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表紙の写真

紀伊半島北西部，高野山地域の地質

1：三波川変成岩類，2-9：四万十帯上部白亜系花園層 (2-3：Hn1ユニット，4-9：花園層主部
Hn2～ Hn5ユニット )．

1．有田川構造線北側の泥質片岩，九度山．
2．砂岩レンズを含む頁岩．頁岩には面構造が観察される（Hn1），東郷北．
3．頁岩に挟在される白色層状チャート（Hn1），北又．
4．砂岩岩塊を含む混在岩（Hn2），湯子川・貴志川合流付近．
5．黒色頁岩と灰緑色凝灰質頁岩を基質とする混在岩（Hn2），4と同一地点．
6．暗赤色層状チャート（Hn2），湯川辻北西．
7．枕状構造を示す玄武岩質溶岩（Hn2），4と同一地点．
8A．成層砂岩（Hn3），下筒香．8B．砂岩中の頁岩パッチ ( 長径 1cm)．
9．白色珪長質凝灰岩を挟在する頁岩（Hn4），池津川．

詳細は本文 41～ 79 頁参照．

（写真・文：栗本史雄）

Cover photograph

Geology of the Koyasan area, northwestern part of Kii Peninsula, Southwest Japan

1:Sambagawa metamorphic rocks. 2-9:Upper Cretaceous Hanazono Formation of the Shimanto Belt 
(2-3:Hn1 Unit, 4-9:Main part, Hn2-Hn5 Units). 

1. Pelitic schist. 2. Shale including big blocks of sandstone (Hn1). 3. White bedded chert 
intercalated in shale (Hn1). 4. Mixed rock including blocks of sandstone (Hn2). 5. Mixed rock 
made of black and grayish green tuffaceous shale matrix (Hn2). 6. Dark red bedded chert(Hn2). 
7. Basaltic lava showing pillow structure (Hn2). 8A. Stratified sandstone (Hn3). 8B. Shale patch 
in the sandstone (maximum diameter is 1cm). 9. Shale including white felsic tuff (Hn4). 

See text 41-79 pages for more information.

(Photograph and caption by Chikao Kurimoto)
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紀伊半島北西部，高野山地域の上部白亜系花園層の地質と放散虫化石

栗本史雄1＊・木村克己2・竹内　誠3

Chikao Kurimoto, Katsumi Kimura and Makoto Takeuchi (2015) Geology and radiolarian fossils of the 
Upper Cretaceous Hanazono Formation in the Koyasan area, northwestern part of Kii Peninsula, South-
west Japan. Bull. Geol. Surv. Japan, vol.66 (3/4), p.41-79,  5 figs, 3 tables,  9 plates.

Abstract:  The western Kii Peninsula which is situated in the Outer Zone of the Southwest Japan, is 
generally characterized by E-W trend zonal structure of the Sambagawa, Chichibu and Shimanto Belts 
from north to south.  However, the zonal structure is incomplete in the central part of Kii Peninsula and 
rocks of the Chichibu Belt are not cropped on the land surface.   In this paper, geology of the Hanazono 
Formation in the Koyasan area where the rocks of the Chichibu Belt are absent is described, and 
radiolarian fossils from the Hanazono Formation and the adjacent Yukawa and Miyama Formations are 
reported.
　The Hanazono Formation is in fault contact with the Sambagawa Metamorphic Rocks through the 
Aridagawa Tectonic Line to the north, and is in fault contact with the Yukawa or Miyama Formations 
through the Yanase Fault or the Yukawa Thrust to the south.   The Hanazono Formation is divided into 5 
units and they are called Hn1, Hn2, Hn3, Hn4 and Hn5 Units, respectively.  Hn1 Unit is situated in the 
northern-most part of the Hanazono Formation, and characterized by obvious foliation as compared with 
Hn2 to Hn5 Units.  Hn1 Unit is in fault contact with Hn2-Hn5 Units through the Kamiya Fault.
　The Hanazono Formation mainly consists of shale with sandstone, felsic tuff, chert, red shale, limestone 
and basalt, and is characterized by mixed rock which includes the blocks of sandstone, chert and basalt in 
shale matrix.
　Radiolarian fossils were obtained from chert, felsic tuff, shale and tuffaceous shale of the Hanazono, 
Yukawa and Miyama Formations, and 4 radiolarian fossil assemblages are recognized, that is, 
Holocryptocanium barbui Assemblage, Dictyomitra formosa Assemblage, Dictyomitra koslovae 
Assemblage and Amphipyndax tylotus Assemblage.  According to the previous studies, Holocryptocanium 
barbui Assemblage is correlated to late Albian to Cenomanian, Dictyomitra formosa Assemblage 
to Turonian to Coniacian, Dictyomitra koslovae Assemblage to Santonian to early Campanian, and 
Amphipyndax tylotus Assemblage to late Campanian.
　Judging from the lithologic characters and imbricated structure, the Hanazono Formation is considered 
to be constructed as an accretionary complex.  The radiolarian fossils show that the construction age of 
the Hn1 Unit was Turonian to Coniacian, Hn2 Unit was Turonian to late Campanian, and Hn3 and Hn4 
Units were Turonian to latest Campanian and Hn5 Unit was late Albian to latest Campanian.

Keywords: accretionary complex, radiolarian fossil, thrust,  Late Cretaceous, Hanazono Formation, 
Yukawa Formation, Miyama Formation, Shimanto Belt, Koyasan, Wakayama, Nara, Kii Peninsula, 
Southwest Japan

論文‐Article
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要　旨

ɹ紀伊半島西部ʹ͓͍ͯ，ࡾଳ，டଳٴͼ࢛ສे
ଳ౦西ʹԆͼͨଳঢ়ྻΛ͕ࣔ͢，紀伊半島தԝ部ʹ
͓͍ͯடଳの地質ମ͕ܽ͠，ࡾଳと࢛ສेଳ
の地質ମ͕༗ాߏઢΛհͯ͢͠Δɽடଳの地
質ମ͕ܽ͢Δ紀伊半島தԝ北西部の高野山地域ʹ，
ͼٴສेଳの上部白亜系花園層とೆʹྡͯ͠౬層࢛
ඒ山層͕͢Δɽ 
ɹ花園層，北༗ాߏઢΛհ͠ࡾมྨؠと，
ೆྊ

㇄ㆪ ㆛

அ層Λհͯ͠౬層，౬εϥετΛհͯ͠ඒ
山層と͢Δɽಉ層ؠ૬ٴͼ地質ߏかΒΈͯ，Hn1，
Hn2，Hn3，Hn4，Hn5の5Ϣχοτʹ۠͞ΕΔɽHn1
Ϣχοτ࠷北ʹ͠，มܗʹΑΔ໘ߏのൃୡ͕
ೝΊΒΕΔɽҰํ，ೆଆのHn2ʙ Hn5Ϣχοτ（花園層
ओ部とݺͿ），Hn1Ϣχοτとൺֱͯ͠໘ߏのൃୡ
͕ऑ͍ɽ Hn1Ϣχοτと花園層ओ部౦北౦ʙ西ೆ西ੑ
のਆ

ㆉㆿ㇄

୩அ層Ͱը͞ΕΔɽ
ɹ花園層ทؠΛओମと͠，࠭ؠ࠭，ؠทޓؠ層，ܔ
質ڽփؠ，νϟʔτ，৭ทؠ，石փݰ，ؠٴؠͼࠞ
ؠݰ，νϟʔτ，ؠ࠭，質と͠جΛؠΛ͏ɽทؠࡏ
ͳͲのؠմΛؚΉ͕ࠞؠࡏಛతͰ͋Δɽ·ͨ，ෳの
Ϣχοτ͕ি上அ層ʹΑΔ෴ߏנΛࣔ͠，ج質のทؠ
νϟʔτΑΓए͍࣌の放散虫化石Λ࢈ग़͢Δɽ౬
層，ؠ૬のಛʹΑΓߏత上ҐかΒYk1，Yk2，
Yk3の3Ϣχοτʹ۠͞Ε，北ଆの花園層とྊஅ
層Ͱը͞ΕΔɽඒ山層My1，My2，My3，My4の4Ϣχο
τʹ۠͞ΕΔ͕，本地域ͰMy1Ϣχοτの北ԑ部͕
͠，北ଆの౬層と౬εϥετʹΑͬͯը͞Ε
Δɽ
ɹ花園層，౬層ٴͼඒ山層かΒಘΒΕͨ放散虫化石Λ
ᶘɿू܈，ू܈ᶗɿHolocryptocanium barbuiू܈，͠౼ݕ
Dictyomitra formosaू܈，ू܈ᶙɿDictyomitra koslovae܈
Λࣝผ͠ू܈の4ू܈ᶚɿAmphipyndax tylotusू܈，ू
ͨɽطใࠂとのൺֱかΒ，ू܈ᶗظޙΞϧϏΞϯظ
ʙηϊϚχΞϯू܈，ظᶘνϡʔϩχΞϯظʙίχΞ
γΞϯू܈，ظᶙαϯτχΞϯظʙલظΧϯύχΞϯ
ΒΕ͑ߟΔとࣔ͢ࢦΛظΧϯύχΞϯظޙᶚू܈，ظ
Δɽ
ɹ花園層ؠ૬෴ߏנͳͲのಛかΒՃମͰ͋Γ，
放散虫化石ʹ͍ͯͮجHn1ϢχοτνϡʔϩχΞϯظ
ʙίχΞγΞϯظ，花園層ओ部のHn2Ϣχοτνϡʔ
ϩχΞϯظʙظޙΧϯύχΞϯظ， Hn3ʙ Hn4Ϣχο
τνϡʔϩχΞϯظʙ࠷ظΧϯύχΞϯظ，Hn5Ϣ
χοτظޙΞϧϏΞϯظʙ࠷ظΧϯύχΞϯܗʹظ
͞Εͨと͑ߟΒΕΔɽ౬層ٴͼඒ山層かΒ࢈ग़ͨ͠
放散虫化石͕ࣔ͢地質࣌ैདྷのใࠂとໃ६͠ͳ͍ɽ

１．はじめに

ɹ紀伊半島西部ʹ͓͍ͯ北かΒೆʹࡾଳ，டଳٴ
ͼ࢛ສेଳʹॴଐ͢Δ地質ମ͕͢Δɽࡾଳと
டଳのڥքͰ͋Δޚՙߏઢ，5ສの1地質ਤ
෯ʮւೆʯ（ฏ山ɾాத，1956b）ٴͼʮಈʯ（ฏ山ɾా
த，1956a）ʹ ࣔ͞Ε，༗ాதྲྀ域Ͱ༗ాߏઢ 
（Hada，1967）とݺΕͨɽҰํ，டଳと࢛ສेଳのڥ
քͰ͋Δ૾ߏઢ，Վ山ݝ紀伊༝ྑ地域Ҫ୩地
域Ͱ，டଳೆଳの地質ମと࢛ສेଳඒ山層，ࣉ

ㆦ㇉㆝ㆾ

ᐟ層
͋Δ͍౬層とのڥքʹ૬͢Δ（ಙԬほか，1982ʀ
Yao， 1984ʀ1987，ڮؠ）ɽ͠か͠，紀伊半島தԝ部の
͍ൣғʹ͓͍ͯ，ࡾଳ，டଳٴͼ࢛ສेଳのଳ
ঢ়ྻ͕ೝΊΒΕͣ，டଳの地質ମ͕ܽ͠，ࡾ
ଳと࢛ສेଳ͕͢Δと͞Ε （ͨେେ็ڀݚάϧʔϓ，
1981ͳͲ）ɽ
ɹ栗本（1982），டଳܽの西ʹͨΔ高野山ೆ西
ํʹ͓͍ͯ，ैདྷのடݹੜ層Λ花園層と໋໊͠，ࠞࡏ
૬Έ߹ΘͤのಛかΒՃମとஅͨ͠ɽؠࡏのଘؠ
͞Βʹ放散虫化石の࢈ग़ʹ͍ͯͮج花園層࢛ສेଳʹ
ଐ͢Δ上部白亜系とஅ͠，西ํかΒ͢Δடଳの
౦ݶΛը͢Δஅ層Λ൘ඌஅ層とݺΜͩɽKurimoto (1994）
，栗本（1982）の北౦Ԇ地域の花園層Λ໘ߏのൃୡ
ͨ͠北部Ϣχοτとൃୡのऑ͍ೆ部Ϣχοτʹೋ͠，
ͦΕͧΕのؠ૬ɾߏɾ放散虫化石ɾK-ArΛใࠂ
͢Δととʹ，花園層͕டଳの地質ମ࢛ສेଳの౬
層のߏతԼҐʹਂ͘ΈࠐΈ，ͦのޙの上ঢとണ
ʹΑΓ地දʹݱΕͨϞσϧΛఏএͨ͠ɽ栗本ほか（1998）
20ສの1地質ਤ෯ʮՎ山ʯʹ ͓͍ͯ，花園層ٴͼͦ
の૬層ΛH1ʙ H4の4Ϣχοτʹ۠ͨ͠ɽ
ɹ本จͰ，栗本（1982），Kurimoto (1994)ٴͼ栗本ほ
か（1998）の花園層のϢχοτ۠と地質ߏΛݟ͠，
放散虫化石ʹ͍ͯͮجಉ層のՃମܗ࣌Λड़Δɽ
·ͨ，ೆྡの౬層ɾඒ山層かΒ࢈ग़ͨ͠放散虫化石ʹ
͍ͭͯใ͢ࠂΔɽ

２．研究史

ɹฏ山ɾਆ（1959）ށ本地域の北半部ΛؚΉ5ສの1
地質ਤ෯ʮ高野山ʯʹ ͓͍ͯ，டଳのݹੜ層Λடଳओ
部と北ԑ部のࡉଳʹ۠͠，ޚՙߏઢΑΓ北ଆの
ڭ͍ͯͭʹଳࡾ

ㆌ㇇ㆄ㇉㆘

լଳ（ແଳ）ࢤଳ（ଳ）とࣉྑ
ʹೋͨ͠ɽ
ɹࢤҪ （ా1962，1967），紀伊半島தԝ部のൣͳ地域
Λௐࠪ͠，டଳɾ࢛ສेଳの地質ମ۠Λఏࣔ͠，
ҪాほࢤʹքΛࣔͨ͠ɽのͪڥઢͳͲの地ଳ۠ߏ૾
か（1989），͜ΕΒのՌのҰ部Λ5ສの1地質ਤ෯
ʮ山上ϲַʯとͯ͠とΓ·とΊͨɽ
ɹେେ็ڀݚάϧʔϓ（1981）本จのௐࠪ地域の౦
半ΛؚΉ௰ಊɾ

㆘㇇ㆄㆩ

ສे࢛ଳとࡾ，͍͓ͯʹ地域ށ
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紀伊半島北西部，高野山地域の上部白亜系花園層の地質と放散虫化石（栗本ほか）

ଳの地質ମ͕͠，டଳの地質ମ͕ܽ͢Δとͨ͠ɽ
ͦのޙ，ಉάϧʔϓҰ࿈のڀݚʹΑΓ，紀伊半島தԝ
部ʹ͢Δடଳɾ࢛ສेଳの地質ମの層ংɾߏɾ
地質࣌Λ໌Βかʹ͠ （ͨେେ็ڀݚάϧʔϓ，1989，
1992，1994，1998）ɽେେ็ڀݚάϧʔϓ（2005），
紀伊半島தԝ部のடଳɾ࢛ສेଳの地質ମ͕ࠞؠࡏ
ি上அ層Ͱը͞Εͨ෴ߏנͰಛ͚ͮΒΕΔՃମͰ
͋ΔとのஅかΒ，֤層ΛՃίϯϓϨοΫεとͯ͠࠶
ఆٛͨ͠ɽେେ็ڀݚάϧʔϓ（2012）のڀݚʹ
ສेଳの地質Λ૯ׅͨ͠ɽ࢛紀伊半島தԝ部の͍ͯͮج
ɹ（1996）ಸྑݝかΒࡾॏݝʹかかΔ٢野地域と۳
ా地域のࡾଳɾடଳɾ࢛ສेଳの地質Λৄࡉʹ
ใͨ͠ࠂɽ٢野地域本ௐࠪ地域の౦ʹ͢Δ地域Ͱ͋
Δɽ
ɹ山本ɾླ（2012）5ສの1地質ਤ෯ʮ高野山ʯೆ ԑ
かΒʮഢ

ㆈ ㆰ ㆓ ㆠ ㆐

ַࢠʯʹ ͢Δ花園ίϯϓϨοΫεΛHz1Ϣ
χοτ（ࠃ

ㆎㆫ


㆗㇍㇄ㆾ

山Ϣχοτ），Hz2（౬
㇆ ㆓

Ϣχοτ），Hz3ࢠ
ޚ）

ㆈ ㆩ

఼Ϣχοτ），Hz4（Ϣχοτ）の4Ϣχοτ
ʹ۠͠，放散虫化石の࢈ग़ʹ͍ͯͮجHz2Ϣχοτ（α
ϯτχΞϯظʙલظΧϯύχΞϯظ），Hz3Ϣχοτ（ޙ
ΧϯύχΞϯظ࠷）Hz4Ϣχοτ，（ظΧϯύχΞϯظ
ܗかͬͯՃମのʹత上ҐかΒԼҐߏ，と（ظ
͕ए͘ͳΔ͜とΛࣔͨ͠ɽ·ͨ，花園ίϯϓϨοΫ࣌
εの͢Δ地ଳΛ高ଳかΒআ֎͠，高野山ଳと໋
໊ͨ͠ɽ
ɹߏ地質ֶతͳࢹのڀݚとͯ͠，Awan and Kimura 
(1996)，ΠϥΠτの݁থ(IC)͕ࡾมྨؠかΒ
花園層ʹか͚ͯ北かΒೆʹঃʑʹ高͘ͳΔΛ໌Β
かʹ͠，ߏとߏܗʹͨ͠ٴݴɽ·ͨOnishi et al. 
(2001)，花園層の北ԑ部Λରʹͯ͠ߏղੳʹͮج
͍ͯΈࠐΈଳのม࢙ܗとͦΕのݪҼとͳΔϓϨʔτӡ
ಈʹ͍ͭͯٞͨ͠ɽ
ɹ本地域の花園層のೆʹ͢Δ౬層ٴͼඒ山層ʹͭ
͍ͯ，ҎԼの͕͋ڀݚΔɽ紀भ࢛ສेଳஂମڀݚάϧʔ
ϓ（1986），紀伊半島西部のதଜ（ࡏݱの高ொ）の
ඒ山層ʹ͍ͭͯ，層ংとߏΛ໌Βかʹ͠，ίχΞγΞ
ϯظʙαϯτχΞϯظΛࣔ͢放散虫化石Λใͨ͠ࠂɽ紀
भ࢛ສेଳஂମڀݚάϧʔϓ（1991）花園ଜ（ࡏݱのか
ͭΒ͗ொ）ʹ ͢Δ౬層とͦのೆのඒ山ଜ（ࡏݱの
高ொ）かΒཾਆଜ（ࡏݱのాลࢢ）ʹ か͚ͯ͢Δඒ
山層の層ংと地質ߏΛใͨ͠ࠂɽ౬層ʹ͍ͭͯԼ
ҐΑΓY1，Y2，Y3の3部層ʹ۠͠，ؠ૬，地質ߏ
େ，͍ͯͮجʹग़࢈ͼઙւੑೋຕ放散虫化石のٴ
୨֎ԑかΒ上部େࣼ໘Ͱܗ͞ΕͨظޙΞϧϏΞϯ
，の地質ମͰ͋Δとஅͨ͠ɽҰํظʙνϡʔϩχΞϯظ
ඒ山層ʹ͍ͭͯؠ૬のಛߏかΒՃମとஅ͠，
త上ҐかΒM1，M2，M3の3部層ʹ۠͠，放散虫ߏ
化石の࢈ग़ʹ͍ͦͯͮجのܗ࣌ΛνϡʔϩχΞϯظ
ʙલظΧϯύχΞϯظとͨ͠ɽ紀भ࢛ສेଳஂମڀݚά

ϧʔϓ（2006）Վ山ݝத西部のޚ
㆔ㆼ ㆄ

ࢢかΒాลࢢʹか
ʹߏܗ૬とมؠ，͠౼ݕ࠶͢Δཽਆ層Λ͚ͯ͘
ԼҐのM4࠷తߏ北部Λඒ山層の࠷ਆ層のཽ͍ͯͮج
ʹҐஔ͚，ظޙΧϯύχΞϯظΛࣔ͢放散虫化石の࢈
ग़Λใͨ͠ࠂɽ紀भ࢛ສेଳஂମڀݚάϧʔϓ（2012a）
，紀भ࢛ສेଳஂମڀݚάϧʔϓ（1991）の౬層Λ
Ճମとͯ͠࠶ఆٛ͠，放散虫化石の࢈ग़ΛՃͨ͠ɽ紀
भ࢛ສेଳஂମڀݚάϧʔϓ（2012b），紀भ࢛ສेଳ
ஂମڀݚάϧʔϓ（1991）のඒ山層Λඒ山ίϯϓϨοΫε
とվশ͠，৽ͨʹ࢈ग़ͨ͠放散虫化石ʹ͍ͯͮج上ݶの
地質࣌ΛલظϚʔετϦώνΞϯظʹվగͨ͠ɽ
ɹ上هҎ֎ʹ5ສの1地質ਤ෯ʮค

㆓ ㆉ ㇏

Տʯ（本ほか，
2004）Ͱ，ͦのೆ౦ʹ花園層͕ਤࣔ͞Ε͍ͯΔɽ

３．地質概説

ɹௐࠪ地域，Վ山ݝとಸྑݝʹ·͕ͨΔ5ສの1
地質ਤ෯ʮ高野山ʯٴͼͦのೆのʮഢַࢠʯの北半部ʹ૬
͢Δɽ本地域地質ֶతʹ༗ాߏઢ，൘ඌஅ層
ສेଳの3࢛，ଳ，டଳࡾઢʹΑΓߏͼ૾ٴ
ଳʹ۠͞ΕΔɽ
ɹ༗ాߏઢҎ北ࡾଳʹଐ͠，ࡾมྨؠ
͕͢Δɽಉྨؠట質ยؠ，ۤమ質ยؠΛओମと͠
ߏΛ͏ɽ༗ాؠ石ӳย，ؠ質ย࠭，ؠ質ยܔ，ͯ
ઢҎೆʹ͓͍ͯ，൘ඌஅ層Ҏ西டଳʹଐ͠，北かΒ
ೆʹ北ଳのδϡϥ紀Ճମ，ࠇଳの݁থยྨؠのڥ
層とͦΕΛ෴͏ظޙ白亜紀લހւຍଯੵの֎ઘ層
ೋ܈

ㆵ㆟ㆉ㇏

層，ٴͼೆଳのδϡϥ紀ʙલظ白亜紀のՃମ͕
͢Δɽடଳのೆʹ૾ߏઢΛհ࢛ͯ͠ສेଳ
の地質ମ͕͢Δɽ൘ඌஅ層Ҏ౦Ͱ࢛ສेଳのՃ
ମ͕͘͠，டଳの地質ମ͠ͳ͍ɽ࢛ສे
ଳ紀伊半島ʹ͓͍ͯ，北かΒ高ଳ，Իແଳ，
ໂ
㇀ ㇍

࿒ଳの3亜ଳʹ۠͞ΕΔɽ本ௐࠪ地域ʹ高ଳ
ʹଐ͢Δ花園層，౬層ٴͼඒ山層͕͢Δ（ୈ1ਤ）ɽ 
ɹ花園層，ؠ૬のΈ߹ΘͤߏతͳಛかΒ，
Hn1，Hn2，Hn3，Hn4，Hn5の5Ϣχοτʹ۠͞Ε，
౦北౦ʙ西ೆ西ੑのਆ୩அ層 (Kurimoto，1994)ʹΑΓ，
北ԑ部ʹҐஔ͢ΔHn1ϢχοτとೆଆのHn2ʙ Hn5Ϣ
χοτ（花園層ओ部とݺͿ）ʹ ೋ͞ΕΔɽ栗本（1982），
高野山ೆ西ํʹ͢Δ花園層Λࠞؠࡏのଘࡏؠ૬
Έ߹ΘͤのಛかΒՃମとஅͨ͠ɽ本地域の花園層
栗本（1982）の花園層ΛؚΈ，ͦのԆʹ૬͠，ಉ༷
のಛかΒ花園層Ճମとஅ͞ΕΔɽ
ɹ౬層，ؠ૬のಛʹߏ͍ͯͮجత上ҐかΒYk1，
Yk2，Yk3の3Ϣχοτ͕ྦྷॏ͠，౦西ੑの࣠Λͭ࣋᧞
࠭，Λओମと͠ؠΔɽYk1Ϣχοτ࠭͢ࡏ͕ଘߏۂ
層ΛޓؠΛ͏ɽYk2Ϣχοτทؠ層ทޓؠทؠ
ओମと͢ΔɽYk3Ϣχοτ࠭ؠΛओମと͠，࠭ؠท
άϧʔϓڀݚສेଳஂମ࢛Λ͏ɽ紀भؠ層ทޓؠ



