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This study focuses on low resistivity thick layer sandstone in the X~XII groups of the third member of Qingshankou Formation
at Daqingzijing oilfield, along with comprehensive data of logging, core, oil test, and production test. Based on the current data,
we characterized the logs of low resistivity thick-layer sandstone, quantitatively identified calcareous sandstone and low resistivity
reservoir, predicted the reservoir thickness, and further explored the causes of low resistivity reservoir of the region. The resistivity
of thick layer sandstone in the X~XII groups of Qingshankou Formation can be classified into low amplitude logfacies, middle
amplitude logfacies, and sharp high amplitude logfacies. Sharp high amplitude logfacies sandstone is the tight sandstone of the
calcareous cementation. Low amplitude logfacies sandstone is water layer. For the middle amplitude logfacies sandstone, water layer
or oil-water layer can be identified with the identification standard. Low amplitude structure, high clay content, high irreducible

water saturation, and high formation water salinity are attributed to the origin of low resistivity oil layer.

1. Introduction

Songliao Basin is a large Mesozoic to Cenozoic hydrocarbon-
bearing sedimentary basin in Northeast China (Figure 1(a)),
with a total area of about 260,000 km?. The basin is diamond
shaped with its long axis oriented NNE. Six secondary struc-
tural units are present in the basin, including the cen-
tral concave, the southwest uplift, the southeast uplift, the
northeast uplift, the western slope, and the northern dip
areas [1, 2]. Previous studies showed that this basin is filled
with continentally associated clastic strata, with multiple oil-
bearing layers, of which Cretaceous and Tertiary lacustrine
units are the most important [3-6].

The Daqingzijing oilfield is located in the south central
concave of Songliao Basin (Figure 1(b)). The overall structure
is an asymmetric syncline with axial NNE direction that has

a steeply dipping west limb and nearly horizontal east limb.
It has a practical exploration area of 1500 km? that possesses
reserves of approximately 700 million barrels of crude oil. The
main reservoir unit is the Cretaceous Qingshankou Forma-
tion wherein the depth of oil formation ranges from 1600 m
to 2500 m. The Qingshankou Formation is characterized by
low porosity, low permeability, and low resistivity sandstone
reservoirs [7]. Reservoir microfacies, resource distribution,
and identification of low resistivity resource accumulations
are urgent areas of research for this oilfield [7-10].

The identification and evaluation of low resistivity reser-
voirs are technically challenging [11-16]. This study focuses
on the low resistivity thick sandstone in the X~XII groups
of the qun3 (the third member of Qingshankou Formation)
at Daqingzijing oilfield and summarizes petrophysical well-
log response characteristics and its logfacies of low resistivity
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FIGURE I: Location map of the study area. (a) Location map of Songliao Basin. (b) Songliao Basin structural zones. (c) Structural characteristics

and sandstone distribution map within the study area.
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thick layer sandstone based on comprehensive well-log, core,
oil, and production test data. The petrophysical interpreta-
tions of the different types of logging curve are discussed. A
secondary aim of this paper is to establish quantitative param-
eters for identification of the calcareous sandstone, low resis-
tivity reservoir, and reservoir thickness and further under-
stand the causes of low resistivity reservoir in the area. The
results will provide guidance for the identification of the cal-
careous sandstone and low resistivity oil reservoirs elsewhere.

2. Geological Setting

2.1. Stratigraphic Characteristics. From bottom to top, the
formations of Songliao Basin are the Huoshiling Formation
(J5h), Shahezi Formation (K, /1), Yingcheng Formation (K, y),
Denglouku Formation (K;d), Quantou Formation (K,q),
Qingshankou Formation (K,gn), Yaojia Formation (K,y),
Nenjiang Formation (K,#), Sifangtai Formation (K,s), Ming-
shui Formation (K,m), Yian Formation (E,y), Daan Forma-
tion (Nd), and Taikang Formation (Qt) [17-19]. The Daqingz-
ijing oilfield has four oil-bearing horizons: the Fuyu, Gaotaizi,
Putaohua, and Heidimiao Formations. The main oil-bearing
level is Gaotaizi reservoir of the Qingshankou Formation
(K,qn) (Figure 2(a)) [20]. There are three members that
comprise the Qingshankou Formation: these are referred to
as Kyqn', K,qn’, and K,qn’. Regarded as a deeply buried
lacustrine unit, the lithology of K,gn' is dominated by gray-
dark shale, gray mudstone, argillaceous siltstone, and silt-
stone; it includes four sand-dominated levels, which range in
thickness between 70 and 100 meters. The lithology of K, gn’
is mainly dominated by gray mudstone, argillaceous siltstone,
and siltstone representing delta front sedimentary environ-
ment; it includes five sand-dominated levels, which range in
thickness between 160 and 200 meters. The lithology of K,gn’
is mainly dominated by gray mudstone, argillaceous siltstone,
siltstone, and sandstone representing distal lacustrine and
delta front sedimentary environments (Figure 2(b)) [21].

