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Abstract

The mid-Cretaceous Langshan Formation is a massive
limestone unit, outcropping typically in the northern Lhasa
block. A Xiongba section, measured near the type section of
the Langshan Formation, is here described. The succession
consists of orbitolinids limestone, where eight microfacies
have been recognized. The lower part of the Langshan
Formation consists of discoidal orbitolinids with other
heterotrophic associations, including echinoderms, sponge
spicules, and bivalves. In contrast, the upper part of the
Langshan Formation features conical orbitolinids with an
abundance of green algae and small benthic foraminifers. We
interpret the morphological changes in orbitolinids as being
influenced by bathymetry. Consequently, the microfacies
variations in the Langshan Formation in the Xiongba section
represent a shallowing upward sequence.

Keywords: Lhasa block, Langshan Formation, carbonate
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Introduction

The Lhasa block is the last microcontinent to accrete
onto the southern margin of the Asian plate before the
collision of the Indian and Asian continental margins
(Yin & Harrison, 2000; Kapp et al., 2007; Hu et al., 2022).
Although the precise timing of the collision between
the Qiangtang and Lhasa blocks remains debated, it is
generally accepted that this progress occurred before
the Early Cretaceous (Dewey et al., 1988; Fan et al.,
2014; Zhu et al., 2016; Ma et al., 2017; Li et al., 2019).
Thick mid-Cretaceous carbonate rocks, referred to as the
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Langshan Formation, were accumulated in the central
Tibet following the collision and represent the latest
marine unit of the Lhasa block (Pan et al., 2004; Leier
et al., 2007; Xu et al., 2020, 2022). Understanding the
palaeogeographic evolution of this unit is crucial, as it
enhances our comprehension of the basin evolution of the
Lhasa block and the tectonic framework of the Tibet prior
to the India-Asia collision.

Several published works have analyzed the
sedimentology and palaeogeography of the Langshan
Formation (Leeder et al., 1988; Zhang et al., 2004;
Leier et al., 2007; Sun et al., 2017; Lai et al., 2019a;
Xu et al., 2022). While detailed studies focus on the
palaeoenvironmental changes within long
(over 1 kilometer) well exposed along the southern and
northern edge of the Langshan Formation outcrop belt,
the sedimentological analysis of the Langshan Formation
in central area has relied on only poorly preserved
sections with a thickness of less than 100 meters (Xu et

sections

al., 2022). This lack of investigation in the central region
hinders our full understanding of the mid-Cretaceous
palaeogeographic evolution of the northern Lhasa block.

The mid-Cretaceous strata exposed near the Duba
village, which is located close to the type section of the
Langshan Formation, offer an opportunity to advance
research on the palacoenvironmental analysis of the
Langshan Formation in the central area. In this study, we
describe the Xiongba section measured at Duba, near the
Seling Co Lake, where the succession is well exposed and
consists of orbitolinids-rich limestone. This study presents
new data on the sedimentology of the Langshan Formation
and provides insights into the palacogeographic
evolution of the Lhasa block during the mid-Cretaceous.
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Geological setting

The Lhasa block is divided into the southern Lhasa
and northern Lhasa blocks separated by the Luobadui—
Milashan Fault (Fig. 1A) (Pan et al., 2004; Kapp
& DeCelles, 2019). Thick Cretaceous sedimentary
sequences were accumulated in the northern Lhasa block,
which include the Duoni, Langshan, and Jingzhushan
formations (Pan et al., 2004; Sun et al., 2015; Lai et al.,
2019a, b; Fig. 1B).
The Duoni
sourced from the Zenong volcanic rocks or the Bangong
suture and southern Qiangtang block (Leier et al., 2007,
Zhang et al.,2011; Sun et al., 2017, Lai et al., 2019a). The
depositional age of this unit is constrained between 123—
110 Ma based on detrital-zircon chronostratigraphy and
the age of intercalated volcanic rocks (Leier ef al., 2007;
Sun et al., 2017; Lai et al., 2019a; Zhu et al., 2022). The
depositional sequences of the Duoni Formation exhibit
a typically shallowing upward trend, with depositional

Formation consists of siliciclastics

environments transitioning from deep shelf to fluvial
floodplain (Leier et al., 2007; Sun et al., 2017; Lai et al.,
2019a).

