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Abstract: A set of the chamosite-ooidal limestones was discovered at the bottom of the Pagoda Formation (Upper Ordovician) in
Xingwen County, Sichuan Province, and its genesis can facilitate the understanding the evolution of the depositional
environment in the southwestern Yangtze platform during the same period. Based on a detailed sedimentological analysis, this
paper presents a study on the genesis of the chamosite-ooidal limestones, combined with mineralogical characterization via
electron microprobe and scanning electron microscope studies. It is found that chamosite-rich ooids and peloids are syngenetic
sediments, and symbiotic bioclastic assemblages indicate that the seawater was oxidizing. The abundant microbial-related fabric
indicates that microbial mats develop during the same period, and their metabolic activities can lead to the formation of reducing
water bodies near the water-sediment interface, which is a necessary condition for the formation of syngenetic chamosite. The Fe
and Al elements needed for chamosite formation are derived from large-scale inputs of the early weathering crust during the

transgression stage. The chamosite-ooidal limestones at the bottom of the Pagoda Formation are the concrete manifestation of
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global sea-level evolution in the Yangtze platform at same time. It is an important indicator of sea level fall in the Early Sandbian

and rapid transgression in the Late Sandbian in the Yangtze platform.
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Fig.6 Backscattering images of chamosite-rich grains and their characteristics under the microscope
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Table 1  Chemical analytical results (%) of mineral components in iron particles

LN 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Si0, 0.288 0.044 23.233 0.624 22.825 23.375 0.257 22.745 0.042 23.714 0.083 93.200 1.011 0.211 21.196 22.085
TiO, bdl bdl 0.667 0.441 0.237 0.361 0.186 0.199 0.207 0.047 0.037 0.075 0.130 0.106 0.052 0.064
SrO  0.075 bdl 0.056  0.161 bdl 0.022 0.053 0.072 0.047 0.021 0.064 0.105 0.002 0.048 0.007 bdl
Cr,O; 0.003 0.015 bdl 0.039  0.009 bdl 0.004 0.031 bdl 0.008 bdl bdl bdl bdl 0.022 0.022
MgO 0.933 0.885 6.289 0.356 5.850 6.221 0.663 6.151 0.492 6.617 0.751 0.012 0.854 0.936 6.135 6.390
P,O; 0.099 0.032 bdl 0.065 bdl bdl 0.017 0.057 0.035 0.009 0.090 bdl 0.011  0.035 bdl bdl
MnO 0.017 0.030 0.070 0.144 bdl 0.021 0.094 0.019 0.133 bdl 0.096 bdl 0.131  0.155 0.005 0.002
AL,O; 0.006 bdl  17.795 0.409 17.314 17.412 0.105 16.471 0.054 19.366 0.010 0.006 0.711 0.181 15.916 17.799
SO;  0.018 0.049 bdl 0.004  0.006 bdl 0.063 bdl 0.065 0.015 0.029 bdl 0.099 0.125 0.027 0.030
FeO 0.249 0.317 35.913 7.187 36.250 36.337 1.633 31.268 0.749 34.037 0.371 0.083 2.958 3.030 32.416 34.515
K,O 0.053 0.149 0.079 0.009 0.032 0.046 0.002 0.090 bdl 0.038  0.001 bdl 0.018 0.014 0.093 0.090
CaO 52.055 53.414 0.291 45987 0.119 0.190 55.078 4.789 56.866 0.229 52.930 0.223 49.928 51.611 7.733 2.699
BaO bdl 0.001 bdl bdl 0.037  0.006 0.017 bdl 0.015 0.017 0.063 bdl bdl bdl bdl bdl
Na,O 0.038 0.025 0.033 0.026 0.054 0.046 0.016 0.043 0.019 0.072 0.012 0.059 bdl 0.065 0.018 0.049
Total 53.861 54.961 84.427 55.452 83.125 84.036 58.186 81.935 58.725 84.189 54.537 93.761 55.853 56.517 83.620 83.745
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Fig.7 Paragenesis of compositions and fabrics
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g e A m] BE S h AR W) e AR LR LE AN 3 v B
FIE W) 5 18 1 (van Houten and Bhattacharyya,
1982; Rahiminejad and Moghadam, 2018) . 52 Jlii 1
(Bhattacharyya, 1983) . %] 41 (Damyanov and Vas-
sileva, 2001) #% #t iz 2= ¥ 7K o % Ak T ks B0 AH A
H RIS A (Tang ez al., 2017) HE4% e A1 (Clement
et al., 2020) 75 H A ok B v AT s 502 =

