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Amber, an organic gemstone fossilized from tree 
resin (Ross, 1999), comes from several sources 
globally, most notably the Baltic region, Myan-

mar, the Dominican Republic, and Indonesia. Amber 
from each locality shows distinctive characteristics. In 
2020, a sandstone miner working on the Vietnamese 
island of Phu Quoc came across an orange-yellow ma-
terial buried inside the sandstone layers. He collected 
loose and bedrock-hosted samples, the largest up to 10 
cm (figure 1), and submitted them to Liu Gemological 

Research and Application Center (LIULAB) in Ho Chi 
Minh City, where they were identified as amber. With 
the miner’s help, the authors visited the site to collect 
amber samples. During our field trip, we found a sec-
ond deposit, also in a sandstone mine, located about a 
kilometer from the first amber outcrop (figure 2).  

In the present study, Phu Quoc amber was char-
acterized with standard gemological methods and 
Fourier-transform infrared spectroscopy (FTIR). Our 
results, combined with other published data from 
Baltic, Burmese, and Dominican amber (Wolfe et al., 
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In Brief  
•  Vietnamese amber was first discovered on the island of 

Phu Quoc in 2020. 

•  The amber is characterized by strong blue fluorescence 
under UV lighting and weak green fluorescence under 
daylight-equivalent illumination. 

•  Amber nodules were found in sandstone, accompa-
nied by veins of black jet. The wide coverage of sand-
stone on the island suggests the possibility of additional 
discoveries. 

•  Phu Quoc amber’s gemological properties are rela-
tively similar to those from other global sources, but it 
can be differentiated by FTIR spectroscopy. 
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Figure 1. Amber from Phu Quoc: matrix measuring 
approximately 6 × 10 cm and a 1.69 ct, 11.93–9.41 × 
4.98 mm cabochon of transparent, orangy red amber 
set in a 14K gold ring. Photo by Le Ngoc Nang.



2009; Leelawatanasuk et al., 2013; Sun et al., 2015; 
Zhang et al., 2020), allowed us to compare the Phu 
Quoc samples with amber from commercially im-
portant sources. 

GEOLOGICAL SETTING  
The island of Phu Quoc lies in the Gulf of Thailand, 
about 45 km off the southwestern coast of Vietnam. 
The island has an area of 574 km2. The terrain con-
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Figure 2. Geological map of northern Phu Quoc, from Duong et al. (1998) and modified by Le Ngoc Nang (2021). 
The two study areas (1 and 2) were visited in November 2020.
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sists mainly of low mountains, with the highest peak 
standing at 607 m (Duong et al., 1998). The amber 
sites found so far are in an area that is easily accessi-
ble by vehicle.  

The geological formations in Phu Quoc are 
mostly sandstone and siltstone from the Miocene to 
the Holocene. The Phu Quoc amber source lies in 
the northern center of the island (figure 2), mainly 
containing Neogene sedimentary rocks, and is di-
vided into two parts. The lower part is interbedded 
conglomerate, sandstone, and gray and green silt-

stone, distributed on the eastern margin of the is-
land; the upper part is jet- and amber-bearing quartz 
sandstone with cross-bedding structure, distributed 
throughout most of northern Phu Quoc (My and 
Linh, 2005). The upper part is unconformably over-
lain by Holocene sediments.  

The Phu Quoc amber is hosted in gray to whitish 
gray and fine- to medium-grained sandstone (My and 
Linh, 2005; Fyhn et al., 2010) (figure 3). Found in 
sandstone as nodules, samples are nearly round or 
distorted oval in shape, varying in size from a few 
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Figure 3. A: Sandstone mine (site 1). B and C: Nodules of amber found in sandstone boulders, recovered from a 
depth of 15–20 m at site 1. Photos by Lam Vinh Phat.
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centimeters to 10 centimeters. The boundary be-
tween amber and sandstone is clear but uneven and 
difficult to detach (figures 1 and 3). Surrounding 
amber in sandstone is black jet in the form of plates, 
with veins in matrix ranging in size from a few cen-
timeters to several tens of centimeters. Part of the 
amber boundary is in contact with the sandstone, 
and the rest is attached to the jet. The sedimentary 
rocks containing amber are situated at a depth of 
about 15–20 m and are about 30 m thick, accompa-
nied by lamellar-like jet. The amber-bearing sedi-
mentary rock is quartz sandstone with massive 
structure. Rock-forming minerals are >90% quartz 
and <10% cement (sericitized clay minerals), as seen 
under a petrographic microscope (figure 4). 

