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Simplified geological map of Xiongjiachang, Zhijin (modified from the 1 : 200 000 geological map of the Guizhou Geological Bureau).
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2
Sedimentary section of phosphorous rock system in Wuzhishan of Dazhai, Xiongjiachang.
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3 Turcutheca
The microstructure of Turcutheca fossil in Xiongjiachang.
a. Turcutheca s s . b. Turcutheca s .
o ¢ Turcutheca s s
. d. Turcutheca ,  “funnekin-funnel” :100 pm,

a. Turcutheca fossil cross-section, with a distinct concentric circular double-layer structure, the outer layer of the cell has the vertical shell wall

development of the column fiber structure. b. Turcutheca fossil cross-section, with a distinct concentric circular four-layer structure, the kernel

cavity has the soft organization trace. c. Turcutheca fossil cross-section, with a distinct concentric circular multi-layer structure, the outer layer

has the vertical shell wall development of the column fiber structure, the inner layer has the parallel shell wall development of the layer fiber

structure. d. Turcutheca fossil oblique facets with “funnelin-funnel” cone structure. Scale bar: 100 pm.

4 Turcutheca

Cross-sectional pattern of biological shell of Turcutheca in Xiongjiachang.

a. Turcutheca , . b.
s . C
, o d. Turcutheca
. €. o

a. Turcutheca structure of the shell layer, which is composed of in-
ner and outer layers. b. The outer layer of the structure layer has
the structure of the vertical shell wall development. c. The inner
layer of the structural element layer has the fiber structure of the
parallel shell wall development. d. Turcutheca biological soft tissue

part. e. Shell cavity filled with phosphorus minerals.

Turcutheca s
(Moy-
siuk et al. ,2017), , ,
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(Yang et al. ,2016), “funnekin-funnel”
, . (Germs, 1972; Grant, 1990; Hua et al. .,
) 2005) , ,
Turcutheca ( 5), , ( 6).
» Turcutheca ( 3 Turcutheca Cloudina
d Cloudina hartmannae hartmannae o
5 Turcutheca

The model conjecture diagram of Turcutheca in Xiongjiachang.
a. Turcutheca sb. Turcutheca . 1. ;2. ;3. ( )54, 5
;8.

o

;6. 57,

a. Turcutheca biological ventral view; b. Turcutheca biological side view. 1. Tentacle; 2. Operculum; 3. Soft tissue basement (development

of mouth and anus) ; 4. Tentacle; 5. Foot; 6. Shell wall; 7. Visceral organ; 8. Secretory organ.

6 Cloudina hartmannae (a,b), :100 pm(  Yang et al. ,2016)

Stereogram of Cloudina hartmannae fossils in Ediacaran (a, b). Scale bar: 100 ym (after Yang et al. , 2016).

Turcutheca ,
( 7) ’ b b b
s 0. 6 mm, ) o

. Turcutheca s , o
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95°—100°, o
s . Turcutheca R
(Kocot,2016) , ( 5), )
. Turcutheca . Tur-
(Marek et al. ,1997;Gal- cutheca ,
le and Parsley,2005;Mus,2016) , s s o
7 Turcutheca

The biological operculum of Turcutheca in Xiongjiachang.
a. Turcutheca sb. Turcutheca . 1. 52, . ;3. (
)54, ;5. ;6. . :100 pm,
a. Turcutheca biological operculum fossil; b. Turcutheca biological operculum pattern. 1. The connection of operculum and shell; 2. Soft tis-
sue basement, development of mouth and anus; 3. Left tentacle (only one part is retained during the burial process); 4. Right tentacle; 5.

Tentacle; 6. The edge of the operculum. Scale bar: 100 pm.

R , Paracircotheca
4, 2 Paracircotheca ( ,1960;
8 ,1984) (Dommergues, 1993)
, , 0. 3—0. 5 cm, , Paracircotheca
15071700 D) ’ 1) 1)
Paracircotheca zhaojiabanesis ( Paracircotheca
. ,1984) s , s
Paracircotheca s o
s ’ ’ ( 87b) ° ’ ’ ’
, , . Paracircotheca
, ( 8-a), (Dommergues, 1993),
Paracircotheca ,

Paracircotheca
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8 Paracircotheca
The microstructure of Paracircotheca fossil in Xiongjiachang.
a. Paracircotheca . b. B .
100 gmo

a. Paracircotheca shell internal partition divided into a number of different sizes of air chamber. b. The outer surface of the shell is decorated

with circular transverse ridges and the transverse ridges are thick, wavy and continuous. Scale bar: 100 pm.

