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Abstract 
Stratiform, irregularly stratiform and columnar stromatolites are found in the 
third section of Qingjiamiao Group, while columnar and hemispherical 
stromatolites are found in Sanyoudong Group in Cambrian strata in Songzi 
Liujiachang area. 1) From the stratiform and columnar stromatolites to 
hemispherical stromatolites, the internal plaster content is decreasing. And 
from obvious layer characteristics to intermittent layer characteristics, they 
reflect that the hydrodynamic conditions are strengthening gradually. 2) From 
the perspective of sedimentary petrology and the classification of stromatolites, 
it is concluded that the combinations of stromatolites in different sedimentary 
environments are different and the main sedimentary facies of different types 
are different: a) Stratiform (including irregularly statiform) and columnar 
stromatolites are mainly distributed in the upper tidal zone; columnar and 
hemispherical stromatolites mainly distribute in the intertidal zone. b) The 
stratiform stromatolites are mainly found in the upper tidal zone with weak 
hydrodynamic conditions, while the columnar and hemispherical stromatolites 
are mainly found in powerful hydrodynamic conditions of the lower intertidal 
zone. 3) A mass extinction of part of the metazoan is the main reason for the 
growth of stromatolites in Cambrian strata in Songzi. 
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1. Introduction 

The stromatolites are widely found in Precambrian strata, and their developmental 

How to cite this paper: Chen, M., Xiao, 
C.T., Cheng, J., Hu, X.L. and Sun, D.Q. 
(2018) Sedimentary Characteristics of 
Stromatolites in Cambrian Strata in Songzi 
Liujiachang Area and Its Paleoenvironmental 
Significance. Open Journal of Yangtze Gas 
and Oil, 3, 79-92. 
https://doi.org/10.4236/ojogas.2018.32007  
 
Received: August 17, 2017 
Accepted: April 25, 2018 
Published: April 28, 2018 
 
Copyright © 2018 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/  

 
Open Access

 

http://www.scirp.org/journal/ojogas
https://doi.org/10.4236/ojogas.2018.32007
https://doi.org/10.4236/ojogas.2018.32007
http://creativecommons.org/licenses/by/4.0/


M. Chen et al. 
 

 

DOI: 10.4236/ojogas.2018.32007 80 Open Journal of Yangtze Gas and Oil 
 

characteristics are largely influenced by the environment, so their sedimentary 
features are widely used to indicate the depositional environment at that time, as 
in [1] [2] [3]. After the Phanerozoic, due to the competition of the metazoan and 
other eukaryotes, environmental factors, and so on, the stromatolites declined 
rapidly [4] [5] [6]. Therefore, the stromatolites grown in Songzi Liujiachang area 
in Cambrian strata have great paleoenvironmental significance. 

Stromatolites are mainly affected by the microbial community and the 
environment. The environment will modify the shape of microbial seats, and 
thus it will affect the developmental characteristics of stromatolites; at the same 
time, the environment controls microbial community composition, and will 
indirectly affect the formation of stromatolites as in [7]. Gray and Thorne [8] 
argue that the distribution of stromatolites species is significantly influenced by 
the environment by studying the sedimentology of Duck Creek dolomites and 
referring to the geological data in other areas. Many research results [9]-[14] in 
Precambrian strata indicate that the type of stromatolites (mainly morphological 
classification) reflects the depositional environment at that time. This paper 
focuses on the influence of the environment, and inverts its ancient environment 
from the perspective of sedimentary petrology. According to the internal com- 
position characteristics of different forms of stromatolites, the rock composition 
and the associated sedimentary structure of their surrounding rock, the 
sedimentary environment of different types of stromatolites is deduced [15]. 

