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GEOLOGICAL REVIEW

bt IR B B = PRI E M A2 R AR IS
R ERBE N ESEER
REM

Hh ] BT 2 CIE ) b BR B} 27 5 W 5 B L B 50, 100083

MBI E « 2 SR 08 1E Dy W5 20 TR 1 I ¢ 5 22 AR 00T Y BRI A BB TE D ORI R . B AT R R
FOBIFFE A 45 R 2 B AR W S Bn b — b 22 il A 0 I A i T LR () 8 R AR W () AR O D B L X D S AR B L
AT LS T H 2 M BTEH R B0 T BRI R R . RAEEHFTE— S5 ZHERINARRETZ 0
JE BT U MR ) Y A 1 ) 1 B AR A DT AR 2 AT TR A J8 6 v - 4R B W 6 9 A v 2l B R IR . B X
AR i IR F) — 6 AT B A 38500 A A0 % ST AR L A TR ISR AR R R BT R R e R P EZ S
Dol 0 o AR S F) TR 3 1 R TS o b 19 ¢ B, DT 8 B 7O T 9 AR W35 e (9 T B & (Miicrobial induced
sedimentary structure; fj FK > MISS #3&) 5 B 55 1128 J5UA: LB G OB A G TEBR I T @ & — DSz i L A
A0 AE Wy A ) S b SR W S ) TR 3 O R — 20 DA DA Bl A R A I BT PR R LR e R e i AR L

AR R SR A 2 R A 2 FR A ST AR E T AE MR A W A HE SRR B s R I DU R R
KGR H A KRR BUE W R A DT B 5 18 )5 5 TR

AR W B Ry T B SE SO T AT S OO0 Y AR
Y, Bk RN e AL HE T A B CELEE A R L S
INTR R 2K R0 B AR s ) (Brock et al. , 1994), fii 4
Wy DA R A i 22 R PR e ek b TR TE LG
58 E KA Y E (Newman and Banfield, 2002;
Warren and Kauffman, 2003), % 280 HE“HEY)
R YULEE R E N (Woese, 1998), R FIRZ A,
TR AR Y, 58 A AT BT 1T HL B
Ay 1R] 42 b Bl B 4 R HR T FATTIE i i B LT B
AR AR A R IR T P AR B O R R
PR AT LS S~ A R A CO, + H, O—
CH,O+0, s 7E X HL, “CH, O” /2 MU BR B2 X 4E
M A PL A B U a9 # i] (Kastingl and
Siefert,2002) . 30 Z4{il . WUE Y 24 19— D H B AL
e "l gHE RAWUFHELESEHNE"
(Krumbein, 1979 ; Rippka et al. ,1979) , R 15 “f 4
P AR T B IR B Tz e A A A
(Brock,1994) , % Krumbein(2003) fF 35 H 19 7
FE U P W] DLBR 1B B2 KB 8 A= I 5
A= I REE BB 7E 2 1) SR A= 0 1 % U0 AH G 1 2R
B AT H 288 ik AAE AN AR5 W B (EPS) Z
& T & A Bk b0y B A B R R .

IRARE W S 1) IS J2 2 5 A 6 T DA R TR 2 B R R 3
B 3 TR IR H 0 U RREORL IR ZR LT A A
PRE L THL B ATIE S A 7 AR 3t 3 DX DK i P 7 E
TR AR OK B (1 BE | 2R P I B G AR 3 1, B
B H 2% 1 B AR 2 A5 ) AR W TR B 4 25 TR U A
3 A= W) R 1) 3 5 R 22 RO B A e A W e 1) 2 R
TR 31X 2 R R 40 R AR R BH D6 RS RS 1 TR
LK HA B RMIEEZ R U R E YR erE -
MIREJ] (Gerdes,1993) . HIRAIGGE AW JRAM W
SAAGREZE W A LR TG BT AR R0 A T 45 46
BT — R W A0 T 1 AR W R b 7E TR
OB T i R AR AT Y R B[R] B A e A
R0 5% (Gerdes, 1993 ; Krumbein, 2003) . Bl & %
PRACHE 5T 6% 5 DT AR A 1A 0 s R AGE 1 TR A F
58+ A A i FE iR 20 168 T 2 v A 0 R O BURRAIE 1Y
HE— 20 R BB ST O R A T 4 2R R g DO RRE
0 SR AR W R 1 52 e 26 0L T B R 3 A T i & 2
A RKHAE T DORRE X 0 8 6 5 A W
HH I 0 T REUAE T 1) & 4 R 9 o G R 288 28 1) 42 4 R
AR R ST A HE R R A R W TR R R R
J& (Noffke et al. ,2001 ; #F = AH4E, 2006 ; Schieber et
al. ,2007; B BRI 45,2008 KB IG 4 ,2009)
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1 RIS 8400 % B AT S 4k
A1 1 BB i P

S TERD & e IR PR DURURF IR 7E L
T AE DUHT B 2 28U ok (Davis, 19685 Schieber,
1986)  H1 T A= W o A7 72 W B e UE 4R 4 sk =, By
Lo 5 350 A 00 6 AR O 18 0 RR R 32 AR AR ALE 1 3R 31 D R
AR APk % P (Hagadorn et al. , 1999 ; Schieber,
19993 K IGAE > 2009) 5 R F X (2005) JT 45 HH A A8
R FER A DIOR A AR 2 i R sk P s i 1/
10, PR i 2€ 0 20 Bk 1Y 1 i 2 b 5 B 2ty 2
WEAGIANA MR, Frd, — H3 A K
WL R TFERE ST FRARNEU T ZZAH7H
TURUAL 3 30 A 7E — D AL s TR R A B BL .

