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◊✲ᡂᯝࡢᴫせ㸦ᩥ㸧㸸ኴ㝧⣔ึᮇᙧᡂࡓࢀࡉⅣ⣲㉁ࢺࣛࢻࣥࢥ୰ྠ࣒࢘ࣜࣂࡢయẚࢆ

ศᯒࣜ࢝ࣝࠊࡋ㔠ᒓඖ⣲࡛ࡢ࣒࢘ࢩࢭࡿ࠶ᾘ⁛᰾✀㸦༙ῶᮇࡵࡓ࠸▷ࡀ⌧ᅾࡣᏑᅾ࠸࡞ࡋ᰾

✀㸧࣒࢘ࢩࢭѸ㸯㸱㸳ࡢᏑᅾࢆ☜ㄆ≉ࠋࡓࡋỈ㉁ኚᡂࢆᙉࡓࡅཷࡃⅣ⣲㉁ࡿ࠶࡛ࢺࣛࢻࣥࢥ

⊃ᒣ㝹▼ࡽ࣮ࣝࣝࢻࣥࢥࡢྠ࡞ࡁయ␗ᖖࢆⓎぢࠊࡓࡲࠋࡓࡋᚓࡣࢱ࣮ࢹࡓࢀࡽᖺ௦್࡛

 ࠋ࠸㧗ࡀᛶ⬟ྍࡿ࠸࡚ࡋ♧ࢆΰྜࡿࡼỈ㉁ኚᡂࡓࡗࡇ㉳ኴ㝧⣔ึᮇࠊࡃ࡞ࡣ
 
◊✲ᡂᯝࡢᴫせ㸦ⱥᩥ㸧㸸The barium isotopic compositions of carbonaceous chondrites, which 
formed in the early solar system, were analyzed and the evidence of the extinct nuclide 
Cs-135, a nuclide which had decayed out due to its short half-life, were found.  Cesium is 
one of the alkaline metal elements.  Especially, those from chondrules of the Sayama 
meteorite, one of the heavily altered carbonaceous chondrites by aqueous alteration, have 
large isotopic anomaly.  The obtained data may not account for the time of formation but 
may be explained by mixing at the aqueous alteration in the early solar system. 
 
Ỵᐃ㢠 
                               㸦㔠㢠༢㸸㸧 

 ┤᥋⤒㈝ 㛫᥋⤒㈝ ྜ ィ 

㸰㸮㸮㸵ᖺᗘ 1,800,000 540,000 2,340,000 

㸰㸮㸮㸶ᖺᗘ 1,000,000 300,000 1,300,000 

㸰㸮㸮㸷ᖺᗘ 600,000 180,000 780,000 

ᖺᗘ    

  ᖺᗘ    

⥲ ィ 3,400,000 1,020,000 4,420,000 

 
 
◊✲ศ㔝㸸Ᏹᐂᆅ⌫Ꮫ࣭㝹▼Ꮫ 
 ศ⛉࣭⣽┠㸸ᆅ⌫ᝨᫍ⛉Ꮫ࣭ᆅ⌫ᏱᐂᏛࡢ㈝◊⛉
ࢩࢭࠊ࣮ࣝࣝࢻࣥࢥࠊ▼ᒣ㝹⊂ࠊ▼㝹ࠊయྠࠊ࣒࢘ࣜࣂࠊ࣒࢘ࢩࢭࠊ✀㸸ᾘ⁛᰾ࢻ࣮࣮࣡࢟

 Ѹ㸯㸱㸳࣒࢘
 
㸯㸬◊✲㛤ጞᙜึࡢ⫼ᬒ 
 
 㝹▼≉ࠊጞཎⓗࠊࡣࢺࣛࢻࣥࢥ࡞ኴ㝧
⣔ࡀᙧᡂࡵึࡶ᭱ࡁࡓࢀࡉᅛࡓࡋ≀
㉁ࡢ㞟ࡢࡑࠊࡾ࠶࡛ࡾࡲᚋࠊయࡿࡍ⼥⁐ࡀ
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ሗࣜ࢝ࣝࠋࡿ࠸࡚ࡵ␃ࡲࡲࡢࡑࢆ㔠ᒓඖ
⣲ࡣᆺඖ⣲࡛Ꮡᅾ㔞ࡶከ࡞␗≉ࡢࡑࠊࡀ࠸
ᛶ㉁ࠊࡵࡓࡢኴ㝧⣔ึᮇࡢከᵝ࡞ศู㐣⛬
࡚ࡋࡇ㉳ࢆศ㓄࣭ື⛣࡞ࡁ㠀ᖖ࡚࠸࠾
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◊✲ㄢ㢟ྡ㸦ⱥᩥ㸧 Research on behaviors of the alkaline metal elements in the early 

