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ToPAZ FROM MASON COUNTY, TEXAS

Roy Bassoo, Diane Eames, Matthew F. Hardman, Kenneth Befus, and Ziyin Sun

Gem-quality naturally blue topaz occurs in Mason County, Texas. Known as “Texas topaz,” this gem is highly sought
after in the United States because of its domestic provenance and rare natural blue color. To date, no studies have
identified gemological or compositional characteristics that could distinguish Texas topaz from topaz sourced elsewhere.
This study provides a historical account of topaz from Mason County and discusses its geologic origin, compositional
characteristics, manufacture, and significance to the gem trade. A total of 83 alluvial topaz crystals from Mason County
were analyzed using standard gemological testing; Fourier-transform infrared, ultraviolet/visible/near-infrared, and
Raman spectroscopic techniques; and laser ablation-inductively coupled plasma—mass spectrometry to gather gemo-
logical and geochemical data. Most Texas topaz is colorless, though some is light blue or brown. A small percentage
of the blue stones displayed a saturated bodycolor. Color zoning was often visible and became more noticeable with
luminescent excitation. Ultraviolet luminescence at 225 nm excitation revealed green to blue luminescent growth
bands and rarely red luminescent growth bands. Topaz crystals from Mason County are not often free of inclusions.
When present, multiphase melt and fluid inclusions contain carbon dioxide. Mineral inclusions include albite, anorthite,
quartz, muscovite, pseudobrookite, and columbite-tantalite. Machine learning algorithms were applied to fingerprint
the trace element composition of the samples. Trace concentrations of phosphorus, scandium, titanium, iron, gallium,
germanium, niobium, tin, tantalum, and tungsten best constrained the formation and provenance of Texas topaz. For
gemologists, these trace elements can also aid in assessing the geographic provenance because most Texas topaz pres-
ents a distinct trace element composition. This work demonstrates the potential effectiveness of machine learning and
statistical modeling in gemstone provenance determination. These can be powerful tools in conjunction with traditional
gemological discrimination techniques.
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environments induce defects and impurities that cre-
ate color centers. In the case of pink to violet colors,
Cr® acts as a chromophore, substituting for AI**. A
combination of oxygen-to-metal charge transfer and
radiation-induced color centers can modify pink to
violet material to orange Imperial topaz (Gaft et al.,
2003; Schott et al., 2003; Taran et al., 2003). Oxygen
hole center defects produce brown or blue colors,
though the possibility of additional defects causing
blue color remains uncertain (Krambrock et al., 2007;
Rossman, 2011). Pronounced blue colors can also be
created or enhanced through irradiation and heat
treatments (Simmons, 2007). Colorless topaz was
first irradiated to create a blue color in 1957 (Pough,
1957). Artificially irradiated and heat treated blue
topaz subsequently entered the market in the late
1970s, and its popularity and low cost eventually
made it the most commonly irradiated gemstone on
the market (Nassau and Prescott, 1975; Crowning-
shield, 1981; Nassau, 1985). This treatment became
so widespread that any blue topaz in today’s market
is assumed to have been irradiated (Rossman, 2011).

TEXAS TOPAZ

Figure 1. A fine 925 ct
crystal that was for-
merly displayed in the
Texas State Capitol and
sat on the governor’s
desk in 1969 when the
legislature adopted blue
Texas topaz as the state
gem. This specimen
was found in 1904 and
now resides in the
Hamman Gem and
Mineral Gallery in the
Department of Earth
and Planetary Sciences
at the University of
Texas at Austin (catalog
no. B0344). Photo by
Blanca Espinoza.

Considering the prevalence of artificially blue
topaz, the naturally blue topaz from Mason County,
Texas, is significant (figure 1). Indeed, faceters of
Texas topaz understand that treating this gemstone
could render it indistinguishable from those found in
other locations. In Mason County, as with most ge-
ographic occurrences, colorless topaz is the most
common. However, faint blue to sky blue hues can
be relatively uncommon. Pink, brown, and gray col-
ors are rare (figure 2).

Topaz was first collected in Mason County in the
late 1800s, long before the first reported accounts of
topaz treatment (Meyer, 1913; Leiper, 1951). By the
1950s, Texas topaz had become important in the re-
gional gem trade (White, 1960; Towner, 1968, 1969;
Browne, 1982). The timing is anecdotally linked to
World War II, when scientists moved to the American
Southwest for the nuclear weapons program and en-
gaged in recreational mineral hunting on weekends
and holidays. This led to the formation of gem and
mineral groups and increased rockhounding and gem
faceting in the region. Topaz from Mason County be-
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came the most commonly used gemstone in faceting
competitions at Texas gem and mineral shows. In
1969, the state legislature adopted Mason County blue
topaz as the official state gemstone, introducing the
“Texas topaz” label.

Texas topaz remained in the hobbyist realm until
the early 2000s, when Diane Eames and Brad Hodges
established Gems of the Hill Country, a jewelry store
in the town of Mason. From this rural platform they
built a successful niche jewelry business centered on
locally sourced and manufactured Texas topaz pieces
(figure 3). Gems of the Hill Country supplied both
local and national markets with jewelry showcasing
Texas topaz. Their advertising campaign significantly
elevated the prestige of Texas's state gemstone.

