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Concept of Biolith

1. Biogenic carbonates
Reef rocks

Non-reef skeletal rocks
Microbial rocks (= microbiolith)
Microbialites
Microbial reef rocks (consisting of in situ skeletons of microbes)
Rocks consisting of debris of microbialites and microbial reef rocks . Biolith
2. Microbial ironstones
BIFs (?)

Xuanlongshi ironstones (iron oolites, iron stromatolites)

Rocks formed by

organisms

3. Microbial manganic rocks

Marine manganese nodules

4. Coals, black rocks




Formation mechanisms of bioliths:

1) Bio-controlled mineral precipitation (forming skeletons of animals, calcareous algae, etc.)

2) Bio-induced mineral precipitation (forming mineral crusts, miniclots, minilaminae)

(1)
(2)
(3) Trapping sediments by microbial mats (forming the laminae in some stromatolites)
(4) Fragmentation and deposition (of skeletons and microbialites)

(5)

5) Growth of organic bodies (forming coals)

Bio-controlled mineral precipitation Bio-induced mineral precipitation

By macro- and micro- organisms By microbes such as cyanobacteria and bacteria
Form skeletons with special shape and Form micritic miniclots or minilaminae without special
structure shape or structure

(Bazylinski, Frankel, 2003; Burne, Moore, 1987; Frankel, Bazylinski, 2003)



Biolith formed by bio-controlled mineral precipitation

A coral framestone consisting of in situ coral
skeletons, in a modern reef in South China Sea.
https://www.westend61.de/en/imageView/DSGFO
00306/malaysia-south-china-sea-tioman-island-
coral-reef

Microbial reef rock

A framelite consisting of skeletons of Phacelophyton, a
calcified cyanobacterial genus (Liu et al., 2016a, b), from
the Upper Ordovician of well TZ24 in the Tarim Basin,
Xinjiang, China



Biolith formed bio-induced mineral precipitation

A modern microbialite (thrombolite)

Vertical section of a sample froma  Local enlargement of the Photomicrograph of a thin section of
modern lake on the Atoll of Kiritimati. thrombolite. Modified from Fig. 13 the thrombolite. Modified from Fig. 13
Top: microbial mat. Bottom (red of Arp (2012) of Arp (2012)

arrow): thrombolite interpreted to be
formed by the mat. Modified from Fig.
13 of Arp (2012)



Classification of bioliths

— magmatic rock —macrobiolith—
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—Stromatolite

Laminite
— Microbialite ——— ¢pystolite (Of concentric laminae onobject)
(With aframework )
L . Oncolite
of insitulaminae
or/and miniclots) '—Thrombolite

. ) o Dendrolite
Framelite (Withaframework of skeletonsofup-growbenthic microbes)

Calcimicoliths o : , N ,
Microlithite Bafflelite (Withscatteredinsituskeletonsof microbes,>15%)

(i.e., microbial - . . .
Filalite (Withaframework of skeletonsof filamentous microbes)
reef rock)

— Micrograinstone (Of contact debris of microbial rocks )

Micropackstone (Of contactdebris of microbial rocks,and micrites)

— Microallolite

(Of debris of Microwackestone (Debrisof microbial rocks floatingin micrites)
microbioliths
and/ormicrites

— Micromicrite (Microbial micrites>95%)

(Wu, 2022; I 4, 2023)  Dendrolite (Riding, 2000)



The in-situ skeletons in a framestone must be in
contact with each other. Otherwise, it is not a
framestone.

o e

A framestone consisting of in-situ skeletons of A wrapstone consisting of in-situ skeletons of a calcified red alga
rugose corals, from an Upper Permian reef in (Corallina), from a Cenozoic reef in Southern China Sea.
Cili, Hunan Province, China.
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A bioliestone consisting of overturned skeletons of A dolomitic laminite consisting of dark micritic

some rugose corals, from an Upper Permian reef minilaminae and thick thrombolitic laminae, from the

in Cill, Hunan Province, China. Lower Cambrian Stage 3 in Aksu, Xinjiang, China. The
sample no. is S-17.



A stromatolite should have a framework of laminae formed
by microbial mats, or have a laminated fabric formed by
sheet-like cavities formed by microbial mats.

o o o e S, W
Fig. 9 of Riding (2000): A stromatolite with sheet-

like cavities, formed by trapping of sediments by
microbial mats.

