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Abstract: Phosphorite deposit is a kind of marine sedimentary phosphate deposit with the francolite as the main ore

mineral. These deposits were formed in the upwelling areas during six historical periods after Paleoproterozoic, and
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are generally related to the biological activity and the intensity of continental weathering. The formation of phos-
phorite deposits is controlled by marine transgressions and regressions, microbial activities and physical and chemi-
cal conditions of sediment pore water. The key factors for the formation of phosphorite deposits with high rare earth
elements (REEs) content are low sedimentation rate and periodic submarine storms. Some phosphorite deposits are
rich in medium and heavy REEs, which are potential important REE resources. The main host mineral of REEs in
phosphorite is francolite. The REEs in francolite are mainly derived from seawater in sedimentary period and sedi-
ment pore water in early diagenetic period, and are incorporated into francolite via adsorption or lattice substitution.
REEs can be adsorbed on the surface of marine particles by forming as REEs-carbonate complex and released by the
marine particles decomposing that is induced by the change of redox conditions in the sediment pore water. Through
the previous research, it is found that different marine particles preferentially adsorb different REEs, which results
in the formation of different REEs patterns of pore water and then affects the patterns of francolite in phosphorite de-
posits. The enrichment of REEs in francolite is equal for light, medium and heavy REEs and different REEs pat-
terns in francolite are derived from contrasting fluid sources. In general, seawater can produce a HREEs-enriched
pattern, and pore water might yield a MREEs-bulge pattern (enrichment of medium REEs). As the phosphorite de-
posits with significant REEs contents are characterized by MREEs-bulge patterns that are consisient with Fe-Mn
(oxyhydr)oxides input by the submarine hydrothermal process and the pore water in the early diagenetic process,
which may indicates the influence of the submarine hydrothermal activities and the early diagenetic process on the
REEs enrichment mechanism of phosphorite deposits. In this paper, the metallogenic process of phosphorite depos-
its is summarized from the characteristics, spatiotemporal disiribution and metallogenic control factors of phosphorite
deposits; the enrichment behavior and differentiation behavior of REEs in the process of phosphorite mineralization
are analyzed from the content and anomaly of REEs in phosphorite deposits; and the possible enrichment mecha-
nism of REEs in phosphorite rocks with abnormal enrichment of REEs is revealed. The study of metallogenic
process and REEs enrichment mechanism of phosphorite deposits is of great significance for the prospecting and ex-
ploitation of phosphorite deposits that are highly enriched in REEs.
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oxides
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REY =%l & #i + JC & (rare earth elements,
REEs) f14Z (Y ) JC & W) EFK ( Zhang et al. , 2022)
REY XJHy Tl A1 r] F 2R G IR S50 R 2 i
B, PR B AT T R IEAE IS i1 (Service, 20105
Chen et al. , 2011; Kato et al. , 2011; Chakhmoura-
dian and Wall, 2012) , Fii+JCE 8% 53 MM o0
# (LREEs: La~Nd) , #fi £I0% (MREEs: Sm ~
Ho) FIEE % + 70K (HREEs : Er~ Lu il Y) =41 ( Chen
et al. , 2015) , b b HH RS E R | E
B 1 HE, Tl 1958 2% 6 R Jt L FE % ( Humphries,
2010; Kato et al. , 2011; Long et al. , 2012), 15
| 85% LA LI REY LRIk A PR PRISHL . ik ik
—BR R AP IR, a0 [ = SR AT IR A IR A
N T 42 ¥k 80% 1 %5 #i 1 € & ( Orris and Grauch,

2002 ; Kynicky et al. , 2012) ,%%WW@ﬁﬁi@Lrﬁ,
HER T H A RE 4 FE M £ 90 K (Bao and Zhao,
2008; Xu et al. , 2017; Wang et al. , 2018) , IT4F
K, Bl HL Tl R TE A RE TR L Y Uk S REY
AR SR AL PRSI TR R BEIR RN H 45 ok, 5
HH RO LT IATE A, BB YT SRS R AR,
BEYCE R S A F s R L REIR, n B IR A S
Heaw IR s o R & =018 1. 8% (Kato et al. |
2011; Emsbo et al. , 2015) , B N8 E A b s
W IR T R 1 B iR H ) TR, TP R ME
N TR BT 3 Y B 5 0] /D | R AT LR R ok
REY %% Jf i) 8 2Ok P ( Kato et al. , 2011; Emsbo
et al. , 2015; Peiravi et al. , 2021)
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IR E AT IZ FFE (Ismael, 2002; Shi and Hu,
2005 ; Baioumy et al. , 2007) ,{H 2 HH ) L0 R
W AENEIATERE . IR BB CE PRy oo R
K WA T 05 KA (Lécuyer et al. , 1998; Reynard
et al. , 1999; Lumiste et al. , 2019; BECFESE 2022;
TR aT A5, 2022) , 1B B T B A ) AR
g TUBRWEH KRR T BUEAE R 3 45 i A
I T RE S WA AT R 0T 3 VR B L
(McArthur and Walsh, 1984) . O #1363, A Wi
HIEBEYCE BT i B b iy T AR R A (6
SN A AEBE R AT AV W KA 1 SC8E O REY &
SEHRAET 78 2 1 204K (Freslon et al. , 2014; Emsbo
et al. , 2015; Yang et al. , 2021a) ; @ UIFWEH, &
IR IR | Bty 0 TS i A\ DL BT ) TR i 38 Ay il e
AT AL T 78 2 I BE AT REY ( Kolodny, 1980;
Follmi et al. , 2009; Planavsky et al. , 2010; Pufahl
and Groat, 2017; Yang et al. , 2021b); @ XbAE
F, 2l T2 HE G 38 1Y 7K Bl g B85 ) 34 ) T JEE XL
T AT DU Wl K A B 45 b R B AR T e o o gl B
EHIIE A REY 895 4E (Tlyin, 1998; Chen et ol. ,
2013; Pufahl and Groat, 2017); @ WCAVEH, 84k
AL AU R 8 SR RORL A e i AR
PR S 55 2 AL A K TR K D B B REY
RBEHCRALIR KBS LK R RS REY #5085 KA
AR B 5 e 26 A it 6 5 AR B X OR A7 T 8 K A vh
( Elderfield and Greaves, 1981; Elderfield et al. ,
1981) ; & #IRIE Bl , )8 B A I 2 I B IE
P, TERR A1 fofe i 0 2% R M A B2 A )RR AE , — BRI SR
N o3 0 B e HL A B8 Y PO R AE (AR,
2004; JfiFHE, 2005; FIEEHE, 2017; X E A,
2019) . & REY BHUET PRI -0 R B aUH
5K, S 3 MREEs (& 19 + 03 Bl 4 X
(Emsho et al., 2015) , B A8 H 5 B F oA 18 H
( McArthur and Walsh, 1984; Shields and Stille,
2001) , FHUH I RCA RIS REY & 4R 19 % 8 [N
# (Canfield, 1994; Haley et al. , 2004; Kim et al. ,
2012; Chen et al. , 2015) ,fHRE IR AEH S B REY
AR EARPLE v A BTE , OB 3% REY & 47
A= TTERI RE ) AT X AFTE L

