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Fig.1 Images showing microscopic features of carbonate stromatolites in Little Darby Cay of Bahamas
() o 28 J2 0 AR THT (V2R A= W R 5 (b) SIS J0RE (o) , 18] B ST W A0 A A1 55 1 7 WA ) (o) RTEE A 1 (¢ R Sk IR ) 5 (o) 2220
15 55 AW Schizothrix gebeleinii , FAFE 2 BA 1 s A HCIREF B % 5 (d) & B A0 BURLRI B A9 B B (Aphanocapsa)
(o) B R RY JIORE P (9 S5 B AL 5 (O BHARTA (Solentia s —Fh A7 N WE A TE ) 19 JOBEHE &

(a)Microbial community of Schizothrix on the surface of stromatolites; (b)Oolitic sand particles (o), interstitial filled with extracellular

[12]

polymer secretions (e) and cyanobacteria (c,arrow) ; (¢) Schizothrix gebeleinii, dominant microorganism in the mat, is characterized

by presence of trichome bundled; (d)Aphanocapsa developing in the interstitial spaces of sand grains; (e)Microborings found

in particles of oolitic sands; (f)Growth burst of the euendolithic cyanobacterium Solentia
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Fig.2 Stromatolites from Hamelin Pool™**
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(a), (b)They are stromatolites composed of smooth and pustular mats which are non-lithifying; (¢) Microcoleus; (d)Entophysalis;(e)The

surface of stromatolites composed of lithified pustular mats; (f) Surface of pustular mats; (g)The surface of stromatolites composed of

lithified smooth mats; (h)Surface of smooth mats, arrow G represents the green layer composed of cyanobacteria microbial community,

arrow P represents the pink layer composed of purple sulfur bacteria, and arrow B represents the black layer composed of sulfate reducing

bacteria; (i) The surface of stromatolites composed of lithified colloform mats; (j)A domed structure of stromatolites

4 BT R EE R R IR R R
HwEEE

38 0 %) 1 PG A< A K Lagoa Vermelha 33 i A9 A=
YR IR A0 0T Bt B2 A 256 43 B, DA B T 4
il BE T B M R A & AT R R 2 S
Lagoa Vermelha [ & J2 £ A TE T # s A9 L B2 L 36
FERVE FR Y LA T BOK 8 1A R &0 T 0 ik
FRYIREE b PR X A A BE BRI T A A i) & g
[ B LB 58 T XA P R

Lagoa Vermelha = 5 5 ] A9 5 202 B% 19 37T
VE/ZE K DA B A R R R TTTE™ 5 B 3a TR 1)

AEYIEL 3 em &, B RIREL A LY F EAS0UZ IR A
AP E A B F A . EAAYLRZE
DN N TMINRES SN G I AR NN st 7k %
J2 5 TOUER B S f5 2k i AR Y R A0 TR G AR e A
(Spirulina) . % BR B (Gloeocapsa) 1 1 ¥4
(Microcoleus) 0 1 ; b T4 (42 Z T M FR ()2 A
BB TR 22 IR A TR, 0 SR R A RO 5 K Y
i A 48 4 TR 7 3 A TR IC J2 A e IR, A A TR
2 P A B DT 2R TR 0T (181 3b) o (R I, Lagoa
Vermelha [ (A ) BE#% A LT 430 )2 R 4k a0y ot
GHEE, HPOE T E SR wm sz, BiE



74 M BRBE R

535 4%

AR NLLE)ZE, UUSAT A R L8 I
R IR R £ )2 (18] 3a) .

Lagoa Vermelha = £k 755 o 2 i) (026 0 1 1
IE A & A% A AT P B 2R A,
s AR AR TR & E— oA AT
BRFIEE o FE DT P s A DX 3, At 1 R 28 i sz oy T

JEFEHIAE A BUTTE 0 1 & M — T
Ak, BRAC P A A LR I S B0 pHELTR DA A
THZARARS BEEEYR 0 B R BRIR
W R BB NI FUIRE AR & A — o A L X
B S ECRIC EOE A 1R =W 00 T ELZ5 A T BE 12 1
TEZATLUZBIER

3 B Lagoa Vermelha HIRXEREREL B B A 1 BAR4FE™
Fig.3 Images showing general features of modern carbonate stromatolites in Lagoa Vermelha, Brazil'
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(a) The cross section of stromatolites formed by the microbial mat shows alternating layers of white laminae composed of fossilized carbonate

