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1) Purpose of the visit




The aim of this study is to better understand the crystallization conditions of one of the most important large caldera-
forming eruption in Italy. The Campi Flegrei Volcanic Field (Campanian Region, Southern Italy) is an active volcanic
region that covers an area of about 230 km?. It experienced two cataclysmic caldera-forming eruptions which produced
the Campanian Ignimbrite (39 ka) and the Neapolitan Yellow Tuff (15 ka). The eruption of the Campanian Ignimbrite,
an unwelded to partially welded trachytic-phonolitic ignimbrite, is regarded as the dominant event in the history of the
Campi Flegrei Volcanic Field with a minimum bulk volume of about 310 km® and initial areal distribution of about
30000 km® (Rolandi et al., 2003). The plumbing system of the Campi Flegrei Volcanic Field is still under debate and
two main hypothesis have been evoked: (i) the presence of different magma batches evolved in separated magma
chambers (Pabst et al., 2007) and (ii) the evolution of a unique shallower magmatic reservoir (Pappalardo and
Mastrolorenzo, 2012). However, several geochemical, petrological and geophysical data are in favor of this second
hypothesis. In fact, isotopic investigations have pointed out that magmas evolve in a compositionally zoned magma
chamber (Pappalardo et al., 2002). Thermo-dynamical modeling and phase-equilibrium experiments have also
demonstrated that shallower (250-150 MPa) crystal-poor felsic magmas with ~3 wt.% H,O are supplied by a deeper
crystal-rich mafic layer (Signorelli et al. 1999; Fowler et al. 2007; Fabbrizio and Carroll, 2008; Pappalardo et al.,
2008). The presence of a unique shallow magmatic source is also supported by geophysical data underling the
existence of a partial melting zone at 7-8 km depth where trachyphonolitic magmas originates by differentiation of a
voluminous parent shoshonitic liquid (D’Antonio, 2011). This evolutionary process would lead to the formation of
crystal mushes dominated by mafic phases (clinopyroxene and olivine) and significant amounts of melt directly
correlated to the seismic wave velocity anomaly measured widespread beneath the caldera (Zollo et al., 2008). The
plumbing system of the Campi Flegrei Volcanic Field appears to be comparable to other zoned chambers that fed
voluminous explosive eruptions in the world (e.g., Blake, 1981; Blake and Ivey, 1986; Wallace et al., 1999; Wark et
al., 2007). During my visit at ETH, I have analysed the compositions of crystals and glasses in some products of the
Flegrei Volcanic Field. By means of activity models, I have tested for equilibrium between crystals and glasses. Then,
equilibrium data have been used as input data for thermometers and hygrometers to estimate the crystallization
temperatures and water contents of magmas. In particular, using equilibrium K-feldspar-liquid pairs, I have calibrated a
new hygrometer allowing to accurately predict the water dissolved in magmas immediately prior to eruptions.

2) Description of the work carried out during the visit

I have performed microprobe analyses of clinopyroxenes, feldspars and glasses found in seven products from the
Campi Flegrei Volcanic Field (Table 1). For glasses, a slightly defocused electron beam with a size of 3 um was used
with a counting time of 5 s on background and 15 s on peak. For crystals, the beam size was 1 um with a counting time
of 20 and 10 s on peaks and background, respectively. The following standards have been adopted for the various
chemical elements: jadeite (Si and Na), corundum (Al), forsterite (Mg), andradite (Fe), rutile (Ti), orthoclase (K),
barite (Ba), apatite (P), spessartine (Mn) and chromite (Cr). Sodium and potassium were analyzed first to prevent alkali
ion migration effects. The precision of the microprobe was measured through the analysis of well-characterized
synthetic oxides and minerals. Data quality was ensured by analyzing these test materials as unknowns. Based on
counting statistics, analytical uncertainties relative to their reported concentrations have indicated that precision was
better than 5% for all cations. The products are trachytic to phonolitic in composition and constrain the large caldera-
forming eruption of the Campanian Ignimbrite (hereafter named CI). Coherently with their relative stratigraphic
position, these samples have been grouped as pre-CI, CI and post-CI. In order to retrieve the crystallization parameters
of Campi Flegrei magmas, clinopyroxene- and feldspar-melt equilibria were studied by means of thermometric and
hygrometric models. Results were compared with those reported by previous studies in order to better understand
magma dynamics at Campi Flegrei.

