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Fig. 1 Paleogeographic map of the Early Cambrian phosphorus—bearing basin in Upper Yangtze area

(modified after Yue Weihao et al. , 2022&)
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Fig. 2 Phosphorite sedimentary model of Meishucun period in northeast Yunnan
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Fig. 3 Shell structure of fossilizedmicrozoans in the Malu phosphate mine in Huize, Yunnan
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PEICRMEE L V I Mo 2 35 54, ¥ 8
A E S B AT B B TRk

A= O R B i R S R B PR T L
I, A AR A R R A MO K RTFL R K H R AR I
B AT, 405 /A DL, 5 305 438 o e Fee ik
I E L TR P (KRB, 1992; #K T8, 2018;
TREAE 2018 K = )11, 2024) | HETT LG VEREE 25 4k,
R A 45 i, JE AR SRl K A N At s IR A 4
H A B KA ) ( Gomez—Peral et al. , 2014 ; 85 K IF
85,2022) , kAR R T R BE T B R BUA T
FF 4SS Y SRR Eh 25 B W R, il o2
INFEAAT XS BET BT 5T RAR K ( Zhegallo, 201651
¥, 2017wk Je, 2018; 8 4 #2455, 2022, ¥4 3¢
4 2024) .

L5 L TR A i sh AR BT R IR B R &
KR, X e A YT sl o s B BT A, A
HET BRI RS 5 s 4R, S R D A R
TOREEHLE PR B IS SE TR W AN S AR Y A
WA B AR NI B R L RORE A W R AL, HEh TR

WHIE L ; 5381, /N se A i 8 URLAE S i e 1
FEA (B8R ,2021) i — 20 ML T A WITEREIE
B RE P REEETTER, P10, 25 23 S R R T A
TERERREALI NE S A e iR 2 (18 3) , R
RACHE X B BTE BURT RS 2R V0T S 2 VARG
3.2 EFHEFEREEIER

TR B B S B P Kazakov (1937) 2
A & & P,Os BYIRJZE W MK BETE IR T2
IR BRI, O TR T, TR B AR, Wi IR h A A
JE R AR I8 3k AL 22 07 SRT0HE T ok, 20 gl
A, Mekelvey il Sheldon S5 if—20 & J& T %8t , 48
R AT 5 AR ED BE R RO U b T IX el 5
ATTARFI R B o Ik 2L X AR L2 3Kk 224045 T Rkl v
FEAL R, m 2 BRI T R PG 2 AR =, PR 3
TR TR i b R Vg 2 1) 20 e IO BR5 ARR] T
BSR4, Shen %5 (2000) 1A°H Rodinia # Kl (1)
PR VR, ek 1 LRI R BT PR Y
B, — 5 AR AR I T P 5 EROK X 2 [6]
(R SRS e , K B TS AR OK; 00 — 7 T, BER T
KA R A T AR R R A
s TR E SR TR AT R R TR, fe g T B
FUURFVNETCE Y B ZREAL, I BER™ R iYL i
BETA R BAC TR R ER Y X, angh ok
VO3 17 B — B T IR AR i S 72 T BT 417
A 45, 447 78 Bk 35 7 (Follmi, 1996 Filippelli,
2008,2011 ; Lumiste et al. , 2021) . 4k, Hi 5
F 3 T S 25 e e s i AL, i b AR A A e
HBEW K ( Baioumy et al. , 2011; Abed et al. , 2013)
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e BATAR A8 G v AR B 309 PR O s F5 44 ( Gomez—Peral
et al ,2014) , HFI b THAE SO0 ke i B8, B 1 T
TAE T TR B K A VROKIR 1, 7R AR I 1
FHBCHAt R Ak 27 VR R 0 e oK i 1 i — 20
R e U, SR, WA & X BT
BT VE P2 B BE , AN AR b TR i R R A TR
LB BE UL, Berner Fl Ruttenberg ( 1993 ) 7£ ¥/~ Tt
T R K R R T OB K A TR,
“Fe— L0 " R REAE (L M WP A 7EE |
THA R TR (Nelson et al. , 2010) ; Drummond
S (2015) E— 45 AT FER AL R B UK AT BE
FEAR 0 A= 5 I A R S IRRE S L TR i )
FAOG, Fe— AR B M2 1 7K 43 R B A0 i 7€
AR BT TR LA BB
BEX R AR AL M XA A S Ha DR, I
B TRIRE R b THE W ™ 0 B R AT R (R
i, 1983 18 f 7, 1989; AR EF ik 2%, 1996, 2001 5 A5/
MK, 2007 s B FERIAE 20125 5 48 4755, 2012 K = )1
2024) o BRI, X TR B ARG J5 ], A ) 22
EEENGLRUNRONE 2 = R INISA 3  AEN I URE T 3
2, FEOR B ARG i FE T i —Z8 08 s A 1Y)
P WA T2 2Ok A T R ; IS AT — 22
YONRTR AR SRR R, i, 8 o755 (1989)
3 S T AR b D40 ) 20 oy o B BT A R
/K FEOR H Ry (FE R ) PG 5 (0 ) , H
WA LA 0 2 RO ZE R R HE Y 1) A a3 , 74 X
s /N Fe A AT YRR A AR/ INTE 2R T4 XA AE 35
ZE5 VU DK R HAMARE ; b U5 T 04 5 2 R o3
TG 22 5 W 3V DX R T A b B AR
a5 DURR PG A3 A0 b 7R VO AN R YRR T DX, ARy
TEEIX 5 I SEIEff 2 B g W /K P 1) ARS8 M R
TSt X TR B (diK e, 2018) =
W RIEED (F3 AR, 2018 ) Fl 2 FE 4R IE ELAR ) VS
W (PhAE AR, 2020 ) HEAT A BIF ST 3R W] b IX 1Y
TR B YE T8 R TR A B . W T AR
BRI BEMEFE I RBBER, ZI0F 55 BT
TR ) SR F AR R R — 2R ) Y
T BRI K 3% BT /K 3 30l AR B O 1] AP AL O 1] 4
NTEME—F-37) SR W2, D B el 2% | R h AN
MBENE (K= 15F,2021,2024 5 T 4ELF 2520221
WA ,2024)  IEAh, 59545 (2016) il id 7B =
T A ST FE R R R AR B s 0l s B A A 2R
PR S BEPCA IR TR, FER 2L R, i

