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Geological Background and Samples 
 

The Sonpan-Ganze orogenic belt (SGOB) is located in the northeastern margin of the Tibetan Plateau and stretches east-

west for more than 2800 km (Xu et al., 2020). The SGOB formed during the Middle to Late Triassic closure of the 

Paleo-Tethys Ocean, and overall exhibits a distinctive triangular shape (Yin and Harrison, 2000). It is bounded by the 

Kunlun-Qaidam Terrane to the north, the Qiangtang Terrane to the south, and the Yangtze Block to the east (Xu et al., 

2020). A large number of 228–195 Ma syn- and post-orogenic granites are widely developed within the SGOB, and the 

Sr-Nd isotope compositions indicate that the magma should be mainly derived from partial melting of the basement 

rocks and cover sediments of the orogenic belt in the source, with a small contribution from mantle derived material 

(Roger et al., 2004; Zhang et al., 2006). Recently, several large to super-large pegmatite Li-Be deposits have been 

discovered in the eastern part of the SGOB, constituting an important mineralization zone of rare metals (Huang et al., 

2020; Zheng et al., 2020). These pegmatite Li-Be deposits are hosted within gneiss domes such as Jiajika, Danba, 
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Markam, Keeryin and Zawulong, which are characterized by Triassic granite cores enveloped by Triassic metamorphic 

rocks (Xu et al., 2020). 

The Jiajika gneiss dome has a core of Majingzi two-mica granite and a set of Triassic metasedimentary rocks in 

the mantle. The Majingzi two-mica granite belongs to peraluminous S-type granite, with an exposed area of about 5.5 

km2 (Huang et al., 2020). The metasedimentary rocks are the result of high-temperature, meddle-low pressure 

metamorphism of the Xikang Group strata. They are well-zoned surrounding the Majingzi granite, with sillimanite, 

staurolite-andalusite, garnet-biotite and sericite-chlorite zones from the interior to the margins (Xu et al., 2020). More 

than 500 granitic pegmatite veins have been found in the two-mica granite and metasedimentary rocks covering an area 

of ~60 km2. These pegmatites can be divided into five zones surrounding the two-mica granite, which are, in order from 

the pluton outward, microcline pegmatite (Ⅰ), microcline-albite pegmatite (Ⅱ), albite pegmatite (Ⅲ), albite-spodumene 

pegmatite (Ⅳ) and albite-lepidolite pegmatite (Ⅴ). However, these pegmatite veins generally lack obvious internal 

zonation (Huang et al., 2020), with only a few showing simple zonation (wall and inner zone) (Zhao et al., 2021). They 

typically show sharp contact with wall-rocks (Zhang et al., 2021). Previous studies have shown that the Majingzi granite 

and the pegmatites were mainly emplaced at ~223–208 Ma and ~216.3–215.5 Ma, respectively (Huang et al., 2020). Li 

mineralization is mainly developed within zones Ⅳ and Ⅴ, as well as some veins in zone Ⅲ, with a total estimated Li2O 

reserves of up to 3.0 Mt, ranking the first in Asia (Huang et al., 2020). Li mineralized pegmatites typically comprise 

mainly albite, microcline, spodumene, quartz, muscovite, calcite, and chlorite, with minor minerals such as apatite, beryl, 

zircon, cookeite, cassiterite, and columbite-tantalite (Wang et al., 2023). In addition, Be mineralization can be observed 

in some pegmatite veins of zones Ⅰ and Ⅱ (Huang et al., 2020). 

The borehole samples used in this study are from the Jiajika Scientific Drilling (JSD-1) project (Xu et al., 2023). 

The drill hole was located ~1 km away to the northeast of the Majingzi granite (101°16′39.34″ E, 30°17′16.31″ N), at 

an altitude of 4425 m, and was drilled to a final depth of 3211.21 m. The JSD-1 core consists of 35 % metasediments, 

14 % granite-aplites and 51 % pegmatites. The metasedimentary rocks can be divided into two unites. The upper unit 

(<900 m in depth) is mainly schists, while the lower unit contains metamorphic calc-silicate rocks and biotite schists. 

