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Late Cretaceous granitic rocks occur in the Gejiu ore district to the east and west of the N-S striking Gejiu Fault,
whereas major Sn deposits are only known to occur to the east of the Gejiu Fault. Comparison of the whole-rock
chemistry, the apatite trace-element chemistry, and zircon Hf and O isotope data of the various granites dem-
onstrates that fertile granites occur to both sides of the Gejiu fault. The results demonstrate that the c. 83 Ma old
granitic intrusions (i) have similar magma sources, which are dominated by metasedimentary rocks that had
experienced intense chemical weathering, resulting in reduced melts, (ii) had similar melting conditions, i.e.,
high temperature biotite dehydration melting, and (iii) in part had experienced large extents of fractional
crystallization. The most evolved granites to both sides of the Gejiu Fault have the characteristics typical of tin
granites. Therefore, the absence of major deposits to the west of the Gejiu Fault is not due to the absence of fertile
granites. The areas to the east and the west of the Gejiu Fault, however, have fundamentally different fault
pattern, which indicates different orientation of the stress field to both sides of the Gejiu Fault at the time of the
emplacement of the Cretaceous granites. Late Cretaceous dextral movement along the Ailaoshan Fault Zone
resulted in a (trans)tensional setting in areas to the east of the Gejiu Fault and in a (trans)pressional setting to the
west of that fault. We speculate that the tectonic setting influences the potential for mineralization because the
Sn bearing fluids need efficient pathways to transporting metals from the roof zone of the batholith into the wall
rocks. In contrast to regional compression, hydraulic fracturing in an overall extensional setting has the potential
to develop efficient fluid pathways and, thus, may lead to major ore deposits. To the west of the Gejiu Fault,
however, granite intrusions in an overall compressional setting are likely to develop no or only small
mineralization.

1. Introduction

The Gejiu tin polymetallic ore district is the largest known primary
Sn accumulation in the world, with an estimated endowment of 3.2 Mt
of Sn, 3.3 Mt of Cu, 5.2 Mt of Pb + Zn, and more than 0.2 Mt of W. There
are five types of Sn mineralization, i.e., (i) Sn — Cu ore within altered
granites, (ii) Sn — Cu + W skarn ore, (iii) Sn greisen ore, (iv) carbonate-
hosted stratiform Sn — Pb 4+ Zn + Cu ore, and (v) carbonate-hosted
tourmaline veins with Sn — Be — W ore (Cheng et al., 2013a; Zhang
et al., 2020; Xu et al., 2021). The Gejiu district includes two areas of
contrasting surface geology and mineralization that are separated by the
N-S striking Gejiu Fault. To the east of the fault, surface exposures are
dominated by Triassic carbonates, whereas to the west of the fault
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different types of Late Cretaceous magmatic rocks predominate (Fig. 1c).
To the east of the Gejiu Fault, there are several major deposits, i.e., the
Malage (Sn-Cu), the Songshujiao (Sn-Cu-Pb), the Gaosong (Sn-Pb-Zn),
the Laochang (Sn-W-Cu), and the Kafang (Sn-Cu) deposits (Fig. 1c).
Major mineralization is closely related to fault zones and their in-
tersections (Jiang et al., 1997; Zhao et al, 2015). To the west of the Gejiu
Fault, mineralization is only sporadic with small Pb-Sn ore bodies. The
largest mined Sn-Pb ore is the Douyan deposit with an estimated
endowment of 651 t of primary Sn ore and 330 t of alluvial Sn ore (308
Geological Party, 1984; He et al., 2014; Lu and Liu, 2020). The areas to
the east and to the west of the Gejiu Fault not only have a different
distribution of mineralization, but also contrasting fault pattern (Jiang
et al., 1997; Tan et al., 2013; Zhao et al., 2015).
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Primary Sn mineralization in the Gejiu district is spatially and
genetically linked to Late Cretaceous granites. To the east of the Gejiu
Fault, granitic intrusions are not exposed, except for a granite area (~6
km?) to the north of the Malage deposit, but reach to a depth of 200 to
1000 m below the surface. Unexposed granitic bodies with major de-
posits include the Malage-Songshujiao porphyritic granite, the Laochang
porphyritic granite, and the Laochang-Kafang equigranular granite. To
the west of the Gejiu Fault, exposures of granitoids cover an area of ~
320 km? (Fig. 1c), the most important intrusions being the Longchahe
porphyritic granitic body and the Shenxianshui equigranular granitic
body. In addition to these granitoids, there occur also gabbros (~10
km?), syenites (~45 km?), and a relatively small granitic body (~14
km?) with abundant mafic microgranular enclaves (MMEs; Fig. 1c).
Such rocks are not known to the east of the Gejiu Fault. One key question
in understanding the metallogeny of the Gejiu district addresses the
causes for the different distribution of mineralization. Have major de-
posits to the west of the Gejiu Fault not been found yet, have they been
removed because a deeper crustal level is exposed, or did major deposits
just not form because of differences in magma source and development
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or differences in tectonic setting to the east and the west of the Gejiu
Fault?

Not all granites have associated Sn mineralization. Tin granites are
chemically highly evolved, relatively reduced rocks that are derived
from partial melting of crustal source rocks (e.g., Heinrich, 1990; Leh-
mann et al., 1990; Sato, 2012). Tin granites commonly show a strong
enrichment in Sn, W, Be, Cs, F, B, Li, Rb, Ta, and U, a marked depletion
in Fe, Ti, Mg, Ca, Sr, Eu, Ba, and Zr, and low Fe;O3/FeO values (e.g.,
Stussi, 1989; Lehmann, 1990; Breiter et al., 2005). The absence of
mineralization associated with such granitic rocks could be due to a
wide range of causes, including: (i) insufficient magmatic fractionation
(e.g., Fogliata et al., 2012; Ballouard et al., 2016; Azadbakht et al.,
2020); (ii) too low melting temperatures in the source of the granitic
rocks, with Sn being concentrated in stable residual phases and leading
to Sn poor melts (Romer and Kroner, 2016; Wolf et al., 2018; Yuan et al.,
2019); (iii) oxidizing rather than reducing conditions during magma
fractionation favoring the crystallization of magnetite and titanite that
may incorporate significant amount of Sn and, thus, preventing the
enrichment of Sn in residual, volatile-rich melts (Ishihara et al., 1979;
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Fig. 1. (a) Map of Southeast Asia, showing the distribution of Jurassic to Tertiary Sn-(W) deposits in South China, Sibumasu, and Indochina. (b) Age (Ma) vs.
longitude diagram for Sn-(W) deposits shown in Fig. 1a. To highlight the contrasting distribution of deposits of different age, Late-Triassic, Silurian, and Neo-
proterozoic Sn deposits are not shown. Deposits and age data are from Mao et al. (2019), Yuan et al. (2019), Hu et al. (2021), Gardiner et al. (2016), Wang et al.
(2014), and Myint et al. (2021). (c) Simplified geologic map of the Gejiu district (modified after Cheng et al., 2013b; Zhang et al., 2015), showing the contrasting fault
patterns and distribution of mineralization to the east and west of the Gejiu Fault. Note, most of the Late-Cretaceous granite intrusions to the east of the Gejiu Fault
are not exposed. Frame in Fig. 1a indicates the area shown in the tectonic diagram in Fig. 10.
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Chen etal., 1992a; Wang et al., 2013). The exsolution of magmatic fluids
in highly evolved granitic systems typically results in the redistribution
of metals that were incompatible during magmatic fractionation and
leads to strong alteration of magmatic minerals. Fluid exsolution and
alteration of the magmatic mineral assemblage result in chemical
changes of the granites. Therefore, the chemical characteristics of
accessory minerals that are likely to preserve their original composition
such as zircon, apatite, titanite, and monazite, have been increasingly
used as proxy for magma development (e.g., Ballard et al., 2002; Lu
et al., 2016; Palma et al., 2019; Xing et al., 2021; Deng et al., 2020a, b).

In this paper, we study possible causes for the contrasting distribu-
tion and size of mineralization in the two areas separated by the Gejiu
Fault. In a first step, we compare granitoids from the eastern and western
parts of the Gejiu district, using whole rock chemistry and Nd isotope
data, zircon U-Pb dating and Hf-O isotope data, and apatite major and
trace element data of granitic rocks from. Based on these data we argue
that (i) most granites to the west of the Gejiu Fault are not likely to
produce major Sn mineralization and that (ii) a few granites to the west
of the Gejiu Fault have the same chemical fingerprint as granitic rocks
with important Sn mineralization to the east of the fault. The latter point
indicates that the absence of major deposits to the west of the Gejiu fault
is not due to the absence of fertile granites. In a second step, we discuss
whether the present erosion level and the stress field at the time of
granite emplacement contribute to the contrasting exposure of miner-
alization to the east and the west of the Gejiu Fault. Finally, we argue
that the absence of major deposits to the west of the fault possibly is
related to contrasting conditions of emplacement, most importantly the
orientation of the local stress field.

2. Geologic setting
2.1. Regional setting of the Gejiu district

The Gejiu Sn-polymetallic ore district is located near the south-
western margin of the South China Block (Fig. 1a), which hosts several
major Sn provinces. The southeastern margin of the South China Block
experienced several phases of arc magmatism related to the subduction
of the Paleo-Pacific plate (Hu et al., 2015). Several phases of back-arc
crustal extension related to reorganization of the subduction zone
resulted in the formation of major Sn and W mineralization. The most
important phases of mineralization were at 160-140 and 120-100 Ma
(Mao et al., 2013, 2019). To the southwest, the South China Block
bordered to the Paleo-Tethys that became closed during the Triassic
accretion of Sibumasu (Metcalfe, 2002; Zi et al., 2012). Intrusion of
240-220 Ma granites, locally with important Sn-W mineralization, was
associated with this collision, in particular along the developing active
plate margin to the SW of Sibumasu (Wai-Pan Ng et al., 2015).

