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Fig. 1 Tectonic location map (a)  regional geological sketch map ('b) and geological map of base rocks under

Neogene in Litun iron ore deposit Qihe—Yucheng area Shandong Province
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4 Ca.Mg

3 — N
Fig. 3 Texture and structure photos of ores in the Litun iron ore deposit Qihe—Yucheng area Shandong
(a) - +(b) () () i(e)
P() (g Q) » (1)

(3) (k) (D o Mi— ;
Py— ; Cep— ; Po—
(a) hypautomorphic and xenomorphic texture of magnetite; (b) metasomatic pyrite from magnetite; ( ¢) metasomatic chalcopyrite from pyrite; ( d)
pyrite between magnetite crystals; ( e) magnetite in pyrite chalcopyrite in magnetite; (f) pyrrhotite in magnetite; ( g) dense magnetite with a few
gangue mineral; (‘h) pyrite disseminated in magnetite; (i) banded magnetite; (j) magnetite breccia cemented with calcite; ( k) magnetite and
surrounding rock breccia cemented with calcite; (1) surrounding rock breccia cemented with magnetite. Mt— magnetite; Py— pyrite; Cep—

chalcopyrite; “Po~— pyrrhotite



88

2021

Axios
max X 3%
N X Serise 2
22~28C 38% ~ 60%
1L HF+0.5L HNO, 190 C 48 h
5%;,
Axios PW 4400 X
( XRF) 1%
( ELANDRC-e  ICP-MS)
3% 20 C 30% .
4
N N 2,
4.1
TAS ( 4a)
. Sio,
59.38% Si0, (57.39%;
1990) ; CaO 5.50%
CaO 5.58% ; K,0
2. 11% K,O (2.57%) ; ALK
6.15% ~7.27% 6. 46%
ALK 6.83% 2.14 ~
2.75 3.3 ; K,0/Na, O
0.50<1 ; MgO/CaO 0. 88
<1
0.33 ; MgO 4.46% ~ 5. 40%
4.79% MgO 3.77%
; Mg®  41.24~46. 68; TFe, O,
6. 04% TFe, O,
(7.71%) ; A/JCNK  1.28>1
o K,0—Si0, ( 4b)
TAS ( 4a)
Si0,
64. 14% Sio, (57.39%)
; CaO 4. 87%
CaO 5.58%; K, 0 1.37%

K,0

(2.57%) ; ALK 7.51%~



2 - (%) « (x10™)
Table 2 Major elements( %) .trace and rare earth elements( x10™°) data of magmatic rock

