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Abstract
In view of the problem that authigenic chlorite develops in mixed rock reservoirs and its
influence mechanism is unclear, taking K oilfield in Laizhou Bay Sag as an example, the
influence mechanism of authigenic chlorite on reservoir porosity in K oilfield in Laizhou
Bay Sag is clarified by means of microscopic observation and analysis, combined with
previous experience and laboratory observation data. The results show that the
authigenic chlorite in the study area can be divided into three types: particle coated
chlorite, pore lined chlorite and pore filled chlorite. After analyzing a large number of
samples in the study area, it is considered that the authigenic chlorite in the study area
has both positive and negative effects on porosity. In the K-5 well area at the platform
edge of the study area and far away from the provenance, the lithology is mainly gravelbearing fine sandstone, and the authigenic chlorite is mainly pore-filled chlorite, which
has a negative impact on porosity; However, the porosity of other well areas increases
with the increase of authigenic chlorite content, and its authigenic chlorite has positive
influence on inhibiting the secondary increase of Shi Ying, promoting dissolution and
compression compaction, which is beneficial to the preservation and development of
reservoir pores. Through data research, it is found that authigenic chlorite can indicate
better reservoir porosity among the positive influences of authigenic chlorite on
porosity. It is of great reference significance to the influence of authigenic chlorite in
mixed rock reservoir.
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1. Introduction
Due to the difference of sedimentary environment, foreign scholars have studied the influence
relationship between authigenic chlorite and carbonate porosity [1-3,5,7], and found that particlecoated chlorite and pore-lined chlorite are beneficial to the preservation of primary pores in sandstone
reservoirs to varying degrees and have a positive impact on reservoir porosity, while pore-filled
chlorite fills pores and reduces reservoir porosity. Clastic reservoirs are well developed in China, and
many scholars have studied the relationship between porosity and authigenic chlorite [6,9,10].
According to previous studies, granular coated chlorite and pore lining chlorite have good positive
correlation with porosity in clastic reservoirs. There are many lithologic mixed accumulation
characteristics in the reservoir of Lower Member of Shahejie Formation in K Oilfield of Laizhou Bay
Sag, especially in K-1, K-2, K-8, K-9 and other well areas. Three types of authigenic chlorite are
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found in microscopic samples, and the type and content of authigenic chlorite have obvious influence
on the porosity of mixed rocks in the study area. On the basis of previous studies, this paper discusses
the formation mechanism of authigenic chlorite and its influence on reservoir porosity in the mixed
rock reservoir of the Lower Member of Shahejie Formation in K Oilfield of Laizhou Bay Sag.

2. Regional geological survey
Laizhou Bay Sag, located in the southeast of Bohai Sea, is a secondary sag in Jiyang Depression of
Bohai Bay Basin. Geographically, Laizhou Bay Sag is adjacent to Weibei Low Uplift in the south,
Laibei Low Uplift in the north, Ludong Uplift in the east and Kendong Uplift in the west, and the east
and west sides of the Sag are sandwiched by the east and west branches of Tan-Lu fault zone
respectively, which belongs to a dustpan-shaped faulted structure [11,12]. Laizhou Bay Sag covers
an area of about 1780km2, in which oil and gas reservoirs are widely developed, which is the key area
for oil and gas exploration and development in southern Bohai Sea in recent years (Figure 1).

