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Intfroduction

The grapolites lived Thom the Middle Cambrian
W the Upper Carboniferous ane oolonial and marine
organisms, Of them. grapoloid has obviots meorpho-
lopical chanpes through peological time. they have
been used as a pood index fossil b the Lower
Paleozoic (Cooper ¢1 al. (9911

For the first time Shitaki (1922 found olt a
picee of graplolite i Korga, Subsequentl some Jap-
apcse peolopists reported praplolives fhom the Joseob
Supetproup of Duwibong  and  Yeongweol ppes
(Kobavashi. 1954: Shimizu and Obata. 1955 Koba=
vashi and Kimmura 1942). Most studics of these
grapiolite studies. however did nol show any sivs
wematie descriptions and illustrations.

Recently some  investipators bave boch  sidhving
ob the graplolites svsiematically, Jin and Kim (2000}
studied on the Early Ordovician graplolies thom the
Joseon Supergroup of Yeongweol tpe. Jin (2002)
repotied  ninetesn  specics  belobging 100 Six genera
indicated the Early Tremadoe from the upper part of
the Mungok Formation of Yeanpweol area. Subse-
quenily earhs Ondovician  graplolites  have  been
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deseribed from the Munpok Fotmation (Cho. 2003:
Chol 2005 Kim ¢ al 2003),

However the Middle Ordovician praplolies have
never boch studied svstematically in Konea in spite
of an initial report oh them more than siNty years
apo, The pupose of this swdv is 10 deseribe and
identifi- the grapwolies Thom the Middle Ordovigian
Jigunsan Shale. 10 corglae the grapolite assem-
blage with those of other countrics. and 1o estimale
the poologic apge of the prapwolite bearing beds of
the Jigunsan Shale.

Geological Setting

The lewer Paleozoic strata of the Joseon Super-
group are well exposed b the southern rim of the
Bagcpunsan Syneling which trebds ¢ast-west i the
southern part of 1he Tacbacpsan Basih (Chough ¢l
al.. 2000 The Joscotr Supemproup can be divided
ino five litholopie unils: the Tachacp. Yeonpweol
Yonglan., Pronpehang. and Mungvong groups (Chol.
1998,

The Jipunsan Shale is the ninth formation of the
Joscoty Superproup of the Tacbacg ubi. confonm-
ably nests on the Maggol Limesione. This fonna-
tion is 30 w 100 m in thickness. conslsts malnly of
dark gray shale. Kobarashi (19%66) reported various
fossils such as ecphalopods. wilobites.  pastropods.
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Fig. 1. Geological map of the sy wea ad s focalits (afor Paik, 1986; Kim, 1992)

wd gapuiites fom the Jigunsan Shale, He inter.
preted that the Jigunsan Shale would be comeloted
with the Liandeilian in the European formations and
the Charyan in the American one (Kohayashi.
1966).

Lee et al. (1980) reported 10 species of triobites
from the Jigunsan Shale and suggested that this for-
wmation would b the Llandeifian 1o the lower Carse
dian in age. On the basis of 12 species of conodont
fossils from the Jigunsan Shale, Lee and Choi
(1992)  esblished  Eoplacograting
Jigunsanensis Zone in the middle and upper parts
of the Jigunsan Shele. and suggested this zone hes
closer relationship o that of North China.

In this study, graptolite specimens were collected
from the Sigunsan Shale of Nepolgogse and Jang-
seong sections (Fig. 1). The Napalgogue sect
focated i the Dongjeom, Taebaeg areas and is
exposed at the side of a railrosd tuaned along the
local road 423 The graprolites bearing bed come
posed of black shale is present at 16m above the
base of the secion. The langseong section is
located at Jingseong. Tacbacg. ‘The Jigunsan Shale

suecicus- E.
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s merely exposed about Sm in this. section. Fos-
sils were collected from the bed which is focated
about 16m above the Maggol Limestone. This bed
is 12¢m thick and it is composed of black shaie
(Fig. 2.

