Supporting Information for:

THE KINEMATICS AND DYNAMICS OF RIFTING IN SOUTH-CENTRAL TIBET

by
Elizabeth Aislin Nicole Reynolds

(Contact: geoaislin@gmail.com)

Contents of this file
Figures S1 to S4
Tables S1 to S4

Introduction
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information on sample locations and lithologies, raw U-Pb data and weighted mean plots for all
samples, raw zircon (U-Th)/He thermochronology data, age-grain size plots, and age-effective
uranium plots for all samples, HeFTy modeling results, and detailed methods and data tables for
the zircon (U-Th)/He thermochronology data compilation in Chapter 3.
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Figure S2. Igneous zircon U-Pb weighted mean plots for all samples.

Figure S3. Zircon (U-Th)/He thermochronology plots of age versus grain size and age versus
effective uranium (eU).

Figure S4. Complete HeFTy thermal modeling results for all samples with both Igneous Zircon
U-Pb data results and Zircon (U-Th)/He thermochronology data results.

Table S1. Sample location and lithology data.
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Figure S1. Digital elevation model of the South-Central Tibetan Plateau, showing locations of the
drainage divide along the crest of the Gangdese Range (green), Tangra Yumco Rift (TYC; Wolff
et al., 2018; this study), Gangdese Rifts cutting the high topography of the Gangdese Range
including the Daijaimang Tso rift (DJT; Burke et al., 2021) and other previously unnamed rifts
(e.g., GR1, GR2, GR3). The black box shows the extent of geologic mapping in South TYC (Fig.
5). Suture zones shown as dashed blue lines; BNS = Bangong- Nujiang suture; [YS = Indus-
Yarlung suture. The black box shows the extent of geologic mapping in South TYC (Fig. 5). Fault
traces primarily from HimaTibet database (Styron et al. 2010). Topography from GeoMapApp,
VE = 4. Data source: Tibetan Magmatism Database, Chapman & Kapp, 2017 (doi:
10.1002/2017GC007217).
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Figure S2. Igneous zircon U-Pb weighted mean age plots for samples collected from TYC and
Gangdese (19AR04, 19AR07, 19ARO08) rift footwalls. Ages reflect the timing of latest
crystallization with plots for samples 19AR11, 19AR25, and 19AR26 representing youngest age
populations (Fig. 6). Grains with >1000 ppm Uranium and ages outside of 2¢ error were
considered outliers and not plotted or included in MSWD calculations. Sample locations shown
on geologic map (Fig. 4).
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Figure S2 (continued). Igneous zircon U-Pb weighted mean age plots for samples collected from
TYC and Gangdese (19AR04, 19AR07, 19AR08) rift footwalls. Ages reflect the timing of latest
crystallization with plots for samples 19AR11, 19AR25, and 19AR26 representing youngest age
populations (Fig. 6). Grains with >1000 ppm Uranium and ages outside of 2¢ error were
considered outliers and not plotted or included in MSWD calculations. Sample locations shown
on geologic map (Fig. 4).
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Figure S2 (continued). Igneous zircon U-Pb weighted mean age plots for samples collected from
TYC and Gangdese (19AR04, 19AR07, 19AR08) rift footwalls. Ages reflect the timing of latest
crystallization with plots for samples 19AR11, 19AR25, and 19AR26 representing youngest age
populations (Fig. 6). Grains with >1000 ppm Uranium and ages outside of 2¢ error were
considered outliers and not plotted or included in MSWD calculations. Sample locations are shown
on geologic map (Fig. 4).
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Figure S3. Plots of (c) zircon (U-Th)/He (ZHe) age versus grain size and (d) ZHe age versus effective
uranium (eU), indicating no clear correlation between age and grain size or age and effective uranium.
Sample locations are shown on geologic map (Fig. 4) and reported in supplementary data (Table S1).
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Figure S4: HeFTy models for samples from the TYC rift showing best fit [[osi fit
(black), weighted mean (dark blue), good fit (pink), and acceptable fit | weighted mean  s—
(green) paths. Model paths (n= 50,000) initiate within time-Temperature | good fit —se——
constraints from U-Pb dating (>900°C, blue boxes). Paths end at the | acceptablefit

surface (20-0°C) at present day (0 Ma) and are dominantly constrained by
ZHe t-T sensitivities established by age and diffusion parameters specific
to the median grain for each sample.




