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Abstract Basalts from Hardat Tolgoi Mine were studied systematically by using petrochemical and isotope geo-
chemical methods in order to discuss their chemical properties, diagenetic material sources and tectonic environ-
ment. The analysis results indicate that the alkali basalts are characterized by low silica and high alkalinic (Na>K) 
and iron-titanium contents. The distribution patterns of the rare earth elements (REE) are the "rightist" type, which 
typically show evident fractionation between light REEs and heavy REEs with (La/Yb)N ratios from 8.04 to 10.4, but 
no significant negative Eu anomalies were observed (δEu=1.01 to 1.04). The basalts are relatively enriched in large 
ion lithophile elements (LILE, Ba, Sr) and high field strength elements (HFSE, Nb, Ta, Hf). Ratios of 206Pb/204Pb 
vary between 18.434 and 18.550, ratios of 207Pb/204Pb are between 15.541 and 15.569, and ratios of 208Pb/204Pb are 
between 38.331 and 38.536. The diagenetic substance is believed from the asthenospheric mantle and in intraplate 
environment, which was constructed during continent stretch, without being significantly contaminated by crustal 
materials.  
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1 Introduction 

Hardat Tolgoi lead-zinc deposit is located in the 
central-northern part of Xilinguole area in Inner 
Mongolia, China to the south of the Sino-Mongolia 
boundary. It is about 35 km away from the Baiyintuga 
of the Abaga County in southeastern part. Its GPS 
geographical coordinates are 114°21'00'' E and 
45°05'30'' N. In regional tectonic setting, it is located 
in the middle of Inner Mongolia curved fold belt at the 
intersection of the Siberian Craton and the North 
China Craton, and between the Wunu’er-Erlunchun 
fault and the Erlianshan-Hegenshan fault (Fig. 1). It is 
a medium-sized lead-zinc deposit found by the Henan 
Nonferrous Metal Bureau of Geology and Mineral 

Resources (Zhang, 2010). Basic geological research 
has been carried out by some predecessors. Although 
there has been some reference value for further study 
in this area (Zhang, 2010; Liu and Xu, 2003; Nie et 
al., 2004; Zhang et al., 2003; Wang et al., 2010; Chen 
et al., 2012), previous research only focused on Hadat 
Tolgoi lead-zinc deposit and magmatic rocks associ-
ated with the deposit. Inadequate attention has been 
paid to widely occurred the Cenozoic basalts out-
cropped near the mines. Although some basalts have 
been studied in the territory of Abagaqi County in In-
ner Mongolia (Zhang et al., 2004, 2006), due to the 
wide distribution of the Cenozoic basalts in the large 
area of Abagaqi County as well as in eastern Inner 
Mongolia, it is still difficult to constrain the origin of 
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the Cenozoic basalts in the eastern Inner Mongolia. 
On the basis of geological field work, we investigated 
the origin of basalts in and around Hadat Tolgoi mine 
by using whole-rock geochemistry and isotope geo-
chemistry analyses, such as major elements, trace 
elements, rare earth elements and Pb isotopes analysis. 
Geochemical property of the basalts, metallogenic 
material sources and tectonic environment were iden-
tified to provide further understanding of the origin of 
the Cenozoic basalts in Inner Mongolia. 

 

 
Fig. 1. Tectonic sketch map of Daxing’anling region. Ⅰ. Faults on 

northern edge of the North China Craton; Ⅱ. Xilamulun River fault; 

Ⅲ. Erlian-Hegenshan fault; Ⅳ. Wunu’er-Elunchun fault; Ⅴ. 

De’erbugan fault; Ⅵ. Nenjiang fault; VII. the Sino-Mongolia bound-

ary. 

