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Abstract The Chengchao iron deposit is located in the northern Daye district of the Middle-Lower Yangtze Metallogenic Belt in
eastern China. Mineralization of the deposit is mostly localized in the contact zones between marine carbonates of the Lower Triassic
Daye Formation and the E’ cheng intrusive complex consisting of granite and quartz diorite intrusions. In this paper we present in situ
LA-CPMS trace element analyses of magnetite from the Chengchao iron deposit to provide a better understanding in the origin and
evolution of the deposit. This study involves three types of magnetite: (1) magmatic magnetite from the ore-related granitoid intrusion
that lacks oscillatory zoning and replacement texture (2) high Si magnetite with oscillatory zoning from mineralized endoskarn and
(3) high Mg magnetite from magnetite-dominated exoskarn. Magnetite grains from the mineralized endoskarn and exoskarn were all
extensively re-equilibrated with late stage hydrothermal fluids forming secondary magnetite domains a process termed as dissolution—
reprecipitation. Magmatic magnetite grains have significantly higher contents of siderophile and compatible elements such as V. Ti Ni
Cr Co Ga and extremely lower lithosphile and incompatible elements including Si Al Mg Sr and Ba compared to the hydrothermal
varieties from the skarn ores. Systematic compositional variations are also observed between magnetite grains from the endoskarn and
exoskarn ores: the former is marked by much higher contents of V. Ti Ni Cr Ga Sr and Ba and lower Sn Zn U abundances
with lower Sn/Ga Zn/V and Co/Ni ratios. This study also shows that most of the trace elements in the Si—and Mg-rich magnetite have
been significantly leached during the subsequent dissolution—reprecipitation process. Compared to the primary magnetite from the
endoskarn the secondary magnetite domains which resulted from the dissolution—treprecipitation process are characterized by much
higher Si Al Mg Ti Srand Ga lowerZn V Mn Pb Thand U and similar Co Ni Sn and Ba. However secondary magnetite
domains from the exoskarn contains much higher Pb U Nb and Sr lower Mg Mn Al Zn and Co and similar Sn and Ga relative to
their primary varieties. Results from this study confirm that the Chengchao iron deposit is of hydrothermal origin rather than being
crystallized from immiscible iron oxide melts as previously suggested. An additional implication of this study is that intensive textural
characterization should be conducted before in-situ compositional analysis of magnetite grains so that trace elements of magnetite
domains of different origins can be precisely determined; high-precision compositional data combined with textural evidence are of
critical importance in better understanding the genesis and evolution of magnetite and magnetite-bearing ore deposits.
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1 ( Huetal 2014 )
Fig.1  Simplified geological map of the Daye district showing the distribution of major granitoid intrusions and associated ore

deposits ( modified after Hu et al. 2014)

( ( LAACPMS)
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Fig.2 Geological sketch (a) and a representative cross section of the Chengchao iron deposit ( b) ( modified after Xie et al.
2012; Hu et al. 2014)
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3 ( Huetal 2014)

; v(e) =
P(d) -

: Mag = magnetite; Grt = garnet; Di = diopside; Srp = serpentine; Ep = epidote; Anh =
anhydrite; Py = pyrite; Qz = quartz
Fig.3 Photographs showing alteration assemblages and major types of iron ores from the Chengchao deposit ( modified after Hu et
al. 2014)
( a) -endoskarn assemblages in the ore—related granite consisting of pyroxene garnet and epidote; ( b) -prograde skarn minerals ( garnet and diopside
in this case) in exoskarn are replaced by retrograde minerals ( epidote in this case) and massive magnetite. Paragenetically late quartz and pyrite
locally occur as interstitial fillings or disseminated grains in magnetite; ( ¢) -massive magnetite intergrown with serpentine in exoskarn having sharp
contact with serpentinized marble. Note that magnetite may penetrate the serpentinized marble to form veins or veinlets; ( d) -2 magnetite vein showing
sharp contact with the ore—elated granite. Note that no alteration halos were developed associated with this vein but minor sulfide minerals ( mainly
pyrite in this case) occur. Mineral abbreviations: Mag = magnetite; Grt = garnet; Di = diopside; Srp = serpentine; Ep = epidote; Anh = anhydrite; Py
= pyrite; Qz = quartz

( 35 - ( LAACPMS)
200 ~400m N N LA-CPMS
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Fig. 4 Mineral paragenetic sequence of the Chengchao

iron deposit
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I-prograde skarn stageskarn stage; Il-retrograde alteration skarn

stage;  Ill-magnetite  stage;  IV-quartz-sulfide  stage; V-
carbonate stage 5 ( Hu
et al. 2014)
6. (a) - (b) - (c)- . : Mag
= ; Magl = ; Mag2 = ; Cep =

V(2117 x 10 ™% ~2764 x 10™°) Ti( 245 x =
107° ~ 1150 x 10 %) .Cr( 96 x 10 ™° ~206 x 10 °) . Ni( 125 x
107°~196 x 107™°) .Co(46 x107° ~54 x107%)  Ga(31 x
107° ~42 x107°) Mn
(218 x107° ~251 x107™°) .Zn( 9.4 x 10™® ~52 x 107°) .Sn
(<0.95%x107%) .Sr(0.014 x 10 ° ~4.4 x10°°) .Ba( <0. 06
x107°) Pb( <0.25 x 107°) .Th( <0.47 x107°)  U( <

