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Lithofacies characteristics of volcanic gas reservoirs and their influence
on reservoir physical properties: a case study of Member 1 of Cretaceous
Yingcheng Formation in Xudong area of the Xushen gas field

CHEN Huan-qing, HU Yong-le, RAN Qi-quan, YAN Lin and SUN Zuo-xing
(Research Institute of Petroleum Exploration and Development, PetroChina, Beijing 100083, China)

Abstract: Taking the volcanic reservoir of Member 1 of Yingcheng Formation in Xudong area of the Xushen gas
field as an example, the authors studied lithofacies characteristics of the volcanic gas reservoir and their influ-
ences on reservoir physical properties with the purpose of effectively forecasting and exploiting the volcanic reser-
voir. On the basis of identification of volcanic rock types and recognition of volcanic rock bodies by combining
geological data with logging data and seismic data, the authors analyzed volcanic lithofacies characteristics and
their relationship with reservoir physical properties and forecast the favorable prospecting areas by using data
from wells, sections and plane lithofacies. The results indicate that the volcanic reservoir of the Member 1 of
Yingcheng Formation in Xudong area of the Xushen gas field was formed by repeated volcanic eruptions, with
the lithologies consisting of 10 types. The rhyolite, rhyolite tuff and sedimentary volcanic breccia played the pre-
ponderant role. The eruption type in the study area was cranny-center eruption, and crater and volcanic lithofa-
cies were obviously controlled by ruptures. The volcanic bodies were dominated by craters, and different volcanic
lithofacies were developed in different positions of volcanic bodies. The volcanic facies inside the volcanic bodies
in the study area can be divided into five types and sixteen sub-facies. The results indicate that the volcanic

lithology and its combination constitute the basis of the division of volcanic facies, and the spreading of volcanic
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facies controls the distribution of gas reservoirs. The reservoir development areas include the lower part and
upper part and top overflow sub-facies of overflow facies, splash down sub-facies and air falling sub-facies, mid-
dle extrusive sub-facies, exterior sub-facies of extrusive facies and volcanic neck sub-facies of volcanic channels
facies. The sub-facies of the volcanic reservoir include volcanic sub-lithfacies of volcanic neck sub-facies, dikes,
sills, hydrothermal breccias, inner extrusive sub-facies, middle extrusive sub-facies, exterior sub-facies, splash

down sub-facies, pyroclastic flow deposit, base surge deposit, air falling sub-facies, top part overflow facies,
upper part overflow facies, middle part overflow facies, lower part overflow facies, epiclasts-bearing vol-
canogenic sediments and reworked volcanogenic sediments. The explosive facies and overflow facies are most
developed facies, and the physical property of the volcanic sub-facies of splash down is the best. The average
effective porosity is 9.00% and the average whole permeability is 4.793 mD. Volcanic lithology and its combi-
nation form the basis of the division of volcanic lithofacies. The distribution of volcanic lithofacies control the de-
velopment characteristics of volcanic reservoirs. The reservoir development areas are lower part and upper part
and top overflow sub-facies of overflow facies, splash down sub-facies, air falling sub-facies, middle extrusive
sub-facie, exterior sub-facies of extrusive facies and volcanic neck sub-facies of volcanic channels [acies.
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Fig. 1 Sketch map showing stratigraphic and structural divisions of the Xushen gas field in Songliao Basin modified after
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Fig. 2 Characteristics of core and microscopic photos of volcanic rocks from Member 1 of Yingcheng Formation

in Xudong area of the Xushen gas field
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3836.62~3836.76 m D— XS231 3760.00~3760.13 m E— XS42 3702.06m + F—
XS24 3683.52m +

A—pore rhyolite Well-XS14 3 784.85~3785.53 m in depth B—angular pebble lava Well-XS231-1 3752.21~3752.68 m in depth C—
sedimentary volcanic breccia Well-XS21 3 836.62~3 836.76m in depth D—ignimbrite Well-XS231 3760.00~3760.13 m in depth E—
crystal tuff Well-XS42 3702.06 m in depth  +  F—volcanic breccia Well-XS24 3 683.52 m in depth  +
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Fig. 3 Reflection characteristics map of seismic section of Member 1 of Yingcheng Formation in Xudong area of

the Xushen gas field
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Table 1 Volcanic facies types of Member 1 of Yingcheng Formation in Xudong area of the Xushen gas field
modified after Wang Pujun ef al. 2008
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Fig. 4 Well logging characteristics map of volcanic facies from Well-XS-A of Member 1 of Yingcheng Formation

in Xudong area of Xushen gas field
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Fig.5 Well loging characteristics of volcanic facies from Well-XS-A of Member 1 of Yingcheng Formation
in Xudong area of the Xushen gas field
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Fig. 7 Columnar section showing relationship between volcanic lithofacies and reservoir physical features of Member 1 of

Yingcheng Formation in Xudong area of the Xushen gas field
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Fig. 8 Columnar section showing relationship between volcanic sub-lithofacies and reservoir physical features of Member 1 of

16

Yingcheng Formation in Xudong area of the Xushen gas field
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