2 Geology 

The exposed strata in the study area include the 
lower Devonian Aobaoting Hundi Formation (D1a), 
the lower Permian Baolige Formation (P1b) and the 
Quaternary (Q). Major lithologies of Aobaoting Hundi 
Formation are gray metamorphic muddy feldspathic 
sandstone, metamorphosed siltstone and slate. The 
Baolige Formation includes upper and lower parts: 
lithology of the lower part (P1b

1) is a set of dark gray 
carbonaceous silty slate, sandstone, dacite and lithic 
cuttings and crystal tuff, rhyolite and conglomerate, 
while the lithology of the upper part (P1b

2) consists of 
a set of gray-green dacitic volcanic clastic rocks and a 
small amount of flow rhyolitic tuff. Lithology of the 
Quaternary is moraine and alluvial gravel layers. Fold 
structures belong to northwestward wing of Chaidamu 
anticlinorium with a total tendency of south to south-
east direction. Major trend of fault structure is NE 
followed by the trend of NW. Basalts are outcropping 
in the surface (β) (Fig. 2a). Dikes develop well in the 

mine. Granite-porphyry dyke, quartz porphyry dikes, 
andesitic porphyry dikes and lamprophyre mainly de-
veloped in this area from Indosinian to Yanshanian 
period (Zhang, 2009). Most of the dikes have the trend 
of NW, while a few have the trend of NE. The intru-
sive rocks are mainly granite and diabase with hidden 
ore bodies. Magmatic rocks which have close relation 
with lead-zinc mineralization are Yanshanian granites. 

3 Sampling and analytical methods 

Samples were mainly collected from Hardat Tol-
goi mine. Specific locality for each sample is showed 
in Table 1 (Fig. 2b). According to characteristics of 
hand specimens and thin-section observations under 
microscope, we selected the fresh samples and 
crushed them to under 200-mesh powder. Several 
measurements and analyses were carried out on these 
samples. 

Analyses on major, trace and rare earth elements 
of the samples were conducted at the State Key Labo-
ratory of Mineral Deposit Research at Nanjing Uni-
versity. Major elements were determined by using 
JY38S single-channel scanning high frequency Induc-
tively Coupled Plasma Atomic Emission Spectrometer 
(ICP-AES). The detection limit was in the range of 
0.01×10-6–0.1×10-6, and the relative standard devia-
tion (RSD) was lower than 2%. FeO was measured by 
using wet chemistry analysis method, and RSD was 
0.5%–1%. Trace elements and rare earth elements 
were determined by using Finnigan Element II Induc-
tively Coupled Plasma Mass Spectrometer (ICP-MS). 
The detection limit was lower than 0.5×10-9, and RSD 
was lower than 5% (Gao et al., 2003). 

Pb isotope analysis was conducted at the Re-
search Center of Beijing Geological Institute of Nu-
clear Industry. Whole rock samples were decomposed 
by using three acid solutions, and then lead was sepa-
rated with resin exchange. After the samples being 
dried out, lead isotopes of each sample were deter-
mined with an MAT-261 Thermal Ionization Mass 
Spectrometer (TIMS). RSD for 1 μg lead content was 
less than 0.05% for 204Pb/206Pb and not higher than 
0.005% for 208Pb/206Pb.  

4 Results 

4.1 Petrography 

The rock samples of basalts are dark gray to 
black with porphyritic texture and massive structure. 
The phenocrysts (30%±) are mainly composed of py-
roxene (20%±), hornblende (10%±) and olivine 
(5%+). The matrix (60%±) is in implicit texture (Fig. 
3 a, b, c, d), and mainly composed of feldspar (60% ±) 
and pyroxene (5%+).  
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Fig. 2. Geological sketch map of Hardat Tolgoi ore district (a) and sampling localities (b). 1. The Quaternary; 2. the second section of Baolige 

Formation; 3. Aobaoting Hundi Formation; 4. basalt; 5. granite; 6. geological boundary; 7. fault. 

