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W E HW] Girvanella GBI 22— W TR ARIR LS HEM A, EXTF 2 MAEDE T
RS T EE R REATH TS T840 Girvanella X EFSAHLEIA T BRNFA, (HE
THH AL Girvanella J RN ACHLE FERAETIIA LB . (D5 ] @I VIR 0 R ek 1 5
WS, RUE T g TR X SRR T 04 G0 Sk 4 = B P BR T Y P Girvanella (85 RIRFAE F LB 1L
TER . 45 Y WFFC X KB AR 6 I SR B EIS) Hh 25 82 03 A1 (K Girvanella 4R Girvanella &8 58
T RAT SARLL R, T Girvanella & B2 g1 KB ELAR 0.1~0.5 pm 24 L2070 PR ARk R 4Lk . (4581
Girvanella J8id — AR gEHLE], EHEREF=EKER ST, WS T Fe* Rl Al. Ca. Mg f1 Si 7E3
JusNREY) (EPS) Lpi%, MR T B d i M AR X PR () AR FE S ot s 4
J A T AR S U T R AR R I S B A S — 28, Girvanella BP0 IR B 6 88 R 7R R AL 220
TR B T8 S R il e A7 7E SRR A s Th Sk R B R, IR B WA — D EIE R
BREE BB SR & B I AR, AR =N S Ik A7

XA T Girvanella: BRITAEYIE . W AR F

F—1EE AME, 2, 1992 A, EEEARZE, YIRS, E-mail: liuxiaomei@hpu.edu.cn
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0 55

BT (Girvanella) Jeph—NAE T 55 565 41 i 51 R 5040055 ) 2 0 55 266 ke 5 4Lk )
EAMEA . EN—ANCLRLNIE, Girvanella LG VL TR Sh, &R, HEMRA,
H—MEHET (RBSEMANESY, EPS), SMRIEH AT 10~30 um; FLLZRKTT DL
ML, ERZHE S N AR ST s (Grk %%, 2017). Girvanella 1B kA1 5%
EVZRAFNIRIRES I, 2 TR BRIR $h A P i WIS AL A (R RIPRAE AL, 1990;
Elicki, 1999; P4, 2003; FFRH %, 2010; Liuand Zhang, 2012; U HZE, 2016;
FK %%, 2017; Zhang et al., 2023, 2024). Girvanella SUZEME (. D I REGE S
THREEBEER GFk%%, 2013; /A A%, 2014a, 2014b; Han et al., 2015; Sun et al.,

2021; Daietal., 2022). BN, 55 Girvanella “IRARIRVE CFNE BEGEMYEW, B

Wi H#: 2026-02-11; WUEERREB: 2026-05-15
BEETH: BAbe gm0 K R (42372128)



A

VIR IER) B B KRR S—e i T A LS, KR Girvanella IR . 5 BE
WD TT A, O BN A, S B TS IR IR BT U RRR (Ahim)) Bl
SRS ERUPIR A (B (IR H %, 20165 FF7K %%, 2017; Sunetal., 20215 Dai
etal., 2022; Zhang et al., 2023) . Girvanella J840 540 EES A ML 5 HE A 45 4 3 40 B A AL,
H COL WAHLE] (CCMs) #RmMIANREH pHAE, {2itid &K HCOs 74 COs> . MIFhER
G R R I 2 A1 45 5 T B 1 Ca?, {23 CaCOs Jit% (Riding, 2006; Sun et al., 2021) .

Bk T 54011 Girvanella b, 0 LI Girvanella K 00 AE I EEG HiRIE . B 53 1986)
St b EFERGER AR E Z A TN, B LY Girvanella & i T IS SR TR
BRI EESE Fe (OHD 3 ZURTTARMIATEL,  HARY IR v 1y A A6 1 FH A FT B AR AE S
Zhang et al. (20200 AT ES TREHLIX FE a0 R B0 18k H = Be P KT Girvanella 72 8k
A B 2R 3 T AN RS T I UTIEE Girvanella 802 /IR T . eI L, 44k
FKRLRITEZ A Girvanella R L] 1 ELA77E 4 06 A SC R R AL R i i 4t
SR =BORIL T W Girvanella ZREHRERBUMAE S B T Lo BEA. &
RS . WP EY], Girvanella &8 (ANEEY) LR A O LR Y12
VIR 7 i BRI AL N I Y =y b R 2 R e W E 2 1 R RN S K N QIR e s /=l M S S o =
YNPE Girvanella WITWOWAFAE 4584 20 il S SRR AL -

