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Enlightenment of source and weathering of the Ediacaran Doushantuo
Formation in South China on the global phosphorus event
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Abstract: The Ediacaran Doushantuo Formation in South China was deposited in a key period of the transition from
the original earth-life system to the modern earth-life system. This set of strata recorded the first large-scale phos-
phorus event in the Earth’ s history. However, there are still many controversies about the source of phosphorus.
The phosphorus in the shallow sea area mainly comes from the riverine weathering products of phosphate minerals on
the land surface and the upwelling deliver of phosphorus-bearing water-masses in other sea areas. These two sources
can be distinguished by the content and distribution characteristics of whole rock detrital elements and rare earth
elements. Based on the comprehensive analysis of the major and trace element of Doushantuo Formation in Xiang-
dangping and Sidouping sections in the upper Yangtze region, the provenance system and regional weathering have
been recovered in this paper. The high correlation of P,0,-Al,0; and P,0,-Fe,0, indicates that the source of
phosphorus is terrestrial weathering input rather than upwelling. The lower Th/Co, La/Sc, Th/Cr ratios, TiO,—Zr
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correlation and ternary plots of (Th—Hf-Co and La-Th-Sc) indicate that the major source rock of Doushantuo For-
mation is basalt. The higher chemical alteration index (CIA) and the lower Sr/Cu ratio indicate that the provenance
area was dominated by warm and humid climate at that time and experienced moderate chemical weathering. The
big data analysis of phosphorus content in different types of volcanic rocks shows that the phosphorus content in maf-
ic volcanic rocks is much higher than that of felsic volcanic rocks. Therefore, the relatively strong basalt weathering
during the deposition of Doushantuo Formation greatly increased the phosphorus deposition flux and marine concen-
tration of phosphorus in the shallow sea shelf area, which offered mass of phosphorus to widespread phosphorus bur-
ial, improved the circulation of phosphorus in early oceans, and promoted the global phosphorus event and the radi-
ation of large metazoans.
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Fig. 1 Sketch lithofacies palaeogeography map for Ediacaran
Doushantuo Formation, South China and study sections position
('modified from Jiang et al. , 2011)
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®2 HEHREFRLHELEAS TR I SHE R E S A KA FE
Table 2 Geochemical composition of Xiangdangping and Sidouping sections of Ediacaran Doushantuo Formation,
South China

Th/Sc La/Sc Th/Co Th/Cr Cr/7Zr La/Th Co/Y CIA Sr/Cu

2 3 bF
e/ MA 0.04 0.15 0.08 0.04 0.28 1.72 0.25 44.94 0.02
oA 0.31 0.70 2.46 0.21 4.08 13.98 3.98 69.72 3.28
EHIE 0.15 0.46 0.50 0.11 1.31 3.56 1.36 61.27 0.35
brifEzE 0.06 0.15 0.54 0.05 0.83 1.98 0.98 6.88 0.70

Py 3| B
/M 0.02 0.04 0.11 0.00 0.13 0.95 0.20 42. 66 0.01
5PN 0.30 1.16 1.30 0.43 30.34 8.70 3.52 92.19 1.74
A 0.06 0.22 0.54 0.17 1.84 3.97 0. 80 64.25 0.39
Frifi 2 0.05 0.19 0.27 0.10 5.80 1.72 0. 70 14. 80 0.53
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Fig. 3 Linear regression between P,05 and Al,O; as well as Fe, 0, of Xiangdangping and Sidouping sections
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A 110 5 R R Bl A0 Ak R R A XIS A AR X
AW 2 T D Es e e M e L B TR S R B N 3 2
IV RN 1. 5x10° t( Hidr 2/3 A HLBE, 1/3 HIG
BUBE) , I Wi 0 T 40 B A ATV R 2928 10
10° t(BKHEESS, 2005)  BELITEHITRR T R 1 ki)
ZJa, B b ER AR [ B2, UK Rk, S
S I fof 5 B ROl A2 A2 KAk, R vk S il
KR HEE TR Al Si Fe Ca K SEICE [,
2485 07 VS A A Wl R B R B W E T T (Zha et
al. , 2007) o AGdiEE PR R Eh A UTTE 75 B 20t =
JER R A AT SEEL, X5 Fe BYSAL A AL P55
FUNR R P B S RH 5C (Algabri et al. | 2020) , K
WF5E 2R B BE L e 4 DB B) Vi 12 1 S Tl B oA 8
T TR ZERE, RZWFEAL, kK
BAEAL B AL (Li et al. , 2010) , X — 4k
SRR TR R, RIE AR TR A B B S kY
AL RV A AL R B OB 2 DURR S R K AR, B
KA ARSI B FUR A, B AR Eplin
JR A B R RO S S R, X — i RN
P AL R A AL = S B A, AT
e, T AR TR AY U S BEE, PO -
Fe,0, AHGHE(r* = 0. 41) B i fik T fili 22 80 M TR AR
) SEPERTE (PP = 0. 67), 2K WIKEE B i m) i
FERHL S 7RI B il b A ROK DX R A TR
WM& SRR, X RE T AR L Z U
FHREEX AR AR AR A B X, 7EA 15

