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ABSTRACT

The Late Cretaceous Del Salto Pluton is one of the four Late Jurassic to Late Miccene infrusives (hal are recognized
ca. B0 km inboard from the eastemn limit of the Patagonian Bathalith, close to the Chilaan-Argentinian border. The plulon
is a flucrite-bearing biotite syenogranile, except for part of its northeasterm sector, where an alkall feldspar granite contains
a typical peralkaline assemblage composed of relict augile and aegirnine, together with arfvedsonite, ferrorichterite,
astrophyllite, pyrochlore and zektzerite. Mast of these minarals had not been recognized previously, making this the first
example of an alkaling intrusion with a lecal peralkaline facies in this southern part of the continent. These mineral
assemblages are unusual for a subduchion-related margin in which subalkalic magmatism is characteristic. Judging from
its trace elemant compaosition and rare earth element pallerns, the pluton probably reflects the end produst of extrema
fractionation in a within-plate to post-collisional envirenmant. The lack of clear-cut contacls between the rock that contains
the peralkaling assemblage and the biotite syenogranite arquas in favar of podiform bedies in which F-rich selutions have
induced alkalic metasomatism.

Koy wards: Aikalic migral assemblage, Patagonian Andes, Posk-colisional Creflaceous graniles.

RESUMEMN

Rocas peralcalinas en el Plutén Del Salto del Cretacico Superior, Andes patagénicos orientales,
Aisén, Chile (47°35'S). El Piugn Del Salto, de edad Cretacica tardia, aflora en las inmediaciones del limite chileno-
argantino como uno de cuatro intrusivos del Jurasico Superior al Mioceno Superior reconacidos aproximadamentea a 60
km del borde oriental del Batolite Patagénico. Elintrusivo es petrograficamenle helereogéneo, compuesto principalmante
por un sienogranito de biotita y fluarita. En su extrema nororiental se ha recenocido un granito de leldespato alcaling con
augila y asginna relicla, arflvedsonila, feronchterita, astrofilita, piroclors v zektzarita. La mayaria da estos minerales no
habian sido descritos con anterioridad en esta zona, haciendo de ésle el primer caso de una intrusidn alcalina con una
facies peralcalina local, Esta asoclacion mineraldgica es inusual para un margen de subduccién activo, donde un
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magmatisma subalcaling es caractenshco, Considerando la composicion de sus elementos raza v el patron de tigrras
raras, € plulon podria reflejar el producto final de un fraccionamiento extremo &n un ambiente de intraplaca a
postcolizional. La ausencia da contactos definidos entre la asociacion peralealina y el sienogranito de biofita, argumeanta
a favar de cuerpos podiformes en los cuales soluciones ricas en flior han inducido un Metasomatismao alcaling,

Falatras claves: Asoowacion mmeralogen alcating, Ardes Patagooices, Granilos creddeiooes posteolisionales,

INTRODUCTION

Acluster of small to medium size intrusive bodies
oooeurs near the Chilean-Argentinian border, ca. 60
km inboard from the eastern limit of the Jurassic to
Miocene Patagonian Bathalith (Fig. 1), Recent
sludies have discussed its petrography, geochem-
istry and geocchronalagy (Welkner, 1938, 2000},
Based on K-Ar biotite and amphibole, and **Ar**Ar
biotite and K-feldspar dating, it has been subdivided
into the following four plutens and ene dyke complex,
ranging in age from Late Jurassic to Late Miocens
(Table 1, Fig. 2):
= The Sobral Fluton, which extends for 70 km? and
15 143 to 138 Ma old, comesponds to a coarse
grained amphibole-tonalite that crops out in the

southeastern parn of the cluster.

* Tha Callugueo Dykae Complex is a 121 Ma ald
amphibole-biotite diarite to granadiarite swarm with
aMNw trend that crops out north of the Sobral Pluton
and extends for 15 km up to the Glaciar Callugueo.
The thickness of individual subvolcanic andesitic
and dacitic dykes is close to 3 m,

+  The Tranguilo Pluton, with an area of 50 km® and
90 to 84 Ma old, 15 an intrusive complex that crops
aut in the northern part of the cluster, It is made up
of marginal brecciated gabbro (8923 Ma), quartz-
syenile and syenogranite surrounding a quartz-
manzonite to monzogranitic core.
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FIG. 1. Geelogic map of the Patagonian Andes of scuthern Chile showing the selting of Late Jurassic o Late Miocens granitic plutons,

The araa reprasented in figure 2 is outlined with a box
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FIG. 2. Geologic map of the study arca and localion of e Del Salto Plulon samples

*  The Del Sallo Pluten, with an extension of 75
km* and BE to 84 Ma old, corresponds to the western
intrusive of the cluster. It is mainly composed by a
syenogranite but towards its castern margin an
alkal feldspar granite which hosls the peralkaline
minerals studied in this paper was racognized.

