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Mass fractionation during isotope measurement by mass spectrometer hinders the acquirement of true
isotopic composition and tedious and complex mathematical calculations are required to correct for
mass bias. This study provides a Matlab program named “IsotopeMaker” for convenient isotopic data
reductions. [sotopeMaker has two main aspects of application. For in situ LA-MC-ICP-MS isotopic analyses,
IsotopeMaker can process Sr, Nd and Hf isotope data. For double spike data, IsotopeMaker provides a fast

and convenient mass bias correction for all elements that have at least four isotopes. The visualization
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windows of IsotopeMaker make it easy to operate. Isotopic Sr, Nd and Hf data of a modern coral, a
reference zircon and an in-house apatite and Mo isotopic data measured using the double spike method
have been used to test the program capability.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Isotope geochemistry plays a fundamental role in Earth sciences.
Both radiogenic and stable isotopes are used widely to determine
the age of rocks, archeological objects, and to trace geological and
environmental processes. Mass spectrometers are used to deter-
mine the isotopic composition for samples. Because the strength
of chemical bonds is mass dependent, during sample atomization
and ionization in mass spectrometer mass fractionation between
different isotopes will occur [1]. Thus, the measured isotope ratios
are not the true isotope ratios. Three different models for mass frac-
tionation of isotopes, which are named linear law, power law and
exponential law, are proposed by researchers [2-5]. Several meth-
ods are also proposed to correct mass fractionation. For radiogenic
isotope systems having two or more natural non-radiogenic iso-
topes, the non-radiogenic isotopic ratios can be used to correct
the mass fractionation in radiogenic isotopic ratios of the same
element, such as strontium, which has three non-radiogenic iso-
topes 84Sr, 86Sr and #8Sr, and one radiogenic isotope 87Sr. For
radiogenic isotope systems having fewer than two natural non-
radiogenic isotopes, an artificially add-in element of similar mass
is used to correct mass fractionation, such as lead, which has
only one non-radiogenic isotope 204Pb and the 293T1/295T] of an
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add-in reference solution is used to do mass fractionation correc-
tion. Another method named “double spike method” is thought to
provide the most precise determination of isotopic ratios among
different methods at present. In this method, a double spike, which
is made by artificially concentrating two minor isotopes, is added in
samples to correct mass fractionation. For example, a double spike
for lead isotopic analysis may be mainly composed of 2%4Pb and
206ph, However, this method can only be applied to elements with
no less than four different isotopes. The “standard sample brack-
eting” (SSB) method is also widely used in isotope analysis. In this
method, the mass bias of samples is assumed to be the same as that
of the standards analyzed before and after samples.

At present, most commercial mass spectrometers have software
to do online internal mass fractionation correction for isotopes in
solution mode, such as strontium, neodymium and hafnium. In the
last two decades, the in situ isotope analytic technique has under-
gone rapid development. One of the most used methods to conduct
in situ isotopic measurement is laser ablation multiple collector
inductively coupled plasma mass spectrometry (LA-MC-ICP-MS).
However, in laser sampling mode, many interferences from car-
rier gases (argon and helium) preclude precise isotope analysis
using these commercial software. Many researchers create spread-
sheet programs to process an off line in situ isotope data reduction
[e.g., 6-9]. However, each of these spreadsheet programs is for one
specific isotope system measurement and all are therefore not uni-
versally applicable. Although the double spike method can provide
the most precise determination of isotope ratios, the complicated
mathematical computation during data reduction makes its appli-
cation difficult. Different data reduction programs are proposed for
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Fig. 1. The main window of IsotopeMaker.

different isotope systems [e.g., 10-13]. However, each of these pro-
grams is also for a specific isotope system and can not replace each
other. This paper presents here a new Matlab program named “Iso-
topeMaker” for processing laser sampled and double-spike mass
spectrometer data (Fig. 1). IsotopeMaker has the following two
functions: strontium, neodymium and hafnium isotope data reduc-
tion in in situ laser sampling studies; and mass bias correction
for double-spike data. IsotopeMaker is designed to satisfy double-
spike isotope analysis for all elements with four or more naturally
occurring isotopes.

