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A tracing study of sediment diagenesis in the Hikurangi subduction zone, New Zealand: Evidence from Sr isotope of
pore fluid

KONG Liru, LUO Min, CHEN Duofu
Shanghai Engineering Research Center of Hadal Science and Technology, College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China

Abstract: The subduction zone, as one of the most active zones on Earth, has great significance in the evolution of Earth's surface and interior.
Slow slip events have not been recognized as an important form of faulting by geophysicists until recent decades. Slow slip event occurring in
shallow sediments can rupture the seafloor and trigger large-scale tsunamis. Understanding the source of pore fluids and the diagenesis of
subduction zone sediments is helpful to understand the formation mechanism of slow slip events. This paper presents the results of SO,*, Ca*",
Mg** and Sr** and the radiogenic Sr isotope (*’Sr/*Sr) on the pore fluid collected from the drilling sites on the subducting plate (Site U1520) and
the deformation front (Site U1518) of the Hikurangi subduction margin, offshore New Zealand, drilled during the International Ocean Discovery
Program IODP Expedition 375. The results show that Ca** and Mg®* concentrations, Sr** concentration and *’Sr/*Sr ratio are negatively
correlated, indicating the widespread occurrence of volcanic ash alteration at both sites. In addition, the simultaneous decrease of Ca** and Mg**
concentrations in the pore waters of the shallow 0~14.3 and 0~37.3 mbsf sediments is due to authigenic carbonate precipitation. In addition,
the significant decrease in Mg®* concentration with depth and increase in both Ca*" and St** concentrations with depth accompanied by relatively
constant ¥Sr/*Sr values at the lithologic Unit IV (509.82~848.45 mbsf) of Site U1520 point to the ongoing carbonate recrystallization. In the
lithological Unit V (848.45~1016.24 mbsf) which is dominated by pyroclastic rocks, the SO,*, Ca**, and Mg** concentrations in pore fluids are
all close to seawater values. This observation likely implies the lateral flow of seawater-like fluid within the more permeable pyroclastic rocks

compared to neighboring lithologic units. Therefore, we propose that the lithologic heterogeneity and various diagenetic processes of the
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subducting slab may lead to the formation of abnormal stress field and high fluid pressure after being subducted, which is likely related to the

frequent occurrence of slow slip events in the Hikurangi subduction zone.

Key words: subduction zone; diagenesis; pore fluid; Sr isotope; slow slip
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a. Site U1518, b. Site U1520.

MR KW JE A o A PE ST (Unit 1T) (370.4~
492.4 mbsf) A] 43 2 W IR 9% 5. IG (Unit HIA #l Unit
HIB), U5 4, & kb b Bk b 5 1 )2,
T S 2 I RE B KR BRI E OB, B B
PR H Iz DURR B A A 1L THA ] g /00

U1520 s (A PR & 2%, vl R4 6 A 1
2B, 2 AR N D B A, Ak sAoT
I (Unit 1) (0~ 110.5 mbsf) 3= 4 £ K €62 B 6 e,
Je A F W\ MWK A A M SR . AT
II (Unit 1) (110.5~222.0 mbsf) F 2 KL IRETR S

PAH)Z . A ERAIT I (Unit 1) (222.0~509.8 mbsf)
FEN D RS+ —F R A, R L LR )E .
HYEE STV (Unit IV) (509.8~ 848.5 mbsf) 32 % B
Mg £k A MR, GRS — K R I . A K
B e A MR AR L s . AP ITV (Unit V)
(848.5~1 016.2 mbsf) 3= Z= iy k7 AR (1 k1l 7 5
o A MEHIE VI(Unit VI) (10162~ 1 045.8 mbsf)
FEON R B LB RS . KR A,
0, 52 R K 0 — S K B2



4145 5 6

FLHE 4, 25 - B 04 2= Hikurangi §f i 0RP) A F 7R BRDTFE : Ok 1 FLBR IR AA Sr [ 437 ZE4% 119