e

2 HbJERHE

WX (BRAC DO, A T AL REE a8, A oo RET R iZ s Ak 2 5, K
AR B REREEE SIKTT R, BEE FESCHIE G P BT, K Ry m el
B RN, 7EH MU — BRI S GRS, 2008). B R, BT
PHAGERA R EE 1 58 /R 2 Wikt 2 b, A Jb Rt S fb bt X B0 /K A 14, B 1 RS LRt PR Ve 2T
PHRG I 3P R & T30 = B R R (B IR £h 2 & b o 58 —HHEmG 0, VRTg 4 bR 1 Lt
XK B EGRRIES, HMAMXRE T MG EsRE (B la, 35, 2012). HIRX
P FBRRRAENACZ, R E T A S R R BRI B 3h & TR (] La,
HWEE, 2012).

WERIX 2 I TR RN 3 48, B R FoASE gk, 18k B, B85
B RZ A S B, e aig kel =B, sKRE A B, FERAEKIEHM = 11T
H, G5 HZ RPN BRMAYIE ATk H b BE, ZEE R RIS A=
MNEMB . BB 245 m, HEAAENRE . BbRES. LEAasEH), KE
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=W H Redlichia chinensis t A5 . 18kH —BJE 67.6 m, FHEECNERLAAVESE . MEPTVES -
TR ERTIRERE K S RECARA AR E, KEMSKE . RIEAKE;
ARSI . R OB E AR A REMNE K S K E =M Yaojiayuella

Shantungaspis 1 Hsuchuangia-Ruichnegella A7 . 18k =B JESE 80.3 m, FHENEL M
Wb e b E O A IE B, BRI i b K e IR SR ib A . b s (B
1b), K E =M H Pagetia-Ruichengaspis, Sunaspis 1 Poriogranulos-Inouyops-Metagraulos {t.

Far (GGEIEE, 2008).
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Fig.1 The lithofacies paleogeography map of the sedimentary period of the Mantou Formation member
II in Henan province and the macroscopic characteristics of ferruginous microbialites in the study area
(a) lithofacies paleogeography map of the sedimentary period of the Mantou Formation member IIT in Henan province. The
study area is located in the Linzhou-Weihui penebank on the northern margin of the Shanxi-Henan limited sea (modified
after Pei ef al., 2012); (b) columnar chart of lithology of the Mantou Formation member III; (¢) field section of the Mantou
Formation member III in the study area; (d) ferruginous thrombolites located at the upper part of the ferruginous
microbialite layer (the iron content at the upper part is significantly lower than that of the lower part); (e)ferruginous
stromatolites, oncolites and oolites located at the lower part of the ferruginous microbialite layer
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A

JRH L, BN E R AL GRS A BRI R . AR TRt LR (& 1d AR RS
Hop e, BB EHOR, AN B DL RS, AT AN A T A4 ) b2 KA i
(B 1d). BEAMTRRMED S ZHPE, fR LK RESRSUZ 4K, R I
NOBEAEE (B le ERAGELZ ). RIEAMTRBEBMEW SRR TE (& le P
FAMHMELLIE), HER0.5~1 cm HE BB TEAZIE AT R, a1 8 KRR kL,
5 AR5 kL J 5 B 4 i

