studied here is markedly perthitic, the strain index must
be rather high. According to Stewart & Wright (1974),
the higher degrees of internal strain could correspond to
feldspar with more sodium-rich overall compositions.
However, this hypothesis must be confirmed by trans-
mission electron microscopy.

The composition of the K-feldspar phase of the
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TABLE 2. REFINED CRYSTALTOGRAPHIC FARAUETERS OF POTASSIC !'ELDSPAR

SAIIIPLE a(A) b6) 'v() ar(A) br(A) or(A) are) pao fc) voL(A) N

Sample legend: CS: Cero de la Sal, PG: Pefra Grajera, JC: Juan Calvillo, D: Di6rxis, U: Umb,rfu, LM: Los Morales,
C: Coma' T: Traviesas I, TA: Traviesas tr, TAR: Taravilla, VA: Valverda, VAG: Mina Barita, VD: Valdenoque, AL:
Alameda, FO: Fuearteobej'ne; bz: bordef zone, wz: wall zsne, iz: intermediato zoae, cz; central zone, nz: no ronation.
N - Lines used in refinements.
Numbers in parentheses are the standard deviation of ths digits to thsir inrnediato left.

o(A)

csrbz 8.576cr) 12.et1CD 7.2fit(sr 90.t6(6r 115.94(t s9.10(5) 0.12970) 0.O7r0o) 0.1543(l) 90.04(0 6,4.06(5) 90.s3(t 721.4 30
cs-rvz t.576(8) 12.990(9) 7.l93CD 90.03(9) 115.790 t9.36(9) 0.12950) 0.0700) 0.1544(l) n.n@ s.zLo| 90.69i9i 72r.5 20
cs-liz t.s73Q) 12.9828) 7.197(2) 89.81(5) 115.84(9) 19.52(9) 0.1296(3) 0.070(l) 0.1544(2) 90.44(9) 64.16(e) n.649, 7n.s 18
cs-2iz 8.57t(4) 12.970(3) 7.1et(3) 90.06(9) ll5.E4(9) ss.ss(9) 0.1296(6) o.snrQ) 0.15440) 90.4s(9) 64.16(9i y.nbi rn.a 18
Pc'rbz 8.5t7(4) 12.e36(3) 1.nzot n.of,Q, 116.19(8) 8s.76(9) 0.1298(6) O.|TBQ) 0.1543C2) 90.54(9) 63.il(9) sl.,Jsd) 7$.j 16pc-?bz t.571(9) 12.965(9) 722frA n2l/6) 1r6.0s(6) 8S.94(9) 0.1299(1) 0.0710) 0.1542(1) n.W) $.n6) X.sact) no.s 32
PG-rcz t.564(9) 13.010t9) 7.w2O, n.?l,p) u5.e8(9) 89.43(9) o.l299(2) 0.0z690) o.l54s(2) n.c}A, 64.v2A, n.s2g, 72r.2 36
re-zcz 8.571(9) 13.015(9) 7.198(9) 90 ll6.r4cD 90 0.1300(l) o.o76s(l) 0.1547(l) 90 63.r6CD 90 720.9 30
Pcr-3cz 8.564(9) 12.e50(9) 7.2240) n.428) ll5.s:r(9) s7.90(9) 0.1298(l) 0.0773(l) 0.ri3s(2) 90.55(9) 6,4.17(9) '2.8A 720.6 29
rc-rbz E.560(9) 12.964(9) 7.229(E) e0.62(t) ll5.9ro 17.16(9) 0.l3o0Q) o.on4D 0.l53so) 90.3s(9) 64.10(D n.Wp, U.r 35
tc-2bz E.586(5) 12.983(8) 7.220(D n.n6, 115.98(4) se.22(O 0.1296(l) 0.070(l) 0.1541(l) 90.1e(j) 64.02i4i 90.7saji 723.4 n
rc-rez E.597(e) 12.94E(e) 72fi29) 90s09) 116.00(e) t9.z4e, o.r294e) o.orner 0.t545C2) 90.04(, 64.00(9) n.7o(, rms 2s
Jc-liz 8.574(9) 13.008(e) 7.2070) n lr6.0l(e) 90 0.12980) 0.076eO) 0.1544C2) 90 63.Dp) 90 TnA 2r
tc-ziz 8.5E0(4) 12.e73(5) 1.zrr(d,t n.?5(4) 115.95(3) s9.o(4) 0.1296(l) 0.071(l) o.rSclrj 90.08(t 64.0j(4) e0.90(4) 721.6 25
D-ru 8.5E0(6) 12.977(8) 7.2JA6) 9f3'o) ll5.e5(5) S9.07(6) 0.1296(1) 0.07710) 0.1542(t) e0.06o 64.05(5) w.t6(5) 721.7 24
D2m 8.52(9) 12.95E(9) 7.212(6) 90.28(8) 115.96(5) s9.01(s) 0.12970) o.on2<L) 0.1542(D e0.l1s) 64.04(t s0.96(8i 720.s ?4
D-3m 8.56E(e) 12.96E(9) 7.zr4b n.?6(9) u6.02(O SS.63(e) 0.1290) 0.07?1(l) 0.1543(l) e0.218) 63.9r(6) 91.34(9) ?20.1 2r
D4m 8.57e(e) 12.960(9) 7.207(t) 90.1e(9) lls.e2(e) ss.93(9) 0.1296(2) o.oTn1) 0.1543(li 90.30CIi 64.osari gr.Loi, Tn.6 2s
D5nz 8.J80(9) 12.97(e) 7.2LrO) nJ24e) ll5.94(s) 89.21(9) 0.12960) 0.07,10) o.$ap) 90.26(9) 64.06(9) n.W) u.s 18
D{m 8.57rCD 12.965(6) 7.2116, n.26(4, 115.914) s9.16(4) o.l2980) 0.07710) 0.15430) 90.12(4) 64.ur(4) 90.sta4i ?20.3 2t
D-7v 8.575(e) 12.990(9) 72l3(q n.44(e) ll5.e0(6) 89.0s(s) 0.1297(l) 0.0zoo) 0.15410) E9.e6(e) 64.10(6) s}.Sr(q 7n.7 l8
u-liz 8.564(e) 12.96e(e) 7.1et(6) 90.0t(9) 115.r3(e) s9.25(9) 0.12970) 0.07710) 0.1543(2) W.nQ) A.nQ) 90.80cr) 719.5 1r
u-zh 8.s7r(, 12.9728' 7.2l0CD 90.30(8) 115.e0(7) s9.00(9) 0.129c2) 0.o77lo) 0.1542(1) e0.15(8) 64.l0cD n.n9) 72r.0 17
LM-riz 8.585(9) 12.9R(9) 7.206(9) 90.28(9) 116.00(9) s9.25(9) 0.1296(l) 0.0771(l) o.rsu?r 90.06(9) 64.00(9) n.np) nr.z r7
c-rE 8.57s(9) 12.e56(9) 7.208(8) e0.30CD lls.s2(s) s9.o2(s) 0.1296(2) o.0Tn0) 0.1541(2) 90.1(6) 64.18(8i x.silcl' z|o.7 l8
T-ru 8.s68(9) 13.016(9) 7.210(9) 90.25(9) tls.89(9) se.l2(9) o.l2es0) 0.o76sc) 0.1542(l) 90.ts(e) 64.11(9) n.$ii) 723.2 16
rA-ru 8.573(9) 12.967(9) 7.217$) n.24(9) ll5.es(9) s9.r2<, o.r297?) o.onrQ) 0.1541(2) e0.16(9) 64.05(9) n.s6o, 72r.2 r7
rAR-ru 8.580(t) r2.es2(, 7.211(8) 90.21(9) lrs.e?(8) 89.07(9) 0.129?(2) o.Orn\, aJ542(2r 90.23(9) 64.6(8) n.s49) 7n3 le
vA-lu 8.582(8) 12.940(t) 7.209(8) 89.93(9) 116.16(8) 89.16(9) 0.1297(t) 0.0730) 0.1544(1) 90.49(9) 63.94(8) 90.t(8) 719.1 2lvAG-ru 8.578(9) 12.947(9) 7.210(8) 90.12(9) u5.ss(O s9.12(e) 0.12960) o.wn\) o.tj42(l) n.29o|, s.n6) n.n$ Tm.4 19
vDriz 8.i7E(9) 12.963(t) 7.2078) n.26(6' rrc.ma s9.05(s) 0.12970) 0.0n20r 0.1s44(2) 90.lso 63.9scD 90.e3(8) ZO.0 19
N--rs, 8.s71(9) 12.e63(9) 7.211(8) e0.26(9) ll5.9s(9) ss.919) 0.129sc2) o.oTnl) 0.1543(2) 90.21(9) 64.02(9) 91.0a(9) ?20.1 r7
Fo-roz E.s26(9) 12.e3(, 7.nSQt 9437O, llj.B2(9) rr.f2(9) 0.1303(2) 0.070(2) 0.153s(2) 90.16(e) 64.1s(9) 9r.r39) 7?f.3 l8

