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Abstract Eastern Qinling, China is one of the important
rare metal metallogenic provinces with extensively dis-
tributed granite pegmatite dikes. The No. 5 granite peg-
matite intruded into the granitic gneiss of the Qinling
Group, and the major minerals are quartz (39.8%),
K-feldspar (18.8%), albite (36.3%), muscovite (3.4%), and
garnet (1.1%). Monazite U-Pb isotopic dating indicates
that the No. 5 pegmatite from the Eastern Qinling was
emplaced at ca. 420.2 &+ 2.2 Ma, which confirms that high-
purity quartz mineralization probably formed during the
Early Devonian. In-situ laser ablation inductively coupled
plasma mass spectrometry analysis of quartz show that
quartz samples from Eastern Qinling have total trace ele-
ment concentrations (Al, Ti, Sc, Li, B, Cr, Mn, and Fe)
ranging from 23.2 to 52.8 ppm, slightly higher than the
quartz (impurity element content from 13.4 to 25.9 ppm) of
the Spruce Pine high-purity quartz deposit in western North
Carolina. The No. 5 pegmatite of Eastern Qinling could be
defined as one high-purity quartz deposit of China.
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1 Introduction

Quartz is one of the most important rock-forming minerals
of the Earth’s crust and is an important industrial raw
material (Gotze et al. 2017). Naturally occurring high-pu-
rity quartz is in increasing demand due to emerging
applications in the production of high-tech components
such as optical fibers, halogen lamps, silica glass crucibles,
computer chips, and solar panels (Miiller et al. 2015). At
present, the reserves of quartz vein deposits currently
exploited in China are silica reserves from the 1950s to
1960s, of which the reserves of crystal quartz related to the
production of high-purity quartz are nearly exhausted.
China’s “Medium-high grade” high-purity quartz (impu-
rity element content lower 100 ppm) completely depends
on imports. Unimin company of the United States occupies
the “high grade” high-purity quartz (lower 30 ppm) pro-
duced in the world, and the origin is the Spruce Pine
granite pegmatite metallogenic province of the United
States. The study of Mineralogy and diagenetic age char-
acteristics of granite pegmatite of high-purity quartz
deposit may be one of the basic geological research tasks of
high-purity quartz prospecting breakthrough in China.
Knowledge of the interrelation between quartz genesis
and specific physical-chemical properties developed at that
time can be used both for the reconstruction of geological
processes and for specific technical applications (GOtze
2009). Trace elements geochemistry of hydrothermal
quartz which can precipitate from fluids with a wide range
of compositions and temperatures, which enables it to
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record the physicochemical history of the mineral systems
(Peterkova and Dolejs 2019; Rusk 2012; Rusk et al. 2008;
Zhang et al. 2019b). Trace elements Li, Ge, Al, and Ti in
quartz are the most common trace elements in magmatic
quartz and their concentrations can be utilized to determine
the degree of melt fractionation and the crystallization
temperature of pegmatite applying the Ti-in-quartz
geothermometer (Miiller and Thlen 2012). High-purity
quartz contains trace elements (impurities) less than
500 ppm of contaminating (Gotze et al. 2017; Larsen et al.
2000; Miiller et al. 2007). The products of ultra-pure (high-
purity) quartz are widely utilized in modern high-tech
applications, such as optical fibers, semiconductors for the
electronic industry, production of silicon cells for use in
photovoltaic systems, as well as in industrial catalytic
chemistry for the synthesis of catalysts, zeolites and
adsorbent materials in general (Vatalis et al. 2015). The
trace element chemistry of quartz is of crucial importance
in defining the characteristics and geologic environments
of high-purity quartz deposits (Miiller et al. 2015). Impu-
rities in quartz are the main controls on high-purity quartz
quality as they can only be partly removed during pro-
cessing (Gotze and Mockel 2012). Lattice-bound trace
elements are the most problematic, as they cannot currently
be removed or reduced by processing (Miiller et al. 2015).
Therefore, the geological background, material source,
controlling factors, and geological processes are the most
important reason for the formation of high-purity quartz
deposits.