B K LR T8 W0 5 (Sturesson ez al., 2000) 3% i 12 8
L U 22 g K LR AT 5 R Ot 22 A A B Y
IR A B i 2 8 A B A A Y 1 Sk e A
" ¥ (Damyanov and Vassileva, 2001). {H Maynard
(1986) A Ay B A fiy 2 Y A7 /& W i 08 + 2K 2B W)
AT W, 2 R 08 58 W AR T K S 2R AE T
TE I B, 0 5 I 2 ey 0 0 A5 iR B ) A [ AH B B
Fe’" \Mg" S0 R I B3 K AR AR 45 4 5 72
T AL Ik, S0 5 i 2 D8 A7 B0 4 T o b B B B X T
il B LR A A R R 2 S T ALSi A Fe-
Mg X 2650 3 X0 728 4 22 48 b BA AR T 9 ek Ak 2
Ik AT AE AT ) A5 A5 B B A TR AR R A BRIk
JH i 23 )¢ A7 85 1% 2 e A 45 E IR AR R L W T i AL/
Si5 Mg/Fe X} b= AT DL B W 5 A 0 9 vh
WUk 1Y b BR AL 27 ¢ R DA L™ W) IE LS5 A (Damyanov
and Vassileva, 2001; Tang et al., 2017; 5% Pl 18 ,
2019).Damyanov and Vassileva(2001) & F] Ff B, F#5
5T BE 4y B % Kremikovtsi TR M I 7Y fi: Jo 7 4k et i
o AR T A A B A R T Y A R U A
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Fig.8 Mg/Fe vs. Al/Si bivariate plots of chamosites from
different geological settings
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Table 2 Calculated atomic ratios of chamosites in this study

NS 3 5 6 8 10 15 16
Si 2.738 2.758 2.772 2.757 2.756 2.575 2.639
VAI+YMAL 2471 2466 2.434 2.353 2.653 2.279 2.507
Fe 3.541 3.665 3.606 3.172 3.311 3.295 3.452

Mg 1.105 1.054 1.100 1.111 1.147 1.111 1.138
Mg/Fe 0.312 0.287 0.305 0.350 0.346 0.337 0.330
Al/Si 0.903 0.894 0.878 0.854 0.963 0.885 0.950

T DL 28 A SR T O Rl T 5 i 2% 96 A7 B9 JET L B 5 Fe
RFE2%.

FREE T 2 58 L 77 ) . i A 2 A R R R o Y
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fh B B (Damyanov and Vassileva, 2001) , % & # b
R BEA L) R T Kremikovtst T AR W8 i 25 ik o 7 42k
1 Z W AL 2R 1 B SR IR B (& 8).

o T # e U A 2 5 i 2% e A R A A I R —
AR R -, —H B MR L X R
(Damyanov and Vassileva, 2001; Tang, 2017) ,
LA T A 2 2 A1 AL-ST AT Fe-Mg DG 2 X B LR £k
2 ) VR 22 S AT B0 R B b BT A 4
" R¥EZ (Tang et al., 20175118, 2019) . A< Y
U T T SR AN 3sKORL TR 43 A D E 1Y 7 A i 2 08 A0
P2 o Bl (2 1Pl a5 3.5.6.8.10,15.16) , £
JEF BT 5E ( 2) 78 Al/Si 5 Mg/Fe [ 3 H AR
P AT, AR WOR 7 A B B VR AT A
(Marine) X 35 (181 8) , & W fifi & g 41 & B 1) 9] 4 36
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Bi SR AR K, WA T K b 284k S T VE B LAY 5 AR
#5 £ % (Damyanov and Vassileva, 2001).
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T R D A B R TR I ) 3 A 4 - R 38 1 AL A
V& B B 4%k + B i (van Houten and Purucker,
1984) | Jgt M DL f 45 #% A= K 7 2B i (Rayner and
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et al., 2020) i K " E Bk EEIE 45 P B (Harder,
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Fig.9 Evolution of sedimentary environment related to the formation of the chamosite ooidal limestones in Sandbian in southwest

margin of Yangtze platform
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T X, TE 23X — B B A 9 42 4 T AT DA oty Bty DX
SRR E R AL ) LR AE R s 2
TV BT 9 DX 3 L 9a) , DT Ay 5 385 2 IV 50 1 i 2 U
AT R T R 2k R BORTE kRt &R
TEIE H IR S 10 2 1 i S A K R b B K R R
SN , Bl Fe® X DUAE K A v B 42 K a8 UOTE TE R
IRERDT T 2 DA Fe' " SR A0 W I AT X AHE K IR o