*  TheSan Lorenzo Pluton was named after Maunt
SanLorenze 3,708 m, the second highest mountain
in Patagonia. With an area of 320 km” and 6.6 10 5.8
Ma, itis made up mainly of syenogranite that towards
its northern part encloses a monzogranitic mafic
inclusion-rich facies. However, an 89 Ma old grano-
diorite (0. Welkner, unpublished data) of unknown
extension has been sampled in its southeastern
‘Argentinian’ section. Therefore, depending on the
areal extanzion of such Lale Crelaceous intrusion,
the size of this Miocenea unit may be considerahbly

reduced.

All the plutons listed above are epizonal and
emplaced in a Middle Ordovician to Late Permian
metaturbiditic complex (age based on SHRIMP L-Ph
dating of detrital zircons, Thomson et al., 2000) that
is part of the Eastern Andes Metlamorphic Complex
of Hervé (1933} and Herve et al. (1998). The northem
part of the San Lorenzo Pluton also intrudes into
conglomerates, Wwifs and both andesitic and rhyolitic
lavas of Late Jurassic lo Early Cretaceous age
assigned to the Ibanez Group (Welkner, 1993).

Microprobe data from the alkalic minerals found
in one of the samples from the Del Salto Pluton,
maostly previously unknown in Chile, are presented
in this paper. A brief discussion on the geotectonic
significance of this highly differentiated and composi-
tionally unusual magmatism follows.
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TABLE 1. K-Ar AND “Ar™Ar AGES FOR THE LATE JURASSIC TO LATE MIOCENE INTRUSIVE ROCKSE.

| Sample Rock l;rptr Mineral K-Ar AP Data source
i Age WMPA" TFA™ e
| (Ma = 2a) [Ma = 2a) (Ma = 2a) (Ma = 2a)
| Sobral Pluton
| DW-ED.2 Tonalite Bintite 143.21 = 0.76 122902064 143042127 Waelknor (2000
| Dw-Go.2 Tanalite Biotite 143+ 5 Walknar {1333}
DW-B0 Tamalite Amphibole 138 + H Welknor {194559)
Callugueo Dyke Complax
DW-16 Granodiorite Biotite 1213 Welkner {1999
porphyry
| Tranguilo Plutan !
| DW-34 CQuartz monzonite  Biotile 90+ 2 Waelkner [1999)/
D34 Quarz monzanite  Biotita 84,30 = 0,40  B2.88 + 039 Welkner [ 2000] |
Dw-32.1 Gabbro Biotite B9+ 3 - Welkner [1993),
I i
Del Salto Pluton [
373 Syanogranite Biotite 06+ 2 Walkner (1999}
DW-10 Alkali faldspar Amphibale B = 4 Wolknoer (189498)
granite
i San Larenzo Pluton
0379 Manzogranite Bintite BB 205 Welknes { 1595
DW-38 Syenoqranite Biatita G4 =04 Walkner {1593}
Dw-38 Syenogranite Bintite 620 = 012 G192 012 623016 This parpaer
Syoendaqranita 821 ¢ 012 &8585« .52

| D3R

K-feldspar

5.76 = 0.09

Walkner (2000} |

“WhAPA: Weaightad Mean Plateau Age: ** TFA: Total Fusion Age; "I Inverse lsochron Age. K-Ar age determinations were obained
atihe Geochronological Laboratory o the Servicio Nacional de Geologia y Mineria by C. Péree do Arce. The “AGTAr analyses ward

perfarmed at Stardord University by M. Mc Williams.

THE DEL SALTO PLUTON

The Del Salto Pluton is a MNW elongated pluton
composed dominanily of equigranular to porphyritic
biotite-syenagranite. It crops out between the Del

Salto and Barrancos valleys, a few Kilometers
southwast from the coeval Tranquilo Pluton (Figs. 2
and 3).