The Langshan Formation conformably overlies the
Duoni Formation has a depositional age ranging from early
Aptian to middle Cenomanian based on biostratigraphy
(Rao et al., 2015; BouDagher-Fadel et al., 2017; Xu et al.,
2020, 2022). The lithology of Langshan Formation varies
across the northern Lhasa block, which is represented
by pure limestone in the central area, by limestone
interbedded with siliciclastic rocks in the southern area,
and by limestone interbedded with marls in the northern
area (Xu et al., 2022). The depositional environments of
the Langshan Formation are generally of shallow marine,
but they vary from intertidal to open marine settings
depending on geographic locations (Leeder et al., 1988;
Leier et al.,2007; Xuet al., 2020, 2022). The depositional
geometry of the Langshan Formation transitioned from a
ramp to a rimmed platform during the Albian and reverted
to a ramp during the early Cenomanian (Xu et al., 2022).
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FIGURE 1. Geological sketch map showing the tectonic units of the Tibet, along with sampling locations. A, Simplified

tectonic map of the Himalaya and Tibet showing major tectonic domains and suture zones (Pan et al., 2004). B, Cretaceous
strata in the Northern Lhasa terrane (Xu et al., 2022). C, Simplified geological map of the Duba village, showing the

studied sections. D, The stratigraphic column of the sampling section. BNSZ, Bangong—Nujiang suture zone; [YZS, Indus—

Yarlung—Zangbo suture; JSSZ, Jinshajiang suture zone; LMF, Luobadui—Milashan fault; JF, Jiali fault; KLF, Kunlun fault;

KF, Karakoram fault; ALT, Altyn Tagh fault.
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The Jingzhushan Formation, exposed to the north of
the Langshan Formation outcrop belt, consists of fluvial
to alluvial conglomerates, with minor red sandstone
and siltstone primarily derived from the erosion of the
Langshan Formation and the Zenong Group (Sun et
al., 2015; Lai et al., 2019b). The depositional age of
the Jingzhushan Formation is constrained to the late
Cenomanian-Turonian, based on the age of intercalated
tuffs (Sun et al., 2015; Lai et al., 2019b).

The studied area is located in the Baingoin Basin
(Fig. 1C), where Lower Cretaceous strata, including
the Duoni, Langshan, and Jingzhushan formations, are
widespread and well exposed. Recently published zircon
U-PDb ages near the Duba village indicate that the Duoni
Formation was deposited during 122—110 Ma, while the
Jingzhushan Formation was deposited during 100-90
Ma (Lai et al., 2019a, b).

Material and methods

The Xiongba section is exposed to the southeast of the
Seling Co lake (31°30'54.68" N; 89°29'59.04" E) (Fig.
1D). This study focuses on the Langshan Formation with
a thickness of 293 meters, where samples were collected
with an average spacing of 2-3 m. A total of 76 thin
sections were used for microfacies analysis based on
field observations, grain components, textures, and fossil
assemblages. Carbonate rocks were classified based on
Dunham (1962).

Results

Based on field observations, textural features, and fossil
assemblages, eight microfacies (MF1 to MF8) were
recognized in the Xiongba section, representing three
sedimentary facies.

MFI Bioclast- discoidal orbitolinid wackestone
Description: This microfacies is featured by discoidal
orbitolinids (3—10 mm in diameter, 10%—-30%) set in the
micritic matrix with echinoderms and sponge spicules
(5%-20%) (Fig. 2A). Bivalve debris are minor, while
green algae and ostracods are largely absent. Stylolites
are commonly found within the matrix.

Interpretation: The morphology of orbitolinids is
generally related to water depth, with increased width-
height ratios (i.e., discoidal orbitolinids) associated with
deeper environments (Banner & Simmons, 1994; Vilas
et al., 1995). The occurrence of sponge spicules and
echinoderms implies a heterotrophic assemblage that is
common in relatively deep subtidal conditions (Halfar et
al., 2004).

MF2 Discoidal orbitolinid packstone

Description: In the MF2, orbitolinids represent 70-85% of
the rock components and are associated with echinoderms,
bivalves, sponge spicules, and other bioclasts (Fig.
2B). Most orbitolinids are flat and well preserved with
a diameter of 2—6 mm, although some are conical and
smaller in size (1-2 mm) compared to the flattened
species. Additionally, some debris from orbitolinids can
be observed. Stylolites are commonly found among the
orbitolinids.

Interpretation: The variation in size among orbitolinids
and their broken debris suggest hydraulic sorting during
transportation, with discoidal orbitolinids being more
easily suspended than conical species. The carbonate
mud matrix, containing smaller bioclasts, indicates the
deposition in low-energy conditions. The interbedding of
MF2 with MF1 represents a background of relatively deep
subtidal environments. The grain-supported texture, along
with the broken orbitolinids, suggests deposition during
periods of higher energy conditions, such as storms.

MF3 Bivalve wackestone
Description: This microfacies is featured by sparse bivalve
debris (15%) set in the micritic matrix. Echinoderms and
sponge spicules (5%) are minor (Fig. 2C). MF3 is rare
and interbedded with MF2 in the Xiongba section.
Interpretation: The dominance of micritic matrix
suggests a low-energy environment, while its association
with MF2 indicates a relatively deep subtidal setting.

