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Anisotropy of magnetic susceptibility (AMS) analyses have been used widely in many applications that include studying lava flows. In this paper, we introduce an auxiliary parameter, i.e., preferred pore orientation, on the use of AMS for lava flow studies on the basaltic lava samples from Batur Volcano in Bali Indonesia. We also examine the effect of sample position in lava flow outcrop to the relationship between preferred pore orientation and AMS. The samples are subjected to petrographic analyses as well as to magnetic measurements and micro-computed tomography (μCT) imaging. Preferred pore orientations were obtained by quantified the long-axis of the vesicles from the images. The correlation was evaluated by measuring the angle between the maximum susceptibility axes and the preferred pore orientations. All samples show that the maximum susceptibility axes are parallel with the flow direction. Three out of six samples of two lava flows from the same eruption show a positive correlation between AMS and preferred pore orientation, where both parameters point to the northeast direction. A difference of sample position in the outcrop of lava flow was observed as a possible factor that influenced the results for the preferred pore orientations. Samples which were taken from the summit of the lava flow have pore orientation parallel to the lava flow direction. While samples which were taken from the foot slope of the lava flow have pore orientation perpendicular to the lava flow direction. This study provides further evidence that pore orientation might be positively correlated with the AMS.
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INTRODUCTION
The use of anisotropy of magnetic susceptibility (AMS) analyses in lava flow studies has been found to have unpredictable results (Khan, 1962; Wing-Fatt and Stacey, 1966; Halvorsen, 1974; Symons, 1975; Kolofikova, 1976; Knight and Walker, 1988; Cañón-Tapia et al., 1995; Herrero-Bervera et al., 2002; Zhu et al., 2003; Panaiotu et al., 2011; Maggart, 2016; Martin et al., 2018; Atarita et al., 2019). The main difference in the conclusions from these studies was how the lava flow directions aligned with the principal magnetic susceptibility axes. Even when a correlation is irrefutable (Cañón-Tapia and Pinkerton, 2000), these results have made it difficult to make a generalized statement with regards to the correlation between flow direction and AMS (Cañón-Tapia, 2004).
On the other hand, imaging techniques for rock investigations have developed rapidly in recent years, most notably micro-computed tomography (μCT). The number of geosciences studies that have incorporated this method has been increasing rapidly (Ketcham and Carlson, 2001; Mees et al., 2003; Cnudde et al., 2006; Kaestner et al., 2008; Mao et al., 2012; Voorn et al., 2015). Visualization of the rocks’ pore space has to be done using a method that can achieve high-resolution results, given the small dimension of rock pores, and is suited for small samples. μCT seems to be apt for the requirements. It is plausible that a thorough analysis of the shapes of the vesicles can give a good indication for the flow direction. Vesicles are formed when there is a drop in pressure during rock formation, which increases gas content inside lava (Lockwood and Hazlett, 2010). According to Waters (1960) as well as Peterson and Hawkins (1971), the inclination of pipe vesicles inside lava flow and long-axis of ellipsoidal shaped vesicles near base and upper part of lava flow can infer the directions of the flow.
Thus, there is a possibility that distribution of pore orientation can be correlated with AMS in determining the flow direction. As concluded by Atarita et al. (2019) in their introductory study, the correlation between AMS and preferred pore orientation is evident but not thoroughly established, as the research in this regard is still insufficient (see also Wing-Fatt and Stacey, 1966; Cañón-Tapia et al., 1997; Atarita et al., 2019). In this study, a more comprehensive approach is carried out by combining AMS and preferred pore orientation (using μCT) analyses on well-dated and well-oriented lava flows from Mount Batur in Bali, Indonesia. The objective is to test the viability of this combined analysis in clarifying the use of AMS in studying lava flows.