 

 

 
Fig. 3. Micrographs of basalt from Hardat Tolgoi ore district. Am. Amphibole; Px. pyroxene; Ol. olivine. 
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Table 1  Sampling locations for basalts from Hardat Tolgoi Mine 

Sample Location Sample Location 

9189 x:4993019   y:38526136 9194 x:4992861   y:38526065 

9191 x:4992991   y:38526074 9196 x:4992799   y:38526017 

9192 x:4992990   y:38526046 9197 x:4992752   y:38525974 

9193 x:4992907   y:38526076 9198 x:4992735   y:38525933 

 
 
 

Table 2  Major element contents of the alkali basalts (wt.%) 

Sample 9189 9191 9192 9193 9194 9196 9197 9198 

SiO2 46.69 46.09 43.16 44.89 44.58 45.01 44.12 43.88 

TiO2 3.16 3.17 3.04 3.02 3.14 2.95 3.18 3.34 

Al2O3 12.44 11.96 11.12 10.78 11.21 11.73 11.02 11.06 

Fe2O3 5.37 3.32 4.57 3.44 3.41 3.02 2.97 3.45 

FeO 6.90 8.77 7.66 8.66 9.14 9.32 9.57 9.72 

MnO 0.19 0.16 0.17 0.17 0.18 0.17 0.17 0.18 

MgO 8.12 10.14 11.66 12.09 12.86 10.10 12.84 12.22 

CaO 9.60 9.01 10.40 9.43 8.80 10.15 9.36 9.27 

Na2O 3.02 3.26 3.06 3.17 3.19 3.13 2.98 2.84 

K2O 1.94 1.81 1.59 1.60 1.62 1.51 1.64 1.66 

P2O5 0.98 0.62 0.69 0.70 0.69 0.60 0.73 0.70 

LOI 1.37 1.51 2.92 1.91 1.28 2.47 1.56 1.72 

Total 99.78 99.82 100.04 99.86 100.10 100.16 100.14 100.04 

A/CNK 0.85 0.85 0.74 0.76 0.82 0.79 0.79 0.80 

A/NK 2.51 2.36 2.39 2.26 2.33 2.53 2.39 2.46 

Alk 4.96 5.07 4.65 4.77 4.81 4.64 4.62 4.50 

N/K 1.56 1.80 1.92 1.98 1.97 2.07 1.82 1.71 

Mg# 55.47 60.82 64.06 64.93 65.47 60.16 65.37 63.17 

σ 6.67 8.32 135.14 12.04 14.64 10.71 19.06 23.01 

Table of CIPW normative mineral calculation 

Or 11.66 10.89 9.68 9.66 9.70 9.14 9.84 9.99 

Ab 25.33 19.25 10.01 14.95 14.19 14.94 11.52 12.70 

An 14.86 12.84 12.24 10.65 11.59 13.79 11.99 12.71 

Ne 0.33 4.76 9.01 6.72 7.10 6.58 7.60 6.35 

Wo 11.56 12.08 15.33 13.75 11.90 14.26 12.85 12.48 

En 8.86 8.32 11.55 9.79 8.45 9.45 8.93 8.66 

Fs 1.47 2.76 2.21 2.71 2.39 3.76 2.83 2.78 

Fo 8.24 12.22 12.93 14.74 16.86 11.48 16.54 15.69 

Fa 1.50 4.47 2.73 4.51 5.27 5.04 5.78 5.56 

Mt 7.91 4.90 6.82 5.09 5.00 4.48 4.37 5.09 

Il 6.10 6.13 5.95 5.86 6.04 5.74 6.13 6.45 

Ap 2.17 1.38 1.55 1.56 1.52 1.34 1.62 1.55 

Note: State Key Laboratory for Mineral Deposit Research. Alk=Na2O+K2O, N/K=Na2O/K2O, A/CNK=Al2O3/(CaO+Na2O+K2O), A/NK= 

Al2O3/( Na2O+K2O) (molecule ratio), Mg#=100×Mg/(Mg+Fe2+), σ=Alk2/(SiO2-43). 
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Table 3  Trace elements and rare-earth elements of alkali basalts (×10-6) 
Sample 9189 9191 9192 9193 9196 9198 

