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Fig S1. Spot FT ages distribution of monazite M6. 

 

 

Fig S2. Ternary diagram of monazite end-members: cheralite, huttonite, and monazite 

(modified after Foster and Harlov., 1999; Wu et al., 2019). The integrated data are from the 

literature (Supplementary Table S1). 
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P2O5 La2O3 Ce2O3 Pr2O3 Nd2O3 Sm2O3 Gd2O3 Y2O3 ThO2 SiO2 CaO  UO2 PbO  F  Cl Total
FWHMMeas(c

m-1)

FWHMcalc(cm-

1)

△

FWHM(c

m-1)
Ca/Ce Y/LREE Si/Ce

M6-3-1 26.52 11.79 26.90 3.41 10.47 3.41 2.44 0.49 11.28 1.79 0.84 0.42 0.52 0.16 0.04 99.90 0.15 15.72 7.98 7.75 68.92 0.0260 0.0086 0.0371

M6-3-2 26.65 10.87 26.54 3.24 10.71 3.55 2.29 0.30 11.21 1.81 0.87 0.48 0.53 0.18 0.04 98.70 0.15 16.36 8.00 8.36 63.85 0.0274 0.0054 0.0380

M6-3-3 27.38 11.60 26.79 3.16 10.46 3.66 2.40 0.33 11.31 1.79 0.80 0.45 0.54 0.09 0.05 100.20 0.15 15.89 7.90 7.99 66.80 0.0251 0.0059 0.0373

M6-3-4 26.28 11.43 26.63 3.26 10.66 3.47 2.42 0.31 11.39 1.79 0.81 0.39 0.53 0.18 0.03 98.90 0.15 16.44 8.03 8.41 63.44 0.0255 0.0054 0.0374

M6-3-5 26.78 11.31 26.90 3.09 10.62 3.55 2.34 0.43 11.33 1.76 0.80 0.34 0.53 0.11 0.05 99.30 0.15 16.10 7.92 8.18 65.24 0.0248 0.0076 0.0363

M6-4-1 27.04 11.92 26.96 3.34 10.29 3.72 2.34 0.30 11.41 1.79 0.77 0.47 0.51 0.24 0.04 100.50 0.15 17.02 7.90 9.12 58.52 0.0239 0.0053 0.0370

M6-4-2 26.86 11.71 27.26 3.42 10.36 3.63 2.25 0.32 11.31 1.81 0.79 0.41 0.52 0.06 0.04 100.20 0.15 16.95 7.90 9.05 58.98 0.0243 0.0056 0.0370

M6-4-3 26.57 11.59 26.78 3.45 10.36 3.78 2.44 0.37 11.25 1.90 0.75 0.44 0.51 0.24 0.04 99.80 0.15 17.09 7.87 9.22 57.91 0.0234 0.0065 0.0395

M6-4-4 26.71 11.54 27.27 3.31 10.60 3.66 2.31 0.39 11.36 1.78 0.83 0.44 0.51 0.23 0.05 100.40 0.15 16.67 7.98 8.69 61.43 0.0255 0.0069 0.0364

M6-4-5 27.34 11.64 26.65 3.31 10.18 3.64 2.44 0.36 11.28 1.84 0.72 0.41 0.52 0.31 0.03 100.00 0.14 17.45 7.79 9.66 55.23 0.0227 0.0064 0.0384

M6-5-1 27.34 11.94 27.49 3.43 10.42 3.80 2.25 0.14 10.79 1.62 0.91 0.38 0.48 0.27 0.05 100.70 0.15 16.84 7.84 9.00 59.32 0.0276 0.0025 0.0328

M6-5-2 26.82 12.09 27.44 3.28 9.89 3.75 2.30 0.25 10.95 1.65 0.93 0.49 0.50 0.19 0.05 100.00 0.15 15.70 7.95 7.75 68.88 0.0283 0.0044 0.0336

M6-5-3 26.93 12.06 27.42 3.47 10.41 3.80 2.37 0.32 10.92 1.65 0.86 0.43 0.50 0.20 0.05 100.80 0.15 16.46 7.84 8.62 61.94 0.0261 0.0055 0.0336

M6-5-4 26.33 12.27 27.38 3.43 10.36 3.55 2.40 0.23 11.17 1.66 0.87 0.44 0.49 0.28 0.04 100.30 0.15 15.15 7.98 7.17 74.46 0.0267 0.0040 0.0337

