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Tungsten (or wolfram, W), one of the crucial metal sources,
is widely used in electronics, oil, chemical and military in-
dustries. China owns abundant tungsten resources (~60% of
the world reserves and ~80% of the world’s production), of
which the area from Southern Jiangxi-Northern Guangdong-
Southern Hunan is the most significant ore belt in south
China. Understanding ore genesis and distribution as well as
the process of fine mineralization will further benefit the
prospecting and exploration of tungsten deposits. The ac-
curate determination of the age of mineralization is at the
front line in the study of ore deposit and the premise for
solving and understanding the above problems. Tungsten is
associated with tin ore and granitic rocks, hence, zircon in
granite and the gauge minerals (e.g., mica, feldspar) or the
associated molybdenite are usually used to indirectly date
and define the time of tungsten mineralization. However, the
physical and chemical conditions of tungsten enrichment and
ore-forming processes are significantly different from the
rock-forming elements and Molybdenum (Mo) and other
metals in silicate. Therefore, the obtained age data might not
be able to effectively restrict the time of tungsten miner-
alization. Wolframite [(Fe, Mn)WOQ,] is the main ore mineral
for tungsten, and also the main ore used to refine tungsten. If
the age of ore mineral (wolframite) can be dated and mea-
sured in situ, we could get a more reliable age of tungsten
mineralization.

Previous studies in the early 1980s showed that wolframite
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usually contains a certain amount of U, suggesting that the
mineral could be a good candidate for U-Pb dating. How-
ever, a conventional methodology for wolframite U-Pb dat-
ing has not yet been established. Romer and Liiders, (2006)
from the Potsdam Centre for Geoscience Research (GFZ) in
Germany, successfully dated wolframite from the Sweet
Home Mine (Colorado, USA) by U-Pb isotope dilution
thermal ionization mass spectrometry (ID-TIMS). The 205ppy

U ID-TMS age from the Sweet Home Mine wolframite
crystal was 25.7+0.3 Ma (Romer and Liiders, 2006). Later,
the same group conducted several ID-TIMS U-Pb dating on
wolframite samples from the Clara Mine (Germany; Pfaff et
al., 2009), the French Central Massif (France; Harlaux et al.,
2018a), the Wutong deposit (Guangxi province, China; Le-
cumberri-Sanchez et al., 2014) and the Dangping deposit
(Jiangxi province, China; Legros et al., 2020), respectively.
In order to carry out ID-TIMS, researchers need to dissolve
bulk wolframite samples. Since wolframite generally con-
tains a large amount of common Pb-rich mineral inclusions
(such as scheelite, galena, sphalerite and sulfides), it is very
difficult or impossible to avoid the interference of the mi-
neral inclusions. Therefore, this bulk analysis method might
not be working effectively as expected, which hampers the
widespread use of wolframite ID-TIMS U-Pb dating tech-
nique (Romer and Liders, 2006; Pfaff et al., 2009; Le-
cumberri-Sanchez et al., 2014; Harlaux et al., 2018a; Legros,
2017; Legros et al., 2020).

In situ wolframite U-Pb dating is an alternative to solve the
above-mentioned problems. Recently, two research groups

earth.scichina.com link.springer.com
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from Wuhan (China University of Geosciences) and the In-
stitute of Geochemistry, Chinese Academy of Sciences,
successfully developed and reported wolframite U-Pb dating
methodology using laser ablation inductively coupled plas-
ma mass spectrometry (LA-ICP-MS).

