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Abstract

Fission-track dating was performed for 10 samples from the “Takinoue Formation” in eight exploration
wells, located in and around the Yufutsu oil and gas field, Hokkaido, Japan. After a detailed analysis of single-
grain ages of each sample using age-frequency histograms, age spectra, and radial plots, reliable fission-track
ages were obtained for eight samples, summaried as follows.

T1 facies: 15.5+1.2 Ma (Shiraoi oki@-1)

T2 facies: 19.8+1.1 Ma (Kyowa SK-1), 21.5+1.2 Ma (Nishi umaoi SK-3 @1586 m)

T3 facies

1) Young group: 24.4+1.6 Ma, 23.4+1.7 Ma (Abira SK-1 @2480 m, @4504.93 m)
26.4+1.7 Ma (Abuma horonai SK-1)
2) Old group: 36.2+1.8 Ma (Nishi umaoi SK-3 @3520 m), 37.0+1.5 Ma (Bibi SK-1)

The depositional age of the T1 facies is estimated to be 16-14 Ma based on its K-Ar ages, both Sr and Nd
isotope ratios in andesites, and microfosssils in overlying and underlying formations.

Two reliable fission-track ages of the T2 facies, which corresponds to the Takinoue Formation, indicate
the need to reconsider the boundary between the Takinoue and Minami-naganuma Formations because the
T2 facies belongs to the Minami-naganuma Formation as defined by Kurita and Yokoi (2000).

The depositional age of the Minami-naganuma Formation is inferred to be 26-23 Ma based on the young
group fission-track ages of the T3 facies and the youngest Sr age (23.4+0.7 Ma) of the Elphidium mabutii
assemblage. The old group fission-track ages of the T3 facies are Eocene and correspond to the Poronai

Formation and the Ishikari Group.

Key words: fission-track age, K-Ar age, Sr age, Takinoue Formation, Minami-naganuma Formation,
T1 facies, Yufutsu field
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Fig. 1. Subsurface stratigraphy of the Yufutsu oil and gas field.

g AE Ut BT, JELSEE LRIl B L RINPYE S
BIFEAEERBVELZEMSERSN, TNSDER « Xt
Mt s e (B, R - 72, 1980; #ERd, 1982). h b
O HF A iR~ O UK O R 13T A RE0 EJE &3 .
BAEMAAE SRS SR BHSMNH - 72hs, BEF 50 HHLL
iz “feo g &L T—HRIicith bh iz,

HAFN 68 - IR I S 72 B 4L SK-1 XA S ETERE S S
BEM  BEX ZITHII LT, B e A 2AMBRR Sk K
e A SR T OR#EA D Bt AL 2 b S
IZHEE L TE D, B 3,800~4,900 m (250769 B E MRk AE R 7
HEOIFERREEN 757 F »—REFRE2ERLTL 3
(E%1Z 7, 2004).

FHHh - A ZAHORMRETICON, TEo LET Ik B E
N5 TLEICHESRE SN, “TEo LB OFEF ORI
EOS PR RELEEZL D LTAIREBE - TE, £
N E THEEICI T b T & o B FebE s & o i 0 Hh R Hh BT 3R A
PEEOMALARAEDOMIZ, HERE EIHLS PR B L AR
EWIITMA, 85174 vare bIy s (FT) HERME

75 ESMINICE SN, TORE, WMo LE M~
TR & IR 2 D oHE» SRR I TW A T &
MIASMIZIE Y, FiEEEO LE, H%EEFCREBLARE
BEE LTRSS hie CGEEIED, 1997; HH - #iF, 2000).
FTAERER RIT DN TR, —HoERMEOANRAKSH
TWBM, ZOFMII>LTRAESATHREL, 4l B
W74 vvarye bIv70oMhEHRT, HHEBO FT 4K
MEFERIZ DO TEHICHE Lco T, #Ed 5.

