Bulletin of the Mizunami Fossil Museum, no. 39 (2013), p. 73-900., 1 pl., 11 figs., 3 tables.
© 2013, Mizunami Fossil Museum

N

B ELR Hith 1S 36 O 2 80 B & B2 LA )8

g D - M HEYI Y

D RHIEREF AR G IIITET T 112-0012  BETERSCRIXRER 1-5-21
D MR REA AR BN SEAT T 261-0025  THEHIFEIRXITH 1-2-1

Radiolarian and dinoflagellate cyst biostratigraphy of the Amarume oil field, Yamagata
Prefecture, Japan

Susumu Kato and Akiko Obuse?

DJGI, Inc.
AJAPEX Technical Division Research Center

Abstract

Radiolarian fossils and dinoflagellate cysts in cuttings and cores from the TRC-AMR 1 and SK-74D wells, Amarume
oil field, Yamagata Prefecture, were examined in order to correlate old and new radiolarian zones, and to establish the
stratigraphy of the field.

Four Late Miocene to Pliocene radiolarian zones, as proposed by Motoyama et al. (2004), are recognized in the two
wells. These zones (i.e., the Lychnocanoma magnacornuta Zone, the Lipmanella redondoensis Zone, the Lithelius
barbatus Zone, and the Spongurus pylomaticus Zone in ascending order) are correlated with the Cyrtocapsella japonica
Zone, the Stichocorys delmontensis Zone, the Sethocyrtis japonica Zone, and the Thecosphaera japonica Zone of
Nakaseko and Sugano (1972), respectively. This correlation is supported by analyses of dinoflagellate cyst assemblages in
the SK-74D well.

These results show that the three oil reservoirs in the field are all located in the lower part of the Kitamata Formation;
the Maruyama and Tateyama formations are not present. These observations suggest the presence of an unconformity
within the Kitamata Formation, given the absence of the L. barbatus Zone in the SK-74D well.

Beds containing abundant S. delmontensis are recognized not only in the Amarume field, but also in the Yurihara oil and
gas field and at Ushigoe. These beds may mark the boundary between the Kitamata and Kusanagi formations.

The present results show that dinoflagellate cysts are abundant and useful for age determinations and well correlation in
the Amarume oil field.
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Fig. 1. Index map showing the locations of the Amarume oil field, the Ayukawa — Yurihara oil and gas field,
and Ushigoe, as well as the distribution of the Kusanagi (Onnagawa) and Furukuchi formations.
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Fig. 2. Locations of wells in the Amarume oil field.

1972 5 3D, CofEREHWT, Wil (1965) 3EEFEE
IRICAIEEDEAT 5 LALLM 2 e, REMEAK
TRALIEFHIRIR L, fELE S = o KEamElHsnTs
b, FTEWMEEITNTIREECEENE EEZ L. TOFAIFH
NTHTLEZTANSNIZRTREVEITHD, TORITA
RanfoRKmH o gy e gERmbic ks Tz G
1973 5 i A, 1979).

TRC-AMR 1 i HllIf 1 FEffE & N 7o iR b A ic &5 < ARl o
it i3, @i LA 5, B-1 &, B-2 J&, B-3 [BIcin s 1,
B-1 /8132 EiBic, B2 @6 & U B-3 B ILRE N iR
shTwd GE4XD.

3. @RI & O L BE

TRC-AMR 1 T, i HIRFICZREE 790m ~ 1,100m fu] < 10m 5
WIS N2 A v 7 4 v 7 R (cuttings - JiE 0 [8) 32 5kkHZ W T
R b AFEE ST IR b e (il 1989). C OEE T,
B S0g 2 £ =7 — 1Tl AN, #20% 0@tk HEEFE A
NS H 7214, 200mesh DEFZHWTKE L 72, HBS 725k
EABIRFEARBEMEE F TR L, AEkEHv EY, 7rvs -
ZAERL U 7o, SEEFEAMES N CREDRIE S L U T O FEHBIE 2,
ZE—YRF v — hELERL 12,

