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Supplementary Material
1. Methods
1.a. (U-Th)/He dating of apatite and zircon

Clear, euhedral and inclusions free apatite and zircon grains were selected for (U-Th)/He dating. Selected grains were digitally photographed and measured in order to calculate alpha correction (FT) parameters (Farley et al. 1996; Ketcham et al. 2011).

Apatite He extraction and measurement was conducted on an Alphachron MK Ⅱnoble gas mass spectrometer. Single-crystals wrapped in platinum tube were heated using a 970 nm diode laser at ~900°C for 5 minutes. The degassed apatite crystals were then dissolved in 25 μl of 50% HNO3 spike solution. The solution was diluted with 200 μl of Milli-Q water and analyzed for U and Th on a Thermo Fisher X-Series II ICP-MS. Fifteen Durango apatite fragments run with samples yielded average ages of 31.4 ± 1.5 Ma (Tables S1), which is consistent with the recommended age of 31.02 ± 1.01 Ma (McDowell et al. 2005).

Extraction and measurement of 4He in zircons was accomplished using the same procedure as apatite except that zircons were wrapped in niobium tubes and were heated at ~1200°C for 10 minutes. The dissolution procedure was modified after Evans et al. (2005). Degassed crystals were placed in individual Parrish vials and 25 μl of spike solution and 350 μl of purified HF were added. Parr vessels were heated to 225°C for 60 hours and then HF was evaporated for about 48 hours. A second dissolution was run by adding 300 μL of purified HCl to each Parrish vial and 9 ml of HCl to each Teflon liner. The sealed vessels were heated to 225°C for 24 hours. The final solution was evaporated to 50 μl and was diluted by 300 μl of Milli-Q water. Diluted solutions were analyzed for U and Th on a Thermo Fisher X-Series II ICP-MS. A series of zircon grains from standard reference materials (Fish Canyon Tuff [FCT] and LGC-1) were treated identically to samples in order to monitor quality control for the whole analytical process. Nine FCT zircon grains and five LGC-1 zircon fragments run with samples yielded average ages of 27.7 ± 0.9 Ma and 472.1 ± 17.0 Ma, respectively (Tables S1, S2). These ages are consistent with the recommended ages within uncertainty (28.3 ± 2.6 Ma for FCT zircon and 476.4 ± 5.7 Ma for LGC-1 zircon; Reiners et al. 2005, Tian et al. 2017). 
1.b. Apatite fission track dating
Apatite fission track dating was performed at the Beijing Quick-Thermo Science & Technology Co., Ltd. using laser ablation-inductively coupled plasma–mass spectrometry (LA-ICP-MS) technique following procedures described in Gleadow et al. (2015). Polished mounts were etched in 5M HNO3 for 20 s at 20 °C (Gleadow and Lovering, 1978) to reveal the spontaneous tracks. FastTracks v2.17.6 was used to manually count fission tracks and measure the kinetic parameter Dpar and length of confined tracks (Gleadow et al. 2009). The 238U concentrations were measured by LA-ICP-MS (Hasebe et al. 2004) and calibrated against National Institute of Standards and Technology (NIST) 612 standard glass with Durango apatite apatite as a secondary reference standard. The raw data was reduced with the Iolite software (Paton et al., 2011). Central ages and dispersion were calculated using the RadialPlotter program (Vermeesch, 2009). Radial plots were then used to plot the distribution of the AFT individual grain ages and Dpar values which reflect different annealing kinetics of the AFT (Donelick et al. 2005; Vermeesch 2009). 
1.c. Thermal history modelling
