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Abstract: To study uranium transport by surface water from Sierra Pefia Blanca to Laguna del Cuervo
in the Chihuahuan Desert, sediments from intermittent streams and the lagoon have been extracted
and studied. Two samples are sediments from the high area of the Sierra, close to the uranium deposit
“El Nopal.” Moreover, 23 segments of a sedimentary core were analyzed to study changes in the fine
component concentrations. The techniques of scanning electron microscopy-energy dispersive X-ray
spectroscopy, XRD in a conventional diffractometer, and high-resolution synchrotron XRD analysis
were applied. The crystallographic objective has been to evaluate the functionality of various
methodologies when applied to cases of detailed analysis of many polyphase samples with
cryptocrystals. The methods for processing the experimental data have been the Rietveld method, in
the current multi-pattern variant of the Fullprof program, and the Degree of Crystallinity method for
rapid estimation of the proportion of cryptocrystals in a mixture. This last technique has been
developed with an Ad-Hoc software package, which has been deposited in the public repository
GitLab.

Keywords: fine sediments; degree of crystallinity analysis; Rietveld method; synchrotron XRD; XRD
phase analysis

1. Introduction

Sierra Pefia Blanca (SPB), in the center of the state of Chihuahua, is part of the Chihuahuan
Desert. The Chihuahuan Desert [1] is the largest in North America, covering about 450,000 km?. The
SPB site has about 50% of Mexico's uranium reserves. The mineralogical characterization of SPB was
reported in the 80s by Goodell [2], and Reyes Cortes [3].

The Pefia Blanca uraniferous district contains 104 prospects, of which many have superficial
manifestations. The uranium of SPB was explored - exploited in the 80s. After the closure of
operations, hundreds of tons of unprocessed U ore were confined to rocky stacks and exposed to
weathering. Subject to leaching by the scarce but torrential desert rains, this uranium is transported
from the mountains to Laguna del Cuervo. Stream sediments carry debris from igneous rocks and
uranium minerals from SPB and constitute archives of the processes that these minerals have
undergone [4].

The granulometry and mineral phases of the sediments reflect their mineral origin and location
in the mountain range, from the top of the mountain range to the alluvial plain. Uranyl adsorption
strongly depends on this grain size [5,6], with the smaller fractions (particle size <2 um) accounting
for the largest proportion [7]. The content of the fine fractions is related to the climate and the minerals
that gave rise to them. In this context, it is important to characterize the content of very fine or
cryptocrystalline phases, because these are the particles that are transported by the wind [5]. These
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fine and cryptocrystalline phases are also responsible for the transport of the long-lived radon-
progeny isotopes 21°Pb, 219Bi and 21°Po [8].

X-ray diffraction (XRD) is one of the most widely used techniques in mineralogy. The method
allows determination of crystal structure and qualitative and quantitative phase analysis [9]. The
Rietveld method (RM) [10] is frequently used. It consists of fitting the structural parameters of the
phases present and of the experiment to the complete profile of the powder diffractogram.
Quantitative phase analysis by the RM requires the crystal structures of all phases within the sample
to be known [11]. Phases’ identification is performed with the help of crystallographic and diffraction
databases [12-15] and by application of search-match programs [16]. The introduction of artificial
intelligence tools in this field is a tendency nowadays [17-19]. Widely used RM programs are, among
others: Fullprof [20], MAUD [21], TOPAS [22], BGMN [23], GSAS [24].

Some possible sample characteristics that make quantification difficult are texture, mixture of
crystalline and amorphous or cryptocrystalline phases, and unknown or variable crystal structure.
Results from XRD, scanning electron microscopy-energy dispersive X-ray spectroscopy (SEM-EDS),
elemental analysis by X-ray fluorescence or ICP are often combined to validate the chemical
composition of the samples.

Madsen et al. (2011) [25] review different XRD methods applicable to a mixture of crystalline
polymorphs and amorphous material with equal or similar chemical composition. They mention the
following techniques:

e Internal standard [26]

e  External standard [27,28]

e Linear Calibration Model method [29]

e  PONKCS (Partial or No Known Crystal Structure) [30]
e  Degree of Crystallinity (DoC) [31]

e  Full structure [25]

The PONKCS method [32] allows the quantification of the crystalline phases and the amorphous
contribution. In the study of minerals with a large contribution of cryptocrystalline phases, such as
bentonites [33], XRD and RM are successfully used. Geochemical studies involving fine mineral
fractions [34,35], with their cryptocrystalline components, address a complex mixture of clays,
feldspars, quartz, and calcite.