SAMPLING SITES AND SAMPLE PREPARATIONS
The samples were taken with permission from Batur Global Geopark in Bali. The Geopark covers the main cone of Mount Batur, the parasite cone of Mount Abang, the main caldera, Sampeanwani hill, Bukit Puraknya landslide, Mount Bunbulan lava blockage, and various eruption products (Figure 1). Mount Batur had erupted 25 times since 1800, with the last eruption occurred in 2004. The eruptions were usually Strombolian type, which produced mostly basalt and basaltic andesite lava flows (Geomagz, 2012a).
[image: Figure 1]FIGURE 1 | Geological map of Batur Mountain (Sutawidjaja et al., 1992). Black point indicates the sampling location.
The sampling sites were within a lava flow, which is the product of the Mount Batur 1849 eruption (Wheller, 1986; Sutawidjaja et al., 1992) (see Figure 1). The 1849 lava is relatively fresh, while the direction of the lava flow is still clear; it seems to still be in accordance with the direction of the lava flow when it was formed. In most places, lava flows from Mount Batur are categorized as blocky and ʻAʻā lava (Geomagz, 2012b). The lava flow shows rugose morphology, and each flow can be differentiated by hilly-elongated forms. Some samples contain around 5% pore space with a size range from 1 to 10 mm. The various size of vesicles defines the lava structure and presume or infer the flow direction. For the 1849 eruption event, lava spread from the crater to the south-west direction.
According to the previous study (Atarita et al., 2019), the position of the sample in the outcrop of the flow may have influenced the results for the preferred pore orientations. In this study, we took six hand-sized lava flow samples at different positions from two lava outcrops. Magnetic compass orientation and clinometer were conducted before retrieving the samples. The samples were then coded as BTR2–BTR7 in order to examine the effect of sample position in the outcrop, and its relationship to the preferred pore orientation and AMS. Samples of BTR2, BTR3, and BTR4 were taken within the same lava flow outcrop, while BTR5, BTR6, and BTR7 were taken from another flow within close proximity to the first flow. It is apparent that these are two different flows but the possibility of them being parts of a larger one cannot be ignored. BTR3, BTR6 and BTR7 were taken from the summit or the upper part of the lava flow outcrop, while BTR 2, BTR4 and BTR5 were taken from the foot slope or the bottom part of the lava flow outcrop.
For this study, all samples were prepared as cylindrical cores, six core specimens for each sample. The dimension of each core was 2.5 cm in diameter and 2.2 cm in height. All six specimens of each sample were used in magnetic susceptibility measurements while one specimens of each sample were used for μCT measurements and then later used to generate pore space images.
METHODS
Petrographic
Petrographic analysis was carried out to identify rock types, textures, and mineral orientation due to lava flows that may be present in all rock samples. This analysis was conducted at a facility of PT FERG Geosains Indonesia, a private company offering services in petrographic analyses. Petrographic analysis is performed by making a thin section of each sample and then observing the thin section using a polarizing microscope. Then to calculate mineral orientation, it used the Crystal Size Distributions (CSD) correction plugin installed on the ImageJ program (Schneider et al., 2012). This plugin quantifies the textures (Higgins, 2000; Higgins, 2002; Higgins and Chandrasekharam, 2007), in this case is the plagioclase, with manual identification by the user picking and tabulating the values of plagioclase orientation. The preferred plagioclase orientation is analyzed from the rose diagrams.
Rock Magnetics
Magnetic susceptibility is a physical parameter that represents how a certain mineral can get magnetize from an outside magnetic field. Magnetic susceptibilities of rocks can have different values if measured in different directions. In a three-axis coordinate system, there are three principal magnetic susceptibilities: maximum susceptibility (K1), intermediate susceptibility (K2), and minimum susceptibility (K3) with Km as the mean value (Km = (K1 + K2 + K3)/3). In an isotropic medium, the magnitudes of these three susceptibilities are identical. However, they are different in an anisotropic medium, where K1 > K2 > K3.
