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For more than three centuries, the Schnecken-
stein crag in western Saxony, Germany, has 
been a source of gem-quality topaz. Gemstone 

mining at Schneckenstein had its short zenith in the 
second quarter of the eighteenth century. Profes-
sional exploitation started in 1727, by furrier and 
draper Christian Kraut of Auerbach, with permis-
sion of the impoverished landowner von 
Trützschler. Only a few months later, Augustus the 
Strong (1670–1733; as Friedrich August I Elector of 
Saxony, and as August II King of Poland and Grand 
Duke of Lithuania) purchased the property from von 
Trützschler and authorized Kraut to expand mining 
activities—with the precondition that Kraut would 
surrender the largest and most beautiful stones to 
him (Buchner, 1740). From then on, the Schnecken-
stein workings were called the Königskrone (“Kings 
Crown”) mine. The finest topaz crystals were ex-
tracted during the following decade and a half. A lot 
of extraordinary quality had been ordered in 1732 by 
the late Augustus the Strong, but it was his son 
Friedrich August II (1696–1763; from 1733 Elector of 
Saxony and as August III concurrently King of 
Poland and Grand Duke of Lithuania) who commis-
sioned their setting in objets d’art. Several of these 
items of enormous cultural and historical value are 

now in the collection of the Green Vault in Dresden 
(figure 1). Another significant historical piece is a 
crown containing 485 topaz gemstones from 
Schneck enstein, which was ordered by George III of 
Great Britain and Ireland (1738–1820) for his wife 
Charlotte, on the occasion of their mutual corona-
tion in 1761 (Charpentier, 1778). This crown is pre-
sumed to be lost, supposedly disassembled for use 
for other jewelry (Vollstädt and Lahl, 1997). 

Despite several attempts to resume mining in the 
second half of the eighteenth century, topaz produc-
tion never again became as profitable as in the early 
days, and professional mining finally ceased in 1796. 
However, the decline of the Schneckenstein topaz 

GEM TOPAZ FROM THE SCHNECKENSTEIN 
CRAG, SAXONY, GERMANY: MINERALOGICAL 
CHARACTERIZATION AND LUMINESCENCE 
Manuela Zeug, Lutz Nasdala, Chutimun Chanmuang N., and Christoph Hauzenberger

FEATURE ARTICLES
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In Brief  
•  Topaz from the Schneckenstein crag appears virtually 

inert under common short-wave and long-wave UV 
sources but shows fairly intense pink to red Cr3+-related 
luminescence when illuminated with violet light. 

•  High F/OH ratio (F 84 at.%), high Ge (40–70 ppm), 
and low Ga (2–3 ppm) support late-stage topaz forma-
tion under hydrothermal conditions. 

•  Annealing leads to nearly complete bleaching. As color 
is not related to Cr3+ (10–40 ppm), the material hence 
is not “Imperial” topaz. 

•  Cr3+-related photoluminescence is not a suitable means 
to distinguish between “Imperial” and other topaz. 
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as a commercial gemstone coincided with increased 
interest in it as a mineralogical object, both in terms 
of scientific and collector’s items. 

One of the first descriptions of the occurrence was 
made by counselor of mines, chemist, and mineralo-
gist Johann Friedrich Henckel in 1737 (Henckel, 
1737), who was inspector of the Schneckenstein crag 
in 1739. A more detailed description, which included 
not only sketches of the crag seen from all four car-
dinal directions but also sketches of topaz crystals 
and specimens, was compiled in 1744 by Johann 
Gott lieb Kern, who worked until 1741 as an ap-
praiser in Freiberg, Saxony, Germany (published 
posthumously; cf. Kern, 1776). Another early (and 
perhaps the first colored) drawing of a Schnecken-
stein topaz specimen was sketched by the French 
painter and draftsman François Louis Swebach-Des-
fontaines, published as plate LIV in Histoire Na-

turelle – Règne Minéral (Gautier D’Agoty, 1781; see 
also Wilson, 1995).  

Soon thereafter, two publications of historical sig-
nificance appeared. In his Traité de Minéralogie, the 
famed mineralogist René Just Haüy (1743–1822), 
often referred to as the “father of modern crystallog-
raphy,” illustrated and described in detail crystal 
forms of Schneckenstein topaz (Haüy, 1801). Results 
of thorough measurements of these crystals eventu-
ally contributed to the elaboration of Haüy’s “law of 
rational indices.” In 1817, another famous mineral-
ogist, Carl Friedrich Christian Mohs (1773–1839), in-
cluded the Schneckenstein topaz as a reference 
material for a hardness of 8 (Mohs, 1822) in what is 
today known as the Mohs hardness scale (e.g., Deer 
et al., 2013). In the more recent past, Schneckenstein 
topaz was studied mainly in terms of its geochemical 
peculiarities, in particular as a major host for germa-
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Figure 1. Historical objects containing Schneckenstein topaz, from the former possession of Friedrich August II 
(Elector of Saxony; and as Augustus III concurrently King of Poland and Grand Duke of Lithuania). All speci-
mens were handcrafted in 1734 by Johann Heinrich Köhler in Dresden and are now in the collection of the Green 
Vault in Dresden. Left: Rattan walking stick with a 2.3-cm-tall topaz knob (inventory number VIII 253). Right: 
Selection of five (out of 48) coat buttons (2.1–2.2 cm diameter; inventory number VIII 248) and five (out of 36) 
cuff links (1.8 cm; inventory number VIII 249), all cushion-cut topaz set in gold. Photos by Jürgen Karpinski; 
courtesy of the board of the Green Vault in Dresden.



nium (Schrön, 1968; Seim and Schweder, 1969; Bre-
iter et al., 2013b).  

