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Abstract: It is a common method to use sequence strati-
graphic theory to identify favourable intervals in hydro-
carbon exploration. The Lower Cambrian shale of Well
Jiangye-1 in Yangtze Region in Xiuwu Basin was chosen
as the research object. The content of excess silicon of
siliceous minerals in shale was calculated quantitatively,
and the concentration distribution of Al, Fe, Mn showed
that the excess silicon is of hydrothermally origin and
the shale deposited in an environment with hydrother-
mal activity. Using U/Th values in the study, combined
with lithology and logging data, in order to divide se-
quences of the Lower Cambrian shale in Yangtze Region
in Xiuwu Basin. The result shows that the shale of the
Lower Cambrian shale is recognized as 1 2nd sequence
(TST-RST, TST = Transgressive systems tract; RST = Regres-
sive systems tract) and then further subdivided into 5 3rd

sequences (SQ1-SQ5). During the deposition of SQ2 and
SQ3, hydrothermal activity was active, and their excess
silicon content was generally above 20%-30%. Rising sea
level and active hydrothermal activity were beneficial for
the enrichment of siliceous minerals and organic matter.
Based on the comparison of the reservoir parameters, it
tells that SQ2 and SQ3 have relatively higher content of
TOC, higher content of brittle minerals (such as siliceous
minerals, carbonate minerals and so on), larger effective
porosity and higher content of gas, which make it as the
most favourable intervals of the Lower Cambrian in Xiuwu
Basin.
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1 Introduction
In recent years, the emergence and development of un-
conventional hydrocarbon exploration, an advanced un-
derstanding of deep water shale depositional systems has
occurred. This has resulted in increased production from
shale gas resources in North America [1–3]. China also
contains significant shale gas resources and commercial
development has been implemented in Weiyuan, Changn-
ing, Zhaotong, Fushun-Yongchuan, Fuling and Dingshan
blocks since 2010 [4–7]. Although shale gas shows tremen-
dous potential, there are great exploration risks in shale
gas exploration due to the complicated geological condi-
tions in China. Therefore, the prediction of hydrocarbon
sweet spots is of significant importance to shale gas explo-
ration [8–11].

Sequence stratigraphy has been successfully applied
to the exploration of clastic and carbonate reservoirs since
proposed nearly four decades ago [12–18]. However, the
traditional sequence stratigraphy is based on the passive
continental margins, with either carbonate or clastic sed-
imentary rocks. The application of sequence stratigraphy
to deep water deposits by traditional methods faces chal-
lenges due to the weak reflection of sea level on deep wa-
ter region [19, 20]. In recent years, some studies on shale
sequence stratigraphy have employed various methods of
lithofacies, logs and stratigraphic elemental analysis to
identify sequence boundaries and the maximum flooding
surface, and ultimately build sequence stratigraphy frame-
works and predict the favorable intervals [21, 22].

The large-scale exploration of shale gas in recent years
provides more new data for the study of shale sedimen-
tary environment. Shale contains a variety of elements
such as silicon, calcium, aluminium, uranium, thorium,
potassium, iron, manganese and so on. Predecessors have
been trying to identify the source of siliceous minerals in
shale. Holdaway and Clayton (1982) define the concept of
excess silicon, which means excessive silicon beyond the
source of normal terrigenous clasts, andproposes a quanti-
tative calculationmethod for excess silicon [23].Wedepohl
(1971), Adachi et al. (1986) and Yamamoto (1987) tried to
differentiate between hydrothermal silicon and biogenic
siliconbyAl-Fe-Mn ternarydiagram [24–26]. These twocal-
culation methods are combined to confirm the existence
and the content of excess silicon of shale by quantita-
tive calculation. Then the causes of excess silicon is de-
termined and sedimentary environment is analyzed.Using
U/Th ratio, in combinationwith Ca/(Ca+Fe) and Ti/Al ratio
calculations as reference, lithology and logging data, the
sequence stratigraphy of shale of the Lower Cambrian is di-

vided and accordingly the favorable intervals is identified
as well.

2 Geological setting

2.1 Tectonic and sedimentary
characteristics

Xiuwu basin is located in lower Yangtze area, and in the
southeast of Jianghan basin. Xiuwu Basin is composed of
the Luodong syncline and Xiushui-Wuning syncline. The
study area is located in the west of the Xiushui-Wuning
syncline, a new exploration area covering approximately
600 km2 (Figure 1).

