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Suitable environments for middle Cambrian microbial-sponge reef development:
Reef complexes formed in shoal deposits of the Daegi Formation near the
Dongjeom Industrial Complex, Taebaek, Korea
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ABSTRACT: Discoveries of microbial-sponge reef communities from Miaolingian (middle Cambrian) strata of
Korea over the past decade have advanced our understanding on the history of early Paleozoic reef evolution. Despite
recent progress, it still remains unclear what environmental conditions were suitable for development of these
communities. In this study, microbial-sponge reefs and their surrounding deposits were examined from the Daegi
Formation of Korea, where a large number of reefs has recently been exposed. The decimeter- to meter-scale Daegi
bioherms are composed of thromboid-sponge and localized microbial crust boundstones, forming columnar,
bulbous, lenticular to irregular structures. These structures are either coalesced or spaced within a few tens of
centimeters, and comprise a larger reef complex. The majority of the thromboid-sponge boundstone is made up
of thromboids, that are often merged laterally and vertically, and subordinately of lithistid sponges surrounded
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by thromboids and micrite. The microbial crust boundstone is dominated by platy to arcuate microbial crusts which
are probably formed by Girvanella. Inter-reef sediments are mainly bioclastic packstone to grainstone and sporadic
ooid-peloid and microbial crust packstone to grainstone, the former of which contains slightly higher proportion
of micrite. Altogether, the dense population of microbial-sponge bioherms franked by grainy carbonate deposits
indicates that shoal environments near the fair-weather wave base were one of the optimal habitats for microbial-
sponge reef communities. This finding would enhance our understanding of Cambrian microbial-metazoan reef

communities in paleoecological dimension.
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291 YA A (autochthonous) EJZH|Z A4, thaFst
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Fig. 1. a) Tectonic elements and distribution of Cambrian-Ordovician outcrops of East Asia and simplified geologic
map of the study area (arrow). Modified from Kwon et al. (2006). b) Aerial photo of the outcrop location (arrow).
Satellite image is captured from kakaomap (http://map.kakao.com).
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et al., 2016a, 2016b). 7159 Crepicephalina,
Amphoton, Jiulongshania Y5 Bt 1 E4
A7} &2k 8 (Walivan) 257174 Guzhangian)
%719 A A3HKGeyer and Shergold, 2000; Kang
and Choi, 2007; Park ef al., 2008). t)7|&2] A&
Z& 1A BAAEE 83 A7 A RaEgle
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A ThSim and Lee, 2006; Hong et al., 2012,
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LS SHEE QAL HolL 92 E5SH &
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FARE AEE YRl 4 mm AH 9 o g
n|=Zeto] ER Yolg|7t i 2A Bt Folg] =
ZA(clotted fabric)o] WHAE T 3c-d, 4a-b). 5
mm 2|7 o]} 7] 9] opuuly W] AE FEHE
Holz of 7% n|AE ©olgl= S8 of thal Akast
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Fig. 2. Outcrop photograph of the Daegi Formation in the study area. Note that curved and convex-up bedding (dashed
lines) is easily recognized. An arrow indicates stratigraphic way-up direction.
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Flg 3. Outcrop photographs of the Daegi reef complex a) Decimeter- to meter-scale b10herrns with columnar bul-
bous, lenticular to irregular geometries (blue and pink areas; Bts and Bm), forming a reef complex. Note dense devel-
opment of the bioherms. An inset shows cross-stratified ooid packstone to grainstone. b) Plan view of the reef complex
showing the bioherms (blue areas; Bts) separated by inter-reef deposits (Di). ¢) Enlargement of a rectangle in Figure
3b showing a boundary (line) between a bioherm (Bts) and an inter-reef deposit (Di). Note pervasive darker mesoclots
(arrows) in the bioherms. d) Inter-reef deposit of coarse-grained limestone (Di). This rock is bounded by a bioherm
(Bts) containing darker mesoclots (arrow). e-f) A few decimeter-high thrombolitic bioherms (Bts), surrounded by
coarse-grained limestone (Di). Bts = thromboid-sponge bioherm, Bm = microbial crust bioherm, Di = inter-reef
deposit.
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Fig. 4. Slab photographs of the Daegi reefs. a-b) Thromboid-sponge bioherms showing millimeter-scale darker
mesoclots (arrows) and the surrounding lighter micritic sediments. These mesoclots are coalesced vertically and
laterally. ¢) Microbial crust bioherm composed predominantly of whitish, platy to arcuate crusts (arrows).
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Fig. 5. Photom1cr0 graphs of reef constituents in the thrombmd—sponge boundstone. a) Millimeter-scale equldlmen—
sional thromboids (arrows), enclosed by darker micrite. b) Laterally and vertically merged Epiphyton thalli. c)
Enlargement of a rectangle in Figure 5b showing bifurcation of Epiphyton filaments (white arrow). Oblique-cut
filaments show arrays of peloid-like masses (black arrow). d) Oblique-cut, well-preserved lithistid sponge (white
arrow) showing part of spongocoel. Obliquely to vertically aligned microbial crusts occur locally in the right (black
arrows). e) Lithistid sponge skeleton (line) composed largely of straight-form spicules. Note the rectangle and its
inset showing enlarged desma (red lines and arrow). f) Faintly delineated, irregular outline of a poorly preserved
sponge (dashed line) with possible spongocoel (arrow). Note network-like arrangement of lighter tubules.
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o= 1JH EEe &3 9] nYE Fole
7} B&bE o] Qlom(1Y 6), n|Agto]|ErL 4Rl
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of