29]

sediments with layers of unfossilized organic matter. Layer 1 is the green layer dominated by cyanobacteria, layer 2 is the brown layer

dominated by heterotrophic bacteria, and layer 3 is the red layer dominated by purple sulfur bacteria; (b) A sample of bacteria

from the lower layer, this layer shows a reddish tint, the symbol of purple sulfur bacteria
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Fig. 4 Macro- and micro structures of stromatolites in the middle Zhangxia Formation in Huolianzhai section,

Benxi, Liaoning Province
()& 2 AW R ASE 5 (0) 2R BT (Girvanella) Mo A, P v 7 HE Sy LR (3 22 (R A 38 A RS TE A 5 (o) V5 AT 190 22 DR 5 AL i 2 7
A 5 (d) IR B 5 T (Girvanella) AT 5 () BROIRIL R B ( Hedstroemla) 1 7
(a)Macroscopic characteristics of stromatolite bioherm; (b) Girvanella fossils, the microscopic fabric of stromatolites, shown in the box,
is typical filamentous calcified cyanobacteria sheaths; (c¢)Clear calcified cyanobacteria; (d)Patchy distribution of

Girvanella fossils; (e)The colony of spherical Hedstroemla



76 M BRBE R

i35 4%

BT &2 04 K08 CHERE S MR TE 2
10 em, M HAFATAN [ A1 53 S0, 30 BLA Y = g T
st N AR S E A MRIE. O EMSE)ZE AL
JZ B R b g3 A B A Y AR A SR 22 AR
AL A0 7 (18] 4b~d ) 53X S8 N B O il SR SEL A 2048
R LZARAR K FE 224 0.2 mm, B ALY 20 um, BEJE Y
5] o BRI 22 IR AAER A TR BT A B R A L
Tl A E A 5] R FE AU 4 R I T — iRt # , mf
FE 3R A A T 5 10 A 1Y) R i e A i 1, ERLUE T A
I 4 18 2809 55 7 B8 (Girvanella) b A7 5 3% 88 22 4R (K
4 B B — A A B2 55 1) ) 45 AR 25 40 5 IRAR B 214k
i (Plectonema)"** ' FALL , 15 A5 4 LR 45 #4) 11 22 1R 44
SRR (Tychonema) WAL, 22RB0E T
W (Girvanella) tb A 240 4G 763 () 47 i 47 26 4
A AH R AR K IE AR 22 5 A0 B 90 58 1 X 251k
22 R%5 1 T (E 4b, o) 43 A 72 LAl 1y /N BUAE IR &
A Ul TR KR IR T, 22152 7K 3
JIFRBEFZ M B/ )N, T RES I h JC AL 2 28 X A=
Ko P B AR oA 5 T A A (B 4d) A T
WA SR A, RO T AR — 2 3l i K AR AR
BN DU L 25 s A b, 22 R 06 4 T8 i A= K 32
F A, AR R B AN B B 22 R G50 .
BRAR 0 55 57 2 MR 1 B R TR ( Hedstroemla) (&l 4e) i
IRAE W Lo R (a) s B )2 A v, B SR TR TR T 2
B LAAA B E SAEAE L U BB E 0 32 2 5 1 7K
WAEH RSB TR, Wik, B2Aa0EK
B, R K AR E AL IE A A S
PRAEFN oA () B B2 e R 3o ok 258 ) T ok 2 4
TR IR S )2 A 1 22 R 5 T R (Girvanella) (]
4b~d) FERIR L) T ( Hedstroemla) (€] 4e) B 43 A7 Fs
58 A [F) T3 A0V 22 PRORN 3R R 20 T A P 0
() o A, 1 — 20 U B AS [R) 2B P B R 2%
PFRBCT AR A A, )4 Hamelin Pool HY
AR E )R A DURB O R B e AR R
Grifit T IR A (EJE B S S A A KA R
HORE I, AR s H R EE AN
.

