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Zircon SHRIMP dating of granites from Dulan, east segment of North Qaidam UHP belt shows that they are 406.6±3.5 Ma for 
Yematan-E, 407.3±4.3 and 397±6 Ma for Balijiehatan-W, 404.5±4.0 and 397.0±3.7 Ma for Shuiwenzhan-N, 380.5±5.0 Ma for 
Shuiwenzhan-S, 382.5±3.6 and 372.5±2.8 Ma for Chachagongma. These granites from Dulan represent the products of the 
third and fourth periods of Paleozoic magmatism in North Qaidam. Geochemically, the granitoids with metalumious to weak 
peratuminous are quartz diorite, granodiorite, and granite in composition and mainly belong to calc-alkaline series, a few sam-
ples to calc or alkali-calc series. The third period of granites is a rock association of granodiorite + granite, with initial 87Sr/86Sr 
ratios from 0.7082 to 0.7110 and T2DM model ages from 1.41–1.90 Ga; and the fourth period of granites is a rock association of 
quartz diorite+granodiorite+granite, with initial 87Sr/86Sr ratios from 0.7072 to 0.7091 and T2DM model ages from 1.07–1.38 Ga. 
Therefore, the third period of granites has higher initial 87Sr/86Sr ratios and T2DM model ages. On the contrary, the fourth period 
of granites has Nd(t) values from 0.6 to 3.0, higher than that of the third granite with Nd(t) values 3.2 to 9.3. Thus, the data 
comparison indicates that the third granites may derive from Paleo-proterzoic continental crust with mantle material whereas 
the fourth granites may derive from the Meso-proterzoic basalt crust with continental material. Combined with regional geo-      
logy, we thought that the third granites were formed relative to plate exhumation and the fourth granites to delamination of the 
lithospheric mantle.  
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Dulan is located at the east segment of North Qaidam ter-
rane in NW China, which is a Paleozoic Ultrahigh Pressure 
Belt. Since the discovery of eclogite in the North Qaidam in 
1998, the region has been a focus of intense investigation 
(Yang et al., 1998, 2000). Many UHP minerals, such as 
coesite, diamond, and UHP microstructures (Liu et al., 1996, 

2002; Liu, 2003; Song et al., 2001, 2003, 2005; Yang et al., 
2001, 2005; Zhang et al., 2002), have been found in both 
the eclogites and their hosted granitic gneisses, thus estab-
lishing the North Qaidam terrane as a UHP belt that trends 
roughly parallel to the Sulu- Dabie UHP belt (Chen et al., 
2005; Yang et al., 2000). The North Qaidam terrane is a 
long, narrow mountain range extending southeastward from 
Altyn to Aloito Mountain, a distance of about 800 km (Fig-
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ure 1). It is bounded by faults on both the northern and 
southern margins (Figure 1), and cut by the Altyn Tagh 
Fault, a large ENE-striking sinistral fault system in the west 
and by the Wahongshan fault in the east (Lin et al., 2006; 
Lu et al., 2002, 2004). Numerous granitic plutons with ages 
ranging from the early Paleozoic to late Paleozoic and Meso-      
zoic occur in the UHP belt (Bureau of Geology and Mineral 
Resource, Qinghai Province (BGMRQH). 1991). However, 
the exact ages of these granitoids and their relationship to 
the UHP metamorphism are still unknown. Ages for some 
individual bodies have been published recently. For example, 
Xiao et al. (2003) obtained a zircon TIMS age of 1776±33 
Ma for rapakivi granite from Yingfeng in North Qaidam. 
Yuan et al. (2002) obtained a zircon U-Pb age of 496±6 Ma 
for gabbro from Luliangshan, North Qaidam that intrudes 

island arc volcanic rocks of the Tanjiangshan Group. A ra-
pakivi granite from Tatalenghe has a zircon SHRIMP U-Pb 
age 440±14 Ma (Lu et al., 2007). Wu et al. (2002, 2001, 
2004) obtained zircon SHRIMP U-Pb ages of 473±15, 446± 
10 and 397±4.2 Ma for granites from Aolaoshan, Qaidam-
shan and Dulan-Yematan in North Qaidam, respectively.  

Based on both geochemical and geochronological data, 
Wu et al. (2006) recognized three stages of Paleozoic gra-
nitic intrusion related to oceanic subduction, continental crust 
subduction, and block exhumation. Recently, three age 
groups obtained by zircon SHRIMP U-Pb dating were rec-
ognized for granites from the Da Qaidan area (Wu et al., 
2007): (1) 446.3±3.9 Ma; (2) 408.6±4.4, 403.3±3.8 and 
401.8±3 Ma; (3) 374.5±1.6 Ma and 372±2.1 Ma; and four 
age groups for granites from Saishitenshan area (Wu et al.,  

 

Figure 1  Geological sketch map of the eastern segment of North Qaidam (Dulan). 
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2009): (1) 469.7±4.6 and 465.4±3.5 Ma; (2) 443.5±3.6 Ma; 
(3) 372.1±2.6 Ma; (4) 271.2±1.5 and 259.9±1.2 Ma. There 
currently exists no chronological framework for the North 
Qaidam granites because of absence of the granite dating in 
detail from Dulan. Because granitic rocks are particularly 
well developed in the Dulan, eastern part of North Qaidam, 
this provides an opportunity to investigate the broad scheme 
of granitic magmatism in the region. Thus, we have carried 
out a detailed geochemical and geochronological study of 
these rocks from Dulan and use the new data to identify 
specific episodes of granitic magmatism. We have also in-
vestigated the relationships among the magmatism, UHP 
metamorphism, and tectonic evolution in this important 
orogenic belt. 