Terminology

‘The terms sbout graptolites used herein follow
those of Joanusson (1960, Bulman (1970). and
Maletz (1997) (Fig. 3).

Apertural spine: projection orighating on mar-
in of aperture

Distal: last-fomed part (of stipe, thece, etc) far-
thest away from point of origin

Free ventral wall: part of the thecad ventral wall
ot forming the interthecal septum

Median septum: partition i biserial graptoloids
g w0 series of thecae

Proximat: firsi-foomed portion (of chabdosome,
stipe, theca. «ts) nearest point of origin

Rhabdosome: sclerorized esoskeleton of entire
maploite colony
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Fig. 3. Graprolitc tominology (afler Maletz. 1997).
Theea: sclerotized wbe or cup enclosing any Class Graptofithinia Bromn. 1846
zwoid of thabdosome (other than sicula) Order Graptoloides Lapworth, 1875
Virgella: spine developed during km\nh of meta- Suborder Diplograptina Lapworth, 1873
sicula, embedded in sicula wall and proj freely Family Diplograptidae Lapworth, 1873

Subfamily Diplograptinee Lapworth, 1873

from its. apertural margin
Genus Anchichimacograpus Mitchell, 1987

Systematic Paleontology
Type species:  Prendoclivucograptus anguanis
Al materils treeted in this study are housed in  sehyensis Jaanusson (1960)
the Paleontological Laboratory of the Department of
Farth Science Fducation, Korea National University Diagnosis: Species bave broadly rounded proxi-
of Education. mat end and patem C astogeny. The complete
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Fig. 4. Graptolies from the Jigunsan Shale. (A)

riddellensis, (B) distichus, (C) Hust-

edogruptus tereti © pwensis, (E)
median sepum is straight to sharply zigzag shaped.
Thecae with introverted aperture due to ventral aper-
wral lips with lateral lobes, but lobes reduced in
some species. Th' and thi® bear a subapertural to
apertural spine (Maletz. 1997).

Remarks: Archiclimacograptus is close 1o Undi-
lograpius, especially to Undulograptus primus Legg
(Mitchell, 1994), Undlograpius has a pattem U
astogeny. The proximal development patten C of
Archiclimacograptus is a derived character, closely
related to the more complex pattern U astogeny in
Undulograprus (Maletz. 1997). Undidograptus and
Archiclimacograpius have identical rhabdosome and
thecal characters. Differences between the two gen-
era are seen in the doubly sigmeid curvature of the
thecae in Undulograptus in contrast to the shorter
and simpler swle in Archiclimacograpms (Maletz.,
1997).

Archiclimacograpius riddellensis (Harris, 1924)
Fig. 4A

p. Scale bars indicate 1 mn.

Holotype: The specimen occurred from southern
land, Sweden (Jaanusson, 1960).

Diagnosis:  Archiclimacograptus with  strong,  lat-
eral lobes and conspicuous widening of the rhabdo-
some distally (Maletz, 1997).

Material: JS102 (5)

Description: The rhabdosome s 7.19mm in
length, There are 8 thecae in the first Smm and 7
thecae in the Smm distally. The proximal width is
096 mm, increasing o a distal value of 1.48 mm.
The rhabdosome widens somewhat sfowly in the
proximal end, but distinct around at thé. The proxi-
mal end is almost symmetrical and blunt. It has a
conspicuous virgella of 0.37mm in length, Two
conspicuous subapertural spines are present on thl'
and thi®, The infragenicular wall and supragenicu-
far wall are similar to their length. The supragenicu-
lar wall is slightly convex in the proximal part, but
becomes slightly straight near the distal part. The



penicullar collar siruceiunes are presehl.

