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Abstract: The fossil wood genus Xenoxylon is reported in-situ for the first time in the
Indosinian terrane, from the Mesozoic continental redbeds of the Phu Kradung
Formation (Khorat Group). Palinspatic recontruction, palaeobiogeography and
correlation with other occurences of the genus, in southern China as well as in
Vietnam, suggest a middle Jurassic age for the Phu Kradung Formation level yielding
the fossil wood. As the dating of this formation is still controversial, our data is an
important step towards a better understanding of southeast Asia Mesozoic continental
redbeds geological history, palaeoecology and significance for the evolution of the
vertebrates.

Key-words: palaeobiogeography; Indosinian terrane; continental redbeds.

1 Introduction

Continental Mesozoic redbeds are an important feature of southeast Asia geology.
The stratigraphy of several of them is still, however, poorly constrained. This is partly
due to the uniform sedimentation and the lack of characteristic fossils, most of the up
to now documented palaeobiota being stratigraphically uninformative terrestrial
organisms. Only if better time-constrained, would the great phylogenetical interest of
these Mesozoic terrestrial fauna and flora of southeast Asia be fully exploited.
Moreover, a better dating of the southeast Asia redbeds would help to understand their
formation, classical scenarii being challenged by the evidences that a ca 15°
clockwise rotation and ca 1700 km southeastward translation occurred, starting from
the Early Cretaceous (Carter & Bristow, 2003; Singsoupho et al., 2015).

Fossil wood has demonstrated some potential for the dating of southeast Asia
Mesozoic redbeds (Philippe et al., 2004, 2011). One of the fossil woods encountered
there, belonging to the genus Xenoxylon, is distributed all through the Late Triassic —
Late Cretaceous interval in the northern hemisphere (Philippe et al., 2009). It usually
occurs north of 45°, but there are some exotic data from continental Mesozoic redbeds
in South-East Asia (Boureau 1950, Vozenin-Serra & Privé-Gill, 1991; Boonchai et
al., 2017). These Xenoxylon occurences are questionning as the genus is supposedly
an indicator of mid- to high palaeolatitudes and cool or wet climates (Philippe et al.,


mailto:thevenard@univ-lyon1.fr
mailto:philippe@univ-lyon1.fr

2013; Oh et al., 2015). Frustratingly none of the above mentionned southeast Asia
Xenoxylon fossils were found in-situ, except for the Vietnamese data, the age of
which has been considered dubious (Boureau, 1950).

Here we report the discovery in Thailand of the first in-situ Xenoxylon fossil wood
for southeast Asia. The southern China and southeast Asia genus record is compiled
from a bibliographical survey, and ages are reconsidered. Use of palinspatic
reconstruction allows to replace the data in a palaeobiogeographical framework. The
stratigraphical and palaeoecological implications are discussed.

2 Materials and Methods

2.1 Field work
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Figure 1a: Location of the Phu Por site in Kalasin Province, Thailand. Abbreviations
are for the different formations of the Khorat group: Jpk = Phu Kradung; Jpw = Phra
Wihan; Kkk = Khok Kruat; Kpp = Phu Phan; Ksh = Sao Khua (in ascending order). Q

is for Quaternary.
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Figure 1b: Correlation between Phu Por and Phu Noi fossil localities. Phu Noi, a
prominent dinosaur site, is stratigraphically slightly below Phu Por, and belongs to the
same soft beds of the Phu Kradung Formation. The collection sample described in this

paper is from “Phu Por site B”, eastern side of the mountain.

Phu Por (Fig. 1a&b ; Phu Phan mountain range, Baan Na Bon area, Kham Muang
District , Kalasin Province, Thailand) is an important locality for Mesozoic
palaeontology (Cuny et al., 2014). Numerous petrified tree trunks have been found
there, weathered out from the sandstone matrix, but still in-situ. There are some large
logs, more than 2 m long, as well as smaller fragments found scattered all over the
area (Fig. 2), especially at two sites on the two sides of Phu Por Hill, respectively Phu
Por A and Phu Por B (Fig. 1b). In 2015 and 2016 a team from the Palaeontological
Research and Education Centre (PRC), Mahasarakham University, surveyed the
petrified wood sites, raising public awareness in petrified wood conservation with
local Baan Na Bon community and collected some wood samples from Phu Por B
(16.930326, 103.702724; Fig 1, 2). Phu Por is close to the site of Phu Noi, one of the
most famous dinosaur sites, where numerous dinosaur fossils similar to those of
Jurassic Chinese dinosaur, Sinoraptor and Mamenchisaurus were found (Buffetaut et
al., 2014; Cuny et al., 2014).
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Figure 2: Weathered out silicified logs at Phu Por site B.

