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Geochemical characteristics of in situ elements in spherical fossils from

Weng’ an biota in Guizhou and their indications for phosphorization
JIANG Zongxu's HE Minggin'®, LAN Tian', LIU Huade', ZHENG Maoyao'
(1. College of Resources and Environmental Engineering, Guizhou University, Guiyang 550025, China;

2. Key Laboratory of Karst Geological Resources and Environment, Ministry of Education, Guiyang 550025, China)

Abstract: There is a special kind of microfossil group produced in the upper phosphate ore section (b ore layer) of
Edicaran Doushantuo Formation in Weng’ an-Fuquan phosphate mining area of Guizhou, known as the Weng’ an
biota, which contains a large variety of abundant spherical fossils. However, previous studies have mostly focused
on the spherical fossils themselves, lacking in-depth research on the relationship between spherical fossils and
phosphorization. Therefore, this study employs optical microscopy. extended depth of field microscopy, scanning
electron microscopy-energy dispersive spectroscopy (SEM-EDS), and laser ablation-inductively coupled plasma-
mass spectrometry (LA-ICP-MS) to investigate the distribution of in situ elements and the geochemical
characteristics of major and trace elements. The results show that the spherical fossils of the Weng”an biota have
undergone the formation of collophane and their high P, O; content (30. 13% ~44. 92% , average 43. 17 %) indicates
the occurrence and widespread presence of phosphorization. The average V/Cr ratio, which is less than 2, the
significant negative Ce anomaly, and the Ce,,,, » which is less than — 0.1, indicate an oxidizing environment of

phosphorization. The PAAS distribution pattern of rare earth elements exhibits a “hat-like” feature, reflecting that
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organisms were involved in and played an important role in the phosphorization.