Figure 1. Regional location of Laizhou Bay Sag and well location distribution in the study area
K Oilfield in the study area is located in the high part of the southern slope belt of Laizhou Bay Sag,
which is adjacent to Nanciwa of Laizhou Bay Sag in the east and Beiwa of Laizhou Bay Sag in the
north. It is a favorable zone for oil and gas migration and accumulation in Beiwa and Nanciwa. It is
structurally controlled by reverse depression-controlling faults and strike-slip faults, and is a fault
semi-anticline structure complicated by faults, with the characteristics of multiple fault blocks and
multiple high points [13].
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3. Occurrence state of authigenic chlorite
As a common clay mineral, authigenic chlorite has attracted more and more scholars' attention in
recent years. At present, many scholars who study authigenic chlorite generally believe that there are
three types of authigenic chlorite: particle coated chlorite, pore lined chlorite and pore filled chlorite.
Particle-coated chlorite is a thin film formed by chlorite coating on the particle surface. Chlorite
crystals are perpendicular to the particle surface and grow densely in flake shape. The coating
thickness of particles formed by chlorite is generally 2 ~ 7 μ m, and the larger chlorite crystals can
reach 15μm [14] (Figure 2-A, B). Zhou Xiaofeng[8] and Ma Pengjie[15] found that the granular
coated chlorite has a double-layer membrane structure, and the inner membrane chlorite crystal is
less than 2μm, with poor crystal shape; The chlorite crystals on the outer membrane are larger than
3μm, with good crystal shape, appearing as leaves or needles. The chlorite crystals are arranged in
parallel, perpendicular to the particle surface, and grow towards the pore center. According to the
regular occurrence of granular coated chlorite, it may be a crystal parallel to the grain surface formed
by compaction, so the main formation period of granular coated chlorite formed earlier than
compaction is syngenetic rock stage [8,10]. After a lot of observation under thin section microscope,
there is less granular coated chlorite in the lower member of Shahejie Formation in K Oilfield of
Laizhou Bay Sag, which may be related to the lack of Fe2+ and Mg2+ necessary for chlorite
formation in the reservoir of the study area during syngenetic rock stage, because the carbonate
material supply in the study area was sufficient at an early stage, which was strongly affected by wind
waves and lake currents, and the surrounding terrigenous debris supply was less, which was weak or
did not have the source conditions of Fe2+ and Mg2+ necessary for the formation of authigenic chlorite.
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Figure 2. Particle coated chlorite, pore lined chlorite and pore filled chlorite
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A: well k-8, with a depth of 1219.5m and a depth of 25× under a single polarizer; B: well K-7, with
a depth of 1646.5m, with a 25× (right) micrograph under a single polarizer. C: well k-8, with a depth
of 1013m, 2.5× under a single polarizer, and pores lined with chlorite. The red arrow indicates that
authigenic chlorite does not develop at the contact area of particles. D: Well K-6, with a depth of
1658.5m and pores lined with chlorite. E: well k-7, with a depth of 1714.08m, with authigenic Shi
Ying crystals scattered on chlorite lining pores. F: Well K-4, with a depth of 1628m, is filled with
chlorite in the fluffy pore. G: well k-10, with a depth of 1835m and rosette pores filled with chlorite.
The red arrow indicates the particle-coated chlorite observed under the microscope. Chl: authigenic
chlorite. Q: In-situ Shi Ying crystal.
The occurrence of pore lining chlorite is similar to that of particle coated chlorite, and it also grows
parallel to the surface of skeleton particles in flake or needle shape, and the coating thickness of
chlorite formed by its aggregate is about 5μm~10μm [16] (Figure 2-D). Different from particle-coated
chlorite, pore-lined chlorite does not grow at the contact of skeleton particles (Figure 2-C), but only
grows at the edge of pores, indicating that pore-lined chlorite was formed after compaction; In the
study area, authigenic Shi Ying crystals are filled in intergranular pores and attached to pore lining
chlorite (Figure 2-E), which indicates that pore lining chlorite in the study area was formed before
authigenic Shi Ying crystals formed. It can be inferred that the pore lining chlorite in the study area
was mainly formed in the early diagenetic stage [10].
Pore-filled chlorite refers to chlorite filled in intergranular pores. Compared with other types of
chlorite, the crystal thickness is thicker and the degree of self-shape is better. It is usually filled in
pores in rosette shape (Figure 2-G), velvet ball shape (Figure 2-F) or dispersed flake shape, which is
generally formed in the middle diagenetic stage [10]. Obviously, pore-filled chlorite was observed in
K-4 and K-5 wells in the study area.

