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ABSTRACT: Keratose sponges, composed mainly of spongin fibers, are scarcely known in geologic records,
whereas similar reticulate fibrous structures preserved in carbonates have been increasingly reported during the
last decade. This study aims to compile reported examples of these structures, tentatively called as “keratose-like
sponges”, and discuss their geologic implication. Keratose-like sponges co-occurred largely with microbialites
in the Cambrian-Ordovician, Carboniferous and early Triassic, corresponding broadly with the periods of
microbialite dominance. This may have resulted from subdued reef-building metazoans and an optimum seawater
condition for calcium carbonate precipitation during those times. In certain periods, keratose-like sponges possibly
functioned as one of the principal sediment producers and could have stabilized reef frameworks, contributing
in development of marine benthic ecosystems.
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(Jeong-Hyun Lee, Department of Geological Sciences, Chungnam National University, Daejeon 34134, Republic of
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AE v o2 AFHE oA $7](Ze|eAlY
of7]-ofltjolzte}r))ofl &0 Al A= 54
3t Ao 2 AZHHErwin et al., 2011). o] F
= REAS BAE /AT glom, 1 el T4
A B Tt F=R ol Fo1x A2 Z¥(spicule)
S0l glo] BAIE A3t ANFRL F2 vtk
3 2wt st o= BEE, 1 A% et 5
Hom wEd: AL FaA gt AUEEY
2 88 Jeirt BEEE Ae2E duEEe] Ao}
Sl B Ei £& A5 Mz} 28-S A ek
3R] = A A5 HF(lithistids; Pisera, 2002) = 4]
o5 o2 ha3Ego] o|FolA|L A2 A B
Q](Burgess Shale Type, BST) &F441x] 9] djHF 5
3} Z+o 23] =7 o7} QItHMuir et al., 2017).

Z+ A&l (keratose sponge/horny sponge)=
HE =2 Al ZX(class) F h?] H-F3H7H(Class
Demospongiae)2] 4F0 2, ZH il A T
2739 siHd A-f(spongin fiber) THCZ 4
HoJAth(Reid, 2003)(2H 1a-b). ZHo| gitf= &
A} ZHA iR 342 FEA ZZ(mineral skel-
eton)o] §I31El 7] CHAIE EE 0 b4} 2tg o
IS olsfist=tl] 7R ol 2 o k= Al
FES 91 ¢Jti(Wood, 2011; Luo and Reitner,
2014). 21U EA7HA] GR o5 I 7152
A9l glon, Az FHE ZHEsfHRT 342 7
939 A4S 7Y Ao s g SR o}
A A2 ML Q] Vauxia (Rigby, 1983; Ehrlich et al.,
2013)¢} 7ol 2] AEtol A EaE Angulosuspongia

(Yang et al., 2017)7} 5-0] 8}t

20109 Sof o2 XFAfof] &3Esh= THAEE
E| 2 QollA Anl akof| 7Rtste] ZHA R} H
<% FEHIQ W AR 27 o BarE)r] A
Ztslglomn, o] 52 ApAISE £ At glo] siH
TE ZHY IEEE o] Ted] H4H SHE
E(siliceous sponge) E+= H]-4 A 3| H F(non-lith-
istid sponge) 2 714 = AtHe.g., Kwon et al., 2012;
Hong et al., 2012, 2016; Lee et al., 2014). |+ &
Luo and Reitner (2014)+= o| &gt 7+29} A 214
SwRe] 444 220 33908 Pk fAstohe
AIE TAZ, o5& A HFE sfAlstqct 1
Ao} ZHS AR B A= Tt 24 271 ¢l
= 5 FHiRte g2 E57517]= o2 (Erpenbeck
et al., 2012), 344 2] 7 o]of| Tjsto] B}A43} Aol

£ B9 HEYHE Q) ol 5= AldE 54
St A2 o oot @ A oA = BAE EF
ol A Yehts Y 25 71 SdEE 34
of thet £73Ha] & 3445} 2Rg-of izt A7t 5
2514 97] tiwoll ol5s AR Elsk=
o] EA17F & 4= 9o, wEbA o] =R olAE o]
£ FAF 2R (keratose-like sponge)(Lee and
Riding, 2018), 18|31 71 4 &S siHd A+
Al A4+ 84 (filamentous element) 2 E-3 31t

o] oA BAH] BIE $4 2o
of A ek 7|58 Heela(E 1), o) 50| 2= H
Mot 9 nyefeta ool gha) etk fAk 2+

AsuRs 54 Al Bk B2 e

Fig. 1. Photograph and photomicrograph of modern and fossil keratose sponges with characteristic reticulate

spongin. (a-b) Modern keratose sponge.
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Table 1. Summary of reported keratose-like sponges from Paleozoic to Mesozoic successions.

