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Organic matter is the material basis for shales to generate hydrocarbon, as well as the main reservoir space and seepage channel for
shale gas. When the thermal evolution degree is consistent, the organic carbon content in present shales is subject to the abundance
of primitive sedimentary organic matter. Deep geofluids significantly influence the sedimentary organic matter’s enrichment, but
the mechanism remains unclear. This paper is aimed at determining how hydrothermal and volcanic activities affected the
enrichment of sedimentary organic matter by studying lower Cambrian shales in the lower Yangtze region and upper
Ordovician-lower Silurian shales. Oxidation-reduction and biological productivity are used as indicators in the study. The result
shows that hydrothermal or volcanic activities affected the enrichment of sedimentary organic matter by influencing climate
changes and the nutrients’ sources on the waterbody’s surface and reducing water at the bottom. In the lower Cambrian shales
of the Wangyinpu Formation in the lower Yangtze region, hydrothermal origin caused excess silicon. During the sedimentary
period of the lower and middle-upper Wangyinpu Formation, vigorous hydrothermal activities increased the biological
productivity on the waterbody’s surface and intensified the reducibility at the bottom of the waterbody, which enabled the rich
sedimentary organic matter to be well preserved. During the sedimentary period of the lower upper Ordovician Wufeng
Formation and the lower Silurian Longmaxi Formation in the upper Yangtze region, frequent volcanic activities caused high
biological productivity on the waterbody surface and strong reducibility at the bottom of the waterbody. As a result, the
abundant organic matter deposited from the water surface can be well preserved. During the sedimentary period of the upper
Longmaxi Formation, volcanic activities died down gradually then disappeared, causing the biological productivity on the water
surface to decrease. Besides, the small amount of organic matter deposited from the water surface was destroyed due to oxidation.

Hindawi
Geofluids
Volume 2020, Article ID 8868638, 12 pages
https://doi.org/10.1155/2020/8868638

https://orcid.org/0000-0003-2942-0431
https://orcid.org/0000-0001-5764-6396
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/8868638


1. Introduction

Since 2000, progresses made in exploration concepts and
technology have made shale gas prospection considerable
success in North America [1–3]. China is also abundant in
shale gas resources. Commercial exploitation has been
approved in Weiyuan, Changning, Zhaotong, Fushun-Yong-
chuan, Fuling, Dingshan, and other regions [4–7]. Organic
matter is the material basis for shales to generate hydrocar-
bon and the main reservoir space and seepage channel for
shale gas. As the organic carbon’s content in present shales
is subject to the abundance of primitive sedimentary organic
matter, it is imperative to ascertain the main factors that con-
trol the abundance [8]. Qiu and Zou [9] proposed “uncon-
ventional petroleum sedimentology” by briefly outlining its
basic content. According to the theory, the sediment and
enrichment of unconventional petroleum are closely related
to sudden geological environment changes. They result from
the sedimentary coupling of global or regional structure and
multiple geological events such as sea-level rise and fall, vol-
canic activities, abrupt climate changes, oxygen deficit in
waterbodies, and biological extinction and prosperity. Qiu
et al. (2020) [9] also underlined the fluid flow’s influence in
the deep crust on the sedimentary organic matter’s
enrichment.

A series of studies have been carried out on the relation-
ship between the deep crustal fluid activity and the accumu-
lation of sedimentary organic matter. From the angles of
paleoocean redox environment and paleoproductivity, the
research by Shu et al. (2017) shows that periodical volcanic
activity is the leading cause of changes in the redox environ-
ment during a sedimentary period of the upper Ordovician
Wufeng-lower Silurian Longmaxi Formation. According to
the research, moderate volcanic activity favors the enrich-
ment of organic matter and biogenic siliceous minerals, pro-
moting the formation of high-quality shales [10]. Liu et al.
[11] argue that the eruption of deep fluids delivers large
amounts of CO2 to the atmosphere and ocean. Then, the
CO2 combines with Ca2+ and Mg2+ plasma in the water col-
umn to form carbonates, which increases the salinity of the
water column and promotes water stratification and seawater
circulation quiescence. As a result, favorable water dynamics
and redox state for organic matter enrichment in the marine
environment came into being. Besides, large quantities of
reducing gases, such as H2S and CO, transported to the
atmosphere and oceans by magmatic and hydrothermal
activities can also contribute to the formation of a water-
reducing environment [11]. Wang et al. (2018) [12] conclude
that the thick bentonite layer, formed in the Early Silurian
due to intense volcanic activity, is an important symbol for
foreland basin folding and sedimentary rate increasing.
Besides, it has a profound controlling influence on the forma-
tion and distribution of Wufeng-Longmaxi Formation’s
high-quality shale.

