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Abstract 
 
Mahu sag and its periphery have the most abundant oil and 
gas in Junggar basin, and previous discoveries are mainly 
located in fault belts. With gradual expansion of 
exploration and research towards the slope region, the 
original seismic data cannot be used to solve the geologic 
problems such as micro-fault identification, sedimentary 
facies depiction, high quality reservoir prediction, etc. in 
the region. Through high-density wide-azimuth 3D 
continuous seismic deployment and research on integrated 
processing and interpretation technology, the quality of 
seismic data has been improved greatly, the corresponding 
processing and interpretation technology has been formed, 
the structural features, sedimentary features, reservoir 
distribution features and oil and gas enrichment law of 
Mahu slope region has been re-analyzed, and the world’s 
largest glutenite reservoir up to now has been discovered. 
 
1. Introduction 
 
Mahu sag, located in the northwest region of the central 
depression of Junggar basin, is the most important 
hydrocarbon accumulation belt with the largest scale in 
Junggar basin. Mabei oilfield was discovered firstly in 
Permian and Triassic of the slope region of Mahu sag in 
1994; after that, all explorations in its periphery failed. 
Until 2012, as well M131 and several risky exploration 
well successively made breakthroughs and obtained 
important oil and gas shows in Baikouquan Fm. in the 
western and eastern slope of Mahu sag, a broad oil and gas 
exploration prospect of Mahu slope region is shown. With 
gradual deepening of exploration, research and recognition, 
the early seismic data is so difficult to meet the needs of 
fault identification, depiction of favorable facies belts and 
prediction of high quality reservoirs. Therefore, in order to 
ascertain the oil and gas exploration scale of Mahu slope 
region, 13 high-density wide-azimuth 3D exploration 
blocks with their cumulative area up to 3,791km2 have been 
successively deployed and implemented since 2012 based 
on the principle “integral deployment and step-by-step 
implementation”. As a result, Mahu sag has been covered 
basically with continuous high-density wide-azimuth 3D 
seismic data，which provides a favorable basis for integral 
analysis of the structure, sedimentation & evolution and 
reservoir distribution  features of Mahu sag, deepening the 
recognition of hydrocarbon accumulation and enrichment 
law, and supporting well deployment and ascertaining 
reserves.  
 

2. Seismic data effects  
 
The principle of high-density & wide-azimuth seismic 
exploration technology: under the direction of the concept 
of “full, uniform, and symmetrical” spatial sampling in 
seismic wave fields and on the basis of field “real 
acquisition” via single-point or small-combination 
excitation and receiving, carry out dense space sampling 
and wide-azimuth or full-azimuth observation in effective 
wave and noise wave fields, and then solve the difficult 
problem on noise suppression by using the targeted 
prestack migration imaging processing technology. The 
SNR, resolution and fidelity of the high-density wide-
azimuth 3D seismic result data on Mahu slope region all 
have been improved obviously through the application of a 
complete set of data processing technologies, and finally 
the reliable basic data was provided for achieving the well 
position objective and predicting reserves. 
In terms of the SNR and resolution of PSTM, both of them 
of conventional 3D seismic data are low. The effective 
bandwidth is only 8-56Hz, and the main frequency is only 
28Hz; in addition, Triassic Baikouquan Fm. is 
characterized by a set of stable crest-trough reflections on 
seismic section, and the relation between glutenite bodies 
and their transverse variation relation are indefinite. 
However, both the SNR and resolution of the high-density 
& wide-azimuth 3D seismic data are high. The bandwidth 
is up to 6-70Hz, and the main frequency is up to 35Hz; in 
addition, seismic reflection wave groups have clear 
hierarchy and pinch-out point features, and the capacity of 
glutenite body identification has been increased greatly 
(Figure 1).  
According to the amplitude preservation of the prestack 
result data, the boundary of fan delta in Triassic 
Baikouquan Fm. is shown clearly on the high-density wide-
azimuth seismic data (Figure 2 lower); front facies mainly 
show the reflection features such as strong amplitude, 
medium frequency and relatively high continuity, while 
plain subfacies show the reflection features such as weak 
amplitude, high frequency and high continuity. While the 
boundary of plain subfacies and front subfacies cannot be 
basically identified with the old data (Figure 2 upper).  
Comparison of the imaging precision, we can find that the 
slip of medium to shallow strata is large on conventional 
3D data, and it is easy to identify and determine the 
position of faulting points, but it is not obvious in the target 
layer (in Triassic), and their fault extension relationship 
with shallow strata is not clear; therefore, it is difficult to 
accurately ascertain the position and style of faults (Figure 
3 left). However, the fault surface is clear on the high-
density wide-azimuth 3D seismic data. both event 
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dislocation in the target formation and strike-slip fault 
torsion on the section are obvious, and the style of faults in 