Xof B O A FR A R AE N R S AR A B BIF 5, B
T4 )8 e Al A ) o O AR 2 B A0 9 e R B SR Bl g A R
J5F FL AR 1 2 5 I R 10— 28 m] B4k 41 s Bk A 7Y
FOFA R G BESE, Horbd MR A AR 2 &L 1 By
) 2 1 BE W (Manchuriophycus) ; B 6 W ¥ &
(Kinneyia) ; @ B AR (Astropolithon) ,
L1 i i 3

WU & H A4S A Endo F 1939 4E7E F6 6 1L
b DX PR T ST Sk D e R i — i
T s YIS R S — T g 8 A A X R AT AR . T U
BEE W 22 Wl A b 1R A Ry — b 5 O 3 B o3
[ Hofmann(1971) iy £ Al [ul JB ] 844 3 » i o —
Tl A0 5 IR IR TR 3 A ) — o i O 25 oy 14 45 ) 1R 3
Y ) — R I AR A 3 (I Ta BT 725 AR K o0 %5
(2009) Xf BRI R AT WA 4 1118 B 46 i IAE
= (VO A S 7 N T B B (NI
(Changchengia)” 8% H Al 24 FK , 1 1E b il & 19 sh )
A A AR G A IR A5, 19915 R AR 45, 19935 4
AL .1995. 2004) . [7 I ol A 1) 2% 5 OB FAE
“MRAe A7 ) AR (Knaust and Hauschke,
2004)

T U 3 X A 3 R W T R AR N SR R )
A TE SRS W 4 AT B (8 1a i) ol
IR A v AR T In) , 24 E AR A il IR AR T
R ZH B A 8 IR B0 e (Plliger, 1999) 5 18
3O —BERE DL AR R T — A SR - R T
TR R ARAR , 25 & e A AR Y J2 1 E PR A7 R 0 S 78
UENE BNV TESE I W (NEZ S G LN B s
HuFAGEAR (B 1b o) . X e TR ik 2 B R A LU
TR RO 52 BIAR 55 0 A A8 S A TR s ©

Yyt B — R[] S 10 A2 24 AT s U R 1 A
FRANE DL S © ¥7E AR w AR SO B Bl
LR BIEAREANZ . Bl G B 8] ) HT 3B R XA
) 3t 7 7 € T e A A 85k 3 ok L T L 7 S Al
{9 2 ¥ e 1) rh A2 A5 B0 % i (Gehling, 1991) 5 [
TE T FE R 2 A W o A E 3 7 32 3 I ) ) A B
PR T b, T HL R BE SR TR BT A Y K A BR B
(Schieber and Pfliiger,1994) , & 53X Fobk 4 19 3= K
SR JE A S W) B A R AN AR W A ol AR A 2
Z o

O E R Z . Wachendorfer 25 (1994) f AT 57
R TR A YR b RG5O 09 A DL BT AT e o5 4R
T 75U AR AR S ok L X R AL XLF
2 99% (g K B 41 A (Neu, 1994), 3% 5 42 B T
Krumbein(1994) ¥ 50 4= ¥ V5 o “ 75 & 38 1 i B2 F
Fasg 1R H BAT RS H a5 F K

S Pratt(1998) ¥ 2L T 1 Fr7m 1 % 4 22
SRR 35 0 ifp B O M RR S R WY B K A AR Y 7 L E
J2 5 BV HEBR b 72 4 23185 & OB B 3x 264 385 T
JIC T s AR P R S T ) I AR 2 AT Ol R B LY
KHE, LA ZRa R & U I B A Y i
K 45 19 DU ) B A AR 3 09 0 48 A Ik W
Pfliiger(1999) B K M AL W) R i 205 (5
R B2 00 S A S 198 I T AR A 4 24 55 3 o i O 1
ZLuE) R Rl WM B B A (Manchuriophycus
Facies)”,

Jei ok B i — 2B WA AF TR S T BRI D
U B AR T — TR R Y DA R i R B
11 L& T T A W s 1) 0 B SR A R 2R 80 A T A
75 & B UL FR M 4% (Schieber, 2004 ; Schieber et al. ,
2007) , J& T Wy As E AE F Y 7= 1) (Noffke et al. ,
2001),

