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Abstract

The spring water, geothermal water and Cretaceous brine in the
outer zone of Sichuan Basin has the Craig relationship, and they
are cycling waters. The brine in the inner zone is mainly metase-
dimentary water. A basic feature of them is poor in H, but rich
in 0. The 6 D-values of the yellow brine in Jurassic and Upper
Triassic aquifer of ..continental facies varies from -62.25 to
-22.4, and the 6 O-values are -6.72 - +6.02. The 6D-values of
the black brine in marine aquifer,IT- , T. , P, C, O and so on) va-
ries from -49 to -25.1, and the O values are +3.89 - +6.14.
The 6D of yellow brine is similar to that of meteoric water, and
the 5D of the black brine is around that of crystallization wa-
ter expelled from gypsum by anhydritization. Increases of salinity
in Jurassic yellow brine result primarily from the evapotranspi-
ration process. The salinity in Upper Triassic yellow brine in Aa
sub-area originated from underlying rock salt which was leached
by paleometeoric water, Triassic black brine derived from the mi-
xing of the crystallization water leached from rock salt with the
residual sea water after salt crystallization. In Zhigong, the
composition of yellow brine has mainly been changed by the mixing
of the yellow brine with the black brine.

1. The chemical composition of brine and the problem

Sichuan Basin is located in the southwest part of China.Brine
in the basin has been developed over a peorid of 2000 years (see
fig. 1). The depth of brine-bearing bed varies from 50 m to more
than 3000 m.

The brine in Jurassic and Upper Triassic aquifer of continen-
tal facies is called yellow brine because of its yellow colour.
The yellow brine is rich in barium, but is poor in SO. . Other
brine exists in marine aquifer (T_, T,, P, C, 0 and Z], and is
k"own as black brine because of its black colour too. The black
brine is rich in hydrogen sulfide, sulfate, bromine, iodine, boron
and lithium, but is poor in barium.

Jurassic yellow brine that occurs in sedimentary formation
of red beds at the depth of 50 to 300 m is distributed mainly in
Santai, Fushun in Aa sub-area. The brine is of Cl-Na type, and
the total desolved solid (TDS, g/1) is 34-120, YNa/ YCl=0.86,
and the content of trace-element are as follows (mg/1): 1=7,Br=
15, B2O3=36, Li=8, K=65, Sr=80.
Upper Triassic yellow brine occurs in the sedimentary formation
of sandstone and coaly-claystone at the depth of 500 m to 2400 m,
and is distributed in Longnu, Penglai in Aa sub-area and Zhigong
in Ab sub-area. The yellow brine in Aa sub-area is the water in
oil-field, and is of Cl-Na.Ca type, TDS=167-250 mg/1, YNa/YCl =
0.63 - 0.75, I = 14-67 mg/1, Br=1429-1903 mg/1, B_O-.=16-2388 mg/1,
Li=18-109 mg/1, K=441 - 3000 mg/1 Sr=1737-3950 mg/I, Ba=1168-
5346 mg/1. And the yellow brine in Ab sub-area is water in coal-
bearing formation and its water quality is of Cl-Na type with
components of TDS = 100-183 g/1, YNa/ YC1 = 0.76-0.87, 1=15-25
mg/1, Br=604-1064 mg/1, B,O =571-1244 mg/1, Li=37-105 mg/1, K=
315-715 mg/1, Sr=516-3495 mg/1, Ba=511-1698 mg/1.

Triassic (T_.l - T,.5) black brine occurs in the sedimentary
formation of carbonate rocks at the depth of 800 m to 3000 m,
and is distributed mainly in Zhigong, Shuanghe in Ab sub-area and
Xuanhan in Ba sub-area and so on. The black brine in Zhigong and
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Shuanghe is Ci-Na type with components of TDS = 212 - 307 g/1,
rNa/ TCI = 0.85 - 0.95, I = 15 - 20 mg/1, Br = 660 - 797 mg/1,

B2O3 = 1772 - 2737 rag/1, Li = 53 - 121 mg/1, K = 1937 -4107 mg/1,
Sr = 105 -314 mg/1. Waters in these areas are similar in chemi-
cal compositions, but the black brine in Shuanghe can only rep-
resent the aquifer in isotope composition because the discharging
wells in Zhigong have contact with more than one aguifer. The wa-
ter quality of brine in Xuanhan is Cl-Na type with components of
TDS = 350 g/1, YNa/ ?C1 = 0.77, I = 40 mg/l,Br = 1791 mq/1,
B-O, = 5457 mg/1, Li = 284 mg/1, K = 25480 mg/1, Sr = 841 mg/1,
Sr.IOVCl =8.84, Mg.l02/Cl = 3.8. Other black brines (T^.l.T^3,
P and C) are waters in gas-field, and the water quality 2s J

Cl-Na or Cl.SO.-Na type with components of TDS = 3 0 - 5 0 g/1,
rNa/ 7C1 = 0.84 - 1.22. I = 8 - 16 mg/1, Br = 66 - 200 mg/1.

