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Our study characterizes in detail themineralogical, textural and compositional features of a highly evolved, com-
posite ongonite–topazite dike and its magmatic differentiation history. We present compositional data collected
by established techniques, i.e. by electron microprobe and wet-chemical analysis, which provide a detailed
framework for future studies that employ state-of-the-art analytical techniques. The studied dike (referred to
as the No. 431 dike) crops out within the Xianghualing area in the Nanling Range of southern China, in close spa-
tial associationwith Jurassic Sn–Nb–Ta granite plutons. The rock samples in the No. 431 dikewere collected from
a structurally lower drill hole and a trench at higher level. The ongonite is encountered throughout the dike, but
the topazite is only revealed along the margin of the upper, near-surface dike. The results of whole-rock major
and trace element analyses show that the rocks of the No. 431 dike are strongly peraluminous with an average
ACNK value of ~1.5 for ongonite and N3.9 for topazite. They are enriched in F, 1.7 wt.% and 5.4 wt.% on average
for ongonite and topazite, respectively. The rocks have low Zr/Hf and Nb/Ta ratios, and high levels of ore-
forming elements including Nb, Ta, Sn, and W. Silicate and oxide mineral assemblages, textures, and composi-
tions are also distinct for the two rock types studied. In the lower ongonite of the dike, there are abundant
phenocrysts of K-feldspar, quartz, and albite, and microphenocrysts of topaz and zinnwaldite in a matrix domi-
nated by quartz, K-feldspar, and albite. Characteristic oxides are columbite–tantalite, tapiolite, and microlite, but
cassiterite is absent. The upper ongonite of the dike has a silicate assemblage similar to the lower ongonite;
columbite-(Mn), uranomicrolite, and limited amounts of cassiterite are the dominant accessory minerals. The
topazite is characterized by large amounts of topaz and zinnwaldite intergrown with quartz, while K-feldspar,
albite, and quartz phenocrysts have rounded shapes and are relatively rare. Cassiterite is the most abundant
ore mineral, while Nb–Ta oxide minerals are less abundant. We interpret the whole-rock compositional trends,
mineral textures, assemblages, and compositions to reflect the differentiation of an evolved, initially homoge-
neous magma that separated into aluminosilicate and hydrosaline melts, corresponding to crystallization of
ongonite and topazite, respectively. The crystallization of Nb–Ta- and Sn-bearing ore minerals was strongly con-
trolled by the separation of the twomelt phases. We hypothesize that dike propagation/widening subsequent to
the initial dike emplacement may have driven the separation of the aluminosilicate and hydrosalinemelt phases
that crystallized to ongonite in the core and topazite along themargins of the structurally higher part of the dike.

© 2014 Published by Elsevier B.V.

1. Introduction

Ongonite and topazite, described frequently in the 1970s (Eadington
and Nashar, 1978; Kovalenko et al., 1971, 1975), are two unusual types

of felsic rock that are rich in rare elements. They are characterized
by volcanic to shallow-intrusive textures, and abundant volatile-rich
minerals (mainly topaz). Ongonite is defined as the phenocrystic
subvolcanic analogue of granite that is rich in the rare elements Li and
F (Kovalenko andKovalenko, 1976). Topazite has been used in reference
to felsic dikes that consist mainly of quartz and topaz, for which miner-
alogical, textural, and field relationships suggest a magmatic origin
(Eadington and Nashar, 1978). Mineralization associated with these
two particular types of rock has been described from many localities
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worldwide. Examples include W deposits associated with F-rich rhyo-
lites (ongonites) from Ongon Khairkhan, Mongolia (Štemprok, 1991),
the type locality of topaz rhyolite withW, Nb, Ta, and Snmineralization
(Burt, 1992), similar to topaz-albite granite, e.g., Limu in Southern China
(Zhu et al., 2001), the French Massif Central (Cuney et al., 1992),

Southern New Brunswick, Canada (Taylor, 1992), and the Eastern
Desert, Egypt (Helba et al., 1997). The mineralization associated with
topazite in Southern China is complex but dominated by Sn, such as
deposits at Shicheng, Xunwu, Huichang, Yanbei and Taishun (Liu et al.,
1996).

Fig. 1. Simplified geological map of the No. 431 dike, Hunan Province, South China. (a) Location of Hunan Province in China; (b) the No. 431 dike in close spatial association to the ~154–
155 Ma Laiziling granite; and (c) the No. 431 dike sharply intrudes into carbonate-dominated strata.
Modified after Zhu et al., 2011.

Fig. 2. Cross-section of the No. 840 vertical drill hole and the No. 5 trench across the No. 431 dike. Abbreviations: O: ongonite; T: topazite.
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