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Abstract: The newly discovered Tiegelongnan Cu (Au) deposit is a giant porphyry deposit
overprinted by a high-sulfidation epithermal deposit in the western part of the Bangong–Nujiang
metallogenic belt, Duolong district, central Tibet. It is mainly controlled by the tectonic movement
of the Bangong–Nujiang Oceanic Plate (post-subduction extension). After the closure of the
Bangong–Nujiang Ocean, porphyry intrusions emplaced at around 121 Ma in the Tiegelongnan
area, which might be the result of continental crust thickening and the collision of Qiangtang and
Lhasa terranes, based on the crustal radiogenic isotopic signature. Epithermal overprinting on
porphyry alteration and mineralization is characterized by veins and fracture filling, and replacement
textures between two episodes of alteration and sulfide minerals. Alunite and kaolinite replaced
sericite, accompanied with covellite, digenite, enargite, and tennantite replacing chalcopyrite and
bornite. This may result from extension after the Qiangtang–Lhasa collision from 116 to 112 Ma,
according to the reopened quartz veins filled with later epithermal alteration minerals and sulfides.
The Tiegelongnan deposit was preserved by the volcanism at ~110 Ma with volcanic rocks covering
on the top before the orebody being fully weathered and eroded. The Tiegelongnan deposit was
then probably partly dislocated to further west and deeper level by later structures. The widespread
post-mineral volcanic rocks may conceal and preserve some unexposed deposits in this area.
Thus, there is a great potential to explore porphyry and epithermal deposit in the Duolong district,
and also in the entire Bangong–Nujiang metallogenic belt.
Keywords: tectonic control; overprinting; preservation; vein-filling; replacement; porphyry;
epithermal; Tiegelongnan; Tibet

1. Introduction
In the past two decades, some large porphyry deposits have been found in Tibet, China, such as
Yulong deposit (6.22 Mt at 0.99% Cu) [1], Qulong deposit (7.1 Mt at 0.5% Cu) [2], Jiama deposit
(7.4 Mt at 0.5% Cu) [3], Duobuza deposit (2.9 Mt at 0.46% Cu) [4], and Bolong deposit (3.8 Mt at
0.5% Cu) [5]. This indicates that Tibet can be considered one of the most significant potential porphyry
Cu systems in the world. Recently, epithermal deposits have also been discovered and reported in
Tibet. Epithermal deposits are genetically associated with porphyry Cu deposits, especially high and
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intermediate sulfidation epithermal ones, which could be discovered at upper or lateral locations of
porphyry deposits in some cases [6]. However, the epithermal deposits do not always occur close
to porphyry deposits, because epithermal deposits are normally at shallow crustal levels (surface to
1–2 km depth), therefore they could be easily eroded by later orogenesis [6].
The Duolong porphyry Cu-Au district is located in the Bangong–Nujiang metallogenic belt
(BNMB), central Tibetan Plateau, which was discovered in 2007 and hosts several large porphyry and
epithermal deposits and ore prospects (Figure 1). The Tiegelongnan deposit was discovered in 2013,
containing the largest scale Cu resource within this district, and it was documented as a porphyry Cu
(Au) deposit overprinted by high-sulfidation mineralization [7]. The total Cu content persevered in
the Tiegelongnan deposit is around 1600 Mt at 0.51% Cu. The Au content is small at about 280 Mt with
a low grade of 0.13g/t Au on average.
Despite numerous studies on the metallogeny of the Tiegelongnan deposit, the tectonic control of
this type deposit has rarely been demonstrated. Formation of the porphyry and epithermal deposits in
the Duolong district was indicated to be associated with the magma arising from the closure of the
Bangong–Nujiang Ocean (BNO) in the Early Cretaceous [8,9]. However, how the tectonic activities
control the formation of the porphyry Cu system is controversial. The Tiegelongnan deposit is the
first high-sulfidation epithermal deposit being discovered in the Tibetan Plateau. Previous studies
suggested that the limited number of epithermal deposits found in the Tibetan Plateau is due to
the dramatic uplift and deep level erosion. The Tiegelongnan deposit is an example to study the
tectonic control, reconstruction and preservation process of porphyry Cu systems in the Tibetan
Plateau. In this study, we reviewed history of the tectonic setting, magma emplacement, multiple
episodes’ mineralization, exhumation, and preservation of the Tiegelongan deposit, based on published
literatures and the detailed drill core logging and deposit 1:500 scale mapping. Besides, we discussed
the implications of this study on exploration of porphyry and epithermal deposits in the Duolong
district and other places in Tibet.
