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Chapter 1: Introduction 

1.1 Introduction 

 

The main extrusive products of volcanism are the lavas and pyroclastic deposits 

produced during eruption. The textures preserved in these deposits, the 

stratigraphy of the different deposits, and the chemistry of the deposits can all 

be used to investigate the processes which lead to the eruption. In many cases, 

these deposits indicate a complex magmatic history in which multiple eruptive 

episodes are linked to an evolving magma chamber. In particular, crystals 

present in the deposits may record complex magmatic history in the form of 

zoning and chemical changes. 

 

Marion Island in the sub-Antarctic Indian Ocean is a relatively under-studied 

volcanic island made up of the products of numerous eruptive events. Amongst 

the different volcanic layers are numerous scoria cones, which commonly 

contain of numerous very large clinopyroxene crystals. Though sampling 

access to the island is restricted by the South African government, samples of 

these clinopyroxene crystals, measuring 1- 5 cm in diameter, have been 

obtained, and are the focus of this study.  

 

These large crystals could provide insight into the record of the magmatic 

history of the island and more specifically the scoria cone from which it came, in 

the form of chemical variations in zones and domains within the crystals, which 

may reflect a residence history in the magma chamber, which can be measured 

through a variety of electron beam techniques. Analytical methods such as 

Scanning Electron Microscope (SEM) Energy Dispersive Spectrometry (EDS), 

backscatter imagery and Electron Probe Microanalysis (EPMA) have been used 

to identify and investigate the clinopyroxene crystal chemistry. This dissertation 

presents the results of these investigations, and then discusses the implications 

of the chemical variation and zoning identified in the crystals.  
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Figure 3: Topographic hill shade image of Marion Island and simplified geological map of Marion 

Island (modified after Verwoerd, 1971; Chevallier, 1986; McDougal et al., 2001) 

 

 

The oldest age obtained for the lavas on Marion Island is 450 ka; furthermore it 

is indicated by McDougall et al. (2001) that the sub-aerial lava flows of Marion 

and Prince Edward Island are younger than a million years in age. McDougall et 

al. (2001) also suggested through means of K-Ar dating techniques, on whole 

rock fusion beads, that the volcanic activity of Marion Island was episodic 
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Compositions recorded by the EDS attachment during the SEM transect, 

indicated that there was a definite variation in chemistry. Analytical errors for the 

EDS analysis are given in Table 1. 

 

Table 1: Wt % estimated errors and lower level of detection as reported by EDS software. 

Component Analysed Wt % Error Wt % Lower level of detection 

O 0.5 0.5 

Si 0.2 0.5 

Ti 0.1 0.5 

Al 0.1 0.5 

Cr 0.1 0.5 

Fe 0.2 0.5 

Mg 0.1 0.5 

Ca 0.2 0.5 

Na 0.1 0.5 

 

Once this change in chemistry was noted, a backscatter study was done, using 

the Joel 4800 SEM inbuilt backscatter detector at 20 kV, on the crystal grains; 

however no zoning could be identified. Six samples were then selected for 

analysis by the Cameca X-100 microprobe operated at 20 kV and 20 nA . 

Widely spaced interval transects were then done on the six samples chosen. 

Following the results from the six samples, two were chosen for higher 

resolution (more closely spaced) transects. After one of these transects 

revealed a chemical variation over distance, the transect was extended further. 

All of this was done in one session without removing the samples from the 

probe, and without adjusting the original calibration of the probe since the start 

of the analysis so to have the analysis comparable to each other without having 

bias. Table 2 details the analytical errors for the microprobe analysis. 

 

Once zones of significant chemical change were identified, the samples were 

again transferred to the SEM for higher detail backscattered imaging. The 

auxiliary Centaurus backscatter detector was used for imaging at 10 kV, and 

with these higher resolution images, slight distinction of grey-scale could now 

be identified. However the distinction was not significantly clear enough, so 
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Chapter 3: Results 
 

Scanning electron imaging revealed that the clinopyroxene crystals have 

several fractures and tend to be pitted, probably due to the polishing process as 

well as some inclusions (Fig. 6 and 7). The crystals contain olivine inclusions as 

well as microscopic sulphide and spinel inclusions which were qualitatively, but 

not quantitatively analysed by EDS. The sulphide inclusions are present in both 

the olivines and the clinopyroxene. The crystals in total contain approximately 

10% inclusions (of sulphides, spinels and olivines). 
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Figure 6: The six sample mounts selected for microprobe analysis. a) Sample 2, b) Sample 4, c) 

Sample 5, d) Sample 6, e) Sample 9, f) Sample 10.  
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Figure 7: Sketches of sample 2 (a) and 6 (b), grey indicate macroscopic olivine inclusion and the 

black lines indicate cracks and pits in the crystal. 

 

 

a) 

b) 
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Preliminary EDS results (appendix I; summarised in Table 3) showed that the 

crystals are not homogenous and that there is a change in chemistry from core 

to rim (Fig. 8) and appear to have some form of grouping. However the Cr2O3 

and TiO2 results are indicative of elemental presence, but owing to the lower 

level of detection (Table 2) on the EDS of the SEM, this data is speculative at 

best (with lower level of detection limit restricted to >0.5 wt %)  

 

Table 3: Summarised max and min EDS results (Appendix I) 

Component Analysed Min Wt % Max Wt % 

O 40.9 45.1 

Si 22.5 25.5 

Ti < LLD 1.5 

Al 1.2 4.0 

Cr < LLD 0.9 

Fe 3.9 6.0 

Mg 7.9 11.1 

Ca 13.9 16.0 

Na < LLD 0.7 

 

The Joel 4800 backscatter images did not show any significant zoning or 

banding, in any of the 10 mounts, which would explain the suspected change in 

chemistry from the core to the rim. It was thus possible that the suspected 

heterogeneity of the crystals was on too small scale to be detected by the inbuilt 

backscatter detector, or that the EDS results reflected the inherent analytical 

error of the EDS. As the concentration of the elements of interest was below a 

level at which detection would be statistically quantitative, no further EDS data 

was captured. The higher resolution of a microprobe (as much as an order of 

magnitude higher) was needed to determine whether the suspected chemical 

variance was a function of the EDS analytical error or reflected actual chemical 

variation.  
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Figure 8: Sample 9 EDS data, plotting Mg vs. Fe wt %. 

 

Because of restricted resources, only six of the original 10 mount could be 

analysed by the microprobe. The six mounts chosen randomly can be seen in 

Figure 6. Large interval transects (approximately 330 to 500 µm intervals 

respectively) were done on each of the six samples. The result from the larger 

interval microprobe transects revealed differences in chemistry, resembling that 

which one would expect from zoning or banding of crystals (Fig. 9). Resources 

permitted us to run a second set of analysis on selected parts of two of the 

samples with smaller interval transects (at approximately 14 µm intervals). 

Sample 2 and sample 6 were selected for the smaller interval transects. These 

finer transects done on the microprobe (Fig. 10) then showed results very 

similar to that seen in Morgan et al. (2004) and Nakagawa et al. (2002), in that 

spatial variations in composition supported the zoning or banding theory. The 

MgO content exhibits an inverse relationship to the TiO2 (Fig 11).  
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Knowing the approximate areas of chemical change, the two samples (samples 

2 and 6) were again analysed by the SEM; however this time a finely tweaked 

Centaurus back scatter detector was used at 15kV, (The auxiliary Centaurus 

backscatter detector is capable of detecting smaller compositional changes in 

the crystal than the built-in backscatter detector of JOEL 4800). The grey-scale 

shading reveals an irregular texture which does hint towards more complex 

zoning than regular, oscillatory or reverse zoning (Fig. 12). The backscatter 

image can be interpreted as showing an irregular core which does not look like 

the result of normal concentric, oscillatory or sector zoning. Nevertheless the 

field of view remains a limiting factor, and, coupled with low contrast in the 

greyscale of the image, makes for very weak speculation at best. For a larger 

field of view and compositionally representative mapping, microprobe mapping 

was used (Fig. 13). 
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Figure 9: The six large interval transects done by microprobe on the clinopyroxene mounts (blue line represents Cr2O3 wt % values and red line represents TiO2 wt 

% values). The Cr2O3 values has an error margin of 0.06 wt% and the TiO2 values has an error margin of 0.07 wt%. The LLD for both values are 0.05 wt%. 
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Figure 10: Smaller interval transects done by microprobe (Appendix III), revealing very similar pattern to that which can be seen in Morgan et al. (2004) and 

Nakagwa et al. (2002). The Cr2O3 values has an error margin of 0.06 wt% and the TiO2 values has an error margin of 0.07 wt%. The LLD for both values are 0.05 

wt%. 
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Figure 11: Small interval transects of MgO across sample 2 and 6, (microprobe results). The MgO values has an error margin of 0.51 wt%. The LLD values are 

0.03 wt%.
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Figure 12: Centaurus backscatter image of samples 6, the two rows of dots visible are the tract of 

the microprobe 

 

 

Figure 13: Sample 6 with the red block showing Cameca mapped area and green line showing small 

interval transect line. Black lines indicate cracks and boundaries of the crystals, and grey patches 

indicat pits and inclusions. 
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The Cameca chemical composition distribution maps provided the best image 

of the chemical distribution in the crystal as well as field of view (Fig. 14, 15, 16, 

17, 18 & 19). Only one sample could be analysed using this technique, and thus 

the sample with the highest probability of showing zoning patterns were chosen. 

From the smaller interval microprobe transects, sample 6 was chosen. The 

resulting images from sample 6 show a very complex zoning pattern, with sharp 

boundaries at some sites and more diffuse boundaries at other sites. It is also 

possible to roughly divide the zoning into three groups based on the shading 

difference observed (as seen in Fig. 20).  

 

 

Figure 14: Sample 6 Cameca SX 5 FE Micro probe Al Kalpha map at 15 kV, 60 nA. 
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Figure 15: Sample 6 Cameca SX 5 FE Micro probe Si Kalpha map at 15 kV, 60 nA 

 

 

 

 

Figure 16: Sample 6 Cameca SX 5 FE Micro probe Ti Kalpha map at 15 kV, 60 nA 
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Figure 17: Sample 6 Cameca SX 5 FE Micro probe Cr Kalpha map at 15 kV, 60 nA 

 

 

 

 

Figure 18: Sample 6 Cameca SX 5 FE Micro probe Fe Kalpha map at 15 kV, 60 nA 
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Figure 19: Sample 6 Cameca SX5 FE Micro probe Mg Kalpha map at 15 kV, 60 nA 

 

 

 

 

Figure 20: Sketch of combined Cameca images of sample 6, roughly illustrating the suspected three 

different zones. Some of the boundaries between the layers are sharp and others are more gradual. 
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Figure 21: Triangle plot to show the distribution of microprobe analysis from large interval 

transects of all six samples. 

