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Characteristics and genesis of sediment-hosted celestite deposit: An overview
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Abstract

Sediment-hosted celestite deposits are the principle sources of the world’ s strontium resources. Based on the
data of celestite deposits worldwide, this study presents an overview of the ore characteristics and genesis. () De-
posits are hosted by gypsum- or anhydrite-bearing evaporite, either by carbonate-evaporite sedimentary sequen-
ces or by evaporite diapirs; (2) Mineralization is mostly epigenetic, characterized by strontium-rich fluids replac-
ing gypsum or anhydrite or by open-space filling through mixing of strontium-rich fluids with sulfate-rich fluids;
a few of deposits are syngenetic with celestite deposition in evaporative environments; @ Strontium in epigenetic
celestite deposits can be obtained via interaction between basinal fluids and Ca-rich minerals, conversion of ara-
gonite to calcite during diagenetic recrystallization of carbonate sediments, or transformation of anhydrite to gyp-
sum during hydration; strontium in syngenetic celestite deposits derives from water in sedimentary systems with

the ultimate source being the provenance of sediments; (4) Sulfur in celestite derives mainly from gypsum or an-
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hydrite within host rocks but some of the (dissolved) gypsum or anhydrite have suffered from sulfate reduction;

oxidation of reduced sulfur may contribute sulfur to celestite in a few of deposits; &) Zinc and lead sulfides occur

in some celestite deposits where celestite and sulfides have genetic links or not; (® High Ba/Sr ratio of minerali-

zing fluid is responsible for high abundance of barite in a few of celestite deposits. Variation in Ba concentration

in low Ba concentration of mineralizing fluid can form SrSO,-BaSO, solid solution in celestite and consequently

generate oscillatory zonation or exsolution texture.

Key words: geology, sediment-hosted, celestite, distribution, typical deposits, sources of strontium and sul-
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Fig.1 Stratigraphic columns of typical sediment-hosted celestite deposits in the world (after Scholle et al., 1990; Sanchez et al.,
2009; Abidi et al., 2012; Veigas et al., 2015; Shi et al., 2018)

1—Evaporite; 2—Igneous basement; 3—Dolostone; 4—Polygenic breccias; 5S—Monogenic dolomitic breccias; 6—Fractured dolostone;

7—Mudstone; 8—Shale; 9—Sandstone; 10—Conglomerate; 11—Pebbly sandstone; 12—Limestone; 13—Calcarenite;

14—Limestone breccias; 15—Bioclastic limestone; 16—Eolian salt; 17—Gypsification micrite;

18—Calcareous nodules-bearing micrite; 19—Celestite ore body; 20—Pb-Zn ore body
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Fig.2 Distribution of sediment-hosted celestite deposits in the world
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Fig.3 Distribution of celestite deposits in China

1—Phanerozoic suture; 2—Boundary of block; 3—Sediment-hosted celestite deposit (epigenetic); 4—Sediment-hosted celestite deposit (syngenetic);

5—Sediment-hosted celestite deposit (genesis unknow); 6—Volcanic type celestite deposit
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Fig.5 Schematic cross-section through the celestite-rich Granada Basin, Spain (Modified after Veigas et al., 2015)

100 m

i — & {kWegener Halvo4l e — & thKarstryggen4l F = Bl HuledalZl

B B« B Bl B A

B &8l :

[E16  H bk % 5 Karstryggen KA1 1 REI A B (52X [ Scholle et al., 1990)
TR R W - I 5 2B BOICE B s 3— IR S s 4— 2 RN s S— OV H s 60— 2L BBk E  T— 2L G & 8—RE A0 2
Fig.6 Schematic cross-section through the Karstryggen celestite deposit, Greenland (modified from Scholle et al., 1990)
1—Marine micrite-limestone; 2—Conglomerate and limestone breccia; 3—Limestone breccia; 4—Laminated algal limestone; 5—Gypsum;

