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Supplementary Note

Stratigraphic age and sedimentary characteristics

The late Cretaceous—early Palacogene deposits in the Sichuan Basin (including
Dujiangyan area and Leshan area in this study), Xichang Basin, Huili Basin, and
Chuxiong Basin are dominated by fluvial-lacustrine red beds with preserved
thicknesses of ~0.5—4 km, displaying highly similar lithology, stratigraphic and
sedimentological characteristics. Existing Upper Cretaceous to lower Palacocene
strata have undergone intense modification since the India-Eurasia collision. Our
field investigations have revealed that Upper Cretaceous to lower Palacocene
outcrop successions in the studied basins are nearly horizontal and fragmentary,
thus magnetostratigraphy method is impracticable for dating these sediments.
Moreover, there are too few late Cretaceous or younger detrital zircons to
determine the maximum depositional age (MDA) using a weighted mean average

age calculation'. In this case, palacontology is a unique way to distinguish the



depositional age of these similar deposits throughout eastern Tibet. We did our best
to constrain the age of the sedimentary strata ages using all available
palaeontological data. The types of ostracods, charophyta, and few lamellibranchia
that are present in the studied sections and basins are well comparable with those
from generally accepted late Cretaceous—early Palacocene sediments in other areas
of China (see reviews of refs.>?). Thus, it is convincible to attribute these deposits
to late Cretaceous to early Palaeocene time, even if their exact ages are not yet
known.

These late Cretaceous—early Palacogene deposits are consistently
characterized by red, thick-bedded, fine- to medium-grained sandstone interbedded
with siltstone and mudstone, minor (sandy-) conglomerate layers were restricted to
the Dujiangyan area (Supplementary Fig. 1). Large-scale cross bedding, erosional
contacts, and upward fining sequences can be observed within lenticular and sheet
sandstone bodies, and horizontal-laminations are preserved in these finer deposits.
Given the fact that absent evaporates during arid climatic conditions imply
existence of significant discharge from river”; the paleocurrents are dominated by
southward and southeastward™®, and tens of meters thick sandstone beds may
represent channel deposits, we hypothesize these sediments largely to have

deposited in a larger southward flowing river system and associated exorheic lake



and/or floodplain environments. The sedimentology details of each basin are as

follows:

Dujiangyan area

In the Dujiangyan area, the late Cretaceous Guankou Formation and early
Palacogene Mingshan Formation are up to 900 m in thickness, and both are mainly
characterized by thick-bedded, various grain-size sandstone, thickly to very thickly
bedded conglomerates, interbedded with medium to thick-layered siltstone or
muddy gypsum layers. The sandstone intervals are decimeter- to several
meters-thick and are laterally continuous over tens meters, display tabular or
lenticular geometry. Various scales of planar and trough cross-beddings, as well as
erosive or sharp basal boundaries can be observed in the conglomerate and
sandstone beds. The conglomerate beds are commonly subangular to rounded, and
the clasts generally vary in size from 1 to 5 cm in diameter. Massive siltstones and
mudstones pinch out laterally, and extent several tens of meters. The major
depositional environments of the late Cretaceous and early Palaeogene strata at the
Dujiangyan area are thus interpreted as braided river systems. Though
palaeontological works in the Dujiangyan area are absent, abundant ostracods such
as Cypridea tera Su, Cristocypridea longa Lee. sp.nov., Limnocythere morginata

