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ABSTRACT

The Dalong tin deposit, located in the Luziyuan polymetallic ore field of the southern Baoshan 
block, Southwest China, is composed of lenticular and bedded orebodies hosted in a Cambrian 
slate-marble sequence. As the only tin deposit in the orefield, the genesis of the Dalong deposit is 
of great significance to the understanding of regional metallogenic regularity. Based on a systematic 
field survey and petrographic observation, EPMA and LA-ICP-MS major/trace element analyses of 
cassiterite were carried out in this study. The enrichment of Fe, W, and Ti in cassiterite, as well as the 
depletion of Nb, Ta, and Mn, reveal cassiterite’s features in granitic magmatic-hydrothermal deposits. 
The Dalong deposit can be categorized as a magmatic-hydrothermal vein-type deposit because of its 
sulfur isotopic properties, and the main sources of ore-forming fluid and minerals are thought to be 
buried intermediate-acid intrusions in the mining area’s depths.   

INTRODUCTION 

The Baoshan block is located in the southern section 
of Sanjiang Tethys, where several large-giant lead-zinc 
polymetallic deposits (such as the Luziyuan, Hetaoping, 
Jinchanghe, Xiyi, Meng xing deposits) with total resources 
of more than 8 Mt Zn + Pb (Gao et al. 2016), as well as 
dozens of small- to medium-sized deposits have been dis-
covered in recent years, making it one of the most important 
polymetallic mineralization areas in Southwest China (Fig. 
1). The Dalong tin deposit is located in the Luziyuan ore 
field at the southern end of the Baoshan block, followed by 
Luziyuan iron-lead-zinc polymetallic deposit, Shuitoushan 
lead-zinc deposit, Fangyangshan copper-lead-zinc deposit, 
and Xiaogangou gold deposit, from the center to the pe-
riphery, showing good mineralization temperature zoning 
and great prospecting potential. However, as an important 
deposit in the orefield, research on the Dalong tin deposit is 
currently mainly concentrated on the geological character-
istics of the deposit (Cheng et al. 2006, Xie & Liang 2018), 
instead of the trace elements of cassiterite & the genesis of 
the deposit. This has greatly restricted the understanding 
of metallogenetic regularity of the Luziyuan ore field and 
even the Baoshan block.

  Cassiterite (SnO2), the most important tin ore mineral, 
can form both in magmatic and hydrothermal systems over 
broad P-T conditions. Due to its refractory properties, cas-
siterite is resistant to post hydrothermal disturbances (Plimer 
et al. 1991, Jiang et al. 2004). Therefore, trace elements in 
cassiterite are taken as an indicator to fingerprint the source 
of ore-forming fluids and physico-chemical conditions of 
mineralization processes (Schneider et al. 1978, Murciego et 
al. 1997, Hennigh & Hutchinson 1999). In recent years, with 
the development of modern microanalytical techniques, the 
in-situ laser-ablation inductively coupled mass spectroscopy 
(LA-ICP-MS) has been successfully applied to determining 
trace element content in cassiterite (Wang et al. 2014a, Guo 
et al. 2018a, 2018b, Chen et al. 2019, Cheng et al. 2019, Fei 
et al. 2020, Liu et al. 2021, Gemmrich et al. 2021), which 
greatly improves the efficiency and precision of this test. 
In this paper, based on previous studies and combined with 
field geological survey and geological characteristics obser-
vation of the deposit, we carried out EPMA and LA-ICP-MS 
analyses on major and minor/trace elements of cassiterite in 
the Dalong deposit, and also make a comparison of reported 
sulfur isotope characteristics between Dalong deposit and 
other typical deposits in the Baoshan block. After these, we 
discussed (1) the trace elements substitution mechanism in 
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cassiterite; (2) the genesis of cassiterite; (3) the source of 
sulfur in the Dalong deposit. These results are helpful to 
better understand the origin of the Dalong deposit and the 
metallogenic mechanism of the Luziyuan orefield.

GEOLOGICAL SETTING

On the east side of the India-Eurasia collision zone is the 
Baoshan block (Fig. 1a). It is a distinct terrane from the 
Gondwana continent that formed part of the Sibumasuterrane 
in the Late Paleozoic (Metcalfe 2011). The Nujiang fault 
and the Lancangjiang fault define the western and eastern 

boundaries of the Baoshan block, respectively, but the north 
section of it is lost in the Bijiang area due to the convergence 
of the two faults (Tao et al. 2010). The Gongyanghe Group 
formed from Neoproterozoic to Middle Cambrian constitutes 
the metamorphic basement of the Baoshan block, which is 
covered by a set of shallow to semi-deep marine clastic rocks 
and carbonate rocks and siliceous rocks formed from Late 
Cambrian to Mesozoic. The structural deformation in the re-
gion is characterized by the development of densely arranged 
faults and folds. The structural lines are mainly distributed 
in the SN, NW, and NE directions, and are generally curved 
toward the east. Frequent magmatic activities are dominated 

