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Abstract

In recent years, in some papers and manuscripts published in and submitted to the Journal of Palaeogeography
(Chinese Edition and English Edition), the authors named the rocks or rock types as “microfacies” or “lithofacies’,
named the microfeatures in thin-sections under microscope as “microfacies”, and named the macrofeatures of rocks
as “macrofacies”. | wrote two short papers “Words of the Editor-in-Chief — Rocks are not microfacies” (Feng, Journal
of Palaeogeography 19(5):l 2017) and “Words of the Editor-in-Chief — Rocks are not lithofacies” (Feng, Journal of
Palaeogeography 20(3):452-452, 2018) which were in Chinese and published in the Journal of Palaeogeography
(Chinese Edition). However, they did not attract much attention of readers in China and outside China. In addition, in
1980s, some Chinese sedimentologists proposed “subfacies” and “microfacies” based on the macrofeatures of rocks
from outcrops and drilling cores. However, the definition of this “microfacies” is totally different from the
“microfacies” proposed by foreign sedimentologists in 1940s based on the microfeatures in thin-sections under
microscope.

These problems appeared repeatedly and forced me, as the Editor-in-Chief of the Journal of Palaeogeography
(Chinese Edition and English Edition), to observe the policy of “A hundred flowers blossom and a hundred schools of
thought contend” , to write new papers “A review on the definitions of terms of sedimentary facies” both in Chinese
and in English, to clarify the definitions of the terms of sedimentary facies, ie., “facies’, ‘lithofacies’, two
“microfacies”, “macrofacies’, “subfacies”, etc. | hope that the new papers will attract attention of readers worldwide
and they can write papers and participate in the discussion and contending of these problems, strive for getting
some common understandings, and therefore promote the progress and development of sedimentology and
palaeogeography.

Keywords: Sedimentary facies, Facies, Lithofacies, Microfacies, Macrofacies, Subfacies, A hundred flowers blossom and
a hundred schools of thought contend
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1 Introduction “rocks” or “rock types”, “microfeatures of rocks” and

In 2014, in the paper by Hou et al. (2014) published in
the Journal of Palaeogeography (Chinese Edition), the au-
thors named the rocks as “microfacies”. I suggested them
to utilize rocks or rock types instead of “microfacies”.
They accepted my suggestion.

In 2015, in the papers published in the journal of
Palaeogeography (English Edition), the authors named
the rocks as “lithofacies”, named the microfeatures of
rocks as “microfacies”, and named the macrofeatures of
rocks as “macrofacies”. I suggested the authors to utilize
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“macrofeatures of rocks” instead of “lithofacies”, “micro-
facies” and “macrofacies” respectively. However, they did
not accept my suggestion. At that time, I thought it may
be the difference of academic viewpoints between us, 1
could not force them to change their points of view.

In 2017, the Journal of Palaeogeography (Chinese
Edition) received a manuscript by Xi et al. (2017). The
authors considered 10 rock types as 10 “microfacies”
and indicated that the 10 “microfacies” are identified
based on the “standard microfacies” in the Chinese version
of the book “Carbonate Facies in Geologic History” by
Wilson (1975a, b) of which the chief translator was me.

I wrote a letter to Dr. Xi and expressed my viewpoint
that the 10 “microfacies” in their manuscript are not

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made.


http://crossmark.crossref.org/dialog/?doi=10.1186/s42501-019-0045-3&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:jpalaeo2012@163.com

Feng Journal of Palaeogeography (2019) 8:32

“microfacies” but 10 rocks or rock types. I hope he will
agree with my idea. Meanwhile, I wrote a short paper
“Words of the Editor-in-Chief — Rocks are not microfa-
cies” (Feng 2017, in Chinese) and planned for publishing
both the papers of Xi et al. and minein the Journal of
Palaeogeography (Chinese Edition) in the same issue in
order to attract the attention of readers.

Dr. Xi accepted my suggestion. The papers of Xi et al.
and mine were published in the Journal of Palaeogeog-
raphy (Chinese Edition), Xi et al. 2017, Vol. 19, No.5.
After a few days, I received some emails from readers,
they agreed with my viewpoint.

In October 2017, the 6™ National Congress of Sedimen-
tology was held at Nanjing. Some presenters considered
rocks or rock types as “microfacies” or “lithofacies” in their
presentations. During the discussions of these presenta-
tions, I said: “These rocks or rock types are not “microfa-
cies” or “lithofacies”, because these terms don’t include
sedimentary environment”. Many attendees applauded my
speech and agree with my ideas.

In October 2017, the Jjournal of Palaeogeography
(Chinese Edition) received a manuscript by Liu et al. and
the authors considered 16 rocks as “lithofacies”. I
suggested them to utilize rocks or rock types instead of
“lithofacies”. However, they did not accept my sugges-
tion. Hence, I wrote a short paper “Words of the Editor-
in-Chief — Rocks are not lithofacies” (Feng 2018, in
Chinese) and this paper was published together with the
paper of Liu et al. in the Journal of Palaeogeography
(Chinese Edition) in the same issue, Liu et al. 2018,
Vol.20, No.3, and let readers discuss this problem.

In January 2018, the Journal of Palaeogeography (English
Edition) received two manuscripts. The authors of one
paper considered 23 rock types as 23 “microfacies” and in-
dicated that their “microfacies” are based on the definition
of microfacies proposed by Fliigel (2004a, b; 2010a, b).
The authors of the other paper considered 11 rocks as 11
“lithofacies”.

