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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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˕ɫ৵݇ɶɾᶮၔʊᶬ׃ɮᆌᦑɶɾ࿏ࢫࢡɩʧʒ࿏ࢡሉࢫ࢖ᯕ

ʎᡰᄤࢫʇʉʩৃʪɲʇɪʨີᆾɴʫᶬɼʫʨʍࡩ̍ॆ࢜๚ɫ

൮ឡɴʫɾʝ Аɧʏᶬᙸ̍ࢨϷ᡼ᶬ1980; ᙸࢨᶬ1982ᶩɲ ɲʫʨ

ʍۨ࢜ʎݸ঒᷾ఖᱝۨܕʍۨᜟʊԔऑɸʪའʍͫ࢜ʇʎࢫᇁ̍

؉ಐ্֊ሃʇʡށɬɮᄴʉʪᧅԔɫɡʂɾɫᶬవح 50शϐϒ

ᬆʎžའʍͫ࢜ſʇɶʅͥଟʊכʩ૨ʮʫɾᶮ

వح 63श्ʊୖ԰ɴʫɾ֪եૠ SK-1ʎሃၴ࢜ᑳ቉࢜ࢫɪʨ

ᄊຝ̍ᄊ˂ˏʊીՑɶʅᶬեૠຝ̍˂ˏᄑɫᆌ᝾ɴʫɾᶮಢ

ຝ̍˂ˏᄑʎפዿͪ᎘ϒͬʍ࢜ཇɫʃɮʪ֪֋৷˱́ˏ˞ථ᥵

ʊϴᑝɶʅɩʩᶬ༈् 3,800~4,900 mʊԔऑɸʪᆏΩ᎚ᕼࢫ࣎

ᯕʇሃၴ࢜ᑳ቉࢜ࢫɫ˫˿˅˗˹̎ۿᡰᄤ࢜ʱথીɶʅɣʪ

ᶨࠪ۔ʚɪᶬ2004ᶩɲ

եૠຝ̍˂ˏᄑʍ᫕ᆌɫ᥼ʟʊʃʫ žɱའʍͫ࢜ſ಍ͫᧅʇ

ɴʫʪ T1࢜ʊຝ࢜ɫᆌ᝾ɴʫ žɱའʍͫ࢜ſʍॆ࢜ʍ൮ឡʎᡰ

ᄤࢫʍԔऑʣථ᥵ᆌᦑװʱᒑɧʪͫʆͭ׭ดʇʉʂʅɬɾᶮɼ

ʫʝʆᏘᏙᆔʊᜓʮʫʅɬɾᰚᥟ͵ᬘʉʈʍ؝᥆ۨᜟۨᢑ៬೿

ʣ׸ኚʍ্֊ሃ៬೿ʍψʊᶬܠከࠜᆔខ࿢ʣ༤ᮠ๝ᙿ֊ሃ៬೿

ʱంɾʊՒɧᶬɴʨʊ˫ʹ˙ˍ˽̉̍˞˿˙˅ʝ FT शɭϐ༨࠳

ʉʈʡከඐᆔʊ࠷ఆɴʫɾᶮɼʍᏃೖ žɱའʍͫ࢜ſɫͼᧅ᷾

ͬᧅͼంᏎʇͫᧅེంᏎʍ 2ʃʍۨ࢜ɪʨථીɴʫʅɣʪɲʇ

ɫనʨɪʊʉʩᶬԳᒓʱའʍͫ࢜ᶬাᒓʱంɾʊ୯ٞɶɾ֪ᫎ

ຠ࢜ʇɶʅឧᤓɴʫɾᶨഈᄑʚɪᶬ1997; ഈᄑ̍ීΥᶬ2000 .ɭ

FTशϐ༨࠳Ꮓೖʊʃɣʅʎᶬͥᧅʍशϐђʍʞɫӆᜟɴʫ

ʅɣʪɫ, ɼʍ៍Ꮂʊʃɣʅʎӆᜟɴʫʅɣʉɣᶮρۋᶬ̘δ

ᧉ˫ʹ˙ˍ˽̉̍˞˿˙˅ʍ֩Տʱৃʅᶬ۳Υោ௶ʍ FTशϐ

༨࠳Ꮓೖʊʃɣʅ៍Ꮂʊ൮ឡɶɾʍʆᶬؙܫɸʪᶮ

2ᶮॆ࢜

եૠຝ̍˂ˏᄑʍ۳Υॆ࢜ʱዿ ʊቌɸۑ1 ɲܛᆺʎ༈् 4,100m
ϒ༈ʊԔऑɶʅɩʩ ᎜ɱ 100 Maʍ௓࡭शϐʱቌɸᆏΩ᎚ᕼࢫ࣎

ᯕɪʨʉʪᶨሃຝᢁཆ᫕ᆌಣपᨾඋ૗եૠለኴˆ́̎˭ʚɪᶬ

1992ᶩɲ಍ͫᧅʊʎᯞ֊ञʱϪɥɫ ᕼɱࢫ࣎ᯕʎͥᕓʊ๚ᤑᆔం

Ოʆݼɮʍ˫˿˅˗˹̎ɫᆌᦑɶʅɣʪʝ ʚɪࠪ۔ 2ɱ004ᶩɲ ɼ

ʍͫϴʊʎͭ௨׹ʆ߂ంͳʍሃၴ࢜ᑳʇपӑ࢜ɫᤓʂʅɣʪᶮ

ሃၴ࢜ᑳʍͬᧅʎປࣽીʍ቉ࢫʣህࢫɪʨʉʪ቉࢜ࢫʆɡʩᶬ

ዿ .ॆ࢜ᶮեૠຝ̍˂ˏᄑʍ۳Υۑ1
Fig. 1. Subsurface stratigraphy of the Yufutsu oil and gas field.
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200᷾300 mʍ׃࢜ʱಐɸʪ ಢɲ࢜ͼʍӿ࿑ࢫʎ᎜ 40 Maʍ FT