Magnetic susceptibility of the samples was measured in low-frequency (χLF), at 470 Hz (Sudarningsih et al., 2017a; Sudarningsih et al., 2017b) using Bartington Susceptibility Meter instrument at the Faculty of Mining and Petroleum Engineering, Institut Teknologi Bandung. The measurements were based on the nine directions technique by Girdler (1961a) but were modified to be carried out in six directions: north-south (A1), east-west (A2), down-up (A3), north-east (A4), north-down (A5), and east-down (A6). The measurements were conducted three times for each direction. The standard deviation is 2% or less. As control, one specimen of each sample was randomly selected and its AMS was measured in full nine directions.
Table 1 lists the AMS parameters that are discussed in this study. The shape parameter, T (Jelinek, 1981) is defined as T = (2η2–η1–η3)/(η1–η3), where η1 = ln K1, η2 = ln K2, and η3 = ln K3. Positive T value (T > 0) means that the specimen has oblate shape while negative T value (T < 0) indicates prolate shape (Tarling and Hrouda, 1993). The AMS ellipsoid represents the vectorial sum to the susceptibility ellipsoid arising from each grain (Cañón-Tapia, 2004). Parameters L and F represent lineation and foliation respectively where L = K1/K2 and F = K2/K3. The degree of anisotropy (P%) represents how anisotropic a sample is and is defined as P% = 100% × (K1–K3)/K3. Meanwhile, the corrected anisotropy degree Pj is defined as
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where [image: image] is defined as
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TABLE 1 | Magnetic anisotropy parameters for all specimens.
[image: Table 1]Micro-Computed Tomography Imaging
Micro-computed tomography (µCT) measurements were carried out using a Bruker MicroCT Scanning Devices—SkyScan 1173 instrument at the Faculty of Mathematics and Natural Sciences, Institut Teknologi Bandung. The datasets are reconstructed to produce slices of 2D images using NRecon software (by Bruker MicroCT). In order to differentiate between the matrix and the pore space, the images were stacked into 3D model and filtered using BLOB3D software (by The High-Resolution X-ray Computed Tomography Facility at The University of Texas at Austin/UTCT) (Ketcham, 2005). After filtering, the 3D pores will appear as gray parts within the images. These filtered images were then analyzed using the CSD correction for identification of preferred horizontal and vertical pore orientation. Considering the 3D distribution of pores in each sample, two perpendicular images seen from above and seen from the side perpendicular to the assumed maximum axis were used to quantify respectively the declination as well as the inclination of the preferred pore orientation.
RESULTS
Petrographic Analyses
The results of petrographic analyses are shown in Figure 2. All samples (Figures 2A–F) are of a similar rock type, i.e., basalt. The most dominant texture is pilotaxitic in which small plagioclase laths are randomly oriented and grouped around larger phenocrysts as opposed to trachytic texture in which the small plagioclase laths are oriented in flow direction. Pilotaxitic is typical of aphanitic matrix of basalts. As show in Figure 2, the plagioclase laths in BTR3 and BTR4 are oriented in SW-NE direction which is the direction of lava flow. In contrast, the plagioclase laths in BTR6 are oriented perpendicular to the direction of lava flow while that in BTR2, BTR5 and BTR7 are oriented in E-W direction.
[image: Figure 2]FIGURE 2 | Mineral orientation based on petrographic analyses on thin sections for representative specimens of BTR2 (A), BTR3 (B), BTR4 (C), BTR5 (D), BTR6 (E), and BTR7 (F). Notes in BTR2 (A) show typical pore, groundmass and mineral (i.e., plagioclase). Red arrows indicate north direction.
Anisotropy of Magnetic Susceptibility