Key words: Weng’an biota; spherical fossils; geochemistry of in situ elements; phosphorization; Ediacaran System
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Fig. 1 Geology and sampling point location of the Weng’an biota in Guizhou
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Fig. 2 Columnar profile of sampling point and sampling locations of the Weng’an biota (Beidoushan)
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(a)Megasphaera » TG 5 (b) R (a) Y SR B LK & 5 () Megasphaera , E.22 IR ik SOR R 55 251 s (D) A (o) 1Y Jmy 3B Ok 1
B3 BLEMBEKIKRNLE Megasphaera BHBESER R
Fig. 3 SEM photomicrographs of the spherical fossil genus Megasphaera from the Weng’an biota
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Fig. 4 Photomicrographs of Megasphaera inornata from the Weng”an biota using optical and extended depth of field microscopy
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Fig. 5 Photomicrographs of Megasphaera ornata from the Weng’an biota using optical and extended depth of field microscopy
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Fig. 6 SEM-EDS point analyses of spherical fossils from the Weng’an biota
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Fig. 7 SEM-EDS line scaning analyses of spherical fossils from the Weng”an biota
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Fig. 8 SEM-EDS mapping analyses of spherical fossils from the Weng’an biota
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(a)Megasphaera inornata A F; (b) ~ (r)Megasphaera inornata 1
V.Cr.La,Ce.Pr.Nd.Sm.Eu.Gd.Tb.Dy.Y.Ho.Er.Tm.Yb.Lu JC % SEM-EDS i 14 5> 7
9 BRAEYEE Megasphaera inornata JKIRU A EHBBEERF REEEE
Fig. 9 SEM photomicrograph and EDS mapping images of the spherical fossil Megasphaera inornata from the Weng”an biota
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Fig. 10 SEM photomicrograph and EDS mapping images of the spherical fossil Megasphaera ornatafrom the Weng’anbiota
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Table 1 Contents of in situ major elements of spherical fossils Megasphaera inornata from the Weng’an biota %
RSB TS Ca0 P,0. S0, MgO AL O, FeO MnO Na, O
SW22-1 55.78 43.24 0.15 0.22 0.01 0.05 0.01 0.47
SW22-2 55.07 44. 04 0.14 0.19 0.01 0. 05 0.01 0.41
SW22
SW22-3 55. 89 43.22 0.15 0.19 0.01 0. 05 0.01 0.41
SW22-4 54.56 44,43 0.17 0.23 0.01 0.05 0.01 0.47
SW23-1 55.32 43.76 0.14 0. 20 0.01 0.06 0.01 0.43
SW23-2 55.33 43. 60 0.29 0. 20 0.02 0. 06 0.01 0.42
SW23
SW23-3 54.53 44. 59 0.12 0. 20 0.01 0. 06 0.01 0.42
SW23-4 55.18 43.95 0.12 0. 20 0.01 0. 05 0.01 0.41
SW25-1 55. 88 43.12 0.21 0. 20 0.02 0.08 0.01 0.42
SW25-2 54.93 44,23 0.17 0.17 0.01 0.07 — 0.35
SW25
SW25-3 55.39 43. 74 0.15 0.18 0.01 0.07 0.01 0. 38
SW25-4 55.45 43.58 0.16 0. 20 0.01 0.07 0.01 0.44
SW28-1 55.03 44,08 0.22 0.17 0. 04 0.05 0.01 0. 34
SW28-2 55.43 43.79 0. 20 0.14 0.03 0. 04 — 0. 29
SW28
SW28-3 55.22 44. 00 0.21 0.15 0.01 0. 04 — 0.32
SW28-4 55. 26 43. 87 0.13 0. 20 0.01 0.04 0.01 0.42
P 55. 27 43.83 0.17 0.19 0.01 0.06 0.01 0. 40
W ERITER O ARESE TR — "8 Et R LT LA ICP-MS EH TR, T,
K2 BEREMEIKIRIWK A Megasphaera ornata FEHNLEETESE
Table 2 Contents of in situ major elements of spherical fossils Megasphaera ornata from the Weng’an biota %
FE i e Va2 CaO P, 0, Si0, MgO Al O, FeO MnO Na, O
SW21-1 55.63 43.62 0.09 0.18 0.01 0. 05 0.01 0. 34
SW21-2 49.77 39. 24 8. 90 1.13 0.15 0. 25 0.03 0.43
SW21
SW21-3 54. 96 44.07 0.27 0.18 0.02 0.05 0.01 0. 38
SW21-4 55.18 43.96 0.16 0.18 0.01 0. 04 0.01 0. 39
SW24-1 55.76 43.03 0.16 0.17 0.01 0.05 0.01 0. 38
SW24-2 55.58 30,13 0.21 0.19 0.01 0.05 0.01 0.42
SW24
SW24-3 56.12 41.22 0.18 0.19 0.01 0.05 0.01 0.41
SW24-4 55. 36 43.07 0. 20 0.21 0.01 0. 05 0.01 0.43
SW26-1 55. 96 43.41 0.16 0.22 0.01 0.07 0.01 0.47
SW26-2 55. 87 43.46 0.79 12. 45 0.17 0. 10 0. 06 0.31
SW26
SW26-3 56.01 42.97 0.14 2.02 0.01 0.07 0.02 0.44
SW26-4 55.91 43. 66 0.19 0.22 0.01 0.07 0.01 0. 46
SW29-1 54.48 44. 64 0.15 0. 20 0.01 0.03 0.01 0.42
SW29-2 54,23 44,92 0.14 0.18 0.01 0. 04 0.01 0.41
SW29
SW29-3 54.77 44,42 0.14 0.17 0.01 0. 04 0.01 0. 39
SW29-4 54.79 44,33 0.14 0.19 0.01 0.03 0.01 0.42
Rkl 55.02 42.51 0.75 1.13 0.03 0.07 0.02 0.41
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earth elements and yttrium,SREY) 45|/ 51. 50X 10 °*~70. 03X 10 ° F1 46. 35X 10 *~77.88X10 °,3F
PHE AR BN 62,4210 ° A1 57,3110 °, BIFERIRILA B SREY & AT .

3) FFPBRIREA 1 Ce(§Ce=Ce/Ce * =2Cey/ (Lay +Pry)) A 0.48~0. 59,314 0. 52, HH, Megaspha-
era inornata My Ce A 0. 48~0. 53,534 0. 51 ;Megasphaera ornata WeCe i 0. 48~0.59,F 0.52, FFIERIR
e A B HW W Ce A RH .

1) FIFPERIRAEATH Cepnom (Cepom =log[ (3Cey) /(2Lay+Ndy) I —0. 36 ~—0. 27, ¥ —0. 34, Hr,
Megasphaera inornata W Ce,om N —0.36~ — 0.32, F ¥ — 0.34; Megasphaera ornata B Cepom N
—0.36~—0.27,F#—0. 34, PIFERIRALATHY Ceppon FI/NT —0. 1,

4 itit

4.1 KRUBERBHERAMXER

i SEM-EDS 520 #r 285 o] 0, AR ERIR AL A 1) E A BT R R CaP.F.C.O. 5L Cay, (P.C); (O, F)y,
JERAEAE R T B B4 — B0, B BR AR AL A7 Megasphaera inornate Fl Megasphaera ornata ¥ T Ji& Wi
WAk, G HAARE AR B IR ERIRIE A 1 FEA TR Ca P F.C.O ¥R HRE 5 5 m TakiR1k
Arp B SECRAE A 0 0 AT T E W) & B BRAR A A 1 BEBE 0 Ak 23 AT B RRE TN A1 53 Ah L PR ERIR A A
Megasphaera inornata W) P, O; & & -HH (Mt s#£38 1) A Megasphaera ornata W) P, O; &5 & {H (M £ 3%
2) B T IR P, O, B R 39. 550 JEERIRAE AT B 0 A0 1) S ek STk

