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Abstract The Mississippian (Early Carboniferous) is

generally a period of scarce carbonate buildups in South

China. This study documents outcrops of stromatolite

mounds at Mengcun and Helv villages, in Laibin City,

Guangxi Province, South China. The stromatolite mounds

contain various stromatolite morphologies including lami-

nar, wavy-laminar, domal or hemispheroidal, bulbous, and

flabellate-growth columns. Intramound rocks are brachio-

pod floatstone and dark thin-bedded laminated micrite

limestone. Individual stromatolites at Mengcun village are

generally 3–6 cm thick and morphologically represent

relatively shallow-water laminar (planar and wavy-undu-

lated stromatolites) and deeper-water domal, bulbous and

columnar forms. Where mounds were formed, the stro-

matolites continued growing upward up to 60 cm thick.

Thrombolitic fabrics also occur but are not common.

Stromatolite microscopic structure shows the bulk of the

lamination to consist of wavy microbialite and discrete

thin micritic laminae. These mounds are intercalated

in deep-water fore-reef talus breccia, packstone formed

as a bioclastic debris flow and thin-bedded limestone

containing common chert layers of the Tatang Formation

(late Viséan). Further evidence supporting the deep-water

setting of the stromatolite mounds are: (1) a laterally

thinning horizon of brachiopod floatstone containing deep-

water, small, thin-shelled brachiopods, peloidal micritic

sediments and low-diversity, mixed fauna (e.g., thin-shel-

led brachiopods, tube-like worms and algae) that have been

interpreted as storm deposits, (2) common fore-reef talus

breccias, (3) lack of sedimentary structures indicating

current action, (4) preservation of lamination with sponge

spicules, and (5) lack of bioturbation suggesting that the

stromatolites grew in a relatively low energy, deep-water

setting. The stromatolite mounds are the first described

stromatolite mounds in Mississippian strata of South China

and contain evidence that supports interpretations of (1)

growth history of Mississippian microbial buildups and

(2) environmental controls on stromatolite growth and

lithification.
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Introduction

Mississippian (Early Carboniferous) carbonate buildups

have been the subject of much attention (e.g., Lane and

Ormiston 1982; James 1983; West 1988; Bridges et al.

1995; Webb 2002) because of their palaeoclimatic impor-

tance and to the insights they provide into the recovery

processes of skeletal reef builders associated with the

Frasnian-Famennian and end-Devonian extinction events

(Newell 1972; Fisher 1981; James 1983; Sheehan 1985;

West 1988; Frakes et al. 1992; Bridges et al. 1995; Caplan

and Bustin 1999; Saltzman et al. 2000; Aretz and Chevalier
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2007). Only scarce and greatly impoverished reef com-

munities continued to grow during the Tournaisian. The

communities consist mainly of calcimicrobes and micro-

bialite (stromatolites and thrombolites). It is only just after

the beginning of the early Viséan stage that there was a

resurgence of skeletal metazoan in the reef biome (Adams

1984; Dix and James 1987; Bancroft et al. 1988; Webb

1989, 1998, 1999, 2005; Horbury 1992; Mundy 1994; Ahr

and Stanton 1994). Mississippian carbonate buildups are

known in eastern Australia (Jull 1968; Webb 1989, 1998,

1999; Shen 2002; Shen and Webb 2005, 2008), western

Newfoundland of Canada (Dix and James 1987), Europe

(Adams 1984; Bancroft et al. 1988; Horbury 1992;

Lauwers 1992; Somerville et al. 1992, 1996; Somerville

2003; Pickard 1992, 1996; Mundy 1994; Bridges et al.

1995; Kirkham 2005; Aretz and Chevalier 2007), North

Africa (Pareyn 1959; Bourque et al. 1995; Madi et al.

1996); northern Arkansas, New Mexico, Virginia and

Texas of USA (Webb 1987; Ahr 1989; Christopher 1990;

Ahr and Stanton 1994), Urals of Russia (Antoshkina 1998;

Skompski et al. 2001), and Japan (Ota 1968; Haikawa and

Ota 1978; Sano and Kanmera 1996; Nakazawa 2001).

Relatively deep-water Pennsylvanian microbial-algal

mounds described from Cantabrian Mountains in northern

Spain (Della Porta et al. 2003) show an analogous depo-

sitional setting to those at Laibin.

Mississippian reefs and mounds are poorly documented in

China and only one reef was previously described at Lang-

ping, Tianlin County, Guangxi (e.g., Fang and Hou 1989). It

was described as a bryozoan-coral patch reef (Fang and Hou

1985, 1989) constructed mainly by fasciculate corals and

fistuliporoid bryozoans. Coral corallites are generally

encrusted by microbialites (Shen 2002). Worldwide, few

stromatolite reefs and mounds have been described from

Mississippian strata (Bertrand-Sarfati and Monty 1994;

Webb 2005), especially from the fore-reef slope settings.

This paper presents the first study of the earliest known

Mississippian stromatolite mounds in South China (Fig. 1).

The stromatolite mounds reported in the study are of

particular interest because they are unique Mississippian

stromatolitic buildups in South China; with microbially

constructed rigid frameworks in a deep-water fore-reef

slope setting; they have a diversity of stromatolite mor-

phologies, which have not been described in other

analogous depositional settings. The depositional settings

of stromatolite mounds are referred to a fore-reef slope

environment based on the following evidence: (1) rare

benthic fossils in the mound sequences; (2) lateral facies

changes from platform facies with massive limestones

containing mega crinoids, Gigantoproductus, and Kueic-

houphyllum in the southeast to marginal slope and basin

facies with manganiferous limestone intercalated with

chert layers to the northwest; (3) mounds are intercalated in

fore-reef talus breccias, packstone formed by bioclastic

debris flow and thin-bedded cherts. Thin-bedded, lami-

nated, dense, uniform, fine-grained laminated micrite

limestones intercalated with stromatolite boundstone con-

tain sponge masses and spicules, but lack other fossils and

algal/microbial remains, indicating a deep-water and low

sedimentary rate and suggesting that it is deposited in

generally quiet water, in a deep slope or ramp setting,

below wave base (e.g., Madi et al. 1996). The documen-

tation and description of their structure and composition

can help us to interpret the growth history of Mississippian

reefs and mounds in South China and helps us to under-

stand environmental controls on stromatolite growth and

morphology, in general.