Age Locality Facies Ecological role Reference
Late Cretaceous Muriecas Fm., In between Dweller? Rodriguez-Martinez
(Turonian) northern Spain hemispheroidal etal. (2012)
stromatolites
Middle Triassic Erfurt Fm., Germany Placunopsis-stromat Encruster? Luo and Reitner
(Ladinian) olite reef (2016)
Middle Triassic “Diplopora Beds”, Stromatolite Encruster? Luo and Reitner
(Anisian) Poland (2014)
Early Triassic Nevada/Utah, USA  Sponge-serpulid-  Encruster? Dweller? Brayard et al. (2011)
(Smithian) microbial reef
Early Triassic Kangan Fm., Iran Thrombolite Dweller? Heindel et al. (2018)
(Griesbachian)
Early Triassic Kokarkuyu Fm., Thrombolite Dweller? Heindel et al. (2018)
(Griesbachian) Turkey
Early Triassic Karabaglyar Fm., Stromatolite Encruster? Dweller? Friesenbichler et al.
(Griesbachian) Armenia (2018)
Middle Mississipian ~ Clifton Down Lm., UK Organ-pipe Encruster? Luo and Reitner
(Visean) stromatolite (2016)
Middle Devonian Blacourt Fm., France Rugose-Rothpletzell Dweller? Luo and Reitner
(Givetian) a-sponge reef (2014)
Late Ordovician Xiazhen Fm., Jiangxi, Tetradiid-sponge Frame Kwon et al. (2012),
(Katian) China reef, micritic builder/encruster, Park et al. (2015,
limestone, dweller 2017)
intraskeletal crypt
Late Ordovician Deschambault Fm.  Bryozoan reef Cryptic dweller Larmagnat and

(Katian)

Middle Ordovician
(Darriwilian?)
Early Ordovician
(Floian)

Early Ordovician
(Tremadocian-Floian)

Early Ordovician
(Tremadocian-Floian)

Early Ordovician
(Tremadocian)

Late Cambrian (Stage
10)

Late Cambrian

Quebec, Canada
Pingliang Fm.,
Shaanxi, China

Dumugol Fm.,
Bongwha, Korea

Honghuayuan Fm.,
Hubei, China
Hunghuayuan Fm.,
Anhui, China

Mungok Fm.,
Yeongwol, Korea
Notch Peak Fm.,
Nevada, USA

Notch Peak Fm.,

(Jiangshanian-Stage 10) Utah/Nevada, USA

Late Cambrian

Chaomidian Fm.,

(Jiangshanian-Stage 10) Shandong and Beijing,

Late Cambrian
(Jiangshanian)

Middle Cambrian
(Guzhangian)
Middle Cambrian
(Drumian)
Middle Cambrian
(Drumian)

China

Chaomidian Fm.,
Shandong and Beijing,
China

Abugiehai Fm., Inner
Mongolia, China
Daegi Fm., Bongwha,
Korea

Zhangxia Fm.,
Shandong, China

Bivalve-sponge-mic
robial reef
Lithistid
sponge-microbial
reefs

Reefs

Lithistid
sponge-microbial
reef

Stromatolite
Lithistid
sponge-microbial
reef

Maceriate reef,
stromatolite

Stromatolite

Maceriate reef

Maceriate reef

Thrombolite-sponge
boundstone
Epiphyton-dominant
microbialite

Encruster, cryptic
dweller

Encruster, cryptic
dweller, limited
frame-builder
Cryptic dweller?

Cryptic dweller?

