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ABSTRACT
The Khorat Plateau, situated in northeastern Thailand and extending partially into Laos and Cambo-
dia, was a thriving ecosystem during the Early Cretaceous. It harboured a diverse array of vertebrate
fauna, including freshwater hybodont shark-like fish, actinopterygian fishes, turtles, crocodilians,
theropod and sauropod dinosaurs, as well as bivalves. However, not many studies were focused on the
flora of this ecosystem. This study focuses on palynological findings from the Sao Khua Formation
in the southeastern Khorat Plateau. A total of 74 species from 43 genera were identified, forming an
assemblage characterised by Punctatisporites-Dicheiropollis- Classopollis. Based on recent radiometric
KEY WORDS  dating of detrital zircon grains, the Sao Khua Formation is as assigned to an age no younger than the

Sao Khua Fkﬁ}ﬁgg’ mid to late Valanginian. As the result, the key taxa found in this formation have been calibrated and

palynological assemblage, ~ the age of the palynological assemblage is therefore Valanginian. The assemblage was dominated by
b .(Yalztngml.ani pollen of Cheirolepidiaceae together with diversity of pteridophyte spores, suggesting a humid sub-
i su Ctlric;[i:ig tropical climate with periodic arid seasons. Comparative analysis with other palynological provinces

Eastern Tethys Province. places this area within the Eastern Tethys Province of the Pan-Tethys Realm.
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RESUME

Nouvelles données palynologiques du Crétacé inférieur du sud-est du Platean du Khorat, nord-est de la
Thailande : implications paléobotaniques, paléoclimatiques et palynophytogéographiques.

Le plateau de Khorat, situé dans le nord-est de la Thailande et s’étendant partiellement au Laos et au
Cambodge, était un écosysteme prospere durant le Crétacé inférieur. Il abritait une variété importante
d’especes de vertébrés, incluant des poissons d’eau douce ressemblant a des requins hybodontes, des
poissons actinoptérygiens, des tortues, des crocodiliens, des dinosaures théropodes et sauropodes, et
des bivalves. Cependant, peu d’études se sont concentrées sur la flore de cet écosysteme. Cette étude
se concentre sur les découvertes palynologiques de la Formation Sao Khua dans le sud-est du Plateau
de Khorat. Lassemblage palynologique, composé de 74 espéces réparties en 43 genres, est caractérisé
par Punctatisporites-Dicheiropollis-Classopollis. Sur la base d’une datation radiométrique récente de
grains de zircon détritiques, la Formation de Sao Khua n’est pas considérée comme plus jeune que le
Valanginien moyen ou supérieur. Ainsi, les taxons clés trouvés dans cette formation ont été calibrés
et 'assemblage palynologique est donc d’age valanginien. Cet assemblage était dominé par des grains
de pollen de Cheirolepidiaceae, ainsi que par une diversité de spores de fougeres, impliquant un
climat subtropical humide avec des saisons arides périodiques. Lanalyse comparative avec les autres
provinces palynologiques permet de considérer que cette région se situait dans la Province orientale

Téthys.

INTRODUCTION

The Khorat Plateau is a vast plateau region situated in north-
eastern Thailand. Covering an approximate area of 155000
square kilometres, this expanse is distinguished by its flat
and arid terrain. The saucer-shaped plateau is divided by the
Phu Phan Mountains into two basins: the northern Sakhon
Nakhon Basin and the southern Khorat Basin. (Fig. 1). The
Khorat Basin, one of the largest and well-exposed continental
sedimentary basins in southeastern Asia, spans across eastern
Thailand, western Laos, and northern Cambodia. The Early
Cretaceous strata of the Khorat Basin, collectively known
as the Khorat Group, comprise five formations (Fig. 1):
the Phu Kradung Formation (Fm), Phra Wihan Fm, Sao
Khua Fm, Phu Phan Fm and Khok Kruat Fm in ascend-
ing order (Racey & Goodall 2009). The Khorat Group has
yielded a plethora of vertebrate fossils, including selachians,
actinopterygians, sarcopterygians, temnospondyl amphibians,
turtles, crocodyliformes, pterosaurs, non-avian dinosaurs, and
birds (Manitkoon ez al. 2022).

Among them, the Sao Khua Fm is famous for its abundant
dinosaur fossils. Tetanuran non-avian theropods were found
in the Sao Khua Fm, including the metriacanthosaur Siamo-
tyrannus Buffetaut, Suteethorn & Tong, 1996, spinosaurid
“Siamosaurus” Buffetaut & Ingavat, 1986, a possible second
spinosaurid taxon “Phu Wiang spinosaurid B”, megaraptoran
Phuwiangvenator Samathi, Chanthasit & Sander, 2019, and
coelurosaurian Vayuraptor Samathi, Chanthasic & Sander,
2019, ornithomimid Kinnareemimus Buffetaut, Suteethorn &
Tong, 2009, an undetermined carcharodontosaurid from
Phu Wang, and an undetermined tetanuran, and at least two
sauropods, including the somphospondylan Phuwiangosaurus
Martin, Buffetaut & Suteethorn, 1994, and an undetermined
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de la Téthys, au sein du Domaine pan-téthysien.

taxon (Tucker er al. 2022, and references therein). The authors
also dated the Sao Khua Fm, from detrital zircon grains, as
no younger than middle to late Valanginian.

Moreover, palynological fossils have been documented from
the continental sediments of the Early Cretaceous, helping to
determine the palynoflora of the Khorat Group formations
(Racey & Goodall 2009). However, only twelve genera of
spore and pollen fossils were found at the Sao Khua Fm (Racey
et al. 1996; Racey & Goodall 2009). To address this gap, a
detailed palynological study was conducted on five samples
from the upper section of the Sao Khua Fm in Nam Yuen
city, northeastern Thailand (Fig. 1). The new palynological
data studied here provide valuable information to complete
the regional palynostratigraphy and facilitate the reconstruc-
tion of the palacovegetation and palacoclimate of this area.

