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Sediment-hosted copper deposit is usually related to arid climate, ancient saline lake basin, and brine. The Kuqa Basin filled with
giant-thickness evaporite units is located in the northern Tarim Basin, Xinjiang, China. It is famous for sandstone-hosted Cu
deposits formed by synsedimentary processes. However, our recent studies reveal that Cu enrichment is closely related to brine
on the surface of clastic rocks in the basin. It is shown that green Cu mineral coexisting with halite and gypsum occurred in the
fractured fault belts of sandstones or was precipitated with halite on the surface of maroon clay in the scallops of sandstone. By
SEM, EDS, and geochemical analysis methods on Cu-mineralized solid samples and brines, respectively, combined with
previous geological evidence, our studies demonstrate that green Cu mineral is paratacamite, and it occurred with gypsum,
halite, secondary glauberite, natural copper, and probably lead chloride on the fractured fault belts of sandstones or surface of
clay. Meanwhile, the precipitation of paratacamite is controlled by a crystallized sequence of saline minerals accompanying with
evaporated-concentrated course of brine in which gypsum, secondary glauberite, paratacamite, and halite are crystallized in
turn. The Cu-bearing brine derived from meteoric waters and ancient seawater has a powerful capacity to leach metallic ions
from its surrounding rocks and can be formed in a very short time (10 days is OK) in normal pressure and temperature
conditions; also, the cycle of surface-Cu enrichment (mineralization) is only a few months (no more than 5). These indicate that
a rapid Cu enrichment mechanism from Cu-bearing brine occurs on the earth’s surface of the evaporite basin. The mechanism
might be supposed to make an enormous amount of metal mineralization in a short time if considered from a large-scale spatial
viewpoint. By contrast with the lengthy geological period, the short evolutionary cycle of Cu enrichment (mineralization) is
obviously different from the previous cognition.

1. Introduction

Sandstone-hosted Copper deposit is only the second largest
to porphyry copper in the ultralarge copper ores of the world.
It is mainly located in the 20°-30° latitudinal range on both
sides of the equator. There are close relationships among
Cu enrichment, arid climate, ancient saline lake basin, and
brine [1–3]. The brine usually with low temperature derives
from evaporated-concentrated seawater or leached rock salt
by meteoric water in the ancient saline lake basin and
becomes the main carrier for more kinds of metal ions such

as copper [4–7]. It is reported that ions such as Cu, Fe, Zn,
Ag, and Au migrate by clathrate forms in the brine, which
has no substituted function on activation, migration, and
enrichment of metal ions in the process of metal mineraliza-
tion [8–14]. The Cu-bearing brine generally migrates along
fractured fault belts, cross-bedding planes, and other paths
and finally reaches favorable sites for Cu enrichment or
mineralization.

The Kuqa Basin filled with giant-thickness evaporite
deposits is located in the northern margin of Tarim Basin,
Xinjiang Uygur Autonomous Region of northwestern China.
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These deposits contain a set of salt-bearing layers comprised
of rock salt, gypsum rock, and clastic rocks [15, 16]. Influ-
enced by tectonic activities and meteoric water, the evaporite
was leached and dissolved, so it resulted in a series of salt
springs and crystalline halite on the surface of the Neogene
layers [17]. In recent studies on the evaporite and ore pro-
specting of potash, occasionally, we found a close relation-
ship between Cu enrichment and brine, so some field
investigations were carried out. The results show that there
is a coexisting relationship among the green Cu mineral,
halite, and gypsum. These minerals usually occur in fractured
fault belts in the Neogene Jidike and Kangcun Formations
comprised of clastic rocks. Previous studies have shown that
the surface-Cu enrichment formed in the arid climate envi-
ronment in the basin, and it originated from the Cu-
bearing brine of the underlying evaporite units which
migrated upward along fault belts to the surface [15, 16],
but the cycle and era of Cu enrichment are unknown. Com-
pared with the period of geological evolution, the mineraliza-
tion cycle of Cu enrichment from beginning to ore formation
is frequently studied over several tens to millions of years.
However, recent research reveals that the surface-Cu enrich-
ment has been formed in a very short time. Maybe a long
period of Cu ore formation is needed, but these indicate a
type of rapid Cu enrichment mechanism correlated with
evaporation on the surface in the evaporite basin.