The most prominent expression along the former Paleo-Tethys
margin of the South China Block is the Ailaoshan Fault Zone that has
been recurrently reactivated during sinistral and dextral strike-slip
movements (Deng et al., 2014; Chen et al., 2019; Yang et al., 2021).
Activity along the Ailaoshan Fault Zone was coeval with the accretion of
magmatic arcs to mainland Asia, such as the Kohistan and Gangdese
arcs, and with the collision Indian of the Indian subcontinent with
mainland Asia (Searle et al., 2016; Sloan et al., 2017; Chen et al., 2019).
The contrasting processes affecting the southern margin of the South
China Block is also reflected in the regional variation of the ages of post-
Triassic Sn mineralization (Fig. 1b). To the east, Sn mineralization falls
in two age groups, i.e., 160-140 Ma and 120-100 Ma (Mao et al. 2013)
and their formation seems to be controlled by the subduction of the
Paleo-Pacific plate, in particular the rollback of the slab with related
back-arc extension (Mao et al., 2019). To the west, Sn mineralization
falls in the age range of 80-40 Ma and are mainly related to the Neo-
Tethys suturing (Gardiner et al., 2015). Tin deposits along the former
suture of the Paleo-Tethys, in particular along the Ailaoshan Fault Zone,
and seems to related neither to the tectonics of the Paleo-Pacific plate
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nor the Indian plate (see also Chen et al., 2019).
2.2. Geology of the Gejiu district

The Gejiu district is near the former margin of the South China Block,
i.e., the Ailaoshan Fault Zone, that was reactivated as a major strike slip
fault zone during the Cretaceous and Tertiary collisions of the Kohistan
and Gangdese arcs and of India, i.e., during the closure of the Meso-
Tethys and the Neo-Tethys (Hu et al., 2015; Chen et al., 2019). The
Gejiu district is located to the north of the Ailaoshan Fault Zone at a
position where this crustal-scale tectonic element makes a kink and N-S
striking Xianshuihe-Xiaojiang fault connect with the Ailaoshan Fault
(Fig. 1a). The N-S striking Gejiu Fault, which is the southern extension of
the regional N-S striking Xianshuihe-Xiaojiang fault, represents the
dominant structure in the Gejiu ore district, separating two areas of
contrasting structural style, sedimentary and magmatic rocks, and
mineralization.

(i) Structural style. To the east of the N-S striking Gejiu Fault, there
are three sets of faults, striking E-W, NNE-SSW, and NW-SE, respectively
(Fig. 1c¢). The NW-SE and E-W striking faults, including Baishachong,
Songshujiao, Beiyinshan, Mengzimiao, Laoxiongdong, and Xianrendong
faults, are interpreted to be main pathways for the ore-forming fluids
(Jiang et al., 1997). To the west of the Gejiu Fault, the dominating faults
are NNE-striking, such as the Longchahe, Jiaodingshan, and Yangjiatian
faults, whereas E-W and NW-SE striking faults are less developed and
mainly occur in the peripheral area of the granitic intrusions (Fig. 1c). In
the central part of the western area, where major granitic bodies were
emplaced, E-W and NW-SE striking faults are rare.

(ii) Sedimentary and magmatic rocks. The Gejiu district has a Prote-
rozoic metamorphic basement that is covered by Paleozoic to Mesozoic
sedimentary rocks. The sedimentary sequence is incomplete: Silurian,
Jurassic, and Cretaceous strata are absent. The sedimentary rocks are
dominated by passive margin rocks, with interbedded Cambrian to
Ordovician sandstones and dolomitic limestones (not exposed in the
map area), upper Devonian to lower Permian carbonate rocks, and
Triassic siltstones, shales, and carbonate rocks (Fig. 1c). In the Gejiu ore
district, exposed sedimentary rocks mainly belong to the Middle Triassic
Gejiu and Falang formations (Chen et al., 1992b). The Gejiu Formation
consists of limestones, argillaceous limestones, and dolomitic limestones
and occurs mainly to the east of the Gejiu Fault and to the north of the
exposed major granitic intrusions (Fig. 1c). The Falang Formation in-
cludes siltstones and shale. It occurs to the west of the Gejiu Fault
(Fig. 1c). The rocks of the Falang Formation were deposited on top of the
rocks of the Gejiu Formation (Chen et al., 1992b).

The oldest magmatic rocks exposed in the Gejiu ore district are
Middle Triassic basalts, whereas the most voluminous magmatic rocks
are Late-Cretaceous intrusive rocks, ranging from gabbros to syenites
and granitoids (Supplementary Material 1). To the east of the Gejiu
Fault, the Late-Cretaceous magmatic rocks are equigranular and
porphyritic granites. Most of the granites are not exposed and reach to a
depth of 200 to 1000 m below the surface. There are, however, small
outcrops of the Baishachong equigranular granite and the Beipaotai
porphyritic granite to the north of the Malage deposit (Fig. 1c). The
granitic bodies of Malage-Songshujiao (porphyritic granite), Laochang
(porphyritic granite), and Laochang-Kafang (equigranular granite) have
associated Sn deposits, i.e., the Malage Sn-Cu deposit, the Songshujiao
Sn-Cu-Pb deposit, the Gaosong Sn-Pb-Zn deposit, the Laochang Sn-W-Cu
deposit, and the Kafang Sn-Cu deposit (Fig. 1¢). The porphyritic granites
are mainly composed of K-feldspar (~33 %), plagioclase (~31 %),
quartz (~26 %), and biotite (~8 %), with accessory contributions of
zircon, apatite, titanite, ilmenite, allanite, magnetite, and/or monazite
(Cheng and Mao, 2010). The equigranular granites mainly consist of
microcline (~40 %), plagioclase (~25 %), quartz (~30 %), and biotite
(~3 %) with accessory zircon, apatite, titanite, ilmenite, magnetite,
monazite, tourmaline, and/or fluorite (Cheng and Mao, 2010).

To the west of the Gejiu Fault, magmatic rocks include gabbro,
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syenite, and various granitoids, which are well exposed. Granitic rocks
are dominated by the Longchahe porphyritic granitic and Shenxianshui
equigranular granitic bodies (Fig. 1c). The outcrop area of the Long-
chahe granitic body, which is the largest intrusion in the Gejiu district, is
about 200 km?. The Longchahe granite mainly consists of microcline
(~33 %), plagioclase (~31 %), quartz (~26 %), biotite (~8 %) and
amphibole (~1 %) with accessory zircon, apatite, titanite, allanite, and
magnetite (Guo, 2019). The Shenxianshui granitic body is medium to
coarse grained with microcline (~35 %), plagioclase (~25 %), quartz
(~30 %), and biotite (~3 %) and the accessory minerals zircon, apatite,
titanite, tourmaline, and magnetite (Zhang et al., 2011). In the Jiasha
area, there is a granitic body with mafic microgranular enclaves
(Fig. 1c). This granite is mainly composed of plagioclase, K-feldspar,
biotite, amphibole, and quartz with minor apatite, zircon, titanite, and
magnetite (Zhang et al., 2013). The mafic microgranular enclaves
contain plagioclase, hornblende, biotite, K-feldspar, and quartz, with
rare titanite, zircon, magnetite, and apatite (Cheng et al., 2012a). To the
west of the Gejiu Fault there is also gabbro and syenite. The gabbro
consists of pyroxene, plagioclase, amphibole, and biotite with rare
zircon, titanite, magnetite, and apatite (Cheng et al., 2012a). Syenite,
which mainly outcrops in the Baiyunshan area (Fig. 1c), is fine to me-
dium grained and consists of nepheline, K-feldspar, albite, Ti-rich
andradite (melanite), biotite, aegirine-augite, and sodalite and the
accessory minerals fluorite, titanite, zircon, ilmenite, rutile, and allanite
(Cheng et al., 2013b).

(iii) Primary granite-related mineralization. To the east of the Gejiu
Fault, there are five major deposits, i.e., the Malage (Sn-Cu), the Song-
shujiao (Sn-Cu-Pb), the Gaosong (Sn-Pb-Zn), the Laochang (Sn-W-Cu),
and the Kafang (Sn-Cu) deposits, which are hosted by granite and their
carbonate wall rocks. At the contact zone between the granite and car-
bonate wall rocks, there occur skarn-type Sn — Cu + W mineralization
with scheelite, chalcopyrite, arsenopyrite, bismuthinite, and cassiterite
(Cheng et al., 2013a). In the carbonate wall rocks at some distance from
the contact of the intrusion, there occur stratiform Sn — Pb 4+ Zn £+ Cu
ores (Cheng et al., 2013a; Zhang et al., 2020). The mineralization con-
sists of pyrrhotite, cassiterite, pyrite, hematite, limonite, goethite, mal-
achite, conichalcite, anglesite, cerusite, plumbojarosite, arsenopyrite,
chalcopyrite, sphalerite, Fe-rich sphelarite, and galena with variable
amounts of quartz, tourmaline, tremolite, and fluorite. Some ores hosted
in the carbonates have complex shapes including lenticular, irregularly
banded, and veined bodies that are directly related to faults (Jiang et al.,
1997). Skarn and carbonate-hosted stratiform ores are the most impor-
tant mineralization types and occur in all major sediment-hosted de-
posits. Apart from that, there is Sn-Cu mineralization within the
Laochang-Kafang granite (Xu et al., 2021). The granite is variably
altered and ore minerals including chalcopyrite and stannite occur in the
most strongly altered sections of the granite, especially in steeply
plunging veins. In the Laochang deposit, tourmaline veins with Sn — Be
— W mineralization occur in the carbonate wall rocks above cupolas of
unexposed granite (Cheng et al., 2012b). Metal zoning is well developed
in the ore district with a change from Sn + Cu to Sn + Pb and to Pb + Zn
mineralization from the granite to the carbonate wall-rocks (Jiang et al.,
1997). Syntectonic mineralization occurred along dilatational jogs uti-
lized by E-W oriented dextral faults (Jiang et al., 1997) indicating NW-
SE directed regional compression with a dextral Ailaoshan Fault and a
sinistral Gejiu Fault in the Late Cretaceous.

