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Key Points:
· QEMSCAN Particle Mineralogical Analysis allows rapid and precise measurement of phase distribution in volcanic ash particles
· Different fragmentation modes may favour fracturing within specific crystals or through groundmass glass
· Milling and abrasion (dominant in PDCs) creates glass enrichment at ash particle boundaries, while Vulcanian explosions may produce ash by multiple mechanisms


Abstract
Volcanic ash particle properties depend upon their genetic fragmentation processes. Here, we introduce QEMSCAN particle mineralogical analysis (PMA) to quantify the phase distribution in two ash samples collected during activity at Santiaguito, Guatemala and assess the fingerprint of fragmentation mechanisms. Volcanic ash from a Vulcanian explosion and from a pyroclastic density current resulting from a dome collapse event were selected. The ash particles resulting from both fragmentation modes are dense and blocky, typical of open-vent dome volcanoes and have a componentry consistent with their andesitic composition. We use image analysis to compare the fraction of plagioclase and glass at particle boundaries compared to the total particle fraction. Our results show that the explosion-derived ash has an even distribution of plagioclase and glass, but boundaries enriched in pyroxene and amphibole. In contrast, the ash generated during dome collapse has an increased fraction of glass and decreased fraction of plagioclase at particle boundaries, suggesting that fractures preferentially propagate through glass during abrasion and milling in pyroclastic flows. This study presents analysis of QEMSCAN PMA data as a new technique to identify generation mechanisms of volcanic ash, which is pertinent to volcanology, aviation, respiratory health and environmental hazards, and highlights the need for further experimental constraints on the fragmentation mechanism fingerprint.

1. Introduction
1.1 Background
Volcanic ash, as the product of fragmentation, is a near-ubiquitous phenomena at active volcanoes1, irrespective of the failure modes and mechanisms at play across a broad spectrum of eruptive activity. Primary fragmentation mechanisms produce ash directly from magma within volcanoes: through gas overpressure fragmenting foamed magma2, interaction between magma and water3, or through strain-induced shear failure at conduit boundaries4. Secondary fragmentation processes occur via particle interactions in pyroclast-laden flows5 and during slip in fault gauge6, and can modify existing particles and create new ash-sized particles7,8. Secondary fragmentation processes include particles produced by milling9, abrasion10,11,5 and attrition11,12.  Studies have shown that different eruption styles and intensities modify particle properties13–15. The size, composition, dispersal and sedimentation of ash contribute to the degree and nature of hazards to respiratory health, the natural environment, infrastructure and aviation16,17, and cast its role as a primary agent in the Earth system18.
The origin of volcanic ash is often categorised simply by comparison to eruptive behaviour or ash geometry. For instance, the ash of large Plinian eruptions (which is commonly crystal poor) has been characterised to geometrically represent the glassy junctions of bubble walls accompanying magmatic fragmentation by pore overpressure19. On the other hand, weak to moderate explosions at lava dome volcanoes, which are frequently understood as the result of the disruption of a relatively impermeable, dense magma plug by an underlying bubbly magma20, produces ash particles with variable shapes, including dense, blocky fragments and porous fragments that contain irregularly shaped pores21. In cases where lava domes develop marginal shear zones in the shallow conduit, such as during the 2004-2005 eruption at Mount St. Helens, studies have noted similarities (in shapes and chemistry) between the ash retrieved from plumes and those recovered from the fault gouge along spine margins22,23. This has led to the conclusion that ash produced during the extrusion of dense spines was sourced primarily from faulting, fracturing and abrasion of a high viscosity magma plug21. Failure and wear mechanisms are of particular importance in dense, highly viscous dome lavas, where brittle deformation and slip in areas of strain localisation can regulate eruptive behaviour at shallow depths22,24,25. At the Guatemalan volcanic complex Santiaguito (the site of this study), frictional heat generated during shallow faulting events has been proposed as a contributor to late-stage vesiculation that triggers fragmentation and explosion25; a mechanism can be identified by the presence of chemically heterogeneous melt patches resulting from selective melting of individual crystal phases. Thus the properties of volcanic ash may reflect a combination of processes and a genetic description remains to be obtained to advance our understanding of shallow magmatic processes associated with different eruptive scenarios. 
Only a handful of studies have investigated the abundance or distribution of mineral and glass phases within ash particles with respect to fragmentation mechanisms. Automated SEM-EDS mapping was used to evaluate the phase and size distribution in ash retrieved from a Boeing 747 following the eruption of Redoubt26. The important role of plagioclase feldspar in intermediate-silicic magmas has been identified, showing that the characteristic size of plagioclase feldspar crystals modified the grain size distribution of airfall ash27. At Soufrière Hills Volcano, Montserrat, an increased fraction of plagioclase feldspar was found in Vulcanian (plume-derived) ash compared to flow-derived ashfall deposits15, which was attributed to segregation of coarser and denser crystal-rich particles within pyroclastic density current (PDC) deposits28,29. In addition, it has been recognised that abrasion is phase-selective, favouring fracturing and chipping of glass, therefore it has been proposed that the degree of abrasion can be estimated by the thickness of glass rims surrounding phenocrysts in ash particles7. A recent experimental comparison of particle characteristics provided data on particle attributes during primary (decompression) fragmentation, milling and collision, revealing characteristic variations in glass rim thickness, crystal size and highlighting distinctive changes in the fractal dimension of the size distribution11,30. Finally, the presence and relative abundance of interstitial glass requires consideration with regard to kinetic processes and fracture mechanisms in ascending magmas31,32. For instance, changes in ash particle componentry and glass chemistry have been used to infer variations in magma ascent rate that determine eruptive behavior33. The petrological study of volcanic ash has provided a wide range of proxies to understand certain magmatic (mechanical) processes, yet, integrated physicochemical descriptions are required to fully understand the controls on and impact of ash properties on volcanic processes and hazards.
In recent years, there have been growing efforts to record particle properties produced by different fragmentation processes and relate these to hazard mitigation, risk management and forecasting efforts34. Here, we use a powerful automated mineralogy tool, QEMSCAN Particle Mineralogical Analysis, and develop a simple image analysis routine to describe the changes in phase distribution in particles produced during Vulcanian explosions and dome collapse events at Santiaguito in Guatemala. 

1.2 Santiaguito dome complex, Guatemala
The Santiaguito volcanic complex, in Guatemala, consists of a chain of four dacitic lava domes, formed along a fracture at the base of a sector-collapse scarp associated with the 1902 Plinian eruption of Santa Maria stratovolcano35–37. The Santiaguito dome complex has been continuously active since the initiation of dome-building in 1922. The Caliente dome is the earliest active structure as well as the only vent that has shown near-continuous discharge of lava interspersed by regular explosions throughout the eruptive history. Today, the regular generation of gas-and-ash clouds (see Figure 1a-b) and the episodic occurrence of PDCs associated with explosions and dome collapse events are the greatest hazards to surrounding communities, farming the flanks of the volcano. Partial dome and flow collapse events have generated many of the most destructive PDCs in recent years (e.g., October 7-10 2003, where 250 acres of coffee plantation was destroyed; moderate collapses on April 26 2010 and March 15 2011; November 28 2012, which deposited 2 cm of ash on local communities; May 9 2014, a large collapse generated PDCs reaching 7.5 km and causing substantial economic losses in a nearby plantation and leading to the evacuation of 1000 people – Pers. Communication, Julio Cornejo, INSIVUMEH-OVSAN), reaching nearby communities and plantations. These events produce abundant airborne ash particles as seen in photos from the 28 November 2012 event shown in Figure 1c-f. The weak (VEI 0-2) Vulcanian explosions typically occur at regular intervals of 20-120 minutes and produce gas-rich emissions followed by discreet ash-rich bursts (Figure 1a-b), which evolve into small (500-1000 m) ash-poor plumes38,39. The explosive products typically erupt along arcuate fractures, some radial, but most concentric across the 200-m wide dome surface40
Here, we characterise volcanic ash from a typical Vulcanian explosion and a dome collapse event to compare the mechanisms and products of fragmentation processes at this incessantly active dome-building volcano.
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Figure 1. (a) The Caliente vent at the Santiaguito dome complex in Guatemala, showing a typical Vulcanian explosion from 9th November 2012 including a small pyroclastic flow and the separation of gas- and ash-rich plumes at the onset of explosion. Ash sample from a similar Vulcanian explosion (referred to as VE in this study) was collected from a similar event on 13 November 2012. (b) The ash cloud following a partial dome collapse on the southern flank of the Caliente vent on 28 November 2012; photo taken form the Paradiso camp 600 m from the vent. Ash sample from this dome collapse event (referred to as DC in this study) was collected 90 minutes after the photo was taken. (c-d) Photos taken from the Santiaguito volcano observatory (OVSAN), situated 3.5 km South of the Caliente vent, before and after the dome collapse event of 28 November 2012. The area of the dome that collapsed and path for subsequent pyroclastic flows is indicated in part (c) by a yellow dashed line; (d) shows the dome on November 29th, following the collapse event.

2. Materials and methods
2.1 Ash collection
Ash samples were collected 15 days apart at the same location, ~500 m north from the active Caliente vent during a field campaign in November 2012. The ash samples were collected by laying clean canvas sheets on the ground prior to eruptive activity. After ash settling, we used a paintbrush to collect the particles into sealable sample containers. The sheets were carefully cleaned between each collection, providing ash samples linked to individual eruptive events. This study compares two samples: i) collected following a single deposition event on 13 November, during typical gas-and-ash venting associated with Vulcanian activity (see Figure 1 a); ii) collected at 09:00 on 28 November following deposition from an ash cloud (Figure 1 b) generated by the collapse of a lava lobe that had breached the southern-western rim of the Caliente dome and advanced approximately 100 m down the flank (Figure 1 c-d). The Guatemalan monitoring agency, INSIVUMEH, reported stronger-than-usual pyroclastic flows on the southern flanks of Caliente during this time, generating ash clouds that rose 3.5 km and deposited ash up to 70 km from the vent (Figure 1c-d). Visibility at the collection site was reduced to ca. 10 m during the heaviest ashfall (Figure 1d) and the canvas sheet was covered by ~5 mm of ash. The Caliente vent was obscured by airborne ash for approximately six hours. In the 48 hours before and after this event, the Caliente dome had a period of explosive quiescence, with no explosions witnessed, in contrast to the regular gas and ash explosions. The effusion rate was historically high, with four active lava flows on the south flanks, and the lava lobe involved in the dome collapse was replaced in 72 hours (Julio Cornejo, personal communication). These two samples, i) deposited following a Vulcanian explosion (termed hereafter sample VE) and ii) following a partial dome collapse (hereafter sample DC) respectively, are used to compare the characteristics of volcanic airfall ash generated by Vulcanian explosions and dome collapse events at Santiaguito.

2.2 QEMSCAN particle mineralogical analysis (PMA)
Textural and mineralogical analysis of the volcanic ash samples was conducted using scanning electron microscope photomicrographs, and images with data acquired by QEMSCAN, which is an automated SEM-EDS system for compositional mineral/phase mapping originally designed in the late 1970s for the mining industry41.  Since then, it has been used for research purposes and has been successfully applied to many types of projects and samples42,43. The system employs a combination of SEM BSE signal and EDS X-ray data to automatically analyse a sample at a micron scale, producing thousands to millions of chemical analysis points in a single map, with a selection of four measurement modes44.  Each analysis point or pixel records an X-ray that is used to determine mineralogy from the chemical elemental data, compared against a database that is customised to characterise a sample type.  Advantages and limitations of the technique include the rapid and automated mapping of samples on a micron scale to provide superior data of many sample types, but the scan is limited to a ~3 % elemental detection limit per analysis point due to the rapid speed of operation, and other documented SEM-EDS limitations45.
For this study, PMA was conducted on separate scans of polished thin section surfaces at resolutions of 1 and 2 μm for each sample. The automated analysis was manually checked by comparison with a 1 μm resolution fieldscan map that contained ~300 particles for each ash sample. Eleven phases were assigned with criteria weighting in the order given for each phase in Supplementary Table 1, available online. The phase assignment was completed manually by addition of the interstitial glass composition, determined by electron probe microanalysis, to the species identification protocol, and by consolidating common mineral compositions from solid solution series (i.e. plagioclase feldspar and pyroxene) under a single classification. We produced one particle-size sorted PMA image for each technique to create two images per ash sample. The images comprised 621 and 2141 ash particles for sample VE, and 408 and 1444 particles for sample DC, at 1 μm and 2 μm resolution respectively. Each image was output as a 12 colour, 8-bit tiff file (available online as Supplementary Figures 1-4). In order to assess the size dependent variation in phase distribution, 12-colour tiff images were converted into 11 single-phase images by colour thresholding to separate each phase (see Figure 3).

