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RFRE 2R R IR R A R &30 Arcgis 8P AT AR 8 A3 3] T 7 3 E AR IR & (R FI Bk B2
BRI T RAE B, 25 4 Bk EEAE A SR TR B R ER A - B M m S5 RKB MR, KR
v B 25 [8) 43 A 2 B2 5 0 B PN 3 R B R 1L A R IR B P I Bk A A A T R O XA R R IR KR A S
Y RIB] 3th BRIRAL Ry G R A A 0 L 4R {138 36, DT 45 1) 3 0k TR 25 I T BRI 43 A . BR IR A R REFTAE R A
O3 AR S AR AR H B A R R R . IR I e A SRR AR AR AR A Rl T ) e s Th R AR SRR AR E A,
BER—ESHEA MO NA KA St AR ASERFIENSERS . RREREFRMBE LW am. 5
LA AR A B R B IR B — E R . BRER A Y E R TR EE AR CO, .CaO.MgO,FeO.Fe, 05,
MnO P J SiO, 46, M4 ik B2 2 P i CaO L MgO Fl (FeO+Fe, Oy + MnO) DL R 5 5 22 18] 7Y 35 & 5 45 H o] 4 00 R 2 &
3R 4 Bk TR 2 B O 0 R R AR TR TR 2 A B B B TR A DY K R R A I AR ST R £ R FLP.Nb-Ta.REE
(LREE) .Zr(HD 584 J& (K.Na,Rb,Cs LD . + 4 J& (Sr.Ba) LI K #i 2 9 Fe %55 RMI AR KB T4 0 &
(LIPLE) , 38 5 J2& 7 1 VR IR 7 2 5 B0 TR 350 bl 0K 32 30 40 i R 1) 7™ ) » ) TE B R 25 b & SR BT T B — RGN LA T
ME N SR AR & B 0K . Wk ER A P R0 28 S A0 ZE AR B TF 9« 3 O [ R 3 s e 7 Al T 2 S 110 3 O VR J L v 1k
FRAE . DR R TR A R R 1™ T 5 RR A I W e A A L B DIUAR A SRR AR DL B BR A A R AE S A R
AT LA AATT T i R 8 2R 0 A AR R M R TR A5 R AR MR o i+ JLAR R AR I b s AT & 3 AT B A7 A — Fib
B 7 R 1 B PR

KGR RTRA 5 I 23 20 A0 s RO W 55 B /R i 6 &2

B R A JE 4 3 IR BR SR T 1 (N7 A = A J 2 K 1) & 1 (Dawson, 1962; Woolley, 1987;

FEHRT E)MERBRT 50% . E L rEE RN T 20%
i) K i A A7 (Streckeisen, 19805 Woolley, 1989),
B B T 20 R A i o B2 2% W fd ax — R 18 LT
I F He % TR Bl (Kresten, 1983; Qiu Yuzhuo,
1986) . ik R v 1 o b 35K b~ A7 AIE 5 UL 1 0 AR
PRI 7 B PR 8 CAn A K TN = 5 W S AN () 5
ORI A 32 S i ik R 6 0 ) 2L B ) 2 A R
M2 £h % (carbonate rock) . T4 Hh & 3K P il #4322 i
TR R R0 W) 20 1 1) A A PR Ry Bk TR 2 B8 LK PR
(carbonatite) (Song Wenlei et al, 2012), W% LA
FURR 7 1 R M 36 T 5% U4 A 5 3 BR A 2 R AIE
BRI W) ok U5 LA B B R 0 2 5 M (B, — LA 32 b

Kogarko et al. ,1995; Yang Xiaoyong et al. , 2000;
Woolley, 2001; Hou Zenggqian et al. , 2015), kR
A% 5 REE.Nb.Ta,P.Fe U, Th Pl [ 5 5 1 .6 .
AT R VIR O, B G ol 0 R AT, T
iR I A 14 7 S R 23 A1 PR T | REE B TR Y 0
FHL BRI 27 R AR 20 BT A SCC R B R AT A
TR B SO SE B i fH (Woolley, 1987; Wang
Zhiyu et al. , 2012),
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A AR Al R A A A 3Kk ) 43 A L (B D

IR AR RR-C R A . Hiraeitfie
TR BRI MR IE 527 b LR o 47 4 (Woolley
et al. , 2008), TLHIMBRIR S T2y 50 % HA W6 i1
MAEEHE (Ye Haimin et al. , 2015), FENNE Kb
Pe ZRAR M H BRI By RO R A R S W v A
b DX M R 1Bk R S A AR AR 2 T TE L P R T —
B A T 1L DL R AR I A A A L DX v R A Bk
R R AR AR U A HT . A e iy 8 IR R 2 A A AR
LTINS KA R (Lac Shortt) 44, 4E i3
2691Ma(Woolley et al. , 2008) ; Fe4E 52 (1B IR 2 1A
Wy A 4 R e W A8 5§ 1l (Oldoinyo
Lengai) . fF 20 M40 90 4R R4S 7E 7% B (Dawson et
al., 1995) . ML X 42 HH 5 a2 14 00 4F 5040 1 8
4 B R a1 B S AR AU A B — R AL B AR
AR AROBRHT BR R A B Ry AR R (Woolley et
al. , 1989 (] 1),

S5 G A BR 3 E W RN B 0 A A MER BRI
f1% 5 (] 43 A5 JU-T- 38 15 T R W 284 A7 5 AT TE 1
FI3 A o 2 RO W R . TE R BRIV EI N, 5 R
PR v R 5 8 TR R T 2R R S 3 A1 78 T Rt X — & i
P R BRI o A0 975 Il A P A 55 R ORI Al N BRI D
HARFR WIS K AR AR X 5 A A A DL KR
EIJJRE R S5 b DX 5 5y — 2 2 2 1L PR B b Y 5 2 e
HHT L a0 A 2P X % (] 1) (Hou Zenggian et
al. , 2015),
1.1 KBEHRAIRE