ʵ �� ʵ

地質ௐࠪڀݚใࠂɹ���� ɹୈ �� ɹୈר ��� ߸

（2012a）ؠ૬ٴͼ地質ߏのݕ࠶౼ʹΑΓ，ಉ層͕
ՃମͰ͋Δとஅͨ͠ɽ
ɹඒ山層ߏత上ҐかΒMy1，My2，My3，My4の4
Ϣχοτʹ۠͞ΕΔ（紀भ࢛ສेଳஂମڀݚάϧʔϓ，
2012b）͕ ，本ใࠂ地域ʹ͓͍ͯMy1Ϣχοτの北ԑ部͕
͢ΔɽMy1Ϣχοτ࠭ؠ，ทؠかΒߏ͞Ε，౦
西ੑのΛ༗͠，北·ͨೆʹࣼ͢Δɽ紀भ࢛ສे
ଳஂମڀݚάϧʔϓ（1991），ඒ山層͕ՃମのಛͰ
͋Δ෴ߏנ地質࣌のੑۃΛ༗͢Δ͜とΛࣔͨ͠ɽ

４．花園層

4.1　概要
ɹ花園層，࠷ॳʹ໋໊͞ΕͨՎ山ݝ伊

ㆂ ㆨ

܊花園ଜ（ݱ
のかͭΒ͗ொ） ，高野ொ，かͭΒ͗ொ，ւࡏ

ㆉㆂ㆝ㆄ

܊ඒཬொ
ʹ（の༗ాொࡏݱ）ਗ਼ਫொ܊༗ా，（の紀ඒ野ொࡏݱ） Ճ
͑ͯ，౦ํの伊܊

ㆎ ㆩ ㇄ ㆾ

山ொ，ڮ本ٴࢢͼಸྑ٢ݝ野܊
野
ㆮ ㆛ ㆋ ㇏

ഭଜʹ͘͠，͞Βʹେ
ㆈㆈㆨㆄ

ౝଜ（ࡏݱのޒᑍࢢ）と
西٢野܊ఱଜʹٴͿɽ花園層༗ాߏઢΛհͯ͠

北ଆのࡾมྨؠと͠，西൘ඌஅ層Ͱը͞
ΕΔɽ本層のೆݶ，本地域த西部ʹ͓͍ͯೆࣼの
ྊஅ層（紀भ࢛ສेଳஂମڀݚάϧʔϓ，1991）ʹ Αͬ
ͯ౬層とը͞Ε，౦部ʹ͓͍ͯ౬εϥετ（紀भ
άϧʔϓ，2012a）Ͱඒ山層と͢Δ（ୈڀݚສेଳஂମ࢛
1ਤ，ୈ2ਤ）ɽ
ɹ花園層શମʹทؠ༏Ͱ，࠭ؠ࠭，ؠทޓؠ層，ܔ
質ڽփؠͳͲのݯのଯੵؠと，νϟʔτ，ݰؠͳ
Ͳのւ༸ݯىのؠ石かΒߏ͞ΕΔɽ࠭ؠ，νϟʔτ，
࠭ʹͳͲϨϯζঢ়͋Δ͍層ঢ়ʹ͠，Ұ部ؠݰ
質とجΛؠ層͕ӽ͢Δ部͕͋Δɽทޓؠทؠ࠭ؠ
͕ؠࡏմΛؚΉࠞؠͳͲのؠݰ，νϟʔτ，ؠ࠭ͯ͠
ಛతͰ͋Δɽ花園層ʹ，Ճମʹయܕతͳݰؠɾ
νϟʔτのւ༸ੑؠ石かΒ࢝·Γ，上Ґʹทؠɾ࠭ؠの
ݯଯੵ͕ؠॏͳΔւ༸ϓϨʔτ層ংೝΊΒΕͳ͍͕，
ւ༸ੑؠ石ٴͼࠞؠࡏのଘࡏかΒՃମͰ͋Δとஅ͠
ͨɽ
ɹ花園層，ؠ૬のΈ߹Θͤߏతͳಛか
Β，Hn1，Hn2，Hn3，Hn4，Hn5の5Ϣχοτʹ۠
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Fig. 1  Geological division in the Koyasan area
  Brackets show 1:50,000 topographic maps
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第2図 高野山地域の花園層の地質図
Fig. 2 Geological map of the Hanazono Formation in the Koyasan area
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紀伊半島北西部，高野山地域の上部白亜系花園層の地質と放散虫化石（栗本ほか）

͞Ε，౦北౦ʙ西ೆ西ੑのਆ୩அ層 (Kurimoto，1994)ʹ
Αͬͯ北ԑ部のHn1Ϣχοτと花園層ओ部（Hn2ʙ Hn5
Ϣχοτ）ʹ ೋ͞ΕΔɽHn1ϢχοτทؠΛओମと
͠，νϟʔτݰؠのϨϯζঢ়ؠମΛ͍，ਆ୩அ層
ʹԊͬͨݟか͚࠷ԼҐʹ͕ࠞؠࡏӽ͢ΔɽHn1Ϣχο
τ北ʹࣼ͢ΔಉࣼߏΛఄ͢Δɽ花園層ओ部Ͱߏ
తԼҐのHn5ϢχοτかΒ上ҐのHn2Ϣχοτʹか͚
ͯྦྷॏ͢Δ෴ߏנΛఄ͠，Ұൠʹ౦西ੑͰ西ࣼの࣠
Λߏۂ᧞ͭ࣋Λࣔ͢ɽHn1Ϣχοτのทؠʹมܗʹ
ΑΔ໘ߏ͕ݦஶʹೝΊΒΕΔ͕，花園層ओ部Ͱͦの
ൃୡ͕ऑ͘，྆ऀʹมߏܗのࠩҟ͕ೝΊΒΕΔɽ 
ɹ本ใࠂとैདྷのใࠂとの地質ମ۠のରԠΛड़Δ
と，本ใࠂのHn1ϢχοτKurimoto (1994）の北部Ϣ
χοτʹ૬͢Δ͕，ࠓճ，ਆ୩அ層の௨աҐஔΛ西半
Ͱ北ํʹ，౦半Ͱೆํʹमਖ਼ͨͨ͠Ί，Hn1の
ൣғʹएׯのม͕ߋੜͨ͡ɽ本ใࠂのHn2Ϣχοτ
とHn3ϢχοτのҰ部͕Kurimoto (1994)のೆ部Ϣχοτ
ʹ૬͢Δɽ·ͨ，栗本ほか（1998）とൺֱ͢Δと，本ใ
のHn1，Hn2，Hn3の֤Ϣχοτ栗本ほか（1998）のࠂ
H1Ϣχοτ，H2Ϣχοτ，H3ϢχοτʹͦΕͧΕ૬
͠，Hn4ϢχοτH4Ϣχοτの西部ʹ，Hn5Ϣχο
τH4Ϣχοτの౦半部ʹ૬͢Δɽͳ͓，栗本（1982）
の花園層域本ใࠂのHn2Ϣχοτのೆ西ʹͨ
Δɽ
ɹ山本ɾླ（2012）のڀݚର地域本ใࠂの花園層の
ೆدΓ3の2Λରと͍ͯ͠Δɽ本ใࠂのHn1Ϣχο
τの西部͕山本ɾླ（2012）のHz1 Ϣχοτʹ，本
ใࠂのHn2Ϣχοτ͕山本ɾླ（2012）のHz2 Ϣχοτ
ʹほ΅૬͢Δ͕，ਆ୩அ層の௨աҐஔの૬ҧʹΑΓ
Hn2Ϣχοτの北部͕Hz1ʹؚ·ΕΔɽ本ใࠂのHn3
Ϣχοτ山本ɾླ（2012）のHz3 Ϣχοτの西部4
の3ΛؚΉɽ本ใࠂのHn4Ϣχοτ山本ɾླ（2012）
のHz3Ϣχοτ౦部4の1とHz4Ϣχοτの西半部ʹ
߹ΘͤͨのΛؚΉɽ·ͨ，本ใࠂのHn5Ϣχοτ山
本ɾླ（2012）のHz4Ϣχοτの౦半部ʹ૬͢Δɽͳ
͓，山本ɾླ（2012）Hz4Ϣχοτのೆʹνϟʔτɾ
ࠂΉHz2Ϣχοτ͕͢Δと͕ͨ͠，本ใʹؠݰ
Ͱݰؠの地質ߏかΒHn4ϢχοτʹؚΊͨɽ

4.2　岩相と地質構造
ɹҎԼʹ花園層Λߏ͢ΔHn1ʙ Hn5Ϣχοτのؠ૬と
地質ߏΛड़ΔɽHn1Ϣχοτ花園層の北ԑ部ʹҐ
ஔ͠，花園層のେ部ΛΊΔHn2ʙ Hn5Ϣχοτ花
園層ओ部ʹͨΔɽ

4.2.1  Hn1ユニット
分布
ɹ本Ϣχοτ花園層のҰ൪北ΛΊ，୮

ㆫ㇅ ㆄ

ੜԼྲྀ域，
ෆಈ୩Ԋ͍ٴͼ౦

ㆄ

ϊԊ͍ʹ͠，本ௐࠪ地域ʹ

͓͍ͯೆ北ํ4ʹʙ 5 km，౦西ํʹ15 kmの
ൣғΛ༗͢Δɽ本Ϣχοτの北ݶ༗ాߏઢͰͬ
とը͞Ε，ೆ花園層ओ部のHn2Ϣྨؠଳมࡾͯ
χοτٴͼHn3Ϣχοτとਆ୩அ層Λհͯ͢͠Δɽਆ
୩அ層北ʹࣼ͢ٸΔஅ層Ͱ͋Γ，ઢঢ়ʹ͞Ε
Δɽ
岩相
ɹ本Ϣχοτओとͯ͠ทؠかΒͳΓ，࠭ؠ࠭，ؠท
Λ͏ɽHn1Ϣχοؠࡏࠞ，ؠݰ，層，νϟʔτޓؠ
τのೆݶΛը͢ਆ୩அ層ʹԊͬͯ，͕ࠞؠࡏೆ北500 m
ʙ 1 kmの෯Ͱ͢Δɽ本Ϣχοτ西部ʹ͓͍ͯݰ
，層ޓؠทؠ࠭ʹମ͕ଟೝΊΒΕ，ほかؠのϨϯζঢ়ؠ
νϟʔτ͕ൣ͍ڱғʹ͢Δɽ౦部Ͱݟか͚Լ半部
ʹൺֱత࿈ଓ͢Δ࠭ؠ層͕͢Δɽ
ɹทؠࠇ，փ৭ͳͲΛఄ͠，Ұ部ʹڽփ質ͳ部͕ೝ
ΊΒΕ，໘ߏඍ᧞͕ۂΑ͘͞؍ΕΔɽ࠭ؠҰൠ
ʹதཻʙཻࡉͰ͋Γ，ࠇփ৭փ৭Λఄ͢Δɽνϟʔτ
層ঢ়Ͱ，փ৭，৭ͳͲΛఄ͢Δɽ৭ทؠ৭
͋Δ͍҉৭Λఄ͢Δɽ野֎ʹ͓͍ͯ，৭νϟʔτ
と৭ทؠҠ͢Δ͜と͕͋Δɽݰؠ西半部の
ෆ
ㆵㆩㆄㆠㆫ

ಈ୩୮ੜԊ͍Ͱ͞؍ΕΔɽݰؠ৭Ұ
部ʹࢵ৭Λఄ͠，༹ؠ，ϋΠΞϩΫϥελΠτ，ڽփ
とؠͼ৭ทٴ͞Ε，લड़の৭νϟʔτߏかΒؠ
質と͠جΛؠ，ทؠࡏͰ͢Δ͜と͕͋Δɽࠞؔ߹
 մΛؚΉɽؠͳͲのؠݰ，νϟʔτ，ؠ࠭ͯ
地質構造
ɹҰൠʹ౦北౦ʙ西ೆ西のͰ，北ʹ40ʙ 75Ͱ
ࣼ͢Δɽ本Ϣχοτの地質ߏϢχοτ西ʹ͓͍ͯ
༗ాߏઢʹஅͨΕΔɽෆಈ୩ʹ͓͍ͯ༗ాߏ
ઢのஅ層࿐಄֬ೝ͞Ε͍ͯͳ͍͕，花園層のݰ͕ؠ
౦北౦ʙ西ೆ西のͰ͢Δのʹରͯ͠，༗ాߏ
ઢೆ北ੑʹΓ，ࣼަؔʹ͋ΔɽHn1Ϣχοτ
ʹ౦北౦ʙ西ೆ西ੑのஅ層͕ೝΊΒΕ，ਆ୩அ層ٴͼ
໘ߏのとҰக͢Δɽ

4.2.2  Hn2ユニット
分布
ɹ本Ϣχοτ花園層の西ΛΊ，ࢤو，ෆಈ୩
上ྲྀٴͼ౬ࢠԊ͍ʹ，北西ʙೆ౦ํ4ʹʙ 5 km，北
౦ʙೆ西ํʹ15 kmのΛ༗͢Δɽ北西༗ా
と，ೆ西൘ඌஅ層ΛհྨؠมࡾઢΛհͯ͠ߏ
ͯ͠டଳの地質ମと，ೆྊஅ層Λհͯ͠౬層と
ͦΕͧΕը͞ΕΔɽ花園層のଞϢχοτとのؔ，北
ਆ୩அ層ͰHn1ϢχοτとஅͨΕ，ೆ౦ߏతԼҐ
のHn3Ϣχοτとি上அ層Ͱ͢Δɽ
岩相
ɹ本Ϣχοτओとͯ͠ทؠかΒͳΓ，࠭ؠ࠭，ؠทؠ
ࠞ，ؠݰ，ؠνϟʔτ，石փ，ؠփڽ質ܔ，層ޓ
の͕ӽؠࡏࠞʹΛ͏ɽೆ西Ͱશମతؠࡏ
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͠，ଟの࠭ؠ࠭，ؠทޓؠ層，νϟʔτ，ݰ͕ؠϨ
ϯζঢ়ؠମとͯ͢͠Δɽதԝ部かΒ౦半Ͱ，࠭
層ঢ়͋Δ͍Ϩϯζঢ়ʹ͕ؠݰ，ؠփڽ質ܔ，ؠ
͠，͕ࠞؠࡏHn3ϢχοτとのڥքʹԊͬͯݟか͚࠷
ԼҐʹ͢Δɽ石փؠ，༗ాߏઢԊ͍ʹܘ
mେのؠմとͯ֬͠ೝ͞ΕΔɽͳ͓，石փؠ地質ਤ（ୈ
2ਤ）Ͱތுͯ͠දͨ͠ݱɽ 
ɹทؠHn1Ϣχοτのทؠʹൺֱͯ͠໘ߏのൃୡ
ೝΊΒΕͣ，ࠇ৭，ࠇփ৭ͳͲΛఄ͢ΔɽทؠのҰ部ʹ
୶৭白৭ͳͲΛఄ͢Δڽփ質ͳ部͕͋Γ，྆ऀ
Ҡ͢Δɽ࠭ؠҰൠʹதཻʙཻࡉͰ͋Γ，ࠇփ৭ͳ
͍͠փ৭Λఄ͢Δɽܔ質ڽփؠփ白৭白৭Λఄ͠，
ทؠதʹϨϯζঢ়ʹ͢Δ߹，͋Δ͍層ঢ়ʹ
ൺֱత࿈ଓ͢Δ߹͕͋Δɽνϟʔτ層ঢ়のʹํ
の͕ଟ͘，白৭，փ৭，৭ͳͲΛఄ͢Δɽνϟʔτ
ؠग़͢Δ͜と͕͋Γ，Ұ部ʹ৭ท࢈ͯ͠ʹؠݰ
ʹҠ͢Δ͜と͋Δɽ地質ਤͰ白৭，փ৭，৭ͳ
Ͳのνϟʔτと৭ทؠΛ߹Θͤͯਤࣔͨ͠ɽݰؠ
Ϩϯζঢ়͋Δ͍層ঢ়ʹ͠，౬ࢠԊ͍Ͱݟか
͚の層ް͕࠷େ300 mʹୡ͢Δ（ୈ2ਤ）ɽݰؠ৭，
҉৭Λఄ͠，༹ؠ，ϋΠΞϩΫϥελΠτ，ڽփؠͳ
ͲかΒߏ͞ΕΔɽทؠΛج質とͯ࠭͠ؠ࠭，ؠทޓؠ
層，νϟʔτ，ݰؠͳͲのؠմΛؚΉ͕ࠞؠࡏසൟʹ
ೝΊΒΕΔɽͳ͓，栗本（1982）ൺֱత͍෯Λ࣋
փڽΛ地質ਤʹ͕ࣔͨ͠，ଟ͘の߹ؠփڽ質ܔͭ
質ทؠͰ͋ΔのͰ本จͰทؠʹؚΊ，ൺֱత࿈ଓ͕
֬ೝͰ͖Δܔ質ڽփؠのΈΛਤࣔͨ͠ɽ
地質構造
ɹҰൠʹ北౦ʙೆ西のΛ༗͠，北͋Δ͍ೆʹ30
ʙ 60ఔͰࣼ͢ΔɽϢχοτ西Ͱ，౦西ͳ͍
͠౦北౦ʙ西ೆ西のͰ西ʹϓϥϯδ͢Δ࣠Λͭ࣋᧞
͕ೝΊΒΕ，ͦの500 mかΒ2 kmఔͰ͋ߏۂ
Δɽͦの᧞ߏۂ৭ทؠ，νϟʔτ，ݰؠͳͲの
かΒ͞ΕΔɽϢχοτ北౦ʹ͓͍ͯಉ༷の᧞
ғͰ北౦ൣ͍ΘͣかʹೝΊΒΕΔ͕，தԝ部の͕ۂ
ʙೆ西のͰ北西ʹࣼ͢Δɽ

4.2.3  Hn3ユニット
分布
ɹ本Ϣχοτ花園層のதԝ部ΛΊ，高野山पลかΒ
୮ੜٴͼޚ఼Ԋ͍ʹ͢Δɽ本地域の花園層のத
Ͱ࠷͘，本ௐࠪ地域ʹ͓͍ͯ౦西ͳ͍͠北西ʙೆ
౦ํ5ʹʙ 8 km，北౦ʙೆ西ํʹ20 kmのΛ
༗͢Δɽ北Λਆ୩அ層Ͱը͞Ε，ೆ౦ߏతԼҐの
Hn4Ϣχοτとি上அ層Ͱ͢Δɽೆྊஅ層Λհ͠
ͯ౬層と͢Δɽ
岩相
ɹ本ϢχοτทؠΛओと͠，࠭ؠ࠭，ؠทޓؠ層，ܔ
質ڽփݰ，ؠؠࡏࠞ，ؠΛ͏ɽνϟʔτ地質ਤ

ʹਤࣔͰ͖ΔنͰ͠ͳ͍ɽ౦半部ʹ͓͍ͯ，ݟ
か͚Լ半部Ͱท͕ؠӽ͠，த部かΒ上半部Ͱ࠭ؠ
ޓؠทؠͼ࠭ٴؠ層͕ӽ͢Δɽ͜の࠭ޓؠทؠͼ࠭ٴ
層，୮ੜかΒ౦ϊԊ͍Ͱ࠷͍Λ͕ࣔ͢，
ଆํʹݟʹܹٸか͚のް͕͞ݮগ͢ΔɽҰํ，西半部Ͱ
，͕ࠞؠࡏHn4ϢχοτとのڥքʹԊͬͯݟか͚࠷Լ
Ґʹ͠，࠭ؠܔ質ڽփ͕ؠ層ঢ়ʹ͢Δɽ 
ɹؠ૬のಛHn2Ϣχοτとྨ͢ࣅΔ͜とかΒ，ࡌه
のॏෳΛආ͚，ಛච͖͢ʹͯͬݶड़Δɽ北部ʹ
͢Δ࠭ٴؠͼ࠭ؠทޓؠ層ํのް͞のม化
͕ஶ͘͠，୮ੜԊ͍の࠭ؠݟか͚の࠷େ層ް700 
mʹୡ͢Δɽܔ質ڽփؠϢχοτத部かΒೆ半部ʹ
͓͍ͯෳの層४ʹ͠，ް͞10 m，ํʹ
500 mかΒ2ʙ 3 ᶳの࿈ଓΛࣔ͢ɽ࢈ঢ়ް͞3 cmの
とް͞2ʙؠփڽ質ܔ 3 cmのทޓ͕ؠ層͢Δɽݰؠ
高野山北౦ํʹ͢ΔのΈͰ，ݟか͚のް͞10 m
Ͱ，2ʹํʙ 3 ᶳの࿈ଓΛࣔ͢ɽ
地質構造
ɹϢχοτ北とೆʹ͓͍ͯ，౦西ͳ͍͠౦北౦ʙ西
ೆ西のͰ西ʹϓϥϯδ͢Δ࣠Λߏۂ᧞͕ͭ࣋ೝΊ
ΒΕ，ͦの3 kmかΒ5 kmఔͰ͋Δɽ地層の
Ұൠʹ30ʙࣼ，Ε੍͞نʹߏۂ᧞͜の 75 
ఔͰ͋Δɽ

4.2.4  Hn4ユニット
分布
ɹ本Ϣχοτதݪ，ྲྀ域ٴͼ୮ੜ上ྲྀ域ʹ
͠，本ௐࠪ地域ʹ͓͍ͯ北西ʙೆ౦ํʹ5 km，
北౦ʙೆ西ํʹ13 kmのΛ༗͢Δɽೆ౦ߏ
తԼҐのHn5Ϣχοτと͢ΔɽՏ

ㆉ㇏ ㇉

ඉݪ
ㆳ

とのग़
ձ͍西ํのೆ北ੑஅ層の西ଆͰ，本Ϣχοτྊஅ
層Λհͯ͠౬層と͢ΔɽҰํ，ೆ北ੑஅ層の౦ଆͰ
౬εϥετΛհͯ͠ߏతԼҐのඒ山層とি上அ層
Ͱ͢Δɽ
岩相
ɹ本ϢχοτทؠΛओと͠，࠭ؠ࠭，ؠทޓؠ層，ܔ
質ڽփؠ，νϟʔτ，ݰؠࡏࠞ，ؠΛ͏ɽ北部か
Βதԝ部Ͱท͕ؠӽ͠，࠭ ࠭，ؠ 層，νϟʔޓؠทؠ
τ，ݰ͕ؠϨϯζঢ়ʹ͢ΔɽҰํ，ೆ部のྊ
அ層ʹۙͰݰؠのϨϯζঢ়ؠମ͕ଟ͢Δɽ 
ɹؠ૬のಛHn2Ϣχοτとྨ͢ࣅΔ͜とかΒ，Hn3
Ϣχοτとಉ༷，ཁΛड़Δɽܔ質ڽփؠ
ʹ͓͍ͯް͞20ʙ 30 mͰํʹkmのԆͰ
͢Δɽ·ͨ，খنのͨΊ地質ਤʹਤࣔͰ͖ͳ͍͕，
փ白৭のܔ質ڽփ͞ް͕ؠcmʙ10 cmͰ，ทؠத
ؠݰմとؚͯ͠·ΕΔ߹͕͋Δɽνϟʔτとؠʹ
野֎ʹ͓͍ͯۙͯ͠࢈ग़͢Δɽ本Ϣχοτ࠷ೆʹ͓
͍ͯ，地質ਤͰνϟʔτとਤࣔͨ͠の৭ทؠΛओ
ମと͠，ߏࣼのͨΊݟか͚͍域Λࣔ͢ɽ͜の
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৭ทؠ҉৭Λఄ͠，փ৭͋Δ͍୶৭のڽփ
質ทؠとҠ͢Δɽ 
地質構造
ɹ北部かΒதԝ部ʹか͚ͯ，地層北౦ʙೆ西のͰ，
北西ʹ30ʙ 50ఔࣼ͢Δ͜と͕ଟ͍ɽҰํ，ೆ
Ͱݰؠと͕࠭ؠ͠，౦西ͳ͍͠౦北౦ʙ西ೆ西
のͰ西ʹϓϥϯδ͢Δ࣠Λߏۂ᧞͕ͭ࣋ೝΊΒΕ，
ͦの500 mかΒ1.5 kmͰ͋Δɽ