शϐʱቌɸᶮͫᧅʎິࢫᶬӿ࿑ࢫᶬህࢫɩʧʒሃ࿝ʍΣ࢜ɪʨ

ʉʪތ࿝࢜ʆɡʩ ʎ׃ɱ࢜ 300᷾600 mʆɡʪ पɲӑ࢜ʎ᮱ࢫᶬ

ˍ́˞ᢑິࢫɩʧʒˍ́˞ࢫʣɼʫʨʍΣ࢜ʱ΂Ϲʇɸʪ ɲɲʫ

ʨʍۨ࢜ʎ˱́ˏ˞ථ᥵ʱথીɶʅɣʪʝ ഈᄑ̍ීΥᶬ2000ᶩɲ

াಜེంͳʍ֪ᫎຠ࢜ʎͬϴɪʨ ӿɱ࿑ᢑህࢫ ӿɱ࿑ធ቉ࢫᶬ

ʸ́ˉ̎ˏᢑህࢫʉʈʍ፱፯ሉࢫ࢖ᶨT3࢜ᶩɱ ܲၤˍ́˞ࢫᶬ

ˍ́˞ᢑ᷾ህᢑӿ࿑ࢫᶨT2࢜ᶩɪʨʉʩᶬ1ۋʍໟ᥼̍ໟᥠʆ

থીɴʫɾ໒ໟી᷾ᮂໟીʍۨ࢜ʇᒑɧʨʫʅɣʪᶨഈᄑ̍ී

Υ 2ɱ000ᶩɲ׃࢜ʎ᎜ 200᷾700 mʆɡʪᶮ̱ ʎࢫ˞́ Elphidium

mabutii ʱၔ৏ᆔʊݼɮ؉ʟಐࠏᚙ֊ሃᑳᭂᶨElphidium

mabutii ᑳᭂᶩɦ ᄊԎɸʪᶮ

འʍͫ࢜ʎ΂ʊ႞ฮࢫᢑʍ࿏ࢡ৷ܠከၑʝ T1࢜ ɪɭʨʉʩᶬ

ɼʍ׃࢜ʎԔऑʍͼއʆ׃ɮʝ ಍ށ᎜ 1,000 mᶩɱ ʊ؂ɪʂې؝

ʅᙙ֊ɶʅɩʩᶬӂϹʇɶʅ˴ʼ̉˟ၤʍዒϹথੳʱીɸᶨഈ

ᄑ̍ීΥᶬ2000ᶩɲ ͬᧅʊʎܲၤˍ́˞ࢫɫᆌᦑɶᶬAmmonia

spp ʍɲݼᄊʆၔ৏ʄɰʨʫʪಐࠏᚙ֊ሃᑳᭂʝ Ammonia ᑳᭂᶩ

ɫᄊԎɸʪᶮ

ಢຝ̍˂ˏᄑʇɼʍ؝᥆ʆʎ ଶɱᒐ࢜ʱดɣʅवכ+ᤏᕎ࢜ϒ

ͫʍ࢜ཇɫ T1࢜ʊˀ̉˿˙˭ɶʅɣʪʝ ഈᄑ̍ීΥ 2ɱ000ᶩɲ

3ᶮោ௶ɩʧʒ༨ఄ࠳ຫ

ዿ ʊቌɸۑ2 8۳Υɪʨ୚כɶɾˉʸ 6ោ௶ᶬˁ ˙˜ʹ̉ˆ

ዿ ʍԔऑᶮ࢜ɩʧʒ֪ᫎຠ࢜ʇའʍͫۑᶮեૠຝ̍˂ˏᄑɩʧʒ۳Υϴᑝۑ2
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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ˏ 4ោ௶ʍឞ 10ោ௶ᶨዿ 1ᜟᶩʱ FTशϐ༨࠳ʊЙɶɾᶮ8