7K DN VG P 1 R L 5% e R 7R R T TR T A
P, B AT L TR A K SR OB A
REIAEE o , e 28 O e R e, R, s
5 (1983 ) AR A 385 25 AR A I, DA A AR e i
U S T ORI R i 58 A R it ke [ F
T HE T2 R PG 3 ek T R AL IX
AR 2 b )2 v A7 AR AT 1) R 32 A Y B
S, FLE AR MR R T ) b 2 B 5 6 7 R 2 222 3 iy
A6HFE A ARk, PGB Y R K T 245 9 R 2 1)
IR R K E ABRAE T3m 8, Bl S, AR BT K 2%
(1996,2001 ) X JEL A< b b X () AfF 55t 26 IF | L 98 5k
TR I, > B G 0 VB T SRR I Y b TR I 3 3R
ZBGERIL i BT R B S IR T, DU AR AR
XoF U1 B b BETE 1 T R RS 0 ol e DR, I8
THERET SR —FRN Gih—aFH ik DUE—SR I
NG F—4T S A BB X, — 2223 WAk | JH
ZRAb L DX B T B P 3 A ) R [ AR
(XU IR, 1987 s X8 /R 12007 ) o 33X — WL A AR 4
SE T LRI, D\ A A e v R G R R W TR Y
FEHEE , S T 35 1 A K T R
FR TR BT B, & B 1 b T O T Ao A e YA R
g, RUR BT R IR CO, iR i, 2
T BRI BB A (KRR /MREE,2007)

ZE LA, 7E b 5 D7 S B HUA T B,
W ARIEE RHEAEH . SR, 5 F I IR BT
AW DUBUERK IS T LTI, Fe—A LA JFIE 45
HuBR AT R T e A A B DR, 36 VR IR
R BS S TR, H AT, X T AR X
PRI B PRI R 2238 b 3 U ™ B8 o DL B, {HL
LRI TS o] A SR AR I 77 ik — 2D 9E
3.3 HWART1ER