The present investigation has had a geological and a crystallographic objective.

The geological objective has been to characterize representative uranium-free samples of an
ongoing research about uranium transport by surface water to Laguna del Cuervo. Two samples
(“Nopal” and “Tigre”) are sediments from the high area of the Sierra, close to the uranium deposit.
23 segments of a sedimentary core were analyzed, to study 150 years’ history of the eventual uranium
contamination of sediments. The crystallographic objective has been to fine-tune and evaluate the
functionality of various methodologies, when applied to cases of detailed analysis and rapid
characterization of a large number of polyphase samples with cryptocrystals. The experiments
performed have been conventional diffraction in a laboratory diffractometer and high-resolution
diffraction in a synchrotron. The methods for processing the experimental data have been the
Rietveld method, in the current multi-pattern variant of the Fullprof program, and the Degree of
Crystallinity method for rapid estimation of the proportion of cryptocrystals in a mixture. This last
technique has been developed with an Ad-Hoc software package, which has been deposited in the
public repository GitLab.
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2. Materials and Methods

2.1. Sampling

Sediment samples Nopal and Tigre were gathered at streams close to Nopal 1 uranium deposits
at SPB. Sampling followed regulations [36], using a 50 cm square frame, avoiding large stones, and
collecting about 5 kg per sample in labeled polypropylene bags. The sediments were classified by
granulometry into coarse sand, fine sand, silt, and clay, respectively [37]. Vibrational meshing was
used at 15-minute intervals. Sediments passing the mesh 200 (0.074 mm) were classified as fine silt +
clay.

The sedimentary core was obtained by manual extraction using a 4-inch diameter thick-walled
PVC pipe with a steel top guard to a depth of 60 cm from the surface. The sampling recommendations
of [38] were followed. The core was divided into 2.5 cm fractions, resulting in 23 core segments. Each
fraction was classified in descending order. The part of each segment subjected to elemental analysis,
electron microscopy, and XRD phase analysis was dried and manually ground in an agate mortar.

2.2. General Characterization of Samples

Inductively coupled plasma atomic emission spectroscopy (ICP-OES) elemental chemical
analysis was used to determine the presence of several elements common in the SPB rocks (Al, Ca,
Fe, K, Mg, Mn, Na, Si, and Ti). It was applied to the 23 segment samples of the sediment core collected
at the flood plain. The samples were chemically digested, and the analysis was run on an ICP-OES
Thermo Jarrell Ash, IRIS AP/Duo.

Secondary and backscattering electron images of sedimentary core samples were obtained using
a scanning electron microscope Hitachi SU3500, with 15 kV and 20 kV operation voltages,
respectively. In EDS mode, the qualitative and semi-quantitative elemental analysis were performed
with an OXFORD Model X-MAX spectrometer. Backscattering electron images of samples Nopal and
Tigre were obtained at the SEM field emission JEOL JSM7401F.

2.3. XRD Characterization of Samples

Samples from the Nopal and Tigre sites were measured using conventional (Lab) and high
resolution (Sync) diffraction. The 23 samples from Laguna del Cuervo were examined using Lab
diffraction. Conventional patterns were measured in a PANalytical X'Pert Pro diffractometer in
Bragg-Brentano geometry, with a PIXcel3D detector using filtered CuKa radiation, measuring
interval 26 = [2.5, 60°], step A(26) = 0.0130°. High resolution XRD was observed at MCX beamline of
Sincrotrone Elettra Trieste, with flat sample geometry, wavelength A = 0.8265616 A, measuring
interval 20 = [2.0, 40°], step A(20) = 0.01°. The instrumental resolution data for both groups of
experiments were measured with LaBs standards. To facilitate diverse comparisons, Sync diffraction
patterns were converted to CuKa wavelength (script deposited in GitLab).

Diffraction data of the Nopal and Tigre samples were interpreted via Rietveld refinement.
Qualitative phase identification was performed with the Match program. Crystal structures were
found in the Crystal Open Database [12]. Quantification of phases’ concentration, small variations of
lattice parameters and deviations from crystal perfection (nanometric crystal sizes, heterogeneity of
cells dimensions) were obtained by application of the Rietveld program Fullprof.