2.3. QEMSCAN phase fraction and distribution
Outer contour images were also produced from the original QEMSCAN tiff files by thresholding to binary, filling any holes, and running an internal gradient filter with 1 pixel resolution and a diamond shaped structuring element using the MorphLibJ plugin46, freely available from http://imagej.net/MorphoLibJ. The binary boundary image was then added to the original tiff image using the Image Calculator to produce a full-colour boundary image. The boundary images were then separated into single-phase images following the procedure above. The number of pixels of each colour (both for full particle and particle contour images) were counted using the Colour Inspector 3D plugin (freely available from https://imagej.nih.gov/ij/plugins/color-inspector.html) to compare phase fractions. The weighted percentage from 1-µm and 2-µm resolution images were added to give the total fractions for each sample. In order to calculate the size-dependent phase distribution, particle contours were first saved to the ROI manager. An image stack containing the single-phase images was opened, converted to binary and scaled. The Multi-Measure function within the ROI manager was then used to measure the area of each phase within each ROI. This process was run on both full particle and particle contour images. Minimum phase sizes of 20 µm2 for 1-µm resolution images and 100 µm2 for 2-µm resolution images were chosen for analysis. The total number of particles analysed was 2181 for sample VE and 1722 for sample DC. The area equivalent circle diameter was calculated for each particle and converted to Phi units. The area fraction of each phase was calculated for each particle, and the average phase fraction calculated within size bins ranging from 2.5 - 7.5Ф (equivalent to circular diameters of 6.6 - 210 µm). 
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Figure 2. 1-μm resolution QEMSCAN PMA maps used in image analysis for the Vulcanian explosion (VE) sample (left) and partial dome collapse (DC) sample (right). (a) Original QEMSCAN PMA image showing phase distribution within ash particles; (b) Single-phase (isolated) plagioclase feldspar image from sample VE and interstitial glass (sample DC) within the particle population (see methods). (c) Ash particle boundaries, or contours. In all images, the particles are sorted by size. The key shows the mineral or phase species identified during QEMSCAN analysis (details shown in Table S1). The key and scale correspond to all panels.

3. Results
3.1 Petrographic description of volcanic ash
Volcanic ash erupted at Santiaguito is made up of phenocrysts of plagioclase, pyroxene, amphibole and titanomagnetite in a groundmass of rhyolitic (70-80% SiO2) glass47 hosting plagioclase microlites and minor oxides (Figure 3). The bulk chemistry was measured by x-ray fluorescence, and demonstrates a dacitic host magma, with SiO2 around 60% (Table 1). The microlites are tabular and typically 5-10 μm in length. Large plagioclase phenocrysts are common, and ash particles may be wholly composed of crystal fragments, consist entirely of groundmass glass and microlites or commonly contain a mixture. Backscatter electron images taken on a scanning electron microscope (SEM) show a range of petrological textures. Qualitatively, most particles appear dense, blocky and angular with low aspect ratio and no evidence for smooth concave margins, which would indicate the pre-fragmentation presence of large vesicles. Vesicles are rare and are generally small (<30 μm) with a low aspect ratio, and not necessarily distributed along particle boundaries.
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Figure 3. (a) Typical ash particles from sample VE, generated by Vulcanian activity at Santiaguito. Note the blocky, dense particle shapes and the lack of vesicles. pl=plagioclase, px=pyroxene, gm=groundmass (glass and microlites) hbl = hornblende. (b) Blocky ash particle from sample DC showing partial vesicularity in some particles, suggesting heterogeneous bubble textures. Note in both samples the lack of concavities that would be associated with fracture propagation between bubbles, commonly used to indicate magmatic fragmentation.pl
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	Table 1 Major elements for ash samples VE and DC measured by X-ray fluorescence



3.2 Phase fractions and distribution
The fraction of each phase in the ash particles as well as the average fraction in every particle´s outer boundary have been quantified for both ash samples and are presented in Table 2. It should be noted that plagioclase, pyroxene and groundmass glass form approx. 95% of the total area of ash particles. Mineral/ phase assignment criteria agree well with a previous detailed description47, however identification of some phases remains ambiguous, such as ‘Glass 2 (Al,Si,O phase distinct from the primary glass)’, ‘Fe Al silicates’ and ‘Others’. Here we exclude these phases from analysis and interpretation as they altogether comprise <2% of the total mineralogy. The average distribution of phases within the ash particles comprising samples VE and DC are shown by plotting the total area fraction and the boundary fraction for each phase (Figure 4 a). The difference in the average boundary fraction to the total fraction for the four most abundant phases is highlighted in Figure 4 (b), where positive values indicate a preferential distribution at particle boundaries and vice versa. The percentage change at the particle boundaries has been normalised 
Table 2. The average phase fraction and the particle boundary phase fraction for all particles in ash samples VE and DC.
	Phase
	Total fraction (%)
	Boundary Fraction (%)

	
	VE
	DC
	VE
	DC

	Plagioclase
	50.76
	53.73
	50.28
	49.43

	Glass
	39.43
	33.80
	38.56
	37.31

	Pyroxene
	5.24
	4.55
	5.96
	5.59

	Amph
	1.79
	2.43
	1.90
	2.15

	Ti Mag
	1.17
	2.49
	1.07
	1.45

	Quartz
	1.03
	1.20
	1.56
	2.06

	Apatite
	0.34
	0.24
	0.23
	0.15

	Ilmenite
	0.04
	0.08
	0.02
	0.05

	Others
	0.18
	1.48
	0.42
	0.02






[image: ]Figure 4. (a) The average fraction of each phase in all ash particles analysed for samples VE (red bars) and DC (blue bars). Solid bars show the total phase fraction and open bars show the boundary phase fraction. (b) The percentage change in phase fraction at the boundary compared to the total phase fraction for the four most abundant phases in samples VE (red bars) and DC (blue bars). 


to the total fraction. Particles collected following dome collapse (DC) contain 4.6 % less glass and 3.0 % more plagioclase than sample VE (Table 2). At particle boundaries, sample DC contains on average 37.3% glass, while the total glass fraction is 33.8% (a relative enrichment of 10.3% glass at particle boundaries, matched by a similar depletion in plagioclase, averaging at 8% across all particles (Figure 4 b). In contrast, the Vulcanian explosion sample (VE) shows <1% variation between whole particle and boundary distribution of all phases, and only minor relative changes in plagioclase and groundmass glass fractions at particle boundaries. Significant enrichment of pyroxene at particle boundaries is seen for both samples (13% for sample VE, 22% for DC), while amphibole is enriched by 6% in sample VE but depleted by 11.5% in sample DC. Thus phase distribution appears distinct in different ash generation mechanisms. 
We constrain the size-dependence of phase variations at particle boundaries by measuring the phase fraction and boundary phase fraction for every ash particle and comparing the average within particle size distribution (PSD), binned between 2.5-7.5Ф (Figure 5). Total fraction and boundary fraction of plagioclase and glass are covariant and show relatively minor size dependence. Sample VE contains a higher total fraction of glass and shows relatively constant plagioclase and glass fractions as a function of particle size; the largest variations appear linked with grain sizes larger than 4Ф (owing to few particles present in this size range as seen in the PSD inset; Figure 5a). For the dominant grain sizes (3.5-6.5Ф), we observe negligible differences in the distribution of plagioclase and glass at the particles’ margin. In contrast, finer particles appear depleted in amphibole and enriched in plagioclase, while quartz enrichment is found across the size range (Figure 5). The greatest absolute differences in phase fraction between the ash samples are seen in glass and plagioclase (Figure 4) for sample DC and these are plotted in Fig. 5b; glass is preferentially distributed (at the expense of plagioclase) along the boundary, particularly within the coarser grain sizes (3.5-5Ф). Enrichment of quartz and pyroxene at particle boundaries is found for all grain sizes, while amphibole shows little variation.
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Figure 5. Variations in the total fraction and boundary fraction (%) of 5 major phases plotted against particle area for samples VE (a-b) and DC (c-d) taken from all particles in discrete sized bins (11 bins from 2.5-7.5Ф). The standard error of the mean is shown for each data point. Note the change in scale for the y-axis in panels (b) and (d). The grain size distribution of the particles in the analysis are shown as insets for samples VE in panel (a) and DC in panel (c). 


It may be observed in Fig. 5 (b) that the boundary and bulk phase fractions converge at smaller particle sizes: this is an artefact of the increasing proportion of the single-pixel boundary to the total particle size. The ratio of boundary to total pixels increases with decreasing particle size and circularity and increasing porosity. In our results the fraction of the pixels in the particle boundary to the total follow a monomial power law for both samples as shown in Figure 6. These results show that the phase variation results in Fig. 4 (b) and Fig. 5 are minimum estimates, particularly at smaller grain sizes. The particle size distributions shown in Figure 5 are similar to PSD measured using laser particle size analysis on the ash samples prior to mounting (Figure S5). Particle size estimation from 2D projections produced by QEMSCAN underestimate the true grain size48 and therefore the modal peak and the mean of the PSDs shown in Figure 5 would be shifted to coarser sizes,  bringing them closer to the values found using laser diffraction spectroscopy (Table S2).

Figure 6. The ratio of the boundary pixel area to the total pixel area with particle size for all particles used in Fig. 5 (VE and DC shown in red and blue dots respectively). Both samples show similar trends, indicating only small differences in the shape and vesicularity of constituent particles.

4. Interpretation and discussion
	4.1 Mineralogical controls on fragmentation 
An understanding of the influence of the mineralogical assemblage on the range of fragmentation processes involved in volcanic eruptions remains limited to date. A substantial body of research has investigated the roles of porosity, permeability, viscosity and microstructure on rock strength49,50. Undoubtedly, physical heterogeneities in the host rock or magma at Santiaguito, for example pores and microfractures, exert a fundamental control on the development of faults and fractures51–53. However,the porosity of the ash particles and the fraction of concave particle shapes are very low, suggesting that pore pressure and pore-emanated cracking may have played a minor role in the fragmentation process; this may indicate that microfractures may efficiently propagate and coalescence, thus exerting a great influence on fragmentation in dense dome lavas. A thorough evaluation on the role of microstructure is beyond the scope of this study on natural ash samples, but remains an important research question particularly for numerical modelling of fragmentation54. This study further highlights the importance of the constituent phases on fragmentation. It has long been known that rock-forming minerals have different strength and hardness55,56; therefore their response to an imposed stress field is believed to vary. The problem of predicting fracture locations with regard to phases during rock fragmentation has been studied in depth by the mineral engineering industry57,58 in order to maximise the profitability of ore processing. A key goal of the industry is to encourage phase boundary fracturing, leaving crystal faces exposed at the boundaries of comminuted clasts59. In tephra, the fraction of liberated crystals may correlate with the eruption energy60; however explosive energy has also been correlated to intra-crystal fractures61 and the particular response may depend upon componentry and texture. Indeed, the initial texture and crystallinity of a magma may be a determining factor on the fragmentation mechanism(s) at work62 and the fragmentation efficiency63. 
In some stress regimes, glasses (and melt phases subjected to stress favouring a glassy response) are generally stronger than individual crystals or crystalline materials; the strength of glasses further increases with temperature64,65. Fracture development in crystal-bearing magmas under different shearing conditions is thought to be controlled by the magnitude of applied stress66 and distribution of phenocrysts as they accumulate stress and break before the interstitial melt67,68. Following rupture, secondary wear processes may take place. Previous work has demonstrated that attrition during milling preferentially abrades glass around crystals, leaving a glassy margin7,30, rounding of glass-rich particles and enrichment of glassy fines in elutriated ash9,15 due to density-controlled segregation15,28,29. Glass fragmentation generally produces complex conchoidal fracture sets, whereas crystals break preferentially along crystallographic planes69 or at crystal boundaries70 potentially ‘liberating’ the crystal. Liberation of plagioclase phenocrysts has been inferred as the source of a peak in the GSD for ash deposits from Mt Spurr27 and suggests that the shape of ash particles as well as the boundary componentry may offer further clues to phase-selective fragmentation.
Imaging of the phase distribution within the volcanic ash particles developed during each eruption style can provide one of the most striking constraints on the fragmentation processes. We propose that phases with lower fracture toughness (e.g., mica, amphiboles and volcanic glass analogues56,71,72) are more susceptible to fracturing during pyroclastic transport through milling and abrasion. Discrimination between ash produced by magmatic fragmentation and attrition processes can be found in the distribution of phases in the ash and at the particle boundaries (Figures 4-5). Here, variation in the distribution of all major phases for sample DC, and pyroxene and amphibole for sample VE suggests that fracture locations during natural fragmentation of multi-phase volcanic material are not randomly distributed, implying that fragmentation mechanisms may induce chemical differentiation of ash particle surfaces, as suggested by recent surface reactivity studies73. Such considerations are also of great importance in assessing environmental and respiratory health hazards74,75, aviation hazards16 and electrostatic potential76 and further investigation into the role of varying fragmentation modes and conditions on ash particle surfaces is encouraged.

