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Abstract 
The fossil attribution of phosphate spherical microbodies discovered in ediacaran 
Doushantuo Formation and Early Cambrian Meishucun Formation is still controversial. 
Early researchers mainly classified fossil spherules according to the number of small 
spherules and the decoration of shell and membrane, and modern algal phosphorylation 
simulation experiments can provide corresponding experimental verification. Through 
the simulation of different burial environments, it was found that the number of modern 
Chlorella and Volvox varied greatly under different conditions, and their external 
morphology, such as sphere size and number, showed different changing trends. 
Therefore, it was difficult to determine their genetic relationship only based on the 
above characteristics. This experiment is expected to provide a reference for the 
classification and attribution of phosphorylated spherical fossils, and provide a basis for 
subsequent taphthological simulation experiments. 
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1. Introduction 

Phosphatidized spherical fossils have attracted much attention since their discovery because of their 
exquisite preservation. So far, it has been found in large quantities in the early Cambrian Meishucun 
Formation [1] and the late Ediacaran Doushantuo Formation [2]. Due to the particularity of 
phosphorylation preservation, a large number of ultrafine structures (cell level and cell sublevel) can 
be completely preserved in the corresponding strata in a stereoscopic way. These phosphatized 
globular fossils are of great significance for the study of the origin of multicellular organisms and the 
mystery of the later biological explosion. 

At present, the attribution of early phosphorylated spherical fossils, whether they are animals or plants, 
is still one of the focuses of many scholars. Chen Menge et al. (1986) for the first time placed 
phosphorylated spherical fossils of doushantuo Formation in Weng 'an, Guizhou in macrocystis. Yin 
Leiming and Xue Yaosong[3] placed them in the acidus and undetermined classification respectively. 
Xue yaosong et al. (1995) identified some phosphate mineralized globular fossils in weng 'an biota 
as volvosum or chlorococcus orders. Later, Xiao Shuhai et al. (1998) proposed that some 
phosphorylated spherical fossils in doushantuo Formation of Weng 'an biota were metazoan embryo 
fossils based on the size, morphology and series change characteristics of spherical fossils. 
Subsequently, Xue et al., again emphasized the assertion of green algae, and clearly opposed animal 
embryo fossils[6]). Li Guoxiang and Qian Yi put forward the explanation of the multi-source of 
phosphorylated spherical fossils, believing that there are both animal fossils and plant fossils in the 
discovered fossil types[10]. Since then, controversy over the biological properties of these fossils has 
continued [7][8][9]. Through reading a large number of relevant literatures and observing the 
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phosphatized spherical fossils of different species, the author agrees with the multi-source explanation, 
and some of them are algae fossils. 

In the initial stage of research, researchers mainly classified spherical fossils based on morphological 
characteristics such as size and structure. But it takes a long period of geological evolution for 
organisms to die, bury and form fossils. During this process, the initial state of preservation of fossils, 
the difference in preservation potential between different parts of organisms, and the impact of 
different environments on fossil burial can all lead to changes in the final form of fossils. With the 
deepening of research, domestic and foreign scholars have designed a series of experimental 
taphological experiments for phosphatized spherical fossils [11][12][13][14][15][16][17][18][19] to 
simulate the sedimentary environment in the early stage of fossil formation, and to deduce the 
environment of fossil formation. However, the phosphorylation simulation of modern algae has not 
been carried out. For this reason, this article show raw green algae door volvox and empty found as 
experimental material, designed a series of phosphate chemical experiments, to process by observing 
its after death buried counteract physical and chemical changes in the early stage of diagenesis, buried 
under the condition of different preservation potential as well as the size, shape, and the change of 
the structure characteristics, to explore the phosphatization characteristics of algae. 

2. Experiment 

2.1 The Experimental Materials 

Eudorina sp., chlorophyta, Volvulaceae, Convolvulaceae. Vacuococcus consists of 16, 32, or 64 
chlamydome-type cells arranged on a spherical surface. In the center of the colony is a cavity filled 
with fluid and free of cells, hence the name. There are female and male convolvula. There is 
anteroposterior differentiation in populations. In asexual reproduction, each mother cell forms a new 
colony. The single cell size of Convolvula is relatively uniform, the colony characteristics are obvious, 
and the algal body is relatively stable, which is convenient for observation and comparison. 