 

 

Figure 22: MgO, FeO and TiO2*10 triangle plot of small interval transect microprobe data from 

sample 6, showing three groupings of the data. 
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Figure 23: MgO, TiO2 and Cr2O3 triangle plot of small interval transect microprobe data from 

samples 6, showing three groupings of the data.  

 

 

Figure 24: Al2O3, TiO2 and Cr2O3 triangle plot of small interval transect microprobe data from 

sample 6, showing three groupings of the data.  
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Figure 25: Binary plot of Na vs. Mg/(Mg
+
+Fe

2+
), by per formula unit, based on Aydin et al. (2009) 

showing distribution 

 

 

Figure 26:  Sample 6 small interval transect modelled using Nimis and Taylor (2000) Single 

clinopyroxene geobarometry. 

 
 
 



 

33 

 

 

Chapter 4: Discussion 
 

4.1 Zoning in the Marion clinopyroxene megacrysts 

 

Zoning in crystals may imply a change in the local parameters of the magma 

environment at the time of crystal growth. These parameters may be pressure, 

temperature and compositionally related, and any change in one of these 

parameters could result in the formation of zonation in the crystal (Shore and 

Fowler, 1996). Zoning in minerals could be indicative of an open system, a 

reasonable assumption for a magma chamber undergoing periodic eruption and 

refilling as it fractionates. Zoning in clinopyroxene crystals is often preserved in 

magma bodies, thus need not only confined to low-temperature or rapidly grown 

and cooled paragenesis (Shore and Fowler, 1996). 

 

Normal zoning can be defined as the compositional change from core to rim of 

a crystal along its liquid line of descent (Streck, 2008). This zoning pattern 

would tend to follow the crystal growth faces (thus mimic the euhedral shape of 

the crystal). The boundaries in normal zoning can be step like but diffusion may 

occur if the crystal is given enough time in the magma chamber, resulting in a 

more gradual change between zones (Morgan and Blake, 2006). According to 

Tomiya and Takahashi (2005), normal step zoning can indicate more complex 

growth coupled with open system processes. For a closed system a more 

gradual change would be expected rather than a sharp step-like change, as the 

concentrations of the absorbed components in a closed system would gradually 

decrease or increase depending on the crystallisation sequence. In the case of 

an open system any change in the pressure, temperature and/or composition is 

likely to be recorded in the crystal as a more abrupt change. 
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In the case of clinopyroxene, normal zoning would require a gradual or step-like 

compositional change in magma composition, specifically a decrease of Mg and 

Cr and an increase of Mn and Ti (Streck, 2008).  This does not appear to have 

happened in the case of the Marion megacrysts. Fig. 12 indicates that the 

crystals are not normally zoned, as the Mg content increases and decreases 

seemingly sporadically. This contradicts to the requirement of normal zoning 

that a gradual or step-like decrease of MgO is needed (Fig. 11). Cr2O3 and TiO2 

also follow the same sporadic trend as Mg; however Ti has the inverse trend to 

that of MgO and Cr2O3. 

 

Reverse zoning is compositionally inverse to normal zoning, therefore 

contradictory to what would be expected from the normal liquid line of decent, 

and thus what one would not expect to find in closed system crystallisation 

(Streck, 2008). Hence reverse zoning can be defined as the compositional 

change from core to rim contrary to the liquid line of decent. Reverse zoning 

can tend to mimic the euhedral shape of the crystals (follow the crystal growth 

faces) or can be anhedral to the expected crystal growth faces. 

 

In clinopyroxenes reverse zoning can be very common (Streck, 2008). They can 

be present as bands which can be located anywhere between the core and the 

rim. These bands can occur several times in a single crystal repetitively, which 

would according to Streck (2008), suggest the injection of more mafic magmas 

into the magma chamber, which in turn causes multiple growth events.  Mg and 

Fe do, however, not need to follow the traditional reversed chemical trend to 

normal zoning, and the injection of new mafic magma can correlate positively to 

Cr trends. An influx of a more Fe-rich magma into a Mg-rich mafic magma can 

result in mixing and a spike in Cr content (Streck, 2008)   
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The Marion samples (especially in the backscatter and Cameca images) very 

closely match the physical parameters for patchy zoning. They do also show 

varieties of patchy zoning, with step-like sharp boundaries visible on the 

Cameca and the backscatter images, as well as the more gradual boundaries 

which could be interpreted as possibly relating to diffusion processes. It is this 

possible that the zoning is created by a mixture of processes, rather than a 

single dominant process. 

  

4.2 Chemistry of the Marion clinopyroxene megacrysts 

 

Though the zoning in the Marion megacrysts is complex, the chemistry of the 

different domains still reflects the chemistry and conditions within the magma 

chamber under Marion Island where these crystals formed. For the Marion 

crystals, several compositional grouping can be discerned in the chemical data. 

The Cr2O3 vs. TiO2 vs. Al2O3 diagram (Figure 24) can clearly be divided into 

three groupings; this in conjunction with Figure 22 and 23, which also can be 

subdivided into three groups and the Cameca images, all point to three stages 

of growth during crystallization of the liquid. According to Krause et al., (2007) 

more primitive magma would contain higher concentrations of Cr2O3 and lower 

concentrations of TiO2. As the liquid starts to crystallise, the Cr in the liquid will 

be incorporated into the crystal structure and, relative to the Cr2O3 

concentration of the liquid, the TiO2 concentration will increase. The majority of 

the microprobe results plot in the lower Cr2O3 and higher TiO2 range, thus 

implying that the majority of the crystal growth occurred in a slightly more 

evolved liquid rather than a purely primitive mantle melt. Figures 16, 17 & 20 

also reveal three different zones. In Figure 20 the lightest shade of grey would 

indicate the part of the crystal that was crystallised from the most primitive liquid 

and the darkest shading would be the part of the crystal crystallised from the 

most evolved liquid. 
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something is different about volcanism on Marion Island. In particular, the 

megacrysts need a volatile-rich evolved basaltic liquid, and require the 

occurrence of large degassing events. The suggested trigger for a large 

degassing event could be provided by the transform fault on which the island is 

situated, associated with the relatively close mid oceanic ridge. Though volcanic 

activity is not strongly correlated with far-field earthquakes (Manga and 

Brodsky, 2006), the unique tectonic location of Marion Island means that 

seismic activity along the transform fault may reasonably be quoted as affecting 

the magma chamber dynamics. Activity in this fault could easily change the 

pressure conditions of the magma chamber and by so doing induce an 

environment ideal for degassing of the liquid and lowering of the liquidus which 

in turn could induce supersaturation. This would not only create the conditions 

for rapid growth of large megacrysts, but would also create conditions in which 

instabilities in the magma chamber would allow for the creation of patchy zoning 

as seen in the crystals. 
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Supersaturation of the liquid in the chamber is thought to be the most plausible 

explanation for the megacrystic size of the crystals. Various triggers have been 

suggested for the disequilibrium of the liquid leading to the rapid growth of the 

crystals, such as the influx of hot magma to raise the liquidus, or significantly 

change the composition of the liquid, or even by means of reactivation of the 

transform fault directly underneath the island to rapidly and significantly change 

the pressure conditions of the liquid. A long residence time is considered 

implausible as such a long crystal time would favour the achievement of 

equilibrium, which would lead to homogenous crystals rather than the complex 

zoning we observe in the crystals.  

 

For supersaturation to be plausible the liquidus would change to drop 

significantly over a short period of time. For this a drastic mechanism is 

required. For scoria to form there would also need to be a significant volatile 

presence in the magma with a rapid degassing trigger. Very few similar cases of 

clinopyroxene megacryst formation (of this extend) have been reported from 

similar settings, thus implying a unique or rare circumstance for the Marion 

volcano. 

 

It is believed that a volatile rich evolved basaltic liquid and the presence of a 

large degassing event is needed for these extremely large megacrysts to form. 

In this case the transform fault below Marion Island could provide mobilisation 

along the fault would provide the necessary trigger for the degassing of the 

liquid, leading to a liquid supersaturated with respect to clinopyroxene. Another 

trigger could be the massive land slide on the southern side of the island 

(adjacent to Pyroxene Hill). A possible combination of the two could give a 

significant enough trigger for the degassing of the liquid. Thereafter rapid 

growth of large crystals, followed by imperfect diffusion and creation of patchy 

zoning, resulted in the formation of the Marion Island megacrysts found in the 

scoria cones at surface. 
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 Appendices 

 

Appendix I 

 

SEM analysis data as reported by analytical software. 

Spot Cr Ti Fe Ca Mg Na Al Si O 

1 0.4 1.3 5.6 15.9 8.1 0 3.9 22.8 42.1 

2 0.4 1.4 5.8 15.7 8.1 0.4 3.7 22.5 42 

3 0.4 1.3 5.7 15.7 8.3 0.7 3.8 22.6 41.5 

4 0 1.2 6 15.9 8.4 0.5 3.7 23.4 40.9 

5 0.3 1.1 6 15.6 8.2 0.5 3.6 22.7 41.9 

6 0.4 1.5 5.8 15.6 7.9 0 4 22.8 42.1 

7 0 1.4 6 15.8 8.3 0.5 4 22.5 41.5 

8 0.3 1.2 5.7 15.6 8.4 0.6 3.7 22.8 41.6 

9 0.4 1 4.7 15.9 9.3 0.3 2.6 24.1 41.6 

10 0.6 0.9 3.9 15.4 9.4 0.4 2.3 23.7 43.4 

11 0.3 1.1 5.7 15.8 8 0 3.7 22.9 42.5 

12 0.3 1.2 5.7 15.7 8.5 0.6 3.8 23 41.2 

13 0 1.2 5.6 15.9 8.5 0.5 3.8 23.1 41.3 

14 0.4 1.2 5.7 15.6 8.2 0.3 3.7 22.8 42 

15 0.6 0.9 5 16 8.9 0.4 2.7 23.5 42 

16 0.6 1 5 16 8.9 0.5 2.8 23.6 41.6 

17 0.8 0.7 4.9 15.8 8.9 0.3 2.6 24.1 41.9 

18 0.8 0.5 4.5 15.4 9.7 0 2.2 24.5 42.4 

19 0.7 0.4 4.7 14.7 10.3 0.4 1.4 24.9 42.4 

20 0.7 0.3 4.7 14 10.7 0 1.3 25.4 42.9 

21 0.8 0 4.7 14.1 11.1 0 1.3 25.4 42.5 

22 0.6 0.2 4.3 14.2 10.7 0 1.4 25.3 43.3 

23 0.7 0.4 4.4 13.9 11.1 0 1.4 25.2 42.9 
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Spot Cr Ti Fe Ca Mg Na Al Si O 

