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Abstract

Cretaceous amber plays a crucial role in understanding
the evolution of Late Mesozoic biotas and changes in
palacoclimates and palacoenvironments. This paper reports
amber, insects and plant fossils from the Lower Cretaceous
Jiufengshan Formation in Heihe City, Heilongjiang Province,
Northeast China, and presents the Fourier-transform infrared
(FT-IR) spectroscopic characteristics of the amber. The
Heihe amber occurs predominantly as irregular blocky pieces
and layered forms, and is mainly preserved in coal seams.
In addition, insect fossils belonging to multiple groups,
including Coleoptera, Orthoptera, Hemiptera, Blattodea
and Trichoptera (caddis cases), have been found in black
shales near the amber-bearing horizons, further enriching the
palacobiological assemblage of the region. This discovery
provides important empirical evidence for investigating the
biotic characteristics and stratigraphic correlation of northern
China during the late Mesozoic.

Keywords: Jiufengshan Formation, Heihe amber, FT-IR
analysis, Lower Cretaceous

Introduction

The Cretaceous represents a key interval in Earth’s
evolutionary history, characterized by typical greenhouse
climate conditions and accompanied by rapid biotic
turnover and extensive diversification of organismal
groups (Huber et al., 2002; Delclos et al., 2023).

Cretaceous amber-bearing deposits are mainly distributed
in the Northern Hemisphere. Based on the shared
characteristics of Cretaceous amber, researchers have
formally established the Cretaceous Resinous Interval
(CREI) to denote a period of massive resin production in
Earth history (Delclos et al.,2023). This interval was driven
by a greenhouse climate with elevated temperatures, high
atmospheric CO: levels, and widespread wildfires, which
promoted the proliferation of resin-producing conifers
and enhanced resin secretion and preservation (Delclos
etal., 2023).

Cretaceous amber deposits are widely distributed
globally; among them, Burmese amber is the most
renowned and preserves abundant bioinclusions (e.g.,
Grimaldi ef al., 2002; Ross, 2024); additionally, Cretaceous
amber outcrops have also been documented in Lebanon
(e.g., Maksoud et al., 2022), Spain (e.g., Delclos et al.,
2007; Najarro et al., 2010), France (e.g., Néraudeau et al.,
2008), the United States (e.g., Langenheim et al., 1960;
Grimaldi et al., 1989), the Taimyr region of Russia (e.g.,
Perkovsky & Vasilenko, 2019), the Congo (e.g., Bouju &
Perrichot, 2020), western Canada (e.g., McKellar et al.,
2008), the United Kingdom (e.g., Tihelka et al., 2023),
northern Japan (e.g., Kubota et al., 2025) and Antarctica
(e.g., Klages et al., 2024).

Cretaceous amber occurrences in China remain
relatively rare. The confirmed Cretaceous amber
localities mainly include Hulun Buir amber from the
late Aptian Damoguaihe Formation and the overlying
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Aptian—Albian Yimin Formation of the Early Cretaceous
in Inner Mongolia; amber from the Early Cretaceous
Dongning Formation in SE Heilongjiang Province; the
Late Cretaceous Taipinglinchang Formation in North
Heilongjiang Province; Late Cretaceous Xixia amber in
Henan Province; as well as Late Cretaceous amber from
the Dalangshan and Yetang formations in Guangdong
Province (Shi et al., 2014; Azar et al., 2019; Ni et al.,
2023; Liet al., 2023b; Gao et al., 2024; Song et al., 2024;
Bugdaeva et al., 2025; Ji et al., 2025; Luo et al., 2026).
Despite these discoveries, the Cretaceous amber record in
China remains sparse, which limits our understanding of
the evolution of regional terrestrial ecosystems and resin-
producing floras.

Here we report the discovery of an Early Cretaceous
amber outcrop, along with associated insects and plants,
from the Heibaoshan-Handaqi Basin in North Heilongjiang
Province, northeastern China. This amber occurrence falls
within the CREL

Geological setting

The Heibaoshan-Handaqi Basin, also referred to as
the Heibaoshan-Mu’erqi Basin, is situated in northern
Heilongjiang Province at the junction between the Great
Xing’an Range and the Lesser Xing’an Range. It is
superimposed on the Paleozoic Duobaoshan Island Arc
Belt between the Xing’an Block and the Songnen Block
(Yang et al., 2020). It is one of the major coal-accumulating
basins in Heilongjiang Province (Zhao et al., 1991). The
stratigraphic succession of the Heibaoshan-Handaqi Basin
comprises, from bottom to top, the Early Cretaceous
Guanghua Formation, Jiufengshan Formation, Ganhe
Formation, and the Miocene Sunwu Formation (Yang et
al., 2020).