۳Υʍፍᄬ֊ɶɾࢫᇁ೻ၤۑʇಐࠏᚙ֊ሃᑳᭂʍᄊԎ֙᫙ʱዿ

ʊቌɸᶮۑ3

ᆏᒐຒï1ʍោ௶ʎଶᒐ࢜ʊࡩ๚ɴʫʅɣʪ˝ʺˋʺ˞ʝ ᙸࢨᶬ

1982 ʆɭɡʪᶮᖒࡷၐຒ A-1ʍោ௶ʎᤏሃᢑ˝ʺˋʺ˞ᢑӿ࿑

ʆɡʩࢫ ᙸɱʝࢨ 1982 ʎɭଶᒐ࢜ʇɶʅɣʪɫᶬͬ ϴʊ Ammonia

ᑳᭂɪʨʉʪಐࠏᚙ֊ሃʱᄊԎɸʪິࢫɫᆌᦑɶʅɣʪɲʇɪ

ʨᶬT1࢜ʊࡩ๚ɴʫʪᶮ֩ح SK-1ʍោ௶ʎୖหϊ᥎ʆ୚כɴ

ʫɾࠪࢫࢡᢑӿធ࿑቉ࢫʆɡʩᶬͫϴʊ Ammonia ᑳᭂʱᄊԎ

ɸʪິࢫɫᆌᦑɶʅɣʪɲʇɪʨ Tɱ2࢜ʊࡩ๚ɴʫʪ ᝷ɲᰚᥟ

SK-3ʍ༈् 1,586 mʇեૠ SK-2ʍោ௶ʎͫϴʊ Ammonia ᑳ

ᭂʱᶬͬ ϴʊ Elphidium mabutii ᑳᭂʱᄊԎɸʪິࢫɫᆌᦑɶ

ʅɣʪɲʇɪʨ Tɱ2࢜ʊࡩ๚ɴʫʪᶮࠪ व SK-1ʍ༈् 2,480 mᶬ

᝷ᰚᥟ SK-3ʍ༈् 3,520 mᶬᑬɍ SK-1ɩʧʒ׃ᇍपӑ SK-1

ʍោ௶ʎɣɹʫʡͫϴʍິࢫʆ Elphidium mabutii ᑳᭂʍ

ᄊԎɫሯ៖ɴʫʅɣʪɲʇɪʨ Tɱ3࢜ʊࡩ๚ɴʫʪᶮࠪ व SK-1

ዿ 1ᜟᶮ˫ʹ˙ˍ˽̉̍˞˿˙˅शϐ༨࠳ោ௶ͥជ.
Table 1. List of samples used for fission-track dating and analytical results.

ዿ .ཇ࢜כʇោ௶୚ۑᶮ۳Υ೻ၤۑ3
Fig. 3. Columnar sections of wells showing depths of samples used for fission-track dating.
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ʆʎᶬ༈् 3,604 mʊՍ་ˏ˿ˏ˞ɫሯ៖ɴʫʅɩʩʝ ᙸࢨᶬ

1982ᶩɱ ༈् 4,304.93 mʍោ௶ʎͬᆺʍ T3࢜ʊࡩ๚ɴʫʪᶮ

ϒͫᥙʘɾɲʇʱ௨Ⴞɸʪʇᶬ༨࠳ោ௶ʎଶᒐ࢜ʊ 1ោ௶ᶬའ

ʍͫ࢜ʍ T1࢜ʊ 1ោ௶ᶬ֪ ᫎຠ࢜ʍ T2࢜ʊ 3ោ௶ ฾ɱʩ 5ោ

௶ɫ T3࢜ʊࡩ๚ɴʫʪᶮ

FTशϐ༨࠳ʎ̘δᧉ˫ʹ˙ˍ˽̉̍˞˿˙˅ʊີݹɶɾᶮ

༨࠳ʎዒ௟ࠍׄࠜށ࿖ʝ TRIGA MARK IIᶩɦ ᄍɣʅ zɱetaᤑฬ

ʊʧʪݹᧅ˝ʹ˜˅˕̎ຫᶨ෮ׄᶬ1995ᶩʆ࠷ఆɴʫɾᶮ༨࠳

ʎɸʘʅᏃౘݹᧅᮅᶨED 2ᶩʱЋᄍɶɾᶮ

ɣɹʫʍោ௶ʡ֝Ԕʉᨃʍˎ́ˉ̉Ꮓౘʱ؉ʲʆɩʩᶬᕫᶬ

ᥨన् ᔵɱথ৷ʉʈɪʨ࠳৷ᆔʊ᝾ከʡʂɾಢᢑᏃౘʍՁ׹ʝ ෮

ׄᶬ1995 ʎɭ 30᷾100%ʆɡʪʝ ዿ 1ᜟᶩɲ ʝɾᶬ˞˿˙˅ᫎʍ

ዿ .ۑᶮᆏᒐຒï1ʍព೒ۑ4
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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ሀᐗɫͥᧅʍោ௶ʊ៖ʠʨʫʪɫᶬಢᢑᏃౘʍՁ׹ɫϵɣោ௶

