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Fig. 1 Distribution of hydrothermal sedimentary rock in Xiagou Formation, Lower Cretaceous in Qingxi sag. Jiuquan basin
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1—Distribution area of hydrothermal sedimentary rock;2—oil field;3—border of secondary building unit;4—border of abnormal fault

and building unit;5—border of normal fault and building unit;6—well;7—location of sample
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Table 1 Electron microprobe analytical data of average chemical composition(% ) of the main rock-forming minerals

of lacustrine hydrothermal sedimentary from Xiagou Formation, Lower Cretaceous in Qingxi sag

W FEE | Nap,O | MgO | AL Os | SrO | SiOs | SO; | KyO | CaO |TiOz| BaO [Cr205| MnO | FeO | NiO | CO; | H,O
ISPl 6 0.16 | 11.11 0.12 0.14 | 30.74 0.13 0.36 |10.18 47.25
K 27 | 11.29 | 0.053 | 19.52 68. 44 0.07 | 0.16 |0.07 0.03| 0.03 |0.15]0.03
T 12 0.22 | 0.01 1.07 34.59] 0.05 | 0.06 63. 87 0.03 |0.08
FeE o 3 0.02 | 0.02 | 0.39 98. 84 0.05 | 0.07 |0.11 0.03| 0.0l |0.03]0.01|0.02
J5 WA 8 13.67 | 0.01 | 23.46 54.33 0.01 | 0.01 [0.02 0.05| 0.04 |0.03]0.03
B 2l 18 0.09 | 0.44 |37.15 43.45 0.47 | 0.11 |0.02 0.04 | 0.02 |0.11]0.03 18.05
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Fig. 2 Micrographs of the ferrodolomite, barite, fluorite and fluid inclusions in these minerals

of the lacustrine hydrothermal sedimentary rock from the Xiagou Formation in Qingxi sag
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A—Lamellar micrite ankerite, slight deformation bedding structure, longer border of picture is 2. 25 mm(+) ; B—ankerite vein (b) developed in

micrite albite-ankerite (a), length of diagonal line is 6. 2 mm(+);

~—silt crystalline ankerite cemented lamellar micrite albite-ankerite

hydrothermal breccia (d) , length of diagonal line is 6. 2 mm(+); D—barite (e) cemented lamellar micrite albite-ankerite hydrothermal breccia

(D), length of diagonal line is 6. 2 mm(+); E—clastic barite (g) developed in micrite albite-ankerite (h), length of diagonal line is 1. 2 mm

(+); F—{luorite (i) and ankerite (j) symbiosed in vein, sometimes with barite block (k), length of diagonal line is 1. 2 mm(—) ; G—{luid

inclusion in ankerite cement; H,I-—fluid inclusion in ankerite vein; J,K.L~—{luid inclusion in barite cement; M-—{luid inclusion in clastic barite;

N, O—fluid inclusion in fluorite vein;L
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Table 2 Microthermometric data of fluid inclusions in the lacustrine hydrothermal sedimentary rock