2. Regional Profile 

Liujiachang town is located in the southwest of Songzi, Hubei Province, and it is 
in the Yangtze river basim. In the research area, the Cambrian sequence is 
complete and widely distributed; the outcrop is good, and it is distributed 
around Songzi Liujiachang anticline [16]; the lower Cambrian strata is divided 
into Shuijingtuo Group, Shipai Group, Tianheban Group and Shilongdong 
Group from bottom to top. The middle and upper Cambrian strata develops 
better, regarding Songzi Liujiachang as the representative, which is divided into 
Qinjiamiao Group and Sanyoudong Group. Lithology, mainly carbonate rocks 
with less clastic rocks, mainly developed in the lower part of the lower Cambrian 
strata. Stromatolites in the Cambrian period were found in the third section of 
Qingjiamiao Group and Sanyoudong Group in middle and upper Cambrian 
strata, located in Jinzhuyuan, Shuilvtang and Lvtang, Xinshendong, Luanshutang, 
Xijiapo and other places. They are mainly the restricted platform carbonate 
deposition [17]. The following are the stratigraphic characteristics of the Qinjiamiao 
Group and the Sanyoudong Group.  

The Qinjiamiao Group is located at the core and two wings of the anticline in 
Liujiachang. The lithology is mainly composed of a set of light gray, gray, dark 
gray, thin to medium thick dolomite, dolomitic limestone, argillaceous dolomite 
containing grayish yellow, yellow-brown, thin to mid-feldspar quartz sandstone, 
and the lower part is covered. The exposed thickness is about 300 m. According 
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to its lithology, it can be divided into the following four sections.  
The first section: Gray, light gray and thin to medium and thick layer of 

dolomite, muddy dolomite. The lower part is characterized by grayish yellow, 
thin layer and muddy clay, and it contains rock salt pseudomorphic and 
gypsum pseudomorphic. The upper part is characterized by gray, light gray, 
medium-thick layered mud-powder dolomite. This section’s thickness is about 
100 m.  

The second section: grayish yellow, tawny and thin to medium layer feldspar 
quartz sandstone. Its thickness is about 5 - 10 m, with its outcrop weathering 
intensively. The feldspar has been weathered into white spots kaolinite. 

The third section: gray to dark-gray and medium to thick layer of dolomitic 
limestone, dolomite, with a small amount of muddy dolomite. It structure is 
mainly mud crystal - powder, with several layers arenite, gravel, powder crystal 
dolomite and dolomitic limestone. More stratiform, columnar stromatolites are 
found in this section. Its thickness is about 80 m. 

The fourth section: light gray, grayish yellow and medium to thick layer 
dolomite, muddy dolomite and dark gray and medium to thick layer dolomite. 
They are interbeded, distinguished with Sanyoudong Group above by three-meters’ 
yellow muddy dolomite at the top. 

Sanyoudong Group are mainly distributed in the southern and northern wing 
of Liujiachang anticline. This group is mainly a set of light gray, gray-black and thick 
layer to block powder crystal - fine dolomite, with arenite, gravel dolomite and 
siliceous band. At the top is the gray thick layer grainstones with light gray thin layer 
dolomite. Cross bedding can be found typically; columnar and hemispherical 
stromatolites can be found, and its thickness is 300 m [17] (Figure 1). 

3. The Types and Sedimentary Characteristics  
of Stromatolites in Cambrian Strata 

In this paper, according to the predecessors, the stromatolites in the research 
area are classified into stratiform, statiform to columnar, columnar and hemi- 
spherical stromatolites. The classification is mainly based on the morphological 
characteristics. Sedimentary characteristics, i.e. the characteristics of the 
surrounding rock; the internal and distributional characteristics of stromatolites, 
as well as the accompanied sedimentary structure of stromatolites in different 
Groups, were described specifically in order to provide evidence to estimate the 
sedimentary environment. 

3.1. Stromatolites Types 

Stromatolites are classified and distinguished according to their morphological 
characteristics. According to the layered stacking way, they are lateral dis- 
connection dome, lateral connection dome and mutual wrapping type. The 
stromatolites are divided into columnar, stratiform and stratiform to columnar 
and combining stromatolites. The shape of the column can be divided into  
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Figure 1. The column diagram and the vertical distribution of the stromatolites in 
Cambrian strata in Songzi Liujiachang area. 

 
regular sub-cylindrical, irregular sub-cylindrical, false cylinder, tuber, cone and 
inverted vertebral body, as in [4] [18] [19]. Based on the classification and 
internal structure characteristics above, the stromatolites in Cambrian strata in 
this research area are divided into stratiform, stratiform to columnar, columnar 
and hemispherical stromatolites. 