solar system by the extinct nuclides chronology 
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ぢᵓᡂᡂศ✀ྛࡢ㝹▼୰ࡣ㊧ࡢࡑࠊࡾ࠾
ᆅ⌫㸫᭶⣔ᙧᡂࠊࡓࡲࠋࡿࡁ࡛ࡀࡇࡿࡅࡘ
ࢆศู࡞ࡁࡶ࡚࠸࠾㇟⌧࡞つᶍࡢ➼
㉳ࡢࡑࠊࡾ࠾࡚ࡋࡇᏑᅾᗘྠࡸయ⤌ᡂࡣᝨ
ᫍ≀㉁ᙧᡂ㐣⛬ࡢ᥎ᐃ࡞ࡁไ⣙ࢆ࠼
 ࠋA.N. Halliday 2004㸧ࠊࡤ࠼㸦ࡿ࠸࡚
ࡅ࠾ཎጞኴ㝧⣔(1)ࡣ㔠ᒓඖ⣲ࣜ࢝ࣝ 
ࣥ࢜㝧(2)ࠊ࠸ࡍࡸࡋⓎࡃపࡀจ⦰ ᗘࡿ
࡞ᖺ௦Ꮫ࡛㔜せ(3)ࠊ࠸ࡍࡸࡅ⁐Ỉࡾ࡞
 ,㸦K-40, Rb-87ࡴྵࡃከࢆ✀ᨺᑕᛶ᰾ࡿ
Cs-135࡞㸧ࡓࡗ࠸≉ᚩࠋࡿ࠶ࡀ༶ࠊࡕ⛣
ሗࡢࡵࡓࡿࡍ᥎ᐃࢆᖺ௦ࡢࡑࠊࡃࡍࡸࡋື
 ࠋࡿ࠶࡛⩌ඖ⣲࠸ࡍࡸᚓࢆ
 
 ୖ㏙ࡢ㸱Ⅼࡢ≉ᚩ㛵㐃࡚ࡋḟ࡞࠺ࡼࡢ
ㄢ㢟ࡀᏑᅾࡿࡍ㸸 
ࢺࣛࢻࣥࢥⅣ⣲㉁࡞ጞཎⓗࡶ᭱ (1)
୰ぢࡿࢀࡽⓑⰍໟ᭷≀ࠊࡣཎጞኴ㝧ᙧᫍ㞼
ࢀࡽ࠼⪄ࡿ࠶ᅛయ࡛ࡓࡋ⦰จึ᭱ࡽ
࠸㧗ࡢจ⦰ ᗘࠊࡾ࠾࡚ Caࡸ Alࡢ࡞ඖ⣲
࡛ᵓᡂࡿ࠸࡚ࢀࡉ㸦ࡤ࠼ Yoneda & 
Grossman 1995㸧ࡀࢁࡇࠋⓑⰍໟ᭷≀ࡢ୰
ࡢࡎࡣ࠸࡞ࢀࡲᮏ᮶ྵࡣ Na ࢇྵከ㔞ࢆ
ໟ᭷≀ᙧࡣࢀࡇࠊࡾ࠾࡚ࢀࡽ▱ࡀࡢࡶࡿ࠸࡛
ᡂᚋࡢẚ㍑ⓗప ࡢ⎔ቃࡿࡅ࠾ኚᡂࡓࡢ
ኴ㝧⣔ᫍ㞼ෆ࡛ࡀቃ⎔ࡢࡇࠋࡿࢀࡽ࠼⪄ࡵ
ࡶᅾ⌧ࡣࡢࡿ࠶㝹▼ẕኳయୖ࡛ࠊࡢࡿ࠶
㆟ㄽࠋࡿ࠸࡚࠸⥆ࡀ 
(2) ᙧᡂ┤ᚋࡢ㝹▼ẕኳయ࡛ࠊࡣ㖔≀ࡢ
ኚᡂࠊ࠺ࡼࡿࢀࡽࡳᾮయࡢỈࡀᏑᅾ࡚ࡋ
≀᭷ᶵྜࡣᏑᅾࡢỈࠋࡿ࠶ࡀドᣐࡓ࠸
ࡑࠊࡀࡿ࠸࡚ࡗࢃࡃ῝⏕ㄌࡢ⏕ࡶ
㛵ᏑᅾᮇࡢỈࡎࡽࢃࡶ㔜せᛶࡢ
ࠊ㏆᭱ࡋࡋࠋࡿ࠸࡚ࢀࡽ㝈㠀ᖖࡣሗࡿࡍ
┦ḟ࡛࠸㸰ࡢࡘ㝹▼ࡽኴྂࡢሷỈࡀⓎ
ࡕ࠺ࡢࡑࠋࡓࢀࡉⓎぢࡀᒾሷ⤖ᬗࡓࡁ࡛࡚ࡋ
⤖ࠊࡣᒾሷࡢ▼Monahans㝹ࡿ࠶࡛ࡘ୍ࡢ
ᬗ୰ࡢẼἻࡢ୰ᾮయࡢỈࡀ㛢ࡌ㎸ࢀࡽࡵ
 ࠋ(Zolensky et al. 1999)ࡓ࠸࡚
(3) K-40  Rb-87 ࢀࡒࢀࡑࡣ K-Ar ἲ
࡛✀ぶ᰾ࡢᑐᖺ௦ ᐃἲ⤯࠺࠸Rb-Srἲ
Cs-135ࠊࡓࡲࠋࡿ࠶ ῶᮇ༙ࡣ 230 ᖺࡢ᰾
༙ࠊࡀࡓ࠸࡚ࡋᏑᅾࡣኴ㝧⣔ᙧᡂࠊ࡛✀
ῶᮇࡵࡓ࠸▷ࡀ 46 ൨ᖺ⤒ࡓࡗ⌧ᅾ࡛ࡣቯ
ኚࡋᑾ࡚ࡋࡃᏑᅾ࠸࡞ࡋᾘ⁛᰾✀࡛ࠋࡿ࠶ᾘ
⁛᰾✀ࠊࡋࡋࡣ㝹▼୰➼࡛ࡣቯኚࡁ࡛࡚ࡋ
ሙࡿࡁฟ᳨࡛࡚ࡋయ␗ᖖྠࡢ✀ፉ᰾ࡓ
࡚ࢀࡉ⏝ᛂᖺ௦Ꮫࡢኴ㝧⣔ึᮇࠊࡾ࠶ࡀྜ
࡚ࡋ✀ᾘ⁛᰾࡞࠺ࡼࡢࡇࠋࡿ࠸ Be-10, 
Al-26, Ca-41, Mn-53, Fe-60, Pd-107, I-129, 
Sm-146, Hf-182, Pu-244ࡢ 10᰾✀ࡲࢀࡇࡀ
࡛☜ㄆࠊࡀࡿ࠸࡚ࢀࡉᡃࡣࠎᬑ㏻ࣛࢻࣥࢥ
ࡿ࠶࡛ࢺ Beardsley 㝹▼ࡽ Cs-135 ࡿࡼ
ࡿࢀࡽ࠼⪄ Ba-135 ࢆయ␗ᖖྠ࡞☜᫂ࡢ
ୡ⏺࡛ึ࡚ࡵⓎぢࡓࡋ(Hidaka et al. 2001)ࠋ 
 