ʊʎሀᐗɫ៖ʠʨʫʉɣᶮ

4ᶮ༨࠳Ꮓೖʍ൮ឡ

ಅʊឧᤓɴʫɾशϐђʱዿؙܫີݹ 1ᜟʊቌɸᶮ

̘δᧉ˫ʹ˙ˍ˽̉̍˞˿˙˅ʊКᯈɶʅᶬ׸ោ௶ʊʃɣʅ

ព೒ʝۑ ෮ׄʚɪᶬ2004: शϐ˨ˏ˞ˆ˿˶ᶬशϐˏ˰˅˞́ᶬ

˿˝ʹʸ́˭̃˙˞ʉʈʍ 6ʃʍۑɪʨʉʪᶩʱంɾʊЀીɶ

ʅʡʨʂɾᶮशϐ˨ˏ˞ˆ˿˶ᶬशϐˏ˰˅˞́ɩʧʒ˿˝ʹ

ʸ́˭̃˙˞ʱᄍɣʅᄴᢑ፯ࠍʍ៖࠳ʱᜓɣᶬᄴᢑ፯ࠍʱᬐɣ

ʅ FTशϐʍӖឞጣʱᜓʂɾᶮɼʍᏃೖʱዿ 2ᜟʊቌɸᶮϒͬ

ʊោ௶๗ʊ൮ឡᏃೖʱᥙʘʪᶮ

1 ᆏɭᒐຒ-1@2507.7 m: शϐ˨ˏ˞ˆ˿˶ʆʎ 30 Maʧʩפ

ɣ 3፯ࠍɫʣʣ᭏ʫʅɩʩᶬशϐˏ˰˅˞́ʆʡפɣशϐʗʍ

঒ʩԎɶɫ៖ʠʨʫʪᶨዿ ᶩɲʇɪʨᶬ30ͫۑ4 Maʧʩפɣ

3፯ࠍʱᄴᢑ፯ࠍʇɶʅכʩᬐɣɾᶮɶɪɶᶬशϐˏ˰˅˞́

ʆʡפɣशϐʗʍ঒ʩԎɶɫʝɿ៖ʠʨʫʪʍʆ ɴɱʨʊ 30~

28 Maʍ 4፯ࠍʱՒɧɾ 7፯ࠍʱᬐɮʇशϐˏ˰˅˞́ʎᮂण

ʊᕩɣথʇʉʩᶨዿ ᶩɱͬۑ4 ˪̎˅शϐђᶨ14.8 Maᶩʡ០आ

ʍጳېӑʊɡʩᶬдᯈ৷ʍᱝɣशϐђʇԟఀɴʫʪᶮ

2 ᖒɭࡷၐຒ A-1@2,161 m: 35᷾8 Maʍ๚ᤑᆔၶɣጳېʍ፯

शϐʱቌɶᶬχ2ࠍ ൮࠳ʊʡ׹ഓɶʅɣʪɫᶬशϐˏ˰˅˞́ʎ

नूʆ˪̎˅ʍᇁࡩᯇ्ʡϵɣʝ ዿ ᶩɲۑ5 10 Maϊ᥎ʊပʺ˯

̉˞ɫ៖ʠʨʫ Bɱrandonʝ 2002 ʆɭព೒ɸʪʇ 9ɱ Maʇ 21 Ma

ʍ˪̎˅शϐђɫৃʨʫɾᶮशϐ༨࠳ោ௶ʇɶʅʎͭᦞഓʇԟ

ఀɴʫʪᶮ

3ᶩ֩ ح SK-1@2,200 m: शϐ˨ˏ˞ˆ˿˶ʆʎ 30 Maʧʩפ

ɣ 2፯ࠍɫʣʣ᭏ʫʅɩʩᶬशϐˏ˰˅˞́ʆʡפɣशϐʗʍ

঒ʩԎɶɫ៖ʠʨʫʪɲʇɪʨᶬɲʍ 2፯ࠍʱᄴᢑ፯ࠍʇɶʅ

ᬐɣɾᶮɶɪɶᶬʝɿפɣशϐʗʍ঒ʩԎɶɫ៖ʠʨʫʪɲʇ

ɪʨ ɴɱʨʊ 29 Maʧʩפɣ 3፯ࠍʱᬐɮʇ शɱϐˏ˰˅˞́

ʍথʎᮂणʊᕩɮʉʩᶨዿ ᶩɱۑ6 ˪̎˅शϐђᶨ18.9 Maᶩʡ

០आጳېӑʊɡʩᶬдᯈ৷ʍᱝɣशϐђʇԟఀɴʫʪᶮ

4ᶩ᝷ᰚᥟ SK-3@1,586 m:शϐ˨ˏ˞ˆ˿˶ʆʎ˪̎˅ɫ

2ʃʍʧɥʊ᝾ɧʪɫᶬशϐˏ˰˅˞́ʆʎפɣशϐʗʍ঒ʩ

Ԏɶɫ៖ʠʨʫʪʡʍʍᶬ๚ᤑᆔᕩɣথʱɶʅɣʪᶨዿ ۑ7 .ɭ

నᇬʊ֙Ԡʆɬʪ 50 Maʧʩפɣ 1፯ࠍʱᄴᢑ፯ࠍʇɶʅᬐɣʅ

शϐђʱ๳ʠɾᶮ

5 եɭૠ SK-2@2,703.8 m: ፯ࠍशϐʎ 50᷾11 MaʇԔ௣ɶʅ

ɩʩᶬχ2 ൮࠳ʊʡވഓᶨ5ᶥಠག ɶɭʅɣʪᶨዿ 2ᜟᶩɲ शϐˏ

˰˅˞́ʆʎ 2ʃʍ˪̎˅ɫ៖ʠʨʫᶨዿ ᶩɱۑ8 शϐ༨࠳ោ

௶ʇɶʅʎͭᦞഓʇԟఀɴʫʪᶮBrandonᶨ2002 ʆɭព೒ɸʪ

ʇᶬ18 Maʇ 34 Maʍ˪̎˅शϐђɫৃʨʫɾᶮ

6ᶩࠪ व SK-1@2,480 m: 40 Maʧʩפɣ 7፯ʝࠍ 60 Maʧʩ

ɣפ 3፯ࠍʱ؉ʟᶩʱᬐɮʇᶬᮂणʊᕩɣথʍशϐˏ˰˅˞́

ʇʉʩᶨዿ ᶩɱۑ9 ˪̎˅शϐђᶨ23.1 Maᶩʡ០आጳېӑʊɡ

ʩᶬдᯈ৷ʍᱝɣशϐђʇԟఀɴʫʪᶮ

7ᶩࠪव SK-1@4,304.93 m: పʊ֙Ԡʆɬʪࡄ 40 Maʧʩפ

ɣ 12፯ࠍʱᬐɮʇᶬशϐˏ˰˅˞́ʎפɣशϐʗʣʣ঒ʩԎɶ

ዿ ၐຒࡷᶮᖒۑ5 A-1ʍព೒ۑ.
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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s Ns i Ni d Nd r P( 2) U
(ppm)