3.2 FLBERME SO, Ca™, Mg, SriREIKEYSr/
Sr [ iR BTk

U1518 {7 FLBR A SO e TR 28.1 mM
U R B 2 8 mbsf (9 0 mM, 1% I8 B Ky U1518 3l fif
B A 1R 6 FHY e 2 5 (SMITZ) , Bifi i SOk iR 2%
0o FLBR AR Ca® vk B MV B O 9 10.4 mM
WG T REE] SMTZ 2 T 1 3.1 mM, ik B 5K AH 5 IF
BB AN, 7E 74.9 mbsf 2L 84 N3] 5.12 mM, Z )5
Ca? Wk AR fL A X /1N, HAR 2K T 6 mM. Mg™ ik
JE ) B ARAR AL A 3455 Ca® vk BE AL, DTG JES BRF 3 1Y)
VK (B R S SMTZ 2 F 19 25 mM, B %5 0% B
F 3 T Mg ik BE bR 2 PR FF A 25 mM A2 A7 A X E
FE o U520 3k A7 L B i 44 SO,k 2 M\ 3 mbsf
1 19.7 mM i GE F [ E 27.8 mbsf &b (1) 0 mM, % {i;
BN U520 i 3 1) SMTZ IR & . 7£ 446 mbsf LI T,
SO, ¥ B JF I 18 hin, £E 523 mbsf 4b 35 F] 21 mM,
540~ 848 mbsf 4b SO,> ¥k i S5 B TR B AR 5 S 221 ]
T+ Z= VT /K AE, 848 mbsf 2 N B K LB A2, H
WP FEARARFFAAL . Ca® il Mg? ¥R JE 78 1 2 K BE TR
FE RSN A . Ca? Wk FE7E 123 mbsf 2 F 4 2%
P, DL 463.6 mbsf oy 54 47 s T 4 Ca” ¥k J& K IR
FEHE N, 7€ 725.3 mbsf b 35 F] 55 K (27.8 mM), B
J5 PR R [, 16 884 mbsf [&fX £ 15 mM, fEM 2 T
Ca> e FEEAG /INIR B2 3 T o 17 Mg e J3E D0 47 2 B IR
i 474.5 mbsf 4b H Bl Ca? #k JE A 1k S B3R 19 KR
JEREAL, 7€ 690 mbsf 4b ik B 45 /ME (14.6 mM), Fifi 5
FF4h Kl T+ 7, £ 863.4 mbsf Ak ik 3] 42.6 mM J5
Mg W i BEA R AP AE E o

U1518 3l {37 Sr* ¥k & AE 0~ 66 mbsf [ifi 7% FE 34 i
PR3 K, 66~ 200 mbsf &b #4 T F-Fi . fEBE#E S

< i
I R

W I 3G, ¥Sr/*Se W) i ¥ 7K (B (0.709 17) FR 4 I,
/N2 60.7 mbsf 4k ) 0.70871, 7E 200 mbsf L T,
SV BE FTYSr/*Sr Bl TR B 1 5 B /N L B, AR Ak
70 Bl 43591 4 100~ 134 uM Fi1 0.708 7~0.7089.,

U1520 3 7 /1 (% Sk 2 7E 0~ 40 mbsf 4 Fifi ¥
JE 3G I BE K, B S AR E AR 110 uM A2 AT . T
1Sr/Sr 7F 0~ 40 mbsf 4b g EREAK, 2 )5 b5 T /Y
W 0.709 Jf ¥ FRE . #F 509.8 mbsf DL N 9%
PEFTT IV, Sr R EE TR H BRI i, I HL7E 568.3~
751.3 mbsf Ab I Z¢ Of 35 3w 19 W BE (1 300 uM A2
Fi), 751.3 mbsf Z T ) SrHe B L [ E 134 uM,
B S v B B UR B OR R AR DR S B i . A MR
JC IV WAEREE Sk FE By 1 2 3G i, ¥Se/*Sr I oK
PR A S AL . B %) 848.5 mbsfZ T B A 1k A T
V', ¥7Sr/*Sr B T B A 385 00 10 R AT, 3k 3 s/ ME
(0.7063)

4 e

41 MR ET

U1518 Fll U1520 37 5 0o B i s A )1z 1 K
A LR 2 RN 8 1) KIS & (1] 3a. b)), [F]
B, S0 AR T W5 38 K TG €8 37 B 19 1L 3 38
(Kl 3c-e) o U1518 ufi fir L BRIt A4 Ca? ik B2 Fifi 70 R
Wy UR BE RS S 2R R R, B S 2208 1S n . i
Mg Vi I 1% P 384 0 e A 252 AR IR 34, EAS [ VR
Mg v B /)N 1 B B2 A B W 22 00 (8] 2a) o #E
15.8~44.2 mbsf &b fL B i A& Ca® il Mg ¥k i 22 4k
A6 (& 4a) . U1520 3 A7 i T AT 258 19 1L
B A A Ca? Rl Mg ¥k B A2 fL iR 2 #52 /{1 5 U1518

B3 Kl Rz Kok P s o)
a JREIKINRIZ, b KT E 8, c-e. KINBFERER o

Fig.3 Volcanic ash layer and volcanic glass

28-29]

a. gray volcanic ash layer, b. pyroclastic conglomerate, c-e. volcanic glass fragments.
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