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To reveal the species of gem-grade red garnets with similar colors, especially the mechanisms underlying their subtle color
di�erences, a series of tests, including conventional gemological tests, X-ray di�raction, Fourier-transform infrared spectroscopy,
ultraviolet-visible spectroscopy, and X-ray photoelectron spectroscopy, were performed on gem-grade red garnets mined from
Malawi.�e results demonstrated that the color di�erence is not caused by the di�erence in species, and both the purplish-red and
maroon-red garnets were magnesium-aluminum garnets (pyrope). �ey both contained the transition metal ions Fe2+, Mn2+,
Fe3+, and Cr3+, with Fe2+ and Mn2+ occupying crystal site A and Fe3+ and Cr3+ occupying crystal site B. Cr3+ absorption peaks
were observed at 367 and 690 nm; Fe3+ absorption peaks were observed at 502, 528, and 570 nm; and Mn2+ absorption peaks were
observed at 400, 423, and 460 nm, which contributed to their respective colors. However, while the maroon-red pyrope had a
larger Fe2+/Fe3+ ratio than the purplish-red pyrope, it lackedMn2+ ions, which is the cause of the color di�erence between the two
pyrope garnets. To date, the study of color di�erences in red garnets remains a major controversial topic. �is study proposed an
innovative spectroscopic approach, particularly the combination of ultraviolet-visible spectroscopy and X-ray photoelectron
spectroscopy, thus providing a novel methodology for investigating color di�erences in red garnets.

1. Introduction

�e determination of garnet species is essential for the
identi�cation of jewelry and jade. �e general chemical
formula of garnets is A3B2[SiO4]3, where A�Mg2+, Fe2+,
Mn2+, Ca2+, etc., and B�Al3+, Cr3+, Fe3+, Ti3+, V3+, Zr3+,
etc., which leads to wide isomorphous substitution at these
sites. Garnets are usually classi�ed into six species in two
series based on the combination of substitutions: (i) mag-
nesium-aluminum garnet (pyrope), iron-aluminum garnet
(almandine), and manganese-aluminum garnet (spessar-
tine) in the aluminous series—Al3+ dominant at site B and
(ii) calcium-aluminum garnet (grossular), calcium-iron
garnet (andradite), and calcium-chromium garnet (uva-
rovite) in the calcareous series—Ca2+ dominant at site A
[1–6]. Garnet species can usually be determined according to
gemological parameters, such as color, refractive index, and
relative density. For example, the normal base color of
pyrope and almandine is red; however, they di�er according

to the shade of red. Some red garnets exhibit many other
color shades, such as purplish-red and maroon-red. How-
ever, the refractive index, relative density, and other gem-
ological parameters of these red garnets with uncommon
color shades do not exactly meet the standard values
speci�ed for red garnets in the Chinese national standard,
GB/T 16553 Gems–Testing. �erefore, it is di¤cult to
identify them as speci�c mineral species in accordance with
this standard, and they can only be called garnets in a general
way or red garnets according to their color [7]. However,
naming in this way is not advocated by the Chinese national
standard; it is simply a stopgap for challenging samples.
�erefore, determining the varieties of special garnets based
on crystal chemistry principles expands our knowledge of
garnets and is of scienti�c importance.

Previous research on garnet varieties and the causes of
uncommon color shades have yielded controversial results
[8–21]. For instance, gem-quality Chinese garnets mined
from Muling, Heilongjiang Province, were identi�ed as
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pyrope garnets, and their maroon-red color was attributed to
impurities: Cr3+, Fe3+, and Mn2+ ions [8]. Of the garnets
mined in Mingxi, Fujian Province, the purplish-red varieties
were also identified as pyrope garnets, and their purplish-red
hue was attributed to a high Cr concentration [9]. Maroon-
red varieties are a hybrid of pyrope and almandine garnets,
and their coloration is due to high Fe and Ti contents [9].
Research on purplish-red and maroon-red garnets mined
from Zambia indicated that they were both pyrope/al-
mandine hybrids; it was found that the maroon-red varieties
contained a higher content of Fe3+, which resulted in
stronger absorption at 425 nm in the violet region, which
prevents the gemstone’s transmission of violet light [10].
However, other studies have attributed absorption lines near
423 nm (at 425 nm) to Fe3+ and all absorption lines near
423 nm (at 430 nm) to Mn2+ [8–14]. Other studies on red
garnet varieties have mainly relied on the content of key
elements, such as Mg and Fe, to determine the varieties.
Studies on the causes of color and color differences have
linked colors and transition metal ions by comparing the
absorption spectra of samples in the visible light region and
the characteristic spectra of the transition metal ions pos-
sibly contained in the samples to infer which ions corre-
spond to the absorption lines [18–21]. As such, the
identification of absorption lines is key to investigating color
differences in garnets. )erefore, in addition to under-
standing the characteristic absorption lines of transition
metal ions, it is also necessary to determine the category,
valence state, site occupancy, and chemical environment of
the transition metal ions so that the absorption lines can be
analyzed and accurately identified to reveal the impact of the
transition metal ion chemical states on the color variations
seen in red gem-quality garnets.

