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Part 1. Supplementary Geologic setting.

According to the core data (Fig. 1), there are Quaternary hill-slope accumulations
from 0.0-1.0 m depth followed by Wudaoliang Group lacustrine sediments from 1.0—
151.3 m. Lithologically these consist of limestone, dolomitic limestone and marl, with
mudstone of varying thickness. The occurrence of brown-red residual-slope
accumulations with thin-bedded calcified fragments between 50.0-51.0 m denotes a
hiatus in the lacustrine sediments. On either side of this hiatus there is a continuity of
lacustrine sediments?®,

The dating of core ZK1 (Fig. 1) is calibrated as 24.140).6 Ma to 14.53).5 Ma, using
climatostratigraphic methods, based on a comparison between the palaeoclimatic cycles
recorded by carbon and oxygen isotope changes of lacustrine deposits® and the
palaeoclimatic cycles recorded by the deep-sea oxygen isotope curve®®. The ages at both
top and bottom of the Wudaoliang Group calibrated in this way are in accordance with
previous data from dating of Wudaoliang volcanics?*-22,

In northern Tibet, some late Cenozoic mafic volcanic rocks unconformably overlie
the Wudaoliang group lacustrine sedimentary strata'®. The basaltic andesite in the
northern Tibetan Canmei Mountain area, overlying these Miocene lacustrine sedimentary
strata, was dated with a whole-rock K-Ar age to 12.85+0.56 Ma ~ 14.514+0.23 Ma?.
The normal faulting in the central Tibetan Shuang Hu Graben was dated as 13.5+1.4 Ma

based on the Rb-Sr isotope data for muscovite, quartz, calcite, and whole rock??. These

two results indicate that deposition in the Miocene ancient lake ended at about 13.5+1.4
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Ma ~ 14.5140.23 Ma.

The Wudaoliang group lacustrine sedimentary strata unconformably onlap the late
Oligocene thrust systems, so the isotope data from the underlying tectonites and intrusive
rock place important geochronological constraints on the maximum age of the
Wudaoliang group®®. Thrusting in the southern Kunlun Mountains and granite
emplacement, caused by thrusting in Fenghuo Mountain, are inferred to have occurred at
28.8 Ma and 26.5 Ma respectively, based on **Ar — “°Ar and U — Pb dating, which means
that the Miocene ancient lake became established after 28.8 Ma ~ 26.5 Ma?.

Comparisons of the coordinates and altitude of our fossil layer with those of core
ZK1, enabled us to correlate the fossil layer with a depth of 55 m in the ZK1 drill hole,

hence an age of ca. 17 Ma.

Part 2. Supplementary Systematics

Family: Berberidaceae

Genus: Berberis L.

Species: Berberis cf. asiatica Roxb. ex DC.
Description. Leaf simple, symmetrical, elliptic or obovate, about 2.3 cm in length, 0.8
cm in width; laminar L:W ratio ca. 3:1. Leaf margin dentate, with 4-5 spinose or
setaceous teeth on each side; each tooth 0.2 mm in length, apical side concave, basal side
convex; central principal vein of tooth straight, accessory veins converging with principal

vein, tooth apex spinose. Leaf apex acute. Leaf base cuneate. Venation pinnate. Primary
4


javascript:showjdsw('showjd_0','j_0')
javascript:showjdsw('showjd_0','j_0')

vein thick, straight or slightly curved. Secondary veins with festooned brochidodromous
venation, 3 pairs diverging from base to apex, looping with upper secondary veins.
Secondary vein spacing increasing towards base. Inter secondary veins simple, fusing
with secondary veins. Tertiary veins forming a randomly reticulate pattern, with
individual veins diverging at inconsistent angles.

Comparison with fossil species of Berberis. Seventeen species of fossil Berberis,
preserved as leaves, have been reported?=>443, There are more than two significantly
distinct differences in the leaf architecture of our fossil from those already described in
the literature. Six fossil species are similar to the fossil specimen from Wudaoliang (Fig.
2 G-L). However, B. teutonica (Fig. 2 H), B. poblana (Fig. 2 J), and B. longipetiolata
(Fig. 2 K) with either entire or densely toothed margin are distinguished from the fossil
leaf, while the spinose B. lycium (Fig. 2 1) possesses 8-9 pairs of secondary veins, vs 3-4
pairs of secondary veins in our fossil. Both B. huziokai (Fig. 2 G) and B. ahuehuetensis
(Fig. 2 L) have suprabasal veins, while the Wudaoliang fossil specimen has basal veins.
The distinctions between the Wudaoliang specimen and other fossil species are listed in

detail in Table S1 and a key is given in Supplementary Key 1.