2. Geological Setting

The Kuqa Basin in Xinjiang is located in the tectonic belts
between the South Tianshan Orogen and the Tarim Basin
and is interpreted as a rejuvenated foreland basin [18–22].
The basin was initially opened in the Late Permian [21] and

continued its formation until the Late Triassic [23]. It was
finally established in the Jurassic [24]. In the Late Eocene,
because of the tectonic effects due to the collision of the
Indian and Eurasian plates [25], the Tarim Plate collided
with the South Tianshan Orogen. In the Late Oligocene, sed-
imentation in the Kuqa Foreland Basin was resumed,
thereby rejuvenating the Kuqa Foreland Basin. From north
to south, the basin is characterized by a north monocline
belt, the Kelasu and Yiqikelike anticlinal belts, the Baicheng
sag, the Qiulitage anticlinal belt, and the frontal uplift zone
(Figure 1). The two anticlinal belts are the main tectonic
zones of the basin.

In ascending order, the stratigraphic units can be divided
into the Kumugeliemu Group, Suweiyi Formation (Paleo-
gene), Jidike Formation, Kangcun Formation, and Kuqa For-
mation (Neogene). The sediments are mainly interpreted as
river-lake facies in the Paleogene [26]. The Kumugeliemu
Group is comprised of giant-thickness evaporite series [15,
27, 28], and the Suweiyi Formation is composed of small
amounts of rock salt, gypsum rock, fine sandstone, and silt-
stone. The Jidike Formation is composed of river-lake sedi-
ments, whereas the Kangcun and Kuqa Formations contain
mainly piedmont facies composed of conglomerates, pebbly
sandstone, siltstone, and mudstone.

The east-west orientation fault zones were developed in
the basin where it was filled with evaporite, oil, and gas, so
along the line of fault zones, a series of outcrops of salt domes
were intruded onto surface rock units of the anticlinal axis in
a tectonic compression setting (Figure 1). Salt springs can be
observed everywhere on the earth’s surface in the basin, and
the Cu enrichment (mineralization) is mainly located in the
two anticlinal belts, generally adjacent to salt domes
(Figure 1). It is reported that the green Cu mineral is
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Figure 1: Schematic map of structure and sampling locations in Kuqa Basin.
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Figure 2: Continued.
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paratacamite, commonly coexisting with halite and gypsum,
which occurred in the gypsum veins of sandstones in the
Jidike and Kangcun Formations [17].

3. Methods

Three representative samples (KC-G1, KC-G2, and KC-G3)
are selected from Cu-mineralized halite (gypsum) in the Cu
mineralization occurrence named Kezier, northeastern Kuqa
Basin (see Figure 1 for sampling locations, Figures 2(a)–2(f)).
The samples (KC-G1 and KC-G2) are collected from frac-
tured fault belts of the grey-white medium- to coarse-
grained sandstone of the Kangcun Formation (Figures 2(a)
and 2(c)). Sample KC-G3 is a green crystalline mineral col-
lected from the surface of maroon moist-mud located in con-
cave of the grey-white medium- to coarse-grained sandstone.
Field investigations show that the green Cu mineral coexists
with halite as tasted with briny taste. The surface brines were,
respectively, collected from Cu mineralization occurrences

named Kezier, Wenbashen, Yanshuigou, and Dongyanshui-
gou, also the gully about 1.5 km away from Dongyanshuigou,
where salt crystals can be seen all over the place. The part
sites of samples are given in Figures 2(g)–2(j).

The analytical methods employed in this study include
scanning electron microscopy (SEM), energy-dispersive X-
ray spectroscopy (EDS), and hydrochemical analysis, for
studying the possible geneses and enrichment mechanisms
of copper. The solid samples were performed at the Key Lab-
oratory of Deep-Earth Dynamics, Institute of Geology, Chi-
nese Academy of Geological Sciences, Beijing, using the FEI
Nova Nano SEM450 equipped with Gatan MonoCL4 and
OXFORD X-Max (50mm2), and the backscattered electron
(BSE) images were taken under operating voltage of 15-
20 kV and the working distance of 13.5mm. With regard to
13 surface brines, the component analysis on salt and metal
ions (such as K+, Na+, Ca2+, Mg2+, SO4

2-, Cl-, and Cu2+)
was carried out at the MNR Key Laboratory of Metallogeny
and Mineral Assessment, Institute of Mineral Resources,

(g) (h)

(i) (j)