perthite deduced from d and yis listed in Table 5. Note
the high proportion ofthe Or component (>902o) in the
pot4ssic phase.

FEmspan GEocrfrMrsrRy

The results ofthe chemical analyses ofthe differenr
feldspars are given in Table 6. Figures 12 and 13 show
the concentrations of selected elements. For our com-
ments on the chemical aspects, we have followed the
interpretations of Smith (1974, l9B3) and Shmakin
(1979).

In terms of the ternary system Or-Ab-An, the
successive generations of perthitic K-feldspar show a
progressive decrease in Or and An and an increase in Ab
(Fig. l4). The alkali elements change regularly through-
out the zonal crystallization of the pegmatite (Fig. 2).

Thus from border to center of a pegmatite body, K Ca
and the K/l.{a ratio decrease, Le., Na increases.

In K-feldspar, Ti and Fe contents are low, particularly
in the case of Ti (<0.017o), whereas Fe appears in
somewhat larger quantities but likely in discrete mineral
phases, reaching values of0.057o in some samples. The
plagioclase also shows low Ti contents (up to O.02Vo),
although somewhat higher than in the K-feldspar,
whereas the levels of Fe are much higher than in
K-feldspar (Table 6, columns 2,3). On the other hand.
the P content, which reaches 0.73 wVo P2O5 in some of
the K-feldspar, is highest in those grains having the most
strongly microperthitic character @ig. 12); such concen-
trations are sufficient to take on petrogenetic signifi-
cance, in accordance with the findings of Cern! et al.
(1985). The concentration of P increases from earlv
(border) to later (internal) generations, its concentration
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TABLE 3. FIICLINICITY AND Al,/gi DISTRIBUTION IN POIASSIC
FgLDgPAR

rAM 4. Al-SL Dramlmlon Itr wN FSrltOtrS A@mInO Rrcr
t  RrBs (194?)