Volvox (Volvox), chlorophyta, Volvox genus in all kinds of Volvox. Between animals and plants 
between the organisms, in the animal kingdom belongs to the phytophthora phylum in the protozoa, 
in the plant kingdom belongs to the chlorophyta volvosa volvosa. It grew in waters about 600 million 
years ago. The algal body is spherical, with many yellow pigments, only 1 ~ 2 mm in diameter, and 
bundles of flagella protruding outwards. They live in fresh water with rich organic matter. The algal 
body is spherical and about 5 mm in diameter. Volvox has a thin gelatinous layer that allows it to 
swim. Each volvox consists of 1,000 to 50,000 chlamydomonas cells arranged in a single layer on 
the surface of the sphere. Each cell has two flagella and is composed of between 500 and 50,000 
chlamydome-like cells. All cells are arranged in a colorless capsule on the surface of the sphere, with 
a fluid-filled cavity in the center. 

The chlorella and Volvox alga species and their culture media were purchased from freshwater Alga 
Species Bank of Chinese Academy of Sciences, numbered FACHB-529 and FACHB-2041, 
respectively. After that, all of them were cultured in laboratory SE medium at 25℃ under the 
condition of 2000lux 2M. The algae with good growth condition and high density were selected for 
reserve. 

2.2 The Experimental Process 

Because the final formation of fossil morphology is restricted by a variety of conditions, in order to 
further clarify the impact of different environmental variables, the single variable method was 
adopted in the experiment, and temperature, oxygen and Ph were selected as variables. 

Volvox and Convolvula were tested independently and the following treatments were adopted: After 
being inactivated at high temperature, the cultured algal bodies were sucked out every 0.5ml of algal 
liquid (the concentration of chlorella was about 10E5 / mL, and the concentration of Volvox was 
about 10E4 /ml) with plastic dropette (which had been sterilized) and filtered through a filter 
membrane with a aperture of 3um. The filtered algal cells and 1.5mL experimental solution were put 
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into a 2ml centrifuge tube, a total of 40 cells, divided into 4 groups. There are 10 in each group. The 
experimental solution was 1000 PPM sodium dihydrogen phosphate mixed solution, which was 
prepared by sodium dihydrogen phosphate and water from the South Xin 'an River of Huangdao 
filtered by a 0.22um filter. All the above processes are carried out in a sterile environment. (1) Set 
the experimental temperature at 3℃ for group 1. (2) Drop the upper part of the solution in the 
centrifugal tube of group 2 into the experimental gasoline for oxygen isolation treatment. (3) Add 
HCl and NaOH to the third and fourth phases respectively to change the pH of the solution. The final 
calibrated pH of the solution is 6 and 8. The pH of the solution is determined using a 0.5 mm diameter 
needle electrode (sterile treatment before the experiment), which is linked to the pH meter 
measurement, calibration and standard pH buffer are prepared at room temperature (25℃). After the 
above steps are completed, the centrifugal tube is sealed. Except group 1, the other three groups are 
stored under a constant temperature of 15℃ and protected from light. After 20 days of the experiment, 
all the algae in the solution precipitated at the bottom, the superclear liquid was discarded by pipeting 
and the following operations were carried out in sequence: ① Fixation: after rinsing with 0.1molL-
1 phosphoric acid buffer, the final concentration of 2.5% glutaraldehyde was added and fixed at 4℃ 
for 12h; ②  Cleaning: Shake the fixed algal liquid evenly and carefully suck it out from the 
centrifugal tube with a 5ml syringe, then filter it into a needle filter with an inner membrane aperture 
of 3um. The fixed sample was rinsed 3 times, 2min each, by slowly injecting 0.1 moll-1 phosphoric 
acid buffer into the needle filter through a syringe. (3) Dehydration: gradient dehydration was carried 
out by soaking in 15%, 30%, 50%, 70%, 80%, 90%, 95%, 100% (2 times) concentration of alcohol 
for 5min each. (4) drying: Take out the filter film and place it in a drying oven at constant temperature 
and pressure for 20min. Ethanol has very small polarity and is easy to evaporate from the sample to 
dehydrate the sample, and has little influence on the sample morphology, so drying treatment will not 
affect the experimental results. (5) Gold spraying conductive: the dried sample is glued to the sample 
table with conductive adhesive, and the gold spraying device is observed on the scanning electron 
microscope (SEM). 