Phu Por sites A and B belong to the same level, which overlay the fauna yielding
those cropping out in Phu Noi (Fig. 3). The two sites are lithostratigraphically similar
and belong to the lower part of the upper Phu Kradung Formation (Cuny et al., 2014).
The age of these levels is controversial. Racey & Goodall (2009) propose an Early
Cretaceous age for most if not all of the Phu Kradung Formation, based on
palynomorphs. However, the Phu Kradung Formation could be at least partly Jurassic
in age (Meesok & Sha, 2010). Indeed fauna and microfauna clearly have Jurassic
affinities, at least in the zone 3 (Cuny et al., 2014), of the Phu Kradung Formation,

which includes the Phu Noi levels as well as the wood-yielding Phu Por B levels.
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Figure 3: Lithostratigraphical and geometrical relationships of the Phu Por (A and B)

and Phu Noi sites. The wood yielding level at Phu Por overlays the famous fauna rich
Phu Noi levels. The blank levels, marked with an oblique cross, do not crop out.

2.2 Laboratory

Wood samples were cut and partially prepared at PRC. The thin sections were then
prepared at the Université Claude Bernard Lyon 1, France, using standard
petrographic ground method, including grinding with silicon carbide powders and
mounting on slides with Thermoplastic, before microscopic investigation. Slides were
examined with a Leica DN1000 microscope, photographed with a Leica ICC50HD
camera, and images managed with Leica Application Suite.

The collected samples are stored in the collection of PRC.

3 Results



3.1 Systematic palaeontology

Two taxa were recognized among our material (Table 1).

Table 1: List of studied samples (Phu Por B locality, Kham Muang District , Kalasin

Province, Thailand) and their identification.

Samples Identification

PP 15-01 | Brachyoxylon serrae

PP-15-02 | Undetermined

PP-15-03 | Undertemined

PP-15-04 | Undetermined

PP-15-05 | Xenoxylon
phyllocladoides

PP 16-01 | Brachyoxylon serrae

PP-16-02 | cf. Brachyoxylon

PP-16-03 | Brachyoxylon serrae

PP-16-04 | Brachyoxylon serrae

PP-16-05 | Brachyoxylon serrae

PP-16-06 | Brachyoxylon serrae

Most samples (6 out of 11) are assigned to Brachyoxylon serrae Philippe,
Suteethorn & Buffetaut, a taxon already reported several time from the Phu Kradung
Formation, both in Thailand and in Laos (Philippe et al., 2011, 2014). Samples PP-15-
02, PP-15-03 and PP-15-04 are too poorly preserved to be identified. Only sample PP-
15-05 is described below.

Order: Pinales
Family: unknown

Genus: Xenoxylon Gothan

Xenoxylon phyllocladoides Gothan, Verh. Russ.-Kais. Mineral. Gesell. 44: 454, fig. 4.
1906.
Type: as the Gothan’s type material is lost, a neotype was proposed and illustrated by

Philippe et al. (2013). It originates from the Bathonian of Poland.



Description of the material (Figure 4):

A tracheidoxyl with growth-rings. Late wood narrow, sharply differentiated from
the early wood, limited to 2-4 layers of radially much flattened tracheids. Axial
parenchyma and resin canals not observed. Tangential walls of tracheids unpitted.
Rays composed of one type of cell only (homocellular), the marginal cells not to only
slightly broader than the inner ones. Rays 1 to 10 cells high (mean =4.74; SD =2.7; n
= 37). Pitting on the radial walls of the tracheids of the “phyllocladoides” type
(Philippe et al., 2013), with mostly uniseriate obround contiguous pits. Locally radial
pits are in much flattened xenoxylean clusters. Biseriate pits are either opposite or
alternate. Sanio’s rims not observed. Early wood cross-field pits single, large,
subquadrate to obround unborded oopores, late wood cross-field pits quadrate

oopores.

Figure: 4: All views from sample PP-15-05, kept in PRC collection, Thailand; all
views from radial section; a) uniseriate mixed type of radial pitting, pits elliptic to
obround; b) xenoxylean pitting, with much wider than high pits on the radial wall of

tracheids; c) mixed type of radial pitting, including some xenoxylean pits and spaced



pits, and a ray with large fenestriform oopores, early wood; d) Xenoxylon typical

cross-field pitting in the early wood.