The Jiufengshan Formation is the dominant coal-
bearing unit in the region. Apart from the Heibaoshan-
Handaqi Basin, it is widely distributed in the northern
part of the Great Xing’an Range and the northwestern
slope of the Lesser Xing’an Range, occurring mainly
in the Dayangshu Basin, Huma Yiziquan, Fanshentun
and other localities (Yang et al., 2020). The formation
shows little lithological variation across the region, and
generally represents a succession of continental volcanic-
sedimentary coal-bearing strata, dominated by light gray
sandstone, pebbly sandstone, tuffaceous sandstone and
grayish-black mudstone, with interbeds of pyroclastic
rocks and basalt (Bureau of Geology and Mineral
Resources of Heilongjiang Province, 1997).

The Jiufengshan Formation yields abundant fossils,
including fishes, insects, bivalves, plant macrofossils and
sporopollen grains (Heilongjiang Provincial Bureau of

Geology and Mineral Resources, 1993; Jin, 1997; Han et
al., 2000). The Jiufengshan Formation in the Naketa area
of Inner Mongolia has been suggested to preserve the E-
E-L (Eosestheria-Ephemeropsis-Lycoptera) assemblage
of the Jehol biota, which is considered an important
record of the northern distribution of the Jehol biota (Li
& Reisz, 2020; Li et al., 2023a). Guo (2024, unpublished
master's to thesis) discovered amber in coal seams of the
Jiufengshan Formation at the Gulianhe Coal Mine in the
Hola Basin, but did not conduct detailed research on these
materials. In the adjacent Hola Basin, the Jiufengshan
Formation comprises a lower sandy conglomerate
member, a middle sand-mudstone member, and an upper
coal-bearing member with a persistent tuff marker bed,
unlike the tuffaceous sandstone-mudstone succession
with pyroclastic interbeds and basalt in the Heibaoshan-
Handaqi Basin. Palynofloras in the Hola Basin are
dominated by fern spores, whereas both sporopollen and
plant macrofossils in the Heibaoshan-Handaqi Basin are
overwhelmingly gymnosperm-dominated and yield no
angiosperms (Yang et al., 2020).

The Jiufengshan Formation in the Heibaoshan-
Handaqi Basin has not yielded the E-E-L assemblage of the
Jehol biota, but contains abundant plants and sporopollen
grains. Macrofossil plants are overwhelmingly dominated
by gymnosperms, with no angiosperms recovered; among
the plants, conifers include: Pityostrobus sp., P. cf. dunkeri,
Pityocladus sp., P. cf. zhalainoerensis, Pityophyllum sp.,
Podozamites sp., Elatocladus cf. manchuricus, Elatides
sp., Pagiophyllum sp.; cycads include: Pterophyllum
sp., Zamites sp.; ginkgophytes include: Ginkgoites sp.,
Sphenobaiera sp.; czekanowskiales include: Phoenicopsis
sp., Czekanowskia rigida; ferns include: Coniopteris sp.,
C. burejensis, Cladophlebis cf. acuta, etc. (Yang et al.,
2020).

The sporopollen assemblage of the Jiufengshan
Formation in the Heibaoshan-Handaqi Basin is
assigned to the Piceaepollenites-Appendicisporites-
Cicatricosisporites assemblage, which is dominated by
gymnosperm pollen, with no angiosperm pollen identified
(Yang et al., 2020). Gymnosperm pollen includes:
Piceaepollenites sp., P. exilioides, Pinuspollenites sp.,
P. divulgatus, Cycadopites sp., Classopollis annulatus,
Abietineaepollenites, Cedripites, Parrisaccites, Parcisporites,
Psophosphaera,  Araucariacites, Podocarpidites  sp.,
Ginkgo, Laricoidites, Inaperturopollenites; pteridophyte
spores include: Cicatricosisporites sp., C. australiensis,
C. minutaestriatus, C. minor, Fixisporites tortus,
Aequitriradites spinulosus, Concavissimisporites sp.,
C. punctatus, C. variverrucatus, Deltoidospora sp.,
Gleicheniidites delicatus, G. senonicus, Gleicheniidites
sp., etc. (Yang et al., 2020). The assemblage is dominated
by conifer pollen (Piceaepollenites and Pinuspollenites),
with minor fern spores and a low abundance of
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Classopollis, indicating a coniferous forest and a
subtropical humid climate favorable for coal formation
(Yang et al., 2020). In addition, early angiosperm pollen
was discovered for the first time in the upper member of the
Jiufengshan Formation in the Dayangshu Basin, eastern
Great Xing’an Range, recording the early expansion of
angiosperms in mid-latitude regions (Zhang et al., 2026).