Ho, “Candona” sinensis Ho, Candoniella sp., Lineocspris sp., Eucypris modica



Cheu, Advencypris sp., Talicypridea brevis, T. chinennsis, T. quadrata, T. longa, T.
desdorte, T. amoena, T. baizhanensis, Harbinia lanta, H. zhengdongensis, H. cf.
jiadiaensis, H. favosa, H. jingmenensis, H. parafuningesis, H. crassa, H. oblonga
H.postaqunubrata, E. angulata, E. paomagangensis, E. vivata, E. debiloides,
Candona declivis, C. huangdianensis, C. extenmata, C. maxima, C. dangyangensis,
C. aurita, Candoniella infragilis, Obovaticypris hemirofunda were collected from
the corresponding horizon of the Guankou Formation in adjacent area, the age of
this set of sediments is thus regarded as late Cretaceous’ °. In the same way, the
Mingshan Formation was interpreted to be early Palacogene in age, based on
abundant ostracods including Pinnocyprisalta Chou, Limnoc ythere cf. bozhenensis
Yang, Sinocypris funingensis, S. elliptica, Cyprinotus sp., Limnocythere jiansuensis
Yang, Eucypris loxodeltoides Wuci, Cyprois sp, Cyprinotus sp., Limnocythere
exilicosta, Paraeucypris privis' , and charophyta including Obtusochara,
Gyrogona, Stephanochara, Dughiella, Charites, Croffiella, Nenggtichara,
Peckichara, Gobichara, Grambastichara, Aclistochara, Mesochara, Neochara,

Sphaerochara, Latochara’.

Leshan area
Conformably overlying the early Cretaceous Jiaguan Formation, the late

Cretaceous—early Palacogene strata in this area contains red- to purple-red colored



sandstone, purple-red siltstone and subordinate mudstone, occasionally interbedded
with centimeter-thick gypsum layers. Purple-red mudstones and siltstones are rich
in ostracods Sinocypris funingensis, Subulacypris sp., Charites sadleri,
Limnocythere hubeiensis, Eucypris levodeitoides, Candona sp., Cristocypri-dea
longa, Cypridea (pseudocypridea) gigunten, Quadrucypris juvosa, Cypris sp.,
Pinnocypris sp., Cyprinotus sp., [lyocypris sp., Gyrogona gianjiangica, charophyta
Crumbutichara longiconia, and foraminifer Noniu sichunensis, indicating an age of

19 The occurrence of massive to horizontal

late Cretaceous to early Palacogene
laminated tabular siltstone alternating with tabular mudstone with occasionally
medium to strong bioturbation, represents a lacustrine system in arid climatic
condition. However, the lack of thick-bedded gypsum layers indicated the
lacustrine system in the Leshan area is typical of a hydrologically open, but not
playa lake that commonly developed in coeval Jianghan Basin. More importantly,
upward-fining successions, flat-beddings, and various scales of cross-beddings can
be observed within tabular or lenticular sandstone beds with erosional basal
boundaries, and 10-30 cm thick conglomerate can be occasionally observed along

the base of the sandstone beds, together indicative of a (sandy) anastomosing or

meandering river that developed in regionally low-relief areas.



Xichang Basin
In this study, the stratigraphic and sedimentary characteristics in the Xichang Basin

: - 5,7,11-13
are mainly from previous works™"

. The lithological assemblage is
characterized by alternating reddish sandstone, siltstone, and mudstone, as well as
meter-thick sandy-conglomerates beds™”'' "°. Specifically, the lower part of the
Xiaoba Formation is composed mostly of brick red thick feldspathic quartz
sandstone, siliceous—calcareous medium -to- fine-grained sandstone interbedded
with lenticular conglomerate beds, and rare mudstone. Sedimentary structures
including various-scale cross-stratification, planar cross bedding, horizontal
bedding and ripple marks frequently appear in these sandstone beds'>"*. The
sandstone-rich interval also contains gravel interbeds”"”. Clasts within the
conglomerate layers are rounded and generally sorted, and are commonly
imbricated'?, which may represent the deposits of channel fills and scours within a
fluvial system. The middle part of the Xiaoba Formation is predominantly by
brownish red, dark brownish red mudstone, calcareous siltstone, sandstone, and
marl, with occasionally centimetre-to decimeter scale ripple marks horizontal
bedding. The upper part of the Xiaoba Formation consists mainly of bright red
calcareous siltstone and mudstone, interbedded with medium- to thin bedded

calcareous fine-grained sandstone”'>"’. Mud cracks, parallel bedding, and

small-scale cross bedding are common. Based on these lines of observations, the



Xiaoba Formation was interpreted as the deposits of fluvial and shallow lacustrine

: 7,12,13
environments, as suggested by refs.”

