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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

1. U (At « U OEL &S 2 eI biliah, 225, K

It Ak -H&EO 3 M2 KB & U TIEEIC 51 5 Ail

JLifEE T, BEAD 30 4R LRI IRBA S M O AR SL 12 % BIAHB S N, A - i T, 2ERERLHE T220m ) 1<
ES/] L/’C%f_/», HIZ UOEERA R S g, TN 37 AR ITHRILAE RNT, HEHESE [rE0R ) T &I ER (B AL AT FRAR DL
il Urc, UL, IR 45 5D SR E - cEo [ERA B 2 U7c CRIIED, 1997). 5l&kes, AMEBEZER
i B OV RIHR PR SR A7 Z BT ) 55 4 IR 5 o AR 5T T Hr gk DSREGRIE D E I 2 Il U, DR~ sl foin o T i 7 —



80

Geologic Subsurface

Age Stratigraphy Schematic
. Column
Pleistocene Quaternary
_ Nina Depth (m)
bl B il . 9 1000
laie Biratori _ﬁi
" +Karumai - i
. g
2 middle S T s 4
= Takinoue -
early = "Takinouwe

: T1 facies Formation™'o

ﬂliEﬂt‘Eﬂt" Minami- [ =1 2
naganuma:a -
Foraminiferal 1
e Assemblage
Poronai -
Eocene vial

Ishikari }
Ciroup cgl 4 3000

B . W W -

Cretaceous Granites

B, B - 7 AHOGUIET.
Fig. 1. Subsurface stratigraphy of the Yufutsu oil and gas field.
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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 (@) 18.4+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 O 292+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 246+17 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 4120 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 a/. (1998)
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Fig. 3. Columnar sections of wells showing depths of samples used for fission-track dating.
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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.

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) % 10%/cm? x10%/cm? % 10*/cm* (ppm) (Ma) (Ma)
1 Shiraoii oki—1 2,507.7 T1? ED2 23 1.118 334 2153 643 8050 1240 0914 99 210 155*+12 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%1.1 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 8090 1246 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 0 230 292*+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 30719 23.2
7 Abira SK-1 430493 T3 ED2 18 2801 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 1,245 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 27417 27.9
30 3395 976 3.016 867 0.615 0 300 335*19 28.1

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.
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1990) for fission-track data obtained from the Nishi umaoi SK-3 well sample (1586 m).
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SK-2D 2k} % T1 /8 3 skt K-Ar E1% (14.2+0.4,17.5+1.3,
19.9+2.4 Ma) OHIFNIZH 5.

Mk EA (20100 13, & 13120 SK-1 & /M C-1 @ T1
JEZRAEERIED Sr & Nd FfAbMIELTE D, Tho
DB DMESr/ASr b, 15 9Nd/"Nd D 1~ R MORB 123
WHE LK TH 5 L xTind (588 15 X)), imdtiEE T
i, 16 Ma IO LA D2 < BlILH KilothiEi <~ ~y
DHKFPANE K2 fhEIcH 5 (I 2009).

FHh - 7 ZAHICB W, T1E RMLICHET 2 P+ R 2EE
I TR AL 9 5 Arifkk A K I IR HER S A S HiR A 3 e
i L TH 0, Denticulopsis hyalina + (NPD4B: 14.9-13.1 Ma)
% Denticulopsis dimorpha 47 (NPD5D: 10.0-9.2 Ma) 1Zxf}t
SN BHE4E, Denticulopsis praedimorpha 45 (NPD5B: 12.9-
11.5 Ma) ISR SN B THERRHEN G E N T3 CH2, 2004;
16 ). F2, T1E FALO RS » 5 1% Neogloboquadrina
continuosa 7% & DRIF OB IREHEA LI LGP AIKE >~/
1tA7 Sphenolithus heteromorphus (18.2-13.6 Ma: Berggren
et al., 1995) MpEH LT % (Hanagata and Hiramatsu, 2005;
%16 XD,

TSI, T1E FLoRE» SEEHT 2 IBER LI DO Ammonia
BHEOB 20T Sr AR HES N TE D, Z0RbAL
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 33 & IE R

MNE L, Sr & Nd [RNR I AHGE U IcHlk T 5 2 & kA
BLUOTFLOPRSE DML AEREEZIET 5 &, T1 JHOHEIL 16~
14 Ma LiEE s h 2 (5 16 KX).