The stromatolites in Qinjiamiao Group in the middle Cambrian strata in 
Liujiachang area are stratiform or irregularly stratiform or columnar stromatolites 
(Figures 2(a)-(d)). The stromatolites in Sanyoudong Group in the upper Cambrian 
strata are columnar and hemispherical stromatolites (Figure 2(d) & Figure 2(e)). 
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(a)                                    (b) 

 
(c)                                     (d) 

 
(e) 

Figure 2. (a) stratiform and columnar stromatolites in Qinjiamiao Group (top view); (b) 
stratiform stromatolite in Qinjiamiao Group; (c) irregularly stratiform and columnar 
stromatolites in Qinjiamiao Group; (d) columnar stromatolite in Qinjiamiao Group; (e) 
hemispherical stromatolite in Sanyoudong Group. Plate: The field characteristics of 
Cambrian stromatolites in the Liujiachang area of Songzi. 

3.2. Stromatolites Sedimentary Characteristics 

As for stromatolites in the third section of Qinjiamiao Group, the surrounding 
rocks are gray to dark gray and medium to thick layer of dolomitic limestone, 
dolomite. By clipping a small amount of muddy dolomite, there develops 
diminutive stromatolites continuously or discontinuously. Their average 
thickness is about 0.5 m. The stromatolites are stratiform, irregularly stratiform, 
and columnar stromatolites which can be found nearby. 1) The scale of the 
stratiform stromatolites is large, and the layer is obvious. In the lower part, more 
bright lamina has grown and the layer is dense; in the upper part, melanic 
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lamina has relatively grown and the layer gradually becomes gently upward 
(seen in Figure 2(a), Figure 2(b)); 2) The growth of irregularly stratiform 
stromatolites is more limited, and the layer is not obvious, extending horizontally 
far, only about 0.1 m in the longitudinal direction. The erosion surface can be 
found in the lower part, which may represent a process of hydrodynamic 
strengthening (seen in Figure 2(c)); 3) The columnar stromatolites are 
irregularly sub-cylindrical, and their thickness is larger. The melanic lamina 
develops and it is not continuous (seen in Figure 2(a), Figure 2(d)). The 
structure is mainly composed of mud crystal - powder crystal with several layers 
of sand debris, gravel debris and powdered scrap dolomite and dolomitic 
limestone. The salt pseudomorphic and gypsum pseudomorphic rocks can be 
found in the Qinjiamiao Group, reflecting the upper tidal zone exposed 
intermittently with lower energy. 

As for the Stromatolites in Sanyoudong Group: stromatolites are columnar 
and hemispherical, with small thickness and relatively limited extention. The 
sparry calcite can be seen. Bright lamina grows in the hemispherical stromatolites, 
which shows intermittently bright and melanic lamina alternately, with the 
layers thinning to disappear and the width becoming smaller (seen in Figure 
2(e)). The columnar stromatolites are similar to stromatolites in Qinjiamiao 
Group. The surrounding rock is mainly composed of a light gray, gray-black and 
thick layer to the massive powdery crystal to fine dolomite, with arenite 
dolomite, dolorudite and siliceous stripes. It’s the gray and thick layer of grain 
limestone with light gray and thin layer of dolomite. Cross bedding can be seen 
locally, which reflects the depositional environment of the intertidal zone with 
powerful energy. 

4. Sedimentary Environment Distribution Patterns of 
Stromatolites in Precambrian Strata 

4.1. Discussion about Paleoenvironmental Significance of 
Stromatolites in Precambrian Strata 

Donldson [20] measured five sections of the Dismal Lake Group in Precambrian 
strata in Canada and found a significant correlation between the morphological 
changes of stromatolites and the original sedimentary structures. He also 
explained the environment during the formation of the stromatolites (seen in 
Table 1). The conclusion seems to have been recognized by the stromatolites 
experts [4]. Awramilk [12] argued that many Proterozoic columnar stroma- 
tolites may be formed under the subtidal environment; the stromatolites in 
Prephanerozoic Eon and Phanerozoic Eon are usually formed in a periodically 
exposed environment. It has been found that Cyanobacteria fossils similar to 
those of Lyngbya are present in the stromatolites layers, and the molecules of the 
genus usually live in sub-aerobic environments, which is in correspondence with 
the view that the stratiform stromatolites grew in semi-exposed environment [4]. 
The above is the main research results of the relationship between certain 
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morphological features and special environment of stromatolites, which shows 
the significance of stromatolites morphology for environmental research. 

