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Abstract The architecture recovery of paleo-subduction zone/orogenic belt is fundamental to reconstruct the paleo-plate tectonics of
the Earth. Yet it remains difficult to rebuild the paleo-subduction zone/orogenic belt because most arc magmatic rocks, especially the
basaltic lavas, are lacking, in response to orogeny and subsequent crustal deformation, uplifting and unroofing, with only residual
ultramafic-mafic cumulates that may represent the lower arc crust. Strictly, mafic cumulate is an aggregate of rock-forming and
accessory minerals and trapped melts, and their whole-rock compositions can no longer represent the parental arc basalts. This means
that it is problematic to use the mafic cumulate geochemistry to track the tectonic evolution of subduction zones. Based on the previous
equilibrium distribution method, the author have recently developed two methods for parent magma recalculation of mafic cumulates
respectively approaching by clinopyroxene and hornblende. During the calculation, the author further consider the role of accessory
minerals such as apatite, ilmenite, titanite and zircon to eliminate the compositional anomaly in primitive mantle-normalized
incompatible element (e. g , P and Ti) spidergrams, except for usually positive Sr-Eu anomalies indicative of plagioclase
accumulation. These methods have been widely applied in the compositional estimation of parent magmas for the mafic cumulates in
paleo-subduction/orogenic belts across the eastern China, including NE China, South China, the Central Asian Orogenic Belt, and the
Yunkai Region. By comparing the calculated results with the measured whole-rock compositions, the trace elemental ratios like Th/La,
Ba/La and Ba/Nb remains nearly constant during the backstripping procedure, indicating that these ratios are useful tools to track the
enrichment processes operated beneath the mantle wedge of the paleo-subduction zones. In contrast, the calculated Th/Yb ratio is
obviously higher than the measured value, so the measured whole-rock Th/Yb ratio cannot be employed to evaluate the role of
subducted sediments at subduction zones.

Key words Geochemical composition; Equilibrium distribution; Parent magma; Mafic cumulate; Subduction zone
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Fig. 1  Microphotos of typical mafic intrusions (accumulation texture) from the paleo-subduction zones in eastern China

(a) an olivine gabbro from the Jurassic Tumen intrusive complex in NE China (Guo et al. , 2015); (b) a hornblende gabbro from the Cretaceous

Quanzhou intrusion in SE China (Zhang et al. , 2019)
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Fig. 2 The estimated parent magma composition based on equilibrium distribution method of clinopyroxene and non-modal melting
backstripping procedure

A Late Paleozoic gabbro (06HCH-1) at Qinggoushan from Yanbian area in NE China to show the calculation results of different trapped melt fractions
(TMF, Guo et al. , 2016). Following an increase of TMF, the corresponding variations in mineral assemblage and modal composition are listed in
Table 1. When the clinopyroxene is exhausted and the TMF exceeds 9% , the calculated parent magma compositions show consistent primitive mantle-
normalized trace element spidergrams regardless of TMF. We also set up a little apatite in the modal mineral composition to effectively eliminate the
negative P anomaly observed in the whole-rock sample. The trace element values of primitive mantle (PM) refer to Sun and McDonough (1989) and

hereafter
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Fig. 3 The estimated parent magma composition based on equilibrium distribution method of hornblende and non-modal melting

backstripping procedure

A Late Paleozoic hornblende gabbro (09HCH-21) at Shuguang from Yanbian area to show the calculation results of different TMF ( Guo et al. ,
2016). Following an increase of TMF, the corresponding variations in mineral assemblage and modal composition are listed in Table 2. When the
accessory minerals are exhausted and the TMF exceeds 9% , the calculated parent magma compositions show consistent primitive mantle-normalized
trace element spidergrams regardless of TMF. The positive Sr-Eu anomalies disappear when the TMF =15%. The bulk-rock negative Zr anomaly is
effectively eliminated by setup of a little zircon in the modal mineral compositions. When the TMF >50% , the calculated melt composition is quite

similar to the bulk rock
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Table 1  The phase change in non-modal melting backstripping procedure (for olivine gabbro or norite )
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Fig. 4 Compositional comparison of parent magmas calculated by non-modal and modal melting back stripping procedures

(a) results of varying TMFs through a non-modal melting back stripping procedure show that the positive Sr-Eu anomalies and negative P anomaly in
whole rock Sample 06TM-2 can be effectively eliminated with a TMF range of 10% ~15% (Guo et al. , 2015) ; (b) the positive Sr-Eu anomalies and
negative P anomaly in whole-rock Sample 06TM-2 remains clear when a modal melting back stripping procedure is applied
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Table 2 The phase change in non-modal melting backstripping procedure (for hornblende gabbro)
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(K 6b) . iz VA5 7 23R4 1 B R LAy J& T ho B ot
ZaE , Ho 4 Nb-Ta FIIK Rb (RFIE 5 HAR 75 i Nd-Hf
[F) A2 2% ZH LA RS B (Guo et al. , 2016) , R BEHAZ A 5T 32 %
SRR A

3.3 FEAEMKEEEHBEL-EERARSE
TEZR U 1 0 IX R 8 1 1 2 T M-SR R 4R A %
A ITERE A MFE SR BN A AL R 0 0 A 1T 24
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Fig. 5 Calculated parental magma compositions of the Jurassic mafic cumulates in Jilin-Heilongjiang area of NE China