The Lower Cambrian is composed of Wangyinpu and
Guanyintang Formations. The Early Cambrian in Xiuwu
Basin lasted for about 27 million years (541–514 million
years ago) [27, 28]. During the early stage of early Cam-
brian, a transgression occurred in the Xiuwu Basin and
adjacent areas, resulting in a deep marine shelf depo-
sitional environment characterized by quiet, low-energy
and anoxic conditions [27, 29]. As a result, the entire study
area was covered in a thick (100-150 m) accumulation of
organic-rich marine shale [28]. During the late stage of
early Cambrian, the water became shallower gradually af-
terwards and the environment evolved into shallow-water
shelf [30, 31]. In the Middle–Late Cambrian, the Xiuwu
Basin, with carbonate deposits, developed in the sedimen-
tary environment of the Epicontinental Sea.

2.2 Stratigraphic features

The underlying strata of Wangyinpu Formation is the up-
per sinian Piyuancun Formation, and the lithology is gray
siliceous dolomite (Figure 2A). Besides, the lithology of
Wangyinpu Formation is black siliceous shale (Figure 2B).
The overlying strata is Guanyintang Formation, and the
lithology is dark gray siliceous shale (Figure 2C). The over-
lying strata of Guanyintang Formation ismiddle Cambrian
Yangliugang Formation, and the lithology is gray micro-
crystalline limestone (Figure 2D). The lithology of different
formation are quite different. However, the lithologic vari-
ations of the Wangyinpu Formation and the Guanyintang
Formation are little due to the relatively strong lithologic
homogeneity of shale.
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Figure 1: The geological map shows the study area with locations of wells and outcrops. Modified from references [28].

Figure 2: Core photos of Well Jiangye-1. A: Upper Sinian Piyuancun Formation 2675m, gray siliceous dolomite; B: Lower Cambrian Wangy-
inpu Formation 2638m, dark siliceous shale; C: Lower Cambrian Guanyintang Formation 2546m, dark gray siliceous shale; D: Middle
Cambrian Yangliugang Formation 2511m, gray microcrystalline limestone. See Figure 1 for the location of the well site.

3 Samples, experiments and data
source

Well Jiangye-1 located in Xiuwu Basin shale gas blocks in
the Yangtze Region of Yangtze plate, is a key exploration
drilling in the Lower Cambrian wells (Figure 1). Sixty five
core samples were collected from Wangyinpu and Guany-
intang Formation of Well Jiangye-1 every 1 to 2m. For these

samples TOC contentwasmeasured by using themodel for
the total organic carbon analyser of OG-2000V to samples,
the mineral composition of test samples was performed
using ZJ207 Bruker D8 advance X-ray diffraction, the to-
tal and effective porosity were tested using PoroPDP-200
porosity measuring instrument, and the gas content was
tested by YSQ-IV gas shale gas analyser. Eighty four debris
samples were collected from Wangyinpu Formation and
Guanyintang Formation of Well Jiangye-1 every1 to 2m. For
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these samples, analysis for X-ray fluorescence spectrom-
etry was performed using Axios-MAX model (X-Ray Fluo-
rescence) instrument for the analysis of Al, Fe and Mn ele-
ments on the sample. All the experiments were conducted
in Institute of The Unconventional Oil and Gas Resources
Experimental Centre in sinopec east China branch. And
this institute which is professionally accredited is profes-
sional in samples preparation and accurate in results. The
logging data (GR, U, Th, CNL, AC, and DEN) and the ele-
mental logging data (Si, Al) of Well Jiangye-1 provided by
Schlumberger were collected as well. And these data were
taken every 0.125m.

4 Results

4.1 Calculation of excess silicon and
analysis of its cause

In order to analyse the sedimentary environment of Early
Cambrian, the concept and the application of excess sil-
icon have been introduced in the study. The source of
siliceous minerals can be divided into terrestrial clastic
origin, biogenic and hydrothermal origin. The excess sili-
con (excess siliceous mineral content) (Siex) refers to the
siliceous minerals except the silicon from terrestrial clas-
tic origin. The excess silicon content can be calculated by
the following equation (Equation 1).

Siex = Sis −
[︀
(Si/Al)bg × Als

]︀
(1)

In the equation, Sis is the silicous content of the sam-
ples, and Als stands for the aluminous content of the sam-
ples. The value of (Si/Al)bg is 3.11, which is the average for
shale [23].