MF4 Sponge spicule wackestone

Description: Abundant sponge spicules (15%-20%)
are in the micritic matrix (Fig. 2D). These spicules are
recrystallized to clean calcite spar. Other bioclasts,
including conical orbitolinids, small benthic foraminifers,
echinoderms, and bivalves, are present with minor
amounts (5-10%).

Interpretation: Although carbonates rich in spicules
are traditionally interpretated as deposition in deep basins
(Wilson, 1975), sponges can also thrive in much shallower
marine environments (James & Jones, 2015). The co-
occurrence of conical orbitolinids and small benthic
foraminifers further implies a shallow subtidal condition
(Davies et al., 2002).

MF5 Spicule-conical orbitolinid wackestone
Description: Conical orbitolinids with a diameter of 1-
1.5 mm (20%-30%) set in micritic matrix with abundant
sponge spicules (5%—10%) (Fig. 2E). Echinoderms are
minor (3%-8%). Green algae and ostracods are rare.

Interpretation: Conical orbitolinids exhibit low
width—height ratios, which are common associated with
shallow subtidal environments (Banner & Simmons,
1994; Vilas et al., 1995).
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MF6 Small benthic foraminifer-conical orbitolinid
wackestone

Description: Thick-bedded limestones in the upper
part of the Xiongba section mainly consists of conical
orbitolinids (10%—-25%), various kinds of small benthic
foraminifers (including miliolids and textulariids, 3%—
5%), and peloids (15%—-20%) (Fig. 2F). Echinoderms,
sponge spicules, and green algae are sparse distributed in
the micritic matrix (3%).

Interpretation: The diverse small benthic foraminifers
representing a very shallow environments (Davies et al.,
2002). The assemblage of biota is typical of Cretaceous
shallow-water marine environment (Davies et al., 2002).
The high species diversity indicates an open shallow
subtidal environment. Microfacies MF6, interbedded with
MEF8, suggests a very shallow subtidal setting.

MF7 Orbitolinids-green algae wackestone to packstone
Description: Strata with orbitolinids (15%-20%) and
green algae (5-10%) set in micritic matrix occur at the
middle part of the Xiongba section (Fig. 2G). The shape
of orbitolinids varied from conical forms to discoidal
forms. Bivalve and gastropods are common (ca. 5%).
Echinoderms and small benthic foraminifers are minor
(less than 3%).

Interpretation: The diversified fauna suggests an
open marine environment. The presence of green algae
and gastropods indicates shallow water conditions
(Fligel, 2010). Considering its stratigraphic relationship
with MF6, MF7 was deposited in a shallow subtidal
environment.

MF8 Green algae wackestone
Description: Strata with green algae (10-30%) set in
micritic matrix occur at the upper part of the Xiongba
section (Fig. 2H). Most of the green algae are dasyclads
and are well preserved. Abundant peloids are present,
along with minor conical orbitolinids and small benthic
foraminifers, while echinoderms occur rarely.
Interpretation: Dasyclads thrive in water depths of
no more than 10 meters (Banner & Simmons, 1994). The
presence of peloids and micrite is typical of lagoonal
environments (Fliigel, 2010). Additionally, the shape
of orbitolinids indicates shallower water conditions.
Therefore, MF8 was deposited in a shallow lagoon.

Discussion

Palaeoenvironmental interpretations of strata enriched in
discoidal orbitolinids

The mid-Cretaceous stratigraphic levels rich in discoidal
orbitolinids have been observed in many locations, such

as Middle East (Rahiminejad & Hassani, 2016; Xu et al.,
2023), western Tethys (Di Lucia et al., 2012) and the North
Atlantic (Douglass, 1960). The palacoenvironmental
interpretations of the orbitolinid-rich level have been
debated (Di Lucia et al., 2012; Rahiminejad & Hassani,
2016). As previous studies have linked the morphology of
orbitolinid tests to water depth, discoidal orbitolinids are
often related to deeper environments (Banner & Simmons,
1994; Vilas et al., 1995; Rahiminejad & Hassani, 2016).
However, it has been suggested that the water turbidity
may also control their morphology; i.e., the flat forms
often occurred in marlstone could be the results of turbid
water rather than deep water (Pittet ez al., 2002).