H i E A& B Bk IR A 1A K 2 B0 A T R G Al
P TR A A PR B T SRR IR (Yang
Xueming et al. , 1998a, 1998b),

Bai Ge et al. (1985) G454 i 76 5 28 K flidl A
b DX, pl T b 5 o T A 7 AR ) TR R T 2 ) D) 1 F
b BR PR TRAL 0T 3t BR TR 04 B R 5 T 1 S 1 F
R REAE EEAEH] . TR KW REF 1 HLIX B’
MR ATl BRI & W R A A (I 1), Yang
Xueming et al. (1998a, 1998b) A Ny, Fhudth e 4 | p
Al RE R A P R A Lok A i i R 2R BN
A B R TR R T R 7 A A BR O AL 1Y
XA :

(DZRIED AL TR W1 58 BL0d 19 AR . Z AR IER
A r R R BRI IR AT R R AR M. X
DX ) B R o R 22 T T AR o LA 5 o il i S8 A g
LR . ERIR GO I B B2 1A 1 TB ) AR 2 7
AIZER AL (B D, ZX V2 115 25 44 kIR

PR INE R Y 48 35 K 1l (Oldoinyo Lengai)
AL Ik R IR R £ (Fort Portal) & & 25
(Woolley, 2001),

(2)BHRL B — W3 g AR E 0~ 5 X E AL T
AR i b B R A 1 T M B 1 3 2% 52 P AT T b R
NGRRR W 2= . Z X R IR & 208 Tl 2k
PRI HTFE R L (B 1) o B 0 B R 1 A A 2 07 1Y
PRk Z /K (Kovdor) 1A Bl 3% B8 (Fen) 5 K LA
I Fi M/ B /R 35 (Alno) 25 4K & (Kogarko et al. ,
1995; Woolley et al. , 2008),

(3D TMEE IR X s 2 A0 55 DRl e 118 2K B vl
T AR b DX 3 b iz e bR T W 224 43 Al (Bai Ge et
al. , 1985) . BRI Z Ab . 76 i & K AU A ik B2
ERMEE . BRABIE KIS Z X IR IR A E T
AR (B Do XA R M 5 KA R (Oka)
HUR L BRI (Lac Shortt) kL & & B 6 5
(Manitou Islands) A4k %5 (Woolley, 1987; Woolley
et al. , 2008),

O VAR AP X« 32 73 A 78 75 A0 A0 e 7R
s 32 52 b e G R R W 2445 L OB U AR 22 4 v
TE A AR BT € R 20 L H R A 7 A U Ik s i (&
Do iZ X KR & KA R E R 35 bk
(Arbarastakh) #{& (Kogarko et al. ,1995; Woolley
et al. , 2008) 4%,

(5) ARBE 22 DX« Bk IR 5 A 32 BE T A 1R == b e 11y
[ A TR AR U= S A A R AN (B S vE SR E 74
MM A A (B . RRES KA B ILIE R
(Sarfartoq) A1 UL B 4% B Je ik /R-t F (Gronnedal-
Tka) 7 14 28 (Xu Cheng et al. , 2004; Woolley et
al. , 2008),

(6) B PG X i R 1K 3 2 43 A 6 B 7Y s ar i 114
ARG, 22K I W VE B Rk I IR R ) AR M
A BT HLBE (Araxa) 244 & B (Tapira) 54K LA &
HEME N 3 (Tpanema) & R 45

XY IR 5 1A 2 T8 )T 6 1 9 (B 1) (Bai
Ge et al. , 1985; Woolley et al. , 2008),

(TR BE X« Bk MR 1A 22 B0 BN 2 $th e 300 % 4y
Aii s FEHE 53 A8 B EE 2 5 VY A E A e . P LR Y
B IR K 32 B 94 7K B 38 % W 2845 T g g £ L), g
1o 3 AR PR 4022 15l R (Amba-Dongar)
ERSE . BB B R AT AR RR AR 2R T
A FE A, AU 3R A 1R O 28 BLRR IR (Sevattur) & 14 55
(Xu Cheng et al. , 2004; Woolley et al. , 2008),

(8) WAL X - sk 2 1A 3 22 A A RK R
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b B 14 7 L T RE SZ B AR T 2 L TR SN A
R ZERi R (8 D . RERE A BURE L (Mt
Weld) A 1& DA K = 4 (Yungul) 5 1K 28 (Woolley et
al. , 2008),

1.2 KFERARE

TR N BRI R 8 Btk PR 2 AR 32 8 03 A ZE AR U oG
T i 45 ff1 (Cape Verde) F1 0 44 #) #f & (Canary
Islands) (Hoernle et al. , 2002) , EEIE % T = S i
T (Woolley et al. , 2008) , 1% 3 55 1A Ok & B2 4% 3C
K $ii ( Fuerteventura) ¢ (Woolley, 2001), Rt 22
AN FE BTV 22 5 0E W T (Haast River) DA A w5 B[
VERY PR 55 BB & (Kerguelen Islands) 7] I 6k fig
HURHER BT E T = SRR (Woolley et al.
2008) .+ Ja T MU (A DD
1.3 EWLHHE

