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Constrains of seepage fluids based on the characteristics of authigenic deposition from Conical serpentinite mud
volcano in the Mariana forearc

TONG Hongpeng, HU Haiming, CHEN Linying, CHEN Duofu
Shanghai Engineering Research Center of Hadal Science and Technology, College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China

Abstract: Authigenic depositions induced by low-temperature alkaline seepage fluids occur on the top of the Mariana forearc serpentinite mud
volcanoes, which are archives of the seepage fluids and are significant for studying the material circulation of the subduction zone. However,
little is known about the features of the authigenic depositions composed of multiple minerals and their recording of seepage fluids. In this
paper, we investigated the petrology, mineralogy and major and trace element compositions of authigenic depositions collected from Conical
serpentinite mud volcano in Mariana forearc. The authigenic depositions from Conical serpentinite mud volcano are loose and extremely friable
into lamellar and spherical fragments. The lamellar fragments are white, mainly composed of needle-like aragonite and prismatic calcite, with
high CaO contents (49.3%~53.3%) and low MgO contents (2.3%~4.5%). The spherical fragments are yellow or white, made of amorphous
magnesium silicate, with high MgO contents (25.5%~29.1%) and low CaO contents (0.5%~2.9%). ZREE of the carbonate fragments range from
227.2 ng/g to 4136.6 ng/g, while the XREE of the amorphous magnesium silicate fragments are from 115.4 ng/g to 364.9 ng/g. All samples
show flat distribution patterns with slight enrichment of heavy rare earth elements. The rare earth element distribution patterns of authigenic
depositions indicate that the contribution of seepage fluids is higher than 90% except for two carbonate samples with relatively high rare earth
element contents. This suggests that all samples should form in the intense seepage environments, but the carbonates and magnesium silicates
may be induced by varied types of seepage fluid, namely, "low-silica type" and "high-silica type".

Key words: authigenic deposition; rare earth elements; major elements; seepage fluid; serpentinite mud volcano; Mariana forearc
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Fig.1 Location of the Conical serpentine mud volcano in Mariana forearc

Illustration figure b cited after reference [7].
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Fig.2 Authigenic deposition from Conical serpentine mud volcano

a. Loose porous authigenic deposition with irregular residual fluid path marker by the arrow; b. lamellar fragment; c. yellow spherical fragment;

d. white spherical fragment.

{H 1 306.3 ng/g) W& & T BRORCIR #F Je iy S 1 & &
(ZREE } 115.4~3 64.9 ng/g, V- ¥J{H 192.5 ng/g) «
TR IR N BRORLIR B e (VR A R O O AR o R ARAE
5 Rt e AR, HAE ARG 5 ) R 1 7% B (SREE
& HN 156.7~514.8 ng/g, “V-H4{H 285.5 ng/g) . T F
MY R T Bu IE 5% RRAE G R IRIE L) Ew/Eu*
A 1.17~8.00, FLIRFEHLA) Bu/Bu*hy 2.46~37.14, 1R
ARG Eu/Eu* 1.88~5.96) .

4 hig

41 EiRiRESEKRTIH L5
Ly FLW 299 9ICHT g 20 P i T i s 09 s

R IO S DR 22F e o 3 =3 Sk S (T
1M Conical g 8CF e K 1L A A URRY) BoR TR
G B AERRE (& S5), 1 B HE sl it 72 v [m) B 32
BT/ I T I N | e v L A A
Conical #4045 6 K 1L H A= TUAR W) vh Oy fil A2 F S0
HTE BB A 5 B e £ Wy UV i B R il K 58
TR 1 1A DT RK LU 491 25 S A OGS, HR:, BRERFREh 0™ P
Ab, A SCHESE Y Conical ¥ 207 U6 k11 A A4 DURR
HR R 2 B0 B 3ORLIR TG 8 T B ik R £
(K 2), EEREMEA (& 3, £ 1), HADIR
YIRE S e S & B HE R Y IE AR O
PR (& 4b, o), U TCE B RERR Eh vh i & D il
FBR

Fleet %5 B2 84 i FH# 4= 50 28 TR A 458 8 0 2K 245



425 5 6

PG, 2 D LA ITET Conical 8 80F ¢ K LT A Az TP 4R AE B X8 s T 14 B9 15 7% 5

0 04081216 2

K3 Conical #EZUA e K Ll H AEUTAR Y B 34 45 M AL
a. MR R IR T B BRSO 9 S OME A R (LE SR 6 ) B b 479 A B IR 5 . R BRI i b B 7 i 5 BRSO PR AR 0, BRI R )
SEERERREL T Wy (A FLE B S, RERE 0 A R 1L 2 0 3 2050 SO A, BETE R ER AT M A1 5 d. BRORLAR BB phy JOBR B i % i BROBR (3% ) 88 B B Ak
FRER LA (AR ) 5 e—fF. S BRUR OG5 6 RE R R 151 1 i BE LAY, RIS A 4 2R B /R E RO ALAUA SiL O, Mg ZL A/ R i s