 
Fig. 1: a Tectonic setting of Baoshan block (after Deng et al. 2014, Wang et al. 2014b); b Geological sketch map showing the regional 

tectonic framework of the Baoshan block and the distribution of sedimentary and igneous units (after Deng et al. 2014, Liao et al. 2015, Li et 

al. 2015). BNS = Bangong - Nujiang suture, BS = Baoshan block, CMS = Changning - Menglian suture, EQT = East Qiangtang terrane, GLS 

= Garze - Litang suture, IC = Indochina block, LCS = Lancang suture, LS = Lhasa terrane, SC = South China block, TC = Tengchong block, 

WQT = West Qiangtang terrane, ZZ = Zhongza block. 

 
The first, second, third, and fourth members of the Upper Cambrian Baoshan Formation, all striking NE and 

dipping NW are exposed strata in the Dalong mining district. The Sn orebodies are mostly found in the limestone or 
slate of the Baoshan Formation's later three members. 

(Fig. 2a.) The principal fold structure in this area is the Wumulan anticline, which runs in an NNE direction and has 
the Dalong deposit on its NW limb. The fault structures primarily trend NE, NW, and nearly SN. The main storage of tin 
ore bodies is on the NE and NW-trending faults, as well as their subsidiary EW-trending interlayer fracture zone, whereas 
the approximately SN-trending faults crosscut both the earlier faults and orebodies. Magmatic rocks can be scarcely found 
in the Dalong ore district, nevertheless, both regional gravity anomalies and airborne magnetic surveys have inferred a 
concealed intermediate-acid intrusion distributed within about 300km2 in the deep of the Dalong ore district. (Jiang et al. 
2013, Liang et al. 2015). 

Fig. 1: a Tectonic setting of Baoshan block (after Deng et al. 2014, Wang et al. 2014b); b Geological sketch map showing the regional tectonic 
framework of the Baoshan block and the distribution of sedimentary and igneous units (after Deng et al. 2014, Liao et al. 2015, Li et al. 2015). BNS = 

Bangong - Nujiang suture, BS = Baoshan block, CMS = Changning - Menglian suture, EQT = East Qiangtang terrane, GLS = Garze - Litang suture, IC 
= Indochina block, LCS = Lancang suture, LS = Lhasa terrane, SC = South China block, TC = Tengchong block, WQT = West Qiangtang terrane,  

ZZ = Zhongza block.
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by intermediate-acid intrusive rocks and are mainly concen-
trated in the Early Paleozoic and Mesozoic in the Baoshan 
block (Fig. 1b). Among them, the Early Paleozoic granites 
are mainly distributed in the central and southern Baoshan 
block, with an age range roughly between 502Ma and 448 
Ma, during the unification Gondwanaland period (Chen et 
al. 2007, Liu et al. 2009, Dong et al. 2013), while outcrops 
of Mesozoic granites are mainly exposed on the edge of the 
Baoshan block (Muchang alkali granite: 266 ± 5.4 Ma (Ye 
et al. 2010); Gengma monzogranite: 232-221Ma (Nie et al. 
2012); Zhibenshan granite: 127 ± 1.6Ma (Tao et al. 2010); 
Kejie granite: 93 ± 13Ma (Tao et al. 2010); Bangmiao granite: 
83-85Ma (Dong et al. 2013).

The first, second, third, and fourth members of the 
Upper Cambrian Baoshan Formation, all striking NE and 
dipping NW are exposed strata in the Dalong mining dis-
trict. The Sn orebodies are mostly found in the limestone 
or slate of the Baoshan Formation’s later three members  
(Fig. 2a).

The principal fold structure in this area is the Wumulan 
anticline, which runs in an NNE direction and has the Dalong 

deposit on its NW limb. The fault structures primarily trend 
NE, NW, and nearly SN. The main storage of tin ore bodies 
is on the NE and NW-trending faults, as well as their sub-
sidiary EW-trending interlayer fracture zone, whereas the 
approximately SN-trending faults crosscut both the earlier 
faults and orebodies. Magmatic rocks can be scarcely found 
in the Dalong ore district, nevertheless, both regional gravity 
anomalies and airborne magnetic surveys have inferred a 
concealed intermediate-acid intrusion distributed within 
about 300km2 in the deep of the Dalong ore district. (Jiang 
et al. 2013, Liang et al. 2015).