Identification:

Co-occurrence of xenoxylean radial pitting, phyllocladoides type of radial pitting
and large fenestriform oopores in croos-field is typical for Xenoxylon phyllocladoides
(Philippe et al., 2013). Here cross-fields are never as radially elongated as for
Xenoxylon huttonianum (Witham) Philippe & Hayes. The lack of axial parenchyma

and radial pitting features discard Xenoxylon hopeiense Chang

3.2 Occurences of Xenoxylon in SE Asia (South of 30°N, modern latitude), a
survey

The genus was first quoted for southeast-Asia by Boureau (1950). This occurrence
is based on two samples which were collected on the ground, weathered from the rock
of the “Série de Tho-Lam”, apparently not reworked in alluvial deposits, close to
Nong-Son coal mine, south-west of “Tourane” in Quang-Nam Province (Vietnam,
Boureau, 1950). The coal mine is still active at this location, Qué Trung commune,
Qué Son district, Quang Nam province (15.716308, 108.0310147). Stratigraphically
the samples originate from redbeds overlying marine levels with ammonites dated as
Hettangian. According to Khuc et al. (2005) this wood level belongs to the Ban Co
Fm, which they date as Middle Jurassic. However, these redbeds are now considered
as an independent unit of the Tho Lam Gr., namely the Huu Chanh Fm (Thanh &
Khuc, 2011). The Huu Chanh Fm. conformably overlays the ca. 150 m thick Khe Ren
Fm, the basis of which contains ammonites dated as Sinemurian - Toarcian (Khuc &
Cariou 1998; Meister et al., 2000; Thanh & Khuc, 2011). The upper boundary of the
ca. 500 m thick Huu Chanh Fm is unknown, and fossil woods are within the upper
part. North of the Nong Son basin the Bai Dinh Fm was recently described (Thanh &
Khuc, 2011), where similarly marine sediments grade into red beds, yielding a
Jurassic palynoflora. On the basis of its stratigraphic relationships the Huu Chunh Fm
is assigned to the Middle-Jurassic.

Later on, the genus Xenoxylon was repeatedly reported from Mekong alluvial
deposits (Vozenin-Serra & Prive-Gill, 1991; Boonchai et al., 2017), always south of
Vientiane (Laos). Although these samples were not in-situ, the relatively high



occurrence hints to a sub-local source, not yet determined, from within the Khorat
group.

More recently the genus Xenoxylon was documented from China southern
provinces of Yunnan and Henan (Miao et al., 1989; Liu et al., 2001; Feng et al.,
2015). There are also some occurences from the Late Triassic of Southern China (see
Tian et al., 2016), which are not discussed here. In Henan, the Xenoxylon wood
reported by Miao et al. (1989) comes from the Yima coal mine. These levels are
assigned to the Yima formation, with Coniopteris and Phoenicopsis, an assemblage
which is considered typical for Middle Jurassic strata, possibly Bajocian to early
Bathonian (Kang, 1988; Zhou & Zhang, 1989). Pollen assemblages also suggest a
middle Jurassic age for the Yima coal (Zhang, 1965). More recent work suggests that
part of the Yima coal might be partly Late Jurassic in age (Zeng et al., 1995). Until
now no palaeontological data allows to safely put aside that at least part of the Yima
coal could be Callovian in age.

In Yunnan, Liu et al. (2001) found Xenoxylon in the Lanping — Shimao Basin,
drained by the Bijang River, a tributary of the Mekong. The geological level is a
copper-ore known as the Jinman copper layer, belonging to the upper part of the
Huakaizuo Formation (Ji & Li, 1998; Liu et al., 2002). This copper layer is
supposedly late Mid-Jurassic in age (Wang & Lu, 1991), and metallogenesis took
place later, during the Tertiary (Liu et al., 2001 ; Feng et al., 2015). More recent
investigations suggested an early Late Jurassic age (Zhang et al., 2012).

The other Yunnan Xenoxylon wood is from Laobaiyan, in Huize county (Feng et
al., 2015). It originates from the middle part of the lower unit of the Shaximiao Fm.
(this lower unit being sometimes known as the Xiashaximiao Fm.), which is
lithostratigraphically assigned to the Middle Jurassic (Liu et al., 2001). A Bajocian to
Bathonian age was assigned to the upper unit of the Shaximiao Fm. by Li et al. (2011)
but later Lu et al. (2015) bracketed the Shaximiao Fm between 175 and 156 My. On
the basis of zircon Wang et al. (2018) dated the Xiashaximiao Fm. at 159 + 2 Ma,
thus a younger age than previously proposed. Hence it is probably wise to remain
cautious and to assign a broad late Middle Jurassic — early Late Jurassic age for this

Xenoxylon data.

4 Discussion
4.1 Palinspatic reconstruction



Indochina accreted to southern China at the end of the Triassic (Faure et al., 2014).
Post Rhaetian data of Xenoxylon for southeast Asia and southern China are plotted on
a modern map (Figure 5A). Then, Indosinian plate is graphically translated 1700 km
northwestward along the Ailao Shan — Red River fault system and rotated 15° anti-
clock wise (Singsoupho et al., 2015), in order to reconstruct what could have been the

mid-Cretaceous palaeogeography Figure 5B).
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Figure 5: Xenoxylon record in South-China and Southeast Asia; red stars for in-situ
samples, green stars for data based on reworked samples. A on a modern geographical
background. B on a palinspatic reconstruction for the Jurassic based on Singsoupho et
al. (2015) results. Our reconstruction considers Sibumasu terrane (west of the dotted

line) as already accreted, which is still partly controversial.

