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Abstract 

The McArras Brook Formation is located on the Northwest coast of Nova Scotia, Canada, 

consists of interlayered red-bed sedimentary rocks, and amygdaloidal basalt. This 

formation plays a part in Dalhousie University’s intermediate field school course each 

Summer, however other than this it has not been often studied. The formation has been 

placed stratigraphically in the early Devonian period, but no absolute (numerical) age is 

known, nor are there absolute ages known for surrounding units.  

The amygdaloidal basalts in the unit contain calcite, forming the amygdules, which has 

been dating using U-Pb techniques previously for both eruption/volcanism and tectonic 

events for basalt. The basalts in this unit have also been characterized previously in a 

Dalhousie project, and this project aims to continue work done on this unit.  

This project uses Laser Ablation Inductively Coupled Mass Spectrometry (LA-ICP-MS) to 

analyze over thirty isotopes in-situ on calcite samples taken from the McArras Brook basalt. 

Data acquired from analysis is used to image isotopic distribution on sampled locations, to 

create temperature maps of sampled locations, and ultimately to plot U and Pb ratios to 

obtain an absolute age for the unit.  

Keywords: Calcite dating; Carbonate dating; LA-ICP-MS; U-Pb geochronology; McArras 

Brook Formation  
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Introduction and Motivation 

 This study is concerned with acquiring an absolute age for the McArras Brook 

Formation, by using calcites found in amygdules within basalts that make up part of the 

formation. This will be accomplished using U-Pb dating methods for carbonate minerals 

using LA-ICP-MS (laser ablation inductively coupled plasma mass spectrometry, often 

referred to as simply “laser ablation”) for data acquisition. This study builds on work done 

by I. Helmke in Helmke 20246, which involved characterization of the calcites. The same 

samples are being used to acquire an age for the formation.  

 Calcite in the amygdaloidal basalt can be used as a good dating mineral as these 

crystals would have grown shortly after the eruption of the basalt. Air pockets in the lava 

flow form vesicles as the lava cools, and calcite precipitates in these vesicles, making 

them amygdules. This growth time adjacency to the eruption, as well as their size and ease 

of use as samples, is what makes them a good material to date. With more traditional 

dating mineral choices, like zircon, absent from this formation, calcite becomes the choice 

for dating analysis, as in Andjic et al., 20224, and Rembe et al., 20225, which were 

inspirations for this project. Some cooling history can be recorded and analyzed from data 

gathered from these crystals as well.  

 The McArras Brook Formation, located in Northwest Nova Scotia along the 

Antigonish coast, is the site for Dalhousie’s 3rd year field school during the Summer. Work 

done to gather an absolute age for this formation can aide in the further education of Earth 

and Environmental Science students who take this course.  

Motivation for this project comes from inspiration from previous calcite U-Pb chronology, 

with LA-ICP-MS being used to analyze calcites in other studies. These calcites were able to 

yield ages for basalt formation in different structures. Motivation also comes from a desire 

to continue work started in Helmke 20246, which began the project by qualifying calcite 

present in amygdaloidal basalt in the McArras Brook Formation in Antigonish, Nova Scotia. 
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This project aims to continue that work by obtaining trace element and REE (rare Earth 

element) data from the same samples, ultimately to obtain an age of eruption for the basalt 

present in the formation (effectively yielding an absolute age for the formation).   

 

 

Previous Work 

As stated, this project is a continuation of Helmke 20246, and samples are the same 

throughout the two projects. Considerable analysis was done in Helmke 20246 using UV 

florescence techniques, as well as scanning electron microscope (SEM) work done at Saint 

Mary’s University. Major element data was collected using the SEM, and Back Scattering 

Electron (BSE) images were made of the samples. This analysis allowed the calcite 

samples to be qualified for their general composition. The samples contain both calcite 

and dolomite, as well as some quartz and ankerite, and clear zoning can be seen on some 

samples5. It was determined that there were likely two growth events for the calcite 

amygdules, at ~2500C and ~3750C6. These two growth events could be interpreted as a 

post-eruption growth, and a subsequent growth event during the Acadian Orogeny6.  

Recent calcite dating work includes Andjic et al. 20224  and Rembe et al. 20225, which were 

both inspirations for this project and the previous project, Helmke 20246. LA-ICP-MS 

analysis was done on calcites in amygdaloidal basalts in both papers, using U and Pb data 

from analysis to determine an age for their respective structures.  
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Geological Setting 

Nova Scotia has a diverse Geological history including areas like the McArras Brook. 