The Dalong deposit is composed of 11 tin orebodies, 
which are mainly struck between 240 o and 290 o with dip 
angles of 35-60º. The orebodies are generally 40 to 500m 
long and 0.65 to 2.65m thick (Fig. 2b). Furthermore, the 
orebodies are mostly stratified and locally lenticular in 
shape, with the characteristics of expansion, contraction, and 
pinching out along the strike and tendency, which are con-
trolled by faults. The ores are mainly hosted in quartz veins, 
the tin grade ranges from 0.11% to 4.97%, with an average 
of 0.63%. Mineral assemblages are relatively simple in the 

 
Fig. 2: a Geological sketch map of the Dalong deposit (modified after Cheng et al. 2006); b Geological section along the Number 28 

exploration line in the Dalong deposit 

The Dalong deposit is composed of 11 tin orebodies, which are mainly struck between 240 o and 290 o with dip angles 
of 35-60º. The orebodies are generally 40 to 500m long and 0.65 to 2.65m thick (Fig. 2b). Furthermore, the orebodies are 
mostly stratified and locally lenticular in shape, with the characteristics of expansion, contraction, and pinching out along 
the strike and tendency, which are controlled by faults. The ores are mainly hosted in quartz veins, the tin grade ranges 
from 0.11% to 4.97%, with an average of 0.63%. Mineral assemblages are relatively simple in the deposit. The metallic 
minerals are mainly cassiterite, pyrite, chalcopyrite, arsenopyrite, limonite, with minor pyrite, tetrahedrite, sphalerite (Fig 
3(a-d)), the nonmetallic minerals mainly include quartz, sericite, and calcite. The ores appear as disseminated, vein, 
veinlet, stockwork, or honeycomb (Fig 3b), and geodes are commonly observed (Fig 3a). The main textures of the ore 
include euhedral-subhedral (Fig. 3a-b), cataclastic and metasomatic residual textures. Alteration types- include 
silicification, pyritization, monetization, and weak sericitization. 

Cassiterite in the Dalong deposit is mostly brown to dark brown and occurs in euhedral-subhedral granular aggregates 
coexisting with quartz (Fig 3(a-b), e). The cassiterite crystals are mainly short columnar shaped, with variable grain sizes 
(1-15mm in diameter), except that some grains have obvious cracks and broke into irregular shapes (Fig. 3c). Dissolution 
occurs on the edge of some cassiterite, mostly in a zigzag or harbor shape, and a typical zonal structure is occasionally 
developed in some cassiterite, suggested by alternating bright and dark rings in the cathodoluminescence (CL) images 
(Fig. 3f). 

Fig. 2: a Geological sketch map of the Dalong deposit (modified after Cheng et al. 2006); b Geological section along the Number 28 exploration  
line in the Dalong deposit
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deposit. The metallic minerals are mainly cassiterite, pyrite, 
chalcopyrite, arsenopyrite, limonite, with minor pyrite, tet-
rahedrite, sphalerite (Fig 3(a-d)), the nonmetallic minerals 
mainly include quartz, sericite, and calcite. The ores appear 
as disseminated, vein, veinlet, stockwork, or honeycomb (Fig 
3b), and geodes are commonly observed (Fig 3a). The main 
textures of the ore include euhedral-subhedral (Fig. 3a-b), 
cataclastic and metasomatic residual textures. Alteration 
types- include silicification, pyritization, monetization, and 
weak sericitization.

Cassiterite in the Dalong deposit is mostly brown to dark 
brown and occurs in euhedral-subhedral granular aggregates 
coexisting with quartz (Fig 3(a-b), e). The cassiterite crys-
tals are mainly short columnar shaped, with variable grain 
sizes (1-15mm in diameter), except that some grains have 
obvious cracks and broke into irregular shapes (Fig. 3c). 
Dissolution occurs on the edge of some cassiterite, mostly 
in a zigzag or harbor shape, and a typical zonal structure is 
occasionally developed in some cassiterite, suggested by 
alternating bright and dark rings in the cathodoluminescence 
(CL) images (Fig. 3f).

MATERIALS AND METHODS

Samples for this study were collected from adits in the 
Dalong deposit. After being separated from ore samples, 
large cassiterite grains with the least cracks and inclusions 
were chosen by hand under a binocular microscope, mounted 
in epoxy resin, and polished to expose the interior surface. 
Major compositions of cassiterite were determined by EPMA 
(JEOL JXA-8230) at Wuhan Sample Solution Analytical 
Technology Co. Ltd. The accelerating voltage was 15 kV, and 
the sample current was 5×10-8A with a 1 μm probe diameter. 
In situ trace, elemental analyses were performed using an 
iCAPRQ ICP-MS coupled with an NWR 193nm laser, in the 
Guangzhou Tuoyan Testing Technology Co. Ltd. Cassiterite 
grains were analyzed using a laser energy density of 5J.cm-2, 
a spot size of 50μm, and a laser pulse rate of 6Hz. Helium 
was used as a carrier gas and was mixed with argon via a 
Y-connector before entering the ICP-MS. Each spot analysis 
incorporated a background acquisition of approximately 50s 
followed by 45s of sample data acquisition. The contents of 
trace elements for unknown samples were corrected based 
on the external calibration material NISTSRM 610.