4.2 Eruptive processes at Santiaguito
 The mechanics of the dome at Santiaguito point to similarities in ash production processes in relatively dense crystal-rich lavas. The piston-like, fault-controlled dynamics of dome deformation together with the generation of gas-and-ash plume along fractures, suggest that magmatic fragmentation as well as faulting and cataclasis (abrasion along faults) contribute to the generation of volcanic ash at Santiaguito. The combined contribution of magmatic fragmentation and cataclasis is in agreement with the recent suggestion that fragmentation due to late thermal vesiculation modifying local stresses along active shallow faults controls the localised development of gas-and-ash explosions, which stabilises the dome structure25. Separate gas- and ash-rich plumes are often observed (erupted in sequence from one fracture or from adjacent fractures), where a gas-rich, ash poor plume appears first, followed by the ash-rich eruption (note the greater gas-rich plume height in Figure 1a-b). In this scenario, magmatic fragmentation may contribute to the ash emitted during an eruption to a much lesser degree. The range of fragmentation processes in such a scenario is more varied than for ash fragmented from bubbly magmas as in Strombolian77 and Plinian eruptions78, and may include 1) faulting and cataclasis, with recycling in subsequent explosions23,21,79; 2) magmatic fragmentation triggered by pore overpressure50; 3) particle interactions during transport (whether in pyroclastic density currents or dense jets8,11,80; and 4) magma-groundwater interaction81. A combination of these mechanisms may be characteristic of explosions in relatively dense, crystal-rich dome lavas.
Here, the observation that Vulcanian explosions of ash (more enriched in interstitial glass than the ash from dome collapse) show no preferential distribution of glass or plagioclase at particle boundaries suggests that magmatic fragmentation processes at Santiaguito either do not favour fracture propagation through these phases or at their interfaces, or the fragmentation processes involved overprint one another. However, increased fractions of amphibole and pyroxene suggest the fragmentation processes may leave a characteristic fingerprint. We surmise that fragmentation of volcanic material is dependent on the physical properties of constituent crystals and glass (in addition to the physical texture), resulting in non-random fracture pathways that produce a characteristic distribution of phases at particle boundaries57–59. The fingerprint of a Vulcanian explosion mechanism at Santiaguito on volcanic ash is still not clear, and further experimental research and modelling is required to understand the effect of the fragmentation processes involved on phase distribution. 

5. Conclusions
Volcanic ash produced during a Vulcanian explosion and a dome-collapse event is analysed using SEM and QEMSCAN to provide a quantitative map showing the distribution of phases within the ash particles. We use image analysis to measure the relative fraction of constituent phases at ash particle boundaries and within the bulk for all particles within size bins from 2-8Ф. The volcanic ash produced during both eruptive styles is blocky and poorly vesicular, and the edges are generally smooth and simple. This study shows that ash particles produced during an explosion show a negligible disparity in phase distribution of the two dominant phases, plagioclase and glass, but boundaries are enriched in quartz and pyroxene and depleted in amphibole. Ash lofted from pyroclastic flows following a dome collapse also have boundaries enriched in pyroxene and quartz, but show no amphibole depletion. These particles also show a higher glass fraction and less plagioclase at particle boundaries, with the degree of glass enrichment skewed toward the coarser particle sizes (3-5Ф). This preferential distribution of glass along the particle margins indicates that dominant fragmentation modes in the pyroclastic flow (e.g. milling and abrasion) favour fracturing within the glass phase, while plagioclase crystals are relatively preserved. 
Although further research is required to unravel the fingerprint of fragmentation mechanisms producing ash during Vulcanian explosions at Santiaguito, the observed disparity in phase fractions at particle boundaries suggest that fracture locations are dependent upon the fragmentation mechanism and the constituent phases; this in turn influences the surface mineralogy and chemistry of the ash population. Measurement of the phase distribution in volcanic ash particles using the analytical method presented here can provide a powerful tool to constrain fragmentation mechanisms and understand the effect of varying eruptive activity on a range of hazards.
	QEMSCAN phase maps offer the potential for rapid, high-resolution image analysis of particles and constituent phases at unprecedented sample sizes and we encourage wider adoption of automated mineralogy in the study of volcanic ash. Further research into the fingerprint of fragmentation using a range of geometric, statistical and analytical methods is required to improve our understanding of the hazards presented by volcanic ash during a range of eruptive scenarios.

Acknowledgments
We thank A. Pineda for diverse technical and logistical assistance as well as E. Rhodes for fruitful discussion and collaboration during field work at Santiaguito. We are indebted to the staff at the Santiaguito Volcano Observatory (OVSAN) and the National Institute for Seismology, Volcanology, Meteorology and Hydrology of Guatemala (INSIVUMEH) for support in Guatemala. M. O’Connor is acknowledged for assistance with the Coulter particle size analysis. This work was supported by a European Research Council Starting Grant to Y.L. on ‘Strain Localisation in Magma’ (SLiM, no. 306488). The final stages of manuscript preparation were further supported by a Marie Skłodowska-Curie Individual Fellowship (AVAST, no. 753900) to AH and an Early Career Fellowship of the Leverhulme Trust (ECF 2016-325) awarded to JEK. 

Author Contributions
	AJH and YL conceptualised the study. AJH, YL and GC conducted fieldwork and sample collection in Guatemala. GR and AB conducted QEMSCAN mapping and post processing. AJH, YL, JEK, SC, and UK developed the analysis and results. All authors contributed to the manuscript. 
Competing interests
	The authors declare no conflict of interest.
Data Availability
All data used in this paper is supplied within the figures and tables made available in the manuscript and supplementary information. Any working documents (e.g. MS Excel files) are available from the corresponding author by request.

References
1.	Cas, R. A. F. & Wright, J. V. Volcanic Successions Modern and Ancient. (Springer Netherlands, 1987). doi:10.1007/978-94-009-3167-1
2.	McBirney, A. R. & Murase, T. Factors governing the formation of pyroclastic rocks. Bull. Volcanol. 34, 372–384 (1970).
3.	Zimanowski, B., Büttner, R., Dellino, P., White, J. D. L. & Wohletz, K. H. Magma–Water Interaction and Phreatomagmatic Fragmentation. Encycl. Volcanoes 473–484 (2015). doi:10.1016/B978-0-12-385938-9.00026-2
4.	Papale, P. Strain-induced magma fragmentation in explosive eruptions. Nature 397, 425–428 (1999).
5.	Mueller, S. B., Lane, S. J. & Kueppers, U. Lab-scale ash production by abrasion and collision experiments of porous volcanic samples. J. Volcanol. Geotherm. Res. 302, 163–172 (2015).
6.	Lavallée, Y. et al. A frictional law for volcanic ash gouge. Earth Planet. Sci. Lett. 400, 177–183 (2014).
7.	Freundt, A. & Schmincke, H. U. Abrasion in pyroclastic flows. Geol. Rundschau 81, 383–389 (1992).
8.	Dufek, J. & Manga, M. In situ production of ash in pyroclastic flows. J. Geophys. Res. 113, B09207 (2008).
9.	Bernard, J. & Le, J. L. The milling factory: Componentry-dependent fragmentation and fines production in pyroclastic flows. Geology 44, 907–910 (2016).
10.	Kueppers, U., Putz, C., Spieler, O. & Dingwell, D. B. Abrasion in pyroclastic density currents: Insights from tumbling experiments. Phys. Chem. Earth 45–46, 33–39 (2012).
11.	Jones, T. J. & Russell, J. K. Ash production by attrition in volcanic conduits and plumes. Sci. Rep. 7, 5538 (2017).
12.	Lavallée, Y. et al. A frictional law for volcanic ash gouge. Earth Planet. Sci. Lett. 400, 177–183 (2014).
13.	Buckland, H. M., Eychenne, J., Rust, A. C. & Cashman, K. V. Relating the physical properties of volcanic rocks to the characteristics of ash generated by experimental abrasion. J. Volcanol. Geotherm. Res. (2017). doi:10.1016/j.jvolgeores.2017.11.017
14.	Walker, G. P. L. Crystal concentration in ignimbrites. Contrib. to Mineral. Petrol. 36, 135–146 (1972).
15.	Bonadonna, C. et al. Tephra fallout in the eruption of Soufrière Hills Volcano, Montserrat. Geol. Soc. London, Mem. 21, 483–516 (2002).
16.	Song, W. et al. Volcanic ash melting under conditions relevant to ash turbine interactions. Nat. Commun. 7, 10795 (2016).
17.	Wilson, T. M., Jenkins, S. F. & Stewart, C. Volcanic ash fall impacts. in Global Volcanic Hazards and Risk (eds. Loughlin, S. C., Sparks, S., Brown, S. K., Jenkins, S. F. & Vye-Brown, C.) 281–288 (Cambridge University Press, 2015). doi:10.1017/CBO9781316276273.014
18.	Dingwell, D. B., Lavallée, Y. & Kueppers, U. Volcanic ash: A primary agent in the Earth system. Phys. Chem. Earth, Parts A/B/C 45–46, 2–4 (2012).
19.	Liu, E. J., Cashman, K. V. & Rust, A. C. Optimising shape analysis to quantify volcanic ash morphology. GeoResJ 8, 14–30 (2015).
20.	Johnson, J. B., Lyons, J. J., Andrews, B. J. & Lees, J. M. Explosive dome eruptions modulated by periodic gas-driven inflation. Geophys. Res. Lett. 41, 6689–6697 (2014).
21.	Rowe, M. C., Thornber, C. R. & Kent, A. J. R. Identification and Evolution of the Juvenile Component in. A Volcano Rekindled Renewed Erupt. Mt. St. Helens, 2004–2006 2004–2006 (2008).
