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Fig. 1  Geological background and geographical location of the Dengying Formation, Gaojiashan profile

RN

(a) tectonic location map of the Dengying Formation in the outcrop area; (b) geographic location map of the outcrop area (Chai, 2021; Li et al., 2023); (c) sedimentary facies

map of the Dengying Formation in the outcrop area (Li et al., 2023); (d) comprehensive stratigraphic column of the Dengying Formation in the outcrop area
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Fig. 2 Typical rock types of the Dengying Formation, Gaojiashan profile

(a) crystalline algae dolomite, with distinct cyclicity, Deng 2 member; (b) lithoclastic dolomite, exhibiting developed tectonic fractures, Deng 2 member; (c) dolomitic sandstone,

interbedded with sandy microcrystalline dolomite, Deng 3 member; (d) laminated algae dolomite, with developed tectonic fractures, unfilled, Deng 2 member; (e) microcrystal-

line dolomite, locally exhibiting intercrystalline microporosity, Deng 2 member; (f) mudstone-dominated dolomite, occasionally containing terrigenous sandstone and dissolution

pores, Deng 4 member; (g) grapestone algae dolomite, with a window-like structure, Deng 2 member; (h) stratified algae dolomite, with microbial laminae and well-developed

bacterial laminae, Deng 2 member; (i) laminated algae dolomite, characterized by well-developed window porosity, Deng 4 member
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Fig. 5 Lithology identification chart based on laser reflectance characteristics
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Fig. 6  Characteristics of the 14th layer of the Dengying Formation, Gaojiashan profile

(a) laser intensity map of the 14th sublayer; (b) laser intensity characteristics of algal dolomite; (c) outcrop features of algal dolomite; (d) microscopic features of algal dolomite
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Fig. 7 Characteristics of the 23th to 24th sublayers of the Dengying Formation, Gaojiashan profile
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(a) laser intensity map; (b) laser intensity characteristics of granular dolomite; (c) outcrop characteristics of granular dolomite; (d) microscopic features of granular dolomite
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Table 2 Summary of laser intensity statistics for

different sedimentary facies in the Gaojiashan section
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Fig. 8 Distribution of sedimentary facies laser intensity in the Dengying Formation, Gaojiashan profile
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Fig. 10  Lithology-structure integrated interpretation of the digital outcrop model of the 14th sublayer

in the Dengying Formation, Gaojiashan profile

(a) outcrop image; (b) digital outcrop model; (c) lithofacies-structure interpretation map for (b)
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Fig. 11

Characteristics of the reservoir interval in the 27th sublayer of the Dengying Formation, Gaojiashan profile

(a) laser intensity profile of the 27th sublayer; (b) laser intensity characteristics of reservoir and seal layers; (c) outcrop features of reservoir and seal layers; (d) microscop-

ic features of seal layer
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Digital Outcrop Modeling Based on Laser Intensity and Its
Application: A case study of the Gaojiashan profile, Ningqgiang,
Shaanxi
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Abstract: [Objective] Carbonate outcrops are often affected by tectonic fragmentation, weathering and vegetation
cover, making it difficult to obtain complete and precise sedimentary and reservoir characteristics by traditional field
survey methods. This study introduces terrestrial laser scanning (TLS) to address the challenges in high-resolution
characterization of carbonate outcrops, improve lithofacies recognition accuracy and explore the applicability of the
method in sedimentological and reservoir studies. [ Methods] Taking the Gaojiashan section of the Dengying Forma-
tion in Ninggiang, Shaanxi as an example, high-precision point cloud data were acquired using TLS, and laser inten-
sity information was analyzed quantitatively and qualitatively. Three-dimensional digital outcrop models were con-
structed using point cloud modeling and texture mapping. Combined with thin-section petrography, rock property
physical tests and field sedimentological investigations, lithofacies recognition, sedimentary facies classification and
depositional model reconstruction were carried out. [Results] (1) A high-resolution digital outcrop model was
established, which enables full-coverage 3D visualization and interactive analysis of the outcrop, allowing geological
features such as lithology and stratigraphic geometry to be accurately preserved and studied. (2) A lithology-identifi-
cation chart was established to constrain the laser-intensity signatures and thickness proportions of each lithological
type. Algal dolostone and crystalline dolostone generally occupy the high-intensity domain and are associated with
relatively higher porosity and permeability, whereas micritic and argillaceous dolostones correspond to low-intensity
values and exhibit poorer petrophysical properties. (3) Using the upper submember of the Second member of the
Dengying Formation as an example, sublayer division was refined based on laser intensity, and the geometric
characteristics of the 14th sublayer were intensively characterized. Analysis of depositional patterns indicated that
variations in laser intensity are closely related to sea-level fluctuations, revealing cyclic depositional evolution.
[ Conclusions ] The integration of TLS with traditional geological methods provides an intuitive representation of
carbonate outcrop features and effectively preserves primary field data. The digital outcrop model established in this
study offers valuable data support for hydrocarbon exploration and reservoir evaluation, demonstrating the broad
prospects and significant potential of TLS applications in geological research.
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