24 0.6 0.4 4.2 14.2 10.8 0 1.4 25.1 43.3 

25 0.7 0.4 4.6 14.4 10.6 0.6 1.6 24.9 42.4 

26 0.6 0.4 4.4 14.5 10.3 0.5 1.7 24.9 42.7 

27 0.7 0.5 4.7 15 10 0 1.9 24.9 42.4 

28 0.9 0.6 4.6 15.2 10 0.5 1.9 24.7 41.6 

29 0.5 0.3 5 14.4 10.7 0.6 1.3 25.1 42.1 

30 0.9 0.4 4.3 14.7 10.1 0 1.6 24.9 43.1 

31 0.8 0.2 4.6 14.9 10.3 0.3 1.5 25 42.4 

32 0.6 0.5 4.9 15.3 9.7 0 2.1 24.9 42 

33 0.7 0.7 4.6 15.6 9.3 0 2.4 24.1 42.7 

34 0.6 0.6 5.1 15.4 9.3 0 2.6 24.3 42.2 

35 0.6 0.6 5 15.4 9.8 0 2.1 24.6 41.9 

36 0.7 0.5 4.9 15.1 9.7 0 1.9 24.7 42.5 

37 0.5 0.8 4.9 15.6 9.5 0.6 2.2 24 41.9 

38 0.5 0.7 4.7 15.7 9.2 0.6 2.6 24.3 41.6 

39 0.6 0.6 4.9 15.8 9.6 0.4 2.4 24.6 41.2 

40 0.5 0.6 5.1 15.2 9.5 0.5 2.3 24.2 42.1 

41 0.6 0.5 5 15.6 9.4 0.3 2.3 24.3 41.9 

42 0.6 0.7 4.9 15.8 9 0 2.5 23.8 42.7 

43 0.6 0.7 4.9 15.7 9.1 0.3 2.5 24.1 42.2 

44 0.4 0.7 4.8 15 10.2 0 1.3 25.5 42.2 

45 0.6 0.6 5 15.8 9 0 2.7 23.8 42.4 

46 0.6 0.8 4.5 15.7 9.2 0.3 2.5 23.8 42.6 

47 0.6 0.8 4.7 15.5 9.5 0.3 2.5 24.3 41.9 

48 0.6 0.7 4.7 15.4 9.4 0.5 2.4 24.2 42 

49 0.6 0.6 4.9 15.2 9.5 0.3 2.3 24.2 42.2 

50 0.6 0.5 5 15.5 9.7 0 2.4 24.2 42.1 

51 0.7 0.3 4.5 15 10.1 0 1.6 24.9 42.9 
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Spot Cr Ti Fe Ca Mg Na Al Si O 

52 0.7 0.5 4.8 14.4 10.4 0.6 1.8 24.8 42 

53 0.6 0.4 4.6 14.2 10.4 0.3 1.6 25 42.9 

54 0.6 0.6 4.7 14.7 10 0.5 2.1 24.7 42.1 

55 0.5 0.5 4.8 14.4 10.3 0 1.8 24.8 42.9 

56 0.6 0.5 4.9 14.6 10.2 0.3 1.9 24.6 42.4 

57 0.6 0.5 5.1 14.7 10.1 0 2.1 24.4 42.5 

58 0.5 0.5 4.7 14.7 9.8 0.5 2.1 24.4 42.9 

59 0.5 0.6 4.9 14.9 9.7 0.4 2.1 24.5 42.4 

60 0.6 0.6 4.8 14.8 10.2 0.5 1.8 24.7 42 

61 0.7 0.5 4.7 15 10.2 0.7 1.7 24.8 41.7 

62 0.6 0.5 5.1 15 10.1 0.6 1.8 24.5 41.7 

63 0.5 0.6 5.2 15.2 9.6 0 2.2 24.3 42.3 

64 0.6 0.6 5.2 15.1 9.6 0.4 2.4 24.2 41.9 

65 0.5 0.8 5.1 15 9.7 0.5 2.3 24.1 42 

66 0.7 0.6 5.3 14.8 9.3 0 2.5 24.2 42.6 

67 0.5 0.6 5.1 14.6 9.5 0.6 2.6 24.1 42.4 

68 0.5 0.6 5.1 15 9.4 0 2.6 24.3 42.5 

69 0.5 0.7 5.2 15.1 9.5 0.5 2.4 24.2 41.9 

70 0.6 0.8 4.9 15.3 9.3 0 2.6 23.9 42.7 

71 0.6 0.6 5 15.6 9.1 0 2.6 24 42.5 

72 0.5 0.6 5 15.7 9.2 0.3 2.5 23.8 42.3 

73 0.6 0.8 5 15.6 9.4 0.3 2.6 24.1 41.6 

74 0.5 0.7 4.6 15.8 9.3 0.4 2.6 24.2 41.9 

75 0.6 0.7 4.8 15.4 9.4 0.6 2.3 24.3 42 

76 0.6 0.6 4.6 15.7 9.1 0 2.5 24.2 42.7 

77 0.7 0.7 4.6 15.8 9.2 0 2.2 24.1 42.8 

78 0.7 0.8 4.6 15.2 9.3 0 2.1 24.3 42.9 

79 0.6 0.5 4.7 15 9.7 0.3 1.9 24.4 42.9 
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Spot Cr Ti Fe Ca Mg Na Al Si O 

80 0.6 0.5 5.1 15 9.8 0.6 2.2 24.3 42 

81 0.6 0.7 5.3 14.6 9.9 0.3 1.9 24.5 42.3 

82 0.7 0.4 4.7 14.6 10 0.3 1.7 24.9 42.6 

83 0.6 0.5 4.8 14.8 10.3 0.3 1.7 24.8 42.1 

84 0.5 0.4 4.8 14.8 10.3 0.3 1.7 24.6 42.6 

85 0.7 0.5 4.7 14.5 9.9 0 2.1 24.5 43.1 

86 0.7 0.6 4.9 14.6 10.1 0.6 2.2 24.4 41.9 

87 0.6 0.7 5.1 14.3 10 0.3 2.2 24.5 42.2 

88 0.6 0.6 5 14.7 10.1 0.3 1.6 24.7 42.4 

89 0.6 0.4 4.7 14.6 10.3 0 1.7 24.8 42.8 

90 0.7 0.7 4.4 15.1 9.6 0 2.2 24.5 42.7 

91 0.5 0.6 5 15.1 9.7 0.3 2.1 24.5 42.1 

92 0.7 0.5 4.8 15.2 9.7 0.3 2.3 24.4 42.1 

93 0.6 0.7 4.8 15.2 9.6 0 2.2 24.4 42.5 

94 0.6 0.6 5 15.4 9.3 0 2.3 24.1 42.6 

95 0.7 0.6 4.8 15.9 9.4 0.3 2.3 24.4 41.6 

96 0.5 0.5 4.3 14 9.5 0.3 2.1 23.5 45.1 

97 0.5 0.5 4.7 15.4 9.5 0 2.4 24.1 24.7 

98 0.5 0.7 4.8 15.5 9.4 0 2.3 24.3 42.5 

99 0.7 0.6 4.7 15 9.6 0.3 2.1 24.4 42.6 

100 0.6 0.5 4.7 15.3 9.7 0.3 2 24.4 42.5 

101 0.7 0.7 5.1 15.3 9.3 0 2.2 24.3 42.4 

102 0.7 0.6 4.8 15.2 9.5 0 2.3 24.4 42.5 

103 0.6 0.5 4.5 15.1 9.9 0.4 2.2 24.4 42.5 

104 0.7 0.6 4.9 14.7 9.8 0 1.8 24.9 42.7 

105 0.6 0.6 4.6 14.2 10.1 0.3 19 24.5 43.4 

106 0.6 0.4 4.4 14.8 10.1 0 1.8 25.1 42.8 

107 0.7 0.5 4.4 14.8 10.1 0.4 1.8 24.7 42.8 
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Spot Cr Ti Fe Ca Mg Na Al Si O 

108 0.7 0.6 4.5 14.8 10.1 0 2 24.8 42.6 

109 0.5 0.7 5.1 14.3 10 0.4 2.2 24.4 42.2 

110 0.6 0.6 4.5 14 10.1 0 1.8 24.4 44.1 

111 0.7 0.4 4.3 14.5 10.5 0 1.5 25 43.1 

112 0.7 0.4 4.4 14.4 10.3 0 1.5 25.1 43.2 

113 0.6 0.5 4.6 14.6 10.3 0.3 1.7 24.8 42.6 

114 0.6 0.6 4.8 14.6 10.1 0 2 24.6 42.7 

116 0.8 0.3 4.4 14.4 10.5 0 1.6 24.8 43.1 

117 0.8 0 4.8 14.2 10.9 0.5 1.2 25.3 41.7 

118 0.8 0.4 4.6 14.3 10.5 0.3 1.5 25 42.8 

119 0.6 0.2 4.7 14.6 10.5 0 1.5 25.3 42.6 

120 0.8 0.3 4.3 14.3 10.4 0 1.5 25 43.3 

121 0.8 0.5 4.4 14.8 10.2 0.2 2 24.7 42.5 

122 0.8 0.3 4.4 14.2 10.8 0.4 1.4 25.2 42.5 

123 0.8 0.3 4.5 14.1 10.8 0 1.4 25.3 42.9 

124 0.7 0.4 4.3 14.3 10.7 0 1.4 25.1 43.1 

125 0.8 0.6 4.4 14.5 10.1 0.3 2.1 24.6 42.6 

126 0.6 0.6 4.7 14.4 9.9 0 2.1 24.4 43.3 

127 0.8 0.5 4.8 15.2 9.5 0 2.2 24.6 42.5 

128 0.6 0.6 4.8 15.2 9.4 0.5 2.4 24.2 42.2 

129 0.7 0.6 4.9 15.2 9.6 0.3 2.3 24.4 42 

130 0.6 0.7 4.9 14.8 9.5 0 2.1 24.4 42.9 

131 0.5 0.5 5.1 15 9.6 0 2 24.7 42.7 

132 0.5 0.5 5.1 15.1 9.7 0 2 24.5 42.5 

133 0.7 0.5 5 15.2 9.9 0.5 2 24.6 41.5 

134 0.7 0.4 5.2 14.9 10.1 0.5 2.3 24.8 41 

135 0.7 0.5 4.7 14.8 9.9 0.6 2.1 24.3 42.5 

136 0.5 0.7 4.7 15 9.5 0 2.4 24.4 42.6 
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Spot Cr Ti Fe Ca Mg Na Al Si O 

137 0.5 0.6 4.8 15.1 9.4 0 2.2 24.6 42.7 

138 0.6 0.5 4.6 15.4 9.6 0.5 2.2 24.1 42.6 

139 0.5 0.8 4.9 15.1 9.3 0 2.4 24.4 42.6 

140 0.6 0.6 4.6 15.3 9.4 0 2.4 24.2 42.9 

141 0.6 0.6 5 15.1 9.6 0.4 2.3 24.2 42.2 

142 0.6 0.6 4.6 14.9 9.7 0 2.2 24.5 42.8 

143 0.6 0.6 4.9 15.2 9.4 0 2.2 24.4 42.8 
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Appendix II 

 

Large interval microprobe data as reported by analytical software. 

