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Minor Siliceous Microfossil Group and Fossil Cysts from the
Yeonil Group (Tertiary) in the Northern Area of the
Pohang Basin, Kyeongbuk Province, Korea

Yeong-Koo Koh*
Department of Science Education, Chonnam National University, Gwangju 500-757, Korea

Abstract: From the Tertiary Yeonil Group distributed in Songra and Cheongha areas, the northern part of the Pohang
Basin, nine archacomonad species belonging to two genera, and other three types of chryophycean cysts considered as
stomatocysts, five endoskeletal dinoflagellate species belonging to three genera and eighteen ebridian species belonging to
eleven genera were identified. Based on above siliceous microfossil assemblages, the Yeonil Group is corresponded to
Middle Miocene age. The group is correlated with the Calvert Formation (Maryland in USA) and the Hojuji Formation
(in Central Japan) by its archacomonad cysts. And, the group is correlated with the intervals of Actiniscus elongatus to
Middle Hermesinella conata zones in Southwest Pacific region and of Spongebria miocenica to Middle Hermesinella
schulzii zones in Vering Plateau, Norwegian Sea, based on the ebridian assemblages of the group. From the
chrysophycean cyst including archacomonad, endoskeletal dinoflagellate and ebridian assemblages in the Yeonil Group of
the study area, it is inferred that cold water masses dominated during the deposition of the group with occasional warm
water. The upper part of the group might be somewhat colder than the lower one of the group in depositional condition.
In addition, minute chrysopycean cysts considered as stomatocysts suggest the influence of fresh or brackish water during
the deposition of the group.
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Fig. 1. Maps showing geology and sampling sites in the study area, modified after Yun (1986). a: Geological map showing
sampling sites, b: Map showing the names of places around sampling sites in the study area, ¢: Columnar sections of of sam-
pling sites, HS-Hasongri, DJ-Deokjangri, SD-Sodongri, JR-Jirigol, IG-Igari.
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areolata®} 7%~ F-AFICHTynan, 1960). Archaeomonas
cf. A craterav o7} WS- WAL B2 v|AE 71
£ AolA Perch-Nielsen(1975)ll &gt 4. craterast
vgzaht vl=29h o] AARTE A cratera®l B3|
u 77T}, o] 9]of Archaeomonas®ol dNFsh= R
2 A iR FE2 dArAYelA 4530l
AN =R = Archaeomonas sp. A%t C= =53] 34
31 Archaeomonas sp. B9 DE & 7l BFEA #
e}, 53] Y Archaeomonas sphaericus-t A.
kreyenhagensis®t frAFsht ol @ubgk 3t
A& Bl o|E3 TR drchaeomonas sp. B
GEZolvt AEETE APEAGNN Archaeosphaeridium
%2 A pachycerosSt A. tasmanae 5°| EHITL.
A. pachycerose 316 F-ol Eixsh= HF o
Hollx= 4Abgo] ot AR JhAAN F43] a
st} 4. pachycerost ¥l UE A (spine)d] ¥
Bjob 7} vefsitt. 53] ol& 4. pachycerosell 3k
olx o] Fele A, =1 dHl, = 74T

Table 1. Chrysophycean cysts and endoskeletal diniflagellates from the Yeonil Group in the northern area of Pohang Basin

Formation Hakjeon Formation Duho Formation

Taxa Sampling Sites | o1 1S HS3 HDI DI DJ2 DJ3|SDI SD2 SD3 SD4 JRI JR2 JR3 JR4 JRS IGI 1G2 1G3
Chrysophycean Cysts:
Archacomonads
Archaeomonas areolata 1 2 11 3 2 8 1 1 1
Archaeomonas cf. A. cratera 2 1 1 6 2 2
Archaeomonas mamillosa 6 1 20 24 3212 13 5 1 4 1
Archaeomonas sp. A 2
Archaeomonas sp. B 2 1 1 1
Archaeomonas sp. C 1
Archaeomonas sp. D 1 1 1
Archaeosphaeridium pachyceros | 23 42 50 2 2 1 2 2
Archaeosphaeridium tasmanae 1 3 4

Total specimens 26 51 57 2 24 25 39 (3 121 9 3 3 3 14 1 1 0o 0 4
Other Chrysophycean Cysts:
Stomatocysts(?)
Type 1 1 2 1 1 1 3 1 1 2 1
Type 2 5 4 7 12 1 4 n o1 17
Type 3 1 1 2

Total specimens 56 9 0 1 1 1§{3 120 0 7 1 112 5 11 0 2 7
Endoskeletal dinoflagellates
Actiniscus elongatus 1 2 1 1 2 2 1
Actiniscus pentasterias 24 85 51 15 7 12136 45 1 4 202 79 357 168 228 6 22 19
Actiniscus tetrasterias 1 2
Carduifolia gracilis 6 3 1 2 1 4 7 8 9 2 4 1
Foliactiniscus mirabilis 1 1 1 1

Total specimens 24 93 5 0 16 7 14138 51 1 4 210 91 367 172 232 7 23 20
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Atk B SN F2 RuHE oHoRY
=9 2 By Wiy 5ol FE HuEeE &
EREAAEEY wfe H2 9#E BlthSmol,
1984; Zeeb and Smol, 1993). o] FYHE =, ¥H
o e 2 E71ES Biske AAE J4dy =
W F& U3E /Re #3139 F3 njuze
wge ¥ Y 2k AT An BEshy
AR A R AREA T Ao] Eeldn).
ghdel Al el ARY vas e /9
3(type 3y TS~ 4diA AZETHTable 1). 228)3
098 ¥l 49 12 uAg 9528 Wgdn
9|, SRR FrkzF (chrysophyceac)ol
&3 Mallomonas®3t FAFA7} Je Rog &
H7 £9¥ Stomatocyst 13 ¢ A Smol,
1984).
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W4 dERz2RE AEsHe AY R A4
E9| Actiniscussoll 318 1 FAME B3] 971
W2 (spicule)S 7FAIE 4. pentasterias®) AV&o] €
53] Zo} F3Z9] & AFoME 300 /A o]io]
AEH = ST A pentasteriase AR A2
THE 7R Q| 0 F X alveolusyt Ao E B
e WARAIEC] SHEOE e wEsle d ®
¢ FHLE EAAS & gloy, a 239 Iyt
2719 $lo] w9 Tt WolE HolY) o EW,
o] &9 A skl AujF ol ekl )|
50| e Sdsta glom W7} wEkolA
A 2WFez EXHe MAER #EEd. 4
pentasterias®] NA 2719 BEE Wy ged 7
Al AlEle AR (robust ray)) thiEEoY,
a2 NAES Aol dvke FAL olF = W
AMAE 7 7)E gt dbde) 3] FE7x o
HQF2] A7t w9 weksl] A7) B2 &
ol gl AAEE AF FlE) o|xy W}
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A7t #E 27t OdEE NAEL FIEFY AR &
NRENA AF FEEEH ol 4243 corrosion)
3 #¥E Z1e® 3453 Yrh(Dumitrica, 1973;
Orr and Conley, 1976). DA GoAA  Actiniscuss2
Uz 53 U2 &9 MAEL =51 F9 ¢
&= (diversity) GA] wl-¢- St} A elongatuse DT
AH9] qAZH FEFNM a5 HAHET|
Ho, #3308 BEXH A tetrasteriass 2N A0lA
T 1 4kEo] ERIFQT g oHETiqle R BR
HAD Carduifolias 2] C. graciliss NAT7T BA
© go A7AYe] 7 FFAA wwE 31E )
E5 3 Utk o] F9 HF 2 e vl
Z717HA191 Ao E d#AtHDumitrica, 1973; Ernissee,
1976; Perch-Nielsen, 1975; Locker and Martini,
1986). Foliactiniscus®-2- WNF2 2] 430 2% &
M(median crest)e] FAH] F4 AR FEHE
Actiniscus&:3} T-Ht). Folictiniscuss-2 o] A19¢]
FEZANN F mirabilis 15%0] Wi =EA AEd
TH(Table 1).

ol=2iciot

AFAHY AUFZoAA AeEHE dHITRME
T4 TR WE4d JHRZFE v& ddE
2 FY g MAlge B Holgt &
th olE FMT Ammodochiums, EbriopsisZ:,
Hermesinella2] 7NAE°] AERIErt 209 4
serotinum, E. antigua, H. conata 5°] T|EHA
2REo|tH(Table 2).