1.2 BRI#E

HJe I (Kinneyia) ¥ & 15 ¢ #% Quenstedt £
1858 AFHfi i B M BE S “ 7 7K 7 B I b #h 5 B R e
A B R . J5 ok Walcott £E 1914 4F 1 Hij 7€
L8 (Belt Series) iR T —MNA HAK
SR ) bR A O OB L 2 A ¥R T A 44 A Kinneyia
simulan . X A~ f# B )5 ok 32 3] & % ( Hantzschel ,
1975) HRH A PRI AL . R — B4y BT AL
L H RN R LR R A i . O
1 2l XU IE 78R 458 (Ridcklin, 1953) 5 @
FEL T WA H 1 DUVE IR ” (Martinsson, 1965) 5
Q@ TEW] PF EAE S KUBT 5K 3 1 36 9K 19 bR 7 (Allen,
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Fig. 1 Images showing microbial-mat features or structures that are frequently thought

as the dubiofossils in the early time

Ca) Al () AR R 25 o 3l D5 7 s M A 284 - (O FE T W R | | FE TR R BURA IR S 2 J0 T S i 248, X 2 i 1Y
U 5 () £ A R 2 T L i 5 bR e 4 B T g T ER LS Y Tl B LT . (o) T AR R S S e ME A I B/ GO BRI 1
T /N 2R S B IR R A 3 LA ST A R U Y 30 % Ol RRAIE L E A JE L7 F 7 (Bloos, 19765 Beukes, 1996; Piliiger, 1999) . fUR AL
YR Z T AT R T A R O LR o AR AR AR AR B S T R R BB e R A (DR E AR KL
“RERI R 3 5 I O A 1] AP RIS 04 25 i T B8 R TR RTE — R B A RS PR 48 TR Z b TR R DL T B A AT RE 2 TR R A R
FIF LA B 50 A v A oA W R AE (Pfluger, 19995 Schieber et al. , 2007) . F kb W7 P4 5§ #F Murzuk 25 #1575 88 & &2k B Pfluger(1999)
(a) and (b) refer to shrinkage cracks that had been grouped into “Manchuriophycus”: (a)'Spiral cracks and their relative complex
morphological cracks that age mainly developed in troughs of interference ripples; (b) Spindle-shaped cracks in the same bedding plane.
Proterozoic Gaoshanhe Formation, Lushi county of Henan Province. (c) refers to small scale ripple-shaped structures that can be
interpreted as the “ Kinneyia” structure, these small scale ripple-shaped structures are characteristic of both top-flat crests and steep
margins, and can be grouped into the “Kinneyia” structure (Bloos. 1976; Beukes. 1996; Pl ger. 1999) and can be interpreted as the
result of gas capturing generated from the burying and the decomposing of microbial mats, Proterozoic Yunmengshan Formation, Ruyang
county. Henan province. (d) shows “Astropolithon” structure that is similar to a rare type of sand volcano, and the dikes radiating from
the central pipe can only form in a cohesive host sediment, in this case most likely a microbially bound sand; thus, this structure should be
grouped into the macibial-mat feature in sandstones (Pfliiger, 1999; Schieber et al. , 2007), Silurian of the Murzuk Basin of southwest
Libya, adapted from Pfliiger (1999)

1967) 5 @ A3 [A] B rp 4 kg /N G003 1 10 T8 ) 1 6 8
JE (Kummel and Teichert,1970);® 7EMR EKE 5=
ARG P TTCRR ) vh bl T XURS 59 B0 0 9T T B e
(Singh and Wunderlich,1978) ; © 7 40 %7 0t #3 ib i

U 1 4% 35 K R 1 32 3h 97 7 A Y 4% 80 (Bloos,
1976) ;@ TEARRR & (M Fa BT ALY I 5 UL
oAt A8 A B K A B2 AH B R 9 77 9 (Seilacher and
Aigner,1991) . X EEHF 57 34K 05 S Ho Al 9 JL A /N
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o B R R M 3, B 3T ) A i R (=
Runzelgirlanden; Seilacher and Hemleben, 1966) .
1 1\ 4% 4 IR (Dzulynski, 1963)., 4§ #i JE (=
Runzelmarken; Reineck, 1969) . 8¢ Z& >k 2% 5| B4 1% JE
(Singh and Wunderlich,1978), X623 F 2 K 5
il e IR R T AR A T G W 2 Al R Ol Rk
(Kinneyia dubia;Desio,1940) , 8% & g #i ik - “ & 2
P73 IR B 3 JE (Schwarz, 1975) | A B AR 7N 25 53]
B P8 ¥ I JE (Oszillations- Kleinstrippeln; Bloos,
1976), Singh 1 Wunderlich(1978) /41 Jy “ = K 9%
S R IR o AL SR TSR X )23 TR A 325 17T 5 7T A
B JE NI 5 AR 2K G B R R R IR WA
{fi (4N Jennette and Pryor, 1993), Bloos(1976)
W 20 B EOE 5 e AT RRAE Y 7 S
FBE U G 2 1 RH (I 2 Brzs ) s Al R JE B AE T
K e B B O PR R 22 rh L DR Ol R A B N Y T
A Je ATEE 1 T HAS 7T BE LR KURTE IR AR FH Y16 &0 T
PRAF T R, BT UG R A DXl /N 1 BB 8 4
MR . UL U4 JE 07 T1 BT B 2R 0 0 38 1A 1
TR B LLAE AR TUAR ) Hh AR 3547 WL 21 3 5 %
FaxX BEFRAE , Pfliiger (1999) 65 H A B o il 22 9 i 2
T Y5 SRS SRR G B AL SR Z Y A R R AR
Py A HTHE 98 £ 5 IS A8 368 7 10 S8 Fk O < e
AR 33— 200 B B AR U E W 2T AT A
PRIl A= 0 T % R T 2 e R 7 A 8 AR
TR
Hagadorn #il Bottjer(1997) B & = 3, “ 2>

