Appendix 3 Principal component values calculated by trace elements of the 5 standard samples and 110 combined samples. 
	No.
	Location
	Longitude&Latitude
	Age
	Rock Type
	PC1
	PC2
	PC3
	Reference

	1
	East Taiwan
	23.0°N, 121.2°E
	16Ma
	basalt
	-3.51
	0.88
	-0.21
	Lin et al., 2019

	2
	Hainan island
	19.5°N, 110.5°E
	4.6-12.9Ma
	tholeiite
	-1.37
	-0.83
	-0.37
	Wang et al., 2012

	3
	Hainan island
	19.8°N, 110.0°E
	0.7-4.8Ma
	basalt
	4.62
	-1.06
	0.10
	Wang et al., 2012

	4
	Hainan island
	19.5°N, 110.5°E
	4.6-12.9Ma
	tholeiite
	-0.94
	-0.78
	-0.41
	Wang et al., 2012

	5
	Hainan island
	19.8°N, 110.0°E
	0.7-4.8Ma
	basalt
	0.83
	-0.84
	-0.14
	Wang et al., 2012

	6
	Hainan island
	19.5°N, 110.5°E
	4.6-12.9Ma
	tholeiite
	-1.39
	-1.66
	-0.34
	Wang et al., 2012

	7
	Hainan island
	19.8°N, 109.3°E
	0.7-4.8Ma
	basalt
	0.69
	-2.30
	-0.25
	Wang et al., 2012

	8
	Seamounts in the SCS
	16.3°N, 116.1°E
	3-8Ma
	tephrite
	4.28
	-0.22
	1.22
	Yan et al., 2008

	9
	Seamounts in the SCS
	15.6°N, 116.2°E
	3-8Ma
	tephrite
	3.62
	0.40
	0.37
	Yan et al., 2008

	10
	Seamounts in the SCS
	15.6°N, 116.2°E
	3-8Ma
	basalt
	1.74
	0.51
	-0.05
	Yan et al., 2008

	11
	Seamounts in the SCS
	15.1°N, 116.5°E
	3-8Ma
	feldspathoid
	2.52
	0.94
	-0.31
	Yan et al., 2008

	12
	Seamounts in the SCS
	14.0°N, 115.4°E
	3-8Ma
	tephrite
	4.78
	3.61
	0.62
	Yan et al., 2008

	13
	Seamounts in the SCS
	16.1°N, 113.9°E
	3-8Ma
	tephrite
	5.18
	0.44
	1.24
	Yan et al., 2008

	14
	Seamounts in the SCS
	14.0°N, 115.5°E
	3-8Ma
	tephrite
	7.63
	-0.01
	0.43
	Yan et al., 2008

	15
	Seamounts in the SCS
	10.3°N, 112.5°E
	3-8Ma
	basalt
	1.38
	-1.48
	1.18
	Yan et al., 2008

	16
	Seamounts in the SCS
	17.6°N, 117.1°E
	16.5Ma
	carbonate
	1.08
	3.65
	0.26
	Yan et al., 2015

	17
	Seamounts in the SCS
	17.6°N, 117.1°E
	16.5Ma
	basaltic lava
	1.27
	3.98
	0.09
	Yan et al., 2015

	18
	Seamounts in the SCS
	17.6°N, 117.1°E
	16.5Ma
	basaltic
	0.75
	3.16
	-0.13
	Yan et al., 2015

	19
	South China Sea
	12.9°N, 115.0°E
	15-17Ma
	basalt
	-2.54
	1.79
	-0.27
	Zhang et al., 2018

	20
	South China Sea
	13.2°N, 114.9°E
	15-17Ma
	basalt
	-2.01
	2.13
	-0.22
	Zhang et al., 2018

	21
	South China Sea
	15.4°N, 117.0°E
	15-17Ma
	basalt
	-2.90
	1.54
	-0.25
	Zhang et al., 2018

	22
	Southern Taiwan
