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Abstract

The Xixia amber is the largest known Mesozoic amber deposit 
in China to date. Here we analyse amber collected over the years 
from 12 localities in the Upper Cretaceous Gaogou Formation 
in Xixia, Henan, including physical property tests and Fourier 
transform infrared spectroscopy (FT-IR) analysis. The main 
preservation forms of the Xixia amber include nest-like, vein-
like, and layered irregular shapes, as well as gravel-like forms 
resulting from secondary transportation. Recent discoveries 
include numerous small-grained amber specimens preserved 
in grey-black silty shale rich in plant debris, suggesting a 
near-in-situ depositional environment. The Xixia Basin’s 
Late Cretaceous strata are renowned for their abundance in 
dinosaur eggs. In-depth research on the Xixia amber will help 
to understand the geological history and ecosystem evolution 
of the Xixia Basin during the Late Cretaceous, as well as the 
global distribution characteristics of Cretaceous amber.

Key words: Xixia amber, Xixia Basin, Late Cretaceous, FT-
IR analysis

introduction

Cretaceous amber is relatively scarce compared to 
Cenozoic amber, primarily distributed over a span of 

54 million years from the Barremian to the Campanian. 
This period is now regarded as the Cretaceous Resinous 
Interval, as its biological inclusions play a crucial role 
in understanding the Cretaceous Terrestrial Revolution, 
as well as the palaeoclimate, palaeoenvironment, and 
palaeoecology of the late Mesozoic (Delclòs et al., 
2023).

Recent years have seen significant progress in amber 
research in China, such as studies on bioinclusions in 
Eocene Fushun amber and Miocene Zhangpu amber 
(Wang et al., 2014; Wang et al., 2021). Previously, 
Cretaceous amber in China was rarely found outside of 
the Xixia amber, but a series of new discoveries have 
been made in recent years, including ambers from the late 
Aptian to early Albian in the Hulunbuir region of Inner 
Mongolia, encompassing Manzhouli and Hailar (Azar et 
al., 2019; Li et al., 2023; Gao et al., 2024). Late Cretaceous 
amber has also been discovered in the Upper Cretaceous 
Dalangshan Formation of Guangzhou City and the Yetang 
Formation of Xingning County in eastern Guangdong (Ni 
et al., 2023; Song et al., 2024).

Xixia County is located in central China, in the south-
western part of Henan Province. The Late Cretaceous 
amber found here represents the largest Mesozoic amber 
deposit in China. Although the Xixia amber has been 
discovered in significant quantities, research on it remains 
limited (Wang, 1989; Zhong, 2003; Zhou & Zhao, 2005; 
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Chai & Huang, 2011; Shi et al., 2014; Li et al., 2024). 
The discovery and use of the Xixia amber date back over 
a thousand years, with large-scale collection occurring in 
the last century, primarily for use in traditional Chinese 
medicine. The Xixia amber boasts substantial production, 
with amber deposits varying in size and often consisting 
of a mixture of sediment and amber. The deposits are 
primarily small pockets, ranging from a few kilograms to 
between 10 and 150 kg. Larger single pockets typically 
weigh between 1300 and 3000 kg. Wuliqiao Town once 
yielded a pocket weighing 3374 kg, with the largest 
single piece weighing 100 kg, reportedly preserved in the 
Shanghai Museum (Zhou & Zhao, 2005; the authors were 
unable to locate this amber during visits to the Shanghai 
Museum and Shanghai Natural History Museum). 
By 2003, the total weight of amber mined from Xixia 
exceeded 5000 kg (Zhong, 2003). Due to its preservation 
in relatively hard sandstone, explosives were required for 
extraction. However, strict controls on explosives in the 
21st century, coupled with the declining medicinal value 
of amber (locally used for haemostasis), have led to a 
significant reduction in amber mining in the Xixia region. 
Additionally, the Xixia amber is brittle and difficult to 
craft into artifacts, and no definitive biological inclusions 
have been reported, resulting in limited attention to this 
resource.