Equation 1 is used to calculate the excess silicon con-
tent of the Lower Cambrian in Well Jiangye-1. As shown
in Figure 3, there are excess silicon in most of the Wangy-
inpu Formation and the half of the Guanyintang Forma-
tion. Specifically, the Wangyinpu Formation contains in-
tervalswith up to 40%–50%excess silicon,while intervals
in the Guanyintang Formation contain relatively lower ex-
cess silicon (0%–20 %).

Excess silicon in clastic sediment can be either hy-
drocarbon or biogenic in origin. To differentiate between
both, Wedepohl (1971), Adachi et al. (1986) and Yamamoto
(1987) proposed theAl-Fe-Mn ternarydiagrammethod [24–
26]. The relative contents of Al, Fe and Mn were put on
the ternary diagram (Figure 4). If all the points were in I
area of Figure 4, it would be biological genesis. While if
all the points were in II area of Figure 4, it would be hy-

drothermal genesis. In addition, if the points fell in be-
tween I area and II area, it would be a mixture of biolog-
ical and hydrothermal genesis. In this paper, the experi-
mental data of elements Al, Fe and Mn of intervals of the
Lower Cambrian with excess silicon in Well Jiangye-1 are
put in the ternary diagram. The percent normalized data of
Al, Fe and Mn were all in the region of hydrothermal gen-
esis, as shown in Figure 4, which indicates that excess sil-
icon is of hydrothermal genesis. In the early Cambrian pe-
riod, the tectonic movement at the junction of the Yangtze
plate and the Cathaysia plate was relatively active, and
the sea water entered the deep crustthrough the fault at
the subduction boundary. Subsequently the sea water was
heated, and transformed into the hydrothermal fluid. And
then it returned to the ocean, in the form of submarine
fountain, with siliceous minerals and other nutrient ele-
ments (nitrogen, phosphorus, potassium and so on) from
the deep crust which are conducive to biological reproduc-
tion. On one hand, siliceous minerals were transformed
to hydrothermal silicon in shale. On the other hand, nitro-
gen, phosphorus, potassium and other nutrient elements
brought by upwellingwere carried to the surface of the sea,
which promoted the improvement of biological productiv-
ity andwas conducive to the formation of organicmatter in
shale. Thus, the vertical siliceous source of the shale of the
Lower Cambrian Wangyinpu and Guanyintang Formation
inWell Jiangye-1 is accurately made, as shown on the right
side of Figure 3. Most of the intervals of Wangyinpu For-
mation had hydrothermal silicon. More than half of the in-
tervals contain 20%-30% hydrothermal silicon, and some
of the intervals contain 30%-40%, even up to 40%-50%.
While the content of hydrothermal silicon in Guanyintang
Formation dropped significantly. The content of hydrother-
mal silicon is 10%-20% in the lower section of Guanyin-
tang Formation, while less in the upper section of Guany-
intang Formation. And the most of the silicon in the upper
section of Guanyintang Formation are terrestrial clastic sil-
icon.

The content of excess silicon can reflect the intensity
of hydrothermal activity [41]. As shown in Figure 3, hy-
drothermal activity was widespread in the Early Cambrian
in the Lower Yangtze area, and the hydrothermal activity
in the Wangyinpu Formation is stronger than that in the
Guanyintang Formation. Hydrothermal fluids can trans-
port materials from deep crust to seawater. Due to the rela-
tively strong homogeneity of shale and the mixing of new
materials from the deep crust, it is difficult to identify the
sequence interface of the deep water sedimentary environ-
ment under the hydrothermal influence. According to the
earlier work, U/Th ratio is thought to be an indicator of the
depositional environment: A high U/Th ratio is supposed
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Figure 3: Analysis of content of excess silicon of the Lower Cambrian Wangyinpu and Guanyintang Formation in Well Jiangye-1 in Yangtze
Region. Check Figure 1 for the well location.
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Figure 4: Al-Fe-Mn ternary diagram for analysis on sources of ex-
cess silicon of the Lower Cambrian Wangyinpu and Guanyintang
Formation, showing that it is of hydrothermally genesis. The base
map is from references [24–26]. See Figure 1 for the well location. I:
bio-origin, II: hydrothermal origin.

to be related to a reducing environment while low U/Th ra-
tio relates to an oxidizing environment [48–52]. Therefore,
this paper mainly used the U/Th ratio and the changes of
lithology as well as logging curves to divide the shale de-
position sequence of deep water under the hydrothermal
influence, identify favorable intervals and provide techni-
cal supports for shale gas exploration and development.

