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Abstract  Oolitic limestone is an important type of carbonate rocks in the Cambrian period, with cal-
cite and dolomitic ooids being the most common. While there have been numerous studies on the formation of
these ooids, the occurrence of iron-bearing ooids in the Cambrian is rare and the formation mechanism re-
mains unclear. The iron-bearing ooids of the Cambrian Mantou Formation in the Weihui area of Henan Pro-
vince were systematically analyzed using sedimentology, sedimentary paleogeography, mineralogy and geo-
chemistry. They can be divided into microsparry iron-bearing ooids and sparry iron ooids, which were formed
in the transition zone between the oolitic shoal and back-shoal microbial bioherm of a limited sea in Shanxi
and Henan Provinces. The geochemical tests and microscopic observations of iron-bearing ooids indicate that
the iron minerals are idiomorphic crystals of hematites with irregular morphology and serrated edges, with no
other iron minerals present. The contents of major elements such as Ca, Fe, Al and Si in the samples are
high, showing a significant positive correlation between Fe and Al. The abundance and variation trend of
trace elements resemble those found in the Earth’s crust. The total amount of rare earth elements is high,
with a deficiency in light rare earth elements, and an enrichment in heavy rare earth elements. There is no
obvious Eu anomaly. These characteristics indicate that the iron minerals in iron-bearing ooids originate from
terrestrial detrital input. The analysis of mineralogy and sedimentary palaeogeography of iron-bearing ooids
reveals that the iron-bearing minerals likely formed in the study area as a result of the precipitation of Fe
(OH), colloidal solution from the Ordos land with runoff. Three conditions are necessary for the formation of
iron-bearing ooids in the Mantou Formation of the study area: continuous supply of Fe (OH), colloidal solu-
tion from terrestrial source, iron enrichment in a semi-enclosed coastal bay environment, and continuous
oxidation of iron minerals under the hydrodynamic conditions of regular agitation. During oolitic formation,
the intermittent input of iron elements from terrestrial weathering leads to the development of alternating la-
minae of hematite and illite-bearing calcite, which interbed with calcite lamina lacking hematite crystals to
form microsparry iron-bearing ooids. If the iron supply is sufficient, sparry iron ooids are formed, charac-
terized by hematite lamina interbedded with calcite lamina. These findings are crucial for understanding the
paleo-marine environment and atmospheric environment during the geological period, with significant theo-
retical and practical implications for the development and utilization of iron deposits.

Key words genetic mechanism, iron-bearing ooids, source of iron minerals, Cambrian, Mantou
Formation
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Fig. 1

Lithofacies palaeogeography of iron-bearing ooid depositional period and the Cambrian lithologic column in Weihui area,

northern Henan Province (base map of Fig. 1-1 after Feng et al., 2004; Fig. 1-2 after Pei et al., 2012)
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Fig. 2 Macroscopical features of iron-bearing ooids of the Mantou Formation in Weihui area, northern Henan Province
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Fig. 3 Microscopic characteristics of two kinds of iron-bearing ooids of the Mantou Formation in Weihui area,

northern Henan Province under plane polarized light microscope
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Fig. 4 Ultrastructure and energy spectrum of microsparry iron-bearing ooid of the Mantou Formation

in Weihui area, northern Henan Province
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Fig. 5 Ulwrastructure and energy spectrum of sparry iron ooid of the Mantou Formation in Weihui area, northern Henan Province
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Fig. 6 Spider diagram of trace elements of iron-bearing oolites of the Mantou Formation in Weihui area, northern Henan Province
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Fig. 7 Standardized map of REE of iron-bearing oolites of the Mantou Formation in Weihui area, northern Henan Province
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BRfiF g, Hodp 154, 283 711, 1085 rel. 1/cm %5 &
5 fRah kg, RUUZ2 A A, &
AR 0 0, Sk e B2 EE R T A
B, TRERET AR R E o BT S kRS2 T
B A Ak, AT BB B R R B kS R R A A
Mo PRI, B a2 K i s 1) B2 DL il 802 5
IR R A B2 R NRE
I S A A O T = G R R SR 5