The McArras Brook is located in Northwest Nova Scotia, in the Antigonish Highlands, 

sandwiched between the Martin’s Road Formation and the Knoydart Formation. The 

formation is part of the Arisaig Group, and is underlain by the Avalon terrain, and there is a 

disconformity between the McArras Brook Formation and the Ardeness Formation3, which 

is a calcareous unit. McArras Brook consists of interlayered red-bed sedimentary strata, 

and basalt flows3.  The basalt in the McArras Brook contains calcite amygdules, which 

would typically form shortly after eruption/volcanism, and form the main focus for this 

project. It is thought that the pull-apart basin during nearby orogenic events caused the 

basalt spreading centers3, giving a reason for the basalt presence in the McArras Brook 

Formation, and that the formation was subject to alteration during the Acadian Orogeny.  

 

Fig. 1  A geological map showing the Antigonish Highlands coast, including the McArras Brook Formation,  

(J.B. Murphy et al., 2006)2. 
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Methods 

For analysis, samples were cut, mounted in epoxy resin, and polished. This work was done 

previously, as stated in the introduction, for Helmke 2024 by I. Helmke. 

Before chemical data was collected, visual maps of the samples were made using an 

incident light visual binocular microscope, with an AmScope LED-56S LED ring light 

attachment for illumination, connected with an AmScope eye piece camera, model 

MD500L, to AmScope software to capture and stitch together images of the samples. All 

images of the samples included in this project were taken at 1.6x magnification. This was to 

create maps for orientation as to where analysis was being done on the samples when 

plotting points for the laser. The samples were all re-imaged using the same parameters 

and software/hardware to pinpoint ablation sites on each sample after laser analysis was 

done (see figures 2-5).  

For laser analysis, samples 1a, 1b, 1d, and 3a were placed into the stage for the laser, 

along with MACS-1 and MACS-3 standard powders pressed into pucks. The laser used was 

a 213nm laser feeding into a Thermo iCAP Q quadrupole mass spectrometer.  For a carrier 

gas, He was used with a  flow rate of 900ml/minute. During analysis, laser fluence was 

between 4.5 - 5.2J/cm2. MACS-1 and MACS-3 powders were analyzed first, with two lines of 

five passes, a scan speed of 20μm, a depth/pass of 0μm, an output of 25%, a laser 

frequency of 10Hz, and a spot size of 25μm. Collected of data from the MACS powders was 

repeated between each sample analysis. All samples were analyzed with a raster pattern 

broken into lines with a raster spacing of 20μm, one pass, 0μm depth setting, 20μm scan 

speed, 25% output, 10Hz frequency, and a 20μm spot size.  

The isotopes included in the scan were 24Mg, 31P, 43Ca, 55Mn, 57Fe, 63Cu, 65Cu, 66Zn, 75As, 85Rb, 
88Sr, 89Y, 133Cs, 137Ba, REEs without isotopes of Pm and Tb, 204Pb, 206Pb, 207Pb, 208Pb, 232Th, and 
238U.  

Data obtained from laser ablation was reduced using Iolite V4 software9, 10, following the 

guide by Kathleen Clark available in the Dalhousie LA-ICP-MS laboratory. Iolite was also 

used for creating element trace maps for the samples, and for reducing and compiling the 



10 
 

data acquired from the laser analysis into useable and interpretable formats. Data files 

were separated between ablation dates (March 3rd and 4th), with compiled laser logs (using 

the log compiler feature on Iolite) were separated the same way. References and samples 

were separated into their own selections with a start crop value of 20 and an end crop value 

of 15. The baseline group was created from the autoselect tool, setting the parameters as 

less than 10 0000, and selecting all. Internal reference used was 43Ca, with a weight 

percent value of 38. For imaging, height and width varied depending on the dimensions of 

the ablation sites, the gradient used was “Polar”, the lower limit was set to 0 and the upper 

limit was set to “percentile95”. Data from Iolite was then exported and used in Microsoft 

Excel to normalize and create graphs of Rare Earth Element trends (figures 17-21). For 

normalization, REEs were normalized vs chondrites with values from Anders and Grevesse 

(1989)1.  

Paint.net software was also used for minor image processing and modification, including 

adding highlighted boxes on ablation sites for visual ease, and creating image collages of 

data overlying ablation sites.  