As shown in Table 1, the Km, Pj and P% values of all specimens are rather similar inferring that the samples are of the same rock type and confirming the results of petrographic analyses. The mean values of P% (shown as P%mean in Table 1) are in the range of 3.681–6.108%. This degree of anisotropy is similar to what others have found for samples from lava flows (Girdler, 1961a; Girdler, 1961b; Khan, 1962; Zananiri and Kondopoulou, 2004; Atarita et al., 2019). Table 1, however, shows some variations in the ellipsoidal parameters, i.e., T, L, and F, which could be derived from varying cooling experience. Based on the shape parameters, BTR3, BTR4, and BTR7 are mostly oblate, while the other sites are mostly prolate (see also Figure 3). There is no consistent relationship that can be concluded between the shape parameters and the sampling position of all samples. Borradaile and Henry (1997) warned that the shape of the AMS ellipsoid could not be calibrated or referred to a particular physical process as it combines contributions from minerals whose individual AMS ellipsoids are of different shape. As shown in Table 1, AMS measurements in nine and six directions show similar values of Km but they show discrepancies in P% values that vary from 0.563% for BTR2_3 to 3.459% for BTR5_6. Meanwhile the discrepancies in the direction of K1 is, on average, 36°.
[image: Figure 3]FIGURE 3 | A plot of shape parameter (T) and the corrected degree of anisotropy (Pj). Positive values indicate an oblate shape, whereas negative values indicate a prolate shape.
The declination and inclinations of each susceptibility axes (K1, K2, and K3) for all specimens of all samples are projected onto the lower hemisphere of equal area stereoplots (Figure 4). Mean vectors and 95% area of confidence are calculated using Jelinek statistic (Jelínek and Kropáček, 1978). Figure 4 shows that AMS data are mostly clustered and consistent, as can be seen with small circles of confidence. The maximum and minimum axes generally have medium inclinations while intermediate axes have shallow inclinations. The directions of the mean vector of all principle susceptibility axes of all samples are consistent (Table 2). The direction of the maximum axes of all samples are parallel to the lava flow directions from the eruption sources as reported by Wheller (1986).
[image: Figure 4]FIGURE 4 | The declination and inclinations of each susceptibility axes for all specimens are projected onto the lower hemisphere of equal area stereoplots of (A) BTR2; (B) BTR3; (C) BTR4; (D) BTR5 and (E) BTR6; and (F) BTR7. Large filled symbols represent the mean vector of each corresponding axis. Circles show the 95% area of confidence. K1 = maximum susceptibility, K2 = intermediate susceptibility, and K3 = minimum susceptibility.
TABLE 2 | Directions of mean principal susceptibility axes of the samples (BTR2 to BTR7).
[image: Table 2]Preferred Pore Orientation
The pore space images obtained using µCT method are shown in Figure 5. Based on the shapes of the vesicles, the samples are divided into two types: a) spherical shaped vesicles, and b) ellipsoidal shaped vesicles. BTR2, BTR3, and BTR4 are the former type while BTR5, BTR6, and BTR7 are the latter ones. This confirms the initial assumption that the samples are from two different flows. This could happen because of the different local flow mechanisms as well as flow viscosities, where the first flow (type a) had significantly slower velocity, prompted the vesicles to obtain their original shapes while type b caused deformations to the vesicle shapes.
[image: Figure 5]FIGURE 5 | Pore distribution images of (A) BTR2; (B) BTR3; (C) BTR4; (D) BTR5 and (E) BTR6; and (F) BTR7 seen from the top (circles) and the side (rectangles) of the core specimens. Gray area represents the pores. Round images are the vertical view of each sample while rectangular images represent the side view. N indicates north directions. Vertical streaks are from where the pores intersect the scan field.
In order to find more rigorous results, quantitative analysis was done to quantify the flow direction from the pore images. The results of CSD analysis of the pore images were then transformed into rose diagrams to find the distribution and the preferred pore orientation (declination and inclination) (Figures 6, 7). This method resulted in each sample having a set of declinations. In order to determine the actual declinations of each sample, we observed the declination where the corresponding inclination is tilted upwards.
