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Fig.1 ~ Screening and inclusion process of mire—related publications based on the PRISMA flowchart
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Fig.2 The annual variation (a) and geographical distribution (b) of geologically based mire-related literature
(“~2000" includes the total number of publications from 1943 to 2000)
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Table 1 Trends in annual numbers of publications in top 10 countries globally

Year
200 08 ) 0D 2000
No. Country 0O 0 0 0 0O 0 O 0 Total
o 0 o0 O O o0 O 1
0 1 2 3 4 S 6 2

1 United States 50 58 56 2350

2 United Kingdom 2 19 96| 1408

3) China 2 5 4 4 7 8 6 1210

4 Canada 17 15 10 1S 17 120 18 734

S Germany 6 8 13 9 20 15 17 634

6 Australia 6 12 8 4 7 8 7 3 6 8 10 14 18 18 22 24 23 22 414

7 France 3 6 8 7 7 P14 7 6 9 13 18 23 15 19 16 28 19 18 389

8 Spain 1 1 7 6 6 8 10 8 11 11 9 15 18 21 17 16 15 17 20 362

0 Netherlands 7 5 8 4 15 10 12 6 14 14 3 10 17 14 13 15 16 17 21 23 13 23 24

10 Russia 1 2 2 4 3 2 3 1 6 11 6 7 7 10 13 10 12 20 23 26 22

[ Josx<to [ Jiosx<2s [Il25<x<s0 [ ]sosx<100 [Ji] x>100

T 20 B R o 5 EEFEA SR A A B. BARim
LA 124 E % E A marsh —1d) , 035 56 [ | 9%
FEI A ] K A AR WA 3 A 8 A E A
WA ] 3 FH bogo X 4F: & S HiF 20 1Y [ 22 4
VOSviewer 1.6.20 FAFHET (1) 33053 B 25 5 1 7 (1]
3b), e[ B E g A E R A
E 5 HERN 9T EREAEGERR, HhERE
ERCENI NP CIT PSS gl U oy N
YES 38T

3 Bt AR R T R R

YRR SN A B . A
ST R R LI 0L 5 SR U O

LS (Zhao et al.,2020) . AHFFE I 7 479 i SCik
i 1 M 726 fo 5 A T JRE b 5 2 40088 P VR BRI ST 108
3, Bt R VOSviewer 1.6.20 %X #6380 4T T %
S ) S X 5 AT o S ) B AR R (BN R N
20, Hebiiik th T 39 AN A OC ] (&1 4) . itk —
425 Bl S R B S (] () AR AR Ea 32, 1 H] CiteSpace 6.3.
R1EAME, £ X 2000 4F 52 2 5 B SCHRR AR i 2 8 K Y
BT T G4 RS I T (B 5) .

B0 TR 2 1 T 4 S R 9 4003, T DA S TR
S 45 sk P 3 A2 18] Y = A AR B AR A (Han and
Zhou,2024) . WA [FIEEE RN 1 T e b 3
W2 fim A K PR 507 7= 1 S SR AE 40
e S A, LR AR R A
AR SR B AR A D e IR VR 5 |
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Fig.3  Proportion of mire-related terminology usage and co-occurrence analysis in the top 20 countries based

on publication numbers

(a) proportion of English terminology related to mire; (b) analysis of co-occurrence of international cooperation
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Keywords Year Strength Begin End 2000-2023
jura mountains 2002 5.85 2002 2009  —
fire history 2006 5.2 2006 2015 N e
lake sediments 2003 5.08 2003 2009 I ee—
vegetation 2000 5.01 2013 2014 -
rare earth elements 2021 4.92 2021 2023 fr—
petrology 2010 4.9 2010 2016 N
gates formation 2005 4.62 2017 2020 e
peat 2003 4.58 2003 2012 S
origin 2005 4.23 2011 2017 E—
sequence stratigraphy 2005 3.97 2019 2021 EEEE——— .
evolution 2007 3.97 2018 2023 —r
enrichment factors 2003 3.75 2003 2005 fr—
climate change 2005 3.68 2017 2019 —
pb 2002 3.63 2002 2005 m—
isotopic composition 2003 3.57 2003 2007 ——

K15 SCHER 28 B3 B (R 15 4> G B iR] )

Fig.5 Burst analysis of top 15 keywords
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Table 2 Representative themes in different sub-fields from keyword cluster analysis