Fig. 6. Photomicrograph of microbial crust boundstone
showing micritic crusts with subvertical to vertical ori-
entation (white arrows and lines). Peloidal clumps
(black arrows) with upward-widening forms attach on
the crusts and other clumps.
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Fo=Z HQtKWood, 1999; James and Wood, 2010).
S-SR HRREAE A ZHALZ AbolY F
7+ AubH A3lo]d B ER tfFE X1
UL AFBHAA| 20} sho = At A BE
o] glof, YR oNA EHEo] ez il
+ ANE 7Y =4 ABE=(open-frame reef) 73
olgfar AT (Riding, 2002). AZH 0=} Epiphyton
"] _—'L_J_ LH \:l—g]_ o]: uI A]—_@: cqgkl [e] o]E-o]
AEZ T8 AHA= 715FeH, &Y A=
B2z ol A4S Sl SR B o2 4
22 740 7|ol3e A2 BeltkHong ef al.,
2012, 2016a). =+F-=
EueEaES FY

o2 Uehts nlgE s
DEEERRUBNEEE
A-ZZ(microframe reef) =
EF=EF
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Ro|W, Girvanella7} &% ZATLR

SYUUTR| UL 7 |30 Of2 EFSOIM BYE Y22 58| 145

AP Ao wekEltkJames, 1981; Riding, 2002;
Gandin et al., 2007; Hong et al., 2012, 2016a).
W20 Zo Uebs A4 HAE T
AQage] YRRAR] 2, WA A2 5 %
19 Ha7 el 3, AT BT W THES
%, ko] SHAAER BE AR of ghfol
Ayl A H(fair-weather wave base) 18] F-of|
U2 O o) ek 2 shel 4 512
E32S A|A|StcH(Osleger and Montafiez, 1996;
Saltzman, 1999). FH A S 2 YEh}= Qole-d&
oS WAE-THALES] FHA WARY . Y
Aol & Bg W UnhE, G BE AT o]
= AN s B A e golss
HZo|E} A &H o T U™ Ao A| =
ZofA o] Aol TS XlAISPE}(Markeno and