Sample 2 SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O 

5 / 1 .  48.37 1.84 7.41 0.43 6.92 0.09 13.86 20.93 0.51 

5 / 2 .  50.19 1.25 5.29 0.56 5.85 0.11 15.21 21.61 0.4 

5 / 3 .  50.46 1.23 5.35 0.58 6.01 0.12 15.32 21.5 0.36 

5 / 4 .  49.29 1.52 6.37 0.7 6.55 0.09 14.55 20.76 0.51 

5 / 5 .  50.71 1.12 5.19 0.67 5.76 0.11 15.31 21.62 0.38 

5 / 6 .  50.64 1.16 5.44 0.66 5.86 0.14 15.27 21.44 0.4 

5 / 7 .  50.44 1.15 5.14 0.72 5.71 0.11 15.27 21.67 0.38 

5 / 8 .  49.41 1.64 6.8 0.44 6.69 0.11 14.59 21.03 0.49 

5 / 9 .  49.63 1.52 6.1 0.53 6.24 0.1 14.74 21.45 0.43 

5 / 10 .  50.47 1.25 5.34 0.52 5.81 0.07 15.09 21.78 0.38 

5 / 11 .  49.59 1.54 6.35 0.52 6.33 0.13 14.84 21.29 0.47 

5 / 12 . 50.66 1.14 5.38 0.58 6.1 0.13 15.41 21.56 0.41 

5 / 13 . 48.75 1.74 7.27 0.48 6.93 0.12 14.09 20.81 0.51 

5 / 14 .  49.06 1.7 7.05 0.46 6.87 0.13 14.22 21.15 0.5 

5 / 15 .  50.72 1.07 5.33 0.53 5.9 0.12 15.45 21.21 0.38 

5 / 16 .  50.55 1.11 5.32 0.64 5.87 0.08 15.23 21.23 0.4 

5 / 17 .  50.61 1.29 5.5 0.51 6.07 0.11 15.31 21.24 0.41 

5 / 18 .  50.3 1.15 5.36 0.69 5.84 0.09 15.15 21.38 0.4 

5 / 19 .  48.91 1.72 6.81 0.52 6.88 0.13 14.18 21.12 0.52 

5 / 20 .  50.21 1.2 5.39 0.69 5.77 0.1 15.24 21.69 0.39 

5 / 21 .  50.16 1.2 5.33 0.67 6.02 0.11 15.2 21.32 0.42 

5 / 22 .  50.58 1.14 5.23 0.66 5.98 0.08 15.28 21.55 0.38 

5 / 23 .  51.57 1.09 4.92 0.42 6.09 0.11 15.64 21.53 0.4 

5 / 24 .  48.89 1.64 6.55 0.58 6.99 0.13 14.3 21.2 0.49 

5 / 25 .  50.45 1.13 5.15 0.68 5.91 0.13 15.1 21.53 0.39 

5 / 26 .  50.15 1.16 4.9 0.7 5.8 0.09 15.36 21.67 0.38 

5 / 27 . 48.79 1.63 6.79 0.53 6.66 0.07 14.38 21.27 0.48 

5 / 28 .  50.04 1.07 4.81 0.68 5.89 0.08 15.04 21.56 0.36 

5 / 29 .  49.38 1.09 4.91 0.64 5.92 0.11 15.17 21.29 0.39 

5 / 30 .  47.84 1.58 6.49 0.46 6.25 0.08 13.94 21.69 0.42 
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Sample 4 SiO2 TiO3 Al2O4 Cr2O4 FeO MnO MgO CaO Na2O 

1 / 1 .  48.32 1.77 7.13 0.47 6.58 0.1 13.76 21.74 0.46 

1 / 2 .  48.35 1.79 7.1 0.52 6.63 0.11 13.77 21.19 0.46 

1 / 4 .  50.26 1.19 5.44 0.54 5.97 0.12 15.14 21.56 0.38 

1 / 5 .  49.51 1.44 6.43 0.45 6.3 0.14 14.5 21.32 0.41 

1 / 6 .  50.41 1.17 5.1 0.63 5.83 0.14 15.03 21.62 0.37 

1 / 7 .  48.43 1.69 7.02 0.56 6.61 0.11 14.12 21.34 0.47 

1 / 8 .  48.29 1.77 7.22 0.53 6.54 0.15 13.99 20.94 0.48 

1 / 9 .  48.3 1.77 7.15 0.47 6.6 0.14 14.13 21.26 0.48 

1 / 10 .  48.43 1.76 7.06 0.51 6.58 0.1 14.06 21.11 0.47 

1 / 12 .  48.6 1.77 6.95 0.5 6.56 0.13 14.27 21.14 0.48 

1 / 13 .  49.55 1.32 5.9 0.48 6.5 0.15 14.75 20.91 0.47 

1 / 14 .  48.41 1.75 7.23 0.46 6.7 0.1 14.12 20.86 0.47 

1 / 15 .  47.89 1.92 7.5 0.51 7.11 0.15 13.8 20.97 0.5 

1 / 16 .  48.3 1.79 7.27 0.53 6.77 0.13 14.07 21.2 0.48 

1 / 17 .  47.92 1.91 7.47 0.48 7.02 0.1 13.52 21.33 0.49 

1 / 18 .  48.16 1.85 7.14 0.52 6.67 0.11 14.1 20.92 0.48 

1 / 19 .  49.53 1.42 6.11 0.56 6.31 0.12 14.58 21.47 0.44 

1 / 20 .  49.23 1.52 6.31 0.55 6.45 0.11 14.13 20.96 0.41 

1 / 21 .  50.23 1.11 5.35 0.55 6.21 0.11 15.16 20.98 0.4 

1 / 22 .  50.58 1.13 5.34 0.5 5.99 0.13 15.4 21.49 0.4 

1 / 23 .  49.17 1.5 6.39 0.51 6.43 0.13 14.32 21.47 0.47 

1 / 24 .  49.05 1.62 6.53 0.54 6.49 0.14 14.27 21.44 0.46 

1 / 25 .  49.53 1.41 6.19 0.53 6.21 0.11 14.54 21.16 0.44 

1 / 26 .  49.42 1.46 6.29 0.57 6.21 0.11 14.89 21.22 0.43 

1 / 27 .  48.88 1.67 6.99 0.48 6.44 0.11 14.22 21.41 0.48 

1 / 28 .  49.88 1.25 5.52 0.64 5.94 0.09 14.95 21.64 0.38 

1 / 29 .  49.64 1.35 5.99 0.52 6.13 0.11 14.95 21.42 0.42 

1 / 30 .  48.93 1.73 6.96 0.52 6.66 0.09 14.18 21.43 0.47 
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Sample 5 SiO2 TiO3 Al2O4 Cr2O4 FeO MnO MgO CaO Na2O 

2 / 1 .  48.08 1.88 7.39 0.48 6.96 0.1 13.8 21.21 0.5 

2 / 2 .  50.29 1.26 5.25 0.51 6.02 0.07 15.38 20.64 0.43 

2 / 3 .  52.22 0.65 3.39 0.56 5.24 0.1 16.8 21.14 0.36 

2 / 4 . 50.58 1.04 4.7 0.57 5.92 0.1 15.51 21.34 0.4 

2 / 5 .  49.75 1.17 5.23 0.53 6.08 0.13 15.27 21.04 0.42 

2 / 6 .  50.22 0.94 4.63 0.6 5.58 0.13 15.72 21.11 0.37 

2 / 7 .  50.8 0.64 3.46 0.49 5.12 0.1 16.76 20.92 0.35 

2 / 8 .  50.92 0.59 3.18 0.66 5.06 0.08 17.01 20.73 0.32 

2 / 9 . 51.39 0.89 3.95 1.1 5.14 0.1 16.27 20.79 0.4 

2 / 10 . 50.53 1.13 5 0.63 5.97 0.11 15.62 20.97 0.41 

2 / 11 . 50.83 1.01 4.53 0.6 5.94 0.12 15.77 21.18 0.4 

2 / 12 . 50.42 1.01 4.94 0.54 6.08 0.11 15.4 21 0.41 

2 / 13 . 50.56 1.12 4.96 0.59 6.19 0.16 15.37 21.13 0.42 

2 / 14 . 50.1 1.2 5.29 0.57 6.46 0.15 15.17 20.8 0.46 

2 / 15 . 50.65 0.99 4.77 0.61 5.84 0.11 15.56 21.4 0.39 

2 / 16 . 51.87 0.87 3.68 0.64 5.74 0.09 16.17 21.12 0.39 

2 / 17 . 51.2 1 4.69 0.56 5.76 0.12 15.96 20.91 0.38 

2 / 18 . 51.01 0.88 4.32 0.66 5.58 0.12 16.01 21.2 0.37 

2 / 19 . 50.54 1.12 5 0.6 6.54 0.12 15.41 20.69 0.46 

2 / 20 . 52.16 0.64 3.63 0.9 5.36 0.08 16.76 20.93 0.36 

2 / 21 . 50.99 0.58 3.42 0.82 5.08 0.1 16.79 20.71 0.36 

2 / 22 . 48.86 1.25 5.58 0.62 6.35 0.14 15.13 20.68 0.46 

2 / 23 . 51.69 0.64 3.57 0.84 5.52 0.14 16.67 20.62 0.37 

2 / 24 . 52.16 0.58 3.42 0.7 5.21 0.09 17 20.94 0.34 

2 / 25 . 50.66 1.01 4.86 0.61 5.82 0.09 15.71 21.17 0.4 

2 / 26 . 50.03 1.28 5.48 0.58 6.2 0.08 15.09 21.14 0.44 

2 / 27 . 50.37 1.12 5.17 0.56 6.34 0.13 15.16 21.39 0.42 

2 / 28 . 50.97 1.06 4.41 0.6 5.59 0.1 15.86 21.21 0.37 

2 / 29 .  51.62 0.56 3.05 0.58 5.11 0.1 16.74 21.36 0.33 

2 / 30 .  47.84 1.45 5.93 0.57 6.39 0.12 14.15 21.47 0.42 
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Sample 6 SiO2 TiO3 Al2O4 Cr2O4 FeO MnO MgO CaO Na2O 

