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Abstract: New results of isotope analysis of light elements (H, C and S) of a dozen Baltic amber 
samples are described and discussed. Carbon isotope composition was nearly constant (ca. -23‰), 
whereas sulphur and hydrogen varied in their isotope compositions from +4 to -28‰ and from -171 
to -213‰, respectively. The formation and subsequent evolution of this material since its origin in Pa-
leogene time until present is outlined. 
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1. INTRODUCTION 

Amber is found throughout the world. The largest and 
most significant deposits occur along the shores of the 
Baltic Sea in Paleogene sands 40 to 60 million years old 
(Kosmowska-Ceranowicz, 2005). Amber bearing sedi-
ments have been formed in a river delta, which flowed 
from Scandinavia to the Sambian delta of the Eridanus 
River (Kasiński and Tołkanowicz, 1999; Lukashina and 
Kharin, 1999). In the river delta, amber resins accumu-
lated in anaerobic conditions, matured and transformed 
into amber during millions of years. In this way, the pri-
mary amber bearing deposits were formed in the Kalinin-
grad Sambian peninsula. The primary deposits were oc-
casionally eroded and the amber distributed by lagoon 
currents in southeastern areas in winter, as well as in the 
north-western direction in summer. Amber was carried by 
streams over large distances from its place of deposition 
and formed secondary accumulations in Poland, Ger-
many, Denmark, Belarus and the Ukraine (Fig. 1). This 
amber is a placer mineral. 

Baltic amber is a fossil tree resin that has achieved a 
stable state through loss of volatile constituents and 
chemical alteration after burial in the ground (Kos-
mowska-Ceranowicz, 2006). Studies showed that Baltic 

amber found in Sambian (Samland, now Kaliningrad 
district of Russia) was actually a succinite (Kosmowska-
Ceranowicz, 1999). Baltic amber, called succinite, con-
tains succinic acid. Only about 3% of the collected amber 
belongs to other kinds, like gedanite, stantienite, beck-
erite, glessyt, goitszyk and zygburgit. Gedanite is more 
brittle as compared with succinite and it contains less 
than 3% of succinic acid. It is almost transparent and 
yellow. Stantienite from Sambian deposits is a black resin 
without succinic acid, and beckerite is yellow brown, and 
it resembles a tree fragment, not a resin. The examined 
Baltic amber is yellow with orange, brown and red 
shades.  

The amber resin secreted mostly from an amber-
yielding pine (likely by Pinus succinifera) at air tempera-
ture of above 25°C. In the Paleogene, the amber forest 
formed a biocoenosis that functioned over several mil-
lions of years in a vast region of the former northern 
European mainland that was characterized by stable sub-
tropical-tropical climates. The resin exudation increases 
in warm and humid conditions. The largest amount of 
resin is exuded in forests at a warm subtropical and 
tropical climate. The sudden warming traced in the Eo-
cene might have caused an enhanced outflow of resin. 
Pear-shaped amber specimens are indicative of a highly 
viscous resin secreted at 25°C. The resin exudation might 
be also forced by volcanic eruptions in the North Sea area 
in the Paleogene. Corresponding author: S. Halas 
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Though in the past amber was believed to be com-
pletely amorphous, subsequent X-ray diffraction studies 
have revealed crystalline components in some fossil res-
ins. The infrared spectrum of succinite is reported by 
Koller et al. (1997). 

Data on stable isotopes (H, C, S) may help to solve 
problems like formation temperature, environmental 
conditions and origin of the Baltic amber. The first results 
of H, C and S analyses were obtained for three different 
varieties of Baltic amber (succinite) from the Sambian 
Peninsula in 2007. The study by Gaigalas et al. (2007) 
suggested that the Baltic amber may be a new intercom-
parison material for carbon stable isotope determination 
for its isotopic homogeneity and availability. In 2007, we 
had already obtained δ13C results for three Baltic amber 
samples: The δ13C of sample No. 1 (honey shade) was  
-22.86‰, sample No. 2 (red shade) was -22.90‰ and 
sample No. 3 (striped yellow with red shade) was  
-22.96‰ vs. VPDB. It is interesting to note that the δ13C 
obtained are nearly identical. Therefore the Baltic amber 
is considered an excellent material for the new carbon 
isotope standard for its homogeneity and ease of CO2 
preparation. 