2. iy

B« A ZAHOYHEF S 1 KR, JI3EE 4,100 m
VBRI LTH D, #9100 Ma O BEHEICE 25 I iAcAE i e
B o122 CRINEIRDFEALBRILSETT B 4LWIIE 7V — 7130,
1992). #x LI i3 EAbST &RE S B3, FEREBUE A% 1 i
BT DT I 7 F v —DFEL TS (HEIEH, 2004). £
D EALIZIEATES TP O AT S BEAE DT > T 5,
FIFIERED TR OGP aE» 572 5 aETH D,



81

\ﬁaﬂm
\ L]
HH &0 w

. e *3
x.\}ﬁ D ]2.1. é

Tomakomai oki A-1
fo) 1
Shiraoi oki-1 Gl
1
4£§M#

3

20 km

Sapporo
MITI Nanporo
. S
BOR YUELFAI « METI Yubari
F.EJE | HEEOR o
3 _-:-:::_ bzl
iKYQW?‘ SK-1 X "-Umaoi hill - SN (L)
N.N:;‘:TI Un.u;(;; 3 k%) SN EDL)
ishi umaoi SK-3, I35
e 4,89/ " Sbira sK-1
- 9 (o) Atsuma horonaiSK-1
~ Y.u utsu (@) 6,7 ®) 10
Lake oil and gas Bibi SK-1 k=%
Shikotsu ko field #y

o~

5 Yufutsu SK-2

O FT dating
1-10: Sample No.

well location

\ Takinoue Formation

F\\ Minami'-naganuma
== Formation

#B)1
Al

22X, HLh e M AHB L CHUHLER SO LEk X CRREEO M.
Fig. 2. Index map showing the locations of the Yufutsu oil and gas field and wells, together with the distribution of the Takinoue

and Minami-naganuma Formations.
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Table 1. List of samples used for fission-track dating and analytical results.

No Well Name Depth  Type Horizon Lithology Number/  Essential Anneling Age Number  Citation
(m) sample, kg (%) (Ma) of grains

1 Shiraoi oki—1 2,507.7 core T17? Dacite 300/0.15 100 O 184+12 30/30

2 Tomakomai oki A—1 2,161 core TI Tuff 300/0.15 40 X 20014 29/29

3 Kyowa SK-1 2,200 core T2 andesitic 300/0.5 60 X 21.2+11 30/30 2)

Tuff Breccia

4 Nishi umaoi SK-3 1,586 core T2 Tuff 500/0.3 90 (@) 215+1.2 29/30

5 Yufutsu SK-2 2,703.8 core T2 pumiceous Tuf 300/0.15 100 (@) 29.2+16 30/30

6 Abira SK-1 2,480 CT T3 Tuff 1000/0.2 30 X 265+1.7 27/30

7 Abira SK-1 4,304.93 core T3 dacitic 2000/0.3 40 X 24617 21/30

Tuff Breccia

8 Nishi umaoi SK-3 3,520 CT T3 Sandstone 1000/0.25 80 (@) 36.2+1.8 30/30

9 Bibi SK-1 4,120 CT T3 Sandstone 1000/0.25 90 (@) 37015 26/30

10 Atsuma horonai SK-1 3,030 CT T3 Tuff Breccia 400/0.2 40 X 27417 24/30 1)

CT:cuttings O:yes, X :no
1)Kurita et a/. (1997)
2)Kurita et al. (1998)
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Fig. 3. Columnar sections of wells showing depths of samples used for fission-track dating.

ZAEB O 1038 (F1£) % FTAHEMRNE LKL 8
Hu DML U 72 SR & A5 FLH LA BEE o B X R % 5
3 KIZRT.

