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2 o ulgRe ols) whEolx HAgel WAESRS oF 359 W A A7 Ao A 54T ol ony
ol Tieke SelN WAET ATk HAReRe HARel 444 HARS AN} BaAS AUAA
AR, 3 A% PaEete) maTash F1Est SR MRk 1 RS vgewn 2 A
ERnlEeiolE, AgEeo|E, NSO, dol2etole 5 ul /K BRAT A /1SN YBY
o $E Ple F= ol B ROAG FE FsEel 98 wdo, AN el eaEs
P 2EZRETO|EE 7] F oAiRkh Eb PhSHA AR ZOIEUIL, olF tlilske] A
N A uwom AT olF Aol HolsH o
It FAEE] SAYel W} vRIe] HA/SN AR M vl hson, dEE A5
5 53 A7 S WSl Sume AR A A, 2] ) 2aeE, et
| A EE SO maEsde] BaE ul glom, o]5e Alis B4 $dd) me N B fﬂﬁﬂ
stk oz shike) uvggw WE 37 A7E Fol Aol Ad)S W %A Hal P
ol B ThE AEBE Alle] HEAES olslF F e Zolth.

A0 MBS, VYRR, SERiEe|E, AEEelE

N
HE FUE
) ru:L

Abstract: Microbialites are defined as rocks formed by microbial organisms. After their first appearance
around 3.5 billion years ago, microbialites occur in various depositional environments throughout
geological periods. Microbial organisms form microbialites by trapping and binding detrital sediments and/
or precipitating carbonate cements, resulting in formation of various microstructures and mesostructures.
Four major types of microbialites are distinguished based on their mesostructures: stromatolite, thrombolite,
dendrolite, and leiolite. In the geological records, occurrences of microbialites are influenced by calcium
carbonate saturation of seawater and interaction of microbialites with metazoans. Stromatolites mainly
flourished during the Precambrian, and diminished as level of atmospheric carbon dioxide declined. On the
other hand, thrombolites, mainly formed by calcified microbes, began to flourish from the Neoproterozoic.
As metazoans diversified in the Phanerozoic, proportion of the microbialites within sedimentary record
declined. Since then, microbialites only occasionally flourished during the Phanerozoic, such as shortly
after mass-extinction events. In the Korean Peninsula, microbialites occur in the Neoproterozoic Sangwon
System, the Early Paleozoic Joseon Supergroup, and the Cretaceous Gyeongsang Supergroup, which form
different shapes according to their age and depositional environments. By performing detailed studies on
these Korean microbialites, it is possible to understand how microbes affected geological records and
sedimentary environments, as well as their interaction with other organisms.
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Aoz

u] A &% (microbialite)> B &l Q& THEOR
Z3st= TolthBume and Moore,
A Rzl PlEe] 54 ol
.3_ o7 HAHE 93 7FI, 2
2 7] o] FZATHRiding, 2000). uw”"‘
alkowsky(1908)7} Eg}ojo}27] E|
TOR o]FojA|IL 97 EET H
AAE AA ST, oo hdl LEZEEE
(stromatolite)g= &1 & ARJISPHA o]t F=7}
ol ofsf REEIHE Zelgkal AAIG HelA
A1ZLE S THPaul and Peryt, 2000). ©]F Q2EHYU
gJofe] ApRk(Shark Bay)?t Blshe} SollA @AY v
AEqto] wEo] ool gk A7F e5E7HA] A
&8 o2 o]FofR 3L ATrh(Dravis, 1983; Dill ef al.,
1986, Moore and Burne, 1994; Reid et al., 1995,
2003; Ferris et al, 1997, Feldmann and McKenzie,
1998; Laval er al, 2000; Andres and Reid, 2006;
Jahnert and Collins, 2011). P]REUS FAs= v
A=Ee Aol Aldele S Sl thge
AAE Al e 5dF e g71E RASHE o)
A 71Agom, gk A AbF e}t FARE tiete
AE2 (biogenic reefl)E FAsh= 5 TAIALS] B4
2ol = Zlo] #F3lth(Riding, 2000; James and
Wood, 2010). FAFH| o] TAFTEEC] A3}
™ AEzA mAERe] HFo] AnbEog volx]
o, o5 FF 54 A7l WAds AExs
P71 = sl tH(Riding, 2006b). HZ €0 L5
o= mAESte]l A deixd AR o gel &
40}111 ALS ZE ﬁ:]k]f;].}_: ]}ﬂ 34‘9_6}- Oﬂtﬂ—_. Ijijl—Dl—z:sl-
= Zo] dEAe S nAEeke] 840 A)
FEI Qlth(Reitner, 1993; Riding, 2000). =
AN E 1980AtNHE AEZnHEelo|ETL A7) 14
o Bl x| oF wet7] BAGEA] FollA Barwe]
AR AF-7F o] FolA 5L ATHKim and Han,
2010). & =2 HAERe] BR, 49, olEl v
Ehte AEAH, A4 mAESl il AelskaL, Al
F7HA] BarE gt o] wEehs Avgitt o] =
o] o g FoA mAEYS dFske A% 2
AT+ AAE FEEE sk dl =Rl H7IE 3
Eil=

