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Abstract As one of the most important geodynamic systems mantle plumes are not only responsible for the generation of large
igneous provinces but are also associated with many economically important mineral deposits. Plume—elated magmatic sequences are
found to host some specific mineralization notably mafic-ultramafic layered intrusions and deposits of Cr-Ti¥'e oxides and Ni-Cu-PGE
sulfides komatiite and related Fe-Ni-Cu deposits anorthosite and Fe-Ti-V oxide deposits peralkaline complex and Nb-Ta~r-REE
deposits and kimberlite and diamond. We are able to identify the following as key controlling factors in plume-related mineralization:
structure of a plume magma source crystal fractionation sulfide saturation crustal contamination and intrusion processes. Reviews
are also given for outstanding issues on the studies of plume-related mineralization and for some potential diagnostic geochemical
indicators of mineral prospecting/evaluation (e. g. Ni in olivine Cr in clinopyroxene and magnetite PGE concentration and Re-Os
isotopes of layered intrusions) .
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Fig. 1  Global seismic image ( SMEAN model) at 2510km showing the two large low-shear-wave—velocity provinces ( LLSVPs)
underneath Africa and Pacific (a after Becker and Boschi 2002) and reconstructed large igneous provinces and kimberlites for
the past 320Myr with respect to shear-wave anomalies at the base of the mantle (b after Torsvik et al. 2010)
Note that the majority of large igneous provinces are located at the periphery of the two LLSVPs and 80% of all reconstructed kimberlite locations of

the past 320Myr erupted near or over the sub-African PGZ
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Fig.2 Schematic illustration of mantle plume—related mineralization systems
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2 ( Namur et
al. 2010 )
Table 2 Characteristics and mineralization of some important
layered intrusions in the world ( after Namur et al. 2010)
(Ma) (km?) (km)
Bushveld PGE Cr V
Complex 2060 65000 7 ~9 Fe Ti P
Sept Iles 564 5000 6 Fe Ti P
PGE Cu Ni
Duluth 1100 5000 1~5 Fe Ti PV
Muskox 1267 4400 1.8 PGE Cu Ni Cr
Windimurra 2800 2300 13 PGE V
Bjerkreim— o b
Sokndal 930 230 7.5 Fe Ti P V
Skaergaard 55 90 3.5 PGE Au
Rhum 60 50 1 PGE Cr
263 30 2~3 Fe Ti V
Fedorivka 1760 3 0.3 Fe Ti P V
( Cawthorn and McCarthy
1980) -
Bushveld . Skaergaard . Sept Iles. .

( Jakobsen et al.
2005 2011; Charlier et al. 2011; VanTongeren and Mathez
2012; Wang and Zhou 2013; Dong et al. 2013) .
1000°C
( Philpotts and
Doyle 1983)

1100°C ( Veksler et al. 2007) o
o latm+
1000 ~ 1020°C
( Charlier and Grove 2012) .
3. Bushveld
Merensky Reef UG2 UG MG3 MG=2

N Pt.Pd  Rh
67.5% \43%  77% ( Mungall and Naldrett 2008) .
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Table 3 Characteristics and mineralization of some important

Ni-Cu-PGE sulfide deposits in the world

(Ma) ( kmz) ( km)
Bushveld 2060 65000 7 ~9 PGE
Dufek 182 6600 8~9 PGE
Stillwater 2700 4400 6.5 PGE Cu Ni
Great Dyke 2460 3300 3 PGE Cu Ni Cr
Thompson 1890 6000 0.15 Ni Cu PGE
Duluth 1100 5000 1.5 Ni Cu PGE
Noril” sk 251 144 OblsN Ni Cu PGE
831  3.25 0'123” Ni Cu PGE
Kiglapait 1305 560 8.5 Ni Cu
Newark 1305 150 43 Ni Cu
Island
Pechenga 1980 60 0.(;)56~ Ni Cu
X::/sey s 1340 6 0.2~1 Ni Cu
Cl
( Boudreau and McCallum 1992) ;
( Campbell et al.  1983)
( Cawthorn 2005) o

Naldrett et al. ( 1996) Noril " sk

( dynamic magma plumbing system)

( magma conduit) N

“ ”

- ( Chai and Naldrett 1992; Song et al. 2009) .
Voisey’ s Bay ( Li and Naldrett 1999) .
o S

Re-Os

( Ripley and Li 2013) ,
Noril” sk .

(Lietal
2012; Ripley and Li
2013)

2012; Zhang et al.
2013; Sun et al.

2011; Wang et al.
2013; Xia et al.
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Fig.4 Plot of Ni versus forsterite content ( Fo) of olivine
grains from layered intrusions
Melts in equilibrium with mantle peridotite ( black field) and
pyroxenite ( grey field) from Straub et al. (2008 2011). The solid
and dashed lines represent olivine fractionation trends  with
percentage of olivine loss given in italics. Numbers at starting point
indicate MgO( %) and Ni( x 10 ~%) of initial mantle melts. Dotted
line with tick marks represents simultaneous fractionation of olivine
and sulfide with a proportion of 20 : 1. Data sources: Mantle
xenoliths from Liu et al. (2011); Jinchuan intrusion from Chai and
Naldrett ( 1992) and Li et al. (2004); Heishan intrusion in the
Beishan rift from Xie et al. (2012); Noril” sk intrusion in Russia
from Arndt et al. (2003) and Li et al. (2003); Voisey s Bay
intrusion in Canada from Li and Naldrett ( 1999) ; Un-mineralized

intrusions from authors’ unpublished data

1999; Arndt et al. 2005) . Noril” sk
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Naldrett 1999; Naldrett 1999 2004; Liet al. 2004) .
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Acta Petrologica Sinica %% 54k% 2013 29(10)

(D@™" =38 Hart and Dunn  1993)

(DYt =50 ~230 Leeman et al. 1978) .
Cro
Cr
Cr o
Cr
o Sept lles
Cr
( 5do Namur et al. 2011) .
Cr o
Cpx Cr (

) ( 5a-c Baietal. 2012; Panger al. 2008 2009) .
( )

Fe-Ti
Cr
Cr ( 5f Namur et al.
2010) . Cr
Cr
o Cr
o Sept
Iles ( Namur ez al. 2011)
( 6 Dong et al. 2013)
Cr
5.3 PGE Re-Os
Re-Os
Cu/Pd (1 500 ~
32 500) en(t) (-1.3~-0.1) o (1) (5
~15) Cu/Pd (54 000 ~ 624
000) ‘9Nd(l) (-0.9~-2.1) 305( 1)
(17 ~262) o
£0,(1)
( Wang et al. 2012) o



BARF: BHgERXGRFERAL TR E

BEPU LT A% R N AK

450 m
(a) > (b)Cpx (c) Mt
O
O
O
O
S 0 :
i+
O
O O
O o o
FelTi © ¢ ¢
HAL
14
300m f t f t
0.1 0.2 5 10
Cr,0,(%) Cr,0,(%)
5 Cr, O,
(a) . (b)
Sept 1ls Fe-Ti (d) . (e) Fe-Ti €))]
(b) . Cpx-
Fig. 5

indicators for Fe-Ti oxide mineralization
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processes in the

PGE deposits

formation of Ni-Cu sulfide deposits and
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Dong et al. 2013)
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