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Mechanisms of cycling and burying of iron-bound phosphorus (Fe-P) in marine sediments: A review
XIONG Zhihao, WANG Xinghao, CHEN Yuanqing, WU Zijun
State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

Abstract: The cycling mechanisms of iron-bound phosphorus (Fe-P) in marine sediments are pivotal in regulating the long-term sequestration
and remobilization of phosphorus, profoundly influencing marine primary productivity and global carbon-phosphorus-iron coupled cycles.
Traditional paradigms regard Fe-P as an easily remobilized "temporary reservoir"; however, recent studies reveal that specific occurrence forms
within Fe-P—particularly vivianite—can achieve stable burial under certain redox conditions, representing an underestimated yet significant
phosphorus sink. This review systematically summarizes the cutting-edge advances in Fe-P transformation mechanisms, unveils how iron oxide-
driven anaerobic oxidation of methane (Fe-AOM) directly promotes vivianite precipitation by generating Fe*', and indicated that enhanced
terrigenous iron input during glacial lowstand periods could facilitate vivianite formation in non-seep areas. Furthermore, this paper elucidates
how sea-level fluctuation, sulfide competition, and global warming-induced expansion of hypoxia modulate the activation-reimmobilization
equilibrium of Fe-P by altering sedimentary redox gradients and iron supply fluxes. In this review, we identified key challenges—including
precise identification of Fe-P speciation, microbe-mineral interactions, and cascading effects of global change—that are critical for constructing
more robust marine phosphorus cycle models. These advances shall have significant scientific implications for predicting coastal eutrophication
trends and phosphorus-climate feedback mechanisms throughout Earth’s history.
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AR A i A T TG R, AR B I i 4 4 o G A IR A AR TR, 5 g R, AR T AR Y
#ﬁz,u%\%?:ﬁﬂ"]#*’&ﬁﬂ%ﬁb, FRAE RN ] JORE B TR %1 O BR TR 7 TR, Wl AR IR TP A I T RUBEE |
A R AR R . Tl B DR, AN 2E0 S 2 M T g S I S YRR D AR g, O e k-
BJJ(ﬂHZ?ikﬁﬁHE AR S5 Qe O 2GR BE-A-ER 80 2 00 R S IR PRI £ 0  CO, 10, 7K
Wi A, 51 A K R E IR R SR T XY T DRI, TR Sk B T T B AT B 1 OC B e AR

BENTE : [ 5 A R R K R T Ak 5 S BT R AR PR LA (2022YFC2805400) 5 [ 5% 1 AR R 2 3 4 1 b 100 H 4R Vg 30T 2 U8 3 IX LAY
BRAh G AR OTE B S Y e IR R SRR T RS2 IR (42276059)

TE& B AT BERY 5£(2000—), B, AL W58, 2N F v Y R AL 24 15T, E-mail: 2231672@tongji.edu.cn

BIREE: RAZE0973—), B, Wb, 242, WA R0, FENFEFEARE 5 E Y M ER L2358, E-mail: wuzj@tongji.edu.cn

st #8 B #5: 2025-06-14; 2= H #:2025-07-07. & 57 F S


https://doi.org/10.16562/j.cnki.0256-1492.2025061401
https://doi.org/10.16562/j.cnki.0256-1492.2025061401
https://doi.org/10.16562/j.cnki.0256-1492.2025061401
mailto:2231672@tongji.edu.cn
mailto:wuzj@tongji.edu.cn