and iron ore in the Litun iron deposit Qihe—Yucheng area Shandong

ZK4YQ1 ‘ZK4YQ2 ‘ZK4YQ3 ‘ZK4YQ4 ‘ ZK4YQ5 ‘ZK4YQ6 ZK1YQ4 ‘ZKIYQS ‘ZKIYQG ‘ZKIYQ7 ‘ZKIYQS y527 y533
Si0, 61.42 | 60.57 62.07 | 56.60 | 60.31 55.28 61.80 | 63.20 | 66.22 | 65.34 | 64.13 9.05 3.3
Al, 0,4 15.20 15.17 14.83 15.29 15.16 15.85 17.63 16.19 14.91 15.33 15.99 4.42 0.44
TiO, 0.50 0.52 0.51 0.85 0.56 0.89 0.54 0.49 0.42 0.41 0.51 0.19 -
Fe, 0,4 2.16 2.28 2.08 3.05 2.48 3.27 0.40 0.61 1.10 1.95 0.96
FeO 3.15 3.32 3.06 4.70 3.47 4.74 0.94 1.03 1.36 1.74 1.99
Ca0 5.05 5.42 4.50 6.30 5.41 6.32 6.39 5.97 4.47 3.46 4.04 2.1 0.91
MgO 4.46 4.55 4.46 5.28 4.59 5.40 2.80 2.72 2.54 2.43 2.90 3.45 0.88
K,0 2.16 2.16 1.88 2.04 2.13 2.32 0.35 0.36 2.24 3.33 0.57 0.06 0.04
Na, O 4.29 3.98 5.30 4.08 4.29 3.94 8.00 7.22 5.26 4.85 7.56 0.18 0.09
MnO 0.09 0.10 0.08 0.14 0.09 0.14 0.03 0.04 0.05 0.04 0.04 0.04 -
P,0s 0.18 0.19 0.17 0.28 0.21 0.34 0.02 0.20 0.17 0.17 0.20 0.19 0.10
1.02 1.41 0.77 1.12 0.98 1.20 0.91 1.80 1.03 0.62 0.92
98.49 | 98.06 | 98.76 | 98.33 98.49 | 98.16 | 98.88 97.81 98.56 | 98.88 | 98.70 86.31 92.00
ALK 6.49 6.18 7.21 6.15 6.45 6.30 8.39 7.64 7.51 8.22 8.18
K,0/Na,0 0.50 0.54 0.36 0.50 0.50 0.59 0.04 0.05 0.43 0.69 0.08
MgO/CaO 0.88 0.84 0.99 0.84 0.85 0.85 0.44 0.45 0.57 0.70 0.72
TFe, 0,4 5.10 5.37 4.93 7.45 5.70 7.69 1.30 1.57 2.35 3.49 2.86 66.64 | 86.24
o 2.26 2.14 2.70 2.75 2.38 3.19 3.71 2.84 2.42 3.00 3.13
A/CNK 1.32 1.31 1.27 1.23 1.28 1.26 1.20 1.19 1.25 1.32 1.31
0.34 0.35 0.32 0.32 0.34 0.32 0.60 0.58 0.47 0.36 0.41
Rb 42.78 37.63 38.99 | 40.35 | 45.16 | 49.49 6.31 7.95 38.03 51.35 15.20 4.28 0.80
Ba 1496 1724 1481 1025 1575 1268 501.4 | 503.3 1103 1863 507.9 10.8 22.9
Th 2.38 2.24 1.61 4.82 2.18 3.16 4.27 5.44 5.6 5.16 4.48 1.62 0.25
) 0.71 0.69 0.71 1.24 0.68 0.88 1.18 1.15 1.50 1.36 1.31 1.72 1.05
K 17949 | 17919 | 15623 | 16897 | 17672 | 19251 2884 2967 18565 | 27672 4748 481.5 307.2
Ta 0.52 0.44 0.44 0.64 0.64 0.53 0.59 0.57 0.56 0.46 0.46 0.87 0.65
Nb 6.73 6.48 6.46 10.25 7.09 8.12 10.13 9.85 8.09 7.54 7.37 9.37 0.86
Sr 875.7 | 955.9 | 705.0 | 793.6 857.3 8329 | 915.5 831.2 | 677.1 650.4 | 615.0 167.0 26.1
P 767.7 812.6 | 753.9 1241 909.5 1498 81.9 886.7 | 739.2 | 740.3 880.8 829.2 | 436.4
Zr 85.67 65.88 95.49 82.47 97.58 86.02 155.5 146.6 142.8 160.3 182.5 208 74.1
Hf 2.46 1.91 2.72 2.81 2.75 2.61 3.88 3.91 3.86 4.04 4.14 4.19 1.27
Ti 2979 3106 3032 5114 3341 5332 3219 2929 2533 2475 3042 1139 2038
La 20.26 19.8 22.55 34.03 23.58 28.13 19.87 20.25 23.46 | 23.07 | 20.47 12.34 13.22
Ce 41.04 | 40.17 36.19 | 70.45 | 47.95 59.02 | 46.23 45.3 47.65 | 45.56 35.73 12.99 10.1
Pr 5.03 4.91 4.39 8.51 5.69 7.61 5.5 5.48 5.63 5.38 4.54 1.57 1.21
Nd 20.56 | 20.44 18.04 | 36.23 24.21 33.44 | 21.24 | 21.82 | 22.92 | 21.85 18.74 3.29 3.79
Sm 3.75 3.70 3.31 6.79 4.37 6.25 3.45 3.75 3.71 3.61 3.38 1.61 1.36
Eu 1.48 1.50 1.31 1.84 1.62 2.00 0.85 1.00 1.23 1.48 0.99 0.85 0.81
Gd 3.18 3.14 2.84 5.71 3.62 5.26 2.85 3.12 3.11 3.04 2.8 1.09 1.42
Th 0.48 0.47 0.42 0.85 0.54 0.80 0.41 0.47 0.44 0.43 0.43 0.42 0.34
Dy 2.51 2.54 2.22 4.68 2.89 4.35 2.12 2.46 2.22 2.25 2.35 1.76 1.09
Ho 0.47 0.47 0.42 0.84 0.53 0.76 0.39 0.45 0.42 0.42 0.44 0.38 0.27
Er 1.31 1.27 1.17 2.35 1.47 2.10 1.09 1.26 1.18 1.19 1.24 1.29 0.86
Tm 0.24 0.23 0.22 0.43 0.27 0.36 0.19 0.24 0.22 0.22 0.23 0.17 0.11
Yb 1.54 1.50 1.39 2.70 1.73 2.29 1.28 1.58 1.45 1.52 1.54 1.02 1.05
Lu 0.22 0.20 0.20 0.37 0.24 0.31 0.18 0.23 0.22 0.22 0.22 0.14 0.11
Y 15.85 16.7 14.41 23.52 17.71 20.86 13.94 15.47 14.51 14.39 15.83 9.2 7.1
SREE 102.1 100.3 94.66 175.8 118.7 152.7 105.7 107.4 113.9 110.2 93.1 38.92 35.73
LREE 92.12 | 90.51 85.79 157.9 | 107.43 | 136.43 | 97.15 97.61 104.6 101.0 | 83.84 | 32.65 30.49
HBER 998 0.82 8.87 17,93 1128 DG:23 8,51 9.8 9.25 9.28 9.26 627 824
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Fig. 4 TAS diagram( a after Middlemost 1994) and K,0—Si0O, diagram( b solid lines from Peccerillo and Taylor 1976;