ARSI I 0 B H T R IE BRI 2558 | X B
Pea o Rrp s L oe R AR LT JEAT T AR B G4
PRI PERIM L OC R A R B e R T
RS R R B I He A K T R 4

PEBS A, S PR A L B PRI B SO —Fe 4R
B AN AN A T Bl B JE A

1 BEYCS T TR SORAE B il A

1.1 BYREH RI R IRRFE

BESCEH PR LABE AT R 5 1 B ) ) — Fof
TEAHUTEBEW PR ( Pufahl and Groat, 2017) , iy
IRATIEME G b E B BIE K IR ( Emsbo et al. , 2015;
KRS, 2017) o KRZRBEHCH H#E(P,0;) B 7 B>
18% ( Joi & 43 %) , & 1= 1l 3K 35% ( Glenn et al. ,
1994) , BERIFBESCEE R AE A ER LT R, AR
e A L VR A IR (Jarvis et al., 1994; Castor,
2008; WA, 2020) o BEERGH RAYF- 05 i
1E5.0x107° ~2. 0x 107 Z [B], & A HLETA AH 14 4l 7%
i 35 3. 0x 107 ( Baturin and Kochenov, 2001;
Ragheb and Khasawneh, 2010) , B A H o0&
(REY) M B 27E 5.0x10 4 ~2.0x107° 2], Hrp &
WL R BRA N 5. 0107 ~2.0x10™, 7] 5AER &
TR R AR E R O R S RS R
M B B S AT R B A o B A R ] Gk
1.8x107, i L L R B A3k 7. 0x 107 ( Emsbo
et al. , 2015)
1.2 BEREW KAV M BRHHE

BESCE R W A0 W o A K A
[ (Ca,Mg,Sr,Na) ,(PO,,SO,,CO,)F, ;] ( Benmore
et al. , 1983) ,Je—Fft [ A= i) 5 BRI £h S0 JK A1 (Jar-
vis et al. , 1994) . S EDMLATHIBE S AT K& o
AR L B BRBE K A7 [ Cas(PO,,CO5),(OH) |, 3%
Je— TR HESh Y B R R AR B R )
JRAT(McConnell, 1960) , A2 57 ) 4H fit B JK A1 380
THY 2% P,0,.52% 1 CaO 1 4% 1) F,H-&H
(1.2+0.2) %M Na,(0.25+0.02)% A Sr. (0. 36
0.03) %1 Mg . (6.3+0.3) %) CO, FI(2.7+0.3) %
() Si0,(Jarvis et al. , 1994) . W WK A7 28 177 728 A
SBWIR L COY T IR I A O Bl K A (X1
MBS, 1989, Girard et al. , 1993 ; Drummond et al. ,
2015) . WA TP BE K A1 2 D0 R A E AT LB
BCR AR BY BR L BR RO B R ER W, N AT AL AR A
[C3A13<P04>2(0H)5 : (H20)1\7J(@§!fﬁﬁﬁa [ (Na,K)
CaAl,(PO,),(OH), + 3(H,0) ] BREA [ (AL (PO,),
(OH,F), - 5(H,0) | ZLBEERH" [ FePO, + 2(H,0) ]
2% ( Bonnot-Courtois and Flicoteaux, 1989; Jarvis et al. ,
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1994; Drummond et al. , 2015) . WA W IKA 09
FENHBA A5 Jrfa R B KA
RO Wy Mg £ P2 (T I, 20225 #H AR,
2023),

WA B S 287 R EE A T s e i
B RAT A B P PR A8 | P T DR 55 4% 2H )
RhIE R AT A AR 702 (Riggs, 1979) o 1E i
AP DR R SCE RS M3 5 IR e
AEZ MR Z A, 8 BT W KT =R
Trappe (2001) 3&F Dunham fi i £ 25 4395 1 vl 2 1117
KBEPCE 73281, 207 R F AL T B YCA th ik o
SIORE 5 e ff l IR A (R AR 5 2 R e e AT 032
AR PRI JE AT

S B 28757 SRR U A R R 2 D e
I OSGE R A AR 23 SR A AH A0 5 AR ((Follmi,
1996) . J5ihh i AH il 2 AR BAF, Hob i (PL,Oy) 1Y
FRTE 2% ~ 10% 2 18], A 2 LK E) Tl 7KK (30%)
(Pufahl and Groat, 2017) . A [f]#h 5 J7 52 i 1) 7= A
) bR A A e B AN R A bR AR 2 AL . A€
2 I DL IR SR S R A, gl R4 2 A
BN, IR AR R BT R R R A A ik
A A FL R SE R % 8 B 5 (Pufahl and Groat,
2017) o JEhR A AH A B AL T IO R A, £L
2 SR R AR 10 PR v TR HE o A T
A EEE A A5 AV Y (Glenn and Ar-
thur, 1988) . Bltid A AH A B a2 UG a A U s
WU , 4853 31135 W9 7K 3l 3 B0 458 0 Bt i e i i) —
FIRDIRZS TS o SREUA K IR EE 3l T v] LUK I i
AR BR A S B AT LA A B AR T A g
T XE DX R B R Eh BRORE X SERE IR R BRORL 48 5
ek s A ETIRUS B T & B RDIR TS
gk (P,0,) B9 & = 7 ik 35% ( van Kauwenbergh,
2010) o J S B4 R XU R0 I A T LA i R R JRE
T AR BRRRER BORL , T SRR BE it 1 1) 1 o BT B
K (Pufahl et al. , 2003)
1.3 BEREY KBEES

TEHBITT I S v, B A A R 2 3 3 4 R
URRRE, Al T AORER R RS 6 TR
BB FF . Hoet (2 000~ 1 700 Ma) (= H
g —FERLFE P BB S22 kP a—h
A HE 4 —3AC (Pufahl and Groat, 2017; E 1),
WA TR U915 25 3% S 18 A 10 B A S R
Rl KA IR e s A 2 DI DG 2R
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Fig. 1 Temporal distribution of phosphorite deposits
('modified from Pufahl and Groat, 2017)

