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Abstract  A set of unique sodium lamprophyres is developed in the Cenozoic intraconti-nental 
extensional zone of northeastern Hunan. These lamprophyres are significantly different in major 
and trace elements and Sr, Nd isotopes from ordinary potassic lamprophyres. The rocks are 
characterized as being enriched in Na2O and high in TiO2 and weakly enriched in Nb, Ta, Nd and 
LREE with no negative Eu anomaly. The trace elements and Sr, Nd isotopic compositions are 
typical of the mantle source region of oceanic island basalts (OIB). The average initial 87Sr/86Sr 
ratio is 0.705332, and the average initial 143Nd/144Nd ratio is 0.512650, with εNd(t) being +3.5— 
+3.9, marking a mantle source region of unique sodium lamprophyres. The lamprophyres were 
formed by metasomatism of the primitive mantle at the bottom of lithosphere by 
vola-tile-containing fluids/melts from the asthenosphere. The measured Rb-Sr isochron age of 
sodium lamprophyre is 136.61 Ma, representing a period in which the tectonic setting changed 
from compressive to extensional. Sodium lamprophyres were formed in a mantle plume tectonic 
set-ting characterized by mantle upwelling from the asthenosphere within the continent. As-
theno-spheric mantle upwelling is the principal geodynamic factor leading to the formation of 
sodium lamprophyres and constraining the Yanshanian intracontinental extensional activity in 
northeast-ern Hunan, China. 
Keywords: sodium lamprophyre, mantle source region, tectonic setting, genesis, northeastern Hunan. 
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In recent years more and more attention has been 
paid to the close association of gold with lampro- 
phyres and the unique tectonic setting of their occur- 
rence[1]. Among the lamprophyre types dealt with in 
the previous studies, calc-alkaline lamprophyres and 
K-rich lamprophyres in the alkaline lamprophyres are 
the most important types. Little has been reported 
about sodium lamprophyres in the alkaline lampro- 

phyres. Recently sodium lamprophyres have been 
found in northeastern Hunan, which constitute another 
new rock type. Meanwhile, a new path has been 
opened up for the study of characteristics of mantle 
source region of sodium lamprophyres and petroge- 
netic tectonic setting. Studies of potassic lamprophyres 
have indicated that their mantle source region is char- 
acterized by the dominance of enriched metasomatic 
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mantle[2—6]. Owing to metasomatism by subducted 
residual oceanic crust or contamination by continental 
crust materials, the mantle source region, which is 
characterized by enrichments in LILE and LREE, low 
143Nd/144Nd ratios, high 87Sr/86Sr ratios and negative ε 
Nd(t) values, was formed. The petrogenetic tectonic 
settings are mostly the modern or ancient continental 
marginal active zones or island-arc belts. Whether so- 
dium lamprophyres and potassic lamprophyres have 
similar mantle source regions, whether there exists a 
continuous mantle evolutionary zone between the two 
types of lamprophyres, whether there exists a rela- 
tively independent mantle source region of sodium 
lamprophyres, and what the characteristics of petro- 
genetic tectonic setting of sodium lamprophyresare are 
the fundamental problems of common concern. 
Whether the available genetic models of lamprophyres 
are applicable to sodium lamprophyres is also a prob- 
lem worthy to discuss in detail. The aim of this study 
is to constrain the characteristics of source region in 
terms of trace elements and Sr, Nd isotopes of sodium 
lamprophyres and their properties and petrogenetic 
tectonic setting on the basis of comparative studies 
between potassic lamprophyres and sodium lampro- 
phyres so as to present evidence suggesting that the 
sodium lamprophyres are a new type, which are dif- 
ferent from potassic lamprophyres, viewed either from 
the composition of their source region and petroge- 
netic tectonic setting or from their genesis. On the ba- 
sis of the analysis of the available genetic models of 
lamprophyres, the genetic model of sodium lampro- 
phyres has been put forward, i.e. the rocks were 
formed by the way of metasomatism of the primitive 
mantle by fluids/melts from the asthenosphere.  

1  Sodium lamprophyres and geological settings in 
northeastern Hunan  

Sodium lamprophyres in northeastern Hunan are 
exposed at the northeastern terminal of the Cenozoic 
lithospheric extensional zone in the east of Hunan and 
Guangxi[7]. The lamprophyres, as nearly SN-extending 
dyke swarms, intruded into the Yanshanian biotite 
monzonitic granites and Middle Proterozoic Lengjiaxi 
Group strata at Wangxiang and Jiaxiling in the  
northwestern part of Liuyang, with the regionally  

NE-extending left-handed shear deep fault passing by 
the granite massifs on the western flank. Lampro- 
phyres intruded into the granites along the sec- 
ond-ordered SN-extending fractures of the deep fault 
(fig. 1). The rocks occur as dykes, which are measured 
at several ten meters to several hundred meters in 
length and 0.4—6 m in width. Most of the dykes are 
erectility with respect to their geological attitude. The 
biotite K- Ar age of the biotite monzonitic granite is 
161 Ma[8], therefore indicating that the lower intrusive 
age limit of the lamprophyre dykes should be Early 
Cretaceous. During geological field investigations no 
cross-penetrating and cross-cutting relations were 
recognized among the dykes. The dykes all are of par- 
allel and oblique occurrence along the SN-extending 
second- ordered fractures, reflecting that the intrusion 
of lamprophyres should be designated to a phase of 
magmatic intrusion. Regionally geological investiga- 
tions have demonstrated that no Himalayan period 
magmatic activity has been found in the northeastern 
part of Hunan or even in the whole area of southeast- 
ern Hunan[8]. So the intrusion of lamprophyres can be 
restricted to the Yanshanian period. In order to confirm 
the rock-forming age of lamprophyres, fresh rock 
samples were collected from different lamprophyre 
dykes at Jiaoxiling, Hunan for the determination of 

  
Fig. 1.  Sketch map showing the distribution of sodium lamprophyres 
in northeastern Hunan. 1, Early Yanshanian granite; 2, lithospheric deep 
fault; 3, sodium lamprophyre and sample location; 4, concealed granite 
massif. ① , Xinning-Huitang deep fault; ② , Changshou-Shuangpai 
deep fault. 
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Table 1  Sr, Nd isotopic compositions of sodium lamprophyres in northeastern Hunan  