FEINTWVAETRC-AMR 1 D7 L/¥5 — b D H b, FEE
800m ~ 980m [ D MK IR IEIRREDS BT 75 12 s > v T, SEEK
17 (2005) T BB AL AL O FE 2 2 B R AR LG Rl i &R L
7z, & 51T, FAK 18 (2006) R ITIE 3 A BN 5 LI,
& 874.7m ~ 984.5m [l THr 72 IR L 72 2 7 10 alklic o v T,

75

TR A DI A 2 A ES R R L 72,

—7, PRk 16 (2004) FEEEIT (3R H SK-74D D4 HllFF I ST L
72 ZERE 860m ~ 1,200m [Elo H » 7 4 v 72 17 & EHIH VT, 1K
B A OREEERINGEMICRE L2, £/, Ay T4 v TR
16 slEHZ > W TR BRI A 0T A 2 I L 7. SUR o AL
BLUFHEHEZKROEY TH 5.

H gk 20g AFPE L, HEEEE 7 o {WKEBRIT L > THIE, R
BRIESY), = Oftho MY & isfRbRE Uik, B bdighsEmr (b
H2.0) I X > THEY Z B L. CoaRERE L,
HBH Z 20um OffICHr i, Z0RicE >k 2254 K752
WWEALTT LY — b 2L 7o, BREENEZ - calihico
WTCIE, 51y a VY NRILEEE X 07 v &= 7 RLE 21778
- TR ESELA O RMEE 20 L€/ LT, BUHME 20um
OERITH T, BIMO 7 L5 — b 2ERIL. BHAFICERY E
—— )T Ia—IviEH\w,

EHER LA OMER S, Mo TR OEYBMEEE W,
160 fEIT T L Y5 — b DA HFNIT T L85 — b 1 Rb 7
DHEGFRICOVLTERL, ToMIIckE LcmiiEREbas Lo
Z OO EHEILAT &2 LR 640 [STHE L THROET 21T\,
AE—=Y2F v — bEEK L. BHIESELAEORE L N volE
J& 12 >\ T Fensome and Williams (2004) 125 - 7. skl &
ORHIEE LA 2RO B OEHEE L, RO & 5 ITEKB L.

VA (very abundant) : 7' L87— b LRI (BLDJ5) b7z Y FEMERK 61 Ll L
A (abundant) ST VARG = L EEDE) Bz 0 FEIE R 21 {5~ 60 A
CTVAT— b LR (BLDIA) B9 FEE A% 11 {E~ 20 {8

C (common)

D fcE A

TEHIERICITS D72 TRC-AMRI O FE AR LA AT 14 it
EH (1972) KHEC TiTbhie (GHAH, 1989). X E—v
2 F ¥ — MTHED O TIER L 72 FEOEEHIRIL A S 5 KIT/Rd.

ZRIE 790m ~ 840m [#]i 1%, Thecosphaera japonica & Spireuma?
circularis 23EEH L, Thecosphaera dedoensis, Cromyodruppa concentrica,
Spongodiscus spp., Perichlamydium? sp. 7 & 2sBiifkd 3.

PRI 850m ~ 980m [if] (3 L I PR A7 BT 78 IR AL 42 28 22
L, Lychnocanium nipponicum *° Flustrella cf. flustrella 75 & #f5i
ZEEL, 35O subzonule IZHi5 &5, PEE 850m ~ 900m fil
I3 Lychnocanium nipponica & Perichlamydium? sp. 25 & ¥ T £ &
WCEEH 9™ 4. PR 910m ~ 920m [ i3 Stichocorys delmontensis @
ZPEETHMO U 50 5. ZEE 930m ~ 980m [ (F Lychnocanium
nipponicum & Theocyrtis redondoensis (= Lipmanella redondoensis)
DHEHIFE S 5.

PR 990m ~ 1,100m ] 13 ACH R AL A o BE Hi A3 fi b T /D s
<, P£7F b v, Spongodiscus spp. D & s i I BE H L,
Cromyodruppa concentica 252> ICEEHI 9~ 2. & 72, % 1,100m
DFREHZ 1 Cyrtocapsella japonica 23 {#£2> ICFEH L, Ommatodiscus
BEHEESN 2 bONEENS.

