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EVIDENCE OF ROTATION IN
FLAME-STRUCTURE PEARLS FROM
BIVALVES OF THE TRIDACNIDAE FAMILY

Jean-Pierre Gauthier, Jacques Fereire, and Thanh Nhan Bui

Thirty-seven pearls originating from bivalves of the Tridacnidae family were analyzed to determine their gemo-

logical properties and to characterize the optical features of their distinctive flame structure, terminating at the
apex and base with patterns like those of blade impellers. All but two of the samples exhibited cylindrical sym-
metry around a fixed axis, suggesting a rotating movement during growth, as with numerous pearls from Pinctada

margaritifera. One quite unusual feature, which is difficult to detect and to our knowledge has never before

been described, consisted of spiral patterns at the apex and base of the pearl, and one of these patterns suggested
the possibility of rotation. Other details that supported the conclusion of rotation during growth included comets
associated with spot defects and pseudo-chatoyancy that appeared shifted to one side.

number of marine organisms produce arago-
Anitic pearls with microstructures different
from the nacreous layers generally observed
in various bivalves such as the saltwater Pinctada
and Pteria species or the freshwater Hyriopsis
species. These non-nacreous pearls have a micro-
structure consisting of crossed aragonitic lamellae
(Jiao et al., 2016; Agbaje et al., 2017). These speci-
mens possess a “flame” structure that can be ob-
served under the microscope, with a large base and
an elongated tail terminating in one or more tips.
They sometimes display an optical phenomenon re-
sembling chatoyancy.
Some marine gastropods produce concretions with
a flame structure. One of the most famous is the pink
conch “pearl” from Strombus gigas, a gastropod that
has been fished for its flesh and concretions, and these
concretions have even been cultured (Davis, 2000;
Davis and Shawl, 2005; Segura and Fritsch, 2015). In
addition to salmon pink, these concretions can dis-
play white, brown, golden, or yellow hues. The his-
tory and gemology of the conch pearl have been
reported by Fritsch and Misiorowski (1987) and Fed-
erman and Bari (2007). Similar to these are Lambis
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truncata pink pearls (Bari and Lam, 2009, p. 68). Less
well documented are flame-structure pearls from the
Melo species (Htun et al., 2006), with a color ranging
from orange to brown and in light, vivid, or dark hues

In Brief

e Like nacreous pearls from various bivalves, non-
nacreous pearls from the Tridacnidae family may
display an axial symmetry.

e Distinct flames develop in a crisscross pattern around
the rotation axis and converge toward the poles as
blade impellers.

e These figures, in addition to other features such as
polar spirals, comets, and pseudo-chatoyancy, are
evidence of the rotation during formation in flame-
structure pearls.

(Scarratt, 1999; Htun et al., 2006). Even rarer in the
literature are the flame-structure pearls from Cassis
cornuta (Bari and Lam, 2009, pp. 73-75) and Pleuro-
ploca gigantea (Koivula et al., 1994).

The flame structure is encountered in some bi-
valves. Except for rare cases of species from the
Spondylus genus (Ho and Zhou, 2014; Homkrajae,
2016a,b), these belong to the Tridacnidae (also referred
to as Tridacninae) family, which contains two genera,
Tridacna and Hippopus (figure 1). Tridacna gigas has
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Figure 1. Examples of shells (front and back side) from both Tridacnidae genera: Tridacna maxima (A and B, shell
length 18.5 cm) and Hippopus (C and D, shell length 19 cm). Photos by T.N. Bui.

yielded very large non-nacreous concretions, such as
the approximately 6.37 kg “Pearl of Allah” (Strack,
2006) and the “Pearl of Elias.” Both are blister pearls:
The former has been cut from the shell, and the latter
is still attached to its shell. But the species has also pro-
duced beautiful flame-structure pearls weighing sev-
eral tens of carats. The pearls from Hippopus or other
Tridacna species are significantly smaller, weighing
only a few carats. From these species we obtained an
assortment of 37 pearls, mainly from Tridacna gigas,
Tridacna maxima, and Tridacna squamosa, and pos-
sibly from Hippopus hippopus (figure 2.

The largest species in the Tridacnidae family, the
giant clam (Tridacna gigas), possesses a shell that can
reach 1.5 m in length and produces non-nacreous
pearls of significant size (Bidwell et al., 2011). While
the size of most naturally grown pearls is in the range
of one to several centimeters, the previously men-
tioned “Pearl of Allah” measures 23 cm in length.
Such pearls, described as chalky concretions, are of
poor quality and usually do not present a visible
flame structure (Bari and Lam, 2009).