1  Geological setting and description of samples 

The Precambrian basement in North Qaidam consists of 
intermediate- and high-grade gneisses, amphibolites, and 
schists. It is overlain by a lower Paleozoic sequence con-
sisting mainly of the Ordovician volcanic rocks and sand-
stone with limestone, suggesting marine sedimentation at an 
active continental margin. The upper Paleozoic sequences 
are composed of the Upper Devonian continental clastic and 
volcanic rocks and the Carboniferous shallow marine sedi-
mentary rocks. These are overlain by the Jurassic and Cre-
taceous coal-bearing sedimentary rocks (Bureau of Geology 
and Mineral Resource, Qinghai Province (BGMRQH). 
1991). The North Qaidam terrane is divided into a southern 
and northern tectonic unit by the E-W trending Yuka-Wulan 
fault, the geology of the two units is distinctly different (Lu 
et al., 2004; Xin et al., 2002). The northern unit, called the 
Oulongbuluke micro-continental block (Lu et al., 2002), lies 
along the Wulan-Delingha-Oulongbuluke-Quanjishan-Daken-    
dabanshan trend, and consists of the Delingha complex, the 
Dakendaban Group and the Neoproterozoic Quanji Group, 
overlain by stable continental margin sedimentary rocks of 
the Cambrian-Ordovician age (Lu et al., 2002, 2004; Wang et 
al., 2006). The southern unit, which lies along the Shaliuhe- 
Yematan belt of northern Dulan from Qianshishan to Xi-
tieshan, Luliangshan, Yuka and Saishitenshan, is an early 
Paleozoic subduction-collision complex, consisting of gra-
nitic gneiss with eclogites and island arc volcanic rocks of 
the early Paleozoic Tanjiangshan Group (Lu et al., 2002, 
2004; Wang et al., 2006), which are overlain unconforma-
bly by the Devonian molasse deposits.  

The Dulan block, which is 70 km long in an E-W trend 
and 30 km wide, consists mainly of a Proterozoic meta-
morphic complex, including a variety of medium- and 
high-grade gneisses such as garnet amphibolite, ortho- and 
para-gneisses, marble and a few occurrences of garnet-free 
peridotite, garnet-bearing pyroxenite and ecologite which 
occurs as lenses and blocks of various sizes within both 
granitic and Al-rich pelitic gneisses. Coesite occurs as in-

clusion in zircon from these gnesises and ecologites (Yang 
et al., 2000; Song et al., 2005). A lot of granites intrude 
these Proterozoic metamorphic rocks. Sharp contact exists 
between the granite and the hosted gneissic rock, and local 
migmatization is also present at the contact country rocks. 
The features of the mainly granitoid bodies are described as 
follows:  

Balijiehatan-W pluton with an outcrop area of about 25 
km2, located in the west of Balijiehatan, forms a NW- 
trending intrusive body (Figure 1). It consists of granodiorite 
and granite that are in transitional contact. Three samples, 
CL5803, CL5806 and CL922, were collected from the pluton 
(36°42′58.8″N, 98°51′8.6″E) for chemical analysis and dating.  

The granodiorite (sample CL5803) is light grey in color, 
medium-grained hypidiomorphic and massive. It consists 
mainly of feldspar (45 modal%–50 modal%, Following the 
same), alkali feldspar (15%–20%), and quartz (10%–15%), 
with small amounts of biotite (5%–8%) and hornblende 
(3%–7%). The plagioclase grains are large, subhedral, tab-
ular crystals, and partly replaced by sericite and muscovite. 
The alkali feldspar occurs as subhedral to anhedral grains, 
partly replaced by clay minerals. Small, anhedral grains of 
quartz fill the spaces between the feldspar grains. The horn-
blende occurs as columnar crystals, some enclosed in pla-
gioclase. The biotite occurs both as large isolated crystals 
and as inclusions enclosed in alkali feldspar. Accessory 
minerals include zircon, apatite, and sphene.  

The granite (samples CL5805 and CL922) is pink, me-
dium- and coarse-grained, hypidiomorphic- and xenomorphic- 
granular rock composed chiefly of alkali feldspar (30%– 
40%), plagioclase (20%–30%), and quartz (20%–25%), with 
subordinate biotite (2%–3%) and muscovite (1%–2%). The 
alkaline feldspar is relatively large xenomorphic grains that 
enclose plagioclase and biotite. The plagioclase is subhedral 
and tabular shaped and is mostly altered to sericite. The 
biotite is replaced by chlorite. Accessory minerals are zir-
con, apatite, and magnetite, with traces of sphene, pyrite, 
rutile and tourmaline. 

Yematan-E pluton with an outcrop area of about 20 km2, 
is located east of Yematan (Figure 1), and is mostly covered 
by the Quaternary sediments besides the north hosting in the 
Precambrian orthogneiss. The red potassium-feldspar gran-
ite vein occurs in the granite body. Two samples, CL557 
and CL901, were collected from the granite (36°44′29.2″N, 
99°23′4.7″E). The granite is grey in color, with fine-grained 
xenomorphic-granular texture and massive structure. It con-
sists of alkaline feldspar (35%–45%), quartz (15%–25%), 
plagioclase (10%–20%), and biotite (5%–10%). All miner-
als are xenomorphic crystals with different sizes. The feld-
spar is relatively coarser grained than quartz and biotite. 
The plagioclase is partly replaced by sericite. Accessory 
minerals are zircon, apatite, and magnetite. 

Shuiwenzhan pluton is one of the largest granite bodies, 
with an outcrop area of about 70 km2 (Figure 1). It consists 
of quartz diorite, granodiorite, and granite, divided into 
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Shuiwenzhan-N and Shuiwenzhan-S granites by the Chacha 
River. Samples of CL572, CL566, CL571, and CL940 were 
collected from Shuiwenzhan-N granite (36°36′45.3″N, 
99°21′25.9″E; 36°34′29.3″N, 99°23′39.6″E; 36°36′5.8″N, 
99°22′16.3″E and 36°33′33.8″N, 99°24′33.7″E, respectively) 
whereas samples of CL560, CL561, and CL568 from Shui-
wenzhan-S granite (36°33′44.3″N, 99°20′6.5″E; 36°33′47.6″N, 
99°20′3.7″E and 36°35′18.5″N, 99°21′38.8″E, respectively). 