 

Fig. 3: The micrograph and CL image in the Dalong deposit. a Brown cassiterite-quartz geode in quartz vein; b Massive cassiterite ore. The 

cassiterite is dark brown, coarse-grained, euhedral, and associated with quartz; c Cassiterite is metasomatized by marcasite and limonite 

along with fractures and grain boundaries; d Cassiteriteis associated with pyrite and sphalerite; e Cassiterite grains under transmitted light; f 

The clear zonal structure in cassiterite under cathodoluminescence (CL). Cst-cassiterite; Lm-limonite; Mrc-marcasite; Py-pyrite; Sp-

sphalerite; Q-quartz 
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RESULTS 

Results of EPMA analysis of major elements in cassiterite from Dalong deposit are shown in Table 1. The content of 
SnO2, FeO and TiO2 in cassiterite is 98.32 - 100.11wt%, 0.01 - 0.08 wt %, and 0.02- 0.57 wt %, respectively, with a 
negative correlation between TiO2 and SnO2(Fig. 4a). It is suggested that Ti can enter the cassiterite crystal lattice via a 
simple bivalent cation substitution of Ti4+ ↔ Zn2+, which is also confirmed by the time-resolved LA-ICP-MS depth 
profiles observed in this study (Fig. 5). Cassiterite grains are relatively depleted in Nb (0.73-67 ppm), Ta (0-1.11ppm), 

Fig. 3: The micrograph and CL image in the Dalong deposit. a Brown cassiterite-quartz geode in quartz vein; b Massive cassiterite ore. The cassiterite 
is dark brown, coarse-grained, euhedral, and associated with quartz; c Cassiterite is metasomatized by marcasite and limonite along with fractures and 
grain boundaries; d Cassiteriteis associated with pyrite and sphalerite; e Cassiterite grains under transmitted light; f The clear zonal structure in cassit-

erite under cathodoluminescence (CL). Cst-cassiterite; Lm-limonite; Mrc-marcasite; Py-pyrite; Sp-sphalerite; Q-quartz
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RESULTS

Results of EPMA analysis of major elements in cassiterite 
from Dalong deposit are shown in Table 1. The content of 
SnO2, FeO and TiO2 in cassiterite is 98.32 - 100.11wt%, 
0.01 - 0.08 wt %, and 0.02- 0.57 wt %, respectively, with a 
negative correlation between TiO2 and SnO2(Fig. 4a). It is 
suggested that Ti can enter the cassiterite crystal lattice via 
a simple bivalent cation substitution of Ti4+ ↔ Zn2+, which 

is also confirmed by the time-resolved LA-ICP-MS depth 
profiles observed in this study (Fig. 5). Cassiterite grains are 
relatively depleted in Nb (0.73-67 ppm), Ta (0-1.11ppm), 
Mn (0.11-8ppm), Sc (2-23 ppm), Zr (0.05-61 ppm), and 
Hf (0.01-5ppm), and rich in Ti (480-4299ppm), Fe (69-899 
ppm) and W (640-3414ppm), revealed by in-situ LA-ICP-
MS analyses (Table 2). There are clear positive correlations 
between Zr and Hf, Nb and Ta, V and Sc, as shown in Figure 
6. The Co and Ni concentrations are usually steady in the 

 
Fig. 4: Binary plots of (a) TiO2 vs. SnO2, (b) V vs. Sc, (c) Hf vs. Zr, (d) Ta vs. Nb, (e) Nb+Ta vs. Fe+Mn, (f) V+ Nb+Ta vs. Sc+Fe+Ga 

in cassiterites from the Dalong deposit. 

 
Fig. 5: Representative time-resolved LA-ICP-MS depth profiles for cassiterite from the Dalong deposit. 

 
Cathodoluminescence (CL) is an effective means for revealing the complicated microtextures of minerals (Rusk a& 

Reed 2002). The cathodoluminescence properties of cassiterite largely depend on trace elements' content (Hall & Ribbe 

Fig. 4: Binary plots of (a) TiO2 vs. SnO2, (b) V vs. Sc, (c) Hf vs. Zr, (d) Ta vs. Nb, (e) Nb+Ta vs. Fe+Mn, (f) V+ Nb+Ta vs. Sc+Fe+Ga in cassiterites 
from the Dalong deposit.
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cassiterite samples (5-6 ppm Co, 38-42 ppm Ni), while the 
concentrations of other trace elements are very low (e.g., 
5.61 ppm Cu, 0.42 ppm Ga, 1.33 ppm Sr, 0.55 ppm Mo, 
and 1.23 ppm Ba).

