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Abstract 
This work is devoted to the study of fossil resins from the collection of the Mining Museum using infrared spectroscopy 

(FTIR). Samples of amber from the Iset River in the Middle Urals, collected in the early 19th century and known as 

“Kolchedan amber”, were examined. For comparison, fossil resins from other localities in Northern Eurasia were studied: the 

Peschanka River on the coast of the Barents Sea, the Amderma River on the Yugorsky Peninsula, and the Khatanga River 

on the Taimyr Peninsula. The obtained data indicate that “Kolchedan amber” belongs to an independent and widespread 

type of fossil resin in Northern Eurasia, the finds of which are confined to Cretaceous deposits. Previously, this type of 

resin was identified as “krantzite” for the locality on the Iset River or as “retinite” for localities on the coast of the Arctic 

Ocean. A comparison with other mineral species of fossil resins is carried out in this work. An analysis of the absorption 

peaks in the IR spectrum suggests that, according to K.Anderson’s resin classification, “Kolchedan amber” belongs to 

Class I, which is represented by resins with a predominance of labdane-type diterpenoids. A distinctive and most charac-

teristic feature of the IR spectrum of “Kolchedan amber” is a “comb” consisting of three approximately equal absorption 

peaks at 936, 909, and 888 cm–1. An analysis of the systematically significant features of the IR spectrum indicates that 

the most likely biological source of this type of fossil resin was plants from the Pinaceae family. An additional argument 

supporting such a biological origin is the comparison of the diagnostic region of the IR spectrum of “Kolchedan amber” 

with the spectrum of amber from Axel Heiberg Island in the Canadian Arctic, which originated from the resin of the genus 

Pseudolarix. 
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Introduction 

Due to their resistance to chemical degradation, fossil resins are preserved in sedimentary de-

posits for hundreds of millions of years, dating back to the Carboniferous period [1]. Currently, the 

most widely used methods for their study are infrared spectroscopy (FTIR) and gas chromatography 

(Py-MsCS), which make it possible to obtain data on the chemical composition of the resin, upon 

which modern classifications of fossil resins are based [2, 3]. These methods can accurately distin-

guish between different types of resins, allowing researchers to study their geographical and strati-

graphic distribution and, prospectively, to use fossil resins as geological and paleontological markers. 

Once a resin is identified, it is possible to infer the age and stratigraphic position of the deposits from 

which it originated; furthermore, if the biological source of the resin is known, data can be obtained 

on the distribution of specific plant communities and paleoclimatic zonation, since different resin-

producing plants grow under different climatic conditions. For paleobotanical research, fossil resins 

represent an alternative source of information that complements data from the analysis of spore- 

pollen assemblages and the study of leaf floras. 

The extensive paleontological and mineralogical collections [4, 5] are housed in the Mining Museum 

of Empress Catherine II Saint Petersburg Mining University, serving as a basis for modern scientific  
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research [6-8]. The museum’s collections also contain fossil resin specimens, including “Kolchedan am-

ber” – a long-known but still poorly studied mineralogical object. Occurrences of amber were discovered 

near the village of Kolchedan on the Iset River in the Middle Urals as early as the end of the 18th century. 

In 1802, the specimen was examined by the famous chemist, academician T.E.Lowitz, who concluded 

that this resin did not differ from Baltic amber [9]. No special mineralogical name was proposed for it, 

and subsequently, in the literature, it is referred to as “Kolchedan amber” – after the location of its initial 

collection. A report on the geological section of its locality was presented by the mining engineer, head 

of the Kamensky plant, captain Barozzi de Elsa [9]. Specimens of “Kolchedan amber”, collected “from 

sandstone strata of Kolchedan settlement 18 versts from the Kamensky plant” have been stored in the 

Mining Museum since 1835. 

In 1935, specimens from the Mining Museum were studied at the Central Geological Prospecting 

Institute in Leningrad – solubility analyses were performed, and the relative content of chemical ele-

ments was calculated. Based on the results of these studies, “Kolchedan amber” was assigned to the 

“krantzite group”, which combines properties of “immature ambers” with obvious chemical transfor-

mations of the material [10]. 