22.	Kendrick, J. E. et al. Extreme frictional processes in the volcanic conduit of Mount St. Helens (USA) during the 2004–2008 eruption. J. Struct. Geol. 38, 61–76 (2012).
23.	Ryan, A. G., Friedlander, E. A., Russell, J. K., Heap, M. J. & Kennedy, L. A. Hot pressing in conduit faults during lava dome extrusion: Insights from Mount St. Helens 2004–2008. Earth Planet. Sci. Lett. 482, 171–180 (2018).
24.	Hornby, A. J. et al. Spine growth and seismogenic faulting at Mt. Unzen, Japan. J. Geophys. Res. Solid Earth 120, 4034–4054 (2015).
25.	Lavallée, Y. et al. Thermal vesiculation during volcanic eruptions. Nature 528, 544–547 (2015).
26.	Bayhurst, G. K., Wohletz, K. H. & Mason, A. S. A Method for characterizing Volcanic Ash from the December 15, 1989, Eruption of Redoubt Volcano, Alaska. Volcan. Ash Aviat. Saf. US Geol. Surv. Bull. 2047, 13–18 (1994).
27.	Riley, C. M., Rose, W. I. & Bluth, G. J. S. Quantitative shape measurements of distal volcanic ash. J. Geophys. Res. 108, (2003).
28.	Sparks, R. S. J. & Walker, G. P. . Significance of vitric-enriched air-fall ashes associated with crystal-enriched ignimbrites. J. Volcanol. Geotherm. Res. 2, 329–341 (1977).
29.	Horwell, C. J., Braña, L. P., Sparks, R. S. J., Murphy, M. D. & Hards, V. L. A geochemical investigation of fragmentation and physical fractionation in pyroclastic flows from the Soufrière Hills volcano, Montserrat. J. Volcanol. Geotherm. Res. 109, 247–262 (2001).
30.	Jones, T. J. et al. Primary and secondary fragmentation of crystal bearing intermediate magma. J. Volcanol. Geotherm. Res. (2016). doi:10.1016/j.jvolgeores.2016.06.022
31.	Lavallée, Y., Hirose, T., Kendrick, J. E., Hess, K.-U. & Dingwell, D. B. Fault rheology beyond frictional melting. Proc. Natl. Acad. Sci. 201413608 (2015). doi:10.1073/pnas.1413608112
32.	Dingwell, D. & Webb, S. Structural relaxation in silicate melts and non-Newtonian melt rheology in geologic processes. Phys. Chem. Miner. 16, 508–516 (1989).
33.	Cassidy, M. et al. Rapid and slow: Varying magma ascent rates as a mechanism for Vulcanian explosions. Earth Planet. Sci. Lett. 420, 73–84 (2015).
34.	Beckett, F. M. et al. Sensitivity of dispersion model forecasts of volcanic ash clouds to the physical characteristics of the particles. J. Geophys. Res. Atmos. 120, 11636–11652 (2015).
35.	Rose, W. I. Santiaguito volcanic dome, Guatemala. Geol. Soc. Am. Bull. 83, 1413–1434 (1972).
36.	Andrews, B. J. Magmatic storage conditions, decompression rate, and incipient caldera collapse of the 1902 eruption of Santa Maria Volcano, Guatemala. J. Volcanol. Geotherm. Res. 282, 103–114 (2014).
37.	Escobar-Wolf, R. et al. Santiaguito Dome Geologic Map 2006 Domes and lava flows. Geol. Soc. Am. Digit. Map Chart Ser. 0, 656000 (2010).
38.	Bluth, G. J. S. & Rose, W. I. Observations of eruptive activity at Santiaguito volcano, Guatemala. J. Volcanol. Geotherm. Res. 136, 297–302 (2004).
39.	De Angelis, S. et al. Characterization of moderate ash-and-gas explosions at Santiaguito volcano, Guatemala, from infrasound waveform inversion and thermal infrared measurements. Geophys. Res. Lett. 43, 6220–6227 (2016).
40.	Johnson, J. B., Lees, J. M., Gerst, A., Sahagian, D. & Varley, N. Long-period earthquakes and co-eruptive dome inflation seen with particle image velocimetry. Nature 456, 377–81 (2008).
41.	Gottlieb, P. et al. Using quantitative electron microscopy for process mineralogy applications. Jom 52, 24–25 (2000).
42.	Martin, R. S. et al. Size distributions of fine silicate and other particles in masaya’s volcanic plume. J. Geophys. Res. Atmos. 114, 1–13 (2009).
43.	Pirrie, D., Butcher, A. R., Power, M. R., Gottlieb, P. & Miller, G. L. Rapid quantitative mineral and phase analysis using automated scanning electron microscopy (QemSCAN); potential applications in forensic geoscience. Geol. Soc. London, Spec. Publ. 232, 123–136 (2004).
44.	Haberlah, D. et al. Automated petrography applications in Quaternary Science. Quat. Australas. 28, 3–12 (2011).
45.	Rollinson, G. K., Andersen, J. C. Ø., Stickland, R. J., Boni, M. & Fairhurst, R. Characterisation of non-sulphide zinc deposits using QEMSCAN(R). Miner. Eng. 24, 778–787 (2011).
46.	Legland, D., Arganda-Carreras, I. & Andrey, P. MorphoLibJ: Integrated library and plugins for mathematical morphology with ImageJ. Bioinformatics 32, 3532–3534 (2016).
47.	Scott, J. A. J., Pyle, D. M., Mather, T. A. & Rose, W. I. Geochemistry and evolution of the Santiaguito volcanic dome complex, Guatemala. J. Volcanol. Geotherm. Res. 252, 92–107 (2013).
48.	Sutherland, D. Estimation of mineral grain size using automated mineralogy. Miner. Eng. 20, 452–460 (2007).
49.	Heap, M. J. et al. Microstructural controls on the physical and mechanical properties of edifice-forming andesites at Volcán de Colima, Mexico. J. Geophys. Res. Solid Earth 119, 2925–2963 (2014).
50.	Spieler, O. et al. The fragmentation threshold of pyroclastic rocks. Earth Planet. Sci. Lett. 226, 139–148 (2004).
51.	Vasseur, J. et al. Heterogeneity : The key to failure forecasting. Sci. Rep. 5, 13259 (2015).
52.	Ashby, M. F. & Sammis, C. G. The damage mechanics of brittle solids in compression. Pure Appl. Geophys. PAGEOPH 133, 489–521 (1990).
53.	Lan, H., Martin, C. D. & Hu, B. Effect of heterogeneity of brittle rock on micromechanical extensile behavior during compression loading. J. Geophys. Res. 115, B01202 (2010).
54.	Van Der Wielen, K. P. & Rollinson, G. Texture-based analysis of liberation behaviour using Voronoi tessellations. Miner. Eng. 89, 93–107 (2016).
55.	Atkinson, B. K. & Avdis, V. Fracture mechanics parameters of some rock-forming minerals determined using an indentation technique. Int. J. Rock Mech. Min. Sci. 17, 383–386 (1980).
56.	Mahabadi, O. K., Randall, N. X., Zong, Z. & Grasselli, G. A novel approach for micro-scale characterization and modeling of geomaterials incorporating actual material heterogeneity. Geophys. Res. Lett. 39, 2–7 (2012).
57.	Barbery, G. & Leroux, D. Prediction of particle composition distribution after fragmentation of heterogeneous materials. Int. J. Miner. Process. 22, 9–24 (1988).
58.	Mariano, R. A., Evans, C. L. & Manlapig, E. Definition of random and non-random breakage in mineral liberation - A review. Miner. Eng. 94, 51–60 (2016).
59.	Little, L., Mainza, A. N., Becker, M. & Wiese, J. G. Using mineralogical and particle shape analysis to investigate enhanced mineral liberation through phase boundary fracture. Powder Technol. 301, 794–804 (2016).
60.	De Rosa, R. Compositional modes in the ash fraction of some modern pyroclastic deposits: Their determination and significance. Bull. Volcanol. 61, 162–173 (1999).
61.	Miwa, T. & Geshi, N. Decompression rate of magma at fragmentation: Inference from broken crystals in pumice of vulcanian eruption. J. Volcanol. Geotherm. Res. 227–228, 76–84 (2012).
62.	Pompilio, M., Bertagnini, A., Del Carlo, P. & Di Roberto, A. Magma dynamics within a basaltic conduit revealed by textural and compositional features of erupted ash: The December 2015 Mt. Etna paroxysms. Sci. Rep. 7, 1–14 (2017).
63.	Kueppers, U., Scheu, B., Spieler, O. & Dingwell, D. B. Fragmentation efficiency of explosive volcanic eruptions: A study of experimentally generated pyroclasts. J. Volcanol. Geotherm. Res. 153, 125–135 (2006).
64.	Smith, R., Sammonds, P. R. & Kilburn, C. R. J. Fracturing of volcanic systems: Experimental insights into pre-eruptive conditions. Earth Planet. Sci. Lett. 280, 211–219 (2009).
65.	Kolzenburg, S., Russell, J. K. & Kennedy, L. A. Energetics of glass fragmentation: Experiments on synthetic and natural glasses. Geochemistry, Geophys. Geosystems 14, 4936–4951 (2013).
66.	Lavallée, Y. et al. Reconstructing magma failure and the degassing network of dome-building eruptions. Geology 41, 515–518 (2013).
67.	Deubelbeiss, Y. & Connolly, J. A. D. Potential causes for the non- Newtonian rheology of crystal-bearing magmas. Geochemistry, Geophys. Geosystems 12, 1–22 (2011).
68.	Lavallée, Y. et al. Seismogenic lavas and explosive eruption forecasting. Nature 453, 507–10 (2008).
69.	Schultz, R. A., Jensen, M. C. & Bradt, R. C. Single crystal cleavage of brittle materials. Int. J. Fract. 65, 291–312 (1994).
70.	Middlemiss, S. & King, R. P. Microscale fracture measurements with application to comminution. Int. J. Miner. Process. 44–45, 43–58 (1996).
71.	Spray, J. G. A physical basis for the frictional melting of some rock-forming minerals. Tectonophysics 204, 205–221 (1992).
72.	Wiederhorn, S. M. Fracture Surface Energy of Glass. J. Am. Ceram. Soc. 52, 99–105 (1969).
73.	Maters, E. C., Delmelle, P., Rossi, M. J., Ayris, P. M. & Bernard, A. Controls on the surface chemical reactivity of volcanic ash investigated with probe gases. Earth Planet. Sci. Lett. 450, 254–262 (2016).
74.	Horwell, C. J. & Baxter, P. J. The respiratory health hazards of volcanic ash: A review for volcanic risk mitigation. Bull. Volcanol. 69, 1–24 (2006).
75.	Ayris, P. M. & Delmelle, P. The immediate environmental effects of tephra emission. Bull. Volcanol. 74, 1905–1936 (2012).
76.	Aizawa, K. et al. Physical properties of volcanic lightning: Constraints from magnetotelluric and video observations at Sakurajima volcano, Japan. Earth Planet. Sci. Lett. 444, 45–55 (2016).
77.	Lautze, N. C. & Houghton, B. F. Linking variable explosion style and magma textures during 2002 at Stromboli volcano , Italy. Bull. Volcanol. 69, 445–460 (2007).
78.	Williams, S. N. & Self, S. The October 1902 Plinian eruption of Santa Maria volcano, Guatemala. J. Volcanol. Geotherm. Res. 16, 33–56 (1983).
79.	Kennedy, L. A. & Russell, J. K. Cataclastic production of volcanic ash at Mount Saint Helens. Phys. Chem. Earth, Parts A/B/C 45–46, 40–49 (2012).
80.	Caballero, L., Sarocchi, D., Borselli, L. & Càrdenas, A. I. Particle interaction inside debris flows: Evidence through experimental data and quantitative clast shape analysis. J. Volcanol. Geotherm. Res. 231–232, 12–23 (2012).
81.	Rose, W. I., Chuan, R. L., Cadle, R. D. & Woods, D. C. Small particles in volcanic eruption clouds. American Journal of Science 280, 671–696 (1980).


