Fa3E HSW
2025410 H

UL B A7 R
ACTA SEDIMENTOLOGICA SINICA

Vol.43 No.5
0ct.2025

X EHE :1000-0550(2025)05-1814-43

HZEREAMRLTE:EMSRE

B R e, B ke, U E
LRI TR 2= DU H BT T Bie , B 610059

2. WCHRIHE TR 2 SR G S I 2 TR G el T A S0 2, AT 610059

3. HARGEIAR TR s BB ol 5 07 FH o e, AR TR, R 610059

4. TP BR IR R i 2 AT S A AR TR E IS 4 = AR 610059

5.3 1L 5 e B TR A S E, LU R s R A= LT 100871

B O (BRXIESIURME AR o U AR, F R LR AL B OB U BRIE SR, S B R M Ui
JE TN BAT 2 T8 L [HER ME Gt a0 MR 2 e B e s e R IS v BAT PR T - (1) XA 5 B &
SRR PIRAEBOR , WA BRI A0 SRS A7 BE S B SURRAE ; (2) 2LAMGiE 5 2ot it 7 iR s
AP, LI = A 5T R DT AT RS EE S DR AN B T O OO ES S 2 (3) R TR Kb TR i g
AT AR 75 U ) J5T R R DSARFAIE. A 4 0 S U S Py A B 2 P B S (B O B b R AL AR 30 5 (4) B S8 IR) L R A 5 70 BT P s B
MR G eI A it R B, BRIR) L 2R A 2R LY AR IR B A A 5 (5) BT #A RN S TR — iU 52 8 S AN 7
15, R Bl g A R B AR G R AL T2 RIS . SR AR GEEOR T BORE LIRS AR B = R G R A5G
SR LAk BTSHEOR N A = A AT SR A TR A L ST I GO S R S A AR AR AT < GX A S TR R
CANROE b Fi SR 75 25 8 T B (LA-ICP-MS) | HL T HRET 7087 (EPMA ) ) 8 MEAROR 28 23 [A] 70 B (<10 wom) S 1404
R JRIFR, SEBL T 2200 1 2 A A R FOHS 40 221 1 5 6 (] 57 28 B DL Bt 2 o 1 2 T S R ) O B S B Sk 1 R U 5 Bk R
HIFEIRIOL 2R (8,,) 5 U-Pb BRI AR , 0y 1 2 AT G R il B A (1] B (i 5 29 [ S R AR 1 = A T 5
WP : AR ZE F 5t TR (R R BRI IR AL X TR S TR KRB Al & BT B8R M i a5 ™)
SRR —oC R MR R R — R AL SR AR A A AR E B R WF 7 i AR R | dlad 2 ROZEHOR P IR] | 22 PG il 5 78 REAS A 0K
By, EHES) o a5 B R

KGR G YR T MR v s AL AR s BE R 3R 5 B IR 2 %

F—EEEN W, L, 19914 AR BT 0L, DIRHER A2 , E-mail: ningmeng@cdut.edu.cn

FESEES PS5122 XHEARERG A

DOI:  10.14027/j.issn.1000-0550.2025.032

CSTR: 32268.14/j.cjxb.62-1038.2025.032

0 515

LR BT Do A , B T s A X
DR SR U SR A B TR , B BB AR 1Y
AWEGIA BT 0 B MRS AT LU s B2 07T
AT B T ST )27 e SRz e itk
BRI R0, s R kR R e BT, A
200 ZAERT AN TE UGNREN A A MR 8 Y17 Rk
LA, % 2 R O L B 2 DL R 4 i

ML, R U HT Y. 2 A7 [MgCa(CO,), I
o — P DR BR R R AW, A BE sk )Tz
A ABAER A 2 A (A B R K Fp A i
F 2z LR R B OB R A, O R A 5 —
FLETURS A AU B P MR AR T2
L RRR, B oA SRR A A
S IR REA T TR 4 DR R 415 IR 1 22 PR
BT NFZ AL 2 0 D AR DTE F 2541 A
AEZRA B A AR F = A BRI HSZ i T

75 B #5:2025-03-28; & [5] H #§: 2025-08-01 ; 3% A H#5:2025-09-04 ; M & tH kit B £ : 2025-09-04
HEeTH: HEAAR¥ES T H (42472156, 42102136, 42225304, 42272133 ) [ Foundation : National Natural Science Foundation of China, No.

