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Abstract 
The Jia-2 member of the Lower Triassic Jialingjiang Formation is an important potential 
sedimentary succession for gas exploration in the central Sichuan Basin. Therefore, we 
performed a comprehensive study of drilling parameters, well logging, and core testing 
data, and combined our results with previous research and the geological background of 
the basin. We found that oolitic limestone reservoirs, dolarenite reservoirs and powder 
crystal dolomite reservoirs are the main carbonate reservoirs in the Jia-2 member. 
Isolated intragranular corroded pores and moldic pores with micro-throats comprise 
the main reservoir space of the oolitic limestone reservoirs, and their porosity and 
permeability show a weak positive correlation. Residual intergranular pores and 
intergranular dissolution pores with tubular and necking throats are the main reservoir 
space of the dolarenite reservoirs, and their porosity and permeability show a strong 
positive correlation. Intercrystal pores and intercrystal solution pores with lamellar 
throats are the main reservoir space of the powder crystal dolomite reservoirs, and their 
porosity and permeability show a strong positive correlation. Further analysis results 
regarding the genesis of the carbonate reservoirs indicate that oolitic shoals, psammitic 
shoals and dolomitic flats provided the material basis for the formation of the reservoirs. 
Micro-highlands during deposition were favorable for the formation of reservoirs. 
Leaching by meteoric freshwater, the preservation of residual intergranular pores and 
dolomitization respectively were key to the formation of the oolitic limestone reservoirs, 
dolarenite reservoirs and crystal powder dolomite reservoirs.  
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1. Introduction 

The Lower Triassic Jialingjiang Formation in the Sichuan Basin is an important potential target for 
natural gas exploration in China (proven gas reserves are greater than 10 × 108 m3) (Ma et al., 2008). 
Some studies have focused on the sedimentary features of this formation, with the conclusion that the 
central Sichuan Basin was a carbonate platform system during deposition of the Jialingjiang 
Formation (Cao et al., 2004; Tan et al., 2011). However, The Jia-2 member reservoirs in the 
Jialingjiang Formation have not been well investigated because relatively little research has been 
carried out on the characteristics and genesis of the carbonate reservoirs. Thus, study of the reservoir 
geology of the Jia-2 member reservoirs in the Jialingjiang Formation can supplement previous studies 
of the Triassic gas reservoir geology of the Sichuan Basin in China. 
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2. Geological settings 

The Sichuan Basin covers an area of about 19 × 104 km2 and is located in southwestern China. It is a 
diamond-shaped structural sedimentary basin that includes western Chongqing Province and eastern 
Sichuan Province (28°N–32°N and 103°E–108°E; Fig. 1a) (Ding et al., 2014). The central Sichuan 
Basin is located in the central low-flat belt of the Sichuan Basin and is connected with the Eastern 
Sichuan high-steep fault fold belt and the Southern Sichuan low-steep belt (Fig. 1a); the exploration 
area is about 1.5 × 104 km2. 

 
Fig. 1 (a) Tectonic units in the Sichuan Basin. (b) Sketch showing the distribution of sedimentary 

facies of the Jia-2 member, Sichuan Basin (modified from Tan et al., 2011). 

 

The Jialingjiang Formation contains marine deposits and can be divided into five members, numbered 
Jia-1 to Jia-5 (Fig. 2). The Jia-2 member conformably overlies the Jia-1 member, conformably 
underlies the Jia-3 member, and can be divided into three sub-members, labeled Jia-21 to Jia-23 (Fig. 
2). The Jia-2 member consists of many cyclical deposits of marine carbonate rocks and evaporitic 
rocks, with variable thicknesses of alternating layers of marine carbonates and evaporites such as 
gypsum (Fig. 2). The thickness of the Jialingjiang Formation Jia-2 member strata in the central 
Sichuan Basin varies from 79 m to 116 m (Fig. 2). 
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Fig. 2 Generalized stratigraphy of the Jialingjiang Formation in the central Sichuan Basin. 

