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Subduction of the Paleo-Pacific Oceanic Plate is widely considered to have caused extensive Mesozoic
magmatism, lithospheric deformation and mineralization in East Asia. However, it is still unclear when this sub-
duction began. Here we report an Early Jurassic (~187 Ma) mafic intrusive complex (including olivine norite,
gabbro, and diorite) from theTumen area inNE China. The olivine norite contains amineral assemblage of olivine,
pyroxene, Ca-plagioclase, and hornblende that crystallized in awater-saturated parentalmagma. The rocks in the
complex show variable degrees of plagioclase and ferromagnesianmineral accumulation as reflected by positive
Sr and Eu anomalies in primitive mantle-normalized incompatible element patterns. Mass-balance calculations
indicate that the parentalmagmawas calc-alkalinewith arc-type trace element features (i.e., large ion incompat-
ible and light rare earth element enrichment and Nb–Ta depletion). It also had Sr–Nd–Hf isotopic compositions
(87Sr/86Sr(i)= 0.7042 to 0.7044, εNd(t)=+2.5 to+3.5 and εHf(t)=+8.4 to+10.5) similar to those ofmodern
arc basalts. The parental magma was likely derived from 5 to 20% melting of a mantle wedge metasomatized by
an addition of 3–4% hydrous sediment melt from the subducting Paleo-Pacific Oceanic slab. The Tumen mafic
intrusive complex, together with other contemporaneous mafic intrusions, I-type granitoids, and felsic lavas,
constitutes an Early Jurassic N–S-trending arc magmatic belt that was formed by westward subduction of the
Paleo-Pacific Ocean.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Maficmagmas in convergent platemargins are generally enriched in
large ion lithophile elements (LILEs), light rare earth elements (LREEs)
and depleted in high field strength elements (HFSEs), and have evolved
isotopic compositions relative to mid-oceanic ridge basalts (MORBs).
Such geochemical differences have been widely attributed to mantle
enrichment caused by recycled crustal components (e.g., Arculus,
1994; Macdonald et al., 2000; Tatsumi and Eggins, 1995). In subduction
zones, mafic magmas are mainly formed through the hydrous melting
of a mantle wedge, in which the mantle has been chilled by subduction
of oceanic crust and the overlying sediments, and magma generation is
attributed to lowering of the peridotite solidus by the introduction of
H2O and other volatiles from the subducting slab (Arculus, 1994;
Davies and Stevenson, 1992; Fan et al., 2003; Tatsumi and Eggins,
1995). Such magmas thus have high contents of water or volatiles and
crystallize hydrous mineral assemblages. Nevertheless, it is rather diffi-
cult to identify paleo-subduction zones in areaswhere the configuration

of converging plates and distribution of the related arc magmas are
poorly constrained, such as the Mesozoic subduction zone in NE China.

TheMesozoic geology of the East Asian continent is characterized by
extensive magmatism, lithospheric deformation, metamorphism, and
metal mineralization. Tectonic reconstruction has suggested a predom-
inant role of the interaction between the subducted Paleo-Pacific
(Izanagi and Fallalon Plate) Oceanic Plate and the continental litho-
sphere in eastern Asia (Engebretson et al., 1985; Faure and Natal'in,
1992). In NE China, the subduction of the Izanagi Plate has been
suggested to have triggered the Early Mesozoic blueschist-facies meta-
morphism of the Heilongjiang metamorphic complex (Wu et al., 2007;
Zhou andWilde, 2013 and references therein), emplacement of volumi-
nous I-type granitoids during 210–155Ma (Wu et al., 2011), eruption of
intermediate-felsic volcanic rocks during 228–202 Ma (Wang et al.,
2015; Xu et al., 2012, 2013), and widespread porphyry Cu-Mo mineral-
ization during 180–160 Ma (e.g., Ge et al., 2007; Pirajno and Santosh,
2014; Zeng et al., 2013). Zhou et al. (2014) recently reported the zircon
U–Pb ages of the Nadanhada accretionary complex in NE China, and
suggested that the subduction of the Paleo-Pacific Ocean was initiated
in the late Triassic to early Jurassic. Yet, the exact time that the Izanagi
Plate began to subduct beneath the NE China continent is debatable.
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Although those I-type granitoids have been considered to be genetically
linked with the subduction of the Izanagi Plate (e.g., Wu et al., 2011),
subduction-related mafic magmas have been rarely documented.
Although a few Early Jurassic mafic intrusions were identified in NE
China (e.g., Yu et al., 2012), whether their origin was formed by the
subduction of the Paleo-Pacific Ocean is poorly constrained.

