HEZEAE T AR (B 2R ) Sci. Rept. Yokosuka City Mus., (71): 1-12. Mar. 2024

Fo— gl 74 F 77 A B Y —I12 L 5 HERRK OVER
LR BB * o PH R Rk o R 1| A

Drone-based photogrammetry for the documentation of geologic columnar sections
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Geological investigation methods utilizing unmanned aerial vehicles (drones) are expected in cases where direct
access to outcrops is limited, such as steep cliffs and offshore islands. This study used drone-based photogrammetry to
construct three-dimensional (3-D) digital outcrop models, and to measure geological columnar sections (sedimentary
logs). In addition, these sections were compared with those measured in the field. This study examined the Mio—
Pliocene Misaki Formation of the Miura Group at Arasaki, Yokosuka City, Kanagawa Prefecture, and the Lower
Cretaceous Hiraiga Formation of the Miyako Group at Matsushima Island, Moshi Coast, Iwaizumi Town, Iwate
Prefecture, Japan. The results indicate that the numbers and thicknesses of beds, as well as the distinction of mudstones,
sandstones, and conglomerates can be accurately derived from the sections obtained from the 3-D digital outcrop
models. In addition, sedimentary structures such as parallel stratification, trough cross-stratification (foreset bedding),
and hummocky cross-stratification were identified in the outcrop models. This method is indicated to be useful for

measuring geological columnar sections at outcrops that are difficult to access.
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Fig. 1

A: Index map of the Miura Peninsula and the Rikuchu Coast. B: Index map of Arasaki, Yokosuka City, Kanagawa

Prefecture. C: Investigated area of the Misaki Formation at Arasaki. Tuff key beds are after Mori (2019).
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Fig. 2  A: Index map of the Moshi Coast, Iwaizumi Town, Iwate Prefecture. B: Investigated area of the Hiraiga Formation at
Matsushima Island, off Moshi Coast. Geologic map was modified from Murai et al. (1983).
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Fig. 3

Process of reconstruction and measuring of a 3-D digital outcrop model as an example of the Misaki Formation

at Arasaki. A: Locations of cameras (blue rectangles) and sparse point cloud. B: Outcrop model with texture. C:
Markers on shore platforms of the outcrop model (red circles). D: Measurements of thicknesses of beds on the
outcrop model. All images were captured from Agisoft Metashape Professional.
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Fig. 4 Measured sections of the Misaki Formation at Arasaki. A: Section based on outcrop observation. Measured by N.
Nishida. B: Section based on 3-D digital outcrop model produced by drone-based photogrammetry. Measured by K.
Shibata. Tuff key beds are after Mori (2019).
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Fig. 5 A: Trough cross-stratification (foreset bedding)
on scoriaceous sandstone (Ar-103) of the Misaki
Formation at Arasaki. Captured from 3-D digital
outcrop model. B: Trace of the trough cross-
stratification.
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Thicknesses between pyloclastic beds of the Misaki Formation at Arasaki measured from

the outcrop and the 3-D digital outcrop model (DP method), and their relative errors.

Thicknesses were measured between basal surfaces of the pyroclastic beds.

FEUABLZE & DP RICHES < ZIRE O KA B OIR S & 26 OFREZE. 45K
Tt g o FLJEC I oD R S A B L 7.

Outcrop (m)

DP Method (m) Relative Error (%)

Ar-99-Ar-100 5.4 42 222
Ar-100-Ar-101 2.0 2.1 5.0
Ar-101-Ar-103 10.2 9.2 9.8
Ar-103-Ar-104 3.4 3.5 2.9
Ar-104-Ar-105 5.0 6.6 32.0
Ar-105-Ar-106 3.0 4.1 36.7
Ar-106-top 1.4 2.9 107.1
Total (Ar-99—top) 30.4 32.6 72
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Fig. 6  Measured sections of the Hiraiga Formation at Matsushima Island, Moshi Coast. A: Section based
on outcrop observation. Modified from Murai ef al. (1983). B: Section based on 3-D digital outcrop
model produced by drone-based photogrammetry. Measured by K. Shibata.
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Fig. 7 3-D digital outcrop model of the Hiraiga Formation of the Miyako Group at
Matsushima, Moshi Coast.
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Fig. 8 A: Anisotropic hummocky cross-stratification on fine-grained sandstones of the Hiraiga Formation. Captured from
3-D digital outcrop model. B: Trace of the hummocky cross-stratification.
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