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Abstract: The variation of electron spin resonance (ESR) signal intensities and thermoluminescence 
colour images (TLCIs) of quartz was investigated in the present study for various rocks and sediments 
in Japan, to discuss the possibilities of identifying the sediment provenance. The ESR signal intensity 
of the E1' centre in the same grain size in granitic quartz varies from sample to sample, except for that 
in Quaternary samples of volcanic sediment, which is very low, close to the noise level. It was found 
that the diagram, ESR intensities of Al versus Ti-Li centre signal intensities, distinguish volcanic 
from the same grain size in granitic quartz as well as distinguish individual tephra from another. The 
TLCIs from volcanic quartz and some granitic quartz samples is almost red and that from the rest of 
granitic and metamudstone quartz is blue as results of TLCIs although the emission intensities are dif-
ferent.  
Our results suggest that examining the multiple-centre signal intensities of ESR and the TLCIs are ef-
fective to identify the source of quartz and to estimate the sediment provenance. 
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1. INTRODUCTION 

ESR and luminescence dating of quartz is used for 
geochronology and geoarchaeology during the Quater-
nary period (Ikeya, 1993; Aitken, 1985, 1998). Recently 
another direction of studies for Quaternary earth science 
has been tested by using ESR or luminescence signals as 
an indicator of the sediment provenance. 

Sediment provenance would give important infor-
mation on the erosion processes, uplift of the mountains 
and similar, suggesting the environments at the time of 

sediment transportation. It is, however, not easy to clarify 
it if a peculiar rock does not exist in the drainage basin or 
the sediment is made of fine grains such as sand and silt. 
As quartz is one of the most abundant minerals on the 
surface of the Earth and it is resistant to weathering, sed-
iments usually contain a large amount of quartz. The 
identification of the provenance of quartz grains would 
enable the estimation of the provenance of sediments. 

Some ESR and luminescence studies on sediment 
provenance have already been reported. Being initiated 
by Naruse et al. (1997), the E1' centre in quartz was found 
to be a useful indicator to investigate the provenance of 
aeolian dust (e.g. Toyoda and Naruse, 2002). Nagashima 
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et al. (2007) successfully employed the crystallinity index 
(CI) in combination with ESR to discriminate two differ-
ent sources of aeolian dust in the sediment core taken 
from the Japan Sea. Their work was based on the CI of 
quartz defined by Murata and Norman (1976), which is 
obtained from the degree of resolution of the d (212) 
reflection of quartz at 1.3820Åon XRD profile. Duttinea 
et al. (2002) report that quartz of four distinct origins can 
be distinguished using impurity (Al, Ti-Li, Ti-H, Ge) 
centres observed after beta irradiation. Shimada and 
Takada (2008) suggest that the Al, Ti-Li and E1' centre 
signal intensities from natural quartz are useful to distin-
guish the sediment provenance. Ganzawa et al. (1997) 
shows that quartz of aeolian origin transported from Chi-
na can be distinguished from volcanic quartz originated 
in Japanese tephra by looking at TL colour of quartz 
grains based on the observation that volcanic quartz emits 
stronger red thermoluminescence (TL) than blue one 
whereas plutonic quartz does vice versa (Hashimoto et 
al., 1986; 1997).  

In this study, we report the variation of ESR signal in-
tensities and thermoluminescence colour images (TLCIs; 
Hashimoto et al., 1986; Ganzawa et al., 1997) of quartz 
taken from various rocks and sediments in Japan, to dis-
cuss the possibilities of identifying sediment provenance. 
When the procedure is established, it will be useful to 
elucidate the provenance of sediments in the geohistorical 
environments, which may occasionally be related to 
stream piracy, regional tectonic setting and/or the envi-
ronment changes of the hinterland. 

2. SAMPLES AND EXPERIMENTS 

Quartz grains for ESR measurements and TLCI ob-
servations were extracted from the metasediment (1 sam-
ple), the granitic rocks (12 samples) and the volcanic 
sediments (8 samples) of Jurassic to Quaternary (Fig. 1, 
Table 1) as follows; minerals of crushed rocks and sedi-
ments were sieved into 125-250 μm, 250-500 μm,  
500 μm - 1 mm and 1-2 mm and then treated with hydro-
gen peroxide, hydrochloric acid, hydrofluoric acid and 
heavy liquid separation. Thereafter, the samples were 
aligned by grinding to grain size of 125-250 μm. We used 
100 mg of quartz grains for ESR measurement and ap-
proximately 10 mg of quartz grains for TLCI measure-
ment, respectively. All samples were irradiated by gam-
ma ray to a dose of 2.5 kGy. 