At the same time, Grotzinger [13] found that the Proterozoic platform 
shows little difference with Phanerozoic in the total phase of the construction 
and morphology. So the way in which we have analyzed sedimentary 
environment of stromatolites in Proterozoic strata is of great importance to 
study the environmental significance of stromatolites in the Phanerozoic 
strata. 

 
Table 1. Different forms of stromatolites and associated structure. The structures in the figure are from the left to the right 
representing the wave marks, the cross bedding, the oolitic, the rock salt pseudomorphic and gypsum pseudomorphic, the dry 
crack layer and the intraformational breccia [20]. 

Stromatolies form 
Contact structure Turbulence 

 
low      high 

Under the tide 
Middle the tide 

On the tide       

 
   √ √ √     

 
√ √ √  √ √            

 √ √ √ √ √ √           

 
√ √  √     

 
√ √  √  √     

 √ √ √        

 
√ √     

  

 
      

  

4.2. Sedimentary Environment Analysis of Stromatolites  
in Cambrian Strata 

1) Stratiform stromatolites 
The stratiform stromatolites appear in the third section of the Qinjiamiao 

Group with large scale and are accompanied by irregularly stratiform and 
columnar stromatolites. The internal is algal limestone with bonded structures, 
which is mainly composed of stucco and has the highest amount of stucco in the 
stratiform stromatolites. The surrounding rock is mainly composed of dolomitic 
limestone with little muddy dolomite, which reflects the sedimentary charac- 
teristics of the restricted platform facies. The micritic and crystal powder 
structure is the main component, which reflects the low-energy sedimentary 
environment. At the same time, the presence of rock salt pseudomorphic and 
gypsum pseudomorphic is a believable evidence of the exposed surface. According 
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to the tidal phase zone model of Laepert, it can be speculated that the stratiform 
stromatolites grow in the intermittent exposed upper tidal zone. 

2) Irregularly stratiform stromatolites 
Irregularly stratiform stromatolites are found in the third section of the 

Qinjiamiao Group. The growth of this type of stromatolites is more limited, the 
layer is not obvious, extending horizontally far, but only about 0.1 m in the 
longitudinal direction. The erosion surface can be seen in the lower part, which 
may represent a process of hydrodynamic strengthening. Compared with the 
stratiform stromatolites, the stucco content is reduced and the layer continuity is 
deteriorated. Since there is a symbiosis between the reduced stucco content and 
the deteriorated layer continuity in the same stratigraphic section, it can be 
speculated that the irregularly stratiform stromatolites are found in the upper 
tidal zone with a slightly stronger hydrodynamic condition than that of the 
stratiform stromatolites. 

3) Columnar stromatolites 
The columnar stromatolites are not only found in the third section of 

Qinjiamiao Group, but also in Sanyoudong Group. And they have fine internal 
particles, less stucco content and intermittent arrangement of layers. In 
Sanyoudong Group, the surrounding rock is powder crystal to fine-grained 
dolomite with arenite, gravel dolomite and siliceous strip. The cross bedding can 
be seen locally. Based on the morphological characteristics of columnar 
stromatolites, it can be speculated that the columnar stromatolites are mainly 
found in the sedimentary environment of the lower part of intertidal zone with 
powerful energy.  

4) Hemispherical stromatolites 
Hemispherical stromatolites with the above-mentioned columnar stromatolites 

are found in Sanyoudong Group. Their scale is small, but their particles are large 
with almost no stucco. There grows bright lamina, showing intermittent bright, 
dark layer changes. The layer is tapering to disappearance, and the horizontal 
width is small. It reflects that hemispherical stromatolites are found in the lower 
part of the intertidal zone with more powerful hydrodynamic conditions relative 
to that of the columnar stromatolites. 