Because of its local provenance, topaz from Texas

416 Texas TorPaz

Figure 2. Rough topaz
from Mason County
analyzed in this study,
showing the range of
color of this material.
The large blue specimen
weighs 188 ct. Photo by
Emily Lane; courtesy of
Diane Eames.

has a much higher regional value than similarly col-
ored topaz from other localities worldwide. The most
sought-after stones exhibit a saturated blue color.
Price varies with the saturation of blue color and the
cut quality. Early in the twentieth century, faceters
used the Portuguese cut to create stones with deep
pavilions to intensify the pale colors. Today most of
this topaz is faceted in the Lone Star cut (box A) or
variations thereof. Blue or brown color zones are
placed in the culet to intensify the perceived color
(King Jr., 1961).

Establishing the provenance of Texas topaz has
posed a challenge in the regional gem trade. Buyers
are wary of intentional or inadvertent substitution of
low-value foreign topaz for high-value local material.
This article presents a gemological and analytical

Figure 3. Faceted Texas
topaz specimens with
brown, blue, and green
bodycolors, ranging
from 0.62 to 9.34 ct.
Texas topaz has been
sought after for its nat-
urally occurring blue
color. Photo by Brad
Hodges; courtesy of
Diane Eames.
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study of Texas topaz to augment the various world-
wide databases of colored stone deposits. Trace ele-
ment compositions for topaz from Mason County are
presented, along with a demonstration of how ma-
chine learning can assist with the geographic prove-
nance determination of Texas topaz.

GEOLOGY AND MINING

Texas topaz crystallizes from niobium-yttrium-flu-
orine (NYF) pegmatites that are genetically and spa-
tially associated with granites in the Llano Uplift
in central Texas. The Llano Uplift is a 9000 km? ex-
posure of Proterozoic igneous and metamorphic
rocks from the Grenville orogen that are 1.0 to 1.3
billion years old (Mosher et al., 2008). Topaz can be
found in pegmatites throughout the Llano Uplift;
however, nearly all gem-quality material is derived
from the granitic Grit, Streeter, and Katemcy plu-
tons in the western Llano Uplift (White, 1960;
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Figure 4. Geologic map
(top) and aerial view
(bottom) of the Mason
County area in Texas,
showing known loca-
tions where topaz has
been collected in allu-
vium. While many Texas
topaz occurrences have
been discovered histori-
cally, these maps docu-
ment those that have
been published (Leiper,
1951; Towner, 1968,
1969; Fechenbach,

1984). The geologic map
is modified from the Ge-
ologic Database of Texas
(https://txpub.usgs.gov/
txgeology).

Ordovician to Cretaceous
sandstone, shale, and limestone

Proterozoic quartz-plagioclase-
microcline granite

Proterozoic feldspathic
amphibole and biotite schist

>z

Towner, 1969; Reed, 1999; Barker and Reed, 2010).
The source granites have very low strontium con-
centrations and zirconium/hafnium ratios, suggest-
ing that extreme fractional crystallization rather
than partial melting led to their formation (Barker
and Reed, 2010; Collins, 2008). The topaz-produc-
ing granites intrude the Proterozoic Packsaddle
schist, Valley Springs gneiss, and/or other granite
plutons. When not exposed, they are mostly over-
lain by the Middle Cambrian Hickory sandstone
member of the Riley Sandstone formation, Creta-
ceous Edwards limestones, and quaternary allu-
vium (figure 4).

Euhedral topaz crystallizes in sub-meter-diameter
vugs within relatively small meter- to decameter-
long pegmatites, which tend to be gradational with
the host granites (White, 1960). Pegmatite vugs also
contain microcline, albite, and “books” of biotite, flu-
orite, and quartz embedded within a clay matrix
(Meyer, 1913; Leiper, 1951; Hoover, 1992). Topaz has
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BOX A: CUTTING OF Texas TorAz

PC 01.212 Texas Lone Star
Worden, Gary & Worden, Paul
FACETS, Feb 1977, p4

Angles for R.l. = 1.540

51 facets + 80 girdles

5-fold, mirror-image symmetry; 80 index
L/W =1.000 T/W = 0.767 U/W = 0.729
P/W =0.685 C/W = 0.125

Vol/W? = 0.307

pc01212.asc

Brown color zone
preserved on the pavillion

Figure A-1. A: 14.5 mm round 13.8 ct topaz from Mason
County, Texas. Photo by Blanca Espinoza; courtesy of
Form to Feeling. B: Facet design for Lone Star cut (from
the open database at http://www.facetdiagrams.org). C: A
cut topaz with brown color zones deliberately positioned
along the pavilion to display a brownish bodycolor in the
table view. Photos by Brad Hodges.
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Topaz is popular with American faceters for its perfect
basal cleavage plane. To prevent breakage during faceting
and scratches during polishing, a gem cutter must avoid
placing the table along the cleavage plane. Chips along the
girdle may indicate that the cleavage plane is parallel to
the girdle, which is also undesirable. The strongest color
saturation in topaz occurs parallel to the c-axis. Therefore,
faceters cannot simply orient the stone away from poten-
tial weakness associated with the basal cleavage without
sacrificing color. To optimize color and avoid structural
weakness, faceters attempt to cut topaz so that the table
is ~7° off the cleavage plane, an orientation that minimizes
fractures and accentuates color. A Texas topaz faceted
with a 0.5 micron polish and a correctly oriented cleavage
plane can achieve subadamantine luster and deeply satu-
rated color, both of which contribute to its appeal.

The development of the Lone Star cut (figure A-1, A)
distinguished Texas topaz as a regionally unique and de-
sirable gemstone. The facets on its pavilion produce a
large five-point star visible through the table, a shape
reminiscent of the star in the Texas state flag. The pavil-
ion of the traditional Lone Star cut represents up to 80%
of the stone’s total depth, making it unsuitable for rings
and earrings. Alternative versions have a pavilion that
accounts for 60-65% of the total depth, and these have
become popular. Most are cut as round gems, but fancy
Lone Star variations have also been developed.