The Eastern Qinling belt of the North Qinling terrane is
one of the important granite pegmatite distribution region
and rare metal metallogenic provinces, where extensively
crop out granite pegmatite formed four pegmatite con-
centration zones (Lu et al. 2010). Quartz produce from a
type of granite pegmatite has trace element contents lower
than 65 ppm after an industrial mineral separation experi-
ment by the Zhengzhou Institute of Multipurpose Utiliza-
tion of Mineral Resources, China. However, the timing of
granite pegmatite-type high-purity quartz mineralization at
Eastern Qinling remains unclear. The zircon in pegmatite
of the Eastern Qinling has undergone either before meta-
morphism or recrystallization, the cathodoluminescence
image is black without obvious zoning (Wang et al. 2020),
indicating that the U-Th system has been changed (Pei
et al. 2015). Due to the loss of the Pb element in meta-
morphosed (ruditaceous) zircons, their ages are mostly
scattered and their reliability is low. In contrast, monazite,
a common mineral in peraluminous granite and pegmatite,
has extremely high U, Th concentration, low common Pb,
and high closure temperature of U-Th-Pb system, so that its
crystallization ages can remain through a long history of
geological events (Meldrum et al. 1998; Parrish 1990;
Williams et al. 2007).
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In this study, we combined detailed data of granite
pegmatite geology, mineralogy, back-scanning electric
(BSE) imaging, and in-situ LA-ICP-MS analyses of trace
elements (impurity elements) of quartz and U-Pb isotopic
of monazite from the No. 5 granite pegmatite high-purity
quartz deposit in the Eastern Qinling, China. This study
aims to compare the trace elements in granite pegmatite
quartz of the Eastern Qinling and the Spruce Pine Mining
District for a better understanding of the significance and
geochronology of granite pegmatite events that formed
high-purity quartz at Eastern Qinling. Furthermore, a
genetic model will be established, which can be used both
for the reconstruction of geological processes and for the
metallogenic prediction of high-purity quartz deposits.

2 Geological background

The Qinling Orogen lies at the junction between the North
and South China blocks, which preserves a record of Late
Mid-Proterozoic to Cenozoic tectonism in central China
(Meng and Zhang 2000; Ratschbacher et al. 2003). The
Qinling Orogen is separated by the Shangdan Suture Zone
into the North Qinling and South Qinling terranes (Fig. 1a)
(Dong et al. 2011; Ratschbacher et al. 2003). The Qinling
Orogen experienced a prolonged continental divergence
and convergence between blocks (Meng and Zhang 2000).
(1) The Proto-Tethyan Qinling Ocean stage from Late
Neoproterozoic to Early Paleozoic. (2) The slab subduction
stage during Ordovician. (3) The collision stage of South
and North Qinling in Middle Paleozoic along the Shangdan
suture. (4) The synchronous collision during the Late
Paleozoic, resulting in the splitting of the South China
block from the South Qinling. (5) The collision of the
South Qinling and the South China block came about in the
Late Triassic.

The North Qinling terrane is generally, from north to
south, divided into the Kuanping, Erlangping, and North
Qinling (or Qinling Group) units (Fig. 1b) (Ratschbacher
et al. 2003; Zhai et al. 1998). The North Qinling unit
consists of Precambrian garnet-bearing biotite—plagioclase
gneisses, garnet—sillimanite gneisses, amphibolites, and
marbles (Meng and Zhang 2000; Ratschbacher et al. 2003),
all of which are intruded by Silurian—-Devonian granitoids
(Wang et al. 2009; Zhang et al. 2013). Neoproterozoic
magmatism includes syn- to post-tectonic S-type granitoids
and metabasaltic rocks (Chen et al. 2006; Shi et al. 2009).
The Silurian—-Devonian magmatic was characterized by the
formation of arc-related I- and S-type granitoids (Wang
et al. 2009; Zhang et al. 2013). Previously published U-Pb
ages for these plutons range from 470 to 400 Ma (Li et al.
2019; Qin et al. 2014, 2015; Wang et al. 2017, 2009).
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Fig. 1 Geological sketch of the Eastern Qinling terrane, modified after (Lu et al. 2010; Qin et al. 2014, 2015; Zhang et al. 2013; Zhou et al.

