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A B S T R A C T

We present vegetation reconstructions based on an almost complete succession through the Triassic of Tulong,
Nyalam County, southern Xizang (Tibet), China. The Permian and earliest Triassic samples were barren of pa-
lynomorphs, however, in overlying strata we identified well-preserved and diverse miospore assemblages. Seven
pollen and spore zones spanning the Olenekian to the Rhaetian were recognized. These palynological zones were
amalgamated into three floral stages that comprise distinct vegetation types: (1) an early Olenekian lycophyte-
dominated flora with common pteridosperms, indicative of a warm and dry climate; (2) a late Olenekian
transitional flora composed of abundant conifers with low abundances of lycophytes, signifying a decrease in
temperature and increase in humidity; (3) a Middle to Late Triassic mature conifer-dominated flora with diverse
sphenophytes, ferns and cycadophytes, indicative of a stable, temperate and humid climate. The changes in
vegetation and climate tentatively correlate with the rifting of northern Gondwana, suggesting that regional
tectonics was a contributive driving factor to local floral community change.

1. Introduction

Detailed palaeobotanical and palynological data from the Triassic of
China are relatively limited compared to European and North American
records (Kustatscher et al., 2018). Traditionally, four major basins have
been the focus of Chinese Triassic palaeobotany, all with well-exposed
continental Triassic successions yielding diverse macro- and micro-
floras. These basins are the Junggar and Tarim basins in the north-
western part of the country (Deng et al., 2010; Sha et al., 2011, 2015;
Peng et al., 2018a), the Ordos Basin in North China (Qu, 1980; Huang
and Zhou, 1980) and the Sichuan Basin in South China (Wang et al.,
2010; Li et al., 2016a, 2016b, 2017).

Southern Xizang (Tibet), located in the southwestern part of China,
hosts continuous and extensive successions of well-exposed near-shore
marine Triassic sedimentary deposits that include, among other fossil
groups, rich pollen and spore assemblages (Rao et al., 1987; Schneebeli-
Hermann et al., 2012; Peng et al., 2018b). This area was situated on the
northern margin of Gondwana during the Triassic (Ogg and von Rad,

1994), and represents an important region to further understand the
development of terrestrial ecosystems and vegetation of northern
Gondwana during a key developmental phase of the evolution of the
Tethys Ocean (e.g., Pan et al., 2012).

Here we present a stratigraphical framework for the Triassic based
on terrestrial palynomorphs from southern Xizang which allows us to
explore climatic variations through a succession comprising most of the
Triassic, and compare these findings with the global record and re-
gional tectonic evolution.

2. Geological setting

During the Late Permian and the Triassic, Tulong was located at
∼30°S on the northern margin of Gondwana in the Southern
Hemisphere (Ogg and von Rad, 1994). This area is part of the Hima-
layan Tethys Block (southern Xizang) that lies between the Indian
shield to the south and the Yarlung Zangbo suture to the north (Yin and
Harrison, 2000; Zhang et al., 2013). The palynological samples of this

https://doi.org/10.1016/j.jseaes.2018.06.005
Received 2 November 2017; Received in revised form 26 May 2018; Accepted 1 June 2018

⁎ Corresponding author.
E-mail address: jgli@nigpas.ac.cn (J. Li).

Journal of Asian Earth Sciences 175 (2019) 74–82

Available online 04 June 2018
1367-9120/ © 2018 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/13679120
https://www.elsevier.com/locate/jseaes
https://doi.org/10.1016/j.jseaes.2018.06.005
https://doi.org/10.1016/j.jseaes.2018.06.005
mailto:jgli@nigpas.ac.cn
https://doi.org/10.1016/j.jseaes.2018.06.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jseaes.2018.06.005&domain=pdf


study were collected from four outcrop sections (A, B, C and D), located
near Tulong village in the north of Nyalam County, southern Xizang
(Figs. 1 and 2). According to Wang et al. (1980), the marine Triassic
successions exposed here include the Lower Triassic Kangshare For-
mation, the Middle Triassic Laibuxi Formation and the Upper Triassic
Zhamure, Dashalong, Qulonggongba and Derirong formations (Fig. 2).
These formations and the underlying Upper Permian Nimaluoshenza
Formation, are briefly introduced below (terms used for describing the
thickness of beds are: very-thin-, < 0.01m; thin-, 0.01–0.1m; medium-,
0.1–0.5 m; and thick-bedded, 0.5–2m).