ESR spectra were recorded with an ESR spectrometer 
(TE-100, FA200; X-band JEOL RESONANCE Inc.), 
operating amplitude of field modulation 0.1 mT at  
100 kHz. The ESR signals of the E1' centre is observed 
using a microwave power of 0.01 mW at room tempera-
ture (Fig. 2a). The signal of the E1' centre were measured 
after heating the sample at 270°C for 15 minutes (the heat 
treated E1' centre), which corresponds to the number of 
oxygen vacancies (Shimada and Takada, 2008). The E1' 
centre signal intensity of quartz is proportional to the age 

with higher value for quartz from older source rocks 
(Toyoda and Hattori, 2000; Toyoda and Naruse, 2002), 
reflecting the amount of the oxygen vacancies with an 
unpaired electron in a single silicon sp3 orbit (Feigl et al., 
1974). Therefore it can be used to estimate the relative 
number of oxygen vacancies in quartz formed by natural 
radiation since its crystallization. The ESR signal of the 
Al centre (an electronic hole trapped at the bond between 
oxygen and Al which replaces Si) and Ti-Li centre (an 
electron trapped at Ti which replaces Si, with accompa-
nying Li ion) in quartz was measured with a microwave 
power of 5 mW at 77 K (Fig. 2b) using a finger dewar. 
We selected the relative height from the top of the first 
peak to the 16th peak of the main hyperfine structures as 
the Al centre intensity (Yokoyama et al. 1985; Toyoda 
and Falguères, 2003) and the one from the baseline to the 
peak at g = 1.913 as the Ti-Li centre intensity (Toyoda et 
al., 2000). Measurements for the each centre signal inten-
sity were performed five times and the average and the 
standard deviation were calculated. Quartz samples were 
constantly measured with the same standard of MnO 
marker. For the normalization and sensitivity correction, 
the average ESR intensity was divided by the weight of 
the sample and by the MnO marker signal intensity. 

The TLCIs were taken with a digital camera within 
the temperature range 200-400 degree Celsius at a heat-
ing rate of 30 degree Celsius/s. 
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No. 2, 5, 6 

No.1 

No.10, 19 

No.11, 12, 13 

No.9, 16 

No.20, 21 

No.14, 17, 18 

No.4 

No.15 

No.3 

500km 

 

 
Fig. 1. Location map of the sampling sites in Japan. Sample names 
are given Table 1. 
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Table 1. Sample number, name and age. 

No. Sample Type grain size 
Al centre signal 

intensity 
(arb.units) 

Ti-Li centre 
signal intensity 

(arb.units) 

E1'centre signal 
intensity 

(arb.units) 
Age 

1 Airaiwato tephra volcanic ash fall deposits 
(non welded) 0.5-1 mm 3570±204 1190±60 - 

Quaternary 

2 Naruko-yanagisawa 
tephra  

volcanic ash fall deposits 
(non welded) 0.5-1 mm 3960±125 1770±126 - 

3 Adachimedeshima 
pumice fall deposits 

pumice fall deposits 
(non welded) 0.5-1 mm 3580±210 793±56 0.63±0.05 

4 Ohta pyroclastic flow 
deposits 

pyroclastic flow deposits 
(non welded) 0.5-1 mm 1590±107 595±73 0.52±0.04 

5 Hiraizumi pumice 
layer 

pumice fall deposits 
(non welded) 0.5-1 mm 4350±147 870±63 - 

6 Naruko-Nisaka tephra volcanic ash fall deposits 
(non welded) 0.5-1 mm 3020±76 975±86 1.36±0.04 

7 Hakkoda 1st-stage 
pumice fall deposits 

pumice fall deposits 
(non welded) 0.5-1 mm 2960±169 1080±109 0.40±0.04 

8 
Hakkoda 1st-stage 
pyroclastic flow de-

posits 
pyroclastic flow deposits 

(non welded) 0.5-1 mm 5980±202 3130±155 0.65±0.07 

9 Muro pyroclastic flow 
deposits 

pyroclastic flow deposits 
(welded) 