BEPCE PRAIE 85 AR TE sh B VTR OG . W2
HEYTE BT LT R EFRICR  EAEYIR P E R E
) BEAT ALY, 1X 285 WA ML) e B D a0 R v
() BRI, PR I AE W 2 BB A TR HUE R
AIE R (T T ,2022) o 4 T8 A2 45 17 i AR W AT
DA Wi 7K rh it 2 i i R AR D4 L E G A6 R 2 i A HL
YIAEAEAEAR N, & B A HLY) T R W BE A= M 1R SE Tt
HGE BN TR IFBE A AR SR AR B AL
S B AR AR BN DR LK b, S BL UK
HR gl TR AR 5 2 1) T o A SR A T, AT
AT IR (Schulz and Schulz, 2005; % SC K%,
2009) , HiJST T b A W Ak i T R RERE A R
EPEPCET IRIE L, ool AR 405 | e 55
A W U R FASE B RR ) B 3 3 B B = A T
Huask Py RS — R CE R, BT IR R AE T
A W 0% B W R4, & )2 A Ak A %5 (Lepland
et al. , 2014) . FERZEA W) KM I 2 A= W) ALY 75
— R, BB TC IR 2 A R 25 08 2 A ) i R
T U mE G K B e T X — I R 2
WA, X IR BB b WO i a2
S S IA M EEYIA A I R T R S A TV
WA A B LR A A (R B K%, 19965
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Pufahl and Groat, 2017; Lumiste et al. , 2021)

Rt KA AT LA A5 K i U 40 o s ATV, O
Rl XA 8 i R AR 3E 1 25 W 1% 3l B, o Sl e B
A iR AL T 78 S W) o BE il ( Zhang et al.
2021) , BB VR Wi o A A A T B s B R
o3 OCHE, AEH BT s b ORIl XUAR A 6 S 2R
JE 5 RS B A AU 1 28 1k B EUHH G (Papine-
au, 2010; Pufahl and Hiatt, 2012) ., 7ot ek
RV ORI B w1 4 20 73 v]
RIS Te il AR AL (GOE, 2 400 ~2 000 Ma
A AGECH AU AL S (NOE, 750 Ma i) AHY) &
(Holland, 2006) , RAEMFAM R LT, KA HY A
USRI, 1B T A T Y 15% (Can-
field, 2016) , A& B FHEAETE T RRE AR X
ARAE T, R bR Wi B e ARV | S A R IE
AR T P Rl ( Follmi, 1996; Pufahl and Groat,
2017) o I AE XA, OR UL R R B B B R IE
B, HUA T E 0 50 R AT I B B ( Drum-
mond et al. , 2015; Hiatt et al. , 2015) . FocifUE
eI R SAE B I T 50% , k3 BLA A
AR 174, 1AL R BRI LS KR
30% 7K (Lyons et al. , 2014) . AP EINFE
G GEE D) B R A NN G = SR U =R f K e
P, B0z I 30 IR K HR B TR R S R AY ORI
(Planavsky et al. , 2010) ., #RIfi, A W5 H K B

PINUT AV R (e H LS (VS PN R PN SR e e T
1R, IEHE s — B R HOE ) 4 e LT S T I
R 7 2 s | T R Bl XUk 5 S0 ol 14 o
(Laakso et al. , 2020) , BRRAA S AL LIS,
A S Akt AT A3 S R e A i XA P i R 1 5
MR HAE IR AT B, R B 9K )1 28 3 K
i b1 7 (1% 5 20 RUAR AR b, I o V9 K o i A R B
U5 Jit, o AR 2E B B A B B (Follmi et al.
2009) . P bR oK 5w A R kB B AR )
AL BB B Bk 2 W vk L BE & K
i HL A I B ( Pufahl and Groat, 2017) . Meab, S fe
R AT DA A 0 B B IR T 78 R AR
AT DLl B2 08 B AR AR #E PR ( Filippelli,
2011)
1.4 BRET KMZES

B i DI AW 735 =X A7 N LN F 7 N e
A AEALIE h 4 B M SE [ (Pufahl and Groat,
2017; B 2), ACAEFN AR A BE AT R M 1 S - LR R
TERE AR 45 1 — &840, X2 MK b A K A
WA X, i S 0 i Y 85% LA I ((Pufahl
et al. , 2003; Jasinski, 2016) ., BARPEBICH K
BIBE L ve A By B it 1A A BkAY 5%, {HH: 2016 4
FIRE P~ A S 2ERAY 45% , EE P BLAM AL
B RGN N )8 T 22 IR 5 98 I 2016 A B Y
80% , 1M 220880 W 5 10% ( Jasinski, 2016)
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The distribution of phosphorite deposits with different ages (modified from Pufahl and Groat, 2017)
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A EFETE BB s = B4 A 70 7 L TR
Hu DX, Ak SE VG &R | R 38 A U R A8 KRS 22 (Robert,
2009), EARMKXESSERAL, BERYRFES,
H Wi B+ 43 % (Schulz and Schulz, 2005) , A] DA
TERK it & WA LY, AW AET 5 M A DT
Yy, S A ALY A B AR ORI FLBRK Hh o i B
BRI . MFLBK PR AR 1 35 B R IR
A B AT B9UTTE (Schulz and Schulz, 2005) . 41
IR AT R I A BRI R B e e
Ko BEPUAARIEIE BOREE (A 7] S AT L) 43R K i il

CRWENT R 6 78 & 8507 (Pufahl and Groat, 2017)
PN iUk 302 M oA e o d i DU BT =R B3 S UPN i
Bh % & W) L TSR K A R EOX X A YT
SERE A F TIE M P A 07 K (Pufahl and Groat,
2017; Kl 3a) . WRIEZELH K AETER IR, 5K
Wili 0 W AN TR] ok BB TR Y & Wi K AT LAEA
REGARE  JFTERAN R & EUTRR A il K A
TSI ] 1) 125 ity BT B HR 5 B PR (Pufahl and Groat
2017; K 3b)

a KERh#aky

<€— 100~ 200 km —3»

b iR

K 3 5 EFA LB Hes s E AL E (48 Pufahl and Groat, 2017 f&240)
Fig. 3 The schematic diagram of upwelling-related phosphorite deposits ( modified from Pufahl and Groat, 2017)

1.5 BYHRETARRTHIERESR

BESCED IR 2 Z B 2 R I, %
W EE, BHE I8 8 2s 52 B - T TR 5200
GIPNSCEUR T v SN ORI A W 371 41 R 412
Wil 4 D AR N, G LA S S BG hn, JE OK B B
s Rl 2R R S R DR R R ARl e A
4k ( Compton et al. , 1990, 1993; Mallinson and
Compton, 1997) . 0 &, 76604 Wi 3h 9 7E H
T, ST N FLBR K 1 A 2 S5 R B B K A
LA, FLBTK AT DIt B AR A T i (Jar-
vis et al. , 1994) o TE b THi R ZUH X, PRAR IR K &
i im HE & BERER S5 B IR Y, UE W T SR

