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a  b  s  t  r  a  c  t

The  Jinchuan  Ni–Cu  deposit,  which  is the  largest  single  magmatic  sulfide  ore  deposit  in the  world,  is
hosted  by  a mafic-ultramafic  intrusion  in  the  Alxa  block,  northwestern  China.  The  timing  of  amalgamation
between  the  Alxa  block  and the adjacent  Ordos  block,  which  is  important  for  Precambrian  reconstruc-
tion  of  North  China  Craton  and the  search  for another  Jinchuan-type  ore  deposit,  is contentious.  The age
distribution  patterns  of detrital  zircon  crystals  with  Precambrian  ages  from  the  Devonian  and  older  sedi-
mentary  rocks  of  the  Alxa and  Ordos  blocks  are  similar.  This  supports  the traditional  view  that  the  Alxa  and
Ordos  blocks  were  amalgamated  in  the  Paleoproterozoic  along  the  1.95  Ga Khondalite  Belt,  long  before
the  emplacement  of  the  ∼830 Ma Jinchuan  intrusion.  The  U–Pb–Lu–Hf  isotope  data  of  comagmatic  zir-
con  crystals  from  the  Jinchuan  intrusion,  together  with its  whole-rock  Sm–Nd  isotopes  and  trace  element
inchuan
lxa
orth China Craton

compositions  given  previously  by  other  researchers,  indicate  that  the  Jinchuan  ore-bearing  intrusion  is
the product  of  continental  rift-related  basaltic  magmatism  which  took  place  during the early  stage  of
Rodinia  breakup.  Based  on  these  observations,  we  conclude  that  in  addition  to  the  Alxa  block,  the  adja-
cent  regions  in  the  North  China  Craton  such  as  the  Ordos  basin,  the  Khondalite  belt  and  the  Yinshan
terrane are  most  promising  for new  discoveries  of  Jinchuan-type  Ni–Cu  ore deposits.
. Introduction

The Alxa (or Alashan) block is located in northwestern China
Fig. 1). Many researchers believe that the Alxa block and the adja-
ent Ordos block of the North China Craton were amalgamated in
he Paleoproterozoic along ∼1.95 Ga Khondalite Belt between them
e.g., Zhao et al., 2001, 2005; Lu et al., 2008; Zhao and Cawood, 2012;
hang J. et al., 2013; Peng et al., 2014). However, different opinions
lso exist. Li et al. (2005) proposed that the Alxa block is an exotic
ontinental block derived from South China after the breakup of
odinia. This view is based on the assumption that the ∼830 Ma

inchuan Ni–Cu sulfide ore-bearing mafic-ultramafic intrusion in
he Alxa block and the contemporaneous mafic-ultramafic intru-
ions in West Yangtze (Fig. 1) are the products of the so-called

outh China mantle superplume, which is proposed to have been
ctive during Rodinia breakup (Li et al., 1999, 2002, 2003b). Based
n the apparent differences in the timing and nature of magmatism

∗ Corresponding author.
E-mail address: mjzhang@lzu.edu.cn (M.  Zhang).

ttp://dx.doi.org/10.1016/j.precamres.2014.08.015
301-9268/© 2014 Elsevier B.V. All rights reserved.
© 2014  Elsevier  B.V.  All  rights  reserved.

and metamorphism from Neoarchean to Paleoproterozoic times
deduced from rocks in the Alxa block and the nearby Yinshan ter-
rane in the North China Craton (Fig. 1), Dan et al. (2012a) contended
that the Alxa block was separated from the North China Craton
in the Paleoproterozoic. Based on apparent different detrital zir-
con age distribution patterns between the Middle-Early Devonian
sandstones of the Alxa block and the Ordovician and older sedimen-
tary rocks of the Ordos block, Yuan and Yang (2014) concluded that
these two  blocks were separated before Late Devonian. A resolu-
tion to the above debate is important not only for the Precambrian
reconstruction of North China Craton but also for the search for
another Jinchuan-type Ni–Cu ore deposit in China. In this paper,
we use detrital zircon age data for the Devonian and older sedi-
mentary rocks of the Alxa and Ordos blocks, and the comagmatic
zircon U–Pb–Lu–Hf isotopes and whole-rock geochemical data for
the Jinchuan intrusion to address these important issues.
2. Tectonic division