Wiwﬁﬁrﬂx

2
ol}lv
=2
>
e}
r1o
Jins
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M

it oz mAlELS A AUl (megascale), T3
(macroscale), %-7H(mesoscale), T]A]|7-Z(microscale)
o] v AR 71&3tk(Fig. 1)(Shapiro, 2000; Chen
and Lee, 2014). AY7RE =% FEAA mAE9
< Jlsste AoE, nAEdel I ER
(biostrome) F= /I EZ(bioherm)F 22 LFERY
= AE o dEaxe v V), 98 B
FA 71 B 5 A AEHEAA 4 vy A
712 Yehtbe FEE S5 ol rlAEe] At
ZQ1 A FAS Al o]H g iy Fxol= o
g gAVE s F e, dE B9 F vH 2]
o] Wy e Wil 4 AERE 2719 71
TZE, 7% FE2E ] T AENE Z719] 7HA
d 71 FRE XY %= UtK(Chen and Lee,
2014). 7%= AELY] 234 (texture)ol] 3d3H
D:], 5 e o gEOA FZE S Y= FRE
%2 (lamination), FH 7=
(clot) —O] J_n%ﬂ-. uAt2E PAYEEE] (micro-
lamination) == A3]slE nAE 5 dAv|HozE &
2 F Je AR FZXE o)

HAELS EFohe Hoe T2 ST AR

Hed], ol FZhrEst ool #AL £ e
A2 Ggol ZAo)| maEore] Aole x|A)E] o)
2olt}, mAEYge 1 =7 rze uel AERnE

Megastructure( .g., biostrome) BT

. Third-order
macrostructure
ﬂ ( (e.g., digitate column)
10cm

First-order Second-order

macrostructure macrostructure e

(e.g., dome) (e.g., column) 3cm
Qaghd ¢
o34’

Mesostructure
(e.g., clot)

Microstructure 1 mm
(e.g., calcified microbe)

Fig. 1. Four scales of microbialite description. Modified
after Chen and Lee (2014).
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ghol B, A EE8}o] E(thrombolite), N =EE}0|E
(dendrolite), #lo]- &2t E(eiolite) 5 A W] 7=
578 4 AthFig. 2)Bume and Moore, 1987;
Riding, 2000). Z2EZ2n}Eelo|Ex nA=o] o) 7
01X JFEE Ze MAESS A, dury
oz 97 B3 Jue] HFER olFoA Utk
(Fig. 2A). 918 E=23 REgniEgo|E] dZge
ek B e sekA Aente g vHEojA)7)
o]g7] wizel olEe] A& 71UAS ArlEe S
7} ©tHSeong-Joo et al., 2000). AEETOIEE F
2 g derEelA & AlEvE R SEg
olg] el YA F=E(clot/mesoclot)Z ©]FZ1 W
A2 XA 3ItH(Fig. 2B)(Aitken, 1967; Shapiro,
2000). 2FETO|ES AR F4 2 Al
tpFete] A=Al AR HAESHHSl A B &
A g Aew FHHY, aF ddre 1A
E9| X33} zgol ot Aoz AYZETH(Kennard

and James, 1986; Riding, 2000). YI=ETO|E= &
AHoE T RS We JFH FERE FAE] 2
o, ol HAEo] FE S8l o B Ws W
ofolazt & wf ROl Aoz FPHTH(Fig.
2C)(Riding, 1991b, 2000; Howell er al, 2011). @
ol&Tto|Ex Yol 5421 727t glom Hdnky
o=z #A% nAEYS 7FIZItK(Fig. 2D)(Braga et
al., 1995).

