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a b s t r a c t

The south Gangdese region is the site of subduction of the Neo-Tethys and subsequent continental col-
lision. Compared with widespread Cretaceous and Cenozoic magmatism, Early–Middle Jurassic magmatic
rocks and related deposits are rarely reported. Our work identified a >200 km long felsic rock belt asso-
ciated with Cu mineralization in the south Gangdese region. We report here zircon U–Pb ages, zircon
Ce4+/Ce3+ values, and mineral assemblages of two Cu mineralized intrusions within the belt. A horn-
blende granite and a diorite porphyry were emplaced at 177.3 Ma and 166.3 Ma, respectively.
Geological occurrence and magmatic hematite–magnetite–chalcopyrite intergrowths suggest that Cu
mineralization formed coeval with Jurassic intrusions. Mineralized intrusions have high zircon Ce4+/
Ce3+ and EuN/EuN

⁄ ratios, and hematite–magnetite intergrowths, suggesting their parent magmas were
highly oxidized. Hornblende is common and primary fluid inclusions are found in titanite and apatite,
indicating their parent magmas were water-saturated and exsolved volatile phases at early stage of mag-
matic evolution. Those magma characters contribute to the formation of porphyry Cu deposits. Given that
majority subduction-related porphyry Cu systems have been eroded following uplift and denudation, the
well-preserved Early–Middle Jurassic Cu mineralized igneous rocks in south Gangdese are favorable
prospecting targets for subduction-related porphyry Cu deposits.

� 2017 Science China Press. Published by Elsevier B.V. and Science China Press. All rights reserved.

1. Introduction

The south Gangdese region was the site of Mesozoic subduction
of Neo-Tethys oceanic crust and subsequent Cenozoic collision of
the Indian with Eurasian plates [1]. Numerous collision-related
porphyry Cu(Mo) deposits have been identified in the south
Gangdese belt [2–9]. The collision-related porphyries associated
with Cu(Mo) mineralization have isotope data ranging mainly from
13 to 18 Ma [2–8]. Petrogenesis of the porphyries has been a sub-
ject of debate. The main opinions on petrogenesis of the collision-
related porphyries include that the magmas were derived from
subducted oceanic crust [10], from subducted Indian mafic lower
crust mixing with the Lhasa lower crust components [11], from
thickened juvenile mafic crust [2], from subduction-modified
lower crust with contribution from lithosphere mantle [12], and
from an upper mantle source metasomatised by slab-derived melts
[13]. However, the subduction related porphyry deposits are rare

found in comparison with the collision related porphyry deposits,
only the Xiongcun super-large porphyry Cu(Au) deposit was
related to the northward subduction of the Neo-Tethys oceanic
crust during the Middle Jurassic [14,15]. Tang et al. [15] argued
that the Xiongcun porphyry Cu(Au) deposit was formed in an
intra-oceanic island arc setting [15] and Kang et al. [16], on the
other hand, proposed that the Jurassic igneous rocks in the south
Gangdese were form at the continental margin [16]. Given that
porphyry deposits occurred mainly in the supra-subduction zone
in arc setting [17], why subduction-related porphyry Cu(Au)
deposits are rare in the south Gangdese region? Thus, further work
is required, focusing on the temporal–spatial distribution and geo-
chemical features of subduction-related felsic igneous rocks in the
south Gangdese. Such work would help determine if subduction-
related felsic igneous rocks contributed to the formation of por-
phyry Cu(Au) deposits.

We describe here a series of mineralized volcanic rocks and
intrusions in the south Gangdese region, and analyze zircon
LA–ICP–MS U–Pb isotopes and geochemical features of the
Cu-mineralized intrusions. This work is critical to analyses of the
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temporal–spatial distribution of the subduction-related igneous
rocks and to assessing the potential for subduction-related por-
phyry Cu(Au) deposits in the south Gangdese.

2. Geological background

The Gangdese belt is a giant magmatic belt located between the
Yarlung Zangbo and Bangong–Nujiang suture zones, extending
�2500 km from west to east and 150–300 km from north to south
[18] (Fig. 1). The belt records the opening and closure of the Neo-
Tethys Ocean, and collision of the Indian and Eurasian plates [1].
Magmatic rocks related to continental collision are widespread in
the south Gangdese. Previous geological, geophysical, and geo-
chemical studies indicate that plate collision started at 50–65 Ma
[19–21].