The same problem appeared again and again.

In addition, in 1980s, some Chinese sedimentologists
proposed “subfacies” and “microfacies” according to
macrofeatures of outcrops and drilling cores. The defin-
ition of this “microfacies” is totally different from the
“microfacies” proposed by foreign sedimentologists in
1940s based on the microfeatures in thin-sections under
microscope. In sedimentary petrology and sedimentol-
ogy, there are two “microfacies” with different definitions
at the same time. It is a very tough problem.

These problems forced me, as the Editor-in-Chief of the
Journal of Palaeogeography (Chinese Edition and English
Edition), to observe the policy of “A hundred flowers
blossom and a hundred schools of thought contend’ , to
write new papers both in Chinese and in English, to clarify
the definitions of the terms of sedimentary facies, such as
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“facies”, “sedimentary facies”, “lithofacies”, two “microfa-
cies”, “macrofacies”, “subfacies”, etc..

The new papers are “A review on the definitions of terms
of sedimentary facies (both in English and Chinese)”.

I hope that the new papers will attract attention of readers
worldwide and they can write papers and participate in the
discussion and contending of these problems, strive for
getting common understandings, and therefore promote the
progress of researches of sedimentary facies and the devel-
opment of sedimentology and palaeogeography.

What is “facies”? What is “sedimentary facies”? What
is “lithofacies”? What is “microfacies”? What is “macro-
facies”? What is “subfacies”?

It should start from clarifying what is “facies”, i.e., the
definition of “facies” firstly.

2 Definitions of facies

2.1 Previous definition of facies

In sedimentary petrology and sedimentology, not in ig-
neous petrology, metamorphic petrology, stratigraphy,
and other geological disciplines, the definition of facies
has long been debated.

However, one point is basically agreed among the major-
ity of sedimentologists, i.e., in sedimentary petrology and
sedimentology, facies has to include features of sediments
or sedimentary rocks and sedimentary environments.

Pyxun (1953), a sedimentologist of USSR, in his text-
book “ocHoBer Jurosiorun” (Principles of Sedimentary
Petrology) considered: “Facies is the regular synthesis of
sediments which can express their lithological and palae-
ontological features. Therefore, facies is the material
expression of formation conditions of sediments. It should
be to say lagoon dolostone facies but not to say dolostone
facies. It should be to say lake (or lacustrine) siltstone
facies but not to say siltstone facies.”

Mineralogy and Petrology Section of Beijing Petroleum
Institute (1961) synthesized the meaning of facies of 13
sedimentologists, mainly the sedimentologist of USSR,
mainly Pyxun (1953), and considered “Facies is the sum
of features of sediments and their formation conditions”.

Mineralogy and Petrology Section of East China Petrol-
eum Institute (1982) considered “Facies is the synthesis of
sedimentary environments and features of sedimentary
rocks (sediments) formed in those sedimentary environ-
ments”. This definition of facies succeeded that of
Mineralogy and Petrology Section of Beijing Petroleum
Institute (1961).

Feng (1994) in the “Sedimentary Petrology (Second
Edition) also reiterated the definition of the Mineral-
ogy and Petrology Section of East China Petroleum
Institute (1982).

The “Glossary of Geology” by American Geological In-
stitute (1973) mentioned many definitions of facies. One
among these definitions is: “Facies is the sum of all
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primary lithologic and palaeontologic characteristics
exhibited by a sedimentary rock and from which its
origin and environment of formation may be inferred” .

The “Encyclopedia of Sedimentology” by Fiirbridge
and Bourgeois (1978) firstly cited the definition of facies
proposed by Gressly (1838): “I call facies or aspects of
stratigraphic unit: one is that a similar petrographic
aspect ... ... ; the other, that a similar paleontological
assemblage ... .... ”

This sentence by Gressly (1838) may be the earliest
statement of the definition of facies. It consists of petro-
graphic aspect and paleontological assemblage and
should be fully affirmed. As for “stratigraphic units” and
sedimentary environments not mentioned in his defin-
ition, we should not be over-critical. Before 180 years,
this statement of facies is very difficult of attainment and
worthy of esteem.

The “Encyclopedia of Sedimentology” also cited the
definition of facies by Moore (1949): “any areally re-
stricted part of a designated stratigraphic unit which ex-
hibits characters significantly different from those of other
parts of the unit” It is worthy to be discussed and con-
tended that in 1949 Moore duplicated the viewpoint of
Gressly (1838). I don't agree with this viewpoint.

The “Encyclopedia of Sedimentology” cited another
definition of facies: “Facies refers to the overall character-
istics of rocks formed in a particular environment” . 1
agree with this definition.

“A Dictionary of Earth Sciences” by the Editorial Com-
mittee of A Dictionary of Earth Sciences (2006), in its
Basic Disciplines Volume, considered: “Sedimentary fa-
cies is the material expression of sedimentary environ-
ment. Sedimentary facies is the sum of all primary
features, including petrological, palaeontological and pet-
rogeochemical features, of sedimentary environment” . 1
agree with this definition.

2.2 My definition of facies today
Feng (2017) in his paper “Words of the Editor-in-Chief
— Rocks are not microfacies” proposed: (1) Sedimentary
rocks are not facies, (2) Sedimentary environments are
not facies, (3) Sedimentary rocks plus sedimentary envi-
ronments are facies, and the term “facies” is a simplified
name of “sedimentary facies”.