Fig. 7. Photomicrographs of inter-reef deposits. a) Bioclastic packstone to grainstone showing graln-supported fabric
with debris of trilobites (white arrow) and hyoliths (black arrows). b) Bioclastic packstone to grainstone with frag-
mented chancelloriids (white arrow), eocrinoids (black arrow), trilobites and hyoliths. Note higher proportion of
micrite than that in Figure 7a, ¢) Ooid-peloid packstone to grainstone showing well-rounded and sorted micrite
ooids (white arrow) and peloids with subordinate intraclasts of microbial crusts and clumps (black arrows). Small
amount of micrite occurs on top of platy grains. d) Microbial crust packstone to grainstone composed largely of
sub-horizontal and oblique microbial crusts (white arrows) that are sub- to well-rounded.
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Read, 1981; Srinivasan and Walker, 1993; Alvaro et
al., 2006; Sim and Lee, 2006; Hong et al., 2016a).
U S AE WAE THUAES ulE 7
2B ABERE A3 9k Girvanella A3 2E7}
A ol oJsf FARH I Qo] ARl &
X E|ZE(flank deposit)Z HHETHRong ef al.,
2014; Zhang et al., 2017). A5+ 7+ t71& BEZ
o WRE BE P 25 HAZ e 2
Aok HNE BAE-THIAEY EAE 3
WA o] 279 wikak-g(agitation)o] <&
51 of g Bo] BEEE BT US4
ST RO ol A3 AR 2H0|US=
QFAJSEH(ef., Woo et al., 2019).

LR

wlote Aol were n g1y 52 AEE
TR iRt Bl S3] 2o g, o|5of tigt 4
Algh AT BET} b PR 2| ek
s A9 TS o ATt 3=t Hong ef al.,
2012, 2016a; Kruse and Reitner, 2014; Adachi et
al., 2015; Lee et al., 2016; Ezaki et al., 2017,
2020). 714 228 AR AstHlo] B3H 5
T BB 2R EX|(Georgina Basin)2] 2 43
2HRanken Limestone)oj|A= XA HF Rankenella
of sEzuEolEs} YAT AR2TL BOE3)
o5 o] WE2Y| ZRoj FRH O ST Y
2ot A A BAE-ZEZAE(floatstone)o] LHE}
L 3o | x| S0l E27H U A= 5
A =] cth(Kruse and Reitner, 2014). 4 A 3]¢ta}
H|53E A7]0)) EAE S AR5/ AES(Zhangxia
Formation)o| A= 24 Y] S04 AdsiH 7ot
A}EZ 5 E(cnidaria)o] AR AEETO|E MEXR
oA AFZE|H(Woo, 2009; Adachi et al., 2015; Lee
et al.,2016; Ezaki et al., 2017, 2020), ©] & AA|5}H
A A7 Hshre] vAR-EE ABEE oF 150
cm HH|9| A= a2, SO AfEE-2
FolE YAE- JYRIAE AYuTH 230|E o}
ALEo] Zuto 2 Hohe ue FRo| g Bl
E Yol o] Jlth(Lee et al., 2016). FARS 2]
sje] 2L W) Zalt) Aol HLslus
Rankenella®} 2EZ0LESO|E, AERO|E, Epiphyton

5 uAE AL B2 BATRS AUT &
0] R} FE Cambroctoconus7t =E-Z O F2 X

Z o] 7)ot Aoz Byt Lee ef al.,
2016). 34 A A HF ASA SHAA ARG
-9 §ARE 7] Eoll A= A7AA Ao HEE
7} R E =], 715 sHell A Aol o]27]7t
A FHH O Epiphyton°] BEx ZHFZE 4
DA F o tEES FEZA Hd 9% AE
HFeL HELH 7 BT SvR E SHAes
AzFEo] AEZE Ad Fogck g A ok
(Hong et al., 2012, 2016a, 2016b). 0] AJEx0] =
8 IIeA & 1O Aol A HAIAE-
A Fo] HIHSHA &32sk= Ao v]sh A8 1
RIAES &f e ZAZ AR 9 |7 g4t
AR 2 A =t Hong ef al., 2016a).

