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Abstract  Organic-rich black shales, which represent shale oil and gas resources, have become a
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research hotspot in the field of oil and gas exploration and development in China and around the world in
recent years. These lithologies consist mainly of complexly sourced fine-grained sedimentary rocks in conti-
nental lacustrine basins in China, among which a special type of laminated microcrystalline dolostone is
developed. The petrological, mineralogical micro-features, and geochemical characteristics of this type of
dolostone are distinct from the commonly dolostones formed by dolomitization and are also different from
microbial mediated dolostones. Hence, the dolostones have been defined as a new type of volcanic-hydro-
thermal sedimentary dolostone. Based on extensive review of domestic and foreign literature, this paper
summarizes the global distribution and environmental characteristics of modern lacustrine dolomites and
presents the research progress on the models of origins of dolostone. The focus is on the comparative study
of volcanic-hydrothermal sedimentary dolostones found in the Lucaogou Formation in Santanghu and Jung-
gar Basins, the Xiagou Formation in Jiuxi Basin, and the Tengger Formation in Erlian Basin, all of which
are formed in an extensional tectonic setting. Four characteristics are summarized as follows: (1) These
dolostones are well-preserved with pm-scale laminated structure and microcrystallized, indicating latterly
weak diagenesis. (2) They contain a variety of volcanic-hydrothermal minerals, and are interbedded with
semi-deep to deep lacustrine black shale. Evaporite characteristics are lacking. (3) Strontium isotopes in-
dicate that the diagenetic fluid has a deep source (crust-mantle mixed) characteristic. (4) They are rich
in organic matters and show a strong coupling relationship with hydrocarbon distribution. Finally, it is re-
commended to enhance research on this type of dolostone, utilize its unique geological information for tra-
cing tectonic backgrounds, and explore its relationship with hydrocarbon generation as future research di-
rections.

Key words dolomite origin, lacustrine microcrystalline dolostone, hydrothermal sedimentology,
black shale, rift basin
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Table 1 Genetic models of secondary dolostone
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Table 2 Genetic models of primary dolostone
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2 0 0 D B 7 ) DR 3 ok D g R I MgS O, Hh i Mg2+ J AT 42 2000; Warthmann ef al., 2000; Wright and

Wacey, 2005

et al., 2004 ; Kenward et al., 2009

Sanchez-Roman et al., 2008
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; R Mg e
L) He 1 e YRIK S5 F 77 W ek o AT DL Ay R A LR 4 B pH A &R #HH = AT Mazzullo,2000; Moore et al., 2004; Roberts
I YEM UE 5 WK & 5 SRB 3 W) /6 A B b S AL R B = 4 DT
= WS MY R SO BRI R O L 4R pH R B T
= FRR R EMIELRERRAC, R TE R E R ES B T A= A%
. Bl WA AL Y AR 7 A KRS K a2
JI,;_L% 55 5O F 250 o 1 [ I e 28 T i e 9 T P Ak 2 M B (A R R A KO Moreira et al., 2004

2R T W R A R 0

K- A =E
DLBUE K

TR PN TSR R A ISE K, U T 2 s BB LI R A T A K I

H2E A% 2003; Eickmann et al., 2009;
B ,2010,2011; SCAE[E 420145 Bk
B 2015

A K B A BB R AL RT3 D R A ik
JE Kz v ( Vasconcelos and McKenzie, 1997; Mazzul-
lo, 2000; Warthmann et al., 2000; Wright and
Wacey, 2005) . g4 lifE A ( Mazzullo, 2000;
Moore et al., 2004; Roberts et al., 2004; Kenward
et al., 2009) . itk A b (Moreira et al., 2004)
M A 5 78 185 = ( Sanchez-Roman et al., 2008,
Petrash et al., 2017; 3% 2),