Cenozoic granites [22,23] and minor Cretaceous arc granites
[24–27] are widely exposed in the south Gangdese, due to large-
scale uplift and denudation caused by collision between the Indian
and Eurasian plates since �65 Ma. Multiple collision-related por-
phyry Cu–Mo deposits of Miocene age (18–13 Ma) occur in the
Gangdese belt, forming an important porphyry Cu–Mo deposit belt
in the south Gangdese [2–8]. Previous studies have shown that the
south Gangdese belt was subducted along with Neo-Tethyan ocea-
nic crust prior to the Jurassic [16]. However, Early–Middle Jurassic
subduction-related porphyry Cu(Au) deposits are not widespread

in the south Gangdese. Recently, the Xiongcun porphyry Cu–Au
deposit was identified in the south Gangdese [15,28,29], and the
mineralization is thought to have been triggered by subduction
of Neo-Tethys oceanic crust [14,30].

3. Geological features

We conducted systematic field investigations in the south
Gangdese region, from Xietongmen in the west to Quxu in the east,
revealing that associations of volcanic rocks and intrusions are
widely distributed in a zone of >200 km in length (west to east)
(Fig. 1b). The volcanic rocks and intrusions are characterized by
Cu mineralization and quartz–epidote veins and alteration,
whereas the surrounding Cenozoic intrusions are unaltered.

One such intrusion is located 10 km east of Xietongmen County,
Xigaze (Fig. 1b and c). The intrusion is covered by diluvium and
volcanic sedimentary rocks, and is only exposed in several deep
valleys (Fig. 2a). A pink Cretaceous biotite–K-feldspar granite crops
out to the west of the intrusion. Based on field observations, the
intrusion is estimated to be >5 km2 in surface area (Fig. 1c). The
intrusion underwent Cu mineralization (Fig. 2b) and quartz–epi-
dote vein alteration (Fig. 2c), whereas the adjacent Cretaceous
biotite–K-feldspar granite to the west is unaltered. The mineralized
intrusion is medium- to coarse-grained, with typical granitic tex-
tures, and it has a mineral assemblage of plagioclase (45%–55%),

Fig. 1. Sketch region geological map of the south Gangdes belt. (a) Tectonic sketch of the Tibet Plateau; (b) The distribution of magmatic rocks in the south Gangdese,
modified after [15]; Mineralized Jurassic igneous rocks are located by this study and some Jurassic intrusions are based on [26,48–50,52,55]; (c) Simple geological maps of
hornblende granite and (d) diorite porphyry. Abbreviation: BNSZ � Bangong Nujiang suture zone; IYZSZ � Indus Yarlung Zangbo suture zone; XFB � Xigaze forearc basin.
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quartz (20%–30%), hornblende (3%–8%), and K-feldspar (5%–10%),
as well as minor magnetite and accessory titanite, apatite, and
zircon (Fig. 2d). There is evidence of sericitization and epidote–
chlorite alteration of plagioclase and hornblende crystals. The
mineral assemblages and textures indicate that the intrusion is a
hornblende granite.

A second mineralized intrusion occurs near Aima County,
Xigaze (Fig. 1b–d). This intrusion is associated with andesite
(Fig. 2e), volcanic breccia, and overlying tuff, and is exposed in a
quarry and several valleys. The surface area of the intrusion is

estimated to be <10 km2. The intrusion underwent Cu mineraliza-
tion (Fig. 2f) and epidote–chlorite alteration (Fig. 2g), whereas the
surrounding Cenozoic biotite granites are unaltered. The second
intrusion has a porphyritic texture, with phenocrysts of plagioclase
(15%–20%) and hornblende (18%–25%) in a matrix of quartz, plagio-
clase, minor K-feldspar, and accessory apatite and magnetite
(Fig. 2e). Phenocrysts of plagioclase and hornblende show evidence
of sericitization, carbonation, and epidote–chlorite alteration. The
textures and mineral assemblage of these rocks indicate that the
intrusion is a diorite porphyry.

