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Abstract Fifty-seven shallow groundwater samples were collected from Guiyang karst basin, China, to analyze the aqueous
rare-earth elements in low-water seasons and it is shown that the total amount of rare-earth elements (£REE) in karst groundwater
is exceedingly low compared with that in carbonate rocks or weathering crusts of carbonate rocks, and ranges from 0.01to 0.43,
from 0.03 to 0.27, from 0.03 to 0.19 and from 0.05 to 1.38 ugL'l for dolomite, dolomitic & limestone, limestone and clastic rock
aquifer, respectively. Both distributions and contents of rare-earth elements (REE) in karst groundwater reflect the lithology of
host rocks or weathering crusts of carbonate rocks through which groundwater flows. The chondrite-normalized patterns show a
non-flat profile with higher enrichment of slightly light rare-earth elements (LREE) than heavy rare-earth elements (HREE),
prominent fractionation between LREE and HREE, negative Ce anomalies and negative or positive Eu anomalies. There is more
obvious fractionation between LREE and HREE in groundwater than that in carbonate rocks and their weathering crusts due to

high contents of HCO3;™ and PH in groundwater. In shallow karst groundwater, REE(COg)nm3

(n=1 and 2) is the main inorganic
species of REE. But for a clastic rock aquifer, both REESO," and REECO;" are the main inorganic species of REE. Species of

REE in groundwater is closely associated with the hydrochemical type of groundwater which is predominated by the lithology of

host rocks, groundwater-rock interaction and weathering-pedogenesis of carbonate rocks.
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1 Introduction

The rare-earth elements (REE) comprise a series of
elements including lanthanides with atomic numbers
ranging from 57 to 71 (La to Lu) and have similar
geochemical properties of the elements Sc and Y. The
acronyms of REE are usually used to study different
geochemical processes and acquire various significantly
geochemical information. Generally, the lanthanides can
be classified as three groups, light rare-earth elements
(LREE) from La to Nd, middle rare-earth elements
(MREE) from Sm to Ho and heavy rare-earth elements
(MREE) Er to Lu. The elements of the same group have
similar chemical and physical properties. However, the
lanthanides can also be divided into two groups as LREE
(from La to Eu) and HREE (from Gd to Lu) for diverse
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studies.

Because of similar physical or chemical properties but
slight differences, these elements as groups have been
extensively applied in the petrological studies involving
igneous, sedimentary and metamorphic rocks and
different geochemical processes on the earth’s surface
(Duddy, 1980; Huang Chengmin and Wang Chengshan,
2002; Li Jingyang et al., 1998; Wang Shijie et al., 2001;
Zhu Lijun and Lin Jinye, 1996). Recently, inductively
coupled plasma mass spectrometry (ICP-MS) has been
extensively used in the field of geochemistry (Shabani et
al., 1990; Stetzenbach et al., 1994). Investigations of the
REE in groundwaters have been conducted in different
regions (Banks et al., 1999; Dia et al., 2000; Fee et al.,
1992; Gosselin et al., 1992; Janssen and Verweij, 2003;
Johannesson and Hendry, 2000; Johannesson et al., 1996;
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Johannesson et al., 1997; 2000; Johannesson, 2005; Lee
et al., 2003; Otsuka and Terakado, 2003; Smedley, 1991).
Many investigations into the rare-earth elements have
been carried out in karst regions involving weathering
crusts of carbonate rocks (Huang Chengmin and Wang
chengshan, 2002; Li Jingyang et al., 1998; Wang Shijie
et al.,, 2001; Zhu Lijun and Lin Jinye, 1996). In karst
regions, the geochemistry of karst rivers was predominated
by the weathering-pedogenesis of carbonate rocks and
characterized by the high concentrations of Ca®" or
Mg*" and HCO;™ and high pH values (Han Guilin and
Liu Conggiang, 2007). The shallow karst groundwater
aquifer is an open system under the oxidation condition,
and characterized by the weathering-pedogenesis of
carbonate rocks and interaction between groundwater
and rocks. Scarcely, any related investigations on the
geochemistry of REE have been carried out in this
groundwater aquifer. In order to study the contamination
and geochemical evolution of shallow groundwater sys-
tems in karst regions, in this study, REE study of karst
groundwater involved relatively single lithology in
shallow groundwater from the Guiyang Basin, China.

2 Materials and methods

2.1 Geographical
settings

and hydrogeological

Guiyang, the capital city of Guizhou Province where
carbonate rocks are widespread in successive outcrop in
the world , is located in the central part of Guizhou
Province in the southwest of China, with the latitudes
and longitudes ranging from 26°32'30” to 26°40'00" N
and 106°35'40" to 106°40'00" E, respectively. The
Guiyang Basin is characterized by high elevation and
low latitude, a subtropical warm—moist climate, an
average altitude of 1000 m, an annual average tempera-
ture of 15.3°C and an annual precipitation of 1200 mm.
The Nanming River is the main river winding its way
through the Guiyang Basin from the SW via the Xiaoche
River, which have an annual average flow flux of
13.8 m’/s and a low-water season flow flux of 4.9 m’/s.
Three reservoirs are located in the study region, i.e., the
Aha Lake, and the Xiaoguan and Guanshan Reservoirs,
and the Aha Lake is the main water storage resource for
Guiyang City.

In the study region, chemical weathering and
pedogenesis proceeded intensively, forming the unique
karst geological and geomorphological features. The
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main exposed strata belong to the Triassic (accounting
for nearly 80% of the study region), with some being
Permian and a few being Late Jurassic and Silurian in the
east. Those are obviously controlled by geologic struc-
tures of S-N, N-N-E and E-W extending faults or folds.
The rock types are predominated by carbonate rocks
(dolomite and limestone) with a few of clastic rocks. The
main aquifers in the study region are mostly composed
of carbonate rocks (limestone and dolomite, accounting
for more than 80% of the aquifers) with a few clastic
rocks. The karst groundwater system in Guiyang is very
complicated because carbonate rocks and clastic rocks of
aquifers are usually interbedded-banded distributed (Han
Zhijun and Jin Zhansheng, 1996). The Guiyang Basin is
located in the central part of the study area. The altitudes
in the north, west and south of the basin are higher than
in the east. Therefore, surface water and groundwater are
mainly flowing from north, southwest and south to the
central part of the basin. The study region is divided into
two hydrogeologic zones in terms of the characteristics
of recharge, runoff and drainage (Fig. 1).