In 1964 and 1966, specimens of this amber from the Mining Museum were taken for research 

by S.S.Savkevich, who was one of the first in the world to study fossil resins using infrared spec-

troscopy. These studies are evidenced by receipts for the specimens, which are preserved in the 

collections together with the labels; however, the results remained unknown, and later S.S.Sav-

kevich classified amber from the Middle Urals as gedanite [11, рис.1.3]. Since 2020, “Kolchedan 

amber” has once again come into the focus of scientists [12, 13]. Specimens from the Mining Mu-

seum collection were not studied, but based on the characteristic physical properties (elasticity, 

softness) described earlier by Barozzi de Elsa [9], a hypothesis was proposed that they belong to 

krantzite – a rare type of fossil resin from Paleogene deposits of Europe [13]. Currently, data on 

“Kolchedan amber” are contradictory, and its botanical origin and chemical composition remain 

unknown. Therefore, 60 years after the research of S.S.Savkevich, specimens of “Kolchedan am-

ber” from the Mining Museum collection were again studied using infrared spectroscopy, and a 

comparison was made between this amber and fossil resins from other localities. 

Materials and methods 

All studied specimens of fossil resins (40 specimens) are stored in the Mining Museum (Table 1). 
 

Table 1 

 

Studied specimens of fossil resins from the collection of the Mining Museum 
 

Locality Age, geological data  Numbers of specimens, collection MGS 930 

Iset River, Kolchedan Village,  

Middle Urals 

Late Cretaceous (Coniacian), Kamyshlovka 
Formation, shallow coastal-marine deposits 

25/1, 25/2, 25/3, 25/4, 25/5, 25/6_2, 
25/6_3, 25/6_4, 25/6_5, 25/6_6 

Peschanka River, Arkhangelsk Region 
Late Cretaceous (?),  

Arctic Ocean shelf 

94/1, 94/2, 94/3, 94/4, 94/5, 94/6, 

94/7, 94/8, 94/9 

Amderma River, Yugorsky Peninsula 41/1, 41/2, 41/3 

 

Khatanga River, Taimyr Peninsula 
Late Cretaceous (Santonian),  

Kheta Formation, coastal-marine deposits 

95/1, 95/2, 95/3, 95/4, 95/5, 95/6, 

95/7, 95/8, 95/9, 95/10, 95/11, 95/12, 

95/13, 95/14, 95/15, 95/16, 95/17 

Yantarny settlement, Kaliningrad Region Paleogene (Eocene), Prussian Formation, 

coastal-marine deposits 

930/92/11 

 
“Kolchedan amber” was collected in the 19th century on the banks of the Iset River from layers 

of clays and brown coal overlain by reddish sandstone [9] (Fig.1). Some recent authors indicate that 
the age of the deposits from which it originates is Eocene [12]; however, A.P.Karpinsky noted the 
occurrence of two Cretaceous horizons in the vicinity of Kolchedan Village – a lower horizon with 
plant remains and an upper horizon with remains of marine Cretaceous fauna [14]. Based on the 
location of the site, it can be established that the layers containing “Kolchedan amber” belong to 
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shallow marine deposits of the Kamyshlovka For-
mation of Coniacian age and are overlain by deeper 
marine deposits of the Fadyushkina Formation of 
Campanian age [15]. 

The locality designated on the label as 

“Peschanka River, Arkhangelsk Region” is presu-

mably located on the coast of the Barents Sea. Rela-

tively nearby, in the area of the Amderma River on 

the Yugorsky Peninsula, fossil resin finds are asso-

ciated with reworked shelf deposits of the Arctic 

Ocean of Late Cretaceous age [16]. On the Taimyr 

Peninsula, the Kheta River, a tributary of the Kha-

tanga, exposes several formations of Late Cretaceous 

age; the amber-bearing locality Yantardakh, the  

richest in amber, belongs to the Kheta Formation of 

Santonian-Campanian age [17] (Fig.1). 