Cluster

Theme Number Keywords
Coal; Basin; Geochemistry; Sequence stratigraphy;
Depositional environment; Palynology; Trace elements;
Sedimentary environment and mineral products 18 Coal facies; Originl; Lignite; Miocene; Biomarkers;
Petrology; Petrography; Coalfield; Accumulation;
China; Inner Mongolia Climate; Charcoal,
Vegetation; Evolution; Fire; Holocene;
. Pollen;History;Record;Climate change;
Palaeoclimate 12 Human impact;Lake
Carbon accumulation 5 Sediments; Peat; Organic matter; Deposition; Carbon
Palaeoecology 4 Palaeoecology; Forest; Pennsylvanian; Nova Scotia

FEYIFEEL (VD) , 3 LE AR S H0RT L s e U T 3 1
b KR A R (AR e SCRF,2021) o 1241k,
JREAH S BUR IR S DAk BUBEVR 1 P15 1) SC SR AT, O
H7E 2010 4F 22 2016 4 [A] B WF 52 19 BT 37 8 (1]
5) o ABALAG 02 35 X 3ok i K0 0% 107 4t B 0t
W, %40 . Moore and Shearer(2003) 45 H , Y s ZE AU F1
DURREREE 2Z 18] A RH SCAEAR N, Bir LUR] ] 2 Gl 20 2 e
IR UL B AR I A W 3552 5 Sen
et al.(2016) XF |12 (1 FH A 24 b R AR 2 i
137 VPR 45 H R LA 20 00 A b ol TR P PR B AP A
JBRYE . PR, A S EOT AR E 18 R R H
A3 R 1 P — AR, LA SR A AR S B 7 R AT
AHE IS UEFIEN A

FESR ) vh A= W R B A DL KR4 2 4 By

AL T ST AN e | S ol R A IR VBRI
A BE RN AL SR A5 S T U T35 S )28
G [] 906 2 VR AT R 4 (R PE A RN iy A58 25 4R 1)
1 # (Mitrovic et al.,2016) , 2% 50T DU B 20 B
HATH TR o BT X —IA IR, Jasper et al. (2010) |
Zieger and Littke (2019) | Zdravkov et al. (2020) % 2%
HAEN AR S B 98 SO R B B, 5T AL
HbBR A RFRY 2 S HR AR, Sy VPR PR B T AL
SRR T Z4E R . ISR — S TR
Bi 5 8RR 08 1 Z IR 56 R AT, R IAE IR
J5L 25 A (Zhu et al., 2012) AR K AR L BE (Shi et al.
2022) i fifiad PEEREE (Yu er al.,2022) R FRARTA
P (Zhang et al.,2010) JE i A JE 2 02 35 5 090 A0
AFI#EZ
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TR W e U e S T IR i
FIPREE I B , A48 LT A A7 6o TR AT 25 25 [ (4 728
b (Jerrett et al.,2011) . 51 AJZ 7 HLZ BB AR BT E
BAREUTRGSE R, A Bl i — 25 B A AR 2 R TR
IEE R AL, IEAT B TR g A v Ak SR v 1 Dk B
Z I NS T, (Lu et al., 2017 ; 2512445 2022) ,
JZ2 1y b 22 FDE TR B AL 5T LUK
TE2019—2021 4FJE I TSR i (T 5) . SR &
J2 I M J2 2 5 T T 1 D R — b2 5 7 2019
AR T R B2 M2 2 4 1 AT DA R AR 2 R A
KAl R R A TR A M A e o R 2 Sy b 2207k
AT DLREBEAN 328 JUAS T sl R i e ], e 1) 2 3 2
1o H RERMIC B R A A28 B 2 T8 U2 rh i i S i)
T—E M (Guo et al.,2018;Li et al.,2020) ; LA, Bt
HH ) R AU ] 5 R A TR TP B bR KA D Sl DDA
5, XK I 8152 A RS I OB A 85 v 1) F K
SR TR AR AL IR Bl (Wang et al.,2020) . X 4L
IR A figt AT bS5 S 38 2 T 3 G K SRR S R
IREJZ i oy S T T Bl il SR R A T O
Wt

HuBRAb 22 RN )2 F 0T AT ARG T TR %
PF TEAUB o TR Aot T 2R 5 G 4 R A AE T
SRS A M M5 B . Ao T, b5 s s 309
FEIREE  ICHL A 1 A5 kLS B B TR RS
IKAE B R 3% 3 46 b ot 2ot 2 28 D) A OC (Dai et all.
2008;Li et al.,2012; Zhao et al.,2013) , X LL75 sh pr 4
) ORE A T VR R P D 2R URR S U R e ¢
LA o ) S50 5 R T T B VR JE =2 (1)
ETE—E B R , 155 As .Cd .Se . Ti . Hg .Pb .Sb 1 Zn
FEIUR ST Pin e, Rb . Ti . Cr . Zr Hf 57T
5 RERREL S WA K, Sr Al Ba 2 SRR ERE 6L
FRBEIRER W PIAHE (Ward , 2002) .