TE 3G L PR 5 R B R A A 22 7 A T BF s T IR
A B L 5K A A B A i R (Yang Xueming et al.
1998a, 1998b) . B A (A Y 57 K 2 52 BIAR B AY
T AR IR LR PR 1 ST oy s
FRAL FE X BE 30 IX o T 7 R A 3 BT Y AH B L 1
A T H A I IR AR 5 | ok A R AL 3, DT 7 A
DI 21 by R TR T 1) T R BT 2R .k S R I M S o
TR ER A TR A A3 A o 4 3Ry FRl P S 780 g b DX A

(L) B 7R B 7 — 5 Eh i X B R o R 52 30 1 2
5 B IR A B 1 4 4 P T 7 A ) R R S —
FLHE R L N — R 5 W — R R K b B s 1 L OB
L AECHT . 2 B P A B AR . IR X R IR A A
F49 7 A Y L DA PG 8 ) ] 2% B 387 s X — B i 21 2 AR
OR=ACE A% (52 N v (| 7R S e i R o s i |
(Tilton et al. , 1998) 7 2 v [ #4974 #1 X (Xu
Cheng et al. , 2002; Hou Zenggian et al. , 2006) %
A DL R A (B D, i IR A R
E 1Y 5 A5 B BB H (Chabrieres) & 4, 45 0 i . )
4482 . (Svidnya) #4 (Woolley et al. , 2008)
e H A9 2 A /K € (Loe Shilman) 2 4 DL & w [E Y
YE A4 P25 PR AR RS A 3 1 (Xu Cheng et al. , 2004;
Woolley et al. , 2008) 4%,

(2) BRURIX - F2 895 A 3% B 7R 3 1L 52
R ER D I AR LR N B AR B — i Y
(B 1), R A A 4 i R X R i Jk
(Vishnevogorskii) 7 & % (Bai Ge et al., 1985;
Kogarko et al. ,1995; Woolley et al. , 2008),

(3) At &P}l Bz X« Bk R 5 1K 2 4r A 7E L 36
PP 3 B A2 38 RSP 9 Al B A S8 Ui Al Bk 3k 1A H

852 T 30 A 56 DN VS T R ) R K T 2L 42 1 A ik IR
TRE A o DX B R o 1A TE U AR 25 A i 9E
RAZRE SRMNYA LR (B D, REREEEA
ZE E B T 2 A3 (Mountain Pass) 25 44K 14k 111 (Tron
HilD & & 4 (Woolley., 1987; Woolley et al. .,
2008),
1.4 BEBENZSHERER

o &1 AT RLE AN ) BR AR 7 B B IR S
ARATR] A VA P B0 85 32 27 B A A B IR 2 T
Rt AR oA PRI R 3 1L T B 5 % I B 1) ik R 2 4 A
W RIS [ 7E K R P B B A i DX R
HE. T2 7 HY i€ R R A+ AR I DI R 7 O
A AR R e o T AR AR B2 2% 3 FF 1Y b X Bk R & 19 7™
AT FE BB AR AR AT .

R Btk R o 0 A 1) ) 29 TR 3R 2 o |l TR R
(18 77 £ 52 1 35K R DRy S84 A 0 5 A AR B ) R B
2L, T R Rl B G B AR AR A I8 2 R TE RN BB
S35 o B AT A I AR B Bk R I i s Tl S AR E Bl
B, G- 36 R KR | b A AR W 2R Bl Ak
1, PRt = O B i AL B B IRR o 5 T X T B 22
FAL I 7 2 M R B 2 05 TR R i % L T LA
S W R R o B s R BOUBT — Bk R A 5 3 1L
iy DX RDREAS ] I 380 1) Btk R S TR % 31— 2, PR ml i
DA [ 1f 39 14 ¢ PR o A6 AT
1.5 mBESHHHARR

285G 1, ESCEE N T R BRI A o> A A
TR IBT 2L IR & . IR 2 R i 29 A [ i)
PR IR A1 14 PR 2R BR TR K 24 0h , ml BRI A 4% - D
AL RS . H AT WA 2RO IR
R 7 2 5 M A 0 Bl A G A 3 DR Al B P S A
KB M B Py &5 3 8% (Yang Xueming et al. , 1998a,
1998b; Xu Yigang, 2002; Bell et al. , 2010), {nEpD
JEE 1t B 94 7S b DR DA P 9 0 4 R 5 Y Bl TR
HKR (Woolley et al. , 2008) (& 1), @M v )
SO SEE N AR b AR e BE 1 I B, R T M
Wy 5038 K 45 5 U A6 AR T B (slab breakofD JE i 1Y)
M b B ER L DRI s T T R R Ll AR s
WX Y B BR A — W TE A kA IR (Bai Ge et al.,
1985; Ma Jing et al. , 2015) (J& 1),

2 BRPERE I ERRE
2.1 BEENEBRHE

BRIR 5 J i AR AR AR R R ek
P8 AR5 I o 5 L S e ) o st e [ v e A



wooB

2352 http://www. geojournals. cn/dzxb/ch/index. aspx

s
2019 4§

T RN D S KA T B I — B & A 5
AV TN VKA B VB A A D R 1Y
% K A Yang Xueming et al., 1998a, 1998b;
Kogarko et al. , 1995) . JL-F Fr A3 i ik iR 45 #8 A IR
T 5 B e 3 () 7 b AR R 3 B sk M A i
TR AR AR 3 Rl A 77 0 v Y iR S AH 25 00 R (B
it .C.Ca.Mg ) B REE .

BRIR AR S S A s R A EA S
T R VR B A RN S R
LA AR e () A R IR — P R A A
A PRI IR 5 2% 5 1A (Bai Ge et al. , 1985; Woolley
et al. ,» 1989; Hao Ziguo et al. , 2002; Ma Jing et
al., 2015) 3 B Bk R e R BRURH X B/ L A A
1y 10 % 245 (Ye Haimin et al. , 2015) .