. The lower part of the Leidashu Formation
is characterized by thickly to very thickly bedded, purplish red to brick red
medium- to fine-grained feldspathic quartz sandstone and calcareous siltstone with

; 5,12,13
mudstone interlayers™ ~

. The sandstone beds contain cross-bedding and
nonerosive basal contacts. The upper part of the Leidashu Formation consists of red
and purplish red calcareous quartz siltstone, silty calcareous mudstone and grayish
purple fine-grained sandstone with mud crack structures. Sandstone beds with a
thickness of ~8 m can be observed at the bottom of this unit'?, which contains
large-scale cross bedding and erosional basal boundaries (ref. '*). The Leidashu
Formation was interpreted as fluvial to shallow lacustrine environment in an arid
setting based on the ensemble of above observations'*"”. Coupled with the absence
of laterally continuous or thickly bedded evaporites, such fluvial-lacustrine facies
association has been interpreted to be deposited in a hydrologically open

. . . . . 14.15
environment associated with perennial river system ™

. Ripples and cross
stratification indicate palacocurrents flowed to the south and southeast’.
Palacontological studies suggested the Xiaoba and Leidashu Formations in this area
is deposited in the late Cretaceous—early Palacogene based on abundant freshwater

ostracods such as Cypridea, Cypris, Darwinula, Quadracypris, Candona,

Talicypridea, Metacypris, Mongilianella, Cypridea inclinata, C. cuneata, C.



usualis, C. subquatrata, Quadracypris cf. laeta, Q. cf. parva, Q. quadrata,

Candona sinensis, c. elliputica, c. (M.) xindianensis, Candoniella aff. mordvilkoi,
Eucypris debiloides, E. angulate, E. virata, Tangxiella cf. extrana, Gupris
obtusangulla, Clinocypris, Talicyprida, Limnocythere, Mongolocypris, Darwinula
sp. Aclistcchara sp. Lycopterocypris sp. as well as charophyta including Charites
yangtzensis, Obtusochara prisca, Latochara yuananensis, L.guangdongensis,
Peckichara dangyangensis, Charites tenuis, Ch. xiaobaensis, Ch. guanpingensis,
Nemegtichara microcylindrica, Latochara cylindrical, Croftiella sp., Sphaerocara
sp. O. sphericovalis, O. songheensis, O. luodianensis, C. banyueshanensis,
Sphaerochara raagha, S. parvala, Mesochara yanbianensis, Latochara, Hubeiensis,

NERATRE
Nodosoclavator puchangheensis™" .

Huili Basin

In the Huili Basin, the late Cretaceous—early Palacogene Xiaoba and Leidashu
Formations disconformably overlie the Lower Cretaceous Tianmashan Formation.
Abundant charophyta such as Grambastichara communis, Charites xiaobaensis,
Sphae-rochara magna, Obtusochara songheensis, O. huidongensis, O. huiliensis,
and ostracods Talicypridea, Eucypris, Cyprois, Cypris, Paracyprinotus,
Obtusochara, Mongololianella, Spherochara have been found in the Xiaoba

Formation, suggest an age of late Cretaceous'®. Upward to the Leidashu Formation,



charophyta include Peckichara zhijiangensis, Raskyaechara xinghuaensis,
Raskyaechara sichuanensis, Croftiella leidashuensis, Peckichara sp., Obtusochara
Jjianglingensis, Gyrogona gianjiangica, Charites sadleri, Grambastichara cf.
rudongica, and ostracods such as Limnocythere, Candona, Darwinula sp.,
Obtusochara, Cypris sp., Latochara, Croftiella leidashuensis sp., Raskyaechara
xinhuaensis, R. sichuanensis sp. were considered to be evidence of the Palacocene

