
Prediction of Petroleum Prospect in the South
Yellow Sea Basin Using Satellite Remote Sensing.

Item Type Journal Contribution

Authors Gong, Jianming; Chen, Jianwen; Liang, Jie; Zhang, Zhixun; Liu,
Chuang; Lu, Zhenquan; Huang, Fulin

Citation Marine Science Bulletin, 9 (2), 82-89

Download date 19/05/2023 14:33:22

Item License http://creativecommons.org/licenses/by-nc/3.0/

Link to Item http://hdl.handle.net/1834/5865

http://creativecommons.org/licenses/by-nc/3.0/
http://hdl.handle.net/1834/5865


Vol.9  No.2                                Marine Science Bulletin                               Oct.  2007 

Received on April 20, 2006 

 

Prediction of Petroleum Prospect in the South Yellow Sea 
Basin Using Satellite Remote Sensing 
 

GONG Jianming 1, 2, CHEN Jianwen 1, 2, LIANG Jie 2, ZHANG Zhixun 2, LIU Chuang 3, 

LU Zhenquan 4, HUANG Fulin 2 

1. Ocean University of China, Qingdao 266003, Shandong, China; 

2. Qingdao Institute of Marine Geology, China Geologic Survey, Qingdao 266071, Shandong, China; 

3. Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, 

China; 

4. Institute of Mineral and Resources, Chinese Academy of Geological Sciences, Beijing 100037, China 

 

Abstract: Using satellite remote sensing to measure the sea surface temperature of the East 

China Sea Shelf Basin can serve the purpose of predicting the petroleum prospect in the South 

Yellow Sea Basin. The satellite thermal infrared temperature anomaly area always repeats in the 

same position as the proved oil prospect area in the East China Sea Shelf Basin, and coincides 

well with both the CH4 content curve at the water-atmosphere interface and the seafloor 

geochemical anomaly. The sea surface temperature anomaly areas of the South Yellow Sea Basin 

in the satellite remote sensing image go banded along 123°30′ in the S-N direction, and naturally 

follow the aeromagnetically interpreted eastern nose-type uplift that shows a S-N strike. The north 

and south ends of the eastern nose are considered as good oil prospect areas because 

temperature anomaly often occurs there.  

 

Keywords: temperature anomaly; satellite remote sensing; oil prospect; the South Yellow Sea 

 

Introduction 

 

Recently the application of satellite thermal infrared remote sensing to resource exploration and 

environmental and hazard monitoring is gaining more and more attention in the world. From the end of 

1980s to 1990s, Qiang et al. [1] and Huang et al. [2] used this method for China’s petroleum prospecting 

and got good results [3]. 

Satellite-based thermal infrared remote sensing is an infrared-imaging technique to record infrared 

radiations in the form of images depending upon different infrared radiations and temperatures of ground 

objects offered by a satellite thermal infrared sensor during its application to remotely sensing the Earth’s 

surface. The present satellites for monitoring georesources and environments usually adopt wavelengths 

of medium and far infrared wave bands, and to say in detail, atmospheric windows such as 35 - 18, 2.0 - 

2.4, 3.5 -4.1, 4.5 - 5.5, and 8 - 14 μm are used to scan temperature distributions in the Earth’s surface, 

water bodies and clouds. Such distributions of temperatures are very similar to actual situations although 
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only relative intensities of thermal radiation energy of the surface features are recorded in the images. 

Before an earthquake, a large area of temperature-increment anomaly usually appears in the 

satellite thermal infrared image, which results from gas (such as CH4) releasing out of the Earth’s surface 

due to the pre-earthquake compression stress of the crust and then incrementally heating under the 

inducing actions of the transient electric field and solar radiation to lead to temperature increment 

anomalies in the lower atmospheric layer or on the sea surface. Our study results indicate that the 

temperature increment anomalies are obviously distributed along faulting structures, especially at the 

junctions of different fault zones. 

US satellite TERRA launched on 18 of December 1999 has its seven bands (20, 22, 23, 29, 31, 32, 

and 33) of MODIS capable of providing information of changes in ground surface or water surface 

temperatures, which gives a precision up to 0.3 k for sea surface temperature inversion and 1 k for ground 

surface temperature inversion [4-5], much more precise than the data from old meteorological satellites that 

used thermal infrared bands to reflect temperature anomalies of surface objects. 