6—Red conglomerate; 7—Red sandstone; 8—Celestite ore-body
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Fig.7 Geological map of the Ain Allega-Aguiba deposit, North Tunisia (modified from Abidi et al., 2012)
1—Late Eocene—Miocene sandstone and siltstone; 2—Early Eocene limestone with flint; 3—Paleocene marl; 4—Late Cretaceous limestone;
5—Late Cretaceous interbedded of limestone and marl; 6—Late Cretaceous limestone and marl; 7—Late Cretaceous marl;

8—Triassic evaporite; 9—Cap-rock; 10—Celestite deposit; 11—Pb-Zn deposit; 12—Faults; 13—Axe of anticline
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FEIRTAE FoR M =B A0, WS 2R Ak
RIFMTE A = A AR 0 A A BRI i
BEEpRA R ORI 1S 0 AL A T INERT
WY KE A VEHmAO MO MAs A, KREA
FEAACHA = A BRI R A8, S R B
TR as [, R A RE AT LRl = T S5 4
Az o Abidi 45 (2012) NN RES K& A8 1k [
— A B 4y 2 B BOE R, S — B B B
R O 850 N R ) MR IR L (K A R
A1) IEES I RERLE (1 = 5 FA iR 58 W i fb
MR AL A m s A = A ks . Rifa &
AT S A PR IE 2 B, S0 X4 A, BV A v
w(SrSO) VT 10%, K A1 1 w(BaSO,) L T 10%, it
/o] 2 A (Abidi et al., 2012) . K3 A mAAGIEIL
) — 15 B - B8 180°C , £k & w(NaCl,) F ¥ {5
16.3%, 7 [l — K7 A FE i b & BUAS [ 58 B 1) 44
FEUR, WoR & SR K 5 R R I R A
(Abidi et al., 2010; 2012)

34 FiBLEASEMARULRERT K

TR SE R R B A A T A K A Rl AR SR 2 PR
EEX, PR E R R RE A EX, &
BENRAE BRAERXREAT IR, KA B0 A
152000 J7 t, i o FE A 70% (AR F R, 2009 ; Syl
45,2012 w4k 64, 2018) , Hodr, KU AT R %
K, HARD g 0 e 2 —

KL IR FZ WA T L g LG 41
(Noys ) P el I A el D B PR k- 2% 2 v, P Ry 5
T A KAV ZE . T ARG
B R A 2 )2 53 2 AP B (Nos! (Nos?)
F4 A TEE (Nys™ i N,s™2 Nos>! (N,s22) , Hi B
PEBE B2 N2 R 50, Atk 2 85 e Ak
Ve dt A R AUZ R T2 TS, 5
FTER— B B R E 18~32 m, 421X 90% K F A1
PEFZZM . Nys'™ Ny AR E 502, F Ak
BER 2R Ny VA M R SRS TR A A e 2
KEA, FATEB T R Ny B 41 B AL 45 5 e
FORMRKE ABVEE AR RE AR 2L
JEAR BB B AR 0 R LR /N (1 8) (1 Mg A 4%
2018),

KNI KA R WA A F 0 40 9L
KEANE, ZRBT /DR, kG %A oA
A A, RE A SRR BRI Bk B
R IURER K TRIK A5 . BT RN

AP B A IR A K A AR R A 5
R AU RAE AR, A )T R R AR
Rk A R A 27 F a2 (DR 45,
2012) . HRETET S IH 320 A B 1 Py il )
AL SA TR IR, FE R R IR BE T, R 464 JE it
TEIRE KA MWK e , B 5 0T A 7 A
A CPNVHE S5, 20135 4F 75 15 55, 2018; A1 16 4 45
2018),

4 T B
4.1 $ERkRIE

B AE 1 Sh AR 2 2 PEARARL, Wi H DL R TR
GRS )T 2 A B S B S As , E—
SO S A T ) R R e, SRR T, S0 w(Sr)
2410 8000 1076, A7 Y 40 (Sr)3000x 1070, J7 it A1/
23 w(Sr)400% 1076 (Wood et al., 1976) , J: 1 A 40 4
JiE 440x 1070, th PR 5 52 B2 300% 1070, B 7 B F i
1000 % 10-°~2000 x 10, # e 75 £8 F= B 100 x 10°~
1000x 107 (/g 52 KF ML BT R ,1979) o B, &% RHE
A RIS A A IR SCa A YR
JB KA A B A 2R R R S K A
R B TR

