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£ B2 A F B LA — WM A 2 RO L IO A B
TR = A R D B F AR 3
A — Ry S A K A IR R BAR 10~
200pm (& 2d) 5 IR U ai R A KT R A A 1 %
i AR B A, 2R A B A/ AR <<1~10pm
(& 2e) 5 = J& B A0 B RO B 7 A T8 L i 2 22 A KL
DUITE 285 0 A4 ol M A T 3 9 25 IR 2R IR 4R
A HR 5~80um (& 20, DA b 3 Fh s AR 32 1K
PJHR 7R T 3k 24 MR 2 TE K I AR B L L 2 R AR
TURRAT SR B TESE 10 A 2 72 R — K Sl & 1 T B
B CLA T <1 AL R0 7 B 5 i AR D (Lowenstein
1994; Goldstein, 2001), 45§ A & 514
AU FE R T L T @37 B AR D BUL T A K
RN,

2.2 EWHE
W) XS 3 & AT 5 A 2 A b ik e

Lowenstein et

et al. ,

i, mNR R —, FEAE SR ARE . T E WA A3 A WK s 58 . A AR 8 G/max-
[ll A N
0 25km i A 1& 7 j‘jﬂ‘ fp
I R
———————————— s dya- - + ﬂgi‘n ‘ll_H.- o3
(e lei; AT o« _ ,_::--—1&71|3203 i 3202 /_:_I&J_m_ """""
~~Ht7k4 DZKDUT‘ ——————— ;:""’ = \l\____\gj‘,——” el
. S owEEs . WL, M Bees WOR
———————— L e D S B L e g R
L e LA el B
————————— Ve - ) Lt 2
e \\ w e 2\ B -
i o [ S e
i A ik /,"\‘ ______ -=7 Wy é’lﬂll’-z e
o f: 351
Vi A S N - -
7 \\ ° L7
e Nk /J 2
BA [~ 2 [@]3 [@@]4 [=]s [e]6 [x]7 [a]s

1

JIE 75 43 b R b A4 3 15 8 (4 Tang Liangjie et al. ,

2003)

Fig. 1

Il 72—

Sketch map of tectonics of the Kuqa Basin (modified from Tang Liangjie et al. , 2003)
F 3 BT 53—l 54— 55— B 6— B Ik s 7R 7 1] 8—DZKO1 H i &
1—DBasin boundary; 2—tectonic units boundary; 3—oil field; 4—gas field; 5—county;

6—borehole; 7—direction of transgression;8—DZKO01 borehole location
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Characteristics of evaporite lithology and primary fluid inclusions in halite from DZKO01 borehole in the Kuqa Basin
() —FHHILRM A A (1462m) 5 () —FHAGRBE A HEH; (O WL ARBKAIRE SHAEAHREN S RE;
(d) s Ced D — 3 J A B — R AR (O L I 36 A o AR A T 43 7 9 A2 1) EL AR U HE 571 ) 2% ot IR £ 2 1

(a)—Containing organic matter in rock salt (1462m); (b)—anhydrite rock with maroon boulder clay; (¢)—the boundary between rock salt

Fig. 2

with maroon boulder clay and pure rock salt; (d), (e) and (f)—these are all primary single liquid inclusions, namely banded-type fluid

inclusions which are directionally and regularly arranged along halite crystal growth faces

RATZKW Jigfe X I Sl 0 #4800 Cu 8, 18 BEURARTE T I 10 3% rhCo S S0 1Y » A 00 77 3 AR 91
M 8%/ min, HHi A 20 H9 3°~170°, DZ/T0184. 15-1997, { #§ % 5y MAT-251EM %!
B0 i () 07 2R I A T R A B BB AN, 67 S B SR M RE BE D 0. 1040, &R DUAR Xt
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Table 1

3.1

EEZF i DZKO1 # & A thE XRD 447
XRD analysis of rock salt with mud from borehole

DZKO01 in the Kuqa Basin
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A0V HIE SV AT 5%
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1 |DZK01-1364