Fig. 2. Photographs showing the characteristics of hornblende granite and diorite porphyry. (a) Deluvium and granite, (b) Cu mineralization in hornblende granite, (c) quartz–
epidote vein alteration in hornblende granite, (d) texture and mineral assemblage of hornblende granite, (e) diorite porphyry and associated andesite, (f) malachite
mineralization in diorite porphyry, (g) epidote vein alteration in andesite, (h) texture and mineral assemblage of the diorite porphyry. Abbreviation: Qtz � quartz; Hbl –
hornblende; Pl � plagioclase; Ser – sericite; Ep � epidote; Kfs – K – feldspar.
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4. Samples and analytical methods

Samples of the hornblende granite (Xt-45; 88�1800200E‚
29�2103500N) and diorite porphyry (15XC-37; 89�1404500E 29�240N)
were collected for analysis of zircon U–Pb isotopes. Zircon grains
were separated using conventional heavy liquid and magnetic sep-
aration techniques. Separated zircon grains were hand-picked,
then mounted in epoxy resin and polished to approximately half
their thickness. Cathodoluminescence (CL) images were taken to
reveal their external and internal structures. A laser ablation–in-
ductively coupled plasma–mass spectrometer (LA–ICP–MS) was
used for zircon U–Pb isotopic analyses at the State Key Laboratory
of Continental Dynamics, Department of Geology, Northwest
University, China. Detailed procedures and instrumental parame-
ters are described by [31]. Soft ICPMSDataCal 7.2 and Isoplot were
used for data processing and calculations [32,33].

Twenty-five zircon grains were analyzed per sample and data
with concordance <90% were discarded. The remaining data were
processed using cumulative probability plots to determine if the
data belong to the main population. The zircon grains from a single

age population typically have calculated mean standard weighted
deviation (MSWD) values of <3 [34]. If the MSWDs values are sig-
nificantly >3, old and young U–Pb outliers were interpreted to be
inherited zircons and zircons suffered Pb loss, respectively. The
U–Pb ages determined in this way are interpreted as representing
the crystallization age of the intrusion [34,35]. Zircon Ce4+/Ce3+and
EuN/EuN

⁄ values were calculated using the same method of data
analysis, and details of the theory that underlies the calculation
are reported by [36].

5. Results

LA–ICP–MS zircon U–Pb isotopic data are listed in Table 1, and
CL images and concordia plots for the analyzed zircon grains are
shown in Figs. 3 and 4, respectively. All of the analyzed zircons
display oscillatory zoning (Fig. 3) and show high Th/U ratios
(0.47–0.93), indicating a magmatic origin.

The hornblende granite (sample Xt-45) yields a weighted mean
zircon U–Pb age of 177.3 ± 3.2 Ma, with MSWD = 1.4 (Fig. 4a). The
two zircon grains suffered Pb loss and one inherited zircon grain

Fig. 3. CL images of representative zircon grains of samples of Xt-45 and 15XC-37.

Fig. 4. Zircon U-Pb concordia diagrams of the two mineralized intrusions. The inserts are probability plots. (a) Hornblende granite, (b) diorite porphyry.
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are discarded (the insert probability plot in Fig. 4b). The diorite
porphyry (sample 15XC-37) yields a weighted mean zircon U–Pb
age of 166.3 ± 1.3 Ma, with MSWD = 2.7 (Fig. 4b).

The zircon Ce4+/Ce3+ and EuN/EuN
⁄ ratios were determined for all

zircon grains (Table 1). The hornblende granite (Xt-45) yields zir-
con Ce4+/Ce3+ ratios of 157–16,463 (average 1374) and EuN/EuN

⁄

ratios of 0.35–0.72 (average 0.47). The diorite porphyry (15XC-
37) yields zircons Ce4+/Ce3+ ratios of 97–389 (average 295) and
EuN/EuN

⁄ ratios of 0.36–0.45 (average 0.41) (Table 1).

6. Discussion

6.1. Chronology

The zircon crystals analyzed in this study display oscillatory
zoning and high Th/U ratios (0.47–0.93), indicating a magmatic
origin. The main population of zircon ages is interpreted to repre-
sent the crystallization age of the intrusion. The hornblende gran-
ite and diorite porphyry were emplaced at 177.3 Ma and
166.3 Ma, respectively (Fig. 4). The two intrusions underwent
Cu mineralization and have similar zircon U–Pb ages to the
Xiongcun porphyry Cu–Au deposit in the south Gangdese belt
[14]. These features suggest that the rocks are all genetically
related to subduction of the Neo-Tethys slab [14,15].