4.2 Sequence stratigraphy

4.2.1 Identification of second-order sequence boundary

It is difficult to identify the unconformity surface and as-
certain the sequence boundary only by seismic reflections
due to the relatively homogeneous property of the shale
reservoir. Previous studies suggest that well-log data, geo-
chemical parameters, lithofacies are of key significance
for determining shale sequence boundaries [21, 53–55]. In
this study, sequence boundaries are determined by a com-
bination of redox indicator (U/Th ratio), well logs (Natu-
ral gamma ray, Uranium, Compensated neutron logging,
Acoustic, Density), lithofacies.

Two sequence boundaries, SB1 (Wangyinpu Forma-
tion) and SB2 (Guantintang Formation) have been inter-
preted (Figure 5). SB1, the boundary between Ediacaran
and Cambrian, presents unconformity between the Edi-
acaran Piyuancun Formation and the Cambrian Wangy-
inpu Formation (Figure 2A, 2B). SB1 corresponds with the

argument of the previous researchers that a large-scale re-
gression occurred during the end of the Late Ediacaran
Piyuancunperiodand large-scale transgressionbegandur-
ing the Early Cambrian Wangyinpu period in the Middle
Yangtze area [56–59], SB1 is supposed to be a transgressive
surface of erosion as Slatt and Rodriguez (2012) described
[53].

Because of the regression during the end of the Late
Ediacaran Piyuancun period and transgression during the
Early Cambrian Wangyinpu period, light gray siliceous
dolomite deposited in the Late Piyuancun period, repre-
senting a shallow water environment (Figure 2A), while
black shale deposited in the Early Cambrian Wangyinpu
period, representing a deepwater environment (Figure 2B).
This variation in lithofacies also exhibits a sharp change
with respect to thewell logs: SB1was identified at a sudden
change in the GR, U, CNL, AC and DEN values (Figure 5).
The values of GR, U and AC increased, while the values of
CNL and DEN decreased. Since in SB1 (2667m), U/Th ratio
changes from low value to high value. Based on the U/Th
ratio, the SB1 is a transitional surface under ancient redox
conditions from increasing oxidizing conditions to increas-
ing reduction conditions (Figure 5).

SB2 is the boundary between the Guanyintang and
Yangliugang Formations, which is manifested as a litho-
facies transformation interface with an underlying clastic
depositional system and an overlying carbonate deposi-
tional system (Figure 2C). The variation in lithofacies also
exhibits sharp changes in well logs: SB2 is identified as
sudden changes in the GR, U, CNL, AC, and DEN values
(Figure 5). The values of GR, U andACdecreased,while the
values of CNL and DEN increased. Furthermore, changes
in the U/Th ratio can be observed as well. It is obvious SB2
is an ancient redox condition transition surface with un-
derlying increasing oxidizing conditions and overlying in-
creasing reduction conditions based on theU/Th ratio (Fig-
ure 5).

4.2.2 Second-Order Sequences of the Lower Cambrian

According to Ogg (2004) and Gradstein et al., (2004), TST
of second-order sequence stratigraphy lasted 10 million
years (541Ma–521Ma) while the RST lasted 7Ma (521Ma–
514Ma) [60, 61]. Therefore, the Lower Cambrian is a second-
order sequence. In this paper, the T-R sequence strati-
graphic model was used, i.e., the Transgressive Systems
Tract (TST) and Regressive Systems Tract (RST) [55]. The
sequence boundary is the Maximum Regressive Surface,
and the systems tract interface is the Maximum Flooding
Surface (MFS). RST includes highstand systems tract (HST)
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Figure 5: Division of 2nd and 3rd sequence of the Wangyinpu Formation and Guanyintang Formation of the Lower Cambrian in Well Jiangye-1
and changes in lithology vertically. See Figure 1 for the well location. SQ = Sequence; TST = Transgressive systems tract; RST = Regres-
sive systems tract; MFS (mfs)= Maximum flooding surface; SB(sb)= Sequence Boundary; GR = Natural gamma ray; U = Uranium; CNL =
Compensated neutron logging; AC = Acoustic; DEN = Density.
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and lowstand systems tract (LST) according to theVail’s se-
quence theory [12]. Due to the lack of identification sign of
the HST/LST interface and the scarcity of the LST in shelf
facies, the boundary between HST and LST is difficult to
distinguish. The boundary between TST and RST is inter-
preted as an MFS on the top of a condensed section which
can be identified by the well logs, lithofacies and forma-
tion elemental features.