A thrombolite must have a m
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A thrombolite with a microscopic net-like clotted fabric,
from the Upper Ordovician at Taoqupo, Yaoxian, ShanXi
Province, China. 10



Crustolite: consisting of microbiogenic minilaminae A framelite consisting of dendritic skeletons of
encrusting on something. Epiphyton.
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A crustolite consisting of micritic laminae (red braces) Fig. 13 of Riding (2000). It was assigned to dendrolite

encrusting on the mineral crusts of some cyanobacteria by Riding (2000), but here is assigned to framelite.
(red arrows). Cenozoic. Haushigou, Qinghai, China.
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A filalite consisting of flamentous skeletons of some
cyanobacteria, from the Lower Cambrian Stage 2 at
Sugaitebulake, Aksu, Xinjiang, China

A micrograinstone consisting of skeletal debris of
Renacis, from the Lower Cambrian Stage 3 at
Sugaitebulake, Aksu, Xinjiang, China. (Li etal., 2021)

12



Biolith 1s the second important rock, and is one of
the four main kinds of rocks making up the Earth

New conception: The lithosphere of the Earth is made up of four main kinds of rocks: magmatic,
biolithic, sedimentary and metamorphic rocks. (biolithic rocks = bioliths = biogenic rocks)

Previously the lithosphere of the Earth was believed to be made up of three kinds of rocks: magmatic,
sedimentary and metamorphic rocks. Now, however, because of the following three reasons, it is
proposed here that the Earth is made up of four main kinds of rocks: magmatic rock, biolith,

sedimentary rock, and metamorphic rock.

Reason 1: Organic processes and inorganic processes are quite different, and the bioliths
formed by organic processes should not be placed together with the sedimentary rocks
formed by inorganic processes, and to sperate bioliths from abiogenic detrital

sedimentary rocks is a scientific advance.

Abiogenic rocks — Sedimentary rocks (detrital)

Sedimentary rocks {
(in old sense) Biogenic rocks —— bioliths
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Reason 2: Precipitation of minerals from magma caused by decline in temperature,
precipitation of minerals from water caused by metabolism of organisms, and precipitation
of minerals from water caused by evaporation or decline in pressure and temperature are
the three main ways to form the original rocks making up the Earth. The resultant rocks are
magmatic rocks, bioliths and chemical rocks, respectively. The chemical rocks mainly
Include stalactites, evaporites, spring travertines, and mineral accumulations at marine
hydrothermal outlets.

Sedimentary rocks in the narrow sense (detrital) and metamorphic rocks are not original, but are
derived from existing rocks, and do not significantly increase the total volume of the rocks in the
Earth. So, magmatic rocks and bioliths are more important than sedimentary and metamorphic
rocks.

Coals, carbonaceous rocks, and black rocks are made up of altered organic remains of plants,
and are also important components of the lithosphere. They were previously placed in
sedimentary rocks, but here are placed in biolith.



The original rocks in the lithosphere are magmatic rocks, bioliths, evaporates, stalactites, hydrothermal rocks
(including hydrothermal chimneys, spring travertines) , coal and black rocks, and the secondary rocks include

sedimentary rocks and metamorphic rocks.

Mineral precipitation
from magma caused
by temperature
decline.
opentextbc.ca

Evaporites formed
by evaporation.
Qingai Lake,
China. dxbel.com

Bio-induced mineral
precipitation in a lake
caused by metabolism
of microbes. Modified
from Fig. 13 of Arp
(2012)

Travertines formed by
decline in temperature
and pressure. Bridgeport,
CA, USA
elevation.maplogs.com
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https://elevation.maplogs.com/poi/bridgeport_ca_usa.11090.html
http://www.dxbei.com/x/20130326/60845.html
https://opentextbc.ca/geology/chapter/3-1-the-rock-cycle/

Mineral accumulations at oceanic
hydrothermal vents, forming hydrothermal Carbonate mineral precipitation in karst caves,

rocks such as chlmneys forming chemical rocks such as stalactites
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Les ressources minérales des grands https://www.dkfindout.com/uk/earth/caves/stalactites/
fonds marins | Langlois

Chemical rocks include evaporates, stalactites, hydrothermal rocks (including spring travertines and
mineral accumulations at seafloor hydrothermal vents)
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http://langlois.blog.lemonde.fr/2014/05/17/les-ressources-minerales-des-grands-fonds-marins/

Reason 3: The total amount of bioliths in the Earth is very great based on the following facts.