The Upper Permian Nimaluoshenza Formation mainly comprises
greyish-black shales, and is unconformably overlain by the Lower
Triassic Kangshare Formation. The lower part of the Kangshare
Formation is composed of yellowish-red thin-bedded limestones.
Upwards, dark-green shales occur which predominate through most of
the formation. The upper part of the formation is identified by grey and
red limestones interbedded with greyish-green and red shales con-
formably overlain by sediments of the Middle Triassic Laibuxi
Formation. The lithofacies within the Laibuxi Formation comprise grey-
black very-thin- to thin-bedded mudstones and shales interbedded with
grey fine-grained sandstones and pale-grey limestones. The Laibuxi
Formation is conformably overlain by the Upper Triassic Zhamure
Formation, the base of which is marked by an oncolite bed. The litho-
facies comprise pale-grey limestones (weathering to yellowish-brown)
interbedded with grey shales (weathering to greyish-green). The
Zhamure Formation is conformably overlain by the Dashalong
Formation, which is characterized by greyish-black siltstones and
mudstones with grey thin- to medium-bedded limestones. The
Dashalong Formation is conformably overlain by the Qulonggongba
Formation, which can be subdivided into two parts: the lower part
comprises greyish-green very-thin-bedded mudstones and siltstones,
interbedded with greyish-black thin-bedded marlstones and grey thin-
bedded sandstones (weathering to pale-yellow); the upper part com-
prises grey thin-bedded siltstones and very-thin-bedded mudstones and

grey thin- to medium-bedded sandstones (weathering to red). The
Derirong Formation conformably overlies the Qulonggongba
Formation, which is characterized by thin- to thick-bedded sandstones
interbedded with greyish-black very-thin-bedded mudstones and silt-
stones. The contact between the Derirong Formation and overlying
Jurassic strata is unexposed.

3. Material and methods

A total of 145 samples were collected for palynology: eight from the
Nimaluoshenza Formation; 27 from the Kangshare Formation; eight
from the Laibuxi Formation; eight from the Zhamure Formation; 17
from the Dashalong Formation; 51 from the Qulonggongba Formation;
and 26 from the Derirong Formation (Fig. 3). For Middle to Upper
Triassic sampling levels, see Peng et al. (2018b). Rock samples were
cleaned, crushed, weighed (∼60 g per sample) and processed using
standard hydrochloric and hydrofluoric acid palynological processing
techniques (Traverse, 2007). Unoxidized residues were sieved at
200 µm and 20 µm. All processes were performed in the palynological
laboratory of Nanjing Institute of Geology and Palaeontology, Chinese
Academy of Sciences (NIGPAS). Photographs were taken using an
Olympus BX51 light microscope (camera DP71). All slides are housed in
NIGPAS.

Counts of ∼200 specimens were carried out for productive samples;
in low-recovery samples, a maximum of ten slides were observed.
Relative abundances of plant groups were calculated for quantitative
analysis (see Supplementary Table 1 for relative abundance data).
Samples with<100 grains of pollen and spores were excluded from
vegetation and climate reconstructions. Botanical affinities of pollen
and spores are summarized in Supplementary Table 2. Relative abun-
dances and generic and species richness calculations were undertaken
to investigate the vegetation and climate change. Selected pollen and
spores are illustrated in Fig. 4.

Fig. 1. Geological map of the study area (after Brühwiler et al., 2009) and locations of studied sections. Studied sections are marked by stars.
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Fig. 2. Integrated biostratigraphy of the Triassic succession at Tulong (Sections A, B, C and D). Ammonoid and conodont occurrences are based on Wang and He
(1976), Wang and Wang (1976) and Brühwiler et al. (2009). P.= Permian, N.=Nimaluoshenza, I.= Induan, L.= Ladinian.
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4. Results and discussion

4.1. Palynological zones

Sixty-six out of the 145 samples were productive, hosting pollen and
spores, from which seven palynological zones were recognized based on
stratigraphic ranges of selected taxa and changes in their relative
abundances. The uppermost Permian and lowermost Triassic strata
were barren of pollen and spores, which agrees with several palaeo-
botanical and palynological studies from South China (Bercovici et al.,
2015; Bercovici and Vajda, 2016; Cui et al., 2017). The oldest pro-
ductive samples occur at ∼30m above the Permian-Triassic un-
conformable contact and represent the Endosporites–Densoisporites
Abundance Zone (lower Olenekian), which is overlain by the Bisacca-
tes–Aratrisporites Abundance Zone (upper Olenekian), the Triplexispor-
ites Interval Zone (Anisian), the Staurosaccites quadrifidus Taxon-range
Zone (upper Anisian to lower Norian), the Striatella Interval Zone
(lower Norian), the Craterisporites rotundus Taxon-range Zone (middle
to upper Norian) and the ‘Dictyophyllidites harrisii zone’ (Rhaetian)
(Fig. 2). The upper five zones of the Middle to Upper Triassic were
described by Peng et al. (2018b); here we introduce the new miospore
zones for the Lower Triassic (the Endosporites–Densoisporites Abundance
Zone and the Bisaccates–Aratrisporites Abundance Zone).