The Well Jiangye-1 is supposed to be an MFS at the
depth of 2615m, since the GR, U, CNL, AC, and DEN values
changed suddenly, indicating a jump of lithology, porosity
and gas content (Figure 5). The values of GR, U and AC de-
creased, while the values of CNL and DEN increased. The
lithofacies from the lower section of MFS black shale is
transformed into the upper dark gray siliceous shale (Fig-
ure 2). The U/Th ratio decreased suddenly from 1.25–11 to
0–1.25, indicating the sedimentary environment changed
from reduction to oxygen-depleted and oxidation (Fig-
ure 5). The MFS of this second-order sequence is also the
boundary between Wangyinpu and Guanyintang Forma-
tions. Therefore, TST ranges from SB1 (2667 m) to MFS
(2615 m), and RST varies from MFS (2615 m) to SB2 (2520
m).

4.2.3 Third-Order Sequences of the Lower Cambrian

Lithologic differences could be observed and used to di-
vide the TST and RST of the Lower Cambrian. Due to the
strong homogeneity of the shale under hydrothermal in-
fluence and small lithologic variations, the identification
of third-order sequences is extremely difficult to do using
lithologic variations alone. In this study, elemental cap-
ture spectroscopy (ECS) could be applied well in the iden-
tification of third-order sequences. The MFS of third-order
sequence is identified mainly according to U/Th indica-
tor taken as references. The third-order sequences could
be then subdivided into five third-order sequences (Fig-
ure 5), which sequentially are SQ1-SQ5 all consisting of
TSTs and RSTs from bottom to top. Three of them are iden-
tified in theWangyinpu Formation while the other two are
in the Guanyintang Formation. Among the five third-order
sequences, the TOC content, porosity, brittle mineral con-
tent and total gas content also display obvious differences
with each other.

(a) SQ1 (2667–2652 m)

From 2667 m to 2664 m, the U/Th ratio increases rapidly
above SB1 and then gently decreases from 2664 m to 2652

m (Figure 5). GR, U, CNL, AC and DEN present significant
changes at 2652 m (Figure 5). Accordingly, the depth of
2652m is considered to be the sequenceboundary (SB1a) of
the third-order sequence. At the depth of 2664 m, SQ1, the
U/Th ratio reaches the maximum value (Figure 5). Thus,
the depth of 2664 m is supposed to be the maximum flood-
ing surface (mfs1) of the SQ1; the TST1 ranges from 2667
m to2664 m, and the RST1 varies from 2664 m to 2652 m
(Figure 5).

(b) SQ2 (2652–2629 m)

From 2652 m to 2635 m, the U/Th ratio increases gradually
above SB1a and then decreases rapidly from 2635m to 2629
m (Figure 5). The depth of 2629 m is supposed to be the se-
quence boundary (sb 2) of the third-order sequence where
GR, U, CNL, AC, and DEN showed obvious changes (Fig-
ure 5). At the depth of 2635mof SQ2, theU/Th ratio reaches
the highest (Figure 5). Accordingly, 2635 m is intended to
be the maximum flooding surface (mfs2) of SQ2, which is
also the boundary that divides the SQ2 into TST2 and RST2
(Figure 5).

(c) SQ3 (2629–2615 m)

From 2629 m to 2622 m, the U/Th ratio increases rapidly
above sb2 and then reaches a high level. From 2622 m to
2615 m, the U/Th ratio decreases rapidly (Figure 5). Log-
ging curves significantly change at 2615 m, which is also
the boundary between Wangyinpu Formation and Guany-
intang Formation. At the depth of 2622 m in SQ3, the U/Th
ratio presents a high value (Figure 5). Therefore, the depth
of 2622 m is the maximum flooding surface (mfs3) of the
SQ3, which divides the SQ3 into TST3 and RST3. Specifi-
cally, the strata with the depth range of 2629–2622 m is the
TST3, andwith depth range of 2622m to 2615m is the RST3
(Figure 5).