Pekpikily  y-0.03cr0.06 2
.(-‘-_' 3 =092 .
3 =
i Jl
& Fr i
= ¥ =0.0lx10.36
<, =08 .
1
S JL?}}H\IH ® Ziy
Fag /b @ M
0 . :
100 200 300

w(Zr) /107

3 S s 3 I ) oK 9 B B 5 AR S X S A
— VR, B (2005 ) DA R 7E 8] DK 30 4 TR 2%
PR, TR Y S A Ao R BE RS i, X 2
LG P il XA 3 3R 4 i Bl YR W O A B S 2
ARV PR T WA I
3.2 YiRERER

TEBE LLE A TR N A HEPERE U R 2RI T
Rl e b, HXHZ IR A RS A R AT AR B =
WAL, BhidRE s SR R 5 TR b iy
JB T Z [EAFEAE B VIR FR, AR 1 KL )
BEARTR R 8 1o F0 e, BRI AT AR 4 TR
T4 18 0 2R 28 A R DR ) 8 WD R DX v R S A
W 5% (McLennan, 1993) , —imi &, RILAH
H B E W BTG RS &V, 05 Iy
Rl A M T sk Y A A
( Wronkiewicz et al. , 1989) , #(BEILITEL 1A &1 T
HERL AP IR AT IE O ERAE AT G, MR YE & B T R AR
A it AR B IE R RRAE, Ti N AR T AREE )
T Ze AR TR A, ARRKEE A ), ) TiO,-
Zr Z (B Z 1t G R REAR U b S WLy i IX 64 i 5 K
L5 4 43 ) AH XF EE #9] ( Wronkiewicz and Condie,
1989) ., TEAHIFEHY P> THI BE LB S H, Tio,
EEVEEY 0.20% ~3.53%, Zr F AT 0. 80
107°~222.99x10° Z[A] (Kl 4a . £ 1), ZHFZHH
BRI [ UEEE 2= 0.92(r=0. 959,
P<0.001, Pearson ¥ %) . £ 568 * = 0.89(r=0.944,
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Fig. 4 Source rock discrimination diagrams of TiO,~Zr (a, modified from Hayashi et al. , 1997) and Th/Co-La/Sc

(b, modified from Cullers, 1994) for the Ediacaran Doushantuo Formation, South China
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P<0.001, Pearson f:58) ], #R#E TiO, -Zr S FR K W]
A, BEIL e DU R S LR T K LA
E, W PP L S (Hayashi e al., 1997) (]
4a) . FEXF T RS, FERIES YR E 4% La, Th
M %% Sc . .Co( Cullers, 1994) , [Ht La/Sc #1 Th/ Cr 45
TR LI B 2 0 T I R &R 0 g
( Cullers, 1994, 2000; Cullers and Podkovyrov,
2000) , Hil&l 4b F1Zk 2 A1, £ SERERIE Y La/Se =
0.15~0.70( V-3 0. 46) , Th/Co=0. 08 ~2. 46 (V-
0.50), X 5 FH A ok U5 rY 48R0 IT AR W L B 7S [
(0.36~0.47, Cullers, 1994) lL#W) & i Cr/Zr=

0.28~4.08(F#1.31), La/Th=1.72~13.98( ¥
3.56), Co/Y=0.25~3.98(F4#50.98), tH/zmtT
BELLE 4L PR XY 2 2 a Mo et e 7E Th-HIf-
Co =AE (K 5a) #l La—Th-Sc¢ =FE (& 5b) Ha]
VWA, AXTTAE A R R IN KA, BEILE 4
BATER R T X R AP X R, X LR
FWIBELL e 4 0 W I AR 3R 32 282 PR S i AR R 1
SR AR R AR AR ZE U X ) A A ) K AR B
BRI AMEAHIC(Li et al. , 2003) , BRILZAL, 2 FH
EEEER T X R A O X RA W AT RE 24 X
IYEH IR B Y R IR ( Wang et al. , 2007)

