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Abstract Meso-Neoproterozoic dolostone is abnormally well-developed in the platform areas in China,
detailly, in the Mesoproterozoic Calymmian Wumishan Formation of North China Basin, Neoproterozoic Edia-
caran Qigbulak Formation of Tarim Basin, and the Neoproterozoic Ediacaran Dengying Formation of Sichuan
Basin. The outcrops and drilling cores from these basins show that these dolostones are mostly thick-bedded to
massive, with mud-sized to silt-sized crystalline dolostone reaching 86%e97% of the total dolostone thickness.
These dolostones basically suffered no secondary metasomatism, regardless of containing microorganisms
(such as algae and bacteria) or not. The analyses of sedimentary palaeogeographic features indicate that: (1)
the Meso-Neoproterozoic dolostone nearly covered the entire area basins, and was widely deposited in
supratidal to intertidal zones, as well as in open platform environments; (2) the dolostone was subdivided
according to the crystalline size, with the distribution controlled by geomorphology, i.e., the pure mud-sized
crystalline dolostone developing in depression areas, whereas the grainy mud-sized crystalline dolostone or
the mound stromatolitic mud-sized crystalline dolostone developing in uplift areas; (3) deep-water basins
developed between the carbonate platforms, and the seismic profiles show that these basins were formed by
syngenetic deep faults in the Meso-Neoproterozoic strata. These syngenetic faults increased Mg2+ concen-
tration in the seawater by injecting rich-Mg2+-bearing hydrothermal fluids into the carbonate platforms. The
analyses of geochemical and paleoclimatic indexes reveal that there is no obvious difference in carbon and
oxygen isotope ratios between dolostones having different textures, with the ratios similar to those of the
global seawater of the Meso-Neoproterozoic, indicating that the silt-sized crystalline dolostone has the same
sedimentary origin as the mud-sized crystalline dolostone, i.e., the former is from authigenic recrystallization
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of the latter rather than secondary metasomatism. Therefore, whatever the crystalline sizes are, the dolo-
stones are all originated from sedimentation. All the petrological, sedimentary and geochemical data suggest
that the dolostones covering almost the whole Meso-Neoproterozoic typical platform areas of China are of
relatively primary sedimentary origin.

Keywords Thick-bedded to massive dolostone, CeO isotopes, Meso-Neoproterozoic, Tarim basin, Sichuan
basin, North China Basin
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1. Introduction
Thecarbonate rocks around theworld aredominated
by limestones in the Phanerozoic and dolostones in the
pre-Phanerozoic (Tucker, 1982; Sun, 1994; Feng et al.,
2004). Since the Phanerozoic, most of the dolostones
are post-penecontemporaneous, of secondary meta-
somatism genesis, and show fine-to medium-grained, or
saccharoidal crystalline texture; while only a small
amount are penecontemporaneous, showing mainly
oxidated colors and occasionally reduced colors. These
penecontemporaneous dolostones are mainly thin-
bedded, mud-to silt-sized, and contain more terrige-
nous impurities such as clay minerals and quartz grains.
They are relatively tight, and can serve as seals for oil
and gas reservoirs. Comparatively, post-
penecontemporaneous dolostones are relatively well-
developed with intercrystalline and other types of
pores during diagenetic processes (e.g., dolomitiza-
tion), and therefore often become favorable reservoirs
for hydrocarbon accumulation (deDolomieu, 1791; Zhao
et al., 1977; Zenger et al., 1980; Mountjoy and Halim-
Dihardja, 1991; Feng et al., 1992; Bao, 1998, 1999;
Baoetal., 1998, 1999a, 1999b, 2004, 2006, 2007; Jin and
Feng, 1999; Warren, 2000; Zhao and Zhu, 2001; Wei
et al., 2006; He et al., 2010; Huang, 2010; Zhu et al.,
2013; Zhang et al., 2014;Wang, 2017; Yang et al., 2017).

In recent years, the Proterozoic strata, which are
buried deep to ultra-deep (i.e., below 6000 m or even
6500 m), have gradually attracted the attention of
geoscientists all over the world. Previous studies show
that the Proterozoic strata, especially the Meso-
Neoproterozoic strata, developed extremely-thick
carbonate rocks, in which a large number of dolo-
stones are widely distributed in the sedimentary basins
globally. These dolostones show abnormal development
of sedimentary thicknesses and crystal texture, indi-
cating a genesis different from that of the Phanerozoic
dolostones (Pratt, 2001; Turner, 2009; Zhu, 2016).
2. Developments of Meso-Neoproterozoic
dolostone in the platforms in China
Tarim Basin, North China Basin, and Sichuan Basin,
as platform sedimentary areas in China, have depos-
ited more than 10,000 m thick carbonate rocks since
the Proterozoic. The Meso-Neoproterozoic dolostones
in these three platforms are of great thickness and
have distinct sedimentary characteristics.
2.1. Measurements of the outcrops

In this study, 23 Meso-Neoproterozoic outcrops and
wells have been measured (Fig. 1), i.e., 4 outcrops and
4 wells in Tarim Basin, 3 outcrops and 6 wells in North
China Basin, and 2 outcrops and 4 wells in Sichuan
Basin, respectively. As shown in the outcrops and the
drilling cores, the lithology is dominated by dolostone,
especially medium-thick bedded to massive (Table 1)
mud-sized or fine crystalline dolostone.
2.1.1. Shiazik section of Tarim Basin

The thickness of Upper Ediacaran Qigbulak For-
mation in Shiazik section, Tarim Basin, is 164.50 m and
mainly composed of the medium-thick bedded dolo-
stone, which can be divided into three lithological
members (Fig. 2). It overlies the Upper Ediacaran
Sugaitebulak Formation, which is dominated by red
littoral facies clastic rocks.

The thickness of Member I of the Qigbulak Forma-
tion is 18 m. At the bottom are massive siltstones with a
thin layer (30 cm thick) of oolitic dolostone, and the
argillaceous content in upward siltstone increases and
the thickness decreases to less than 20 cm. From the
thin-layer of the argillaceous siltstone upward, the
laminar dolostone gradually evolved from the thin-layer
to the medium-thick layer and the cabbage-shaped
stromatolites are developed at the top.
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Fig. 1 Location and distribution map of the Meso-Neoproterozoic outcrops and drilling wells from typical platforms in China. The map of
China is modified after the Standard Map Service of the National Administration of Surveying, Mapping and Geoinformation of China (http://
bzdt.ch.mnr.gov.cn/) (No. GS(2019)1823).
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Microscopically, the cabbage-shaped stromatolites
contains quartz grains. In general it reflects the trans-
gressive process from mixed tidal flat to microbial
mound.