Several Texas faceters have contributed to the design
and popularity of the Lone Star cut. Gary Worden and
Paul Worden of San Angelo are credited as the original
designers (Worden, 1977; see figure A-1, B). Additional
star cuts were developed by hobbyist faceters. The most
influential were Charles Covill and Robert Strickland,
both of Austin, who developed many variations and
freely shared their designs with other gem cutters.

The commercial development of Lone Star cut Texas
topaz initially relied on independent hobby cutters mainly
selling their work in the town of Mason. With the opening
of the retail store Gems of the Hill Country in 2007, man-
ufacturing shifted to a commercial scale. Cofounders
Diane Eames and Brad Hodges sourced, faceted, and de-
signed Texas topaz jewelry pieces, providing a retail av-
enue for the state gem. Acquiring topaz from local rock
hounds, ranchers, and topaz enthusiasts, Gems of the Hill
Country expanded its inventory of gem-quality blue, pink,
and brown topaz (figure A-1, C). Gems of the Hill Country
has since closed, but the founders still maintain a large in-
ventory of Texas topaz. During its decade-plus run, Gems
of the Hill Country not only sold Texas topaz to buyers in
the United States, Germany, and the United Kingdom but
also founded and participated in Texas Topaz Day in
Mason from 2008 to 2012, celebrating Texas topaz with a
public mineral hunt on local topaz-bearing ranches. These
efforts elevated the awareness and prestige of Texas topaz
and “American-made” gemstones and jewelry.
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Prism face

Figure 5. Example of a waterworn topaz with termi-
nations and prism faces with narrow grooves and
etchings in a 188 ct specimen. Photo by Emily Lane;
courtesy of Diane Eames.

only rarely been extracted directly from vuggy peg-
matites of Mason County granites through small hard-
rock mining operations. Primary topaz extracted from
these pegmatite vugs typically presents as rhombic to
square and singly terminated prisms. As shown in fig-
ure 1 and figure 5, terminations and prism faces may
display narrow grooves and etchings (White, 1960).

The vast majority of Texas topaz has been recov-
ered from alluvial drainages, specifically along creeks
and rivers south and east of the Katemcy pluton.
These localized drainages sometimes correspond with
the trend of pegmatites. Liberated alluvial topaz ac-
cumulates within potholes, depressions, and other
structural traps where stream velocities slow, causing
the high-density topaz (~3.5 g/cm?) to settle (figure 6,
top). Some alluvial topaz remains euhedral yet
frosted, but most are well rounded and abraded.
Corundum, including ruby, has occasionally been
found within topaz-bearing alluvium, though it likely
did not form alongside topaz. The original economic
target for prospectors in Mason County was cassi-
terite, a tin ore mineral (Leiper, 1951; Sparks, 1968).
Alluvial topaz is also found in the Middle Cambrian
Hickory Sandstone Formation (White, 1960; Sparks,
1968; Fechenbach, 1984; Barnes et al., 1992, Collins,
2008). The occurrence of alluvial topaz in both
Holocene and Middle Cambrian sedimentary rocks
suggests a protracted history of erosion and deposition
across millions of years.

Mining in central Texas has a rich history that
began with the Spanish conquistadors searching for
riches, including gold and the famed Seven Cities of
Cibola. In 1893, George Kunz published the first re-

TEXAS TOPAZ
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Figure 6. Top: Schematic map and cross section views
of representative locations where alluvial topaz accu-
mulates along a river or stream. Modified from
Fechenbach (1984). Bottom: Dalan Hargrave (back-
ground) and Diane Eames (foreground) sieving gravels
for topaz. Photo by Brad Hodges.

port of topaz in Texas (Kunz, 1893). At that time, peg-
matites in the Llano Uplift were being carefully as-
sessed for their economic potential, as some hosted
exceptional minerals containing rare earth elements.
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Thomas Edison’s Piedmont Mining Company pur-
chased the Barringer Hill pegmatite deposit to acquire
rare earth minerals such as gadolinite, which were
critical for filaments in the emerging technology of
light bulbs (Smith, 2008). This acquisition did not in-
volve topaz, however, as the rare earth pegmatites
tended to occur in the eastern Llano Uplift and gem-
quality topaz was found much farther to the west.
Economic interest in the topaz-bearing pegmatites
was later fueled by the search for economic tin de-
posits because of their association with cassiterite
(Meyer, 1913).

Prospecting for topaz in Mason County has prima-
rily been a seasonal activity by part-time local arti-
sanal miners and recreational rock hounds (e.g.,
Browne, 1982; International Labour Organisation,
1999; Hinton, 2005). Prospectors sift gravels along wa-
terways on public lands or local ranches such as the
Seaquist or Lindsay ranches that allow prospecting
for a daily fee (figure 6, bottom). The most productive
sites are placers at the contact between bedrock and
stream deposits. When prospective locations for allu-
vial topaz are determined, the sediment is disaggre-
gated and passed through sieves. Published anecdotes
refer to placer “pockets” containing dozens of stones
larger than 1 cm in diameter and others with multiple
waterworn crystals ranging from 8 to 926 ct. Mason
County has produced topaz crystals and alluvial
stones weighing less than 1 ct up to approximately
6800 ct, which is the largest topaz ever recovered in
North America (Leiper, 1951; White, 1960; Towner,
1968, 1969; Sparks, 1968; Sinkankas, 1997). Histori-
cally, the average size recovered by artisanal and
recreational prospectors has been between 1 and 10
ct. Decades of targeted placer mining on publicly ac-
cessible tracts of land have considerably depleted
these deposits, as the authors can attest to after many
laborious hours digging in Mason County drainages.