2.2 Sampling and measurement

In this study, fifty-seven shallow karst groundwater
samples were collected from various types of springs and
caves in the low-water season (January) (Fig. 1, Table 1).
All high-density polyethylene (HDPE) bottles (50, 100
and 500 mL), filters and forceps for sampling were
cleaned with acid and dried at 60°C before sampling. In
the field, the following parameters were determined
through a multi-parameter instrument (Model: Multi 340i)
made by WTW (Wissenschaftlich Tlechnische Werkstat-
ten Gmbh & Co. KG): water temperature, pH, electrical
conductivity (EC) and dissolved oxygen (DO). The
HCO;™ was measured with the HCI titration method in
the field sampling site.

2.3 Analytical procedure and methods

All of the groundwater samples were filtered by 0.22
pm synthetic acetate fabric filtering membrane prior to
analysis for cations, anions and rare-earth elements. And
all of the samples for the analysis of cations (K', Na’,
Ca*"and Mg*") and rare-earth elements were kept in
polythene bottles prior to being filtered, followed by
adding ultra-pure HNOj; to adjust pH lower than 2 and
then were kept in an icebox. The samples for the analysis
of anions (CI", NO;™ and SO,*) were filtered and kept
in polythene bottles. The cations (K', Na®, Ca*"and
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Fig. 1. The hydrogeologic map showing the distribution of sampling sites in Guiyang karst basin,
hydrogeologic map of Guiyang City (Han Zhijun and Jin Zhansheng, 1996).

Table 1 The description of sampling sites and aquifers in the Guiyang Basin, China

Guizhou Province, China, modified from the

Sample No. Description Discharge (L/s) Elevation (m) Stratum Aquifer

GYO01 Gravity spring 0.2 1110 Dy Dolomite

GY02 Gravity spring 1.52 1220 Tag' Dolomite & limestone
GY03 Gravity spring 13.1 1220 Pig+tm Dolomite

GY04 Artesian spring 0.03 1095 Tg'! Dolomite

GYO05 Gravity spring 0.005 1095 Ts+) Clastic rocks

GY06 Gravity spring 0.007 1095 Ts+) Clastic rocks

GY07 Gravity spring 5 1195 Tog*? Dolomite

GYO08 Cave water no data 1150 ng3 Dolomite

GY09 Gravity spring 0.01 1260 Tg™? Dolomite

GY10 Gravity spring 0.01 1225 Tog*! Dolomite

GYl1l Gravity spring 0.02 1250 Tof Dolomite & limestone
GY12 Gravity spring 0.06 1175 Ts+] Clastic rocks

GY13 Gravity spring 0.1 1250 Tog*? Dolomite

GY14 Cave water 34 1250 Tyg'? Dolomite

GY15 Gravity spring 8 1250 Tyg"? Dolomite

GY16 Gravity spring 8 1250 T,g"! Dolomite & limestone
GY17 Artesian spring 7 1260 Tg"! Dolomite & limestone

(to be continued on the next page)
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Table1 (Continued)

Sample No. Description Discharge (L/s) Elevation (m) Stratum Aquifer

GY18 Artesian spring 1.2 1240 T.g’ Dolomite & limestone

GY19 Gravity spring 0.2 1220 T.g’ Dolomite

GY20 Gravity spring 1.5 1075 Pl Clastic rocks & minor limestone
GY21 Cave water 1.5 1140 P.l Clastic rocks & minor limestone
GY22 Artesian spring 0.2 1095 Ts+] Clastic rocks

GY23 Artesian spring 67.2 1436 T Dolomite

GY24 Gravity spring 12 1230 T.g’ Dolomite & limestone

GY25 Artesian spring 8 1220 T.g’ Dolomite

GY26 Cave water 8 1240 ng” Dolomite & limestone

GY27 Cave water 0.42 1240 T,d? Dolomite & limestone

GY28 Artesian spring 39.2 1260 Td? Limestone

GY29 Gravity spring 28 1290 Py Limestone

GY30 Gravity spring no data 1250 Tyg'? Dolomite & limestone

GY3l1 Gravity spring 0.1 1210 T Dolomite

GY32 Gravity spring 0.1 1200 T Dolomite

GY33 Gravity spring 0.01 1180 T.g’ Dolomite

GY34 Gravity spring 1 1240 Tog™? Dolomite

GY35 Artesian spring 0.2 1240 Py Limestone

GY36 Cave water 0.15 1230 Tod' Limestone

GY37 Gravity spring 10 1190 T,g’ Dolomite & limestone

GY38 Gravity spring 0.3 1200 Tyg'? Dolomite

GY39 Cave water 16 1180 ng2 Dolomite

GY40 Gravity spring 100 1140 Tog"! Dolomite & limestone

GY41 Gravity spring 5 1150 T,d* Dolomite & limestone

GY42 Gravity spring 0.16 1120 Tg™? Limestone

GY43 Gravity spring 5 1080 P,d+T;s Clastic rocks & minor limestone
GY44 Gravity spring 0.25 1080 P,l Clastic rocks & minor limestone
GY45 Gravity spring 2.72 1100 Tg*! Dolomite

GY46 Gravity spring 6 1100 Tg*? Limestone

GY47 Gravity spring 6 1100 Tog*! Dolomite

GY48 Gravity spring 1 1020 Tg'! Dolomite & limestone

GY49 Gravity spring 0.5 1030 Tg*? Limestone

GY50 Gravity spring 3 1080 Tog*! Dolomite

GYS51 Gravity spring 1.5 1000 g™ Dolomite & limestone

GY52 Gravity spring 2 1090 Tog"! Dolomite & imestone

GYS3 Gravity spring 1 1050 T Dolomite & limestone

GY54 Gravity spring 375 1040 P,l Clastic rocks & minor limestone
GYS55 Gravity spring 0.6 1040 Td? Limestone

