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Fig.1 Geological map of Luxi area(modified after references [25, 26])
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Fig. 2 Geological sketch map of the Zhagnjiawa deposit (modified after references [8, 10, 12])
1—Jurassic; 2—Carboniferous; 3—Middle Ordovician Majiagou Formation; 4—Cambrian; 5—Taishan Group Complex; 6—Diorite pluton;
7—Zhangjiawa deposit and its position; 8—Lithofacies boundary; 9—Fault
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Fig. 3 Photomicrographs of ores, hand samples and drilling cores of the Zhangjiawa orefield
a—Hematite replacing magnetite; b—Euhedral pyrite and magnetite; c—Pyrite chalcopyrite and hematite replacing magnetite; d—Massive ore

penetrated by late-stage fine calcite veins; e—Massive ore; f—Disseminated ore; Hem—Hematite; Py—Pyrite; Mt—Magnetite; Ccp—Chalcopyrite
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Table 1 Formation sequence of minerals and ore—forming stages in the Zhangjiawa iron deposit
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Fig.6 Oxide relationship diagram of magnetite from the Zhangjiawa iron deposit
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Fig.7 TiO,—ALO;—MgO genetic diagram of magnetite (after
reference [30])

I—Granite area (acid magmatic rocks and pegmatite); [I—-Basalt
area (tholeiitic basalt etc.); [II-Gabbro area (gabbro, peridotite,
monzonite, plagioclasite, accessory mineral and iron ore); [V—
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area; [X—Sedimentary metamorphism plus hydrothermal fluid;
X—Carbonate area; XI—Transition zone
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Table 5 Electron microprobe analyses and ion proportions of representative amphiboles from the Zhangjiawa iron deposit

% ' 7]-3-5-3 Z7)-3-1 7J-3-3 7J-3-4 ZJ-1-2 Z]-1-7-2 Z7J-1-8-1 Z7J-1-8-2 GJ-8-5-1 7]9-2-1 GJ-13-2-1
Si0, 50.06 42.89 42.83 43.79 51.13 51.19 50.57 48.95 43.64 53.72 50.73
TiO, 0.39 1.01 1.14 1.10 0.15 0.24 0.23 0.15 1.76 0.10 1.14
ALO; 3.17 11.35 11.89 11.05 1.71 1.91 2.14 1.66 11.84 .11 4.29
FeO 10.07 10.91 10.05 10.55 5.34 4.83 5.80 5.91 10.63 4.59 12.12
MnO 0.16 0.16 0.11 0.08 0.14 0.14 0.16 0.14 0.17 0.19 0.39
MgO 12.10 15.24 15.16 15.33 17.02 16.85 17.00 16.57 15.30 15.98 15.75
CaO 20.70 11.08 11.09 11.00 21.00 21.19 20.28 20.15 11.26 21.97 10.81
Na,O 1.12 2.21 2.38 2.22 0.37 0.36 0.36 0.28 2.59 0.39 1.62
KO 0.02 0.50 0.43 0.71 0.00 0.01 0.00 0.07 0.69 0.01 0.40
Total 97.78 95.37 95.08 95.83 96.87 96.71 96.55 93.87 97.89 98.04 97.25
VL 23 N4 B AE T SR B 2 T
Si 7.37 6.42 6.40 6.50 7.43 7.43 7.38 7.37 6.36 7.66 7.38
Al 0.55 1.58 1.60 1.50 0.29 0.33 0.37 0.30 1.64 0.19 0.62
Al" 0.00 0.42 0.49 0.44 0.00 0.00 0.00 0.00 0.40 0.00 0.12
Ti 0.04 0.11 0.13 0.12 0.02 0.03 0.02 0.02 0.19 0.01 0.12
Fe** 0.53 0.16 0.19 0.21 0.54 0.57 0.53 0.49 0.14 0.55 0.61
F&* 0.71 1.20 1.07 1.10 0.11 0.02 0.17 0.25 1.15 0.00 0.87
Mn 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.05
Mg 2.66 3.40 3.38 3.39 3.69 3.65 3.70 3.72 3.33 3.40 3.41
Ca 3.27 1.78 1.78 1.75 3.27 3.30 3.17 3.25 1.76 3.36 1.68
Na 0.32 0.64 0.69 0.64 0.11 0.10 0.10 0.08 0.73 0.11 0.46
K 0.00 0.10 0.08 0.13 0.00 0.00 0.00 0.01 0.13 0.00 0.07
FH &5 15.47 15.84 15.81 15.79 15.46 15.43 15.47 15.51 15.86 15.29 15.39
Sir* 7.37 6.42 6.40 6.50 7.43 7.43 7.38 7.37 6.36 7.66 7.38
Al 0.55 1.58 1.60 1.50 0.29 0.33 0.37 0.30 1.64 0.19 0.62
Ale 0.00 0.42 0.49 0.44 0.00 0.00 0.00 0.00 0.40 0.00 0.12
Fe''e 0.53 0.16 0.19 0.21 0.54 0.57 0.53 0.49 0.14 0.55 0.61
Tic 0.04 0.11 0.13 0.12 0.02 0.03 0.02 0.02 0.19 0.01 0.12
Mege 2.66 3.40 3.38 3.39 3.69 3.65 3.70 3.72 3.33 3.40 3.41
Fe'e 0.71 0.90 0.82 0.84 0.11 0.02 0.17 0.25 0.94 0.00 0.74
Mnc 0.02 0.00 0.00 0.00 0.02 0.02 0.02 0.02 0.00 0.02 0.00
Fe*'y 0.00 0.30 0.25 0.26 0.00 0.00 0.00 0.00 0.21 0.00 0.13
Mng 0.00 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.05
Cap 2.00 1.68 1.73 1.73 2.00 2.00 2.00 2.00 1.76 2.00 1.68
Nag 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.14
Caa 1.27 0.10 0.04 0.02 1.27 1.30 1.17 1.25 0.00 1.36 0.00
Naa 0.32 0.64 0.69 0.64 0.11 0.10 0.10 0.08 0.73 0.11 0.32
Ka 0.00 0.10 0.08 0.13 0.00 0.00 0.00 0.01 0.13 0.00 0.07