2.2. Lithology and Physical Property. Based on the identifi-
cation and analysis of thin sections, lithologies of the X~XII
sandstones of K,qn® Formation are identified as lithic arkose
and feldspathic lithic sandstone, of which the average content
of quartz is 38.5%, feldspar is 51.6%, and lithic fragments are
36.9% (Figure 3(a)). Core logging shows that the X~XII sand
groups of K,qn’ Formation consist of calcareous siltstone,
calcisiltite, argillaceous siltstone, and siltstone (Figure 3(b)).

Statistical analysis of 336-core sample from 8 cores in the
area shows that the 3porosity of the sandstone of the X~XII
sand groups of K,gn” Formation ranges within 8%~17% with
an arithmetic mean of 11.7% (Figure 3(c)). The permeability is
distributed within 0.02~160 x 10~ um? with average value of
4.5x107° um? (Figure 3(d)), all of which indicates that K,gn’
is a typical low porosity and low permeability reservoir.

3. Well Logging Response Characteristics of
Thick Layer Sand Bodies

3.1. Well Logging Curve Types of Thick Layer Sand Bodies.
Distributary channel sand bodies have been interpreted to

reside in the delta front sedimentary environment of the
study area [7] (Figure 2). Channels are locally amalgamated
into sandstone bodies that are >15 m thick. The GR curves of
the thick sandstones are box type with abrupt changes at top
and bottom (Figure 4). In this area a reasonable cut-oft for
sandstone versus mudstone is 90API.

The RILD (deep induction logging resistivity) and RILM
(medium induction logging resistivity) curves of the thick
sand bodies are mainly manifested as one of the following
3 profiles. (1) Low amplitude logfacies proffer a low ampli-
tude, nearly flat curve, indicating that the resistivity of the
sandstone is similar to the resistivity of overlaying mudstone
section (Figure 4(a)), with the average value of RILD between
4.4 and 10 Q'-m (Table 1). (2) Middle amplitude logfacies
near the middle of the logarithmic induction scale again
produce a flat curve, indicating that the resistivity of the
thick sand bodies is higher than the resistivity of overlaying
mudstone section and the low amplitude sandstone (Figures
4(b) and 4(c)), with the average value of RILD between 7.5 and
13.7 Q-m (Table 1). (3) Sharp-high amplitude logfacies refer
to the resistivity of the thick sand bodies that is apparently
sharp higher than the resistivity of low and middle amplitude
kind (Figures 4(a) and 4(b)), with the average value of
RILD between 7.4 and 23.9 Q-m (Table 1). The sharp-high
amplitude induction response is mainly positioned at the
top or bottom of thick sandstones (Figures 4(b) and 4(c)).
The above 3 kinds of curves of the thick layer sand bodies
can be merged together, which are presented as follows:
(1) sharp-high, low, and sharp-high amplitude combination
(Figure 4(a)); (2) middle, sharp-high amplitude combination
(Figure 4(b)); (3) sharp-high, middle, low, and sharp-high
amplitude combination (Figure 4(c)); (4) sharp-high, middle,
and low amplitude combination (Figure 4(d)).

3.2. Electrical Characteristics of Thick Layer Sand Bodies.
Resistivity of thick layer sand bodies of eleven oil test and
production wells is shown in Figure 5. The results showed
that the RILD and RILM curves present the characteristics
of double peak feature. The first peak of RILD is 12 Q-m;
the second peak of RILD is 28 QO-m (Figure 5(a)). The first
peak of RILM is 10 Q-m; the second peak of RILM is 28 (:m
(Figure 5(b)). Overall, the resistivity of the thick sand bodies
is low; as such we characterize it as low resistivity reservoir.
Identification of quantitative relationship between the double
peaks feature of the three types of logfacies and the variable
well-log response makes interpretation of the reservoir fluid
content problematic.