2019)

The Huichizi granites pluton in the North Qinling unit
has high St/Y and (La/Yb)N ratios, and relatively high
Si0,, K0, and Na,O, and very low MgO, Cr, and Ni
contents similar to adakites(Qin et al. 2015). New SIMS
zircon U-Pb dating constrains the emplacement age of the
Huichizi pluton at 422 £+ 5 Ma (Qin et al. 2015) (Fig. 1b).
The Paleozoic Piaochi granitic intrusion is a large S-type
peraluminous intrusion located in the North Qinling oro-
geny, emplaced at 473 + 4 Ma (Qin et al. 2014) (Fig. 1b).

There are 6913 granite pegmatite dikes in the East
Qinling, with the distribution of four concentrated areas,
the Shangnan, Luanzhuang, guanpo, and longquanping (Lu
et al. 2010) (Fig. 1b). The East Qinling granite pegmatite is
mainly distributed in the granitic gneiss of the Paleopro-
terozoic Qinling group, and a small part is exposed in
various metamorphic mafic rocks (pyroxenite, gabbro, etc.)
of the Qinling group (Lu et al. 2010). Pegmatite dikes are
100-1000 m in length, generally 1-5 m in thickness. The
occurrence of pegmatite dikes is steep with a dip angle of
about 60°, which are banded around Caledonian huichizi,
Taoping, and luoziping biotite monzogranite (Lu et al.
2010). As a rare metal and REE metallogenic province,
pegmatite-type uranium deposit is also the most important

uranium deposit of the eastern Qinling in central China
(Chen et al. 2019; Wang et al. 2020; Zhang et al.
2017, 2019a).

The No. 5 granite pegmatite of the Eastern Qinling is a
two-mica microcline pegmatite according to the classic
classification of Lu et al (2010). The No. 5 granite peg-
matite is about 300 m long and 50 m wide, which intruded
into the granitic gneiss of the Qinling Group. The central
phase of the No. 5 vein is a coarse-grained mica quartz-
feldspar belt with a pegmatite structure (Fig. 2a), and the
edge is a quartz-feldspar belt with granite structure
(Fig. 2b). The main minerals are quartz (39.8%), potash
feldspar (18.8%), albite (36.3%) (Fig. 2c), and muscovite
(3.4%) (Fig. 2d, e), garnet (1.1%) after the scanning elec-
tron microscope-based Mineral Liberation Analyzer (SEM-
MLA). The minor minerals are limonite (0.2%), apatite
(0.1%), plagioclase (0.1%), calcite (0.08%), biotite
(0.06%) (Fig. 2c, e), kaolinite (0.04%), ankerite (0.02%),
uraninite (0.01%) and zircon (0.01%), and trace natural
bismuth, rutile, dolomite, pyrite, phosphorite, etc. Peg-
matites of the Spruce Pine Mining District in western North
Carolina was a Medium fine-grained muscovite quartz
feldspar granite (Fig. 2f, g, h).
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Fig. 2 Petrographic characteristics of No. 5 granite pegmatite in East Qinling and Spruce pine granite pegmatite from North Carolina

3 Sampling and analytical methods
3.1 Sampling

Geochronological work was performed on monazite, which
is a common accessory mineral in the No. 5 granite peg-
matite of the Eastern Qinling. Monazite of the No. 5 granite
pegmatite preferentially incorporates high concentrations
of Th and U while having very low initial concentrations of
common Pb.
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3.2 Analytical methods

(1)  Electron backscatter

Quantitative chemical analyses and electron backscatter of
the monazite samples were performed on polished thin
sections using a JEOL JXA-8230 EMPA and ZEISS
Gemini Sigma 300 VP at the State Key Laboratory of
Nuclear Resources and Environment, East China Univer-
sity of Technology, China.