Encruster

Cryptic dweller

Encruster
Dweller
Frame-builder,
encruster, cryptic
dweller

Dweller

Dweller

Dweller

Neuweiler (2015)
Lee et al. (2016b)

Hong et al. (2014,
2015)

Liu et al. (1997; fig.
6.1-6.3)

Adachi et al. (2009,
fig. 5SD)

Pham and Lee (2019)
Lee et al. (2019)
Coulson and Brand

(2016)
Chen et al. (2014)

Chenetal. (2014), Lee
etal (2014)

Lee et al. (2016¢)

Hong et al. (2012,
2016)

Adachi et al. (2015),
Lee et al. (2016a)
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29] yuepe] Rulg A Ao 2 BE B
(Lee et al., 2014; Park et al., 2015), E|Z3s}4 9 11
AesEeE 1 Fa4o] g Ao ok,
201015} SojAfoF ole §ARe s R BH4o]
wRE] A4 GE Tefah, 1 nHFE} A
g2 ATEA gk Bt EHeRRTt o et 3]
wuEgol} AU AR BREA e 5 7
252 AE7HE 8 E3 Q& Aol

AL ZESHHFT MOl HElot =AN S

=

AA7HA] BaE AL s dRs, B2
& Ee A4 439 S A (spongin) &
AL 7H HAIA AL 9] Vauxia s AQJstal, 2%
P Ad ZE o R AE] A& 1). ol
3HA2 = dEnlE oA 4= MEn|E Q] 27|24,
P U1, WS 5 oS Qo] & A H

u
o

= A= 9 ov}(Lee et al., 2014; Luo and Reitner,
2014, 2016; Hong et al., 2015), tit}= S35 B
& A2 st eJFo] EfAlstar I HAV
21517 kol 22) 2oL} AnbRGIAIE Aol
o]FthHong et al., 2012, 2015; Kwon et al., 2012;
Chen et al., 2014; Lee et al., 2014, 2016b; Luo and
Reitner, 2014, 2016; Park et al., 2015, 2017). B] 2.4
QYR A 02 A2 3 B BHS T
= A 84 FEHgN = AR FE
Fog, Yool s dPo= Hth HH 8
A& e TAEE T 9o, 20.90um ¥
91 o] ul 8 Qe 47& 7H) 3 910 kHong
et al., 2012; Lee et al., 2014; Luo and Reitner, 2014)
(T8 2b-d), 4dH o2 F2 A4 849 7h=
8450 AZH AFH L2 E o|F= HE A
tHRigby, 1983; Luo and Reitner, 2014). 24 A}o]

9] F7toll= o] T2 M9 A3 o] A& (micrite)o] &

Fig. 2. Photomicrographs of keratose-like sponges from the Xiazhen Formation, Jiangxi, China. (a) Sponge remains
in wackestone. (b) Enlargement of a rectangle in figure 2a showing vague outline of the sponge with circular to
slightly curved fibrous elements. (c) Cryptic sponge remain within a gastropod shell showing gradual transition
from reticulate network of fibrous elements to peloidal fabric (arrow). (d) Interpretive tracing of a rectangle in figure
2b showing fibrous elements with relatively uniform diameter. (e) Interpretive tracing of a rectangle in figure 4a
showing desma (consisting of several spicules) of lithistid sponge Archaeoscyphia with enlarged juncture of the

spicules (arrows).
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A i o] Eo] HAZ o7 B AFA 7 EEFFH
ZAY 29l B Z o] = (authigenic peloids)Z w33}
L Ao] B = Frh(Hong et al., 2012, 2015;
Kwon et al., 2012; Chen et al., 2014; Lee et al.,
2014, 2016b; Park et al., 2015, 2017)(1¥ 2¢).

olot AR Fefe] A TEE nAE BEo
ofgt Wg Fxo} FRO| HEER A= 315
Si}(Larmagnat and Neuweiler, 2015), -4 &
0] WA QT 1A o) M2 e SfEEEe)
ZFEEZ 4= AtHLuo and Reitner, 2014). 3-AF
ZsiRs 22 72 Aolo] Mol waks B4
S g RErle 24o] Hufeln] WAlsh 34t
E3 AT (Reitner, 1993; Neuweiler et al., 2007;
Shen and Neuweiler, 2018), ©]¢} AR 222
L 2rH|A7|, AREo}7], Edtolotrr], F2] 5
AT Aol AH A 415 A s H 7ot S
W& (hexactinellids), 43]3]HF(Calcarea) 5 B2
HFE SFof| A= BAFTHWarnke, 1995; Adachi
et al., 2009). A3 AF= A= HY FAL o=
Aol Wt SUHRFE SUEHo] $4 24
CEEEREIEE TR B P A
HAsE e A9 25 elH oz AkE 2
o] W TR ol R0l $4 AU AT 223}
H8l B = gloy, ZHo| F3isH &5
a1, EHE0] s Fo] FojAH, 1 Aol d
oA FAY P F27F A o1FL 7] T
ol A AR Hid a4 2 54 =
o] gejel= *}o]7} Yrh(Luo and Reitner, 2014)(ZL
% 2d-e). AA7IA B §AF 2T E U]
4 QYT AAL 7 A 2] 21AT Y
g9 F2E Kol HollA 2R o (subclass)
9] Verongida £-29] EA3} 3-AFICHLuo and Reitner,
2014). 22} 2ol AR AL 2SR B4
ohet Q77 Eaby @ Taleker o] 2 A
Felo] Qlrhe B Tejste, B ol diet B