Sample No. w (Rb)/10-6 w (Sr)/10-6 87Rb/86Sr 87Sr/86Sr±σ Rb-Sr isochron age (87Sr/86Sr)0 εSr(t) 
Jg2 
Jg3 
Jg5 
Jg6 

45.280 
63.370 
50.100 
13.540 

474.000 
462.900 
896.300 
807.700 

0.275700 
0.395300 
0.161400 
0.048380 

0.705898±20 
0.706070±20 
0.705647±20 
0.705411±16 

(136.6±11)Ma 
 

0.705366 
0.705308 
0.705336 
0.705318 

+14.54 
+13.71 
+14.10 
+13.84 

Sample No. w(Sm)/10-6 w(Nd)/10-6 147Sm/144Nd 143Nd/144Nd±σ Rb-Sr isochron age (143Nd/144Nd)0 εNd(t) 
Jg3 
Jg6 
Jg2 
Jg5 

11.6000 
12.6100 
11.9000 
12.4200 

62.190 
62.600 
60.580 
63.100 

0.11290 
0.12190 
0.11680 
0.12060 

0.512756±10 
0.512749±9 
0.512768±11 
0.512752±12 

(136.6±11)Ma 
 

0.512654 
0.512639 
0.512664 
0.512644 

+3.8 
+3.5 
+3.9 
+3.6 

 
Determined at Isotopic Laboratory, Institute of Geology and Geophysics, Chinese Academy of Sciences. 

their Rb-Sr isochron ages. The measurements of Rb, 
Sr and Sm, Nd isotopes were conducted on the VG354 
solid isotope mass spectrometer. The international 
standard samples NBS607 and BCR-1 were also ana- 
lyzed simultaneously. The results are: 87Sr/ 

86Sr=1.20014±0.00003, and 143Nd/ 144Nd=0.512633±
0.000009. Strontium isotope mass fractionation was 
corrected by using 86Sr/ 88Sr =0.1194, the blank back- 
ground for the entire Rb-Sr analytical procedure was 
about (2—5)×10−10g. The age calculation was con- 
ducted using the York regression analytical method. 
The Nd isotope fractionation was corrected by using 
146Nd/ 144Nd=0.7219, the blank background for the 
entire Sm-Nd analytical procedure was approximately 
5× 10−11g, the calculation parameters λRb=1.41×
10-11/a, λSm=6.54 ×10−12/a, (87Sr/ 86Sr)UR=0.7045, 
(87Rb/ 86Sr)UR=0.0816, (143Nd/ 144Nd)UR= 0.512638, 
and (147Sm/144Nd)UR= 0.1967. The whole-rock Rb-Sr 
isochron age obtained is 136.61Ma (table 1, fig. 2). 
The result is in good consistency with the intrusive 
relationship of the lamprophyre dykes. Therefore this 
age can represent the rock-forming age of the lampro- 
phyres.  

The lamprophyres are dark green in color and the 
major types are spessartite, barkevite lamprophyre and 
garganite. The mineral composition is dominated by 
hornblende or barkevikite (30%—37%), pyroxene 
(5%), biotite (5%—10%) and other dark-colored min- 
erals; light-colored minerals are dominated by plagio- 
clase (40%—50%); accessory minerals are mainly 
apatite, illmenite, magnetite, spinel and zircon. The 
rocks possess typical lamprophyric texture and mosaic 
texture. The phenocrysts are dominated by hornblende, 

pyroxene, biotite and plagioclase, the same as in the 
matrix. Spheroidal weathering of sodium lamprophyre 
dykes is seen on the earth surface and fresh rocks, 
which have been weakly altered (mainly chloritization 
and sericitization), and can be seen inside the 
spher-oidal weathering lamprophyre dykes and in 
some artificial exposure 

   
Fig. 2.  Rb-Sr isochron age of the sodium lamprophyres in north-
east-ern Hunan.   

The contents of SiO2 in the lamprophyres are 
within the range of 45.78%—51.63%, with higher 
contents of FeO, MgO and Na2O, indicating these 
lamprophyres belong to basic rocks. K2O+Na2O ac- 
counts for 4.05%—6.56%, with σ values varying be- 
tween 12.52 and 2.05, mostly greater than 7, indicat- 
ing that the rocks belong to alkaline lamprophyres. 
Na2O accounts for 2.79%—4.08% and K2O/Na2O ra- 
tios are all less than unity (0.54 on average), indicating 
that the rocks belong to Na-rich rock series, which are 
still richer in Na2O than the sodium barkevite lampro- 
phyre proposed by Wimmenauer (1973)(table 2)[9].   
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Table 2  Chemical analyses of the sodium lamprophyres in northeastern Hunan (%) 

Element Spessartite 
(Jg2) 

Spessartite
(Jg3) 

Barkevite 
lampro- 
phyre 
/(Jg4) 

Barkevite 
lampro- 
phyre 
/(Jg5) 

Barkevite
lampro- 
phyre 
/(Jg6) 

Spessartite
（Jg7） 

Garganite
（Jg8）

Barkevite 
lampro- 
phyre 
/(Jg9) 

Barkevite 
lampro- 
phyre 

/(Jg10) 

Barkevite
lampro- 
phyre 
/(ZY) 

SiO2
TiO2

Al2O3
Fe2O3
FeO 
MnO 
MgO 
CaO 
Na2O 
K2O 
P2O5

LOS 
Na2O+K2O 
K2O/ Na2O 

σ 
Mg# 

51.63 
2.12 

15.82 
4.30 
5.10 
0.14 
5.50 
7.00 
3.00 
1.33 
0.63 
2.91 
4.33 
0.44 
2.17 
52.1 

50.99 
1.75 

16.06 
4.00 
5.70 
0.13 
6.60 
7.70 
2.79 
1.26 
0.50 
1.83 
4.05 
0.45 
2.05 
56.0 

47.31 
2.75 

15.35 
5.92 
5.98 
0.16 
6.70 
6.70 
3.71 
1.88 
1.00 
1.96 
5.59 
0.51 
9.44 
51.4 

46.49 
2.50 

17.01 
5.60 
5.90 
0.21 
7.30 
6.60 
3.33 
1.91 
1.17 
1.60 
5.24 
0.57 
7.87 
54.4 