Comparison with extant species of Berberis. The genus (ca. 500 extant species) with a
South American-Old World disjunctive distribution is divided into two groups: Group
Septentrionales (300 species having brochidodromous or semicraspedodromous venation)

and Group Australes (200 species having actinodromous or acrodromous venation)?. The
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former group with its brochidodromous or semicraspedodromous venation resembles the
present fossil. Only 133 species within the group Septentrionales are similar in having
elliptic or obovate leaves, and only 76 species of these 133 species have
semicraspedodromous venation, of which 40 species have spinose or setaceous teeth,
acute apex and cuneate base. Among these 40 species, only four species—B. phanera, B.
taronensis, B. chitria, B. asiatica, have 2-8 teeth on each side. Therefore, these four
species were selected for detailed comparison with the fossil Berberis from Wudaoliang
(Fig. 2, C-F, and Fig. S1 E-H).

The comparison (see Table S2 and Key 2) indicates that the fossil is
indistinguishable from B. asiatica, for the leaf architectural characters of the fossil are
identical to those of B. asiatica except that no fossil veinlets are preserved. The other 3
species are clearly distinguishable from the Wudaoliang fossil, i.e., B. phanera with 6-8
pairs of secondary veins, differs from the fossil specimen with only 3-5 pairs. The fossil
specimen has teeth on the distal 1/3 of the leaf, while B. taronensis has no tooth in this
area. Moreover, the tooth’s principal vein in B. chirita is eccentric, while that of the fossil
is central.

Part 3. Supplementary Figures S1 - S3

Supplementary Figure S1



Figure S1. Details of tooth structures of Berberis, scale bar=1 mm

A-C. Fossil from Wudaoliang; D. B. asiatica E. B. chitria; F. B. taronensis;

G. B. Phanera; H. B. purdomii



Figure S2. Two leaf impressions in one block

A. The block with two leaf impressions; B. The enlargement of 1 in A, Berberis cf.
asiatica; C. The enlargement of 2 in A, another leaf impression in the same block

A, B, scale bars=5 mm; C, scale bar=1 mm



Supplementary Figure S3

Figure S3. Fossil plants found from the Wudaoliang Formation, early Miocene, northern
Tibet
A. Adicot leaf with simple teeth; B. A compound leaf; C, D. Grass-like fruits.

A, B, C, D, scale bars=1 cm



Part 4. Supplementary Tables S1 - S2

Supplementary Table S1. Morphological comparison with fossil species of Berberis (1)

Fossil Berberis from B.
B. wuyunensis B. lozanofolia B. poblana B. tepexiana B. ahuehuetensis B. hirsuta B. lycium
Waudaoliang coloradensis
elliptic, elliptic,
Shape elliptic oblong* obovate* obovate* narrow oblong* lanceolate* linear-oblong*
obovate obovate
Symmetry symmetrical symmetrical symmetrical symmetrical symmetrical symmetrical symmetrical symmetrical symmetrical
Length (cm) 2.3 >3.5,ca. 4 0.9-1.6 1.3 0.85 3.3 2.0 1.7-2.2 2.54
Width (cm) 8 1.3 0.4-0.5 0.5 0.6 1.2 0.5 0.3-0.5 0.76
Length/width
31 31 2.2-3.2:1 2.6:1 141 271 41 51 331
ratio
Petiole no data no data short short short short short short short
acute, narrowly rounded, narrowly acute,
Apex acute rounded* rounded* rounded* acute
rounded mucronate* rounded* mucronate
Base cuneate no data cuneate cuneate cuneate cuneate rounded* cuneate cuneate
entire,
dentate, with 4-5 spinose or serrate, with simple serrate,
occasionally serrate, with serrate, with
Margin setaceous teeth on each densely spinose entire* with densely entire* serrate
with single large teeth large teeth
side teeth* spinose teeth*
tooth*
acrodromous
Venation pinnate pinnate acrodromous* acrodromous* | acrodromous* pinnate pinnate pinnate
*
thick, slightly
Primary veins thick, straight thick, straight thick, straight | thick, sinuous* | thick, straight thick, straight thick, straight | thick, straight
curved*