Bk d A ER A7 2 et Aot
3. AL ZEeHRe| AN Bt XIESN TS
3.1 M7 DMLY

A7) 2= a7 FAF s AT 7
Zo] Hug A7|2, 53] REolr] F71%E 2
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rir
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BEEH| A7) 27]0] 2A o592 7] Eo] v "
ot ol ob7HA] FAFE] AR g ¥
oA Bt A713 5SS sk A =
Aom(e.g., Lee et al., 2014), o] Al7] §U =2 7]
202 5t s F & Ak FETF Hob i
= A9 °E BEEY At v AREHW
T2 4= glth(Lee and Riding, 2018). T2t &
= =01 o] A1719) Aol sl B2 A7} o] 7o
A 2T 7= v A 4= glok

311 7] Zaajol)

7] B oo fA A HF 7152 T2
35t x| (Sino-Korean Platform)of] £3X3}= A&
Z Yol A =EA 1 gtk Hong et al. (2016)2 )
I 7130 AEETC|E-SHEE AE2A
A ZAHHFE B tH Y 3a-b). o]l&2
HELH7 &t I A=A A5 Zofsh)=
ojg]- ¢, nABE @] (mesoclot)o] H|3] F2L
2 X3 gpeo] BA vz 719 Folz(doy
off S 1o ofnte BEx2| T4 (framework)
= FAsk=d AY 71oekA] g2, BE= W A4
ZHdweller)d Ao = 343}t Lee et al. (2016a)
2 Z=F X544 (Shandong Province)9] F5 B
2|obA| ZAFS(Zhangxia Formation) oA E11g 4
AsiesuldgRoN 4 B AU 2
W 357X (intraskeletal crypts)of] AL ZH2 8]
7} E8A) BEok AL HusGH, o] 4}
ZANAE A OS obAeh T ol A5
d Ao= spsioick olslole R Az 9)
23t 5= Y532 A]7H(Inner Mongolia Province)
Acfe] FA710] EHE obAato|(Abugichai
Formation)of| A= m| 2 2o uiA|o|E a2
Yol A e HF7F B =k (Lee et al., 2016¢).
% AFE49] AAFE Aol 3] FAE(Gushan
Formation) ol A= A3 -H Y £3-9] A3 o]dF
oM 4} e R RrE R o2 ded),
ol BEZX 0|99 FANAE FAF ZHESHERIH
s oz Fasl F85%e e A
Stch(Park et al., 2015).
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AR Aol A U saldlo] = 4828 2
*40}04 1539 B 7ol 7} SRFER o] R0l
> WHW, |8 o suERe] nhi)
Hlol= AE2o) B4A2 v Yej YAsks o
Holek AXSHITH 1Y de-).

;q Qlo o 0
3RS
AelF oz o] YASHAE F2 17 Aol

T8I A4S 8%
= o]e} FALsE QFAYo] B %]} 31(Chen et al., 2014)
Coulson and Brand (2016)2 t]= €} 9]

ol

740
of7] Z7]o| A LE2EH|A7] 27|71A] de] Mg
02 2okS Wi npA|golE n]EY (maceriate
microbialite), Ti= TpA||H| 0| E A& (maceriate reef)
otoll A F2 Uehdth(Lee et al., 2015). HRA|E o] E
AE2E F2 I 2 oF 215 SJE Ao
ol A Yeb LK Shapiro and Awramik, 2006), £5
ZE} 2tFo) £3E A oA =T
: . =%