o] Atoll A 3 F- WA o] o 27
oA 2gEol= Bl Epiphyton} A ZAsH 77} o]
£ U713 vhol 282 70 XYt BER
oF 74 AE SHIAA ARl =, T8 W 23
A2 Aolsitt. 2=iu 7N A9 BE2RS T
9o A2 =T B HE AEHE sty
AEZ20 FH W =of sl BrlsHA] ZRem,
I ijte 2 3 21 A0 An|E A BAS 5
g At Wilo] Stk &, 7N A9 9] Aok=
S A Gof A W5 eAFETA| $F0] 2AE w4
7170 A GAIE Holu, A 1A
=0] Al 10| Haf o] 2A4H 717k A
Ao 2 ZANE AE27L EIsr| o HHs}A
&2 2ol S QrlsHAl Y=t} A7 A A
A BATATR] AR BHEA ofE BHSe R
A E 2 JAAES Ao e thEE 2 &
olE-HF AE2I IEEH = JE st
H(Hong et al., 2016a), Tj7]Z2] n|YE-HHF A
=2 A2 R AR A # okt BAdut=
A QT W AR oS5 ZIIL Haf 2o &
AolM= s Aow FS5EA(ad 8). ol A
T Aol FAFSHAl FA17] ARSI 2l 4399
AEZR G I 7| 284 A3 o] et
(Kruse and Reitner, 2014; Lee et al., 2016), A+
TZE W rlAE-S R Hlo] 2 ddo] W E e
Z2 EPAE AT H2 A ol o] BEx &

Kol el A8 NAA F st dAR
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(Woo et al., 2019; 1 8).

B2 PR ST O B2 T4
BEE 2EETO|E, Epiphyton} R4A Q1 14
A&l HAFAHRF, Cambroctoconus 5 1 TFH=
]2 S-AFSLH(Hong ef al., 2012, 2016a; Lee et al.,
2016; Park et al., 2016; Woo et al., 2019), T X F
AEZ tig AFHER Xpol7} F35t 55
o} 2|9 FHzopr| F7] HExo Y 2dS A
Fotetl AdE2 2SIt g =, BARSollA
e 9 SE FHY 24 Bl e &
SHA| 2] whe oFARS: AX|EE Woo et al. (2019)= 22
Eo|E-Epiphyton B[o|2E 7|5 (megastructure)
7 A 2 AEe] Al ST THA] AR
(platform margin) 4 WL om o|23t F
WA azofu x| g o] mAEZ 0] Wde] 2| &3E
ol lekar AjtstH o, ti7]15-9] Exol o
A= 7o Agk ol ol2gt A7t 17t =
7hsReh W=, FAREO] AEZE A A sf
HEL B IR XA] $k=1|(Woo et al., 2019), ©] 3}
o] gt i Aol A AEER| o= 397t S5t
o t)7]39] Tt iR AR 2 AAEZA
FHZ7} EuE A Zershd(Hong ef al., 2012,
2016a), FAFS HEZ EFANA sidF7E 138
2ol 7193 7Fs /3= viAIE = jick

FSAAAEA] QI 71T =Tl A AE=ol o
gt o R A4S Al E s 2 die
n =S AF e EAZE H7]SolA EE?
e U5 AHIRA, AT 7S e A
721 7138 AL 4 9 AHE HojEe, o] &
Fol 3 m 77 e Agzo] ) Ao
E437] f2o @ dANA o5y U e
EHAE A AHFEY] o217 of ¥ 7 gAY
2] 8] ALE AR EATL7 )= of 21, wEbA

< microbial-sponge reefs

inner

shoal
platform

platform

Fig. 8. Environmental distribution of the Daegi reefs,
which are reconstructed on the basis of Hong et al.
(20164a) and this study. Note concentrated occurrences
of microbial-sponge reefs in shoal environments.

AN AB2} YA HEE Sl Ferh
olet. B t71% = Aol 23 Ay BA 2
A 23 AR AR R e ohE R B4
2 Ak, grelob] 57] 94 FHobAo} 4
B2o) 87 B 9 1 ] oE 2 298 A
T ola 4 G D22 ATE 5 doet
woEch A 1082 7153 S AR
SRR EECES TP LIESIEET
AR FA AR FL Teis, naE-sw
% A2 279 DA Sl et g5 A
T olof thit ek mAAL) o] HelE 4 )
< Hlolet Ak

gael =

o] =B 2024 FR(TE|SHREAL,
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A} (No. 2019R1A6A1A03033167), Fo=A S
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