4.1.1. Endosporites–Densoisporites Abundance Zone
Occurrence. The middle and upper parts of the shale interval of the

Kangshare Formation in sections C and D (Fig. 2).

Definition. This zone is defined by high abundances of Endosporites
papillatus, Densoisporites spp. and Lundbladispora spp.

Composition. The following samples are attributed to the
Endosporites–Densoisporites Abundance Zone: 15TWE-20 and 15TWE-25
from section D, and 15TLW-01 and 15TLW-03 from section C. Six
pollen species belonging to nine genera, and 13 spore species belonging
to nine genera were identified together with indeterminable non-
taeniate bisaccate pollen grains. Gymnosperm pollen comprise 1–32%
of the assemblage and spores comprise 68–99%. Non-taeniate bisaccate
pollen are common (8–15%), most of which are poorly preserved
hampering further identification. Taeniate bisaccate pollen reach 17%
in sample 15TWE-25. These include Lunatisporites pellucidus,
Lunatisporites spp. and Hamiapollenites sp. Spore taxa, especially
Endosporites papillatus (18–72%), Densoisporites (8–29%) and
Lundbladispora (6–24%), are common to abundant, and together dom-
inate the palynoflora. Aratrisporites is rare in this zone. Spores occurring
in low abundances include Annulispora spp., Calamospora mesozoica,
Cyclogranisporites sp. and Punctatisporites minutus.

Age. Early Olenekian (Smithian). Ammonoids of late Induan
(Dienerian) age, represented by Ambites cf. discus, ?Pleurambites sp.,
Gyronites aff. planissimus, Proptychites haydeni and ?Meekophiceras sp.,
were recorded from the limestones below the shale interval within the
Kangshare Formation (Brühwiler et al., 2009) comprising the En-
dosporites–Densoisporites Abundance Zone (Fig. 2). The limestones also
hosts the conodonts belonging to the Neospathodus dieneri group
(Brühwiler et al., 2009), supporting a late Induan age. In the limestones
above the shale interval that bears the Endosporites–Densoisporites

Fig. 3. Relative abundances of selected taxa from the integrated Lower Triassic succession at Tulong. Productive samples are black, barren samples are grey. “+”
represents a relative abundance of< 3%. See Fig. 2 for lithological legends.
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Abundance Zone, the middle early Olenekian (middle Smithian) am-
monoid genus Owenites was recorded (Brühwiler et al., 2009). Thus, an
early Olenekian (Smithian) age is assigned to the En-
dosporites–Densoisporites Abundance Zone at Tulong.

Correlation. The Smithian palynoflora from the same interval de-
scribed by Schneebeli-Hermann et al. (2012) compares well with the
present zone in containing predominant Densoisporites and Lund-
bladispora, and rare Aratrisporties. Taeniate bisaccate pollen, which is
relatively common in one sample (17% in sample 15TWE-25) from the
Endosporites–Densoisporites Abundance Zone, is, however, less abundant
in samples described by Schneebeli-Hermann et al. (2012).

4.1.2. Bisaccates–Aratrisporites Abundance Zone
Occurrence. The upper part of the Kangshare Formation from sec-

tion A (Fig. 2).
Definition. This zone is defined by the dominance of non-taeniate

bisaccate pollen, common to abundant occurrences of Aratrisporites and
Endosporites papillatus.