Wi 5 BT 1 105 A TR o i o M )G R R
ROCHES B0 & A AEAIL A B IR K
% 5|2 B (Chitlango et al. , 20235 Xu et al.,2025) ,
H A T8 90 % (rare earth elements) [AFSE H
2021 FFERICR IR R (B 5) o KLl IR e A
TR AFNCRE |5 S5 4 Ja ih DX ) e 1 VA R4
Sefitey W E A AR 7R AE A N AR LURAE T
B T8 B 2R Sk 4 JR 0 R B R G 4 SR IR
(fR g, 2025)

32 HRI&
321 HEFK

AR, RERVF 2 HLIX 287 T 8RR B 22 1 7 2k
15 20y, P AR A S 35 A S o ™ o 1Y) B ok
1 (Vachula et al.,2022) . & £ 2 187 K G AT
DL Sk BARFI R O 1 B ok BIF 5 4 1 ol 3 85 7 5
(Marlon,2020) . AHLAAEFAPLER b2 1 B 5%
G54, AT LUTORG B 2 L 2 vy S K AR 28 3R
58 J% (Shao et al.,2024a) . Bl RO 12 Hs2 IR
o R B A AR e (B B 20 ) S iy BT R AR Y L I AR
(Scott, 2010) o A 22 H 75 k2 (PAHs ) UL 2 s
PR JT g 52 rh BF KR A 1 o LR bR AL B )
(D’ Anjou et al.,2012;Denis et al. ,2012) .

A R A A A IR PR AR R S A T K3 Bl ) e
B A SR & (Langdon et al., 2003 ; Hughes and
Barber,2004) . {7757 JGH K AEAE TR RIS, A
IR PEET K B FE DA 2006 4F- 51 2015 4 HFLE5] K& 5%
IR S, an AT e s TR R (&1 5) . THPEEF K
F 7% 2 £ T BF K SR FUB 2 (Jasper et al., 2011;
Sillasoo et al., 2011; Hudspith et al., 2012; Petersen
and Lindstrom, 2012) | "< f& 18 #% HL #l (Haberle and
Ledru, 2001 ; Bal et al.,2011; Holz et al.,2012) A8 8%
A (Yan et al. , 2016; Jasper et al. , 2017) K S f e ik
O (Xu et al.,2020,2022; Zhou et al.,2024) 2R} =#
[P RE , R[] 25 2 DA 1 4 22 7 7 4R I
322 KRARME

2000 4 LUS , A OCHIFE Tk O TE e < Vi P v
48 M2 4R (As, Sb, Hg F1 Ph) i KUK D
B, 2002—2005 4 K8 B (K S) .
Barraclough et al. (2002) 73471 T B0k 2 LKA Ve
RABFEPAIE 14 500 4F ) RAORARIE 5%, K T
b B A AT S R ASRTTAR A I & 3 5 5 742 S A
IEHETL 322 5 Cloy et al. (2009) BB FT 45 i, J3 A 22
BARTR B¢ R 7 v Ph TR B A4 % AR 5802 552 As (Sb
S, R ET P TS BRI B9 Z A T Ik S As  Sh T
HEBCE 0 B ; Allan et al. (2013) 7ERIN— & A BF
FER I, P p R R i1 2 R Tl s fe
e TP i et 63 4% . ITARR , IR R b R B
IR TR 115 Gt I i 55 N 263 sh 23 DIAR G, s g
U5 ER DI AR AR 7 T P BRI & DL Rk
PRBHR B8 45 151 # (Sierra-Hernandez et al. ,2018) . 1Y
A1 IR Z 3857 K8 (PAHS ) LR B 5915 4 7]

Roos-
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L IE 32 ¥ 32 B B 27 B G (Ouyang et al., 20225
Ortiz et al. ,2023) .
33 mERE&E

e 7 ML AE 42 BRORAE BF rp R ¥ B BAE ], B Ak
A7 T 296 000 AL e , 5 2 BRAR B 19 =73 Z — (Yu
et al.,2011) o YEHAR PR R H R FHLH] 2 T~
KW Y R R — , 7E 2003 4F 28 2012 4F i)
BRI (B 5) . B BIFFERIT 5 il e fitt 2 1)
PRI AL G U AB Al KR AR AL AR ) T K
f5f FT N 235 3 %5 (Callaway et al., 2012 ; Charman et
al.,2015; Watson et al.,2017; Gatka et al.,2022; Shao
et al.,2024b) o ot TARE T4 A] JUE_E YR Ak b
e 2R B 1) AR Bl g, i B KON e T P i SR AR
P18 52 Wi D) A D 408 8L, A2 A BT e (i e
iy DA TR 78 SRy AR, DA T 5 008 e e ke i A7
R [ (Wieder et al.,2009) , 1A 2525 A B KL
Sk R Z R EA WA 0 OCHR , N TAERUEERF
B KOIF A 2 5 W Bk B A7 79 P R (van Bellen et al.
2012),
34 HES

