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The sedimentary facies/microfacies, which can be correlated with well logs, determine reservoir quality
and hydrocarbon productivity in carbonate rocks. The identification and evaluation of sedimentary
facies/microfacies using well logs are very important in order to effectively guide the exploration and
development of oil and gas. Previous carbonate facies/microfacies identification methods based on
conventional well log data often exist multiple solutions. This paper presents a new method of facies/
microfacies identification based on core—conventional logs—electrical image log—geological model, and
the method is applied in the fourth member of the Dengying Formation (Deng 4) in the Gaoshiti-Moxi
area of the Sichuan Basin. Firstly, core data are used to calibrate different types of facies/microfacies, with
the aim to systematically clarify the conventional and electrical image log responses for each type of
facies/microfacies. Secondly, through the pair wise correlation analysis of conventional logs, GR, RT and
CNL, are selected as sensitive curves to establish the microfacies discrimination criteria separately.
Thirdly, five well logging response models and identification charts of facies/microfacies are established
based on electrical image log. The sedimentary microfacies of 60 exploratory wells was analyzed indi-
vidually through this method, and the microfacies maps of 4 layers of the Deng 4 Member were
compiled, and the plane distribution of microfacies in the Gaoshiti-Moxi area of the Sichuan Basin was
depicted. The comparative analysis of oil testing or production results of wells reveals three most
favorable types of microfacies and they include algal psammitic shoal, algal agglutinate mound, and algal
stromatolite mound, which provide a reliable technical support to the exploration, development and well
deployment in the study area.
© 2021 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Edited by Jie Hao

Keywords:

Deng 4 member
Core calibration
Microfacies
Electrical image log
Log facies

Karst reservoir

1. Introduction

Carbonate rock reservoirs generally have complex and hetero-
geneous pore networks due to various porosity enhancing, pre-
serving or destroying modifications or activities (Westphal et al.,
2005; Hollis et al., 2010; Roth et al., 2011; Norbisrath et al., 2015;
Lai et al., 2020). Prediction of reservoir quality via petrophysical
logs becomes difficult (Lai et al., 2019; Wang et al., 2020). However,
reservoir quality in carbonate rocks is primarily controlled by
depositional facies, and these facies-controlled carbonate rocks can
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be predicted via well logs if the depositional facies can be evaluated
and predicted.

The Sinian Dengying Formation in the Sichuan Basin is one of
the important strata for gas exploration, and contains mound/shoal
facies reservoirs altered by karstification. The Gaoshiti-Moxi area is
located in the eastern slope of the Caledonian paleo-uplift, with the
original gas in place (OGIC) exceeding one trillion cubic meters in
the Dengying Formation (Li et al. 2013a; Zou et al., 2014; Wei et al.,
2015). So far, the exploration of the Deng 4 Member (Member 4 of
Dengying Formation) has shifted from the platform margin to the
intra-platform where the reservoir quality is quite different. For
facies-controlled reservoirs (reservoir quality is determined by
depositional facies), the identification and plane distribution of
microfacies are critical for the exploration and development (Yao
et al., 2014; Luo et al. 2015, 2019; Shan et al., 2016; Song et al.,
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2017; Lan et al., 2019; Lai et al., 2019). However, it is difficult to
characterize the succession of microfacies in the vertical direction
and the types of microfacies in the horizontal direction, which re-
stricts the further exploration and development in the study area.

To characterize the vertical and horizontal distribution of
depositional facies are difficult due to limited core data, therefore
well log data are needed to predict depositional facies (Li et al.,
2014). A lot of works have been conducted on identifying sedi-
mentary microfacies with conventional log methods (Mancini et al.
2000, 2008; Lai et al., 2019). However, conventional log methods
can only identify limited types of sedimentary microfacies from the
prospective of mineral composition or response characteristics,
generating multiple solutions. In contrast, electrical image log can
provide high-resolution images to clearly reveal the texture and
structure characteristics (Lai et al., 2020). Nevertheless, it is still
challenging to accurately establish the image log identification
chart for microfacies and minimize the ambiguity of resolutions.