[image: Figure 6]FIGURE 6 | Rose diagrams of horizontal slices of (A) BTR2; (B) BTR3; (C) BTR4; (D) BTR5; (E) BTR6; and (F) BTR7 specimens that were used in μCT imaging. These diagrams show the distribution of the declination of pores orientation. Vertical axis represents North-South direction while horizontal axis represents East-West direction. Red arrows indicate the declination of the preferred pore orientations.
[image: Figure 7]FIGURE 7 | Rose diagrams of vertical slices of (A) BTR2; (B) BTR3; (C) BTR4; (D) BTR5; (E) BTR6; and (F) BTR7 specimens that were used in μCT imaging. These diagrams show the distribution of the inclination pores orientation. Vertical axis represents Up-Down direction while horizontal axis represents North-South direction. Red arrows indicate the inclination of the preferred pore orientations.
The correlation between AMS and preferred pore orientation was evaluated by calculating the angle between all susceptibility axes with the preferred pore orientation. The values were evaluated using Stereonet program developed by Richard Allmendinger (see Allmendinger et al., 2012; Cardozo and Allmendinger, 2013). Based on the results (see Table 3), BTR2, BTR4, and BTR5 have preferred pore orientations that are perpendicular to the flow direction (correlated with K2). On the other hand, the rest of the samples have preferred pore orientation aligned with the flow direction (correlated with K1).
TABLE 3 | Preferred pore orientation and the angle between preferred pore orientation and either K1, K2, or K3.
[image: Table 3]Comparison between Figures 2, 6, show that horizontally the preferred pore orientation in BTR2, BTR5, and BTR7 is in the same direction as the mineral orientation, while that in BTR4 is perpendicular to the mineral orientation. The horizontal preferred pore orientation in BTR3 and BTR6 are respectively about 45 and 60° respectively from the mineral orientation. More comprehensive comparison between preferred pore orientation and mineral orientation would require imaging vertical mineral orientation that unfortunately is not available at this time.
DISCUSSION
AMS results with respect to the flow direction is often inconsistent. The most common conclusion is that lava flow direction is parallel with the maximum susceptibility axes (K1), as reported in (Knight and Walker, 1988; Herrero-Bervera et al., 2002; Zhu et al., 2003; Panaiotu et al., 2011). MacDonald et al. (1992) added that this is only the case if the lava had a laminar flow while Cañón-Tapia et al. (1995) concluded that this happens if we take account for the local lava flow direction. This latter hypothesis has been further supported by the results of Kolofikova (1976) that found characteristic differences between the end and the toe of the lava flow. While Khan (1962) found that only the intermediate axes are parallel with lava flow direction, several other studies (Wing-Fatt and Stacey, 1966; Halvorsen, 1974; Symons, 1975; Kolofikova, 1976) concluded that AMS was not always reliable for such cases.
AMS data of all samples are well-defined, with the high level of confidence shows the reliability of the results. Wheller (1986) reported that the 1849 lava from Mount Batur has north-east flow direction. This confirms the results of the AMS data (Figure 4), in which the maximum susceptibility axes of all samples point to the relative north-east direction. Although Bascou et al. (2005) suggested that the lower part of the lava provides the best indicator for the flow direction of the lava flow direction, there seems no disturbance in AMS data correlating to the sampling sites, which were taken from the upper part of the lava, as Atarita et al. (2019) encountered. Also, no influence from magnetic ellipsoid shape to the results has been observed, as observed also by Atarita et al. (2019). No geological deformities have been observed on the field and no indication that of the lava flows have been altered by any means of geological activities.
