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A new amber outcrop from the Lower Cretaceous of northeastern China
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The amber is a fossilized vegetal resin ranging from
a few millions to more than 300 million years (mid-
Carboniferous) in age (Sargent Bray & Anderson, 2009).
It constitutes a superb material for the conservation of
biological inclusions in their minute three-dimensional
details (Poinar, 2003).

Amber has been known from China for about
2000 years and are produced from different regions and
geological ages such as Fushun of Liaoning (Eocene),
Xixia of Henan (Late Cretaceous), Zhangpu of Fujian
(Miocene), Lunpola of Tibet (Oligocene-Miocene)
(Hong, 2002; Shi et al., 2014; Wang et al., 2018). Modern
amber inclusion study originated in the 1970s and 1980s
in studying the Fushun amber deposits (e.g., Hong et al.,
1974; Hong, 1981). The study of the Fushun amber by
Chinese pioneer of palacoentomology, Prof. You-Chong
Hong, culminated in his major contribution to the study
of Chinese amber (e.g., Hong, 2002).

In recent years, amber from the West Opencast
Coalmine situated in the south of Fushun City in the
Liaoning Province in Northeast of China raised new
attention (Wang et al., 2014; Azar et al., 2018). After the
6" International Congress on Fossil Insects, Arthropods
and Amber that took place in Byblos (Lebanon) in
2013, scientific interest on amber and its inclusions has
grown significantly in China. Consequently, Chinese
institutions (especially the Nanjing Institute of Geology
and Palaeontology, Chinese Academy of Sciences) have
acquired huge collections of amber inclusions from
northern Myanmar, and has become a major destination
for study for most of international palacoentomologists.

We report herein the discovery of a new
Cretaceous amber deposit from the Lingquan Coal
Mine at Zhalainuoer (Jalainur) in the Inner Mongolia
Autonomous Region (Northeast of People’s Republic of
China). As of this writing, only a single amber piece of

millimetric size has been found and this amber is located
in layers belonging to the Damoguaihe Formation. The
amber from this outcrop is characterized then analyzed
using Fourier Transform Infrared (FT-IR) spectroscopy.
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FIGURE 1. Map of amber locality. A, Map of China showing
the locality of Zhalainuoer (Inner Mongolia, China). B, The
detailed locality.
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FIGURE 2. Lingquan Coal Mine at Zhalainuoer. A, Aerial photography of Lingquan Coal Mine; the arrow indicates the locality
where the amber was found. B, A close up aerial photography of the site; the arrow indicates the locality where the amber was
found. C, The outcrop of the amber locality. D, The overview of the coal mine.
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FIGURE 3. Amber of Lingquan Coal Mine. A, The amber piece; scale bar = 1 mm. B, FT-IR spectrum.

Geological settings

A few years ago, our colleague Dr. Yaqgiong Wang
(NIGPAS) provided us a significant information that she
had found a few small amber grains from the Lingquan
Coal Mine of Zhalainuoer but they did not collect them.
During our field trip on 29 July 2017, a small piece of
amber was discovered in the lower section of Lingquan
Coal Mine of Zhalainuoer (Jalainur) District of Hulunbeier
(Hulunbuir) City (49°26'53"N, 117°44'26"E) (Figs. 1 and
2), Inner Mongolia, northeastern China. The locality is
close to Manzhouli (Manchuria) City and about 10 km
from the boundary with Russia. Amber from this site is
translucent to opaque with shades of colour ranging from
pale yellow to dark orange (Fig. 3A).

The amber has been yielded from the Damoguaihe
Group that is divided into a lower part named the

Damoguaihe Formation and an upper part named the Yimin
Formation. The Lingquan Coal Mine mainly produce coal
from the Yimin Formation, but the amber came from the
Damoguaihe Formation. The Damoguaihe Formation is
a set of clastic rock deposits with a few layers of coal or
shed coal that are comprised of conglomerate, glutenite,
sandstone, siltstone, mudstone, and tuff. The Yimin
Formation is a coal-bearing deposit that successively
overlies Damoguaihe Formation. Sometimes a set of basalt
occurs in between the above stratum and is named the
Ganhe Formation (Inner Mongolia Autonomous Regional
Bureau of Geology and Mineral Resources, 1996).

