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Using the geographic detector
model to identify factors
controlling the bioavailability of
Sr isotopes in China
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Strontium isotope ratios (87Sr/®Sr) are a widely applied tool in provenance
applications in archaeology, paleoecology, forensics, and food science.
Bedrock Sr is naturally and anthropogenically transferred to other reservoirs
on the Earth's surface through interactions with the hydrosphere, atmosphere,
and biosphere. We attempt to reassess the contribution of the spatial
distribution of bioavailable strontium isotopes using the geographic detector
model (GDM). Our study reveals that the watershed factor explains 50.35% of
the spatial variation of bioavailable Sr isotopes, while the climate, terrain,
geology, and soil explain 14.41%, 4.94%, 4.63%, and 4.70% of the spatial
variation of bioavailable Sr isotopes. The factors influencing the spatial
variation of bioavailable Sr isotopes in China were ranked as follows: basin >
climate > terrain > geology > soil type. The nonlinear enhancements of the
interactions between the watershed and geology explained 59.90% of the
spatial variation in bioavailable Sr isotopes, indicating that natural processes
still control the bioavailability of strontium isotopes in China. Based on the
synthesized river-water isotopic data, the large-scale bioavailable Sr isoscape
discussed herein can be useful for migratory studies in China. The enrichment
of strontium isotope data to refine Sr isotopes, as well as the search for better
data on possible controlling factors, will make the analysis more comprehensive
and provide a solid foundation for explaining strontium isotope migration.

KEYWORDS

strontium isotope, geographic detector model, natural and anthropogenic influences,
controlling factor, China

Introduction

Strontium is a member of Group IIA alkaline earth with four naturally stable isotopes:
84Gr, %Sr, ¥Sr, and **Sr Notably, only ¥Sr is radiogenic with a half-life of 48.8 x 10° years,
produced by the radioactive B-decay of *Rb (Rubidium-87) (Capo et al., 1998). Rocks or
minerals have different ages and Rb/Sr ratios, which allow the Earth to indicate unique
and predictable patterns of variations in strontium isotopes (Bataille and Bowen, 2012).
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Strontium isotope ratios (¥’Sr/**Sr) have been a widely applied
tool in provenance applications in archaeology, paleoecology,
forensics, and food science during the past 4 decades (Ericson,
1985; Font et al., 2015; Coelho et al., 2017; Crowley et al., 2017).

Provenancing biological materials using strontium isotope ratios
requires a map of bioavailable strontium. Strontium isotopes
essentially depend on the regional geological background, ie., the
older and more Rb-enriched bedrock contains more ¥Sr During the
isotope transfer and migration process from rock to biological tissues,
the strontium isotope composition might deviate from the bedrock
composition due to the differentiated weathering of rocks, mixing of
soils and water, bio-averaging mechanisms, and human modification.
Since the first Sr isoscape of the United States was calculated by age
variations in basement rocks (Beard and Johnson, 2000), many
bioavailable strontium isoscapes have been generated on different
substrates such as plants, soils, animals, and water (Evans et al., 2010;
Thornton, 2011; Bataille et al,, 2020; Wang and Tang, 2020) using
various methods (Holt et al., 2021). However, the strontium transfer
processes are significantly modified by anthropogenic activities such
as landscape utilization, deforestation, mining exploitation,
agricultural fertilization, and mass logistics (Maurer et al, 2012;
Thomsen and Andreasen, 2019). To better understand the
strontium  isotopes of archaeological samples and tentatively
geolocate their possible provenances, it is necessary to evaluate the
contributions of various contributing factors, including the
environment and human activities.

The geographic detector model (GDM) is a statistical method
developed by Wang and Hu, 2012) to detect spatial heterogeneity
and reveal the driving forces behind it. This method is robust for
identifying driving forces and influencing factors as well as
conducting spatial analysis. The GDM has some significant
advantages compared to classical statistical methods since it
considers spatial effects and does not require a linear hypothesis
(Wang et al,, 2016). The relationship between X and Y established by
the GDM is more reliable than that determined by a classical
regression (Wang and Xu, 2017), since any potential factors can
be included in the analysis without considering the problem of
multiple collinearities (Zhou et al., 2018). Finally, the GDM can rank
the determination power of each factor and describe its changes over
time (Ding et al, 2019). Therefore, the GDM has been widely
utilized in many fields of natural and social sciences, including
public health (Wang et al., 2010), land use (Ju et al., 2016), PM, 5
(Wang et al,, 2021), air quality indexes (Zhan et al, 2018), heavy
metals (Wu et al., 2021), carbon emissions (Zhang and Zhao, 2018),
and soil erosion (Wang et al,, 2019), and it has been gradually
adopted for research on agricultural eco-efficiency (Liao et al., 2021).
Although various fields have been explored, GDM has rarely been
utilized to analyze the factors affecting Sr isotopes.