GEOLOGICAL SETTING

The Khorat Group (Fig. 2) represents the largest red-bed
sequence on the Korat Plateau, but the age of each formation
within the group remains controversial due to the absence of
index fossils. The lowermost Phu Kradung Fm may extend
into the Jurassic Period, whereas the Phra Wihan, Sao Khua,
Phu Phan, and Khok Kruat formations are dated as “Early
Cretaceous” (Racey eral. 1996; Carter & Moss 1999; Meesook
2000; Carter & Bristow 2003; Hasegawa et a/. 2010).

The Sao Khua Fm is primarily composed of conglomeratic
sandstone, siltstone, and claystone, as well as numerous pal-
acosol layers (Tucker e al. 2022). Facies analysis and archi-
tectural studies reveal that the sedimentation of Sao Khua Fm
occurred within a floodplain setting fed by large meandering
bedload-rich channels (Tucker ez /. 2022). Multiple types

GEODIVERSITAS e 2025 ¢ 47 (15)
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of palacosols were identified in this formation. Based on the
characteristics and geochemical data of these palacosols, pal-
acoclimate conditions suggest a predominantly stable humid
subtropical climate, with a mean annual temperature of
approximately 17-20°C and a mean annual precipitation of
around 1000-1400 mm per year (Tucker ez a/. 2022). Based
on radiometric dating of detrital zircons (via LA-IPC-MS),
these authors considered that the middle part of the Sa Khua
Fm was deposited no later than 133.8 + 1.8 Ma (late Valangin-
ian) and that the overlying Phu Phan Fm no later than 132.4
+ 2.0 Ma (lower Hauterivian). Consequently, the Sao Khua
Fm is considered as no later than mid- to late Valanginian.
The outcrop from which the samples were collected is
located 11.8 kilometres from Nam Yuen City, near the bor-
ders of Thailand, Laos, and Cambodia (Fig. 1). In this area,
only the yellow-green siltstone at the top of the Sao Khua
Fm crops out in a small valley near a temple, which located
at 14°21°317N, 105°12°34”E (Fig. 2). It is overlain by the
reddish-brown calcareous, conglomeratic sandstone attributed
to the base of the Phu Phan Fm, with a conformable contact
between the two formations (Racey & Goodall 2009; Meesook
2011). Most of this area is a military restricted zone because
it lies at the junction of Thailand, Myanmar, and Cambodia.

644

MATERIAL AND METHODS

A total of five palynological samples were collected from the
yellow-green siltstone and mudstone beds of the Sao Khua
Fm in Nam Yuen City (Figs. 1, 3A). Each sample was spaced
40 cm apart and identified as sk21, sk22, sk23, sk24, and
sk25 from bottom to top. Plant macro-remains (Fig. 3B) can
be observed within the yellow-green mudstone layer.

Each 50 g sample was crushed into grains smaller than 0.5 cm
in diametre and subjected to treatment with HCI (10%) for
24 hours due to the high calcareous content, followed by
HF (36%) for 48 hours, then treated with HCI (37.5%) for
24 hours again. To separate the organic residue from minerals
and isolate the palynomorphs, a ZnCl-mixed KI heavy liquid
with a density of 2.2 g/cm? along with an 8 pm sieve were
used. Subsequently, the slides containing the palynomorph
samples were examined under a Leica DM4000B microscope.
Image processing was conducted using CorelDraw software.
The botanical affinities of spores and pollen found in the Sao
Khua Fm were summarized according to findings reported
in previous studies and listed in Table 1.

All samples and slides are currently housed at the Research
Center of Paleontology and Stratigraphy, Jilin University, China.

GEODIVERSITAS e 2025 ¢ 47 (15)
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TaBLE 1. — Palynomorphs identified in the Sao Khua Fm, with their botanical affinities and climate signal. References: 1, Abbink et al. 2004; 2, Alvin 1982;
3, Atfy et al. 2019; 4, Balme 1957; 5, Balme 1995; 6, Boulter & Windle 1993; 7, Couper 1958; 8, Dettmann 1963; 9, Dettmann 1986; 10, Dettmann et al. 1992;
11, Filatoff 1975; 12, Friis et al. 2004; 13, Guignard et al. 2009; 14, Harris 1979; 15, Hubbard & Boulter 1997; 16, Ji 1994; 17, Van Konijnenburg-Van Cittert 1971;
18, Van Konijnenburg-Van Cittert 1993; 19, Krutzsch 1963; 20, Li 1984; 21, Liu et al. 2024; 22, Mander 2011; 23, Rodriguez-Barreiro et al. 2024; 24, Santos et al.
2022; 25, Song et al. 1986; 26, Song et al. 1999; 27, Traverse 2007; 28, Trevisan 1971; 29, Volkheimer et al. 2009; 30, Weerakoon et al. 2021; 31, Weyland &
Krieger 1953; 32, Wheeler et al. 2022; 33, Yang et al. 2007; 34, Ziaja 2006. Symbol: *, grains less than 10. Abbreviation: Gr., Grains.