From the above characteristics of the stromatolites, it can be concluded that 
from the stratiform, irregularly stratiform, columnar to hemispherical stromatolites, 
the internal stucco content is decreasing; from obvious layer characteristics to 
intermittent layer characteristics, it is reflected that the hydrodynamic conditions 
are strengthening gradually. Moreover, from the perspective of sedimentary 
petrology, the sedimentary environment of different types of stromatolites is 
highly consistent with that of the Proterozoic strata. 

4.3. Sedimentary Environment Distribution Patterns  
of Stromatolites 

According to the internal characteristics of the various types of stromatolites and 
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the rock combinations and sedimentary structure of the surrounding rock in 
Cambrian strata in Songzi Liujiachang area, by means of the analysis method, 
method and evidence of the sedimentary environment of the Precambrian 
stromatolites, it is possible to judge the depositional environment of different 
types of stromatolites in Cambrian strata in Liujiachang area, and the sedimentary 
environment distribution pattern is shown in Figure 3. 

 

 
Figure 3. The sedimentary environment patterns of stromatolites in the Cambrian strata in Songzi Liujiachang area. 

 
From the picture of the sedimentary environment distribution patterns of the 

stromatolites, it can be seen that the stromatolites in Songzi Liujiachang area are 
mainly grown in the tidal environment. The sedimentary facies of the 
stromatolites can be divided into different sedimentary facies zones according to 
their different sedimentary environmental characteristics: 

1) The main stromatolites in the upper tidal zone are stratiform, irregularly 
stratiform stromatolites and stone, with a small amount of columnar stromatolites 
and stone. There is a lot of plaster inside the stromatolites, and the layer is 
obvious. It is accompanied by rock salt pseudomorphic and gypsum pseudo- 
morphic, reflecting the upper tidal zone with the intermittent exposure to the 
environment and a weak hydrodynamic energy; 

2) The stromatolites in the intertidal zone are mainly columnar stromatolites 
and hemispherical stromatolites. The internal particles of the stromatolites are 
larger, with the arene and the gravel. The laminas are intermittently arranged; 
the content of the stucco is small; cross bedding can be seen locally, reflecting 
the lower part of the intertidal zone with strong hydrodynamic conditions. 

The paleoenvironmental significance of different types of stromatolites in the 
research area can be concluded as follows. The stratiform (including irregularly 
stratiform) stromatolites mainly grow in the upper tidal zone with weak 
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hydrodynamic conditions; the columnar and hemispherical stromatolites are 
mainly found in the lower part of the intertidal zone with strong hydrodynamic 
conditions. 

5. Discussion on the Cause of Formation of Stromatolites in 
Cambrian Strata in Songzi 

Stromatolites macromorphology (including reefs and stromatolites cylinder) can 
be mostly influenced by the environment, and the finer features are mainly 
affected by the original organism [20]. The impact of hydrodynamic conditions 
in the environment on the macromorphology of stromatolites is analyzed above. 
At the same time, the original organism in the construction of the stromatolites 
(ie stromatolites germs) are also important controlling factors. The growth of the 
stromatolites is inseparable from the environment of stromatolites microbes. 
More importantly, the growth of stromatolites in Cambrian strata in the 
Liujiachang area was at the beginning of the re-prosperity period of microbialite. 
At the end of the middle Cambrian, it is a response on the Yangtze massif of the 
re-prosperity period of global microbialite, and it is of great significance to 
explore the interrelationship between the biological evolution and the 
environmental change. 

1) Microbes factor 
At the end of the early Cambrian, the extinction of the biological cluster (the 

Sinsk incident and the Toyonian event) resulted in the mass extinction of the 
prosperity of archaeocyatha and sponges, while the calcareous cyanobacteria 
cluster began to grow and multiply. From the Middle Cambrian to Early 
Ordovician period, the stromatolites built by Renalcis, Epiphyton and filamentous 
Girvannella, were widely distributed in the shallow carbonate platform 
environment [21]. At present, it is believed that the relationship between the 
metazoan and microbial rock is shifting. Recently, some scholars have proposed 
a more complex dynamic equilibrium coupling [22], but a large reduction of the 
metazoan will eventually lead to microbial growth and breeding. It can be 
speculated that the mass extinction of part of the metazoan in the early 
Cambrian strata has caused the growth and breeding of the stromatolites germs, 
which is an important reason for the re-prosperity of the stromatolites.  