TEF T - B e AR AN ) L R IR e 2%
RN & TP A A R L WA TR TERIRAL Y BRIR 5 2%
ARG UIRERRER A U R S O . BEE TR
U /)N | 8 B 5 Y bl EE A LR T T R S
AR o ik TR 118 K0 AR RS 38 22 7 3 ol i e
AR PR IR A B0 KK £ (Bai Ge et al. , 1985),

TEF-H X SRR R e TR A 5 2 A 0 B Ll A
Ph A FB 1 5 5 TR0 PR R (Bai Ge et al., 1985;
Qin Chaojian et al. , 2001) , @& H LA, H
EAIA LT L

(1) BRIR & — 55 85 5 — ¥ f1 %4 (Qin Chaojian et
al. 2001, fif 5t 1% #4822, 1) 20 6k 1) 2% 8L (Fen)
W IR #5244 7 1K (Bai Ge et al. , 1985),

(2) BRER & —BRE WA 5 — 58 B2 A B & —
25 K A (Qin Chaojian et al. , 2001) , B i & Wi £,
filan k& W BE Kk £ /R (Kovdor) filk 2 5 2% & 1
(Kogarko et al. , 1995),

(3) B~ S T R T K~
4 (Qin Chaojian et al. » 2001) . fif: J§ 1 5% [7) i 434
Z . 2 E o (Tron Hill) Bk B2 5 2% & 1K

(Woolley, 1987),

HY T R o % o A G G 368 i R o+ A A 936 i Ak
PR EEVE 5 TR 5 S5 TN b 2% R i [ S R
B EMRTMFER A, L B ) & AR 58 e
JNE A S B R A R ) 22 R 2 AR .
N #F 28 L £ (Heinrich, 1980; Qin Bingrang,
9D AL IR AR T MT W EEATMA. O s
A VR B A R ZE R R 0 A i IR R
W SR 800 DL b, UE WY E UL Fh 2 A e
PR A A o B B KA 8 A 5 A B TN
WO AT 5E . B EBCN R RS ISk,
IR 7 v 3 5 R A A b o L BRBS AL T L B Ak
WHMBEZESE D EMAMME L E&ET Y (Ye
Haimin et al. , 2015) .
2.2 FREGE M ERIL SR
2.2.1 mBENEETER

BRI 5 A2 o R AR K Z280E A CO,
M CaO, SIO, FEAE, —<20% , A VECH
A5 E K MgO, FeO, Na, O #1 K, O (Woolley,
1982; Woolley et al. , 1989), ik, Woolley et al.
(1989 M HE ik iR 75 h F /ot & CaO,MgO F1 (FeO
+Fe, O; +MnO) Z [0 i 5 1 [ 53 Lo B ik R 4 ) o
SRy B SR R 5 B IO Ak R S R Ak Tk TR 2 LA B B T
R A P K2, Yang Xueming et al. (1998a) fff 5%
it IR 2 SR AL Y A TR SR < KRS T R
20 LA IO Bk R A+ B T R o — R U ke e 2 — 4t ik
— U BRCIRAS i BR . PR 2 B R IR A 1) b BR b 2%
BAT ) B A3 R 2 R AL 3 TR R R A A R R
(F# D,
2.2.2 MBAEMERTE

TR 75 1) i i e 2 £ 2 )& F.P.Nb-Ta,REE
(LREE) . Th.Zr(HD %, FE8 B & 1, 0% 4 )8 (K|
Na.Rb.Cs.LD i £ 4 J& (Sr.Ba) KL A7 4L Y Fe %
R LR T,

LRSI

£ 1 BHEE S ER(IE Kresten, 1983; Qiu Yuzhuo, 1986; Woolley et al. , 1989 & 45)

Table 1 Classification of carbonatites (modified after Kresten, 1983; Qiu Yuzhuo, 1986; Woolley et al. , 1989)
I Ca0/(CaO+ MgO+FeO+ HUBLES J5 6% 2 45 (Sovite) AVRLA J5T B AR (Alvikite)
R N
. Fe; O; -+ Mn0)>0. 8 G= TR GEELSEEY S
T Ca0/(CaO+MgO+FeO+Fe, Os +Mn0)<0. 8 HLUBLEE FR 5 2 %+ (Rauhaugit) IR BE JTBR FR £+ (Beforsite)
P 41 >
S H. MgO™>FeO+Fe; Oy MnO) G5 F R AR G F 25 R G s ko)
, Ca0/(CaO+MgO-+FeO+ Fe, O3 + Mn0) < 0. 8 - -
R STR TR 7 A A B kA
H MgO<_FeO+Fe, 05 +MnO)
A L N 2 75 (Natrocarbonatite) B¢ ik fid 45 7 (Lengaite)
B I3 Bk 12 Na; O+K, O & 55 5 - -
CLLmE 7 )
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FIEfRR a1k b & S8 . A I F ] DUTE Bk R
R e AR T R IR A LA TR

P R R 4 B R AIE I T R 22— e LA
JKATHYIE A B

Nb I Ta — [ 76 B B2 & 2% 5 1A T B 630
8 B A TE IR R AT  IRAETE R A0 il B

REE J&2 kR # i AR IEFIE Z W on £, X 5K
ftb A A T - REE 38 5 A8/ Jy i oo % Hh B (Tian
Liming et al., 2017; Zhao Honggang et al.,
2018) AR M AEZE L I 2= S X AE 1 R B -9 [X
(Zhang Yong et al. , 2016), #I/E H F E K )W JC
REAEMH. & REE, JUH LREE & & & 4. L
-2 I AT L IX KRB R A 1 M (Wang Xibin et
al. , 2002, Hao Ziguo et al. , 2002),