(t11ol Ys [110] cor lected trs6l6t loas).tRrct rnrcrrr
(a)

( r '  ( r I l

A1/Sr DTSTRIBUIION
(b-cr dd a-?. Pfot) 2t1

Cs-lbz O.32
Cg-lrz 0.25
cs- l iz 0.44
C8-2Lt 9.77
P6-1bz 0.94
Pc-2bz 0.81
F(Flcr 0.78
9c-2cz 0.00
PC-3cz 0.91
Jc-l,bz 0.84
:tc-2b. 0.3?
Jc- lsr O.91
.tc- l lz 0.00
Jc-2Lz O.29
D-1nz 0.84
D-2n 0.56
D-3nz 0.51
D-4nz 0.51
D-snz 0.61
D-6na 0.50
D-7nt 0.33
u-l lz 0.57
tJ-2Lz 0.43
t! .-1Lz 0.54
c-1or 0.50
1-1tr ,  0.45
!A-1nz 0.49
aAR-lnz O.92
rtA-loz 0.84
Vec-ln,  0.74
VD-1!" 0.61
Al- lnz O.?5
Fo-lns 0.45

0.966 0 .389
0.812 0 .269
0.843 0 .194
0.886 0 .4?3
1.000 0 .524
0.942 0.452
0.730 0 .243
0.668 0 .000
1.000 0 .899
1.000 0 .916
0.912 0 .330
0.939 0 .327
0.?48 0 .000
0.908 0 .411
0.a94 0 .399
0.967 0 .421
0.920 0 .583
0.946 0 .455
0.900 0 .334
0.932 0 .359
0.976 0 .397
0.894 0 .318
0.924 0.429
0.868 0 .323
o.992 0.420
o.774 0 .317
0.961 0 .374
0.980 0 .397
o.977 0 .3 t2
1 .000 0 .371
0.902 0 .403
0.936 0 .441
0.9s2 0 .505

0.627 0 .239 0 .134
0.541 0 .271 0 .188
0.519 0 .324 0 .15?
0.679 0 .207 0 .114
0.?62 0 .238 0 .000
0.697 0 .245 0 .054
o.4a7 0 .244 0 .270
0.334 0 .334 0 .342
0.949 0 .051 0 .000
0.959 0 .042 0 .000
0.621 0 .291 0 .088
0.633 0 .306 0 .051
0.394 0 .394 0 .212
0.660 0 .249 0 .091
0.647 0 .248 0 .105
0.694 0 .273 0 .033
0.751 0 .169 0 .080
0.700 0 .246 0 .054
0.61 .7  0 .283 0 .100
0.645 0 .28? 0 .068
0.63? 0 .240 0 .123
0.606 0 .288 0 .106
0.676 0 .248 0 .075
0.s96 0 .272 0 .132
0.706 0 .286 0 .008
0.s7s  0 .198 0 .227
0.668 0 .293 0 .039
0.689 0 .291 0 .020
0.564 0 .313 0 .023
0.686 0 .314 0 .000
0.653 0 .249 0 .098
0.68a 0 .244 0 .064
o.729 0 .223 0 .044

G-lbz 15.567
G-lrz 15.575
*- lLz 15.570
€-2tz 15.s64
F-1bs 15.545
*2bz 15.555
&l,cr 15.586
re-2cs 15.594
m-3ca 15.536
Jc-lbz 15.543
Jc-2bz 15.560
Jg-lra 15.556
tc- l iz X5.583
tc-2Lt 15.561
D-1nz 15.563
D-2na 15.552
D-3tr,  15.559
D-4n, 15.555
D-snz 15.562
D-6ns 15.557
D-7^, 15.566
u-1lr  15.563
a-2lz 15.559
u-M5.566
c-lns 15.549
t-1ar 15.580
tA-lnz 15.553
la- lnz 15.550
B-1n, 15.550
no-tnz 15.545
E-1iz 15.561
&-Lnz 15.55?
rldu 15.555

0 . 1 1 3  0 . a 6 ?  0 . 3 8 9
0 . 0 a 0  0 . a 1 5  0 . 2 1 5
0 . 0 6 0  0 . 4 4 1  0 . 2 0 6
0.140 0.aaa o.442
o . 1 5 6  1 . O 0 0  0 . 5 3 5
0 . 1 3 3  0 . 9 3 6  0 . { 5 6
0 . 0 ? l  0 . 7 4 0  0 . 2 4 4
0 . o 0 0  0 . 6 5 €  0 . 0 0 0
o . 2 6 3  l . 0 o o  0 . 9 0 2
o . 2 6 7  1 . 0 0 0  0 . 9 1 7
0 . 0 9 7  0 . 9 0 4  0 . 3 3 3
0 . 0 9 6  0 . 9 3 2  0 . 3 2 8
0 . 0 0 0  0 . ? s 0  0 . 0 0 0
o.r20 0.905 0.412
0 . 1 1 7  0 . S 9 2  0 . 4 0 0
o.a24 0.954 O.42t
0 . 1 ? 1  0 . 9 2 r  O . 5 4 7
0 . 1 3 4  0 . 9 4 1  0 . 4 6 1
o . 0 9 9  0 . 8 9 5  0 . 3 4 0
0 . 1 0 5  0 . 9 2 5  0 . 3 6 2
0 . 1 1 5  0 . 8 7 5  0 . 3 9 5
0 . 0 9 5  0 . 8 9 1  0 . 3 2 5
0 . 1 2 6  0 . 9 1 9  0 . 4 3 1
0 . 0 9 4  0 . s 6 7  0 . 3 2 4
0 . 1 2 3  0 . 9 7 8  0 . 4 2 2
0 . 1 1 0  0 . 7 8 3  0 . 3 7 9
0 . 1 1 1  0 . 9 s 0  0 . 3 7 1
0 . 1 1 7  0 . 9 6 9  0 . 4 0 2
0 . 1 0 6  0 . 9 6 7  0 . 3 6 3
0 . 1 1 0  0 . 9 9 9  0 . X 7 7
o . 1 1 9  0 . 9 0 1  0 . 4 0 7
0 . 1 3 0  0 . 9 3 1  0 . 4 4 5
0 . 1 4 7  0 . 9 4 0  0 . 5 0 6

