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(a) Geographic location of study area; (b) sketched geological map of the study area (modified from Zhao et al.”™);

(¢) geological map by the authors
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Fig.2 The columns of the Changchengian System in Xingcheng area and the sedimentary sequence of Changzhougou

Formation in West Jiashan Section. Left: Sequences of Changchengian System compiled from Jiashan, Shoushan,

Chapengan, Mopanshan and Wanghaisi sections
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Fig.3  Microbial mat crack structures on the sandstone surface of the Changzhougou Formation

in West Jiashan Section, Xingcheng

(a) macro view of mat-cracks on the sandstone surface; (b) edge-on view of the sandstone bearing mat-cracks; (c) spindle-shaped mat-cracks; (d) both iso-

lated and connected spindle-shaped mat-cracks
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Jixian, Tianjin, Chuanlinggou Formation
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Fig.4 Comparison between mat-cracks in the Changzhougou Formation and similar structures

(a) mat-cracks from the Changzhougou Formation; (b) mat-cracks in modern setting; (¢) mud-cracks in modern setting; (d) mat-cracks in modern setting,

showing uneven shrinkage; (e) mat-cracks from the Chuanlinggou Formation in Jixian, Tianjin; (f) mat-cracks in modern setting
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Fig.5 Sedimentary characteristics of the mat-crack bed in the Changzhougou Formation and

Dahongyu Fm. in Xingcheng {2

in the Xingcheng area of the Dahongyu Formation
(a) lithic sequence of the crack-bearing bed of the Changzhougou Formation (arrow points to the cracks); (b) syndepositional soft deformation and small
fault; (c) sand-filled cracks, upper level (sand fill is embossed); (d) sand vein in mat-crack, upper surface; (e) mat-cracks from mid-Dahongyu Forma-
tion; (f) microstructures in rock with mat-cracks from the Dahongyu Formation, showing several laminae of residues of mat; (g) side view of mat-crack
bearing rock of Dahongyu Formation with many water-escape veins, possibly resulting from paleoseismic event ; (h) mat-cracks in Dahongyu Formation.

(Photographs (e) (f) () and (h) are from the same horizon and locality )

LA 280 2 BT R DB S B R IR AN 20 BB (I 60) , b o 2 DL KO 2 1) R Bt 3
i, TR U KA AN SR R T BRI N BRI I B S, AN B SRR B0 Rl A S e A B A
SR FRPEFTRR JZ o iR A R A0 s DR AT AR 2 TR T, Ry

FERGRRBAT R PR B W OL T R YR BB A 2 5 A 3 B B A 266 L A
WEIB IR 28 K EAEREE R e N RGRATVT JB R B SUZ AR S5 A0, Ak, e 2440 1 K]



AL RIS < AL T I Ty BN TR LD T W R R U T 39

{

c f /7
,t\\"x"\ \/’
ENp\eE
~ _/\\
| e

X A

u Mat-crack Mat

K16 DU 2 T ad i) T mg AL A o 70 i 78 52 BbR AR 3 7 S 18 (T (a) (b) (e ) (6) () (o) () (s) 5 MeMahon et al. ™
(d)(e)(£) (g) (h) (j) (k) (1) (m) 4 Pratt™; (p) (q) $ 7+ 75 K40

() PRSL A E IHESN ST RIE ; (b) S RGN =342 5 SR 5 (o) FR I A BER s () IEPATEHEIR, 22505 () RFE L LI ;s (DIEFAT , AHNLEFDIR ;
(@) ZIVYFTATBERLIR : () AU RLRANE B s (O B2 53 SN Z I 5 () P 1E LM ZR CEMBAL A Manchuriophycus) ; (k) HARPIR : (1D 297 5 (m) £34
JE 5 (n)FEBCIRALE; (o) P IEBZMNZR s (p)WALNK s () WA s () P v LR ARSR A i R AU B SE R 5 () B2 T b R AL SRA I IR Aok s LB
(EPRIRATE ) Hesh T 1535802 5 (O T2 ; (u) AR SRR I S MR R . HBIRCS em

Fig.6  Sketches of typical crack structures seen on the surface and in lateral profile of sedimentary rocks: (a), (b), (c), (i), (n),

(0), (r) and (s) after McMahon et al.”; (d)-(h), (j)-(m) after Pratt™; (p) and (q) after Qiao et al.”

(a) isolated aligned spindles; (b) branching spindles and triple-junction “bird’s feet”; (c) partially connected branches; (d) sub-parallel lenticular, cross-cutting; (e) incom-

plete polygonal; (f) sub-parallel, irregularly lenticular; (g) polygonal with parallel lenticular; (h) irregular reticulate and lenticular; (i) connected branches and polygons; (j)

sinusoidal in ripple troughs (similar to Manchuriophycus pseudofossil); (k) orthogonal reticulate; (1) polygonal; (m) polygonal; (n) curlicue; (0) sinuous ripple-trough; (p) lig-

uefaction veins; (q) liquefaction veins; (r) vertical cross-section of downwards-tapering, upwards-bifurcating, ptygmatically folded sand-filled crack in mudstone; (s) verti-

cal cross-section of upwards-and downwards-tapering, ptygmatically folded microspar-filled crack (“molar tooth”) in limestone, showing distortion of matrix laminae; (t)

mud crack; (u) lateral profile of mat-crack described in present study. Scale bars = 5 em
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Microbially Induced Sedimentary  Structures (MISS) in
Mesoproterozoic Changzhougou Formation Sandstone, Xingcheng
Area, Liaoning Province, China

LI XiaoBo"?, WANG YiNi', WANG Han'
1. College of Earth Sciences, Jilin University, Changchun 130061, China
2. Department of Biology, University of Toronto Mississauga, Ontario L5L 1C6, Canada

Abstract: Numerous crack structures are found in the intertidal facies sandstone of the Mesoproterozoic Changzhou-
gou Formation in Jiashan, Xingcheng area, Liaoning Province. The structures comprise 0.8-3.0 ¢cm spindle-shaped
short cracks, and extended cracks over 7 ¢cm long. They are mainly isolated, some partially connected. By comparing
them with other similar surface crack structures and the desiccation cracks developed in modern microbial mats, they
are explained as shrinkage cracks in microbial mats ( ‘mat-cracks’ ). Unconnected spindle-shaped mat-cracks indi-
cate incomplete mat shrinkage ; mat-crack polygons form when shrinkage is complete. The presence of MISS indicates
that the microbial ecosystem was already affecting the paleocoastal geological processes during the early transgression
stage of the North China Craton in the Mesoproterozoic. This information is crucial for reconstructing the biosedimen-
tary mechanisms and paleoenvironment of the aulacogenic Yanshan Basin during its early evolution.

Key words: mat-crack; paleoenvironment; intertidal; Precambrian; Changchengian System