& MK R TR A ) WO KV AR B R R, O LA
REFREA VY I X T Az s S RUEY
HUHE TR 2 DU 2 A i A T SR R, HL AR Y
RBEIRER A VLY KA 531, K B R AR B R il 27T
WAL B K, S B0FL B K P B R AR A i T
(Schulz and Schulz, 2005) , T 24FLER/K H A BERR AR
Frig>4. 0x107° mol/L B 25| k2 [ A= 8 K A1 B9 UL
JE€(Schulz and Schulz, 2005; & 4a), EZT LR,
BEES I TR PR BT A i B AR 5T IS 2 K R
DURRWI T I, IR A ( 258k ) ] LA
A E [ FLB K 3% B R AR 19V FH (Heggie et al.
1990) , BRI (A B ALY ) W] LA BHIS AU IS 2
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K A R ER , I R AR DUNE . B BN W
PR BRI B WA, AT =AM R IT R R (R
SR ) B I i | SF R R A Tl TR R B R T 3 AL
Bk i TR () AR A Y

MIAETE , A (S ) 7RI Z DU H A AE DT
TEV ARG, X — AR K P B RR ER IT LR
Wras kb (EU k) fan ik 2 TR IIFLIUK H JF
T AT 1T TE (Pufahl and Groat, 2017; &1 4b)

IR

K 4 oA e fid #2 (P8 Pufahl and Groat, 2017 f&i40)

Fig. 4 The formation processes of phosphorite deposits ( modified from Pufahl and Groat, 2017)

a—i% - FHRIREE A WL (C) FETURW A M e e (LB T PO AR EE L WTUE s A KA, F 3R NI/ h ™ & B

TR BE R B IR AT OVE TR BE 5 b—3 B THIRERSE B4R (2R 5 AR SR A PR ] AR AR Z D0E R =R AR OB FF , 7T AR
[l fLBEAK PR BE IR EE, |, 12 A m] LAGE ALK v R R B RO RE FRER W o—BRbCs B AR IR R IE B G . A DL SRR, 4

A S ) R VAR AT AN BT DU S SN (o T UL R TR AL 5 A LSO R A g I, 4 P i S St T 1) S e = LA K
SR, ROk KR B UURE A A BT RS SR L AN [ T AR A B T 1)

a—strong upwelling environment where microbial degradation of sedimentary organic matter (C) in the sediment increases the dissolved phosphate con-
centration of pore water, causing the precipitation of authigenic francolite, precipitation is limited at depth by diffusion of seawater-derived F~; b—
weak upwelling environment where cyclic precipitation of Fe-( oxyhydr) oxide and its dissolution below the Fe-redox boundary during burial pumps
phosphate into pore water, which maintains high phosphate concentrations of pore water; c—depth-stratified paragenesis phenomenon of phosphorite
deposits. When deposition of sedimentary organic matter is low, the redox interface expands downwards, glauconite and pyrite precipitation are located
deeper beneath the sea floor. Increased productivity and delivery of organic matter to the sea floor causes redox boundaries to telescope up towards the
sediment-water interface. Black arrows show the direction that the zone of pyrite precipitation shifts in response to differences in organic matter accumu

lation

BRHCA T G R b, Wl A R TTTE FIr B Bl 9 48
PR S o5 1 A8 A 2 4 o A= 10 HoAt B 2R ) 1 A
B, T B HCE BT IR R A 1) A A0 YR B S JE L4
(Glenn and Arthur, 1988; & 4c) . fEUUF)Z A1
U sun L LN N N RIS SN K /Y TN & PO AR
FETRE 53 27 90 AE 25 ] 10038 A DT 22 0% D
S HEET A A mET, SR SLBK T R
Yrre ek e (2 AR ) TRk I, O A LI A1
(Glenn and Arthur, 1988; Pufahl and Grimm, 2003) ,
BB R FE HHE— 25N A 3R SIS Ji 240 B D B R
TRERER A Fe™ FLQ JEMEGR , IF & A B k0T DUTE,
M A R B R ER R H = A UTTE 9 30 ) 2 3 1 57] ( Baker
and Burns, 1985; Slaughter and Hill, 1991) , fifi % ¥
FESE—2P IR, M B R ERFE IS, o A R AR TTTE

TE DU A W Bl S 3 ) 2o 8 o W8 TR A DB 5 R
HEAASLBRK, PR BE JKA AT DT 3 A4~ 2 2R ) 1 41
o] B Bt U 3E ( Glenn and Arthur, 1988) . {H 2, 41 &
WA (BB IR A ) BT VE 7 8 AL K i) -
I, ELBE IR AT 105 ik AL 52 ALK v Mg™ A vk
FEA pH AE RS20, 134 PR 3R 34 52 BN ORI IR B 1Y)
S ALK R F S R 2 i T L K I T
By 8 FIRE S, Mg IR IE S A = A DTTE A
K, AL 2 22 ALBK P By pH AAETHS .
e AETURR I b B KA e — TR B B TR, A
B B — > 32 U B 458 il ) B W% 47 ( Glenn et al. ,
1988; Jarvis et al. , 1994) . T HUR P % 5 R
PR JE IR AR A X BEYCE 1Y A A0 W IR )2 1L
EHA—ERW, YA PLETITRE R, A lid
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SR ST ) R YR Ak RN BT DTVE S5 RN AL T
DURRWITRAL | A AL BT HORR o A8 w8 i 3% S g i) [
JEA 2= PUFR Y - /K BT ( Pufahl and Groat, 2017)

TE 8 it (S B R ) 0 B AT 3R A A P T AR
M 4 3% B2 B 197K 8l 1 3745 (Pufahl and Groat,
2017) o HUTHUHAMARE: 2= 2y TS | 78 TR P 4
DR S AT B A A A ) A RERR R TE I
WK A Er A W R AG AR RS A AR R A 2R
FATLUOE SRR R 1 ~5 m B ) SE A 50+ 2 B e
5 (Pufahl and Groat, 2017) . 1M 3h % 897K J7 BR8]
AT LA Ji 46 25 AR ) B K A0 A A i — 20 1 AR
an R E B YA W A AL, BRI A AR AR
AR AL B AR TORR™ 1 (AR R Eh 4 ) BE it X
1, 25 H B ES KR 25 Bl 7 K ) BRBE IR, iR e A
H Al 45 4y B ok W AT DR AR T R
(Pufahl and Groat, 2017) . JE#M: a0 R R ZA] LI
TEXT B IR A A2 Tl 35 /0 B A7 0 T o8 it i 2 A A 7 8
T B i A FFRIURR B BRI ER TR o 4 i 5 25 1Y) 5
A R ER (AT & 30% ~35% P,0,) B A ( Glenn
et al. , 1994; Van Kauwenbergh, 2010) . ¥ JiE Al %

