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Origination of Limestone-Marl Alternations from Qixia Formation of South China
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Abstract: The Middle Permian of South China is a unique carbonate succession, which is rich in organic matter and chert nod-
ule, and is one set of the most important marine source rocks. Limestone-marl alternations are widely distributed in this area.
The limestones are rich in skeletal detritus, dominated by algae, foraminifera, and mollusks with subordinate amounts of bra-
chiopods, echinoderms, and ostracods, and minor bryozoans and trilobites. Fragile skeletons such as calcareous algae were well
preserved, indicating that cementation took place during early diagenesis with little diagenetic compaction. Marls are bioclastic
wackestone or dark mudstone. Bioclasts are diverse, including remnants of brachiopods, ostracods and rare trilobites. Bioclastic
flakes are oriented parallel to bedding planes, and thin-shelled fragments, e.g., ostracods, are broken due to compaction of the
unlithified sediment. Between the particles are micrite and a large number of dissolution seams. As to the particular features of
the limestone-marl alternations, it is inferred that differential diagenesis occurred between limestones and marls. Aragonite in
marl layers was dissolved to cement limestone, which took place in shallow-burial realm. Mechanical compaction and then pres-
sure dissolution were concentrated in the less cemented strata. The dissolution of aragonite in the shallow marine burial realm is
thought to have been initiated by modification of the pore-water chemistry by bacterial oxidation of organic matter.

Key words: limestone-marl alternations; aragonite; calcite; sedimentary rocks; Qixia Formation; South China.

EE&TR :FEARPFIEA T H (No. 41072078) 5 [ 58 T 55 S 5L 5% & JBH %1 (No.2011CB808800).
«E%rﬁf\ X EAF (1983 —) . I3 TR 5T A, E BN SRR 56 5 DU 2= F 58 . E-mail : 1iu1999@126.com
BIAEE  BiHEH . E-mail: jxyan@ cug.edu.cn



156 HoBR A} A —— i [ B A R 4R %539 %

B B E A DU T — &Rk A0 i R £k
iR R E R O DA X R R 2 — CRR KA
4,200 2B E B S AT KB R0 BUS B
Y RE A M4 (Yan et al.,2005) . fF gk b, K
5V B R TR AL BE T 19 25 5 2R 30 A [R) 9 AR
fiE IR 25 B e, WA B i 1 T SR S R K 2
BRI H W SRR, I BT K8 KR4 (i
B 2004 PR Sk e H R R ) AN [R) A R L Sk LA AR A
TSR] 45 18] A 5 R IR K A (4 PR 45 RN 1Y
1994) | HRERIR IR 5 (B I R0l 415k, 20100 8RR K
ORI e 45, 2012) R 5 — D R B A = (X 245
,2012) % 1 )2 1 R R — T2 48 R G B 2 Y F
FEAR R X L R 5 A A AT 26 il D IR s — TR K
R BT R DU 2 )8 (Westphal et al.,
2010) , Xf rfv [ R 5 VA A A R LR
SCRAPU I JCAEER 210 ) % 12 28 1l 2 1 i PR
GEEIE

1 MRS

A7 R SO0 T K SR BR A TR 7K T B LA R 1Y
v 3 v R 30) 52 X BL A K 0 | e 28 41 Al ) L A
DA T W oy A A LR i ORI B 98 4 T B 45
1999) B 10T #5312 19 ¥ AR g R 8 DOAR (g 5 0

TG IE L 2000) B AR X I A JL-F- 42 O B R #h
DUBL AR e AR R AR W B v LA — L R AR
FE L WEE A AR R e — A ATl Rl A AE YL R R OE
W AR TR G — Bl AR L O X R T K B
MR 3 MU PR35 G 44 I 25, 1996).

AR SCE G RT N BB RCR R XA R S Y
DURREREE MUK e — P B A2 B K B R b AT T
FOR G MRS i 2 T KA — K R A
HErg T S AR AE (B DB L R LR
TR A — Ve IR A ) = 2O 1 3 Ml A B IR K AR
A3 KA 25 T IR itk AASE 3 A 942 7 i B L 0
HITIE B R 5.