PETROGRAPHY

Samples -373 and Q-373.1 were collected on
the eastern shoulder of the Barrancos glacial valley
in the western half of the pluton (Fig. 2). The first
sample, dated in 86+2 Ma (K-Ar; biotile), is a biotite-
poor, fluorite-bearing, coarse grained, porphyntic
syenogranite. The second sample is finer-grained,
biotite-rich and has two varieties of perthitic feldspars,

one of which displays deformation lamellag. The
groundmass of both granites contains abundant
ambayed guartz and its texture often resembles a
graphic intergrowth,

A somewhat more heterogeneous lithology 1=
exposed in the eastern half of the pluton, where a
A4+4 Ma K-ar sodic amphibole age was obtained
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DEL SALTO PLUTON

FIGE, 3, View from the southeast of the Del Salto Flulon
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FIG. 4. QAP diagram (based on Le Maitre ef al., 1989) of the Tranquile, Del Salto and San Lorenzo plutons, The corners of the triangle
are Q=quanz, A= alkalifeldspar and Peplagiociase, Field numbers ane: 2ealkali leldspar granite; 3a=syenogranile; 3hemaonzogranite;

4= granodionte; T*= quartz syenitg and &= quanz monzonite.

for sample DW-10, the arfvadsonite-ferrorichterite-
aegirine alkali feldspar granite with seriate texture
(0.1-4 mm) described here in detail. Sample (-335,
on the other hand, is a fine-grained, fluarite-bearing
syenogranite in which feldspar and bictite show
advanced alteration to sericite and chlorite respec-

tively. Its texture is similar to &-373.1.

Whole rock chemical analyses of the four Del
Salto samples have haen plotted, together with data
fram the Tranquilo and San Lorenzo plutons, ina Q-
A-P diagram (Fig. 4). The Del Salto Pluton trend
broadly shows a decrease in quartz and plagioclase
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with increase of K-feldspar. The Tranguilo Pluton,
on the other hand, while contemporaneous with the
Del Salte Pluton, has a trend charactenized by a

lower quartz/feldspar ratic. The San Lorenzo Pluton
trend shows the usual K-feldspar-quartz enrichment
and decrease in plagioclase.

MINERALOGY

The following minerals have been identified in
the alkali feldspar granite (DW-10): quartz {28%),
perthitic K-feldspar (48%), albite (16%), arfvedsaonite
and ferrorichterite (6%), augite (<1%), aegirine,
[=1%]), astrophyllite (<1%), pyrochlore (<1%) and
zeklzente (<1%). Selected microprobe analyses
from the first 5 mafic minerals are shown in table 2,

Aegirine is present as scarce small (0.3 mm) green
crystals nnged by arfvedsonite. tsformulawas calculated
to ba:

Ma,Ca_){Fe~ uFH“ '-;vTi m}l (S, WN -:-1]'105

Another relict pyroxene, more abundant and
farming 1 mmthick crystals, bas an Al-poor augitic
composition:

{CE"I'BWM'IMF[‘."“WJI n-{FE?I u.FEJ' rl"'l'gu'.-r"f ]{al gﬂ{nﬁ}“ mjacu:.

Ferrorichterite partially overgrows all the
pyroxena crystals and most of the arfvedsanite (Fig.
5). The following formula was calculated for this
light green mineral;

1Na 5;""': i
(i, Al Fo*

},,(Ca Na, ).(Ti Fe™ Mg Fe® Mn_)
|'.li}l. ",_'D.‘,?QCI H. MCI !'IE}?

Arfvedsonite, the main mafic mineral, 15 strongly
zoned with a core that has the tollowing formula:

(Ma K ) (Ca Na )T Fe™ My Fe”  Mn
(Si, Al Fa* ),0, (OH, CI ),

o h.‘- (1]

The structural farmula of its pleachraic brown-
bluish to dark blue wide rim (Fig. 6) is:

(Ma |.aK |||} wtca ,"Na,_ J..':I?{AI |||.Ti :4Fe" 7
Mg mFgEIL |2Mn uaL na[S‘i.' n."ﬁ'l |1]eﬂgi{0H1 a;CI '_.-.-'g

The major crystal-chemical difference betwean
rim and core corresponds to the presence of AIY in
the tormer. According to Strong and Taylor (1984),
arfvedsonite in this paragenesis points to a rather
reducing environment.

Astraphyllite is present as abundant late stage
small, tabular to platy, brown to yellow crystals,
usually filling fractures in arfvedsonite (Fig. 8). The

TABLE 2, SELECTED MINERAL ANALYSES FROM THE ALKALI FELSPAR GRANITE OF THE DEL SALTO PLUTON: SAMPLE DW-10.