3. The Results of 

3.1 Eudorina Sp 

3.1.1 The External form 

 
Figure 1. Chlorella vulgaris under low temperature phosphate environment (all scales are 10um) 

 

Under the same conditions, the samples in 10 centrifugal tubes were collected and observed. The 
equal-proportion area method was used to count chlorella because of the small size and large number 
of chlorella. The specific operation is as follows: select uniform unit area under scanning electron 
microscope, determine the number of algae in unit area, and then use equal proportion calculation 
method to roughly get the total sample (volvox adopts the same method, which will not be described 
below). Among them, 243428 were preserved under acidic condition. Alkaline conditions followed, 
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188,495; Under anoxic condition, 172755 were preserved. The number of preserved at low 
temperature was 133493. FIG. 1 shows the samples of Chlorema vulgaris treated by phosphorylation 
under different conditions for 20 days. In all samples obtained, the algal cells had obvious shrinkage 
and wrinkling deformation, and nodular structures appeared on the surface. Most cell walls could be 
completely preserved. Under low temperature, most of the algae cells were dispersed, and a few cells 
were connected through the interstitium, and the cell wall contracted and deformed, with the shape 
of spherules basically unchanged (Figure 1). 

Under hypoxia conditions, cells gathered closely, had less surface ornamentation, and were smoother 
compared with other conditions. Cell wall preservation was basically complete (Figure 2). 

 

 
Figure 2. Convolvula in anoxic phosphate environment (scale: 10um on the left and 5um on the 

right) 

 

Under acidic conditions, cells clustered tightly, the overall middle cavity disappeared, the spherical 
shape remained intact, and the cell wall contracted and folded (Figure 3). 

 

 
Figure 3. Convolvula in acidic phosphate environment (scale: 10um on the left and 8um on the 

right) 

 

Under alkaline conditions, the cells clustered into a mass, with spherical flat cells, severe deformation 
and intact cell wall (Figure 4). 
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Figure 4. Chlorella vulgaris in alkaline phosphate environment (scale: 10um on the left and 8um on 

the right) 

 

The experimental results showed that most of the algae cells could be completely preserved under 
different conditions due to the existence of cell wall, but there were great differences in the degree of 
cell shrinkage and deformation and the number of cells, and the external cytoplasm could not be 
significantly preserved. 

3.1.2 Size and Number of Cells 

The size of algae cells and the number of algae somatic cells were also different in different 
environments. The maximum mean diameter was 7.00um in alkaline condition. The minimum was 
5.89um at low temperature. Under the two conditions, there was a significant difference in the mean 
difference MD, which was 1.26 and 1.04, respectively. The mean lengths of the other two groups 
were almost the same as 6.65 and 6.67 in acidic and anoxic environments, but the mean differences 
of MD were 0.97 and 1.20, showing the characteristics of large diameter changes. In addition, under 
the same conditions, the largest difference in the peripheral diameter of individual cells was found in 
alkaline conditions, with a maximum of 11.07um and a minimum of 3.45um, and the maximum 
peripheral diameter was 3.2 times of the minimum diameter. In acidic condition, the difference of 
individual circumference diameter was the smallest, the maximum diameter was 9.42um, the 
minimum diameter was 4.38um, and the maximum diameter was 2.1 times of the minimum diameter. 

 

Table 1. Statistical data of in vitro peripheral diameter of chlorella 

The sample 
condition 

Maximum diameter 
(um) 

Minimum diameter 
(um) 

Mean diameter 
(um) 

Quantity saved 
(PCS) 

Low temperature 
(3℃) 

8.779 3.296 5.48 133493 

hypoxia 9.913 3.121 6.67 172755 

pH=6 9.422 4.378 5.04 243428 

pH=8 11.073 3.45 7.62 188495 

 

In addition, the number of algal somatic cells that can be preserved under different conditions is not 
quite the same (Table 2). Under normal conditions, konococcus consists of 16, 32, 64 chlamydomonas 
cells, but after phosphorylation, a single cytophore can preserve almost no more than 16 cells. The 
reason for this phenomenon may be that during the burial process after the death of algae, 
plasmodesmata broke and disintegrated under the influence of the environment (Figure 1 (a)). It 
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should be noted that this disintegration phenomenon can be observed in various environments, but is 
more obvious in samples obtained at low temperatures. 