© Zii

b La

Th

Bl 5 AEpdil R ZBEL VB2 Th-Hf-Co[ a, ##i Jahn %% (1995) f& ] F1 La~Th—Sc ¥yl 51 [&]
[b, #& Cullers Fl Podkovyrov(2000) &2 |
Fig. 5 Ternary plot of Th—Hf-Co (a, modified from Jahn et al. , 1995) and La—Th—Sc (b, modified from Cullers et al. , 2000)

concentrations the Ediacaran Doushantuo Formation, South China

3.3 ZRERUEBFBEEI

VER B A L B i 2 — il b A 8 XAk
IR A e K B R AR B B A
X BRI 5n R AR Y ERIL AR IR B T+ 2
(9 2 4 1 ( Rothman, 2002; Mills e al. , 2011),
TEA A IR 2 A SRR v, LI T 10 s 42 i
B 148 TR (Na K, Ca Mg %) B0 Sk 8 ok
TS TT 2R (AL A5 ) U Hy A 2 4 AR 0 T
SRR T IARsE W0 DUBUR S BB A i iz 2
M7 (Mclennan and Taylor, 1991; Maynard, 1992;
Nesbitt and Wilson, 1992; Ziemniak et al. , 1993)
BT XAk i 7 AR E AR A TR E A AL,
Nesbit I Young( 1982) # H} fb 2% 1 A8 #5440 ( CIA ) X
—FEAR AR PEAN PR DAL A KA R S, B A ) 5
Wy (e ) B AR R L, BT 20 2 I SOk
(McLennan, 1993) , H3% 1 i1k 2 A] UL, & 48 55|
T CIA fE 437 5 FE D 44. 93 ~69. 74, FH{H N

61.27; DU} HEHI T 1) CIA {H 5 A v Bl o4 42. 72 ~
92.27, FHIE N 64.25, PiIAHIHIAY CIA {555,
FEOAWFIE XA A A7 F W 3 - Ry, B SRR
eI A5 T 8 32 rh A R 1Y Ak 2= KUK 1T S/ Cu
HEAR(<5) , TEZ WIFRITAA T 0. 02~3. 28 Z ],
SEEER 0. 35, FEPUSFEERIE AT 0.01~1.74 Z
6], SEIMEH 0,39, 5770 b AR X EC 4468 K i i) 1
P 7 Tk 2R 200 ~ 30° 4 37 AT — IR A (0 FR1E
(Li et al. , 2008; Zhang et al. , 2015) F—%, 160
HEA RPN WA, #—28m TBELE
ZH TR S T I N P A A5 TR B R L Ak 2
KACAEF o T 0 P A 25 R B T A i ik
FRACVERT, B v BB 558 SR T R 2 WAL 5 B
W E AT, AR HE T 0T B K IR A 7 4 v
M= A KA MU, B T8 0 2 W) Hh R A2 96 31 2
W e SR R ELEAR B R AR 7 R Bl
AU g LB, 5 R 28 B4 4 J2 0 IS
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KA IRSE Al (il DURR ) rh W BEAT FEIE 3, 306 KK
PR T -A VR G Z M BIEARCE

HAE FARBEFE AT, BE L e 2H w0 R ORI [A)
I3 32 A ) 2 e 52 B i ZU A A 2 KA A
FHPTEC, SR % Ba A T HAB 28 HL 1 kLl A K
ko, i R SRR AN AE . O T R I MR kL
o Ik 22 S 0k i B Y X AR T R A R R, FRATTR
GEOROC %{#& % (http :// georoc. mpch-mainz. gwdg. de/
georoc/Start. asp) 1 789 > K I 24 LR & milf AT
TR, T T AR KO s 2R
WHZEPRR, KIKEE S0, FEmFeE, P0s &
T N, HIEENT S0, Fit 45% ~50%4b,
A SRR UK L A B AL XTI, BB XA
HHR) i e TR AR I e A T K L R R
(F6), HAERME, P,0, BIIETEXTR Si0, 14
i, XE XA DB L AR EUIANG, KR4S
Al TR R AT I AR Z T, X AR 2 aE TR 2 B 4G
e T rPeRE B 22 MU A (Toplis et al. , 1994) o fE3
(T ST w2 DNSE o L £ v 2l AR R - (VY EUP )
T LR A A AR LS R A b AR
JERAR, ZREBAL R A A ML, A TE R 20 Y
R A= 7 3 FAT B T B3 3 0 A ol PR i 4t 58 XL
Aot TP A A B0 W 3 T BEURE, AE Rodinia K
R AR, 220 IS A KBk HL 5 21 X
FEAEHIR K A8 (LIPs ) , He I 26 B b i o X