Figure 2: Sampling locations of brine and Cu-mineralized halite (gypsum). (a) Fractured fault belts of sandstone named “a” (the Kezier Cu
mineralization occurrence); (b) Cu-mineralized halite (gypsum) of a site (sample no. KC-G1); (c) fractured fault belts of sandstone named “b”
(the Kezier Cu mineralization occurrence); (d) Cu-mineralized halite (gypsum) of b site (sample no. KC-G2); (e) green Cu mineral and white
halite on the surface of mud located in the scallops of sandstone (sample no. KC-G3); (f) image magnification of photo (e); (g) the surface
brine in the Kezier Cu mineralization occurrence; (h) the surface brine in the Dongyanshuigou Cu mineralization occurrence; (i) the
surface brine in the Wenbashen Cu mineralization occurrence; (j) the surface brine in the east about 1.5 km away of Dongyanshuigou Cu
mineralization occurrence.
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Chinese Academy of Geological Sciences, Beijing, using the
Inductively Coupled Plasma-Optical Emission Spectrometry
(ICP-AES) (model: SPECTRO ARCOS SOP).

4. Results

The results on SEM and EDS analysis of 3 samples can be
summarized and seen in Figure 3, Tables 1 and 2, Figure 4,
Table 3, Figure 5, and Table 4. The results reveal that halite
(abbreviated HI, the same below, Figure 3(a) and spectrum
3), gypsum or anhydrite (abbreviated Gp, the same below,
Figure 3(a) and spectrum 2), glauberite (abbreviated Gb,

the same below, Figure 3(b) and spectrum 1), and atacamite
or paratacamite (abbreviated Pa, the same below,
Figure 3(b) and spectrum 2) coexist in the sample KC-G1.
Combined with previous geological evidence on mineral
analysis of Cu-bearing gypsum veins in sandstone of the
basin [17], we conclude that the discoverable minerals of
sample KC-G1 are halite, gypsum, glauberite, and parataca-
mite. In addition, the white grain in Figure 3(a), containing
mainly Cu, Cl, O, and a few elements such as Si, Al, Ca, Pb,
and Zn (Table 1), is paratacamite (Cu2 (OH)3 Cl) and may
contain clay minerals, Zn and Pb. In the same way, sample
KC-G2 contains halite, paratacamite, and natural copper
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Figure 3: SEM and EDS analysis of sample KC-G1. (a) and (b) are BSE images, whereas the rest of the graphs are EDS spectrums. Pa:
paratacamite; Gp: gypsum; Gb: glauberite; HI: halite. (a) Left: SEM image; right: EDS graph. The white mineral, containing mainly Cu, Cl,
O, and a few Si, Al, Ca, Pb, and Zn, is paratacamite (Cu2 (OH)3 Cl) and may contain clay minerals, Zn and Pb. The ash black mineral
containing Ca, S, and O is gypsum (CaSO4·2H2O). The grey mineral containing Na and Cl is halite (NaCl). (b) Left: SEM image; right:
EDS graph. The radial material is glauberite (Na2SO4·CaSO4). The white mineral containing Cu, Cl, and O is paratacamite (Cu2 (OH)3 Cl).
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(Figure 4, Table 3). Sample KC-G3 contains halite, gypsum,
probably lead chloride (PbCl2), and paratacamite involved
in a few elements Si, Al, Ca, K, Pb, and Zn (Figure 5, Table 4).

The main chemical components of thirteen surface
brines are summarized in Table 5.

5. Discussion

5.1. Sources and Developmental Cycle of Cu-Bearing Brine.
The evaporite in the Kuqa Basin formed from the evapora-
tion of seawater in the Neo-Tethys Ocean. Salt springs and

crystalline blooms occur throughout the earth’s surface of
the whole basin (Figures 1 and 2(g)). As a Mesozoic-
Cenozoic evaporite basin, the Kuqa Basin is a favorable site
for brine formed because of evaporite units composed of rock
salt and gypsum rock. Cai et al. [29] analyzed the water of the
Paleogene rock units in the Tarim Basin and showed charac-
teristics of seawater including high average content of bro-
mine and Br ∗ 103/Cl, for example, respectively, 92mg/l
and 0.78 (Paleogene rocks) in comparison to 33.4mg/l and
0.28 (Neogene rocks) and 15.3mg/l and 0.09 (Quaternary
units). The values are markedly different from those in the
Neogene and Quaternary units. The salinity of water from
the Neogene and Quaternary rock units is 202.94 g/l and
353.46 g/l, respectively [29], and is inferred to have originated
from the near-surface where the salt concentrations are low.
Therefore, salt in the brine must have originated from the
dissolution of evaporite or from salt domes interacting with
freshwater via surface fractures.