Li 14.65 10.88 13.70 10.70 11.97 12.64 

Be 2.81 2.58 2.92 2.71 2.63 2.51 

Sc 16.70 17.10 16.30 15.80 17.30 17.10 

Ti 20979.00 21684.60 20878.20 20676.60 20210.40 22491.00 

V 187.20 181.30 178.80 174.30 183.40 192.00 

Cr 263.00 247.00 313.00 295.00 228.00 308.00 

Mn 1233.00 1075.00 1090.00 1084.00 1092.00 1106.00 

Co 53.90 53.80 54.40 52.20 51.50 54.30 

Ni 222.00 215.60 272.60 270.30 198.90 259.20 

Cu 49.50 33.70 41.20 35.90 37.60 45.70 

Zn 188.00 146.00 143.00 135.00 137.00 148.00 

As 14.00 12.60 14.90 12.40 14.30 11.80 

In 0.06 0.06 0.06 0.06 0.05 0.06 

Sb 0.48 0.45 0.34 0.36 0.36 0.18 

Tl 0.31 0.14 0.09 0.08 0.07 0.06 

Ga 20.30 20.50 19.10 17.90 19.30 19.10 

Rb 32.10 29.90 24.40 27.00 21.60 24.90 

Sr 689.60 722.20 817.40 796.10 763.50 838.70 

Y 47.60 44.60 42.40 40.60 40.30 42.20 

Nb 61.20 62.20 67.30 64.40 55.10 69.80 

Mo 2.57 2.18 2.26 2.13 1.99 2.28 

Cd 0.18 0.11 0.16 0.17 0.05 0.08 

Cs 1.14 0.60 1.26 0.74 0.26 0.44 

Ba 405.70 386.80 425.40 403.00 405.80 449.20 

Hf 12.70 12.30 11.30 10.90 10.60 11.70 

Ta 4.18 4.25 4.48 4.32 3.71 4.67 

Pb 5.70 9.12 9.59 6.11 5.51 5.45 

Th 5.62 4.78 5.04 4.76 3.77 4.66 

U 1.55 1.32 1.25 1.12 0.95 1.06 

Rb/Sr 0.05 0.04 0.03 0.03 0.03 0.03 

Sr/Nd 18.79 20.40 21.29 21.29 23.07 21.45 

Th/U 3.63 3.62 4.03 4.25 3.96 4.40 

La 38.10 35.50 39.50 37.10 31.60 39.40 

Ce 70.50 66.90 72.80 68.90 59.70 72.60 

Pr 9.61 9.10 10.00 9.45 8.37 10.10 

Nd 36.70 35.40 38.40 37.40 33.10 39.10 

Sm 10.40 9.78 10.20 9.92 9.31 10.60 

Eu 3.35 3.26 3.35 3.22 3.11 3.46 

Gd 9.79 9.65 9.76 9.20 8.91 9.90 

Tb 2.11 1.99 2.01 1.88 1.88 2.03 

Dy 12.20 11.60 11.20 10.50 10.50 11.30 

Ho 2.07 1.94 1.86 1.79 1.78 1.82 

Er 4.86 4.51 4.21 4.08 4.08 4.17 

Tm 0.58 0.53 0.48 0.46 0.47 0.47 

Yb 3.22 2.81 2.65 2.53 2.51 2.59 

Lu 0.46 0.40 0.36 0.35 0.34 0.34 

δEu 1.01 1.02 1.02 1.03 1.04 1.03 

∑REE 203.95 193.36 206.78 196.78 175.66 207.88 

(La/Yb) N 8.04 8.58 10.13 9.96 8.55 10.33 

(La/Sm) N 2.29 2.27 2.42 2.34 2.12 2.32 

(Gd/Yb) N 0.76 0.76 0.74 0.79 0.73 0.74 

Note: State Key Laboratory for Mineral Deposit Research; δEu=EuN/(SmN×GdN)1/2. 
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4.2 Major elements 

Major elements compositions are listed in Table 
2. Contents of SiO2, TiO2 and MgO in basalts are 
43.16%–46.69%, 2.95%–3.34%, and 8.12%–12.86%, 
respectively. Alkaline content is 4.50%–5.07%, A/NK 
is 2.26–2.53, A/CNK is 0.74–0.85, Mg# is 
55.47–65.47, and σ (Rittmann serial index) is 
6.67–135.14. These data indicate that the basalts be-
long to alkaline series (mainly sodium-rich, N/K is 
1.56–2.07). As showed in TAS diagram (Fig. 4), the 
projected points all fall above the boundary line be-
tween alkaline and subalkaline series according to 
Irvine et al. (1971), which also suggests the basalts 
belong to alkaline series. Moreover, majority of data 
fall in the area of basanite to basalt in the TAS dia-
gram. According to petrography characteristics, the 
basalts are proved to be alkali basalts. 

