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resin” and amber. The copal is then incorporated into the 
earth, where it continues to polymerize and release vola-
tile compounds until it is completely inert, at which point 
the transformation into amber is complete (Ross, 1998).
Amber that we find today was exuded millions of years ago 
from the early Cretaceous Period (145-65 million years ago) 
to the Miocene Period (23-5 million years ago) (Thickett, 
1995) and from trees located in many regions around mo-
dern-day Europe and the Dominican Republic. The trees in 
different regions were distinct enough to have recogniza-
ble characteristics in the resin they exuded, and thus have 
chemical differences in their amber forms. The identifica-
tion of amber is difficult, particularly when one tries to 
define its provenance, which is important for investigating 
trade routes in ancient settlements. Sophisticated analyti-
cal methods have been developed to distinguish Baltic am-
ber, which contains succinic acid, from other types such 
as Sicilian or Dominican amber and imitations like Bakelite 
(a thermoplastic). These analytical methods include Ra-
man and Infrared Spectroscopy, which can recognize the 
characteristic frequencies at which molecules vibrate to 
identify specific chemical forms in these materials. These 
methods are described in more detail below.
Establishing the age of amber can be difficult as well. This 
is usually estimated from the age of the fossils and sedi-
ment deposits found within the sample. Unfortunately, the 
amber may not have originated at the site where it is found 
and may have ended up there after a series of erosions. In 
such cases, dating the amber from the surrounding mate-
rials is compromised (Ross, 1998). As such, though the age 
of the resin is important for dating the species of inclusions 
trapped inside the amber as it hardened, a method has not 
yet been confirmed reliable to pinpoint the date of forma-
tion.

IDENTIFYING AMBER
As a polymerized resin with many components, amber is 
difficult to identify. Different tests have been developed 
to address this problem. Some are more traditional and/
or invasive and can be performed with common household 
materials, while others are more technical and require 
access to sophisticated equipment. As amber contains a 
complex combination of organic molecules that vary from 
region to region, it is very difficult to identify amber with 
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This study describes the identification and treatment of an amber necklace, which came into the conservation 

lab  of Conservation Art Service, with an opaque bloom caused by a previous cleaning with a household 
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Amber is a fossilized tree resin, formed through a com-
plex series of steps over millions of years. Its chemi-
cal composition varies depending on the origin of the 

resin, but Baltic amber is synonymous with the chemical 
name butanedioic acid (C4H6O4), more commonly known 
as succinic acid, Beck, 1986. Although roughly 80% of all 
amber samples are Baltic amber, there are other types of 
amber, not all of which contain succinic acid. It has been 
theorized that succinic acid may not be contained in the 
original amber material, and that it may be formed as 
a product of the aging process through a transition sta-
te byproduct, the  abietic acid (C20H30O2) (Rottlander, 
1970).   Amber objects have been treated with a variety of 
materials to repair damage or clarify abrasions and imper-
fections.  Few records exist of most of these treatments 
and few treatments have been published (Beck, 1982).

DEFINITIONS AND HISTORY
Amber has a very rich history of varied uses. It is easily 
carved and polished, which has made it popular for jewelry 
and decorative artifacts and a common find at archaeolo-
gical sites. It was also used medicinally in classical times. 
The oil of amber has a pleasant, musky scent, and is still 
used today as a perfume. A more solid resinous stage of 
the aging process of amber provides the resin that dresses 
the bow hairs of stringed instruments throughout history 
and through today. Amber can vary in color from a clear 
light yellow to a deep red. Samples can also have many 
inclusions, such as air bubbles, insects, and (in some very 
rare occasions) vertebrates. Many important scientific and 
anthropological discoveries resulted from the trapping of 
insects or animals in amber, allowing them to be preserved 
for modern study. Amber is rarely formed without impu-
rities, either in the form of inclusions or in the form of 
fractures or stress lines.
The majority of amber samples today are thought to have 
come from several different source trees, all of which are 
believed to be extinct today (Beck, 1986). In fact, there 
are only two types of trees living that produce a resin ca-
pable of becoming amber: the Kauri pine and the legume 
Hymenaea (Ross, 1998). Amber forms when the exuded re-
sin of such trees hardens and the volatile components dissi-
pate, allowing the resin to polymerize into copal, which is 
the intermediate stage of polymerization between “gummy 
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a high degree of confidence using only one method. Typi-
cally, a combination of analytical techniques is employed 
to distinguish between amber and other synthetic natural 
resins. For example, it is relatively easy to differentiate 
between synthetics, copal, non-Baltic, and Baltic amber if 
the analyst can use a combination of analytical techniques.