Ammodochium&ENE A serotinum o= A,
ampulla, A. danicum, A. cf. A. rectangulare 5-°] %
T3}, 4 ampullas EHo]=EC] WA £X]
wo] 22 A& ol FE= Ammodochiume] HEAQ]
FOoE AFAYGA AMAGTT BA= ot A&F
QA2 St A danicume SAFT] ERIEY
o A serotimme QFAFAAN TP B2 &S
she T2 dHUME A& A F5oA 4t
N7t ou A9AY T3 M Al
A Azt AT A serotinume 2o o=
7V A. rectangulare® ¥4## $kO1}, Locker and
Martini(1986y= 4. serotinum AHL] T2 Fglo]=
(proclade)st @I AEZH 0] = (opisthoclade)S 1238}
= AZHo|=(synclade)] AAR9I7 71 Az
S o|FHA IFOE Al F3FsaL W] F

32 fo rlo

ko)



ox

S THEX 29 Ao dYET

HIZNM MEE= T S HIRE

nistizal chst 7 101

Table 2. Ebridians from the Yeonil Group in the northern area of Pohang Basin

Formation Hakjeon Formation Duho Formation

Taxa Sampling SUeS 11451 12 HS3 HD1 DI1 Di2 DI3[SDI SD2 SD3 $D4 JRI JR2 JR3 JR4 JRS 1G1 1G2 1G3
Ammodochium ampulla 2 7 6 1 215 15 7 11 23 22 18 3 1 2
Ammodochium danicum 1 1 1 1
Ammodochium cf. A. rectangulare 2 1 2
Ammodochium serotinum 33 29 37 30 11 24|55 39 141 83 195 98 139 8 33 9
Ditripodium latum 6 1 3 1 7 11 1
Ebrinula(?) sp. 1 T 12 7 s 4 3 1 1
Ebriopsis antiqua 19 21 19 17 4 1827 31 64 63 124 51 120 7 15 4
Haplohermesium hovassei 1 1 2 1 2 4 3 4 1
Hermesinella conata 12 11 15 7 5 16|11 18 29 9 36 27 37 4 16 11
Hermesinella fenestrata 1 1 2 1 1 1 3 5 15 2
Hermesinum adriaticum 8§ 12 13 5 2 813 13 4 16 19 3 8 1 3 2
Hermesinum obliquum 5 18 7 4 1 213 2 27 7 29 I 1
Hermesinum schulzii 9 5 3 219 18 11 21 14 11 2 4 4
Parathranium tenuipes 1 3 1 3 6 | 2 2 2 6 2 1
Podamphora elgeri 1 2 4
Podamphora sp. 2 2
Pseudammodochivm robustum 8§ 3 2 2 215 2 2 7 8 9 8 1 3
Thranium cf. T. crassipes 2 1

Total specimens 11 19 117 0 74 25 85124 139 1 0 313 215 443 237 375 29 84 36
o] AFE olF= MM 4 rectangularedtes olEgo] YR FENZ ¥ ¢ Ao A
o] L 39} of ATOINE of sl w} Bol 348 Yo o woAsel BRE.
gt Al Z3pE AFol=gl B4 Amel u Haplohermesinums AW O R Ebria2 57

Y 2L 7HE NAEL 4 serotimmS = 273}
BT 22 A serotinum FNHE AES4e] o
E7(double skeleten)yS 7FAl= 7fHE0) HFEIT}
®L 2, Fig 5).

>

Ditripodium latume FFA G A4 BAHE
d &4 ol o3t Aoz FH=HE vy wiF
glo] =(mesoclade)s 7HAE A Eo] thiolt}, 2

He) Er]QE(iriodey’t A7 ATH %74?594
Ebriopsis antiguas A7AGNA thiEE £5
o] spfoltt. E. antiqua 7WAE FXe 249
Foll 2e7kE whske A% 249
o B3t E7](knob) 5ol FAH=
e FrFd ol AgE 2 dstE AfAlEo) B
EATHPL 2, Figs. 9, 10). 2|7 BHah= 71
52 okdy] 29 P s AR #EEE
v, 27k Al AR ] @%LE FEE R
O 228 $2 w4 BUS S 93 2 TR
(openingy= ThA WL oF7F FEZ FHEE 7RG
E. antiqua® Slo] Ztdshs MAIE] whE Wb}
Bo} SYol=e] E7lEwe] B2H= FeRe Fd)

&gort EAAo] ﬂﬁe‘](tnplet) REZ QYA
B Ro]t(Locker and Martini, 1989). $1-7-2] <A
2H2E=  Haplohermesinm& 2% H. hovassei’}
%Li-? AT o] FollME FEAQl ZtAs)

N, Ebrinula(?) sp= 987 Ebriopsis®t A1

sht ’\]ifﬂo]‘:%% AASH=  AAF(connective
rody7t SIAHER Ebrinula®] 5% 7Vgdo] =uh

o] FH fAES
oA AT
AR s FAYE AUE Hermesinellad: 3}
Hermesinum®2] MAES A7AHe] dZ3 £35
Zo\X Hermesinella fenestratas A8ty AthA
07 MEINAFTY B Holt), Hermesinellad:oll A

A5AT AP o] 25

< H conaa?} ©1E F £¢ /MAE F 7 dE
A tEoeg FHE] AEHTy. Hemesinumol

&3= H adriaticum, H. obliquum, H. schulzireS-

AFA oA Rles oM thE2| 9 giFE AlFo
H AdHow Azt ArRes] F5E Aol
AE ols Hermesmella*»} Hermesinums:2] 7S

o 2ENiss dHlz Zele RS Zerlh
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Hermesinella®:®] H. conata®} Hermesinum?:2] H.
adriaticum NAE FoNME d¥+= €l (actine)d} &
gol=o 7] B 23 (rugose textureyS K.

ol Z27ESE AAIEC] g I AT
o] dEt ARE FoANE 7] ARGAR &
e Edoldd JiAEC] AhEoZ AEHM, o
% U= Hermesinum?ol d]3d Aoz dAgkgc)
o] EZjoldlEe o2 A/iEle 2hEul(rhabde)e]
BEE 71 AR Feje] s FHo|=Eo]
F71- A7k FEjolH, o8] Al Fmst A
o] QAIAE AAke AR 7w k(Tiffany,
2002). ol& 342Al e EZjollEe] EgolA
AAe] FA42RE BT § e ASe T F

Rt A2 AR BY e sRe
Parathranium tenuipess 22529] A S| AW oz
ABoAA NEHH A serotinume] 73HE L o)
TEAE 7HE A EC] YeRdtt.