Y5 BE DR E T B HUE T R A s R B T R R X2
22 R f st ] T o DU e 1 A5 R 2R T M 8 1 R G
FRER U T e . RS 0 00 P-4 m LA 45 9 TR
R AR R R 2 W R IR B R L, H & A R ek
. P, 3% 2 B Al /K 3l I R B T 5 i I
Wb A FOIE 43 # % (Pufahl and Groat, 2017)

2 WEBCE PRI LUK EE

2.1 BREWIRFH REY 2K REY R E
PR REY B9 76 5.0x10™ ~2.0x107°
ZEL ER TR (LY TR E) BEAE 5. 0x107
~2.0x10"* Z ] (Emsbo et al. , 2015) . K a1
RIFG T I0E &84 PAAS( Post Archean Australian
Shale , UKFIE 5 Kt G241 5145 ; McLennan, 1989)
IH—ARAb 3 i R B 3 MR R e P
> A B4 MREEs (™ %R HREEs & 4 54 ( Chen
el al., 2015) A AUBEH S O RG TOT R & & Koy
BELAIE 5 R . Bif ATACH HREEs 5 S U4k K
7K TR LB (Valetich et al. , 2022) 110

T
10 = 10
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) w - - ]
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La Ce PrNd SmEuGdTd Dy Ho ErTmYb Lu Y La Ce PrNdSmEuGd TADyHo Er TmYb Lu Y

HIHBEHCATE £0F PAAS bruifble /5= (e R i 45, 2019 188 IRV BTA 45 McLennan, 1989)

Fig. 5 PAAS-normalized REEs distribution patterns for phosphorites of different ages ( modified from Chen Manzhi e al. , 2019;
PAAS after McLennan, 1989)
EHIE ZA0E BR300 s o0 S A BRI BESUE IR

the points of squares, triangles, circles are the REEs distribution patterns of phosphorite deposits with REEs contents ranging from high to low, respectively
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MREEs (™2 ] 5 53 A 18 ALK Hh i # ot
KWIMAM (Yang et al. , 2022) , HRH" T FEA
Al R — R R, B R - oc R i
A3 AR SR 2 RN TR RR 1 o0 2 43 S LI 3L ] VE H AY
255 (Chen et al. , 2015)

bR T SVAMEMR TR o R, A TR
PRIHLARE S 0 300 25 A ) AR A A R 42, L) Ce
S Eu FH L Gd R LY BB N A W (Khan
et al. , 2012; Chen et al. , 2015) . AL AR 3T
Kot EELEY N PAAS H—bA R &, A
REFEFICR LR & B AR,

2.2 FBEREWKT REY BIKRSE£5372

BEYCA T REY (9% 3 585 & | 2 0 3 IEAHOC
(ZEDhAE, 2017) , ABH REY 3 2 WRA7 T 85 K 4 h
(BRSCHESE, 20225 TR a1, 2022) , A, i f 2
HAEEYA T R BLLL TR MR WA T2 0
Z P FR 4 o0 F RERCE R A D B R S T,
UL REY WAFAEARAE T8 A A 4 (R SCHE
45 02022)

BEYCE T - oT R s R B TR
(Pufahl and Groat, 2017; Valetich et al. , 2022) , Ifif
HEATA A K i H o0 F FE 2 3 kIR . KBk
AR S A VRS HUE AT TE DA B L ( Chen
et al. , 2015: Zhang et al. , 2019) , O Kb KAk 5
A VAT ECR ART LUK R B i 8 T R Ot R DU
A JORE VT S ISR s 2K rh 2K
HUBDIMARG 1 e R 1Y B2 4R, ARl 8= 2 6. 9x107
mol; @ MFIRHR S A, F AP 8 Bl IS 1L g
KT B - u R A B K b FLARIE A DG i b
RS E /b (H 3 5 IA Oy HOAF 38 5 AR T K Bl XU AL
@ WD RE L, 1 5 sl i B TR ) 5 1 7K 42 e
22 AW SO K A B R T 2 ) A2 AS R 1)
KRR 1 oe R AR L E R i K, ok
ﬁzlﬁi%ﬁgﬁj{,ﬂﬁé"‘] 4.5%10® mol,,

s B KA X TR LR E A
AEFEDURRET S RN B A e A8 ORI DTS
T 15 240 & ol R A 2 B TRV K v RSO K rh
0] i o v N B 0782 S SN NI A0 B S B R R AT 8
WAV, 5 KA T LA I 5 0 K 22 ik, I AS W s R 8
i + 02 (Valetich et al. , 2022) . BIA TR,
DU AN R A AR (R A ) SR 4y
02 R B T K Hp (A 6 £ 50 9B How A DT 2
) JF A S TR v PR AR A O D A AR A R A

B RS AR , FE TR L R A R TR B U
i LR DT FLB K ( Chen et al. , 2015) , X
AN AR TR N B9 I A AT DAL B K
Wi Lou R AR TR AR AR S R E Z IR
TEEIIE M B i, 28 07 B0 i 00 4 T R A0 Wl K
A A PR EE K 2 I8 20 BB s
b A, AR B ACOR = B9 19T R (Zhang et al.
2022) , VLRGBS BIIRIG o 2 gk S i b s,
B H SRR KA TR Lo Z &R, fTAY
Xof L AR J5T PR U i S B B PCE R A R IR RGE
AR I A v s BT 3R 1 AR, A A B
PO A H T w b s o 1 A 5 2 AL A (Xing
et al. , 2021)
2.3 BMRETAEANHBLITESRIITE

BEPCATE B B rh B9 Lo R i 2R IE X
DL LLw IR A7 A LY R, k4 E A (=R AL
V) B0k R 2 R RORLY TR R OT R
TEPEPER B A 30 T e R B4 . TR
oA Wl I G R v A TR S0 A 0 e ik
AR EAT R R BT W oo R AR AR,
2.3.1 DURBHHM LT R AT N