=7 &
ZAEtH(Lee et al., 2014, 2015). Lee et al. (2014)+=

Flg 3. Cambrian keratose- hke sponges. (a) Photograph of a thrombohte sponge boundstone from the Daegi
Formation, Bongwha, Korea. (b) Enlargement of a rectangle in figure 3a showing reticulate sponge fabric in inter-
space of the clots. (c) Photograph of a limestone layer in limestone-shale couplet facies of the Gushan Formation
Shandong, China. (d) Enlargement of a rectangle in figure 3¢ showing networks of fibrous elements. (e-f)

Photomicrographs of keratose-like sponges from maceriate reefs of the Chaomidian Formation
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ohilElolE AR W “AE g o] oA §
A 2 ERE Bastel oleig M-S )
Act. o] &jol e n|= Hultho] A F-n| =
29] MU AR B2 Y FE0 $4 LSRR
7} Q& ZRgo] B11E 31 (Lee et al., 2019), 4 3F]
F-AY 2302 FAHE I SN = 5
5 rEolA FAST RAFSHA A3 o] ¢FllA
A A H 77 RO = Qek(Park et al., 2015).

3.1.3 7] 2 2% H|AY]

A7) 28| A7) F1t A S EF= o] Al
719] =] M/dstid AAsdF-u e F
2 yehdth S FRESol 2X3ks vidE
-AAsiF AE2oAe $7] AEo| 9 2R
I fFASHA 2 AdsaRet AE vl 4 2
¥ =42 A= A= (calathiid) 9] FF ol
A ZH A HF7F 2418 (Hong et al., 2014)(1

2k

S

x 9|9 741

Sy
0

Sy

§| ~

xaix 3 D

rir
ol
1o

g da-b), EEA A S HRI BE2 =4
= 5, A= F90l x5k 439U
AR} 7+ F=(intergranular pore)& }-$- LER}
= Z$-= B EQck(Hong et al., 2015). o]} A
314 E%= %] (South China Platform)o]] £3h=
AF4(Guizhou Province) Q] 5 A]7] |52l T3
2F(Hunghuayuan Formation)2] 4]&3]HF-
A= e A A7 35 ol fAH
A AF7F 2 o] R UTh(Li et al., 2017).
TS 71E =2 AR 24 23 54 (Hubei
Province) 4t ¢] E3H72tE B2 = FFZ
o AR e WE 3504 A A EsE R
7} &A%to] Bl =itk Liu ef al.,, 1997, 13 6.1-6.3;
Adachi et al,, 2009, 1 5d). o] o= FUEF B
I35l EEZdh= "AERTEZO|E A= v E
I fA s iR st G5EE olR = A
o] yehdth(Pham and Lee, 2019)(Z13 4c).

D 3 P
a2l 4G P 2mm

S 1tmm

Fig. 4. Ordovician keratose-like sponges. (a) Photograph of microbial-lithistid sponge Archaeoscyphia boundstone
from the Dumugol Formation, Bongwha, Korea. (b) Enlargement of a rectangle in figure 4a showing keratose-like
sponge remains within spongocoel of Archaeoscyphia. (c) Photomicrograph of a poorly preserved keratose-like
sponge within the Mungok stromatolite. (d) Photomicrograph of bivalve-sponge reef from the Pingliang Formation,
Shaanxi, China (for locality information see Lee et al., 2016b).
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314 7] Q2T H|AY

EZ=X| AHol| Y28 Ad41/d(Shaanxi Province)
9] AeKXi'an) Yol HFE(Pingliang Formation)
ol A= olufuf-s AT E-m B EZ WollA ok &
AL ZA S| H 77T R = ik (Lee et al., 2016b)(21™
4d). of7|A FAF 2P R oluli =l AE o oY
of 2o AU ZFE i I35 AL 1o,
o|&0| o|uj s 7o} T FAHLAE o|FH BEZ
£ 4% A2 AFE G} eI T80l
A GAF ZHA ) H 7= 32 (stromatoporoid)-Ej
5 E(bryozoan) BEx ol =& EA5t= A
o] B 1= th(Hong et al., 2018). o] 54+ 2
5L HE T = =4 Alolol Hath &3 P
9] 3F FE24 HF(boring) ol HEE], =&
AEZ W AAAR A= o]l FEFT
B23Y AL WolM = FA 277 &=
= Eol o3t AE| F=(shelter pore)ofA HiL
) Jch(Park et al., 2015).