TRADITIONAL IDENTIFICATION METHODS
The following list includes techniques that have proved ef-
fective in identifying amber. Some of these are more tra-
ditional methods and therefore require little in the way of 
specialized equipment or chemicals. By their very nature, 
however, these traditional methods are more limited, are 
highly invasive, and may be unreliable for a positive identi-
fication. Depending on the sample, it may be helpful to use 
either a combination of traditional methods, or to focus 
specifically on the noninvasive methods that do not dama-
ge the artifact.  One might argue that many of these could 
be seen today as outdated and as inappropriate.

1. Ultraviolet (UV) light test (highly invasive): Expose a 
freshly cut sample to UV light. Baltic amber (succinite) 
produces visible fluorescence if the sample has been cut 
recently1.Non-Baltic amber, copal, bakelite, and synthe-
tic plastics will not fluoresce. (Mills and White, 1987)

2. Hot needle test (highly invasive): Apply a hot needle 
to an inconspicuous test area. If the needle enters the 
sample easily and gives off an acrid odor, the sample is a 
synthetic substance such as bakelite. If the needle enters 
easily but gives off a sweet odor, this indicates copal. If 
the sample offers resistance (the needle is difficult to 
push into the sample) and gives off a sweet smell, this 
indicates amber.

3. Static electricity test (noninvasive): Rub the sample with 
a wool cloth and hold it next to small strips of paper. 
Amber and bakelite develop a charge and will draw the 
paper to them; copal and most synthetic imitation amber 
will not (Beck 1982, Dahlstrom 1996).

4. Knife test (highly invasive): Cut an inconspicuous test 
area with a sharp tool such as a scalpel. Amber and co-
pal crumble, bakelite will produce larger splinters (Dahl-
strom and Bronst, 1996), and plastics should cut more 
easily.

5. Melting point test (moderately invasive): The expected 
melting point of amber is 287-300°C (Stout et al. 1995). 
The melting point of copal is slightly lower, while bake-
lite is expected to decompose without passing through a 
liquid phase (Beck, 1982).

6. Solvent tests (moderately invasive): The solvents used 

(acetone, diacetone alcohol, turpentine and trichloro-
ethylene) should be chosen based on their known solubi-
lity effects on amber and its imitations (Stout et al. 1995, 
Anon. 1937). For instance, because copal is not fossilized 
(i.e., completely polymerized and cross linked), it is so-
luble in acetone, while the others are not (Poinar and 
Poinar, 1999 p.192).  Beck (1982) also suggests the moi-
stening of broken amber surfaces with potassium hydro-
xide and pressing them together as both a repair method 
and a means of authenticating amber.

7. Density test (noninvasive): Determine the mass of the 
sample and the volume of the water it displaces. The 
density of the sample is its mass divided by its volume. 
This technique is only truly useful if there are not many 
inclusions in the sample. The recorded value for the den-
sity of amber is 1.058-1.096 g/mL (Stout et al., 1995).

These methods were applied to our amber artifact after 
discussion with the owner.  The UV test indicated Baltic 
amber.  Our sample produced static electricity when rub-
bed.  Solvent tests indicated Baltic amber.  Density and 
specific gravity tests indicated Baltic amber also.  None 
of the destructive tests were undertaken as they seemed 
subjective given the non-destructive methods available.  It 
was decided to reserve destructive testing for IR.