4.2.5  Hn5ユニット
分布
ɹ花園層のೆ౦ΛΊ，ఱϊྲྀ域ʹ͠，本ௐࠪ
地域ʹ͓͍ͯ北西ʙೆ౦ํʹ4 km，北౦ʙೆ西ํ
ߏ8 kmのΛ༗͢Δɽ本Ϣχοτ花園層のʹ
త࠷ԼҐʹҐஔ͠，౬εϥετΛհͯ͠ߏతԼҐの
ඒ山層と͢Δɽ
岩相
ɹ本ϢχοτทؠΛओと͠，ܔ質ڽփݰ，ؠؠ，
ݰʹԼҐ࠷か͚ݟΛ͏ɽ౬εϥετʹԊͬͯؠࡏࠞ
ؠ͕ࠞؠࡏ͢Δɽ
ɹؠ૬のಛHn2Ϣχοτとྨ͢ࣅΔ͜とかΒ，ཁ
Λड़ΔɽఱϊԊ͍のԐ୩ஷਫۙͰް͞10 m
のܔ質ڽփ2͕ؠ層४ೝΊΒΕΔɽ͜ ΕΒް͞5ʙ10 
cmのνϟʔτޫΛͨ͠白৭ܔ質ڽփؠとް͞2ʙ 3 
cmのփ৭ڽփ質ทؠのޓ層かΒߏ͞ΕΔɽ͜のܔ質
の࿈ଓ͕ະ֬ೝͰ͋Δ͕，ͦのํؠփڽ
ํʹ100 m࿈ଓ͢ΔՄੑ͕͋Δɽ本Ϣχο
τʹ地質ਤʹਤࣔͰ͖Δنのνϟʔτͳ͍͕，౦
部のݰؠ৭νϟʔτΛ͏ɽͦのݰؠのҰ部
ʹປঢ়༹͕ؠೝΊΒΕ，ݟか͚上Ґʹ৭νϟʔτ͕
ॏͳΓ，ݰؠと৭νϟʔτのΈ߹Θ͕ͤஅ層Ͱ2
ճ܁Γฦ͢ɽ 
地質構造
ɹ౦Ͱ北౦ʙೆ西のͰ西ʹϓϥϯδ࣠Λͭ࣋᧞
͕ೝΊΒΕ，ͦの2ʙߏۂ 3 kmͰ͋Δɽݟか͚
ͳ͍ͬͯΔɽ͘の෯͕ؠݰ

4.2.6  花園層内のユニット境界
ɹHn1Ϣχοτのೆݶਆ୩அ層ʹ૬͠，花園層ओ部
のHn2ʙ Hn3Ϣχοτとը͞ΕΔɽਆ୩அ層౦北౦
ʙ西ೆ西のΛ༗͠，୮ੜྲྀࢧのࡾඌԊ͍の౦

ㆲㆋ㆗㆔ㆄ

ڷ
ʹ͓͍ͯ౦西ੑͰ北ʹ70ʹࣼ͢Δஅ層͕֬ೝ͞Ε
Δɽ·ͨ，ਆ୩அ層ʹԊ͏Hn1Ϣχοτのೆԑ部ʹ͓͍
ͯ，西ํのਆ୩かΒ౦ڷ，北ຢΛͯܦ，୩

㆟ㆫ

Ԟ
ㆈ

ਂ
ㆶㆉ

·Δࢸʹ
Ͱ，͕ࠞؠࡏೆ北෯200ʙ 300 mʹ͢Δɽ
ɹ花園層ओ部のHn2ʙ Hn5Ϣχοτি上அ層ʹΑͬ
ͯը͞ΕΔ෴ߏנΛ͍ࣔͯ͠Δと͑ߟΒΕΔ͕，野֎
ʹ͓͍ͯϢχοτڥքのஅ層Λ֬ೝ͢Δ͜とͰ͖ͳ͍ɽ
͠か͠，ఆ͞ΕΔڥքʹԊͬͯϢχοτのߏత࠷Լ

Ґʹࠞؠࡏのଘ͕ࡏೝΊΒΕΔɽHn2ϢχοτͰ，ٶ
֞पลかΒ౬௰，高野山Λͯܦ北ຢೆํʹࢸΔ·Ͱ，
Hn3ϢχοτͰ，上֞西ํかΒਞϲๆの౦Λͯܦ୮
ੜԊ͍のԼ߳ʹࢸΔ·Ͱ，Hn4ϢχοτͰ，தݪ
Ԋ͍のࠓҪ౦ํかΒఱ௰ʹ͓͍ͯ，·ͨHn5Ϣχοτ
Ͱ野֎Ͱの࿐ग़ঢ়ଶ͕ѱ͍͕，Ԑ୩μϜपลʹ͓͍ͯ
 の͕֬ೝ͞ΕΔɽؠࡏࠞ

4.2.7  対比
ɹ花園層のओͨΔ域の5ສの1地質ਤ෯ʮ高野山ʯ
（ฏ山ɾਆ1959，ށ）とൺֱ͢Δと，花園層ओ部（Hn2ʙ Hn5
Ϣχοτ）のେ部ฏ山ɾਆ（1959）ށのடଳओ部ʹ
૬͠，Hn2Ϣχοτの北西のൣ͍ڱғ͕டଳࡉ
ଳʹ૬͢Δɽ·ͨ，Hn1Ϣχοτの北半部ࢤլଳೆ
ԑ部ʹ，Ұํ，Hn1Ϣχοτのೆ半部の͏ͪ西半部ட
ଳࡉଳʹ，౦半部டଳओ部ʹͦΕͧΕରൺ͞Ε
Δ（ୈ3ਤ）ɽ
ɹ本地域のೆଆʹ͓͍ͯ，紀भ࢛ສेଳஂମڀݚάϧʔ
ϓ（2012a， b）౬層とͦのೆʹ͢Δඒ山層のΛ
ࣔ͠，྆層のڥքΛը͢Δஅ層Λ౬εϥετとݺΜͩɽɹɹ
本地域ೆ౦のཱ

㆟ㆦ ㇊

ཬΑΓ౦ํͰ౬層͕͠ͳ͍͜
とかΒ，花園層ओ部のHn4ٴͼHn5Ϣχοτ͕౬εϥ
ετΛհͯ͠ඒ山層と͢Δ͜とʹͳΔ（ୈ1ਤ，ୈ2ਤ，
ୈ3ਤ）ɽ
ɹେେ็ڀݚάϧʔϓ（1989，2005）本地域の౦ʹྡ
͢Δ௰ಊ地域ʹ͓͍ͯ，ߏత上ҐのୌίϯϓϨο
ΫεとԼҐのӉҪίϯϓϨοΫεのΛࣔ͠，྆層の
ΜͩɽୌίϯϓϨοΫε花ݺքΛӉҪεϥετとڥ
園層の౦ํԆʹҐஔ͠，花園層ୌίϯϓϨοΫε
ʹରൺ͞ΕΔ（ୈ3ਤ）ɽͳ͓，紀भ࢛ສेଳஂମڀݚά
ϧʔϓ（2012a， b）ඒ山層ΛӉҪίϯϓϨοΫεʹ，౬
εϥετΛӉҪεϥετରൺͨ͠ɽ 

５．放散虫化石

ɹ本จͰ，花園層ٴͼೆʹྡ͢Δ౬層，ඒ山層
北ԑ部かΒทڽ，ؠփ質ทܔ，ؠ質ڽփؠ，νϟʔτ
Λ࠾औ͠，ϑοࢎॲཧʹΑΓ放散虫化石Λநग़ͨ͠ɽ
放散虫化石のಉఆ͍ͯͮجʹ؍ΑΔʹڸඍݦࢠిܕࠪ
と放散虫化石ू܈のઃఆΛू܈֤，͍ߦのࣔ͢ࢦΔ地質
ग़地Λୈ4ਤ，化石ϦετΛ࢈ɽ化石ͨ͠ߟΛ࣌
ୈ1දʙୈ 3ද，化石ࣸਅΛਤ൛1ʙਤ൛9ʹࣔ͢ɽ
 
5.1　放散虫化石群集と地質時代
ɹ࢈ग़ͨ͠放散虫化石のಛとΈ߹ΘͤかΒ4ͭの放
散虫化石ू܈Λࣝผ͠，ͦΕͧΕのू܈Λू܈ᶗ，ू܈
ᶘ，ू܈ᶙ，ू܈ᶚとݺͿɽ
群集Ⅰ：Holocryptocanium barbui群集
ɹू܈ᶗ，Pseudodictyomitra pseudomacrocephala，P. 
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            三波川帯 ( 志賀帯 )

Sambagawa Belt  ( Shiga Zone )

             秩父帯主部

Main part of Chichibu Belt

Hn1 ユニット

Hn1 Unit

Hn2 ユニット

Hn2 Unit

Hn4 ユニット

Hn4 Unit

Hn3 ユニット

Hn3 Unit

Hn5 ユニット

Hn5 Unit

湯川層

美山層 ＜湯川スラスト＞

＜梁瀬断層 Yanase Fault＞

＜神谷断層 Kamiya Fault＞

美山層 Miyama Formation

＜宇井スラスト Ui Thrust＞

宇井コンプレックス

  Ui Complex

　

    平山・神戸 (1959)
Hirayama and Kambe

本報告 This report

紀州四万十帯団体研究グループ (2012a)
      Kishu Shimanto Research Group

湯川層

Yukawa Formation

＜Yukawa Thrust＞

赤滝コンプレックス

Akataki Complex

大和大峯研究グループ (1989, 2005)
   Yamato Omine Research Group
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ୈ3ਤ  高野山ٴͼपล地域ʹ͓͚Δରൺ
  ଠઢஅ層Λࣔ͢

Fig. 3  Correlation in the Koyasan and the adjacent area
  Bold line shows a fault

leptoconica，P. nakasekoiͳͲのPseudodictyomitraଐ，Thanarla 
brouweri， T. conica，T. elegantissima， T. praeveneta，T. venetaͳ
ͲのThanarlaଐ，Holocryptocanium barbui，H. geysersensis，
H. astiensis，H. tuberculatumͳͲのHolocryptocaniumଐٴͼ
Novixitus weyliの࢈ग़͕ಛతͰ，ほかʹArchaeodictyomitra
ଐStichomitraଐͳͲかΒߏ͞ΕΔɽ
ɹू܈ᶗ୩（1995）͕ 本上部白亜系の放散虫化石Λ
ཧͨ͠தͰ，ظޙΞϧϏΞϯظʙηϊϚχΞϯظと͠
ͨ放散虫化石のߏछʹ，·ͨެจほか（1986）ٴͼࣉ
Ԭɾ栗本（1986）のHolocryptocanium barbuiू܈のߏछ
とΑ͘Ұக͢Δɽ山本ɾླ（2012）花園層かΒ，紀
भ࢛ສेଳஂମڀݚάϧʔϓ（2012a）౬層かΒH. 
barbuiू܈ʹ૬͢Δ放散虫化石Λใͨ͠ࠂɽͦのଞ，H. 
barbuiू܈ʹ૬͢Δ化石ू܈ଟ͘ใ͞ࠂΕ͍ͯΔɽ
Ҏ上の͜とかΒ，ू܈ᶗظޙΞϧϏΞϯظʙηϊϚχ
ΞϯظΛࣔ͢ࢦΔと͑ߟΒΕΔɽ
群集Ⅱ：Dictyomitra formosa群集
ɹू܈ᶘ Dictyomitra  formosa，D. multicostata，D. napaensis  
ͳͲの Dictyomitraଐ，Archaeodictyomitra vulgaris，A. 
simplexͳͲの Archaeodictyomitraଐ，Amphipyndax stocki，A. 
ellipticusͳͲのAmphipyndaxଐ，ٴͼ StichomitraଐͳͲ
のଟઅ Nassellaria かΒߏ͞ΕΔɽू܈ᶘΛߏ͢Δ 

Dictyomitra ଐ，Archaeodictyomitraଐ，Amphipyndaxଐ
Ұൠʹ࢈ग़Ϩϯδ͕͍の͕ଟ͘，地質࣌Λݶఆ͢
ΔಛछݟͨΒͳ͍ɽ͠か͠ू܈ᶗΛಛ͚ͮΔ
Pseudodictyomitraଐ，Thanarlaଐ，Holocryptocaniumଐ͕
͕େ͖ߏᶘとछू܈ᶗとू܈，ग़͠ͳ͍͜とかΒ࢈
͘ҟͳΓ，ू܈ᶘू܈ᶗΑΓए͍࣌Λࣔ͠νϡʔ
ϩχΞϯظҎ߱Ͱ͋Δと͑ߟΒΕΔɽ·ͨ，ޙड़のू܈
ᶙのࢦඪとͳΔDictyomitra koslovae͕࢈ग़͠ͳ͍͜とか
Β，ͦΕΑΓ͍࣌ݹとஅͰ͖ΔͨΊ，ू܈ᶘ
νϡʔϩχΞϯظʙίχΞγΞϯظΛࣔ͢ࢦΔと͑ߟΒ
ΕΔɽू܈ᶘのߏछ，ެจほか（1986）のDictyomitra 
formosa ࣉ，ू܈Ԭɾ栗本（1986）のDictyomitra formosa 
Δɽ͢ࣅののとྨू܈Dictyomitra densicostata - ू܈
群集Ⅲ：Dictyomitra koslovae群集
ɹू܈ᶙ Dictyomitra  formosa，D. multicostata，D. koslovae  
ͳͲの Dictyomitraଐ，Archaeodictyomitra vulgaris，A. 
simplex ͳͲの Archaeodictyomitra ଐ，Amphipyndax stocki
ͳͲの Amphipyndax ଐかΒߏ͞Ε，D. koslovae ٴͼ D. 
aff. koslovae の࢈ग़Ͱಛ͚ͮΒΕΔɽ
ɹू܈ᶙΛಛ͚ͮΔD. koslovae ʹ͍ͭͯ，୩（1995）
ͦの࢈ग़ΛαϯτχΞϯظʙΧϯύχΞϯظとͨ͠ɽ
܈छެจほか（1986）のArtostrobium urnaߏᶙのू܈
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ୈ4ਤ  高野山地域の放散虫化石࢈ग़地
Fig. 4  Localities of radiolarian fossils in the Koyasan area

छとྨߏのू܈Ԭɾ栗本（1986）のD. koslovaeࣉͼٴू
ΔɽҰํ，NassellariaҎ֎の放散虫化石とͯ͠，本͢ࣅ
ΕΔ·ؚʹू܈ Alievium gallowayiの࢈ग़Ϩϯδલظα
ϯτχΞϯظʙظޙΧϯύχΞϯظと͞Εͨ (Pessagno， 
1976)͕，上ू܈هの࣌とໃ६͠ͳ͍ɽ͕ͨͬͯ͠，
ड़のAmphipyndax tylotus，A. pseudoconulusΛಛと͢ޙ
Δू܈ᶚ͕ظޙΧϯύχΞϯظと͑ߟΒΕΔ͜とかΒ，
ࣔ͢ࢦΛظΧϯύχΞϯظʙલظᶙαϯτχΞϯू܈
Δと͑ߟΒΕΔɽ
ɹ͜͜ͰD. koslovaeʹ͍ͭͯए͢ٴݴׯΔɽForeman 

(1975)ʹΑΔとD. koslovaeୈ4֪ࣨ͋Δ͍ୈ5֪ࣨ
の෯͕࣍，͘の1ʙ 2ࣨ෯͕͘ڱͳΓઢతͳܗ
ঢ়Λఄ͢Δɽ本ใࠂのD. aff. koslovae D. koslovaeと
ൺֱͯ͠，෯の͕ΓͦのԼの֪ࣨの෯のڱ·Γํ
͕ऑ͘，શମʹؙΈΛଳͼͨܗଶΛࣔ͢ɽ本ใࠂのD. 
aff. koslovae，୶࿏島のઘ層܈かΒ࢈ग़͢ΔD. aff. 
koslovae（山，1987）ʹ  .Δɽ山（1987） D. aff͢ࣅྨ
koslovaeの࢈ग़ΛલظΧϯύχΞϯظかΒલظϚʔε
τϦώνΞϯظとͨ͠ɽ·ͨ，本ใࠂのD. aff. koslovae
，山本ɾླ（2012）͕ 花園層かΒใͨ͠ࠂ D. aff. 
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Hn1-1 Hn1-2 Hn2-1 Hn2-2 Hn2-3 Hn2-4

sh sh ts sh sh ts

107867 107868 107869 107870 107871 107872

18235 18236 18237 18238 18239 18240

群集Ⅱ 群集Ⅱ 群集Ⅱ 群集䊢 群集Ⅱ 群集Ⅱ

1 Alievium gallowayi
2 Alievium  sp. ●

3 Amphipyndax ellipticus
4 Amphipyndax pseudoconulus
5 Amphipyndax stocki
6 Amphipyndax tylotus
7 Amphipyndax cf. tylotus
8 Amphipyndax sp.
9 Archaeodictyomitra simplex
10 Archaeodictyomitra cf. simplex
11 Archaeodictyomitra sliteri
12 Archaeodictyomitra  cf. squinaboli
13 Archaeodictyomitra vulgaris
14 Archaeodictyomitra cf. vulgaris
15 Archaeodictyomitra  sp. ● ● ● ●

16 Archaeospongoprunum  sp.
17 Cornutella sp.
18 Cryptamphorella sp. ●

19 Diacanthocapsa  sp. ● ●

20 Dictyomitra densicostata
21 Dictyomitra formosa ● ●

22 Dictyomitra cf. formosa ●

23 Dictyomitra koslovae
24 Dictyomitra  cf. koslovae ●

25 Dictyomitra aff. koslovae
26 Dictyomitra multicostata
27 Dictyomitra cf. multicostata
28 Dictyomitra sp. ● ● ● ●

29 Holocryptocanium geysersensis
30 Holocryptocanium sp.
31 Mita sp.
32 Novixitus weyli
33 Orbiculiforma  sp.
34 Parvicingula  sp.
35 Praeconocaryomma californiaensis
36 Pseudoaulophacus  sp. ● ● ●

37 Pseudodictyomitra pseudomacrocephala
38 Pseudodictyomitra sp.
39 Stichomitra asymbatos ●

40 Stichomitra cf. asymbatos
41 Stichomitra communis
42 Stichomitra cf. communis
43 Stichomitra sp. ● ● ●

44 Thanarla conica
45 Thanarla elegantissima
46 Thanarla praeveneta
47 Thanarla  sp.
48 Xitus sp.

第 㻝表 㻙㻝

化石ヨᩱ登録番号 䠄GS䠦 F䠅
放散虫化石群集

Hn2Hn1サブユニット区分
地点番号
岩石䛾種㢮
岩石ヨᩱ登録番号 䠄GS䠦 R䠅

ୈ1ද- 1 花園層かΒ࢈ग़ͨ͠放散虫化石
Table 1-1 Radiolarian fossils from the Hanazono Formation
ch: νϟʔτ，chert ɹft: ܔ質ڽփؠ，felsic tuff ɹsh : ทؠ，shaleɹts : ڽփ質ทؠ，tuffaceous shale
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Hn3-1 Hn3-2 Hn3-3 Hn3-4 Hn3-5 Hn3-6 Hn3-7 Hn3-8 Hn3-9 Hn3-10 Hn3-11 Hn3-12 Hn3-13 Hn3-14 Hn3-15

sh sh sh sh ts ft sh ft ft sh sh sh sh sh sh
107873 107874 107875 107876 107877 107878 107879 107880 107881 107882 107883 107884 107887 107888 107889

18241 18242 18243 18244 18245 18246 18247 18248 18249 18250 18251 18252 18255 18256 18257

群集䊢 群集䊢 群集䊢 群集䊣 群集Ⅱ 群集Ⅱ 群集Ⅱ 群集Ⅱ 群集䊢 群集䊣 群集䊢 群集Ⅱ 群集Ⅱ 群集Ⅱ

1 ●

2 ● ● ● ● ●

3
4 ●

5 ● ● ● ● ●

6 ●

7
8 ● ● ● ● ● ●

9 ●

10 ●

11 ●

12 ●

13 ● ● ● ●

14 ●

15 ● ● ● ● ● ● ● ●

16 ● ● ●

17 ●

18
19 ● ● ● ●

20 ●

21 ● ● ● ●

22 ● ●

23 ● ●

24 ● ●

25 ● ● ● ● ●

26 ● ●

27 ●

28 ● ● ● ● ● ● ● ● ● ● ●

29
30
31 ●

32
33 ● ● ●

34
35 ●

36 ●

37
38
39
40 ●

41 ● ● ● ●

42
43 ● ● ● ● ● ● ● ●

44
45
46
47
48

Hn3

第㻝表㻙㻞

ୈ1ද- 2 花園層かΒ࢈ग़ͨ͠放散虫化石
Table 1- 2 Radiolarian fossils from the Hanazono Formation
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Hn4-1 Hn4-2 Hn4-3 Hn4-4 Hn4-5 Hn4-6 Hn4-7 Hn4-8 Hn4-9 Hn5-1 Hn5-2 Hn5-3

ft sh ft ft sh ch 䡐䡏 sh sh ft sh ch

107890 107891 107892 107893 107894 107895 107896 107897 107898 107899 107900 107901

18258 18259 18260 18261 18262 18263 18264 18265 18266 18267 18268 18269

群集䊣 群集䊢 群集Ⅰ 群集䊢 群集Ⅱ 群集䊣 群集Ⅰ 群集Ⅱ 群集Ⅰ

1
2 ● ●

3 ●

4 ●

5 ● ● ● ●

6
7 ● ●

8 ● ● ● ● ●

9 ●

10
11
12
13 ●

14
15 ● ● ● ● ● ●

16 ● ●

17
18
19 ●

20
21 ● ● ●

22 ● ●

23 ● ●

24 ● ●

25 ● ●

26
27 ●

28 ● ● ● ●

29 ●

30 ●

31 ● ●

32 ●

33 ●

34 ●

35
36 ● ●

37 ●

38 ●

39
40
41 ● ●

42
43 ● ● ● ● ●

44 ●

45 ●

46 ● ●

47 ● ●

48 ●

Hn4 Hn5

第㻝表㻙㻟

ୈ1ද- 3 花園層かΒ࢈ग़ͨ͠放散虫化石
Table 1- 3 Radiolarian fossils from the Hanazono Formation
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サブユニット区分 Yk2
地点番号 Yk1-1 Yk1-2 Yk1-3 Yk2-1 Yk3-1 Yk3-2

岩石䛾種㢮 sh sh ts ft sh ts

岩石ヨᩱ登録番号䠄GSJ R䠅 107902 107885 107886 107903 107904 107905

化石ヨᩱ登録番号䠄GSJ F䠅 18270 18253 18254 18271 18272 18273

放散虫化石群集 群集Ⅰ 群集Ⅰ 群集Ⅰ 群集Ⅰ 群集Ⅰ

Alievium sp. ● ●

Amphipyndax cf. stocki ●

Amphipyndax sp. ● ● ●

Archaeodictyomitra simplex ● ●

Archaeodictyomitra vulgaris ● ● ● ●

Archaeodictyomitra sp. ● ● ●

Cryptamphorella cf. conara ●

Dictyomitra sp. ● ●

Hemicryptocapsa polyhedra ●

Holocryptocanium barbui ●

Holocryptocanium sp. ●

Mita  sp. ● ●

Novixitus weyli ● ●

Novixitus  sp. ●

Parvicingula sp. ● ●

Praeconocaryomma sp. ●

Pseudoaulophacus  sp. ●

Pseudodictyomitra pseudomacrocephala ●

Pseudodictyomitra cf. pseudomacrocephala ●

Pseudodictyomitra sp. ● ●

Squinabollum cf. fossilis ●

Stichomitra  cf. communis ● ● ●

Stichomitra sp. ● ● ●

Thanarla brouweri ● ● ●

Thanarla conica ●

Thanarla elegantissima ● ●

Thanarla praeveneta ● ● ●

Thanarla veneta ● ●

Thanarla  sp. ●

Yk3

第 䠎表

Yk1

ୈ2ද  ౬層かΒ࢈ग़ͨ͠放散虫化石

Table 2  Radiolarian fossils from the Yukawa Formation

ft: ܔ質ڽփؠ，felsic tuff ɹsh : ทؠ，shaleɹts : ڽփ質ทؠ，tuffaceous shale
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サブユニット区分