Wang (1989) tested on the physical properties, 
chemical properties, infrared and ultraviolet spectra, and 
XRD patterns of the Xixia amber, and briefly discussed 
its geological genesis. Zhou & Zhao (2005) provided a 
concise description of the characteristics of the Xixia 
amber deposit, including its mining and occurrence, and 
proposed that the amber originated from Late Triassic 
strata to the northwest and north of the basin, having 
undergone long-distance transport. Chai & Huang (2011) 
investigated the thermal behaviour of the amber, observing 
that the characteristic peaks generated by the stretching 
and bending vibrations of saturated hydrocarbon bonds 
changed with increasing temperature. Shi et al. (2014) 
identified terpenoid compounds in the Xixia amber and, 
based on biomarkers, inferred its botanical origin to be 
Araucariaceae gymnosperms. Li et al. (2024) carried out 
a comprehensive examination on Xixia amber, including 
microscopic observation, infrared spectroscopy, three-
dimensional (3D) fluorescence spectroscopy, and 
pyrolysis gas chromatography-mass spectrometry (Py-
GC-MS), and made a comparison of the yellow samples 
with yellow ones from Burmese, Fushun, and Baltic. The 
results revealed that the gemological traits of Xixia amber 
are similar to the ambers with the same colour from other 
origins, but it shows significant differences in infrared 
spectral characteristics from amber of other origins. 
Furthermore, the fluorescence behavior of Xixia amber is 

closer to that of Burmese and Fushun amber rather than 
Baltic amber. The py-GC-MS results account for this 
similarity, indicating that all three are characterized by a 
regular configuration and the absence of succinic acid.

Through years of field surveys in the amber-
producing areas of Xixia, this paper reports on 12 amber 
localities within the Xixia Basin and presents tests and 
analyses conducted on these amber samples, laying the 
groundwork for further in-depth studies.

Geological setting

The Xixia Basin is primarily located in Xixia County, 
Henan Province, extending westward into Neixiang 
County. It is orientated NW-SE, with a trend of NW 295°, 
spanning approximately 100 km from east to west and 5–
13 km in width from north to south. The basin is narrower 
in the west and wider in the east, covering an area of 
about 1000 km². It is a fault-controlled, half-graben-style 
basin (Li et al., 2006; Wang et al., 2008). The sedimentary 
strata consist exclusively of Late Cretaceous continental 
red beds, which generally overlie the Devonian Nanwan 
Formation. The periphery of the basin is characterized 
by metamorphic and magmatic rocks from the Qinling 
orogenic belt (Zhou et al., 2001) (Fig. 1B).

The Late Cretaceous continental red beds of the 
Xixia Basin formed under relatively arid climatic 
conditions (Zhang & Pei, 2004; Wang et al., 2015; He et 
al., 2020). From bottom to top, the strata are divided into 
the Gaogou Formation, Majiacun Formation, and Sigou 
Formation. These formations share similar lithologies 
and are conformably deposited, primarily composed 
of alluvial fan-fluvial facies conglomerate sandstones 
and siltstones (Henan Provincial Bureau of Geology 
and Mineral Resources, 1997; Zhu, 1997). The Gaogou 
Formation consists of conglomerates, medium- to coarse-
grained sandstones interbedded with conglomerates, fine- 
to coarse-grained sandstones, and alternating purplish-
red silty mudstones and siltstones. It is renowned for its 
abundant and well-preserved dinosaur egg fossils, as well 
as dinosaur bones and track fossils (Zhu, 1997; Wang et 
al., 2012). Dinosaur egg fossils in the Gaogou Formation 
are found at the bottom, middle, and top of the formation, 
while amber is typically produced in the sandstones above 
the middle dinosaur egg layer (Zhu, 1997; Zhou & Zhao, 
2005). The Majiacun Formation is mainly composed of 
conglomerate sandstones, sandstones, and mudstones, 
with its middle section also containing numerous dinosaur 
egg fossils. Amber is also found in the fine sandstones of 
its lower section. The Sigou Formation consists of sandy 
conglomerates, fine sandstones, and silty mudstones, 
which also yield dinosaur eggs and amber (Zhu, 1997). 
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These red beds are all conformably deposited, making 
it difficult to determine specific stratigraphic affiliations 
based solely on lithology in the field. By projecting the 
locations of amber sites onto a geological map, we found 
that all the amber is produced in the Upper Cretaceous 
Gaogou Formation of the Xixia Basin, consistent with 
the formation’s trend and distributed in a NWW direction 
(Fig. 1B). Amber has also been recorded in Neixiang 
County (Zhou & Zhao, 2005), but no further studies have 
been conducted.

Volcanic activity in the Xixia Basin during the Late 
Cretaceous appears to have been limited. Data indicate 
that the Gaogou Formation and Majiacun Formation in 
the Xixia Basin contain more than 20 layers of volcanic 
tuff (Zhou et al., 2002), but no precise dating has been 
published. In the Wulichuan Basin to the north-west of 
the Xixia Basin, the Upper Cretaceous Zhuyangguan 

Formation is developed, with a granite vein intruding 
its middle section. A K-Ar dating of muscovite yielded 
an age of ~70 Ma (Yang, 1987), indicating that the 
Zhuyangguan Formation red beds are no younger than the 
middle Maastrichtian. However, this data provides limited 
constraints on the age of the amber-bearing layers.