The North China, South China and Tarim are three major Pre-
cambrian continental blocks that were assembled to form China

dx.doi.org/10.1016/j.precamres.2014.08.015
http://www.sciencedirect.com/science/journal/03019268
http://www.elsevier.com/locate/precamres
http://crossmark.crossref.org/dialog/?doi=10.1016/j.precamres.2014.08.015&domain=pdf
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Fig. 1. Simplified maps showing the tectonic un

uring Phanerozoic times (Fig. 1). The South China Block com-
rises the Yangtze Craton in the north and the Cathaysia Block in
he south (Fig. 1), separated by the Sibao (Li et al., 2002) or Jiang-
an (Zhao and Cawood, 1999; Charvet, 2013) Proterozoic Orogenic
elt. The Yangtze Craton consists of Archean–Paleoproterozoic
rystalline basement surrounded by late Mesoproterozoic to early
eoproterozoic folded belts, which are locally unconformably
verlain by weakly metamorphosed Neoproterozoic strata and
nmetamorphosed Sinian cover (Zhao and Cawood, 2012). The
athaysia block is composed predominantly of Neoproterozoic
etamorphic rocks, with minor Paleoproterozoic and Mesopro-

erozoic lithologies. Archean basement is poorly exposed (Zhao
nd Cawood, 2012; Charvet, 2013) and largely inferred from detri-
al zircons from Neoproterozoic sedimentary rocks (Yu et al.,
010).

The North China Craton is bounded by the late Paleozoic Central
sian Orogenic Belt to the north (Xiao et al., 2003), by the Permian-
riassic Qinling-Dabie Orogenic Belt to the southeast (Hacker et al.,
998; Li et al., 2003a), and by the ∼450 Ma  North Qilian Orogenic
elt to the southwest (Song et al., 2013). The North China Craton
onsists of Archean to Paleoproterozoic metamorphic basement
verlain by Mesoproterozoic to Cenozoic unmetamorphosed cover.
t is divided into the Eastern and Western Blocks (Fig. 1), separated
y the Trans-North China Orogenic Belt with a final collision age of
1.85 Ga (Zhao et al., 2008; Zhao and Cawood, 2012). The Western
lock is further divided into the Ordos Block in the south and the
inshan Block in the north, separated by the Khondalite Belt with a
nal collision age of ∼1.95 Ga (Zhao et al., 2010; Dan et al., 2012b).
he Khondalite Belt is also referred to as the Fengzhen Belt (Peng
t al., 2010; Zhai and Santosh, 2011) or the Inner Mongolian Suture
one (Santosh, 2010).

Li et al. (2005) suggested that the Alxa block was  derived from
outh China after Rodinia breakup. Dan et al. (2012a) and Yuan
nd Yang (2014) believe that the Alxa block (Fig. 1) was  separated
rom the rest of the North China Craton in the Paleoproterozoic.

n contrast, Zhai and Santosh (2011) believe that the Alxa block

as part of the North China Craton as early as 2.5 Ga. Zhang J. et al.
2013) believe that the Alxa block is the extension of the Khondalite
elt of the North China Craton.
China (modified from Zhao and Cawood, 2012).