13354.0	11027.0	9711.0	4405.0	4235.0	3766.0	3755.0	3505.0	3575.0	3434.0	3378.0	3018.0	2492.0	2485.0	2159.0	1999.0	1923.0	1817.0	1757.0	1641.0	1617.0	1610.0	1529.0	1531.0	1530.0	1481.0	1457.0	1423.0	1420.0	1386.0	1374.0	1323.0	1323.0	1311.0	1289.0	1269.0	1203.0	1157.0	1153.0	1140.0	1132.0	1110.0	1100.0	1098.0	1067.0	1068.0	1068.0	1058.0	1049.0	1036.0	1026.0	1004.0	988.0	980.0	971.0	968.0	951.0	947.0	941.0	940.0	927.0	905.0	902.0	890.0	881.0	880.0	866.0	859.0	855.0	849.0	841.0	834.0	813.0	809.0	804.0	783.0	781.0	770.0	765.0	744.0	736.0	733.0	721.0	709.0	680.0	654.0	649.0	646.0	644.0	641.0	630.0	611.0	603.0	583.0	601.0	587.0	575.0	572.0	566.0	562.0	552.0	551.0	545.0	543.0	534.0	533.0	530.0	518.0	499.0	476.0	477.0	478.0	477.0	477.0	472.0	473.0	468.0	463.0	458.0	453.0	450.0	441.0	437.0	436.0	433.0	426.0	421.0	419.0	409.0	408.0	408.0	401.0	401.0	394.0	390.0	390.0	389.0	385.0	380.0	376.0	374.0	374.0	373.0	371.0	368.0	365.0	363.0	360.0	357.0	355.0	354.0	348.0	352.0	350.0	346.0	342.0	331.0	331.0	330.0	327.0	325.0	321.0	313.0	309.0	306.0	299.0	306.0	304.0	301.0	298.0	296.0	297.0	296.0	288.0	288.0	288.0	283.0	278.0	280.0	280.0	280.0	273.0	271.0	262.0	264.0	265.0	263.0	264.0	263.0	260.0	258.0	258.0	257.0	254.0	256.0	254.0	254.0	254.0	253.0	251.0	250.0	249.0	248.0	249.0	248.0	246.0	244.0	243.0	243.0	242.0	241.0	237.0	237.0	235.0	235.0	235.0	234.0	232.0	231.0	230.0	229.0	229.0	229.0	226.0	220.0	220.0	217.0	216.0	217.0	214.0	213.0	210.0	209.0	207.0	205.0	206.0	205.0	205.0	204.0	197.0	200.0	198.0	198.0	196.0	195.0	192.0	185.0	184.0	183.0	181.0	181.0	175.0	178.0	179.0	175.0	175.0	172.0	172.0	169.0	161.0	168.0	168.0	168.0	166.0	167.0	163.0	166.0	163.0	160.0	161.0	161.0	160.0	158.0	154.0	157.0	155.0	153.0	153.0	151.0	151.0	149.0	148.0	148.0	147.0	146.0	146.0	144.0	144.0	144.0	139.0	142.0	141.0	138.0	134.0	136.0	135.0	135.0	134.0	134.0	134.0	132.0	130.0	130.0	130.0	128.0	129.0	128.0	127.0	124.0	124.0	126.0	118.0	118.0	117.0	116.0	114.0	114.0	113.0	112.0	111.0	112.0	112.0	109.0	110.0	108.0	110.0	109.0	106.0	105.0	102.0	100.0	100.0	99.0	99.0	96.0	96.0	95.0	94.0	94.0	90.0	92.0	92.0	91.0	91.0	91.0	90.0	89.0	87.0	87.0	87.0	87.0	87.0	86.0	84.0	84.0	84.0	83.0	82.0	79.0	78.0	78.0	78.0	78.0	78.0	75.0	74.0	73.0	73.0	72.0	73.0	71.0	71.0	70.0	70.0	70.0	69.0	68.0	68.0	67.0	67.0	67.0	66.0	65.0	65.0	65.0	64.0	63.0	63.0	62.0	61.0	61.0	61.0	61.0	60.0	60.0	59.0	59.0	59.0	59.0	59.0	58.0	58.0	57.0	55.0	54.0	54.0	50.0	53.0	52.0	52.0	52.0	50.0	52.0	52.0	51.0	51.0	50.0	49.0	44.0	47.0	45.0	46.0	45.0	45.0	44.0	43.0	42.0	42.0	42.0	42.0	42.0	41.0	40.0	40.0	40.0	40.0	39.0	39.0	38.0	37.0	36.0	37.0	37.0	37.0	36.0	36.0	36.0	36.0	36.0	34.0	28.0	33.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	31.0	31.0	31.0	31.0	31.0	31.0	30.0	29.0	29.0	28.0	28.0	28.0	28.0	24.0	27.0	27.0	27.0	27.0	26.0	26.0	24.0	25.0	25.0	24.0	24.0	24.0	22.0	22.0	22.0	20.0	22.0	22.0	22.0	21.0	19.0	20.0	20.0	20.0	4615.0	3908.0	3009.0	2539.0	2345.0	2326.0	2225.0	2052.0	1303.0	1392.0	1246.0	1124.0	914.0	976.0	1008.0	999.0	969.0	910.0	910.0	843.0	820.0	843.0	790.0	748.0	710.0	702.0	678.0	660.0	646.0	628.0	614.0	596.0	599.0	583.0	577.0	585.0	580.0	570.0	564.0	547.0	554.0	529.0	538.0	531.0	517.0	528.0	525.0	522.0	513.0	517.0	511.0	508.0	507.0	505.0	502.0	485.0	478.0	474.0	473.0	470.0	459.0	455.0	454.0	446.0	446.0	435.0	427.0	421.0	421.0	410.0	408.0	410.0	404.0	408.0	408.0	364.0	406.0	401.0	401.0	396.0	393.0	393.0	387.0	386.0	384.0	383.0	381.0	376.0	375.0	367.0	361.0	357.0	353.0	353.0	347.0	352.0	349.0	345.0	338.0	331.0	329.0	303.0	329.0	326.0	324.0	324.0	322.0	320.0	319.0	316.0	313.0	308.0	301.0	310.0	307.0	308.0	297.0	307.0	300.0	304.0	303.0	303.0	302.0	302.0	297.0	298.0	296.0	287.0	290.0	287.0	282.0	286.0	285.0	281.0	278.0	278.0	278.0	277.0	276.0	275.0	270.0	268.0	270.0	271.0	269.0	267.0	267.0	266.0	265.0	265.0	262.0	261.0	257.0	261.0	261.0	260.0	258.0	258.0	257.0	255.0	254.0	254.0	254.0	254.0	253.0	254.0	252.0	252.0	251.0	251.0	250.0	249.0	248.0	245.0	245.0	244.0	243.0	244.0	244.0	244.0	244.0	242.0	241.0	240.0	238.0	237.0	237.0	236.0	235.0	235.0	235.0	228.0	234.0	234.0	234.0	234.0	229.0	234.0	233.0	233.0	233.0	227.0	230.0	227.0	226.0	226.0	225.0	212.0	223.0	223.0	223.0	223.0	223.0	222.0	222.0	221.0	221.0	221.0	220.0	216.0	220.0	218.0	219.0	219.0	219.0	217.0	217.0	217.0	217.0	217.0	216.0	205.0	210.0	213.0	210.0	209.0	210.0	209.0	207.0	207.0	207.0	206.0	206.0	203.0	205.0	205.0	203.0	203.0	202.0	201.0	201.0	200.0	200.0	199.0	198.0	195.0	196.0	196.0	196.0	196.0	195.0	191.0	193.0	192.0	189.0	189.0	189.0	181.0	187.0	187.0	185.0	183.0	182.0	182.0	173.0	180.0	179.0	179.0	177.0	177.0	176.0	168.0	176.0	176.0	176.0	175.0	175.0	174.0	173.0	173.0	171.0	172.0	172.0	172.0	172.0	170.0	171.0	171.0	171.0	170.0	170.0	170.0	169.0	169.0	169.0	168.0	168.0	168.0	167.0	166.0	165.0	166.0	166.0	166.0	166.0	166.0	165.0	165.0	165.0	165.0	165.0	165.0	164.0	164.0	163.0	163.0	159.0	160.0	159.0	159.0	159.0	159.0	158.0	158.0	157.0	157.0	157.0	154.0	156.0	156.0	154.0	154.0	144.0	153.0	153.0	152.0	152.0	152.0	152.0	151.0	151.0	151.0	143.0	145.0	150.0	150.0	150.0	150.0	149.0	149.0	149.0	148.0	147.0	147.0	147.0	146.0	145.0	145.0	142.0	144.0	144.0	143.0	143.0	143.0	142.0	142.0	142.0	142.0	142.0	142.0	142.0	141.0	141.0	131.0	141.0	141.0	140.0	140.0	140.0	139.0	136.0	138.0	138.0	137.0	136.0	136.0	136.0	135.0	135.0	135.0	135.0	134.0	134.0	131.0	134.0	133.0	132.0	132.0	132.0	132.0	132.0	132.0	132.0	131.0	131.0	130.0	130.0	130.0	130.0	130.0	129.0	129.0	129.0	129.0	129.0	128.0	128.0	127.0	127.0	127.0	126.0	126.0	126.0	126.0	126.0	126.0	126.0	126.0	126.0	125.0	125.0	125.0	124.0	124.0	124.0	124.0	124.0	123.0	123.0	123.0	123.0	123.0	122.0	122.0	122.0	122.0	121.0	121.0	121.0	117.0	120.0	112.0	120.0	118.0	119.0	119.0	119.0	119.0	119.0	119.0	119.0	116.0	118.0	118.0	118.0	117.0	117.0	116.0	115.0	115.0	115.0	115.0	114.0	113.0	112.0	112.0	112.0	112.0	112.0	112.0	111.0	111.0	111.0	110.0	110.0	110.0	109.0	99.0	109.0	108.0	109.0	109.0	109.0	107.0	109.0	109.0	108.0	108.0	108.0	107.0	107.0	107.0	107.0	106.0	106.0	106.0	106.0	106.0	106.0	106.0	104.0	105.0	105.0	105.0	105.0	104.0	104.0	104.0	104.0	104.0	103.0	103.0	103.0	103.0	103.0	102.0	102.0	101.0	101.0	101.0	101.0	101.0	101.0	100.0	99.0	100.0	99.0	99.0	99.0	99.0	99.0	99.0	99.0	98.0	98.0	98.0	98.0	98.0	96.0	96.0	96.0	96.0	96.0	96.0	96.0	96.0	95.0	95.0	95.0	94.0	94.0	94.0	94.0	94.0	94.0	94.0	93.0	93.0	93.0	93.0	93.0	88.0	93.0	92.0	92.0	92.0	91.0	91.0	91.0	91.0	91.0	91.0	90.0	90.0	90.0	90.0	90.0	90.0	90.0	89.0	89.0	89.0	89.0	89.0	89.0	89.0	89.0	88.0	88.0	88.0	88.0	88.0	87.0	87.0	87.0	87.0	87.0	87.0	87.0	86.0	86.0	86.0	86.0	86.0	85.0	85.0	85.0	85.0	85.0	85.0	85.0	84.0	84.0	84.0	84.0	84.0	84.0	84.0	84.0	83.0	82.0	83.0	83.0	83.0	83.0	82.0	82.0	82.0	82.0	82.0	82.0	82.0	82.0	82.0	81.0	81.0	81.0	81.0	81.0	80.0	80.0	80.0	79.0	80.0	79.0	79.0	79.0	79.0	79.0	79.0	78.0	77.0	77.0	77.0	77.0	77.0	77.0	77.0	77.0	77.0	77.0	76.0	76.0	76.0	76.0	76.0	76.0	76.0	75.0	75.0	75.0	75.0	75.0	75.0	75.0	75.0	75.0	75.0	75.0	75.0	75.0	75.0	74.0	74.0	74.0	74.0	74.0	74.0	72.0	74.0	73.0	72.0	73.0	72.0	73.0	73.0	73.0	73.0	73.0	72.0	72.0	72.0	72.0	72.0	72.0	72.0	72.0	70.0	72.0	71.0	68.0	71.0	71.0	71.0	71.0	71.0	71.0	70.0	70.0	70.0	70.0	70.0	70.0	70.0	70.0	70.0	70.0	70.0	69.0	69.0	69.0	69.0	69.0	69.0	65.0	69.0	69.0	66.0	68.0	68.0	68.0	68.0	68.0	68.0	67.0	67.0	67.0	67.0	67.0	67.0	67.0	67.0	66.0	66.0	66.0	66.0	65.0	65.0	65.0	65.0	65.0	65.0	65.0	65.0	65.0	65.0	63.0	65.0	65.0	64.0	64.0	64.0	64.0	64.0	64.0	64.0	64.0	64.0	64.0	64.0	62.0	64.0	63.0	63.0	63.0	63.0	63.0	63.0	63.0	63.0	63.0	63.0	62.0	62.0	62.0	62.0	62.0	62.0	62.0	62.0	62.0	62.0	62.0	62.0	61.0	61.0	61.0	61.0	61.0	61.0	61.0	61.0	61.0	61.0	61.0	61.0	61.0	61.0	61.0	60.0	60.0	60.0	59.0	60.0	60.0	60.0	59.0	60.0	59.0	59.0	59.0	59.0	59.0	59.0	59.0	59.0	59.0	59.0	59.0	59.0	59.0	57.0	59.0	58.0	58.0	58.0	58.0	56.0	58.0	58.0	58.0	58.0	56.0	55.0	58.0	57.0	57.0	57.0	57.0	57.0	57.0	57.0	57.0	57.0	57.0	57.0	57.0	56.0	56.0	56.0	56.0	56.0	56.0	56.0	55.0	55.0	55.0	55.0	55.0	55.0	55.0	55.0	55.0	53.0	54.0	54.0	54.0	54.0	54.0	54.0	54.0	54.0	54.0	54.0	54.0	49.0	54.0	54.0	54.0	54.0	53.0	53.0	53.0	53.0	53.0	53.0	52.0	53.0	53.0	53.0	53.0	52.0	52.0	52.0	52.0	52.0	52.0	52.0	52.0	52.0	52.0	52.0	52.0	52.0	52.0	52.0	51.0	50.0	51.0	51.0	51.0	51.0	51.0	50.0	50.0	50.0	50.0	50.0	50.0	50.0	50.0	50.0	50.0	49.0	50.0	49.0	49.0	49.0	49.0	49.0	48.0	49.0	49.0	49.0	49.0	49.0	49.0	49.0	49.0	49.0	49.0	49.0	49.0	49.0	49.0	48.0	48.0	48.0	48.0	48.0	48.0	48.0	48.0	48.0	48.0	48.0	48.0	42.0	48.0	48.0	47.0	47.0	47.0	47.0	47.0	47.0	47.0	47.0	47.0	47.0	46.0	47.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	46.0	45.0	45.0	45.0	45.0	44.0	45.0	44.0	45.0	45.0	45.0	44.0	45.0	45.0	45.0	45.0	44.0	45.0	45.0	44.0	44.0	44.0	44.0	44.0	44.0	44.0	44.0	44.0	44.0	44.0	44.0	44.0	44.0	44.0	44.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	43.0	42.0	42.0	42.0	42.0	42.0	42.0	42.0	42.0	42.0	42.0	41.0	41.0	41.0	41.0	41.0	41.0	41.0	41.0	41.0	41.0	41.0	41.0	41.0	41.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	40.0	39.0	39.0	38.0	39.0	39.0	39.0	39.0	37.0	39.0	39.0	39.0	39.0	39.0	39.0	39.0	39.0	38.0	39.0	39.0	38.0	39.0	39.0	39.0	39.0	39.0	39.0	39.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	38.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	37.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	36.0	35.0	35.0	35.0	35.0	35.0	35.0	35.0	35.0	35.0	35.0	34.0	35.0	35.0	34.0	34.0	34.0	33.0	34.0	34.0	34.0	34.0	34.0	34.0	34.0	34.0	34.0	34.0	34.0	34.0	34.0	34.0	34.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	33.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	32.0	31.0	32.0	32.0	32.0	32.0	31.0	31.0	31.0	31.0	31.0	31.0	31.0	31.0	31.0	31.0	31.0	31.0	31.0	31.0	29.0	31.0	31.0	31.0	28.0	31.0	31.0	31.0	31.0	31.0	31.0	28.0	31.0	31.0	31.0	31.0	31.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	29.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	30.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	29.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	28.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	27.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	25.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	26.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	25.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	23.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	24.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	22.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	22.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	23.0	22.0	22.0	21.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	22.0	21.0	21.0	20.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	21.