(2) LA-ICP-MS trace element analysis of quartz
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The quartz trace element was performed by State Key
Laboratory of Ore Deposit Geochemistry, Institute of
Geochemistry, Chinese Academy of Sciences, Guiyang,
China. Laser sampling was performed using a GeoLasPro
193 nm ArF excimer laser ablation system, coupled to an
Agilent 7900 ICP-MS. A 44-pum spot was used with an
energy density of 10 J/cm® and a repetition rate of 6 Hz.
The instrument settings were optimized by ablating the
NIST SRM 610 standard to obtain high signal intensities
but a low oxide content (ThO/Th < 0.3%) and doubly
charged ion (Ba**/Ba" < 0.4%) production. Each LA—
ICP-MS analysis incorporated a ~15s background
acquisition (gas blank) and a 40 s data acquisition from
each sample. Every thirteen-spot analysis was followed by
two NIST SRM 610 analyses and one NIST SRM 612 to
correct the time-dependent drift of sensitivity and mass
discrimination of the ICP-MS. Reference glasses
(NIST612 and NIST610) were analyzed before and after
the sample measurements. The NIST SRM 610 was used as
the external standard and data reduction was performed
using the ICPMSDataCal software (Liu et al. 2008). Raw
data reduction was performed offline with the ICPMSDa-
taCal 10.1 software using the 100%-normalization strategy
without applying an internal standard (Liu et al. 2008). The
standard deviation of the trace elements was better
than £+ 10%.

(3) Monazite U-Pb ages

Geochronological analyses were performed was performed
by FocuMS Technology Co. Ltd., Nanjing, China. Analy-
ses were conducted on an Agilent 7700 x quadrupole
inductively coupled plasma-mass spectrometer (ICP-MS)
coupled with an ASI RESOlution S-155 laser-ablation
system equipped with the TwoVol2 ablation cell using
identical operating conditions. Laser ablation was per-
formed using a 33 um spot size, 8 Hz frequency, and 6.0 J/
cm® fluence. Twenty-second-long background measure-
ments were followed by a 40 s ablation time and 30 s
washout. All isotopic data were normalized to the primary
monazite reference material 44,069 (Aleinikoff et al.
2006), used as quality controls.

4 Results
4.1 Trace element of quartz

(1)  Quartz from the Eastern Qinling

The Al and Ti, Sc, concentration in the quartz of the East
Qinling ranged from 15.3 to 27.1 ppm and 2.2 to 3.7 ppm,
1.3 to 1.6 ppm, respectively (Table 1). While the Li, B, Cr,
Mn, and Fe showed lower concentrations in the quartz at

the East Qinling ranged from 0.0 to 0.1 ppm, 0.3 to
1.2 ppm, 0.0 to 2.9 ppm, 0.0 to 0.57 ppm, and 0.0 to
1.9 ppm, respectively (Table 1).

(2)  Quartz from the Spruce Pine deposit

The Al and Ti, Sc concentration of the quartz of Spruce
pine ranged from 8.3 to 19.6 ppm and 1.4 to 2.5 ppm, 0.9
to 1.1 ppm, respectively (Table 1). While the Li, B, Cr,
Mn, and Fe showed lower concentrations of the quartz at
the Spruce pine ranged from 0.0 to 0.07 ppm, 0.0 to
0.3 ppm, 0.3 ppm to 1.1 ppm, 0.0 to 0.8 ppm, and 0.0 to
2.5 ppm, respectively (Table 1).

