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FIGURE 10. A, result of CLT. Contour interval equals 0.4 mm; B, outline of Grallator s-satoi (Shikama, 1942; Zhen et al., 1989). Scale of both images

equals 2 cm.

also showed digitized topographic images of dinosaur and
mammal footprints, but their technique is slightly different from
this study. They used the contact three-dimensional digitizer
(BSPACE ISOTRAK) to collect the 3-D data, and succeeded to
gain enough resolution to discuss the morphology. However,
their method is limited in sized of analyzed specimens and
measures mostly through using copies of footprints.

Numerical analysis can be performed much easily in 3-D

(mm)

images using VIVID700 and 3D-Rugle. Not only two-
dimensional characters such as footprint length, footprint width
and total divarication, but the method of this study can also
measure depth of footprints. Furthermore, measurement of
angle can be highly objective because of the deepest pads
(hollow) are selected automatically.

FIGURE 11. A, result of JFT. Scale equals 2.5 cm and contour interval equals 0.5 mm; B, result of JFB. Scale equals 1 cm and contour interval equals

0.1 mm.
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RESULTS AND COMPARISON WITH PREVIOUS STUDIES

CLT (Figs. 1A, 10A, B)

In this study, interdigital angles of the footprint are 21.7°
between digit II and III, and 9.4° between digit III and IV that
makes the total divarication 30.1°. Depths of digits are 3.4 mm
for digit II, 4.6 mm for digit III and 3.5 mm for digit IV. The
maximum footprint depth (FD) of this image is 6.5 mm.
According to Yabe et al. (1940a, b) and Shikama (1942),
interdigital angles of the footprint are 20° between digit II and
III, 10° between digit III and IV, and total divarication is 30°.
These values are similar to the results of this study. However,
previous measurements showed a larger value in FD 10-15 mm.
Outline drawn in the previous studies (Fig. 10B) exhibits more
slender digit than this study. But, both previous and this study
show that two pads in digit I, two or three pads in digit III, and
three or four pads in digit IV. The previous studies did not show
hypex that was confirmed by 3-D image of this study.
Metapodium was also differently recognized by 3-D image. The
proximal end of digit IV is not clear, and we agreed with the
previous outline of proximal end of digit IV.

JFT (Figs. 1C, 11A)

In this study, depths of digits are 5.5 mm for digit II, 4 mm
for digit III and 4.1 mm for digit IV. Interdigital angles are
31.5° between digit II and III, and 41.9° between digit III and IV.
Total divarication is 73.3°. According to the measurement using
previous technique, the interdigital angles are 32.5° between
digits II and III, and 37° between digits III and IV, and the total
divarication is 71.5°. These numerical data are similar to the
results of this study. Proximal ends of three digits are clear, but
metapodium is unclear. Two cracks occur in the footprint. One
crack is across the middle of the footprint, another one is along
the digit IV. Digit IV looks longer than real due to the crack.

JFB (Figs. 1D, 11B)

Depths of digits are 1 mm for digit II, 0.9 mm for digit III and
0.6 mm for digit IV. Interdigital angles are 51.1° between digit
II and 111, and 61.2° between digit III and IV. Total divarication
is 112.3°. Azuma et al. (in this volume) shows that the total
divarication of this specimen is 111°. The result of this study is
suitable for the previous study. This footprint is shallower in
digit depth and wider in total divarication than other specimens
(CLT and JFT).

CONCLUSIONS

1.The applied new technique using 3-D digitizer can provide the
high-resolution objective images of the dinosaur and bird
footprints.

2.1t advances the previous method (e.g., moiré picture) in
resolution of images, and in terms of performing numerical
analyses.

3. As the equipments are portable, data can be obtained in field.

4. Noises of 3-D data due to the scattered reflection can be
avoided, by selecting darker-colored specimens and reducing
lightness under 500 Ix.

5. The drawn outlines are significantly different from those of
the same specimens by the previous studies.

6. Evaluation of footprint depth is reliable on the 3-D image.

7.If footprints are flat (e.g., the mould filled with the sediments),
VIVID700 has difficulty in representing the characteristics in
the 3-D image.

8. The technique is possible to be applied to another materials
(e.g., another kinds of trace fossils, sedimentary structure).
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