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| ABSTRACT |

The El Crispinejo granite forms part of a small, but distinctive late intrusive suite of cordierite-bearing peraluminous
granites in the South Portuguese Zone (SPZ). This granite has the best outcrop relationships of the suite. It cross-cuts
different members of the Sierra Norte Batholith of the SPZ and the Carboniferous Volcano-Sedimentary Complex
of the Iberian Pyrite Belt, producing contact metamorphism. This late pluton has a high K content which results
in a contrasting geophysical response (K-Th-U) with respect to the surrounding trondhjemitic granitoids of the
TTG suite of the Sierra Norte Batholith. A concordant monazite-zircon U-Pb ID-TIMS age of 300.5 +0.5/-1.5Ma
demonstrates Permo-Carboniferous age for this late Variscan magmatic event. The granite is associated with a
series of ore showings (F-Pb-Zn and Sn-W) which are completely different from the nearby, massive sulphide and
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manganese ore deposits of the Iberian Pyrite Belt, indicating the unique character of this intrusion.

KEYWORDS | South Portuguese Zone. lberian Pyrite Belt. El Crispinejo granite. Radiometric. U-Ph ID-TIMS geochronology.

INTRODUCTION

The South Portuguese Zone (SPZ; Fig 1) of the
Iberian Massif (e.g. Oliveira, 1990) hosts a large
composite batholith known as the Sierra Norte
Batholith (Simancas, 1981, 1983; de la Rosa, 1992).
This batholith is formed essentially by a 350-335Ma
tonalite-trondhjemite-granodiorite (TTG) association,
(Schiitz et al., 1987; Dunning et al., 2002; Barrie et
al., 2002; Diez-Montes and Bellido Mulas, 2008). The
granitoids of the TTG association are intruded by a
discrete group of potassic — aluminous granites such as
El Berrocal and El Crispinejo intrusions (Diez-Montes

and Bellido Mulas, 2008). In contrast to other members
of the Sierra Norte Batholith, these late granites do
not display a subvolcanic texture, but instead show
porphyritic textures with K-feldspar megacrysts. The
granites are peraluminous as evidenced by the presence
of cordierite. They show a very contrasting radiometric
geophysical signature. In addition to intruding on the
trondhjemitic granitoids, they also cross-cut folds and
have produced contact metamorphism in the Devonian-
Carboniferous Volcano-Sedimentary Complex of the
Iberian Pyrite Belt (e.g. Oliveira, 1990; Diez-Montes
and Bellido Mulas, 2008). These field relationships
suggest that these granites constitute a separate, late
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intrusive event, however their age is not known with
precision. The mineralization associated with these
intrusions is also different from the classic massive
sulphide deposits of the SPZ (e.g. Barrie et al., 2002),
and more akin to that observed in peraluminous S-type
granite suites such as those of the Central Iberian Zone.

The EIl Crispinejo granite has clear intrusive
relationships with the surrounding units and one of the
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best outcrop exposures of the suite. This paper provides
a detailed description of the different facies of the
granite, as well as geochemical data and geophysical
images to show the contrasting signature of this
granite with respect to the surrounding intrusions of
the Sierra Norte Batholith. New U-Pb geochronology
demonstrates that this granite is part of a Late Variscan
intrusive event, 50Ma younger than the classic ~350Ma
plutonism the SPZ.
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FIGURE 1. A) Division of the Iberian Massif according to Lotze (1945) with the location of the South Portuguese Zone (SPZ) within the Iberian Massif.
OMZ, Ossa-Morena Zone. CIZ, Central Iberian Zone. LPB, Los Pedroches Batholith. GTMZ, Galicia-Tras-os-Montes Zone. WALZ, West Asturian-
Leonese Zone. CZ, Cantabrian Zone. B) Geological map of the South Portuguese Zone (modified from IGME, 1994).
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FIGURE 2. Geological map from Diez-Montes et al. (1999) of the Minas del Castillo de las Guardas area showing the location of the El Crispinejo granite.
Coordinate system: international ellipsoid, European datum, UTM coordinates. Coordinates of sample U-Pb ID-TIMS, X=731.115, Y=4.176.513.