o.62a 0.239 0.133
0 . 5 4 S  O . 2 1 0  0 . 1 4 5
o . 5 2 3  0 . 3 1 ?  0 . 1 6 0
0 . 6 a 5  0 . 2 0 3  0 . 1 1 2
o . 1 6 7  0 . 2 3 3  0 . O 0 0
o.696 0.240 0.054
0.492 0.244 0.250
0.329 0.329 0.342
0 . 9 5 1  0 . 0 4 9  0 . 0 0 0
0 . 9 s €  0 . 0 4 2  0 . 0 0 0
0 . 6 1 8  0 . 2 5 6  0 . 0 9 6
0 . 6 3 0  0 . 3 0 2  0 . 0 6 8
0 . 3 7 5  0 . 3 7 5  0 . 2 5 0
0.6s9 0,246 0.09s
0.646 0.246 0.108
0.691 0.266 0.043
o . 7 5 4  0 . 1 6 7  0 . o ? 9
0 . 7 0 1  0 . 2 4 0  0 . 0 s 9
0 . 6 1 7  0 . 2 7 9  0 . 1 0 5
0.643 0.2A2 0.075
0 . 6 3 5  0 . 2 4 0  0 . 1 2 5
0 . 6 0 8  0 . 2 8 3  0 . 1 0 9
0 . 6 7 5  0 . 2 4 4  0 . 0 S 1
0 . 5 9 6  0 . 2 1 7  0 . 1 3 3
0 . 7 0 0  0 . 2 7 a  o . o 2 2
0.581 0.202 0.217
0.664 0.2a6 0.oso
o . 6 a 5  0 . 2 a 4  0 . 0 3 1
o . 6 6 5  0 . 3 0 2  0 . O 3 3
0 . 6 8 A  0 . 3 1 1  0 . 0 0 1
0 . 6 5 4  0 . 2 4 7  0 . 0 9 9
0.688 0.243 0.069
0.123 0.2L7 0.060

lrEA!r 2U

0.30
o . 2 7

o . 5 9
0 . 4 5
0 . 2 3
0 . 0 0
0 . 9 3
0.90
0 . 3 4
0 . 3 1
0 . 0 0
0 . 3 9
0 . 3 8
o . 4 2
0.59
0.48
0 . 3 6

o.42

0 . 4 1
o.42
0.40
0 . 4 1
0.45
0.49

a@16 legpBdr Ee tabl€ 3.

aasple l€gEodt cgr cerro de la gal' Fot Peia craJ€ra.
,rc, ,tqe cslvl-Llo, Dr Dl€r96l.6' Ir! unbtla' Il{, !o5 llolalear
cr co@, tr lravLesas I, TA, trevlosas II, TAR| Tuavilla,
vAr Valvorda, vIG. l{Lna Barlta. vD. valdenoque, AL, A!@dal
FOt Fu€nt@b€Juna, be! border to@' rzt [all zon€' lr.
Lnte@dlat€ ro@, cz, contaal ,on€, ott Do 6natlon.
( I !  r  A -  12.5 (q!r  -  drt l  (oold@ltb & taeoa 1954).
(IIlt A B @asqred It - 9e12.29' (lisCregor & porguson 1989).
AUat dlBtrlbutlon. tuoll e Rtbb€ (198?,.

being considerably lower in the plagioclase than in the
coexisting K-feldspar (as with the findings of London el
al. 1990). There does not appear to be any correlation
between the P and Ca contentso which indicates that
apatite microinclusions are not responsible for these
values.

The B content ofplagioclase tends to increase with
An content ofthe plagioclase, and ranges from 13 to 35
ppm. The B contents of the K-feldspar are a bit lower
(from <10 to 30 ppm), in agteement with the observa-
tions of Smith (1974). The plagioclase presents higher
contents of Be (5 - 15 ppm) than the K-feldspar (3 - 5
ppm). These data agree with those given by Solodov
(1958) for coexisting K-feldspar and plagioclase in four
rare-metal pegmatites.

In the outcrops examined here (table 6, Fig. l2), the
concentrations of Rb and Cs of both the K-feldspar and
plagioclase increase weakly inward, whereas those of Sr
and Ba decrease, which agrees with the hypotheses of
Shmakin (1979) and Smifl (1983). This is particularly
noticeable in the case of Rb and in the K/Rb ratio (Fig.
13), which varies from 66 in the border areas to 121 in
the internal zone. These findings parallel thosepublished
by dernf et al. (1985). In four samples in which
K-feldspar and plagioclase coexist the Rb, Cs and, to a
lesser extent, Ba contents are seen to be strongly

partitioned in the K-feldspar over the coexisting plagio-
itase (cf eeml et al. 19841.