HEM—1 OREHIIRER Gk Eh T B 74 %1 ~ (i,
1982) TH 5. H/NEH A-1 OFFHIRAE T 1 1 NEEEIK
ATHY, BN (1982) IIEEEE LT 555, FALIC Ammonia
BEL OB IHARMAZENT2RENTEL TS I &
5, TLEIZIEES NS, A SK-1 @ FURHI IR 1L A1 TERIX &

Nl RNIEERAREETH Y, EAIZ Ammonia BESEZEH
TEREMEELTWE I EMS, T2EITH SN 3. HHEE
SK-3 D)% 1,586 m & H 4L SK-2 OalkFHE A7 Ammonia #
%, FHLIZ Elphidium mabutii #H58% FEH T 2 E0E L
TWB I EMmS, T2 I EN S, ZF SK-1 OEEFE 2,480 m,
V6 HE 1B SK-3 OB 3,520 m, 4 SK-1 8 L FEEIEA SK-1
OEHT VT b EAL DR T Elphidium mabutii BE5# O
FEHAHERINTHS Z EMo, T3EICHkEh 5, 2 SK-1



83

Relative .
Radial plot
Frequency frequency
20 0.06
Peak: 15.0 Ma
15F
168+t1.2Ma 1004
10 0
0.02
5
Relative standard error (%)
...... 100 50 25 (Ma)
0 ! ! ; i g
0 1 2 3 4
Precision
Relative .
Radial plot
Frequency frequency
20 0.08
Peak: 14.8 Ma a
15F 40.06
155+1.2 Ma
. +2
10 0.04 0
2
5 0.02
Relative standard error (%)
—+ 1 B 100 50 25 (Ma)
0 = el ! ; ; i 3
0 10 20 30 40 1 2 3 4
(Ma) Precision

Age

4K, EM-1 DT,

Fig. 4. Age-frequency histogram (left) with age spectra (curves presented in relative frequency) and radial plot (right; Galbraith,
1990) for fission-track data obtained from the Shiraoi oki -1 well sample.
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Fig. 5. Age-frequency histogram (left) with age spectra (curves presented in relative frequency) and radial plot (right; Galbraith,
1990) for fission-track data obtained from the Tomakomai oki A-1 well sample.
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Table 2. Summary of fission-track ages and reliability ranking for each sample.
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Spontaneous Induced Dosimeter
No. Well name Depth  Hor. Meth. No. P Ns pi Ni pd Nd r P(xz) U Age =10 Peak age Rank
(m) x10°/cm® % 10%/cm® x10*/cm? (ppm) (Ma) (Ma)
1 Shiraoii oki—1 2,507.7 T1? ED2 23 1.118 334 21153 643 8050 1,240 0914 99 210 155=*1.2 14.8 ©
27 1204 404 2142 719 0.783 89 210 16.8=%1.2 15.0 (@]
30 1.287 478 2086 775 0.624 10 210 184%*12 15.0
2 Tomakomai oki A-1 2,161 T1 ED2 29 1095 441 1.641 661 8059 1242 0.837 68 160 20.0*+14 18.2 X
3 Kyowa SK-1 2,200 T2 ED2 25 2152 867 3256 1,312 8079 1245 0.924 97 320 19.8*1.1 18.9 ©
28 2229 997 3231 1,445 0.879 76 320 20.7%1.41 19.2 (@]
30 2263 1,060 3.198 1,498 0.830 42 310 21.2%+11 19.2
4 Nishi umaoi SK-3 1,586 T2 ED2 29 1829 894 2577 1250 8.090 1,246 0.781 44 250 215*12 19.2 ©
30 1850 930 2525 1,269 0.697 7 250 220%1.2 19.2
5 Yufutsu SK-2 2,703.8 T2 ED2 30 2285 1,029 2341 1,054 8069 1,243 0.543 0 230 29.2*+16 29.9 X
6 Abira SK-1 2,480 T3 ED2 23 2368 513 2913 631 8067 1,243 0.939 99 290 244=*16 23.1 O
27 2194 605 2481 684 0.836 46 240 265*1.7 23.1
30 2353 755 2294 736 0.683 0 230 30.7*19 232
7 Abira SK-1 430493 T3 ED2 18 2.801 426 3596 547 8079 1245 0.826 89 350 234+17 20.8 (@]
30 3430 858 2970 742 0.164 0 290 347+20 21.0
8 Nishi umaoi SK-3 3,620 T3 ED2 30 3374 1503 2795 1245 8.090 1,247 0.681 73 270 36.2*1.38 33.1 A
9 Bibi SK-1 4120 T3 ED2 26 6.376 3345 5179 2717 8100 1,248 0.779 94 510 37.0*15 36.5 ©
30 6.669 4,150 4.843 3,014 0.345 0 470 414%16 36.6
10 Atsuma horonai SK- 3,030 T3 ED2 22 2965 609 3340 686 8018 1,236 0.905 72 330 264=%1.7 27.7 A
24 3029 667 3292 725 0.852 48 330 274=+17 27.9
30 3395 976 3.016 867 0.615 0 300 335*19 28.1