To the west of the Gejiu Fault, mineralization is sporadically
distributed and deposits are generally only very small. The dominant ore
elements in mineralization to the west of the Gejiu Fault are Pb and Sn.
Ore bodies are mainly hosted in the wall rocks and the highest con-
centrations of ore elements are associated with the E-W and NNE-SSW
striking faults (Zhang et al., 2015; Lu and Liu, 2020). Most ore bodies
have been strongly weathered or oxidized. Because of their smaller size,
mineralization to the west of the Gejiu Fault has been relatively little
studied. There are only three deposits that have been mined (Lu and Liu,
2020; Fig. 1¢): (i) the Douyan Sn-Pb deposit consists of strongly oxidized
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ore bodies hosted in carbonate rocks of the Gejiu Formation at the
contact to the Ailaoshan Fault Zone; (ii) the Mengzong Pb deposit,
consisting of strongly oxidized ore bodies with galena, cerussite,
anglesite, and mimetite, is hosted in interlayer fracture zones on the
surface of tuff and marlstone of the Falang Formation to the south of the
Longchahe intrusion; and (iii) the Xiazhichang Pb deposit with complex
lenticular ore bodies and irregular veins, in particular along E-W striking
faults, is hosted in brecciated limestones and platy limestones of the
Gejiu Formation.

3. Samples and methods
3.1. Samples

Granitoids to both sides of the Gejiu Fault have been sampled to
expand the published data base. To the east of the Gejiu Fault, eight
samples of the Laochang-Kafang granitic body were collected from the
Zhuyeshan tunnel in the Laochang ore field. To the west of the Gejiu
Fault, we collected five samples from the Shenxianshui granitic body,
two samples from the Jiasha granitic body, and three samples from the
Longchahe granitic body. One sample from each granitic rock was used
for zircon analysis. Two samples from the Zhuyeshan granite and one
sample each from the Shenxianshui, Jiasha, and Longchahe granitic
rocks were used for apatite analysis.

3.2. Whole-rock chemical analysis

Granitic rock samples were washed and weathered surfaces were
removed. The fresh portions of the samples were crushed and ground to
less than 200 mesh. Whole rock major and trace element contents were
determined at the Geochemistry Lab of China University of Geosciences,
Beijing. Major element contents were determined using inductively
coupled plasma-optical emission spectroscopy (Leeman Prodigy ICP-
OES). Reference materials AGV-2, GSR-3, GSR-1, and GSR-5 were used
as standards. Trace element contents were determined using inductively
coupled plasma-mass spectrometry (Agilent-7500a ICP-MS). The stan-
dards AGV-2, BHVO-2, W-2 (U.S. Geological Survey), and GSR-3, GSR-1,
and GSR-5 (National Geological Standard Reference Materials of China)
were used to monitor the analytical accuracy. The analytical uncertainty
is less than 5% for most trace elements, except less than 15% for P, K,
and less than 10% for Cr, Sc, Cu, Zn, and Sr. Detailed procedures of
major and trace element analysis are given by Zhong (2015).

3.3. Whole-rock Nd isotope analysis

Neodymium was separated and purified at the Key Laboratory of
Orogenic Belts and Crustal Evolution, Peking University. Whole rock
powders were dissolved in a mixture of HNO3 + HF for seven days at
80°C on the hot plate. REEs were separated on cation exchange columns
filled with AG50W-X8 200 mesh resin. Neodymium was separated from
the other REEs using a second cation-exchange column filled with P507
200 mesh resin. The Nd isotopic composition was determined on a
Thermo-Finnigan TRITON thermal ionization mass spectrometer at the
Tianjin Institute of Geology and Mineral Resources, China Geological
Survey. Neodymium reference material LIRG gave 1**Nd/'*Nd =
0.512202 + 6 (206, n = 3).

3.4. U-Pb dating, trace element analysis, and Hf-O isotope analysis of
zircon

Zircon grains were separated using heavy liquids and magnetic
methods and purified by handpicking under a binocular microscope.
Zircon grains were mounted in an epoxy block and polished to expose
the central sections of the crystals. The zircon grains were examined
under transmitted and reflected light. Cathodoluminescence images
were used to select domains for in situ elemental and isotopic analysis.
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Zircon U-Pb dating and trace element analysis were conducted at
Mineral and Fluid Inclusion Microanalysis Lab, Geology Institute, Chi-
nese Academy of Geological Sciences in Beijing, using an Agilent 7900
ICP-MS coupled with an NWR 193UC laser ablation system (LA-ICP-MS).
The analyses were performed using 30 pm spot diameter, 5 Hz repetition
rate, and 2 J/cm? laser fluence. Zircon 91,500 was used as primary
reference material and GJ-1 and Plesovice zircon were used as second-
ary reference materials. NIST 610 and °'Zr were used as external
reference material and internal standard element, respectively, to cali-
brate trace element contents. Data reduction was conducted using the
Iolite software package (Paton et al., 2010) and weighted mean
208p, /238 ages were calculated using the Isoplot program (Ludwig,
2003).

In situ zircon Hf isotope analysis was conducted at the National
Research Center of Geoanalysis (Beijing) using a MC-ICP-MS (Neptune
Plus, Thermo Fisher Scientific) coupled with a femto-second (A = 343
nm) laser ablation system (J-200, Applied Spectra). The laser was
operated at ~ 7 J/cm? fluence and 10 Hz repetition rate. The analyzed
areas were approximately 40 x 20 pm. Detailed analytical procedures
and data reduction procedures are given in Zhou et al. (2018).

In situ zircon O isotope analysis was conducted using a Cameca IMS
1280-HR at the SIMS Laboratory of Guangzhou Institute of Geochem-
istry, Chinese Academy of Sciences (GIGCAS). The analyses were per-
formed using 10 kV acceleration voltage, 2nA beam current, and 10 pm
beam diameter. Two reference zircon samples 91,500 and TEMORA 2,
used to evaluate the reproducibility and accuracy, gave values consis-
tent within error with the recommended values. The Penglai zircon was
used as an external reference material to calibrate instrumental mass
fractionation. Detailed analytical procedures and data reduction pro-
cedures are given in Yang et al. (2018).

3.5. Major and trace element analysis of apatite

Apatite major element contents were determined by electron
microprobe using a JEOL-JXA8230 at the Institute of Mineral Resources,
Chinese Academy of Geological Sciences (CAGS), Beijing, China. The
minerals were analyzed using 15 kV accelerating voltage, 20nA beam
current, and 5 pm spot diameter. The analytical error are less than 0.5 %
for most elements.

Apatite trace element contents were measured using LA-ICP-MS at
the In situ Mineral Geochemistry Lab, Ore Deposit and Exploration
Centre (ODEC), Hefei University of Technology, China. The analyses
were carried out on an Agilent 7900 Quadrupole ICP-MS coupled to a
Photon Machines Analyte HE 193-nm ArF Excimer Laser Ablation sys-
tem, using ~ 4 J/em? fluence, 8 Hz repetition rate, and 30 pm spot
diameter. Each analysis involved measuring the gas blank for 20 s and
the sample for 40 s. Ca was used as internal standard and NIST 610, NIST
612, and BCR 2G were used as external standard materials. Standard
reference materials were run after each 10 unknowns. Detection limits
were calculated for each element and each spot analysis. Off-line data
processing was performed using ICPMSDataCal (Liu et al., 2008).
Analytical uncertainties were generally less than 10 % for most of the
trace elements.

4. Results
4.1. Whole-rock chemical data

Major and trace element compositions of the Zhuyeshan (to the east
of the Gejiu Fault) and Shenxianshui, Jiasha, and Longchahe (to the west
of the Gejiu Fault) granitic rock samples are presented in Table 1.

Samples from the Zhuyeshan and Shenxianshui granites have similar
chemical compositions although they come from opposite sides of the
Gejju Fault. The Zhuyeshan and Shenxianshui granites are characterized
by high contents of SiO5 (71.2 to 75.7 wt%) and low contents of TiOy
(0.13 to 0.30 wt%), TFe203 (1.24 to 2.80 wt%), MgO (0.15 to 0.59 wt%),
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CaO0 (0.49 to 1.65 wt%), and P,05 (0.012 to 0.185 wt%). The contents of
TFep03, MgO, CaO, and P20s5 show relatively small variations (Fig. 2b-
e). The granitic rocks from Zhuyeshan to Shenxianshui show a decrease
of Al;03 (14.4 to 11.7 wt%) with increasing SiOy (Fig. 2a, g). Samples
from these two granites have similar Na;O and K5O contents of 2.79 to
3.77 wt% and 4.16 to 5.69 wt%, respectively, plot in the granite field in
the SiOz vs. NagO + K20 diagram (Fig. 3a), and belong to the high-K
calc-alkaline series (Fig. 3b). Compared with the Zhuyeshan and Shen-
xianshui granites, the Jiasha and Longchahe granitoids have lower
contents of SiO5 (62.6 to 70.0 wt%) and higher contents of TiO5 (0.43 to
0.97 wt%), TFe203 (2.79 to 5.74 wt%), MgO (0.81 to 2.07 wt%), CaO
(1.58 to 4.06 wt%), P2Os5 (0.182 to 0.418 wt%), and Al,03 (14.2t0 17.2
wt%; Fig. 2a-e and g). In addition, the Jiasha granitoid have higher SiO,
and lower TFe;03, MgO, CaO, and P,0s5 than the Longchahe granitoid
(Fig. 2a-e). Samples from the Jiasha and Longchahe granitoids show
similar NasO (3.14-3.70 wt%) and KO (4.33-6.10 wt%) contents as the
Zhuyeshan and Shenxianshui granites (Fig. 2h, i), most samples plot in
the quartz monzonite field in the SiO5 vs. NagO + K20 diagram (Fig. 3a),
and belong to the shoshonitic series (Fig. 3b).