ࡢグ(3)ୖ≉  Cs-135 ᖹᡂ࡚ࡋ㛵ฟ᳨ࡢ

㸯㸳ᖺᗘࡾࡼ㸯㸵ᖺᗘ࡛ࡲ⛉Ꮫ◊✲㈝⿵ຓ
㔠ࠊࡅཷࢆᖺ௦Ꮫࡢᛂ⏝ࠋࡓࡁ࡛ࢇ⤌ࡾྲྀ
Monahans 㝹▼ࡃࡌྠᒾሷ⤖ᬗࡢⓎぢࡉ
ࠊࡋฟ᳨ࢆ㊧ࡢCs-135ࡶࡽ▼Zag㝹ࡓࢀ
ᖺ௦᥎ᐃࡢࠎ✀ࠊࡓࡲࠋࡓࡗ⾜ࢆⅣ⣲㉁ࣥࢥ
ࡢࢺࣛࢻ BaྠయẚࢆศᯒࠊࡋCs-135ࡔ
ࡿࢀࡲྵࡀᡂศࡢ※ཎᏊ᰾ྜᡂ㉳ࠊࡃ࡞࡛ࡅ
 㸦Hidaka et al. 2003, Hidakaࡓࡋ♧ࢆࡇ
& Yoneda 2005, 2006㸧ࠋ 
 
㸰㸬◊✲ࡢ┠ⓗ 
 
ࡶᆺඖ⣲࡛Ꮡᅾ㔞ࡣ㔠ᒓඖ⣲ࣜ࢝ࣝ 
ከ࡞␗≉ࡢࡑࠊࡀ࠸ᛶ㉁ࠊࡵࡓࡢኴ㝧⣔ึ
ᮇࡢከᵝ࡞ศู㐣⛬࡚࠸࠾㠀ᖖ࡞ࡁ
⛣ື࣭ศ㓄ࢆ㉳ࡢࡑࠊࡾ࠾࡚ࡋࡇ㊧ࡣ㝹▼
୰ྛࡢ✀ᵓᡂᡂศぢࠋࡿࡁ࡛ࡀࡇࡿࡅࡘ
ᮏ◊✲ࠊࡣ㝹▼୰ࣜ࢝ࣝࡢ㔠ᒓඖ⣲ࡢᏑᅾ
ᗘࢀࡑ㛵㐃ࡿࡍඖ⣲ྠࡢయẚࢆ⢭ᐦ
 ᐃࡢࡽࢀࡇࠊࡋඖ⣲࡞࠺ࡼࡢࡘ࠸ࡀ㐣⛬
 ࠋࡿࡍⓗ┠ࢆࡇࡿࡍゎ᫂ࢆࡓࡋື⛣࡛
 ᮏ◊✲࡛ࡣ๓㏙࡞࠺ࡼࡢ≧ἣࢆ㋃ࠊ࡚࠼ࡲ
㝹▼ໟ᭷≀ࡢ㧗 ኚᡂࡸ㝹▼ẕኳయୖࡢỈ
㉁ኚᡂࣜ࢝ࣝࠊࢆ㔠ᒓඖ⣲ࡢࡑᨺᑕᛶ᰾
ࡶࡿࡍ࠺ࡇ⾜࡚ࡋࡽ᫂ࠊ࡚ࡋ⏝ࢆ✀
◊ᖺ௦Ꮫⓗࡿࡍ㛵Ỉ㉁ኚᡂ≉ࠋࡿ࠶࡛ࡢ
ࡢ≀Ⅳ㓟ሷ㖔ࠊࡣ✲ Rb-Srᖺ௦࡛ኴ㝧⣔ᙧᡂ
ᚋ⣙㸯൨ᖺ௨ෆ㸦Macdougall et al. 1984㸧
✀ᾘ⁛᰾ࡢ▼ࣥࣛࣥ࢝ࡸⅣ㓟ሷࠊ್࠺࠸
Mn-53㸦༙ῶᮇ 370ᖺ㸧ࡿࡼᖺ௦࡛ኴ㝧
⣔ᙧᡂᚋࢀࡒࢀࡑ⣙ 1650ᖺᚋ(Endress et 
al. 1996)700ࠊ㹼1600ᖺᚋ(Hutcheon et al. 
Zagࠊ࡚ࡋᑐ್ࡓࡋ(1998 㝹▼ࡢᒾሷ
✀ᾘ⁛᰾ࡓࢀࡉฟ᳨ࡽ I-129㸦༙ῶᮇ 1570
ᖺ㸧ࡿࡼኴ㝧⣔ᙧᡂ┤ᚋ⣙ 200ᖺ௨ෆ
࠾࡚ࡋ┪▩ࡀ(Whitby et al. 2000) ್࠺࠸
ᮇᚅࡿࢀࡽ࠼ࢆሗ࡞ࡓ᪂ࡀCs-135ࠊࡾ
 ࠋࡿࡁ࡛
 