PO 2 2 TE b 52 S b B R AL o A
WUGE N A w5, 48 IR BE U8 UL BR IR R H
Yy oy AL AR T A T RA S o O E R B
g (Smith, 2006) . AT 10 RAFE 2 = H 1
VF 228 IO AR b 1Y 3 S DU T B R IR
T 5 Ol =PI S A SC R U8 I B . HE Bk
ZPRBGE WL E A AR (A0 “EREA s A7
S KRR A GE, 20035 Mg HEAE, 20105 b R BE
&, 2015, ZKHaARAWRME AT R
fiE, Loy 3 H o3 5l HL 3 A ) T B DO T 3L
AV, FERESERAANAS S
PR K -PORTTRB B =8 (RS- A 45, 2006
Ml 25 e 45, 2010, 2011, 4#h kK FE 28, 2015; Jiao
et al., 2023) . ZHKH = Je ok HHER PO A
i I W B R SE AW G A S KRS, PR
TR ) AR R B & 1 AR A9 i 2 10T
VEJE LG (Yang et al., 2020) . XHEH = HIIE
JRAEAEPEBE A BLOK A 1B 3 i 3 SR R Ik 242
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Mg & H = 1 K T Y AR (B A 5, 20065
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AL LB R R, WK IR R R T, e i
THZAMNEZSKE (Jiao et al., 2023)

2 HRBEBZAEKXRTHREM
INMEHFE

HARWHA ZAERRELEREYA 24, H
HIA SCHRIC SR K & H o A A A L 40 4>, F %
£ S SR/ SR /N 1 AN @ BN 27 D | 267U P
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TEAIWT 58 R B, 31X 23138 2 0k B P A TR K
ZARBOKW],  HLE B, H 2 LT 38 [ A 4R JE I
MZF B Deep Springs Lake ( Meister et al., 2011)
LT AL IR BEE M oK 18] Lake Agassiz(Liu et al.,
2014) . {7 F B H| ) Lake Neusiedl (Zamolyi et al.,
2017; Tolotti et al., 2021) Fify; TAE M S48 Lake Bo-
sumtwi ( Giresse and Makaya-Mvoubou, 2010) %1%
TFGa, ML EA B . mALTIEMEEL
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Fig. 1  Global distribution of climate zone and dolomite precipitated lakes
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Fig. 2 Global distribution of volcanos, arid zone, and dolomite precipitated lakes
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Table 3  Characteristics of global dolomite precipitated lakes
H % WA £ 7 WA 1 AR Y TKARFEAE 22 ik
B3| Searles Lake FPW FER PO RARTR A R R KW pH> 7.0 Lowenstein et al., 2016
FHE  Lake Bonneville basin 3] .28k L3k 4 TR Ja K Baleh - et al, 20055 McGee
et al., 2012
*H Deep Springs Lake JEHC 7% & ERTY IR (f;ko(ﬁf QPI; Meister et al., 2011
B n e ., 2016; Dunham
% H Great Salt Lake BT 76 % i KL A TR ki p=7.5  Loion o ol 2016; Dunha
et al., 2020
Fili 5 8 A LSRR R D (B
JIEDN Lenore Lake It 141 18 Koa) Mg+, UL B A kR ik Jal 7K I8 Last, 1990
AL )
Last and Schw 1985; Las
MK Waldsea Lake  BHPHM 3% 45 T K1 R ok S
JIE SN Deadmoose lake HHAW ER i V5L % A AL R P — B+ JER K Last et al., 2002
N 2 A A - S W Pl % K
JIE YN Freefight Lake AW 2E K A L R A B A JK B pH Last and Ginn,2005
it =8.8~10.1
e s BEJTff A0 ZEEET B R SR 7R N
z Basque Lakes IR R . ) . ik, 7K Last, 1990
JIEDN asque La AW FE R g A HUR S R W J K ast
e K i pH Wacey et al., 2007; Deckker,
A AH|I.  Coorong region Lakes 5[] .26 & WIS e BT G R }f‘;kff 8[74 201096}] ! °
N . AW EE K KRR F RO EAEMEK e Deckker and Last, 1988 ; Wilkins
BOKANE - Lake Keilambete iR K et al., 2012;Smith et al., 2016
TR F) T Pillie Lake AW AL R AEYEE BRRE Fok# pH=8.6  Deckker et al., 1982
. Salt lakes of western I W L A EWIE A J& K ) pH
TR A Vietoria EaNziRy Q] ¥ KT 8.0-10.0 Deckker, 1988
WAF|TF  Lake Yindarlgooda S FH W . k1l I 9 A )i K Last, 1990
. ) ES NI 3R I - o Deckker et al., 2011; May
BORAL Lake Frome * % WO —R L A A et al., 2015;Cohen et al., 2022
V5 WE T8 # 7 B TN
TR Lake Buchanan ESNiRT Y3 gggﬁg)@ T (3 ik JA K I8 Chivas et al., 1986
NN 2 lake Bungunnia B FE R Bz e a HRE) Jall 7K Mclaren et al., 2009,2011,2012
R NCE T B 7 b e . . De
WK Lake Eyre ﬁlﬂ 2 RN Bﬁi«)ﬁﬁfﬁﬁ ERER AL A R o Magee et al., 1995; Devogel
FER #® et al., 2004
LN IR Lake MacLeod ElEiRyIN Y2 WA YRS A PR JHK Kavazos et al., 2017
A ) Lake Neusiedl T 5 Fi+ KA okiab R K ) Fussmann et al., 2020
i 2 F Lake Balaton FAW ZERIREE RE R ARk R AR TR JK 8 Hetényi et al., 2010
e Garcfa-Aguilar et al., 2013 ;Gib-
VEHE A Baza Basin s ?hﬁ'i 4 TR L A A L Ja 7K ) ert et al., 2015; Jiménez-Millan
BE LN i 141 B
et al., 2020
+BH W 2
EP Didwana Lake iz—i 24 S [ R R S ZE R R SR B JE K T8 Roy et al., 2006
B OB 4 Zu eki _
+EH Tuz Golii B % FAR ST - 2NN A | P e Tekin et al., 2007; Karakaya
Vel et al., 2019
L Lake Van P 2 N T WOk pH =9.8 Amiri et al., 2016; Mccormack