M6-5-5 26.61 11.81 27.21 3.45 10.35 3.66 2.24 0.23 11.37 1.79 0.81 0.47 0.50 0.16 0.04 100.10 0.15 16.21 7.92 8.29 64.41 0.0250 0.0041 0.0367

M6-6-1 26.56 11.41 26.46 3.31 10.33 3.64 2.31 0.27 11.64 1.68 0.92 0.45 0.58 0.11 0.05 99.10 0.16 15.55 8.22 7.34 72.74 0.0292 0.0048 0.0354

M6-6-2 26.87 11.40 26.42 3.17 10.44 3.56 2.35 0.38 12.01 1.76 0.87 0.50 0.57 0.12 0.04 99.80 0.16 15.95 8.22 7.74 68.98 0.0276 0.0067 0.0371

M6-6-3 26.40 11.18 26.50 3.19 10.45 3.54 2.33 0.26 12.44 1.83 0.97 0.51 0.53 0.27 0.05 99.80 0.17 17.66 8.48 9.18 58.17 0.0307 0.0047 0.0384

M6-6-4 26.69 11.22 26.27 3.21 10.49 3.42 2.30 0.36 12.31 1.84 0.95 0.53 0.52 0.16 0.03 99.70 0.17 16.78 8.40 8.38 63.69 0.0304 0.0066 0.0390

M6-6-5 26.07 11.33 26.30 3.22 10.19 3.52 2.44 0.36 12.15 1.80 0.98 0.47 0.56 0.24 0.04 99.00 0.17 15.77 8.40 7.36 72.48 0.0312 0.0066 0.0382

M6-6-6 26.17 11.20 25.82 3.16 10.08 3.57 2.36 0.19 12.72 1.87 1.10 0.55 0.54 0.17 0.05 98.90 0.18 15.84 8.70 7.14 74.76 0.0355 0.0034 0.0403

MZ6-7-1 26.88 11.22 27.03 3.15 10.33 3.57 2.09 0.26 12.16 1.91 0.90 0.52 0.56 0.23 0.04 100.30 0.16 15.30 8.27 7.03 75.92 0.0279 0.0046 0.0393

MZ6-7-2 26.91 11.69 27.32 3.07 10.33 3.53 2.26 0.25 11.27 1.81 0.92 0.46 0.56 0.24 0.04 100.10 0.15 16.62 8.06 8.56 62.36 0.0283 0.0043 0.0369

MZ6-7-3 26.71 11.21 27.23 3.28 10.20 3.41 2.32 0.23 11.80 1.83 0.94 0.48 0.57 0.32 0.04 100.00 0.16 16.17 8.22 7.95 67.12 0.0289 0.0040 0.0374

MZ6-7-4 26.89 11.20 27.39 3.17 10.22 3.36 2.34 0.24 11.64 1.77 0.95 0.48 0.57 0.30 0.04 100.00 0.16 16.50 8.16 8.34 64.04 0.0291 0.0043 0.0360

M6-8-1 26.29 11.79 27.12 3.38 10.35 3.54 2.39 0.34 12.18 1.93 0.81 0.46 0.54 0.11 0.04 100.70 0.16 16.98 8.16 8.82 60.53 0.0250 0.0059 0.0395

M6-8-2 26.67 11.85 26.65 3.32 10.06 3.69 2.28 0.19 12.18 2.03 0.89 0.42 0.54 0.22 0.05 100.40 0.16 16.82 8.24 8.57 62.26 0.0281 0.0034 0.0425

M6-8-3 25.96 12.12 26.78 3.42 10.19 3.68 2.35 0.25 12.35 1.95 0.87 0.46 0.54 0.22 0.06 100.50 0.16 16.01 8.30 7.71 69.23 0.0271 0.0043 0.0405

M6-8-4 26.44 11.60 27.05 3.39 10.52 3.47 2.31 0.26 12.13 1.92 0.85 0.45 0.53 0.21 0.05 100.50 0.16 17.09 8.19 8.90 60.00 0.0262 0.0046 0.0395

M6-9-1 26.75 11.62 26.66 3.25 10.53 3.55 2.09 0.50 11.87 1.87 0.91 0.54 0.54 0.34 0.06 100.40 0.16 16.55 8.19 8.37 63.81 0.0284 0.0088 0.0390