The age of the Damoguaihe Formation is attributed
to the Early Cretaceous based on the contained animal
fossils probably indicating a correspondence to the late
assemblage of the Jehol biota (i.e., Barremian to early
Aptian) such as the bivalves Sphaerium sp., the ostracods
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Cypridae spp., the conchostracans Eosestheria sp. and Li-
ograpta sp. and the plant fossils more like the assemblage
of the Fuxin flora (i.e., Aptian) (Inner Mongolia Autono-
mous Regional Bureau of Geology and Mineral Resourc-
es, 1996). By some studying of palynological assemblag-
es the age of the Damoguaihe Formation was attributed to
Valanginian-Barremian (Pu & Wu, 1985; Cheng & Shang,
2015). More authors believe that the age of the Zhalainu-
oer Group should be attributed to middle-late Early Cre-
taceous (e.g., Wu et al., 2006). Recent study of ostracods
indicates the age of the Damoguaihe Formation is mainly
Aptian (Wang et al., 2012). Some authors even believe
the age of the underlying Nantun Formation is Aptian-
Albian (Han et al., 2019). Isotopic dating (U-Pb La-ICP-
MS) indicates the age of the overlying Ganhe Formation
to be nearly 114.3 Ma as the latest Aptian (Zhang et al.,
2017). Therefore, we agree the age of the Damoguaihe
Formation would be Barremian-Aptian (mainly Aptian)
and the Yimin Formation would be Albian. The present
discovered amber grain collected from the middle-upper
part of the Damoguaihe Formation thus would be Aptian.

FT-IR analysis

A Fourier Transform Infrared (FT-IR) spectroscopy
spectrum was obtained from the new amber material
in order to retain its chemical signature, even if though
is known today that such analysis is of very limited
importance as most amber FT-IR spectra are more or less
similar without providing accurate data for resolving the
amber botanical origin of the fossil resin (Azar et al.,
2010).

For the infrared analysis, less than 0.2 mg of amber
was crushed and mixed with potassium bromide (KBr)
(FT-IR grade; Merck, Darmstadt, Germany) and pellets
were prepared using a manual press. Transmission FT-
IR spectroscopy was performed with a Bruker IFS 55
spectrophotometer. The spectrum was acquired between
4000 and 400 cm™' with 40 scans collected at 4 cm™
resolution. The obtained spectrum of the amber from is
given in Fig. 3B.

The obtained spectrum could be divided into two
areas: transmittance bands between 3700-1350 cm’!
are almost shared by all types of amber; transmittance
bands between 1350400 cm™' are considered to be the
fingerprint area. Transmittance strong and broad peak at
the wavelength 3452 cm™! corresponds to O-H stretching
in alcohol and/or carboxylic acid. Transmittance peak
at the wavelength 2932 cm'! corresponds to C-H
stretching in CH, CH, and CH,. Transmittance peak at the
wavelength 1696 cm™' corresponds to C=0 stretching in
carboxylic acids. Transmittance peak at the wavelength

1460 cm™ corresponds to C-H bending in CH, and CH,
of alkyl groupings. Transmittance peak at the wavelength
1380 ¢cm™ corresponds to C-H bending in CH, of alkyl
groupings. Transmittance peak at the wavelengths 1166
cm! corresponds to C-O stretching in carboxylic acids
and esters. All the functional groups detected indicate the
large dominance of the aliphatic chains in the chemical
constitution of the studied amber. It is noteworthy to
state that infrared analyses have long been used in amber
characterization; however, used only by itself, they
cannot be necessarily precise in correctly ascertaining the
botanical origin of the amber.

Conclusion

The Damoguaihe Coal Series are widely distributed
in western of Daxinganling area (Inner Mongolia and
Heilongjiang Province) that have been previously
considered as Jurassic strata. From the above analysis, the
Damoguaihe coal mine would be contained in the Aptian-
Albian deposit like the Fuxin coal mine in Liaoning
Province (i.e., the Damoguaihe Formation correlates to
the Shahai Formation and the Yimin Formation correlate
to the Fuxin Formation). Therefore, the amber discovered
from the Damoguaihe Formation has potential important
significance as its age would fill the gap of the several
famous amber deposits, for example the Lebanese amber
(Barremian) and the Late Albian-Cenomanian ambers
from Spain, France, and Myanmar. Because of the wide
distribution of the Damoguaihe Coal Series, the output of
ambers should not be poor.
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