MEBE K K S SCH MBI SR s A
b A A oA, SOCATE—E RE AT
W7 N7 A I SRR R R, D R A LT
PEALER . VY PEF Granada 75 Montevive 1 Escu-
zar KT AR, KT A 5 1 A oo th v oK
B ZH N —E(E9) , Veigas 5 (2015) N, 76
TR R Pl 5 IR i AR 2 A, SO B A A AR
AT SRR O B R B E A B K Hp, 528 A A
YERG LK A1 . Y Yate K A0 R E 2R
JiCIR B AE T 47 22 20 Keuper 416 K A v, H 7 )2
R E B, T HZE & A ICE R AR
A7 3R 20 LA T8 I B AR s T O S8 R
(E19), Wood 45 (1976) A S8 AR T 1% SCA KA H
A R A B BRI 2 )5 A2 B A R
[ 57 28 1) el

MRH A KA B 0 sl & R A s A
5K K KA R SR KR AR . 7R SR
VU Rf Sabinas Z 3t K A0 X, IR N & EHC AR
WS 5 , KA T [ v oA 8 F 5 LA TR B 3 T
IR B ERIE7 2 LR (L 9) , BRI 23 b i 7K 5 LIS
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Fig.8 Tectonic location (a) and geological map (b) of the Dafengshan celestite deposit, Qinghai Province, China
(after Shi et al., 2018)

T RAIKE RN, AT Hh A TR R, R
H A W B2 4E (Sanchez et al., 2009) o 1RSI 22 5
Karstryggen K A K, K ~E - Fa4 M6
WA, R AL T B 28 B v B /R A8 1
BRIE R AR, i T e 3R LT )2 WK R
T AR HE W) 26 54, Scholle 25 (1990) 1A h K7 A1
H R IR T 21 )2 B RO s R SR A b 2
i 7K 5 K A b K KA ROV AR BT R A
(R

WAEBM S SRS A E s, T3
B B R B TR, B, YA B A AR IR (Gl
WAKT 56°C) 75 T AKAIE BLATE B, S RO A 1Y)
B8 (Jowett et al., 1993, Dill et al., 2009) , 7F + H-H
Sivas LR 5 A0 R, KA 224K S50 B
ARG TP 28 & 0 DL BT SR B A A
TR AR FOKAE R A B RO R &
W RE LR, IR R B AR A . TR

A7 55 XA T IR B (R AR R 3 — 2 (B 9)  BFSY
R BB RS Ry B e R RO, AR T
5 8 B B R M U E Y K 7 A7 (Tekin et al.,
2001b; 2002) .

VR 7K AR VR R AN R M 4 3 o 2% % Wk 4 UL
DI WNELLY i NG N = AR U7 N (19,0 i i/ R AT}
T M SRR I A, K e S AN
BB AE T R T AR R AR A S s
PEUURE R E A I KA B RAG IK . Bilan, 483k
AR ZE TR IR, JE L R A A s, Kk
2 v A B AR E A M K, B T A AL (P
45,2013 ; B4k 45, 2018) |, 1 7K 38 i 28 & A FE A
Kifo
42 WHHIKIE

DIRUE AT KT AT IR IRES AFMAE
TR b 23 58 2% & A I RE IR BE o, 9 LR R
AZRA BRI AT RIS, H, 54 REFA0IR
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1981 4% % % & Karstryggen £445 1 Scholle et al., 1990; + H-H: Sivas 7l [ Tekin et al., 2002 ; 7+ BAFLAK 2 1k 11 H 545 A Moore et al.,
1997; Ehrenberg et al., 2007; Bazargani-Guilani et al., 2008; Ehya et al., 2013 ; B H2 4E Neuquen 7 #5445 | Brodtkorb et al., 1982; Romas et al.,
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Fig.9 Strontium isotope compositions of celestite, gypsum and contemporaneous sea-water of host rock in representative sediment-

hosted celestite deposits in the world

data source, Spain Granada basin: Martin et al., 1984; Veigas et al., 2015; England Yate: Wood et al., 1976; Mexico Sabinas basin: Kesler et al., 1981;