sk22 sk23 sk24 sk25

Climate Botanical
Taxa Gr. Gr. % Gr. % Gr. signal affinity
Ferns spore - 50 31.06 72 19.89 - - -
Foraminisporis wonthaggiensis (Cookson & - 1 062 - - - Warm and wet Sphagnaceae (8, 19, 33)
Dettmann) Dettmann, 1963
Foraminisporis asymmetricus (Cookson & Dettmann) - - - 1 028 - Warm and wet Sphagnaceae (8, 19, 33)
Dettmann, 1963
Densoisporites sp. - - - 1 028 - Warm and wet  Pleuromeaceae/Selaginellaceae
(5,27, 31)
Foveosporites sp. - - - 2 055 - Warm and wet Selaginellaceae (4, 5)
Neoraistrickia sp. - - - 2 055 - Warm and wet  Lycopodiaceae/Selaginellaceae
(8, 10)
Verrucosisporites granatum (Bollkh.) Gao & Zhao, 1976 - - - 1 028 - Warm and wet Selaginellaceae (27, 33)
Verrucosisporites obscurilaesuratus Pocock, 1962 - - - 1 028 - Warm and wet Selaginellaceae (27, 33)
Verrucosisporites scitulus Yu & Zhang, 1982 - - - 1 028 - Warm and wet Selaginellaceae (27, 33)
Verrucosisporites sp. - 3 186 - - - Warm and wet Selaginellaceae (27, 33)
Leptolepidites cf. psarosus Norris, 1969 - 1 062 - - - Warm and wet Lycopodiaceae (6, 11)
Leptolepidites verrucatus Couper, 1953 - - - 1 028 - Warm and wet Lycopodiaceae (6, 11)
Punctatisporites sp. - 19 118 12 331 - Warm and wet Lepidocarpaceae (5)
Calamospora sp. - 1 062 - - - Warm and wet  Lycopodiaceae, Equisetales (5,
11)
Apiculatisporites sp. - 1 062 - - - Hot and wet  Lycopodiaceae, Selaginellaceae
1)
Baculatisporites sp. - - - 1 028 - Warm and wet Pteridophyta, Osmundaceae (11)
Osmundacidites sp. - - - 1 028 - Warm and wet Osmundaceae (5, 6, 7, 11)
Biretisporites potoniaei Delcourt & Sprumont, 1955 - 4 248 1 028 - Warm and wet Hymenophyllaceae (23)
Biretisporites punctatus Wan & Sun, 2014 - - - 1 028 - Warm and wet Hymenophyllaceae (23)
Biretisporites sp. - 2 124 1 028 - Warm and wet Hymenophyllaceae (23)
Converrucosisporites minimus Yu & Miao, 1983 - - - 2 055 - Hot and wet Dicksoniaceae (5)
Cicatricosisporites cf. paucistriatus Han, 1983 - - - 1 028 - Hot and wet Anemiaceae (23)
Cicatricosisporites cf. potomacensis Brenner, 1963 - - - 1 028 - Hot and wet Anemiaceae (23)
Cicatricosisporites cf. pseudoaurifer (Bolkh.) Li,1959 - - - 2 055 - Hot and wet Anemiaceae (23)
Cicatricosisporites cf. subrotundus Brenner, 1963 - - - 1 028 - Hot and wet Anemiaceae (23)
Cicatricosisporites cuneiformis Pocock, 1964 - - - 1 028 - Hot and wet Anemiaceae (23)
Cicatricosisporites minutaestriatus (Bolkh.) Pocock, 1964 — 1 062 - - - Hot and wet Anemiaceae (23)
Cicatricosisporites paucistriatus Han, 1983 - 1 062 1 028 - Hot and wet Anemiaceae (23)
Cicatricosisporites solidus (Pu & Wu) Jia, 1986 - - - 1 028 - Hot and wet Anemiaceae (23)
Cicatricosisporites sp. - 4 248 5 138 - Hot and wet Anemiaceae (23)
Concavissimisporites emarcidus Yu,1984 - 2 124 - - - Hot and wet Lygodiaceae (23)
Concavissimisporites punctatus (Delcourt & - - - 6 166 - Hot and wet Lygodiaceae (23)
Sprumont) Brenner, 1963
Concavissimisporites verrucosus Delcourt & - - - 1 028 - Hot and wet Lygodiaceae (23)
Sprumont,1955
Impardecispora apiverrucata (Couper) Venkatachala, - - - 4 11 - Hot and wet Cyatheaceae (1, 24)
Kar & Raza, 1969
Impardecispora cf. breve (Martynova) Yu, 1989 - 1 062 2 055 - Hot and wet Cyatheaceae (1, 24)
Klukisporites sp. - 2 124 - - - Hot and wet Lygodiaceae (23)
Matonisporites? - - - 1 028 - Hot and wet Gleicheniaceae (23)
Schizaeoisporites sp. - - - 3 083 - Hot and dry Schizaeaceae (25, 26)
Todisporites major Couper, 1958 - 1 062 - - - Warm and wet Osmundaceae (11, 24)
Todisporites sp. - 1 062 - - - Warm and wet Osmundaceae (11, 24)
Trilobosporites sp. - - - 1 028 - Hot and wet Schizaeaceae (3, 11, 24, 29)
Pterisisporites minor Li, 1984 - - - 1 028 - Hot and wet Pteridaceae (20)
Pterisisporites undulatus Sung & Zheng in Sung & Li, 1976 - - - 3 083 - Hot and wet Pteridaceae (20)
Cyathidites australis Couper,1953 - 3 186 1 028 - Hot and wet Cyatheaceae (23)
Cyathidites minor Couper, 1953 - 1 062 - - - Hot and wet Cyatheaceae (23)
Deltoidospora irregularis (Pflug) Sung & Tsao, 1976 - - - 1 028 - Hot and wet Dipteridaceae, Matoniaceae
(5,6,7,13, 18, 22)
Deltoidospora sp. - - - 1 028 - Hot and wet Dipteridaceae, Matoniaceae
(5,6,7,13,18,22)
Dictyophyllidites sp. - - - 2 055 - Hot and wet Dipteridaceae, Matoniaceae
6,7,11, 13, 18)
Undulatisporites sp. - - - 1 028 - Hot and wet Ophioglossaceae (25)
Laevigatosporites gracilis Wilson & Webster, 1946 - - - 2 055 - Warm and wet Ophioglossaceae (25)
Tenuicontactosporites cretacius Han, 1983 - 1 062 - - - Hot and wet Unknown

GEODIVERSITAS 2025 47 (15) 645
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Table 1. — Continuation.

sk22 sk23

sk24  sk25

Climate Botanical

Taxa Gr. Gr. %

Gr. % Gr. signal affinity

Gymnosperms pollen -

111 68.94 290 80.11 - - -

Araucariacites australis Cookson, 1947 - 6 373 2 055 - Warm, semiarid- Araucariaceae (5, 9, 17)
semihumid

Araucariacites sp. - - - 3 0.83 - Warm, semiarid- Araucariaceae (5, 9, 17)
semihumid

Callialasporites dampieri (Balme) Sukh Dev, 1961 - 1 062 - - —  Warm, semiarid- Araucariaceae (5, 6, 11, 15, 17)
semihumid

Callialasporites trilobatus (Balme) Sckh Dev, 1961 - - - 1 028 - Warm, semiarid- Araucariaceae (5, 6, 11, 15, 17)
semihumid

