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Eƒc˜\'^n;äo�6�*SUjo�

5�¾-s!Lo�&/C�-r&F=(-¥ >20p=Co� gC�
Wgfa=(-¥_�#�.­D�AhD�d~

40-4.6�¾-s!Lo!4s�)&/C�o��M�;�,�;
i×M«-¥o�p%p%.­D�Ah+¨Fò�9�:

&/C�Wgfa-r&F=(-¥
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https://doi.org/10.1073/pnas.2023617118

https://doi.org/10.1073/pnas.2023617118
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https://ourworldindata.org/coral-reefs
https://ourworldindata.org/coral-reefs
https://ourworldindata.org/coral-reefs
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"ß+AFò"é5..­D�Ah+¨FòEƒ
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https://doi.org/10.1130/G50775.1
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�ž*9.éG®-��ß�´ ;�8¨	p�� �µMh�j�<�9
4 DOI 10.1186/s40677-017- 0084-y

782mMÞZ o��,%ü%ü&�faHîEƒ38.5%WªG²`wEÏ+¨&/+AX…EÕo�6M(&_�, NVeÀ. 1983 o� o" gC�eE&/WgfaHîEƒ15%WªG²`wEÏ+¨
&/+AX…EÕo�http://www.china-shj.org.cn/post/11294 o��<
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Allochthonous limestone 
original components not organically bound during deposition

Autochthonous limestone 
original components organically bound 

during deposition

Less than 10% >2 mm components
Greater than 10% >2 mm 

components
Boundstone

By organisms 
which act as 

barriers

By organisms 
which encrust 

and bind

By organisms 
which build a 

rigid 
framework

Contains lime mud (<0.02 mm) No lime mud

Matrix 
supported

>2 mm 
component 
supported

Mud supported

Grain supported
Less than 10% 
grains (>0.02 

mm to <2 
mm)

Greater than 
10% grains

Mudstone Wackestone Packstone Grainstone Floatstone Rudstone Bafflestone Bindstone Framestone

.�&/?o+¨  o!"ž(ÊMÃ!�&';ˆHî4õ6)WªD�AhK—MÒ "ž&/?o+¨ o!+¨FòMÃ!�&';ˆHî4õWªD�AhK—MÒ

(&�• 2mmEƒMÃ!��M10% #*6�?o;ä (<0.03mm) 4ß?o;ä (&�• 2mmEƒMÃ!�>10%
e›HîD�Ah.a

1�
"�'ò1�K—MÒ
D�Ah.a1�

 v6�D�Ahi§
i»Eƒi§6µ

?o;ä4.3•
g–K‘4.3•

4ß?o;ä��  g–
K‘4.3•

&ù\'4.3•
(&�• 2mm Eƒ

MÃ!�4.3•
e›Hî?o+¨ K—MÒ?o+¨ i§6µ?o+¨

g–K‘�M10% g–K‘>10%

;ä5u?o+¨ K‘;ä?o+¨ ;äK‘?o+¨ g–K‘?o+¨ >�G=?o+¨ G=+P?o+¨ MÒ5u?o+¨

D�AhH�+¨#‹f]H�Fò?o+¨EƒMÎ w!�Kzo� Dunham 1962 o�o!

G´`yEÑ+ª6�4±Mà��!�K|4º7I �
�+MÐ y!�K|�.D Aj+ª!�K|



Ridingo�  2011o!  Figure 1 Microbial carbonates defined by macrofabric: leiolite
(aphanitic),stromatolite (laminated), thrombolite (clotted), dendrolite (dendritric). 25

.­D�Ah+¨EƒMÎ w!�Kzo� Riding, 2000o�o!