12 0.00 F /R AR TAGI PR ; FeO {43 TFe; 23S 44 0.0n%.,
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Table 6 Electron microprobe analyses and ion proportions of
representative phlogopite from the Zhangjiawa iron deposit

FEH S GL-3-2-2  GL-3-2-3  GL-3-2-4  LX-5-3-1
Si0, 38.64 38.77 37.89 38.00
TiO, 028 0.35 0.16 0.35
ALO; 17.29 16.18 17.41 1898
FeO 336 327 259 5.66
MnO 0.08 0.00 0.05 0.07
MgO 2427 24.90 2443 2232
Ca0 0.00 0.00 0.00 0.02
Na,O 027 0.22 031 0.50
K0 9.84 9.70 9.77 9.48
Total 94.03 93.39 92.62 9538

Si 276 279 274 270

AlY 124 121 126 130

Al" 022 0.16 023 029

Ti 0.01 0.02 0.01 0.02

Fe®! 0.04 0.03 0.02 0.05

Fe?' 0.16 0.16 0.14 0.28

Mn 0.00 0.00 0.00 0.00

Mg 259 267 2.64 237

Ca 0.00 0.00 0.00 0.00

Na 0.04 0.03 0.04 0.07

K 0.90 0.89 0.90 0.86

Total 7.96 797 7.98 7.95

OH 2.00 2.00 2.00 2.00

Mg/Fe 12.87 13.56 16.85 7.03
Mg/(Mg+Fe+Ti+Mn) 0.92 0.93 0.94 0.87
Fe/(Mg+Fe+Ti+Mn) 0.07 0.07 0.06 0.12

H: 0.00 F R M TR R ; FeO 3% TFe; 2 HPRE FE N 0.0n%.