ROTATION IN FLAME-STRUCTURE PEARLS FROM TRIDACNIDAE

Other species from the family (Tridacna derasa,
Tridacna maxima, Tridacna squamosa, and Hippo-
pus hippopus) have shells that only measure up to
tens of centimeters in length, and they produce
smaller concretions and pearls. These present a flame
structure that is visible to the unaided eye.

All species of the Tridacnidae family are protected
under the Furopean Union (Council of the European
Union, 1997), the Convention on International Trade
in Endangered Species of Wild Flora and Fauna
(CITES), and the International Union for Conserva-
tion of Nature (IUCN). However, Tridacna maxima
is bred in ponds for the aquarium market. It is also
cultivated at the French Research Institute for Ex-
ploitation of the Sea (IFREMER) in Tahiti for research
purposes (Garen, 2003). Unlike conch pearls, for
which cultivation has been reported (Acosta-Salmoén
and Davis, 2007), to the best of our knowledge no
pearls have been harvested from bivalves of the Tri-
dacnidae family.

Geographic distribution varies within the Tridac-
nidae family. For all species combined, the popula-
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tion of this bivalve extends from the seas south of
China to the north of Australia and from Myanmar
to Fiji. Tridacna squamosa and Tridacna maxima are
distributed across the Indian Ocean to the east coast
of Africa and far into the Pacific Ocean (Copland and
Lucas, 1988; Hui, 2012).

Other species such as Tridacna crocea, Tridacna
rosewateri, Tridacna tevoroa, and Hippopus porcel-
lanus are probably also able to produce pearls, despite
not having been mentioned by merchants of natural
pearls or in the gemological literature. This may be
explained by the small size of their shells (Tridacna
crocea), their limited geographic distribution, and the
absence of known specimens.

Our set of 37 pearls from the Tridacnidae family
originated from Indonesia. They were purchased
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Figure 2. The 37 pearls
from this study, ranging
from 1.67 to 20.28 ct.
Photo by |.-P. Gauthier.

from traders who collected them from several is-
lands. These traders had taught locals to check for
pearls inside the mollusk before cooking the meat.
Most of the time the exact origin of the Tridacna
species was not documented, but systematic tracking
was requested for recent acquisitions.

This article will describe the main gemological
characteristics of these pearls and detail the features
visible to the unaided eye or under the microscope.
We will also discuss the characteristics that strongly
suggest a rotation of the forming pearl inside the
mollusk, similar to that demonstrated in pearls from
Pinctada margaritifera (Gueguen et al., 2015). Pearl
rotation is a frequent phenomenon that occurs
around several random axes for round pearls or
around one fixed axis for pearls that display an axial
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symmetry (see Gauthier et al.,, 2014, 2015, 2018). In
fact, these authors observed that the circles found in
Tahitian pearls are induced by spot defects, which are
the emergence of tubular cavities perpendicular to
the pearl surface and similar to chimney-like struc-
tures, sometimes opening out on the surface. The cir-
cles form as an asymmetrical comet-shaped
structure, which allows us to infer the rotation di-
rection of the pearl.

GEMOLOGICAL DATA
Table 1 presents data on all 37 pearl samples from
the Tridacnidae family.

Shape and Symmetry. Figure 3 illustrates the forms
observed in the 37 samples from this study. Most of
these pearls, labeled in figure 2, exhibited an axial
symmetry, except for two baroque pearls with a bean
shape (BI and BK). Some presented a classical sym-
metry in pear or drop shapes. There were no round
pearls but two near-round (AF and AQ). Quite a few
had an oval shape (AD, AE, AG, AM, AN, AR, AX,
AZ, BA, and BB) and some a spindle (AO, BD, BF, BG,
BH, and BJ) or bullet shape (A], AV, AW, AY, and BE).

For the sake of clarity, the photo labels will refer
to the:

1. apex (a): the sharpest upper pole (for example,
“AG-a” on the far right of figure 4)

2. base (b): the more rounded lower pole for axi-
ally symmetric pearls

3. side (s): the lateral surfaces of the pearls

Figure 3. The main shapes observed in pearls from the
Tridacnidae family. N-R = near-round, P = peat, D =
drop, O = oval, S = spindle, Bt = button, Bl = bullet,
Ba = baroque. The green arrows point to the apex, the

red arrows to the base.
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ROTATION IN FLAME-STRUCTURE PEARLS FROM TRIDACNIDAE

For the oval-shaped pearls, the choice of apex and
base is obviously arbitrary.