The fossil resin specimens were studied using 

FTIR (Fourier-Transform Infrared Spectroscopy) 

to obtain IR absorption spectra in the range of 4000-600 cm–1. The work was carried out on a 

VERTEX 70 spectrometer (Bruker, Germany) with a Hyperion 1000 microscope at the Shared Re-

search Center of the Mining University. Transparent particles of the specimen, taken from a fresh 

surface with a thickness of less than 50 μm, were placed on a KBr plate for IR spectral acquisition. 

Data in .dpt format were converted into graphs using Matplotlib, Pandas, and NumPy libraries in the 

Python 3 software environment. The parallel coordinates plot method was used for visualization of 

the spectral data. Each of the four spectral ratios is represented by a separate axis, and specimens are 

represented by thin lines connecting their values across all axes, which allows simultaneous visuali-

zation of differences between different types of fossil resins across all parameters. 

Results and discussion 

Physical properties and IR spectrum of “Kolchedan amber”. Amber collected from the Iset River 
consists of roughly rounded resin pieces up to 3 cm in size, covered with an opaque weathering crust 
(Fig.2). The color varies from light yellow to dark orange and reddish; transparent areas of the resin 

are combined with the cloudy texture of “cloudy 
amber” – opaque white streaks. By analogy with 
Baltic amber, such opaque areas within the resin 
are not related to its chemical composition but  
result from water incorporation into the still- 
unhardened resin. “Kolchedan amber” is character-
rized by plasticity – the material is cut with a scal-
pel rather than crumbling. 

Spectroscopy results show that all specimens 
from the Mining Museum originating from the Iset 
River, from the coast of the Barents Sea, and some 
specimens from the Taimyr Peninsula and the 
Yugorsky Peninsula have an identical set of ab-
sorption bands in the IR spectrum and belong to 
the same type of fossil resin (Fig.3). Depending on 
the degree of weathering, the IR spectrum plot may 
be more or less smoothed, and weak absorption 
bands become difficult to distinguish, but this does 
not affect the wavenumber values and the relative 
height of the peaks in the plot. 
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Fig.1. Localities of fossil resins  

with IR spectrum same with “Kolchedan amber” 
 

1 – Kolchedan village, Iset River; 2 – Kanin Peninsula; 3 – Peschanka 
River, Arkhangelsk Region; 4 – Amderma River, Yugorsky Peninsula;  

5 – Khatanga River, Taimyr Peninsula; 6 – Vilyuy River,  

Khatyryk-Khomo settlement 

Fig.2. Samples of fossil resin from the Iset River,  

collection of Mining Museum (MGS 930/25) 
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The identified absorption bands of the IR spectrum of “Kolchedan amber” are shown in  
Table 2; the identification of structural groups in the IR spectra was carried out based on literature 
data [2, 18, 19]. 

 

 Table 2 
 

Absorption bands in the IR spectrum of “Kolchedan amber” 
 

Value, cm–1 Intensity Functional group 

706 △△ Cis-configuration of double bond –CH=CH– 

743 △ CH=CH bonds. Methyl substitution at the α-position 

790 △ Absorption band of unsaturated bond R1R2C=CHR3 

820 △△ Cis-configuration of CH=CH–COOR group 

861 △ Not identified 

887 △△ C–H bond in exocyclic methylene group =CH2 

909 △△ C–O bonds in primary alcohols 

937 △△ C–O bonds in primary alcohols 

972 △△ OH group of carboxylic acids in solid state 

1001 △ C–O groups in primary alcohols or phenolic hydroxyls 

1039 △△ C–O bond in secondary and tertiary alcohols 

1067 △ C–O bond in secondary and tertiary alcohols 

1083 △△ C–O bond in secondary and tertiary alcohols 

1125 △△ C–O bond in secondary and tertiary alcohols 

1158 △△ C–O bond of esters 

1245 △△ C–O bond of carboxylic acids 

1293 △ C–O bonds 

1310 △ C–O bonds 

1365 △△ C–H bonds 

1341 △△ C–H bonds 
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  Fig.3. IR spectra of “Kolchedan amber” from different localities in range of 4000-600 cm–1   
 