71° The base of this set of deposits is marked as the obvious

to early Eocene in age
appearance of conglomerate to sandy conglomerate layer. This set of strata is up to
~2800 m in thickness within the Zhangguan section, mainly consisting of red and
purple-red medium- to fine-grained sandstone, calcareous siltstone and calcareous
mudstone, as well as minor sandy conglomerate and coarse-grained sandstone. An
ensemble of the thick- to medium-bedded massive siltstone beds and subordinate
red mudstone interpreted as exorheic lake and floodplain environments in arid
climatic condition, because laterally stable or thickly bedded gypsum intervals are
absent. Several meter- to decimeter-thick lenticular and tabular beds with channel
scours commonly continue laterally for tens of meters to hundreds of meters.
Flat-beddings, trough and planar cross stratification are occasionally observed in
the sandstone- to -siltstone beds. Ripples and cross stratification indicate dominant

palacocurrents flowed to the south'’. We interpret this type of sedimentary

assemblage to occur in a large-scale, low-gradient fluvial system, likely

10



anastomosing or meandering in character, given the widespread development of

overbank and floodplain facies.

Chuxiong Basin

In this study, the stratigraphic and sedimentary characteristics of the Jiangdihe and
Zhaojiadian Formaitons in the Chuxiong Basin are mainly from previous works™'®"
2! Ostracods including Cypridea cf. minevensis, Darwinula cf. leguminella,
Eucypris cf. anluensis, conchostraca including Orthestheria daijiatunensis,
Nemestheria yunannensis, Halysestheria cf. inflate, Aglestheria separate, and fossil
plants Carpolithus sp, Ginkgo sp, Phyllotheca sp, lamellibranchia such as
Trigonioide sp. cf, T. laotiae Hoffet, T. aff. kobayashi Hoffet, T. yunnanensis Ku et
Ma, T. cf. laoliae Hoffet were observed from the this set of strata, suggesting that
the Jiangdihe and Zhaojiadian Formaitons is also late Cretaceous—early Palacogene

- 18-20
1n age

. Moreover, samples from the Jiangdihe and Zhaojiadian Formations
have three late Cretaceous zircon grains (76 Ma, 80 Ma, and 90 Ma). Although the
youngest single grain age is not a robust indicator of the true depositional age, it
matches the late Cretaceous—early Cenozoic biostratigraphic age of the Jiangdihe
and Zhaojiadian Formations.

The late Cretaceous Jiangdihe Formation across most of the Chuxiong Basin is

mainly composed of red to gray-purple feldspathic sandstone, siltstone, and

11



mudstone, interbedded with pebbly sandstones to conglomerate, which has

commonly been interpreted as fluvial and shallow lacustrine facies™'* 2. 1

n
particular, a very thickly bedded wedge-shaped sandstone body, known as
“Fangjiahe wedge-sandstone body”, has been observed from the lower part of the
Jiangdihe Formation in southern basin'’. This sandstone body is characterized by
grey purple thick sandstone interbedded with purplish red siltstone and mudstone,
which are laterally continuous over scales of hundreds of meters and about 4.3 km
longitudinally". Individual sandstone set with various-scale cross stratifications is
commonly >2 m thick'’, which was likely be deposited in a large-scale fluvial
system””. The lithological and facies assemblages of the Leidashu Formation are
similar to those of the Jiangdihe Formation. Although this unit in the Yijiu section
has been interpreted as deposits of dominated shallow-to-marginal lacustrine
system by ref.’, slightly synchronous lateral facies changes may exist across the

. 19.20
basin

. The Zhaojiadian Formation in the Guatang-Sanzhi section (near the Yijiu
section) is characterized by purplish red sandstone interbedded with siltstone and
mudstone beds™. Various-scale cross stratifications and ripple marks can be
observed in individual sandstone beds with basal granule lags®***. Mud cracks,
calcareous nodules, and bioturbation structures are common in finer-grained
deposits, which are considered to be typical features of floodplain or overbank