Zircon U-Pb dating of the Jiufengshan Formation
in different basins indicates that its deposition spanned a
potentially long interval, from the Barremian to the latest
Aptian. The Lower Member of the Jiufengshan Formation
in the Naketa area, Inner Mongolia, was deposited from
the Barremian to the earliest Aptian, yielding ages of
121.6 £ 0.47 Ma (Li & Reisz, 2020) and 124.3 £+ 1.5 Ma,
1249 + 1.6 Ma, 121.5 + 1.4 Ma (Li et al., 2023a). A tuff
from the Upper Member of the Jiufengshan Formation
in the Dayangshu Basin yields an age of 115.3 = 1.4
Ma (Zhang et al., 2026). The maximum depositional
age of the Jiufengshan Formation in the Nenjiang area,
constrained by detrital zircons, is 116 = 1 Ma (Jia et al.,
2025). The lower tuff of the Jiufengshan Formation in
the Heibaoshan-Handaqi Basin yields a crystallization
age of 119 = 0.89 Ma (Yang et al., 2020). Collectively,
these data demonstrate that the Jiufengshan Formation
spans the entire interval from the Barremian to the latest
Aptian. Our sampling locality is adjacent to that of Yang
et al. (2020), and the strata correspond to their second
member of the Jiufengshan Formation. Based on these
data, we consider the age of the amber-bearing horizon to
be constrained to the Middle—Late Aptian. The age of the
amber from this area is comparable to that of the amber
from the Damoguaihe Formation in the Zhalainuoer area,
eastern Inner Mongolia (Azar et al., 2019; Gao et al.,
2024).

The sporopollen fossil assemblage of the Jiufengshan
Formation in the Heibaoshan-Handaqi Basin is broadly
comparable to those of the Chengzihe Formation and
Muling Formation in the Jixi Basin of Heilongjiang, as
well as the Jiufotang Formation and Shahai Formation in
western Liaoning (Yang et al., 2020). The absolute ages
are 125.1-116 Ma for the Chengzihe Formation (Ren et al.,
2005) and 116-106.9 Ma for the Muling Formation (Yang
et al., 2005) in the Jixi Basin. The Jiufotang Formation
yields an age of approximately 122—115.5 Ma (He et al.,
2004; Chang et al., 2009; Zhang et al., 2010). Regional
stratigraphic correlation indicates that the Jiufengshan
Formation in the Heibaoshan-Handaqi Basin corresponds
to the upper-middle part of the Chengzihe Formation and
the Jiufotang—Shahai formations, is younger than the
Yixian Formation and older than the Muling Formation,
and was deposited during the Middle-Late Aptian of the
Early Cretaceous.

Material and methods

The Heibaoshan-Handaqi Basin currently contains
numerous coal mines. In this study, we collected a total
of about 105 amber pieces, as well as some insect and
plant fossils, from three coal mines (Jinfeng, Junjin and
Zhenxing) in Handaqi Town, Heihe City, Heilongjiang
Province (Fig. 1), and one additional collection site with
no clear affiliation to a specific coal mine but with the
same source as the coal-mine samples.

Amber pieces, insects, and plant fossils were
photographed with a Canon EOS 5D Mark II camera
equipped with a Canon 100 mm macro lens and coupled
to a Zeiss Discovery V16 microscope. Fluorescence
photographs were captured using a Canon EOS 5D Mark
II camera fitted with a Canon 100 mm macro lens and a
365 nm ultraviolet flashlight.

ForFourier-transforminfrared(FT-IR ) analysis,amber
samples from the Jiufengshan Formation were crushed
and homogenised with spectroscopic-grade potassium
bromide (KBr). Pellets were prepared using a manual
hydraulic press. Spectra were acquired in transmission
mode over the wavenumber range of 4000400 cm™
with a Bruker VERTEX FT-IR spectrophotometer, at a
resolution of 4 cm™ and with 40 cumulative scans (Fig.
6).

All described materials are housed in Nanjing
Institute of Geology and Palacontology, CAS, Nanjing,
China.

