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Abstract. This paper uses high-precision remote sensing and laser scanning to study petroleum geological 
analysis methods. The research area is Karamay Formation in Junggar Basin, China. Firstly, the outcrop 
lithologies are identified according to our clastic rock lithology identification pattern based on laser 
intensity, and the regional lithologies are identified based on high-precision remote sensing images. 
Furthermore, we analyze the horizontal and vertical distribution characteristics of the sandbodies. At last, 
we analyze the area sandbody connectivity and sandbody structure characteristics. These data can provide 
basic information for the analysis of underground reservoirs in Karamay Formation. 

1 Introduction  
Digital outcrop is an effective method to realize the 
research of underground reservoir analogues. The digital 
outcrop based on remote sensing and ground laser 
scanning can study the outcrop reservoir structure 
intuitively, quantitatively and precisely . 

Lidar can quickly and accurately obtain the 3D 
information of the measured object, and establish a 
digital outcrop model of the geological body. There are 
literatures that are currently studying the extraction of 
effective geological information based on lidar data and 
digital models[1-3]. Zeng et al.[4-5] studied the 
extraction of geological information from a digital 
outcrop based on lidar, and Zhu et al.[6] developed 
sedimentary reservoirs based on digital outcrop 
technology, Zheng et al.[7] studied the application of 
digital outcrop in reservoir geological modeling. Sheng 
et al.[8] realized the estimation method of sandstone 
outcrop porosity based on hyperspectral; some abroad 
scholars have used laser intensity to explore lithology 
identification[9]. 

In this paper, high-precision remote sensing and lidar 
technology are used to establish the digital outcrop 
model of the Karamay Formation in Shendigou area of 
the Junggar Basin. Combined with the ground geological 
survey, the lithology identification and quantitative 
characterization are carried out, and the structural 
characteristics of the surface sandbodies of the Karamay 
Formation are analyzed to provide basic data for 
reservoir analysis. 

 
 

2 Geological background of the study 
area 
The Karamay Formation and Baikouquan Formation of 
the Triassic strata in the northwestern margin of the 
Junggar Basin are the main productive layers, mainly 
with coarse clastic deposits. In this paper, the Karamay 
Formation outcrops exposed in Shendigou area are used 
as the research area to analyze the distribution 
characteristics of sandbodies. The outcrop of Shendigou 
area is 2000m × 800m (Fig. 1), and there are strata such 
as Carboniferous, Triassic, and Jurassic. The Triassic 
strata are missing the Lower Triassic The Baikouquan 
Formation (T1b). The Middle Triassic Karamay 
Formation(T2k) is divided into the Lower Karamay 
Formation (T2k1) and the Upper Karamay Formation 
(T2k2).  

 
Fig. 1. The outcrop research area. 

3 Lithology identification 
The lithology identification in this paper is divided into 
two parts, outcrop lithology identification and regional 
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lithology identification. Based on lidar scanning local 
outcrop, using laser intensity data combined with high-
precision photos to identify lithology from outcrop. The 
regional lithology is identified based on high-precision 
remote sensing image. Then we can obtain quantitative 
data of reservoir parameters and analyze the distribution 
characteristics of the reservoir. 

3.1 Outcrop lithology identification 

Based on laser scanning to obtain 3D information of 
geological outcrop, a high-precision digital outcrop 
model can be established. In the model, the laser 
intensity combined with high-precision photos can be 
used to explain the lithological changes of the outcrop 
and obtain quantitative parameter information. 

According to the analysis of laser scanning 
experiment of clastic rock samples including four types 
of rock types: medium conglomerate, fine conglomerate, 
sandstone, siltstone and mudstone , the laser intensity 
values of different rock types have obviously distributing 
rules. The clastic rock lithology identification pattern 
based on laser intensity is as fig.2. The greater the 
particle size, the greater the intensity value. The 
experimental results show that the average laser intensity 
of medium conglomerate is -1.33db, the average laser 
intensity of fine conglomerate is -2.07db, the average of 
laser intensity of sandstone is -4.87db, and the average 
value of laser intensity of siltstone is - 6.01db, the 
average value of laser intensity of mudstone is -7.10db. 

 
Fig. 2. The clastic rock lithology identification pattern based 

on laser intensity. 

 
Fig. 3. Digital outcrop model and lithology interpretation. 

 
Combining the above average laser intensity and 

texture photos of different lithologies, the digital outcrop 
model in Fig. 3 is interpreted. The outcrop is mainly 

conglomerate, fine conglomerate, sandstone and muddy 
siltstone. The width of the body is about 6m, the 
thickness of the sand body is 1~2m, and the width-to-
thickness ratio is relatively stable (Table1). 

Table 1. Sandbody  width-thickness ratio. 