AMBER IDENTIFICATION BY INSTRUMENTAL METHODS IN-
STRUMENTAL METHODS TO IDENTIFY AMBER
A number of more sophisticated instrument-based methods 
have been used to identify amber. These are predominan-
tly based on the use of Fourier Transform Infrared spectro-
scopy (FTIR) (Poiner and Poiner 1999; Angelini et al 2005; 
Shashova et al 2006; Guilianoa et al 2007; Zhu and Xing 
2008, Teodor et al 2009; Wolfe et al 2009;), although some 
investigators have also used FTIR in conjunction with Gas 
Chromatography/Mass Spectrometry (GC/MS) (Virgolici et 
al 2010; Shedrinsky et al 2004) and Raman spectroscopy 
(Teodor et al 2010). Advantages of these methods are that 
they are more accurate, provide more information about 
the artifact, and are some less invasive and some can be 
noninvasive. The major disadvantage is that they usually 
require much more expensive equipment, involve complex 
data analysis, and are typically inaccessible to many rese-
archers. For those who have access to such tools, however, 
these methods are superior and preferable. So far, these 
techniques can distinguish amber from synthetic imita-
tions, and can differentiate Baltic amber from amber of 
other origins. A variety of claims of origin have been made, 
especially regarding the use of X-ray diffraction (Frondel, 
1968). Though more recently, IR techniques were shown to 
identify the provenance of the amber beyond the basic Bal-
tic/Non-Baltic distinction (Shashoua, et al. 2006). 
FTIR: Grind a small (~50 micrograms) amount of sample, 
mix with KBr to prepare a pellet, and record an IR spec-
trum of the sample in the region of 4000-400 cm-1. The 
most relevant area is between 1300 and 800 cm-1. Baltic 
amber has a characteristic horizontal shelf or shoulder in 
the IR spectrum between 1250 and 1175 cm-1, followed 
by a sharp peak between 1160 and 1150 cm-1 (Beck, et al. 
1965 : 103). This peak has been associated with the spec-
trum of diethyl succinate, the ester of succinic acid (Beck 
and Langenheim 1965 : 52-3). While succinic acid is found 
in more than just Baltic amber and can be the result of an 
aging process (Rottlander, 1979b in Beck 1986), Baltic am-
ber will always contain succinic acid (Beck 1986 p.74). For 
this reason, FTIR is not effective at differentiating between 
different types of non-Baltic amber except in the context 
constructed by Shashoua, et al., 2006.

Tab. 1 – List of traditional and instrumental methods to identify amber.
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FTIR is currently the most accurate and cost-effective me-
thod for identifying amber. FTIR instruments are fairly ac-
cessible (standard equipment in most academic chemistry 
departments), and Beck and his colleagues at the Amber 
Research Institute have provided numerous reference IR 
spectra of different types of amber (Personal Communica-
tions). However, FTIR methods are not foolproof and early 
work was often confused by the fact that impurities can in-
terfere with the spectrum and produce biased results (Beck 
et al. 1965: 108). Improvement of FTIR techniques has re-
duced some problems that plagued results in the 60s and 
1970s. (Teodor, et al., 2009). Amber fakes, especially those 
where the amber is true and the inclusion is false, will not 
show up as false based solely on FTIR results. 
Conservation treatments performed on amber to prevent 
degradation have been particularly detrimental to future 
identification (Beck 1982: 106). Amber is vulnerable to en-
vironmental decay such as oxidation, the exposure of the 
sample to oxygen and light (Beck 1982; Beck et al. 1971). 
In the past, methods used to prevent this process, such as 
applying a coat of wax or synthetic resin, were invasive and 
contaminated the sample. These “signatures” of preserva-
tion methods show up in IR spectra and often complicate 
the identification of amber (Beck et al. 1971: 236). Cur-
rently, the preservation of amber today involves creating a 
non-oxidizing environment, with a consistent temperature 
and relative humidity, and minimal exposure to light. Tre-
atments have included having samples immersed in water 
with various preservatives (Beck 1982: 105). More recently, 
they have been embedded in bio-plastics (Poinar and Poinar 
1999: 191) or paraffin, which do not absorb in the crucial 
Baltic amber region (Beck 1982 : 106).  Amber oil has been 
used to produce possible fakes to fool instrumentation as 
well as restoration effects (Beck, 1982).

THE AMBER NECKLACE: ITS TREATMENT
The amber necklace (Figure 1) contained a number of indi-
vidual pieces of amber that were rounded, varying greatly 
in size and shape, and had been bored into to create a 
passage for stringing.  The amber necklace (Figure 1) con-
tained a number of individual pieces of amber that had 
these holes for stringing.  They uniformly displayed a haze 
or cloudy nature on the surface.  This was presented to 
us as the result of an earlier attempt to clean dirt off the 
surface. Some minor scratches appeared on the individual 
pieces and obvious areas of wear or abrasion.