Since 1938 the Schneckenstein crag has had the 
status of a natural monument. The area is fenced, 
and collecting and especially digging is strictly pro-
hibited. Nevertheless, small topaz crystals of fairly 
good quality can still be found in the weathering de-
bris. For additional historical information concerning 
Schneckenstein topaz, the reader is referred to the 
comprehensive descriptions of Vollstädt and Lahl 
(1997), Leithner (2008), and Lahl (2012).  

GEOLOGICAL BACKGROUND 
The Schneckenstein crag is located on the western 
slope of Kiel Mountain, about 10 km southeast of the 
town of Falkenstein/Vogtland (figure 2, left). Its for-
mation is related to the Eibenstock tourmaline granite 
(part of the Nejdek-Eibenstock massif; Breiter, 2012), 
whose emplacement was about 319.8 ± 1.0 Ma (mil-
lion years ago) (Ticho mirowa and Leonhardt, 2010). 
The Schneck enstein crag is situated about 400 m 
away from the granite body, within its contact aureole 
(Förster et al., 1999; see again figure 2, left). During 
granite intrusion, several diatremes formed. These 

were filled with quartz porphyries or breccia that un-
derwent pneumatolytic overprinting “greisenization” 
(Baumann and Gorny, 1964). The Schneckenstein crag 
represents the top of a breccious vent filling that re-
sisted weathering (figure 2, right). Greisenization is as-
signed to a two-stage process: (1) tourmaline 
formation due to boron infiltration and (2) topaz for-
mation—that included partial tourmaline replace-
ment—from fluorine-rich solutions. The breccia 
consists of fist-sized fragments of a quartzite-schist-
like rock cemented by topaz and quartz crystals. With 
increasing depth, the tourmaline content increases at 
the expense of topaz (Schröder, 1915; Baumann and 
Gorny, 1964). This is known because a lower level of 
the Schneckenstein breccia was drilled from a mining 
tunnel of the nearby Grube Tannenberg tin mine. 
Gem-quality topaz crystals worth cutting were mostly 
found in cavities and druses in the uppermost regions 
of the crag.  

Topaz originates predominantly from granitic 
pegmatites (as in Brazil, the Ural Mountains, and 
Namibia) or from vapor cavities in rhyolite lava 
flows (as at the Thomas Range in the state of Utah 
and the Chivinar volcano in Argentina). By contrast, 
hydrothermal topaz formation in a late greiseniza-
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Figure 2. Left: Location of the Schneckenstein crag (marked by a solid red circle in the inset map) in the western 
contact aureole of the Eibenstock granite (modified after Jäschke and Unger, 2007, and Sebastian, 2013). Right: 
Cross-sectional profile of the Schneckenstein breccia (simplified after Baumann and Gorny, 1964). 
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tion stage is decidedly rare. To the best of our knowl-
edge, only one genetic analogue of the Schnecken -
stein topaz exists worldwide, namely the topaz 
occurrence in the tin-bearing quartz porphyry of 
Mount Bischoff, Tasmania (Twelvetrees and Petterd, 
1897; Wright and Kwak, 1989). 

MATERIALS AND METHODS 
Thirteen topaz crystals (0.47–3.86 g) were selected 
for the present study (figure 3). Seven of them were 
collected at the Schneckenstein crag during a field 
trip in 2014, three were provided from the museum 
collection of the Vogtländisch-Böhmisches Miner-
alienzentrum Schneckenstein, and three are from 

the mineral collection of the Institut für Mineralogie 
und Kristallographie (University of Vienna). Three 
of the specimens were embedded in araldite epoxy, 
ground, and polished for Raman spectroscopic and 
chemical analyses. After completion of Raman spec-
troscopy and trace element analysis, the mount was 
coated with carbon for electron probe microanalysis 
(EPMA). Two raw (i.e., unprepared) crystals that 
were particularly clear and virtually free of inclu-
sions were used for photoluminescence (PL; includ-
ing excitation-emission) spectroscopy. These two 
specimens were then placed in a platinum crucible 
subjected to dry annealing in air (at 550°C for 48 h), 
and PL analyses were repeated. 
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Figure 3. Topaz sample material investigated in the present study (height of the tallest crystal is 18 mm). The two 
colorless samples (lower left) were initially yellow and became bleached upon heat treatment at 550°C for 48 h. 
The one-inch sample mount in the background contains three doubly polished crystals embedded in epoxy; it was 
subjected to spectroscopy, EPMA, and LA-ICP-MS analysis. Photo by Manuela Zeug.



Mass densities were determined by weighing 
samples in air and in distilled water (a drop of liquid 
detergent was added to reduce surface tension). Re-
fraction measurements were done using a Krüss 
ER601-LED refractometer equipped with a diode 
lamp emitting 589 nm light. 