HHECRERT | BEBENT | Pk KR
20
GEOROCH4
PERF: n=1789
T P,0~03%
155 [ $i0,250.3%

Ww(P,05)/%
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W(SiO,)/%
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Fig. 6 phosphorus concentration in different volcanic types

RAAH 3.4x10°~3. 7x10° km®, KARHNH T 28k
KBt XA #5385 ( Horton, 2015) . R &% I Kk
A2 AR T T T 3 v BT 1 3 T K 3R T P DR
SR8, WA 110" ~4x10" mol 194 4 v ] FH 7
900~500 Ma Z [A]#E AR, 1X R KAE BE T 155 19
WG A7 AT HILR IR 8, T K LS A i B3t
1Y LIPs 5 3% A] GE S A 50k 1] Vg v ik 06 PRl , X2
FH T S P A B A 238 45 RN 5 A B 2 B )
FRAAEAR T LIPs 2300 Kt Yol fr
$91 1) 8 K e AR R K 2 Wl B M LR I
AR5 32 1) R il 445 A4) 7T R ol 1% 14 3 2 14 hn— £ LA
e, RT3 AR LR R A E i, X AT RE R
IZI R - R R G AL, JRmE A2 AL,
A EEENT, BEEAD EENEHAN, &
J5 R BIE R B B AR
3.4 IPREFHLEDELRIF T

B E A Marinoan vKIIZE WIS, K2 B Ml X 7K
JIEE H B R s O AW 2R, SBUXRER
FRYRERR A KALVE RIS kg s, XU 9 (k)
Wielaz BN RN, R R AR T T v DR B U Y
S, T DS B A B AR R T O R Fe Ak, A
T K B ITIE B TR, 0 7 R RG 2R X
WERERIRI A 7 T o S5t R i 20 4 Rk R AR 1
5 R KBS A s B9 H BURE A (Cook and
Shergold, 1984) , TEABKILHEIN, LA ECREAEDIHRT |
B LA R BOd T A e AR A B R S AR Sh
HEIK AR SR AT B 5 1Z R -V Th e 1 4R
EEA X (Javaux et al., 2001; Mcfadden et al.
2008) . AR R AOBE R IR TR AR B SR EAT DO B AR
M, BN EEREFRITTR, et TR
T, NI B BRI A 7 3 RO = 1A BILA
b E NPT Y ON ISR N E PR N )
PRI S A AR BE R (EL PR, WA T T AU
BR MRS AR S RGP A B, AT
SRS TEAPNI TP wap BNl IR -4k e
WA, Tk TR T R AN, B TR
B ARG, HEmiHESh T R - Ay RE PR AL

4 g
RS X1 2 5T S

RHZBE e R 2 n M T KRR T 5
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(1) S SE3F) Ay = p S5 BE 1L e 4 b 3%
) Th/Co . La/Sec . Th/Cr 55 FUAH | Ti0, —Zr #H &1 DL K
Th-Hf-Co ,La-Th-Sc¢ = E /M5, £HWF5EIX
PR BE Ly e L TR 2 I P R AR R BB LR
B AL il A28 B CIA) FIELAIRAY Sr/Cu fE, 3£
AR X IR BRI Ay 3, )7 T SRR EE Y
b2 A AE 5

(2) eI A Y 2| S5 Y B L e A
P,0, &5 ALO, Fe,0, &t 2 [A] 3 5 IF A K
A, HAEMERY, Hd P,0, Fi5 ALO, &2
B 435128 0. 55(r=0. 739, P<0.001, Pearson
K3 ) F10.53(r=0. 725, P<0.001, Pearson ¥4 ) |
M P,0, & &Y Fe,0, & &2 MM~ 43514 0. 67
(r=0.820, P<0. 001, Pearson ¥4 ) Fll 0. 41 (r =
0.642, P<0.001, Pearson A %) , Ui HH i M 2 i
() ZOR U AR R B (X R ) BIRAESRA

(3) AFFE X 50 R 7 28 KRB ) 2 1 8 52 v
FRERE AL, PR T e T R AL, ME
THRINGFELES RS, M THER- L RS
(R AL
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