3) Description of the main results obtained

The pre-eruptive temperatures of our products were estimated through one of the most recent clinopyroxene-
based thermometer calibrated by Masotta et al. (2013). This is a pressure-independent model (Eqn. Talk2012) with a
very low uncertainty (18 °C) due to regression analyses of experimental compositions specific to alkaline
differentiated magmas. As input data, we have selected clinopyroxene rim and co-existing liquids. To ascertain
whether the clinopyroxene-liquid pairs were in equilibrium at the time of crystallization, we have used the Fe-Mg
exchange reaction [P*""“K dp, . = (Fe*/Fe"'%) x (Mg""‘/Mg®)] modeled by Putirka (2008). With the exception of
a number of data mostly from the CI sample, measured °p"'“q“idepe_Mg (0.24-0.27) closely match with both the
equilibrium ranges of 0.27+0.03 and 0.284+0.08 indicated by Putirka et al. (2003) and Putirka (2008), respectively (Fig.
1). As a further test for equilibrium, we have adopted the model of Mollo et al. (2013) based on the difference (A)
between diopside + hedenbergite (DiHd) components predicted for clinopyroxene via regression analyses of




clinopyroxene-liquid pairs in equilibrium conditions, with those measured in the analyzed crystals. Considering that
ADiHd equals to zero at thermodynamic equilibrium, we have assumed as near-equilibrium crystallization conditions
values <0.02. The plot of Fig. 2 reveals strong disequilibrium conditions for the majority of clinopyroxene-liquid pairs
found in CI product, coherently with results from Fe-Mg exchange reaction (Fig. 1). After the screening of
disequilibrium data, we used equation Eqn. Talk2012 to estimate the thermal paths of magmas feeding eruptions. Our
predictions yield crystallization temperatures of 860-970 °C, 750-1156 °C, and 770-965 °C for pre-CI, CI and post-CI
samples, respectively (Fig. 3); notably, the crystallization of clinopyroxene in CI magma occurs over a wider thermal
path relative to other samples (see discussion below). To measure the water content of these magmas, we have
calibrated a K-feldspar-liquid hygrometer specific for trachytic to phonolitic compositions. The calibration dataset
consists of laboratory experiments conducted by previous authors at 0.05-0.3 GPa, 725-950 °C, 2.7-9.5 wt.% H,0 and
QFM-NNO+1.5 buffers (i.e., Fabbrizio and Carrol 2008; Andujar et al. 2008, 2010; Andujar and Scaillet 2012;
Masotta et al., 2013) and MELTS (Ghiorso and Sack, 1995) numerical simulations performed at 0.15-0.3 GPa, 1020-
803 °C, 0.0-8.0 wt.% H,O and QFM-NNO+0.5 buffering conditions. We stress out that there is a fairly agreement
between phase relationships and compositions predicted by MELTS and those observed in natural and experimental
alkaline differentiated products (e.g., Fowler et al., 2007; Masotta et al., 2010). A number of regression analyses have
been performed prior to derive a new and more precise hygrometer. Each variable was checked using partial-regression
leverage plots to ensure that a given model parameter is significant and so explained by more than just one or a few
potentially aberrant data. The melt-water content was plotted versus the cation fraction of liquids and K-feldspars in
order to capture the regression variables with the highest degrees of correlation. Then, more complex terms, e.g.,
Mg#'4 = [MgO/(MgO + FeOy)]" and the ratio of [Si/(K + Na + Ca)]", were considered to improve H,O prediction.
Importantly, our new regression models were developed including only those parameters that closely describe the
variance of the dataset (cf. Putirka et al. 1999), whereas all parameters producing data overfitting were removed from
the regression analysis (Jefferys and Berger 1992; Ratkowsky 1990). Doing this, we have determined the minimum
number of parameters that are required to explain observed variability, thus calibrating the following regression model
(Fig. 4a):

Eqn. Kfsl

R lig
H,O(Wt.%) = 22.226 —1.993x 10> T (°C) +1.7141n St
(K +Na+Ca)

—~0.1171n(An*® )— 534.319Ti" —1.357Mg#"