M6-9-2 26.38 11.48 25.60 3.08 10.47 3.54 2.39 0.40 12.31 1.92 0.97 0.54 0.55 0.29 0.05 99.30 0.17 16.91 8.43 8.49 62.91 0.0316 0.0073 0.0417

M6-10-1 26.48 11.01 26.16 3.20 10.38 3.49 2.32 0.25 12.37 1.84 0.95 0.47 0.56 0.31 0.07 99.10 0.17 16.83 8.40 8.43 63.33 0.0303 0.0046 0.0391

M6-10-2 26.26 11.57 26.60 3.16 10.21 3.59 2.27 0.30 11.91 1.83 0.92 0.48 0.53 0.20 0.07 99.30 0.16 17.33 8.27 9.06 58.93 0.0290 0.0054 0.0384

Average 26.65 11.56 26.82 3.28 10.36 3.58 2.32 0.30 11.69 1.81 0.88 0.46 0.53 0.21 0.04 99.90 0.16 16.45 8.12 8.32 64.56 0.03 0.01 0.04
1SD 0.34 0.33 0.47 0.12 0.18 0.11 0.08 0.08 0.51 0.09 0.08 0.05 0.02 0.07 0.01 0.58 0.01 0.62 0.22 0.66 5.29 0.003 0.001 0.002

Chen's data 27.20 11.27 26.83 3.50 10.54 3.14 0.28 10.67 1.88 0.81 0.42

1SD 0.25 0.25 0.41 0.23 0.25 0.16 0.03 0.55 0.11 0.06 0.08

No.

Table S1 Chemical composition of M6 by EMP and Raman spectrum data
Composition ration of M6Raman data

tMFT
apfu
∑Th, U,
Ca, Pb

EPMA Chemical analyses (wt%)



[232Th] [238U] [232Th] [238U]