However, several pieces of evidence suggest that
discoidal orbitolinids of the Xiongba section were inhabited
in relatively deeper water. First, the biota of MF1 and MF2
include discoidal orbitolinids, echinoderms, bivalves, and
sponge spicules; all these organisms, except for discoidal
orbitolinids, represent a typical heterotrophic association.
Such associations are common in deeper waters of tropical
regions or in cooler waters at higher latitudes (Halfar et al.,
2004). In contrast, MF5, MF6 and MF7 are characterized
by abundant green algae besides the conical orbitolinids,
indicating a warm and euphotic zone. Considering the
palaeolatitude of the northern Lhasa terrane situated at ca.
15-20° N (Ma et al., 2018; Bian et al., 2020), it indicates
that the palacodepth of discoidal orbitolinids must be
greater than that of conical orbitolinids. Additionally,
diversified small benthic foraminifers co-occur only with
conical orbitolinids, further implying shallower water
depths for the latter.

Palaeoenvironmental changes of the Langshan Formation
in the Xiongba section
The lower part of the Langshan Formation in the
Xiongba section (0-140 m) is dominated by MFI1,
indicating relatively deep subtidal environments (Fig. 3).
Occasional high-energy events increase the abundance of
flat orbitolinids, resulting in the occurrence of discoidal
orbitolinid packstone (Fig. 3). Between 140 and 160
m, the most prevalent lithofacies consists of small
benthic foraminifer-conical orbitolinid wackestone and
sponge spicule wackestone, indicating shallow subtidal
environments (Fig. 3). The upper part of the Xiongba
section (160-293 m) is mainly featured by an alternation
of small benthic foraminifer-conical orbitolinid
wackestone, orbitolinid-green algae wackestone to
packstone, and green algae wackestone, all suggesting a
lagoonal environment (Fig. 3). Therefore, the Langshan
Formation in the Xiongba section represents an upward
shallowing sequence from deep subtidal to shallow
subtidal environments (Fig. 3).

In the Xiongba section, the Langshan Formation
conformably overlies the Duoni Formation. The upper
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FIGURE 2. Microfacies of the Langshan Formation in the Xiongba section. A, MF1 Bioclast- discoidal orbitolinid wackestone.
B, MF2 Discoidal orbitolinid packstone. C, MF3 Bivalve wackestone. D, MF4 Sponge spicule wackestone. E, MF5 Spicule-
conical orbitolinid wackestone. F, MF6 Small benthic foraminifer-conical orbitolinid wackestone. G, MF7 Orbitolinid-green
algae wackestone to packstone. H, MF8 Green algae wackestone.
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FIGURE 3. Stratigraphy of the Langshan Formation and microfacies distribution in the Xiongba section. See text for
descriptions of microfacies MF1 to MFS8.
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FIGURE 4. Mid-Cretaceous palacogeographic evolution in Duba village. The depositional environment of the upper Duoni
Formation was a fluvial floodplain, representing a lowstand in sea level. The boundary between the Duoni Formation and
the Langshan Formation may represent a marine flooding surface, where discoidal orbitolinid limestone overlies the surface,
indicating a dramatic deepening event. The discoidal orbitolinids were gradually replaced by conical orbitolinids and green
algae, reflecting a normal regression during a period of slow sea-level rise.
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part of the Duoni Formation was deposited in fluvial
environments (Lai et al., 2019a) (Fig. 4). Thus, the
transition from fluvial deposits to the marine limestone of
the Langshan Formation represents a transgression that
can be correlated across the entire northern Lhasa block
(Xu et al., 2022). This transgression indicates a sudden
flooding episode (Fig. 4), documented by the presence
of deep subtidal discoidal orbitolinid levels subsequently
followed by gradual depositional regression, culminating
in conical orbitolinids and green algae (Fig. 4).

Conclusion.

In this study, microfacies analysis and
palaecoenvironmental studies were carried out on the
mid-Cretaceous limestone rich in orbitolinids from
the Langshan Formation in the Duba village, central
Tibet. Eight microfacies were identified, including
bioclast-discoidal  orbitolinid wackestone (MF1),
discoidal orbitolinid packstone (MF2), and bivalve
wackestone (MF3), which were deposited in relatively
deep subtidal environments influenced by high-energy
events. Additionally, sponge spicule wackestone (MF4),
spicule-conical orbitolinid wackestone (MF5), and small
benthic foraminifer-conical orbitolinid wackestone
(MF6) were deposited in shallow subtidal environments,
while orbitolinid-green algae wackestone to packstone
(MF7) and green algae wackestone (MF8) were
formed in lagoonal settings. The palacoenvironmental
reconstruction of the Langshan Formation reveals a
general shallowing upward sequence. The lower part
of the Xiongba section, characterized by discoidal
orbitolinid limestones, was formed during a rapid
transgression, whereas its upper part, represented by
conical orbitolinid limestones with green algae, was
deposited during a normal regression phase.
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