1 – spec. 930/25/4, Kolchedan Village, Middle Urals; 2 – spec. 930/25/6/4, Kolchedan Village, Middle Urals;  

3 – spec. 930/41/1, Amderma River, Yugorsky Peninsula; 4 – spec. 930/94/9, Peschanka River, Barents Sea 
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End of Table 2 

Value, cm–1 Intensity Functional group 

1386 △△△ C–H bond in CH3 adjacent to carbonyl group (acids, esters) 

1458 △△△ C–H bond in CH2 adjacent to carbonyl group (acids, esters) 

1496 △ C–H bond 

1609 △ Carbon–carbon bonds in aromatic compounds 

1645 △ Exocyclic methylene group CH2 

1701 △△△ C=O bond in unsaturated carboxylic acids 

1720 △△ C=O bond in saturated carboxylic acids and esters 

2667 △ Associated OH group of carboxyl 

2727 △ Associated OH group of carboxyl 

2900 △△△ C–H bond in aliphatic CH2 and CH3 groups 

3076 △ Secondary C–H bond in exocyclic =CH2 group 

3426 △△ O–H bond of water and carboxylic acids 

 

      Notes: △ – weak, △△ – medium, △△△ – strong intensity. 

 
The IR absorption bands of “Kolchedan amber” from the Mining Museum correspond to the 

spectra of typical terpenoid resins [20, 21]. The most pronounced absorption bands are associated 

with the following functional groups: OH of alcohols and carboxylic acids (3400-3480 cm–1), 

aliphatic CH2 and CH3 groups (2900 cm–1, 2840 cm–1), CH2 and CH3 groups of organic acids and 

esters (1370 cm–1, 1458 cm–1). The combined presence of absorption bands at 888, 1642, and 

3076 cm–1 indicates the presence of compounds with exocyclic methylene groups, likely bicyclic 

diterpenoids of the labdane type. This suggests that “Kolchedan amber” belongs to Class I ac-

cording to Anderson’s classification [3, 22] – the most widespread among fossil resins – with the 

caveat that chromatographic studies of the chemical composition are required for a definitive 

conclusion. The absence of absorption peaks at 1735 cm–1 and 1160 cm–1 suggests the absence of 

a polymer matrix of succinic acid esters with labdane components [23]. The absorption peak of 

carboxyl groups at 1720-1700 cm–1 indicates that the material belongs to fragile fossil resins.  

A weak peak at approximately 1600 cm–1 indicates the presence of aromatic compounds; in fossil 

resins, their source is often abietic acid derivatives (e.g., dehydroabietic acid).  

Distribution of “Kolchedan amber”. Examination of IR spectra of fossil resin specimens from 

different localities showed that this type is frequently encountered in the subarctic region of Eurasia, 

predominantly in Late Cretaceous deposits. Identical IR spectra are exhibited by all studied specimens 

from the Peschanka River (coast of the Barents Sea). Despite minor individual spectral variations, the 

set of absorption peaks in these specimens is the same as that of “Kolchedan amber”, and a “comb” 

of three distinct and approximately equal-height peaks at 936, 909, and 888 cm–1 is particularly charac-

teristic of these resins (Fig.4). This type of resin is also found among specimens from the Taimyr 

Peninsula and the Yugorsky Peninsula. 