(R E

350 EPAMIF SR B kA B 2 Bk
Fty- A L X S A S e E T B
G2 X LI SR B PRI E R
6.2 XHKFIEEHKRT FMHILIR

({18 Y ) & REX/R ML /R T U A A EE N
R A AR E ORI X SRR
Sl B — S IR, AU A, R 1
AR B SR AR RO B Ak
HRTRAR (R 4—xk—1~5) , TR AL AR B B I A
WA R RGBT B R AR R (R 4—ks— 1~
7), R F P AR B — P R R

A 2T 5 A BB SR AR O — AL AR AT R
B B it B A 1 3 L ), AR T
BRI AT, AACBLET PR A LUE A RS AR £
Ohy FEE A JEORURY R R A S AR A RS B

Ao [FIT, SEK E SFIE RE  SE 00 TS, 540 R
ATESGE SR RYE A P IE AL, I T4 s sk S
BRI 1R A R AR R ) SR R IR Y
T B 40 M8 A1 16 pH A 4.5~11 () 58 Ak — 55 S8 Ak B w1
FHTFIE R XRUITKFHER KA ST A
WA B T LR R0 A A T e B ) 8k 2 R B
OEERI IR

LR B8 (3R 2~3) R4 43 25 (B i (1D S)
FWT, AR A B DU SR AR A o 32 W 0] LA B AR
AN E A LGBREA . X B AR
— AR SR A IR, (Y A= 2 00 1) R 1 1Y
5910 R IR BRI IR 2 PR AR PR ER AT ) 1 i 125
J& 0 B H AL B Ca? Fl Mg $R 3L T 25 0 {
TH A G & 1 5 0 AR B A5 R AR A
(322) MR /R —Fh itk 3855, i it S5 14 58 45 7 T
B4k, 15 Fe LLES T HIE U E A RAR , B Fe JiT 1)
WAL T IR,

AR A B AR AR A5 S R IR T Ak
L0 N R R R A o i S S R &R 5
W R AR A IR AR A AT DA Sz WA 488 1 T et
YR SRR AL (Bl 4-ab) . =45
T 150110 A0 AR A BEUIIORE R A I 3840 e & PR (TR
10—1~3) , SiO, Fil CaO A= fL i B /]N | i B IR AR E -
B = (- 10 gl-8—1 il gl—8—2 41 ) Wi ZH A 1
ARG B IR SRR A, PR BRI Bl 2
e R e | e A AR IR 5
— 21 (& 10 9 gj—8—1 4 A i A1 BRak v, MR 3|
T3 Fe JHFT ALJT & B AR A8 A B0 T Bk 3
TRRR G MIREE X T RE R o AR A Z BIF A 2
R AEARAE T 52 = (B AR SR P B AR L R R %3
FHXTE AL L FRARXS & & Fe WUHRIE . A4 MAH
XoF % R S AR B 4k 1 v Ak R AT DA e S ) Y
LA™ VR F s 2 A o] i i e | A agR B 2 - v )
FROE . TS 28000 R A A2 R R A B B
T A A0 6 A i 1] T AL T 6 300 38 £ b A By B
TE BB A1 1R A B Fe™ Y ik SRR o A1 48 A 38
i AT A A S B R — LA

N— 1385 A BBk B I 3K & B (PR 10 —
d), H MR EB R 158 Fe 5 & 1 7% T 5 , IR AR
Fe JiUE & i T R 80 BARE A & o =
ARk (H— AL T 32 A, 3 WA ) Al s ik

http://geochina.cgs.gov.cn H1E LT, 2014, 41(6)



1890 i [ Hh 5z 2014 4F
Kl 2 %: Cap>1.5;(Nat+K)<0.5 K15 2 %: Cap>1.5;(Na+K)>0.5;Ti<0.5
1.0—%71?‘AA 1.0
: =
~ | mERA | mmwg| BEARS B PERE |t
s 0.5 0.5
ED BRI A S
BB I A Bk A AR N A Sadanagaite
0.0 : 0.0
8.0 7.5 7.0 6.5 6.0 55 7.5 6.5 _ 5.5 4.5
Si Si

P8 BRI IR A N 143 25 181 A O P48 SCik[32])
I —E R BB R
Fig.8 Classification of hornblendes from the Zhangjiawa orefield (after reference [32])
Triangle—The inner zone; Circle—The outer zone

— PRI 5 A

B RS A B AT T R A BB,
BR85S W i X RGO B
BERISZIE S T Ah A P 5B A B Y
I ER RGNS, X RYIE R 2L
(), AT BB 2x 53K Fe BTl UE R M , AT (45 2k B A
Wrer .