Psophosphaera grandis Bolkhovitina, 1956 - - - 1 0.28 - Warm, semiarid- Araucariaceae (16)
semihumid

Psophosphaera undata (Bolkhovitina) Zhang,1978 - - - 2 055 - Warm, semiarid- Araucariaceae (16)
semihumid

Psophosphaera sp. - - - 1 028 - Warm, semiarid- Araucariaceae (16)
semihumid

Classopollis sp. * 15 932 33 9.12 * Hot and arid Cheirolepidiaceae (7, 14, 34)

Dicheiropollis etruscus Trevisan, 1971 - 81 50.31 215 59.39 * Hot and arid Cheirolepidiaceae (28)

Concentrisporites leptos Yu & Zhang, 1982 - - - 2 055 - Cool and Cupressaceae (1, 2, 24)
semihumid

Concentrisporites opimus Yu & Zhang, 1982 - - - 2 055 - Cool and Cupressaceae (1, 2, 24)
semihumid

Concentrisporites sp. - - - 3 083 - Cool and Cupressaceae (1, 2, 24)
semihumid

Perinopollenites limatus Lu & Wang, 1983 - - - 2 055 - Cool and Cupressaceae (1, 2, 24)
semihumid

Exesipollenites sp. - - - 1 028 - Cool and Cupressaceae (1, 2, 24)
semihumid

Taxodiaceaepollenites sp. - 5 311 1 028 - Cool and Cupressaceae (1, 2, 24)
semihumid

Pinuspollenites minutus (Zakl.) Sung & Zheng,1978 - - - 1 028 - Cool and semidry Pinaceae (5)

Pinuspollenites sp. - - - 1 028 - Cool and semidry Pinaceae (5)

Podccarpidites sp. - - - 1 028 -  Cool and humid Podocarpaceae (25, 30)

Cycadopites elongatus (Balkh.) Zhang, 1978 - - - 1 0.28 - Hotand semiarid Cycadales, Bennettitales,

Ginkgoales (5, 11)
Cycadopites sp. - 3 1.86 11 38.04 - Hotand semiarid Cycadales, Bennettitales,
Ginkgoales (5, 11)

Eucommiidites sp. - - - 4 11 - Hotand semiarid Cycadales, Gnetales (32)

Jugella rallus Yu, 1984 - - - 1 028 - Arid Ephedrales, Gnetales (12, 21)

Jugella sp. - - - 2 055 - Arid Ephedrales, Gnetales (12, 21)

Caytonipollenites sp. - - - 1 028 - Warm and wet Caytoniaceae (25)

Total * 161 - 362 100 *

RESULTS appearing types include Exesipollenites sp., Jugella rallus Yu,

The palynological recovery was excellent, four of the five
samples (sk22, sk23, sk24, sk25) yielded spores and pol-
len grains. Notably, samples sk23 and sk24 showed diverse
palynological richness, totalling 80 species and 46 genera
(Table 1, Figs. 4-6). The composition of both sk23 and sk24
showed striking similarity, leading to the recognition of the
Punctatisporites-Dicheiropollis-Classopollis assemblage. This
assemblage is characterized by a predominance of gymno-
sperm pollen (68.32-80.11%), a low presence of pteridophyte
spores (19.89-31.68%), and the absence of angiosperm pol-
len. Noteworthy gymnosperm pollen include Dicheiropollis
Trevisan, 1971 (50.31-59.39%), Classopollis Pflug, 1953
(9.12-9.32%), as well as common types like Araucariacites
Cookson ex Couper, 1953 (1.38-3.73%), Cycadopites Wode-
house, 1933 (1.86-3.31%), and Zaxodiaceaepollenites Kremp
ex Potonié, 1958 (0.28-2.48%). Additionally, sporadically
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1984, Jugella sp., and Callialasporites trilobatus (Balme) Sckh
Dev, 1961. Among pteridophyte spores, Punctatisporites
Potonié & Gelletich, 1933 are the most abundant (3.31-
11.80%), followed by Cicatricosisporites Potonié & Gelletich,
1933 (3.59-3.73%). Other significant types present in the
assemblage encompass Trilobosporites sp., Impardecispora cf.
breve (Martynova) Yu, 1989, Impardecispora apiverrucata
(Couper) Venkatachala, Kar & Raza, 1969, Schizacoispo-
rites sp., Densoisporites sp., Foraminisporis wonthaggiensis
(Cookson & Dettmann) Dettmann, 1963, Foraminisporis
cf. Asymmetricus (Cookson & Dettmann) Dettmann, 1963,
Concavissimisporites emarcidus Yu, 1984, Concavissimisporites
punctatus (Delcourt & Sprumont) Brenner, 1963, Leprole-
pidites cf. psarosus Norris, 1969, Leptolepidites verrucatus
Couper, 1953, Prerisisporites minor Li, 1984, Prerisisporites
undulatus Sung & Zheng in Sung & Li, 1976, Klukispo-

rites sp., Foveosporites sp., among others.
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Fic. 3. — A, Outcrop of the upmost of the Sao Khua Fm in Nam Yuen City; B, Cupressinocladus Seward, 1919 (the pen is 15 cm in length). Photos: Xiao Shi.

DISCUSSION

AGE OF THE PALYNOASSEMBLAGE AND SAO KHUA FMm

The age of the Sao Khua Fm has been discussed for several
decades (Tucker ez al. 2022, and references therein). Recently,
U/Pb datings on detrital zircons recovered from the middle
part of this formation and the overlying Phu Phan Fm allowed
assigning the Sao Khua Fm to a mid to late Valanginian age
(Tucker er al. 2022). This well-defined chronostratigraphy
established with radiometric methods allows to calibrate the
biostratigraphical ranges of some key palynological taxa of
the Early Cretaceous.