2. Data-reduction process
2.1. Laser sampling mass spectrometry data reduction

Compared to traditional isotope measurement in solution mode,
in situ isotope measurement, which needs no tedious chemical
preparation, is fast and can reveal isotopic heterogeneity at scales
around 0.1 mm. This may be very important in magma processes
studies, such as magma mixing and crustal contamination [ 14-16].
In recent years, the LA-MC-ICP-MS technique has been used exten-
sively in a range of isotopic systems, such as Li, B, Mg, S, Fe, Sr, Nd,
Hf and Pb [e.g., 6,17-23]. However, only Sr, Nd and Hf isotope mea-
surements are available to use internal normalization to correct
mass bias. The other isotope measurements use the SSB method
to correct for mass bias. Because the mathematical computation of
the SSB method is much simpler than that of correction method
of internal normalization, only Sr, Nd and Hf isotope reduction
processes are put in IsotopeMaker.

2.1.1. Strontium isotope data reduction

LA-MC-ICP-MS Sr isotope analysis is mainly conducted on
some Sr-enriched and Rb-depleted minerals, such as plagioclase,
apatite, carbonate, allanite, coral and perovskite. During Sr isotope

measurement, there are many kinds of interference which may
shift the 87Sr/86Sr ratio. The most critical interferences are isobaric
interferences of krypton and rubidium. For samples that have high
concentrations of rare earth elements (REE, such as apatite), the
doubly charged Er and Yb ions become considerable interferences.
Some Ca dimers and Ca argides, Fe dioxides, as well as Ga and Zn
oxides have masses that overlap with those of the Sr isotopes of
interest. During Sr isotope measurements, the signals of Kr, Rb,
Sr, Er and Yb are measured (Table 1). The following data reduc-
tion protocol for Sr isotope is similar to Ramos et al. [6]. Krypton,
mainly from the working gas (argon and helium), has two isotopes
84Kr and 86Kr interfering 34Sr and 86Sr. IsotopeMaker uses the gas
blank (the first 50 cycles of the raw data) to correct Kr interfer-
ence [6,14,15,24]. 87Rb, which decays to 87Sr through B~ decay,
is a large interference on 87Sr. All previous LA-MC-ICP-MS studies
used the peak stripping method for the Rb correction. 87Rb was
calculated using the measurement of 8°Rb (measured at the same
time as the Srisotopes) and the natural 8°Rb/87Rb ratio (2.593 [25]),
and then subtracted from the signal at mass 87. It is assumed that
Rb has a similar mass bias factor as Sr [6,26]. Samples that have
high concentrations of REE may need to evaluate the influence
of the doubly charged Er and Yb. The important interferences are
168F 2+ and 168yp2+ 170Ep2+ 172yp2+ 174yp2+ and 176yh2+ which
interfere with 84Sr, 85Rb, 86Sr, 87Sr and 38Sr respectively. Previous
studies using 167Er2* (83.5), 171Yb2* (85.5) and 173Yb2* (86.5) suc-
cessfully corrected the interferences of Er* and Yb2* [6,26]. The
measured counts of 171Yb%* and 173Yb?* are used to calculate the
mass bias factor for both Er and Yb and the peak stripping method
is used to correct the interferences of Er and Yb. Though Woodhead
et al. [27] observed the interferences of Ca dimers (e.g. 3Ca**Ca*)
and Ca argides (e.g. #*Ca%0Ar*) during Sr isotope measurements
on carbonates, other studies suggest a very limited role for inter-
fering Ca dimers and Ca argides [6,28]. IsotopeMaker does not
therefore consider Ca dimers and Ca argides interferences. Other
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Table 1
Potential interferences and cup configurations for Sr, Nd and Hf isotopic measurement.
L4 L3 L2 L1 C H1 H2 H3 H4
83 83.5 84 85 85.5 86 86.5 87 88
Sr 845y 865 87sr 88Sr
Interferences Rb 85Rb 87Rb
Kr 83Kr 84Kr 86Kr
Er 166 167 168 170Ep
Yb IGSYb 170Yb 171 Yb 172Yb 173Yb 174Yb 176Yb
142 143 144 145 146 147 148 149
Nd ]42Nd ]43Nd ]44Nd 145Nd ]46Nd 148Nd
Interferences Sm 1445m 147Sm 1495m
Ce 142Ce
171 173 174 175 176 177 178 179 180
Hf 17ayf 176 4f 177Hf 178 Y4f 1794f 1804f
Interferences Yb 171Yb 173Yb 176Yh
Lu ]75Lu ]76Lu