M IR A R RN A AR L e A
ST AP R 1 3 () — 28 TR 1% 4 3 T 3 s MR
AIREL. Porada il Bouougri(2007) f it 5% 8 , Xt T
BB AR B B DU bR DL BE Ry A P 5 R
PRI /NGO A i 4 3 © &8 ST T B LSRG T
B EYRRIE e R SR AR O R
6 LAY B B BUAE U W 2R B9 AT RE Y
RPN TN A= ot 3 P i Bua k7 i
WA YR KW s moH, R IR 8k MR
(Runzelmarken) #B 43 %5 [f] F “ 45 J& .7 iy H. 3% 7 #%
FHOR A5 Wy B A 4 3L dn /N B R B . R
H:intzschel fil Reineck (1968) fir 4 iR 1% P ¢, 45 [
Tt A AR A R A RO R L H 2
ARG ENAR 2 5 T AT W B R 8 e W ER
(Bloos,1976) . “ 15 J& I 44 & 7 (Beukes, 1996) , i #
R FR N < e 7 (Pfluger, 1999) , 1 H. Reineck Fi
Singh(1973,1980) it YL i — A4 “ it &~ J&

Sk . Hagadorn F1 Bottjer (1999) [K 1 ¥ & 8 75 3 4
YR Z T W5 e 028 78 9 48 1+ 3 5 At 7y — 26 iz
W 2B ) 5 AR B 25 10 8 A+ 3 A DX 43 I

B M Hagadorn Fil Bottjer(1997,1999) 3\ by “ 4%
T4 38 AT RETE B T IR A= 03 3l L K Pfliiger (1999)
XF A JE AR /N G0 ¥ ) A R e R Ak
Noffke & (2001) 4 H: U7 21 hib iy $2 i 19— 2H B 19 Bk
He 07 S BT RR MG 3 7 (MISS) 22 v, 4% b 4% e “ S i
" 2 215 3 1 808 TE R Y i i (Noffke, 20005
Noffke et al., 2001, 2002, 2003; Bouougri and
Porada, 2002; 2004 ;
Jeevankumar,2005 ; Parizot et al. , 2005 ; ¥ B AH 4%,
2006 ; Schieber et al. , 2007 ; Porada and Bouougri,
2007 ; Mata and Bottjer, 2009) , i Ji %= Z 11 B & #%
B g 2 1 2 FT 7 1 /N GO 3 R PR BIL R ) SR
PE. 2 I8 BT B A 2 A 3 09 04 W) 0 IR EE . I
A R 43 Shy =i WY A Al G B A A AL
(Noffke,2000; Noffke et al. ,2001,2002,2003) ; 5%
HRRAE AL A 3R A R GIE [ B G 1] ) T
fk (Bouougri and Porada, 2002) 4 “ 2L IF - 47 B L A
YIN 8 BRI A0 7 R o 3% A [A] R R
U ARG A AT DL B L — R E S R

TR 075 R W S A 36 S R oy 5 IR B R A
P 1L TRL 1 e 5 1 oty U2 T B Y & A S TR A X 3
TE ATREM A IR R E R T WA W O Tz B
FEAZ W ARG 3 7 A A 2 i Hagadorn #1 Bottjer
(1997.,1999) Jr & th 14+l A1) 8 45 Wi 440 3k i 3k o = =3
SeAH B A SRS AN R S IZ ) R SRR
B JBEUE 0 BE AT DL & & A T2 T W T PLR & AR
JEZM M RIIEE” B  EX D RENHEE—
FRYVA R A A8 38 5 @ A — LAY R TR 2 Ak
IR ” (Runzelmarken) DA K8 i A0 AL (H & SUAR
545 Hagadorn f Bottjer(1997,1999) A AR 15 “ 4%
MAe 3 A . VR 2/ NGO TE AR R Ak
ANSKLI DI BT BEA WA PR T S 5 W B A
40, fa % 95 (Reineck and Singh,1973,1980) ., #i:
Ji (Reineck. 1956) . 1 3K Al i #% ¥ 9k /9 1M1 [
(Reineck and Singh,1973,1980) .4 B i P 4k 58 2
FKL B 6% 82 98 (1] /N W s van Straaten, 1953)
R B B8 % 98 ( Hunter. 1969), F§ /K o o7 IR
(Clifton, 1977 ; Robb-111,1992) 5 /N 9% 51| ) 11 2% #4) 3
(Allen,1985) 4,

TR 7 2 G N B T R BR A LA IR 25

Pruss, Banerjee and
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M TR 45 « ol YRR 1S 25 +P ARU2E W35 O TR T REUA S ) PR 28 A e HL 7y 2R AR 3R 423