Although many purplish-red and maroon-red garnets
mined from Malawi are referred to as pyrope garnets, their
gemological parameters do not match those of standard
pyropes according to conventional identification tests; they
are usually intermediate between pyropes and almandines.

)erefore, this research aimed to investigate the gem-
ological and spectroscopic characteristics of these purplish-
red and maroon-red garnets to determine their varieties and
the link between their color differences and the types,
combination, and chemical states of the involved transition
metal ions. )is information provides a reliable theoretical
basis that is useful for the identification of red series garnet
varieties and to determine the causes of their color genesis
and differences.

2. Materials and Methods

Malawi-mined natural, single-crystal garnets, including both
raw crystals and faceted stones, purchased from a mining
area in Malawi, were used for the experiments. )e garnet
samples were available in two common colors: purplish-red
and maroon-red (Figure 1). Conventional gemological in-
vestigations of specific gravity, refractive index, extinction
characteristic, and inclusions were performed on the garnet
samples using the hydrostatic weighing method and a re-
fractometer, polarizing microscope, and gem microscope.
)e X-ray powder diffraction (XRD) test was performed
using the Bruker D8 ADVANCE XRD instrument at the
Gemstone, Jade, and Jewelry Testing Center, Guangzhou
Panyu Polytechnic. Garnet crystals were ground into
powders with a particle size of ∼10 μm in an agate mortar
before the test. )e test was performed using a Cu target,
with a scanning voltage of 40 kV, a scanning current of
40mA, a scanning speed of 2.5°/min, the 2θ range of 5°–70°,
and a scanning step size of 0.05°. CuKβwas filtered out using
the data processing software XrayRun2020. Infrared spec-
troscopy (IR) tests were performed using a Bruker Vertex 80
Fourier-transform infrared spectrometer, which comprised
a solid substrate far-IR/Terahertz beam splitter, a broadband
mid- and far-IR detector, and an UltraScanTM interfer-
ometer. )e tests were performed in the KBr pellet trans-
mission mode with a test region of 4000–400 cm−1, a
resolution of 4 cm−1, and a number of scans of 32. )e KBr
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Figure 1: Malawi-mined (a) purplish-red and (b) maroon-red garnet samples.
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pellets were fabricated by pressing a 1mg homogeneous
mixture of garnet crystal powder and 150 mg potassium
bromide powder on a pellet press. )e ultraviolet-visible
(UV-Vis) spectroscopy analysis was performed using a
JASCO MSV5200 UV-Visible/NIR Microscopic spectro-
photometer. Garnet crystals were ground into thin slices,
∼0.5 cm thickness, and polished on both sides before the test.
)e tests were performed in the transmission mode with a
test range of 300–1000 nm, a resolution of 1 nm, and a
scanning speed of 600 nm/min. )e IR and UV-Vis spec-
troscopies were both at the Hubei Jewelry Engineering
Technology Research Center. )e X-ray photoelectron
spectroscopy (XPS) tests were performed using the ESCA-
LAB 250Xi X-ray photoelectron spectrometer at the Ma-
terials Research and Testing Center, Wuhan University of
Technology. Garnet crystals were wrapped in tin foil and
then broken with pliers to obtain fresh sections before the
test. Test conditions: AlKα (E� 1253.6 eV) was used as the
X-ray radiation source, X-ray tube monitoring values were
set at 14.2 kV and 11.3mA, the instrument vacuum was
below 10−7 Pa, the scanning step size was 0.05 eV, and the
counting time was 1000ms. Charge shift correction was
made based on the electron binding energy (284.6 eV) of Cls.
)e energy range of the full-spectrum scan was 0–1200 eV.
Considering that the analyzed objects were mainly trace
elements, the photoelectron energy spectral lines of these
trace elements were finely scanned and superimposed 32
times to improve their resolution. )e XPS element analysis
range was Li–U, and the detection limit is generally 0.1%
(atomic percent).