The Punctatisporites-Dicheiropollis-Classopollis assemblage
contains a variety of taxa with stratigraphical significance,
such as Cicatricosisporites Potonié & Gelletich, 1933, Trilo-
bosporites Potonié, 1956, Impardecispora Venkatachala, Kar &
Raza, 1969, Schizaeoisporites Potonié ex Delcourt & Spru-
mont, 1955, Densoisporites Dettmann, 1963, Foraminisporis
Krutzsch, 1956, Concavissimisporites Delcourt & Sprumont,
1955, Leptolepidites Couper, 1953, Prerisisporites Sun & Zheng,
1976, Klukisporites Couper, 1958, Foveosporites Balme, 1957,
Exesipollenites Balme, 1957, and Jugella Mchedlishvili &
Shakhmundes, 1973. However, many of them have long-
ranging stratigraphical occurrences.

The main key species of the Punctatisporites-Dicheiropollis-
Classopollis assemblage studied here is Dicheiropollis etruscus
Trevisan, 1971. First identified by Trevisan (1971) in the
Berriasian-Barremian Biancone Fm in Tuscany, Italy, Dichei-
ropollis etruscus has been found in various regions across
Africa (Libya, Egypt, Morocco, Senegal, Ivory Coast, Gabon,
Cameroon, Congo, Angola, Sudan, Chad, and South Sudan),
South America (Venezuela, Brazil), and Asia (Yemen, Thai-
land, Cambodia, and China). Its predominant presence in

GEODIVERSITAS 2025 47 (15)

the Berriasian-lower Barremian worldwide designates it as a
valuable marker species for the Berriasian-lower Barremian
stage in the northern Gondwana region (Fig. 7).

Initially discovered in Barremian deposits in northern Morocco
(Hoculi 1981), subsequent findings have also revealed the pres-
ence of Dicheiropollis etruscus during the Berriasian-early Aptian
age interval, co-occurring with angiosperms such as Clavatipol-
lenites hughesii, Stellatopollis sp., Retimonocolpites sp., Afropollis
zonatus Doyle, Jardiné & Doerenkamp, 1982, and Afropollis
operculatus Doyle, Jardiné & Doerenkamp, 1982, and Afropollis
operculatus (Giibeli, 1984). In the lower part of the Abu Gabra
Fm in the Muglad Basin, South Sudan, Dicheiropollis etruscus
has been identified with angiosperm pollen species like Afrapol-
lis zonatus, Retimonocolpites variplicatus Schrank & Mahmoud,
1998, and Stellatopollis densiornatus (Lima) Ward, 1986. The
studies by Eisawi ez a/. (2012) and Cole ¢t al. (2017) respec-
tively determined the age of this palynological assemblage to
be Berriasian-Barremian and Berriasian-lower Barremian. The
evolutionary development stage of angiosperm pollen in this
assemblage aligns closely with that of the angiosperm pollen
found in conjunction with Dicheiropollis etruscus in northern
Morocco (Giibeli ez 2. 1984), indicating that its geological
age likely extends to the lower Aptian. Notably, Dicheiropollis
etruscus has been observed together with dinoflagellate cysts
in the upper Hauterivian-lower Barremian marine deposits in
Libya and Egypt (Uwins & Batten 1988; Deaf e al. 20106),
and in Yemen (Racey & Goodall 2009), its presence in marine
deposits has been related to a timeframe ranging from upper
Valanginian-lower Barremian, as determined by dinoflagellate
cysts and acritarchs. In summary, while Dicheiropollis etruscus
may have originated as early as the Late Jurassic and continued
to the lower Aptian of the Early Cretaceous, its primary preva-
lence aligns with the Berriasian-lower Barremian.
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Fic. 4. — Selected palynomorph taxa. Specimen information (a/b) is comprised of the sample number (a), and slide number (b): A, Laevigatosporites gracilis Wil-
son & Webster, sk24/1; B, Biretisporites sp., sk23/1; C, Cyathidites minor Couper, sk23/1; D, E, Cyathidites australis Couper; D, sk24/1; E, sk23/1; F, Biretisporites
punctatus Wan & Sun, sk24/2; G, H, Biretisporites potoniaei Delcourt & Sprumont; G, sk24/1, H, sk23/1; |, Deltoidospora irregularis (Pflug) Sung & Tsao, sk24/2;
J, Deltoidospora sp., sk24/2; K, Dictyophyllidites sp., sk24/1; L, Todisporites sp., sk23/1; M, Todisporites major Couper, sk23/1; N, O, Punctatisporites sp.,
sk24/2; P, Calamospora sp., sk23/1; Q, Verrucosisporites scitulus Yu & Zhang, sk24/2; R, Verrucosisporites obscurilaesuratus Pocock, sk24/2; S, Verrucosispo-
rites granatum (Bollkh.) Gao & Zhao, sk24/1; T, U, Verrucosisporites sp., sk23/1; V, Undulatisporites sp., sk24/1; W, Tenuicontactosporites cretacius Han, sk23/1;
X, Osmundacidites sp., sk24/2; Y, Baculatisporites sp., sk24/2; Z, Foraminisporis cf. asymmetricus (Cookson & Dettmann) Dettmann, sk24/1; AA, AB, Conver-
rucosisporites minimus Yu & Miao, sk24/1; AC, Pterisisporites minor Li, sk24/1; AD, Leptolepidites cf. psarosus Norris, sk23/1; AE, Leptolepidites verrucatus
Couper, sk24/1; AF, AG, Foveosporites sp., sk24/2; AH-AJ, Pterisisporites undulatus Sung & Zheng in Sung & Li, sk24/2; AK, AL, Neoraistrickia sp., sk24/1;
AM, Apiculatisporites sp., sk23/1. Scale bar: 20 pm. Photos: Yan Zhang and Chuanbiao Wan.