㸱㸬◊✲ࡢ᪉ἲ 
 
 ከࡢࡃ✀㢮ࡢ㝹▼ࣜ࢝ࣝࡽ㔠ᒓඖ⣲
㐺ษࠋࡓࡗ⾜ࢆศᯒࡢඖ⣲ࡿࡍ㛵ಀࢀࡑ
ࡃከࢆ㔠ᒓඖ⣲ࣜ࢝ࣝࠊධᡭࢆ㝹▼ヨᩱ࡞
㢧ᚤ㙾ୗࡣ࠸ࡿ࠶ᢳฟࡿࡼ㓟ࢆ㒊ศࡴྵ
ඖ⣲⃰ࠊࡋฟࡾྲྀࡾࡼࢢࣥ࢟ࢵࣆࢻࣥࣁ࡛
ᗘࢆ ICP ㉁㔞ศᯒἲ࡛ồࠊࡓࡲࠋࡓࡵRb-Sr
ᖺ௦ ᐃࡣ Sr Cs-135ࠊࢆ ฟ᳨ࡢ㊧ࡢ
ࡣ Ba 㠃㟁㞳ᆺ㉁㔞ศ⾲ࠊᚋࡓࡋᏛศ㞳ࢆ
ᯒィ࡚࠸⏝ࢆ⢭ᐦྠయẚศᯒࠋࡓࡗ⾜ࢆᒾ
ሷ⤖ᬗࣜ࢝ࣝࡢ࡞㔠ᒓඖ⣲ࢆከࡴྵࡃ
㒊ศࡣỈࠊࡵࡓ࠸ࡍࡸࡅ⁐ヨᩱࡢ๓ฎ⌮
ヨࠊࡓࡲࠋࡿ࠶ᚲせ࡛ࡀࡇ࠸࡞࠸⏝ࢆỈࡣ
ởࡢࡽ⸆ヨ࠸⏝ࢆ⸆㧗⣧ᗘヨ࡚ࡍࡣ⸆
ᰁࢆ㑊ࠋࡿࡅ 
 
(1)ヨᩱ 



 

 

 ᅜ❧⛉Ꮫ༤≀㤋ᡤⶶࡢ㝹▼ࡧࡼ࠾ෆእࡢ
ࢀࡇࠋࡓ࠸⏝ࢆ㝹▼ヨᩱࡓࡋධᡭࡾࡼ⪅✲◊
࡛ࡲ Cs-135 ▼㝹ࡢࡘ㸰ࡓࡋฟ᳨ࢆ㊧ࡢ
㢮✀ࡢࡢࡑࠊࡀࡿ࠶࡛ࢺࣛࢻࣥࢥᬑ㏻ࡣ
Ⅳ⣲ࡓࡋⴠୗ᪥ᮏࠋࡓࡵ㐍ࢆศᯒࡢ▼㝹ࡢ
㉁ࡿ࠶࡛ࢺࣛࢻࣥࢥ⊃ᒣ㝹▼ࡿࢀࡲྵ
Ⅳ㓟ሷ㖔≀୰ࡢẼἻᾮయࡢỈࡢᏑᅾࡀ☜
ㄆࡿ࠸࡚ࢀࡉ(Zolensky et al., 2001)ࡇࠋ
ᅜ❧⛉Ꮫ༤≀㤋⏝✲◊ࡣ㒊୍ࡢ▼㝹ࡢ
ᐤ㉗ࠊࡾ࠾࡚ࢀࡉศᯒ⏝ࡢࡑࠋࡓࡋࠊ
Ḣ⡿ࡢ༤≀㤋ᡤⶶࡿ࠸࡚ࢀࡉ㝹▼ࢡࣜࢆ
ࡿࡁ࡛ࠊࡣ▼㝹ࡿࡍ⏝ࠊ࠾࡞ࠋࡓࡋࢺࢫ࢚
ࠋࡔࢇ㑅ࢆࡢࡶࡓࢀࡉᅇⴠୗ┤ᚋࡅࡔ
Beardsley 㝹▼ᩘࡣᖺ⤒ࡽ࡚ࡗᅇࡓࢀࡉ
ࡣ∦◚ࡢࡇࠊࡀࡿࡍᏑᅾࡀ∦◚ Rb-Sr ྠࡢ
య⣔ࡀࠊࡾ࠾࡚ࢀࡽ▱ࡀࡇࡿ࠸࡚ࢀࡉ㞵
ࡀື⛣ࡢ㔠ᒓඖ⣲ࣜ࢝ࣝ㢼࡛ࡿࡼ➼
 ࠋࡿࢀࡽ࠼⪄ࡢࡶࡓࡗ࠶
 