4. Genesis of authigenic chlorite
Chlorite is a kind of 2:1 layered silicate mineral rich in iron or magnesium, which is usually formed
in alkaline reduction environment with PH value of 7~9 [17]. The formation of authigenic chlorite is
influenced by many factors, and the sedimentary environment and the required material source are
two important factors [18].
Dowey et al. have proved through a large number of case studies that chlorite can be formed in most
sedimentary facies belts, and authigenic chlorite is developed in every sedimentary facies of mixed
rock reservoir in the study area, but it is most common in coastal environment, especially delta
sedimentary environment [7]. This is because the formation of chlorite requires a relatively high
permeability, high porosity, and a relatively open deposition system and alkaline environment
conducive to the entry and exit of dissolved substances [19-21]. The sedimentary systems of mixed
rock reservoirs in the study area are mainly near-source short-range fan delta, braided river delta and
subaqueous fan. From the sedimentary environment, the study area has the environmental conditions
for forming authigenic chlorite.
Iron and magnesium required by authigenic chlorite are the material basis for its formation. The
sources of iron and magnesium in the formation of authigenic chlorite in the study area are as follows:
① Pore-lined chlorite was formed in the early diagenetic period, during which surface runoff carried
a large amount of terrigenous clastic materials and Ca and Mg ions into the lake basin, so that clastic
rocks and mixed rocks developed relatively, and abundant iron ions brought in by rivers provided
material conditions for the formation of pore-lined chlorite; ② Pore-filled chlorite was formed in
the middle diagenetic period, during which the reservoir was affected by various diagenesis such as
compaction, cementation, dissolution and metasomatism [27], and the material sources needed for
the formation of chlorite were relatively rich and diverse; ③ under the microscope, it is observed
that chlorite is filled in the dissolution pores of particles (fig. 3-A), and the dissolution of minerals
such as pyroxene and amphibole provides the material basis for chlorite formed after dissolution; ④
The reservoir kaolinite in the study area is developed, and the chlorite distributed on the feldspar
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surface (Figure 2-D) may be formed by the kaolinite altered by feldspar under the action of fluid
[17,26].
The chlorite in the mixed rock reservoir of the Lower Member of Shahejie Formation in K Oilfield
of Laizhou Bay Sag is pore lining chlorite and pore filling chlorite, and the genesis of chlorite is
controlled by many factors, which is influenced by the parent rock properties of mixed rock in the
study area, such as complex lithofacies, changeable rock types and diverse diagenesis [28].