In 2008, the stable isotope analysis of nine new amber 
samples were made at Maria Curie-Skłodowska Univer-
sity in Lublin, Poland. In this paper we describe and dis-
cuss all the isotope data obtained so far. 

2. MATERIALS AND METHODS 

A brief sample description is given in Table 1. The 
samples No. 6 – No. 12 were collected from in situ Eo-
cene deposits (Fig. 2) of the Sambian quarry in the Kalin-
ingrad district of Russia (Fig. 1). The samples No. 4 and 
No. 5 were resedimented during the Lithorina stage of 
Baltic Sea evolution in the Holocene. It was collected 
from the Lithorina mud in the Curonian lagoon near 
Juodkrantė, Lithuania. 

Sulphur for isotope analysis was extracted from the 
amber samples by the Parr bomb method in the form  
of −2

4SO  ion, which subsequently was precipitated as 
BaSO4, and finally sulphur was converted to SO2 from 
the barium sulphate by its thermal decomposition (Halas 
and Szaran, 2001). The isotopic composition of sulphur 
was analysed on dual inlet and triple collector mass spec-
trometer on SO2 gas with precision of 0.05‰. 

Carbon isotope analysis was performed on CO2 gas on 
a dual inlet and triple collector mass spectrometer. CO2 
was prepared by oxidation with a stoichiometric excess of 
Cu2O reagent in sealed borosilicate glass ampoules kept 
overnight in furnace at 550°C. Standard uncertainty of 
δ13C value determined from repeated analyses was 
0.06‰. 

The samples for δD analysis were prepared in the 
Lublin Laboratory to water by CuO-oxidation at 550°C 
(overnight) in sealed borosilicate glass ampoules, and 
then 5 µL water aliquots were converted to H2 gas by the 
Zn-reduction method (Coleman et al., 1982). Lublin 
water standard with δD = -70‰ was also prepared to H2 
gas for normalization of δD results to the VSMOW scale. 
Sealed glass ampoules with H2 gas were sent to the AGH 
Kraków Laboratory (prof. K. Różański). 

3. RESULTS 

Delta 13C vs. VPDB of the next nine samples are 
given in Table 2. These results confirm the conclusion 
that Baltic amber may be considered as a good material 
for a new carbon isotope standard. 

In 2007, we obtained δ34S = -12.1‰ vs. VCDT 
standard for amber No. 2 only. The other 2 samples 
contained much lower quantity of organic sulphur. This 
first result was surprisingly low. Analytical error of δ34S 
is large, ca. 0.2‰, because samples contained a very 
small amount of S. The low sulphur content is preferred if 
we consider amber as the δ13C standard.  

The results of sulphur isotope analysis are presented 
in Table 2. Sample No. 11 was not analyzed due to low S 

Fig. 1. Areas of distribution of Baltic amber-bearing sediments (after
Katinas, 1971). 1 – primary area of amber resins; 2 – amber in Paleo-
gene deposits; 3 – boundary of distribution of re-deposited amber;
A – Kaliningrad, I-IV – position of sections (I – Chłopowo,
II – Sambia, III – Grodno, IV – Obuchov). V- Curonian lagoon (Lithorina
sapropelite), VI – beaches of East Baltic coast. 

Table 1. List of examined amber samples. 

Sample 
No. Description 

4 Baltic amber, honey-yellow in color, not bright, resedi-
mented, from Lithorina mud, Juodkrantė, Curonian lagoon 

5 Baltic amber, honey, bright, resedimented, from Lithorina 
mud, Juodkrantė, Curonian lagoon 

6 Baltic amber, crimson (dark red), not bright, from Eocene 
deposits of Sambian quarry 

7 Baltic amber, crimson (dark red), not bright, from Eocene 
deposits of Sambian quarry 

8 Baltic amber, honey, bright, from Eocene deposits of 
Sambian quarry, 6 separate pieces (from 8-1 to 8-6) 

9 Baltic amber, honey, bright, from Eocene deposits of 
Sambian quarry 

10 Baltic amber with weathered crust, dark honey, 2 pieces 
(10-1, 10-2) from Eocene deposits of Sambian quarry 

11 Baltic amber, yellow, from Eocene deposits of Sambian 
quarry 

12 Baltic amber with weathered crust, yellow, from Eocene 
deposits of Sambian quarry 
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concentration. The sample No. 12 was subjected to the 
double prepartion procedure, but in both cases, the result 
was surprisingly negative.  