FEAR AL AR By B b, R AR Ky R A
WY . BEERET TFeO 5 Si0, . MgO ., CaO , ALO;
TR AURE S AR D (B 6) 48 78 T R X R P 118 A%
AFF WA BT B AR B: ) 885 0 - k™
(T B AR AE Y | W 7R AE L A3 R 2 v, i i
R AR A ) 2 R WAL B Fe JiT, Tl 2 28
ERVNE , B A WG 1 40 B B W T i O 3 AR DLUE
FE SRR B AR SV AL Mg Ca %50t
R A R SRR A AINA LKegRAZ T
PEA 45 o AN 6, TFeO JE AN & 5 X se A b ) 2 L
YT AR R XA — R LR T 3
S5 AR M 1T IE f T aX R — R IR 2 s, 5L
T Fe 2R A RS FEHUTTE . R 4R, X —H
BUE S R AR IR U GRS MgO 3,
HEME F S Mg 5 Ca WAL A6 PEAEAE 25 5%, Bl 1)
FAF T Mgt Ca™ 8 5 & AR K A SO, AT It i 5

______________

___________________

________________________________________

v

B e gt RIS

Al'Y Fe 4 Ti Fe *+ Mn

K19 SRR IR = BEor2 figk O I 9 SCRR[33])
Fig.9 Classification of micas from the Zhangjiawa orefield
(after reference [33])

Rl 5 20 A8 BAE T ik Mg 48 v , IR R A
H Fe —[RITLTE T k™ 7R R A i A8 f B R, &
WA P REER 1) TFeO & it FH{EEAR , $8 /R T
R Fe T BAR (R 4) , Ui TR Fe T & S AEY
RATARAG, R & Ak Bl i MR, 275 A L T
A B TR (36 7) w(TFeO) 75 4 8.8%~12.1%,
SEYER 9.9% , Wi 7 it 4 22 B0 75 4k i T R 5 s 1R

http://geochina.cgs.gov.cn H1E LT, 2014, 41(6)



F41E ol

B AR TR GRS 5 VRS 1™ W) A R S X B PR ) 5718 T8 3L

1891

A WP Y SRR E Y T R X TR 0 R R
FEL AR, UE R AR ik A B BERA B R
MR . X5 AR R AR R AR BT R AR Y
G RFIEA —EL

IR AR B 5 1 Fe J5T 7 fi 7k 3 fie i , G A
R RGBT SR AT A ELAL LR (R 4) , TR
W BLwg kAT R I UITE . IR AL IR AR B BRI
21 ) DB B B A A BB R B 4
(R D)o B —RhEZ NG, BT
FEWIFEAA™ L, W78 24 I A BT P08 2 22 £k g A

100.00
90.00
80.00

70.00

TR/ %

30.00

20.00

10.00

0.00

1 2 3

F A A gj-8-1 line

.\'—_’""‘.\-———l

100.00

90.00 -

80.00 |
70.00 -
60.00 T
50.00

40.00 r

GE/%

30.00

+
L 3
¢
)

20.00 -
10.00 ~

et —— & %

1 2 3 4 5 6
£ B A gj-8-1 line

0.00

—— FeO —® Al2O3 —% MgO —4&— Gro % And —% Di

R/ %

/%

I
41

100.00

XTI I PR, IX AT BE- SRR B R LT BUR
WRHE TR K

(| REI R T S PNl R 2N A )]
R R FE RS 5, 7 O v B 1) R AL R AR R BT
R B DIE . AR IR 2RI 2
TS AR A BRI A A SR I8 i (S BOR AT
A1 SR, BEFE RE RO BODTTE FUHAR 9 5 KB 5
WL B, 72 B By BOR W 4032 Wi e 45 o
SR IR SRS, e A AR B BOR R 2R i R
a7/