GEOLOGICAL SETTING

The South-Portuguese Zone (SPZ) constitutes the
southern foreland of the Iberian Massif (e.g. Oliveira,
1990). This external zone has been correlated with the
Rheno-Hercynian Zone of the Variscan Belt in Belgium
and Germany and with the Variscan foreland of the
British Isles (Oliveira et al., 1979; Franke, 1992; von
Raumer et al., 2003). According to Oliveira (1990),
the SPZ is divided into five major domains, from north
to south: Beja-Acebuches “ophiolitic” domain, Pulo
do Lobo antiform, Iberian Pyrite Belt domain, Flysch
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of Baixo Alentejo, and SW Portugal (Bordeira and
Aljeruz antiforms).

Our area of study lies within the Iberian Pyrite Belt
domain. This domain is subdivided into two separate
units, the intrusive Sierra Norte Batholith (SNB) and
Iberian Pyrite Belt (IPB), ss. The IPB contains the
oldest stratigraphic units of the South Portuguese Zone.
It is made (Schemerhon, 1971) of three major units:
the Phyllite-Quartzite Group (PQG), the Volcano-
Sedimentary Complex (VSC), and the Culm Group
(CG). The oldest unit corresponds to the Devonian
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FIGURE 3. Outcrop and macroscopic aspect of the El Crispinejo granite. A) General outcrop, boulder field characteristic of the coarse-grained granite.
B) Macroscopic texture of granite with large quartz and feldspar crystals (scale major unit: cm, minor unit: mm). C) Porphyritic facies with K-feldspar

megacrysts. D) Macroscopic texture of granite with cordierite prisms (Crd).

shales, sandstones, greywackes, quartzites and minor
conglomerates of the PQG. The VSC is Upper Devonian
to Lower Carboniferous in age and consists of a
submarine volcano-siliciclastic sequence with abundant
basalt, dacite and rhyolite intercalated with volcano-
sedimentary and epiclastic rocks, sandstone, shale and
red jasper. Rocks of andesitic affinity are abundant in
this group within the northern half of the IPB domain.
The youngest unit is the Carboniferous CG, which is
a thick turbiditic sequence of shale, greywacke and
conglomerate.

The SPZ has evidences of major magmatism, which
is represented by the volcanic rocks of the VSC (Munh4,
1983; Mitjavila et al., 1997) and the plutonic rocks of
the SNB (e.g. Simancas, 1981; Schiitz et al., 1987,
de la Rosa, 1992; Diez-Montes and Bellido Mulas,
2008). The SNB intrudes Devonian rocks of PQG and
has complex relationships with the volcanic rocks of

Geologica Acta, 15(4), 429-442 (2017)
DOI: 10.1344/GeologicaActa2017.15.4.11

the VSC, due to the subvolcanic nature of some of the
intrusions (Simancas, 1983). Two main intrusive suites
make the Sierra Norte Batholith. Gabbros and diorites,
with associated ultramafic cumulates, constitute the
first suite. The second suite, and the one with largest
areal extension, is a set of subvolcanic intrusions of
tonalite, trondhjemite and granodiorite. The age of
these intrusions range from 356 to 330Ma (Kramm et
al., 1991; Barrie et al., 2002; Dunning et al., 2002;
Braid et al., 2012). A small separate set of discrete
peraluminous, S-type granitoids known as EI Berrocal
and Navahonda granites (de la Rosa et al., 1993) and
the El Crispinejo granite (Diez-Montes and Bellido
Mulas, 2008) constitute the last intrusive pulse of the
SPZ. The Berrocal granite has a reported Rb-Sr age
of 300 =+ 6Ma (Quesada et al., 1989). The Berrocal
granite intrudes Lower Carboniferous strata and is
locally overlaid by the sediments and volcanic rocks
of the late Stephanian-Autunian El Viar basin, while
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the Navahonda and Crispinejo granites also intrude
the TTG suite of the Sierra Norte Batholith.