ዿ 2ᜟᶮ˫ʹ˙ˍ˽̉·˞˿˙˅शϐ༨࠳Ꮓೖʍ൮ឡᏃೖ.
Table 2. Summary of fission-track ages and reliability ranking for each sample.

ዿ حᶮ֩ۑ6 SK-1ʍព೒ۑ.
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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ዿ ᶮ᝷ᰚᥟۑ7 SK-3 @1,586 mʍព೒ۑ.
Fig. 7. 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 (1586 m).

ዿ ᶮեૠۑ8 SK-2ʍព೒ۑ.
Fig. 8. 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 Yufutsu SK-2 well sample.
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ዿ ᶮࠪवۑ9 SK-1 @2,480 mʍព೒ۑ.
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).

ዿ ᶮࠪवۑ10 SK-1 @4,304.93 mʍព೒ۑ.
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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ʅɣʪʡʍʍᶬথɫᮂणʊᕩɮʉʪʝ ዿ ۑ10 ʍɭʆᶬдᯈ৷ʍ

ᱝɣशϐђʇԟఀɴʫʪᶮ

8ᶩ᝷ᰚᥟ SK-3@3,520 m: ፯ࠍशϐʎ 50᷾23 Maʇᑁʂʅ

ɣʪɫᶬशϐˏ˰˅˞́ʎפɣशϐʍఄʊঃɬɹʨʫʅɩʩᶬ

˪̎˅ʍᇁࡩᯇ्ʡϽʩᱝɮʉɣᶨዿ ᶩɲۑ11

9ᶩᑬɍ SK-1@4,120 m: పʊ֙Ԡʆɬʪࡄ 50 Maʧʩפɣ

4፯ࠍʱᬐɮʇᶬशϐˏ˰˅˞́ʡᕩɣথʇʉʩᶨዿ ᶩɱۑ12

˪̎˅शϐђᶨ36.7 Maᶩʇʡʚʛͥᔸɶʅɩʩᶬдᯈ৷ʍᱝ

ɣशϐђʇԟఀɴʫʪᶮ

10 ɭ׃ᇍपӑ SK-1@3,300 m: పʊ֙Ԡʆɬʪࡄ 50 Maʧʩ

ɣפ 6፯ࠍʱᬐɮʇᶬशϐˏ˰˅˞́ʍথʎᕩɮʉʪᶨዿ 13

ͫۑ ɫɭᶬɴʨʊ 40 Maʧʩפɣ 2፯ࠍʱᬐɣʅशϐђʱឞጣ

ɶɾᶨዿ ᶩɲͬۑ13 शϐˏ˰˅˞́ʆʎᖏɣशϐʍఄʊ঒ʩԎ

ɶɫ៖ʠʨʫᶬ˪ ̎˅शϐђᶨ27.7 Maᶩʧʩʡᖏɣशϐђᶨ26.4

±1.7 Maᶩʆɡʪɫᶬ˞ ˿˙˅ᫎʍሀᐗʎ៖ʠʨʫʅɣʉɣᶨዿ

1ᜟᶩɲ

5ᶮᒑࡗ

༨࠳ោ௶ʇɶʅͭᦞഓʇԟఀɴʫʪ 2ោ௶ᶨᖒࡷၐຒ A-1

ʇեૠ SK-2ᶩɦ ᬐɮᶬ8ោ௶ʆৃʨʫɾ FTशϐʝ ዿ ᶩɦۑ14

ᄍɣʅ΂ʊᒑࡗɸʪᶮ

5.1 T1࢜ʍशϐ

T1࢜ʊࡩ๚ɴʫʪᖒࡷၐຒ A-1ʍោ௶ʎ༨࠳ោ௶ʇɶʅʎͭ

ᦞঞʇԟఀɴʫʪɫᶬᙸࢨᶨ1982ᶩʊʧʩᖒࡷၐຒ A-1ʍោ௶

ʇ׽පʊଶᒐ࢜ʊࡩ๚ɴʫʅɣɾᆏᒐຒ-1ʍោ௶ʍ FTशϐʎ

15.5±1.2 Maʆɡʩ འɱʍͫ࢜ʍशϐʝ 21᷾15 Ma; ഈᄑ 2ɱ010ᶩ

ʊᇁঞɶʅɣʪᶮʝɾᶬࢨಳʚɪᶨ2010ᶩɫؙܫɶɾɡɰʛʍ

SK-2Dʊɩɰʪ T1࢜ 3ោ௶ʍK-Arशϐʝ 14.2±0.4 1ɱ7.5±1.3ᶬ

19.9±2.4 Maᶩʍጳېӑʊɡʪ.