20,22

depositional environment (refs.”""). These lines of evidence suggest that the

12



Zhaojiadian Formation in the Guotang-Sanzhi section was mainly deposited in a
fluvial environment™. From a basin-scale perspective, such fluvial-lacustrine facies
associations were thought to be major diagnostic criterion of overfilled lake basin
that was defined as the rate of supply of sediment + water consistently exceeds
potential accommodation'*". Generally, this type of lake-basin is very closely
related to perennial river systems. Paleocurrent measurements of the Jiangdihe and
Zhaojiadian Formations show southwestward and southeastward palacocurrents™'.
The biofacies records in the Chuxiong Basin provide further evidence. It shows that
the fossil is dominated by ostracodes, freshwater lamellibranchia, fish species, and

plant fossils which are typical of the paleontological assemblages in many other

hydrologically open lakes (refs.'*").
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Supplementary Table 1. Kolmogorov—Smirnov (K-S) test D values and Kuiper test /" values of the isotopic ages of the detrital
zircons from K,—E; strata, potential source areas and modern river samples. The results of this analysis are generated by the DZStats

software®. Green fillings indicate an increase in similarity whereas red fillings show a decrease in similarity.

Dzstats | o Potential Source Areas Modern River sands Late Cretaceous—Early Paleogene sediments
Results . SP-GZ YIDUN UYZ INDO QL W-SC S-QT N-QT MJ-R JS-R YL-R DJ LS XC HL CcX SM
0.284 0.387 0.283 0.273 0.145 0.113 0.252 0.114 0.142 0.145 0.099 0.083 0.082
0.256 0.191 0.400 0.100 0.211 0.195 0.136 0.204 0.135
. UYZ 0.173 0.132 0.248 0.229 0.107 0.090 0.138 0.147 0.148
P::z‘::;“' INDO 0.482 0.578 0.522 0.560 0.586 0.453 0.454 0.526 0.460 0,507
Arida QL 0.284 0.299 0.236 0.299 0.327 0.179 0.180 0.223 0.234 0.224
W-8C 0.387 0.265 0.389 0.398 0.384 0.550 0.325 0.432 0.418 0.368 0.437 0.384
5-QT 0.283 0.164 0.303 0.248 0.243 0.393 0.224 0.302 0.319 0.267 0.318 0.270
N-QT 0.273 0.328 0.287 0.244 0.232 0.389 0.256 0.287 0.306 0.251 0.305 0.256
K'St,eSt,D MJ-R 0.145 0.256 0.173 0.144 0.278 0.193 0.173 0.168 0.137 0.189 0.164
statistic Modern
River sands—15R 0.113 0.191 0.132 0.522 0.236 0.384 0.243 0.232 0.260
Late
Cretaceous
—Early
Paleogene
Potential
Source
Areas

Kuiper test
V statistie Modern
River sands

Late
Cretaceous
-Early

P

di ts

Note: SP-GZ = Songpan-Gnazi Terrane; UY Z= Upper Yangtze Terrane; Indo = Indochina; QL = Qinling Belt; W-SC =Western South China Block; S-QT = Southern Qiangtang Terrane; N-QT: Northern Qiangtang Terrane;
MJ-R = Minjiang River; JS-R = Jinsha River; YL-R = Yalong River; DJ = Dujiangyan area; LS = Leshan area; XC = Xichang Basin; HL = Huili Basin; CX = Chuxiong Basin; SM = Simao Basin.
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Supplementary Table 2. Parameters used in the landscape evolution model.