7�.aFò  Ü&VFò "ß+AFò &F�ÿFò
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��MÞG²`w
EÏ+¨;ˆHî
*eEƒ�:X€
G�Iu*ø[`

25HÌ&ù6++¨FòKz&Š


d�Ê+O. 2023.+O(™�Ù,´
�62«. 
�
`*6�–�Õ , 
25(03): 511-523. 
(https://biopetrology.com
/wyspdf)

https://biopetrology.com/wyspdf
https://biopetrology.com/wyspdf
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&/i§i»6ƒ1�Eƒ i©6·+ª o�6dPé=U"V0G!(�	�‹"ßMÞ
D�AhH��<

^Ø5.�ÿHÌD0�ÿHÌM¡Tú(Corallina)EƒE­'òAµi§i»6ƒ1�EƒMÒMÔ+ªo�6dPé�,
%ü"V<vEƒ4¯D��âD�AhH��<+¨.Â@fAF�<

i©6·+ª�.E…D Aji©i½.Æg|Eù�“^ß2¦ �<
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D�AhH�+¨o!MÐMÒ+¨D�AhH�+¨o!i§6µ+¨



MÅ- Kˆ5u�•\' +AM¸Fòo�D05–Qq;ä5u.­M¸+A�
 Ü&VFò6ƒ1�Eƒ
<DQqMÅ- Kˆ5uK–M¸+AEƒ�£�‘6ƒ1�o�6dPé4¯D…e> JQÎ�
*Ñ:e
MÞJ+��e5O•+�-�1È JMÃo�7�6+"öS-17�<

^Ø5.�ÿHÌD0����Eƒ��AµBÉCYo�+]�•%Ú+�BÉCYKzo�
Eƒi§i»MÃ1�Eƒ��i§+¨ o�6dPé=U"V0G!(Eƒ�	�‹"ßMÞ
D�AhH��<

28

.­D�Ah+¨Fòo!.­D�Ah+¨o!+AM¸FòD�AhH�+¨o!��i§+¨



Fig. 9 of Riding (2000): �ÿHÌ v6�M¸+AAµ*S<�EƒB¯
�â"ß+AFòo�D0.­D�Ah-,2TeÅ;ˆHîAh.a1��<

�ÿHÌ v6�NPAµ Ü&VMÒ6ƒEƒ Ü&VFòo�5–Qq;ä5u.­ Ü&VMÃ1�
+¨FòEƒi§6µo�6dPéeTX~Nÿ"¾eu5ñ&`�,(deuMÞ�<

 Ü&VFò.Ägz v6�;ä5u.­ Ü&VMÃ1�Eƒi§6µ�<"ß+AFò.Ägz v6�.­D�Ah-,.a1�Eƒ.­M¸+AMÃ1�Eƒi§
6µo�1�O�6�.­D�Ah-,.a1�EƒM¸+AAµ*S<��<
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.­D�Ah+¨Fòo!.­D�Ah+¨o! Ü&VFò.­D�Ah+¨Fòo!.­D�Ah+¨o!"ß+AFò



�ÿHÌ"�'òFòo�D0+A+A"�Wø&'�ÿ�šSÜTúEƒFþAh'òo�M¡QqJ¬(3o�
�	Eƒ;ä5uM¸+Ao�M¡Qq1ë"öo�MÃ1�o�6dPéfQ<v4¯D��â=UE÷&/
+A�<o�7�6+D0�,%üFò;¸6l,Ý&/\'G�Iuea60\„2Ï�šo�

.­D�Ah+¨Fòo!.­D�Ah+¨o!"�'òFò

�ÿHÌD0WgeCTúo�Epiphytono�Eƒ7�6œAµi§i»MÃ1�Eƒ
.­i§6µ+¨
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.­D�Ah+¨Fòo!.­H�+¨o!.­i§6µ+¨

D0+A+A"�Wø&'*‚Ah�	Eƒ.­D�Ah1�%ßEƒ;ä5u.­M¸+A
MÃ1�+¨FòEƒ�:�R

D0.­D�Ahi§i»6ƒ1�+¨FòEƒi§6µ



�ÿHÌD0�ÿ�šSÜTúEƒ��Aµi§i»6ƒ1�Eƒ .­��Aµ+¨ o�6dPé4¯D…e>
 JQÎ�
*Ñ:eMÞJ+�‹e5Bˆ+�#�4®MÃ�<