315 37] e 2xH|AY|

@ =Rl £3h= T 27 9(Zhejiang Province)
73X (Jiangxi Province) Ltjj9] AlokAlE(Xiazhen
Formation)ol A= 4182} u 4152 BAFAgo]
A tire] AL 2Rl B s ol B0
A o2 B2 FuE AR AT o= H|s)
o] st QAL ALE Rhabdotetradium-S S|4
Slo), AE20| B 728 FEH O YA} ¢
AA7Ie d8e PRt A= itk (Kwon et
al,, 2012). E3F AoIEe] 43| oltat ook 5
o] & A 3]¢H(Park et al., 2015) D A 3]¢}o] 3 =
N ARAE AbolQ] Wi 35 F2(Park ef al., 2017)
AN AR AR AF7HFFH HILE A o2t
o1g Ml B3 F 13%7} f4F A ERE
TAE I8N0, olE2 T A%t HAE 3FAE0
A ot=] Ach(Park et al., 2015)(2F 2a-d). o] jef| 7}
utt Al EAE S| HiEsE AexoMe
35 ol AW $4F 2 S F ol B
I QtHLarmagnat and Neuweiler, 2015).

3.2 =-F7| DMLY
3.2.1 gj&7]

Zgkx BH B2 y|(Boulonnais) Aol EES

F{F

S5 41E24 & FHS(Blacourt Formation) 2] &2
AEZAA FA A HF7E s Yok (Luo and
Reitner, 2014). o] AE2= T2 A ARFES(rugose
coral), 43|3ke u|AJE Rothpletzella, RENHFZ
F4Elo] Lo, 45 Be] o}y Ei EF Rl
28 U 5o 9 BTN 4 ZHelER
At} o] AB2ON 4} A ARE F2 T
5 Yol H nEE o Az,

3.2.2 AEly]

F= AR B AE(Bristol) A H 9] F7] A
AlT)7](Visean)o]] E|&E S ZE thE 43U3F
(Clifton Down Limestone)oj A= 227t organ
pipe) Tt ARt FH Q] AERUESO|E Yof| X
ke A e HR7 B L=t Luo and Reitner,
2016). 0152 BAE 7|98 AERBIE )=
23} L], BT 9B e He,

3.3 SMCH

33.1 EglojopA7]

HE7] & gEF olF, 2= yehd oA =4
22 o|2ol2 HEAL u]F A3 vulciet fere)
S5 Egto]ofA (Smithian) |50l A HE e
™, A FF ssEo] AR (serpulid)7t A
e B A v AEEL BERE FA5t= FH
A th(Brayard et al., 2011). &} 7] o= SHHTY, B
FAHH 5 ohdRt TR fusEe] TEH,
A 3| 7}(Class Calcarea)d] &3l BEE GH
sIE. o)F % URE $A ZAsRRet $4)
3t e 9] B5-S H7| % Ftrk(Brayard et al., 2011,
supplementary 1% 2C, 2E)(11¥ 5a). ZL 5] 0]
Bt} o] 2 A]7](Griesbachian) 5-<F &4 g7], o]
%, ohzuluol 5219 AFoH 4t 2R
u|AE27F WA 7| = 3} ch(Friesenbichler ef al.,
2018; Heindel et al., 2018). o] 4-AF ZHAHF =
A=Y floll ARUAY mdEd T Ele A
A Ao 2 g,

Luo and Reitner (2014)= ZT=9] Egto|oiA
7] %7](Anisian) 2E 2o}Eeto] E Yol 4 A} 2+
AalRR7} e Tk 2 ehto] AlEe o)
o}l 27} WEFHE A BuSATHIY 5b). o]
% Luo and Reitner (2016)= SY 2] Eglo|opA7]
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%7](Ladinian) o]uju|5 Placunopsis-~E2ulEe}
o] E &2 Yo A Luo and Reitner (2014)7} .31
ok vk} vtk e Hole A AESERE

ERE

3.3.2 Wjo}y]

Rodriguez-Martinez et al. (2012)= A#|319]
¢}7] &7](Turonian) 9] 22 QHG-E AEZ0LESH
o= Afolo] SRR LA intraclast) T}
7 LR A BBk o 52 4 24 9
BRE Holn AERuMEo|E} A 87
ANA A G ALz s Hrt