Parameter

Value

Drainage area

Diffusion coefficient Ky
Uplift rate

River incision coefficient K
m

n

2000 x 1200 km
0.01 m* yr'1
4x10°m yr'1

1.11 x 10 m™! yr'!
0.45

1
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Supplementary Table 3. Sampling locations and descriptions in this study

Station Sample 1D Latitude and Longitude Sampling horizon Heavy mineral Detrital zircon  Petrography
Dujiangyan CX-01 N30°57'10.69" E103°3324.37" Guankou Fm. N
Dujiangyan CX-02 N30°55'37.40" E103°3425.23" Mingshan Fm. \ \ J
Dujiangyan CX-03 N30°55'35.09" E103 °34720.38" Guankou Fm. \ V J
Dujiangyan CX-04 N30°5523.94" E103°33'53.11" Guankou Fm. \
Dujiangyan CX-05 N30°55'36.35" E103 °33'33.26" Guankou Fm. N

Dujiangyan CX-06 N30°58'43.57" E103°34'37.20" Mingshan Fm. \
Dujiangyan CX-07 N30°41'34.82" E103°29'4.49" Mingshan Fm. \ \ V
Dujiangyan CX-08 N30°41'46.53" E103°28'57.76" Mingshan Fm. \/
Leshan CX-13 N29°3929.66" E103°407.74" Mingshan Fm. \

Leshan CX-14 N29°39'49.00" E103°39'45.70" Mingshan Fm. \ \/ \/
Leshan CX-15 N29°42720.20" E103°40'34.51" Mingshan Fm. \

Leshan CX-17 N29°35'51.34" E103°27'39.71" Guankou Fm. \ V
Leshan CX-18 N29°35'51.34" E103°27'39.71" Mingshan Fm. \ V
Leshan CX-19 N29°35'57.86" E103°27'34.42" Mingshan Fm. \ V V
Leshan CX-20 N29°35'46.53" E103°27'44.67" Mingshan Fm. \ V
Leshan CX-21 N29°35'46.95" E103°27'44.12" Mingshan Fm. \ \/
Leshan CX-22 N29°35'40.63" E103°27'46.80" Guankou Fm. \ \/
Xichang CX-23 N28°1'59.94" E102°28'42.46" Leidashu Fm. \ \/ \/
Xichang CX-24 N28°6'11.65" E102°30'47.54" Leidashu Fm. \ \ v
Xichang CX-25 N28°7'30.01" E102°30'44.20" Xiaoba Fm. \ V V
Huili CX-29 N26°25'14.80" E102°2026.51" Leidashu Fm. V
Huili CX-30 N26°27'18.81" E102°20'32.57" Leidashu Fm. \ V

Huili CX-31 N26°31'9.11" E102°19'13.53" Leidashu Fm. \ V

Huili CX-32 N26°3123.12" E102°1821.74" Xiaoba Fm. ol v v
Chuxiong CX-33 N25°53'15.94" E101°42721.43" Jiangdihe Fm. \/
Chuxiong CX-34 N25°54'18.54" E101°41'46.08" Zhaojiadian Fm. S \ \
Chuxiong CX-35 N25°55'8.63" E101°43'34.54" Jiangdihe Fm. \ \/ \/
Chuxiong CX-36 N25°55"28.46" E101°43'3.38" Jiangdihe Fm. \ V

Note: “\” represent available provenance data of the samples analyzed
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Supplementary Table 4. Bulk petrography composition counts for samples in this

study.
Sample Qm Qp E Lv Ls Le Lm Hb M Total
CX-01 240 41 6 0 40 18 69 0 13 427
CX-02 178 43 4 0 29 42 86 0 9 391
CX-03 150 16 2 0 0 249 136 0 22 575
CX-04 127 57 2 0 43 31 125 0 10 395
CX-06 283 35 9 1 24 0 81 0 53 486
CX-07 255 39 7 0 24 117 39 0 4 479
CX-08 260 39 7 0 24 0 78 0 12 420
CX-14 356 24 48 0 12 0 13 0 0 453
CX-17 402 25 47 0 2 56 3 0 3 538
CX-18 347 21 25 0 0 17 3 0 2 416
CX-19 334 11 48 0 3 0 2 0 47 445
CX-20 354 26 41 0 8 0 11 0 1 441
CX-21 380 29 39 0 13 0 3 0 2 466
CX-22 344 6 49 0 64 65 2 0 20 550
CX-23 428 14 48 0 1 97 8 0 5 601
CX-24 257 35 29 0 0 107 17 0 5 450
CX-25 248 10 47 0 0 140 16 0 20 481
CX-29 290 21 21 1 10 60 13 0 0 416
CX-32 323 30 36 1 0 196 26 0 4 616
CX-33 382 26 49 0 4 0 37 0 3 501
CX-34 229 34 15 0 3 152 21 0 3 457
CX-35 365 26 42 1 0 0 43 0 4 481

