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Abstract

The Laiwu iron field is a famous contact metasomatic skarn iron field in the Luxi area of Shandong
Province. Previous studies have systematically summarized the mineralization regularity of Laiwu
skarn type iron ore, but there are few studies on the denudation and preservation after mineraliza-
tion of Laiwu iron ore field. Based on the present situation of deposit preservation and denudation in
the Laiwu Iron Mine Field, this paper uses the theory of sources-moving-reserviors-metamorphose-
preserving metallogenic system. It is found that the preservation and denudation intensity of ore bo-
dies in the Laiwu Iron Mine Field is relatively high, which also provides data support for the study of
crustal up-and-down movement in this area. Research shows that: Laiwu iron ore field is influenced
by early Paleozoic carbonate formation, basic in the Mesozoic intrusive rocks and contact zone con-
trolled the trinity of contact metasomatic skarn type iron ore. After its formation, the deposit suffered
different degrees of weathering stripping the corrosion. According to different denudation degrees, it
can be divided into strong denudation deposits, slight denudation deposits and non-denudation de-
posits. The main iron ore types are Proto-pig iron deposits, while the conglomerate iron ore types are
relatively less. According to Laiwu iron ore field in the depth of the formation and the ore-forming
mother rock ore bodies emplacement depth is generally consistent objective facts, combining with
Laiwu iron ore field ore-forming parent rock geochemistry index indirectly judging its invasion depth
and denudation depth. According to the regional thickness of sedimentary layers and the residual
strata thickness revealed by boreholes, the emplacement depth of Laiwu intermediate basic intrusive
rocks should be 4000~7000 m, and its denudation depth should be 3000~5000 m; The formation
depth of iron ore body is slightly lower than the emplacement depth of rock mass, roughly in the
range of 3900~5000 m, while the denudation depth is basically in the range of 4000~5000 m. Ac-
cording to Laiwu region intrusive rocks and skarn ore forming age of 130 Ma—the fact that in the
emplacement and rock ore forming environment roughly experienced the evolution process of the
earth’s crust uplift stage, strongly weathering erosion stage, the earth’s crust drop sedimentary stage,
crustal uplift and the features of today’s status quo five stages, the preliminary estimate in the earth’s
crust rise rate is about 0.064 mm/a, and erosion rate is about 0.033 mm/a, zone has experienced
rapid uplift and denudation of slower complex process. It provides evidence for the study of regional
crustal uplift and the preservation of iron ore in the area.
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Figure 1. Regional geological and mineral map of Laiwu iron field. 1-Quaternary system; 2-Paleogene; 3-Cretaceous;
4-Jurassic; 5-Permian; 6-Carboniferous; 7-Ordovician; 8-Cambrian; 9-Neoarchean; 10-Basalt; 11-Diorite; 12-Fault;
13-Anticlines and synclines; 14-Large iron ore; 15-Medium iron ore; 16-Small iron ore
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Table 1. Statistical table of denudation degree of ore body in Laiwu iron mine
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Figure 2. Laiwu zhangjiawa depression Il deposit rise after strong denudation recovery figure (According to the shandong
province laiwu zhangjiawa depression 11 ore deposit geological exploration report, 1977, adaptation) 1-Paleogene Changlu
Formation; 2-Marble; 3-Iron ore body; 4-Skarn; 5-Alterated serpentinite; 6-Early Cretaceous diorite; 7- Denudation line and
presumed denudated ore body
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Figure 3. Laiwu zhangjiawa depression Il deposit prospecting line section 12, ore body in denudation, breccia type ore body
distribution (According to the Shandong province Laiwu zhangjiawa depression Il ore deposit geological exploration report,
1977, adaptation) 1-Gravel bearing sandstone; 2-Conglomerate; 3-Magnetite bearing gravel conglomerate; 4-Conglomerate
iron ore; 5-Sandy shale; 6-Clay shale; 7-Clay SLATE; 8-Serpentine marble; 9-Serpentine marble containing magnetite; 10-Diopside
skarn; 11-Magnetite orebody; 12-Diorite porphyrite; 13-Diorite; 14-Biotite diorite; 15-Syenodiorite; 16-Porphyritic diorite;
17-Diopside fossilized porphyritic diorite; 18-Diopside diorite; 19-Structural fracture zone; 20-Fault and serial number;
21-Drilling location, drilling number/orifice elevation (m); 22-Azimuth of profile line, position and number of baseline pile;
23-Magnetic anomaly curve
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Table 2. List of emplacement depth markers of intrusive rocks (According to Ye Tianzhu et al., 2010)
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Table 3. List of petrochemical parameters of Laiwu rock mass
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4.0 254 74.02 16.42 69.38 1.17 0.55 0.82
FH N A BN K 45 2.72 75.83 13.86 74.06 0.93 0.54 0.88
4.83 2.33 75.86 16.29 62.28 1.87 0.53 0.691
3.11 2.36 69.08 27.32 64.16 2.18 0.57 0.77
A 255 2.24 71.4 27.37 73.77 1.86 051 1.01
FINNK A