4. 7|t 2at9| O|M| T=

A HAEHAE T

Sy

S
A

Sy

El ~

=

o

5 o e
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rir

A= WRolM EAE o H, mEbA o] S2 u]A
£l 3t 2= A E A7t gt ol2e =
2 #22 B9 AL Girich (1906)2, 1= o2
Spongiostromatazt HHsIH o AWEE 7|¥d
Ao 2 At ATHTH 6a). ©]F Pratt (1982) o]
£ 3 72 AE 37]9] gRo|=g} 22 Az
T=(fenestral pore) &2 ©]F0]F A& spongiform
T, F2 43 o]AER o|Fo|A glen I yiF
of #E2 A& et 2 50| Yeh= 725
vermiform &2} FP3IATh ol F WA
LER o|Fo R Mer2e S deEZL 7
sl AR 2 FEjek HEE Aolw, 11 Aol
EAsh= A3 o]AES ZEHIES] o JHE
AL 2 =t Walter, 1972; Bertrand-Sarfati,
1976; Kennard, 1994). o] 59| SH5E 7|¥Y 715
A A7 = QL Glirich, 1906), Pratt (1982)= 3

Fig. 5. (a) Keratose-like sponge from the Lower Triassic of Nevada/Utah, USA (modified after Brayard ez al., 2011,
supplementary fig. 2C). (b) Triassic Keratose-like sponge from Poland (modified after Luo and Reitner, 2014, fig. 3C).

o e

Fig. 6. (a) Spongiostromata from Viséan (Mississipian), Belgium (modified after Giirich, 1906, pl. VI, fig. 1). (b)

Vermiform mirostructure from the Middle Ordovician of Quebec, Canada (modified after Desrochers and James,
1989, fig. 7f). Scale bar not provided in original figure; width of view approximately 3-5 mm.



744

A=Y A AU W7 L2E 7R B2 A
Ao EtAAQ 2 E Kol o] dHE=
A 7IsALE Fe Ao Z 79T Desrochers
and James (1989)+= 7yttt Fd o] SH 22 H|
XA A FoA U= AE20lA 5= 1L
% 8hi= vermiform o] A SHF 714 7t
4= A718H T 1 6b).

ol F2E T AT o= B Eud &
A ZHAs R 3 FejH o 2 fAk Helth
(e.g., Glirich, 1906, pl. VI, 1% 1; Pratt, 1982, 19
15; Kennard, 1994, 13 11). ZZre] M=, &
“RHE = 20-60 um L9 UH|E 7HAH FEESH
A Z2 = FEE Hof(Kennard, 1994) 71 =27] 9
FE7F A 2 S A 79 FALSHE 53] Kennard
(1994)7} 37] ZHEelollofl WAE AERalEeo]
Eof|A E113%t vermiform FZ+= o]E0] n|yYE 7|
Q9] HH2I} WE AER0lEeES P4
Feh HolH ThE AERulEaolE YA B
5 FAF &S HF (Luo and Reitner, 2016; Pham
and Lee, 2019)9} 71 e ofjz} n| & sfH
FEo| 3t AERZHIETOIE 225 WEE
T AHAN 9= FARE Ao s Heloh

5. E9 & AN

AB7R) A3t vhe} o] 4h

dE= 3 7152 £ AE Aldiol HHE 44
oA F= BuEglet o] AI7|E2 HEE |-
ELH|AY], A't7], Egolotir] 7] 5 F2 1|
AEe] MAsHAE Al7|e A= 97 g2
(3™ 7), ol HEF 25 22 AN Z2FE=ES0]
EEYE A7 B g 02 sfjrof A AF]
3} 2Hg-o] doju7] $IKE A7)0l v AFES o] WA
Stk A3 Ao AZslE = & Aol
(Schubert and Bottjer, 1992; Riding, 2006; Riding
etal., 2019). HFE E3 THE TN ZYEE0] 4
7] ¥ oA & AAdgthe S Eshd(eg,
Lee and Riding, 2018), slA5&E2] 3o} n|AE9]
EZoll= AP} 3= 7Fs/dE AR Brunton
and Dixon, 1994). AR 2 #|&7] & EF AT ¥
Ao E AT E-TERE B o] F A2
AEo] duh B I EHJ=AE 7t A&
2 A7 % 84tk Brayard et al., 2011).