GY56 Gravity spring 4 1060 Tod' Limestone

GY57 Cave water 8.1 1100 T,d! Dolomite




118

Mg*") were determined by atomic absorption spectrome-
try (AAS), while the anions (CI", NO;~ and SO4*) were
determined by high-efficiency liquid chromatography.
The hydrochemistry of shallow groundwater has been
investigated adequately (Han Zhijun and Jin Zhansheng,
1996). The aqueous rare-earth elements (REE) in karst
groundwater samples were measured by inductively
coupled plasma mass spectrometry (ICP-MS, ELE-
MENT). However, the REE concentrations of ground-
water samples are below the detection limit of the
ICP-MS. Consequently, we used a series of extraction
and back-extraction methods to analyze the REE in
groundwater samples (Shabani et al., 1990). The REEs in
shallow groundwater samples were concentrated 100
times at least. The analysis of dissolved REE concentra-
tions includes the following steps: the REEs were ex-
tracted from water samples with 65% HDEHP
(2-ethylhexyl hydrogen phosphate) and 35% H,MEHP
(2-ethylhexyl dihydrogen phosphate) in heptane, then
back-extracted with 6N ultra-pure HCIl and transformed
into (REE) (NOs3); for ICP-MS analysis. The following
isotopes of REE were used for REE measurement: '*’La,
140Ce, 141Pr, 146Nd’ 147Sm, ISIEu, 157Gd, 159Tb, 163Dy’
'Ho, 'Er, "“Tm, '®Yb, '"Lu, and *Y. The detection
limits are presented as follows: '"La (0.018), "’Ce
(0.028), '*'Pr (0.005), "**Nd (0.076), '*’Sm (0.009), "*'Eu
(0.002), 'Gd (0.021), "°Tb (0.002), '*Dy (0.009),
'Ho (0.003), "*’Er (0.005), '“Tm (0.002), 'Yb (0.003),
Ly (0.0005), and*Y (0.022) pg/L. The entire analyti-
cal procedure was accomplished in the laboratory by
using Millipore-Q water (18.2 QW cm) and ultra-pure
reagents. The accuracy and precision of most REE
measurements were kept within the range of 3%, and
those of the light REEs La and Ce were within the ranges
of +5% and +£10%, respectively (Han Guilin and Liu
Conggiang, 2007). The rare-earth elements were ana-
lyzed at the State Key Laboratory of Environmental
Geochemistry, Institute of Geochemistry,
Academy of Sciences (see the Appendix).
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3 Results and discussion

3.1 The concentrations and distribution of
REE in karst groundwater

In karst regions, the concentrations of aqueous REE
in shallow groundwater are extremely low as compared
with those in bedrock and weathering crust, whose
>REE ranges from 0.01 to 0.43, from 0.03 to 0.27, from
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0.03 to 0.19 , and from 0.05 to 1.38 pg-L™" in dolomite,
dolomite & limestone, limestone and clastic rock aqui-
fers, respectively (Fig. 2). The REEs were usually
absorbed by clay minerals and remained in carbonate
weathering crusts, and a few REE were eluviated into
aquifers by groundwater or interaction between water
and rock in the process of weathering-pedogenesis of
carbonate rocks. Consequently, the concentrations of
REE in bedrock and weathering crusts are possible sev-
eral orders of magnitude higher than those in karst
groundwater systems. The concentrations and distribu-
tion of REE in karst shallow groundwater are obviously
controlled by the geologic settings such as lithology and
weathering-pedogenesis of carbonate rocks (Huang
Chengmin and Wang Chengshan, 2002; Li Jingyang et
al., 1998). However, the ZREE of clastic rock aquifer
varies widely due to the oxidation of iron-pyrites (FeS,)
in coal-seam strata or the weathering and dissolution of
sulfatic-evaporite minerals (gypsum or anhydrite) and
H,SO, releasing. Strong weathering-pedogenesis and
REE releasing from minerals enriched in REE would
induce high REE concentrations in groundwaters. Sam-
ples GY06 and GYI12T were collected from a clastic
rock aquifer characterized by the high contents of REE.
The distributions of REE in clastic rock aquifers also
reflect the geologic environments through which
groundwater flows. REEs are different in different
Ca”"/Mg*" (molar ratio) aquifers through which
groundwater flows and dominated by limestone, clastic
rock and dolomite (Fig. 2).

3.2 Chondrite-normalized REE distribution
patterns in groundwater

The REE composition of chondrite is usually used to
normalize the values of REE concentration in different
investigations in sedimentary rock regions. Groundwater
is REE chondrite-normalized for different types of rock
aquifers, showing a non-flat profile in distribution pattern.
Although the concentrations of REE in karst groundwater
are several orders of magnitude lower than those in bed-
rocks or weathering crust of carbonate rocks, the REE
distribution patterns in groundwater have similar profiles
to those in bedrocks and weathering crust of carbonate
rocks. Compared with the weathering crusts of bedrocks
and carbonate rocks, Ce is characterized by prominent
negative anomalies and Eu is characterized by negative or
positive anomalies in dolomitic, dolomitic & limestone,
limestone and clastic rock aquifers (Fig. 3).
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Fig. 2. Plot showing the concentrations and distribution of REE in
different karst shallow groundwaters due to lithologic differences. For
different karst aquifers, ratios of Ca®*/Mg®" (molar ratio) show differ-
ences in groundwater flowing through different geologic environments
(limestone aquifer is characterized by high contents of Ca>* and dolo-
mite aquifer characterized by high concentrations of Mg®"). It can be
used to distinguish the type of aquifer through which groundwater
flows (Han Zhijun and Jin Zhansheng, 1996). The hydrochemistry of
shallow groundwater has been investigated adequately (Dong Zhifen et
al., 2005).
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In our investigations, the prominent fractionation
between LREE and HREE was discovered in karst
groundwater systems. For the chondrite-normalized
REE patterns in groundwater, it can be found that the
ratios of LREE/ HREE are within the range of 4.37-12.34
(7.18 on average), 3.60-10.32 (7.26 on average),
4.05-11.35 (7.46 on average) and 4.58-8.70 (7.11 on
average) in dolomitic, dolomitic & limestone, limestone
and clastic rock aquifers, respectively (Fig. 4). For the
Permian and Triassic carbonate rocks or carbonate
weathering crusts in the study region, which is charac-
terized by slight LREE enrichment and HREE depletion
(Li Jingyang et al., 1998; Nan Junya et al., 2002; Wang
Shijie et al., 2001). Accordingly, the groundwater asso-
ciated with these carbonate rocks or carbonate weather-
ing crusts inherits their distribution patterns, yet is more
fractionated through groundwater flowing (Han Guilin
and Liu Congqgiang, 2007; Johannesson et al., 2000).
From LREE to HREE the ability of rare-earth elements
to form carbonate complexes trends to increase, and the
carbonate complexes might be removed by the adsorption
of suspended complexes in groundwater flow
(Johannesson et al., 1995; Johannesson, 2005). High
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Fig. 3. The chondrite-normalized distribution patterns in different lithologic groundwater aquifers: (a) Dolomitic aquifer; (b) dolomitic & limestone

aquifer; (c) limestone aquifer; and (d) clastic rock aquifer.
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concentrations of HCO™5 in groundwater in karst regions
are regard as an important factor affecting the obvious
fractionation between light rare-earth elements and
heavy rare-earth elements.