DISCUSSION

Distribution of Trace Elements in Cassiterite

Cassiterite has a tetragonal lattice structure similar to that of 
rutile, with Sn4+ ions in six-fold coordination with oxygen, 
thus can incorporate a wide range of trace elements, such 
as Ti, W, Fe, Ta, Nb, U, Mn, V, and Sc (Plimer et al. 1991, 
Murciego et al. 1997). These elements either displace Sn4+ 
in cassiterite lattice or exist as mineral inclusions (Taylor 
1979). In this study, representative time-resolved LA-ICP-
MS depth profiles for cassiterite are given in Fig. 5. Most of 
the measured elements are characterized by a smooth profile, 
indicating that the samples analyzed are homogeneous and 
absent of mineral inclusions.

Quadrivalent elements such as Zr, Hf, and Ti can sub-
stitute directly for Sn4+ in cassiterite without any additional 
charge balance considerations (Cheng et al. 2019). Nb and 
Ta in cassiterite exist in the form of 5+ ions and enter into 
the cassiterite lattice by the reactions: 2(Ta, Nb)5++(Fe, 
Mn)2+=3Sn4+ (1) (Möller et al. 1988). Under geological 
conditions, Sc only occurs in Sc3+ valence state, therefore, 
the positive correlation between V and Sc in cassiterite of the 
Dalong deposit (Figs. 5b) indicate that V exist as V5+ for a 
charge-balanced coupled substitution of Sc3+ + V5+ = 2Sn4+, 
and this substitution (X3+ + Y5+ = 2Sn4+ (2)) may occur in 
cassiterite for many elements (Cheng et al. 2019). If reac-
tions (1) and (2) are the dominant substitution mechanisms 
for cassiterite, there should be a 2:1 balance between total 
pentavalent (Nb, Ta) and total divalent (Fe, Mn) cations, and 
a 1:1 balance between total trivalent (Sc, Fe, Ga) and total 
pentavalent (V, Nb, Ta) cations. However, in almost all cases, 

there is a significant excess of trivalent cations (Fig. 4e, f), 
which means that an additional mechanism is required to 
incorporate these trivalent cations (mostly Fe3+), for example, 
the coupled substitution: Fe3++OH-=Sn4++O2-, as previously 
proposed (Möller et al. 1988, Tindle & Breaks 1998, Pieczka 
et al. 2007). Zr-Hf and Nb-Ta have similar ionic radii and 
ionic charge, thus display similar geochemical behavior and 
maintain a relatively constant Zr/Hf value of 35 to 40 and an 
Nb/Ta value of 10 to 20 in most geological systems (Hoskin 
& Schaltegger 2003, Münker et al. 2003). This may be the 
main reason for the positive correlation between Zr and Hf 
as well as Nb and Ta in the Dalong cassiterite samples (Fig. 
4c & 4d).

Cathodoluminescence (CL) is an effective means for 
revealing the complicated microtextures of minerals (Rusk 
a& Reed 2002). The cathodoluminescence properties of 
cassiterite largely depend on trace elements’ content (Hall 
& Ribbe 1971, Farmer et al. 1991). Previous research has 
revealed that Ti and W work as activators, while Fe acts as 
a quenchant of cassiterite luminescence intensity (Farmer 
et al. 1991, Wille et al. 2018). Some cassiterite grains in the 
Dalong tin deposit have clear zonal structures of alternating 
bright and dark in cathodoluminescence images (Fig. 3f, 
Fig. 6). The TiO2 concentration of the annulus is high in the 
bright band and low in the dark band, and gradually decreases 
from core to edge, according to electron probe microanalysis 
(EPMA) (except for slight fluctuations in the bright band) 
(Fig. 6). The substitution of Sn by Ti is easier to occur at 
high temperatures (Hu 1988), thus the regular variation char-
acteristics of Ti content may reflect the gradual decrease of 
ore-forming temperature, and the ore-forming environment 
is generally relatively stable, but slightly turbulent.

Genesis of Cassiterite

Previous studies have pointed out that elements in cassiter-
ite can be used as indicators of the formation environment 

 
Fig. 4: Binary plots of (a) TiO2 vs. SnO2, (b) V vs. Sc, (c) Hf vs. Zr, (d) Ta vs. Nb, (e) Nb+Ta vs. Fe+Mn, (f) V+ Nb+Ta vs. Sc+Fe+Ga 

in cassiterites from the Dalong deposit. 