 

Results 

Where ablation sites ended up were not in the exact intended locations, as this was my first 

time using the software and hardware for LA-ICP-MS. Data acquired, however, was still 

quite usable for all samples. Ablation sites were also easily pinpointed with the naked eye 

on the samples, as well as with an incident light visual microscope (as seen in figures 2-5), 

although some sites were harder to see than others, for this reason all sites have been 

highlighted in red. Mg, Mn, total Pb (combination of 204Pb, 206Pb, 207Pb, 208Pb), and 238U data 

exported from Iolite has been transposed overtop of sections of the sample photos to put 

selections in context, in sample 1d 238U has been omitted for the second site (bottom of 

figure 4), as there seemed to be an error in the line scans for the 238U channel. In the full 

images of these itostopes (figures 11-16) the scale bar and colour scale can be seen as 
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well, with blue being lowest and yellow being highest in concentration, and absolute values 

differing across each isotope (values visible on individual scales).  

 

 

Fig. 2 Sample 1a post ablation, with the ablation site marked in red. Ablation was done in a large section of 

white/clear calcite (Ben Thompson). 
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Fig. 3 Sample 1b post ablation with ablation sites marked in red. Two sites were ablated on sample 1b, one 

on the edge of the clear/white and green calcite boundary (site 1, left), and one within the green calcite (site 

2, right) (Ben Thompson). 
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Fig. 4 Sample 1d post ablation with ablation sites marked in red. Two sites were ablated on sample 1d, 

encompassing both the outer white/clear calcite and the inner growth section of the amygdule (Ben 

Thompson). 
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Fig. 5 Sample 3a post ablation with ablation site marked in red. The ablation site encompasses both a 

section of calcite, and the surrounding basalt. Sample 3a is a vein, rather than an amygdule (Ben Thompson).  
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(Fig. 6) Collage of 24Mg, 55Mn, Total Pb, and 238U for sample 1a, showing context for the ablation site.  

 

 

(Fig. 7) Collage of 24Mg, 55Mn, Total Pb, and 238U for both sites on sample 1b, showing context for ablation 

sites.  
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(Fig. 8) Collage showing 24Mg, 55Mn, Total Pb, and 238U for the top site on sample 1d, showing context for 

ablation sites.  
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(Fig. 9) Collage of 24Mg, 55Mn, and Total Pb for the lower site of sample 1d, omitting 238U as there seemed to 

be an error in the channel.  
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(Fig. 10) Collage of 24Mg, 55Mn, Total Pb, and 238U for sample 3a, showing context for the ablation site.  
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(Fig. 11) 24Mg, 55Mn, Total Pb, and 238U data with scale from sample 1a. 

 

 

(Fig. 12) 24Mg, 55Mn, Total Pb, and 238U data with scale from the left site of sample 1b. 

 

 

 

 

(Fig. 13) 24Mg, 55Mn, Total Pb, and 238U data from the right site of sample 1b.  
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(Fig. 14) 24Mg, 55Mn, Total Pb, and 238U data from the top site of sample 1d.  
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(Fig. 15) 24Mg, 55Mn, and Total Pb from the bottom site of sample 1d, 238U omitted because of channel errors. 

 

 

(Fig. 16) 24Mg, 55Mn, Total Pb, and 238U data from sample 3a. Jagged pale blue lines on the left side of these 

images can be ignored for the most part, as this is due to an error in line-length similarity when calculations 

were done in Iolite. 

 

 

Figures 11 to 16 are concentration maps in ppm of 24Mg, 55Mn, Total Pb, and 238U for all of 

the ablation sites. In general, light blue concentrations are the lowest and yellow 

concentrations are the highest, all concentrations are relative to the ablation site they are 

found in, and to the specific isotope channel. In sample 1d, it seems that the 238U channel 

was corrupted, and this is a possibility for other samples as well, although the exact 

patterns visible in sample 1d’s 238U channel are not visible in other samples.  

In figure 11 we can see the data from sample 1a, and there is a much greater difference in 

concentration for displayed isotopes in the center of the ablation site than on the edges. All 

of the 238U visible on the site for sample 1a also seems to be in this center area, as the 
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surrounding concentration is near 0. Some lined patterns can also be seen in the Total Pb 

image, although they do not seem to correlate directly with U.  