El Crispinejo granite

The El Crispinejo granite is located to the northwest
of the village of Minas del Castillo de las Guardas
(province of Seville). It is a small (ca. 2km?) plutonic
body of porphyritic granite, which intrudes the granitoids
of the TTG series of the Sierra Norte Batholith (Figs. 1
and 2). Weathering of the granite results in a topographic
low, which is crossed by El Crispinejo stream. The
granite crops out quite well in the vicinity of the stream
(Fig. 3), forming metric boulders with subangular shapes
due to a well-developed joint system. When fresh, the
rock has a white to light grey colour, and ranges from
medium-coarse (5-7mm) to medium (2-5mm) grain size.
The medium-size facies occupy the northern portion
of the pluton, near the intersection of the El Crispinejo
and La Siguereja stream, while the coarser facies are
observed in the southern portion of the intrusion. The
porphyritic character of the intrusion is given by the
presence of dispersed, tabular (2-4cm x 1cm), K-feldspar
megacrystals with a 10-20cm? spacing between them
(Fig. 3). The two-micas granitic groundmass range from
medium-coarse (5-7mm) to medium (2-5mm) grain
size. A very distinctive character of this intrusion is
the presence of cordierite prisms up to 10mm in length
(Fig. 3D), which is quite unique among intrusion of the
SPZ. The facies with medium-size groundmass occupies
the northern portion of the pluton, near the intersection
of the El Crispinejo and La Siguereja stream, while the
coarser facies are observed in the southern portion of the
intrusion.

Along its southern border (Fig. 2), the granite intrudes
rocks of the VSC, generating contact metamorphism

Geochronology of El Crispinejo cordierite-bearing granite

(Fig. 4). Cordierite blasts are produced in the pelitic
members of the surrounding VSC. The granite also
cuts minor folds in the VSC suggesting that it is a late
intrusion.

The granite is associated with two separate ore
showings (Garcia-Cortés, 2011). The most significant
one is the “Los Angeles” mine, a F-Pb-Zn prospect
formed by quartz veins filling a fault gauge with 0.5 to
1.5 meters thick, and up to 2km long. The other prospect
is located within the granite, near its southern boundary
with the rocks of the VSC. It consists of a set of 15 to
45cm thick and 6 to 8 meters long veins with Sn-W
mineralization.

Petrography

The El Crispinejo granite presents a porphyritic
hipidiomorphic texture. The megacrystals are of tabular
K-feldspar (2-4cm x 1cm). The groundmass ranges from
medium-coarse (5-7mm) to medium (2-5mm) grain size.
The major minerals are quartz (40-45%), K-feldspar
(30-35%), plagioclase (15-20%), biotite (3%) and
muscovite (2%). Cordierite is also present but in smaller
proportion (<1%). Zircon, monazite, apatite, tourmaline
and opaques occur as accessory minerals. Secondary
minerals include chlorite, titanite, K-feldspar, ilmenite,
biotite, muscovite, pinnite, sericite, sagenitic rutile,
calcite and epidote.

The quartz crystals generally have anhedral to
hypidiomorphic rounded shapes, with occasionally well-
developed crystal faces; some have round embayments.
The crystals are monocrystalline or display irregular
subgrains with normal and ondulose extinction, and
exhibit biotite and plagioclase inclusions. Occasionally,
rounded quartz can be up to 7-10mm in diameter.

FIGURE 4. Contact metamorphism of the El Crispinejo granite. A) Blasthesis of cordierite in pelitic lithologies of the Vulcano-Sedimentary Complex (VSC).
B) Microphotograph of a cordierite blast.

Geologica Acta, 15(4), 429-442 (2017)
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FIGURE 5. Microtextures of the El Crispinejo granite. A) K-feldspar phenocryst with Carlsbad twin, film-type perthites and quartz inclusions. The
cracks of the phenocryst are filled with white mica. B) Detail of film-type perthites and plagioclase, biotite, quartz inclusions defining a Frasl texture
in a K-feldspar megacryst. C) Textural aspect of the granite with plagioclase partially retrogressed to sericite. D) Plagioclase crystal with polysynthetic
twin and a weak concentric zonation. Biotite inclusions are disposed parallel to the concentric zonation. E) Cordierite crystal (center) with a fresh
core and a retrogressed rim. F) Prismatic section of a cordierite crystal completely retrogressed to a mica aggregate. (Qtz: quartz; Bt: biotite; Kfs:
potassic feldspar; PI: plagioclase; Crd: cordierite).