Materials and Methods
Treating the sample in question required first authenti-
cating and proving its general origin. With respect to the 
sample’s integrity, a small amount of amber material was 
taken for FTIR analysis causing as little damage as possible 
to a discreet area of the necklace, from the area near the 
hole for stringing. This sample was ground down using an 
agate mortar and pestle. Several samples were prepared 
using both KBr pellet and nujol mull sample preparation 
methods in order to obtain a useful IR spectra. The analysis 
was performed on an Nicolet model DXB FTIR instrument 
running OMNIC software in the Department of Chemistry 
and Biochemistry at San Francisco State University. 

RESULTS
After comparing the samples prepared with KBr pellet and 
nujol mull, a good IR spectrum was obtained using a KBr 
pellet. The sample was identified positively as Baltic am-
ber. As the literature predicted, identification was confir-
med by the broad absorption around 3450 cm1 indicating 
the presence of carboxylic acid of succinic acid (Chart1). 

THE PROOF OF GENERALORIGIN 
was provided by the “Baltic shelf” between 1250-1175 
cm1, followed by a sharp peak between 1160 and 1150 
cm1. The IR spectrum also shows the presence of both wa-
ter and carbon dioxide, as evidenced by H2O peaks above 
3600 cm1 and between 1500 and 1600 cm1, and CO2 peaks 
around 2350 cm1. These substances are present in the air 
background of the sample cell of the FTIR instrument, and 
did not adversely effect the positive identification of the 
sample as Baltic amber.
IR spectrum of suspected amber sample in the form of a KBr 
pellet. Note the broad absorption around 3450 cm-1 indica-
ting the presence of the carboxylic acid of succinic acid..

CONSERVATION TREATMENT
Mitigating the opaque bloom of the sample proved difficult 
to research. The literature available on the treatment of 
amber is very limited, and most available articles do not di-
scuss thorough treatment options, but rather are limited to 
housing, consolidation and documentation of amber sam-
ples. Thickett and his colleagues wrote a comprehensive 
article on amber conservation that focuses on consolidation 
and investigates the properties of various consolidants, in-
cluding age testing, solubility, and interference with FTIR 
(Thickett 1995). They also discuss retreatability of mate-
rials in consideration of analysis such as IR.  The success of 
treatment and retreatment depends on the durability of a 
treatment and materials used need to be monitored over 
time (Caldararo, 1997).  In the case of our treatment, the 
owner reports no change. 
Solvent testing was performed on the sample to the end of 
developing a cleaning methodology, using acetone, diethyl 
ether and ethanol (Stout, et al., 1995). These solvents had 
little mitigating effect on the blooming issue. After a sug-
gestion from amber scholar Curt Beck, a dilute solution of 
1% hydrochloric acid was tested and proved effective and 
safe to the amber. This method was used to resolve the 
blooming using a cotton swab under magnification.

CONCLUSION
The sample in question has been confirmed by FTIR as Bal-
tic Amber. The Amber Research Institute and Curt Beck 
have provided very helpful references for IR spectra of am-
ber and related materials against which, an expected and 
confirmed identity of the sample were measured. However, 
if the sample had been any other type of amber besides 
Baltic, it would have proved more difficult to narrow the 
results. Now that FTIR is more available to researchers, 
more testing of amber and related materials such as ther-
moplastics and copal will only provide researchers with 
better tools and information. Furthermore, the availability 
of FTIR technology should allow researchers to avoid older 
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and more invasive testing methods.  Figure 2 Shows the 
“after” condition of the segments of the necklace.
 The central purpose of this paper is to report the results 
of evaluations of  methods in the literature for addressing 
problems with the appearance of amber.  The ability of 
conservators to extract information from earlier studies, 
both in terms of treatments (given the variation of ma-
terial treated and reagents used and operator skill) can 
be useful in treatment outcome. Comparison of numerous 
results of samples provides a background to understand 
amber variation and may help establish a foundation for di-
stinguishing not only amber origin in geographic terms, but 
also variation in aging, inclusion effects and composition. 
The means of using the literature for designing treatments 
has been discussed in regards to other objects (Caldararo, 
2008).  Such evaluations should become more common so 
that practitioners can be confident that current methods 
are not unique outcomes but reflect the body of knowledge 
of the field. 