4. Identification of Low Resistivity Oil Layers

4.1. Identification of Calcareous Interlayers. The RILD and
RILM curves are characterized by sharp-high amplitude at
the top and bottom of the thick layer sand bodies (Figure 4).
There are two likely explanations of the increase of reservoir
resistivity: (1) there is oil or natural gas in the sandstone or
other nonconducting fluid or gas [22, 23]; (2) the reservoir
is relatively tight (tight reservoir), therefore leading to the
increase of resistivity and decrease of acoustic time simulta-
neously [24]. The AC value of the sharp-high amplitude of
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FIGURE 2: Stratigraphic column in Dagingzijing area. (a) Stratigraphy of the Songliao Basin. (b) Detailed stratigraphic characteristics of the
Qingshankou Formation in the Daqingzijing area of the Songliao Basin.

thick layer sand bodies decreases compared to the middle
and low amplitude section (Figure 4 and Table 1). Therefore,
the section of sharp-high amplitude (resistivity increases and
the acoustic time decreases) likely indicates a tight sandstone
section.

Based on the identification of the core samples through
the scanning electron microscope, calcite cements are com-
mon in the study area (Figure 6). The carbonate content of
thick sand bodies in five cored wells ranges from 0.8% to
58.3%, with the average value of 13.1%; the carbonate cement
content of most samples is distributed within 0.8%~20%

(Figure 7(a)). Normally, the impact of calcite cements on
the porosity of sandstone is relatively small when calcite <
25%. However, above 25%, carbonate crystals fill the void
space and pore throats with poikilitic cement. The porosity
of sandstone reservoir decreases with increasing carbonate
content (Figure 7(b)), leading to increased resistivity and
decreased acoustic time. In short, carbonate cementation is
the main factor that leads to sharp-high amplitude at the top
and bottom of the thick sand bodies in the study area.

As the increase of the resistivity value is mainly caused
by carbonate cementation rather than oil or gas in sandstone
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(1) Quartz sandstone

(2) Feldspathic quartz sandstone

(3) Lithic quartz sandstone

(4) Feldspathic lithic quartz sandstone
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(7) Feldspathic lithic sandstone

(8) Lithic sandstone
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FIGURE 3: Diagram of lithology and physical property of the core well at Daqingzijing area. (a) Rock type. (b) Lithologic distribution
histogram. (c) Porosity distribution histogram. (d) Permeability distribution histogram.

reservoirs, the sharp-high amplitude of calcareous sandstone
section should be identified separately during the process of
identifying the oil layer and the water layer based on the
resistivity value. Based on the statistics of RILD of sharp-
high, middle, and low amplitude of thick layer sand bodies
from ten oil tests and production wells, the average RILD of
sharp-high amplitude ranges within 7.4 Q-m~26.4 Q-m with
maximum distributed within 9.1 Q-m~30.3 Q-m. The average
RILD of middle amplitude ranges within 7.5 Q-m~14.1 Q-m,
while the average RILD of low amplitude ranges within
4.4 O-m~10 OQ-m (Table 1). As shown in the cross plot of RILD
and AC of the three above types, there is a significant RILD
overlap within 7 Q-m~15 Q-m for the sharp-high and middle
amplitude, as well as AC overlap within 230 ps/m~245 pys/m
(Figure 8(a)); therefore, it is not practical to identify the
calcareous interlayers by using RILD and AC cross plot.
Because the sharp-high, middle, and low amplitude curve
types are all based on the comparison of the RILD to that of

the adjacent sandstone section, two new parameters, JRT and
JAC, were constructed to characterize the relative variability.
The specific formula is as follows:

RILD
JRT = ———max
RILD,,
AC )
JAC = ——min,
ACave
JRT is relative resistivity, dimensionless; RILD,,, is max-