4.3 Rare-earth elements 

Analytic results of the rare-earth elements are 
listed in Table 3. The value of ΣREE of the alkali ba-
salts is 75.66×10-6–207.88×10-6 with an average value 
of 197.40×10-6. Ratio of (La/Yb)N is 8.04–10.33 with 
an average of 9.26; ratio of (La/Sm)N is 2.12–2.42, 
with an average value of 2.29; ratio of (Gd/Yb)N is 
0.73–0.79, with an average value of 0.75; and value of 
δEu is 1.01–1.04, with an average value of 1.03. REE 
distribution patterns of the alkali basalts are the 
"rightist" type (Fig. 5a), thus the fractionation between 
LREE and HREE is obvious. The rare earth element 
distribution patterns do not appear significant negative 
Eu anomalies and are agree with typical alkali basalt 
(Li, 1992). 

4.4 Trace elements 

Trace element analysis results are listed in Table 
3. As shown by spider diagram of trace elements in 
the alkali basalts (Fig. 5b), the curve is overall tilt to 
the right. LILE such as Ba, Sr, and HFSE such as Nb, 
Ta and Hf are sufficient, while HFSE Ti, Th, Y, U, and 
LILE Rb are deficient. Rb/Sr ratio is 0.03–0.05, close 
to that in primitive mantle source region (McDonough 
and Sun, 1995). The alkali basalts from Hardat Tolgoi 
mine, therefor, may have the characteristics of primi-
tive basalts. Various trace elements of the alkali basalt 
from Hadat Tolgoi mine are from primitive mantle. 

4.5 Lead isotopes 

As presented by whole-rock lead isotope analysis 
(Table 4), 206Pb/204Pb of Pb isotopic composition of 
the alkali basalt from Hadat Tolgoi region is 

18.434–18.550, and the value of 207Pb/204Pb is 
15.541–15.569, while 208Pb/204Pb is 38.331–38.536. 
The lead isotopic compositions of whole-rock are sta-
ble. 

 

 
Fig. 4. TAS (after Le Maitre, 1989) diagram for alkali basalts from 

Hardat Tolgoi Mine. 

 

5 Discussion 

5.1 Characteristics of source areas and material 
sources 

Contents of MgO, Cr, and Ni in alkali basalts 
from Hadat Tolgoi mine are similar to primary magma 
reference value (MgO=10%–12%, Cr=250×10-6 

–670×10-6, Ni=90×10-6–670×10-6, Wendlandt et al., 
1995). Mg# (55.47–65.47) is also similar with native 
magma reference value (Mg#=68–75, Frey et al., 
1978). It is showed that parent magma may come 
from primitive mantle magma. 

As showed in previous study, basalts which come 
from asthenosphere typically have the characteristics 
of La/Nb<1.5 and La/Ta<22, while basalts come from 
lithosphere are on the contrary (Tompson and Morri-
son, 1988). La/Nb of alkali basalts from this studying 
area is 0.56–0.62, and La/Ta is 8.35–9.11. It is showed 
that it may come from mantle asthenosphere. Al-
though differences in the degree of melting of mantle 
peridotite can lead to variations of TiO2 content in 
basalt, the basaltic magma from the asthenosphere 
generally has a relatively high Ti content (average 
value of TiO2 in OIB's is 2.86%), while Ti content of 
basaltic magma from the lithosphere mantle is rela-
tively low (Ewart et al., 1998). High TiO2 content in 
volcanic rocks (2.95%–3.34%) mainly comes from the 
asthenosphere mantle. All samples have steep HREE 
distribution patterns (Fig. 5a), which indicate that the 
magma comes from a single garnet mantle (Miller et 
al., 1999). 
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Table 4  Lead isotopic compositions of the alkali basalts 

Sample 206Pb/204Pb Std err 207Pb/204Pb Std err 208Pb/204Pb Std err 

09189 18.550 0.003 15.569 0.003 38.536 0.006 

09191 18.498 0.003 15.550 0.003 38.430 0.007 

09193 18.434 0.004 15.541 0.003 38.331 0.008 

 

 
Fig. 5. Chondrite normalized REE patterns (a) and trace element spidergram (b) for the alkali basalts (McDonough and Sun, 1995).  