The Dengying Formation in the Sichuan Basin is mainly
composed of deposits of carbonate platform margin and restricted
platform facies. In previous studies, core and thin section data were
used to calibrate conventional logs, and mathematical statistical
methods were adopted to establish well log microfacies patterns
and identify the conventional log responses of various types of
sedimentary microfacies; however, this method is defective for low
resolution and multiple solutions. Alternatively, outcrop can be
combined with a small amount of core and thin section data to
calibrate the seismic data, with the aim to characterize the sedi-
mentary facies in space; however, this method cannot accurately
recognize the microfacies, but only reach the subfacies scale with
low accuracy (Riding, 1991; Riding, 2000). The combination of
conventional log and image log has been rarely studied for char-
acterizing the facies/microfacies in the study area. Image logs
measures the two-dimensional or three-dimensional distribution
of resistivity or wave impedance of rocks along the borehole wall or
around the borehole by way of scanning and array, and forms the
digital image of the well profile to indirectly show the geological
features such as fracture, suture, bedding, cavities, muddy filling,
and siliceous agglomerates; this method is intuitive and has high
resolution (Yang et al., 2014; Lai et al., 2018).

In this paper, based on previous studies, together with the re-
sults of core description and thin section identification for 20 coring
wells, the electrical image log models of 8 types of microfacies in
the Deng 4 Member through core-calibration logging, and the
logging identification chart and corresponding geological model
and lithological model are established for each type of microfacies.
The research results provide a reliable technical support to identi-
fication of depositional microfacies, and will provide guidance for
the exploration and development of carbonate rocks in Sichuan
Basin.

2. Samples and methods

More than 100 wells are drilled in the Gaoshiti-Moxi area. Cores
are taken from 20 wells. Detailed core descriptions focused on the
lithology, sedimentary structure, bedding characteristics and
depositional facies analysis (Lai et al., 2017).

The conventional log suits include caliper (CAL), natural gamma
ray (GR), compensated neutron porosity (CNL), bulk density (DEN),
sonic interval transit time (AC), resistivity (Rt, Rxo). Borehole
electrical image logs are classified as unconventional well logs, are
collected in more than 20 cored wells, therefore the calibration
between cores and image logs for structural and sedimentary
characteristics is possible. The image logs are collected in water-
based drilling muds using a Halliburton's EMI/XRMI (Extended
Range Microlmager) tool. The borehole coverage is approximately

1087

Petroleum Science 18 (2021) 1086—1096

60% in an 8.5 inch hole, and have a vertical resolution down to
5 mm (Awdal et al., 2016; Lai et al. 2017, 2018). The image log raw
data (i.e. nti files) were processed using the Schlumberger's Techlog
software through the process such as speed correction, eccentering
correction, and normalization (Xu et al., 2009; Khoshbakht et al.
2009, 2012, 2012; Lai et al., 2018). Then the processed high reso-
lution images can be used for sedimentary interpretation (Goodall
et al., 1998; Folkestad et al., 2012; Keeton et al., 2015; Brekke et al.,
2017).

The shifting of core depth to image log depth was achieved by
correlating core-based density with bulk density curve (DEN) to
identify distinctive features and match the depths.

The natural gamma log, resistivity log and neutron log that are
sensitive to sedimentary microfacies are selected to make well log
crossplot of microfacies, by which the conventional logging re-
sponses of different microfacies are summarized. Coupling with the
electrical image logs, which is characterized by high resolution and
full-borehole coverage, a new log identification method of sedi-
mentary microfacies and relevant process are formed (Geng et al.,
2002; Yang et al., 2014; Wang et al., 2016; Zhou et al.,, 2017)
(Fig. 1). Fundamentally, the logging facies model should be trans-
formed into geological microfacies pattern, therefore the vertical
succession and plane distribution of sedimentary facies can be
accurately described. Therefore, the high quality reservoirs can be
predicted using well logs according to the relationship between
high-quality reservoir and sedimentary facies, thereby providing
technical support for the exploration, development and geological
research.