Remarks: Awchichmucograpiny riddcliorsis 15
svhonvm of Psewwdoclimarograpins wigwkadis sehoi-
sis Trom the Grev Sebv Limestone land (Maletz
1997) Merel the thabdosome of A, riddellensis is
larger than thal of P crnmkats sebwrsds. Malerial
deseribed  herelny is identical 1w the Poumgikats
sefensis deseribed fhom the Greyv Scby Limesione
of land area. abthough this material s smaller than
the A ridedclionsis (Jaanusson. 1960% Theretore this
material could be repanded as A sikicflonsis

Genus Psewdemipdovograpius Michell 1987

Type species:  Loandoceras distichars Eichwald
[ &40,

Diagnosis: Speeics have nearty parallelsided rhab-
dasome, These have tavonomy with breadhy nounded
preximal end and patterty C astopeny. The supragen-
icular wall is short and commonty has similar
height 1o that of the thecal excavation (Mitehell
987} The median septum is sharply zigzag 10
straipht. usuallvy withom  distibel  prothecal  sepla.
ThY pencrally is a dicalveal and with the repion
beveen the metathesa of thl' and thl® on the
neverse side occupicd by an exposed pawch of the
tight-handed  crossing  canal of th2' flanked ot
ehclesed by the prothesae of both th3 and th2,
Infhagenicular wall and ihecal aperiune are inelined
wmands the thabdesome midline. Thl' and I
have straight aperiures and apertural spines (Maleiz
1997

Remarks: The gebus  Pscwkamiplovograpius has
bech  proposed by Michell (1987 p. 386) for
archaie amplexopraptus-like species of diplograptids
ineluded it dmplovogmgis. The proximal stroctung
of this genus is identical w0 ihat of Anfuiclinee
cograpgy  and  Hleddingograpius (Malelz, 1997
However Psewdmipdevogramtus is distinguished fhom
Archwclinwograpans i the stvle of the thecoe. lach-
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ing the distingt ventral lip. and from fkedfingogrup-
ay iboa mone highlhy inelingd  infragenicular wall
(Maletz.  1997).  Psewdmiplexograms  Jistichus
(Eichwald. 8407 msembles in peperal outling
Clinsicograpius bicorms, Howgver they are differ-
ent in the wpe of proximal development, The proxis
mal development of £ Jistic/ne s the streploblastic
tvpe (pattern © primordial astopenyy but those of O
bicormis 15 1he prosoblastic tvpe (patiem D primor-
dial aswopeny (Riva and Keiner. 1986y

Psewdumplovograptus Jisticis (Eichwald. 1840}
Fig, 4B

Lectotype: The specimen fipuned by Eichwald
(Jaanusson. 19600 pl 5 Fig. 3 This comes thom
Lashamdigi Stage (Clb). Esonia. Osmussaar (Odin-
sholmy (Jaanusson. 1960),

Material: JSI02 (4)

Diagnosiss The boh sides of rhabdesome mun
parallel. The initial widih of the rhabdosome s
aboul L3mm. and is widening gradualbe 10 Lemm
ity the fimt dmm. Afler that it widens remarkably
sonstantly, The bumbers of thesae ave 14-15 in the
first Mpmm, Thesae have strong sigmeoidal curva-
ture and about half” freeventral edpe parallel 10 the
rhabdosome axis. This species bas the bread proxi-
mal ¢nd (Bulman. 1952),

Descriptions The thabdosome  length s & mm.
The width of the rhabdosome is 0.95mm al the
proximal end and LeDmm at the disal part. The
rhabdosome wides slowly and width of mabdosome
is almost cobstant near the distal parl. There are ©
thesae in the first 5 mm.