 

Extensive research has been conducted on the sedimentary distribution in the central Sichuan Basin 
during deposition of the Jia-2 member. The results showed that a restricted platform was developed 
in the central Sichuan Basin, mainly composed of grain shoals, carbonate flats, a restricted lagoon 
and an evaporative lagoon (Fig. 1b), which are further identified as oolitic shoals, psammitic shoals, 
dolomitic flats, a lime lagoon, a dolomite lagoon, and a gypsum lagoon (Tan et al., 2011). At present, 
29 industrial gas wells with a combined natural gas production capacity of about 1.45 × 105 m3/D 
have been drilled in strata of the Jia-2 member, and show good gas exploration potential in the central 
Sichuan Basin. The carbonate reservoirs are developed to differing degrees and are the main gas 
exploration targets in the Jia-2 member (Cao et al., 2004; Tan et al., 2011). 

3. Depositional features of the reservoirs 

Based on the sedimentary microfacies of strata of the Jia-2 member, we analyzed the reservoir types 
of microfacies of this member and described three categories: oolitic shoals, psammitic shoals and 
dolomitic flats. 

The oolitic shoals mainly consist of light gray to brownish gray, medium to thick luminescent oolitic 
limestone. Under the microscope, ooids are round to oval in shape, oolitic content is 50% to 70%, 
psammitic content is less than 10%, ooids are selectively eroded with mostly concentric oolitic or 
hollow oolitic structure, ooids are filled with both fibrous and granular calcite cements, and the 
cement content is 10% to 30%. Oolitic shoals were mainly developed on micro-highlands and were 
susceptible to fabric-selective dissolution by meteoric fresh water during the interval of the Jia-22 
sub-member, with development of intragranular corroded pores and moldic pores (Fig. 3a and 3b). 
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The psammitic shoals are mainly composed of gray to light brown, medium to thick psammitic 
dolomite developed in the Jia-22 and Jia-23 sub-members. Under the microscope, psammitic grains 
consist mainly of fine-grained calcite with mostly sub-circular shapes; psammitic content is 55% to 
80%, with small amounts of echinoderm, foraminifer, brachiopod and ostracod fossils; psammitic 
grains are filled with bright, granular calcite cements, and the cement content is about 15% to 35%. 
Psammitic shoals mainly developed on micro-highlands, and residual intergranular pores and 
intergranular dissolution pores were developed (Fig. 3c). 

The dolomitic flats mainly consist of khaki, medium to thick olomite developed in the Jia-22 sub-
member. Under the microscope, residual structures of ooids or psammitic grains are visible because 
the original grains were difficult to replace by dolomite, and still show the fuzzy outlines of parts of 
the original grains, with the grain size dominated by powder crystals. The formation of high-salinity 
pore water under intense evaporation is favorable for quasi-syngenetic dolomitization. The 
preexisting gray sediments were replaced with powder crystallized dolomite. Pores developed 
between the powder crystals. Later, burial fluid may have further dissolved the intercrystal solution 
pores (Fig. 3d). 

 
Fig. 3 Plastic-impregnated thin sections showing typical microstructures of reservoir rocks of the 

Jia-2 member in the central Sichuan bBasin. a Oolitic limestone, mainly intragranular 
dissolutionved pores, Well Mo 13, 3,124.24 m, Jia 22 sub-member. b Oolitic limestone, mainly 

mouldic pores, Well Mo 13, 3124.03 m, Jia 22 sub-member. c Psammitic dolomite, mainly residual 
intergranular pores and intergranular dissolutionved pores, Well Mo 22, 3,023.55 m, Jia 23 sub-

member. d Powder crystallized dolomite, intercrystalline pores and intercrystalline solution pores, 
Well L 1, 3,276.95 m, Jia 22 sub-member. 

4. Characteristics of reservoirs 

4.1 Lithology of the reservoirs 

Based on the core samples and thin sections, the lithology of the reservoir rocks in strata of the Jia-2 
member are comprised mainly of oolitic limestone in the Jia-22 sub-member, psammitic dolomite in 
the Jia-21 and Jia-23 sub-members and powder crystallized dolomite in the Jia-22 sub-member. The 
average core porosity and average permeability of each of the three types of reservoir rocks were 
calculated. The average porosity of the oolitic limestone was 4.03%, and the average permeability 
was low at 0.07 × 10−3 μm2. The average porosity of the psammitic dolomite was 4.12%, and the 
average permeability was 2.54 × 10−3 μm2. The average porosity of the powder crystallized dolomite 
was 4.12%, and the average permeability was relatively high at 3.07 × 10−3 μm2. 
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4.2 Pore types 