On figure 5A Xenoxylon occurrences have a meridian distribution, a rare case for a
plant species, however on figure 5B they have a more classical distribution, as a
latitudinal belt. This belt was located, according to Charusiri et al. (1997) or Metcalfe
(2013), at 20°N (palaeolatitude), however, other reconstructions put the Khorat Basin
center of gravity during the Mid-Jurassic at 23.8°N or even 25°N (Singsoupho et al.,
2015; Carter and Bristow, 2003). Ziegler et al. (1996) position the Sichuan basin at
37°N during the Late Jurassic. In Europe at that time the genus Xenoxylon was
documented from 33°N to 70°N (Philippe et al., 2017).

4.2 Stratigraphic implications



The palaeobiogeographical reconstruction evidences suggest therefore that, instead
of being scattered over southeastern Asia without a clear logic, Xenoxylon
occurrences are concentrated in a large basin, dominated by fluvial and lacustrine
silicoclastic sedimentation during most of the Mesozoic, including Sichuan basin and
Khorat basin. In these two basins Xenoxylon is a rare find. It is thus tempting to
consider that all the corresponding occurences are coeval. If a mid-Jurassic to early
Late-Jurassic age is admitted for the Vietnamese and the Chinese occurences (Table
2), then the Thai data is probably of the same age.

Table 2: Age of the different Xenoxylon data in southeast Asia and southern China

Vietnam Henan Yunnan 1 Yunnan 2
reference Boureau, 1950 | Miao et al., Liuetal., Feng et al.,
1989 2001 2015
Age Mid Jurassic Mid Jurassic, | latest Mid Late Mid
possibly early | Jurassic or Jurassic to
Late Jurassic | earliest Late early Late
Jurassic Jurassic

It is worth noting that a number of Xenoxylon occurences are reported from the
Tethys northern margin: Afghanistan (Sitholey, 1940); Iran (Nadjafi in Philippe &
Thévenard, 1996); Georgia (Delle, 1960). To all these data, often associated to coal
deposits (Vaez-Javadi, 2018), are assigned a Middle Jurassic age. Northward, in Asia
as in Europe, Xenoxylon is known through all the Jurassic (Philippe et al., 2009).
Worldwide, Xenoxylon is found south of 45°N (palaeolatitude) associated to
Brachyoxylon, as here in Thailand, only during the Bathonian — Early Oxfordian
interval (Oh et al., 2015).

During the Mesozoic Western Europe and Eastern Asia had very different
palaeogeographies. While the former was a low-lying archipelago for most of the time
interval, Eastern Asia was much more continental, with several high mountain ranges
(for a reconstruction see Philippe et al., 2014). Keeping this limitation in mind, it is
now well established that in Europe, during the Jurassic, the southern limit of

Xenoxylon range oscillated much (Figure 6; Philippe et al., 2017).
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Figure 6: Palaeolatitude of the southernmost limit of the Xenoxylon range in Europe

during the Jurassic; data from Philippe et al. (2017).

These oscillations were probably under global climate determinism and, although
Asian palaeogeography was different, surely also impacted Asian Xenoxylon
distribution. For the Jurassic of Europe, it is in the Late Pliensbachian and early
Oxfordian that Xenoxylon reached his southernmost limit. It is thus possible that the
southern Asia Xenoxylon data could be dated as Oxfordian. Although it might seem
somewhat contradictory with the dates given in Table 2, it is much more
parcimonious than to suppose a Liassic age.

The genus Xenoxylon is well distributed in the Jurassic of China, north of Qinling-
Dabie range (Philippe et al., 2009; Oh et al., 2015). A cooling or wetting event might
have temporarily extended southward the southern limit of this genus, from its
northern strongholds, through the Qilian-Qinling Orogenic Belt (Bao et al., 2014) and
down to the Khorat basin.

The Callovo-Oxfordian cooling event identified in Europe (Dromart et al., 2003),
and which is recorded by Xenoxylon there (Figure 6), is a good candidate for the
climatic oscillation which drove Xenoxylon as south as Thailand, Laos and Vietnam.
Zeng et al. (1998) hypothesized, on the basis of three palynoflora from Yima coal
mine, that the timing of climatic oscillations might have been different in southern
China as compared to Siberia or Europe, with a mid-Jurassic warming starting earlier.
It does not, however, dismiss the possibility of synchronous cold snaps later on, e.g. at
the end of the Middle Jurassic.