 

Table 2. Number of individual coenococcus cells preserved under different experimental conditions 

The number of cells Low temperature (3℃) hypoxia PH=8 PH=6 

1 0 3455 3767 0 

2 2724 1728 1885 7303 

3 2582 1563 5655 2434 

4 23157 29368 41469 43817 

5 0 12093 1659 17040 

6 32692 60464 67854 51119 

7 5482 34551 0 38948 

8 50401 25913 62203 60857 

10 9535 1952 0 9737 

12 2953 1668 4003 2376 

14 0 0 0 0 

16 3967 0 0 9797 

total 133493 172755 188495 243428 

3.2 Volvox 

3.2.1 Size 

Among volvox globules preserved under different conditions, the diameter difference of the sphere 
under acidic condition was the largest, with the maximum sphere diameter of 157um and the 
minimum sphere diameter of 49um, the difference was more than two times. The smallest diameter 
difference was found in low temperature conditions, with the maximum individual diameter of 112um 
and the minimum diameter of 76um, with a difference of about 0.5 times. According to the statistical 
results, the average diameter of the sphere preserved under different conditions has little difference. 
As it is almost impossible to find completely preserved spheres in alkaline conditions, the diameter 
of spheres is not counted. 

 

Table 3. Statistical data of volvox peripheral diameter in vitro 

The sample 
condition 

Maximum diameter 
(um) 

Minimum diameter 
(um) 

Mean diameter 
(um) 

Quantity saved 
(PCS) 

Low temperature 
(3℃) 

112 76 97 15843 

hypoxia 131 56 89 13426 

pH=6 157 49 93 8521 

pH=8 \ \ \ \ 

3.2.2 The External form 

The morphological changes of asexual reproduction in different life cycles were observed by selecting 
the samples with the most quantity and better quality preserved at low temperature. 
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A Mature population (scale: 100um) 

 
B Germ cell division stage (scale 50um) 

 
C progeny population reversal (scale 50um) 

 
D progeny group separated from parent group (scale: 100um) 
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E Subpopulation E develops and forms a new population (scale 50um) 

Figure 5. Volvox with different life cycles 

 

Volvox population is mainly composed of two parts of cells: germ cells with larger individuals and 
fewer numbers, and vegetative cells with smaller individuals and more numbers. All cells were 
surrounded by glial envelope, and the cells were connected by glial envelope or plasmodesmata. The 
vegetative cells had two flagella structures, which could not be observed by scanning electron 
microscopy (Figure 5A). During the asexual reproduction of volvox population, germ cells divide 
and produce multiple small cells to form volvox embryos, while vegetative cells do not divide (Figure 
5B). After cleavage, the embryo goes through a wave of contraction and begins to reverse, at which 
point the cells produced by embryo division become fine bottles and join together (Figure 5C). After 
the embryo inversion was completed, the subpopulation swam in the mother and was released from 
the hole in the surface of the mother (Figure 5D). Subpopulations that break away from the parent 
population continue to divide and differentiate, forming new populations that begin a new life cycle 
(Figure 5E). 

3.3 Comparison with Weng 'an Biota Fossils 

 

 
Figure 6. Comparison between weng 'an biota fossils and experimental samples 

Figure 6A shows the fossil rock section. Figure 6B shows volvox after experimental treatment. 
Figure 6C shows acid vesicle stereofossils. Figure 6D shows the chlorella after experimental 

treatment. 

Figure 6A is 50um scale. Figure 6B is 100um; Figure 6C is 100um; The scale of Figure 6D is 
10um. 

a b 

c d 
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In the section, the protoshell film of the fossils is spherical, with a diameter of about 270um, and is 
wrapped by an opaque thin outer film and an outer wall about 5um thick. The outer wall breaks and 
falls off, producing a gap between the outer film and the thick wall. The inner cavity is filled with 
large and small spherical structures, which are mainly divided into two types: one is about 25um in 
diameter, distributed in the middle of the cavity; The other is about 5um in diameter and is distributed 
in the outer and innermost parts of the lumen. After experimental treatment, volvox samples were 
also coated with a thin film externally, and the internal cells were also differentiated into two types 
with spherical structures, which were similar to the fossils in the slices. The difference is that fossils 
also develop a thick outer wall that volvox does not, and in fact the same cell wall is easily found in 
most plant cells. 

The stereofossil is made up of eight football-shaped balls about 450um in diameter. The spherules 
are flat and flattened, and visible outside are densely packed with even smaller spherules, leaving 
gaps about 80um wide between each other. The diameter of the spheroid is about 180um, and there 
is obvious shrinkage deformation phenomenon, resulting in a large gap between external and internal 
thickness. Cell aggregation also occurred in the samples after experimental treatment, and it was 
obvious that each cell was folded and contracted and tightly clustered together, with 4, 6, 8, 16 and 
32 as the main number types. The isolated cells were connected by plasmodesmata, but there were 
no obvious gaps between the congregated cells and they were all closely attached to each other. 
However, the gap may have occurred during the late diagenetic process, so this gap alone cannot deny 
the similarity between the chlorella and the spherical fossils. 