AT L 2 LA o ER- R EE 1 Riond. @D
FEHVRI 255 5 BIicRd . @ L 2ohicidbnis St v v v
BLUO—H OO Z 5 6 KITRT.

PRIEE 800m ~ 820m il I3k bq DREEL DS <, fbfATHD
FEIE & 75 B TSR S 175\, Lithocarpium polyacanthum % & ¢



76

%3 X, NI ERESIER &S ARBMBICS T 2 iR eaER.
Fig. 3. Subsurface stratigraphy of the Shonai Plain and radiolarian biostratigraphy of the Amarume oil field.
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Fig. 4. Stratigraphic correlation among wells in the Amarume oil field.
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Fig. 5. Stratigraphic distribution of selected radiolarian species in the TRC-AMR 1 well, and fossil zones.



79

BB H LA DB Y 2 b

Species chart for radiolarian fossils in the TRC-AMR 1 and SK-74D wells,

912 TRC-AMR 1 B & U4 H SK-74D I

Table 1.

Amarume oil field.
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Fig. 6. Radiolarian fossil zones and ranges of stratigraphically important species from the Middle Miocene to
Pleistocene in Japan (after Motoyama, 1999). Lychnocanium nipponicum and “Anthocorys akitaensis”
have been divided into three species and two species, respectively.
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Fig. 7. Stratigraphic distribution of selected radiolarian species in the Amarume SK-74D well.
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ARH SK-74D 12 B 1 2 i CE LA DBEH ) X b
Species chart for dinoflagellate cysts in the Amarume SK-74D well.

*1=late E. - Late Pliocene  *2=late E. Pliocene Frequency: R=rare, C=common, A=abundant, VA= very abundant