ಳʚɪᶨ2010ᶩʎᶬɡɰʛʍࢨ SK-1ʇᖒࡷၐຒ C-1ʍ T1

ʍࢫࢡᢑࠪࢫ႞ฮ࢜ Srʇ Nd׽ϴϹ๚ʡ༨࠳ɶʅɩʩ ɲɱʫʨ

ʍោ௶ɫϵ87Sr/86Sr๚ ᱝɱ143Nd/144Nd๚ʍʺ̉˟ຼMORBʊ᥎

ɣೝ༓ɶɾᎻીʆɡʪʇᥙʘʅɣʪᶨዿ ᶩɲۑ15 ᝷֪֋ໟᦐʆ

ʎ 1ɱ6 Maϒᬆʍ႞ฮࢫʍݼɮɫ೅֋ఖಢঌʍೝ༓ᆔ˴̉˞́

ʍᎻીጳېӑɩʧʒɼʍϊ᥎ʊɡʪᶨ؝ᙸᶬ2009ᶩɲ

եૠຝ̍˂ˏᄑʊɩɣʅ Tɱ1ͫ࢜ϴʊᆌᦑɸʪवכ+ᤏᕎ࢜

಍ͬᧅʊϴᑝɸʪ؉ໟᏵሃ࿏ࢡ৷ΠตܠከࢫɪʨႵᙿ֊ሃɫᄊ

Ԏɶʅɩʩ Dɱenticulopsis hyalina ञʝ NPD4B: 14.9–13.1 Maᶩ

ʣ Denticulopsis dimorpha ञʝ NPD5D: 10.0–9.2 Ma ʊɭࡩ๚

ɴʫʪᑳᭂᶬDenticulopsis praedimorpha ञᶨNPD5B: 12.9–

11.5 Ma ʊɭ៖࠳ɴʫʪӖܠከᑳᭂɫ؉ʝʫʅɣʪᶨवೋ 2ɱ004;

ዿ ᶩɲۑ16 ʝɾᶬT1ͬ࢜ϴʍິࢫɪʨʎ Neogloboquadrina

continuosa ʉʈʍвࠓʍ਱ɣໜᦈ৷ಐࠏᚙ֊ሃʣሃ࿑ᢑˠ̉ˤ

֊ሃ Sphenolithus heteromorphusᶨ18.2–13.6 Ma: Berggren

et al., 1995 ɫɭᄊԎɶʅɣʪʝ Hanagata and Hiramatsu 2ɱ005;