the research region can be quickly determined (Figure 3 
right). 
 

 
Figure 1 Comparison chart of conventional 3D (upper) and high-density & wide-azimuth 3D (lower) seismic sections 

 

 
Figure 2 Comparison chart of conventional 3D (upper) and high-density & wide-azimuth 3D (lower) seismic sections 

 
Figure 3 Comparison chart of fault identification effect using conventional 3D data (left) and high-density & wide-azimuth 3D data (right) 

 
3. Solution and application 
 

Because of using the high-density wide-azimuth 
observation mode, the quality of result data has been 
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improved greatly, and the application domain of seismic 
data has also been expanded to azimuth domain. Moreover, 
due to fold density increasing, the quality of gathers has 
been improved greatly, thus it is possible to carry out 
prestack prediction of reservoirs and fractures. The 
following characteristic interpretation technologies have 
been formed from the research according to the geologic 
features of Mahu glutenites and data features so as to 
provide a technical support to well deployment and 
reserves prediction in Mahu slope region.   
3.1 Fan delta sedimentary facies depiction technology and 
its effect  
Triassic Baikouquan Fm. belongs to a set of fan delta 
deposits, and the transverse variation of facies belts is quick; 

brown glutinites are mainly developed in fan delta plain 
subfacies, the physical properties of the reservoirs are poor, 
and they mainly act as the barrier beds of oil pools; gray 
glutinites are mainly developed in front subfacies, the 
physical properties of the reservoirs are good, and they are 
main reservoirs. Fine depiction of front subfacies is the 
important basis for selection of zones and belts in Triassic 
Baikouquan Fm. Routinely, the method of combining 
facies area method with artificial interpretation is used to 
ascertain sedimentary facies. Due to being affected by data 
basis and human subjective factors, it is difficult to 
quantitatively and objectively describe the planar variation 
of sedimentary facies belts using this method.  

 
Figure 4 Comparison chart of the conventional seismic facies identification result with the ancient landform constraint based seismic facies 

identification result (a: conventional seismic facies identification result; b: ancient landform constraint based seismic facies identification result) 
 

Relying on the high-density & wide-azimuth 3D seismic 
data acquired according to the geologic features of 
Baikouquan Fm., the “core-logging-seismic trinity four-
step” gentle slope type fan delta sedimentary facies 
depiction technology has been innovatively formed (Figure 
4). And finally the planar distribution features of different 
sedimentary subfacies are predicted with ancient landform 
information as the constraint using the method of seismic 
multi-attribute mode identification. Total favorable front 
subfacies area of more than 10,000km2 in Bai-1 Member 
and Bai-2 Member throughout the sag region has been 
ascertained from the application of this technology. The 
favorable front subfacies area in Bai-2 Member has been 
increased from 4474km2 before 2012 to 5956km2, and the 
newly increased favorable front subfacies area is nearly 
1500km2, showing the features of sag-wide gravel-bearing. 
The rate of coincidence with actual drilling in the reservoirs 
of different sedimentary subfacies has been increased from 
54.5% to 97.3%. 
3.2 Multi-attribute fusion interpretation technology for 
micro-faults  
Affected by tectogenesis, multi-phase strike-slip faults 
were developed in Mahu slope region from Indosinian 
Period to Himalayan Period. Longitudinally, they fault the 