wt  % μg/g wt  % μg/g

M6-3-1 10.51 0.24 3709 59 M6-11-1 11.51 0.22 3864 61

M6-3-2 10.52 0.22 3709 49 M6-11-2 11.39 0.17 3812 59

M6-3-3 10.68 0.26 3781 54 M6-11-3 11.34 0.21 3862 64

M6-3-4 10.7 0.24 3751 56 M6-11-4 11.46 0.17 3890 68

M6-3-5 10.56 0.23 3715 50 M6-11-5 11.34 0.22 3828 57

M6-4-1 10.53 0.21 3406 49 M6-11-6 11.38 0.17 3891 64

M6-4-2 10.57 0.24 3440 51 M6-11-7 11.54 0.22 3886 63

M6-4-3 10.73 0.25 3410 50 M6-11-8 11.49 0.17 3899 58

M6-4-4 10.44 0.24 3398 50 M6-11-9 11.58 0.22 3894 73

M6-4-5 10.61 0.23 3394 43 M6-11-10 11.39 0.18 3818 59

M6-5-1 9.87 0.25 3549 52 M6-11-11 11.46 0.2 3889 61

M6-5-2 10.04 0.23 3590 57 M6-11-12 11.66 0.19 3911 55

M6-5-3 10.16 0.23 3568 52 M6-11-13 11.48 0.2 3923 57

M6-5-4 10.15 0.21 3495 55 M6-11-14 11.75 0.2 3906 69

M6-5-5 10.21 0.23 3520 48 M6-11-15 11.63 0.21 3909 67

M6-6-1 11.72 0.23 4340 59 M6-11-16 11.47 0.27 3827 70

M6-6-2 11.59 0.22 4278 58 M6-11-17 11.39 0.28 3802 72

M6-6-3 11.1 0.24 3939 51 M6-11-18 11.33 0.19 3865 71

M6-6-4 10.83 0.24 3859 59 M6-11-19 11.72 0.22 3856 69

M6-6-5 11.33 0.27 4111 65 M6-11-20 11.33 0.24 3791 65

M6-6-6 11.32 0.24 4050 54 M6-12-1 9.49 0.31 3460 110

M6-7-1 11.66 0.25 4312 59 M6-12-2 9.85 0.15 3680 69

M6-7-2 11.2 0.23 4266 64 M6-12-3 10.05 0.21 3760 74

M6-7-3 11.55 0.23 4357 56 M6-12-4 10.27 0.24 3683 87

M6-7-4 11.49 0.2 4332 56 M6-12-5 10.23 0.18 3644 62

M6-8-1 11.22 0.22 3697 40 M6-12-6 9.96 0.17 3656 58

M6-8-2 11.74 0.29 3805 48 M6-12-7 9.92 0.26 3562 86

M6-8-3 11.57 0.27 3732 55 M6-12-8 10.26 0.22 3800 100

M6-8-4 11.23 0.27 3663 46 M6-12-9 10.71 0.52 3840 120

M6-9-1 11.49 0.28 4183 66 M6-12-10 10.42 0.65 3650 170

M6-9-2 11.73 0.3 4244 78 M6-12-11 10.22 0.18 3822 66

M6-10-1 11.5 0.22 4154 55 M6-12-12 10.13 0.2 3620 91

M6-10-2 11.3 0.3 3976 68 M6-12-13 10.42 0.3 3700 110

M6-12-14 10.57 0.23 3841 75

M6-12-15 10.64 0.29 3820 100

M6-12-16 10.64 0.17 3771 55

M6-12-17 10.41 0.29 3570 110

M6-12-18 10.46 0.2 3822 85

M6-12-19 10.57 0.19 3775 78

Average 10.97 0.24 3840.39 54.91 10.89 0.23 3789.72 76.62

Table S2. U and Th concentrations of monazite M6 analyzed by LA-ICP-MS
IGCEA-FT lab CAGS-FT lab