3 FERMANTTIE

BIF SR i SR T4 b Tt DX 3t 1y 3 30 T 7 Sk 2 = B R M R R R s RO B
TEAL XA R AL BB B AP s S LS Rk, SEEUS R 36 . X BT
HMRE il T 3 N BEAT R FEARTE 226 1 = I A AT T A OR B T TR AR TET A A T) T ) [ R
B, B s A ERE e 5 o T AT R O 8 SR BE T %2 (Zeiss Axioskop
40); TARER v T SO R h e RO & 45 8 T A PUIE BCNONWR193HE ) 34T R Ay ol
K Fi 20 A M, XSS TC B K NWRI93HE 4> T 0 % h & 48 (32 [E Elemental
Scientific Lasers LLC 24 7] ) 5 PerkinElmer NexION 1000 %! ICP-MS (L. 43 #7 il ik
L&A A Sty Fe. Bay Mn. ScwW V. “Cr. Co. Ni, Hf. Cu. Rb. Th. U LA}
M 270 & (REEs). 23 07 vl f 2 R A bR g 0 04T o & e 4%, L 456 vl [0 [ 5% A v 0 R
Jo 3 B A A R (USGS) FR#EP) IR o 2 070 3 1) S5 W AF 5 b v 2 41 2 18] £ 4
D 22 4 T +10% APy, 38 B2 2 I B0 a0 B e B2 Al Sk o R B FLBE T BRI
Wb TTIERE G T BARA R TR ML H S%EE IR R, Alif oK VRS AT, e
J& B F Merlin Compact H14i B F W BW &, W Girvanella 16 F R E & 34T i i
W45 B BE v oy BT o BRI B AL B A A0 BRI R G BR A F SE R, B OR
T O W 5 AR AR VAT B B R A g B R by, GRS AR AR Tl B
ST R IR AT A A

4 4k

4.1 $KH 1K Girvanella BYHMLER

WHIEIX Girvanella Z2RVKR] I T-REHCA R (18] 20, b) MIRTEA . B EAMLE (K
2e~0) W, LMZIEAMSUZE R AilcoiEm (B 20, MEgms 2 A skaEiim, 2k
AR BIEENE, Girvanella B)JFIR G IRAPIRESEZE (B 2d) . Girvanella 2R 1A 3L



XS : Girvanella & F0 H0AE

PEGLIRHES] (K20, ), # 2UIZRAA (& 20 22RIEERN T 3~10 pm, KEHK
FIE 150 pm, HIED CEORSD JRERE . SR VR F BRI P BE ) 21045
R EBRYIBAE R (B 2b, £ LR T UL — LSR8 th B8 20 6 AR 2k 5T A1 e (]

2b’ d’ f)o

PR iy S e Ty ‘il

B2~ 201 Girvanella ) 300 5 4E
Ca) B BEHCA O IR fr, ANE T ke R B 50 (o) Bath L EHERITBOKR, BEYUH 1 Girvanella 22 IR 44
(o) BRBBRAPHWE R (OWe P L ERENRK, &2 AT HESNIEW N Girvanellat2 Rk (o) M XIE
AWM A (O Eeh o BHEM K, &AM Girvanella?2 IR &

Fig.2 The microcosmic features of iron-mineralized Girvanella

(a) microscopic image of ferruginous thrombolites, with red arrows indicating the clotted structure;(b) enlarged view of
the red box in (a), the Girvanella filaments in thrombolite; (c) microscopic image of ferruginous stromatolites; (d)
enlarged view of the red box in (c), the unclear Girvanella filaments in stromatolite; (¢) microscopic image of ferruginous
oncoids;(f) enlarged view of the red box in (e), the Girvanella filaments in oncoid

42 BRBEWMEME RSET Girvanella BRI FIBIFIE

A R AR O SR 2 1 R R GO BB Y A1 & 2 A (R 802 HEAT T R 5 5
BT BE 0 R B ATAT A (B3, 3R 5 A2 LS R SHZE A AR &
BERSUZ B S TS T ARG ZS B, BR & 55 5 08 2R Ak 1 S 802 th KB R
F> BT AL, TR SUR SR, R 77 A F D& Rk s (& 3a~d).
BT E SR A B2 AR (1086 cm™), FEH 281 em™ AR HEES), N5
BEDT MR SEON I, R T AR s T R T AR D R Mg B TR (B 3e, D).