Fig. 4 shows trace element pattern (normalized to upper continental
crust, UCC; Rudnick and Gao, 2003) of the samples from the Zhuyeshan,
Shenxianshui, Jiasha, and Longchahe granitoids. There are two types of
pattern, i.e., the Zhuyeshan and Shenxianshui granitic rocks have
similar pattern that differ significantly from those of the Jiasha and
Longchahe granitic rocks. The Zhuyeshan granite samples are charac-
terized by flat REE pattern, a deep Eu anomaly, and a pronounced tet-
rade effect. Apart from Eu, the pattern show marked depletions in V, Cr,
Co, Ni, Sr, and Ba, and distinct peaks for Li, Rb, Nb, Sn, Cs, Ta, Pb, Th,
and U. Samples from the Shenxianshui granite also show a tetrade effect,
but show slightly higher LREE and Li enrichment, more variable nega-
tive Eu anomalies, and stronger depletions of Sc, V, Cr, Co, and Ni than
samples from the Zhuyeshan granite. In comparison with these two
granites, the samples from the Jiasha and Longchahe intrusions show a
strong LREE enrichment and only slightly negative Eu anomalies (Jia-
sha) or no Eu anomalies (Longchahe). Furthermore, the Jiasha and
Longchahe granitoids show higher contents for Ba, Sr, Sc, V, Cr, Co, Ni,
Zn, Zr, and Hf and lower contents of Rb, Cs, Ta, and U than samples from
the Zhuyeshan and Shenxianshui granites. We estimated the melting
temperatures of the granitic melts using the zircon saturation ther-
mometer of Watson and Harrison (1983). The Zr contents of the samples
from the Zhuyeshan, Shenxianshui, Jiasha, and Longchahe granitoids
are 112-226 ppm, 189-230 ppm, 242-263 ppm, and 292-399 ppm,
respectively (Table 1), the corresponding zircon saturation temperatures
are 760-823 °C, 785-813 °C, 813-830 °C, and 802-831 °C, respectively.

4.2. Whole rock Nd isotopic composition

Measured and initial whole-rock Nd isotopic compositions are pre-
sented in Table 2. The initial isotopic compositions of Nd was calculated
for an U-Pb zircon age of 83 Ma. The eNd(t) values of the Zhuyeshan
granite range from — 9.0 to — 8.3. The eNd(t) values of granitoids to the
west of the Gejiu Fault are slightly higher than those of the Zhuyeshan
granite, ranging from — 7.3 to — 7.0 (Shenxianshui), —7.8 to — 7.7
(Jiasha), and — 7.6 to — 7.1 (Longchahe), respectively. The corre-
sponding two-stage model ages (Liew and Hofmann, 1988) are 1564 to
1506 Ma (Zhuyeshan), 1424 to 1401 Ma (Shenxianshui), 1466 to 1459
Ma (Jiasha), and 1450 to 1412 Ma (Longchahe), respectively. Note, two-
stage model ages are preferred here, as the more evolved granites show a
tetrade effect and, thus, their REE pattern strongly differ from the ones
of the protolith of the granites, typically yielding incorrect single-stage
model ages.

4.3. Zircon U-Pb ages, trace element, and Hf-O isotopic compositions

The results of zircon U-Pb dating, trace element analysis, and Hf and
O isotope analysis are presented in the Supplementary Material 2. Zircon



Table 1

Whole rock major (in wt.%) and trace elements (in ppm) data of the Zhuyeshan (ZYS), Shenxianshui (SXS), Jiasha (JS), and Longchahe (LCH) granitoids from the Gejiu district, China.

Sample no. To the east of the Gejiu Fault To the west of the Gejiu Fault

7YS-16 7YS-26 7YS-27 7YS-28 7ZYS-29 ZYS-30 ZYS-31 7YS-32 SXS-4 SXS-5 SXS-6 SXS-7 SXS-9 JS-1 JS-2 LCH-2 LCH-4 LCH-7
SiO, 75.1 74.0 72.9 71.2 74.4 72.1 71.9 72.0 74.4 75.5 75.2 75.7 74.6 64.7 70.0 63.8 62.6 62.6
TiO, 0.14 0.20 0.23 0.30 0.26 0.27 0.26 0.29 0.17 0.16 0.15 0.13 0.14 0.45 0.43 0.70 0.97 0.82
Al,O03 12.6 12.7 14.2 14.3 13.1 14.4 14.4 14.2 12.4 11.8 11.9 11.7 12.3 17.2 14.2 15.9 15.2 16.7
TFe,03 1.46 1.58 1.86 2.80 2.05 2.22 2.16 2.26 1.51 1.42 1.40 1.24 1.29 3.07 2.79 4.11 5.74 5.04
MnO 0.035 0.037 0.043 0.085 0.043 0.048 0.047 0.053 0.044 0.037 0.028 0.042 0.046 0.059 0.056 0.069 0.093 0.083
MgO 0.30 0.32 0.41 0.59 0.47 0.50 0.48 0.51 0.24 0.19 0.23 0.15 0.18 0.88 0.81 1.48 2.07 1.82
CaO 0.79 0.97 1.05 1.65 1.06 1.13 1.26 1.25 0.89 0.49 0.61 0.63 0.87 1.83 1.58 3.37 4.06 3.94
Na,0 3.21 2.79 3.10 3.09 3.04 3.27 3.10 3.28 3.46 3.04 3.26 3.34 3.77 3.70 3.14 3.36 3.33 3.37
K0 4.92 5.69 4.86 4.40 4.16 4.69 4.61 4.66 5.26 5.35 5.55 5.25 5.29 6.10 4.95 5.93 4.64 4.33
P,0s 0.131 0.109 0.166 0.170 0.154 0.184 0.185 0.178 0.048 0.032 0.037 0.012 0.031 0.231 0.182 0.303 0.418 0.353
Lol 0.76 1.04 0.74 1.01 0.69 0.79 1.16 0.92 0.48 0.85 0.61 0.67 0.43 1.16 1.05 0.33 0.24 0.40
Total 99.4 99.5 99.5 99.6 99.4 99.6 99.6 99.6 99.0 98.9 98.9 98.9 99.0 99.4 99.1 99.3 99.3 99.4
Li 42 76 83 83 96 96 93 108 140 134 118 131 277 78 89 64 93 77
Sc 3.7 3.4 3.6 6.3 3.6 4.1 4.1 4.2 1.7 1.6 1.7 1.2 1.4 4.8 4.7 6.4 7.9 7.3
A% 7.0 8.9 10 16 12 13 13 13 8.2 8.0 8.2 5.3 5.9 31 31 63 84 71
Cr 3.1 7.1 4.6 7.9 5.4 4.1 4.6 7.4 1.6 3.2 2.6 1.5 8.6 11 11 23 27 23
Co 1.4 2.1 2.2 3.1 2.4 3.0 2.7 2.6 1.2 1.1 1.2 0.9 1.0 5.0 3.9 9.6 12.9 10.6
Ni 1.2 4.1 2.1 3.3 2.7 1.9 1.9 4.0 0.7 1.7 1.5 0.6 2.4 3.8 4.3 8.2 9.7 7.7
Cu 9.89 118 2.06 2.65 1.84 2.62 47.6 4.19 17.9 35.3 2.34 2.32 2.81 6.57 11.8 7.63 13.4 11.7
Zn 43 73 60 68 61 66 79 72 81 61 49 37 38 93 63 107 142 127
Ga 17.6 21.4 21.0 21.7 20.4 22.9 22.2 22.5 20.6 21.6 19.7 20.7 22.7 25.4 26.4 25.9 29.7 26.5
Rb 395 436 392 407 372 409 418 423 428 458 466 474 528 289 302 248 242 220
Sr 205 108 96 181 101 97 118 96 226 200 178 135 130 361 329 760 699 672
Y 26.1 26.1 24.2 42.1 21.1 23.6 25.2 26.4 27.5 47.6 16.1 18.7 18.0 19.1 20.1 22.4 30.5 27.7
Zr 112 153 157 226 175 159 177 197 230 198 197 189 180 242 263 292 399 359
Nb 28.8 31.6 29.3 51.7 28.3 33.9 32.2 33.0 48.3 49.2 44.2 45.8 48.2 26.0 27.7 24.1 32.7 27.6
Sn 6.36 10.5 11.6 3.63 10.3 14.2 7.15 11.5 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Cs 20.0 45.3 39.5 25.0 34.5 41.1 43.0 40.6 19.2 22.8 15.6 21.4 40.2 11.7 13.1 8.2 9.4 7.8
Ba 169 167 212 504 229 210 230 230 279 304 292 238 237 873 677 1766 1240 1132
La 36.8 43.8 54.4 67.6 55.1 55.1 59.2 64.6 78.4 75.5 70.5 69.2 61.6 110 106 125 160 155
Ce 81.1 94.3 110 132 111 111 121 128 141 103 121 114 110 201 188 233 305 290
Pr 8.89 10.07 11.57 14.24 11.71 11.71 12.67 13.67 12.33 13.16 11.47 10.84 9.77 19.04 18.18 22.64 30.14 27.80
Nd 32.3 35.3 40.7 51.4 41.1 41.3 44.5 48.0 37.8 42.9 36.1 33.3 29.3 61.4 59.2 75.6 99.8 92.1
Sm 7.41 7.29 7.97 11.1 7.83 8.00 8.70 9.24 6.05 8.35 5.65 5.65 4.52 9.37 9.12 11.6 15.14 13.91
Eu 0.44 0.36 0.48 0.87 0.52 0.50 0.51 0.51 0.74 1.23 0.66 0.56 0.52 1.46 1.35 2.51 2.74 2.52
Gd 6.52 5.97 6.39 9.71 6.10 6.31 6.82 7.24 4.86 7.57 4.09 4.39 3.35 6.52 6.48 8.16 10.5 9.72
Tb 0.95 0.85 0.84 1.39 0.78 0.84 0.89 0.94 0.65 1.14 0.51 0.59 0.42 0.73 0.74 0.90 1.15 1.08
Dy 5.48 5.06 4.86 8.34 4.39 4.78 5.10 5.40 3.81 6.84 2.84 3.36 2.30 3.69 3.85 4.59 5.84 5.50
Ho 1.0 0.9 0.9 1.5 0.8 0.9 0.9 1.0 0.8 1.3 0.5 0.6 0.5 0.6 0.7 0.8 1.0 0.9
Er 2.62 2.72 2.51 4.41 2.19 2.43 2.58 2.73 2.25 3.87 1.55 1.74 1.37 1.68 1.76 1.99 2.57 2.41
Tm 0.4 0.4 0.4 0.7 0.3 0.4 0.4 0.4 0.4 0.6 0.3 0.3 0.2 0.2 0.3 0.3 0.4 0.3
Yb 2.49 2.78 2.46 4.29 2.08 2.37 2.51 2.66 2.49 4.35 1.79 1.78 1.61 1.46 1.57 1.61 2.06 1.93
Lu 0.4 0.4 0.4 0.6 0.3 0.3 0.4 0.4 0.4 0.7 0.3 0.3 0.3 0.2 0.2 0.2 0.3 0.3
Hf 3.23 3.92 3.87 5.56 4.14 3.90 4.28 4.69 5.60 4.99 5.15 4.49 4.39 5.79 6.36 6.58 9.32 8.63
Ta 1.87 2.37 2.00 3.70 1.88 2.51 2.50 2.05 3.10 3.13 2.77 2.73 2.96 1.46 1.59 1.38 1.79 1.61
Pb 54.5 61.6 54.0 42.3 50.0 53.5 57.3 56.1 44.5 49.1 44.0 57.5 56.4 35.56 37.7 42.2 30.54 32.64
Th 39.8 39.5 47.2 44.1 47.1 49.1 52.4 57.8 69.7 59.0 68.0 61.8 57.5 64.3 68.6 44.3 58.3 56.0
0) 18.8 19.5 15.8 15.5 12.8 19.1 19.4 16.4 17.3 20.7 17.2 17.7 11.7 9.9 9.0 5.0 5.5 5.6
Rb/Sr 1.93 4.05 4.07 2.25 3.70 4.23 3.55 4.42 1.89 2.29 2.61 3.51 4.06 0.80 0.92 0.33 0.35 0.33
T (°C)* 760 782 795 823 807 795 806 812 813 808 800 797 785 813 830 802 823 831