Now, I revise the above 3 sentences and add 2 sen-
tences. It consists of 5 sentences.

The interpretations of these 5 sentences are as follows.

1) In the first sentence “Sedimentary rocks are not
facies”, the sedimentary rocks include all sedimentary
rocks and their features. But, only sedimentary rocks
and their features are not sedimentary facies.

2) In the second sentence “Sedimentary environments
are not facies”, the sedimentary environments include
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marine environments, continental environments,
marine-continental transition environments, and
their various subenvironments. But, only sedimentary
environments are not facies.

3) The third sentence “The synthesis of sedimentary
rocks and sedimentary environments is facies”. 1t is
the core of definition of facies. Here, I emphasize
the “synthesis”. It means that sedimentary rocks and
sedimentary environments are inseparable in
sedimentary facies. If they are separated, both
sedimentary rocks and sedimentary environments
are not facies any longer.

In sedimentary petrology or sedimentology, not in
other geological disciplines, the term “facies” is a simpli-
fied name of “sedimentary facies”. The “facies” and “sedi-
mentary facies” are synonymic terms.

4) The fourth sentence “Sedimentary rocks formed in
the sedimentary environments” is to explain the
relationship between the sedimentary rocks and
sedimentary environments.

5) Just because the “Sedimentary rocks formed in the
sedimentary environments” , therefore the fifth sentence
“The features of sedimentary rocks can reflect their
sedimentary environments in which the sedimentary
rocks formed” . This sentence is very important. Except
the modern sedimentary environments, all sedimentary
environments in geological history disappeared long ago
and we cannot see them with our eyes. But, they are
knowable. By means of the data of various features of
sedimentary rocks, including the macrofeatures and
microfeatures of sedimentary rocks from outcrops, wells
and laboratories, we can analyze, infer and reconstruct
the sedimentary environments in geological history. It is
facies analysis of sedimentary rocks. It is an important
task of sedimentary petrology, sedimentology and
palaeogeography.

In summary, the first and second sentences are negative
words which negate the current incorrect viewpoints
about sedimentary facies. The third sentence is the core of
definition of sedimentary facies. The fourth sentence is to
explain the relationship between sedimentary rocks and
sedimentary environments. The fifth sentence is to explain
that sedimentary environments in geological history which
disappeared from our sight are knowable and therefore to
point out the task of facies analysis of sedimentary rocks.

In a word, the above 5 sentences are my definition of
sedimentary facies today. This definition is the succes-
sion and development of the 4 books by Pyxuu (1953),
Mineralogy and Petrology Section of Beijing Petroleum
Institute (1961), Mineralogy and Petrology Section of
East China Petroleum Institute (1982), and Feng (1994).
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According to the definitions of sedimentary facies of
the above 4 text books and mine, it should be to say plu-
vial conglomerate facies but not to say conglomerate fa-
cies, it should be to say river (or fluvial) sandstone facies
but not to say sandstone facies, it should be to say lake
(or lacustrine) mudstone facies but not to say mudstone
facies, it should be to say carbonate bank oolitic lime-
stone facies but not to say oolitic limestone facies, etc.

3 Classification and terminology of facies

In sedimentary petrology and sedimentology, the classifi-
cation and terminology of facies are also all along in de-
bate, and the problems may be more than that of the
definition of facies.

This paper mainly states the principal sedimentary fa-
cies and discusses their relevant problems. Please see
Table 1.

Table 1 is the succession and development of 3 books
of “Sedimentary Petrology” by Mineralogy and Petrology
Section of Beijing Petroleum Institute (1961), Mineral-
ogy and Petrology Section of East China Petroleum In-
stitute (1982), and Feng (1994) respectively.

Some discussions about the problems of the classifica-
tion and terminology of sedimentary facies in Table 1
are as follows.

1) The “lst-order facies” and “2nd-order facies” in
Table 1 are added by the author at this time. It is
necessary to indicate the order of various names of
sedimentary facies in the classification and
terminology.

2) Most facies names in Table 1 are not normalized,
because they only include sedimentary environments
while lacking sedimentary rocks or their features. If
the word “sediments” is added to these facies names
in Table 1 and they can be written out as continental
sediments facies, marine sediments facies, river
sediments facies, shallow sea sediments facies, delta
sediments facies, etc., then they are consistent with
the definition of facies. But, these current facies
names are conventional and widely used which are
difficult to be revised. We have to think that in order
to simplify the facies names, the word “sediments”
should be omitted.

Table 1 Principal sedimentary facies
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3) In the marine facies of the above 3 books
“Sedimentary Petrology”, there existed “semi-deep
sea facies”. Due to the lack of reliable identification
markers of this facies, I deleted it.

4) In the marine—continental transition facies of the
above 3 books, there existed lagoon facies, barrier
facies and tidal facies. Now, I consider that the 3
facies should belong to littoral facies, ie., the
suborder facies of littoral facies, and therefore I
assign them under the littoral facies of marine
facies. As for the estuary facies, it may belong to
marine-continental transition facies or marine fa-
cies, and therefore I did not change its position. In
the marine-continental transition facies, only delta
facies is universally accepted by sedimentologists.