T2 ol shHe silol Al St Za
Aol et A77F AIZHEA] 10 0] 2 =R §gt
o, o]zt A7 £ AE Ao 4o FF
Hof o]Rojfth= A= AFdfof T Aot} Luo
(2015)= 3H9] =EollAl e or Atz AT
A G2 A ZESHERE o= 1 Bastgle, o
7lole 7] R, Frl-wetr], Al 5
8718 Aol Z3HEA] g2 A7 ek EgE
AL A e I 25 B WS FeiA Tt
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Fig. 7. Secular variation of dominant Phanerozoic reef builders and the number of marine metazoan genera (dashed
line) (Modified from Sepkoski, 1997; Kiessling et al., 2002 and Riding, 2006).
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gl 4= Q= A7 diEoln, 43S =5l
Al Q1R817] ol 54 wiZo] A nEG L=
EREUE oA SolA BHiE= HeE Erieg,
Lee et al., 2010, 2014). F-AF ZrAsAFL] XA A]
o 32 S wotsty] flsiAE 7]Ee] HaE ]l
A AEY 2 AEZ Bk ozt AR 7R =
A 2 A SOl A= FF F7HAQ A7t
Basiel, o2 vgo 2 B 3 B U AL
L, 2% W3}, AEQ gk B3F 5 ot 24
82010 BAE olafT 4= Y& Ao|th(Riding et
al., 2019).

HAst o e 44 AARRE Fashl &
&3 Ao g A7 F7] FEoH 7%y
79 1 Fu F oF AdhE o]R 1 Y= AERY
9%7} HEER A= Jlom, o5 A
o] A ZHFHRE HuE HE & o o]0 &
At 2] 9] P & ol §-2u|EHA| 7] 5k
2 e 5= ch(Hong et al., 2016). EZF -GA}
ZEss e 21 Aol wet ek A 2
2 229 % shRA 2gsrdd oz neld
AN H3]d FE EHE2 T2 ofgfalYo|ER A
A% Halimeda, Rhipocephalus, Penicilus@} 22 A
M =287 RS AL tolg - (whiting)}
22 HtE o) A1 9] 3eha] Ei= B3 Ao 9
o A== RH, ol23t BES0] EdsH] oA
Q1 Aol = Ao O3t AsketA o] =2
712t Aoz AbE Ark(Pratt, 2001). Tt o]
of| Bjste] 4713t upe} o] g Ed e 2 BRESIU
A 22 dAoA 2+ sjHRIF FES Ao]
HuED glow, AobdlF-o] -9 A3 o|¢f W 9
A 5 old A3 5 2 13% 7t FAF ZHEeH
T2 1A= Qo o|o= 3HEFY A3 o]¢t
I 539 AN E FA S HE RV Ea
H A& 1fstd, A7) 28 2t fAF ZAE
Fe A3 old HHEY T2 FHHe =AY 7L
AJo] A 71 Eth(Park et al., 2015).

IR 2 & o fAF SR e
Ol AL FEHoR P o= A= ot KR
T o8 Y9E3 21 Fol BEx9 =4 +
Z25 A= FEHE A5 UEiU, o= 4
ZHA AR FEf7t g E Aol opzt 39 24
of wet 2R Ethe ST Aol gl& Aotk

A AT 2 TR A SfHGEC] o& g sto] A
$22 P 30 DAY AE) HARE 24
Sl AE2 9] Aol 71ofske 8R0S aeshd
(Waulff, 1984; Bell, 2008), 0]S-& 2|2 7|2o|A=
A& E3tste] A4 A=A T SasH
Z-85t9S Ao =2 AZrEti(e.g., Hong et al., 2015).
oSOl A} ZSRRE AdH oD ek
&= Qe FH=E A HuEHT o= 35 W
Hoj o]50] 2 A3t A= A=t e.g, Hong
et al., 2014; Park et al., 2017), A& A4 Y& &
Al 2ol A F71A19 F714d a7 Lol 2
3} ghAF &) &= (carbonate alkalinity) 7} 5718t
sietEge) nEgel 45ah] tEd 4 9 A
o|t}(e.g., Reitner ef al., 1995; Delecat et al., 2001).
AR BE AL 2B EE hed] 1 937t
A nEE F97} 22 BE LefalH(eg, Lee
et al,, 2014), 35 o] S| 3143} Tyl A=
A7 223 Aot

ZAe 2

o] =E-2 FFATA ZAATAA LA (2019

R1A2C4069278), A1 A7AA €A (2017R1C1B100

7344), Zdieh A Ae] 2 2018 Z-eleist

W 33 A S dTRAH 9] X Y-S Wot ZAE

A& |3t A F o7 =10] 22 FAAAF
o

A1 )] 5 AR 97 ZALe] WS =gy
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