Rank: reliability, © high, O medium, A low
X : unsuitable

Hor.: Horizon, Meth.: Method, ED2: external detecor method applying to external surfaces, No.: Number of grains,
0 and N: density and total number of counted tracks, respectively, NIST-SRM612 standard glass was used as a dosimeter,

r: correlation coefficient between 0's and 01, P(x %): probability of obtaining the values for ¥ degrees of freedom (¥ =numberof crystals—1) (Galbraith, 1981),
U: uranium content, zircon grains were irradiated at rotary specimen rack in TRIGA Il reactor of St. Paul's University, ¢ gp,=372%5 (Danhara et a/., 1991)
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Fig. 6. Age-frequency histogram (left) with age spectra (curves presented in relative frequency) and radial plot (right; Galbraith,

1990) for fission-track data obtained from the Kyowa SK-1 well sample.



Radial plot
Age

86
Relative
Frequency frequency
20 0.06
Peak: 19.2 Ma
15F
215t1.2Ma  40.04
10
0.02
5
Relative standard error (%) (Ma)
_____ 0 100 50 25 20 Jo
45 60 0 1 2 3 4 5 6
(Ma) Precision

Age
Fig. 7. Age-frequency histogram (left) with age spectra (curves presented in relative frequency) and radial plot (right; Galbraith,

%74, PHEE SK-3 @1,586 m DFHTIX.
1990) for fission-track data obtained from the Nishi umaoi SK-3 well sample (1586 m).

Radial plot
AgeQ
1

Relative
Frequency frequency
20 - 0.03
-7 \\ Peak: 29.92 Ma
5
/ 40.02
10F I’I \\\
i 29.2+1.6 Ma °,
i \ 40.01
5F I/I : \\\\
// : N Relative standard error (%)
P i 100 50 25 20
15 30 45 60 0 1 2 3 4 5 6
(Ma) Precision

0
Age

%58 XK. FHil SK-2 DFHTIN.
1990) for fission-track data obtained from the Yufutsu SK-2 well sample.

Fig. 8. Age-frequency histogram (left) with age spectra (curves presented in relative frequency) and radial plot (right; Galbraith,
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Fig. 9. Age-frequency histogram (left) with age spectra (curves presented in relative frequency) and radial plot (right; Galbraith,
1990) for fission-track data obtained from the Abira SK-1 well sample (2480 m).
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Fig. 10. Age-frequency histogram (left) with age spectra (curves presented in relative frequency) and radial plot (right; Galbraith,
1990) for fission-track data obtained from the Abira SK-1 well sample (4304.93 m).
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TW5b00, ENEFIZELES GE10K) oT, FfEtko
VAR &Il S B,

8) PMEE SK-3@3,520 m: HiT-4E{RIE 50~23 Ma & - T
WBM, FELZR7 PV WERO FIZEI2dFohTEHD,
E— 7 OB S RO &< Rn (B 11 D).