5) Some sedimentologists named the “mountain foot
pluvial facies” as “alluvial facies” or “alluvial fan”.
They can call it as that. However, it should be
clarified that this “alluvial fan” is different from the
“mountain foot pluvial fan”. About “mountain foot
pluvial facies”, I emphasize the “mountain foot”
which is a key point to differentiate the “pluvial
facies” from “river (fluvial) facies”.

6) In fact, in order to simplify the facies names, if the
authors omit the term “facies”, while remain
“sedimentary environments”, add the word “sediments”,
and then name them as continental sediments, marine
sediments, marine-continental sediments, river sedi-
ments, lake sediments, shallow sea sediments, deep sea
sediments, delta sediments, etc., these facies names
may be more simplified and consistent with the defin-
ition of sedimentary facies.

In a word, there are many problems worthy to be dis-
cussed in the classification and usage of terminology of
these principal 1st-order facies and 2nd-order facies.

As for the classification and usage of terminology of
3rd-order facies, 4th-order facies and subsequent sub-
order facies, the problems may be more and may be
different from different sedimentologists. However, one
point should be observed, i.e., the names of various
order facies should consist of sedimentary environments
and sedimentary rocks or the features of sedimentary
rocks.

1st-order facies Continental facies

Marine facies Marine-continental transition facies

1. Residual facies

2. Debris and slope facies

3. Mountain foot pluvial facies
. River (fluvial) facies

. Lake (Lacustrine) facies

. Swamp facies

. Desert facies

. Glacial facies

2nd-order facies

~

o N Oy

1. Delta facies
2. Estuary facies

1. Littoral facies
2. Shallow sea facies
3. Deep sea facies
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4 The “subfacies” and “microfacies” proposed by
Chinese sedimentologists

4.1 The “subfacies” and “microfacies” proposed by
Mineralogy and Petrology Section of East China
Petroleum Institute (1982)

The Mineralogy and Petrology Section of East China
Petroleum Institute (1982) divided river facies (2nd-
order facies) into 4 subfacies, i.e., river channel subfacies,
shore levee subfacies, flood plain subfacies and oxbow
lake subfacies.

The Mineralogy and Petrology Section of East China
Petroleum Institute (1982) further divided river channel
subfacies into 3 microfacies, i.e., channel residual micro-
facies, point bar microfacies, and channel bar microfa-
cies; further divided shore levee subfacies into 2
microfacies, i.e., natural levee microfacies and splay
microfacies; and further divided flood plain subfacies
into 3 microfacies, i.e., flood beach microfacies, flood
lake microfacies and flood swamp microfacies.

The Mineralogy and Petrology Section of East China
Petroleum Institute (1982) also divided other 2nd-order
facies into some subfacies and some microfacies.

These subfacies are 3rd-order facies. These microfacies
are 4th-order facies.

4.2 The “subfacies” and “microfacies” proposed by Zhang
(1980, 1985)

Zhang (1980, 1985) studied the coarse-grained clastic al-
luvial fan of the Middle Triassic in Karamay, Xinjiang,
northwestern China, and divided alluvial fan into 3 sub-
facies, i.e., top fan, mid fan, and fringe fan. He further
divided top fan into different microfacies, i.e., main
channel, fringe channel, channel beach, flood zone, flow
gully, gully beach, etc. He further divided mid fan into
different microfacies, i.e., flood-flow zone, braided-flow
sand island, braided-flow line, etc.

Table 2 Subfacies and microfacies of the sublacustrine fan of the
Bohai Bay area (from Zhao and Liu, 1984)
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The coarse-grained clastic alluvial fan of the Middle
Triassic in Karamay studied by Zhang (1980, 1985) is a
mountain foot pluvial fan, ie., the 2nd-order facies, and
therefore his subfacies are 3rd-order facies and his
microfacies are 4th-order facies.

Zhang may be the first Chinese sedimentologist to div-
ide the alluvial fan into subfacies and microfacies by
means of petrological features of field outcrop. It is help-
ful for fine researches in sedimentology.

4.3 The “subfacies” and “microfacies” proposed by Zhao
and Liu (1984)

Zhao and Liu (1984) studied the member 4 and member
3 of Paleogene Shahejie Formation in Bohai Bay area
and divided the sublacustrine fan into 5 subfacies and 8
microfacies. Please see Table 2.

The “sublacustrine fan” is a suborder facies of lake facies
(2nd-order facies), i.e., a 3rd-order facies, and therefore
the “subfacies” proposed by Zhao and Liu (1984) in Table
2 are 4th-order facies and their “microfacies” are 5th-
order facies. The orders of the subfacies and microfacies
proposed by Zhao and Liu (1984) are lower than those by
Mineralogy and Petrology Section of East China Petrol-
eum Institute (1982) and Zhang 1980, 1985.

It is a progress in the researches of sedimentary facies
that Zhao and Liu (1984) divided the sublacustrine fan
into subfacies and microfacies by means of study of the
cores.

In a word, the Chinese sedimentologists in 1980s de-
fined the subfacies and microfacies of different study
areas in China through their meticulous work to study
the outcrops and cores. It indicates that researches of
continental facies by Chinese sedimentologists have
reached a rather high level. It is a contribution to the ex-
ploration and development of oil and gas.

