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ABSTRACT: The deformed carbonate strata of the "Great Limestone Series" of the Joseon Supergroup in
Cheongpung area, Jecheon, Korea are known to yield brachiopods and crinoid columnals. Based on the fossil
occurrence, the age of the deformed strata was regarded as the Ordovician. The newly recovered fossil assemblage
from the same area consists of blastozoan (echinoderm) columnals, possible crinoid thecal plates, and trilobite
sclerites in addition to the brachiopods and crinoid columnals, indicating that the suspension feeders are dominant.
The known stratigraphical range especially of the Asaphida, a trilobite order to which the trilobite specimens are
assigned, suggests that the age of the deformed carbonate strata may be extended into the Silurian. More detailed
paleontological studies of the fossil assemblage should improve our understanding of stratigraphy and
paleoecology of the sedimentary strata at the western end of the Tacbaeksan Basin.
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Fig. 1. Maps showing the location of study area and fossil locality. (a) Map of the Korean Peninsula showing the
location of the Taebaeksan Basin. (b) Simplified geologic map showing distribution of the Joseon Supergroup and
the location of study area (modified from Choi et al., 2016). (c) Fossil locality (E128°09/38.05”, N36°58716.92”).
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Kim (2003)2 3 A9 9 A5 sH=5H =7
3 AlES, 198S, GESoR FLEStAL o5
Fol AFEtolgt WHstt Chough ef al. (2006)
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3ao] AEE HAE HAIZ SE7F T3] i
HA] g=(crudely bedded) BAIEUY O Z A gF2
o|Fet So] XF 87| = SHrH 1Y 2a). ZH EAFE Y
D959 A= A= 15 cm o|We|t} o] F 3t
Aol AEE s B2 A BSES FA7
oF3 cm Weo|= ghE F7to|t} S 52 A3 F
3HE FEHol A FEEY, gl uiel Fo] 2
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HrH(2E 2b). 3HAE 2361l Yl oA o W S
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£ AQHstHon, o= SusE 94 FE 287)(9)65~
9]92), &=F= &Y ®E 167§(9D35~9D50), AX]
= 94 EE g 7J(9H356) 2 FEE BE
RS AR AALATY Qe BB 3
olck. 4keiFo] EaE k4] EEE Aot ot
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3. HICHRE 22| F(blastozoan)Q} HICIL}E|F
(crinozoan) Q| H SEf

Z35EF(Phylum Echinodermata)2 U=
ZolF(Homalozoa), BIthU=]5(Crinozoa), E7MAHE]
FH{Asterozoa), “gAIEchinozoa) 52| ©KZ(subphylum)
© 2 R 5o} grh(Ubaghs, 1967a). ZL2jL} Lo
L HlTEE 9 2)7}(Class Blastoidea), o]l =8] 0]
E7}(Cass Eocrinoidea), EH[H2F(Class Rhombifera)

9 ERTES HirhuEloEdt &ty vt
iiﬂlol-—r(Subphylum Blastozoa) &2 F73} ¢l
o, giEE 124 ZunE5EQ HirEE o Fl2 L
ZEEol7]of S8t HE7|o AEet A= &

WL

24 Ath(Sprinkle, 1973). vlthute]Fel viohEs
28R tJRE Z7(stalk E= stem) 2} I (crown
I head)Z FAE L o (theca T+ calyx)7f
ofe] £52| 1714 BF BHOE o|2ojzirke
HollAl R A= AR E 3a, 3b). FHE
TFA5H= o2 BE(): basal, radial# 5)o] F
7 M, g Sol 579 dilo] B E4 ol
HITHEER g2 8= A42¢] Hofj(ambulacrum)
JbB7iA) Qe vhoi el R el we) o) ofel
radialZo] 24 WSt tH(21E 3b). E3F vjciE
B 28fEs BHRE FASH= Z(brachiole)o] £X]
SHA Qths ol vichtelRet RRotdos
2 Ajolg BeATHLH 3b). o] BAEA] o vt