Based on the images from μCT method (Figure 5), the relatively larger sized from 1 to 10 mm, denser vesicles were observed in all samples as suggested by Aubele et al. (1988), Caballero-Miranda et al. (2016) as well as by Sahagian et al. (2002). Samples from flow 1 (BTR2, BTR3, and BTR4) have spherical shaped vesicles, resulting in more evenly distributed pore orientations, as can be seen in Figures 6, 7. It can be assumed that this is the effect of the slow movement of the lava, which will form spherical shaped vesicles. Another reason this happened is that the topography around the lava does not have a rather dramatic slope, which could cause the lava to flow with slower speed.
Quantitative result shows that for all three samples, not one preferred pore orientation that points toward the north-east direction (Table 3). We investigated the correlation between AMS and preferred pore orientation by measuring the angle between the pore orientation with each susceptibility axis. The smaller the angle in K1 and K2 (Asterisk) means that they may have a positive correlation (Table 3). While the declination is rather to east-west direction, then Table 3 suggests that the preferred pore orientation of BTR3 lies closest to the maximum susceptibility axis. On the contrary, BTR2 and BTR4 have their preferred pore orientation lie closest to the intermediate axes (Figure 8).
[image: Figure 8]FIGURE 8 | Sample location and 3D model lava in Batur Volcano area with pore orientation rose diagram for BTR2, BTR3, and BTR4 sample. Reddish area is lava flow which the samples were obtained. Yellow dashed lines indicate the summit of lava flows. Red arrows indicate the compression and dilatation axes at the sampling sites.
On the other hand, two out of the tree samples from flow two have north-east bound declinations. Ellipsoidal shaped vesicles made the quantitative analysis became more reliable than that of flow 1. Both BTR6 and BTR7 have preferred pore orientation to the north-east direction, closest to the maximum susceptibility axes, as confirmed in Table 3. Another anomaly occurs with BTR5, while having ellipsoidal shaped vesicles, the preferred pore orientation of BTR5 aligns closest to the intermediate axis. The difference of sample position in the outcrop of lava flow was observed as a possible factor that influenced the results for the preferred pore orientations. Samples which were taken from the summit of the lava flow have pores orientation parallel with lava flow direction. Because the orientation of the ellipsoid pore in the lava controlled by compression and dilatation stress cause by lava movement (Bernabeu et al., 2016). In the mechanical stress orientation, the ellipsoid pore orientation parallel with the dilatation axis. The top part of the lava low has a dilatation axis oriented to the lava flow direction at the hill slope, that is pulled down by the gravitation force. While samples which were taken from the foot slope of the lava flow, will have pore orientation perpendicular to lava flow direction. At the foot slope, the lava flow has a compression orientation in the lava flow direction due to the bottom flow friction and the movement becomes slowdown, and the dilatation axis should be perpendicular to flow direction.
CONCLUSION
Three out of six samples (BTR3, BTR6, and BTR7) show a positive correlation between AMS and preferred pore orientation. The preferred pore orientations for all three samples point to the northeast direction, nearly parallel with the maximum susceptibility axes (K1). The remaining sites have the same direction of their AMS with respect to other sites, although their preferred pore orientation aligns with the intermediate axes (K2). The most feasible explanation of why the results differ might be because of the different sample position in the outcrop of lava flow. Samples which taken from the summit of the lava flow have pores orientation parallel with lava flow direction. While samples which taken from the foot slope of the lava flow, will have pores orientation perpendicular with lava flow direction. Because the ellipsoid pores shape should be oriented to the dilatation axis direction. No geological deformities have been observed in the field and there is no indication that of the lava flows have been altered by any other of geological activities. This study show that the method shows some promise and should be further investigates in different types of lava flows. This could potentially be a solution in future studies about lava flow direction.
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Sample Preferred pore Angle between preferred pore