In some specimens from the Khatanga River basin, the absorption band at 1030 cm–1 is strongly 

pronounced. According to M.A.Bogdasarov, this is characteristic of retinites: “... a feature of the 

IR spectra of retinites is strong absorption in the range of 980-1300 cm–1 with a dominant peak at 

1030 cm–1” [24]. However, since the remainder of the spectrum of the “retinite-like” specimens 

does not differ from that of typical “Kolchedan amber” and “normal” specimens from the Khatanga 

River, it would be incorrect to consider them a different type of fossil resin. Thus, “Kolchedan 

amber” is not a fossil resin type specific to the Middle Urals. Identical fossil resins are widely 

distributed in many localities of the Arctic Ocean basin (Fig.4) but are usually classified as other 

types of fossil resins, most often as retinites. 
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IR spectra published in the literature also confirm the wide distribution of fossil resin with  

the “Kolchedan amber” spectrum in the Russian Subarctic. It is present in the Santonian deposits 

of the Kheta Formation at Yantardakh Mountain on the Taimyr Peninsula, in the Late Cretaceous 

deposits near the village of Khatyryk-Khomo on the Vilyuy River in Yakutia, and on the Kanin 

Peninsula [16, 25, 26]. However, “Kolchedan amber” is not recognized as a distinct type of fossil 

resin, except for the work of S.S.Savkevich [25], who notes that this type of resin “has no known 

analogues in terms of IR spectra” and proposes assigning it to the “retinite family”. Probably the 

same type of resin is referred to by O.V.Martirosyan [17], who writes that “resins from the Kha-

tanga River area are close in spectral characteristics to both retinite and gedanite”. 

The chemical composition of fossil resin from the Khatanga River basin was studied using py-

rolysis chromatography [24, 27]; however, due to the co-occurrence of different resin types in this 

region and the lack of IR spectra for the studied specimens, we cannot state with certainty that the 

published data can be attributed specifically to “Kolchedan amber”. According to K.Anderson, fossil 

resins from the Yantardakh locality (Khatanga River) have an atypical chemical composition – they 

belong to Class Ib of fossil resins and consist of a mixture of labdane-type diterpenoids (biformene) 

and communol derivatives, with the absence of free monomers of communic acid [27]. 

Position of “Kolchedan amber” in the classification of fossil resins. Amber found on the Iset 

River was presumed to belong to Baltic amber (succinite) or krantzite [9, 13]; however, the IR spec-

trum of “Kolchedan amber” (curve 1, Fig.5) differs greatly from the spectra of both fossil resin types. 

The IR spectrum of European krantzite from Germany [26, 28] is characterized by very strong ab-

sorption bands at 700 cm–1 and 750 cm–1 (curve 2, Fig.5) and a weak band at 921 cm–1, which are not 

observed in “Kolchedan amber”, whereas krantzite lacks absorption peaks at 909 and 937 cm–1. Thus, 

the property of plasticity, which is observed in both fossil resin types, is not a diagnostic feature that 

could be used to confirm their mineral species. 

Some scientists believe that krantzite has a separate oxidized form – oxykrantzite [28, 29] (Gei-

setal, Germany), the IR spectrum of which is characterized by weak expression of the absorption 
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Fig.4. IR spectra of “Kolchedan amber” from different localities in the range of 1800-600 cm–1. 

The diagnostic “comb” region is highlighted in gray 
 

1 – spec. 930/94/1, Peschanka River, Yugorsky Peninsula; 2 – spec. 930/25/4, Kolchedan Village, Middle Urals;  

3 – spec. 930/95/3, Khatanga River, Taimyr Peninsula; 4 – spec. 930/41/1, Amderma River, Yugorsky Peninsula 
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bands at 700 and 750 cm–1 (curve 3, Fig.5). However, the IR spectrum of oxykrantzite is similar to 

that of krantzite in terms of its set of absorption bands and shows strong smoothing across the entire 

range, which is not observed in “Kolchedan amber”, while the diagnostic bands of the latter, including 

909 and 937 cm–1, are absent in oxykrantzite. 

The spectrum of succinite differs greatly in many features – it has a maximum of the carboxyl 

group band at 1735 cm–1 and a pronounced “Baltic shoulder” with a maximum at 1160 cm–1;  

moreover, it lacks the absorption peaks at 907 and 937 cm–1 characteristic of “Kolchedan amber” 

(curve 4, Fig.5). 