Geologica Acta, 15(4), 429-442 (2017) |434]
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The K-feldspar crystals occur as large megacrystals
and in the groundmass of the porphyritic granite. They
display tabular hypidiomorphic shapes with microcline
and Carlsbad twins (Fig. 5A), and “film” and “vein”
perthitic textures. The K-feldspars are rich in inclusions
of quartz, biotite and plagioclase. These inclusions are
often disposed parallel to the borders of the megacrysts
(Fig. 5B). Where the K-feldspar crystals are in contact
with each other, there is intergranular, polycrystalline,
plagioclase in interstitial position. The plagioclase
crystals are hypidiomorphic showing polysynthetic
twins and occasional concentric zoning (Fig. 5D).
When zoned, the core of the plagioclase crystals is
retrogressed to a very fined grained aggregate of sericite,
epidote and calcite. Biotite is present in the groundmass
as forming aggregates of 3 to 6 crystals. It has a
hypidiomorphic shape with reddish brown to yellow
brown pleochroism (Fig. 5C), and displays zircon and
monazite inclusions. The biotite is variably altered and
transformed by chloritization. Muscovite occurs in the
groundmass as euhedral crystals, suggesting a primary
origin. It also occurs as anhedral crystals with biotite
inclusions and as anhedral inclusions in the twins and
exfoliation planes of K-feldspar, indicating a secondary
origin. Although, not a major mineral, cordierite can be
observed as hypidiomorphic and euhedral prims up to
10mm in length (Fig 5E). Often it is retrogressed, but
fresh crystals are also preserved. When retrogressed
cordierite is transformed by pinnitization or transformed
to a mica aggregate (muscovite+biotite+chlorite)
(Fig.5F).

Geochemistry

Major and trace element analyses were done
in five representative samples from El Crispinejo
granite (Table 1). This also includes samples AD9035
and AD9036 from Diez-Montes et al. (1999). For
comparison purposes, in order to show the difference
between this granite and surrounding granitoids of the
Sierra Norte Batholith, samples from the country rock
trondhjemitic granitoids are displayed in the diagrams,
these data are from Diez-Montes et al. (1999). All the
analyses, including sample preparation, were done at
the IGME laboratories. Major elements were done by
XRF and AAS (Na). The trace element analyses were
done by XRF on press-pellets using pro-trace software,
while the REE’s were done by ICPMS on fused pellets.

This granite has a high but narrow range of SiO,
content (73.64-75.28%; Fig. 6). The sample shows
a very small compositional variation with low CaO,
Fe,O;' and MgO values. According to the major element
classification scheme of Middlemost (1994; Fig. 6),
the samples plots in the granite field. The cordierite-

Geologica Acta, 15(4), 429-442 (2017)
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bearing El Crispinejo granite has the classic mineralogy
of S-type peraluminous granites (Chappell and White,
1974). The peraluminous character is confirmed by an
alumina saturation index (ASI) between 1.1 and 1.3, and
the presence of normative corundum (1.5-2.8).

The granite has a moderately fractionated chondrite-
normalized REE pattern (Fig. 7A; La/Yby=5.9-9.18),
with an enrichment in LREE (La/Smy= 3.52-3.96), a
negative Eu anomaly (Eu/Eu*=0.37-0.67) and almost flat

TABLE 1. Geochemical data for the EI Crispinejo granite (IGME
laboratories)

SAMPLE 939-1 939-2 939-3 AD9035 AD9036

UTM Coordinates. System ED50. 29S
Coord. X 731.115 730.562 731.129 731200 730.270