dashed lines from Middlemost 1985) of magmatic rocks in the Litun iron deposit Qihe—Yucheng area Shandong
11— i 2a— 1 2b—
; 10— ;11—
V17— ;18—
Plutonite: 1— Olivine gabbro; 2a— Alkaline gabbro; 2b—Subbasic gabbro; 3— Gabbro diorite; 4—Diorite; 5— Granodiorite; 6—Granite;

Ir=Irvine
5_
14—

 4—
;66— VT—

;15—

8 13—

16—

2021
ZKAYQ1|ZKAYQ2 | ZKAYQ3 | ZKAYQ4 | ZKAYQS | ZKAYQ6 | ZK1YQ4 | ZK1YQ5 [ZK1YQ6 [ZK1YQT7 [ZK1YQ8| y527 | y533
LREE/HREE | 9.25 | 921 | 9.67 | 88 | 952 | 841 | 11.41 | 996 | 11.31 | 10.88 | 9.06 | 521 | 5.82
Lay/Yby | 943 | 947 | 11.64 | 9.04 | 978 | 883 | 1112 | 9.19 | 11.62 | 10.91 | 9.53 | 8.68 | 9.04
SEu 131 | 134 | 131 | 090 | 125 | 1.06 | 083 | 0.8 | LIl | 136 | 098 | 1.96 | 1.79
5Ce 100 | 1.00 | 080 | 101 | 101 | 099 | 1.08 | 1.05 | 1.02 | 1.00 | 091 | 072 | 0.62
- ALK = o Na, 0) +a( K,0) Na,0  K,0 100% : __o(Na0) re( K0
o $i0,) —43%
. 2
" w( Fey 05 +o( Fe0) +Z(( 1\(;1(()))) ol Mg0) o Ca0) " N C0) +Z(( ?{122331”( N0 VE'= IOOXM%(
2015) .
8.37% 7.99% ALK K,0—Si0, (  4b)
6. 83% 2.41~3.71 N N
3.02 - K,0/Na,0 0. 26< .
1 ; MgO/CaO 0.58<«1 N N N o
0. 48 TFe, O,
; MgO 2.43% ~2.90% 2. 68% 66. 64% ~ 86.24% Si0, 3.30% ~9.05% Al, O,
MgO 3.77% 0.44% ~ 4.42% MgO 0.88% ~ 3.45%
; Mg# 40.99 ~ 68.32; TFe, O, CaO 0.91% ~2.10%. TFe,O, Si0, .
2.31% TFe,0,  (7.71%) MgO- Ca0 .
i A/CNK 1.25>1 o
4 — TAS (a Middlemost 1994)  K,0—Si0,
(b Peccerillo and Taylor 1976; Middlemost 1985)