The dinosaur egg fossils, sporopollen, and charophyte 
fossils discovered in the Upper Cretaceous of the Xixia 
Basin exhibit assemblage characteristics similar to those 
of the Nanxiong Formation in Guangdong, the Wangshi 
Formation in Shandong, the Mingshui Formation in the 
Songliao Basin, and the Subashi Formation in Xinjiang, 
representing biological assemblages from the Late 
Cretaceous. Based on stratigraphic relationships, the 
Gaogou Formation is assigned to the early Late Cretaceous 
(Cenomanian to Turonian), the Majiacun Formation to 
the middle Late Cretaceous (Coniacian to Santonian), 

FiGURe 1. Amber localities. A, Locality map (red triangles indicating amber outcrops). B, Geological map.
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and the Sigou Formation to the late Late Cretaceous 
(Campanian to Maastrichtian) (Zhou et al., 1983; Zhu, 
1997). According to the bivalves and ostracods from these 
three formations, this set of red beds can be classified as 
belonging to the Coniacian to Campanian interval (Chen 
et al., 2007; Cao & Wang, 2011).

Material and methods

In this study, 12 amber-producing localities in the Xixia 
Basin were identified, including Sigou and Xuegou in 
Chongyang Township, Muzhai and Chayu in Dinghe 
Township, Daxigou, Xipingya, Zhaoxingou Tunnel, 
Caoying Tunnel, Xingou Tunnel, Liying Tunnel, and 
Huangshi in Wuliqiao Township, and Maohe in Huiche 
Township (Fig. 1A). We analysed amber samples collected 
from nine of these localities—Sigou, Muzhai, Xipingya, 
Daxigou, Zhaoxingou Tunnel, Caoying Tunnel, Xingou 
Tunnel, Liying Tunnel, and Huangshi (Fig. 2)—using 
Fourier transform infrared spectroscopy (FT-IR analysis), 
refractive index, hardness, density, and fluorescence 
response measurements.

Preservation
Xixia amber is primarily preserved in three forms: 
1) Irregular preservation: the amber often appears in 
irregular shapes such as bands, veins, and lenses. This 
type of amber is typically mixed with sediments like sand 
and mud, forming larger amber-sediment mixtures, which 
are the most common form of amber production in Xixia. 
Locally, these are referred to as “amber nests” (Fig. 4); 2) 
gravel-like preservation (Fig. 2D): This form represents 
secondary transport and deposition, where the amber is 
preserved as well-rounded gravel within sandstone. The 
grain size is usually around 1 cm, with good sorting; 
and 3) near-in-situ preservation (Fig. 5): This type of 
amber was discovered at the Xipingya locality, where 
it is preserved in grey-black silty shale rich in plant 
debris, appearing as granular particles of varying sizes. 
This likely indicates that the amber underwent limited 
transport and experienced proximal deposition, consistent 
with preservation near its source environment.

Mineralogical Analysis
The density of the amber samples was measured using 
the hydrostatic method with an AL104 electronic balance. 
The refractive index was determined using refractive oil 

FiGURe 2. Amber samples from the Gaogou Formation. A, Amber from Xipingya. B, Amber from Daxigou. c, Amber from 
Sigou. D, Amber from Zhaoxingou Tunnel. e, Amber from Muzhai. F, Amber from Huangshi. G, Amber from Liying Tunnel. H, 
Amber from Caoying Tunnel. i, Amber from Xingou Tunnel. Scale bars = 0.5 cm.
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FiGURe 3. Xipingya outcrop. A, Xipingya section. B, Amber collecting. c, Amber from Xipingya. Scale bar = 1 cm. D, Amber 
layer.

in an Abbe-type gem refractometer. Mohs hardness was 
measured by scratching the samples with a hardness 
tester. Fluorescence effects were recorded under UV light 
using a UV fluorescence instrument.

FT-IR Analysis
For the infrared analysis, amber from each site was 
crushed and mixed with potassium bromide (KBr). Pellets 
were prepared using a hydraulic manual press. Spectra 
were acquired between 4000 and 400 cm⁻¹, with 40 scans 
collected at a resolution of 4 cm⁻¹. Transmission FT-IR 
spectroscopy was performed using a Bruker VERTEX 
spectrophotometer.

Photography
The photographs used for illustration were taken with 
a digital camera attached to a Zeiss Discovery V20 

microscope and a Canon 5D Mark II camera equipped 
with a 100 mm macro lens. Fluorescence photographs 
were taken using the Canon camera under UV light. Maps 
were created using CorelDraw 2021 software. FT-IR 
spectra were generated using Origin 2024 software.