DURREHY] Wl I A X A 1= o0 R 10 s 48 LR A
¥, HA K445 (Elderfield and Pagett, 1986; Chen
et al. , 2015) . W KA RS 10 2 B3R a4k
H K H Ak AR K B HIK A 22 R AE . FT B
FEAW] A [a) b 5 7 sk oo 39 %) oty v K 2 B 5 AR
% i ER DY i SIve Y = W 4 = S R T N e
R ORI Ce TASRH Y IESH 1Y4FIE ( Sholko-
vitz et al. , 1994) , WK 2 EM T ITR & LR
MG 5K i BRI ER T &Y AT R B IR O

(5% G I (e o v = o A DN [ W d & LW /At
B XA G457 TE AL B R 1 - PR PR R IS5 ) Ln
(CO3) ", LA Bty 51 i i s - — WUk FR R TiC 5 4 Ln
(COy)*, Horr “Ln” /R AEA] 1 & 5C % (Ohta and
Kawabe , 2000a; Tang and Johannesson, 2010) , H T
Hir - = XU Rk TBC & ) Y Rl 5 BB T OC R et 1
JP 50 88 oo g ( RPERCRR - - U IR R TE 5 ) [ iR
i - = XU TR ER & W) S INAEE ) | TR - - B ak iR £k
W5 e M AR A AR ) TR GF AR B, T, 2
F-JC R A T SRR R LA, T T
R ) TIE BOSUR FR ER BC & 9 ( Ohta and Kawabe,
2000b; Luo and Byrne, 2004) , 4 iF HM B9 H £ -
FABR IR ER LA W 5 ) WM E A DL sk A ) 55
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TR RORE b, I B8 T TORL Y TT0VE BT K vh 25
% ( Sholkovitz et al., 1994; Arraes-Mescoff et al. ,
2001) o P& AR BE BYBE AN , T PETORE B 25 B 1 1
ZERE BT R T ER TR E R B
AN . 3 ( Nozaki and Alibo, 2003; Zhang et al.
2019) , XBl LREE B 5 i R ORI R B, 38
S FEUR  EM TR AR VR A B RS [
H LREEs .5 T 5 RURLZ5 A& ITE, #OL7E
TR PP RS T P N (), A0 Pr B B ] 29 240
4F ;1M HREEs I B8 I T 9504 G Lu (9 45 B4 1) ] 24
2 890 4 ( Broecker and Peng, 1982) . A AW A&
B, R A0 W DR it A 5 R K% 3 T H A 1) ARP A, 7T LA
T A AT | P I R | R T 2% A5 T AR R I
WK & i + 58K (Zhao et al. , 2013; Yang et al. ,
2019) ,3F 2 8 HREEs & 4 W # £ 70 % Bl 53 #1 X
(Bao and Zhao, 2008) , 7K H %L L4 # Al L DA
BIEWURL W) 18 LW B G A B T R AT
(Ohta et al. , 2009; Le Meur et al. , 2016; Su et al. ,
2017) , X HBC A — e semk, R, i
K BAT M IR i B T E AR R 1T
R HIE

VERZEMICER , Ce 5 Hofth#i 50 3 BA BOAA
(] Py b sk Ak 2247, R v K T g T B ()AL 2 50
A, REUL S K A AL R, Ce K
AL +4 T ITIE BOERS 1Y Ce ALY, 258 PR A
K PG R, TR B 7K B S Y Ce 71 5 85 R AIE
Ce AL TR K 0 R BL 5 HEPE OB S OL, 25 Bl
K TR 3 I K b KB R Ce 97 53 R
EA 23 B 25V /K R BE IR T S5 N W 4 ( Zhang et al. |
2019) . Y MyHBERALA TR 55 00 2R ER AL, T KA
BEHCE IR R EN Y ERE, RN Y X
HARE IR Ho HNE 5, BIAE & A EUS 1Y Y/ Ho
{B. #Bor2FE N K BA T Y/ Ho fH 2 B A1k
Yy (A ALY ) BRI Y I Ho R BfF g T 22 S gk
T By, RV GRS A (R Ak BoRixT Y HoAy
FER A W B AE T (Yu et al., 2021; 2B 2% HE %
2022) , /KEY Y/ Ho {HH ZHUA A AR AK T
1 A AL TR 0 K BROR B TR AR ok TR Y
T HEIEFR (Zhang et al. | 2022) .

M T KA R T8 B Lo R 2T E
W [t ( Elderfield and Pagett, 1986; Chen et al. ,
2015) , Hi/K i # o0 3R Be o458 20 42 BRI A +
JCE & HE R4 (Sholkovitz et al. , 1994; Valetich

et al. , 2022) , KI5 K fih H. 52 B i R 52 w45
/INEBAEDR A 3 i T DL B K A B T R e AR
(R C RO AR E W A Ce 7153 % (Elderfield
and Pagett, 1986; Grandjean et al. , 1987) , UL, &
N AT 8 0 2R e AR AR Sy i g vk
AR B vty o v PR BT I 48 B8 (Song et al. | 2012;
Zhao et al. , 2013) {Hiz38 b R A7E 2 B WA o 72
SEMAL/ NG OL T ] LAY B2 e il T K RHALE ( Chen
et al., 2015) , A[E B BESCE B R B KA
M oo 2R S 1 e R e B A R 22 00
AN AR AN [ s 39 oy 3 2K B AN ] 2 10
JeFis 70 2 L 43 A X W 45 ( MeArthur and Walsh,
1984 ; Grandjean et al. , 1987; Picard et al. , 2002) ,
(BRI KT L[] s S0 A v AR T~ OB B R TR
e oA, e B 5 I s g At v iR K AR A - T R
oI TE B A8 Ak, AN [R] I S B A 0 R
TCERBC A1 25 5 T W] RESR U T B 300 B e P 1
EINEEA ( Shields and Webb, 2004) .
2.3.2 WA SRR PR TR AT A

TER s T R b, FLBR K B i 4 o0 R 20k
BEYUA RO I R LA A B 2 R, 28 ik
T e i AR R A S T RAR A0 O BR DT AR i 48
JIT 4k 7 Y i K B i 5T 3R BE 53 FFAE (MeArthur and
Walsh, 1984; Shields and Stille, 2001) , H-# K 2%
SR TR RN LT R A H B AR
B+t R & (Emsbo et al. , 2015) . ALY
KL BRR A (SR ) 2RI A DTR i 4 e
W B A Lo R wi LT RIS Y, e R e
P RO 1 IC R MM AL B K Hh LT R 5+
# (Chen et al. , 2015) . BB ATHE NSRS TR
Hf T R A, T 28 500 W B L BR K R
TR G, Hfi LT R AL Bk i + oo R
B /3 X T 8 35 ( Elderfield and Pagett, 1986; Chen
et al., 2015) . 00w ity BB HU A TE Lo 72 v 23 PR
OV ()38 IS R T 28 100 22 R i 2 ( Zhang et al.
2022) , A HLIORL k4 ALY (2B AL) O
T K v A TG R % 2 L UK v Bl R A I BRI
WL, (A58l K A AR 1 T R AR T UORR T I ) 2
P HA L ou RBC A 183 19 2 1 ( Canfield,
1994 ; Haley et al. , 2004; Kim et al. , 2012; Chen
et al. , 2015)