ዿ ᶩɲۑ16

ɴʨʊ Tɱ1ͬ࢜ϴʍິࢫɪʨᄊԎɸʪेᄉಐࠏᚙʍ Ammonia

ᑳᭂʍ๏ʱᄍɣʅ Sr׽ϴϹ๚ɫ༨࠳ɴʫʅɩʩ ɼɱʍ಍ʡᖏɣ

Srशϐʎ 19.5±0.3 MaʆɡʪᶨՒᙸ̍Ϸᙸᶬ2013; ዿ ۑ16 .ɭ

3ʃʍ T1࢜ K-Arशϐʍɥʀ 1ɱ4.2±0.4 Maɫ಍ʡ༨࠳០आ

ɫࡷɴɮ Sɱrʇ Nd׽ϴϹ๚ɫೝ༓ɶɾᎻીʆɡʪɲʇʣͫϴ

ɩʧʒͬϴʍິࢫʍ্֊ሃशϐʱᒑ઄ɸʪʇ Tɱ1࢜ʍशϐʎ 16᷾

14 Maʇୟ࠳ɴʫʪᶨዿ ᶩɲۑ16

5.2 T2࢜ʍशϐ

T2࢜ɪʨʎ 2ោ௶ʆдᯈ৷ʍᱝɣ FTशϐɫৃʨʫɾ ɼɲʫ

ʨʎ֩ح SK-1ʍ 19 8ɲ±1.1 Maʇ᝷ᰚᥟ SK-3@1,586 mʍ 21.5

±1.2 Maʆɡʩᶬɲʫʨʎ០आʍጳېʆͥᔸɶʅɣʪᶮ

ɲʫʨʍ۳Υʊᬯଢ଼ɸʪᰚᥟ͵ᬘʆʎᶬའʍͫ࢜ᶨᰚᥟ࢜ࢡ

ͬᧅᶩ಍ͬᧅʍࠪࢫࢡདࢫɪʨ 19.3±1.0 Maᶬࠪࢫࢡᢑធ቉ࢫ

ធ቉ɪʨࢫࢡʍࠪ࢜ 19.9±1.0 Maʍ K-Arशϐɫؙܫɴʫʅɣ

ʪʝ ༠᥆ʚɪᶬ1993ᶩɲ ʝɾᶬࢨಳʚɪʝ 2010 ʡɭ಍ͬᧅʍࠪࢡ

ɪʨࢫདࢫ 19.1±0.5 Maʍ K-Arशϐʱؙܫɶʅɣʪᶮɲʫʨ

ʍ K-Arशϐʎ០आʍጳېӑʆͥᔸɶʅɣʪ ʝɲɾ ɲɱʫʨʍࠪ

๚ɴʫʅɣʪའʍͫࡩቃោᩪɔ֪पɕʆɲʫʨʊܛɩʧʒࢫࢡ

ᶨ༠᥆ʚɪᶬ1993ᶩʍ87Sr/86Sr๚ʇ143Nd/144Nd๚ʎࢫࢡʍࠪ࢜

T1࢜ʇʎనʨɪʊᄴʉʂʅɣʪʝ ዿ ᶩɲᰚᥟ͵ᬘʆʎའʍۑ15

ɪʨDenticulopsisࢫᧅʍິͫ࢜ͫ praelauta ञʝ NPD3B: 16.3–

15.9 Maᶩʊࡩ๚ɴʫʪႵᙿ֊ሃᑳᭂɫᄊԎɶʅɣʪᶨഈᄑ̍

ීΥᶬ2000ᶩɲ ͥఄᶬ֩ح SK-1ʆʡ༈् 1,118᷾1,431 m᫙ʆ

Denticulopsis praelauta ञʊࡩ๚ɴʫʪႵᙿ֊ሃᑳᭂɫᄊԎɶ

ʅɩʩ ɲɱʍ֙᫙ʊʎ Ammonia ᑳᭂʡᄊԎɶʅɣʪ ɶɲɾɫʂ

ʅᶬ۳Υʍ FTោ௶ʇۨᜟʍ K-Arशϐោ௶ʎʚʛ׽ɷ࢜ཇʊ

ɡʩᶬFTशϐʇ K-Arशϐʡʚʛͥᔸɶʅɣʪᶮ

ഈᄑ̍ීΥʝ 2000 ʊɭʧʫʏᶬT2࢜ʎͫᧅེంᏎʍ֪ᫎຠ࢜

ʊ؉ʠʨʫʅɣʪᶮɶɪɶᶬ֩ح SK-1ʣ᝷ᰚᥟ SK-3ʍ T2࢜

ʍ FTशϐʎ 21᷾20 MaʇԳಜͼంͳʆɡʩ འɱʍͫ࢜ʍशϐ

ᶨ21᷾15 Ma; ഈᄑ 2ɱ010 ʊɭᇁঞɶʅɣʪʝ ዿ ۑ16 ɲɭʇɪʨᶬ

ᄟʊʃɣʅʎӖ݄࢜ᫎຠ֪/࢜ʉɮʇʡɲʫʨʍ۳Υʍའʍͫࡸ

൮ឡɫ৕᝸ʆɡʪᶮ

5.3 T3࢜ʍशϐ

T3࢜ʍ FTशϐʎ 2ʃʍˆ́̎˭ʊԔɪʫʪʝ ዿ ᶩɲۑ14 ᖏ

ɣशϐˆ́̎˭ʎࠪव SK-1ʍ 2ោ௶ʝ @2,480 m: 24.4±1.6 Maᶬ

@4,304.93 m: 23.4±1.7 Ma ʇɭ׃ᇍपӑ SK-1ʍ 26.4±1.7 Ma

ʆɡʪʝ ዿ 2ᜟᶩɲ ɲʫʨʍ FTशϐʎ០आʍጳېӑʆͥᔸɶʅ

ɩʩᶬၔʊࠪव SK-1ʆʎˏ˿ˏ˞ʍͫᆺʇͬᆺʍ FTशϐɫ

ͥᔸɶʅɩʩᶬɲʫʨʍशϐђʍдᯈ৷ɫᱝɣɲʇʱቌɶʅɣ

ʪᶮ֪ᫎຠ࢜ʎාॾۨɼʍψʆሯ៖ɴʫɾ্֊ሃʊܛʄɣʅͫ

ᧅེంᏎʇᒑɧʨʫʅɩʩᶨഈᄑ̍ීΥᶬ2000ᶩɱ ᖏɣशϐˆ

́̎˭ʍ FTशϐʎ֪ᫎຠ࢜ʍशϐʊᇁঞɶʅɣʪᶮʝɾᶬ

Elphidium mabutii ᑳᭂʍಐࠏᚙ๏ʱᄍɣʅ Sr׽ϴϹ๚ɫ༨࠳

ɴʫʅɩʩ ɼɱʍ಍ʡᖏɣ Srशϐ 23.4±0.7 MaᶨՒᙸ̍Ϸᙸᶬ

2013 ʇɭʡ៬حɶʅɣʪᶮɶɾɫʂʅᶬ֪ᫎຠ࢜ʍशϐʎ 26᷾

23 Maʇୟ࠳ɴʫʪᶨዿ ᶩɲۑ16

ɣशϐˆ́̎˭ʎ᝷ᰚᥟפ SK-3@3,520 mʍ 36.2±1.8 Maʇ

ᑬɍ SK-1ʍ 37.0±1.5 Maʆɡʪʝ ዿ 2ᜟᶩɲ ɲʫʨʍ FTशϐ

ʎ߂ంͳʊᇁঞɶʅɩʩ ሃɱၴ࢜ᑳ̍पӑ࢜ʍशϐᶨ᎜ 40᷾34

Ma: ഈᄑʚɪᶬ2010 ʊɭͥᔸɶʅɣʪʝ ዿ ᶩɲۑ14 ɲʫʨʍ۳

ΥʆʎᶬT3࢜ʍͬϴʊपӑ࢜ɫ៖࠳ɴʫʅɩʩᶬ֪ᫎຠ࢜/प

ӑ݄࢜ᄟʊʃɣʅӖ൮ឡɫ৕᝸ʆɡʪᶮ
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ዿ ᶮ᝷ᰚᥟۑ11 SK-3 @3,520 mʍព೒ۑ.
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).