interferences such as Fe dioxides (**Fe'0,), Ga and Zn oxides
("1Ga'60 and 68zn'60) have a very limited effect on Sr isotope
ratio measurement [6,26]. Thus IsotopeMaker does not correct laser
ablation results for each of these species. Using an exponential mass
bias law, all ratios are corrected to 86Sr/88Sr=0.1194. For each anal-
ysis, IsotopeMaker outputs three ratios, 87Rb/36Sr, 84Sr/86Sr and
87Sr/86Sr. The 87Rb/86Sr ratio reflects Rb content relative to Sr con-
tent in samples and if this ratio is too high, the result of 87Sr/86Sr
may not be correct. Previous studies indicate accurate corrections
for 87Rb can be acquired for samples with Rb/Sr<0.02 (equal to
87Rb/86Sr<0.06) [6,14]. Because both 84Sr and 6Sr are stable iso-
topes, the calculated 84Sr/86Sr can be compared to the accepted
natural value (~0.0565 [29]) to assess whether the data reduction
is correct or not.

2.1.2. Neodymium isotope data reduction

LA-MC-ICP-MS may be used to measure Nd isotopes in min-
erals enriched in REE (such as apatite, monazite and perovskite).
During Nd isotope measurements, the only interference is from
144sm which overlaps with 144Nd. Although 42Ce interferes with
142Nd, Nd isotope ratios involving #2Nd are not commonly used.
The interference of 142Ce is therefore not taken into consideration.
Several studies have established Nd isotope measurement tech-
niques using LA-MC-ICP-MS [21,30]. Both Sm and Nd are measured
in Nd isotope measurements (Table 1). The peak stripping method
is applied to correct the isobaric interference of 144Sm on 144Nd. The
mass bias factor of Smis calculated from the measured isotopic ratio
of 147Sm/149Sm and its accepted value (1.08507 [2]). 144Sm is then
derived from the measured 47 Sm, the natural ratio of 144Sm/147Sm
(0.20504 [2]) and the calculated mass bias factor of Sm. Then using
an exponential mass bias law all ratios are corrected to the nat-
ural 146Nd/144Nd ratio of 0.7219. For each analysis, IsotopeMaker
outputs three ratios, 47Sm/144Nd, 14°Nd/'#*Nd and #3Nd/'#4Nd.
1475m/144Nd is used to calculate the initial '43Nd/44Nd for ancient
samples. Like 34Sr/86Sr, 145Nd/144Nd is used to assess whether the
data reduction is correct or not. The accepted value measured by
thermal ionization mass spectrometer (TIMS) for 14°Nd/144Nd is
0348417 [2].

2.1.3. Hafnium isotope data reduction

At present, in situ Hf isotope measurement by LA-MC-ICP-MS is
mainly performed on zircon, which is a Hf-enriched and resistant
mineral, occurring as an accessory mineral in various kinds of rocks
[20,31]. Recently, the technique has also been used to study the Hf
isotopic composition of rutile [32]. During Hf isotope measurement,
Yb, Lu and Hf are measured simultaneously (Table 1). IsotopeMaker
takes a similar datareduction protocol as thatin Wu et al.[20].173Yb

and '7Lu were used to correct the isobaric interference of 176Yb
and '76Lu on 176Hf. The natural ratio values of 176Yb/173Yb and
176 u/175Lu used by IsotopeMaker are 0.79381 [33] and 0.02656
[20]. The mass bias factor of Yb is calculated from the measured
173yb/171Yb and the natural ratio of 1.13268 [34]. The mass bias
factor of Lu is assumed to be the same as that of Yb. The 176Hf/177Hf
was normalized to '79Hf/177Hf of 0.7325 using an exponential law
for mass bias correction. For each analysis, IsotopeMaker outputs
threeratios, 176Yb/177Hf, 175Lu/177Hf and 176Hf/177Hf. 175Lu/177 Hf is
used to calculate the initial 176Hf/177Hf, though normally this ratio
is small and the age-correction changes the value of '76Hf/177Hf
very slightly.