The median septum i3 somewhal  undulating.
although the median sepiam is seen only i the
proximal part. The inerthesal septum s developed
from the proximal part (at th3) and is wuched with
the median septum, The proximal end is s mmetri=
cal 10 sub-symmetrical and  bears three  proximal
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spibes. Onbe spine is o conspicuaus virgella. which
letngth is venv shorl. 020 mm. The others are aper-
wiral spines ob thl' and bl They are ven short
and their lenpth resembles the virpells obe. The
infragenicular  wall iz slighthy ¢oteane,  The
suptagenicular wall is smaight and paallel w0 the
rhabdosome axis. The rhabdesome s parallel-
siched,

Remarks: The thesal sivle of Psewnkamywovogng=
fus isticlas 5 similar 1w hat of Arohicineogrups
duy riddcllonsis. Differences ¢an be seen b the
shorter. widetr and the simple oumand inelingd the-
cae i Psewkaiplovograpiuy (Maletz 1995), Most of
the proximal end of Climograptus ortfoccrddopfi-
fur fizured by Bulman (1952) apparenily belongs o
voung habdosome, O ortocenaiopiilis has slen-
der short spines and the theeal apertures of thl' and
th1* approximateh: equal in size 10 those of sue
ceading thecae (Jaanusson. 1960). b conirast 1o L
orffocerddophilne. O daiichrs (now P disticls)
mentioned by Jaabusson bas stout spines and steut
virgella which is 06mm in length, There are 7 the-
cae (o the fiest Smm in the thabdosome of ¢ s
o, As Psowkempdenogiopius  distichus  described
herein bas shott and slender spines. short virpella
and a litle humber of thecae in the first 5 mm. this
mawerial ¢ould be repanded as a voung rhabdosome.

Suborder Diplograpling Lapworth. 1873
Familv Orhograptidae Michell 1987
Subtamily Orhograptinae Milchell. 1987
GQenus Lhsfodogrupins Milchell 1987

Tpe speciess Dipfograpts uplwredicws Wiman
(1855 from the Chesmops Limestone of Upland.
Sweden,

Diagnosis: Thecae have smoothly sigmoidal ghop-
weraptid  wpe b the proximal end.  besoming
otthopraptid ope distallv. Thegal apertunes are bom
mal. or slightty intoseried with prominent pained
Cusps o spings ot lateral margin and with concave

ventral apertural margin, Median seplum is straight
with disabieal 1h2' ot substantialb delaved, Primor
dial astogeny follows pattern A bt with shor
descending pottion ib crossing canal of th2', Provi-
mal end is broad and weakly 1w markedly asymmet-
ric fomm. Sicula with simple aperture. or aperture
bearing paired lappels. of antivipella spines flank-
ing coteave dorsal margin (Michell 1987,
Remarks: Primordial  development o [fisde-
dograpies species shows a patierh A astopeny with
h2* as the dicalveal theca, The proximal end is
supplicd with apertural 1o subaperivral spings at thl
and 1h17 In the closely related penus Fosfupiogre
nis spings mav be missing. except for the virgella
but a subapertural spive is oflen present on thl'
(Maletz. 1997,

L hasicdograpius dorefiwseudins (Hisihger) sensu Jaa-
husson. |60
Fig, 4C

Diagnosis: [lusicdograpdus Spesics without antivie-
gella spings. Proximal end is swonghy asvmmetrical
and skender. Rhabdosome widens distingtlh fhom  the
proximal ebd. It has a pattern A astopeny. Thecal
apertures have very slight lateral ¢levations (Malelz.
1997

Material: JSI03 (1)

Description: The length of the thabdosome var
ies from 26 mm W S.0mm. The width of the rhab-
dosame 5 amund 0.5-1.1mm al the prosimal end.
5 becoming L3-1.6mm at the fitth thecal pair The
wichh al the disial part is oearhy [d4=19mm. The
individual widih is variable but widening of mate-
rial is vens prominent all wpether Thene are 7.5-8.0
thecae b the fist Smm. The proximal end s
strongly asvmmetrical and narrow, The level of thl'
and thl” is remarkably different. Generally conspicu-
ous subapertural spines are present on thl' and %
But enly subapertural spine is on thl' b such a