The brine is a type of compounded water from which
derives meteoric waters and the Neo-Tethys Ocean seawater
by research on its hydrogen and oxygen isotopes [23]. It has a
powerful capacity to leach the metallic ions from its sur-
rounding rocks, so an experiment was designed to verify it.
22 samples (such as rock salt, gypsum rock, sandstone, and
mudstone) collected from different kinds of rocks were lea-
ched by saline in diverse days (Table 6). Because of 10% aver-
age value (Wt) on composition of sodium chloride in the
Kuqa Basin by previous geochemical analysis on 135
surface-water samples [23], the saline with 10% sodium chlo-
ride (Wt) was made up to leach the metallic ions of samples.
These results indicate that the concentration of Cu ion in the
saline is changed accompanied with different samples or days
in the conditions of 25°C (Table 6). The average value of Cu
ion in the filtrate is 0.2532 (mg/l, the same below) in a 10-day
period, accordingly 0.2571 in 20 days, 0.1815 in 30 days, and
0.2621 in 90 days, and the highest value is 0.6280. Compared
with analysis results on 13 brine samples, the values of Cu ion
among 3 samples collected from the Kezier area are much
higher than those in the other areas, 0.315, 0.225, and 0.330
(Table 5). The value of composition is similar to that of fil-
trate obtained indoors; meanwhile, the Cu-bearing brine
occurring on the surface of the Kezier area is revealed. In
addition, our experiment demonstrates that the saline can
extract Cu ion quickly from surrounding rocks and come
into Cu-bearing saline in a very short time (only 10 days)
compared with a long geological period, so too the brine.
The copper is derived from not only clastic rocks but also
evaporite (Table 6).

5.2. Genetic Mechanism of Cu-Mineralized Evaporite in
Fractured Fault Belts of Sandstone. By the results of SEM
and EDS, green Cu-mineralized samples are concluded with
the main composition of paratacamite, natural copper, halite,
gypsum, and glauberite. Because of powerful capacity for
extracting mineral ions, sometimes the brine contains ions
such as zinc, lead, silicon, and aluminum, so the crystalline
paratacamite might contain a few clay minerals, zinc and
lead. Paratacamite is generally associated with brine and arid
climate. It is a secondary mineral that roots in the interaction

Table 1: The concentration of elements on grains in SEM of
Figure 3(a).

Elements Weight (%) Mole (%)

Spectrum 1

OK 11.86 30.26

NaK 3.89 6.91

AlK 0.46 0.69

SiK 2.18 3.16

ClK 17.82 20.52

CaK 0.58 0.59

CuK 41.06 26.38

ZnK 15.77 9.85

CdL 2.32 0.84

PbM 4.07 0.80

Total 100.00

Spectrum 2

OK 56.86 74.73

SK 20.14 13.21

CaK 23.00 12.07

Total 100.00

Spectrum 3

NaK 41.63 52.38

ClK 58.37 47.62

Total 100.00

Table 2: The concentration of elements on grains in SEM of
Figure 3(b).

Elements Weight (%) Mole (%)

Spectrum 1

OK 60.71 72.91

NaK 18.08 15.11

SK 15.17 9.09

CaK 6.03 2.89

Total 100.00

Spectrum 2

OK 23.96 51.50

ClK 17.13 16.62

CuK 58.91 31.88

Total 100.00
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of primary copper minerals and brine [30–33]. In the
course of Cu-bearing brine migrated along the fractured
fault belts of sandstone, paratacamite was separated out
accompanying with crystallized salt minerals. Because the
depositional sequence of salt minerals is controlled by their
different solubility, such as gypsum, halite, and potassium-
magnesium salt crystallized in turn, the occurrence of para-
tacamite must also be controlled for its chemical composi-
tion of element chlorine.