545 % 5 4

RB 5, S MR UL Bk

455 WA P B O7F 5 ok 169

FERL, X T0000 42 BRAR A0 55 T 09 A2 A8 PR 0 1 &
KHEE,

VPR UURR A by W 1) J 2 HLRE R 5 OB
B, HUURR Y- K S A ER L A R A A ad R
F BT R FEALROR 5 KAy iE Y, Horp,
BREE A AT (Fe-P) P A AL IR A5 B LA 1B
0RO, A VR 4 2 A T W A Sl A A% 0 3R
o AL GRS E O Fe-P B h ¢ 5 BRE”,
T Ry HLTE H 0o A v £ B AR ) S AL A T T R
R, K E AR AR, 2R, X —INE ke
FE43 I W Fe-P PN (T8 25 S o v e 8 2 1 Ak
AR . FA L, Fe-P AL P 28 S M R A7 B 2 W
TR (R) A R E TG VERE, ) fE R R4 T R
WERETIC IR A BEIR R4 (U HEER ™, Fey(PO,), 8H,0),
S RS W T A R A R PR 5 v A A T S B
o M . AR R, AR Y TR S M ML
BB GINAE 22 . R B IRIX, ZA bk
B B e IR 48 44K (Fe-AOM ) 3 3t 24 Jali K o 1 4k 5
T-(Fe?), EH25K 8 i e U e ™ i 78 vk 41K 7
AT R 40, % i i 2 i A ) ol D A Ak P i g, R
FE 3R e 5 T XA R AT AT ML Ak 40 i 2o B A
ik Fe? SRR Eh 45 6 T8 A 2 1Y) Fe-P AH, BFFYER
Y, WEERH™ AT BT R DT AR BB 1Y 20%~40%!", 1L h
VTR — DR Z R BB . /X
VLR Fe-P 415 38 A4 BLIS A AT, 475 11 I 48 22 Bk %«
1 Gi Ak 27 2 B ME UK UE X 43 Fe-P G (S 85 5
W4 AR B, S 5L S o ML 30 2 B R A M AR A 5 1
WA S 848 B (I Fe-AOM) | BRAERS . A HLR
R A 5 0 A B Al el B v B 2E 41, 0 A Y -4k -
BERS R g, HAR BAE AL H R e b 2
BRAR 1% 5K B0 1 B4R Xk |V VR R Ak LA B vk A - ]
VKIS T S AR IR 2R IR TR 20 O LR Y AR iR
JeAef 32 0 ot DK 1 45 3 o, E 17T 5 0 Fe-P 193 fk-
P ] P, (X 9 T Wl 0 A 1 I B K
B - - 15 1 SIS ATL ) 15 AS I g - 1210

BT, AR SCR B VU Fe-P 055 BY VR
&, G A Fe-P AFIE S L HIEED™) M GO0
TE AL, €145 Fe-AOM 3R 3l 16 4 i | 2 9 -
R B A P R i A B AR B B A 1 I A 5 TR
UN R R I AN TR A7 o SN R TR
Z N 3R 3 [H 15t Fe-P JE 25 7% Ak 3l 77 2% 5 30 5k
SRR PE LI PEAL 2R ALTS 50N Fe-P M Il B
AT o) R WV e A 1) B 58 1 B HL %o T
WA= 77 T3 RS - - 98 - R 5 108 A 1 0 A 52 ), A
A Sy ey 3 O S 2 (1) 4 RV U O AR B I 0

SCHRE, IO TN AT ¥ O SR AT A K T D e A
- S AL o) B 5 B 2 R

1 DI R IR | TEEA 5 458

HLTE S R O 7 o A o 3 B R I 8 A A
B U140, 9 DTS T FR 0 2 W e Oy T A0 A R A
He AR, Bl 1) T IS ) R AR T 2 B AR
BUH o A= 4 5 BR 50 385 6 J2 77 Ui AT 00 0 7 it 2 o
b FIURLAT HILIE , 28 B W Bl A% 36 AN DI 2F A TR JZ K
1A TR W B 72, B L Sk W S0 W) &
T PR I 2k M T 3 3 o A B B U TE ML 5 DA B B
Y AR AR, ki A5 A W kY S R - B R 5 L T
VE o VLR 2 UURLY) /K AT A W 28 T R 2 i B
b2 R A A AR 5 40 e L B K 3 s PR R A
FHIR 8] b B 7K A, 4 1 8 0 B 1) P A 58 ks o) — 3
3 VOV K KA, B U IR BRI (1] 1A) o L
FEL4) v %) 3 55 R 32 B 22 DT R SR s i 0 B
L0 ih 2 B PR 3TN RUR R A BRI TE 9 20%, {HH:
7 5 T T W KR G O R R T B Bl R R R
(80~ 8000 umol P-cm>ka™') & JF | K ¥ (2~ 75
pmol P-em™ka™) B JL TR JL A A, Kk, fili 42
N GRUFSGEL T 29 99% B UKL R 25% 0 M w1,
FE A BRIAE PRSP b o5 46 32 5 Ao