5. Influence of authigenic chlorite on reservoir porosity
The study area is mainly composed of sandy dolomite, argillaceous limestone, argillaceous dolomite,
calcareous siltstone, calcareous mudstone and dolomitic siltstone, and contains a small amount of
lithologic characteristics of volcanic tuff. The influence of authigenic chlorite on reservoir porosity
has both positive and negative sides. Granular coated chlorite and pore lining chlorite can inhibit the
secondary increase of Shi Ying [18,29,30], which has a positive effect on reservoir porosity Generally
speaking, chlorite filled with pores can only fill the pores of particles and reduce the porosity of
reservoirs [16,17], thus playing a negative role in reservoirs.
5.1 Positive influence of authigenic chlorite on reservoir porosity
5.1.1. Inhibiting the secondary increase of Shi Ying granules
Particle-coated chlorite and pore-lined chlorite (hereinafter referred to as chlorite membrane) in
authigenic chlorite can inhibit the secondary enlargement of Shi Ying particles. At present, the
viewpoints of inhibition mechanism are as follows: ① Chlorite membrane blocks the contact
between pore fluid and Shi Ying particles, and cuts off the material source of Shi Ying's secondary
enlargement, thus inhibiting the secondary enlargement of Shi Ying [31,32]. However, some scholars
suggest that there are a large number of intergranular pores in chlorite membrane, which cannot
completely cut off the contact between Shi Ying and pore fluid [23,29], so the role of chlorite
membrane in isolating Shi Ying from pore fluid is limited; ② The growth of chlorite occupies the
growth space needed for the secondary enlargement of Shi Ying, thus inhibiting the secondary
enlargement of Shi Ying [23]; ③ Due to the existence of a large number of intergranular pores in
chlorite membrane, chlorite membrane can change the PH value of pore fluid and inhibit the
secondary increase of Shi Ying [33]. Some scholars also questioned that chlorite membrane can
promote the diffusion of SiO2, and SiO2 cementation precipitation can still form the secondary
increase of Shi Ying in weakly acidic environment [17]; ④The formation of authigenic chlorite
needs an open, high permeability and alkaline sedimentary environment, which is not conducive to
the secondary increase of Shi Ying [17,18]. Although the inhibition mechanism of authigenic chlorite
on the growth of Shi Ying has not been unified, it has been recognized by current researchers that
chlorite membrane can inhibit the secondary growth of Shi Ying. In the study area, authigenic Shi
Ying grains adhered to chlorite film were observed (Figure 2-E), which indicated that chlorite film
could inhibit the secondary increase of Shi Ying, but could not prevent the precipitation of authigenic
Shi Ying grains [30].
5.1.2. Influence on dissolution
A: well k-8, with a depth of 1373.5m and a depth of 25× under a single polarizer, is filled with
authigenic chlorite. B: well K-9, with a depth of 1608.78m and a depth of 25× under a single polarizer,
has developed dissolution pores, and authigenic chlorite promotes dissolution. C: well K-5, with a
depth of 1013m and 25× under a single polarizer, developed intergranular dissolution. D: well K-5,
with a depth of 1089.5m and a diameter of 50× under a single polarizer, has developed intragranular
dissolution holes.
The dissolution in the reservoir is the dissolution of acidic pore solution to the reservoir matrix, and
feldspar, some cuttings and carbonate cement are the main objects of dissolution. A large number of
intergranular pores in chlorite membrane provide favorable conditions for the migration of acidic
water medium, and a large number of intergranular pores and primary pores are the migration
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channels of acidic water medium, which promote the dissolution of reservoir [25,34]. Through
observation, it is found that the dissolution in the study area is more extensive than that in the
conventional clastic reservoirs (Figure 3), and not only a large number of secondary dissolution pores
are formed within and between grains, but also dissolution fractures produced by dissolution exist in
some areas.
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Figure 3. Dissolved pores
5.1.3. It has the function of compression compaction
As for the relationship between authigenic chlorite and compressive compaction, some scholars think
that the surface of skeleton particles without chlorite film will show strong compaction contact or
suture contact, while skeleton particles wrapped with chlorite with the same depth will experience
weak compaction strength, so it is judged that chlorite film has compressive compaction [14,22,32].
Other scholars have found that the hardness (2~3) and density of chlorite membrane are small, and
the hardness (6~7) of skeleton particles such as Shi Ying and feldspar is greater than that of chlorite
membrane, and the skeleton particles can still be observed to be broken, thus inferring that the
compressive compaction effect of chlorite membrane is very limited [4,15,24]. Up to now, there is
no unified conclusion about the compressive compaction of chlorite membrane.
Two groups of samples in the study area were selected for study (Table 1):
Table 1. Clay mineral content table of two groups of samples in well areas K-4 and K-9
Sampling well Sample
K-4
K-4
K-9
K-9

A
B
C
D

Depth
Glimmerton Kaolinite
Iraqi/Mongolian
Porosity(%)
Chlorite(%)
(m)
(%)
(%)
mixed layer(%)
1084.7
19.6
0.50
1.78
0.90
6.82
1086.0
20.2
0.48
1.80
2.76
6.96
1608.2
17.2
12.08
6.12
1.70
13.10
1608.7
17.9
12.24
5.96
4.32
13.48

Clay mineral
content (%)
10
12
33
36

In the compression system of two samples, samples with different chlorite contents in the same well
area with similar depth are selected to observe the change trend of compression coefficient. The
chlorite content of sample A and sample C is 0.9% and 1.7% respectively, and the slopes
corresponding to the trend line of the net effective coverage pressure scatter plot are -9.60 and-6.12
respectively. The chlorite content of sample B and sample D is 2.76% and 4.32%, respectively, and
the slope corresponding to the trend line of scatter plot is -7.73 and -5.97, respectively. Comparing
the experimental data of the two groups of samples, it can be seen that the rock samples with higher
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chlorite content (Figure 4-B, D) have a weaker downward trend of compressibility than the rock
samples with lower chlorite content (Figure 4-A, C), so chlorite can play a role in compression
compaction, which is beneficial to the development of rock pores.