A

557 BE B AR RO 2 ARENE (227 em'. 293 em' 409 cm\ 611 cm!y 656 cm! 5
1314 cm™) (E 3e, g)o 5570 A B kst B A BA 208 A 152 REEE (543 em!s
668 cm'y 3440 cm™\ 3549 cm™ 5 3 631 em) FIAHLEAUEZZNFHE (1334 cm™ 5 1609
emD), RETERAEIRTERKGES (B 3e, h)o BOREE AR, HREELSUEN
BN 5 R JE BRI SR B AR A A N . ARG R, X i B2 R Iy 2 T 2 o i
R IX PR o XA AT S T RGN 2 S AR W, AR SUR BVRARE AL R, Sisk e A
WUTRE AIAR RS & AR, LA IR A5 5 TR T 42 2 rp Bl R S A7 A 1 Rk R Ml T 25
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Fig.3 Raman spectral characteristics of ferruginous microbialites and Girvanella

(a) optical cross-sectional image of ferruginous oncoidal lamina; (b) mapping scan Raman spectrums of ferruginous oncoidal lamina; (c)



A

optical cross-sectional image of ferruginous stromatolite lamina; (d) mapping scan Raman spectrums of ferruginous stromatolite lamina;
(e) optical cross-sectional image of Girvanella, with labeled points f, g and h marking the tube core, tube wall, and surrounding rock,
respectively; (f) Raman spectrums of the tube core, confirming its composition as calcite; (g) Raman spectrums of the tube wall, revealing

its composition as hematite and calcite; (h) Raman spectrums of the surrounding rock, identifying chamosite and residual kerogen

43 SR 1K Girvanella BB 5

EHAREE T, SRS EA RIS RAZSRRAEEERENRA (B 4a, b), K
S SR EE BT RA AL, AR BEARRS)R BRAUE F R AR, AR T
LRI G SUZ - LR8N Girvanella BTH F, B8 B EAA BIATE BSOS A KN K57
A, EREN KB R W) ) JE A — I 2R R Ak (K 40). 7EHVEIT L,
FOATEE (TR KR MG R T D, RN R B S8 AR HEFI ) ke
PG (B 4d) . BERERFOIRE™ ) RIE R R BN BUUPIR iR, BARE AT 0.1~0.5 pm,
ANFIAIE 1 pum, FSE S RIAEL L #E Y] (B 4e, D,

M Girvanella 3oz FITHAM AR EKRE (B 5)/\Ca o FEAEE SN (K 5a,
b, ai, b, 1M Fe. Si 1 Al Uz EZ 3 AfEEEE B (1&Say | b, as-as, ba-be), Fe. Si Al
Al [ R B FE R IEAD, el Ca 2 EE K.

Xt Girvanella & WG BERE /TR, S PIH O (41.9%)+ Ca(26.2%). C (17.1%)
ETURAN, NIRRT G . X Girvanella EEEI TR BRIE - TR, P EEW YK Fe. O
Si. Al. C. Ca fll Mg S0 K41 FEM S CM3-10-3-17 [ BE NI I/ Fe (59.2%). O

(15.5%)+ Si (10.2%). Al (3.8%). C (6.0%). Ca (3.3%). Mg (0.6%) ZiL R4 (F
1; EEEAMNEIT P H Fe (25.6%)+ O (41.3%)+ Si (11.2%). Al (6.3%). C (14.1%)+
Mg (1.1%). Ca (04% I ZE5CEMN (F . BT EREEE, aTHgE B . Fe Ml
O JUH & RALE /1 BER AN AT SMUAT B35 7 5, Siv Al C. Mg, Ca TR EZIE
No WA REPN Fe A1 O JEHR & RIIME AN 59.2%F1 15.5%, i & BEAMI U 43 51 R 25.6%
F41.3% (£ 1. EEENM Fe RS R R RTEEESMI, EEESMI O TR EEWE KT
ERE .

