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Definition of biopetrology and microbiopetrology

A discipline to study the features, formation, environments of bioliths, and their significance in formation of mineral
ores and petroleum reservoirs (Wu, 2022).
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Undeveloped features of microbiopetrology

Microbiopetrolog is a young discipline, as seen Microbiopetrology is in an undeveloped
from the following important events: status, as seen from the following facts:
« In 1908, stromatolites were found, (1) There are few people engaged in research in
* In 1967, thrombolites were found, microbiopetrology,
« In 1987, the term microbialite was (2) There are few important research results in
proposed, microbiopetrology,
* In 2000, the classification of microbialites (3) Its contribution to the society and science
into 4 types was proposed (Riding, 2000), development is small,,
 |n 2022, a new classification of microbial (4) It has not become an important and

rocks was proposed (Wu, 2022) influential discipline.
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The causes of the undeveloped status of microbiopetrology are as follows:

(1) Research on microbioliths was induced by curiosity instead of target to resolve big scientific
problems such as evolution of life and Earth systems,

(2) Microbioliths are very complicated in formation and fabrics, and are difficult to study,

(3) Previous studies have a shortcoming: they paid main attention to macro- features of
microbioliths, but little attention to their micro- features,

(4) The tools used in past and current studies are limitation: they do not have sufficient resolution.



Innovative ideas to promote microbiopetrology

(1) To study microbioliths for scientific and society development, not for curiosity,

(2) To recognize and classify microbioliths according to their macro- and microscopic fabrics,

(3) To focus study of microbioliths on their microscopic and nanoscopic features, especially on their
original fabrics,

(4) To make inversion study on microbioliths so as to restore their original fabrics,

(5) To use dynamic thinking instead of static thinking in study of microbioliths,

(6) To apply the advances in microbiology, paleomicrobiology and experimental microbiology to the
study of microbioliths,

(7) To combine the study of microbioliths with the study of evolution of Earth's systems.

Innovation in research method—significant research results—contribution to science and
society development—increased impact of the discipline
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Toward microscopic feature

Why to focus study of microbioliths on their
microscopic and nanoscopic features

Microbioliths are formed by microbes.

Microbes are small:

Groups cyanobacteria bacteria archaea fungi Virus

Range of diameter (um) 0.20-1.25 0.1-15 2-30 (<100) 0.01-0.3

Maximal length (um) 8 200 0.45



Concept 1: Microbioliths originally consist of fabric components of different grades.

Fabric components of microbioliths and their sizes

Single Micritic | Mineral crust roclot Aggregation miniclot (between original
crystal grain | (+mold hole) P grain spaces) or minilaminae
Hundreds Several Several to tens : Tens to hundreds .
Tens microns Hundreds microns

nm microns microns microns
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Concept 2: Study of microbioliths should focus on their microscopic and nanoscopic features, because of two
reasons: (1) microbes are small: most of them are smaller than 5 microns, and (2) fabric components of
microbioliths are mostly smaller than 5 microns.
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microscopic thrombolites = macroscopic “clots” = thrombolite + secondary cavities, or

miniclots + original pores = thrombolite + recrystallized patches

miniclots are tens to hundreds o
: . “clots” are mm to cm in size
microns in size

Recognition of microbioliths by macroscopic features is not supported by fabrics of microbioliths, and is

easy to lead to incorrect results.
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limitation of tools

The most widely used tool in the study of microbioliths is the
optical microscope. Although the resolution of optical
microscopes can theoretically reach 200 nanometers. In practice,
however, their resolution in ordinary use is only 2 to 5 microns.
Thus, the minerals and fossils less than 2 microns are generally
difficult to distinguish under optical microscopes.

Most microbes, most microbial fossils and most fabric
components of microbioliths are small than 2 microns, and thus
cannot be seen under microscopes.

A photomicrograph of a thin section of a
Precambrian metamorphic rock sample,
taken by an Leica optical microscope
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Advanced tools, such as electronic microscopes have much higher resolution. They make it possible to
distinguish surface features less than 200 nanometers. However, they can be used to observe planar features, but
not internal fabrics.

So, in the past and now, because most studies were performed with optical microscopes, the limitations of
research tools prevent researchers from seeing most of the microfabric and nanofabrics of microbioliths, and the
value and significance of the research results were greatly limited.

How can we break the bottleneck of micropetrology? It is necessary not only to have the idea of performing
microscopic and nanoscopic study on microbioliths, but also to have powerful optical microscopes with high-
resolution of less than 2 microns. If the two factors are ready, a new era of high-resolution research on
microbioliths will come.



Toward the original

Why inversion study 1s needed to microbioliths?

Concept 3: All ancient microbioliths have evolved in fabric and composition.

The evolution of microbioliths refers to the alteration in their fabric and composition caused by

diagenesis.
Original microbioliths (original fabric and composition) — suffering various diagenetic

processes — altered microbioliths (altered fabric and composition) — final microbioliths

The main diagenetic processes that affect microbioliths include: (1) dolomitization, (2) cementation,
precipitation of minerals in pores and cavities, (3) dissolution, forming pores and cavities, and (4)

recrystallization.
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Schematic diagram of evolution of ancient microbioliths:

Original fabric | F?nal fabric |
An original thrombolite Altered thrombolite Altered thrombolite Altered thrombolite Final thrombolite

Red: cements in pores Black: dissolution pores Yellow late cements Grey: recrystallized patches

Concept 4: Evolution of minerals have occurred in almost all ancient microbioliths.