Greenland Karstryggen: Scholle et al., 1990; Turkey Sivas basin: Tekin et al., 2002; Iran Zagros Orogenic belt: Moore et al., 1997; Ehrenberg et al.,
2007; Bazargani-Guilani et al., 2008; Ehya et al., 2013; Argentina Neuquen basin: Brodtkorb et al., 1982; Romas et al., 1990;
Sichuan Huayingshan: Zhu et al., 1999; Jinding: Qin et al., 1991; Hu et al., 2013; Zhu et al., 2018; Zhang et al., 2018

TR EEoE A RS TP A E SR A, R
KEAH IR FEZRIE T UOBUKAER, 4+ i KX
W KT A4, KA 8345=20.84%0~25.53%o , 11 &
§%48=22.32%0~26%o , 1] W, , 4155 5 K5 A1 Wi [ 7
HHNHEA —F (& 10, 5 3CSE,2001) , EATIY B R
F 78 & Ja i s R B K o

SR, B[Rl 7 R AL B, 6 F— 28 J5 407 IR,
M2 o R B AR AT BB T T R R R A JRAE S
A ¥ T Wi . 28 74 B Sabinas 7% Hi K A4 §34S=
13.2%0~18.2%0, f1 H 5*S=13.2%0~16.4%0 (Kesler et
al., 1981) , P4 HE 4 Granada % i K 7 41 834S=17.8%0~

21.3%0, f1 B 6S=15.8%0~18.6%0 (Veigas et al.,

2015), 2 H-H: Sivas @b B AR KR HE A0 IR K EH A
848=22.7%0~31.2%o , 1157 5**S= 22.9%0~24.4%0 (Mar-
tin et al., 1984 ) , iX LL47 PR K T A1 385 3hi 458 [l 75 1l J2
AF S (E10) . T RE A 5P R AR
[ R i R B A B SR iR AR N (PRIR 5,
2004) , AR K EF A ik A #Z A a4z
F B LA REAR H_E R IR R AR EE
HJZ A 84S . X PP IR LR R M2 R
ABWIRRE G, K2 THHS S T R REE S
JEAEFH (BSR) a8 A R #h #4 Ak 2 3k JF A T (TSR L 2k
B A T 2 5 4 22S, DT OO 1R v B A i T
ER 1Y 834S TR, B4 X RE AR T vE B R T A



1112 N /S b i 2021 4
EREENANE Cel P
e S S i s i a s si secnes a ais el: R AEEDA
CIa) A A B —— Gy f— S-isotoBerfﬂcLelegtAite
5 7 A Sabinas 7 Ha E—— | O 0 A B A5
et e S G ------------------------------------------- S S-isotope of gypsum
bR R L — HER | o o e o o 2
79 F Granadadl —— o] S-isotope of contempor
Rt A — 5 o -aneous seawater
+ H HSivas#h i Cel
CJa D e Gy PR
ZHETKEH Cel =&
Q=EN155D) [ Gy
ft BiZagrosit il 4 —— (el
CJa 4 R HHOBr
[T 4R ZE Neuquendd; 3 Cel

GELTD , , — Gy O SRR 1

8"S/%o

K10 EERGIBUA T KG A0 R K5 A B P8 5 Bl R K BB R0 2 4
TR UL KT ARG 5 OISR, 2001 ; 82 P4 BT Sabinas 75 AU H Kesler et al., 1981 ; PYHES Granada 7 AU | Martin et al., 1984; Veigas
etal,, 2015; +H-H: Sivas A M 4R [ Tekin et al., 2002; 4x WU [ T2 45, 1991 ; FHERAE 2012 M0 04465, 2012 571 3 45,2013 ¥ , 2016 ;