地点番号 My1-1 My1-2 My1-3 My1-4 My1-5 My1-6 My1-7 My1-8 My1-9 My1-10 My1-11 My1-12 My1-13 My1-14 My1-15

岩石種 sh sh sh sh ft at sh ft sh sh sh ft ts sh sh

岩石登録番号GSJ R 107906 107907 107908 107909 107910 107911 107912 107913 107914 107915 107916 107917 107918 107919 107920

化石登録番号GSJ F 18274 18275 18276 18277 18278 18279 18280 18281 18282 18283 18284 18285 18286 18287 18288

放散虫化石群集 群集Ⅰ 群集Ⅱ
群集
Ⅰ&Ⅱ

群集Ⅱ 群集Ⅰ 群集Ⅰ 群集Ⅰ 群集Ⅱ 群集Ⅱ

Alievium sp. ● ● ● ●

Amphipyndax ellipticus ● ● ● ● ●

Amphipyndax stocki ● ● ● ● ● ●

Amphipyndax sp. ● ● ● ●

Archaeodictyomitra simplex ●

Archaeodictyomitra vulgaris ● ●

Archaeodictyomitra  sp. ● ● ● ●

Archaeospongoprunum sp. ● ● ● ● ● ● ●

Cornutella  sp. ● ●

Crucella sp. ●

Cryptamphorella sp. ●

Diacanthocapsa sp. ● ●

Dictyomitra formosa ● ● ● ●

Dictyomitra multicostata ●

Dictyomitra napaensis ● ●

Dictyomitra sp. ● ● ● ● ● ● ●

Hemicryptocapsa polyhedra ●

Holocryptocanium astiensis ●

Holocryptocanium geysersensis ●

Holocryptocanium tuberculatum ●

Holocryptocanium sp. ●

Immersothorax sp. ● ●

Mita gracilis ●

Mita  sp. ● ● ● ● ●

Novixitus weyli ●

Novixitus  sp. ●

Orbiculiforma  sp. ● ●

Parvicingula sp. ●

Praeconocaryomma sp. ● ● ● ●

Pseudoaulophacus  sp. ● ● ● ● ● ●

Pseudodictyomitra leptoconica ● ●

Pseudodictyomitra nakasekoi ● ●

Pseudodictyomitra pseudomacrocephala ● ●

Pseudodictyomitra sp. ●

Squinabollum fossilis ●

Squinabollum cf. fossilis ● ●

Stichomitra asymbatos ●

Stichomitra communis ● ● ● ● ● ● ●

Stichomitra cf. communis ●

Stichomitra sp. ● ● ● ● ● ● ● ●

Thanarla brouweri ● ●

Thanarla  cf. brouweri ●

Thanarla veneta ●

Thanarla sp. ●

Spongotripus  sp. ● ●

Xitus sp. ●

My1

第 ３表

ୈ3ද  ඒ山層かΒ࢈ग़ͨ͠放散虫化石

Table 3  Radiolarian fossils from the Miyama Formation

ft: ܔ質ڽփؠ，felsic tuff ɹsh : ทؠ，shaleɹts : ڽփ質ทؠ，tuffaceous shale
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koslovae Archaeodictyomitra lamellicostata (Dictyomitra 
lamellicostata)ʹྨ͢ࣅΔɽ山本ɾླ（2012），D. 
koslovaeとA. lamellicostata͕࢈ग़͢Δू܈ΛD. koslovae
ִؒଳ（αϯτχΞϯظʙલظΧϯύχΞϯظ）とஅ͠，
A. lamellicostataਵछの࢈ग़かΒͯݟલظΧϯύχΞ
ϯظのՄੑΛࢦఠͨ͠ɽ
群集Ⅳ：Amphipyndax tylotus群集
ɹू܈ᶚDictyomitra formosa，D. multicostata，D. koslovae，
D. densicostataͳͲのDictyomitra ଐ，Amphipyndax tylotus，A. 
pseudoconulus，A. stocki，A. ellipticus ͳͲの Amphipyndax 
ଐかΒߏ͞Ε，A. tylotusA. pseudoconulusの࢈ग़͕ಛ
తͰ͋ΔɽほかʹStichomitraଐ，Alieviumଐ͕࢈ग़͢Δɽ
ɹू܈ᶚΛಛ͚ͮΔAmphipyndaxଐʹ͍ͭͯ，୩
（1995） A. tylotusの࢈ग़ΛΧϯύχΞϯظҎ߱，A. 

pseudoconulusの࢈ग़ΛظޙΧϯύχΞϯظҎ߱とͨ͠ɽ
܈ᶚ，ެจほか（1986）のAmphipyndax tylotusू܈ͨ·
ूのߏछʹྨ͢ࣅΔɽۙ࠷，山本ɾླ（2012）花園
層かΒ，紀भ࢛ສेଳஂମڀݚάϧʔϓ（2012b）ඒ山
層かΒA. tylotus A. pseudoconulusΛؚΉ放散虫化石܈
ूΛใ͍ͯ͠ࠂΔɽ本ू܈ಛछͰ͋ΔA. tylotus，A. 
pseudoconulusの࢈ग़かΒΈͯ，ظޙΧϯύχΞϯظΛࢦ
ࣔ͢Δと͑ߟΒΕΔɽ

5.2　化石産出試料
5.2.1  花園層
ɹ花園層の33ࢼྉかΒ放散虫化石Λநग़͠，ͦの͏ͪ
ྉͰ͋ΔɽࢼΛࣝผͰ͖ͨの29ू܈
ɹू܈ᶗ Hn4Ϣχοτ，Hn5ϢχοτかΒ࢈ग़͠，
Hn4-4，Hn5-1，Hn5-3の3ࢼྉͰ͋ΔɽHn4-4ް͞
10 cmのܔ質ڽփؠͰ，ทؠதのؠմͰ͋ΔɽHn5-1
ܔ質ڽփؠͰ，ް͞10 mͰ地質ਤͰํʹ
100 mのنΛࣔ͢ɽHn5-3ݰؠのݟか͚上Ґʹ
ॏͳΔ৭νϟʔτͰ͋Δɽ͜のݰؠと৭νϟʔτ
ทؠதのް͞10mのؠմͰ͋Γ，地質ਤʹਤࣔ
Ͱ͖ΔنΛ༗͠ͳ͍ɽ
ɹू܈ᶘ花園層のશϢχοτかΒ࢈ग़͠，શ部Ͱ
，ؠ৭ทࠇதの層ͨ͠ؠࡏྉͰ͋ΔɽHn1-1ࠞࢼ14
Hn1-2࠭ؠทޓؠ層தのทؠͰ͋ΔɽHn2-1，Hn2-4ٴ
ͼHn3-5ڽփ質ทؠͰ，Ұ部ʹܔ質͋Δ͍࠭質ͳ部
͕͋ΔɽHn3-6ٴͼ Hn3-8層ঢ়のܔ質ڽփؠͰ͋
ΔɽHn2-3，Hn3-7，Hn3-13，Hn3-14，Hn3-15，Hn4-8，
Ͱ͋Δɽؠփ৭ทࠇͼHn5-2ٴ
ɹू܈ᶙHn2Ϣχοτ，Hn3Ϣχοτ，Hn4Ϣχοτ
の߹ࢼ8ܭྉかΒ࢈ग़ͨ͠ɽHn2-2࠭ؠทޓؠ層தの
ทؠͰ͋ΔɽHn3-1，Hn3-2，Hn3-3ࠇ৭ͳ͍͠ࠇփ
৭のทؠͰ͋ΔɽHn3-9୶৭͋Δ͍白৭のܔ質
層Λఄ͢ΔɽHn3-12ޓ質部とೈ質部のߗ，Ͱؠփڽ
Ұ部ʹڽփ質ͳ部ΛؚΉทؠͰ，ทؠ༏ͳ࠭ؠทؠ
層ޓؠทؠ༏ͳ࠭ؠ層தののͰ͋ΔɽHn4-2ทޓ

தのทؠͰ͋ΔɽHn4-7փ৭のڽփ質ทؠͰ，ݰؠ
のݟか͚上ҐʹҐஔ͢Δɽ
ɹू܈ᶚHn3Ϣχοτ，Hn4Ϣχοτの߹ࢼ4ܭྉか
Β࢈ग़ͨ͠ɽHn3-4層ทؠͰ，पғʹ͕ࠞؠࡏ
͢ΔɽHn3-10ทؠ༏ͳ࠭ؠทޓؠ層தのทؠͰ
͋ΔɽHn4-1৭͋Δ͍白৭Ͱνϟʔτޫのܔ
質ڽփؠͰ，पғڽփ質ทؠͰ͋ΔɽHn4-9γ
ϧτ質Ͱڽփ質ͳ部ΛؚΉทؠͰ͋Δɽ
ɹ͞Βʹࠓճ，栗本（1982）ʹ 白亜紀の放ظޙ͍͓ͯ
散虫化石Λ࢈ग़ͨ͠Loc. 12（ܔ質ڽփؠ，本จ
Hn2ϢχοτのLoc. A）とLoc. 15（ڽփ質ทؠ，本จ
Hn3ϢχοτのLoc. B）のࢼྉΛݕ࠶౼͠，Dictyomitra 
koslovae，Dictyomitra formosaʹՃ͑ͯ，ू܈ᶚʹಛత
ͳ Amphipyndax pseudoconulusٴͼ Amphipyndax tylotusの
ग़Λ֬ೝͨ͠ɽͳ͓，Amphipyndax pseudoconulus栗࢈
本（1982）のAmphipyndax enesseffiʹ૬͢Δɽ

5.2.2  湯川層
ɹ౬層の6ࢼྉかΒ放散虫化石Λநग़͠，ͦΕΒの͏
ͼYk3-1࠭ٴᶗΛࣝผͨ͠ɽYk1-2ू܈ྉかΒࢼ5ͪ
ڽͼYk3-2ٴͰ͋ΔɽYk1-3ؠ৭ทࠇ層தのޓؠทؠ
փ質ทؠͰ，લऀ層ঢ়のԫ৭ͳ͍͠৭Λఄ͠，ޙ
ऀ৭Λଳͼͨփ৭Ͱγϧτ質Ͱ͋ΔɽYk2-1
փ৭のཻࡉͳߗ質部と୶৭のཻࡉۃͳೈ質部のޓ
層かΒͳΔܔ質ڽփؠͰ͋Δɽ౬層かΒ࢈ग़ͨ͠放
散虫化石ू܈紀भ࢛ສेଳஂମڀݚάϧʔϓ（1991， 
2012a）の݁ՌとௐతͰ͋Δɽ
ɹͳ͓，紀भ࢛ສेଳஂମڀݚάϧʔϓ（2012a），紀भ
͕άϧʔϓ（1991）ڀݚສेଳஂମ࢛ ใͨ͠ࠂDictyomitra 
formosaの࢈地Λ࠶ௐࠪ͠，อଘのྑ͍Holocryptocanium 
barbuiू܈Λಘͨ͜とかΒ，Dictyomitra formosaू܈の࢈
ग़ޡΓͰ͋ͬͨとͨ͠ɽ͠か͠本จのYk1-1（ทؠ）
かΒ，ू܈ᶗΛಛ͚ͮΔछ͕࢈ग़ͤͣ，Dictyomitra
ଐStichomitraଐ͕࢈ग़ͨ͠ɽอଘঢ়ଶ͕ѱ͍ͨΊ化石
Ҏ߱ظΒͳか͕ͬͨ，νϡʔϩχΞϯࢸのೝఆʹू܈
のՄੑ͕͋Δと͑ߟΒΕ，ݕ౼の༨地͕͋ΔとࢥΘΕ
Δɽ

5.2.3  美山層
ɹඒ山層のMy1Ϣχοτの15ࢼྉかΒ放散虫化石Λந
ग़͠，ͦの͏ͪू܈ΛࣝผͰ͖ͨの9ࢼྉͰ͋Δɽ
ɹू܈ᶗMy1-3，My1-8，My1-10，My1-12の4ࢼྉ
かΒ࢈ग़͢ΔɽMy1-3ٴͼMy1-10࠭ؠ༏ͳ࠭ؠท
質ܔͼMy1-12ٴͰ͋ΔɽMy1-8ؠ層தのทޓؠ
Ͱ，લऀ୶৭Λఄ͠，ް͞30ʙؠփڽ 50 cmͰࠇ
৭ทؠதʹڬ·ΕΔɽू܈ᶘMy1-4，My1-6，My1-
13，My1-14の4ࢼྉかΒू܈ᶘの放散虫化石͕࢈ग़͢Δɽ
My1-4ٴͼMy1-14ทؠͰ，લऀ࠭ؠ༏ͳ࠭ؠท
ؠ層தのทޓؠทؠ༏ͳ࠭ؠทऀޙ，ؠ層のทޓؠ
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Ͱ，ܔ質ڽփؠのؠմΛؚΉɽMy1-6ܔ質ڽփؠ，
My1-13ڽփ質ทؠͰ͋Δɽ͞ΒʹMy1-5のܔ質ڽ
փؠかΒू܈ᶗとू܈ᶘのࠞ࢈͕ू܈ࡏग़͢Δɽ
ɹͳ͓，紀भ࢛ສेଳஂମڀݚάϧʵϓ（2012b），ඒ
山層のߏత࠷上ҐのM1Ϣχοτ（ۙҪϢχοτ）Λ
νϡʔϩχΞϯظʙίχΞγΞϯظと͕ͨ͠，上هのΑ
͏ʹMy1Ϣχοτ北ԑ部のทٴؠͼܔ質ڽփؠかΒ܈
ूᶗ（ظޙΞϧϏΞϯظʙηϊϚχΞϯظ）の放散虫化石
ग़ͨ͠ɽ࢈͕

６．考察

6.1  花園層の付加体形成時代
ɹ花園層શମʹทؠ༏Ͱ，࠭ؠ࠭，ؠทޓؠ層，ܔ
質ڽփؠͳͲのݯのଯੵؠと，ݰؠ，νϟʔτͳ
Ͳのւ༸ݯىのؠ石かΒߏ͞Ε，ؠ૬のΈ߹Θͤ
地質ߏのಛかΒւ༸ϓϨʔτのΈࠐΈʹͬͯܗ
͞ΕͨՃମͰ͋Δとஅ͞ΕΔɽҰൠʹՃମʹ͓
͍ͯ，νϟʔτͳͲのւ༸ݯىのؠ石ทؠͳͲのج
質ΑΓ͍ݹ地質࣌Λࣔ͢ɽ
ɹ本ใࠂと山本ɾླ（2012）ʹ 花園層の地質，͍ͯͮج
ߟΛ࣌ܗとՃମとͯ͠の࣌ （͠ୈ 5ਤ），पล
の白亜紀ՃମとのൺֱΛࢼΈΔɽͳ͓，本ใࠂと山本ɾ
ླ（2012）Ͱ花園層のϢχοτ͕۠ҟͳΔͨΊ，山
本ɾླ（2012）の放散虫化石Λ本ใࠂのϢχοτ۠ʹ
ͯΊͨɽ 
Hn1ユニット
ɹ本ϢχοτのทؠかΒू܈ᶘ（νϡʔϩχΞϯظʙί
χΞγΞϯظ）の放散虫化石͕࢈ग़͢Δ͕，มܗのͨΊ
放散虫化石のอଘ͕ѱ͘，࣌ݱͰ͜ΕҎ上ৄࡉʹ地
質࣌ݶఆͰ͖ͳ͍ɽ͕ͨͬͯ͠， Hn1Ϣχοτのߏ
ྨؠνϡʔϩχΞϯظʙίχΞγΞϯظͰ͋Γ，
Ճମのܗทؠの地質࣌ʹ͍ͯͮجಉ༷ʹνϡʔϩ
χΞϯظʙίχΞγΞϯظと͑ߟΒΕΔɽ
Hn2ユニット
ɹ本Ϣχοτのทٴؠͼڽփ質ทؠかΒू܈ᶘ
（νϡʔϩχΞϯظʙίχΞγΞϯظ），ทؠかΒू܈
ᶙ（αϯτχΞϯظʙલظΧϯύχΞϯظ），ܔ質ڽփ
の放散虫化石͕ͦ（ظΧϯύχΞϯظޙ）ᶚू܈かΒؠ
ΕͧΕ࢈ग़͢Δɽ
ɹҰํ，山本ɾླ（2012）のใࠂʹΑΔと，Hn2Ϣχο
τʹ૬͢ΔHz2Ϣχοτの地ᶃのνϟʔτかΒ
Holocryptocanium barbuiू܈の放散虫化石͕࢈ग़͠，Ξ
ϧϏΞϯظʙલظηϊϚχΞϯظΛࣔ͢と͞Εͨɽ地
ᶅのࠇ৭ทؠߏछかΒதظαϯτχΞϯظʙલظ
ΧϯύχΞϯظと͞Εͨɽ͜のνϟʔτ山本ɾླ
（2012）の地質ਤʹ͓͍ͯ，北西ʙೆ౦ํʹΑ͘࿈ଓ
͢Δνϟʔτɾݰؠの͙ۙ͘͢ʹҐஔ͠，Ϩϯζঢ়
かΒؠମのҰ部のՄੑ͕͋Δɽ地ᶄのփ৭ทؠ
D. koslovae͕࢈ग़͢Δ͕，A. tylotus͕࢈ग़͠ͳ͍͜と

かΒ࠷ظίχΞγΞϯظʙલظΧϯύχΞϯظと͞
Εͨɽ͠か͠Archaeodictyomitra lamellicostata （͋Δ͍
Dictyomitra lamellicostata)の࢈ग़Λྀ͢ߟΔと，ޙड़の
Hz3Ϣχοτの地ᶈとಉ༷ʹલظΧϯύχΞϯظと͠
ͯྑ͍と͑ߟΒΕΔɽ
ɹ྆ऀΛ૯߹͢Δと，Hn2ϢχοτのߏྨؠΞϧϏ
ΞϯظʙظޙΧϯύχΞϯٴʹظͿɽͦの͏ͪทڽ，ؠ
փ質ทٴؠͼܔ質ڽփؠνϡʔϩχΞϯظʙظޙΧ
ϯύχΞϯظ，νϟʔτΞϧϏΞϯظʙલظηϊϚχ
ΞϯظͰ͋Γ，νϟʔτทڽ，ؠփ質ทٴؠͼܔ質
جΛࣔ͢ɽ͕ͨͬͯ͠，Ճମの͍࣌ݹΑΓؠփڽ
質とஅ͞ΕΔทڽ，ؠփ質ทٴؠͼܔ質ڽփؠの地
質࣌ʹ͍ͯͮج，ՃମのܗνϡʔϩχΞϯظ
ʙظޙΧϯύχΞϯظと͑ߟΒΕΔɽ
Hn3ユニット
ɹ本Ϣχοτのทڽ，ؠփ質ทٴؠͼܔ質ڽփؠかΒ
ू܈ᶘ（νϡʔϩχΞϯظʙίχΞγΞϯظ），ทٴؠ
ͼܔ質ڽփؠかΒू܈ᶙ（αϯτχΞϯظʙલظΧ
ϯύχΞϯظ），ทٴؠͼڽփ質ทؠかΒू܈ᶚ（ظޙ
ΧϯύχΞϯظ）の放散虫化石͕࢈ग़͢Δɽ
ɹҰํ，山本ɾླ（2012）のใࠂʹΑΔと，Hz3Ϣχο
τの地ᶈのփ৭ทؠの放散虫化石D. koslovaeؒ
ִଳ（αϯτχΞϯظʙલظΧϯύχΞϯظ）ʹ ૬͢Δ
͕，A. lamellicostataΛ͏͜とかΒಉִؒଳ上部のલظ
ΧϯύχΞϯظΛࣔ͢と͞Εͨɽ地ᶉ，ᶊ，ᶋ，ᶌ
のփ৭ทؠかΒD. koslovae， A. tylotus͕࢈ग़͠，A. 
lamellicostata͢࢈ڞΔ͜とかΒA. tylotusִؒଳʹ૬
と͞Εͨɽ地ᶍのփ৭ทظΧϯύχΞϯظޙ，͠
 .ग़͢Δ͕，D࢈かΒA. tylotus，A. lamellicostataΛؠ
koslovaeΛ࢈ग़͠ͳ͍͜とかΒ，࠷ظΧϯύχΞϯظ
とஅ͞Εͨɽ
ɹ྆ऀΛ૯߹͢Δと，ทڽ，ؠփ質ทٴؠͼܔ質ڽփ
Hn3Ϣχοτの，͍ͯͮجʹग़ͨ͠放散虫化石࢈かΒؠ
ʹظΧϯύχΞϯظ࠷ʙظνϡʔϩχΞϯྨؠߏ
，ෆ໌Ͱ͋Δɽ͕ͨͬͯ࣌͠Ϳɽνϟʔτの地質ٴ
Ճମのج質とஅ͞ΕΔทڽ，ؠփ質ทٴؠͼܔ質
νϡʔϩܗՃମの，͍ͯͮجʹ࣌の地質ؠփڽ
χΞϯظʙ࠷ظΧϯύχΞϯظと͑ߟΒΕΔɽ
Hn4ユニット
ɹ本Ϣχοτのܔ質ڽփؠかΒू܈ᶗ（ظޙΞϧϏ
ΞϯظʙηϊϚχΞϯظ），ทؠかΒू܈ᶘ（νϡʔϩ
χΞϯظʙίχΞγΞϯظ），ทٴؠͼڽփ質ทؠかΒ
ू܈ᶙ（αϯτχΞϯظʙલظΧϯύχΞϯظ），ทؠ
の（ظΧϯύχΞϯظޙ）ᶚू܈かΒؠփڽ質ܔͼٴ
放散虫化石͕࢈ग़͢ΔɽظޙΞϧϏΞϯظʙηϊϚχΞ
ϯظの放散虫化石Λ࢈ग़͢Δܔ質ڽփؠ (Hn4-4）ท
ɽ（রࢀ5.2.1） մͰ͋Δؠதのؠ
ɹҰํ，山本ɾླ（2012）のใࠂͰ，地ᶆٴͼ地
ᶇHz2Ϣχοτと͞Ε͕ͨ，本ใࠂのHn4Ϣχοτの
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最末期カンパニアン期を示す放散虫化石群集

（山本・鈴木 , 2012）

latest Campanian radiolarian aseemblage

by Yamamoto and Suzuki (2012)

＊

ୈ5ਤ  放散虫化石ʹͮ͘ج花園層の地質࣌
Fig. 5  Geologic age of the Hanazono Formation based on the radiolarian fossils

域ʹؚ·ΕΔɽ྆地のփ৭ทؠかΒ࢈ग़ͨ͠放
散虫化石αϯτχΞϯظʙલظΧϯύχΞϯظと͞Ε
ͨɽ地ᶎのփ৭ทؠHz3Ϣχοτʹॴଐ͢Δと͞
Ε͕ͨ，本ใࠂのHn4Ϣχοτの域ʹؚ·ΕΔɽ本
ྉͰࢼ A. tylotus，A. lamellicostata，D. koslovae͕࢈ग़
͢Δ͜とかΒظޙΧϯύχΞϯظと͞Εͨɽ地ᶐの
փ৭ทٴؠͼ地ᶓのࠇ৭ทؠかΒ，Hn3Ϣχοτの
地ᶍとಉ༷ʹ A. tylotus A. lamellicostataΛ࢈ग़͢Δ
͕，D. koslovae࢈ग़͠ͳ͍͜とかΒ，࠷ظΧϯύχ
Ξϯظとஅ͞Εͨɽ
ɹ྆ऀΛ૯߹͢Δと， Hn4ϢχοτのߏྨؠظޙΞ
ϧϏΞϯظʙ࠷ظΧϯύχΞϯٴʹظͿɽͦの͏ͪؠ
մのܔ質ڽփؠظޙΞϧϏΞϯظʙηϊϚχΞϯظ
Ͱ͋Γ，ͦΕҎ֎のทڽ，ؠփ質ทٴؠͼܔ質ڽփؠ
νϡʔϩχΞϯظʙ࠷ظΧϯύχΞϯظͰ͋Δɽ͠
͕ͨͬͯ，Ճମのج質とஅ͞ΕΔऀޙのทڽ，ؠփ
質ทٴؠͼܔ質ڽփؠの地質࣌ʹ͍ͯͮج，Ճମ
のܗνϡʔϩχΞϯظʙ࠷ظΧϯύχΞϯظとߟ
͑ΒΕΔɽ 
Hn5ユニット
ɹ本Ϣχοτのܔ質ڽփؠ（Hn5-1)ٴͼνϟʔτ（Hn5-
3) かΒू܈ᶗ（ظޙΞϧϏΞϯظʙηϊϚχΞϯظ），
ทؠかΒू܈ᶘ（νϡʔϩχΞϯظʙίχΞγΞϯظ）
の放散虫化石͕࢈ग़͢ΔɽҰํ，ू܈ᶗΛ࢈ग़͢Δνϟʔ
τ，野֎ʹ͓͍ͯݰؠのݟか͚上ҐʹॏͳΔ৭
νϟʔτͰ͋Δ（5.2.1ࢀর）ɽ
ɹҰํ，山本ɾླ（2012）のใࠂʹΑΔと，地ᶏ