2.2. Double-spike method data reduction

The double spike technique was first proposed by Dodson [35]
to correct the instrumental mass bias on isotope measurements. As
non-traditional stable isotope studies have grown in importance
in Earth science over the last two decades, the double spike
technique got much attention in the aspect of instrumental mass
bias correction [36]. A double spike is a solution that contains a
known concentration of the element, artificially enriched in two
of its minor isotopes. The double spike method consists of mixing
a natural sample with a double spike and measuring the isotopic
ratios of the mixture using mass spectrometry, providing very
precise quantitative determination not only of the concentrations
of elements but also of the isotopic ratios. This technique needs
the analyzed elements to have at least four isotopes. For radiogenic
isotope systems, such as strontium and lead, the double spike
method needs two runs: one run is to measure the un-spiked
sample and the other run is to measure the spiked mixture [1]. For

Table 2
Symbols used in double spike data reduction.
Symbol Meaning
Phi; Atomic proportion of the isotope i in a mixture contributed by the
spike
Rjj True isotopic ratio of isotopes i and j with masses m; and m;
T [sotopic ratio measured by mass spectrometer
B Mass fractionation factor
C The element concentrations in sample
M The weight of sample
w The atomic weights of the element
0 The isotope abundances of isotope j

The superscripts of sp, sam and mix refer to spike, sample and mixture of spike and
sample.
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Fig. 2. Flow chart of the numerical algorithm applied to double spike data reduction (after Albaréde and Beard [36]).

stable isotope system, such as chromium, iron and molybdenum,
only one run measuring the spiked mixture is need to acquire mass
bias corrected isotopic ratios [36,37].

For convenience, the meanings of the symbols used in the fol-
lowing equations for double spike data reduction are displayed in
Table 2.

2.2.1. Double-spike method data reduction for isotope systems
including radiogenic isotopes

For radiogenic isotope systems, risja’" and r,.’]?”" are measured
using a mass spectrometer. Phi; is the proportion of the isotope
j in the mixture contributed by the spike. Then the proportion of

the isotope j contributed by the sample is (1 — Phi;). Based on mass
balance, we have

iSP RSP iSPy\psam __ pmix
Phlj Rij +(1 —thj )Rij =Rj (1)

Assuming the mass fractionation obeys the exponential law:

NP

Substitution of (2) in to (1), we obtain

'Bsam 'Bmix
M; . M;
iSD pSP _ :SP\.sam i _ mix i
Phlj Rij +(1 Phlj )r,.j (Mj> =13 (Mj>
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Fig. 3. The isotopic results of several reference materials calculated by IsotopeMaker. The preferred values of modern coral, Penglai and IAPSO are from Christensen et al.
[39], Li et al. [40] and Li et al. [12]. For XiaAp, the preferred value was measured by MC-ICP-MS in solution mode. The error bars correspond to 2 standard error (2s).

Then we define:
Fi(Phi;p» ’Bsam, ﬁmiX)
ﬁsam

M;

ﬂmix
. M;
—pmix (D =0 (3)

The derivatives of F; with respect to Phi;p , BS¥™ and BMi are

M;
iSP pSP _ iSD\,-sam i
_Pl’llj Rij +(1 Phlj )rl.j ()

‘Bsam
. OF M;
Ippi = W = RZP - risjam (M;) (4)

J
i = i =In % (1 _Phl-sp)rsam % ¢ (5)
pem = 8/35”'" - Mj J M]-
ﬁmix

. oF M; i [ Mi
Igmix = g =-In (M]> i <M] (6)

In Eq. (3), %™ and r™* are measured by mass spectrometry and
there are three unknown variables (Phi;p , B and B™MX). For
another two ratios Ry; and Ry, two similar sets of function F and
their derivatives can be written (Fig. 2). To start the calculation,
it needs a set of starting values (Phijs,p , B and B™MiX). Substitute
these starting values into the equations of part II in Fig. 2, whose
left hand sides will form a 3 x 1 and 3 x 3 matrixes (Y and ] in
Fig. 2). Based on the equation of part Il in Fig. 2, there forms a new
set of Phi;p, %M and BMiX, Repeat these steps until the condition

of part IV in Fig. 2 is satisfied. Then substitute the final Phi’, g™

and ™ into Eqs. (1) and (2), the sample’s isotopic ratios will be
obtained.

2.2.2. Double-spike method data reduction for stable isotope
systems

For stable isotope system, only one run, measuring the spiked
mixture, is required to acquire mass bias corrected isotopic ratios
[36,37]. Traditionally, stable isotope ratios are normalized to a

reference material and expressed in § notation. For example, the
ratio of %8 Mo/?>Mo is expressed as:

98 95
898/951\/[0 (%) = ( MO/ Mo)sample -1

x 1000 (7)
(98Mo/95Mo)spm3134

In Eq. (3), for stable isotope r™¥ is measured by mass spec-
trometry and r%" refers to an isotopic ratio of a reference material
for stable isotope system. For example, in the case of Mo isotope
measurement, reference NIST SRM 3134 is the reference material.
During measurement, both spiked sample and spiked reference
solution are analyzed. The data reduction is the same as that for
radiogenic isotope systems. Using the mass bias corrected isotopic
ratios of the sample and the reference solution, the § value can be
obtained.