(R*=0.90; SEE = 0.69)

In order to verify the accuracy of our hygrometers, we have used as test data K-feldspar—liquid pairs not included into
the calibration dataset. Results show that equation Kfs1 successfully reproduces melt-water contents for the test dataset
according to the high correlation coefficient and low standard error of estimate (Fig. 4b). This finding ensures that
there are no systematic overestimates or underestimates due to mis-calibrations, as well as that the type and number of
used model parameters avoid overfitting. One of the crucial issue in using mineral-liquid activity models is whether the
crystal phases are in equilibrium with the coexisting liquids. In the light of previous results of Putirka (2008), we have
examined the behaviour of both Ab-An and Or-Ab exchanges for K-feldspar—liquid pairs from our calibration dataset.
The proportions of Ab-An-Or in K-feldspar led to no significant regression coefficients for *“"Kdu, A, Whereas a
best-fitting equation was derived for **"Kd,. s, (Fig. 5a):

Eqn. Kfs2
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The equation Kfs2 is a T-sensitive model like those proposed for *"Kdp.\, by Putirka (2008) and Masotta et al.
(2003) but it also accounts for the equilibrium proportion between Or and Ab + An in K-feldspar and coexisting liquid
over the effect of temperature. Following the same strategy adopted for hygrometers, we have verified the accuracy of
this model using test data not included into the calibration dataset. The equation Kfs2 successfully captures most of the
equilibrium K-feldspar-liquid pairs, as indicated by the good correlation coefficient (R* = 0.93) and standard error of
estimate (SEE = 0.04) of the linear regression showed in Fig. 5b. Using equation Kfs2 we have tested for equilibrium
natural pre-CI, CI and post-CI samples assuming as reliable K-feldspar and liquid compositions those plotting within
10 % of the one-to-one line (Fig. 6a). A number of CI data exhibit strong deviations between predicted and measured
1K doy,-an paralleling results from Fe-Mg exchange between clinopyroxene and liquid (Fig. 1) and difference between
predicted and observed components in clinopyroxene (Fig. 2). Much lower degrees of disequilibrium are observed for
post-CI compositions and near-equilibrium conditions are recovered for pre-CI products. After the screening of
disequilibrium data, we used equation Kfsl to estimate the melt-water contents at the optimum K-feldspar
crystallization conditions (0.1 GPa and 825 °C) determined for magmas of Campi Flegrei Volcanic Field (Fowler et al.,
2007). Our predictions yield comparable water contents for pre-CI and CI eruptions ranging from 3.5 and 8 wt.% (Fig.
6b); whereas, lower concentrations of 4.2-6.4 wt.% H,0O are measured for post-CI product. These estimates are
consistent with a number of previous melt inclusion data measuring water concentrations of 1.3-3.1 and 3.3-7.4 wt.%
for primitive and more evolved magmas, respectively (Cecchetti et al., 2001, 2005; Signorelli et al., 2001; Cannatelli et
al., 2007; Mangiacapra et al., 2008; Esposito et al., 2011). We stress out that CI represents the major explosive event of
the Mediterranean region in the last 200000 years erupting 145 km® of more or less differentiated trachytic magmas by
sequential tapping of a compositionally zoned magmatic reservoir (Di Girolamo and Morra 1987; Cornell et al. 1993;
Civetta et al. 1997; Signorelli et al. 1999). The very high melt-water contents measured for pre-Cl and CI products
(Fig. 8b) are due to water-saturated conditions prior to cataclysmic caldera-forming eruption. In fact, thermo-dynamical
models (Pappalardo et al., 2008) and experiments (Fabbrizio and Carroll, 2008) have demonstrated that CI magma was
mainly water-saturated and capable of generating critical conditions of over-pressurisation in the chamber. In this
regard, the lower melt-water contents recorded by post-Cl, product are the consequence of eruption-induced
decompression events: as pressure is released during caldera collapse, the volatile saturation level will drop deeper in
the magmatic column, depleting magmas in volatiles (Bachmann et al., 2011 and references therein). The different
amount of dissolved water in primitive CI melt inclusions (<3 wt.% H,0) and matrix glasses (<1 wt.% H,O) indicate
strong magma degassing during ascent from the magma chamber toward the surface with remarkable gas loss at
shallow depths (1.1-1.6 km) and in the conduit (<0.8 km) (Pappalardo and Mastrolorenzo, 2012 and references
therein). Dynamic crystallization conditions for CI magma are revealed by the number of disequilibrium data captured
by models based on crystal-liquid exchange reactions, i.e., *"""“Kdg..\q (Fig. 1), ADiHd (Fig. 2) and **"Kdo,., (Fig.
6a), as well as by the wide range of clinopyroxene crystallization temperature (Fig. 3) and melt-water content (Fig. 6b).
Despite the lack of melt inclusions in the more evolved CI products precludes any direct estimation of the water
content (Signorelli et al., 2001), the empirical model of Moore et al. (1998) predicts that the solubility of water in
magma increases from 4.2 to 6.2 wt.% as the temperature decreases from 1150 to 850 °C at 0.15 GPa. MELTS runs
performed by Fowler et al. (2007) corroborates these predictions, underlining that CI magma is water-saturated at 1127
°C and 4.4 wt.% H,0, and that the dissolved water content continues to increase at the rate of 1 wt.% H,O per 50 °C as
heat is extracted and crystals precipitate. However, while water-poor primitive melt inclusions are entrapped in olivine
and clinopyroxene at relative high temperatures (1230 and 1160 °C, respectively), K-feldspar saturates CI magma at
the late stage of differentiation (880 °C) under water-rich conditions (Fowler et al., 2007). Additionally, the lower
crystallization temperature of K-feldspar coincides with a pseudo-invariant point where the fraction of melt remaining
in the system abruptly decreases from 0.5 to <0.1 leading to changes in the composition, properties (density, dissolved
water content), and physical state (viscosity, volume fraction fluid) of melt, possibly setting the stage for highly
explosive eruptions (Fowler et al., 2007). This basically points out that our new K-feldspar-liquid hygrometers has
paramount implications for volcanic hazard since they permits to predict the amounts of water dissolved in alkaline
differentiated magmas immediately prior to the onset of eruptions or at syn-eruptive conditions whether degassing-
induced crystallization of K-feldspar occurs at shallow depths or in the conduit.