ERAA0E, AF ZPle ke Aos 4
Zl Podamphora?; NER|URCZE Podamphora
spt P elgeri7t A& JMAT0] ApAde] kA
st =3Eo] AEHU P oelgeri= Z4Q] AR
o #& FgEc] B WhES s 25}
& 7HEd, 2 &S 7 sk dEe Hsh
=227} AR AFEIE FRol fle FHEEE 7R
= AN E antiqua®l 22719} :r"{':%‘:]'(Pl. 2,
Fig. 20). =84 2|7 B9 3H = 4=
P elgerid] T2 FAHEY Aoz AZE tlE
9] 271 7FeA= k. Podamphora spe =
AT P ogracile?t AR FH0 XE717)
FEEA] Qe Aolg Holw =7t 4R A
v BEHA %t B2 AFEe] wdEd dyo
Pseudammodochium robustume- 22572 7| A o] &2k
qHRM AEdle A7A 9 YFE FFA
2=gol EIHNY. Thranium& 22 Thranium
cf. T crassipesito] sEdZoM =87 k&g Bo|t},

E 9

O QRUEES H|ES 72 EE sRdon} o
U2AZRE 2 6}— 24 %9}.‘% EEk
oﬂu,ﬂﬂo]—cﬂ gk AE=AA E= g3AAe] dxs

I3 A digk A1AER0 AT 5 o)
-?*‘Ziﬁ}. QEUAAARE FE 3= W24 Jurn

Hil

N

ik

ZFEF JHIUEL OAE Y BE,
f‘{fﬂ_ A7 ¥ YR BRIEY HwA 71 47
o7 AFAF Ao AHFZHoER FEEAE
ws,&E}(Ermssee and McCartney, 1993, 1995). 121}
el Aa EAZol g A7t Edsiel v
W7 HRZRFI JHURb] Mg 7o
2 g ASAF A3Eo] FAEHHLocker and
Martini, 1986, 1989). AU A, #2575 5
Aoz g FAvS S g BFA AelM
oA o mutEg o Hr|qked] et 44 £X
7} @79 ub QtkLing, 1973, 1975; Ling et al,
1988).
AFRA G| ALZHA =
Mg F oplervse 23

-
QAZ0  Archaeomonas mamzllosa% H[E3s 4

r:i_

areolata 2 Archaeosphaeri dium pachyceros &<
AEA o] FEE v dEAL mo| oA AF
9l Calvertzd dE FH9 Hojuyizol dir|ET}
(Tynan, 1960; Bachmann, 1964). °]#3 Az= 4.
mammillosa®t A. pachyceros 52| &4 Ling
and Kim(1983)o] <l Ao} Uz}, gt 4.
pachyceros7t ATFAGE] T35 FFAA AEEHE
HoT u)o] o] 26 AES Ling et al(1988)2)
$E 32wt A4NE 899 oz Azwn.
8|3 Archaeosphaeridium tasmanaeSt Archaeomonas
of. A cratera®] 2ol T SHHE AAR

o159 4715 (datum planes)ol] 23 AFRGe]
A T3 AWM B 7T AL B
ojy} ol #EiMe A& TY FH It 2
L8 Zlow By,

ATA A HEA MDXEQ} BT ete]
e BEY, difEY BREEC] AR A&
o7 JeHe A% E‘ﬂ NE7IERE A=
ofH At} 2y o Bette] Podamphora elgeri®
A%, A7A sizel sl FeEo] AFHL
2 o] AB/lEwe AR Rolagel i AL
2 Atk ol WEFd JHEXRFY Actmzscus.
elongatus& BIE3 JEIULALT, Carduifolia gracilis
277 o|Eejtile) 2HzAe wY A s
23 w33el ALt Rl 3718 WAE
%e A0E A7dn. ol ERTEd s
A I =2dols] H9ke] Vering Plateau
oMol AFHAEEMNA e IEYEALFS
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Table 3. Ebridian and actiniscidian zones in Neogene time. (*silicoflagellates, #ebridians and -+actiniscidians)

Ling (1973) Ling (1975) Locker and Martini {1986), |Locker and Martini (1989),
Author (North Pacific) (North Pacific, Japan) (SW Pacitic) (Voring Plateau)
Age Silicoflagellate and Silicoflagellate and Ebridian and Ebridian and
ebridian zones ebridian zones Actiniscidian zones Actiniscidian zones
Late * dmmodochium * Ammodochium 9 " dmmodochium serotinum
rectangulare rectangulare ’
# N . . # . . .
Pliocene Ebr.zgf)szs anfiqua Ebr.z Opsis an.ttquu "Ebriopsis cornuta .
Early (without spine) (without spine) Ebriopsis cornuta
*Cannopilus *Cannopilus 4 . .
. . . . Hermesium obliquum
hemisphaericus hemisphaericus
L *Distephanus “Thranium crassipes  |"Parathranium clathrathum
ate .
quinquangellus ., *Hermesinella schulzii
Hermesinella conata s
. *Mesocena circulus N ¥ . -
Middle var. apiculata Actiniscus elongatus Hermesinella schulzii
Miocene "Spongebria miocenica
"Hermesium adriaticum
Barl *Distephanus ? "Foliactiniscus folia
arly . " -
schauinslandii Foliactiniscus atlanticus

olEajtigte] ofgk Hujo} mwatd A7Ae g
S FEFE MBS WAL dctiniscus elongatus
WX Hermesinella conatal2] 391, Vering Plateau
3N Spongebria miocenicalN  Hermesinella
schulzith o] F5-o] djujecia & 4= ), o 7k
& AR oA F71d slgde(Table 3, Locker
and Martini, 1986, 1989). Zz2fv} SejF sfed 4
e HFe] Bt} FEEF 9 Hrjol,
AFAGe] PHFH FaEd sfFels o =ario
e floH o] NEFEL FHRHF B¢l Mesocena
circulus var. apiculatatl®l| 3193 (Table 3, Ling,
1973). ¢, ALEFAA AEFHE F2 vEgl
TEF FHER % ook wwshd, talz
279 Denticulopsis hustedtii-D. lautah 9} A=
Tl s Corbisema  triacanthal®)  AFF-olA]
Distephanus longispinusti©ll ©|2% 7kl tju]2
T A& o2 AZHEe|E D 9, 1991).