Topaz is still found today but in far lesser abun-
dance than in earlier decades. Many areas that appear
untouched today were likely excavated by past min-
ers and have subsequently been refilled with gravels
during flooding events. Rounded and abraded topaz
may be mistaken for quartz. However, topaz can be
accurately identified by its habit, cleavage, col-
oration, clarity, frosted appearance, and high density.
Prospectors in the past sometimes carried bromo-
form or other heavy liquids to isolate the heavier
topaz from the lighter quartz (Towner, 1968, 1969).
Most prospectors work during the day, but others use
UV flashlights at night to find strongly luminescent
specimens.

420 Texas Toraz

MATERIALS AND METHODS

A total of 71 rough Texas topaz specimens were
loaned to GIA for study by author DE, and an addi-
tional 12 rough samples were loaned to GIA by the
Barron Gem and Mineral collection in the Depart-
ment of Earth and Planetary Sciences at the Univer-
sity of Texas at Austin. Topaz specimens from other
global localities were sourced from GIA’s colored
stone reference collection and are summarized in
table 1. These samples are of D-type and E-type ori-
gin according to GIA’s classification scheme for de-
gree of confidence of origin (Vertriest et al., 2019).
These 379 samples total are from Australia (8), Brazil
(89), Colombia (47), Germany (3), Guyana (107), Japan
(1), Mexico (40), Namibia (3), Nigeria (5), Pakistan (4),
Russia (9), Sri Lanka (4), the United States (excluding
Texas, 30), and Zimbabwe (29). Topaz samples with
Texas listed as their origin are confirmed to be from
Texas. The authors acknowledge that mineral speci-
mens not sourced from Texas might be ambiguous
in origin, and we consider the nuances in their trace
element concentrations beyond the scope of this
study. Instead, this study presents a potential use of
machine learning to assist specifically in provenance
determinations of Texas topaz.

Morphology, optical character, inclusion species,
and composition of Texas topaz were assessed using
various gemological, spectroscopic, and analytical
methods. We also calculated specific gravity by meas-
uring the mass in air and the mass submerged in
water using a Mettler AM100 scale. A Gem Instru-
ments Duplex II refractometer was used to measure
refractive index. Surface fluorescence images were ac-
quired using a DiamondView ultraviolet imaging sys-
tem with a flash lamp source, an incident wavelength
of ~225 nm, and an exposure time of approximately 5
s. Visible/near-infrared (Vis-NIR) absorption spectra
were collected with a PerkinElmer Lambda 950 UV-
Vis spectrophotometer in the 200-1000 nm range,
with 1 nm spectral resolution at 77 K. Bulk Fourier-
transform infrared (FTIR) spectra were collected using
a Thermo Scientific Nicolet iN10 FTIR spectrometer
equipped with an XT-KBr beam splitter and a mer-
cury-cadmium-telluride (MCT) detector operating
with a 4x beam condenser. FTIR analyses were per-
formed across the 675-4000 cm™ range in cooled
transmission mode using a 200 x 200 um aperture, 64
to 128 scans, and a spectral resolution of 4 cm™.
Raman spectra of topaz-hosted inclusions were col-
lected with a Thermo Scientific DXR Raman micro-
scope equipped with a 532 nm laser operating at 8
mW, a ~2 um spot, and a high-resolution grating (1800
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lines/mm). Inclusion identity was confirmed with
Raman spectra by matching peak positions and
heights of the inclusions’ spectra with those in the
RRUFF spectral database (Lafuente et al., 2016).

Trace element concentrations were measured by
laser ablation-inductively coupled plasma-mass
spectrometry (LA-ICP-MS) using a Thermo Fisher
iCAP Qc ICP-MS, coupled to an Elemental Scientific
Lasers NWR213 laser ablation system with a fre-
quency-quintupled Nd:YAG laser (213 nm wave-
length with 4 ns pulse width). Ablation was carried
out with 55 um spot sizes, a fluence of 8-10 J/cm?,
repetition rates of 20 Hz, and dwell times of 35 s. The
isotope *Si was used as an internal standard at
152854 ppmw, which is a representative average sil-
icon ppmw content of topaz (Agangi et al., 2014,
2016; Gauzzi et al., 2018). United States Geological
Survey glass standards GSD-1G and GSE-1G and Na-
tional Institute of Standards and Technology (NIST)
glass standard SRM 610 were used as external stan-
dards. Concentrations are reported as ppm through-
out this article. Conversion factors are determined
by factory-set parameters of Thermo Scientific’s Qte-
gra software (Version 2.10.3324.131).

In this study, we calibrated a random forest ma-
chine learning model (Breiman, 2001) to predict topaz
provenance using trace element compositions. This
classification model calculated the probability of a
single topaz specimen originating from Mason

TEXAS TOPAZ

Figure 7. Representa-
tive UV luminescence
images of Texas topaz
acquired using ~225
nm excitation. Note
the red luminescent
zones in a topaz sam-
ple with elevated levels
of chromium (image D).
Images by Roy Bassoo;
field of view ~15 mm.