Composition. This zone comprises samples: 15TL-04, 15TL-05 and
15TL-11 of section A. Nine pollen species belonging to six genera, and

13 spore species belonging to 11 genera were identified together with
indeterminable non-taeniate bisaccate pollen. Gymnosperm pollen
comprises 34–65% of the assemblage and spores comprise 35–66%.
Non-taeniate bisaccate pollen dramatically increase, which reach 65%
in relative abundance, including Abietineaepollenites minimus and
Pinuspollenites divulgatus. Taeniate bisaccate pollen decline markedly
within this zone. The spore genus Aratrisporites rises to 38% at the base
but decreases to 16% at the top of this zone. Endosporites papillatus
remains common (up to 19%). The lycopod spores Densoisporites and
Lundbladispora decrease dramatically in abundance compared to the
preceding zone. Other rare occurrences include the spore taxa
Apiculatisporis parvispinosus, A. spiniger, Baculatisporites rarebaculatus,
Calamospora mesozoica, Cyathidites minor, Leiotriletes directus and
Punctatisporites minutus.

Age. Late Olenekian (Spathian). Ammonoids and conodonts from
the underlying and overlying limestone beds support the age con-
straints for this palynological zone (Fig. 2). In the underlying lime-
stones, latest early Olenekian (latest Smithian) ammonoids Glyptophi-
ceras sinuatus and Xenoceltites sp., and conodonts Novispathodus
pingdingshanensis and Borinella aff. buurensis were recovered (Brühwiler

Fig. 4. Representative pollen and spores from the Triassic strata in the Tulong area. For each specimen, sample number, slide number and England Finder coordinate
are provided (separated by “/”). A. Densoisporites nejburgii (Schulz, 1964) Balme, 1970, 15TLY-59/10/R31(4). B. Lundbladispora brevicula Balme, 1963, 15TLY-55/9/
H33(4). C. Lundbladispora brevicula Balme, 1963, 13TL-91/1/D25(4). D. Endosporites papillatus Jansonius, 1962, 13TL-96/4/Q24(2). E. Densoisporites playfordii
(Balme, 1963) Dettmann, 1963, 13TL-91/1/P25(4). F. Triplexisporites sp., 13TL-103/8/U34(1). G. Dictyophyllidites harrisii Couper, 1958, 15TLD-12/5/F32. H.
Craterisporites rotundus De Jersey, 1970, 15TLD-9/1/D31(4). I. Staurosaccites quadrifidus Dolby, 1976, 15TLY-25/3/K40(1). J. Concavisporites toralis (Leschik, 1955)
Nilsson, 1958, 15TLD-12/10/S36(1). K. Striatella seebergensis Mädler, 1964, 15TLY-51/6/R21(2). L. Baculatisporites rarebaculatus Jia and Liu, 1986, 13TL-91/2/
S26(3). M. Polycingulatisporites irregularis (Korgenevskaya, 1962) Playford and Dettmann, 1965, 15TLY-72/7/S30(4). N. Striatopodocarpites sp., 15TLY-59/8/J35(1).
O. Aratrisporites wollariensis Helby, 1966, 13TL-91/4/N27. P. Aratrisporites fischerii (Klaus, 1960) Playford and Dettmann, 1965, 15TLD-6/3/O38(4). Q. Cycadopites
sufflavus Visscher, 1966, 15TLD-2/3/J27(2). R. Striatoabieites sp., 15TLY-32/4/M25(4). S. Abietineaepollenites microalatus Potonié, 1951, 15TLD-9/1/L25(2). T.
Lunatisporites sp., 15TLY-32/1/R29(4). U. Lunatisporites sp., 15TLD-6/5/G23(2). V. Pinuspollenites stinctus (Bolkhovitina, 1956) Shang, 1981, 15TLY-32/8/O36(1).
Scale bar= 20 µm.
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Fig. 5. Relative abundances of major vegetation components, raw richnesses of genera and species through the integrated Triassic succession at Tulong. “+”
represents relative abundances of< 4%. P.= Permian, N.=Nimaluoshenza, I.= Induan, L.= Ladinian, ED= Endosporites–Densoisporites,
BA=Bisaccates–Aratrisporites, T= Triplexisporites, D=Dictyophyllidites harrisii. See Fig. 2 for lithological legends.
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et al., 2009). In the overlying beds of red shales, the early late Olene-
kian (early Spathian) conodont Columbitella elongatus was recovered
(Brühwiler et al., 2009). Thus a late Olenekian (Spathian) age assign-
ment is interpreted for the Bisaccates–Aratrisporites Abundance Zone.

Correlation. Schneebeli-Hermann et al. (2012) described a similar
Spathian palynoflora from the same part of the succession in the Tulong
area, likewise this was characterized by dominant undifferentiated bi-
saccate pollen, abundant Aratrisporites and low abundances of Densois-
porites and Lundbladispora. The slight difference between our data and
those presented in Schneebeli-Hermann et al. (2012) is that taeniate
bisaccate pollen slightly increased in the Spathian palynoflora of
Schneebeli-Hermann et al. (2012) while we recorded a decline to rare
occurrences.