4 / 1 .  49.13 1.63 6.64 0.56 6.35 0.13 14.17 21.28 0.48 

4 / 2 .  49.48 1.56 5.89 0.44 6.31 0.14 14.55 21.83 0.4 

4 / 3 .  49.48 1.49 5.82 0.62 6.15 0.11 14.61 21.61 0.43 

4 / 4 .  50.15 1.57 5.02 0.77 5.95 0.08 15.04 22.22 0.36 

4 / 5 . 50.52 1.27 4.96 0.8 6.07 0.11 15.31 21.51 0.42 

4 / 6 .  51.17 0.9 4.52 0.81 5.63 0.09 16.22 21.07 0.4 

4 / 7 .  50.46 1.22 5.06 0.75 5.74 0.09 15.54 21.18 0.36 

4 / 8 .  50.91 1.08 4.92 0.78 5.81 0.11 15.69 21.27 0.41 

4 / 9 .  50.45 1.18 5.17 0.77 6 0.12 15.34 21.11 0.46 

4 / 10 .  51.04 1.02 4.76 0.84 5.62 0.13 15.87 21.11 0.4 

4 / 11 .  50.42 1.19 5.24 0.71 6.02 0.11 15.44 21.17 0.46 

4 / 12 .  50.15 1.18 5.31 0.76 6.04 0.11 15.36 21.23 0.44 

4 / 13 .  51.41 0.82 4.03 1.08 4.72 0.11 16.51 21.46 0.39 

4 / 14 .  51.17 0.81 4.04 0.9 5.31 0.09 16.22 21.37 0.38 

4 / 15 .  50.45 1.09 4.79 0.8 5.78 0.11 15.86 21.1 0.4 

4 / 16 .  50.8 0.84 4.2 1.07 4.78 0.11 16.21 21.45 0.38 

4 / 17 .  50.59 0.86 4.24 0.9 5.16 0.13 16.11 21.22 0.39 

4 / 18 .  50.76 0.95 4.12 1.06 4.72 0.09 16.13 21.62 0.39 

4 / 19 .  49.54 1.31 5.4 0.64 5.76 0.07 15.32 21.61 0.36 

4 / 20 .  48.82 1.34 5.49 0.82 5.56 0.1 14.99 21.85 0.36 

4 / 21 .  49.64 1.43 5.37 0.65 5.82 0.09 15.26 21.75 0.39 

4 / 22 .  48.16 1.82 5.9 0.5 6.32 0.1 14.28 22.26 0.35 

4 / 23 .  49.01 1.53 5.5 0.56 6.06 0.12 14.87 22.02 0.34 

4 / 24 .  49.66 1.16 5.36 0.57 5.91 0.09 15.25 21.88 0.36 

4 / 25 .  50.44 1.19 4.96 1 5.42 0.14 15.33 21.87 0.32 

4 / 26 .  49.8 1.35 5.37 0.62 5.96 0.12 15.11 21.53 0.3 

4 / 27 .  49.94 1.46 5.54 0.61 5.94 0.1 14.94 21.78 0.43 

4 / 28 .  49.43 1.7 5.57 0.6 6.08 0.1 14.56 22.13 0.4 

4 / 29 .  49.81 1.41 5.39 0.57 6.3 0.13 15.11 21.78 0.41 

4 / 30 .  49.03 1.48 6.47 0.41 6.24 0.13 14.57 21.75 0.42 
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Sample 9 SiO2 TiO3 Al2O4 Cr2O4 FeO MnO MgO CaO Na2O 

6 / 1 .  48.39 2.07 7.45 0.34 6.94 0.13 13.87 21.41 0.5 

6 / 2 .  51.43 1.1 4.27 0.54 5.53 0.12 15.93 21.12 0.41 

6 / 3 .  51.85 1.08 4.14 0.55 5.71 0.1 16.26 20.8 0.43 

6 / 4 .  52.65 0.88 3.63 0.75 4.67 0.11 16.4 21.7 0.38 

6 / 5 .  52.7 0.84 3.37 0.53 4.87 0.1 16.81 21.24 0.37 

6 / 7 .  51.81 0.84 4.45 0.97 5.06 0.1 16.54 20.92 0.4 

6 / 8 .  51.52 0.81 4.53 0.97 4.99 0.13 16.38 20.93 0.41 

6 / 9 .  51.9 0.72 4.13 0.89 4.84 0.09 16.48 20.98 0.37 

6 / 10 .  52.08 0.76 3.9 0.81 4.95 0.11 16.61 21.31 0.38 

6 / 11 .  51.94 0.73 3.92 0.84 4.86 0.11 16.64 21.1 0.38 

6 / 12 .  51.68 0.84 4.16 0.89 4.8 0.1 16.64 21.04 0.38 

6 / 13 .  51.64 0.79 4.31 0.98 5 0.13 16.74 20.89 0.39 

6 / 14 .  51.61 0.81 4.19 0.99 5.03 0.09 16.69 20.73 0.38 

6 / 15 .  51.99 0.75 4.16 0.96 5.04 0.08 16.49 21.04 0.39 

6 / 16 .  51.82 0.83 4.25 1.02 4.98 0.07 16.42 21.14 0.39 

6 / 17 .  51.59 0.88 4.35 0.98 4.8 0.14 16.53 21.22 0.41 

6 / 18 . 52.1 0.75 3.99 0.87 4.99 0.1 16.64 21.19 0.38 

6 / 19 .  52 0.78 3.96 0.87 4.81 0.06 16.47 21.34 0.38 

6 / 20 .  52.1 0.77 3.91 0.87 4.96 0.09 16.57 21.31 0.39 

6 / 21 .  52.22 0.71 3.86 0.82 4.9 0.08 16.41 21.41 0.36 

6 / 22 .  52.13 0.82 4.27 0.98 4.98 0.1 16.35 21.29 0.39 

6 / 23 .  52.9 0.73 3.21 0.85 4.57 0.1 16.91 21.83 0.38 

6 / 24 .  52.56 0.67 3.36 0.75 4.83 0.1 16.84 21.1 0.37 

6 / 25 . 52.2 0.85 3.57 0.71 5.03 0.08 16.88 21.4 0.36 

6 / 26 .  53.08 0.77 3.25 0.69 4.82 0.1 16.84 21.33 0.38 

6 / 27 .  52.41 0.81 3.57 0.78 4.55 0.11 16.55 21.69 0.38 

6 / 28 .  52.35 0.82 3.61 0.62 4.82 0.1 16.73 21.52 0.36 

6 / 29 .  52.74 0.73 3.02 0.63 4.57 0.09 16.82 21.93 0.37 

6 / 30 .  52.3 0.79 3.1 0.69 4.63 0.08 16.73 21.87 0.35 

 

 
 
 



 

59 

 

 

Sample 1 SiO2 TiO3 Al2O4 Cr2O4 FeO MnO MgO CaO Na2O 

3 / 1 .  49.91 1.43 5.27 0.77 5.9 0.09 14.68 21.88 0.39 

3 / 2 .  52.49 0.67 3.44 0.72 4.81 0.14 17.21 20.72 0.37 

3 / 3 .  51.26 1 4.49 0.71 4.97 0.12 16.66 20.61 0.38 

3 / 4 .  49.44 1.17 5.12 0.78 5.94 0.14 15.57 20.62 0.42 

3 / 5 . 49.79 1.39 6.43 0.66 6.66 0.15 14.71 21.05 0.5 

3 / 6 . 49.57 1.35 6 0.74 6.34 0.14 14.72 20.87 0.5 

3 / 7 . 49.65 1.46 5.85 0.69 6.12 0.13 14.69 21.37 0.45 

3 / 8 . 48.74 1.79 7.14 0.6 6.83 0.15 13.85 21.23 0.52 

3 / 10 . 49.69 1.47 6.07 0.69 6.63 0.1 14.76 20.86 0.47 

3 / 11 . 49.71 1.39 6.05 0.71 6.76 0.13 14.88 20.75 0.48 

3 / 12 . 49.72 1.48 6.01 0.63 6.45 0.13 14.58 21.09 0.46 

3 / 13 . 49.5 1.61 6.56 0.66 6.68 0.11 14.47 20.99 0.49 

3 / 14 . 49.52 1.38 6.2 0.61 6.55 0.12 14.8 21.01 0.49 

3 / 15 . 49.65 1.48 6.12 0.66 6.47 0.12 14.67 21.14 0.47 

3 / 16 . 49.46 1.51 6.34 0.66 6.77 0.12 14.46 21.11 0.49 

3 / 17 . 49.53 1.6 6.22 0.71 6.72 0.12 14.66 21.19 0.47 

3 / 18 . 49.42 1.48 6.23 0.68 6.47 0.14 14.64 21.37 0.44 

3 / 19 . 49.26 1.49 6.52 0.64 6.65 0.1 14.44 21.15 0.5 

3 / 20 . 48.67 1.83 7.08 0.62 6.86 0.12 14.13 21.09 0.5 

3 / 21 . 49.98 1.48 6.16 0.67 6.62 0.12 14.68 21.03 0.49 

3 / 22 . 49.8 1.54 6.11 0.71 6.51 0.13 14.57 21.05 0.47 

3 / 23 . 50.08 1.44 6.04 0.69 6.44 0.15 14.72 21.02 0.46 

3 / 24 . 49.49 1.54 6.36 0.6 6.67 0.11 14.52 21.09 0.49 

3 / 25 . 49.86 1.51 6.11 0.63 6.59 0.13 14.54 21.23 0.49 

3 / 26 . 50.11 1.45 5.72 0.71 6.18 0.09 14.78 21.79 0.42 

3 / 27 . 50.52 1.27 5 0.74 5.88 0.11 15.08 21.95 0.39 

3 / 28 . 52.7 0.58 3.27 0.85 5.24 0.13 16.67 21.47 0.39 

3 / 29 .  51.11 0.63 3.43 0.89 4.5 0.09 16.98 20.82 0.36 

3 / 30 .  49.56 1.34 5.59 0.65 5.88 0.1 14.97 21.82 0.39 
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Appendix III 

 

Small interval transects microprobe data as reported by analytical software. 