Major-element analyses were performed on a 
JEOL JXA-8530FPlus HyperProbe EPMA system op-
erated at 15 kV and 10 nA. Counting times were 10 s 
for major and 30 s for minor elements. A topaz refer-
ence crystal was used for calibrating major elements 
(F-Kα, Si-Kα, and Al-Kα). For calibrating the instru-
ment for minor elements, reference materials in-
cluded diopside NMNH117733 (Mg-Kα and Ca-Kα), 
microcline NMNH143966 (K-Kα), albite (Na-Kα), gar-
net (Fe-Kα), ilmenite NMNH96189 (Ti-Kα), rhodonite 
(Mn-Kα), and tugtupite (Cl-Kα). The three NMNH 
reference materials are Smithsonian microbeam stan-
dards (Jarosewich, 2002; and references therein) and 
all others are in-house reference materials. Detection 
limits were determined according to Toya and Kato 
(1983) as the threefold background noise. Further 
EPMA details are described in Nasdala et al. (2021).  

Trace element analysis was done by means of 
laser ablation–inductively coupled plasma–mass 
spectrometry (LA-ICP-MS) using an Agilent 7500cx 
quadrupole ICP-MS unit coupled with an ESI 
NWR193 laser ablation system. A 193 nm laser op-
erated with 8 Hz repetition frequency was used, re-
sulting in ~6.5 mJ/cm2 energy density at the sample 
surface. The spot size was set to 75 μm and the dwell 
time was 20 ms per element. A gas blank was ac-
quired for 25 s prior to 50 s of ablation time. The ab-
lated material was transported with He (gas flow rate 
0.75 L/min) to the spectrometer unit. NIST standard 
glasses SRM610 and SRM612 (Jochum et al., 2011) 
were used for external calibration, and Si was meas-
ured as the internal standard. SRM612 was used for 
data reduction of all elements. USGS reference glass 
BCR-2G (Jochum et al., 2016) served for monitoring 
possible beam drift and was reproduced within 10% 
relative error. GLITTER 4.0 software (Griffin et al., 
2008) was used for data reduction. For more analytical 
details, see Kruzslicz et al. (2020). 

Raman spectra were obtained at room tempera-
ture using a dispersive Horiba LabRAM HR Evolu-
tion system equipped with an Olympus BX-series 
optical microscope and a Peltier-cooled, Si-based 
charge-coupled device detector. Spectra were excited 
with the 473 nm emission of a diode-pumped solid-
state laser (8 mW at the sample surface). A 100× ob-
jective (numerical aperture 0.90) was used. The 

scattered light was dispersed with an 1800 
grooves/mm diffraction grating, resulting in spectral 
resolution of 1.2 cm–1. Further experimental details 
are described elsewhere (Zeug et al., 2018).  

Photoluminescence emission spectra, excitation 
spectra, and excitation-emission matrices were ob-
tained from a crystal that was virtually free of major 
inclusions by means of a Horiba Fluorolog-3 system 
equipped with double-grating excitation and emis-
sion monochromator (gratings with 1200 
grooves/mm) and R928P photomultiplier detector. 
Xe-lamp excitation (450 W) was used, and excitation 
correction was performed using an internal reference 
photodiode. Spectra and maps were obtained with an 
activated dark offset, resulting in noise reduction. 
With this system, excitation source, and settings, 
emission can be reliably obtained in the wavelength 
range 250–850 nm. Bandpass for excitation spectra of 
the 683 nm emission band was set to 1 nm. Excita-
tion spectra were obtained in the wavelength range 
of 250–700 nm with a step width of 0.5 nm. Emission 
spectra (bandpass 1 nm and step size 0.2 nm) were 
excited with 407 nm excitation wavelength and ob-
tained in the wavelength range 555–800 nm. For the 
excitation-emission map, step size and bandpass 
were set to 2 nm for excitation and 1 nm for emis-
sion, respectively.  

RESULTS AND DISCUSSION 
General Properties. All samples studied here showed 
different shades of pale yellow, which is the most typ-
ical color of Schneckenstein topaz. This color is 
rather low-grade for gemological uses; it is commonly 
referred to as “wine yellow” (figure 4). After anneal-
ing, samples were “bleached” and became nearly col-
orless. All samples were transparent and appeared 
inert under short-wave and long-wave UV lamps. The 
crystals had a short prismatic habit with well-devel-
oped terminations. Most of them contained diverse 
gaseous, liquid, and/or solid inclusions, with sizes of 
up to several hundred micrometers. SG values aver-
aged 3.52 ± 0.01, and the RI was 1.607–1.616. 

Chemical Composition. The chemical composition 
of Schneckenstein topaz is summarized in table 1. 
The samples had generally low levels of non-formula 
constituents. The calculated chemical formula is 
Al1.99Si1.01O4.00[F0.84(OH)0.16]2. Note that the F content 
measured here (17.4 ± 0.5 wt.%) is higher than the 
values of 14.4–14.5 wt.% reported by Bauer (1902) and 
lower than the value of 19.5 ± 0.6 wt.% reported by 
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Ribbe and Rosenberg (1971), but it coincides well 
with the results of Breiter et al. (2013b; 17.9–18.5 
wt.%, or ~1.75 apfu). Based on the inverse correlation 
of OH/F ratio and formation temperature (Barton, 
1982), the lower F content compared with pneuma-
tolytic columnar topaz from the Erzgebirge (“pyc-

nite” with F > 1.8 apfu) points to late-stage formation, 
presumably under hydrothermal conditions (Breiter 
et al., 2013b).   