HUBHE AR 8 B - Grabau (1919) #2H fil &
IUBETRERUURR R 5 AN B 4 TH RIS 0T 36540 ¢ IAH
DXUBRE R AR AT HERUE A, 5% R TR (1952)
HE—2 K T HUAHE RS U, 48 A AR i
ZUfRr T A Wl B R el < A DX B B I AR LA A
H Mgz 2=« HERUIX " TE B IR . AR BF (1980) tA
S AUSR A 1 FH & T BRI K L & 4R A T AR B
TR, WAL 2E A Ak 2E A ARAE FIIE B 1 i e
o, WH R AR BN A B T IR, iR
25(1986) MITAA 5t 1 ir A DR Tl B e -
PRI B s SR 0 4 . HAEWH s BRI JFFA
B VLR JE 50 DX U A e AR D T B
RN B I, DR S S5 A AT A ) BRORLRD
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JBEEH A AR S AR T PO, BB, 2
B g Al p e, [R5 R R b X Bl R
Pl 2 RIER M B E B R B AU E
FIIE B, 400ty s 5 1 W98 o AR ) 1 T R B A8 AL L
LR ¥ 55 4 B 3 T3 VR R 2 — 20w R RO
L B 28 s b DLW IR (R AF,1989) . A
SN LA S PN 55 R b DX P AP SR B A A R AT T
K BT, K ITE A BFFE X s ) DJBAE ik
I HBGE BRI E L R RS PO
ME 2R (Levy et al., 2023) . REHFZ2E A NIL
WA AR E R R R AR 0 E N R EI A
P T A ) B DX (A SR AR R T
FH 251 ) 1 A= B R SOGE B A AT 9 S 4
A/ AL SR MR A W R L LA W i R i
&, AT 2R P05 By SA AL (FRe iR AT Ik 38. 8% ) ; 4H
2T HUAEHITE PO & it — D w b ryfEH]
A RERC A PR (Qi Liang et al. , 2023)

X T ZRACHE X, A7 28723 [Rl BRI O TRl B
AR ORI o B 2ok AR R MU A T 31 1 OGB4
BB i BT B P TR
AL 2R T DURUE iUsE O B s | Bl S 78
PR T AR S AT, BERCAR B S w e
e ek Wz, FRROUR, TR UBRDIR B US| e
SEILT R PR 4 (XB/NARAE, 2007 5 0K )1 4E,
2024) o AL b U R R R AL b X P e T
B IR B E s R v, B B 8 U BRI 5 285
PUBAE HIEk S S5 RRIE I B 5 BT R PO & i
IR (LR 1) ks RS BEYCE R PLO5 5 i
HEFT TR0 . SRR TR0 R b s R
BRSSP0, & 5 R B HUA A LI R 35 1
o, B HASME AT SR, PRt S ALAAE H]
XFBEHCE T PO & B E EAEHTECNA R,

3.4 RERRBKBEME

XFFROKGIBUWE R, BT AR HRIALR TR
FOARRAE i =0T 28 0 53 4R 0E R it 4 40 2 4 b Bk Ak
FRAESF TR AT OIS N RS 5 T B fk
AR PO AR T ER 2 8 BRI (BR K AL,
2005;Li Da et al. , 2009 ; Halverson et al. , 2009 ; Liu
Zeruiray and Zhou Meifu, 2017 ;4% J7 %45 ,2021 ; ZE XK
A 2022, 4 8 2022 FRTAHS 2018) .

BRI AL A (2005 ) T WA ik [l 62 2R 23 B = R
BN A AT R IE LB Si A &R
1B (8™ Siyps 05 = —0. 6%0~0. 1%0) 5 I 47 M1 2, (H
3K T %€ R 22 0% BB fE BT A 0 A A R FRAE

xR 1 RAEBHRE SVRIERBUERH
BiREH PO, BE( %)
Table 1 P,O; content ( %) in the original phosphorite

and the phosphorite modified by mechanical action

¥ A P,0
ar ERE ban |

YNQ1 30. 30

YNQ2 30.90

SR b Ees YNQ3 17.95

5% YNQ4 30.70
i YNQ5 29.80 | W4#%,2022

ff';f YLX1 22.70

| YIX2 24.10

BumERA YLX3 33.20

YLX4 28. 00

03-3 10.73

- iR wE s 04-2 36. 51

% 05-3 33.35 )

%% 01-3 37.05 RN,2022

BuE RS | 022 39.25

04-1 27. 66

(8% Siypsog = 0. 4%0 ~ 1. 4%o0) , 3 I H LA $ hi A
FRE, A, Liu Zeruiray Fl Zhou Meifu (2017) Xf =
B AR T TR R BB 2 10 F A A ek A T A R
PEZE AT (8 Siygens = — 0. 4%0) , VA I Li Da %%
(2009) 1£ 25 P S MRHE IX 2 58 85 41 356 19 H A B
Wbk T A AR A7 R (87 Cy s = —3. 20%0
~0%o) , PIF B P AR B0 (b i B A 2,
Halverson 55 (2009) #8 4, & RWALVE T 32, i K
sl B AT GT | {H 5 2 P B A5 9K
ST 0 BRI 2R A AT i P A K P, 31X
SRR IR B MR T 2= PR R B TR (i A2 rh | Vg
TS A RE A% B2 L 40 B R L