VE R Bk bt ol 0 R A A AR Bk
RS EAMEEY KTRIN THRESRSR
PR U W WA TG 20 RN 8 2 A B 7 A R
{H I T 22 IR H G — BB 20755 P 1 [ B A T 4R T
MEMEEY T B SR TERLSEZA
PPIER A, D ms &2 A3 fs
M E RS R A S K IRE S, BIHTHR

~

1k, FATAE 2] T IR ER B = 4 m kil —
FROR BB e o AR IR £h B )= A1 IS, o
HORCE AR i B, B s ] TR &R 4
R RE

2% 3Lk (References) :

[1] Burne R V, Moore L S. Microbialites: Organosedimentary de-
posits of benthic microbial communities [J]. Palaios, 1987, 2
(3): 241-254.

[2]  Kalkowsky E. Oolith und Stromatolith im norddeutschen Bunt-
sandstein [ J]. Zeitschrift der Deutschen Geologischen Gesell-
schaft, 1908, 60: 68-125.

[3] Allwood A C, Walter M R, Kamber B S, et al. Stromatolite
reef from the Early Archaean Era of Australia [J]. Nature,
2006, 441(7094): 714-718.

[4] Nutman A P, Bennett V C, Friend C R, et al. Rapid emergence
of life shown by discovery of 3, 700-million-year-old microbial
structures[ J |. Nature, 2016, 537(7 621): 535.

[5] Semikhatov M A, Gebelein C D, Cloud P, ef al. Stromatolite
morphogenesis: Progress and problems [J]. Canadian Journal
of Earth Sciences, 1979, 16: 992-1 015.

[6] Andersen D T, Sumner D Y, Hawes I, et al. Discovery of
large conical stromatolites in Lake Untersee, Antarctica[J]. Ge-
obiology, 2011, 9(3): 280-293.

[7] Bosak T, Liang B, Sim M S, et al. Morphological record of
oxygenic photosynthesis in conical stromatolites [J]. Proceed-
ings of the National Academy of Sciences, 2009, 106 (27) :
10 939-10 943.

[8] Bosak T, BushJ W M, Flynn M R, ef al. Formation and stabil-
ity of oxygen-rich bubbles that shape photosynthetic mats [J].
Geobiology, 2010, 8(1): 45-55.

[9] Petroff AP, Sim M S, Maslov A, et al. Biophysical basis for
the geometry of conical stromatolites [J]. Proceedings of the
National Academy of Sciences, 2010, 107(22): 9 956-9 961.

[10] Mata S A, Harwood C L, Corsetti F A, et al. Influence of gas
production and filament orientation on stromatolite microfabric
[J]. Palaios, 2012, 27(4): 206-219.

[11] Mei Mingxiang, Meng Qingfen. Composition diversity of mod-
ern stromatolites: A key and window for further understanding
of the formation of ancient stromatolites|J]. Journal of Palaeo-
geography, 2016, 18(2): 127-146. [ #5AH, & PKoF . ML S
SR Z R G AP AR = A i DG B R T ().
AR, 2016, 18(2): 127-146. ]

[12] Reid R P, Foster J S, Radtke G, et al. Modern marine stromat-
olites of Little Darby Island, Exuma Archipelago, Bahamas:
Environmental setting, accretion mechanisms and role of euen-
doliths [M]// Joachim Reitner, Nadia-ValérieQuéric, Gernot
Arp. Advances in Stromatolite Geobiology. Berlin, Heidelberg:
Springer, 2011: 77-89.

[13] Logan B W. Cryptozoon and associate stromatolites from the
Recent, Shark bay, Western Australial J]. The Journal of Geol-
ogy, 1961, 69(5): 517-533.



51 i3

=

AR PR ER e J25 A Y o 0 e B 3 S 77

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Delfino D O, Wanderley M D, SilvaL H S E, ef al. Sedimen-
tology and temporal distribution of microbial mats from Brejo
do Espinho, Rio de Janeiro, Brazil[J]. Sedimentary Geology,
2012, 263: 85-95.

Mei Mingxiang. Microbial-mat sedimentology: A young branch
from sedimentology[]]. Advances in Earth Science, 2011, 26
(6): 586-597.[ HELAR . LM TIRVE : — DRI
o3 [J] HERBLE R, 2011, 26(6) : 586-597.]

Mei Mingxiang. Feature and nature of microbial-mat: Theoreti-
cal basis of microbial-mat sedimentology [J]. Journal of Pal-
aeogeography, 2014, 16(3) : 285-304.[ A . i A=Y & 1Y
FRAEAUREE : G Y DO 1 S A [T ], o M 3 2= 4
2014, 16(3): 285-304. ]

Stolz J F, Reid R P, Visscher P T, et al. The microbial commu-
nities of the modern marine stromatolites at Highborn Cay, Ba-
hamas[ J . Atoll Research Bulletin, 2009, 567: 1-29.