 In figure 12 is data from sample 1b, specifically the left ablation site (left and right sites can 

be seen in figure 3), there is a difference in concentration of Mn on the bottom left section 

of the site, being much higher in Mn, and just above this can be seen an area of high Mg and 

U concentrations. This upper area also seems to have a relatively lower concentration of 

Pb. 

In figure 13 we can see the data from the right site on sample 1b where there is a gradient of 

concentration increasing in Mn from left to right and from top to bottom. The other reported 

isotopes here seem to be concentrated within the higher Mn area, however within these the 

distribution is somewhat non-uniform. U also seems to have no uniformity on this site.  

In figure 14 the data from the top site of sample 1d can be seen, and there is a large central 

section with much different distribution than the outer section. Looking at figure 4, one can 

see that this different section is part of the inner growth of sample 1d5, which has much 

higher Mn.  

Figure 15 is the lower site for sample 1d, however there is no discernable pattern to the 

distribution throughout most of the site, other than one line oh higher concentrations 

through Mg and Mn on the middle right section of the site.  

Figure 16 is from sample 3a, which is a vein rather than an amygdule. The difference 

between the calcite vein and the surrounding basalt can be seen nicely in these images. A 

rim of very low concentration can also be seen between the inner part of the calcite and the 

basalt, with a line of moderate concentration separating the rim and the basalt.  
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Fig. 17 Excel REE plots for sample 1a, separated into zones of interest. The graphs show the line of the 

values, and an error cloud around them.  

 

Fig. 18 Excel REE plots for the left site on sample 1b, separated into zones of interest. The graphs show the 

line of the values, and an error cloud around them. 

 

Fig. 19 Excel REE plots for the right site on sample 1b, separated into zones of interest. The graphs show the 

line of the values, and an error cloud around them. 
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Fig. 20 Excel REE plot for the bottom site of sample 1d. Most REE data acquired from sample 1d was 

unusable and thus missing (as seen in figure II in Appendix A). The graph shows the line of the values, and an 

error cloud around them. 

 

Fig. 21 Excel REE plot for sample 3a, separated into zones of interest, with one zone being wholly within the 

calcite crystal, and one zone encompassing part of the surrounding basalt. The graphs show the line of the 

values, and an error cloud around them. 
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Fig. 22 Plots of Ce and Yb across all samples (except sample 3a, which had extremely dissimilar values), 

and Ce/Yb ratio for all samples.  

 

Fig. 23 Plots of Sr and Ba across all samples (except sample 3a, which had extremely dissimilar values), and 

Sr/Ba ratio for all samples. 

 

Fig. 24 Plots of 206Pb and 238U across all samples (except sample 3a, which had extremely dissimilar 

values). 
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Fig. 25 Ratios of 206Pb/238U for all samples (left), and all simples without the bottom site of sample 1d (right).  
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Fig. 26 Graphs visualizing Mg across all samples, one graph with a linear scale on the Y axis (top) and one 

graph with a log scale on the Y axis (bottom). 

Figures 17-21 show REE (Rare Earth Element) trends for different zones of each sample. 

Overall, REE trends are somewhat out of the expected trend for calcite, which should 

generally follow normal trends.  

Sample 1a (figure 17) seems to have a very large positive anomaly in Ho in the left section 

of the ablation site, and overall, an enrichment in HREEs (Heavy Rare Earth Elements) 

throughout the site, with also a slight enrichment of La and Ce on the left and right sides, 

but not the center, of the site.  

Sample 1b (figures 18 and 19) shows a large positive Eu anomaly in all areas except the 

upper section of the left site. All sections with a positive Eu anomaly in sample 1b are 

within the green potion of the amygdule, and the clear/white portion contains the negative 

Eu anomaly. The green portion of the amygdule also exhibits an enrichment in LREEs (Light 

Rare Earth Elements), especially La, while the clear/white portion is enriched in HREEs and 

LREEs towards the extremes of either side, forming somewhat of a V shape on the graph (if 

you exclude the relatively low Ce content).  

Data from sample 1d (figure 20) was unfortunately mostly unusable. There were many 

negative values exported from Iolite, which lead to many holes in the trend line, and some 

sets that could not form trend lines at all. The one useable set from the center of the 

bottom site of sample 1d does exhibit a somewhat normal REE trend (normal in the sense 

that is it closer to expected), with an enrichment in LREEs and a positive anomaly in Er and 

Lu, leading to a taper at the right side of the graph.  