Member II of the Qigbulak Formation is 53 m thick.
The lower part is composed of mound stromatolites and
columnar stromatolites (1e2m thick) with thin layers of
dolomitic mudstones. The thickness of the upper stro-
matolites reduced to about 20 cm, and the thickness of
the single layer of muddy shale is 1 m (the maximum
flooding surface). The oolitic dolostone, laminar dolo-
stone, wavy stromatolitic dolostone and algal dolostone
were successively developed in the upper part. It re-
flects the sedimentary sequence that the microbial
moundfirstly transited tomuddy-dolomiticflat and then
evolved into grain shoal and microbial mound indicating
that the relative sea level experienced a process of first
rising and then falling in this period.

Member III of the Qigbulak Formation is 93.5m thick.
From the bottom upwards the lithology is dominated by
algal clotting dolostone, stromatolitic dolostone and
sand clastic dolostone interbedded with medium-thin
bedded of mud-sized crystalline dolostone. With the
thickness of grain dolostone decreasing, the thickness of
dolostone increases. Thick-bedded to massive mud-
sized crystalline dolostones are developed in the mid-
dle part, with the thickness of each set more than 3 m.
The upper part gradually transformed into the thick
massive sandclasticdolostone.At the top is a set ofmud-
sized to silt-sized crystalline dolostone with a thickness
of about 10m. It has an unconformable contact with the
mudstone of the Cambrian Yuertusi Formation, with a
weathering crust developed inbetween. In general, it
reflects the sedimentary sequence of grain
shoalsedolomitic flatsegrain shoals, and the sea level is
relatively high during the depositional period of the
dolomitic flats.

2.1.2. Yangba section of Sichuan Basin

Compared with the Qigbulak Formation in Shiazik
section, Tarim Basin, the Dengying Formation in
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Table 1 Thickness of the Meso-Neoproterozoic dolostones in outcrops and drilling wells of platforms in China.

Basins Outcrops and drilling wells Strata unit Thickness (m)

Tarim Basin Xiaoerbulak west canyon section Ediacaran Qigbulak Formation 200.80
Shiazik section Ediacaran Qigbulak Formation 164.50
Sugaitebulak section Ediacaran Qigbulak Formation 172.90
Xiaoerbulak east canyon section Ediacaran Qigbulak Formation 140.10
Well Qiaogu 1 Ediacaran Qigbulak Formation 15.08
Well Xinghuo 1 Ediacaran Qigbulak Formation 13.73
Well Qiaogu 102 Ediacaran Qigbulak Formation 7.75
Well Xinghuo 101 Ediacaran Qigbulak Formation 6.70

North China Basin Jixian section Calymmian Wumishan Formation 3416.00
Shisanling section Calymmian Wumishan Formation 2234.88
Yixian section Calymmian Wumishan Formation 1451.47
Well Ba 8 Calymmian Wumishan Formation 1265.50
Well Ba 25 Calymmian Wumishan Formation 1236.27
Well Renguan 1 Calymmian Wumishan Formation 909.61
Well Dian 5 Calymmian Wumishan Formation 769.37
Well Liu 12 Calymmian Wumishan Formation 621.42
Well Ma 90 Calymmian Wumishan Formation 519.05

Sichuan Basin Yangba section Ediacaran Dengying Formation 832.00
Shizhu section Ediacaran Dengying Formation 423.00
Well Moxi 8 Ediacaran Dengying Formation 320.80
Well Gaoshi 101 Ediacaran Dengying Formation 131.24
Well Moxi 21 Ediacaran Dengying Formation 101.66
Well Moxi 17 Ediacaran Dengying Formation 29.00
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Yangba section, Sichuan Basin is also dominated by
medium-thick bedded to massive mud-sized to silt-
sized crystalline dolostone. The difference is that the
microorganisms such as algae are relatively more
developed in the dolostone of Yangba section (Fig. 3).

The thickness of Ediacaran Dengying Formation in
Yangba section is 832 m and has an unconformable
contact with the quartz sandstone layer of the un-
derlying Guanyinya Formation. The Dengying Forma-
tion can be divided into four members.

The thickness of Member I of the Dengying Forma-
tion is 13 m. In the lower part, there is a thick layer of
gray mud-sized to silt-sized crystalline dolostone, with
extremely-developed vuggy fractures and pores along
the lamination, and the width of vuggy fractures at the
bottom is about 1 m. The upper part is mainly gray to
light gray laminar stromatolitic dolostone, and the
vuggy fractures and caves are relatively developed
along the lamination. The sedimentary sequence of
the transition from dolomitic flat to microbial mound is
generally reflected.

The thickness of Member II in the Dengying For-
mation is 498 m and can be divided into two sub-
members. At the bottom part of the lower sub-
member, there are gray medium-thick bedded to
massive “grape lace-like” stromatolitic dolostone
(about 30 m thick). Among which the grape lace-like
structure is developed along the surface, with a
diameter of 2.5e10 cm. Under the microscope, it is
manifested that crystalline grains grow gradually
along the vertical direction of the lace. The inner core
of grape-lace is micrite component. The middle part
is about 50 m, composed of the gray thick mud-sized
to silt-sized crystalline dolostone with the stromato-
litic dolomitic bands. The algal dolomitic bands
decrease in the upper part, the mud-sized crystalline
dolostone tends to have uniform density, and the
fenestral structures are visible partially. The trans-
gressive sedimentary sequence which is from micro-
bial mound to dolomitic flat is generally reflected. In
the bottom part of the upper sub-member, there are
mainly gray medium-thick laminar mud-sized to silt-
sized crystalline dolostone, followed by wavy stro-
matolitic dolostone, sand clastic dolostone and mud-
sized to silt-sized crystalline dolostone with muddy
bands from the bottom to top, and then develops the
light gray medium-thick bedded to massive stromat-
olitic mud-sized crystalline dolostone with a thickness
of about 30 m at the top of Member II of the Dengying
Formation, with the muddy bands reducing. It reflects
a transgressiveeregressive cycle of the microbial
mound-the dolomitic flat-microbial mound.

Member III of the Dengying Formation is a clastic
layer with a thickness of 81 m. The lithologies are
siltstones, muddy siltstones, and mudstones from the
bottom to top. The dark mudstones at the top of the
Member III indicate that the flooding surface has
reached the maximum.