The pore types observed based on study of 236 thin sections are as follow. There were four major 
types of pores in the Jia-2 member reservoirs: intragranular corroded pores, moldic pores, residual 
intergranular and intergranular dissolution pores, intercrystal pores and intercrystal solution pores. 
Intragranular corroded pores are the pores formed by dissolution of parts of carbonate grains; these 
pores had diameters of about 0.05–0.5 mm and irregular shape, and some were filled by anhydrite, 
autogenic quartz, fluorite, and calcite (Fig. 3a). Moldic pores are pores formed by the complete 
dissolution of carbonate grains, leaving only the external shape grains as pores; these pores were sub-
rounded to round in shape (Fig. 3b). Residual intergranular pores are the pores between compacted 
grains, as cemented or filled residual irregular polygons; these pores had diameters generally between 
0.01 and 0.2 mm. Intergranular dissolution pores are the pores formed by late dissolution caused by 
intergranular fluid, which dissolves the intergranular cement formed in the early stage, mostly in the 
form of an irregular bay shape (Fig. 3c). Intercrystalline pores are the pores between dolomite crystals, 
and intercrystal solution pores are based on the dissolution of the expansion of the intercrystalline 
pores; these pores had diameters of 0.02–0.20 mm, and some were semi-filled by calcite, silica and 
organic matter (Fig. 3d). 

The oolitic limestone reservoirs were dominated by intragranular dissolution pores and moldic pores, 
which accounted for “88.76% of the total pores by number (Fig. 4). Residual intergranular pores and 
intergranular dissolution pores accounted for a smaller proportion, 9.93%. The psammitic dolomite 
reservoirs were dominated by residual intergranular pores and intergranular dissolution pores, which 
accounted for 84.32% of the total pores by number (Fig. 4). Intragranular dissolution pores and 
moldic pores accounted for a smaller proportion, 12.1%. The powder crystallized dolomite reservoirs 
were dominated by intercrystalline pores and intercrystal solution pores which accounted for 87.29% 
of the total pores by number (Fig. 4). 

 
Fig. 4 Histogram showing the frequency distributions of pore types in reservoir rocks of the Jia-2 

member. 

4.3 Relationship between porosity and permeability 

The relationships between the core porosity and core permeability of the three kinds of reservoir rocks 
were analyzed. The results show that there are some differences in the porosity and permeability of 
the three types of reservoir rocks (Fig. 5). 
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Fig. 5 Relationships between porosity and permeability of reservoir rocks in the Jia-2 member. 

 

The relationship between the porosity and permeability of the oolitic limestone reservoirs shows a 
weak linear correlation, with a correlation coefficient of 0.2949. Permeability changes only a small 
amount as porosity increases, and most pore samples show medium porosity and low permeability 
(porosity 3%–16%, permeability less than 0.04 × 10−3 μm2). Based on the thin-section results, these 
samples contained intragranular solution pores and moldic pores in oolitic limestone. The relationship 
between porosity and permeability of the psammitic dolomite reservoirs shows that permeability 
slowly increases linearly as porosity increases, with a correlation coefficient of 0.7736. The 
permeability of samples with porosity more than 3% ranged from 0.013 to 13.88 × 10−3 μm2, and 
many samples had permeability of 0.1–10 × 10−3 μm2. Based on the thin section results, the pores 
mainly consisted of residual intergranular pores or intergranular solution pores in psammitic dolomite. 
The relationship between porosity and permeability of the powder crystallized dolomite reservoirs 
shows that permeability slowly increases linearly as porosity increases, with a correlation coefficient 
of 0.8806. The permeability of samples with porosity greater than 3% ranged from 0.011 to 19.2 × 
10−3 μm2, and there were many samples with permeability of 0.1–10 × 10−3 μm2. Based on the thin 
section results, the pores mainly consisted of intercrystal pores and intercrystal solution pores in 
powder crystallized dolomite. 

4.4 Pore throat structures 

Mercury injection analysis of the three kinds of reservoir rocks indicated that there are some 
differences in the in pore throat structures of the three types of reservoir rocks. Micro-throats were 
developed in the oolitic limestone reservoirs (Fig. 3a and 3b), and show weak pore throat structures. 
Tubular and necking throats were developed in the psammitic dolomite reservoirs (Fig. 3c), and show 
good pore throat structures. Lamellar throats were developed in the powder crystallized dolomite 
reservoirs (Fig. 3d), and show good pore throat structures. 