2 |DZK01-1365

3 |DZK01-1390

4 |DZK01-1408

5 |DZK01-1420

6 |DZKO01-1424

7 |DZK01-1437

8 |DZK01-1454

9 |DZK01-1459

10 |DZK01-1477

3.2 SERMEMREAMAE

BALFE S A B R A AR R R R A WA R 4L
R R oD A1 6 O {H Y5 4 3 ok — 118. 1%, ~
—95. 3% 2. 5%0~5. 7%, - {E 43 5 A — 107. 8%

4. 1% . oD (B AE 8K H AT B i 8 A 5 48 T £
RAUEAL BN AT IR AR IE (£ 2) .
DZKO1 #ifL AR BT G 4178 67 S con 16722 AL H
BN AT 9. 3%0~10. 5% 2 [8] (% 3)
*2 EFEZM DZIKO HBRFEREERARERME
SERMERAK
Table 2§D and 8" O composition of Eocene halite primary

fluid inclusions from borehole DZK01 in the Kuqa Basin

¥ [T 0Dsmow (X0) 8" Osmow (%)
1 DZKO01-1343 —104. 3 4.0
2 DZK01-1349 —99.4 4.7
3 DZK01-1385 —95.3 5.7
4 DZK01-1410 —113.4 4.3
5 DZK01-1429 —100. 3 3.6
6 DZK01-1431 —110.7 4.4
7 DZK01-1458 —117.3 4.8
8 DZK01-1465 —115.7 2.5
9 DZK01-1467 —112.6 3.2
10 DZK01-1471 —118.1 3.9
11 DZKO01-1475 —115. 4 4.1

:3 EFXERAMBRNGEAEEREMEER
Table 3 Sulfur isotopic composition of Eocene anhydrite

rock in the Kuqa Basin
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T AT R BB AL B AR R R A A . B R A
FE IR KA SRR R AR W) TE 55 B ER B8R 40 i T AL
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JRE K 13 o DA 7 b i 2 300 435 b O R R R R
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Seie . sl A e A b e kw2
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Qun et al. , 1987), £ 1 BRE LRI &4 A,
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Al AP A [l if 3. 5 F R WA — 20 X
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Fig. 3 SEM photographs and their energy spectrum analysis graphs of sylvites and minerals

(), (O—ATRHM A G BB E £ 3h A A

AP Py— BB Bre—H A

associated with evaporite in borehole DZK01

REIE I (1475m) 5 (b), (D) — etk [ 6 [ B8 A7 6 & i % H
b i R AA P L HRERS I (1466m) 5 (D (h)—15 & g7 A A 59 B BB S R SO RE IS I (1466m) 5 HI—(1 8k Syl—#i 474k ; Org—

AEEIE (1458m) ;5 (e)y () —F

(a), (¢)—White automorphic sylvite crystals in halite and its energy spectrum analysis graph (1475m); (b), (d)—white automorphic sylvite

crystals in boulder clay and its energy spectrum analysis graph (1458m); (e), (g)—black organic matter in halite and its energy spectrum

analysis graph (1466m); (f), (h)—automorphic pyrite crystals developed in barite and its energy spectrum analysis graph (1466m); Hl—