In China, a large-scale bioavailable strontium isotope map has
been generated based on 1872 water samples across the whole
country (Wang and Tang, 2020), providing a baseline for migration
studies. Herein, we intend to elucidate the impacts of various
surficial factors and their interactions on Chinese bioavailable
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strontium patterns using the GDM. Given the importance of
bioavailable Sr isotopes, this study aimed to identify the factors
controlling bioavailable Sr isotopes using GDM and multiple data
sources. The results are expected to reveal environmental factors’
driving contributions and provide a geo-statistical approach to
explore the factors controlling the bioavailability of Sr isotopes.

Materials and methods
Sampling and measurements in China

All Sr isotopes samples were collected from rivers, plant
leaves, local animals, and humans (from archaeological sites),
which resulted in 1935 sample locations published in the dataset
of bioavailable strontium isotopes in China by Wang and Tang
(2020). Most isotopic ratio measurements were conducted at the
State Key Laboratory of Lithospheric Evolution at the Institute of
Geology and Geophysics, Chinese Academy of Sciences
(IGGCAS) with a Triton Plus thermal ionization mass
spectrometer (TIMS) (Thermo Fisher Scientific). Considering
that some data points from the 1935 samples were obtained from
published references, we normalized the ratios relative to an *’Sr/
#8r for a NIST SRM-987 of 0.710,250 when available to eliminate
any potential interlaboratory bias. If the measured ratio of the
standard sample was not available in the reference, we used the
reported ratios without further corrections (Figure 1).

The ¥Sr/*Sr ratios across China exhibit considerable
heterogeneity with a distinct strontium isotope distribution
based on geological and isotopic data. Given the spatial
distribution characteristics of Sr isotopes in inter- and intra-
tectonic blocks, the regions with the highest ratio of *Sr/*Sr
(>0.722) are mainly found in the Guotai block and the
southeastern margin of the Tibetan Plateau; the lowest
percentage (0.701-0.708) is primarily distributed in the
Junggar Terrane, the Erguna-Xing’an block, and the Jiamusi-
Hanka block (Wang and Tang, 2020).

Selection of controlling factors and data
sources

Natural background factors (ie, the interaction of the
hydrosphere, atmosphere, and biosphere) (Holt et al., 2021) and
human activities (e.g., mining exploitation, agricultural fertilization)
(Maurer et al., 2012; Thomsen and Andreasen, 2019) can lead to
changes in the spatial pattern of bioavailable strontium isotopes. In
this study, indicators such as geology, soil, topography, climate,
vegetation, river basins, and land use were selected to detect their
effects on the spatial distribution of bioavailable strontium isotopes
and their interactions using geographic probes. The magnitudes of
these effects and their interactions could be detected to assess their
various roles in the bioavailable strontium isotopes.
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FIGURE 1
The spatial distribution of bioavailable Sr isotopes in China.
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TABLE 1 Selection of controlling factors for the bioavailable Sr isotopes in China.

No. Index Reference Data source

1 Terrain Bataille and Bowen (2012)

2 Land use Thomsen and Andreasen, (2019)
3 Basin Bataille and Bowen (2012)

4 Soil Bataille et al. (2020)

5 Climate Bataille et al. (2020)

6 Plant Su et al. (2020)

7 Geology Bataille and Bowen (2012)

Water Resources Statistical Yearbook (2020)

The second nation soil survey (https://www.resdc.cn)

Vegetation map of China (https://www.resdc.cn)

Chinese geological map (https://www.resdc.cn)

DEM from NASA (https://cce-datasharing.gsfc.nasa.gov/publications/search/5/0/)
ESA CCI Land Cover (https://ceos.org/gst/cci-lc.html)

Map of Climate Types in China from the Atlas of Physical Geography of China (Yang, 2010)

Topographic data were obtained from NASA’s data sharing platform the Data Center for Resources and Environmental Sciences of the
usinga 1 x 1 km digital elevation model. The land-use data were obtained Chinese Academy of Sciences. The climate data are derived from the
from a web station of the 2015 ESA CCI Land Cover project, and the map of climate types in China, which was published in the Atlas of
river-basin data were obtained from the 2020 Water Resources Statistical Physical Geography of China (Yang et al, 2010). The selected factors
Yearbook. The soil, plant, and geology of China data were obtained from are listed with their associated data sources in Table 1 and Figure 2.
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and sea islands, and 30 coastal salt farms.