Fig. 2. Photographs showing outcrop and fossil occurrence. (a) Outcrop where the studied invertebrate fossils were
embedded; the outcrop is composed of crudely bedded calcitic dolostone; fossiliferous interval roughly coincides
with the location of the hammer; hammer for scale is 26 cm in length. (b) One of the observed rock specimens (reg.
no. KIGAM-9J88), coated with magnesium oxide, representing relatively well-preserved fossil assemblage of bra-
chiopod shells and echinoderm debris. (c-d) Cross-polarized photomicrographs of two different fossil-bearing rocks
showing calcite grains with stronger interference color and brachiopod shells replaced by quartz. Abbreviations:

br.=brachiopod shells, ech.=echinoderm columnals.
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23 9 79| I ¢=7|(brachioles) 2} F&

st e 2R HithalRe) 271E 2% 7]
& F-E(column) 3} 112+ HE(holdsfast == root-
lets) 02 TLRECE £ 27 BT A 7|5 ZTEF
cz HE FHY £7] EHEC] -E ok
(1E 3a, 3b). v 227 £7] THS 7|&
she W=o] goli glona shs1AE el it
Uz £7] THY gty FHE 9= S0 §o&
At} (2 3¢, 3d).

£7] ZHO A el ol 9%, B, =
2 97 g (quinquestellate) o] shte] ZHo =2
o014 AT 3c, 3d). A Hihielgel 3
FRoAE 27] 39 i il 229 o=
ool 27| Bt} F e B7] BHo| Mok W
L articulum EE faceto|g} -2t} o] HE 914
gt £7] ST HEYE 7S e oY 5
FY == @ K crenularium) 3} 1 9] thA
Bt areolaZ o] FO|RItH 1™ 3¢, 3d). Crenularium
2 HAMYE] Z(crenellae) T} 541 (culmina) 2.2 o]
20]X|y crenellae?} culminaE &) crenulaezt
etk £7] 299 S%ol= Wi (lumen)ol2t &
g= F50] =t HEE &7 AAZ 2E Ast
2 474 ML axial canale] FA=H ) Areolad}t W
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Phylum Brachiopoda

Subphylum Rhynchonelliformea Williams,
Carlson, Brunton, Holmer, and Popov, 1996

Class Rhynchonellata Williams, Carlson,
Brunton, Holmer, and Popov, 1996

Order Orthida Schuchert and Cooper, 1932

Suborder Orthidina Schuchert and Cooper,
1932

4.1 ?Orthidine fam. gen. et sp. indet. (A& 4a~dc)

AhZ: 357 oA ol HEEZL B3 oF
10072} =fz}

714 B (ventral valve)2 }7t B-=3}H(weakly
convex) 2JZAlL WY (semicircular)ol] 7M.
279 7157 B2e) 271 F 6-13 mm, 2] 4-10
mm HL|E Holn, M (hinge line) FLofA]
&S =tk 2 (umbo) ot F-Eof it
vjers et Hel(beak)7t FHE TSI ok

a] B pinnules D
4 ke
5
s <
o
—_
(&)
(with ambulacra)
cup or calyx
IS
= columnals g
-"7; 2]
= #M-;‘u ]holdfast
L -

crenellae

articulum %
2|
Bl crenellae . culminaS
c
P( 9
(@]

areola

e —
articulum

Fig. 3. Generalized morphology of stalked echinoderms. (a) Crinozoan with morphological terms of body parts
(modified from Ausich, 1998). (b) Blastozoan with morphological terms of body parts (modified from Bauer, 2018,
fig. 1). (¢) Circular columnal with circular lumen and wide crenularium having fine crenulae (modified from Ubaghs,
1978, fig. 59). (d) Quinquestellate columnal with star-shaped lumen, areola, and narrow crenularium having coarse

crenulae (modified from Ubaghs, 1978, fig. 55).
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3 HZ0kH (posteromedian region) 2] ZH=x= o2
O 7 7]¢ apsacline AJejo|t;. a9 &g &