In order to reconstruct the cooling pathways of samples, thermal history modelling was conducted using HeFTy (Ketcham, 2005). The diffusion kinetic parameters of Farley (2000) for apatite and Guenthner et al. (2013) for zircon were selected. Alpha-particle stopping distances and alpha-ejection age corrections were applied after Ketcham et al. (2011). The kinetic parameters for AFT annealing were adopted from Ketcham et al. (2007). The initial mean track length was set from Dpar. The modelling for samples dated using the ZHe method were constrained in a temperature range of 200 (C to about 220 (C and an age range of 200 Ma to ~270 Ma. The modelling for DTS1327 and DTS1359, which were only dated by AHe, were constrained in a temperature range of 130 (C to ~170 (C and an age range of 180 Ma to ~240 Ma. For sample DTS1371 and DTS1308, modelling started from muscovite Ar-Ar ages (260.1 Ma, Chen et al. 2005; 241.8 Ma, Cai et al. 2012) and the Ar system closure temperature (380 ± 50 (C; Hames & Bowring, 1994). As introduced above, granites samples in Aqishan-Yamansu belt were unconformably overlain by Lower-Middle Jurassic sandstones, indicating exposure at the surface during the Early-Middle Jurassic. Therefore, temperature constraints in a range of 0 (C to about 20 (C and an age range of about 160 Ma to 200 Ma were set for modelling. The modelling for samples in Aqishan-Yamansu belt started with an age range of ~200 Ma to ~270 Ma and temperature range of 200 (C to ~220 (C. Without ZHe data, the model for DTS1341 was started at an age of ~160 Ma to 200 Ma and a temperature range of 90 (C to 120 (C. The AHe ages of samples in Aqishan-Yamansu belt are younger than their exposure age, which means the AHe systems were reset. Therefore, a temperature range constraint of 60 (C to about 110 (C was set. All the modelling ended at 20(C, present day. Inverse modelling was run until 100 “good” paths (with goodness-of-fit >0.5) were obtained. Thermal history modelling details are listed in Tables S3 and S4. The table formats are after Flowers et al. (2015).
2. Criteria for outliers
Grains contained abnormal high of U and Th, and yielded anomalous ages were treated as outliers. Under this criteria, zircon grain DTS1159-1 and apatite grain DTS1337-5 was excluded.
Grains yielded ZHe or AHe ages older than their corresponding zircon U-Pb ages were also treated as outliers. Under these criteria, zircon grains DTS1337-3, DTS1306-2 were excluded from the average age calculation. The ZHe age of DTS1337-3 (409.8 ± 25.8 Ma) is older than the zircon U-Pb age (317.7 ± 39.1 Ma; Zhou et al. 2010). The ZHe age of DTS1306-2 (657.9 ± 39.1 Ma) is older than the zircon U-Pb age (328.5 ± 9.3 Ma; Wu et al. 2006). Apatite grain DTS1327-3 was excluded from further consideration as the AHe age (674.2 ± 64.4 Ma) was older than the age of its protolith, which is a Carboniferous pyroclastic rock (Fig. 2).
Further outliers were identified by applying the Hampel identifier method with a threshold value of four (Pearson, 2011). The Hampel identifier method is a variation of the three-sigma rule of statistics, and it was regarded as one of the most robust and efficient outlier identifiers (Davies & Gather, 1993; Pearson, 2002). The threshold value was initially set to 3.5 by Hampel (Wilcox, 2003). Considering the AHe ages are usually dispersed, we increased the threshold value to four in order to get a higher degree of tolerance for outliers. DTS1326-2 re, DTS1326-3 re, DTS1327-4, DTS1159-3, DTS1337-2, DTS1341-4 and J52-3 were identified as outliers using this approach.
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Table S1 (U-Th)/He results for Durango apatite and Sri Lanka zircon crystal LGC-1.
	Sample
	4He
	+/-
	U
	+/-
	Th
	+/-
	Th/U
	Cor. Age
	+/-