According io Cernf et at. (1985), the Rb content of
K-feldspar decreases after the crystallization of the
major zones and during later metasomatic alteration.
This finding would explain the low Rb content found in
one sample from the Di6resis quarry (D-4nz), where the
metasomatic ov-e.rprint is quite clear. As mentioned

13.05

13.00

12.05

S.1?.90

t?.45

12.80

t2.76

t ' tn

0.153 0 .154 0 .155 0 .15 .6  0 .15? 0 .158

c *  (A - )

Frc.6. Plot of &-c* usedfor determintng(tp + tp)in triclinic
K-feldspar with l1o * t(n. Tlrcoretical end-members: LM
low microcline, HA high albite, AA analbite, LA low albite

0ftoll & Ribbe 1987); o: maximum error (Ao* = 0.0003'
Ao, = 6.969;, 0: minimum enor (A\ = 0.0001' A\ =

0.002).
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Frc. 8. Plot of V- (rr116 - tr11-6) used for determining (tp -tgn)
and orthoclase content (Or molTo) in K-feldspar. Theoreti-
cal end-members: LA low albire, AA analbite, llVI low
microcline, HS high sanidine (Kroll & Ribbe 1983); o:
maximum enor (Aox = 2. 1, Aoy = 0.0 I 3), 0: minimum e(mr
(A6x = 0.9, AAy = 0.006).

85.0 86.0 87.0 88.0 89.0 90.0 9r.0
q  *  ( " )

Rc. 7. Plot of c,' - t' used for determining (tp - tp) in
K-feldspar. Theoretical end-members: LA low albite, LM
low microcline, AA analbite (Ikoll & Ribbe 1997); o:
maximum error (Aox = 0.09, Ao, = 0.09), 6: minimum enor
(AE* = 0.64, 16, - 9.*r.

,f
tro* trm

t ro t rm

Ftc. 9. Triangular plot of the distribution of Al in tetrahedral sites in K-feldspar specimens in the manner of Stewart & Wright
(1974, Fig. 8). The path of Al-Si ordering in some of those authors' sodium feldspar, where the Al moves to r1o in equal
proponions from t1m, t2o and tztn, is indicated by the continuous line starting at the tto vertex. Samples of intermediate
microcline are ordered according to the model in which the Al moves to tlo from tlrr? approximately four times faster than
from t2o and t2m (dotted lines). The straight.verrical line, along which tp = tgn, represents monoclinic feldspar. All paths of
ordering are taken from Stewarr & Wdghr (1974).
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03
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r d

t 1 o  +  t p n

Frc. 10. Plot of (tlo + t{n) versus (tp - trm) for K-feldspar
showing one-step and two-step ordering paths in alkali
feldspar @ggleton & Buseck 1980).

above, the Sr content of both feldspars decreases @ig.
12) as crystallization of the pegmatitic units proceeds
(Shmakin 1979). It must be pointed out that all the
feldspars from the Di6resis quarry present Sr contents of
more than 100 ppm. The Cs values are normal for
feldspars frompegmatitic outcrops, according to the data

of Smith ( I 974). The B a content of the K-feldspar shows
a slight decrease from border to center ofthe pegmqite.
Thisis also clear in the Ba/Rb ratio, which varies from
I 88 for the border zoneto249 in the internal zone ofthe
pegmatite. Similar data also were given by Shmakin
(1979) and eem! et al. (1984).

The Pb, as in most feldspars (Smith 1974)' shows no
definite pattern of behavior. Attention should be drawn
to the high U content, which can reach 16 ppm in the
central zones of the Cerro de la Sal quarry. These values
are much higher than those given by Smith (1974), who
suggested that they may be present as impurities. The Y
content is clearly lower than the data reported by Carl
(1962). Finally, the Au values (up to 6 ppm in Di6resis
and 5 ppm in Pefla Grajera) are slightly higher than those
given by Tilling er al. (1973) as normal for granitic
pegmatites.

Cluster and correlational statistical analyses were
carried out to study the relation between the structural
and chemical parameters (Table 7, Fig. l5). The results
ofthese analyses (Table 7) show values coherent with
the other observations made and reveal the importance
of A12O3, which is closely connected to the cell parame-

ters (c, o,9 ofthe K-feldspar, and also to the distribution
parameters (tp, t1m,2tr).The values obtained for P2Ot
ihow identical results, due to its behavior parallel to that

tAaIA 5. TNTERNAL STRAIN INDEX AND @!C!ENA OT OBTSOCLASE COI,IPONEIC! II{ PSRTEIIIC SBII)SPAR

tx

a .  t .

ca-1bs |  0.058
c8-1sr + 0.054
cs-l l r  + 0.055
c5-213 + 0.096
FO-lb, + 0.076
PO-2br -  0.063
PG-1i.2 -  0.0?1
9c-2Lz - 0.063
PC-3ir  -  0.0?1
Jc-lbz -  0.074
Jc-2bz - 0.049
.tc-lrz + 0.154
Jc-1lz -  0.060
JC-2Lg - 0.054
D-lDz - 0.055
D-2\z a 0.044
D-3nz - 0.066
D-4nz r 0.0?5
D-snz - 0.054
D-6nz 1 O.O22
D-?^z -  0.059
O-l j -r  + 0.082
u-2lz -  0.004
ul- l ls + 0.040
c-laz f  0.080
T-lnz -  0.066
tA-lnz -  0.062
tAR-lnz 1 0.080
VA-lnz + O.L27
VAc-Lnz r 0.099
Vlr- l iz + 0.068
Al,- lnr + 0.031
F(Fhz - 0.108

0.9539 0 .9644
0.9580 0 .9681
0.9394 0 .9501
o,9324 0.9424
o.9072 0 .9182
0.9286 0 .9392
0.9498 0 .9604
0.9399
0.9309 0.9417
0.9455 0 .9562
1.0000 1 .0000
0.92a5 0 .9389
o.9447
0.9603 0 .9705
0.9638 0 .9739
0.9314 0.9425
0.9180 0 .9285
0.9313 0 .9420
0.9700 0 .9799
0.9235 0 .9343
0.9933 1 .0000
o.9027 0.9133
o.9437 0.9542
0.9496 0 .9600
0.9360 0 .9467
1.0000 1 .0000
0.9490 0 .9595
o.924A 0.9355
0.a913 0 .9018
o.9249 0.9355
0.9163 0.9272
0.9182 0 .9290
o.924L 0 .9348