ACKNOWLEDGEMENTS
A special thank you to Curt Beck for his time, information 
and expertise, as well as IR spectra used as references in 
testing. Thanks to Assistant Professor Andrew Ichimura for 
assistance in testing amber samples at San Francisco State 
University, and to.

References

[1] Anon. 1937. Trial Data on Painting Materials-Mediums, Adhesives 
and Film Substances, Technical Studies in the Field of the Fine Arts, 
6, p. 116.

[2] Angelini, I., Bellintani, P. 2005. Archaeological Ambers From Nor-
thern Italy: An Ftir–Drift Study Of Provenance By Comparison With 
The Geological Amber Database, Archaeometry, 47, 441–454.

[3] Beck, Curt. 1982. “Authentication and Conservation of Amber: Con-
flict of Interest,” Science and Technology in the Service of Conser-
vation, Preprints of the Contribution to the Washington Congress, 
pp. 104-107.

[4] Beck, C. W. 1986. Spectroscopic Investigations of Amber. Applied 
Spectroscopy Reviews, 22, 57-110.

[5] Beck, Curt W., Audrey Adams, Gretchen Southard, and Constance 
Fellows. 1971 “Determination of the Origin of Greek Amber Arti-
facts by Computer Classification of Infrared Spectra.” Science and 
Archaeology, (ed. R.H. Brill) Cambridge, MA, pp. 235-240.

[6] Beck, Curt W., Langenheim, Jean. 1965. “Infrared Spectra as a Me-
ans of Determining Botanical Sources of Amber,” Science, 149, 52-5.

[7] Beck, Curt W., Wilbur, E., Meret, S., Kossove, D., Kermani, K.. 1965 
“The Infrared Spectra of Amber and the Identification of Baltic Am-
ber.” Archaeometry, 8, 96-109.

8. Caldararo, Niccolo, 1997 “Conservation treatments of paintings on 
ceramic and glass: two case studies,” Studies in Conservation, v. 42, 
n. pp. 157-164.

9. Caple, Chris, Conservation Skills: Judgement, Method and Decision 
Making, London, Routledge, 2000.

[10] Dahlstrom, A., Bronst, L. 1996. The Amber Book, trans. By Lei-
jonhufvud, Jonas, Geoscience Press, Tucson, AZ.

[11] Galletti, G.C., Mazzeo, R. 1993. Pyrolysis/ Gas Chromatography/ 
Mass Spectrometry and Fourier-transform Infrared Spectroscopy of 
Amber. Rapid Communications in Mass Spectrometry, 7, 646-650.

[12] Grimaldi, D. 1993. The Care and Study of Fossiliferous Amber. Cu-
rator, 36, pp. 31-49.

[13] Grimaldi, D., Shedrinsky, A., Ross, A., Baer, N. S. 1994. Forgeries 
of Fossils in “Amber”: History, Identification, and Case Studies. Cu-
rator, 37, 251-274.

[14] Guilianoa, Michel, Asiaa, Laurence, Onoratinib, Gérard, Millea, 
Gilbert. 2007. Applications of Diamond Crystal ATR FTIR Spectro-
scopy to the Characterization of Ambers, Spectrochimica Acta Part 
A: Molecular and Biomolecular Spectroscopy, 67, 1407–1411.

[15] Mills, J.S., White, R. 1987. The Organic Chemistry of Museum 
Objects, Butterworths, London.

[16] Poinar Jr., George, Poinar, Roberta. 1999. The Amber Forest, Prin-
ceton University Press, New Jersey.

[17] Poinar, George O., Mastalerz, M. 2000. Taphonomy of Fossilized 
Resins: Determining the Biostratinomy of Amber, Acta Geologica Hi-
spanica, 35, 171-182.  

[18] Ross, Andrew. 1998. Amber, Harvard University Press, Cambridge, 
MA.