Based on the paragenetic sequence of the samples stud-
ied, gypsum crystallized first, followed by halite. The parata-
camite occurs on the surface of the gypsum, as well as in
pores that show evidence of enlargement from dissolution

of gypsum (Figure 3(a)). The radial and acicular glauberite
(Figure 3(b)) correspond to the secondary glauberite, formed
through the interaction of brine enriched in Cl− and Na+

with an external fluid enriched in SO4
2– and Ca2+ during

later periods of evolution of the brine and after the crystalli-
zation of gypsum [34, 35]. These indicate that the parataca-
mite was precipitated after gypsum and that gypsum
experienced dissolution after crystallization. Therefore, dur-
ing the Cu-bearing brine migration along the fractured fault
belts, the gypsum crystallized and subsequently dissolved by
the residual brine, in which SO4

2− and Ca2+ reacted with Cl−

and Na+ in the residual brine to crystallize the secondary
glauberite, so that the Cl− became redundant after SO4

2−,
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Figure 4: SEM and EDS analysis of sample KC-G2. (a) and (b) are BSE images whereas the rest of the graphs are EDS spectrums. Pa:
paratacamite; HI: halite; Cu: natural copper. (a) Left: SEM image; right: EDS graph. The white mineral containing Cu, Cl, and O is
paratacamite (Cu2 (OH)3 Cl). The grey mineral containing Na and Cl is halite (NaCl). (b) Left: SEM image; right: EDS graph. The white
mineral containing Cu is natural copper (Cu). The grey mineral containing Na and Cl is halite (NaCl).
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Ca2+, and Na+ expended. The redundant Cl− in the brine
reacted with Cu and OH− to form paratacamite. Finally,
halite crystallized from the residual brine. Meanwhile, other
metal ions such as lead and zinc might be precipitated by
lead chloride (PbCl2) (bright-white grains and its spectrum
2 in Figure 5), also the elements of clay minerals such as sil-
icon and aluminum (white grains and their spectrum 1 in
Figure 3(a)).

Halite, paratacamite, and natural copper are discovered
in a paragenetic relationship in the sample KC-G2
(Figures 4(a) and 4(b)), especially the natural copper that
occurs on the surface of halite (Figure 4(b)). Some Cu grains
lie in the pores of halite, and others do not. But compared
with spectrums of halite in Figures 4(a) and 4(b), the spectral
lines of sodium and chlorine are different from each other,
and the sodium declined in spectrum 3 of Figure 4(b). All

Table 3: The concentration of elements on grains in SEM of Figure 4.

Figure 4(a) Figure 4(b)
Elements Weight (%) Mole (%) Elements Weight (%) Mole (%)

Spectrum 1 Spectrum 1

OK 34.62 63.33 CuK 100.00 100.00

ClK 17.94 14.81 Total 100.00

CuK 47.45 21.86 Spectrum 3

Total 100.00 NaK 15.33 21.83

Spectrum 2 ClK 84.67 78.17

NaK 35.50 45.91 Total 100.00

ClK 64.50 54.09

Total 100.00
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Figure 5: SEM and EDS analysis of sample KC-G3. The upper left is a BSE image whereas the rest of the graphs are EDS spectrums. Gp:
gypsum; Pa: paratacamite; HI: halite. The bright white mineral containing Pb and Cl might be PbCl2. The white mineral, containing Cu,
Cl, O, and a few Si, Al, Ca, K, Pb, and Zn, is paratacamite (Cu2 (OH)3 Cl) and may contain clay minerals, Zn and Pb. The grey mineral
containing Na and Cl is halite (NaCl). The ash black mineral containing Ca, S, and O is gypsum (CaSO4·2H2O).
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the appearances are reflected in the EDS chart (Table 3).
Based on the datum of Table 3, the atomic ratio of chloride
to sodium is nearly 1 : 1 (54.09 : 45.91) (spectrum 2 in
Figure 4(a)) and 3 : 1 (78.17 : 21.83) (spectrum 3 in
Figure 4(b)), which showed an unbalanced feature of atomic
amount between chloride and sodium. Enriched chloride
that occurred in the halite indicates that some chloride ion
in the brine reacted with Cu and OH− to form paratacamite,
and sodium ion reacted with Ca2+ and SO4

2− to form the sec-
ondary glauberite. But the genetic mechanism of natural cop-
per is still unknown at present.