H mAESY] JIFE vl vl EFAFEQ
uAE R E|ZT-Z(microbially induced sedimentary
structure; MISS)Eh= 7ld o] AIAI= A tH(Noftke et
al., 2001). AXA PIAELS ol5o] wHlske HEF
(extracellular polymeric substances; EPS)ell <J3) &
7 2o AEH(biofilm)ye FAsh=], oz AE
o] Zpgt AR A, HAES ol5S Al
A, HHES s, AEHE 2-8-(biostabi-
lizationys frEshe 5 &84 EF 2hgol| #odsie

~=

Fig. 2. Four major types of microbialite. All photographs are taken from the Cambrian succession in Shandong
Province, China. A. Stromatolite. Zhushadong Formation (Cambrian Stage 3, Series 2) (Hammer for scale is 27 cm
in length). B. Thrombolite. Zhangxia Formation (Drumian, Cambrian Series 3) (Coin for scale in B and D is 20 mm
in diameter). C. Dendrolite. Zhangxia Formation. D. Leiolite. Chaomidian Formation.

Vol. 24, No. 4, 2015

www.dbpia.co.kr



294

AE 725 nAE f HH3xe g o9
722 AE T HYTRs Welde] Jd glo] A
AEm, T2 A4 ERHQdeA BEE L HHARL
TZE ZV] ugd] F2 gigez FAuEH )
A2 P25 Yske 2ERrEOIE T duky
¢l n|AE9} FEE T Noftke and Awramik, 2013).
u AR S BRazeE FE 283 g5F57h8 o
s wol ANERR o 24 AEH FE A
ol d, %k, vAlF=rF AR e rAESt
A= 22 oF 359 9 H FEE Yehd o]% A
7HA 1 FE7E AL] kA 2T

e IAHAG A4
7

R EERE

oS WFETKGolubic ef al, 2000; Riding, 2000,
2011b; Seong-Joo et al., 2000). 3 Wz} WS
EoA &) 3719 EHE Qxpt nAE Alxet
o] FAZ gdEhdo] 1A HE Bo=, v
gL nAES A HAF astE|o] mlAEtel
o} BEgh nAES FAES B B AYS 5F
Hog NE £07 WolEd olalsleths AYAS
o, 2 A3 ANE F99] pH7l ok AE FW &
e AREF el AAHE H3s 3F
(calcification)yS &3l PIAAES A= it
(Riding, 2011a). @A wAESre] A5 HAZ o}

i

[e)
g} 3 o] E(aragonite) 7t A A=+ Z(Moore and
Burne, 1994) ©]&jol& AT E AWElolE
(trioctahedral ~ smectite) FEQ ZE]EALOIE
(stevensite)’} Ao} x4 AL A7% dr}
3 QE AT Burne ef al., 2014). H2 Aok=rtE g

Fig. 3. Major types of calcified microbes. A. Epiphyton (Drumian, Cambrian Series 3; Zhangxia Formation,
Shandong, China). B. Renalcis (Cambrian Series 2; Mackenzie Mountains, northwestern Canada). Courtesy of A.Y.
Zhuravlev. C. Angulocellularia (Cambrian Stage 10, Furongian; Hwajeol Formation, Taebaek, Korea). Courtesy of J.
Woo. D. Bjja (Cambrian Stage 3, Series 2; Zhushadong Formation, Shandong, China). E. Girvanella (Jiangshanian,

Furongian; Chaomidian Formation, Shandong, China).
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OH(cyanobacteria)’} Al oA A4 WelAde] dF
¢l WIAELC]E (benstonite)s B4  Ark= Zo]
WA, v H3jst FAddle 71g A Qo=
2obHel Alge] 9lg sbsAel AAHAT
(Couradeau et al., 2012).

F2 vazolER ool AssidE vAE
(calcified microbey2 P&l A3]st HAL F3l
He=S sk tE2 AllthFig. 3). PId=
o] A3lsl=7] fJEiME g Foll x3E T &
a0 o] YL Zgo] gk ook & (Arp er
al., 2001), TepA wAES] 4358t 282 7] 5
oSl FE, AT T BAHEY] xS vAE
o] F3Mdel sl F7] ©AE welEels 7% A
Al 9gS WErhRiding, 2006a, 2011a).