(cardinal extremeties)2 ThA 53 Holct. o]S1]
(commissure)= W 11t} wjzke] EH-2 & 40~70
719 ribs2 A2l E|o] Qlt}: 20~407]2] coatae, costa?}
costa Abo]d]| 3t 7l B = 7)) 9] costellaeE 7}HX]
H, costellae= costaZ2H-E| £7]351= ramicostellate
Folot. 474 (growth lines) o] E4E4 #3E5t=
U, 2ol 77he s v my 2Ea A0

i ZH(dorsal valve)2 o9~ oFs}A| 55} <j=
A& obA}ZH (subquadrate)ole. 2% 7Hst u)
7+l 37)1&= & 5~12 mm, Z9] 3~8 mm HYYE X
ols] Zole] FURe UM HejBo] fA%
o} g2 tha et Sl leketA ot e
sulcus7} W3t oF 20701 2] costae Ao E A%
9] costellae”} w]|2F5}A| 23l ramicostellated 0|
o}, 472 2 Bol A gkt

E9]: RhynchonellataZre] #jZt2 37], 94,
E5% A&, 253 (sulcusé} fold), FHTYF
(posteromedian region) 2] =, EZ}3} wjjzte
3 T, W) W) U 2 5 chre 54
BRET 3F P WtEL oy
Aol ShEA i ARE nEE B2t
9] wljZro| FEAe 2 AHEE Tt ko] dRE
Aol BHWAL AAYT, T2A WS we
ASE B} I0|E B76tn 27t 35| B
ot EA5L BE FUsT, W2t Sase )
W9loh B 44 PxolN B fAIslT vt
AR oR R 7o BEEE BT R
5wl 9] gjzkel Ao B,

HRA 2717k A w7, B njoksiA) BT
22wtz bz ekt AR, vEY ¢w &
23| WSt WA rib k%, BE3F cardinal ex-
tremities, W2} S-Fof bt @3t sulcus, apsa-
clineqd 7} 52 Orthida&9] 4uk& Q] Fejol,
orthidess= s} ZHE oA RE A7 FFA7HA
AF=HtHWilliams and Harper, 2000).

HEJH = A3l ok o]}t oA ERdt7]=
ofPch e B2 72 A= Zo] v, EFS
A, ramicostellate AFE]] rib2] 7li4= S0] Ortrhidiella
(Williams and Harper, 2000, fig. 539, 1d) B== Nothorthis
(Williams and Harper, 2000, fig. 537, 7a, 7b)<} -f-

~
-~

J
1o 1o

= M
iy
Bt 24 o

[¢)

=2

3

o

WL

Bt o] B &2 A2 G Bo] SalAe B
Orthidinaoh=o] &322, 33 A455E 2=
o] ofFo) A2 AL Orthidinaoks
& ah rEolAol A sl HE AR AHEEc)
I 4 A ek(Williams and Harper, 2000).

AR X] o A= o] 7] orthides7} Ha1E Bf ]
o} RARZ guil= 3P"=9] Eoorthis shakuo-
tunensis (Kobayashi, 1935, pl. 1, figs. 4~8, 22~23)

F2Z39] Eoorthis (?) saishoensis (Kobayashi,
1934a, pl. 3, figs. 15~18)&= Tha WSt K] (beak)
9} AfZto]| 77k &AL, 8=} cardinal extremities
S 7HAAL Q. GA] S-FollA B a1 Shiragia biloba
(Kobayashi, 1935, pl. 1, figs. 14~21)= 93] 7}
7hE AT H|w A EE53F 3j7-& 7HR| 2 Qi
A =955l A B9 Orthis nipponica
(Kobayashi, 1934b, pl. 1, fig. 15, pl. 2, figs. 9~19)
L costellae glo] ==X A T3t costae”} 207
o|slo|tt. WrZZof|x B 1% Pomatotrema shinso-
nensis (Kobayashi, 1934a, pl. 3, figs. 6~9)= 24
o] mEs}T, Bate] FHFYR Zhwrt 220 7
7} GYET B20] Apheoorthis orientalis (Kobayashi,
1960, pl. 12, fig. 2)£}+ Apheoorthis (?) sp. indt. (Kobayashi,
1960, pl. 12, figs. 3~4)= vjZro]] F33t sulcus7}
om ribe] =7 W Ao TEIAA W
shaict. Bzke nEAEr) Beeht e B
Holth(Kobayashi (1960)= vjztS BZto =2, 7+
& vjzhe 2 F)&aT)). B, Je-epax o] 3
Sl A= Aet7|(Moscovian) @] Rhipidomella
7} R = ¢l =t (Lee et al., 2010, fig. 6), wjz}o] of
3 (subovate) WX| oFAarzHe (subtriangular) ] 3L
214o] BEo] gl Al Lmx] REE Tha B
3 o] Aotk 0|5 BF ¥E =523} e
Mo 2 olstct

o] o= FLFT FZoll A= Eoorthis (?) sp.
indt. (Kobayashi, 1960, pl. 12, figs. 5~6), &=3-0]
X+ Pomatotrema (?) sp. (Kobayashi, 1960), %
o4& Orthids (Kobayashi, 1966)7} 7| &% ]S
L, o5& ARlo] AXEA] AU HELH 7L
EFsto] vl g 4= itk