7—

Quartzolite; 8— Monzogabbro; 9— Monzodiorite; 10— Monzonite; 11— Adamellite; 12— Syenite; 13— Foid gabbro; 14— Foid monzodiorite; 15—

Foid/ monzosyenite;' 16—-Toia $yeniie; 17--Foid ‘platonite; 18—Tawite / drtite’/ italite
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5 —

( Sun and McDonough 1989)

Fig. 5 Ratio spidergrams of trace elements for magmatic rocks in the Litun iron deposit Qihe—Yucheng area Shandong

( Normalized values of the primary mantle after Sun and McDonough 1989)
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Fig. 6 REE distribution pattern and comparison diagram of magmatic rocks and iron ore
in the Litun iron deposit Qihe—Yucheng area Shandong
Sun and McDonough 1989
The value data of chondrite from Sun and McDonough 1989
(Gdy/Yby, 1.50~1.84) (Gdy/Yb, 0.88~1.11) (8Eu
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1. 05) o .
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~32.65x10°° 31.57x10°° HREE  5.24x (La/Yb) N ( La/
10°~6.27x107° 5.75x10°° LREE/HREE Sm) N
5.21 ~5.82 5.51 Lay/Yb, 8.68 ~ .
9.04 8. 86 5
( 6c) .
(Lay/Smy 5.1
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La/Yb 8.83~11.64 Dy/Yb 1.48~
1.73

. La/Yb—Dy/Yb ( 8)

8 J—
La/Yb—Dy/Yb ( Hou Tong et al. 2010)
Fig. 8 La/Yb—Dy/Yb diagram of diorite in the Litun iron
deposit  Qihe—Yuchen area( after Hou Tong et al. 2010)
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Geochemical characteristics and geological significance of Litun iron
ore deposit in Qihe—Yucheng area Shandong Province

SHEN Lijun” ZHU Yuzhen” WANG Huaihong” LI Shuang” GAO Zhijun"
ZHANG Xinbin" ZHOU Minglei"

1) Shandong Provincial Research Institute of Coal Geology Planning and Exploration Chinese geophysical society Key laboratory of
coalfield geophysics Coal Resources Digital Engineering Technology Research Center of Shandong Province Jinan 250104;
2) Shandong Institute of Geological Survey Jinan 250014

Objectives: The Litun iron ore deposit is a hidden magnetite deposit discovered in Qihe—Yucheng area
Shandong Province in recent years this is a new geological prospecting discovery in the blank area of iron ore. The
depth of the ore body is more than 1000 meters but the ore grade is very high it has a good prospect and research
value.

Methods: In this paper the geological and geochemical characteristics of ore deposits are systematically
studied through detailed field investigation indoor microscopic observation and geochemical analysis. The near-ore
and far-ere magmatic rocks and typical ore samples were collected in the Litun deposit and the main trace and
rare earth elements were analyzed. The equipments used to test the main elements are Axios max and Axios PW
4400 X—ay fluorescence spectrometer X Serise 2 and ELANDRC-e ICP-MS were used for the trace and rare earth
elements.

Results: Magnetite bodies are hosted in sand and mudstone strata near the contact zone between Litun rock
mass and carboniferous — Permian strata. The distribution model of trace elements in rock mass of Litun iron ore
deposit has a good consistency with enrichment of large ion lithophile elements ( LILEs) Rb Ba Sr etc. and
loss of high field strength elements ( HFSEs) Zr Nb Ta etc. The magnetite ore is rich in the element Sr and lost
K(LILEs) richin U P Hf Ta and lost Nb Ti( HFSEs) . The rare earth elements in rock mass and magnetite
ore show a right-deaning distribution model of light rare earth enrichment and heavy rare-earth loss.

Conclusions: The litun iron ore deposit was formed during the large-scale and rapid lithospheric thinning
period and the metallotectonic background should be plate extensional setting. The magmatic source of Litun rock
mass is crust—mantle mixed source and magmatic melt produced by partial melting of spinel phase lherzolite. The
metallogenic material is derived from the deep source magma and magmatic rocks it formed. Magnetite
mineralization is closely related to Litun rock mass the genetic type of the deposit is contact metasomatic skarn iron
deposit.

Keywords: rich iron deposit; geochemistry; ore genesis; Litun iron ore deposit; Qihe—Yucheng area in

Shandong province
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