.[ Mineral Classification  Structural Fermula

5i0, TiD, ALO, FeO MnQ MgQ CaC BaOQ NaQ KO Total

Farrorichierite

1.

am o7.25 |

A, BC T MO (OHF.Cl, 4751 1,35 3528 060 0.29 000 5T4 145

_FE:’I‘nru.’:MHI‘HH ﬁuIH}C}“T;“[}H(OH_F_CI];_ 4r.h3 087 133 3518 (058 0,32 425 007 H7F 126 !-.I.f:i1:
| Ferrorichterite A, BC TMO(OHFC), 4722 159 135 3504 065 045 397 000 587 124 97.12]
L;F\I'I'JHI."F.’!'.IF'II[H [oore) AUIH=C=_“TB”I}H(OH_FIEI]___ 4B R1 242 043 3511 034 ODAR 122 D4 502 1N Hé hH |
| Arivedsonite (core)  A,,B,C,"T,“0,,(OHF.Cl), 4840 096 122 3561 039 037 1.54 006 703 163 9725
| Advedsonite jcore) A BGYTYO(OHFCY, 5012 038 012 3586 050 00 OFE 002 719 166 G711
Arlvedsonite (im) A B.CYT YO (OMFCl, 4828 158 102 3413 056 004 1985 003 727 148 9639 |

Arvedsonite {m) A B.GT,VO_(OHF.CT, 4913 152 092 3360 060 013 188 002 743 142 0886 |

| Arvedscnite (fim) A, B.CT,VO (OHFCI), 4852 149 091 3388 060 009 198 004 746 159 9659
| Arvedsonite fim} A, B.C"TYO_(OHF.CI), 4766 1.76 126 3401 059 017 278 004 EBE 156 0674
Arfvadsanite (rim) .i'l.uII"i:l:];"T’“"'I:'_:Il_ll\..[{:IIH.I-.{:I:l= dE01 151 108 3434 OB2 OOF ZHA 004 713 113 !-.Iﬁ!i:‘:

Arfvedsonite (im) A, B.C,"T0, (OHFCI), 4858 1.41 081 3466 060 006 167 006 770 147 9709 |

| M-poor Augite K¥Z,0, 4783 027 010 2044 07T 005 1900 005 OB8 003 0948
Aggering X¥Z,0, 51.81 271 012 2A45 087 002 OF8 006 12595 000 6720

| Astiophylile WRY.Z.0, 3942 006 480 3016 036 086 270 0.10 008 0.2 a?.auJ

Leake ef al (1997); Monmolo el al, (1988) and Deer ef &/, (1992) were used for the classification of amphiboles, pyroxenes and
astrophyllite, respecively. Microproba analyses wene performod at Rabr Universital, Bochum, with a CAMECA SX50 Microprobe,



ZEKTZERITE

PYROCH LEEIE‘ -
15 mm

formula presented (best total B7.9% oul of Tour
analyzed points) is incomplete because the mineral
was originally misidentified as stilpnomelana, so
fhat Cs. Nb and £ ware nof considerad. The mine-
ral may thus probably correspond to a cesiume-rich

astrophyllite
O 700 MoK )Fe bl T AL @M 7S 0 CH)

Pyrochlore, a cubic mulliple oxide conlaining
niohium, tantalum and titanium, is found as small

ARFVEDSONITE (core)

(150 um)crystals (Fig. &), The bestof the Qanalyses
givas the tollowing composithion

According to this composition, the formula of

this particular pyrochlore, based on 6.5 oxygens s

(Ma, Ca, Ce Nd _La _Fe )(Nb T Si Ta.,)

OH.F )
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Itis a Si-Ti-Ta rich Ca-Nb poor variely, similar lo
species such as Ellsworthite or Hatchettolite
quoted in Dana and Dana (1944).

A mineral with extreme blue cathodolumines-
cence surrounds some of the pyrochlore crystals
(Fig. 8). Both its X-ray pattern and its compaosition
match that of Zektzerite, a double chain silicate with
a period of six ('Sechser-Doppelkette’). Its formula:
Li, Na(Zr,Ti,Hf}Si 0, , may be considered Tuhualite
((Na,K),Fe *Fe *Si O H,0) and, more distantly,
a mamber of the Osumilite Group. The authors' Li-
free analysis is close to the one reported by Dunn el
al. (1977) (Table 3).

Scarca, high relief, brownish, high birefringent

TABLE3.PARTIAL CHEMICAL COMPOSITION OF ZEKTZERITE
FROM THE DEL SALTO PLUTON COMPARED WITH

THAT FROM THE GOLDEN HORN BATHOLITH (DUNN

ot al., 1977).
Oxide Del 5alte Pluton  Golden Harn Batholith
Na,0 483 5.9
Enlll.’l'H B7.13 BR 24

ZrQ 21.41 21.84

minerals with a botryoidal habit may be either Xeno-
time or Yttrialite.