TR A, BT Girvanella 224044k . g LR G B & € 0 S URL RN 2R 47)
PTG AL, I A0 5 4 B AN BT o A ISR B R R o XS R )R 0.5~1 pm, 32
KATF 10~20 um (B 6a, b)o TEFAFEHEE N, IX EEA 1) 52 06 25l ) 38 PR A HES (B 600
REL T R, X ¥H O (44.6%)+ Si (21.0%)+ Al (15.5%). C (13.1%)+ Fe (4.9%)-
Mg (0.8%). Ca (0.2%) o R4 (K ed), J& Tk K H I RAE. XEt Ry

FHgOeh 23 A (K 6e), SonHBEAMETe 1 (K of & alg, 547 cm'. 665 cm. 3 431
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EEESMI
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K4 BEEAR LB W Girvanella ] T 45 1)
(@) MBS ZALZEHAREER (b)) M BERYIZLARIERE, biACatRL N M, b ITGRLE A ()
Bk Girvanella V)00 39 16 i (D B Girvanella M A BT HEBHER ;. Ce, [ Girvanella®® B L
B A K HE B v R

res|of ferruginous stromatolite and iron-mineralized Girvanella

(a) scanning electron microscope i e/ of ferruginous stromatolite laminae; (b) line-scan EDS profile of ferruginous
stromatolite laminae, b; shows the lin¢ distribution of Ca element, and b, shows the line distribution of Fe element; (c)
scanning electron microscope images of transverse section of iron-mineralized Girvanella; (d) scanning electron
microscope image of longitudinal section of iron-mineralized Girvanella; (e, f) irregularly arranged sheet-like minerals on
the tube wall of Girvanella
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Fig.5 The mapping and line scan energy spectrum analysis of fron-mineralized Girvanella

(a) electron micrograph of Girvanella cross-section; (ai-as) cross-sectional elemental mapping of Girvanella); (b) electron

micrograph of Girvanella cross-section; (bi-bs) line scan results showing elemental distribution across Girvanella
cross-section

®1 HRESCM3-10-3-178Girvanella & B & TR N o &
Table 1 The energy spectrum distribution table of each element on the tube wall of Girvanella
with specimén CM3-10-3-17

TCR B HE Y B HE S
Ep S B el HE & ni o B HE
Fe 62.8 60.5 50.9 61.6 63.8 59.2 27.5 21.2 25.1 23.9 33 23.0 25.6
(o) 17.3 16.3 16.9 11.2 15.8 155 38.4 46.2 41.7 41.9 36.1 43.3 413
Si 10.3 10.3 10.1 1276 7.7 102 11.3 12.2 10.8 10.2 8.5 14.2 112
Al 4.3 4.3 3.4 4.8 2.2 38 5.4 4.8 7.0 6.6 5.1 8.6 6.3
C 1.7 5.8 10.6 7.2 4.8 6.0 16.1 14.4 14.1 14.9 15.5 9.6 14.1
Mg 0.9 0.8 0.5 0.5 0.3 0.6 0.7 0.8 1.2 2.2 0.8 0.9 11

Ca 2.6 2.1 4.6 2.1 5.2 33 0.6 0.4 0.0 0.3 0.8 0.3 0.4
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Fig.6 The idiomorphic chamosite crystals within ferruginous microbialites

(a) green chamosite aggregates in the surroundings of Girvanella; (b) green chamosite minerals within ferruginous
microbialites; (c, d) the sheet-like chamosites and their elemental energy spectrum distributions; (e) optical cross-sectional
image of ferruginous oncoidal lamina, with red cross labeled point marking the green sheet-like mineral; (f) Raman
spectrums of the red cross labeled point in Fig.6e, identifying chamosite and residual kerogen
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5.1 HREMEMERSKTRIKIE
b X FER R PR A 2 IR oA B B R, R TR X A, A
e bR ik . W (1986) AR ETIL FEREWST LB EGN, AN
H BRI LA Fe (OHD 3 JRAAR IR 75 UAE S L6 S5 80 SR A R 9 TSR K e B, JF
KR R0 5 NHEZK 2 H o Zhang et al. (2020) 143 BT 78 X 4% 3k 20 = B 1 2k S 2 4