SRIG A, 2018 FEAFLAK 2 171 L7 B A 1 Moore et al., 1997; Ehrenberg et al., 2007; Bazargani-Guilani et al., 2008; Ehya et al., 2013 ; FiffR &
Neuquen 7 #1504 H Brodtkorb et al., 1982; Romas et al., 1990;4% B % & Karstryggen 504 F Scholle et al., 1990; 28 JE %4 I Abidi et al.,2012;
Jemmali et al., 2013
Fig.10 Sulfur isotope compositions of celestite, gypsum and contemporaneous sea-water of host rock in major sediment-hosted ce-
lestite deposits in the world
data source, Qinghai Dafengshan: Ge et al., 2001; Mexico Sabinas basin: Kesler et al., 1981; Spain Granada basin: Martin et al., 1984; Veigas et al.,
2015; Turkey Sivas basin: Tekin et al., 2002; Jinding: Qin et al., 1991; Yin et al., 2012; Zheng et al., 2012; Hu et al., 2013; Liu et al., 2016;
Zhang et al., 2018; Iran Zagros Orogenic belt: Moore et al., 1997; Ehrenberg et al., 2007; Bazargani-Guilani et al., 2008; Ehya et al., 2013;
Argentina Neuquen basin: Brodtkorb et al., 1982; Romas et al., 1990; Greenland Karstryggen: Scholle et al., 1990;

Tunisian: Abidi et al.,2012; Jemmali et al., 2013

(14 534S {3 bbb 23 o/ B ) s, ot 2 10 R 9 A v
{14 B H V5 A0 B 3 B VR 0 A R R A A
fiadh o

AN, TR DB IR, K E A B R h 34 AT
B 20 R U5 T30 ot ) 48 Ak . A 2 R T, 0 UR
I & B ALY M KE G, KA EEA aEA
gAY 2 Fp e Horh S R R 9 A B T A AL
YK WL, B B 834S=8.7%0~17.7%o , i B JK Hl1 )2 1 47
B 8MS T T 15%0~16%0 ( B Ih A 55, 1991 5 K3 ifg
W, 2012 B3 A 45,2013 ; X B8 %5, 2016) , &6  K

AR SUSEHM BT AH . R g% N
BT 8%4S M 1.1%0 5 —43.3%0 , JLIA SR K [ [l 45
£ 9 BSR AR FH (8] 4 42 45, 1992 ; Ji 7K K 5%
2013; Xue et al., 2015; Deng et al., 2017; Yalikun et
al., 2018) . EH M, 2 X LA AL Wy 2P R ix L8
i A W 1 380 A i A= A AR I B U TR 4k 1Y 834S
E2 B2 w1, PR, & TR IR Fe BB Rl A b A
AL S I8 Y TTRR
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Y,z 4 T AR S R WA BT A TR L iX
Sy PR A g A R A A 2R kR

Hur, % FREASEET R MR EE
A 2R O KA SH R R A 4
B 7= ¥ (B 35 2045, 2006 ; Xue et al., 2007; Abidi et
al,, 2012; R ## 45 ,2016) ;@ K& A SETEH WA
) LA™ S5 N AN ) AR AR B =, HUJR A
] — " P& 7 Bl /Y (Bouhlel et al., 2016) . ¥ 20 %
(2006) 38 2 X 4 T~ A i P 58 4 R0 1k
Oy N A BN - N - - R
G- R A - R A -0 3B B, Xue %
(2007) X 5 547 - DAVBE B - K75 A 114 Ik A4S 6 28 A i
O R A 5% & B, R A AR A 3 — R R R
FERAAL AR K75 A RN B S [R) 300 () R A 3t 44
B 77 %, Abidi %5 (2012) % %8 J& #t Ain Allega Pb-
Zn-Sr B R T Yy A A AT K B, K& A VA
A5 ESR M EXREY AW E Z
IF1] Ay [ 399 7 AV TR G o Bouhlel 25 (2016 ) 1 i
Xf %€ Je i Bou Jaber # PR 57 , #2 HiZ 0™ K A7 7E 3
W S7 A S iR B R AR R R BT R A
AR R AT AT AR R
B i B A B AR B4y A3 A s, 3 AT AR 1 34— IR
JEAER BB RO, HLE A R D A
WA, B, K5 A AR AL 9 AT RE 2 AN A B A
[F) AT AR B 7 0
44 BERARNERBAHESETHHKE