After 1980s, a lot of Chinese sedimentologists started
to utilize the terms “subfacies” and “microfacies”.

member 4 and member 3 of Paleogene Shahejie Formation in

Facies model Subfacies Microfacies Channel
Feeder channel
Main channel
Upper fan Main levee Existed
Terrace
Braided channel
Upper | Braided levee
/ Mid fan Interchannel
Lower | Central microfacies
None
existed

. Lower fan

Distal microfacies

Basin plain
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Now, I cite 25 papers from the Journal of Palaeogeog-
raphy (Chinese Edition) 2014—2018 as examples to illus-
trate the general status.

4.4 The “subfacies” and “microfacies” used in the Journal
of Palaeogeography (Chinese Edition) during 2014-2018
In the Journal of Palaeogeography (Chinese Edition), 25 pa-
pers stated“facies”, “subfacies” and “microfacies”systematically.

From these papers, we can understand 3 points: (1)
These papers stated the relationship of facies orders i. e.,
“subfacies is a suborder facies of “facies”, “microfacies” is
a suborder of “subfacies” and “microfacies” is a mini-
mum order facies. It means that “microfacies” are diffi-
cult to be divided into suborder facies any more. (2) The
“microfacies” are not only in clastic rocks of continental
facies and marine-continental/transition facies, but also
in carbonate rocks of marine facies. (3) Most “microfa-
cies” are defined on the basis of macrofeatures of clastic
rocks of outcrops and cores.

These papers can reflect the general study situation of
“subfacies” and “microfacies”, especially the “microfacies”
in Chinese journals during the recent years after 1980s.

4.5 My ideas

1) The term “subfacies” can be called “suborder facies”.
It is a term of general sense. Most facies may have
their suborder facies, i.e., subfacies, and therefore
the term “subfacies” is not limited to some definite
order facies, such as 3rd-order facies of Zhang
(1980, 1985) and 4th-order facies of Zhao and Liu
(1984).

2) Similarly, the term “microfacies” is not limited to
some definite order facies either, such as 4th-order
facies of Zhang (1980, 1985) and 5th-order facies of
Zhao and Liu (1984). Please see the above Table 1
and Table 2.

3) Therefore, in the study of sedimentary facies and in
utilization of the terms “subfacies” and “microfacies”,
the names of their higher order facies should be
clearly indicated.

4) In fact, in the study of sedimentary facies, when
sedimentologists already defined the names of
“subfacies” and “microfacies” and already indicated
their facies orders and their higher order facies
names, if the authors omitted the terms “subfacies”
and “microfacies”, while remained the core facies
names (please see Table 2), added the word
“sediments” behind the core facies name and finally
named them as “upper fan sediments”, “mid fan
sediments”, “main channel sediments”, “braided
channel sediments”, etc., the names of “subfacies” and
“microfacies” are more simplified and consistent with
the definition of sedimentary facies.
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5) However, the term “microfacies” proposed by
Chinese sedimentologists is problematic, because
most “microfacies” are not “micro”. They are not
defined on the basis of microfeatures of thin-sections
under microscope but according to macrofeatures of
outcrops and cores.

6) In addition, “microfacies” proposed by Chinese
sedimentologists was later than that proposed by
foreign sedimentologists. Please see the following.

5 The “microfacies” proposed by foreign
sedimentologists
5.1 The “microfacies” used in early time
Brown (1943) may be the earliest sedimentologist who
put forward the term “microfacies”. His definition of this
term is “Microfacies refers to the criteria appearing in
thin-sections under the microscope”.

Cuvillier (1952) also mentioned “microfacies”. His defin-
ition is “Microfacies (refers) to characterize paleontological
and petrographic criteria in thin-sections”.

5.2 The “standard microfacies” proposed by Wilson
(19754, b)

Wilson (1975a, b) in his book “Carbonate Facies in Geo-
logic History” put forward “24 standard microfacies” and
indicated their positions in the “9 standard facies belts”.

However, Wilson (1975a, b) did not give a definition
of “microfacies”.

According to the names and explanations of their pho-
tos under microscope, we can understand that except
the “standard microfacies 37, i.e., the “pelagic lime mud-
stone” which consists of sedimentary environment and
sedimentary rock, the other 23 “standard microfacies”
are all the names of rocks or rock types which lacked
sedimentary environment information. They are mainly
the petrological and paleontological features of rocks or
rock types under microscope. Therefore, the 23 “stand-
ard microfacies” are not facies but the microfeatures of
23 rocks or rock types.

Certainly, it is right that Wilson (1975a, b) put forward
the “9 standard facies belts”. It is a great contribution to
the researches of carbonate facies.

When I and my collaborators translated the book
“Carbonate Facies in Geologic History” into Chinese ver-
sion, I found that 23 “microfacies” are not facies but the
microfeatures of rock types. It is a problem of this fam-
ous work of Wilson (1975a, b). However, I did not point
out the problem in my “Preface of translator” of its
Chinese version. At that time, my understanding was
not clear and I thought it is a problem of different aca-
demic viewpoints. But, in recent years, when I found
some domestic authors cited the “standard microfacies”
of Wilson (1975a, b) and considered the rocks or rock
types as “microfacies”, I began to realize that it is not
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only a problem of different academic viewpoints but also
a scientific problem of “right or wrong”. Therefore, I felt
guilty, i.e., I did not discharge the responsibility as a
chief translator.

Now, I want to express my regret to Chinese readers
that among the “24 standard microfacies” of Wilson
(1975a, b), 23 “standard microfacies” are not “facies” but
the microfeatures of rock types. Certainly, the “9 stand-
ard facies belts” in which the “24 standard microfacies”
were located are right.