5.3. Crystallized Cycle of Cu Mineralized on the Surface of
Clay. The Cu deposit on the surface of maroon clay is
observed in the scallops of grey-white medium- to coarse-
grained sandstone in the Kezier area (Figures 1, 2(e), and
2(f), sample no. KC-G3) on August 16, 2019. Field investiga-
tions show that green Cu mineral and white halite have
already been precipitated on the surface of clay, but the clay
is moist and the halite was precipitating along with the clay
getting dryer and dryer. We infer that more and more halite
must be crystallized on the argillaceous surface afterwards. In
this way, it is offered as evidence that the halite must be crys-

tallized later than the paratacamite. As we did not see the
geological phenomenon at the same site when we did a field
investigation during the whole of April of that year in the
Kuqa Basin, therefore, the crystallized cycle of paratacamite
is no more than 5 months (from April to August). These
indicate that there is a rapid Cu enrichment mechanism from
Cu-bearing brine at normal pressure and temperature (NPT)
conditions in the earth’s surface of the Kuqa Basin.

The rapid Cu enrichment on the surface of clay occurs in
a stratified form but only occurs on the surface, not in the
interior of the clay (Figure 2(f)). These hint that when the
Cu-bearing brine which carried a little clay flowed along
the sandstone’s surface, the clay was deposited persistently
in the scallop; correspondingly, the minerals were precipi-
tated accompanying with the brine evaporation.

The mineral composed of elements Pb and Zn, maybe
lead chloride, is paragenetic with paratacamite, halite, and
gypsum in the sample KC-G3 (Figure 5, Table 4). It indicates
that the brine contains not only copper but also lead ions.
Our research demonstrates again that the depositional metal
minerals from brine are controlled by crystallized sequence
of saline minerals.

Previous research on paratacamite from gypsum veins in
sandstones of the Kuqa Basin is considered that the Cu-
bearing brine comes from deeper rock units. It migrates
upward along the fractured fault belts of sandstone to the
surface and is concentrated in arid climate condition [17],
but the developmental time and cycle of the brine are
unknown. These make the developmental time and cycle of
Cu enrichment uncertain. The cycle may be several to tens
of millions years or persist in a more distant geologic period.
Now, we realize that the growth cycle of Cu-bearing brine is
about 3 months (sometimes only 10 days), and the cycle of
Cu enrichment only needs no more than 5 months, also in
normal pressure and temperature conditions. Pei et al. [36]
put forward a type of mineralization mechanism (event geol-
ogy stimulating anomalous ore-forming processes with eco-
nomic super-accumulation of metals), and we also think
the rapid Cu enrichment mechanism might make an enor-
mous amount of metal mineralization come into being if
considered from a large-scale viewpoint. Compared with
the mineralization of hypothermal deposits, the surface-Cu
enrichment with normal pressure and temperature is con-
trolled by a crystallized sequence of saline minerals, and the
cycle of Cu mineralization is only a few months. Even if the
mineralization is in multiple stages, it is still a very short time
compared to several to tens of millions years in the geologic
period. These are different from the previous cognition of
Cu enrichment or mineralization.

6. Conclusions

So we can draw some conclusions as follows:

(1) The surface-Cu enrichment showed by paragenetic
sequence with paratacamite, gypsum, halite, second-
ary glauberite, natural copper, and probably lead
chloride occurs on the fractured fault belts of sand-
stones or the surface of clay. It is a close relationship

Table 4: The concentration of elements on grains in SEM of
Figure 5.

Elements Weight (%) Mole (%)

Spectrum 2

ClK 33.94 69.92

PbM 66.06 30.08

Total 100.00

Spectrum 3

OK 63.65 79.57

SK 17.07 10.59

CaK 19.29 9.83

Total 100.00

Spectrum 7

NaK 30.61 38.88

ClK 69.39 61.12

Total 100.00

Spectrum 4

OK 43.41 69.62

MgK 0.92 0.97

AlK 2.16 2.05

SiK 4.84 4.42

ClK 12.82 9.28

KK 0.32 0.21

CaK 0.52 0.33

CuK 24.52 9.90

ZnK 6.75 2.65

CdL 1.00 0.23

PbM 2.74 0.34

Total 100.00

9Geofluids



between the Cu enrichment and Cu-bearing brine
derived from leached rocks and evaporite units by
meteoric waters and ancient seawater

(2) The occurrence of paratacamite is controlled by a
crystallized sequence of saline minerals accompany-
ing with evaporated and concentrated brine in which

gypsum, secondary glauberite, paratacamite, and
halite are crystallized in turn

(3) With normal pressure and temperature conditions,
the Cu-bearing brine can be formed in a very short
time (10 days is OK). The cycle of surface-Cu enrich-
ment or mineralization is also only a few months (no

Table 5: Main chemical components of the surface brine.