(2)Ꮫฎ⌮ 
 ⌧ᅾࣜ࢝ࣝࠊ㔠ᒓඖ⣲⃰ࡢᗘࡢ㧗ࣛࣇ࠸
࠸ࢆ▼㝹ࡓࡋ⢊ᮎࠊࡵࡓࡿᚓࢆࣥࣙࢩࢡ
࠸࡚ࡗ⾜ࢆ᪉ἲࡿࡍ㓟࡛⁐ゎ࠸ᙅࡢࡘࡃ
࡛ࡲࢀࡇࡣࢀࡇࠋࡿ Rb-Sr ἲ➼࡛ࡢࡘࡃ࠸
᪉ࡓࡁ࡚ࢀࢃ⾜ࡵࡓࡿྲྀࢆࣥࣙࢩࢡࣛࣇ
ἲࢆᨵⰋࠋࡿ࠶࡛ࡢࡶࡓࡋ㠀ᖖຠ⋡ࡃࡼ
Cs/Ba ẚࡢ㧗ࡀࣥࣙࢩࢡࣛࣇ࠸ᚓࢀࡇࠊࢀࡽ
ࡢึ᭱ࡀ Beardsley 㝹▼ࡢࡽ Cs-135 ࡢ
㊧ࡢⓎぢࠊ࡚ࡗࡀࡓࡋࠋࡓࡗࡀ࡞ࡘᮏ◊✲
᪉ἲࡢࡇࡣ࡚࠸ࡘヨᩱࡢᒾࡶ࡚࠸࠾
ᡤ▷ࡢ᪉ἲࡢࡇࠊࡽࡀ࡞ࡋࡋࠋࡓࡗ⾜ࢆ
ศࡢࡿ࠶ఱ࡛ࡀ┦ࡿ࠸࡚ࡅ⁐ᐇ㝿ࠊ࡚ࡋ
Csࠊࡓࡲࠋࡿࢀࡽࡆ࠶ࡀⅬ࠸࡞ࡽ  Ba ࡢ
Ꮫศ㞳ࡣ㏻ᖖࡢ㝧ࣥ࢜ἲࡾࡼศ
㞳ࠋࡓࡗ⾜ࢆ 
 
(3)㉁㔞ศᯒἲ 
 ⢭ᐦྠయẚ ᐃࡣᅜ❧⛉Ꮫ༤≀㤋
タ⨨ࡿ࠸࡚ࢀࡉ Sector 54-30 ⾲㠃㟁㞳ᆺ㉁
㔞ศᯒィ㸦ⱥᅜ㹅㹔㹇♫〇㸧ࡢࡇࠋࡓ࠸⏝ࢆ
㉁㔞ศᯒィࡣᖹᡂ㸯㸴ᖺ㸱᭶㸵ࣇࡢࡘ
ࡢࡶ࠸ࡋ᪂࡚ࡍࢆࢱࢡࣞࢥ࣮ࢹࣛ
10ppmࠊࡋ ᐃ ࡢయྠࡢࡘᑐㄗᕪ࡛㸵┦ࡢ
ࡓࡋᏛศ㞳ࠋࡿ࠸࡚ࡗ࡞⬟ྍࡀ Ba ࡣ Re
ࣜࠊࡋࢺࢵࢭᐊࣥ࢜ࠊࡋሬᕸࣥ࣎ࣜ
ࣥ࢜ࡋ⇕ຍࡾࡼࡇࡍὶࢆ㟁ὶࣥ࣎
ࠋ࠺⾜ࢆBa ྠయࡢ ᐃ࡛ࠊࡣBa-134㹼
Ba-138 ࠊྠࡋᐃ ࢆయྠࡢࡘ㸳ࡢ 㔜యࡀᖸ
ࡿࡍ΅ La Ce ࡛ࣔࢱࢡࣞࢥࡢࡘ㸰ࡢࡾṧࢆ
㐺ࢆᶆ‽ヨᩱᮍ▱ヨᩱࡣᐃ ࠋࡿࡍ࣮ࢱࢽ
ᐅ ᐃࠊࡋ㛫ⓗ࡞ឤᗘኚࢆ࠸࡞ࡀ☜ㄆ
 ࠋࡓࡋ
 