B 1+ JC & Sr.Ba % [A] FE7E Gk BR A Y & i AL
HLEERY Ca KRR E Y, FEMATE Ca,
Mg BB R ER b o H 25 B W 0 2 v 0 BB B TR
b9 1 48 ST K 19 % 4 (Bai Ge et al. , 1985),
2.2.3 FMIRMIRUZFHFAE

B IR 5 A 62 3R A B9 . H A 32 2895 J SroNd,
Pb.C., O [A {7 & (Yang Xueming et al. , 1998a,
1998b; Yang Xiaoyong et al. , 2000; Xu Cheng et
al. ,2004),

Xu Cheng et al. (2004) 3 B H 5 2% b 45 A 125 7
MITT il AR A BRI A A g SroNd # Pb [F] A7 R
BT G A5 W58 R B H 7 Se/* S, I K
0.70125~0. 70686, (""" Nd/"" Nd), fH A 0. 51050 ~
0. 51266, 3f H BA WO PERH R BT AL R A L. &
1 5% LA A ALY SroNd F Pb [R] A 3R 4H L )
LG A R i R 2 1 U X AT DL A O AR g (EM T
i # EM ID A4 5 U/Pb AR /) #18 (HIMU)
IR G4 R .

Yang Xueming et al. (1998a, 1998b) % ik ik =
i C A O [WALR TG KB I AR B IR e 1Y SF- 2
SO B E AL 0.4% ~2.7% (SMOW) , 1fij Bk
R 0" C BB B A YE [l 7 — 0. 220~ —0. 8%
(PDB) Z [], Rt 48 . 8 O F1 8% C B0l S B 1 flk
W2 o ) AR U T L
2.2.4 GREHE

B IR O B ) i DL ) S W K A RN kA R
MEEER. M E s AMBEa s AThEA D ENE
R, TEX S f SR b B UL Y g2 R K R AL
R HYOR CO, 22 RN Bl 321K . X S8 (0 21k
0y A [R] FRAE 2 BATTHR & A L B S5 i IR CO, 42

ZL{K (Zhou Jin et al. , 2003),

Xk BR e 10 ) 6 2 A 1 BF 9 R B L ik IR 2 T LA
TE 0TI A R0 G A 7 o A B 25 4 B R SR 0 ) [
FEAL AT LA 0 85 R A7 BB B T2 2R N B B B, B
Na-K-Ca-Mg-H, O-CO, %i /& {& & & (Qin Chaojian
et al. » 2001) . 7§k ER A 1 & I8 F0 T8 1k o A4 b 1 Bl
A G K BAREAE ] KA IF B R o % H AT B
B 25 B 1% & (Zhou Jin et al. , 2003),
2.3 WRERE R BORIRER

AT Bk R o 1) 5 A0 A 2 R AIE L ol i DT R R
fiE TR 2% Hb BR A 27 R E DA S B, 2 AR AE 119 K = AF
SRS ) B Y LR IR S R OR TR TR AR
. MRY YRR R S — B R A R s SR
IR e 5 AR i B R BB M 5 1Y REE 5 it ot R
(49 53 e B 20 8L, Se Nd L P [\ 457 R R AE IR A I 3
B8 PR AR AE (Hao Ziguo et al. , 2002),

TEfRE LA R Bk R e F 58 P AR B BR
T PR TR 53 XA W] BE AEAE 5¢ TR AL R Y Bk TR
o — M e YR PR Y B TR bR ik R ER S )
JE R B . AR BN B9 WF 5, — O S 51 R Bk
FRER AR R R R EZA T O R AT
TR IR Eh A s B T Uk R “5- (Zhao Bin et al. , 2004 ;
Wang Jincao et al. , 2006) ; @38 7 3¢ = IR 37 51
EHRER £h & 1 f 2 MUk 1R & (Chen Hua et al.
2010; Ren Jiande et al. ,» 2007; Mao Liquan et al. ,
2017) 5 @5 Z4 DX AR 57 1 FH 3 FS0RK PR 6 o 0 2 #
R & (Liu Yan et al. . 2006) ; @D K H &5 E %
JE B Bk B2 /= (Dong Chunyan et al. , 2009; Yang
Junquan et al. , 2012; Xin Houtian et al. , 2012),

3 SRR E A KB A A

SEATRIR 5 1 A A 2 R ER AL 22 AR v] S0, 5
TR A R 77 70 & 32 B 2 55 TR0 b e I 2 35
SHIETR RV AMABE TR R F AR
(LIPLE), 4 LREE.Nb-Ta,Zr(HD .F.P.# 4 8
(K.\Na,Rb,Cs,LD ik + 4 J& (Sr.Ba), LA J 1if 4=
1) Fe 8 XS RTEMR R A K 1Y B R b & 5
BRI — RN GEMIESEY (B 2) R 28
Tl B A OIS A S A TR S B A ]
XEFEREY TEREF AT kR A &%
X