48.42 
2.60 

14.64 
5.75 
5.95 
0.20 
7.00 
6.90 
3.89 
1.42 
1.10 
1.40 
5.31 
0.37 
5.20 
52.9 

48.19 
2.28 

16.14 
3.75 
5.56 
0.13 
6.53 
4.69 
3.66 
2.90 
0.67 
4.24 
6.56 
0.79 
8.29 
56.3 

47.82 
2.64 
13.25 
4.72 
5.92 
0.15 
6.58 
6.83 
3.78 
2.06 
0.98 
2.12 
5.84 
0.54 
7.08 
53.9 

47.17 
3.17 

13.88 
5.70 
5.90 
0.18 
6.46 
7.51 
4.02 
2.16 
0.61 
2.87 
6.18 
0.54 
9.16 
66.11 

45.78 
2.75 

13.98 
5.72 
5.78 
0.14 
5.51 
7.66 
4.08 
1.82 
0.75 
5.22 
5.90 
0.45 

12.52 
62.67 

44.67 
2.46 

14.35 
4.50 
7.19 
— 

7.02 
9.45 
2.99 
1.91 
— 
4.7 
4.90 
0.64 

14.38 
52.7 

Jg2—Jg10 samples are measured by the Analysis Laboratory, Institute of Geochemistry, Chinese Academy of Sciences, oxides in weight per-cent. ZY 
sample is cited from Wimmenauer (1973)[9]. σ=(Na2O + K2O)2/SiO2-43;  Mg#=100 Mg/ (Mg+Fe2+). 

According to the scheme of classification of lampro- 
phyres proposed by Rock (1987)[10], the rocks fall 
within the field of alkaline lamprophyres. As viewed 
in the classification scheme of alkaline lamprophyres 
proposed by Lu Fengxiang[11], the data points of the 
rocks all fall within the field of sodium lamprophyres, 
just in contact with the Laowangzai potassic lampro- 
phyres of Yunnan Province, which fall within another 
distinctively different field (fig. 3), indicating that the   

 
Fig. 3.  Classification scheme of lamprophyres[11]. Ⅰ , Sodium 
lam-prophyre; I1, weak potassic lamprophyre; II, potassic lamrophyre; 
III, ultrapotassic lamprophyre; IV, overpotassic lamprophyre; V, lam-
proite, 1, Sodium lamprophyre in northeastern Hunan; 2, barkevikite 
lampro-phyre[9]; LWZ, Laowangzhai potassic lamprophyres[2].  

lamprophyres in northeastern Hunan belong to sodium 
lamprophyres. These sodium lamprophyres have 
an-other outstanding feature, i.e. high in TiO2 contents, 
within the range of 1.75—3.17 (table 2). As seen in the 
TiO2-Mg# plot, the rocks, just like the Emeishan 
high-Ti basalts[12], belong to high-Ti basic rocks.  

2  Characteristics of the mantle source region of 
sodium lamprophyres  

2.1  Trace elements  

The primitive mantle-normalized trace element 
patterns of sodium lamprophyres showed that sodium 
lamprophyres in northeastern Hunan are not so obvi- 
ously enriched in LILE. Some samples even show 
weak depletion in K and Sr. Of the HFSE, Ta, Nb, Nd 
and P are slightly enriched, with no sign of depletion 
or enrichment in Ti, Zr and Hf. But the heavy REE Yb, 
Y and Lu are of depletion. The sodium lamprophyres 
possess features of typical OIB mantle source region 
(fig. 4). The rocks are significantly different from the 
high-K/Ti and low-Ti potassic rocks associated with 
the subduction belt[13]. There are two possibilities to 
explain the depletion of K and Sr: low-degree partial 
melting of the K- and Sr-rich source region and crys- 
tallization-differentiation of K-rich hornblende and 
phlogopite in the source region[14]. The absence of 
obviously negative Eu anomaly and no regular varia- 
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tion of δEu with Mg# value (tables 2 and 3), and the 
existence of positive correlations between La/Sm and 
La indicated that magmatism is dominated by partial 
melting. So the partial depletion of K and Sr may be a 
manifestation of the nature of the mantle source re- 
gion.  

 
Fig. 4.  Primitive mantle spider diagram of trace elements in sodium 
lamprophyres of northeastern Hunan. Primitive mantle values from 
ref.  [17] . Sample numbers are the same as those in table 2.  

Nb/Ta ratios are 17.88—18.25, averaging 18.01; 
Zr/Hf ratios are 35.46—39.11, averaging 38.19, re- 
spectively close to and higher than those of the primi- 
tive mantle (Nb/Ta= 17.5±2.0; Zr/Hf=36.27), but far 
greater than those of the continental crust (Nb/Ta=12 
—13; Zr/Hf=11), indicating that magmas from the 
source region were only slightly contaminated by 

crustal materials during their ascending. Nb/Ta ratios 
in the volcanic rocks are related to partial melting of 
the source region because the partition coefficients of 
mantle minerals (clino-augite, orthopyroxene, olivine, 
etc.) generally show a relationship of DNb/DTa < 1[15]. 
So Nb/Ta ratios in magmatic melts produced from 
melting of the primitive mantle are slightly greater 
than those of the primitive mantle[16]. It is, therefore, 
reflected that sodium lamprophyres in northeastern 
Hunan were derived from partial melting of the primi- 
tive mantle. The Nd-normalized La, Ce, P, Zr, Ti and Y 
curves of the primitive mantle are of right-inclined, 
non-divergent distribution, indicating that the source 
region is homogeneous in composition and has not 
been obviously contaminated by crustal materials.  