0.5-1 mm 
250-500 μm 
125-250 μm 

8750±135 
8560±119 
8950±184 

1832±77 
1770±89 
1760±73 

3.40±0.11 
3.81±0.16 
3.83±0.04 

Neogene 

10 Koujyaku granite granitic rock 
1-2 mm 

0.5-1 mm 
250-500 μm 

3200±286 
2690±159 
3110±151 

429±27 
345±24 
139±17 

37.1±0.71 
24.5±0.74 
37.0±0.71 

Paleogene 

11 Yagyu granite  granitic rock 
1-2 mm 

0.5-1 mm 
250-500 μm 

4450±79 
- 

4230±194 

1100±50 
- 

918±73 

7.74±0.20 
5.97±0.03 
11.20±0.79 

Cretaceous 

12 Shigaraki granite A granitic rock 
1-2 mm 

0.5-1 mm 
250-500 μm 

5170±96 
4810±246 
4570±125 

570±21 
427±25 
320±61 

12.8±0.22 
18.8±0.81 
33.5±1.29 

13 Shigaraki granite B granitic rock 
1-2 mm 

0.5-1 mm 
250-500 μm 

2190±54 
1860±59 

2760±120 

254±25 
169±20 
336±31 

- 
16.1±0.60 

- 

14 Hira granite granitic rock 
1-2 mm 

0.5-1 mm 
250-500 μm 

3240±179 
2640±117 
2930±120 

227±20 
201±9 
139±7 

50.3±0.59 
26.1±0.64 
49.3±0.58 

15 Suzuka granite  granitic rock 
1-2 mm 

0.5-1 mm 
250-500 μm 

7220±99 
7110±156 
7800±218 

958±31 
1010±60 
788±40 

41.3±1.14 
33.0±0.61 
41.1±1.13 

16 Joryu Tonalite granitic rock 0.5-1 mm 11400±204 839±38 28.6±0.49 

17 Hiei granite A granitic rock 1-2 mm 
0.5-1 mm 

5660±90 
6250±181 

1370±56 
1300±108 

34.3±1.69 
19.5±0.59 

18 Hiei granite B granitic rock 
1-2 mm 

0.5-1 mm 
250-500 μm 

5490±79 
- 

6100±130 

1230±45 
- 

1020±105 

33.9±1.01 
21.2±0.75 
33.7±1.01 

19 Kaitukiyama granite granitic rock 
1-2 mm 

0.5-1 mm 
250-500 μm 

4960±130 
5530±126 
5270±109 

2230±98 
2400±220 
1880±121 

15.7±0.39 
17.0±0.81 
37.1±1.54 

20 Ao granite  granitic rock 0.5-1 mm 
250-500 μm 

4950±130 
5740±386 

59.70±8 
64.40±5 

41.0±1.90 
- 

21 Metamudstone with 
sandstone metasediment 0.5-1 mm 

250-500 μm 
4640±205 
4780±157 

600±31 
623±35 

18.6±0.19 
18.6±0.86 Jurassic 
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3. RESULT AND DISSCUSION 

Difference among the ESR signal intensities due to the 
provenance of the sample 

Fig. 3 shows a plot of the Al versus the Ti-Li centre 
signal intensities observed in quartz of the samples. Fig. 
4 shows the heat treated E1' centre signal intensity of each 
sample. The Al centre signal from quartz grains included 
in Ohta pyroclastic flow deposits (No.4 in Table 1) 
shows the lowest intensity among all the samples (No.4 
in Fig. 3). The Al centre signal from quartz grains includ-
ed in Joryu Tonalite (No.16 in Table 1) shows the high-
est intensity among all the samples (No.16 in Fig. 3). The 
Ti-Li centre signal from quartz grains included in Ao 
granite (No.20 in Table 1) shows the lowest intensity 
among all the samples (No.20 in Fig. 3). The Ti-Li centre 
signal from quartz grains included in Hakkoda 1st – stage 
pyroclastic flow deposits (No.8 in Table 1) shows the 
highest intensity among all the samples (No.8 in Fig. 3). 
The points for volcanic rocks and tephra tend to be plot-
ted in upper parts while those for granitic rocks tend to be 
in lower right (Fig. 3). The E1' centre signal from quartz 
grains included in Hira granite (No.14 in Table 1) shows 
the highest intensity among all the samples (No.14 in Fig. 
3). The Quaternary sample of volcanic sediment (No. 3, 
4, 6, 7 and 8 in Fig. 4) show similar low intensities close 
to the noise level, being difficult to distinguish one from 
another. The similar result was reported by using Quater-
nary samples of volcanic rocks from Kozu Island in To-
kyo, Japan (Shimada and Takada, 2008). Though Shi-
garaki granite A and B (No.12 and 13 in Table 1) are the 
same granitic body, sampling point is different. These Al 
and Ti-Li centre signals intensities are different. Moreo-
ver both of the E1' one is the similar (No.12 and 13 in 
Fig. 3). Hakkoda 1st - stage pyroclastic flow deposits and 