Ge concentrations of 40–70 ppm and Ga concen-
trations of 2–3 ppm determined herein correspond 
reasonably well with results of previous studies (~69 
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Figure 4. Four specimens of vivid “wine yellow” topaz with quartz from the Schneckenstein crag. Top left: The 
largest topaz crystal is 18 mm tall. Top right: The crystal in the center is 17 mm tall. Bottom: Both large crystals 
are 14 mm tall. The top right specimen is from the private collection of L. Nasdala; the other three specimens are 
in the mineral collection of TU Bergakademie Freiberg (inventory numbers MiSa56852, MiSa59082, and 
MiSa57016, respectively). Photos by Andreas Massanek (top left and bottom right), Manfred Wildner (top right), 
and Jeff Scovil (bottom left).



ppm Ge by Goldschmidt and Peters, 1933; 50–86 
ppm Ge by Seim and Schweder, 1969; 42–116 ppm 
Ge and 2–4 ppm Ga by Breiter et al., 2013b). Compa-
rably high Ge but low Ga values again support low-
temperature topaz formation: Greisenization leads 
to Ge enrichment due to the uptake in newly formed 
hydrothermal topaz, while Ga is dissipated by hy-
drothermal fluids (Breiter et al., 2013a).   

Raman Spectroscopy. The Raman spectrum of 
Schneck enstein topaz (figure 5) shows the typical fin-
gerprint pattern of this mineral’s Raman-active vibra-
tions (for band assignment, see Beny and Piriou, 1987). 
The OH stretching range is dominated by a clearly 
asymmetric band. This asymmetric band shape is due 
to an unresolved splitting of two bands, with a band 
at ~3650 cm–1 that corresponds mainly to “OHB” of 
Pinheiro et al. (2002), and a low-intensity shoulder 
near ~3640 cm–1 that is assigned to “OHA.” Such an 
OH band pattern, along with the generally low OH 
band intensity, points to topaz with high F/OH ratio, 
with a fraction of OH at the (F,OH) site of about 15 
mol.% (Pinheiro et al., 2002). The latter corresponds 
well with our chemical data (table 1). 

Raman analyses of inclusions (often showing two 
or more phase assemblages; figure 6) yielded a range 
of phases, including gaseous CO2, liquid H2O, rutile, 
apatite, a xenotime-group mineral, clinochlore, and 
quartz. Fluid inclusions may be described as multi-
phase, vapor-rich two-phase or three-phase inclu-
sions. We were unable to identify small opaque 
inclusions that probably consisted of one or more ore 
mineral(s). Colorless cubic-shaped crystals did not 

yield any Raman band pattern; it appears reasonable 
to assume they are halite. 

Photoluminescence Spectroscopy. Results of PL 
spectroscopic analyses are presented in figure 7. A 
reasoning for why such data should preferably be 
plotted on an energy-equivalent scale such as the 
wavenumber, instead of on a wavelength scale (as is 
commonplace in gemological papers), is provided in 
box A, along with some additional remarks on lumi-
nescence terminology.  

The emission spectrum (figure 7, top right) is dom-
inated by a narrow doublet in the red range, at ~14632 
and ~14720 cm–1 (~683.4 and ~679.4 nm, respectively), 
assigned to the split, spin-forbidden d–d transition 
2E→4A2 of trace Cr3+ (commonly referred to as R1 and 
R2 lines). This doublet is superimposed on a broad 
emission feature in the 12500–15500 cm–1 (approxi-
mately 800–645 nm) range, which is due to the spin-
allowed 4T2→4A2 transition of Cr3+ (Tarashchan et al., 
2006). The broad band is modulated by lower-intensity 
bands at ~14080 cm–1 (~710 nm) and ~14400 cm–1 
(~694 nm) whose assignment remains an open ques-
tion. They have been interpreted as emissions of pairs 
and clusters of Cr3+ ions (Gaft et al., 2003) and phonon 
satellites (Tarashchan et al., 2006), respectively. The 
spectral positions of the two R lines correspond to Cr3+ 
in a fully fluorinated environment—that is, a 
(CrO4F2)7– site (O’Bannon and Williams, 2019)—which 
supports again the above interpretation of the sample 
as topaz with a low OH/F ratio. The emission spec-
trum remained virtually unchanged after sample an-
nealing (figure 7). Differences with emission patterns 

8         GERMAN TOPAZ FROM THE SCHNECKENSTEIN CRAG                              GEMS & GEMOLOGY                                                         SPRING 2022

Figure 5. Raman spec-
trum of a topaz from 
Schneckenstein (second 
crystal from the left in 
figure 3, random sam-
ple orientation). The 
intensity of the  
hydroxyl-stretching  
region (between 3500 
and 3800 cm–1) has been 
increased four times for 
better recognizability.
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of other Cr3+-bearing gem minerals are explained by 
different crystal-field effects (that is, distortion of elec-
tronic levels in a non-isotropic environment). For a 
more detailed discussion, see box B. 

The Schneckenstein topaz is certainly not unique 
but perhaps somewhat special, because this material 
does not show noticeable Cr3+-related absorption but 
fairly intense Cr3+-related emission. The majority of 
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TABLE 1. Mean chemical composition of Schneckenstein topaz.