Qm-Single crystal quartz; Qp-Polycrystalline; F-feldspar; L-lithic, Lv—volcanic lithic; Ls—terrestrial sedimentary lithic; Lc—carbonate lithic; Lm— metamorphic lithic; Hb

—Hornblende and pyroxene; M—Single crystal layered silicate detritus.
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Supplementary Table 5. Heavy mineral counts for samples in this study.

Samples Zircon Apatite Rutile Sphene | Leucoxene | Garnet | Tourmaline | Anatase | Ilmenite | Hematite | Magnetite | Others
CX-02 14% 0% 4% 0% 11% 0% 0% 0% 8% 27% 28% 6%
CX-03 18% 1% 4% 4% 9% 0% 0% 0% 9% 22% 28% 4%
CX-05 19% 1% 4% 0% 10% 9% 0% 0% 4% 20% 22% 10%
CX-07 15% 0% 4% 0% 7% 0% 1% 1% 7% 31% 15% 17%
CX-13 17% 0% 4% 0% 13% 6% 0% 0% 0% 30% 27% 2%
CX-14 18% 0% 4% 0% 11% 1% 2% 0% 2% 34% 26% 3%
CX-15 11% 2% 5% 1% 8% 4% 3% 0% 3% 30% 26% 7%
CX-17 20% 0% 4% 0% 7% 4% 1% 1% 7% 23% 26% 5%
CX-18 14% 0% 5% 2% 10% 4% 1% 2% 4% 28% 24% 5%
CX-19 20% 0% 4% 0% 7% 2% 1% 0% 1% 33% 26% 4%
CX-20 21% 0% 4% 0% 7% 1% 1% 0% 1% 32% 29% 4%
CX-21 19% 0% 4% 0% 5% 1% 2% 0% 0% 39% 26% 4%
CX-22 17% 0% 3% 0% 4% 3% 1% 1% 4% 35% 24% 8%
CX-23 19% 1% 3% 0% 8% 0% 1% 1% 0% 33% 29% 6%
CX-24 17% 1% 4% 0% 6% 0% 0% 1% 0% 38% 29% 4%
CX-25 17% 4% 2% 0% 5% 0% 1% 1% 0% 34% 19% 15%
CX-30 17% 1% 3% 0% 10% 2% 1% 1% 0% 32% 27% 5%
CX-31 15% 3% 3% 0% 5% 1% 2% 2% 0% 35% 30% 5%
CX-32 13% 1% 2% 0% 7% 0% 1% 4% 0% 41% 22% 9%
CX-34 19% 1% 2% 0% 7% 0% 1% 2% 0% 36% 26% 6%
CX-35 21% 0% 2% 0% 4% 0% 0% 2% 0% 42% 25% 4%
CX-36 7% 1% 0% 0% 1% 1% 1% 2% 0% 40% 13% 35%
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Supplementary Figure 1. Stratigraphic columns of the K,—E; successions.

Palacocurrent directions are from previous studies™® and our own field observations.

Stratigraphic data from the Xichang and Chuxiong Basins are from ref.’. For detailed

lithological characteristics and sedimentary facies interpretations see the Supplementary

Note.
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® Sichuan Basin

® Xichang Basin
Huili Basin

Chuxiong Basin

Lv
Supplementary Figure 2. Ternary diagrams summarizing the K,—E; sandstone
petrographic data. Provenance fields after refs.***. Q—quartz, F—feldspar, L-lithics,
Lv—volcanic lithic; Ls—terrestrial sedimentary lithic; Lc—carbonate lithic; Lm—

metamorphic lithic.
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Supplementary Figure 3. Heavy mineral assemblages of the K,—E; sediments. Basin
or section abbreviations as in Fig. 1. Sampling locations are shown in Supplementary Fig.