HaFkr MadolirmRgnidta/a sl )

Duozebu transect
119AR25| i

119AR16|
100

100

) l 119AR15|
i . 100

200 200

200 ]
1

(] annd oo
L 4001 : : : ; : : :
> 50c§:'1‘:'1':‘:':‘
6004
700:I
| onn1 owd ;
900EI .
; ; | N I 1,000 I
90 80 70 60 50 80 70 60 50 40 0 100 90 80 70 60 50 40 30 20 10 O
northern-most resetsamnle N .
]19AR24| 2119AR17E 100119‘:\”?'

2001 200 1

I IR a7 1=~~~ ) ‘ : W\:J'i
$
7 ; <
: o 400

100 9n.. 80. 70. AO. 50. 40. 30. 20. 10. O..

northernmost samnle {not reset)- .
0
119Ks34| * ; 100 [19AR18]

- 000 1— ; = - ,000 —L
0. 40. 30, . , 1NN an, &N _ZN BN, 50 _40_ 30 2n_J0_0 . o 200 180, 180, 140, 120, 1 RN, AQ. 40,
time (Ma) time (Ma) time (Ma) 1

Figure S4 (continued): HeFTy models for samples from the TYC rift [

showing best fit (black), weighted mean (dark blue), good fit (pink), and weighted mean s
acceptable fit (green) paths. Model paths (n= 50,000) initiate within | good fit = ——
time-Temperature constraints from U-Pb dating (>900°C, blue boxes). | acceptablefit s
Paths end at the surface (20-0°C) at present day (0 Ma) and are

dominantly constrained by ZHe t-T sensitivities established by age and

diffusion parameters specific to the median grain for each sample.
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Figure S4 (continued): HeFTy models for samples from the TYC rift
showing best fit (black), weighted mean (dark blue), good fit (pink), and
acceptable fit (green) paths and path envelopes. Model paths (n=50,000) weighted mean

initiate within time-Temperature constraints from U-Pb dating (>900°C, g00d fit  e—
blue boxes). Paths end at the surface (20-0°C) at present day (0 Ma) and | acceptable fit s
are dominantly constrained by ZHe t-T sensitivities established by age and
diffusion parameters specific to the median grain for each sample.
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Figure S4 (continued): HeFTy models for samples from the TYC rift
showing best fit (black), weighted mean (dark blue), good fit (pink), and best fit  ——
acceptable fit (green) paths and path envelopes. Model paths (n=50,000) | weighted mean s
initiate within time-Temperature constraints from U-Pb dating (>900°C, | good fit — se—
blue boxes). Paths end at the surface (20-0°C) at present day (0 Ma) and acceptable fit s
are dominantly constrained by ZHe t-T sensitivities established by age
and diffusion parameters specific to the median grain for each sample.