GEOCHEMISTRY AND PETROGENESIS

Chamical composition of the Del Salto and Tran-
quila Pluton granitoids are shown in table 4.

Infigure 7 sample DW-10 plots in the peralkaline
field, consistenl with its mineralogy and high REE
abundance. As seen in table 4, its YREE,,  (505.6
pprm) is roughly twice to three times greater than the
other Del Salte Pluton samples. The Q-335 syeno-
granite plots in the peraluminous field, compatible
with alteration of feldspar to clay minerals and the
consequent loss of alkalis (MNa,0=2.04 wt%% and
K, O0=2.53wt%), while the two western syenogranites
(3-373 and Q-373.1) fall in the metaluminous field,
together with the Tranquilo and San Lorenzo intru-
sives,

Figure 8 shows the REE pattern from the Del
Salto Pluton samples, in which a major difference is
observed in both the LREE and Eu contents. A
moderate (La/Yb), ratio of 10.02 is recognized in
sample DW-10, together with the highest LREE
anrichmaent and a moderate EWEU" negative
anamaly (0.17). Samples Q-335 and Q-373.1 show
similar {La/Yb), ratios (8.17 and 7.57, respectively),
slightly lower than DW-10. The former exhibit a
waak EwEu® negative anomaly (0.70), while in the
latter it reaches a very low value (0.06). The syeno-
granite Q-373 shows a flat paltern with a (La/Yb),
ratic of 1.01 and the most pronounced Ew/Eu”
negative anomaly from all the Del Salto samples
(0.01).

According to Clarke (1992), ‘because granitoid
magmas are slow to ascend and probably undergo

polybaric/polythermal fractional erystallization en
route, and because they almost certainly have
become contaminated with country rocks, they are
no lenger primary and no amount of investigation of
their phase relations is going to help determine the
nature of their source’, Despite these strong draw-
backs the authors will try to advance some comments
on the genesis of the Del Salto Pluton, based on its
geachemistry.

The extremely low Ba (12-50 ppm) and Sr (5-24
ppm) contents of the Del Salte Pluten granitoids
DW-10, Q-373.1 and (Q-373 are compatible with
extense plagioclase and K-feldspar fractionation,
aninterpretation strongly supported by their negative
Eu anomalies. Both the (-335 and the Tranguilo
Pluton DW-34 samples have, on the other hand,
higher Ba and Srcontents as well as amore discrete
negative Eu anomaly, which is consistent with less
teldspar fractionation. Such high Ba and Sr values
have been explained by Hildreth and Moorbath
(1988) in the Central Volcanic Zone by means of
assimilation of Andean cruslal matenal.

In the Ab-(¥+Mb) diagram tar discriminating the
tectonic setting of granites (Fig. 9, Pearce ef al.
1984) DW-10 and the two western samples plol well
inside the Within-Plate Granites field (WPG), (3-335
andthe San Lorenzo syenogranites liein the Valcanic
Arc Granites field (vaG), while the Tranguilo samples
plot on the boundary belween the Within Plate and
Voleanic Arc Granites fields, According to Pearce
{1996}, most of the authors' analyses also plotin the
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TABLE 4. CHEMICAL COPOSITIONS OF REPRESENTATIVE SAMPLES FROM THE DEL SALTO AND TRANGQUILO PLUTONS.

Analyses Q-373 Q-373.1 Q-335 ow-34 DW-10 !
Del Sallo Pulan  Del Sallo Pluton Dol Salto Pluton  Tranguilo Pluton  Del Salto Plutan |
50, 76,98 75.30 72,94 B4.01 7a.z !
ALY 1335 12,35 11.67 14.91 11.37
Ti".'!, 0.09 0149 0.52 0.39 020
i | FeO, .69 a7 .55 1.06 1.41
z | Fed 0.24 0.86 2.87 1.70 213
Cxall 039 34 1.61 1.35 0.43
MgO .02 0.13 1.33 0.57 0.03
M a.m 003 005 0.06 .05
MNa G 4.25 .30 2.04 4,62 503
k.0 4.66 5.96 253 511 450
PO, .05 .05 0.8 0.15 0.05
Lo 012 0.1 349 (.64 044
Total 58,90 98.77 99.78 99.62 99,87
Ba 12 35 RER ABA00 50
Rb 287 08 109 182.00 250
Sr 5 24 HE 206040 15
L 100 56 28 26.00 83
|2 140 132 FhHE 2546 (1) 100 |
! Mo 6 55 11 30,00 116 [
Th % X a8 FU R a0
| Fh 1 15 14 24.00 18
| Zn ar &5 33 SH.00 202
Cu A & 22 10.00 5
| Mi 2 2 19 2.00 2
e | v 5 5 E] 24.00 5
E Cr 24 G 58 B.00 12
| GCo 2 o 110 2.00 2
So 2 2 k| 400 &
La 14.05 BO.BS a2 A7.00 106
Cea 44.5 108 72 98,00 235
Pr 577 13 i £ =
M ZR.7 48.9 33 az.00 a5 |
sm 9.81 10.7 611 5,57 17.74 |
Eu 0,05 .18 1.27 1.03 0.97 |
G 11.85 9.65 5.00 4,31 1667 !
i 09 179 ¥ X ¥ [
Dy 1575 9.93 534 442 1600 [
Ho 325 1.85 1 0.96 3.3
LOEr 908 554 2.55 266 B8.92
| Tm 1.41 o7 . x X ;
| *m 931 5.34 2.61 2.61 7.05 |
| Lu 1.28 077 0,255 041 1.04 |
| YHEE 148.13 2G2.63 161,26 19897 B05 62
|
i {Laiv), 1.01 7467 8.17 12,0 10,02