Sample numbers K+ (mg/l) Na+ (g/l) Ca2+ (g/l) Mg2+ (g/l) SO4
2- (g/l) Cl- (g/l) Cu2+ (mg/l)

YSG-W1 112.76 31.51 2.60 0.80 4.89 53.12 <0.004
DYSG-W1 133.96 70.00 9.39 2.56 1.59 124.06 <0.004
DYSG-W2 134.30 66.62 9.23 2.54 1.68 124.70 <0.004
DYSG-W3 242.50 108.52 11.98 3.52 0.78 205.31 <0.004
DQ8-W1 115.82 31.65 2.62 0.78 4.95 51.90 <0.004
DQ8-W2 104.70 29.81 2.58 0.77 4.89 48.03 <0.004
WBS-W1 190.52 109.64 1.43 0.73 5.76 176.05 <0.004
WBS-W2 44.90 13.47 0.94 0.64 5.22 16.90 <0.004
KZE-W1 288.48 110.05 9.56 1.70 0.90 186.56 0.160

KZE-W2 293.04 109.40 9.60 1.69 0.90 189.66 0.315

KZE-W3 281.80 96.31 7.89 1.96 0.63 164.29 0.225

KZE-W4 295.22 96.71 9.93 2.16 0.72 167.35 0.330

KZE-W5 8.76 1.75 0.80 0.12 2.67 2.33 <0.004

Table 6: Concentration of Cu ion in the saline from different rocks leached and days.

Sample numbers Lithology
Cu (mg/l)

10 days 20 days 30 days 90 days

0811KC-BCH-G7 Amaranthine rock salt 0.4368 0.3935 0.4132 0.1107

0811KC-BCH-G2 Celadon rock salt 0.4462 0.4622 0.2534 0.1621

0811KC-YSK-G5 Cyan-grey rock salt 0.3585 0.432 0.2928 0.1936

0811KC-YSKD-G5 Yellow-white silty gypsum rock 0.2593 0.2881 0.2043 0.1526

0811KC-YSKD-G6 Yellow-white silty gypsum rock 0.2683 0.298 0.1831 0.1132

0812KC-AGX-S10 Celadon silty gypsum rock — 0.1555 0.0785 0.1953

0811KC-YSKD-G4 Celadon silty gypsum rock 0.1952 0.1122 0.0712 0.5266

0812KC-KCHX-G4

Grey-white medium- to coarse-grained sandstone with Cu mineralization

0.2682 0.2674 0.2017 0.2429

0812KC-KL2-G4-2 0.2525 0.2253 0.1554 0.2808

0812KC-KL2-G9 0.2915 0.2932 0.2107 0.2588

0812KC-AGX-TKD

Celadon siltstone with Cu mineralization

0.2376 0.2071 0.1031 0.2031

0811KC-S1-G4 0.2489 0.289 0.2373 0.6280

0812KC-KL2-G14A 0.2383 0.2944 0.1728 0.2871

0812KC-KCHX-G5 0.2712 0.2587 0.1691 0.3565

0812KC-AGX-TK3

Grey-white medium- to coarse-grained sandstone with Cu mineralization

0.2103 0.1891 0.1179 0.3446

0812KC-AGX-TK1 0.1970 0.1612 0.0793 0.2465

0812KC-KCHX-G2 0.1956 0.1322 0.0361 0.2838

0812KC-KCHX-G3 0.1826 0.0844 0.1294 0.2691

0812KC-AGX-S18 Celadon siltstone 0.2523 0.2601 0.2043 0.2938

0812KC-AGX-S16 Celadon gypseous siltstone 0.259 0.2921 0.2917 0.2256

0812KC-KCHX-G9 Celadon mudstone 0.2424 0.2671 0.1988 0.1197

0812KC-KL2-G5 Grey-white medium- to coarse-grained sandstone 0.2576 0.2934 0.1886 0.2712

Average values 0.2532 0.2571 0.1815 0.2621
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more than 5). These indicate a rapid surface-Cu
enrichment from Cu-bearing brine in the evaporite
basin. So the enrichment mechanism might be sup-
posed to make an enormous amount of metal miner-
alization in a very short time if considered from a
large-scale viewpoint. By contrast on the lengthy geo-
logic period, the rapid enrichment mechanism is dif-
ferent from the previous cognition of Cu enrichment
or mineralization

Data Availability

The experimental datum used to support the findings of this
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