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Hydrochemistry and Sr isotope constraints on the genesis of formation water
in the 2nd member of Xujiahe Formation gas reservoir in Xinchang gas field,
Western Sichuan Depression
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Abstract: Formation water is one of the significant factors affecting the development of gas fields. The presence of
water in gas wells can decrease the gas phase permeability of the reservoir, leading to a rapid decline in gas produc-
tion and severely restricting the improvement of well productivity. Furthermore, there is still some controversy re-
garding the sources of formation water in study area. In this study, through an investigation of the formation water
system in 11 production wells in the Xinchang gas field, hydrochemical and strontium isotopic analyses were con-
ducted to examine the major and trace elements, water-rock interactions, and strontium isotope characteristics. The
results indicate that the formation water in the 2nd member of the Xujiahe Formation gas reservoirs exhibits charac-
teristics of low total dissolved solids (ranging from 55 166. 00 to 122 547. 41 mg/L), high bromine (Br) and stron-
tium (Sr) contents (ranging from 642. 00 to 1 711.00 mg/L and 670.00 to 1 780.00 mg/L, respectively), and ¥Sr/*Sr
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ratios (ranging from 0. 715 27 to 0. 721 77). These characteristics suggest that the source of strontium isotope in

the formation water is different from that of marine carbonate rocks and is more consistent with sandstone weathe-

ring. The enrichment of calcium (Ca) in the formation water is primarily related to the dissolution of authigenic

minerals in the sandstone reservoir. During deep water-rock interactions, strontium replaces calcium in a cation-

exchange manner and acquires bromine from organic matter, leading to an enrichment of bromine. These findings

provide a theoretical basis for predicting the water-bearing horizons of the reservoir in the future.

Key words: Western Sichuan Depression; formation water in the 2nd member of Xujiahe Formation gas reservoir;

hydrochemistry; strontium isotope
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Fig. 1

Structural map of Western Sichuan Depression (a) , study area(b) and composite stratigraphic column of the

Xujiahe Formation in Western Sichuan Depression ( modified by Chen Hongde et al. , 2021)
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Table 1 The hydrochemical compositions, Sr isotopes of formation water in the study area

mg/ .,
e 8781/808y
TDS K* Na* Ca* Mg? o So¥ HCO; Br S
1 111522.34 1219.00 38305.00 3386.50  270.65 68 030.00 311.19  1311.00 1325.00 0.72177
2 80349.69 794.00 26 660.00 2870.00  274.60 49 231.50  49.00 470.59  1173.00 1328.00 0.721 24
3 122547.41 1411.00 42360.00 3768.00 332.00 74 357.35 319.06  1511.00 1535.00 0.72123
4 117264.18 1953.00 40090.00 3586.00 343.50 70 940.40  172.00 179.28  947.94  1563.00 0.721 32
5  95986.35 494,35 30000.00 5045.00 589.50 59 857.50 1711.00 1780.00 0.71527
6  55166.00 594.830 18038.00 2178.00  316.20 34 039.00 642.00  726.00  0.719 89
7 79663.28 821.00 21867.50 6150.00 845.50 49 930.66  48.62 849.00  732.00  0.718 64
8  73946.94 891.50 27734.45 1694.00 168.95 43 053.50 404. 54
9  87808.70 888.00 31350.00 2031.50 199.20 53 340.00
10 76589.70 930.00 27230.00 1726.00 178.70 46 525.00 670.00  0.720 47
11 64389.80 491.35 22545.00 1910.50 238.85 38 784.00 420.10 1173.00 1306.00 0.720 78
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Fig.2  Logarithm distributions of Na* and Cl™ content (a), Cl and Br~ content in formation water of Xu2 gas reservoir

in Western Sichuan(after Carpenter, 1978)
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excess means sW

Na i =(1722.9)[ (Na/Cl) , Cl N ] (3)

sW means amcans



740 a" oA B

7]

A
= % Gk

42 4%

A, sw RFEHE KM E F % & (mg/L) , means 3
TS HLZ K B9 3+ & & (mg/L) . HIZKABHE
AR T K 0 75 15 5 5 6 R BE TN /K 5 A0 BAE
P e, RIEA (1) A5, AR AR RPR R
1 AR KA kit B b Ca® Bl Na* &A= 3c 4, i lAl
4 A1, BEGE X B i JE K R B H AT Ca & 42 Fl Na
TRRE, B4 Ca & AT RE S A2 Th LT
i A A EREEW) A A SCAT Y3 A
Ko FHHN, VLB ERAE (2011) 2EHF 58 IX 38 1 1 4 L 45
KRR A AR, R B iR 58 T 85K A K A
& i Na 5 HFI Ca B8, 2 RUTF

CaALSi,0,+4 Si0,+2 Na*—2 NaAlSi,0,+Ca> (4)

B |
!
|
I
[

»
»