SiO2 32.95 ± 0.50 Si 1.01 0.114

Al2O3 55.07 ± 0.51 Al 1.99 0.111

H2O
d 1.52 ± 0.21 OH 0.31

F 17.43 ± 0.48 F 1.69 0.085

–O=F 7.34 ± 0.20 O 4.00

Total 99.64 ± 0.98 Σ anions 6.00

Major oxides and constituents (EPMA)

Constituenta Concentration 
(wt.%)

Calculated formulab 
(apfu)

MDLc 
(wt.%)

Trace elements (LA-ICP-MS)

Elemente Isotope measured Concentration 
(ppm)

MDL 
(ppm)

Mg 24 3.71 ± 1.34 0.441

Ti 49 34.3 ± 10.9 1.429

V 51 7.55 ± 3.34 0.054

Cr 53 23.4 ± 13.6 1.522

Ga 71 2.40 ± 0.42 0.113

Ge 74 65.1 ± 12.8 0.561

All errors are quoted at the 2σ level. EPMA, n = 18; LA–ICP–MS, n = 15 for Mg and Ge and n = 33 for all other 
trace elements. 
aConstituents (with detection limits in wt.% in parentheses) CaO (0.013), K2O (0.013), Na2O (0.036), TiO2 
(0.019), FeO (0.037), MnO (0.36), MgO (0.019), and Cl (0.013) were also analyzed, but mean concentra-
tions were below the EPMA detection limits.  
bCalculated on the basis of 3 cations per formula unit. 
cMinimum detectability limit = (2√2 × √NB × Cstd)/(NnP) according to Toya and Kato (1983); NB = back-
ground counts, Cstd = concentration in standard, and NnP = net peak counts. 
dH2O calculated from stoichiometry. 
eThe following elements were also analyzed (detection limits in ppm in parentheses), but mean concentrations 
were below the LA-ICP-MS detection limits: Li (0.301), Be (0.178), B (0.958), Mn (0.597), Co (0.049), Ni 
(0.234), Cu (0.782), Zn (1.014), Rb (0.117), Sr (0.021), Y (0.018), Zr (0.032), Nb (0.022), Sn (0.296), Cs 
(0.085), Ba (0.166), La (0.020), Ce (0.017), Pr (0.017), Nd (0.105), Sm (0.108), Eu (0.030), Gd (0.103), Tb 
(0.019), Dy (0.063), Ho (0.014), Er (0.051), Tm (0.016), Yb (0.070), Lu (0.017), Hf (0.067), Ta (0.018), Pb 
(0.289), Th (0.022), and U (0.020). 



other pale gem topaz (originating from Namibia, Pak-
istan, and the Ural Mountains) that we tested did not 
show any luminescence. The PL characteristics of “Im-
perial” topaz with its much higher, coloration-affecting 
Cr3+ content—on the order of hundreds of ppm (Taran 
et al., 2003; Schott et al., 2003; Krzemnicki, 2017; 
Gauzzi et al., 2018)—is widely similar to that of the 
Schneckenstein topaz. High emission intensity of the 
Schneckenstein material in spite of its low Cr3+ content 
may in part be assigned to particularly low concentra-
tions of luminescence “quenchers,” such as Fe2+. 

Excitation Spectroscopy. The excitation spectrum 
(figure 7, bottom), obtained for the most intense PL 
signal at ~683.4 nm, shows two main broad signals 

in the ranges 16000–18800 and 22400–25800 cm–1 
(approximately 625–530 and 445–390 nm). The spec-
trum is widely similar to that of a light violet topaz 
(300 ppm Cr) from Ouro Preto, Brazil, presented by 
Tarashchan et al. (2006). Already Hoover and Theisen 
(1993) had studied the excitation of Cr3+-related emis-
sion of pink topaz; however, these authors did not 
present any excitation spectra but merely mentioned 
its wide similarity to that of ruby, emerald, red spinel, 
and green jade. The two broad bands correspond to the 
main electronic absorption levels and are assigned to 
intense PL following Cr3+-related electronic excitation 
(4A2→4T2 and 4A2→ 4T1 transitions, respectively). For 
detailed discussions of the energy difference (“Stokes 
shift”) between 4A2→4T2 absorption and 4T2→ 4A2 
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Figure 6. Plane-polarized transmitted-light photomicrographs showing the diversity of single- and multiphase in-
clusions in Schneckenstein topaz (bottom center crystal in figure 3). V—vapor (predominantly CO2). L—liquid 
(predominantly H2O). The occurrence of halite (colorless cubic-shaped crystals) is assumed but could not be con-
firmed, because crystals did not yield any Raman spectra. Abbreviations of names of minerals and mineral groups 
according to Whitney and Evans (2010): Ap—apatite; Clc—clinochlore; Hl—halite; Qz—quartz; Rt—rutile; Xtm—
xenotime; Zrn—zircon. Photo micrographs by Manuela Zeug.
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Figure 7. Top left: Color-coded excitation-emission matrix (visualizing the emission intensity at variable 
wavenumber/wavelength upon excitation with light of variable quantum energy, consisting of a total of 56,250 
individual data points) for topaz from Schneckenstein. The matrix is presented along with selected emission 
spectra (emission intensity under 407 nm excitation obtained at variable wavelength; top right) and excitation 
spectra (intensity of the ~14632 cm–1 [~683.4 nm] emission under variable excitation; bottom). In the emission 
and excitation plots, spectra of a natural topaz specimen and its heat-treated analogue (bottom left crystal in fig-
ure 3) are shown. Spectral ranges that are not visible to the human eye are underlain in gray. Diagonal dark red 
lines in the main emission-excitation matrix, and corresponding narrow lines in the excitation spectra (here 
marked by asterisks), are analytical artifacts (emission = excitation, and emission = 1/2 × excitation energy). 
Note that the 407 nm laser used herein is much more efficient for exciting Cr3+ emission than common UV lamp 
sources (spectral positions marked with arrows in the bottom plot). Emission and excitation spectra of the an-
nealed sample are shown with vertical offset for clarity.