19. Rottlander, R.C.A., 1970, “Formation of amber from Pinus resin,” 
Archaeometry, 35-52.

20 Shashoua, Yvonne, Berthelsen, Mai-Britt Lund Degn, Nielsen, Ole 
Faurskov.  2006. Raman and ATR-FTIR Spectroscopies Applied to 
the Conservation of Archaeological Baltic Amber, Journal of Raman 
Spectroscopy, 37, 1221–1227. 

21 Shedrinsky, A.M., Wampler, T.P., Chugunov, K.V. 2004. The Examina-
tion of Amber Beads from the Collection of the State Hermitage Mu-
seum found in Arzhan-2 Burial Memorial Site, Journal of Analytical 
and Applied Pyrolysis, 71, 69–81.

22. Stout, E.C., Beck, C., Kosmowska-Ceranowicz, B. “Gedanite and 
Gedano-Succinite,” in Amber, Resinite and Fossil Resins, ed. K. B. 
Anderson and J. C. Crelling, ACS Symposium Series 617, American 
Chemical Society, Washington D.C., 1995, pp. 130-148.

23 Teodor, Eugenia D., Liţescu, Simona C., Neacşu, Antonela, Truică, 
Georgiana, Albu, Camelia. 2009. Analytical Methods to Differentiate 
Romanian Amber and Baltic Amber for Archaeological Applications, 
Central European Journal Of Chemistry, 7, 560-568.

24] Teodor, E.S., Teodor, E.D., Virgolici, M., Manea, M.M., Truică, G., 
Liţescu, S.C. 2010. Non-Destructive Analysis of Amber Artefacts from 
the Prehistoric Cioclovina Hoard (Romania), Journal of Archaeologi-
cal Science, 37, 2386–2396.  

25 Thickett, D., Cruickshank, P., Ward, C. 1995. The Conservation of 
Amber, Studies in Conservation, 40, 217-226.

26 Vîrgolici, Marian, Petroviciu, Irina, Teodor, Eugenia, Liţescu, Simo-
na, Manea, Mihaela, Ponta, Corneliu, Niculescu, Gheorghe, Sârbu, 
Costel, Medvedovici, Andrei. 2010. TD/CGC/MS and FT-IR Characte-
rization of Archaeological Amber Artefacts from Romanian Collec-
tions (Roman age), Revue Roumaine de Chimie, 55, 349-355

27 Wolfe, Alexander, Tappert, P., Muehlenbachs, Ralf, Boudreau, Karlis, 
McKellar, Marc, Basinger, Ryan C., Garrett, James F.  2009. A New 
Proposal Concerning the Botanical Origin of Baltic Amber, Proc. R. 
Soc. B7 , 276, 3403-3412.

28 Zhu, Li,Xing, Ying-ying. 2008. Infrared Absorption Spectrum Repre-
sentation of Amber and Its Imitation, Journal of Gems and Gemmo-
logy, 283, 619.

29. Caldararo, Niccolo, “Restoring Ansel Adams,” Topics in Photo-
graphic Preservation, v. 13, 2009:242-262.

Abstract
This study describes the identification and treatment of an amber 
necklace, which came into the conservation lab  of Conservation Art 
Service, with an opaque bloom caused by a previous cleaning with 
a household ammonia cleanser. There was no information given its 
origin available from the owner. Prior to the conservation interven-
tion, it is accepted practice  to identify correctly the material the 
beads were made of and, depending on the results, research the 
past treatment of the amber to identify the most appropriate me-
ans to remove the opaque bloom. A review of the literature of both 
the amber conservation treatments and identification of false am-
ber indicated little useful published work on these topics in conser-
vation journals, particularly in the form of a single, comprehensive 
review. Treatment and retreatment issues have become a significant 
subject in conservation in the past two decades (Caldararo, 1997; 
Caple, 2000).  The goals of treatment or “no treatment,” must be 
clearly discovered and developed in each case.  This prompted us to 
assemble a list of relevant articles on various methods for testing 
and identifying amber. This paper also includes an overview of am-
ber and its historical use, methods to definitively identify amber, 
and the identification and treatment of this particular object using 
infrared spectroscopy.
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IR spectrum of suspected amber sample in the form of a KBr pellet. Note 
the broad absorption around 3450 cm-1 indicating the presence of the 
carboxylic acid of succinic acid..