3. Results

3.1. Gemological Characteristics. Both types of garnet samples
exhibited vibrant and uniformly scattered purplish-red and
maroon-red shades. )e crystals were spherical, with various
grain sizes, usually around 1 cm.)e bulk had been rounded by
external pressure; however, the crystal faces of some were
preserved, being a monomorphic occurrence as tetragonal
trisoctahedrons. )e relative density tests indicated that the
relative densities of the purplish-red and maroon-red crystals
were 3.87 and 3.83, respectively. Both types of crystals exhibited a
glass-like sheen and a high degree of transparency. Observations
under the gem microscope showed that while both types of
crystals contained a few gas-liquid inclusions, the purplish-red
crystals contained more short needle-like inclusions. Both
crystals show a complete extinction phenomenon under a
polarizing microscope.)e refractive indices of the purplish-red
andmaroon-red crystals were 1.762 and 1.757, respectively, both
of which were slightly different from the common pyrope
(1.714–1.742) [17].

3.2. X-Ray Diffraction Analysis. )e X-ray powder diffrac-
tion patterns of the purplish-red and maroon-red garnets,
along with the d-values of the main diffraction peaks and the
corresponding crystallographic planes, were consistent with
the X-ray powder diffraction patterns PDF73-2367 and
PDF73-2368, respectively, which both indicated pyrope

garnets (see Figure 2). In addition, the sharp, symmetrical
diffraction peaks suggested that both the purplish-red and
maroon-red pyrope were well crystallized.

3.3. Fourier-Transform Infrared Spectroscopy Analysis.
Fourier-transform infrared (FT-IR) spectroscopywas performed
on the garnet samples in fingerprint regions and the spectrum is
shown in Figure 3. Assigned absorption bands interpreted
according to previous research studies [22–27] are shown in
Table 1.

)e garnet samples had three strong, independent ab-
sorption peaks in the range of 850–1000 cm-1 and medium-
strong absorption peaks in the higher wavenumber range of
610–650 cm−1. )ese absorption peaks were at ∼ 970, ∼904,
∼874, ∼644, ∼571, ∼532, ∼477, and ∼456 cm−1. )e absorption
peaks for garnet samples were similar to the IR spectra of pyrope
despite minor peak shifts in some peaks. However, the IR
spectrum of the garnet samples was not in complete agreement
with the standard IR spectra of pyrope [24], with four additional
peaks at 532, 534, 608, and 644 cm−1 absent in that of pyrope.

)e IR spectrum showed differences between purplish-
red and maroon-red garnets. )e purplish-red garnet had an
extra peak at 608 cm−1, and the peak positions of the ma-
roon-red garnet at 456, 532, 571, and 967 cm−1 were lower
than the corresponding peaks of the purplish-red garnet by
about four-wave numbers.

3.4. Ultraviolet-Visible Spectroscopy Analysis. )e garnet
samples were analyzed to obtain their ultraviolet-visible (UV-
Vis) absorption spectrum (Figure 4). )e garnet samples were
cut into parallel slabs at 5mm in thickness and treated without
orientation because they were optically isotropic materials. Both
types of garnet samples exhibited a broad absorption bandwith a
relatively good symmetry at 690nm in the red region; at 570,
528, and 502nm in the yellow-green region; and at 367nm in
the violet region, with strong transmission near 655nm in the
red region. Both garnets had a reddish color due to this selective
light absorption.

However, in addition to the above absorption and
transmission, unlike the maroon-red garnet, the purplish-
red garnet also exhibited narrower but distinct absorptions
at 460, 423, and 400 nm in the blue-violet region, particularly
in the violet region, with comparatively strong transmissions
near 445 and 385 nm. )e purple color of the purplish-red
garnet was caused by such a variation in selective absorption.
We also noticed that the absorption peaks of the maroon-red
garnet at 570, 528, and 502 nm in the yellow-green region
were significantly weaker than those of the purplish-red
garnet, which may be attributable to the difference in the
contents of the relevant ions.