MATERIALS AND METHODS 
A total of 38 amber samples (31 loose samples and 
7 samples in matrix) were collected from two loca-
tions (sites 1 and 2) on November 17 and 18, 2020. 
These consisted of 26 samples (22 loose and 4 in 
matrix) from site 1 and 12 samples (nine loose and 
three in matrix) from site 2. In addition, we received 
three samples (two loose and one in matrix) from 
the sandstone mine worker from site 1. Twelve of 
the Phu Quoc samples were used for research analy-
sis: two loose samples (nos. 1 and 2) from the mine 

worker, and ten samples (nos. 3–12: eight loose and 
two in matrix) from the authors’ set of 38 samples 
from both sites (figure 2). The samples were chosen 
based on size and quality. Five samples were cut 
into cabochons by one of the authors (PMT), and 
seven were kept rough (figure 5). For refractive index 
and FTIR measurements, the authors selected rough 
samples that had at least one flat-polished surface, 
were free of pores, and weighed more than 5 ct. The 
amber-bearing sandstones consisted mainly of 
amber and jet. 

We used three additional samples from Myanmar 
(A-3), the Baltic Sea (Poland, A-2), and the Domini-
can Republic (A-1) to compare with the Phu Quoc 
amber by conducting gemological testing and FTIR 
advanced analysis at LIULAB (figure 5). Those three 
samples belong to the collection of minerals and 
gems of the Faculty of Geology, University of Sci-
ence, Ho Chi Minh City. 

Standard gemological methods were used to con-
firm the identity of the studied samples as amber. The 
amber’s color was observed under a 60 W GLS LED 
daylight bulb (5000–6000K). Specific gravity values for 
samples 1–6 and 9–12 were measured using a hydro-
static scale, and their refractive indexes were recorded 
with a standard gemological refractometer. A polar-
iscope was used to observe optical features on the 
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Figure 4. An amber-
bearing sandstone thin 
section containing 
quartz (Qtz) and a 
small amount of cement 
(Cm; mainly sericitized 
clay minerals) surround-
ing the quartz grains. 
Photomicrograph by Ha 
Thuy Hang; field of view 
0.6 mm. 
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same samples. Fluorescence reaction was tested on all 
the samples under ultraviolet light, both long-wave 
(365 nm) and short-wave (254 nm). Internal features 
were observed under a Carton SPZV50 gemological 

microscope with 7× to 50× magnification. A 3 μm thin 
section of amber-bearing sandstone was examined 
under an Olympus CH-2 petrographic microscope at 
magnifications of 100×, 200×, and 400×. 
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Figure 5. The amber samples used in this study were in bedrock, rough, or cut into cabochons. Samples 1–12 are 
from Phu Quoc, A-1 from the Dominican Republic, A-2 from the Baltic region, and A-3 from Myanmar. Photos by 
Le Ngoc Nang. 
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For all samples, a hot needle test was applied to 
check for the characteristic scent of natural resin. We 
also checked the reaction to acetone as a means of 
separating amber from copal. Amber does not react 
with acetone, while copal reacts with acetone after 
20 seconds (Ross, 1999). 

Twelve amber samples—nine from Phu Quoc 
and one each from the Baltic Sea, Myanmar, and the 
Dominican Republic—were analyzed using an Agi-
lent Cary 630 FTIR spectrometer. Data were ac-
quired with a spectral range of 4000–650 cm–1, a 
resolution of 8 cm–1, and a scan time of 32 s. 

