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Implication to deep carbon cycle during the subduction of South China Sea
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Abstract: The deep carbon cycle is an important part of the global carbon cycle. Studying the deep carbon cycle
process is helpful in understanding the balance of CO, in the atmosphere, which is a key factor that affects climate
change. This study aims to explore the source of the volcanic rocks and trace the deep carbon cycle by using major
and trace elements and Sr-Nd-Pb-Ca isotopic compositions of the Cenozoic high K calc-alkaline arc volcanic rocks
in Manila, Philippines. These volcanic rocks are characterized by: (1) enriched LREE and LILE and depleted
HREE and HFSE; (2) high **’Pb/***Pb and ***Pb/***Pb ratios, which can be best explained by the incorporation of
continent-derived sediments; and (3) lighter Ca isotopic compositions as compared to the upper mantle with an
average 0°*°Ca of 0.74%o + 0.03%0 (20, n = 8), suggesting the possible involvement of marine sedimentary
carbonates with low 6***°Ca into the source of the volcanic rocks. Our model calculation shows that about 4%~5%
of the marine sedimentary carbonates were added to the mantle source. Combining with the regional tectonic

history, we propose that the source region of Manila volcanic rocks was metasomatized by the subducted fluids
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derived from the South China Sea plate, which contained high amounts of Eurasian terrigenous sediments and

marine carbonates. Thereafter, a partial melting of the metasomatized mantle wedge formed the Manila volcanic rocks.

Key words: arc volcanic rock; Sr-Nd-Pb-Ca isotope; deep carbon cycle; Manila
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Fig.1 Sketch map of tectonic elements in and around the Philippine archipelago (revised after ref [12])
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s 14°35.219'N 121°9.922'E HCI, 2 min , s
, , 2~3 54
, (Taal) 100 C ,
(Laguna de Bay) s
(Arayat) , 22
2 2Ca-YCa , Ca
s Ca
( ) : Sr-Nd-Pb (25201,
, 2016 [27]
, 2Ca-*Ca *Ca-*Ca *Ca-YCa3
; Ca ,
’ 20,830, 20, 480y
43Ca_48ca 42Ca_43ca
Sr—Nd—Pb )
[21-22] Ca )
, [23-24]
2.1 2.3
(1) 30 mg ( (1) 1 mL AG MP-50 ( 0.074 mm)
0.074 mm) 7 mL Savillx ;(2) Savillex PFA ( 0.64 cmx 9 cm,
31 HF  HNO;, 100 C 30 mL) ; (2) 30 mL HNO;
7 d, 2, (8 mol/L) + 5 mL H,O + 60 mL HCI (6 mol/L) + 5 mL
; (3) H,O , ; (3) 5 mL HCI
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(1.6 mol/L) :(4) 1.6 mol/L HCI 2.5
50 ug Ca , 17~44 mL Ca
Ca; (5) 10 mL HCI (6 mol/L) R ’ s
[24,28]
> . g, = ((44Ca/40Ca) /
( :IAPSO sea-  wicymocay 1y x 1000 6"*Ca = (“Ca/*Ca) /
water BHVO-2 ) , (*Ca/°Ca)  — 1) x 1000
20~100ng S0 ng (MC-ICP-MS) Ca ,
5 544920, Ca ,
g Ca MC-ICP-MS ~ “Ar , “Ca
, ICP-OES Ca
’ (NIST) SRM 915al®
99% , NIST SRM915a ,
24 NIST SRM 915a  TAPSO seawater
Ca Ca , 0.01%o+
0.06%o0 (2SE, n=351)  1.82%0+0.12%o0 (2SE, n = 199)*4
(Trition TIMS) 5 pg Ca
99.995% Ta , 1 L 10% 3
H;PO, , 10 s
T 3.1
Ca S
( ), ,
Yca YK *Ca *Ca *Ca , , SiO,
Bca *Ca *®Ca (23] , YCa  53.47%~55.62%; MgO 1.42% 1.80%;
15V , CaO 7.78% 7.93%; AlLO,
, , 18.87%~19.42%; TiO, ,
YK OR/MK =1.7384 x 107° 0.86%~0.90%
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Table 1 Major element (%) and trace element (ug/g) compositions of Manila volcanic rocks