County, Texas. To calibrate this model, two outcome
classes were defined: (1) topaz derived from Texas and
(2) topaz derived from all other worldwide localities.
For detailed information about the parameters used
for model calibration, see appendix 1 (www.gia.edu/
doc/winter-2023-texas-topaz-appendix1.pdf).

RESULTS

Gemological and Spectroscopic Characteristics. This
study examined 83 topaz samples from Mason
County ranging in size from 4 to 189 ct, with a mean
weight of 21 ct. All of these samples were rounded
and abraded and either colorless (47 %), blue (50%),
or yellowish brown (3%). Of the blue topaz, 75%
were very light blue and 19% were light blue with
saturated blue color zones. In some instances, this
blue color can be desaturated by sunlight (Leiper,
1951). Only 6% of the Texas topaz samples had the
deeply saturated blue bodycolor or color zones shown
in figure 1. We measured a mean specific gravity of
3.55 + 0.17 and a mean refractive index of 1.620 =
0.001 and range from 1.615-1.625. The samples also
had a vitreous luster and a white streak.

When exposed to ultraviolet luminescence, the
Texas topaz displayed blue and/or green luminescent
bodycolor and growth bands (figure 7, A-C). One
sample showed red luminescent growth bands (figure
7D), which are known to be caused by Cr* impuri-
ties, which may impart a pink bodycolor (Petrov et
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TABLE 1. Summary of trace element concentrations (in ppmw) of topaz measured by LA-ICP-MS.

. Tectonic No. of .
Locality environment® measurements® P Sc Ti v Cr Fe Ga Ge Nb Sn Ta w
Min bdle 15 bdl bdl bdl bdl 1.02 123 bdl bdl bdl bdl
us Max 589 4.4 209 4021 99.6 193 17,50 223.7 4.36 2.4 4100 0.98
o Orogen 180 .
(Texas) Median 14 3.4 8 bdl bdl 35 557 683 0.03 bdl  0.010  bdl
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) Max 3378 130.0 19767 108.00 217.3 1709 5225 2020 72.60 32.2 10.320 83.18
Guyana Shield 165 )
Median 411 8.1 89 0.28 bdl 32 7.21 339 093 02 0310 0.37
MAD 421 7.0 84 0.42 — 19 288 130 1.32 0.3 0460 0.49
Min 46 3.0 2 bdl 0.4 10 500 192 0.02 0.4 0.010 bdl
Max 54 3.2 7 bdl 0.4 15 577 729 0.03 0.6 0.020 0.06
Japan Orogen 2 .
Median 50 3.1 5 bdl 0.4 12 539 46.0 0.03 0.5 0.015 0.03
MAD 6 0.2 3 — 0.0 4 057 398 0.01 01  0.007 0.04
Min bl 2.9 24 bdl bdl 65 2.71 134 0.4 bdl  0.050 0.26
. Max 146 35.3 372 0.69 275 2024 4134 381 199.00 4.0 24330 26.84
Mexico Orogen 80 .
Median 17 5.8 104  0.16 bdl 251 8.75 26.1 2.76 0.2 0.680 1.05
MAD 5 1.0 35 0.08 — 76 2.41 35 1.56 0.2 0520 0.56
Min 12 2.4 1 bdl bdl bdl 259 449 bdl bdl bdl bdl
. . Max 93 3.0 16 0.15 bdl 26 8.67 160.9 0.06 bdl  0.010 0.07
Namibia Shield 6
Median 14 2.7 bdl bdl 23 327 8938 bdl bdl  0.010  hdl
MAD 3 0.2 9 — — 4 060 634 — — — —
Min bdl 2.6 2 bdl bl 21 1.41 18.5 bdl bdl bdl bdl
Max 106 5.1 198  0.50 6.4 227 910 269.0 3.5 bdl 0470 3.03
Nigeria Shield 10 )
Median 33 33 4 bdl bdl 47 200 346 0.02 bdl  0.005 bdl
MAD 26 0.4 3 — — 30 047 126  0.02 — 0007 —
422  Texas TorPaz GeEms & GEMOLOGY WINTER 2023



TABLE 1 (continued). Summary of trace element concentrations (in ppmw) of topaz measured by LA-ICP-MS.