513

TE A AT A SR Al B 2 3028 T
BRIR A 5% 10 5 T B 7 AR 5 8 47 ™ Je L SR
IR . B 2207 1 A J AR 2 R A 2 | B IR S B
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K2 HEEBXT (48 Woolley et al. , 2008; Bai Ge et al. , 1985 &%)
Table 2 Distribution of mineral related to carbonatite ( modified after Woolley et al. , 2008 ; Bai Ge et al. , 1985)
GES LN fREW IR EPS g e 3
[P 31 i E Liu Tiegeng, 1990; Liu Jian et al. , 2011; Wang Xiang. 2018
FE B [ Xu Cheng et al. , 2002
i il [ Yu Xuefeng et al. , 2010
RN (Mountain Pass) *H Castor, 2008
FEMFE /R (Tomtor) W2 W Kavchenko, 1995
A k1l (Tron HilD eS| Richardson et al. , 1996
®y Je k& Fii 1l (Serra Negra) &AL Woolley et al. , 2008
o MH$L ¥ P (Palabora) LE Notholt et al. , 1990
I JEE (Sukulu) BTk Van Straaten, 2002
LN AR I % (Potash Sulpher Springs) FH Woolley, 1987
mEeEy WA $z 3 & (Palabora) IE[S Notholt et al. , 1990
. 2 JBFE 5 (Manitou Islands) JiE-N Woolley, 1987
Lo Sandkopsdrif R Verwoerd, 1986
Bt . Sandkopsdrif IFE|S Verwoerd, 1986
B L Hz il [ Liu Jian et al. , 2009, 2011
o Kangankunde R 4 Malunga, 1997
L718 Sallanlatvi 2 W Kogarko et al. , 1995;Petrov, 2004
fif F7 5% ( Araxa) &AL Biondi, 2005
e (D Hzwh il [ Liu Jian et al. , 2009, 2011; Wang Xiang. 2018
1 (Bonga) ErEE Zheng luo et al. , 2014
X B 4] (Lac Shortt) JIE-DN Woolley et al. . 2008
i Wz % (Palabora) Ak Woolley, 2001
Salmagorskii W2 Kogarko et al. , 1995; Petrov, 2004
o L% N 45T (Magnet Cove) EH Woolley, 1987
o Hz b il FE Liu Jian et al. , 2009, 2011
) W7 & (Palabora) [2E[S Notholt et al. , 1990
L HE P Bz 2% in (Jacupiranga) =) Notholt et al. , 1990
A Khibina 2 W Petrov, 2004
r20n Bl K £ /R (Kovdor) 1 2 Kogarko et al. , 1995
WA 2 B — i i /8 ( Amba-Dongar) 51053 Bai Ge et al. » 1985; Notholt et al. , 1990
e B AH i ) #5 (Bukusu) 0 F 3k Bai Ge et al. , 1985; Woolley, 2001
- oA AR A W (Mountain Pass) B Notholt et al. » 1990
v WA Siilinjarvi 752 Notholt et al. , 1990
= Bl k£ /K (Kovdor) %2 Kogarko et al. , 1995
IR Bl& (Korw BT Van Straaten, 2002

ket B HERMEFME. efEr2aEy
7R IR A ARG (B 2, 3 2) L 9F Hak R s
S JEAT R BT IR A ME— 2k JH (Woolley, 2001), 4R
P AN MR SE R S BRIR A G I T B IR
fRuT.
3.1 ®mLu~

i S 55 B IR 2 O 1YY o T A RO R .
R e T KA REE & & i m i R &R -
S5 RI#H A Z — . REE F 3 & &y 3000 ~
10000pg/ g T i 4 #b 18 500~1000 4%, La/Lu Lt
{H BT 5 200~2000(Woolley et al. , 1989), N =
(1) REE & b (75 5 5 9 B CA Wk R 2 b e o L
M. FTGE X AR T 27 R R R 4 S RN s
TR Eh s 9 22 1) 19 43 TE 56 22 R B e - 6 0 3R o401 o)

TAERR IR b e A 5 O Al R 2 B A
T =, U H 2 B R B M b % ot B (Roedder,
1986) ,

M4 B B 09 A& 48 3F (U, S, Geological
Survey, 2018),2017 £ 4 BR B + fiff & 12000 J7
W, AF 77 i 13 T g, Hrb o [ i 4400 T
W, 47 7 5 Oy 1005 7 I, Y 300 K0 4k 2 A A A,
L EP ! N RN 8 N NI Sy EE B R pY 1
AW EZEHEE,

5 ORIR A VAR S O s 140 PR 73 Ry 2 R AU A
PR, 3 253 A A6 B A 36 [ (Song Wenlei et
al. , 2013), HATE SN EZ W LA 56 EH B2 E
A 31 (Mountain Pass) #i + 4~ (Castor, 2008) %
W) FE B 46 /R (Tomtor) #i + # (Kavchenko,
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1995) . [ EE M LA NS A o SRR
+#" (Liu Tiegeng, 1990; Liu Jian et al. , 2009,
2011; Fei Hongcai et al. , 2012) 44 ¥E# -0
(Xu Cheng et al., 2002; Tian Shihong et al.,
2006) LI Kl A& k1L #% + %~ (Tian Jingxiang et al. ,
2002; Li Jiankang et al. , 2009; Yu Xuefeng et
al. » 2010)%%,

3.2 mBERY

SRR E A R A &R LT =28

(DMEIETRA SR FEAFE SmR A A X
FIERT B A (K 2, & 2, k" FEA K
RUFIEL A APl 5 28 R0 i AR 38 O 55 B 8k 1L (Tron
HilD #" J& (Richardson et al. , 1996) %%, 4T - ®I{L 3%
B PG JE A% i1l (Serra Negra) K (Woolley et
al. , 2008) %, 5 3 B AL 45 KRR XAk e AL
BRI KA B AR A BL ) 2 (Palabora) §7 K
(Notholt et al., 1990) A1 ffk &' #r iy £ K £ K
(Kovdor) " K (Petrov, 2004) % ; KAk 5% % 55 5 H
i B HAY 5 T 35 I FE & (Sukulw) B JK — Ak (Van
Straaten, 2002; Woolley et al. , 2008), 4% L%
UL AR AR S 56 I B A R R (Potash Sulpher
Springs) K .