The study of the 23 samples from Laguna del Cuervo was carried out in two parallel ways.

e  Rietveld formal analysis: The multi-pattern variant of Fullprof was applied. This method allows
to reinforce the systematic nature of the scan through the set of considered samples, keeping certain
parameters constant and refining selectively in each sample. The method leads to detailed
characterizations of each sample, including the quantitative analysis of all the phases present. The
time required to complete this type of analysis is in the order of hours; in complicated cases it can
take days.
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e Rapid estimation of the concentration of cryptocrystals in clays: The determination of this % is
an important claim of the geological component of the investigation. To satisfy this, a rapid,
computerized procedure was developed. The technique is a variant of the above-mentioned method
for the determination of the DoC. It is based on approximating the concentration of cryptocrystalline
material to the ratio between the respective areas, above the background, in the XRD pattern.

Symbolically:
area(crypto)
area(crypto + crystal)

cryptocrystalline material concentration = (1)
In our laboratory, a combined [Rietveld + DoC] system for sediment analysis has been
developed. Program ANALIA (ANALytical Integration Application), written in mixed programming
[Python + renowned program FullProf], performs the data processing. ANALIA is an open-source
code, it has been deposited in the public repository GitLab and is described in the Results section.

3. Results

3.1. General Characterization of Study Samples

The Nopal and Tigre fine silt + clay samples were characterized by scanning electron
microscopy. Backscattered electron images, together with energy-dispersive X-ray spectroscopy
analysis concentrations, are presented in Figures 1 and 2.
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Figure 2. SEM analysis of the Tigre sample. (a) Backscattered electron image; (b) EDS analysis.

The EDS of samples from Nopal and Tigre reflect a high content of Si and O, typical of quartz,
as well as lower proportions of other elements of the minerals that form igneous rocks, such as Al,
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Ca, Na, Mg and K, typical of calcite and feldspars (orthoclase and albite), and of their alteration
products, such as clays (kaolinite and montmorillonite).

Samples from the 23 core segments were characterized by scanning electron microscopy, and
major element analysis was performed using ICP-OES. Results for each ICP-OES segment are shown
in Appendix A. Backscattered electron images and EDS elemental concentrations for segment # 22,
are presented in Figure 3.

As expected from the origin of the sediments of the 23 segments, the elemental composition is
very similar to each other and similar to that of the Nopal and Tigre samples. The sample's EDS
reflects concentrations of the same order of the averages, within the dispersions of Table Al. These
averages are presented in Table 1.

Table 1. Average major elemental concentrations in % of the sedimentary core samples. Dispersions are shown

in parentheses.

Al Ca Fe K Mg Na Si Ti
6.3(0.8) 3.9(0.7) 227(0.12) 2.88(0.11) 0.9(0.1) 1.35(0.13) 23(2) 0.17(0.02)

Looking closely at Figure 3b, it can be seen that around and on the coarse grains appear grains
of dimensions ~ 1 pym. Apparently, these grains have an average atomic number slightly larger than
the coarse grains, which could correspond to clays that contain solid solutions of elements heavier
than Si, Al, and Na.

. Map Sum Spectrum
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21.5 0.1
111 0.5
6.6 0.1
6.3 0.1
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27 0.0
1.2 0.0
0.9 0.0
03 0.0

Electron Im 17

Figure 3. SEM analysis of segment # 22 from the core sedimentary sample. (a) EDS analysis; (b) Backscattered
electron image with compositional difference; (c) Low magnification backscattered electron image.

3.2. XRD Results

Results from samples Nopal and Tigre are summarized in Table 2 and in Figures 4 and 5. Some
key results are mentioned below. The phase compositions are consistent with the elemental analysis
results. The calcite concentration is almost double in Tigre. The concentration differences between
members of the kaolin group and between feldspars are not overwhelming, if the sums [kaolinite +
halloysite] and [orthoclase + albite] are considered. The presence of magnetite is at the detection limit,
due to strong peaks’ overlapping. The concentration of montmorillonite is to some extent larger in


https://doi.org/10.20944/preprints202412.1972.v2

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 December 2024 d0i:10.20944/preprints202412.1972.v2

6 of 15

Nopal. From the point of view of the study of fine sediments, the broadening of the Mnt 001 peak (26
~ 6°), especially in the Tigre sample, is striking. The crystallites of montmorillonite are very poorly
crystallized in Tigre.

Table 2. Phase concentrations in % of the samples Nopal and Tigre. Standard deviations are shown in

parentheses. IMA mineral symbols [39] are also given in parentheses.