3. Geological background

The Jinchuan ore-bearing mafic-ultramafic intrusion occurs in
the eastern part of the Longshoushan terrane at the southern
rim of the Alxa block (Figs. 1 and 2a). To the south the Long-
shoushan terrane is bounded by the North Qilian Orogenic Belt
which formed by the collision between the Alxa block and the North
Qilian block at ∼450 Ma  (Song et al., 2013). Regional metamorphism
of greenschist facies related to the collision event has affected
the Longshoushan terrane including the Jinchuan intrusion. The
Jinchuan intrusion intruded the Proterozoic Baijiazuizi Forma-
tion which comprises marbles, gneisses, and granitic migmatites
(Fig. 2b). Abundant Paleozoic granites occur farther to the south
(Fig. 2a). Li et al. (2005) reported a U–Pb SHRIMP zircon age of
827 ± 8 Ma  for the Jinchuan intrusion. Zhang et al. (2010) reported
a precise ID-TIMS zircon U–Pb age of 831.8 ± 0.6 Ma  obtained on
thermally annealed and chemically etched zircon grains from the
intrusion.

The current surface exposure of the Jinchuan intrusion meas-
ures ∼6500 m long and ∼500 m wide (Fig. 2b). The overall strike of
the intrusion is northwest. The vertical downward extension of the
intrusion exceeds 1100 m in its central part. The Jinchuan intrusion
is composed almost entirely of peridotites. Rare gabbros occur in
the margins of the intrusions in a few places. Mineralization occurs
predominantly as disseminated to net-textured sulfides within the
intrusion. The Jinchuan deposit contains >500 million metric tons
of sulfide ores with grades of 1.1 wt.% Ni and 0.7 wt.% Cu, and is the
largest single magmatic Ni–Cu sulfide ore deposit in the world (Li
and Ripley, 2011; Zhang M.  et al., 2013).

4. Samples and analytical methods

4.1. Samples

A large lherzolite sample (JC11-04, ∼10 kg) from the Jinchuan

intrusion (Fig. 2b) was  used for whole-rock chemistry, zircon
U–Pb age determination and zircon Lu–Hf isotope study. This
sample is composed of 65 vol.% olivine, 17 vol.% clinopyroxene,
13 vol.% orthopyroxene, and minor amphibole. Clinopyroxene



750 Q. Tang et al. / Precambrian Research 255 (2014) 748–755
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Fig. 2. Simplified geologic maps of the Longshoushan terrane (a) 

ommonly occurs as large crystals enclosing small olivine crys-
als. Pyroxenes, hornblende and phlogopite occur in the interstitial
paces.

A large early-Devonian sandstone sample (JC11-08, ∼5 kg) from
he Longshoushan terrane (Fig. 2a) was used for detrital zircon U–Pb
ating and Lu–Hf isotopic study. This sample is fine-grained. It con-
ains ∼55 vol.% quartz, ∼15 vol.% feldspars and ∼35 vol.% Fe–Mg
ilicate minerals plus heavy minerals. Micro-carbonate veins are
bundant in the sample. Zircon crystals in both samples were
eparated using conventional techniques including magnetic sep-
ration, heavy liquids and hand-picking.

.2. Analytical methods

Whole-rock major and trace element compositions were
etermined by XRF and by inductively coupled plasma mass spec-
rometry (ICP-MS), respectively, at Chang’an University, Xi’an,
hina. Rock powders were fused to form glass disks for XRF analysis,
nd acid-digested in steel-jacketed Teflon “bombs” to form solu-
ions for ICP-MS analysis. The analytical uncertainties are between
% and 15% relative, depending on the concentrations of elements

n the samples.
Zircon U–Pb isotope analysis was performed using a SHRIMP-

I machine and Neptune multi-collector ICP-MS equipped with a
ew Wave UP 213 laser-ablation sampling system in the Chinese
cademy of Geological Sciences, Beijing. The analytical proce-
ures and operation conditions for SHRIMP and LA-MC-ICP-MS
re given in Williams (1998) and Hou et al. (2009), respectively.
lotting and age calculations are from Isoplot/Ex 3.00 Ludwig
2003).