のνϟʔτかΒ࢈ग़ͨ͠放散虫化石，ू܈ᶗの
Holocryptocanium barbuiू܈のಛछͰ͋ΔH. barbuiΛ
ؚ·ͣ，Pseudodictyomitra pseudomacrocephalaNovixitus 
weyliΛ࢈ग़͢Δ͜とかΒ，ू܈ᶗΑΓए͍ظޙηϊϚ
χΞϯظʙνϡʔϩχΞϯظとஅ͞Εͨɽ͜のνϟʔ
τ山本ɾླ（2012）の地質ਤʹ͓͍ͯਤࣔ͞Ε͓ͯΒ
ͣ，খنͳϨϯζঢ়ؠମ͋Δ͍ࠞؠࡏதのؠմとߟ
͑ΒΕΔɽ地ᶑのփ৭ทٴؠͼ地ᶒのࠇ৭ทؠ
A. tylotus，A. lamellicostataΛ࢈ग़͠，D. koslovaeΛؚ·
ͳ͍͜とかΒ，࠷ظΧϯύχΞϯظと͞Εͨɽ 
ɹ྆ऀΛ૯߹͢Δと，Hn5ϢχοτのߏྨؠظޙΞ
ϧϏΞϯظʙ࠷ظΧϯύχΞϯٴʹظͿ͕，αϯτχ
ΞϯظʙظޙΧϯύχΞϯظ֬ೝ͞Ε͍ͯͳ͍ɽظޙ
ΞϧϏΞϯظʙηϊϚχΞϯظΛࣔ͢ܔ質ڽփؠ，
地質ਤʹ͓͍ͯํʹ࿈ଓ͢Δ層とͯ͢͠Δ͜
とかΒपғのทؠと߹ؔʹ͋Γ（5.2.1ࢀর），ࠞؠࡏ
தのؠմͰͳ͘ج質Ͱ͋ΔՄੑ͕͑ߟΒΕΔɽ͜の
ʙηϊظΞϧϏΞϯظޙ͍͓ͯʹୈ5ਤؠփڽ質ܔ
ϚχΞϯظのج質とͯ͠දࣔͨ͠ɽҰํ，νϟʔτʹ
ηϊϚχΞϯظޙとظʙηϊϚχΞϯظΞϧϏΞϯظޙ
ମ͋ؠの2छྨ͕͋Γ，Ϩϯζঢ়ظʙνϡʔϩχΞϯظ
Δ͍ؠմとͯ͠࢈ग़͢Δɽ͕ͨͬͯ͠，αϯτχΞϯ
ະ֬ೝͰ͋Δ͕，ՃମのظΧϯύχΞϯظޙʙظ
のؠփڽ質ܔͼٴؠփ質ทڽ，ؠ質とஅ͞ΕΔทج
地質࣌ʹ͍ͯͮج，ՃମのܗظޙΞϧϏΞϯظ
ʙ࠷ظΧϯύχΞϯظのՄੑ͕͑ߟΒΕΔɽ
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付加体形成の時代極性
ɹ花園層ओ部のHn2ʙ Hn5ϢχοτのՃମܗ࣌
の͏ͪ，࠷ए͍地質࣌ʹண͢Δと，Hn2Ϣχοτ
ΑΓHn3ʙ Hn5Ϣχοτのํ͕ए͍地質࣌Λࣔ
͢のの，ߏత上ҐかΒԼҐʹかͬͯॱ࣍ए͘ͳΔ
໌ྎͳੑۃೝΊΒΕͳ͍ɽ·ͨ，Ճମܗの։࣌࢝
ݹ࠷ԼҐのHn5Ϣχοτ͕࠷తߏ，͢Δとʹظ
Մੑ͕͋Δɽͨ࢝͠։ʹظΞϧϏΞϯظޙ，͘

6.2  放散虫化石時代から見た周辺の地質体との関係
ɹ本地域पลの࢛ສेଳ白亜系のܗ࣌Λ֓͢؍Δと，
北かΒ花園層，౬層，ඒ山層，ཽਆ層ʹ۠͞Ε（ୈ2
ষࢀর），౬層かΒཽਆ層ʹ͚ͯՃ͕࣌ॱ࣍ए
͘ͳΔੑۃΛ͕ࣔ͢，࠷北ʹҐஔ͢Δ花園層౬層
ΑΓ͕࣌ए͘，͜のੑۃΛཚ͍ͯ͠Δ（栗本，1982; 
山本ɾླ，2012）ɽKurimoto (1994)，花園層͕Έ
ྊஅ層，ޙ͞Ε，ͦのܗΈのաఔͰՃମとͯ͠ࠐ
（紀भ࢛ສेஂମڀݚάϧʔϓ，1991）の׆ಈʹΑΓ౬
層の北ଆʹஔ͞ΕΔʹͨͬࢸとͨ͑ߟɽ紀भ࢛ສेଳ
ஂମڀݚάϧʵϓ（2012b），ඒ山層Λߏత上ҐかΒ
M1ʙM4の4Ϣχοτʹ۠͠，ؠ૬のΈ߹Θͤと
ؠ質のทج，Λࣔ͢͜とߏנか͚の層ংのಛ，෴ݟ
の͕࣌ߏత上ҐかΒԼҐʹかͬͯ，M1Ϣχοτ
（νϡʔϩχΞϯظʙίχΞγΞϯظ）， M2Ϣχοτ（α
ϯτχΞϯظʙલظΧϯύχΞϯظ）， M3Ϣχοτ（α
ϯτχΞϯظʙલظΧϯύχΞϯظ），M4Ϣχοτ（ޙ
࣍とॱ（ظϚʔετϦώνΞϯظʙલظΧϯύχΞϯظ
ए͘ͳΔੑۃΛ༗͢Δ͜とかΒ，ඒ山層యܕతͳՃ
ମͰ͋Δとஅͨ͠ɽඒ山層の֤Ϣχοτの上ݶの地質
࣌のݶの上ܗʹ͢Δと，花園層ओ部のՃମ࣌
ظޙΧϯύχΞϯظʙ࠷ظΧϯύχΞϯظͰ͋Γ，
લظϚʔετϦώνΞϯظؚ·ͳ͍͕，ඒ山層M4Ϣ
χοτの࣌ʹ͍ۙɽ 

７．まとめ

ɹ紀伊半島北西部の高野山地域の花園層，ؠ૬と地
質ߏʹ͍ͯͮجHn1ʙ Hn5の5Ϣχοτʹ۠͞ΕΔɽ
北ԑ部のHn1Ϣχοτと花園層ओ部（Hn2ʙ Hn5Ϣχο
τ）౦北౦ʙ西ೆ西ੑのਆ୩அ層ʹΑΓը͞ΕΔɽHn1
Ϣχοτ，ओとͯ͠ทؠかΒͳΓ，࠭ؠ࠭，ؠทޓؠ
層，νϟʔτ，ݰؠࡏࠞ，ؠΛ͏ɽ໘ߏඍ᧞ۂ
͕Α͘͞؍Ε，ทؠΛج質とͯ࠭͠ؠ，νϟʔτ，ݰ
ؠͳͲのؠմΛؚΉࠞؠࡏΛ͏ɽ花園層ओ部ߏ
త上ҐかΒHn2ʙ Hn5の֤Ϣχοτ͕ি上அ層ʹΑͬ
ͯը͞Εͨ෴ߏנΛͳ͢ɽHn2Ϣχοτओとͯ͠ท
ݰ，ؠփڽ質ܔ，層ޓؠทؠ࠭，ؠ࠭，かΒͳΓؠ
かΒͳؠΛ͏ɽHn3Ϣχοτओとͯ͠ทؠࡏࠞ，ؠ
Γ，࠭ؠ࠭，ؠทޓؠ層，ܔ質ڽփؠ，νϟʔτ，石
փݰ，ؠؠࡏࠞ，ؠΛ͏ɽHn4Ϣχοτओとͯ͠

ทؠかΒͳΓ，࠭ ࠭，ؠ νϟʔ，ؠփڽ質ܔ，層ޓؠทؠ
τ，ݰؠࡏࠞ，ؠΛ͏ɽHn5Ϣχοτओとͯ͠ท
Λ͏ɽؠࡏࠞ，ؠݰ，ؠփڽ質ܔ，かΒͳΓؠ
ɹ花園層ʹՃ͑ͯྡ͢Δ౬層ٴͼඒ山層かΒ࢈ग़
ͨ͠放散虫化石のू܈Λݕ౼͠，放散虫化石ू܈
ᶗ，ᶘ，ᶙ，ᶚΛࣝผͨ͠ɽू܈ᶗɿHolocryptocanium 
barbuiू܈ظޙΞϧϏΞϯظʙηϊϚχΞϯظΛ，܈
ूᶘɿDictyomitra formosaू܈νϡʔϩχΞϯظʙί
χΞγΞϯظΛ，ू܈ᶙɿDictyomitra koslovaeू܈
αϯτχΞϯظʙલظΧϯύχΞϯظΛ，ू܈ᶚɿ
Amphipyndax tylotusू܈ظޙΧϯύχΞϯظΛࣔ͢と
ΒΕΔɽ͑ߟ
ɹ花園層ؠ૬Έ߹Θͤ地質ߏのಛかΒՃମ
Ͱ͋Γ，本ใٴࠂͼ山本ɾླ（2012）ʹ ΑΔ放散虫化石
の࢈ग़ʹ͍ͯͮجHn1ϢχοτνϡʔϩχΞϯظʙί
χΞγΞϯظ，花園層ओ部のHn2Ϣχοτνϡʔϩχ
ΞϯظʙظޙΧϯύχΞϯظ， Hn3ʙ Hn4Ϣχοτ
νϡʔϩχΞϯظʙ࠷ظΧϯύχΞϯظ，Hn5Ϣχο
τظޙΞϧϏΞϯظʙ࠷ظΧϯύχΞϯܗʹظ͞
Εͨと͑ߟΒΕΔɽ

謝辞：本ڀݚʹ͋ͨΓ，山本ढ़ࢯ࠸（Վ山ాཱݝล高ߍ）
ʹ野֎ௐࠪٴͼ放散虫化石ʹؔͯ͠ॏཁͳใΛଷ
ͨ͠ɽࠪಡऀの地質ใڀݚ部のࡈ౻ ᚸതٴ࢜ͼฤ
ूҕһの野ོ೭ത࢜ʹ༗ҙٛͳ͝ࢦఠとٞΛଷ
ͨ͠ɽް͘ྱޚਃ͠上͛Δɽ
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ਤ൛1  花園層のू܈ᶗɿHolocryptocanium barbuiू܈
Plate 1  Holocryptocanium barbui Assemblage of the Hanazono Formation

1. Alievium sp.  Loc. Hn5-3，GSJ F18269-2
2. Amphipyndax sp.  Loc. Hn4-4，GSJ F18261-62
3. Amphipyndax sp.  Loc. Hn5-1，GSJ F18267-17
4. Archaeodictyomitra vulgaris Pessagno  Loc. Hn4-4，GSJ F18261-113
5. Archaeodictyomitra simplex Pessagno  Loc. Hn4-4，GSJ F18261-110
6. Holocryptocanium geysersensis Pessagno  Loc. Hn5-3，GSJ F18269-11
7. Mita sp.  Loc. Hn4-4，GSJ F18261-15
8. Mita sp.  Loc. Hn4-4，GSJ F18261-18
9. Mita sp.  Loc. Hn4-4，GSJ F18261-49
10. Novixitus weyli Schmidt-Effing  Loc. Hn5-3，GSJ F18269-8
11. Novixitus weyli Schmidt-Effing  Loc. Hn5-3，GSJ F18269-12
12. Xitus sp.  Loc. Hn4-4，GSJ F18261-42
13. Parvicingula sp.  Loc. Hn5-3，GSJ F18269-15
14. Pseudodictyomitra pseudomacrocephala (Squinabol)  Loc. Hn5-3，GSJ F18269-14
15. Thanarla sp.  Loc. Hn4-4，GSJ F18261-23
16. Thanarla conica (Aliev)  Loc. Hn4-4，GSJ F18261-38
17. Thanarla conica (Aliev)  Loc. Hn4-4，GSJ F18261-88
18. Thanarla elegantissima (Cita)  Loc. Hn5-3，GSJ F18269-17
19. Thanarla praeveneta Pessagno  Loc. Hn4-4，GSJ F18261-115
20. Thanarla praeveneta Pessagno  Loc. Hn4-4，GSJ F18261-61
21. Stichomitra sp.  Loc. Hn5-3，GSJ F18269-7
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ਤ൛2  花園層のू܈ᶘɿDictyomitra formosaू܈
Plate2  Dictyomitra formosa Assemblage of the Hanazono Formation

1. Archaeospongoprunum sp.  Loc. Hn3-13，GSJ F18255-7
2. Archaeospongoprunum sp.  Loc. Hn3-13，GSJ F18255-5
3. Amphipyndax stocki (Campbell and Clark)  Loc. Hn3-13，GSJ F18255-1
4. Amphipyndax stocki (Campbell and Clark)  Loc. Hn5-2，GSJ F18268-7
5. Amphipyndax stocki (Campbell and Clark)  Loc. Hn3-5，GSJ F18245-1
6. Amphipyndax sp.  Loc. Hn3-5，GSJ F18245-2
7. Cornutella sp.  Loc. Hn3-13，GSJ F18255-2
8. Archaeodictyomitra vulgaris Pessagno  Loc. Hn3-15，GSJ F18257-7
9. Archaeodictyomitra vulgaris Pessagno  Loc. Hn3-7，GSJ F18247-1
10. Archaeodictyomitra vulgaris Pessagno  Loc. Hn3-6，GSJ F18246-4
11. Archaeodictyomitra sp.  Loc. Hn5-2，GSJ F18268-16
12. Diacanthocapsa sp.  Loc. Hn2-4，GSJ F18240-2
13. Dictyomitra formosa Squinabol  Loc. Hn2-4，GSJ F18240-4
14. Dictyomitra formosa Squinabol  Loc. Hn3-8，GSJ F18248-4
15. Dictyomitra formosa Squinabol  Loc. Hn1-1，GSJ F18235-1
16. Dictyomitra cf. formosa Squinabol  Loc. Hn5-2，GSJ F18268-13
17. Dictyomitra cf. formosa Squinabol  Loc. Hn3-8，GSJ F18248-1
18. Dictyomitra cf. multicostata Zittel  Loc. Hn3-5，GSJ F18245-4
19. Dictyomitra sp.  Loc. Hn3-6，GSJ F18246-6
20. Dictyomitra sp.  Loc. Hn3-6，GSJ F18246-7
21. Dictyomitra sp.  Loc. Hn3-6，GSJ F18246-5
22. Stichomitra asymbatos Foreman  Loc. Hn2-1，GSJ F18237-2
23. Stichomitra cf. asymbatos Foreman  Loc. Hn3-5，GSJ F18245-9
24. Stichomitra communis Squinabol  Loc. Hn3-5，GSJ F18245-11
25. Stichomitra communis Squinabol  Loc. Hn3-13，GSJ F18255-6
26. Stichomitra communis Squinabol  Loc. Hn5-2，GSJ F18268-8
27. Stichomitra sp.  Loc. Hn5-2，GSJ F18268-14
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ਤ൛3  花園層のू܈ᶙɿDictyomitra koslovaeू܈
Plate 3  Dictyomitra koslovae Assemblage of the Hanazono Formation

1. Praeconocaryomma californiaensis Pessagno  Loc. Hn3-3，GSJ F18243-1
2. Alievium gallowayi (White)  Loc. Hn3-1，GSJ F18241-15
3. Amphipyndax sp.  Loc. Hn3-1，GSJ F18241-24
4. Amphipyndax stocki (Campbell and Clark)  Loc. Hn4-7，GSJ F18264-6
5. Archaeodictyomitra sp.  Loc. Hn3-12，GSJ F18252-6
6. Archaeodictyomitra vulgaris Pessagno  Loc. Hn3-9，GSJ F18249-9
7. Archaeodictyomitra simplex Pessagno  Loc. Hn3-9，GSJ F18249-5
8. Archaeodictyomitra cf. squinaboli Pessagno  Loc. Hn3-12，GSJ F18252-24
9. Archaeodictyomitra sp.  Loc. Hn3-1，GSJ F18241-2
10. Dictyomitra formosa Squinabol  Loc. Hn4-7，GSJ F18264-7
11. Dictyomitra formosa Squinabol  Loc. Hn3-12，GSJ F18252-15
12. Dictyomitra cf. koslovae Foreman  Loc. Hn2-2，GSJ F18238-2
13. Dictyomitra cf. koslovae Foreman  Loc. Hn2-2，GSJ F18238-3
14. Dictyomitra koslovae Foreman  Loc. Hn3-3，GSJ F18243-9
15. Dictyomitra aff. koslovae Foreman  Loc. Hn3-1，GSJ F18241-17
16. Dictyomitra aff. koslovae Foreman  Loc. Hn3-9，GSJ F18249-6
17. Dictyomitra multicostata Zittel  Loc. Hn3-1，GSJ F18241-23
18. Dictyomitra multicostata Zittel  Loc. Hn3-1，GSJ F18241-16
19. Dictyomitra cf. multicostata Zittel  Loc. Hn4-7，GSJ F18264-5
20. Dictyomitra multicostata Zittel  Loc. Hn3-1，GSJ F18241-10
21. Dictyomitra sp.  Loc. Hn3-1，GSJ F18241-21
22. Dictyomitra sp.  Loc. Hn3-1，GSJ F18241-19
23. Stichomitra sp.  Loc. Hn3-1，GSJ F18241-14
24. Stichomitra communis Squinabol  Loc. Hn3-3，GSJ F18243-8
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ਤ൛4   花園層のू܈ᶚɿAmphipyndax tylotusू܈
Plate 4  Amphipyndax tylotus Assemblage of the Hanazono Formation

1. Archaeospongoprunum sp.  Loc. Hn4-1，GSJ F18258-98
2. Archaeospongoprunum sp.  Loc. Hn3-4，GSJ F18244-16
3. Diacanthocapsa sp.  Loc. Hn3-10，GSJ F18250-2
4. Diacanthocapsa sp.  Loc. Hn3-10，GSJ F18250-7
5. Amphipyndax ellipticus Nakaseko and Nishimura  Loc. Hn4-1，GSJ F18258-87
6. Amphipyndax stocki (Campbell and Clark)  Loc. Hn4-1，GSJ F18258-8
7. Amphipyndax pseudoconulus (Pessagno)  Loc. Hn3-10，GSJ F18250-1
8. Amphipyndax tylotus Foreman  Loc. Hn3-4，GSJ F18244-5
9. Amphipyndax cf. tylotus Foreman  Loc. Hn4-1，GSJ F18258-34
10. Amphipyndax sp.  Loc. Hn4-9，GSJ F18266-8
11. Archaeodictyomitra sliteri Pessagno  Loc. Hn3-10，GSJ F18250-21
12. Dictyomitra densicostata Pessagno  Loc. Hn3-10，GSJ F18250-31
13. Dictyomitra formosa Squinabol  Loc. Hn3-10，GSJ F18250-36
14. Dictyomitra formosa Squinabol  Loc. Hn3-10，GSJ F18250-34
15. Dictyomitra formosa Squinabol  Loc. Hn3-10，GSJ F18250-40
16. Dictyomitra sp.  Loc. Hn3-4，GSJ F18244-8
17. Dictyomitra koslovae Foreman  Loc. Hn4-1，GSJ F18258-17
18. Dictyomitra koslovae Foreman  Loc. Hn3-10，GSJ F18250-35
19. Dictyomitra koslovae Foreman  Loc. Hn4-9，GSJ F18266-14
20. Dictyomitra aff. koslovae Foreman  Loc. Hn3-10，GSJ F18250-30
21. Dictyomitra aff. koslovae Foreman  Loc. Hn3-4，GSJ F18244-3
22. Dictyomitra aff. koslovae Foreman  Loc. Hn4-1，GSJ F18258-75
23. Dictyomitra aff. koslovae Foreman  Loc. Hn4-1，GSJ F18258-11
24. Dictyomitra multicostata Zittel  Loc. Hn3-10，GSJ F18250-26
25. Dictyomitra multicostata Zittel  Loc. Hn3-10，GSJ F18250-33
26. Dictyomitra sp.  Loc. Hn3-4，GSJ F18244-13
27. Dictyomitra sp.  Loc. Hn3-10，GSJ F18250-19
28. Stichomitra sp.  Loc. Hn4-1，GSJ F18258-57
29. Stichomitra sp.  Loc. Hn3-10，GSJ F18250-27
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ਤ൛5  花園層（栗本， 1982）の放散虫化石のݕ࠶౼ʵू܈ᶚɿAmphipyndax tylotusू܈ʵ
  Loc. AٴͼLoc. B栗本（1982）の化石࢈ग़地Loc. 12ٴͼLoc. 15ʹ૬͢Δɽ

Plate 5  Re-examination of radiolarians of the Hanazono Formation (Kurimoto，1982)ʵAmphipyndax tylotus Assemblageʵ
  Locs. A and B are corresponding to Loc. 12 and 15 of Kurimoto (1982)， respectively.

