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Abstract: The close relationship in structure of shell and pearls allows that analytical results gained from shell are also valid 
for pearls of the same species. The sheen displayed on nacreous pearls is due to the structure of stacked aragonite tablets 
in parallel superimposition. Non-nacreous pearls often show a flame structure that is due to a crosswise array of bundles of 
aragonite laths or fibres. Small domains of bundles alternate with their orientation forming a criss-cross array. Light striking the 
side of the bundles is reflected, light falling on the profile of the bundles is absorbed. By this behaviour brighter areas alternate 
with darker ones, producing the flame structure. This structure is typical for the porcellaneous lining of marine gastropod shells 
and some bivalves, and their pearls produced by the same mantle tissue (Figures 1a and 1b). 
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Figure 1a. A Caribbean Conch shell Strombus gigas (33 cm) collected in 
Cuba, with a pink lining of the shell inside.

Figure 1b. A pink Conch pearl from trade resources (7.5 ct, 13 mm long) 
showing distinct flame pattern.

Figure 2a. Flame 
structure as seen on a 
pink Conch pearl with 
brighter and darker 
areas.

Figure 2b. Flame 
structure of a Melo 
pearl. In normal case, 
alternating areas of 
brighter and darker 
lines are seen, but 
some pearls may 
also display spotted 
patterns.

Introduction
The intention of this short paper is to demon-
strate the reason for the peculiar pattern seen 
on some porcellaneous (non-nacreous) pearls, 
commonly described as ‘flame structure’. Pink 
Conch pearls and Melo pearls exhibit such 
pattern quite clearly (Figures 2a and 2b). Also, 
on shell and pearls of the giant clam Tridacna, 
a structure similar to the flame pattern is 
visible. A comparison to the ‘normal’ pearly 
nacre structure is also presented. The reason 
for both structures, nacre and flame, is to 
produce a shell with extraordinary mechanical 
resistance, copied in technical material such as 
laminated glass or fibreglass. 
 The characteristic model with spindle-
shaped to flame like pattern is investigated by 
magnification, conventional microscopy and 
scanning electron microscopy. 
 Since the flame structure is also seen in 
the inner part of the shell layer of the housing 
of some mollusc, analytical work that requires 
breaking of the material can also be done on 
shell material. 
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 Previous reports on the structure of shell are found in a wide 
selection of publications on marine shells (Wise, 1970; Brown, 1986; 
Lowenstam and Weiner, 1989; Gauthier and Ajaques, 1989; Coomans, 
1989; Hänni, 2001; Strack, 2006). Fritsch and Misiorowski (1987) 
reported on Conch and Htun et al. (2006) reported on Melo. None of 
these authors, however, showed high magnification images, necessary 
to understand the origin of the flame structure. For nomenclature on 
pearls the author recommends the new CIBJO Rules. The CIBJO Pearl 
book can be downloaded from the Internet at www.cibjo.org.
 Natural pearls are highly in demand today. The most appreciated 
ones are the nacreous pearls often called oriental pearls. Many 
textbooks and articles report on the build up of nacre, consisting of 
layers of sub-microscopic aragonite tablets, stacked over each other. 
The display of such minute structural details as seen in nacre is 
possible with a scanning electron microscope (SEM) (Figure 3). Other 
techniques such as atomic force microscopy (AFM) are also effective in 
such surface analyses (Gutmannsbauer and Hänni, 1994). The texture 
of nacre has been described in a large number of books and other 
publications (see selection of references above).
 The construction of non-nacreous shell and the related porcel-
laneous pearls is less well known in gemmological circles. Seeing the 
close relationship of the shell constituent and pearls, with this paper 
the relationship of marine gastropod shell and non-nacreous pearls 
should be shown. 

Formation of nacre and non-nacreous shell
The hard housing of shell and conches is produced by a specialised 
organ, the mantle tissue. This tissue has the capacity to repeatedly 
form tiny elements for the construction of solid and resistant shell. 
Mantle tissue that has the capacity to secrete calcium carbonate 
for the formation of the shell is also responsible for the occasional 

production of a pearl. Injuries to the external mantle tissue lead to the 
formation of a cyst, lined with mantle cells that release their production 
into the cyst, now called a pearl sac (Hänni, 2001). The daily deposition 
rate is estimated at about 20 to 40 of these approximately 300-500 
microns thick crystallites (Gauthier and Ajaques, 1989; Hänni, unpublished, 
2010). It is evident that the program for aragonite precipitation comes from 
the mantle tissue cells, regardless if they are located in the outer mantle 
surface, as they do normally, or are constituents of a pearl sac. Both 
produce the same material, one being shell lining, in the other situation 
pearl. Food availability, water temperature and salinity may influence the 
productivity of the mantle tissue involved, and also have an effect on the 
colour of the pearls, beside the genetic condition.

Figure 3. SEM image of a broken piece of nacre (Pinctada margaritifera), showing the surface and the stacked aragonite 
tablets of approx. 500 nm thickness.