3.37 2.18 64.72 33.25 62.51 2.62 0.52 0.77
2.23 1.69 52.18 32.75 46.9 1.89 0.63 0.79
MINNKE 43 2.38 65.01 24 67.52 1.39 0.57 0.85
3.27 1.93 60.41 28.84 50.37 2.56 0.58 0.67
291 1.71 57.25 355 42.57 456 0.61 0.60
353 1.98 56.7 32.23 54.63 2.15 0.6 0.75

WA KA
418 2.05 61.57 26.09 55.19 1.39 0.59 0.67
4.2 1.95 54.86 26.58 52.98 1.36 0.6 0.72

4.1.2. BEHEFIRRE

Bk, 3ESEEPRYE 4000~7000m [F70 FEIAEESE i )5, T b RAME I, FlRHFEas .
HhFE P B R AR I R 2 S T . AR MR I, TR R X RPN BT, TR ARAR
X NIRBUN R UG, B X SUTRX MR, R, MEES. MR KHESL. 50
SERRAE . LA TRAR L PRI B A RN RIIR B (2 4). METE AR BT ARtE LA, HRhiE
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P& QIR A RRIANEE - PERAH, B A A RFIPRIX, A, SRIE S R ORI R B S A, B
FEESE, HRIMIRERAE 3000~5000 m £y, BINSISE R ZBIAFBRERRIM, 7liake R
A B, A PR T B, R W] LR TR
Table 4. Marks of denudation depth of intrusive rocks
= 4. BANERIWRERE

AR Rk P AR i PRR

WREABURNG, (EF] AR E, AT A RIS T A S AR, M I RAE RTIAR L Fe, B0 B 5%
WEEMmAERE . SAME EESOCE A, A O8WEH, B BamEk, SasuEi, MRmmg, aaail, &
LERIL ST SN I AT DL A A AL IR B3 B TT RN M) BT A X, FERABCERE .

4.2. WFTRURE SR R E

BTSRRI R AR, U R e R AR A (AT BT I, MR bz &
BT BT BRI . DXIE (U RE 36 TR R B DR AF KB RSO, — 2 MG Ha TR A 4
BT EIRZ R B, XA T RO RFI; ARSI TR ik E R AR R 0 4
B R kR R B A RAE TR AR RS 2y, IEA N TR SRR BI RS E RS, A —— Rl

421 HRREE

B T A ARy R 5 B 5 h B 5 SR B R DG R, W] LA AR AR B B AR 56 () Tk T Il
REE. HTCAR R, eI H A s AR R AL IR BE7E 4000~7000 m VG, BRI 2/ T4
A (R T B P55 Bk R k2 e b e AR A7, B8 T e, R0 O W BROR BE R VR T R IR B, K8
£ 3900~5000 m JuFH /Y .