Quartz diorite (sample CL560) is grey, medium-grained, 
hypidiomorphic granular rock composed chiefly of plagio-
clase (60%–70%), alkali feldspar (10%–15%) and quartz 
(5%–10%), with subordinate hornblende (2%–3%) and biotite 
(1%–2%). The plagioclase is subhedral and tabular shaped 
and is mostly altered to sericite. The alkaline feldspar and 
quartz are xenomorphic granular, but quartz is finer-grained 
than the alkaline feldspar and generally fresh. The horn-
blende grains form subhedral, columnar crystals, most of 
which are replaced by chlorite. Also biotite is replaced by 
chlorite. Accessory minerals are zircon, apatite, and mag-
netite, with traces of sphene and pyrite. 

Granodiorite (samples CL572 and CL940) is light grey, 
medium-fine grained and massive. It consists of plagioclase 
(40%–50%), alkaline feldspar (15%–25%) and quartz (15%– 
20%), with small amounts of hornblende (1%–5%). The 
plagioclase is subhedral and tabular shaped and is partly 
closed by alkaline feldspar. The alkaline feldspar and quartz 
are xenomorphic granular, somewhat coarser-grained than 
the plagioclase and generally fresh. The hornblende grains 
form subhedral, columnar crystals, some of which are re-
placed by chlorite. Accessory minerals are zircon, apatite 
and magnetite. 

Granite (CL566, CL571, CL561 and CL568) is light grey 
to pink in color, with medium-coarse grained texture and 
massive structure. It consists of alkaline feldspar (35%– 
45%), quartz (20%–30%), plagioclase (10%–15%), and biotite 
(5%–10%). The alkaline feldspar and quartz are xenomor-
phic-granular, but alkaline feldspar is coarser- grained than 
quartz. The plagioclase is subhedral and tabular shaped, and 
some occur as inclusions in the coarse- grained alkaline 
feldspar. The biotite is replaced by the chlorite. Accessory 
minerals are zircon and apatite. 

Chachagangma granitic stock forms an irregular body 
with an outcrop area of 40 km2 (Figure 1). It intrudes the 
Precambrian gneiss on the south and is covered by the Qua-
ternary sediments on the north. The granitic body consists 
of light grey, fine-grained, porphyritic granite, off-white, 
medium-grained granodiorite and pink, medium-coarse- 
grained granite. Samples of CL5763, CL5766 and CL577 
were collected from the granite (36°34′28.3″N, 98°11′25.4″E 
for CL5763 and CL5766 and 36°34′48.8″N, 98°11′46.7″E 
for CL577, respectively). The off-white granodiorite in-
truded into the fine-grained, porphyritic granite in veins, but 
no contact relationship was seen between the off-white 
granodiorite and the pink granite. It seems that there is a 
gradual transition between the fine-grained porphyritic 

granite and pink medium-coarse-grained granite. The fine- 
grained porphyritic granite may be a border facies of the 
pink, medium-coarse-grained granite.  

The fine-grained porphyritic granite (sample 5672) is 
grey in color and contains phenocrysts of quartz and alka-
line feldspar with size of 1–1.5 mm that occupy 30%–40% 
of whole rock. The groundmass minerals are very fine- 
grained quartz, feldspar and biotite. The medium-coarse- 
grained granite (sample CL577) is pink in color and mas-
sive with a medium-coarse-grained, xenomorphic-granular 
texture. It consists mainly of alkali feldspar (45%–55%) and 
quartz (20%–25%), plagioclase (10%–15%), with small 
amounts of biotite (1%–5%). The alkaline feldspar and quartz 
grains are large, xenomorphic granular, and some of alka-
line feldspar was replaced by clay minerals. The plagioclase 
occurs as subhedral to anhedral grains, partly replaced by 
sericite. The sheet biotite is often replaced by chlorite. Ac-
cessory minerals include zircon, apatite and sphene. 

Granodiorite (CL5765) is off-white, medium-grained and 
hypidiomorphic granular rock composed chiefly of plagio-
clase (50%–55%), alkali feldspar (20%–25%) and quartz 
(5%–15%), with subordinate biotite (1%–5%). The plagio-
clase is automorphic to hypidiomorphic granular, most with 
edulcoration border and partly with zonal structure. The 
alkaline feldspar and quartz with different sizes are xeno-
morphic granular. Biotite is not evenly distributed but forms 
small aggregates intergrown with quartz, with or without 
alkali feldspar and other minerals. 

2  Analytical methods 

2.1  Zircon SHRIMP U-Pb dating 

Eight samples, CL557, CL5803, CL5806, CL572, CL571, 
CL561, CL5765 and CL577, each about 2 kg, were collected 
for zircon separation. The samples were crushed to 80–120 
mesh, rinsed and air dried. Magnetic minerals were removed 
with a hand magnet and the dense minerals were separated 
with heavy liquids. Zircons were then handpicked under a 
binocular microscope, mounted in epoxy along with zircon 
standard R33 (Black et al., 2004) and ground to about half 
their thickness. Reflected light photomicrograph and ca-
thodoluminescence (CL) images were used to determine the 
internal structure of the zircons and to select points for 
analysis. Analysis processes and methods show in the rele-
vant literature (Compston et al., 1992; Williams, 1998). All 
of the analyses were carried out using the Stanford/USGS 
SHRIMP-RG (sensitive high-resolution ion microprobe, 
reverse geometry) facility. The data are reported with a pre-
cision of better than ±1 and presented using Isoplot soft-
ware (Ludwing, 2001, 2003). 