AFA Qe et AXH, A do) B
T A& Ho|7l= SR UL A FEoA
oMo RUEE nEd 4 FdH B0 g
AEEA Slenm 24 s FE0] AEEE &)

2

A%k A Z Sl E oA tRElE o Hajr|glo]
vlwad oiofshA A3 th. ®38 Locker and
Martini(1989)°l 23} sHJgt sjdojr thilge Ao

2 4 WEA PHREFO Actiniscus pentasterias
7b w9 Al veRdt), dwkow SlE R 2

A5l #4 BIES BT 15 SN G4
£ 9% FUIAE QeI Uk 53] 2EnE
1

)
/\]}\E

2 9ed TEHES OF A A-E =
s Y Aot A de] $45 H)Rgh
om, F Feol A o] £= A HAEA] &gl
oL EVETE M9E s WY FES A
He o)A B E v Adam and Mahood, 1981;
Mitchell and Silver, 1982; Smol, 1984; Zeeb and
Smol, 1993; Duff et al., 1995; Pla, 2001). ¢]&=
TFA L] dAUFto] AR e e ke
W= SHoA] HAEH oY, AERIEASES} fA
& B5g Holw mh XIPHREY A AFAY
o] HAEA0] dF @F T Hkdge] e vt
U 7Hs3E AAhe ASE AzZHET

Locker and Martini(1989)= =29o] <12 3j<<]
HAZ EEHe R, WEd oRxR
g oo|HTet o e vl AFE B, oE
vt Ammodochium3}; Ebriopsis 52 £E& &yt
EJ37,  HermesinelldS  VIFESt  Hermesinum,
Ditripodium 59 %52 FFLF2 AL = 2
© ALE A7 AFA Y] HHZA o)E
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Eot

oHE[TIr £E9] A BEE HY o8 £E
o] EAEY FF wEt F7T Ee PASE o
ol71e] Ao T3 2N Hermesinella, Hermesimim
59 &Eo| Adld XM A&F F/1E 2o
ole dAFAGe HAA st s A 3
g TRV 2 Al FEE AL g%l

T3 AR JMA R gi AslEs
73] UEhgd Aoz 49, od Aike o
UZrolxe] gl st 2 EgEd s
vlol oA F7] wo geisiel BAHE Zoz A7
Hohel9Z 9, 1991; Lee, 1993; Woodruff et al,
1981). §HH, B U]  Ebriopsis  antiquaS}
Podamphora elgeridlXe 2877} #3=d Y6t
Aoz moloMoN REFlE BAshe XX ¢
AE 7K FFe T8 Y4B Pseudammodochium®:
MAES ABLe T2 Ebriopsiss3t Podamphora
&2 Ae® YA JYth(Tappan, 1980). A47IA]
o] 27k FH TAY 7FeAo] sy BEs
AR AR g glon BAA 2EFx
o} Aol Jg AR FAHHI Y} aZ B
et FA 9] FrFARl 2AsE vEe Ay}
o] HAAY GA| o} BT Adeo|tHEmissee
and McCartney, 1995; Tiffany, 2002).

WZ4 FHRZERQ Actiniscus pentasteriase =
HEY 29 T 3|9 (North Pacific rim)e] mjo]
A F710A EfoleMl 2719 FEREES H|EF
AE719 dEPte vk Eehs 7oA Bol 4t
53 Jon YR ZeA AfEe HARE 2
#ohe ZAo® HuHUTHEmissee, 1976; Omr and
Conley, 1976). wW&hd 75t HRAXE Afdle 4
AFAGY] AdFE

et

H oo

7
g

pentasterias®] TR o3 EE%
F % Sl BAYL A Ao B
€}

2 =

A AFAGd] B¥dle ddEFe] SHEs F
339 AdAdE mlo|oAl 718 gA] gow o}
Aewvs 232973, vl= vIBA=S Calverts 3}
AR F59 Houizel divgd. WZd ouiwx
Fé} oERte o8-8 ¥ul(Locker and Martini,
1986, 1989)°1 wad A7) AYZFL HAlH]
WY NG9 Actiniscus elongatusthoNX Hermesinella

conatall®] FF-ol, Vering Plateaud ¥ 2] Spongebria
miocenica| X Hermesinella schulzii®] S5 F
of . AUEe] FRRF FHRF 3 &
tlel%9Z 9, 191y} v3IH, 73272 Denticulopsis
hustedtii - D. lauta®t TFHEFA 2 Corbisema
triacantha®] 35N Distephanus longispinust) ol
ol2% i tH]Em, oA @ Hiup=gt o Herigh
o] 47 FEL AZAH A& Aol ' A
o2 AZEg FAAN Ade YoR9 AR
oRltt.
AFAY AYFTY] HARHL opeRU=E
F 3, 24 oERR 3 JdEay
o M2, A2 F=rHt A 3
730 e AA] JES PIAA o A
A F5F9 ARE 7HAA st tha AstE
R oz Azdrh g vl R SS9
AEERE QY3 HAY A, B T e
FEE TR 7Rl A

S

Description of Microfossils

CHRYSOPHYCEAN CYSTS

ARCHAEOMONADS

Division CHRYSOPHYTA Pascher, 1914
Class CHRYSOPHYCEAE Fritsch in West, 1927
Family Unknown
Cyst-family Archaeomonadaceae Deflandre, 1932
Genus Archeomonas Deflandre, 1932
Archaeomonas areolata Deflandre, 1933
PL 1, Fig. 2

1933 Archaeomonas areolata n. sp. - Deflandre, p.
83, fig. 4

1960 Archaeomonas areolata Deflandre. - Tynan, p.
36, pl. 1, fig. 10

Description: Small cyst with a spherical surface
and a very low neck. The surface of the cyst is
covered by a reticular network of raised shallow
ridges forming polygons.

Remarks: 4.
Formation and the upper part of Hakjeon Formation

areolata  occurs in the Duho

in the study area. The cyst specimen from the
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Plate 1

Chrysphycean cysts

Archaeomonads

Fig. 1. Archacomonas mamillosa Tynan. x400, Duho Formation, SD2.

Fig. 2. Archacomonas areolata Deflandre. x400, Hakjeon Formation, DJ3.

Fig. 3. Archacomonas cf. A. cratera Deflandre. x400, Duho Formation, SD2.

Fig. 4. Archacomonas sp. A. x400, Duho Formation, SD2.

Fig. 5. Archacomonas sp. B. x400, Hakjeon Formation, HSI1.

Fig. 6. Archacomonas sp. C. x400, Hakjeon Formation, HS3.

Fig. 7. Archacomonas sp. D. x400, Duho Formation, SD4.

Fig. 8. Archaeosphaeridium pachyceros Deflandre. x400, specimen with curved spines, Hakjeon Formation, HS3.
Fig. 9. Archaeosphaeridium pachyceros Deflandre. x400, Hakjeon Formation, HS3.
Fig. 10. Archaeosphaeridium tasmanae Perch-Nielsen. %400, Hakjeon Formation, HS2.
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Plate 1 Continued.

Other Chrysophycean cysts (Stomatocysts?)
Fig. 11. Type 1. x600, Duho Formation, JR1.
Fig. 12. Type 2. x800, Duho Formation, SD2.
Fig. 13. Type 3. x400, Duho Formation, JR4.

Endoskeletal dinoflagellates

Fig. 14. Actiniscus elongatus Dumitrac# . x600, apical view, Duho Formation, JR2.

Fig. 15. Actiniscus pentasterias Ehrenberg, x400, specimen with slender rays, Duho Formation, JR3.
Fig. 16. Actiniscus pentasterias Ehrenberg. x400, six-rayed specimen, Duho Formation, SD1.

Fig. 17. Actiniscus pentasterias Ehrenberg, x400, specimen with branched rays, Duho Formation, JR3.
Fig. 18. Actiniscus tetrasterias Ehrenberg. x600, Duho Formation, JR2.

Fig. 19. Carduifolia gracilis Hovasse. x600, Hakjeon Formation, HS2.

Fig. 20. Actiniscus elongatus Dumitrac& . x600, side view, Duho Formation, IG3.

Fig. 21. Foliactiniscus mirabilis Dumitrc# . x400, Duho Formation, JR3.

Yeonil Group is more or less irregular in the
network, comparable to that of 4. areolata of Tynan
(1960).