One advantage of the double spike method is that the concen-
tration of the measured element can be acquired at the same time.
IsotopeMaker uses the following equation deduced by Zou [1] to
calculate the element concentration.

RSP _Rmix Msp wsam LJSIJ

Csam = Cspike Rmix _ gsam Msam \A/sp llj
N

(8)

Csam and Cgpiie are the element concentrations in the spike and
sample. M*P and M5%™ are the weight of the spike and the weight
of the sample, respectively. W*™ and W are the atomic weights
of the element in the sample and spike, respectively. ,ufsp and ,uJN
are the isotope abundances of isotope j in the spike and sample,
respectively. Note that j is the isotope on the denominator of the
isotopic ratios.

Nineteen elements are preinstalled in IsotopeMaker. However,
this does not mean that elements other than the preinstalled 19
elements cannot be calculated. To input a new element into Iso-
topeMaker, users just need to create an .xls file to save the new
element setting. Because the isotopic compositions of the double
spikes and reference materials may be not the same in different
laboratories, users should first change the isotopic ratios of the
double spikes and reference materials in the .xls files. Because Iso-
topeMaker does not consider any interference when dealing with
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double spike data, careful chemical processes are needed to sepa-
rate the interested elements from sample matrix.

IsotopeMaker calculates isotopic ratios of every cycle in each
analysis independently. The internal precision (standard error)
derived from every cycle calculation can directly reflect the mea-
surement repeatability.

3. Application

To test IsotopeMaker, raw data of several reference materi-
als measured by (LA)-MC-ICP-MS were input into IsotopeMaker.
Ten analyses each of a modern coral, an in-house reference
apatite and reference zircon Penglai were used to test the cal-
culation for in situ Sr, Nd and Hf isotopic analyses. The detailed
instrumental settings for Sr, Nd and Hf isotope analyses are
similar to Ramos et al. [6], Yang et al. [21] and Wang et al.
[38], respectively. The mean values of the 10 analyses for the
ratios of 87Sr/86Sr, 143Nd/144Nd and 176Hf/177Hf of each refer-
ence sample are 0.709184 +0.000051 (2 standard deviation, 2SD),
0.512487 +£0.000017 (2SD) and 0.282910 + 0.000036 (2SD), which
agree with the preferred values [39,40] within 2 standard devia-
tion (Fig. 3). Eight repeated Mo isotopic analyses of IAPSO Atlantic
seawater were used to assess the data reduction for double-spike
method of IsotopeMaker. The chemical procedure and instrumental
setting for Mo isotopic analysis have been described in a previous
study [12]. The mean value of §98/95Mosgpi3134 Of the eight analyses
is 2.044+0.08 (2SD) agreeing with the result measured by Li et al.
[12].

4. Conclusion

IsotopeMaker is a matlab program for mass spectrometer
isotopic data reduction which includes two main aspects of appli-
cation. For in situ LA-MC-ICP-MS isotopic analyses, IsotopeMaker
can process Sr, Nd and Hf isotopic data reduction. For double spike
data, IsotopeMaker provides fast and convenient mass bias correc-
tion for all elements with at least four natural isotopes. The source
codes, test data and the instructions for Isotopemaker are provided
as Supplementary materials. Anyone interested in IsotopeMaker
are encouraged to contact the authors by E-mail.

Acknowledgments

We are grateful to Dr. G.-J. Wei for kindly providing model
coral. The authors thank the anonymous reviewer for the criti-
cal and constructive comments to improve this manuscript. This
work is supported by the National Basic Research Program of
China (2011CB808903), the National Science Foundation of China
(91214202, 41172064). This is contribution No. IS-2147 from GIG-
CAS.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ijms.2015.09.019.

References

[1] H. Zou, Quantitative Geochemistry, 1st ed., Imperial College Press, London,
2007.

[2] G.Wasserburg, S. Jacousen, D. DePaolo, M. McCulloch, T. Wen, Precise determi-
nation of SmNd ratios, Sm and Nd isotopic abundances in standard solutions,
Geochim. Cosmochim. Acta 45 (1981) 2311-2323.