6.2. Geochemical features of magmas favoring porphyry Cu(Au)
mineralization

6.2.1. High oxidization
Most porphyry Cu deposits are generated from highly oxidized

magmas [37–40]. Many previous studies have attempted to deter-
mine the oxygen fugacity of porphyries associated with Cu(Au)
mineralization, revealing that magmatic zircon Ce4+/Ce3+ and
EuN/EuN

⁄ values, and iron oxide mineral assemblages in the

rocks might record the oxygen fugacity of the parent melts
[34,36,41–43].

The hornblende granite and diorite porphyry have relatively
high zircon Ce4+/Ce3+ and EuN/EuN

⁄ values (Table 1). In a Ce4+/Ce3+

vs. EuN/EuN
⁄ diagram, the two mineralized intrusions are consistent

with the data from the Xiongcun porphyry Cu(Au) deposit that all
fall in the same area as Chuquicamata–El Abra ore-bearing samples
in Chile [36] (Fig. 5). The zircon grains from the hornblende granite
and diorite porphyry have high Ce4+/Ce3+ and EuN/EuN

⁄ values, indi-
cating their parent magmas were highly oxidized. The hornblende
granite has a mineral assemblage that includes titanite, magnetite,
and quartz (Fig. 6a). This assemblage is interpreted to have crystal-
lized from a highly oxidized melt [44–46]. The highly oxidized sig-
natures of the hornblende granite and diorite porphyry are further
supported by the fact that both rocks contain iron-oxide assem-
blage of the form of magnetite–hematite intergrowths (Fig. 6b–
d), which is commonly observed in many large porphyry deposits
[42].

6.2.2. High water content
Hornblende crystallization is strongly influenced by the water

content of magma. Abundant hornblendes will crystallize earlier
if the water content of a melt is >4% [38]. The hornblende granite
and diorite porphyry of the present study contain high concentra-
tions of hornblende (Fig. 2d and h), indicating the parent magmas
were water-rich. Water-saturated magma can exsolve volatile
phases during the early stages of magmatic evolution, and fluid
inclusions may form when contemporaneous magmatic minerals
crystallize from the water-saturated melt [3,47]. Accessary miner-
als such as titanite and apatite crystallize at the early stage of crys-
talline sequence and can provide important records for magma
signature. Many fluid inclusions occur in titanite and apatite of
hornblende granite and apatite of diorite porphyry (Fig. 7). The
fluid inclusions with diameter of 1–10 lm appear randomly in
the accessary mineral with rounded isometric (Fig. 7a-1, b-1) or

Fig. 5. Plot of Zircon Ce4+/Ce3+ vs EuN/EuN
* . The Cu mineralization hornblende granite and diorite porphyry are located at the same domain as the Chuquicamata–El Abra giant

porphyry Cu deposit in Chile. Data of Chile ore-barren and ore-bearing porphyry were from [36]; data of Xiongcun were from [29].
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elliptic (Fig. 7c-1) in shape, mainly consist of liquid and <40% vapor
(Fig. 7), which exhibits typically characteristics of primary fluid
inclusions. These primary fluid inclusions in early magmatic min-
erals suggest their parental magmas were water saturated and
have exsolved volatile phases during the early stage of magma evo-
lution. These intrusions were generated from water-rich magmas.
The melts are characterized by a high water content, and the early
stage exsolution of volatiles may have resulted in the enrichment
of Cu and Au during evolution of the melt and subsequent forma-
tion of porphyry Cu(Au) deposits.

6.3. Age of metallogenesis

The hornblende granite and diorite porphyry underwent Cu
mineralization and quartz–epidote vein alteration. It is possible
that the mineralization and alteration occurred simultaneous with
the Jurassic intrusions or later geological events. It is necessary to
determine when mineralization and alteration occurred.

The hornblende granite and diorite porphyry are the product of
high oxidized magmas. Most of the sulfur in the highly oxidized
magmas occurs as sulfate, and magnetite and reduced sulfur
formed as the result of sulfate redox reacting with early

crystallized ferrous-bearing minerals (i.e., 12[FeO] + SO2�
4 +

2H+ = 4Fe3O4 + H2S) [42]. This reaction provided the reduced sulfur
(H2S) necessary for the formation of sulfides such as chalcopyrite.
Hematite formed by the reaction of sulfate with magnetite (i.e.,
38Fe3O4 + 6SO2�

4 + 5H2O = 57Fe2O3 + 2S3� + 10OH) [42]. These reac-
tions may have resulted in the formation of magnetite, hematite,
and chalcopyrite mineral assemblage during the later stages of mag-
matic evolution, and these minerals represent the early stages of
mineralization in a porphyry-Cu-forming system [41,42]. The early
stage Cu mineralization genetically related to high oxidized magma
usually has mineral assemblage of chalcopyrite, magnetite-hematite
[41,42]. Primary chalcopyrite, associated with magnetite–hematite,
is present in the mineralized diorite porphyry (Fig. 6c and d), sug-
gesting that the Cu mineralization and alteration are genetically
related to the diorite porphyry.