%52 HAL A Pennsylvanian . forest . palacoecology
F1 Nova Scotia P/ % 0o JCEHETR] , K HEFS 7] T 22 47 %
Je 22 ) AR AR TRy AR A — B IR R, il A
ARV S A i S — A OIS 1) i S 7 e vk 33
H Z B By S 28 A6 W 20 52 w0 T A W A
(DiMichele,2014) o 547 3 Je W40 e e 3R 4R Y AR AR
B RIRIRA RN BAEHAESRGEZ— %]
TE 10 B 2 DR A7 T B W8 BT 2k 1 RS bR gt
(Gastaldo et al., 2004 ; DiMichele et al.,2007) ., %
A R T Bk AR A AR A S ) ST
GE T B2 A7 ¥ SR AL VR EERE W 0 2 RN Bl AT, M
T R AL R 7 I B i U 2 AR 3K B L (Cleal
et al., 2012 ; Pendleton et al., 2012; Bernardes-De-
Oliveira et al., 20163 Quick et al., 20165 DiMichele et
al.,2017) .

4 TRPFSSORTERE BT Y

[ PR b OC TR ER ARG 25 240, A TF
FHAL T AR E SO R o ASSCR AR AN ]
(532577 58 (FN 4, 1998) , Xof TR AH DG H ) (1 BLAA
BESCHEAT TAGE . [RII R VR B AR S5 2R Y
WFFE RIS & L AR B SR AR A AR BT

A P4 A . U 2k T8 5 (mire BY peatland ) J& 48
— I EA R85 i R ) R AR ZE 1l i) Ul e J 22 SR
(TR PENE L, 38 e ok 22 )R 3 30 em(Joosten and
Clarke,2002) o Mire HRR/RVEHAEAETE BT ,
11 peatland $5 (Y 2 A B ICHE $ 56 H R AFTE— 2
F SR B AE U sk J2 19 IX 381 (Barthelmes et al., 2015)
Godwin (1941) F g2t T mire XA IZARES
Tt SLTE AT R TP myr 25 UIARSC AR BT F AR AR
H AR U8 B¢ V8 5 A2 38 & 48 1 38 1 18] (Wheeler and
Proctor, 2000) . Jill &= KA % 11 43 51 F muskeg F1
bolote e KR JE A PE (F ¥2 55 ,2016) o 18 [ H] moor
KAV AR EE SR TR 7 1E oA M0 &R
A ERCRIEESE,2005) , % T b, AR SO EIUEE
YLSCEAE A N moor KR Je I

PeHARPEAE G LN 73 PR ——h T
TR B Hb 2 7K A 57 19 9 5% U8 S V8 5 (minerotrophic/
eutrophic mire, Bl fen) , LK 56 4> KRR K S L5
% 1) T 37 I 5 18 ¥ (ombrotrophic mire, H[l bog) (Du
Rietz, 1949; Lindsay, 2016) . 7 2% ¥ Weber(1902)
XU IR AT 15328 B LW DX o3 A AR Ao e e
1A (Niedermoor) | H1/37 Y i ¥ (Ubergangsmoor ) L
K e % ¥R 3 (Hochmoor) =2, 3% = JSfl1HE AR i
TE B XA W b 43 5 %5 B fen |, poor fen Fl raised bog
(Gore, 1983 ; RIS, 2021) , T LA ISLAE FHAH DG A 9%
AR moor

ARAEA PR, VI ] 3 2 BEASE I (marsh) Al
ARAEPE (swamp ) o FEARTAPE R R ML T)ZE T
B2 L IR, A KOG K AR R A B AR A )
B 7A P (Gong et al.,2020; Shen et al.,2021) , 1if KA
TR CRRAARVE ) B9 HE P AR R (T RBLREAR ) o 3
(Mitsch and Gosselink,2000) . FLATRPFEFARATR G
Z 8] Y ) — A B DO R BEAE LR K I |, BAR I
PR R K B R KR s, TR A TR i
K TR AN KA K IE 7 (Taylor et al.,2021) . fEi8
FHIEARHE B (GL-TPLAHIED) F1 5 TR PR AL Y iok
Frp W K = 5 IR R AV IR OGS SOR
15 , Bl limnic . limno-telmatic Fll telmatic , ‘B4 1% b 1 1
SO SRR I HHE— T LRI (584,
1994 ; Kara-Giilbay,2015) .