Figure 4. A polished section through a piece of a pink Conch shell in 
reflected light. Spindle shaped areas alternate in bright and dark, forming 
wider bands. Width of image 5 mm.
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Materials and methods
For this limited investigation a small number of 
samples have been worked on and the results 
may count exemplarily for explaining the 
phenomenon. A few hundreds of pearls with 
flame structure have been passing the SSEF Swiss 
Gemmological Institute for being tested for report 
in the last ten years. These pearls have no linking 
to their shells and an attribution to the species is 
on phenomenon and visual appearance only. But 
they still helped in the observations and studies 
of the effect.
 Shell material from a pink Conch shell, 
collected in Cuba by the author, has been cut and 
broken into handy pieces small enough to fit the 
SEM sample chamber. An 8 cm Tridacna shell from 
the Philippines was dissected with a diamond 
saw and a slice then broken for further inspection 
under the SEM. 
 On the polished Conch shell sample and 
the Tridacna shell sample the identification of 
aragonite was done by Raman spectroscopy 
(Renishaw Raman system). Images of the polished 
surface were taken with the camera placed on 
the Raman microscope. A picture of the inner part 
of the Tridacna shell was taken through the Wild 
Leitz Binocular microscope. The broken samples 
were coated with gold for the SEM images, 
produced with a Philips ESEM XL 30.

Results 
Texture of shell and pearls with a 
flame structure
A peculiar structure has been observed with shell 
material of some marine gastropods and bivalves. 
This structure consists in a pattern of brighter 
and darker areas, having a shape of alternation 
spindles or small bands, up to fan like forms from 
0.1 to 2 mm in length. Among species displaying 
these features are Melo, Strombus, Cassis and 
Tridacna. A polished section through a piece of 
shell of Strombus gigas from Cuba is shown in 
Figure 4.
 The typical flame structure on the surface of 
a Caribbean pink, brown and white Conch pearl, 
have a similar appearance. Cameos cut from 
Cassis shell also display such a structure in the 
orange part of the shell.
 In order to investigate the reason for this 
banded structure, material from a Strombus 
gigas shell was broken and small fragments were 
analysed with a SEM. The shape of the constituent 
aragonite crystals and its array became visible. 
The material consists of fibres and lath-shaped 
crystals in specific crosswise orientation (Figures 
5a and 5b). Aragonite fibres in specific arrays have 
been described in Lion's paw scallop (Scarratt and 
Hänni, 2004), a shell without a flame structure but 
producing pearls with a spotted pattern.

Figure 5a. SEM image of a broken surface of Strombus gigas (pink Conch) showing an approximately 
60° orientation of arrays.

Figure 5b. SEM image of a broken surface of Strombus gigas (pink Conch).  
The laths consist of aragonite and form in layers.
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Figure 6. A pattern of reflecting bright spindles in alternation with dull 
spindles on the inner surface of a Tridacna shell. The bright spindles 
display interference colours. Width of image 4 mm.

Figure 7. SEM image of the surface (upper part) and broken surface of a Tridacna 
shell. The crisscross structure consists of aragonite lamellae of approx. 500 nm. 
Magnification 500x.

 A similar situation was encountered with 
white Tridacna pearls that often show a fine 
flame structure. Since no pearl was available 
to crush and investigate the broken surface, a 
Tridacna shell was kindly provided by the local 
Museum for Natural History. Material from the 
Tridacna shell was broken and small fragments 
were analysed. Fine spindle-shaped lines are 
seen with a 10x lens on the inner surface of 
the shell that can be described as spindle 
structure (Figure 6). They appear as lighter and 
darker alternating bands. With a strong fibre 
light and a microscope one may even display 
interference colours, which gives an indication 
of the thickness of structures involved (0.1 µm).
 Under the scanning microscope from about 
500x magnification, the same bands (about 20 
µm wide) in bright and dark are visible. But the 
higher magnification allows a better resolution 
of the structure (Figure 7). Stacked piles of 
aragonite lamellae in crisscross position form 
the material. Those lamellae that stand in a 
reflection position to the light are bright; those 
in the opposite position conduct the light away 
and are darker. The thickness of the lamellae 
of about 500 nm explains their capacity to 
interference with light, producing spectral 
colours.

Conclusions
The flame structure appears in variation from 
simple bands or spindle shaped bodies to more 
complex branching out shapes called flame 
pattern. Such models are seen on some pearls 
of marine bivalve (scallop) and gastropod 
(snails), and this is due to a specific element in 
the construction of part of their shell. The inner 
lining of the shell consists of fibrous aragonite. 
Depending on the species, constituent 

elements have the shape of ultra-fine fibres, 
laths, lamellae and form bundles that are 
arranged in a crisscross pattern. These bundles 
may reflect or absorb the light that falls on the 
structure, letting it appear bright or dull. When 
the fibres are more lamellar in shape and of 
around 500 nm in thickness, spectral colours 
may be produced.
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