The south Gangdese underwent mainly two stages of intrusion
related Cu mineralization corresponding to subduction and colli-
sion related magmatic activities, respectively. The hornblende
granite and diorite porphyry were surrounded by Cretaceous
biotite–K-feldspar granite and Cenozoic biotite granites
(Fig. 1c and d). Field observations indicate that only the Jurassic
volcanic rocks and intrusions underwent Cu mineralization and

Fig. 6. Photos showing mineral assemblage of hornblende granite and diorite porphyry. (a) Titanite–magnetite–quartz assemblage in hornblende granite, (b) magnetite –
hematite intergrowth in hornblende granite, (c, d) magnetite–hematite intergrowth associated chalcopyrite in diorite porphyry. Abbreviation: Qtz – quartz; Pl – plagioclase;
Ttn – titanite; Mgt – magnetite; Hm – hematite; Cpy – chalcopyrite.
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quartz–epidote vein alteration, not the Cretaceous–Cenozoic grani-
tic batholith. This suggests that Cu mineralization and alteration
occurred before the formation of the surrounding intrusions and

are genetically related to their hosted rocks. The above two lines
of evidences suggest that the Cu mineralization occurred simulta-
neously with the hosted intrusions.

Fig. 7. Photos showing fluid inclusions in magmatic minerals. (a, a-1) Magmatic titanite of hornblende granite and fluid inclusions therein, (b, b-1) magmatic apatite of
hornblende granite and fluid inclusions therein, (c, c-1) magmatic apatite of diorite porphyry and fluid inclusions therein. Abbreviation: Qtz –quartz; Pl – plagioclase;
Ttn – titanite; Mgt – magnetite; Ap – apatite; V – vapor phase; L – liquid phase.
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6.4. Mineralization potential of subduction-related porphyry deposits
in the south Gangdese

Porphyry deposits related to subduction of the Neo-Tethys
oceanic crust are much smaller in size and fewer in number than
those related to continental collision in the south Gangdese. Until
recently, only the Xiongcun super-large porphyry Cu–Au deposit
has been identified as related to Middle–Jurassic Neo-Tethys sub-
duction in the south Gangdese [14]. To determine whether the
south Gangdese is likely to host subduction-related porphyry Cu
(Au) deposits, the distribution and geochemical signatures favoring
porphyry mineralization should be studied in detail.

Numerous Jurassic volcanic rocks and intrusions have been
reported in the south Gangdese [16,26,48–55]. Our work has iden-
tified a series of Jurassic volcanic rocks and intrusions in an area
stretching from Xietongmen to Quxu (�200 km in length; Fig. 1).
The present results, combined with the findings of previous work,
indicate that Early–Middle Jurassic igneous rocks are widespread
in the south Gangdese, forming a subduction-related felsic igneous
belt. In addition, a large proportion of the intrusions are closely
associated with, and genetically related to, Cu mineralization and
epidote vein alteration. These mineralized intrusions yield similar
zircon ages to those of the Xiongcun porphyry Cu–Au deposit
[14], suggesting that the Early–Middle Jurassic Cu(Au) mineraliza-
tion, triggered by Neo-Tethys subduction, is widely distributed
(>200 km in length in an E–W direction) in the south Gangdese.

Porphyry Cu(Au) deposits are genetically related to oxidized
magmas with high water contents [34,36,39–42,56–58]. This rela-
tionship occurs because the behavior of chalcophile elements (e.g.,
Cu and Au) in magmas is strongly controlled by the sulfur species,
and highly oxidizing conditions may promote the oxidation of
residual sulfide in the source magmas, thereby liberating
chalcophile elements [59]. Experimental work shows that Cu has
a high partition coefficient between sulfide and silicate melts
(e.g., DCu

sulfide/silicate melt = 550–10,000 [60,61]). More sulfur is present
as sulfate, and thus sulfides remain unsaturated during fractional
crystallization in highly oxidizing magmas [62,63], favoring the
enrichment of Cu in residual magma and resulting in porphyry
Cu mineralization. Moreover, chalcophile elements are more
likely to fractionate into aqueous fluids than into melts, with
DCu
fluid/silicate melt = 316–2700 [64–66]. Magmas with a high water

content are expected to exsolve volatile phases earlier than dry
magmas. These magmas favor the concentration of Cu in volatile
phases during fractional crystallization. Given that the source mag-
mas of the Early–Middle Jurassic mineralized intrusions in the
south Gangdese are highly oxidized and have a high water content,
it is reasonable to conclude that these mineralized intrusions have
great potential for hosting subduction-related porphyry Cu(Au)
deposits.