Controlling factors. (A) Geology (B) Soil, (C) Terrain, (D) Land use, (E) Climate, (F) Plant, (G) Watershed. The soil-type legend is as follows:
10 leached soils, 11 semi-leaching soils, 12 calcium-layer soils, 13 dry soils, 15 primary soils, 16 semi-hydrated soils, 17 hydrated soils, 18 saline-alkali
soils, 19 artificial soils, 20 alpine soils, 21 ferrallites, 22 urban districts, 24 lakes and reservoirs, 25 rivers, 26 sandbars and islands in rivers, 28 coral reefs
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Geographic detector model

GDM is mainly used to analyze the correlation among
Srisotopes, the selected eight impact factors, and multiple
The the
GeoDetector have a clear physical meaning without an

impact factor interactions. q values in
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assumption of linearity and objectively detect x100 g% of
the dependent variable (Wang et al., 2019). In this study,
we employed factor and interaction detectors in the GDM
to more comprehensively analyze the correlations
between Sr isotopes and the selected impact factors

(Figure 3).
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FIGURE 3

Rationale of the geographical detector (Wang et al,, 2010; Wang et al., 2017). (A) Detection of driving forces, and (B) interaction detection.

Factor detectors
The factor detector method was used to measure the spatially
stratified heterogeneity of geographic variable Y, and the

g-statistic was defined as follows (Wang et al., 2016):
_ Zi:lzz‘i (rmi - J_’h)z

q= 1 — =1
Y i-y)

where 3, = (1/N,) YN yy; is the mean value of stratum h, and

_zﬁ;lNhaﬁ_l_ssw
No* = SST’

1

y= (ﬁ)zl{il y; is the mean value of the population. o7 =
(Nih)zg/i (Vhi —}Th)z is the variance in stratum h, and o? =
(#)ZiNz (i = )7)2 is the variance in the population. SSW and
SST denote the variance within the sum of squares and the total
sum of squares, respectively (Wang et al.,, 2016; Wang and Xu,
2017).For g€ [0,1], a higher value of g indicates a more
substantial spatially stratified heterogeneity of Y. When the
strata are defined by factor X, g indicates that factor X can
explain 100 x g% of the spatial pattern of Y. The factor X must be
a categorical variable in calculating the g value. If factor X is a
continuous variable, it needs to be categorized using expert
knowledge or a categorization algorithm, such as the equal
interval, natural break, quantile, geometrical interval, and
K-means methods (Wang and Xu, 2017). In this study, the
continuous variables (terrain, land use, basin, soil, climate,
plants, and geology) were discrete using the natural break
method, and a p-value was used for the significance test
(Wang et al., 2016).
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Interaction detectors

An
interaction between two different factors, namely X; and
X5, by comparing g (X; N X;) with g (X;) and q (X3). Xj
N X, indicates a new stratum created by overlaying factors X,
and X, (Wang and Xu, 2017; Luo et al., 2019). If ¢ (X; N X,) >
q (X3) or q (X2), then the two factors enhance each other; if g
(X1 N X5) > q (X1) and ¢q (X,), then the interaction is a bi-
enhancement; and if g (X; N X3) > g (X;) + q (X3), then the
two factors nonlinearly enhance each other. If the opposite of

“interaction detector” was defined to assess the

these formulas is accurate (e.g., ¢ (X1 N X3) < q (X;) or q (X3)),
then the interaction between the two factors is weakened, bi-
weakened, or nonlinearly weakened, respectively. If g (X; N
X;) =q (X)) + q (X3), then the factors are independent of each
other (Wang et al., 2010; Wang amd Xu, 2017; Luo et al,,
2019). The free software for executing this geographical
method was

detector downloaded from http://www.

geodetector.org.