Results

Amber from the Jiufengshan Formation in the Heihe area
occurs predominantly in coal seams, with some material
occurring in silty mudstone; insects and plants are
mainly preserved in yellowish-gray shale. We recovered
abundant irregular blocky and layered amber (Figs 2, 3).
Only a small number of amber pieces were collected from
coal blocks at the Jinfeng Coal Mine, whereas amber is
abundant in coal blocks from the Junjin Coal Mine, where
a small number of insects were also found in yellowish-
gray shale. Amber is densely distributed in coal blocks
from the Zhenxing Coal Mine, with some insects and
plants discovered in the associated shale. Overall, amber
from the Jiufengshan Formation in the Heihe area is widely
distributed and abundant in coal seams and is commonly
associated with insects and plants, providing important
material for studying the palacoecological environment
of this period.

The amber pieces range in size from 0.2 mm to 1.5 cm
and occur predominantly as irregular massive and layered
forms. Abundant tiny amber fragments are concentrated
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FIGURE 1. Map of the amber locality. Red triangles 1, 2, and 3 mark, respectively, the Jinfeng, Junjin, and Zhenxing coal
mines.

FIGURE 2. Early Cretaceous amber from the Jiufengshan Formation, Handaqi Town, Heilongjiang. A, B, D, F, Amber pieces

on a bedding surface, NIGP210825(1), 210826(1), 210827, 210829. C, E, Amber pieces in different layers, NIGP210825(2),
210828(1). Scale bars = 1 mm.
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FIGURE 3. Early Cretaceous amber from the Jiufengshan Formation, Handaqi Town, Heilongjiang, of which A-D, G, H are from
Junjin, I from Jinfeng, and E, F, J from Zhenxing Coal Mine. A-D, I, Irregular amber pieces, NIGP210830-210832, 210833(1),
210836(1). E, F, Fracture-filling amber, NIGP210834(1), 210834(2). G, H, Amber pieces in different layers, NIGP210835,
210833(2). J, Amber pieces on a bedding surface, NIGP210837. Scale bars = 1 mm for A, B, D, H, I; 2 mm for C, G; 500 pum for

E,F,J.

in specific horizons of coal blocks (Figs 4G-J; 5C, D,
K, L). The amber is mainly transparent, ranging from
golden yellow to brownish yellow, and a small number
of pieces are opaque yellow. Under ultraviolet light,
freshly fractured surfaces of the amber display blue-white
fluorescence, while slightly weathered amber shows blue-

green fluorescence (Figs 4, 5). No bioinclusions have
been found in the amber. These amber pieces often occur
as thin layers on coal surfaces or fill fractures within
the sediments (Fig. 5G-J), indicating that under the
influence of elevated temperatures during coalification,
the amber softened, melted into a fluid, and then filled
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FIGURE 4. Fluorescence of amber from the Lower Cretaceous Jiufengshan Formation, Handaqi Town, Heilongjiang. A, C, E,
Amber occurs as intermittent small leaf-like flakes, NIGP210828(2), 210826(2), 210838. B, D, F, Fluorescence photographs of
A, C, and E. G, Amber pieces in different layers, NIGP210839. H, Fluorescence photograph of G. I, Amber pieces on a bedding
surface, NIGP210840. J, Fluorescence photograph of I. Scale bars = 5 mm for A-F; 2 mm for G, H; 1 cm for L, J.
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FIGURE 5. Fluorescence of amber from the Lower Cretaceous Jiufengshan Formation, Handaqi Town, Heilongjiang, with A-D,
G, H from Junjin, E, F, K, L from Zhenxing, and I, J from Jinfeng. A, Blocky amber, NIGP210830. B, Fluorescence photograph of
A. C, Thin-layered amber, NIGP210835. D, Fluorescence photograph of C. E, Amber pieces on a bedding surface, NIGP210841.
F, Fluorescence photograph of E. G, I, Fracture-filling amber, NIGP210842, 210836(2). H, J, Fluorescence photographs of G and
I. K, Amber pieces in different layers, NIGP210834(3). L, Fluorescence photograph of K. Scale bars = 3 mm for A-D; 5 mm for
E-H,K, L; 2 mm for I, J.
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FIGURE 6. FT-IR spectrum of amber samples from the Jiufengshan Formation, Handaqi Town, Heilongjiang.