[3] G.P.Russ, ].M. Bazan, Isotopic ratio measurements with an inductively coupled
plasma source mass spectrometer, Spectrochim. Acta B 42 (1987) 49-62.

[4] C.-T. Lee, Q.-Z. Yin, T.-C. Lee, An internal normalization technique for unmix-
ing total-spiked mixtures with application to MC-ICP-MS, Comput. Geosci. 27
(2001) 577-581.

[5] AJ. Walder, I. Platzner, P.A. Freedman, Isotope ratio measurement of
lead, neodymium and neodymium-samarium mixtures, hafnium and
hafnium-lutetium mixtures with a double focusing multiple collector induc-
tively coupled plasma mass spectrometer, J. Anal. At. Spectrom. 8 (1993) 19-23.

[6] F.C. Ramos, ].A. Wolff, D.L. Tollstrup, Measuring 8’ Sr/86Sr variations in miner-
als and groundmass from basalts using LA-MC-ICPMS, Chem. Geol. 211 (2004)
135-158.

[7] B. Paul, J.D. Woodhead, J. Hergt, Improved in situ isotope analysis of low-Pb
materials using LA-MC-ICP-MS with parallel ion counter and Faraday detection,
J. Anal. At. Spectrom. 20 (2005) 1350-1357.

[8] AK. Souders, P.J. Sylvester, Improved in situ measurements of lead isotopes
in silicate glasses by LA-MC-ICPMS using multiple ion counters, J. Anal. At.
Spectrom. 23 (2008) 535-543.

[9] X. Xia, Z. Ren, G. Wei, L. Zhang, M. Sun, Y. Wang, In situ rutile U-Pb dating by
laser ablation-MC-ICPMS, Geochem. . 47 (2013) 459-468.

[10] C. Siebert, T.F. Ndgler, ].D. Kramers, Determination of molybdenum isotope
fractionation by double-spike multicollector inductively coupled plasma mass
spectrometry, Geochem. Geophys. Geosyst. 2 (7) (2001), http://dx.doi.org/10.
1029/2000GC000124.

[11] K. Gopalan, D. Macdougall, C. Macisaac, Evaluation of a 42Ca/**Ca double-
spike for high precision Ca isotope analysis, Int. ]. Mass. Spectrom. 248 (2006)
9-16.

[12] J.Li, X.R. Liang, L.F. Zhong, X.C. Wang, Z.Y. Ren, S.L. Sun, Z.F. Zhang, ].F. Xu, Mea-
surement of the isotopic composition of molybdenum in geological samples
by MC-ICP-MS using a novel chromatographic extraction technique, Geostand.
Geoanal. Res. 38 (2014) 345-354.

[13] L.A. Neymark, W.R. Premo, N.N. Mel'nikov, P. Emsbo, Precise determination of
338Sr in rocks, minerals, and waters by double-spike TIMS: a powerful tool
in the study of geological, hydrological and biological processes, J. Anal. At.
Spectrom. 29 (2014) 65-75.

[14] J. Davidson, F. Tepley III, Z. Palacz, S. Meffan-Main, Magma recharge, contami-
nation and residence times revealed by in situ laser ablation isotopic analysis
of feldspar in volcanic rocks, Earth Planet. Sci. Lett. 184 (2001) 427-442.

[15] S.S. Schmidberger, A. Simonetti, D. Francis, Small-scale Sr isotope inves-
tigation of clinopyroxenes from peridotite xenoliths by laser ablation
MC-ICP-MS—implications for mantle metasomatism, Chem. Geol. 199 (2003)
317-329.

[16] F.C.Ramos,].A.Wolff, D.L. Tollstrup, Srisotope disequilibrium in Columbia River
flood basalts: evidence for rapid shallow-level open-system processes, Geology
33 (2005) 457-460.

[17] E.D. Young, R.D. Ash, A. Galy, N.S. Belshaw, Mg isotope heterogeneity in the
Allende meteorite measured by UV laser ablation-MC-ICPMS and comparisons
with O isotopes, Geochim. Cosmochim. Acta 66 (2002) 683-698.

[18] L. Horn, F.von Blanckenburg, R. Schoenberg, G. Steinhoefel, G. Markl, In situ iron
isotope ratio determination using UV-femtosecond laser ablation with appli-
cation to hydrothermal ore formation processes, Geochim. Cosmochim. Acta
70 (2006) 3677-3688.