Sample 2 SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O 

1 / 1 .  50.16 1.1 5.45 0.57 5.92 0.12 15.49 20.8 0.39 

1 / 2 .  50.79 0.95 4.88 0.56 5.93 0.1 15.64 20.66 0.38 

1 / 3 .  51.1 0.98 4.87 0.55 5.82 0.1 15.9 20.84 0.39 

1 / 4 .  50.97 0.96 4.71 0.62 5.85 0.08 16.03 20.71 0.39 

1 / 5 .  51.24 0.92 4.73 0.61 5.84 0.1 15.74 20.7 0.4 

1 / 6 .  50.51 1.03 4.87 0.69 5.78 0.11 15.88 20.49 0.38 

1 / 7 .  50.38 1.03 4.87 0.65 5.67 0.11 15.63 20.78 0.39 

1 / 8 .  50.5 0.93 4.75 0.6 5.97 0.11 16.05 20.66 0.4 

1 / 9 .  50.9 0.96 4.67 0.58 5.83 0.1 15.78 20.63 0.39 

1 / 10 .  50.39 0.97 4.73 0.61 5.87 0.1 15.87 20.7 0.4 

1 / 11 .  50.41 1 4.84 0.62 5.92 0.09 15.88 20.74 0.38 

1 / 12 .  50.2 1.08 5.24 0.5 5.95 0.12 15.42 20.73 0.41 

1 / 13 .  49.7 1.22 5.44 0.51 6.08 0.1 15.19 20.54 0.41 

1 / 14 .  49.92 1.23 5.45 0.47 6.14 0.12 15.15 20.56 0.43 

1 / 15 .  49.8 1.27 5.56 0.47 6.17 0.1 15.32 20.73 0.44 

1 / 16 .  48.94 1.45 6.51 0.53 6.37 0.13 14.9 20.58 0.48 

1 / 17 .  49.08 1.55 6.44 0.51 6.54 0.1 14.67 20.72 0.48 

1 / 18 .  48.6 1.54 6.59 0.48 6.49 0.11 14.77 20.51 0.5 

1 / 19 .  48.75 1.47 6.45 0.49 6.44 0.14 14.62 20.43 0.47 

1 / 20 .  48.75 1.56 6.72 0.49 6.5 0.12 14.57 20.5 0.47 

1 / 21 .  48.74 1.59 6.85 0.48 6.62 0.12 14.65 20.33 0.49 

1 / 22 .  48.46 1.47 6.73 0.51 6.53 0.11 14.78 20.15 0.49 

1 / 23 .  48.54 1.57 6.75 0.47 6.53 0.12 14.6 20.3 0.49 

1 / 24 .  48.58 1.57 6.77 0.47 6.59 0.13 14.51 20.32 0.48 

1 / 25 .  48.77 1.58 6.85 0.46 6.67 0.13 14.6 20.47 0.49 

1 / 26 .  49.03 1.55 6.83 0.44 6.86 0.11 14.61 20.19 0.48 

1 / 27 .  48.75 1.62 7.02 0.48 6.71 0.09 14.46 20.46 0.5 

1 / 28 .  49.17 1.55 6.96 0.5 6.61 0.13 14.78 20.2 0.5 

1 / 34 .  49.54 1.27 4.33 0.76 5.37 0.08 15.55 21.24 0.3 

1 / 35 .  48.05 1.54 6.69 0.57 6.69 0.1 14.36 20.48 0.5 

1 / 36 .  48.38 1.6 6.77 0.57 6.62 0.13 14.48 20.38 0.48 

1 / 37 .  48.49 1.48 6.5 0.55 6.52 0.12 14.62 20.55 0.5 

1 / 38 .  49.47 1.4 6.01 0.56 6.39 0.06 14.84 20.39 0.44 

1 / 39 .  50.24 1.2 5.58 0.51 5.9 0.1 15.28 20.77 0.4 
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Sample 2 SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O 

1 / 40 .  49.95 1.1 5.39 0.46 5.86 0.13 15.26 20.97 0.38 

1 / 41 .  49.97 1.1 5.43 0.56 5.93 0.15 15.39 20.82 0.37 

1 / 42 .  49.96 1.15 5.29 0.55 5.75 0.1 15.38 21.02 0.39 

1 / 43 .  49.94 1.15 5.23 0.6 5.91 0.12 15.36 20.84 0.38 

1 / 44 .  50.17 1.1 5.27 0.59 5.88 0.13 15.37 20.92 0.39 

1 / 45 .  49.9 1.07 5.28 0.64 5.82 0.1 15.61 21.07 0.38 

1 / 46 .  49.51 1.17 5.24 0.66 5.85 0.15 15.51 21.01 0.38 

1 / 47 .  49.83 1.04 5.25 0.66 5.93 0.07 15.38 20.75 0.4 

1 / 48 .  48.86 1.36 6.14 0.57 6.36 0.13 14.65 20.59 0.43 

1 / 49 .  48 1.65 7.28 0.45 6.78 0.15 13.98 20.6 0.52 

1 / 50 .  47.97 1.79 7.27 0.46 6.87 0.14 14.06 20.44 0.51 

1 / 51 .  48.37 1.77 7.33 0.46 6.8 0.13 13.92 20.6 0.49 

1 / 52 .  48.35 1.68 6.91 0.42 6.8 0.15 13.9 20.67 0.49 

1 / 53 .  48.77 1.58 6.98 0.55 6.61 0.12 14.14 20.54 0.5 

1 / 54 .  48.74 1.63 6.87 0.43 6.66 0.17 14.04 20.58 0.5 

1 / 55 .  48 1.65 7.06 0.43 6.79 0.13 13.97 20.76 0.51 

1 / 56 .  48.56 1.73 6.88 0.52 6.73 0.11 13.81 20.94 0.49 

1 / 57 .  47.86 1.83 7.15 0.5 6.72 0.12 14.05 20.71 0.5 

1 / 58 .  48.22 1.7 6.99 0.48 6.69 0.13 13.9 20.87 0.51 

1 / 59 .  48.35 1.75 7 0.44 6.75 0.12 14.05 20.87 0.51 

1 / 60 .  48.63 1.64 6.96 0.45 6.79 0.1 14.05 21.03 0.5 

1 / 61 .  48.64 1.58 6.75 0.5 6.54 0.12 14.2 20.99 0.48 

1 / 62 .  49.16 1.4 5.9 0.43 6.14 0.1 14.62 21.1 0.43 

1 / 63 .  49.59 1.36 6.06 0.54 6.16 0.13 14.81 21.1 0.44 

1 / 64 .  49.58 1.42 6 0.52 6.14 0.12 14.64 21.4 0.44 

1 / 65 .  49.63 1.36 6.08 0.49 6.17 0.15 14.6 21.56 0.44 

1 / 66 .  49.18 1.41 6.09 0.47 6.15 0.13 14.69 21.22 0.43 

1 / 67 .  49.45 1.5 6.3 0.46 6.22 0.08 14.76 21.39 0.43 

1 / 68 .  49.49 1.47 6.26 0.48 6.2 0.08 14.79 21.32 0.44 

1 / 69 .  49.06 1.49 6.2 0.45 6.23 0.13 14.52 21.29 0.43 

1 / 70 .  48.96 1.46 6.16 0.52 6.3 0.12 14.56 21.22 0.45 

1 / 71 .  48.73 1.48 6.19 0.51 6.25 0.13 14.38 21.37 0.44 

1 / 72 .  49.4 1.46 6.27 0.47 6.3 0.1 14.52 21.32 0.45 

1 / 73 .  49.5 1.53 6.45 0.53 6.37 0.08 14.56 21.38 0.47 

1 / 74 .  49.05 1.53 6.46 0.46 6.52 0.11 14.27 21.24 0.46 

1 / 75 .  48.87 1.53 6.42 0.54 6.28 0.11 14.7 21.31 0.47 

1 / 76 .  49.43 1.52 6.34 0.53 6.23 0.09 14.28 21.21 0.47 

1 / 77 .  48.83 1.49 6.39 0.49 6.27 0.1 14.44 21.05 0.45 
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Sample 2 SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O 

1 / 78 .  48.67 1.52 6.27 0.5 6.25 0.11 14.35 21.3 0.46 

1 / 79 .  49.09 1.44 6.39 0.53 6.25 0.12 14.61 21.16 0.48 

1 / 80 .  49.05 1.54 6.27 0.53 6.3 0.1 14.37 21.27 0.47 

1 / 81 .  49.17 1.46 6.4 0.54 6.28 0.11 14.49 21.04 0.47 

1 / 82 .  48.77 1.54 6.29 0.53 6.11 0.11 14.59 21.42 0.44 

1 / 83 .  49.56 1.32 5.96 0.57 5.93 0.12 14.88 21.35 0.41 

1 / 84 .  50.63 1.09 5.1 0.65 5.84 0.12 15.21 21.35 0.4 

1 / 85 .  50.44 1.09 5.13 0.64 5.71 0.11 15.42 21.5 0.38 

1 / 86 .  50.47 1.08 4.94 0.57 5.78 0.08 15.38 21.39 0.38 

1 / 87 .  50.03 1.08 5.01 0.61 5.62 0.11 15.34 21.32 0.39 

1 / 88 .  50.35 1.06 5.05 0.66 5.73 0.12 15.19 21.41 0.38 

1 / 89 .  50.65 1.09 5.21 0.57 5.72 0.11 15.11 21.58 0.37 

1 / 90 .  50.03 1.09 5.15 0.6 5.87 0.09 15.14 21.43 0.38 

1 / 91 .  48.29 1.65 7.06 0.49 6.59 0.1 14.03 21.22 0.46 

1 / 92 .  48.14 1.72 7.23 0.48 6.77 0.09 13.92 20.96 0.5 

1 / 93 .  48.19 1.79 7.11 0.47 6.84 0.12 13.94 21.02 0.5 

1 / 94 .  48.49 1.63 7.08 0.47 6.73 0.12 14.26 20.96 0.5 

1 / 95 .  50.23 1.08 5.29 0.66 5.97 0.11 15.14 21.34 0.4 

1 / 96 .  50.35 1.17 4.93 0.75 5.62 0.09 15.2 21.5 0.36 

1 / 97 .  50.53 1.13 4.98 0.63 5.74 0.09 15.56 21.62 0.38 

1 / 98 .  50.38 1.09 5.16 0.65 5.68 0.11 15.27 21.62 0.36 

1 / 99 .  50.93 1.09 5.01 0.64 5.72 0.1 15.37 21.46 0.38 

1 / 100 .  50.47 1.06 4.9 0.7 5.82 0.09 15.29 21.61 0.37 

1 / 101 .  50.18 1.13 5.09 0.64 5.92 0.09 15.79 21.64 0.38 

1 / 102 .  50.33 1.09 5.07 0.62 5.78 0.13 15.57 21.73 0.39 

1 / 103 .  50.25 1.1 5.21 0.65 5.8 0.12 15.56 21.59 0.38 

1 / 104 .  50.02 1.12 5.25 0.64 5.71 0.11 15.54 21.68 0.38 

1 / 105 .  50.12 1.13 5.32 0.59 5.8 0.1 15.53 21.6 0.39 

1 / 106 .  50.4 1.12 5.18 0.64 5.85 0.08 15.32 21.52 0.39 

1 / 107 .  50.37 1.07 5.26 0.64 5.84 0.09 15.49 21.38 0.4 

1 / 108 .  50.33 1.08 5.18 0.67 5.82 0.11 15.29 21.58 0.37 

1 / 109 .  50.28 1.09 5.21 0.67 5.72 0.11 15.43 21.53 0.37 

1 / 110 .  50.39 1.17 5.25 0.6 5.85 0.11 15.52 21.75 0.38 

1 / 112 .  50.44 1.1 5.17 0.67 5.76 0.09 15.5 21.59 0.39 

1 / 113 .  50.13 1.13 5.4 0.73 5.95 0.1 15.48 21.35 0.38 

1 / 114 .  50.28 1.08 5.27 0.64 5.95 0.1 15.39 21.43 0.4 

1 / 115 .  47.99 1.74 7.06 0.52 6.8 0.12 14.29 21.35 0.49 

1 / 116 .  48.64 1.75 7.3 0.51 6.89 0.14 14.1 20.98 0.54 
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Sample 2 SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O 