Archaeomonas cf. A. cratera Deflandre, 1933
PL 1, Fig. 3

Remarks: The cyst of Archaeomonas cf. A
cratera from the study area is smooth and spherical
in outline. The cyst is similar to 4. sphaericus in a
smooth spherical form. But the cyst of the study
area is different from A sphaericus without a
protruded neck, having a very short neck. The cyst
from the study area shows a wide neck pore as 4.
cratera of Perch-Nielsen (1975). The cysts of
Archacomonas cf. A. cratera are rare in the
Hakjeon and the Duho formations.

Archaeomonas mamillosa Tynan, 1960
PL 1, Fig. 1

1960 Archaecomonas mamillosa n. sp. - Tynan, p.
37, pl. 1, Fig. 9

1964 Archaeomonas mamillosa Tynan. - Bachmann,
p. 113, Taf. 7, Figs. 2, 2a

1983 Archaeomonas mamillosa Tynan. - Ling and
Kim, p. 248, pl .1, Figs. 14

Description: Spherical cyst with a thick wall and
a smooth surface. The neck of the cyst is short and
robust. And, the neck is attached to the cyst,
forming gentle curves. The pore of the neck get

wider upward.

Remarks: The cyst of A. mamillosa from the
study area strongly resembles Stomatocyst 152 by
Zeeb and Smol (1993) in morphology, though both
cysts are different from each other in size. The
cysts are remarkably abundant in the upper part of
the Hakjeon Formation.

Archaeomonas sp. A
Pl 1, Fig. 4

Description: Ovoid cyst with a thick wall and a
smooth surface. The robust neck of the cyst has a
tubular pore. The cyst has a somewhat narrow base.

Remarks: The present cyst strongly resembles
Archaeomonas mamillosa in morphology and size.
But the cyst is distinguished from 4. mamillosa of
spherical form by the its ovoid one with a narrow
base. The cyst is limited in the lower part of the
Duho Formation.

Archaeomonas sp. B
PL 1, Fig. §

Description: Spherical cyst with a pore having
very shallow neck. The surface of the cyst is
irregularly covered by very gentle hill-like relieves.

Remarks:  The
Archacomonas sphaericus or A. kreyenhagensis in

present cyst is similar to
outline and neck form. But the cyst is uniquely

ornamented by the gentle hill-like relieves of its
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surface. The cyst is limited in the Hakjeon
Formation in occurrence.

Archaeomonas sp. C
PL 1, Fig. 6

Description: Mellon-like ellipsoidal cyst with a
thick wall and a smooth surface. The robust neck
of the cyst has a downward tapered neck pore.

Remarks: The present cyst closely resembles
Archaeomonas  mamiflosa in morphology but ifs
outline shows a distorted ellipsoid. Archaeomonas
sp. C 1is restricted the uppermost part of the
Hakjeon Formation in occurrence.

Archaeomonas sp. D
PL 1, Fig. 7

Description: Thin walled spherical cyst with a
shallow neck. Its surface is characteristically covered
by very small ornamentations.  The

ornamentations are arranged in seven to ten

conical

longitudinal lines with irregular intervals on the
surface of the cyst.

Remarks: The present cyst is very rare in the
Hakjeon and the Duho formations.

Genus Archaeosphaeridium Deflandre, 1932
Archaeopshaeridium pachyceros Deflandre, 1933
PL 1, Figs. 89

1933 Archaeopshaeridium  pachyceros n. sp. -
Deflandre, Figs. 40-41

1960 Archaeopshaeridium pachyceros Deflandre.
Tynan, p. 38, pl. 1, Fig. 14

1964 Archaeosphaeridium pachyceros Deflandre. -
Bachmann, Taf. 7, Figs. 4-5, 5a

1983 Archaeosphaeridium pachyceros Deflandre. -
Ling and Kim, p. 248, pl. 1, Figs. 7, 8

Description: Smooth spherical cyst with a few
outward stretched spines. The cyst has a thick wall
and a neck with a tubular pore.

Remarks: Generally, the spines of Archaeosphaeridium
stretched,

pachyceros  tend to  be straightly
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(Bachmann, 1964). But some specimens of the cyst
from the study area show variable spine types
including gently curved or irregularly bended ones.
The cyst abundantly occurs in the lower part of the
Hakjeon Formation but get rare in other upper parts
of the Yeonil Group.

Archaeopshaeridium tasmanae Perch-Nielsen, 1975
PL 1, Fig. 10

1975 Archaeopshaeridium tasmanae n. sp. - Perch-
Nielsen, p. 878, pl. 2, Figs. 18-23, pl. 3, Figs. 1-10,
pl. 12, Figs. 1-3

Description: Spherical cyst with a smooth surface,
two long curved spines and a protruding neck. The
two spines of the cyst are arched and stretched in
mutual opposite direction.

Remarks: 4. tasmanae is described as a cyst with
a smooth surface, a medium sized neck and two to
six long spines by Perch-Nielsen (1975). The
present cyst from the study area is very similar to
that of A. tasmanae by Perch-Nielsen (1975) in
morphology. But the spines of the present cyst are
more or less shorter in length and small in number,
comparable to those of A tasmanae by Perch-
Nielsen (1975). A. tasmanae occurs only in the
lower part of the Hakjeon Formation.

Other Chrysophycean Cysts

Type 1
Pl 1, Fig. 11

Description: Small ovoid cyst with a tiny neck
and many minute spines. The spines are conical in
form and densely scattered on the cyst surface.

Remarks: The present cyst resembles Stomatocyst
1 of Smol (1984) in outline. Stomatocyst 1 has
affinity with Mallomonas (Smol, 1984). The cyst
specimens are rare in the Hakjeon and the Duho
formations.

Type 2
Pl 1, Fig. 12
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Description: Very small spherical cyst with a
smooth surface and a tiny shallow neck.

Remarks: The present cyst shows a smooth
surface without distinct ornamentations under light
microscope. The cysts of type 2 are sporadically
scattered in the Hakjeon and the Duho formations.

Type 3
PL 1, Fig. 13

Description: Small ovoid cyst with a smooth
surface and a prominently slender neck. The neck is
gently attached to the cyst body.

Remarks: The cyst from the study area closely
resembles  Unidentified Stomatocyst 46 with a
narrow cylindrical collar-style neck by Wilkinson et
al. (2001) and a cyst (pl. I, Fig. 16) by
Kaczmarska (1976). The cysts are very rare in the
Hakjeon and the Duho formations

ENDOSKELETAL DINOFLAGELLATES

Division PYRRHOPHYTA Pascher, 1914
Class DINOPHYCEAE Fritsch, 1929
Order GYMNODINIALES Lindemann, 1928
Family Actniscaceae Kiitzing, 1884
Genus Actiniscus Ehrenberg, 1840
Actiniscus elongatus Dumitrics, 1968
PL 1, Figs. 14, 20

1968 Actiniscus elongatus n. sp. - Dumitrica, p.
240, pl. 4, Figs. 22, 26

1973 Actiniscus elongatus Dumitrica. - p. 822, pl.
3, Figs. 6-12, pl. 5, Figs. 10, 11

Description: ~ Star  shaped skeleton with a
pentagonal elongated plate and five rays. The
skeleton of A. elongatus is bisymmetrical. The rays
of the species are highly arched and weak in
alveolar arrangement.

