PO HEFE 2235 JOURNAL OF TROPICAL OCEANOGRAPHY 20124F 4531 % 4558 37-44

o oF . S 3 doi:10.3969/j.issn.1009-5470.2012.05.006 http://www.jto.ac.cn

A RIRER A M L TR MR FHFHER SRR KRR
TR, MBER Y, LK, KEAE

1 P ERERE) T M BRI 58 i) G i B v SE 8%, )R TN 510640,
2. R E Rl B MO T O R S S IR, )R )M 5103015 3. T EBREBE R, JEET 100049

WE: ERASREDXBIEPESEMFEE SN HCOs™, PRI AR, RN R UTRIFLER 7K 1B
FRAR Y, DT Bh A2 DU AR PR S5 A AR D 2 1 o 385 DG R 0 SR o 79 BV S kIR £ 5 S BE 9% B Hollard Mound
I8 AL AL KM Marmorito HPUBTAE 1R SRR R 1A I JE Al L2 AR R FR 3L 0 W (1) % - J0 &K (rare earth element, REE)
R (SREE)F 0 B A6 38 Bl K (0.3 x 107°—43.7 x 10°%), R AHIUEREE T 48 kR0 . # + o0 R TUA s
HEALIC A B A AR Ce S FRAE, RIVEETE R — i SR AEOAE S R B AR Ce 5%, WoR TR RIG ) IX
TR KR B RAR B R Ah, /1R /TR 1 AR5 . AR R AR 19 i A8 W e 55 ¥ SR R A T 3
FAMEA O, 55 F e iR R P A 0 SR AR A A U G

KR WRKIREL S, AR IEAM; W L OTR R

HE S ES: P588.24"5 CHRFRIRAS: A XEHS: 1009-5470(2012)05-0037-08

Rare earth elements of seep carbonates and using them to
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Abstract: At marine seeps, methane is microbially oxidized resulting in the precipitation of carbonate close to the seafloor.
Methane oxidation leads to sulfate depletion in sediment pore water and induces change in redox conditions. Rare earth
element (REE) patterns of authigenic carbonate phases from limestone collected from modern seeps of the Gulf of Mexico and
the Congo Fan, as well as from two ancient hydrocarbon-seep localities, Hollard Mound (Middle Devonian) and Marmorito

(Miocene), were investigated. The total REE content (SREE) of seep carbonates varies widely from 0.3 x 10°® to 43.7 x 10,

with a common trend that the ZREE in microcrystalline phases is higher than that in sparite cement. The shale-normalized
REE patterns of seep carbonates often show different Ce anomalies, even in the samples from the same site. These varied Ce
anomalies suggested that the redox conditions of seep carbonates are variable and complex. Overall, our results show that oxic
conditions are at least temporarily common in seep environment. The varied redox conditions might be related to the changes
of flux of seep fluid or the denitrification associated with methane oxidation that produces oxygen.
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Rare earth element contents of 5% HNOj; soluble component of modern seep carbonates from the Gulf of

Mexico and Congo Fan, and of ancient seep carbonates from Hollard Mound (Middle Devonian) of Morocco and

Marmorito (Miocene) of Italy

i 2 J6 R it

IBU(x 107%)