Figure 4. Relationship between Net Effective Covering Pressure and Compressive Coefficient (4
samples)
5.2 Negative influence of authigenic chlorite on reservoir porosity
Pore-filled chlorite will reduce the porosity of reservoir [16, 17]; Chlorite film itself has a certain
thickness, which will reduce the throat or pore throat radius, and will also have a negative effect on
porosity.
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Figure 5. K-5 scatter diagram of chlorite content and porosity in well area (19 samples)
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In a large number of samples, it is found that the pore filling chlorite content in well K-5 is relatively
high, and the pore lining chlorite content is relatively small. 19 samples from well K-5 are selected
to draw the scatter diagram of chlorite content and porosity of rock samples (Figure 5).
From the scatter distribution diagram of chlorite content and porosity in well K-5, it can be seen that
there is no good positive correlation between authigenic chlorite content and porosity in well K-5,
and the chlorite content is between 0.5%~2.0% and even has negative correlation. As a whole,
authigenic chlorite in well K-5 cannot have a positive impact on the reservoir in the study area, and
more pore-filled chlorite develops and fills the reservoir pores, which is not conducive to the
development of reservoir pores.
The two most important factors for the formation of authigenic chlorite are material basis and
sedimentary environment [18,21]. Well block K-5 is located at the edge of structural platform, and
its lithology is mainly gravelly sandstone, and the thickness of mixed rocks is thin and far away from
the provenance. Both the provenance of Kendong uplift and the provenance of Weibei uplift have
little influence on well block K-5, so the influence of mixed sedimentation in well block K-5 is weak
and cannot provide a large amount of iron and iron Moreover, the K-5 well area is a mixed beach
sedimentary microfacies, which does not have a relatively high porosity and permeability and an open
sedimentary environment, and lacks the sedimentary conditions for the formation of chlorite films.
As the study area is a typical mixed rock reservoir, after analyzing and observing the influence of
authigenic chlorite on the overall reservoir porosity in the study area (Figure 6-A), the authigenic
chlorite and porosity in each well area are also analyzed and observed (Figure 6-B), thus determining
the influence relationship between authigenic chlorite and reservoir porosity in the study area.
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Figure 6. Scatter diagram of absolute content and porosity of chlorite in the study area
Table 2. Comparison parameter table of average chlorite content and average porosity
Well area
K-4
K-7
K-8
K-9
K-10

Average authigenic chlorite content(%)
2.38
2.12
1.94
2.18
1.92

Average porosity(%)
12.15
12.80
18.00
23.30
21.30

Trend line slope
2.78
3.11
5.01
6.18
4.72

A total of 107 samples were selected from well areas K-1, K-4, K-7, K-8, K-9 and K-10 except well
area K-5, and the relationship between authigenic chlorite content and reservoir porosity was
observed. The results show that (Figure 6-A), on the whole, with the increase of authigenic chlorite
content, the porosity increases obviously, and authigenic chlorite has a positive impact on the porosity
of the study area. Figure 6-B shows that the porosity of each well area increases with the increase of
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authigenic chlorite content; It can be seen from Table 2 that under the condition that the content of
authigenic chlorite in each well area is not much different, the porosity is obviously different,
resulting in the change of slope of trend line. This shows that authigenic chlorite has a positive
influence on porosity, which can indicate high-quality reservoirs [30], but it cannot play a decisive
role in porosity.

6. Conclusion
(1) The authigenic chlorite mainly developed in the mixed rock reservoir of the lower member of
Shahejie Formation in K Oilfield of Laizhou Bay Sag is pore lining chlorite and pore filling chlorite,
which were formed from early diagenetic stage to middle diagenetic stage. The reservoirs in the study
area are subjected to compaction, pressure dissolution, dissolution and cementation metasomatism,
which provide conditions for the formation of authigenic chlorite.
(2) In the reservoirs in the study area, the authigenic chlorite in the K-5 well area is mostly filled with
pore filling chlorite, which blocks the pores and has a negative impact on the reservoir porosity;
Porosity increases with the increase of authigenic chlorite content in all wells except K-5, which is
beneficial to the development of reservoir pores.
(3) Mixed rocks are mainly distributed in well areas K-1, K-2, K-8 and K-9, while authigenic chlorite
has a positive influence on porosity in well areas K-1, K-4, K-7, K-8, K-9 and K-10, while authigenic
chlorite has a limited influence on porosity and cannot determine the size of porosity.
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