0.9565 0 .9656
0.9607 0 .9698
o.942A 0.9509
0.9355 0 .9441
0.9111 0 .9146
o.9323 0.9399
0.9529 0 .9614
o.9432 0 .9519
o.9342 0.9425
0.9492 0 .9573
1.0000 1 .0000
0.9319 0 .9402
0.9958 0 .9955
o.962A 0 .9719
0.965a O.9752
0.9349 0 .9432
0.9215 0 .9298
0.9346 0.9429
o.9722 0 .9414
o.9272 0 .93s2
0.993a 1 .0000
0.9065 0 .9147
o.9464 0 .9556
o.9524 0 .9615
0.9392 0 .9479
1.0000 1 .o0oo
0.9518 0 .9606
o.92A2 0.9359
0.8951 0 .9028
o.92A3 0 .9366
0.9199 0 .9276
o.9224 0.9304
o.9277 0 .9360

0.9682 0.9626
o.9126 0 .9635
0.9537 0 .9540
o.9469 0.9689
0.9211 0 .9940
o.9429 0.9500
0.9643 0.9296
o.9295 0 .9118
0.9450 O.9296
0.9600 0 .9206
1.0000 0 .9490
0.9428 1 .0000
0.9180 0 .9 la l
o .9746 0 .9735
0.9780 0 .9727
o.9455 0 .9659
0.9320 0 .9409
0.9454 0.9702
0.984s 0.9729
o.9378 0.9497
1.0000 0 .9605
0.9165 0 .930?
0.95a! .  0 .9516
o.9642 0.9863
0.9502 0 .9608
1.0000 0.9409
0.9636 0 .9s37
0.9390 0.9732
0.9045 0.9794
0.9390 0 .9689
0.9302 0 .9581
o.9324 0 .9505
0.93A5 0.9324

2.947
1.419
1.986
5.544
3.442
5.3L0
9.612
8.803
3.486

- : . 0 . 8 9 0
-  10 .047
a 11 .503
-  11 .204
-  2 .437
-  3 .169

-  3 .498
r  3 . 5 6 6

-  0 .405
-  9 .277
{  4 .?05

.  0 .830
+ 4 .046
-  15 .?73
- 4.022
r  3 . 9 5 1
r  8 .985
r  s .944
|  2 .A93
l  0 .1?3
- 20.032

t. Inteaal stral! !.!dq65r Aa s after 8t*ar! & tirtght (1974). S.r. o after l(ro11
& i tbb€ (198?).

It. golLd soiutLoi c@tEBltiod in r-f,eldslE f,@ t-ray data foudlBg-cbe Bod€la of,
L) Italdbas a tn@on (f968) (coapsltions escirated f!@ c€ll ?ol@)-. -
Zi rroff e n$be (r3as! icorigittons eEtsl@ted fa@ cet1 vol@ for K-f€ldFrs 'itb

6tnotural state bter@dlat€ or c@Pldely uDl|om).
3) Rroll A Rl."bbo (f9a3) (c@lDsltLons estt@ted fr@ @ll Yol@ for LA-il| stidl '
/t, iroll et €J. (1986) (c@tEsltiong €stl@ted fr@ co:.L rcll@, .
5t  Edl6 (1986) (c@tbslt loat est lEated f@ ceII  rc l le}.
6) E@lE (1986' (c@IDEltr .oDB ast lGted lr@ d ula).

galple legadr @ rable 3.
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94.0

Flc. ll. Strain index (S.I.) in K-feldspar (Kroll & Ribbe
1987). Unstrained K-feldspar: LA-LM series (black
squares). AA-HS series (open circles). This stydy: aster-
isks.

of Al. Thus the tendencies toward the center of the
pegmatitic body would indicate an increase in the llo
value and a decrease of ttm utd,2/r. It seems clear that
there is a high degree of correlation between structural
and chemical parameters, and we may therefore consider
the possibilify of evolution toward increasingly ordered
members, with a higher degree of triclinicity in the
successive generations of feldspar that appear.

In order to characterize the different types ofpegma-
tites and estimate their potential for mineralization, we
have represented the values of K/Cs versas Na2O as did
Gordiyenko (1971,1976) (Fig. 16). All the K-feldspar
samples examined plot in the field of the rare-metal
pegmatites and, within this field, most are represented in
the area of pegmatites with Li minerals (except the
K-feldspar from the Pefia Grajera quarry, which plots
the field of pegmatites with Li, Be and Ta minerals).

6.7

8.6

8.5

'.n
vE.e

Ft

8.3

6.2

8 .1

91 .0  91 .5 sz.o 92.5 - 03.0 93.5
b .  c  (A ' )