ዿ ᶮᑬɍۑ12 SK-1ʍព೒ۑ.
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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6ᶮʝʇʠ

8۳Υʍžའʍͫ࢜ſɪʨ୚כɶɾˉʸ̍ˁ˙˜ʹ̉ˆˏ 10
ោ௶ʊʃɣʅ FTशϐ༨࠳ʱ࠷ఆɶɾ ፯ɲࠍशϐ˨ˏ˞ˆ˿˶ᶬ

፯ࠍशϐˏ˰˅˞́ɩʧʒ˿˝ʹʸ́˭̃˙˞ʊܛʄɣʅᄴᢑ

፯ࠍʍᠪԠʣ༨࠳ោ௶ʇɶʅʍᦞ৷ʱ൮ឡɶᶬ2ោ௶ʱ༨࠳ោ

௶ʇɶʅͭᦞഓʇԟఀɶɾᶮ฾ʩ 8ោ௶ʍ FTशϐʎϒͬʍʧ

ɥʊ௨Ⴞɴʫʪᶮ

T1࢜: 15.5±1.2 Maᶨᆏᒐຒ-1ᶩ

T2࢜: 19.8±1.1 Maʝ ح֩ SK-1ᶩɱ 21.5±1.2 Maʝ ᝷ᰚᥟ SK-3

@1,586 mᶩ

ዿ ᇍपӑ׃ᶮۑ13 SK-1ʍព೒ۑ.
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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T3࢜

ǋᖏɣशϐˆ́̎˭: 24.4±1.6 Ma,23.4±1.7 Maʝ ࠪव SK-1

@2,480 m,@4,503.95 mᶩɱ26.4±1.7 Ma

ᶨ׃ᇍपӑ SK-1ᶩ

ǌפɣशϐˆ́̎˭: 36.2±1.8 Maʝ ᝷ᰚᥟ SK-3 @3,520 mᶩɱ

37.0±1.5 Maᶨᑬɍ SK-1ᶩ

K-Arशϐᶬͫϴ࢜ɩʧʒͬϴ࢜ʍ্֊ሃशϐᶬࠪࢫࢡʍ Sr

ɩʧʒNd׽ϴϹ๚ʉʈɪʨᶬT1࢜ʍशϐʎ 16᷾14 Maʇୟ࠳

ɴʫʪᶮ

ഈᄑ̍ීΥᶨ2000ᶩʎ T2࢜ʱͫᧅེంᏎʍ֪ᫎຠ࢜ʊ؉ʠ

ʅɣʪɫ Tɱ2࢜ʍ FTशϐʎ 21᷾20 MaʍԳಜͼంͳʆɡʩᶬ

འʍͫ࢜ʊᇁঞɶʅɣʪᶮɶɾɫʂʅᶬࡸʉɮʇʡɲʫʨʍ۳

Υʆʎའʍͫ࢜/֪ᫎຠ݄࢜ᄟʊʃɣʅӖ൮ឡɫ৕᝸ʆɡʪᶮ

T3࢜ʍᖏɣशϐˆ́̎˭ʍ FTशϐʣ Elphidium mabutii ᑳ

ᭂʍ಍ʡᖏɣ Srशϐʝ 23.4±0.7 Ma ɪɭʨᶬ֪ᫎຠ࢜ʍशϐʎ

26᷾23 Maʇୟ࠳ɴʫʪ Tɲ3࢜ʍפɣशϐˆ́̎˭ʍ FTशϐ

ʎ߂ంͳʆɡʩᶬሃၴ࢜ᑳ̍पӑ࢜ʍशϐʊᇁঞɶʅɣʪᶮ

᠙᤺

ᢁ௶ʍӆᜟʱឯ׭ɴʫɾሃຝᢁཆ᫕ᆌ̘ʊ༈᠙ɶʝɸᶮ׽቎

૮᜖ಢᧅ૮᜖ለኴ૗ʍࡷऑఆనᤡͪ̍ࠍᑬౙࠍʍ͸๤ʊʎ্֊

ሃʊʃɣʅɣʬɣʬ௟ɧʅ᮲ɣɾᶮ̘ δᧉ˫ʹ˙ˍ˽̉̍˞˿˙

˅ʍ෮ׄ ৑̍ࢫᨂᖓේʍ͸๤ʊʎ׸ោ௶ʍព೒ۑʍ୯Йʇशϐ

ђʍӖឞጣʉʈʱɩᯓɣɶɾᶮϒͫʍఄɍʊ׃ɮɩቍᄔɶͫɱ

ʝɸᶮ

ዿ .Ꮓೖʍʝʇʠ࠳ᶮशϐ༨ۑ14
Fig. 14. Summary of fission-track ages.
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ዿ .˞˙̃˭ᶮ143Nd/144Ndï87Sr/86Srۑ15
Fig. 15. Plot of 143Nd/144Nd versus 87Sr/86Sr.

ዿ .ʍशϐ࢜ɩʧʒ֪ᫎຠ࢜ᶮའʍͫۑ16
Fig. 16. Depositional ages for the Takinoue and Minami-naganuma formations.
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