W J7 V45 (2021) X 2= B I s /NK R BERT 1Y St/
Ba HfEH(0.10~1.40) F1 U/Th FLfE (1.35~4.15) 4>
B, R W R e B i A RIS sh A A [RIET,
i £ICERBLATH Ce 1997 5 5 AL 38 U bR ifE AL
ORI TR, i — 20 e Tl — Wi, B
(2022) X E e W HCE Th A T TR AT ST
1 w(Th) /w(U) FAEARME (0. 02~0. 17) , H1IHEIA
HEG YA A POKTURREA . 5, B 4 &%
(2022) 3@ AN FH R EBEYCA R U/Th IWEK T 1,
HIRHRMESHTE 1gw(U) ~lgw ( Th) B Fh 7 FHUK IR
X, 2Pk T e TR B S I HOK TR A

TR SE (2018 ) 3 18 73 B = B -1 KIS i
#) U/Th F{l & Fe—Mn—(Ni+Cu+Co) x 10 =ffi
Bl iz PR UK TURERIE . U/Th HUEK T
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L(YEFE R 0.53 2 2.69,(H N 1. 7) KIIZW K2
POKPURR B 520 18 35 ; [F] B, Fe F Mn 1Y & 4 LA &
Cu Ni,Co PAHRFBRIE | 1E— 20 il T oK B 58 T
HEUUR BIERAE

25 Lk, A2 I POK DU FEBE T B
RS T EEAEA . R, A E RO
P bR 2EFRAE 7R 9 HOK TR 4, A5 7T g
FEUR T TE VRS A R B IR K K BT (B R,
2015) . FEERIKIX, i T BEAL 4 25 1R (R Bl 2 | o
T DTIE , MK K F 5 K IR BT 22 8] (1) ) J5 58 46t
BN, TR HUA U TE o b BRI 48 Ar
M T R AK K A 1 b R Ak 2 R AIE A BRI P 35 11
BRAL AR T S B BOK BUR A ERAE
4 R AR

KFBEYCED R B BLE] AR L
Sy S 1 SR s SRAEL 7)) 3 A WA W R 3
B 1 B[R] ORI TR A 1 PR AR TR0 A5, 3
AW IR, B0 A0 LR T B & BRI K A9 BT
VE RIRERACARNE S E A A5 i R 3 WA O

aJE X S R (A A R A TS, Rk, #E e
PRI BRI ML AR AS 7 AN DA 5 — T 1T R A7 B — R0, 4l
NEERG 75 TR R R R WA ZE R ikt
AR X AT BRI T AR IR AR ST B DR I 72
R A FH 0 8 22t Fn 2 e

i LIRS A I AR AU 1 B AR
K (E4),

(D) BEFORIE . ) ot 3 2R U5 F LT
HEAT 0 T W WK O B, R /ST
=Y,

()BT R S5 bt B . BT e
IR TR ER T B 7K X, 76 38 ‘B 5 B R A8 AR 8 R 2%
PEF B B 2 A 2 0 A ) A2 el R TR o g bR
Pob, RS R D A WiE Sl R HE T OCHAE I,
KA, JC R KGN/ NE ), it
WA TTCE RN A3 A HLAD KT K i A B T AR T
S5 (FREFIK4,1996 s BRI B S 1995 ;4% J7 W5 5%
2021; B12,2021) , LA, WFE R, “ Fe—4AfL 1A
JREE B AE B ) B 2o B rh nT R B B B
FH i Fe 750 IR PR v (14 3 B S AR SR AL IR 45

dD) s, w4
o KU —= or—%
e i e
i SS2F
(a) (b) iz g (© (d2)

¥ 1 N

iR A Ph [T

Polp p Dol P @ @ ote

S E3=s (3=

(d3)[FEE. R & Eé}@é}c

Blk%fﬁg?)ﬁm =~/ R

TR B ptl

[P clastic phosphorite

R SN
banded phosphorite

e -
[P 51 biogenic phosphorite

SRR
e+ 1 micritic phosphorite

B 4 EARICHR R IR A B (P8 Godet et al. |, 2021; 3K 3756, 2019 1:4#)

Fig. 4 Metallogenic model of the Meishucun period phosphate deposits in northeastern Yunnan
(revised based on Godet et al. , 2021; Zhang Yaguan, 2019&)
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TRYUVE , 2P B e A A B b TR R
& WE ¥ ( Berner and Ruttenberg, 1993; Nelson et
al. , 2010) .