Phase Nopal Tigre
Quartz (Qz) 35.13 (1.74) 24.87 (1.32)
Calcite (Cal) 14.81 (1.24) 25.56 (1.63)
Montmorillonite (Mnt) 10.89 (0.55) 9.37 (0.42)
Kaolinite (Kln) 13.88 (0.83) 2.92 (0.55)
Halloysite (Hly) - 4.57 (0.54)
Muscovite (Ms) - 2.6 (0.1)
Orthoclase (Or) 13.76 (0.83) 24.89 (0.88)
Albite (Ab) 10.45 (0.78) 4.81 (0.46)
Magnetite (Mag) ~1 (DL) ~1 (DL)
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Figure 4. XRD of the Nopal sample. The main plot describes the pattern measured at the synchrotron, converted
to CuKa wavelength. The inset is a zoom of the interval associated primarily with feldspars. It includes, in blue,

a segment of the conventional XRD experiment.
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Figure 5. High resolution XRD of the Tigre sample. Zoom in the inset plays a role equivalent to the one in Figure
4. Some interesting details to be noticed: good detection of minor phases (20 = 10°), better separation of peaks

from feldspars (26 = 27°) in the synchrotron experiment.

The second part of the diffraction work focuses on establishing a rapid DoC-type method to
characterize the cryptocrystal content in sediments and comparing its results with those of a complete
Rietveld analysis. A useful product obtained in this component of the research is the freely available
ANALIA program, deposited in GitLab. The link to access this program, with application examples,
is the following:

https://luisolafg@gitlab.com/luisolafg/fullp-py.git

A run of ANALIA scans a series of measured diffractograms and automatically performs the
following asks:

e  Smooth and represent a suitable background.

e  Calculate the net areas corresponding to poorly- and well crystallized phases.
e  Estimate de cryptocrystalline concentration rapid via DoC

e  Present diffraction and analytical results.

e  Apply Rietveld multi-pattern refinement with program Fullprof.

e  Compare DoC and Rietveld results.

The system of procedures described here has been applied to the aforementioned series of 23
samples from Laguna del Cuervo. All diffractograms, data and the Python codes necessary to
reproduce the results to be described, are accessible at the GitLab link shown above.

Figures 6-8 are representative examples of the study carried out on the Laguna del Cuervo
series. Figures 6a and 7 show the XRD of sample 2, which contains little cryptocrystalline
montmorillonite. Figures 6b and 8 refer to sample 22, in which the montmorillonite content is higher.
The considered diffractograms appear in Figure 6 the way they are treated by ANALIA. Figures 7
and 8 show the experimental XRD patterns superposed with the corresponding Rietveld-modelled
ones.
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(a) DoC analysis for sample 2 (b) DoC analysis for sample 23
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Figure 6. XRD patterns of samples 2 (low montmorillonite) and 22 (relatively rich in montmorillonite). The red
dashed vertical lines indicate the integration limits for the cryptocrystalline fraction. The blue ones indicate the

respective limits for the well crystallized fraction.
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Figure 7. Rietveld analysis of sample 2, obtained with the Fullprof multi-pattern program, called from the

ANALIA code.
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Figure 8. Rietveld analysis of sample 22, obtained with the Fullprof multi-pattern program, called from the
ANALIA code. A higher proportion of cryptocrystalline montmorillonite is detected.
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The final results of the cryptocrystalline montmorillonite concentrations obtained by the two
methods considered are shown in Figure 9. The trends coincide, although the values the values are
different to some extent. Table A2 in the Appendix A presents the numerical outputs of the two
analyses in detail. Fullprof gives all the detected phases and DoC only the cryptocrystalline fraction.

16

14
12 4 Rietveld

10 +

% montmorillonite
[+2]
1

0 T T T T T
0 8 10 15 20

sample

Figure 9. Comparison between the results obtained by Rietveld refinement and those given by DoC for the

concentration of cryptocrystalline montmorillonite in the 23 samples from Laguna del Cuervo.

4. Discussion

How much is gained in synchrotron XRD phase analysis compared to laboratory measurements?
Quite a lot, in terms of detecting minor phases and characterizing well-crystallized phases. This point
is interesting in the comparison of Figures 4 and 5. A curious contrast can be seen between the
experimental resolution gains in the feldspar groups of peaks (Or 040 + Ab 040) near 20 ~ 27°. In the
Tigre sample the resolution gain is visible, but in the Nopal sample it is not noticeable. The feldspars
from Nopal present a lower degree of crystallinity than those from Tigre. It is striking that the
opposite occurs with montmorillonite: the broader 001 peak (lower crystallinity) is observed in Tigre,
not in Nopal.