3.5. X-Ray Photoelectron Spectroscopy Analysis. X-ray pho-
toelectron spectroscopy (XPS) was conducted on fresh
sections of the garnet samples. A broad-spectra scan was
initially performed to detect the chemical elements in the
samples, followed by an intensively narrowed spectrum scan
to determine the chemical states of the transition metal
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elements in the samples. Figure 5 depicts the wide XPS
spectrum of the samples. )e results revealed that both the
purplish-red and maroon-red garnets mainly contained Mg,
Fe, Al, Si, and O. However, the purplish-red garnet had a
stronger Mg signal and a weaker Fe signal compared to the
maroon-red garnet.

)e typical XPS spectra of the transitional metal cations
are shown in Figure 6. An in-depth scan confirmed that the
purplish-red garnet sample also contained a small amount of
the element Mn, while the maroon-red sample did not.
Furthermore, while both garnets contained the element Fe,
the chemical states of the Fe differed.
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Figure 2: X-Ray powder diffraction spectra of the garnet samples.
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)e XPS peak of Fe2p3/2 was asymmetric, and the peak
asymmetry of the purplish-red garnet differed from that of
the maroon-red garnet (Figure 6(a)). )e strong shoulder
peak on the high binding energy side of the maroon-red
garnet spectra and the low binding energy side of the
purplish-red garnet implied that the Fe2p3/2 peaks in the
spectra were composite peaks. )e results of peak-differ-
entiation-imitation [28] showed that the composite peaks
can be fitted by two peaks at 709.9 and 711.3 eV, corre-
sponding to the electron binding energies of Fe2p3/2, 709.6,
and 711.4 eV, in the structures of the FeO [29] and Fe2O3
[30] compounds, respectively. )is indicated that the Fe
elements in both the purplish-red and maroon-red garnet
samples had two valency states, Fe2+ and Fe3+, both of which
were coordinated with O ions to form bonds. However, the
Fe2+/Fe3+ ratios of the two garnets differed. )e Fe in the
maroon-red garnet was predominantly Fe2+, while the
proportion of Fe3+ was higher in the purplish-red garnet.

According to the results of the peak-differentiation-imita-
tion, the Fe2+/Fe3+ ratios were 1.11 and 0.54 in the maroon-
red and purplish-red garnet samples, respectively.

)e XPS spectra for Mn2p are shown in Figure 6(b).
Weak signals of the element Mn were only identified in the
purplish-red garnet sample, suggesting that, in addition to
the Fe element, the purplish-red garnet also contained a
small amount of Mn. In contrast to the Fe2p3/2 peak, the
peak shape of Mn2p presented a high degree of symmetry,
and the peak position of Mn2p3/2 was 641.7 eV, which
corresponded to the electron binding energy of Mn2p3/2 in
MnO [31]. )is revealed that the Mn elements in the pur-
plish-red sample existed as Mn2+ and were mostly coordi-
nated with O ions to form bonds.

)e XPS spectrum of Cr2p is shown in Figure 6(c). Weak
signals of elemental Cr were discovered in both the purplish-red
and maroon-red garnet samples, indicating that both garnets
contained trace amounts of Cr. In contrast to the Fe2p3/2 peak,
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Table 1: Characteristics and attributes of the infrared absorption peaks of the purplish-red and maroon-red garnets.

Absorption peaks of the garnet
samples (cm−1 ) Attributions of the absorption peaks Absorption peaks of the pyrope end-member [24]
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Figure 4: Ultraviolet-visible spectra of the purplish-red and ma-
roon-red garnets.
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there was no evident asymmetry in the shape of the Cr2p peak
and the electron binding energy of Mn2p3/2.

In the typical compound, CrBO3 is 577.9 eV for the
Cr2p3/2 peak locations. )is indicates that the Cr elements
in both the purplish-red and maroon-red garnet samples
existed as Cr3+ and were mostly coupled to O ions to form
bonds [32].