�ÿHÌD0O½.aTúo�Renaciso� i§i»EƒG•+PMÃ1�Eƒ�•\'.­
g–K‘+¨o�6dPé4¯D…e> JQÎ�
*Ñ:eMÞJ+��e5O•+�-�1È
 JMÃ�<
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.­D�Ah+¨Fòo!.­+P+¨o!�•\'.­g–K‘+¨.­D�Ah+¨Fòo!.­H�+¨o!.­��Aµ+¨

D0��Aµ.­D�Ahi§i»6ƒ1�+¨FòEƒi§6µ D0.­D�Ahi§i»1�.­M¸+A�;.­ Ü&VEƒG•+PMÃ1�Eƒ�­5u
g–K‘+¨o�MÎ"…�…E|�•Fò"��;`ÌMÒ5u�;=µU•�[D'JH



mÃQqK—C�RËo�Myxococcus xanthuso�

1�=�ä+U(Ÿ.5	L�ÔPÂ.J0¬.¤�ÐF��Ñ4ü:��­�?.5	L73�Ñ

�Ó8ó�˜:��´ Virgibacillus �µ
8ó�˜�¡
�*9:��”�´ Sporosarcina �µ
.##�	‹7�:��´ Brevundimonas�µ

<:MÅOÝZð*û5u ùEƒ
"IC�AµeÅ#��R

"IC�AµeÅ#��R�,
Eƒc˜"�MÅOÝ

Tú8¨2Î*9:��´ Myxococcus xanthus�µ
�E4Ø	«:��”�´ Rhodovulum�µ
-�	‹7�:�  �´ Halomonas�µ
8ó�˜�|:��´ Bacillus �µ

D AjG�"��]D)G�Iw^Ü+V
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�9 MÅRË

�9 SÜTú

�9 MþTú

�9 M¡Tú

�9 #
D�!§Ah
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2�=�ä+U(Ÿ.5	L�ÔPÂ.J0¬.¤�ÐF��Ñ;�<1�­�?.5	L73�Ñ

6•*9<1�´ Synechococcus�µ

6•*9<1�´ Synechococcus�µ
Lü7�<1�´ Synechocystis�µ
2Î*9<1�´ Gloeocapsa sp. �µ
4Ø#­�•"�<1�´ Trichodesmium erythraeum�µ

U�*�*�<1�´ Gloeomargarita�µ
;��|<1�´ Cyanothece�µ
��8¨*9<1�”�´ Chroococcidiopsis�µ



H��==ê�=+C�=���=H�MÅ#	E…8ƒ.öo#

�‹ D�AhH�o!"ž&/D�Ahi§i»MÃ1�Eƒ�;e…\v�< ���ÿ*™

5.��.aEƒ �<

�‹ D�Ah��o!"ž&/D�Ahi§i»1�;ä5uMÃ1�Eƒ�;��Aµ�<

�‹ D�Ah=èo!Wª;á<i48_�EƒD�Ahi§i»MÃ1�Eƒ�<

�‹ D�Ah+Ao!"ž&/D�Ahi§i»MÃ1�Eƒ+AAµEƒ�<

�‹ D�AhH�MÃ#�o!H�77+H�!L +H�#
o"H�!L +H�Nû�<
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+ªFô#�Hñ 6-4ˆ*›�J #5�›D  1992-u E…*›�J
Embry & Klovan