Geological setting

The Mississippian tectonic setting in Guangxi, South China

was a continuation of the Devonian tectonic configuration

with the presence of a craton in the Upper Yangtze area to

the north, a rift basin in the Youjiang region, and a deep-

water trough in the Fangcheng-Qingzhou area to the south

(Chen et al. 1994) (Fig. 2a). The structural trends were

inherited from major fault trends of Devonian age, with

NE–SW trending; NW–SE trending rifts forming a series

of interconnected troughs (Chen et al. 1994). However,

faulting activity was relatively weak in the Mississippian

(Chen et al. 1994) (Fig. 2a). Mississippian sedimentation

occurred mainly in a passive continental margin basin of

the craton, characterized by near shore siliciclastic facies

and carbonate platform facies. Carbonate buildups formed

Fig. 1 Location of the Mississippian stromatolite mounds at Meng-

cun and Helv villages, Laibin City, Guangxi Province, South China. a
Location of Guangxi Province in China, b location of Laibin City in

Guangxi Province, c locations of Mengcun and Helv near Laibin City

and the Mississippian stromatolite mounds at Mengcun and Helv

villiages
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locally on the platform margin adjoining the rift basin

(intraplatform depression) (Fig. 2a).

Mississippian strata in South China have been

extensively studied by Chinese stratigraphers and palae-

ontologists (Hou et al. 1982; Zhang 1987; Wang et al.

1987, 2006; Wang 1990; Wang and Jin 2000). The Mis-

sissippian sedimentary rocks in the Guangxi Province

consist of the Fengningian subsystem, which is subdivided

into two series, and four stages, namely: the Aikuannian

and Tatangian Series; and the Tangbagouan, Jiusian,

Shangsian, and Dewuan stages. Stromatolite mounds were

developed during the Shangsian Stage and occur in the

Luocheng Member of the Tatang Formation in the central

part of Guangxi Province (Fig. 2). The Tatang Formation,

about 422 m thick, is composed of three members; the

Huangjin, the Shimen, and the Luocheng members from

bottom to top (Fig. 2). The Huangjin Member, about

260 m thick, is characterized by dark-gray, bedded lime-

stone and calcareous mudstone. The Shimen Member,

about 54 m thick, is composed of gray to dark gray, bedded

peloidal and bioclastic wackestone, interbedded with thin-

bedded argillaceous limestone, with local micrite cemented

intraclastic limestone interpreted as storm deposits

(Guangxi Bureau of Geology and Mineral Resources

1985). Chert nodules and concretions are common. The

Luocheng Member, about 108 m thick, consists of gray to

light gray, bedded bioclastic packstone, wackestone, and

mudstone, interbedded with micritically cemented intra-

clastic limestone interpreted as storm deposits (Guangxi

Bureau of Geology and Mineral Resources 1985). This

member locally contains chert nodules and concretions as

well as argillaceous layers. Fossils are dominated by for-

aminifers, including Bradyina rotula, Cribrospira panderi,

and Endothyranopsis crassa. Corals (e.g., Yuanophyllum

sp. and Kueichouphyllum sinense) and brachiopods (e.g.,

Gigantoproductus edelburgensis and Delepinea comoides)

are common. Foraminifer, brachiopod and coral data

establish a late Viséan age for the Luocheng Member (see

Fig. 2).

The study was carried out in two locations, Helv village

and Mengcun village (Fig. 2b) that are 10 km apart.

Stratigraphic sections throughout the mounds were mea-

sured, described and sampled. The stromatolite mound at

Helv village occurs on the east side of NW–SE trending

fault on the east flank of the Sijiao anticline. The outcrop of

the Helv mound is 11–21 m in thickness, 45–60 m in

diameter, and has an S–N orientation. The stromatolite

mound at Mengcun occurs on the west flank of the Sijiao

anticline (Fig. 2b). The Mengcun mound is 100–150 m in

diameter with many thick limestone outcrops within

farmland. These are arranged into a mound-shaped struc-

ture that thins to the north and south. To the south or

southwest, the stromatolite mounds pass laterally into the

surrounding slope sediments. The sides of the mounds are

not very distinct to the north or northeast. The thickness

reaches 60 m, which is much thicker than the surrounding

slope sediments. In both locations, the mounds were

developed in the late Viséan strata of the Loucheng

Member. The base of the Helv and Mengcun mounds is

developed at approximately the same stratigraphic horizon

in the Luocheng Member on the dark gray micrite with

chert layers. The stromatolite mound at Helv is also

Fig. 2 a Mississippian

tectonics and palaeogeography

in South China, b Sijiao

anticline in study area, and

stratigraphic framework in

Guangxi, South China (tectonics

and palaeogeography were

derived from Chen et al. 1994,

and stratigraphic framework

was modified from Wang 1990)
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intercalated within the dark gray medium-bedded micrite

with chert. The upper part is not preserved due to a fault.

At Mengcun, stromatolite mounds show alternations of

laminated to stromatolitic limestone and dark gray to black

micrite with fine-medium grained (\0.5 mm) bioclasts of

the mound facies with occasional intervals of fore-reef

talus breccias. Two horizons of thick-bedded or wedge-

shaped accumulations of fore-reef talus breccias occur in

the lower part of the stromatolite mound at Mengcun and in

the upper part of the mound succession (Fig. 3), which

forms an accumulation of allochthonous lithoclasts mixed

with autochthonous fine-grained matrix at the front of

platform margin and upper slope settings. Underlying strata

are dark gray to dark thin-bedded limestones of marginal

slope facies (Kuang et al. 1999). The talus breccias consist

mostly of coarse, poorly sorted lithoclasts with poor

roundness in a fine-grained matrix. The lithoclasts are

mainly laminated limestones and bioclastic limestones that

represent platform facies, but some micritic limestones

of deep-water slope occur. The stratigraphic section at

Mengcun village was used as the major section (Fig. 3),

because of the good exposure and the fact that the base and

top of the mound are visible. The Mengcun section was

sampled bed by bed, from fore-reef talus breccias below to

2 m above stromatolite mounds, in order to record the

vertical succession and to decipher the growth history of

stromatolite mounds. Polished vertical slabs and their

acetate peels were used to identify rock types, textures,

structures, and biotic components of the stromatolite

interval. Microtextures and microbial composition of

stromatolites were determined from thin sections. In

addition, petrographic study focused on the stromatolite

interval and the underlying fore-reef talus breccias, the

intercalated laminated limestone, brachiopod floatstone and

micrite of the intramound facies, and overlying fore-reef

talus breccias.