halite; Syl—sylvite; Org—organic matter; Py

—pyrite; Brt—barite
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it rh & R H B E R R LD G IR AR T .
BRIRAF T 20 2 . —Fh 2 KON — B etk
B RIESWRAFTE AT H B0 2 Wik Z |5 75— Fh 2
WA TE 78 S 0400 i A P9 8 5 130 B 24 1) 1) 8 P 7K
5 21 0 R AR S ) I TTCARUE LAY o U8 AR 3 2B 1 A
[ 11 2 YRR AIE » F8 7 1 R B i s 2l R L
BCAK AR5 By o 3k SR B PR Que Yihua(1997) fif
B e A o AH AR X TR A A ol TR AN
WAE = sh 28 kA TR AR TR 2 728 K H B
J BTt TR R S T S AR Y A% A TR T R
AR 25 R 2 o T A 7 A 3 3% Bl A58 10 A5 F R B R
JE )2 7€ %K 4 (Xu Jianxin et al. » 2006) . P 1t 3 72 A%
PRI E) A AN BT o i AT 3 T8 1) 36 1 Bt ) 2%
Riti AR K R+ T 52 3R K iR 7 52 0 908 B0 110 %
[ 5 25 L5 o » 55 Bl LR i v DR B O 285 (R A IR
FOALF S P JE R K 7 AR PR ) 908 B A AN BT
Bougeois et al. (2014) F1 Bougeois et al. (2017) 2
HH B LR 5 b 0 R A2 9 IR R T R D R 1 5
W IR T 5 A 2R KURE s . U AE T E 0 K
o el Eh W A A b R R RT L (Hu Mingyi et
al. , 2002; Guo Feng et al. , 2011; Feng Xinglei et
al. , 2011), X b, Z5 45 U8 0% 19 s A0 5 30 17 20
Lo DX I ol A 2% A 2 B AT RE R 2 XA A o R
W% T B iy Je ok P s AW IR S 5 a3t
Ay .
4.3 ARBRGFHKSEREMLER

Bl FLATE A 3 D 2 i A R AR AR | Dy B —
AR 2y g K R 4 K B A0 ER AT S B BOS A R R
A F B AR b K PR AR T AR R W K. A
o DA T A, 2 AR 1 R ) L 3R 2 S A A 1
A7 ER A AR A AR b LB A K R AR R T RE S
S5 5 K R R R B 22 R IR IR A /E F (Knauth et
al. . 1986; Horita, 1990;
2017) o 33K S AR £ 5 R 118 A4 ) 6 38 4 1R 52 p 7K
W BE VR BE N 7 vk 4 AR B % 5% T (Lowenstein et
al. » 1994; Yang Wenbo et al. , 1995; Rigaudier et
al. , 2011; Yang Qiaofeng et al. , 2016),
4.3.1 HRKERRERE

26 2 A D A R, B A AR TR L R A A
JCIET 4D 0 15 4 3R OR AR K 4 AR HE F- X 1 3 UK
(SMOW) , {7l S RU AR AR AR . BT AR 7 3%
EA RN T — R 28 R B2 (6D=4. 46" O
—127. 2%, r*=0.21) X FZ LB RN T 2R

Shen Lijian et al.,

AR IR H87R T R B 78 & I (Kendall et
al. , 1998) ., ULHIYI R 7 W T R U AT
i Ak R B TR

H A K R I TR T R R T, AT
YA B PR B BT al BE kA TR AL R S . AR T
O’Neil et al. (1976) il i £ 1l 52 56 & B A€ I T
100 CHFE R JAEZE L0 5K Z B LT-B0A & A4
E=N RV kSRS B A= e S A 7/ DS R = T R VA i 152
Wi AT, R AR R AR S SO S A AR
O3 BKTEAN W 78 R A AR b, BRI W) 4 R Bl
AR R AR KR B R R R AR . 28R R A
R ey o [ o7 2R B . Al L) T e b AT R
65 3 Ve kA1 2h s b r B e 78 R A B IE A O G
F B 5) A6 ) K78 Kk e ai A

5 | B A I A, B A i K S TR A 2R Al ) D R
A AE & %2 A ML B 52 W (Lu Huanzhang et al. ,
2004), [l 2a MK 3e #1 3g fr/m BB FLIS L B T
AP W) I E S A HLBT R 2 BRI T Bk
FE f A (B 3L ) S HE R R R AR BE 0 ) 46 R T
o ER WIS I8 S AR PR BE . HLE I P B A R T A L
FE I ORAF o B AL BB A R A2 3R 5 e ok R T
IR AN I8 78 2 T 4 » Bl L 3 1) b IR 28 AT 388 T 18
AR (B 5) i 1 ] 2R Ry 3 B AR Y i
K AT RE 2 0 B MEIR K IR AR 45 2 . . AR R
5 AR L R AT R A oty W I AR A L
TS, nT BB S K B B A S R B
FRALE