Dimensions and Weight. With previously reported
flame-structure pearls, dimensions have varied from
a few millimeters to several centimeters and weights
reaching tens of carats. These were reported for Tri-
dacna gigas (Bidwell et al., 2011) and different Melo
species (Scarratt, 1999) or other gastropods (Hyatt,
2008; Chang and Hyatt, 2011). The pearls in the pres-
ent study, from Tridacna gigas, T. maxima, and T.
squamosa, as well as Hippopus species, are smaller,
measuring 16 mm or less and weighing between 1.67
and 20.28 ct.

Density. Each sample’s density was obtained using a
Sartorius CP323S scale and given as the average of
three measurements. Values fell mostly between
2.70 and 2.86, comparable to aragonitic conch pearls
(Fritsch and Misiorowski, 1987). In a few cases where
the recorded value was low, ranging from 2.31 to
2.63, we assume the existence of an internal cavity,
particularly in two samples (AC and AR) that con-
tained a pit, which was also demonstrated in an X-
ray radiograph by Singbamroong et al. (2015).

Refractive Index. As the pearls did not have flat sur-
faces, we had to estimate the refractive indices using
the distant vision or spot refractive index method.
Most of the samples were elongated and had to be
laid down on their sides in the refractometer. Meas-
ured RI values ranged from 1.620 to 1.655. Our range
of values lies in the mid to high range of the refrac-
tive index of aragonite. Among the less-pointed
pearls, we tried a single measurement along the pole
axis. The measured indices were often weak but did
not systematically yield a value close to the lowest
index.

Crystallochemical Nature of Pearl AC. X-ray diffrac-
tion analysis conducted on sample AC revealed
peaks typical of aragonite and no component attrib-
utable to calcite. This is consistent with the arago-
nitic composition of Tridacnidae shells (Dauphin and
Denis, 2000; Gannon et al., 2017).

Short-Wave and Long-Wave UV. No reaction to ul-
traviolet radiation was observed.

Color. Thirty-three of the pearl samples presented a
white bodycolor with no additional hues. Four pearls
(see figure 15) had a slightly yellowish pit-type defect.
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TABLE 1. Gemological data for the set of 37 pearls from the Tridacnidae family.