㸲㸬◊✲ᡂᯝ 
 
(1)⊃ᒣ㝹▼ࡢ࣮ࣝࣝࢻࣥࢥỈ㉁ኚᡂ 
 㠀ᖖᙉ࠸Ỉ㉁ኚᡂࡓࡅཷࢆⅣ⣲㉁ࣥࢥ

 ,.ᒣ㝹▼㸦Yoneda et al⊂ࡿ࠶࡛ࢺࣛࢻ
2001㸧୰ࢆ࣮ࣝࣝࢻࣥࢥࡢ㢧ᚤ㙾ୗ࡛ࢻࣥࣁ
ࡿࡼ㓟ࡽࡉࠊࡋฟࡾྲྀࡾࡼࢢࣥ࢟ࢵࣆ
ከẁ㝵ᢳฟ࡚ࣜ࢝ࣝࡗ⾜ࢆ㔠ᒓඖ⣲ࡢᐃ
㔞 Ba ྠయศᯒࠋࡓࡗ⾜ࢆ⊃ᒣ㝹▼ࡣⅣ
㓟ሷ㖔≀୰ࡢẼἻᾮయࡢỈࡢᏑᅾࡀ☜ㄆ
ࣂࠊ(Zolensky et al., 2001)ࡀࡿ࠸࡚ࢀࡉ
ࡢࢡࣝ Ba ྠయ⤌ᡂࡣ Ba-135  Ba-137 
␗ᖖࡿ࠶ࡀ s-㐣⛬ඖ⣲ྜᡂࡾࡼ⏕ᡂࢀࡉ
ࣜ࢝ࣝࠊࡾ࠾࡚ࡅཷࡃࡁࢆᙳ㡪ࡢᡂศࡓ
㔠ᒓඖ⣲ Cs ✀ᾘ⁛᰾ࡢ Cs-135 ࠼⪄ࡿࡼ
࠶࡛ࡳࡢࡓࢀࡉฟ᳨ࡎࢃࡣᖖ␗ࡿࢀࡽ
ࢥࡢ▼ᒣ㝹⊂ࠋ㸦Hidaka et al., 2003㸧ࡓࡗ
㒊ศࡢࡾ࡞ࡾࡼỈ㉁ኚᡂࡣ࣮ࣝࣝࢻࣥ
ࡢඖ㒊୍ࠊࡾ࠾࡚ࡗ࡞㓟ሷࢣࣟࣇࡀ
㖔≀࡛ࡀ▼ࢇࡽࢇࡿ࠶ṧࠋࡿ࠸࡚ࡗ 

 

 ࣮ࣝࣝࢻࣥࢥ▼ᒣ㝹⊂ࡓࡋࢡࢵࣆࢻࣥࣁ 

 
⊃ᒣ㝹▼ࣥࣙࢩࢡࣛࣇྛࡢ࣮ࣝࣝࢻࣥࢥ
 ࢺࢵࣟࣉᵝࣥࣟࢡࢯࡿࡼ
 
 ⊃ᒣ㝹▼ࡢࢡࣝࣂࡢ Ba ྠయ⤌ᡂࡣ
Ba-135  Ba-137 ࡿ࠶ࡀᖖ␗ s-㐣⛬ඖ⣲ྜ
ᡂࡾࡼ⏕ᡂࡓࢀࡉᡂศࡢᙳ㡪ࢆཷࡃࡁ
ࡋ㓑㓟࡛ᢳฟࡣ࡛࣮ࣝࣝࢻࣥࢥࠊࡀࡿ࠸࡚ࡅ
ࠊࡋ♧ࢆ࣮ࣥࢱࣃࡌྠࡀࡳࡢࣥࣙࢩࢡࣛࣇࡓ
0.1 ࣔࣝሷ㓟ࡿࡼᢳฟࠊࡣ࡛ࣥࣙࢩࢡࣛࣇ
ࡉࠋࡓࡗ࡞ࢀࡉほᐹࡀయ␗ᖖྠࢇ
ࡓࡋỈ㸧࡛ᢳฟ⋥ࠊ㓟㸦㸰ࣔࣝሷ㓟࠸ᙉࡽ
ࡣ࡛ࣥࣙࢩࢡࣛࣇࡢ´㓟ṧࣥࣙࢩࢡࣛࣇ



 

 