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	20.0	4.567859817283204	7.066328103745352	6.599114406343322	6.379205448354143	10.75806375442739	9.2607541157727	6.951584553928089	10.23098430813124	7.947188811188806	8.381828771112392	7.61894612196566	11.3013916500994	9.381059390048154	10.00579476861167	10.64900416859657	9.730665332666333	10.4399375975039	12.08145294441387	10.80478087649403	12.96282754418038	12.33271490414347	10.43304347826087	10.7573577501635	11.23396472893533	11.28418300653595	11.95786630654963	12.4101578586136	14.57006324666198	11.96253521126761	12.55324675324675	11.29752547307132	12.0045351473923	13.3880574452003	12.9723874904653	13.9922420480993	14.71268715524035	12.5715710723192	12.24961106309421	15.28048568950564	16.09368421052631	13.42932862190813	14.8500900900901	12.72363636363637	13.98542805100182	17.11190253045923	12.0063670411985	14.76404494382023	14.44272211720227	12.3298379408961	13.95135135135135	12.66042884990253	17.05258964143426	13.17044534412956	14.14204081632653	14.39052523171988	14.100826446281	12.5211356466877	12.58753959873284	16.34303931987248	13.59276595744681	17.10809061488673	15.12972375690608	16.20886917960089	15.41033707865168	12.6034052213394	14.16636363636364	16.31639722863742	14.1359720605355	14.45052631578948	15.1957597173145	14.02663495838288	16.36642685851318	18.18843788437879	14.11273176761434	16.4771144278607	17.09016602809707	14.3303457106274	13.75376623376625	17.72339869281046	15.6005376344086	20.29076086956522	18.22482946793997	16.65575589459085	16.67023977433004	16.96823529411762	18.0874617737003	19.91371340523883	21.42291021671826	15.4552795031056	16.36817472698908	18.96888888888889	17.27921440261866	15.71409618573798	20.50291595197255	18.51314475873544	20.28551959114133	20.72626086956522	15.8006993006993	16.60282685512367	18.48896797153022	17.83478260869565	17.23847549909256	18.96366972477064	17.9388581952118	20.54232209737822	20.24915572232646	19.24754716981132	20.70347490347489	20.01763527054108	20.58655462184874	20.77651991614255	20.0560669456067	17.12452830188681	18.03605870020965	22.20169491525424	18.8997885835095	19.38803418803419	17.25442764578834	18.98340611353708	22.21721854304636	19.49511111111111	20.41995464852608	21.96064073226539	21.73302752293578	20.35935334872979	19.83380281690141	22.84940617577191	20.34558472553699	26.35696821515894	19.80392156862746	20.8696078431372	21.87730673316708	25.83042394014963	20.10964467005076	21.28820512820513	19.08410256410256	20.28380462724936	21.07220779220779	21.08315789473684	23.21063829787234	23.39572192513369	20.1101604278075	19.12064343163538	22.20161725067382	20.68586956521739	21.64493150684931	20.26005509641874	20.21111111111112	23.03641456582633	23.82873239436614	23.04632768361581	24.69310344827586	20.35454545454546	22.89028571428572	21.25549132947977	20.16608187134502	26.83987915407855	29.4368580060423	21.71151515151515	24.02935779816513	26.61169230769231	22.98193146417446	27.34952076677316	25.89514563106792	26.4797385620915	25.97458193979933	21.73725490196079	26.61184210526316	22.80398671096346	20.89530201342282	23.94054054054049	26.37979797979798	24.84594594594594	22.27916666666666	26.58055555555556	26.27361111111111	23.58445229681979	27.38273381294958	25.30857142857143	24.79428571428572	22.20285714285714	22.56849816849817	26.81180811808118	25.77404580152671	26.92878787878782	30.82415094339623	24.69505703422053	23.46212121212115	25.50266159695818	24.76615384615382	25.65426356589148	29.11317829457364	26.92451361867704	29.88031496062992	24.846875	25.22204724409449	24.69448818897638	24.73385826771654	24.43162055335969	25.43266932270916	25.66559999999998	22.40803212851405	26.1887096774193	23.26104417670683	24.11935483870968	25.53821138211381	26.39016393442623	25.16707818930042	24.15802469135803	23.60991735537189	27.73609958506222	27.07341772151899	23.26582278481013	24.41021276595745	29.39063829787234	27.97106382978723	27.42051282051282	23.66896551724138	23.91341991341991	27.41391304347826	27.97554585152833	26.56244541484716	25.67860262008733	29.6778761061947	28.00545454545454	24.35090909090909	26.43502304147465	28.05555555555556	26.32995391705071	27.47850467289718	26.30234741784038	28.70095238095238	26.64880382775119	27.2231884057971	32.82926829268293	27.08543689320383	25.59024390243902	24.82536585365854	27.02941176470588	30.8771573604061	39.958	28.97171717171717	27.73333333333327	29.95102040816326	32.80205128205128	27.25624999999998	28.78054054054048	27.41086956521739	30.3103825136612	29.34585635359116	30.21215469613259	31.62285714285715	35.36629213483146	28.12067039106145	31.88342857142857	35.97257142857143	30.6906976744186	33.02790697674418	30.83076923076917	37.63975155279503	34.80714285714284	29.96190476190477	34.1452380952381	34.08433734939759	31.47305389221557	39.30306748466244	32.27228915662645	34.51042944785274	32.2975	33.27453416149064	28.76770186335403	29.99	33.7620253164557	42.53506493506494	33.33248407643305	31.75741935483871	34.13856209150327	33.47712418300647	31.40927152317881	31.25827814569537	36.48053691275168	30.61081081081081	35.07027027027027	35.53197278911565	29.88767123287672	33.55890410958905	34.18333333333333	32.70833333333334	32.00555555555555	39.34100719424451	30.40845070422532	31.10921985815603	32.42608695652175	34.56417910447762	34.70588235294118	39.44	31.08740740740742	32.73432835820896	36.39402985074618	35.63880597014926	32.4636363636363	31.93230769230768	44.80615384615386	36.23076923076924	33.04375	34.08062015503872	39.75937500000001	34.1795275590551	39.06451612903226	35.63870967741936	34.631746031746	35.17966101694915	43.02033898305086	39.5863247863248	36.46206896551724	35.43859649122805	32.8	39.30973451327429	36.07142857142851	34.98378378378374	35.37142857142852	41.85	37.78348623853211	36.31272727272727	41.12962962962963	35.50909090909092	35.62568807339449	35.58490566037732	40.28190476190476	41.14509803921568	41.74	41.74	41.7010101010101	36.74747474747476	38.13333333333333	39.87083333333332	42.0463157894737	38.45957446808507	38.70212765957447	49.97333333333333	36.9869565217391	38.93913043478261	46.1186813186813	39.11648351648345	43.17362637362631	43.40000000000001	39.37078651685393	43.35632183908042	38.3586206896551	38.09655172413793	42.9793103448276	35.91724137931024	41.65581395348836	45.2952380952381	39.4571428571428	42.64761904761905	43.5566265060241	42.73170731707317	50.7240506329114	43.4974358974359	44.21025641025635	45.92820512820512	43.91794871794866	42.20000000000001	46.72	39.66486486486485	46.47671232876712	45.4027397260274	45.57777777777778	45.4027397260274	50.45633802816902	43.69014084507043	44.17142857142854	44.78285714285714	49.26285714285715	65.18260869565218	44.31764705882341	42.01176470588226	49.8089552238806	46.97910447761188	55.46865671641791	53.93333333333333	43.0953846153846	45.15692307692308	44.80615384615386	47.60000000000001	48.35555555555555	40.20952380952381	56.51612903225806	44.63606557377047	49.4032786885246	44.63606557377047	47.74426229508196	48.92	45.0	45.76271186440678	45.20677966101695	47.09152542372881	42.935593220339	47.47796610169485	48.296551724138	51.56551724137931	51.89473684210526	57.22909090909091	48.36296296296296	48.36296296296296	61.384	49.27547169811321	54.9384615384615	54.50000000000001	53.23846153846154	53.8	53.43076923076923	46.13846153846154	56.46274509803922	49.6705882352941	54.456	61.50204081632653	66.1909090909091	55.0808510638298	63.48444444444434	49.73913043478261	50.84444444444434	53.31555555555556	62.4	62.02790697674418	53.15238095238095	60.8571428571428	56.34285714285715	60.8571428571428	57.66666666666658	55.24878048780488	65.29	56.63	54.67000000000001	51.89	55.23076923076924	59.25128205128196	65.2	65.45945945945945	62.92222222222223	52.47567567567565	64.8432432432433	54.59459459459458	57.65555555555556	59.83333333333333	55.47777777777775	68.1888888888887	61.37777777777777	54.8	80.9	62.8969696969697	71.5	63.83750000000001	54.75	58.9375	58.9375	60.67500000000001	58.225	58.9375	65.57499999999997	59.9625	68.74838709677408	71.27741935483871	60.83870967741935	67.69032258064517	67.69032258064517	59.04516129032258	65.47999999999997	65.0344827586206	63.11724137931024	64.55714285714285	59.77142857142857	67.35714285714279	57.78571428571428	76.26666666666666	81.83703703703692	87.17037037037024	62.82962962962959	66.94814814814816	67.3846153846154	72.53846153846139	78.58333333333324	64.72	74.12799999999998	65.10000000000001	64.15	65.10000000000001	67.45454545454546	71.01818181818166	79.63636363636364	94.3	85.72727272727273	63.8909090909091	72.50909090909091	74.4	85.15789473684208	71.42	71.42	67.5	6.949512459371615	7.047492323439099	10.28913260219342	8.47357227254825	10.41654584221748	8.829062768701634	11.70103370786517	9.108382066276798	18.56822716807368	13.26005747126437	11.92841091492777	21.43772241992882	18.98599562363239	16.58073770491803	13.64166666666667	16.17617617617618	13.12858617131063	14.87736263736264	15.88	21.30201660735468	19.8985365853658	15.80782918149466	14.09670886075949	14.4860962566845	14.32169014084507	25.91168091168091	15.78407079646018	15.42181818181818	15.7560371517028	18.28471337579618	18.55765472312704	18.16375838926174	16.22838063439065	19.90874785591761	16.01455805892548	18.18119658119658	16.85586206896551	17.11157894736844	19.29290780141844	18.27934186471663	16.13646209386282	18.28960302457466	16.61635687732342	17.71600753295669	23.01276595744681	16.02121212121213	18.42895238095237	19.71187739463602	20.1270955165692	18.49903288201158	18.2559686888454	17.44330708661417	19.92110453648915	18.60831683168312	16.91633466135459	22.59711340206185	18.5857740585774	17.11561181434599	17.76659619450317	17.09446808510638	21.37080610021787	19.71956043956044	20.23083700440528	20.21973094170403	19.83946188340807	23.34620689655172	18.92271662763466	19.45653206650831	17.91923990498812	27.46439024390243	21.82352941176471	27.38439024390244	23.39801980198018	24.89117647058823	22.45588235294117	26.27472527472522	21.63251231527093	22.90473815461347	21.03840399002494	20.00808080808081	19.59491094147583	21.57557251908397	19.89870801033591	26.7160621761658	20.896875	20.4825065274151	20.41784776902887	19.6468085106383	21.27679999999998	28.22343324250678	20.52631578947368	26.19495798319328	20.07478753541076	20.83399433427762	27.72219020172905	21.49659090909091	23.47048710601719	21.15594202898551	24.9301775147929	24.50996978851964	21.70820668693008	33.18283828382838	22.01580547112463	22.73006134969325	21.94197530864198	23.31481481481482	25.36770186335404	22.7775	22.35736677115987	22.10506329113922	21.35591054313099	25.21558441558442	28.25514950166107	26.24387096774193	24.243648208469	23.2623376623376	24.68552188552183	28.79869706840391	23.95866666666667	24.74078947368421	22.57821782178218	20.73399339933993	23.46490066225165	23.09668874172185	23.56228956228956	27.64026845637584	25.06756756756756	26.28571428571423	23.27586206896552	24.49756097560975	24.77021276595745	22.78881118881119	22.12350877192982	27.71957295373665	23.24460431654676	26.93669064748201	23.56258992805755	23.6115523465704	23.41304347826087	23.61745454545455	28.06222222222218	26.77164179104478	27.1540740740741	25.69151291512915	24.93382899628254	28.80449438202248	21.69288389513109	22.19248120300752	23.83094339622642	27.75245283018868	25.42595419847328	24.24521072796932	29.35408560311284	24.49655172413793	24.75862068965517	24.02615384615384	33.17984496124021	23.18449612403101	24.96653696498052	27.70039215686274	22.49448818897638	23.24094488188976	22.93228346456693	26.93385826771654	32.59604743083004	23.67874015748031	25.77301587301586	28.91269841269841	26.5003984063745	26.31872509960159	27.05119999999999	23.39277108433732	24.56774193548387	29.79102040816326	33.4334693877551	23.96557377049178	25.07325102880658	24.42131147540983	24.38032786885246	33.06229508196721	23.64426229508195	35.87438016528919	24.95601659751037	25.61833333333329	27.71428571428572	26.93502109704642	26.08101265822782	27.04915254237288	24.1736170212766	25.12	25.4536170212766	32.2561403508772	30.47863247863247	24.55726495726496	26.94529914529912	27.18290598290598	26.12052401746725	24.98974358974353	28.11330472103005	23.13304721030043	26.24721030042918	30.9726872246696	23.81913043478261	28.81233480176211	28.63716814159293	25.72920353982298	26.33777777777778	30.00377358490566	28.42152466367713	24.91838565022421	26.86816143497758	26.32466367713004	25.62152466367713	26.23783783783783	27.75315315315315	30.95565610859729	26.91764705882353	25.24705882352941	26.07454545454545	27.95	25.06363636363636	26.82385321100918	26.55159817351598	28.32876712328767	24.71598173515982	24.88479262672811	26.94746543778803	28.33364055299538	25.92258064516123	24.43133640552992	27.95	35.22146341463412	29.27809523809523	26.8244131455399	27.58095238095238	30.16842105263158	27.47238095238092	32.35789473684201	28.51787439613527	26.41739130434783	37.94589371980675	32.17864077669903	26.92621359223298	28.58128078817732	26.18146341463414	24.8741463414634	25.89162561576354	26.8256157635468	27.1841584158416	27.7592039800995	26.81592039800995	29.352	25.218	25.45929648241206	29.53333333333327	30.55794871794872	27.73265306122449	27.49999999999999	34.33673469387755	27.21632653061224	26.38358974358972	31.43664921465968	27.92746113989637	26.79583333333327	29.64232804232804	30.35132275132275	26.09735449735451	31.87403314917127	30.55401069518717	30.97326203208556	34.2054054054054	28.54207650273218	26.61538461538462	26.92087912087912	41.0936416184971	32.79555555555555	32.795530726257	31.86368715083799	28.7525423728813	31.52316384180791	28.34090909090909	34.80714285714284	26.37272727272721	26.94772727272721	30.30909090909091	