In recent years, the large-scale exploration of shale gas
has provided more data for studying the influencing mecha-
nism of deep geofluids on sedimentary organic matter
enrichment. The deep fluid is an essential carrier of energy
and material in the deep part of the earth. What is more, it

is also the link between the internal and external factors of
the basin. A large amount of heat energy and material carried
by the deep fluid reacts physically and chemically with the
material in the sedimentary basin, which influences the
whole process of oil and gas formation and storage in the
Earth’s circle [10, 13, 14]. Deep geofluids originate from the
Earth’s crust or mantle and manifest as hydrothermal fluids
or magma in different geohistorical periods or tectonic set-
tings. Taking the lower Cambrian of well JXY1 in the lower
Yangtze area in Southern China as the study object, this
paper identifies the influencing mechanism of hydrothermal
fluids on sedimentary organic matter enrichment. Also, it
identifies the influencing mechanism of volcanic activities
on sedimentary organic matter enrichment by taking the
upper Ordovician-lower Silurian of well JSBY1 in the upper
Yangtze area as the study object. Furthermore, it summarizes
the influencing mode of the deep geofluids on sedimentary
organic matter enrichment.

2. Geological Settings

2.1. Sedimentary and Stratum Characteristics

2.1.1. Lower Cambrian. According to previous studies [15,
16], the Yangtze Plate was divided from northwest to south-
east into ancient land, shallow shelf, deep shelf, continental
slope, and ocean basin in the lower Cambrian. Correspond-
ingly, the Cathaysian Plate was divided along the same direc-
tion into the ocean basin, continental slope, deep shelf,
shallow shelf, and ancient land, as shown in Figure 1(a).
The two plates converge in an ocean, where the water body
is deepest, and gradually become shallower towards the
ancient land on both sides. A set of strata widely deposited
in the two plates in the lower Cambrian are called the Wan-
gyinpu Formation in the lower Yangtze area. It is a set of
black-dark gray organic-rich siliceous shales deposited in
the lower Cambrian and known as one of the target series
of strata in China’s shale gas exploration. The JXY1 well,
located in the lower Yangtze area, is close to the boundary
of the Yangtze Plate and Cathaysian Plate. The underlying
stratum of the lower Cambrian Wangyinpu Formation is
composed of the gray siliceous dolomite that shows an
unconformable contact with the upper Sinian Piyuancun
Formation, while its overlying stratum is composed of the
gray siliceous shale that has a conformable contact with the
lower Cambrian Guanyintang Formation.

2.1.2. Upper Ordovician-Lower Silurian. According to previ-
ous studies [17–19], the interior Cratonic sagging basin was
formed after the upper Yangtze area was squeezed by the
Cathaysian Plate in the upper Ordovician-lower Silurian. In
the upper Yangtze region, the sedimentary strata in the upper
Ordovician and the lower Silurian are called theWufeng For-
mation and the Longmaxi Formation, respectively. This
study mainly studies the stratum in the segment of the
Wufeng Formation—the first member of the Longmaxi For-
mation, where shale has different lithologies. The lower seg-
ment is primarily the black organic-rich siliceous shale,
while the upper one is the combination of dark gray shale,
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silty shale, and siltstone. JSBY1 locates in the middle of the
interior Cratonic sagging basin in the upper Yangtze area.
The underlying stratum of the upper Ordovician Wufeng
Formation is the gray nodular limestone showing a conform-
able contact with the upper Ordovician Linxiang Formation.
The overlying stratum of Member 1 of the lower Silurian

Longmaxi Formation is the gray siltstone showing a con-
formable contact with its Member 2.

