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APPENDIX 1 

Analytical methods 2 

Whole rock geochemical analyses 3 

The samples were crushed after removal of weathered surfaces. The small rock chips were 4 

then pulverized into powders using an agate mortar to a grain size of <200 mesh. Whole-rock 5 

geochemical analyses were performed at Department of Geosciences, National Taiwan 6 

University. Major elements were analyzed by a Rigaku® RIX 2000 X-ray fluorescence (XRF) 7 

spectrometer. Loss on ignition (LOI) was analyzed by routine procedures. Trace elements were 8 

measured using an Agilent® 7500cx inductively coupled plasma-mass spectrometer (ICP-MS) in 9 

the same department. The measurements show a stability range within ~5% variation. Accuracy 10 

and precision are generally better than 3%.  11 

Zircon U-Pb analyses 12 

Zircon grains were extracted by heavy liquid and magnetic techniques, and further purified 13 

by hand-picking under a binocular microscope. They were set in an epoxy mount which was 14 

ground and polished to section the zircons in half. Cathodoluminescence (CL) images were taken 15 

using a scanning electron microscope at the Institute of Earth Sciences, Academia Sinica, Taipei, 16 

and in order to identify any internal structures and to ensure a selection of good analytical sites.  17 

Zircon U-Pb analyses were performed by the laser ablation-inductively coupled 18 

plasma-mass spectrometry (LA-ICP-MS) at Dr. Shen-su Sun Memorial Lab in the Department of 19 

Geosciences, National Taiwan University, using a New Wave UP213 laser and an Agilent® 20 

7500s quadrupole ICP-MS. We routinely analyzed standard zircons GJ-1, 91500, and Plešovice 21 

to monitor instrumental conditions, yielding weighted mean 206Pb/238U ages of 600.4 ± 1.2 Ma 22 
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(2σ, N=109), 1060.6 ± 4.2 Ma (2σ, N=28), and 336.6 ± 1.6 Ma (2σ, N=26), respectively, 23 

agreement well with the published values (Jackson et al., 2004; Yuan et al., 2004; Sláma et al., 24 

2008). Detailed analytical procedures were described in Chiu et al. (2009, Tectonophysics, v. 25 

477, p. 3-19). 26 

Zircon hafnium isotopic analyses 27 

Zircon Lu-Hf isotopic analyses were performed using a New Wave UP193 laser ablation 28 

system attached to a Thermo Finnigan Neptune multi-collector ICP-MS at the Institute of Earth 29 

Sciences, Academia Sinica, Taipei. Laser spot diameter was set at 50 μm, with a laser ablation 30 

rate of 8 Hz. Standard zircon Mud Tank yielded an average 176Hf/177Hf ratio of 0.282493 ± 31 

0.000020 (2σ, N=31), matching well matching with suggested values (Woodhead and Hergt, 32 

2005). Detail Detailed data acquisition and instrumental conditions were same as those reported 33 

by Wu et al. (2006, Chemical Geology, v. 234, p. 105-126). 34 

Supplementary figure captions 35 

Figure DR1. Simplified intrusion map of Sumatra, Indonesia (after Barber et al., 2005), showing 36 

the main tectonic units, sample locations with zircon U-Pb ages and compiled detrital 37 

zircons (Zhang et al., 2019). 38 

Figure DR2. A: Na2O+K2O versus SiO2 diagram for Mesozoic intrusions of Sumatra 39 

(Middlemost, 1994). B: Chondrite-normalized rare earth element patterns for Mesozoic 40 

intrusions of Sumatra. The values of chondrite and bulk continental crust are from Sun and 41 

McDonough (1989), and Rudnick and Gao (2003), respectively. C: Primitive 42 

mantle-normalized trace element spider diagrams for Mesozoic intrusions of Sumatra. The 43 

values of primitive mantle and bulk continental crust are from Sun and McDonough (1989), 44 

and Rudnick and Gao (2003), respectively. 45 



 

3 
 

Figure DR3. U-Pb concordia diagrams (A-S) showing zircon ages for Sumatran intrusions 46 

obtained by LA-ICPMS. 47 

Figure DR4. Diagram for samples in this study vs. zircon εHf(t) values, showing a marked shift of 48 

the zircon Hf array occurring between 205 Ma (sample 14SU35) and 201 Ma (sample 49 

15SU48). 50 
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Figure DR1. Simplified intrusion map of Sumatra, Indonesia (after Barber et al., 2005), showing the main tectonic 
units, sample locations with zircon U-Pb ages and compiled detrital zircons (Zhang et al., 2019).
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Figure DR2. A: Na2O+K2O versus SiO2 diagram for Mesozoic intrusions of Sumatra 
(Middlemost, 1994). B: Chondrite-normalized rare earth element patterns for Mesozoic 
intrusions of Sumatra. The values of chondrite and bulk continental crust are from Sun 
and McDonough (1989), and Rudnick and Gao (2003), respectively. C: Primitive 
mantle-normalized trace element spider diagrams for Mesozoic intrusions of Sumatra. 
The values of primitive mantle and bulk continental crust are from Sun and 
McDonough (1989), and Rudnick and Gao (2003), respectively.
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Figure DR3. U-Pb concordia diagrams (A-S) showing zircon ages for Sumatran intrusions obtained by LA-ICPMS.
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Figure DR4. Diagram for samples in this study vs. zircon εHf(t) values, showing 
a marked shift of the zircon Hf array occurring between 205 Ma (sample 
14SU35) and 201 Ma (sample 15SU48).
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