Wild C, Laforsch C, Huettel M. Detection and enumeration of
microbial cells within highly porous calcareous reef sands[J].
Marine and Freshwater Research, 2006, 57: 415-420.

Tribollet A, Golubic S, Radtke G, ef al. On microbiocorrosion
[M]//Advances in Stromatolite Geobiology. Lecture Notes in
Earth Sciences. Berlin, Heidelberg: Springer, 2011.

Riding R. Microbial carbonates: The geological record of calci-
fied bacterial-algal mats and biofilms [J]. Sedimentology,
2000, 47 (Suppl.1): 179-214.

Cockbain A E. Modern algal stromatolites at Hamelin Pool, a
hypersaline barred basin in Shark Bay, Western Australia [7].
Developments in Sedimentology, 1976, 20: 389-411.

Reid R P, James N P, Macintyre I G, et al. Shark Bay stromat-
olites: Microfabrics and reinterpretation of origins[J]. Facies,
2003, 49: 299-324.

Suosaari E P, Reid R P, Playford P E, ef al. New multi-scale
perspectives on the stromatolites of Shark Bay, Western Austra-
lia[ T]. Scientific Reports, 2016, 6: 20 557-20 557.

Dupraz C, Reid R P, Braissant O, et al. Processes of carbon-
ate precipitation in modern microbial mats [J]. Earth-Science
Reviews, 2009, 96: 141-162.

Suosaari E P, Awramik S, Reid R P, ef al. Living dendrolitic
microbial mats in Hamelin Pool, Shark Bay, Western Australia
[J]. Geosciences, 2018, 8(6): 212-212.

Suosaari E P, Reid R P, Ochlert A M, et al. Stromatolite prov-
inces of Hamelin Pool: Physiographic controls on stromatolites
and associated lithofacies[J . Journal of Sedimentary Research,
2019, 89(3): 207-226.

Reinold M, Wong H L, MacLeod F I, ef al. The vulnerability
of microbial ecosystems in a changing climate: Potential im-
pact in Shark Bay[J]. Life, 2019, 9(3): 71-71.

Babilonia J, Foster J S, Conesa A, ef al. Comparative metage-
nomics provides insight into the ecosystem functioning of the
Shark Bay stromatolites, Western AustralialJ]. Frontiers in Mi-
crobiology, 2018, 9: 1 359.

Vasconcelos C, Warthmann R, McKenzie J A, et al. Lithifying

microbial mats in Lagoa Vermelha, Brazil: Modern precambri-

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[40]

[41]

[42]

[43]

an relics?[J ]. Sedimentary Geology, 2006, 185(3/4): 175-183.
Tweedley J R, Dittmann S R, Whitfield A K, et al. Hypersalin-
ity: Global distribution, causes, and present and future effects
on the Biota of Estuaries and Lagoons[ M |/ Coasts and Estuar-
ies. Amsterdam, Netherlands: Elsevier, 2019: 523-546.
Playford P E. Geology of the shark bay area, Western Australia
[R]//Berry P F, Bradshaw S D, Wilson B R. Research in
Shark Bay. Report of the France-Australe Bicentenary Expedi-
tion Committee. Perth: Western Australian Museum, 1990:
13-31.

Laut L, Figueiredo M S L, Lorini M L, ef al. Diatoms from
the most hypersaline lagoon in Brazil: Vermelha lagoon [J].
Continental Shelf Research, 2019, 181: 111-123.

Moreira N F, Walter L M, Vasconcelos C, et al. Role of sul-
fide oxidation in dolomitization: Sediment and pore-water geo-
chemistry of a modern hypersaline lagoon system[J]. Geology,
2004, 32(8): 701-704.

Pace A, Bourillot R, Bouton A, ef al. Formation of stromato-
lite lamina at the interface of oxygenic-anoxygenic photosynthe-
sis[J]. Geobiology, 2018, 16(4): 378-398.

Warthmann R, Vasconcelos C, Bittermann A G, et al. The role
of purple sulphur bacteria in carbonate precipitation of modern
and possibly early Precambrian stromatolites [M ]//Advances in
Stromatolite Geobiology. Berlin, Heidelberg: Springer, 2011:
141-149.