ᾘ⁛᰾✀ Cs-135 ࡿࡁ࡛ࡽ Ba-135 ࡞☜᫂ࡢ
␗ᖖࡀぢࠋࡓࢀࡽ 
ᵝࣥࣟࢡࢯࢆࢱ࣮ࢹࡓࢀࡽᚓࠊࡋࡔࡓ 
࡞⥺┤࠸࡞ࡽ㏻ࢆཎⅬࡿࡍࢺࢵࣟࣉ
ࡾࡼ್ࡓࢀࡽࡵồࡽ≀ⓑⰍໟ᭷ࡶࡁഴࠊࡾ
ࡣᯝ⤖ࡢࡇ࡚ࡗࡀࡓࡋࠋࡓࡗ࡞ࡃࡁಸᩘࡶ
ࡿ࠶࡛ࢢࣥࢩ࣑࢟ࡃ࡞ࡣ࡛ࣥࣟࢡࢯ
⁐ࡀ▼ࢇࡽࢇࡣ㸰ࣔࣝሷ㓟࡛ࠋࡿࢀࡽ࠼⪄
ࡼỈ㉁ኚᛶࡽᯝ⤖ࡢࡽࢀࡇࠊࡵࡓࡍฟࡅ
ࡢኚ㉁ࡢ㓟ሷࢣࣟࣇࡢ▼ࢇࡽࢇࡿ
ᮇไ⣙ࢆࡢࡶࡿࡁ࡛ࡀࡇࡿ࠼⪃
ࡾࡼỈ㉁ኚᛶࠊࡕࢃ࡞ࡍࠋࡿࢀࡽ࠼ Cs ࡀ
୍㒊㖔≀㑅ᢥⓗࡍ♧ࢆࡇࡓࡋື⛣
ඹࠊỈ㉁ኚᛶࡀ㝹▼ẕኳయᙧᡂ┤ᚋ㉳ࡇ
 ࠋࡿ࠸࡚ࡋ♧ࢆࡇࡓࡗ
 
 ࢺࣛࢻࣥࢥⅣ⣲㉁ࡢࡢࡑ(2)
 ⊃ᒣ㝹▼ຍࠊ࠼㸴✀㢮ࡢⅣ⣲㉁ࣛࢻࣥࢥ
ࢺ Orgueil (CI), Mighei (CM2), Murray 
(CM2), Efremovka (CV3), Kainsaz (CO3), 
Karoonda (CK4)ࣜ࢝ࣝࡽ㔠ᒓඖ⣲ࡢᐃ㔞
 Ba ྠయศᯒࠋࡓࡗ⾜ࢆ 
 ⊃ᒣ㝹▼ࡣ࡛࣮ࣝࣝࢻࣥࢥࡢᙉ࠸㓟࡛ᢳ
ฟࣥࣙࢩࢡࣛࣇࡓࡋ㓟ṧ´ࣙࢩࢡࣛࣇࡢ
࡛ࣥᾘ⁛᰾✀ Cs-135 ࡿࡁ࡛ࡽ Ba-135 ᫂ࡢ
ࡢࢡࣝࣂࠊࡀࡓࢀࡽぢࡀᖖ␗࡞☜ Ba ྠయ
⤌ᡂࡣBa-135 Ba-137␗ᖖࡿ࠶ࡀs-㐣⛬
ඖ⣲ྜᡂࡾࡼ⏕ᡂࡓࢀࡉᡂศࡢᙳ㡪ࢆ
▼Ⅳ⣲㉁㝹ࡢ✀㸴ࡓࡋศᯒࠋࡓ࠸࡚ࡅཷࡃࡁ
CIࠊࡕ࠺ࡢ ࢺࣛࢻࣥࢥ㹁㹋ࡸࢺࣛࢻࣥࢥ
ᵝྠࡶ▼㝹ࡢ✀㸱ࡿࢀࡉศ㢮 s-㐣⛬ᡂ
ศࡢᙳ㡪ࡀࠋࡓࡗࡁ 
 ヲࡃࡋゎᯒࠊࡿࡍs-㐣⛬ᡂศࢆᕪࡋᘬ࠸
࡚ᚓࡓࢀࡽCs-135ྠࡢయ␗ᖖࡣC㹋ࢻࣥࢥ
ࡣ࡛ࢺࣛ Cs/Ba ẚ┦㛵୍ࠊࡋ᪉ࠊC㹇ࢥ
ࣝࢢࢺࣛࢻࣥࢥⅣ⣲㉁ࡢࡸࢺࣛࢻࣥ
⪅ᚋࡣࢀࡇࠋࡓࡗ࡞ࢀࡽぢࡀ㛵┦ࡣ࡛ࣉ࣮
✀ᾘ⁛᰾ࡀ Cs-135 Ỉ㉁ኚᡂ࡛ඖቯኚᚋࡢ
⣲ࡀࠊࡓࡲࠋࡿ࠸࡚ࡋ♧ࢆࡇࡓࡋື⛣ࡃࡁ
๓ ⪅ ࡢ ࢹ ࣮ ࢱ ࡼ ࡾ ࠊ ኴ 㝧 ⣔ ึ ᮇ ࡢ
Cs-135/Cs-133ẚ3.1-2.2ࡣ㹶10-4ぢ✚ࡿࡶ
 ࠋࡓࡁ࡛ࡀࡇ
ᅛయࡢኴ㝧⣔᭱ྂࡣ್ࡢࡇࠊࡽࡀ࡞ࡋࡋ 
ࡢ್ࡓࢀࡽᚓࡽ≀ⓑⰍໟ᭷ࡿ࠶࡛ 4.8㹶
10-4 (Hidaka et al., 2001)ẚ㍑ࡲ࠶࡚ࡋ
ࡿࡍᖺ௦್ࠊࡎࡽ࠾࡚ࡋῶᑡࡾ 150-260
ᖺࡢᕪ࡛ࠊࡣࢀࡇࠋ࠸࡞ࡋZag㝹▼ࡢᒾ
ሷ᳨ࡽฟࡓࢀࡉᾘ⁛᰾✀ I-129㸦༙ῶᮇ
1570 ᖺ㸧ࡿࡼኴ㝧⣔ᙧᡂ┤ᚋ⣙ 200 
ᖺ௨ෆ್࠺࠸ (Whitby et al. 2000)ࡣ▩
࠸࡚ࢀࡽ࠼⪄ࡿ࠶࡛☜ࡾࡼࠊࡀ࠸࡞ࡋ┪
ᾘ⁛᰾✀Mn-53㸦༙ῶᮇࡿ 370ᖺ㸧ࡿࡼ
Ⅳ㓟ሷࡢ▼ࣥࣛࣥ࢝ࡸᖺ௦࡛ኴ㝧⣔ᙧᡂᚋ
ࠊ⣙1650ᖺᚋ(Endress et al. 1996)ࢀࡒࢀࡑ
700㹼1600ᖺᚋ(Hutcheon et al. 1998)
ࢆᯝ⤖ៅ㔜ࠊࡾ࠾࡚ࡗ㐪ࡃࡁࡣ್ࡓࡋ
ྫྷࡿࡍᚲせࠋࡿ࠶ࡀ 