W TR v B WA T 25 B L 1, TR Z1 5 i)
HoA= Wy o R AL A 06 8 5 e R AOCR . KR4S S
5, UURR A W 38 K R 40 ol AN R 058 A A A
(hnv] 224 i, Ex-P) | BR455 AW (Fe-P) . A AWK
A W (Auth-P) | 5% )& B ( Detr-P) #1475 AL 8% (Org-P) o
Hrh, Ex-P., Fe-P 55 Org-P it & EA 8w i 1, 753
WL AR S A B Bk fE 2E AR R R B, &
DRI, P50 B B 25 6 Ak 0 s S A 355 T Auth-P
H1 Detr-P WU AH X 15 1, T AR 22 12 Lk DL P9 2R 0L,
TURR Wy v Wl 1 K 00 0 e 38 5 3 22 3 o A MLl 1 g
(Org-P). #4555 B0 (Fe-P) LUK A A K A E
% (Auth-P) = KALHI SEH(E 1) o

TR h B S GRS G Z TR
BLBTO AR L | IR 2K AR JEOR S | 1 Pk Ak
Yyt 25 45 U ER 52 e U2 R HLIBT (POMD) (Y
TE W A 53 i S L BUK s i A5 8 (HPO,Y ) 1 32
TRV, KT TORR ) ol A= 0 b 3R AL 2 0 B Y
Moo 2 85% I POM 7 W 1] Al & B B B A
HPO,>, %13 B 4 EU AL Ji B B e, S ik ik
I A 6 L F 52 4K (0, NOy . Mn(IV), Fe(Il).
SO, CO,) & 1% f A ALY, R0 B W2 AR (V7K



170 T b 5T 5 56 DU 40 b

2025 4F 8 A

R

Kz
<1000 m

Iz
>1000 m

I

K1 g RS BEE R
a: MK R TR AR B be PR LR AN [RDJE 25 SOCAR I A% AL

Fig.1 Schematic diagram of phosphorus cycle in marine systems

a: The sources and cycles of phosphorus in seawater™; b: Different forms of phosphorus in marine sediments and their mutual transformation (modified from

reference(7]).
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Fig.2 Phosphorus cycling and burial driven by sulfate-dependent anaerobic oxidation of methane (SO, ~AOM) and iron-dependent

anaerobic oxidation of methane (Fe-AOM) in marine sediments ')
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Table 1  Effects of iron reduction, sulfur cycling, and organic matter degradation on phosphorus cycling in different marine environments
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Fig.3 Sedimentary biogeochemical cycling and Fe-P burial driven by sea-level changes

a: Before the last deglaciation, a large amount of terrigenous FeO, was input and buried in sediments. The source of pore water PO,>” mainly comes from the

degradation of terrigenous organic matter (OM + 02 — CO, + NH," + PO,* + H,0), and the generated pore water PO, is adsorbed by FeO,; b: Since the last

deglaciation, continental sediments have begun to receive marine sediments, and continental sediments are covered by relatively calcium-rich marine sediments,

leading to the preferential adsorption of PO,* in pore water by CaCO; (CaCOj; + PO, —Ca-P). In the submerged terrestrial sediments, the H,S diffused and

dissolved from marine sediments is insufficient to consume all FeO,-bound P. There are sufficient Fe** and PO, in the pore water below the SMTZ depth of

terrestrial sediments, providing conditions for the formation of vivianite.
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