2) Environment factor 
High sea level peak and high carbon dioxide partial pressure of the atmosphere 

in the middle Cambrian strata will result in the increase of metabolic energy 
consumption of organisms and the reduce of sea water oxygen content, which is 
beneficial to the growth and development of cyanobacteria and calcification, 
which have inhibited the metazoan’s life [21] [22] [23] [24] [25]. From the above 
research results, it can be seen that the environmental factor eventually leads to a 
mass reduction of the metazoan and a mass reproduction of microbes, thus 
making microbial rock prosperous. 

On the Yangtze massif, the archaeocyatha-microbial reefs which grew in the 

https://doi.org/10.4236/ojogas.2018.32007


M. Chen et al. 
 

 

DOI: 10.4236/ojogas.2018.32007 89 Open Journal of Yangtze Gas and Oil 
 

early Cambrian strata disappeared in the middle Cambrian strata; and the 
metazoan fossils were rare in the middle and late Cambrian strata [21] [26] [27]. 
At the same time, the stromatolites in the third section of Qinjiamiao Group in 
Songzi Liujiachang area in Yangzi area in the late Cambrian strata grew when 
part of metazoan became extinct largely and the stromatolites microbes became 
prosperous largely at the end of the middle Cambrian strata. It can be speculated 
that the mass extinction of some metazoan, the main reason for the growth of 
stromatolites of Cambrian strata in the research area, has made the growth and 
reproduction of stromatolites microbes. 

6. Conclusions 

In this paper, the sedimentary environment of different types of stromatolites 
was discussed from the perspective of sedimentary petrology in terms of the 
internal characteristics of different types of stromatolites, the nature of surrounding 
rock, the associated sedimentary structures and so on. Their environment was 
verified according to the research results of Proterozoic stromatolites, and the 
sedimentary environment distribution patterns of stromatolites in Songzi 
Liujiachang area were summed up.  

The stromatolites in Cambrian strata in Liujiachang area are stratiform, 
irregularly stratiform, columnar to hemispherical stromatolites. Their internal 
plaster content was reduced and lamina characteristics were presented from 
obvious to intermittent, reflecting a changing environment with strengthening 
hydrodynamic conditions. 

The same type of stromatolites can exist in different depositional environments, 
such as columnar stromatolites, which are found in the upper tidal zone and 
intertidal zone in the research area. All in all, different stromatolites combinations 
in different sedimentary environments in the research area are different, and the 
main sedimentary facies of different types of stromatolites are different. 1) 
Stratiform, irregularly stratiform and columnar stromatolites are mainly 
distributed in the upper tidal zone; columnar and hemispherical stromatolites 
are mainly distributed in the intertidal zone. 2) The stratiform stromatolites 
(Including irregularly stratiform) mainly grow in the upper tidal zone with weak 
hydrodynamic conditions, while the columnar and hemispherical stromatolites 
are mainly found in powerful hydrodynamic conditions of the lower intertidal 
zone. 

Furthermore, a mass extinction of part of the metazoan is the main reason for 
the growth of stromatolites in Cambrian strata in Songzi. 

7. Research Prospects 

Stromatolites’ significance in the environment is in the process of being known 
constantly, but it has not yet formed a unified point. In this paper, we focused on 
the stromatolites in the Cambrian strata in Songzi Liujiachang area, and we 
discussed paleoenvironment of stromatolites in terms of their internal charac- 
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teristics, surrounding rock properties, sedimentary structure and so on, which 
has great reference significance. However, the environment is not the only 
constraint factor in stromatolites’ characteristics, we can’t directly regard 
macromorphology of stromatolites as an environmental indicator at the time of 
reference [28] [29]. At the same time, microbial communities also have an 
important effect on the morphology of the stromatolites [7] [30] [31] [32]. In the 
research and the application, the deposition of petrology, paleontology and other 
aspects should be combined to consider paleoenvironmental significance of 
stromatolites. The stromatolites in the research area is the response to the 
re-prosperity of global microbial rock in the Yangtze block, which is expected to 
provide a new pointcut for exploring the relationship between biological 
evolution and environmental change. 
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