et al., 2018 ;Uner,2018
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LS ims!i] Lake Urmia A B K A ML TN AR TS JA K T8 Darehshouri et al., 2023
[ ZIRTTER ) B ER W R 5 28 R ) J K W Xie et al., 2015
AW ALK B O EEAILRERE) . o Talbot and Kelts, 1986; Giresse
4 /i 5 3
s Lake Bosumtui Ayt FEINCE L X e HUK B and Makaya-Mvoubou,2010
Cort et al., 2013, 2019; Renaut
P . T R Rl 2% = ’ ’ ’
R Lake Bogoria FERH K Ll LS pH=10.3 et al., 2017 ; Mecall 2020
It A1 L kLl BGR . . Feibel, 2011; Hargrave et al.,
iz : an: : 3 Bl PR a7k
He Lake Turkana W 8l BRI FREMA A 2014 ;Schuster and Nutz,2017
ZIESN . AT L K B " . N Zhang et al., 2014; Ross et al.,
JRE IR Lake Kivu %3l WA B 2015;Pouclet et al., 2016
K Namib Desert Lake  Ef P 76K i VB B Ay b — 286 A Lancaster, 2002; Stone and
Thomas,2013
. Lake Specchio FEHC K = X = N _ Aiuppa et al., 2007; Cangemi
BA @iVenere gm0 IR POKBIPH=90 0y 2016, 2018

R P ALY WA Lake Specchio di Venere L & A ABUA 3 L& WL T 1002 H A1 M H = &, R WA 1 L & D i 2R

BB,

) TT 8 7 Lake Bogoria ( Cort et al., 2013, 2019;
Renaut et al., 2017; Mccall, 2020) k111§ 3h 4 2,
WG T B A B K L - Y 52T, RWIAE
H A B SO Rl AE 52 21 1 Kk i T B2

SR, EIRWIAE P R E R o A i
fiv, E2RAMIRE . HA T 2 KH A IFHH Lake
Specchio di Venere ( Aiuppa et al., 2007; Cangemi
et al., 2016, 2018) WYL & /K &M H = A1
(Last, 1990)  ZWNALL T —A kil AN, AR
R o WA TURRY) R D ik Bl YR g S0 I 5 A
Yoo, AEWIIE JE B AT DL RE 24 5 2 A O 8
Fe W R AR RO = A 5 b o SRR
UK .