648 GEODIVERSITAS * 2025 * 47 (15)



Early Cretaceous Palynology from Northeastern Thailand <

-

Fic. 5. — Selected palynomorph taxa. Specimen information (a/b) is comprised of the sample number (a), and slide number (b): A, Cicatricosisporites solidus (Pu &
Wu) Jia, sk24/1; B, M, N, Cicatricosisporites minutaestriatus (Bolkh.) Pocock; B, sk23/1; M, N, proximal and distal face, respectively, sk24/2; C, Cicatricosisporites
cf. pseudoaurifer (Bolkh.) Li, sk24/1; D, E, Cicatricosisporites sp., proximal and distal face, respectively, sk24/2; F, G, Cicatricosisporites cf. pseudoaurifer (Bolkh.) Li,
proximal and distal face, respectively, sk24/1; H, 1, Cicatricosisporites cf. paucistriatus Han, proximal and distal face,respectively, sk24/2; J, Cicatricosisporites cf.
potomacensis Brenner, sk24/1; K, L, Cicatricosisporites cuneiformis Pocock, proximal and distal face, respectively, sk24/2; O, P, Schizaeoisporites sp., sk24/2; Q, Cic-
atricosisporites paucistriatus Han, sk24/1; R, Densoisporites sp., sk24/2; S, T, Impardecispora cf. breve (Martynova) Yu; S, sk24/1; T, sk24/2; U, Concavissimisporites
verrucosus Delcourt & Sprumont, sk24/2; V, Concavissimisporites emarcidus Yu, sk23/1; W, Concavissimisporites punctatus (Delcourt & Sprumont) Brenner, sk24/2;
X, Impardecispora apiverrucata (Couper) Venkatachala, Kar & Raza, sk24/1; Y, Trilobosporites sp., sk24/2. Scale bar: 20 um. Photos: Yan Zhang and Chuanbiao Wan.
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Fic. 6. — Selected palynomorph taxa. Specimen information (a/b) is comprised of the sample number (a), and slide number (b): A, Pinuspollenites minutus (Zakl.)
Sung & Zheng, sk24/1; B, C, Classopollis sp.; B, sk24/2; C, sk24/1; D, Jugella rallus Yu, sk24/2; E, Jugella sp., sk24/1; F, Cycadopites sp., sk24/1; G, Cycadopites
elongatus (Balkh.) Zhang, sk24/1; H, Podocarpidites sp., sk24/2; |, Perinopollenites limatus Lu & Wang, sk24/2; J-M, Eucommiidites sp.; J-L, sk24/1; M, sk24/2;
N-Q, Dicheiropollis etruscus Trevisan; N, sk24/1; 0-Q, sk24/2; R, S, Concentrisporites opimus Yu & Zhang; R, sk24/1; S, sk24/2; T, U, Concentrisporites leptos
Yu & Zhang, sk24/2; V, Callialasporites trilobatus (Balme) Sckh Dev, sk24/1; W, Callialasporites dampieri (Balme) Sukh Dev, sk23/1; X-Z, Araucariacites australis
Cookson; X, sk24/2; Y, sk24/1; Z, sk23/1; AA, Exesipollenites sp., sk24/2; AB, Caytonipollenites sp., sk24/1; AC, AD, Psophosphaera undata (Bolkhovitina) Zhang;
AC, sk24/2; AD, sk24/1; AE, Psophosphaera grandis Bolkhovitina, sk24/1. Scale bar: 20 pm. Photos: Yan Zhang and Chuanbiao Wan.
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Jurassic Cretaceous
Area . . Neocomian Barremian Aptian Reference
Tithonian
Berriasian |Valanginian|Hauterivian Early | Late Early
South North Italy S S S S— 1
Europe South Switzerland S S S S 2
Algeria L 2,3
Northeast Saaril
Libya Sandstone # 4,5,6
marine stratigraphy _ 7
North, northeast —_—,— 8,0
Egypt
North Western Desert — 56
Northern Morocco -
Senegal 7 — 11, 12
African Ivory Coast 7 — 11, 12
North Gabon —_————————— 13
Cameroon ————— 11
Congo - 11
Angola -_, 11
North Sudan —_— 14
Bongor Basin, Chad E— 12
e ——— 15, 16
Muglad Basin, South Sudan —_————————— 17
South Venezuela S S S S 12, 19
America Coastal Basin, Northeast Brazil —_—— 3, 6, 19,20
Arabian Peninsula| Yemeni marine strata “ 21
North-East Thailand 1 21,22
Southeast Asia
Cambodia —_—,——————— 3,22
— 23
Xinjiang I —— 24
Asian
R 25, 26
China Tibet ——— e 27
Qinghai -1 11 28
Sichuan —_— 29
Yunnan S S S S 30

FiG. 7. — The spatiotemporal distribution of Dicheiropollis etruscus Trevisan, 1971. References: 1, Trevisan 1971; 2, Hoculi 1981; 3, Jardiné et al. 1974; 4, Thusu &
van der Eem 1985; 5, Deaf et al. 2016; 6, Mahmoud et al. 2019; 7, Uwins & Batten 1988; 8, Schrank 1992; 9, led & Tahoun 2019; 10, Gubeli et al. 1984; 11, Salar-
Cheboldaeff 1990; 12, Hu et al. 2023; 13, Doyle et al. 1977; 14, Schrank 1992; 15, Kaska 1989; 16, Eisawi et al. 2012; 17, Cole et al. 2017; 18, Muller et al. 1987;
19, Michels et al. 2018; 20, Garcia et al. 2018; 21, Racey & Goodall 2009; 22, Lei 1993; 23, Li & Liu 1994; 24, Li 2000; 25, Jiang et al. 2008; 26, Guo et al. 2011;

27, Lin & Li 2019; 28, Li & Batten 2004; 29, Zhang et al. 2019; 30, Zhang 1995.

In eastern Asia, Dicheiropollis first appeared rarely in the Ber-
riasian and then became more abundant during the Valangin-
ian, reaching its peak in the Hauterivian-lower Barremian (Li
2000; Li & Batten 2004; Guo et al. 2011). The palynologi-
cal assemblage corresponds closely to the Dicheiropollis-peak
palynological assemblage established by Li & Batten (2004) in
the Xueshan Fm at the Wenquan section in Qinghai, China.
Both assemblages have a high abundance of Dicheiropollis
etruscus and relatively abundant Classopollis, Cicatricosisporites,
Jugella, among others, which are important for stratigraphic
correlation. The age of the assemblage is likely similar, falling
within the Valanginian-Hauterivian or Barremian. In this work,
we provide a new occurrence in the middle to late Valanginian
of Thailand, supported with independent age control.
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‘The Cicatricosisporites genus often considered a Cretaceous
marker (Batten 1996), may have first appeared in the Late
Jurassic of Gondwana as discussed by Santos ez 4l (2021,
2022). However, their first occurrence in China was Berria-
sian (Pu & Wu 1982).