42472156, 42102136, 42225304, 42272133 ]



5 53]

il

GAE . o a URFSY 5 1 - i 5 R 1815

MR, EBOR T T £h BE SR A K PR B s
HP AR AR IR S A IR A H = A P
FRMt TR CEYIEAN RS Y (EPS) i i [
& Mg™ 2 /K5 1 AL BE 22 | 4 (I O (0L s il i (R 2
R I HLAE M ANE shi SR HCO AT N
AP A TR T A S A DIER AT . SR
1M A A 23 e B A s e iR A
WAERAEE R 2 B A sl SN, JCE
fi Rt AR IR B o CRE o) A 5 75 TR (g [i]
JREER AR T RGO R AL . ML TRAEAS
H U EH T A TOE SR M N 2 . R
HHL e iR I T 2R B s AR IRG KA S A
A B A AR A A B E R
AP AR A AT X O
JRAE T BRI K Mg B R SRS, 75 25T
2, A TR U TR A 52 A5 R i
PO E IR it e , 328127 5 8l 27 R AL
HAR®, B A B O LU s U — R
AR AL ) SE B R OUHAE Z I = A IR 2 2%
WFFE SR ) B, R TRAFINT F = A 4
FWTTETT L R SIS AIE L, A RE ST A i M E A
=AU A T IR o

TEHE 5 RS , W )12 B A o3l
BRAG 20T 7 I AR WA M XL AT A R
6 FHH T BT R IC R M IR BRI
R \SrlFA R AT EIRTTIE N A = A UA
FEBUE T BRI RA —E W B HIA 2
fifRtE , JCIENS A A R b Mg 75 5 AR e PR ARk e
— I KRN E YR 2 AL : (1) A
€0 Sr[FIALEHIWr 2 AT A A BT, 56
pae ) OICIE VA ERS R RO N A ENEE AR5 N
C.0.Sr RN MELUR BRI (2) LG Tk i E A
AT B ST [, WA =R A
AEZIE O B LPF A s H = a A
Di T AR RERE A EE S VR, S EO R SR
A G I ER =2 05 5 AT RERUR I AR

PILHAFR, 15345 T2 M Y7 kb2 04
BRI KRS R, Bz R R T — 5 it
JEE . Horh, Mg [0 3R BRIR #h A AT [ (o 2 FIBR IR R
W) U-Pb B AR SRR Z B TR R I = A BB
Ji'Eu K SSE:apa Nt WA LI e T DR RPN g e
TEAES. W), 3% 5 i B2 (TEMD) 55 B 3R

(AFM ) LA B okt JoR A 55 o TR i ATt
[H1] J3 3 A (LA-ICP-TOF-MS ) 25 55 1 5 80F0 JELAE 43 A
BB T H = G iR i gk — 24 sh T
AW ARG AL . B0, Kim er al.™'5EF TEM 5
AFM LI 2 A A K 32 3T TG 7 30 40 T i
il RO AR — R A AN A A ER Ik Bl T (A KR
PETHE IR 7T A0 D 5 Ning et al. "3 57. T F| FH Mg [A]
M REE R M A R O 3 B TR 2 A
AR = A AR R R s RO E &
TE R, I 2245 10 V- JE S U8 8 5 A HI A 23 A
BERM R AR A 78 SO fA7E B L T,
T Mg F1 SO T B 14 Mg-0 Bi-K- B 87, i A Jy it
AR B[R K (M) A S, i RO
TR Z 1 (8 B RIS 28 AR (8" Mg i) S35 DR/ DN
PO T A A = A B — e fe R
Stk HE Bl 1 A R R RIS R AR ST
J5 5 H eEAR TF B TR B A 1 S % A
P Bk 2 5 R R BT E 9 30738 5 RN B R 7, A
SO A 2 A B RIS AT T R Gl J
B, RGBT 2R H R SRR 2
AT ¥R B LSRN P R, 28545 i S S 81 4 4
e EiE e R 50 L Ou RN ik IR R B
S, I T AR B DX R AT AT R AR B A s o
WF5E IS 38 E R 5 R, X% G R34 [l 25 4
BTk %) D B R TV IEA T 45 5 LA 5 B i1 2%
R R B 5 A AU S 56 1 R 1 o (fk ) 2 428 LT
FEAAE LSRR A3 AR 5 B I, 6 2 o B R
ROTE T A5 e,

1 T ra bk

WMk BEAERIE A = O 0 Y 4 S
AL, DA IR i R R e EOUL A RS B
B 2 5T T A R T A A S R wlaE i X
SYEATET (XRD) S8 M T BOG T My 2 304 T2 PR
LK IAA e BEAGIN ™ B SR B D, 574
S M T BN 1) s A B S o A, 14 el
Bl SR AL 2 BRI DI RO 3, 2 S B RE TR
78 F 25 A7 P i A SR T A 2 DT 5
BTt B ICIE IR B AR GO o 1ML T
R AR SRR GBI, f e T XRD 35 (&1 X L
SEELHY S RN ERAS A 2l . ASCRES T H A A
WP S i) E B 2 o FBEGR 1L ), el



1816 oo o %434
F®1 B=ABRENTYES T ERMNA LM
Table 1 Mineralogical analysis methods and applications for dolomite origin investigation
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Fig.1

comparison of XRD spectra for (a) dolomite and (b) calcite (modified from reference [69]); (¢, d) medium-crystalline dolomite under cathodoluminescence (after reference

Experimental illustrations and main analytical advantages of different mineralogical analysis methods

