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Hydrogen in silicate melt inclusions in quartz
from granite detected with Raman spectroscopy
Jiankang Lia* and I-Ming Choub
By using Raman spectroscopy, hydrogen was detected, together with CH4, N2, H2O, disordered graphite, and possibly a (CH4)n
(H2)m compound, in silicate melt inclusions (SMIs) in quartz from Jiajika granite in China. The occurrences of H2 in fluid or melt
inclusions are rarely reported because they are not commonly expected, and also the spectral window above 4000 cm 1
wavenumbers, where the dominant signals of H2 located, is rarely covered in routine Raman analyses due to limited information of geological interest available in that spectral range. The mechanisms for the occurrence of H2 in these SMIs are unknown.
However, the retention of H2 in these SMIs was most likely resulted from the low diffusion rate of H2 in quartz at low temperatures and also the low H2 gradient between SMIs and their environments surrounding the host minerals. More studies are
needed to determine whether the occurrences of H2 in inclusions in minerals are common in similar or other rock types, to
formulate the mechanisms for its entrapment, and to investigate the associated geological processes. Copyright © 2015 John
Wiley & Sons, Ltd.
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Introduction
Many geological processes are affected by the redox state of the
system, such as the stability of minerals, the solubility of minerals
in hydrothermal fluids, the speciation of metal complexes in hydrothermal fluids, and the transportation and precipitation of metals
for the formation of ores. The redox state of the system can be inferred by the presence of certain redox-related minerals or elements (e.g. hematite, magnetite, wüstite, iron, etc.) or gases (e.g.
CH4, CO, CO2, H2, etc.). Although the rare occurrences of H2 in melt
or fluid inclusions have been reported previously,[1–4] some remain
controversial.[5] This is mainly because some of the measured H2
could come from contamination or mineral reactions with water
during sample treatment and/or mass spectrometric analysis of
the inclusions.[5] On the other hand, the main reasons for the rare
reports on the occurrence of H2 in melt or fluid inclusions are that
H2 was not expected because: (1) it was commonly believed that
H2 could easily diffuse out of the inclusions, and (2) the laser Raman
microspectrometry (LRMS) is currently the only reliable tool for
identifying H2 in fluid inclusions,[1,5] but the major and easily identified Raman signals for H2 are in the spectral range beyond
4000 cm 1, where geologically important information was not expected to be revealed, and therefore not commonly explored in
routine analyses. In this study, H2 was positively identified with
LRMS in silicate melt inclusions (SMIs) in quartz from granite of
Jiajika granitic pegmatite deposit in China. This finding reveals the
needs of our future research on formulating possible mechanisms
for the entrapment and retention of H2 in these inclusions and also
understanding the related geological processes.

Geological features of Jiajika granitic pegmatite deposit, China
The Jiajika granitic pegmatite rare-metal deposit in western
Sichuan, China is the largest lithium deposit in Asia, where pegmatite dikes surround the granite body in both horizontal and vertical
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directions.[6] The granite is fine-grained and contains muscovite, biotite, quartz, feldspar, and tourmaline without showing obvious alteration or metasomatic effects.[7] The studied SMIs are hosted in
quartz in negative-crystal shape or irregular shape with convex
and concave sides; they are mainly composed of daughter minerals, aqueous, and vapor phases (Fig. 1). The proportions between
solid and fluid phases are similar in the SMIs formed in the same
geological event, indicating that these SMIs were entrapped in a
homogeneous fluid state.

Methods
The different phases within unopened SMIs in quartz were identified by using a JY Horiba LabRam HR800 confocal-Raman system
in Horiba (China) Trading Co., Ltd. Beijing Branch. The excitation
beam of 514 nm wavelength was used, and the laser was focused
on the sample surface through a 100× Olympus objective lens
(N.A. = 0.905). The power of laser on the sample was about
5.5 mW, and the spectral accuracy was ±0.2 cm 1.

Results
Raman spectroscopic analyses of the solid phases in SMIs showed
that muscovite was the most common daughter mineral, and only
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Figure 1. Photos of H2-bearing silicate melt inclusions in quartz in granite from Jiajika pegmatite deposit, China. V—vapor phase, Mus—muscovite, and Gls
—silicate glass. The length of the scale bar is 10 μm.

a few SMIs contained quartz or silicate glass. The vapor phase commonly contained H2O, N2, and CH4 with the major CH4 υ1 peak between 2916.1 and 2918.0 cm 1 (Fig. 2). As shown in spectra d and h
in Fig. 2, the vapor phase within some of the SMIs also contained H2
showing the characteristic Raman peaks at 356, 588, 816, 1037,
4126, 4144, 4156, and 4161 cm 1, and these Raman signals for H2
matched very well with those in the reference spectra (spectra a
and c in Fig. 2). In several SMIs, graphite was identified coexisting
with CH4, H2, and an unknown solid species, which is possibly a
(CH4)n(H2)m compound with a Raman peak near 4292 cm 1 (spectrum e in Fig. 2).[8] The collected Raman spectra of graphite showed
that the peak intensity ratio for 1355 cm 1/1585 cm 1 was about

0.67, corresponding to the disordered graphite with crystallite size
of about 30 nm.[9] At room temperature, the differences between
the Raman shifts of pure CH4 with pressure near 0.1 MPa and that
of CH4 in SMIs were between 0.2 and 2.2 cm 1, indicating that the
partial pressures of CH4 within SMIs were less than 10 MPa, based
on the calibrated equation of ref. 10.
In order to monitor the possible diffusion of H2 out of SMIs
sample wafers, several hydrogen-bearing SMIs were analyzed
several times in the time interval of 166 days by using LRMS.
No obvious changes were observed for the intensity ratios
among N2, CH4, and H2 (Fig. 3), indicating no detectable H2 leak
from the SMIs.