 

 

Rb, Sr, Ba and Nb have a high compatibility in 
the amphibole, while Rb and K have more compatibil-
ity in the phlogopite (Adams et al., 1993). Thus, melt 
generated by hornblende decomposition has a higher 
content of Ba and higher Ba/Rb and Nb/Th ratios, 
while the melt phase equilibrated with phlogopite has 
high Rb/Sr value and low Ba/Rb value (La Tourete et 
al., 1995). As showed by Ba/Rb-Rb/Sr covariant dia-
gram, Rb/Sr ratio of all samples is high with small 
variations (Fig. 6), and higher than those for the 
primitive mantle (Sun and McDonough, 1989). Ba/Rb 
ratio changes a little and is higher than that in the 
primitive mantle (Sun and McDonough, 1989). Alka-
line basalt could mainly be derived from partial melt-
ing of the mantle asthenospheric phlogopite and am-
phibole. In addition, high Ba contents are more com-
mon in disseminated amphibole and mica rather than 
in these two minerals of vein-shaped in such basalts 
(Ionov and Griffin, 1997; Schmidt et al., 1999). 
Therefore, characteristics of Ba enrichment of the al-
kali basalts may be caused by disseminated phlogopite 
and amphibole existed in the source region in the 
mantle. 

As showed in Pb isotopic structure model (Fig. 
7a), Pb isotopic composition of the alkali basalt from 
the study area is between those of the mantle and oro-
genic belts. It is showed that Pb is mainly derived 
from the mantle. In the (206Pb/204Pb)-(208Pb/204Pb) 
diagram (Fig. 7b), Pb isotopic composition of the al-
kali basalt from this study projected in mature island 
arc range, indicating that Pb with the features of ma-
ture island arc basalts is mainly derived from the man-
tle. 

 
Fig. 6. Covariogram for Ba/Rb vs. Rb/Sr of the alkali basalts (Sun 

and McDonough, 1989). 

5.2 Tectonic environment and crust evolution 

Tectonic environment for the formation of these 
basalts may be implied by trace elements, in particular 
by incompatible high field strength elements (such as 
Nb, Ta, Zr, Hf, Ti, and Y). According to Rb/Y-Nb/Y 
ratio diagrams built by inactive elements during the 
period of alteration (Pearce, 1982), alkali basalt from 
Hadat Tolgoi mine can be distinguished as formed in 
continental rift valley areas (Fig. 8). 

The incompatible elements ratio diagrams can 
reflect elements compositions of the basalt source 
area. As showed in Ba/La-Ba/Nb diagram (Fig. 9), it 
is illustrated that some elements of the enriched man-
tle EM I and EM II can be formed by mantle 
end-members HIMU mixed with high U/Pb ratios  
and continental crust materials in different proportions 
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Fig. 7. Plumbotectonic model (a) and 206Pb/204Pb vs. 208Pb/204Pb diagram (b) for the alkali basalts (after Zartman and Hart, 1981). A. 

mid-ocean ridge basalt; B. deep-sea sediment; C. upper crust; D. lower crust; E. mature island arc. 

 

(Weave, 1991). Therefore, mantle source types of the 
alkali basalts from the study area can be analyzed by 
using this diagram, and the extent of crust-mantle in-
teraction can be distinguished. Projected points of the 
alkali basalts from Hadat Tolgoi mine all fall near 
EMII component area. It is showed that alkali basalt 
source region is HIMU. It is a mixed product of 
HIMU and small part of continental crust. 