Getis—Ord Gi

The spatial agglomeration can be identified within the
context of neighboring features (Getis and Ord, 1992). In
order to identify the local spatial autocorrelation, Getis—Ord
Gi is introduced and can be expressed as follows:
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TABLE 2 Descriptive statistics of the bioavailable Sr isotopes.

Minimum Maximum Mean Median S.D*
Bioavailable Sr isotopes 0.701937 0.755434 0.711207 0.710000 0.003068
2S.D. is the standard deviation.
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FIGURE 4
The agglomeration patterns of bioavailable Sr isotopes in China.
WY, - Y YW Results
G(d)=zj ] 211 2]’ (2)
K (Z,ulwv') Spatial heterogeneity of bioavailable Sr
i isotopes

Y Yi-Y
s= 1\l — (3)
n i The descriptive statistics of bioavailable Sr isotopes are

shown in Table 2. The variation of bioavailable Sr isotopes

where G (d) is the value of Getis-Ord Gi; when the value of G (d) ranges from 0.701,937 to 0.755,434, with mean and median
is positive and Z (G) is statistically significant, a hot spot exists. values of 0.711,207 and 0.71, respectively. According to
When the value of G(d) is negative and Z(G) is statistically Figure 4, the results of Getis-Ord Gi showed a significant
significant, a cold spot exists (Zhang and Zhao 2018). feature of local spatial autocorrelation. Regions with high Z
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TABLE 3 Contribution of the controlling factors for Sr isotopes with q
values.

No. Factor q statistics p-value
1 Terrain 0.049491 0.00**

2 Land use 0.003797 0.68

3 Watershed 0.503518 0.00%*

4 Soil 0.047021 0.00**

5 Climate 0.144111 0.00**

6 Plant 0.020086 0.57

7 Geology 0.046382 0.00**

scores (hot spots) were located in Sichuan, Yunnan, Jiangxi,
Guangxi, Gansu, and Henan. The regions with low Z scores (cold
spots) were mainly located in Guizhou, Heilongjiang, Jilin, and
Xinjiang. The firm spatial heterogeneity of bioavailable Sr
isotopes provides a robust basis for GDM analysis.

q statistics for factor detection

In Table 3, the g-statistic results indicated that the watershed
was the dominant factor in the distribution of bioavailable Sr
isotopes in China, which explains 50.35% of the spatial variation

FIGURE 5

Factors influencing the Sr isotopes with g values. The black vertical bar on the left represents the determination of each driver of a Sr isotope.

The black vertical bar on the right represents the Sr isotope.
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of the bioavailable Sr isotopes. Then, the climate, terrain, geology,
and soil explain 14.41%, 4.94%, 4.63%, and 4.70% of the spatial
variation of the bioavailable Sr isotopes, respectively. The land use
and plants did not pass the significance testing at the 0.05 level.

According to the results of the GDM detection factors, the
factors influencing the spatial variation of the bioavailable Sr
isotopes in China were ranked as follows: watershed > climate >
terrain > geology > soil type (Figure 5).

Interaction detection

The interaction detector was applied to reveal the interaction
effects between the two driving factors, thereby indicating
whether two driving forces enhance or weaken each other or
if they independently affect the spatial heterogeneity of Sr
isotopes.

In Figure 6, nonlinear enhancements of the interactions
were observed between the watershed and the geology (g =
0.5990), climate (q = 0.5853), soil (q = 0.5674), and terrain (g =
0.5629), which explained 59.90%, 58.53%, 56.74%, and 56.29%
of the spatial variation in the bioavailable Sr isotopes,
respectively. Moreover, the climate, geology, terrain, and
soil contributed to one another, respectively explaining
31.07%, 29.43%, and 24.15% of the spatial pattern of the
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FIGURE 6

The interaction detector for bioavailable Sr isotopes with g
values and the interaction model. The red arrows indicate the
interaction class of two influencing factors. The red arrow is
located to the right of the yellow mark, showing nonlinear
enhancement; the red arrow is located between the green and
yellow mark, indicating bi-enhancement factors. Then, the red
arrow is located to the left of the green dot, indicating weakened
and nonlinearly weakened factors.

bioavailable Sr isotopes. The g values for the watershed and
other factors were around 50%, indicating that the watershed
was the critical factor influencing the spatial pattern of
bioavailable Sr isotopes.

The results of the synergistic effects of two factors showed
mostly nonlinear enhancement, except for the synergistic effect
of the watershed and climate, which was nonlinearly attenuated;
this may be related to the similarity in spatial pattern of the
watershed and climate.