Typical porphyry Cu(Mo) deposits related to collisional mag-
matic rocks in the Gangdese belt are characterized by high positive
eHf(t) and eNd(t) values [67], and there is a positive correlation
between deposit size and values of eHf(t) or eNd(t). These features
suggest that the magma source plays an important role in the for-
mation of porphyry Cu deposits. The Early–Middle Jurassic intru-
sions in the south Gangdese typically have very high positive
eHf(t) (average: +13.3) and eNd(t) (Xiongcun: +4.6–5.9) values
[15,48–52], suggesting that the Early–Middle Jurassic igneous fel-
sic intrusions originated in a region of mantle that provided metals
for porphyry Cu mineralization [68,69].

Early–Middle Jurassic felsic igneous rocks that formed as a
result of subduction of Neo-Tethys oceanic crust are widely dis-
tributed in the south Gangdese, and most of the intrusions host
Cu mineralization. The source magmas of the Cu-mineralized
intrusions were highly oxidized, had a high water content, and
were derived from juvenile crust. The geochemical features and

sources of the Early–Middle Jurassic felsic intrusions in the south
Gangdese provide excellent conditions for the formation of por-
phyry Cu(Au) deposits in the south Gangdese.

6.5. Geological implications

All the available evidence indicates that the Jurassic magmatic
activities in the southern Gangdese region has good potential for
subduction-related porphyry Cu(Au) deposits. Many Early–Middle
Jurassic felsic igneous rocks were reported in the south Gangdese,
but why only the Xiongcun intrusions produced a giant porphyry
Cu(Au) deposit and where is the favorable target domains for sub-
duction related porphyry Cu(Au) deposits?

It is well known that porphyry copper deposits were emplaced
at a depth of 1–3 km. Plutons, like granites and diorites, were
emplaced much deeper than porphyries. Widespread Cenozoic
granite batholiths in the south Gangdese region suggest that the
area underwent large-scale uplift and denudation after the Ceno-
zoic [9,70,71], resulting in erosion of much of the Early–Middle
Jurassic magmatic rocks. Most of the Early-Middle Jurassic intru-
sions exposed in the south Gangdese are granite, tonalite, quartz
monzonite and diorite [26,48–50,52,55], suggesting that most of
the subduction related Jurassic porphyry Cu(Au) deposits might
have been denudated. Only the porphyry deposits occurred in
the depression area could be survived after large scale denudation.

The Xiongcun porphyry Cu(Au) deposit provides strong evi-
dence that Early–Middle Jurassic porphyry Cu(Au) deposits
occurred in the depression area remained across the south Gangd-
ese region after the large-scale denudation. The association of
Early–Middle Jurassic volcanic rocks and intrusions in the south
Gangdese indicates that basin subsidence may have inhibited the
denudation of Early–Middle Jurassic porphyry Cu(Au) ore-
forming systems. Therefore, areas in the south Gangdese covered
by Early–Middle Jurassic volcanic rocks, especially associated with
epidote alteration and/or Cu mineralization, are the main prospect-
ing target for subduction-related porphyry Cu(Au) deposits.

7. Conclusions

(1) A mineralized hornblende granite and a diorite porphyry
were emplaced at 177.3 Ma and 166.3 Ma, respectively.

(2) The south Gangdese underwent strong Early–Middle Juras-
sic magmatism, and the related magmas were characterized
by high oxygen fugacity and high water content, favoring the
formation of porphyry Cu(Au) deposits.

(3) The majority of Early–Middle Jurassic felsic igneous rocks in
the south Gangdese underwent synchronous Cu mineraliza-
tion. The region has great potential for subduction-related
porphyry Cu(Au) ore exploration, and the key prospecting
targets should be areas covered by Jurassic volcanic rocks.
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