(d) SQ4 (2615 –2563 m)

From2615m to 2580m, theU/Th ratio is at consistently low
value above MFS and then increases slowly. From 2580 m
to 2563 m, the U/Th ratio decreases gradually (Figure 5).
The depth of 2563 m is the sequence boundary (sb4) of the
third-order sequence where GR, U, CNL, AC, and DEN all
show distinct change (Figure 5). At the depth of 2580 m in
SQ4, the U/Th ratio is at a higher value (Figure 5). There-
fore, the depth of 2580m is themaximumflooding surface
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Figure 6: Variations in the TOC content, total porosity, effective porosity, total gas content, siliceous mineral content and brittle mineral
content of each systems tract in the Lower Cambrian of Well Jiangye-1. See Figure 1 for the well location.

(mfs4) of the SQ4. The depth range of 2615–2580 m is the
TST4, and the depth from 2580 m to 2563 m is the RST4
(Figure 5).

(e) SQ5 (2563–2520 m)

From 2563 m to 2552 m, the U/Th ratio increases rapidly
and then decreases slowly to a low value from 2552 m to
2520 m (Figure 5). The depth of 2520 m is also the upper
boundary of Guanyintang Formation. At the depth of 2552
m in SQ5, the U/Th ratio shows a relatively higher value
(Figure 5). Therefore, the depth of 2552 m is the maximum
flooding surface (mfs5) dividing SQ5 into TST5 and RST5
tow parts, specifically. The strata with depth of 2563–2552
m is TST5, and that of 2552–2520 m is RST5 (Figure 5).

4.3 TOC, porosity, mineralogy and total gas
content within sequence stratigraphy

In the second-order sequence (Wangyinpu Formation and
Guanyintang Formation), the TOC content, total porosity,
effective porosity, siliceous mineral content, brittle min-
eral content and total gas content all display variations
from SQ1 to SQ5 (Figure 6A–6F).

Generally, it can be concluded that the TOC content is
higher than 8% in SQ1, SQ2 and SQ3 and then sharply de-
creases to 2%–4% in SQ4 and SQ5. Besides, in each third-
order sequence, the TOC content of TST is evidently higher
than RST. Specifically, in Wangyinpu Formation, the TOC
content of SQ2 and SQ3 is relatively higher than SQ1 (Fig-
ure 6A).

Apart from TST1, the average total porosity of the sys-
tem tracts of the five sequences is approximately 2%–3%.
Among the five sequences, the total porosity distribution
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of SQ5 shows the highest heterogeneity (Figure 6B). How-
ever, the distribution trend of effective porosity is obvi-
ously distinct from total porosity. In these sequences, the
effective porosity of SQ1 is 1%–1.5%, and that of SQ2 and
SQ3 increases to 1.5%–2%, and it suddenly decreases to be-
low 1% in most sections of SQ4 and SQ5 (Figure 6C). The
effective porosity of SQ2 is the highest among the five se-
quences, which increases from 1% at the bottom to 2.2%
at the top of TST2 and then decreases to 1.8% in RST2. The
trend of effective porosity of SQ3 is similar to SQ2, increas-
ing from 1.9% to 2.4% in TST3 and then decreasing to 1.6%
in RST3 (Figure 6C).

The total gas content shows drastic changes in this
second-order sequence. The average value decreases from
0.8 m3/ton in Wangyinpu Formation to 0.2 m3/ton in
Guanyintang Formation. The average total gas content of
SQ2 is 0.911m3/ton and that of SQ3 is 0.847 m3/ton. Both
are higher than that of SQ1 (0.722 m3/ton). Furthermore,
the average total gas content of TST2 (0.92 m3/ton) is
slightly higher than that of RST2 (0.902 m3/ton), and TST3
(0.892m3/ton) is alsohigher thanRST3 (0.802m3/ton) (Fig-
ure 6D).

It can be also concluded that mineral composition
shows obvious variations among different sequences. In
SQ1–SQ3, the siliceous mineral content changes consid-
erably from 40% to 80%. In SQ4–SQ5, the siliceous min-
eral content generally decreases from 62.2% to 41.8% (Fig-
ure 6E). Compared with the siliceous mineral content, the
brittle mineral content shows a regular change. In SQ1–
SQ3, the brittle mineral content is approximately 80%,
while gradually decreases to 60% inSQ4–SQ5, correspond-
ing to the increase of the clay mineral content (Figure 6F).