Table S1. Sample Location and Lithology

Sample Name Latitude (°N) Longitude (°E) Elevation (m) Lithology Unit abyv.
19AL05 29.54241 86.34583 5507 Lithic Sandstone OMk
19AL06 29.54879 86.3457 5855 Granodiorite Gg
19AL07 29.55293 86.3443 5786 Granodiorite Gg
19AL08 29.55096 86.33735 5608 Granodiorite Gg
19AL09 29.52943 86.313648 5002 Lithic Sandstone KPq
19AL10 29.55081 86.21104 5058 Quartz Sandstone  KPq
19AL11 29.54633 86.21975 4963 Conglomerate KPqg
19AL12 30.079375 86.301463 5011 Porphyritic Rhyolite KPIz
19AL13 30.079922 86.300655 5052 Porphyritic Andesite KPIz
19AL14 30.11307 86.33408 5161 Porphyritic Andesite KPIz
19AL15 29.545693 86.667312 4675 Granodiorite Gg
19AL18 29.640538 86.699153 5036 Granodiorite Gg
19AL20 29.808505 86.918758 5006 Porphyritic Andesite KPIz
19AR01 29.510315 87.033703 4817 Granodiorite Gg
19AR02 29.498585 87.031647 5171 Granodiorite Gg
19AR03 29.4854 87.02821 5318 Granodiorite Gg
19AR04 29.410081 87.165103 4379 Porphyritic Andesite KPIz
19AR05 29.423917 87.163843 4410 Granodiorite Gg
19AR06 29.434158 87.158032 4442 Granodiorite Gg
19AR07 29.4663 87.1517 4546 Granodiorite Gg
19AR08 29.50104 87.15913 4722 Granodiorite Gg
19AR09 29.562388 86.330188 5374 Granodiorite Gg
19AR10 29.648425 86.350452 5367 Granodiorite Gg
19AR11 29.64826 86.352092 5424 Porphyritic Andesite KPlz
19AR12 29.647433 86.356102 5524 Granodiorite Gg
19AR13 29.667639 86.206924 5000 Granodiorite Gg
19AR14 29.706723 86.181639 5324 Granodiorite Gg
19AR15 29.720758 86.166673 5536 Granodiorite Gg
19AR16 29.735243 86.290704 4957 Granodiorite Gg
19AR17 29.729595 86.308456 5212 Granodiorite Gg
19AR18 29.721146 86.304421 5109 Granodiorite Gg
19AR19 29.913056 86.46747 5489 Felsic Tuff KPlz
19AR20 29.898924 86.459042 5282 Porphyritic Andesite KPlz
19AR21 29.590239 86.269258 4776 Granodiorite Gg
19AR22 30.162284 86.355441 5043 Granodiorite Gg
19AR23 30.1626 86.34021 5217 Granodiorite Gg
19AR24 30.161614 86.323944 5275 Porphyritic Andesite KPIz
19AR25 29.958542 86.467537 5615 Porphyritic Andesite KPIz
19AR26 29.96012 86.4697 5539 Granodiorite Gg
19AR27 29.9827 86.45224 5369 Granodiorite Gg
19GRO1 29.634465 87.065858 4949 Porphyritic Andesite KPIz
19GR02 29.634643 87.073496 5329 Porphyritic Andesite KPlz
19GR03 29.636049 87.078411 5405 Porphyritic Andesite KPIz
19GR05 29.65357 87.07273 5003 Porphyritic Andesite KPlz
19GR06 29.65039 87.07893 5308 Porphyritic Andesite KPIz
19GRO7 29.64614 87.0834 5595 Porphyritic Andesite KPlz
19KS32 30.423606 86.487434 4963 Granodiorite Gg
19KS33 30.427349 86.477097 5307 Granodiorite Gg
19KS34 30.428588 86.469721 5452 Granite Gg
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Table S5. List of Outliers Excluded from Age-Distance Plots:

Sample Name Age (Ma) Source Lithology Reasoning for Exclusion
North Lunggar Rift

zKS08310901 39.7+3.8Ma  Sundell etal., 2013 Metasedimentary sedimentary rock
zKS08310903 63.3+5.1 Ma Sundell etal., 2013 Metasedimentary  sedimentary rock
z82109PK1 63.7+7.3Ma Sundell etal., 2013 Granitoid reflects pre-rift history
z82209PK1 58.5+4.7Ma  Sundell etal., 2013 Granitoid reflects pre-rift history
782409PK2 77.8+7.9Ma Sundell etal., 2013 Volcanic depositional age
z82709PK3 89.3+7.8 Ma Sundell etal., 2013 Granitoid reflects pre-rift history
782809PK 1 17.6 £9.8 Ma  Sundell et al., 2013 Volcanic depositional age
z82909PK 1 63.5+11Ma  Sundell etal., 2013 Volcanic depositional age
z82909PK2 87.1+£11Ma  Sundell etal., 2013 Volcanic depositional age
zZLNG0809 6+ 8.8 Ma Sundell et al., 2013 Granitoid hanging wall sample
76-9-05-2 48.8+4.2Ma Sundell etal., 2013 Granitoid reflects pre-rift history
South Lunggar Rift

SLW-NMT-01 3.5+0.3 Ma Styronet al., 2013  Quaternary moraine sedimentary rock
SLW-NMT-05 4.9+ 0.4 Ma Styron et al., 2013  Quaternary moraine sedimentary rock
SLW-CCTR-04 53+0.4 Ma Styron et al., 2013  Quaternary moraine sedimentary rock
SLW-CCTR-05 6.0+£0.5Ma Styron et al., 2013 Metasedimentary  sedimentary rock
SLW-CCTR-06 6.3+0.5 Ma Styron et al., 2013 Metasedimentary sedimentary rock
SLE-SCTR-03 123+ 1 Ma Styron et al., 2013  Quaternary moraine sedimentary rock
SLE-SCTR-05 6+0.5 Ma Styron et al., 2013  Quaternary moraine sedimentary rock
SLE-SCTR-06 7.2+0.6 Ma Styron et al., 2013  Quaternary moraine sedimentary rock
SLW-LK-01 259+2.1Ma Styronetal., 2013 Leucogranite located between detachments
SLW-LK-02 31.5+2.5Ma Styronetal., 2013 Leucogranite located between detachments
SLW-HW-01 16.8+2.5Ma Styronetal.,2013 Volcanic depositional age
Tangra Yumco Rift