According to S.S.Savkevich, O.V.Martirosyan, and M.A.Bogdasarov, two mineral species of 

fossil resins occur on the coast of the Arctic Ocean – gedanite and retinite [17, 24], and it was logical 

to assume that “Kolchedan amber” might belong to one of them. In this work, a comparison was made 

with gedanite, a specimen of which originates from the Upper Cretaceous deposits of the Taimyr 

Peninsula, where it occurs together with “Kolchedan amber”. In terms of its IR spectrum, gedanite 

differs sharply by the absence of absorption bands at 909, 936, and 1125 cm–1 and by stronger ab-

sorption bands at 887 and 975 cm–1 (curve 5, Fig.5). 

Unlike the previous mineral species of fossil resins, retinite is often a synonym for “fragile fossil 

resin”, and this name may encompass different types of fossil resins with different chemical compo-

sitions [10]. For example, the IR spectrum of “retinite” presented in the monograph [29] differs 

sharply from the spectra of any modern and fossil resins (curve 7, Fig.5). Another type of fossil resin – 

oxkrantzite [28] – has also historically been defined as “retinite” (curve 3, Fig.5). Some scientists 

deny the existence of retinite as a distinct mineral species of fossil resin [31]. 

Retinite as a mineral species of fossil resin and the distinctive features of its IR spectrum are 

discussed in publications of Russian scientists [2, 18, 32]. According to the classification of O.V.Mar-

tirosyan and M.A.Bogdasarov [2], retinite has a pimarane skeleton and consists of tricyclic labdane 

diterpenoids (pimaric, isopimaric, abietic acids), which do not polymerize. This corresponds to  

Class V of Anderson’s resin classification [3]. At the same time, the only fossil resin assigned to Class V 

1
6
0
0
 

1
8
0
0

 

1
4
5
8
 

1
4
0
0
 

1
1
2
5
 

1
0
0
0
 

9
7
2
 

9
3
6
 

8
8
7
 

8
6
1

 

8
2
0
 

8
0
0
 

7
4
3
 

7
0
6
 

9
0
8
 

6
0
0
 

1
6
4
5
 

1
3
8
6
 

1
3
4
1
 

1
2
4
4
 

1
2
0
0
 

1
1
5
8
 

1
0
8
3
 

1
0
3
9
 

Wavelength, cm–1 

 

N
o

rm
al

iz
ed

 a
b

so
rb

an
ce

 

 

1 2 3 4 5 6 7 

 

Fig.5. IR spectra of “Kolchedan amber” from different localities in the range of 1800-600 cm–1.  

The diagnostic “comb” region, in which “Kolchedan amber” exhibits three characteristic absorption peaks,  

is highlighted with a red rectangle 
 

1 – “Kolchedan amber” (spec. 930/25/6); 2 – krantzite, Geiselthal [28]; 3 – oxykrantzite, Geiselthal (retinite) [28];  
4 – succinite, Baltic amber (spec. 930/92/11); 5 – gedanite, Khatanga River (spec. 930/95/13); 6 – retinite from Halle [29];  

7 – amber from Axel Heiberg Island (Canadian Arctic) originating from golden larch (Pseudolarix) resin [30] 
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on the basis of gas pyrolysis chromatography data is Eocene London copalite [3], for which IR spec-

troscopy was not performed. The widespread distribution of retinite in Eurasia, according to [2], re-

quires confirmation; it is also necessary to define a “typical” retinite whose IR spectrum could be 

relied upon for the identification of fossil resin species. 

The IR spectrum of “Kolchedan amber” does not correspond to the spectral characteristics of 

retinite [2, 18, 32] – its IR spectrum has an absorption band at 824 cm–1, characteristic of immature 

resins and absent in retinite, and a band at 1085 cm–1 that is more intense than that of gedanite. The 

band at 1030 cm–1, important for the identification of retinite, is very intense in some “Kolchedan 

amber” specimens from the Taimyr Peninsula but is weakly expressed in specimens from other lo-

calities. The distinctive spectral bands of “Kolchedan amber” at 936 and 909 cm–1 are not observed 

in retinite. Thus, “Kolchedan amber” cannot be assigned to the recognized mineral species of fossil 

resins established for Northern Eurasia. 