Sample 3a (figure 21) is the calcite vein, rather than an amygdule, and exhibits another 

somewhat more normal REE trend with an enrichment in HREEs in the section of just the 

vein, the values for La and Ce are also somewhat high. In the section that included some of 

the surrounding basalt, the trend line creates a very smooth bowl like pattern, with a 

negative anomaly in La, a positive anomaly in Ce, and an enrichment in HREEs.  
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The graphs shown for REE trends in this section were created from data in the non-Int2SE 

table, found Appendix A, figure II.  

In figure 22, the right section of the right site of sample 1b seems to contain outlying data 

point for both Ce and Yb. The bottom section of the right site of sample 1b also exhibits a 

larger concentration of Ce and Yb than the rest of the samples. This could represent some 

sort of inclusion within this part of the amygdule, or because this site is within the green 

section of calcite for sample 1b, this could suggest differing concentrations throughout the 

green section of calcite in sample 1b. Other than the right site of sample 1b, samples seem 

to sit between 1-10 ppm of both Ce and Yb. The ratio between the two isotopes exhibits an 

odd zigzag patter, but this is partially to do with the positioning of the samples relative to 

each other, but also with the upper section of the left site of sample 1b (labelled “fracture” 

on these graphs). This section is within the clear/white section of the amygdule, while the 

green section exhibits a much higher ratio.  

In figure 23, concentrations of Sr and Ba are displayed. A similar pattern for sample 1b can 

be seen in the Sr plot, but not in the Ba plot. Interesting to see is a decrease in Sr for sample 

1a from left to right, and relatively no change from left to right for Ba in the same sample. 

The Ba concentrations in total are relatively flat, with most samples being in the 1-10 ppm 

range, and some reaching 20-30. The one outlier is the “boundary” section for the top 

section of sample 1d (this is the section on the edge of the inner section, encompassing 

both the inner and out section of the top site of sample 1d). The Sr/Ba ratios also exhibit an 

odd zig-zag pattern, both between and within samples. Sample 1a has a much lower ratio 

in the middle section, and very high ratios on both he left and right section. In general , the 

average is around 100 for the ratio value, but 1a left and right, and 1b fracture have much 

higher ratios, and sample 1d top and bottom, and sample 3a have much lower Sr/Ba ratios.  

For Mg plots, the right site on sample 1b exhibits much higher Mg concentrations than 

other samples. The lower section of the left site of sample 1b also exhibits slightly higher 

Mg concentrations than other samples. All of these sections are in the green section of 

calcite for sample 1b, and the lowest Mg concentration is within the clear/white section of 
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calcite in sample 1b. Sample 1a exhibits concentrations between 1200-1800ppm, 

increasing from left to right. Sample 1d has concentrations under 1000ppm, except for the 

boundary section of the top site. Sample 3a has the lowest Mg concentrations, with values 

under 10ppm.   

 

Discussion 

Eu2+ will commonly replace Ca2+ in many different systems, and that is true of calcite as 

well. We can see that in sample 1b, both left and right sites, the REE graph shows a large 

positive Eu anomaly in all inspected sections except for the upper section of the left site. 

All of the sections that display this large positive Eu anomaly are within the green parts of 

sample 1b, suggesting this are had much more replacement of Ca with Eu. The upper 

section of the right site of sample 1b is within the clear/white section of the amygdule, and 

has a negative Eu anomaly. This negative suggests less replacement, or perhaps less Ca to 

have been replaced. It could also suggest Eu diffusion into the green growth of the crystal, 

if the green section grew after the clear/white section of the amygdule. The positive Eu 

anomalies also seem to correlate with positive Ce anomalies, which is interpreted to be an 

interference within the REEs. There is, however, possibility of the Ce anomalies being from 

inclusions present in the samples. The same goes for the Ho anomaly in sample 1a, this is 

most likely an interference with the slight possibility of an inclusion.  

Partitioning for REEs in calcite8 lets us interpret that samples and sections enriched in 

LREEs likely grew in earlier stages of calcite growth than those enriched in HREEs. Early 

calcite growth will partition LREEs out of the solution, enriching earlier growths in LREEs. It 

is likely that HREE enriched sections and samples grew later. Sample 3a is perhaps an 

exception, as it is a vein rather than an amygdule. The veins are interpreted to have grown 

during the Acadian Orogeny, rather than the eruption event, and so is from a different 

system of fluid, and this may be the reason the bowl-like pattern is visible for that sample. 