**

600

15000 20000 25000 35000 4000030000

250002000015000 30000 35000 40000

300 250350400500

600 300 250350400500

65
0

75
0

13
0

0
0

14
0

0
0

15
0

0
0

16
0

0
0

17
0

0
0

70
0

6
0

0

65
0

75
0

70
0

6
0

0

16
0

0
0

17
0

0
0

15
0

0
0

14
0

0
0

13
0

0
0

407 nm

365 nm 254 nm

Low

Emission intensity

High

Excitation spectrum
(of 683.4 nm emission) 

Em
is

si
on

 s
pe

ct
ru

m
(w

ith
 4

07
 n

m
 e

xc
ita

tio
n)

 
Heat-treated
Natural

H
ea

t-
tr

ea
te

d
N

at
ur

al

EXCITATION WAVELENGTH (nm)

EXCITATION WAVENUMBER (cm–1)

EXCITATION WAVENUMBER (cm–1)

EM
IS

SI
O

N
 W

A
V

EN
U

M
B

ER
 (c

m
–1

)

EM
IS

SI
O

N
 W

A
V

EL
EN

G
TH

 (n
m

)

EM
IS

SI
O

N
 W

A
V

EN
U

M
B

ER
 (c

m
–1

)

IN
TE

N
SI

TY

INTENSITY



12       GERMAN TOPAZ FROM THE SCHNECKENSTEIN CRAG                              GEMS & GEMOLOGY                                                         SPRING 2022

Luminescence describes the general ability of minerals 
and other matter to emit UV, visible and/or IR light after 
valence electrons have experienced energetic excitation. 
If emission occurs upon spontaneous energy release from 
the excited state, the process is named according to the 
initial energetic excitation (such as photoluminescence 
after excitation by photons of electromagnetic radiation, 
chemoluminescence for emissions whose energy origi-
nated from a chemical reaction, or cathodolumines-
cence after excitation by electrons). In contrast, 
non-spontaneous release of excited electrons from so-
called electron traps requires energetic stimulation (in 
addition to the initial energetic excitation); here the 
emission process is named according to the type of stim-
ulation (such as optically stimulated luminescence).   

It should be noted that there is general confusion of 
terms in the published literature. Excitation and stim-
ulation are often used interchangeably, and even more 
often fluorescence is used when luminescence is 
meant. Fluorescence and phosphorescence are two 
terms that relate to different delay-time regimes caused 
by different types of electronic transitions. Fluorescence 
describes emission upon quick spontaneous decay of 
the energetically excited state, typically within less 
than 10 microseconds, due to spin-allowed electronic 
transitions. By contrast, phosphorescence is emission 
based on comparably slow spontaneous decay of the en-
ergetically excited state (between tens of microseconds 
and several hours), related to spin-forbidden electronic 
transitions. The subdivision into fluorescence and 
phosphorescence is applied mostly to photolumines-
cence. A non-PL example is the “glow” of white phos-
phorous, a permanently refreshed fluorescence-type 
chemoluminescence. 

Emissions of ions of transition metals arise mostly 
from slow, spin-forbidden electronic transitions, and 

hence their common description as “fluorescence” is 
misleading. One of the most prominent examples is the 
Cr3+-related emission of ruby (lifetime of the excited 
state is several milliseconds), which actually belongs to 
phosphorescence (Jones et al., 2020) but has mostly—and 
not quite correctly—been described as fluorescence (e.g., 
Brown, 1964; Tsai and D’Haenens-Johansson, 2021). The 
bottom line is that if the exact type of electronic transi-
tion causing the observed emission is unknown, or if an 
emission consists of several different components, the 
use of the general term luminescence is preferred.  

Another issue, especially in the gemological litera-
ture, is how to visualize spectra whose signals are based 
on electronic transitions (this applies not only to lumi-
nescence but also to optical absorption). Most individual 
spectral signals that relate to electronic transitions are 
symmetric in energy. For this reason, spectra—espe-
cially in cases when data evaluation is intended—need 
to be plotted on a scale that is proportional to the quan-
tum energy of the detected light, such as the wavenum-
ber (in units of cm–1). By contrast, wavelength (i.e., the 
inverse of the wavenumber) is a physical parameter that 
is not proportional to photon energy. Spectra that are 
plotted on the usual wavelength scale are therefore dis-
torted—that is, compressed in their high-energy region 
(blue to UV) and stretched in their low-energy (red and 
near-infrared) region (see figure A-1). Consequently, fit-
ting spectra that are plotted on the wavelength scale 
with the assumption of symmetric (Gaussian and/or 
Lorentzian) band shapes must yield biased fit results. 
For this reason, excitation and emission shown in fig-
ures 7 and B-1 are plotted on the wavenumber scale. 
However, we are well aware of the general preference 
for wavelengths in the gemological community, and we 
also provide the (not evenly spaced) wavelength scale on 
a second abscissa axis for convenience. 

BOX A: LUMINESCENCE—NOMENCLATURE AND SPECTRAL VISUALIZATION

Figure A-1. A spectrum 
consisting of two perfectly 
symmetric bands of the 
same energy width (left) 
is significantly distorted 
when plotted on the 
wavelength scale (right).
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emission, see for instance Kisliuk and Moore (1967) 
and Marfunin (1979).  