 
Fig. 5: Representative time-resolved LA-ICP-MS depth profiles for cassiterite from the Dalong deposit. 
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and ore-forming fluid composition (Schneider et al. 1978, 
Murciego et al. 1997, Hennigh & Hutchinson 1999). Most 
of the primary Tin-bearing deposits in the world are mag-
matic-hydrothermal origin, spatially and genetically related 
to highly differentiated granite (Taylor 1979, Heinrich & 
Eadington 1986, Hosking, 1988), and only a few occur as 
volcanogenic massive sulfide (VMS) deposits or sedimen-
tary-exhalative (SEDEX) deposits, eg., Neves Corvo Cu-Sn 
VMS deposit (Oliveira et al. 1997), Kidd Creek Cu-Zn-
Ag-(Sn) VMS deposit (Hennigh & Hutchinson 1999), and 
Sullivan Fe-Pb-Zn-(Sn) SEDEX deposit (Hamilton et al. 
1982). Cassiterites from granite-related tin deposits display 
variable colors, while those from SEDEX or VMS deposits 
are generally colorless (Guo et al. 2018a). In a magmat-
ic-hydrothermal system, the crystallization differentiation 
of magma will enrich the incompatible elements such as 
W and Zr in the residual melt, and W can be incorporated 
into cassiterite by isomorphism or as mineral inclusions, 
resulting in an increase in the W content of cassiterite in 
granite-related deposits (Guo et al. 2018b). As for the process 
of submarine exhalation sedimentation is characterized by 
low temperature and reduction environment. Under such 
conditions, the Fe2+ is easy to combine with S to form sulfides 
instead of oxides, leading to low Fe content of cassiterite in 
the submarine hydrothermal system (Pavlovaer al. 2015). 
Therefore, cassiterite from granite-related deposits generally 
contains a larger amount of Fe and W, compared to those 
from SEDEX/VMS deposits, which provides a method to 
effectively distinguish the genesis of tin mineralization of 
these two types. Cassiterites from the Dalong deposit have 
considerable W contents and relatively high Fe contents and 

are all plotted in the granite-related tin deposits area in the 
Fe-W discriminant diagram (Fig. 7a). Cassiterite created in 
high-temperature systems, such as granites and rare-element 
pegmatites, is thought to have low Fe and Mn contents and 
high Nb and Ta contents, as opposed to cassiterite formed in 
low-temperature hydrothermal environments (Taylor 1979, 
Tindle & Breaks 1998). Based on this, an Nb-Ta vs Fe-Mn 
diagram (Fig. 7b) is proposed to trace the genesis of cassit-
erite (Tindle & Breaks 1998). In this diagram, our data of 
cassiterite are distributed in the area of the epithermal and 
hydrothermal deposits, suggesting a magmatic-hydrothermal 
origin. Furthermore, Chen et al. (2000) put forward that the 
Mn content of cassiterite decreases significantly with the 
addition of external hydrothermal fluid, thus, the depletion 
of Mn in cassiterite from the Dalong deposit may imply the 
addition of low-temperature fluids during mineralization. 

Sources of Sulfur

Sulfur isotopic characteristics can define the formation en-
vironment of sulfide and the source of sulfur, which play an 
important role in inferring the source and forming process 
of ore deposits (Hoefs 1987, Ohmoto 1997). The δ34S values 
of sulfides in the Dalong deposit (δ34S = 6.88 -10.04) (Xie 
& Liang 2018), similar to those in Luziyuan deposit (δ34S = 
8.9 - 14.2 ‰) (Xu et al. 2019, Yang et al. 2019), Shuitoushan 
deposit (δ34S = 4.1 - 12.2 ‰) (Deng et al. 2017, Zhang et al. 
2021), Fangyangshan deposit (δ34S = 8.24 -14.91) (Xu et al. 
2021), Jinchanghe deposit (δ34S = 2.5 - 11.1‰ (Huang 2014, 
Li et al. 2019), and Hetaoping deposit (δ34S = 3.7 - 7.1‰, 
Chen et al. 2017) in the Baoshan block, range between those 
of the granite-derived sulfur (δ34S = −4.0 ~ 9.0‰) (Hoefs 

1971, Farmer et al. 1991). Previous research has revealed that Ti and W work as activators, while Fe acts as a quenchant 
of cassiterite luminescence intensity (Farmer et al. 1991, Wille et al. 2018). Some cassiterite grains in the Dalong tin 
deposit have clear zonal structures of alternating bright and dark in cathodoluminescence images (Fig. 3f, Fig. 6). The 
TiO2 concentration of the annulus is high in the bright band and low in the dark band, and gradually decreases from 
core to edge, according to electron probe microanalysis (EPMA) (except for slight fluctuations in the bright band) (Fig. 
6). The substitution of Sn by Ti is easier to occur at high temperatures (Hu 1988), thus the regular variation 
characteristics of Ti content may reflect the gradual decrease of ore-forming temperature, and the ore-forming 
environment is generally relatively stable, but slightly turbulent. 