dnbzl o7 Alopdle|giols MAEY FA T
839 JES k= ZloE dEson, A Aohu}
glglots W2 A3|stE v AE Epiphyton,
Girvanella, Angulocellularia 52} V523t e & T
£ 4 AthHRiding, 1977; Riding and Voronova,
1982; Laval et al., 2000). L2y} 94 7|20 Y&
M35t =S FEieh A2 mAEY] TR
ofEl A7 S S92 5 TRt Q]lo I
S W) wiiel, 54 A3jstE sl wieA &
ek mAES AAIFAL Bol= o HTh(Pratt, 1984;
Woo et al., 2008). webA A& Aol weh A 3]s}
g rEe] 237 vE AL 2 Aol ofd mAY
o] A= Hoke sl 9 ti7] 29| Wst F
ARl 87z o A FFS w2 AR
Zo|t},

AA mAElE AlokrtegloRERt ofuEt Al
tF(bacteria), LAl wF(archaea), = F(green algae),
TFZF(diatoms), TF(fungi) 5 TS FHE] A
Eo| EAst o]Eo] T mAELS A= A
o2 AZETHGolubic et al, 2000; Burns et al,
2004; Papineau et al, 2005). SR AAY mAEY
O EEEPREERFEREE A S
TR} EER oS8 A3 umehe AL o
HthRiding, 2000, 2011b). WehA AFZ< EHAHY
A s B MAESS dEEe A B4
of MBES] SHoE IFE v|FALE A5}
ZoF WM oS Ik e 2 A &
A& olalsle H =Fol @ 4 Ark(Webb and
Kamber, 2011).
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AGAgN Gehts o8

Mgr=efor Alch
A7 4zl 7P Qe RERuREEC|EE

349 sHVH W A HAE oxEy o] gt
U= H(Warrawoona Group)oll Al A F ) oL}
(Hofmann et al, 1999; Hofmann, 2000), &J7]ol=
n A& s}Ao] HolgA] edot ool e %
Hoz FAHA=A A =Tho] ALEHAG
(Lowe, 1994). e AT olE°] AEFHL=E
A= o el el FAIE A3 ArH(Hofmann
et al., 1999; Allwood er al., 2006, 2009). =~E=
nREEtolE 9o oF 349 63RF W A EHHE o
2Egdole] ofE] A HE(Apex chert)ollA HAE
o] oz A7tEE Fx7F EAEN S U(Schopf,
1994; Schopf et al., 2007), ©] F-Z7} A& 7]¢0]
olugls As = SA3THPinti et al., 2009; Brasier
et al, 2015). ¥4, oF 349] 3d¢ d A HAH 2
2Eg de]ole] 2~EZZES (Strelley Pool Formation)
o] AlgtollA] AE A = rAES] Y 7t
S0l AttE B0l A A = A tH(Brasier ef al,
2015). A7 €Kl 7P edE mAEYS =
£ A7t gl vAE S 23shs A
2791 A A HA" exEfdole] FHlohd
(Tumbiana Formation)ollA] @71 A~E=Zulzgto]
o]th(Lepot et al., 2008).

Ao} Aol 2 AAE vAEYSE 2ER
S| ER, o]52 AT (Archaean)ell x| S+
] (Proterozoic)oll A A WMAJste] B4k x|
Al 5] At xe} HIg iR F2E e}
71% 3} tH(Grotzinger and Knoll, 1999; James
and Wood, 2010). FA|¢] PA=d2 F2 A=
wll E(microbial mat)?] 373} slehd A Hgo=
AR, 1 AY) v|Aete|Eet WA wEEo]
Wl wsahe FHlel AEuETlEs} B4
THRiding, 2008). o] Al7] &<t wAERke] Aol
7V A 4EgS vzl AL g T s =
2, g TR SoEWA SEREnETo|ES]
FE A thFAdel HA gag Aoz AztEn
(Grotzinger, 1989, 1990; Grotzinger and Kasting,
1993). 2194t (Neoproterozoic)l] 0] 2~EZnlEz}
o|E7} HAt FolEHA I Al AFET|EVE W
A3517] A12H3ItH(Aitken and Narbonne, 1989; Turner

o
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et al., 1993, 2000). ©|= 7] & olitstes &7t
AANL] 108] F7FA] WA HA AlokrlE|golrt
ojxtsleka F% 7]2H(CO,-concentrating mechanism;
CCM)S a7l Axz AzbEthRiding, 2006a).
A7 B 7P QEE AEEFOIEE 9F 19
o | A #H9E sfyrte] S 2EZ(Rocknest
Formation)ollA] 2AE Ao}, o]5& o]Fo) nh5o]
7 2FEGO|ESE ThEA WMo HAETE S
2 HAAsY FAE Aoz AzZEkKah and
Grotzinger, 1992).