FIGURE 7. Insects from the Lower Cretaceous Jiufengshan Formation, Handaqi Town, Heilongjiang. A, Coleoptera, unidentified,
NIGP210820. B, Caddis case, NIGP210821. C, Orthoptera, forewing, unidentified, NIGP210822. D, Blattodea, forewing,
unidentified, NIGP210823. E, Hemiptera, hindwing, unidentified, NIGP210824. Scale bars = 500 um for A, B; 1 mm for C, D, E.

interlayer spaces and fractures in the sediments. Many F; 4A-F), and are not biological remains. The margins
amber pieces appear to have the shape of gymnosperm  of these layered amber pieces are commonly transformed
needle-like leaves, but they are actually exposed portions  into jet, while the centers remain amber, often occurring
of thin amber layers broken along lateral edges (Figs 2A, as intermittent small leaf-like flakes.
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FIGURE 8. Plants from the Lower Cretaceous Jiufengshan Formation, Handaqi Town, Heilongjiang. A, Ginkgoites sp.,
NIGP210843. B, Pityospermum sp., NIGP210844. C, Baiera borealis, NIGP210845. D, Nilssonia sinensis, NIGP210846. E,
Ginkgoites sp., NIGP210847. F, Sphenobaiera sp., NIGP210848. Scale bars = 5 mm for A, C, D, E; 1 mm for B; 10 mm for F.

The shale yields diverse insects, including Coleoptera,
Orthoptera, Hemiptera, Blattodea, and caddis cases (Fig.
7). Plants include Ginkgoites sp., Pityospermum sp.,
Baiera borealis, Nilssonia sinensis and Sphenobaiera sp.
(Fig. 8). The insect and plant fossils discovered so far are
few in number and moderately preserved, and have not
yet been studied in detail.

Fourier-transform infrared (FT-IR) analysis was
performed on the Heihe amber to characterize its chemical
features and compare its structural characteristics with
those of known amber types. Although FT-IR alone is
insufficient to accurately determine botanical origin
because many ambers have broadly similar spectra (Azar
etal., 2010), it effectively identifies key functional groups
and distinguishes major fossil-resin classes. The sharp
absorption peaks at 3693 cm™ and 3622 cm™ correspond
to the stretching vibrations of free alcoholic hydroxyl (-
OH) groups, while the strong and broad absorption band

at 3437 cm™ is assigned to the stretching vibration of
hydrogen-bonded O-H, with both signal types originating
from alcoholic hydroxyl groups or trace adsorbed moisture
in the resin. The absorption peaks at 2956 cm ™, 2928 cm ™!,
and 2867 cm™ are attributed to aliphatic C-H stretching
vibrations, which are characteristic signals of CH, CHa,
and CH3s groups in the terpenoid skeleton of the resin. The
distinct transmittance peak at 1704 cm ™ corresponds to the
C=0 stretching vibration of conjugated carbonyl groups.
The absorption peak at 1622 cm™ is assigned to the C=C
stretching vibration of alkenyl groups. The transmittance
peaks at 1455 cm ™ and 1380 cm™! correspond to CH2/CHs
bending vibrations, and are typical of aliphatic chains;
of these, the absorption peak at 1380 cm™ specifically
represents the CHs symmetric deformation vibration, a
common characteristic of fossil resins. The absorption
peaks at 1169 cm™, 1084 cm™, and 1033 cm™ are
attributed to the C-O stretching vibration of ether or ester
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linkages, which is consistent with the characteristics of
oxygen-containing functional groups in polymerized resin
structures. The characteristic absorption at 913 cm™ in the
low-wavenumber region corresponds to the out-of-plane
C-H bending vibration of terminal exomethylene (=CH>)
groups. This diagnostic peak is characteristic of labdanoid
diterpenes (Class I amber). Its presence strongly supports
a possible coniferous botanical origin.

In summary, the FT-IR spectrum confirms that the
Heiheamberstudiedhereincontainsthetypicalaliphaticand
oxygenated functional groups of polymerized diterpenoid
resin. Moreover, the observed peaks are consistent with
typical spectra of fossilized resins, particularly those of
Class I (polylabdanoid) ambers. However, FT-IR alone
does not provide sufficient resolution to determine exact
botanical provenance with high accuracy. Therefore, the
results should be interpreted cautiously.

Conclusion

Integrating these results with regional palacobotanical and
palynological data, the flora of the Jiufengshan Formation
in the Heibaoshan-Handaqi Basin is dominated by
gymnospermous conifers, and its sporopollen assemblage
is also dominated by gymnosperm pollen, with no
angiosperm fossils or pollen recovered. Thus, the amber
in this area probably originated from gymnosperms.

The discovery of amber, insects, and plants from
the Jiufengshan Formation in the Heibaoshan-Handaqi
Basin enriches the Late Mesozoic palaeobiodiversity of
the Jiufengshan Formation and the Heihe area. These
findings provide important evidence for reconstructing
the palacovegetation of the Jiufengshan Formation, and
also provide new data for studies of Mesozoic amber in
China.
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