3. Sedimentary facies in the Dengying Formation

Previous studies of lithofacies paleogeography for gas explora-
tion in the Dengying Formation in the Sichuan Basin revealed
evaporative tidal flat and evaporative lagoon facies in all areas,
except for grain shoal facies in the Ziyang-Weiyuan structure, but
failed to uncover any high-energy facies belt (Hu et al., 2019; Wang
etal., 2019). Since 2011, great efforts have been made to analyze the
drilling, logging and testing data, investigate the seismic and
outcrop sections and map the lithofacies paleogeography inte-
grating both structure and deposits. As a result, an intra-cratonic
platform margin high-energy facies belt was discovered. This belt
distributes in a “U” shape, symmetrically on the sides along the
N—S-trending Deyang-Anyue intra-cratonic rift. This discovery
changed the traditional understanding that the Sinian structure in
the Upper Yangtze craton is structurally stable and simple in
sedimentary facies (Song et al., 2013; Liu et al., 2016; Wen et al.,
2017; Zhang et al., 2019).

It is generally believed that, in the depositional period of the
Dengying Formation, the Sichuan Basin was covered in shallow and
restricted sedimentary waters, which became open eastward. The
sedimentary facies can be divided into platform flat, tidal flat, ramp,
and platform. The Dengying Formation in the Upper Yangtze area
exhibits the alternate deposits of ramp and tidal flat. Within the
basin, shallow, relatively occluded, restricted platform facies is
dominant, which can be subdivided into three subfacies: lagoon,
tidal flat, and intra-platform shoal (Wu et al., 2013; Yang et al.,
2014; Duan et al,, 2019). The Deng 4 Member in the Gaoshiti-
Moxi area is divided into 7 types of subfacies and 12 types of
microfacies (Table 1). The microfacies can be easily identified
through well logs combined with the core and thin sections. Then, a
new model of microfacies association (consisting of 12 microfacies)
in the Deng 4 Member in the Gaoshiti-Moxi area is established
(Fig. 2).
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Fig. 1. Roadmap of logging identification method of sedimentary microfacies.

Table 1
Sedimentary facies in the Gaoshiti-Moxi area, the Sichuan Basin.

Facies Subfacies

Microfacies

Lithologies

Platform margin Platform margin grain shoal

Platform margin algal mound

Inter-shoal sea
Intra-platform grain shoal
Intra-platform algal mound

Restricted platform

Platform flat

Inter-shoal sea

Algal psammitic shoal
Algal laminae mound
Algal agglutinate mound
Algal stromatolite mound
Dolomitic inter-shoal sea
Algal psammitic shoal
Algal laminae mound
Algal agglutinate mound
Algal dolomite flat
Dolomite flat
Argillaceous dolomite flat
Dolomitic inter-shoal sea

Light grey—brownish grey granular dolomite
Siliceous algal laminae dolomite

Algal agglutinate dolomite

Algal stromatolite dolomite

Greyish black dolomicrite

Light grey—brownish grey algalpsammitic dolomite
Algal laminae dolomite

Algal agglutinate dolomite

Grey—brownish greysilty—fine crystal algal dolomite
Grey—brownish greysilty—fine crystal dolomite
Grey—brownish grey argillaceous dolomicrite
Greyish blackdolomicrite

_ Platform margin

agglutinate mound

Restricted platform
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Fig. 2. Model of microfacies association of the Deng4 Member in the Gaoshiti-Moxi area (Li et al., 2013b)

4. Results
4.1. Microfacies identification by conventional logs
Conventional log is used to identify sedimentary microfacies of
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carbonate rocks through: (1) determining critical wells in oil and
gas fields; (2) building the geological microfacies pattern for car-
bonate rocks; (3) clarifying the geological depositional and logging
response characteristics; (4) correcting and normalizing the log
data depending on setting; (5) analyzing the correlation between
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log data and geological microfacies; (6) adopting various mathe-
matical statistical methods to establish logging microfacies pattern;
and (7) verifying the division of logging microfacies and modifying
the model. The mathematical methods mentioned include fuzzy
identification system, stepwise regression method, fuzzy expert
system, Bayes stepwise discrimination method, grey correlation
analysis method, and the likes.