fusing with
brochidodromous fusing with the connecting
fusing with the the
semicraspedodromous,thic , diverging principal*, mid-vein* and | brochidodromous semi-crasped
principal*, vein brochidodromous secondary
Secondary k, diverging steeply, vein steeply, vein asymmetric, principal veins, , diverging - odromous,
spacing , diverging at high | veins*, vein
veins spacing increasing towards spacing vein spacing vein spacing steeply, vein vein spacing
increasing angles (80°)* spacing
base increasing increasing increasing spacing irregular uniform*
towards base increasing
towards base towards base towards base
towards base
Intersecondar fusing with
fusing with secondary veins no data no data no data no data no data no data no data
y veins secondary veins
irregularly
Tertiary veins random reticulate random reticulate reticulate reticulate reticulate no data no data reticulate
looping*
areoles
Higher order imperfect,
no data no data no data no data veinlets branched no data no data
veins veinlets three
times branched
Heilongjiang, Colorado, Kashmir,
Locality Tibet, China Puebla, Mexico | Puebla, Mexico | Puebla, Mexico | Puebla, Mexico Idaho, USA
China USA India
Age middle Miocene Palaeocene Oligocene Oligocene Oligocene Oligocene Oligocene Oligocene Pleistocene
Ramirez & Ramirez & Ramirez & Ramirez &
Axelrod,
Reference this paper Li et al. 2010% Cevallos-Ferriz | Cevallos-Ferriz | Cevallos-Ferriz | Cevallos-Ferriz, Axelrod, 19983% Puri, 1946%
1987%

, 2000%

, 2000

, 2000%

2000%
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Supplementary Table S1. Morphological comparison with fossil species of Berberis (2)

B.
B. huziokai B. longipetiolata | B. bursukensis B. andreanszkyi B. kymeana B. teutonica B. goinai B. cf. mougeoti
berberidifolia
Shape narrowly obovate* elliptic* elliptic* lanceolate* linear-lanceolate* obovate* obovate* obovate* elliptic*
asymmetrica
Symmetry symmetrical symmetrical symmetrical symmetrical symmetrical symmetrical symmetrical asymmetrical*
*
Length
4.5 3.4 25 no data 2.9-11 3.5-5.0 11 55 4
(cm)
Width (cm) 1 1.3 1-1.2 1-1.3 0.4-0.9 1.5-35 0.7 2.8 25
Length/widt
451 2.6:1 2-251 no data 7.2-12.2:1 1.6-2.3:1 161 2.1 161
h ratio
Petiole short short short no data short subsessile sessile sessile sessile
Apex rounded* no data obtuse* acuminate* acute acuminate* obtuse* rounded* obtuse*
Base cuneate, decurrent* cuneate decurrent* no data narrowly cuneate rounded* decurrent* decurrent* cuneate
entire, small, widely
Margin serrate simple serrate occasionally simple serrate spaced* with tiny serrate serrate serrate serrate
with one tooth* spinose teeth
Venation pinnate pinnate pinnate pinnate pinnate pinnate pinnate pinnate pinnate
Primary thick, slightly thick, slightly thick,
thin, nearly straight thick ,straight thick, slightly bent* thick, straight thick, straight thick, straight
veins curved* curved* straight
semicraspedodr reticulodromou | reticulodromou
semicraspedodromo brochidodromous,*
semicraspedodromo o- brochidodro- s, secondary s, secondary
us, brochidodromou | brochidodromou semicraspedodromo
Secondary us, looping along the mous, mous, vein veins veins
vein spacing s, vein spacing s, vein spacing us, joined in irregular
veins margin, vein spacing vein spacing spacing branched, vein | branched, vein
increasing towards irregular® irregular* areoles, vein spacing
uniform* increasing irregular* spacing spacing
base* uniform
towards base irregular* irregular*
Inter-
subparallel to subparallel to sinuous and
secondary no data no data sinuous and irregular no data no data no data
secondary veins secondary veins irregular
veins
Tertiary thin, random random sinuous and oblique to the random random random random
no data
veins reticulate reticulate irregular* secondary veins* reticulate reticulate reticulate reticulate
Higher
no data no data no data areoles isometric areoles imperfect no data no data no data no data
order veins
Aix-en-Provence, Czech
Locality Hokkaido, Japan Stamata, Russia | Stamata, Russia Hungary France, Kymi, Styria, Austria Republic, Romania Romania
Greece Bulgaria
middle Miocene, middle Miocene,
Age Miocene Miocene Miocene Miocene Miocene Miocene Miocene
upper Oligocene upper Oligocene
Tanai & Suzuki Takhtajan, Takhtajan, Kvacek & Erdei, Kvacek & Erdei, Kovar-Eder et Kvacek et Givulescu, Givulescu,
Reference
1963% 1974% 1974% 2001 2001 al., 2004** al., 2004 1990% 1990%