Growth morphologies of stromatolites

The semantics of microbially constructed carbonates used

in this study is based on terminology proposed by Burne

and Moore (1987), Webb (1996) and Riding (1999, 2000).

Microbialite is a general term referring to sedimentary

structures constructed primarily by microbial communities

(Burne and Moore 1987). Stromatolite refers to microbia-

lites with a laminated internal structure (Riding 1999),

thrombolite refers to those with a clotted to irregular

morphology (Riding 2000) and calcimicrobes are microbial

morphologies that are preserved and include recognizable

taxa (Webb 1996).

Stromatolites in the Luocheng Member of the Tatang

Formation at Mengcun and Helv villages are compound

structures that developed from laminar mats, to stromato-

lites, and then to stromatolite mounds, marking clear

differences in scale from micro to meso to macroscopic.

The laminae in the stromatolites are of microbial origin

because dark-colored, thin microbial filaments (Fig. 4b) are

preserved between the laminae. The thickness of the

microbial layers varies from 0.25 to 3 mm (Fig. 4b, c), but

can be up to 6 mm (Fig. 4c). Thick laminae (0.25–3 mm)

are light colored and contain more spar calcite, and thinner

laminae (0.10–0.5 mm) are dark colored and contain much

more micrite (Fig. 4a). Thick laminae may be laterally

linked when calcite-rich laminae were locally thick enough

(2–6 cm thick). Later laminae followed the relief of earlier

laminae and show a larger-scale (15 cm high, 30 cm long)

wavy form (Fig. 4a). Under the microscope, laminae are

parallel and slightly undulated (0.25–0.75 mm thick)

alternating with dark-colored irregular microbial layers

(Fig. 4b). Laminated limestone is also composed of various

kinds of wavy laminae including (1) small and low-relief

wavy laminae (amplitude less than 5 mm), (2) large and

high-relief wavy laminae (amplitude more than 5 mm), (3)

Fig. 3 Measured section at Mengcun village showing stacking

pattern of the stromatolite mounds, fore-reef talus breccias, and

intercalated laminated micrite limestone
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symmetric wavy laminae, (4) asymmetric wavy laminae,

(5) conical wavy laminae, and (6) domal wavy laminae.

Generally, the lower and upper wavy laminae are more or

less parallel, but with different amplitudes. In some cases,

laminated limestone may pass upward into stromatolite

limestone.

Various forms of stromatolites occur in the Mengcun

and Helv sections, including laminar to wavy-laminar (e.g.,

Buick et al. 1981; George 1999), domal or hemispheroidal,

bulbous, and regular flabellate columns. On outcrops the

microbial laminae appear as a laminated limestone;

showing thin (2–5 mm) dense (10 layers/20 cm) laminae

on weathered surfaces. Laminated limestones generally

occur below stromatolites in the lower part of the section

(Fig. 3) and contributed to the initial stabilization of sedi-

ments, or are intercalated within stromatolite mounds. The

surface (Fig. 4a, arrow) between earlier and later laminae

is distinct and wavy and marks a transition to darker

laminae.

Domal forms occur where wavy laminae grew into

asymmetric and domal accumulations (Buick et al. 1981)

and are common in the Mengcun mound (Fig. 4d). Indi-

vidual stromatolites are 10–40 cm in diameter and 5–6 cm

high with low relief (0.5–1 cm) of laminae. The upper

surfaces are domal and the edges are smooth or irregular if

stromatolites are separated as branches (Figs. 6b, 8d).

Relief of the stromatolite above the substrate ranges from 0

to 6 cm. The surface is smooth or slightly crenulated. After

the microbial laminae stabilized, the laminae progressed

from wavy forms to laterally linked, to mammillary

structures. By growing upward and laterally, some indi-

vidual stromatolites coalesce and become laterally linked.

At Mengcun and Helv sections, many stromatolites were

separated in the earlier stage and linked in the later stage.

Hemispheroidal forms are where concentric laminae

grew on a plane along a same axial line with the radius

increasing from internal to external laminae (Gebelein

1976). Hemispheroidal stromatolites are generally sepa-

rated, but can be locally linked at very early growth stage.

The sizes of the hemispheroidal stromatolites are variable,

and in most cases they are 4.5–7 cm in diameter and

3.5–5 cm high (Fig. 5a). Microbial laminae grew convex-

upwardly on the substrates, showing concentric arrange-

ment of laminae with increasing diameters from the inner

part to the outer part. Hemispheroidal stromatolites are not

stacked vertically but are overlain by wavy laminated

limestone, and in turn by well-bedded non-stromatolitic

sediments. In other words, the overall structure of these

stromatolites is a combination of unstacked and laterally

linked hemispheroids of variable diameters.