. Tectonic No. of .
Locality - onment measurements® P Sc Ti v Cr Fe Ga Ge Nb Sn Ta w
Min bdl 2.3 9 bdl 0.4 bdl 117 12.2 bdl bdl bdl bdl
. Max 24 3.0 150 4413 108.2 13 3.61 1841 0.05 1.0 0.010 0.14
Pakistan Orogen 10 .
Median 11 2.8 43 2244 624 bdl 1.62 18.1 bdl bdl bdl bdl
MAD 10 0.3 40 1415 53.3 — 0.60 8.1 — — — —
Min 11 2.2 6 bdl bdl bdl 0.24 04 bdl bdl bdl bdl
) Max 954 37 121  688.05 1326.8 56 7.06 188  0.03 bdl  0.010 0.10
Russia Orogen 18 )
Median 23 3.0 14 11595 257.6 bdl 1.17 5.4 bdl bdl bdl bdl
MAD 10 0.2 10 123.00 277.5 — 0.97 49 — — — —
Min bdl 1.9 3 bdl bdl bdl 1.68 8.2 bdl bdl bdl bdl
Max 75 2.9 17 2478 72.0 138 10.19 1239 0.15 bdl 0.050 0.08
Sri Lanka Shield 8 .
Median  bdl 2.4 10 bdl bdl 85 741 83.8  0.05 bdl bdl 0.04
MAD — 0.5 4 — — 32 313 528 0.05 — — —
Min 10 2.5 2 bdl bdl bdl 113 2437 bdl bdl bdl bdl
U.s. 0 5 Max 30 2.9 20 bdl bdl bdl 713 4204 0.08 bdl 0.320 bdl
_— rogen
(California) g Median 13 2.7 3 bdl bdl bdl 344 3737  hbdl bdl  0.020 bdl
MAD 13 2.7 3 — — —_ 3.44 46.7 —_ —_ 0.020 —_
Min 48 1.8 3 bdl bdl 35 135 716 bdl bdl bdl bdl
us. 0 Max 72 2.0 0.08 bdl 36 183 77.0 bdl bdl bdl bdl
(Colorado) rogen 2 Median — — — — — — — — — — — —
M = @ = @ = @ = @ = = = = = = = =
Min 192 2.4 12 0.09 bdl 90 11.33 765 0.06 bdl 0.030 0.22
us. Shiskd ) Max 216 2.6 16 0.11 bdl 106 1286 81.2 0.08 0.3 0.040 023
) ie
(Indiana) Median — — — — — — — — — — — —
T
Min bdl 1.9 10 bdl bdl 35 1.39 8.9 bdl bdl bdl bdl
us Max 142 239 996 26.88 1914 1631 1852 479 96.15 45 16.910 40.06
poul Orogen 50 .
(Utah) Median 17 41 140 014 bd 226 488 195 176 bdl 0250 0.46
MAD 7 0.8 43 0.05 — 92 2.23 2.8 1.33 — 0210 0.45
Min bdl 1.3 bdl bdl bdl bdl 026 138.6 bdl bdl bdl bdl
. . Max 322 2.7 42 0.81 59.2 331 462 1308.0 0.68 8.7 1.230 0.19
Zimbabwe  Shield 58 .
Median 98 2.4 4 bdl bdl bdl 286 724.0 0.02 bdl 0.035 bdl
MAD 107 0.2 3 — — — 1.02 4841 0.03 — 0.037 —
Detection
limit 9 0.1 1 0.06 0.3 7 0.02 0.4 0.01 0.2 0.004 0.03
(ppmw)

aClasses derived from Simmons et al. (2012).

bIncludes replicate analyses. Please see appendix 1.
bdl = below detection limit

IMAD = median absolute deviation

al., 1977; Taran et al., 1994, 2003). Only 4% of the
analyzed topaz were inert or showed no lumines-
cence response. The UV, visible, and infrared ab-

TEXAS TOPAZ

sorbance spectroscopic characteristics of Texas topaz
were documented (figure 8). Absorption in the ultra-
violet to visible spectrum found that 74 % of the ana-
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Figure 8. Representative UV-Vis-NIR, FTIR, and

Raman spectra collected from 54 Texas topaz samples.

The UV-Vis-NIR spectra were selected based on the
prominence of the 417 nm, 460-480 nm, and 960 nm
absorbances. The spectra are nonpolarized for the
anisotropic topaz. Spectra are offset vertically for clar-
ity. The Raman spectrum shows peaks related to CO,,.

424  Texas Toraz

lyzed Texas topaz had a small broad band at 640 nm
(figure 8A). This feature has previously been attrib-
uted to an oxygen hole center that is strongly associ-
ated with the preservation of blue color (Krambrock
et al., 2007). About 17% of the samples displayed a
small broad band in the 460-480 nm range, likely as-
sociated with a temperature-sensitive oxygen hole
center that causes brown color (Petrov, 1983; Aines
and Rossman, 1986; Souza et al., 2006). Topaz with a
broad 640 nm band sometimes has a 460-480 nm
band, suggesting the two may be related. Small ab-
sorption bands at 417 nm occurred in 6% of the ex-
amined Texas topaz and indicate the presence of
yellow color (Rossman, 2011). The defects responsi-
ble for the 417 nm absorption may be caused by a
combination of a trapped-electron and oxygen hole
centers (Schott et al., 2003; Gaft et al., 2005).

Each sample had a small absorbance peak at 960
nm, possibly an overtone of a hydroxyl (OH) group.
Each topaz also had a large absorbance in the 230-
305 nm range, likely produced by an Al=Si=0O struc-
ture, which is an absorbance feature also observed in
spodumene (Bonventi et al., 2012). Infrared ab-
sorbance in the 800-1050 cm™ range is caused by vi-
brations of the SiO, tetrahedra, while observed
absorbances near 1150 and 1162 cm™ are commonly
attributed to Al-OH and Al-O-H bonds within topaz
(Londos et al., 1992; Prasad and Gowd, 2003; figure
8B). Absorbances observed in all samples occurring
at 3200-3650 cm™ and 4750-4800 cm™! represented
hydroxyl stretching vibrations (Aines and Rossman,
1986; Shinoda and Aikawa, 1997; Prasad and Gowd,
2003). Typically, OH substitutes for fluorine accord-
ing to a temperature-dependent relationship in
which higher OH correlates with crystallization at
lower temperatures of 300-600°C compared to mag-
matic topaz formed at 600-800°C (Soufi, 2021 and
references therein). No calibrations exist between IR
absorbance and OH content in topaz, and therefore
we did not establish absolute OH or fluorine content
in Texas topaz. Regardless, most gem-quality topaz
has high fluorine and low OH concentrations (G.
Rossman, pers. comm., 2023), and the topaz-bearing
pegmatites in Mason County host significant
amounts of the fluorine-rich mineral fluorite (CaF,).