* Temperatures were calculated using the Watson and Harrison (1983) zircon saturation thermometer.
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Fig. 2. Major elements vs. 1/TiO, diagrams for granitoids intruded to the east and west of the Gejiu Fault. 1/TiO, increases with magma evolution. The Zhuyeshan
and Shenxianshui granites are characterized by high contents of SiO, and low contents of TiO,, TFe;03, MgO, CaO, and P50s. These two types of granites show — with
stronger fractionation - an increase in SiO,, decrease in Al,O3, but small variations in TFe;03, MgO, CaO, and P,Os. Compared with the Zhuyeshan and Shenxianshui
granites, the Jiasha and Longchahe granitoids have lower contents of SiO, and higher contents of TiO5, TFe;03, MgO, CaO, P,Os, and Al,Os. Furthermore, samples
from the Jiasha granitoid have higher SiO, and lower TFe;03, MgO, CaO, and P05 contents than those from the Longchahe granitoid. The four types of granitoids
have similar contents of K»O and Na,O. Data for mafic microgranular enclaves and gabbros are from Cheng et al. (2013b).

crystals from the granitoids are enhedral and cathodoluminescence
images typically show magmatic oscillatory zoning, which indicates that
the zircon crystals have a magmatic origin. Measured Th/U ratios
generally fall in the range from 0.2 to 1.7 (Supplementary Material 2).
The weighted mean 2°°Pb/?38U ages of the granitoids are 82.94 + 0.48
Ma (Zhuyeshan), 82.52 + 0.62 Ma (Shenxianshui), 82.81 + 0.58 Ma
(Jiasha), and 83.08 + 0.52 Ma (Longchahe), respectively (Fig. 5). These
ages indicate that the granitic rocks distributed to both sides of the Gejiu
Fault were emplaced at the same time.

The zircon Eu anomaly (Eu/Eu*) of the Zhuyeshan, Shenxianshui,
and Jiasha granitoids generally fall in the same range (0.01 to 0.31),
whereas the Longchahe granitoid generally have higher Eu/Eu* ratios
(0.19-0.42; Fig. 6a). All four types of the granitoids have similar zircon
Ce/Ce* anomalies (3-219; Fig. 6a) and calculated Ti-in-zircon temper-
atures (674-905 °C; Ferry and Watson, 2007). The magma oxygen
fugacity (fO2) was calculated using zircon trace element data (Loucks
et al., 2020). The granitoids have similar calculated logfO, values that
correspond to AFMQ values ranging from — 2.19 to 2.67, with most
values being less than zero (Fig. 6b).

The Hf isotopic compositions of the dated zircon grains correspond to
calculated eHf(t) values ranging from — 8.2 to — 5.9 (Zhuyeshan), —6.6
to — 2.7 (Shenxianshui), —7.8 to — 4.9 (Jiasha), and — 7.8 to — 4.0

(Longchahe). These eHf(t) values corresponded to Tpyo ages ranging
from 1676 to 1522 Ma (Zhuyeshan), 1566 to 1409 Ma (Shenxianshui
with one younger model age at 1318 Ma), 1640 to 1457 Ma (Jiasha), and
1643 to 1408 Ma (Longchahe). Although the data for the various
granitoids fall in relatively narrow, overlapping clusters, a few analyses
from the Shenxianshui granite yield slightly higher eHf(t) values
(Fig. 7a). The 5180 values of the Zhuyeshan, Shenxianshui, Jiasha, and
Longchahe granitic rocks range from 7.30 to 8.95 %o, 9.12 to 10.28 %,
8.16 t0 9.12 %o, and 7.99 to 9.32 %o, respectively. Most samples have
5180 values in the range from 8 to 9 %o, but some samples from the
Shenxianshui granite have slightly higher 5'80 values and two samples
from Zhuyeshan granite have lower 5'80 values (Fig. 7a).

4.4. Apatite major and trace element compositions

Major and trace element compositions of apatite from the Zhuye-
shan, Shenxianshui, Jiasha, and Longchahe granitic rocks are presented
in Supplementary Material 3. The CaO, P30s, and SiOy contents of
apatite range from 52.5 to 57.0 wt%, 36.5 to 43.0 wt%, and from below
the detection limit to 0.64 wt%, respectively. Apatite from the Zhuye-
shan granite has relatively large ranges of MnO (up to 1.07 wt%) and
FeO (up to 0.52 wt%) contents, whereas the corresponding ranges for
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Fig. 3. Classification of granitoids in the (a) SiO5 vs. NazO + K20 and (b) SiO,
vs. K50 diagrams. Samples from the Zhuyeshan and Shenxianshui granites plot
in the granite field and belong to the high-K calc-alkaline series, whereas
samples from the Jiasha and Longchahe intrusions plot in the granite and quartz
monzonite fields and belong to the shoshonitic series. Additional data for
granitic rocks, mafic microgranular enclaves, and gabbros are from Cheng and
Mao (2010) and Cheng et al. (2013b).

the Shenxianshui, Jiasha, and Longchahe granitic rocks are below 0.22
wt% MnO and below 0.10 wt% FeO. Apatite from all granitic rocks is
enriched in F (2.34 to 5.42 wt%), whereas the content of SO3 is below
0.47 wt%.