Zircon Lu–Hf isotopes were determined in situ using LA-MC-
CP-MS in the MRL  Key Laboratory of Metallogeny and Mineral

ssessment, Institute of Mineral Resources, Chinese Academy of
eological Sciences, Beijing, following the procedures given in Wu
t al. (2006). The laser beam size was about 40–50 �m in diameter.
he GJ1 zircon standard was used as a reference.
The average composition of the middle continental crust is from Rudnick and Gao
(2003).

5. Results

5.1. Geochemical fingerprinting for the Jinchuan intrusion

The chemical composition of the Jinchuan lherzolite is given in
Supplementary Table A1 (available online). A comparison of whole-
rock Th/Yb and Nb/Yb ratios between the Jinchuan intrusion and
subalkaline continental flood basalts worldwide is illustrated in
Fig. 3. It is well known that mafic-ultramafic intrusive rocks are

commonly crystal cumulates plus variable amounts of “trapped
liquids”. The effect of crystal accumulation on the trace element
ratios of these rocks needs to be adjusted before they can be
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omagmatic zircons from the Jinchuan lherzolite.

ompared to flood basalts. Olivine, pyroxenes and plagioclase are
ommonly the most important cumulus minerals in the intrusive
ocks. Among these cumulus minerals clinopyroxene may  have the
argest effect on the distribution of Th, Nb and Yb in these rocks
ecause the solid–liquid partition coefficients of these incompat-

ble trace elements for clinopyroxene are higher than those for
livine and plagioclase (Wood and Blundy, 2003). Li et al. (2013)
howed that the trace element ratios of arc cumulates containing
b > 0.5 ppm closely matched those of “trapped liquids” in the sam-
les. This value is adapted as a cut-off value for sample selection

n our comparison. The selected samples for the Jinchuan mafic-
ltramafic intrusion and the contemporaneous Luanchuan mafic

ntrusion which occurs in the western part of the North China
raton (Fig. 1) all plot within the field of global continental flood
asalts. The Jinchuan samples plot slightly above the E-MORB and
oward the average continental middle crust (Fig. 3). Simple mixing
alculation using an assumed mantle-derived magma  containing
.6 ppm Nb, 1.2 ppm Th and 2.4 ppm Yb, which are similar to those

n the E-MORB, and the average continental middle crust compo-
ition given by Rudnick and Gao (2003) indicates that the Jinchuan
arental magma  may  have experienced up to 20% crustal contam-

nation (Fig. 3). In contrast, no significant crustal contamination is
equired to explain the trace element compositions of the contem-
oraneous Luanchuan mafic intrusion.

The U–Pb isotopic compositions of zircons from the Jinchuan
herzolite determined by LA-MC-ICP-MS are given in Supplemen-
ary Table A2 (available online). Fig. 4 is a concordia diagram for
ll zircons from the Jinchuan lherzolite. The six youngest, comag-
atic zircons give a weighted mean 206Pb/238U age of 821 ± 11 Ma,
hich is within the range of previously reported, more precise zir-

on U–Pb ages for the Jinchuan intrusion by Li et al. (2005) and
hang et al. (2010).

The Lu–Hf isotopes of comagmatic zircons from the Jinchuan
herzolite are listed in Table 1. The calculated εHf (t) values of
hese zircons vary from −5 to −11. The comagmatic zircon εHf and
hole-rock εNd values for the Jinchuan mafic-ultramafic intrusion

re significantly lower than the values for plume-related basalts
n oceanic settings (ocean islands and oceanic plateaus) (Fig. 5). In

ontrast, the comagmatic zircon εHf and whole-rock εNd values for
he contemporaneous Luanchuan mafic intrusion are within the
anges of the plume-related basalts in oceanic settings. Back cal-
ulation by allowing a maximum of 22% contamination with the
Fig. 6. Concordia diagram for detrital zircons from early-Devonian sandstone in
Longshoushan, Alxa, North China Block.

middle continental crust for the Jinchuan parental magma indicates
that the source mantle of the Jinchuan intrusion is isotopically more
depleted than that of the coeval Luanchuan mafic intrusion (Fig. 5).