Spiral and/or blade

Sample no.  Symmetry Shape Di(e:nmnf)ter l_:;irgnh)t W(ecight Density RI(L) RI(|]]) Flame + W' impeller® (figure 13)
Apex Base
AA Axial Pear 9.71 8.36 468  2.80 1.64 1.67 Flame & 05
AB Axial Drop 11.90 7.66 4.73 2.79 1.63 — Flame n.d.c n.d.
AC Axial Pear 9.71 14.10 8.35 2.63 — — Flame + W, @ /
AD Axial Oval 9.90 820 520 285 1.66 1.60 Flame / /
AE Axial Oval 1125  9.20 7.24 284  1.645 1.67 Flame @ /
AF Axial Near-round 7.24 7.00 2.60 2.80 1.64 159 Flame + Wee ﬁi@‘? g:?
AG Axial Oval 9.00  7.55 4.04 284  1.64 158 n.d. n.d. n.d.
AH Axial Drop 1021 9.62 7.1 281 1.64 159 Flame O3 n.d.
Al Axial Drop 12.20 8.40 6.61 2.81 1.63 1.58 Flame + Wee &i:;? @)
Al Axial Bullet 752 1446 558 282  1.61 158  Flame + We & =Y
AK Axial Pear 7.98 6.78 2.72 2.82 1.655 1.60 Flame &i:} n.d.
AL Axial Button 8.16  9.43 5.31 2.82 160 1.56 Flame &2 S
AM Axial Oval 1172 724 459 281 165 156 Flame G O
AN Axial Oval 11.95  8.98 7.09 279  1.65 1.63 Flame N} n.d.
AO Axial Spindle 1759 933 1067 279  1.64 159  Flame + Wce 3 O3
AP Axial Button 837  9.21 4.76 270 1.65 159 Flame O} n.d.
AQ Axial  Nearround 1132 12.05  11.96  2.84  1.64 1.60 Flame it N
AR Axial Oval 875 680 263 231 165 1.60 Flame it 3
AS Axial Pear 956  7.73 3.78 270 1.64 156  Flame + Wt ©; n.d.
AT Axial Pear 7.42 6.52 1.90 253 165 1.56 Flame nd.
AU Axial Drop 10.06  5.17 1.83 2.62 1.63  1.62 Flame \ /
AV Axial Bullet 8.69  6.55 2.75 276  1.65 157 Flame \ nd.
AW Axial Bullet 7.69 6.11 2.10 282  1.64 158 Flame \ &
AX Axial Oval 10.11 7.7 3.79 281 1.63  1.60 Flame / /
AY Axial Bullet 10.81  6.85 3.39 280  1.65 1.6 Flame nd. nd.
AZ Axial Oval 12.73 870 7.77 277 1.63  1.63 Flame Gr 5
BA Axial Oval 1431  7.88 7.37 282  1.65 157 Flame nd nd.
BB Axial Oval 9.16 6.85 3.38 279 162  1.63 Flame it n.d.
BC Axial Pear 9.00  9.10 4.20 277 1.64 161 Flame n.d.
BD Axial Spindle 17.76 5.5 3.11 282 164 — Flame + Wee Sk n.d.
BE Axial Bullet 9.53 5.94 2.53 280  1.64 157 Flame n.d.
BF Axial Spindle 1542 5.08 2.88 282 164 — Flame N n.d.
BG Axial  Spindle  13.60 570 324 281  1.65 — Flame O O
BH Axial Spindle 13.46 5.50 3.04 2.81 1.64 — Flame n.d. n.d.
L=14.42
Bl None Baroque W=12.25 9.40 2.78 1.64 — n.d. n.d. n.d.
H=28.71
BJ Axial Spindle 12.33 0.30 1.67 2.76 1.64 — Flame + Wee n.d. n.d.
L=22.44
BK None Baroque W =13.45 20.28 2.86 1.64 — n.d. n.d. n.d.
H=8.92
Wer = pseudo-cat’s-eye
bThe two last columns indicate the direction of spirals or blade impellers described in the “Optical Features” section.
‘n.d. = not detected
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Figure 4. The photo on the far left reveals the texture of concave areas on flame-structure pearl AC. Pearl AG
shows a satin-like appearance (A) and an orange peel structure along one side (B) and at the apex (C). Photos by

J.-P. Gauthier.

OPTICAL FEATURES

By far the most distinctive optical feature of the Tri-
dacnidae samples was their flame structure. Some of
the samples simply showed porcelaneous surfaces or
appeared rather dull.

Surface Texture. At first, the brilliant surfaces of the
flame-structure pearls appeared smooth. With low-
angle lighting, however, one could observe numerous
small, joined depressions (far left in figure 4, pearl
AC). Most of the pearls had a high luster and dis-
played a porcelaneous sheen. Some pearls lacking
flames (AG, BI, and BK) had a satin luster (figure 4A,
pearl AG); at higher magnification, they presented an
orange peel texture (figure 4B), axially centered in cir-
cles at the poles (figure 4C). No evidence of polishing
or peeling (Strack, 2006) on the surface was found.

Flames. Lateral observation revealed a flame structure
fanning out in one main direction, in a bright helix,
around the rotation axis. The winding helices dis-
played a characteristic crisscross pattern (figure 5,
pearls AE and AU). These helicoidal lines converged

Figure 5. Lateral observation of samples AE (left) and
AU (right) shows a crisscross flame structure. Photos
by J.-P. Gauthier.

ROTATION IN FLAME-STRUCTURE PEARLS FROM TRIDACNIDAE

toward the poles, resulting in dramatic patterns (figure
6). Moreover, a top view showed a non-radial conver-
gence to the poles that resembled the structure of blade
impellers oriented in the same direction and confirm-
ing the existence of a rotation axis (see figure 12).

Figure 6. Flame patterns observed at the apex or base
of six pearls from the Tridacnidae family. Photos by
J.-P. Gauthier.
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In their finer structure, the shape and positions
of the flames are more difficult to grasp, as their ap-
pearance changes depending on the light exposure.
The term “flame” is justified by a wide base and a
pointed tip, all oriented in the growth direction (fig-
ure 7, pearls AE and BJ). Alternating bright and dark
areas are noted by Hanni (2010), while the cross-
lamellar structure observed in conch pearls and
shells is reminiscent of a previous study on the
fracture toughness of the Strombus gigas shell
(Kamat et al., 2000). Binocular microscopy allows
us to better appreciate the three-dimensional con-
figuration of the flames, which are less visible in
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Figure 7. Left and cen-
ter: These images of
pearls AE and BJ] show
the directional growth
of flames. Right: In
pearl A], flames start
from a pole with a two-
dimensional spiral.
Photos by ].-P. Gauthier.