The Sierra de Pefia Blanca presents a general uniformity in its felsic composition, with its
characteristic rhyolitic tuffs. However, a subtle difference was found in the less abundant chemical
species in two different localities. The source of the El Tigre stream is in the vicinity of the Puerto III
and Margaritas mines. In contrast, the sample collected near the Nopal mine presents a slightly
greater abundance of the montmorillonite species than that collected in the El Tigre stream. Very
significant is the much higher content of kaolinite in the Nopal sample than in the Tigre sample. Both
differences are evidence that the geochemical processes associated with uranium mineralization in
Nopal I are linked to the presence of the two clay species [40,41]. These are consequently dispersed
as fine sediments from the mineralized zone, through erosive processes. In contrast, the broadening
of the Mnt 001 peaks is associated with the sampling points of the two samples: The Nopal sample
was extracted from a point higher in the Sierra than the Tigre sample, and therefore the degradation
of montmorillonite is greater in the lower altitude sample.

An important detail that differentiates the XRD of the samples from Laguna del Cuervo from
those from Nopal and Tigre: The Mnt 001 peaks in Nopal and Tigre are approximately symmetrical
bell-shaped and those from Laguna del Cuervo are noticeably asymmetrical, with a tendency to
plateau-shaped. This is common in clay samples, formed by particles with different amounts of water
and various atoms in solution. In the literature [42] the Mnt 001 peak is modeled as a superposition
of three (or more) contributions (illite, smectite, montmorillonite). In the present work, for Rietveld,
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Mntl, Mnt2 and Mnt3 (with suitable lattice parameters) are modeled and satisfactory results are
obtained. For DoC, a relatively wide range of the dispersion angle corresponding to the
cryptocrystalline contribution is selected, so that the complete plateau is considered in the calculation.

The sedimentary column studied spans at least 150 years [43]. Due to the annual aeolian
transport of the finest sediments [44,45], the quantities of montmorillonite deposited at the sampling
site are constant. However, when the intense rains characteristic of deserts occur [46,47], they carry
with them sediments of larger diameter and modify the relative concentration of the sediments
carried by the wind. The dates of the segments of the sedimentary column with maximum and
minimum montmorillonite concentrations agree approximately with the recent history of droughts
and rainy periods, on direct data on precipitation [48,49] and the streamflow of neighboring dams
[50,51]. Therefore, the differences between the segments in the montmorillonite content could be
attributed to the droughts and rainy periods to which each segment corresponds.

The present study illustrates the scope and costs (in time and resources) of the different methods
applied. Rietveld is the current king, solving almost everything from quantitative phase analysis to
structural and microstructural characterization. Rietveld requires time, expertise and patience. For
the particular problem of estimating the proportion of amorphous or cryptocrystalline material, the
computerized DoC-type procedure described in this work may be sufficient. It is fast and leads to
technically satisfactory results.
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Abbreviations

The following abbreviations are used in this manuscript:

SPB Sierra Pefia Blanca

XRD X-ray diffraction

ICP-OES Inductively coupled plasma atomic emission
spectroscopy

CIMAV Centro de Investigacion en Materiales Avanzados

DoC Degree of Crystallinity

PONKCS Partial or No Known Crystal Structure

SEM Scanning electron microscopy

EDS Energy dispersive X-ray spectroscopy

RM Rietveld method

Ab Albite

An Anorthite

Cal Calcite

Hly Halloysite
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Kln Kaolinite
Mag Magnetite
Mnt Montmorillonite
Ms Muscovite
Or Orthoclase
Qz Quartz
Sa Sanidine
Appendix A
Table A1. Concentrations (%) of major elements, analyzed by ICP-OES.