(3) B A TS A - B A TE DU 248
P 7 IR I A K S I VR R R | ) 0
T3 Bl H e OB B HR iz 2 IR XA T TR
(ZRHT,1980; X /NHRAE 2007 ; #E 5, 2024 ), Bl 11
BUEAE T — 2D [ 45 T X S iR, T IR A5 LA
TR,

5 ZiigS5RE

i S AT AR R I R A R R IR Y
HSRHTTE, A5 T LU JLREhE

(1) AR H X WA A ™ oty i BB 5 — A
G TR TR 15 b S £ M TR 7, (LR
PR 225 . S5 A IR XE 1 2R RURIE, 20
PEIE B PR T i B s 45 O B
EA AR A, AT DUHE DN R b 3 DX Y 32 22
DUBRBRE P AR B SR 2 b I B Z b, G M1
W EABAT R PR ET  DURRAR SRS 3 BT
AR T RS DURRARIRBE D s e A B s
E, BTG E TR e R, HAb—is
JEU S T R 5 A R PR COE . AR KA T R — 2073
PrAE 37 e R OGSt R A A DRI B
RUUREE#US

(2) AL H X WA 1) 4 oA 10 32 8 5 R
WK AR NGELEIASE o ik AE i b T it ik
AKX #53 B B RIS FL AR PF R DE , Al fefie it
T W R, e E R AR R AT RE AR T
S . R — LT E AR5 5N
N S 02 T ISP S S G S VIR O ST Wl
IR RS SR R 2 i) S5t ], S 2 AR AN ST i ™
I,

(3) WA B AL ) 32 B4 5 2 W) 10t | 1 T
VAR AU LA™ 1 JH 25, Xk 26 B AT ) B A 47
A7, B R T BAT BF 58 R BE 78 70 il 45 )l I 7
DU A R AR AR, LBk =2 B PR £5 21 70 3OuL
LRI AT, PRI, R BLBR T MM ERTE 22 £ BE AT
FEON  RTEBERRER 273 BTl X ALy | A A8 S TR
HERILAE PR C R A R W OB 2, 35
PEANFRIRRIN Z T FR OG 2 o AR I 3L 7 1) BT 5
Bt — P RA R 5 B R DI IX A5 5, b
KA TR L TR ) 52 I ) 2 22 (] /9
P

(4) RIS O R AU B B B U AR 1t
TR WS AR R (A R
AL W SOR IR R HL A5 07 TSR IR e — .
PRI, ARSRBIESE I AR BAT LAl L 2R FT 7512, UK
B S W BOR IR DU E TR A VR 4507 THI
AT PR AU 1 Bl B, A i
TIN5E 5 A AT BRIE | XA T 14 3 T5 1]
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Research progress on the ore—forming processes of phosphorite
during the Meishucun Period in northeastern Yunnan

XIONG Canjuan"? , YANG Ruidong” , GAO Junbo” , CHEN Jiyan” , JANG Yuan »,
LI Zhi” , PENG Rou®” , GAO Chuangian® , PANG Yuyu®
1) Liupanshui Normal University, Liupanshui, Guizhou, 553004 ;
2) College of Resources and Environmenial Engineering & Key Laboratory of Karst Geological Resources and
Environment , Ministry of Education, Guizhou University, Guiyang, 550025

Abstract: Phosphorite, as a vital non—metallic mineral resource, is widely utilized in various fields, including
agriculture , industry, and environmental protection. The northeastern Yunnan region, located on the southwestern
margin of the Yangtze Craton, is a key area for the distribution of phosphorite resources. Consequently, research on
its ore —forming processes holds significant academic and economic value. This review highlights the research
progress on the metallogenic geological background, material sources, and ore—forming mechanisms of Cambrian
Meishucun period phosphorite deposits in northeastern Yunnan. It is generally accepted that the phosphate deposits
in northeastern Yunnan primarily formed in shallow marine carbonate platforms and platform sag basins. However,
there remains ongoing debate regarding the specific depositional paleogeography and paleoenvironment. Several
viewpoints exist concerning the sources of ore —forming materials, which include terrestrial materials, biogenic
phosphorus, seawater, and deep —seated hydrothermal fluids. The main ore —forming mechanisms identified are
biogenic phosphogenesis, marine hydrothermal deposition, and upwelling currents. Despite extensive studies on the
genesis of phosphorite, no consensus has yet been reached. Controversies persist regarding the metallogenic
background, material sources, and ore—forming mechanisms, which have hindered the development of regional
metallogenic models. Future research should focus on in situ microstructural analysis combined with various
geochemical methods to further explore the genesis mechanisms and paleo—oceanic environment of phosphorite in
northeastern Yunnan. This will help establish a comprehensive metallogenic model for the region, contributing to
phosphorite resource exploration and development, as well as advancing the study of the metallogenic system of the
Yangtze Craton.

Keywords: northeastern Yunnan; phosphorite; metallogenic background; material sources; ore — forming
mechanisms
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