 

 
Fig. 6: The zonal structure in the CL image and the compositional variation of cassiterites from the Dalong deposit. 

 
Genesis of cassiterite 

Previous studies have pointed out that elements in cassiterite can be used as indicators of the formation environment 
and ore-forming fluid composition (Schneider et al. 1978, Murciego et al. 1997, Hennigh & Hutchinson 1999). Most of 
the primary Tin-bearing deposits in the world are magmatic-hydrothermal origin, spatially and genetically related to 
highly differentiated granite (Taylor 1979, Heinrich & Eadington 1986, Hosking, 1988), and only a few occur as 
volcanogenic massive sulfide (VMS) deposits or sedimentary-exhalative (SEDEX) deposits, eg., Neves Corvo Cu‒Sn 
VMS deposit (Oliveira et al. 1997), Kidd Creek Cu‒Zn‒Ag‒(Sn) VMS deposit (Hennigh & Hutchinson 1999), and 
Sullivan Fe‒Pb‒Zn‒(Sn) SEDEX deposit (Hamilton et al. 1982). Cassiterites from granite-related tin deposits display 
variable colors, while those from SEDEX or VMS deposits are generally colorless (Guo et al. 2018a). In a magmatic-
hydrothermal system, the crystallization differentiation of magma will enrich the incompatible elements such as W and 
Zr in the residual melt, and W can be incorporated into cassiterite by isomorphism or as mineral inclusions, resulting in 
an increase in the W content of cassiterite in granite-related deposits (Guo et al. 2018b). As for the process of submarine 
exhalation sedimentation is characterized by low temperature and reduction environment. Under such conditions, the Fe2+ 
is easy to combine with S to form sulfides instead of oxides, leading to low Fe content of cassiterite in the submarine 
hydrothermal system (Pavlovaer al. 2015). Therefore, cassiterite from granite-related deposits generally contains a larger 
amount of Fe and W, compared to those from SEDEX/VMS deposits, which provides a method to effectively distinguish 
the genesis of tin mineralization of these two types. Cassiterites from the Dalong deposit have considerable W contents 
and relatively high Fe contents and are all plotted in the granite-related tin deposits area in the Fe-W discriminant diagram 
(Fig. 7a). Cassiterite created in high-temperature systems, such as granites and rare-element pegmatites, is thought to have 
low Fe and Mn contents and high Nb and Ta contents, as opposed to cassiterite formed in low-temperature hydrothermal 
environments (Taylor 1979, Tindle & Breaks 1998). Based on this, an Nb-Ta vs Fe-Mn diagram (Fig. 7b) is proposed to 

Fig. 6: The zonal structure in the CL image and the compositional variation of cassiterites from the Dalong deposit.
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1987) and the Cambrian-Triassic seawater sulfate (δ34S 
=15.0 ~ 35.0‰) (Claypool et al. 1980) (Fig. 8), suggesting 
a mixture source of sulfur (Ohmoto 1997). As it is reported 
that regional concealed intermediate-acid intrusions have 
been detected at depth under these deposits (reported by 
Chen et al. 2017, Huang 2014, Liang et al. 2015), a mixed 
source of sulfur for the Dalong deposit is proposed in this 
paper, which is initially derived from granite and gradually 
interfused by seawater during mineralization.

Deposit Type

The orebodies of the Dalong deposit are hosted in calcareous 
slate, banded micrite limestone, and structural breccia of 
Upper Cambrian Baoshan formation in vein and lenticular 
shape, and are strictly controlled by structures. The formation 
of the deposit is later than the host rock, and the boundary 
of them is clear, showing typical epigenetic metallogenic 
characteristics. The mineral composition is simple, mainly 
composed of cassiterite, pyrite, chalcopyrite, arsenopyrite, 
quartz, and calcite, associated with correspondingly weak 
mid-low temperature hydrothermal alterations, such as silici-
fication, pyritization, and sericitization. These geological 
features are similar to those of typical hydrothermal vein-
type tin deposits (Taylor 1979, Hosking 1988, Jiang et al. 
2020), suggesting a hydrothermal genesis of the Dalong tin 
deposit. As discussed above, the trace element composition 
of cassiterite in Dadong deposits is consistent with that in 
magmatic-hydrothermal deposits, instead of SEDEX/VMS 
deposits. The low Mn content of cassiterite and relatively 
high δ34S of sulfides indicate that the ore-forming materials 
originated from deep intermediate-acid intrusions, and maybe 

gradually interfused by seawater during mineralization. In 
summary, combined with the geological characteristics of 
the deposit, the trace element composition of cassiterite, 
and the sulfur isotope geochemistry of sulfides, the Dagong 
deposit is supposed to be a magmatic-hydrothermal vein-
type tin deposit.