5.2. Detrital zircon data

The chemical composition of an early-Devonian sandstone
sample from the Longshoushan terrane, Alxa block is given in Sup-
plementary Table A1 (available online). The U–Pb–Lu–Hf isotopic
compositions of detrital zircon crystals from this sample, deter-
mined by LA-MC-ICP-MS and SHRIMP, are given in Table 1 and
Supplementary Table A2 and Table A3 (available online). A cou-
ple of duplicate analyses show that the U-Pb isotopes determined

using the different analytical techniques show <3% variation. The
data listed in the tables and shown in the concordia plot (Fig. 6)
are the 217 analyses with degrees of concordance >90%. The other
28 analyses with degrees of concordance <90% are discarded. The
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Table 1
Lu–Hf isotopes of zircons from the Jinchuan intrusion and a sandstone sample from Longshoushan, Alxa.

Analysis Age (Ma) 176Yb/177Hf 2� 176Lu/177Hf 2� 176Hf/177Hf 2� (176Hf/177Hf)i εHf (t) TDM (Ma)

Lherzolite, Jinchuan intrusion (831 Ma)
JC11-04-08 821 0.034784 0.000681 0.000640 0.000016 0.281967 0.000024 0.281957 −10.7 1792
JC11-04-14 836 0.038637 0.000104 0.000775 0.000004 0.282130 0.000024 0.282118 −4.7 1573
JC11-04-20 813 0.039210 0.000601 0.000698 0.000001 0.282128 0.000020 0.282117 −5.2 1573
JC11-04-22 818 0.033315 0.000118 0.000620 0.000005 0.282082 0.000020 0.282073 −6.7 1632
JC11-04-23 834 0.034030 0.000444 0.000620 0.000004 0.282080 0.000019 0.282070 −6.4 1635
JC11-04-24 809 0.038732 0.000085 0.000681 0.000003 0.282093 0.000018 0.282083 −6.6 1620