Two granite sheets are identified at the depths of 418–440 m and 1245–1455 m, respectively. The greyish-white two-

mica granites typically consist of quartz (35–40 %), microcline (20–30 %), albite (20–30 %), minor muscovite (1–5 %), 

and biotite (1–5 %) (Luo et al., 2024). Corresponding to the classification of metasedimentary rocks, aplites can also be 

divided into two categories. Layered aplites mostly occur at depths less than 900 m and consist of dark and light 

oscillating bands, with plagioclase and quartz in the light layers and additional tourmaline and garnet in the dark layers. 

Whereas, below 900 m, the aplites generally lack apparent layering (Xu et al., 2023). The mineral composition of 

pegmatites varies significantly with depth. Spodumene, the only Li-rich mineral, is present only in albite-spodumene 

pegmatites at depths less than 100 m. This leads to a dramatic increase in the whole-rock Li contents of pegmatites 

(from ~40 μg/g to 6000 μg/g) (Xu et al., 2023). The spodumene-barren pegmatites are widely distributed below 100 m, 

with the main mineral compositions of microcline, albite, quartz, muscovite, biotite, tourmaline, beryl, and garnet. A 

gradual decrease in microcline and biotite with a gradual increase in albite and tourmaline are observed in the pegmatites 
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from bottom to top along JSD-1 core. In addition to Li, the contents of other rare metal elements in the pegmatites also 

increase markedly from different depths (e.g., Be < 800 m, Nb, Ta < 1700 m) (Jin et al., 2023). Monazite and columbite-

group minerals U-Pb dating results showed that most pegmatites in JSD-1 core have a similar age range (213–205 Ma) 

to the granites (208–205 Ma) (Zhou et al., 2023; Zhu et al., 2023). Some younger albite pegmatites (193–190 Ma) with 

Nb-Ta mineralization were additionally observed at depths of 3170–3211 m, suggesting at least two episodes of 

magmatic-hydrothermal events (Jin et al., 2023; Zhou et al., 2023; Zhu et al., 2023). 

 

Analytical Method 
 
In this study, 32 granitic pegmatites, 11 granitic aplites, 4 granites and 19 metasedimentary wall-rocks were collected 

from different depths of the JSD-1 core. For pegmatites, in order to avoid possible sampling bias due to their coarse 

crystals, each sample contained as far as possible a representative mineral assemblage of the sampled pegmatites. 

Barium isotopes were analysed at the CAS Key Laboratory of Crust-Mantle Materials and Environments in the 

University of Science and Technology of China. Nan et al. (2015, 2018) described in detail the sample dissolution, 

chemical purification, and instrumental measurement, and the brief description is as follows. Sample powders containing 

~2 μg Ba were dissolved with a 3:1 (v/v) mixture of HF–HNO3 in 7 mL Teflon PFA screw-top beakers (Savillex). After 

drying, the samples were treated with aqua regia and concentrated HCl to remove fluorides. Barium was purified from 

the matrix using cation exchange resin (AG50W-X12, 200–400 mesh, Bio-Rad, USA). Ba was collected with 3 mol/L 

HNO3 after eluting the matrix elements using 3 mol/L HCl. The purified samples were dried and diluted with 2 % HNO3 

for measurement. The yields of the purification process were >99 % and the total procedural blank was <5 ng. Ba isotope 

compositions were measured on a Neptune-Plus multi-collector inductively coupled plasma mass spectrometer (MC-

ICP-MS, Thermo-Fisher Scientific). Instrumental mass discrimination was corrected using the 135Ba–136Ba double-spike 

method. Sample solutions were introduced with an Aridus Ⅱ desolvator (CETAC Technologies, USA) to reduce the 

formation of polyatomic ions (e.g., BaO+) and increase sensitivity (~30 V/100 ng/g for 138Ba). Normal Ni sampler and 

Ni X skimmer cones and the low-resolution mode were adopted for measurement, with 134Ba, 135Ba, 136Ba, 137Ba and 
138Ba collected simultaneously by the L2, L1, C, H1 and H2 Faraday cups, respectively. 131Xe and 140Ce were also 

collected by L4 and H3 Faraday cups, respectively, to correct the effects of isobaric interferences. The background 

signals for 138Ba (<0.02 V) were negligible relative to the sample signals. 