[19] P.R. Mason, J. Kosler, J.C. de Hoog, PJ. Sylvester, S. Meffan-Main, In situ
determination of sulfur isotopes in sulfur-rich materials by laser ablation
multiple-collector inductively coupled plasma mass spectrometry (LA-MC-ICP-
MS), J. Anal. At. Spectrom. 21 (2006) 177-186.

[20] F.-Y.Wu, Y.-H. Yang, L.-W. Xie, ].-H. Yang, P. Xu, Hf isotopic compositions of the
standard zircons and baddeleyites used in U-Pb geochronology, Chem. Geol.
234 (2006) 105-126.

[21] Y.-H. Yang, F.-Y. Wu, S.A. Wilde, X.-M. Liu, Y.-B. Zhang, L.-W. Xie, J.-H. Yang,
In situ perovskite Sr-Nd isotopic constraints on the petrogenesis of the Ordovi-
cian Mengyin kimberlites in the North China Craton, Chem. Geol. 264 (2009)
24-42.

[22] J.-I. Kimura, T. Takahashi, Q. Chang, A new analytical bias correction for in situ Sr
isotope analysis of plagioclase crystals using laser-ablation multiple-collector
inductively coupled plasma mass spectrometry, J. Anal. At. Spectrom. 28 (2013)
945-957.

[23] L.Zhang, Z.-Y. Ren, A.R. Nichols, Y.-H. Zhang, Y. Zhang, S.-P. Qian, ].-Q. Liu, Lead
isotope analysis of melt inclusions by LA-MC-ICP-MS, J. Anal. At. Spectrom. 29
(2014) 1393-1405.

[24] M. Bizzarro, A. Simonetti, R. Stevenson, S. Kurszlaukis, In situ 87Sr/%6Sr inves-
tigation of igneous apatites and carbonates using laser-ablation MC-ICP-MS,
Geochim. Cosmochim. Acta 67 (2003) 289-302.

[25] EJ. Catanzaro, T.J. Murphy, E.L. Garner, W.R. Shields, Absolute isotopic abun-
dance ratio and atomic weight of terrestrial rubidium, J. Res. Natl. Bur. Stand.
A73(1969)511-516.

[26] C. Paton, J.D. Woodhead, ].M. Hergt, D. Phillips, S. Shee, Strontium isotope
analysis of kimberlitic groundmass perovskite via LA-MC-ICP-MS, Geostand.
Geoanal. Res. 31 (2007) 321-330.

[27] J. Woodhead, S. Swearer, ]. Hergt, R. Maas, In situ Sr-isotope analysis of carbo-
nates by LA-MC-ICP-MS: interference corrections, high spatial resolution and
an example from otolith studies, ]. Anal. At. Spectrom. 20 (2005) 22-27.

[28] J. Fietzke, V. Liebetrau, D. Giinther, K. Giirs, K. Hametner, K. Zumholz, T.
Hansteen, A. Eisenhauer, An alternative data acquisition and evaluation strat-
egy for improved isotope ratio precision using LA-MC-ICP-MS applied to stable
and radiogenic strontium isotopes in carbonates, ]. Anal. At. Spectrom. 23
(2008) 955-961.

[29] MLF. Thirlwall, Long-term reproducibility of multicollector Sr and Nd isotope
ratio analysis, Chem. Geol. 94 (1991) 85-104.

[30] G.L.Foster,D.Vance, In situ Nd isotopic analysis of geological materials by laser
ablation MC-ICP-MS, J. Anal. At. Spectrom. 21 (2006) 288-296.


http://dx.doi.org/10.1016/j.ijms.2015.09.019
http://dx.doi.org/10.1016/j.ijms.2015.09.019
http://dx.doi.org/10.1016/j.ijms.2015.09.019
http://dx.doi.org/10.1016/j.ijms.2015.09.019
http://dx.doi.org/10.1016/j.ijms.2015.09.019
http://dx.doi.org/10.1016/j.ijms.2015.09.019
http://dx.doi.org/10.1016/j.ijms.2015.09.019
http://dx.doi.org/10.1016/j.ijms.2015.09.019
http://dx.doi.org/10.1016/j.ijms.2015.09.019
http://dx.doi.org/10.1016/j.ijms.2015.09.019
http://dx.doi.org/10.1016/j.ijms.2015.09.019
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0205
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0205
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0205
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0205
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0205
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0205
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0205
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0205
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0205
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0205
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0205
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0210
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0215
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0220
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0225
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0230
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0235
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0240
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0245
dx.doi.org/10.1029/2000GC000124
dx.doi.org/10.1029/2000GC000124
dx.doi.org/10.1029/2000GC000124
dx.doi.org/10.1029/2000GC000124
dx.doi.org/10.1029/2000GC000124
dx.doi.org/10.1029/2000GC000124
dx.doi.org/10.1029/2000GC000124
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0255
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0260
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0265
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0270
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0275
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0280
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0285
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0290
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0295
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0300
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0305
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0310
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0315
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0320
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0325
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0330
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0335
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0340
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0345
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0350