Remarks: The species is limited to the interval of
Early Miocene to Middle Miocene in Southwestern
Pacific  sediments 1973).  Actiniscus
elongatus is rare in the Hakjeon and the Duho
formations.

(Dumitrica,

Actiniscus pentasterias Ehrenberg, 1854
Pl 1, Figs. 15-17

1854 Actiniscus pentasterias n. sp. - Ehrenberg, pl.
18, Fig. 61, pl. 19, Fig. 45

1940 Actiniscus pentasterias Ehrenberg, - Frenguell,
p. 109, Fig. 38A ,

1941 Actiniscus pentasterias Ehrenberg, - Frenguelli,
p- 97, pl. 1, Figs. 10, 11

1973 Actiniscus pentasterias Ehrenberg. - Dumitrica,
p. 822, pl. 2, Figs. 2, 3, 6-11, 14, pl. 3, Figs.13,
14, pl. 5, Figs. 6-8

1976 Actiniscus pentasterias Ehrenberg, - Orr and
Conley, p. 92, pl. 1, Figs. 1-11, pl. 2, Figs. 1-6

1986 Actiniscus pentasterias Ehrenberg. - Locker
and Martini, p. 945, pl. 3, Figs. 11-14, pl. 4, Figs.
89

Description: Pentagonal star shaped skeleton with
a concave plate and tricostate five to six rays. The
rays of the skeleton are covered by alveoli and
stretched in radial symmetry. The alveoli are
hemispherical depressions in form and lineally
arranged along the directions of the rays.

Remarks: In Southwestern Pacific sediments, A.
pentasterias  occur in  the interval of Upper
Oligocene to Quaternary (Dumitrica, 1973). The
species in the study area includes six-rayed form,
one with bifurcated rays, and one with corroded
rays in morphological variation. A. pentasterias is
very abundant in the Hakjeon and the Duho
formations.

Actiniscus tetrasterias Ehrenberg, 1854
PL 1, Fig. 18

1854 Actiniscus tetrasterias n. sp. - Ehrenberg, pl.
18, Fig. 62

1973 Actiniscus tetrasterias Ehrenberg. - Dumitrica,
p. 822, pl. 3, Figs. 15-18, pl. 5, Fig. 9.

1976 Actiniscus tetrasterias Ehrenberg. - Emissee,
p. 90, pl. 2, Figs. 1,2 5-7, pl. 3, Fig. 6.
skeleton with a
rectangular pyramid like plate. Surface of the rays

Description:  Four rayed

is smooth or covered weak alveolar structures.
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Remarks: The rays of 4. tetrasterias in the study
area are highly arched and somewhat irregular in
stretched direction, comparable to those of A
fetrasterias by Dumitrica (1973). The species is very
rare in the Hakjeon and the Duho formations.

Genus Carduifolia Hovasse, 1932
Carduifolia gracilis Hovasse, 1932
PL 1, Fig. 19

1932a  Carduifolia gracilis n. sp.-Hovasse, p.
127, Fig. 10

1968 Carduifolia gracilis Hovasse. - Loeblich TII et
al., p. 150, pl. 49, Figs. 9a-10

1973 Carduifolia gracilis Hovasse. - Dumitrica, p.
824, pl. 4, Figs. 21, 26

Description: Four tricostate rayed skeleton. The
rays of the skeleton consist of a slender “X” letter
form arched downward.

Remarks: In southwestern Pacific sediments, C.
in the Middle Miocene
(Dumitrica, 1973). The species in the study area is
variable in size and its ray arrangement. C. gracilis
rately occurs in the Hakjeon and the Duho
formations.

gracilis was  found

Genus Foliactiniscus Dumitrica, 1973
Foliactiniscus mirabilis Dumitrica, 1973
Pl 1, Fig. 21

1973 Foliactiniscus mirabilis n. sp. - Dumitrica, p.
823, pl. 1, Figs. 12, 13, 20, pl. 2, Figs. 4, 12, 13

Description: Pentagonal star shaped skeleton with
five highly downward arched rays having alveolar
structures. The skeleton has not central apophyses,
characteristically. The rays of the skeleton are
bilateral in symmetry.

Remarks: In the study area, F mirabilis has
robust rays arched downward. The species rarely
occur in the Duho Formation.

EBRIDIANS

Division PYRRHOPHYTA Pascher, 1914

Class EBRIOPHYCEAE Loeblich IIT 1970
Order EBRIALES Horniberg et al., 1964
Family Ammodochiaceae Deflandre, 1950
Genus Ammodochium Hovasse, 1932
Ammodochium ampulla Deflandre, 1934
Pl 2, Fig. 1

1934 Ammodochium ampulla n. sp. - Deflandre, p.
71, Fig. 2

1952 Ammodochium ampulla Deflandre. - p. 128,
Fig. 119

1968 Ammodochium ampulla Deflandre. - Loeblich
IIT et al., Fig. 14, pl. 48, Fig. 1

1975 Ammodochium ampulla Deflandre. - Perch-
Nielsen, pl. 4, Figs, 17-19, pl. 5, Figs. 23-26

2003 Ammodochium Deflandre. -
Sanfilippo and Fourtainer, pl. pl, Figs. 23, 24

ampulla

Description: Rectangular triode skeleton consisting
of an apical ring, an antapical ring, three proclades,
three opisthoclades and three actines. In the
skeleton, proclades and opisthoclades are branched
from actines. The proclades and opisthoclades
consist of upper and lower windows at junctions
between them
respectively.

and apical or antapical ring,

Remarks: A. ampulla was initially reported from
the Upper FEocene deposits of New Zealand
(Deflandre, 1934). It also occurred in Oligocene to
Eocene intervals of cores from Southwestern Pacific
(Perch-Nielsen, 1975). The specimens of A. ampulla
from the Yeonil Group have somewhat wider
windows than those of its specimens by Perch-
Nielsen (1975). The species occurs in the Hakjeon
and the Duho formations.

Ammodochium danicum Deflandre, 1951
Pl 2, Fig. 2

1951 Ammodochium danicum n. sp. - Deflandre, p.
53, Fig. 13

1968 Ammodochium danicum Deflandre. - Loeblich
I et al, p. 144, pl. 48, Figs. 2-9¢

1975 Ammodochium danicum curtum Deflandre. -
Perch-Nielsen, p. 880, pl. 5, Figs, 3-4
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Fig. 1. Ammodochium ampulla Deflandre. %400, Duho Formation, JR3.

Fig. 2. Ammodochium danicum Deflandre. x600, Duho Formation, SD2.

Fig. 3. Ammodochium cf. A. rectangulare (Schulz) Deflandre. %400, Hakjeon Formation, HS1.

Fig. 4. Ammodochium serotinum Locker and Martini, x400, Duho Formation, JR1.

Fig. 5. Ammodochium serotinum Locker and Martini. x400, double skeleton, Duho Formation, SD2.
Fig. 6. Ditripodium latum Hovasse. x400, Hakjeon Formation, HS3.

Fig. 7. Ebrinula(?) sp. x400, Duho Formation, SD2.

Fig. 8. Ebriopsis antiqua (Schulz) Hovasse. x400, Duho Formation, SD2.

Fig. 9. Ebriopsis antiqua (Schulz) Hovasse. x400, hypersilicified specimen, Hakjeon Formation, HS3.
Fig. 10. Ebriopsis antiqua (Schulz) Hovasse. x400, specimen with an encapsulated lorica, Duho Formation, HS2,
Fig. 11. Haplohermesinum hovassei Locker and Martini. x400, Duho Formation, JR2.