Discussion

Controls over the variations in river-water
strontium isotopes in China

The geological background shapes the topography and
determines the strontium isotopic composition of minerals
and rocks. Strontium isotopes across China show significant
heterogeneity on large spatial scales. For example, the areas
with the lowest strontium isotope ratios (0.701-0.708) are
distributed in the Junggar Terrane, Erguna-Xing’an block, and
Jiamusi-Hanka block. In contrast, the areas with the highest
ratios (>0.722) are mainly found in the Cathaysia block and the
southeastern margin of the Tibetan Plateau. The Cathaysia block,
where the lower Pearl River and Ganjiang River flow through the
ancient Craton, is dominated by acidic rocks with high strontium
isotope ratios. The probable reason for this is that the
predominant of
Proterozoic-Phanerozoic sedimentary rocks and Phanerozoic

outcrops are exposures
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igneous rocks, especially the widespread Mesozoic granitoids
(Lietal, 2014; Yu et al., 2010), indicating higher *Sr/**Sr ratios
(>0.711) in this block.

The Erguna and Xing’an Blocks in the western part of
northeast China consist mainly of the Proterozoic to Paleozoic
volcano-sedimentary strata and granites with thick Mesozoic
volcanic cover, as well as some Mesozoic mafic-ultramafic rocks,
Early Paleozoic limestone, and Late Paleozoic clastic sediments in
the north (Wu et al., 2011). Therefore, the area is mainly a young
basaltic volcanic area with relatively low strontium isotope ratios.
The Yangtze Block comprises the Proterozoic metamorphic
basement complexes and is primarily covered by
Paleozoic-Early Mesozoic marine carbonates, clastic rocks,
in the southwest (Chen, 1994).
Therefore, the ¥Sr/**Sr ratios are expected to be relatively
low (~0.707-0.710)

carbonates, which are easily weathered. Meanwhile, influenced

and some mafic rocks

homogenous and due to marine
by the weathering of carbonate rocks, the Yangtze Block and the
Junggar Terrane-Tian Shannorthern Block also have relatively
low ¥’Sr/**Sr ratios.

Soils primarily inherit their strontium isotopic composition
from geomaterials and parent rock, and, consequently, strontium
isotope information in the soil follows that of the underlying
geology. Due to differential weathering and soil mixing processes,
¥Sr/*Sr compositions usually show a more homogenized
signature. The soil mainly reflects strontium combined with
bedrock minerals and soil-forming methods.

From the g values mentioned above, geology is one of the
main controlling factors but only explains 4.64% of the strontium
isotope variance. Strontium isotopes in river water may be far
from the rock due to differences in the abundance and
weathering rates of strontium in minerals.

Weathering and mixing in the basin result in more
homogeneous strontium isotope ratios in the watershed.
The g values show that the watershed explains most of the
variance. Water samples taken from streams, lakes, and rivers
have been used to represent a bioavailable Sr library. The
spatial pattern of strontium isotopes in a river depends on the
rock masses at the surface and underwater. Each of these
blocks experienced different tectonic activities throughout
their geologic history and contained significantly different
lithologies in their outcrops. Consequently, the spatial
patterning of *Sr/**Sr in the hydrosphere reflects that of
rocks exposed on the surface and in aquifers. The *’Sr/**Sr
value is higher in rivers draining cratons and lower in rivers
draining mafic rock units (Peucker-Ehrenbrink and Fiske,
2019).

Watersheds could explain the most strontium isotopic
variance. River water signals upstream homogenization within
a watershed, similarities within a watershed, and differences
between watersheds. The river water is a mixture of strontium
isotopic input from the upper reaches of the rivers as well as
precipitation in riverbed sediments.
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Climatic factors, such as temperature, humidity, and seasonal
changes, influence weathering. The variance explained by the
climate factor alone is 14.4%, but, when combined with
information from the watershed and geology, its variance
significantly increases to 59.9% and 31.1%, respectively
(Figure 6).