Biological origin of “Kolchedan amber”. An important issue in the study of fossil resins is not 

only the formal determination of their mineral type but also the identification of the resin-producing 

plant. In this case, a particular type of fossil resin can become an indicator of the age, climate, and 

range that were characteristic of that resin-producing plant. Furthermore, resins accumulate in the 

soils of forest biological communities [3]; therefore, they themselves indicate the presence of forest 

landscapes in the past and can provide data on the forest-forming plants that grew on interfluves area, 

the remains of which rarely enter the “standard” assemblages of leaf floras from alluvial deposits. 

The possibility that fossil resins preserve features by which they can be linked to modern plants 

is assessed differently by different authors. In the Russian literature, the dominant viewpoint is that 

the geochemical conditions of the surrounding environment play a key role in shaping the chemical 

composition of fossil resin, whereas differences in the composition of the original plant resin are 

secondary [24, 32, 33]. In the foreign literature, conversely, it is often argued that the chemical 

composition of terpenoid resins is extremely resistant to external influences, and their IR spectra 

retain a characteristic set of absorption bands for tens or hundreds of millions of years over a certain 

range [30, 34, 35]. This is supported by comparisons of IR spectra of fossil resins with established 

biological origins and their “analogues” from modern plants [19, 30, 36], including for localities in 

the Southern Hemisphere [37].  

In the IR spectrum of terpenoid resins, there is a variable region in the range of 1550-650 cm–1, 

the so-called “fingerprint region” [34], which has a unique set of absorption bands for different 

plant species. Theoretically, this makes it possible to distinguish some plant species from others 

based on a resin sample, but it does not allow the sample to be classified within botanical sys-

tematics, since the systematic significance of individual absorption bands in the IR spectrum is 

poorly understood [38]. 

According to R.Tappert [38], who studied resins from 60 species of modern conifers, IR spec-

troscopy allows a resin to be assigned to one of two groups – pine-type resins or cypress-type resins. 

Resins of the first type are produced by plants from the families Pinaceae (pine family) and Taxaceae 

(yew family), and those of the second type – from Cupressaceae (cypress family), Podocarpaceae 

(podocarp family), Araucariaceae (araucaria family), and Sciadopityaceae (umbrella pine family). To 

determine the resin type, R.Tappert proposed using four ratios of absorption band values: 832/791, 

1460/1448, 1448/1385, and 2858/2848 [38]. The results of a comparison of the spectra of “Kolchedan 

amber”, gedanite, and Baltic amber against a database of modern resins* are shown in Fig.6. 

Based on the results of comparing the IR spectral features of fossil resins with modern resins, 

the following conclusions can be drawn: 

• “Kolchedan amber” and gedanite are clearly separated into two distinct groups, confirming that 

they are different types of fossil resins, although they often occur together; 

• specimens of “Kolchedan amber” are closer to pine-type resins, whereas gedanite is closer to 

cypress-type resins, indicating different plant sources for these resins; 

                                                      
* FTIR Spectral_ Database_Plant Exudates and Resins_Tappert et al 2011 IJPS. DOI: 10.13140/RG.2.1.3636.4645 

https://doi.org/10.13140/RG.2.1.3636.4645
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• the ratio of the absorption band values at 2858/2848 in this work is uninformative, since in this 
part of the spectrum the strong bands of C–H bonds create noise, against which the small peak at 
2858 cm–1 is often lost; 

• based on these spectral characteristics, Baltic amber cannot be assigned to either cypress-type 
or pine-type resins. 

The results of this comparison also provide an argument in favor of the fact that the source of 
“Kolchedan amber” was some plant from the Pinaceae family (pine family), although fossil resins of 
pine origin are considered rarer [30]. 