2.2  Bulk-rock chemical analysis 

Whole rock chemical analysis of fifteen samples was con-
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ducted at the Chinese Geological Experiment and Testing 
Center. Major oxides were determined by X-ray fluores-
cence spectrometry (XRF) on fused glass disks, using 
standard GB/T14506.28-1993 for Na2O, MgO, Al2O3, SiO2, 
P2O5, K2O, CaO, TiO2, MnO, Fe2O3 and FeO, standard 
GB/T14506.2 -1993 for H2O

+, standard GB 9835-1988 for 
CO2, and standard LY/T 1253-1999 for loss-on-ignition 
(LOI). Rare earth elements (REE) and trace elements in-
cluding Cu, Pb, Th, U, Hf, Ta, Sc, Cs, V, Co, and Ni were 
determined by inductively coupled plasma-mass spectrome-
try (ICP-MS), using standard DZ/T 0223-2001. Sr, Ba, Zn, 
Rb, Nb, Zr and Ga were determined by XRF on pressed 
powder pellets using standard JY/T016-1996. The analyses 
were cross-checked by different analytical methods, and 
verified by reference to the international standard GBW. 
Precision is estimated to be better than 1% for major oxides 
Na2O, MgO, Al2O3, SiO2, K2O, CaO and FeO, 10% for 
Fe2O3, P2O5, TiO2, MnO, H2O

+ and CO2, 15% for La, Ce, Pr, 
Nd, Y, Sr, V, Zn, Ga, Rb, Cs, Pb, Th, Nb, Zr, and Ba, 20% 
for Sm, Eu, Gd, Tb, Dy, Er, Yb, V, Co, Ni, U, Hf, Ta and 
Sc, and 25% for Tb, Ho, Tm and Lu. 

2.3  Sr and Nd isotopic analysis  

Eight whole-rock Sr-Nd isotopic analyses were carried out 
at the Solid Isotopic Geochemical Laboratory of the Insti-
tute of Geology and Geophysics, CAS. Sr and Nd isotopic 
fractionations were corrected to 86Sr/88Sr=0.1194 and 146Nd/ 
144Nd=0.7219. During the period of analysis, the Ames 
standard yielded an average value of 87Sr/86Sr=0.705062±13 
(2) and 143Nd/144Nd=0.512630±11 (2). Total procedural 
Sr and Nd blanks were 100 pg and 50 pg, respectively. Sr 
and Nd isotopic compositions Nd(t) and Sr(t) were calcu-
lated with formulae of McCulloch et al. (1982), and two- 
stage depleted mantle Nd model ages (T2DM) with the for-
mulae of Liew et al. (1988) and Li et al. (1991). 

3  Analytical results 

3.1  Zircon U-Pb dating 

Sample CL557 is from the Yematan-E granite. Twelve zir-
con grains from this sample are prismatic with length/width 
ratios between 21 and 31. CL images show that most of 
the zircon grains have obvious oscillatory zoning (omitted 
in figure), which is typical of magmatic zircon (Pidgeon et 
al., 1998). A few grains, such as number 9, have older in-
herited cores. The zircon grains have the U contents ranging 
from 49 to 2935 ppm and Th from 27 to 1073 ppm, gener-
ally giving Th/U ratios >0.3, but grains 4 and 7 have low 
ratios of 0.17 and 0.19, respectively (Table 1). Th and U for 
this sample have a correlation coefficient of 0.97 (omitted in 
figure). Twelve spot analyses of zircon grains from this 
sample yield a cluster of U-Pb ages ranging from 387.7±4.2 
to 422.4±4.3 Ma except grain 9, which has an age of 

1186.6±12.5 Ma. If grain 9 is discarded, the remaining 
analyses yield a weighted average age of 406.6±3.5 Ma that 
is regarded as the crystallization age (Figure 2). The 207Pb/ 
235U-206Pb/238U diagram yields upper and lower intercept 
ages of 1311±140 and 405±17 Ma, respectively (Figure 2). 
The upper intercept age probably reflects the age of the 
source rock of the granite, whereas the lower intercept age, 
which is in good agreement with the weighted average age 
406.6±3.5 Ma within stated errors, may represent the age of 
zircon crystallization (Figure 2). 

Sample CL5803 is collected from Balijiehatan-W grano-     
diorite. Zircon grains with different sizes from this sample 
are prismatic with length/width ratios mostly between 1.51 
and 21. CL images show irregular concentric zoning 
(omitted in figure). The U contents in the zircon grains 
range from 240 to 1555 ppm, and Th from 237 to 1134 ppm, 
giving a correlation coefficient between Th and U of 0.68 
(omitted in figure). The Th/U ratios are generally larger 
than 0.3, ranging from 0.31 to 1.09 (Table 1). Sixteen ana-
lyzed spots of zircon grains from this sample yielded U-Pb 
ages ranging from 337.4±3.3 to 459.5±4.6 Ma, with a 
weighted average of 407.3±8.3 Ma except high U grains 
such as grains 6, 7 and 10. The 207Pb/235U vs 206Pb/238U dia-
gram yields an intercept age of 406.8±7.9 Ma, which is in 
good agreement with the weighted average age within the 
stated error (Figure 2).  

Sample CL5806 is from Balijiehatan-W granite. Sixteen 
zircon grains from this sample are prismatic with length/ 
width ratios between 11 and 1.51. CL images show that 
these zircon grains contain inclusions, some having com-
plicated inner structure such as grains 1, 2, 8 and 10, most 
having subtle oscillatory zoning (omitted in figure). The 
zircon grains have very high contents of U (ranging from 
906 to 30965 ppm) and Th (from 423 to 4797 ppm), gener-
ally giving Th/U ratios >0.3, but grains 4 and 6 have low 
ratios of 0.16 and 0.13, respectively (Table 1). The correla-
tion between Th and U for this sample is relatively poor, 
with a correlation coefficient of 0.58 (omitted in figure), 
suggesting that some zircon grains suffered from late fluid 
alteration. Sixteen analyzed spots of zircon grains from this 
sample yielded U-Pb ages ranging from 326.5±1.2 to 460.6± 
5.8 Ma. If the spots with high U contents are discarded, the 
remaining analyses yield a weighted average age of 397.0± 
6.0 Ma that is regarded as the crystallization age (Figure 2). 
The 207Pb/235U vs 206Pb/238U diagram yields an intercept age 
of 397.5±8.5 Ma, which is in good agreement with the 
weighted average age within the stated error (Figure 2). 