3.3 Ce and Eu anomaly characteristics

Ce and Eu anomalies were found in carbonate rock
aquifers, which may be closely associated with redox
environment or processes. The Ce and Eu anomalies
(0Ce and 6Eu) were calculated from the following equa-
tions (Elderfield and Greaves, 1982; Winograd and
Robertson, 1982):

8Ce = 2(Ce/Ce")/(La/La” + Pr/Pr’) (1)
8Eu = 2(Ew/Eu")/(Sm/Sm” + Gd/Gd") Q)
In the above equations, La’, Ce’, Pr’, Sm’, Eu" and Gd”
are the average concentrations of respective REE in
chondrite, and La, Ce, Pr, Sm, Eu and Gd represent the
contents of respective REE in karst groundwater. The
REE are considered as being in trivalent state in
low-temperature groundwaters, however, both Ce and Eu
are sensitive to oxidative and reductive conditions. Ce*"
can be oxidized into Ce*" and Eu®" can be reduced into
Eu”" easily under oxidative or reductive conditions.
Compared with carbonate rocks and weathering crusts of
carbonate rocks, shallow karst groundwater shows more
Ce prominent negative anomalies with 6Ce values within
the ranges of 0.05 to 0.69, 0.06 to 0.55, 0.06 to 0.61 and
0.01 to 0.23 in dolomitic, dolomitic & limestone, lime-
stone and clastic rock aquifers, respectively (Fig. 5). That
might be induced from the fact that the shallow karst
groundwater system is a chronically open system under
oxidation condition, and Ce*" is characterized by obvious
negative anomalies and oxidized into Ce'’ easily (De
Baar et al., 1988; Elderfield and Greaves, 1982; Wino-
grad and Robertson, 1982). Moreover, pH is also an im-
portant factor affecting Ce anomalies (Akagi and Masuda,
1998; Han Guilin and Liu Conggiang, 2007; Otsuka and
Terakado, 2003; Tricca et al., 1999):
Ce’ +2H,0 = CeO, +4H' + ¢ A3)
In the karst groundwater, the values of pH range from
5.68 to 9.15 with the mean value of 7.50, representing a
neutral environment. Thus, the aqueous Ce*" in ground-
water is probably deposited as CeO, in solid phase and
easily removed by absorption or groundwater flowing,
which might be responsible for remarkable Ce depletion
in karst groundwater. Therefore, the shallow Kkarst
groundwater is characterized by remarkable negative Ce
anomalies under open and oxidation conditions with high
pH. Furthermore, both negative and positive Eu anoma-
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lies exist in the karst shallow groundwater with dEu val-
ues ranging from 0.25 to 0.94, from 0.28 to 0.92, from
0.22 to 1.23 and from 0.29 to 0.81 in dolomitic, dolo-
mitic & limestone, limestone and clastic rock aquifers,
respectively (Table 2, Fig. 5).
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Eu anomalies also exist in carbonate rocks or the
weathering crusts of carbonate rocks (Li Jingyang et al.,
1998; Nan Junya et al., 2002; Wang Shijie et al., 2001).
Eu anomalies may be associated with the weather-
ing-pedogenesis of carbonate rocks. During the process
of weathering-pedogenesis of carbonate rocks, the
rare-carth elements were released into groundwaters
from weathering crusts by eluviation or groundwa-
ter-rock interaction. To sum up, both negative and posi-
tive Eu anomalies in groundwater inherit those from
carbonate rocks and the weathering crusts of carbonate
rocks. Both negative and positive Eu anomalies in karst
shallow groundwaters also indicate that the rare-earth
elements are dominated by the geological background
and reflect the composition of their host rocks.
(Johannesson et al., 2000; Smedley, 1991).

3.4 The species of REE in shallow karst
groundwater

The species of REE in groundwater have been exten-
sively investigated by using different geochemical
methods and models (Johannesson et al., 1995; Johan-
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nesson et al., 1997; Johannesson et al., 2000; Lee and
Byrne, 1993; Millero, 1992). The species of REE in dif-
ferent lithologic types of shallow karst groundwater were
calculated with the geochemical speciation equilibrium
model Visual MINTEQ ver.2.53 (Gustaffson, 2007) on
the basis of MINTEQA2. In the dolomitic, dolomitic
limestone and limestone aquifers, species of REE are
similar, mainly including REECO;" and REE(CO»),".
Total percentages of REECO;" and REE(CO;), are
within the ranges of 86.2% to 99.4%, 72.6% to 97.8%
and 88.8% to 99.2% in dolomitic aquifer, dolomitic lime-
stone aquifer and limestone aquifer, respectively [Fig.
6(a), (b), and (c)]. The species of REECO;" decreases
with increasing atomic number, but the species of
REE(CO3), increases with increasing atomic number
(Fig. 6).

Generally, the species of REE(CO5),>">(n=1 and 2) is
the dominant compound in a single lithologic karst aqui-
fer. It can be explained that similar rocks and minerals
(such as dolomite or calcite) are weathered or dissolved
in dolomitic, dolomitic & limestone and limestone
aquifers and characterized by similar types of groundwa-
ter (Han Zhijun and Jin Zhansheng, 1996). The dissolution
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Fig. 6. The inorganic species of REE in different lithologic shallow katst groundwaters; (a) Dolomitic aquifer; (b) dolomitic limestone aquifer; (c)

limestone aquifer; and (d) clastic rock aquifer.
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or weathering of minerals can be defined as the follow-
ing equation:
CapMg(1_nCO;3 + HyO + COx(g) =

nCa?" + (1-n)Mg*" + 2HCO;~ 4)
where, 0<n<l, n and (1-n) is the ratio of Ca/Mg in
dolomite or calcite. The dissolution or weathering of
dolomite or calcite in these aquifers controls the hydro-
chemical type of groundwater. And the hydrochemical
type of groundwater is classified as HCO;-Ca-Mg or
HCO;-Ca in karst aquifers, respectively. Previous inves-
tigations suggested that elevated carbonate ion concen-
trations in natural waters can facilitate the enhancement
of dissolved REE concentrations via formation of REE
carbonate complexes. Consequently, the species of
REE(CO;),™" *(n=1 and 2) is the main REE compound
in the karst groundwater.