Jo fifi R B 2 AT AT s (I 9-1), & &3
SR TE 100 ~ 1600 rel. 1/cm 5 il P 77 76 %5 4 B 5 11
S AR (& 9-2), Hirh 224 293, 411, 500,
610, 654, 813, 1312 rel. I/em 5 7k &k 7 4 %,
1083 rel. 1/em 5 J5 fif 41 A5 5, Je W 12 28 fifi 47 1
IRERRTT R A L R, H AR .
Hb, HE S AT RL R R T It X (B 9 -
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Fig. 8 Imaging and mapping of microsparry iron-bearing ooid cortex of the Mantou Formation in Weihui area,

northern Henan Province in confocal laser Raman spectral imaging system
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Fig. 9 Imaging and map scanning of sparry iron ooid cortex of the Mantou Formation in Weihui area,

northern Henan Province in confocal laser raman spectral imaging system
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3) #HE) T 9-4 Fron T R, 2 SO 1 xT
FoJa A, e SR AL o R Bk AR, AR
T7 fi A B . AR B RO EBOEH 8O RUR R E T
FSESE IS, AT O BRI B A R0 802, &
ZELAH AR AR [ BOZ O F SR ER AT WL T
AAEIEOZ (B 9-3), HAE It B T,
TR S R P BRI, HMELDIE RIS
45y (& 9-1) ¢

6 itit

6.1 HITEWEERE
6.1.1 EkZEHH

WEE D& Bk kLW # Bk B U E W a B, B
B ER S Ak R R S — Bk B R A iR K
(REET) BRI E 2 A KA &SR MET
(P 2), FRWIE Bk b s 5 Bk ot B )22 A 1% A A W)
ERE . SRR S E A —F, REIS 3 M R B
SR ERIALLL Ca, Fe, Si, ALFIO, CoTENFE
Mar. ERITES, ALO,, K,0 fil Si0, FFH LY
2 Bl IR TR ) E R, TR e R A b sZ 3 5
BUN, TEEABEA G, itk Al-Fe P28 |8 A]
DA 42 fe e Fe 55 BE U6 20 43 19 6 & (2 b 1 5%,
2023) , MRIGERTTS )2 A 455 1 ER A 2% B0 fd A
KICEM AR, ALFI Ti, K. Fe 34 4 5 H &
PR, M RE A 0.91, 0.95 F10.89 (A ufil
&, 2023), X FREABEIE DAL S G DR 0 R AT AR
BBk H R . TRk (K 6) s
Co., V. Bi, Y, U, Sr ot B Wt X & % & Ba,
Rb, Hf, Mo, Ta, Nb JTHRAHXS 7 #AFRE,
HIOUR GRS P F KT, 4 PAAS frififk
JE R R R B (& 7) YoM A X
Hi TN EE, La/La” 5 0.99~1.85, Ce/Ce”
J71.02~1.21, La/Yb=10.85~1.08, ¥ {H K
0.97, Eu/Eu’ H} 1.09~1.31, f5 Eu 5% H ., Eu
PR IE 57 2 T IS PO ) I 1 B 3 ¥ AE ( Danielson
et al., 1992) , #B] B 1 Eu IE R85~ T #2134
WY EE . WS X Eu IE S5 AR B, H &
BlaBoh, HBGEK AP0 E L Eu, BIGEHEK
AR AAL R BCE S R Bu IE R0 09 —FP ] g
(P4, 2008) o 4, it X Euw/Eu” 550
R Ba SR LA AH XA R E, B,