S AR P A0 B A B L P G AR 3 G AN DB IR A 5 B B R 45
Ha BA AR AR ARRAE , VR ERITUR B KWL R TR

R B ARG L Ie R AT (EALT R AT AL 7, B A X AR
HPEREILEK Ca. Feuo Al SEEEH AL Fe LR ZMARREMMME (B 8a); Siv Al
5 Fe WA B mMINE, RE 514 0.88 1 0.63, IXE WIRT T X BE 5 R A7 A T RERR £h 7%
H, AR LESE T AEAE . 22 PAAS FRiEA G 6 0 0 A D B LA 5 45,
G LA E A (K 8b). La/La™MZBALIE R 1.14~2.29; Lan/Ybn=0.25~0.69, “FIJfE N
0.36: BRIFUME VA I & B0 W R AE 32K 1 3 A TR B R B, s 2EDTRU 7
i 5 KT T A e R A He . EwEw IARLIE RN 0.8~1.09, P 0.96, FHIER
A A R ZHFE . FERL ) Y/Ho EUAE AT 25~38 (I 8c), B BRI A Al L3 52
1% Y/Ho FUAE, 5 R T R F Bt e i (1 L A 26~28 Bt S T ek e i F v A 12 3
Ee A K 4L 2 ClnBRIR AL TE G BIE TS D) 25 (AR 5%,_2015), Ce/Ce* 1 Dy./Sm,
BRI FUHSCTE (8 8dD, R 525 IR 1 SO N . SR A P v 7Bk
R 208 A LLROIR R A, PRI AT . AR A B IR A O R, R A
B SS90 R Al SES, HIEKTS%, SRZBSN . e A, BEIRAME.
SR I AE W o R SO SR O AL S5 Wy 1 SR 5 AR e I 43 AT RS AR AL, 8 4%
B MEMAEY A E ST (K 9a, b), HEEA. ZIVAKSUZ BT R N 7
KE, e I LA SRR AR YT S — AR B IRAT AL o X S S it A SR AL THDG T B
IR (B 9c, d), ShZRCHERA TR B UA iR BEHUSGMEBIR, itz
KA ToE T A BRI . BB AR, VAR MK L R I R ek AR RS . DA
ERHER B, SR E PSS 5 L K IR IETE R . WX AL T R
PRAEERALZ, BB S T RMZE N JE S TR A s CBIRLERMED), PRI B AN AT g
K T ARHZE BRI BRI A R R R JE R SEAR e SO RS R K
Y PU/R AR, BRI A T A e MR — ), SR S e PRI, T R
WERIBELRR , ZRA K FE PR T bR/ o TR, ARABH 4% . DU R RG22 1 25
B, B FC X BRI AE W rh I Bk T R ORI AT R 2 ok B KRR ARV K Fe (OHD 5 JIRARETR .
TEIRAARA T, A5 R BRIEA T W, K HEGHIR QB4 2019). Fe (OH)
3 IRV AT BB R TE RELE BRI AR AR T CEFIGIE,  1986) i LUR &AL WL IR 1A 1) T
3\ (Boyle etal., 1977; Rahiminejad and Zand-Moghadam, 2018) 761t %8 /R 22 M7 Fifs

B RS AR R N E AT DX, IR SR MEFEL I (14 2 a5 s AR i A M e B P SR R
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Fig.8_ Interaction diagram of each element and parameter
(a) scatter plot showing the correlations among Si, Al, and Fe in ferruginous microbialites; (b) standardized diagram of
rare earth elements in ferruginous microbialites; (c) scatter plot showing the correlation between Y/Ho ratio and Al in
ferruginous microbialites; (d) crossover diagram of Ce/Ce" and Dyn/Sm, in ferruginous microbialites
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Fig.9 The quartz particles within ferrugineus’microbialites

(a, b) characteristics of quartz under a polarizing microscope; (c, d) charaeteristies-of’quartz under a scanning electron
microscope