The thickness of Member Ⅳ in the Dengying Forma-
tion is 240m. The lower part is mainly composed of dark



Fig. 2 Comprehensive column of the Upper Ediacaran Qigbulak Formation in Shiazik section of Tarim Basin.
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graymud-sized to silt-sized crystalline dolostone,with a
small amount of gray thin-bedded dolomitic mudstones.
This is a set of mud-sized to silt-sized crystalline
dolostonewith themaximumdeposition thickness in the
Yangba section, about 90m.Comparedwith theMember
II, there is relatively less algae and the phenomenon of



Fig. 3 Comprehensive column of the Ediacaran Dengying Formation in Yangba section of Sichuan Basin.
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organic matter infiltration at the layer surface can be
occasionally observed. In the middle and upper parts,
algae gradually increased and stromatolitic dolostone
began to appear, while the crystalline grains turned into
the micrite, and then a small amount of siliceous dolo-
stone developed upwards.



Fig. 4 Comprehensive column of the Calymmian Wumishan Formation in Jixian section of North China Basin.
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Table 2 Main rock types and their distribution of the Meso-Neoproterozoic dolostone in basins of China.

Rock types Lithology characteristics Distribution strata

Crystalline dolostone Mud-sized crystalline
dolostone

Light gray, thin, medium-
thick layer.

Widely distributed in the Meso-Neoproterozoic strata
of the three studied basins.

Silt-sized crystalline
dolostone

Light gray, thin, medium-
thick layer.

Less distributed in the Member I of Shiazik section,
Member Ⅳ in the Dengying Section, and Member I of
Wumishan Section.

Fine-medium crystalline
dolostone

Light gray, thin, medium-
thick layer.

Occasionally distributed in the Member III of Shiazik
section, and Member IV in the Dengying section.

Grain dolostone Intraclastic dolostone Light gray to gray, thin to
medium layer, mostly mud-
sized crystalline textures.

Mainly distributed in the Member II of Shiazik section,
Member II of Dengying section.

Oolitic dolostone Light gray, medium layer,
mostly mud-sized
crystalline textures.

Occasionally distributed in the Member III of Shiazik
section and Member III of Wumishan section.

Algal sand-sized dolostone Gray, medium layer, mostly
mud-sized crystalline
textures.

Mainly developed in the Member II of Shiazik section,
Member II of Dengying section.

Microbial dolostone Microbiological dolostone Gray, medium layer, mostly
mud-sized crystalline
textures.

Developed in the Member II and Member III of Shiazik
section, Member II of Dengying section, and Member I
of Wumishan section

Stromatolitic dolostone Gray, medium layer, mostly
mud-sized crystalline
textures.

Developed in the upper layer of the Meso-
Neoproterozoic strata, and more developed in Sichuan
Basin than in North China Basin and Tarim Basin.
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2.1.3. Jixian section of North China basin

The stratigraphic thickness of the Mesoproterozoic
Calymmian Wumishan Formation in Jixian section of
the North China Basin is 719e3416 m. The lithology is
basically dolostone. Medium-thick bedded to massive
mud-sized to silt-sized crystalline dolostone is partic-
ularly developed, which contains a large number of
algal microbial textures with obvious rhythmical
characteristics. It is subdivided into four lithologic
members corresponding to four sedimentary semi-
cycles (Fig. 4).

The Wumishan Formation in the Jixian section is
3416 m thick which conformably overlies the red
argillaceous dolostone of the Yangzhuang Formation.
The Wumishan Formation can be divided into four
members.

Member I in the Wumishan Formation is 860 m
thick. At the bottom is a set of white silty argillaceous
mud-sized crystalline dolostone. The lower part of
the Member I develops grayewhite medium to thick
mud-sized crystalline dolostone, thrombolite dolo-
stone and horizontally-laminar algal dolostone; the
upper part is mainly composed of gray to light gray
laminar stromatolitic dolostone, mud-sized crystal-
line dolostone, silt-sized crystalline dolostone and
dolomitic shales; the top is covered by a set of sili-
ceous encrustation. The sedimentary sequence of
transgressioneregression in the tidal-flat environ-
ment is generally reflected.
Member II of the Wumishan Formation is 766 m
thick, and shows extremely strong internal cyclicity.
From the bottom to top, it can be divided into gray
thick thrombolite dolostone, stromatolitic dolostone,
massive mud-sized crystalline dolostone with chert
bands, horizontally-laminar dolostone, dolomitic
shales with medium-thin mud-sized crystalline dolo-
stone and chert nodules, respectively. The siliceous
crusts and red muddy beds are developed at the top
part. Overall, it reflects a tidal-flat facies in a marine
regressive environment.

Member III of the Wumishan Formation is 963 m
thick. Red arenaceous dolostone is developed at the
bottom; and the grayish thick mud-sized crystalline
dolostone and algal dolostone dominated the lower
part; the upper part is composed of a lithological
rhythm which can be divided into gray thrombolite
dolostone, algal laminar dolostone, siliceous dolostone,
pyramidal stromatolitic dolostone, massive mud-sized
crystalline dolostone, and argillaceous dolostone.
Overall it reflects a sedimentary sequence of marine
transgressioneregression in a tidal flat environment.

Member Ⅳ of the Wumishan Formation is 827 m
thick. The bottom develops grayish dolomitic sand-
stones. The lower part is dominated by grayewhite
limy dolostone and thick mud-sized crystalline dolo-
stone with white chert bands. The upper part mainly
develops algal laminar dolostone and thick stromato-
litic mud-sized crystalline dolostone. Overall, it re-
flects a marine regression in a tidal flat environment.



Fig. 5 The Neoproterozoic dolostones in Tarim Basin. A) Medium to thick mud-sized crystalline dolostone, with thickness of 22 m, 39th layer
of Shiazik section, the upper part of Qigbulak Formation; the man is 1.75 m tall for scale; B) Mud-sized crystalline dolostone, with thickness of
6 m, 24th layer of Shiazik section, the middle part of Qigbulak Formation; C) Fine-medium crystalline dolostone, with thickness of 10 m, 46th

layer of Shiazik section, the upper part of Qigbulak Formation, plane-polarized light; D) Intraclastic dolostone (the intraclasts are composed
of mud-sized crystalline dolostone and have not been metasomatized), with thickness of 8 m, 42nd layer of Shiazik section, the upper part of
Qigbulak Formation, cross-polarized light; E) Oolitic dolostone, composed of mud-sized crystalline dolostone, with thickness of 4 m, 19th layer
of Shiazik section, the middle part of Qigbulak Formation, plane-polarized light; F) Fibrous algal dolostone, interior being filled with coarse
dolostone, with thickness of 10 m, 33rd layer of Xiaoerblak section, the upper part of Qigbulak Formation, plane-polarized light.
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2.2. Classification of dolostone

On the basis of the measurements and analyses of
outcrops and drilling cores (i.e., 9 outcrops and 14
drilling cores, respectively; Fig. 1) on the Meso-
Neoproterozoic strata in the basins of China, com-
bined with the observation of 806 thin sections, we
classified the dolostone into three categories (crys-
talline dolostone, grain dolostone, and microbial
dolostone) and eight sub-categories based on the
dolostone components (Table 2).