RESULTS AND DISCUSSION 
Under daylight-equivalent illumination, the amber 
samples from Phu Quoc were predominantly reddish 
orange or orangy yellow. Black patches and spots in 
some samples (6 and 10) were preserved flora (tree 
bark). The samples exhibited predominantly subvit-

reous to resinous luster, and many samples displayed 
good transparency (figure 5). The samples also exhib-
ited a white streak. 

Gemological Characteristics. The specific gravity val-
ues of the 10 tested samples ranged from 1.03 to 1.04, 
corresponding to the SG of amber (Ross, 1999; Sun et 
al., 2015). These same 10 samples were singly refrac-
tive and had refractive index values ranging from 
1.540 to 1.543, also consistent with amber (Ross, 1999; 
Sun et al., 2015) (table 1). Under long-wave and short-
wave UV light, all Phu Quoc amber samples displayed 
strong to very strong light blue fluorescence (figure 6, 
top). They emitted green fluorescence on the surface 
under daylight-equivalent illumination (figure 6, bot-
tom right) or against a dark background. The fluores-
cence phenomenon of the Phu Quoc amber is similar 
to that of Dominican and Indonesian amber (Poinar, 
2010; Leelawatanasuk et al., 2013; Liu et al., 2014; 
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Figure 6. Luminescence of Phu Quoc amber. All of the samples emitted strong to very strong light blue fluores-
cence in both long-wave (top left) and short-wave (top right) UV light. The bodycolor of Phu Quoc amber sample 
3 is reddish orange (bottom left) and emitted weak green fluorescence under daylight-equivalent illumination 
(bottom right). Photos by Le Ngoc Nang.
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Kocsis et al., 2020; Zhang et al., 2020). However, the 
Phu Quoc amber showed weaker fluorescence under 
daylight than Dominican or Indonesian amber.  

Hot needle testing on all 12 amber samples re-
leased the natural scent of resin, distinguishing it from 
the burning scent of synthetic polymer (Ross, 1999). 
None of the Phu Quoc samples reacted to acetone, 
proving they were amber and not copal (Ross, 1999).  

Optical Characteristics. Under the polariscope, the 
Phu Quoc amber presented the phenomenon of al-
ternately blinking light and dark when rotated every 

45°. Although there are no detailed studies to explain 
the phenomenon, this optical characteristic known 
as anomalous double refraction (ADR) is commonly 
seen under a polariscope. Accordingly, internal stress 
helps to explain the degree of anomalous extinction 
in amber (Kratochvíl, 2009). 

Internal Characteristics. The Phu Quoc samples con-
tained four types of internal characteristics: gas bub-
bles, disk-like inclusions (spangle) with a colorless 
core inside, round-film inclusions, and flora inclusions 
(figure 7 and table 1). Gas bubble inclusions indicating 
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TABLE 1. Gemological properties of amber from Phu Quoc, Vietnam.