In this study, a total of 520 m core samples from 20 wells were
selected. Three conventional logs, i.e. GR (natural gamma log), CNL
(neutron log) and RT (deep lateral resistivity), which are sensitive
to sedimentary facies, were selected to prepare the GR-RT, GR-CNL
and RT-CNL crossplots for platform margin and intra-platform. The
GR-RT and GR-CNL crossplots of platform margin microfacies
(Fig. 3a and b) show that the CNL-GR crossplot can distinguish the
microfacies of algal laminae mound, inter-shoal sea and mound-
shoal complex. Specifically, the inter-shoal sea has relatively high
GR value (>20 API) and also high CNL value, while the algal laminae
mound has relatively low GR and CNL values. The algal psammitic
shoal and the algal agglutinate mound cannot be distinguished,
since their data points overlap; thus, they are collectively referred
to as the mound-shoal complex. Based on these crossplots, the
conventional logging identification criteria for carbonate microfa-
cies of the Deng 4 Member in the Gaoshiti-Moxi area were pre-
liminarily established (Table 2). Merely, this method is defective for
strong ambiguity and low accuracy.

4.2. Model of image log microfacies

According to the presence of geological information in image
logs, image log can be divided into two models: geological model
and non-geological model. The geological model can be divided
into the types of tight layer, loosen layer, interlayer, bedding sur-
face, erosion surface, unconformity, bedding, fracture, fault, cavity,
gravel and symmetrical furrow. The non-geological model can be
divided into the types of twill, wood grain, asymmetric furrow and
blank. In this study, the cores of the Deng 4 Member were restored
to deeply match the conventional logs, core and image logs. The
cores were used to calibrate image log and the test data were
comprehensively analyzed. Totally, 60 typical core-image log
response charts were prepared for the image log facies of the Deng
4 Member. The imaging characteristics of the Deng 4 Member were
categorized into five facies patterns: (1) porphyritic, (2) massive, (3)
layered, (4) linear, and (5) strip (Fig. 4), which were subdivided into
nine microfacies patterns. Specifically, the porphyritic facies
pattern is subdivided into chaotic dark porphyritic, layered dark
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porphyritic, and cave dark porphyritic microfacies patterns; the
massive facies pattern is subdivided into bright and dark massive
microfacies patterns; the linear facies pattern is subdivided into
regular linear and irregular linear microfacies patterns.

Through analysis of cores and thin sections, nine types of
microfacies patterns represent different lithologies and sedimen-
tary microfacies. The chaotic dark porphyritic microfacies pattern
represents algal agglutinated dolomite, containing irregular dis-
solved pores formed by dissolution of algal agglutinate, which was
deposited in the platform margin or intra-platform algal mound,
being a shallow-water high-energy depositional environment. The
layered dark porphyritic microfacies pattern represents algal
detrital dolomite, containing intergranular pores and intragranular
pores, which was deposited in the algal psammitic shoal at the
platform margin, being a shallow-water high-energy depositional
environment. The cave-filling microfacies pattern generally repre-
sents breccia dolomite, containing relatively large dissolved pores
and caves, which was deposited in a high-energy depositional
environment. The bright massive microfacies pattern represents
siliceous algal laminae, which is tight non-reservoir formed in algal
laminae mound under relatively weak hydrodynamic conditions.
The dark massive microfacies pattern represents black dolomicrite,
which is developed on the platform margin or between shoal and
mound of restricted platform, being a relatively deepwater low-
energy depositional environment. The regular linear microfacies
pattern represents black dolomicrite, with stylolite, which was
deposited in low-energy tidal flat or shoal and mound. The irreg-
ular linear microfacies pattern represents algae-bearing psammitic
dolomite, with microfracture network, which was formed in the
psammitic shoal of platform margin. The layered facies pattern
represents black dolomicrite, sometimes with siliceous strips, and
the layer interface is often a set of nearly parallel high-conductivity
anomalies with small and uniform width. The strip facies pattern
represents a thin layer of fine crystal dolomite, formed in a low-
energy dolomite flat depositional environment.