Coord. Y 4.176.513 4.177.389 4.176.660 4.176.640 4.177.760

SO, 74.95 73.61 73.04 7358 73.30
TiO, 0.18 0.27 0.20 0.18 0.14
Al,05 13.60 14.24 14.64 13.80 14.15
Fe,0O4 1.64 2.15 1.86 1.52 1.18
MnO 0.06 0.05 0.06 0.05 0.05
MgO 0.50 0.50 0.50 0.33 0.31
Ca0o 1.10 1.23 0.82 1.12 0.85
Na;O 3.23 3.40 3.46 3.42 3.58
K,0 4.41 3.56 4.69 4.48 4.26
P,0s 0.10 0.10 0.10 0.10 0.13
Lol 0.55 1.00 0.86 0.67 0.91
TOTAL 100.31 100.11 100.23 99.25 98.86
Sc 48 5.2 5.3 5 4
v 7.8 14.6 9.2 5 7
cr 0 0 0 17 10
Co 0 0 0 1.2 1
Ni 0 0 15 19 18
Cu 0 0 0 0 16
Zn 16.2 20.5 24.9 42 32
Ga 18.5 212 205 23 20
As 4.7 11.9 54 7 57
Rb 252.6 240.8 280.6 308 243
Sr 100.6 131.2 95.1 115 125
Y 233 28.1 255 27 22
zr 93.1 126 110.4 109 65
Nb 10.9 12.4 12.2 12 8.9
Mo 0 0 0 4 0.4
Ag 0 0 0 0.7 0.5
Sn 5 6.6 5.1 7.7 10
Sb 0 0 0 0.32 0.17
Cs 15.9 23.5 14.7 18 17
Ta 0 0 3.1 2.46 1.93
Ba 2933 228.8 316.2 379 300
La 27.9 33 33.7 30.8 18
Ce 57.2 68.5 69.7 61.8 36.5
Pr 6.52 7.9 7.99 6.9 3.74
Nd 235 28.3 28.6 28.2 15.3
Sm 4.86 5.77 6.03 49 3.17
Eu 0.66 0.79 0.66 0.603 0.672
Gd 4.38 5.2 4.97 5.09 3.05
Tb 0.7 0.82 0.8 0.84 0.57
Dy 4.31 5.08 4.75 4.29 3.38
Ho 0.83 0.98 0.88 0.82 0.68
Er 2.41 2.99 2.7 2.79 1.98
Tm 0.36 0.42 0.4 0.438 0.318
Yb 2.53 2.86 2.48 2.58 2.06
Lu 0.36 0.4 0.35 0.38 0.301
Hf 0 0 0 3.9 2.3
w 0 0 3 1.1 34
Tl 0 0 2.8 2.26 1.57
Pb 38.6 34 40.2 65 64
Th 16.1 17.8 19.7 17.7 9.11
u 0 6.7 6.2 10.1 7.61
Ge 2.1 2.2 2 2.3 2.3
|435|
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FIGURE 6. TAS diagram by Middlemost (1994).

HREE (Gd/Yby=1.2-1.6). When normalized to “Primitive
mantle” (Sun and McDonough, 1989; Fig. 7B), the pattern
shows significant negative anomalies in Ba, Nb, Sr,
Eu and Ti, that could be attributed to fractionation
of plagioclase, K-feldspar and biotite, and positive
anomalies in Th and U.

The El Crispinejo granite is, therefore, enriched in
K,O, Rb, Th and Ta, and has average to low values of
Zr, Hf, Sm, Y, Yb and Sr and a peraluminous character
typical of collisional granites (Pearce et al., 1984;
Harris et al., 1986; Pearce, 1996a). The granite tectonic
discrimination diagrams of Pearce et al. (1984, 1996b;
Fig. 8) show that while the trondhjemitic granitoids of
the SNB plot at the boundary of the volcanic arc (VAG),
within-plate and ocean-ridge (ORG) granite field, the
El Crispinejo granite plots in a separate position at
the boundary of the syn-collisional —VAG field. This
position is typical of collisional granites (Pearce et
al., 1984; Pearce, 1996b), as confirmed by the Rb-Hf-
Ta diagram of Harris et al. (1986; Fig.8C). In the Nb/
Ta-Zr/Hf diagram of Ballouard ez al. (2016; Fig. 8D)

TABLE 2. U-Pb geochronological data, EI Crispinejo granite

Geochronology of El Crispinejo cordierite-bearing granite

the granite plots in the field of the Sn-W mineralized
granites. So, the geochemistry of the granite confirms
the field and petrographic observations that conclude
that it is late- to post-collisional, peraluminous, S-type
granite with associated Sn-W mineralization.