2.2.1. Crystalline dolostone

It mainly includes mud-sized crystalline dolostone
and silt-sized crystalline dolostone (Figs. 5A, 5B, 6A,
6F, 7A, 7C), as well as a small amount of fine-
mesocrystalline dolostone (Fig. 5C). Mud-sized crys-
talline dolostone and silt-sized crystalline dolostone
are the main types of the Meso-Neoproterozoic dolo-
stones in basins of China. From the Mesoproterozoic
Wumishan Formation in North China Basin to the
Neoproterozoic Qigbulak Formation in Tarim Basin and
the Neoproterozoic Dengying Formation in Sichuan
Basin, the color of dolostone is generally light gray to
grayish white, with occasionally purple or dark gray
and commonly it shows medium-thick bedded to
massive textures. With dense lithology of the medium-
thick bedded to massive mud-sized crystalline dolo-
stone and by the lack of fluid channelling system
necessary for diagenetic metasomatism, it shows that
the dolostone is of primary sedimentary origin.

2.2.2. Grain dolostone

It mainly includes intraclastic dolostone (Figs. 5D,
7E), algal clotting dolostone (Fig. 5H), oolitic dolo-
stone (Fig. 5E), fibrous algal dolostone (Fig. 5F) and
algal clastic dolostone (Fig. 7D). During the entire
Meso-Neoproterozoic depositional period, grain dolo-
stone is well developed. In the Qigbulak Formation in
Tarim Basin, the Dengying Formation in Sichuan Basin
and the Wumishan Formation in North China Basin, the
grain and matrix in the grain dolostone are mostly of
mud-sized crystalline texture, indicating that these
dolostones are of primary sedimentary (or pene-
contemporaneous) origin.

2.2.3. Microbial dolostone

The Meso-Neoproterozoic microbial dolostone in
basins of China includes the microbial dolostone (Figs.



Fig. 6 The Neoproterozoic dolostones in Sichuan Basin of China. A) Massive mud-sized crystalline dolostone, with thickness of 24 m, Shizhu
section, Member II of Dengying Formation; the man is 1.75 m tall for scale; B) Grape lace-like dolostone, with thickness of 4 m, Xianfeng
section, Member II of the Dengying Formation; C) Algal laminar dolostone, Xianfeng section, Member II of the Dengying Formation; D)
Stromatolitic dolostone (the light and dark layers of stromatolites are all composed of mud-sized crystalline dolostone; and the dark layers
have a higher content of organic matters), with thickness of 16 m, 8th layer of Yangba section, the lower sub-member of Member II of Dengying
Formation, plane-polarized light; E) Algal clotting dolostone (the algal textures are composed of mud-sized crystalline dolostone and are rich
in organic matters), with thickness of 12 m, Shizhu section, the upper sub-member of Member II of Dengying Formation, plane-polarized light;
F) Silt-sized crystalline dolostone, with thickness of 4 m, 7th layer of Yangba section, Member IV of Dengying Formation, plane-polarized light.
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6B, 6C, 7B) and the stromatolitic dolostone (Figs. 6D,
7F). Stromatolitic dolostone is well developed in the
Wumishan Formation in North China Basin and the
Fig. 7 The Mesoproterozoic dolostones in North China Basin of China. A
22nd layer of Jixian section, Member III of Wumishan Formation; B) Alg
section, Wumishan Formation; C) Silt-sized crystalline dolostone, with t
plane-polarized light; D) Algal clastic dolostone, with thickness of 35 m
light; E) Intraclastic dolostone, with thickness of 58 m, 26th layer of J
matolitic dolostone, with thickness of 112 m, 27th layer of Jixian sectio
Dengying Formation in Sichuan Basin, and can be
identified in laminar stromatolites, wavy stromatolites
and columnar stromatolites formed in the intertidal to
) Massive mud-sized crystalline dolostone, with thickness of 146 m,
al laminar dolostone, with thickness of 14 m, Member II of Yixian
hickness of 45 m, 31st layer of Jixian section, Wumishan Formation,
, 19th layer of Jixian section, Wumishan Formation, plane-polarized
ixian section, Wumishan Formation, plane-polarized light; F) Stro-
n, Wumishan Formation, plane-polarized light.



Fig. 8 Lithofacies palaeogeographic map during the depositional period of Member III of the Qigbulake Formation in Tarim Basin. Mud-sized
to silt-sized crystalline dolostones were widely distributed in the whole Tarim basin during this period, microbial dolostone and grain
dolostone that were composed of mud-sized to silt-sized crystallines were deposited in high palaeogeomorphologic areas, and the normally
mud-sized to silt-sized crystalline dolostones were deposited in open or restricted platform areas.
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subtidal zone. In the three basins, the microbial
dolostone is mainly mud-sized crystalline textures with
distinctly primary sedimentary characteristics.

Indicated by outcrop and core observation, and the
microscopic analysis, the proportion of mud-sized
crystalline dolostone (or silt-sized crystalline dolo-
stone) of Ediacaran Qigbulak Formation in the
Xiaoerbulak section, the Shiazik section and the Well
Qiaogu 8 in Tarim Basin ranges between 93% and 97%.
The proportion of mud-sized crystalline dolostone (or
silt-sized crystalline dolostone) of Ediacaran Dengying
Formation in the Yangba section, the Shizhu section
and the Well Moxi 8 in Sichuan Basin ranges between
87% and 91%. The proportion of mud-sized crystalline
dolostone (or silt-sized crystalline dolostone) of the
Wumishan Formation in the Jixian section and the Well
Ba 8 in North China Basin ranges between 86% and 95%.