TAALE 6. CtsEUTCAI, AI{AIy9ES OF UAJOR ELBUAlitIS AND TNACE EI.EMENTS IlT PEAAEITTC K-FEIJ'SPAR AND PITAOI@LASE

Cg-Lbz Cs-Lwz Cg-1i.2 Cs-2lz t€-2bz l,C-lcz pc-3cz Jo-lbz D-3nz D-4nz CS-2bz CS-2rs D-3nz D-9nz
srq  64 . Io  64 .2O 63.80  64 .50  54 .70  65 .30  65 .10
r r q  0 . 0 1  o . o 1  0 . 0 1  0 . 0 1  0 . o o  o . o o  o . o o
ar rq  19 .40  19 .60  19 .60  19 .40  19 .20  19 .30  19 .20
F € p  0 . 0 2  O . O 1  0 . 0 1  O . O 1  O . O 2  O . O 5  O . O 3
r 9 o  0 . 1 0  0 . 1 0  0 . 1 1  0 . 1 0  O .  0 9  O . 1 O  O . O 9
C a O  0 . 0 5  0 . 0 6  0 . 0 4  0 . 0 ?  O . O 1  O . O l  O . O l
N a z o  2 . 9 2  3 . 5 4  3 . 1 9  3 . 6 8  2 . 9 9  3 . 3 3  3 . 2 A
Rp 12.40  11 .80  12 .30  11 .50  12 .50  11 .70  11 .  ?Op r q  0 . 3 8  0 . 4 6  0 . 7 3  0 . 4 8  O . 2 3  0 . 3 1  O . 2 5
L O r  0 . 3 1  0 . 3 1  0 . 3 9  0 . 3 9  0 . 6 2  0 . 3 9  0 . 3 9
sur . t  99 .80  100.20  100.30  100.20  100.40  100.60  100.10

54.80  54 .60  64 .90

1 9 . 0 0  1 9 . 1 0  1 9 . 0 0
0 . 0 5  0 . 0 5  0 . 0 5

o . o 1  0 . 0 3  0 . 0 1
2 . 9 9  2 . 6 2  2 . s 8

t2 .20  !3 .20  L3 .OO
0 . 1 5  0 . 0 4  0 . 0 4
o . 4 7  0 . 3 1  0 . 3 9

99.90  100.20  100.20

72.46  76 .76  76 .A5
27.L4  23 .L4  23 . I5

0 . 0 0  0 . 1 0  0 . 0 0

65.70  65 .20  64 .40  64 .30
0 . 0 2  0 . 0 2  0 . o 2  0 . 0 2

20.90  20 .60  21 .50  21 .90
0 . 0 3  0 . Q 3  0 . 1 3  0 . 2 0
0 . 1 0  0 . 1 1  0 . 1 3  0 . 2 L
0 . 9 9  0 . 8 7  1 . 7 0  0 . 9 2

11.10  11 .00  10 .20  10 .50
0 . 7 5  1 . 1 0  1 . 3 3  1 . 3 4
0 . 1 0  o . s t  0 . 0 4  0 . 0 3
o . 7 7  0 , 6 2  0 . 7 0  1 . 0 0

100.50  100.10  100.20  100.50

4 . O 4  5 . 9 2  7 . 2 4  7 . 4 2
91.44  90 .16  84 .94  AA.29

4 . 5 2  3 . 9 2  7 . e 2  4 . 2 9

35 19 13 32
l r t 9 t L z
16 58 40 60

1 1 1 ?

a2 10 184 307
111 I21 r79 299

23 39  26  39
1 4 L 2 S 1 0

0 . 5  0 . 9  L 2 . 5  3 . 2
<10 <10 <10 <10
<5 <5 <5 <5

10 30 10
3 4 5

4t9 514 458
5 8 7

62 13S 160
590 523 696

13 20 11
24 22 18
< 0 . 5  < 0 . 5  < 0 . 5

<10 12 <10
< 5 6 < 5

10 10 23. 16 10 10
4 4 5 4 4 4

503 525 687 581 663 727
9 S 2 3 1 0 3 1 4 9

25 29 22 10 52 15
209 260 205 24L 205 LO2

la !7 13 1s 16 19
26 22  20  1S 16 12
< 0 . 5  < 0 . 5  1 6 . 8  < 0 . 5  < 0 . 5  < 0 . 5

<10 <10 <10 <10 <10 <10
< 5 < 5 < 5 < 5 5 < 5

Or
Ab
An

B
Be

c9

BE

Pb
U
Y
Au

73.45  68 .45  71 .50  67 .0?  ?3 .41  69 .79  70 .10
26.34  31 .24  2A.LO 32.62  26 .59  30 .2L  29 .gO

0 . 7 1  0 . 3 0  0 . 4 0  0 . 3 0  0 . o o  o . o o  o . o o

4
734

44

L49
t4

<10

A) Ch@ical malyses fr@ the X-Ray A6say LaboratorLea (Toronto, ontuio, Canada)-
*: I" : - : lT?11 c@lbalt lons in t t  t . -_or,  -Ab & An contenc.fn ool t .  Trace el@nt i@poBlt tons in pF@ (Au tn ppb).
rne rour ra6r cor|e dorreg[bnd to Na-fgldglnr ualy6e6. seple regend: ee Table 3-.

CS-3bz C8-3bz PC-3bz pC-3bz pA-2az pe-2cz pa-4cz pc. cz D-1ODZ D-lonz

siq
1rO2
Alrq
FeP
UnO
llgo
CaO
na,o
Kp
PpJ
BaO
auu

or
Ab
AN

64.94  63 .24

1 9 . 1 5  L A . 5 1
n . d .  n . d .

n . d .  n . d .
0 . 1 9  0 . o o

1 1 . 9 4  1 . 5 1
0 . 1 8  1 5 . 2 3
n . d .  n . d .
0 . 0 6  0 . 2 6

9 8 . 0 5  9 A . 7 5

1 . 4 7  9 0 . 9 8
95.99  9 .O2

r . .54  0 .oo

67.92  63 .46
0 . 0 2  0 . 0 0

1 9 . 7 5  1 8 . 7 6
0 . 0 0  0 . 0 5
o . o 2  0 . 0 0
0 . 0 1  0 . 0 0
0 . 2 0  0 . 0 0

1 1 . 4 8  1 . 1 6
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B) -ch@lcal malys€E ft@ Na and.K-phase of the_Ip+httlc alkalt f€1d6pu by Eleetron Mlcroprob€ Analyres.
n.d. - not d€teelnatEd. sanpl€ leqandr ge rabfa l.
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Ftc. 12. Concentrations of P, Rb,
Ba- Cs and Sr content versas
compositional variations in K-
feldspar and plagioclase. val-
ues of mol7, Or are deduced
from chemical data ofTable 6.
The arrow indicates evolution
toward the center ofthe pegma-
titic bodv.