poorly preserved condition case. The proximal end
has a slender virgella. which lengih is nearle O3
mm. Theeae form s ghvpograplicd in the proximal
ehd. begoming onhograptid disiall The wentral wall
of the melatheca is convex about halfivay aleng Us
length. and the supragenicular wall ivclined o=
wand slightlv in the proximal end. The other side
the ventral wall of the metatheca becomes siraighier
wowand the distal par. The length of the supragetic-
glar wall is longer than that of 1he infragenicular
wall pear the disal part. The both sides of the
thabdosome do not run parallel. In some specimens
the median septum s seen. iU seoms 1o be siralght
but it is hol continuous.

Remarks: [hwivdograpis 5 veny similar 1o
Ufilograpus (Ibe penhis Eoghpiomus could be
reganded as a snomvm of Ureddograpius Maletz
and Mighell. 1%985) The morphologies of thesac.
pipwgraptid  in the  proximal  end  besomes
orhograptid distalls. are the same b JAsioedogrep-
fuy and Ursdlogiupiws. The differentiation is seeh in
the proximal etd. Albough the proximal ehd has
three spites (b gener. one viepella and mio subap-
crral or aperuial spines. proximal end s sone-
what sletder v Dreddograptis. The  thabdosome
widens slowly in the Uimddograpins. bul it widens
rapidtv it the  Thsicdograntus. The  specimens
deseribed herein eould be L1 chumufis bocause mate-
rials have asvmmetrical proximal end and  thecal
motphologies identical with 1hat of Lrddograpans.
However these maierials have ientical characters
with /1 derefiseniy n somewhal broad proximal
chd and rapidl widening rhabdesome.  Thenetone
these spocimens ame assighable w 7L dorediusculis
rather than {0 dhomfetiss.

Fhustcdogramivs vikerbomnsis (Jaanusson. 15600
Fig. 4D

Diagnosis: [Ansicdograpies specics withoul antivirs
pella spines, Proximal end is ssmmetrical. compara-
bly wide. Rhabdesome widens slowly from the
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proximal end. Pattern A astopeny, Thecal apertures
with wentral lip (Maletz. 1997),

Material: JSIC2 (3)

Description: These spesimens have lohg rhabdo-
some i peneral The proximal widih s 00%-1.0mm
and the widih at the fiflh thegal pair 5 1.3-1.5 mm.
The width of the distal part ranges Thom 1.3 mm 10
[Emm. The mhabdosome widens somewtat gradu-
allv fhom the provimal end o the distal end. and is
hearly ubitorm atfler around th7-1h&. There are 7.3-
0.5 thecae in the first Smum. specially 8 theeae is
abundant,

The proximal end is svmimetrical. There are three
spings. o subaperiwral spibes on thl' and thl
and one virgella, The virpella is shorl about 0305
mm i length. Two subapertural spines on thl' and
th1* are ven: shor like vicpella, Some specimens
have a struciire that is a right angle between viee
gella and subaperwral spine. In other specimens.
o subaperiaral spines end 1w beling dovwnwand
and they are very delicaie. The thecal morpholo-
2ies of [ vikerbwnsis are identical with those of
the JL jerefiuscufs. The ventral wall of the metath=
& s cotvex in the prosimal end and (5 steaighter
disially, The thecal apertures oflen widen due 1w
partial Tlanehing of the specimens. The both sides
of ihe habdosome mn reaghly parallel, The median
splum and interthecal scptum are nol seen. [n some
specimens very short apertural spine is present here
and there,

Remarks: The momphologics of theea and proxi-
mal etd of these specimens are identical with those
of I vikerbvensis referred by Maletz (1997 and
Jaanusson (1960), Merely these speeimens deseribed
herein are smaller than fL vikrdemsis of Malewz
(1997) and Jaanusson (19600

Fhsicdoziuping sp.
Fig. 4E
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Material: JS103 (3)