3. Sedimentary palaeogeography during
the Meso-Neoproterozoic depositional period
Based on the measurement of 23 sections (outcrops
and drilling cores) in the three basins (Fig. 1), and
combined with the regional geological information
(Hebei Bureau of Geology and Mineral Resources
Exploration, 1982; Sichuan Bureau of Geology and
Mineral Resources, 1989; Xinjiang Bureau of Geo-
Exploration and Mineral Development, 1993) and pre-
vious research results of our team, it is considered that
in the basins such as Tarim Basin, North China Basin,
and Sichuan Basin, the sediments deposited mainly in
the environments from tidal flat to platform during the
Meso-Neoproterozoic period.

The reconstruction results of paleogeomorphology
show that the central part of the basement was an
uplift in the eastewest direction, and the north and
south sides were relatively flat platforms before the
depositional period of Neoproterozoic Qigbulak For-
mation in Tarim Basin. During the sedimentary period
of Qigbulak Formation, there were grain shoals and
microbial mounds formed on the middle uplift, and
the deposition of dolomitic flats and mixed tidal flats
were formed in the platform areas on both sides
(Fig. 8).

During the depositional period of Mesoproterozoic
Wumishan Formation, a wide range of tidal flats were
developed in the North China Basin, and supratidal,
intertidal and subtidal zones were successively devel-
oped from south to north (Fig. 9).

Various sedimentary facies, which were mainly
developed in platform and inter-platform environment
are found in the Neoproterozoic Dengying Formation in
Sichuan Basin (Wang, 2017). The geophysical data
show that syngenetic faults also developed in this
period and continuous rifting formed the sedimentary



Fig. 9 Lithofacies palaeogeographic map during the depositional period of Wumishan Formation in BeijingeTianjineHebei region, North
China. The mud-sized to silt-sized crystalline dolostones spread all over the North China Platform. The argillaceous dolostone mainly dis-
tributes in lower subtidal zone, and the grain mud-sized crystalline dolostone is in lower intertidal to upper subtidal zone; additionally, the
algal mud-sized crystalline dolostone develops in the intertidal to supratidal zone.
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palaeogeographic framework of platforms alternates
with basins (Fig. 10).

In these platforms, the main deposits of dolomitic
flats are mud-sized crystalline dolostone, microbial
mud-sized crystalline dolostone, and a small amount
of mud-sized to silt-sized crystalline dolostone, such
as Ediacaran dolomitic flats in Tarim Basin, dolomi-
critic flats and algae dolomitic flats of the Wumishan
Formation in central part of North China Basin. The
grain shoals are mainly distributed in high geo-
morphologic area of the sedimentary basement in the
platform, and the lithologies are mainly composed of
grain dolostone, including sand clastic dolostone,
oolitic dolostone, and algal dolostone, reflecting
shallow water sedimentary environment with strong
hydrodynamic condition. The microbial mounds are
generally distributed on the tidal flats or the grain
shoals in the platform, and the lithologies are mainly
stromatolitic dolostones, including laminar dolo-
stone, wavy stromatolitic dolostone and columnar
(cabbage-shape) stromatolitic dolostone, reflecting
the sedimentary environment of tidal or platform
interior shoal.

From the Mesoproterozoic Wumishan depositional
period in the central North China Basin to the Late
Neoproterozoic period in Tarim Basin and Sichuan
Basin, there were generally tidal flat and carbonate
platform environments controlled by the “uplift-sag”
structure, and crystalline dolostone, grain dolostone
and microbial dolostone were well developed. It is
worth noting that these dolostones are generally of
mud-sized crystalline textures, indicating the sedi-
mentary components of microbial mounds in the
northern uplift of Tarim Basin, tidal flat in the central
North China Basin and oolitic shoals in the limited
platform of Sichuan Basin. Lithologies were basically
mud-sized crystalline dolostone, including sand clastic
dolostone and oolites dolostone in the Meso-
Neoproterozoic, no matter how strong or weak the
hydrodynamic conditions were.
4. Geochemical index
4.1. Homogeneity of oxygen-carbon isotopes
in dolostones with different textures

Stable isotope analysis such as d13C and d18O can be
used to reconstruct the liquid properties of dolostone
precipitation, especially the value of d13C, which is
little affected by post-sedimentary diagenesis (Keith
and Weber, 1964; Taylor, 1974; Anderson and Arthor,



Fig. 10 Lithofacies palaeogeographic map during the depositional period of Member Ⅳ of Dengying Formation in Sichuan Basin (modified
from Wang, 2017). Mud-sized to silt-sized crystalline dolostones were widely developed in the carbonate platform area on both sides of the
deep faults. Grain dolostone and microbial dolostone with dolomicrite as the main component were developed on the platform margin or in
the area of high geomorphology within the platforms.
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1983; Veizer et al., 1999; Qian et al., 2012; Husson
et al., 2015; Ren et al., 2016). In this study, dolo-
stone samples of Dengying Formation from Yangba
section in Sichuan Basin were sent to the Institute of
Geology and Geophysics, Chinese Academy of Sciences
for carbon and oxygen isotope analysis according to
sedimentary structure (stromatolithic structure,
thrombolite structure, and massive structure) and
grain size (mud-sized, silt-sized, and fine-grain). Based
on this, the zoning characteristics of dolostone with
different sedimentary components and structures are
discussed. The results show that there is no obvious
difference in the carbon and oxygen isotopes distri-
bution of dolostone with different sedimentary struc-
tures or grain sizes. The main distributed mud-sized
crystalline dolostone and silt-sized crystalline dolo-
stone or rare fine crystalline dolostone have a basically
similar carbon and oxygen isotope distribution char-
acteristic (Table 3; Fig. 11), indicating that there is no
obvious difference in genesis among different types of
dolostone of Dengying Formation in this area, or that
they have the same genetic mechanism.

4.2. Geochemical reflection of the
depositional temperature

The carbon and oxygen isotopes analysis results of
96 samples from Shiazik section of Tarim Basin and
Yangba section of Sichuan Basin show that the carbon
isotopes distribution of each sample is highly similar
to the global carbon isotopes change trend of car-
bonates in the same period (Fig. 12). Carbon isotopes
can reflect the characteristics of seawater during the
sedimentary period, and they are less affected by
diagenesis after carbonates deposition (Epstein
et al., 1953). This indicates that the characteristics
of seawater during the deposition of Qigbulak For-
mation in Tarim Basin and the Dengying Formation of
Sichuan Basin are highly consistent with the charac-
teristics of seawater media reflected by the global



Table 3 Carbon and oxygen isotopes of dolostone with different sedimentary structures or crystal textures of Dengying Formation in
Sichuan Basin and Qigbulak Formation in Tarim Basin.