(1) The amount of coals and black rocks are great.

(I1) The amount of carbonate rocks are great.

According to data (K18, % fE. 1983), carbonate rocks cover 38.5% of the area of China, and
cover 15% of the land area of the Earth (http://www.china-shj.org.cn/post/11294). According to
our data, carbonate rocks account for more than 75% of the thickness of the Mesoproterozoic in
China.

(1) Carbonate rocks are mainly bioliths, because of the following five reasons:

(1) Except for the ooids in the local area of the Great Bahama Bank, the reefs and non-reef
carbonates in modern shallow seas are all bioliths. The carbonates in reefs consist of in-situ
skeletons of benthic organisms such as corals and calcified red algae, skeletons of non-
benthic organisms such as foraminifers, as well as micrites probably derived from calcified
green algae.


http://www.china-shj.org.cn/post/11294

(2) Except for oolites, ancient carbonate rocks are all bioliths. The micrites have not been fully
studied, probably including a majority of biogenic and a small amount of abiogenic micrites.

(3) As examples, we have studied the Mesoproterozoic carbonate rocks in Jixian, Tianjin, China and
those around Shijiazhuang, the capital of Hebei Province, China, and found that they are mainly
stromatolites, a kind of biolith. According to our studies, the dolostones of the Lower
Cambrian Stage 3 Xiaoerbulake Formation at Sugaitebulake, Aksu, Xinjiang, China are 187 m
thick, and are mainly dolomitic thrombolites and laminites, with a small amount of dolomitic
stromatolites.

(4) Our studies show that the Ordovician carbonate rocks in the Bachu-Tazhong area in the Tarim
Basin in Xinjiang, China mainly consist of microfossils and micrites.



(5) The great amount of banded cherty iron formations (BIFs) is probably of microbial origin.

So, the total amount of bioliths in the Earth is very great, and is probably greater than that
of sedimentary rocks. Thus, we conclude that biolith is the secondary important kind of
rocks making up the lithosphere. And magmatic rocks, bioliths, sedimentary rocks, and
metamorphic rocks are the four main kinds of rocks making up the Earth. Except for the four,
chemical rocks are a minor kind of rocks making up the Earth.

Previousely it is said that there are three kinds of rock: igneous, sedimentary, and
metamorphic in the earth. But, from now on it should be said that there are four kinds of
rock in the earth: magmatic (igneous) rocks, bioliths, sedimentary rocks, and metamorphic
rocks.
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Schematic diagram showing the main rocks in the lithosphere:

water
biological §processes water

chemical processes

Lithosphere
(grey)

magma

cooling

1. Magmatic rocks 2. Bioliths

4. Metamorphic

3. Sedimentary rocks

rocks
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(Wu, 2022; R4, 2023) Riding (2000): stromatolite, thrombolite, dendrolite, leiolite

29



1 £ 4 B
BS 0 A B,
MU 5 5275
E¥Ea

—WEYE

e (4

— i (£
Ba

—EEA R, BEEREERREMUEMRNEGER  BBEAERAMKNXNESEN )
Eoh (BN, EARECEREMNEERINEAER  BEEERAMRIINESY )
BERAGFEREREKNNEMFERENLEAEN
B A (EZHERE KM EYRE K E /SR A a8 PR AL

—HRA (RUNESRREMERINEABEER)

M il

—W (£ BRE (REREHEEVMEEHREAER) B®HRA)
W (£ FERE (RERWEHMEYERSE>15%)
M (M) #EEs EERNEVEREEREEEEEYMN)

— (£9)) 22R%E (RHLRXUEDEBRLWREAFTER

—W (£ BRE (S, MEYSIEBEEREM  BRAFR50%LUT )
W () RRE (HiES. MEVSNRERERM , RO FLES50%LILE)
W (£ SRS (S, MENSHNEBEAEERR  ERNESR)

— (£4) ReE (MEYIREREE>95% )

(Wu, 2022; 24, 2023)  Dendrolite (Riding, 2000)

30



BRETNEDERROIEEERE.