Hakkoda 1st -stage pyroclastic fall pumice deposits (No.7 
and 8 in Table 1) are taken from the same sampling site. 
The Al and Ti-Li centre signals from quartz grains in-
cluded in those volcanic materials are different from on 
another whereas the E1' ones are the similar (No.7 and 8 
in Fig. 3).  

Difference among the ESR signal intensities due to 
grain size of the sample 

The ESR signal intensity of quartz sometimes has a 
large standard deviation (No.19 and 20 in Fig. 3). The 
ESR signal intensities of samples are different according 
to the grain size (e.g. No.11, 12, 17 and 18 in Fig. 3 and 

 
Fig. 2. (A) E1' centre signal was observed at room temperature for a sample of Kaitukiyama granite. (B) Al and Ti-Li centre signals were observed at 
77 K for a sample of Hiraizumi pumice layer. (a) E1’ centre signal intensity; (b) Al centre signal intensity; (c) Ti-Li centre signal intensity. 

 

 
Fig. 3. Diagram of Al versus Ti-Li centre signal intensities of quartz 
grains in various samples. The size of symbol represents the grain 
diameter: maximum one is 1-2 mm, and minimum one is 125-250 μm. 
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No.10, 14 and 17-19 in Fig. 4). The Al centre signal 
intensity of Shigaraki granite B (No.13 in Table 1) 
ranged between 1860 and 2760 (average, 2270). The Ti-
Li centre signal intensity of Kaitsuki granite (No.19 in 
Table 1) ranged between 1880 and 2400 (average, 2170). 
The E1' centre signal intensity of Hira granite (No.14 in 
Table 1) ranged between 26.10 and 50.30 (average, 
41.90). Those variations are the largest among the present 
samples. ESR signal intensities of Muro pyroclastic flow 
deposits (No.9 in Table 1) are consistent within the range 
of error for 3 grain sizes (No.9 in Fig. 3 and Fig. 4). ESR 
signal intensities of Metamudstone with sandstone (No.9 
in Table 1) are consistent within the range of error for 2 
grain sizes (No.21 in Fig. 3 and Fig. 4). The Quaternary 
sample of volcanic sediment (No. 3, 4, 6, 7 and 8 in Fig. 
4) show similar low intensities close to the noise level, 
being difficult to distinguish one from another. It indi-
cates that we can identify more clearly the source of same 
grain size in quartz of samples using both the E1' centre 
signal intensities and the diagram of the Al versus Ti-Li 
centre signal intensities. 

Therefore, it indicates that we should use the multiple 
indexes of the ESR signal intensities for estimating de-
tailed sediment provenance.  

TLCI 
TLCIs of the samples show different emission colours 

(Fig. 5). The emission colour of TL from Quaternary and 
Neogene samples of volcanic sediment (No.1-9 in Fig. 5) 
and some samples of granitic rock (No. 10 and 14 in Fig. 
5) are almost red on the TLCIs though the emission in-
tensities were different. The emission colour of TL from 
the rest of granitic rocks and metamudstone quartz were 
blue on the TLCIs though the emission intensities were 

different (No. 11-13, 16, 17 and 19-21 in Fig. 5). The TL 
from the quartz included in Muro pyroclastic flow depos-
its and Koujyaku granite (No.9 and 10 in Table 1) shows 
almost red with a few blue colours (No. 9 and 10 in Fig. 
5). The quartz of Suzuka granite (No.15 in Table 1) 
shows mixed red and blue TL on the TLCI (No. 15 in 
Fig. 5).  