E…*›�J

"žD�H�+¨

i§6µ+¨ #�"ò
"ž&/�;Gki§Eƒ_�H�D�  AhD�d~.a1�,*ÅeÅ
E÷ _ºO�E÷2¤Xå,dó\Ü 0-10cm

&VAµD�Ah"ž&/6ƒ1� 
��Mói§6µEƒ+¨Fò

e›Hî+¨ #�"ò
"ž&/�;Gki§Eƒ_�H�D�  Ah^‚�/*Ë ,�EE÷_º
O� ��E÷2¤Xå,dó\Ü10- 50cm

 v6ÃD�Ah2 eÅ;ˆHî  
Ah.a1� ,+�XÀ

>[e›Hî+¨ #�"ò
"ž&/�;Gki§Eƒ_�H�D�  AhHÿ+�,dó\Ü 
50cm �ä�	

4ß

K—MÒ+¨ #�"ò
(=c°*©#‹Eƒp!D�Ah OõMÒ+¨p")^nEƒ�;M£Aµ 
EƒTúKz2TR¶K—MÒ;ˆ HîAh.a1�

4ß

EÕX…+¨ #�,å
c°*©#‹*™�HEƒEÕX… +¨(covestone):6~Aµ 
D�AhX…EÕG•+P;ˆHî AhO�1�

MÐMÒ+¨(bindstone):
"ž&/Eƒ6~Aµ D�Ah"�
Wø#‹2EMÐ;ˆ HîAhO�
1� ;;ˆHîAh  4.3•

D�AhH�+¨!�!�EƒMÅ"�4¸7Go�#3�™D�o� 1992o�

Wu Ya Sheng. 1992. Fabric-facies and fabric-rock-types of reefs. Science in China (Series B), 35/12: 1503-1511.
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: 
D�
H�
+¨

i§
=•
: 
D�
H�
+¨

4.
3•
Aµ

��i§+¨ D0��i§MÃ1� ,��i§#G4.3•Aµ D�AhG=+¨
XÑG=+¨:K‘.ƒ(&�•  2cm
Eƒg–K‘�9�: (4.  3•)

,çi§G=(+P?o)+¨ 4.3•MÃ!��,,çi§G= (Eó.ƒ>50cm) #*`Î5ÿi× D�AhG=+¨ XÑG=+¨
i§G=(+P?o)+¨ 4.3•MÃ!��,i§G= (Eó.ƒ 50-6.4 cm)#*`Î5ÿi× D�AhG=+¨ XÑG=+¨
MÅi§G=(+P?o)+¨ 4.3•MÃ!��,MÅi§G=(Eó.ƒ 6.4-0.2 cm)#*`Î5ÿi× D�AhG=+¨ XÑG=+¨

i§G� (+P?o)+¨ 4.3•MÃ!��,i§G� (Eó.ƒ 0.2- 0.00625 cm)#*`Î5ÿi× D�AhG�+¨ XÑG=+¨

5�  
4b 
Aµ

#*��i§H� (?o)+¨ #*��i§ ,��i§#G5�4bAµ #*D�AhG=+¨
>�G=+ :̈&ù\'4.3• ; K‘
.ƒ(&�•  2cm Eƒg– K‘
"_ 10%�ä�	

#*,çi§G=H� (?o)+¨ #*,çi§G=Eƒ;ˆHî+¨ (#*`Î >5%) #*XÑG=+¨1�>�G=+¨ >�G=+¨
#*i§G=H�(?o)+¨ #*i§G=Eƒ;ˆHî+¨ (#*`Î >5%) #*XÑG=+¨1�>�G=+¨ >�G=+¨
#*MÅi§G=H�(?o)+¨ #*MÅi§G=Eƒ;ˆHî+(̈#*`Î >5%) #*XÑG=+¨1�>�G=+¨ >�G=+¨
#*i§G�H� (?o)+¨ #*i§G�Eƒ;ˆHî+¨ (#*`Î >5%) #*XÑG=+¨1�>�G=+¨ >�G=+¨

H�
=•
: 
D�
H�
+¨

4.  
3• 
Aµ

,çH�G=(+P?o)+¨ 4.3•MÃ!��,,çH�G= (Eó.ƒ>50 cm) #*`Î5ÿi× ,çXÑG=+¨ XÑG=+¨
H�G=(+P?o)+¨ 4.3•MÃ!��,H�G= (Eó.ƒ 50-6.4 cm)#*`Î5ÿi× H�G=+¨ XÑG=+¨
MÅH�G=(+P?o)+¨ 4.3•MÃ!��,MÅH�G=(Eó.ƒ 6.4-0. 2 cm)#*`Î5ÿi× H�G=+¨ XÑG=+¨