Fig. 8 shows the rare earth element pattern of apatite from the
Zhuyeshan, Shenxianshui, Jiasha, and Longchahe granitoids. For the
Zhuyeshan granite, apatite from whole rock sample ZYS-29 show flat
REE pattern with deep negative Eu anomalies, weakly positive Ce
anomalies, and slightly negative La anomalies, whereas apatite from
whole rock sample ZYS-28 show LREE enrichment and HREE depletion.
Apatite from the Zhuyeshan granite has low Sr (52 to 286 ppm) and high
Y (1087 to 5291 ppm) contents (Fig. 9). In comparison with the
Zhuyeshan granite, the patterns of apatite from the Shenxianshui, Jia-
sha, and Longchahe granitoids are similar to the pattern of apatite from
the whole rock sample ZYS-28 that is characterized by LREE enrichment
and HREE depletion with variably negative Eu anomalies. Apatite from
the Shenxianshui granite has similar Sr and Y contents (130-373 ppm Sr,
317-3194 ppm Y) as those from the Zhuyeshan granite, whereas apatite
from the Jiasha and Longchahe granitoids have higher Sr (177-641
ppm) and lower Y (196-675 ppm) contents (Fig. 9).
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5. Discussion
5.1. Granite chemistry as proxy for Sn mineralization in the Gejiu area

(i) Age of magmatism. The weighted mean 2°°Pb/238U ages of the
Zhuyeshan, Shenxianshui, Jiashan, and Longchahe granitoids are
around 83 Ma (Fig. 5). Therefore, the Cretaceous granitoids to the east
and west of the Gejiu Fault should have formed during the same tectonic
event. The mineralization ages of the major deposits formed to the east
of the Gejiu Fault were determined by mica *°Ar-3°Ar dating (95 to 77
Ma, Cheng et al., 2013a), molybdenite Re-Os dating (86 to 83 Ma, Cheng
etal., 2012b), and cassiterite U-Pb dating (85 to 84 Ma, Guo et al., 2018;
83 to 77 Ma, Cheng et al., 2019). To the west of the Gejiu Fault, gabbro,
syenite, and mafic microgranular enclaves have zircon U-Pb ages of
83.3 Ma, 79.2 Ma, and 83.1 Ma, respectively (Cheng and Mao, 2010).
Late Cretaceous magmatic rocks to the east and west sides of the Gejiu
Fault and primary Sn mineralization in the Gejiu district formed at the
same time.

(ii) Source rocks. The Zhuyeshan granite to the east of the Gejiu
Fault and the Shenxianshu, Jiasha, and Longchahe granitoids to the west
of the Gejiu Fault show a very narrow range of whole-rock Nd isotopic
compositions, with eNd(t) values ranging from — 9.0 to — 7.0 (Table 2).
The corresponding two-stage model ages (Liew and Hofmann, 1988)
range from 1564 to 1401 Ma. Hafnium isotope data from magmatic
zircon yield the same range of model ages as the whole rock Nd isotope
data. The Mesoproterozoic model ages indicate significant contributions
from old continental crust to the source of the granitoids.

The predominance of crustal source rocks is supported by zircon Hf
and O isotope data. The eHf(t) and §'80 values of most samples from the
Zhuyeshan, Jiasha, and Longchahe granitoids fall in a narrow and
overlapping cluster and show minor incorporation of mantle derived
material (Fig. 7a). Data from the Shenxianshui granite in part have
higher §'80 values, which may indicate intense chemical weathering of
the sedimentary protoliths. The whole rock Nd and the zircon Hf and O
isotope data demonstrate that the granitoids to both sides of the Gejiu
Fault are dominantly derived from metasedimentary rocks whose
sources experienced intense chemical weathering before sedimentation
and burial. Contributions of mantle-derived magma, locally preserved in
mafic microgranular enclaves, are minor.

(iii) Melting conditions. Melting temperature is critical for Sn-
enrichment in the melt: low temperature melting (muscovite dehydra-
tion melting) results in enrichment of Sn in restite minerals such as
biotite, whereas high temperature melting (biotite dehydration melting)
results in the partitioning of Sn into the melt (Romer and Kroner, 2016).
This general relation is supported by case studies (Wolf et al., 2018;
Yuan et al., 2019). The melting temperature of the granitic melts was
estimated using the zircon saturation thermometer of Watson and Har-
rison (1983). Samples from the Zhuyeshan granite yield high zircon
saturation temperatures (760 to 822 °C; Table 1) that fall in a similar
range as those of the Shenxianshui, Jiasha, and Longchahe granitoids to
the west of the Gejiu Fault (785 to 831 °C; Table 1). These temperature
ranges are higher than temperatures typical for muscovite dehydration
melting (~720-740 °C; Viruete et al., 2000) and reach into the tem-
perature range of biotite dehydration melting (>800 °C; Barbero, 1995).
The calculated temperatures are likely to represent minimum estimates
of the melting temperature due to the absence of inherited zircon in the
investigated samples from these granitoids (Miller et al., 2003). Thus,
Cretaceous granitoids to both sides of the Gejiu Fault are derived from
high-temperature melting of crustal protoliths. The calculated Ti-in-
zircon temperatures show a large variation and are significantly lower
than the calculated zircon saturation temperatures, possibly indicating
that the Ti-in-zircon thermometer does not work reliably in highly
evolved rocks with very low Ti contents.

High oxygen fugacity during partial melting of protoliths will sta-
bilize Sn-sequestering phases such as biotite, rutile, and titanite, which
in turn will result in the enrichment of Sn in the restite rather than in the
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Fig. 4. Trace element pattern for the Zhuyeshan granite to the east of the Gejiu Fault and for the Shenxianshui, Jiasha, and Longchahe granitoids to the west of the

Gejiu Fault, normalized to the Upper Continental Crust (UCC; Rudnick and Gao,

2003). The Zhuyeshan and Shenxianshui granites have similar patterns that are

characterized by flat REE pattern, a deep Eu anomaly, and a pronounced tetrade effect. The patterns show marked depletions in V, Cr, Co, Ni, Sr, and Ba, and distinct
peaks for Li, Rb, Nb, Sn, Cs, Ta, Pb, Th, and U. The patterns for the Jiasha and Longchahe granitoids are different from those of the Zhuyeshan and Shenxianshui
granites, showing a strong LREE enrichment and only slightly negative Eu anomalies (Jiasha) or no Eu anomalies (Longchahe). Furthermore, the Jiasha and

Longchahe granitoids show higher contents of Ba, Sr, Sc, V, Cr, Co, Ni, Zn, Zr, and
and Shenxianshui granites

Hf and lower contents of Rb, Cs, Ta, and U than the samples from the Zhuyeshan

Table 2
Nd isotopic compositions of the Zhuyeshan (ZYS), Shenxianshui (SXS), Jiasha (JS), and Longchahe (LCH) granitoids from the Gejiu district, China.
Sample no. t(Ma) Sm Nd 143Nd/14Nd 26 (*Nd/MNA); ena(t) Tpumz (Ma)
(ppm) (ppm)

To the east of the Gejiu Fault

ZYS-16 83 7.41 32.3 0.512155 0.000006 0.51208 —8.8 1546
ZYS-26 83 7.29 35.3 0.512136 0.000006 0.51207 -9.0 1564
ZYS-27 83 7.97 40.7 0.512147 0.000003 0.51208 —8.8 1542
ZYS-28 83 11.0 51.4 0.512176 0.000004 0.51211 —-8.3 1506
ZYS-29 83 7.83 41.1 0.512142 0.000002 0.51208 —8.8 1547
ZYS-30 83 8.00 41.3 0.512141 0.000003 0.51208 -89 1550
ZYS-31 83 8.70 44.5 0.512134 0.000004 0.51207 —9.0 1561
ZYS-32 83 9.24 48.0 0.512137 0.000004 0.51207 —-8.9 1555
To the west of the Gejiu Fault

SXS-4 83 6.05 37.8 0.512212 0.000003 0.51216 -7.3 1424
SXS-5 83 8.35 42.9 0.512226 0.000005 0.51216 -7.2 1420
SXS-6 83 5.65 36.1 0.512218 0.000003 0.51217 -7.1 1413
SXS-7 83 5.65 33.3 0.512230 0.000005 0.51217 -7.0 1401
SXS-9 83 4.52 29.3 0.512215 0.000003 0.51216 —-7.2 1417
JS-1 83 9.37 61.4 0.512182 0.000004 0.51213 -7.8 1466
JS-2 83 9.12 59.2 0.512187 0.000007 0.51214 -7.7 1459
LCH-2 83 11.57 75.6 0.512210 0.000006 0.51216 —-7.2 1424
LCH-4 83 15.14 99.8 0.512216 0.000002 0.51217 -7.1 1414
LCH-7 83 13.91 92.1 0.512217 0.000005 0.51217 -7.1 1412

melt (Wolf et al., 2018). High oxygen fugacity furthermore favors the
crystallization of magnetite and titanite, which may incorporate signif-
icant amounts of Sn, during fractional crystallization and, thus, prevent
the enrichment of Sn in volatile-rich melts (Ishihara, 1979). The for-
mation of Sn mineralization is favored by low oxygen fugacity during
melting and fractional crystallization. The calculated zircon oxygen
fugacity (expressed as AFMQ values) of the granitoids overlaps and
corresponds to values that are generally more reduced than the FMQ

(fayalite-magnetite—quartz) buffer, i.e., that are close or fall below FMQ
(Fig. 6b). Thus, the granitic rocks to both sides of the Gejiu Fault have
similarly low oxygen fugacity. This is supported by the same range of
zircon Ce/Ce* values (Fig. 6a) that have been used to indicate the redox
state of the magma (Burnham and Berry, 2012). In contrast, the rela-
tively large variation in zircon Eu/Eu* values among the Cretaceous
granitic rocks of the Gejiu area is likely to reflect different extents of
magma fractionation (Gardiner et al., 2017).
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Fig. 5. Concordia diagrams for LA-ICP-MS zircon U-Pb data from the (a) Zhuyeshan, (b) Shenxianshui, (c) Jiasha, and (d) Longchahe granitoids.