Geophysical data

The radiometric data is part of a geophysical flight
done in the Iberian Pyrite Belt between November
1996 and April 1997 with a spacing of 250 meters
and a nominal height of 80 meters. These data are
available from the Geophysical Information System of
IGME (SIGEOQF; http://info.igme.es/sigeof/). The lines
corresponding to the %K, ppm Th and ppm U were
processed at the unit of geophysics and remote sensing
of IGME. The images of the potassium concentration
and the ternary (combination of U, Th and K)) do provide
a strong contrasting signal with the surrounding country
rock. The image of the potassium concentration shows a
clear positive anomaly with values over 6% that match
the outline of the granite mapped in the field (Fig. 9).
Along the northern boundary, the anomaly goes beyond
the mapped area suggesting that the granite extents a
little bit further up. On the southeastern corner of the
granite, the anomaly is weak due to the fault contact
between the granite and gabbro-diorite with a lower
radiometric response. The central part of the granite
also shows strong Th (>21ppm) and U (>5ppm)
positive anomalies (Figs. 9B and C). The same type
of geophysical anomalies has been observed in the
Berrocal granite (Bellido et al., 2006), a similar S-type
peraluminous granite located in the NE sector of SPZ.

U-PB ID-TIMS GEOCHRONOLOGY

A sample was collected from the central part of the
El Crispinejo granite for U-Pb dating (star in Fig. 2).

Concentration Isotopic ratios Age
Weight U Pb Pb 209Pb" 29%pp  29Ph % 2Pb % 27Pb %  Pb  2Pb 2P

Fractions (mg) (ppm) (ppm) (pg) 2*Pb 2%Pb 28U err PU e PPb err U  BU  Pb  Rrio
4009-4

M1(6 Mnz xtals) 00034 5425 1962 411 1365  7.083 004772 021 03445 067 005236 062 3005 3006 3013 037
M2 (6 Mnz xtals) 0.0034 6552 1548 198 315.6 4424  0.04771 021  0.3445 0.26 0.05234 0.26 300.4 300.4 300.2 0,81
M3 (7 Mnz xtals) 00040 5508 1708 187 2889 6278 0.047096 0.60 03412 423 005254 394 2967  298.1  309.0 0.54
Z1 (5 small Zrn prisms) 0.0040 311 39 101 550  0.089 0047439 124 03424 261 005236 220 2988 2990 3010 0.55
Z2 (2 large+3 small Zrn) 0.0050 344 16 28 195.5 0.124 0.045896 122 03301 235 0.05217 1.93 289.3 289.7 2929 0.57
Z3 (8 small Zrm prisms) 0.0060 294 15 5 9575 0202 0047162 0.65 03408 093 005241 0.64 297.1 2978 3034 071

M (Mnz): monazite; Z (Zrn): zircon. Large (ca.100um long), small (ca.50um long) Number of crystals (xtals) in each fractionis given within brackets. Pb (pg), total common Pb
blank. *Measured ratio corrected for blank and fractionation. Atomic ratios corrected for fractionation (0.11+£0.02% AMU Pb; 0.10+£0.02% AMU, U), monazite spike (***Pb-*U),
zircon spike (BSU-1B spike, 2°Pb-*3*U-?**U, courtesy MIT lab), laboratory blanks (6pg Pb; 0.1pg U) and initial common Pb after Stacey & Kramers (1975). Errors are at the 2-