Early-Devonian sandstone from Longshoushan, Alxa
JC11-08-3.1 1128 0.018497 0.000341 0.000706 0.000008 0.282342 0.000018 0.282327 9.1 1276
JC11-08-4.1 937 0.022572 0.000080 0.000570 0.000001 0.282331 0.000023 0.282321 4.6 1287
JC11-08-5.1 1746 0.023959 0.000476 0.000711 0.000013 0.281750 0.000022 0.281727 1.8 2092
JC11-08-07 924 0.032388 0.000965 0.001013 0.000028 0.282045 0.000020 0.282027 −6.1 1702
JC11-08-10 834 0.033960 0.000603 0.001372 0.000019 0.281703 0.000026 0.281682 −20.3 2195
JC11-08-14 971 0.050768 0.000737 0.001653 0.000035 0.282216 0.000025 0.282186 0.6 1488
JC11-08-18.1 2455 0.071037 0.000726 0.001709 0.000011 0.281290 0.000026 0.281210 −0.4 2791
JC11-08-19 834 0.024425 0.000784 0.000719 0.000010 0.282063 0.000020 0.282052 −7.2 1663
JC11-08-21 1435 0.043162 0.000520 0.001050 0.000012 0.281644 0.000021 0.281615 −9.2 2258
JC11-08-23 834 0.034956 0.000328 0.000825 0.000004 0.282089 0.000029 0.282076 −6.4 1631
JC11-08-26.1 947 0.021333 0.000200 0.000505 0.000001 0.281846 0.000027 0.281837 −12.3 1951
JC11-08-28 2531 0.025636 0.000049 0.000731 0.000018 0.281244 0.000019 0.281208 1.3 2782
JC11-08-34.1 1748 0.031983 0.000359 0.001030 0.000010 0.281578 0.000018 0.281544 −4.7 2346
JC11-08-36.1 950 0.022476 0.000412 0.000542 0.000007 0.282120 0.000025 0.282110 −2.6 1577
JC11-08-84 890 0.048262 0.000479 0.001513 0.000022 0.282321 0.000026 0.282296 2.7 1334
JC11-08-89 2514 0.019245 0.000049 0.000552 0.000001 0.281000 0.000021 0.280973 −7.4 3097
JC11-08-96 844 0.014931 0.000661 0.000466 0.000023 0.281812 0.000028 0.281804 −15.8 1996
JC11-08-100 984 0.002399 0.000017 0.000047 0.000000 0.282012 0.000025 0.282012 −5.3 1703
JC11-08-118 739 0.024437 0.000183 0.000873 0.000007 0.282417 0.000037 0.282405 3.2 1177
JC11-08-139 1526 0.048936 0.000140 0.001210 0.000003 0.282131 0.000028 0.282096 9.9 1589
JC11-08-141 3084 0.030801 0.001086 0.000778 0.000028 0.280883 0.000028 0.280836 0.9 3272
JC11-08-157 846 0.033614 0.000185 0.000835 0.000002 0.281897 0.000026 0.281883 −12.9 1898
JC11-08-161 1439 0.061237 0.001062 0.001462 0.000020 0.282085 0.000027 0.282046 6.1 1664
JC11-08-163 876 0.066119 0.000272 0.002154 0.000005 0.281878 0.000025 0.281843 −13.7 1992
JC11-08-170 1277 0.043705 0.000185 0.001025 0.000002 0.281922 0.000030 0.281897 −2.8 1872
JC11-08-180 2553 0.016393 0.000179 0.000434 0.000002 0.281005 0.000021 0.280984 −6.1 3080
JC11-08-182 2552 0.017151 0.000141 0.000453 0.000001 0.281268 0.000026 0.281246 3.1 2730
JC11-08-188 787 0.042885 0.000219 0.001206 0.000009 0.281442 0.000024 0.281424 −30.5 2545
JC11-08-191 870 0.062754 0.000156 0.001861 0.000006 0.282386 0.000023 0.282356 4.4 1253
JC11-08-207 803 0.058756 0.000548 0.002146 0.000035 0.281934 0.000027 0.281902 −13.2 1912
JC11-08-210 3122 0.014206 0.000055 0.000353 0.000002 0.280865 0.000027 0.280843 2.1 3261
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ircon crystallization ages younger and older than 1000 Ma  are calculated from 206

Hf at the age of zircon crystallization was calculated using CHUR values of Blichert
DM was calculated from present-day depleted mantle values of 176Hf/177Hf = 0.283

ircon ages are calculated using the 206Pb/238U ratios for those
ounger than 1000 Ma  and the 207Pb/206Pb ratios for those older
han 1000 Ma.

Fig. 7a illustrates the age distribution of detrital zircon crystals
rom an early-Devonian sandstone sample from the Longshoushan
errane used in this study. Fig. 7b is the age distribution spectrum
f detrital zircon crystals from the Devonian and older sedimentary
ocks of the Alxa block based on all available analyses to date. In
his plot, 153 analyses are for detrital zircon crystals from the Taer-
ing Dam, the eastern part of the Alxa block (Zhang et al., 2012),
61 analyses are for detrital zircon crystals from western Lang-
han, the northeastern part of the Alxa block (Hu et al., 2014), and
154 analyses are for detrital zircon crystals from Longshoushan,
he southern part of the Alxa block (Tung et al., 2007; Gong et al.,
011, 2013; Yuan and Yang, 2014; this study). Fig. 7c is the age dis-
ribution spectrum of detrital zircon crystals from the Ordovician
nd older sedimentary rocks of the Ordos block (Darby and Gehrels,
006; Zhang et al., 2011).

A comparison between Fig. 7b and c reveals that the Alxa and
rdos blocks have similar and different detrital zircon age spectra
efore and after the Cambrian Period, respectively. The detrital zir-
ons with Precambrian ages from both blocks are all characterized

y three prominent age peaks at 0.9–1.0 Ga, 1.8–2.1 Ga and 2.5 Ga.
n more detail, the size and shape of the 1.8–2.1 Ga detrital zircon
ge peak are slightly different between these two blocks. However,
his may  have resulted from insufficient data for the Ordos block.
U and 207Pb/206Pb, respectively.
nd Albarède (1997) and 176Lu decay constant of Scherer et al. (2001).