Figure 8. Left and center:
Overlapping layers merging
at the surface of pearl AC
and their lamellar irides-
cent structure. Right: A
thick slice cut perpendicu-
lar to the rotational axis of
pearl AC shows the flames
inclined with respect to the
surface. Photos by ].-P.
Gauthier.

two-dimensional photographs. Through this
process, we came to understand that these flames
are not totally localized on the surface, but rather
come from inside the pearl. This is confirmed by a
photograph of a slice cut perpendicular to the rota-
tion axis of pearl AC, as illustrated in figure 8
(right).

In some cases, the reflective parts instead have a
scale-like shape (figure 8, left) perpendicular to the
rotation axis. We then observe a pseudo-chatoyancy,
shifted to the right or the left of the axis (figure 9,
pearls Al and BD). The origin of this effect will be dis-
cussed later. It is also worth noting the helicoidal

Figure 9. Pseudo-chatoy-
ancy in pearls Al (left)
and BD (center) and a
helical effect in pearl AF
(right). The bright spots
in pearls AI and AF and
the shiny median line
close to the apex of pearl
BD correspond to specu-
lar reflection. Green ar-
rows represent the
direction of rotation (ac-
cording to figure 17).
Photos by ].-P. Gauthier.
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cat’s-eye effect, visible in some samples but espe-
cially in pearl AF (figure 9, right).

The scales on the lateral part of the pearl (figure
8, left), which developed in laminated layering, are
similar to nacre in their optical effect (interference
and diffraction colors; see figure 8, center), as ob-
served on the polished outer surface of Pinctada mar-
garitifera shells (see figure 1 in Liu et al., 1999).

MAJOR OBSERVATIONS

Spirals. One of the most astounding characteristics
found in some of the pearls is the spiral observed at
the apex or base. This characteristic appears to be ab-
sent from the literature. Due to the difficulty of mi-
croscopic observation of the smooth white pearls, it
was necessary to process the images and enhance the
outlines by using a high-pass filter and forcing the con-
trast. Having gathered a number of images of these spi-
rals, we determined that they fell into two types:

1 mm
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Figure 10. Three-dimen-
sional spirals (or he-
lices) merging at the
poles of some Tridac-
nidae pearls. The im-
ages are processed using
a high-pass filter. Pho-
tos by J.-P. Gauthier.

e The first has sharp outlines, often constituted

by several branches, unfolding from the pole
axis. Given the pearls’ translucency, an internal
helical structure seems to be emerging toward
the surface. However, they exhibit no particu-
lar optical feature (figure 10).

The second type has more tenuous outlines and
presents only one branch at first glance. These
spirals are flat and formed by radial crystallites
in angular sectors of only a few degrees. Inter-
ference colors reveal that these spirals develop
in thin layers. Examination at higher magnifi-
cation also reveals narrow areas parallel to the
edge of each spiral, constituting growth steps
of low height (figure 11). In the case of pear]l Al,
the spiral is highlighted by air bubbles in water.
This defines a local depression on the apex sur-
face suitable for the deposition of these bubbles
rather than for a smooth surface.

Figure 11. Two-dimensional
spirals with radial sectors at
the poles of some Tridac-
nidae pearls. The spiral of
immersed pearl Al is high-
lighted by air bubbles in the
depression on the surface.
The images are processed
using a high-pass filter. Pho-
tos by J.-P. Gauthier.
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Figure 12. Some flame structures display a pattern at
the poles that is reminiscent of blade impellers. Pho-
tos by |.-P. Gauthier.

Unfortunately, most of the spirals were barely vis-
ible and only a few were correctly identified, which
made it impossible to evaluate statistics on their ef-
fective presence on one or both poles. In addition,
these two types of spirals are likely to superimpose
on each other. Note that the two types of spirals can
be left- or right-handed.

Blade Impellers. At either the apex or the base, the
flames often formed attractive patterns reminiscent
of blade impellers or fan blades. These blades were
all curved in one direction on a given pearl. Figure 12
shows typical examples.