Evolution of minerals happened in different ways. A common way is as follows:

Nanoscopic calcite/aragonite mineral — micritic calcite/aragonite mineral — micritic dolomite —
powder-crystalline dolomite — fine-crystalline dolomite — medium-crystalline dolomite — coarse-
crystalline dolomite
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Concept 5: Most dolomitization are essentially growth of poikilitic dolomites in pores of existing
microbioliths.

Dolomitization is actually growth of the numerous parts of each larger dolomite crystal in the pores of the
existing rock, forming the larger dolomite crystal with the precursor rock as inclusions. The smallest mineral
component of microbioliths is rod-like nanoscopic calcite, and the smallest dolomites are generally several
microns in size.

Schematic diagr

-—

am of showing formation of a large dolomite crystal in a thrombolite:
DY Laf PN T "" A

An original thrombolite with A imaginary rhombic A few rhombic dolomite with inclusions

a lot of pores (in dark color). poikilitic dolomite in the of existing rock. Cambrian, North China.

Modified from Arp, 2012 thrombolite Modified from Bai et al., 2023, fig. 4



Concept 6: Poikilitic Recrystallization of Dolomites Recrystallization of dolostone is actually growth of the
numerous parts of each larger dolomite crystal in the pores between the preexisting smaller dolomite crystals,
forming the larger dolomite crystal with the preexisting smaller dolomites as inclusions.

Schematic diagram showing the evolution of a microbiolith:

dolomite

Calcite cement
Rod-like calcite poikilitic dolomite

A poikilitic dolomite, some calcite A imaginary large poikilitic dolomite
rod-like carbonate crystals formed cement, and several clean dolomite (in yellow color) with inclusions of
In an experiment (Wu et al., 2021) formed in the grain. All imaginary. preexisting dolomites
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Concept 7: Because evolution of fabric and composition is present in all ancient microbioliths, inversion
study is needed to all ancient microbioliths, so as to restore their original fabrics and compositions.

Concept 8: Inversion study of microbioliths refers to recognition of the minerals in the pores of original
microbioliths and restoration of the original fabric and composition.

For carbonate rocks, the minerals formed in different diagenetic stages are generally in the same color
under microscopes. But, they should have difference in chemical composition, such as contents of major
elements and trace elements, and in isotope compositions of some elements. Thus, they can be
distinguished by chemical compositions. To distinguish the different minerals will make it possible to
differ the later-formed minerals from the original microbiolithic components.
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Schematic diagram illustrating inversion study of ancient microbioliths:

An imaginary final In step 1, the In step 2, the later In step 3, the early Finally, the original
thrombolite with recrystallized patches ~ cements were cements were thrombolite were
recrystallized patches were recognized recognized recognized restored

(grey), later cements
(yellow) and early
cements (red)

An example of inversion study of minerals:

coarse-crystalline dolomite — medium-crystalline dolomite — fine-crystalline dolomite — powder-
crystalline dolomite — micritic dolomite — micritic calcite or aragonite — nanoscopic calcite or aragonite
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Schematic diagram showing inversion study of a large dolomite crystal:

" - ," A ~
) ; AN

A large rhombic dolomite consisting of The secondary mineral parts are Then, the outline of the original
the original minerals and secondary different from the original microbiolith minerals can be determined.
mineral parts in the same color, in an in composition, and can be

ancient microbiolith distinguished

The objective of study of microbioliths is not to satisfy curiosity but to restore their original fabrics and
paleo-communities, and determine the paleooceanic conditions. If these goals are not reached, the study is
not really accomplished.
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To see the passed

Concept 9: The microbialites beneath the present microbial mats are not formed now but were formed in the past
by some disappeared microbial mats. So, dynamic thinking is needed in study of modern microbioliths.
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Frontiers of microbiopetrology

1. To construct a microfabric-community-environment (MCE) database of bioliths

Different environments host different microbial communities and may form microbioliths with different
microfabrics. Each record in MCE database should consist of the microfabric, the microbial community
forming it, and the main environmental conditions controlling the community.

1. To construct a microbe-morphology-environment (MME) database of extant microbes

Each extant microbial species lives in one or several specific environments, and may have different
morphologies adapted to different environments.

Each record in MME database should consist of the species name, its morphology, and the main
features of its environment. The records should be obtained from research on microbes in present-day
natural environments or from experiments. Therefore, the establishment of MME database should be
based on research results in microbiology and experimental microbiology.
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3. To perform research on all carbonate rocks, ironstones including BIFs, and manganic rocks on
the Earth

Especially, to conduct inversion study on them and study on their microscopic and nanoscopic
fabrics, to find the microbioliths, based on restored original microfabrics, to restore their paleo-

communities, and to determine their paleoenvironments, based on their mold holes, MME database,
MCE database, and geochemical analyses.
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