[70]); comparison of infrared spectra between (e) dolomite; and (f) calcite (modified from reference [38]); comparison of Raman spectra between (g) dolomite; and (h) cal-
cite (modified from reference [65]); (i) dolomite thombs observed by SEM (after reference [48]); (j) SEM observations of spherical dolomite crystals indicating microbial
origin (after reference [47]); (k, 1) dolomite crystals observed by TEM (after references [71-72]); (m) EBSD observation of crystal orientation in stromatolitic dolomite (after

reference [53]); (n, o) dolomite crystal surfaces observed by atomic force microscopy (after references [60, 73])
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Table 2 Technical characteristics of infrared spectroscopy and Raman spectroscopy analysis
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Table 3 Characteristic infrared spectrometric peaks of carbonate minerals
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Table 4 Analytical methods for major and trace elements and applications of dolomite origin investigation
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Table 5 Rare earth element (REE) analysis and applications of dolomite origin investigation
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Table 6 Types, advantages and disadvantages of different dissolution acids for carbonate component digestion
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Table 8 Comparison of dolomite oxygen isotope thermometry methods, emphasizing their advantages and limita-
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Fig.2  Characteristics of clumped isotope in dolomite

(a) evolution paths of 8"0 fluid values of dolomites with varying &,, temperatures in different diagenetic systems (modified from reference [336]); (b) relationship between S,
values of dolomites from the Lower Ordovician Boat Harbour, Catoche and Aguathuna Formations in western Newfoundland, Canada, and published fluid inclusion homogeni-
zation temperatures (modified from reference [330]); (c) measured 8, temperature data of Ediacaran dolostones (Hamajing member of the Dengying Formation) in South China
(modified from reference [336]); (d) clumped isotope data of dolostones from the Lower Ordovician Yingshan Formation in the Tazhong area (modified from reference [246]);
(e) correlation diagram of 8,, temperatures and 8"0 values of buried dolomites from the Nisku Formation in central Alberta, Canada (modified from reference [331]);

[249]
B

(f) “dual” clumped isotope characteristics of Bahamian dolomites with synthetic calcite data sourced from reference [332]
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temperature (modified from reference [415])
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Abstract: [Significance] The enduring "dolomite problem", which has puzzled geologists for generations, remains
a cornerstone of geoscientific inquiry. Dolomite formation mechanisms have resulted in breakthroughs in sedimentary
diagenetic theories and also play a crucial role in predicting carbonate hydrocarbon reservoirs.[ Progress ] Traditional
petrological-geochemical approaches remain pivotal in dolomite research, including: (1) mineral characterization
techniques (e. g., X-ray diffraction, cathodoluminescence and scanning electron microscopy) effectively reveal
dolomite crystal structures, ordering degrees and microtextural features; (2) infrared and Raman spectroscopy facili-
tate high-precision differentiation of dolomite from calcite and high-Mg calcite by molecular vibration pattern recogni-
tion, and also identify microscopic bonding ion configurations; (3) major-traceelement and rare earth element analy-
ses provide crucial geochemical constraints for deciphering dolomitizing fluid properties, redox conditions and Mg
sources; (4) carbon and oxygen isotopic analysis traces fluid-mixing processes and reconstructs paleotemperatures ,
complemented by strontium isotopic systems that constrain the evolution pathways of paleoseawater; (5) thermody-
namic calculation, sedimentary-diagenetic experiments and numerical simulation methods provide a multi-scale re-
search approach to resolving kinetic barriers and reconstructing the dolomite formation process. However, traditional
approaches have proven to be insufficient for precisely unraveling fluid evolution sequences during dolomitization due
to the complexities caused by multistage diagenetic overprinting and uncertainties in reconstructing paleoseawater
geochemical compositions. Recent technological advancements provide novel insights, promoting research into mi-
cro, quantitative and dynamic process analysis. Magnesium isotopes enable quantitative modeling of Mg transport
pathways, while microscale in-situ techniques (e.g., LA-ICP-MS, EPMA) achieve submicron spatial resolution
(<10 wm) , overcoming the limitation of bulk-rock methods to the characterization of multiphase diagenetic events.
Concurrently, carbonate clumped isotope (8,,) thermometry and U-Pb geochronology provide unique advantages in
constraining the temperature and absolute timing of dolomitization processes. [ Conclusions and Prospects] It is
recommended that future research place a high priority on the following areas: quantitative crystallographic analysis ;
multi-isotope systematics tracing techniques; in-situ and microanalytical elemental mapping; and machine learning-
driven big data fusion. Establishing a multidisciplinary framework that combines mineralogical characterization,
elemental geochemical tracing and isotopic chronostratigraphy will be essential. By integrating multiscale analytical
techniques, multi-source data fusion and intelligent modeling approaches, it is possible to refine the paradigm of
dolomite research and achieve significant theoretical advances.

Key words: dolomite problem; mineralogical analysis; isotope geochemistry; in-situ analysis; magnesium isotopes;

clumped isotopes