Eu/Eu* 0.0 0.06 070 O.BA VR

Major and trace elemens, nciuding REE from sampios O-373 and O-373 1, wore anabysed in the chemcal labasalony ol 1he Servico Nacanal de Gadlogia
y Mineria by F. Llora, using both AAS (Perdkin Elmer 4000) and ICP-AES, Rare aarth elemants from DW-10, DW-34 and O-335 (Walkner, 1999) ware analyzed
at 1ha Depariment of Geolagy of the University of Chile by J. Martinez with Parkin Elmar P 400 ICP-AFS YREE considiens only La, Ce.Nd, 3m. Eu. G, Dy,
Mo, Er, Wb, Lu. ol mizaswmed

tield defined as Post-collision Graniles (post-COLG), Figure 10 highlights the decrease on (La/Yh],
a type for which a great range of source materials and Eu anomaly, related to plagioclase and K-
has been proposed. feldspar fractionation in a DW-34, Q-335, Q-373.1
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o (3-373 differentiation sequence for the Tranguila
and Del Salto samples. The authors’ K-Ar data (from
90+2 to B6+2 Ma, Table 1) support this sequence as
constituting a progressive temporal differentiation
trend. The neighbour Tranguile Pluton quartz-

maonzonite, however, has an* Ar ™ Arage of 84.3=0.4
Ma, which is considered more reliable, and hence
may point to a younger age for the entire senes. The
{¥),, increase in the sequence may be explanad by
a lack of amphibole fractionation.
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DISCUSSION

The Late Cretaceous Del Salto Pluton is the firs
example of an alkaline intrusion with a local per-
dlkaline facies described in southern Chile, Its
partially peralkaling composition and alkalic mineral
assemblages are unusual for a subduction-related
margin in which subalkalic magmatism is charac-
ternistic,

The alkali feldspar granite hosting the alkalic
minerals may have formed as a podiform roof coarse-
grain facies, later amalgamated during coaling with
the syenogranitic main mush, thus no sharp contacts
were observed. Both the Tranguile and particularly
the Del Salto Pluton are fluorite bearing and,
according to the authors quoted in Clarke (1992),
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fluoring is held responsible for complexing REEs
and olher HFS elements. The authors thus interpret
that enrichment in these elements was more effective
inthe latter pluton. Considering that the alkalifedspar
granite may have been originated due to this special
F-driven process, it was not taken into account in
the magmatic differenciation trend of figure 10.
Cretaceous plutans from the Patagonian Batho-
lith were emplaced in a crust that underwent a fast
post-intrusion cooling, followed by a decrease in the
rate of denudation which ceased at ca. 12-8 Ma
(Thompson etal, 2001). According tothese authars,
this process could be linked to a slow and extremely
oblique plate convargence at that ime. The Lale
Cretaceous within plate to post-collision granites of
the San Lorenzo area may have been emplaced
during the early relaxalion slage that followed Mid-
Crataceous Andean crustal thickening and margi-
nal basin closure. Suarez and de la Cruz (1987)
recognized Late Cretaceous bimodal volcanism
north of the area, which they interpreled as emplaced
in aback-arc extensional tectonic environment. The
Miocene San Lorenzo Pluton bears a post-collision
character relaled to ridge subduction (Cande and
Leslie, 1986) and its volcanic arc signalure may
correspond to an extensive interaction between

mantle-derived magmas and the crust.