XF R A G EE AR BT 2 A T BRI B T B BRAR AL A I SR A TP BT R FE TR LA
ICP-MS 47 88 (¢ 5>, Hop 28 1 57 Be LCS18,LCS20 LK K 5™ Bt DCM31-11,DCM31-15 ) P, O,
TR Ay 27.75%6.22.12%6.33.9326.,22. 002 . W] LUK B WA ERCR AL A P O; (30,1304 ~
44.92% 34 43. 17 Vo) By & T 40 A TR B BOF K59 B R BRAR AL A FE S IR B 1 P, O, & i, X R W],
o W REECIR A A BB VE I T 2 A7 TE

RS AEMUTFERVBMAETBELHERRLAERERTRKBT EETESEER
Table 5 Contents of in situ major elements of collophane in samples collected from the Chuanyandong and

Datang mining sections of the Wengfu phosphate mine, without significant sphericalfossil record of spherical fossil %

B e 5 4 43 BT 5B P,0; Sio, MgO Al O, CaO FeO
LCS18 5 27.75 0.48 7.47 0.04 40. 20 0.53
AR 2 T B
LCS20 8 22.12 14.17 10. 66 0.07 42.63 0.43
DCM31-11 5 33.93 7.85 2.59 0. 40 43.16 0.51
R ARBET R B
DCM31-15 7 22.00 1.38 11. 40 0.05 44. 44 0.27

T BB 340 S P 3400 - 24 £ 4 5 3o o U B e A

4.2 HRUEGMBHERMNENERRE

B A A R A A Y BB T 22 11 1 52 2% i st VR PO A, Pty M B AR SR L U AR 1 L SR AR B ER
S5 LA R Ay i Bl A D RO O o R 4 O T B O A ] e A I 32 DXl A A 7 R AR AR B P 5 AR X
SR v vl I P VR A N R B VR R e A L DT R B AR T . KA R SR B I ol T A ) B K
PR A LS B A TR LA i B B P R PLC SO R R EUR K POk EERS IR A B R P 5
KR C.Ca FLO 258 KA ULTE - 80 i 50 TS 80U WA LI S5 98 B e 7 B G A i AR 628 07 4y . W]
L o SR 3 DB I R B A 0 2 5 O S

MR ILER V.Cr FEVIRUE sULRY o 20 A A= 0y 32 AR R PE 2 i AR HLAE A i e R LA
KA TR RFE T UURIN B AR IE ) AT T DUAR SR G SR 26 PR B 0 . B, 25 V/Cr=>4. 25 I 48 75 Bl 45
BT, Y 2. 00<V/Cr<d. 25 RHER RIS, Y V/Cr<<2. 00 578 AL IR . MR ERR L 41 V/Cr 7
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BHES 4 1. 16 F1 1. 83 (Kl sk 3.3 4), B/ T 2. 00, 75 7% H il 1 FH B ¥ 7K b S AL A B% . LAk, i Fp Bk
WALAT . Megasphaera ornata V. Cr 1205124 0. 91X 10" ~23. 99X 10 °,0.08 X 10 " ~58. 19 X
107" A8 A8 B AR X B BN AT BE S Megas phaera ornata BRAF T HEESF 429 AL T = A AN [R] 240 i 73 2R B B
AN FLAS ) 20 0 0 2L B MR VL Cr & i AR TEBOR 22 53 PRI 75 it B AR SE FR AR R AR, B V/Cr IR A7 T
BOAFRE DU G 10 5% 8 78 LB A F R B8y AL 3R 8T

T AHDTARBE AT TP Y 5 Ce BLOR AT LA Sz W 96 7K 1 S0 10 38 it B 855 HL 75 [) 15F 3 2 5 A 25 178 B Lay /Smy >
0.35, H Lay/Smy 5oCe JoHI KM 5 Ce 6 55 1J A8 J 0 MBS 5™ 40 14 oy Vi3 7 S AL 30 SR A PR o ARG B St 2%
3.3 4 M 11, WP ERAIR AL AT 1Y Lay/Smy=>0. 35 H56Ce JoA M, Ko Ce AT Sz W 8 A F A oy 165 7 48
EIR AL . 5Ce FHME /4 0. 51 F1 0. 52,3 B R oCe By B 67 557 . 3¢ B BBl 15 1) 38 355 R B AL A B .