imum RILD of sandstone section in the adjacent sharp-high
amplitude, Q-m; RILD,, is average RILD of sandstone sec-
tion in the sharp-high, middle, and low amplitude, Q-m; JAC
is relative acoustic, dimensionless; AC,;, is minimum AC
of sandstone section in the adjacent sharp-high amplitude,
ps/m; AC,,. is average AC of sandstone section in the sharp-
high, middle, and low amplitude, ys/m; JRT and JAC were
calculated according to (1) for sharp-high, middle, and low
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FIGURE 4: Petrophysical log response characteristics and logfacies of thick sand bodies in the Daqingzijing. (a) Integrated petrophysical and
geological dataset of H15 well. (b) Integrated petrophysical and geological dataset of Qx 94-26 well. (c) Integrated petrophysical and geological
dataset of H24 well. (d) Integrated petrophysical and geological dataset of Qx 110-36 well. GR means natural gamma ray logging, RILD means
deep induction logging resistivity, RILM means medium induction logging resistivity, and AC means acoustic logging.
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TABLE 1: Response value of different curve types of thick layer sand bodies.
Well Interval depth Logfacies RILD,,, RILD, JRT AC,,. AC i, JAC
(m) (Qm) (Q-m) (us/m) (us/m)

2188 2192 Sharp-high 11 13.2 1.2 219.2 215.2 0.98
HI120-8 .

2192 2212 Middle 8.4 1.6 242.7 0.89

1898 1901 Sharp-high 9.4 12.8 1.4 235.2 210.7 0.90
4 1901 1910 Middle 7.5 1.7 261.4 0.81

1910 1918 Low 4.4 2.1 256.4 0.82

1918 1922 Sharp-high 7.4 9.1 1.2 241.2 228.6 0.95

2010 2013 Sharp-high 7.4 10 1.4 223.1 209.7 0.94
H15 2013 2031 Low 4.4 2.3 250.4 0.84

2031 2035 Sharp-high 8.9 11 1.2 231.9 218.7 0.94

2215 2229 Middle 10 1.4 238.2 0.87
H120-9 .

2229 2235 Sharp-high 11.8 14.2 12 2151 208.3 0.97

2130 2147 Middle 10.4 2.0 252.2 0.88
Qx94-26 .

2147 2153 Sharp-high 14.9 20.4 1.4 2374 222 0.94

2130 2138 Sharp-high 18.5 22 12 220.7 2111 0.96
Q98-23 2138 2147 Middle 14.1 1.6 238.5 0.89

2147 2152 Low 10 2.2 242.6 0.87

2130 2156 Middle 10.7 2.8 231.9 0.86
Q+94-21 ,

2156 2162 Sharp high 26.4 30.1 L1 224.4 198.8 0.89

2122 2139 Middle 10.7 2.8 233.4 0.88
Q94-25 .

2139 2146 Sharp-high 22.9 30.3 13 216 206.5 0.96
Q96.23 2130 2157 Middle 12.6 2.3 244.7 0.88

i 2157 2162 Sharp-high 22 28.9 13 228.4 215.9 0.95

2090 2094 Sharp-high 23.9 277 1.2 2172 193.6 0.89
Qx110-36 2094 2110 Middle 13.7 2.0 234.3 0.83

2110 2115 Low 7.2 3.8 2474 0.78
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FIGURE 5: Histogram of the resistivity of the thick layer sand bodies in Dagingzijing. (a) RILD resistivity distribution histogram. (b) RILM

resistivity distribution histogram.

amplitude of sandstone section (Table 1). As indicated from
the JRT and JAC cross plot, JRT value of the sharp-high
amplitude sandstone is less than 1.4, and the JAC value is
greater than 0.88, while the JRT value of middle and low
amplitude sandstone is greater than 1.4, and the JAC value is
less than 0.88 (Figure 8(b)). The cross plot of JRT and JAC can
clearly distinguish the sharp-high, middle, and low amplitude
sandstone and identify the sharp-high amplitude calcareous
sandstone.

4.2. Identification of Low Resistivity Oil Layers. Based on the
statistics of the RILD of middle and low amplitude of thick
sandstone in ten oil test and production well, the average
RILD in the middle amplitude sandstone section is between
75 Q-m and 14.1 Q-m, while in the low amplitude sandstone
section it is between 4.4 O-m and 10 Q-m (Table 1), leading
to a significant overlap for the RILD of middle and low
amplitude sandstone in the range of 75 Q-m~10 Q-m; this
makes it hard to identify the oil and water layer with only
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FIGURE 6: Scanning electron microscope of sandstone samples from the thick sand bodies in the Daqingzijing area. (a) Calcite cementation

in H47 well 2171.1 m. (b) Calcite cement in Q156 well 2191.8 m.
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FIGURE 7: The distribution of carbonate content and its relationship with average porosity. (a) Carbonate content distribution histogram. (b)
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RILD. For example, in the H24 well, the average RILD in the
middle amplitude sandstone section is 8.2 O-m, and the test
data proves it as water layer, while in the Qx110-36 well, the
average RILD in the middle amplitude sandstone section is
13.7 Q-m, but the test data proves it as oil-water layer (Table 2).