Sample no. Weight (ct) Color Shape SG RI Inclusions

1 17.92 Yellowish orange Irregular 1.04 1.540 Spangle, gas bubble

2 22.11 Intense reddish orange Irregular 1.06 1.541 Spangle, gas bubble, flora

3 7.22 Reddish orange Irregular NA NA Gas bubble, flora

4 10.03 Intense reddish orange Irregular 1.04 1.542 Gas bubble, flora

5 5.18 Orangy red Irregular 1.05 1.540 Gas bubble, flora

6 5.10 Brownish yellowish orange Pear 1.05 1.541    NA

7 122.77a Yellow Roundish nodule NA NA NA

8 76.40a Reddish orange In matrix NA NA Gas bubble, flora

9 1.69 Reddish orange Oval 1.05 1.541 Spangle, gas bubble

10 1.99 Intense bluish reddish orange Drop 1.04 1.543 Gas bubble

11 0.82 Reddish orange Oval 1.04 1.542 Spangle, gas bubble

12 1.05 Orangy yellow Oval 1.03 1.542 Spangle, gas bubble

A-1 4.68 Yellow Near-round 1.04 NA None

A-2 7.16 Orangy yellow Near-round 1.07 1.542 Spangle, gas bubble

A-3 11.94 Yellow-orange Drop 1.03 1.540 Gas bubble, insect

aTotal weight of sample, including host rock, in grams. NA: not available 



the origin as tree resin (viscous and cool) are found in 
amber from most sources worldwide. In Phu Quoc 
samples, the gas bubble inclusions were accompanied 
by a typical flow structure. The disk-like inclusions 
contained air bubbles at the center, suggesting the 
condition of Phu Quoc amber, which were influenced 
by geothermal heat due to sedimentary depth (depth 
of burial) (Ross, 1999). Round-film inclusions are quite 
commonly seen, and they are also the spangles that 
reflect light to create interference colors. The flora in-
clusions were remnants of reddish brown wood fibers. 
Significantly, insects were not found in any of the 
amber samples inspected, unlike amber from most 
other sources (Penney, 2016). 

FTIR Analysis. The FTIR spectra of the Phu Quoc 
samples shown in figure 8A include peaks at 2923, 
2861, 2100, 1695, 1455, 1379, 1261, 1156, 970, and 
815 cm–1. The FTIR results of Baltic, Burmese, and 

Dominican amber are shown in figure 8, B–D. The re-
sults were consistent with previously published FTIR 
spectra of Burmese amber (Jiang et al., 2020), Baltic 
amber (Guiliano et al., 2007; Wolfe et al., 2009), and 
Dominican amber (Xin et al., 2021).  

Phu Quoc amber exhibited an absorption band at 
around 2900 cm–1 with two peaks at 2923 and 2861 
cm–1, representing the stretching vibration of the sp3 
hybridized C-H bond of the methyl and methylene 
groups (Guiliano et al., 2007). These are the typical ab-
sorption bands of amber and plastic or materials con-
taining the C-H bond.  

In the range of 2800–1800 cm–1, Phu Quoc amber 
displayed a weak band at 2100 cm–1 caused by alkyne 
C≡C stretching, which was similar to that of Domini-
can samples. Meanwhile, Burmese and Baltic amber 
did not show any significant bands in this region. 

The spectral range between 1800 and 1200 cm–1 for 
Phu Quoc amber included a peak at 1455 cm–1 for 
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Figure 7. Inclusions in 
Phu Quoc amber. A: A 
spangle with an inclu-
sion at the center. B: 
Gas bubbles assembled 
with botanical rem-
nants. C: A spangle 
with interference colors. 
D: Tree bark remnants. 
Photomicrographs by Le 
Ngoc Nang; fields of 
view 4.5 mm (A and C) 
and 5.5 mm (B and D).
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methylene (CH2) bending and another at 1379 cm–1 for 
methyl (CH3) bending (Pavia et al., 2014). The strong 
absorption bands at 1695 and 1261 cm–1 are related to 
C=O stretching and C-O carbonyl bonds, respectively 
(possibly ester and acid). The simultaneous presence 
of the peaks shows that there are many types of car-
bonates in this amber’s composition (Sun et al., 2015). 
In the 1800–1200 cm–1 range, the spectral absorption 
bands were similar to those of the Dominican samples. 
Meanwhile, the absence of a 1261 cm–1 peak in 
Burmese and Baltic amber differentiated them from 
Phu Quoc amber. 

Between 1200 and 800 cm–1, the Phu Quoc amber 
displayed weak absorption peaks at 1156, 970, and 
815 cm–1, while Burmese, Baltic, and Dominican 
amber displayed medium absorption peaks at 1149, 
1031, 975, and 813 cm–1. The weak 1156 cm–1 peak is 

assigned to C-O stretching of tertiary alcohol (Pavia 
et al., 2014). Additionally, the Baltic amber presented 
a spectral peak at 888 cm–1. For Phu Quoc amber, no 
peaks were detected at 3048, 1642, and 887 cm–1, 
proving it was genuine amber rather than copal (Sun 
et al., 2015). 

