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introduction

The east-west-trending Himalayan Geothermal Zone in the 
Tibet Plateau is one of the most active geothermal areas on Earth. 
It is distributed along the Yanglu Zangbo suture line between 
the Eurasian Plate to the north and the Indian Plate to the south, 
and is controlled by the subduction of the Indian Plate under-
neath the Tibetan Plateau. Geothermal activities in the Tibetan 
Plateau are typically in the form of hot springs, with varieties 
such as Si-, Ca-, S-, and salt-rich geysers (Zheng 1995; Li et al. 
2006). These hot springs are important not only for the study 
of the plateau evolution but also for the industrial utilization of 
geothermal energy and epithermal mineral deposits. Geothermal 
solutions from these hot springs are important sources for rare-
metal mineralizations in numerous saline lakes in Tibet (Zheng 
1995). These hot springs and associated geothermal activities in 
the Tibet Plateau provide a unique natural laboratory for inves-
tigating modern epithermal mineralization and other ongoing 
ore-forming processes.

Cesium is an alkali metal that has been utilized widely in 
high-technology and military industries due to its excellent 
photon-electronic and chemical properties (Zheng 1995; Zhao et 
al. 2006, 2008). The unique hot spring Cs deposits in Tibet have 
a close genetic relationship with high-temperature geothermal 
anomalies, i.e., above 60 °C and with pH values of 8.5 to 9.0 
(Shen et al. 2011). Due to the effects of the post Tibetan Plateau 
Collision, the geochemistry of these deposits is characterized 
by enrichments in B, Cs, Rb, and Li (Zheng 1995; Zhao et al. 

2006, 2008). Using electronic spin resonance (ESR) and other 
geochronological methods, the mineralization of Cs-bearing 
geyserite deposits at the Gulu and Targejia areas has been de-
termined to have commenced around 0.5 Ma and remains active 
today (Zheng 1995; Zhao et al. 2006, 2008).

The mineral assemblages of the Cs-bearing geyserite deposits 
at the Gulu and Targejia areas are dominated by opals, which 
were precipitated from silica-rich solutions (Zheng 1995; Shen 
et al. 2011). Opals are hydrous minerals consisting of 150 to 
300 nm diameter spheres of silica, which exhibit various de-
grees of structural disorder (Brown et al. 2003). Stages of opal 
solid-state transformations are commonly designated as opal-A 
(amorphous), opal-C (cristobalite), and opal-CT (cristobalite-
tridymite), with the final stage being indicated by the presence 
of quartz (de Jong et al. 1987; Graetsch et al. 1994; Brown et 
al. 2003). Water is incorporated into the opal structure as mo-
lecular water (H2O) and silanol (Si-OH) groups. Both vicinal 
[SiO3(OH), Q3] and geminal [SiO2(OH)2, Q2] hydroxyl groups 
are likely to occur at structural defects caused by incomplete 
polymerization of the silica tetrahedra, or at the surfaces of the 
silica spheres where the continuous silica network is interrupted 
(Paris et al. 2007). The solid-state transition between amorphous 
and crystalline opal should show up as variations in the local 
Si environments, which can be characterized by 29Si nuclear 
magnetic resonance (NMR) spectroscopy, while the speciation 
and dynamic behavior of hydrogen in opals may be probed by 
1H NMR (Brown et al. 2003).

Here we combine X-ray diffraction (XRD), infrared (IR) 
spectroscopy, and magic angle spinning (MAS) NMR spectros-* E-mail: umbingz@hotmail.com; yfyao@phy.ecnu.edu.cn
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The large scale Targejia hot spring type Cs deposit in Tibet is unique and still active today with 
the distribution of hot springs being controlled by tectonic movements of the Tibetan Plateau. The 
ore bodies of the Targejia Cs deposit are mainly composed of geyserite, a Cs-containing opal. In this 
study, a combination of X-ray diffraction, infrared spectroscopy, and 29Si, 1H, 133Cs magic angle spin-
ning nuclear magnetic resonance (MAS NMR) were used to study the location and mobilization of 
Cs in geyserites. 29Si NMR spectra indicate that the relative amounts of Q2, Q3, and Q4 species vary 
in geyserite samples of different mineralization stages. Based on the 133Cs chemical shift as well as 
the change in 29Si chemical shift ranges (especially for Q2), cesium is inferred to associate with Q3 
and Q2 silanol groups, where it is coordinated by O2–, OH–, and H2O as a network modifying cation. 
As Cs-bearing geyserite ages and dehydrates, Q2 and Q3 polymerize giving an increase in Q4. This is 
accompanied with a decrease in Cs content indicating that Cs may be leached out from the opals as 
it loses its original coordination environment in the silicate framework.
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