Phylum Echinodermata
Subphylum Blastozoa Sprinkle, 1973
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42 HICLRS2:2|F/ £7| ZH(3g 4d~4h)

AbE: 1971 A ol REAFH e 27)7F T
3t 557) o)4ko] &

71A: BHA -2 dF ol A F-2 2~5 mmo]
o FAEC)E A oF 1/8 olste|tt. &
A Wo] articulumo|u}, £422] TEA Y7o
o133t QR areola7} E It 4f). Crenularium
L WMol &3 & (crenellae) I 8714 (culmina)
2 o]F0]A Qlt}. Crenellae:= 50~607l Ax=o|th
Y (lumen)2 4218 E= 49 ¥ (trilobate) o],
W) A8 Bl Eo FH| uhet B7] U A2
] 40~65%= R} 3.

E9: nitiEE e gF £7] TH Uit A+
B2 o £7] ZHO| P 2= 7Y (class) 4=
& o5t B+ E7Fssith v A4 B
AAE Y Wis 7l £7) S 27| uitE e
2]5+(Subphylum Blastozoa) 2] £4© 24(Sprinkle
and Wahlman, 1994, figs. 6.12, 6.16~6.18), 93 &
£ 27 ¥y Wi Hol= it F(Subphylum
Crinozoa) 9] £7| ZHI} L EFHc}.

Subphylum Crinozoa Matsumoto, 1929
Class Crinoidea Miller, 1821

4.3 HiCiL2| ] =7 SEAE! 4i-4)

AbE: 357) o4 EEof| HEYES} 27|17t ok
3t F 15070 o) (a4 JE 22 X7

71A: B} ol A5 1 mm o]s}of| A] oF
5 mmo|t}. FA|(=el) = tA A5 oF 1/5 He
olv] E 79| &7] T FFE AHE A=
= A= UK E 4i). thF2 areolax= §lo] A4
HoJ articulumo] X9k Y7 7}o] 22 FH A=
FL areolar} B o)7|= gt 19 4k). Crenularium
2 HRAMFO] &3 S(crenellae) T} 8714 (culmina)
2 o]|Fo]A 2t} Crenellae= 30~807] Fxo|ch
2k #1299 4 7 o] ¢ tha §-2 crenellae
£ Ho|7|= FtHIY 4j). W(lumen)S FFo]
o, el A E Eo BRo| uje} £7] 29 A
£9]10~80% = 2} A3ttt

E9): 2| 5o] HIZ £7] 29 SOl W] 9%
A A7 = AEE Y ASo] 3ERT
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ok BHE, A B AR EY, 04 e 2
7} gl ZAEE okar & A] ltk(Ubaghs, 1978,
T74). vlcRg-2 8 7o Wio] 47 Ex= 44
o|lER, AT AN 4T WS 7 &7

TEE vt Y] 7] SHES XY "WYY
W 29 vl& HY7 Wi, Eo| WE crenellae
Ng=2] Ho|& Atk AFF 3HATtol ot FFY
viohube| R7F Z23E QS 7S wiAE 5= o
ot v vithges A% ZHFolA 719 4
(longitudinal) 9]X]o]] wa} =24 F=j o B3 4
oJUEE 3 F = 3 JRAO] S8t 7] SHE
o2t tiRt FEiE E 5= 9171 wiZoll(¢ll: Le Menn,
1987), 7] ZH e FEiE tpgAdol F hFH S 2
A AL & 4= gtk