124 L. Zhang et al. / International Journal of Mass Spectrometry 392 (2015) 118-124

[31] H.-L. Yuan, S. Gao, M.-N. Dai, C-L. Zong, D. Giinther, G.H. Fontaine,
X.-M. Liu, C. Diwu, Simultaneous determinations of U-Pb age, Hf iso-
topes and trace element compositions of zircon by excimer laser-
ablation quadrupole and multiple-collector ICP-MS, Chem. Geol. 247 (2008)
100-118.

[32] T. Ewing, D. Rubatto, S. Eggins, . Hermann, In situ measurement of hafnium
isotopes in rutile by LA-MC-ICPMS: protocol and applications, Chem. Geol. 281
(2011) 72-82.

[33] I Segal, L. Halicz, L.T. Platzner, Accurate isotope ratio measurements of ytter-
bium by multiple collection inductively coupled plasma mass spectrometry
applying erbium and hafnium in an improved double external normalization
procedure, ]. Anal. At. Spectrom. 18 (2003) 1217-1223.

[34] N.-C. Chu, R.N. Taylor, V. Chavagnac, RW. Nesbitt, R.M. Boella, J.A. Mil-
ton, C.R. German, G. Bayon, K. Burton, Hf isotope ratio analysis using
multi-collector inductively coupled plasma mass spectrometry: an evalua-
tion of isobaric interference corrections, J. Anal. At. Spectrom. 17 (2002)
1567-1574.

[35] M.H. Dodson, A theoretical study of the use of internal standards for precise
isotopic analysis by the surface ionization technique: Part I - General first-order
algebraic solutions, J. Sci. Instrum. 40 (1963) 289-295.

[36] F. Albaréde, B. Beard, Analytical methods for non-traditional isotopes, Rev.
Mineral. Geochem. 55 (2004) 113-152.

[37] J.F. Rudge, B.C. Reynolds, B. Bourdon, The double spike toolbox, Chem. Geol.
265 (2009) 420-431.

[38] C.Wang, X.Liang,Y.Xie, C.Tong,].Pei,Y.Zhou, S. Wen, Late Miocene provenance
change on the eastern margin of the Yinggehai-Song Hong Basin, South China
Sea: evidence from U-Pb dating and Hf isotope analyses of detrital zircons, Mar.
Pet. Geol. 61 (2015) 123-139.

[39] J.N. Christensen, A.N. Halliday, D.C. Lee, C.M. Hall, In situ Sr isotopic analysis by
laser ablation, Earth Planet. Sci. Lett. 136 (1995) 79-85.

[40] X.H. Li, W.G. Long, Q.L. Li, Y. Liu, Y.F. Zheng, Y.H. Yang, K.R. Chamberlain, D.F.
Wan, C.H. Guo, X.C. Wang, Penglai zircon megacrysts: a potential new working
reference material for microbeam determination of Hf-O isotopes and U-Pb
age, Geostand. Geoanal. Res. 34 (2010) 117-134.


http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0355
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0360
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0365
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0370
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0375
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0380
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0385
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0390
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0395
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400
http://refhub.elsevier.com/S1387-3806(15)00329-2/sbref0400

	IsotopeMaker: A Matlab program for isotopic data reduction
	1 Introduction
	2 Data-reduction process
	2.1 Laser sampling mass spectrometry data reduction
	2.1.1 Strontium isotope data reduction
	2.1.2 Neodymium isotope data reduction
	2.1.3 Hafnium isotope data reduction

	2.2 Double-spike method data reduction
	2.2.1 Double-spike method data reduction for isotope systems including radiogenic isotopes
	2.2.2 Double-spike method data reduction for stable isotope systems


	3 Application
	4 Conclusion
	Acknowledgments
	Appendix A Supplementary data
	References