5.2 Girvanella BI$kF L1ER

PRI IC 2R BB IS 0 AT RRIE RSO R 2 MR, Girvanella & BERIN P RAERBH/NT 1 pm 1)
RGN R AR, S X B4 5, Girvanella A5G0 Fed S5 BH 851 (1R B 25 1)
MR BRBMEYIE T Girvanella BRSNS FEaCS S BUMAE Y E th R I Girvanella
FESALHLEEARAL, e AN RSV R AR e (IRUIH 4%, 2016; Sunetal.,
2021 A FE X R UM AR T 1) Girvanella 3833 — BRI Aa AL RSO il 77K Hh i) HCOs™
MTH, I — R 04RO A L AR TR B OH, AT i i Ah B850 pH E
(Riding, 2006). 4 Fe(OH)s BARBENER UMY 5 DURIX G, BT 52 1809 J7 [0 1R i Rz
PHERR ELRR » B T A b PAT ) A 5 iy T AN 455 v SR e S A= 6 v B0 3 T 45 T A
o WA AT Girvanella JIANREH KD E 51 Fed S BHES TR M BIL A, TR
BRI TC R T A4 o X S i i i W B SR R RS T YDA AR K Si A AL AR K R Y Ca?t
M Mg EE JI R MU R G U, BT i S8 5 3 TR 22 IR 43 A (R AR BR AT o IR 1 5%
BEAA o X AR AR W) RS R) ) i 55 Bk AT ) 5 3 R A A el 1 5 g T R R A E R Hh AR
240 T A P AR PR PR 5k = AR SR IR L TERE TR HORE /AL BLBRIRER L) (Pierson et al.,
1999; Pierson and Parenteau, 2000) HI%f RidRHARLL. HOLH S MR, H WIS
Y ER)OIRT Y 9 R0, (HEBEN I Fe Juae & & 35 K T BESMI, X elir 5581 dh
SR DX A B S 1~ B B ) B A 5% o R T R AT AR IR BB B et B 7R R iR AR B
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FEICRYMEA S, ERAAARE B BREICER, SHFITRB RN RN (Fe03)
FETC R AL AR, S T A B R I AR AT T T3S St R AL Rk b B A S e %
JR AR e —

A DA ARG IR v 470 B A A, X UR T RUE B R RS, A5 K 4
Pk EEME T GRS, 2019, MEREOCEEM M E BA KB MRELH, &
ARG T 22 DRJE T RYERF T IRAEATOU A /M (PSIAI PSID (Raven, 1990). B[l ff
TERFESAE N, WEAH B LG VF 2 Xk BRI (0 A B N, S Wt 0 0 B L 1 e YA P VA Ak
RS (Keren et al., 2004). HiI XS LA TS e ¥ i 52 2k (K S 30 R 0], Hodg KK Fe (1D
BZIIE 16 pg/g, RMLHIEE CEAIE) WTLEE & FeilikhEK, KA bk
5%, 1999). Brown eral. (20100 X347 [F 52 bl 5 Bk AR 7K Hh 8 40 1 T Pk JSC-1 B3R BR AR
AR HTR I, AU BRI IR, IXLRAE YT OB ABC &L Fe (IID &% R 404
Bk Fe (11D #@ 2Vt DABERR Eh% B IEk G L S S e R R . 78
TEA A H A A B R AEAE, X ] e8I SE RS e L, S Bk H i
PRBR AT LU HOX LS B A A I T8 . IR AR X R BUMAE s b, B IR A U2 A
Pl SE B EEE m T HER, SBSRWEYSE R G, MLEE RIRKE.
XFPIR UL, W T IX R UM 0 (R R 55T B 2R Rk (A R A 3 0 AR 1R DR BK
X5 e AR B A I CEAN D TR E M s it )y, A Y 1
FAARRE A (PETR S, 1999).

TERR A vh A ) — S il 23 A7 (1 T i Ak o S MBS i I o R™ W b 0 7
BEA BIEAMSUZ BRI A IR, RS 2 B A A Ba R (K 6. H
RIgAE (LK 10~20 pm) HTE SATE AR, IXLEHREE R £ 55 7756 B MR & PR R B
BAE KRR, NARNETRET BT E T S A o S48 A /& — R LA FR e AR T R
2kZ5 L5 (Harder, 1978; Glenn and Filippelli, 2007), A PLZEGRE . I8 JR (1)K h B 32
W2EVIETE L (Clement et al., 2020). W5 X BN & hifiste A MAFER Y, R
TE R UM A0 G S AE Y B & SRS T, (2R (B K22
FEERCIRAS , (EL7E Ja) 3 X 38t 22 A7/ — MR A BRI A B8, TR A6 2 T0E o LA 25 5
LIRS AT W o B3 258 % 5 [ B A2 el 75 3 7 A i R R A0 B R B AR, AR
2 mm PL BT AR EHERETE =R, T 2 mm DR S BT SE AR ANk