5.3 The “microfacies” proposed by Fliigel (1982, 20043, b,
20104, b)

In the book “Microfacies Analysis of Limestones” by
Fligel (1982), the definition of microfacies is “microfa-
cies is the total of all the paleontological and sedimento-
logical criteria which can be classified in thin-sections,
peels and polished slabs”.

In the book “Microfacies of Carbonate Rocks: Analysis,
Interpretation and Application” by Fliigel (20044, b), the
definition of microfacies is “As original defined by Brown
(1943) and again independently by Cuvillier (1952) the
term “microfacies” referred only to petrographic and
paleontological criteria in thin-sections. Today, however,
microfacies is regarded as the total of all sedimentologi-
cal and paleontological data which can be described and
classified from thin sections, peels, polished slabs or rock
samples.”

In the book of “Microfacies of Carbonate Rocks: Ana-
lysis, Interpretation and Application, Second Edition” by
Fliigel (2010a, b), the definition of microfacies is the
same as Fliigel (2004a, b).

However, about the definition of “microfacies” in the
two Chinese versions of Fligel 2004a, b, 2010a, b), the
translators Ma et al. added a sentence, i.e., “The term of
microfacies has been a comprehensive term’.

In January 2018, the authors of a manuscript submit-
ted to the Journal of Palaeogeography (English Edition)
cited this sentence as original words of the definition of
microfacies by Fligel (20044, b, 2010a, b).

5.4 My ideas

1) “The petrological and paleontological criteria in thin-
sections under microscope” are the principal and
decisive contents of the definition of “microfacies”,
while “the criteria in peels, polished slabs and rock
samples” are the secondary contents of the definition
of “microfacies”, and the other words, such as “which
can be classified” , etc., are unnecessary. “The term of
microfacies has been a comprehensive term” proposed
by Ma et al. may be suitable to be put in the
translator preface of Chinese version of Fliigel (2004a,
b, 2010a, b).
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2) According to the principal and decisive content of
the definition of “microfacies”, we can consider that
the term “microfacies” was problematic from its
beginning. The main problem is “its name does not
match the reality”.

The “microfacies” are not “facies” because they do not
contain the content of sedimentary environments. The
“microfacies” are not rocks but the microfeatures of
rocks instead. Strictly speaking, the “microfacies” are the
microfeatures of carbonate rocks.

3) Therefore, the term “microfacies” is not suitable to
be utilized any more.

4) However, a lot of sedimentologists and relevant
experts of petroleum exploration and development still
utilize the term “microfacies” today. This phenomenon
resulted from the milestone’s innovation of carbonate
petrology starting from 1950s—1960s, ie., it resulted
from the history of rapid development of carbonate
petrology. Now, I think that the term “microfacies” is
not suitable to be utilized any more, which may be the
unpleasant words for relevant sedimentologists and
experts.

But, I don’t negate the great contribution of Wilson
(Wilson 1975a, b) and Fliigel (1982, 20044, b, 2010a, b)
to carbonate petrology. It is also a great contribution
that Ma. et al. translated the famous works of Fliigel
(20044, b, 20104, b) into Chinese. Here, I only point out
the problem that the name of “microfacies” does not
match the reality and therefore the term “microfacies” is
not suitable to be utilized any more.

5) In a word, the term “microfacies” proposed by
foreign sedimentologists appeared in the history of
rapid development of carbonate petrology, whether
it is unsuitable to be utilized continuously or not,
will be decided by free discussion and contending
among the geologists worldwide and by the future
geological practice.

6 Two “microfacies” with different definitions
As mentioned above, there are two “microfacies” with
different definitions in sedimentary petrology and sedi-
mentology. One is the “microfacies” in continental clas-
tic facies proposed by Chinese sedimentologists in
1980s, the other is the “microfacies” in marine carbonate
facies proposed by foreign sedimentologists in 1940s.
The term “microfacies” proposed by Chinese sedimen-
tologists contains both sedimentary environments and
sedimentary rocks or their features and is consistent
with the definition of sedimentary facies. While the term
“microfacies” proposed by foreign sedimentologists only
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contains the features of sedimentary rocks, mainly the
features of carbonate rocks but without the sedimentary
environment information, and therefore is not consistent
with the definition of sedimentary facies.

Nowadays, there are two “microfacies” with different
definitions in sedimentary petrology and sedimentology
at the same time. It is a problem indeed.

My ideas are as follows:

1) The term “microfacies” is a facies, thus it must be
consistent with the definition of sedimentary facies.
This principle is fundamental. The term “microfacies”
proposed by Chinese sedimentologists is consistent
with the definition of sedimentary facies and it can be
utilized continuously. While the term “microfacies”
proposed by foreign sedimentologists is not
consistent with the definition of sedimentary facies,
and it is unsuitable to be utilized any more.

2) However, whether the “microfacies” proposed by
foreign sedimentologists is suitable to be utilized
continuously or not, should be settled through
discussion and contending among geologists and
sedimentologists worldwide and let the future
geological practice solve this problem gradually.
This problem can not be solved immediately.