sigma level. Data reduced with PbMacDat (Isachsen et al., www.earth-time.org).
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The sample was processed and dated using the U-Pb
ID-TIMS method at IGME laboratories. Monazite and
zircon were selected for analyses after rock crushing
and mineral separation, dissolved, and the U and Pb
chemically separated using the techniques described in
Valverde-Vaquero (2009). For monazite isotope dilution
(ID) analysis a 2Pb-2»U spike was used; while for
zircon analysis a 2°Pb-?**U-2%U spike (spike BSU-1B,
courtesy of the MIT laboratory) was used. In case of
zircon, the crystals were pretreated with the chemical
abrasion method of Mattison (2005) before dissolution.
Isotopic relationships were measured with a Triton
multicollector TIMS mass spectrometer equipped with an
axial secondary multiplier ion counter. Pb was measured
in the 1300-1500°C temperature range and uranium was
measured as dioxide at temperatures between 1450-
1600°C (for further details see Rubio Ordoiiez et al.,
2012). The artificial Earthtime 500Ma solution was
used to test the calibration of both spikes and the oxide
correction in the case of uranium measurements with the
triple spike, assuring accuracy within 0.1% in all cases.
The data was processed using the Pb MacDat spreadsheet
of Isachen et al. (2007). All reported isotopic ratios are
corrected for mass fractionation (Pb 0.11+0.02% AMU,
U 0.10+0.02%), blank (2-5pg Pb, 0.1pg U) and initial
common Pb. U-Pb diagrams and age calculations were
done with ISOPLOT (Ludwig, 1999).

A total of three monazite and three zircon fractions
were analyzed (Table 2). All fractions are concordant
to subconcordant, overlapping the Concordia curve
between 300 and 290Ma (Fig. 10). The six fractions
define a Discordia line with an upper intercept age of
300+3Ma. This upper intercept age is anchored by two
concordant monazite fractions with a “Concordia age” of
300.5+0.5Ma (Fig. 10). The other monazite fraction, which
had measurement problems during mass spectrometry, is
slightly discordant. The zircon fractions are also slightly
discordant, suggesting that minor secondary Pb-loss was
still present, despite the chemical abrasion. Fractions Z1
and Z3 are collinear with the Discordia line, fraction Z2
is slightly off to the left but within error. Considering the
whole data set, the two concordant monazite fractions
with an age of 300.5+0.5Ma provide the best age estimate.
However, in order to avoid underestimating the error, we
prefer to expand the lower error to include an overlap
with the centroid of zircon fraction Z1, and quote an age
of 300.54+0.5/-1.5Ma as our most accurate estimate for
the age of granite intrusion.

DISCUSSION

The new data on the El Crispinejo granite indicates
the presence of a distinctive peraluminous, S-type,
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granite suite of Permo-Carboniferous age in the SPZ.
The 300Ma U-Pb age of El Crispinejo confirms a
reported Rb-Sr age 300+6Ma for El Berrocal granite
(Quesada et al., 1989) This suggests that in addition to
El Crispinejo, this granite suite includes the Navahonda
and Berrocal garnet-bearing monzogranites of De la
Rosa et al. (1993). As shown by De la Rosa et al. (1993),
these granites have high (¥Sr/*Sr;0y,) signatures
(0.718 to 0.729) very different from the 330-350Ma
granitoid suites of the Sierra Norte Batholith (0.703
to 0.708). The Crispinejo granite shows Nb/Ta and Zr/
Hf ratios that coincide with those of the peraluminous
granites associated with Sn-W mineralization, which is
consistent with the Sn-W ore prospect associated with
this granite.

The El Crispinejo-Berrocal-Navahonda peraluminous
granite suite resembles some of the Sn-W mineralized
peraluminous granites of the Central Iberian Zone (CIZ).
For example, some peraluminous granites of the Central
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FIGURE 7. Multi-element diagrams showing the comparison between
the El Crispinejo granite and the trondhjemitic granites of the SPZ.
A) Chondrite-normalized Rare Earth element pattern. B) Primitive
mantle-normalized trace element pattern. The crosses represent
samples from the El Crispinejo granite. The four-point start pattern
represents an average value of the trondhjemitic granite of the SPZ.
Normalizing values after Sun and McDonough (1989).
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Extremadura Batholith, like the Logrosan granite,
have a highly radiogenic initial Sr isotopic signature
(¥S1/*8Sr 300Mm4) 0.7125-0.7286; e.g., St data in Chicharro
et al.,2014). It should be noted that in the CIZ the Sn-W
mineralization occurs both in S-type and I-type granites,
although these latter granites show less radiogenic Sr
signatures (see Neiva, 2002). It is generally accepted
that these peraluminous granites are derived from partial
melting of crustal metasedimentary sources similar to
the Neoproterozoic Schistose Greywacke Complex (e.g.
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Villaseca et al., 2008). Late Variscan, tin-mineralized,
peraluminous granites are also abundant in SW England,
an area which is considered the classic continuation of
the SPZ along the European Variscides (e.g. Franke,
1992). The S-type granites of the Cornubian Batholith
exhibit high initial Sr isotopic ratios. According to
Chappell and Hine (2006), the Cornubian granites, like
their Central Iberian counterparts, were derived from
partial melting of feldspathic greywackes. In the SPZ,
feldspathic greywackes occur at the base of the eastern
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end Phyllite-Quartzite Group (Fig. 1) in the Lower
Devonian La Minilla Fm. (Simancas, 1983). These
rocks present the highest metamorphic grade of the SPZ
(garnet-zone), and they could be a potential source for
these S-type granites.