4. Discussion

4.1. Identification of RedGarnetVarieties. Although it would
be difficult to identify the varieties of the garnets examined
in this study using conventional gemstone identification
methods, identifying the varieties of these special garnets is
of scientific significance. According to the analysis of
gemological properties, the relative densities of the red
garnet samples (purplish-red garnet: 3.87; maroon-red
garnet: 3.83) were within the reference range for pyrope
(3.62–3.87) provided by the Chinese national standard, GB/
T 16553 Gems–Testing. However, both refractive indices
(purplish-red garnet: 1.762; maroon-red garnet: 1.757) were
outside the GB/T 16553 standard reference range for pyrope
(1.714–1.742) and the refractive index of the purplish-red
sample entered the reference range for almandine
(1.760–1.820) [17]. In this case, it is difficult to identify them
as specific mineral varieties in accordance with this standard
and they can only be called garnets in a general way or red
garnets according to their color [7].

However, the XRD and FT-IR spectra clearly showed
that both the purplish-red and maroon-red garnets mined
from Malawi were pyrope garnets. Moreover, the results of
the FT-IR analysis matched well with the refractive indices of
the samples, which exceeded the GB/T16553 reference range
for pyrope. )e infrared spectra of the two samples con-
tained four additional absorption peaks at 532, 534, 608, and
644 cm−1 compared to the standard pyrope spectrum. )ese

four additional absorption peaks were very similar to those
of the standard FT-IR spectra of almandine and spessartine,
which indicated that these pyrope garnets were not end-
member pyropes and that they contained extensive iso-
morphous substitution by Fe and Mn. )e substitution of
Mg by Fe and Mn can increase the refractive index of garnet
[1].

As described in the introduction, previous studies on
similar red garnet varieties have also shown that such garnets
were pyrope or a hybrid of pyrope and almandine garnets
[8–14]. In summary, the results of this study suggest that
both the purplish-red and maroon-red garnets mined from
Malawi were pyrope garnets with extensive isomorphous
substitution by Fe and Mn.

4.2. Causes of Color Variation in Red Garnets. )e causes of
the color difference between the purplish-red and maroon-
red garnets in terms of absorption spectrum were deter-
mined by the results of the UV-Vis spectroscopy. Both types
of garnets produced a broad absorption band with good
symmetry at 690 nm in the red region; at 570, 528, and
502 nm in the yellow-green region; and at 367 nm in the
purple region, with strong transmission near 655 nm in the
red region. )is is why both garnets have a reddish color.
However, in addition to these absorptions and transmis-
sions, unlike the maroon-red garnets, the purplish-red
garnets also formed narrower but distinct absorptions at
460, 423, and 400 nm in the blue-violet region, particularly
in the violet region, with comparatively strong transmissions
near 445 and 385 nm. )e purple of the purplish-red garnet
was caused by such variation in selective absorption. )e
color of a mineral is the result of its selective absorption of
visible light, which is often caused by the transitional metal
elements contained in the mineral [33].

In previous studies [8–10] on the color genesis and
causes of color differences in red garnets, the absorption
spectra of red garnets mined from Muling, Heilongjiang,
China; Mingxi, Fujian, China; and Zambia were not sig-
nificantly different from those obtained in the current study,
with only small differences in the presence and position of a
few absorption peaks.

However, obvious differences were found in the attri-
bution of the absorption lines. For example, the additional
three absorption lines seen in the spectrum of the purplish-
red sample at 460, 423, and 400 nm compared to the ma-
roon-red sample have been attributed to absorption lines
near 400 nm (at 407 nm), near 423 nm (at 425 nm), and near
460 nm (at 461 nm) to Mn2+, Fe3+, and Fe2+, respectively
[14, 15]. However, it was also suggested that both absorption
lines, one near 423 nm (at 430 nm) and one at 460 nm, were
attributable to Mn2+ [8, 11, 12].

In comparison, the purplish-red garnet had three more
absorption lines, at 460, 423, and 400 nm, compared to the
maroon-red garnet. Unlike the maroon-red garnet, the
purplish-red garnet contained Mn2+ ions occupying crystal
site A, and the three additional absorption lines matched
well with the characteristic spectral lines of Mn2+ ions. )us,
we inferred that the three absorption lines at 460, 423, and
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400 nm were caused by the d-d electron transition of Mn2+
[8, 11]. )erefore, the Mn2+ ions must have contributed to
the color difference between the purplish-red and maroon-
red garnets. However, it should be noted that (i) the iso-
morphous substitution by Mn2+ ions identified in the
purplish-red garnet was not identified in the maroon-red
garnet; (ii) according to the FT-IR spectrum, the purplish-
red garnet had an additional absorption peak at 608 cm−1

compared to the maroon-red garnet; and (iii) the purplish-
red garnet had a higher refractive index than themaroon-red
garnet (1.762> 1.757).