BEAh A BB 277 K (wetland ) " 3X — AR
T TR AL A R TV R AN Y RO e BAA T
NP IR i S LT i Sa L M RE X AV & =
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IR A A RN 7K R - S5 ) M B2 5 1R (Dugan, 1993
PN, 2011) o RRHIAL ARG RAR BN TR R A BT
1 W RS S iy | U W N L s = W S e A e D)
TRoK 2 BUK BUSUK A, G A5 AR I K R AN 5 6 m
E/‘J“@iﬁi(Finlayson and Moser, 1991 ),

TR b 27 VU, BT X TR PRI N 72 E 2R
BTV . ST, G UCK mire 1 0 2% R
SN TR o FEIE SRR AR E 1,
9 PR 8 A T 0 23 6] 43 A B ARV P B fen,
15 L T8 WU 7 SR FH bog , LAKS 1 b sz e I G %
FROE ; P90 R AR TP R e M
PR B BRI B LA b e 7 A A5 o 0 8 T
A2 25 O B RRAE B 9 2 B, B AT swamp B
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Research Fronts and Terminology Suggestions for Mires in Coal

Geology: A bibliometric analysis based on the Web of Science

LIU MengLe',SHAO LongYi', Christopher R. Fielding’,ZHOU Kai', WANG Ding', QI ZhengHui',

LU Jing'

1. College of Geoscience and Surveying Engineering, China University of Mining and Technology (Beijing), Beijing 100083, China

2. Department of Earth Sciences, University of Connecticut, Storrs, Connecticut 06269, USA

Abstract: [Significance ] Mires serve as the fundamental environment for coal deposition throughout geological his-
tory, offering invaluable insights into Earth’s history, palaeoclimate and environmental evolution, and they are also
significant with regards to the global carbon cycle. Numerous geological scholars have conducted a wealth of research
on mires. Understanding the research fronts and trends in mire-related studies within coal geology can guide future re-
search. When writing research papers and using professional terminology, scholars may confuse or misuse terminolo-
gy due to the diverse concepts and English expressions of mires, thus making it particularly crucial to clarify and ac-
curately apply mire-related terminology. [ Progress] Based on data from the Web of Science, common English terms
related to “mire” were used as search keywords. A PRISMA flowchart was used to screen out 7479 relevant articles
which focused investigations into the temporal evolution and international distribution of mire research in the field of
geology. This was further examined using VOSviewer 1.6.20 to conduct keyword co-occurrence analysis on 726 re-
search papers focused on mires in coal geology (selected from the 7479 screened articles ). Subsequently, by integrat-

ing English definitions of mire-related terms with studies on mires in coal geology, suggestions are offered for simpli-
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fying the application of mire-related terminology.[ Conclusions] (1) From 1943 to 2023, a total of 123 nations and
regions worldwide participated in mire research, with the year 2000 marking a significant turning point when mire
studies gained momentum and became a subject for detailed discussion. Since then, the number of research publica-
tions on mires in geology has generally exhibited an upward trend, with scholars from leading research countries en-
gaging in frequent exchanges and academic discussion. Usage frequencies of English mire-related terminology vary
between countries, reflecting particular research emphases on different mire types. (2) By integrating meta-analysis,
bibliometrics and visualization techniques, research on mires in the field of coal geology is systematically reviewed
and summarized. Research themes linked to the topic include coal depositional environments and their evolution,
palaeowildfire, atmospheric deposition, carbon accumulation, palaeoclimate and palaeoecology. (3) “Mire” should
be considered as a general term for mire-related concepts. When there is a need to emphasize the spatial distribution
of mires, “fen” is an appropriate term for low-lying mire, and “bog” should be used instead of “mire” for raised
mires. When the ecological or vegetative characteristics of mires need to be highlighted in research, it is recommend-
ed to use the words “swamp” or “marsh”. [Prospects] The results offer valuable insights for understanding the
deve-lopmental trajectory of international mire research, identifying research fronts of mires in coal geology, and
standardizing the application of mire-related terminology in English. Future research on mires in the field of coal
geology should actively and effectively utilize big data or machine learning techniques (e.g., simulation modeling,
database construction, statistical data analysis, and image recognition classification). Additionally, a multidisci-
plinary approach integrating geochemical, organic petrological, coal petrological, and mineralogical methods should
be systematically employed throughout the research process to ensure comprehensive insights.
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