A ML AE I K 3 DL RUR A MLER 1 B A7
T, MM T IOC R AR T B 0 5 0 ) KR
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KA BLOK b T Bl 2 & A TR, BN K & BR
( Byrne and Kim, 1990; Sholkovitz er al., 1994;
Tachikawa et al., 1997; Arraes-Mescoff et al. ,
2001) . TAORA LA B B S 2 DU b & 2k
G, T JCRT LAV il T UORR ) ALK v 0 9 i A Bl
e, IR DA 7K rb iz i i) s 4 90 R BT SR ( Can-
field, 1994) . AHFFEE N JiX—id el BRI s
B TR A FLBRK , L ER AL 2= R AR S T TR
WE EM LT R KA Z b AR AR AT P 3H
Fii TR AL R X O W B A (Murray et al. , 1991)
SR, LA BIFTE R Y, O AL SR 70 717 A= i 114 i
A BB A ] T B AR R OT R, X AT REA B T E
TICRTEAL B A 4R B AT B K A (1)
B PRARSL R AL H A - OC R (Haley et al. , 2004;
Kim et al. , 2012) .

BRAR A (A ) ORIt T LI K Hh
B R A £ T &R, T AR 4 RO G e P AR A i
SRR R A o3k R T R BRI ALIR K Z
W (Heggie et al. , 1990) . A NI AER S BEEL A
Hir -0 2R kS 1 b R AL SRR AE S R AT AR (S
16 s 0 R BT (0 H BAAHLIIA AR AE R R
W (Chen et al. , 2015) ., I3 WFFEE AN B AR AL
Yy (ALY ) 7T D PR R B K TP i AR T
L IHE IR PR s R B LUK BR
A A AT s 5T 2R R A i 0 3R L AR
#(Haley et al. , 2004; Gutjahr et al. , 2007; Bayon
et al. , 2011) ;WA 2AF DN M A AR AL (24
A ) A0 1) T 7 A i BN A TR T R AT, TR A T LY
Ln(CO,) ", MTCE R BEAY) (AR ) W B A %
TR TE 2 1T F e, AT R 5145 67 L B Lin (CO4 ) * ( Soy-
ol-Erdene and Huh, 2013) ., WIH] ATk, BHf + 0
FA ) T AR IR £ A ), T E A T R 1]
TR PR £ L & ), X5 2o A Ak (28 AL
W) Sl Je W Bt LREEs, 1iii 2k A1k 2 (2 8k ) 1
JeW i HREEs, 7ERCA i R v, 3% A0 3 [m] 0k B4
2 FEALBUK RN 7 152 E/M Lo, B
Wi - JC R I B R 2 IX — R S Al K
A kR, T R BT R R R TR B
#23 (Ohta and Kawabe, 2000b; Prakash et al.
2012) .

R SRR, B A LA B Y J7 200 AL
K B9 R £ o0 R 17 K (Elderfield and Pagett,
1986; Chen et al. , 2015) ,Tii 24 3 AEERE I W 1

B R, B A LA AR AR O R R Lot
K (Liao et al. , 2019) , XJEH THi LICR SWEK A
HHY Ca® 8 124226, #i 10K i i) REE™ +Na+
©2 Ca™ LI REE™ +Si* «>Ca™ +P™ 1y Jy IR R
MBI TP i Ca®  #EABE KA1 i (Chen et al. |
2015; Hughes and Rakovan, 2015; Liao et al.
2019) , MK AEL AiAs B AUTT Uk A LT R
AR BAT SRRy, T LS 2O B R 0T
EIMEMSL (Kidder et al. , 2003 ; Trotter and Eggins,
2006; Bright et al. , 2009) , KA1 3 iz W By X
Wk Lot R, SRR RINER TR EEAL
(Zhang et al. , 2022) , T B A FE 8% K AT 99K dh A i
PRI T AU B4 (Liao er al. . 2019) , LM
AR AT LAGEAS M2 i vk T2 R 1 T0 R 10 iR
I, AR A2 22 00 B i e e v 2 8 L 50 B
i £ KA BRKL ( Zhang et al. , 2022)

3 WEPSSH REY B B R REDL

3.1 BEEdRNEZ T

R SCHE BN BEHCE ThB A X T35 LT R i & 4
TR A AETORR N AR i B AR Y, 3T
FRE Y, W K A b REY 1Y 32 22K U0 i3 7K (Elder-
field and Pagett, 1986; Grandjean et al. , 1987) , i
WA 55 K ) B ko B 2 R E B A TP R 10T R
TEAOCHE, TR S AT IR U A
WK 2 1, XAl A ] LATE TR — 1 7K
S K H A2 8 M 59 /K % fih ( Pufahl and Groat,
2017) o AEXA SRR, B A ] AAS B AR 7K Hh
WM e R I, IR B m M Lot R B, H
M5 PRy UL, B SR A TR S R
BP0 PRI A BAT BB 1 ¥ /K A 0 3R Bl A
fE(HEM FITREE, Ce A FH) , XU HUEE TR
ST R ) A 1 00 3 0F AN DUE OB 8 4R REY
AIBRICA IR

R A R T REY /9 32 2R U L
Bk, T TR AL B K Hh A R b 5T 2R R T L A
AR A A ALY B kR e (R
$i(Chen et al. , 2015) . ALY B ARG EALY) (2 A
1) ORLAE HE A DRI AT, 25 K30 55 T K fih, O
TP 1 W BRI K AP a A e ( Byrne and Kim,
1990 ; Sholkovitz et al. , 1994; Haley et al. , 2004;
Soyol-Erdene and Huh, 2013) . i 243X & 5k F A
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TUR IS 0 o i v ) A W% 3l 23 0 i A L
TR H v i s oo 3R R i B AR W L K
(Canfield, 1994) , A HLHI 2 S EOURY H
LR A X R O R AR A A (AR ) R AR
I3t A2 TR ALK T B SOR +JC R (Gutjahr
et al. , 2007 ; Bayon et al. , 2011) . & LIFFSHT
FRIFLIBK B9 e 3R MR B A B — R K-
TFLBK b B9 TR I A e R BB R A0 2, JF
SEWE KA R R AYERE (Haley et al. , 2004
Chen et al. , 2015), &5 % &4 REY WA
W PRI AT LWL 3 55 W1 2 i b s o0 R M R R
ik, 6 IS 0 o e P A i A A T 3R R
FETUARI IR o R S EOTRDE iy BA
JKRHIE ARG oo R B e Jevk U], ik, H
Wi B 0 B 1 oC R A AT BEXHIE U
REY MBEHCAH R 2 G E S,