4.3. Logging identification chart of microfacies

The microfacies identification by image log is a process that the
geological data (e.g. core) are correlated with log data (e.g. image
log) and finally a carbonate microfacies pattern chart is established.
Firstly, sedimentary facies are divided depending on the image log
based on core calibration, together with conventional logs. Then,
the chart illustrating the correspondence between image log
microfacies and microfacies is prepared. Finally, the microfacies are

(b) 30
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Algal stromatolite mound X X
25 Algal agglutinate mound %
Algal laminae mound x % X
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20 4 © Algal dolomite flat
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Fig. 3. a GR-CNL crossplot of platform margin microfacies. b GR-RT crossplot of platform margin microfacies.
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Table 2
Conventional logging identification criteria for carbonate microfacies of the Deng 4 Member in the Gaoshiti-Moxi area.
Microfacies GR(API) RT(ohm-m) CNL (%)
Algal psammitic shoal (platform margin) 14-20 1000—-4000 3.6—44
Algal laminae mound (platform margin) 14-22 >20000 0.2—-2.8
Algal agglutinate mound (platform margin) 15—-20 800—6000 2.8-5.1
Algal stromatolite mound (platform margin) 12—-18 2000-6000 22-26
Dolomitic inter-shoal-mound (platform margin) 20-30 600—3000 24-44
Algal dolomite flat 7-20 >30000 0.1-2.8
Argillaceous dolomite flat 30-65 900—4000 1.7-2.7
Dolomite flat 10-20 6000—-30000 0.6—2.7
Algal psammitic shoal (intra-platform) 10-20 200—-3000 3.2-53
Algal agglutinate mound (intra-platform) 10—-20 300—-3000 3.2-54
Algal laminae mound (intra-platform) 10-15 >30000 0.3-2.6
Algal stromatolite mound (intra-platform) 10-15 300—2000 2.9-5.7
Dolomitic inter-shoal sea (intra-platform) 18-35 800—8000 2.6-3.6
Dynamic image Dynamic image Dynamic image Dynamic image | Core
B i characteristics B @i characteristics| [© i Rutitmmma characteristics| [ % characteristics
Cavity-filling pattern Bright massive pattern
Core Dmynamic image Core

i characteristics

characteristics

Dark massive pattern Regular linear pattern

Irregular linear pattern

Layered pattern Strip pattern

Fig. 4. Charts showing the image log facies/microfacies patterns of Deng 4 Member in the Gaoshiti-Moxi area.

identified via software or artificially. Based on the electrical image
log responses, core restoration and facies description were made
for 20 wells. Specifically, depth correlation was conducted between
conventional GR log and imaging GR log, between core character-
istics and image characteristics, and between conventional log
porosity and core analysis porosity, thereby to achieve deep
matching among conventional logs, image logs and core. Through
clarifying the types of sedimentary facies in the coring interval, the
microfacies are finely calibrated to their well logging response
characteristics, so that the microfacies identification charts are
prepared and the microfacies in non-coring interval are identified.
Fig. 5 illustrates the typical microfacies identification charts and
logging characteristics.
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5. Discussion

According to the criteria for microfacies identification by con-
ventional logs and image logs, a software module for automatic
microfacies identification was developed on the CIFlog platform.
With this software module, the full-borehole microfacies were
divided for 60 wells in the Deng 4 Member of the Sichuan Basin.
Fig. 6 shows the comprehensive evaluation column of sedimentary
facies in Well A in the central Sichuan Basin. Moreover, according to
the results of single-well microfacies division, multiple cross-well
sections from the platform margin to intra-platform and inside
platform margin and platform. Fig. 7 illustrates the variation of
microfacies from the platform margin to the intra-platform, with