2. The Duolong District
The Duolong ore district is located approximately at 100 km northwest of Gerze county, on the
western BNMB (Figure 1). This belt is supposed to be a suture zone as the remnants of the
Bangong–Nujiang Ocean (BNO) which records the evolution of the BNO during the period of
Permian to Cretaceous. This belt is over 2000 km-long striking to the east, and it is dominated
by Jurassic–Cretaceous flysch, mélange, and ophiolitic fragments [10,11]. The Bangong–Nujiang suture
zone extends across the central Tibetan Plateau, which separates the Qiangtang and Lhasa terranes
(Figure 1a) [12,13].
There are several porphyry deposits, epithermal deposits, and porphyry and epithermal ore
prospects in the Duolong district (Figure 1). The Duobuza [4], the Bolong [5], and the Naruo [14] are
porphyry Cu (Au) deposits. Whereas, the Tiegelongnan deposit is a porphyry deposit overprinted
by epithermal deposit [7,15]. In the Dibao, Nadun, Sena, Saijiao, and the Ga’erqin areas, there are
porphyry or epithermal ore prospects (Figure 1b). Li et al., (2011) and Lin et al., (2017) suggested these
deposits are related to granodiorite and quartz diorite porphyry intrusions being emplaced during
123–116 Ma, and their mineralization timing is between 120 Ma and 118 Ma [16,17].
The intrusions in the Duolong district are dominated by intermediate to felsic rocks with minor
gabbro. The granodiorite porphyry and quartz-diorite porphyry are more widespread than other
rock types—including diorite, granodiorite, and gabbro. The porphyry and epithermal deposits in
the Duolong district are hosted by the granodiorite and quartz diorite porphyries, and also by the
contact zone between these intrusions and the Jurassic quartz-feldspar sandstones. Volcanic rocks
like basalt, andesite, and basaltic andesite are also widespread in the Duolong district. These volcanic
rocks in this district all belong to the Meiriqiecuo Formation (K1 m) unconformably overlying on the
sedimentary rocks.
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The sedimentary sequences in the Duolong ore district are dominated by Mesozoic
pelagic sediments and Cenozoic continental sediments including conglomerates and sandstones.
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3. Tiegelongnan Alteration and Mineralization
3. Tiegelongnan
Alteration
andisMineralization
The Tiegelongnan
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porphyry
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the andesite
of
The Tiegelongnan
is intrusions.
hosted by These
the Sewa
Formation
quartz-feldspar
and
some intermediate and felsic porphyry intrusions. These rocks were mostly concealed by the
andesite of the Meiriqiecuo Formation which is currently well exposed (Figure 2a). The earliest
diorite porphyry within this deposit was intruded at 123 Ma before the mineralization, which is
mainly distributed at the eastern and southern margins of this area [8]. Several phases of
granodiorite porphyries are syn-mineral intrusions with ages ranging from 121 Ma to 116 Ma
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the Meiriqiecuo Formation which is currently well exposed (Figure 2a). The earliest diorite porphyry
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Hydrothermal biotite occurs in wall-rock sandstones beneath an elevation of ~4100 m as
disseminated fine grains and less commonly as vein biotite-quartz. It is not typical potassic
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The Tiegelongnan deposit and most of other deposits in the Duolong district are along the
The Tiegelongnan deposit and most of other deposits in the Duolong district are along the NE–
NE–SW faults. It is widely accepted that these faults mainly controlled the emplacement of magma
SW faults. It is widely accepted that these faults mainly controlled the emplacement of magma and
and hydrothermal fluids in the Duolong district [30]. However, there were few convincing studies
hydrothermal fluids in the Duolong district [30]. However, there were few convincing studies
clarifying the overlying volcanic rocks which conceal the whole porphyry and epithermal ore bodies.
clarifying the overlying volcanic rocks which conceal the whole porphyry and epithermal ore
The NW–SE faults, named as Rongna Fault, are characterized by geomorphologically linear sunken
bodies. The NW–SE faults, named as Rongna Fault, are characterized by geomorphologically linear
terrain, valleys, with fault springs seen at the ground level. In the deposits area, the fault occurred as
sunken terrain, valleys, with fault springs seen at the ground level. In the deposits area, the fault
a river valley, which is called the Rongna Valley (Figure 5). The fault divides the Meiriqiecuo Formation
occurred as a river valley, which is called the Rongna Valley (Figure 5). The fault divides the
andesite into two parts, suggesting the structural movement took place after andesite eruption, which
Meiriqiecuo Formation andesite into two parts, suggesting the structural movement took place after
is dated at ~110 Ma [8].
andesite eruption, which is dated at ~110 Ma [8].