	
	ncc
	ncc
	ng
	ng
	ng
	ng
	
	Ma
	Ma

	Durango 1501-4
	0.4467
	0.0112
	0.0187
	0.0007
	0.4137
	0.0275
	22.7
	31.6
	1.9

	Durango 1501-5
	0.4556
	0.0114
	0.0182
	0.0008
	0.4246
	0.0294
	23.9
	31.7
	2.0

	Durango 1501-6
	0.5010
	0.0126
	0.0224
	0.0009
	0.4522
	0.0306
	20.8
	31.9
	2.0

	Durango 1501-7
	0.0866
	0.0022
	0.0026
	0.0001
	0.0920
	0.0062
	36.1
	29.3
	1.9

	Durango 1501-8
	0.4008
	0.0100
	0.0147
	0.0007
	0.3670
	0.0253
	25.6
	32.6
	2.1

	Durango 1501-9
	0.5772
	0.0145
	0.0248
	0.0009
	0.5838
	0.0388
	24.2
	29.2
	1.8

	Durango 1507-3
	0.5507
	0.0138
	0.0211
	0.0008
	0.5399
	0.0205
	26.3
	30.5
	1.3

	Durango 1507-4
	0.5676
	0.0142
	0.0201
	0.0008
	0.5309
	0.0197
	27.0
	32.1
	1.3

	Durango 1507-5
	0.2205
	0.0055
	0.0086
	0.0003
	0.2012
	0.0074
	24.1
	32.3
	1.3

	Durango 1507-6
	0.4724
	0.0118
	0.0182
	0.0007
	0.4423
	0.0163
	24.9
	31.7
	1.3

	Durango 1507-7
	0.8482
	0.0212
	0.0338
	0.0012
	0.8220
	0.0310
	24.9
	30.6
	1.3

	Durango 1607-43
	0.1853
	0.0047
	0.0079
	0.0002
	0.1649
	0.0046
	21.4
	32.6
	1.1

	Durango 1607-44
	0.2352
	0.0059
	0.0103
	0.0003
	0.2136
	0.0059
	21.3
	31.9
	1.1

	Durango 1607-45
	0.4573
	0.0115
	0.0213
	0.0006
	0.4320
	0.0114
	20.9
	30.5
	1.0

	Durango 1607-46
	0.3750
	0.0094
	0.0156
	0.0004
	0.3391
	0.0098
	22.3
	32.3
	1.1

	LGC-1-2 Zr
	101.57
	2.54
	1.14
	0.04
	2.36
	0.08
	2.11
	475.4
	18.0

	LGC-1-3 Zr
	204.67
	5.12
	2.44
	0.09
	5.19
	0.18
	2.18
	445.5
	16.8

	LGC-1-4 Zr
	24.29
	0.61
	0.27
	0.01
	0.56
	0.02
	2.13
	480.8
	18.2

	LGC-1-44 Zr
	53.65
	1.38
	0.62
	0.02
	1.22
	0.03
	2.01
	468.7
	16.7

	LGC-1-45 Zr
	72.66
	1.86
	0.85
	0.04
	1.67
	0.05
	2.01
	465.3
	18.7


Table S2 (U-Th)/He results for Fish Canyon Tuff zircons.
	Sample
	4He
	+/-
	Total U
	+/-
	232Th
	+/-
	Th/U
	FT
	Mass
	Uncor. Age
	Cor. Age
	+/-
	Sphere radius

	
	ncc
	ncc
	ppm
	ppm
	ppm
	ppm
	
	factor
	μg
	Ma
	Ma
	Ma
	μm

	FCT-1 Zr
	14.80
	0.38
	446.65
	16.61
	256.48
	9.14
	0.59
	0.80
	11.07
	21.8
	27.2
	1.8
	64.8

	FCT-2 Zr
	15.17
	0.38
	451.20
	16.72
	264.39
	9.40
	0.60
	0.80
	10.71
	22.8
	28.4
	1.8
	65.0

	FCT-3 Zr
	18.76
	0.48
	491.86
	18.04
	264.38
	9.40
	0.55
	0.81
	12.17
	23.0
	28.4
	1.8
	67.1

	FCT-4 Zr
	12.85
	0.32
	514.26
	18.89
	290.78
	10.38
	0.58
	0.79
	8.53
	21.3
	27.1
	1.7
	60.2

	FCT-5 Zr
	6.12
	0.16
	356.11
	13.22
	185.14
	6.60
	0.53
	0.76
	6.31
	20.0
	26.2
	1.7
	54.6

	FCT-22 Zr
	3.95
	0.10
	337.25
	12.02
	192.65
	6.71
	0.59
	0.74
	4.08
	20.9
	28.2
	1.8
	49.9

	FCT-23 Zr
	5.32
	0.13
	303.88
	10.81
	170.57
	5.92
	0.58
	0.78
	6.02
	21.2
	27.3
	1.7
	58.0

	FCT-24 Zr
	5.06
	0.13
	293.05
	10.43
	155.04
	5.37
	0.54
	0.78
	5.73
	22.1
	28.3
	1.8
	58.6

	FCT-25 Zr
	3.32
	0.08
	591.40
	21.30
	319.00
	11.00
	0.55
	0.77
	1.90
	21.9
	28.4
	1.8
	41.0