29.77371428571428	29.21142857142857	29.37931034482759	29.73872832369942	29.60693641618498	35.246783625731	43.13953488372094	31.0139534883721	37.89302325581392	30.55813953488368	32.22588235294118	36.7391812865497	36.68070175438596	28.97777777777778	31.05176470588236	33.2235294117647	27.89882352941176	29.64970414201183	32.4923076923077	30.9065088757396	32.55	36.26666666666658	29.22380952380952	30.3377245508982	30.26265060240963	32.80484848484839	29.0433734939759	29.85060240963855	29.98795180722892	33.41445783132527	30.52048192771085	27.39636363636362	30.50666666666666	32.66666666666658	31.51757575757576	34.2909090909091	27.93212121212116	29.93658536585366	27.14634146341464	31.7644171779141	30.60122699386503	36.07798742138354	34.03500000000001	32.70691823899377	33.262893081761	32.29433962264151	30.25911949685534	30.36962025316456	34.52911392405066	33.47770700636939	30.35414012738854	28.14777070063694	35.0	29.18717948717949	28.83076923076917	36.01818181818183	31.51948051948052	36.4111111111111	30.63529411764706	30.99869281045751	31.2026315789473	32.0842105263158	28.92368421052628	41.54736842105257	29.41721854304636	32.36291390728477	30.30463576158941	43.15524475524467	30.54620689655172	29.024	35.25866666666656	30.20266666666667	32.73066666666658	31.30469798657717	35.64832214765101	33.7825503355705	30.91891891891892	36.88979591836735	30.44081632653061	30.13061224489795	30.4931506849315	34.94068965517231	29.77931034482759	33.0788732394366	29.2138888888889	30.14444444444445	32.4587412587412	41.6	32.77762237762234	36.39154929577465	36.07042253521124	32.68732394366197	33.79154929577465	32.84788732394354	30.89014084507042	31.90422535211268	38.1560283687943	33.08085106382978	45.41068702290075	34.42553191489361	32.13049645390066	34.99714285714285	33.2457142857143	32.28857142857143	31.79280575539568	38.40588235294118	33.8	36.47536231884058	30.46715328467153	33.64705882352941	44.39117647058823	35.85882352941174	33.89629629629624	35.7125925925926	38.35259259259259	41.66814814814816	40.63880597014926	34.73432835820896	39.69770992366412	37.8089552238806	31.04060150375938	35.33636363636359	33.65151515151516	37.1939393939394	35.0878787878788	33.72727272727273	36.52424242424237	37.71212121212121	34.9312977099236	34.68091603053436	38.2923076923077	42.4923076923077	36.30769230769221	33.5661538461539	33.99384615384606	35.64961240310078	33.64961240310078	34.25736434108527	29.84806201550387	34.86511627906978	37.74375	30.771875	33.9212598425197	36.46929133858268	32.86614173228345	30.11746031746032	36.3968253968254	31.0	35.51428571428571	38.5238095238095	33.82857142857143	34.1904761904762	37.01904761904751	33.56825396825397	35.9808	35.9808	34.6464	39.51290322580645	35.8225806451613	41.3064516129032	33.47741935483871	32.84516129032257	37.01788617886177	36.38048780487802	34.65365853658537	37.01788617886177	35.74308943089427	33.19672131147541	35.12459016393442	39.51803278688525	32.92786885245901	36.52231404958678	33.6595041322314	31.82148760330578	37.77094017094017	33.39333333333334	44.24285714285715	37.48	33.85084745762698	33.94957983193277	35.07563025210085	36.66890756302521	34.03361344537815	33.56638655462185	35.73445378151255	37.13613445378147	37.2241379310345	42.85084745762698	33.57288135593214	38.39322033898306	38.52649572649573	34.81025641025633	33.95517241379309	38.14260869565214	33.96521739130435	36.29565217391305	33.96521739130435	46.5052631578947	35.75221238938053	33.475	36.36428571428571	32.97857142857143	34.17500000000001	35.86785714285714	33.18214285714286	40.51891891891897	37.1927927927928	35.1891891891892	35.8072727272727	36.0145454545454	37.02545454545455	38.59449541284403	53.0909090909091	35.11559633027523	37.1962962962963	35.8348623853211	34.39633027522935	39.82385321100917	42.55327102803734	37.78348623853211	37.06422018348619	36.25925925925925	38.43703703703702	42.67407407407408	37.02429906542054	35.34579439252338	36.93084112149527	36.81121495327097	38.11320754716981	34.8452830188679	36.10943396226416	37.15849056603773	39.90188679245279	36.84905660377352	33.0566037735849	39.6961538461539	34.64761904761905	36.98285714285714	36.6704761904762	35.17714285714285	40.45	39.3807692307692	37.02307692307692	48.8115384615384	34.6653846153846	41.2854368932039	44.20582524271845	43.8873786407767	39.54174757281547	36.84271844660194	46.05098039215687	42.01176470588226	37.57227722772277	40.32475247524743	37.3465346534653	42.42772277227723	36.01980198019803	35.24356435643564	41.512	41.36969696969692	38.048	43.28484848484842	36.74747474747476	38.56161616161609	40.8080808080808	38.66262626262625	38.3313131313131	40.0161616161616	34.6204081632653	37.4571428571428	38.25714285714285	37.68979591836735	40.4244897959183	37.07916666666658	35.44583333333333	43.1375	37.31666666666651	46.37500000000001	37.89583333333334	36.7375	42.42500000000001	36.05894736842105	38.05473684210527	46.17263157894735	41.55319148936163	42.97872340425531	46.42127659574458	34.07659574468085	43.67659574468085	50.45531914893616	38.35319148936163	40.06881720430108	38.03010752688172	37.9225806451613	42.00000000000001	38.16774193548388	43.23636363636364	35.04086021505375	37.73043478260871	39.9	37.73043478260871	37.64395604395605	45.86813186813188	38.25494505494505	36.67252747252747	42.42197802197802	42.06153846153845	43.14666666666656	40.67555555555556	36.2088888888889	43.65333333333333	41.04	43.76444444444444	46.37777777777777	43.88764044943813	37.86516853932585	42.01348314606739	39.99550561797752	37.49662921348315	42.38202247191005	38.74606741573026	40.87640449438197	40.45	43.12272727272728	45.65	40.70909090909091	38.29545454545455	39.25977011494253	42.45517241379309	39.37471264367816	43.09425287356321	40.53793103448276	38.47356321839081	40.91494252873562	42.94883720930227	39.18604651162789	48.91627906976734	43.86046511627907	41.65581395348836	48.3011764705882	37.68470588235294	41.87764705882343	43.7223529411765	41.2235294117647	46.87529411764698	42.8	37.2	41.98571428571427	42.64761904761905	51.13333333333333	43.58095238095238	37.5904761904762	42.37619047619047	41.71428571428572	43.16144578313249	46.0	42.8867469879518	46.11566265060234	42.6120481927711	45.44578313253013	42.73170731707317	42.05365853658537	42.05365853658537	41.93170731707315	43.13170731707318	44.36585365853657	42.45365853658537	40.41951219512196	38.78536585365853	39.95061728395059	44.22716049382716	41.88641975308633	42.00987654320987	39.6691358024692	40.735	44.085	39.47	52.83544303797468	46.865	43.93924050632912	38.85063291139234	44.35443037974676	38.5620253164557	47.04303797468354	51.96962025316454	37.33846153846152	40.28571428571428	41.6	42.748051948052	44.06233766233765	40.15584415584406	44.35844155844146	39.98961038961033	42.748051948052	47.96883116883117	43.0441558441559	43.31052631578945	41.54736842105257	46.10526315789474	43.61052631578947	41.11578947368414	40.0842105263158	42.57894736842105	59.49333333333333	44.93333333333334	45.23733333333333	41.36	40.61866666666656	41.664	41.664	48.06933333333333	46.416	47.024	42.70933333333333	46.28266666666658	43.888	43.14666666666656	46.15675675675676	38.29729729729723	48.1027027027027	41.91891891891896	42.5351351351352	41.47567567567565	48.21111111111112	40.41621621621615	41.28219178082191	44.17222222222222	46.92602739726021	47.89444444444439	50.9095890410959	48.0	44.95342465753416	44.3287671232876	43.56712328767124	40.45	49.12222222222222	42.3111111111111	48.66666666666658	42.62777777777777	44.94444444444434	43.4	50.21111111111112	55.8	53.61666666666655	48.56901408450705	52.01176470588226	45.89859154929577	51.5605633802817	41.01971830985916	41.34084507042247	44.7943661971831	41.34084507042247	40.81142857142848	42.7257142857143	40.81142857142848	47.02285714285714	44.64	44.64	45.43428571428571	45.76	52.76571428571428	45.43428571428571	44.3142857142857	46.89855072463768	46.0927536231884	41.40289855072459	53.86086956521727	47.22898550724634	46.42318840579703	55.46461538461538	43.67536231884058	43.67536231884058	53.0909090909091	45.95294117647055	40.04117647058823	52.01176470588226	42.49411764705883	47.92352941176466	49.0764705882353	43.95820895522385	45.8089552238806	48.29850746268654	42.78805970149249	49.8089552238806	49.1283582089553	43.46865671641791	46.63880597014926	51.060606060606	47.0	46.6545454545454	44.81818181818182	44.80615384615386	45.50769230769224	43.95076923076923	44.80615384615386	46.01230769230767	45.66153846153846	41.88923076923074	43.95076923076923	48.92923076923077	49.7846153846154	52.60952380952381	41.53846153846154	55.96923076923076	45.50625	48.825	46.73125	52.65625000000001	48.825	47.60000000000001	47.95625	44.6375	46.73125	41.67500000000001	42.1875	48.23870967741936	47.60000000000001	47.11111111111111	56.86349206349199	46.2285714285715	49.07936507936508	42.33650793650794	44.10158730158727	50.84444444444434	61.27619047619047	45.86666666666655	44.463492063492	45.18064516129023	51.2967741935484	43.91612903225807	46.44516129032255	48.23870967741936	50.03225806451614	54.35483870967736	46.44516129032255	46.44516129032255	47.87096774193547	42.65161290322581	51.2967741935484	49.94098360655735	46.45901639344254	50.47868852459015	49.4032786885246	47.20655737704918	45.54754098360649	45.92131147540984	46.83278688524587	45.54754098360649	44.63606557377047	48.65573770491803	47.74426229508196	52.51147540983599	47.74426229508196	57.81639344262295	46.68666666666655	47.61333333333334	45.0	50.30508474576263	54.48	47.23333333333334	45.38	53.90508474576263	48.54	51.63389830508475	44.82033898305085	46.14915254237288	44.82033898305085	47.86440677966094	44.82033898305085	44.82033898305085	47.47796610169485	43.87796610169484	47.09152542372881	46.53559322033898	48.03389830508474	49.7491525423729	49.14385964912281	45.20677966101695	48.8620689655172	49.2551724137931	53.48275862068965	46.15862068965517	55.39285714285715	47.33793103448276	48.296551724138	48.8620689655172	46.94482758620679	54.4	54.97454545454544	49.2551724137931	47.19298245614035	45.41754385964904	47.76842105263155	55.62105263157896	45.01754385964904	52.0701754385965	47.76842105263155	54.42105263157895	50.11929824561404	49.54385964912281	47.76842105263155	48.74385964912281	48.62142857142855	46.6357142857143	54.4	45.2357142857143	53.8142857142857	44.65	49.61428571428571	46.6545454545454	48.49454545454545	56.81454545454539	51.52727272727273	47.48363636363628	46.6545454545454	49.92	46.05818181818182	51.94181818181814	50.9433962264151	53.93333333333333	59.31851851851852	59.74074074074074	50.42222222222223	52.90370370370371	47.33333333333334	47.94074074074074	50.42222222222223	44.00740740740731	47.51851851851852	49.8148148148148	55.10204081632652	54.77777777777777	49.3925925925926	51.87407407407407	49.3925925925926	49.8943396226415	50.9433962264151	51.37358490566031	45.2679245283019	52.85283018867924	48.22641509433962	53.43076923076923	48.22641509433962	58.52830188679246	53.90188679245279	49.8943396226415	51.92307692307693	55.37692307692308	48.27692307692308	46.57692307692308	52.8	48.71538461538459	46.13846153846154	49.15384615384604	50.85384615384603	56.44615384615386	46.57692307692308	53.86923076923075	48.27692307692308	60.72307692307693	51.2923076923077	56.46274509803922	48.44	51.85098039215686	51.2078431372549	56.46274509803922	54.03137254901961	56.01568627450981	53.8	45.304	51.77600000000001	47.984	53.344	47.328	50.208	49.09600000000001	50.664	46.416	51.69795918367345	49.09600000000001	54.89795918367344	52.83265306122443	52.83265306122443	49.63265306122445	46.2285714285715	51.14166666666654	52.83265306122443	50.56326530612245	49.63265306122445	51.69795918367345	50.09795918367345	59.43673469387755	48.96326530612245	56.70204081632653	56.03265306122447	65.57551020408152	56.70204081632653	59.43673469387755	57.16734693877551	50.09795918367345	59.51666666666655	49.98333333333333	56.725	57.88333333333333	49.98333333333333	60.67500000000001	48.825	54.40833333333334	50.45833333333333	52.3	62.30833333333333	51.14166666666654	61.63809523809526	47.19166666666658	50.66666666666658	51.53191489361699	51.53191489361699	55.0808510638298	56.74893617021277	59.60000000000001	53.89787234042555	49.86382978723399	52.22978723404255	52.22978723404255	45.82978723404249	