OWmA SR 7 ARE 0, B U5
WML 5 A R I 5t & B 0 K by mg B WA hr Bk ®
(Palabora) H JK . (Notholt et al. ,1990) , £ %5 3K
R

C3) WO P AR A 4 B ™ 7« A 455 A 1 sl 4
MEL (& 2, £ 2). HHETE A5 KR & A K5l
B ¥ R a2 M (Woolley et al. , 2008) L EH KU
4 K 2 J8 £ & (Mannitou Islands) (Woolley,
1987) A M dE 1Y Sandkopsdrif (Verwoerd , 1986)
. HRIRAA RIE LA KAy F R IR
A E VG B HLBE (Araxa) ( Biondi, 2005). Fg 3E
Sandkopsdrif(Verwoerd , 1986) LA f o [H [ = 2h 14
(Liu Jian et al. , 2009, 2011)%,

3.3 WBt&RE

SR TR A S O R Al
(E 2, £2). lbi/b i,

W AR N B4 Kangankunde #7 K, &
PO B K (Malunga, 1997),

P AR P iy Sallanlatvi 57K 5 #4
R K (Kogarko et al. , 1995; Petrov, 2004),
3.4 HUEZESEBH ™

S i S [ SR R W e e TR /14 L

ARG/ 7 LAY D0 S0 A R
W VR DL A 2, R 2,

e D R 2 B 24, — IRTE IR IR 4 7% e 1K
TE LR 01 e 4R B a1 R R AT 32 SR A A
sk A i B MR AT B 5T BT R (Woolley et
al. , 2008), 5 R IR & A KAY R (DB E LA+
B AR AL SE R DL S R R A, H AT Je KR
B A Ay B PG Bl 32 % ( Araxd) ¢ Biondi, 2005), H41 4
T v [ [ 2 9 1 A A2 7 (Liu Jian et
al. » 2011) . AT RE N & 25 PRI A A

SR FEW, HET S AMUET R A E R Y
2 (Lac shortt) (Woolley et al. , 2008),

i B8 T HE B D W — 28 SR R A R B AL
W IR 3 44 B9 R O e A B RL i 2 (Palabora)
Z A MR (Woolley, 2001) , B4R 5 A BER 57
REFENH GH Y (Bai Ge et al. , 1985) ., &P
f) Salmagorskii J& 73 — A8 R A W24 B, [F] FF
AR (Kogarko et al. , 19955 Petrov, 2004),

PR 0 A0 W) FEE O RERY  — RO R IR AR
AR T AT AR R 2 S ) BT IR
A A FE )Tz LU RV AR R . [E Ah it
R IR RA £ E D% N (Magnet Cove) ,
mh [ A MR R O 5 5P 1 (Liu Jian et al. , 2009,
2011; Wang Xiang. 2018), Y 4h, 1313k 0 4 g 75
(Bukusw) 52 BURLE IR, iz 30 UL,

PR e — R AR B A AR D W 4 | . B AT
AV AE RS dE WA Lk B (Palabora) £ I P4 HE 22 2 2% 0
(Jacupiranga) F 840 ™t 5l J@ 5 3K B0 L 5 5 M 4L
+ B (Woolley et al. , 2008),

B, A W P B Khibina Sy g A94K
7% (Petrov, 2004),
3.5 keBH T~

FEAHE SRR a A RS A8 A
W EMmAT AT s B DA R (A2,
£,

W AR )z 0 AT Y AR K A S B
TR AT FE Bk R A P R AT 528 350 %85 K e i o vl 43 1
v AR A SRR R R T RIR A
WLIEBUCE B M IR . 280 IR g B 8 A 3R ik
PR ELR £ /R (Kovdor) 8k 8™ — 8 K A B IR
(Bai Ge et al. , 1985; Kogarko et al. , 1995)4¢,

WA SRR LRI — R0 ™ . 2
R S ROR AU o SR PR G R 22 B —
fl /R (Amba-Dongar) (Bai Ge et al. , 1985; Notholt
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et al. , 1990) 4§,

R, 2 m K BRI R LR — 2Rk
SEH7 . ARERY IR WS T3k 5 A PE 95 (Bukusu)
(Bai Ge et al. , 1985; Woolley, 2001)%%,

A AN BN, 2 5 L H 0 ET
PR AU R AR 0 3E B9 & i B ( Mountain
Pass) %,

WA — S HAb RS R T 7 A L AR
B K 4% 22 1 Siilinjarvi(Notholt et al. ,1990) 4,

BT A0 Y & BB — OE T R
A ZHi(Bai Ge et al. , 1985) . AR KA., LFEY
Ko E # Bl £ /R (Kovdor) ( Kogarko et al.
1995) 4%,

ARE™ LAFF R A KR £ i Tk e 2k 77 45
Rl ik, HENZET IR 2L PEAEM AR
KA & 8 M E & (Koru) (Van Straaten,
2002) %,