Bulbous forms are stromatolite with lower eccentric

growth centers and concentric laminae. Generally the lower

part is small and upper part is larger and it resembles an

inverse cone (e.g., Southgate 1989). Bulbous stromatolites

(Fig. 5b) look like cauliflowers and are composed of

eccentric laminae or discontinuous laminae surrounding a

Fig. 4 Morphologies of

outcropping stromatolites and

thin-section photomicrographs

in plane-polarized light.

a Laminar mats, laminae show

wavy growth form and become

thick in some parts to form

domal relief, pen = 14.5 cm,

Helv section, b laminae that

construct stromatolite, showing

alternating layers of

microbialite and sediment,

microbes with dark, tubular

outlines (arrow), occur between

microbialite and sediment, Helv

section, c laminae of

stromatolite, showing thick

microbialite layers, microbes

(arrow) preserved between

microbialites, and the surfaces

of microbialites are not smooth;

Mengcun section, d domal

stromatolites show regular mats,

which grew on limestone

containing fine bioclasts,

Mengcun section
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nucleus that is eccentric in the lower part. The laminae may

be irregular, wavy, or crinkly in shape because of the

uneven concentration of the mats and the uneven distri-

bution of sediment across the mat. The sizes of bulbous

stromatolites are 2–3 cm in diameter and 2–5 cm in height.

Bulbous stromatolites may grow on top of one another and

accumulate upward and laterally to form large stromatolite

colonies, 50–60 cm in height and 40–50 cm in diameter

(Fig. 5b). In plain view, these stromatolites are circular,

irregular, or elliptical, with irregular, concentric and crin-

kly laminae (Fig. 5c).

The term ‘flabellate column’ is defined in this paper as

where laminae grew into a column with changeable or

unchangeable radius, and later diverged into several col-

umns. These columns are generally built up into flabellate

columnar stromatolites and are the most common microbial

structures in the Mengcun and Helv mounds. These stro-

matolites display regular, flabellate-expanded overlapping

growth patterns in longitudinal section (Fig. 5d) and

expanded at 60�–80� angles between two edges. Individual

stromatolites look like inverted cones with domal upper

surface and round edges. The laminae grew upward in a

columnar pattern. The convex-upward laminae developed

from pseudo-columnar forms, which can be laterally linked

to hemispherical structures. In the later stage, stromatolite

columns may branch into more columns that gradually

thickened upward. The initial growth forms of flabellate-

columnar stromatolites developed into relatively small

spheroid structures (1.5–2 cm in diameter) or were stabilized

directly on the lime mud. Later, laminae growing on

spheroid structures developed into a typical flabellate

stromatolite. No evidence of hardground or disconformity

surface was identified. When these stromatolites were

growing on lime mud, they generally developed into an

incomplete or half-flabellate form (Fig. 6a). Flabellate

stromatolites are generally laterally linked and grew con-

tinuously upward to form large stromatolite mounds

(Fig. 6b). In some cases, sediments separate fan-like stro-

matolite columns during their growth, but they were still

stacked to form thick stromatolite limestone. Continuous

growth forms are generally 12 cm high (Fig. 5d), and

discontinuous growth forms range from 5 to 6 cm high but

are stacked (Fig. 6a). Discontinuous growth forms did not

grow directly on top of one another but on the lime mud

substrate intercalated within stromatolites (Fig. 6a).

Various morphologic stromatolites stacked together to

form high relief mounds. These compound stromatolites

are generally 1–30 m in diameter and 4–17 m thick, and

form discrete mounds with a total stacking thickness

reaching 60 m (Fig. 3). They initially contained horizontal

(laminar and tabular) stromatolites, later becoming domal,

equidimensional to asymmetric structures (bulbous forms),

and finally formed flabellate columnar stromatolites. The

stacking pattern of the stromatolite mounds, fore-reef talus

breccias, intercalated laminated micrite limestone, and

thin-shelled brachiopod floatstone is shown in Fig. 3. The

ratio of stromatolite boundstone to non-boundstone facies

thickness in the mound facies is 70:30%.

Fig. 5 Various stromatolite

morphologies: a Laterally

linked hemispheroidal

stromatolites, which are

interbedded in wavy laminae

mats; some laminae, especially

the top laminae and overgrown

laminae of domed stromatolite,

are silicified, pen = 14 cm,

Helv section, b spheroid or

bulbous stromatolites, generally

2–3 cm in diameter,

pen = 15 cm, c cross-section of

the stromatolites, showing

laminations in a concentric

form, and the later growth

inherits the form of the early

laminae (arrow point to
stratigraphic top),

d stromatolites show regular

flabellate-growth columns,

pen = 15 cm. b, c, d Mengcun

section
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Microtextures of the thrombolites/stromatolites

Thrombolitic fabrics are more easily recognizable in thin-

sections but may also be recognized on outcrop. They are

characterized by massive or irregularly clotted fabrics

(Fig. 6c) with intraclasts, coarse skeletal debris and some

void space. Intraclasts are generally rounded, variable in

size, unevenly distributed, and are coated. In some cases,

the thrombolitic fabrics were overgrown by microbial

laminae on which foraminifer grains were cemented by

sparry calcite (Fig. 6d). These foraminifer grains may have

been washed in from neighboring platform areas.

Under the microscope, stromatolites generally show a

variety of forms, including slender columnar, irregular

microscale columns, regular bulbous and digitate mor-

phologies. Slim columnar forms developed on hard

substrates and are parallel or integrated in late growth

stages. Cryptic interstices were formed between the slender

stromatolite columns or within the dichotomous stromato-

lite. Some cryptic microbes and microbial deposits occur in

these interstices (Fig. 7a).

Irregular microscale columns (Fig. 7b) are related to

discontinuous growth of stromatolites. The top is crenulated,

and irregular. Interstices between discrete microscale col-

umns contain micrite. The stromatolite tubers with indistinct

laminae were probably affected by recrystallization

(Fig. 7b). Sparitic laminae have a rather constant thickness

and are traceable for several millimeters. Perpendicular

sparitic protuberances of single laminae are common.

Regular bulbous forms (Fig. 7c) are mushroom-like in

shape. They appear like an inverted taper, with small

diameter in early growth increasing in the later stages with

well-developed and convex-upward laminae. Stromatolitic

laminae are composed of relatively thick, dark-colored

layers (0.2–0.5 mm) alternating with thin, light-colored

parts (0.02 mm). The former contains indistinct successive

needle-like arrays of cement fans growing up, probably a

replacement fabric of earlier aragonite cements. The spaces

between neighboring stromatolites are filled with calcite

spar and dark-colored peloids (Fig. 7c).