B 5 DXk A o D85 ¥ IS FAVBOC R BN, EARRESE 4
HEBR o BUACHE K B9 Y/ HofH Jy 60 ~90, ok it £7 Y
Y/ HofH & 26 ~28 (Bau and Dulski, 1996; Law-
rence et al., 2006) , THHAES Y/ Hofl hy 26 ~34,
SE T BORE B A1 A 3 5E T ) Y/ Hofl, 5 WAL TE
T Il PR T Y/ HofH 26 ~28 (442N, 2015)
eI, R TSk R B TR I RSk R
i KUAE

gi ATk, WEIE X A R GRL R B E R ITR Ca,
Fe . ALFISi & H40R H AL A Fe JUR Z A4 8 m i)
FHOGHE, TR TC R 5 L5 b 52 2 B A0 = B A2 £k B
B, WAoo R SRR . AR W TR AR
i, A AR EE T Eu . bR sy
IE ¢ W 35 BR DA 22 1) 25 1) 2R B T REUE
6.1.2 wWHESH

T 50 DX 2 kiR v 1) 2R R BTE de A
AR S T TSR K(E 4-5, 4-6), K
DA A 5SS U AR R IR . BR R R AT e A
Ob, RRBREERD FkE 1, WARKMEEEEREE . —
Pk o™ WAng YA AL, UL X SE R B IR AR R A
ERAAE YA, WA KA RESR B T UG I8 e gk
MR o A RIR BT il A A% L TE 5 3b 23 A 7E A2 1)
AR T A A AR ), R R S 5 A R A
MER (K 4-5, 4-6), JWH 2R BT S K 5 72 1w
A K B 7 A A S TR DCTE 09 7 9, L i B gk
PIAE 3 SR 2Z R E 22 LU R Bk BB & 0B U
1 o

Aok H R IRAR A Bk o, b 2 i P Y
BRI, AR REIE e RS (— BT =k
B, WAL =M gk s 1, o pH 50
122 IR, AHIXAE AN 7] BEJE Bk i B0 W T %
WA BB TE LBk AL 2= DORR (B LY 45, 1993) .
TERITFE DX 5 R AL A PN 7 A iiRL 22 [, R Dl 0
J&, s R LT A, RERET RGN
BB R RS ERIEE, A B8 B0 IR
U B B AR ) B SO I LR S R AT i B
A R B TR IR S o B9 DX g i ks v ) R DA
R MATRE /& ok B KB WY Fe (OH) o K
o TERARRET , i m AP T L, K&
grHES E A A PL BT (i kAR, 2019), A,
Fe(OH) Ji 1A AT fE J& 1 3 28 i 5 Jot I AR O/ 4 F
(W EgE, 1986) ml LU & 8k A LA P IR 1)
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£ & ( Boyle et al., 1977; Rahiminejad et al.,
2018) HEAMWFFE X, ARERA W 5 R LA A A
fEE, Fe 5 Sio Al JTER 5 3% 19 1E A0 ¢ H 40 1 {7
BOEAEE, BT E L0 Y7 ek B b ) v i
g e BA EEAER (Boyle et al., 1977; Ra-
himinejad et al., 2018; Qiu et al., 2020),
6.1.3 WGBS

WF9E XA T8 R BRI R Jb 2k, 18 Sk 2% 2k i
LI AT AR 2 SRy S Y A S5 kL K s (R
W), PR BT AT RESR B T T AR )2 B il
B BRARL K Y b B R BR T R A R iR
Wia ZAh, w2 R T2 /Y 0 T ) 5 AH e e ok ot ¢
A, MR TURFE AR, B BRAIRL U AL T 8 6L e
WESE R 3 — 00, SRS BRI T, H TR
MERIRELRR , BRI BOR B TR AT REE A R, R
P a A s IR, A2 ZR 08 A i R U MR R DY R 5
Ry, R B (8 kR K DT AR )
o B L — i o — B e — T R — O — Ly Pa LR &
TGO BBk R £ 5 B R R BRI 2 41, H A X LA
BEwmetF A 3, NEBWRRE TR (B 1-2,
RS, 2012) 0 XSl R F, BER X AL
B AR BRI A Sy B R UL, HAH )2 AL IR
R RRERL Y A N FAMBR R R A, PRI Ak ik
HEER IOR BT & R LI EE R AT RETEAR R, BFSE
DXCHY PG AL ER 5828 Z2 M bili (P 1—-1), 40 2R % 2k A
LR BR Y BOR B TR P s, AR 7T RE
Je R B T 58K 22 W il 4 Bt U5 XU AR 7 490 B i b A2 I R
T HEADEIEIX . RIS X B kL T A k)2
A RVERIE A IR W] & Bk ok B T REIR (2R
EE | 2023),