A A2 AT LA A G g s PR ) TR e 26 TR ) A
AT B) TR SCRES B iR

O —Fh 2 “ K% K7 (Allen, 1985; Gerdes et
al. ,1993; Gehling, 1999 ; Schieber et al. ,2007), [z
BT U P A K TS i H B R B AR TR
asm R IR R AN 52 B8
AR S BIIA A R B A ST i A P R ORGP SR T
X AhAL I LIRS B AR L IOk 1 mm &y, B
U 25 5 BRI 25 T8 L2 A1 TE 1) IR ) 3k 4 0
WK — e H 5 B 10 mm Bi (Noffke, 2000 ; Noffke et
al. , 2001, 2002, 2003 ; Bouougri and Porada, 2002;
Pruss, 2004; Banerjee and Jeevankumar, 2005;
Parizot et al. , 2005; Schieber et al. , 2007 ; Porada
and Bouougri,2007) .,

@ Jj— T AR JE 7 X R i
A BRI AR LA W) G 2 T 5 T HL &8 W AR A AR 3 Y
Wb e M a Z ) BJZ T b X Sk wh s b s 2
FFTUR . BRI T H 2 &80 UL 3 1) A Ay
7,24 WK B R P 415 Bk 55 (Plluger,
1999; Bloos, 1976; Noffke, 2000; Noffke et al.,
2001, 2002, 2003; Bouougri and Porada, 2002;
Pruss, 2004; Banerjee and Jeevankumar, 2005;
Parizot et al. , 2005; Schieber et al. , 2007 ; Porada
and Bouougri, 2007 ; Mata and Bottjer, 2009) ; £ 4
R AIE 1R 2 B IR 1 1 3 TO0 R I A 19 30 2% (1A 1)
55 /N v IR 2 28 B R AR W) A0 IR A 3 AH X

97
1.3 Bk

“EOR I (Astropolithon)” J& Dawson 7E 1878
AR SR AT A — B Sy 2 DL A DT AR i (5
H Hantzschel , 1975) , 3 F #4 i T 2 A 4 5k 1 5L
SPIRIEZS T LA Dawson 4 4244 H 2% 18 O 98 K 40 1
— Fp st 98 Ak A B LA 8w B A Astropolithon
hindii” . X R TURAE 3 A JEA RRAE 2 (] 1d) < i —
BE g8 T AR T B YCIRED 2 E - 3HAR Y B
AL O — R B AR T H AR R A T IR
ERETOES . R — R Rk AR I R —Fh
FERR VD L (Walter, 1972) , 5% 5 B B g —Fh <
A B VAR 1) 306 3 44 1 (Pickerill and Harris, 1979)

ik — 25 W ER FVE 9% % B0 Ho e B DT RL Y O — Fp
Al v 1) A b AE 58 KRR ZET A T R AR i b
T K 33X 6 2 1 A S D A E A % A S SR RS
(Seilacher and Goldring,1996) , )\ 1fij 3 — 2 §IF 52 h
DA AE Sy O SO 6 3% 49 335 1) 4 I8 (Pickerill and

Harris, 1979) . 34> K, X F 1) & 94 % B 0 2 il T
HAT ) 0 MR SO 28 2ok ARG R ) SR P T 3R
T P9 248 390 5 R 1) 7 0 o A TR AR X8 7 2 T R )
AR R RSBz, — B B A 4k
S ARG Z T B AR T ) 2 1 ik
77 L 15 508 21 225 Jr 478 4 1) AR SRR BE 105 i 2 2E W T
2 T8 AR A i o DT T A ) R )23 TR — A A
ARAGTUARA 3 H SR ) ORI 33X A O il 2 95 1
177 77 A TR 5 RS R A 36 7T A 2 224 0 AR 0 it ) B g
i A W R ) TR I ) — AN BT 2
BRORARA B 130 %% . BT LA X R 22 4R B A A st ol
A DT AR AR 325 o 1 12 UH B G A 0 06 S 2 3 7 BT OB
A T R R T 4O TR AR A WO R AR
(Pfliiger,1999; Schieber et al. ,2007) 8¢ {4 #1155 %
AT FR A & (Noffke et al. ,2001) /) 5 W4 , 1 B 37—
A0 UH B A A ) A DS e 2ok A T O B B2 ) 0 AR B
Fa 3 5 B S5 R A AR BRI B 3 A 3 (Plluger,
1999) . 5 BRI A 2 B R S 0R A8 A0 B0 6 i
) 3 R e A 1 IS e S TSR R 1 AR BRI A ik 3
P 3 3 3 UA Oh 55 A N S e e R AR DG A e g
— RS PR A W 2R TR 32 B ) SR SOR AR Y
B IR AT FE A P GERR NS RE” s AT UM AR Y AL
AR = 3 FTRE A RO DR LA — > Sy —
FRTE U 1 228 4b e 350, B0 2 DR O 3k 86 105 B
A 3 (Pfliger,1999)

