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1 Introduction

The Zhunuo porphyry copper deposit is a newly
explored deposit in Gangdese porphyry copper belt
(GPCB). The GPCB is situated within the south margin of
Lhasa Terrane (Fig.1). The north and south boundaries of
the Lhasa Terrane are the Banggong-Nujiang and
Yaluzangbu  sutures, composed of Ordovician,
Carboniferous and Triassic shallow-marine clastic
sedimentary rocks. GPCB is one of major Metallogenic
belt in the world and mainly comprises Jurassic to early
Eocene volcanic and plutonic rocks. It stretches for 350km
from Shigatse to Mozhugongka county. Three main
tectonomagmatic events and relatively mineralization have
been identified in the southern Gangdese belt: (1) a early
to middle Jurassic magmatic arc due to northward
subduction of The Neo-Tethys oceanic crust associated
with major copper-gold porphyry deposits; (2) a late
Cretaceous to Eocene Gangdese continental magmatic
plates associated with Porphyry molybdenum deposit and
relatively skarn deposit, . (3) A Miocene magmatism-
mineralization event associated with post Gangdese
extension.

2 Geological Background

Drilling programs before 2012 defined a significant
resource of 402.5 M tonnes (measured and indicated) with
0.57% copper, 0.017% molybdenum, 0.13 g/t gold, and
2.5g/t silver.

Rock units in Zhunuo district includes Paleocene to
Eocene Nianpo group and Pala group which comprised
andesitic, dacitic, and rhyolitic volcaniclastic rock and
glutenite unites and felsic tuff, mainly distributed at north
and east part of the property. Multi-intrusions occur
throughout the district along the northeast trending
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structure. These bodies have intruded the volcanic
sequence, including: (1) Eocene quartz diorite porphyry;
(2) Miocene biotite granodiorite porphyry; (3) Miocene
biotite monzogranite porphyry; (4) Miocene quartz
porphyry; (5) Miocene diorite porphyry.Six main vein
types are recognized at Zhunuo. These are, from oldest to
youngest: (1) early, discontinuous biotite-sulfide (pyrite +
chalcopyrite) veinlets; (2) gray, sinuous quartz sulfide
(pyrite + chalcopyrite) veins with k-feldspar alteration
envelop; (3) quartz molybdenite = minor or trace sulfide
(pyrite = chalcopyrite) veins; (4) chalcopyrite-dominated
sulfide veins; (5) later pyrite dominated veins; and (6)
planar, white, barely quartz veins. Early biotite-sulfide
veinlets and quartz sulfide veins mainly distributed within
biotite granodiorite with k-feldspar alteration envelop
indicating the veins and alteration assemblages and sparial
association with biotite granodiorite.

3 The source and Petrogenetic model

Hou (2004) suggest that the source of Miocene adakitic
porphyries may derived from partial melting of thickener
lower crust. Partial melting of the subducted oceanic crust
was also proposed as a source for Miocene magmatism by
Qu et al. (2004). However, these models are hardly to
explain the high radiogenic Pb and Sr isotope composition
and higher eg(7) value obtained in this study. Moreover
previous studies about the tectonic setting of Gangdese
belt suggest that Neotethyan slab have been break-off and
sunk into deep mantle during Eocene time. Gao et al.
(2007) suggested that the post-collision rock likely
originated form an upper mantle metasomatized by slab-
derived melts. It is also hard to explain the wild variable
isotope composition from east and west to 88°. Moreover,
low-degree hydrous melting of mantle peridotite can
produce andesitic melts other than felsic melts (Mo et al.,
2008).
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Fig. 1. Tectonic map of Tibetan Plateau showing the major terranes and suture zones (Significantly simplified from

Yin and Harrison, 2000).

The initial **°Pb/***Pb, **’Pb/***Pb, and ***Pb/***Pb ratio
fall within the ranges of 18.417-18.694, 15.609-15.737,
and 38.726-39.2134, respectively, showing the higher
radiogenic  concentrations compared with reported
Miocene units may suggest the more involvement of the
ancient crustal components or an enriched mantle source
for their parental magmas. Several inherited zircons cores
of Miocene samples dated in this study may suggest that
the old crustal material may play a significant role in the
generation of magmas. Nd isotope isotope compositions of
the Miocene granitoids also exhibite the obvious lower
"SNd/"*Nd isotope compositions compared with previous
studied Miocene ore-bearing porphyries in GPCB. This
suggest that the Miocene porphyries of Zhunuo area with
lower **Nd/'*Nd isotope compositions, might originate by
mixing depleted mantle or juventile lower crust and
ancient crust. The ancient crust may place an important
role for the origination of these porphyries. Such mixing
might explain the higher MgO contents and consistent
with above Pb isotopic composition. Hf isotope
composition shows a negative ey(f) values (-5~0) which
are different from previous studied Miocene porphyries
marked by positive eydf) values. These data for the
Zhunuo area presented here further demonstrate that the
contamination of ancient crust may play a critical role for
the generation of magmas. The percentage of ancient crust
contribution in the melt was calculated following
Miskovi¢ and Schaltegger (2009). It is estimated that
ancient crust material input contributed up to 33% to the
formation of the Miocene granitoids in terms of zircon Hf
isotopic compositions (assumed to be objectively recorded
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in the crystallized/crystallizing zircons).

The whole-rock two-stage Nd model ages and single
zircon two-stage Hf modes (7pmz) range from 1.15 to 1.43
Ga and 1.08 to 1.45 Ga, respectively. This suggests that a
Mesoproterozoic crust could be the source for the studied
magmas. Although, the nature and history of crustal
remain at Lhasa Terrane remains unknown where
lithospheric structure similar to that of Archaean and
Proterozoic cratons is inferred to exist relying on
geophysical and Hf isotopic interpretations (McKenzie
and Priestley, 2008). As Zhu, et al (2011) suggested, the
negative ¢Hf(t) for the reworked crust is like
overestimated due to the inevitable of crust-mantle
interaction during mantle melting and melt emplacement
(e.g., crustal assimilation). If it is ture, the crustal model
age should be even older (Paleoproterozoic, or even
older). This finding offer evidence for the presence of
Paleoproterozoic and Archean basement also beneath the
south Lhasa subterrane.

4 Conclusion

The following conclusions are drawn from this study:
Miocene granites exhibits the geochemical characteristics
of high-K, calc-alkaline, and I-type granite. Geochemical
and Sr-Nd-Pb-Hf isotopic compositions suggest that they
were derived from the mixing melting of depleted mantle
crust or juvenile mafic lower crust with Paleoproterozoic
or Archean crust during the magma ascent upward.
Combination of previous study, we suppose that
Paleoproterozoic to Archean basement crust not only exist
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at the middle part of Lhasa terrane, but also preserve at
south part of Lhasa terrane.
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