The excitation spectrum is similar but not iden-
tical to absorption patterns of “Imperial” topaz 
(Petrov et al., 1977; Schott et al., 2003; Krzemnicki, 
2017; Smith, 2020). The difference between absorp-
tion and excitation spectra is because a certain frac-
tion of the absorption in natural, untreated topaz is 
due to defect-related color centers (Petrov, 1977, 
1978). Note that annealing of such color centers 
causes significant color change after thermal treat-
ment (Schott et al., 2003; Greenidge, 2018). The latter 
is especially true for the yellow Schneckenstein 
topaz that, after dry heating in air at 550°C for 48 h, 
was found to turn near-colorless (while retaining the 
Cr3+-related PL). 

The excitation spectrum indicates that common 
gemological UV lamps with ~365 nm and ~254 nm 
excitation wavelengths are decidedly inefficient 
sources to induce Cr3+-related emission from topaz. 
In contrast, PL is readily excited by illumination by 
either orange to greenish yellow or by blue to violet 
light. For instance, a 407 nm laser (see again figure 7, 
bottom) or a 390 nm LED lamp emit light that is ef-
fectively absorbed by Cr3+-bearing topaz and thus ex-
cite pink to red luminescence with relative ease, 
whereas a 385 nm LED was found to be less efficient.  

The excitation characteristics of other Cr3+-bear-
ing gem minerals may be similar but not necessarily 
identical to that of topaz. This is due to their differ-
ent crystal-field strengths that, among others, control 

the energetic difference of 4T2 and 2E levels (figure 8; 
see also box B). 

Excitation-Emission Spectroscopy. The excitation-
emission matrix of Schneckenstein topaz shown in 
figure 7 is the color-coded visualization of quantum 
energy and intensity of the emission with respect to 
the quantum energy of the excitation. Such a matrix 
is generated by measuring the emission intensity at 
variable spectral positions (potentially comprising 
the long-wave UV, visible, and NIR ranges) and at dif-
ferent excitation energies. Note that such plots have 
also been described as three-dimensional lumines-
cence spectra (with excitation energy, emission en-
ergy, and intensity as the three dimensions) or as 
excitation-emission maps. We prefer not to use the 
latter term, to avoid possible confusion with hyper-
spectral maps where multiple point analyses are con-
ducted at different x and y coordinates, whereas a 
matrix consists of multiple analyses obtained at the 
very same sample location. For the principle of the 
technique, the reader is referred to the fundamental 
description in Marfunin (1979); more specific eluci-
dations are given in box B of Zhang et al. (2020).  

The emission intensity of the Schneckenstein topaz 
varies strongly with the excitation energy, whereas the 
principal spectral pattern of the emission does not. 
Note that the coloration distribution in the excitation-
emission matrix does not show significant diagonal fea-
tures (for a contrasting example, see figure 4G of Zhang 
et al., 2020). This indicates that the emission does not 

GERMAN TOPAZ FROM THE SCHNECKENSTEIN CRAG                                         GEMS & GEMOLOGY                                             SPRING 2022       13

Figure 8. Excitation spectrum 
of Schneckenstein topaz (ob-
tained from the bottom left 
crystal in figure 3 before an-
nealing), visualizing the inten-
sity of the Cr3+-related 
emission at 14632 cm–1/683.4 
nm depending on the excita-
tion energy. Spectra of ruby 
(14403 cm–1/694.3 nm) and 
emerald (14620 cm–1/684 nm) 
are shown for comparison. 
Spectra are shown with verti-
cal offset for clarity. Breaks in 
the excitation spectra (marked 
by asterisks) are analytical ar-
tifacts (emission = excitation, 
and emission = ½ × excitation 
energy). Note the shift of the 
two main absorption bands 
among the three minerals. For 
band assignment, see 
Tarashchan et al. (2006). 

15000

500600700800 400

25000 3000020000

Ruby

Topaz

Emerald*
*

*

*

*

*
4A2

4T2

4A2
4T1

WAVENUMBER (cm–1)

WAVELENGTH (nm)

EXCITATION SPECTRA
IN

TE
N

SI
TY



14       GERMAN TOPAZ FROM THE SCHNECKENSTEIN CRAG                              GEMS & GEMOLOGY                                                         SPRING 2022

Several gem minerals incorporate minor amounts of Cr3+ 
at a lattice site that is six-coordinated to O2– (and possibly 
other anions). Examples include corundum, beryl, 
chrysoberyl, diopside, garnet, tourmaline, and topaz. 
However, absorption (i.e., coloration) and emission re-
lated to Cr3+ may vary appreciably (see also figure 8 in 
Tsai and D’Haenens-Johansson, 2021). This is because of 
so-called crystal-field effects: The six-coordinate octahe-
dral Cr3+ site is variably distorted from its ideal octahe-
dral symmetry, due to various arrangements of 
neighboring atoms, depending on the respective host 
mineral’s crystal structure.  

In contrast to optical absorption processes, only the 
two lowest-energy excited levels of six-coordinate octa-
hedral Cr3+ (i.e., the narrow, split 2E level and the broad, 
thermally populated 4T2 level) are significant for the 
emission of light. In different host minerals, these levels 
have unequal energy differences relative to one another 
and relative to the electronic ground state (4A2), finally 
resulting in different emission characteristics. This is vi-
sualized (greatly simplified) in figure B-1.  