Figure 2. (A) The laser Raman spectra of solid and fluid phases in SMIs in quartz (Qz) in granite from Jiajika pegmatite deposit in China, which were collected
in 120 s with two accumulations. Spectra a and c are the reference spectra of H2 at the low and high wavenumber regions, respectively. Spectrum b is the
reference spectrum of CH4 at pressure of about 40 MPa at room temperature. Spectra d, e, f, and g were collected from the spots d, e, f, and g,
respectively, in a single SMI shown in (B). Spectrum e shows the presence of disordered graphite (Gr), H2O, and possibly a (CH4)n(H2)m compound. (B)
Photo of a SMI in quartz, showing the spots where Raman spectra were collected. Spots d, e, and f are vapor, disordered graphite, and muscovite (Mus)
phases, respectively, and spot g is the host quartz. (C) Spectra h and c are, respectively, the enlarged spectra d and c in (A), showing the major Raman
signals of H2.
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Figure 3. The laser Raman spectra of the vapor phase in a SMI in quartz in granite from the Jiajika pegmatite deposit collected in the time interval of
166 days. These spectra were collected under similar conditions (120 s with two accumulations) and normalized with the same intensity of CH4. No
obvious changes were observed for the intensity ratios among N2, CH4, and H2, indicating no detectable H2 leak from the SMIs.

Discussion
In this study, the occurrence of H2 was positively identified with
LRMS in SMIs in quartz from granite. There are several possible
mechanisms for the presence of this identified H2 in SMIs in quartz,
including water radiolysis,[3,11] H2 diffusion from wall rocks,[1]
mineral–water reactions,[4] and the degassing of reduced mantle,
where H2 and hydrocarbons were expected to be stable.[12–15] Normally, pegmatitic rare-metal deposits, such as Jiajika deposit,
formed at the depths of up to 15 km with a relatively sealed
environment,[16] which enhanced the entrapment and retention
of H2 in SMIs. However, the mechanisms for the origin of the detected hydrogen in these SMIs remain unknown.
Another issue needs to be discussed is the retention of H2 in
SMIs. The measurements of diffusion coefficients of H2 in fused silica have been extended to 23 °C,[17] but those in quartz have not
been performed below 400 °C (Fig. 4, and also Fig. 6 of ref. 20 and
Fig. 17 of ref. 21). All of the available data show that the diffusion

rates of H2 in either fused silica or quartz decrease with the decrease of temperature (Fig. 4). This trend may also apply to the diffusion rates of H2 in quartz below 400 °C. Even though measurable
loss of H2 in a fused silica capsule was reported at room temperature within 53 days,[17] the fact that hydrogen was retained in the
SMIs in quartz after the formation of granite of Jiajika pegmatite deposit about 208 Ma ago[7] and also after the samples were cut into
wafers about six years ago, indicates that the diffusion rates of H2 in
quartz were low enough at low temperatures to retain H2 in the
SMIs for a long period of time. These observations support previous
predictions that H2 mobility in quartz does not appear to be significant below 200 °C,[22,23] and that the blocking temperature for hydrogen diffusion in quartz is apparently above 300 °C.[24] They are
also consistent with our observations of no obvious H2 leak from
a SMI within a period of 166 days at room temperature (Fig. 3). Furthermore, when compared with the experiments[20,23] on hydrogen
movement into and out of fluid inclusions in quartz, the H2 gradient
between SMIs and external environments for Jiajika pegmatite

Figure 4. Comparison of the diffusion coefficients of hydrogen in fused silica (open circles from ref. 18; dots and solid line from ref. 17) with those in quartz
(filled squares from ref. 19; dashed line from ref. 20).
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deposit is relatively low, as indicated by the relatively weak intensities of H2 Raman peaks, in favor of H2 retention in SMIs in quartz.
However, when our SMI samples were heated at 750 °C under
100 MPa Ar external pressure for 24 h in a cold-seal pressure vessel,
the CH4 in the inclusions was replaced by CO2 with the disappearance of H2, indicating significant loss of H2 from SMIs through diffusion in quartz at high temperature. Note that the trapping
temperatures of SMIs, as indicated by their total homogenization
temperatures measured under external H2O pressures in a hydrothermal diamond-anvil cell,[25] were between 700 and 800 °C.
Therefore, when the possible loss of H2 after entrapment during
cooling was considered, the amount of H2 originally contained in
this granitic magma should be higher than those currently detected
in these SMIs in Jiajika pegmatite deposit. Furthermore, the reported occurrences of H2 in natural melt or fluid inclusions should
be more common if we expect and search for it.
The detection limit of H2 in LRMS is about 1.6 atm. pressure,[26]
and the H2 Raman signals shown in Figs 2 and 3 indicate that the
H2 pressure in the SMI is much higher than 1.6 atm. at room temperature. Therefore, the redox state in the SMIs is more reducing
than the fayalite-magnetite-quartz (FMQ) buffer. However, the estimated redox states of 12 Proterozoic granite batholiths of S.W. USA,
based on the annite–sanidine–magnetite oxybarometer and assuming total pressure equals water pressure, are mostly more oxidizing than the FMQ buffer between 650 and 800 °C (ref. 27; his
Fig. 9). Also, the redox states of Oak Creeks batholith are more oxidizing than FMQ buffer (ref. 27 and references therein; his Fig. 10).
More detailed experiments and petrographic studies are needed
to determine the redox states of Jiajika granite and the related geological processes.
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