	22.0°N, 120.8°E
	22-24Ma
	basalt
	-3.07
	1.25
	0.09
	Tian et al., 2019

	23
	Southern Taiwan
	22.0°N, 120.8°E
	22-24Ma
	diabase
	-2.13
	2.41
	0.68
	Tian et al., 2019

	24
	Southern Taiwan
	22.0°N, 120.8°E
	22-24Ma
	gabbro
	-2.23
	2.22
	3.77
	Tian et al., 2019

	25
	Southern Taiwan
	22.0°N, 120.8°E
	22-24Ma
	amphibolite
	-2.70
	1.70
	0.90
	Tian et al., 2019

	26
	Southern Taiwan
	22.0°N, 120.8°E
	22-24Ma
	gabbro
	-3.47
	-0.91
	5.64
	Tian et al., 2019

	27
	Southern Taiwan
	22.0°N, 120.8°E
	22-24Ma
	diabase
	-2.88
	0.68
	3.59
	Tian et al., 2019

	28
	Southern Taiwan
	22.0°N, 120.8°E
	22-24Ma
	gabbro
	-3.47
	-0.84
	4.29
	Tian et al., 2019

	29
	Southern Taiwan
	22.0°N, 120.8°E
	22-24Ma
	amphibolite
	-3.02
	0.46
	3.36
	Tian et al., 2019

	30
	Southern Taiwan
	22.0°N, 120.8°E
	22-24Ma
	basalt
	-2.97
	0.43
	4.09
	Tian et al., 2019

	31
	Southern Taiwan
	22.0°N, 120.8°E
	22-24Ma
	basalt
	-4.24
	-1.06
	-0.16
	Tian et al., 2019

	32
	Southern Taiwan
	22.0°N, 120.8°E
	22-24Ma
	amphibolite
	-4.11
	-2.97
	1.04
	Tian et al., 2019

	33
	Southern Taiwan
	22.0°N, 120.8°E
	22-24Ma
	pillow basalt
	1.37
	-0.54
	-0.70
	Tian et al., 2019

	34
	Southern Vietnam
	13.4°N, 109.3°E
	9.6Ma
	Trachybasalt
	1.93
	0.96
	0.06
	An et al., 2017

	35
	Southern Vietnam
	11.8°N, 108.6°E
	6.0Ma
	Basanite
	4.93
	-0.31
	0.16
	An et al., 2017

	36
	Southern Vietnam
	11.8°N, 108.4°E
	4.1Ma
	Basalt
	2.75
	-2.20
	-0.02
	An et al., 2017

	37
	Southern Vietnam
	11.6°N, 108.2°E
	13.8Ma
	Trachyandesite
	-0.51
	-0.38
	0.24
	An et al., 2017

	38
	Southern Vietnam
	11.0°N, 107.2°E
	4.3Ma
	Basanite
	4.93
	-0.11
	0.21
	An et al., 2017

	39
	Southern Vietnam
	11.0°N, 107.2°E
	4.2Ma
	BTA
	1.90
	-1.25
	-0.43
	An et al., 2017

	40
	Thailand
	14.7°N, 104.5°E
	3.3Ma
	TB
	-0.78
	-0.80
	-0.11
	Yan et al., 2018

	41
	Thailand
	14.6°N, 104.5°E
	3.3Ma
	BTA
	0.52
	-1.55
	-0.42
	Yan et al., 2018

	42
	Thailand
	18.0°N, 99.4°E
	2.3-2.4Ma
	BTA
	2.00
	-1.02
	0.63
	Yan et al., 2018

	43
	Thailand
	14.7°N, 101.2°E
	0.9Ma
	Basalt
	-0.31
	0.33
	-0.24
	Yan et al., 2018

	44
	Thailand
	14.6°N, 102.2°E
	0.9Ma
	TB
	1.49
	-1.18
	-0.53
	Yan et al., 2018

	45
	Thailand
	14.5°N, 102.9°E
	0.9Ma
	BTA
	4.62
	-0.54
	-1.06
	Yan et al., 2018

	46
	Thailand
	14.5°N, 103.0°E
	0.9Ma
	BTA