REESO," and REECO;" are the most dominant spe-
cies of rare-earth elements in the clastic rock aquifer
with the concentrations within the range of 74.2% to
80.5%. The species of REESO," decreases with increas-
ing atomic number, but the species REECO;" displays a
reverse case [Fig. 6 (d)]. Higher contents of SO,* in the
crastic aquifer may induce the oxidation of iron-pyrite
(FeS,) in coal-seam strata or the weathering and dissolu-

tion of sulfatic-evaporite minerals (gypsum or anhydrite).

The chemical reactions follow the following equations:
FeSys) +15/4 O, g+ 72 H,0 =
Fe(OH); () + 280,” + 4H" (5)
CaS0,2 Hy0 () =Ca*" + SO, + 2H" (6)

Therefore, the groundwater is characterized by the
types of HCO; ~SO42—Ca or SO42-Ca, and the corre-
sponding inorganic species of REE are REESO," and
REECO;". For the inorganic speciation of REE in shallow
karst groundwater, the species of rare-earth elements is con-
trolled by the hydrochemical type of groundwater which is
controlled by lithology through which groundwater flows.
The karst groundwater predominated by geologic environ-
ment and that by aquiferous materiales shows different REE
geochemical characteristics. Accordingly, the species of
rare-earth elements and Ce or Eu anomalies can be used as
tracers to investigate karst groundwater-rock interactions
and the evolution of groundwater systems.

4 Conclusions

The concentrations of rare-earth elements in the
groundwater are exceedingly low in karst regions. The
chondrite-normalize REE patterns show a non-flat pro-
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file, slight LEE enrichment as compared with HREE,
prominent fractionation between LREE and HREE,
negative Ce anomalies and negative or positive Eu
anomalies.

(1) The distribution profiles of REE in groundwater
inherit those from carbonate rocks and the weathering
crusts of carbonate rocks. However, obvious fractiona-
tion between LREE and HREE can be explained that the
ability of formation of complexes increases with in-
creasing atomic number from LREE to HREE. And the
HREE are easy to remove as carbonate compounds
through precipitation of groundwater and characterized
by obvious depletion.

(2) Remarkable negative Ce anomalies in Kkarst
groundwater can be explained that the karst groundwater
system is a chronically open system under oxidation
conditions, where aqueous Ce*" might be easy to oxi-
dized into Ce*". The value of pH might be also an im-
portant factor affecting Ce anomalies. Aqueous Cce**
forms solid-phase CeO, is removed by absorption or
groundwater flow easily, it might induce strong Ce de-
pletion in karst groundwater. Both negative and positive
Eu anomalies in karst groundwater reflect similar fea-
tures in carbonate rocks or the weathering crusts of car-
bonate rocks.

(3) The species of REE(CO5),"*(n=1 and 2) are the
major inorganic species of REE in katst groundwater.
However, in clastic rock aquifer, due to the oxidation of
iron-pyrite (FeS,) in coal-seam strata or the weather-
ing-pedogenesis and dissolution of sulfit evaporite min-
erals (gypsum or anhydrite), both REEO," and REECO;"
are the main inorganic species of REE. Inorganic species
of REE in groundwater are closely associated with the
hydrochemical type of groundwater which is predomi-
nated by the geological environment through which
groundwater flows, groundwater-rock interaction, and
weathering-pedogenesis of carbonate rocks.

Acknowledgements
supported by the National Basic Research Program (973) of
China (No. 2006CB403202) and the National Natural Science
Foundation of China (No. 40463001). The authors thank Pei
Yuanquan, Zhang Lidong, Feng Lijuan, Tao Xiuzheng, and

This research project was financially

Profs. Zhang Guoping and Han Guilin, for their great help with
field sampling, experimentation and geochemical modeling
calculation.

References

Akagi T. and Masuda A. (1998) A simple thermodynamic interpreta-
tion of Ce anomaly [J]. Geochem. J. 32, 301-314.



Chin.J.Geochem.(2011)30:114-124

Banks D., Hall G., Reimann C., and Siewers U. (1999) Distribution of
rare earth elements in crystalline bedrock groundwaters: Oslo and
Bergen regions, Norway [J]. Applied Geochemistry. 14, 27-39.

De Baar H.J.W., German C.R., Elderfield H., et al. (1988) Rare earth
element distributions in anoxic waters of the Cariaco Trench [J].
Geochimica et Cosmochimica Acta. 52, 1203-1219.

Dia A., Gruau G., Olivié-Lauquet G., et al. (2000) The distribution of
rare earth elements in groundwaters: assessing the role of
source-rock composition, redox changes and colloidal particles [J].
Geochimica et Cosmochimica Acta. 64, 4131-4151.

Dong Zhifen, Zhu Lijun, Wu Pan, et al. (2005) Hydrogeochemistry of
karst underground waters at shallow depth in Guiyang City,
Guizhou Province [J]. Chinese Journal of Geochemistry. 24,
194-200.

Duddy L.R. (1980) Redistribution and fractionation of rare earth and
other elements in a weathering profile [J]. Chem. Geol. 30,
363-381.

Elderfield H. and Greaves M.J. (1982) Rare Earth Elements in Sea-
water [J]. Nature. 296, 214-219.

Fee J.A., Gaudette H.E., Lyons W.B., et al. (1992) Rare-earth element
distribution in Lake Tyrrell groundwaters, Victoria, Australia [J].
Chemical geology. 96, 67-93.

Gosselin D.C., Smith M.R., Lepel E.A., et al. (1992) Rare earth ele-
ments in chloride-rich groundwater, Palo Duro Basin, Texas, USA
[J]. Geochim. et Cosmochim. Acta. 56, 1495-1505.

Gustaffson J.P. (2007) Visual Minteq, ver.2.53. http://www.lwr.kth.se/
English/OurSoftware/vminteq/.

Han Guilin and Liu Conggiang (2007) Dissolved rare earth elements in
river waters draining karst terrains in Guizhou Province, China [J].
Aquatic Geochemistry. 13, 95-107.

Han Zhijun and Jin Zhansheng (1996) Hydrology of Guizhou Province
[M]. Seismology Press, Beijing (in Chinese).