Spirals and blade impellers, when present, do not
always coexist. For an overview of the whole sample
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Figure 13. Clockwise and counterclockwise line draw-
ings of two- and three-dimensional spirals (first four
drawings from the left) and blade impellers (last two
drawings on the right).

set of pearls, see table 1, which includes the rotation
direction of spirals and blades for the apex as well as
the base. The multiple branches of spirals represent
the internal helices. The surface spirals have a single
branch in addition to centripetal rays, suggesting an-
gular growth sectors. A corona-shaped representation
with directional blades is adopted for both the clock-
wise and counterclockwise blade impellers. The
basic patterns are represented in figure 13. Depend-
ing on the orientation of the spirals and blade im-
pellers, they can be used individually or combined.
Figure 14 displays the superimposition of spirals and
blade impellers, oriented in the same direction (left,
pearl AN) or the opposite direction (right, pearl AE).

OTHER OBSERVATIONS

Defects. Four pearls (AC, AJ, AR, and BC) presented a
surface defect visible to the eye (figure 15). These were
related to a spot defect that extended into a depressed
groove with a light yellowish hue, possibly consisting
of organic material. Two of the four spot defects
formed a depression and exhibited a chimney-like
hole (pearls AC and AR).

Uncommon Features. Three pearls (AA, AB, and AO)
presented a sharp and relatively thin circle perpendi-

Figure 14. The flame
structure at the apex,
similar to blade im-
pellers; the internal spi-
ral shows a common
(pearl AN) or opposite
(pearl AE) direction.
Photos by ].-P. Gauthier.
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Figure 15. Spot defects observed on Tridacnidae pearls (red arrows) are accompanied by a comet, which indicates
the direction of rotation (green arrows). Photos by ].-P. Gauthier.

cular to the rotation axis. These were not related to
the circles observed in barrel-shaped pearls from
Pinctada that are associated with spot defects (Gau-
thier et al., 2014). Rather, the circles revealed a sep-
aration line on the surface, characterized by a
discontinuity of the flame growth direction (figure
16). Their origin remains unclear.

Translucency of Poles. In some cases, the flames did
not cover the apex or the base. The light penetrated
inside the pearl when the poles were illuminated in
the direction of the rotation axis and was therefore
not reflected by the flames. Subsequently the light
was stopped by the lateral flames, which appeared
dark (see figure 6, pearl BG). This translucency al-
lowed for the observation of three-dimensionality in
one spiral type, as described above.

DISCUSSION

Routine analyses confirmed the aragonitic nature of
these pearls. They are exclusively white in color and
do not fluoresce under UV light. While the exact ori-
gin of these pearls remains unknown, the variations

ROTATION IN FLAME-STRUCTURE PEARLS FROM TRIDACNIDAE

observed in the visual features could be linked to dif-
ferences between Tridacna and Hippopus species.
This hypothesis requires confirmation based on sam-
ples from known species and their respective shells,
but such an analysis is outside the scope of the pres-
ent study.

Several elements support the probability of pearl
rotation during the growth phase:

Axial Symmetry. Among the set of 37 pearls, 35 ex-
hibited cylindrical symmetry (see figure 2 and table
1). The pearls, which developed in the mantle tissue
of the mollusk, did not grow around spherical nuclei
and were not confined to limited spaces (as opposed
to those cultivated in the gonads of saltwater oys-
ters). Therefore, we must examine the rotation of
these pearls to explain this symmetry. The rotation
around a fixed axis takes place when the pearl settles
in the mantle on anchorage points, specifically due
to its nonspherical shape (Gauthier et al., 2014). In-
cidentally, the circle surrounding the three pearls in
figure 16, perpendicular to their rotation axis, sup-
ports the likelihood of rotation.

Figure 16. Circles ob-
served at the bases of
some pearls from Tri-
dacnidae. Photos by
J.-P. Gauthier.
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Presence of Spirals at the Poles. As mentioned earlier,
the spirals fell into two types. One was a three-di-
mensional spiral, most probably with internal he-
lices from a genetic origin and possibly not related to
rotation (see figure 10). The second type, a quasi-two-
dimensional flat spiral of mechanical origin, was due
to the deposition of aragonite at the poles, which
grew in small angular sectors (see figure 11). The di-
rection of rotation was opposite to the direction of
the spiral development, as is the case with pearls
from Pinctada margaritifera (Gueguen et al., 2015).

