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Abstract Vesicle volume calculation and its computer implementation is one of the difficulties in application of vesicular basalt
paleoaltimeter, which directly constrains the accuracy of resultant paleoelevation. In this study, we present a new statistical method of
vesicle size distributions in lava flows based on three-dimensional computerized tomography ( CT) scanning technology. First, three-
dimensional data of vesicular basalt samples are reconstructed using cone beam CT experimental equipment. Second, based on variable
mass-X-ray absorption attenuation coefficients, different parts for rock, vesicles and invalid background are established to identify
connected skeletons and interfaces among vesicles. Finally, vesicle population and volume are calculated by new methods proposed in
this study. Given that vesicles in basaltic lava flows are characterized by irregular profiles, we use traversal-points algorithm to
effectively calculate areas of vesicle cross sections, eliminating influences from irregular profiles of connected vesicles. New threshold
algorithm based on field separation is proposed for calculating vesicle population and volume, resolving problems of excessive separation
on small vesicles when using traditional single threshold method. Thus, we design a new statistical procedure to calculate vesicle
population and volume, and preliminary results of the algorithm confirmed its effectiveness and feasibility. Our statistical method is
expected to improve the calculation accuracy of vesicle population and size distribution in basaltic lava flows and be one of the effective
proxies for reconstructing uplift history of continental plateau such as Tibetan Plateau.

Key words Vesicular basalts; Computerized tomography; Traversal-points algorithm; Threshold algorithm; Paleoelevation
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Algorithm flowchart for vesicle volume calculation of lava flows
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Fig.2 Diagram of the cone-beam CT scanning

| Smm |

B3 SILRE A SR =4E CT AR5

(a) T A TAEHE =40 (b) - E TAREUE — 4200
Fig.3 CT data of vesicular basaltic lava flows

(a) -three-dimensional view of lava flow data; (b)-slice of lava flow data
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Fig.4 Results of threshold segmentation on 3D CT data of
vesicular basalt
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Fig.5 Tagging results of the connected regions
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Fig.6 Matching template for skeleton extraction algorithm
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Fig.7 Skeleton extraction of connected regions
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Calculation process of candidate throat surface in

lava flow
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Fig.9 Diagram of the multi-triangular approximation
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Diagram of traversal-points algorithm
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Table 1

Procedure of traversal-points algorithm for calculation

of candidate throat surface area

B AT traversal-points (P, E, ) —& f ik

BN PG x BT A FRIC I B R EG E,, G5 x
) 3 X3 R R
B s R T R SRR AR A A T AR
1 foreach point Ve e E,
2 foreach point Vp e p,
lax; +by; +cz; +dI

3D,v = JEira L/ B B

4Dy, ve SH inionplane
5 put Vp to Vp, ;

6 endif

7 end foreach

8 end foreach

9 return Vp, ;
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Fig. 13 Results of vesicle volume mode
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