The authors try to predict oil prospect in the South Yellow Sea using the satellite remote sensing 

method by inference from knowns to unknowns.  

 

1  Satellite remote sensing and oil-gas fields of the East China Sea 

 

Supported by the National Natural Science Foundation (49271054) in the 1990s, Huang et al. [2] 

finished their research on the relationship between satellite thermal infrared temperature anomaly and 

sea-land oil accumulation, approached for the first time the possibility to search for marine hydrocarbon by 

means of satellite remote-sensing, and discovered that in the satellite images for the Pinghu petroleum 

area in the East China Sea, the temperature increment anomaly always appeared in the same position [6], 

in good coincidence with the CH4 content curve at the water-atmosphere interface and with the seafloor 

geochemical anomaly (Figs. 1-4). Fig.1 was mapped by Li et al. [7] on the basis of the integrated study on 

pore water, dissoluble Fe and ΔC oil geochemical indexes of the East China Sea surface sediments, and 

we can see that the temperature anomaly areas in Fig.1 superpose with those showed by satellite thermal 

infrared images of Figs.2-4, and the Pinghu oil area lies within the anomaly. Moreover, CH4 content in the 

lower atmospheric layer is somewhat different between oil and non-oil areas, and that in the former 

(Chunxiao-1-well in the East China Sea) is higher than in the latter (Fig.5). Such temperature and 

hydrocarbon composition anomalies at the water-atmosphere interface very probably result from the 

microseepage of hydrocarbon in submarine oil and gas pools [8-13].  

 

2  Satellite remote-sensing and oil prospect area of the South Yellow Sea 

 

The South Yellow Sea Basin is the only sea area where oilfields have not been discovered yet, and 

separated from the East China Sea Shelf Basin by the boundary line linking the Yangtze River mouth with 
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the Cheju Island of Korea. It is a rift basin with five tectonic units (Qianliyan uplift, Yantai depression, 

Laoshan uplifting zone, Qingdao depression, and Wunansha uplift) from north to south (Fig.6).  

2.1  Temperature increment anomaly in the South Yellow Sea Basin 

Compared with the East China Sea, the South Yellow Sea Basin has a generally weak tectonic 

intensity and low magnitude of earthquakes. According to statistics, there have not occurred earthquakes 

of over magnitude 5 in the basin since 2002, and therefore the temperature anomaly reflected in satellite 

images of the South Yellow Sea is usually less than 1 k. To recognize such small temperature anomalies, 

we have chosen a high-precision TERRA satellite to conduct the present study. 

 

 

Fig.1  Oil geochemical prospect area in the East China Sea Shelf Basin (after Li et al., 1993 [7]) 



No.2     GONG Jianming et al.: Prediction of Petroleum Prospect in the South Yellow Sea Basin Using …        85 

 

Fig.2  Pinghu Oilfield temperature anomaly showed by GMS satellite thermal infrared image taken 

during September of 1991 

 

 

Fig.3  Pinghu Oilfield temperature anomaly showed by NOAA satellite thermal infrared image taken 

during September of 1992 

 

 

Fig.4  Pinghu Oilfield temperature anomaly showed by NOAA satellite thermal infrared image taken 

during July of 1994 
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Fig.5  Comparison of CH4 content in the lower atmospheric layer between oil and non-oil areas 

(after Huang et al., 1998 [2]) 

 

The basin-coverage MODIS data first went through atmospheric, radiant and geometric corrections, 

and were then processed with de-clouding, aim calibration and intensification. In 2002, only three days 

met with temperature anomalies in the South Yellow Sea, and Fig.6 gave their distributions. The green in 

the figure represents the anomaly found on 26 of September, which spreads in an evident concentric-ring 

pattern with the central temperature about 1 k higher than in the ambient sea area. This is the clearest 

anomaly discovered during the present study. The purple stands for the temperature anomaly on 17 of the 

same month, distributed from 34° to 35°N and between 123° and 124ºE and also has its central 

temperature 1 k higher than the surrounding. The blue is the anomaly on 17 of July with only 0.25 k higher 

in the middle. We can see from Fig.6 that temperature anomalies of these three days overlap each other. 