Fig.3 The microstructure features of authigenic deposition from Conical serpentinite mud volcano

a. Thin section photo of lamellar fragments showing acicular aragonite (polarized light); b. Photo showing acicular aragonite under scanning electron

microscope (SEM); c. SEM photo showing prismatic calcite associated with acicular aragonite, but separated with irregular magnesium silicate by obvious

porosity; the energy dispersive spectrometer (EDS) results indicate that 1, 2 and 3 are aragonite, magnesium silicate and calcite, respectively; d. Thin section

photo showing spherical fragments are composed of massive parts and spherular parts at edges (single polarized light); e-f. SEM photos of amorphous

magnesium silicates showing spherular structure; EDS results show that spherular fractures are composed of Si, O, Mg elements.
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Table 1 Characteristics of major elements in authigenic deposition from Conical serpentine mud volcano o
FE S5 s eE it MgO Ca0O Na,O ALO, P,0s K,0 Fe,05-T
hl IR 23 53.3 1.1 0.02 0.02 0.01 0.0109
h2 AR 3.8 50.1 1.2 0.11 0.03 0.02 0.073 6
h3 AR 4.5 493 1.3 0.00 0.03 0.02 0.0030
h4 AR 3.4 49.7 1.1 0.01 0.02 0.01 0.006 3
hS AR 2.5 52.8 1.2 0.22 0.03 0.02 0.0530
h6 AR 23 50.9 1.1 0.27 0.06 0.02 0.1302
h7 TRA T 8.6 39.3 1.3 0.02 0.03 0.05 0.0118
h8 AT 18.9 18.2 1.8 0.06 0.03 0.10 0.0255
h9 AT 11.6 339 1.4 0.01 0.02 0.06 0.003 0
h10 AT 7.8 41.1 1.4 0.01 0.03 0.04 0.006 8
hll AT 22.5 11.2 2.1 0.02 0.03 0.11 0.008 0
h12 AT 8.0 40.6 1.4 0.01 0.03 0.04 0.003 3
h13 ERRDIR 28.1 0.7 2.0 0.01 0.02 0.14 0.0130
h14 ERRDIR 27.2 2.1 2.1 0.00 0.03 0.13 0.006 7
h15 ERRDIR 28.6 0.7 2.2 0.00 0.02 0.13 0.001 1
hl6 ERRDIR 28.1 0.7 2.2 0.00 0.02 0.13 0.0015
h17 ERRDIR 27.9 0.5 2.3 0.01 0.02 0.13 0.002 2
h18 ERRDIR 27.7 0.9 2.6 0.00 0.03 0.14 0.000 2
h19 ERRDIR 27.0 0.8 2.5 0.00 0.02 0.13 0.002 7
h20 ERRDIR 25.5 29 2.2 0.00 0.03 0.13 0.002 3
h21 ERRDIR 29.1 0.5 2.5 0.01 0.02 0.14 0.002 3
h22 BRALIR 27.0 22 24 0.00 0.03 0.13 0.003 4
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Fig.4 Part of the major element contents in authigenic deposition from Conical serpentine mud volcano
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Table 2 Contents and characteristics of REE in authigenic deposition of Conical serpentinite mud volcano ng/e

FEm%iS  La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu 3XREE Ce/Ce* EuwEu*
hl 405 1558 73 897 88 100 58 3.1 93 1250 30 93 04 62 14 3506 207 540
h2 89.1 1689 294 121.6 140 167 374 63 286 3717 103 264 23 298 3.0 587 075 236
h3 5.9 977 65 362 92 55 20 14 72 990 29 37 03 28 03 2272 117 800
h4 51.0 1474 156 666 46 139 123 19 118 1184 32 70 - 85 1.1 3449 119 533
hs 8484 1615 121.1 5169 849 226 894 129 1079 12013 240 673 140 1053 184 21948 0.11 1.17
h6 16209 5472 2457 1020.1 1749 452 1272 167 1257 10799 267 705 162 852 146 41366 020 148
h7 477 915 92 374 90 73 120 20 223 1601 32 78 14 98 21 2627 100 322
h8 558 1275 200 823 303 129 386 65 560 4610 135 271 59 333 52 5148 086  1.88
h9 169 691 36 206 80 101 119 1.0 56 8.0 22 45 04 09 19 1567 206 488
h10 350 678 86 310 20 71 56 28 110 1143 31 75 04 108 15 1943 090 596
hi1 548 1246 80 483 194 119 136 42 141 1207 53 78 - 124 14 3257 134 4356
h12 492 860 55 421 151 84 247 18 111 1046 41 60 - 41 08 2588 113 196
h13 557 1425 61 544 116 124 178 44 160 3196 63 160 18 184 13 3649 167  3.71
h14 326 772 53 231 64 41 60 11 99 8.0 43 74 05 27 25 1832 133 347
h15 219 509 25 251 48 36 25 16 114 1395 36 80 - 61 13 1433 149 550
h16 98 708 10 170 - 66 - 03 07 588 21 39 05 16 12 1154 478 3714
h17 57.0 818 9.0 420 29 91 82 21 86 1583 34 63 04 121 18 2447 082 529
h18 85 1056 3.2 8.1 31 95 82 17 80 1091 16 37 01 50 07 1670 457  7.01
h19 83 979 - - - 43 83 03 140 618 29 52 - 26 06 1445 1132 336
h20 168 581 4.1 4.0 10 46 80 10 51 1211 29 73 22 89 38 1279 16l 3.61
h21 488 1352 64 673 95 55 99 06 53 1261 26 76 01 25 12 3026 169 246
h22 100 776 17 60 09 73 40 06 98 742 25 55 08 44 03 1315 430  10.67
Ce/Ce*=2Cey/(Lax+Pry), Pr/Pr#=2Pry/(Cex+Ndy), EwEu*=Euy/(0.33Ndy+0.67Gdy), TREEALIEY. “—"FiRmRkH.
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Fig.5 Rare earth element patterns of authigenic deposition from Conical serpentinite mud volcano and of seepage fluids from Marianas
forearc serpentinite mud volcanoes standardized by Post-Archean Australian Shale

Data of seepage fluids and seawater after reference [14].
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