The mercury injection porosity values for the oolitic limestone reservoirs were 3.13%–12.06%, with 
an average of 5.46%. The mercury injection permeability values were 0.002–0.093 × 10−3 μm2, with 
an average of 0.049 × 10−3 μm2. The displacement pressure was high, with a range of 1.24–179.53 
MPa and an average of 50.32 MPa. The median throat radii were small, 0.0001–0.64 μm, with an 
average value of 0.013 μm. The mercury ejection efficiency was low, from 0.33% to 18.37%, with 
an average of 5.21%. The mercury injection porosity values for the psammitic dolomite reservoirs 
were 3.43%–13.17%, with an average of 5.27%. The mercury injection permeability values were 
0.01–10.02 × 10−3 μm2, with an average of 2.42 × 10−3 μm2. The displacement pressure was lower 
than that of the oolitic limestone reservoirs, with a range of 0.36–31.53 MPa and an average of 13.85 
MPa. The median throat radii were small, 0.21–6.64 μm, with an average value of 2.63 μm. The 
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mercury ejection efficiency was higher than that of the oolitic limestone reservoirs, from 7.33% to 
41.43%, with an average of 25.62%. The mercury injection porosity values for the powder 
crystallized dolomite reservoirs were 3.59%–11.35%, with an average of 5.52%. The mercury 
injection permeability values were 0.02–11.93 × 10−3 μm2, with an average of 3.02 × 10−3 μm2. The 
displacement pressure was lower than that of the oolitic limestone reservoirs, with a range of 0.31–
15.19 MPa and an average of 8.72 MPa. The median throat radii were small, 0.33–8.82 μm, with an 
average value of 2.94 μm. The mercury ejection efficiency was higher than that of the oolitic 
limestone reservoirs, from 9.06% to 49.09%, with an average of 28.83%. 

Table 1 shows a summary of the basic characteristics of the oolitic limestone reservoirs, psammitic 
dolomite reservoirs and powder crystallized dolomite reservoirs. 

Table 1: Summary of the basic characteristics of reservoirs in the Jia-2 member 
Reservoir type 
basic feature 

Oolitic limestone 
reservoirs 

Psammitic dolomite reservoirs 
Powder crystallized dolomite 

reservoirs 
Lithology Oolitic limestone Psammitic dolomite Powder crystallized dolomite 

Pore type 
Mainly intragranular 

corroded pores, moldic 
pores 

Mainly residual intergranular 
pores and intergranular 

dissolved pores 

Mainly intercrystal pores and 
intercrystal solution pores 

Average core porosity 
(%) 

4.03 4.12 4.57 

Average core 
permeability 
(× 10-3μm2) 

0.07 2.54 3.07 

Relationship between 
porosity and 
permeability 

from core 

Poor linear positive 
correlation of porosity 

with permeability; 
Correlation coefficient R 

= 0.2949 

Preferable linear positive 
correlation of porosity with 
permeability; Correlation 

coefficient R = 0.7736 

Preferable linear positive 
correlation of porosity with 
permeability; Correlation 

coefficient R = 0.8806 

Pore and throat 
structure 

Throat is not developed; 
pore connectivity are 

poor 

Tubular and necking throats 
were developed; pore 
connectivity are better 

Lamellar throats were 
developed; pore connectivity 

are better 

5. Reservoir genesis 

5.1 Sedimentary microfacies are the depositional basis of reservoir formation 

The Jia-2 member carbonate reservoirs have been controlled by sedimentary microfacies. 
Sedimentary microfacies are the depositional basis of reservoir formation. Based on the core analysis 
data, the different microfacies from high to low porosity are: dolomitic flat, psammitic shoal, oolitic 
shoal, dolomite lagoon, lime lagoon, gypsum lagoon (Fig. 6). The dolomitic flat, psammitic shoal and 
oolitic shoal microfacies were favorable for the formation of reservoirs, and provided the material 
basis for reservoirs formation. 