Q.-F. Feng, Y.-X. Xiao, X.-L. Hou et al. Petroleum Science 18 (2021) 1086—1096

ONL % RXO.OM

GRIAF CNL % RX0,OM ' n
o [TDEN gom ™ ’ Dynamic Static |7 P :
(a) | Corephoto | 7 e mmm" ima ima (b) Corephoto | —=2— :—gr’fﬁff,.”‘:} o ow ™| Dynamic iﬁ::gg
2 4 % =
Algal psammitic Algrahlisr%%g::tig: L
dolomite
| T
4
L
Regutar da *ir8gular darfe b
porphyritic pattern porphyritic pattern
CNL, % RXO, QM & R RX0.O'M s =
c orrel | T e | T . Static d L Dynamic Static
(© | coephoto = i T o (d) Corephoto [, el o™ BYET Kok
= 5 - .

Algal stromatolite
dolomite

Algal laminae
dolomite

ayere
porphyritic odel

E

Iy T i
B[ R.an (f) Core photo |7z |sRaaen T3

AC psif
o 7l7

(e)

K
2
o
i

Core photo

RLOM

VAL by g
AR e

—

ey

BTy

Silty—fine
crystal dolomite

—_— —

—
—

ﬂ?,r'igmm%ﬁﬂ'r
linear paftern

Dolomicrite

— e [ T moan - - ey

— T —oww : ] i

(9) Corephoto | —E— |tk |7 o Dynamic | Static (h) Core photo i 25| Dynamic | Static
i i jarey T f —2|  image image

“H
|
¢

Argillaceous
dolomite

Algdl 1a d
dolomite

|

Fig. 5. a. Algal psammitic shoal microfacies, with low RT (200—3000 Q m) and low GR (14—20API) according to conventional logs, and showing regular dark porphyritic pattern
(bedding-parallel or honeycomb) according to image log b. Algal agglutinate mound microfacies with low GR (9—20API) and low RT (300—5000 © m) according to conventional
logs, and showing irregular dark porphyritic pattern according to image log; c. Algal laminae mound microfacies, with low GR (13—21API) and high RT (>20000 Q m) according to
conventional log, and showing bright massive pattern according to image logs; d. Algal stromatolite mound microfacies, with low GR (12—15API) and low RT (2000—5000 Q m)
according to conventional log, and showing dark layered porphyritic pattern according to image logs; e. Dolomitic inter-shoal sea microfacies, with high GR (17—28API) and low RT
(800—8000 Q m) according to conventional logs, and showing dark irregular linear pattern according to image log; f. Dolomite flat microfacies, with low GR (11—18API) and high RT
(6400—27000 Q m) according to conventional logs, and showing bright linear pattern according to imaging logging. g. Argillaceous dolomite flat microfacies, with high GR
(36—65API) and low RT (900—4000 Q m) according to conventional logging, and showing dark regular linear or strip pattern according to imaging logging h. Algal dolomite flat
microfacies, with low GR (7—18API) and high RT (>30000 Q m) according to conventional logs, and showing bright massive pattern according to image logs.
1091

Bright massive
pattern




Petroleum Science 18 (2021) 1086—1096

Q.-F. Feng, Y.-X. Xiao, X.-L. Hou et al.