5.2 T2 JE DR

T2 g2 5% 2 B CREEEO RO FT RSB o n. Z2h
53 HHA1 SK-1 @ 19. 8+1.1 Ma & PikEiE SK-3@1,586 m ® 21.5
+12MaTh0, ThoRBEEOHATHLTNS,

INSOYHICHET 2 B R TI, Mo g (BElE
T B FESOLIIEE AN S 19.3+1.0 Ma, ZILIAH £
[BOLINEMEN S 19.9+41.0 Ma ® K-Ar £EAHE ST
5 (EEA, 1993). 7, WFIZ0 (2010) bix PO
BEED S 19.120.5 Ma ® K-Ar FRERELTHE. b
D R-Ar FERRIBEE QTN T—H LT3, £/, ThoDR
ke B X OFEREEHE (IR TohosictbshTunsiEo b
oIS GEiEH, 1993) D¥Sr/Sr Lk & 43Nd/“Nd ki ix
TIEERZWOMIRE > T3 (15 K). BB REETIIED
LJE EE o e n & Denticulopsis praelauta 4 (NPD3B: 16.3-
15.9 Ma) icxtlbah 2 EE LA BEIEHR LTS CEH -
i, 2000). —J7, WHFISK-1 THHEE 1,118~1,431 m [T
Denticulopsis praelauta i (2% b & 11 2 BEER LA BEEEDSEEH L
THh, ZOXMIZIZ Ammonia BHELPEH LTS, Lichi-
T, Yo FT ik LR O K-Ar AEGRRHI T I3 U #E
b, FTHEALE K-Ar FLH 13 -H LT3,

BEH - #5F (20000 12 &N, T2 JE 3 _EEBWIEHE O M EEE
iZaEHohTnsg, LiL, Wl SK-1 0pEEE SK-3 D T2 g
@ FT #fR0U3 21~20 Ma Sl ca 0, #Eo HgoagR
(21~15 Ma; ZEH, 2010) iIZH4 LT3 GE16 ) Z &En b5,
Pzl &b IhsobiHoiEo Eg/mERBEERIC >0 TERH
Kt BN ETH B,

5.3 T3 Jg D4R

T3ED FT I 2 2D 7V —Fizghn s (B 14 K). &
W7V — T34 SK-1 O 2 ik (@2,480 m: 24.4+1.6 Ma,
@4,304.93 m: 23.4+1.7 Ma) &JEEIRAN SK-1 ® 26.4+1.7 Ma
Ths (EE2K). Thoo FTHEREGEZEOHANT LT
BO, $FIZLFESK1TIRZAT Z MO F#EETHO FT A4
—HLTEY, Zho0ERMBOBEENEH EE2RLTH
3. mEHEEERE o TR S hicibaic ks T R
MM EZE L on TR O CEH - BiJF, 2000), HVAELS
W=7 FTHREHEEREOFERITHY LT3, F1,
Elphidium mabutii DG FLH5R % T Sr FALAK LA
INTHEY, TOIbAT Sr4Ef 23.4£0.7 Ma (I - 17,
2013) EHMAL TS, L7ehi->T, MEBEOERIZ 26~
23 Ma it sz (55 16 XD,

HOER S IV — TP SK-3@3,520 m D 36.2+1.8 Ma &
¥k SK-1D37.0x15MaTh s (H2£). 2h oD FTAE
FIRFIITHEYS LT 0, AFEEE - RNEOFER (F140~34
Ma: EHIEA, 2010) IT—H LT3 (BE14X). Thoobt
HTWE, TSEO FIICBRNENEESINTE D, MEHEE/MmR
HWEEFRIZOWTHBRFANBETH 3.
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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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T1J8: 15.5+1.2 Ma (J9#-1)

T2 J&: 19.8+1.1 Ma (I%#F1 SK-1), 21.5+1.2 Ma (74 /&:8 SK-3

@1,586 m)
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Fig. 14. Summary of fission-track ages.
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(JZHEI%MN SK-1)

@HWERR T IV — T 36.2+1.8 Ma (P58 SK-3 @3,520 m),

37.0+1.5 Ma (364 SK-1)

K-Ar 4548, BAE B KO Th g oMb A4ER, KIE o Sr
B LU N RNRES EMn S, T1EOENRIT 16~14 Ma EHfEE
N5,

TEH - B (2000) 1 T2 @A LMo M EREICE D
T30, T2 O FT 4RI 21~20 Ma OFilhEitTH v,
FO EBIZHY LTS, LkhsT, il EdbInonbt
HTRiED FE/MEEREERIC OO THRFADNBETH 3.

T3 [BOFH VAR 7 )V — 7 D FT 40 Elphidium mabutii #f
LR B Sr A (23.4+0.7 Ma) 5, HERBOFERI

26~23 Ma &EHfEE & 5. T3 O WAE 7 )V — 7 @ FT 448
IEFTH D, AIFERE - IRNEOERITHY L TH 3.
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