	0.97
	-1.20
	-0.69
	Yan et al., 2018

	47
	Thailand
	14.5°N, 102.8°E
	0.9Ma
	BTA
	0.44
	-1.26
	-0.69
	Yan et al., 2018

	48
	Thailand
	18.3°N, 99.6°E
	0.6-0.8Ma
	TB
	2.87
	-0.05
	1.10
	Yan et al., 2018

	49
	Thailand
	18.3°N, 99.6°E
	0.6-0.8Ma
	Basanite
	2.47
	-0.59
	1.07
	Yan et al., 2018

	50
	Thailand
	15.7°N, 101.2°E
	8.8-11Ma
	TB
	-0.18
	-0.25
	-0.08
	Yan et al., 2018

	51
	Eastern Beibu Gulf
	19.7°N, 109.2°E
	0-16Ma
	AB
	-0.39
	-1.66
	-0.19
	Li et al., 2013

	52
	Eastern Beibu Gulf
	19.8°N, 109.2°E
	0-16Ma
	QT
	-1.34
	-1.29
	-0.21
	Li et al., 2013

	53
	Eastern Beibu Gulf
	20.0°N,109.2°E
	0-16Ma
	AB
	-0.95
	-1.76
	-0.21
	Li et al., 2013

	54
	Eastern Beibu Gulf
	20.0°N, 109.9°E
	0-16Ma
	OT
	-1.66
	-1.21
	-0.35
	Li et al., 2013

	55
	Eastern Beibu Gulf
	20.9°N, 109.2°E
	0-16Ma
	OT
	-0.05
	-1.60
	-0.08
	Li et al., 2013

	56
	Mingxi
	26.8°N, 117.5°E
	1.4-4.9Ma
	tephrite
	7.08
	-1.04
	0.20
	Huang et al., 2017

	57
	Niutoushan
	24.1°N,118.3°E
	16-18Ma
	basalt
	-2.60
	-1.31
	-0.41
	Huang et al., 2017

	58
	Penghu
	23.9°N, 119.6°E
	9-16.2Ma
	basalt
	1.27
	-0.48
	-0.04
	Huang et al., 2017

	59
	Penghu
	23.9°N, 119.6°E
	9-16.2Ma
	Basaltic andesite
	-2.86
	-0.43
	-0.47
	Huang et al., 2017

	60
	Xilong
	29.4°N, 119.3°E
	0-3Ma
	tephrite
	7.03
	-1.71
	0.10
	Huang et al., 2017

	61
	Zhejiang-Fujian
	28.6°N, 120.5°E
	0.9-26.4Ma
	basalt
	-0.85
	-0.53
	-0.44
	Ho et al., 2003

	62
	Zhejiang-Fujian
	29.5°N, 120.5°E
	0.9-26.4Ma
	basalt
	-0.36
	-0.24
	-0.46
	Ho et al., 2003

	63
	Zhejiang-Fujian
	28.5°N, 120.0°E
	0.9-26.4Ma
	basalt
	0.64
	-1.78
	0.14
	Ho et al., 2003

	64
	Zhejiang-Fujian
	29.5°N, 120.5°E
	0.9-26.4Ma
	basalt
	1.33
	-0.73
	-0.19
	Ho et al., 2003

	65
	Zhejiang-Fujian
	28.7°N, 119.0°E
	0.9-26.4Ma
	basalt
	6.30
	-1.54
	-0.48
	Ho et al., 2003

	66
	Zhejiang-Fujian
	26.0°N, 117.2°E
	0.9-26.4Ma
	basalt
	3.05
	-0.41
	0.21
	Ho et al., 2003

	67
	Zhejiang-Fujian
	26.0°N, 118.6°E
	0.9-26.4Ma
	basalt
	3.18
	-1.45
	0.36
	Ho et al., 2003

	68
	Zhejiang-Fujian
	24.0°N, 118.2°E
	0.9-26.4Ma
	basalt
	-0.51
	-1.32
	-0.24
	Ho et al., 2003

	69
	South China Sea
	16.3°N, 116.1°E
	3.8-7.9Ma
	Tephrite
	4.28
	-0.22
	1.22
	Yan et al., 2008

	70
	South China Sea
	15.6°N, 116.2°E
	3.8-7.9Ma
	Tephrite
	3.62
	0.40
	0.37
	Yan et al., 2008

