Front. Earth Sci. China 2007, 1(3): 358-365
DOI 10.1007/s11707-007-0044-z

RESEARCH ARTICLE

The seismic property of reef flat in the Changxing-
Feixianguan Formation, Northwest Sichuan Province, China

LIU Shu (¥)% TANG Jianming!, GUO Xusheng? ZHAO Shuang?

1 Southeast Research Institute, China Petroleum & Chemical Corporation, Deyang 618000, China
2 Research Institute of South Marine Reservoir, Kunming 650200, China
3 Energy College, Chengdu University of Technology, Chengdu 610059, China

© Higher Education Press and Springer-Verlag 2007

Abstract The development of a carbonate reservoir is
dominated by its primary sedimentary environment. Gener-
ally, a good reservoir must be the oolite of a bank or bioclas-
tics of an organic reef in a marginal mesa, which must
deposit on the slope of the mesa. Therefore, the analyses of
sequence stratigraphy are the key for predicting the presence
of carbonate reservoirs. A typical sequence pattern can be
seen in the Puguang gas field. As an independent lithological
body, the mechanical property of a reef flat is very different
from the surrounding rock, causing stress to concentrate.
Stress centralization will, in turn, cause a lot of fractures and
faults to develop, and ultimately, result in a gas chimney,
which is a seismic smear zone beneath or above the reef flat.
Known gas fields, such as the Puguang gas field, also possess
gas chimneys. Sequence stratigraphy patterns in the marginal
mesa and gas chimney near the reservoir are very obvious in
all known fields in southeast and east Sichuan Province.
By analyzing the seismic features of all known gas fields, a
model to predict carbonate reservoirs has been set up. Using
this prediction model, we have found that there is a typical
reef flat of the marginal mesa in the Malubei structure of
Tongnanba structural belts whose sequence stratigraphy pat-
tern is very much like that of the Puguang gas field; and in the
Cangxi-Jiulongshan structure, there is another reef flat which
is symmetrical to the Malubei reef. The Cangxi reef flat pos-
sesses the largest platform edge shallow facies domestically
found, and has a typical prograding sequence. Its gas chimney
is very obvious too. Because the Cangxi reef flat is in the very
vicinity of the hydrocarbon kitchen and the depression is
much bigger than that of the Puguang gas fields, we predict
that there may be a gigascopic gas field in Cangxi County.
There may also be a large gas field in the Malubei structure.
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1 Introduction

In recent years, a great breakthrough has been made in the
marine reservoir in the northeast of Sichuan Province. The
Southwest Company of PetroChina has acquired proven
reserves of up to 2 500><108 m® from 1998 to 2005 (Wei
et al., 2006), and the South Company of SINOPEC discov-
ered the biggest domestic gas field in the Puguang structure
in 2003-2005, the proven reserves of which is up to
2 100><108 m3, and the available reserves of which is up to
1 500><108 m®. The matrix primary pores of the marine car-
bonate rock in southeast Sichuan have almost died out; the
average porosity is about 0.9100 and the permeability is less
than 0.001><10™ em? in the area where not many fractures
develop. Therefore, the techniques to predict reservoirs bring
vital function into play and great progress has been made
(Wang et al., 1998, 2000, 2001; Wang and Xie, 2000; Liu
et al., 2002; Liu and Gan, 2003a, b; Mou et al., 2004; Shun
etal., 2005; Wei et al., 2006). A reef flat has been found in the
Puguang gas field, the reservoir of which is corroded dolo-
mite rock and the porosity of which is up to 150. It is the
highest grade reservoir that has been found in southeast Sich-
uan. However, predicting reservoirs in carbonate rocks is a
hard nut to crack, and it is even so in southeast Sichuan.
Before the year 2000, the prediction technique was not so
reliable, and the number of abortive wells was very big. Some
of the previous studies paid more attention to inversion of
seismic data (Shun et al., 2005), while some attached impor-
tance to analyzing seismic facies (Wang et al., 2001). Through
analyzing all the known fields, this thesis comes to a conclu-
sion that firstly, the characteristics of sequence stratigraphy of
the reef flat in southeast and east Sichuan are considerably
obvious and reliable, and secondly, gas chimneys are another



feature of a gas reservoir. Many factors can affect the reser-
voir’s properties, among which the geologic property is the
most important and the most basic (Qiang, 1998). Because of
this, using the sequence pattern to predict reservoirs is the
most effective method. Besides, a gas chimney and depres-
sion in the neighborhood of a reef flat are also typical signs of
big reservoirs. The integration of these two features is reliable
and accurate for the prediction of a large-scale reservoir in a
reef flat.

The region of interest is located at the front of Micang
Mountain and Daba Mountain (Fig. 1). The study area con-
tains the Tongnanba structure belts, the Jiulong anticline
structure and the Puguang structure. The wells involved
are Puguang 1-4 in the Puguang gas field, Heba 1 in the
Tongnanba belts, and Long 4 in the Jiulong anticline.

The Tongnanba structure belt is one of the largest struc-
tures inferior to the Weiyuan structure (Petroleum Geology in
China, 1989). It is the product of a multi-directional tectonic
movement, and its structure is very complicated. In 2005,
the well of Heba 1 obtained a testing production rate of
30><10* m®d in the Feixianguan formation. The Puguang gas
field is situated in eastern Sichuan. The structure in Puguang
is high and steep and very complicated. The largest domestic
gas field of the reef was found between 2003 and 2005. There
are a lot of wells in it, and the study is mature (Cai et al., 2005;
Ma et al., 2005). The Jiulong structure is situated at the front
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of Micang Mountain and in the west of Tongnanba belt. How-
ever, the Jiulong structure is a little far away from Micang
Mountain, Longmen Mountain and Daba Mountain. Because
of this, the structure there is integral and not many faults
develop. The characteristics of sedimentation are distinct and
can be recognized reliably. The well of Long 4 was drilled to
the Yangxin series in 1986, but with no success.

Since the eighth five-year program, a profound under-
standing has been acquired about the sedimentation of the
Changxing—Feixianguan Formation (Wang et al., 2001; Wei
et al., 2005, 2006). It has been found that the sedimentation is
the key factor controlling the development of reservoirs. The
study of the sedimentation of Changxing—Feixianguan has
shown that there is a trough in the south front of Micang
Mountain and Daba Mountain, and in the Pingchan County
and Wangcang County (Fig. 1), which is called the Guang-
Wang trough and Kaijiang-Liangping trough, respectively,
by Wang et al. (2002). Along this trough, in the reef flat,
several gas fields of large and medium sizes, which are
the Puguang, Huanglongchang, Yun’an, Tiandong, Huangni-
tan, and Tieshan, etc., have been found. All of these fields
possess considerable scale and their per well production is
relatively high. The third resource assessment has shown that
the total resource is about 10 102><108 m?®, and the remaining
resource is 9161 114><108 m®, which means that there is
great exploration potential in this area (Wei et al., 2005).
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Fig. 1 The sedimentary facies of Cangxing Formation in Northeast Sichuan (compiled by Mineral Institute of Chengdu and Southeast

Company)