Results

Mineralogical characteristics
The Xixia amber exhibits variable transparency, ranging 
from golden-transparent to black, with colors including 
golden yellow, brownish yellow, orange-red, brownish 
red, dark red, brown, and black (Fig. 2). Four selected 
samples from three localities were labelled as XPY-01, SG-
01, SG-02, and ZXG-01. After testing, their mineralogical 
properties were obtained (Table 1).
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TABLe 1. Mineralogical characteristics of Xixia ambers.

Sample Locaity Refractive Density Hardness
Fluorescence

LW SW
XPY-01 Huangshi 1.542 1.06 2.2 Strong Weak
SG-01 Sigou - 1.10 2.2 Weak No
SG-02 Sigou - 1.10 2.2 Middle No
ZXG-04 Zhaoxingou Tunnel - 1.02 2.5 Strong Middle
*Hardness refers to Mohs hardness. LW refers to long-wave (365 nm). SW refers to short-wave (253.7 nm).

FiGURe 4. Photographs of amber pockets (part). Scale bars = 2 cm in A, 3 cm in B, c, D.

The tested samples have densities ranging from 1.02 
to 1.10, with variations likely due to impurities and tiny 
bubbles within the amber. The Mohs hardness is generally 
2.2, and the refractive index is approximately 1.542. Under 
long-wave ultraviolet fluorescence (365 nm), Xixia amber 
exhibits medium to strong fluorescence, appearing light 
blue, while weathered amber surfaces display a bluish-
green fluorescence (Fig. 6). The reaction under short-wave 
ultraviolet fluorescence (253.7 nm) is relatively weak.

FT-IR Analysis
Fourier Transform Infrared (FT-IR) spectroscopy spectra 
were obtained from different amber materials to retain 

their chemical signatures and compare their chemical 
structure profiles. We chose to undertake such analyses 
despite the fact that they are of limited importance today, 
as most amber FT-IR spectra are more or less similar and 
do not provide precise data for resolving the botanical 
origin of the fossil resin (Azar et al., 2010). The spectra 
were acquired between 4000 and 400 cm⁻¹, with 40 scans 
collected at a resolution of 4 cm⁻¹. The spectra, ranging 
from 4000 to 400 cm⁻¹, can be divided into two regions: 
transmittance bands between 3700–1350 cm⁻¹, which are 
shared by almost all types of amber; and transmittance 
bands between 1350 and 400 cm⁻¹, generally considered 
the fingerprint region.
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FiGFURe 5. Photographs of ambers with grey-black silty shale. Scale bars = 1 cm in A, B, 0.5 cm in c, D.

FiGURe 6. Fluorescence of Xixia amber. The red arrows indicate ambers. Scale bars = 1 cm in A, 0.5 cm in B.
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The studied spectra can be categorized into three 
groups based on their spectral topologies: 1) Group 1: 
Includes amber from Xipingya, Daxigou, and Sigou (Fig. 
7A–C); 2) Group 2: Includes amber from Zhaoxingou 
Tunnel (Fig. 7D); and 3) Group 3: Includes amber from 
Muzhai, Huangshi, Liying Tunnel, Caoying Tunnel, and 
Xingou Tunnel (Fig. 7E–I).

FiGURe 7. FT-IR spectra of Xixia amber. A, Amber from Xipingya. B, Amber from Daxigou. c, Amber from Sigou. D, Amber 
from Zhaoxingou Tunnel. e, Amber from Muzhai. F, Amber from Huangshi. G, Amber from Liying Tunnel. H, Amber from 
Caoying Tunnel. i, Amber from Xingou Tunnel.

Group 1
No transmittance peak at the wavelength 3677 cm-1 in 
contrast to group 2 and 3. The strong and broad transmittance 
peak at the wavelengths 3456–3469 cm-1 correspond to O–H 
stretching in alcohol and/or carboxylic acid. Transmittance 
peaks at the wavelengths 2925–2927 and 2867 cm-1 correspond 
to C–H stretching in CH, CH2 and CH3. Transmittance 
peak at the wavelengths 1709–1711 cm-1 corresponds to 
C=O stretching in carboxylic acids. Transmittance peak at 
the wavelength 1456 cm-1 corresponds to C–H bending in 
CH2 and CH3 of alkyl groupings. Transmittance peak at the 
wavelengths 1380–1382 cm-1 corresponds to C–H bending 
in CH3 of alkyl groupings. Transmittance peak at the 
wavelengths 1254–1272 cm-1 corresponds to C–O stretching 
in alkyl aryl ether. Transmittance peak at the wavelengths 
1030–1032 cm-1 corresponds to C–O stretching in alkyl aryl 
ether. The transmittance peak at the wavelength 975 cm-1 
corresponds to C–H bending in CH2 of cycloalkane. The 

transmittance peaks at the wavelengths 852–856 and 815–
817 cm-1 correspond to C–H bending.