This Late Jurassic to Late Miocene cluster of
small to medium size satellite intrusive bodies, ca.
B0 km inboard from the eastern limit of the coeval
Patagonian Batholith, reflects a long-ived deep
seated control. Magmatic activity that fills the
Palecgene gap in both the Patagonian Batholith as
well as the San Lorenzo cluster has been recognized
east of the area. This magmatism, extending from
the Paleocene to the Pliocensa, includes mafic alka-
line subintrusives, mainly zeolite-rich teschenites
and essexitas (Ardolino et &1, 1999), Though all the
authors agree on their anoroganic character, whether
they were emplaced along a Paleogene nift arin a
transition seclor between the Andean Orogen and
the 'Patagonia Passive Zone' is debaled (Bilschene
ef al., 1991).

The three unaltered the Del Salto granitoids and
all the Tranguilo syenitoids (Le Maitre of al,, 1989)
platin the WPG to post-COLG held of the Rb-(Y+MNb)
discriminant diagram and may thus be interpreted
as extensional types. As post-tectonic granifes are
the most difficult to classify due to their source
variability, these results should be considered as
preliminary. Further support to these propositions
willbe possible, once isotopic data become available.

ACKNOWLEDGEMENTS

The ficld work and geochemistry presented in
this paper was supported by the Aisén Regional
Government. Probe work was financed by the
CONICYT-BMBF Project 'Geodynamic evolution of
the continental margin south of Golfo de Penas,
Chile', led by H.-J. Massonne {Unversity of Stuttgart)
and F. Hervé, A late recogmition of astrophyllite is
also due to the former. The authars are greateful for
the constructive revision by 3.M. Kay (Cornell Lini-
varsity), H. Dall'Agnol (Universidade Federal do
Para, Brazil) and 5. Weaver (University of Canler-
bury, New Zealand), which enhanced the quality of

this paper. The authors are also indebted to A
Willner {University of Bochum, Germany) and P.
Alvarez (Sipetrol) for their kind help with the
microprobe, to L. Cuitife (Servicio Macional de
Geologia y Mineria) for microscopic identifications
and to 0. Medenbach (University of Bochum) for X-
ray determination of pyrochlore and zektzente. M.
Suarez and D. Quiroz (Servicio Nacional de Geolo-
gia y Mineria, Chile) shared two samples from the
Del Salto Pluton. This is a conlnbulion to 1GCH
Froject 436 'Evolution of Gondwana Pacific Margin'.

REFERENCES

Ardoling, A.; Franchi, M.; Remesal, M. Salani, F. 1999 E|
voicanismo en la Patagonia extraandina, in Geologia
Argentina (Caminos, R.; editor). Servicio Geologico

Minaro Argantino, Anales 23, p, 579-612.
Bitschane, P.; Giacasa, R Marquez, M. 1991, Geologic
and mineralogical aspects of the Sarmiento alkaline



D. Wetkner, E. Godoy and H.J. Bernhardt

province in Central Eastern Patagonia, Argentina. fn
Congraso Geoldgico Chileno, No. 6, Actas, Vol 1, p.
328-331. Vina del Mar.

Cande, 5.; Leshe, R, 1986, Late Cenozoic tectonics of tha
southam Chile Trench. Joumal of Geophysical Re-
saarch, Vol 81, p. 471-486.

Clarke, B. 1992 Granitoid Rocks. fn Topics in the Earth
Sciences (Van Andel, T.H.; editor). Chaprman & Hall,
Vol. 7, 283 p.

Dana, J.; Dana, E. 1844, The System of Mineralogy of
James Dwight Dana. InDana’s System of Mineralogy,
Wolume 1 {Palache, C.. Berman, M. Frondel, C.;
editors). John Wiley & Sons, 834 p.

Dear, W.; Howia, R.; Zussman, J. 1992, Aninfraduection to
the Rock-Forming Minerals. Longman Scientific &
Technical, 696 p.

Dunn, P.; Rouse, R.; Cannon, B.; Melen, J. 1977, Zekizerite:
a new lithium zirconium silicata related to tuhualite
and the osumilite group. American Mineralogist, Val,
62, p. 416-420

Hervd, F. 1993, Paleozoic metamorphic complexes in the
Andes ol Aysen, Southern Chile (West of Occi-
dentalla?). In Proceadings of the First Circum-Pacific
and Circum-Atlantic Terrane Conference, p. B4-65,
Guangjuato, México,

Herve, F.; Aguirre, L.; Godoy, E.; Massonne. H.; Morata,
[.; Pankhurst, R.; Ramirez, E.; Sepulveda, V. Willner,
A 1888, Nuevos antecedentes acerca de la edad y las
condiciones P-T de los complejos metamorficos en
Aysen, In Congreso Lalinoamencano de Geologia,
Ne. 10, y Congreso Nacional de Geologia Econdmica,
Mo 6, Actas, Val. 2, p. 134-137. Buenos Aires.