Texas topaz is not typically free of inclusions.
Only about 10% of the material is suitable for
faceting when considering size, depth of color, color
zoning, and inclusions. We occasionally observed
multiphase fluid and melt inclusions, some contain-
ing bubbles of carbon dioxide. Among the mineral in-
clusions identified with Raman were albite,
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anorthite, quartz, muscovite, pseudobrookite, rutile,
and columbite-tantalite group minerals (figure 9).
Most Texas topaz is alluvial and has been rounded by
weathering. The waterworn samples had the fewest
inclusions, which is expected because weathering in
an alluvial environment would preferentially remove
the poorer-quality stones by erosive attrition. For this
reason, alluvial stones yield relatively flawless gem-
stones when faceted (Leiper, 1951).

Visual inspection and spectroscopic measure-
ments revealed that Texas topaz shares many char-
acteristics with topaz found in other localities
globally. This study did not determine any defining
characteristics or spectroscopic fingerprint to distin-
guish or differentiate Texas topaz.

Major and Trace Element Compositions. The major
oxide composition of Texas topaz showed little devi-
ation from that expected for Al,SiO,(F,OH),, with
Al,O, and SiO, accounting for 55.3 + 0.4 wt.% and
31.8 = 2.3 wt.%, respectively. The fluorine content
of Texas topaz ranges from 19 to 21 wt.% (Collins,
2008), which suggests it may have formed from tran-
sitional pegmatite to hydrothermal processes (e.g.,
Foord et al., 1990; Soufi, 2021 and references therein).

TEXAS TOPAZ

Figure 9. Examples of
mineral and fluid inclu-
sions found in Texas
topaz: anorthosite (A),
albite (B), fluid and
melt inclusions (C), and
quartz (D). Photomicro-
graphs by Roy Bassoo.

Minor oxide concentrations of FeO, MnO, and CaO
were low, ranging from below detection limits to 0.3
wt.%. These major and minor element concentra-
tions do not allow a clear distinction of Texas topaz
from other global sources.

To test whether the trace element composition of
Texas topaz has a characteristic identity, we meas-
ured trace elements in the samples. Germanium,
iron, titanium, gallium, scandium, and phosphorus
were detected consistently but at low concentrations
(<600 ppm). Niobium, tantalum, tungsten, and tin
were infrequently detected and when detected had
very low concentrations (<5 ppm) (table 1). Similarly,
the potential chromophore chromium was detected
in only six samples but had a mean concentration of
27 + 24 ppm.

Simple inspection of the trace element concentra-
tions revealed limited diagnostic criteria. As expected
with pegmatites, evidence of crystallization from
highly fractionated fluids was present. Specifically,
the niobium/tantalum (Nb/Ta) ratio of <5 served as a
marker of mineralization in granitic rocks and can
track increasing fractionation. This ratio likely re-
flects the magmatic to hydrothermal transition where
tantalum is much less soluble than niobium in highly
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fractionated aqueous solutions (Zaraisky et al., 2010;
Ballouard et al., 2016). Although the Nb/Ta ratio is
normally applied to whole-rock analyses, germa-
nium, gallium, phosphorus, tin, tungsten, and iron of
the topaz samples showed increasing concentrations
correlating with low Nb/Ta ratios (figure 10). Further-
more, most samples had gallium contents <20 ppm,
but germanium ranged from 10 to 235 ppm. Such val-
ues are associated with topaz crystallization from peg-
matites and greisens, consistent with the local Mason
County geology (Duck, 1986; Breiter et al., 2013).
Scandium concentration decreased with increasing
fractionation, suggesting that scandium was incorpo-
rated into thortveitite or zinnwaldite during early

426 Texas TorPaz

Figure 10. Nb/Ta ratios
vs. germanium, gallium,
phosphorus, iron, tin,
tungsten, and scandium
concentrations in Mason
topaz. The dashed line
indicates Nb/Ta ratios of
~5 (see Ballouard et al.,

2016).
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crystallization of the host granite (Bianchi et al., 1988;
Hreus et al., 2021). The concentrations of tin and
tungsten were <3 ppm and notably low. However, the
highly incompatible nature of tin and tungsten and
the presence of cassiterite and scheelite in the region
may collectively suggest greisen ore mineralization
in Mason County (Paige, 1911; Meyer, 1913; Pollard
et al., 1989). Indeed, previous geochemical studies
suggest that topaz may indicate rare metal mineral-
ization of pegmatites (Agangi et al., 2014, 2016).

The trace element concentrations of Texas topaz
did not offer a readily accessible statistical or graph-
ical signature for determining its origin. However, re-
cent advances in machine learning as applied to trace
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element concentrations are a promising new tool for
determining gemstone provenance. This approach is
not without precedent for gemstones (e.g., Blodgett
and Shen, 2011; Luo et al., 2015). We hypothesized
that machine learning using the random forest sta-
tistical method could provide a robust probability of
a specific topaz specimen being sourced from Mason
County, Texas (Breiman, 2001). The effectiveness of
machine learning depends in part on the size of the
database available for model calibration, where larger
datasets improve the effectiveness of the machine
learning method. In this study, the authors compiled
a new trace element dataset for 461 topaz samples,
with 83 of known Texas provenance. However, it
must be noted that Texas topaz are D-type and E-type
samples according to GIA’s origin classification
scheme and were not obtained by sampling in situ
(Vertriest et al., 2019).