4. Discussion and Conclusion 

Although there is a big gap between the selected algae and the phosphorylated spherical fossils 
discovered so far in terms of individual size, the samples treated by the experiment have many 
similarities with spherical fossils in terms of morphological characteristics, and the attribution of the 
fossils has been controversial. Therefore, volvococcus and Volvococcus in chlorophyta can be 
regarded as ideal materials for the simulation experiment of phosphorylation. Of course, in the later 
stage, we need to find more suitable experimental materials to improve the shortcomings in the 
experiment. 

Phosphatizing taphonomy experiment provides a series of verification possibilities for understanding 
the state of preservation in the early burial period after the death of organisms. Regardless of whether 
the samples were successfully phosphatized or not, this experiment confirmed that the size and 
morphology of algae varied under different burial conditions. According to the analysis of the results, 
the cells of Chlorella vulgaris would shrink under different conditions, and the surface of the cells 
would be nodular or bulgy. Due to the phenomenon of water loss and the existence of plasmodesmata, 
cells will gather together and form small aggregates with different numbers. The aggregates are 
composed of at least two cells, and at most there are dozens or even hundreds of them, and most of 
them exist in the form of 4, 6 or 8 cells. The change of single cell size of Chlorella under different 
conditions is not very significant, which may be caused by the existence of algae cell wall, which can 
provide good support and anti-damage ability for algae cells. The above characteristics are consistent 
with some characteristics of embryonated fossils in Weng 'an biota. Although it is not enough to 
change the view of most scholars that embryonated fossils are animal embryos, it can provide 
experimental tburial evidence for the green algae hypothesis of other scholars. Cone-shaped 
protuberance appears on volvox individual surface, which is speculated to be due to the fact that the 
spherical membrane is mainly composed of pectin, and it is easy to shrink and deform in the process 
of water loss. Individual cells located in the outer membrane play a supporting role. The internal cells 
are clustered in clumps, and occasionally prickly filamentous structures extend from the cell clusters 
throughout the sphere to the surface of the sphere. In other well-preserved spheres, cells are scattered 
in various parts of the sphere and connected by filamentous structures. According to the energy 
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spectrum analysis, the two filamentous structures have the same composition, so it is speculated that 
they are the same substance. These characteristics are similar to those of the large stinging acorns 
found in weng 'an biota, which can provide experimental data for the view that these acorns belong 
to algae. 

The results showed that the conservation potential of Chlorella vulgaris varied greatly under different 
environments. Under the above four conditions, 243428 preserved in acidic condition was the largest, 
1.8 times of 133493 preserved in low temperature condition. The number of preserved fossils can 
well reflect the impact of burial environment on fossil formation. Obviously, among the four 
environments, the weak acid environment is the most suitable for the preservation of The early burial 
period of P. aerococcus, while the low temperature environment is the least suitable for the 
preservation of P. aerococcus. In cell size, shape and number of different conditions did not have 
obvious difference, speculated that the reason may be the following: (1) the experiment time is shorter, 
only 20 days, do not have enough big change (2) the experimental condition is mild, algae belong to 
the stronger ability to resist environmental change creatures, even after death as a result of the 
existence of the cell wall makes cells to obtain the very good protection. In the later stage, we need 
to continue to improve the experimental process to obtain more ideal experimental results. The 
preservation potential of Volvox was slightly different from that of Konococcus. The maximum 
number of volvox was 15843 under low temperature condition, and the minimum number under 
alkaline condition, and almost all of them could not be completely preserved. As a result of the 
completely same experimental conditions, the reasons for this difference may be as follows: (1) 
obvious gap between two kinds of algae size size affect the environment produced function (2) of the 
two kinds of algae cells arranged in a different way, empty cells found arrange more closely, reflecting 
the creatures in the same environment under the same kinds of different taxa of buried and large 
differences in the process of decay. The accuracy of the above speculation has yet to be verified by 
experiments. 

Finally, the experiment proved that the algal cells under different burial environment have been great 
changes in the size and the outer wall form, and will appear and phosphatization globular fossils have 
been found similar cell combination and barbed suspected source of class a protrusion structure, so 
the results can be part of the globular fossils belong to algae to provide experimental basis, However, 
it is not rigorous enough to determine the attribution of spherical fossils only by relying on these 
characteristics, and more experimental studies are needed to prove it. 
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