4.2.2. WARIMRE

XFRTEERTT H 28 AR R R SEiH (R 1) BoR: BRI R 5 65.22%, SRZIRIThEIERY”
IR 13.04%, BLEIW &S haR A R e 52 T XA R E T o $2™ 1472 G FE AE 4000~5000 m
WA A5, AR iR R 2 ORISR, mAEWIE =2 — B =02 —, H 34.78%MH 1AM AR
S Rk

5. Wi 54iL
5.1. [ERER R

BB IR G2 AP I FERR Z AR RGL[21], BAR T IRIE G RIS i I 72
AT RIAE 1) = 4E 7 [AEAS[25], A IR IR DRAFIRAS 2 e NRRES TH R A AT #2  7ERE bRk
iR, WiEiEs) 2 BRI BUE S — M EZR I, Pridvee S M S Sk 1 5 T
I sEAE sk o 2O B I P AR SR A ) A AT (1R N [11] [26], B P BCEIRT R R G ML
PRI 28 G FIAH 18] 23 A7 AL 74 1 et QT i th, T 20 i ) 3 [R) R A R R AL IR [24], SEals S 2 b 4 )
TE R EJE IR JEUTRY) . B AR AN N5, $2MI0 FE R 1 & BHng, b T g %
R KRR AL E R, Vs K SRR 3 A S M k™. 5 & 850 A KRB RNE
TE RN 126 + 1 Ma~134 2 Ma [17] [18] [27], JERT F B 2t shZimid 854 LA-ICP-MS il
AR BZETEIR KN N 131 Ma [18], WA BRI 408 . B B AT SR IR 1K TR B AR 5 2 1 [
H, AEIMETE 126 + 1 Ma~134 + 2 Ma [27], #E7E 130 Ma, WY& 5. it

SETCERAT A BT RAE 130 Ma TR E, HUGEEN T IRERAFE I B, HZE . Mg SR E
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DR B BURTE B 1 R PRI R 7 S0 1) X 3 e T A 3 13 BT 5% o K G 73 56 [28]HEXT 1L A48 HU =
FRTCRI I TR 2SR EI N R R P AT T EE DO AR PRI T R A T, Bk TR AR
ez E T BT, TR 2 38 Ma, ZEFH BTG UOIR T E R R AL RFA
ARBCAA, 2 Ja @R X YOI aRTaTE, Sk THRE I 8 BLAE[19]/E#EAT 1:5 i3k, Vit
SEME DO, N R A E B ST ARG X EEAR G RIERT, A5 S R IE AR
LWL SR s e MrSE R A, R 28R st i o AR AR I Ak R 0 9 6 AN BL: BRERZ I - HL g
HEIBERY B W Lt - AR AR T R PRI B AT AW IR B WRATR R B BT AL R
BrBe (ERBEATIRTT KRR B 5. MRTFSE2014E0ET 1:25 Tl DR, K23k akln 7
HEEMTR B AR ET AL UiR ., Bkttt BRI B SR, ZREHAL A
BALICK, &5 72T Ui TRV R AR, e 7 R AR e SR R R T
BEFRHRFAE . TR TEM X BRI FE T R EL S, TR 5 Xt e T B — ke, 2232 TR AUt seda THE A, A
FE B TR - —BARMMBEELREL, ST RMG ER, EEMGRAET R R e 6 T
W EERARKET, T30k T 4000 KA A IH K LA 52, A8 al v tH i st 52 SOT 4R T Uiz it
B, A 15 BLRAE (14 3).
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Figure 4. Laiwu iron deposit changes with the crustal rise and fall and preserves the spatiotemporal evolution trajectory
4. SEEHRT ARREFAELZETH, RENSECHIEE

R 31 56 T B 2t N 3 2 DR R S ARG FLIB R IS 0L, B B A2 s R A, Bk T Bl
FBTg . LEM A =84, R DHE. KIREAENARAR 126 £ 1 Ma~134 + 2 Ma, HEA &8k
W ITE AR . TEE RO RS TR )G, Bk T AR R 2 WNIE R R U, M, &
REEFEFRENG, X EHAGTHE, SETAZRE IR FSENEEL. B 4 B 2R X )2
GYAT S BFLAE R S T T R R RO AR A o o 1A T 52 300 5% T e 28 e PR B S A L