Sample Al Ca Fe K Mg Na Si Ti
1 7.39 3.94 2.44 2.96 1.15 1.18 20.72 0.16
2 6.91 3.65 2.23 2.86 1.03 1.14 20.48 0.15
3 7.07 3.73 2.30 291 1.08 1.20 19.74 0.15
4 7.14 3.83 2.34 2.98 1.06 1.24 20.97 0.16
5 6.90 3.77 2.37 2.83 1.03 1.28 18.93 0.16
6 5.07 2.82 2.18 2.72 0.66 1.07 23.34 0.21
7 6.23 3.71 2.33 2.93 0.88 1.49 23.26 0.18
8 6.45 3.74 2.37 2.96 0.93 1.37 23.50 0.18
9 5.54 6.33 2.63 249 1.29 1.48 18.92 0.19
10 6.32 3.77 2.38 2.96 0.86 1.34 23.22 0.18
11 6.34 3.93 2.28 2.96 0.86 1.41 22.89 0.18
12 4.65 2.74 227 2.92 0.63 1.21 23.51 0.21
13 6.22 3.60 2.18 2.93 0.88 1.40 23.39 0.17
14 6.62 4.17 2.26 2.89 0.86 1.37 23.79 0.17
15 5.95 3.68 2.16 2.88 0.79 1.38 23.43 0.15
16 6.72 4.23 221 2.93 0.96 1.48 23.01 0.14
17 7.14 4.37 2.30 3.06 0.96 1.53 24.05 0.16
18 5.15 2.74 2.12 2.83 0.88 1.36 22.96 0.15
19 4.92 2.78 2.16 2.80 0.85 1.29 23.30 0.16
20 6.58 4.30 2.25 2.94 0.91 1.46 24.11 0.15
21 6.57 4.37 2.18 2.85 0.86 1.45 24.45 0.16
22 6.25 3.90 2.07 2.84 0.81 1.47 23.64 0.16
23 6.32 3.83 2.11 2.85 0.85 1.51 24.12 0.17
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Table A2. Phase concentrations in % of the 23 segments from the sedimentary core sample. Mineral are denoted by IMA symbols [39].

Sample Mnt-DoC Qz Cal Mag Mnt-1 Mnt-2 Mnt-3 Mnt-total An Kln Sa
1 9.0 33.42 10.35 0.59 1.51 7.77 1.22 10.5 41.49 3.12 0.53
2 59 31.91 11.46 0.67 2.67 5 0.68 8.35 42.61 443 0.57
3 6.0 32.01 10.92 0.61 4.26 1.26 3.33 8.85 42.31 4.76 0.54
4 8.7 31.1 11.16 0.63 2.39 6.34 2.28 11.01 40.63 4.93 0.55
5 8.4 32.59 10.62 0.63 1.76 6.26 2.34 10.36 41.78 3.37 0.66
6 8.3 32.15 11.24 0.7 1.86 6.28 1.41 9.55 41.55 4.21 0.6
7 8.7 30.63 10.22 0.94 1.92 6.7 0.99 9.61 44.5 3.69 0.42
8 8.8 30.14 10.79 0.77 1.63 7.36 0.88 9.87 44.34 3.66 0.43
9 8.8 30.12 11.41 0.65 1.43 9.15 0 10.58 42.96 3.8 0.49
10 8.9 29.18 11.28 0.43 0.74 9.13 0.58 10.45 4491 3.28 0.46
11 13.9 27.24 9.87 0.71 1.37 11.95 2.78 16.1 41.85 3.77 0.45
12 11.3 27.96 11.79 0.64 1.36 9.85 1.16 12.37 43.05 3.6 0.59
13 9.8 34.4 12.3 0.5 1.09 9.08 0.71 10.88 37.94 3.4 0.58
14 14.2 32.65 12.56 0.73 1.7 11.07 1.32 14.09 35.88 3.64 0.45
15 13.6 28.81 12.37 0.57 1.48 10.39 2.07 13.94 40.23 3.6 0.48
16 9.9 28.23 12.5 0.5 1.24 9.98 0.71 11.93 42.39 3.86 0.59
17 9.7 30.41 11.58 0.42 1.02 9.13 0.39 10.54 43.05 3.46 0.54
18 8.3 29.05 12.67 0.49 1.5 9.13 0.27 10.9 42.26 4.17 0.47
19 9.6 29.7 12.81 0.48 1.27 9.04 0.93 11.24 41.21 4.08 0.49
20 9.0 27.09 134 0.52 1.88 8.95 0.14 10.97 43.56 3.91 0.54
21 10.9 27.22 13.36 0.48 1.28 9.88 0.22 11.38 43.77 3.24 0.56
22 10.7 27.93 11.91 0.48 1.53 9.3 0.28 11.11 45.02 3.14 0.42
23 10.5 29.37 11.61 0.35 1.06 9.1 0.38 10.54 45.12 2.58 0.44
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