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Fig. 1. Diagrammatic geological map of the Yangmugan szaibelyite deposit, Kuandian County,
[Liaoning Province.
1—Biotite monzonitic leptynite intercalated with thin-layered amphibole-tourmaline K-feldspar letynite; 2—Tourmaline
K-feldspar leptynite intercalated with thin-layered biotite leptynite and tourmalite ; 3—Serpentinized dolomitic marble; 5
Amphibolite; 6—Gneissic granite; 7—Tourmaline pegmatite; 8—Hornblende pegmatite; 9—Lamprophyre; 10—Syenite

porphyry; 11—Diorite porphyrite; 12—Fault.



17T B4 W W2 AT . 1T M AR R IR b 5 3 1R AL 57 AR 357

2 WAV YA R

M ARAT A8 A7 4 R LA g B0, A ) 3 2 o AT R 4 AR ORI B A 2 Rk, i
AT YW EERRLSCA, RN, &t Aaf, 28, RRESEA ., KA My
s,

BORII B AT 2 A te, BOR, SPmoGE NH W 4 EEMBE, AT, gk, XU,
“HhE (=), 2V=0"~5°, Z O NGNS dEMBa A0, KAE, B, &K
RS, BOHOLEE, W R ACRES K, FEKEHMMBJLEX, S, HNRE,
TREA, TWOIE =%, T,

PR A E Rk, RITKT, TWOE=9, “Hi (+), 2V =87°, R2RRE S 1K
REBCR AT, 2 ORERLCH; FiRES A, My Kb oAz, Bk, ait, B2
e (EEE o), WA R A, 2 ORERIA, Wa, AWM A+ EEKAY D),
Z 2R, FYRRESE, WA RFHEBEMN A, RESEARCRE SR, B F LR, ERRE
g, Tt —-goka, B, ZHi, 06tk i, EEAWAOR: O 28R
FWAAAET MY = AR H e R 2 BCR S ILey Wit @ miesdta RE e, 2h
WP MG R e H S AW K8, Ati~KAat, BEEE, FATHE, It
K, T@O—%Kka, —®S U, Axf, 28, AN B TOREE (1 3 2 R
<, B, fBRCR, SRR A, MR SEINAE Trgia, SURMHBL, ROk, BB
Mifr, REREFAILE, WAt BRSO, R=4%a ECmE, B,

3 WA R A

WA AL T o, % S0 L, TR 3 RS,
3.1 BRVIRARN

(1) ZBREEBIRWIE . 4 RSB ZER, 2R 2~4 NGO EE, %2 DU
AAE, WA B—REOMBEKRE., &N KNMA—, HELUJL=XKEJLEX, 1
HREHI, ZEWERw, 42 ORAEZE, HKESE R, 5% 1051
B, AERMTYESR, ERILEF YR AL AR G5 R R B S BT R TR R R A )
X HF AEE DAl BT b, R AT AR B B A A5 AR, SRS, R,
(1) 25 4% 181 41 L 30 A AT = fR s 2R f s

WX FOKPTRUS TP AR SE AR 8L, 25T IR it B, & i 2 If 7K A 4k T — i iR A
S5 8% B AFAE VT e Fi 7 A7 O AOR T 1 B 3 Jw 358 1 3 3 A BE el AR 1R Bk R A S Bk
JoU T B8 6 [R) I PO e . DA 2R A BRAEORE A1 1) 2 %

(2) ZBRZRMIE . WaUs BEWRELZR A T KE A, I 5 BA KA DR,
Ve 2 FplicCE F), AT AR E B, BIRE A DU, AR AR 5 T E R U

(3) A2 RWE UL A BR 5 M 3E ) R I K Bl B A B A A b o A A e S0 A oK B B0 4L
HAMRBOEBAR, MRS BB AR/, HEBK, HEMNJLZKEEEK, ER8 K, K



358 w 7S Hi Jii 1998 4

W EEMAR, KEMRULIERE, €5 REREEYALERE, DEERFCHIR, 41K
R SR & ) O WD AE B B n AT ROIR AR i 45 44 R BORE IR A2 i A5 A, U B AT D o A BT )
Yy, T BOK R AR
3.2 B-BILAK

(1) BOR —ROARAR d 4 4 . B2 R 4e il 80 2 BB —F B IESCRINE: A G2 A%,
E M HES), PSR

(2) (8 RO RRAR a5 0 . BERMME A . REREBEA . 1 = A SRR 2 LA 120° 1% = T £f)
WU, WM RLERE, EAARE, AR —2E R/ 2 EFCR T LRy 9
Z ), KA R A R OREIR AR i A5

(3) UG RMIE . S A FdegCh RIEBOIR . A HOR SRS A HEZ Rk, 4k 5
ML K BV K, oir 2 (8] S PRIE 2E, MY EME AR TS, 22 mEN AR, HIL “N” 3
“T7 R AL A AR S, A5 IO S B B — B, 5L M A R B TR IZ )2 B VT AR TE )
ERAEV AN EERIE, Ll g R R R A A,
3.3 AR5 REAN

WA i AR, B SAR R G AR 5 45 1 RN 2R B 78 I 45 1 55

(1) AARFRRG . 5 W8 BRI B 40 4 e 300 2F e o B A0 BT 284X ;. BN /. ik
e i 8Uh AR, AR P 7E b B Bk Bl A2 SRS EIR

(2) ARG A . 58 B0 1 4 e SR 4 o A A O On B He Al . s 4 4k Bl B 0 A
ACACIR I 6 A 1T P 35 FEASCR A0 T 8 I35 5 e S0 A8 ABR AR A 1 Ok B B ROREE A B0 R IR i (R A

(3) ZLBRMBKARIY 3G . AN BOA S, i TR SR W AN S0 5 A Ta) e A R S P e
AR, KA ZE TSI .