9) ¥k SK-1@4,120 m: BHIZXFITE % 50 Ma & HHWn
AhTEBRL &, FRARZ PLVBEWEED (O 12 K),
E—74EMRME (36.7 Ma) & HIZIZ—H LTy, ElEtkos
WEREE Ml B,

10) JEEIRKN SK-1@3,300 m: HSIZXFITE % 50 Ma £
w6 AR &, FRARZ PLVORIZRL S (513
B E) A%, & 51240 Ma & 0 2 2 R 0 TERE % 3
L7z (E13IKH). FRART MV TREFVERDO FITED H
LaEw o, E—74ERME (27.7Ma) &b b OERME (26.4
+1.7Ma) TH3M, bT7 v 7 EOHMEIIED SN THL G
1.

5. B

AR E U TAER &l S h 5 230k (/N A-1
EHHLSK-2) <, 8HEITHE SN FT H4K8 G 14 XD %
ANTEITELT 5.

5.1 T1 J§ D4R

T1 il s 5 5N A-1 OFEHIME R & LTI
WY &M I N A, R (1982) 12 & D/ NEGh A-1 DELE
ERBIRERICH L E T aEM-1 0kl o FT E1R0E
15.5+1.2 Ma TH 0, 0 _EFEDE (21~15 Ma; FEH, 2010)
RS LT A, F72, MIED (2010) G LichiFizo
SK-2D i2 %13+ 3 T1 g 3 ikt K-Ar 4% (14.2+0.4, 17.5+1.3,
19.9+2.4 Ma) OHFNICH 5.

FAHE2 (2010) 1&, & 1F1F 0 SK-1 & /Ml C-1 @ T1
JEZRAEERIED Sr & Nd FfAKGMELTE D, Tho
DMK Sr/ASr e, 15 9Nd/"Nd D 1~ R MORB 123
WHE LK TH 5 b xTind (58 15 X)), imdtiEE T
i, 16 Ma LI 0L A D2 < BWHILH KilothiEi < » ~v
DAEFEPHN B L2 DfEicH 5 (A 2009).

FHah o 7 ZAHIZBWT, T1E RIS HET 2 I+ R EE
I FEBICALE 3 5 Gtk KL Ik HER S A & BEEA L A e
LT 0, Denticulopsis hyalina + (NPD4B: 14.9-13.1 Ma)
% Denticulopsis dimorpha 4 (NPD5D: 10.0-9.2 Ma) 1Zxf}t
SN B#E4E, Denticulopsis praedimorpha 45 (NPD5B: 12.9-
11.5 Ma) ISR SN A THERBHEN G E N T3 CIH8, 2004;
16 M), T, T1E FALOJRE » 5 X Neogloboquadrina
continuosa 7% & DRIFO B IFEEA LI LGP AIKE > v/
{¥.41 Sphenolithus heteromorphus (18.2-13.6 Ma: Berggren
et al., 1995) pEH LT % (Hanagata and Hiramatsu, 2005;
%516 XD,

TSI, TLE FLoRE» ST 2 IBEA LD Ammonia
BHEOB 20T Sr AR HES N TE D, ZORbAL
Sr4EfRI3 19.5+0.3 Ma TH 5 (I « 1ERE, 2013; 55 16 X).

320 T1JE K-Ar D 5 5, 14.2+0.4 Ma 3% & JIEH%

AUNE L, Sr & Nd RINLAEAHEE U7zl Td 5 2 &9 BAL
BLOTMLOPRSE DML AEREEZIET 5 &, T1 JHOFERUL 16~
14 Ma LiEEsh s (5 16 X).

5.2 T2 JE D4R

T2 g 5% 2 BB CEEEO SO FT RSB o ne 2h
53 HAI SK-1 @ 19. 8+1.1 Ma & PikEiE SK-3@1,586 m ® 21.5
+12MaThb, IhS5EFEEOHATHLTNS.