4) FEuture collaboration with host institution (if applicable)
There is an ongoing three-years collaboration between the INGV (Rome) and ETH (Zurich) on a project funded by
Swiss National Science Foundation to improve our understanding of magma reservoirs feeding large volcanic
eruptions.




5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in
publications resulting from the grantee’s work in relation with the grant)
There is a draft of a manuscript dealing with a new hygrometer specific to alkaline differentiated magmas at Campi
Flegrei.
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Fig.1. Test for equilibrium based on Fe-Mg exchange reaction between clinopyroxene and liquid
[PHMIR dp g = (FeP/Fe" ) x (Mg"""/Mg**)] modeled by Putirka (2008). With the exception of
a number of data mostly from the CI sample, measured *"*“Kdg, v, (0.24-0.27) closely match
with both the equilibrium ranges of 0.27+0.03 and 0.28+0.08 indicated by Putirka et al. (2003) and
Putirka (2008), respectively.
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Fig. 2. Test for equilibrium based on the model of Mollo et al. (2013). The difference (A) between diopside +
hedenbergite (DiHd) components predicted for clinopyroxene via regression analyses of clinopyroxene-liquid pairs in
equilibrium conditions, with those measured in the analyzed crystals. Considering that ADiHd equals to zero at
thermodynamic equilibrium, we have assumed as near-equilibrium crystallization conditions values <0.02. The plot
reveals strong disequilibrium conditions for the majority of clinopyroxene-liquid pairs found in CI product, coherently

with results from Fe-Mg exchange reaction (Fig. 1).

o
-\l
|

/

=
~J
|

DiHd predicted
o o
~ o)
DiHd predicted
o
00}

1200 ~

1100

1000

©

o

o
|

Temperature (°C)