4.2. Palaeovegetation and climate

The vegetation reconstruction (Fig. 5) was based on 33 samples;
analysis of the palynological data reveals that the Triassic vegetation of
Tulong comprises a mixture of bryophytes, lycophytes, sphenophytes,
ferns, pteridosperms, conifers and cycadophytes. Three vegetation
stages are recognized based on abundance patterns of major vegetation
components: (1) lycophyte-dominated, (2) transitional and (3) conifer-
dominated.

The uppermost Permian in the Tulong area is represented by dark
grey shales, while the basal Triassic comprises limestones interbedded
with shales. Pollen and spores from the Upper Permian were previously
described by Rao and Zhang (1985) from a section located to the south
of Tulong Village. The assemblage contained typical Permian–Triassic
elements including abundant taeniate bisaccate pollen grains and Ara-
trisporites (Rao and Zhang, 1985). However, in this study the Permian
and basal Triassic samples were barren of pollen and spores.

The lycophyte-dominated flora at the base of the sequence occurs
within the lower Olenekian Endosporites–Densoisporites Abundance
Zone. This is a low-diversity assemblage overwhelmingly dominated by
the lycopod spores Endosporites papillatus, Densoisporites and
Lundbladispora, which together comprise 65–98% of the assemblage
(Figs. 3 and 5). The dispersed lycopod spores of Densoisporites, En-
dosporites and Lundbladispora are morphologically comparable to spores
found in situ within reproductive structures of Pleuromeia (e.g., Balme,
1995). Pleuromeia, unlike the majority of lycophytes, is thought to have
occupied arid environments (e.g., Wang, 1991; Cantrill and Webb,
1998; Deng, 2007), and the proliferation of this plant is a pattern that
has been recorded globally through this interval (Looy et al., 1999,
2001; Grauvogel-Stamm and Ash, 2005). Further, the absence of humid
indicators also suggests an arid environment (Van Konijnenburg-Van
Cittert, 2002). Pleuromeia, which records a decrease in abundance from
the lower to upper Olenekian perhaps indicates a regional climate
change from hot arid to more temperate humid conditions at Tulong.
This is supported by oxygen isotope analyses of conodont apatite from
South China and northern Pakistan (Sun et al., 2012; Romano et al.,
2013), which records a positive excursion at the lower/upper Olenekian
boundary corresponding to a ~7.5 °C temperature drop (Romano et al.,
2013).

Pteridosperms and conifers are also present in the lycophyte-
dominated flora, but in lower abundances. Pteridosperms are mainly
represented by taeniate bisaccate pollen including Lunatisporites,
Protohaploxypinus, Striatoabieites and Striatopodocarpites, which together
comprise up to 17% of the lycophyte-dominated flora. Conifers are
mainly represented by non-taeniate bisaccate pollen including
Abietineaepollenites and Pinuspollenites, which together comprise up to
15% of the lycophyte-dominated flora. Cycadophytes are represented
by Cycadopites sufflavus and occur in low abundances.

The upper Olenekian Bisaccates–Aratrisporites Abundance Zone re-
presents a transition from the lycophyte-dominated, to the conifer-
dominated flora. Lycophytes, represented by Aratrisporites,
Densoisporites, Endosporites papillatus and Lundbladispora, comprise 59%

of the flora in the lowermost sample of the transitional succession, but
drop to 16% in the uppermost part. Among these lycophytes,
Aratrisporites is dominant (16–38%) with common Endosporites pa-
pillatus (11–19%; Figs. 3 and 5). Fern spores, mainly represented by
Apiculatisporis parvispinosus, A. spiniger, Baculatisporites rarebaculatus
and Punctatisporites minutus, are present and reach up to 9% in the
uppermost sample within the transitional vegetation. Conifers gradu-
ally increase in abundance through this interval and comprise 65% in
the upper part of the flora (Fig. 5). Following the Olenekian, conifers
remain dominant and ferns increase in abundance (Fig. 5) perhaps re-
flecting a shift to cooler, more temperate conditions.