Formation of the yellow brine and the black brine has been
studied for a long time. But views cf the researchers are divers
from each other on the following questions:

1) Origin of the solvent in the brine;
2) Origin of the solute in the brine.
Stable isotope technique of dunterium and oxygen has been used

recently in order to examine or correct conclusions of previous
hydrogeological studies.

2. Saaipling and measurement

Sampling of meteoric water, spring water and groundwater was
completed in 1980 for chemical and environmental isotope analyses.
The sampling was conducted on the basis of study of hydrogeologi-
cal structure, paleotectonics, paleogeography and lithology of
wall-rocks in order to exactly know what the samples actually rep-
resented.

All of the samples have been measured by MAT -.251. The accu-
racy of the analysis is 2%o and 0.1%o for 60 and 6 O, respec-
tively. Table I gives some data of the measurements and fig. 1
shows the sample location.

3. Basic conclusion

3.1 The water in outer zone is cycling water
Outer zone means the outcrop area of aquifer in the periphery

or interior of the basin. Water in outer zone is controlled by
hydrostatic pressure. The isotopic compositions of saline spring
(samples of No. S2, No. S3), thermal spring and geothermal water
(No. T5) and Cretaceous brine (No. K6) have relationship accor-
dant with the Craig's, that is, the &D and & O of them is quite
similar to relevant values of meteoric water as shown in table I.
From fig. 2, the most of points representing the isotopic compo-
sition of the waters are located along the meteoric line. It in-
dicates that the waters in outer zone belong to circulating water.

The water qualities of the circulating waters are HCO,-Ca.Mg
type or SO.-Na type or Cl-Na type with pH=7, Eh=-90-±186 mv,t=
19-22"C, and rNa/ YCl»l. And the concentration of H in the
waters is about 6.2-6.7 TU. So, there exist in agreement between
chemical and isotopic compositions.
3.2 The brine originated from metasedimentary in inner zone

The brine in inner zone is controlled by geostatic and_geo-
dynamic pressure. A basic feature of the brine is poor in H,but
rich in 0 (see table I and fig. 2). The yellow brine in onti-
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nental formation is poorer in H than that of the black brine in'
marine aquifer. The gD-values of the yellow brine are similar to
that of meteoric water, and the gD of the black brine is around
that of crystallization water expelled from gypsum by anhydriti-
zation. The 6 oi9f the yellow brine is more than that of meteoric
water, and the 5 0 of the black brine.is more-than that of the
crystallization water. In addition, 8 S of SO ~ in the black
brine is similar to that of SO." in wallrock (see table II). Thus,
it can be seen that the origin of the yellow brine is related with
the paleometeoric water entrapped in sedimentary rocks from the
time of deposition, and that the origin of the black brine is re-
lated with the crystallization water. The brine in inner zone,on
the whole, is metasedimentary water.
3.3 Increases of salinity in Jurassic yellow brine resulted

primarily from the evapotranspiration process of the pa-
leo-meteoric water
The variance direction of the &D and $ O-values in Jurassic

yellow brine (J) is shown as the line (Y-Y7-Y) in figg2, and the
slope of the (line is equal to 4, and the 5D and 6 O-values
are directly proportional to TDS of the yellow brine. In addi-
tion, the brine is lack of traceelements. The above-listed items
are most typical characteritics in common for evapotraspiration
water before salt crystallzation.
3.4 Increases of salinity in Upper Triassic yellow brine in

Aa sub-area resulted mainly from the underlying rock salt
which has been leached by paleo-meteoric water
The salinity of the brine may be from three sources:
1) Residual sea water after salt crystallization was ent-

rapped in rock salt and released by the weight of overlying rocks.
The stable isotopic compositions of the residual sea water are
as follows:

5D = -60, <Jl8O = -25 (M.T. Waliashco, 1977);

1 Q

2) 8D-value of residual lake water is about -43 and S O-
values, about -6 (M.T. Waliashco, 1977) after salt crystalliza-
tion ;

3) Inland water which leached the underlyingRrock salt was
entrapped in saline sandstone and enriched in O by isotopic
exchange with reservoir rocks at elevated temperatures.