Flame Growth and Blade Impellers. Flames often de-
veloped along a helix, sometimes a double helix, lo-
cated on or near the pearl surface. When looking at a
coil spring, whether left- or right-handed, nothing in-
dicated the direction in which it would turn. How-
ever, the flame spikes of a helix were all oriented in
the same growth direction. The name “blade im-
pellers” refers to the flames being displayed in a pat-
tern, centered on the pearl’s axis when it reaches the
pole (see figure 12). Whether by lateral or vertical ob-
servation, the pearl normally rotated in the direction
opposite to the aragonite growth (Cartwright et al.,
2013).

Pseudo-Chatoyancy. Some flame-structure pearls
presented a bright line rising along their axis of sym-
metry (see figure 9) that resembled a cat’s-eye effect.
Unlike chatoyancy in cabochon-cut gems, this does
not result from a lattice of parallel acicular inclusions
diffusing the light (Wiithrich and Weibel, 1981), but
is instead due to a series of reflective blades oriented
in the same direction, on or near the pearl surface
(see figure 8, left and center). The pseudo-chatoyancy
is produced by the reflection from this scale-like
structure.

Observing the line of pseudo-chatoyancy is crucial
to infer the direction of rotation. When both the light
source and the observer are positioned upright over
the pearl axis, which is horizontal, the bright line
should be symmetrical if the blades lie on the surface
(see the light path shown in red in figure 17). However,
the blades come from the inner pearl in successive lay-
ers, as shown in figure 8. Consequently, the bright line
is not observed in the median plane. Rather, it is off-
center (see the light path marked in black in figure 17
as well as the pseudo-cat’s-eye in figure 9, pearls Al
and BD). The rotation should then occur in the direc-
tion opposite the blade growth, again according to the
theory of Cartwright et al. (2013). They suggest a ro-
tation mechanism due to fundamental forces, acting
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Al-s

A

Figure 17. Left: As shown in figure 9, pearl Al displays
a pseudo-chatoyancy. The red dashed line corre-
sponds to the cross-section of the pearl, perpendicular
to the rotational axis (RA) and represented in the
sketch on the right. Right: Centered reflection on a
hypothetical blade at the surface (in red), for light
source (S) and observer (O) above the pearl. In fact,
an off-center reflection on an inner pearl layer (in
black) results in a pseudo-chatoyancy effect. The
green arrow indicates the rotation derived from the
position of the pseudo-cat’s-eye and the direction of
scale-like growth. Photo by |.-P. Gauthier.

toward the growth steps of nacreous pearls. The find-
ings regarding the layer-by-layer growth in pearls of
Pinctada margaritifera (Gauthier et al., 2014) support
this theory of rotation direction. Accordingly, in the
blade configuration illustrated in figure 17, the rota-
tion should be counterclockwise.

The direction of rotation suggested by the pseudo-
cat’s-eye of pearls Al and BD (see figure 9) is consis-
tent with the observation of the two-dimensional flat
spiral at the apex (table 1). Additionally, the helical
bright line related to the flames in figure 9 (pearl AF)
is the consequence of pseudo-chatoyancy, which ac-
counts for both the helical growth of flames and the
pearl rotation.

Presence of Spot Defects. The spot defects located
near the bases of four pearls (see figure 15) are accom-
panied by comets, defining the arc of the circles per-
pendicular to the rotation axis. As established with
pearls from Pinctada margaritifera (Gauthier et al.,
2014), these spot defects allow us to determine the
direction of rotation, as shown by the green arrow.
The rotation direction of each pearl cannot be in-
ferred from the figures due to their complexity. An
unambiguous answer lies in less common but more
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reliable features, namely the two-dimensional spirals
and comets associated with spot defects.

CONCLUSIONS

Besides the intrinsic gemological properties of flame-
structure pearls from the Tridacnidae family, this
study has stressed the predominance of axial sym-
metry, including unusual shapes unlike those gener-
ally encountered in nacreous pearls.

The two types of spirals, which have rarely been
photographed, were often highlighted at the poles.
The growth of flames produces some peculiar pat-
terns on the pearls: blade impellers in the apex re-
gions, pseudo-cat’s-eyes on the sides, or circles
resulting in caps at the two poles. Surface defects
were identified, such as spot defects accompanied by
comets. The axial symmetry, the directional growth
of the flames, the pseudo-chatoyancy, the circles and
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