WAL R AT, B0 R RAEIRE, KEET T 5 M B 2B — Bothse ki Tt
BERCHA, AHT A 130 Ma ETEA A2 N, MR P B S TR R, BERIEEAFGFH, A 130 Ma
F 60 Ma ol i 2o gt B PR B AL U], — BT RREHA TN B, 25 S B SR R T B
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H, KLTE 65~57 Ma i PRI A (A 15018 52 31 7 5 U RAG R Ik, BRAT R 1l J5 T i i Rk 8 VR,
(22 50 BE B2 5 T RS BT, RS EC DA w B B & T80 k2 (S IE 2.
K 3). H=Fr BRI R RS, M 57~29 Ma 58 SR AEAR L, TFAGZM NI, B2 7 i Bt
BER IR R EIHMARDVA RPN, (BTESETERRA H P A WL B S AR A,  ANTEASFL A L
BIH M WEALEMERN: IR RA, BRAR URAENE, TNNKS . DRI %,
] PR, RIS WA SIRETE, FEA—, KXEFEE 560 m At BUEE 260 m. KK
HJEIE 900 m, PLHIZHA N B DIRUE B . SEDURY B2 Mo B R T, B BOREO 28 Ma tf
£ 2.6 Ma, 52 IFIRZIgR T, Sk 7l im el i sl v, bt AN g DO 40 5t R AR .
5T BRI I A IR IUIRIY B, A OR B AR A (47 B

PR TE UG IS A R AT AR AR AP AR L, mT LUK i £ B 52 7E 130 Ma 24 AT JJ 46 7t
N AT R BERTRREA . M 130 Ma 2] 60 Ma iZIX ihic— B AT HELE TR A, 7570 Ma
BRI ] A B FE R T T 4500 m, e B TR R K2 0.064 mm/a, Ti7E 8 Ma (I A] AR &K%k T 260 m,
T R KL 0.033 mm/a, PEHIX N Z DT T PRI T RIS NS R k) 2 AR R

5.2. &5ig

1) SEFEEN 2 Rl AR A M S AR B AR N R A iy ) B = — A ) Fr 4 fi
TRBRETVGN, HIERET IRIESZ T A EFE R R R, R o R sa i IR B A ki R R
FIH IR, B R DUS AR IR N 3, BRE BRI & B

2) MRS IS H AT AT UV IR FE 5 R BEE R AR BE 2 KA — BN R s, 456388k
HH RS B 5 A A 2 Fe R e W FL AR N TR B RN PR, AR IR OB 2 X 38 5 B RN FL AR 2 R B A7 1 2
JEFEAS S, FETE TR IR N AR ALK FE B AE 4000~7000 m i Bl 4, L3 pd % B 7E 3000~5000 m /45 5
BRI BGR P T A R AT IR FE , REAE 3900~5000 m YE [l P, 1 3R et i B 6 A 7E 4000~5000 m

3) SETEHL X iy~ B A RIS AR N A TE R AL 126 £ 1 Ma~134 + 2 Ma, SEFEET H P 1)
BRATPRIGTE AR TE 130 Ma,  MCA PRI AT R 1A T BB RILTE I ARAEIRAS, TR B A S Akt
FERBA] T 2R b T B B R ZRALRI TR B M3 N FROURN B Hh e 2212 b TH AR 84>
TR ARAF IR 5 AP B R RN TR B RE AT X A B AR A B TR R A5 55, Al a4t R W 2238
X 3k B IHE #E K2 0.064 mm/a, T X I g 2 K %) 0.033 mm/a, 5B X N4 ) T PR R R %
BRIk R, T 5T 2835 2 b B JEL ) AR X S 52 T B3 2 A0 X P R PRI AR AF SR AL T 1 E

oW

TR N T v R AR AE RSO AR R AR AR A 7 (58, B bt R 25 T v 4 3 22 A RO A 2 R
SCREANFE B, B R 1 5 th Y = T AT !
E&H

2 [ A AR IR T L1 2R 48 SR — B AR X R Tl (0747-1761SITCNO72/19, 0747-1861SITCN1
A9/19) ML ARA R L @ik TR TS 5.
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