Sample CL572 is from the Shuiwenzhan-N granodiorite. 
Zircon grains in this sample are prismatic with length/width 
ratios of 21–31. CL images show the zircon grains have 
obvious oscillatory zoning (Omitted in Figure). These grains 
have U contents ranging from 469 to 8191 ppm and Th 
from 111 to 4582 ppm, giving Th/U ratios >0.2 (ranging 
from 0.23 to 0.80), and a good correlation between Th and 
U with a correlation coefficient of 0.97 (omitted in figure).  
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Table 1  Zircon SHRIMP U-Pb isotopic data of granites from the east segment of the North Qaidama) 

Spot 
206PbC 

(%) 
U 

(ppm) 
Th 

(ppm) 

232Th/ 
238U 

206PbR 

(ppm) 
Disc 
(%) 

Total 
238U/ 
206Pb 

1
%) 

Total 
207Pb/ 
206Pb 

Error 
(%) 

206Pb/ 
238U 

1
%) 

207Pb/ 
206U 

1
%) 

206Pb/ 
238U 

age (Ma) 

1 
(Ma) 

CL557-1                

CL557-2                

CL557-3                

CL557-4                

CL557-5                

CL557-6                
CL557-7                
CL557-8                
CL557-9                
CL557-10                

CL557-11                

CL557-12                

CL5803-1                

CL5803-2                

CL5803-3                

CL5803-4                

CL5803-5                

CL5803-6                

CL5803-7                

CL5803-8                

CL5803-9                

CL5803-10                

CL5803-11                

CL5803-12                

CL5803-13                

CL5803-14                

CL5803-15                

CL5803-16                

CL5806-1                

CL5806-2                

CL5806-3                
CL5806-4                
CL5806-5                
CL5806-6                
CL5806-7                
CL5806-8                
CL5806-9                
CL5806-10                

CL5806-11                

CL5806-12                

CL5806-13                
CL5806-14                
CL5806-15                
CL5806-16                
CL572-1                
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Figure 2  Zircon 207Pb/235U-206Pb/238U concordia diagram and averaged age of granite from the eastern segment of North Qaidam.  

Eight zircon grains analyzed from this sample yielded 
206Pb/238U ages ranging from 374.1±6.0 to 416.4± 5.7 Ma, 
with a weighted average age of 404.5±4.0 Ma (Figure 2). 
The 207Pb/235U vs 206Pb/238U diagram yields an intercept age 
of 402.0±4.8 Ma, which is in good agreement with the 

weighted average age within the stated error (Figure 2).  
Sample CL571 is from the Shuiwenzhan-N granite. Zir-

con grains in the sample are prismatic with the length/width 
ratios of 21–31. CL images show that most of zircon 
grains have unobvious oscillatory zoning, and a few of 
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grains have old inherited cores such as grains 1 and 5, and 
complicated irregular structures like grains 6 and 11 (omit-
ted in figure). The U and Th contents range from 279 ppm 
to 1603 ppm and from 35 ppm to 2143 ppm, respectively, 
giving Th/U ratios for most zircons between 0.53 and 1.68 
(Table 1), and a correlation coefficient of 0.90 between Th 
and U (omitted in figure). Twelve analyzed grains yielded 
206Pb/238U ages ranging from 368.2±4.7 Ma to 415.1±4.6 
Ma, with a weighted average age of 397.0±3.7 Ma (Figure 
2), except for grains 1 and 5 with ages of 1179.6±19.0 Ma 
and 932.4±10.0 Ma respectively, which are inherited cores. 
The 207Pb/235U vs 206Pb/238U diagram yields the upper and 
lower intercept ages of 1700±540 and 399.1±7.0 Ma, re-
spectively (Figure 2). The upper intercept age has a big  
error but the lower intercept age is in agreement with the 
weighted average age 397.0±3.7 Ma within the stated error, 
which is interpreted as the crystallization age (Figure 2). 

Sample CL561 is from the Shuiwenzhan-S quartz diorite. 
Zircon grains from this sample are elongate, euhedral 
prisms with length/width ratios of 1.51–2.51. CL images 
show good oscillatory zoning (omitted in figure). They have 
U contents ranging from 149 ppm to 622 ppm and Th from 
87 ppm to 589 ppm, leading to Th/U ratios >0.6 (ranging 
from 0.60 to 1.51) (Table 1), and a correlation coefficient of 
0.72 between Th and U (omitted in figure). Twelve ana-
lyzed spots of zircon grains from this sample yielded a rela-
tively good cluster of U-Pb ages ranging from 365.6±5.3 to 
393.1±4.6 Ma, with a weighted average 380.5±5.0 Ma 
(Figure 2), which is regarded as the crystallization age. The 
207Pb/235U vs 206Pb/238U diagram yields a concordia age of 
379.3±5.8 Ma (Figure 2), which agrees with the weighted 
average age within the stated error. 

Sample CL5765 is from Chachagongma-W granodiorite. 
Zircon grains from the sample have prismatic zircons with 
length/width ratios of 21. CL images show that zircon 
grains have distinct concentric zoning, though some have an 
irregular dark blocks (i.e., grains 3, 4, 6, 8 and 10), which 
may be caused by late fluid alteration along cracks (Cher-
niak and Watson, 2000) (omitted in figure). Twelve ana-
lyzed grains have 260–1240 ppm U and 149–926 ppm Th, 
yielding Th/U ratios ranging from 0.59 to 1.09, and a corre-
lation coefficient of 0.96 between U and Th (omitted in fig-
ure). The analyzed grains yielded an average age of 
372.5±2.8 Ma (Figure 2). The 207Pb/235U vs 206Pb/238U dia-
gram yields an intercept age of 372.4±3.6 Ma (Figure 2), 
which is in accord with the weighted average age with the 
stated error and interpreted as the crystallization age.  

