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Abstract: The sources and geochemical evolution of pore fluids of terrestrial mud volcanoes are critical to the understanding of the features and
migrating paths of the fluids in subduction accretionary prisms. They are also important to oil and gas exploration. In order to get an answer to
the problems mentioned above, we analyzed the ionic composition, and the hydrogen and oxygen isotopes of mud volcanic fluids as well as the
mineral composition of the sediments of mud volcanos taking the Shin-yan-ny-hu (SYNH) mud volcano, Taiwan, China as a case. The analysis
results suggest that the erupted minerals by the mud volcano are dominated by quartz, feldspar, illite and chlorite, with a small amount of calcite
and dolomite, while in the fluids, Na" and CI” dominate and there is a significant positive correlation between Na* and CI". Such a correlation
suggests that the fluids are derived mainly from pore water of marine sediments. The CI” concentration of the fluid is about one-fifth of the
seawater, characterized by enriched oxygen isotopes (3'%0: 6.24 %o ~ 6.59 %o) and depleted hydrogen isotopes (8D: —23.72 %o ~ —12.9 %o),

indicating the dehydration of smectite. The hydrogen and oxygen isotopes are obviously deviated from meteoric precipitation, the results support
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the conclusion that the influences of meteoric precipitation on this area are limited. Comparing to seawater, the fluids are rich in Na” and

severely depleted in K', owing to the increase in smectite by illite/smectite interaction. The geochemical signatures of the pore fluids further

suggest that the fluids sourced from the deep with temperatures ranging between 79 “C—181 °C responding to a source region 2.6 km to 6.0 km

in depth, where, as we know, occur the Kai-tzu-liao shales of Pliocene, and the interbedded shale and sandstone sequence of Miocene Chang-

chi-keng and Wu-shan Formations. Based on the tectonic background, mineral composition and fluid sources of the SYNH mud volcanos, we

established a theoretical model in this paper: The pore fluids of marine sediments trapped by the plastic shales caused the uneven ejection of

pore water. With the compaction by the overlying sediments and lateral extrusions, the pressures of pore fluids increased sharply. Finally, the

fluids carrying sediments erupted out, when the pressures are greater than that of overlying rocks if there are high-permeability channels.

Key words: mud volcano; pore fluid; smectite dehydration; geothermometer; fluid source
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Fig.2 Schematic map of sampling sites and pictures of outcrops

The MV represents a mud volcano.
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Table I Geochemical compositions of discharged fluids from SYNH mud volcanoes.

bepgs O/ NHY Na/ o K/ Mg/ Cat/ Mw/ Cd o Ba/ SP/ U/ Til Mol 8"Osvow/ Dswow/ KH/NaﬂE Na/Kﬂﬁ

mM mM mM mM mM mM pM yM  uM pM M M M %o %o ik/C it/ C
SYNHO1-6 110.1 032 150.5 0.70 0.409 0.114 023 0.0029 227 17.35 0.050 0.28 1.82 6.45 —22.99 ND ND
SYNHO1-4 125.7 040 167.1 0.79 0424 0.125 029 0.0038 2.72 20.53 0.053 0.26 2.02 6.56 —21.44 88.1 98
SYNHO1-2 1147 033 1559 0.77 0428 0.160 046 0.0015 1.80 1943 0.055 0.33 2.15 6.34 —22.68 90.4 98.9
SYNHO1-1 123.8 0.38 165.6 0.72 0477 0.123 031 0.0038 2.80 19.40 0.050 0.26 1.74 6.54 —23.72 85.2 96.9
SYNHO1-3 125.6 042 170.6 092 0449 0.171 043 0.0019 230 24.05 0.068 0.38 3.16 6.59 —23.52 93.9 100.3
SYNHO1-5 1084 0.40 14486 0.68 0397 0.134 035 0.0023 2.61 19.69 0.045 0.32 1.60 6.59 —23.33 88.1 98
SYNHO1-7 1243 047 167.6 0.88 0481 0.174 044 0.0027 2.53 23.53 0.057 0.38 2.42 6.28 —21.35 ND ND
SYNH02-2 216.1 0.32 289.1 134 1230 0.389 153 0.0142 0.85 42.02 0.081 1.00 4.16 5.58 0.4 ND ND
SYNHO03-1 1293 0.33 1765 0.81 0.531 0.151 037 0.0012 1.74 19.11 0.067 0.38 2.15 6.24 -12.90 87.2 97.6
SYNHO03-2 198.1 049 2545 1.10 0.621 0.127 0.13 0.0040 1.74 29.72 0.082 0.35 3.58 7.01 —7.45 ND ND
SYNHO04-1 107.8 045 1359 0.64 0361 0.205 027 0.0035 2.64 1845 0.057 0.47 234 6.29 -21.20 88 97.9
SYNHO04-2 150.1 0.30 186.6 0.84 0.634 0.280 0.47 0.0037 1.59 26.90 0.078 0.63 3.74 6.78 —9.88 ND ND
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The results of this study are shown with green solid points, and fluids data of SYNH mud volcanoes are from references [11, 21, 23].
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Sample 3-2 and 4-2 represented fluids data collected from the edges of SYNHO03 and SYNH04 mud volcanoes, respectively.
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Table 2 Mineralogical compositions of the erupted mud by

SYNH mud volcanoes.

%

Fagis A% KA HRGA A WA azAa
SYNHO1-6  40.9 15.2 19.0 21.7 22 0.9
SYNHO1-4  39.7 14.8 20.6 21.5 1.4 1.9
SYNHO1-2  38.6 16.0 19.5 223 0.5 3.0
SYNHO1-1 42.5 16.8 16.7 21.6 1.5 0.9
SYNHO1-3  47.6 14.5 15.1 18.4 3.1 1.4
SYNHO1-5  39.7 16.2 17.6 19.9 4.2 2.4
SYNHO1-7 454 18.5 12.4 16.4 54 1.9
SYNHO02-2 425 15.2 17.5 19.3 34 2.1
SYNHO03-1 44.0 14.9 17.7 20.0 1.4 2.0
SYNHO03-2  47.2 19.8 12.9 15.0 1.1 39
SYNHO04-1 43.0 16.3 17.6 19.7 1.2 2.2
SYNH04-2  37.5 12.7 20.7 22.6 2.0 4.4
HRL 498 16.7 12.5 17.5 1.2 22
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Fig.6 Comparison of hydrogen and oxygen isotopes in fluids
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The hydrogen and oxygen isotopes data were collected for comparison including eight mud volcanos in Taiwan'*?**’] rain water in Taiwan'"!,
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river water and groundwater in Taiwan!'", and four mud volcanoes worldwide' .
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