S5y

AL @ ezl A3lshE FATEC] A&
el o] 2(Grotzinger et al, 2000; Penny et
al, 2014) MAEE o2 gAEZY= A YEx
TH=7] A2k th(James and Wood, 2010). ©]
T mAEe] AEZdA 2Ashe HlFS A
HOoE Zo]ENO, ol wulE =A WSt
AT S e E2e Sl T B
Fopuel T 2AEF] Al =2
gk Ao 2 HOITtKRiding and Liang,
2005; Riding, 2006a, b). FIAELS FAsk= P14
o] e 2 vAEF AR Al AY RAE
< Ho|& A= tHIEAEC o8l AAlE & den
2 UEE A5 F2 7I7e nAEGe]
o7 HAIS Aoz AZFE A TH(Schubert and
Bottjer, 1992). ©|&|gt A= 7HEelolr] 7] )

—r

iy
i
off
h
e

o

X o> ¥ 2 o
Ku)

o2
o
filo

9
Hos 4 Qout, Eefolols
B% AFole nEel W
3|

T EE 5 5

Hohal ®B7]= o]Huhk(Riding,
2006b). RHH, w89t A3)skE mldEo] WA st
R A7), & FHEop |- B2 ER| 2], 7] £
AR 271, Fep] $71-9et] 27] 5o A7
¢ T g st wovhe A nAEde
Pl ale] skeha 2Ado] FRsISS AAET
(Riding and Liang, 2005).

ST ZE AR A A E e AR
ogupm thet A3lstE mAlEEe] TR AT
(Riding, 1991a; Mankiewicz, 1992). ZrEzjo}r] %
7](Terreneuvian-Series 2)ol= dNHATEL] IFo=
oJAR|= 28R (archaeocyath)’} VIAES ) ] A

EXE VST iR FHHEElep] 27] Wl
T AR FA B YA olF tKE A=
ZE WEA LYo (Rowland and Shapiro,

2002), ol¢} 37 M3jstE wAES] v A
74319 th(Zhuravlev, 1996; Riding, 2001; Lee et
al, 2014b). °]% FHE=zgol7] F-37|(Series 3-
Furongian)?l & 2 PAEEC] AERE A% A
o7 4#HA YOt (Rowland and Shapiro, 2002),
FZ o] AI719] mAER AR dHEEe] X
stEjo] Slgol WA o5 AHEE-HNERRE
A 7Hsdel A=Atk Hong er al, 2012;
Kruse and Reitner, 2014; Lee et al, 2014a, 2015c).
E3] Lee et al. (201522 FHzlolr] F-57]9] A
EXE st fgHeop] F7)de F= A3shd
vAE Epiphyton®} RenalcisZ 015017 2FET}0]
Eo} dl=Eeto|Erl WAYH WhH 7o) $7]
o= A3ld sHE= PIAEUSRE o]Foizl v
o] E (maceriate) =27} EAY2S At &
5 olo] gk F7t A77F DTS AAKSHITH

LETH|2T]o EoMTEA Tgst SATEE
S53HA = 3(Great Ordovician Biodiversification
Event; GOBE), F|A&e] AEZAA 2X|8l= 1]
T2 AEH O Z 7HABIATH Webby, 2002). S EEH]
7] 27lde F2 HsEd ndEe] HEXE
TEQE, MAES AEX F4E HEL, HE
A=Y S Y5 o st I4 +
ZE A= T AEE A 1S S8 9%
S 9959 tHAdachi et al, 2011; Hong et al.,
2015). LEEH|27] F7)M Frlds FAFEES
o] MAES] = glol= AERE WEA Hel wEt
n A&l HFo] FASA 743 tH(Webby,
2002). ©|F wAEYLS HEI| 7] 2 H|Fo] 2k
Y AeE dEAY. HE SETH|AY] ¥ gEE
ol AFgol] 2= FL 7|17 B¢ rAER
7F F7Fetdvhe 7Hdol A7 1k (Sheehan and
Harris, 2004), ©]¢} 22 F4ol o4S F= A
£ rkRiding, 2006b).