Sample No 2σ 2σ Sample No 2σ 2σ



Area ρs Dpc/Dpb

(10-5 cm2) (106 cm-2) μm CU(μg/g) σU Ages# 1σ CU (μg/g) σU Ages 1σ

M6-3-1 379 4.71 8.05 0.86 3709 59 3.88 0.36 3737 98 3.86 0.37

M6-3-2 635 7.81 8.13 0.87 3709 49 3.93 0.34 4249 98 3.43 0.31

M6-3-3 745 8.87 8.4 0.89 3781 54 3.98 0.34 3967 99 3.79 0.34

M6-3-4 526 6.73 7.82 0.89 3751 56 3.73 0.33 3473 97 4.03 0.37

M6-3-5 828 10.18 8.13 0.91 3715 50 3.91 0.33 3006 96 4.84 0.44

M6-4-1 565 8.32 6.79 - 3406 49 3.57 0.32 4125 98 2.95 0.27

M6-4-2 375 5.67 6.61 - 3440 51 3.44 0.32 3632 97 3.26 0.31

M6-4-3 392 6.36 6.17 - 3410 50 3.24 0.3 3861 97 2.86 0.27

M6-4-4 267 4.36 6.12 - 3398 50 3.23 0.32 3914 98 2.8 0.28

M6-4-5 406 5.85 6.93 - 3394 43 3.66 0.34 3579 97 3.47 0.33

M6-5-1 514 7.4 6.94 0.82 3549 52 3.5 0.31 3314 98 3.75 0.35

M6-5-2 489 7.11 6.87 0.86 3590 57 3.43 0.31 4284 99 2.88 0.26

M6-5-3 587 7.78 7.55 0.9 3568 52 3.79 0.33 3808 98 3.55 0.32

M6-5-4 734 9.66 7.59 0.83 3495 55 3.89 0.34 3834 98 3.55 0.32

M6-5-5 490 5.98 8.19 0.86 3520 48 4.17 0.38 4099 99 3.58 0.33

M6-6-1 608 6.54 9.29 0.96 4340 59 3.84 0.34 3975 98 4.19 0.38

M6-6-2 827 8.77 9.43 0.92 4278 58 3.95 0.34 4407 99 3.83 0.33

M6-6-3 562 6.36 8.83 0.94 3939 51 4.02 0.36 4451 99 3.56 0.32

M6-6-4 340 4.5 7.55 0.86 3859 59 3.51 0.33 4637 100 2.92 0.28

M6-6-5 816 8.8 9.27 0.81 4111 65 4.04 0.35 4178 99 3.97 0.35

M6-6-6 885 9.38 9.43 0.81 4050 54 4.17 0.35 4839 101 3.49 0.3

M6-7-1 685 7 9.78 0.81 4312 59 4.06 0.35 4593 96 3.82 0.34

M6-7-2 592 6.01 9.85 0.83 4266 64 4.13 0.36 4020 84 4.39 0.39

M6-7-3 772 7.59 10.2 0.89 4357 56 4.18 0.36 4196 88 4.34 0.38

M6-7-4 960 9.26 10.4 0.82 4332 56 4.29 0.36 4187 88 4.43 0.38

M6-8-1 509 5.18 9.82 0.89 3697 40 4.76 0.42 4081 85 4.31 0.39

M6-8-2 679 7.56 8.98 0.89 3805 48 4.23 0.37 3658 99 4.4 0.4

M6-8-3 571 6.26 9.13 0.91 3732 55 4.38 0.39 4011 99 4.07 0.37

M6-8-4 571 6.13 9.32 0.91 3663 46 4.55 0.4 4002 100 4.17 0.38

M6-9-1 367 4.34 8.45 0.94 4183 66 3.62 0.34 4760 100 3.18 0.3

M6-9-2 503 5.31 9.47 0.92 4244 78 4 0.36 4786 100 3.54 0.32

M6-10-1 429 4.6 9.32 0.9 4154 55 4.02 0.37 4099 99 4.07 0.38

M6-10-2 498 5.84 8.53 0.93 3976 68 3.84 0.35 4205 101 3.63 0.33

Area ρ s

(10-5 cm2) (106 cm-2) C U(μg/g) σ U Ages# 1σ

M6-1-1 282 2.85 9.9 3864 61 4.59 0.45

M6-1-2 324 3.32 9.76 3812 59 4.59 0.44

M6-1-3 351 3.48 10.1 3862 64 4.67 0.44

M6-1-4 335 3.36 9.96 3890 68 4.59 0.44

M6-1-5 412 4.21 9.79 3828 57 4.58 0.42

M6-1-6 280 3.06 9.14 3891 64 4.2 0.41

M6-1-7 298 3.16 9.44 3886 63 4.35 0.42

M6-1-8 332 3.7 8.98 3899 58 4.12 0.39

M6-1-9 309 3.46 8.93 3894 73 4.11 0.4

M6-1-10 276 3.08 8.96 3818 59 4.2 0.41

M6-1-11 339 3.52 9.63 3889 61 4.43 0.42

M6-1-12 288 3.03 9.51 3911 55 4.35 0.43

M6-1-13 290 3.01 9.64 3923 57 4.4 0.43

M6-1-14 290 3.13 9.27 3906 69 4.25 0.42

M6-1-15 300 3.38 8.88 3909 67 4.07 0.4

M6-1-16 270 2.92 9.23 3827 70 4.32 0.43

M6-1-17 260 3.01 8.64 3802 72 4.07 0.41

M6-1-18 244 2.99 8.15 3865 71 3.78 0.38

M6-1-19 270 2.94 9.17 3856 69 4.26 0.42

M6-1-20 261 3.09 8.44 3791 65 3.99 0.4

M6-2-1 256 3.73 6.86 3460 110 3.55 0.37

M6-2-2 227 2.95 7.69 3680 69 3.74 0.39