When comparing the IR spectroscopy results of “Kolchedan amber” with other fossil resins, 
partial similarity was found with amber from Axel Heiberg Island in the Canadian Arctic. For the 
latter, the parent plant has been firmly established [39] – an extinct species of false larch, Pseudolarix 
wehrii Gooch, from the Pinaceae family. The IR spectra of fossil resin from Axel Heiberg Island [39], 
similarly to “Kolchedan amber”, exhibit three characteristic “comb” peaks (936, 909, and 888 cm–1) 
in the “fingerprint region” (curve 7, Fig.5). Mass spectrometry of the Canadian specimens has shown 
[40] that their base consists of labdane-type monomers of a non-regular but enantio-configuration 
(predominantly ozic acid and enantio-biformenes). The similarity of the IR spectra of fossil resin 
from false larch and “Kolchedan amber” provides an additional argument in favor of its origin from 
a pine-type resin. However, the Canadian specimens contain a large amount of bound succinic acid, 
and because of this, their IR spectrum is distinguished by a shift of the carboxyl group peak to  
1735 cm–1 and the presence of a “Baltic shoulder” in the range of 1250-1160 cm–1. Fresh conifer resins 
do not contain succinic acid, as it is a degradation product of other compounds [40]. In “Kolchedan  
amber”, succinic acid is absent or, at least, does not form cross-links between diterpenoid molecules. 
Although false larch was widely distributed at high and middle latitudes of Eurasia and North America 
during the Late Cretaceous and Paleogene [36], including in the localities where “Kolchedan amber” 
is found, without finds of the latter in organic association with remains of golden larch, it cannot be 
asserted that this plant was its source. 

Conclusion 
The studies of fossil resins from the collections of the Mining Museum have shown that 

“Kolchedan amber” does not belong to krantzite but rather to a distinct and widely distributed type 
of fossil resin in Northern Eurasia. The most valuable diagnostic feature of its IR spectrum is a “comb” 
of three approximately equal absorption peaks at 936, 909, and 888 cm–1. The presence of “Kolchedan 
amber” in different localities of the Russian Subarctic is confirmed both by studies of resins from the 
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Mining Museum collection and by literature data. Most of its finds are associated with Late Creta-
ceous deposits, including the locality near the village of Kolchedan studied by mining engineers. The 
museum collections also house fossil resin specimens of this type from localities on the Peschanka 
River (Arkhangelsk Region), the Amderma River (Yugorsky Peninsula), and the Khatanga River 
(Taimyr Peninsula). Fossil resin specimens with similar IR spectra have also been recorded on the 
Kanin Peninsula (coast of the Barents Sea) and on the Vilyuy River (Yakutia). 

The IR spectra of “Kolchedan amber” suggest that, in terms of its chemical composition, it be-

longs to Class I of Anderson’s resin classification, which is represented by resins with a predominance 

of labdane-type diterpenoids. This is the most widespread class for fossil resins, comprising four 

subclasses. Unfortunately, the features of the IR spectrum are insufficient to determine the specific 

subclass to which the studied specimens belong. 

Formal mineral species identification according to the system proposed by O.V.Martirosyan and 

M.A.Bogdasarov also proved impossible due to the lack of reference spectra for specific fossil resin 

species in this classification and the contradictory interpretation of the term “retinite”. IR spectros-

copy data indicate that “Kolchedan amber” from the Iset River in the Middle Urals and from numerous 

localities in the Russian Arctic belongs to a distinct type of fragile fossil resin that has not yet been 

discovered in localities in Europe or North America. The specific absorption bands of the IR spectrum 

indicate that the source of this fossil resin type was plants from the Pinaceae family. An additional 

argument supporting such an origin for “Kolchedan amber” is the similarity of its diagnostic IR spectral 

regions to those of the IR spectrum of fossil resin from false larch (Pseudolarix) from Axel Heiberg 

Island in the Canadian Arctic. 
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