dinoflagellate cyst age 1 [ 2 middle Late Miocene I early Late Miocene
Amarume SK-74D dinoflagellate cyst zone P, : " Cyst(5 zone) Op centrocarpum (3 zone)
(a-b) [ 5a? 3b (upper) 3a (upper)
sample depth (m)| 860 | 880 | 900 | 960 | 980 | 1000 | 1020 | 1040 | 1070 | 1080 | 1100 | 1120 | 1140 | 1160 | 1180 | 1200
frequency | C R VA VA VAIVA A C C I A VA VA VA VA:VA
number of counted cysts | 117 83 164 121 136 : 139 148 130 153 97 114 153 236 211 242 186
cyst count per microscope traverse | 12 8 82 61 136170 30 13 39 12 :23 77 119 106 122 } 187
DINOFLAGELLATE CYSTS :
"Protoceratium reticulatum" Cyst (Claparéde & Lachmann) Biitschli 13 5 67 41 3 1 7 5 1 4 2 10 1 2 1
Achomosphaera callosa Matsuoka 1
Achomosphaera ramulifera (Deflandre) Evitt 1 1 H
Achomosphaera spongiosa Matsuoka & Bujak 1 3 3 1 1 P2 1 2 1
Achomosphaera sp.A 115 s 2 8 1 [
Achomosphaera spp. 1 1 4 2 1 2 2 1 2
Barssidinium sp. H 1
Batiacasphaera cf. minuta (Matsuoka) Matsuoka & Head : 1
Batiacasphaera sp. (v.fret) 2
Bri lini spp- 1 1 2 3 15 25 3t 6
Capillicysta Sfusca Matsuoka & Bujak 1 3 7 4
Cleistosphaeridium  pl (Deflandre & Cookson) Eaton et al. 4 3 1
Cordosphaeridium — minimum sensu Benedek & Sarjeant 1 7
Corrudinium harlandii Matsuoka 1
pastielsii (Devey & Williams) Bujak et al. 1 1 1
eudocolligerum (Stover) Bujak et al. 1
latiusculum Matsuoka 1
sp. (small, spine, br-col.w) 2 2
Filisphaera filifera Bujak 1 2 2 5 2
Filisphaera sp. (small) 11
Filisphaera ? sp. (large) 1
Habibacysta spp. 242 1 212 2 45
Heteraulacacysta campanula Drugg & Loeblich Jr. 1 1 Pl 1 5 1
Hystrichokolpoma  ellipticum Matsuoka 1
Hystrichokolpoma okinawaium Matsuoka 1
Hystrichokolpoma  pacificum Matsuoka 1
Hystrichokolpoma spp. 3 16 1 1 1
Impagidinium aculeatum (Wall) Lentin & Williams 1
Impagidinium paradoxum (Wall) Stover & Evitt 3 i 6 43 8 10 i 19
[ idinii patulum (Wall) Stover & Evitt 1 4 i
Impagidinium cf. patulum (smaller) (Wall) Stover & Evitt H 1 1
Impagidinium spp. 1 1 1 4 1 2
Labyrinthodinium truncatum modicum de Verteuil & Norris i 1
Lejeunecysta convexa Matsuoka & Bujak 10 3 1 2
Lejeunecysta hyalina (Gerlach) Artzner & Dorhofer H 1
Lejeunecysta sp.D (large, wrinkled, gr) H 1 4 3 2 1
Lejeunecysta spp. : 2 5 2
Lejeunecysta ? spp. 1 1
Li i mach phoru (Deflandre & Cookson) Wall 2 13 4 4 2 2 2 2 2 4 1 1 1 1 1
Li dinii multivirgatum de Verteuil & Norris 1
Lingulodinium sadoense Matsuoka 5 7 2 5 1 1
Melitasphaeridium — angustum Matsuoka 1 2 1
Melii haeridium h u (Deflandre & Cookson) Harland & Hill 3 2 11 5 15 19 30 19 15 2 1
Nematosphaeropsis  lemniscata (small) Bujak 1 1 2 8 15 1 5 3 5 6 10 3 1 1
h PSi (large) Bujak 16 15 4 4 1 3 4 2 1 1
Operculodinium alsium Matsuoka & Bujak 1
Operculodinium centrocarpum (Deflandre & Cookson) Wall 12 4 2 4 5 5 7 2 1 3 4 4 6 11 13
Ope init cf. centrocarpum (small) (Deflandre & Cookson) Wall 1 2
Operculodinium giganteum Wall 1 1 2 1
Ope init i i (Rossignol) Wall 8 4 5 5 3 2 8 11 9 6 11 8 3 4 2
Operculodinium Jjanduchenei Head et al. 1
Ope init ispinigerum Matsuoka 1 1 8 1 2 2 5 1 1 1
Operculodinium cf. piaseckii Srauss & Lund 1
Operculodinium wallii Matsuoka 11 3 1
Ope init sp.A 1
Operculodinium spp. 1 1 1
Pyxidinopsis sp. (rug-ret) 3 1
Reti i onata (Benedek) Bujak & Matsuoka 6 2 2 1 1 2 2 3 6 2 04 2100 40 5 1
Selenopemphix crenata Matsuoka & Bujak 1 1 2 2
pemphix di Head et al. 3
Selenopemphix nephroides Benedek 1 1
Selenopemphix sp. (wrinkly) 6
Selenopemphix  (Multispinula ) spp. o 1
Selenopemphix spp. 1 3 1 1 15 1 3 7 2
Spiniferites asperulus Matsuok 1
Spiniferites ellipsoideus Matsuoka 1 2 3 1 2 1 1 1
Spiniferites elongatus Reid 1
Spiniferites Sfirmus Matsuoka 1 1
Spiniferites hexatypicus Matusoka 1 1 2 3 2 1 14 51 40 43 5
Spiniferites membranaceus (Rossignol) Sarjeant 1 1 2
Spiniferites ovatus Matsuoka 1
Spiniferites ramosus (Ehrenberg) Mantell 2 2 2 1 3 1 1 2
Spiniferites sp.A (ovoid, stout, long proc.) 1 1 3 4 5 5 2 9 2 2 3
Spiniferites sp.E 1 2 1
Spiniferites sp.G 1 54 1 1
Spiniferites spp. 29 36 52 33 48 57 68 48 71 34 37 43 53 44 65 73
Tectatodinium ? sp. (small, fiber) 2
Trinovantedinium sp. 1
Tuberculodinium vancampoae (Rossignol) Wall 1 3 3 7 1 1 2 1 3 1 1 1 1 2
Xandarodinium cf. variabile Bujak 1 2 2 5
Xandarodinium spp. 1 1 1 4 1 1 2 1 18 23
OTHER PALYNOMORPHS
Cyclopsiella sp. 1
Quadrina ? condita de Verteuil & Norris 1 1 1 1 1
Quadrina sp. 1
Pediastrum sp. (freshwater algae) 1 1
Tasmanites spp. 4 5 6 3 1 3 5 13 4 36 71 9 25 8
Scolecodont 1 1
i inifera lining 3. 05 2 1 3
Diatom C C C C _VAIVA C C C ¢
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Fig. 8. Relationship between diatom zones and dinoflagellate cyst zones, and the stratigraphic distribution
of selected species.
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9. RHEHMHICE U 5 BEESIER & kg b & OxtL.