} :‘J’ 10 \l},\&#ﬁvw

o

XE—FHEARMH (BTEHEMIEL) R XEB—IEH—MLR(Coralina) IR TR BRI ES, KRBT
i@%ﬁ?’@)ﬂiﬁ’ﬂ%%%, kEMEEN L85 EESNHEREDE. S0RA.
G 7f:

31



XE—MEBRERNARIE (BT X5k
FEBRAMMNEES, KEBBAFNLZSE
4k

=

L

—ME-mE=RELA,

HiEERRERSE

g

ST

MR- RESUEZEMAL, KEHEM I

TERGEFE=HMBERMIA, RASS-17,

32



SEAVMEEHMEDNBIANSEARNER, HER
WA RN SR IRFLIR

oGy S

BIRO VMR TECRREERHSERARN TR
By ' '7{.." 7 .

g -~ = T
: . oy ' - v )
y : - A Th .
: § S co. e 7
. > 75

I,

Fig. 9 of Rid‘ihg (2000): —ﬁﬂﬁ-ﬁ éxc)%‘lﬂm AYIR |
REER, BHREYFEHETNIRYF . BafmrER, kXaFmEEMEIREMEER,

33



AEF BERBRETY LHE B _MERHR (Goiohyton) BRBREBARIE

—MBEEA, EEFF@%%?“ =g E’J?ﬁ)‘%n (éléau L) Fig. 13 of Riding (2000) IEXF & A IIARDIR A

FRRREZE (L&FES) A, ﬂ%ﬁ T4 AU (dendrolite ) , LLARIAAWERE.
E. (GARBPEABHTMNBRITRBRARERG)

34



. 9 e
@ ¢ L iy 3 B AU L AP . - B

—ME—EERNZRERMANLRE, KEFEN —FHRBRE ( Renacs) BEFHITEBHMHIHM
A NERSEE I E /R, nE, REHEM R FRRSEE =B Rk
A,

35



I

- MERMIR ENE KRS, SHMMIK
AABENEXEZ—

EEHIAR : HIREHERE. £¥a. NRE (NEfEEERRE) MEREXEXEH/MA.

MENA AR ERERE. NIIRE. EREX=ZAFEMN. BTUT=1TRE, XEEKBIKEH
XA £Y5. IRE (GEEBNRE) . TREXMREHMN.

FRE—, BHERAMTHIERARSRRTRNEN ; BEVMIERAERNEYSE, TNIXSTHIER

ERNTERBRLREIIE—E. SEVERERNEMENEENRAREFTIFHEK, BRIF
MRAED .

FEMRRENARE —— RE EXH, =HBRRE)

TR (18 SCAY) {

EYRRAN NRE —— £Y%

36



FR=, EEtxENFEREANERARE=M: (1) aXRH#:IeNTHERER, (2) &

VIERASBTHEKPNERER, (3) TVEAR, 8REXER. EAMEETESE
NTHBR/AEKTNERER. X=MERAEBNEEDIE : 8XE. £WE. LFE (85
BETHMILA. BF, RTNERRE, RE, BRARH OLANT PHER—ApINEE
&) .
BETRENEREAEREER, MENECEFANRESALMN ;| RENAFAREIE
NHIRE AR EAEIR. B, SMEAHXEAmE aRENEYEILIRENEREEEE,
K. Zie. ReaeREDRELTmMERYN, EETERHELT TNEYEER, 2R
BEZHAMAE. eMNUarANARESR, XEFEMNPAAEDEH.




E 7J</7 fﬂ ~F

ﬁ%W%M
E’IT/Z':P |:|EIEI
DR =g L=l

opentextbc.c
a

B Ry
KERER
ﬂ'%)llﬁﬁff%,n
B, T

N\ L1
FEo

dxbei.com

BEEEHRS Y
HE, ﬁi%%%ﬁ
sy MER, ©
BA 4D 7o 2B B B IR

B R 5|8Fig. 13
of Arp (2012

RCOREHER, RBE
MENN T ESEE
MK LR, A
SRIE

elevation.maplogs.co

Hot Spring —
Bridgeport, CA,
USA

38


https://opentextbc.ca/geology/chapter/3-1-the-rock-cycle/
https://elevation.maplogs.com/poi/bridgeport_ca_usa.11090.html
http://www.dxbei.com/x/20130326/60845.html

BRAVERER DB ENTRE TRESENT Y BIERREKBEERZIERASBNBRRISER, A
IR, N REE A, R

N
L
Bl
1{ r S Y
R R
P
. 5

Les ressources minérales des grands https://www.dkfindout.com/uk/earth/caves/stalactites/
fonds marins | Langlois

%#ﬁ@?ﬁ%kz":—‘. (HBRKENEZZIEASBT DERLAN) « BKE (BFERE, BERAKOHER
Th R A

39


http://langlois.blog.lemonde.fr/2014/05/17/les-ressources-minerales-des-grands-fonds-marins/

FR=, ik EEMENEERRK.