No. Width(m) Thickness(m) Width-
thickness ratio 

1 6.1m 1.3m 4.7 

2 6.8m 1.6m 4.3 

3 6.2m 1.2m 5.2 

3.2 Regional lithology identification 

High-precision remote sensing image texture color 
information can accurately identify lithology in the 
region. Using the lithology identification results of the 
digital outcrop model as a calibration, a lithology 
identification mark is established on the corresponding 
remote sensing image. Then a human-machine 
interactive interpretation is performed on the 
corresponding remote sensing image in the study area in 
combination with the field geological survey to realize 
regional lithology identification. The results of the local 
remote sensing planar lithology identification of the 
Karamay Formation are shown in Fig.4, which mainly 
include conglomerate, sandstone, silty mudstone and 
mudstone. 

 
Fig. 4. Regional Remote Sensing Planar Lithology Distribution. 

4 Sandbody characteristics analysis 
Based on the identification of lithology,  the distribution 
characteristics of sandstone and conglomerate and the 
connection relationship of sandbody are quantitatively 
analyzied, so as to understand the underground reservoir 
structure. 

4.1 Sandbody distribution characteristics 

In the study area, the sandbody distribution 
characteristics of 4 profiles were studied in detail. 
Taking profile 1 as an example, the remote sensing high-
precision digital elevation model (DEM) data is used to 
obtain true surface relief, and the quantitative 
information such as formation thickness and formation 
occurrence is accurately calculated. Then the horizontal 
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and vertical  lithology distribution section is drawn  (Fig. 
5) .  And the quantitative parameters of the sandbodies in 
profile 1 are analyzed in detail (Table 2). 

The figure shows that the entire Karamay Formation 
is a depositional process from alluvial fan to fan delta, 
and the lithological assemblage presents the 
characteristics of positive cycle with lower coarseness 
and upper fineness, and the overall grain size of sandy 
conglomerate is 0.2~5cm. The lithology of the Lower 
Karamay Formation(T2k1) is mainly gray gravel and 
purple mudstone, which are alluvial fan deposits. Three 
to four sets of sand layers are developed in T2k1 
Formation and one layer is 2m thick conglomerate with a 
maximum gravel particle size of 8cm. The upper 
Karamay Formation(T2k2)  is mainly composed of gray, 
gray-green sandstone and conglomerate, and maroon 

mudstone. It is a fan delta deposit with three to four sets 
of sand layers. Quartz particles are sub-circular. 

4.2 Regional sandbody connectivity 

The connection diagram of the vertical sandbodies of the 
4 sections is shown in Fig. 6, and the quantitative 
parameters of the sandbodies are analyzed in detail 
(Table 3). The results of Table 2 show that: the thickness 
of the T2k1 Formation of conglomerate rock accounts 
for 40% of the total stratum thickness, of which the 
profile 2 sandstone ratio is 50%. The thickness of the 
T2k2 Formation of gravel rock accounts for 54% of the 
total stratum thickness, of which the profile 2 sandstone 
ratio reaches 63% .  The thickness of the stratum 
conglomerate in the 4 sections accounted for 43% of the 
total stratum thickness. 

 
Fig. 5. The horizontal and vertical lithology distribution section. 

 

 
Fig. 6. The Vertical sandbody connectivity diagram. 

Table 2.  Profile 1 sandbody parameters. 

Lithology Number of 
layers 

Total of thickness 
(m) 

Minimum thickness 
(m) 

Maximum thickness 
(m) 

Conglomerate 10 20.7 1 5.45 
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Sandstone 2 4.75 0.85 3.9 

Mud siltstone 3 9.95 1.75 5.2 

Mudstone 5 22.6 1.9 7.5 

Table 3.  Sandbody parameters. 

No. T2k2 Layer 
Thickness(m) 

T2k2 Sand  
Thickness(m) 

T2k2 Sand 
Ratio(%) 

T2k1 Layer 
Thickness(m) 

T2k1 Sand  
Thickness(m) 

T2k1 Sand 
Ratio(%) 

Profile 1 33.35 17.65 0.53 24.45 7.80 0.32 

Profile 2 24.70 15.50 0.63 24.70 15.50 0.63 

Profile 3 18.60 8.20 0.44 18.60 8.20 0.44 

Profile 4 12.70 6.70 0.53 12.70 6.70 0.53 

Average 89.35 48.05 0.54 42.85 17.00 0.40 

 

5 Conclusion 
In this paper, the lithology identification method and 
sandbody distribution analysis method are studied in 
combination with remote sensing and lidar. The 
sandbody of Karamay Formation in the Shendigou area 
of Junggar Basin is studied. The sandbodies are 
relatively connected, and the sandbodies present a 
positive cycle in the vertical direction. This method has 
good application prospects for fine geology research in 
oil and gas exploration. 
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