Exre 8RB A MUEE bR SSTTR Y A
HLTE AT RE i 4 T 75 %6 M9 DT R R B s i 3t ok o 3 i
AL X ILF R 99% 1Y 7K BT 41 i (Neu, 1994
Krumbein, 1994) ; F§ 35 . 7E WU AE W 9 20 2 2
HCE R ST A R AR B b L A AR L — SR Rk R
LA S AR (Gerdes et al. , 2000; Noffke, 2000;
Noffke et al., 2001, 2002, 2003; Draganits and
Noffke, 2004 ; Schieber et al. ,2007), Frliik. ¥ &
K FNA HLT A LA P B A R RS BT U ) L TE T
AW P R AR 2 v A 5 T R T R R
Z 8 Y AT A 8 A 3

BT RO R IR M i 7 (Seilacher and
Pfliiger, 1994) Ay & . /R4 Plliger (1999) 76 BF 58 #)
O PE R 8 Murzuk 253t 1) 35 B AR 1 IS A 3
BRI 22 28 () ) 1 A 9 A O B A 2
AT A5 5 Bl A= 00 D35 T T T S 4 T I G ) 2R 4 AR AR T2
GEAR Al U R AR T LA /N G DRI ) i
3 22 8 A AR P RS 2 1 AR R o R TR 1
A 15 G FR R 15 JE AR 3 Bl s A 3% 58 Y UH 28
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5 A R VS A0 RS AL 3 Mg SR 4% 2006) HE &
— BN R B — P WE B T B S
Bt o

2 WA E PR A B DURR A i
(MISS #3173 24 5

Xof A% Hi 5 2 RE LA R P O 32 B Rt FLF ST
M- E e ST STy e ot NP e
0 B RA P — 2 IS T IR S R B A
Fe INTINERICAL 5 = 2 BB B0 ¥ A& b 1 At g I o)
(Miall, 1999) . Fifi & % AR A W0 6 AR A= ) B 11
TE I TR b BT B T BT ARE SR Y 2R 48 WL R
G2 LA SR 26 10 S 56 B 9E (FE WL Gerdes (2007) 1)
A G M4 8 Krumbein 25 (2003) %F 8 4% AL 9y i
AL AT P RS0 e B RS RN R Gt ik L K A R
F PR DURR 23— 3 32 B 4 1) 3% 7
17 Bt AL (Schieber et al. ,2007),

2.1 BBARYPHHMENEHESHNE

Gerdes 85 (2000) ¥ £ T W A 1Y & 208 518 15
F14 T T T AR Ay 1%y B A L R X 3L B b v 2 e 3 1
WEFE KL R TR AR S A T S S AR S
b AT 3R 530 H 7S ol 28 R 1 2 S PR T T 1 AR
AR XS AT Ry - O NFE A R 3R S5 B ok
S A YRS LA R B AT B 1 [ % A5 4 R REZE ) R
ML AT R s @ X B sh 1 A= Py s 1 T
ORIl 2R ARG 25 3 A5 @ Bl e e b T i e
J& BORR ) T A ALARAE TE AR L © S S/ © B
W dhit . XA 0 B RMA WSS AR
RS 5P — A 43 2R FR L 3 0 4 A FNRRAE 1Y 1k
AAAE A B30 v AR S B AE— AN AT R 43 2
(LAl XA 28 DU I 7 28R R R T d B2k
EINSE AR N

22 BEEPTHEMFENNAMEE (MISS 15
E)HHE

U5 T 2% & Pettijohn fil Potter (1964) & 4

A 5 AR R 36 Rl 4 kg T

REH—EHH ZN 2

A T PA Noffke %6 (2001)

P RS R R AR

®1 FHREFEERRMIE

7, Noffke 5 (2001) @45 T 5 FAE W E L #2
K i B MISS #4358 T8 i 46 - © RPAER© A4
WERALAER s © BCIE BUPE R s @ A 9 0K: 43 2
YER © B iR ARG S5 VR . b axX S i A P i
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(Microbially induced primary sedimentary structures) adapted from Noffke et al. (2001)
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Fig. 2 Diagram showing the classification and

genetic relationships for the microbially
induced sedimentary structures
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17 main types are grouped in accordance to their modes of

formations, adapted from Noffke (2009)
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Fig. 3 Microbial-mat sandy chips with diversforms of the Mezoproterozoic Dahongyu Formation
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(a) edgewise chips with the distribution of dual directions, Nankou section in Huyu, Changping. Beijing; (b) edgewise chips with the

mono-direction distribution, Qiangou section, in Yanqing county,Beijing; (c¢) small polygon reticulation made up of microbial-mat chips,

Dashuiquan section, in Xinglong county. Hebei province; (d) Large polygon reticulation made up of microbial-mat chips, Hongshila