As the strongly incompatible elements such as Rb, 
Ba, Th, Nb, Ta, La have similar whole-rock partition 
coefficients, partial melting and crystalliza-      
tion-differentiation cannot cause strong fractionation 
among these elements. So the ratios of these elements 
can be used to constrain the characteristics of the man- 
tle source region[18]. In the different diagrams of ele- 
ment ratios, sodium lamprophyres in northeastern 
Hunan all fall within the field of OIB-type mantle 
source regions (fig. 5). Studies of modern oceanic is- 
land basalts have demonstrated that the production of 
the OIB-type mantle source regions can be explained 
by the following mixing models: (i) the mixing of two 

 
Table 3  Trace element contents of sodium lamprophyres in northeastern Hunan/µg/g 

Element Jg2 Jg3 Jg4 Jg5 Jg6 Element Jg2 Jg3 Jg4 Jg5 Jg6 
Sc 
V 
Cr 
Co 
Ni 
Cu 
Zn 
Cs 
Sr 
Rb 
Ba 
Th 
U 
Ta 
Nb 
Zr 
Hf 
Y 

14.48 
154.15 
112.99 
42.01 
106.92 
42.40 
123.26 

1.90 
539.46 
49.05 
408.33 

4.05 
0.92 
1.97 

35.90 
173.82 

4.56 
27.14 

17.54 
158.78 
166.62 
45.92 
125.68 
45.13 
127.83 

2.47 
521.93 
55.64 
448.55 

3.55 
0.85 
1.82 

32.46 
160.37 

4.52 
29.64 

15.24 
232.16 
101.92 
43.27 
99.38 
40.81 
161.86 

1.39 
1015.8 
63.28 
644.12 

7.19 
1.73 
5.54 

98.89 
427.01 
10.75 
30.75 

16.71 
249.87 
101.81 
47.70 
97.35 
37.77 
154.76 

0.93 
865.46 
40.19 
769.32 

6.54 
1.61 
5.22 

93.84 
390.67 
10.12 
36.18 

16.23 
257.20 
99.97 
50.31 
98.95 
35.39 

177.12 
0.74 

865.10 
29.65 

509.61 
6.51 
1.63 
5.24 
94.96 

399.99 
10.23 
34.08 

La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
δEu 
ΣREE 

(La/Yb)n 

23.677 
48.169 
5.613 

24.652 
6.260 
2.046 
5.751 
0.852 
4.644 
0.792 
2.119 
0.285 
1.572 
0.184 
1.05 

126.62 
12.87 

22.679 
44.897 
5.678 

24.832 
6.413 
2.149 
6.585 
0.953 
5.21 
0.99 
2.346 
0.31 
1.685 
0.249 
1.02 

124.98 
9.11 

58.567 
120.39 
14.088 
60.229 
12.322 
3.913 

10.583 
1.331 
6.939 
1.134 
2.741 
0.321 
1.876 
0.228 
1.06 

294.66 
25.67 

64.154 
123.96 
15.417 
65.681 
13.233 
4.179 
11.995 
1.525 
7.505 
1.253 
2.996 
0.34 
1.966 
0.227 
1.02 

314.43 
28.25 

64.041 
119.23 
15.212 
65.428 
13.793 
4.215 
11.933 
1.472 
7.427 
1.219 
2.894 
0.341 
2.002 
0.226 
1.01 

309.43 
28.33 

Trace elements determined by ICP-Mass Spectrometry at the Institute of Geochemistry, Chinese Academy of Sciences. 
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Fig. 5.  Correlation diagrams of element ratios in sodium lamprophyres of northeastern Hunan. PM, Primitive mantle; DM, de-pleted mantle; 
CC, continental crust; OIB, oceanic island basalt; IAB, island-arc basalt; N-MORB, normal mid-ocean ridge basalt; E-MORB, transitional 
mid-ocean ridge basalt; SED, sediment, Plume, mantle plume. The data source from refs. [18, 19] . 

different components in the mantle plume source re- 
gion, and (ii) the mixing of relatively depleted mantle 
materials with those from the asthenospheric mantle 
differing significantly in isotopic composition during 
their ascending or the mixing of the asthenospheric 
mantle with the lithospheric primitive mantle[19,20]. 
The tectonic conditions of mantle plumes and as- 
thenospheric mantle upwelling are the factors control- 
ling the formation of the OIB-type mantle source re- 
gions. As the possibility of large-scale contamination 
by crustal materials has been excluded and all the pro- 
jecting points of rocks fall near the primitive mantle 
(fig. 5), the OIB-type mantle source region of sodium 
lamprophyres in northeastern Hunan seems to have 
resulted from metasomatism of the relatively homo- 
geneous primitive mantle by ascending asthenospheric 
mantle, and sodium lamprophyres are the “exposures” 
of magmas from this unique mantle source region.  

2.2  Sr and Nd isotopes  

As calculated in terms of Rb-Sr isochron ages, 
sodium lamprophyres in northeastern Hunan have an 

average initial 87 Sr/86Sr ratio of 0.705332 and an av- 
erage initial 143Nd/ 144Nd ratio of 0.512650, with εNd(t) 
being +3.5— +3.9 (table 1). The rocks show a weak 
Nd isotopic depletion and possess the characteristics 
of the mantle source region for homogeneous oceanic 
island basalts (OIB) (fig. 6), just in consistency with 
the genetic implications reflected by the trace element 
data. The Sr, Nd isotopic composition of sodium lam- 
prophyres is conformable with the Kerguelen volcanic 
rocks (fig. 6). In their further investigations Storey et 
al.(1989) proposed that lamprophyres in the Kerguelen 
volcanic rock series could be used as a marker of the 
top of mantle plume[27]. At present time, it is consis- 
tently accepted that the intracontinental OIB-type vol- 
canic rocks originated from the earthquake discontinu- 
ity at the depth of 670 km and the transitional zone 
between the core and the mantle[28]. As the Sr, Nd iso- 
topic composition and trace element data of sodium 
lamprophyres are not biased towards those of the  
OIB-type volcanic rocks, it is evidenced that the as- 
thenospheric mantle was involved in the formation of 
the mantle source region. And asthenospheric mantle 
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upwelling resulted in a mantle-plume petrogenetic 
tectonic setting. 

 
Fig. 6.  (87Sr/ 86Sr)-(143Nd/ 144Nd) diagram of the sodium lamprophyres 
in northeastern Hunan. LWZ, Laowangzhai potassic lamprophyre[2]; DX, 
potassic lamprophyre in western Yunnan[3]; TB, North Tibet potassic 
lamprophyre[4]; SD, lamproites in Shandong[6, 21]; XKS, Xikuangshan 
calc-alkaline lamprophyre[22]; AT, Australian lamproite[5]; HN, Gezhen 
sodium lamprophyre on Hainan Island[23]; JJ, Jiaojia sodium lam-
pro-phyre in Jiaodong[24]; GS, kamafugite in Gansu[25]; EMS, Emeishan 
basalt[12]; DMM, depleted mantle; HIMU, U/Pb-high mantle; EM1, 
enriched mantle 1; EM2, enriched mantle 2. The mantle end member 
data are cited from ref. [19] .   