(iv) Extent of fractionation. Sn mineralization generally is thought
to be associated with highly fractionated granites that eventually
concentrate Sn in the late-magmatic hydrothermal fluids. Both, the
Zhuyeshan and the Shenxianshui granite have flat (or almost flat) UCC-
normalized REE patterns with deep Eu anomalies, show variably pro-
nounced tetrade effects, are markedly enriched in Li, Rb, Cs, Ta, Hf, and
U, and are depleted in Sr, Ba, and Zr (Fig. 4). These chemical signatures
are typical for highly evolved magmatic rocks. These signatures are not
observed in samples from the Jiasha and Longchahe granitoids (Fig. 4).
Whole-rock Rb/Sr ratios are commonly used to indicate the extent of
magma fractionation. The Rb/Sr ratios of the Zhuyeshan and Shen-
xianshui granites have similar ranges (1.93-4.42 and 1.89-4.06,
respectively) and are markedly higher than those of the Jiasha and
Longchahe granitoids (0.33 to 0.92; Table 1). Therefore, the Jiasha and
Longchahe granotoids are less evolved than the Zhuyeshan granite to the
east of the Gejiu Fault and the Shenxianshui granite to the west of the
Gejiu Fault, which have the composition of highly evolved tin granites
(e.g., Olade, 1980; Xu et al., 2015). Rare earth elements of apatite from
these granitoids generally show the same pattern characterized by LREE-
enrichment and variably negative Eu anomalies that is typical for
granitoids (Belousova et al., 2002; Fig. 8). Apatite from the whole rock
sample ZYS-29 has higher HREE contents and higher Y contents than
apatite from the other granites. Apatite from the Zhuyeshan and Shen-
xianshui granite has distinctly higher Y contents than apatite from the
Jiasha and Longchahe granitoids and shows negative correlation be-
tween Y and Sr contents (Fig. 9), which is typical for highly fractionated
granites (e.g., Belousova et al., 2002; Chu et al., 2009; Cao et al., 2013).
Thus, Cretaceous fertile granites occur to the east and the west of the
Gejiu Fault.
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5.2. Similar type of magmatism and different mineralization potential to
the east and west of the Gejiu Fault: A case for contrasting structural
conditions of magma emplacement?

There are fertile tin granites to both sides of the Gejiu Fault. There-
fore, the contrasting distribution of mineralization between the eastern
and western sectors cannot be explained by the presence or absence of
fertile tin granites. There are two unrelated alternative explanations for
the poorly mineralized western sector: (i) different present-day exposure
levels in the western and eastern sectors, implying that mineralization in
the western sector may have been removed by erosion or is still at
greater depths, whereas mineralization in the eastern sector is close to
the present surface; (ii) different orientations of the stress field in the
two sectors during the late magmatic processes leading to the formation
of the Sn deposits. The spatial distribution of the deposits is structurally
controlled by the conjugate fracture system of the Gejiu and Ailaoshan
faults (Fig. 1a). For both possible explanations, these faults represent
necessary first order structures either by permitting differential uplift
and erosion or by separating domains of contrasting stress fields.

The deeper level of exposure in the western sector requires differ-
ential uplift of the western side along the Gejiu Fault as well as decou-
pling of both domains along the Ailaoshan Fault. Major erosion after the
emplacement of the Cretaceous magmatic rocks would have removed
potential Sn mineralization. In such a scenario, there is no essential
difference in the formation of primary granite-related Sn deposits.
Furthermore, the uplift of the western side and fault activity occurred
after the formation of Sn mineralization. Different levels of exposure do
not result in contrasting fault pattern to both sides of the Gejiu Fault
(Fig. 1c) and the distribution of major mineralization in the eastern
sector (Jiang et al., 1997) is controlled by faults (Fig. 10). Therefore,
post-mineralization tectonic processes do not account for the obvious
differences in fault pattern between the two sectors.
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Fig. 6. (a) Zircon Eu/Eu* vs. Ce/Ce* diagram for granitoids from the Gejiu
area. Similar Ce/Ce* values for the various intrusions suggest that granitoids to
the east and west of the Gejiu Fault had similar oxygen fugacity, whereas the
relatively large variation in Eu/Eu* values reflects the variable extent of frac-
tionation among the various granitoids and among samples of individual in-
trusions. (b) Box diagram showing the AFMQ values of the Zhuyeshan,
Shenxianshui, Jiasha, and Longchahe granitoids. The AFMQ values are close or
below the FMQ, demonstrating that the various granitoids have similar oxygen
fugacity and are reduced.

The granite emplacement occurred during late Cretaceous strike-slip
movement along the conjugate Gejiu-Ailaoshan fault system and the
local orientation of the stress field may have had a dominant role on the
distribution of mineralization, in particular whether economic deposits
could evolve at all. In the following sections, we demonstrate how
Cretaceous strike-slip movement along the conjugate Gejiu-Ailaoshan
fracture system can control the distribution of Sn mineralization in the
Gejiu district, in particular the selective occurrence of major deposits in
the eastern sector. Note, this explanation does not rule out the possibility
that there have been (now eroded) Sn deposits in the western sector, but
it makes the possibility of major Sn deposits in the western sector rather
unlikely.
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Fig. 7. (a) Plot of zircon eHf(t) vs. !0 for granitoids to both sides of the Gejiu
Fault (modified after Li et al., 2009). Binary mixing curves are shown for typical
crustal and mantle end members. The curves are calculated for different Hf
concentration ratios of the two end members (¢ = crust, pm = primitive
mantle). Tick marks are set at 10% intervals. Note, the composition of the
actual crustal end member involved in the formation of the Cretaceous granites
in the Gejiu area is not well known, as its eHf depends on the average crustal
residence time of the material contributing to the crustal source and §'%0 de-
pends on the weathering history of the crustal end member. We used Protero-
zoic metasedimentary rocks from South China as crustal end member (Zhang
et al., 2006). For comparison, Li et al. (2009) used the ~ 230 Ma Darongshan
cordierite granites as crustal end member (light grey dotted lines). The
Zhuyeshan, Jiasha, and Longchahe granitoids fall in a narrow and overlapping
cluster and show some incorporation of mantle derived magma. Data from the
Shenxianshui granite in part have higher 5'®0 values. The Cretaceous granit-
oids of the Gejiu area are dominantly derived from metasedimentary rocks. (b)
Box diagram comparing the ¢Hf(t) values of the Zhuyeshan granite to the east of
the Gejiu Fault with the eHf(t) values of granitoids, mafic microgrannular en-
claves, syenites, and gabbros to the west of the Gejiu Fault. Data for the mafic
microgranular enclaves, syenites, and gabbros are from Cheng et al. (2013b).

5.3. Evidence for tectonic controlled tin mineralization

There is growing evidence that the tectonic setting during the
emplacement of tin granites controls the concentration of Sn by
magmatic fluids. For instance, the voluminous Tertiary leucogranites of
the Greater Himalayas and the Cornubian batholiths of SW England
have similar geochemical pattern (see Fig. 15 in Romer and Kroner,
2016), but contrasting extent of Sn mineralization. The Cornubian
batholiths host the most important Sn province in Europe. These early
Permian granites (Chen et al., 1993) were emplaced in an extensional
setting, subsequent to the Variscan orogeny when the entire Variscan
belt was under extension as mirrored in the distribution of Permian
volcanism and Permian fault-bound sedimentary basins (Neumann
et al., 2004; Ziegler and Dezes, 2006). In contrast, there is no econom-
ically relevant Sn mineralization known to be associated with the
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Fig. 9. Plot of apatite Sr (ppm) vs. Y (ppm) for granitoids to the east and west
sides of the Gejiu Fault. The Zhuyeshan and Shenxianshui granites, which have
the geochemical fingerprints of fertile Sn-granites, have high Y contents and
show a negative correlation between Y and Sr contents, whereas the Jiasha and
Longchahe granitoids are characterized by relatively low Y contents and vari-
able Sr contents.

syncollisional Himalayan leucogranites to the north of the main Hima-
layan thrust, even though cassiterite is known to occur in some of these
granites (typically found as byproduct in heavy mineral concentrates
prepared for zircon dating; pers. comm. John Cottle, UCSB). The Hi-
malayan Tertiary granites were emplaced in a compressional setting
during the ongoing Cenozoic India Asia collision (Crawford and Wind-
ley, 1990).

In the Central European Variscides, the entire Erzgebirge — Fichtel-
gebirge Zone, another major Variscan Sn province, hosts late Variscan

12

tin granites. Because the same heat source is affecting the same proto-
liths within the Erzgebirge — Fichtelgebirge Zone (for details see Romer
and Kroner, 2015), the tin granites within this zone belong to the same
geochemical suite (Siebel et al., 1997; Forster, 1999; Forster and Romer,
2010). The striking difference in the distribution of Sn mineralization
between the Erzgebirge and Fichtelgebirge areas is related to the con-
trasting tectonic setting during late Variscan granite emplacement. At
the time of granite emplacement, the Erzgebirge constitutes a late
orogenic transtensional domain (e.g., Willner et al., 2000), whereas the
adjacent Fichtelgebirge Zone is characterized by late Variscan
compression (Franke and Stein, 2000). Both domains are separated by a
huge fault zone, along which a major granite suite was emplaced. The tin
granites of the Erzgebirge host important tin mineralization, whereas
those in the Fichtelgebirge only show minor mineralization without
economic importance.