TV s o TR A Y A o 3 B =l s S e
(B D, Z &R d g L. A i Bk d Rl
HONGER A P 4L R P AR R L ) Tl Y )R
JEALS m, o WU B 4L B0 2 R A KA — WA

2 MR DO B T AL

h B AR AT Tl AU ORI R A
DX A DAy T i 52 ELAH L 300 SR e 1) 0 T e DE B I T
A, y—EwBANE L GRS R LS
PN N SESEERTRINREREY ENIR AR

98" 102° 106° 110° 114° 118° 122°
340 1 1 I
~
N : { \
o
TN
i I /\
= T >~ ,
M — s - v :
(£ 7 I "
_ 1A N -
SN E A o
\ !
26l : AN LK *‘z'.'(—.,./
A 7 — 7 3
o 7 A l«"\ .
' ‘ 4
22°H o
100 km ’ {)M
| S—
IF i 4 e A I 4 W Fre) R

Pl 1 A A9 B 30t b BRI — U A T R A A

Fig.1 The paleogeography of South China in Qixia stage and the distribution of limestone-marl alternations
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Fig.2 The sedimentary environment of Qixia Formation at Shangsi section, Guangyuan, Sichuan
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Fig.4 Sedimentary microfacies of limestone-marl alterations
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Table 1 The content of bioclastic grains of limestone-marl alternations from Shangsi section

e— gy I8 T il A1 XA =TT iR
B & Jigi /2 HAL® WAk ALY MK Zh Wy
Pgy-R-51-1' L 10 3 0 0 0 0
Pgy-R-51-1 M 50 20 0 0 5 0
Pgy-R-54-1 L 15 6 0 5 35 5
Pgy-R-54-1 M 150 30 10 0 3 0
Pgy-R-54-2 L 35 10 50 10 3 0
Pgy-R-54-2' M 100 50 15 0 3 0
Pgy-R-54-3" L 80 15 30 0 3 0
Pgy-R-54-3 M 250 20 15 5 1 3
Pgy-R-55-3 L 35 5 40 10 7 3
Pgy-R-55-3' M 100 20 10 0 7 5
Pgy-R-60-2 L 30 20 3 0 0 0
Pgy-R-60-2' M 125 40 11 0 0 0
Pgy-R-61-1 L 50 23 8 0 3 0
Pgy-R-61-1 M 100 30 90 0 0 0
Pgy-R-62-2 L 10 15 0 0 1 0
Pgy-R-62-2' M 100 40 28 0 0 0
Pgy-R-65-1 L 25 40 0 0 1 1
Pgy-R-65-1" M 60 35 0 0 0 0
Pgy-R-70-1 L 20 5 12 0 0 0
Pgy-R-70-1' M 15 15 6 0 0 0
Pgy-R-70-3 L 60 30 3 0 0 0
Pgy-R-70-3" M 20 15 0 0 0 0
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ZEFTE 52 (Hardie, 1996 ; Stanley and Hardie, 1998
Lowenstein et al.,2001;Dickson, 2002 ; BifE# Al
B1,2006) , iIX B Uk 1 S04SR AR BE. &
AT AL K LLE & SO R Cat L g
BACHE AR 20, /K o Mg/ Ca BEJREL R T 2 T
ANF AR K 5.2(3 2) 7l A 1 R S5 90 UE 5 36 W
K Mg/ Ca JBE IR 3G i s g A A1 1 304 B
BB R Eh 5 W) 1 A= B (Sandberg, 19835 Ries et al.,
2008; Stanley, 2008) . B 1t — & 42 1Y 1 AH Bk R £k U7
TR SO B 2R IR W I XN KA — Y K
R AR A R A AR A Y S EK W B, TR SO
V7 kA0 B2 B 52 B A AR Y e

T S B A AR ST AR Y e U I
W1, 3BV B A w0 A DR AIE BT XA
PRy — & ik B T A R A (Permian Cher Event-
PCE) (Murchey and Jones,1992) ; # &5 ]t J& — 1>
b 1w Al CRE T Sk 26 0 10 IRD) 11 v e A 38 5 36 5 7 R

x2 —EBLBKEESFIRE (mol/kg H,0)

Table 2 The main ion concentration of Permian seawater

Fiy (Ma) Nat KT Ca?t Mg?™ ClI™ SO,?~ Mg?*" /Ca®

0 485 11 11 55 565 29 5.2
2568~251 469 10 14 52 565 23 3.7
283~274 439 10 17 60 565 19 3.5
296~283 461 10 15 52 565 20 3.5

245 478 13 14 47 565 25 3.5
255 477 15 15 43 565 23 2.8
265 477 15 15 43 565 23 2.8
275 481 12 12 52 565 27 4.3
285 476 16 17 40 565 21 2.4

296~251 460 11 20 54 550 20~45 2.7

7 3% Hardie, 1996 ; Horita ez al.,1991; Lowenstein et al.,2005.

Fifi P4 b 5 Hb 2 25 & BF 58 3R B, % X Sakmarian-
Artinskian ¥ & — S 4 K& — A1 R UT AR MR AE
R AT W B 4H )z R A R A S5 AL AR T X
— L X = AU BT, 2007).
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Fig.5 The formation process of limestone-marl alternations
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