Description: This mawrial is long and slendern
The rhabdesome length is (50 mm, The proximal
width is about 0.9-10mm. The width s LI18-1.59
mm 2t the fitth thecal pale Afier that s widh is
pearls uniform. the final width s 127-1.53mm.
Rhabdosome widens very graduall. Thene are 8§95
theeae b the firsl Smme and 15 thecae in the fimst
3 mm. The theeal densin is somewhat high, The
prosimal end is wiangular and blant. They have 1w
subaperwral spings and one virgella, The virpella
and subapertural spines are e shorl and delicate,
Due 1o poor presenation only one short subaper-
wiral spite presents at thl'. The marphologics of the
theea are ghplograplid tvpe. the ventral wall of the
mclatheca is comex about halfiay along its lengih.
it the proximal end. Bol mefatheca is siraiphier and
lohger 1onard distal parl. thal is. the thecal form
becomes orthograpiid npe. Both sided thesae mun
parallel, The median sepiim is scen and il seems a
straight form.

Remarks: As thev have svmimglrical proximal
ehd and widen slowlh. these specics are very simi-
lar 1o Jhetdograpius vikarbvensis. 1L sp. differs
fhom JL wikedvonsis s mone sleider rhabde-
some and high thesal densit:

Correlation

Ondovician  macrotossils such as  trilobiles  and
oephalopads as well as microfossils ineluding oobe
odonts have been studied i the Jigunsan Shale,
Kobavashi (1934 1942 1966) reported one specics
of Macharidia. 5 specics of brachipeds. 15 species
of pelesvpods. 6 specics of pastnopods. 46 specics
of eephalopeds. 16 specics of trilobives. and  ong
species of Qstracoda thom the Jigunsan Shale, He
concluded the Jigunsan  Shale eomelaled with 1he
Llandeilo. abd the Jigunsan fauna showed ab affibe
i with the European fauna rather than the Notth
American  one  (KobavashlL [966)  Shimizu  and

Obata (1935 deseribed three prapuwolite species thom
Jigunsan Shale, Thev correlated this Tormation with
the Lower Llandeilian Diplogrupfs  forelivscidus
Zone and Nepwgrapins graciliy Zone (i the Glenk-
lin Shale. England. and with the Pingliang Shale of
the Gansu provinee iy North Chia,

On the basis of trilebiws. Jigunsan Shale was cot-
relaed with the Llandeilo 10 Lower Carados b
Europe (Lee ¢ al 19%0), Lo and Leg (1986)
reported 12 species conodonts from  the  Jigansan
Shale and established a conodont biozobe. Eophaos
sdfus sweciows-£. figisanensts Zonge. which is o
relaed  with the Earlvy 1o Middle Llanvirian in
Europe and the lower Upper Machiakou Fommation
ity North China,

Ih the Napalpopac section. praptolies bearing bed
is siwaled abour 15m above the base of the Jigun-
san Shale. Fhwicdograplis ferclamscfns (Hisinger)
sensy Jaanusson. 1960 and Fhwsivdograpius vificrin-
oasiy (Jaahusson. 1960) ane discovened i this seo-
tion, In the Jabpseohp section. prapolie bed s
present al 1L.3m above the exposed Jigunsan Shale
and is about lem above the Magpol Limesione,
Five species of prapwlies  ineluding  Axhiclinee
cogrupiuy riddellersiy (Harvise 19240 Pewdenmplon-
warepis dhistcfs (Eichwald. 1840 Hasdodomrpiny
serctinsenlny (Hisinger) sensu Jaanusson. 15600 Pl
wlogrgptes vifkrbventsiy (Jaanusson. 1960).  and
Hsicdograpans sp. wene Tound i this section,

The Psowkenplovogiupie Jdsficlns Zope was
eslablished in the Ballie area and this zone defined
as Didvmiograpeus cohufus Zone by Ekstrdim (1957
(Cooper and Lindholm. 1%9%0: Maletz. 1995 Malelz
(1995) revised grapwolite biozotation of Llanvien in
the Albidra cone (nesterm Scania. Swedeny and
gstlablished five biozongs of Llanvim. Of these. the
B distictms Zong s the second one in the descchd-
ing order i Aberciddian of European Serics and
this zohe is eomposed of A swkiclfensis. 1L terctius-
culws. T vikebvonsic and FLosp. Regenily Malewz
(1998) investipated  prapiolives of the Rilgeb arca
(northem Germany. western Pomerania) and estab-
lished five biozones like the bivzones of Albidra
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QoM.