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Qiangtang terrane since the Middle Jurassic. This leads to the formation of the large intermediate
felsic magmatic arc that emplaced inboard of the southern continental margin of the south
to felsic magmatic arc that emplaced inboard of the southern continental margin of the south
Qiangtang terrane in the Middle to Late Jurassic (170–145 Ma) [32–36]. Some authors argued that
Qiangtang terrane in the Middle to Late Jurassic (170–145 Ma) [32–36]. Some authors argued that the
the Bangong–Nujiang oceanic crust may subduct in two directions, both northward beneath
Bangong–Nujiang oceanic crust may subduct in two directions, both northward beneath southern
southern Qiangtang Terrane and southward beneath northern Lhasa Terrane, respectively [36,37].
Qiangtang Terrane and southward beneath northern Lhasa Terrane, respectively [36,37]. From 145
From 145 to 130 Ma, however, there is a noticeable magmatic gap in the southern Qiangtang terrane.
to 130 Ma, however, there is a noticeable magmatic gap in the southern Qiangtang terrane. Similar
Similar magmatic gaps occur in the Andes [38] and southern Gangdese areas [39] in response to the
magmatic gaps occur in the Andes [38] and southern Gangdese areas [39] in response to the low-angle
low-angle or flat-slab subduction of the oceanic crust. After that, the Bangong–Nujiang oceanic basin
or flat-slab subduction of the oceanic crust. After that, the Bangong–Nujiang oceanic basin was closed.
was closed. Although the closure time is controversial, it is generally as accepted as the period from
Although the closure time is controversial, it is generally as accepted as the period from Middle Jurassic
Middle Jurassic to Late Cretaceous [12,40–43]. Recent research narrowed the closure time within 10
to Late Cretaceous [12,40–43]. Recent research narrowed the closure time within 10 Ma from 140 Ma
Ma from 140 Ma to 130Ma [37]. Based on the time constraints, it suggests that the collision between
to 130Ma [37]. Based on the time constraints, it suggests that the collision between the Qiangtang
the Qiangtang and Lhasa terranes occurred through an arc–arc ‘soft’ collision from the east to the
and Lhasa terranes occurred through an arc–arc ‘soft’ collision from the east to the west after the
west after the BNO closure [32,40,41]. The Jurassic to Lower Cretaceous (<125 Ma) marine
BNO
closure [32,40,41].
The
Jurassic to intruded
Lower Cretaceous
(<125 and
Ma) marine
sedimentary
were
sedimentary
rocks were
transposed,
by granitoids,
were uplifted
aboverocks
sea level
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transposed, intruded by granitoids, and were uplifted above sea level before around 118 Ma [40].
The extensive magmatism in the Duolong district is associated with the Qiangtang–Lhasa collision
event [9,37].
Numerous igneous rocks such as gabbro, basalt, basaltic andesite, andesites, rhyolite,
and intermediate to felsic porphyries are widely distributed in vicinity of the Tiegelongnan deposit.
Zircon U-Pb ages of the porphyry intrusions in the Tiegelongnan deposit range from 115.9 Ma to
123.1 Ma, which is consistent with the mineralization (molybdenite Re-Os) ages (119.0 ± 1.4 Ma [20];
121.2 ± 1.2 Ma [8]. This is also consistent with porphyry intrusions and mineralization ages of
other deposits in the Duolong district, such as Bolong and Duobuza deposits [17]. They are
temporally associated with this younger generation of magmatic emplacement which is related
with the Qiangtang–Lhasa collision. Intrusion rocks geochemistry and isotope studies have been
conducted to understand the genetic association between those porphyry deposits and tectonic settings.
Geochemistry data mostly obtained from the ore-bearing porphyritic intrusions in the Duolong district
indicate they are magmatic rocks and adakite-like rocks [11,14,44,45]. They have relatively high oxygen
fugacity (f O2 ) and high H2 O contents that are critical to the formation of porphyry and epithermal
deposits [46]. During the process of magma upwelling, adakite-like melts might get mixed with large
amount of copper and other metals and sulfur from either interaction with hot peridotite in the mantle
wedge region [47] or mixing with mantle-derived melts [48]. It eventually resulted in mantle-derived
juvenile materials, which are thought to bring heat and materials to generate juvenile mafic lower crust.