Fig. 12. Hermesinella conata (Deflandre) Locker and Martini. x400, Duho Formation, JRS.
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Fig. 13. Hermesinella fenestrara Frenguelli. x400, Duho Formation, JR2.

Fig. 14. Hermesinum adriaticum Zachatias. x600, Duho Formation, SD2.

Fig. 15. Hermesium obliquum Locker and Martini. x600, Duho Formation, JR1.

Fig. 16. Hermesinum schulzii Hovasse. x400, Duho Formation, JR3.

Fig. 17. Parathranium tenuipes Hovasse, x400, Duho Formation, SD2.

Fig. 18. Parathranium tenuipes Hovasse. x400, double skeleton, Duho Formation, SD2.

Fig. 19. Podamphora sp. x400, Hakjeon Formation, HS2.

Fig. 20. Podamphora elgeri Gemeinhardt. x400, specimen with an encapsulated lorica, Hakjeon Formation, HS2.
Fig. 21. Pseudammodochium robustum Deflandre. x400, Hakjeon Formation, HS1.
Fig. 22, Thranium cf. T. crassipes Hovasse. x400, Hakjeon Formation, HS3.

Description: Small rounded cubic triode skeleton
with an antapical ring curved inward. In the
skeleton, upper windows are located in apical part
but lower ones do not develop.

Remarks: A. danicum specimens from the study
are similar to A. danicum curtum reported by Perch-
Nielsen (1975). But, having outward convex clades,
the specimens of the study area are different from
A danicum curtum described by Perch-Nielsen
(1975). Therefore, this taxon was classified as A.
danicum in this study. The species is very rare in
the Hakjeon and the Duho formations.

Ammodochium cf. A. rectangulare (Schulz), 1932
PL 2, Fig 3

Remarks: The ebridian specimens closely resemble
Ammodochium rectangulare. But they are distinguished
from A. serotinum, having massive proclades and
opisthoclades. And, they have a “T”
synclade and rectangular anterior windows similar to
A, rectangulare described by Locker and Martini
(1986). The specimens of Ammodochium cf. A
rectangulare are very rare in the Hakjeon and Duho
formations.

shaped

Ammodochium serotinum Locker and Martini, 1986
Pl. 2, Figs. 4-5

1986 Ammodochium serotinum n. sp. - Locker and
Martini, p. 943, pl. 2, Figs. 1, 2
Rectangular triode skeleton with
strongly curved synclades, triangular windows in the
tips of proclades and opisthoclades. The skeleton

Description:

has semicircular anterior openings between a triode
and surrounding clades.

Remarks: A.
more gracile skeleton, the highly arched synclades,

serotinum is  distinguished by its

and the above mentioned openings, comparable to
A. rectangulare (Locker and Martini, 1986). The
species are very abundant in the Hakjeon and the
Duho formations.

Family Ditripodiaceae Deflandre, 1951
Genus Ditripodium Hovasse, 1932
Ditripodium latum Hovasse, 1932

Pl 2, Fig. 6

1932b Ditripodium latum n. sp. - Hovasse, p. 282,
Fig. 6

1968 Ditripodium latum Hovasse. - Loeblich 111 et
al., p. 153, pl. 37, Fig. 10

1986 Ditripodium latum Hovasse. - Locker and
Martini, p. 943, pl. 2, Figs. 5, 6

Description: Baguette type skeleton with large
apical ring, bifurcated short opistoclades, and two
openings including mesoclades.
and Martini
(1986), the mesoclades of Ditripodium latum tend to
be broken off easily. Most specimens of D. latum

Remarks: According to Locker

from the study area show broken mesoclades, too.
The species rarely occurs in the Hakjeon and the
Duho formations.

Genus Parathrnium Hovasse, 1932
Parathranium tenuipes Hovasse, 1932
PL 2, Figs. 17, 18
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1932a Thranim tenuipes Hovasse. - p. 123, Fig. 5

1932¢ Parathranium tenuipes nov. comb. - Hovasse,
p. 464, 465

1968  Parathranium tenuipes Hovasse. - Loeblich
T et al.,, p. 179, pl. 47, Figs. 16-17

Description: Stool shaped skeleton with an apical
ring and long downward stretched opisthoclades.
The opisthoclades of the skeleton are occasionally
curved outward.

Remarks: The specimens of P fenuipes from the
study area are different from P. clathratum proposed
by Locker and Martini (1986, 1989) because the
specimens have an upward-convex upper window
and slightly outward curved opisthoclades. The
species 18 rare in the Hakjeon and the Duho
formations. And, its double skeleton forms are also
encountered in the formations.

Genus Pseudammodochium Hovasse, 1932
Pseudammodochium robustum Deflandre, 1934
Pl. 2, Fig. 21

1934 Pseudammodochium robustum n. sp. -Deflandre,
p. 94, Figs. 39-42

1968  Pseudammodochium  robustum Deflandre, -
Loeblich III et al., p. 184, 185, pl. 43, Figs. 16-18b

1989 Pseudammodochium  robustum Deflandre. -
Locker and Martini, p. 573, pl. 6, Figs. 6-8

Description: Ellipsoid skeleton with a perforated
surface and an apical opening. The apical opening
is small and placed at the top of the skeleton.

Remarks: For the specimen of Pseudammodochium
robustum from the study area, superficial pores are
more or less larger, relative to those of typical P
robustum. The species is rare in the Hakjeon and
the Duho formations.

Genus Thranium Hovasse, 1932
Thramium cf. T. crassipes Hovasse, 1932
PL 2, Fig. 22

Remarks: This form is Similar to Thranium
crassipes in outline. But the form is distinguished
from T crassipes by straightly stretched opisthoclades

having small inward homs. The form occurs only in
the Hakjeon Formation

Family Ebriaceac Lemmermann, 1901
Genus Ebrinula Deflandre, 1950
Ebrinula(?) sp.

PL 2, Fig. 7

Remarks: E. paradoxa, a unique species of genus
Ebrinula, was initiafly reported from the Eocene
of QOamaru (Deflandre, 1950). The
specimens of the present form from the study area

deposits

are similar to E. paradoxa in the existence of
connective tod connecting anterior synclade with
posterior one. They are rare in the Hakjeon and the
Duho formations.

Family Hermesinaceac Hovasse, 1943
Genus Ebriopsis Hovasse, 1932
Ebriopsis antiqua (Schulz), 1932

Pl. 2, Figs. 8-10

1928 Ebria antiqgua Schulz.-p. 273, Figs. 69a-f

1932a Ebriopsis antigua (Schulz) nov. comb. -
Hovasse, p. 120, Fig. 1

1977 Ebriopsis antigua antigua (Schulz). - Ling, p.
215, pl. 3, Figs. 17, 18

1975 Ebriopsis antiqua (Schulz). - Perch-Nielsen,
p. 880, pl. 4, Fig. 15 ’

1986  Ebriopsis cornuta  (Ling). - Locker and
Martini, p. 943, 944, pl. 2, Figs. 14-15
shaped
composed of two tripods connected by inward

Description: ~ Circular  lens skeleton
curved clades with some indentations. The two
tripods are mutually joined in the crossed state of
about sixty degree. The clades of the skeleton are
generally gracile.