4 BT PR R AL

4.1 FEEICRHERAL ZRFAE

20 MRERI AT s R W], H B,O, b 5.02%~31.38%, K4 12.34% s MgO 4 41.89%
~47.05% , P34 45. 38% ; SiO, 4 8.85% ~30. 81 %, V34 24. 25% ; CaO Jy 0.35% ~1.08% ,
S 0.65%; ALO. N 0.32%~1.25%, F3 0.62 %; Fe,O, N 0.50%~1.47%, F 1y
0.98%; FeO 4 0.10% ~1.04% ., ¥ 0.41%; MnO 4 0.07% ~0.08% 3 P,O; } 0.03% ~
0.1%, “F30.06%; BERHE 14.72%~15.20% . W& RE, WA S AL o m 2
W, BB REE, W SHER 2 A B0, fE R B AR MA LA, RN B0, &
wARE, BB, A AR REAE 2290 ~48. 6%, JRAALRA L SLKTY, bl
# B,O, RN, Si0, &R A K, ALO, FEWE T R, CaO & ENEH K, B,O,
B RAE 7% A A IR BRI, PR FELE 0. 3% ~2. 5% FIAK & Va5 MgO 2 &8 26 & I T
MG 1E B,O;>7 % IR FFLE 4590 ~48 % 2 i), IX 3 B < 7K it v i ¢ 55 86 129 1 180 A7 76 X 17 T8 1k
W APl vE & AR HH EEE S, ERAMMDTER .,
4.2 Pl AR E

MW AT SRR EX NEREORSE, LKA e 8, BEPMHE, X



17T B4 W W2 AT . 1T M AR R IR b 5 3 1R AL 57 AR 359

R UL, W AHEMA LR Cs. Nb, Ta, #EICHE Sn, 74 #Ut % CdO, JLHZE KN JCE B, B
2 4, A A RRLA L E S Sc, Th, Pb; B2 BEAR RS AH X & 4E Liy Rb, Sc, Th, W, Mo,
Pb, Gd; fEdA AN &4 Th, W, Pb, Ba, NERMWHE —wMER, XFBEKRNEE
A ARFAE , B e e ATT O [R5 B oK Ll s AR A R B B =

A g B, M b i SREE=5.73X10 °~70. 98X 10 °, ¥ 3% K, LREE/
HREE=0.53~1.45, & 14 Y B& ER K, EAEMR KL b 52w 8 FM + & 5 i) A,
OEu=0.18~0.95, Eu fi % ; Ce WA K, 6Ce=0.75~1. 14, MG 7& 2 1E 5% 76 F
HREM L (B2, Mt amBnr g Mk, 97 arm2, 3. sHIRACABME S (FF
ad) BJLPFEA 3G UatEml SRS RS BRI R R B0 16 5 & St iR
. WIEE S ROK TR E N 25 0 An . Bk, SR 28, Tl o 2 55 U7 1 ) 5% K R T AL
PE, XM —BHENZREAR RIS, ERBETEMNAARKE EMAERR, &5 7 ML
b AR SRR, A2 S K LGS R S . & ek AK SR =)

20 | —
10 F
i 3
| VFJA
i 5 5
x| N
s
o 27
1
1 2
0.6
0.3

La Ce Pr Nd Sm Eu Gd Tb Dy Ho ErTm Yb Lu Y

B2 0 RBOKITR A # oo FRH8 2K B iR

Fig. 2. Chondrite-normalized REE patterns of ores and hydrothermal sedimentary rocks.
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Fig. 3. ¢"'B values of fluid and solid boron sources.
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GEOLOGICAL AND GEOCHEMICAL CHARACTERISTICS
OF THE YANGMUGAN BORON DEPOSIT,
LIAONING PROVINCE

Xie Hongyuan', Fen Benzhi’. Zhou Ri’ and Ju Yitai'
(1 Institute of Geology. Chinese Academy of Sciences, Beijing. 100029)
(2 Changchun University of Technology and Sciences, Changchun, 130026)
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Liaoning Province
Abstract

Located in Kuandian County, Liaoning Province, the Yangmugan boron deposit is a
medium-size szaibelyite type deposit occurring in Lieryu Formation within the lower part of
the Paleoproterozoic South Liaohe Group. Orobodies strike SE, dip NE and have dip angles
70°—80°. Host rocks are yellowish green and black serpentinites and serpentinized marble,
with thick-bedded hydrothermally-deposited laminar tourmalite also seen in the hanging wall
of the orebodies. Ore minerals comprise mainly fibrous and tabular szaibelyite, whereas
gangue minerals consist chiefly of serpentine, forsterite, phlogopite and dolomite. Blasto-
sedimentary, blastic and metasomatic textures make up the main ore textures. The ore grade
of B,0O; is closely related to the content of MgO. The ores contain abundant trace elements
like Cs, Nd, Ta, Sn and Cd as well as rich volatiles such as F and CH,. The REE content
ranges from 5.73X 10 °to 70.98X 10 °, and the chondrite-normalized REE patterns have
positive or negative slopes and exhibit negative Eu anomalies. ¢"°C values are — 2. 6%,~
—10.4%,, and 6" B values are 9. 6%,~11.1%,. The Yangmugan boron deposit is of the hy-
drothermal sedimentation type closely related to mantle derived volcanic activity, and the co-
existent evaporate climatic condition raised the efficiency of ore concentration. After its for-
mation. the primary boron deposit underwent regional metamorphism of amphibole facies

and two phases of intense deformation during the Luliang orogeny.