2.2. Tectonic Characteristics. As researched previously [20–
22], the original continental crust in South China was sepa-
rated into the Yangtze Plate and Cathaysian Plate in Early

(a)
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Figure 1: Sedimentary characteristics of South China in the lower Cambrian (a) and the upper Ordovician-lower Silurian (b). Modified from
References [15–19].
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Mesoproterozoic. In the lower Cambrian, the two plates were
in a state of tension, and a large-scale transgression occurred
in them resulting in the sedimentation of a set of organic-rich
shales that almost covered the entire plate. Later, the water
body became shallower, and the lithology developed from
fine shale and silty shale into coarse clastic rocks, such as silt-
stone and sandstone. Due to the extrusion and collision of the
Cathaysian Plate in the Ordovician, the water body contin-
ued to get shallower, thus changing the sedimentary system
of clastic rocks into carbonate rocks. In the upper
Ordovician-lower Silurian, the clastic rocks’ sedimentary sys-
tem was restored due to the large-scale transgression. As a
result, a set of organic-rich shales were deposited in the deep
shelf surrounded by the ancient land. In the Cambrian-Silu-
rian, the Cathaysian Plate subducted into and collided with
the Yangtze Plate. The two plates merged into the unified
South China Plate at the end of the Silurian [23].

3. Samples, Experiments, and Data Sources

In the lower Cambrian and the upper Ordovician-lower Silu-
rian, the Yangtze area saw widespread marine sedimentation
with little facies change. In this study, the JXY1 well and
JSBY1 well with complete information were taken as typical
wells to analyze the mechanism of sedimentary organic mat-
ter enrichment in the lower Cambrian in the lower Yangtze
area and the upper Ordovician-lower Silurian in the upper
Yangtze area, respectively. Besides, the influence of deep
crustal fluid on this enrichment is also studied. 28 rock core
samples were selected from the JXY1 well in the lower Cam-
brian Wangyinpu Formation; 45 samples were chosen from
the JSBY1 well in the segment of the Wufeng Formation-
Longmaxi Formation. The TOC content was tested by the
Total Organic Carbon Analyzer (OG-2000V). Some data
were collected from the literature of Guo et al. [6] and Guo
et al. [24]. 84 detritus samples were selected from the JXY1
well in the lower Cambrian Wangyinpu Formation. The X-
ray Fluorescence Analyzer (AxiosmAX) was used for the ele-
mental analysis of Ba, Al, Fe, and Mn.

In this paper, the log data of Si, Al, U, and Th for two
wells were provided by Schlumberger, and the calculating
data of excess Mo (MoXS) were collected from the works of
Guo et al., which reflected the bioproductivity of the JSBY1
well in the segment of theWufeng Formation-Longmaxi For-
mation. Then, the rock cores of two wells in the target series
of strata were elaborated. Some data were provided by Refer-
ences [25, 26].

4. Results and Discussion

4.1. Bioproductivity. The Ba content is an indicator widely
used to reflect the paleoocean bioproductivity [27–30]. There
is a high concentration of SO4

2- ions reoxidized by H2S on
the surface of decayed organic matter. These ions will react
with the Ba2+ in seawater to form BaSO4 and result in sedi-
mentation. Therefore, the area with a higher bioproductivity
also has a higher content of BaSO4 [31, 32].

The trace elements in rocks are composed of terrigenous
input constituents and authigenic ones. Only the latter can

reflect the characteristics of the paleosedimentary environ-
ment [33–35]. The Ba produced under the biological action
is known as excess Ba (BaXS). Generally, the estimated con-
tent of Ba in terrigenous clastic is subtracted from its total
content:

BaXS = Basample −Alsample Ba/Alð ÞPAAS: ð1Þ

In this formula, Basample and Alsample refer to the total
contents of Ba and Al in tested samples, respectively. PAAS
represents the standard Australian shale. (Ba/Al)PAAS is
0.0077, namely, the ratio of the two elements. The BaXS of
the JXY1 well in the lower Cambrian Wangyinpu Formation
is calculated and shown in Figure 2.