 (176Lu/177Hf)DM = 0.0384 (Griffin et al., 2000).

As shown in Fig. 7b and c, the prominent detrital zircon age
peak at ∼450 Ma  is present in the samples from the Alxa block but
absent in the samples from the Ordos block. A close examination of
the data reveals that the ∼450 Ma  detrital zircon age peak for the
Alxa block is produced by the Devonian sandstone samples from
the Longshoushan terrane which is bounded by the ∼450 Ma North
Qilian orogenic belt to the south (Fig. 1).

6. Discussion

6.1. Timing of amalgamation between Alxa and Ordos blocks

As shown in Fig. 2, abundant Ordovician granitoids occur
across the boundary between the Longshoushan terrane and the
North Qilian orogenic belt to the south. After sufficient uplifting
and weathering, these granitoids could have supplied significant
amounts of detrital zircon crystals to the Devonian sandstones in
the Longshoushan terrane, producing the prominent detrital zircon
age peak at ∼450 Ma  (Fig. 7b).

There are several reasons that may  explain the absence of this
detrital zircon age peak in the samples from the Ordos block. Firstly,
the youngest deposition age of the Ordos samples used in the com-

parison is Ordovician, not much different from the ages of the
granitoids in the North Qilian orogenic belt. As a result, there was
not enough time for the Ordovician granitoids in the North Qil-
ian orogenic belt to be uplifted and weathered, and thereby to
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Fig. 7. Age spectra of detrital zircon crystals from early-Devonian and older sedi-
mentary rocks in the Alxa block and from pre-Devonian sedimentary rocks in the
Ordos block. Data sources: Longshoushan (this study), Alxa (Tung et al., 2007; Gong
et  al., 2011, 2013; Zhang et al., 2012; Hu et al., 2014; Yuan and Yang, 2014; this
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ilar to that of the Jinchuan, i.e., the Luanchuan gabbroic intrusion
tudy), Ordos (Darby and Gehrels, 2006; Zhang et al., 2011).

upply significant amounts of detrital zircon crystals to the Ordovi-
ian sediments in the Ordos basin. Secondly, the Ordos basin
as possibly blocked from the North Qilian orogenic belt in the

aleozoic by the N-S trending Helan Mt.  (or Helanshan), the south-
rnmost part of the Khondalite belt (Fig. 1). Thirdly, the Paleozoic
rogenic belt containing syncollisional granitoids, which occurs
long the southern margin of the Ordos block, i.e., the E Qilian-W
inling segment, formed after ∼400 Ma  (e.g., Hacker et al., 1998),
uch younger than the deposition ages of the sedimentary rock

amples from the Ordos block used in the comparison.
The similarity in the age spectra of detrital zircon crystals with

recambrian ages between the Alxa and Ordos blocks described
bove is consistent with the traditional view that these two  blocks
ere amalgamated in the Paleoproterozoic, possibly along the

.95 Ga Khondalite Belt between them (Fig. 1) (e.g., Zhao et al., 2001,
005; Lu et al., 2008; Zhao and Cawood, 2012; Zhang J. et al., 2013;
eng et al., 2014). Yuan and Yang (2014) used the existence of two

rominent age peaks, one at 488 Ma  and the other at ∼1.0 Ga, for the
etrital zircon crystals from the Middle-Late Devonian sandstones
f the Longshoushan terrane in the Alxa block, and the absence of
arch 255 (2014) 748–755 753

these age peaks for the detrital zircon crystals from the Ordovician
and older sedimentary rocks of the Ordos block to argue against
the assembly of these two  blocks in the Paleoproterozoic. How-
ever, this argument is difficult to substantiate. Firstly, the ∼1.0 Ga
detrital zircon age peak is in fact also present in the pre-Devonian
sedimentary rocks of the Ordos block (see Fig. 7c). The reason that
they failed to recognize this is because the data for the Ordos block
from Zhang et al. (2011) were not included in their comparison.
Secondly, as discussed above, there is alternative and perhaps bet-
ter explanation for the absence of the ∼450 Ma  detrital zircon age
peak in the pre-Devonian sedimentary rock samples from the Ordos
block.