62.10434782608696	49.86382978723399	59.68695652173913	51.66086956521729	54.57391304347827	69.13913043478252	56.77391304347828	49.24347826086957	48.03478260869564	52.15652173913043	48.03478260869564	49.24347826086957	52.15652173913043	49.73913043478261	57.98260869565212	59.1913043478261	50.45217391304345	57.98260869565212	63.31304347826078	51.66086956521729	56.77391304347828	55.78260869565214	55.56521739130435	53.31555555555556	61.74222222222222	61.01333333333333	55.05777777777777	55.7909090909091	50.84444444444434	57.0545454545454	60.0	60.50666666666656	56.29333333333335	58.83636363636364	55.05777777777777	59.27111111111111	50.33777777777775	49.6088888888889	57.0545454545454	47.86666666666654	53.31555555555556	47.17272727272727	54.52727272727273	57.0545454545454	56.30909090909091	50.21818181818183	52.0	53.26363636363634	51.48181818181813	53.26363636363634	56.30909090909091	58.31818181818181	54.52727272727273	55.27272727272727	50.21818181818183	53.26363636363634	50.21818181818183	53.97209302325581	48.26976744186044	59.67441860465116	48.26976744186044	48.26976744186044	51.91627906976734	48.26976744186044	51.38604651162784	71.37674418604637	51.38604651162784	55.7953488372093	66.4372093023256	58.38139534883721	51.91627906976734	47.73953488372093	55.7953488372093	58.38139534883721	49.56279069767442	50.85581395348837	66.4372093023256	53.3904761904762	53.93333333333333	57.90476190476191	55.25714285714285	58.44761904761904	57.12380952380952	52.06666666666656	58.44761904761904	55.8	50.74285714285715	57.1609756097561	58.51707317073171	57.1609756097561	58.51707317073171	55.24878048780488	57.1609756097561	53.33658536585362	53.89268292682928	55.24878048780488	59.8731707317073	57.71707317073172	59.07317073170731	52.53658536585365	50.62439024390244	70.03	56.63	53.28000000000001	61.37	49.93	61.94	59.98	53.28000000000001	49.93	50.5	62.76	52.71	55.24	57.45	55.24	51.89	56.63	59.98	49.93	54.67000000000001	53.28000000000001	53.22051282051288	52.63589743589737	59.61052631578948	61.51794871794872	52.63589743589737	61.51794871794872	56.65641025641025	62.72432432432432	51.21025641025635	56.07179487179484	49.7846153846154	62.1025641025641	56.65641025641025	70.65641025641018	56.07179487179484	63.52820512820513	54.62105263157896	61.51794871794872	54.6461538461539	58.14736842105257	63.52820512820513	67.80512820512821	61.51794871794872	52.63589743589737	53.22051282051288	53.22051282051288	62.1025641025641	54.62105263157896	60.21052631578947	58.14736842105257	52.55789473684203	57.54736842105257	58.14736842105257	58.74736842105258	56.0842105263158	57.54736842105257	52.55789473684203	59.01052631578947	56.0842105263158	55.221052631579	54.62105263157896	51.0947368421053	81.03157894736841	53.15789473684204	56.0842105263158	55.221052631579	63.1368421052631	61.6736842105263	65.2	59.1027027027027	58.2162162162162	64.22702702702703	58.2162162162162	60.33513513513516	65.72972972972974	58.2162162162162	52.47567567567565	52.47567567567565	60.6054054054054	50.97297297297298	62.72432432432432	50.97297297297298	54.59459459459458	55.48108108108098	69.35135135135125	53.97837837837838	61.22162162162162	60.6054054054054	61.22162162162162	56.7135135135135	56.09729729729724	61.8378378378378	59.20000000000001	61.37777777777777	62.92222222222223	74.08888888888873	62.92222222222223	52.3888888888889	59.20000000000001	53.93333333333333	59.20000000000001	53.93333333333333	69.73333333333328	54.56666666666656	59.83333333333333	57.65555555555556	59.20000000000001	55.47777777777775	59.83333333333333	63.55555555555556	65.10000000000001	81.8111111111111	65.10000000000001	59.83333333333333	65.73333333333328	52.3888888888889	82.16666666666667	62.92222222222223	68.1888888888887	65.37142857142845	58.3657142857143	57.06285714285715	62.48	64.72	72.37714285714277	59.30285714285715	59.9542857142857	64.06857142857135	52.29714285714285	62.68235294117648	57.71428571428571	55.47428571428572	57.77647058823528	53.16470588235295	54.8	64.5818181818182	61.04705882352941	53.16470588235295	53.16470588235295	61.04705882352941	61.04705882352941	59.41176470588226	59.41176470588226	60.08235294117648	62.68235294117648	61.71764705882346	69.89411764705882	53.16470588235295	69.89411764705882	55.47058823529409	57.77647058823528	59.52727272727272	68.64242424242416	69.33333333333326	71.01818181818166	56.460606060606	54.77575757575755	60.52121212121212	65.27272727272715	57.15151515151516	62.8969696969697	57.15151515151516	58.83636363636364	60.52121212121212	60.52121212121212	63.8909090909091	57.15151515151516	61.21212121212121	65.27272727272715	75.07878787878768	62.8969696969697	58.83636363636364	60.52121212121212	56.460606060606	60.52121212121212	60.52121212121212	55.76969696969694	58.83636363636364	58.9375	60.67500000000001	66.60000000000001	60.67500000000001	61.3875	62.4125	64.15	58.9375	64.86249999999998	63.125	63.125	67.3125	61.3875	61.3875	58.225	61.3875	58.9375	60.83870967741935	58.9375	60.67500000000001	60.67500000000001	60.67500000000001	61.5741935483871	78.12903225806434	62.63225806451614	65.16129032258056	62.63225806451614	67.69032258064517	69.48387096774191	64.42580645161291	58.30967741935478	60.83870967741935	58.30967741935478	55.78064516129026	65.16129032258056	58.30967741935478	65.82068965517242	62.63225806451614	63.36774193548387	60.83870967741935	78.91428571428572	73.0709677419355	68.74838709677408	65.16129032258056	61.89677419354835	58.30967741935478	58.30967741935478	71.32857142857132	66.95483870967743	77.39354838709669	56.51612903225806	58.30967741935478	61.5741935483871	62.86666666666654	63.96	61.01333333333333	71.04	64.72	68.42666666666666	64.72	66.57333333333322	60.25333333333334	69.18666666666665	57.64	58.4	60.25333333333334	61.01333333333333	65.0344827586206	55.78666666666658	62.10666666666658	60.25333333333334	58.4	62.10666666666658	57.64	61.01333333333333	71.04	69.9466666666667	76.26666666666666	62.10666666666658	71.8	66.95172413793104	69.6551724137929	66.95172413793104	62.33103448275855	57.7103448275862	78.89655172413793	75.40689655172405	60.41379310344822	65.0344827586206	63.11724137931024	68.86896551724138	66.95172413793104	64.24827586206895	66.95172413793104	71.57241379310345	69.6551724137929	63.11724137931024	62.33103448275855	66.95172413793104	75.40689655172405	65.82068965517242	66.95172413793104	65.0344827586206	57.7103448275862	78.11034482758606	60.41379310344822	60.41379310344822	62.33103448275855	66.95172413793104	58.60000000000001	64.55714285714285	59.77142857142857	66.54285714285706	65.37142857142845	57.78571428571428	62.57142857142851	70.5142857142857	72.14285714285703	60.58571428571425	72.14285714285703	57.78571428571428	69.34285714285706	81.71428571428572	64.55714285714285	67.35714285714279	66.54285714285706	68.52857142857133	64.55714285714285	57.78571428571428	57.78571428571428	64.55714285714285	69.34285714285706	65.37142857142845	62.57142857142851	76.92857142857135	60.58571428571425	60.58571428571425	57.78571428571428	67.35714285714279	74.12857142857129	67.35714285714279	64.55714285714285	66.54285714285706	67.35714285714279	67.35714285714279	60.58571428571425	57.78571428571428	67.35714285714279	76.11428571428573	61.14074074074074	64.04444444444446	80.99259259259252	59.08148148148138	62.82962962962959	73.97037037037029	74.81481481481481	62.82962962962959	59.08148148148138	61.9851851851852	66.94814814814816	61.9851851851852	71.91111111111112	64.88888888888872	66.94814814814816	66.94814814814816	67.7925925925925	81.83703703703692	73.97037037037029	59.925925925926	67.7925925925925	66.94814814814816	74.81481481481481	83.8962962962963	59.925925925926	66.94814814814816	78.93333333333331	71.91111111111112	62.82962962962959	76.87407407407399	57.86666666666655	60.77037037037037	59.925925925926	67.7925925925925	65.73333333333328	66.94814814814816	69.52307692307683	65.24615384615384	69.52307692307683	62.23076923076924	60.0923076923077	65.24615384615384	89.26153846153846	68.26153846153846	68.64615384615385	95.67692307692305	62.23076923076924	70.4	70.4	70.4	84.9846153846154	67.3846153846154	67.3846153846154	88.0	67.3846153846154	68.26153846153846	68.26153846153846	67.3846153846154	67.3846153846154	65.24615384615384	75.44	71.66153846153847	71.66153846153847	65.24615384615384	92.27692307692308	80.70769230769231	64.3692307692308	69.52307692307683	64.3692307692308	81.9692307692308	67.3846153846154	64.72	65.632	66.944	64.72	70.08	67.85599999999998	73.216	64.72	70.08	72.304	70.08	72.304	83.936	79.888	59.36	79.888	63.808	67.85599999999998	61.584	64.72	70.08	63.808	62.49600000000001	72.304	70.08	70.08	78.57599999999998	64.72	64.72	59.36	64.72	77.664	72.304	70.08	66.944	72.05	75.31666666666666	61.83333333333333	64.15	69.73333333333328	65.10000000000001	75.31666666666666	67.4166666666667	67.4166666666667	69.73333333333328	87.85	65.10000000000001	70.68333333333322	65.10000000000001	67.4166666666667	67.4166666666667	67.4166666666667	78.58333333333324	64.15	70.68333333333322	75.31666666666666	70.34782608695651	111.1333333333333	84.16666666666667	65.10000000000001	64.15	65.10000000000001	70.68333333333322	70.68333333333322	70.68333333333322	73.0	67.4166666666667	64.15	66.4666666666667	69.73333333333328	64.15	64.5217391304346	66.93913043478261	66.93913043478261	84.4173913043479	73.75652173913043	82.0	67.9304347826087	72.76521739130434	79.58260869565217	69.35652173913044	66.93913043478261	72.76521739130434	70.34782608695651	69.9818181818182	67.9304347826087	76.17391304347825	67.9304347826087	84.4173913043479	67.9304347826087	70.34782608695651	67.9304347826087	61.1130434782608	70.34782608695651	71.33913043478258	79.63636363636364	64.5217391304346	76.17391304347825	71.33913043478258	64.5217391304346	63.53043478260867	73.75652173913043	73.75652173913043	90.24347826086955	62.10434782608696	71.01818181818166	76.07272727272714	89.80952380952381	71.01818181818166	83.2	76.07272727272714	76.07272727272714	67.45454545454546	82.16363636363627	64.92727272727273	83.65454545454545	77.10909090909091	73.54545454545448	66.41818181818167	82.16363636363627	69.9818181818182	68.4909090909091	73.54545454545448	71.01818181818166	67.45454545454546	64.92727272727273	79.63636363636364	67.45454545454546	77.10909090909091	73.54545454545448	88.25454545454546	64.92727272727273	76.07272727272714	82.16363636363627	71.01818181818166	73.54545454545448	78.60000000000001	73.54545454545448	69.9818181818182	79.63636363636364	67.45454545454546	78.60000000000001	73.54545454545448	77.10909090909091	72.50909090909091	69.9818181818182	69.9818181818182	76.07272727272714	82.16363636363627	64.92727272727273	67.45454545454546	73.54545454545448	74.5818181818182	76.07272727272714	73.54545454545448	67.45454545454546	70.66666666666667	70.66666666666667	87.6	68.01904761904762	79.69523809523808	74.4	66.93333333333331	77.0476190476191	64.2857142857143	65.37142857142845	83.42857142857135	77.0476190476191	71.7523809523808	74.4	74.4	77.0476190476191	65.37142857142845	70.66666666666667	70.66666666666667	64.2857142857143	78.13333333333325	78.13333333333325	71.7523809523808	80.78095238095237	74.4	70.66666666666667	80.78095238095237	75.9619047619048	69.58095238095238	71.7523809523808	75.9619047619048	68.01904761904762	71.7523809523808	68.01904761904762	68.01904761904762	80.78095238095237	89.80952380952381	80.78095238095237	71.42	74.2	74.2	71.42	64.72	71.42	68.64	71.42	76.98	70.28	68.64	84.82	68.64	78.12	68.64	78.12	80.9	76.98	67.5	68.64	80.9	76.98	71.42	78.12	68.64	67.5	79.76	80.9	93.16000000000001	67.5	74.2	71.42	71.42	74.2	87.6	67.5	74.2	78.12	67.5	84.82	74.2	72.56	78.12	
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Sample SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 SO3 *LOI Total 
VE 60.94 0.52 18.85 4.7 0.115 1.83 6.25 4.77 1.476 0.2 0.038 0.45 100.14 



DC 60.57 0.46 19.35 4.21 0.103 1.38 5.83 4.47 1.348 0.205 0.036 0.90 98.85 
*LOI – Mass loss on ignition (%) 1 
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VE  60.94  0.52  18.85  4.7  0.115  1.83  6.25  4.77  1.476  0.2  0.038  0.45  100.14 

DC  60.57  0.46  19.35  4.21  0.103  1.38  5.83  4.47  1.348  0.205  0.036  0.90  98.85 

*LOI – Mass loss on ignition (%) 
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