H�G�(+P?o)+¨ 4.3•MÃ!��,H�G� (Eó.ƒ 0.2- 0.00625 cm)#*`Î5ÿi× H�G�+¨ XÑG=+¨

5�
4b
Aµ

#*,çH�G=H�(?o)+¨ #*,çH�G=Eƒ;ˆHî+¨ (#*`Î >5%) #*XÑG=+¨1�>�G=+¨ >�G=+¨
#*H�G=H�(?o)+¨ #*H�G=Eƒ;ˆHî+¨(#*`Î >5%) #*XÑG=+¨1�>�G=+¨ >�G=+¨
#*MÅH�G=H�(?o)+¨ #*MÅH�G=Eƒ;ˆHî+(̈#*`Î >5%) #*XÑG=+¨1�>�G=+¨ >�G=+¨
#*H�G�H�(?o)+¨ #*H�G�Eƒ;ˆHî+¨ (#*`Î >5%) #*H�G�+¨1�>�G=+¨ >�G=+¨
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%ý1 %Ú,Ü*ˆ"¾eÍ;35Y��"ß��D�AhH�EƒMÒ6ƒE÷%ý

(#5�›D o� 1992o�
o�.�D'o�


d�Ê+O, 1992, +O(™/1,´5��´�Ù.#2«
»
¼5��´-(�Ä�]
-0��–�È B, 3: 304- 310.
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#
4›&`P� #
4›&`
H� &i

�:D�d~-% !L4›&` !L4›&`P�
#
H�&i !LH�&i

i§6µE÷ +++

e›HîE÷ +++

e•e›HîE÷ +++

>[e›HîE÷ + +++ + 

EÕX…E÷ + + ++ ++

K—MÒE÷ +++

i§AFE÷ +++

XÑG=E÷ + +++

#*XÑG=E÷ + ++ ++

G�G=E÷ +++

G=G�E÷ +++

,çXÑG=E÷ ++

D�AhH�EƒMÒ6ƒE÷!�!�o�#3�™D�o�1992o�

p!+p"�âWg ùB¯Eƒg•B†i×�M

d�Ê+O, 1992, +O(™/1,´5��´�Ù.#2«
»
¼5��´-(�Ä�]
-0��–�È B, 3: 304-310.



((eG6·�="K<ò<x#•<ò<x�`6
BËC[H�

D0�•30-60mEƒ!§AhMÃ1��
60-150Eƒ��#�
o� https://doi.org/10.1016/j.tree.2024.01.01
1o�o� -“.R+� <60mEƒ"ê<D;3H�o�1‰>60mEƒ
"ê<ð;3H�o�"î�ä1‰ 60-150mEƒ"ê�, H-%H��<

<F;5H�+�. J-'H� +<ò;5H�
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<30mo! shallow reefo�<D;3H�
30- 150mo!�, H-%H�
50- 4000mo! deep reefo�<ð;3H��<

4†B-�,Eƒ!�!�

#3�™D�-ùZ­
<60mo!<D;3H�
60-150mo!�, H-%H�
>150mo!<ð;3H�

Tahiti o� reef of Pachyseris speciosa, depths of 
50 to 55 metres.

Pachyseris speciosa N•�<;áM¸BÉCY
Agaricia undata

�:X€BÉCY+]HÌo!

p!�, H-%BÉCYD�/�Kúp"Eƒ*™�H:30-150m;3<ðR�%óEƒBÉCY#‹ u*‚D�AhEƒN£S<o�"�1ëD�AhH�(Pugliseet al. 2009; 
Hindersteinet al. 2010o�

https://doi.org/10.1016/j.tree.2024.01.011
https://doi.org/10.1016/j.tree.2024.01.011


https://www.newscientist.com/article/2305315-
pristine-coral-reef-discovered- in- deep-water-off-
the-coast- of-tahiti/

�, H-%H�

^ØHÌ'íXÁEƒBªCo.aBÉCY5.&'()-r<
'S-�2Ï+š<v+·eC
^Ð35!/ 70KrEƒ<ð(�"ÐB¯Eƒ�<*‚5.BÉCYH�Eƒ�ÿ_ç!�o�
-õ�7\„^Æ 3 k`Ëo�5ÿ*¼Eƒ&/4¸6� 70Kr�< The pristine 
coral reef, newly discovered in deep water near Tahiti