 
Fig. 6 Average porosity of different sedimentary microfacies of the Jia-2 member. 
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5.2 Micro-highlands favored reservoir formation 

The carbonate platform was not very flat, with micro-highlands and relatively low-lying intra-
platform depressions (Telm and André 2013). Micro-highlands are often above wave base, which is 
beneficial for the growth and development of shoals and dolomitic flats. The shoal bodies may be 
frequently exposed to an atmospheric diagenetic environment, and unstable minerals (e.g., aragonite) 
are susceptible to fabric-selective dissolution by meteoric fresh water (Fig. 7). In addition, dolomitic 
flats can be formed by dolomitization with seawater evaporate on micro-highlands in dry and hot 
environment (Wang et al., 2015; Guo et al., 2017). 

 
Fig. 7 Schematic diagram showing thes dissolution of grain shoals by meteoricatmospheric fresh 

water in platform-interior micro-highlands. 

The water body always maintains a certain depth in intra-platform depressions; whether in sea level 
rise or sea level fall, the sedimentary hydrodynamic force is weak, and energy is low, with formation 
mainly fine-grained sediments. Because of the long length of time these deposits existed in an 
underwater environment, the rocks were less influenced by atmospheric water, which is not conducive 
to the formation of intragranular corroded pores or moldic pores. At the same time, rock compacted 
by fine sediments is less resistant to compaction, which is not conducive to the preservation of 
primary pores. The late dolomitization can only account for the early fine-grained rocks. The 
formation of clay-bearing dolomites provided fewer pores and was not conducive to the formation of 
reservoirs. 

5.3 Syndepositional karstification, preservation of residual intergranular pores and 
dolomitization were key to the formation of shoal reservoirs 

Syndepositional karstification occurred in an atmospheric diagenetic environment controlled by the 
shallowing-upward sedimentary sequences (Hollis 2011; Mahboubi et al., 2016). When the shoals of 
the carbonate platform accreted vertically, they were highly susceptible to leaching by atmospheric 
fresh water enriched with CO2, which resulted in the selective denudation of the structures, and 
formed intragranular corroded pores or moldic pores. The oolitic limestone reservoirs were formed 
mainly by syndepositional karstification. Reservoirs often developed in the middle and upper parts 
of single shoal bodies. 

Shoals with thick single shoal bodies, inactive cementation during deposition and significant early 
compaction are favorable for the preservation of primary intergranular pores (Ding et al., 2014). Later 
burial dissolution fluids flowed and dissolved more easily in primary pores and throats, and 
intergranular dissolution pores were formed. However, shoals with thin, single shoal bodies and more 
active syndepositional cementation and initial compaction effects are not conducive to the 
preservation of primary intergranular pores. The oolitic limestone reservoirs are characterized by 
primary intergranular pores and throats filled with cements and poor flow of later burial dissolution 
fluids. These reservoirs are characterized by the development of intragranular dissolution pores and 
moldic pores with less developed throats. 
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Fig. 8 Schematic diagram showings the dolomitization with evaporate seawater evaporation. 

Table 2 summarizes the genesis of the oolitic limestone reservoirs, psammitic dolomite reservoirs 
and powder crystallized dolomite reservoirs. 

Table 2: Summary of reservoir genesis in the Jia-2 member 

Genesis of reservoir 
Oolitic limestone 

reservoirs 
Psammitic dolomite reservoirs 

Powder crystallized 
dolomite reservoirs 

Material basis of 
reservoir formation 

Oolitic limestone 
formed in oolitic shoals 

Psammitic dolomite formed in 
psammitic shoals 

Powder crystallized 
dolomite formed in 

dolomitic flat 
Micro-topography of 
reservoir formation 

Micro-highlands within 
carbonate platform 

Micro-highlands within 
carbonate platform 

Micro-highlands within 
carbonate platform 

Diagenesis of reservoir 
formation 

Syndepositional 
karstification 

Inactive cementation in the 
syndeposition within thick single 

shoal bodies 
Dolomization 

 

Shoals can be transformed by dolomitization, and the dolomitization type of powder crystallized 
dolomite reservoirs formed on shoal bases (Alessandro et al., 2014; Maryam et al., 2015). The powder 
crystallized dolomite reservoirs were affected by dolomitization associated with seawater evaporation. 
With strong evaporation on the surface in the dry and hot environment of the platform, seawater 
evaporated in the lagoon, which enriched Mg2+ in the seawater and caused replacement of the early 
shoal grain limestone with dolomite (Fig. 8). 