In an oxygen-lean-anaerobic environment, the sulfate
ions in BaSO4 will be reduced by thiobacilli. Thus, BaSO4 is
dissolved significantly, with some biological Ba lost [36]. As
shown in Figure 2, during the sedimentary period, despite
the evident dissolution of BaSO4 caused by the high reduc-
ibility in the lower Cambrian Wangyinpu Formation, the
bottom and middle-upper parts still have a higher content
of BaSO4.

4.2. Redox Environment. Shale’s sedimentary environment is
often judged by elemental geochemical characteristics. Based
on the analysis of whole-rock samples, Jones et al. [37] pro-
pose that the U/Th value can reflect sedimentation’s redox
conditions. In general, it is an anaerobic environment when
U/Th > 1:25. It is an oxygen deficiency environment when
U/Th = 0:75‐1:25. It is an oxidizing environment when U/
Th < 0:75. Figure 2 shows that this value is generally high,
ranging from 2 to 16, in the JXY1 well during the sedimen-
tary period in the lower Cambrian Wangyinpu Formation.
This means that the water body is of high reducibility. There-
into, the value of this redox index is higher than 8 in the bot-
tom and middle-upper part of the Wangyinpu Formation,
showing the highest reducibility.

4.3. Analysis of Hydrothermal Activities and Their Effect on
Sedimentary Organic Matter Enrichment

4.3.1. Analysis of Hydrothermal Activities. This study intro-
duces the concept of excess siliceous mineral content (Siex)
to analyze the mechanism of sedimentary organic matter
enrichment. The silicon sources include the terrigenous clas-
tic sedimentation under normal circumstances, as well as the
hydrothermal and biogenic activities under exceptional cir-
cumstances [38–42]. Siex refers to the siliceous mineral that
is not from the terrigenous clastic sedimentation. Its content
can be calculated by the following formula:

Siex = Sis − Si/Alð Þbg × Als
h i

: ð2Þ

Thereinto, Sis and Als refer to the contents of silicon and
aluminum in samples, respectively. The value of (Si/Al)bg is
3.11, which is the average content in the shale [43].

This formula is used to calculate the content of Siex in the
JXY1 well in the lower Cambrian Wangyinpu Formation.
According to the results shown in Figure 3, Siex exists in most
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segments of the Wangyinpu Formation. The content is 20%-
30% in half of them, while some show the value of 30%-40%
and even of 40%-50%.

Wedepohl, Adachi et al., and Yamamoto [44–46] suggest
using the Al-Fe-Mn triangular graph to determine if the sili-
ceous mineral is generated by hydrothermal activity or bio-
genic activity. In this paper, the test values of Al, Fe, and
Mn in the segment with Siex in the JXY1 well in the lower
Cambrian Wangyinpu Formation are cast onto the graph,
as shown in Figure 4. It is found that these values are distrib-
uted in the hydrothermal origin area, which indicates that
Siex is generated by hydrothermal activities.

4.3.2. Effect of the Intensity of Hydrothermal Activities on
Sedimentary Organic Matter Enrichment. It is generally
believed that hydrothermal activities relate closely to the
redox environment and bioproductivity. Sun et al. and Zhang
et al. [47–49] found that the seawater permeates into the deep
crust through rock fractures or fractured tectonic zones and
exchanges the chemical components with crustal rocks. The
permeating seawater will rise and erupt from the seafloor in

the form of a submarine hot spring after being heated by
underground magma chambers or uncooled basalts. An
anaerobic environment will be formed after the hydrother-
mal fluid flows into the seafloor, which contributes to the
storage of organic matter.