Huang Chengmin and Wang Chengshan (2002) Geochemical features
of rare earth elements in process of rock weathering and soil forma-
tion (in Chinese) [J]. Chinese Rare Earths. 23, 46-49.

Janssen R.P.T. and Verweij W. (2003) Geochemistry of some rare
earth elements in groundwater, Vierlingsbeek, the Netherlands [J].
Water Research. 37, 1320-1350.

Johannesson K.H. and Hendry M.J. (2000) Rare earth element geo-
chemistry of groundwaters from a thick till and clay-rich aquitard
sequence, Saskatchewan, Canada [J]. Geochimica et Cosmochimica
Acta. 64, 1493-1509.

Johannesson K.H., Lyons W.B., Stetzenbach K.J., et al. (1995) The
solubility control of rare earth elements in natural terrestrial waters
and the significance of PO, and CO,” in limiting dissolved rare
earth concentrations: A review of recent information [J]. Aquatic
Geochemistry. 1, 157-173.

Johannesson K.H., Lyons W.B., Yelken M.A., et al. (1996) Geochem-
istry of the rare-earth elements in hypersaline and dilute acidic
natural terrestrial waters: Complexation behavior and middle
rare-earth element enrichments [J]. Chemical Geology. 133, 125-144.

Johannesson K.H., Stetzenbach K.J., Hodge V.F., et al. (1997) De-
lineation of ground-water flow systems in the Southern Great Basin
using aqueous rare earth element distributions [J]. Ground Water.

123

35, 807-819.

Johannesson K.H., Zhou X., Guo C., Stetzenbach K.J., et al. (2000)
Origin of rare earth element signatures in groundwaters of circum-
neutral pH from southern Nevada and eastern California, USA [J].
Chemical Geology. 164, 239-257.

Johannesson Karen H. (2005) Rare Earth Elements in Groundwater
Flow Systems [M]. v. 51. Springer, Dordrecht, New York.

Lee J.H. and Byrne R.H. (1993) Complexation of trivalent rare earth
elements (Ce, Eu, Gd, Tb, Yb) by carbonate ions [J]. Geochim. et
Cosmochim. Acta. 57, 295-302.

Lee S.G., Lee D.H., Kim Y., et al. (2003) Rare earth elements as indi-
cators of groundwater environment changes in a fractured rock sys-
tem: Evidence from fracture-filling calcite [J]. Applied Geochemis-
try. 18, 135-143.

Li Jingyang, Zhu Lijun, and Chen Jun (1998) Rare earth elements

-

distribution in weathering crusts of carbonate rocks, Guizhou Prov-
ince [J]. Carsologica Sinica. 17, 15-24 (in Chinese with English
abstract).

Millero F.J. (1992) Stability constants for the formation of rare
earth-inorganic complexes as a function of ionic strength [J]. Geo-
chimica et Cosmochimica Acta. 56, 3123-3132.

Nan Junya, Liu Congqgiang, Zhou Dequan, et al. (2002) REE geo-
chemical study of the Permian-Triassic marine sedimentary envi-
ronment in Guizhou Province [J]. Chinese Journal of Geochemistry.
21, 348-361.

Otsuka M. and Terakado Y. (2003) Rare earth element abundances in
high phosphorus and low iron groundwaters from the Nishinomiya
district, Japan: Variations in Ce anomaly, redox state and heavy rare
earth enrichment [J]. Geochemical Journal. 37, 1-19.

Shabani M.B., Akagi T., Shimizu H., et al. (1990) Determination of trace
lanthanides and yttrium in seawater by inductively coupled plasma
mass spectrometry after preconcentration with solvent extraction and
back-extraction [J]. Analytical Chemistry. 62, 2709-2714.

Smedley P.L. (1991) The geochemistry of rare earth elements in
groundwater from the Carnmenellis area, southwest England [J].
Geochimica et Cosmochimica Acta. 55, 2767-2779.

Stetzenbach K.J., Amano M., Kreamer D.K., et al. (1994) Testing the
limits of ICP-MS: Determination of trace elements in ground water
at the part-per-trillion level [J]. Ground Water. 32, 976-985.

Tricca A., Stille P., Steinmann M., et al. (1999) Rare earth elements
and Sr and Ndisotopic compositions of dissolved and suspended
loads from small river systems in the Vosges mountains (France),
the river Rhine and groundwater [J]. Chemical Geology. 160,
139-158.

Wang Shijie, Ji Hongbing, and Sun Chengxing (2001) Prelimiary study
of REEs distribution characteristics in dolomite weathering profile
in PingBa county Guizhou(in Chinese) [J]. Chinese Journal of Ge-
ology. 36, 474-478.

Winograd 1.J. and Robertson F.N. (1982) Deep oxygenated ground
water: Anomaly or common occurrence? [J]. Science. 216,
1227-1230.

Zhu Lijun and Lin Jinye (1996) The geochemical features and evolu-
tion of laterite in the karst areas of Guizhou Province [J]. Chinese
Journal of Geochemistry. 15, 353-363.