from the Xiagou Formation in Qingxi sag

o ISR S KN K o o NS I ik
B | S | R0 ) T, (°C) T (°C)
14 A A (pm) %) (% NaCD (g/cm?) (MPa)
[ EPaye]
QX55 | Q-1 _ 20 | I.00 3~7 4~10 67.7~108. 8 —10.6~1.7 4.03~14.57 0.99~1.07 8.3~35.2
iEsty]
QX50 | Longl04 1 | 4.5 6 91. 1 \ \ \ \
QX36 | Longlol 10 NIl 2~5 5~8 79.8~100.7 —8.4~—5.4 8.41~12.16 1. 05~1.02 23.6~27.1
QX41-3| Longl03 'fé 3| T 2.5~4 6~6 126. 8~127. 4 —4.1~—2.5 4.18~6.59 0. 97~0. 99 61.5~63.5
QX16 | Liu4 7 7 | 2~5 5~11 100. 4~152. 8 10.3~—5. 6 8. 68~14. 25 0. 99~1. 06 25.7~118. 9
QX21 Liu6 ﬁ 32 1Nl 2~6 5~10 92.7~162.4 —13.6~—5.8 8.95~17.43 0.98~1.07 20.5~151.1
QX01 | Liul03 1| L. 4 10 123.2 —4.3 6. 88 0. 99 55.2
QX02 | Liul03 1 | 4.5 6 95.7 2.3 3.87 0. 99 23.6
(NIN 2~9(D 5~8(]) 122.5~274.7 19.0~—17.4 | 20.52~21.68 1.06~1. 07 109. 4~186. 1
QX23-1| Liué 20
% . v 12(ID 61D (1256.3 (ID (1256. 3(ID (135. 08(ID (DO1. 2D (D251 20D
HH
NN
QX23-2| Liu6 g 19 2~12 4~8 108. 3~221. 3 —20.5~—16.6 | 19.92~22.71 1.09~1.1 31.3~63.7
W
ok
;ZJ ININ 3~9(D 5~10(D) | 123.8~266.3(D | —18.4~—18.2(D)|21. 11~21. 26(D) | 1.07~1.09(D) | 49.3~113.12(D
QX23-3| Liu6 21
M.V [13~16.1AD | 5D 331.5~354. 6([D) | 331.5~354. 6(ID [40. 74~42.83(ID| 1. 18~1.19(D | 182. 1~209. 1(ID)
QX41-1| Longlo3| BJEK | 9 | 111 2~5 8§~11 105. 6~126. 3 —18.6~—15.5 | 19.03~21.40 1.08~1.11 28. 9~54. 4
QX41-2| Longl03 | Fwehg | 7 | I.00 2~5 6~12 108. 2~148. 3 —20.5~—14.9 | 18.55~22.71 1.06~1.11 31.6~74.7
QX67 | Longl03 . 23 | 1.0 2~8 5~15 68.3~119. 5 12.9~—7.4 10. 98~16. 8 1.03~1. 09 9.0~47.5
QX42 | Longl03 = 45 L. 2~8 5~12 73.8~130.2 —8.7~—5 7.86~12.51 0.99~1. 04 20. 7~67.0

e | SR PR |5 70 =AM I iR A B A IV

(2)f FEAR IR FERRAE . MR 3 Bodnar(1993) B 4511
AR EE- DK R B8 R R AR AT U A ER (R T NaCl 1
49 1) =, 2 A SR BB 2 S 7 s A k7
B W) R IS AL IR, FEARYE Hall 25 (1988) B4 4 T8
Vs A BE 5 ER B OC R A UAR AR B . e A5 R (R
2) VBRI 2 A0 B 45 W 0 DK AR v b, 2 A AR R R
AR 4.03% ~14. 57 % NaCl F1 3. 87% ~17.43%

f— M A

NaCl, I&(H 43 & 7E 8% ~ 10% NaCl (& 3F) Fl
10 % ~12 % NaCl([& 3G) ; 5 i A1 112 45 40 £ 22 1 ik A
ERFE Y A 18.55% ~ 42. 83% NaCl, W {4 4 9 7F
20% ~22 % NaCl(J& 3H) , Hovr T 5Y & i 9 AH £ 22 14
EhREAS AL B 19. 92% ~22. 71 % NaCl, | # 4 T 5"
Wy = AH £, 22 1A £6 V5 B 35. 08 %6 ~42. 83 % NaClj fi
Jo AR B A DA A AR S ] 18,5500 ~22. 71 %
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Fig. 3 Histogram of homogenization temperatures and salinities for fluid inclusions in lacustrine
hydrothermal sedimentary rock from the Xiagou Formation in Qingxi sag
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B E— A KR — R F— A s A RS W BRI G A s A B R H— A R a5 W AR s T B I
A1 B AR R B T A I g R R
A—Homogenization temperature of ankerite cement inclusion; B—homogenization temperature of ankerite vein; C—homogenization

temperature of barite cement inclusion; D—homogenization temperature of clastic barite inclusion; E-—homogenization temperature of

fluorite vein inclusion; F-—salinity of ankerite cement inclusion; G—salinity of ankerite vein inclusion; H-—salinity of barite cement

inclusion; I-—salinity of clastic barite inclusion; J——salinity of fluorite vein inclusion
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% 15 PR A v O O AR A T AR R A AR T 1. 06
~1.2 g/ecm® M 1. 06~1. 11 g/cm® 5 3 47 ik v i A4 £
BEARE BE AR AIE L 0. 99~1.09 g/em’ . R[]
SRR BT R A 2SR % B {H 5 Bodnar
(1993) 1 ik B -6 B -85 B AH 1A b 45 50 T 45 1) 0 1
9 T A HLAA OB AR U (B 4) ] 3820 UE A i A ]
5 B 1A v R T B IE T AR AR 1 O A % (T
FEI