Sample Outcrop Depth (m) d18OPDB (‰) d13CPDB (‰) Crystal texture Sedimentary structure

YB-D-239 Yangba 35.10 −7.6 0.6 Silt-sized crystalline Massive
YB-D-233 Yangba 48.57 −9.0 0.2 Silt-sized crystalline Stromatolithic
YB-D-232 Yangba 51.20 −6.4 0.0 Silt-sized crystalline Stromatolithic
YB-D-219 Yangba 74.34 −9.2 1.4 Silt-sized crystalline Stromatolithic
YB-D-202 Yangba 109.50 −11.6 0.7 Mud-sized crystalline Massive
YB-D-201 Yangba 111.48 −7.5 2.5 Mud-sized crystalline Massive
YB-D-200 Yangba 116.08 −7.5 2.7 Mud-sized crystalline Massive
YB-D-199 Yangba 119.36 −6.8 1.9 Silt-sized crystalline Massive
YB-D-198 Yangba 120.68 −11.1 1.7 Silt-sized crystalline Massive
YB-D-196 Yangba 123.31 −7.3 1.9 Silt-sized crystalline Massive
YB-D-195 Yangba 124.95 −12.7 0.2 Silt-sized crystalline Massive
YB-D-194 Yangba 128.89 −9.4 1.7 Silt-sized crystalline Massive
YB-D-191 Yangba 144.01 −7.1 0.4 Silt-sized crystalline Stromatolithic
YB-D-189 Yangba 150.91 −10.3 0.5 Silt-sized crystalline Massive
YB-D-186 Yangba 166.03 −9.7 1.1 Silt-sized crystalline Thrombolite
YB-D-184 Yangba 170.30 −9.3 1.7 Silt-sized crystalline Massive
YB-D-177 Yangba 185.09 −9.6 0.1 Silt-sized crystalline Massive
YB-D-176 Yangba 186.08 −11.7 −0.8 Silt-sized crystalline Massive
YB-D-165 Yangba 346.46 −8.1 1.4 Silt-sized crystalline Stromatolithic
YB-D-164 Yangba 351.06 −10.1 1.8 Silt-sized crystalline Stromatolithic
YB-D-163 Yangba 352.38 −3.8 1.5 Silt-sized crystalline Stromatolithic
YB-D-162 Yangba 355.01 −9.3 2.0 Silt-sized crystalline Stromatolithic
YB-D-161 Yangba 363.55 −9.8 1.6 Silt-sized crystalline Stromatolithic
YB-D-160 Yangba 368.81 −10.2 1.5 Silt-sized crystalline Thrombolite
YB-D-154 Yangba 392.14 −7.0 0.2 Mud-sized crystalline Stromatolithic
YB-D-153 Yangba 395.43 −5.8 0.4 Mud-sized crystalline Stromatolithic
YB-D-151 Yangba 398.06 5.1 1.0 Mud-sized crystalline Massive
YB-D-148 Yangba 403.32 −10.6 −0.1 Mud-sized crystalline Massive
YB-D-145-8 Yangba 407.00 −9.1 1.4 Mud-sized crystalline Stromatolithic
YB-D-145-6 Yangba 407.50 2.7 1.7 Mud-sized crystalline Massive
YB-D-145-4 Yangba 407.92 −9.2 1.6 Mud-sized crystalline Thrombolite
YB-D-145-2 Yangba 407.00 0.1 1.1 Mud-sized crystalline Thrombolite
YB-D-144 Yangba 409.56 −4.2 2.2 Mud-sized crystalline Massive
YB-D-142-a Yangba 415.00 −4.9 2.0 Mud-sized crystalline Stromatolithic
YB-D-142-b Yangba 414.16 −9.0 2.2 Mud-sized crystalline Stromatolithic
YB-D-142-c Yangba 413.00 −4.7 2.2 Mud-sized crystalline Stromatolithic
YB-D-141-a Yangba 417.00 −10.7 2.2 Mud-sized crystalline Massive
YB-D-141-b Yangba 415.81 −10.2 2.4 Mud-sized crystalline Stromatolithic
YB-D-137 Yangba 424.35 −2.4 3.2 Mud-sized crystalline Massive
YB-D-136 Yangba 430.92 −5.9 3.4 Mud-sized crystalline Stromatolithic
YB-D-132 Yangba 439.14 −8.8 3.1 Mud-sized crystalline Massive
YB-D-117 Yangba 483.18 −7.0 3.0 Silt-sized crystalline Stromatolithic
YB-D-106 Yangba 522.62 −1.6 2.0 Mud-sized crystalline Thrombolite
YB-D-98 Yangba 551.87 −9.3 2.5 Mud-sized crystalline Thrombolite
YB-D-86 Yangba 591.96 −8.2 2.9 Silt-sized crystalline Thrombolite
YB-D-71 Yangba 676.75 −8.7 3.2 Mud-sized crystalline Stromatolithic
YB-D-60 Yangba 719.48 −5.5 3.8 Silt-sized crystalline Massive
YB-D-54 Yangba 737.55 −7.3 4.1 Silt-sized crystalline Thrombolite
YB-D-47 Yangba 762.20 −10.0 2.0 Silt-sized crystalline Stromatolithic
YB-D-26 Yangba 805.58 −8.9 5.1 Silt-sized crystalline Thrombolite
YB-D-24 Yangba 811.50 −9.1 4.9 Mud-sized crystalline Thrombolite
YB-D-19 Yangba 827.93 −11.5 5.0 Silt-sized crystalline Thrombolite
YB-D-17 Yangba 831.22 −7.0 5.7 Fine crystalline Thrombolite
YB-D-16 Yangba 832.86 3.4 6.0 Fine crystalline Thrombolite
YB-D-15 Yangba 834.18 −6.5 6.9 Fine crystalline Massive
YB-D-13 Yangba 839.76 −5.5 6.2 Fine crystalline Stromatolithic
YB-D-11 Yangba 844.04 −9.5 5.9 Fine crystalline Massive
YB-D-6 Yangba 854.22 −8.6 4.3 Fine crystalline Massive
YB-D-5 Yangba 856.85 −6.0 6.0 Silt-sized crystalline Thrombolite
YB-D-1 Yangba 864.74 −8.3 6.1 Silt-sized crystalline Massive

164 Z.-D. Bao et al.



Table 3 e (continued )

Sample Outcrop Depth (m) d18OPDB (‰) d13CPDB (‰) Crystal texture Sedimentary structure