Sample CL577 is from Chachagongma-W granite. Zircon 
grains from this sample are prismatic with length/width ra-
tios between 21 and 31. CL images show that most of the 
zircon grains have obvious oscillatory zoning (omitted in 
figure) and a few grains, such as grains 2 and 4, have baned 
structure, which is typical of magmatic zircon (Pidgeon et 
al., 1998). The zircon grains have the U contents ranging 
from 140 to 644 ppm and Th from 106 to 722 ppm, giving 

high Th/U ratios >0.7 (ranging from 0.78 to 1.28) (Table 1). 
The correlation coefficient between Th and U for this sam-
ple is 0.97(omitted in figure). Ten analyzed spots of zircon 
grains from this sample yielded a very tight cluster of U-Pb 
ages ranging from 360.3±5.2 to 391.3±5.6 Ma, with a 
weighted average age of 382.5±3.6 Ma that is regarded as the 
crystallization age (Figure 2). The 207Pb/235U vs 206Pb/238U 
diagram yields an intercept age of 380.0±5.5 Ma (Figure 2), 
which is in good agreement with the weighted average age.  

Based on the zircon SHRIMP dating above, the granites 
in Dulan area can be divided into two groups: one with ages 
of 407, 405, 404 Ma and double 397 Ma is called as the 
407–397 Ma granites (granitoids-I), and another with ages 
of 383, 381 and 373 Ma as 383–373 Ma granites (grani-    
toids-II). They are corresponding to the third and fourth 
period granites in whole North Qaidam. 

3.2  Geochemistry  

Fifteen samples were analyzed for major and trace elements 
and six for Sr and Nd isotopes. The corresponding data set 
is presented in Tables 2 and 3.  

3.2.1  Major and trace element 

The granitoids range quartz diorite, granodiorite and granite 
based on the classification of SiO2 vs. (Na2O+K2O) (Mid-
dlemost, 1994; Irvine and Baragar, 1971) (Figure 3). With 
increasing silica these granites trend from magnesian calc- 
alkaline to ferroan and alkali-calcic (Frost et al., 2001; Frost 
B R and Frost C D, 2008) (Figure 4). They are metalumi-
nous to weakly peraluminous (Maniar and Piccoli, 1989) 

(Figure 5, Table 2). Two groups of granite all display a reg-
ular trend of decreasing TiO2, Al2O3, TFeO (FeO+Fe2O3), 
MgO, CaO and P2O5 whereas increasing K2O from medium- 
K to high-K and Na2O are almost stable with increasing 
SiO2 (Figure 6). Meanwhile, the contents of Co, Zn, Sr, Zr, 
Cr, Ni, Cu, Sc and Eu are decreasing (Figure 7(a)–(d), Table 
2) while U, Rb, Ta, Th, La, Ce and Rb/Sr ratio increasing 
(Figure 7(e), (f), (q); Table 2) with increasing SiO2, but for 
those elements such as Ba, Cs, Li, Sm, Yb and Be are in-
creasing in the granitoids-I whereas decreasing in the gran-
itoids-II (Figure 7(g), (h), (i); Table 2), also Ga, Hf and Y in 
granitoids-II are decreasing but stable in granitoids-I (Fig-
ure 7(j), (k), (l)); contrarily, Nd, Pb and REE in granitoids-II 
are stable whereas increasing in granitoids-I (Figure 7(m), 
(n) and (o)), Nb in both granitoids is almost not changed 
(Figure 7(p)).  

All granitoids are enriched in large ion lithophile ele-
ments (LILE) such as K, Rb, Cs, Sr, Ba and Th, depleted in 
high-field-strength (HFS) elements like Sc, Y, Zr, Hf, Ti, 
Nb, Ta and P (Table 2). In the Figure 8, all samples from 
the granitoids-I have similar primitive mantle normalized 
trace element patterns with Ba, Nb, Sr, P and Ti negative 
anomalies, but sample CL572 collected from the granodiorite  
of Shuiwenzhan-N pluton, which has negative Th, La and  
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Table 2  Chemical composition of granites from the eastern segment of the North Qaidama) 

Pluton  Yematan-E  Balijiehatan-W  Shuiwenzhan-N 

Sample  CL557 CL901  CL5802 CL5805 CL922  CL572 CL566 

Rock Granite Granite  Granodiorite Granite Granite  Granodiorite Granite 

SiO2 73.91 73.38 68.46 72.16 73.13 64.93 74.34 
TiO2 0.26 0.19 0.60 0.27 0.34 0.71 0.13 
Al2O3 14.08 13.99 15.22 14.41 12.83 16.39 13.58 
Fe2O3 0.52 0.17 0.47 0.47 1.49 1.28 0.54 
FeO 1.04 1.37 2.71 1.35 1.76 2.75 0.70 
MnO 0.04 0.04 0.06 0.05 0.05 0.09 0.04 
MgO 0.39 0.32 1.25 0.43 0.36 1.64 0.21 
CaO 1.52 1.23 3.33 1.51 1.58 3.95 0.91 
Na2O 3.27 3.43 3.90 4.12 4.19 3.96 3.61 
K2O 4.45 4.98 2.30 4.87 3.38 1.97 4.54 
P2O5 0.09 0.10 0.15 0.09 0.08 0.15 0.03 
H2O