In addition, the shark fauna recovered from Phu Noi also points to a middle
Jurassic age. The unusual shark dermal denticles from this site were indeed until then
only known from the Khlong Min Formation in southern Thailand, which was dated
as Bathonian-Callovian in age (Cuny et al., 2009; Cuny et al., 2014) whereas
Jiaodontus, another hybodont recovered at Phu Noi, was so far restricted to the
Oxfordian of northwestern China (Klug et al., 2010). The presence of these two taxa
supports therefore the Callovo-Oxfordian age suggested by the presence of Xenoxylon
in the overlying beds. The rest of the Phu Noi shark fauna, being composed of
stratigraphically long-ranging taxa, cannot help to more precisely discuss the age of
the site (Cuny et al., 2014).

4.3 Red beds palaeoecological interpretation

Thai redbeds are usually interpreted as deposited under uniform hot and dry
climates (Horiuchi et al., 2012). This was questioned, however, by Jiang et al. ( 2015)
and it might be possible that at least part of these redbeds deposited under wetter and
cooler climate than the usually supposed one.

The huge amount of large silicified logs, with large growth-rings, encountered in
some parts of the Khorat groups, is hardly compatible with a dry and hot climate.

After Philippe and Thévenard seminal study (1996), several contributions
confirmed that the wood genus Xenoxylon is bound to moist setting, with not
limitating water availability (Philippe et al., 2009, 2013; Jeong et al., 2014; Oh et al.,
2015; Tian et al., 2016; Tramoy et al., 2016).

From the Phu Kradung Formation of the Khorat group, Shimakuroxylon, another
palaeobiogeographically significant genus, was reported (Philippe et al., 2014). This
genus is endemic to a zone bearing a southern type of flora. There is no safe Jurassic
data for Shimakuroxylon. In the Upper Jurassic of Japan, however, Xenoxylon and
Shimakuroxylon are never encountered together, but associated to very different leaf
flora types, namely the Ryoseki vs. Tetori types (Kimura, 1987). Whereas Xenoxylon
points out a wet and possibly cool climate, Shimakuroxylon was associated to warm
tropophilous climate.

The apparent lithological uniformity of Khorat Group redbeds thus possibly hides
different palaeoecological setting for its deposition. This seems to support Jiang et
al.’s hypothesis according to which several of the lithological features of this
formation could possibly be determined by post-deposit events.



Acknowledgments:

This work was supported by the Mahasarakham University Development Fund and
the National Research Council of Thailand (NRCT) for the fiscal year 2017. Thanks
also to the Hubert Curien Programme Siam 35805V L from the French Foreign Office.

We thanks Thanit Nonsrirach for preparing thin sections of petrified wood at the
PRC laboratory, Mahasarakham University and bringing it to Lyon. Yongdong Wang
and Zhuo Feng kindly contributed with discussion about Chinese stratigraphy.
Weerwat Sereeprasirt and Chanon Suriyonghanphong kindly shared stratigraphical
information about Phu Por and Phu Noi. Eric Buffetaut help and advices are much

appreciated.

References:

Bao, C., Chen, Y., Li, D., Wang, S.. 2014. Provenances of the Mesozoic sediments in
the Ordos Basin and implications for collision between the North China Craton
(NCC) and the South China Craton (SCC). Journal of Asian Earth Sciences 96,
296-307.

Boonchai, N., Philippe, M., Carling, P.A., Meshkova, L., 2017. A preliminary
investigation of fossil wood from the Lower Mekong Basin of Southeast Asia.
Global Geology 20, 2-14.

Boureau, E., 1950. Contribution a [I'étude paléoxylologique de I'Indochine. I :
présence du Xenoxylon latiporosum (Cramer) Gothan dans le Lias du Centre-
Annam. Bulletin du Service géologique d’Indochine 29, 1-16.

Buffetaut, E., Suteethorn, S., Suteethorn, V., Deesri, U., and Tong, H., 2014.
Preliminary note on a small ornithopod dinosaur from the Phu Kradung
Formation (terminal Jurassic - basal Cretaceous) of Phu Noi, north-eastern
Thailand. Journal of Sciences and Technology - MSU 33, 344-347.

Carter, A., Bristow, C.S., 2003. Linking hinterland evolution and continental basin
sedimentation by using detrital zircon thermochronology: a study of the Khorat
Plateau Basin, eastern Thailand. Basin Research 15, 271-285.

Charusiri, P., Kosuwan, S. & Imsamut, S. 1997. Tectonic evolution of Thailand: from
Bunopas (1981)s to a new scenario. Proceedings of the International Conference
on Stratigraphy and tectonic evolution of Southeast Asia and the South Pacific,
Bangkok 19-24 August 1997, 1, 414-20. Bangkok, Division of Mineral Resources.



Cuny, G., Liard, R., Deesri, U., Liard, T., Khamha, S., Suteethron, V., 2014. Shark
faunas from the Late Jurassic—Early Cretaceous of northeastern Thailand.
Paldontologische Zeitschrift 88, 309-328.

