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absTracT

Individual crystals of zircon, from the Koktokay No. 3 granitic pegmatite vein, are variably altered 
and consist of three types of domains distinguished on the basis of textures and compositions. The 
pristine domains possess normal chondrite-normalized rare earth element (REE) patterns. Domains 
affected by metamictization are enriched in U and Th. The presence of abundant fractures, dense 
pores, and the enrichments of non-formula elements imply that these metamict domains have been 
altered by a later hydrothermal fluid. Tetrads observed in these altered domains are likely to have been 
generated by this alteration event.
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inTroducTion

Chondrite-normalized rare earth element (REE) patterns, 
which have three discontinuity points at Gd, between Nd and 
(Pm), and between Ho and Er, can be divided into four seg-
ments (La-Nd; Pm-Gd; Gd-Ho; Er-Lu). When these segments 
are convex upward or concave downward, this is defined as 
“M-type or W-type lanthanide tetrads” (Masuda et al. 1987). 
In past decades, many investigators focused on the lanthanide 
tetrads in highly evolved granitic system because the tetrads 
can be used as a geochemical indicator to constrain the evolu-
tion of igneous and hydrothermal systems. All these previous 
results indicate that granitic whole rocks and separated miner-
als from highly evolved granitic systems may exhibit M-type 
tetrads (Bau 1996, 1997; Jahn et al. 2001; Liu and Zhang 2005; 
Masuda and Akagi 1989; Monecke et al. 2002, 2007; Wu et al. 
2011 and references therein) or W-type tetrads rarely (Monecke 
et al. 2011). However, the geochemical processes that are re-
sponsible for the tetrads are not yet fully understood. Several 
genetic models have been proposed to interpret the origin of the 
tetrads in geological materials: (1) fractional crystallization of 
REE-rich accessory minerals during the crystallization of silicate 
melt (Foster 1998; Jolliff et al. 1989; McLennan 1994; Pan and 
Breaks 1997; Yurimoto et al. 1990; Zhao and Cooper 1993); (2) 
fluid-melt interaction during crystallization of the silicate melt 
(Irber 1999); (3) surface weathering (Takahashi et al. 2002); (4) 
F-rich magmatic fluid-melt interaction (Veksler et al. 2005); (5) 
fluid immiscibility and preferential partitioning of REE between 
vapor and coexisting liquid (Monecke et al. 2011).

Many of the previous studies have focused on whole rocks. 
Compared with whole rocks, the advantage of individual min-
eral phase is its ability to preserve geological events such as 
formation, metamorphism, and alteration through the change of 
texture and composition. Zircon commonly occurs in magmatic, 

metamorphic, and sedimentary rocks. It is a host for significant 
fractions of the whole-rock abundance of some trace elements 
such as REE (Hoskin and Schaltegger 2003). The normalized 
rare earth element pattern of unaltered igneous zircons is char-
acterized by a steeply rising slope from the LREE to the HREE 
with a positive Ce-anomaly and negative Eu-anomaly. Unusu-
ally, some zircons from the Koktokay No. 3 granitic pegmatite 
exhibit a significant M-type tetrads. The aim of the present work 
is to investigate the possible mechanism that result in the tetrads 
in zircon from the pegmatite via the analysis of the texture and 
major and trace elements.

geological background 
Koktokay No. 3 pegmatite is located near the town of Kokto-

kay and is a well-known, highly fractionated, and zoned granitic 
pegmatite, which hosts the largest Li-Be-Nb-Ta-Cs pegmatite-
type deposit in China. This pegmatite is hosted by metagabbro, 
which embraced by gneissic biotite granite (Fig. 1). Between the 
pegmatite and the metagabbro, there is a thin contact zone with 
a thickness of several centimeters. The metagabbro and biotite 
granite were dated at ca. 408 and 409 Ma by SHRIMP zircon 
U-Pb analyses, respectively (Wang et al. 2006). Koktokay No. 
3 pegmatite was dated using different isotopic dating methods 
and the data ranged from 210 to 220 Ma (Che et al. 2015; Liu 
et al. 2014; Wang et al. 2007).

Spatially, the No. 3 pegmatite has two parts: an oval-shaped 
cupola in the upper part and a vein that dips gently at the bot-
tom. The overall shape of this pegmatite looks like a solid hat. 
The cupola strikes NNW and dips NE at an angle of 40~80°; it 
is about 250 m long, 150 m wide, and reaches to depths of 250 
m. The cupola outcrop is pear shaped. The gently dipping vein 
strikes NW and dips SW at an angle 10~40°, has a thickness of 
20~60 m, and a terrace-shaped appearance; its exact boundary 
have yet to be determined (Zou and Li 2006).

The No. 3 pegmatite has a perfectly concentric textural 
zonation. Based on the mineral assemblages, and textural char-
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