1. Amphipyndax pseudoconulus (Pessagno)  Loc. A (Hn2)
2. Amphipyndax pseudoconulus (Pessagno)  Loc. B (Hn3)
3. Amphipyndax pseudoconulus (Pessagno)  Loc. A (Hn2)
4. Amphipyndax pseudoconulus (Pessagno)  Loc. A (Hn2)
5. Amphipyndax tylotus Foreman  Loc. A (Hn2)
6. Amphipyndax tylotus Foreman  Loc. B (Hn3)
7. Amphipyndax tylotus Foreman  Loc. B (Hn3)
8. Amphipyndax tylotus Foreman  Loc. B (Hn3)
9. Amphipyndax aff. tylotus Foreman  Loc. B (Hn3)
10. Amphipyndax aff. tylotus Foreman  Loc. B (Hn3)
11. Amphipyndax sp.  Loc. B (Hn3)
12. Dictyomitra aff. koslovae Foreman  Loc. A (Hn2)
13. Dictyomitra aff. koslovae Foreman  Loc. A (Hn2)
14. Dictyomitra aff. koslovae Foreman  Loc. A (Hn2)
15. Dictyomitra formosa Squinabol  Loc. A (Hn2)
16. Dictyomitra formosa Squinabol  Loc. A (Hn2)
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ਤ൛6  ౬層のू܈ᶗɿHolocryptocanium barbuiू܈
Plate 6  Holocryptocanium barbui Assemblage of the Yukawa Formation

1. Alievium sp.  Loc. Yk3-2，GSJ F18273-24
2. Praeconocaryomma sp.  Loc. Yk3-2，GSJ F18273-29
3. Amphipyndax cf. stocki (Campbell and Clark)  Loc. Yk2-1，GSJ F18271-2
4. Archaeodictyomitra sp.  Loc. Yk2-1，GSJ F18271-83
5. Archaeodictyomitra simplex Pessagno  Loc. Yk1-3，GSJ F18254-18
6. Archaeodictyomitra vulgaris Pessagno  Loc. Yk3-2，GSJ F18273-39
7. Archaeodictyomitra sp.  Loc. Yk1-3，GSJ F18254-2
8. Archaeodictyomitra sp.  Loc. Yk1-2，GSJ F18253-9
9. Cryptamphorella cf. conara (Foreman)  Loc. Yk3-2，GSJ F18273-22
10. Holocryptocanium barbui Dumitrica  Loc. Yk2-1，GSJ F18271-12
11. Hemicryptocapsa polyhedra Dumitrica  Loc. Yk3-2，GSJ F18273-46
12. Mita sp.  Loc. Yk3-2，GSJ F18273-10
13. Mita sp.  Loc. Yk3-2，GSJ F18273-20
14. Novixitus weyli Schmidt-Effing  Loc. Yk3-2，GSJ F18273-40
15. Novixitus weyli Schmidt-Effing  Loc. Yk3-2，GSJ F18273-36
16. Novixitus weyli Schmidt-Effing  Loc. Yk3-2，GSJ F18273-34
17. Parvicingula sp.  Loc. Yk3-2，GSJ F18273-28
18. Pseudodictyomitra pseudomacrocephala (Squinabol)  Loc. Yk3-2，GSJ F18273-23
19. Thanarla conica (Aliev)  Loc. Yk1-3，GSJ F18254-13
20. Thanarla brouweri (Tan)  Loc. Yk2-1，GSJ F18271-25
21. Thanarla brouweri (Tan)  Loc. Yk2-1，GSJ F18271-34
22. Thanarla elegantissima (Cita)  Loc. Yk3-2，GSJ F18273-15
23. Thanarla elegantissima (Cita)  Loc. Yk3-2，GSJ F18273-27
24. Thanarla elegantissima (Cita)  Loc. Yk2-1，GSJ F18271-64
25. Thanarla sp.  Loc. Yk1-2，GSJ F18253-30
26. Thanarla veneta (Squinabol)  Loc. Yk3-2，GSJ F18273-41
27. Thanarla veneta (Squinabol)  Loc. Yk3-2，GSJ F18273-19
28. Thanarla praeveneta Pessagno  Loc. Yk2-1，GSJ F18271-70
29. Thanarla praeveneta Pessagno  Loc. Yk1-3，GSJ F18254-5
30. Stichomitra cf. communis Squinabol  Loc. Yk2-1，GSJ F18271-71



ʵ �� ʵ

紀伊半島北西部，高野山地域の上部白亜系花園層の地質と放散虫化石（栗本ほか）



ʵ �� ʵ

地質ௐࠪڀݚใࠂɹ���� ɹୈ �� ɹୈר ��� ߸

ਤ൛7  ඒ山層のू܈ᶗɿHolocryptocanium barbuiू܈
Plate 7  Holocryptocanium barbui Assemblage of the Miyama Formation

1. Alievium sp.  Loc. My1-8，GSJ F18281-41
2. Archaeospongoprunum sp.  Loc. My1-3，GSJ F18276-5
3. Pseudoaulophacus sp.  Loc. My1-10，GSJ F18283-20
4. Pseudoaulophacus sp.  Loc. My1-12，GSJ F18285-36
5. Amphipyndax stocki (Campbell and Clark)  Loc. My1-8，GSJ F18281-28
6. Amphipyndax ellipticus Nakaseko and Nishimura  Loc. My1-8，GSJ F18281-25
7. Archaeodictyomitra vulgaris Pessagno  Loc. My1-12，GSJ F18285-8
8. Archaeodictyomitra simplex Pessagno  Loc. My1-12，GSJ F18285-17
9. Thanarla sp.  Loc. My1-3，GSJ F18276-2
10. Squinabollum cf. fossilis (Squinabol)  Loc. My1-8，GSJ F18281-27
11. Dictyomitra sp.  Loc. My1-12，GSJ F18285-51
12. Hemicryptocapsa polyhedra Dumitrica  Loc. My1-12，GSJ F18285-28
13. Holocryptocanium astiensis Pessagno  Loc. My1-12，GSJ F18285-41
14. Holocryptocanium geysersensis Pessagno  Loc. My1-8，GSJ F18281-14
15. Holocryptocanium tuberculatum Dumitrica  Loc. My1-8，GSJ F18281-5
16. Mita gracilis (Squinabol)  Loc. My1-8，GSJ F18281-18
17. Mita sp.  Loc. My1-8，GSJ F18281-26
18. Mita sp.  Loc. My1-12，GSJ F18285-38
19. Novixitus weyli Schmidt-Effing  Loc. My1-12，GSJ F18285-52
20. Novixitus weyli Schmidt-Effing  Loc. My1-12，GSJ F18285-23
21. Pseudodictyomitra leptoconica (Foreman)  Loc. My1-12，GSJ F18285-34
22. Pseudodictyomitra nakasekoi Taketani  Loc. My1-12，GSJ F18285-11
23. Pseudodictyomitra pseudomacrocephala (Squinabol)  Loc. My1-8，GSJ F18281-19
24. Stichomitra communis Squinabol  Loc. My1-12，GSJ F18285-33
25. Thanarla brouweri (Tan)  Loc. My1-10，GSJ F18283-4
26. Thanarla veneta (Squinabol)  Loc. My1-12，GSJ F18285-50
27. Xitus sp.  Loc. My1-12，GSJ F18285-22
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ਤ൛8  ඒ山層のू܈ᶘɿDictyomitra formosaू܈
Plate 8  Dictyomitra formosa Assemblage of the Miyama Formation

1. Archaeospongoprunum sp.  Loc. My1-4，GSJ F18277-26
2. Praeconocaryomma sp.  Loc. My1-6，GSJ F18279-1
3. Pseudoaulophacus sp.  Loc. My1-6，GSJ F18279-5
4. Amphipyndax ellipticus Nakaseko and Nishimura  Loc. My1-6，GSJ F18279-17
5. Amphipyndax ellipticus Nakaseko and Nishimura  Loc. My1-6，GSJ F18279-30
6. Amphipyndax stocki (Campbell and Clark)  Loc. My1-4，GSJ F18277-11
7. Archaeodictyomitra sp.  Loc. My1-4，GSJ F18277-17
8. Cornutella sp.  Loc. My1-4，GSJ F18277-2
9. Squinabollum fossilis (Squinabol)  Loc. My1-6，GSJ F18279-20
10. Diacanthocapsa sp.  Loc. My1-4，GSJ F18277-8
11. Dictyomitra formosa Squinabol  Loc. My1-4，GSJ F18277-21
12. Dictyomitra formosa Squinabol  Loc. My1-6，GSJ F18279-4
13. Dictyomitra multicostata Zittel  Loc. My1-4，GSJ F18277-30
14. Dictyomitra multicostata Zittel  Loc. My1-4，GSJ F18277-10
15. Dictyomitra napaensis Pessagno  Loc. My1-6，GSJ F18279-25
16. Dictyomitra napaensis Pessagno  Loc. My1-4，GSJ F18277-1
17. Dictyomitra multicostata Zittel  Loc. My1-4，GSJ F18277-28
18. Dictyomitra sp.  Loc. My1-6，GSJ F18279-36
19. Mita sp.  Loc. My1-6，GSJ F18279-22
20. Stichomitra asymbatos Foreman  Loc. My1-6，GSJ F18279-32
21. Stichomitra asymbatos Foreman  Loc. My1-6，GSJ F18279-13
22. Stichomitra asymbatos Foreman  Loc. My1-6，GSJ F18279-16
23. Stichomitr acommunis Squinabol  Loc. My1-6，GSJ F18279-38
24. Stichomitra sp.  Loc. My1-6，GSJ F18279-14
25. Stichomitra sp.  Loc. My1-4，GSJ F18277-22
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ਤ൛9  ඒ山層のࠞू܈ࡏ
ू܈ࡏのࠞू܈ᶘɿDictyomitra formosaू܈とू܈ᶗɿHolocryptocanium barbuiू܈  

Plate 9  Mixed Radiolarian Assemblage of the Miyama Formation
  Mixed assemblage of Holocryptocanium barbui and Dictyomitra formosa assemblages

1. Alievium sp.  Loc. My1-5，GSJ F18278-8
2. Alievium sp.  Loc. My1-5，GSJ F18278-45
3. Archaeospongoprunum sp.  Loc. My1-5，GSJ F18278-42
4. Praeconocaryomma sp.  Loc. My1-5，GSJ F18278-33
5. Orbiculiforma sp.  Loc. My1-5，GSJ F18278-44
6. Amphipyndax ellipticus Nakaseko and Nishimura  Loc. My1-5，GSJ F18278-7
7. Holocryptocanium sp.  Loc. My1-5，GSJ F18278-25
8. Archaeodictyomitra sp.  Loc. My1-5，GSJ F18278-30
9. Cornutella sp.  Loc. My1-5，GSJ F18278-12
10. Dictyomitra formosa Squinabol  Loc. My1-5，GSJ F18278-26
11. Dictyomitra formosa Squinabol  Loc. My1-5，GSJ F18278-18
12. Dictyomitra formosa Squinabol  Loc. My1-5，GSJ F18278-20
13. Dictyomitra formosa Squinabol  Loc. My1-5，GSJ F18278-14
14. Dictyomitra formosa Squinabol  Loc. My1-5，GSJ F18278-15
15. Dictyomitra formosa Squinabol  Loc. My1-5，GSJ F18278-3
16. Dictyomitra sp.  Loc. My1-5，GSJ F18278-19
17. Mita sp.  Loc. My1-5，GSJ F18278-39
18. Pseudodictyomitra leptoconica (Foreman)  Loc. My1-5，GSJ F18278-11
19. Pseudodictyomitra nakasekoi Taketani  Loc. My1-5，GSJ F18278-36
20. Pseudodictyomitra nakasekoi Taketani  Loc. My1-5，GSJ F18278-28
21. Thanarla brouweri (Tan)  Loc. My1-5，GSJ F18278-1
22. Stichomitra communis Squinabol  Loc. My1-5，GSJ F18278-2
23. Stichomitra communis Squinabol  Loc. My1-5，GSJ F18278-22
24. Stichomitra sp.  Loc. My1-5，GSJ F18278-24
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Elemental distribution of surface sediments around Oki Trough including adjacent 
terrestrial area: Strong impact of Japan Sea Proper Water on silty and clayey sediments 

Atsuyuki Ohta1*, Noboru Imai1, Shigeru Terashima1, Yoshiko Tachibana1,  
Ken Ikehara1 and Hajime Katayama1
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(2015) Elemental distribution of surface sediments around Oki Trough including adjacent terrestrial area: 
Strong impact of Japan Sea Proper Water on silty and clayey sediments. Bull. Geol. Surv. Japan, vol. 66 
(3/4), p. 81-101, 6 figures, 3 tables.

Abstract: Four-hundred sixty marine sediment samples were collected in the western Sea of Japan 
and analyzed for 53 elements for a marine geochemical mapping project associated with a nationwide 
terrestrial geochemical map. Grain size and chemical compositions of marine sediments vary significantly 
with location of origin (shelf, marginal terrace, slope, or basin). Sandy sediments distributed on the shelf 
do not likely reflect the geochemical features of river sediments, which are the dominant source of sands 
in the shelf. Most of the shelf sediments sampled are composed of relict sediments (little contribution 
of stream sediments) formed between the regression age and the transgression age because they contain 
a large amount of quartz coated by iron hydroxide and highly enriched in As. The marginal terrace is 
covered by modern silty sediments that are selectively deposited at the water mass boundary between 
Tsushima Current (surface water) and Japan Sea Proper Water (deep water). Silty sediments in the western 
portion of marginal terrace are highly enriched in Nb, rare earth elements, Ta, and Th, which are supplied 
from Quaternary alkaline volcanic rocks by a denudation process. They are carried eastward by as much 
as 200 km by oceanic currents. In contrast, the eastern marginal terrace is covered by silty sediments that 
are highly abundant in Cu, Zn, and Hg, which is attributed to biogenic remains in sediments (organic 
complex formation). Clayey sediments are widely distributed in the Oki Trough and basin where a hemi-
pelagic environment and highly oxic conditions are found because of the influence of Japan Sea Proper 
Water. A thin Mn oxide layer in the uppermost 0–4 cm and extreme enrichment of V, Co, Ni, Mo, Sb, and 
Pb would be caused by an early diagenetic process. Thus, the spatial distribution patterns of elements in 
marine sediments in the study area are strongly controlled by their depositional environments.

Keywords: geochemical mapping, marine sediment, stream sediment, Oki Trough, relict sediment, early 
diagenetic process, Japan Sea Proper Water
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1. Introduction

A geochemical map that shows the spatial distribution 
of elements on the Earth’s surface provides fundamental 
geo-information about an element’s cycle in the upper crust, 
environmental assessment, and mineralogical exploration (Webb 
et al., 1978; Howarth and Thornton, 1983; Weaver et al., 1983). 
Recently, global-scale geochemical mapping has been an area 
of active study (Darnley et al., 1995; Salminen et al., 2005; 
De Vos et al., 2006). In contrast, the Geological Survey of 
Japan, National Institute of Advanced Industrial Science and 

Technology (AIST) has uniquely prepared geochemical maps 
of 53 elements both in terrestrial and coastal sea areas in Japan 
mainly for environmental assessment (Imai et al., 2010) because 
Japan is surrounded by vast seas. Furthermore, we have proposed 
that a comprehensive geochemical map can be used as powerful 
tool to provide us information about elemental transportation 
and diffusive process from terrestrial areas to coastal seas or in 
marine environments (Ohta et al., 2007; Ohta et al., 2010; Ohta 
and Imai, 2011).

Rivers flowing to the western Sea of Japan are small, so 
elemental transfer from land to sea is very restricted in area. 
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In general, modern sedimentation process on the Sea of Japan 
side are dominated by silt and clay deposition on the marginal 
terrace, slope, and basins, and the shallow seafloor is covered 
in sandy sediments that are relict sediments from the last glacial 
stage and the subsequent transgression (Ikehara, 1991). Yin et 
al. (1987) pointed out that illite in the southern Sea of Japan is 
transported by the Tsushima Current from the East China Sea. 
However, Ohta et al. (2013) suggested that muddy sediments 
on the shelf of the eastern Tsushima Strait have homogenous 
chemical compositions and little contribution of Korean and 
Chinese terrigenous materials. Thus, it is still unclear what 
process controls the spatial distribution of elements in marine 
sediments in the Sea of Japan.

In this study, we selected the area around Oki Trough bordered 
on the east by the eastern Tsushima Strait. The submarine geology 
in the area has been examined using seismic reflection profiles as 
described the follow by Ikehara et al. (1990b), Yamamoto (1991), 
and Yamamoto (1993). The sediments were deposited in the 
marginal terrace during the late Pliocene to Holocene, and their 
thickness increases northwestward. In contrast, the shelf was 
an erosional surface during the Pliocene age. The southwestern 
region of the Oki Trough is covered by mass-transport deposits 
derived from the surrounding marginal terrace, but hemi-pelagic 
deposition is dominant in the northeastern part of the trough. 
The study area is thus characterized by a shelf having little 
contribution of adjacent terrestrial materials, a wide marginal 
terrace with thick sedimentary layers, and a hemi-pelagic basin 
associated partly with turbidites. The purpose of this study is to 
examine the controlling factors of spatial distribution patterns 
of marine sediments across various depositional environments 
using a comprehensive geochemical map.

2. Samples and methods

2.1 Marine environment study areas, sampling methods, and 
processing

Figures 1a and b present geographical names of the area and 
our sampling locations, respectively. The sea shelf, which is 
shallower than 200 m, is wide on the western end. Oki Strait is 
located on the west side of the study area. Small basins found 
on the southeast and southwest sides of Oki Islands are covered 
by silty sediment. Oki Spur is the topographic rise that continues 
from the Oki Strait. The Tsushima Warm Current flows from 
west to east with a complicated flow pattern (Naganuma, 1977). 
A branch of the current flows through the Oki Strait and along 
the coast, and the other branch flows on the northern side of 
Oki Spur. The Oki Ridge is the topographic rise 300 –500 m 
below the surface of the sea and forms the boundary between 
the Yamato Basin and the Oki Trough. The marginal terrace is 

a wide terrace with a water depth of  200 –500 m (Iwabuchi 
1968; Iwabuchi and Kato, 1988). The Oki Trough is a deep sea 
basin with a depth of 900–1750 m below the surface of the sea 
and which declines gently toward northeast. Wakasa Bay has a 
deeply indented coastline, along which the coastal current flows 
from west to east. Wakasa Basin is a small basin located next to 
Oki Trough. Wakasa Sea Knoll Chain and Gentatsu-Se are small 
seafloor topographic rises.

The 460 marine sediment samples used in this study were 
collected using a grab sampler during Cruises GH86-2 GH87-2 
and GH88-2 in 1986, 1987, and 1988 respectively (Ikehara et 
al., 1990a; Katayama et al., 1993, 2000; Katayama and Ikehara, 
2001; Ikehara, 2010). The sampling locations and particle sizes 
are presented in Fig. 1b. The median diameters of sediments, 
shown in Φ-scale (negative natural logarithm of grain diameter), 
were used for classifying the sediments. The sediments were 
classified into six groups according to texture: granule (−2 < 
Φ ≤ −1), very coarse-coarse sand (−1 < Φ ≤ 1), medium sand 
(1 < Φ ≤ 2), fine-very fine sand (2 < Φ ≤ 4), silt (4 < Φ ≤ 
8), and clay (8 < Φ). The uppermost 0 –3 cm of  the archived 
sediments collected with the grab sampler were separated, dried 
in air, ground with an agate mortar and pestle, and retained for 
analyses.

2.2  Terrestrial study areas, sampling methods, and processing
The terrestrial area has gentle relief and a limited flood plain 

to the west of Wakasa Bay but precipitous mountains in the 
northeast part of  the study area. The rivers located in the western 
part of the study area have small mean flow rates of 1.0 –1.5 
km3/year. Hii, Kuzuryu, Sendai, Tetori, and Yura Rivers are 
major rivers in the terrestrial area (Fig. 1a). Kuzuryu and Tetori 
Rivers have the largest mean flow rates of 2.3 – 2.7 km3/year 
and carry the largest amount of sediments to the sea (4.7 – 6.8 
×105 m3/year) in the study area (Akimoto et al., 2009). The Yura 
River also supplies a large amount of silty sediments of  4.4×105 
m3/year to Wakasa Bay.

Geochemical analyses from 246 stream sediment samples 
were used for comparison to the marine surface sediment 
geochemical data. These samples were collected from adjacent 
terrestrial areas during the period 1999 – 2002 for Japanese 
regional geochemical mapping, with a mean sampling density 
of one sample per 100 km2. Eight samples were additionally 
collected from the Oki Islands in 2013. The stream sediments 
were dried in air and sieved using an 83 mesh (180 μm) screen. 
Unlike the marine samples, the stream sediment samples were 
not milled.

Figure 1b also presents a geologic map of the study area, 
simplified from the Geological Map of Japan 1:1,000,000 
(Geological Survey of Japan, 1992). Granitic rocks intruded 
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Fig. 1 Schematic maps of the study area. a) Geographical name map; solid lines in terrestrial areas show 
major rivers. b) Sampling locations of stream sediments and coastal sea sediments with surface 
geology. The abbreviations Acc, a-Fv, and a-Mv mean accretionary complexes, alkaline felsic 
volcanic rock, and alkaline mafic volcanic rock, respectively. Depth contours were delineated 
using a dataset provided by the Japan Oceanographic Data Center.
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during the Cretaceous-Paleogene are distributed in the western 
part and around Lake Biwa. High-pressure-type metamorphic 
rocks around Sendai river and in the southern direction of Daisen 
Mountain dominantly consist of pelitic-, psammitic-, siliceous-, 
and basic schist. Alkaline volcanic rocks of Miocene age are 
dominantly distributed in the Oki Islands. Non-alkaline volcanic 
rocks consisting mainly of Miocene andesitic-dacitic rocks are 
distributed widely on the Sea of Japan side. They have a green-
ish color caused by conspicuous alteration and are known as 
Green-tuff. Daisen volcano consists of andesitic-dacitic lava and 
tuff formed by Quaternary volcanic activity. The central part of 
the study area has an old tectonic belt consisting of accretion-
ary complexes of mélange, mudstone, sandstone, and exotic 
blocks (chert, limestone, greenstones, gabbro and ultramafic 
rocks), that range in age mainly through the Jurassic-Cretaceous. 
Permian-Triassic sedimentary rocks associated with limestone 
and mafic-ultramafic rock (Yakuno ophiolite) are distributed near 
Wakasa Bay. Sedimentary rocks distributed along the coast were 
deposited mainly during the Tertiary-Quaternary.

Figure 1a shows seven major mines in the study area. Ogoya 
(Cu-Zn-type), Nakatatsu (Zn- and Pb-type), and Kaneuchi (Sn- 
and W-type) mines are located in the catchment area of rivers 
flowing to the Sea of Japan. The Ohtani mine yields W and Sn 
ores. Nakase mine yields Au, Ag, and Sb. Akenobe and Ikuno 
mines are polymetallic-vein-type deposits. 

2.3 Geochemical analysis
The analytical method including quality control has been 

described in Ohta et al. (2013). First, 0.2 g of each sample 
was digested for 2 h using HF, HNO3, and HClO4 solutions 
at 120 °C. The degraded product was evaporated to dryness at 
200 °C; then the residue was dissolved with 100 mL of  0.35 M 
HNO3 solution. Concentrations of 51 elements were determined 
using inductively coupled plasma atomic emission spectrometry 
(ICP-AES) for Na2O, MgO, Al2O3, P2O5, K2O, CaO, TiO2,  
MnO, Total (T-) Fe2O3, V, Sr, and Ba, and using inductively 
coupled plasma mass spectrometry (ICP-MS) for Li, Be, Sc, 
Cr, Co, Ni, Cu, Zn, Ga, Rb, Zr, Nb, Y, Mo, Cd, Sn, Sb, Cs, 
La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf,  
Ta, Tl, Pb, Bi, Th, and U. Analyses of As in all samples and Hg 
in stream sediment samples were subcontracted to ALS Chemex 
in Vancouver, B.C. Hg in marine sediments were determined 
using an MA-2000 (Nippon Instruments Corp.) that measures  
the quantity of  Hg vapor generated by thermal decomposition 
using an atomic absorption spectrometer. A part of the heavy 
mineral fraction was not digested satisfactorily by HF, HNO3, 
and HClO4 solutions. Incomplete decomposition of these  
minerals affected the determination of some elemental abun-
dance, especially of  Zr and Hf included in zircon. In addition, 

our marine sediments were not desalinated. Therefore, Zr and 
Ha in stream and marine sediments and Na in marine sediments 
should be used only as a guide. Tables 1 and 2 present sum-
maries of the analytical results obtained for marine and stream 
sediments, respectively.

2.4 Spatial analyses
The spatial distribution patterns of elements in both the  

terrestrial and the marine environments of the study area were 
prepared using geographic information system (GIS) software 
(ArcGIS 10.2; Environmental Systems Research Institute, 
Inc. (ESRI)). The method is described in detail in Ohta et al. 
(2004). The inverse distance weight (IDW) method was used for 
interpolation of point data (Watson and Philip, 1985). Marine 
sediments and stream sediments differ in their chemical and 
mineralogical compositions, particle size, and origin. Therefore, 
a common class selection makes the regional geochemical  
differences (color variation) in either the terrestrial area or the 
marine area difficult to see (Ohta et al., 2007). Consequently, a 
class selection of elemental concentration is separated for ter-
restrial and marine environments. In this study, a percentile is  
used for class selection of elemental concentration intervals 
in maps: 0 ≤ x ≤ 5, 5 < x ≤ 10, 10 < x ≤ 25, 25 < x ≤ 50,  
50 < x ≤ 75, 75 < x ≤ 90, 90 < x ≤ 95, and 95 < x ≤ 100%,  
where x represents the elemental concentration (Reimann, 2005). 
Using this class selection, geochemical patterns displayed in 
different sample media can be directly compared, independent 
of the actual element concentration (Reimann, 2005; Ohta et 
al., 2007).