Digitate forms (Fig. 7d) are tightly packed with an

upward-pointing inverted fingertip shape 6–8 mm in

diameter. Laminae may not be recognizable due to

recrystallization. The tops and edges of the stromatolites

are generally domed and smooth where they are close

together, but may be uneven when they are isolated. Layers

of microbialite, about 1.5–2 mm thick, overgrew the fin-

gertip-shaped stromatolites that have eroded tops. In plain

view, stromatolites are circular and ellipsoid, showing

radial fibrous calcite textures (Fig. 7d) that are considered

to reflect recrystallization (e.g., Bertrand-Sarfati and Monty

1994). In the limestone containing digitate stromatolites,

microbial fabrics are 1.5–6 mm thick and consist of dark

tiny bush-like structures (Fig. 8a), similar to dendrolite.

Sub-spherical and elliptical growth microbes, probably

Ortonella, show fan-shaped radial calcite fabric and the

45�–60� branching typical of Ortonella (Fig. 8c). The tops

and sides of algal filament fabrics are encrusted by

Fig. 6 Various stromatolite

morphologies: a gently convex-

growth columnar, showing

incomplete or half flabellate

form, b continuing upward

growth flabellate columnar,

distinct, regular and relatively

thick cements were

interlaminated with microbial

laminae. c and d Thin-section

photomicrographs in plane-

polarized light. c Thrombolitic

fabric, some intraclasts are

encrusted by thrombolitic

fabric, d thrombolite containing

intraclasts is in the lower part

and foraminifers (arrow)

cemented by sparry calcite are

in the upper part. a–d Mengcun

section
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microbial laminae that thicken to form low-relief stro-

matolites (Fig. 8c). Locally stromatolites may have

divergent tops, showing irregular, serrated and short

branches (Fig. 8d) that are the result of organic boring. The

interstices between branches or interstices between stro-

matolites are filled with dark-colored microbial sediments

(Fig. 8d), containing tangled tubular microbes (probably

Girvanella) and fine peloids, indicating microbial sediment

on stromatolites.

Some unidentified microbes occur within stromatolites

(Fig. 8b) and in the interstices between stromatolites. One

of the problematic microbes is hollow and shows spherical

cross-sections. Internal structure is slightly radiating

fibrous calcite. The wall of the microbes is relatively thick

(Fig. 8b). Tube-like worm communities occur in the bra-

chiopod limestone. Worm tubes are hollowed and dumbell-

shaped with expanded ends, generally 18 mm in length and

2–3 mm in diameter. The hollow ends of worm tubes are

filled with light-colored calcite. The wall of the worm tubes

is relatively thick (Fig. 12a) and differs from Terebella sp.

of Della Porta et al. (2003).

Other related depositional features

Fore-reef talus breccias are gray in color and are composed

of stromatolite and laminated lithologies. They form

accumulations of allochthonous lithoclasts mixed with a

matrix at the front edge of the platform margin and upper

slope settings. Underlying strata are dark gray to dark thin-

bedded limestones of marginal slope facies (Kuang et al.

1999). The talus breccias consist mostly of coarse and

poorly sorted lithoclasts with poor roundness, set in a fine-

grained matrix. The lithoclasts are mainly laminated

limestones and bioclastic limestones that represent plat-

form facies, but some micritic limestone of deeper-water

origin also occurs. Talus breccias appear to be predomi-

nantly composed of platform facies and mound facies that

overlie the deep-water, thin-bedded micrite with chert

layers of the slope and basin facies, or they are directly

associated with stromatolite mound facies. Breccias have

clasts ranging from 7 to 16 cm in diameter (Fig. 9). Most

of them are angular or sub-angular, and others are sub-

rounded. Large ones are lath-shaped and prismatic,

*1.5 m in length, and have a disorganized fabric. Fore-

reef talus breccias occur below the mound and are inter-

bedded with the mound facies where they are composed of

complex clasts including micrite, dolomite, and cherts,

reflecting typical clast-supported breccias of fore-reef

facies. To the north of the Mengcun mound, the breccia

passes laterally into laminate-stromatolite mound with dark

gray micrite containing chert layers along the bedding.

Generally, metazoan fossils are not common in the

stromatolite mound successions in the Laibin area. Small-

sized foraminifers, fragments of crinoids, thin-shelled

brachiopods and trilobite bioclasts have been observed in

Fig. 7 Thin-section

photomicrographs and in plane-

polarized. a Stromatolitic fabric,

columnar stromatolites show

upward growth form and

parallel divergents, some

cryptic microbes (arrow) grew

within the space between

stromatolites, b stromatolites,

laminae are indistinct due to

recrystallization and

stromatolite growth is discrete,

c two separated stromatolite

columns, showing mushroom-

like outline and divergent

growth form, white-colored

spars are needle-like arrays of

cement fans (arrow), d digitate

stromatolites are in the lower

part and cross-sections of

digitate stromatolites are in the

upper part, some problematic

microbes can be seen in the

cross-section of stromatolites.

a–d Mengcun section
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the brachiopod floatstone and laminated micrite limestone

(Fig. 3) of the intramound facies. Some sponge masses and

spicules occur in dark colored, thin-bedded laminated mi-

crite limestone. Problematic red algae are abundant locally,

such as in the brachiopod floatstone within the middle part

of stromatolite mound. They are assigned to Ungdarella

and occur as unsorted bioclasts (Fig. 10a). Other prob-

lematic algae occur together with Ungdarella and have

some characteristics similar to those of Koninckopora

(e.g., in Fig. 10). However, these algae do not belong to

Koninckopora according to Prof. Riding (personal com-

munication). They show thin and hollowed sticks like

Amphipora with a thin dark wall and central canaliculus.

They are dense and have well-spaced dissepiments that

developed between the wall and canaliculus (Fig. 10b).

These problematic algae generally occur as fragments and

bioclasts and are overgrown by marine cements or are

encrusted by cement crusts to form oncoid-like and stro-

matolite-like fabrics (Fig. 10c). Oncoids, with irregular

shapes and different sizes (Fig. 10d), and irregular intra-

clasts, with laminated crusts (Fig. 10d), also occur with

Ungdarella, problematic algae and small and thin-shelled

brachiopods. No further skeletal micro/macrofossils have

been recorded in the stromatolite boundstone lithology.