section in Xinglong county, Hebei province
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JIT RS E 1Y) 18 1Y) 2 TR I LA 26 37t B2 0 A Y
SUZ GG R AE T HL 500 S R e A= Wy 0 2 A
PUBT IR0 B AR 07 WA DG ; © 1R 230 YR 45 1
e 2 3% B L IR RN RS A i s Bl T A PLS S
S A S AR BRI L T LI S s R R Y e AR R
B0z . AR bSO 28 1 Noffke 4§ (2001) P J
Noffke(2009) & F MISS #43k /Y 73 1K R B84 —
¥ . Schieber(2004) L) J& Schieber & (2007 ) X i 4t
AN B AE BUAY | DL SR AT Dy B A 0 R AE Y
KR 1e A A FRATHE il P54 8 e 2 v HO0 B A= W
JR5 AR IR 1Y) 3K 3 S [ IS D R R R A AR
DU RO BE A= 0 1 1 XROME A8 — 25, i HL B T8 1l 79 1
A JUAS 75T A 1) 0K IR 73X AN 4R 2 2 B2 S B R
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(1) & 2R AR 8 304 YR 7 a8 Al sk
Fr 8 R R AL 3R B A 52 A W1 IE T AE O — A R
(Gerdes et al. , 2000; Schieber, 1998, 1999, 2004 ;
Noffke et al. , 2001 ; Schieber et al. , 2007 ; Noffke,
2009) , B AL 48 “ 54 P9 7P i #E B (Microbial sand
chips) "1 g —Fl N 14 Jg M HAA O & —Fp IR 352
YT FR A & 7 (Pfluger and Gresse, 1996 ; Pfliiger,
1999) iz JH AR PR BE o 19 “ & J2 14 7 7 (Ericsson et
al. ,2007) By WLEEFNH AR 4748 5 A il ¢ it se 4r 3R
T AR T A AR R R B A AN T i A B S
F XA (Reading,1996)

(2) X T 00 A= W 6 BT 2 A1k 1) B A 0 2B 3 &R Ok
W » P SA A 0 T AR A A P R G A 7 4 A o T
Pk Z 18] 1) B ) 4 P A 3t 2K Py s v 2 21 7 SC B AR
X S A A 2 ] B 7R N AR — e
2554 (Decho et al. »2009) 5 {H gk . 7 A 3 46 i1 72 47
ity A — AR TEAN R 1A T B FATT R Ak
R B UK L — s B b b BT A B K
P K BT WL B 1 2o 7 07 ) 2 R A
o vk A% 0 B e s R R R v DRt A 1
J& 2 H R BCAE 035 e ) TORR A 3 BT 2855 1) sk R <
Rl 7K el A ARy R e 2 1 S o — A Y
(Decho et al. ,2009),

(3) X b 52 = A1 3 4 A A 0 TG ) A I T 7 A
(RRE B 1Y 5 2 W) A8 & 1Y BF 58 (Donaldson and
Chiarenzelli,2007) 3 BH , 3 4= 4 5 DA 2 K A0 38T
A A AR | B e R A T i A L 2 i S S A
YA (T A H R G WAERD 8
FHEAE R MR A AN (H 2 SR 3 A 1 0 T B 2
AR S 3 19 T ) (Pratt, 19985 7% 75 % Fil i bk
T 2007)  Jr LU 48 T 52 2% 14 1 S5 A DX 186 i o o
FIR) B0 A 0 D AR ALE 1 52 W) 7 AR B AR A A T 2 B ) Ay
T I 1A 3 A 1 E A

(4) Bernhard %5 (2000) [ B 58 7 B, Ak ¥) &
AT B A=W BN Beggiatoa  JERE T 52
BL G AR IS, R AR A R Z A Y Santa
Barbara 4 b ft & — A~ J 780 f BEAC 52 41 02 — A
G AE FH AR W 0 A v 0 e RS 4B o At UL BR T
R 5 AR TR £6 A b i B2 W B W 58 LA L R
Y DO 2 TG o — D98 RN 2.

(5) EEKMATIER L, B — S IEFE A W
4 J5 A 2l W Bk = 1 NS0 L BC2E 0 R AT DATE T A 1 2R
B 2% (Schieber, 2004; Sarkar et al., 2005,

2006 ; Eriksson et al. ,2005; Schieber et al. ,2007),
P Bl AH CED S AHD B8R W 1R &R & & e W ]
LLiB &R F| 18 {2 4F (Eriksson et al. , 2000; Prave,
2002) . JIr LA F i € 2L OB R UF L B
JEE R BT ST IR 2 — AR Y

(6) BEA 5 A= 3h Wy 06 & & 7E JE s 20 iy 3L Bl
A= W00 T 5 SRy R I R i B 05 2% A 3 ol bR i 2% A HE B
B IR S AR Sh Y R Bk el . R SE AL IR
A 355 1Y T W8 (Seilacher and Pfliger, 1994 ; Pfluger,
1999; Seilacher, 1999 ; Pruss et al. , 2004 ; Mata and
Bottjer,2009) A B i 1 AR £ it < fi 20 A Wy 1) S
T2, Hox el R LA Y WA R o) A S
{5258 FE V% 1 IS )2 22 P (Seilacher, 2008 ; Callow and
Brasier,2009) . A= )5 K AR OC B RHAE B2 TE A
Py oK 4 R 1 22 )5 B0 0iE T IS B 8 2 R B
(Schieber, 2004 ; Pruss et al. ,2004 ; Schieber et al. ,
2007 ; Mata and Bottjer, 2009) , Bt DA {8 4= ¥ Ji5 %5 1iE
AR AIE 5 X B A S A TR IS Y oy PR LA B
X

(7) th Tk = R 459 . e SR 0 0 AR
A HC A A 0 3 S VA AE AR R AR b 2 T A B U
AR CRHAR B TR Th I8 BR A 9 0 7 A B A7 BILBE 5
B TE— DAY B35 )2 Z T B B AR A 1 R AR
OMIRGAEY/RY Fria PR L (e L W s s o A= SN
AW 82 B T 15 3 & £ (Schieber, 2004 ;
Banerjee and Jeevankumar, 2005 ; Banerjee et al. ,
2006 ; Schieber et al. ,2007) , 35X b & F AR FPE 4
RIRARME T M EONEENRR.