100.00

m

70.00
60.00
50.00

40.00

L 4
4
4

90.00

80.00 r

70.00 |

50.00 L

40.00 +

30.00 r

20.00 r

10.00 1

0.00

F i A gj-8-1 line
—S— Hd

10 IR A AT AR A R A B A8 AL ]

Fig.10 Compositional variations of zoned garnets and pyroxene

http://geochina.cgs.gov.cn H1E LT, 2014, 41(6)



1892 ol E3| Hy [ 20144F
®T KKEHT RTARTRUAIWTER (%)
Table 7 Electron microprobe analyses of epidote and serpentine from the Zhangjiawa iron deposit
G A Les)
Comment GL-5-6 GL-3-1-1 GL-2-1-5 Comment GL-3-2-1 GL-3-2-5

Si0, 36.77 36.78 36.60 Si0, 4323 4228

TiO, 0.00 0.12 0.05 TiO, 0.06 0.03

AlL,O; 26.35 23.02 24.02 Al203 0.25 1.64

FeO 8.81 12.14 8.80 FeO 233 1.73

MnO 0.63 0.00 0.06 MnO 0.29 0.08

MgO 0.10 0.08 0.08 MgO 38.30 40.29

CaO 21.99 2276 22.70 CaO 0.12 0.05

Na,O 0.05 0.01 0.09 Na,O 0.02 0.02

K>O 0.00 0.00 0.03 K>O 0.01 0.00

P,0s 0.26 0.02 0.03 P05 0.00 0.01

Cl 0.01 0.01 0.03 Cl 0.04 0.05
Total 94.97 94.93 92.61 Total 84.95 86.28
T 0.00 FR AR TAMIBR ; FeO fR3E TFe s S-kE HE - 0.0n% .
7 4 i FHEMALXERARF LT TRENE A

CO MR 5K Z 0 R W 240 & A e et A
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TR R, Hh BEAS [ B S A7 0y 114 Do PR
fieifF Bl MgO 5t (2 5, BAT W] A 73l 2 v [
EAEAN R B A 22 5 LA Ca Bl Mg I 1 22 5
P2 .

(2) 5K G BR A ETE B A2 rp PR B AN W A2
W U et B | e i DR B (T L S B T Sy
WrEOR 2 D T SRR R PR, T PR R e
2 W AR A ELBRCE 9 157 , Fe SO A PR 458 PR I 46 B
AR IFTEIR A s By Be AU A BT, 5 A
IKE AL TR s 7R IR AR AZ B B P s 1)
i) Bl 1 4 PR 2% 1R TR Bk TR R W 4R DL I il Bk
WA 5 BEE BEERE B AR SEDUTE , it M S 0% P IR 02
VI A0 A R S PR A IR R | B 4
JRBAEH) o

Bgh: HANMR TR RE T SR kAR
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Mineralogy of the Zhangjiawa skarn iron deposit in Shandong Province and its
implications for metallogenic environment

FEI Xiang—hui', ZHANG Zhao—chong', HAN Liu"’

(1. Faculty of Geosciences and Resources, China University of Geosciences (Beijing), Beijing 100083, China; 2. Shandong Bureau

of Geology and Mineral Resources, Jinan 250014, Shandong, China )
Abstract: The Zhangjiawa skarn iron deposit with high—grade iron is located in Laiwu of Shandong Province within southeastern
North China Craton. The Laiwu hydrothermal metasomatic iron deposit is located at the unconformity between Carboniferous Benxi
Formation and Ordovician Majiagou Formation and near the contact zone between Majiagou Formation and Late Yanshanian diorite,
with the mineral reserves reaching a large—size deposit. Recent researches show that mineral compositions are somewhat different
with the distance from the contact zone. The inner zone consists of calcium skarn minerals such as garnet, pyroxene, amphibole and
episode, while the outer zone is composed of magnesium skarn minerals such as phlogopite and serpentine. The zoning structures of
garnets and pyroxene in the Zhangjiawa iron deposit indicate that the ore—forming environment of the deposit changed gradually
with the evolution of mineralization. The environment was somewhat reducing and acid at the beginning and, with the growth of
silicate minerals and magnetite, became oxidative and alkaline. Finally, polymetallic sulfides crystallized and the environment
became acid and reducing.

Key words: skarn; mineralogy; zoning structure; sequence of mineral formation; physical and chemical conditions
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