Multiple ESR centre signal approach and TLCIs to 
identify the source of quartz 

As mentioned before, the ESR signal intensity of the 
E1' centre in the granitic quartz varies sample to sample, 
except for that in Quaternary tephra samples, which is so 
low close to the noise level. It was found that the dia-
gram, ESR intensities of Al versus Ti-Li centre signal 
intensities, distinguish volcanic from the same grain size 
in granitic quartz as well as distinguish individual tephra 
from another. The data plotted in Figs. 3 and 4 show 
distinct distributions, raising possibility that the source of 
quartz could be identified in greater detail if we combine 
measurements of the Al and Ti-Li centre signals of the 
same grain size in quartz grains with those of the E1' 
centre signal. They also suggest that we should consider 
the grain size to identify the source of quartz using the 
ESR signal intensity. This “multiple-centre signal ap-
proach” of ESR measurement should be further studied 
for estimating detailed sediment provenance at the drain-
age scale. 

The emission colour of TL from volcanic quartz and 
some granitic quartz samples is almost red and that from 
the rest of granitic and metamudstone quartz is blue as 
results of TLCI although the emission intensities are 
different. The red emission of TLCIs in granitic rocks 
was different from the results of Hashimoto et al. (1997) 
and Ganzawa et al. (1997). It is suggested that those 
colour emission of TL are related to Al impurities (e.g. 
Yawata et al., 2006) or Europium ion (e.g. Ohta et al., 
1992). It indicates that the TLCIs are also effective to 
identify the source of quartz and estimate sediments 
provenance. These findings raise the possibility of identi-
fying details of sediment provenance from the combina-
tion of the multiple ESR centre signal approach and 
TLCIs. 

Sawakuchi et al. (2011) suggests that the temperature 
of crystallization and the number of cycles of burial and 
solar exposure may be the main natural factors control-
ling the optically stimulated luminescence (OSL) sensi-
tivity of quartz grains. It also suggests that the increase in 
OSL sensitivity due to cycles of erosion and deposition 
surpasses the sensitivity inherited from the source rock, 
with this increase being mainly related to the sensitization 
of fast OSL components. In addition to the multiple ESR 
centre signal approach and TLCIs, using OSL signal for 
grains from the same sedimentary unit may enable an 
assessment of detailed sediment provenance at the drain-
age scale.  

 
Fig. 4. E1’ centre intensities of quartz. The size of symbol represents 
the grain diameter, maximum one is 1-2 mm, and minimum one is 125-
250 μm. 
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4. CONCLUSION 

The E1' centre signal intensity of the same grain size 
in granitic quartz is mostly different from each other, but 
that of the Quaternary samples of volcanic sediment 
shows similar low intensity close to the amplitude of 
noise on the baseline, being difficult to distinguish each 
other (Fig. 4). However on the ESR diagram of the Al 
versus the Ti-Li centre signal intensities we can roughly 
distinguish Quaternary samples of volcanic sediment 
from the same grain size in granitic one and identify the 
peculiar domain of each sample (Fig. 3). Therefore, it is 
necessary that the same grain size in samples is con-
firmed distribution trend of ESR signal intensity. 

The TLCIs from Quaternary and Neogene samples of 
volcanic sediment (No.1-9 in Fig. 5) and some granitic 
quartz samples (No. 10 and 14 in Fig. 5) is almost red 
and that from the rest of granitic and metamudstone 
quartz is blue on the TLCIs though the emission intensi-
ties is different (No. 11-13, 16, 17 and 19-21 in Fig. 5). 
The TL from the quartz included in Muro pyroclastic 
flow deposits and Koujyaku granite (No.9 and 10 in Ta-
ble 1) shows almost red with a few blue colours (No. 9 
and 10 in Fig. 5). The quartz of Suzuka granite (No.15 in 
Table 1) shows mixed red and blue TL on the TLCI (No. 
15 in Fig. 5).  

Our results suggest that the detection of the multi-
centre signal intensities of ESR and the TLCIs are effec-
tive to identify the source of quartz and estimate sedi-
ments provenance. 

 

(17) Hiei granite A 

(12) Shigaraki 
 granite A 

(13) Shigaraki  
granite B 

(15) Suzuka granite (14) Hira granite 
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Fig. 5. TLCIs of quartz grains in various samples. 
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