Halbach et al. [50] analyzed the hydrothermal activity
area in Fiji Basin and found that the number and activity
intensity of organisms that are closer to this area will increase
in the water body. The order of magnitude in this area is 1-3
higher than that on the ordinary ocean surface. McKibben
et al. and Korzhinsky et al. [51, 52] believe that the hydro-
thermal fluid erupted is different from the ordinary seawater
in the trace element composition and the contents of most
metallic elements, such as Fe, Mn, Cu, Pb, Zn, Hg, Ni, and
Co. It carries many elements that are rare in the crustal sur-
face. These dissolved elements contain the nutritive salts that
are essential for a large number of marine organisms, which
can improve the bioproductivity. Organisms will fall into
the seafloor after their death, known as the “marine snow,”
which provides abundant substances for the organic matter
enrichment of source rocks.
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Figure 2: Bioproductivity (BaXS), redox environment, and TOC content of JXY1 well in the lower Cambrian Wangyinpu Formation in the
Yangtze Area (see Figure 1 for the well location).
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The data of the JXY1 well verify the above discussion.
According to Figures 2 and 3, hydrothermal activities fre-
quently occur in the JXY1 well during the sedimentary period
in the lower Cambrian Wangyinpu Formation. In most seg-
ments, the content of Siex is 20%-50%, and the value of
U/Th is also high, reaching 2-16. Thereinto, the activities
are intense in the bottom and middle-upper part, where the
U/Th exceeds 8, with the highest reducibility.

BaXS, the bioproductivity index, shows the same trend.
During the sedimentary period, the hydrothermal activities
were frequent in the bottom and middle-upper part of the
Wangyinpu Formation, which resulted in a higher content
of BaXS. However, the content reduced significantly in the
top and middle-lower part because these activities decreased
or even disappeared.

The frequent hydrothermal activities during the sedi-
mentary period in the bottom and middle-upper part of the
Wangyinpu Formation resulted in a higher bioproductivity
and anoxic-reducing water. Thus, the TOC content is as high

as 10%-20%. However, these activities will decrease or even
cease in the top and middle-lower part, with TOC content
falling below 8% (Figure 2).

4.4. The Influence of Volcanic Activities on the Enrichment
Mechanism of Organic Matter

4.4.1. Bioproductivity. The Mo content is widely used in
paleoceanography bioproductivity evaluation [53–57]. The
content may come from land-based and biological activities.
Among them, Mo produced via biological effect is called
MoXS, whose statistics are from Guo et al. [25]. Figure 5
shows that as the bioproductivity index of MoXS decreases
with the rise of heights in the Longmaxi Formation, it is the
highest at the bottom and the lowest on the top.

4.4.2. Redox Environment. In this part, the U/Th index is also
used to determine the redox environment in the upper Ordo-
vician Wufeng-lower Silurian Longmaxi Formation of the
well JSBY1. Figure 5 shows the U/Th of the lower Silurian
Longmaxi Formation. It can be seen that, in the Longmaxi
Formation, the U/Th value is the largest at the bottom, rang-
ing from 1.25 to 3. As the value decreases with height rise, it
ranges from 0.75 to 1.25 in the middle and lower than 0.75 in
the upper part. The observation means that the sedimentary
condition gradually transformed from the oxygen-deficient
to oxygen-lean one and ended up in the oxidizing
environment.

4.4.3. Analysis of Volcanic Activities and Its Influence on the
Enrichment of Sedimentary Organic Matter

(1) Analysis of Volcanic Activities. According to previous
studies, the siliceous shale in Member 1 of the Wufeng-
Longmaxi Formation is of biogenic and continental clastic
origins, without any siliceous mineral of hydrothermal origin
[25, 57]. Based on the detailed description of rock cores, there
is bentonite in Wufeng Formation, and Longmaxi Formation
Bentonite is the product of tuffaceous matters’ sediment and
alteration in the marine environment after the volcanic erup-
tion. Therefore, the frequency of bentonite growth can
directly reflect the volcanic eruption intensity [58–60]. The
analyses of Figure 5 show that theWufeng-Longmaxi Forma-
tion can be divided into three segments according to the fre-
quency. In the bottom segment, the volcanic eruption was
frequent because the bentonite was densely developed. In
the middle, less bentonite proved that the volcanic eruption
weakened. No bentonite was found in the upper segment,
indicating no volcanic eruption.