Basaltic magma occurred in intraplate setting is 
usually enriched in high field strength elements, while 
basaltic magma which was contaminated by crust, or 
formed in subduction zone environment is usually 
enriched in large ion lithophile elements. Thus, if ba-
salt in intraplate tectonic setting came from the en-
riched mantle or had been contaminated by crust, high 
field strength elements and large ion lithophile ele-
ments may be rich. If the basalt in intraplate tectonic 
setting contains enriched component, Rb content will 
be proportional to Nb like Rb/Nb=1 (Edwards et al., 
1991). In the Rb/Y-Nb/Y diagram (Fig. 10), the alkali 
basalts all projected on the right side of the Rb/Nb=1 
trend line, indicating that compared with Rb (LILE), 
Nb (HFSE) is relatively sufficient, thus contamination 
by the continental crust is not obvious. This result is 
consistent with the result in Fig. 9. The alkali basalts 
from Hahat Tolgoi mine have not been contaminated 
obviously by crust materials. 

5.3 Petrogenesis 

During the period of the Cenozoic (1.18 Ma; Luo 
and Chen, 1990), depth of the primitive man-
tle-derived basaltic magma source in north and north-
east regions of China is 50–80 km (Deng et al., 1990), 
and that of the asthenosphere mantle is approximately 
55–65 km (Wood, 1979) . Depth of top surface of the 
asthenosphere mantle in study area is about 60 km 
(Weaver et al., 1991). The alkali basalts distributed in 
Hadat Tolgoi mine is controlled by NNE-trending and 
east-west trending fault zones. Under the tensile 

structural conditions of eastern China, thickness of the 
crust has been thinning. Melt was produced at the de-
compression parts of phlogopite and amphibole as-
thenosphere in continental intraplate rift zone envi-
ronment, and formed basaltic magma. The magma 
rose quickly through the channel and over flew to the 
surface, and eventually formed alkali basalt in Hadat 
Tolgoi mine. 

6 Conclusions 

(1) The alkali basalts developed in Hadat Talgoi 
mine is characterized by low silica and high alkali 
(sodium-rich) and iron titanium contents. The REE 
patterns show the trend of the "rightist". The frac-
tionation between light and heavy rare earth is obvi-
ous, without evidently negative Eu anomaly. LILEs 
are depleted while the basalts are enriched in HFSEs. 

 

 
Fig. 8. Y/15-La/10-Nb/8 discrimination diagram for the alkali basalts 

(Cabanis et al., 1989). 1A. Calc-alkaline basalt; 2A. continental ba-

salt; 3A. alkaline basalt in plate rift valley areas; 1B. 1A and 1C 

overlap areas; 2B. arc basin basalt; 3B. enriched MORB; 1C. vol-

canic arc tholeiite; 3C. weakly enriched MORB; 3D. normal MORB. 
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Fig. 9. Ba /La vs. Ba /Nb diagram for the alkali basalts (Weaver et 

al., 1991). HIMU. Mantle with high μ value; EMI. enriched mantle I; 

EM II. enriched mantle II; a. average component of lower crust in 

Southeast China (after Yu et al., 2003); b. average component of 

world continental crust; c. primitive mantle; d. N-MORB (normal 

mid-ocean ridge basalt); e. alkali basalts in research area; f. average 

composition of the exposed crust of Inner Mongolia axis of earth. 

Curve in the diagram is mixing line of HIMU and materials from the 

continental crust. 

 

 

 
Fig. 10. Rb/Y vs. Nb/Y diagram for the alkali basalts (Temel et al., 

1998). 

 
(2) Whole rock Pb isotopic compositions of the 

alkali basalts in the mine are relatively stable. 
206Pb/204Pb=18.434–18.550, 207Pb/204Pb=5.541–15. 569, 
and 208Pb/204Pb=38.331– 8.536. 

(3) The alkali basalts from Hadate Tolgoi mine 
were formed in intraplate setting of continent stretch-
ing environment. It is the product of rapid rising of the 
melt derived from decompression partial melting of 
phlogopite-amphibole bearing material from astheno-
spheric mantle. The primary magma has not been 
contaminated significantly by crust materials. 
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