Comparing lamprophyres both at home and 
abroad, for instance, the Laowanzai potassic lampro- 
phyres of Yunnan[2], potassic lamprophyres in western 
Yunnan[3], those in northern Tibet[4], lamproites in 
Shandong[6,21], calc-alkaline lamprophyres at Xi- 
kuangshan[22] and lamproites in Australia[5], shows that 
the characteristics of the enriched mantle, and sodium 
lamprophyres in northeastern Hunan display signifi- 
cant differences in this aspect (fig. 6), implicating that 
sodium, potassic and calc-alkaline lamprophyres have 
their respective mantle source regions. Sodium lam- 
prophyres in northeastern Hunan are similar to the 
Gezhen sodium lamprophyres on Hainan Island and 
those in the Jiaojia gold deposit, Jiaodong Peninsula 
with respect to their major elements, but the latter’s Sr 
isotopic values are obviously increased[23, 24], demon- 
strating the characteristics of metasomatic mantle 
source region due to the mixing of the primitive man- 
tle with continental crust materials (fig. 6). As viewed 
from their Sr, Nd isotopic composition, sodium lam- 

prophyres in northeastern Hunan share much in com- 
mon with domestic volcanic rocks formed under man- 
tle plume conditions, for instance the Emeishan ba- 
salt[12], Cenozoic kamafugite[25] in western Qinling, 
Gansu Province and Proterozoic basalts in the Qinling 
area[29], indicating that these volcanic rocks have 
similar mantle source regions (fig. 6).  

Isotopic studies of the mantle source regions of 
the OIB-type volcanic rocks have shown that different 
OIB-type volcanic rocks are approximately of parallel 
mantle arrays, indicating that the mantle source region 
of the OIB-type volcanic rocks is mixed with varying 
degrees, and of different mantle end-members[20]. So- 
dium lamprophyres in northeastern Hunan are located 
near the right side of the mantle array line, beyond any 
mantle end-members, just between HIMU, EM1 and 
EM2. This may reflect the mixing of a variety of dif- 
ferent mantle end-members. Although εNd(t) is greater 
than zero for sodium lamprophyres in northeastern 
Hunan, their fSm/Nd values are less than zero (−0.38 — 
−0.43). This phenomenon is considered to be related 
to crustal contamination and mantle metasomatism[30]. 
According to the trace elements data, the possibility of 
crustal contamination has been ruled out, so a reason- 
able explanation of this phenomenon is that the mantle 
source region was subjected to mantle metasomatism. 
In fact, mantle plume materials from the astheno- 
sphere would inevitably metasomatize the lithospheric 
primitive mantle when they ascended to the litho- 
spheric mantle. Nd isotope weak depletion and Sr iso- 
tope weak enrichment in the sodium lamprophyres of 
northeastern Hunan also indicate that the lithospheric 
primitive mantle has been metasomatized by vola- 
tile-containing fluids/melts from the asthenosphere. 
Such mantle metasomatism occurred mainly at the 
thermal boundary layer at the bottom of the litho- 
sphere, leading to the formation of abnormal mantle 
source region characterized by weak enrichment in 
LILE and LREE and weak depletion in K and Sr. Such 
abnormal mantle source region is characterized by 
slightly high Nb/Ta and Zr/Hf ratios compared with 
the primitive mantle source region. What should be 
pointed out is that metasomatism between the vola- 
tile-containing fluids/melts from the asthenosphere 
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and the lithospheric primitive mantle is quite different 
from that between the primitive mantle and the recy- 
cling relic oceanic crust and continental crust materials, 
the former did not cause large-range variations in Nd, 
Sr isotopic composition, and any strong enrichment in 
LILE and LREE, and any depletion in Ta and Nd. This 
presents a better explanation of weak depletion in Nd 
isotope, weak enrichment in Sr isotope, LILE and 
LREE and enrichment in Na2O and TiO2. From the 
above it is deduced that the magmas producing sodium 
lamprophyres originated from the thermal boundary 
layer at the bottom of the lithosphere.  

3  Discussion  

Sodium lamprophyres in northeastern Hunan, 
dated at 136 Ma, occurred within the South China 
continent. Although the time is close to that of subduc- 
tion of the Cenozoic Izanaqi oceanic plate[31], no 
strong enrichment in LILE and depletion in Nd, Ta and 
Ti can be seen in the trace element-normalized dia- 
grams (fig. 3), and the trace element patterns of so- 
dium lamprophyres in northeastern Hunan are differ- 
ent from those of oceanic plate subduction-associated 
volcanic rocks, indicating that oceanic plate subduc- 
tion did not have influence on the region at that time 
and it is an intracontinental tectonic setting.  

Analysis of various tectonic features tells us that 
following Late Jurassic-Early Cretaceous, an intracon- 
tinental extensional tectonic setting prevailed in the 
eastern part of Hunan[7]. However, as for the dynamic 
background for the formation of the intracontinental 
extensional zone, there is no unity in thinking. Some 
researchers advocated the hypothesis of intracontinen- 
tal rift and some others supported the hypothesis of 
intracontinental shear-extension. Trace element and 
isotope studies of sodium lamprophyres in northeast- 
ern Hunan suggested that there had existed intraconti- 
nental mantle plume (or hot spot) in northeastern Hu- 
nan, and the 136Ma-old sodium lamprophyres there 
were emplaced just prior to large-scale intracontinental 
extension. So it is considered that the intracontinental 
extension event during the post-Early Cretaceous was 
first caused by asthenospheric mantle upwelling under 
intracontin-ental mantle plume (or hot spot) tectonic  