800 -

L o
1 N N 11

700
pre-Cl Cl post-Cl

Fig. 3. Estimates of clinopyroxene crystallization temperatures conducted with Eqn.
Talk2012 by Masotta et al., 2013. Our predictions yield crystallization temperatures of 860-
970 °C, 750-1156 °C, and 770-965 °C for pre-CI, CI and post-CI samples, respectively;
notably, the crystallization of clinopyroxene in CI magma occurs over a wider thermal path

relative to other samples.
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Fig. 4. Calibration of a new K-feldspar-liquid hygrometer specific to magmas of Campi Flegrei Volcanic Field (a); the
calibration dataset consists of laboratory experiments conducted by previous authors at 0.05-0.3 GPa, 725-950 °C, 2.7-
9.5 wt.% H,0 and QFM-NNO+1.5 buffers (i.e., Fabbrizio and Carrol 2008; Andujar et al. 2008, 2010; Andujar and
Scaillet 2012; Masotta et al., 2013) and MELTS (Ghiorso and Sack, 1995) numerical simulations performed at 0.15-0.3
GPa, 1020-803 °C, 0.0-8.0 wt.% H,O and QFM-NNO+0.5 buffering conditions. Test of model Kfsl based on K-
feldspar-liquid pairs not included in the calibration dataset (b).
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Fig. 5. Calibration of Kfs2 model for equilibrium based on Or-Ab exchange between K-feldspar and liquid (a). Test of
model Kfs2 via regression analysis of data non included in the calibration dataset (b).
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Fig. 6. Using equation Kfs2 we have tested for equilibrium natural pre-CI, CI and post-CI samples assuming as reliable
K-feldspar and liquid compositions those plotting within 10 % of the one-to-one line (a); a number of CI data exhibit
strong deviations between predicted and measured *"Kdo,.A,. After the screening of disequilibrium data, we used
equation Kfsl to estimate the melt-water contents at the optimum K-feldspar crystallization conditions (0.1 GPa and
825 °C) determined for magmas of Campi Flegrei Volcanic Field (b); our predictions yield comparable water contents
for pre-CI and CI eruptions ranging from 3.5 and 8 wt.%, whereas lower concentrations of 4.2-6.4 wt.% H,O are
measured for post-CI product.



Table 1. Representative analyses of clinopyroxenes, K-feldspars and glasses found in pre-CI, CI and post-CI products.

CI: Campanian Ignimbrite.

SiO, TiO, AlLO3 FeOyx: MnO MgO CaO Na,0O K,O P,Os Tot SiO, TiO, ALO3 FeOyxr MNO MgO CaO Na,0O KO Tot
Liquid (Glass) Compositions - in Weight Percent Clinopyroxene Compositions - in Weight Percent

Pre-Cl samples Pre-Cl samples

62.81 1.01 17.67 275 018 072 197 587 6.86 0.00 100.00 50.39 066 285 10.00 048 13.64 2125 0.89 0.00 100.16
61.07 037 17.82 325 027 0.68 227 6.76 7.41 0.00 100.00 51.71 035 252 8.64 053 1391 2238 0.38 0.00 10042
61.80 050 1889 243 0.17 0.84 221 558 7.57 0.00 100.00 50.94 0.85 246 949 058 13.05 2134 072 0.00 9943
61.03 0.15 1874 322 0.14 0.66 209 640 737 0.00 100.00 50.32  0.68 243 9.63 145 12,67 22.09 0.66 0.00 99.93
62.03 029 1862 330 040 043 210 572 7.07 0.00 100.00 4947 1.14 247 1098 083 11.92 2153 0.69 0.00 99.03
61.73 0.19 1821 394 022 051 1.85 597 7.14 0.00 100.00 51.02 074 256 9.82 1.09 1252 21.71 0.69 0.00 100.15
60.90 0.62 19.03 335 000 0.62 178 6.02 732 0.00 100.00 48.58 093 3.12 1054 1.03 11.84 2279 027 0.00 99.10
61.25 054 1734 3.06 000 0.74 259 692 756 0.00 100.00 4924 1.05 322 1034 0.75 1258 21.78 0.72  0.00 99.68
61.53 054 1843 354 0.16 040 188 576 738 0.00 100.00 4931 059 397 8.63 051 1329 2328 0.19 0.00 99.77
Cl samples Cl samples