The central positions of the anomalies lie at 36.699ºN, 123.589ºE and 35.073ºN, 123.825ºE respectively, 

with the anomalies running in a circular way and trending regionally in S-N direction. The anomalies at 

these two positions mainly correspond with the south side of the Yantai depression and the east side of 

the Qingdao depression in the tectonic division map of the South Yellow Sea, while the other areas show 

unclear temperature anomalies (Fig.6). 

Thus, it is inferred from the MODIS temperature anomalies that the oil prospect areas in the South 

Yellow Sea are concentrated on the south side of the Yantai depression and the east side of the Qingdao 

depression. 
 
 

×10-6 

×10-6 
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Fig.6  Comprehensive map of remote sensing temperature and aeromagnetic anomalies 

in the South Yellow Sea Basin 

 

2.2  Aeromagnetic anomalies in the South Yellow Sea 

Analysis results from aeromagnetic data of the South Yellow Sea have revealed that there is a 

nose-type tectonic uplift (near 123°30′E, 34° - 35°30′N) extending in the near S-N direction in the east of 

the study area (Fig.6). It is inferred from the aeromagnetic data there exists a Mesozoic sediments-infilled 

“depression” close to either side of the nose uplift, with the depression on the west side much larger in 

area than the east-side one. And these two depressions make up the west and east parts of the present 

Laoshan uplift respectively. The nose uplift itself consists of a series of westward-dipping nose-like swells 

and eastward-lifting wedge-shaped sags. These swells are considered as Paleozoic and Mesozoic 

products overlain directly by Neogene with Paleogene absent in between. Faults that generally bound the 

swells have been complicated due to later magmatic activities. 

The nose uplift stands between the east and west depressions, so it can guide a way to hydrocarbon 

in the two depressions (especially the west-side one), if Paleozoic and Mesozoic strata are good oil 

source rocks in the South Yellow Sea [14]. 

 

3  Discussion and conclusions 

 

Compared with the East China Sea, the South Yellow Sea has a low amplitude of sea surface 

temperature anomaly in the satellite remote-sensing image, for which there are following two reasons: 

firstly, the South Yellow Sea may not possess so good oil prospect in the shallow structures as the East 

China Sea; secondly, the shallow structural layers have weak tectonic activities and there are good 
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regional capping rocks in the South Yellow Sea Basin, from which we draw an inference that deep 

structural layers (including Paleozoic and Mesozoic) may be of favorable petroleum prospect in the basin. 

It seems feasible enough to use remote sensing images to look for hydrocarbon in the South Yellow 

Sea Basin, because in satellite infrared images, temperature anomalies always fall into the proved Pinghu 

petroleum area that also shows a relatively high CH4 content at the water-atmosphere interface and 

evident seafloor geochemical anomaly. 

We used the high-precision TERRA satellite to do the present study because of the low sea surface 

temperature anomaly in the satellite remote sensing images of the South Yellow Sea Basin. According to 

temperature anomaly areas from MODIS data, they were found mainly located on the south side of the 

Yantai depression and on the east side of the Qingdao depression. 

In addition, it is known from aeromagnetic data of the Yellow Sea that a S-N-running nose uplift lies 

in the east of the Laoshan uplift zone corresponding to the most evident temperature anomaly in the data. 

The Mesozoic depression on either side of the nose uplift is regarded as the major area to accommodate 

oil migration, and thus of good petroleum prospect by inference. 

In general, shallow structural layers in the South Yellow Sea are probably poorer in oil formation than 

in the East China Sea, but the deep structures (including Paleozoic and Mesozoic) of the former may have 

relatively good oil prospect, and the most favorable ones are distributed at the south and north ends of the 

nose uplift, which can be chosen as reference areas for future petroleum explorations in the South Yellow 

Sea. 
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卫星遥感预测南黄海盆地油气远景 
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100101；4.中国地质科学院矿产资源研究所，北京 100037 ) 

 

摘  要：为了预测南黄海盆地油气远景，利用卫星遥感对东海陆架盆地进行海面温度测量。东海陆架盆地已知油

气远景区与卫星热红外温度异常区具有原地重复性，与水气界面 CH4 含量曲线及海底化探异常吻合程度很好。南

黄海盆地卫星遥感海面温度异常区沿南北向 (123º30′) 呈带状分布，与航磁解释出的南北向分布的东部鼻状隆起

吻合较好。由于温度异常区主要分布在南黄海盆地东部鼻状隆起的南北端，故推测东部鼻状隆起的南北端具有较

好油气远景。 
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