(a) olivine gabbros (06TM-2 and -8) from the Tumen mafic intrusive complex ( Guo et al. , 2015) ; (b) gabbros from the Xincun mafic intrusion

(Yu et al. , 2012). The sample names with stars denote the estimated parent magma compositions in equilibrium with the mineral assemblage and

hereafter

INAHER AR (FEAE T4, 1997; Xu et al. , 1999 ; Zhou and
Li, 2000; Li et al. , 2012; Chen et al. , 2013; Zhang et al. ,
2019; Guo et al. , 2021) ,3X 885 A A HA W B 1Y Sr-Eu 1E
S ) R T A DR R P B e A/ Bk R A A
ANFFREE D st T ISR . AT AR X SE 4R S TT
TORERIWIFE A He A R S ol RS- A o A AR OG
{ERSC T HIE PR35 A0 S A W AF AR i, L nik 26 4R
AR 7 HARDRT AR 0 RS 2R 2B, WA AT g 5 e R
Yenll AFC j B8 A O 73 A, ML A% G2 1 st 3R A6 2740 301 Oy 12
XEEE Ti (WEME T BRI N T oS iR ERBE . SRR ATTIT

Ji T RS KSR R PR ST L AU N =
AN BRI BRSO HA 58 42— B0 il 70 3R ok 1) B RE =X
(K7), 54 HFSE Fl'sf 4& LILE 55 LREE, 5 S AL ) i ity 45
Bt 2 A HI B (Zhang et al. , 2019) o & Ti F#AiE 202
TAAERZ WM A SR Fra, JATRIBFTE S Kb E 1
AREE T L O B LR - BV R AR s 5l RO AR LA
P2 B R P ERBE 2R, o 10 o AR A (K A3 11 S g A2
RN T X 26 BA Sr-Nd-Pb-HE [R) {3 5 & 4R i SR B 8 0,
FA 2 I A AR R AR A IR by, SR T8 AR A H A R
FNERAR /N2 788 50 3r 1 ohff? ( Shimoda et al. , 1998 ; Carpentier
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Fig. 6 Calculated parental magma compositions of the Late Paleozoic mafic intrusions in NE China (after Guo et al. , 2016)
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Fig. 7 Calculated parental magma compositions of the Early Cretaceous hornblende gabbros in the coastal region of SE China (after

Zhang et al. , 2019)

et al. , 2009 ; Labanieh et al. , 2010) ,

3.4 EFEAFMREEREGRERS

e = TP DXl A AR A5 A2 Bk ol R B A0 Y 08 e
YERL, H TS AEE AT E 9 3 15 (Wang et al. , 2007, 2013;
Qin et al. , 2012; Metcalfe, 2013; Xu et al. , 2018; Shu et
al. , 2021) , FATWIETFRE T X AV EERR BT (R A5 O AF
T RIAFAEZ TG A 28 A4 W SRR A DA IR o B
WG B AR AC  FIOVE 4 5 55, ) b it A7 — 2 eh R 1 11y
AR A FIAE B A o U HG R T B RS 40 M I A
SRR WA B R An S EE KT 95, ALK
A0 R E K A K 45§ 7 ) ( Panjasawatwong et al.
1995) , 55 v [ A< bt DX B e 250 UM WA 4 S R 2 T T T
XL A A DN A AL (Guo et al. , 20155 Zhang et al. |
2019) , T 55 L 1) Bl N FRARETE SR R S (BN e O 4
) FEMBHR AV R 2R (Guo et al. |, 2013)

RGN, FATE X B B AR A M it 2 R 1 B 40
FE PR A S0 AT T REE SRR IR () 8) , 45 R R

XALBEER TR A A 5 R ST B M IR A AL, 25 6
HE A AR RS HI A K & KR AL RATI O BT T
RER TR R bl R

AT A B 4312 T SRS ) B R 43 5 S0 )
BRI e 4 Ay AT R G (Guo et al. , 2016) i p, % 4¢
7 B R v e 0 A 8 3 4 FH A R0 DT 3R L AL, Ll
Ba/REE Fl Ba/HFSE AJ DL 47 b 7S B Hbu s 42 2 75 57 3] 1 9k
B, 1M Th/ REE D)2 b s 48 b2 75 77 A2 A0 o 0B ) sk
R HbIRAL “7 45 b5 (Woodhead er al. , 2001) . X L 25 28 7R
(E9) BRI MRS Th/La HAH 5 4> 2052 25 52w &
Fcdip- (1l 9a) , 1M Th/ Yb 355 ELAE DU BA 50 5 (1 9b) , 3157
) Ba/La 5 Ba/Nb HAH 5 S0 &5 RAHBICE 9¢, d) o HLEE
ERTHE LA 25 1) Th/La Ba/REE 1 Ba/HFSE H{E i &
FH SRR bt B BRFR BN ) 2 B 5T o

3.5 HEHRESH
HRAEFATRAE T, Dong et al. (2018) JFJ&& T4
S5 o AR L B 0 i R R k- I o 1) B AR
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Fig. 8 Calculated parent magma compositions of Paleozoic mafic intrusions in the Yunkai Massif

(a) the Al-rich gabbro; (b) the Ca-rich gabbro. The recalculation results demonstrate that the parent magmas of both mafic rock types have typical

arc-type trace element features
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