The FTIR spectra of Phu Quoc samples exhib-
ited characteristics similar to those of Baltic, 
Burmese, and Dominican amber. However, the 
spectra of Phu Quoc amber displayed some charac-
teristics unique to the deposit. The existence of 
1261 and 1156 cm–1 bands and the absence of 3450 
and 1149 cm–1 peaks revealed distinguishing fea-
tures in both composition and polymer structures. 
These differences play an important role in defining 
the geographic origin of amber from global sources 
(including Phu Quoc amber). 
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Figure 8. FTIR spectra of amber from Phu Quoc (A) and other sources (B–D).
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COMMERCIAL POTENTIAL 
Based on our initial evaluation, Phu Quoc amber is 
of high enough quality to be suitable for jewelry 
manufacturing (figures 1 and 9). The color ranges 
from highly valued yellowish orange to orangy red, 
similar to that of Baltic and Burmese amber. Most 
are transparent, especially the samples smaller than 
1 cm. The Phu Quoc amber is suitable for cabochons 
and carvings. Although we carried out our research 
within a small area, the sandstone formation (amber 
host rock) covers almost the entire island (My and 
Linh, 2005), suggesting the possibility of finding 
amber over a wide area. While these factors signal 

the commercial potential of Phu Quoc amber, fur-
ther assessment is needed.  

CONCLUSIONS 
Standard gemological properties, FTIR spectroscopy, 
and other tests confirmed that the samples represent 
the first Vietnamese source of amber. The material’s 
attractive color, transparency, and size make it suit-
able for jewelry. In addition, the wide distribution of 
the Neogene sandstone host rock on this island in-
dicates strong commercial potential. With the dis-
covery of amber on Phu Quoc, Vietnam could 
become an important supplier of this organic gem.
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Figure 9. Gem-quality amber from Phu Quoc: an 11.16 ct rough and cabochons weighing 1.02–1.40 ct. Photo by Le 
Ngoc Nang. 

ABOUT THE AUTHORS  
Le Ngoc Nang is a postgraduate in the Faculty of Geology at the 
University of Science (https://en.hcmus.edu.vn), Vietnam National 
University Ho Chi Minh City, and CEO of Liu Gemological Re-
search and Application Center. Dr. Pham Trung Hieu is associate 
professor in the Faculty of Geology at the University of Science, 
Vietnam National University Ho Chi Minh City. Lam Vinh Phat is 
manager of gemstone identification, and Pham Minh Tien is a 
technical specialist, at Liu Gemological Research and Application 
Center. Ho Nguyen Tri Man is a lecturer in the Faculty of Geology 
and Petroleum Engineering at the University of Technology, Viet-

nam National University. Ha Thuy Hang is a lecturer in the Faculty 
of Geology at the University of Science, Vietnam National Univer-
sity Ho Chi Minh City. 

ACKNOWLEDGMENTS 
The authors sincerely thank Mr. Nguyen Thanh Nha from the Insti-
tute of Chemical Technology for his support in utilizing advanced 
analysis methods. We also express gratitude to our clients for the 
use of their samples to carry out this research. This research was 
funded by Vietnam National University Ho Chi Minh City (VNU-
HCM) under grant number C2022-18-31.  



194     AMBER FROM PHU QUOC, VIETNAM                                                    GEMS & GEMOLOGY                                                       SUMMER 2022

Duong C.T. et al. (1998) Report on the result of geological mapping 
and mineral exploration. Ha Tien – Phu Quoc map series, scale 
1:50.000, South Vietnam Geological Mapping Division, General 
Department of Geology and Minerals of Vietnam (in Vietnamese). 