The green section of sample 1b (all sections within 1b other than the “upper” section) all 

exhibit enrichment in LREEs, suggesting earlier growth. The opposite is true for the upper 
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section of the left site of sample 1b. The middle and right sections of sample 1a exhibit 

enrichment in HREEs, suggesting later growth, while the left side displays the large Ho 

anomaly and slight HREE enrichment.  

HREE enrichment could also have come from later seawater intrusion8, potentially during 

the Acadian Orogeny and the vein formation, and some samples with known alteration6 

exhibit higher HREE content in them.  

Sample 1a seems to have trends moving left to right on the ablation site from the graphs 

seen (figures 22-26).  This suggests some growth difference from the left to right side for 

sample 1a, Sr in sample 1a we can see that the growth was faster on the right side of the 

sample (from higher Sr content). 

Mg content generally corresponds to growth temperature, with higher Mg content equalling 

higher temperature growth. Looking at the Mg concentration graphs, we can assume that 

sample 1b, specifically the green section of sample 1b, probably grew at greater 

temperatures that the white section of sample 1b, and at greater temperatures than other 

samples. Temperatures overall were shown to be centered around ~3500C, and ~2000C in 

Helmke 20246, and the Mg content graphs would relate the green section of sample 1b to 

this higher ~3500C growth phase. Closer to the center of the green section, the right side of 

the right site of sample 1b exhibits the highest Mg concentration, and could be close to the 

core of the growth for the green section.  

U and Pb were put into a ratio of Pb/U to be used in a Terra-Wasserburg concordia plot for 

age calculation. Unfortunately, across all samples both Pb and U concentrations are very 

low. U is under 0.01ppm in all samples, except sample 3a which sits around 4ppm and 

10ppm for the vein and the vein/basalt boundary. Such low U content makes acquiring an 

age for the samples difficult without further spot analysis and lower detection limits on the 

instruments used. We can see, however, that sample 1d has a very high ratio. This comes 

from higher Pb content, and a very low U concentration.  
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Conclusion 

From this project we can understand the REE distribution across the four samples studied, 

as well as other trace element contexts and Mg concentrations for these samples. A little 

more is known about the potential growth history of these samples as well. Sample 1b has 

a more complex structure than before thought, and exhibits different patterns of growth 

and REE distribution across the amygdule, both within and between the clear/white and 

green sections of the amygdule.   

Time constraints on the project limited abilities to collect data and do analysis. In the 

future, analysis could be repeated using solid standards11, 12 rather than just general 

powdered standards, for more accurate results. Temperature maps could be made with Mg 

data to determine exactly the higher temperature zones in the amygdules, and spot 

analysis with lower detection limits for 238U could be done to acquire more accurate 238U 

data. This could be used in tandem with similar Pb analysis, and the more accurate 

carbonate standards, to obtain better data for more accurate age calculations. This could 

be done as a future project, or as an extension of this project.  

In my opinion, sample 1b should be studied more closely, as it exhibits interesting patterns 

both between the clear/white section and the green section, and within the green section, 

in all analyses performed. The difference between clear/white section and green section 

growth could be studied more, and age calculations could be done separately for each 

section of sample 1b.  
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Appendices  

Appendix A 

 

Fig. I Reduced and un-normalized REE data, bottom set is Int2SE values from Iolite, top set is non-

Int2SE values.  

 

Fig. II Normalized REE data, top set is Int2SE values and bottom set is non-Int2SE values.  
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Appendix B 

 

Fig. I Data table exported from Iolite V4 for sample 1a. 
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Fig. II Data table exported from Iolite V4 for the left site of sample 1b. 
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Fig. III Data table exported from Iolite V4 for the right site of sample 1b. 
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Fig. IV Data table exported from Iolite V4 for the top site of sample 1d. 
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Fig. V Data table exported from Iolite V4 for the bottom site of sample 1d.  
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Fig. VI Data table exported from Iolite V4 for sample 3a.  
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Appendix C 

 

Fig. I La distribution in sample 1a. 

 

Fig. II Eu distribution in sample 1a. 
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Fig. III Lu distribution in sample 1a. 

 

Fig. IV Eu distribution in the left site of sample 1b. 
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Fig. V Eu distribution in the right site of sample 1b. 

Fig. VI Eu distribution in the top site of sample 1d. 
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Fig. VII La distribution in the top site of sample 1d.  

 

Fig. VIII La distribution in sample 3a. 
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Fig. IX Eu distribution in sample 3a. 