Note: * indicating differences between fossil Berberis from Wudaoliang and other species.
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Supplementary Table 2. Morphological comparison with extant species of Berberis

Fossil Berberis from Wudaoliang

B. asiatica

B.chitria

B. phanera

B.taronesis

Shape elliptic, obovate elliptic, obovate elliptic, obovate long elliptic, obovate narrow elliptic, lanceolate
Symmetry nearly symmetrical symmetrical symmetrical symmetrical symmetrical
Length (cm) 23 3565 25 45-7 256
Width (cm) 0.8 1.2-2.2 1 1.2-1.8 0.6-1.5

Length/width ratio 31 31 251 4:1 4:1

Petiole (cm) nearly absent nearly absent nearly absent 4-5 nearly absent

Apex acute acute acute acute acute

Base cuneate cuneate cuneate cuneate cuneate

slightly revolute, 7-12
slightly revolute, 5-6 spinose slightly revolute, 2-4 spinose
dentate, with 4-5 spinose or spinose or slightly revolute, 2-7 spinose or
Margin or or

setaceous teeth on each side

setaceous teeth on each side

setaceous teeth on each side

etaceous teeth on

etaceous teeth on each side

each side

Tooth shape (apical

side/basal side)

concave/straight

concave/straight

concave/straight

concave/straight

concave/straight

Tooth sinus

rounded

rounded

rounded

rounded

rounded

Tooth principal vein

direct,central

direct,central

deflected,eccentric

direct,central

direct,central

Tooth accessory vein connivent connivent connivent connivent connivent
Venation pinnate pinnate pinnate pinnate pinnate
Primary vein thick, sinuous thick, sinuous thick, sinuous thick, sinuous thick, sinuous
3 4 X semicraspedodromous,thick, pairs brochidodromous,thick, pairs brochidodromous,thick, pairs brochidodromous,thick, brochidodromous,thick, pairs
econdary veins

less than 6

less than 6

less than 6

pairs less than 6

more than 6

Intersecondary veins

fusing with secondary veins

fusing with secondary veins

fusing with secondary veins

fusing with secondary

veins

fusing with secondary veins

Tertiary veins

random reticulate

random reticulate

random reticulate

random reticulate

random reticulate

Marginal veins no data incomplete incomplete incomplete incomplete
‘Yunnan and Sichuan,
Locality Tibet,China India and Pakistan India and Pakistan ‘Yunnan and Tibet, China
China
Elevation (m) 914-2286 1800-2700 1800-4000 2030-2600
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Part 5. Supplementary Keys S1 - S2

Supplementary Key S1. Key to fossil species of Berberis

1. VENation @CrOArOMOUS. .......iiiiiiiiiee ettt ettt ettt e et e et e et e e s bt e s ate e sabee e bt e e sabaeeseeesabeaeenens 2
2. Margin entire or occasionally with single tooth..........cccceeiieeiiiiiiie e, 3