There are no sedimentation of rock salt and sylvite in Upper
Triassic strata. The temperature of the brine is more than 50°C.
The 6D and 6 0 values show no correlation to TDS of the brine.
So, the possibility that the salinity of the brine derived from
the residual brine after salt crystallization can be excluded.
There existed the paleodenudation surface in Bb sub-area and the
alternation in dry and wet periods in Upper Triassic. So, there
existed such conditions possibly that underlying rock salt had
been leached by inland water.
3.5 Triassic (T..5 - T~,l) black brine derived from the mixing

of the crystallization water which leached rock salt with
the residual sea water after salt crystallization
As shown in fig. -2, the points representing typical black

brine at Shuanghe are located in the line from point Cp to point
P. The Cp is a point of crystallization water, and.the P is a
point of the residual sea water with increase of O content.
In Triassic strata (T... , - T. .5) there exist rock salt, sylvite,
and super concentrates brine 2hat is rich in K content (25 g/1).
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but lack in Br~ and Mg2+ (Br'103/Cl=8.84, Mg-102/Cl=3.8). Thus
it suggests that K-bearing minerals were leached by water
released from gypsum by dehydration.
3.6 The yellow brine changed mainly by the mixing of the yellow

brine with the black brine in Zhigong
The yellow brine in Zhigong has the development over a pe-

riod of 1700 years. The resource of brine has nearly exhausted
now. So, the 6D-values of the yellow brine is equal to that of
the black brine in Zhigong (see Fig. 2 and Table I).

The mixing of yellow brine with black brine through the
fault zone in Zhigong also occurred at the time of diastrophism
and led to form barite.

brine t ^ ^ T ^ ? * (barite,

that is, in Upper Triassic strata of suitable site the mixing
brine called "rice water"—turbid brine was formed.
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Table I. Some average values of 6D and 18
O in Sichuan Basin

No. TDS { g/1 ) 5D (SMOW) 518O (SMOW)

meteori water

LI -16 -8.7

cycling water in outer zone

52 25 -46.55 -6.9

53 95 -65.5 -10.8

54 0.82 -60.2 -9.75

T5 2.66 -86.9 -11.01

K6 125 -48.6 -7.55

The yellow brine entrapped in the continental facies of inner
zone

Y7

Y8

Y9

Y10

82.

205

209.

140

53

52

The black brine

Bll

B12

B13

B14

B15

B16

B17

B18

Table

349.

281.

219.

223.

31.

25.

30.

85

II.

Aquifer

K

J

T 321

^ l 1

Til 5

T 1-3

P

4

6

2

4

75

84

5

-62

-52

-22

-29

.25

.8

.4

.32

in marine aquifer of

-28

-49

-28

-24

-27

-25

-26

-39

3-values of SO ~

Wallrock

+20

+15

+ 1 9 .

+ . 3 0 .

+ 3 0 .

+ 3 3 .

+10

,9

.3

.8

,9

Yellow 1

+16.4

+ 28.6

.7

.64

.35

.40

.1

.2

.82

-6
_2

+6

+1

.72

.36

.02

.75

inner zone

in brine and

orine B l a c k

+ 2 0

+ 29.2

+ 28.

+ 3 4 .

+ 2 5 .

+5

+4

+6

+ 4

+ 4

+4

+5

+ 3

.1

.97

.14

.35

.28

.64

.94

.89

rocks

brine

-

6

3

6

+40
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Fig. 1 Distribution of underground brine in Sichuan Basin

1 - Triassic denudation areas around the basin
2 - Boundary of the areas
3 - Symbol of the areas and sub-areas
4 - Denudation areas within the basin

Aa-area : Brine is preserved in Jurassic, Triassic,
Permian, Ordovician and Sinian systems
Brine is preserved in Triassic, Permian,
Cambrian and Sinian systems
Brine is preserved in Cretacous, Triassic
and Permian systems
The Triassic (T2,l) super-concentrated brine
in the areas is the richest in potassium
content {25 g/1) in Sichuan Basin

Bb-area :. The diluted brine in Triassic and Permian
aquifer is water in gas-field
The diluted brine is preserved in Permian
and Carboniferous systems and subsaline water
is preserved in Triassic system
The brine is preserved in Permian, Carbonife-
rous and Triassic system

Ab-area

Ac-area :.

Ba-area

Bc-area

C-area
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precipitation line
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Fig. 2 6D and h 0 relationship in brine of the basin

Cp - The crystal water freed from plaster stone
at the time of anhydritization (Sakai, 1986)

Cm - The residual sea water after salt crystali-
zation (M.T. Waliashco, 1977}

Cl - The residual lake after salt crystalization
(M.T. Waliashco, 1977)

S - Spring water
Y - Yellow brine
B - Black brine

Sample No. in the fig. and in the table I are the same.
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