3.6 WREREBLH RV G ERRT

Bk R e H 7T B8 | 4R LT A W] T &K L TE & b
JE AR AT R B R B TE . R TR S
25 5t F BRI R R A B A - O TR E b 1 14 B 5Kk A2
JE o ROBLE ) FRAR A A A B ) 32 SRR ) B 4 Rl AR
J BB 3wl A R BRAEG L W R Bk TR e R Y EL A
B, 2 ABRIR 5 5 K B IR SR R RS 18
i Bkl (Woolley, 2001) 5 Fifi 25 #0543 5 fil R J3E 1) 3%
I RERR A J A LA 5% 0 I R R A — Tk A%
AHoM N H = 218 (Hao Ziguo et al. , 2002;
Wang Kaiyi et al. , 2012) KL Fr B2 8 Y FHR
£ R (Kogarko et al. , 1995) ; /0 45 gl 72 & i3k — 4
B AT BE 42 R Bk R Eh A 3K TP MU BE A B R
Fr. W E A R E % 4 IR (Chen Xifeng et al.
2015), QST PFEE . UTIRIT 2 BT R IR &
— PR K A M ST IR B S PR B B E K
SORLTE 5 0 ep =1 75 48 4 57 X (Tian Shihong et
al. , 2006; Hou Zhengqian et al. , 2008), & Hi7%
TR e B B IR o — Bl M A o o R 2T LB A LA 5 IR
E ) R R A AF S R R b B (He
Wenyan et al. , 2015; Xu Xingwang et al. , 2007)
F1 Ly )4 (Bi Xianwu et al. , 2005) 483,

IR 5 Bk PR A — B 2% A Y A PR DDA OGO
SRR A — A S A —E R R . BRI
I s R v, ool AR B IR A — B e A A K
M P R L N3 4 A o S A R -k
B PR (Bai Ge et al. , 1985; Ling Mingxing et al. ,

2013) L E AN P -8 B R (Zhao Xinfu
et al. , 2010; Wen Ligang et al. , 2017) %% ; H.{th i}
RBIBR IR & — B PE A A A G R0 IR 22 16 s A =R
JOCE A (LIPS 3l 19 P 5 W8 G, I Bl W 5 IR
R4 5 2285 U0 v ] 2 90 68 07 e 284 i s 79 A L
i T8 K (Yan Guohan et al. , 2008; Li Jiankang et
al. , 2009; Zhou Weiwei, 2013)  EJ B %2 [ — 13 il
/R (Amba-Dongar) # f1 #" JK (Bai Ge et al. , 1985;
Notholt et al. , 1990) A K 2 B Hr3BJin (Bonga) 4
JK (Zheng luo et al. , 2014) 55 ; A SL B R A X Hw™
77 AT AT RE A 5 A B i G 38 52 A BR A S S AR o i
WA kBl % (Hou Zengqian et al. , 2015), #@5¢
A1 P BT R B R e S AT ST IR T I A 2 55
(Woolley, 1982; Ma Jing et al. , 2015),

4 gEie

(1) TR e 24928 1 36 ik R v A 114 =5 1B) g A Bk
W2 2 I B B 5 TR O e 284 42 ol 1 oK P A 32 7 A
K, 1 S K 2475 5 U ) 3 M BRI AL R Bk R A 0K LT
PRty ia .

(2) VBB R 5 i S M Bk R o vh 3l s AR
MBI KRB F KA LR (LIPLE), Il LREE, Nb-
Ta.Zr(HD .F.P. 0§ 4 J& (K.Na,Rb.Cs.LD . fi -
4 )8 (Sr.Ba) DL AT A 1 Fe 25, BT KR K
DT 25 S0 174 R IS b e UK 88 S s Wl 1 5 s TR O Tk
Mg e S FL B e ) 5 s VR 88 VA ¢

(3) BRIR w7 ¢ TR 1 77 5 5 R A B 3k 2k
HAE VH A AR a0 R AE DL M 3R A R AL A
F87R TIRIRE A Kok B T HUER G, o] Lo AT T
i TR B 2 V) VA RN PR b R TR A S B AL TE 4

(4) R 70 Y5 B 1AL 3 T RE A AE o IR I 1 e
R .

BGH SR RS AT [ 2 RN o R NS SRR B S
EBPEBEUE .
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Abstract

This article has systematically collected global coordinates of carbonatite complexes with different
ages, and obtained the distribution map of the main carbonatite complexes and their related minerals of the
world using Arcgis. Based on the main structures worlwide, this study investiged the relationship of
carbonatites and deep-seated faults. Spatial distribution of carbonatites is often associated with extensional
lithospheric tectonic background within intraplate and orogenic extensional environment. Under such tectonic
setting, deep faults of tensional tectonic background can cut into the depth of the earth and provide upwelling
channels for carbonatitic magma, thereby controlling the formation and distribution of carbonatites. Carbonatites
occurred through all the geological periods from Archean to Cenozoic. But more carbonatites formed in later ages.
The most significant petrological characteristic of carbonatite complexes is fenitization, containing aegirine,
arfvedsonite, albite, phlogopite, potash feldspar and so on. The carbonatite complexes present certain of regularity
in distribution of assocated alkaline rocks and ultramafic rocks in both plane and section. Major elements of
carbonatites contain CO,, CaO, MgO, FeO, Fe,O,, MnO and SiO,. Carbonatites can divided into calcareous
carbonatites, magnesial carbonatites, iron carbonatites and alkali carbonatites according to weight percentage of
Ca0O, MgO, (FeO+Fe, O, +MnO) and alkali. Trace elements of carbonatite are LREE, Nb (Ta), Zr (HD), F,
P, alkali metals (K, Na, Rb, Cs, Li), alkaline earth metals (Sr, Ba), and Fe derived from above. Those trace
elements are usually products of low partial melting of deep mantle caused by extensional deep faults which can
form numerous important metal and nonmetal deposits in carbonatite complexes. The isotope and inclusion study
of carbonatite complexes reflect the deep origin and evolution characteristics of the carbonate magma in
different degrees. Therefore, carbonatite occurrence, unique mineral assemblages, wall rock alteration,
petrology and geochemistry research data can provide evidence for understanding the evolution of deep
magma and exploring the information of deep earth. In a recent decade’s study, there is high possibility to

find existence of a new crust-derived carbonatite.

Key words: carbonatite; spatial and temporal distribution; deep faults; metallogenesis; REE