In addition to similar age distribution spectra of detrital zir-
con crystals from the pre-Devonian sedimentary rocks between the
Alxa and Ordos blocks, the age distribution spectra of comagmatic
zircon crystals from igneous rocks between these two blocks are
also similar (see data compiled by Hu et al., 2014). As shown in
Hu et al. (2014), the Precambrian age peaks of both detrital and
comagmatic zircon crystals from these two blocks generally match
each other. This is significant because the most important ultimate
source of detrital zircon crystals is granitoids that contain far more
zircon crystals than mafic-ultramafic rocks. Since most granitoids
were produced during large-scale crustal growth, the similar zircon
age peaks between the Alxa and Ordos blocks indicate that these
two blocks have similar histories of lithosphere evolution in the
Precambrian. This supports the interpretation that these two blocks
were together prior to the emplacement of the ∼830 Ma Jinchuan
Ni–Cu sulfide ore-bearing intrusion.

6.2. Exploration targeting of Jinchuan-type ore deposit

Li et al. (2005) suggested that the Longshoushan terrane in the
Alxa block was  part of the South China block prior to the emplace-
ment of the ∼830 Ma  Jinchuan mafic-ultramafic intrusion and that
this intrusion was  produced by a hypothetical mantle superplume
which also produced the contemporaneous mafic-ultramafic intru-
sions in the Guibei region, West Yangtze, such as the Baotan,
Sanfang and Yuanbaoshan intrusions (Li et al., 1999, 2003b). If this
model is correct, the search for another Jinchuan-type Ni–Cu ore
deposit should be focused on South China, more specifically on
the Guibei region. Given the evidence described above, we do not
agree with this model. We  believe that the Alxa block was part of
the North China Block prior to the emplacement of the Jinchuan
intrusion. According to this model, the search for another Jinchun-
type ore deposit should be focused on the North China Block. More
specifically, the Ordos basin, the Khondalite belt and the Yinshan
terrane, as well as the entire Alxa block should be the focus of
exploration.

Data from this study and previous studies (e.g., Li and Ripley,
2011) indicate that the Jinchuan intrusion is the product of
rift-related (or mantle plume for some researchers) basaltic mag-
matism in a continental setting, temporally coinciding with the
early stage of Rodinia breakup. This suggests that the potential of
new discovery for another Jinchuan-type ore deposit still exists. In
such a search, the first step is to find mafic-ultramafic intrusions
with ages similar to that of the Jinchuan intrusion. The second step
is to check if they have similar lithogeochemical characteristics,
some of which are given above, to the Jinchuan intrusion. Geophys-
ical exploration and drilling can then be used for those with similar
lithological characteristics to the Jinchuan intrusion. The currently
known mafic intrusion in the North China Craton with an age sim-
(Fig. 1) is not a good exploration target because its lithogeochemical
characteristics are significantly different from those of the Jinchuan
intrusion.
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. Conclusions

New findings and important conclusions from this study are
ummarized below.

1) The ∼830 Ma  Jinchuan Ni–Cu ore-bearing mafic-ultramafic
intrusion in the Alxa block is the product of rift-related basaltic
magmatism in a continental setting.

2) Detrital zircon data support the model that the Alxa block
and the adjacent Ordos block were amalgamated prior to the
emplacement of the Jinchuan intrusion.

3) The western parts of the North China Block have the best poten-
tial for new discoveries of Jinchuan-type Ni–Cu ore deposits.
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