(2) Volcanic Activities’ Influence on the Enrichment of Sedi-
mentary Organic Matter. The volcanic activity is the main
reason for differences in the redox environment and biopro-
ductivity in the three parts of the Wufeng-Longmaxi Forma-
tion. In the Early Silurian, the Yangtze Plate and the
Cathaysian Plate collided, and the ancient lands connecting
the two plates were squeezed into paleouplifts. Volcanic
activities often occurred in these areas, such as paleouplifts
in Centre Sichuan areas, Centre Guizhou, and Xuefeng
Mountain. During the sedimentary period in the Longmaxi

(wt.%)
Excess Si

0 50
(wt.%)

Al

0 50
(wt.%)

Si

0 50(m)
DepthStratum

G
uanyintang
Form

ation
W

angyinpu Form
ation

Piyuancun
Form

ation

U
pper Sinian

Low
er Cam

brian

2670

2660

2650

2640

2630

2620

2610

Figure 3: Calculation and analysis of Siex in the JXY1 well in the
lower Cambrian Wangyinpu Formation in the Yangtze area (see
Figure 1 for the well location).
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Formation, the frequency and intensity were high. Large
amounts of volcanic ashes and gases erupted sheltered the
sunlight, causing the atmospheric environment to change
dramatically and increase the waterbody’s bottom’s reduc-
ibility [61–63]. After falling on the waterbody’s surface, vol-
canic ashes produced may provide planktons with
nutritious minerals like Fe, P, Mo, and Zn after hydrolytic
action, which is favorable to the increase of bioproductivity
[29, 56, 64–67].

Statistics of well JSBY1 also proves the correctness of the
statement above. As shown in Figure 5, considering the
intense collision and squeezing between the Yangtze Plate
and the Cathaysian Plate in the Early Silurian, volcanic activ-
ities were the most frequent at the bottom in Longmaxi For-
mation during the sedimentary period, which leads to the
maximum of U/Th, the index characterizing redox environ-
ment, at about 3. During the sedimentary period, there were
fewer or no volcanic activities in the middle part of Longmaxi
Formation. Correspondingly, the U/Th value changes from
1.25~3 to 0.75~1.25 and even less with the rise of height.
The value change proved that the redox environment had
changed from an oxygen deficiency environment and ended
up in the oxidizing condition.

This is also the case of bioproductivity index MoXS:
According to volcanic activities’ activeness, in the sedi-
mentary period of the Longmaxi Formation, the biopro-
ductivity was the highest at the bottom while it
plummeted in the middle and on the top with weakened
volcanic activities.

Active volcanic activities in the lower Longmaxi For-
mation during the sedimentary period led to relatively
high bioproductivity and anoxic-reducing water, enabling
the current TOC of the lower Longmaxi Formation to be
4%~5%.

4.5. Mechanism of Deep Geofluids’ Influence on the
Enrichment of Sedimentary Organic Matter. Based on the
above analyses, deep geofluids can be observed in the form
of hydrothermal and volcanic activities that control the bio-
productivity of the waterbody’s surface and redox environ-
ment at the bottom and further affect the sedimentary
organic matter.

As shown in Figure 6(a), in Early Cambrian, ancient
China’s south sea separated the Yangtze Plate and the Cath-
aysian Plate. During this time, large-scale transgression took
place in the sedimentary period of the Wangyinpu Forma-
tion. With the widening of oceanic crusts, the pull-apart
structure was intense at plates’ boundaries, thus forming
fractures. Besides, substances in the deep crust flowed up
and were brought out by the seawater, thus bringing forth
mineral-rich hydrothermal fluids that would be carried into
deep water continental by the upwelling current. On the
one hand, it joined the surface water with nutritive salts, pro-
moting planktons’ propagation and growth and bioproduc-
tivity. On the other hand, the fluids formed a reducible
environment at the waterbody’s bottom, which helped pre-
serve the organic matter in primitive sediment. With clay
minerals, silicon detritus, and biological organic matter on
the surface water, the lower Cambrian shales of Wangyinpu
came into being. The shales were high in silicon of hydro-
thermal content and TOC.

As shown in Figure 6(b), during the sedimentary period
of the lower upper Ordovician Wufeng Formation and the
lower Silurian Longmaxi Formation, as the Yangtze Plate
and the Cathaysian Plate collided, volcanic activities had
been active on ancient lands surrounded by deep water con-
tinental shelves in the upper Yangtze region. During the pro-
cess, a large number of volcanic ashes were formed with
nutritious elements, which promoted planktons’ propagation
and growth and the bioproductivity of the waterbody’s
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surface. Active volcanic activities might lead to climate
change, increasing the reducibility of the waterbody’s bot-
tom, which was beneficial to preserve the organic matter
from upper layers and the enrichment of the sedimentary
organic matter.