The first results of deuterium analysis on three our 
amber samples were received from the AGH Kraków 
Laboratory in 2007 (Table 2).  

4. DISCUSSION 

The results reflect a low δD of environmental water 
precipitated in a cold continental climate and the isotope 
fractionation between water available for the pine tree 
and the organic compounds produced in its tissues. The 
results are highly negative. The cellulose-water (envi-
ronmental) fractionation, averaging ca. -20‰, is known 
from literature (Epstein et al., 1976). Assuming the simi-
lar fractionation for amber, we must conclude that the 
examined amber may record climate conditions resem-
bling the Arctic area today.  

Ambers may be considered as archive (or proxy), 
which is much better than cellulose because it can record 
climate conditions over longer time span. The time of 
amber formation reaches many millions years ago. As it 
was already mentioned, the Baltic amber is a fossil tree 
resin that has achieved a stable state through the loss of 
volatile constituents and the chemical alteration after 
burial in the ground. The results of δD investigation of 
the Baltic amber samples also reflect the processes of 
diagenesis and metagenesis of resins and formation of 
buried amber, for which the action of Pleistocene Ice 
covers in arctic environments was important. In another 
case, the polymerization of resins and formation of fossil 

amber underwent at lower temperatures in underground 
environment. There are more questions regarding the 
interpretation of received results.  

Palaeoclimatic data show that the Late Mesozoic and 
Paleogene were characterized by very warm climate 
extending into high paleolatitudes, and subtropical-
tropical life forms were spread over a very large area in 
the Eocene (Weitschat and Wichard, 2002). The “amber 
forest” encompassed genera and families restricted to the 
subtropic or tropic areas.  

Temperature curves, based on oxygen isotope meas-
urements of carbonates in sedimentary rocks, show re-
gional fluctuations of Cenozoic ocean temperatures. At 
the end of the Eocene, about 40 million years ago, the 
plate-tectonic events triggered a drastic global cooling. 
For this reason the flora and fauna preserved in Baltic 
amber became a “curious mixture of temperate, subtropi-
cal and tropical life forms” (Weitschat and Wichard, 
2002; Kosmowska-Ceranowicz, 1999). 

5. CONCLUSION 

Based on this study, the following stages of amber 
formation (genesis) can be distinguished: (1) Flow of 
resins from Pinus succinifera (pine). (2) Transport of 
resins by streams to river delta and marine environments. 
(3) Accumulation and burial of resins in sediments.  
(4) Transformation of resins into fossil amber (diagene-
sis). (5) Deep transformation of amber in the processes of 
katagenesis and metagenesis. (6) Weathering of amber in 
surficial conditions. 

The isotope ratio of carbon reflects subtropical and 
tropical climate conditions of resin flow from Pinus trees. 
The δD values reflect transformation of resins (polymeri-
zation) into fossil amber (diagenesis, catagenesis, me-
tagenesis) in burial conditions at low temperatures. Also, 
during Pleistocene time these deposits were covered by 
ice sheets several times (Arctic conditions). 

Our research is rather new and intriguing, hence it 
should be continued.  
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Table 2. Delta values of all the investigated amber samples.

Sample No. δD (‰) δ13C (‰) δ34S (‰) 
1 -210±2 -22.86 n. a. 
2 -213±2 -22.90 -12.1 
3 -171±3 -22.96 n. a. 
4 n.a. -22.80 4.6 
5 n.a. -21.40 -2.9 
6 n.a. -23.21 -6.2 
7 n.a. -22.59 0.0 
8 n.a. -22.75 -8.9 
9 n.a. -23.36 -5.2 
10 n.a. -22.71 -5.6 
11 n.a. -22.99 n. a. 
12 n.a. -21.93 -27.3, -28.7  
NOTE: n. a. = not analysed 
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