Bea (2012) provides a clear outline of the different
mechanisms and sources of heat involved in granite
genesis. These concepts can be used to make some
inferences regarding the genesis of the El Crispinejo
granite suite. The El Crispinejo granite is enriched in
the three heat producing elements (HPE; U, Th, and K),
which produce its contrasting radiometric geophysical
signature. According to Bea (2012), “granites contain
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the same or lower HPE as their sources”. This
characteristic would imply that the El Crispinejo granite
was derived from melting a crustal source originally
enriched in heat producing elements. Such a source
would be consistent with a feldspathic greywacke
source, as that proposed by Chappell and Hine (2006)
for the Cornubian S-type granites of SW England. This
crustal source however, does not appear to have been
tapped by the previous 330-350Ma magmatic events in
the SPZ. In contrast to the batholiths of SW England,
the S-type granites of the SPZ are small bodies, which
suggests that crustal melting was limited in areal extent.
The 300.5 +0.5/-1.5Ma age of El Crispinejo granite
is broadly contemporaneous with the opening of the
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FIGURE 9. Geophysical radiometric anomalies around the El Crispinejo granite. A) Potassium (K) radiometric anomaly. B) Uranium radiometric

anomaly. C) Thorium radiometric anomaly.
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data-point error ellipses are 20

Concordia Age = 300.46 +0.50Ma
(20, decay-const. errs included)
MSWD (of concordance) = 0.0068,
Probability (of concordance) = 0.93
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0 ppy 2By
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0.0455 -

Intercepts at
0450 & 300.4+3.2 [+5.4]Ma
MSWD = 0.058
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FIGURE 10. U-Pb Concordia diagram for EI Crispinejo granite. Z,
zircon; M, monazite. U-Pb ID-TIMS data (Table 2).

El Viar Basin during the Permo-Carboniferous. This
basin contains strata with Stephanian-Autunian flora
intercalated with basaltic lava flows (e.g. Simancas,
1981). The peraluminous Berrocal granite occupies
one of the flanks of the basin and conglomerates with
clasts of this granite have been described in the basin.
This evidence suggests a close spatial and temporal
relationship between the S-type granite intrusions and
the onset of the Permo-Carboniferous volcanism. The
intrusion and crystallization of mantle-derived magmas
in the crust, intraplatting, is one of the most effective
forms of heat transfer (Bea, 2012) and would trigger
local anatexis producing granitic melts. We speculate
that these discrete peraluminous granites might have
been produced by local heat transfer from the Permo-
Carboniferous mantle-derived magmas, inducing local
anatexis of a fertile greywacke source at middle or upper
crustal levels.

CONCLUSIONS

The cordierite-bearing El Crispinejo granite forms
part of a distinctive suite of peraluminous S-type granites
that intrude the Volcano-Sedimentary Complex and the
TTG granitoid suite of the Sierra Norte Batholith. These
granites have a remarkable, contrasting, radiometric
geophysical signature due to their K-enrichment. The
geochemistry of El Crispinejo granite is similar to that
of mineralized Sn-W peraluminous granites, which is
consistent with the presence of Sn-W mineralization
associated with the granite. The U-Pb dating of monazite
and zircon provides an age of 300.5 +0.5/-1.5Ma, which
indicates that these granites are associated with a Permo-
Carboniferous magmatic pulse, coeval in time with the
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extrusion of Late Stephanian-Autunian basalts in the
nearby El Viar basin.
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