conditions. Since the hypothesis of mantle plumes was 
put forward[32], geological workers have not only suc- 
ceeded in deciphering the origin of oceanic island 
chain, but also widely applied this hypothesis to the 
origin of some continental basalts. The geochemical 
composition of OIB is regarded as a proxy of the 
magmatic composition of mantle plume in the deep 
interior[33]. Whether continental basalts originated 
from the mantle plume source region is generally de- 
termined in terms of the comparison of their chemical 
composition and isotopic composition. The other two 
major factors determining the existence of mantle 
plumes are the large-scale thermodynamic activities 
and the upwelling of asthenospheric mantle. Trace 
element and Sr, Nd isotope data from sodium lampro- 
phyres in northeastern Hunan all reflect the geo- 
chemical composition of the OIB-type volcanic rocks. 
The Th/Hf-Ta/Hf diagram also reflects a mantle plume 
tectonic setting (fig. 7). Prior to the emplacement of 
sodium lamprophyres in northeastern Hunan, there had 
occurred large-scale intrusion of Early Yanshanian 
continental crust remelting-type granites, forming 
dome-shaped, hot spot-like rockbodies. Following the 
intrusion of sodium lamprophyres, large-scale anoro- 
genic-type granites were formed[34]. In the Upper Cre- 
taceous Daijiaping Formation strata exposed at Chun- 
huashan and Gaoqiao of Changsha, Yingjiashan and 
Xilou of Liuyang, two olivine basalt layers are devel- 
oped with the lower layer being measured at 20 m in 
thickness and the upper at 10 m in thickness[8], indi- 
cating that with the intrusion of sodium lamprophyres, 
there occurred large-scale thermodynamic activities, as 
marked by the thermal events of basic and acid mag- 
matic activities. The heat energy provided by mantle 
plumes first led to remelting of the ancient continental 
crust and then the formation of acid magmas, followed 
by the eruption of basic magmas. The Taiwan-Heishui 
geoscience transect across southeastern Hunan fully 
proves that there exists a low-velocity zone of mantle 
upwelling in the extensional thinning zone toward the 
lithosphere in northeastern and southeastern Hunan[35]. 
All this goes to show that the sodium lamprophyres in 
northeastern Hunan were formed in a mantle plume 
tectonic setting. Mantle plume activities constitute the 
dynamic background for the event of Cenozoic  
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intracontinental extension.  

This Yanshanian regionally tectonic event in 
southeastern China has involved two significantly 
dif-ferent tectonic stages, i.e. Early-Middle Jurassic 
compression-shearing and Early Cretaceous extension. 
Studies of basaltic rocks in southeastern Hunan also 
proposed that in the region of southeastern Hunan a 
Late Yanshanian lithospheric extensional thinning 
zone was developed[36]. The intrusion of sodium 
lam-prophyres in northeastern Hunan occurred just at 
the initial stage of lithospheric extension during the 
Late Yanshanian period, reflecting that the rocks are 
the product, at the time, of relaxation- extension fol-
lowing crustal compression. It is indicated that there 
was a tectonically transformational period during the 
Late Yanshanian period in southeastern China, which 
is probably similar to the 140—85 Ma extension of the 
Dabieshan orogenic belt[37]. This tectonic extension 
event started with asthenospheric mantle upwelling 
and was controlled by intracontinental mantle hot spot 
structure.  

 
Fig. 7.  Th/Hf-Ta/Hf diagram of the sodium lamprophyres in north- 
eastern Hunan. I, Plate divergent margin; II1, oceanic island arc basalt 
field; II2, continental margin island-arc and continental margin volcanic 
arc basalt field; III, T-MORB and E-MORB field; IV1, intracontinental 
rift tholeiite field; IV2, intracontinental rift alkaline basalt field; IV3, 
continental extensional zone (or initial rift) basalt field; V, mantle 
plume basalt field. The diagram is cited from ref. [26] .  

There are significant differences in mineral com- 
position, major elements, trace elements and Sr, Nd 

isotopes, mantle source region and petrogenetic tec- 
tonic setting between sodium lamprophyres and potas- 
sic lamprophyres, and it is impossible for the two 
types of rocks to have some genetic or evolutionary 
connection. Whether it would imply the existence of 
independent magmas producing sodium lamprophyres 
still needs to further study. At present, three genetic 
models of lamprophyres have been put forward: (i) 
The genetic model of partial melting of fertile me- 
tasomatic mantle. Lamprophyres are the products of 
varying-degree partial melting of εSr-high and       
εNd- low mantle source regions, their formation also is 
related to mantle metasomatism and contamination by 
recycling oceanic or crustal materials, for example, the 
Laowangzai lamprophyres of Yunnan Province, potas- 
sic volcanic rocks in western Yunnan Province, K-rich 
volcanic rocks and lamproites in Shandong Province; 
(ii) The genetic model of basic magma-continental 
crust contamination. Mafic magmas from the mantle 
source regions were contaminated by crustal materials 
when they ascended to the lower part of the crust 
where hornblende was stable, forming lamprophyric 
magmas from the ε Sr-high and ε Nd-low mantle source 
regions, for example, the calc-alkaline lamprophyre 
suit in the Yilgarn area, Australia can be explained by 
this genetic model[38]; (iii) The crystalliza- 
tion-differentiation model. Magmatic crystalliza- 
tion-differentiation or melting differentiation would 
make the slightly basic components of magma enrich 
in the lower part of the magma chamber to form lam- 
prophyric magma. When the upper part was con- 
densed, the lamprophyric magma in the lower part 
would intrude along faults[9]. Unfortunately, all these 
genetic models are hard to explain why sodium lam- 
prophyres are high in ε Nd and low in ε Sr, why LILE 
are not significantly enriched and why there is no de- 
pletion in Ta, Nb and Ti. A more reasonable genetic 
model is: the primitive mantle was contaminated by 
fluids/melts from the asthenosphere, leading to the 
formation of abnormal mantle source regions charac- 
terized as being low in ε Sr and high in ε Nd and slightly 
enriched in LILE and Ta, Nb and Ti. It is partial melt- 
ing of the abnormal mantle source regions that led to 
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the formation of sodium lamprophyres. So it can be 
concluded that this genetic model is a unique genetic 
model.  

4  Conclusions  

The petrochemistry and trace elements of lam- 
prophyres in northeastern Hunan indicate that the 
rocks are Na-rich lamprophyres, which are quite dif- 
ferent from calc-alkaline and potassic lamprophyres 
commonly seen, belonging to Na2O-rich and TiO2- 
high sodium lamprophyres. Their trace element and Sr, 
Nd isotope characteristics are consistent with the geo-
chemical characteristics of those typical oce-anic is-
land basalts (OIB).  