Flc. 13. Conelation plots between
selected trace elements in K-
feldspar (r = coefficient of lin-
ear correlation).

a
a

a

a

t  . .
a

o t s
3

t l  
. . .

a
a

o a

,  . !  , :o i

R b m

6

t
a

! .
a

tt

a
a

a

a
a ---_>.

o
I

t

a
a

a
a

.1, , t

a
a

a
I +

a

a

O

a
a a
a

a

ot-
Ba rr



198 TIIE CANADIAN MINERALOGIST

Ftc. 14. Evolution of K-feldspar and plagioclase composition in the Or-Ab-An triangular plot. The arrow indicates evolution
toward the center of the pegmatitic bodies.

The temperatures resulting from the application of the
two-feldspar geothermometer by Fuhrman & Lindsley
(1988) gave a mean temperature of500o t 30oC.

PETROGENETTC INTERPRETATIONS

The feldspars in the Sierra Albarrana pegmatites
show, to differing degrees, the development of stages of
magmatic, subsolidus or postmagmatic, and hydrother-
mal or deuteric crystallization, according to the termi-
nology ofParsons & Brown (1984).

Thermobarometry, using the biotite-garnet exchange
and plagioclase - garnet - aluminum silicate - quartz
equilibrium, led to Gonzdlez del T6nago & peinado
(1990) to estimate the metamorphic path in which the
thermal peak is reached at 675o + 25oC and 4.9 + 0.5
kbar. These temperatures and pressures conespond to
the upper amphibolite facies of regional metamorphism,
where temperatures of 750o - 625"C were reached,
producing partial fusion and migmatites. Under these
conditions, the first K-feldspar to be formed is disor-
dered and monoclinic (orthoclase). Except for two
samples, disordered K-feldspar was not found. The
metastable persistence of orthoclase in some pegmatitic

bodies (Pefla Grajera and Juan Calvillo) could reflectthe
development of the magmatic stage of Parsons & Brown
(1984), and a relatively rapid decompression, which
would have prevented the inversion to a triclinic feld-
spar. This uplift may be a consequence ofthe distensive
process that affected the region during the Hercynian
orogeny (Quesada & Dallmeyer 1993) and produced
deep fractures parallel to the axis of Sierra Albarrana.
These fractures aided the magmatic activity responsible
for the formation of the Los Pedroches batholith. the
Villaviciosa - La Coronada complex, etc. (Delgado et
a/. 1985, Sdnchez-Curetero et a/. 1990). Although these
processes are not related genetically nor spatially to the
pegmatites, they do indicate the existence ofa distensive
process on a regional scale. This would explain the
prominence of low microcline (without orthoclase) in
these pegmatites compared to most granitic pegmatites.
In the remaining samples, the more ordered monoclinic
K-feldspar and triclinic K-feldspar result from arrested
ordering of the primary K-bearing feldspar, which
occurred as temperature fell and in the presence of
alkali-rich solutions (Stewart & Wright 1974, Eggleton
& Buseck 1980).

Al-Si ordering, inversion of monoclinic to triclinic
symmetry (at approximately 500oC, according to Brown
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Ftc. 15. Cluster analyses between the structural and chemical
parameters of K-feldspar. The similarity criterion used is
the coefficient of linear correlation.

& Parsons 1989) and formation ofperthite took place at
the subsolidus stage. As a result, a triclinic K-rich
feldspar appeared, having an intermediate degree of
Al-Si order (intermediate microcline), accompanied by
the development of vein and braid perthites, as well as
albite-pericline twinning @ig. 5). This K-feldspar com-
monly is pink. The appearance of the tartan twinning in
the microcline is proof of the existence of a monoclinic
precursor. The subsolidus stage, which is widely repre-
sented in the feldspar populations examined here, per-
sisted to temperatures as low as 400.C (Parsons &
Brown 1984). The foregoing agrees with the tempera-
ture 500o t 30"C resulting from the application ofthe
two-feldspar geothermometer (Fuhrman & Lindsley
1988).

At temperatures below 400'C, the hydrothermal stage
took place, with interactions between the feldspar and a
fluid phase. The appearance of feldspar witL a high
degree of Al-Si order (close to the low microcline
end-member) and the development of patch perthite
(Frg. 5) are indicative of this stage, which is clearly
represented in the Di6resis outcrop. This K-feldspar
commonly is white.

THE CANADIAN MINERALOGIST

[ 0  "

1 0 -
1 .

Ftc. I 6. Plot of lVCs against Na2O for K-feldspar of Phanero-
zoic pegmatites. Continuous line: boundary between mi-
caceous pegmatites (3) and rare-element pegmatites ( I ) and
(2). Broken lines: boundaries between different geochemi-
cal series of rare-element pegmatites (l) containing Cs
minerals, (2) containing Li without Cs minerals, ( I 4 1 b, I c)
Li, Rb, Cs, Be, Ta minerals with pollucite; (1d) Li, Be, Ta
minerals without pollucite; (le) sterile bodies (Gordiyenko
1976). This studyi asterisks.
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