	71
	South China Sea
	15.6°N, 116.2°E
	3.8-7.9Ma
	Basalt
	1.74
	0.51
	-0.05
	Yan et al., 2008

	72
	South China Sea
	15.1°N, 116.5°E
	3.8-7.9Ma
	Feldspathoid
	2.52
	0.94
	-0.31
	Yan et al., 2008

	73
	South China Sea
	14.0°N, 115.4°E
	3.8-7.9Ma
	Tephrite
	4.78
	3.61
	0.62
	Yan et al., 2008

	74
	South China Sea
	16.1°N, 113.9°E
	3.8-7.9Ma
	Tephrite
	5.18
	0.44
	1.24
	Yan et al., 2008

	75
	South China Sea
	14.0°N, 115.5°E
	3.8-7.9Ma
	Tephrite
	7.63
	-0.01
	0.43
	Yan et al., 2008

	76
	South China Sea
	10.3°N, 112.5°E
	3.8-7.9Ma
	Trachyte
	1.29
	-1.50
	1.15
	Yan et al., 2008

	77
	South China Sea
	10.3°N, 112.5°E
	3.8-7.9Ma
	basalt
	1.47
	-1.46
	1.21
	Yan et al., 2008

	78
	South-central Vietnam
	15.4°N, 107.7°E
	7.0–16.5Ma
	Basalt
	-1.81
	-0.68
	-0.24
	Hoang et al., 2018

	79
	South-central Vietnam
	15.4°N, 107.7°E
	7.0–16.5Ma
	Basaltic andesite
	-1.80
	-0.66
	-0.24
	Hoang et al., 2018

	80
	South-central Vietnam
	14.3°N, 107.9°E
	0.2-6.4Ma
	Trachybasalt
	1.07
	-1.06
	0.42
	Hoang et al., 2018

	81
	South-central Vietnam
	14.3°N, 107.9°E
	0.2-6.4Ma
	Alkali basalt
	3.07
	-1.23
	0.47
	Hoang et al., 2018

	82
	South-central Vietnam
	15.4°N, 107.7°E
	7.0–16.5Ma
	Basaltic andesite
	-1.29
	-0.57
	-0.27
	Hoang et al., 2018

	83
	South-central Vietnam
	11.8°N, 108.6°E
	0.3-8.7Ma
	Trachybasalt
	1.69
	0.93
	0.08
	Hoang et al., 2018

	84
	South-central Vietnam
	11.8°N, 108.6°E
	0.3-8.7Ma
	Basanite
	4.93
	-0.31
	0.16
	Hoang et al., 2018

	85
	South-central Vietnam
	15.4°N, 107.7°E
	7.0–16.5Ma
	Basalt
	-0.52
	-0.42
	0.29
	Hoang et al., 2018

	86
	South-central Vietnam
	11.0°N, 107.2°E
	0.3-8.7Ma
	Basanite
	4.85
	-0.04
	0.20
	Hoang et al., 2018

	87
	South-central Vietnam
	11.0°N, 107.2°E
	0.3-8.7Ma
	BTA
	1.96
	-1.44
	-0.42
	Hoang et al., 2018

	88
	South China Sea
	13.2°N, 115.0°E
	7.4-12.8Ma
	Carbonated silicate melts
	5.14
	2.25
	-0.10
	Zhang et al., 2017

	89
	Hainan island
	19.9°N, 110.3°E
	0-1.17Ma
	Alkali basalt
	0.38
	-1.43
	-0.13
	Liu et al., 2015

	90
	Hainan island
	19.9°N, 110.2°E
	0-1.17Ma
	Tholeiite
	1.25
	-1.19
	-0.06
	Liu et al., 2015

	91
	Hainan island
	19.9°N, 110.1°E
	1.17-12.6Ma
	Tholeiite
	-0.44
	-1.10
	-0.24
	Liu et al., 2015

	92
	Hainan island
	19.9°N, 110.1°E
	12-33Ma
	Basaltic andensite