Remarks: In the study area, E. antiqua shows
several varieties as specimens with thickly developed
clades, hypersilicified forms, specimens with small
spines at the apex and/or antapex in their skeletons,
and lorica bearing forms. Lorica in the loricate
forms shows a gently tapered jarred shape with a
wide opening. The opening is surrounded by a thin
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wrinkled rim. In this study, specimens with
irregularly indented clades were aligned to E.
antigua. The species is consistent and abundant in
the Hakjeon and the Duho formations in occurrence.

Genus Haplohermesium Hovasse, 1943
Haoplohermesium hovassei Locker and Martini, 1989
Pl 2, Fig. 11

1989, Haplohermesium hovassei n. sp. - Locker
and Martini, p. 571, pl. 7, Figs. 11-12

Description: Circular lens shaped skeleton with a
characteristic “Y” formed triplet composed of two
synclades, a proclade, and an opisthoclade. Of the
synclades of the skeleton, short two are straight and
other one is round.

Remarks: Comparing with the specimen of H.
hovassei by Locker and Martini (1989), the one in
the study area shows more massive and shorter
straight synclades. The species rarely occurs in the
Hakjeon and the Duho formations.

Genus Hermesinella Deflandre, 1934
Hermesinella conata (Deflandre), 1986
Pl 2, Fig, 12

1951 Hermesinum conatum Deflandre. - p. 44, 46,
68, Fig. 141

1986 Hermesinella conata (Deflandre) nov. comb.
- Locker and Martini, p. 944, pl. 2, Figs. 9-10

Description: Small rounded triaene skeleton with
strongly curved synclades. A small upper window is
located in the anterior plate of the skeleton. The
opisthoclades of the skeleton are mutually different
in length.

Remarks: The specimen of H. conata from the
study area are well coincided with that of Locker
and Martini (1986), comparatively. The specimens in
the study area are somewhat variable in
opisthocladian arrangement and skeletal outline. H.
conata frequently occurs in the Hakjeon and Duho
formations.

Hermesinella fenestrata Frenguelli, 1951
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Pl 2, Fig. 13

1951 Hermesinella fenestrata n. sp. - Frenguelli, p.
279, Fig. 5a

1968 Hermesinella fenestrata Frenguelli. - Loeblich
I et al., p. 164, pl. 51, Fig. 9

1986 Hermesinella fenestrata Frenguelli. - Locker
and Martini, p. 944, pl. 2, Fig. 13

Description: Small circular triaene skeleton with
robust and rugose clades highly arched. Clades in
the anterior part of the skeleton make a triangular
plate with a small circular window in its centre.

Remarks: The specimen in the study area is
nearly circular in outline and smooth junction
between a rhabde and clades, comparable to that of
Hermesinella conata of Locker and Martini (1986).
H. fenestrata is distributed in the Middle Miocene
to the lower part of the Upper Miocene in
southwestern Pacific (Locker and Martini, 1986).
The species rarely occurs in the Hakjeon and the
Duho formations.

Genus Hermesinum Zacharias, 1906
Hermesinum adriaticum Zacharias, 1906
PL 2, Fig, 14

1906 Hermesinum adriaticum 1. sp. - Zacharias, p.
394, Figs. a-d

1968 Hermesinum adriaticum Zacharias. - Loeblich
Il et al., p. 168-169, pl. 40, Figs. 9a-10

1986 Hermesinum adriaticum Zacharias. - Locker
and Martini, p. 944, pl. 1, Figs. 5-6

2002 Hermesinum adriaticum Zacharias. - Tiffany,
p. 218-220, Figs. 1-2

Description: Kite type triaene skeleton with two
spines in apical and antapical parts. In the anterior
part of the skeleton, a small window is located in
the centre of the “T” formed structure consisted of
clades.

Remarks: Hermesinum adriaticum is the one of
very rare ebridian species survived until the present
(Emnissee and McCartney, 1993). The H. adriaticum
from the study area is commonly smooth in a
rthabde and clades, comparable to that of Locker
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and Martini (1986, 1989) and Tiffany (2002). In
addition, the species includes a remarkably long
apical spine. But its basal spine is relatively
indistinct. And, its opisthoclades are frequently
corroded and reduced. Smaller triaenes considered as
larvae stages of the species are sometimes found in
this study. H adriaticum consistently occurs in the
Hakjeon and the Duho formations.

Hermesinum obliguum Locker and Martini, 1986
PL 2, Fig. 15

1986 Hermesinum obliguum n. sp.-Locker and
Martini, p. 944, pl. 1, Figs. 1, 4

Description: Triaene skeleton with a asymmetrical
on apical ring and two tapered
opisthoclades tilted downward. The opisthoclades of

long spine

the skeleton do not consist of windows.

Remarks: Hermesinum obliquum includes originally
flat upper synclades and asymmetrical apical spine
(Locker and Martini, 1986). The species in the
study area has occasionally curved synclades or two
mutually different apical spines in length. H
obliquum shows consistent ‘occurrences in the
Hakjeon and the Duho formations.

Hermesinum schulzii Hovasse, 1932
PL 2, Fig. 16

1932a Hermesinum schulzii n. sp. - Hovasse, p. 125

1968 Hermesinum schulzii Hovasse. - Loeblich TII
et al, p. 174, pl. 41, Figs. 10-20

1995 Hermesinum schulzii Hovasse. - Ernissee and
McCartney, p. 181. Fig. 3(14)

Description: Ovoid triaene skeleton with strongly
curved clades. In the posterior part of the skeleton,
clades ftrifurcated from an actine make a distinct
triplet with a small window. The posterior triplet of
the skeleton shows “Y” letter form and highly
arched connection to rhabde.

Remarks: The H. schulzii from the study area
shows a distinct triplet with obvious indentations
and outward arched opisthoclades. Its large upper
window in anterior part is somewhat ovoid. The

species consistently occurs in the Hakjeon and the
Duho formations.

Genus Podamphora Gemeinhardt, 1931
Podamphora elgeri Gemeinhardt, 1931
Pl 2, Fig. 20

1931 Podamphora elgeri 1. sp.- Gemeinhardt, p.
107, pl. 10, Fig. 19

1968 Podamphora elgeri Gemeinhardt. - Loeblich
IT et al., p. 182, pl. 44, Fig, 4

1989 Podamphora - elgeri Gemeinhardt. - Locker
and Martini, p. 572, pl. 7, Figs. 16-17

1995  Podamphora elgeri Gemeinhardt. - Ernissee
and McCartney, p. 181, Fig. 3(15)

Description: Triaene skeleton with a jar shaped
lorica at the apex and indented clades highly
curved. The lorica of the skeleton with a short neck
is covered by irregular reticulations.

Remarks: In most cases, Podamphora elgeri is
characterized by a jar shaped lorica at its apex
(Gemeinhardt, 1931). The specimen of P elgeri in
the study arca also has the lorica. It may serve a
kind of protective role during environmental stress
(Emissee and McCartney, 1995). But Tappan (1980)
suggested that the loricae in ebridians would be not
cyst. The species is restricted in the lower part of
the Hakjeon Formation in occurrence.

Podamphora sp.
Pl 2, Fig. 19

Remarks: This ebridian specimen from the study
arca resembles Podamphora gracile in morphology.
But the specimen has a rather wide opisthocladian
basket and smooth clades without indentations,
comparable to P. gracile. Apical ring is probably
reduced in the specimen. They occur in only the
lower part of the Hakjeon Formation.
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