Fig.5 SEM-backscattered electron ( SEM-BSE) images of
typical magnetite grains from granite ( a) endoskarn ( b)
and exoskarn ( ¢) in Chengchao deposit ( after Hu et al.
2014)

Mineral abbreviations: Mag = magmatic magnetite; Magl = primary

magnetite; Mag2 = secondary magnetite; Hem = hematite; Ccp =

0.15x10 _6) ° Nb LA- chalcopyrite; Act = actinolite
ICPMS .
14 107°) Sn( 1.5 x107° ~2.2x107%)  Co( 15 x107° ~27 x
9 5 o 107°) . Cr.Nb.Pb.Th U LA-ICPMS
V(60 x107° ~115x107°) \Ti( 552 x 10 * ~ 1248 x Ti( 468 x 10°° ~ 608 x 10™°) \Sr(30 x 10™° ~ 50 x
107%) Ni( 15 x107° ~24 x10™°) .Ga(16 x 107°® ~27 x 10°) 107°)  Ga(9x107° ~16 x107°) Zn(60 x 10 ~
Sr(57 x10 7% ~106 x 10 ™°) \Ba(7 x10°* ~39 x 10 ~°) 121 x107°) \ V(127 x 10 ™° ~ 135 x 10 %) .Mn( 701 x 10~® ~

Mn( 343 x 107° ~789 x 10™°) . Zn(26 x 107° ~ 62 x 844 x107°) .Pb(0.65 x107° ~7.6 x107%) .Th( 0.06 x 10~°
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Fig.6 The characteristics of the trace elements of magnetite from the Chengchao iron deposit
~0.28x107%)  U(0.84 x107° ~1.57 x107%) , Ba(19 x . CruNi.Th  Ba LAICPMS .
107°~33 x107%) .Co(19 x107% ~23 x 107%) . Ni( 13.5 x 7 .
107°~18.8x107%)  Sn(0.44x107° ~2.12x107%)
. Cr Nb LA-CPMS i
° V.Ti.Cr.CoNi  Ga
15 . Si.Al.Ca.Mg.Ba Sr (
9 6 - 7. Zn/
V' V.sn/Ga  Co/Ni ( 8.
(6.0x107° ~18.9 x 107°) Ti( 144 x 10™° ~255 x 10™°%)
Ga(2.5x10°° ~3.6 x107°) Co(24 x107° ~54 x
107%) \Zn(422 x107° ~852 x 10™°) \Mn( 1597 x10™° ~4191  §
x107°) Sn(8.7x107° ~16 x 10°°)  Nb(0.09 x 10™° ~
0.27 x10°°) Ma 1
o Cr( <13.7x107°) Ni( <2.8x107°) .U,
Th  Pb LAJCPMS . o Singoyi et al. ( 2006)
Ti( 146 x 107 ~ > >
207 x107°) Sn(6.9x 10 ~13.8 x10™°)  Ga(2.3 x10°° - - (10CG)
~3.1x107%) 1 Co(20 x10°° ~37 x 10°°) .Mn Sn/Ga  Al/Co
(992 x107° ~3007 x10™°)  Zn( 175 x10° ~510 x 10 °) o Nadoll et al. (2012)
V(12 x107° ~24 x 107°) .Pb( 0. 18 x Montana Idaho .

107°~0.54 x107°) \U(0.16 x10™° ~0.44 x 10 %) .Nb( 0. 15
x107°~0.41 x107%)  Sr(1.8 x107° ~6.7 x107°)

Co.Ni.V
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(a) +race element content ( x 10 %) and ratio plots showing the
variation in magmatic magnetite and hydrothermal magnetite from
Chengchao iron deposit; (b) -plot for elemental loss/gain comparing
between magmatic magnetite and hydrothermal magnetite; ( c) -plot

for elemental loss/gain during the dissolution—reprecipitation process
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Fig. 10 Schematic illustrations showing multistage formation history of hydrothermal magnetite from the Chengchao iron deposit

( modified after Hu et al. 2014)

(a) -a sketch showing the formational environments of magnetite in the deposit; ( b-d) -geochemical characteristics of magmatic magnetite from the ore—

related granite and primary magnetite formed in different formational environments as illustrated in ( a) ; ( e) -schematic explanation on the dissolution—

reprecipitation process of magnetite at the reaction front that formed secondary phase with variational trace elements; ( f) -primary magnetite ( Magl)
was extensively replaced with secondary magnetite ( Mag2) caused by dissolution-reprecipitation process; ( g) -both primary and secondary magnetite

may be replaced with hematite. Note that the secondary magnetite and hematite may be locally overprinted by pyrite and chalcopyrite. Mineral

abbreviations: Mag = magnetite; Hem = hematite; Py = pyrite; Ccp = chalcopyrite
(2014)
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