In this paper, we present a comprehensive study (including zircon
U–Pb dating, petrologic, mineralogical, and geochemical data) on an
Early Jurassic subduction-related mafic intrusive complex in the
Tumen area (NE China), and conduct additional Sr–Nd–Hf isotopic
analyses on the other contemporaneous mafic intrusions reported in
Yu et al. (2012). These data will enable estimation of the compositions
and natures of the parental magmas of these early Jurassic mafic
intrusions and allow us to provide further insight into the dominant
enrichment processes operating in the mantle wedge through slab
subduction. By integrating these results with previous petrologic,
geochemical, and geochronological studies on Mesozoic igneous rocks
in the area (e.g., Guo et al., 2010; Wu et al., 2011; Yu et al., 2012), the
framework of theMesozoic arcmagmatic belt related to the subduction
of the Paleo-Pacific Ocean can be outlined.

2. Geological backgrounds

NE Asia comprises a series of subduction-related accretionary
orogens distributing among the North China Craton, Siberian Craton
and Pacific Plate (Fig. 1a, Guo et al., 2010; Li, 2006; Maruyama et al.,

1989; Safonova and Santosh, 2014; Sengör et al., 1993; Tang, 1990;
Xiao et al., 2003; Zhou and Wilde, 2013). The history of tectonic evolu-
tion includes: (1) subduction and accretion of the Paleo-Asian Ocean
during Paleozoic to form the giant Central Asian Orogenic Belt; and
(2) northwestward subduction and accretion of the Paleo-Pacific Plate
to the Eurasia Continent, thereby controlling the evolution of the
East Asian continental margin since the Mesozoic (Guo et al., 2007;
Maruyama et al., 1989; Wu et al., 2011).

The Tumen area is located at the junction of China, Russia and Korea,
~100 kmwest of the Japan Sea. It is considered to be part of the orogenic
collage between the North China Craton to the south and the Jiamusi–
Khanka Massif to the northeast (Fig. 1a; Guo et al., 2007). Phanerozoic
granitoids are widely exposed over an area of more than 20,000 km2

and occupy ~70% of the region. The emplacement of the Phanerozoic
granitoids occurred from the Late Paleozoic (285 Ma) to Early Creta-
ceous (112 Ma), and the dominant emplacement ages are between
210 and 155 Ma (Li et al., 2012; Wu et al., 2011; Zhang et al., 2004). In
addition, extensive eruption of predominant intermediate-felsic lavas
occurred from the Late Triassic to Early Cretaceous (228–106 Ma)
(Li et al., 2007; Wang et al., 2015; Xu et al., 2009).

The Tumen mafic intrusive complex is intruded by Jurassic granit-
oids. It was previously grouped as a Late Paleozoic mafic intrusion
(BGMRJL, 1989). The rock types include hornblende-bearing olivine
norite, gabbro, and diorite. The studied samples are fresh and have
poikilitic to granoblastic textures (Fig. 2). The olivine is fresh and
euhedral, and it is enclosed in clinopyroxene and hornblende in local

Fig. 1.A tectonic sketch of the northeastern Asian continent (a, modified after Zhou andWilde, 2013), distribution of Phanerozoic intrusions in NE China (b, modified afterWu et al., 2011
and Yu et al., 2012) and a simplified geological map showing the location of Tumen mafic intrusive complex (c, modified after BGMRJL, 1989; Li, 2012).
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