?Subphylum Crinozoa Matsumoto, 1929

4.4 HIOHLIZIR(?) &8 =HAE 4m-4q)

AVE: 4 7 QP4 o] oF 80749 EE

717 HRE SZFo|AT 22+ A% ok
2] 2ok 1-3 mm Axo|ch ATE| G2
of wet 24 5 F1A 2 FEE g2iEe] BA
TL e g BE 3470 SHTET} G 2H
2 o3t = H = A ¥l I g5l 4 |
ohe} 3~107) A= H3gstar FF5HA ato] 3lof vt
] Blel(comb teeth) 7} -2 FHEE H I TEH 4m~4o).
27 E=9] 2ol 0.12~0.65 mm Heo]aL &/
Zo] Hl&-Z 0.1 Weo|w, o] Sl FoA 7 2
T B3 Hom A4S Folith SHTE ¢
At vl kgt 50 -9, o] 27 Al H WA oAl |
o H7 FE MY EE Vel HEo| shiy 1}
o ATHH 4p, 4q). o] F& F59 Zol= 901
mm W] 0.5 mmo|r, &/ Z0o|=0.25~19] v
Helch

B} QoA grovt uichte)el 4ok
YR HRwY] F5 = 7P olle 21433 (simple)

= B9 (branched) ] 8 7+ = interarticular
canals) 727} 2319 v} QItiUbaghs, 1978, p. T205
“T211), o] ERFE} Tel R TehA olof
73 o] == sutural poregtal F27]% it} Yo

A7t E5 SHEY &2 1 ot sl &
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Fig. 4. Representative fossil specimens described in this study. (a-c) brachiopod shells: (a) partially broken ventral
valve (KIGAM-9D44a) on recrystallized dolomite matrix; (b) broken ventral valve with adjacent small crinoid col-
umnals (KIGAM-9J88bb); (c) slightly deformed unisulcate dorsal valve (KIGAM-9D45a). (d-h) blastozoan colum-
nals: (d) KIGAM-9J87i (left) and KIGAM-9J87h (right) with relatively large trilobate lumen; (e) KIGAM-9J69¢;
(f) KIGAM-9J69c showing triangular lumen and narrow areola; (g) KIGAM-9J88jjj (lower left) and KIGAM-
9J88eee (upper right) having triangular lumen, KIGAM-9J88iii (middle) having trilobate lumen, associated with
small crinoid columnals; (h) KIGAM-9J88aa (lower left) and KIGAM-9J88y (upper right) showing difference in
trilobate lumen shape. (i-1) crinoid columnals: (i) articulated columnals (KIGAM-9D41h); (j) small specimen
(KIGAM-9J65q) with a few crenellae; (k) KIGAM-9J66p having small circular lumen and narrow areola; (1)
KIGAM-9J83a (left) and KIGAM-9J83b (right) showing variation of lumen size. (m-q) thecal plates of possible
crinozoan: (m) KIGAM-9J66e showing ridges (black arrow) and sutural pores (white arrows); (n) KIGAM-9J86f
showing ridges (black arrows) and sutural pores (white arrows); (0) KIGAM-9J88z showing ridges (black arrows)
and sutural pores (white arrow); (p) KIGAM-9J88hhh and KIGAM-9J88ggg (two upper left), KIGAM-9J88fff and
KIGAM-9J88ddd (lower middle and right respectively); (q) KIGAM-9J88m (lower left), KIGAM-9J88n (right).
(r-s) trilobite sclerites: (r) dorsal surface of pygidium (KIGAM-9H356a) showing traces of axial furrows indicated
by arrows; (s) ventral surface of librigena (KIGAM-9H356b) with broken genal spine, anterior facial suture (black
arrow), and eye socle (white arrow). Scale bars are 2 mm wide, otherwise indicated in the photos.
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Order Asaphida Fortey and Chatterton, 1988
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FRE FHS(axis) 9] B2 e 7t2 £ ¢
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ol gt} Axis®} pleural field&= n|eFslA| B-E3}
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der= furrow”} obd Q] FAF SR QIR H Tt
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Sol=AE o 4= gtk 34 Sakol AT mEa
7h BT Alofol|l = Estar, et fElE |
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A o]th(Fortey and Chatterton, 1988).
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2t} vt 73(Class Crinoidea) 2 2 =H|A7]
2| @474 (Ubaghs, 1967a; Lefebvre et al., 2013);
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7] 3717kA (Williams and Harper, 2000); v}k
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