A1 A0 B R AU 7 22 (5 b 7K 3R 38 B K vk 4
R R %), B IFE M 5252 & (Lowenstein et al. ,
1994) . Sk A Z 90K ER ) 4 6 fu 2 IR SR TR) 12 R
MR AR AR 5 E Ve ) B K T 28 A e Il
H—3(Yang Wenbo et al. , 1995), %54 45FL Ak
XS 17 1) 48 ] 67 2R B0 A (L 5 4[] o 36 1 1 722
A5t 1 K v A A A s I OC L Tl TN G R
TRAK B LA A R 23 TR A 2Z 14D B 7K () I 38 IR 5 i
TEAE & 4R 0 4 R) o 2 {8 - AR 5 P A T MR B 0 25 1
AT AR AR AE L LA R B B o AR
IRl SR A7 R BT . PR AR 3 ) b AR LR
EER TRRELES . kKRR A TR
AR AR B - O3 o 5 1 1 e RE 35 0 BT Bl AL IR
BE 1475m 1 1477m 4 (& 3a.c; 3 1D A K=K
PR R DS BRSO, U K E 48T
A6 3 BB ER A L B B L8 Bk E A IR pa K
TIVE R A M AR v P B B B 1 K A R
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BB 2R . 75 1385m 4R [ f R ik B e RAH .
Jo — W 2% A0 VB AR B M 2 AR 1365m Al
1364m Ak, 2 J5 iy g K 18 18 A2 1R, S5 o T o L R
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PRI W 1R B BT L EL B A 2% AR TR R
7 SR 2R B AR B A A R R B B )
FR AT

W A o A SO P A 38 A ) 37 2R 20 R ) ol
ERWIRN 2 R . BEAE TP AR E AR R AL R X R K A )
Jo A Y5 AN T AR A B Y B 5T B AT B R 4R R B X
(Galamay et al. , 2014), BRIFNM KRR A B F
B 75 B R R 45 & 1) ) B 2 A5 L BUE AR T S
PR B & AL R JR 3 8% (Longinelli, 1979; Pierre,
1985; Garcia-Veigas et al. , 2011; Ma Shengming
et al., 2016) . i Al {37 28 70 15 BIL B 5 22 52 Bt 1) o
FIA b 5 AE B 45 i (Feng et al. , 2001; Bottrell
et al. , 2006) . Z& K& TR FE o, A8 U AR 3 AR
(B[] 37 3 43 18 88 1. 2 AT LA 20 1Y
(Holser et al. , 1966) . 28 & 77 i 19 >k J5 32 20 4§
A 0 i A R T, A2 BRVEEAH 071 S B TE £ A 3 BT I 8
b T B A8 A R 2 B AR AE 0 S HOR T
17%0. BEARRIR 0* S BN — /N T 10%0.
Rli 52 BARR IR A o*' S MW A TP Z ). 7E 98 2
A3 S 25 TR A TR A 5 el A [) 37 2% 43 1 ) 2 A
AN JEAE 15 A Ho S 2l 3E™ S T i 45 K 43
B R £h & ' S (Pierre, 1985; Feng et al.,
2001 o be G Y )1 Z B = S v A A B2 L 0% S fH
(34%) & TR K 6°'S {H (Lin Yaoting et al.
1998). 3 3 Al 4 BT G BE A1 67 S (B A i
ANIXE RIRERE AR R TR O 67 S B TE I fiE
B R X8 L & 158 B R R T L 1) 3k 5 b i [) 46 3% 3 1
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(Craig, 1961) FRiEF- K #EHK (SMOW))

Fig. 4 Hydrogen and oxygen isotopic composition of
primary fluid inclusion brines from Eocene halite within
borehole DZKO01 in the Kuga Basin and its comparison with
other potash deposits (the base graph from Lu Huanzhang
et al. , 2004; The globe meteoric water line (GMWL; §D
=8 X 8 O+ 10%,) is taken from Craig (1961) and
standard mean ocean water (SMOW) are shown)