1 / 117 .  48.72 1.73 7.21 0.44 6.95 0.11 14.24 21.38 0.51 

1 / 118 .  49.49 1.54 6.43 0.59 6.6 0.09 14.71 21.29 0.49 

1 / 119 .  50.34 1.05 5.04 0.62 5.9 0.1 15.6 21.26 0.41 

1 / 120 .  50.95 1.13 5.04 0.51 5.95 0.08 15.78 21.58 0.39 

1 / 121 .  50.69 1.06 5.04 0.4 5.86 0.1 15.61 21.46 0.4 

1 / 122 .  50.31 1.29 5.5 0.54 6.24 0.09 15.26 21.64 0.43 

1 / 123 .  48.37 1.69 7.15 0.48 6.8 0.14 14.25 21.14 0.5 

1 / 124 .  48.43 1.74 7.02 0.46 6.73 0.09 14.37 21.05 0.5 

1 / 125 .  48.46 1.6 6.9 0.48 6.7 0.12 14.48 21.35 0.48 

1 / 126 .  48.91 1.75 6.98 0.5 6.72 0.11 14.44 21.2 0.5 

1 / 127 .  48.75 1.7 7.26 0.51 6.78 0.13 14.38 21.29 0.51 

1 / 128 .  48.16 1.77 7.21 0.44 6.88 0.08 14.13 20.98 0.52 

1 / 129 .  48.17 1.81 7.39 0.47 6.84 0.12 14.28 21.04 0.5 

1 / 130 .  48.43 1.73 7.21 0.49 6.76 0.12 14.24 21.12 0.5 

1 / 131 .  48.44 1.72 7.29 0.54 6.97 0.1 14.2 21.12 0.5 

1 / 132 .  48.49 1.8 7.27 0.47 6.86 0.11 14.17 21.17 0.49 

1 / 133 .  48.26 1.76 7.19 0.51 6.91 0.12 14.43 21.01 0.5 

1 / 134 .  48.38 1.74 7.26 0.45 6.91 0.1 14.2 21.06 0.5 

1 / 135 .  48.31 1.78 7.19 0.47 6.8 0.14 14.26 21.24 0.49 

1 / 136 .  48.35 1.8 7.15 0.45 6.77 0.09 14.21 21.07 0.49 

1 / 137 .  48.73 1.73 6.87 0.5 6.68 0.08 14.34 21.13 0.49 

1 / 138 .  49.46 1.37 5.84 0.55 6.35 0.13 14.9 21.21 0.46 

1 / 139 .  50.05 1.16 5.59 0.67 5.81 0.13 15.28 21.59 0.39 

1 / 140 .  50.38 1.09 5.29 0.67 5.8 0.14 15.51 21.48 0.38 

1 / 141 .  50.29 1.09 5.29 0.65 5.76 0.12 15.41 21.36 0.38 

1 / 143 .  50.04 1.1 5.24 0.66 5.91 0.08 15.76 21.62 0.39 

1 / 144 .  50.26 1.1 5.3 0.64 5.78 0.08 15.74 21.59 0.37 

1 / 145 .  50.37 1.06 5.26 0.65 5.82 0.11 15.44 21.58 0.37 

1 / 146 .  50.31 1.1 5.3 0.58 5.92 0.11 15.54 21.29 0.4 

1 / 147 .  50.32 1.06 5.32 0.57 5.78 0.1 15.67 21.55 0.4 

1 / 148 .  50.65 1.09 5.21 0.7 5.69 0.12 15.57 21.65 0.38 

1 / 149 .  50.71 1.15 5.21 0.64 5.71 0.13 15.41 21.55 0.4 

1 / 150 .  50.48 1.06 5.07 0.65 5.83 0.14 15.54 21.65 0.4 
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Sample 6 SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O 

1 / 1 .  50.6 1.06 4.92 0.81 5.9 0.14 15.85 20.67 0.4 

1 / 2 .  50.53 1.18 4.89 0.8 5.95 0.1 15.83 20.86 0.4 

1 / 3 .  50.21 1.1 4.85 0.76 5.87 0.14 15.66 20.91 0.42 

1 / 4 .  51.1 1.11 4.92 0.79 5.89 0.09 15.84 20.76 0.39 

1 / 5 .  50.75 1.18 5 0.78 5.81 0.12 15.89 20.84 0.39 

1 / 6 .  50.82 1.16 5.09 0.78 5.76 0.12 15.87 20.88 0.4 

1 / 7 .  50.63 1.18 5.11 0.8 5.84 0.09 15.92 20.86 0.4 

1 / 8 .  50.65 1.1 5.06 0.86 5.78 0.08 16.01 20.98 0.4 

1 / 9 .  50.68 1.08 5.04 0.81 5.61 0.12 15.93 20.85 0.41 

1 / 10 .  50.85 1.09 4.98 0.83 5.45 0.09 15.92 20.96 0.41 

1 / 11 .  51.48 1.03 4.56 0.81 5.42 0.11 16.17 20.8 0.41 

1 / 12 .  50.76 1.04 4.8 0.9 5.38 0.11 16.09 20.76 0.41 

1 / 13 .  50.63 1.03 4.92 0.96 5.35 0.1 16.2 20.73 0.42 

1 / 14 .  50.68 1.1 5.03 0.96 5.35 0.14 16.15 20.89 0.4 

1 / 15 .  50.62 1.07 4.62 0.92 5.21 0.15 16.11 20.67 0.41 

1 / 16 .  51.52 0.84 4.2 1.01 5.06 0.1 16.4 20.91 0.4 

1 / 17 .  51.46 0.85 4.12 1.08 4.88 0.16 16.51 21.03 0.39 

1 / 18 .  51.47 0.81 4.07 1.11 4.83 0.09 16.43 21.31 0.4 

1 / 19 .  51.5 0.84 4.07 1.06 4.84 0.09 16.42 21.03 0.4 

1 / 20 .  51.77 0.82 4.11 1.05 4.77 0.11 16.41 21.07 0.38 

1 / 21 .  51.98 0.85 3.94 1.15 4.78 0.1 16.48 21.23 0.4 

1 / 22 .  52.16 0.83 4.11 1.01 4.82 0.11 16.4 21.04 0.38 

1 / 23 .  52.12 0.81 4.1 1.11 4.75 0.09 16.64 21.01 0.37 

1 / 24 .  52.2 0.77 4.12 1.07 4.78 0.05 16.63 21.22 0.4 

1 / 25 .  51.96 0.83 4.03 1.08 4.75 0.1 16.57 21.09 0.39 

1 / 26 .  50.88 0.81 4 1.05 4.74 0.09 15.9 21.14 0.4 

1 / 27 .  51.75 0.88 4.11 1.07 4.75 0.12 16.47 21.47 0.39 

1 / 28 .  52.1 0.92 4.14 1.09 4.82 0.08 16.62 21.29 0.39 

1 / 29 .  52.02 0.8 4.15 1.11 4.73 0.1 16.57 21.12 0.38 

1 / 30 .  51.51 0.85 4.07 1.08 4.84 0.07 16.53 21.23 0.4 

1 / 31 .  51.51 0.8 4.1 1.14 4.76 0.11 16.33 21.32 0.39 

1 / 32 .  51.44 0.9 4.03 1.05 4.81 0.12 16.38 21.28 0.39 

1 / 33 .  51.39 0.89 4.06 1.03 4.77 0.06 16.39 21.2 0.38 

1 / 34 .  51.44 0.84 3.98 1.06 4.7 0.11 16.45 21.33 0.39 

1 / 35 .  52.05 0.69 3.8 1.04 4.7 0.09 16.66 21.13 0.38 

1 / 36 .  52 0.8 3.67 0.98 4.67 0.07 16.7 21.31 0.38 

1 / 37 .  51.59 0.81 4.09 1.08 4.89 0.1 16.43 21.28 0.4 
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Sample 6 SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O 