The spatial distribution patterns of mud concentration and 
oxidative-reductive potential (ORP) in marine environment are 
also created. These data are taken from by Ikehara et al. (1990a), 
Katayama et al. (1993, 2000), Katayama and Ikehara (2001), 
and Ikehara (2010). The study area is widely covered by silt 
and clay and the median value of mud content is 77%. Thus, 
mud content classification was arbitrarily selected to be 20%, 
40%, 60%, 80%, and 100%. ORP was measured for a surface 
sediment sample collected using a K-grab sampler on board 
ship and was not observed in-situ at the bottom of sea. The data 
were collected only in the summer season (mainly June to July). 
So the classification of ORP was also arbitrarily selected to be 
−100 eV, −50 eV 0 eV, 50 eV, 100 eV, 200 eV because ORP data 
are rather qualitative nature. The resulting spatial distribution  
of  mud content, ORP, and typical examples of elemental  
concentrations are shown in Fig. 2.
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Table 1

Element unit Min 25% Median Mean 75% Max MAD S.D.
Na2O wt. % 1.08 2.38 2.83 3.33 3.86 9.70 0.58 1.49
MgO wt. % 0.43 2.11 2.55 2.46 2.93 4.75 0.42 0.64
Al2O3 wt. % 2.00 8.18 9.29 9.13 10.2 13.9 0.97 1.61
P2O5 wt. % 0.032 0.107 0.131 0.137 0.155 0.713 0.024 0.063
K2O wt. % 0.51 1.79 1.95 1.94 2.10 3.55 0.16 0.30
CaO wt. % 0.41 2.27 4.18 4.88 6.21 33.4 1.98 4.31
TiO2 wt. % 0.077 0.317 0.386 0.378 0.437 1.93 0.056 0.126
MnO wt. % 0.016 0.043 0.053 0.137 0.084 2.31 0.014 0.281
T-Fe2O3 wt. % 0.84 3.20 3.69 3.74 4.13 18.0 0.46 1.33
Li mg/kg 5.64 32.9 44.8 46.4 56.4 96.3 11.7 18.4
Be mg/kg 0.46 1.18 1.37 1.36 1.53 4.45 0.18 0.33
Sc mg/kg 1.24 7.14 8.34 8.08 9.46 20.1 1.14 2.13
V mg/kg 6.16 43.0 58.1 57.3 72.0 190 14.6 21.4
Cr mg/kg 9.27 35.1 47.7 45.2 55.4 250 9.54 17.4
Co mg/kg 1.36 6.80 8.41 8.65 9.80 27.8 1.47 3.22
Ni mg/kg 3.11 13.8 23.4 23.7 32.8 129 9.50 12.4
Cu mg/kg 2.47 9.20 21.9 28.5 40.6 144 14.0 24.2
Zn mg/kg 14.70 62.2 83.3 80.0 99.0 154 17.7 25.6
Ga mg/kg 3.58 12.2 13.6 13.3 14.8 22.8 1.23 2.15
As mg/kg 0.2 4.2 6.6 8.0 10 58 2.7 7.0
Rb mg/kg 17.3 62.0 70.9 69.7 77.9 156 8.21 14.6
Sr mg/kg 72 162 236 282 311 2152 75 240
Y mg/kg 3.16 9.20 10.9 10.8 12.4 24.4 1.62 2.83
Zr mg/kg 11 41 50 50 57 127 7 17
Nb mg/kg 1.77 5.72 7.13 7.45 8.36 20.4 1.35 2.88
Mo mg/kg 0.23 0.60 0.82 1.67 1.20 32.6 0.25 3.21
Cd mg/kg 0.019 0.046 0.061 0.070 0.082 0.30 0.017 0.038
Sn mg/kg 0.36 1.45 2.00 1.90 2.35 4.02 0.41 0.61
Sb mg/kg 0.20 0.49 0.63 0.76 0.94 3.28 0.20 0.44
Cs mg/kg 0.26 2.72 3.91 3.88 5.21 9.75 1.28 1.56
Ba mg/kg 60.0 296 337 347 377 2226 40.9 125
La mg/kg 4.92 14.1 16.3 16.8 18.9 63.1 2.36 5.29
Ce mg/kg 12.1 28.1 33.3 34.3 39.2 146 5.68 12.0
Pr mg/kg 1.01 3.28 3.78 3.83 4.34 14.0 0.52 1.20
Nd mg/kg 3.94 12.6 14.6 14.8 16.8 54.5 2.06 4.59
Sm mg/kg 0.78 2.46 2.86 2.85 3.25 10.3 0.40 0.84
Eu mg/kg 0.26 0.56 0.65 0.66 0.72 2.22 0.081 0.16
Gd mg/kg 0.67 2.17 2.53 2.50 2.85 8.36 0.34 0.70
Tb mg/kg 0.11 0.35 0.41 0.40 0.46 1.20 0.053 0.11
Dy mg/kg 0.55 1.73 2.00 1.96 2.24 5.13 0.26 0.49
Ho mg/kg 0.098 0.32 0.38 0.37 0.42 0.88 0.048 0.090
Er mg/kg 0.30 0.94 1.09 1.06 1.21 2.43 0.13 0.25
Tm mg/kg 0.049 0.15 0.17 0.17 0.19 0.36 0.022 0.04
Yb mg/kg 0.31 0.92 1.06 1.04 1.19 2.09 0.13 0.23
Lu mg/kg 0.045 0.14 0.16 0.15 0.17 0.29 0.018 0.03
Hf mg/kg 0.31 1.1 1.3 1.3 1.5 3.1 0.18 0.39
Ta mg/kg 0.036 0.51 0.65 0.65 0.77 1.46 0.13 0.22
Hg μg/kg 0.5 35 62 70 100 400 32 48
Tl mg/kg 0.036 0.44 0.49 0.48 0.53 0.83 0.046 0.091
Pb mg/kg 9.86 20.9 25.1 27.3 31.7 86.4 4.88 9.93
Bi mg/kg 0.071 0.23 0.40 0.42 0.59 1.08 0.18 0.23
Th mg/kg 1.58 4.97 6.12 6.07 7.10 29.9 1.04 1.94
U mg/kg 0.43 1.12 1.38 1.40 1.65 3.66 0.26 0.41

Minimum (Min), maximum (Max), median absolute deviation (MAD) and standard deviation (S.D.)
As: 11 samples below D.L. (0.2 mg/kg); Hg: 6 samples below D.L. (0.5 μg/kg)

Table 1  Summary for the geochemistry of marine sediments off eastern Tsushima Island, Japan (N = 460).
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Table 2

Element unit Min. 25% Median Mean 75% Max. MAD S.D.
Na2O wt. % 0.71 1.59 2.02 2.07 2.56 4.07 0.44 0.68
MgO wt. % 0.37 1.56 2.08 2.39 2.94 10.87 0.65 1.27
Al2O3 wt. % 4.39 8.28 10.27 10.44 12.15 19.17 1.94 2.67
P2O5 wt. % 0.033 0.096 0.12 0.13 0.15 0.47 0.028 0.062
K2O wt. % 0.80 1.81 2.15 2.10 2.38 3.76 0.28 0.47
CaO wt. % 0.14 0.93 1.56 1.80 2.48 5.17 0.78 1.12
TiO2 wt. % 0.16 0.56 0.68 0.80 0.84 3.13 0.13 0.45
MnO wt. % 0.029 0.093 0.12 0.13 0.15 1.10 0.031 0.082
T-Fe2O3 wt. % 1.34 4.32 5.29 5.73 6.65 18.1 1.18 2.17
Li mg/kg 9.9 25.2 33.0 34.7 41.3 89.1 8.1 12.5
Be mg/kg 0.53 1.41 1.69 1.76 2.02 4.05 0.29 0.53
Sc mg/kg 2.77 7.80 10.3 11.5 14.4 36.0 3.06 5.02
V mg/kg 20.2 78.3 100 114 136 378 29.2 54.4
Cr mg/kg 14.1 41.5 60.7 94.4 97.2 1941 23.5 140
Co mg/kg 2.53 10.5 13.4 15.1 18.0 59.7 3.66 7.64
Ni mg/kg 4.99 16.1 25.4 38.2 38.9 699 10.8 59.6
Cu mg/kg 5.66 21.0 29.9 52.1 44.1 2599 10.5 167
Zn mg/kg 17.1 99.7 126 214 157 11444 28.2 743
Ga mg/kg 11.7 16.0 17.2 17.4 18.7 26.2 1.36 2.30
As mg/kg 1.0 6.0 10 25 19 1578 5.0 107
Rb mg/kg 17.6 68.8 93.4 93.6 116 186 23.1 35.4
Sr mg/kg 25.1 86.5 131 144 180 597 47.1 84.1
Y mg/kg 5.40 12.8 15.9 17.3 21.3 47.0 4.01 6.90
Zr mg/kg 19.1 45.4 57.1 64.0 67.6 367 11.0 41.5
Nb mg/kg 4.10 6.94 8.14 9.93 9.94 77.2 1.45 8.28
Mo mg/kg 0.35 0.82 1.11 1.39 1.58 9.71 0.36 1.09
Cd mg/kg 0.045 0.13 0.19 0.42 0.29 28.7 0.073 1.88
Sn mg/kg 0.94 2.31 3.01 5.27 3.98 170 0.80 12.9
Sb mg/kg 0.17 0.54 0.85 1.44 1.22 63.7 0.32 4.28
Cs mg/kg 1.41 3.23 4.57 5.10 6.03 16.0 1.44 2.71
Ba mg/kg 210 369 439 447 506 1649 69 129
La mg/kg 11.1 17.5 20.4 23.7 24.8 119 3.7 12.6
Ce mg/kg 19.6 32.3 37.1 44.0 46.6 232 6.5 24.6
Pr mg/kg 2.59 4.00 4.67 5.35 5.66 25.9 0.79 2.70
Nd mg/kg 10.1 15.6 18.2 20.7 22.3 92.7 2.91 9.68
Sm mg/kg 1.79 3.12 3.56 3.99 4.34 16.1 0.58 1.71
Eu mg/kg 0.37 0.66 0.79 0.80 0.92 2.48 0.13 0.22
Gd mg/kg 1.44 2.72 3.19 3.48 3.89 11.4 0.57 1.33
Tb mg/kg 0.23 0.44 0.54 0.57 0.65 1.36 0.10 0.20
Dy mg/kg 1.07 2.22 2.72 2.90 3.35 7.10 0.58 1.10
Ho mg/kg 0.19 0.41 0.52 0.55 0.65 1.38 0.12 0.21
Er mg/kg 0.56 1.21 1.49 1.62 1.97 4.28 0.35 0.62
Tm mg/kg 0.09 0.19 0.24 0.26 0.31 0.70 0.05 0.10
Yb mg/kg 0.55 1.21 1.50 1.62 1.92 4.58 0.34 0.64
Lu mg/kg 0.08 0.17 0.22 0.24 0.28 0.69 0.05 0.09
Hf mg/kg 0.59 1.35 1.63 1.76 1.86 8.16 0.26 0.88
Ta mg/kg 0.28 0.51 0.63 0.78 0.83 5.23 0.15 0.58
Hg μg/kg 10 30 42 91 80 2660 25 240
Tl mg/kg 0.12 0.49 0.61 0.64 0.73 2.52 0.12 0.27
Pb mg/kg 10.1 21.2 25.9 63.9 34.2 4177 5.9 291
Bi mg/kg 0.050 0.19 0.28 0.41 0.39 6.00 0.10 0.59
Th mg/kg 2.11 5.40 7.12 9.25 9.74 53.6 2.09 7.34
U mg/kg 0.63 1.33 1.69 1.89 2.12 8.90 0.40 1.00

Minimum (Min), maximum (Max), median absolute deviation (MAD) and standard deviation (S.D.)
As: 6 samples below D.L.(1.0 mg/kg); Hg: 13 samples below D.L.(10 μg/kg).

Table 2    Summary for the geochemistry of stream sediments (N = 254).
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3. Results

3.1 Characteristics of marine surface sediments
Characteristics of grain size, mud content, and ORP in  

marine sediments are shown in Figs. 1b and 2a, respectively. 
Grain size and mud content in marine sediments decreases 
gradually in a seaward direction. ORP is positive on the shelf 
and around Oki Trough and negative on the marginal terrace and 
slope. Negative values at the mouths of the Maruyama, Yura, 
and Kuzuryu rivers indicate input of organic matter on land 
(Katayama et al., 1993; 2000; Kondo, 2006). The continental 
shelf is covered predominantly by sandy sediments. Quartz 
particles covered by iron hydroxides are found in the eastern 
part of Oki Strait and the shelf off Noto Peninsula (Ikehara et 
al., 1990a; Katayama and Ikehara, 2001). Quartz in modern  
sediments supplied from a river is not covered by iron  
hydroxides. Therefore, they are relict sediments deposited  
from regression age to transgression age. Sandy sediments 
(partly including sandy silt) having positive ORP and low 
mud content ( <  60%) are also found in submarine valleys off  
Sendai River, around Gentatsu-Se, and at the Oki Ridge. The 
sandy sediments in the submarine valley and around Gentatsu-Se 
contain not newer volcanic glass and pumice ( < 10 ky) but older 
ones ( > 10 ky) (Ikehara et al., 1990a; Katayama et al., 2000). 
The sediments would be denudated from old sediments. Positive 
ORP data indicates that these places have quite low deposition 
rates or are in erosional regimes.

Silty sediments are widely distributed on the marginal ter-
race (WD = 200 – 400 m) and slope (WD = 400 – 900 m), and 
have more than 80% mud content. The small basins located at 
both sides of the Oki Strait (WD = 120 – 200 m) are covered by 
silty sediments having > 60% mud content. The Oki Trough 
is characterized by oxidative condition because the Japan Sea 
Proper Water (JSPW) flows from the Yamato Basin (Senjyu et 
al., 2005). JSPW is the most homogenous water mass in the 
Sea of Japan at depths deeper than 300 m, and is characterized 
by low temperature (0 –1 °C) and high oxygen concentrations 
(210 – 260 μmol/kg) (Gamo et al., 1986; Sudo, 1986). JSPW  
accelerates the dissolution of calcareous material. The abundance 
of calcareous nano-plangtonic materials steeply decreases below 
water depths of 900 m and these materials are nearly absent 
below a water depth of  1250 m (Ikehara et al., 1990a).

3.2 Marine spatial distribution patterns of elemental con-
centrations

Sandy and silty sediments around the Oki Spur and Oki 
Islands are enriched in CaO, P2O5, TiO2, Cr, Sr, Nb, Cd, Ta, Y, 
lanthanides (Ln), and Th. Stream sediments in the Oki inlands 
are also enriched in P2O5, TiO2, Nb, Mo, Cd, Y, Ln, Ta, Th and  

U but poor in Li, MgO, CaO, Cs, Tl.  High CaO and Sr concen-
trations on topographic heights are attributed to shell fragments 
and foraminifera. The small basins (WD = 120 – 200 m) located 
southeast and southwest of the Oki Islands are covered by silty 
sediments and enriched in Li, Be, Sc, Cr, Co, Ni, Cu, Ni, Zn, 
Ga, Nb, Cs, Sn, Cd, Pb, Hg, Bi, Tl, and U. Sandy sediments 
on the Oki Strait are composed dominantly of calcareous  
materials, quartz, plagioclase, and lithic fragments (Fig. 1b) 
(Ikehara, 2010). Most elements are poor in the Oki Strait and 
the shelf expanding westward from Oki Strait (depth of under 
100 m). However Al2O3 is abundant around Miho Bay; CaO 
and Sr are enriched in the water off Sinji Lake and Daisen 
volcano; K2O and Rb concentrations are low on the coastal zone 
(WD = 0 –50 m) but are elevated offshore (WD = 50 – 200 m); 
As is highly rich in the eastern part of Oki Strait.

The Oki Trough and Wakasa Basin are highly enriched in 
MgO, P2O5, V, MnO, Co, Ni, Cu, As, Mo, Sn, Sb, Cs, Ba, Tl, 
Pb, and Bi. In contrast, Cu, Zn, and Hg are instead enriched 
in the slope around the Oki Trough and Wakasa Basin (WD = 
200 – 900 m). CaO and Sr concentrations are quite low in these 
places because the lysocline is shallow (900 – 1250 m) in the Sea 
of Japan (Ikehara et al., 1990a). The marginal terrace southwest 
and south of the Oki Trough is covered by silt and enriched in 
P2O5, Y, Nb, Ln, Ta, Th and U. Sandy sediments around the Oki 
Ridge and Wakasa Sea Knoll chain are enriched in Be, K2O, 
T-Fe2O3, Sc, Cr, Ga, Rb, Y, Nb, Ba, Ln, Ta, and Th.

The sediments in the western part of Wakasa Bay have 
high mud contents and enriched in Al2O3, MgO, TiO2, MnO, 
T-Fe2O3, Sc, V, Cr, Co, and Ni. The northern area of Wakasa Bay 
is a gradual slope (WD = 200 – 500 m) that is covered in silty 
sediments. In this region, many elements excluding for MgO, 
K2O, CaO, Rb, Sr, Ba, and Tl are abundant. The Kaneuchi mine 
locating in the catchment area of Yura River is a Sn-W mine.  
It elevates MnO, Cu, Zn, As, Cd, Sn, Sb, and Pb concentrations  
in stream sediments. However, the influence of this mine 
to Wakasa Bay seems to be slight. The features of spatial  
distribution of elements in the Wakasa Basin are similar to  
those of the Oki Trough: MgO, P2O5, MnO, Li, V, Cr, Co, Ni, 
Cu, Zn, Mo, Cd, Sb, Bi, and Hg are abundant there. 

The K2O, TiO2, MnO, T-Fe2O3, Ba, and As concentrations 
are sporadically high on the shelf off Noto Peninsula. The 
topographic high around Gentatsu-Se is abundant in CaO and Sr 
attributed to shell fragments. Fine and medium sands distributed 
around Gentatsu-Se were supplied by the Kuzuryu River and 
are abundant in Al2O3, K2O, TiO2, MnO, T-Fe2O3, Be, Sc, V, Co,  
Ba, and Ln. The Ogoya and Nakatatsu Mines are Cu-Zn-type 
and Zn-Pb-type mines, respectively. They elevate Cu, Zn,  
Cd, Mo, Sb, Pb, and Bi concentrations in stream sediments 
collected near these mines. However, the adjacent coastal sea 



− 88 −

Bulletin of the Geological Survey of Japan, vol. 66 (3/4), 2015

136°E135°E134°E133°E

37°N

36°N

35°N

200 m 1000 m

1000 m

500 m
1000 m

500 m

200 m
100 m2000 m

500 m

136°E135°E134°E133°E

37°N

36°N

35°N

200 m 1000 m

1000 m

1000 m

500 m

200 m
100 m2000 m

500 m

Land (wt. %) Sea (wt. %)
2.03 - 6.35
6.36 - 7.17
7.18 - 8.18
8.19 - 9.29

9.30 - 10.15
10.16 - 10.95
10.96 - 11.57
11.58 - 13.92

Land (wt. %)
0.144 - 0.355
0.356 - 0.465
0.466 - 0.928
0.929 - 1.56

1.57 - 2.48
2.49 - 3.39
3.40 - 3.92
3.93 - 5.17

Sea (wt. %)
0.412 - 0.774
0.775 - 0.953
0.954 - 2.27
2.28 - 4.18

4.19 - 6.21
6.22 - 8.32
8.33 - 10.9
11.0 - 33.4

Land (wt. %) Sea (wt. %)
0.077 - 0.187 
0.188 - 0.252
0.253 - 0.317
0.318 - 0.386

0.387 - 0.437
0.438 - 0.473
0.474 - 0.512
0.513 - 1.93

Land (wt. %)
0.029 - 0.058
0.059 - 0.071
0.072 - 0.093
0.094 - 0.121

Sea (wt. %)
0.016 - 0.032
0.033 - 0.036
0.037 - 0.042
0.043 - 0.053

0.054 - 0.083
0.084 - 0.229
0.230 - 0.678
0.679 - 2.31

136°E135°E134°E133°E

37°N

36°N

35°N

200 m 1000 m

1000 m

500 m
1000 m

500 m

200 m
100 m2000 m

500 m

Al2O3

136°E135°E134°E133°E

37°N

36°N

35°N

200 m 1000 m

1000 m

500 m
1000 m

500 m

200 m
100 m2000 m

500 m

CaO

4.39 - 6.59
6.60 - 7.17
7.18 - 8.28
8.29 - 10.3

10.4 - 12.2
12.3 - 14.2
14.3 - 14.8
14.9 - 19.2

E

E E

E

E

E
E

E E

E
E
E

E

E

E

EE

E

E

136°E135°E134°E133°E

37°N

36°N

35°N

200 m 1000 m

1000 m

500 m
1000 m

500 m

200 m
100 m2000 m

0.159 - 0.419
0.420 - 0.454
0.455 - 0.564
0.565 - 0.675

0.676 - 0.845
0.846 - 1.15
1.16 - 1.65
1.66 - 3.13

500 m

136°E135°E134°E133°E

37°N

36°N

35°N

200 m 1000 m

1000 m

500 m
1000 m

500 m

200 m
100 m2000 m

0.122 - 0.153
0.154 - 0.193
0.194 - 0.228
0.229 - 1.10

500 m

TiO2 MnO

Figure 2a (Ohta et al.)

ORP (mV)
−179 - −100
−99 - −50
−49 - 0
1 - 50

51 - 100
101 - 200
201 - 285

Mud (wt. %)
0 - 20
21 - 40
41 - 60

61 - 80
81 - 100

Fig. 2  Spatial distributions of mud (silt + clay) content and ORP data in marine areas and those of elemental concentrations in terrestrial 
and marine areas for Al2O3, CaO, TiO2, MnO, T-Fe2O3, Cr, Cu, As, Nb, Cd, Cs, La, Hg and Pb data. Star symbols indicate major 
metalliferous deposits. Cross symbols indicate samples containing brown or brownish black sands. Plus symbols indicate samples 
that plot outside the positive correlation between elemental concentrations and median diameter (Fig. 3).

(Fig. 2a)
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sediments are not abundant in these elements.

3.3  Variation of elemental concentrations in marine  
sediments with grain size or with water depth

Elemental concentrations in marine sediments change  
significantly with grain size (Ohta and Imai, 2011). It is 
necessary to examine the influence of grain size on elemental 
concentrations to elucidate the element transfer process in the 
marine environment. This is because coarse sediments on the 
shelf or topographic highs are enriched in quartz and calcareous 
materials, which dilutes the concentrations of most elements 
except for SiO2, CaO, and Sr. Figure 3 shows the relationships 
between the concentrations of 12 elements and median diam-

eter (Φ). In addition, median elemental concentrations of 53  
elements of marine sediments are summarized in Table 3.