Fyhn M.B., Petersen H.I., Mathiesen A., Nielsen L.H., Pedersen 
S.A., Lindström S., Bojesen-Koefoed J.A., Abatzis I., Boldreel 
L.O. (2010) Vietnamese sedimentary basins: Geological evolu-
tion and petroleum potential. GEUS Bulletin, Vol. 20, pp. 91–
94, http://dx.doi.org/10.34194/geusb.v20.4990 

Guiliano M., Asia L., Onoratini G., Mille G. (2007) Applications 
of diamond crystal ATR FTIR spectroscopy to the characteri-
zation of ambers. Spectrochimica Acta Part A: Molecular Bio-
molecular Spectroscopy, Vol. 67, No. 5, pp. 1407–1411, 
http://dx.doi.org/10.1016/j.saa.2006.10.033 

Jiang X., Zhang Z., Wang Y., Kong F. (2020) Gemmological and 
spectroscopic characteristics of different varieties of amber 
from the Hukawng Valley, Myanmar. Journal of Gemmology, 
Vol. 37, No. 2, pp. 144–162. 

Kocsis L., Usman A., Jourdan A.-L., Hassan S.H., Jumat N., Daud D., 
Briguglio A., Slik F., Rinyu L., Futó I. (2020) The Bruneian record 
of “Borneo amber”: A regional review of fossil tree resins in the 
Indo-Australian Archipelago. Earth-Science Reviews, Vol. 201, ar-
ticle no. 103005, http://dx.doi.org/10.1016/j.earscirev.2019.103005 

Kratochvíl P. (2009) Structure and properties of polymers. Materi-
als Science and Engineering, Vol. 1, pp. 135–156. In R.D. Rawl-
ings, Ed., Encyclopedia of Life Support Systems, EOLSS 
Publishers, Oxford, UK. 

Leelawatanasuk T., Wathanakul P., Paramita S., Sutthirat C., 
Sriprasert B., Bupparenoo P. (2013) The characteristics of amber 
from Indonesia. The Australian Gemmologist, Vol. 25, No. 4, 
pp. 142–145. 

Liu Y., Shi G., Wang S. (2014) Color phenomena of blue amber. 
G&G, Vol. 50, No. 2, pp. 134–140, http://dx.doi.org/ 
10.5741/GEMS.50.2.134 

My B.P., Linh T.H. (2005) On the stratigraphy and age of continental 
sediments in the Phu Quoc Island, Tho Chu and An Thoi archi-
pelagoes, Kien Giang Province. Journal of Geology, pp. A/291.  

Pavia D.L., Lampman G.M., Kriz G.S., Vyvyan J.A. (2014) Intro-
duction to Spectroscopy, 5th ed. Cengage Learning, Stamford, 
Connecticut. 

Penney D. (2016) Amber Palaeobiology: Research Trends and Per-
spectives for the 21st Century. Siri Scientific Press. 

Poinar G. (2010) Palaeoecological perspectives in Dominican 
amber. In Proceedings Annales de la Société entomologique de 
France, Vol. 46, Taylor & Francis, pp. 23–52. 

Ross A. (1999) Amber. Harvard University Press, Cambridge, Mas-
sachusetts, 112 pp. 

Sun T.T., Kleišmantas A., Nyunt T.T., Minrui Z., Krishnaswamy 
M., Ying L.H. (2015) Burmese amber from Hti Lin. Journal of 
Gemmology, Vol. 34, No. 7, pp. 606–615. 

Wolfe A.P., Tappert R., Muehlenbachs K., Boudreau M., McKellar 
R.C., Basinger J.F., Garrett A. (2009) A new proposal concerning 
the botanical origin of Baltic amber. Proceedings of the Royal 
Society B, Vol. 276, No. 1672, pp. 3403–3412, 
http://dx.doi.org/10.1098/rspb.2009.0806 

Xin C., Li Y., Wang Y., Shi G. (2021) Characterisation of patchy 
blue and green colouration in Dominican blue amber. Journal 
of Gemmology, Vol. 37, No. 7, pp. 702–715. 

Zhang Z., Jiang X., Wang Y., Kong F., Shen A.H. (2020) Fluores-
cence characteristics of blue amber from the Dominican Re-
public, Mexico, and Myanmar. G&G, Vol. 56, No. 4, pp. 
484–496, http://dx.doi.org/10.5741/GEMS.56.4.484

REFERENCES 

gia.edu/gems-gemology

For online access to all issues of GEMS & GEMOLOGY from 1934 to the present, visit:




