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Abstract 
This paper analyzes the lithology, pore throat microstructure and fluid distribution 
characteristics of tight sandstone reservoirs in the second member of Shaximiao 
Formation in Wubaochang area through experimental tests such as rock thin section, 
SEM, NMR, MIP, and productivity simulation. Use multiple methods and multiple 
parameters to divide the effective reservoir lower limit, clarify the effective reservoir, 
and then establish the reservoir classification evaluation standard on this basis. The 
results show that: (1)The reservoir of the second member of Shahe Formation is mainly 
composed of lithic feldspar sandstone, and the pore types are mainly dissolved pores. 
(2)The lower limit of effective reservoir porosity is 2.55%, the pore size is 57.27nm, and 
the irreducible water saturation is 68.21%.  
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1. Introduction 

The gas reservoir of the second member of Shaximiao Formation in Wubaochang area is a typical 
lithologic reservoir under the background of low and gentle dome anticline structure, and the reservoir 
heterogeneity is strong. In recent years, many scholars have carried out a large number of studies on 
tight sandstone gas reservoirs in the second member of Shaximiao Formation in the study area, but 
they mainly focus on the macroscopic characteristics of reservoirs, and the microscopic research is 
relatively weak, which seriously restricts the development of tight gas exploration in the study area. 
The exploration and development experience of tight sandstone gas in Sichuan Basin shows that high 
reservoir quality is not necessarily able to become high-quality reservoirs. In the past, only relying 
on porosity and permeability to determine the lower limit of effective reservoir cannot meet the actual 
exploration and development needs, and its fluid distribution needs to be further clarified. Tight 
reservoirs have small pores, and nano-pore throats control the flow and accumulation of oil and gas. 
Therefore, it is very important for tight sandstone reservoirs in the study area. 

2. Project Location Profile 

Wubaochang area is located in the Wanyuan fold area of the Dabashan arc belt, which is protruding 
into the basin. It is located in Xuanhan County, Sichuan Province. The terrain is undulating and the 
overall structure is anticline. The second member of the middle Jurassic Shaximiao Formation in the 
study area is a meandering river- meandering river delta terrigenous clastic sedimentary system 
formed by the flexural subsidence of the foreland basin. In the upper part of the study area, 
meandering river deposits are mainly developed, which has a typical meandering river binary 
structure sedimentary system. The lower strata are characterized by ' mud-coated sand ' on the core 
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and outcrop, and the sediments are mainly fine-grained deposits, which are meandering river-delta 
deposits. 

3. Reservoir Characteristics 

3.1 Petrological Characteristics 

The reservoir rock types of the second member of Shaximiao Formation in the study area are mainly 
feldspar lithic sandstone, followed by lithic feldspar sandstone. Quartz content is generally 51% ~ 
67.6%, with an average of 58.14%. The feldspar content is high, average 20%, mainly potassium 
feldspar, second plagioclase, local micro plagioclase ; the content of cuttings is 10% ~ 25%, mainly 
magmatic rocks and metamorphic cuttings. Other mineral compositions are mica, epidote and garnet ; 
most heterobases are clay. Particles are mainly line contact, composition maturity and structure 
maturity are low. Cementation types are diverse, the content is 1%~ 22%, cementation types are 
mostly pore type and contact type. 

 

Table 1. Basic characteristics of reservoirs in the study area 

Main rock 
type 

Main reservoir 

 space types 
porosity（%） permeability（mD） 

bound water 
saturation（%） 

feldspar 
lithic 

sandstone 

Intragranular dissolved 
pore – intergranular 

dissolved pore 
0.38~6.88 0.0000368~4.02 21.1~83.29 

3.2 Reservoir Pore Throat Type 

Four types of reservoir space are developed in the study area, and intragranular dissolved pores-
intergranular dissolved pores are the main types. (1) Intragranular dissolved pores-intergranular 
dissolved pores : Most of them formed after feldspar was dissolved, and the pore shape was irregular, 
mostly banded and curved. The throat was mainly composed of curved flakes and flakes ( Fig 1a, Fig 
1b ). (2) Intergranular pores : mainly residual intergranular pores, which are preserved after 
cementation of chlorite rims and are often polygonal ( Fig. 1c and Fig. 1d ), and are mostly distributed 
among coarse-medium grained sandstone particles with less matrix content. (3) Fractures : mainly 
structural fractures, but microfractures are developed ( Fig. 1e ). The distribution of tectonic fractures 
is affected by local structures, and the shape is mainly meshed ( Fig. 1f ). 

 

 
Fig. 1 The pore structure of tight sandstone in the second member of Shaximiao Formation in the 

study area 
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3.3 Reservoir Microscopic Pore Structure Characteristics 

In recent years, NMR technology has been widely used in the study of pore structure of tight 
reservoirs. In this experiment, seven typical samples from different sedimentary microfacies were 
selected for experimental analysis. The NMR T2 spectrum of tight sandstone in the study area is 
mainly characterized by the right high bimodal NMR T2 spectrum, the left high bimodal NMR T2 
spectrum and the left high near unimodal NMR T2 spectrum ( Fig 2a ). The permeability of samples 
with right-high bimodal NMR T2 spectrum is generally high, and the average porosity is more than 
5%. The right peak area is high on the NMR T2 spectrum, and the corresponding T2 value of the 
main peak is about 100 ms. This kind of sample is given priority to with large throat, throat radius 
concentrated in 1 μm ~ 5 μm ( Fig 2b ), pore connectivity is good, micro cracks developed. It can be 
clearly seen from the NMR T2 spectrum and the throat radius distribution that this kind of sample is 
the best, and the statistical results show that this kind of sample is mainly developed in the microphase 
of estuary dam. The average porosity of the samples with left-high near-single-peak NMR T2 
spectrum is less than 3%, the permeability is low, and the pore connectivity is poor. The NMR T2 
spectrum shows that the left peak is obviously higher than the double-peak or single-peak type. The 
corresponding T2 value of the main peak is about 1 ms, and the throat is basically distributed below 
0.1 μm, which belongs to the nanoscale pore throat. The pore contributes less to the reservoir 
permeability. The NMR experimental results show that the development of high-quality tight 
sandstone reservoirs in the second member of Shaximiao Formation in the study area is also 
controlled by sedimentary microfacies. 

 

 
Fig. 2 (a) NMR T2 spectrum of each sample of the second member of Shaximiao Formation in the 

study area (b) pore throat radius distribution of each sample of the Shaximiao Formation in the 
study area 

 

The pore throat diameter can be reflected by the mercury injection pressure corresponding to the flat 
horizontal step on the mercury injection curve, and the length of the horizontal step reflects the 
separation of the pore throat . Mercury injection experiments show a good correlation with NMR 
experiments. The mercury injection pressure corresponding to the horizontal section of the mercury 
injection curve of the right high bimodal NMR T2 spectrum and the left high bimodal NMR T2 
spectrum reservoir samples is lower ( Fig 3 ) and the horizontal section is longer. The two types of 
samples are well sorted on the whole, mainly coarse throats and cracks are developed. The mercury 
injection curve of the samples corresponding to the left-high near-single-peak NMR T2 spectrum 
reservoir samples shows a high threshold pressure. The pressure is significantly large during the 
whole mercury injection process, and there is no obvious horizontal step, indicating that the pore 
throat development of this type of reservoir is poor and the seepage ability is weak. Through thin 
section data and mercury injection curve, it can be seen that high quality reservoirs often develop 
micro fractures. Under the transformation of fractures, the reservoir seepage ability is improved, and 
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the fractures effectively connect the reservoir pores. The mercury removal efficiency of all samples 
is above 30%, and the reservoir connectivity is good as a whole. 

 

 
Fig. 3 Capillary pressure curves of various samples in the second member of Shaximiao Formation 

in the study area 

3.4 Reservoir Physical Property 

The porosity distribution of the second member of Shaximiao Formation in the study area is 
0.38%~6.88%, with an average of 3.36%.The permeability distribution is 0.0000368mD~4.02mD, 
with an average of 0.1291mD. The reservoir heterogeneity is strong. 

3.5 Distribution Characteristics of Pore Fluid 

The saturated water sample was centrifuged from 8000 r / min in turn and the NMR T2 spectrum of 
the sample in each state was measured. The NMR T2 spectrum change reflected that the sample was 
in the bound water state when the rotation speed reached 14000r/min. According to the cumulative 
porosity curve of the saturated state and the centrifugal state, the T2 cut-off value can be deduced.  

Wang et al.recommended the use of 13 ms as the T2 cutoff value of tight sandstone reservoirs. Studies 
have shown that the differences in reservoir development environment and pore structure will cause 
great differences in fluid distribution in pores, and different types of T2 cutoff values are different. 
The NMR T2 spectrum of samples developed in the same sedimentary microfacies in the study area 
is roughly the same, so the T2 cutoff values of samples of different NMR T2 spectrum types can be 
divided according to the typical samples in the study area. The T2 cutoff value of the right high 
bimodal NMR T2 spectrum reservoir is the smallest, about 2 ms, the left high bimodal type is about 
6 ms, and the left high near unimodal type is about 11 ms. The irreducible water saturation in the 
study area is calculated to be 21.1%~83.29% by using the T2 cutoff value. 

4. Conclusion 

( 1 ) The tight sandstone of the second member of Shaximiao Formation in the study area is mainly 
feldspar lithic sandstone. The reservoir space is dominated by dissolution pores, with few 
intergranular pores, and the throat is mostly curved and flaky. Porosity is mainly distributed in 
0.38%~6.88%, permeability is distributed in 0.0000368 mD ~ 4.02 mD. 

( 2 ) The NMR T2 spectrum and capillary pressure curve of the reservoir in the study area show three 
forms, which are low displacement pressure, right high bimodal NMR T2 spectrum reservoir, middle 
displacement pressure, left high bimodal NMR T2 spectrum reservoir and high displacement pressure, 
left high near unimodal NMR T2 spectrum reservoir. The first type of reservoir is dominated by large 
pore throats, and the throats are concentrated in 1μm – 5μm. The third type is mainly nanoscale pore 
throats, and the throats are basically distributed below 0.1μm. 
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