Sq-24 Shiazik 32.51 1.5 −5.0 Mud-sized crystalline Massive
Sq-25-2 Shiazik 35.62 1.1 −6.6 Mud-sized crystalline Massive
Sq-26-1 Shiazik 39.65 2.1 −4.4 Mud-sized crystalline Massive
Sq-26-2 Shiazik 41.25 2.4 −4.4 Mud-sized crystalline Massive
Sq-27-2 Shiazik 46.37 1.2 −6.3 Silt-sized crystalline Massive
Sq-28-1 Shiazik 51.36 1.6 −4.7 Mud-sized crystalline Stromatolithic
Sq-29-2 Shiazik 67.32 9.0 −0.7 Mud-sized crystalline Massive
Sq-30-2 Shiazik 69.54 2.4 −10.4 Mud-sized crystalline Thrombolite
Sq-31-2 Shiazik 74.34 2.7 −8.3 Mud-sized crystalline Thrombolite
Sq-32-1 Shiazik 79.38 3.3 −11.6 Mud-sized crystalline Stromatolithic
Sq-32-2 Shiazik 83.68 2.9 −9.9 Mud-sized crystalline Thrombolite
Sq-33-2 Shiazik 95.38 2.5 −9.2 Mud-sized crystalline Thrombolite
Sq-34-2 Shiazik 102.34 3.1 −6.0 Mud-sized crystalline Thrombolite
Sq-35-2 Shiazik 112.37 2.8 −8.9 Mud-sized crystalline Thrombolite
Sq-36-2 Shiazik 119.54 3.1 −8.2 Silt-sized crystalline Stromatolithic
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paleo-seawater carbon isotopes during the same
period (Wood et al., 2019).

Oxygen isotopes can be used to estimate the
temperature of the ancient seawater (Epstein et al.,
1951; Keith and Weber, 1964; Shackleton, 1974; Erez
and Luz, 1983; Wei et al., 2006; Ren et al., 2016).
According to the oxygen isotope analysis of the Qig-
bulak Formation dolostone in the Shiazik section of
Tarim Basin and the dolostone of the Dengying For-
mation in Yangba section of Sichuan Basin, the iso-
topic temperature of the Neoproterozoic seawater in
basins in China was relatively high. For example, the
seawater temperature was 15.38e48.2 �C (average
30.1 �C) during the depositional period of Qigbulak
Formation in Tarim Basin, and was 16e47.55 �C
(average 31.86 �C) during that of Dengying Formation
in Sichuan Basin.
Fig. 11 Cross-plot of carbon and oxygen isotopes of dolostones with
Formation in Sichuan Basin and Qigbulak Formation in Tarim Basin.
5. Preliminary results and discussion
5.1. Essential characteristics of primary
dolostone

The analysis results of petrology, sedimentary
environment, and geochemistry indicate that there
are large-scale and widely distributed primary dolo-
stones in the Meso-Neoproterozoic in platforms of
China, including the Upper Ediacaran Qigbulak For-
mation of the Neoproterozoic in Tarim Basin, the
Upper Ediacaran Dengying Formation of the Neo-
proterozoic in Sichuan Basin and the Calymmian
Wumishan Formation of the Mesoproterozoic in
North China Basin, which have primary dolomite
characteristics.
different sedimentary structures and crystal textures of Dengying



Fig. 12 Variation trend of carbon isotope from dolostone of the
Qigbulak Formation in Shiazik section, Tarim Basin and a comparison
with global changing curve.
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5.1.1. Petrological characteristics

The crystal sizes and shapes of dolostone reflect
the nucleation and growth dynamics of dolostone. The
primary dolostones are formed by precipitation of a
large number of mineral crystals during the deposition
period, and have a very fine mud-sized crystalline
form. From outcrops to drilling cores, the three Meso-
Neoproterozoic cratonic basins, i.e., Tarim Basin,
North China Basin, and Sichuan Basin, respectively,
abnormally developed thick-bedded to massive mud-
sized crystalline dolostone, with a thickness account-
ing for 86%e97% of the total strata. The secondary
metasomatism of these massive mud-sized crystalline
dolostones and a small amount of silt-sized crystalline
dolostones, whether they contain the microorganisms
such as algae and fungi or not, is not developed,
indicating that these Meso-Neoproterozoic dolostones
dominated by mud-sized crystalline dolostones are
formed by primary precipitation.

5.1.2. Sedimentary palaeogeographic
characteristics

Unlike the distribution of dolostone since the
Phanerozoic, the penecontemporaneous mud-sized
crystalline dolostones are mainly developed in the
oxidation and salinization environment of supratidal
and intertidal zones, or salinized lagoon in subtidal
zone, and the penecontemporaneous dolostone with
fine grains to medium coarse grains are mainly
distributed in the platform environments outside the
subtidal zone. On the other hand, the Meso-
Neoproterozoic mud-sized crystalline dolostones
cover almost all the sea basins at that time and are
developed abnormally widely in the open or
restricted platform environments besides the supra-
tidal zone, intertidal zone, and subtidal zone. The
sub-types of these primary mud-sized crystalline
dolostones are controlled by the “uplift-sag” pattern
of the paleo-basement on the plane, which means
that the mud-sized crystalline dolostones are mainly
developed in the lower parts, while the granular mud-
sized crystalline dolostones or moundy stromatolitic
mud-sized crystalline dolostones are developed in the
upper parts.

5.1.3. Geochemical characteristics

There is no obvious difference in the division of
carbon and oxygen isotope ratios between dolostones
with different crystalline textures (i.e., mud-sized
crystalline dolostone, and a small amount of silt-
sized and fine-sized crystalline dolostone), and with
different sedimentary structures (i.e., thin bedded,
medium-thick bedded, and massive dolostone), which
is consistent with the global seawater background
values in the same geohistorical period, indicating that
the structural coarsening of these small amounts of
silt-sized and fine-sized crystalline dolostones are
caused by self-generating and enhancing of mud-sized
crystalline dolostones, rather than by secondary
metasomatism. It means that similar as the mud-sized
crystalline dolostones, both silt-sized and fine-sized
crystalline dolostones are of primary precipitation
origin.

5.2. Discussion

In view of the widespread and abnormal develop-
ment of massive dolostone deposited in the Meso-
Neoproterozoic, the first scientific problem involved
is the source of the massive amount of Mg2+, and the
second is the sedimentary dynamic mechanism of the
primary precipitation of massive dolostone. These two
issues are both independent and interrelated.