1 and Supplementary Table 3.
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Supplementary Figure 4. Zircon U-Pb data of Cretaceous—early Palaeogene strata
and potential source regions. a, Age distributions for Cretaceous—early Palaeogene
samples from the different basins (areas). »—number of concordant ages. b, Compilation
of data from studied basins, potential source areas, and modern river samples. Black, grey,
and purple lines are normalized probability density functions. Zircon U-Pb data of late
Cretaceous—early Palacogene samples are from this study and were compiled from
refs.**** Data of potential source areas and modern river samples are from refs.** and
references therein.
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(a) Late Cretaceous-Paleogene strata,Dujiangyan area
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(c) Late Cretaceous—Paleogene strata, Xichang Basin
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(e) Late Cretaceous—Paleogene strata, Chuxiong Basin
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(b) Late Cretaceous—Paleogene strata, Leshan area
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(d) Late Cretaceous—Paleogene sirata, Huili Basin
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Supplementary Figure 5. Plot of modelled relative contributions from potential

source areas. Panels show DZmix results for the Late Cretaceous—Paleogene strata from

a Duyjiangyan, b Leshan, ¢ Xichang, d Huili, e Chuxiong, and f Simao areas. Cumulative

frequency plots of the observed U-Pb data for K,—E; samples and best fits using the

Kolmogorov—Smirnov (K-S) test statistic (D), generated by the Monte Carlo unmixing

model®

. Model results show that the Songpan-Ganzi and Yidun terranes are principal

source areas for all K,—E; basins. The Upper Yangtze terrane provides a non-negligible

source for sediment in the Leshan area and Xichang basin.
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Supplementary Figure. 6. Multidimensional scaling plot of age datasets from K,—E,
strata, potential source areas, and modern river samples. Different types of zircon U-Pb
samples are represented by circles of different colour. The closer two samples (circles)
are, the greater is the similarity between their age distributions. Multidimensional scaling
plots show that zircon age populations from all late Cretaceous—early Palacogene samples
from the Sichuan, Xichang, Huili, and Chuxiong basins are remarkably similar to those
from the Triassic flysch in the Songpan-Ganzi—Yidun terranes and the pre-late
Cretaceous strata in the Upper Yangtze terrane, as well as those from modern river sand
from the Minjiang and Jinsha rivers. The stress values of the scaling-plot statistics

indicate a good to fair goodness of fit*’.
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Supplementary Figure 7. Comparison of normalized probability density functions
(shaded areas) and kernel density plots (black curves) of zircon U-Pb ages (<1000 Ma)
between the K,—E; samples and those from the Songpan-Ganzi and Yidun terranes, and
the Upper Yangtze terrane. Red arrows indicate increase or decrease of the<<200 Ma age

population. Blue arrows indicate increase of the ~310 Ma and ~450 Ma age peaks.
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Supplementary Figure 8. Comparison of detrital zircon U-Pb results from late
Cretaceous and/or early Palaeogene deposits at the eastern margin of the Tibetan
Plateau and areas to the south. a, Probability density function plots of compiled detrital
zircon U-Pb data. Consistency in multiple age peaks of K,—E; deposits from these basins
suggests existence of a through-going river system that existed during K,—E;. —number
of grains. Please note that n = 690 / 305 in the plot of the southwest Borneo means the

number of zircon ages in the range of 0—300 Ma is 690, and the number of zircon ages in
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the range of 300-3000 Ma is 305, because a dominance of Mesozoic detrital zircons

would inhibit efficient plotting and hinder effective comparison with other samples. b,

Topographic map showing basin localities. Detrital zircon data were compiled from this

study, and refs.®2* %31 The base map of (b) was taken from open-access

https://www.ngdc.noaa.gov/mgg/global/.
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