3) The term “microfacies” proposed by Chinese
sedimentologists is also problematic, mainly its name
is unsuitable. Most “microfacies” proposed by
Chinese sedimentologists, especially in 1980s, were
defined according to macrofeatures of outcrops and
drilling cores. Most of them are not “micro”. In
addition, the term “microfacies” proposed by foreign
sedimentologists in 1940s was earlier than that by
Chinese sedimentologists in 1980s. Therefore
Chinese sedimentologists have to understand that
foreign sedimentologists have the precedence or
priority over Chinese sedimentologists in terminology
of the term “microfacies”. It means that Chinese
sedimentologists have no right to change the
definition of “microfacies” proposed by foreign
sedimentologists, although the term “microfacies”
proposed by Chinese sedimentologists is consistent
with the definition of sedimentary facies.

4) So, I suggest that Chinese sedimentologists do not
utilize the term “microfacies” continuously and state
their viewpoints according to the above mentioned
contents in “3.4”: In the study of sedimentary facies,
when the authors had already defined the name of
“microfacies” and indicated its facies order and the
name of its higher order facies, if the authors
omitted the term “microfacies”, while remained the
core name of the “microfacies” (please see Table 2),
added the word “sediments” behind the core name,
and then finally named them as “main channel
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sediments”, “main levee sediments”, “braided channel
sediments”, “braided levee sediments” etc.

It is totally feasible and consistent with the definition
of sedimentary facies. It does not influence the study de-
gree of sedimentary facies.

I hope Chinese sedimentologists can agree with my
suggestion, i.e., they do not utilize the term “microfacies”
continuously, and should not be involved in the troubles
of “microfacies” of foreign sedimentologists.

7 “Macrofacies”
The term “macrofacies” is rarely used by geologists.

The “Glossary of Geology” by American Geological
Institute (1973) only used two words “facies tract” to
interpret this term “macrofacies”.

In “the Encyclopedia of sedimentology” by Fiirbridge
and Bourgeois (1978), there was no such a term.

The “English-Chinese Dictionary of Geology” by Edi-
torial Group of English-Chinese Dictionary of Geology
(1983) translated the term “macrofacies” into “great
lithofacies” (KA ) and “facies tract” (FH3).

I do not approve of the term “facies tract” and disagree
with the term “great lithofacies” either.

In fact, “macrofacies” refers to the macrofeatures of
sedimentary rocks. It is an opposite term to “microfa-
cies”. It is not consistent with the definition of facies and
therefore should not be utilized any more.

8 “Lithofacies”

The term “lithofacies” is a widely used term in Chinese
sedimentary petrology, sedimentology and palaeogeog-
raphy, however, its definition is debated.

The “Glossary of Geology” by American Geological
Institute (1973) mentioned 4 definitions of the term
“lithofacies” among which one viewpoint is: “A term used
by Moore (1949) to signify any particular kind of sedi-
mentary rock or distinguishable rock record formed under
common environmental conditions, ... ... , and repre-
sented by the sum total of the lithologic characteristics
(including both physical and biologic characters) of rock”

In fact, in the conclusion of Moore’s paper (Moore
1949), he concluded a more concise definition of the
term “lithofacies™ “The rock record of any sedimentary
environment, including both physical and organic char-
acters, is designated by the term “lithofacies”.

I agree with the definition of “lithofacies” by American
Geological Institute (1973) and Moore (1949).

“A Dictionary of Earth Sciences, Basic Disciplines
Volume” by the Editorial Committee of A Dictionary of
Earth Sciences (2006) considered: Lithofacies refers to
the facies of sedimentary rocks. It reflects the features of a

certain sedimentary environment, including all the
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physical, chemical (mineralogical and petrological) and
biological features, such as a glauconitic sandstone facies
of marine strata in Paleozoic which reflected shallow sea
environment.

I agree with this definition of “lithofacies”.

My idea is: in sedimentary petrology and sedimentol-
ogy, not in other geological disciplines, lithofacies is the
facies of sedimentary rocks. “Lithofacies”, “facies” and
“sedimentary facies” are synonymic terms. It is a correct
choice.

Therefore, the term “lithofacies” should be utilized
continuously.

But, only the sedimentary rocks or the features of sedi-
mentary rocks without sedimentary environments are
not “lithofacies”, i.e., the sedimentary rocks or rock types
are not “lithofacies”.

I have been engaged in teaching and researches of
sedimentology and lithofacies palaeogeography for more
than 60 years and I all along considered “lithofacies” as
“sedimentary facies”.

Till today, I don’t know who is the first person to con-
sider sedimentary rocks or rock types as “lithofacies”.

9 A hundred flowers blossom and a hundred
schools of thought contend

Mao (1937) said: “Many theories of natural science are
held to be true not only because they were so considered
when natural scientists originated them, but also because
they have been verified in subsequent scientific practice.
The history of human knowledge tells us that the
truth of many theories is incomplete and that the incom-
pleteness is remedied through the test of practice. Many
theories are erroneous and it is through the test of
practice that their errors are corrected” .

Mao (1957) also said: “A hundred flowers blossom and
a hundred schools of thought contend is the policy for
promoting progress in the arts and sciences. ... ... Ques-
tions of right and wrong in the arts and sciences should
be settled through free discussion in artistic and scientific
circles and through practical work in these fields. They
should not be settled in an over-simple manner”.

I observe the policy of “A hundred flowers blossom
and a hundred schools of thought contend” and write the
papers “A review on the definitions of terms of sedi-
mentary facies” both in Chinese and English. I hope this
paper can attract attention of readers worldwide and
they can write papers and participate in the discussion
and contending of these problems and promote the pro-
gress of sedimentology and palaeogeography.