Eight identified species and one undetermined species
are present in our assemblage. Among the Cicatricosispo-
rites species found, Cz'mtricosisporites cf. paucistriatus Han,
1983 has been documented in the Hauterivian-Barremian
Lengshuiwu Fm in Jiangxi, China (Yu & Han 1985). Other
species such as Cicatricosisporites cf. potomacensis Brenner,
1963, Cicatricosisporites cf. pseudoaurifer (Bolkh.) Li, 1959,
Cicatricosisporites cf. subrotundus Brenner, 1963, Cicatrico-
sisporites cuneiformis Pocock, 1964, and Cicatricosisporites
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solidus (Pu & Wu) Jia, 1986 have been identified in Early
Cretaceous strata in northern China (Pu & Wu 1982, 1985;
Li 1984). Cicatricosisporites minutaestriatus is common in
the Valanginian-Aptian, with less distribution in the Berria-
sian and Albian strata. (Yaroshenko & Aleksandrova 2015;
Zhang et al. 2019).

Additionally, some species of the genera Impardecispora,
have been recognized to be markers of the Jurassic-Cretaceous
transition (Rodriguez-Barreiro ef al. 2022). Notably, some of
these species are more prevalent in the Early Cretaceous or
exclusively found during that period. For instance, Imparde-
cispora apiverrucata, present in the assemblage, is widespread
in Late Jurassic-Eatly Cretaceous strata worldwide (Couper
1958; Tiwari & Tripathi 1995), with significant occurrences
in China during the middle-late Early Cretaceous (Pu &
Wu 1982; Song ez al. 1986).

In the assemblage, Schizacoisporites, Foraminisporis, and
Pterisz'sparites are also present, appearing in Cretaceous and
Cenozoic strata. The genus Foraminisporis is globally distrib-
uted in Cretaceous to Paleogene sediments (Burger 1993;
Song et al. 2000; Valeria et al. 2024). Within this genus,
two species are identified. F wonthaggiensis is found in sedi-
ments of the Berriasian upwards and newer geological times
(Dettmann 1963; Helby ez al. 1987; Vallati 2001; Tripathi
2008), while £ cf. asymmetricus is commonly found in Early
Cretaceous strata of China, particularly in the Hauterivian-
Barremian strata (Pu & Wu 1982).

The gymnosperm pollen Jugella is present in Cretaceous
strata. fugella rallus was discovered in the Early Cretaceous
deposits of Inner Mongolia, China (Miao ez al. 1984).

Racey & Goodall (2009) reported on the palynological
assemblage of the Sao Khua Fm in northeastern Thailand. In
this assemblage, dominant taxa include Dicheiropollis etrus-
cus, Cicatricosisporites spp., Corollina spp.2 Appendicisporites
distocarinatus Dettmann & Playford, 1968, and Concavis-
simisporites punctatus, while Steriesporites spp., Cyathidites
minor Couper, 1953, Exesipollenites tumulus Balme, 1957,
Araucariacites australis Cookson, 1947, Convolutispora spp.,
Osmundacidites spp., and Leptolepidites verrucatus Couper,
1953 are rare. The assemblage is dated to the Berriasian-
lower Barremian. Despite only containing 12 palynomorph
types, the main components are consistent with the present
palynological assemblage. Therefore, the geological age of
the Sao Khua Fm in Thailand is likely within the Berriasian-
lower Barremian.

RECONSTRUCTION OF PALAEOVEGETATION

AND PALAEOCLIMATE

Climatic and geographic conditions are widely acknowledged
as the primary factors influencing botanical communities.
Different palynological assemblages correspond to different
climates and geographies. Spores and pollen, as the plant
reproductive organs, are valuable tools for understanding
the vegetation composition at a specific point in time (e.g.
Weyland & Krieger 1953; De Jersey 1959; Dettmann 1986;
Balme 1995; Traverse 2007; Bonis & Kiirschner 2012; Wang
et al. 2016; Slater et al. 2019). By analysing palynological
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assemblages and considering the ecological habitats of modern
plants, palacovegetational features provide insights into the
palacoclimate, palacogeographical, and palacodepositional
environments and can be reconstructed (Table 1).

The components of the palynological assemblage studied
in this work from the Sao Khua Fm, include bryophytes,
lycophytes, sphenophytes, ferns, cycads, ephedrales, cayto-
niales, and conifers (Table 1).

Gymnosperms were more abundant than pteridophytes,
with conifers forming the main component of the vegeta-
tion (66.46-74.59%). Ferns (13.81-14.91%) and lycophytes
(5.80-15.53%) were common components, while cycads
(1.86-4.42%) constituted a relatively low proportion. Bry-
ophytes, ephedrales, and caytoniales were rare (less than
1%). Within the conifers, Cheirolepidiaceae were the most
developed (59.63-68.51%), with Dicheiropollis (50.31-
59.39%) and Classopollis (9.12-9.32%) as prominent types.
Araucariaceae (2.76-4.35%) and Cupressaceae (2.49-3.11%)
wete relatively common, while Pinaceae, and Podocarpaceae
were rare (less than 2%). Ferns exhibited high diversity
with the presence of several families, such as Anemiaceae,
Schizaeaceae, Lygodiaceae, Gleicheniaceae, Osmundaceae,
Hymenophyllaceae, Dicksoniaceae, Pteridaceae, Cyatheaceae,
Dipteridaceae, and Ophioglossaceae. Lycophytes have a low
diversity, primarily composed of Lepidocarpaceae (3.31-
11.80%), with sporadic appearances of Selaginellaceae and
Lycopodiaceae. The pollen composition (66.46-74.59%) of
the mother plant is predominantly derived from coniferous
species, including Dicheiropollis, Classopollis, Araucariacites,
Inaperturopollenites Potonié, 1966, Concentrisporites Wall,
1965, Psophosphaera Naumova, 1939, Taxodiaceaepollenites,
Perinopollenites Couper, 1958, Pinuspollenites Raatz, 1938,
Exesipollenites, Callialasporites Dev, 1961, and Podocarpidites
Cookson, 1947. This group constitutes the primary com-
ponent of the flora. Additionally, the mother plant includes
spores from herbaceous species (10.50-18.63%), such as
Punctatisporites, Pterisisporites, Biretisporites Delcourt &
Sprumont, 1955, Undulatisporites Plug, 1953, Schizacoispo-
rites, Deltoidospora Miner, 1935, Leptolepidites, Toroisporis
Krutzsch, 1959, Leiotriletes Naumova, 1937, Foveosporites,
Neoraistrickia Potonié, 1956, Converrucosisporites Potonié &
Kremp, 1954, Laevigatosporites Ibrahim, 1933, Foraminisporis,
Densoisporites, and Osmundacidites etc. Shrubs (7.45-8.56%)
and evergreen broad-leaved plants (3.31-3.73%) represent
minor components of the flora.