4.2 In-situ U-Pb Isotopic dating on monazite

Sample 20LD05 was selected from No. 5 pegmatite for
monazite U-Pb dating and the results were listed in
Table 2. The monazite grains are generally prismatic,
euhedral, transparent, and pale yellow. Their lengths
mostly range from 80 to 180 pm with aspect ratios of 2:1 to
3:1(Fig. 3). Electron backscatter shows that the monazite is
homogeneous. The grains have high uranium (87,580—
106,611 ppm) and thorium (100,810-200,405 ppm) con-
centrations, and corresponding Th/U ratios of 1.39-2.54
(Table 2). Thirty-four analyses on monazite grains form a
coherent group on the Concordia diagram, °°Pb/***U age
range from 415 £ 13 Ma to 428 £ 14 Ma, yielding a
weighted mean °°Pb/***U age of 420.2 & 2.2 Ma (n = 34,
MSWD = 0.31) (Table 2, Fig. 3).

5 Discussion

5.1 Potential high-purity quartz mineralization
of the Eastern Qinling

High-purity quartz has become one of the strategically
important resources with applications in high-tech indus-
tries including semiconductors, high-temperature lamp
tubing, telecommunications and optics, microelectronics,
and solar silicon applications (Dal Martello et al. 2012;
Gotze and Mockel 2012; Miiller et al. 2015). Trace element
concentrations in quartz from 188 granite pegmatites in the
Froland and Evje-Iveland pegmatite fields, southern Nor-
way, have been determined to establish exploration targets
for high-purity quartz, which is unlikely to be of current
economic interest due to its moderate to high trace element
contents, heterogeneous compositions, and low volume
(Miiller et al. 2015). Quartz of different origins from 10
localities in the Southern Ural region, Russia, have been
investigated to characterize their trace element composi-
tions. The results show that almost all investigated quartz
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Table 1 LA-ICP-MS trace element of quartz data for the granite pegmatite in East Qinling and Sprice pine (ppm)

Element 20LDO0S5 (East Qinling)

Li 0.022 0.014 0.014 - 0.103 0.084 0.033 0.006 0.013 0.054 - - 0.033
Be - - - - 0.006 - - - - - - - 0.006
B 0.942 0.806 0.757 0.372 0.998 0.808 0.662 0.555 0.540 0.485 0.570 0.509 0.710
Mg - - 0.099 0.116 0.248 0.178 0.087 0.009 0.131 0.103 0.006 0.038 -

Al 21.325 24433 20.057 20.149 27.098 24.045 22421 15307 24.579 21959 20.368 22.199 24.696
Sc 1.536 1.555 1.561 1.535 1.540 1.582 1.555 1.532 1.399 1.516 1.369 1.450 1.378
Ti 3.258 2.812 2.230 2412 3.012 2.487 2.611 2.329 3.454 3.442 2.503 2.386 2.368
Cr 0.227 0.292 0.052 0.780 0.527 0.688 - 0.425 2.885 1.023 0.008 0.561 0.372
Mn - 0.385 - - 0.187 - - 0.361 0.559 0.434 - - -

Fe 1.898 0.073 - 0.361 - - 0.538 - - - - 0.329 -

Ge 1.441 2.322 1.831 1.832 1.737 1.925 1.737 2.344 1.517 1.974 1.940 2.376 1.960
Sn 0.632 0.557 0.450 0.516 0.360 0.524 0.536 0.347 0.466 0.341 0.300 0.365 0.357
total 31.3 332 27.0 28.1 35.8 323 30.2 23.2 35.5 313 27.1 30.2 31.9
Ge/Ti 04 0.8 0.8 0.8 0.6 0.8 0.7 1.0 0.4 0.6 0.8 1.0 0.8
Al/Ge 14.8 10.5 11.0 11.0 15.6 12.5 12.9 6.5 16.2 11.1 10.5 9.3 12.6
Al/Ti 6.5 8.7 9.0 8.4 9.0 9.7 8.6 6.6 7.1 6.4 8.1 9.3 10.4
T (°C) 454 445 432 436 449 438 441 434 458 458 439 436 435
Element  20LDOS5 (East Qinling) 20SPO1 (Spruce pine)