20A779 _19AL06 Zrl 133.2+2.1 Ma this study Granitoid reflects pre-rift history (un-reset)
20A779_19AL06_Zr2 234+04Ma this study Granitoid older than rift onset?
20A779_19AL06 Zr5 25.0+ 0.3 Ma this study Granitoid older than rift onset?
20A784_19AL07_Zrl 22.7+0.3 Ma this study Granitoid older than rift onset?
20A784 19AL07 Zr2 21.0+ 0.3 Ma this study Granitoid older than rift onset?
20A784_19AL07_Zr3 20.0+ 0.3 Ma this study Granitoid older than rift onset?
20A784_19AL07_Zr4 212+ 03 Ma this study Granitoid older than rift onset?
20A784 19AL08 Zr3 239+ 0.3 Ma this study Granitoid older than rift onset?
22A500 19AL12 Zrl 47.8+0.6 Ma this study Volcanic depositional age
22A500_19AL12_Zr2 373+0.5Ma this study Volcanic depositional age
22A500 19AL12 Zr3 42.4+£0.5Ma this study Volcanic depositional age
22A500 19AL12 Zr4 40.6 £0.5Ma this study Volcanic depositional age
22A500_19AL12_Zr5 392+ 0.5Ma this study Volcanic depositional age
22A504 19AL13 Zrl 40.0£0.7Ma this study Volcanic depositional age
22A504_19AL13 Zr2 342+0.6 Ma this study Volcanic depositional age
22A504 19AL13 Zr3 545+09Ma this study Volcanic depositional age
22A504 19AL13 Zr4 54.0+0.7Ma this study Volcanic depositional age
22A504 19AL13_Zr5 372+0.5Ma this study Volcanic depositional age
22A509 _19AL14 Zrl 51+ 0.6 Ma this study Volcanic depositional age
22A510_19AL14_Zr2 60.1 £0.7Ma this study Volcanic depositional age
22A510 19AL14 Zr3 45.5+0.7Ma this study Volcanic depositional age
22A510_19AL14_Zr4 45.5+0.7Ma this study Volcanic depositional age
22A510 19AL14 Zr5 67.8+£0.9 Ma this study Volcanic depositional age



Table S5 (Continued). List of Outliers Excluded from Age-Distance Plots:

Sample Name Age (Ma) Source Lithology Reasoning for Exclusion
Tangra Yumco Rift (Continued)

20A970_19AR12_Zrl 20.0+£0.3 Ma this study Granitoid older than rift onset?
21B174_19AR14_Zrl 30.8+0.4Ma this study Granitoid older than rift onset?

21B174 19AR14 Zr5 22.8+0.3 Ma this study Granitoid older than rift onset?

20A976 19AR16_Zr2 2577+0.3 Ma this study Granitoid older than rift onset?
20A978_19AR16_Zr4 22.1+£0.3 Ma this study Granitoid older than rift onset?
20A980_19AR17_Zrl 22.1+0.3Ma this study Granitoid older than rift onset?

20A981 19AR17 Zr2 21.0+£0.3 Ma this study Granitoid older than rift onset?

20A982 19AR17 Zr3 20.9+0.2Ma this study Granitoid older than rift onset?
20A982_19AR17_Zr4 20.6 £0.3 Ma this study Granitoid older than rift onset?
20A982_19AR17_Zr5 24.6+0.3 Ma this study Granitoid older than rift onset?