( D, Paracircotheca
’
b b
b
b b
o
Paracircotheca ,
b
’ b
b
: [} ’ 5
b b o

4. 3 Loculitheca zhijinensis

Loculitheca zhijinensis ,
b
, 0. 5—0. 7 cm, lem,
0. 7—L 5 mm, s s
9 Paracircotheca
b o b
The model conjecture diagram of Paracircotheca in Xiongjiachang.
’ ’ N 1. ;2. 53, 54, ;9. ;6. 57,
’ ° ;8. ( )
Loculitheca 1. Wide circular beginning part; 2. Pipe string; 3. Protruding parti-
*h l] inensis , tion board; 4. Flat partition board; 5. Shell wall; 6. Living cham-
ber; 7. Foot; 8. Soft tissue basement (development of mouth and
’ ( IO_C) 9
anus).
. b
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10 Loculitheca zhijinensis
The microstructure of Loculitheca zhijinensis fossil in Xiongjiachang.
a. Loculitheca zhijinensis s , o b. Loculitheca zhijinensis s
c. Loculitheca zhijinensis . N :200 pm,
a. Loculitheca zhijinensis fossil cross-section, in which can be seen the radial partition structure and concentric layer structure of the shaft. b.
Loculitheca zhijinensis fossil oblique section, radial partition wall can be seen. c. Loculitheca zhijinensis fossil cross-section, which has thinner

single-shell wall. Scale bar: 200 pm.

10-a,b), (SEM-EDS) ( 12),
, ( Ca.P,O.C.F,
10-b), P,0;,Ca0,F, 0 P, O,
30%—34. 2% ,Ca0 50%—65%,F, O

4. 4 Protospongia 7.5%—20%,Al,Si,Fe.S
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( 11-a), 1 .
.1 , 2 , , ( ,2000)
90° ( 11-b,c), )
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( ,2002),
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11 Protospongia
The microstructure of Protospongia fossil in Xiongjiachang.
a. ;1 ,2 s . b. : 1 .1 s 2 , .
c. : 1 .1 s 90° . :100 pm,

a. Three-shot two-axis needle: including 1 long axis 2 short axis and the growth direction of the minor axis is on the same side of the long axis.
b. Three-shot two-axis needle: 1 axis of the bone needle is very long and 1 axis is short, and the 2 shot length of the long axis bone needle form-
ing a line. c. Three-shot two-axis needle: 1 axis of the bone needle is very long and 1 axis is short, and the short axis and long axis orthogonal

to 90 °. Scale bar: 100 pm.

’ ’ ’ ( 13*6)9 3 m
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12 SEM-EDS
SEM-EDS analysis of the fossil shells of small shelly fossils in Xiongjiachang.

. . . don .
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13
The burial of small shelly fossils in Xiongjiachang.
a. s s :200 pm, b. . s :20 mm, c.
. d. . e .
a. Small shelly fossils cross-section and mechanical damage occurred to the shell, scale bar: 200 pm. b. Small shelly fossils of phosphorus rock,
which show a clear orientation of the arrangement, scale bar: 20 mm. c. Bauxite and iron rock weathering crust. d. Dolomite above the bio-

phosphorite. e. Silicified dolomite below the biophosphorite.

, SEM-EDS ) (

( ,1987,1990,1995; ,2000) . 14, 1. 2). ( 14, 3. 4.
( 14, 5) EDS s
, Turcutheca Ca.P ( 14),
14 N N SEM-EDS

SEM-EDS analysis of the shell, surrounding rocks and filling part of the small shelly fossils in Xiongjiachang.

14 ) ,
QCa\P b b

, ,2006) , s
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MICRO-STRUCTURAL CHARACTERISTICS OF THE SMALL SHELLY
FOSSILS AND THE RELATIONSHIP WITH FORMING PHOSPHORUS
IN CAMBRIAN MEISHUCUN STAGE PHOSPHORITES,
XIONGJIACHANG, GUIZHOU

GAO Lei, YANG Rui-dong, GAO Jun-bo, CHEN Jiyan and CHEN Jun

(College of Resources and Environmental Engineering . Guizhou University » Guiyang 550025, China, rdyang@gzu. edu. cn)
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Abstract

The early Cambrian is the most abundant
period with the global small shelly fossils. In the
early Cambrian period of Guizhou, phosphate rock
contains a large number of and rich species of small
shelly fossils, and the predecessors limited their
research to the description of appearance, and less
research on the microstructure. Through observing
small shelly fossils of phosphate rock in the
Xiongjiachang of Guizhou with electron microscope,
such as Turcutheca, Paracircotheca, Loculitheca
zhijinensis and Protospongia fossils, the authors

describe the characteristics of microstructure. This

Microstructure, small shelly fossils, phosphorite, Meishucun Stage, Cambrian, Xiongjiachang of

paper mainly studies the biological structure of
Turcutheca and Paracircotheca and discusses their
shell morphology and growth and development.
Through SEM-EDS analysis of the fossil shells of
small shelly fossils, we can be sure that the main
components of the shell are fluorocarbon apatite.
In addition, through making EDS analysis of the
filling part, shell wall and surrounding rocks of the
fossil Turcutheca kernel and making a contrast of
element property, and the relationship between the
organism and the phosphorus is preliminarily
discussed, and it is considered that the prosperity
of the early small shelly animals in the early
Cambrian plays an important role in the formation

of phosphate rocks in the same period.