T3 s Ce o T W R B0 E A A IE SR B A TR 1 L 2 Cepon << —0. 1 BHE R EALIRIT Y Ce o> —0. 1
IR R SRR EE Y L WA BRI AT B Ceppon 9 — 0. 36~ —0. 27, -3 — 0. 34, 5 7% JC B A5 1 BR 58 46
L3555 .

i LAl AL AP ERCIRAE G V/Cr SEE /N T 2. 00 B R 6 Ce L7 H AT Ceppon /N T —0. 1. X938 78 K
WA TR ] 6] 7 7K O SR A B B
4.3 BORULARBHER Y RKIR

B YRR R EROIR A A R 5 ) S K B IR R W T A (post-Archean Australian shale, PAAS) #5 #
efs £ K BB R R W 12 Fros . R B P s £ (middle rare earth element, MREE) & % | B #f -
(light rare earth element, LREE) } ® #;i + (heavy rare earthelement, HREE) & i i) $F1iE . B 5 8L 7Y %) “ i
IV ERE

0.60 10
n
0.58
0.56 R=0.268 4 s \ , -
X — N =
8 0.541 é g%,/w
o n [ ] EF[ =
= =
0.52 # = SW2l-1 * SW23-1 SW25-1 ~ SWwW2s-1
: 01 ¥ e SW21-2 —* SW23-2 SW25-2 ® SW28-2
: A SW21-3 e SW23-3 SW25-3 SW28-3
SW21-4 SW23-4—*— SW25-4 SW28-4
0.50 SW22-1 & SW24-1 < SW26-1 = SW29-1
SW22-2 < SW24-2 —% SW26-2 e SW29-2
SW22-3 SW24-3 SW26-3 SW29-3
0.481 u u N — SW22-4 SW24-4 SW26-4 SW29-4
| | | | | | 0.01 1 1 I 1 1 1 1 1 1 ! ! I !
0.35 0.40 0.45 0.50 0.55 0.60 La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu
La,/Sm, o
WK TE AR MEAL T Mclennant'']
B 11 BRRAA Lay/Smy 55Ce K EE B12 HRRUABITE PAASHAELSBEEXE
Fig. 11  Correlation chart of Lay/Smy and Fig. 12 PAAS-normalized REE patterns
5Ce of spherical fossils of spherical fossils

X R R LA RS i T AE W S SE B MREE 17 S 8060 . I H T4 s U1 A AR b 2
EHAEYSEIRS S, HTAEYSANRENERZES S, R T EE 0 EER" . A R RE %
K | F £ RN K b X R e A ) B RS fe 3R Ak A i R R LA LA-ICP-MS i 90 &R 19 PAAS 41
e X P 3R B S I ALV RRAE . o Ak R ERCIR A A RS PO SR A S SREY PSR (R 6)
ZEEEEMACKRE 13, A AR IEE M PO, S & RE 1R DR FHERET H PO,
T E, B s T AR T R A A I SR T BORE P IS BE Y P, O B (GR 5 Ul BRI IE A B
JoT R RS Sy L HLAE U AR b A T AR,
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R6 RLEYMHKRUAHER PO (%) T

485 ZREY(X10 ) EHEER 4
Table 6 Average contents of P,O; (%) and total REY i .
r [
X10°) in spherical fossil samples f the Weng’an biot
( ) in spherical fossil samples from the Weng’an biota s W
43+
BEM A PO, SREY &
iz PIES o bk e e
ke IR s E PHER 41 4oL
7
SW22 4 43.73 64. 45 B
o 41
SW23 4 43.98 53.90 [
Megasphaera inornata
SW25 4 43. 67 63. 85 40 -
SW28 4 43. 94 67. 46 u
39
SW21 4 42.72 54.45 I I | |
45 50 55 60 65 70
SW24 4 39. 36 47.55 SREYFH&8/10°
Megasphaera ornata SW26 g ;
S 4 43. 3 59.9 A
7 13 BKHHE ZREY 5 P,0, HXHEE
SWz9 ! 14.58 67.29 Fig. 13 Correlation chart of SREY and
E:P,0, (V) W g M SREY (X 10~ ) 8 & Kt % 1~4 P, O; contents of spherical fossils
JE IR B TSR A
5 #ig

D FFERAIRALAT Megasphaera inornate 1 Megasphaera ornata W EBEILEH NN Ca.P.F.C.O,
5L Cay (PO (O, F)y B AFTE B BE BT 5> — B0 Won BRI A 8 2wk ik, K& PO, & &
(30. 13% ~44.92% . V¥ 43. 17 %) 1.3 B H sl 18 FH 19 & 2 B 12 A7 7

2) IR ERAIRIE A V/Cr SEBME/NT 2. 00, 8] LY 8Ce 153 % Ml Ce,n (H/NT —0. 1, X935 78 HBEAE
IR B R S A R IR

3) Mg 5 % MREE, % #i LREE Al HREE (“MERI"f# L0 Z 0 EB X, R A S5 T ik /E A, I3t 1
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RS EE
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