5.2.1. Was the massive Mg2+ from the deep crust
(mantle)?

Most of the dolostones in the Phanerozoic strata
are penecontemporaneous dolostone of epigenetic
metasomatism. An important reason for the non-
primary origin is whether the concentration of Mg2+



Fig. 13 Distribution of main aulacogens in North China (A) and synsedimentary faults in Ordos, western North China (B) during the Meso-
Neoproterozoic (modified from Du et al., 2019; Wei et al., 2019).
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in seawater since the Phanerozoic is not as high as that
in the Proterozoic (de Dolomieu, 1791; von der Borch,
1976; Botz and von der Borch, 1984). Evidence from
the composition of primary fluid inclusions in marine
halite suggests that (Horita et al., 2002; Timofeeff
et al., 2006), during the geological period, the con-
centration of Mg2+ in seawater fluctuated periodically,
and the Meso-Neoproterozoic seawater shows the
characteristics of being rich in Mg2+. The concentration
of Mg2+ exceeded 67 mol/kg, which could be much
higher than that in most of the Phanerozoic geological
stages.

The following question is whether the high con-
centration of Mg2+ in seawater of the platforms of the
Proterozoic came from the deep crust (mantle).
Related studies showed that the syngenetic rifts’ ac-
tivities were very frequent and the deep faults were
widely developed during the Meso-Neoproterozoic
period in North China Basin and Tarim Basin due to
the impact of cracking of supercontinent such as
Rodinia (White, 1981; Jiang et al., 2017; Wu et al.,
2017; Du et al., 2019; Wei et al., 2019) (Fig. 13).
Similarly, the Neoproterozoic syngenetic deep faults
in Sichuan Basin were also abnormally developed and
gradually decreased from Neoproterozoic to Early
Paleozoic (Fig. 14). These extremely active and
widely developed deep faults may provide channels
for the upward migration of deep Mg2+ and other
materials.

5.2.2. Whether the sedimentary dynamics of the
primary dolostone were triggered by high
temperature and some awaiting-unveiled catalysts
such as Fe2+

In addition to the high concentration of Mg2+ in
seawater, whether the mass deposition of Meso-
Neoproterozoic primary dolostone was controlled by
other sedimentary chemical kinetic factors such as
high seawater temperature?

Previous studies have shown that there are many
kinetic factors affecting the primary dolomitic depo-
sition, such as the metabolism of algae and other mi-
croorganisms, which may produce catalysts for the
chemical deposition of dolostone. However, the mi-
croorganisms were not well developed during the Early
Meso-Neoproterozoic, especially in the open platform
with deep water. Therefore, the life activities of mi-
croorganisms are unlikely to be the main factors pro-
moting the deposition of these widely distributed thick
to massive primary dolostone (Vasconcelos et al.,
1995; Turner, 2009).

Therefore, the high-temperature atmospheric
conditions caused by the concentration of CO2 in the



Fig. 14 Seismic profiles (AeB, CeD, and EeF) showing syndepositional faults developed during the Neoproterozoic and Early Paleozoic in
Sichuan Basin.
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Proterozoic atmosphere were 20e200 times higher
than that of modern times (Grotzinger and Knoll,
1995; Kaufman and Xiao, 2003), which may be an
important factor affecting the precipitation of the
dolostone. Both the previous research results (Pratt,
2001; Kuang et al., 2019) and the recent research
results of our relevant teams show that storm deposits
are common in the Meso-Neoproterozoic strata of
North America, South China, and North China,
reflecting the frequent storm climate during this
geological period. It is also proved from another side
that the Meso-Neoproterozoic platform was in the hot
tidal flat-shallow sea environment, and the high
temperature of atmosphere is the main reason of
frequent storms.

The above analysis indicates that the high con-
centration of CO2 in the atmosphere and the frequent
hydrothermal recharge of deep faults in the Meso-
Neoproterozoic period resulted in the high seawater
temperature and high concentration of Mg2+, which



Fig. 15 Symbiotic pyrites with dolostone (from Zhang, 2018).
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may be an important driving force for the Mg2+ and
HCO3− deposition kinetics of primary dolostone.
Furthermore, the symbiotic pyrites with dolostone
suggest the wide distribution Fe2+ in Meso-
Neoproterozoic platforms may have catalyzed Mg2+

and HCO�
3 to deposited into the primary dolostone

(Fig. 15).
Iron ores (magnetite, hematite, pyrites, limonite,

and siderite) are widely developed in the Meso-
Neoproterozoic strata in China and worldwide, indi-
cating that the seawater at that time was rich in Fe2+

ions. Fig. 15 shows the symbiosis of pyrite and dolo-
stone, that is, CaMg(CO3)2 and FeS2 precipitate at the
same time, indicating that Fe2+ ion could be the cata-
lyst for CaMg(CO3)2 deposition of primary dolostone.
6. Conclusions
The analysis results of petrology, sedimentary
environment, and geochemistry indicate that there
are large-scale and widely distributed dolostones of
typically primary origin in the Meso-Neoproterozoic of
platforms of China, including the Upper Ediacaran
Qigbulak Formation of the Neoproterozoic in Tarim
Basin, the Upper Ediacaran Dengying Formation of the
Neoproterozoic in Sichuan Basin, and the Calymmian
Wumishan Formation of the Mesoproterozoic in North
China Basin. Different types of primary dolostones are
all of mud-sized structures (including stromatolite
dolostone, oolitic dolostone, and algal laminar dolo-
stone); the microbial dolostone and grain dolostone
which were all composed of mud-sized to silt-sized
crystallines were deposited in areas with high paleo-
geomorphology; and the normal mud-sized to silt-sized
crystalline dolostones were deposited in the open or
restricted platform area. There is no obvious differ-
ence in the carbon and oxygen isotopic distribution of
dolostone with different sedimentary structures or
grain sizes.

All the petrological, sedimentary environmental
and geochemical data collectively suggest that the
dolostone covering almost whole Meso-Neoproterozoic
typical platform areas of China are of relatively typical
primary sedimentary origin.
7. Outlook
As the mystery of the origin of dolostone existed for
over 250 years, especially the origin mystery of pri-
mary dolostone, the preliminary understanding of this
study reflects a glimmer of light to solve the mystery.
In the future, the research team will further expand
the petrology and sedimentology, geochemistry such
as Si and Mg isotopes, and fluid inclusion analysis of
Meso-Neoproterozoic dolostone, in order to explore
and deepen the understanding of the global paleo-
tectonic, paleoclimate, and paleoenvironment of pri-
mary dolostone deposition, and to promote the
interpretation of genetic mechanism of primary dolo-
stone in basins of China and even around the world.
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