orientation orientation and susceptibility axes

Dec () Inc () K () Kz () Ks ()
BTR2 306 65 56 52° 56
BTR3 89 85 42° 87 47
BTR4 323 41 66 33° 69
BTRS 130 26 72 38 63
BTR6 1 65 29° 74 67
BTR7 23 9 42° 66 57

aIndicates the closest axis to the preferred orientation.
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Sample Direction of mean principal susceptibility axes
K1 K2 K3
Dec () Inc () Dec () Inc () Dec () Inc ()

BTR2 48 43 305 13 202 44
BTR3 42 45 310 2 218 45
BTR4 56 42 319 8 220 47
BTRS 43 38 308 8 208 51
BTR6 47 44 312 5 217 46
BTR7 51 43 316 6 220 47
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Sample

BTR2

BTR3

BTR4

BTRS

BTR6

BTR7

9 Axes measurement

PY%mean IS the mean value of P% in each sample (BTR2 to BTR?). See text for explanation of the other parameters.

Specimen

BTR2_1

BTR2_2
BTR2_3"
BTR2.4
BTR2.5
BTR2_6
BTR3_1

BTR3_2
BTR3_3
BTR3_4
BTR35
BTR3_6*
BTR4_1*
BTR4_2
BTR4_3
BTR4_4
BTR4_S
BTR4_6
BTR5_1

BTR5_2
BTR5_3
BTR5_4
BTR5_5
BTR5_6"
BTR6_1

BTR6_2
BTR6_3
BTR6_4
BTR6_5*
BTR6_6
BTR7_1

BTR7_2
BTR7_3"
BTR7_4
BTR7_5
BTR7_6
BTR2.3
BTR3_6
BTR4_1

BTR5_6
BTR6_S5
BTR7_3

K
(sn

6.680 x 10°°
6.709 x 10°®
6.441 x 10°
6.199 x 10
6.661 x 10°
6.445 x 10°°
6.621 x 10
6.996 x 10°©
6.628 x 10°©
6.642 x 10°°
6.658 x 10°°
6.868 x 10°
6.641 x 10
6.839 x 10°
6.828 x 10°°
6.877 x 10
6.615 x 10
6.754 x 10
6.864 x 10°°
6.639 x 10°
6.170 x 10°®
6.609 x 10°
6.339 x 10°°
8.180 x 10
6.446 x 10°®
6.176 x 10°
6214 x 10°®
6311 x10°
6.487 x 10°®
6.349 x 10°
6299 x 10°®
6.177 x 10°
6.046 x 10
6.200 x 10°®
6.282 x 10°°
5.990 x 10°®
6.483 x 10°°
6.858 x 10°®
6,646 x 10°
8126 x 10°®
6.508 x 10°©
6.011 x 10

-0.536
-0.018
0.305
-0.464
-0.740
-0.952
0.526
0.832
0.571
-0.468
0.162
0.108
-0.656
0.090
0.492
0.197
0.045
-0.268
-0.060
-0.499
-0.284
-0.433
-0.428
0.156
0.016
0.210
-0.596
-0.807
-0.280
-0.112
0.024
0.055
0.599
0.580
-0.182
0.730
0.663
0.533
0.384
-0.119
0.079
0.268

1.035
1.026
1.006
1.031
1.030
1.027
1.010
1.004
1.012
1.031
1.023
1.026
1.036
1.081
1.006
1.021
1.042
1.036
1.028
1.037
1.036
1.042
1.028
1.029
1.028
1.021
1.054
1.031
1.046
1.043
1.028
1.025
1.006
1.006
1.039
1.006
1.004
1.009
1.004
1.020
1.024
1.014

1.011
1.025
1.011
1.011
1.004
1.001
1.033
1.047
1.046
1.011
1.032
1.033
1.007
1.038
1.096
1.018
1.046
1.021
1.025
1.012
1.020
1.016
1011
1.041
1.029
1.033
1.013
1.008
1.026
1.034
1.024
1.028
1.028
1.017
1.027
1.038
1.019
1.029
1.010
1.016
1.029
1.025

Pi

1.048
1.062
1.017
1.045
1.038
1.032
1045
1.067
1.062
1.044
1.056
1.060
1.045
1071
1.024
1.054
1.089
1.058
1.053
1.051
1.057
1.061
1.040
1.072
1.058
1.055
1072
1.038
1074
1.079
1.048
1.053
1.031
1.026
1.068
1.047
1.024
1.040
1015
1.087
1.054
1.041

P%

4.622
5.188
1.674
4.301
3.499
2.804
4.307
5.137
5.909
4.258
5.606
6.016
4.247
7.041
2.349
5.324
8919
5.719
5.303
4.933
5.652
5.923
3912
7123
5.833
5.434
6.806
3.477
7.256
7.843
4.775
5.341
2.891
2178
6.768
4.355
2237
3.835
1.427
3.664
5.383
4.007

P%mean

3.681

5.206

5.600

5474

6.108

4.385

“Indicates randomly selected specimens whose AMS was measured also in nine directions. Results of these repeated measurements are given in the bottom parts of this table.
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