In order to carry out the policy of “A hundred flowers
blossom and a hundred schools of thought contend”, we
should observe the following rules: (1) We should up-
hold truth and correct mistakes. The viewpoints should
be definite and clear. (2) The speaking should be on
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grounds. (3) The speaking should not be with harsh
words and will not injure the personal dignity with
opposite viewpoints. (4) We should be with patience,
because some academic problems may not be solved by
one or two academic discussions, and may be finally
solved by the future geological practice.

I am willing to observe the above rules together with
the readers and authors who are willing to participate in
this academic discussion and contending.

10 Conclusions
From the mentioned above, the following conclusions
are acquired.

1) About the definition of facies

In sedimentary petrology and sedimentology, what is
facies? It is all along in debate.

My definition of facies is: (1) Sedimentary rocks are
not facies. (2) Sedimentary environments are not facies.
(3) The synthesis of sedimentary rocks and sedimentary
environments is facies, and the term “facies” is a simpli-
fied name of “sedimentary facies”. (4) Sedimentary rocks
formed in sedimentary environments. (5) The features of
sedimentary rocks can reflect their sedimentary environ-
ments in which the sedimentary rocks formed.

2) About the classification of sedimentary facies

In sedimentary petrology and sedimentology, sedi-
mentary rocks and sedimentary environments are vari-
ous, and sedimentary facies are more various. The
marine facies, continental facies, and marine-continental
transition facies are the 1st-order facies. They can be
divided into suborder facies, such as 2nd-order facies,
3rd-order facies, 4th-order facies, 5th-order facies, etc.
The names of different order facies are even more vari-
ous and may be different among different sedimentolo-
gists. But one point should be observed, i.e., the various
order facies should contain sedimentary environments
and sedimentary rocks or the features of sedimentary
rocks.

3) About “lithofacies”

“Lithofacies” is the facies of sedimentary rocks. It is a
simplified name of “sedimentary facies”. “Lithofacies”,
“facies” and “sedimentary facies” are synonymic terms.
“Lithofacies” can be utilized continuously.

But, sedimentary rocks or rock types are not
“lithofacies”.

4) About “microfacies”
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Today, in sedimentary petrology and sedimentology,
there are two “microfacies” with different definitions. It
is a serious problem.

One is the “microfacies” proposed by foreign sedimen-
tologists in 1940s, the other is the “microfacies” pro-
posed by Chinese sedimentologists in 1980s.

The “microfacies” proposed by foreign sedimentolo-
gists only contains the microfeatures of sedimentary
rocks, mainly the microfeatures of carbonate rocks in
thin-sections under microscope but without the sedi-
mentary environments. It is not consistent with the
definition of sedimentary facies and therefore it is un-
suitable to be utilized any more. However, whether the
“microfacies” of foreign sedimentologists is unsuitable to
be utilized or not, should be testified through discussion
and contending of numerous geologists and sedimentol-
ogists worldwide and let the future geological practice
solve the problem. This problem can not be solved at
once.

The “microfacies” proposed by Chinese sedimentologists
contains both the features of sedimentary rocks and sedi-
mentary environments. It is consistent with the definition
of sedimentary facies and thus it can be utilized continu-
ously. But, the “microfacies” proposed by Chinese
sedimentologists is also problematic, because most
“microfacies” defined by Chinese sedimentologists are ac-
cording to macrofeatures of outcrops and drilling cores
and are not “micro”. In addition, they are proposed later
than those defined by foreign sedimentologists, and there-
fore the foreign sedimentologists have the precedence or
priority over Chinese sedimentologists. So, I suggest that
Chinese sedimentologists do not utilize the term “microfa-
cies” continuously and do not be involved in the troubles
of “microfacies” of foreign sedimentologists.

5) About “macrofacies”

The “macrofacies” proposed by some sedimentologists
are not “facies” but are macrofeatures of rocks. There-
fore, the term “macrofacies” is not consistent with the
definition of sedimentary facies, and is unsuitable to be
utilized continuously.

6) About “subfacies”

The term “subfacies” can be called “suborder facies”. It
is a term of general sense. Most facies may have their
suborder facies, i.e., subfacies, and therefore the term
“subfacies” is not limited to some definite order facies.
In fact, in the study of sedimentary facies, if the authors
do not utilize the term “subfacies” but utilize its core fa-
cies name instead, it may be more simplified. However,
the authors should indicate its facies order and its higher
order facies name.
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7) A hundred flowers blossom and a hundred schools
of thought contend

In sedimentary petrology and sedimentology, the defi-
nitions of “facies”, “sedimentary facies”, “lithofacies”,
“microfacies”, “macrofacies” “subfacies”, etc., are all
along in debate. These debates are not only the prob-
lems of different academic viewpoints but some prob-
lems are regarding right or wrong. Therefore, it is
necessary to clarify the definitions of these terms defin-
itely and clearly.

We should observe and carry out the policy of “A hun-
dred flowers blossom and a hundred schools of thought
contend”, and should settle these problems through free
discussion and contending. We should not blindly wor-
ship celebrity. The words of a famous person are not
100% correct. We should seek the truth from facts. We
should not only uphold the truth, but also correct mis-
takes. Let free discussion and contending and the future
geological practice solve these problems gradually and
successfully.
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