 

Simulation of Magmatic Fluid Mixing with Highly Differentiated Melts 
 

To further decipher the exact mechanism of magmatic fluid participation in pegmatite formation, a model of magmatic 

fluid mixing with highly differentiated melt is developed in δ138/134Ba–Ba diagram. The magmatic fluids exsolved from 
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the underlying magma reservoirs, and their Ba contents and Ba isotope compositions can be calculated by respective 

Rayleigh fractionation equations: 

 

𝐶!"#$% = 𝐶& ∙ [1 − (1 − 𝐹)'] 𝐹⁄        (S-1) 

δ()*/(),Ba!"#$% = /δ()*/(),Ba& + 10002(𝑓- − 1) ∕ (𝑓 − 1) − 1000    (S-2) 

 

where 𝐶& and δ()*/(),Ba& are the Ba content and Ba isotope composition of the initial melt, respectively, represented 

by the average of granite and aplite samples (except for sample J018509 with obviously lower δ138/134Ba), and 𝐹 and 𝑓 

are the fractions of fluid exsolution and Ba remaining in the melt, respectively, and	D and 𝛼 are the bulk partition 

coefficient and the equilibrium fractionation factor between fluid and melt, respectively. The	D and 𝛼 are calculated 

based on the regression equations involving temperature, fluid salinity, and melt ASI, obtained experimentally by Guo 

et al. (2020). Temperatures of 650 ℃ and 600 ℃ are used because of the long-term cold storage of the shallow magmatic 

system at near-solidus or even lower temperatures (Rubin et al., 2017; Szymanowski et al., 2017). The fluid salinity and 

melt ASI are obtained from fluid inclusions and the average of granite and aplite samples, respectively (Table S-2). 

Since the fluid exsolving proportion in silicate melts is typically less than 10 % (Edmonds and Woods, 2018), the 

calculated results with a proportion of 10 % (i.e. 𝐹 = 0.1) are used as the composition ranges of the magmatic fluids. 

The results show that temperature variation (650 ℃ and 600 ℃) has small influences on the Ba content and δ138/134Ba 

of the magmatic fluids (Table S-2), so the averages of results corresponding to the two temperatures are used in the 

subsequent mixing simulation. 

As the K-feldspar-controlled crystallization would lead to an elevated δ138/134Ba in the residual melts, the average 

of aplite samples (except for sample J018509 with obviously lower δ138/134Ba) and two pegmatites with elevated 

δ138/134Ba and different Ba/Rb ratios covering the main Ba/Rb range of Jiajika pegmatites are selected to represent highly 

differentiated melts (i.e. 𝐶./"0 and δ()*/(),Ba./"0). Then the Ba contents and δ138/134Ba of the mixtures can be described 

by the respective following mass balance equations: 

 

𝐶.$1 = 𝑓!"#$% ∙ 𝐶!"#$% + (1 − 𝑓!"#$%) ∙ 𝐶./"0     (S-3) 

δ()*/(),Ba.$1 ∙ 𝐶.$1 = δ()*/(),Ba!"#$% ∙ 𝑓!"#$% ∙ 𝐶!"#$% + δ()*/(),Ba./"0 ∙ (1 − 𝑓!"#$%) ∙ 𝐶./"0  (S-4) 

 

where 𝑓!"#$% is the fraction of the mixed magmatic fluids. The calculated results are reported in Table S-3 and are shown 

in Figure 3d. 
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Supplementary Figures 

 

 
Figure S-1 (a) LOI and (b) CIA vs. δ138/134Ba for samples from the Jiajika scientific drilling project. Error bar is 

smaller than the symbols. The CIA range of fresh granitoids comes from Nesbitt and Young (1982). 
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Figure S-2 (a) Rb/Sr, (b) SiO2, (c) MgO, (d) K2O, (e) δ56Fe and (f) Zr/Hf vs. δ138/134Ba for samples from the 

Jiajika scientific drilling project. Error bar is smaller than the symbols. 



 
	

Geochem. Persp. Let. (2024) 31, 14–20| https://doi.org/10.7185/geochemlet.2426  SI-7 

	

Supplementary Tables 
 

Table S-1 Location and grade data for representative Li deposits worldwide. 

 

Table S-2 Information and Ba isotope compositions of samples from the Jiajika scientific drilling project. 

 

Table S-3 Procedures and results of the quantitative modelling. 
 

Tables S-1 to S-3 are available for download (.xlsx) from the online version of this article at 
http://doi.org/10.7185/geochemlet.2426. 
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