During the upper sedimentary period in the lower Silu-
rian Longmaxi Formation, as the collision and tension weak-
ened, volcanic activities gradually disappeared, resulting in
less volcanic ashes. It means that there was less nutrition
for planktons, leading to the decrease of bioproductivity of
the waterbody’s surface and the reducibility of the water-
body’s bottom. Some organic matter from the upper layers
was broken, which hindered the enrichment of sedimentary
organic matter.

5. Conclusions

This paper sets its research target strata as the lower
Cambrian Wangyinpu Formation, the upper Ordovician
Wufeng Formation, and the lower Silurian Longmaxi For-
mation of the Yangtze region marine shales. The objects
are the drilled well JXY1of lower Cambrian and that of
the upper Ordovician-lower Silurian. Based on statistics
like a detailed description of rock cores, element analysis,
TOC content analysis, and data calculation, the paper
analyzes the mechanism of the enrichment of the
sedimentary organic matter in the Yangtze region during
the Late Ordovician-Early Silurian. The conclusions are
as follows:
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(1) Deep geofluids could be presented through hydro-
thermal and volcanic activities in different geologic
conditions and tectonic settings. The fluids affected
the enrichment of the sedimentary organic matter
via controlling the nutrition on the waterbody’s sur-
face, the reducibility of the waterbody’s bottom, and
climate change

(2) There was abundant silicon of hydrothermal in
lower Cambrian shales in the lower Yangtze
region. Its content reflected the activeness of
hydrothermal activities. At the bottom and
middle-upper parts of the lower Cambrian Wan-
gyinpu Formation, hydrothermal activities were
active during the sedimentary period, increasing
the bioproductivity on the waterbody’s surface
and the reducibility at the waterbody’s bottom. In
this way, plenty of sedimentary organic matter

had been well preserved. In the bottom and
middle-upper part of Wangyinpu Formation, with
the weakening or ceasing of hydrothermal activi-
ties, the bioproductivity on the waterbody’s surface
decreased along with the reducibility of the water-
body’s bottom. Thus, the sedimentary organic mat-
ter was destroyed due to oxidation

(3) During the sedimentary period, frequent volcanic
activities in the lower upper Ordovician Wufeng For-
mation and lower Silurian Longmaxi Formation in
the upper Yangtze region increased the bioproductiv-
ity on the waterbody’s surface and the reducibility at
the waterbody’s bottom. As a result, the organic mat-
ter deposited from the water surface well has been
well preserved. However, in Longmaxi Formation,
volcanic activities died down gradually then disap-
peared during the sedimentary period, which

(a)

(b)

Figure 6: Mechanism of deep geofluids’ influence on the enrichment of sedimentary organic matter. In the south of China in Early Cambrian,
deep geofluids in the convergence of the Yangtze Plate and the Cathaysian were presented through hydrothermal activities, affecting the
bioproductivity on the waterbody’s surface and the reducibility at the waterbody’s bottom (a). In Late Ordovician-Early Silurian in the
same area, deep geofluids were presented by volcanic activities, affecting the bioproductivity of the waterbody’s surface and the reducibility
of the waterbody’s bottom (b).
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reduced the bioproductivity on the waterbody’s sur-
face. Moreover, the small amount of organic matter
deposited from the water surface was destroyed due
to oxidation

Data Availability

Some of the data are contained in a published source cited in
the references. All the data in this article is accessible to the
readers.

Additional Points

Highlights. (1) Deep geofluids’ activities influence climate
change and the sources of the nutrients and reducing water.
(2) Lower Cambrian shales in the lower Yangtze region con-
tain a large amount of silicon of hydrothermal origin. (3)
Both hydrothermal activities and volcanic activities increased
biological productivity and intensified the reducibility, thus
increasing sedimentary organic matter’s content.
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