For Cr3+ in corundum, the energy difference ΔE be-
tween 2E and 4T2 is comparably large. The two levels 

hence do not “overlap” at room temperature, and direct 
4T2 → 4A2 relaxation does not occur, but excited electrons 
undergo a so-called fast intersystem crossing (ISC) from 
the 4T2 singlet to the energetically favorable 2E triplet-
excited state (Kisliuk and Moore, 1967). Emission of 
chromium-bearing corundum is therefore dominated by 
the two narrow R lines (spin-forbidden 2E → 4A2 transi-
tion). In contrast, ΔE is much smaller for Cr3+ in beryl, 
resulting in energetic preference and hence significant 
contribution of the spin-allowed 4T2 → 4A2 relaxation at 
room temperature (Kisliuk and Moore, 1967). The latter 
is detected as an intense broad band underlying the two 
R lines (figure B-1). Chromium-bearing topaz has inter-
mediate ΔE and therefore practically represents an inter-
mediate state between the two former minerals. Here, 
4T2 and 2E states are in virtual thermal equilibrium at 
room temperature (Gaft et al., 2003; Tarashchan et al., 
2006). The Cr3+-related emission of topaz therefore con-
sists of nearly equal contributions of the two narrow R 
lines (and their vibrational satellites) related to the spin-
forbidden 2E → 4A2 transition, and a broad band related 
to the spin-allowed 4T2 → 4A2 transition (Gaft et al., 2003; 
Tarash chan et al., 2006; O’Bannon and Williams, 2019).  

BOX B: LUMINESCENCE RELATED TO TRIVALENT CHROMIUM

Figure B-1. Room-tempera-
ture emission spectra re-
lated to Cr3+ in three 
common gem minerals, 
along with greatly simpli-
fied sketches of the lowest 
electronic levels. Rather 
minor variations in energy 
differences among corre-
sponding electronic levels 
result in apparently differ-
ent PL patterns: In ruby, 
electrons are transferred 
non-radiatively from the 4T2 
to the split 2E level (wavy 
black arrow), and the en-
ergy is released radiatively 
(that is, under emission of 
PL) only upon 2E → 4A2 
transition (red arrows). In 
the other two minerals, in-
creasing portions of elec-
trons undergo a radiative 
4T2 → 4A2 transition and 
correspondingly fewer elec-
trons are transferred to the 
2E level (visualized by vary-
ing thicknesses of lines).
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consist of several components with different excitation 
characteristics. Rather, the emission is assigned solely 
to Cr3+ substituting for Al3+ (Gaft et al., 2003; 
Tarashchan et al., 2006; O’Bannon and Williams, 2019). 

CONCLUSIONS 
The present article provides a comprehensive sum-
mary of past and present mineral-chemical and spec-
troscopic investigations of the historical 
Schneck  en  stein topaz, with emphasis on lumines-
cence studied by excitation-emission spectroscopy. 
It is, to the best of our knowledge, only the third ex-
citation-spectroscopy study of topaz, and the first 
that was conducted on non-“Imperial” topaz. The 
Schneckenstein material is characterized by remark-
ably low contents of non-formula elements and a 
high F/OH ratio. The latter is also reflected in the 
Raman spectra by the OH-band pattern with its com-
parable low intensity. The PL spectra reveal the typ-
ical Cr3+-luminescence pattern in topaz, and no 
additional luminescence bands are present. The de-
termined values for Ge (40–70 ppm) and Ga (2–3 
ppm) are mainly consistent with results from previ-
ous studies (Goldschmidt and Peters, 1933; Schrön, 
1968; Seim and Schweder, 1969) and coincide with 
an assumed topaz formation in a late hydrothermal 
state following pneumatolytic greisenization (Breiter, 

2013a). To the best of our knowledge, this is the first 
study that provides microscopic images of, and ana-
lytical data for, the manifold inclusions in Schneck-
enstein topaz. Inclusions identified by means of 
Raman spectroscopy were apatite, rutile, quartz, zir-
con, and a xenotime-group mineral. The assumed as-
signment of cubic crystals in multiphase inclusions 
as halite will require further study. 

The excitation-emission spectroscopy technique 
is a rather recent advancement of excitation spec-
troscopy, which is becoming more important in the 
analysis of gemstones. Successful applications of ex-
citation-emission spectroscopy include studies of 
Cr3+-colored gem minerals (Hoover and Theisen, 
1993); amber (Bellani et al., 2005; Jiang et al., 2020; 
Zhang et al., 2020); opal (Fritsch et al., 2015); and dia -
mond (Luo and Breeding, 2013). In the present case, 
excitation-emission spectroscopy provides simple 
reasoning for the apparent luminescence inertness of 
yellow topaz observed under UV illumination. Exci-
tation energies of Cr3+ electronic levels in topaz do not 
coincide with quantum energies of light that is emit-
ted by short-wave and long-wave UV lamps used in 
conventional gem testing. By contrast, short-wave-
length visible (i.e., violet) light is remarkably efficient 
in exciting readily visible pinkish PL (figure 9) that is 
caused by Cr3+ concentrations as low as ~25 ppm.
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Figure 9. Two photos of the second crystal from the left in figure 3 (1.6 g, 9.5 mm tall). Left: White-light photo 
showing the common pale yellow bodycolor. Right: The crystal emits pink to red luminescence under 407 nm illu-
mination. Photos by Manfred Wildner.
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