M/... HIYH/ATAT "H/ T 910N
H €C0 TLO LE8 ¥L0°0 €619°'0  €£€690 ¥I000 S6000 #1000 €0I00 LEOOO 8LIOO €¥000  9STO0 1S000  €810°0 sTLo 96200 9110 €6TE0 7SAD
= o S0 S99 ISI0O0 L8600 8€II'0  TOOOO 60000 #0000 110000 80000 €¥000 #1000 9000 80000  6£000  L6TO0 L9000  €8000  €6¥0°0 TrAD
— 900 L90 €09 10600 vEPSO  SE€E€9°0  SI000 L6000  SIOOO  €€100 S00'0 6¥C0°'0 95000 98200 €S000 +OTOO  PLOL'O TSTOO 9CEO'0  STSEO EVAD
S €20 I80 T8 +¥OO'0 SLEOO 61¥V0O0  TOOOO 90000  TOOO'O 90000 10000 80000 L1000 80000 TOOO'O  LOOOO  +SOO0  ¥COO0 8000 80200 TTAD
a SI'o 0 L8 16000 T6LOO  €880°0 COOO'0  LOOOO  TOOOO  LOOO'O  TOOOO 2000 1100°0 000 £€000°0 1000 8€100  9¥000 LIIOO  8LVOO 1TAD
- 1’0 €0 8¢S SO0T00 €01I'0  80ET'0 1000 £LTOO'0  TIOO'O  8€000  €1000  +¥00O'0  SI000  SOO0  €0000 SIOOO  LSIOO  $SO00 91100  8SLOO 0TAD
m 900 IL0 8§t TETTO TETO'T  $9PTT  LEOO'O  L8TOO  SE00°0 1€00 61100 1€900 €100  €8900 SYIOO LSOO SYT0 ISS00  8SSO'0  8S6S0 CIAD
~ 100 S90 II'8 IS0 8YTTT  8SLET  9€000  6ITO0  8€000  TOELO'O 100 LOVO'0  SLOOO  €€€00  $SO00 16100 9IIT'0 65700 68100 6£¥0'L 90AD
g Y10 620 LLL ¥1I00 98800 1o 10000 8000'0 90000 80000 90000 €000 80000 L¥00'0  €000°0 2000 68100  ¥9000 LIIOO  €6¥0°0 SOAD
.hpuv 1971nbe yoo1 o1s8])
3 €10 €T vl 000  ¥St0'0  ¥6¥0°0 10000 L0000  TOOO'O 90000 TOOOO 60000 TOOOO  I100G #0000 60000 8000 95000 #9000  [¥TO0 9SAD
5] 900 TTO 919 TLTOO 9L91'0 8¥61'0  LOOODO  €4000 60000 1000  TIOOO  +¥900°0  +1000  T8OO'O0 90000 #8000  SIEO0  T6000 90100  €L0IO SSAD
nU. 190 171 SOt 2000 18000 10100 10000 #0000 10000 €000°0 10000 #0000 10000 S000'0  TOOO'0  SO0O'0 100°0 ZI000  9€000 91000 6vAD
= €0 80 6 §T00'0  S€TO0 9200 10000  +000°0 10000 S000°0 10000  S000°0 10000 L0000  TOOO'0O 80000 [¥000  TTOOO0  €9000 66000 IYAD
R= €€°0 80 81'8 S9000 TESOO L6SOO  TOOO'O 90000 10000  S000'0  COO0'0 80000 1000 1€000  S000°0 1000 90100 €000 SE€I00  9¥T0'0 rAD
muu SI'0  8L0 L 9¢T0'0  €S91'0 68810 80000 CTIOOO €0000 +€000  CTIOOO 19000  STOO'0 18000 61000 69000 €¥€00 68000 12200 T160°0 9EAD
ce0 IS0 9¢€L SOI00 €LL00 84800 SOO00  LOOOO  TOOOO 80000 TOOOO  CTOOO  €1000 9%P000  SO0O00  LIOOO 19100 9¥000 6100 S€00 SEAD
€€0 8¥0 IT8 TSO00  LZTPOO  6L¥00  SO000  SO000  ZTOOOO  SO0O00O 10000 L0000 80000 61000 TOOOO 80000 S9000 LTOOO  9LI0O0 6000 6CAD
810  1€0 6£S 62200 €TI0 €9%1'0 11000  1TO00 80000 8€000 11000  #SO000 12000  S9000  SO0000  L£OOO  €¥CO0 99000 66100 8900 8TAD
hofu_:TN auosawl|
IT0 SL0 €19 68700 TLLLO 1900  ¥000°0 Y000 90000 6¥000 SI0O00  €L000 81000 €8000 €TOO0 66000 S€00 88000  C8100 €01°0 €SAD
Tro IS0 P68 T8OOO  €€L00  SI800  TOOO'O 60000 ZO000  LOOOO  TOOOO  LIOOO  +¥00O'0  6£000  $0000  TIOOO  9SI100  LPOO'O  S8000  6Z¥00 TSAD
900 8€0 T68 6£T00 €€ITO TLETO  €0000  SIO00 90000 THOO'O  ¥IOOO  €9000 SIOOO 18000 60000 99000 +O¥O'0 80100 €100  9I¥I0 ISAD
120 8T0 €0l 200 LLYTO  LILTO  +000'0 91000 #0000 THOO'0  +¥1000 6S000 91000 S8000 90000 S00°0 ¥SE00 86000  6L¥0°0 6¥1°0 8YAD
620 P$S0 9L6 €9000 SI900 8L900 10000 90000 10000 90000  TOO0'0 60000 TIOOO 9TOO'0  €000°0 1000 Y100  +v€000 8E€100 68200 IYAD
2o €80 €9 SYE0'0  €LITO0  8ISTO 1000 zs000 1000 86000  LIOOO 8LO0OO TTOO'O 86000 +¥TOOO  6L000 L9¥YOO 91100 €200 LSTLO OvAD
veEo  THO 9'¢ I[¥10°0 80500  6¥90°0 100°0 [100°0 80000 1000 0000  €€00°0 #1000 IS000 #0000  TIOO'O  €0100 +¥OO0  6€100  90TO'0 LEAD
8€0 6€0 LO9 LOIOO 6¥90°0 9SL00  €1000 80000 TOOOO 60000 TOOOO LIOOO 81000 8€OO0  €0000 TIOOO 61100 1000 6100 8200 0EAD
€0 T60 9¢L T9TOO  6T610 1610 91000 CTIOOO SO000 9€000 LIOOO 69000  LTOOO 8000 61000 6¥000 CTITOO 67000 16€0°'0  60T1°0 LTAD
600 6£0 LE8 €8100 TESIO SILI'O 80000 1000 TO00'0 L1000 60000 9¥00°0  STOOO  TLOOO 80000  $SO00  19€00  ¥6000 TEIO0  €880°0 9TAD
6£0 TS0 9TS SOI00  TSSOO  LS900 [00°0 80000  TOOOD'O 60000 TOODO 1€000  LIOO'O  9TOOO  €0000  [I000 86000 €000  T9IOO  8¥TOO YCAD