Okinawa ±Mò"¾, 90 m; 



X~&/�,<v ¶;3BÉCYKúMÞ Mound top: 330m
BÉCYG=�ä"É<:BÉCY

Mound base: 346m
#*BÉCYG•+PEƒKˆG�+¨

(Stalder et al., 2021)
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<ò;5H�o� deep reef/deep sea reefso� /  ¸;5H�o� Cold water reefs,o�o#;5<ò>150 m

BÉCYo!Lophelia pertusao� Madrepora oculata



Reef of the Blake Plateau-�eø L<x-–iÙ" 

Desmophyllum pertusum
syn. Lophelia pertusa
(Linnaeus, 1758)
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&/?¸o!N•%ü��_çEƒ(&X~<
mÐi×"žo"(&+�o! 109X965 kmo";3<ðo! 200-1000 m

6�((E…<ò;5H�

A cold water 
coral mound in 
the center of the 
Blake Plateau off 
the southeastern 
coast of the U.S.

https://apnews.com/article/largest-
deep-sea-coral-reef-
5895cfd24f3de2a13515241d12bb8f89

https://conserveblakeplateau.org/
https://www.aphotomarine.com/coral_desmophyllum_pertusum.html
https://www.aphotomarine.com/coral_desmophyllum_pertusum.html
https://www.aphotomarine.com/coral_desmophyllum_pertusum.html
https://www.aphotomarine.com/coral_desmophyllum_pertusum.html
https://www.aphotomarine.com/coral_desmophyllum_pertusum.html
https://www.aphotomarine.com/coral_desmophyllum_pertusum.html
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Bacillus thuringiensis

Cyanobacteriao#
Fischerella \8;�Tú

QÎ�•`Ð6ERË

D�AhZð*ûMÒ5u.a1�Eƒ
g–K‘

mÃQqK—C�RËo�Myxococcus
xanthuso�

.¯D AjG´`yEÑ+ªG�Iw.Æg|�æ.¯XÃG�Iw�;�<*ý
.Æg|7:2o.¯XÃAz.‚ZÇ!,.¯D Aj+ªFô�=.Æg|�æ.¯XÃG�Iw�]�;.¯D Aj+ªFô*gG�IwE…79.Ä †*º

Pitted thrombolite, N•%üe>+��.Ax
o� Aitken, 1967o�

�ä +U(Ÿ�ß .J 0¬�� �Ä�Å?ø

 Þ&XE…" (Ì*›�Jo#
8- o¦o¤qRoáo”;æ5w

https://www.researchgate.net/figure/Bacterial-Cell-morphology-Bacillus-thuringiensis-HSFI-12-Observed-under-Optic-Microscope_fig1_367254608
https://www.researchgate.net/figure/Bacterial-Cell-morphology-Bacillus-thuringiensis-HSFI-12-Observed-under-Optic-Microscope_fig1_367254608
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Cambrian Stage 3, Sugaitblak section Vermicular clotted fabric Enlargement of the yellow rectangle in
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Travertine stones in Pavilion Lake, Canada
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p!Molds and casts that faithfully 
replicate the external form of an 
organism provide paleontologists 
clues about the surface anatomy and 
behavior of an ancient organism.p"

Mold & Cast Fossils | Sciencingo!
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(Wu et al., 2021)
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Fossil casts of planktic
cyanobacterium, 
Microcystis, in P-T 
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(Wu et al., 2014. 
Scientific Reports)
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Electron microscopy images of cyanobacteria
forming intracellular carbonates scattered
throughout the cells. (D) STEM-HAADF images
of Cyanothece sp. PCC 7425. Ca-carbonate
inclusions appear as bright round-shaped
objects. PolyP granules are darker, sometimes
shapeless forms (arrows).
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Benzerara et al. 2014. Intracellular Ca-carbonate biomineralization is widespread in cyanobacteria. PNAS, 
111(30): 10933p$10938
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