CONCLUSION

 (1) The cassiterite is enriched in Fe, W, and Ti, and deplet-

trace the genesis of cassiterite (Tindle & Breaks 1998). In this diagram, our data of cassiterite are distributed in the area 
of the epithermal and hydrothermal deposits, suggesting a magmatic-hydrothermal origin. Furthermore, Chen et al. (2000) 
put forward that the Mn content of cassiterite decreases significantly with the addition of external hydrothermal fluid, 
thus, the depletion of Mn in cassiterite from the Dalong deposit may imply the addition of low-temperature fluids during 
mineralization.  
 

 

Fig. 7: a. Binary plot of Fe versus W contents in cassiterite from the Dalong deposit (modified from Hennigh & Hutchinson, 1999, Guo et al. 

2018a); b. Covariation plot of Nb+Ta with Fe+Mn in cassiterite grains from the Dalong deposit (EPMA data) (modified from Tindle & 

Breaks 1998, Tan et al. 2018). 

Sources of Sulfur 
Sulfur isotopic characteristics can define the formation environment of sulfide and the source of sulfur, which play an 

important role in inferring the source and forming process of ore deposits (Hoefs 1987, Ohmoto 1997). The δ34S values 
of sulfides in the Dalong deposit (δ34S = 6.88 -10.04) (Xie & Liang 2018), similar to those in Luziyuan deposit (δ34S = 
8.9 - 14.2 ‰) (Xu et al. 2019, Yang et al. 2019), Shuitoushan deposit (δ34S = 4.1 - 12.2 ‰) (Deng et al. 2017, Zhang et 
al. 2021), Fangyangshan deposit (δ34S = 8.24 -14.91) (Xu et al. 2021), Jinchanghe deposit (δ34S = 2.5 - 11.1‰ (Huang 
2014, Li et al. 2019), and Hetaoping deposit (δ34S = 3.7 - 7.1‰, Chen et al. 2017) in the Baoshan block, range between 
those of the granite-derived sulfur (δ34S = −4.0 ~ 9.0‰) (Hoefs 1987) and the Cambrian-Triassic seawater sulfate (δ34S 
=15.0 ~ 35.0‰) (Claypool et al. 1980) (Fig. 8), suggesting a mixture source of sulfur (Ohmoto 1997). As it is reported 
that regional concealed intermediate-acid intrusions have been detected at depth under these deposits (reported by Chen 
et al. 2017, Huang 2014, Liang et al. 2015), a mixed source of sulfur for the Dalong deposit is proposed in this paper, 
which is initially derived from granite and gradually interfused by seawater during mineralization. 

 

Fig. 7: a. Binary plot of Fe versus W contents in cassiterite from the Dalong deposit (modified from Hennigh & Hutchinson, 1999, Guo et al. 2018a);  
b. Covariation plot of Nb+Ta with Fe+Mn in cassiterite grains from the Dalong deposit (EPMA data) (modified from Tindle & Breaks 1998,  

Tan et al. 2018).

Fig. 8: The sulfur δ34S values of ore deposits in the Baoshan Block. Data 
for Dalong deposit are from (Xie & Liang 2018); data for Luziyuan deposit 
are from (Xu et al. 2019, Yang et al. 2019); data for Shuitoushan deposit are 
from (Deng et al. 2017, Zhang et al. 2021); data for Fangyangshan deposit 
are from (Chen 2019); data for Jingchanghe deposit are from (Huang 2014, 
Li et al. 2019); data for Hetaoping deposit are from (Chen et al. 2017); 
data for granitic rocks are from (Hoefs 1987); data for seawater are from      
(Claypool et al. 1980).
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ed in Nb, Ta, and Mn, which indicate that the Dalong 
deposit was formed in a granite-related magmatic-hy-
drothermal system.

 (2) The similar sulfur isotopic characteristics of the Dalong 
tin deposit and the Luziyuan, Shuitoushan, and Fang-
yangshan deposits in the Luziyuan ore field indicate that 
they have similar sources of sulfur, which is originally 
derived from the concealed intermediate-acid intrusions 
in deep and then mixed by seawater during mineraliza-
tion.

 (3) The Dalong tin deposit belongs to a magmatic-hydro-
thermal vein-type deposit in genesis. The concealed 
intermediate-acid intrusions provide the most important 
ore-forming fluid and metallogenic materials for min-
eralization.
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