	-1.52
	-0.72
	-0.41
	Liu et al., 2015

	93
	Hainan island
	19.9°N, 110.1°E
	12-33Ma
	Basaltic andensite
	-2.66
	-0.88
	-0.54
	Liu et al., 2015

	94
	Hainan island
	19.9°N, 110.4°E
	1.17-12.6Ma
	Basaltic andensite
	2.35
	0.15
	-0.10
	Liu et al., 2015

	95
	Hainan island
	19.9°N, 109.3°E
	0-1.17Ma
	Trachyandensite
	1.75
	-0.88
	-0.18
	Liu et al., 2015

	96
	Hainan island
	19.9°N, 109.5°E
	12-33Ma
	Basaltic andensite
	-2.62
	-0.82
	-0.51
	Liu et al., 2015

	97
	Hainan island
	19.9°N, 109.5°E
	12-33Ma
	Basaltic andensite
	-2.22
	-1.01
	-0.36
	Liu et al., 2015

	98
	Hainan island
	19.9°N, 109.2°E
	0-1.17Ma
	Basaltic trachyandensite
	2.33
	-3.41
	-0.10
	Liu et al., 2015

	99
	Hainan island
	19.7°N, 109.2°E
	12-33Ma
	Basaltic andensite
	-2.13
	-0.84
	-0.41
	Liu et al., 2015

	100
	Hainan island
	19.9°N, 110.3°E
	0-1.17Ma
	Tholeiite
	0.80
	-2.56
	-0.14
	Liu et al., 2015

	101
	Hainan island
	19.9°N, 110.3°E
	12-33Ma
	Tholeiite
	-0.94
	-1.80
	-0.18
	Liu et al., 2015

	102
	Hainan island
	19.9°N, 110.3°E
	12-33Ma
	Tholeiite
	-1.30
	-1.11
	-0.28
	Liu et al., 2015

	103
	Hainan island
	19.9°N, 110.3°E
	1.17-12.6Ma
	Tholeiite
	-0.98
	-1.21
	-0.21
	Liu et al., 2015

	104
	Hainan island
	19.9°N, 110.5°E
	12-33Ma
	Basaltic andensite
	-0.95
	-1.29
	-0.16
	Liu et al., 2015

	105
	Hainan island
	19.9°N, 110.5°E
	12-33Ma
	Basaltic andensite
	-2.17
	-1.12
	-0.33
	Liu et al., 2015

	106
	Hainan island
	19.9°N, 110.5°E
	12-33Ma
	Basaltic andensite
	-2.18
	-0.99
	-0.44
	Liu et al., 2015

	107
	Hainan island
	19.9°N, 110.5°E
	12-33Ma
	Basaltic andensite
	-1.33
	-1.14
	-0.25
	Liu et al., 2015

	108
	Hainan island
	19.9°N, 110.5°E
	12-33Ma
	Basaltic andensite
	-1.54
	-1.02
	-0.31
	Liu et al., 2015

	109
	Hainan island
	19.4°N, 110.3°E
	12-33Ma
	Tholeiite
	-1.25
	-1.33
	-0.30
	Liu et al., 2015

	110
	Hainan island
	19.4°N, 110.3°E
	12-33Ma
	Tholeiite
	-0.84
	-1.05
	-0.32
	Liu et al., 2015

	111
	
	
	
	C1 Chondrite
	-5.36
	-3.04
	-0.53
	Sun and McDonough, 1989

	112
	
	
	
	Primary Mantle
	-5.09
	-2.44
	-0.49
	Sun and McDonough, 1989

	113
	
	
	
	N-type MORB
	-2.93
	2.24
	-0.19
	Sun and McDonough, 1989

	114
	
	
	
	E-type MORB
	-3.01
	0.87
	-0.22
	Sun and McDonough, 1989

	115
	
	
	
	OIB
	1.89
	0.03
	-0.51
	Sun and McDonough, 1989