HATH A T 28 R RS BOK WA B = A, K
HEFIRB A A = AREEE D XaTgES H
R A DURRY) . JEHOR 8 = A 50 R AR BOE AN
RIEFEBAMA K HEAT P EAR T =P
WAL R G U PRI ER B o s WA R —
GEWTAHTURRRRAE BT DX 3 H i 0 A B K s AR
H oz a1

3 NL-HRBRREB=EHE
SRR TR 25 F AT K BT

= UE W A M R AR A M LR T Y A S P S
T M (KBS A AE, 20035 M4 Af 4F, 2010,

2013; BhORREAE, 2015), EA@EMTP A S AR
A WT LW A AR L ARAE

3.1 MIRFHFE

1) 375 50 BT AL 75 b 7E 1 = 55 T8 T 1 3
SRR ST A K, Yo gz A R R LY
205 %5 (U SE, 20145 4B & SF, 2017,
Yang et al., 2020; 5KkIP4E, 2020),

2) WEHEG: A a2 REBEFHREF
TE A AR R AR TR S, A A N A A
W o AR & S A HLB I AR DT R B o B
U, IFAE S DU b B Il AR Tl B Ak R
JRBEATHE S EE5E (JHE, 2022) o BRr =35 W) 45
PRI AR I T 2 B A Rl A KL TR R D
b, HRBAsaRE RS T U aE—mibE
N ER A TUR L ZE (R 4) .

3.2 ERYYIESHIE

1) HAFRIE: O a2 R £
(Kl 3-A, 3-B, 3-C), Jo&Bnal WA T ALK A2 T 44
i (B 3-D), R H = AT K AR5 R
FHE, JREAATES G o

2) Ha AW W2FERE: Ha ALk,
WARZ/NTF 3um, AFEKRM (0.17~0.60; 3
4), A AR E BRBET, ZhEE—AF R
(Kl 4-A, 4-B, 4-C, 4-D), HEZE WY K%K A
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Table 4 Characteristics of basin tectonic background, petrology and mineralogy
of the volcanic-hydrothermal sedimentary dolostone in China
Sy Mz £ R AR
i T 2 5 M 1 5 b SR okl i
HOOTHRFAE g 1 T
A Kl TR 1
0.42 w .
- —EFRA g 0 AEENIRCERIR g gy B2 e AP
T A —m BRGSO IR BT S e WRRRE
T ot ut, 2023y G g, g DRARMALD KRE RRE g g s <o ' v
W CEL R 57
10~40 pm ’ FFHE
HABER M CE RN B 15 AP
i ARBEIR M B B 21 2 JoT 4 R — pm
" o BRI 3E
ﬁ%ﬁf@ffﬁ VRSV RARTR. LB . w e gRARE o
;gzgfm*’ I e L L s
-2020) e TR RGAER AR g o
ERIB R 7 kKA
WKEZE 017 RS
<10 pm
FWAHEHSHEALE,
ey VER FWAL TR MASERGERR AR DO
a0t CTUIECRFIERRGE oy BT AR b e T S 043 5517
w22y IWEBTRERIATERR  FRDE R TR AR ﬁ&%%ﬁ " ' ERCF 7
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Fig. 3 Sedimentary characteristics of the volcanic-hydrothermal sedimentary dolostones
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(Mazzullo, 2000) ., (4) MNERAG]EFFS LT 4
T 448 Slave Point 41 B i A8 11 = 5 8 "CAH (4
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Fig. 4 Mineralogical characteristics of micro-crystalline dolomite in the volcanic-hydrothermal sedimentary dolostones
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WP R F 2, Ao 2E0R0CIR, B NSl T B A R A (SRIBEE, 2020), BS; C— 3% 7 b B A% 2K 4L A —HK
WOBRE A Za R ERE G A s A, BMETMIUE (555, 2012), XL, XL—IEZ G ; BS—H T4 75 #uit
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Fig. 5 Mineralogical characteristics of recrystallized dolomite in the volcanic-hydrothermal sedimentary dolostones
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Fig. 6 Mineralogical characteristics of associated minerals in the volcanic-hydrothermal sedimentary dolostones
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PG A YA K - PR DR 3 =2 P B2 R BEER IR SR A 45, 2018), XL; D— 3% £ 3 1 4% AR 2 il - B4 e B Y
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Fig. 7 Organic particles and algal-rich organic lamination in the volcanic-hydrothermal sedimentary dolostones
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Fig. 8 Carbon and oxygen isotopic characteristics of the volcanic-hydrothermal sedimentary dolostones,

secondary dolostones, and microbial mediated dolostones
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Fig. 9 REE+Y distribution patterns of the volcanic-hydro-

thermal sedimentary dolostones, secondary dolostones,

and microbial mediated dolostones
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Fig. 10 Strontium isotopic characteristics of the volcanic-

hydrothermal sedimentary dolostones
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