A noticeable bed, *60 cm thick, containing small and

thin-shelled brachiopods (Fig. 11) occurs as a lens in the

middle part of the stromatolite mound succession. Bra-

chiopods are 7–10 mm in diameter. The general shape

with one valve overlapping the other shows a resemblance

to brachiopods, but the lack of an obvious hinge shows

affinities to ostracodes (Fig. 12b). However, the valves are

characterized by internal cardinal structures as in bra-

chiopods. The section cut through a shell shows the

texture of spine bases (Fig. 12c) and also exhibits a

crinkly surface that may represent growth bands. This

brachiopod floatstone is interbedded within the stromato-

lite boundstone (Fig. 3), but it has not been found in Helv

mound. Cement crusts, coat small brachiopods to form

Fig. 8 Thin-section

photomicrographs in plane-

polarized light. a Cross-section

of stromatolites are in the lower

part and microbial matter is in

the upper part, b enlarged from

part a showing some

problematic microbes (arrow)

in cross-sections of

stromatolites, c sub-spherical

and elliptical growth microbe

a shows fan-expanded radial

calcite fabric that is encrusted

by microbial laminae (arrow),

d stromatolites showing serrated

tops that are overgrown by

microbes and microbial

carbonates. a–d Mengcun

section

Fig. 9 Fore-reef talus breccia of the Mengcun stromatolite mound

(pen = 14.5 cm), lower part of the Mengcun section
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isopachous rinds (Fig. 12b, c), show concentric bands with

radiaxial fibrous fabric. Thickness of the cement crusts

varies from 0.2 to 5 mm. Most of bioclasts are also coated

by cement crusts and microbial envelopes. Coated grains

and oncoid-like forms are unevenly distributed in the

rock. The interstices within loosely packed coated grains

and oncoid-like forms are filled with sparry calcite

(Fig. 12d).

Distinct and relatively thick cement deposits were in-

terlaminated with microbial laminae (Fig. 6b) showing

regular or irregular layers. Thick cement deposits are reg-

ular with constant thickness, but microbial laminae are

irregular with variable thickness. These cements have a

marine origin because they are the first cement phase, are

overgrown by microbial crusts, are non-luminescent, with

bright luminescent patches, and do not occur as generations

of cements or replace earlier fabrics.

Discussion

Since the end of the 1960s, stromatolite morphology has

been interpreted as having been controlled by hydraulic

energy and sedimentation rate (Schenk 1967; Horodyski

1977; James and Bourque 1992; Hofman 1994). Stromat-

olites with high synoptic relief commonly occur in deeper-

water settings, whereas flat-laminated mats are typically

restricted to shallow-water environments (Logan et al.

1974; Hoffman 1974; Peryt 1975).

A wide variety of stromatolite morphologies exist in the

Mengcun and Helv mounds including laminar, wavy-lam-

inar, domal or hemispheroidal, bulbous, and flabellate-

growth columnar forms. Stromatolite morphologies change

in vertical sequences, from wavy to planar laminar stro-

matolite morphologies to domal or hemispheroidal, to

bulbous, and to flabellate columnar forms, which may

indicate a cumulative effect of changing environmental

conditions from deep subtidal and proximal fore-reef slope

to a deep-water, lower slope setting through time. The

stromatolite mounds at Mengcun and Helv appear to have

developed in a probable deep subtidal to proximal fore-reef

slope setting as these stromatolite mounds were directly

Fig. 10 Thin-section

photomicrographs in plane-

polarized light. a Problematic

red alga (Ungdarella sp.) and

problematic alga similar to

Koninckopora (arrow).

b Fragments and bioclasts of

problematic algae, showing

transverse section and

longitudinal section.

c Problematic algae (arrow) are

overgrown by marine cements

or encrusted by cement crusts to

form oncoid-like and

stromatolite-like fabrics.

d Oncoids with irregualar

shapes and different sized

(arrow) and irregular intraclasts

with laminated pendent cement

crusts. a–d Mengcun section

Fig. 11 Brachiopod floatstone occur in the Mengcun mound (see

Fig. 3) (lens cover = 5.9 cm)

452 Int J Earth Sci (Geol Rundsch) (2010) 99:443–458

123



developed on deep-water, thin-bedded micrite with chert

layers (Fig. 13).

Laminations with alternations of darker, organic-rich

micritic laminae and coarser, microsparitic increments may

characterize the shallow part of deep, lower- to moderate-

energy subtidal areas of the open platform setting (Beukes

and Lowe 1989). In Mengcun and Helv sections, laminated

forms developed into planar and wavy-undulated stromat-

olites. Planar stromatolites with typical relief of less than

3–5 cm alternate with wavy-undulated stromatolitic struc-

tures, indicating a deep subtidal, transitional platform

margin to proximal fore-reef slope setting (Fig. 13). Domal

stromatolites, which are discrete at the early growth stage

but merge at the later stage to form continuous laminae

covering several domal stromatolites, indicate increasing of

water energy and decreasing of sedimentation rate, sug-

gesting a proximal fore-reef slope setting (e.g., Beukes and

Lowe 1989; Denver and Kaesler 1992; Gòmez-Pérez 2003)

(Fig. 13). Bulbous forms are considered to form below

normal wave base in a deep-water slope setting with

moderate circulation and low-energy (Fig. 13). This inter-

pretation is based on the fact that sediments between

bulbous stromatolites are mostly micrite and do not contain

shallow water benthic fossils. The analogs such as the

bulbous stromatolites in the Viséan Strathclyde Group,

eastern Midland Valley of Scotland (Guirdham et al. 2003)

are believed to be precipitated in situ by microbial medi-

ation, rather than by trapping and binding of allochthonous

Fig. 12 Thin-section

photomicrographs in plane-

polarized light, Mengcun

section. a Tube-like worm

forms (arrow) in the central part

of the photograph. b Oncoid

floatstone, small brachiopods

are encrusted by crinkly and

convolute cement crusts and

formed oncoid-like forms

bearing cores of brachiopods.