Fig. 9. Correlation chart for subsurface stratigraphy and radiolarian zones in the Amarume oil field.
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Spongurus pylomaticus
Thecosphaera japonica

Lith elius barbatus
Lyehnocanoma parallelipes
Stichocarys delmontensis
Cyrtocapsella japonica
Lyehnocanoma magnacornuta

2510 [X. TRC-AMR 1 & SK-74D O LAt kL.
Fig. 10. Correlation of radiolarian fossils between the TRC-AMR 1 and SK-74D wells.

SK-74D D 1,140m LLi% 13 Lychnocanoma magnacornuta i 1<
RUE SN, IEHEEE LA T EERE 1,120m LIZEA Operculodinium
centrocarpum 17 a dify Ba dlify) IKEINTVWE T &S, &
Wit cd 5. %A 1,140m LI (E Cyrtocapsella japonica 73 FFE
Hd s Ens, il « EF (1972) @ Cyrtocapsella japonica i
S L TW3,

Hrtt o = (1972) @ Thecosphaera japonica 2> 5 1% Spongurus
pylomaticus & Thecosphaera japonica 23EEH L C# v, Spongurus
pylomaticus 17 d> 2 Wiz Z N & b b LfL & HfEEE NS, L L,
ER LG AREH ST 2N EH L TOR WL T &0
{0 #EF ( “Protoceratium reticulatum” Cyst 7 a dity (5a HiT)
» %\ I3 “Protoceratium reticulatum” Cyst 7 (5 1)) = &9 5 &,
Spongurus pylomaticus T iC Xt & M 2 AIREE S S V. T OHb
EAREATEET I S HEE S 5.

SK-74D T, £ 860m ~ 1,200m il cHALEALA, FHIKEF
Y AR OCERELAOFESTO N, WEEREZHE TS
LRI F— 3G oNnEh->7r. L LA 5, & 980m
& 1,000m @ 2 BURHT 3 i AETE 2 © 78 2 HEBA L A A S S I
L (%2 %), Coscinodiscus marginatus & Proboscia barboi ® %

PE TR O 1 5115 T OB F Thalassionema schraderi 5 (NPD
6B) Dix M, SEHMSHI S LT W 5B (Yanagisawa and
Akiba, 1998) EFHML L T2 (FKEE, FL(Z). AT (d Lipmanella
redondoensis F ICXLE S L TH Y (Motoyama et al., 2004), filHL
AT R LA OFER EFL TV 5.

Pl b ok Rz T ENEE o GRS 1ot 5 &, B-1
Je & B-2 gt Rl M, ohfttd < B (1972) @ Thecosphaera
japonica f7 I3 AL R kg B Y 9 5 (B 9X). SK-74D i &
Lithelium barbatus 7 23 8 ¥ 5 1 7% W T & » 5, Thecosphaera
japonica i O N ZIC B W TAESIC L BHIRIAHIES N 5.