The data from eleven test and production wells in the
study area show that the average RILM is greater than the
average RILD in water layer sandstone (Table 2), such as in
HI5 (Figure 4(a)) and H24 (Figure 4(c)). The average RILD is
greater than the average RILM in oil layer sandstone (Table 2),
such as in Qx94-26 (Figure 4(b)) and Qx110-36 (Figure 4(d)).
This is due to a fact that the formation of water resistivity is
less than that of mud filtrate, and the mud filtrate resistivity
is less than that of oil layer. When the mud filtrate invades
into the water layer, the resistivity of the mixed formation
water in the intrusive zone is certainly greater than that of the
water layer, which explains why RILM value is greater than
RILD. Moreover, if the mud filtrate invades into oil layer, the
resistivity of the mixed liquid in the invasion zone is expected

to be less than that of the oil layer, and consequently RILD is
greater than RILM.

A new parameter ART is constructed based on the cha-
racteristics of RILD and RILM, which is the average RILD
minus the average RILM. Based on the analysis between
productivity and cross plot of ART and RILD, we can found
that the water layer’s ART is less than 0, such as H120-8,
H24, H15, and H120-9 (Table 2, Figure 9). However, the oil-
water layer’s ART is greater than 0, such as H160, Qx94-26,
Qx92-24, Q98-23, Q+94-21, Q94-25, Q96-23, and Qx110-36
(Table 2, Figure 9).

Based on the statistical results of resistivity of the test
and the production data (Table 2), the RILD and RILM cross
plotis regarded as a standard resistivity identification method
to distinguish oil-water layer from water layer, whereas the
average value of RILM is difficult to distinguish the oil-water
layer from water layer (Figure 10). The average RILD is greater
than 10.4 Q-m in oil-water layer and less than 10.4 Q-m in
water layer (Figure 10, Table 2), because the average RILD of
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TABLE 2: Production distribution of part of wells in the area of the Daqingzijing.

Test interval

Oil Water

Well Logfacies ART RILD, RILM, . Test/production
(m) (Q'm) (Qm) t/day t/day
H120-8 Middle 2192 2196 -4.7 10 14.7 773 Water layer
H24 Middle 1901 1905 -2.8 8.2 1 24.6 Water layer
HI5 Sharp-high 2031 2035 -1.3 9.4 10.7 55.4 Water layer
H120-9 Middle 2220.4 2228.4 -2.1 10.2 12.3 5.6 Water layer
Qx94-26  Middle 2130 2147 0.7 10.4 9.7 8.3 21.2 Oil-water layer
Qx92-24  Middle 2134 2158 1 13 12 7.4 15.5 Oil-water layer
Q98-23 Middle 2138 2147 1.4 15.6 14.2 5.4 92 Oil-water layer
Q+94-21  Middle 2130 2156 0.9 1.1 10.2 22 52 Oil-water layer
Q94-25 Middle 2125 2135 1.7 10.7 9 1 15.4 Oil-water layer
Q96-23 Middle 2130 2140 1.7 13.4 1.7 10 13.4 Oil-water layer
Qx110-36  Middle 2094 2110 1 13.7 12.7 8.9 23.6 Oil-water layer

low amplitude sandstone is less than 10 Q-m (Table 2), so low
amplitude type sandstones are all water layer; if the average
RILD of middle amplitude sandstone is greater than 10.4 O-m,
it is oil-water layer, or else, it is water layer (Table 1).

Based on the deduction of the sharp-high amplitude cal-
careous interlayers, the fluid identification standard of thick
layer sand bodies is as follows: (1) if the sandstone is low
amplitude type and ART (RILD-RILM) < 0, it is water layer;
(2) if the sandstone is middle amplitude type, the average
RILD < 10.4 Q-m, and ART (RILD-RILM) < 0, it is water
layer; (3) if the sandstone is middle amplitude type, the aver-
age RILD > 10.4 Q-m, and ART (RILD-RILM) > 0, it is oil-
water layer.