Li - - - - 0.069  0.060 - 0.005 0.051 0.006  0.034 - -

Be - 0.026 - - 0.014 - - 0.016 0.067 0.015 - 0.016 -

B 0.570 0.317 1.214 0.794 0.268 - 0277 - 0.201 0.198  0.309 0.145  0.204
Mg 0.028 0.228 0.027 21.651 - 0.114 - 0.103 4.251 0.112  0.547 0.117  0.051
Al 20.045  20.097 23221 22345 9934 9.897 8922 10.325 12.509 8300 19.571  9.132  12.114
Sc 1.416 1.307 1.383 1.271 1.029 1.058 0956  1.046 0.964 0.925 0975 0.956  0.948
Ti 2.196 2.726 3.378 3.670 2.091 1.851 1.374  1.805 2.400 2308  2.183 2494  1.886
Cr 0.082 0.301 1.004 0.219 0.340  0.801 0.565 1.089 0.734 0.741 0.835 0.356  0.576
Mn 0.209 - 0.570 0.135 0.171 - 0.012 - 0.305 0.830 - - -

Fe - - 1.006 0.550 - 2393 - - 0.948 0.050  0.199 1.613  2.498
Ge 1.916 1.426 1.528 1.673 1.165 1.086 1.132  1.059 1.300 1.303 1.130 0.818 1.434
Sn 0.289 0.199 0.395 0.477 0.201 0204 0.143  0.266 0.113 0.190  0.125 0.138  0.159
total 26.8 26.6 33.7 52.8 15.3 17.5 13.4 15.7 23.8 15.0 25.9 15.8 19.9
Ge/Ti 0.9 0.5 0.5 0.5 0.6 0.6 0.8 0.6 0.5 0.6 0.5 0.3 0.8
Al/Ge 10.5 14.1 15.2 13.4 8.5 9.1 7.9 9.7 9.6 6.4 17.3 11.2 8.4
AlTi 9.1 74 6.9 6.1 4.8 53 6.5 5.7 52 3.6 9.0 3.7 6.4
T (°C) 431 444 456 462 428 421 405 420 436 434 431 438 422

“w

samples have very low concentrations of trace elements
(Gotze et al. 2017). Therefore, investigation of the con-
centration of impurities in quartz is the key to high purity
quartz ore prospecting.

Using in-situ LA-ICP-MS analysis, we investigated the
trace element composition of two types of high-purity
quartz in pegmatite. Although all of the elements in quartz
were detected, only the elements Li, Be, B, Na, Mg, Al, Ti,
Sc, Ti, Cr, Mn, Fe, Ge, Sn have concentrations higher than
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means under the detection limit. The ‘‘TitaniQ’’ thermometer of quartz calculate according to (Wark and Watson, 2006)

the detection limit (Table 1). Total concentrations of trace
elements (Total impurity elements) of quartz (23.2 to
52.8 ppm) from the No. 5 pegmatite are slightly higher
than the quartz (13.4 to 25.9 ppm) from the Spruce Pine
Mining District in western North Carolina. Impurity ele-
ments of quartz from the Eastern Qinling showed a similar
pattern as Spruce Pine Mining (see Fig. 4). In addition,
trace elements of quartz samples from Eastern Qinling are
very low with cumulative concentrations less than 50 ppm,
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Fig. 3 Monazite U-Pb age dates for the sample from the No. 5 pegmatite in the East Qinling. a Electron backscatter of the Monazite and the

200pp/2381J age, b concordia diagram of the monazite (c). The weighted

as Al <30 ppm and Ti < 10 ppm, probably defining an
economically high-purity quartz deposit of China.