c The section cutting shell

surface shows spine base

remains, the outside of the

cross-section exhibits a crinkly

surface that may represent

growth bands. d Skeletal grains,

oncoid-like form, algal and

foraminifer grains and

microbialites are encrusted by

microbial micrite that is

cemented by sparry calcite

Fig. 13 Sketch of the

depositional facies for the

Mississippian stromatolite

mounds at Mengcun and Helv,

Laibin City, Guangxi Province,

South China
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material, although the latter occurs in non-marine shallow

water lacustrine environments under hypersaline conditions

(Guirdham et al. 2003). The columnar forms in the

Mengcun and Helv mounds are interpreted to relate to

bioherms. The stromatolites consisting of flabellate-growth

columns may indicate a deep-water fore-reef slope setting

(Fig. 13) as these stromatolites are generally intercalated

with the dark gray, thin-bedded micrite containing chert

layers but rare benthic fossils.

Calcareous algae are common in packstone of bioclastic

debris flow origin and brachiopod floatstone. Ungdarella is

most abundant, but some algae are problematic. Ungda-

rella was erected by Maslov (1956) and the genus ranges

from Mississippian (upper Viséan) to the Upper Permian

(Guadalupian) (Toomey and Johnson 1968). However, it

typically occurs in the Moscovian/mid-Pennsylvanian

(Chuvashov and Anfimov 2007). It is widespread geo-

graphically, but it is a problematic fossil that has most

commonly been placed in the red algae. Calcareous algae

are important bathymetric indicators and have been used to

delineate three bathymetric zones for a Mississippian

(upper Viséan) ramp of western Algeria based on light

penetration (Madi et al. 1996). Ungdarella was thought to

occur in the dysphotic zone, where there is little ambient

light, and which is characterized by the presence of red

algae and absence of green algae. On that basis, the

Mengcun mound most probably formed in a dysphotic zone

of the proximal fore-reef slope setting. However, Ungda-

rella algae occurs in growth position in upper Viséan

microbial reefs in Australia that were interpreted to be

shallow-water buildups in near shore settings (see Pl. 30,

Fig. 4 in Webb 1999). Comparably, the Helv mound lacks

calcareous algae and shallow-water metazoans and may

represent a deeper, aphotic zone of the slope.

The importance of the stromatolite mounds described in

this paper is that the stromatolite boundstones, which are

intercalated with fore-reef talus breccias, packstone formed

by bioclastic debris flow, and thin-bedded laminated mi-

crite limestone of the late Viséan Tatang Formation,

constitute the first known examples of Mississippian deep-

water stromatolites in South China. They are also charac-

terized by rare benthic fossils, no burrows, no ooids, or

aggregates, and scarce packstones. The Mengcun mound

was developed in a proximal fore-reef slope setting,

whereas the Helv mound grew on a slightly more distal,

deeper-water slope setting. The former presents various

stromatolite types, thick mound sequence packstone

formed by bioclastic debris flow, and especially fore-

mound talus breccias. However, the latter is intercalated

with dark thin-bedded micritic limestones with common

chert layers. The Helv mound is thinner (about 7 m) and

shows a change from wavy laminar, hemispheroidal,

to flabellate-growth columnar stromatolites. No bioclastic

packstones and fore-mound talus breccias have been found

there.

The described stromatolites (domal, bulbous and

columnar) are more or less morphologically or genetically

analogous to other deep-water stromatolites reported from

the Precambrian to the Pleistocene (e.g., Hoffman 1974;

George 1999; Brachert 1999; Petrov and Semikhatov 2001;

Gómez-Pérez 2003). Deep-water stromatolites occur in the

Lower Proterozoic platform-to-basin facies in (1) the Great

Slave Lake in Canada (Hoffman 1974); (2) in the massive

Mesoproterozoic stromatolitic reef complex from the Bu-

rovaya Formation in Siberia (Petrov and Semikhatov

2001); (3) in the Devonian reef complexes of the Canning

Basin, northwestern Australia (George 1999); (4) in the

Early Jurassic deep-water stromatolitic bioherms related to

possible methane seepage in the Los Molles Formation,

Neuquen, Argentina (Gòmez-Pérez 2003); and (5) in the

Pleistocene deep sea (Last Glacial maximum), Red Sea

(Brachert 1999). Like other Phanerozoic deep-water stro-

matolites, the Mississippian examples at Mengcun and

Helv villages grew from a deep subtidal and proximal fore-

reef slope to a deep-water, lower slope setting.

Pennsylvanian deep-water microbial-algal mounds have

been described from the Cantabrian Mountains in northern

Spain (Della Porta et al. 2003). These mounds are more or

less similar to the Laibin stromatolite mounds in develop-

ment in a slope setting, association with breccias, content

of red algae (Ungdarella sp.), and abundant cement.

However, the Laibin mounds are characterized by stro-

matolites and low-diversity fauna, which differ from

microbial-algal mounds from the Cantabrian Mountains.

Mississippian (Upper Viséan) thrombolitic-Ortonella reefs

of the Clifton Down Limestone, SW England are associ-

ated with well-laminated stromatolites, and contain

calcispheres, foraminifers and ostracodes. Such benthic

assemblages and their muddy carbonate matrices suggest a

similar environment to that of Laibin mounds with a rela-

tively low-energy, deep subtidal, marine depositional

environment (Kirkham 2005). However, burrow structures

and oolitic sediments in the former indicate a high energy;

shallow-water setting that is different from the deep-water

slope setting of Laibin mounds. Stromatolite-rich reefs that

occur in the shallow-water lower Tournaisian Gudman

Formation of eastern Australia contain a diverse flora and

fauna and occur in even higher-energy settings within

active intertidal ooid shoals (Webb 2005).