The conifer-dominated flora encompasses the Middle to Upper
Triassic Triplexisporites Interval Zone, the Staurosaccites quadrifidus
Taxon-range Zone, the Striatella Interval Zone, the Craterisporites ro-
tundus Taxon-range Zone and the ‘Dictyophyllidites harrisii zone’.
Conifers, represented by the pollen Abietineaepollenites, Pinuspollenites
and indeterminate non-taeniate bisaccate pollen, remain abundant and
comprise 98% of the palynological assemblage in sample 13TL-100,
suggesting an expansion of conifer forests during the Anisian.
Cycadophytes, represented by Cycadopites spp., Chasmatosporites elegans
and Monosulcites sp., increase in abundance in the Carnian and re-
present up to 15% of the conifer-dominated flora. Spores of spheno-
phytes comprise up to 15% in the lower Carnian, which subsequently
decrease in abundance following the upper Carnian. Ferns are slightly
more abundant and exhibit higher raw richnesses in the conifer-domi-
nated flora compared to the transitional flora (21 species in 14 genera
compared to five species in four genera). Lycophytes, pteridosperms
and bryophytes are rare in the conifer-dominated flora (Fig. 5).

4.3. Regional tectonic evolution and vegetation changes

During the Early Triassic, the Tulong area of southern Xizang was
situated on the northern margin of Gondwana (Ogg and von Rad,
1994). The breakup of Gondwana at this time, through the rifting of the
Lhasa Block from the southern Xizang Block, initiated the opening of
Neo-Tethys (e.g., McLoughlin, 2001; Pan et al., 2012; Metcalfe, 2013).

The Triassic succession in the Tulong area exhibits a shift from an
epicontinental sea basin to a deep water rift basin (Shi, 2001; Brühwiler
et al., 2009). This process started with an extensional stage during the
latest Permian to Early Triassic when the Tulong area subsided slowly
to form an epicontinental sea basin. A deepening upwards trend is
apparent according to the low energy water in the uppermost part of
the lower Olenekian (Brühwiler et al., 2009). The increased input of
siliciclastics in the upper Olenekian shales and the development of red
limestones immediately above, suggests a deepening of the marine
environment. The facies of the red limestones resembles the well-
known ‘Ammonitico Rosso’ facies from the Jurassic of the Mediterra-
nean region, which has been interpreted as a deep outer shelf plateau
setting (Brühwiler et al., 2009). Increased oceanic currents would have
likely entered the basin with more water vapor, increasing precipitation
in the Tulong area. Following the late Olenekian, humidity gradually
increased, providing an improved environment for the ferns. Since the
Anisian, the epicontinental basin further extended and deepened to
form a deep water rift basin in the Late Triassic (Shi, 2001). At this
time, the basin entered a tectonically stable stage, in parallel with the
evolution of a stable conifer-dominated flora and a humid and tempe-
rate climate (Fig. 6).

Twelve sequences have been identified in the Tulong succession
based on sequence stratigraphy, which include four sea level highs
(sequences TSq1—4) in the Lower Triassic (Shi, 2001) (Fig. 6). The
sequence TSq2 has been correlated with the global Triassic sea level
high in the early Olenekian (Haq, in press) (Fig. 6). The early Olenekian
transgression in the Tulong area was the largest of the Early Triassic
(Shi, 2001), but the largest Early Triassic transgression in the global
record occurred during the Induan (Haq, in press; Fig. 6), suggesting
that the regional sea levels in the early Olenekian were strongly
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Fig. 6. Correlation between the palaeovegetation and palaeoclimate evolution and the regional tectonic process at Tulong during the Triassic. Time scale after Ogg
et al. (2016), global sea level after Haq (in press), local sea level after Shi (2001). Note the stronger transgression of TSq2 and an additional transgression of TSq3 at
Tulong compared to the global sea-level changes, which is probably a result of regional rifting and deepening (highlighted by shaded blocks).
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influenced/controlled by regional tectonics. In the Tulong area, the
early late Olenekian transgression following TSq2 contrasts the global
regression (Fig. 6), which is likely a result of enhanced regional tectonic
movements or specifically, the ongoing rifting of northern Gondwana.

5. Conclusions

Three floras were recognized through the Triassic succession of the
Tulong area, southern Xizang (Tibet): (1) an early Olenekian lycophyte-
dominated flora; (2) a late Olenekian transitional flora; and (3) a
Middle to Late Triassic mature conifer-dominated flora. Based on
changes in dispersed pollen and spore assemblages we record sig-
nificant shifts in dominant parent-plant abundances that suggest a re-
gional cooling and increase in humidity during the Olenekian. The
rifting of northern Gondwana is hypothesized as a driving factor for
shifts in vegetation communities in the Tulong area.
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