reservoirs in Triassic Baikouquan Fm.; Indosinian strike-
slip faults directly connect deep source rocks and are the 
main channels for cross-formation transportation and 
migration outside source rocks; Yanshanian and Himalayan 
strike-slip faults play a role in late adjustment. Therefore, 
to ascertain the development features and planar 
combination relation of faults is of much significance to 
reservoir modeling and reservoir analysis. However, the 
imaging precision of high-density wide-azimuth seismic 
data has been improved obviously, but there are multi-
phase faults developed in the whole slope region and their 
relation is complex. Especially near the target formation – 
Triassic, the fault throw is small, and horizontal expansion 
distance is short; the faults show only small amplitude 
deflection on the seismic section (Figure 4 right), and it is 
difficult to directly identify faults from seismic section and 
achieve planar combination using the conventional method.  
Therefore, in order to more effectively ascertain the 
distribution law of strike-slip faults and more fully tap the 
potential of high-density wide-azimuth seismic information, 
the seismic multi-attribute fusion fault identification 
technology has been developed innovatively. According to 
the comparison chart of planar attributes of new and old 
faults (Figure 5), the prediction result using this technology 
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contains the information on 12 seismic attribute data 
volumes (2 attributes/azimuths *6 azimuths). This has 
retained the common features of different attributes, 
highlighted the individual features of the same attribute at 
different azimuths, greatly increased the capacity of 
identifying micro-faults, effectively ascertained the strike-
slip fault of <10m in vertical throw that cannot be 

identified using the conventional means in the region, and 
established the hydrocarbon accumulation model for Mahu-
1 well area. Moreover, well MH4 was drilled according to 
the model of reservoir controlling by fault blocks. This well 
obtained industrial oil flows from Baikouquan Fm., thus 
further verifying the effectiveness of the method.  

 
Figure 5 Plan view of attributes of bottom boundary faults in Triassic Baikouquan Fm. in Mahu-1 well area 

(a, Conventional curvature attribute; b, Separate-azimuth multi-attribute fusion result) 
 

3.3 Prestack anisotropic fracture prediction technology and 
its effect  
Due to the existence of fractures, when seismic waves pass 
through reservoir media, this will result in periodical 
variation of seismic wave parameters such as energy, 
amplitude, frequency, phase, absorption coefficient, etc. of 
seismic waves, so that fracture prediction can be achieved 
by using seismic azimuthal anisotropy ellipse fitting results. 
In addition, plentiful azimuth information is retained in the 
spiral gather data obtained after high-density wide-azimuth 
seismic acquisition and OVT domain PSTM processing, 
and plays a very important role in judging the density and 
azimuth of fractures in rocks.  
 

 
Figure 6 Prediction result of fractures (black shows faults while 

colors means fractures) 
After well MH1 obtained high production oil and gas flows, 
two exploration wells were deployed in the region. The 
analysis of drilling data and logging data indicates that the 
physical properties of reservoirs in MH1, MH2 and MH4 
are basically consistent, but their production differs greatly. 
Therefore, according to an analysis, the reservoirs in 
Triassic Baikouquan Fm. in the region belong to fault-
lithologic reservoirs controlled by fracture-pore dual media, 
and it is of utmost urgency to ascertain the distribution law 
of fractures for high production well deployment.  
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According to the features of spiral gather data, under the 
direction of AVO forward modeling result, the gather 
optimization process and principle have been established; 
in addition, the distribution features of fractures in the 
region have been predicted according to azimuthal 
anisotropy amplitude variation features. According to the 
prediction result (Figure 6), the density of fractures near 
wells MH2 and MH4 is relatively low, and the 
development direction of the fractures is mainly near-SN 
direction, which is basically consistent with the strike 
direction of the NES-trending pinnate fault. The prediction 
result is completely in line with the drilling data and 
logging data. An analysis indicates that high pressure and 
high production of well MH1 may be the result of high-
abundance charging in fractures. Using this technology, the 
development density and development direction of 
fractures in the region have been characterized 
quantitatively.  
3.4 Prestack high-quality reservoir prediction technology 
and its effect  
The distribution of favorable facies belts can be depicted 
using seismic facies, but the distribution law of effective 
reservoirs remains unclear. According to the logging 
analysis result, the P-wave impedance value of tight 
reservoirs is approximate to that of effective reservoirs, the 
two types of reservoirs cannot be effectively differentiated 
through poststack wave impedance inversion, and it is 
needed to depict the distribution of favorable reservoirs 
using the prestack reservoir description method.  
The rock structure of glutenites differs greatly from that of 
conventional sand shales. There are various sizes of gravel 
matrixes in glutenites. The physical property features of 
glutenite reservoirs cannot be accurately characterized 
using the petrophysical modeling method and porosity and 
clay content calculation method for conventional sand 
shales. Especially for the well without S-wave logging data, 
it is extremely difficult to carry out prestack reservoir 
description.  Trough sub-dividing rock matrixes and pore 
types, we have re-established the petrophysical model for 
glutenites, and accurately calculated the parameters such as 
clay content, effective porosity, etc. The S-wave prediction 
precision has been improved greatly so as to establish a 
good well data foundation for improving prestack inversion 
accuracy.  
According to the analysis of the cross plot of Vp/Vs vs. P-
wave impedance of Triassic Baikouquan Fm. in D10 well 
area, high quality reservoirs have dual features such as low 
Vp/Vs and medium impedance, and their distribution scope 