The research group from Wuhan first used the water vapor-
assisted method with zircon as an external standard (Luo et
al., 2018, 2019). They systematically investigated the effects
of water vapor, oxygen and nitrogen on the U-Pb ages of
various minerals during LA-ICP-MS procedure. A small
amount of water vapor was mixed into the ablated aerosol,
which significantly reduced the U/Pb fractionation differ-
ence between various minerals during laser sampling. Their
established U-Pb dating protocol was applied to monazite,
xenotime, titanite and wolframite dating using zircon or
NIST610 as external standard. The yielded ages from wol-
framite samples LB and MTM from the French Central
Massif are consistent with the ID-TIMS U-Pb results of
333.4+2.4 and 334.4+1.7 Ma (Harlaux et al., 2018a), which
indicates the feasibility of the protocol. In addition, they
carried out a protocol for U-Pb dating of wolframite from the
Yaogangxian deposit in Hunan Province and Piaotang de-
posit in Jiangxi Province, respectively. From both deposits
they obtained U-Pb ages of 159.1£2.0 Ma (n=12,
MSWD=0.5) and 153.7+0.7 Ma (n=26 MSWD=0.7), 159.5
+1.3 Ma (n=14, MSWD=0.3) and 152.1+0.9 Ma (n=22,
MSWD=0.5), which were verified by related petrographic
evidences (Deng et al., 2019). Meanwhile, the U-Pb ages of
wolframite samples are obviously different from the ca. 134
Ma reported mica Rb-Sr isochron and hydrothermal zircon
U-Pb ages. Although the molybdenite Re-Os isochron age
(170-150 Ma) is generally similar to the wolframite U-Pb
ages, the larger age range and error illustrate that the mo-
lybdenite Re-Os system may be characterized by the de-
coupling of the radioactive parent and daughter isotopes or
the mixing of multiage minerals, and cannot represent the
true tungsten mineralization age. This highlights the ad-
vantage of in situ wolframite U-Pb chronology over bulk
analysis.

The second research group from the Institute of Geo-
chemistry, Chinese Academy of Sciences adopted a com-
bined NIST glass and wolframite MTM sample correction
method (Tang et al., 2020, references therein). They found
that the U and Pb contents of the MTM wolframite are rather
heterogeneous and may not be suitable as a primary re-
ference material during in situ U-Pb analysis. Consequently,
they used NIST612/614 and MTM in combination to correct
the *”’Pb/**°Pb and **U/**°Pb ratios of the dated samples,
then plotted the data in a Tera-Wasserburg diagram and
calculated the lower intercept 25U/ Pb age. The feasibility
of the method was validated by applying it to several wol-
framite samples from Xihuashan (Jiangxi Province), Piao-
tang (Jiangxi Province), Langcun (Zhejiang Province),

Sci China Earth Sci

January (2021) Vol.64 No.1

Shamai (Inner Mongolia) and Baiganhu (Xinjiang) deposit in
China. Wolframite from Xihuashan deposit yielded an age of
160.9+1.9 Ma (n=19, MSWD=1.0) which is in good agree-
ment with molybdenite, monazite and xenotime ages. The U-
Pb age from Piaotang is 153.6+1.4 Ma (n=28, MSWD=2.0);
this result is in good agreement with the wolframite U-Pb age
(~153 Ma) obtained by the water vapor-assisted method with
zircon as an external standard. The Langcun wolframite
yielded a U-Pb age of 127.4+4.8 Ma (n=30, MSWD=1.8)
which is very close to the younger group age of 131.2+1.8
Ma (n=5, MSWD=0.7) from the zircon in granite, but clearly
younger than the older zircon group age of 144.60+1.2 Ma
(n=19, MSWD=0.8). The U-Pb age of Shamai wolframite is
142.3£1.3 Ma (n=34, MSWD=1.8), consistent with the
muscovite Ar-Ar age (140£1 Ma). Wolframite from Bai-
ganhu deposit yielded the ages of 425.9+4.3 Ma (n=19,
MSWD=1.0) and 429.2+6.8 Ma (n=23, MSWD=2.0), which
are in good agreement with the cassiterite age (427.6+5.1
Ma, n=29, MSWD=2.4; Tang et al., 2020). The above results
exemplify the accuracy and widespread applicability of their
method.

These innovative methods greatly undermined the depen-
dence of in situ U-Pb dating on the same type mineral re-
ference material, which broadened the application of in situ
laser ablation U-Pb chronology, and exhibited the obvious
advantages and wide application prospects of in situ wol-
framite U-Pb dating. However, the U content in wolframite is
often relatively low and with huge variations in different
regions or in the same mining area, ranging from 2 to 4
magnitude (from lower than 0.1 ppm to higher than
100 ppm, 1ppm=1x 10°; Figures 1 and 2). This characteristic
is different from other common dating minerals (zircon, ti-
tanite, monazite, etc.). In addition, wolframite contains a
certain amount of common Pb which also varies widely
(from lower than 10% to higher than 90%; Figure 2b). On the
other hand, there is no international wolframite U-Pb stan-
dard available. These obstacles bring difficulties and chal-
lenges to the application of in situ U-Pb chronology.