5. Discussion

Sandstone in the X~XII sand groups of K,qn” at Daqingzijing
oilfield is regarded as a typical low resistivity oil layer. Genetic
factors of low resistivity oil layer are very diverse, with low
amplitude structure [25], sedimentary facies [26], interstitial
materials [27], irreducible water [28], formation water salin-
ity [29], drilling mud invasion, and other factors. This paper
will discuss four aspects: low amplitude structure, interstitial
material, irreducible water, and formation water salinity.

5.1. Low Amplitude Structure. The sandstone thickness of
oil-water layers which is characterized by middle amplitude
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curve type has various values (Table 2); because the reservoir
of the study area is low structure reservoir, the oil column
height is less than 20 m. Different area of drilling wells in
the oil reservoir is considered as oil-water layer if the sand
body was on top of the oil-water interface and characterized
by middle amplitude curve type; the thickness of the middle
amplitude curve segment is the oil layer thickness (Figures
1(c) and 11, Qx110-36). However, it is considered as water
layer if the sand body was under the oil-water interface
and characterized by low amplitude curve type (Figures 1(c)
and 11, Qx110-38, Qx110-40). Moreover, the sharp-high type
sandstone because of calcareous interlayer is distributed at the
top of the thick layer sand body and is effective cap rock.

5.2. Characteristics of Interstitial Materials. Through a quan-
titative analysis of X diffraction data, the total amount of
clay minerals of the low resistivity oil layer of K,qn’ varies
within 1.8%~5.8%, with an average of amounts to 4%. The
clay mineral compositions are mainly dominated by illite-
montmorillonite mixed-layer and illite, with high cation
exchange adsorption capacity and strong conductivity. In

addition, most of the cementing materials were subject to
argillization due to the epigenesis, which may provide a
desirable condition for the existence of a large number of
irreducible water [30], therefore forming a good conductive
system that reduces reservoir resistivity.

5.3. Characteristics of Formation Irreducible Water. Based on
the NMR data in well Q157-19-9, T2 cut-off method showed
that the irreducible water saturation is around 30%~65%.
High irreducible water saturation makes the formation serve
as an effective molecular conductive network. This leads to a
relatively low resistivity of the oil formation in a fresh water
environment (Figure 12).

5.4. Salinity Characteristics of Formation Water. The forma-
tion water salinity in the Daqingzijing area of K,qn® differs
largely, ranging from 23662.4 mg/L to 283171 mg/L, with a
mean value of 26257.6 mg/L. Statistical results of formation
water salinity showed that the regional salinity is relatively
high; this indicates that the low resistivity reservoir is related
to the high formation water salinity of K,qn® Formation
(Table 3).
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TABLE 3: Salinity statistics of Dagingzijing area.

Well K'-Na* Mg** Ca® cl S0,* CO,* Water type Total
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
QI57-17-9 9820.9 23.1 178.4 10528.6 5589.7 15011 NaHCO3 27641.8
Q157-1 10038.1 15.6 171.9 10324.8 6308.3 1458.4 NaHCO3 283171
H80 9108.9 19 291.8 11229.9 3958.6 801.2 NaHCO3 25409.4

H120 8420.5 67.6 227.3 10335.1 3621.5 990.4 NaHCO3 23662.4
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6. Conclusion

(1) The resistivity of the thick layer sand body of the study
area is mainly distributed within 6 Q-m~32 Q-m and is fea-
tured as double peak; this indicates that the thick layer is a
typical low resistivity reservoir. The resistivity curves of the
thick layer sand bodies include three logfacies: low, middle,
and sharp-high amplitude, and each of them can be merged
together, which are presented as the following 4 types: sharp-
high, low, sharp-high amplitude combination; middle, sharp-
high combination; sharp-high, middle, low, sharp-high am-
plitude combination; and sharp-high, middle, low amplitude
combination.

(2) Thick sandstone of sharp-high amplitude (resistivity
increases and the acoustic time decreases) represents the
tight sandstone with calcareous cementation. Low amplitude
sandstone is water layer while ART (RILD-RILM) < 0. For
middle amplitude sandstone, if the average RILD < 10.4 Q-m
and ART (RILD-RILM) < 0, it is water layer; while if the
average RILD > 10.4 Q-m and ART (RILD-RILM) > 0, it
should be oil-water layer.

(3) The features of low amplitude structure, high clay min-
eral content, high irreducible water saturation, and high for-
mation water salinity in this study area all make the formation
as an effective molecular conductive network. This greatly
enhances the conductibility and leads to the low resistivity of
the reservoir.
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