The mantle source region of sodium lampro- 
phyres features Nd isotope weak depletion and Sr iso- 
tope weak enrichment, being obviously different from 
that of calc-alkaline, potassic lamprophyres and lam- 
proite, implicating that sodium lamprophyres have 
relatively independent mantle source regions. There is 
no sign of cognate evolution between the mantle 
source region of sodium lamprophyres and that of 
potassic lamprophyres. The mantle source region of 
such sodium lamprophyres was formed by the way of 
metasomatism of the primitive mantle at the bottom of 
the lithosphere by volatile-containing fluids/melts 
from the asthenosphere. Crustal materials seldom take 
part in such deep-interior mantle metasomatism. So- 
dium lamprophyres seem to have been derived directly 
from the deep-interior abnormal mantle source region, 
with enrichment in Na2O and TiO2, weak enrichment 
in LILE, Ta, Nb and LREE and weak depletion in K 
and Sr. This is a unique genetic model of lampro- 
phyres, i.e. lamprophyres were formed from me- 
tasomatism of the primitive mantle by vola- 
tile-containing fluids/melts from the asthenosphere.  

Sodium lamprophyres were formed within the 
continent and their trace elements and Sr, Nd isotopes 
reflect that during the Early Cretaceous the region of 
northeastern Hunan was not situated on the active con- 
tinental margin of the Pacific plate, but, in a mantle 
hot spot tectonic setting with the characteristics of 
mantle plumes. Intracontinental mantle hot spots (or 
mantle plumes) led to post-Early Cretaceous large- 

scale intracontinental extension in northeastern Hunan. 
The formation of sodium lamprophyre dykes may be 
indicative of the beginning of early mantle upwelling 
and extension (136.61 Ma) in northeastern Hunan, 
reflecting that sodium lamprophyres are the products 
during the relaxation-extension period fol-lowing 
crustal compression. It is indicated that during the Late 
Yanshanian period there occurred a tectonic transfor-
mation from compression to extension in southeastern 
China, and it is also reflected that early intracontinen-
tal extension in northeastern Hunan Province is an 
initiative tectonic event that resulted from astheno-
spheric mantle upwelling. 

Acknowledgements  This work was supported by Chinese Academy 
of Sciences (Grant Nos. KZCX3-SW-125, KZCX2-102), Open Labora- 
tory of Marginal Sea Geology, Chinese Academy of Sciences (Grant No. 
BYH01A02) and Key Laboratory of Ore Deposit Geochemistry, Insti- 
tute of Geochemistry, Chinese Academy of Sciences (Grant No. 2000). 
The authors wish to thank Prof. Zhang Renhu of the Institute of Geol- 
ogy and Geophysics, Chinese Academy of Sciences for his great help in 
isotopic analysis. Thanks are also due to Prof. Huang Zhilong for his 
valuable comments and suggestions in the preparation of the manuscript 
of this paper. 

References 

1. Zhai Mingguo, Yang Jinhui, Liu Wenjun, Large clusters of gold 
deposits and large-scale minerogenesis in Jiaodong Peninsula, 
eastern China, Science in China, Ser. D, 2001, 44(8): 758—768.  

2. Huang Zhilong, Liu Congqiang, Zhu Chengming et al., The 
Ori-gin of Lamprophyres in the Laowangzhai Gold Field, Yunnan 
Province and Their Relations with Gold Mineralization (in 
Chi-nese), Beijing: Geological Publishing House, 1999, 30—112.  

3. Li Xianhua, Zhou Hanwen, Wei Gangjian et al., Geochemistry 
and Sr-Nd isotopes of Cenozoic ultrapotassic lamprophyres in 
western Yunnan: Constraints on the composition of 
sub-continental lithospheric mantle, Geochimica (in Chinese), 
2002, 31(1): 26—34.  

4. Zhang Yuquan, Xie Yingwen, Li Xianhua et al., Isotopic 
charac-teristics of shoshonitic rocks in eastern Qinghai-Tibet Pla-
teau: Petrogenesis and its tectonic implication, Science in China, 
Ser. D, 2001, 44(1): 1—6.  

5. Fraser, K. J., hawkesworth, J., Erlank, A. J. et al., Sr, Nd and Pb 
isotope and minor element geochemistry of lamproites and 
kim-berlites, Earth Planet Sci. Lett., 1985/1986, 76: 57—70.[DOI]   

6. Qiu Jiansheng, Wang Dezi, Trace element and Nd-Sr isotope 
studies of Cenozoic K-rich volcanic rocks and lamprophyres in 
western Shandong, Journal of Geology of Higher Learning 
Col-leges (in Chinese), 1997, 3(4): 384—395.   

7. Fu Zhaoren, Li Zijin, Zhen Dayu, Structural patterns and tectonic 
evolution of NNE-trending strike-slip orogenic belt in the border 
region of Hunan and Jiangxi provinces, Earth Science Frontiers 
(in Chinese), 1999, (4): 263—272.  

8. Hunan Bureau of Geology and Mineral Resources, Regional Ge- 

http://dx.doi.org/10.1016/0012-821X(85)90148-7


Characteristics of the mantle source region of sodium  lamprophyres and petrogenetic tectonic setting in  northeastern…… 569 

 

ology of Hunan Province (in Chinese), Beijing: Geological Pub- 
lishing House, 1988, 417—467.  

9. Qiu Jiaxiang, Petrology of Magmatic Rocks (in Chinese), Beijing: 
Geological Publishing House, 1985, 161—165.  

10. Rock, N. M. S., Lamprophyres, Glasgow：Blackie. 1990, 6—28.  
11. Lu Fengxiang, Shu Xiaoxin, Zhao Conghe, Suggestions on the 

classification of lamprophyres, Geological Science and Technol- 
ogy Information (in Chinese), 1991, 10 (supp.): 55—62.  

12. Song Xieyan, Hou Zengqian, Cao Zhimin et al., Geochemical 
characteristics and period of the Emeishan igneous province, Acta 
Geologica Sinica (in Chinese), 2001, 75 (4): 498—506.  