The magmas experience various degrees of fractional crystallization and crustal contamination during
its emplacement, when it is derived from the remelting of the juvenile mafic lower crust as a result of
previous arc magmatism. Some of these hybrid magmas formed calc-alkaline ore bearing porphyries
via the shallow magma emplacement, leading to the formation of giant porphyry and epithermal Cu
(Au) deposits [49–52].
The Jurassic (170–145 Ma) intermediate–felsic intrusive rocks of the southern Qiangtang terrane
primarily exhibit negative whole-rock εNd (t) and zircon εHf (t) and old Hf isotope crustal model ages,
indicating that those Jurassic rocks were largely derived from mature or recycled continental crust
materials [35,36,53]. This is compatible with what been observed in the Early Cretaceous Fuye pluton,
Caima pluton and Qingcaoshan pluton in the Qiangtang Terrane [53]. In contrast, εNd (t) and εHf (t)
value and Hf isotope model ages of the Early Cretaceous (~126–116 Ma) magmatic rocks from the
Duolong district indicate they were probably derived from magma as a mixture of the juvenile lower
crust and mature crustal materials [9]. In addition, previous studies on Pb isotopic compositions of
the porphyry intrusions, sulfides, and sulfate in the Tiegelongnan deposit suggest that the Pb of this
deposit is mainly derived from a crust–mantle mixed subduction zone [26,54,55].
Although there is no specific research on the geochemistry of the porphyry intrusions in the
Tiegelongnan deposit, owing to their strong alteration and leaching erasing its geochemical signature,
the features of the intrusions in the Duolong district could represent that in the Tiegelongnan
deposit. Thus, it suggests that plenty of juvenile crust materials are involved in the intrusions in the
Tiegelongnan porphyry Cu (Au) deposit. The juvenile crust materials have been becoming gradually
dominated during the Late Mesozoic since the vertical growth and thickening of the continental crust
of the southern Qiangtang terrane during the Early Cretaceous [9,56]. It is commonly accepted that
variable sources conjunctly contributed to the formation of magma in this district [53]. The dominant
crust signature from radiogenic isotopes is reported as features of the post-subduction products, which
is well explained by Richards (2009) [57]. All of these suggest that magmatism and mineralization
of the Tiegelongnan porphyry Cu (Au) deposit probably occurred in an active continental margin
environment after the subduction of BNO plate, as result of continental crust thickening and terranes
collision (Figure 9).
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magmatic–epithermal environment study suggest that the ductile-brittle transition commonly occurs
about 370–400 ◦ C [59]. This is higher than epithermal hydrothermal fluid temperature 160–270 ◦ C [6].
Therefore, before epithermal events taking place, the wall rocks of the Tiegelongnan deposit is brittle
and could be easily broken by the accumulation of hydrothermal fluid or by fault events in the Duolong
district. This gives access to epithermal fluid arriving at shallow sites, and overprints porphyry system
along those faults, fractures, and other opened space.
6.3. Post-Mineral Erosion and Preservation
The crust thickening and terranes collision in the Bangong–Nujiang suture zone, combining with
later coming India–Asia plate collisions, resulted in rapid uplifting and erosion of the deposits in the
Duolong district. It also affects the uplifting and erosion of most parts of the Tibetan Plateau [33,41].
The large-scale uplift was activated by the Lhasa–Qiangtang collision [60,61], that resulted in the
angular unconformity contact between the continental Abushan Formation and the underlying marine
sediments [33]. The erosion of the Tiegelongnan deposit happened right after its formation, which is
observed from the weathered rocks under the andesite. The fluid inclusion study suggested the eroded
layers may reach a thickness of 600–1200 m before cover of the andesite at 110 Ma [27]. In the following
exhumation rate calculations, the youngest formation age of the Tiegelongnan deposit was used at
~118 Ma dated from the molybdenite. The exhumation rate of ground surface increased with the
elevation [62] and it has functional relationship with elevation. The smallest exhumation thickness and
interval of the protection can be used to calculate the smallest exhumation rate. Thus the Tiegelongnan
deposit has experienced exhumation for 6 to 7 m.y. and the exhumation rate is 0.1–0.2 mm/y.a,
averagely at 0.15 mm/y.a. This is consistent with the common exhumation rate of the epithermal
deposit at ~0.167 mm/y.a, and the porphyry deposit at 0.158 mm/y.a [63].