6.2 & Sk AL EY 2 B AN
6.2.1 ZkEHAIAI K EREN

5 DX Sk 235 R AL D v ) 5 Bk IR AE 3%
S R 2 A EL P ) < 5 PR 70 5 R 5T T e 4R O A AR A
ez IR, MK E 4RI Fe (OH), IR H R4,
SUCRE M5 A fh R IE R g . A5 Lo B
R, 2R AR Fe (OH), AML AT
I, PRI HR G U B TR U TR S A% 0 5 DL
5 A1 8UZ (B 4-1b, 4-2, 4-3); Tk A
BRI Fe (OH), A 25 58 50 Wh, 7277 % 41 1B 48
Bl g UL iE A I, Fe (OH); AR FPHAI £1 2

TEJDT A f AR Z A ULTE , T & AR ko™ — PR 1Y
Trfg A RSz (B 4-1a) o Tl SUR S & IRk
— RIS A BRSSO KT, TR S
Bk, TERRIRBELE S AR, Fe (OH), iR
PRFNR R A7 2 7 il AE N TV T AN 3 O il A1 19 2R Bk
W —HRA U, 5 07 A S0z AR B
JR AR5 SR BB (P 5-2, 5-3),

RS D25 Bk 5 1 A 1) R 3  J2 A R Y FE
ERR W R g (AR, 2023), RAE T
H R BT R IR — B, (HARERHT AR P A A AR
Rz, Fe (OH) B SRR 2 ity i i 2o 42 0
PEA SRR KBS, e A AR T I L 2R Bk
BRSO UVE (8] 4-5, 4-6) ELIAR B
T —HH O ESHRIEX (& 4-4, 5-2a) Z 5
KLAIE o T3 B itk A& 2 A TR IS,
TN ER G (Extracellular Polymer-
ic Substances, EPS) W5 =M & T, NET Y
R R AR A AZ AL R, TS BUR R0 1R B 2 A1 T
Y EUUNE (RS, 2023), B, ZFHA
TN GG W AR B A LS, BI7E kL
R AR T TE R TE 28 2 A0 v AR sl A 0 WO I

F 50 DX 50 AR 18 Sk 2 5 R DR 1) X o ) )2 25 4
P N ST 7 N o | e A i i A< = |
p) 2=V TR NI 7 NI B A R R B 7 i A
MtER R Z A T 27 AR ARk
R JZ A A AR TR e T iR IR gk
10 i B B T2 R R OR k  E TE R AL R A
(AR5, 2015) ; VG 1 Hb X B8 Bl 20 Y 2K o i
Pl = Hhy oA 8k A B0 2 08 A0 5 908 R O AR A EL U 2
(BRELAE, 20215 ZREHESE, 2022), KBy ik
R R, MRERT 32528 i 208 1 R0
oy (ZREREEAF, 2022); 46 pg e 440 10 Bk i fil ks
PLPENJZ th 85 RtR R gk 5 il 4 U8 A1 s W0 )= N
FRiE (Byu4E, 1993; HELAE, 2021), HFRIX
5 bR ik SeAN [R) AR A& R iR SR S5 R Y 22 5, T
eSS HERY R IR (W IRA S E R o A i [
AN) L TE R EE (2 A Y L B ) 2 B PR K T T
W) FLATT A UUTE N OB Y AUR I 2
SRR R
6.2.2 & REMRLIF B HHE I B R