To calibrate this model, the concentrations of
germanium, iron, titanium, gallium, scandium,
phosphorus, chromium, vanadium, niobium, tanta-
lum, tungsten, and tin were used as variables. Each
topaz could be assigned a pseudo-probability value
by considering the proportion of the trees in the ran-
dom forest model that “vote” for each outcome.
Classification probability ranges from 0 to 100%,
with higher probabilities indicating an increased
likelihood of Texas provenance. One outcome was
labeled “Texas” and the other “Not from Texas.”
The most significant trace elements for the Texas
provenance were scandium, titanium, germanium,

TEXAS TOPAZ

are considered outliers.
The median absolute de-
viations are shown as
vertical dashed lines.

100

and chromium. An 85% decision boundary or clas-
sification value, above and below which one classi-
fies a sample into different groups, was selected.
Choosing the position of the decision boundary is
user-determined and essential for making reliable
provenance determinations (see appendix 1). Using
these criteria, most topaz from Texas plotted with a
very high likelihood of Texas origin (figure 11). Only
~12% of the 83 known Texas topaz samples were as-
signed a provenance other than Texas, or a “False
Negative.” These “False Negative” samples may cor-
respond to populations that differ compositionally
from the majority of Texas topaz. Regarding the over-
lap of probability, we find that some topaz from other
locations has a higher probability of being derived
from Texas, suggesting some degree of compositional
similarity. This is expected in natural systems that
have a continuum of compositional variability. How-
ever, analyzing additional Mason County samples
will enable the model to better predict the prove-
nance for these topaz compositions.

Importantly, 7% of the topaz from the global
dataset were incorrectly classified as from Texas.
These “False Positives” would be misidentified as
“Texas” using the current machine learning ap-
proach. Samples from Namibia, Nigeria, Australia,
and from California and Indiana in the United States
were the most common false positives, with proba-
bilities for Texas provenance of approximately 73%,
62%, 65%, 55%, and 70%, respectively (table 2). The
ambiguity in our machine learning results was
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TABLE 2. Median probabilities (+10)? or likelihood of topaz from other global

locations being derived from Texas.

Median probability of

Locality Tectonic environment® No. of samples Texas provenance (%)
Germany Extended crust 6 9+9
Australia Orogen 15 65 +28
Japan Orogen 2 44 £ 7
Mexico Orogen 80 3+6
Pakistan Orogen 10 6+3
Russia Orogen 18 1+1
U.S. (California) Orogen 5 55+ 19
U.S. (Indiana) Orogen 2 69 + 2
Zimbabwe Orogen 58 10+6
Brazil Shield 198 7+5
Colombia Shield 98 21 +12
Guyana Shield 165 4+3
Namibia Shield 6 73 +£8
Nigeria Shield 10 62+17
Sri Lanka Shield 8 34+19
U.S. (Colorado) Shield 2 39+ 4
U.S. (Utah) Shield 50 3+7

Includes replicate analyses. Please see appendix 1.
bClasses derived from Simmons et al. (2012).

caused by fewer specimens from those locations.
Larger sample sizes lead to more representative
datasets. Greater sampling is required for populations
where the compositional variation is larger. By ac-
quiring more samples, we can better characterize the
full compositional range of that suite of samples. For
example, for populations of topaz with a smaller
compositional range, fewer samples will be required
to fully characterize the compositions of topaz from
that locality. Indeed, countries with large numbers
of topaz samples in this study, such as Brazil,
Guyana, Colombia, Zimbabwe, and Mexico, had the
lowest probabilities of Texas provenance, ranging
from 3 to 21%.

These findings indicate that most Texas topaz have
sufficiently distinct trace element compositions that
allow them to be geochemically differentiated from
topaz those in other global localities. Increased cer-
tainty in assigning provenance could be accomplished
by also considering factors such as hue and saturation,
fluorescence color, infrared and UV-Vis-NIR spectra,

428 Texas Toraz

and inclusion suites (e.g., Palke et al., 2023). The ma-
chine learning model can also help identify deposits
with similar geologic settings. The high predicted
probability of similarity between Texas topaz and that
from other U.S. locations and Australia may also in-
dicate that they formed in similar geological condi-
tions, resulting in the overlapping trace element
compositions observed. Future studies of trace ele-
ments of tin and tungsten in topaz could improve our
understanding of the geologic conditions leading to
the formation of rare metal ore deposits, for example.
Indeed, trace element compositions in colored stones
better reflect the geologic environment in which they
formed rather than their geographic origin (e.g., Mc-
Clure et al., 2019).

CONCLUSIONS

Trace element compositions suggest topaz is derived
from greisens and pegmatites. Furthermore, the pres-
ence of tin- and tungsten-bearing minerals such as
cassiterite and scheelite, respectively, in the region
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may collectively suggest greisen ore mineralization
in Mason County. Topaz found in Mason County,
Texas, has gemological characteristics that make it
appealing for the gem trade (figure 12) and of particu-
lar commercial value throughout the state of Texas.
However, misrepresentation often goes along with in-
creased value. By combining trace element composi-
tion analysis with novel machine learning methods,
origin determination for topaz could be possible. Bet-
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Figure 12. This 1,296 ct
topaz crystal with a
blue rim was recovered
in Mason County,
Texas. Photo by Ken
Larsen; courtesy of the
Smithsonian Institution
Collection.

ter prediction of topaz provenance requires abundant
sampling, especially from localities where current
sampling is limited. This study has shown that trace
element composition can be combined with tradi-
tional gemological observations to estimate a proba-
bility of Texas provenance. The inherent gemological
value of Texas topaz is elevated by its domestic prove-
nance, cementing its place among other highly prized
gemstones from the United States.
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