AR UURUA B0 R A0 R UL —Ff
"9 (Abidi et al., 2012) , fHBR |55 P4 5} Sabinas %1
WRE AT RS JE 5N DEILA READ IR
HbH AR IR ) B IS, R T (E .

REAT IR EGA S ERA 2N REFE O K
A A AR AR E R 22 5. filn, £ 25°C,
I RAEFMT , EibAMEERN 107, KA
Y77 A1 R 107963 (Hanor et al., 2000) , & FH 22 34>
B g, P, B R F5H i K P — B A D s
PR AR s, U 2 BT R £6 25 A U E Hh B S A, TR
—EVUTE ok, PO T E A @ A TR
A, 5 A AR X s A B A R . For-
janes 57 (2020) 3 i3 SR AL Kk B, & SR A S A
T B 42 fl B, AT DTS A8 A A R A X R
T A S RLLE A B /R A B R T M HES AR (]
MIFLBR BERR A i /A A B R 2 W] AR S kA=
SEARNE R 10 25 0L A 5 A0 B /R A 2 ) s I %

12 (o E S A SRR A B T R R E I HE
G JE B — 2 E A2 R4 T Sk s R
Z BB R A A e, DTG RELAS: TR 22 A Y
e

Hanor (2004) i3 4511 & BE , 4 BR 731 i K Hp R
P 2 5 S MR R L AR O, T AL A vk B S R
ER VR B LA G, R K 28 AR 028 o i A Y
L) A b b K, R FE AR B R £ & s b 4%, St/Ba
W IR AR A A A AR EAE A 3R R

HA AT ERA . BN R AES S
Ba/Sr iR 5 & B2 Eh i AR A B, A e A AE DUE
A MENREA-ERAT K.

E— SR FH A5 R (N2 JE B Ain Allega F1 El
Aguiba, T EG ) T, KRG A KB = A 8ot
R AR SE AL (L 11)  ASIR] 7% 5 PR 3 i
i) Ba 7 & A [A] (Putnis et al., 1992; Heureux et al.,
2002; Lubashevsky et al., 2008; Abidi et al., 2012; X
JJEAE,2014). Prieto(1997) i i 5L 5O 81 4 B, 24
KE AN EE LT, KB W Ba & i (X, o)
TRALHT (0.000 05 < X, ,,<0.004) , A RETE AL I 34 35
o B S R X IR KM Ba & B U INVE AL
2R HEE IR E AT Ba i 5 i (Xpaso4) 22 0EL
K, 0.1 < Xpus0s < 0.9 7KW H Ba 75 it & i), W B
FEUUTE 8 A T AN IO B T 254 (&1 12) .
PRI, Y5 Sl b & A b s I PLEE, Ba % 5 757K
B RNV, 5 R TTEE 1 R A Ba B it
A, Ba K A 7R SO R 3R 5 Ry IX
B, A Ba K A1 758 SO B 2R3 K I 91X
B, DR, 45 A 0 1 DR AR T B R 8] %) 25 R
NN

5 45 i

DURRA B0 B R A0 R 2 58 B2 Aok
U ABRZ M B RIRAT TOURVE 22 ARAN
BHCR, B U R L BIHE L, AP 2 N RIR
A MR LA A RO B A MIMZE A A o
ZHRO IR Je HE A O B RS AR TR R
A B OB A BT R, e SR AR R R h A
A TR TIPS (| A o B0 PR g 1) A2 A
JEIT 2RI, R A NITRRUK R b BT
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Fig.11 The BSE image of leaf-shape exsolution and oscillato-

ry zonation textures in celestite (Light zone represents Ba-rich

celestite and dark zone represents Ba-poor celestite)
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