Weathering at the watershed scale has prominent seasonal
characteristics. The general pattern is that the weathering rate
decreases during the dry period, increases after the rainy season,
and increases and decreases abruptly during the ice melt and
heavy rainfall periods, respectively. The weathering rate in
southeast-northwest China shows a gradualdecrease (Wang
and Tang, 2020). Differences in weathering rates in different
climatic zones will affect the spatial distribution of bioavailable
strontium isotopes. The lower Pearl River basin is located in
southeastern China and has a subtropical climate. The silicate
weathering rate (SWR) of the lower reaches of the Pearl River is
5.60 + 5.05, and the carbonate weathering rate (CWR) is 25.58 +
13.99. The Yangtze River basin is located primarily in the
central part of China and belongs to the subtropical
monsoon climate zone; the SWR and CWR of the Yangtze
River are 2.76 + 1.06 and 14.28 + 5.13, respectively. The Heihe
River basin is located in the middle and high latitudes with a
temperate continental monsoon climate; it has an SWR and
CWR of 1.49 + 4.62 and 5.36 + 13.4, respectively, in its upper
reaches. The Kaidu and Aksu Rivers are located in northwestern
China, which belongs to the temperate arid continental and
semi-arid climate zone. The Kaidu River is in the middle of the
Tianshan Mountains, and the Aksu River is in the western part
of the Tarim Basin. The SWR and CWR of the Kaidu and Aksu
River are 0.75 + 0.48 and 4.03 + 1.51, respectively.

In our study, the land-use and plant factors did not pass the
significance test, indicating that natural processes still dominate
the bioavailable strontium isotopes in China, and the long history
of farming in eastern China has not changed the strontium
isotope pattern in the watershed on this scale. This scenario
might result from a sampling bias, i.e., the water samples for the
bioavailable Sr isoscape were mainly obtained along the course of
large drainages in China, which would minimize *’Sr/**Sr ratio
variations as the river crosses different lithologic units and would
overstate the anthropogenic influences. If small-to-medium sized
rivers were selected to evaluate the Sr isotope composition of
discrete watersheds, a better picture of the true Sr isotope
variations could be captured over unique geographic/geologic

areas.

Implications for migratory studies

Although regional strontium variation essentially depends on
the area’s geological background, the bioavailable strontium
signals could have their own controlling factors when various
processes are involved. As discussed above, the river water-based
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bioavailable Sr isoscape is largely controlled by the watershed
rather than geological heterogeneity. This also implies great
in the
substrates that were used to reconstruct the bioavailable

differences spatiotemporal scale among various
strontium isoscape.

Conversely, bioavailable Sr isoscapes constructed solely on
the basis of their geological background may have significant
errors. Various factors and processes contribute to these errors,
including but not limited to rock types, chemical weathering
rates, climate, vegetation, the home range of animals, and human
activities. A promising approach to reduce this uncertainty is to
compile the currently used data with observed bioavailable Sr
isotopic signals, such as those from local animals, soil substrates,
or vegetation.

Based on the synthesized river-water isotopic data, the large-
scale bioavailable Sr isoscape discussed herein demonstrates
value for migratory studies in China that would be effective
on the scale of the watershed given the river-induced mixing
process. At any specific site, it is necessary to refine the isoscape
using other proxies, such as archaeological animals and local
plants.

In general, the variation in the bioavailable Sr isoscape
occurs on a long time-scale. Among the controlling factors,
the terrain, soil, watershed, and geology are variables that
demonstrate slow change. However, land cover, climate, and
vegetation are variable and exhibit rapid change. Therefore,
there are some time gaps between the dependent variables
(controlling factors) and independent variable (bioavailable Sr
isoscape), which will impact the accuracy of the GDM analysis
and require further study.

Conclusion

Bedrock Sr is naturally and anthropogenically transferred to
other reservoirs on the Earth’s surface through interactions with
the hydrosphere, atmosphere, and biosphere. We attempted to
reassess the contribution of the spatial distribution of bioavailable
strontium isotopes using the geographic detector model. Our study
revealed that the factors influencing the spatial variation of
bioavailable Sr isotopes in China were ranked as follows:
watershed > climate > terrain > geology > soil type. The
of the
watershed and geology explained 59.90% of the spatial variation

nonlinear enhancements interactions between the
in the bioavailable Sr isotopes, indicating that natural processes still
dominate the bioavailable strontium isotopes in China.

Our analysis also provided some areas to consider with respect
to migratory studies using strontium isotopes. The strontium
isotope data must be strengthened and refined to improve the Sr
isoscape; in addition, we can seek better controlling factor data to
make the analysis more comprehensive. The controlling factors will
provide a solid ground on which to interpret the inferred migration
of the strontium isotopes (Thornton, 2011).
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