3. Leaf apex acute or narrowly rounded........ccccceeviiiniiiiniiiinniieneeee e B. lozanofolia

3. Leaf apex rounded wWith MUCroNate tiP......ccceeeeeveeeeeiireee e e eereee e B. poblana

2. Margin With SPIN0SE tEELN.....cccuiiiiiiiie e 4
4. Lamina obovate, apex rounded.........ccceeceeeiieiiiee e B. tepexiana

4. Lamina lanceolate; apeX aCUL........ccocviiirieirieriniienrie e B. coloradensis

L. VENATiON PINNATE.cci ittt e e s s st e e e e e s s s s st b eae e e aeeeeeeassasbraeteaeeeeeennn 5
5. Margin entire or occasionally with single t0oth..........cccociiiiiiiiiiiiii e 6

6. Base and apex rounded, secondary veins diverging at right angles...................B.hirsuta

6. Base cuneate and decurrent, apex obtuse, secondary veins diverging at acute

0= 1TSS B. bursukensis

5. Margin With Spin0Se tEETN........uveii i e e 7
7. Lamina asymMmMEtriCal.......eeeecceiee e e e e e e eanes 8
8. Secondary veins semicraspedodromous..........ccccveeeecvvveeeeeveeeeennnen. B. berberidifolia

8. Secondary veins brochidodromous...........cccceeeeecivieeeccciee e B. cf. mougeoti

7. Lamina SYMMETIICAL....uei ittt e et e e ta e e e e sareee e s eenbaeeeeaanaeeenn 9
9. Secondary vein spacing UNIfOrmMi.........cocccvii i 10

10. Leaf apex acuminate.......ccouveeeecreeeeeiieeee e eereee e B. andreanszkyi

10. Leaf @PeX ACULE....uii ittt 11

11. Lamina linear-oblong, lamina L: W ratio 3.3:1......cccccceeevvveenne. B. lycium

11. Lamina linear-lanceolate, lamina L: W ratio 7.2:1................. B. kymeana

9. Secondary vein spacing irregular or increasing towards base............cccceeeeuneee. 12

12. Secondary vein spacing irregUIar........cccccveeeeeieeie e 13
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13. Secondary veins semicraspedodromous.........cccccceeevvvvvnnn.. B. teutonica

13. Secondary veins camptodromOUS. ......ccocueeerieeriiieeniee e eseee e 14
14. Secondary veins reticulodromous.......cccccceeecvvviveeeeeeeeennn, B. goinai

14. Secondary veins brochidodromous.........cc.ccceeveeeriieeniieensieeennen. 15

15. Lamina obovate......ccccceevveeriiiinieeieeeieee B. ahuehuetensis

15. Lamina elliptiC...cccveereeeniiiiniee e, B. longipetiolata

12. Secondary vein spacing increasing towards base.........cccccceeeeeeeieccinneeennnn. 16

16. Margin with densely spinose teeth........ccccoevevvnennniieceenen. B. wuyunensis
16. Margin with spinose or setaceous teeth..........cccoccvveivrceercccee e, 17
17. Secondary veins semicraspedodromous and suprabasal....................
.................................................................................................. B. huziokai
17. Secondary veins brochidodromous and basal.........cccceecevveercenirnrecenen.
...................................................................... Fossil Berberis from Wudaoliang
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Part 5. Supplementary Keys S1 - S2

Supplementary Key S2. Key to fossil Berberis from Wudaoliang and its related living
species

1. Margin with thin spinose teeth, evenly distributed on each side .......cccevvevreivnicccciciene, 2
2. Primary veins of teeth @CCENTIIC. .. .ottt s s B. chitria
2. Primary veins of tEETH CENTIAL........cuiie ittt st b b s ere s s 3
3. Pairs of secondary veins more than B..........ccceveeeevreinieenieeee e s B. taronesis
3. Pairs of secondary veins fewer than 6..........c.ccccueuue.... B. asiatica, fossil Berberis from
Wudaoliang
1. Margin with thin spinose teeth, unevenly distributed on each side.......cccccoevvvrvervcereinnnnen. 4

4. Primary veins of teeth are central with 3-5 spinose teeth on the proximal 2/3 of the

1= TSRS B. phanera
4. Primary veins of teeth are eccentric, margin rarely with spinose teeth, 1-2 or no teeth

To A J=T- ol T [ [OOSR B. purdomii
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