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Fig.1  Geographical location and geological features of study area (modified from references [16,21])
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Fig.2  Stratigraphic column of study area and field photographs of nodules (modified from references [16,21])

(a, d) authigenic cold seep carbonates; (b) siderite nodules; (c) polished surface of siderite nodules
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x1 BEHUZFERTEET Y (we.%) MEHLE AR (%, VPDB)
Table 1 Mineralogical (wt.%) and isotopic (%c,VPDB) compositions of the Kuohsing siderite

B ES 3 Jrfii s Hafi A A A B 8"c 80

GOl 65 19 8 8 -1.46 -0.93
G02 82 18 0 0 -0.84 -1.09
G03 84 16 0 0 -0.93 -0.80
G04 92 8 0 0 -0.53 -0.15
G05 87 13 0 0 -0.74 0.25

G06 81 5 14 0 0 -0.99 -0.35
G09 92 4 4 0 0 -3.69 -0.10
G10 46 11 14 14 0 16 0.08 -0.27

B3 T ok 2 R i 't Sl D AR il T S OB R
Ca) VAT ZE A B 0 o] UL A= W 4 i TR, (o ) DRRES oA 2 A A ik ) A7 S5 R I 5 () S PR (b ) v P T TSR DX Bl 1 G0 Sk R Bk 5
(DZZETE R ZE 0 TORL (AL ) 5 (o) BARRR BTG FI 11 B B0k (1 @95 5 (0 () B 1A 1. e MBI 2 Bl
Fig.3  Polarizing microscope and scanning electron microscope photographs of the Kuohsing siderite
(a) microcrystalline matrix and biogenic particles; (b) grayish brown carbonate matrix and large amount of terrigenous detritus; (¢) magnified white rectangular area in Fig.
(b): white arrow indicates pyrite particles; (d) similar to thombohedral siderite particles (white dotted line arrows); (e) framboidal pyrite and euhedral pyrite (white solid

line arrows); () energy spectrum 1 in Fig. (d). All photographs in single polarized light
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Table 2 Major element content of Kuohsing siderite (%)
%' Na,0 MgO ALO, P,0, K,0 Ca0 Ti0, MnO Fe,0,
GOl 0.11 3.33 0.32 0.11 0.08 1.80 0.00 0.40 19.87
G02 0.08 4.16 0.29 0.10 0.08 2.44 0.00 0.49 24.11
G03 0.11 3.94 0.32 0.12 0.08 2.15 0.00 0.49 23.68
G04 0.07 4.59 0.15 0.15 0.03 3.51 0.00 0.62 25.98
G05 0.07 4.83 0.22 0.14 0.05 3.36 0.00 0.53 25.69
G06 0.06 4.10 0.13 0.17 0.03 3.31 0.00 0.49 21.07
G09 0.05 4.18 0.13 0.11 0.04 6.16 0.00 0.46 18.54
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(Pr/Yh),=0.83) ; 2) 52 S 1) La ) 5 57 % (SF- 25 (La/
La"),=0.96) ;3) #21# Ce 5 (*F-¥J (CelCe")=1.07) ;
)BT TUA Y Y/Ho L (P44 (Y/Ho)=26.93 ) .
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A F=1.09%0~+0.25%0, A HF1-0.43%0(F2) .
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B A AT A S 80Rs L oe AR A AR AR,
FAE B KB 2 f Ce/Ce™ 5 Dy,/Smy S ik REE 75 &
IR A AR SCPED, T X [ 3R R 1A 10T
F 50T K B, 48 7R B VR FH 00 48 AR A DG AR 227
(& 4a,c), i B 220 A9 + 00 R % A 1 H
oML, AR, ARYE Morad et al. ' FIBTSE, 24 Ce 53

R3 EMHEHTERBELITRSE(x107)

Table 3 Rare earth element compositions of Kuohsing siderite (x10°)

TR GO1 G02 GO03 G04 GO5 G06 G09
La 4.27 4.84 4.70 5.81 5.49 6.34 5.50
Ce 12.06 12.37 12.46 15.01 14.58 16.81 13.87
Pr 1.52 1.46 1.58 1.78 1.74 2.02 1.59
Nd 6.75 6.26 7.03 7.44 7.35 8.61 6.79
Sm 1.70 1.50 1.81 1.84 1.82 2.11 1.68
Eu 0.41 0.38 0.46 0.46 0.47 0.55 0.43
Gd 1.76 1.70 2.08 2.08 2.02 2.38 1.87
Th 0.27 0.27 0.33 0.34 0.32 0.37 0.32
Dy 1.47 1.50 1.98 1.92 1.80 2.09 1.86
Ho 0.26 0.28 0.38 0.36 0.34 0.38 0.36
Er 0.67 0.74 1.04 0.94 0.86 0.95 0.96
Tm 0.09 0.10 0.14 0.12 0.11 0.11 0.13
Yb 0.49 0.55 0.88 0.68 0.63 0.63 0.76
Lu 0.07 0.08 0.13 0.10 0.09 0.09 0.11

La/Smy 0.37 0.47 0.38 0.46 0.44 0.44 0.48
Dy, /Sm, 1.03 1.19 1.30 1.24 1.17 1.17 1.31
Gd/Yb, 2.17 1.87 1.42 1.85 1.96 2.28 1.48
Pry/Yby 0.99 0.85 0.57 0.83 0.89 1.02 0.67

Y/Ho 25.97 27.77 25.30 28.18 26.86 27.37 27.09
(La/La"), 0.94 1.00 1.00 0.91 0.90 0.93 1.02
(Ce/Ce’), 1.07 1.06 1.04 1.08 1.09 1.08 1.07

TE : (Ce/Ce")=3Ce /(2La*+Nd,) 5 (La/La")=La/(3Pr,—2Nd,) ; (P/Pr')=2Pr,/(Ce +Ndy), 25 30 A N 2 /R K R W5 K 7 48 5T 4 4 1fiE 1k

(PAAS)4
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Genesis of Siderite in Miocene Marine Shale in Kuohsing Area, Taiwan
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1. Shanghai Engineering Research Center of Hadal Science and Technology, College of Marine Sciences, Shanghai Ocean University, Shanghai
201306, China
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Abstract: Siderite records historical geological information about fluids, and thus can be used to trace diagenetic
zones related to biogeochemical reactions. Siderite nodules have been found in Miocene marine shale in the Kuohsing
area of Taiwan, but their genesis is not clear. Field observations show that the siderite is scattered in parallel discon-
tinuous lenses in the shale, which consists mainly of authigenic siderite (78.63%) and other minerals. The REE dis-
tributions of the siderite are characterized by MREE enrichment with no Ce anomaly. This indicates that the siderite
was formed in weakly oxidizing conditions, facilitating the precipitation of siderite in a suboxic zone. The §”C and
5"0 values of this siderite are from —3.69%o to +0.08%0 and from —1.09%o to +0.25%o, respectively, suggesting that it
was precipitated in the suboxic zone with an admixture of seawater and organic matter. Studies show that authigenic
siderite can be used to identify biogeochemical processes in sediments and indicate diagenetic zones.

Key words: siderite; carbon and oxygen isotopes; suboxic zone; REE