(1) #IKE, K. RERE. RESHHEEKX.
(2) kb, RBEENHEERK :

RIESIT, PEEITIERABWEMREAMEES (FRE, T 1983) | £EkfHERER
Fy 15 RER S A EB = ( http://www.china-shj.org.cn/post/11294 ) , =R LA E
BN SHEELZERKIELL, RBEBEEST, mREAMESEFELELLFTHRBERE
BR7swd £, A, RANREZEHEE X,
HAUTEA, EFAARBREETEREYSE ¢

(1) MRIEEBEAX, BRT RKEBDSHREHETVRENMALTIRERK, ERJ/LTFEBE
R E RV IRER S R AR R . RRMNABEAZE T2, B XZHEEYRER. DI
ELVRER

(2) RENMIRZH, GRBERNREREET, MVEFTVRENEEOEHR £EPREN
EIRIRE R S RZE



(3) IRIEWIR, REHEMNPTERKBEETERSEA—TARUNEYHRERES  RE\EXK
MR, ARERABRNPTHREKREETEEEREA Bl eAnEZlmiix M ER
BE—MBERHNURAISTMENBZEHEZE, MEVEANER LM L, BIEFFRAH
S0 MECE-ETNRBRABMRESTIERLEYS |

(5) HBEAMFHREHKZENH®ITREEMEYRER

Hib, /FHEGR MR ENEVEREEXR, BETHARESR, HERMAKEBL THBAR
a5, AbRANMKRERRNE KGR, RARMKREGENRREZ—.



AR EABAARENXRER

TIER

IKAK

L2 fEH

42



75 SCHR

Arp, G., Helms, G., Karlinska, K., Schumann, G., Reimer, A., Reitner, J., Trichet, J. 2012. Photosynthesis versus
exopolymer degradation in the formation of microbialites on the atoll of Kiritimati, Republic of Kiribati,
Central Pacific. Geomicrobiology Journal, 29 (1): 29-65. https://doi.org/10.1080/01490451.2010.521436.

Bazylinski, D.A., Frankel, R.B. 2003. Biologically Controlled Mineralization in Prokaryotes. Reviews in
Mineralogy and Geochemistry, 54(1): 217-247.

Burne, R.V., Moore, L.S. 1987. Microbialites: Organosedimentary deposits of benthic microbial communities.
Palaios, 2( 3) : 241 - 254.

Frankel, R.B., Bazylinski, D.A. 2003. Biologically induced mineralization by bacteria. Reviews in Mineralogy
and Geochemistry, 54(1): 95-114.

43



Li, Y., Jiang, H.X., Wu, Y.S., Pan, W.Q., Zhang, B.S., Sun, C.H., Yang, G., 2021. Macro- and microfeatures
of Early Cambrian dolomitic microbialites from Tarim Basin, China. Journal of Palaeogeography, 10 (1):
19-38. https://doi.org/10.1186/s42501

Liu, L.J., Wu, Y.S., Yang, H.J., Riding, R. 2016. Ordovician calcified cyanobacteria and associated
microfossils from the Tarim Basin, Northwest China: systematics and significance. Journal of Systematic
Palaeontology, 14(3): 183-210.

Liu, L.J., Wu, Y.S.,Jiang, H.X., Riding, R. 2016. Calcified rivulariaceans from the Ordovician of the Tarim
Basin, Northwest China, Phanerozoic lagoonal examples, and possible controlling factors.
Palaeogeography, Palaeoclimatology, Palaeoecology, 448, 371-381.

Riding, R. 2000. Microbial carbonates: The geological record of calcified bacterial-algal mats and biofilms.
Sedimentology, 47 (s1): 179-214.



Wu, Y.S. 2022. Classification of biogenic carbonate rocks. Biopetrology, 1(1): 19-209.
http://biopetrology.com/yswcob

FRE, T 1983 FERRE S MEIRNE. FESFZ, 1983, (02): 61-64.

R4, 2023. £ EMD . HHIESIR, 25(3): 511-523.

(The end)

45