The concentrations of all elements except for As increase 
sharply from Φ = −2 to Φ = 4 because of the dilution effect by 
quartz and calcareous materials. Be, K2O, Al2O3, TiO2, T-Fe2O3, 
Sc, Ga, Rb, Sr, Nb, Sn, Y, Ba, Ln, Ta, Th, and U concentrations 
are constant from Φ = 4 to Φ = 7–8, followed by a gradual (but 
slight) decrease in the Φ > 7–8 range (see Al2O3, TiO2, and Nb 
in Fig. 3). CaO and Sr follow trends similar to Al2O3 except for 
sediments on the shelf, which contain more than 10 wt. % CaO. 
MgO, P2O5, V, Cr, Co, Cu, Zn, Mo, Cd, Sn, Sb, Cs, Hg, Pb, and 
Bi concentrations increase with decreasing grain size (see Cs in 
Fig. 3). The relationship between As concentration and grain size 

Figure 2c (Ohta et al.)
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WD < 200 m 200 m ≤ WD < 900 m WD ≥ 900 m

Fig. 3 The relationship between median diameter (Md (ϕ)) and elemental concentrations. The area enclosed by dotted lines indicates 
the samples that deviate from the positive correlation between Md(ϕ) and elemental concentration. Samples are classified into 
3 groups according to water depth (WD): WD <  200 m (shelf), 200 m  ≤  WD  <  900 m (marginal terrace, slope, and sea 
topographic heights such as Oki ridge), and WD  ≥  900 m (trough).
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Table 3

Element Unit Coarse sand
(N =62)

Fine sand
(N =112) Silt (N =171) Clay (N =115) Land_sea side

(N =130)
Li mg/kg 24.2 32.2 48.6 57.2 29.8
Be mg/kg 1.16 1.28 1.44 1.44 1.57
Na2O wt. % 2.35 2.41 2.95 4.31 2.27
MgO wt. % 1.69 2.10 2.52 3.05 2.31
Al2O3 wt. % 8.66 9.08 10.0 8.47 10.9
P2O5 wt. % 0.093 0.099 0.144 0.150 0.127
K2O wt. % 1.98 2.10 1.93 1.93 1.99
CaO wt. % 4.54 4.61 5.32 1.35 1.92
Sc mg/kg 5.05 7.07 9.18 8.50 11.3
TiO2 wt. % 0.238 0.347 0.422 0.391 0.699
V mg/kg 38.8 41.0 57.0 75.8 106
Cr mg/kg 22.2 34.1 49.1 57.0 67.5
MnO wt. % 0.057 0.051 0.049 0.120 0.132
T-Fe2O3 wt. % 3.22 3.47 3.68 3.76 5.61
Co mg/kg 6.52 7.45 8.14 10.7 14.2
Ni mg/kg 10.0 12.8 25.4 35.8 26.9
Cu mg/kg 5.31 8.90 27.5 41.5 29.2
Zn mg/kg 42.9 59.1 88.3 101 124
Ga mg/kg 11.1 12.4 14.2 14.2 17.7
As mg/kg 10.7 6.0 5.7 7.5 9.3
Rb mg/kg 70.2 71.9 68.8 73.5 77.4
Sr mg/kg 328 283 257 133 147
Y mg/kg 7.97 10.6 12.1 10.3 15.5
Zr mg/kg 31.2 42.9 56.3 49.9 54.2
Nb mg/kg 4.47 6.08 8.03 7.20 7.98
Mo mg/kg 0.54 0.59 0.83 1.54 1.12
Cd mg/kg 0.034 0.045 0.067 0.083 0.18
Sn mg/kg 0.95 1.38 2.15 2.38 2.65
Sb mg/kg 0.47 0.46 0.66 1.16 0.83
Cs mg/kg 1.57 2.64 4.21 5.69 4.02
Ba mg/kg 337 351 312 375 406
La mg/kg 13.7 17.2 17.8 15.4 19.4
Ce mg/kg 28.6 36.6 36.9 28.4 36.2
Pr mg/kg 3.01 3.88 4.05 3.52 4.48
Nd mg/kg 11.5 14.7 15.7 13.7 17.4
Sm mg/kg 2.14 2.84 3.07 2.72 3.45
Eu mg/kg 0.53 0.68 0.69 0.58 0.80
Gd mg/kg 1.89 2.49 2.71 2.41 3.16
Tb mg/kg 0.31 0.39 0.44 0.40 0.53
Dy mg/kg 1.48 1.88 2.18 1.91 2.64
Ho mg/kg 0.27 0.35 0.41 0.37 0.50
Er mg/kg 0.78 1.00 1.19 1.05 1.44
Tm mg/kg 0.12 0.16 0.19 0.17 0.22
Yb mg/kg 0.76 0.99 1.17 1.03 1.40
Lu mg/kg 0.11 0.14 0.17 0.16 0.20
Hf mg/kg 0.88 1.16 1.48 1.31 1.56
Ta mg/kg 0.39 0.53 0.75 0.67 0.60
Hg μg/kg 13 34 74 116 50
Tl mg/kg 0.41 0.49 0.50 0.51 0.54
Pb mg/kg 18.5 20.4 26.5 36.2 25.2
Bi mg/kg 0.18 0.21 0.45 0.69 0.27
Th mg/kg 3.70 5.62 6.89 5.84 6.30
U mg/kg 0.97 1.18 1.58 1.48 1.45

Table 3  Median elemental concentrations of marine sediments and stream sediment data.
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shows a concave feature. Some samples do not fall on the trends 
mentioned above. For example, V, MnO, Co, Mo, Cd, Sn, Sb, Pb, 
and Bi are highly enriched in deep sea sediments (WD ≥ 900 m) 
having Φ > 8. Factors other than grain size effects elevate their 
concentrations, and they will be discussed in detail in subsequent 
sections.

3.4 Terrestrial spatial distribution patterns of elemental 
concentrations

Spatial distribution patterns of elemental concentrations in 
terrestrial regions are influenced primarily by surface lithologies 
and sporadically by the presence of mineral deposits. Na2O, Be, 
Ga, Nb, Y, Ln, Tl, Th, and U are abundant in stream sediments 
flowing in areas covered by granitic rocks. Mafic volcanic 
rocks elevate the concentrations of MgO, Sc, V, Cr, T-Fe2O3, 
Co, Ni, and Sr in stream sediments. MgO, Cr, Co, and Ni in 
particular are extremely enriched in stream sediments derived 
from mafic rocks of accretionary complexes and ultramafic rocks 
associated with Yakuno ophiolite. Li, MnO, Rb, Sb, Cs, and Tl 
concentrations are enhanced in stream sediments derived from 
sedimentary rocks of accretionary complexes. Geochemically 
anomalous areas having high concentrations of Cu, Zn, As, Mo, 
Cd, Sn, Sb, Hg, Pb, and Bi tended to be spatially related to the 
presence of mineral deposits (see star symbols in Fig. 2).

4. Discussion

4.1  Sandy sediments on the shelf: Contribution of river 
input and relict sediments

Although the input of terrigenous materials to coastal sea is 
not conspicuous, the supply of terrigenous materials to marine 
environment through the Yura River is clearly recognized in 
Wakasa Bay. The Yura River flows through an area covered 
by ultramafic, metabasalt, and gabbroitic rocks associated with 
accretionary complexes and Yakuno ophiolite that are highly 
abundant in MgO, TiO2, Sc, V, Cr, T-Fe2O3, Co, and Ni (see  
TiO2, Cr, and T-Fe2O3 in Fig. 2).

Al2O3, CaO, Sr, and Ga are abundant in Miho Bay (see 
Al2O3 and CaO in Fig. 2). The Hino and Hii Rivers supplied a 
large amount of decomposed granite soil to Miho Bay through  
large-scale mining of iron sand during 1600–1920. Therefore, 
high concentrations of Al2O3, Ca, Sr, and Ga indicate the spatial 
distribution of plagioclase. However, these high concentrations 
are restricted to Miho Bay and off Daisen volcano. This indicates 
that sandy sediments from rivers are deposited quite near shore.

Enrichment of Be, MgO, Al2O3, K2O, Sc, V, TiO2, T-Fe2O3, 
Co, Zn, Ba and Ln in sandy sediments is found on the shelf 
between Gentatsu-Se and the mouth of the Kuzuryu River (see 
plus symbols in TiO2 map of Fig. 2). These sandy samples plot 

off of the trend between TiO2 and median diameter (Φ) (Fig. 3). 
These elements except for Be, K2O, and Ln are also enriched 
in the adjacent terrestrial area where the Kuzuryu River flows. 
Katayama et al. (2000) reported that sandy sediments on the 
shelf contain amphibole, pyroxene and magnetite that originate 
from andesitic volcanic rocks in the catchment area of Kuzuryu 
River. Consequently, continuous spatial distribution of high 
concentrations of MgO, Al2O3, Sc, V, TiO2, T-Fe2O3, Co, and 
Zn across land and sea is explained by the input of terrestrial 
materials to coastal sea. However, the spatial distributions of 
high Be, K2O, Sc, V, T-Fe2O3, and Ln concentrations extend 
beyond this region and continue from Gentatsu-Se to Wakasa 
Basin. In addition, the area corresponds to the distribution of 
sandy sediments that plot outside the trend between Cr and Cs 
concentrations and median diameter (Φ ) (see Cr and Cs data in 
the area enclosed by dotted lines in Fig. 3). Those elements are 
not abundant in the catchment area of Kuzuryu River (Fig. 2). 
Those results support the suggestion that the sandy sediments 
located off Gentatsu-Se are denudated from old sediments 
(Ikehara et al., 1990a; Katayama et al., 2000).

4.2 Input of Oki Island volcanic material to the southeast of the 
Oki Islands and near the Oki Ridge and Wakasa Sea Knoll Chain

Li, Sc, Cu, Ni, Zn, Ga, Cs, Sn, Cd, Pb, Hg, Bi, Tl, and U are 
enriched in the small basins and marginal terrace around the 
Oki Islands, which are covered by silty and clayey sediments 
(6 < Φ < 9). Because those elements are not abundant in the 
stream sediments of Oki Islands, their enrichments are explained  
simply by grain size effects.

In contrast, samples having high Be, TiO2, Zr, Nb, Y, Ln, 
Th, and U concentrations are found around the Oki islands, 
Oki Ridge, and Wakasa Sea Knoll Chain. Samples enriched 
in Nb, Y, Ln, Ta, Th, and U have a variety of grain sizes but 
their distribution is restricted to the western part of the shallow 
waters (see the samples enclosed by dotted line in Nb of Fig. 
3). Yamasaki (1998) reported that the crust of the Oki Islands 
is considered to be a fragment of continental crust. The Oki 
island area including Oki Spur and Oki Strait were formed by 
a complex evolutionary process and covered heavily by lavas 
and pyroclastic rocks during the late Miocene and Pleistocene. 
Alkali-rhyolite is dominant in the eastern Oki Islands and  
alkali-basalt is dominant in the western Oki Islands. They are 
enriched in incompatible elements such as Zr, Nb, and rare earth 
elements compared with non-alkaline volcanic rocks distributed 
on the mainland (Kaneko, 1991; Kobayashi et al., 2002). River 
sediments from the Oki Islands are also enriched in these ele-
ments. However, the Oki islands are small islands so the supply 
of the volcanic materials through rivers would be subtle. Marine 
geological maps indicate that Quaternary alkali-basaltic rock and 
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Pliocene tuffaceous sandstone and volcanic rocks are distributed 
widely and exposed in the shallow waters (WD < 100 m) around 
the Oki Islands and Oki Spur (Tamaki et al., 1982). Erosion 
and denudation processes acting on the seabed by tidal waves 
would produce sandy and silty sediments that could then be 
subsequently dispersed by a branch current of the Tsushima 
Current.

Sandy sediments around the Oki Ridge and Wakasa Sea Knoll 
Chain are enriched in Be, K2O, Sc, Cr, Rb, Y, Zr, Nb, Ba, Ln, Hf, 
Ta, and Th. Ikehara et al. (1990a) suggested that sandy sediments 
around Oki Ridge contain a large amount of volcanic glass, vol-
canic fragments, and pumice. Yamamoto et al. (1990) reported 
that semi-consolidated silt, andesitic welded tuff associated with 
moonstone, alkali-rhyolites, and pumices were dredged from 
the top and southern slope of Oki Ridge. These volcanic rocks 
are also found in the Oki Islands. As we explained above, that 
region has a low deposition rate or is in an erosional regime. 
Therefore, the enrichment of the above elements is explained 
by sands denudated from alkaline olivine basalt.

The elements Sc, Ti, Nb, Y, Ln, Ta, and Th are used for 
the discrimination of sediments because they are relatively  
immobile in nature. Yang et al. (2003) used the concentration 
ratios of Cr/Th, Ti/Nb, and La/Yb as geochemical parameters for 
a provenance study of Yellow Sea sediments. In the study area, 
Sc and TiO2 are roughly abundant in the eastern region except for 
samples located near the Oki Islands, whereas Nb, Y, Ln, Ta, and 
Th are abundant in sediments around the Oki Islands. Therefore, 
the ratio of the former and latter elements is useful to elucidate 
the dispersion process of alkaline volcanic materials. Figure 4  
shows how Ti/Nb and Sc/La ratios classified by grain size (sand, 
silt, and clay) change from west to east. For comparison, these 
ratios in stream sediments collected from rivers flowing into 
the Sea of Japan and from Oki Islands (N = 138) are also shown 
in Fig. 4.

The Ti/Nb and Sc/La ratios in stream sediments vary widely. 
The former ratio gradually increases toward the east but the latter 
ratio is almost constant. Stream sediments collected from the  
Oki Island have the lowest ratios among stream sediments 
in the study area: Ti/Nb = 85–260 and Sc/La = 0.10 –0.48. 
Sandy sediments on the shelf have a similar trend to stream 
sediments. Their Ti/Nb and Sc/La ratios are consistent with 
the lowest values of stream sediments. This fact suggests that 
mineralogical composition in sediments is largely fractionated 
between river and coastal sea. It is apparent that these sandy 
shelf sediments seem to be affected by river sediments rather 
than alkaline volcanic rocks, except for samples collected from 
the Oki Islands.

In contrast, both Ti/Nb and Sc/La ratios in silty sediments are 
low at 133° E, gradually increase toward the east, and finally 

level out to constant values between 135.4° E and 136.8° E 
(Fig. 4). Ikehara (1991) suggested that fine particles selectively 
deposit around current rips and between surface water and deep 
water. In this study area, muddy sediments deposit on the mar-
ginal terrace (WD = 200–500 m), near a water mass boundary 
between the Tsushima Current (surface water) and JSPW (deep 
sea). Therefore, the spatial distribution of silty sediments on 
the marginal terrace is strongly affected by the oceanic current. 
The systematic changes of Ti/Nb and Sc/La ratios from west 
to east (between 133° E and 135.4° E) indicate that silty grains 
originating from alkaline volcanic rocks are conveyed by the 
Tsushima Current or related bottom sea flows along the marginal 
terrace for distances as far as 200 km.

Finally, clay sediments have constant ratios of Ti/Nb and 
Sc/La along the east-west direction different from the cases of 
sandy and silty sediments. The reason is that clay minerals are 
weathering products of other minerals, resulting in the loss of 
their original geochemical features.

4.3 Influence of early diagenetic processes and input of 
organic materials in silt and clay

The elements MnO, V, Ni, Co, Mo, Sb, Pb, and Bi are  
extremely enriched in deep basins with water depths below 900 
m and which are covered by clay (Md(Φ)  > 8). ORP is positive 
in the Oki Trough and a brown clay layer is found at the top of 
surface sediments (0 – 4 cm) of Oki Trough (Fig. 2) (Ikehara 
et al., 1990a; Katayama et al., 1993). The brown clay layer 
is considered to be the oxidizing layer and the result of Mn 
oxide precipitation. The enrichments of V, Ni, Co, Mo, Sb, Pb, 
and Bi may therefore be caused by early diagenetic processes 
(e.g., Klinkhammer, 1980; Shaw et al., 1990). This process 
involves metals that are dissolved at greater depths in sediments 
under reducing conditions, then diffuse upward, and finally  
precipitate with Fe-Mn hydroxides, especially Mn dioxide, or on 
the sediment surface under oxic conditions (Aplin and Cronan, 
1985; Shaw et al., 1990; Morford et al., 2005). Actually, Yin 
et al. (1989) confirmed that MnO and Co in brownish muds of 
the Oki trough and Tsushima Basin exist in the form of Fe-Mn 
oxides or hydroxides through extraction experiment.

Although V, Co, Ni, Mo, and Sb concentrations in clay sedi-
ments of the study area correlate positively to the concentration  
of  MnO, their relationship is fairly scattered (Fig. 5). Provided 
that enrichment of MnO, V, Ni, Co, Mo, Sb, Pb, and Bi was 
caused by early diagenetic processes under a static depositional  
environment, their concentrations would have a definite 
correlation with MnO concentration. Ikehara et al. (1990b) 
suggested that the southwestern part of Oki Trough is covered 
by mass-transport deposits derived from slope failure at the 
edge of the marginal terrace and the northeast part is covered 
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by hemi-pelagic deposition based on seismic records. In other 
words, sedimentation in Oki Trough and Wakasa Basin has 
been frequently interrupted by turbidity flow. In that case, early  
diagenetic process is re-started after the event (Wilson et al., 
1985). Such an episodic event may disturb the correlation among 
MnO, V, Ni, Co, Mo, Sb, Pb, and Bi concentrations in clay 
sediments.

Silt and clay samples distributed on the marginal terrace and 
the slope (WD = 200 – 900 m) are also enriched in Ni, Cd, Mo, 
Sn, Sb, Pb, and Bi, especially in Cu, Zn and Hg (see Cu and Hg 
in Fig. 3). Their enrichment cannot be explained simply by early 
diagenetic processes. 

The marginal terrace and the slope have negative ORP (under 
reductive condition) different from deep sea basin (Fig. 2):  
It has been known that Cu and Hg are transported with detrital 
biogenic materials from shallow water to sediments (Bothner et 
al., 1980; Klinkhammer, 1980; Shaw et al., 1990; Mason et al., 
1994). They are released from surface sediments to seawater 
during decomposition of organic matter or are associated with 
residual organic matter. Namely, the organic remains are an 
important source of elements in deep seas.

The deposition rate on the marginal terrace is very high 
(about 10–25 cm/1000y) (Ikehara, 1991). In that place, organic  
materials associated with silt and clay are also deposited in 
abundance on the marginal terrace and the slope. They would 
increase the oxygen consume during the decomposition and 
cause reducible condition (see ORP data in Fig. 2a). As a result, 
the organic remaining on the marginal terrace and the slope 
elevates the concentrations of Cu, Zn and Hg.

Furthermore, the Cu, Zn and Hg concentrations on the  
marginal terrace and the slope gradually increase toward the east 
(see Cu and Hg in Fig. 3). Actually, the mean concentration ratios 
of Cu, Zn and Hg in the east part (between 132.5° E and 134.5° 
E) to those in the west part (between 134.5° E and 135.4° E) are 
calculated to be 1.9, 1.3, and 1.6, respectively. Correspondingly, 
the eastern marginal terrace has ORP values of approximately 
−50 to  −180 eV, with absolute values larger than those found 
on the western marginal terrace (Fig. 2). Katayama et al. (1993) 
reported that the deposition rate on the eastern marginal terrace is 
larger than that on the western side based on the seismic records. 
From those reasons, we assumed that there were many supplies 
of organic materials in the eastern side.

4.4  Controlling factors of spatial distribution patterns of As 
and Cd

The spatial distribution patterns of As and Cd somewhat differ 
from the above mentioned elements. As is abundant in both 
shelf and basin, Cd is sporadically enriched in the marginal 
terrace, slope, and basins. The spatial distribution patterns of 

As concentration and ORP show that As is high in shelf 
sediments where its oxic conditions are dominant. Brown or  
brownish-black sands that contain quartz coated by Fe  
hydroxides are distributed widely on shelf, especially on the  
eastern margin of  Oki Strait and the shelf off the Noto Peninsula 
(see cross symbols plotted in As map of Fig. 2) (Ikehara et al., 
1990a; Katayama et al., 2000). Fe hydroxide-coated quartz grains 
would absorb As efficiently (Belzile and Tessier, 1990; Sullivan 
and Aller, 1996; Chaillou et al., 2008). However, As concentration 
correlates with neither T-Fe2O3 concentration nor the T-Fe2O3/
Al2O3 (or T-Fe2O3/TiO2) ratio, with some exceptions (Fig. 6). In 
addition, no enrichment of As is found in the adjacent terrestrial 
area: Sendai, Kuzuryu, and Tetori river systems. Therefore, Fe 
hydroxide coats minerals thinly and would have absorbed As 
dissolved in water over a long period. Furthermore, clayey 
sediments in the Oki Trough are abundant in As (Fig 3). Because 
their As concentrations roughly correlate to MnO ones (Fig. 6),  
enrichment of  As in the Oki Trough would be caused by early  
diagenetic process.

Sediments having high Cd concentration are found 
ubiquitously: on the shelf, marginal terrace and in basins. 
The relatively high Cd concentration of coarse sediments 
on the shelf is explained by calcareous materials because 
Cd2+ has a similar ionic radius to Ca2+. Figure 6 shows that 
CaO concentration in sediments associated with calcareous  
materials positively correlates with Cd concentration. By 
contrast, Cd concentrations of silty and clayey sediments do 
not correlate with Cu and MnO concentrations (Fig. 6), whose  
concentrations indicate the influences of metal binding with 
organic matters and early diagenetic process, respectively. The 
geochemistry of Cd is opposite to Mn, V, Ni, Co, Mo, Sb, Pb, 
and Bi during early diagenetic processes and authigenically  
accumulates in sediments (for example by precipitation as CdS) 
(Rosenthal et al., 1995; Morford et al., 2005; Chaillou et al., 2008).  
For these reasons, Cd does not bind to organic materials and 
Mn oxides, but authigenically accumulates in silty and clayey 
sediments.

5. Conclusions

A comprehensive examination of the spatial distribution of 53 
elements of 460 marine sediments in the western side of the Sea 
of Japan and 254 stream sediments collected from the adjacent 
terrestrial area has been conducted. The spatial distribution of 
elemental concentrations in marine sediments is influenced by 
many factors: (1) grain size effects (including dilution effects), 
(2) particle transport from the land to coastal seas, (3) biogenic 
remains, (4) conveyance of coastal sediments by waves and 
coastal currents, (5) early diagenetic processes, (6) deposition 
at water mass boundaries, (7) denudation or resedimentation of 
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basement rocks, and (8) precipitation of Fe–Mn oxides. These 
controlling factors closely relate to marine geography, water 
depth, and depositional environment.

The influence of particle transport from land to seas through 
river systems is observed only in restricted area. This is  
because strong tidal waves and coastal currents sweep away fine 
grains on the shelf that are supplied from rivers. As a result, 
old sandy sediments are distributed widely on the shelf. Most 
elements have low concentrations in sandy sediments because of  
dilution effects by quartz and calcareous materials. Quartz in 
relict sediments is often coated by Fe hydroxides and effectively 
absorbs As. Calcareous materials such as shell fragments and 
foraminifera cause not only enrichment of  CaO, and Sr but 
also enrichment of Cd. Sea topographic highs (Oki Ridge, 
Wakasa Sea Knoll Chain, and Gentatsu-Se) are covered by sandy  
sediments that are produced by denudation or resedimentation of 
basement rocks. Their elemental abundances are different from 
the sediments in the surrounding areas.

Silty sediments are deposited on the marginal terrace where a 
water mass boundary is located. The spatial distribution patterns 
of Y, Nb Ln, Ta, and Th clearly suggest that silty sediments 
denudated from alkaline volcanic rocks around the Oki Islands 
are conveyed toward the east and deposited on the marginal 
terrace. In the eastern marginal terrace, Cu, Zn, and Hg are 
enhanced in silty sediments associated with biogenic remains. 
In contrast, the deep sea is covered by a low-temperature and 
oxygen-rich water mass (Japan Sea Proper Water), so that clay 
sediments distributed there rarely contain calcareous materials 
and organic remains. A brown clay layer associated with Mn 
oxide precipitation is found in deep sea basins and is highly 
enriched in V, Co, Ni, Mo, Sb, Pb, and Bi because of early 
diagenetic processes.
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隠岐トラフ周辺海域及び近接陸域における表層堆積物の元素分布：
特に日本海固有水のシルト質および粘土質堆積物への強い影響

太田充恒・今井 登・寺島 滋・立花好子・池原 研・片山 肇

要　旨

全国陸域地球化学図に続く海域地球化学図プロジェクトにおいて， 日本海西部海域から460個の海洋堆積物が採取され， 53元素
の分析がなされている． これら海洋堆積物の粒径や化学組成は堆積環境ごと（陸棚， 縁辺台地， 斜面， 海盆など）で大きく異なる． まず
陸棚上砂質堆積物の特徴として， 主たる起源物質と考えられる（隣接地域の）河川堆積物の化学的特徴を反映していないことが挙げ
られる． 陸棚の堆積物の多くは， 鉄水酸化物で覆われた石英を多く含みかつヒ素に著しく富む特徴を有する． この特徴から， 陸棚試料
の多くは海退期−海進期に形成された残留堆積物が主で， 現世の河川堆積物の寄与が小さいと考えられる． 縁辺台地の堆積物の特
徴として， 現世のシルト質堆積物で広く覆われていることが挙げられる． これは， 対馬海流（表層水）と日本海固有水（深層水）の境界が
縁辺台地上（水深200–500 m）に位置しており， 細粒なシルト質堆積物がこの水塊境界部で選択的に沈殿しているためである． 西部縁
辺台地のシルト質堆積物は， ニオブ， 希土類元素， タンタル， トリウムなどに富んでおり， 恐らく第四紀のアルカリ火山岩の削剥物の供給が
あったことを意味している． これらの堆積物は海流の影響を受けて200 kmほど東方へ運ばれていることが明らかとなった． 一方， 縁辺台
地東方部においては， シルト質堆積物は銅， 亜鉛， 水銀などに富む特徴を有し， 恐らく堆積物中の残留生物源物質の影響（有機物と結
合して存在している）を見ていると考えられる． 粘土質堆積物は隠岐トラフや海盆域に広く分布し， 日本海固有水の影響を受けて， 半遠
洋性の非常に酸化的な環境下にある． 堆積物表層部（0–4 cm）には， 初期続成作用に伴う薄いマンガン酸化物層が認められ， バナジ
ウム， コバルト， ニッケル， モリブデン， アンチモン， 鉛を多く含む． このように， 本調査海域の海洋堆積物の化学組成は， 堆積環境に強く影
響を受けていることが明らかとなった． 
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