The contrasting development of mineralization in Cornwall and the
Greater Himalayas — as well as in the Erzgebirge-Fichtelgebirge Zone of
the Central European Variscides - indicates that apart from the
geochemical character of the granites, the tectonic regime during
magma emplacement may be important for the development of miner-
alization. It seems, that compressional / transpessional settings do not
allow for the formation of large-scale tin deposits, whereas extensional /
transtensional settings are favorable for the formation of tin deposits.
This is analogue to the formation of hydrothermal vein-type deposits
(Sibson, 1996). Extensional / transtensional tectonics leads to the for-
mation of steeply-dipping open fluid pathways allowing for the vertical
ascent of mineralizing fluids. In contrast, compressional regimes do not
result in the formation of such open and interconnected fluid networks.
We apply the principles of macro-scale fracturing during the formation
of hydrothermal vein-type deposits (Sibson, 1996) and argue that the
interplay of ascending fluids and interconnected microcracks is essential
for the late-stage redistribution of Sn and the formation of primary
granite-related Sn deposits.
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Fig. 10. (a) Conceptual model to explain the contrasting distribution of granite-related mineralization in the areas to the east and west of the Gejiu Fault (XSH-XJF).
In the late Cretaceous sinistral strike slip Gejiu Fault constitutes the conjugate shear fracture to the dextral Ailaoshan Fault (AF) — Red River Fault (RRF) zone. This
conjugate system is responsible for differences of the regional stress field. In the west, a vertically oriented sigma 3 resulted in horizontal tension gashes (microcracks)
due to hydraulic fracturing during late-stage magmatic fluid escape. Such a fracture network hampered the vertical ascent of fluids and the mobilization and
redistribution of Sn. Instead, cassiterite crystallized disperse distributed in the granite. In the eastern sector, sigma 3 is horizontally oriented allowing for vertical fluid
escape. This strikingly contrasting distribution of fractures and faults provided efficient fluid pathways that eventually allowed for extensive mineralization in the
upper parts of the granite and the country rocks in the roof. Mineralization occurred in transtensional shear zones along dilatational jogs along E-W oriented dextral
strike slip fault (Jiang et al., 1997). (b) Relation between conjugate fault zones and mineralization at the Malage Sn deposit (Gejiu district). Figure is from Jiang et al.
(1997). (c) Relation between fault pattern and stress distribution in the surroundings of the Malage Sn deposits (Gejiu district). Conjugate shear joints (upper
hemisphere projection) showing sectors of maximum (dark fields) and minimum (light field) stress. The trajectories of maximum (red) and minimum (green) stress
represent interpretations of the joint pattern. Figure simplified from Jiang et al. (1997).

5.4. The role of fluids and the need of an efficient fluid pathway

During late-stage crystallization, the granitic melt becomes saturated
in fluids that eventually exsolve. Generally, it is assumed that most
metals partition into the fluid (e.g., Heinrich, 1990) and eventually form
mineralization within the granite or in the wall rocks. Recent experi-
mental work showed that some ore elements do not partition preferen-
tially into the exsolving magmatic fluid. For instance, W partitions
preferentially into the fluid, but Sn partitions preferentially into the melt
(Schmidt, 2018; Schmidt et al., 2020). At the scale of an individual
intrusion, this contrasting partitioning behavior may account for the
spatial separation of Sn and W. At the scale of entire mineral districts,
however, other factors, such as melting temperature of sedimentary
protoliths, control the distribution of W and Sn mineralization (Yuan
et al., 2019).

Preferential partitioning of Sn into the granitic melt during late stage
fluid exsolution eventually leads to granites with disperse cassiterite
crystals or with Sn being substituted into silicate minerals, such as
titanite and biotite (Breiter and Scharbert, 1995; Wang et al., 2013).
Later fluids percolating through these rocks may dissolve magmatic
cassiterite and alter Sn-hosting silicates. These later fluids may be
magmatic fluids from other, later crystallizing parts of the intrusion
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(Schmidt et al., 2020) or external fluids that become heated by the
intrusion (e.g., Xu et al.,, 2021). Tin mobilization by Cl-rich fluids is
particularly efficient at temperatures above 400 °C (Schmidt, 2018). If
these fluids also have a low pH, they may induce the formation of
greisens and the precipitation of Sn as cassiterite (Schmidt et al., 2020).

The final stages of metal concentration involves redistribution of
metals via fluids and requires efficient fluid pathways both for mobili-
zation and for concentrating the metals to a deposition volume. Such a
network of intersecting pathways must be present at least in the apical
part of the granite, where the last-crystallizing melt concentrated before
fluid exsolution, and transport of metals that partition into the buoyant
fluids to higher crustal levels. Hydraulic (micro) fracturing due to fluid
overpressure is able to produce fluid pathways even at higher temper-
atures (e.g., Lefebvre et al., 2019, Fig. 3). Fluid overpressure reduces the
effective stress and may result in tensional fractures (e.g., Twiss and
Moores, 1992). The orientation of such fractures is orthogonal to the
least principal stress axis, i.e, orthogonal to sigma 3. An anastomosing
network of preferentially vertically oriented tensile fractures requires a
horizontal sigma 3. Such an orientation of the stress tensor is realized in
extensional and strike-slip settings and their combination, i.e., in
transtensional settings. In contrast, hydraulic fracturing in compres-
sional regimes should result in the preferred formation of horizontal
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tensile fractures caused by the vertically arranged sigma 3. Such a
preferred orientation hampered the vertical ascent of the exsolved fluid
and dissolved metals do not concentrate in veins, greisen, or skarn type
mineralization. Instead, ore minerals are disperse distributed within the
apical parts of the granite. The contrasting orientations of sigma 3
explain the striking difference between tin granites of Cornwall and the
Greater Himalayas. Moreover, if there is a regional contrast in defor-
mation, the adjacent compressional and extensional domains are sepa-
rated by fault zones, which explains the presence and absence of
economically important tin deposits in the Erzgebirge — Fichtelgebirge
area, respectively, and — by analogy — the eastern and western sectors of
the Gejiu area.

5.5. Tectonic model for the spatial distribution of the tin deposits in the
Gejiu district

We propose that the Gejiu-Ailaoshan fault-system controls the spatial
distribution of large Sn deposits in the Gejiu district. The Ailaoshan Fault
and the conjugate Gejiu Fault, which is separating the eastern and
western sectors, intersect at an angle of ca. 70° and 110°, respectively
(Fig. 10). Dextral strike-slip at the Ailaoshan Fault coeval to sinistral
strike-slip at the Gejiu Fault results in conjugate Mohr-Coulomb faults, i.
e., shear fractures. The western sector is characterized by an acute angle
between sigma 1 and both strike-slip faults. Strain partitioning leads to
compressional / transpressional deformation in the western sector,
whereas the eastern sector experiences predominantly extensional /
transtensional deformation. In such a scenario the NW-SE striking
fractures act as (oblique) normal faults, whereas the dominant NE-SW
striking faults represent reverse faults (Fig. 10).

Syntectonic granites to the west of the Gejiu Fault intruded and
crystalized in a compressive setting and those to the east intruded in a
dilatative setting. In contrast to the western sector, the orientation of the
principal stress axis, i.e., sigma 3 in the eastern sector was nearly hor-
izontal, allowing for the formation of an efficient fluid pathway during
the final hydrothermal stage. The interconnected and predominantly
vertical oriented micro-fractures in the granite resulted in predomi-
nantly vertical escape of the Sn bearing fluids culminating in volumi-
nous mineralization of the granite and the country rocks of the roof
zone. In contrast, the western sector is characterized by a steeply dip-
ping sigma 3. Due to fluid overpressure microcracking in the granites
resulted in predominantly sub-horizontal tension gashes. This structural
pattern does not allow for important vertical fluid migration into the
roof of the granites and their host rocks. Cassiterite that had crystallized
disperse distributed within the granite may become dissolved locally by
later fluids, but Sn did not concentrate into major deposits.

The Ailaoshan and the Gejiu faults had been repeatedly reactivated
as sinistral and dextral faults (e.g., Morley, 2012; Chen et al., 2019).
Thus, the same faults that controlled the contrasting mineralizations in a
transpressional unmineralized horst in the west and a less uplifted
transtensional mineralized domain in the east, also control later tectonic
processes, in particular the differential uplift of the two blocks. The
granites in the western area intruded into the siliciclastic rocks of the
Falang Formation and the eroded units above, whereas in the eastern
area the granites only intruded into the Gejiu Formation and did not
reach the stratigraphically overlying rocks of the Falang Formation.
Thus, the present erosion level is unrelated with the emplacement level
of the granites.

6. Conclusions

The granitic rocks to the east (Zhuyeshan) and west (Shenxianshui,
Jiasha, and Longchahe) of the Gejiu Fault show similarities in terms of
emplacement ages, source rocks, melting temperature, oxygen fugacity,
and extent of fractionation, based on (i) zircon U-Pb ages around 83 Ma;
(ii) low whole rock eNd(t) and zircon eHf(t) values (—9.0 to — 7.0 and —
8.2 to — 2.7, respectively), and high zircon %0 values (7.30 to 10.28

14

Ore Geology Reviews 148 (2022) 105004

%o), as well as Mesoproterozoic Nd and Hf two-stage model ages; (iii)
high zircon saturation temperatures (760 to 831 °C); and (iv) calculated
logfO, values falling below FMQ buffer. Furthermore, the Zhuyeshan
and Shenxianshui granites have flat UCC-normalized REE patterns with
deep Eu anomalies and tetrade effects, and marked enrichments of Li,
Rb, Cs, Ta, Hf, and U and depletions of Sr, Ba, and Zr. The geochemical
fingerprints of these granitic rocks demonstrate that the absence of
major deposits to the west of the Gejiu Fault is not due to the absence of
fertile granitic rocks. The contrasting distribution of major deposits does
not reflect different levels of exposure (with potential deposits to the
west of the fault having been eroded). Instead, the sectors to the east and
west of the Gejiu Fault, which have different fault pattern experienced
contrasting tectonic settings during the emplacement of the Cretaceous
granites. Dextral strike-slip along the Ailaoshan Fault and sinistral
strike-slip along the Gejiu Fault result in an extensional / transtensional
setting in the eastern sector, which favors the circulation of late-
magmatic fluids in the roof zones of the granites leading to the forma-
tion of major Sn mineralization, and a compressional and transpres-
sional setting in the western sector, which does not favor large-scale
fluid circulation and did not lead to significant mineralization.
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