5 Discussion
Combining sequence with the results of analysis of exces-
sive silicon content, as shown in Figure 3. Because exces-
sive silicon content reflects the hydrothermal activity, the
Figure 3 shows that excess silicon content changes a lot
during the sedimentation of SQ1. It shows that hydrother-
mal activities are strong sometimeswhileweak sometimes.
Hydrothermal activities during depositional process of
SQ2 and SQ3 are relatively active, and the excessive silicon
content are both above 20%-30%. But when depositional
process of SQ4, hydrothermal activities weaken greatly
and hydrothermal silicon content is 10%-20%. There are
nearly no hydrothermal activities during the depositional
process of SQ5, and most are terrigenous clastic silicon.
Previous researches shows that the hydrothermal activi-

ties play important role for organic matter [37–44]. On
the one hand, hydrothermal activities can carry nutritions
which are advantageous to the growth of plankton and is
beneficial to the improvement of the biological productiv-
ity. On the other hand, because the hydrotherm from the
deep crust, it is a lack of oxygen to promote an anaerobic
environment at the bottom of sea water. As a result, the or-
ganic matter can be preserved. To sum up, the hydrother-
mal activities cannot only bring richhydrothermal genesic
siliceous minerals, but also promote the enrichment of or-
ganic matter.

Because SQ2 and SQ3 are in the period of transgres-
sion under the second-order deposition sequence, the sea
level rises, and deepwater is conducive to the formation of
reducing environment. In addition, hydrothermal activity
is relatively developed at this time, which is beneficial to
the improvement of biological productivity and the preser-
vation of organic matter, and thus the accumulation of or-
ganic matter. Shale gas is mainly stored in organic matter
pores, and organic matter pores provide natural gas main
flowing channels [62–66]. The content of TOC in SQ4 and
SQ5 is much lower than that of SQ2 and SQ3, and the gas
content is low. SQ2 and SQ3 possess the highest TOC con-
tent, effective porosity, total gas content and brittle min-
eral content among these sequences. SQ2 and SQ3 are the
most favorable intervals for the vertical accumulation of
shale gas in the lower Cambrian inXiuwuBasin. Due to the
relatively strong homogeneity of shale, other new drilling
in this block can be divided into the sequence by the same
method. And the favorable intervals can be selected di-
rectly without organic geochemical experiments, mineral
composition analysis experiments and gas content analy-
sis, which can save a lot of costs and time.

6 Conclusions
In this paper, the marine shale of the Lower Cambrian
Wangyinpu and Guanyintang Formation in Chinese South-
ern the Lower Yangtze Region is taken as the research in-
tervals, Well Jiangye-1 in Xiuwu Basin as the research ob-
ject, using data of elemental analysis, logging, lithofacies,
mineral composition, effective porosity, TOC content, gas
content and so on, analyzing sequence stratigraphy of the
Early Cambrian shale in the Lower Yangtze Region, draw-
ing the following conclusions.

(1) In the Lower Cambrian shale in Yangtze Region,
there are still a lot of siliceousminerals of hydrother-
mal origin in most intervals of the wells except for
the origin of normal terrigenous clasts. During the
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deposition of SQ2 and SQ3, hydrothermal activity
was more active, and their excess silicon content
was generally above 20%-30%.

(2) When it comes into shale of hydrothermal origin,
in this paper the sequence stratigraphic character-
istics are analyzed by stratigraphic elements U/Th
ratio, lithology and logging data. The strata of the
Lower Cambrian can be defined as a second-order
sequence, composed of a transgressive system tract
(TST) and a regressive system tract (RST). The strata
can be further subdivided into five third-order se-
quences with different mineral compositions (SQ1–
SQ5).

(3) Hydrothermal activity is conducive to the enrich-
ment of organicmatter and can bringmore siliceous
minerals. At the same time, rising sea level is ben-
eficial to the formation of anoxic environment at
the bottom of water. Compared with the other third-
order sequences, SQ2 and SQ3 have higher TOC con-
tent, brittle mineral content, effective porosity and
gas content due to the active hydrothermal activity
and rising sea level. Therefore SQ2 and SQ3 are con-
sidered to be the most favourable pay zones within
the sequence stratigraphy framework in the Xiuwu
Basin.
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