Among the main components of the flora, Cheirolepidi-
aceae is the most developed and plays a decisive role in the
reconstruction of the palacovegetation and palacoenviron-
ment. The parent plants of Classopollis (Cheirolepidiaceac)
were usually adapted to hot and (semi) arid climates and
distributed in terrestrial or coastal ecological environments.
Zhang (1995) speculated that one of the parent plants pro-
ducing Classopollis pollen in Asia may be a dwarf tree or
shrub. Both Classopollis and Dicheiropollis have the same
complex outer wall structure observed under SEM (Zhang
1995). Trevisan (1971) speculated that both have drought
and heat resistance. Classopollis are abundant in the conti-
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Fic. 8. — The distribution of Dicheiropollis etruscus Trevisan, 1971 in the Early Cretaceous (the palaeogeographical reconstruction is based on Scotese 2021).
Countries: 1, Italy; 2, Switzerland; 3, Algeria; 4, Libya; 5, Egypt; 6, Morocco; 7, Senegal; 8, Cote d’lvoire; 9, Gabon; 10, Cameroon; 11, Congo; 12, Angola;
13, Sudan; 14, Chad; 15, South Sudan; 16, Venezuela; 17, Brazil; 18, Yemen; 19, Thailand; 20, Cambodia; 21, Xinjiang, China; 22, Tibet, China; 23, Qinghai,

China; 24, Sichuan, China; 25, Yunnan, China.

nental sediments of the Early Cretaceous area of southern
China (south of 40°N), but Dicheiropollis is absent. How-
ever, the abundance of Dicheiropollis distributed along the
coast of the Tethys Sea, indicating that Dicheiropollis has a
narrower environmental adaptation range than Classopollis
and is mainly adapted to the littoral ecosystem.

In summary, the Punctatisporites-Dicheiropollis-Classopollis
assemblage from the Early Cretaceous Sao Khua Fm, primar-
ily composed of Cheirolepidiaceae, indicates that coniferous
forests were the predominant vegetation in the Khorat Plateau
of northwestern Thailand. In this environment, herbaceous
and shrubby plants occupied a subordinate role, while ever-
green broad-leaved plants were scarce. The paleolandscape
was characterized by a coniferous forest ecosystem, reflect-
ing particularly warm and semi-arid conditions (very likely
in a lictoral setting) within a tropical/subtropical climate.

THE PALYNOPHYTOGEOGRAPHIC PROVINCE
The palynological assemblage of the Early Cretaceous Sao
Khua Fm on the Khorat Plateau yields abundant Dichei-
ropollis etruscus and Classopollis, and a moderate amount
of Araucariacites, Taxodiaceaepollenites, Ephedripites, and
Eucommiidites, while bisaccate pollen and spores are scarce.
These characteristics are in line with those of the Northern
Gondwana Province (Brenner 1976), Phytogeoprovince
III (Srivastava 1978), and the West Africa-South America
Province and Gondwana Province (Dicheiropollis etruscus/
Afropollis Province) (Herngreen & Chlonova 1981; Hern-
green er al. 1996).

Li & Batten (2011) proposed a new division of global
palynophytogeographic regions after studying the Early
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Cretaceous palynoflora in China. Four realms are recognized,
from north to south: The Boreal Realm, European-North
American Realm, Pan-Tethys Realm, and South Gondwanan
Realm (Fig. 8). The characteristic element of the Pan-Tethys
Realm is Dicheiropollis etruscus, corresponding to Brenner's
(1976) Northern Gondwana Province and Herngreen &
Chlonova's (1981) West Africa-South American and Gond-
wana Province (or Dicheiropollis etruscus! Afropollis Province).
Based on the abundance of Dicheiropollis, parts of China and
Indochina are categorized in the Eastern Tethys Province of
the Pan-Tethys Realm; southern Europe, South America, and
northern Africa are grouped under the Western Tethys Prov-
ince of the Pan-Tethys Realm. The palynological assemblage
of the Sao Khua Fm is situated in the southernmost part of
the Eastern Tethys Province in the Pan-Tethys Realm (Fig. 8).

CONCLUSIONS

The palynological investigation of the Sao Khua Fm in the
southeastern Khorat Plateau, Thailand provides a deeper
understanding of the palacovegetation, palacoclimate, and
palynophytogeography. A total of 74 species from 43 genera
have been identified, belonging to the Punctatisporites-Dichei-
ropollis-Classopollis assemblage. The age of the palynomorph
assemblages is interpreted to be Valanginian. The evidence
from palacosols and the high diversity of spores indicate a
humid subtropical climate at that time. However, the pres-
ence of abundant Cheirolepidiaceae pollen suggests periodic
arid seasons, possibly associated with the Asian monsoon
of the period. The Sao Khua Fm in Northern Thailand is
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characterized by a notable presence of Dicheiropollis etruscus,
alongside various species of Classopollis, and typical pollen
taxa, such as Araucariacites, Inaperturopollenites, Ephedripites,
and Eucommiidites, among others. Bisaccate conifer pollen
is rare, with a low percentage of spores, which is consistent
with the typical flora of the Northern Gondwana province
(or Dicheiropollis etruscusl Afropollis Province). Consequently,
this assemblage represents a significant component of the flora
within the Pan-Tethys Realm, situated in the southernmost
part of the Eastern Tethys Province.
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