NSO HET 2 BB R TIE, Eo g (BElE
TR i FEBOL NGS5 19.83+1.0 Ma, 2L fAies
[EORIEAED S 19.9+1.0 Ma @ K-Ar AERAHE S h T
% (EEH, 1993). 7, HFF I (2010) bk PO LI
BWEN S 19.1+0.5 Ma ® K-Ar FRERELTHE. Zhb
D R-Ar FERRIBEE QTN T—H LT3, £/, ThoDR
e B X OFEREEHE (IR TohsicltbshTcnsiEo b
JEORIE (GE0iEh, 1993) O8Sr/Sr k& “Nd/“Nd tid
TIEERZWOSMIRE > T3 (15 K). BB REETIED
FE BB Jesm 5 Denticulopsis praelauta 4 (NPD3B: 16.3—-
15.9 Ma) icxtlbah 2 Em A BELSEH LT CEH -
i, 2000). —J7, WHFISK-1 THEEE 1,118~1,431 m [T
Denticulopsis praelauta i (2% b & 11 2 BEER LA BREEEDSEEH L
TE b, ZOXMIZIZ Ammonia BHELPEH LTS, Lichi-
T, Yo FT ik LR O K-Ar AEGEHIIZ I3 R U E#E
b, FTHEALE K-Ar FLH1FIF-H LT3,

BEH - #5SF (20000 12 N, T2 JE I3 _EEBWIETE O M E 0 E
iZaHohTnsg, LiL, Wl SK-1 0pEEE SK-3 d T2 g
@ FT FR0U3 21~20 Ma EHiHHHTH O, O g OER
(21~15 Ma; ZEH, 2010) iZH4 LT3 GE16 M) Z &n o,
Pzl EbIhsobiffoiEo E/mEREERIC >0 TER
R BLETH 5.

5.3 T3 J& D4R

T3ED FT AR 2 2D 7 V—Ti2ghn s (8 14 K). #
W7V — T I F SK-1 @ 2 3k (@2,480 m: 24.4+1.6 Ma,
@4,304.93 m: 23.4+1.7 Ma) &JZITIRAN SK-1 ® 26.4+1.7 Ma
Ths (EFE2E). Thoo FTHERITEEZOHMNT LT
BO, $HIZFSK1TIRZAT Z MO F#EETHO FT H44H
—H LTk, ZhoDERMOBIEMENE N EE2RLTH
%, MEHEE e o TR S hicibaiciksun T R
MM &L on TR O CEH - BiJF, 2000), HVAERS
V=70 FTHREHEEREOFERITHY L TWE, F 1,
Elphidium mabutii DG LR % T Sr FALAR LA
INTHEY, TOIBATU Sr4Ef 23.4£0.7 Ma (I - 17,
2013) EHMAL T B, L7ehi->T, MEHREOERIZ 26~
23 Ma EffEEsh 5 (5 16 X).

HOER S IV — TP SK-3@3,520 m D 36.2+1.8 Ma &
Fx SK-1D 37.0x1.5MaThb (F2HE). Zhod FTAER
FIRFITHEYS LT 0, AFEEE - IRNEOFR (F140~34
Ma: EHIZA, 2010) IT—H LT3 GE14X). Zhoobt
HTiR, T3EO FRICBNENRESN TS0, FEEFE/R
WHEBEFIZ OO THBRFANLETH 5.
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Fig. 11. Age-frequency histogram (left) with age spectra (curves presented in relative frequency) and radial plot (right; Galbraith,
1990) for fission-track data obtained from the Nishi umaoi SK-3 well sample (3520 m).
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Fig. 12. Age-frequency histogram (left) with age spectra (curves presented in relative frequency) and radial plot (right; Galbraith,
1990) for fission-track data obtained from the Bibi SK-1 well sample.
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Fig. 13. Age-frequency histogram (left) with age spectra (curves presented in relative frequency) and radial plot (right; Galbraith,
1990) for fission-track data obtained from the Azuma horonai well sample.
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Fig. 14. Summary of fission-track ages.
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Fig. 16. Depositional ages for the Takinoue and Minami-naganuma formations.
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