FE iy B3 /(Zjlii) Ce/Ce*
La Ce Pr Nd Sm Eu Tb Dy Ho Er Tm Yb Lu
HM-22.10(2) M 0.403 0.425 0.080 0.312 0.069 0.016 0.077 0.012 0.078 0.016 0.050 0.006 0.042 0.006 1.59 0.53
S 0.359 0.409 0.066 0.278 0.061 0.015 0.069 0.010 0.072 0.015 0.046 0.006 0.037 0.006 1.45 0.57
HM-22.10(8) M 0.636 1.377 0.154 0.646 0.160 0.038 0.183 0.029 0.185 0.035 0.112 0.015 0.092 0.013 3.67 0.99
S 0.389 0.760 0.088 0.389 0.095 0.023 0.107 0.016 0.107 0.023 0.069 0.008 0.058 0.008 2.14 0.90
S 0.219 0.413 0.052  0.225 0.056 0.018 0.068 0.010 0.067 0.013 0.042 0.005 0.033  0.005 1.23 0.86
HM-23.10(3) M 2.055 5.003 0.610 2.531 0.599 0.128 0.461 0.085 0.442 0.087 0.247 0.035 0.205 0.030 12.52 1.03
M 0.987 1.969 0.259 1.168 0.252 0.057 0.187 0.040 0.204 0.038 0.138 0.017 0.104 0.016 5.44 0.86
S 0.521 0.822 0.122 0.525 0.117 0.028 0.135 0.021 0.134 0.027 0.079 0.010 0.063 0.010 2.61 0.72
Mar-ES1 M 11.481 12.082 2.259 9.324 1.990 0.451 1.915 0.316 1.676 0.349 0.902 0.121 0.688 0.103 43.66 0.52
M 3.378 2.182 0.418 1.595 0292 0.075 0.346  0.064 0.357 0.077 0.234  0.033  0.182  0.028 9.26 0.37
Mar-G M 1.515 1.599 0.247 1.046 0.209 0.044 0.148 0.031 0.155 0.031 0.092 0.013 0.081 0.011 5.22 0.55
M 1.010 0.751 0.177 0.674 0.136 0.031 0.138 0.019 0.121 0.024 0.069 0.008 0.053 0.008 3.22 0.39
S 0.215 0.327 0.048 0.187 0.041 0.010 0.041 0.007 0.048 0.009 0.027 0.003 0.024 0.003 0.99 0.73
S 0.076 0.111 0.016 0.060 0.013 0.002 0.015 0.002 0.013 0.003 0.009 0.001 0.007 0.001 0.33 0.73
Mar-E 1.329 2.680 0.329  1.349 0309 0.067 0236  0.048 0.249  0.048  0.141  0.020 0.122  0.017 6.95 0.92
M 1.383 2.818 0.339 1.396 0.302 0.070 0.215 0.052 0.262 0.044 0.137 0.021 0.119 0.017 7.18 0.94
S 0.258 0.385 0.043 0.154 0.031 0.008 0.041 0.006 0.042 0.008 0.026 0.003 0.022 0.004 1.03 0.80
S 0.613 0.907 0.099 0.369 0.073 0.019 0.090 0.013 0.090 0.019 0.057 0.007 0.052 0.008 242 0.80
HH-2-a S 0.194 0.885 0.073 0.269 0.055 0.012 0.053 0.007 0.035 0.006 0.017 0.002 0.017 0.002 1.6 1.8
M 4.497 16.812  1.472 5951 1.205 0.402 1.079 0.166 0931 0.169 0436 0.061 0.366 0.051 33.6 1.5
M 3.23 11.942  1.033 4037 0.839 0291 0.701  0.109 0576  0.107  0.279 0.04 0.244  0.033 23.5 1.6
HH -3-a M 2.137 7.439 0.612 2.3 0.472 0.103 0.373 0.065 0.35 0.066 0.199 0.03 0.187 0.027 14.4 1.6
M 4.461 16.262 1.336 4.939 1.041 0.234 0.884 0.137 0.734 0.141 0.381 0.054 0.336 0.047 31 1.6
M 6.126 21.925 1.791 7.096 1.468 0.318 1.244 0.197 1.055 0.205 0.539 0.08 0.43 0.065 425 1.6
HH -4 M 6.704 19.416 1.86 7.598 1.537 0.346 1.358 0.209 1.103 0.228 0.609 0.081 0.51 0.078 41.6 1.3
BH-A-1 M 2.935 5.406 0.695  2.748  0.627  0.135 0.53 0.087  0.471 0.09 0.253  0.037 0209  0.031 143 0.9
S 0.521 0.863 0.122 0.465 0.097 0.023 0.092 0.013 0.079 0.015 0.042 0.005 0.035 0.005 2.4 0.8
BH-B-1 M 3.726 7.309 0.922 3.585 0.748 0.164 0.579 0.093 0.513 0.091 0.249 0.035 0.209 0.03 18.3 0.9
BH-C-1 M 6.086 5.734 1.275 5.213 0.859 0.164 0.541 0.086 0.409 0.075 0.204 0.025 0.159 0.022 20.9 0.5
S 1.004 0.782 0.19 0.731  0.116 ~ 0.023  0.096 0.012  0.062  0.011  0.034 0.004 0.026  0.004 3.1 0.4
BH-D-1 M 4.928 5.421 1.033 4.17 0.711 0.149 0.508 0.075 0.369 0.07 0.19 0.024 0.17 0.021 17.8 0.5
S 0.113 0.055 0.024 0.092 0.021 0.005 0.023 0.003 0.025 0.005 0.016 0.002 0.014 0.003 0.4 0.2
BH-F-1 M 1.279 2.793 0.374 1.4 0.312 0.066 0.282 0.04 0.241 0.042 0.122 0.014 0.092 0.013 7.1 1
S 0.173 0.328 0.044 0.164 0.035 0.008 0.036 0.005 0.026 0.005 0.015 0.002 0.011 0.002 0.9 0.9
BH-G-1 M 5.307 10.593 1.326 5154 1.078 0239  0.945 0.143  0.798 0.147 0.386  0.059 0.34 0.05 26.6 0.9
BH-H-1 M 2.298 5.123 0.668 2.553 0.567 0.08 0.511 0.077 0.444 0.079 0.22 0.03 0.191 0.028 12.9 1
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Fig. 1

Shale-normalized REE patterns of seep carbonates. a. Bush Hill, Gulf of Mexico; b. Hydrate Hole, Congo Fan; c.

Hollard Mound (Middle Devonian), Morocco; d. Marmorito (Miocene), Italy. Solid lines indicate microcrystalline phase, and

dashed lines are sparite phase.
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Fig. 2 Diagenesis influence of cold seep carbonates on
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carbonates are less than 0.35, suggesting no alteration; b. Ce
/ Ce* vs. Dyy Smy, c. Ce/ Ce* vs. REE showing no
influence from diagenesis.
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