2) wtb~—4—

TRC-AMR 1 & SK-74D (€ 35 F % it b fy 7 @R o FEH |
PR 55 10 X IZ /R 9. SK-74D T I3 72 T % 72 &> > 72 Lithelium
barbatus @ FE Hi R (@) % B =, Spongurus pylomaticus @
H EBR (@) ~ stichocorys delmontensis @ & i EFR (®) (131
HicbsWwTREFEUCMEF cCHBE L TWwW 5, Frig, Stichocorys
delmontensis @ FE H EFR (®) & % W 13 Stichocorys delmontensis
DEZFEBEE P - HE (1972) THEishTwa Lo, B
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Dinoflagellate cysts and microforaminifera from the Amarume SK-74D Well.

Magnifications are the same for all figures and the scale bar indicates 30pum.

Figs.8 & 9 in phase contrast while the rest in interference contrast.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

[e I e Y S S

I1.
12.
13.
14.
15.
16.

. Achomosphaera sp. A. 980m, Slide dn-2, 107.2x12. Lower Kitamata Fm.

. Barssidinium sp. A. 1140m, Slide B, 103x6.1, Kusanagi Fm.

. Capillicysta fusca Matsuoka & Bujak. 1160m, Slide B, 109.1x15.2, Kusanagi Fm.

. Corrudinium harlandii Matsuoka. 960m, Slide dn-1, 100x21.1, Upper Kitamata Fm.

. Impagidinium paradoxum (Wall) Stover & Evitt. 1140m, Slide dn-1, 98.8x17.2, Kusanagi Fm.

. Lingulodinium sadoense Matsuoka. 980m, Slide dn-2, 98.1x5.1, Lower Kitamata Fm.

. Melitasphaeridium choanophorum (Deflandre & Cookson) Harland & Hill. 980m, Slide dn-1, 117x13, Lower Kitamata Fm.
. Nematosphaeropsis lemniscata (small) Bujak. 1000m, Slide dn-1, 89.5x20, Lower Kitamata Fm.

. Nematosphaeropsis lemniscata (large) Bujak. 980m, Slide dn-1, 117.2x15, Lower Kitamata Fm.

. Operculodinium centrocarpum (Deflandre & Cookson) Wall. 980m, Slide dn-1, 92.5x20.9, Lower Kitamata Fm.
Operculodinium longispinigerum Matsuoka. 1140m, Slide dn-1, 97.2x14, Kusanagi Fm.

“Protoceratium reticulatum” Cyst (Claparéde & Lachmann) Biitschli. 960m, Slide dn-1, 109.9x7, Upper Kitamata Fm.
Reticulatosphaera actinocoronata (Benedek) Bujak & Matsuoka. 1000m, Slide dn-1, 101x17.5, Lower Kitamata Fm.
Spiniferites hexatypicus Matsuoka. 1140m, Slide dn-1, 101x22, Kusanagi Fm.

Tuberculodinium vancampoae (Rossignol) Wall. 960m, Slide dn-1, 100x20.2, Upper Kitamata Fm.

microforaminifera. 1180m, Slide B, 114x3.2, Kusanagi Fm.
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B K. BRI o A AHEICB T 2 5UHEF & Stichocorys delmontensis D £ FE g #E,
Fig. 11. Subsurface stratigraphy and distribution of beds containing abundant Stichocorys delmontensis in

the Yurihara oil and gas field.

F5 3% RHEMENICE T 2H1H 2 S DR & & 7oL DXL

Fig. 3. Correlation between old and new radiolarian zones in the Amarue oil field.

Geologic Radiolarian Zones

age Motoyama et al. (2004) Nakaseko and Sugano (1972)
Early Pliocene Spongurus pylomatius Thecosphaera japonica

Late Miocene Lithelius barbatus Thecosphaera japonica -

Late Miocene

Late Miocene

Lipmanella redondoensis

Lychnocanoma magnacornuta

Sethocyrtis japonica
Stichocorys delmontensis

Cyrtocapsella japonica

st~ — 7 — & 75 2 alRElEm & 5.
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