M6-2-3 238 2.97 8.01 3760 74 3.81 0.39

M6-2-4 233 2.99 7.78 3683 87 3.78 0.39

M6-2-5 205 2.97 6.9 3644 62 3.39 0.36

M6-2-6 209 2.99 6.98 3656 58 3.42 0.36

M6-2-7 231 2.83 8.17 3562 86 4.11 0.43

M6-2-8 214 2.48 8.62 3800 100 4.06 0.43

M6-2-9 251 2.86 8.77 3840 120 4.09 0.43

M6-2-10 164 2.35 6.98 3650 170 3.42 0.41

M6-2-11 191 2.95 6.47 3822 66 3.03 0.32

M6-2-12 227 3.35 6.78 3620 91 3.35 0.35

M6-2-13 207 3.03 6.83 3700 110 3.31 0.36

M6-2-14 240 2.73 8.8 3841 75 4.1 0.42

M6-2-15 239 3 7.96 3820 100 3.73 0.39

M6-2-16 243 2.84 8.55 3771 55 4.06 0.41

M6-2-17 215 2.88 7.46 3570 110 3.74 0.4

M6-2-18 218 2.99 7.3 3822 85 3.42 0.36

M6-2-19 248 2.88 8.62 3775 78 4.09 0.42

EMP

Table S3-1. Fission-track ages for monazite M6 from IGCEA-FT lab

Sample No N s
LA ICP MS

Table S3-2. Fission-track ages for monazite M6 from CAGS-FT lab

Sample No. Ns
LA ICP MS



Area ρ s

(10-5 cm2) (106 cm-2) C U (μg/g) σ U Ages# 1σ C U  (μg/g) σ U Ages 1σ

M6-3-1 405 4.71 8.6 3709 59 4.15 0.38 3737 98 4.12 0.39

M6-3-2 681 7.81 8.72 3709 49 4.21 0.37 4249 98 3.68 0.33

M6-3-3 770 8.87 8.68 3781 54 4.11 0.35 3967 99 3.92 0.35

M6-3-4 544 6.73 8.09 3751 56 3.86 0.34 3473 97 4.17 0.38

M6-3-5 838 10.2 8.23 3715 50 3.97 0.34 3006 96 4.9 0.44

M6-4-1 586 8.32 7.04 3406 49 3.7 0.33 4125 98 3.06 0.28

M6-4-2 385 5.67 6.79 3440 51 3.53 0.33 3632 97 3.35 0.32

M6-4-3 410 6.36 6.45 3410 50 3.39 0.31 3861 97 2.99 0.28

M6-4-4 289 4.36 6.62 3398 50 3.49 0.34 3914 98 3.03 0.3

M6-4-5 410 5.85 7 3394 43 3.69 0.34 3579 97 3.5 0.33

M6-5-1 540 7.57 7.14 3549 52 3.6 0.32 3314 98 3.86 0.36

M6-5-2 510 7.11 7.17 3590 57 3.58 0.32 4284 99 3 0.27

M6-5-3 624 7.78 8.02 3568 52 4.03 0.35 3808 98 3.77 0.34

M6-5-4 775 9.66 8.02 3495 55 4.11 0.35 3834 98 3.75 0.33

M6-5-5 502 5.98 8.39 3520 48 4.27 0.38 4099 99 3.66 0.34

M6-6-1 637 6.54 9.74 4340 59 4.02 0.35 3975 98 4.39 0.39

M6-6-2 875 8.77 9.97 4278 58 4.17 0.35 4407 99 4.05 0.35

M6-6-3 581 6.42 9.05 3939 51 4.11 0.36 4451 99 3.64 0.33

M6-6-4 450 5.52 8.16 3859 59 3.78 0.35 4637 100 3.15 0.29

M6-6-5 836 8.8 9.5 4111 65 4.14 0.35 4178 99 4.07 0.36

M6-6-6 888 9.38 9.46 4050 54 4.18 0.35 4839 101 3.5 0.3

MZ6-7-1 707 7 10.1 4312 59 4.19 0.36 4593 96 3.94 0.35

MZ6-7-2 606 6.01 10.1 4266 64 4.23 0.37 4020 84 4.49 0.4

MZ6-7-3 789 7.59 10.4 4357 56 4.27 0.37 4196 88 4.44 0.39

MZ6-7-4 975 9.26 10.5 4332 56 4.35 0.37 4187 88 4.51 0.39

M6-8-1 522 5.18 10.1 3697 40 4.88 0.43 4081 85 4.42 0.4

M6-8-2 699 7.56 9.25 3805 48 4.35 0.38 3658 99 4.53 0.41

M6-8-3 586 6.26 9.37 3732 55 4.49 0.4 4011 99 4.18 0.38

M6-8-4 578 6.13 9.43 3663 46 4.61 0.41 4002 100 4.22 0.38

M6-9-1 373 4.34 8.59 4183 66 3.68 0.35 4760 100 3.23 0.31

M6-9-2 518 5.31 9.75 4244 78 4.12 0.37 4786 100 3.65 0.33

M6-10-1 461 4.7 9.8 4154 55 4.23 0.38 4099 99 4.28 0.4

M6-10-2 514 5.84 8.8 3976 68 3.96 0.36 4205 101 3.75 0.34

#Ages were calculated by using the absolute dating approach of HeFTy 2.1.7 (contact Richard A. Ketcham).

No. Ns
LA ICP MS EPM

Table S3-3. Fission-track dating results for monazite M6 from CAS-FT lab
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