S0 €€0  S6'S 88000 ¥CSO0O  TI90 90000 60000 90000 80000 #0000  TIOO'O  TIOOO 1€000  TOOO'0 60000 96000 TEOOO TIOO  €0TOO S8IAD
S0 9¢0 658 PCIOO 9010 68110  $0000 100°0 €000'0 60000 90000  €£00°0 [100°0 87000  +¥000'0  €2000 L9100 6¥000 P6LO0  8TPOO LIAD
o  S€0  tvL  SOI00  LLLOO  T8800 10000 60000 SO000 80000 €0000 8TOO'O 80000 €000  €0000  €1000 LIIOO  SO00  +vSTOO  +€00 9IAD
€0 €€0 808  €L000 65S0°0 £€990°0  €0000  SO000°0 10000  S0000  TOOO'O  CTTOOO  SOOO0 €000 20000 100°0 Zloo LE000 S10°0 1L20°0 ITAD
620 £0 90'S €100 8690°0 8800  €000°0 90000 TOOO'O 90000 €0000 S+000 80000 LSOO'0  €0000 L1000  STIOO  €¥000  LSIOO  61€00 C0AD
1931nbe duolsawl| 29 W00
§TO0 LSO LTS L0000  +vLEO'0  SPPO'O  TO000 100°0 €0000 L0000  TOOOO 1000 20000 S€000  ¥000°0 11000 98000 000 18000  TSIOO LSAD
SI'0 €90 €Tl L¥00°0 8500 LT90°0 10000 L0000  TOOO'O 90000 TOOOO 60000 ZOOOO  8LOOO  €000°0 L1000  €€100 1000 8000 Zle00 0SAD
1o SE0  t8L 1200  $S9L'0  S981°0  LOOOO  TIOOO  TOOOO 61000 1000 9000  S1000  T800'0 L1000  SOL0O'0  8€€00 L6000 67100 #5600 LYAD
LTO  ¥SO TLL 9000  €9Y00  €TSO0 10000  SO000 10000  SO000  TOOOO 60000 1000 LZOO'O  €0000 60000 S8000  8ZOO'0 90100  TETOO SYAD
9¢'0  IL0 TSS9  T6000 900 26900 11000 1000 20000 60000 TOOOO 61000 #1000 STOOO  $0000 11000  #IIO0 T1€000 #9100 9LT00 6€EAD
0 €S0 8L  ¥LOOO 8S0°0 +¥€90°'0  TOOO'0 90000  CTOOO'O  SOOO0  TOOOO 60000 12000 LTOOO  €000°0 100°0 110°0 SE€000  €LI00  6VT00 8EAD
6£0 IS0 6v9 6000 190°0 +0L0'0  TIOO'0  LOOOO  TOOOO 90000 TOOOO 91000 TTOOO  LTOOO  €000°0 11000  CI1I0O0  +€000  6L10°0 1,200 YEAD
LY0  LEO 6'L L9000  6TSO0 96500 90000  SO000  TOOO'O  SO0O0 10000 80000 SI000  STOO'O  TOOOO 100°0 66000 9¢000 64100 €0200 €EAD
[§4V) IS0 808 +L000 86S00 TL9O0 60000 90000 TOOOO 90000 TOOOO 60000  €1000 LTOOO  €000°0 11000 SII00  +¥€000  6L100  9STO0 TEAD
vYZo LYO 19°¢  STI00 1000 92800 [100°0 60000 TOOO'O 80000 80000 12000  €2000 €000 +0000  €1000 8SI00  €¥00'0  6£100  +PEO0 IEAD
LTO 6£0 LEY 6L000 SPEOO  PCPO'O  LOOO'O  +¥0000  TOOO'O  ¥0O000 10000 LO0O'0O 1000 ¥700'0  €000°0 80000 [9000 TFOO'0 98000  S¥IOO STAD
6C0 TLO SOl €000 SO0 €600  €0000 90000  TOOO'OD  SOO00  TOOO'O  LOOO'O 60000 60000 TOOO0 80000  LLOOO  €£000 III0O0 61200 €TAD
SO0 IS0 LTL TTSOO S6LE0  LIEYO  €10000 99000 TIOOO  SLOOO  #TO00 61100 SEO00  8LIOO 1€00°0 L8100 16800 SE€TO0 96100  SSTTO 61AD
120 S0 6C9 62100 TI8DO I¥60°0  TO000 1000 €000'0 60000 €1000 L£OO'O 91000  6£000  +0000  €100°0 [LIO0O 8€000 SYI00 7700 SIAD
S0  6€0  6SL  LOOO [€S0°0 10900  ¥000'0  LOOO'O  TOOO'O 90000  SOOO0  €100°0 1000 €200°0  TOOO'0 1000 16000 62000 6100 60200 YIAD
690 LEO TY6 10100 I1S60°0  TSOL'0  €000°0 1000 20000 80000  TOOO'O  LTOO'O 80000 Y000  €0000  CTI0OO'0  9€100 TPOOO  SOPO'0  €SE0°0 €IAD
9’0 STO L6V 9100 S6L0°0  SS60'0 80000  LIOOO  TIOOO  9TOO0  €1000  €£00°0 1000 1000 20000 11000  €I100 S00'0 LLTO'O  TPEO'O 0IAD
Yo [€0 €69 8€I00 95600 #6010 10000 60000  LOOO'0  TIOO'O  LOOOO  LE£OO'O  LOOO'O  8S000  ¥0000  ¥TOO0 6100 €L000 66100  99¥0°0 60AD
$2Z0  9T0 669 10100  90L00 LOSO'O 10000  LOOO'O  €0000 80000 90000 €000  LOOO'O  6£000 TOOOO TIOOO SIIOO  ¥POOO  +¥SIO0  6LE00 80AD
IT0 1€0 €8L 85000 +StO'0O  TISOO 10000  S0000  €0000  S0000  [0000 80000  TOOOO  €£000  TOOODO 60000 $6000 THOO'0O 68000  8ITO'0 LOAD
I€0 +v60 96F% SLIOO 89800 ¢¥OI'0 90000  L£OO'O  LOOO'O 1€00°0 60000  L£O0'0 80000 +00°0 80000  SI000 95100 Y000  TITO'O  9¢¥0°0 YOAD
L00  €V0 8€9 6VTO0  68SI'0  8E8I'0  LOOOD'O  6Z000 90000 62000 1000 1L00°0 #1000  €8000 €1000 L6000 TOLOO  L8OOO  ¥IIOO  9L60°0 €0AD
R0 7€0  C1I'9  6R000 /SO0 9€90°0 90000 9000°0 100°0 90000 TO000 61000 60000 1€00°0 20000 100°0 96000 L£000 1€100 1L20°0 10AD
19)Inbe ajwojoq
20Q nye H/1 HIIH HHAT HHAX n qA Wiy, I OH Ad q.L PO ny ws PN 1d 2D e “ON d[dures
<+ (;-1+81) eury) ‘(SurAInD) UISEQq JSIBY 9Y) WO I9)eMmpunoi1d Isiex mo[[eys Jo uonisodwod Y YL
a xipuaddy