Lz W) B AT 3R 07 PR P 40 3 6 B IR B (Shen et al. , 2017),
HIELL GD=1.85%0—78%. 2 =0.17);2— FEXEZH 1 h
BB R L OD = 4.46"0—127%0, 7 =0.2D);5; 3—%
il il oty #9 ER IR P A7 R0 B AR B (Zhang Hua et al. . 2015),
H#E KL (OD=4.16"0—140%, r*=0. 20)

1— Halite inclusions in the Mengyejing potash deposit, Yunnan
Province (from Shen et al. , 2017), that define evaporation path
(6D=1.88" O — 78%:, > =0.17); 2—halite inclusions in the
kuqa Basin, that define evaporation path (§D=4. 48'*O—127. 2%,
#2=0.21); 3— halite inclusions in the Thakhek potash deposit.
Laos (from Zhang Hua et al. , 2015) , that define evaporation path
(6D=4. 16" O—140%,., r*=0. 20)

R R A B R A S A ) B TR T A D A TR X
Bt [R5 2R A3 4 A s el JLF- S % BRIk A ST [] 7
FR AN RE AR A, HLAT DA B L) ORI
Liu Qun et al. (1987) #1 Zhang Hua et al.
(2013) X% P2 75 2 b vy 0T 2R 0 3h 2R Ml 2 v A o R A
BT 7RG R AL 2R 20 B A O 7E Ll A
SRR NI G Y T R T AR (3 o S E S
E K v R T 50T (8] W7 M A /N IS 1) ¥ A 22 W
B T v G S0 R A S T KRR A R HY B R 4 (1R
6) o H.55 55V e Ml X [ I 30 7 42— T IR 78 Al Ak
AX—F (Bosboom et al. , 2011) , 8 5 #F 5% X Bk iR 5
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Fig. 5 Lithological profile of the DZKO01 borehole, with the locations of samples and of corresponding variation tendency

of 6D and 8" O value and K* concentrations (after Wu Kun et al. , 2014) in the Kuga Basin

L Z AR AL AT UE 3 R 1 — 2 (Guo Xianpu et
al. » 2002; Su Xin et al. » 2003; Zhu Youhua et
al. , 2012), DZKO1 &L WM 4 5 0 S{H 5K 6
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Zhang Hua et al. , 2015), AR W E K S A [F
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Fig. 6 Sulfur isotopic compositions of anhydrite from the
Eocene Xiaokuzibai Formation (E;) in the Kuqga Basin

(The ¢ S values variation curve in the base map from

(Zhang Hua et al. , 2013))
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Abstract

The Tarim basin was the eastern extension of the Paratethys Sea during the Paleogene, with the Kuqa
sub-basin located in the northeastern part of this basin. It experienced a sedimentary evolution from
shallow marine, marine terrigenous to continent, resulting in deposition of giant evaporites. It has become
an important base for oil-gas production and a key exploration area for potash deposits, thus having
attracted wide attention from a large number of geologists. However, there are still some controversies
and uncertainties about the source and degree of evaporation and concentration of Eocene ancient brine in
the Kuga Basin. Therefore, this study., based on observation of petrology and mineralogy, analysis of
XRD and SEM-EDS and stable isotope characteristics, analyzed depositional environment, supply origin
and degree of evaporation and concentration of the evaporite. Petrography analyses of evaporite show that
it deposited in a salt lake environment mixed with addition of proximal mud. The anhydrite §'S values are
characteristic of certain marine source supplement. The §D and 8" O values of primary fluid inclusions from
halite range from —118. 1%, to —95. 3%y and from 2. 5%, to 5. 7%, respectively, and the evaporation trend
line indicates that the ancient brine had a high degree of evaporation and concentration. Although
experiencing three transient freshwater influxes, the evolution of the ancient salt lakes did not affect the
precipitation of potassium and magnesium saline minerals with continuous evaporation of ancient salt lakes,
and the corresponding potassium saline minerals were precipitated when the §'® O values were positive. It
can be speculated that Eocene salt-bearing series strata in the Kuqa basin has favorable potential for potash

formation.

Key words: degree of evaporation and concentration; stable isotopes; middle Eocene; Kuqa basin;

Paratethys Sea