LELH|AY] F7] olF F7] A E1F Wl
nujsld pAERE HE7] 37)0A Aer] Z7]9
olz2x 7|7k &t vl 3 W thA S7FskSAtk(Shen
et al., 1997, 2008). FA12] WAEZ = RenalcisSt
Epiphyton 5-°] T3t A3]gle njAlEo] dFos
UERtH, ole dlidr] 7] EE wZel thEe]

il

ol
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AEE] FFe 43 nAEEe] AT F AW
o & AZtETH(Riding, 2006b). v HE7] &
7] EF oldoE Ad=re] nAEZRTE EAE7]
wZel, o] A7l mAEZR7F HAE Zolle o
Z ol9olle tE olf7t A& T Urh(Feng et al,
2010; Shen et al., 2010).

A7 & HEF A5 oF 1508 dellM 5008t
ol AX F2 Renalcis 1% H= Microcystis®
A el vAES vAge|ER AR mAEYe]
A AAFeE ] Yebsth(Kershaw et al., 1999,
2012; Ezaki et al, 2003; Wu et al, 2014). ©] A]
71¢] mAERES T2 A9E A9 thgdt HH &
7ol FEx IR ™ (Kershaw et al, 2012), E&}o]o}
7] F7] o]F SATE AV BT 5§49
A HAE B EEUA A sk thXie er al,
2010; Brayard et al., 2011).

olF FHe] FF71 B Wopy] 7o FE 2EE
Zlo|ESl AERulETo|ER PAE mES o] A
i oz SsiA vehtH, olE2 & Hitklx=
sbsel 2 vt e dHEES A HEXE
3 Ad st tH(Leinfelder er al, 1993, 1994; Dupraz
and Strasser, 1999; Parcell, 2002; Olivier et al.,
2003, 2006; Badenas and Aurell, 2010). ©] A]7]¢]
n A EQRS 2 A& ¥ Z}(microbial crust) JENZ
e, o]lg2 AExS] Mg F335k= A4S 5
ol Y=ol FHol| 2o AAste] =27t =94
9 AESH A A8E HE 7 J=E =oTt
(Leinfelder et al, 1993, 1994; Olivier et al., 2003).
FAXOEE SAFES A XTI o= 2EE
Zo|E7F YeEh| = Stch(Leinfelder er al., 1994).
FH o] A1719] HAES A A3 stE mAER]
Epiphyton®] Y] RHilxo], Ftr] F7]ol|A] wjof
7 2719] 8% 2Ao] TgRo] Malsesle] A
2S5 AAFSFATH(Sasaran et al., 2014).

Y DME

A& A MAESS 2 L2Ef Yok
Ap=Rb} wpstabo A B3] cH(Dravis, 1983; Dill
et al, 1986; Reid et al, 1995, 2003; Feldmann
and McKenzie, 1998; Andres and Reid, 2006;
Jahnert and Collins, 2011). °]&& F=2 A4
T oy HARS TS, o 94Fe Et

97 xS YT A= wehelely e

Vol. 24, No. 4, 2015

AT fFARE 52 YAEE o]Fo7] mAELS

1ol mlo] oM EH YA AR Tk (Braga et
al., 1995), ZLHT} P A)7]9] QHAlex e WA=
=T ol Al gl 23 eikdre]
T7F Ui gol Alekedle|g]ote] o] 23]}y 7]
= oEl® R, FEF 59 & dAE # 2de
HAES] HAESS vtEe 7] AR
- F0 2 Az Th(Riding, 2011b). $4 3004 1)
AEE Futle] gdle]e T4(Pavilion Lake), 2
2] 3 (Kelly Lake), Q2EH djole] FE)=8 5
4*(Lake Clifton) 5 HE7} =& S = AE
THe.g, Moore and Burne, 1994; Ferris et al.,
1997; Laval et al., 2000). A mAAEY ol thet
T A3 ke R ARl 71 o dE EX
o B33 712 AA nAEes AAdsH, olEol
719 5 TFe 27 WskE 71sskal dgol BeiRl
UHe.g, Last et al, 2010; Omelon et al, 2013;
Burne et al., 2014; Russell et al., 2014).