The following aspects should be taken into account in the
future for in situ U-Pb dating of wolframite: (1) Reference
materials development for in situ U-Pb dating of wolframite:
in order to further establish relatively uniform and high U
content along with low common Pb composition reference
materials for wolframite U-Pb dating, it is required the long-
term efforts and cooperation of domestic and foreign coun-
terparts. At present, the ID-TIMS U-Pb dating of wolframite
is only done at GFZ in Germany, and there is no reported ID-
TIMS U-Pb work of wolframite in China to our knowledge.
Coincidentally, the ID-TIMS U-Pb dating of most other ac-
cessory minerals also needs to be measured in foreign la-
boratories, therefore it is urgent to strengthen this method in
China (Wang et al., 2020). In addition, the synthetic wol-
framite reference is also a viable plan. (2) The isobaric in-
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Figure 1 The variation of wolframite U content (ID-TIMS data come
from Romer and Liiders, 2006; Pfaff et al., 2009; Lecumberri-Sanchez et
al., 2014; Harlaux et al., 2018a; Legros, 2017, Legors et al.,2020; LA-ICP-
MS data come from Harlaux et al., 2018b; Zhang et al., 2018; Deng et al.,
2019; Luo et al., 2019; Legros et al., 2020; Tang et al., 2020).
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202Hg; w0 on 204Hg and 204Pb) on Hg and Pb: The in-
terference of tungsten oxides on Hg and Pb leads to no
workable approach to perform *“Pb correction for in situ
wolframite U-Pb dating, no matter the ion probe or the laser
probe. Especially, the ion probe U-Pb analysis takes oxygen
source as the primary ion source and will produce a large
number of tungsten oxides, which may also be the main
reason for the non-reported wolframite U-Pb dating research
by ion probe. The reported laser data have shown that the Th/
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U ratio of wolframite is 10°~10 (Figure 2a), which is 2 to 4
orders of magnitude higher than that of cassiterite and rutile
(10471075). This also indicates that the ***Pb correction
method may not be effective for in situ wolframite U-Pb
dating. In consequence, the best age estimate can be obtained
from the intercept age in the Tera-Wasserburg diagram for
the common Pb bearing wolframite, also the *’Pb correction
may be preferable to get the 2pp/ U age. (3) The closure
temperature of wolframite U-Pb system: The closure tem-
perature of wolframite with respect to the U-Pb system has
not been evaluated yet. (4) Matrix effect: Wolframite is in
between the isomorphous solid-solution ferberite (FeWO,)
and hiibnerite (MnWO,). There is no investigation to eval-
uate the matrix effect between different end members using
laser probe or ion probe. Compared with laser probe, ion
probe tends to be more sensitive to matrix effect, which
needs to be further verified. (5) Wolframite is commonly
formed in medium to low temperature hydrothermal depos-
its, susceptible to hydrothermal alteration (such as scheelite,
etc.): It is necessary to identify and confirm the mineraliza-
tion stages of wolframite before performing U-Pb dating.
Also, the backscattering (BSE) and cathodoluminescence
(CL) images are subjected to the inhibition of iron, and they
may not be able to reveal the different mineralization periods
and stages. Therefore, detailed petrographic work (e.g. en-
ergy spectrum and electron probe analysis, etc.) is an im-
portant step for the reliable interpretation of wolframite U-Pb
age (Romer and Liiders, 2006; Pfaff et al., 2009; Lecumberri-
Sanchez et al., 2014; Harlaux et al., 2018a; Legros, 2017;
Legros et al., 2020; Deng et al., 2019; Tang et al., 2020).
In summary, with the growing development and estab-
lishment of an in situ wolframite U-Pb dating protocol, the
relative technique challenges are gradually being addressed.

100

10

0.1

Wolframite samples

Figure 2 Th and U concentration and Th/U ratio along with variation in common Pb composition of the reported wolframite laser ablation data (data come
from Harlaux et al., 2018b; Zhang et al., 2018; Deng et al., 2019; Luo et al., 2019; Legros et al., 2020; Tang et al., 2020).
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It shows that the dating protocol is of far-ranging application
and prospect. As strategic key metals become the hotspot in
metallogenic research at home and abroad, the development
of in situ U-Pb dating protocols for wolframite, cassiterite,
columbite, tantalite, bastnisite, monazite and other rare
metal minerals will certainly make a great scientific con-
tribution to ore deposit study in the near future.
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