61.18 040 1644 397 066 1.05 247 567 815 0.00 100.00 4892 0.78 254 1149 122 1285 2035 049 0.00 98.64
56.51 052 1527 650 1.65 236 556 694 471 0.00 100.00 5244 087 217 297 034 18.17 21.89 0.19 0.00 99.04
62.11 040 2098 045 021 059 121 735 670 0.00 100.00 5122 049 376 438 046 17.16 2224 0.09 0.00 99.80
5842 0.88 1551 294 033 7.63 128 3.08 990 0.03 100.00 5191 0.12 297 385 0.00 17.84 22,65 0.07 0.00 99.41
61.18 040 16.44 397 066 1.05 247 567 815 0.00 100.00 5023 0.65 264 10.13 048 1239 2152 086 0.00 98.90
56.51 052 1527 650 1.65 236 556 694 471 0.00 100.00 5271 056 3.08 495 0.00 1690 2246 0.08 0.00 100.74
61.18 040 16.44 397 066 1.05 247 567 815 0.00 100.00 5032 0.77 240 1038 122 1253 21.01 0.61 0.00 99.24
56.51 052 1527 650 1.65 236 556 694 471 0.00 100.00 5139 036 242 991 0.67 1287 2230 0.85 0.00 100.77
58.84 046 1586 524 1.16 1.70 4.01 630 6.43 0.00 100.00 5147 0.61 2.86 7.54 024 1465 2199 047 0.00 99.82
Post-CI samples Post-CI samples

64.63 0.07 20.73 0.59 0.00 0.07 245 639 508 0.00 100.00 50.19 041 236 13.01 142 1097 21.73 047 0.00 100.56
66.04 025 1835 2.04 0.15 0.10 141 583 583 0.00 100.00 49.41 1.03 258 1251 1.12 11.01 2030 0.84 0.00 98.80
65.54 026 1863 1.75 023 0.05 1.10 577 6.68 0.00 100.00 50.01 0.78 328 10.04 043 1248 2228 0.62 0.00 99.92
67.01 034 17.09 181 007 0.02 126 6.03 637 0.00 100.00 4926 1.06 3.97 8.61 0.33  13.43 22.07 0.57 0.00 99.30
6497 027 1923 242 022 011 141 571 558 0.08 100.00 50.29 030 253 954 0.839 14.03 21.78 023 0.00 99.59
6443 022 17775 2.00 042 056 182 631 6.50 0.00 100.00 50.00 0.25 3.03 837 0.61 1358 2246 038 0.00 98.68
6437 001 1732 260 073 040 184 597 6.73 0.03 100.00 50.76  0.72 206 11.46 141 11.22 20.07 096 0.00 98.66
6430 046 1693 244 000 037 215 615 7.01 020 100.00 51.06 0.72 1.63 1250 1.13 11.86 20.88 0.65 0.00 100.43
65.37 039 1578 292 036 045 174 6.85 6.15 0.00 100.00 51.01 047 1.13 11.22  1.06 11.85 21.12 0.74 0.00 98.60
64.77 050 17.66 2.83 025 034 129 597 639 0.00 100.00 5093 076 128 11.37 1.50 11.49 21.80 0.77 0.00 99.90
Liquid (Glass) Compositions - in Weight Percent Plagioclase Compositions - in Weight Percent

Pre-Cl samples Pre-Cl samples

62.81 1.01 17.67 275 0.18 0.72 197 587 686 0.18 100.00 6445 027 1897 0.00 0.00 0.00 076 436 11.20 100.01
61.07 037 17.82 325 027 0.68 227 6.76 7.41 025 100.00 62.05 032 1927 0.18 091 0.19 085 483 1139 9999
62.81 101 17.67 275 0.18 0.72 197 587 686 036 100.00 62.53 0.64 1944 0.00 0.00 0.01 079 436 12.16 9993
61.80 050 1889 243 0.17 0.84 221 558 757 0.00 100.00 62.01 0.00 20.17 041 0.00 0.00 045 454 12,10 99.68
61.03 0.15 1874 322 014 066 2.09 640 737 0.04 100.00 64.50 0.00 19.09 0.00 0.13 0.00 045 4.00 11.82 9999
61.73 0.19 1821 394 022 051 185 597 714 036 100.00 63.05 0.00 1893 0.64 0.00 025 063 429 1220 9999
60.90 0.62 19.03 335 000 0.62 178 6.02 732 0.00 100.00 61.44 0.00 1987 0.73 0.00 0.16 1.51 444 11.85 100.00
61.25 054 1734 3.06 000 0.74 259 692 756 039 100.00 62.25 0.14 1889 0.86 0.00 0.00 0.82 450 12.54 100.00
61.53 054 1843 354 0.16 040 188 576 738 0.00 100.00 61.52 026 1959 1.06 0.00 0.11 044 429 1260 9987
6143 045 1845 298 059 043 1.85 678 7.05 0.00 100.00 6222 0.00 20.04 0.09 0.70 0.00 037 454 12.04 100.00
Cl samples Cl samples