Awramik S M, Sprinkle J. Proterozoic stromatolites: The first
marine evolutionary biotal J]. Historical Biology, 1999, 13(4) .
241-253.

Gerdes G, Klenke T, Noffke N. Microbial signatures in peritid-
al siliciclastic sediments, a catalogue [J]. Sedimentology, 2000,
47: 279-308.

Mei Mingxiang, Gao Jinhan, Meng Qingfen. From the mat-
ground structure to the primary sedimentary structure of a fifth
category: Significant concepts on sedimentology [J]. Geosci-
ences, 2006, 20(3): 413-422. [ 5LAR, i &0, T35 . AJFE
MG IS 5 SRR IR [0 ] BUUH T, 2006, 20(3):
413-422.]

Mei Mingxiang, Meng Qingfen, Liu Zhirong. Overview of ad-
vances in studies of primary sedimentary structures formed by
microbes [J]. Journal of Palaeogeography, 2007,9(4) : 353-
364 [HFEAR, FaBR2F , XV 2% . A W08 LA J5t A TTORR A 1 F
FE LRI ] AR, 2007, 9(4) : 353-364. ]
Elizabeth C B, Gomez E B, Montejano G, ef al. Are cyanobac-
terial mats precursors of stromatolites? [ M |/Stromatolites: In-
teraction of Microbes with Sediments. Dordrecht: Sringer, 2011 :
313-341.

Baumgartner L K, Reid R P, Dupraz C, et al. Sulfate reducing
bacteria in microbial mats: Changing paradigms, new discover-
ies[J]. Sedimentary Geology, 2006, 185(3/4): 131-145.
Bosak T, Knoll A H, Petroff A P. The meaning of stromatolites
[J]. Annual Review of Earth and Planetary Sciences, 2013,
41: 21-44.

Kah L C, Riding R. Mesoproterozoic carbon dioxide levels in-



78 Ho R} 27t %355

ferred from calcified cyanobacteria [J]. Geology, 2007, 35 [46] Riding R. The nature of stromatolites: 3, 500 million years of
(9): 799-802. history and a century of research[ M ]//Advances in Stromatolite
[44] Riding R. Calcified cyanobacteria [ M |//Creous Agae and Sro- Geobiology. Berlin, Heidelberg: Springer, 2011: 29-74.
matolites. Berlin, Heidelberg: Spinger, 1991: 55-87. [47] de los Rios A, Ascaso C, Wierzchos J, ef al. Microstructure
[45] Riding R. Microbial carbonates: The geological record of calci- and cyanobacterial composition of microbial mats from the
fied bacterial-algal mats and biofilms [J]. Sedimentology, High Arctic[J]. Biodiversity and Conservation, 2015, 24(4) .
2000, 47: 179-214. 841-863.

Important Development and Significance of Modern
Carbonate Stromatolites

Zhang Wel
(School of Earth Sciences and Resources , China University of Geosciences, Beijing 100083, China)

Abstract: Stromatolite, as the representative of recorder in the early life history of the Earth, has been
traced back from 3.5 billion years to 3.7 billion years ago. Stromatolites do provide indirect evidence for the
existence of early life on the Earth, especially the composition of modern carbonate stromatolites, which further
proves that stromatolites are calcified structures of cyanobacterial mats. Among the modern carbonate
stromatolites, the following examples have been studied for a long time: Coarse stromatolites on the platform of
Bahamas, fine stromatolites in the ultra-salinity environment of Australia and ultra-salinity lagoon of
southeastern Brazil. Based on the predecessors' research results, by tracing the growth mechanism of modern
carbonate stromatolites and the complex microbial activities and deposition processes, the formation of
stromatolites in the middle of the Zhangxia Formation of Cambrian in the Huolianzhai section of Benxi is
obviously different from that of modern carbonate stromatolites, which indicates that the sedimentary model of
modern stromatolites cannot be fully applied in the ancient stromatolites. Therefore, the comparison between
modern carbonate stromatolites and ancient stromatolites provides a rich way to further understand the construction
of Cambrian stromatolites and microbial carbonate factory.

Key words: Carbonate stromatolites; Cyanobacterial mats; Bioherms dominated by stromatolites;
Zhangxia Formation.
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