+ 0.50 0.38 1.10 0.52 0.64 1.92 0.84 
CO2 0.21 0.09 0.13 0.13 0.44 0.21 0.21 
LOI 0.34 0.00 0.72 0.30 0.00 1.53 0.90 
Fe* 0.79 0.83 0.71 0.80 0.90 0.70 0.85 
MALI 6.20 7.18 2.87 7.48 5.99 1.98 7.24 
AI 0.13 0.14 0.11 0.13 0.09 0.12 0.12 
A/CNK 1.09 1.05 1.02 0.97 0.96 1.04 1.09 
AC 1.34 0.97 0.63 0.00 0.00 0.94 1.16 
Y 15.8 17.6 22.4 17.2 28.5 26.0 43.7 
Zr 147.0 107.0 154.0 201.0 238.0 152.0 109.0 
Hf 4.3 3.5 4.4 6.3 6.4 4.2 4.2 
Li 55.9 52.1 28.5 7.8 6.2 12.4 11.1 
Be 2.4 4.0 1.8 9.7 1.2 1.2 2.7 
Sc 3.9 3.2 6.4 3.2 2.3 10.0 4.5 
Cr 6.7 11.0 11.6 6.7 12.0 12.9 5.3 
Co 1.7 1.0 5.8 2.5 1.9 7.5 1.3 
Ni 1.89 3.52 4.48 2.44 4.30 5.66 1.07 
Cu 3.78 3.10 6.15 4.46 8.10 7.30 2.36 
Zn 40.8 37.0 55.7 34.8 47.0 67.3 50.3 
Ga 18.9 16.8 19.6 20.0 22.5 18.4 18.6 
Rb 204.0 267.0 87.1 261.0 107.0 62.5 219.0 
Sr 175.0 191.0 349.0 206.0 168.0 356.0 97.3 
Nb 12.6 12.8 10.5 31.2 12.3 10.4 14.7 
Cd 0.07 0.01 0.05 0.04 0.02 0.04 0.07 
Cs 5.71 6.00 4.77 14.40 2.00 1.14 6.22 
Ba 806 981 471 617 931 667 458 
Ta 1.45 2.37 0.94 2.54 0.79 0.73 2.52 
Pb 25.80 31.00 18.70 83.70 20.00 9.60 24.40 
Th 22.20 23.00 20.30 58.60 12.00 2.27 14.10 
U 2.52 2.30 1.64 9.30 0.60 0.74 2.13 
La 40.30 36.90 37.70 66.00 50.20 5.84 20.80 
Ce 78.10 70.70 80.40 118.00 107.00 13.20 43.60 
Pr 8.20 8.17 8.67 11.30 12.50 1.97 5.06 
Nd 28.70 26.90 32.30 35.30 45.50 10.10 19.50 
Sm 5.09 5.15 5.96 5.04 8.82 3.66 5.13 
Eu 0.69 1.01 1.14 0.86 2.02 1.06 0.61 

      (To be continued on the next page)
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Pluton  Yematan-E  Balijiehatan-W  Shuiwenzhan-N 

Sample  CL557 CL901  CL5802 CL5805 CL922  CL572 CL566 

Rock Granite Granite  Granodiorite Granite Granite  Granodiorite Granite 

Gd 4.71 4.95 5.11 4.22 7.71 3.84 5.72 
Tb 0.60 0.78 0.74 0.53 1.15 0.71 1.10 
Dy 2.97 3.98 4.06 2.70 6.22 4.48 7.07 
Ho 0.51 0.60 0.75 0.52 1.04 0.90 1.39 
Er 1.56 1.82 2.27 1.73 3.46 2.70 4.43 
Tm 0.23 0.28 0.32 0.26 0.46 0.38 0.65 
Yb 1.50 1.63 2.08 1.90 2.93 2.46 4.44 
Lu 0.22 0.28 0.32 0.31 0.50 0.38 0.67 
REE 173.38 163.15 181.82 248.67 249.51 51.68 120.17 
LREE/HREE 13.10 10.39 10.62 19.43 9.63 2.26 3.72 
Eu* 0.43 0.61 0.62 0.56 0.74 0.87 0.35 
(La/Sm)N 4.54 4.11 3.63 7.51 3.26 0.92 2.33 
(Gd/Yb)N 2.66 2.57 2.08 1.88 2.23 1.32 1.09 
(La/Yb)N 17.38 14.65 11.73 22.48 11.09 1.54 3.03 
Rb/Sr 1.17 1.40 0.25 1.27 0.64 0.18 2.25 

Pluton  Shuiwenzhan-N  Shuiwenzhan-S  Chachagongma 

Sample  CL571 CL940  CL560 CL561 CL568 CL5762  CL5765 CL577 

Rock  Granite Granodiorite  Quartz diorite Granite Granite Granite  Granodiorite Granite 