AL 3t X FE R AL A AN 2 AL B R T A R iR K
Ik BE DR 2 DR 22 0N B IO A KL, S R R AL
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Ao HRILERAWEGLZEFRE, BAED)Z
fii, Fe,0, i35 BORMLZEOM ERNER (5
Wi&g, 2022), nf BLoE 4D I A Bk = Bk 09 B ok
B, R gra (5 SRR IR £h A i Bk
H) AR ENARF R B, H AT R e B SE S
(FBRE)Z A, BB, 1986) . Bk 48tk 4l
(80 2 U8 il R K5 2R AR, 2022) M5
DI e Sk 2 (5 kil oRn S 45 Bk B A= 0
Zhang et al., 2020) AR, WL, FE5EEMf A
PR PRl 1 A2 b 78 B 20 2 BRI R £k o s i ok o 1) 7=
A A, T IRA T

A6 e B 2 R b e e A T Yk L R
ZORA TR (P, 19945 15845,
2019; PRAEAE, 20215 JEMEHEAE, 2022), X5 #f
FE XA S AL & R ARLR RARBL o R BTy Bl R ekt
14 B J5 RT RE LI A 14 T SR Az S DU AR B 1 1 35
A YD B E A P s P K
PRI A R R PR, P E DA AT ) A 199
W AR (B, 1993; MR A%, 2009; 48
MW A%, 2022), X2 P o KRl XA T Sk 9 8 5 ok
Wz Fu, BT ECE PRI R k5
Aok BHRE (AR, 2009) . L%
B ER T A T RV [ A 4 8 S — B IR A TR AR
R LT R B B R ER B HON AR (T 1-15
48, 2004) 5 h THEJE A N AMRUIR, kA T&
Wil 540 ke ) K i 22 LR T Bk A AR 5K (s A R R
M) BRI oK L M T 7K S il 2 K U iR o ik 2
e SRR SE (AEBIAE, 2022) i LA R Y R
EREA T LA DB TR iR Eh DU 3R 5,
O S PRRE S ThE K S A LT R A, B Fe RERETT
JE (WA LLJE Fe,0, i 2 B3 . MR
9 4~7ff; ZEBISE, 2022), 3] fEE AR X €
R E LR WERIR G L2 IFARKE T
MR S35k, el el ok A RE I B
P BoEA nte g ot R SR B H G A FE
G AN Nk £ R 7R i T s R Sy e e 7
DX R A A R M XK HE B Al s B 4R,
1993; ZRIEHESF, 2022), X AJ AEHL 2R R 1 K
2 0 P I 0 kT T DU OR MR AR kT L AR
b DX G 5 R A 5 ) IS il DX R R = A K TR
JRA . fEte e T2, AT o ] 0 T 1 35
B, A ] REAE AT HEABR R £ TR 5 A 0 B B

Jo 5 4 DT T G5 0tk 2 o =k i o o

IF 5 X188 Sk 435 ok iR ) JE U 2 A 3 4%
F: BREAWHEZ R Fe (OH) , MR 315 2 £ 1]
TV PR B X BRI A . IR 3 i oK Bl g SR A X
B Yy fr g Al o 8 U I — b S R
(ZERZH 4 W—O IR ), It X AR 4L
BIRER. BEZ, &08H. ARSI
RE, BT HI N TR . RIS, AT
REHE 78 JL I R CO, i B, HAT B0 i i
FAMBOY (FEWISE, 2022) , K B TSR Z Wk
F18) i XL 7 0 T ol e A2 38 P T A IE 9 DX R i
TR Bk Y TOTE SR AL TR, R T R R L
A& iR e U LB (P 1-2) , 45 0 58 X B Al
B AR, K MO AR BRI A A5 Ol XA T A
BRIRA Gy, T SR U i v L Y Fe (OH)
JBEAA o A SR 5 DX S — A~ 56 43 T R 15 TR T PR 05
W TR B 7 B AR 23 368 AR R W1 IR 5 BBk
JRRFE L7 B, AT ARk A ok 5, 5 B AR ME X
2 55 Bk R DT TE BT AR AR, RO AR METE
BRATRL, A2 R v SRR AN e A 20 B Bk DT AR R AR
X, B RCHR 5 A 2 O A ) 3 TR T L IR
(B L3, 1993; Ji %K = 45, 2009; 48 e 5 4%,
2022), xHAHEGE RS RA L. e IL L A U
EEN= )2V TR NP 7R LB S R s SR T
“EEUEZE ST B BT BT A AR I T B T R T Y
WTERAKRE (3L KNS5, 2015; Lin e .,
2019) F0H E—8 6] 35 8% ( Qiu et al., 2020,
2022), 3k 2 AHLIX A R TTAR S RE ST XA Bk R
HERET W) e A AT Y 25 S AR TR W R AR L Y
ANRL, i BRSSP A T L
BEEIA X (BEREE, 2015; Lin et al., 2019;
Qiu et al., 2020, 2022; Chu et al., 2023; Xie
et al., 2024) , TIHESE DX & k60O P ) 25 2R 8 I T
=W R ARTTTE