Group 2
The weak transmittance peak at the wavelength 3677 
cm-1 correspond to low concentration of O–H stretching 
in alcohol or phenol. The weak transmittance peak at the 

wavelength 3525 cm-1 corresponds to correspond to O–H 
stretching in alcohol. The strong and broad transmittance 
peak at the wavelength 3452 cm-1 correspond to 
O–H stretching in alcohol and/or carboxylic acid. 
Transmittance peaks at the wavelengths 2925 and 2867 
cm-1 correspond to C–H stretching in CH, CH2 and CH3. 
The transmittance peak at the wavelength 1722 cm-1 
corresponds to C–H bending in aromatic compound, 
this peak is absent in group 1 and 2. Transmittance 
peak at the wavelength 1696 cm-1 corresponds to C=O 
stretching in conjugated aldehyde. Transmittance peak 
at the wavelength 1455 cm-1 corresponds to C–H bending 
in CH2 and CH3 of alkyl groupings. Transmittance peak 
at the wavelength 1376 cm-1 corresponds to C–H bending 
in CH3 of alkyl groupings. Transmittance peak at the 
wavelength 1326 cm-1 corresponds to N–O symmetric 
stretching in nitro compound. Transmittance peak at the 
wavelength 1031 cm-1 corresponds to C–O stretching in 
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alkyl aryl ether. The transmittance peak at the wavelength 
973 cm-1 corresponds to C–H bending in CH2 of 
cycloalkane. The transmittance peaks at the wavelengths 
852 and 813 cm-1 correspond to C–H bending.

Group 3
The weak transmittance peak at the wavelength 3677 
cm-1 in the four spectra correspond to low concentration 
of O–H stretching in alcohol or phenol. The strong and 
broad transmittance peak at the wavelengths 3441, 3452, 
3441, 3450, 3452 cm-1 in respectively Huangshi, Muzhai, 
Caoying Tunnel, Xingou Tunnel and Liying Tunnel, 
correspond to O–H stretching in alcohol and/or carboxylic 
acid. Transmittance peaks at the wavelengths 2925–2928 
and 2866–2867 cm-1 correspond to C–H stretching in CH, 
CH2 and CH3. Transmittance peak at the wavelengths 
1706–1711 cm-1 corresponds to C=O stretching in 
carboxylic acids. Transmittance peak at the wavelength 
1455 cm-1 corresponds to C–H bending in CH2 and CH3 of 
alkyl groupings. Transmittance peak at the wavelengths 
1378–1382 cm-1 corresponds to C–H bending in CH3 of 
alkyl groupings. Transmittance peak at the wavelengths 
1028–1036 cm-1 correspond to C–O stretching in alkyl aryl 
ether. The transmittance peak at the wavelengths 973–975 
cm-1 correspond to C–H bending in CH2 of cycloalkane. 
The transmittance peaks at the wavelengths 852–854 and 
813–815 cm-1 correspond to C–H bending.

All these detected functional groups in the three 
groups of spectra indicate the large dominance of the 
aliphatic chains in the chemical constitution of the studied 
amber from the different outcrops. It is noteworthy that 
the infrared analyses have long been used in amber 
characterisation; however, used alone, they cannot be 
necessarily precise in correctly ascertaining the botanical 
origin of the amber.

conclusion

Here, we present a preliminary analysis of the characteristics 
of amber from the Gaogou Formation in the Xixia Basin. 
Some researchers have suggested that the Xixia amber 
originated from Late Triassic strata in the northern or north-
western regions of the basin (Zhou et al., 2005). During 
deposition, resin production was abundant, and the resin 
exhibited high fluidity. While still unconsolidated, it was 
transported and mixed with sedimentary materials such as 
sand and mud, though without undergoing long-distance 
transport. The discovery of autochthonously preserved 
amber from Xipingya in Wuliqiao Town, as reported 
in this study, suggests that the amber did not originate 
from the basin’s periphery but rather from source closely 
associated with the depositional layers.

Currently, there is insufficient evidence to precisely 
date the Late Cretaceous strata containing amber in the 
Xixia Basin. Additionally, no bioinclusions have been 
identified in the Xixia amber to date. Future research may 
yield new discoveries and provide deeper insights into the 
origin and significance of this remarkable amber deposit.
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