TEAE , B E BT U0 E R TR S 1 BT, AR K A
C TN RISl = WU R T QA 7/ R Bl BU R AV R (Y
REAG T B KA EhL 42T T pHAE , S BUK &
Fe' " # 9k JFpk Fe* | M AT 5 Fe'™ AT 45 PHE +
— [F) 4 B T J0RE 3% T B A ) 2 DA S A Ak 3R
SN R (F SIWEhi A L
T PR ) V42 VR T 5 000 T A i 0 DX sk 00 L ek
RN R T & MUk R 1 w58 e i 2% e A
WK B K R 22 — (Clement ez al., 2020).

fifj 3 I A i R0 Y BT S b R AR T R Y
VAR A R S0 AN [ bz B R K il b 1) A7 A, R
fif 2 e A1 B BT AR M S8 )T R OK I8, T RE A R T IR R
TR 35 17 ) X YR B T 22 D) L R D T R AE
P iz FOR A . Bl S 7 Ak 2 T, K 3l g 8
55 , [ k2> Fe L ALJT R KRk n it 45 | i 2% U8 A i
KA FEIE B, LA AR A S AR SR 0 P2 U A ) Tt K &
B (PR, 2001) , 2 I W 41 AR A 380 8 020 AR 3R
e NN R = VA NS - TR PSR T A
HSMmatwiba gkt — 2 AR T LT
5 M PG 2% 55 L0 - L L i O T b R
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B2, FEIE AR A T ik e K A AE
7% WL S ok Ul [ 0 4x BRI P T AL AE
T M A H R R B, R R (R B BB R
A IE A Sk e A iR T B 8 T i K 2R
Mg R A BAEWFEN Z2EIFRE T R
KA A XA S S T b
e A rE K Ty A AR R (I8 9e) LT i
MORCA W R B Tz ke B AR A T fE R B R T
1T R A B 7= (R SO RS 1999) .

6 45

I F T I J A DU 2 i 1) 27 R ST T A,
AR F 6 MRS B 1 SR B G il 4t U8
JRAE W BB L3 SCHRE R T R AR

(1) 3 5 2l K A G0 1 iy 2 e A 6 R J2 76 T 7K
W R A B BE A AR T R, T 3 KOR BE ) 25 5 B i
i R T BB 1) 7K Bl g 25 1 Bk I TR L R TR i
LR BE AT HRE A% 1) SR B — , R Ak T AR
D K R R B | JEHA T BT A M AR X A 2 1 T TR
TET BRI R B AR /N B AR BR B i A N BR OB BT A
IR BE B 7K AR A5 . AN [R) 2 7R ) £y 2 106 A 90 1) 2
H B ) P XU TR S 1 7 L X S il R 2 R
B B 22 AT [l IR )2 A — 2K

(2) il 7 1 40 2 2 DLl 2% 0 A 5 7 i A
Rl 2O 20 B, 08 B W0 4 B8 8% R AR A K AR R
K KR E WA AR E 3h Ok i 4k U A
B RCHR A T T T A IR A5 R AR T %
A1 RN A A A 6 R R Bk ok TP R A DT

(3) T ALK K B W i 2% e 4 K 2
M B8 B R0 4 ki 7 I AL FE B T o
7/ B N LI N T N S S R S NG
B s XL 0 1l VR Ok S A 2R U8 A AR T K
B A A e T EE A Y R B R R AR
WAL 58 . Bl T T i A5 a2 Bl 3R KUk 5
Bl PR B 5, O R by BR LR BT DR RO
iz B U X, b il A% U8 A AE K P A
AR R T A S MW AL VA B A il 2t
e A3 il R A Sk — F AR G U0 B IR BE 9 48 R AR A
R T 8 F & 08 eSS R
R 25 3% 1L 3 0 309 96 F o PR SR 1 T 09 AR Ak T B

B BROMTRE,RAMEFEFI TS
Boag A B R CH AR R T R G R it A2 P
8 A # it b
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