 

CM ࡿࡼࣥࣙࢩࢡࣛࣇྛࡢࢺࣛࢻࣥࢥ
 ࢺࢵࣟࣉᵝࣥࣟࢡࢯ
 
 ࡢࡑ(3)
 ୰ᛶᏊ↷ᑕྠࡿࡼయࡢኚືࢆぢࡓࡿ
᪥㧗ὒᩍᤵࡢᗈᓥᏛࡢ⪅༠ຊ✲◊ࠊࡵ
యྠࡢ▼㝹ࢳࢵࣜࢫ࢞ࡸ▼ⅆᫍ㝹ࡶ
ศᯒࠊ࠸⾜ࢆ◊✲Ⓨ⾲ࠋࡓࡗ⾜ࢆ 
㉁㔞ศᯒィࡵࡓࡢศᯒ⢭ᗘྥୖࠊࡢࡑ 
㉎ධ᪂つࢆࢻ࣮࣎ࣉࣥࣜࣉࡢฟ㒊᳨ࡢ
࣏✵┿ࡵࡓࡄ㜵ࢆࢺࢫ࣑ࣝ࢜ࠊࡓࡲࠊࡋ
ࣉ࣏࣒ࣥࣛࣇࣖࢲࡢ࣮ࣜࣇࣝ࢜ࢆࣉࣥ
⏝ࢻ࣮࣎ࣉࣥࣜࣉࠊࡓࡲࠋࡓࡋ
ᙉࢬࣀࠊࡋࢆࣉࣥ࣌࢜ࡿ࠸࡚ࢀࡉ
 ࠋࡓࡗ⾜ࢆᨵⰋࡽࡉ࠺ࡼࡿ࡞ࡃ
 
 ୖ㏙2001ࠊ࠺ࡼࡢ ᖺ Beardsley㝹▼
✀ᾘ⁛᰾ࡽ Cs-135 ࡿࢀࡽ࠼⪄ࡿࡼ
Ba-135 ࡚ࡵึ࡛⏺ୡࢆయ␗ᖖྠ࡞☜᫂ࡢ
Ⓨぢ(Hidaka et al. 2001)࡚ࡋ௨᮶βࠊ 㝹࡞ࠎ
Ỉ㉁ኚᡂࠊࡣ࡛✲◊ᮏࡓࡲࠊ࠸⾜ࢆศᯒࡢ▼
ࡢ✲◊ࡢᚋࠊࡀࡓࡁ࡚ㄪࡃࡋヲࢆᙳ㡪ࡢ
㐍ᒎࠊࡣࡵࡓࡢᪧ᮶ࡢ㉁㔞ศᯒィࡢᨵⰋ࡛
ᚓࡿࢀࡽ௨ୖࡢ ᐃ⢭ᗘࡢᖜࡀୖྥ࡞ᚲ
せ࡛ࠋࡿ࠶㏆ᖺࡢࢫࢡࢽࣟࢺࢡ࢚ࣞࡢ㐍Ṍࡣ
Baࠊࡃࡋࡲࡊࡵ ྠయẚ ᐃࡶ࡚࠸࠾ 
ᐃㄗᕪࡀε್࡛ 0.1 ⛬ᗘࡢ㉸㧗⢭ᗘ ᐃࡀሗ
࿌㸦Brennecka et al., 2010㸧࡞࠺ࡼࡿࢀࡉ
 ࠋࡿࢀࡉᮇᚅࡀ㣕㌍࡞ࡓ᪂ࠊࡾ࠾࡚ࡗ
 
㸳㸬࡞Ⓨ⾲ㄽᩥ➼ 
㸦◊✲௦⾲⪅ࠊ◊✲ศᢸ⪅ཬࡧ㐃ᦠ◊✲⪅
 ୗ⥺㸧ࡣ
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