(D) A AR IE B B S 3T B iP5 Haas
(976 e T WIS AR = IR 1 — R AL 1T

R = A A R A R A 58 A ) — R D Y
9 8.3~35.2 MPa(3 2), FELEPLE 15~20 MPa;
BE o A bk iR R e ) — R 3 oy 13,6
~151. 1 MPa, FZ L HTE 40~50 MPa; 5 fi £1 45
P A A 2 R 58 4 ¥ — R 1Bl Dy 31,2 ~251. 2
MPa, FEE P LE 150~ 180 MPa; i J& 4R & & A1 it
AZARSE 2 — I F R 28. 9~74.7 MPa, £
BAEHAE 30~45 MPa; i f1 ik it /R (0 22K 58 42 1
—EHJERE N 9.0~67.0 MPa, B4 Hi7E 20~ 30
MPa, AS[A] 28 B #OK B 1) 2 AR T B /) 73
SO 5 b T R R A A5 R T R R R IR R
fiE S A0 — 30

i e

R A B AR AIE 23 BT DA TR AR AR 3 Bl
PE T BN BRI 7 AT B R A TR ST XA [ 26
T S LA ) AROK By A PR A I B L R L
AT 7 AR BE AR W B 2 2R (3R 3) L T R IR A
Sy Tt 58 DX 1) 2H 0 AR 0T T8 IR R AT RO A T L R

700

Il 5 B £
600 [

EE (g/cm’)
500

400

300

=R E (O

200

NaClift Al i £

0 10 20

30 40 50

B (%NaCl)

o KEET MG | WETEH

Type | inclusion of ankerite cement

o BEEAMK WAk

Type I of ankerite vein

Al 4

o EERTREY | HOKE

Type | inclusion of barite cement

A ERFREYIHAER

Typell inclusion of barite cement

O BEEBRESE | ks

Type | inclusion of clastic barite

A EERKDH LR

Type | inclusion of fluorite vein

VB R 0 A R AR S Ay — IR - £ - A 1A IR IR 46 Bodnar, 1993)

Fig.4 Diagram of homogenization temperature— salinity— density for fluid inclusions

in ferrodolomite, barite and fluorite from Qingxi sag



%1

SO TR A5 P S A TS T TR T T 2 R RO DB TR 2 R R AE 113

UL SR AL B E T R
4.1 My RREHNMELEZSZHE

Wz 3 Fron » A [A) 38 BUAN R A9 BOK DT A B
JRCR F ) PR o 2 PF AN TR DA A2 BT T T VTR L AR

A 5L B2 189 2 W) e K JHL U AU A £ B T A IR AR
G WU AUTEC ZINN i 7R L X7/ B R s o 3 S e
WEZESTREHAKT WA EAFRAR. AT 3

AL

®3 BSAMBETHASERKIRELBTYRT REVELFESH
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Fig. 5 Genetic model for the lacustrine hydrothermal sedimentary rock from Xiagou Formation, Lower Cretaceous in Qingxi sag
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Abstract

Based on the analysis of geologic background and rock textures, fluid inclusions in the lacustrine
hydrothermal sedimentary rock from the Xiagou Formation., Lower Cretaceous in the Qingxi sag, Jiuquan
basin was studied. The results show that native fluid inclusions in the hydrothermal sedimentary rock are
dominated by vapor-liquid types, with minor haploid liquid and haploid vapor inclusions as well as triune
inclusions of filial mineral. The mineralizing fluid is NaCl-H,O hydrothermal brine system. The
temperature vary between 90°C and 200°C, salinities between 8% and 22% NaCl eq. , density between 0.
99 g/cm’ and 1. 2 g/cm®and mineralization pressure between 15 MPa and 180 MPa. Sr isotope geochemical
analysis suggests that mineralizing fluid was the mixed hot brine consisting of deep circulation descending
lake water and magmatic fluid, which was characterized by low—mid temperature, mid—high salinity and
mid—high density. This study indicates that ore-forming hydrothermal fluid system which formed
hydrothermal sedimentary rocks such as various barite, ankerite and fluorite shows zonation changes in
terms of temperature, salinity, density and pressure, decreasing from the main exhalative-channel-branch
exhalative-channel-exhalative mouth-near exhalative mouth-distal basin. Based on the analysis of the

characteristics of hot fluid, the mineralization mechanism and genesis model of the Early Cretaceous

sublacustrine hot fluid in the area is discussed.

Key words: lacustrine hydrothermal sedimentary rock; fluid inclusion; hot fluid; mineralization

mechanism; Lower Cretaceous; Qingxi sag