Cuny, G., Srisuk, P., Khamha, S., Suteethorn, V., Tong, H., 2009. A new
elasmobranch fauna from the Middle Jurassic of southern Thailand. In : Late
Palaeozoic and Mesozoic Ecosystems in SE Asia, Buffetaut, E., Cuny, G., Le
Loeuff, J., Suteethorn, V. (Eds.), The Geological Society, London, Special
Publications 315, 97-113.

Delle, G.V., 1960. Novie dannie o Yurskoi flore Dtkvarcheli. Doklady Akademia
Nauk SSSR 133, 1150-1153 (in russian)

Dromart, G., Garcia, J.-P., Picard, S., Atrops, F., Lécuyer, C., 2003. Ice age at the
Middle-Late Jurassic transition? Earth and Planetary Science Letters 213, 205-220.

Faure, M., Lepvrier, C., Nguyen, V., Vu, T., Lin, W., Chen, Z., 2014. The South
China block-Indochina collision: Where, when, and how? Journal of Asian Earth
Sciences 79, 260-274.

Feng, Z., Wei, H., Wang, C., Chen, Y., Shen, J., Yang, J., 2015. Wood decay of
Xenoxylon yunnanensis Feng sp. nov. from the Middle Jurassic of Yunnan
Province, China. Palaeogeography, Palaeoclimatology, Palaeoecology 433, 60-70

Horiuchi, Y., Charusiri, P., Hisada, K.-I., 2012. Identification of an anastomosing
river system in the Early Cretaceous Khorat Basin, Northeastern Thailand, using
stratigraphy and paleosols. Jouranl of Asian Earth Sciences 61, 62-77.

Jeong, E.-K., Oh, C., Kim, K., Paik, I.-S., Philippe, M., Kim, H.-J., Lim, J.D., 2014.
Co-occurrence of Xenoxylon meisteri Palibin et Jarmolenko and fossil tree ferns
within the Lower Cretaceous of Mt. Geummubong, Korea and its palaeoclimatic
implications. Cretaceous Research 50, 120-125.

Ji, H., Li, C., 1998. Geochemistry of Jinman copper vein deposit, west Yunnan
Province, China. Chinese Journal of geochemistry 17, 81-90.

Jiang, L., Chen, G., Grapes, R., Peng, Z., 2015. Thermal origin of continental red beds
in SE China: An experiment study. Journal of Asian Earth Sciences 101, 14-19.
Kang, M. 1988. Mesozoic coal-bearing strata of Yima, Henan. Journal of Stratigraphy

2,81-92

Kimura, T., 1987. Recent knowledge of Jurassic and Early Cretaceous floras in Japan
and phytogeography of this time in East-Asia. Bulletin of Tokyo Gakugei
University sect. IV Mathematics and natural sciences 39, 87-115.



Khuc, V. and Cariou, E. 1998. Ammonites from Jurassic basins of Viet Nam and their
stratigraphic implications. Journal of Geology 11-12, 107-120.

Khuc, V., Meister, C., Tran Huyen, D., 2005. New results of the study on early
Jurassic ammonites from Viet Nam and their stratigraphic implications.
International subcommision for Jurassic stratigraphy newsletter 32, 38-41.

Klug, S., Tutken, T., Wings, O., Pfretzschner, H.-U., and Martin, T., 2010. A Late
Jurassic freshwater shark assemblage (Chondrichthyes, Hybodontiformes) from the
southern Junggar Basin, Xinjiang, Northwest China: Palaeobiodiversity and
Palaeoenvironments 90, 241-257.

Li, K., Liu, J., Yang, C., Hu, F., 2011. Dinosaur assemblages from the Middle
Jurassic Shaximiao Formation and Chuanjie Formation in the Sichuan-Yunnan
Basin, China. Volumina Jurassica 9, 21-42.

Liu J.J., Li C.Y., Zhang Q., Pan J.Y., Liu Y.P., Liu X.F., Liu S.R., Yang W.G. 2001.
Wood textures in Jinman copper deposit in western Yunnan and their genetic
implications. Science in China D 44, 545-554.

Liu, J., Li, Z., Zhang, Q., Liu, Y., Li, C., He, M., Sang, H., Yang, W., Yang, A., 2002,
40Ar39Ar fast neutron activation ages of quartz from the Jinman vein copper
deposit in Western Yunnan and their significance. Chinese Journal of
Geochemistry 21, 227-233.

Lu, Z.-X,, Ye, S.-J,, Yang, X., Li, R., Qing Y.-H., 2015. Quantification and timing of
porosity evolution in tight sand gas reservoirs: an example from the Middle
Jurassic Shaximiao Formation, western Sichuan, China. Petroleum Science 12,
207-217.

Meesok, A., Sha, Jingeng, 2010. The Jurassic system of Thailand. University of

Science and technology of China Press, Anhui, 125 p.

Meister, C., Khuc, V., Huyen D.T., Doyle, P., 2000. Les ammonites et les bélemnites
du Jurassique inférieur de Huu Nién, province de Quang Nam, Viét Nam. Geobios
33, 79-96.