S)io|op SeulWe|
punow |eBle snosollig
[OJELION;
1ebly
punow
|eble
uibrew
wiofleld
Hwojop
ayjorewous |ebly =
-,
= —
unow
_m:_i,mmu = S
ety = L |
—] s
a)iwojop seulwe|
|eBle snosoijig
) eoys .
D _Emww jeou®
g ufrew  [PMwwesd
s ! eby
3| wopeg | ! =]
ajwojop
ajeunn|bbe |ebly
punow
geulwel [e6)
=
-
punow Z
1eunn|6be
1eBly
punout Pl
u::mcE yeunn|bbe S
eble o6 .
uibiew il o
wiopeld ajwojop ] e
punow opwwesd ebly =
=
=
T Y -
punow
eulLe| [eb]
punow m'
1eunn|bbe
ebly.
|eoys uiesb| |eoys
ubew | onwuwesd
wuogeld lebly
saey 10€4q QIOBJOIIN| - S)NSal oRE)
Bunsesy Bujuuess 2100 ABojoyy Buibbo|
sapey Aiejuswipeg 1o Buzw|

ofew oneys

A 000002

W-0 ‘1o

- § 000002

W-U ‘OXyd

o

85&9\0
OB NId

0S
% IND

1dv/d9

uvo

udeq

Jake

eens

Fig. 6. Comprehensive evaluation column of single-well microfacies.

1092



Petroleum Science 18 (2021) 1086—1096

Q.-F. Feng, Y.-X. Xiao, X.-L. Hou et al.

©eas [eoys-Iaju|

punow |eby

1el} ywojop (ebly

jey} sjwojop
snoaoe||Ib1y

|eoys aniwiwesd

Jey sywolog

. . =
s
I 73 T T —
[ : 3 -
: ; —
— =
.
5 =
= = = =
= = + l.~
= e
- 2 o 2
= iE=
5
! 2
: = !
: :
< : ! : +
z : : : : =2
: 4 = ; :
— 2 + |
=
=
= 2
= m = =
= ——— = = =~
H e = =
g i
g =
e
== : = ; 2
-—- o : : =
e d . :
== t , W s ~
% = T i > 3
: Z : i
= = e
= = =
e 2 =
=
= — = =
= =
< z
3 = -
— 5 a5t = = =
5& = 2 ; : 2
i - =t
: o :
= : 5 Z :
= == = S == & o
= = : 2 i
X v 1 [ o T 172 T 5 = N
S | T f : g
T = : = == R ¢
7 ok t = pe— = H
; g T = = =z = i 8
? = =
2 i g - ;
g = ,
5 = N=
e e mr
R = ez orE
A 2 = E : = e
= i : S e = == —
2 = E :
>
+ - =
: == = iz ;
& i = 0
: : =2
: = : : = - =
— = =
TATE \. E i
= o s i - = = 2=
e = — = = SE = e e R
== = = == > == =2 e = =) =T
00002 ok o =t o 000z 2 Jokendoq St 0 o000z 2 jofeudaq St 9 00z 2 |ofendaq & o 00000z 2| 1ok o %t o
oovoz___2. |
_us_.c ™ ) 14V no ™ o e iavas WGTE e v WGTg 1) 14V N Ta |l FER)

6EIXON

LOLIXON

61IXON

E1IXON

Fig. 7. Cross-well section of microfacies.

1093



Petroleum Science 18 (2021) 1086—1096

Q.-F. Feng, Y.-X. Xiao, X.-L. Hou et al.

Bas
|eoys-1aju]

|

jey sjwojop
Biy

|eoys
pwwesd

—

Jey eywolop
1ebly

Yey
sywojog

T
uyoL § 0

nse
.

uiseg

ess
|eoys-1ayu|

c

Jel} @jwojop
snoaoey|Ibly

[eoys
oniwwesd

—

adojg

wojop
1ebly

=

Jey
ajwojog

=

punow
1ebly

ey

T
oL § 0

nso
.

uiseg

ess
|eoys-1a3u]

O

1Bl BjWo|op
snoaoey|iBiy

leoys
oniwwesd

—

adojg

1eyy sjuiojop
1eBlv

18]
ajwolog

=

i

punow
1eBly

T
oL § 0

nso
°

uiseg

eas
|eoys-1ayu]

=

jey} djiwojop
By

|eoys
onwwesd

1

ado|g

1ey aywolop
1ebly

]

Jey
sywojog

|

punow
1ebly

nso
.

uiseg

eas
|eoys-1ayu|

=

jel} spwojop
snoaoe)|IBiy

leoys
aniwwesd

(|

ado|g

1el) ejwojop
1ebly

nso
.

eas
|eoys-1ayu]

=

jeyj sjiwojop
snoaoey|Ibly

leoys
oniwwesd

—

Jel} ejuwojop
1eBly

i

ey
sjwojog

O

punow
1eBly

nso
.

ig. 8. Distribution of predicted microfacies in layers of Deng 4 Member in the Gaoshiti-Moxi area according to the logging evaluation.