KR

Nagepicit

B4 JIPaA0 " HZ oK Ca,,.. 1 Nayq, KRR
(#& Davisson and Criss, 1996)
Fig. 4 Ca,... and Na, plot of Xu2 formation water
in Western Sichuan (modified by Davisson and

Criss, 1996)

FSCh B AR BT ST X M JZ K A T K 25 R B
& LR EE G DU B 2 R, OF HLBRAR AR
(1983) W7k SE 2% & S0 I, /K Ve 4 1) B
FrEIRE] 1 164. 74 mg/L BRI B4 4 B B Vs Fl
IR VIR B (WL 340.95 /1) , AR
X 1 JZ K 5 5 B Br 5 i AIMIG TDS AT A X — 41
4 Edmunds (1996) #lF 5% 434, & BLA HLE X R IT
FREB T EENER, I HIRS S A LB B
HEAMLZIK . S4B REE (2010) WBHS e A
S RS T BA RS ER, LB EEH
oAk Z K RS - kAR Ag e, W] DL — 2D ks
HUZ K B2 Ay . BT AR B & B i TR /K
FAHEAE R AT LLRAS B 21 Br & i ( E/ES,
2020) . Zi b, DURWA HLBTAE AT ER K A A0 BAR
FH 2 S35 X & Br (1) E 2R

4.3 $REIAGLEFFE

FIF AT 20 A 2 K R R T B T IR AWFSE,
TR T AR BTN, B R R 20— A0 2 7K 11 ok
A 34, JRIEHZ UK BHRKRA L E
FliAHAIRA . PRAEZSE(2010) A 20 — it 27K A 3=
BN CaCl, B & T B SEE T A JE AR )2k, B
A ER IR R B 2K R TR 55 (2018 ) R

AR ZRFIE S5EA5 H 20 AR 2 KOk TR 3R R

REFIK R . B I, A5 TR0 — 2 K
B IFAAFAE— E il M2 7K AVE LB A Ay B
BLLH RNER 4y, 7E DUR 3 i v Al o e v R B 4
THZK S EA WA EAER, KL, i 2 052 m K 2
T AR ME R BT — A0R 2K AR VR R IEI K %
WEE R SCE AR 78 R AR R k2= AR e
W 111 4 A2 R A AR 55, mT DL H SR k- 25 24 ol JZ2 K
BRI | 55 4 b 7 ke 1 28 [9) 735 ( Tan et al. , 2017,
Shan et al. , 2020; ARIEARS, 2021),

T H R, A7 S ) T ) 52 ) 5% 2 5 B E PR
B KRS St/ % S AH AR , 32 5T 4 S5 1) T 5 L B
PRI i B KRS Se/%Se (H B . B o
=BG AR R A Se/* Se [H TG FEL 0. 707 50
~0.708 30( & 5) , W55 IX b )2 7K™ Sr/% Sr {H 15 Bl N
0.71527~0.721 77( & 5 3£ 1) , F B X 51 T3 41
AL . PR X8 TEUE b A2 (13
FEALBREE 3. 4% ,FI T2 %% 0. 07x107° um®) H
HIVRAR T 3 500 m( Fylhe 45, 2022) , KRR TG
SHZ MK 530 m LR 6 HUZ i A (T RS,
2011) . JEUI(2013) ik Wiz X 2K b TR 5L
BT ASS5IOKNIEH, &4 Lk,
HERR T H 2 K G 5T X M2 K 52 R BF 5T X 2
K Sr [Al37 2 R R T AF G0 KA RRAE 3t 5 58
X SR b2 A A AR R — B, R Z KB 3
BEEN RS Sr & & TDS i E (| 6) , & FH
HZKEA K TDS & Sr 7% & A1V S/ % Sr FefiFE, 3
F UL s FA R, H 2 KX FRIK TDS, & Br,Sr &
Y Se/%Se (HAAFAE , EHH T 27K Ca Y& £E 3
BER A2 s A BT W g O, R
AEBR IR R T I T B0 TER R S AH BEAE T, Se
BEFURRRZ 70 Ca BFIFH R T A
HLSH % Br, [FIES 15 Br B0 E 4
5 4t

ASSC LA VG 38 B 3 3/ 40— =0 )2 7K Ry
FEXTG, KA BB IR RS ir F Bt AT T F



%54 IR ZNEE )1 VU3 B8 7 < T Ot 2 7K R D —— K A2 AR ] 07 2% U 3 741
0.710
A Rl | WAk |
0.709 |
: B s
& | s
Ay | ER
0.707 WL _
I:I HE%A
| whseix
0.706 E ) ] . . . . .
600 400 200 0 070 0.7 072 073 074
FAL/Ma T80/ Sr

5 KRR ERBEAE S A5 X AR R0 4L A% (H = A IS5, 2020)

Fig. 5 Strontium isotope composition in samples from natural geological settings and study area( modified by Gao Xubo
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