Metcalfe, 1., 2013. Gondwana dispersion and Asian accretion: tectonic and
palaeogeographic evolution of eastern Tethys. Journal of Asian Earth Sciences 66,
1-33.

Miao, F., Qian, L., Zhang, X. 1989. Peat-forming materials and evolution of swamp

sequences-case analysis of a Jurassic inland coal basin in China. In: Lyons, P.C. &


https://voluminajurassica.org/resources/html/indexerSearch?search=154373&type=author
https://voluminajurassica.org/resources/html/indexerSearch?search=190431&type=author
https://voluminajurassica.org/resources/html/article/details?id=56816
https://voluminajurassica.org/resources/html/article/details?id=56816
https://voluminajurassica.org/resources/html/article/details?id=56816
https://voluminajurassica.org/resources/html/article/details?id=56816
https://link.springer.com/journal/12182

Alpern, B. (Eds.): Peat and coal: origin, facies and depositional models.
International Journal of Coal Geology 12, 733-765.

Oh, C., Philippe, M., Kim, K., 2015. Xenoxylon synecology and palaeoclimatic
implications for the Mesozoic of Eurasia. Acta Palaeontologica Polonica 60, 245—
256.

Philippe, M. & Thévenard, F., 1996. Repartition and palaeoecology of the Mesozoic
wood genus Xenoxylon : palaeoclimatological implications for the Jurassic of
Western Europe. Review of Palaeobotany and Palynology 91, 353-370.

Philippe, M., Suteethorn, V., Lutat, P., Buffetaut, E., Cavin, L., Cuny, G. & Barale,
G., 2004. Stratigraphical and palaeobiogeographical significance of fossil wood
from the Mesozoic Khorat Group of Thailand. Geological Magazine 141, 319-328.

Philippe, M., Jiang, H.-E., Kim, K.-S., Oh, C., Gromyko, D., Harland, M., Paik, I.-S.,
Thevenard, F., 2009. Structure and diversity of the Mesozoic wood genus
Xenoxylon in Far-East Asia: implications for terrestrial palaeoclimates. Lethaia 42,
393-406.

Philippe, M., Suteethorn, V. & Buffetaut, E., 2011. Une nouvelle espéce du genre
Brachyoxylon dans le Crétacé inférieur d'Asie du Sud-Est. Géodiversitas 33, 25-32.

Philippe, M., Thévenard, F., Nosova, N., Kim, K., Naugolnykh, S., 2013. Systematics
of a palaeoecologically significant boreal Mesozoic fossil wood genus, Xenoxylon
Gothan. Rev. Paleobotany Palynology 193, 128-140.

Philippe, M., Boura, A., Oh, C., Pons, D., 2014. Shimakuroxylon a new homoxylous
Mesozoic wood genus from Asia, with palaeogeographical and palaeoecological
implications. Review of Palaeobotany and Palynology 204, 18-26.

Philippe, M., Puijalon, S., Suan, G., Mousset, S., Thévenard, F., Mattioli, E., 2017.
The palaeolatitudinal distribution of fossil wood genera as a proxy for European
Jurassic terrestrial climate. Palaeogeography, Palaeoclimatology, Palaeoecology
466, 373-381.

Racey, A., and J.G.S. Goodall. 2009. Palynology and stratigraphy of the Mesozoic
Khorat Group red bed sequences from Thailand. In: E. Buffetaut, G. Cuny, J. Le
Loeuff, and V. Suteethorn (Eds.) Late Palaeozoic and Mesozoic Ecosystems in SE
Asia. London, Geological Society Special Publications 315, 69-83

Singsoupho, S., Bhongsuwan, T., EIming, S.-A., 2015. Palaeocurrent direction

estimated in Mesozoic redbeds of the Khorat Plateau, Lao PDR, Indochina Block



using anisotropy of magnetic susceptibility. Journal of Asian Earth Sciences 106,
1-18.

Sitholey, R.V. 1940. Jurassic plants from Afghan-Turkistan. Palaeontologia Indica 4,
1-57.

Thanh, T.-D., Khuc, V. (Eds.) 2011. Stratigraphic units of Viet Nam. Hanoi, Vietnam
National University Publisher, 553 p.

Tian, N., Wang, Y., Philippe, M., Li, L., Xie, X., Jiang, Z., 2016. New record of fossil
wood Xenoxylon from the Late Triassic in the Sichuan Basin, southern China and
its palaeoclimatic implications. Palaeogeography, Palaeoclimatology,
Palaeoecology 464, 65-75.

Tramoy, R., Schnyder, J., Nguyen Tu, T., Yans, J., Jacob, J., Sebilo, M., Derenne, S.,
Philippe, M., Huguet, A., Pons, D., Baudin, F., 2016. The Pliensbachian-Toarcian
Paleoclimate transition: New insights from organic geochemistry and C, H, N
isotopes in a continental section from Central Asia. Palaeogeography,
Palaeoclimatology, Palaeoecology 461, 310-327.