13. Rogers, N. W., Potassic magmatism as a key to trace-element en- 
richment processes in the upper mantle, J. Volcan. Geother. Res., 
1992, 50: 85—99.  

14. Fitton, J. G., Dunlop, H. M., The Cameroon line, West Africa, and 
its bearing on the origin of oceanic and continental alkali basalt, 
Earth and Planetary Science Letters, 1985, 72: 23—38.  

15. Xu Yigang, Distribution of trace elements in spinel and gar- 
net-phase olivines, Science in China (in Chinese), Ser. D, 2000, 
30 (3): 307—314.  

16. Münch, U., Nb/Ta fractionation in a Cambrian arc/back arc sys- 
tem, New Zealand: source constraints and application of refined 
ICPMS techniques, Chemical Geology, 1998, 144: 23—45.  

17. Taylor, S. R., McClennan, S., The Continental Crust: Composition 
and Evolution, Boston: Blackwell Scientific Publications, 1985, 
209—230.  

18. Weaver, B. L., The origin of ocean island basalt end-member 
composition: Trace element and isotopic constraints, Earth Planet 
Sci. Lett., 1991, 104: 381—397.  

19. Hart, S. R., Hauri, E. H., Oschmann, L. A. et al., Mantle plumes 
and entrainment: isotopic evidence, Science, 1992, 256: 517— 
520.  

20. Stein M., Hofmann A. W., Mantle plumes and episodic crustal 
growth, Nature, 1995, 372: 63—68.  

21. Sun, J. G., Hu, S. X., Liu, J. M. et al., A study of Sr, Nd and O iso- 
topes of the K-rich melanocratic dikes in the Late Mesozoic gold 
field in the Jiaodong Peninsula, Acta Geologica Sinica, 2001, 
75(4): 432—444.  

22. Xie Guiqing, Peng Jiantang, Hu Ruizhong et al., Geochemical 
characteristics of lamprophyres in the Xikuangshan antimony ore 
deposits, Hunan Province, Acta Petrologica Sinica (in Chinese), 
2001, 17(4): 629—636.  

23. Xu Deru, A study on the rock chemistry of lamprophyres in the 
Gezhen gold-bearing zone, Hainan Island, Geotectonica et Metal- 
logenia (in Chinese), 1999, 23 (4):353—360.  

24. Xu Hong, Xu Guangping, Geochemical characteristics and gene- 

sis of the lamprophyres in the Jiaodong gold district, Shandong 
Province, Acta Petrologica et Mineralogica (in Chinese), 2000, 19 
(1): 36—43.  

25. Yu Xuehui, Mo Xuanxue, Flower, M. et al., Cenozoic kamafugite 
volcanism and tectonic meaning in western Qinling, Gansu Prov- 
ince, Acta Petrologica Sinica (in Chinese), 2001, 17(3): 
366—377.  

26. Wang Yunliang, Zhang Chengjiang, Xiu Shuzhi, Th/Hf-Ta/Hf 
identification of tectonic setting of basalts, Acta Petrologica 
Sinica (in Chinese), 2001, 17 (3): 413—421.   

27. Storey, M., Saunders, A. D., Tarney, J. et al., Contasmination of 
Indian Ocean asthenosphere by the Kerguelen-Heard mantle 
plume, Nature, 1989, 338: 574—578.  

28. Hofmann, A. W., White, W. M., Mantle plumes from ancient oce- 
anic crust, Earth Planet Sci. Lett., 1982, 57: 421—436.  

29. Zhang Benren, Magmatic activities from plume-source in the 
Qinling orogenic belt and its dynamic significance, Earth Science 
Frontiers (in Chinese), 2001, 8(3): 57—66.  

30. Norry, M. J., Fitton, J. G., Composition differences between oce- 
anic and continental basic lavas and significance, in Continental 
Basalts and Mantle Xenoliths (eds. Hawkesworth, C. J., Norry, M. 
J.), Nantwich: Shiva Pub., 1983, 5—19.  

31. Hsu, K. J., Li, J. L., Chen, H. H. et al., Tectonics of south China: 
Key to understanding west Pacific geology, Tectonophysics, 1990, 
183: 9—39.  

32. Morgan, W. J., Convection plumes in the lower mantle, Nature, 
1971, 230: 42—43  

33. Hofmann, A. W., White, W. M., Mantle plumes from ancient oce- 
anic crust, Earth Planet Sci. Lett., 1982, 57: 421—436.[DOI]   

34. Jia Dacheng, Hu Ruizhong, Diagenesis tectonic setting and mobi- 
lizing form of granites rocks in tectonic mobilized epoch in 
northeastern Hunan Province, Geotectonica et Metallogenia (in 
Chinese), 2001, 25 (4): 277—281.  

35. Yuan Xuecheng, Taiwan-Heishui geoscience transect, in Annual 
Report of Chinese Geophysics Society (in Chinese), Beijing: 
Seismological Publishing House, 1990, 12—36.  

36. Zhao Zhenhua, Bao Zhiwei, Zhang Baiyou, Geochemical charac- 
teristics of Cenozoic basalts in south Hunan, Science in China (in 
Chinese), Ser. D, 1998, 28 (supp.): 7—14.  

37. Xu Changhai, Zhou Zuyi, Geochronological constraints on (140- 
85 Ma) thermal dome-extension in the Dabie orogen, central 
China, Science in China, Ser. D, 2002, 45(9): 801—817.  

38. Currie, K. L., Willianms, P. R., An Archean cala-alkaline lampro- 
phyre suit, northeastern Yigarn Block, Western Australia, Lithos., 
1993, 31: 33—50.

 

http://dx.doi.org/10.1016/0012-821X(82)90161-3

	Characteristics of the mantle source region of sodium  lamprophyres and petrogenetic tectonic setting in  northeastern Hunan, China 
	JIA Dacheng1,2, HU Ruizhong1, LU Yan2, XIE Guiqing1 & QIU Xuelin3 
	Keywords: sodium lamprophyre, mantle source region, tectonic setting, genesis, northeastern Hunan. 
	DOI: 10.1360/02yd0174 

	1  Sodium lamprophyres and geological settings in northeastern Hunan  
	2  Characteristics of the mantle source region of sodium lamprophyres  
	3  Discussion  
	4  Conclusions  
	References 




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