6. Conclusion 

Oolitic limestone reservoirs, dolarenite reservoirs and powder crystal dolomite reservoirs are the main 
carbonate reservoirs of the Jia-2 member of the Lower Triassic Jialingjiang Formation in the central 
Sichuan Basin. 

The main reservoir space of the oolitic limestone reservoirs included isolated intragranular corroded 
pores and moldic pores with micro-throats, and their porosity and permeability showed a weak 
positive correlation. The main reservoir space of the dolarenite reservoirs included residual 
intergranular pores and intergranular dissolution pores with tubular and necking throats, and their 
porosity and permeability showed a strong positive correlation. The main reservoir space of the 
powder crystal dolomite reservoirs included intercrystalline pores and intercrystalline solution pores 
with lamellar throats, and their porosity and permeability showed a strong positive correlation. 

Sedimentary microfacies are the depositional basis of reservoir formation. Micro-highlands presented 
favorable conditions for the formation of reservoirs. Syndepositional karstification, preservation of 
residual intergranular pores and dolomitization were key to the formation of the shoal reservoirs. 



International Core Journal of Engineering Volume 7 Issue 12, 2021
ISSN: 2414-1895 DOI: 10.6919/ICJE.202112_7(12).0016

 

135 

References 
[1] Alessandro I., Gianluca F., Laura G., Mariano P., 2014. Facies and early dolomitization in Upper Albian 

shallow-water carbonates of the southern Apennines (Italy): paleotectonic and paleoclimatic implications. 
Facies. 60(1), 169－194. 

[2] Cao J., Tan X.C., Chen J.S., 2004. Sedimentary facies and their evolution characteristics in Jialingjiang 
Formation of Jianwei Area, Southwest Sichuan Basin. Geol J China Univ 10:429–439. (in Chinese with 
English abstract). 

[3] Ding X., Tan X.C., Li L., Huang L., Luo B., Tang Q.S., Ma H.L., 2014. Differences between the platform-
margin shoal reservoirs and the platform-interior shoal reservoirs of the Middle Triassic Leikoupo 
Formation, Sichuan Basin, China. Carbonate Evaporite. 29(4), 349－361. 

[4] Guo C., Chen D.Z., Dong S.F., Qian Y.X., Liu C.G., 2017. Early dolomitisation of the Lower-Middle 
Ordovician cyclic carbonates in northern Tarim Basin, NW China. Sci China Earth Sci. 60(7), 1283－
1298. 

[5] Hollis C., 2011. Diagenetic controls on reservoir properties of carbonate successions within the Albian-
Turonian of the Arabian Plate. Pet Geosci. 17, 223－241. 

[6] Ma Y.S., Zhang S.C., Guo T.L., Zhu G.Y., Cai X.Y., Li M.W., 2008. Petroleum geology of the Puguang 
sour gas field in the Sichuan Basin, SW China. Mar Pet Geol. 25, 357－370. 

[7] Mahboubi A., Nowrouzi Z., Al-Aasm I.S., Moussavi-Harami R., Mahmudy-Gharaei M.H., 2016. 
Dolomitization of the Silurian Niur Formation, Tabas block, east central Iran: Fluid flow and dolomite 
evolution. Mar Petrol Geol. 77, 791－805. 

[8] Maryam P., Hossain R.B., Fadi H.N., Mohammad R.K., 2015. Dolomitization and burial history of lower 
triassic carbonate reservoir-rocks in the Persian Gulf (Salman offshore field). Carbonate Evaporite. 30(1), 
25－43. 

[9] Tan X.C., Li L., Liu H., Luo B., Zhou Y., Wu J.J., Ding X., 2011. General depositional features of the 
carbonate platform gas reservoir of the Lower Triassic Jialingjiang Formation in the Sichuan Basin of 
southwest China: Moxi gas field of the central basin. Carbonate Evaporite. 26(4), 339－350. 

[10] Telm B.A., André S., 2013. Relative sea-level change, climate, and sequence boundaries: insights from 
the Kimmeridgian to Berriasian platform carbonates of Mount Salève (E France). Int J Earth Sci. 102(2), 
493－515. 

[11] Wang G.W., Li P.P., Hao F., Zou H.Y., Yu X.Y., 2015. Origin of dolomite in the third member of 
Feixianguan Formation (Lower Triassic) in the Jiannan area, Sichuan Basin, China. Mar Petrol Geol. 63, 
127－141. 