Vaez-Javadi, F. 2018. Middle Jurassic flora from the Hojedk formation of Tabas,
central east Iran: biostratigraphy and palaeoclimate implications. Rivista Italiana di
Paleontologia e Stratigrafia 124, 299-316.

Vozenin-Serra, C., Privé-Gill, C. 1991: Les terrasses alluviales pléistocenes du
Mékong (Cambodge). | Les bois silicifiés homoxylés récoltés entre Stung-Treng et
Snoul. Review of Palaeobotany and Palynology 67, 115-132.

Wang, J., Ye, Y., Pei, R., Tian, Y., Feng, C., Zheng, D., Chang, S.-C., 2018. Age of
Jurassic basal sauropods in Sichuan : a reappraisal of basal sauropod evolution.
Geological society of America bulletin 130, 1493-1500.

Wang, R., Lu, W., 1991. Geological characters and prospecting of the Jinman copper
deposit, Lanping County, Yunnan Provinc. Ore Deposit Geology of Southwest
China 5, 34-42.

Zeng, Y., Fan, B., Shen, S., 1998. Paleobotanic evidences about climate getting hot
from Middle Jurassic in Southern border of North China Platform. Coal Geology &
Exploration 26,1-3.

Zeng, Y., Shen, S., Fan, N., Xuan, C., 1995. Characterisation and palaeocology of
flora of Yima formation, Western Henan Province. Journal of China Coal Society
20, 109-112.



Zhang, H., Liu, J., Wu, W., 2012. Geochronology and Tectonic Evolution of the
Lincang Batholith in Southwestern Yunnan, China. Journal of Geological Research
2012, Article ID 287962, 11 pages, doi:10.1155/2012/287962

Zhang, L. C., 1965. Pollen assemblages and their significance in the Yima coal-
bearing series from Mianchi County, Henan Province. Acta palaeontologica sinica
13, 160-169.

Zhou, Z.Y ., Zhang, B. 1989. Middle Jurassic Ginkgo with ovule—bearing organs from
Henan, China. Palaeontographica Abt. B 211,113-133.

Ziegler, A.M., Rees, P.M., Rowley, D.B., Bekker, A., Li Qing, Hulver, M.L., 1996.
Mesozoic assembly of Asia: constraints from fossil floras, tectonics, and
paleomagnetism. In: A. Yin and M. Harrison (Eds.) The Tectonic Evolution of
Asia. Cambridge, Cambridge University Press, pp. 371-400.

Captions

Figure 1a: Location of the Phu Por site in Kalasin Province, Thailand. Abbreviations
are for the different formations of the Khorat group: Jpk = Phu Kradung; Jpw = Phra
Wihan; Kkk = Khok Kruat; Kpp = Phu Phan; Ksh = Sao Khua (in ascending order). Q
is for Quaternary.

Figure 1b: Correlation between Phu Por and Phu Noi fossil localities. Phu Noi, a
prominent dinosaur site, is stratigraphically slightly below Phu Por, and belongs to the
same soft beds of the Phu Kradung Formation. The collection sample described in this
paper is from “Phu Por site B”, eastern side of the mountain.

Figure 2: Weathered out silicified logs at Phu Por site B.

Figure 3: Lithostratigraphical and geometrical relationships of the Phu Por (A and B)
and Phu Noi sites. The wood yielding level at Phu Por overlays the famous fauna rich
Phu Noi levels. The blank levels, marked with an oblique cross, do not crop out.
Figure: 4: All views from sample PP-15-05, kept in PRC collection, Thailand; all
views from radial section; a) uniseriate mixed type of radial pitting, pits elliptic to
obround; b) xenoxylean pitting, with much wider than high pits on the radial wall of
tracheids; ¢) mixed type of radial pitting, including some xenoxylean pits and spaced
pits, and a ray with large fenestriform oopores, early wood; d) Xenoxylon typical
cross-field pitting in the early wood.

Figure 5: Xenoxylon record in South-China and Southeast Asia; red stars for in-situ
samples, green stars for data based on reworked samples. A on a modern geographical



background. B on a palinspatic reconstruction for the Jurassic based on Singsoupho et
al. (2015) results. Our reconstruction considers Sibumasu terrane (west of the dotted
line) as already accreted, which is still partly controversial.

Figure 6: Palaeolatitude of the southernmost limit of the Xenoxylon range in Europe
during the Jurassic; data from Philippe et al. (2017).

Table 1: List of studied samples (Phu Por B locality, Kham Muang District , Kalasin
Province, Thailand) and their identification.

Table 2: Age of the different Xenoxylon data in southeast Asia and southern China
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