61.18 040 16.44 397 066 1.05 247 567 815 0.00 100.00 63.12 0.00 19.08 0.00 028 0.00 060 417 1135 98.60
56.51 052 1527 6.50 1.65 236 556 694 471 0.00 100.00 62.66 0.18 1893 1.74 0.00 0.00 1.03 437 11.60 100.51
62.11 040 2098 045 021 059 121 735 6.70 0.00 100.00 62.10 046 19.07 0.00 059 0.05 0.15 419 1147 98.08
5842 0.88 1551 294 033 7.63 128 3.08 990 0.03 100.00 64.78 0.00 1847 0.04 0.00 0.00 056 422 12.58 100.65
61.18 040 16.44 397 066 1.05 247 567 815 0.00 100.00 6141 0.17 19.69 0.00 081 027 056 396 12.06 9893
65.04 026 1836 031 020 001 080 597 9.05 0.00 100.00 6127 006 1942 125 039 0.12 054 4.06 1246 9957
64.85 0.03 1926 0.69 041 0.02 1.18 6.88 6.53 0.13 100.00 61.74 0.00 19.06 0.00 088 023 092 419 1194 9896
64.24 0.15 1930 0.82 008 056 149 568 7.66 0.00 100.00 6240 036 19.67 0.00 0.00 0.00 0.89 484 12.62 100.78
64.73 043 1850 094 0.00 024 072 507 940 0.00 100.00 62.35 0.67 1873 0.50 0.06 0.10 053 441 1239 9974
64.60 052 1895 0.56 0.00 0.66 071 587 7.75 037 100.00 6298 0.00 17.81 0.00 0.00 0.00 147 410 1259 9895
Post-CI samples Post-CI samples

60.90 043 18.67 286 0.10 0.71 212 487 922 0.12 100.00 62.62 0.53 19.03 0.00 0.00 045 047 232 1459 100.01
60.73 0.71 1858 348 0.00 0.54 257 485 854 0.00 100.00 6296 0.00 1874 0.00 0.00 040 046 240 1503 9999



63.61
64.80
63.59
62.53
62.47
63.38
61.95
62.28

0.32
0.55
1.05
0.53
0.50
0.37
0.64
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18.71
17.37
18.69
19.01
18.77
17.17
17.67
18.35

1.64
1.36
2.02
2.79
3.41
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3.14
2.57

0.24
0.47
0.00
0.00
0.02
0.49
0.00
0.27

0.48
0.50
0.35
0.28
0.25
0.43
0.71
0.45

223
1.86
1.99
2.09
2.15
1.70
2.36
2.22

4.02
430
4.50
439
4.02
4.59
4.70
436

8.70
8.78
7.81
8.38
8.40
8.69
8.83
8.86

0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

60.94
61.72
62.00
62.86
62.77
61.24
60.89
62.94

0.30
0.16
043
0.22
0.09
0.00
0.00
0.45

19.25
18.80
18.02
18.68
18.52
18.56
19.53
18.68

0.40
0.08
0.00
0.86
0.00
0.00
1.53
0.56

0.00
0.94
0.29
0.00
0.00
0.55
0.42
0.00

0.02
0.00
0.04
0.00
0.02
0.00
0.00
0.00

0.71
0.60
1.04
0.25
0.70
0.90
0.33
0.57

2.41
2.84
2.84
2.57
2.37
2.51
2.64
2.58

15.93
14.40
15.33
14.57
15.44
15.12
14.66
14.16

99.96
99.54
99.99
100.01
99.91
98.88
100.00
99.94