Northern Tibet has been elevated more than 5000 m, and it is continuously affected by the
India–Asia collision system, thus leading to a more intensive exhumation than other parts of Tibet,
while the southern Tibetan Plateau attained a 3–4 km elevation at ~99 Ma [64]. The Tiegelognnan
deposit was overlain by the andesite after small interval of exhumation which protected the
Tiegelongnan deposit from totally erosion. The erosion after andesite settle is still non-negligible.
The apatite HeFTy program [65] was used to model the prolonged thermal history of the Tiegelongnan
deposit [66]. It suggested that the Tiegelongnan deposit has experienced four cooling stages:
(i) relatively slow cooling from Early Cretaceous to Late Cretaceous (120–75 Ma); (ii) fast cooling
in Late Cretaceous (75–60 Ma); (iii) moderately fast cooling from Eocene to Oligocene (45–30 Ma);
(iv) very fast cooling since Late Miocene (<7.8 Ma). The exhumation thickness is at least 3600 m
since Late Cretaceous in the Duolong district. Yin et al., (2000) and Kapp et al., (2007) reported the
subsequent India–Asia collision led to 1400 km of shortening within recent 70 m.y. [40,41]. The andesite
has a thickness of ~500 m [67], which is not thick enough to withstand that intensive exhumation.
Therefore, the andesite is not the solely protective cover for the Tiegelongnan deposits. Post-mineral
sediments, such as the Upper Cretaceous Abushan Formation (K2 a) and the Upper Oligocene Kangtuo
Formation (E3 k), might also act as significant caps for protecting orebodies.
Along with the thickening of the continental arc, collapse of the crust may destruct the whole
porphyry and epithermal Cu (Au) orebodies. The Rongna Fault might be the result of the collapse of
the accumulated crust rocks. The inversion resistivity cross-section in Figure 6a showed that a normal
high angle fault breaks the high resistivity zone into two separated C1 and C2 zones. It also cuts
through the andesite from the Rongna Valley, and may dislocate and conceal the western part of the
Cu (Au) orebody to deeper places.
A simplified model (Figure 10) was applied to describe the porphyry Cu system in the
Tiegelongnan deposit. Epithermal Cu (Au) mineralization veins are mostly retained in the advanced
argillic alteration zone, which overprints phyllic alteration zone on top of porphyry Cu orebody
(Figure 10a). This is a transitional zone between the disseminated high-sulfidation epithermal precious
metal deposit and the porphyry Cu (Au) orebody (Figure 10b). There might have been disseminated
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epithermal precious metal deposit existing in theory. The reason of not being detected on the deposit
is that it either was not well preserved because of severe erosion or has not been found yet. Deep in
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Another part of the orebody on the hanging wall of the fault might slip southwestward and be
concealed to a deeper domain. The nearly 11 Mt of Cu resource currently being explored might be
part of the entire Tiegelongnan porphyry and epithermal Cu (Au) orebody, which is similar to the
San Manuel-Kalamazoo porphyry copper deposit in South America [69]. Comparably, we are
confident on the great potential of the Tiegelongnan deposit. Further understanding of the
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to a deeper domain. The nearly 11 Mt of Cu resource currently being explored might be part of
the entire Tiegelongnan porphyry and epithermal Cu (Au) orebody, which is similar to the San
Manuel-Kalamazoo porphyry copper deposit in South America [69]. Comparably, we are confident
on the great potential of the Tiegelongnan deposit. Further understanding of the dislocation of the
Rongna Fault should be conducted later, which would contribute to increasing the ore reserves of the
deposit at depth.
The volcanic rocks unconformably overlie on the whole porphyry and epithermal Cu (Au)
orebody, which prevents the orebody from being subject to further erosion. This might be the reason
for only epithermal copper orebody being found at the top the Tiegelongnan deposit so far, but not
anywhere else. There might be epithermal mineralization on the Duobuza and Bolong deposits,
but they might be fully eroded away due to the lack of overlying protection. Furthermore, due to the
large range of volcanic rocks in the Duolong district, more porphyry and epithermal copper and gold
deposits are of great potential to be preserved, and that could be the future exploration direction in the
Duolong district.
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