Table S3 Thermal history model input table for samples from the KDSZ, Aqikkuduk fault and CTS.
	1. Thermochronologic data

	Samples and data used in simulations

	
	Simulation #

	
	sim #1
	sim #2
	sim #3
	sim #4
	sim #5
	sim #6
	sim #7
	sim #8

	AHe data
	DTS1326
	DTS1327
	DTS1359
	DTS1306
	DTS1378
	J58
	DTS1308
	

	ZHe data
	DTS1326
	
	
	DTS1306
	DTS1378
	J58
	DTS1308
	DTS1371

	Data treatment, uncertainties, and other relevant constraints

	AHe and ZHe data

	He dates (Ma): average uncorrected He date of each sample. Uncorrected date corrected for α-ejection in HeFTy using Ketcham et al. (2011)

	Error (Ma) applied in modeling: error data listed in table 2

	r (μm): Mean equivalent spherical radius of each sample

	U and Th (ppm): Average U and Th concentration of each sample

	

	2.Additional geologic information

	Assumption
	Explanation

	At surface temperature of 20 (C by 0 Ma
	20 (C is an estimated mean surface temperature.

	DTS1308 simulated from 260 Ma at temperature of 380 ± 50 (C
	This sample was analysed by muscovite Ar-Ar dating method (Chen et al. 2005).

	DTS1371 simulated from 242 Ma at temperature of 380 ± 50 (C
	This sample was analysed by muscovite Ar-Ar dating method (Cai et al. 2012).

	

	3. System-and model-specific parameters

	He kinetic model: “Durango model” (Farley, 2000)

FT annealing model: adopted from Ketcham et al. (2007)
Statistical fitting criteria: Default HeFTy values. GOF values >0.05 are acceptable fits. GOF values >0.5 are good fits.

Modeling code: HeFTy v1.9.2

	Number of tT paths attempted: until 100 good paths were obtained.

	tT path characteristics: Episodic history, paths between constrains: monotonic consistent, halve:2 times, impose maximum: 10 (C/Ma. 


Table S4 Thermal history model input table for samples from Aqishan-Yamansu belt.
	1. Thermochronologic data

	Samples and data used in simulations

	
	Simulation #

	
	sim #1
	sim #2
	sim #3
	sim #4
	sim #5

	AHe data
	DTS1159
	DTS1336
	DTS1337
	DTS1341
	J52

	AFT dates
	
	DTS1336
	
	
	

	AFT lengths
	
	DTS1336
	
	
	

	ZHe data
	DTS1159
	DTS1336
	DTS1337
	
	J52

	Data treatment, uncertainties, and other relevant constraints

	AHe and ZHe data

	He dates (Ma): average uncorrected He date of each sample. Uncorrected date corrected for α-ejection in HeFTy using Ketcham et al. (2011)

	Error (Ma) applied in modeling: error data listed in table 2

	r (μm): Mean equivalent spherical radius of each sample

	U and Th (ppm): Average U and Th concentration of each sample

	AFT data

	Cl wt%: not acquired.

	The initial mean track length was set from Dpar.

	

	2.Additional geologic information

	Assumption
	Explanation

	At surface temperature of 20 (C by 0 Ma
	20 (C is an estimated mean surface temperature.

	exposure at the surface during the Early-Middle Jurassic
	granites were unconformably overlain by Lower-Middle Jurassic sandstones

	Reheating temperature range constrained in 60 (C to about 110 (C
	The AFT ages in the Aqishan-Yamansu belt are older than the depositional ages, and the AHe ages are younger than that, indicating that the subsequent deposition upon the granites was insufficient to reset their AFT ages and sufficient to reset their AHe ages. 

	

	3. System-and model-specific parameters

	He kinetic model: “Durango model” (Farley, 2000)

FT annealing model: adopted from Ketcham et al. (2007)
Statistical fitting criteria:Default HeFTy values. GOF values >0.05 are acceptable fits. GOF values >0.5 are good fits.
Modeling code: HeFTy v1.9.2

	Number of tT paths attempted: until 100 good paths were obtained.

	tT path characteristics: Episodic history, paths between constrains: monotonic consistent, halve:2 times, impose maximum: 10 (C/Ma. 