XK T R B AR TTORR v ) BT I il e o
FE RIS e B, 12 b DX Ay BORE R A7 7 T I 1Y)
Wrasfy, B L oo R & & K o0 B A7 1 22 7
(Lumiste et al. , 2019) , TERE B A ERAL I HOF AL,
Hff o Z S RBMHERER L TR EFE,
ORI B 1036 KRR AIF 5 TR sRoRL AN 285 - e R s 4 HL
SRR TR ARAE, B R RO AR B AL B K
TRk, FIA 2 1 B BB AN W™ B i A B T
T ICR AL Mt e B T PR A BROBLIY A1 J2
Wi 0 R i B, JFHEN AR B s o A
SEWMH L TR EEFIF(Zhang et al. , 2022) , I
Hb TE BN GG S50 0 D R B A b | B KA BRORL
AFEAE W] B A Hrp s Lo R E AR W] B
(Zhang et al. , 2022) , iX ] g & BB A T B DR A
+ICRY W (Liao et al. , 2019) W5 ¥4 T ¥ — i i
RABE
3.2 BRAKEEEE K

AT 4 56l X s 1 e R e s i R ik
FPWFoEms A B, Hoh sk Ak 7 45040 52 B0 Eu 1 5% 1Y
S, Eu G R S HAR UK 0 EE R AR
Rtz rp W SR B A S BT A IR
VRIXFYBREAAHOC . 1 Eu 1E 5 9 38 5 B0 N A K
P BT S RO A S 5 Lot R W R A
(Michard et al., 1983; Mitra et al., 1994; Bau
et al. , 2010; Khan et al. , 2012; Kim et al. , 2012;
Fan et al. , 2013; Zhu et al. , 2014) , X {5 B 5550 B
Yot b p9Re LR W AR I T AR 5 1 IS HOR i sh A

K(MAFEAE, 20065 FRIFMES, 2017, X550 4,
2019) . SR, AT BFFE DN g g A3 o g IS i
ANFEERIHR 0K JLF- 0] L ZBEASTT (Chen et al.
2015) o PRI, Y JIE PRI Bl 2 15 ] LA ELH A e s
A LOTR  MAFESIL,

R PRI U A B AR IR T R LASR T IE
PRI i ] BEE 2o 1] ROV h R R R A A (R
ALY BURLAY D7 3, e il w HUAE th s Lot R iy
A TR M X A BRI T UL AR oA
TERFH W LT R B8, HE W L o R Y
AR R B AT (It SR F A ) BRER ALY
(A28 WLY) .+ 58 A1 55 (Kato et al. , 2011; Liao
et al. , 2019) o JEE AL IETIRR) ROTTAREREE T
B RS CE AR B ook J 8RS
BEYCAE BA TN ez b, B A0S A B
AL (Z A AR ) IR R A £ TR R AR
B TR AR A LUK SR PR TR N
AW A T T TR B A O FE ( Byme and
Kim, 1993; Bau et al., 1996; Takahashi et al.
2015; Bi et al., 2021; Abbott et al., 2022; Ren
et al. , 2022) , BIATEGETE R TR I A 3 DU R
R R OT R & B, A IR AV TR O B TR T
DURYIRG LoT R & Aol HUURY P a9 # + oo R
i K He [RA7 28 570 (S WO R i A4
AHEK) B EEW)A (Kato et al. , 2011) . Rif NTERT &
Hii 0 R AR T DU AT W ST B, I B85 96
Pt BT TR B A s i Lo R & i
I X R RO A B 2 Bk AR A (AR fa
AFTFEUW (Liao et al. , 2022) ,AAE T IR I
BT H TR AR E DU, e s 0+
TR &R A T BT S I VTR T
R ARSI R AL, BT S PR T 11 I L A 2R
BRER ALY (A , S iR B B B PUE P
BRI IREE 45 K + oo = & AR DU, iE A B
Yegr 2 IR ZGE A M Tt R w4

FEME TG N, i L oo R W R R B s
R P LT R R RE (B 5) T A
WFFE R AR AR A (2 Akt BAT S g v
i e R MR AL (Chen et al. , 2015) , 3X 5
INEAR A (A ) B R AR 0 E I AR
Yo A T RE 2 s o W s b i LOoT R W
ERIBLTR BTS2 B, VIS PR 1 rp mT L HE R
PR ALY (AL OB, H b 85 OORE Y
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ﬁﬂ%(FitZSimmons et al. , 2014) %%?ﬁf{m,d\%ﬁ
KLY Ph A (SR ALY) TE e i B I FE
KM 55 T K 4% ik, A AT RE 2 IR BE R S 9 RO R
TEER I 2 e M M DX, 38 20 T 26 M LT R I R A 4R
ey (SR AL TEBE B E T TR, e L s i
PR TR Bk JE LR S TR AL
Bk o B AR WCALBK TR ARG T R AP L
T EA R LT R R RE R TR B
HIBEBCE o

(1) WA B PRI 3200004 o 40§ DK
1o BEBCE AT T DTt AU B9 6 A1 i 30T i
P THALHL D, I IR] L5 A 0 3l Bl Y
R il XA ) 4 e J5 AR DG IBG , ECIR 32 1 T
Thi SR sl ALBUK B Al SR PR i
FR A R 5 S PR 2 T ot o
Y FRIGAL B 22

(2) BEHS R REY SRt LR
R FOCE S BRECA TR REY BT T8 K
£irh o AR RO BB IR A7 22 5 85 W /K R
UG ER s IVE R SR (e SOV LV S W TESS O R
S LA R B B IR PP s R e, B
LB FLBUKABLAY P s 0 3R Mk s T R T
SR

(3) BRI R h G Lo R o 5
A1 292 R LA AT WL S A OB 50
R O At 0 I (] T 528, S [ 0
ORI 2 5 2 BOR IR IR UA T LT R oy
v

(4) & REY MBS & 52 00 b i
F9 s 70 3R LA T S b 0 3R 0 R Y S 5
GBS AR 2 T Bkl Sy 1
VR JE PR R 3o e 7 S R T I SR T D
3 i R A A 1) T SO R B A TR REY
ibfE Sug i

g AT BAF AL FHE R T R
APy K IR MR AT T A 2P LU &

BRI RS B A, BAHRALLL R B KA
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