(Pierson et al., 1999; Pierson and Parenteau, 2000), 1X i BH7E W 40 & ik A=W 8 W AAE—A
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(1 WX R B AE YD B S0 B 5 1 38R 70 AT Girvanella 2. Girvanella &
ST E TR SRR, T Girvanella & BN R E/N T 1 pm B R IR WA G 200
WEEGRA . SER SR, BRI R IR TG R A Fe R ERREN . i oER
RETE 70 A FLAE, A BENN Fe Juak & B MR R T RESMI, T BEAI Siv Al TR S EW]E
ANTEREIMI . IXFh T 3R AT (10 22 e 1 BV 5 58 5 TR LA S DR IR B A AR DR DG B

(2) WERBRAEYIE I BT , BRBTRUEY S P T R VIR SRR, MR
J2E H 3k B KL R PR AR BT 9Bk . e R B AT RE 2 R H KFEAR I Fe (OHD 3 AR VA
T 52 6 JE B I PR P B DAVR & Bk A A LA A B X e 7 X0 B P8 ) 50 2R 22 2
Pl B B A A B T NI 8 X, FAE B2 SR 35 HE REL B 1) < BINEE S B W AR T A D b P 56
%.

(3) Girvanella 381 — FACTRIKR AR B 5 B A0 5G4 v Bt 1 A7 e ar W B R 1 B D 2%
TR A Fe, Si AL DURGHEZK H ) Ca? il Mg?t, R f80IX B0 85 1 75 5 T3 1 i 41 5
B L AL I B B AR R o XA A MR DR R A 7 0 3R A b S X T Ry B —
WAATTTETRERAT, B T I E T e P AR S R E B s i . RIS, il
A= WE BN A E SRS A 4R 7R 1A AT AR, SOk AR Y A A AE 2 3 4R
AIE TR BE e 5 A K & BRI AR AR I 1R, RSB T =Bk S T R R 3T

Bt RORIRE R T !
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Girvanella and Its Iron Mineralization: A case
study of Cambrian ferruginous microbialites in

north Henan
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Abstract: [Objective] Girvanella, a cyanobacterial fossil commonly found in Cambrian carbonates,

plays a crucial role in the formation of many microbialites. Despite considerable advancements in
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elucidating calcifying Girvanella and its biomineralization mechanisms, the understanding of
iron-mineralized Girvanella and its iron-mineralization mechanism is still relatively vague. [Methods]
This paper explores the structural characteristics of Girvanella and its iron mineralization in
ferruginous microbialites from the Mantou Formation member III (Cambrian Miaolingian series) of
Weihui area, northern Henan through an integrated analysis of sedimentology, mineralogy and
geochemistry. [Results] The results indicate that the lamina or clots of ferruginous microbialites in
study area are dominated by densely distributed Girvanella. The tube core of Girvanella is primarily
composed of crystalline calcite crystals, whereas the tube wall of Girvanella is composed of a large
number of sheet-like hematite crystals with diameter of 0.1-0.5 pm and random distribution.
[Conclusions] Through CO;-concentrating mechanism, Girvanella generates a large number of anions in
its surroundings, which adsorb Fe3* cations along with Al. Ca. Mg and Si, facilitating nucleation on
Girvanella EPS, leading to the formation of cryptocrystalline hematites. This kind of microbially
induced hematite is significantly much complex in mineral morphology and elemental composition
than chemically precipitated hematite. The co-occurrence of cryptocrystalline hematite minerals
formed by the iron mineralization of Girvanella and idiomorphic chamosite crystals formed by
chemical precipitation within ferruginous microbialites indicate that there are fluctuating changes in
the redox gradient and iron mineral phase, as well as involving thegcoexistence of ferric and ferrous

minerals within the cyanobacterial microbial mat(film).

Key words: hematite; Girvanella; ferruginous microbialites; microbial iron-mineralization
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