cannot be effectively predicted using a single parameter. 
Through research, we have innovatively proposed a 
probabilistic characterization method for high quality 
reservoirs to predict the high quality glutenite reservoirs in 
the region. According to the reservoir prediction result 
comparison chart (Figure 7), the Vp/Vs obtained from 
conventional prestack inversion can be used to effectively 
predict the distribution features of glutenites in Triassic 
Baikouquan Fm., but cannot be used to predict the thin 
reservoirs in the top of Bai-2 Member. The probability 
attribute of high quality reservoirs can be used to 
differentiate both sand bodies and the oil-producing 
glutenites in the top of Bai-2 Member; the reservoir 
prediction thickness has been increased from 20-30m to 5-
8m, and the coincidence rate of reservoir prediction has 
been increased from 62% to 92%.  
 
4.  Exploration effects 
 
Through high-density & wide-azimuth 3D deployment in 
Mahu region and research on integrated processing and 
interpretation technology, good data effects have been 
obtained; in addition, the deep research on structure, 
sedimentation, reservoir and hydrocarbon accumulation has 
supported the implementation of the glutenite reservoir 
objective in Mahu sag and provided basic data and 
technical support for well deployment and reserves 
prediction, mainly involving the following:  
(1) Using high-density wide-azimuth 3D seismic data and 
matching processing and interpretation technology, the 
structural features of Triassic Baikouquan Fm. in the slope 
region of Mahu sag have been re-ascertained, the previous 
recognition ‘simple slope’ has been changed, and a 
hydrocarbon accumulation model ‘source connection via 
faults, three-dimensional drainage by planes of 
unconformity and faults, and multi-stage hydrocarbon 
accumulation’ has been established.  
(2) Through the comprehensive application of seismic data, 
logging data, core data, ancient landform data, etc., the 
large-area distribution features of sedimentary systems of 
Triassic Baikouquan Fm. and fan delta front subfacies have 
been re-ascertained and they show the distribution features 
‘sag-wide gravel-bearing’, thus playing an important role in 
the determination of the large-area hydrocarbon 
accumulation model.  
(3) Using the new 3D seismic data, 95 drilling well 
positions have been determined, 75 wells have been well 
drilled. The success ratio of exploration wells is up to 67%.  



 

 

 

 
Figure 7 Effect comparison chart of well-connecting profile and plane attribute before and after method application 

(a/c: Vp/Vs inversion profile/plane; b/d: probability attribute profile/plane of high quality reservoirs) 
5. Conclusions 
 
The following important understandings have been 
obtained from the practical application of the high-density 
& wide-azimuth seismic exploration technology in the 
exploration of Mahu region:  
(1) Economic and technical integration of seismic 
exploration in Mahu region has been achieved through the 
scale application of the high-density & wide-azimuth 3D 
seismic exploration technology based on high-efficiency 

acquisition. The technology has effectively improved 
seismic data quality and is a powerful tool for finding oil 
and gas in the region.  
(2) The application of the OVT domain migration expands 
the use dimension of seismic data, provides an effective 
technical means for recognizing seismic data from multiple 
angles, and effectively improves the precision of 
identifying and ascertaining targets.  
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