)ese differences support each other well. In terms of IR
spectra, although the Si–O bonding force inside SiO4 tet-
rahedra is significantly greater than the bonding force be-
tween ions at sites A and B and SiO4 tetrahedra, the ions at
sites A and B and the generated polyhedra surrounding them
have various degrees of influence on the SiO4 tetrahedral
vibrations [25, 26]. )e purplish-red garnet had additional
Mn2+ ions at crystal site A, which were not found in the
maroon-red garnet, resulting in a more complex δas
(Si–O–Si) structure. In terms of refractive index, the Mn2+
ions at crystal site A were able to increase the refractive index
of the purplish-red garnet [1].

XPS analysis also showed that both the purplish-red and
maroon-red garnets contained Fe2+, Fe3+, and Cr3+. Garnets
are nesosilicate minerals with an isometric crystal structure.
In the crystal structure, the island-like distributed SiO4
tetrahedra are linked together by octahedra centered on
trivalent cations (ions at site B) and dodecahedra (distorted
cubes) centered on divalent cations (ions at site A). In the
crystal structure of both the purplish-red and maroon-red
garnets, Fe2+ and Mn2+ inhabited site A, whereas Fe3+ and
Cr3+ occupied site B. )ese ions were mostly coordinated to
form connections with O ions. )at is to say, the Fe2+, Fe3+,
and Cr3+ in the purplish-red and maroon-red garnets had
the same chemical state, which was why the two garnets
shared some similar parts of their absorption spectra
[11, 12, 34–37]. According to previous research, the ab-
sorption peaks at 367 and 690 nm were created by Cr3+,
which has a 3 d3 electronic structure. )e distinctive Cr3+

spectrum is produced by the energy-level transition of the
spectral component 4A2g (4F). Among these transitions, the
4A2g (4F)⟶ 4T2g (4F) transition produces an absorption
peak at 690 nm, and the 4A2g (4F)⟶ 4T1g (4P) transition
produces an absorption peak at 367 nm [11]. In addition, the
absorption peaks at 502, 528, and 570 nm were caused by the
forbidden d–d electron transition of Fe3+. Fe2+ has a 3 d6
configuration and usually appears colorless in cubic sym-
metric compounds, whereas Fe3+ has a 3 d5 configuration,
and its compounds usually appear brown [12].

)e maroon-red garnet had a relatively higher Fe2+/Fe3+

ratio than the purplish-red garnet, which matched well with
the peak positions of the maroon-red garnet at 456, 532, 571,
and 967 cm−1, which were lower than the corresponding
peaks of the purplish-red garnets by around three wave
numbers, and the UV-Vis analysis absorption peaks of the
maroon-red garnet at 570, 528, and 502 nm in the yellow-
green region were weaker than those of the purplish-red
garnet. In terms of FT-IR spectra, previous research has

shown that the wave numbers of SiO4 tetrahedral vibrations
within the range of 1500–400 cm−1 increase in the sequence
of andradite, grossular, spessartine, almandine, and pyrope.
An increase in Fe2+ content could have decreased the po-
sitions of the relevant infrared absorption peaks in the
maroon-red garnet [38, 39], and a decrease in the Fe3+

content could have diminished the intensity of the UV-Vis
spectra absorption peaks.

5. Conclusions

(1) Both the purplish-red and maroon-red garnet
samples mined from Malawi are pyrope garnets and
contain the transition metal ions Fe2+, Mn2+, Fe3+,
and Cr3+, with Fe2+ and Mn2+ occupying site A and
Fe3+ and Cr3+ occupying site B in the crystal
structure.

(2) )e absorption peaks created by Cr3+ at 367 and
690 nm; by Fe3+ at 502, 528, and 570 nm; and by
Mn2+ at 400, 423, and 460 nm in both pyrope garnets
contributed to their respective colors.

(3) )e color difference was caused by the maroon-red
pyrope garnet having a higher Fe2+/Fe3+ ratio
compared to the purplish-red pyrope and the lack of
Mn2+ ions and their corresponding absorption peaks
in the maroon-red pyrope garnet.
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