Jaanusson (19600 reporied A, ridfelforsis. B odisti-
o, and JL fowfarscwhrs Thom the bed of Las-
tamdpl Stape of the Estonian and Virvan Limesione
of Sweden, OfF these. A siddeflorasis was found
from the Difimograptus sanchisord Zone of the
Lower Lasmamiipl Stage and the others wene discon-
cred fhom the unnamed zone of the Upper Las-
namégl Sape,

On the basis of previous swdics on the Ondovi-
cian prapwolites (Jaanusson. 19600 Cooper and Lingd-
holm. 1990: Maletz. 196935 Maletz 1998L praplolites
from the Jigunsan Shale correspond o these of the
Aberciddian. late Middle Llamim and ane o=
Awed with the fhuna of the Pscmkompakovogrupis
distichus Zone v the Bablica and Germany areas.
The prapiolive bearing beds of the Jiginsan Shale is
thought 10 be comelated with the Lasnamdpl Stape
of the Estonian (Balioscandiay Sequence (Table 1)

There are some diserepaneies about the ape of the
Jigunsan Shale acconding 1o conodonl.  prapuolite.
and tilobie swidics (Table Ix Lee ¢ al (1980
established the £ swecrews-E.  imursanensis assem-
blage Zonbe. in the upper middle part of the Jigun-
san Shale, The E swwcicus=E, jigwswrisis Zobe 15
comelated with the £ swecicws Zone of  Middle
Llanvimian v Europe and eoresponds 10 the Aser
fan. On the basis of trilobites fhom the Jigubsan
Shale. Jigunsan Shale fauna corngsponded 1o the
Llandeilian w0 the Lower Carcadocian (Leg ¢l al.
1580

Based on the occumenee of graplolivs i this
stwds. however the grapwlite beds of the Jigunsan
Shale is <omelaed with the  Psewckomplovograpines
distichss Zove and  eomesponds 1o the  Lashami-
glan. lawe Middle Llanvien in age. This grapwoliee
zone has been correlated with the Pugadiy sorra
conodont zone (Bergstrdm. 19712 Berpsirdm. 1586z
Fihngv. 1984),

Conclusions

Five specics of groplolies diseovened  thom  1he

Middle Ordovieian Jigunsan Shale al Napalgogae
and Jangseong sectlons of the Tackaeg arca. Kong.
were described herein as Areficlinucograpins riddel-
fensey (Harris. 19240, Prewdmplovograpius Jisiichus
(Eichwald. &0y [hsicdogramis sorvlivsculiy (His-
inger) senst Jaanusson. 1960 Liusivdograpius vifr=
mensiy (Jaanusson. 1960L and  Thmivdograpties sp.
Graplolite  assemblage from  the Jigunsan Shale is
corrclaad  with these of the  Pscwmkaniplovomunii
distichs zope i the Ballie and Genman areas. Geo-
logic age of grapwliles bearibg bed of the Jigunsan
Shale seems 10 be Aberciddian. lawe Middle Llan-
virm of Eurgpean Series. and 1o Lastamigian of
Estonian Series. which is slighily older than the apge
based on frilebite stidies (Llandeilian 0 Lower
Caradosy and slighily vounger than the ape inferred
from  oonodobt  studies (middle  Middle Llanvim),
Further sty mav solve this differnee i peologic
ape of the formation.
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