1094



Q.-F. Feng, Y.-X. Xiao, X.-L. Hou et al.

the psammitic shoal and algal mounds at the top and the dolomite
flat microfacies at the bottom of the platform margin zone, and
with decreasing psammitic shoal and algal mound at the top of
intra-platform.

In the exploration and development practice, the Deng 4
Member is divided into upper and lower submembers, which are
subdivided into six layers: Deng4?!, Deng4??, Deng4?3, Deng4!!,
Deng4'%, and Deng 4", from top to bottom. Combined with the
vertical division of microfacies for 60 exploratory wells in the
Gaoshiti-Moxi area, the inter-well interpolation technique was
used to prepare the plane map of predicted microfacies distribution
for each layer (Fig. 8). It can be seen that, in the upper Deng 4
Member, the mound-shoal complexes are contiguous at the plat-
form margin, and the reservoirs are continuous. Especially in
Deng4?? at the top of the Deng 4 Member, the mound-shoal com-
plexes cover a wider range, while the inter-shoal sea is shrunk. This
position is most favorable for exploration and development.

Inside the platform, in the upper Deng 4 Member, dolomite flat
is dominant, and argillaceous dolomite flat is observed locally. In
Deng4%2, the dolomite flat coverage becomes smaller, and grain
shoal appears. In Deng4?!, grain shoal expands further. In the lower
Deng 4 Member, the platform margin mound-shoal complex is
sporadically developed, the reservoir is less continuous, inter-shoal
sea is widespread, and algal dolomite flat and argillaceous dolomite
flat are developed locally. However, a largescale of mound-shoal
complex is observed in Well Gaoshilin Deng4', and also in Well
Gaoshi 109 in Deng4!2. However, dolomite flat and inter-shoal sea
dominate the lower Deng4 Member across the platform, while
mound-shoal complex is only found locally in Deng4'3,

6. Conclusions

The Deng 4 Member in the Gaoshiti-Moxi area can be divided
into 2 facies: platform margin and restricted platform. The platform
margin facies are subdivided into 3 subfacies: platform margin
algal mound, platform margin grain shoal, and inter-shoal sea. The
restricted platform facies are subdivided into 4 subfacies: intra-
platform grain shoal, intra-platform algal mound, platform flat,
and inter-shoal sea.

A method combining conventional logs and high-resolution
electrical image logs is proposed to identify the sedimentary
microfacies. The crossplots of GR, CNL and RT can effectively
distinguish the microfacies of algal laminae mound, inter-shoal sea,
and mound-shoal complex. Totally, 9 types of image log microfacies
patterns were established; coupling with the conventional well
logging response characteristics, 8 types of “core + conventional
log + image log” microfacies identification charts were formed. The
platform margin is characterized by the superposition of platform
margin algal mounds and platform margin shoals.

The mound-shoal complex is better developed in the upper
Deng 4 Member than the lower Deng 4 Member, and in the plat-
form margin than the intra-platform. Upwardly, the mound-shoal
complex becomes broader — transiting from sporadic distribution
to continuous distribution, and the continuity of reservoir becomes
better. Inside the platform, dolomite flat and inter-shoal sea is
dominant in the lower Deng 4 Member, and intra-platform mound-
shoal complex is developed at the top of the upper Deng 4 Member.
The proposed facies/microfacies identification method is very
applicable and can be extended to the identification of marine
carbonate microfacies in other strata.
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