1 / 38 .  51.35 0.87 4.18 1.1 4.77 0.1 16.41 20.97 0.4 

1 / 39 .  51.28 0.91 4.15 1.11 4.85 0.11 16.28 21.05 0.41 

1 / 40 .  50.99 0.85 4.14 1.1 4.95 0.11 16.21 21.14 0.4 

1 / 41 .  51.72 0.86 4.11 1.09 5.14 0.08 16.37 20.85 0.41 

1 / 42 .  51.37 0.97 4.16 0.96 5.2 0.11 16.34 20.73 0.42 

1 / 43 .  51.37 1.03 4.32 0.86 5.34 0.1 16.38 20.92 0.4 

1 / 44 .  50.95 1 4.73 0.87 5.49 0.07 16.01 20.28 0.5 

1 / 46 .  50.66 0.94 4.18 0.89 5.32 0.1 16.08 20.83 0.43 

1 / 47 .  50.62 1.03 4.71 0.85 5.47 0.11 16.15 20.83 0.4 

1 / 48 .  50.51 0.98 4.61 0.94 5.39 0.09 15.7 20.7 0.39 

1 / 49 .  51.09 0.92 4.61 0.89 5.47 0.06 16.15 20.9 0.39 

1 / 50 .  50.77 1.05 4.8 0.87 5.58 0.09 15.83 20.73 0.41 

1 / 51 .  50.71 1.13 4.85 0.87 5.49 0.11 15.84 20.71 0.39 

1 / 52 .  50.74 1.08 4.82 0.73 5.54 0.07 15.84 20.83 0.39 

1 / 53 .  50.49 1.06 4.9 0.91 5.5 0.14 16.13 20.45 0.4 

1 / 54 .  50.6 0.98 4.82 0.89 5.54 0.11 15.85 20.68 0.4 

1 / 55 .  50.55 0.92 4.75 0.89 5.54 0.07 16 20.48 0.41 

1 / 56 .  50.95 0.99 4.81 0.8 5.49 0.1 16.27 20.66 0.39 

1 / 57 .  51.21 0.93 4.88 0.88 5.62 0.09 16.31 20.53 0.38 

1 / 58 .  50.77 1.01 4.87 0.89 5.62 0.13 16.05 20.74 0.38 

1 / 59 .  50.71 1.05 4.91 0.8 5.61 0.1 15.92 20.75 0.37 

1 / 60 .  50.56 1.08 4.87 0.79 5.56 0.11 15.86 20.66 0.38 

1 / 61 .  50.67 1.1 4.97 0.85 5.66 0.11 15.77 20.78 0.39 

1 / 62 .  50.33 1.1 4.89 0.83 5.61 0.09 15.84 20.81 0.37 

1 / 63 .  50.92 0.98 4.68 0.79 5.56 0.12 15.98 20.43 0.39 

1 / 64 .  50.91 0.91 4.69 0.82 5.58 0.12 16.09 20.66 0.38 

1 / 65 .  50.75 1.01 4.66 0.87 5.61 0.09 16.06 20.42 0.39 

1 / 66 .  50.63 0.99 4.69 0.81 5.58 0.12 16.01 20.61 0.39 

1 / 67 .  50.81 0.99 4.77 0.87 5.7 0.09 15.94 20.86 0.4 

1 / 68 .  50.48 1.07 4.83 0.88 5.63 0.13 15.94 20.78 0.4 

1 / 69 .  50.49 1.1 4.91 0.78 5.62 0.12 15.83 20.76 0.39 

1 / 70 .  50.14 1.14 5.08 0.8 5.66 0.14 15.63 20.94 0.39 

1 / 71 .  50.23 1.02 4.97 0.79 5.56 0.14 15.93 20.57 0.41 

1 / 72 .  50.12 1.12 5.07 0.8 5.65 0.12 15.55 20.85 0.38 

1 / 73 .  49.84 1.05 5.13 0.77 5.77 0.09 15.76 20.8 0.38 

1 / 74 .  50.21 0.99 4.89 0.75 5.62 0.13 15.92 20.81 0.38 

1 / 75 .  50.61 1.18 4.86 0.87 5.67 0.11 15.7 20.68 0.39 

1 / 76 .  50.69 1.1 4.91 0.77 5.73 0.05 15.82 20.96 0.4 
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Sample 6 SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O 

1 / 78 .  50.56 1.09 5.11 0.79 5.78 0.12 15.56 20.53 0.44 

1 / 79 .  50.57 1.23 4.83 0.85 5.73 0.06 15.96 20.9 0.37 

1 / 80 .  50.54 1.1 4.78 0.75 5.79 0.1 16.04 21.07 0.38 

1 / 81 .  50.5 1.13 4.93 0.72 5.72 0.11 15.71 21.02 0.39 

1 / 82 .  50.79 1.17 4.91 0.74 5.66 0.11 16.02 20.78 0.38 

1 / 83 .  50.93 1.09 4.88 0.83 5.63 0.14 16.08 20.58 0.4 

1 / 84 .  50.96 1.08 4.76 0.87 5.66 0.12 15.9 20.88 0.38 

1 / 85 .  50.99 1.12 4.59 0.9 5.59 0.12 16.08 20.87 0.38 

1 / 86 .  51.17 0.95 4.42 0.93 5.42 0.1 16.36 20.93 0.39 

1 / 88 .  51.11 0.81 4.15 1 5.25 0.14 16.3 21.2 0.37 

1 / 89 .  51.78 0.85 4.26 1.08 5.09 0.11 16.4 21.29 0.38 

1 / 90 .  51.45 0.84 4.14 1.02 4.9 0.1 16.26 21.56 0.39 

1 / 91 .  51.49 0.8 4.14 1.09 4.68 0.1 16.37 21.24 0.4 

1 / 92 .  51.08 0.87 4.15 1.01 4.84 0.11 16.5 21.09 0.37 

1 / 93 .  51.25 0.92 4.16 1.02 4.66 0.09 16.31 21.36 0.39 

1 / 94 .  50.75 0.88 4.17 1.04 4.66 0.11 16.42 21.16 0.38 

1 / 95 .  51.42 0.88 4.12 1.05 4.77 0.09 16.41 21.19 0.38 

1 / 96 .  51.22 0.87 4.19 1.12 4.72 0.09 16.33 21.17 0.4 

1 / 97 .  51.27 0.87 4.37 1.12 4.8 0.09 16.3 21.02 0.41 

1 / 98 .  51.62 0.85 4.19 1.09 4.73 0.1 16.18 21.11 0.41 

1 / 99 .  51.31 0.84 4.3 1.06 4.67 0.1 16.39 21.02 0.39 

1 / 100 .  51.42 0.9 4.28 1.11 4.77 0.11 16.34 21.18 0.39 

1 / 101 .  51.41 0.85 4.23 1.11 4.72 0.07 16.41 21.09 0.39 

1 / 102 .  51.35 0.83 4.16 1.13 4.76 0.09 16.5 21.06 0.39 

1 / 103 .  51.47 0.89 4.23 1.1 4.6 0.07 16.4 20.89 0.39 

1 / 104 .  51.72 0.75 4.24 1.05 4.7 0.1 16.23 20.99 0.4 

1 / 105 .  51.26 0.92 4.17 1.15 4.76 0.07 16.37 21.08 0.38 

1 / 106 .  51.62 0.87 4.27 1.08 4.77 0.04 16.31 21.15 0.39 

1 / 107 .  51.59 0.83 4.15 1.08 4.79 0.09 16.46 21.09 0.4 

1 / 108 .  51.41 0.83 4.11 1.04 4.72 0.06 16.4 20.99 0.39 

1 / 109 .  51.94 0.79 3.83 0.91 4.67 0.13 16.74 21.07 0.39 

1 / 110 .  52.3 0.77 3.88 0.9 4.76 0.08 16.78 21.4 0.36 

1 / 111 .  51.91 0.84 4.02 0.93 4.74 0.11 16.39 21.26 0.39 

1 / 112 .  51.55 0.85 4.12 1.01 4.74 0.06 16.47 21.02 0.38 

1 / 113 .  51.23 0.87 4.12 1.08 4.66 0.13 16.18 21.35 0.38 

1 / 114 .  51.29 0.91 4.17 1.07 4.68 0.06 16.31 21.15 0.38 

1 / 115 .  51.31 0.86 4.2 1.08 4.65 0.1 16.48 21.31 0.39 

1 / 116 .  51.69 0.81 3.92 0.97 4.74 0.1 16.44 21.33 0.37 
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Sample 6 SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O 

1 / 117 .  51.59 0.86 3.89 0.98 4.74 0.07 16.4 21.23 0.38 

1 / 118 .  51.51 0.91 3.85 1.01 4.79 0.13 16.37 21.22 0.36 

1 / 119 .  51.66 0.85 3.85 0.98 4.74 0.09 16.51 21.4 0.37 

1 / 120 .  51.83 0.79 3.68 0.95 4.86 0.1 16.75 21.19 0.37 

1 / 121 .  51.78 0.75 3.66 1.08 4.72 0.1 16.67 21.16 0.37 

1 / 122 .  51.7 0.8 3.61 1 4.78 0.11 16.5 21.24 0.38 

1 / 123 .  51.49 0.81 3.86 0.92 4.64 0.08 16.57 21.24 0.36 

1 / 124 .  51.57 0.86 4.03 1.05 4.83 0.12 16.56 21.35 0.39 

1 / 125 .  51.53 0.84 4.08 1.09 4.85 0.08 16.32 21.26 0.38 

1 / 126 .  51.24 0.86 4.08 1.1 4.9 0.1 16.26 21.17 0.38 

1 / 127 .  51.23 0.9 4.29 1.08 4.92 0.13 16.35 21.1 0.39 

1 / 128 .  51.32 0.87 4.19 1.07 4.93 0.12 16.38 21.15 0.38 

1 / 129 .  51.15 0.92 4.13 1.05 4.97 0.09 16.3 21.01 0.38 

1 / 130 .  51.43 0.84 4.18 1.04 4.96 0.13 16.23 21.28 0.38 

1 / 132 .  51.28 0.86 4.08 0.97 4.85 0.13 16.32 21.24 0.38 

1 / 133 .  51.41 0.84 3.72 1.02 4.92 0.12 16.48 21.03 0.38 

1 / 134 .  51.72 1 3.87 0.83 4.84 0.06 16.42 21.34 0.38 

1 / 135 .  51.1 1.14 4.42 0.83 5.04 0.12 16.09 21.41 0.39 

1 / 136 .  51.35 1.05 4.65 0.82 4.88 0.1 16.24 21.14 0.38 

1 / 137 .  51.6 0.89 4.21 0.97 4.93 0.08 16.29 21.22 0.39 

1 / 138 .  51.5 0.84 4.08 1.08 4.9 0.11 16.31 21.01 0.39 

1 / 139 .  51.67 0.92 4.08 1 4.88 0.09 16.54 21.33 0.39 

1 / 140 .  51.65 0.99 4.01 0.8 4.89 0.1 16.65 21.29 0.39 

1 / 141 .  51.88 0.85 4.14 0.96 4.81 0.13 16.47 21.28 0.39 

1 / 142 .  51.71 0.85 4.14 1.05 4.83 0.13 16.54 21.08 0.4 

1 / 143 .  51.52 0.89 4.18 1.15 4.75 0.1 16.41 21.25 0.4 

1 / 144 .  51.66 0.81 4.08 1.07 4.77 0.13 16.36 21.35 0.4 

1 / 145 .  51.52 0.83 3.99 1.08 4.51 0.1 16.42 21.32 0.39 

1 / 146 .  51.37 0.86 3.98 1.1 4.61 0.07 16.23 21.53 0.39 

1 / 147 .  50.07 0.88 3.87 1.04 4.53 0.12 16.23 20.85 0.37 

1 / 148 .  50.65 1 4.21 0.95 4.7 0.11 16.2 21.31 0.39 

1 / 149 .  50.58 0.82 4.02 0.97 4.59 0.06 16.37 21.26 0.39 

1 / 150 .  50.94 0.81 3.8 0.93 4.58 0.09 16.39 21.32 0.38 

 

 

 

 

 
 
 