MNL-1 MNL-2 MNL-3 MNL-4 MNL-5 MNL-6 MNL-7 MNL-8
Si0, 55.62 54.02 54.12 54.98 54.21 53.47 53.60 55.21
Al O3 19.42 18.97 19.04 19.24 19.14 18.87 19.02 19.21
Fe,03 7.19 8.43 8.35 7.91 7.92 8.93 8.62 7.97
CaO 7.91 7.81 7.78 7.80 7.81 7.90 7.93 7.79
MgO 1.76 1.63 1.64 1.70 1.44 1.80 1.78 1.42
BaO 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.07
Na,O 3.57 3.58 3.58 3.50 3.45 3.59 3.58 3.48
K>;O 2.58 2.46 2.46 2.59 2.54 2.41 2.41 2.52
TiO, 0.90 0.88 0.89 0.89 0.88 0.87 0.86 0.90
MnO 0.16 0.22 0.21 0.16 0.24 0.30 0.26 0.16
P,0s5 0.43 0.43 0.43 0.43 0.46 0.42 0.41 0.44
SO; 0.02 0.03 0.03 0.01 0.01 0.02 0.02 0.01
SrO 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
LOoL 0.89 1.77 1.69 1.12 1.67 1.85 1.79 1.34
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(&1
MNL-1 MNL-2 MNL-3 MNL-4 MNL-5 MNL-6 MNL-7 MNL-8
Cs 109.06 99.69 98.44 126.25 115.94 84.38 90.63 127.19
Rb 78.2 75.8 76.7 81.2 80.7 73.1 73.2 82.5
Ba 540 530 540 570 540 520 540 550
Th 8.77 9.07 9 8.95 8.59 8.48 8.56 8.79
U 2.63 2.69 2.59 2.64 2.61 2.49 2.53 2.73
Nb 9.2 8.7 9.0 9.1 8.7 8.7 8.5 9.2
Ta 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
La 27.3 26.5 26.9 27.0 26.3 25.7 253 28.4
Ce 56.7 55.1 55.3 55.5 55.2 53.4 52.6 57.8
Pb 11 11 11 10 12 10 11 13
Pr 6.75 6.54 6.62 6.72 6.61 6.19 6.43 6.78
Sr 617 584 595 598 584 570 586 624
Nd 26.8 26.2 26.4 27.2 26.7 24.6 25.2 27.6
Sm 5.94 5.53 5.75 5.81 5.81 5.37 5.49 5.73
Zr 170 167 169 169 165 160 161 176
Hf 4.8 4.6 4.7 4.7 4.5 4.4 4.5 4.8
Eu 1.64 1.54 1.58 1.66 1.54 1.54 1.52 1.62
Tb 0.85 0.84 0.85 0.83 0.78 0.80 0.78 0.83
Dy 4.83 4.61 4.98 4.79 4.89 4.57 4.68 5.07
Y 28.2 27.6 27.8 28.3 27.4 26.7 26.6 30.3
Ho 1.06 1.03 1.04 1.07 0.99 0.97 0.95 1.05
Er 2.85 2.77 2.97 2.87 2.84 2.65 2.79 3.03
Tm 0.40 0.41 0.42 0.42 0.43 0.39 0.39 0.42
Yb 2.93 2.74 2.86 2.77 2.71 2.66 2.79 2.92
Lu 0.44 0.44 0.47 0.46 0.44 0.42 0.41 0.44
Sc 15 15 16 15 15 16 16 15
\'% 160 156 156 157 160 155 156 153
Cr 10 10 10 10 10 10 10 10
Co 15 16 17 16 19 16 17 17
Ni 4 4 4 4 4 4 4 4
Cu 162 158 161 162 162 158 159 158
Zn 81 83 85 84 83 80 82 85
(  2a) 65.5 66.9
’ (LREE), 3.2 Sr-Nd-Pb-Ca
(HREE) ,
(La/Sm)y 4.6 50, (Ho/Lu)y VSe/ St 0.704203~
22 24, 0.704225 0.704211,
_Fu , $7Sr/*0Sr (0.7034)P%; §**°Ca 0.70%o
0.85%o, 0.74%0+0.03%o,
( 2b) (0.94%0+0.05%0)"; *Nd/**Nd 0.512857~
i (LILE), 0.512866 0.512862,
(HFSE), Pb Nb Ta (0.51263)1%%; £yg 427  4.44,
Ti (N-MORB) 4.36; 2*°Pb/***Pb 18.49 18.57,
(E-MORB) (29 , 18.53( 2) Sr-Nd-Pb
St/Nb (291, [15]
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Fig.2 Chondrite normalized REE (a) and primitive mantle normalized trace element (b) distribution patterns of Manila volcanic rocks
(N-MORB, E-MORB, chondrite and primitive mantle-normalized data are taken from ref [29])
X2 GRHAANIZEH Sr-Nd-Pb-Ca BRI EH K
Table 2 Sr-Nd-Pb-Ca isotopic composition of Manila volcanic rocks
644/40(:3 (%0) 26 87Sr/865r ]43Nd/144Nd 206Pb/204Pb 207Pb/204Pb 208Pb/204Pb
MNL-1 0.70 0.06 (n=13) 0.704203 0.512857 18.563 15.585 38.575
MNL-2 0.72 0.03 (n=23) 0.704225 NA NA NA NA
MNL-3 0.74 0.03 (n=23) 0.704218 NA 18.525 15.586 38.538
MNL-4 0.76 0.07 (n=3) 0.704207 0.512859 18.491 15.584 38.497
MNL-5 0.73 0.03 (n=13) 0.704210 0.512862 18.571 15.589 38.593
MNL-6 0.85 0.08 (n=3) 0.704211 NA 18.532 15.585 38.551
MNL-7 0.75 0.05 (n=13) 0.704208 0.512866 NA NA NA
MNL-8 0.70 0.04 (n=23) 0.704203 0.512864 18.522 15.584 38.532
:“NA”
4.1 LILE
33
K,0  ALO;, B3] :
( 3a ,
[34-35]
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( 3b) ; )
5 F . "
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Fig.3 K,0-SiO, and TAS classification diagram of Manila volcanic rocks
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Fig.4 2Pb/%Pb vs. >*°Pb/***Pb covariation diagram showing the data for the Manila volcanic rocks