5.2 Timing of high-purity quartz mineralization
at the Eastern Qinling

Geological background, source of ore-forming materials,
controlling factors, and other metallogenic theories have

@ Springer

mean 2°°Pb/**3U age of the granite pegmatite in the East Qinling

been thought to relate to the formation of high-purity
quartz deposits. For example, the geological purification
process model of high-purity quartz is the key basis for the
breakthrough in prospecting and exploration of high-purity
quartz deposits in China. Therefore, the geochronological
setting constraint and comparison of the granite pegmatite-
related high-purity quartz deposits from the Eastern
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Fig. 4 LA-ICP-MS trace element of quartz from the No. 5 pegmatite
and the Spruce Pine

Qinling and the Spruce Pine would make sense in under-
standing controls on the formation of this type of deposits.

Pegmatite of the Spruce Pine mining district in western
North Carolina has a long history of providing various
minerals to mankind (Borbst 1962; Glover 2012; Swanson
and Veal 2010), which have the only magmatic high-purity
quartz deposit in the world. The granodiorites of the Spruce
Pine Plutonic Suite ages range from 377 fto 404 Ma
(Swanson and Veal 2010). The Spruce Pine region shows
high Na/K ratios, high large-ion lithophile elements Sr and
Ba contents, low high-field strength and rare earth elements
contents, positive Eu anomalies, formed with the interac-
tion of mantle and crust (Zhang 2010).

The Qinling Orogen is located between the North China
Block and South China Block and is linked with the
Tongbai-Dabie orogens to the east and the Qilian-Kunlun
orogens to the west (Zhang et al. 2013). The Paleozoic
Piaochi granitic (Fig. 1) intrusion is a large S-type pera-
luminous intrusion in the North Qinling Orogen and has
important implications for its tectonic evolution. SIMS and
LA-ICPMS U-Pb zircon data obtained from magmatic
zircons indicate that the Piaochi intrusion was emplaced at
473 £ 4 Ma (Qin et al. 2014). While SIMS zircon U-Pb
dating constrains the emplacement age of the Huichizi
pluton at 422 + 5 Ma (Qin et al. 2015). The Huichizi
pluton has relatively high SiO,, K,0, and Na,O and very
low MgO, Cr, and Ni contents, in the range of high-SiO,
adakites. The whole-rock eNd(t) and zircon eHf(t) values
of the Huichizi granite pegmatite are similar to the Neo-
proterozoic metabasalts in the North Qinling unit (Qin
et al. 2015). In combination with their normal mantle-like
SISOme values, these adakites are thought to be produced
by partial melting of the Neoproterozoic mafic crustal root
due to subduction of the Shangdan Ocean (Qin et al. 2015).

Monazite U-Pb Isotopic dating indicates that the No. 5
pegmatite from the Eastern Qinling intrusion was emplaced
at 420.2 £+ 2.2 Ma (Fig. 3, Table 2). The emplacement age
of the No. 5 quartz pegmatite is corresponding to the ages
of the Huichizi pluton (422 4+ 5 Ma) and Spruce Pine
Plutonic Suite (377-404 Ma). Regional geological data of
the North Qinling suggest that ca. 420 Ma is interpreted as
the product of partial melting during the tectonic transition
from compression to extension (Zhang et al. 2013).
Geochronological of the No. 5 pegmatite and Spruce Pine
high-purity quartz deposit shows that it is consistent in the
error range. Consequently, monazite U-Pb isotopic dating
confirms that high-purity quartz mineralization may form
from a globally geological event of Early Devonian.

6 Conclusions

Trace-element analysis of quartz from the Eastern Qinling
showed very low concentrations of trace elements (23.2 to
52.8 ppm), probably defining an economically high-purity
quartz deposit.

In-situ monazite U-Pb dating indicates that the No. 5
pegmatite from the Eastern Qinling was emplaced at
420.2 £ 2.2 Ma, which confirms that high-purity quartz
mineralization may form from a comparable geological
event of Early Devonian.
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