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Paleoceanographic Environment of Japan Sea Deduced from Chemical and
Isotopic Features of Miocene-Pliocene Sedimentary Rocks

Shin-ichi KIMURA U, Naotatsu SHIKAZONO PE and Masato NOHARA PCUU

Abstract

0O O Chemical and isotopic analysesO Sr isotopic ratio, major element, trace element, rare
earth element, total carbon, nitrogen, and sulfur contentsO of rock samples collected from
middle Miocene to early Pliocene sedimentary rocks, Oga Peninsula, northern Japan were
performed to elucidate the paleoceanographic environment of Japan Sea. The rocks studied
include shale from Nishikurosawa, Onnagawa, and Funakawa formations in stratigraphically
ascending order. The Onnagawa sedimentary rocks in the lowerl ca. 12.6-11.4 Mal] middI&l ca.
10.5-9.0 Mal] and uppert ca. 8.3-7.0 Maldhorizons are characterized by high Mo/Al, P/Al, and
Ba/Al ratios and total organic carbon content. Positive Eu anomaly, K/Ti ratio and ¥Sr/*Sr
ratio are also high in the same horizons. These geochemical variations imply that high
primary productivity, and reducing condition of deep paleoocean, and formation of petroleum
source rocks were caused by an upwelling of deep seawater. The upwelling of deep seawater is
considered to have been influenced by strong winds from the Asian continent, which was
related to the uplift of Himalayan and Tibetan regions.

Key words[ paleoceanographic environment shalell rare earth element, strontium isotopic

compositiond Miocenel hydrothermal solution uplift of Himalayall Japan Sea
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Table 10 Averages and standard deviationsO 110 of each lithology composition data.
12 data average, "” 19 data average, """ 20 data average.

NK shale OG hard shale FK shale

OnQ 130 OnQd 210 On0Q 40
Sio.0Owt OO 57.69+ 1.94 84.32+ 3.86 67.50+ 1.51
TiO:, 0.92+ 0.03 0.06 0.57+ 0.03
AlO; 16.4+ 0.6 1.8 149+ 0.8
Fe.O," 7.96+ 0.55 0.71 4.69+ 0.48
MnO 0.041+ 0.042 0.015+ 0.017 0.056+ 0.013
MgO 4.22+ 0.30 0.30 2.15+ 0.23
CaO 3.17+ 1.29 0.12 1.53+ 0.40
Na.O 1.05+ 0.34 0.08 1.25+ 0.12
K0 1.55+ 0.24 0.30 2.12+ 0.11
P-Os 0.119+ 0.047 0.126+ 0.179 0.076 + 0.008
LOI 6.91+ 1.33 1.31 5.16+ 0.61
TNOwt OO 0.06+ 0.07" 0.03 0.20+ 0.22
TS 2.05+ 0.73" 0.63 0.59+ 0.15
TOC 0.50+ 0.18" 0.80 0.73+ 0.11
carbonate carbon 0.18+ 0.31" 0.07 0.12+ 0.10
TOC/TN 11.81+ 4.50" 2.69 6.31+ 3.20
magnetic 0o
susceptiblity[ 10°°S10] 0.29+ 0.30 0.03 0.11+ 0.03
ScO ppm0O 17.15+ 1.69 1.74 6.73+ 0.64
\Y 109.15+ 13.95 53.59+ 36.74 54.43+ 4.99
Cr 51.36+ 9.01 27.64+ 6.83 21.03+ 1.04
Co 17.07+ 2.35 5.91 6.25+ 1.12
Ni 29.78+ 11.26 30.14+ 17.00 19.59+ 11.29
Cu 18.84+ 3.95 65.04+ 51.00 15.22+ 1.81
Zn 1160.67 + 3545.82 120.01+ 136.04 70.10+ 12.89
Rb 40.09+ 6.97 30.86+ 8.40 49.83+ 4.83
Sr 228.95+ 72.69 28.09+ 7.40 90.14+ 13.32
Y 27.72+ 7.90 5.35 16.16+ 1.87
zr 147.18+ 22.42 42,69+ 11.18 70.57+ 6.77
Nb 7.99+ 0.84 0.73 5.68+ 0.30
Mo 492+ 451 5.57 1.81+ 0.65
Ba 998.65+ 771.93 1631.13+ 1245.13 680.80+ 46.06
Hf 3.21+ 041 0.33 2.63+ 0.20
Ta 0.52+ 0.05 0.09 0.67+ 0.01
Th 3.11+ 0.32 1.01 6.74+ 0.32
U 2.09+ 0.89 4.17 2.58+ 0.69
Lal ppmO 169+ 2.9 4.6 18.7+ 1.5
Ce 41.2+ 6.5 13.6 46.0t 4.4
Pr 4.6+ 0.6 1.3 47+ 0.5
Nd 19.7+ 2.7 5.6 18.8+ 2.1
Sm 4.56+ 0.60 1.39 4.06+ 0.51
Eu 1.26+ 0.16 0.32 0.92+ 0.12
Gd 4.78+ 0.90 1.21 4.00+ 0.55
Tbh 0.85+ 0.15 0.22 0.73+ 0.10
Dy 453+ 0.87 1.07 3.89+ 0.54
Ho 0.87+ 0.19 0.19 0.77+ 0.10
Er 2.55+ 0.54 0.52 2.32+ 0.25
Tm 0.40+ 0.10 0.08 0.39+ 0.05
Yb 2.45+ 0.55 0.50 2.40+ 0.34
Lu 0.36+ 0.08 0.06 0.37+ 0.03
Total REEs 105.0+ 154 29.3 108.0+ 11.0
CelCe"” 1.13+ 0.08 0.28 1.20+ 0.01
Eu/Eu” 1.27+ 0.06 0.10 1.07+ 0.05
La/Yb 0.55+ 0.09 0.14 0.62+ 0.04
¥Sr/*Sr 0.706237+ 0.000284° 0.710851+ 0.001319°°" 0.708068+ 0.000307
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Table 20 Correlation coefficients between Al.Os elements for all 38 samples.
Values greater than 0.70 are presented as bold. © 37 data average.

ALOL Al.O; AlLOs
TiO; 0.960 Sc 0.89 La 0.81
Fe.O," 0.940 \Y 0.53 Ce 0.70
MnO 0.450 Cr 0.66 Nd 0.80
MgO 0.940 Co 0.49 Sm 0.77
CaO 0.820 Ni [00.04 Eu 0.82
Na.O 0.910 Cu [00.42 Gd 0.81
K.O 0.800 Zn 0.20 Tb 0.82
P.0Os 0.000 Rb 0.68 Dy 0.83
Sr 0.84 Ho 0.83
TN J0.15 Y 0.79 Er 0.84
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