A1 5 DXk i Ar A0 0 4 1630 2 O 265 A ] LR B0
PRI BUZ N, 2K F 5507 il B 4G
Yy, YRCwe T i R R I B R Bl 1 K 3l ) A
o iR B R UR B TR, R
WY (WNzE8en . W) ME%RH LT Y
(g fr) 55, BCWe & Bk kL B ih 24k 1
EAb S (BT84, 1993; Bekker et al., 2014;
Lin et al., 2019; Clement et al., 2020; Zhang
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et al., 2020), Bekker & (2014) F5 1, H Rk
0. LR s — A — S e s
BEAILET . BALY VUE B RRE TURAR S Wy Al v
B, ¥R T HEAKBIERKBASE R, Clement %
(2020) A g Bk Joi i b 5 75 A kA0 0 il 5 Y 1 S8
ISR G5, 52 B K A S A I8 5T I 3l A R
T TR B R i A 20 K A = I D e R e O R
MR 3258 R il ¢ e A1 E S0 R (B
LVEAE, 1993 ZEBENEAE, 2022), LMk 1AL
TR K B S A 25 A 2 DU TE oA a0 TG 28 f2 TR UK Y 38 D 2%
14 5 ¥ 18 i 2 30 A1 o

7 iR

1) FRAE TR 3 X 9 AR 18 Sk 2 9 55 Bk i
T it 5 R L A 5 ot R o L 2 2, P R
Al o B EDRL IR A B JZ LT i B2 45 5 ARk —
AT A PR 5 i A0 B2 IS R T L, SME
J2 VAR R AIRARBRAT 1A 049 75 40 BUZE AL 5 58
s BRSO R P2 LR AR BT — DA SO L SR
e T5 AT BUZ R AR o 33X 28 5 Bk R T BT R
55 S A W R A A P M (ORI 2% ) o

2) EEkENRLE P EEITR Ca, Fe, Al FISi
Fm B H AL Fe J0 R Z 18] A B AR G 5 L
OGRS R AL oo R
SRR, AR TR AR X T R A
XEEHITCWE Eu 5 & BR AR B 25 A B
HAEBRNRD R B R X 55+
PR A P 2R, D A Bk AR 1% Bk A AT RE LA
Fe (OH), JB A4 7 A9 1 3 e Bl 95 A D0 BR3P 855
AR ARy PR A, B AL TR M DXk A 4 2k U B
A AT RESE R B PG AL 5 16] 4 5 2K 2 3 i 14 Bl YOXU A 7
Yy, FCRERE AR IR T 2 TR AL TR X7 A2 i
LA Y B P 11 Jra BR 2 B SR £

3) TR AU Tl X1 S 4 R AR B B T 2
HA 3 A BBt 10 Fe (OH), A
SUNEEE S SN GIRGROET B DOR7NIDNCE SN SIKE 3 i[OV
By 3 Z AR BT ) ) R AL oy T DR 300 B
PR, TR TR IXOE 0 A A VS 05, X AT
BUOAEEA M T Fe (OH), BRI & &+ H 4
JE AR A 2 DURR A o 30 2 R K R8T rh R 1 4 2l 1)
KB 1 A B S IR AL T A R, AT
TRERA I UTTE -
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