(8) Tl 4= W i & i UL R A 3 (MISS 4 5
(Noffke et al. ,2001; Noffke,2009) 85 1% J& = 5 i ik
A= W) i AE (Schieber, 2004 ; Schieber et al. ,2007) ,
L F F B A X R JE A T . PR BRI E R AL IE S
SRR R R DR 91 22 v s & 28 0L R Ak T
i, DAFR e Lt DA v sl B e TR A A = B
L T (Mei, 2007, 20085 #F 52 K 45, 2009) , 3t %
Bernhard 4 (2000) #F 5% 1 % 1k 47 %816 40 187 1) A= )
i —HFE X ILR 2 20 5 R Tk — 2P RS DO AR
S R IR R MISS Mk s £ A A (B
e K ) il R D 5 5R A T R BR A R
(Castanier et al. , 1999 TMAE M B A& ) =
¥ (Schlager,2003 ;Pomar and Hallock,2008) , & 1]
RE A7 L3 S 1 Gl A= W0 1E 7 O il MISS /9 A= 9 1
T 5 AR T 0 S R A R VR AR &

(9) N IZ5R I B At B A R ek iR B A B 1T
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NI BT YR
(Krumbein, 1979; Rippka et al., 1979; Brock,
1994) , Z2 AE AR P ] B AR “ B A= 1 7 T 7 A 1Y
AKTEARTE A B R EEAZ” BB BT S
SR A7 AE SR R R AR I I AN AR T T LA
3 PR A o o T b AR T b B I )
M HITE B S T M BT B AR R AE K RS ST (g
A, 2007) o TV BT A 5 3L, AT AR A AN b B i
B (FHEFH,2005)

4 Z5ik

ML S B I A B 1T Y B A . 2 AR 2T AR I
R B AR BB TR BRI R S BB IE A
A8 AN B TEVR 36 B2 ZEAT D0 Bl A 035 30 3 s 4 5
K HE R E B B . R X BUACR
B R AT 76 20 90 AR AR b i 00 ik 42 il DT AR
FRAET B E AT R Z T SRR 82 T R IR
A I E R A7 Z I AL R T P B A BT A
AR R SRR M I RO W R R LR i
(MISS #3&) # H BL . TORL A AT X1 T8 S v i 8
U E TR E LAY L LA AN A R R AR
B 2T T8O Z 5889 I 0 H A 28 R Ay
TRGUIF MRS T 2 REENFREER, EX
L5 SR T B 4% 14 R AU 0 365 08 BT 58 A IS
{ELJR: o R I D 22 ) 55 — 20 T WR 3 1 L BR A ) 2 A
20N B R R OB BT AR X MR
SR T SRR T )2 X 2 F A 3 BT ok T
A TR T BOET T UUAR SR M SR R — R Bl
Py DURR A A7 T 28 D DU R 22l o 1o Tl &
AT S 2% 5 0 58 @ A AT DU AR 27 e I — I
RS A g — R R PRS2 3
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Genetic Types and Their Classification for the Microbial Induced Sedimentary

Structure within Terrigenous Clastic rocks

MEI Mingxiang
School of Earth Science and Natural Resource, China University, Beijing, 100083

Abstract: The term algal-mat that is traditionally used in long time was changed into the term

microbial mat and was widely adopted, which is resulted from the conceptual transformation of the blue—

green algae that should be grouped into cyanobacteria. Long-time researches and studies indicate that the

microbial mat is actually a complex microbial community, and this microbial community is actually a

consortium of varied kinds of symbiotic/syntrophic organisms that embrace all metabolic pathways that

ever emerged on Earth. Although there are some disagreements, an important idea that carbonate

stromatolites were the constructs of algae mats (microbial mats) urges sedimentologists to seek the imprint

of microbial activities in terrigenous clastic rocks. The reinterpretation for some problematic trace fossils

that were found in the early times results in emergence of some new concepts such as the mat ground and
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the matground structure. Also, more and more observations of the microbial-mat relative features within
clastic rocks led to a new recognition, i. e. the microbial induced sedimentary structure (MISS) can be
grouped into a fifth category of primary sedimentary structures. On the basis of emphasizing that microbial
mats influence the depositional fabric of clastic deposits across a wide range of physical, chemical and
biological processes, the microbial induced sedimentary structures can further be grouped into several
genetic categories that contain the microbial-mat growth, the metabolism, the disruption, the decomposing
and the diagenesis types. The establishment of both the genetic type and the classification for the
microbial-mat feature that are left in clastic rocks promote the development of the microbial-mat

sedimentology in clastic rocks and within the framework of geobiology.

Key words: genetic type; classification; microbial induced sedimentary structure; clastic deposit