Geochimica || Vol. 47 | No. 6 | pp. 593~603 | Nov., 2018



Wk e % 2018 £

600
&g,
0 36 60 (0.94%0+0.05%o),
0.5132 T T
o 5 1A A ,
HRHRAK **%%Ca  0.70%0
A 5
0.5129 HAAH B 0.85%o, 0.74%00.03%o (2SE),
4
(0.94%0+0.05%o),
o
Z 05126 b d**Ca, ¥781/%Sr Sr/Nb Ca0
E 2 Ca0/ALO;
0.5123 |
_8 ,
(0.94%00.05%o), 5**Ca 871/
8Sr  Sr/Nd ,
0.5120
—14 ,
0.703 0.705 0.707 0.709 0.711 >
'Sr/*Sr 5**Ca 87gr/%6Sr
[45] C
5 143Nd/144Nd_87Sr/86sr a
( [14]) ) Ca ’
Fig.5 '"®Nd/"Nd vs. ¥’Sr/*Sr covariation diagram showing the Ca
data for the Manila volcanic rocks
461 , Sr/Nb
Ca Ca S Sr Ca
, , 544/40Ca — Ca
0.94%0+0.05% 44740
. (== VN 00 (26) Ca 5 0 Ca
(35431, 02 03 04 05
Ca R 4%~5%
2 Ca 2
(441 , Kang et al.’" 5**0Ca 0.5 ( 6) Sr
, 5*4%Ca (1.07%0£0.04%o) ,
1.1
(a)
1.00
Kb z 0.9
2 085 E
:U Koolau o
2 O Makapuu-stage K
B m Kalihi-stage 07
huk
0.70 I | 5 MaunaKea 4
A Kilauea 3
LR/
2
0.55 L L . 0.5
0.7035 0.7038 0.7041 0.7044
YSr/*Sr
6 5 %Cagrmorsa T'St/2°Sr  Sr/Nb ( 51 )
Fig.6 Elat Casrmo1sa VS. 87Sr/%°Sr and Sr/Nb in Manila volcanic rocks
[5]

1 4 *"0Ca 02 03 04 05,
S Cagrmoisa of the marine sedimentary carbonate for line 1 to line 4 is 0.2, 0.3, 0.4, and 0.5, respectively. Typical primitive mantle and recycled

carbonate component are taken from ref. [5].
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