AA A 5o Bl FelME mdEYte] ok
2 AP TH(Reitner, 1993). 0|52 25 % H3le]
Ho] 80%7HA] AA|eHH, Atsxe] FA S o|F= A
ol 2o AA3TH(Reitner, 1993; Riding, 2011c).
o2 MEX W v|A¥E 3ZH(reefal microbial crust)
olg} shH, 1 A FAl2 FErieh wielrldl yEl
U A3} FAFSIEKReitner, 1993; Leinfelder ef al,
1994). GA WAE ¥ F2 v|FAZ|E G5
T 2AER AT, T2 T5IG dHElolel
oa AAHEL} o]Ee FE vo JTS W A
X AT FAH R s F S v
7} EolA A EE AoE Aztdc) nyE vzke
gle] slet 2ol JEFe whedl, tEFRl =
H B0 7] T olilslea Fwrt SUH wEh
dlg7E APt A wAE Fj7te] FoEe Ao
ATHRiding et al., 2014).

[ rr

gHEo A= ALY Welr|7EA] thekgl Al
o] EF oA mAESe] B EJATHFig. 4)(Kim
and Han, 2010). ©|% 7P id nAEL-S 3
T dujdl] B3k Al AZAA A= eH
(Pak, 1986; Yin, 1990; Ri and Om, 1996), ‘23]
e 2 TAA BAEthFig. 4A)Kim and Kim,
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1999). 23 %ollE= FAH(columnar) B2 T4 (stratiform) 59 vjsldS HISIT LAY AEZrIER] ]
o] 2ERvEZ|EV} B E3H(Kim and Kim, Ex I FHE 2AZ A 849 ZeE F
1999; Kong and Lee, 2013), Lee er al (2003)< AE, FRAoZ Al HIE] o]Ee] A A
1714 Siphonophycus, Obruchevella, Sphaerophycus 715 AE] getslr] fEire FH G digk 5

Fig. 4. Microbialites in Korean Peninsula. A. Neoproterozoic stromatolite in Socheongdo. Scale in cm. Courtesy of
D.-J. Lee. B. Microbial-sponge reef in the Dumugol Formation (Early Ordovician), Bonghwa. C. Stromatolite in the
Makgol Formation (Middle Ordovician), Taebaek. D. Photomicrograph of stromatolite from the Banyaweol Formation
(Late Cretaceous), Gyeongsan. Courtesy of D.-J. Lee. E. Rod-shaped stromatolite in the Jinju Formation (Early
Cretaceous), Sacheon. Scale in cm. F. Wrinkle structure developed in the basal Nakdong Formation (Early
Cretaceous), Hapcheon. Coin for scale is 24 mm in diameter.
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9 d4 ddEA Fo FUHQ
(Kim and Kim, 1999).

7] 2y mAEGe T2 ekt A] o st
= 24U 27)d B89 24T 5 eEel
A AR BEre] nAEYS o9} A
AEHHoz 2 gu|Ee 55uAe] nAdEYgs)
frAkeE o8 AZtEH, g ejulFro] wAlESQH
of tigll F7F A7E Haska 7] TAYY Ak
iR o] AFlA mAEQe] ofEA] WESIAEA,
8]l FAA g $e] zpo|vt mlAEQte] W
o] ol JFe vH=A WE 4 JegE rvEn
(Lee et al., 2015b).

B Ze] PAESHs 7Y e Al rHEo}
7] 7] & T giAoA EHE t7]SolA B
Ao, =2 A3|slE v|BE Epiphytons} S|H
S50 o8 FAEATKSim and Lee, 2006; Hong
et al., 2012). °|= A719] HES=tiA ] 9] #x
e FE Epiphyton® 2 o] Folx 2EEglo|E9}
FARSE Aoz AZETHWoo et al, 2008; Woo
and Chough, 2010). ZHeo}r] 7] spdZFelA =
FH2 d=Ege|EvF BARY oY, ool st A=
ol AZ o]Fofx|X] ¢UTHLee er al, 2015b).
spdZo] idog 72 oM EHHUSS
Had ol ek A 1Et B AR ke
7] A e] ghibed A AP shollA mid =
7