Hildreth, W.; Moorbath, 5. 1988, Crustal contribulions 1o
arc magmalbismin the Andes of Central Chile, Confribu-
fions o Mineralogy and Pelrology, Vol 98, p. 455-
489,

LeMaitra, R.; Bateman, P.; Dudek, A ; Keller,J.; Lamayre,
J.; Le Bas, M., Sabing, P.; Schmid, R.; Sorensan, H.;
Blreckeisen, A Woolley, A.; Zanettin, B. 1989, A
classification of ingeous rocks and glossary of terms:
Recommeandations of tha International Union of Geo-
Ingical Sciences Subcommission on the Syslemalics
of ingeous rocks (Le Maitre, R.W.; editor). Blackwell,
1583 p. Oxiord.

Leake, B.: Woolley, A.; Arps, C.; Birch, W, Gilbart, M.;
Grice, J.; Hawthorne, F Kato, A, Hisch, H.,
Krvowichey, V. ; Linthout, K.; Laird, J.; Mandaring, J.;
Maresch, W.; Mickel, E.; Schumacher, J.; Stephenson,
M.; Ungaratti, L.; Whittaker, E.; Youzhi, G. 19397,

Manuscrpl morrerd: Colober 8, 2001; accepted: Fobrsary 1, 2002

Mamenclature of Amphiboles: Report of the Subcom-
mittee on Amphiboles of the Intermational Mineralogical
Association Commission on New Minerals and Mine-
ral Mames. Minaralogical Magazine, Vol. 61, p. 295-
azt,

Morimota, M., Fabnes, J.; Ferguson, A, Ginzburg, 1,;
RAoss, M., Seifert, F.; Zussman, J.; Acki, K.; Gottardi,
G. 1988. Nomenclature of Pyroxenes: Subcommitias
an Pyroxenes Commission on New Minerals and
Mineral Mames International Mineralogical Associ-
ation. Amernican Mineralogist, Vol, 73, p, 1123-1133,

Pearce, J.; Harrs, N.; Tindle, A. 1984. Trace elemeant
dizcrimination diagrams for the tectonic interpretation
of granitic rocks. Journal of Petrology, Vol. 259, p.
956-983,

Pearce, J. 1996, Sources and setlings of granitic rocks.
Episodas, Vol. 13, No. 4, p. 120-125.

Rollingan, H, 1993, Using geochemical data: evaluation,
presentation, interpretation. Loagman Scienlific &
Technical, 352 p. London,

Strong, D.; Taylor. R, 1984, Magmatic-subsolidus and
oxidation frends in composition of amphiboles from
silica-saturated peralkaling igneous rocks. Tscher
marks Mineralogische und Petrologisehe Mitteilungen,
Vol 32, p. 211-222,

Sudrez, M.; da la Cruz, R. 18587, Cronologia magmatica
de Aysén sur, Chile (45°-48°30'L.5.). In Congreso
Geoldgico Chvileno, No. 8, Actas, Vol 2, p. 1543-1548,
Antolagasta.

Thomson, S.; Hervé, F.; Fanning, C. 2000. Combining
fissicn-track and U-Pb SHRIMP zircon ages to
establish stratigraphic and metamorphic agesin base-
ment sedimentary rocks in southem Chile, In Congre-
s0 Geologico Chiteno, No, 9, Actas, Resumenes Ex-
pandidos, p. T63-773. Puerto Varas.

Thomsan, 5. Hervé, F.: Stéckert, B, 2001, Mesozaic-
Cenozoic denudation history of the Patagonian Andes
(southern Chile) and its correlation to different sub-
ducticn processes. Tectonics, Vol. 20. Mo, 5, p. 693-
T

Welkner, D, 1999, Geologia del area del cerro San Loren-
zo: Cordillera Patagonica Onental, X1 Regidnde Aysen,
Chile {47°25"-47°50°5). Memoria de Titulo {Inédito),
Univarsidad da Chila, Dapartamanto de Geologia,
151 p.

Walkner, 0. 2000. Geocronologia de los plutones del area
del cerro San Lorenzo, X1 Region Aysen. In Congreso
Geoldgico Chileno, No. 2, Actas, Vol. 2, p. 269-273.
Puertn Varas.



