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abstract

Trace element, Hf, and O isotopic composition and U-Pb geochronological data are reported for 
zircon megacrysts found in miaskitic (zircon, biotite, plagioclase-bearing) nepheline syenite pegmatites 
from the Finero complex in the Northeastern part of the Ivrea-Verbano Zone, southern Alps. Zircon 
IURP�WKHVH�SHJPDWLWHV�ZDV�UHSRUWHG�WR�UHDFK�XS�WR���FP�LQ�OHQJWK�DQG�LV�FKDUDFWHUL]HG�E\�a����ȝP�
spaced planar fractures in different directions. Small volumes of these highly evolved alkaline melts 
intruded into the lower crust and were emplaced within amphibole peridotites and gabbros between 
212.5 and 190 Ma. A zircon crystal of 1.5 cm size records a systematic core-to-rim younging of 4.5 
Ma found by high-precision CA-ID-TIMS 206Pb/238U dating of fragments, and of 8.7 Ma detected by 
ODVHU�DEODWLRQ�,&3�06�VSRW�GDWLQJ��9ROXPH�GLIIXVLRQ�DW�KLJK�WHPSHUDWXUHV�ZDV�IRXQG�WR�EH�LQVXI¿FLHQW�
to explain the observed within-grain scatter in dates, despite the fact that the planar fractures would 
DFW�DV�IDVW�GLIIXVLRQ�SDWKZD\V�DQG�WKXV�UHGXFH�HIIHFWLYH�GLIIXVLRQ�UDGLL�WR����ȝP��7KH�8�3E�V\VWHP�RI�
]LUFRQ�LV�WKHUHIRUH�LQWHUSUHWHG�WR�UHÀHFW�DQ�HSLVRGLF�SURWUDFWHG�JURZWK�KLVWRU\�

These high-pressure miaskites probably formed by episodic, low-degree decompression melting of 
a metasomatically enriched mantle source and subsequent crystallization in the lower crust at volatile 
VDWXUDWLRQ�ZLWK�H[SORVLYH�YRODWLOH�UHOHDVH��HYLGHQFHG�E\�WKHLU�EUHFFLDWHG�WH[WXUH�LQ�WKH�¿HOG�DQG�E\�
the occurrence of planar fractures in zircon. They point to the existence of a long-lived period of heat 
advection in the deep crust by highly differentiated melts from enriched, lithospheric mantle.
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introdUction

The mineral zircon (ZrSiO4) can form exceptionally large 
crystals in various different rocks: zircon crystals of up to 25 
cm size have been reported from carbonatites (Black and Gulson 
1978; Crohn and Moore 1984); centimeter-sized megacrysts 
are known from granitic pegmatites (Lacroix 1922; Besairie 
1966), alkaline basalts (Hollis and Sutherland 1985; Yu et al. 
2010), and from kimberlites (e.g., Schärer et al. 1997; Page et 
al. 2007, and references therein). Kimberlite zircons are at least 
partly interpreted as fragments of coarse-grained, LILE, and 
HFSE enriched mantle veins formed by crystallization of melts 
of lamproite or kimberlite affinity at mantle depths (so-called 
MARID’s; Dawson and Smith 1977; Bayly et al. 1979; Waters 
1987; Konzett et al. 1998) entrained by the rising kimberlite 
magma. However, most studies about megacrystic zircon fo-
cused on nepheline syenites and their associated pegmatites and 
pneumatolytic-hydrothermal veins, such as at Seiland (Pedersen 
et al. 1989; Weiss 2011), Khibiny and Lovozero (e.g., Arzamast-

sev et al. 2008), and in the Ilmeny and Vishnevye Mountains, 
which is the type locality for miaskite (Popov and Popova 2006, 
and references therein). Other prominent examples, especially 
from tectonized nepheline syenites, were summarized by Ash-
wal et al. (2007). Nepheline-syenite pegmatites are usually part 
of alkaline magmatism associated with intracontinental rifts, 
such as the Oslo Rift (e.g., Andersen et al. 2010) and the Gar-
dar rifting province of Greenland (Upton and Emeleus 1987). 
Zircon is a characteristic mineral in miaskitic rocks. Along the 
miaskitic-agpaitic differentiation trend of nepheline-bearing 
syenitic magmas, zircon gets replaced by Zr-bearing silicates at 
higher activities of sodium, water, and halogens forming minerals 
such as eudialyte, rosenbuschite, or catapleiite (Andersen et al. 
2010). The described mineral parageneses in the literature are 
known to have crystallized at moderate or low pressures (e.g., 
0.1 GPa for the Larvik and Ilímaussaq complexes, Andersen et 
al. 2010; Konnerup-Madsen and Rose-Hansen 1984; Markl et 
al. 2001), with some localities still preserving remnants of the 
volcanic suite pre-dating the intrusion of nepheline syenite (e.g., 
Arzamastsev et al. 2008).

In this study, zircon crystals from a spectacular occurrence 