o
re
-
N
e
ko
ol
v

M

o] W= S oldlske Hl Egol =l 7]
Eth(Lee e al, 2015b). LEEH|A~Y] 7] FH
ZZME PAED dHEE, WEF(calathiidyt 3
7 AEZE DE Ao] HUEJ o, ol QELH)
2710 5o FAFEC] A ®AsH] AlZshaA
B EQe] AEZolA A8k HlFo] Fol=w 2
A& wkd3tKFig. 4B)(Lee and Choi, 1987; Kwon
et al, 2003; Choh et al, 2013; Hong et al., 2014,
2015). FH-Z5 4919 EFFddle -4
Z3ollA Wels SAERnbEeio|ES) nAE ST
% (microbial laminite)°] T} EX3PH 0|52 HZ
37 ol £& ZA7F "ArkFig. 4C)(Paik, 1987;
Woo, 1999). LEEH|27] F7]ol] EAE F98550l
AMe #H EsEe dFU 53-F (stromatoporoid)
7 B35 E(bryozoan)©] WEsl] THESR X2ER
nhEEto| Eet Hls=gh FEje] AEZIT HAEoH,
7)ol efzke] mAEYe] x3hE Zlow dHFTh
(Oh et al, 2015, in preparation). °]E2 Q2 TH]|
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BEE 2 AFAH0RE gulEs 2SR
JAFTAE BFE GEFNN vIgEYe] 1
e, eEEN2] 2700 A8 BRFoIAE

=

AenE =719 £712H AE 2 nlEglo] E(digitate
stromatolite)2} TS AL, 2EETO|ETF Ky
H QA HPaik er al, 1991; Kim and Choi, 2000).
g FHZ BESA o]Fofx] F& ATeA=
v A EQRS QIA|ERA] Esled(Kim ef al., 2014), S5
A5 PAEY X 9 A oY At 2.
sit}. e 2%H|~7] F7)9] Y85olr= LLH(laterally
linked hemispheroid) £3 Z~EZnlEe}o]E9} njA)
& g=g%o] BuHAC™(Choi and Woo, 1993;
Yoo and Lee, 1997), ©] Tl LLH #§3 2E=Z
nhEgto| B9} fALSE 98-S /A= “EtE] SER
hEetel E(HA7IE = A4135)7F 2drk. Kong and
Lee (2009y= 5o FAE ZAHR o] “~E=Zn}
EZ|E’E HEPREE (mud mound)E 34510,
I YReA AE 7Y x2S S Flons &
5 o]59] AQlel| gk F71 At et

wWot7] §A3FR A TElME o HollA] H]
A E9o] B EJATHYamamoto e al., 2011). <A
Folghs 54 AdTEadd veiie rAEYS
O,

ke AL o, ol5e Ple] B4 B4 ANe
7) wEe] Fasity, wep) 117] 54 Belq =4

H FTolM e VA AloprtE|g]oke} AR
=277 2o YR S HAdste] v
o)z Y AEZnlEglo|E(rod-shaped stromatolite)
7F A=A HFig. 4E)(Lee and Woo, 1996; Lee
and Kong, 2004; Choi, 2007). ©]9]o|%= ZFZo]x
= =T Exed f350] v AEZIT B
o, o]& ole} fAkgE AE 2 o8] wEoR
AEZ 5 7P 2ed Aoltk(Paik, 2005). #}7]
5719 BHE ST vk, sk, AY
M E T2 Axs 9] A AR
A AEE Z2719] 9ty 2EZnpEdto|Ert Vet
Hoh(Fig. 4D)(Um et al, 1983; Chun et al, 1990;
Lee et al, 1991; Lee and Woo, 1996; Woo et al,
2004; Nehza and Woo, 2006; Nehza et al, 2009).
< vAE 7Y H57Re] IdFd Y (ol
up structure)’} FeHEo|A] WA O™ (Paik and
Kim, 2014), ¢ 2 Arev-S BlEs S4 2 3|
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CECEEER R
o AAY 7FsAel

nAdE 719 8727 A2
AUT}HFig. 4F).

o]

|

(T

MAES AEAN 27178 dAfell o277k
& 1EH°1W eSS gAste] B4 715 2
FFE 73 e F2 A 2
=i, 8 HAGAME HAE 7] FHA7x

J
7} &8 WA, RS 9B THAL

29E HAATE S T8 rAEYS 345,
H2e AslslE nAE 5o FRE HE 7|5 @
1tk Ao A Ede] Bxe F2 ¢ F
b wot | EAE o] AFHTh A7t
Halo} Aol F2 *EEHFEEME 7b arasls]
o, o5 d T Bk T ti7] F ot

Sfeth St el el AR 1 ol
geeiol=r} AT Stk ATl 5
ofn] B el thEE ChEAZe] FAehaA
nlgEYe] REE daslg, FAEEe] dEsy
Lol G st S 95 A
B WSk PE o A HAg)
B4 PR ohjeh 2o 0 warisl B4, 4

geo| Algh WL olsishe ©l glof Fashh.
SAME SR A7) HHE ABeNA vl Rl
naEglon, skog ofge] vt 7} A7t Be

ATHE FHEA
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