20B066 19AR18 Zrl 224+ 0.3 Ma this study Granitoid older than rift onset?
20B066_19AR18 Zr2 20.3+0.3 Ma this study Granitoid older than rift onset?
20B066_19AR18_Zr4 20.5+0.2 Ma this study Granitoid older than rift onset?
21A606_AR21_19AR19 Zrl 46.7+0.6 Ma this study Volcanic depositional age
21A606_AR21_19AR19 Zr2 659+ 0.8 Ma this study Volcanic depositional age
21A606_AR21_19AR19 Zr3 47.7+0.6 Ma this study Volcanic  depositional age
21A606_AR21_19AR19_Zr4  59.9+ 0.7 Ma this study Volcanic  depositional age
21A606_AR21_19AR19_Zr5 48.0+£0.6 Ma this study Volcanic depositional age
21A611_AR21_19AR20 Zr1  56.5+ 0.8 Ma this study Volcanic depositional age
21A611_AR21_19AR20 Zr2 134.0 + 1.9 Ma this study Volcanic  depositional age
21A611_AR21_19AR20_Zr3 354 +0.5Ma this study Volcanic  depositional age
21A611_AR21_19AR20_Zr4  30.8 £0.4 Ma this study Volcanic depositional age
21A611_AR21_19AR20 Zr5  59.3 +£0.8 Ma this study Volcanic depositional age
21A657_AR21_19AR21 Zr1  38.7+0.5Ma this study Granitoid hanging wall/older than rift onset?
21A657_AR21_19AR21 Zr2 22.5+0.3Ma this study Granitoid hanging wall/older than rift onset?
21A657_AR21_19AR21 Zr3  24.6+0.3 Ma this study Granitoid hanging wall/older than rift onset?
21A657_AR21_19AR21 Zr4 28.0+0.4 Ma this study Granitoid hanging wall/older than rift onset?
21A657_AR21_19AR21 _Zr5 26.2+0.3 Ma this study Granitoid hanging wall/older than rift onset?
21A595_AR21_19AR23 Zrl  23.7+0.3 Ma this study Granitoid older than rift onset?
21A596_AR21_19AR23 Zr2  20.8 £0.3 Ma this study Granitoid older than rift onset?
21A597_AR21_19AR23 7Zr3  28.1+0.4 Ma this study Granitoid older than rift onset?

21A598 AR21_19AR23 Zr4 22.2+0.3Ma this study Granitoid older than rift onset?
21A599_AR21_19AR23 Zr5 27.9+0.3Ma this study Granitoid older than rift onset?

20A802 19AR26_Zr3 37.0+0.5Ma this study Granitoid reflects pre-rift history (un-reset)
21A574_AR21_19KS32 Zrl  40.0+ 0.5 Ma this study Granitoid reflects pre-rift history (un-reset)
21A575_AR21_19KS32 Zr2  50.6 0.6 Ma this study Granitoid reflects pre-rift history (un-reset)
21A576_AR21_19KS32_7Zr3  50.7+0.6 Ma this study Granitoid reflects pre-rift history (un-reset)
21A577_AR21_19KS32_Zr4  52.4+0.7 Ma this study Granitoid reflects pre-rift history (un-reset)
21A578_AR21_19KS32 Zr5 55.1+0.7 Ma this study Granitoid reflects pre-rift history (un-reset)
21A579_AR21_19KS33 Zrl  63.7+ 0.8 Ma this study Granitoid reflects pre-rift history (un-reset)
21A580_AR21_19KS33 Zr2 56.3+0.7 Ma this study Granitoid reflects pre-rift history (un-reset)
21A581_AR21_19KS33_Zr3  60.0£0.8 Ma this study Granitoid reflects pre-rift history (un-reset)
21A582_AR21_19KS33_Zr4 594+ 0.8 Ma this study Granitoid reflects pre-rift history (un-reset)
21A583_AR21_19KS33 Zr5 57.24+0.7Ma this study Granitoid reflects pre-rift history (un-reset)
21A584_AR21_19KS34 Zr1  52.8+0.7Ma this study Granitoid reflects pre-rift history (un-reset)
21A585_AR21_19KS34_Zr2 533 +£0.7Ma this study Granitoid reflects pre-rift history (un-reset)
21A586_AR21_19KS34_Zr3  59.4+£0.7 Ma this study Granitoid reflects pre-rift history (un-reset)
21A588_AR21_19KS34 Zr4  53.1+0.7Ma this study Granitoid reflects pre-rift history (un-reset)
21A589_AR21_19KS34 Zr5 51.4+0.7Ma this study Granitoid reflects pre-rift history (un-reset)
19C235_7418DA1_Zr3 22.8+0.4Ma Burkeetal.,2021 Granitoid older than rift onset?

19C226 _7718DA1_Zr4 30.6+0.4 Ma Burke etal., 2022 Volcanic depositional age
19C226a_7718DA1 Zr5 28.8+ 0.4 Ma Burke etal., 2023 Volcanic depositional age
19C226a_7718DA1 29.7+0.4 Ma Burke etal., 2024 Volcanic depositional age

XQl1-z Zr5 213+1.2Ma Wolffetal., 2023 Granitoid hanging wall?
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