Mississippian stromatolite mounds are uncommon

worldwide. Bertrand-Sarfati (1994) described stromatolite

domes in the Mississippian of the Ajjers Basin, Eastern

Sahara, Algeria. These stromatolites formed in a mixed

siliciclastic-carbonate depositional setting that is quite

different from the carbonate depositional setting of

the Laibin stromatolite mounds in South China. Also,
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stromatolite morphologies in the Ajjers Basin are domi-

nated by larger domes (Bertrand-Sarfati 1994), whereas the

Laibin stromatolites show several, but mostly columnar,

morphologies. Antoshkina (1998) described stromatolite

bioherms and biostromes from the large late Viséan to

Serpukhovian shelf edge reefs in the subpolar Urals. There,

stromatolite boundstones are characterized by laminated

fabrics associated with calcified microbes and phylloid

algae. The stromatolites that dominate these mounds are

similar to those in the Laibin stromatolite mound having

horizontally and concentrically laminated fabrics. Viséan

algal-brachiopod-coral bioherms from Bol’shaya Nadota

carbonate complex, Subpolar Urals (Skompski et al. 2001)

differ from the Laibin stromatolite mounds in having an

associated shallow-water benthic fauna, different reef

builders, and high-energy water condition (e.g., interfin-

gering with organodetrital-oolitic facies). Stromatolite

biostromes are also described from the Pennsylvanian of

northeast Kansas (Sawin et al. 1985). They were formed in

an intertidal to slightly deep subtidal environment associ-

ated with a coastal embayment that is different from the

fore-reef slope setting of the Laibin stromatolite mounds.

Also, the stromatolite morphologies of Northeast Kansas

differ from those in the Laibin mounds as they are domi-

nated by inverted cones and abundant oncolites.

One interval of low-diversity fauna in the Mississippian

stromatolite mounds at Mengcun, small, thin-shelled bra-

chiopods locally associated with clusters of tube-like worm

communities and may indicate deeper, quieter water con-

ditions (Gao et al. 2005; He et al. 2005). Also, some

microbes, including those in the cryptic interstices of

stromatolites, such as tangled tubular (probably Girvanel-

la) and unidentified microbes within stromatolites, may

represent a deep, low-energy, and slightly dysphotic,

cryptic setting with normal marine salinity (Elicki 1999).

Stromatolites at Mengcun and Helv villages are cement-

rich, consisting of micritic laminae alternating with

cements. Cement crusts are well developed around thin-

shell brachiopods and calcareous algae; they are a radial

fibrous fabric or isopachous fibrous fabric with growth

bands, indicating submarine origin. They may have been

microbially mediated to some degree because some layers

of isopachous fibrous cements are overgrown by dark-

colored microbial laminae. Such concentric crusts con-

sisting of radiaxial fibrous marine cements are well

developed at the outer margin and on the proximal slope of

Triassic carbonate platforms in Italy (Russo et al. 2000).

This is consistent with the suggested proximal fore-reef

slope setting for Mengcun mound. Tube-like worms,

cement crusts and thin-shelled brachiopods are present in

many Carboniferous mounds, especially in those of Mis-

sissippian (latest Viséan) seep deposits on the top of the

drowned Middle to Late Devonian Iberg atoll reef, in the

Harz Mountains, Germany (Peckmann et al. 2001) and

Mississippian low-temperature hydrothermal vent commu-

nities from Newfoundland, Canada (von Bitter et al. 1990).

These examples have limestone with low-diversity but

high-abundance faunas of brachiopods and well-developed

cement crusts. The brachiopods are generally articulated,

and they are closely associated with hydrocarbon-derived

carbonates. Submarine seeps might promote radial fibrous

or isopachous fibrous cement growth around brachiopods

and algae. However, whether they are seep-related deposits

or not could not be determined because other defining cri-

teria for recognizing cold water seep and vent communities

are not present. This one bed of brachiopod floatstone

within the Mengcun mound, which contains a mixed shal-

lower and deeper-water fauna such as algae and small, thin-

shelled brachiopods and it thins out laterally, may represent

a storm deposit or possibly represent an interval with

upwelling of dysoxic waters from deeper in the basin.

Conclusions

(1) Mississippian stromatolite mounds at Mengcun and

Helv villages occur typically in a deep-water suc-

cession consisting of fore-reef talus breccias,

packstone formed by bioclastic debris flow, thin-

bedded laminated limestone, and cherty micrites.

Other features such as the lack of phototrophic

organisms in the stromatolite boundstone, lack of

bioturbation, no ooids, or aggregates, and preserva-

tion of lamination with sponge spicules also indicate a

deep-water, low energy marine setting.

(2) Stromatolites are compound structures that developed

from laminar mats, to stromatolites, and then to

stromatolite mounds. Various morphologies of stro-

matolites occur in the Mengcun and Helv mounds in

repeated successions that comprise, laminar to wavy-

laminar, domal or hemispheroidal, bulbous, and

regular flabellate columns. These may indicate a

cumulative effect of changing environmental condi-

tions through time.

(3) Various stromatolite morphologies are stacked

together with initially horizontal laminar and tabular

growth forms later becoming domal and bulbous

forms, and finally flabellate columnar stromatolites

to form mounds. The stromatolites are generally 10–

30 m in diameter and 4–17 m thick, and form discrete

mounds with a total stacking thickness reaching 60 m.

(4) The significance of the stromatolite mounds described

in this paper is that the stromatolite boundstones

constitutes the first known examples of Mississippian

deep-water stromatolites in South China. The stro-

matolites are more or less morphologically or
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genetically analogous to other deep-water stromato-

lites from Precambrian to Pleistocene. Unlike many

Paleozoic deep-water stromatolites formed in a rela-

tively narrow subtidal zone, these stromatolites

apparently grew contemporaneously across the deep

subtidal and proximal fore-reef slope to deeper-water,

lower slope settings.

(5) Problematic microbes are embedded in peloidal

micrite associated with the stromatolitic laminae,

suggesting a microbial origin for the stromatolites.

Well-developed oncoid-like and stromatolite-like

cement crusts around brachiopods and algae and

mixed fauna consisting of deep-water, small, thin-

shelled brachiopods and shallower water calcareous

algae may suggest storm deposits within the stromat-

olite mound of proximal fore-reef slope setting.
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