SiO2 74.92 66.65 61.42 70.30 73.35 72.46 67.29 74.70 

TiO2 0.11 0.50 0.54 0.43 0.32 0.30 0.52 0.16 

Al2O3 13.20 15.01 18.64 14.86 13.84 14.69 16.46 13.89 

Fe2O3 0.48 0.71 1.78 0.88 0.65 0.73 1.35 0.29 

FeO 0.75 3.47 2.59 2.13 1.40 1.09 2.39 0.50 

MnO 0.04 0.12 0.07 0.07 0.04 0.03 0.08 0.01 

MgO 0.21 2.11 1.60 1.05 0.49 0.50 1.25 0.05 

CaO 1.12 3.94 4.78 2.34 1.86 2.66 3.75 0.45 

Na2O 3.52 3.86 5.00 4.04 3.95 3.90 4.46 4.48 

K2O 4.62 2.48 1.73 2.98 3.54 2.66 2.13 4.83 

P2O5 0.04 0.09 0.20 0.11 0.07 0.09 0.13 0.02 

H2O
+ 0.56 0.94 1.22 1.02 0.50 0.65 0.52 0.50 

CO2 0.13 0.17 0.21 0.21 0.13 0.21 0.13 0.13 

LOI 0.25 0.94 0.92 0.80 0.16 0.44 0.58 0.38 

Fe* 0.85 0.66 0.72 0.74 0.80 0.78 0.74 0.94 

MALI 7.02 2.40 1.95 4.68 5.63 3.90 2.84 8.86 

AI 0.12 0.11 0.12 0.11 0.11 0.11 0.11 0.12 

A/CNK 1.03 0.93 0.99 1.05 1.01 1.04 1.00 1.04 

AC 0.47 0.00 0.34 1.01 0.30 0.78 0.31 0.53 

Y 28.7 27.5 16.5 24.3 24.8 7.4 36.0 12.5 

Zr 92.9 131.0 202.0 201.0 174.0 179.0 271.0 89.1 

Hf 3.4 3.9 5.1 5.4 4.6 4.7 6.7 2.7 

Li 37.0 11.2 13.1 10.0 13.1 12.9 14.5 1.5 

Be 2.6 2.2 1.8 1.6 1.3 1.4 2.0 1.5 

Sc 3.9 6.2 7.1 4.5 2.6 3.2 10.9 2.6 

Cr 5.7 27.0 8.0 9.2 6.7 7.0 17.0 4.7 

Co 0.9 8.2 9.4 5.8 2.6 3.2 7.6 0.2 

Ni 1.27 6.40 7.50 4.49 2.32 3.02 10.80 0.73 

      (To be continued on the next page) 
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Pluton  Shuiwenzhan-N  Shuiwenzhan-S  Chachagongma 

Sample  CL571 CL940  CL560 CL561 CL568 CL5762  CL5765 CL577 

Rock Granite Granodiorite  Quartz diorite Granite Granite Granite  Granodiorite Granite 

Cu 2.61 6.80 7.20 5.10 11.20 4.43 7.50 3.36 

Zn 35.1 53.0 47.0 45.5 32.6 53.3 65.0 12.2 

Ga 17.0 18.2 19.9 16.8 15.5 17.8 19.7 14.1 

Rb 202.0 124.0 42.6 66.6 70.7 74.2 70.9 132.0 

Sr 105.0 289.0 535.0 305.0 224.0 142.0 173.0 81.4 

Nb 10.8 13.4 6.7 10.2 8.0 4.2 7.9 9.7 

Cd 0.04 0.01 0.06 0.04 0.04 0.07 0.14 0.04 

Cs 10.20 3.00 1.78 1.35 1.39 1.97 1.99 1.07 

Ba 557 279 799 1045 1173 459 407 467 

Ta 1.43 0.97 0.49 0.98 0.84 0.65 0.69 0.92 

Pb 22.90 13.00 10.40 17.00 11.70 16.80 14.20 7.72 

Th 12.10 17.00 5.91 11.40 9.19 17.30 11.00 20.80 

U 2.14 2.40 0.86 2.16 0.86 1.86 0.98 3.03 

La 22.10 20.00 29.10 34.70 40.00 24.50 31.10 37.00 

Ce 45.80 45.30 56.30 70.50 77.70 47.10 63.20 71.20 

Pr 5.07 5.45 6.13 7.72 8.51 4.50 7.13 7.12 

Nd 19.00 20.70 22.80 28.30 30.80 15.40 27.30 23.00 

Sm 4.58 5.15 4.28 5.21 5.94 2.58 6.07 3.62 

Eu 0.62 1.10 1.42 1.11 1.13 0.80 1.27 0.46 

Gd 4.46 3.44 3.94 4.98 5.47 2.37 6.21 3.15 

Tb 0.78 0.59 0.53 0.75 0.80 0.28 1.04 0.42 

Dy 4.87 3.72 2.89 4.18 4.53 1.39 6.22 2.29 

Ho 0.96 0.93 0.56 0.82 0.86 0.23 1.20 0.41 

Er 2.91 2.06 1.72 2.56 2.65 0.67 3.67 1.37 

Tm 0.43 0.34 0.23 0.38 0.38 0.09 0.53 0.20 

Yb 2.90 2.02 1.52 2.41 2.36 0.58 3.44 1.41 

Lu 0.43 0.30 0.24 0.36 0.31 0.09 0.51 0.23 

REE 114.91 111.10 131.66 163.98 181.44 100.58 158.89 151.88 

LREE/HREE 5.48 7.29 10.32 8.97 9.45 16.65 5.96 15.02 

Eu* 0.42 0.76 1.05 0.66 0.60 0.98 0.63 0.41 

(La/Sm)N 2.77 2.23 3.90 3.82 3.86 5.45 2.94 5.86 

(Gd/Yb)N 1.30 1.44 2.19 1.75 1.96 3.46 1.53 1.89 

(La/Yb)N 4.93 6.41 12.39 9.32 10.97 27.33 5.85 16.98 

Rb/Sr 1.93 0.41 0.08 0.22 0.32 0.52 0.41 2.15 

a) The unit is wt% for oxides and ppm for trace elements. 

Table 3  Sr-Nd isotopic analyses for the granites from Dulan, east segment of North Qaidama) 

Samples (87Rb/86Sr)m (87Sr/86Sr)m (87Sr/86Sr)i (147Sm/144Nd)m (143Nd/144Nd)m (143Nd/144Nd)i εNd(t) T2DM(Ga) 

CL557 (G) 3.3702 0.730465 0.71095 0.1072 0.51206 0.51178  1.69 

CL5802(GD) 0.7215 0.714404 0.71026 0.1115 0.51194 0.51164  1.90 

CL5805(G) 3.6630 0.731636 0.71093 0.0863 0.51192 0.51170  1.82 

CL572 (GD) 0.5076 0.711148 0.70824 0.2190 0.51253 0.51195  1.41 

CL571 (G) 5.5619 0.740751 0.70931 0.1457 0.51215 0.51177  1.71 

CL561 (G) 0.6313 0.710887 0.70742 0.1113 0.51233 0.51204  1.29 

CL5765(GD) 1.1849 0.713511 0.70723 0.1344 0.51252 0.51219  1.07 

CL577(G) 4.6883 0.734672 0.70914 0.0951 0.51223 0.51199  1.38 

a) m, present ratios of sample; G, granite; GD, granodiorite. 
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Figure 3  Diagram of SiO2-Na2O+K2O. ◆, 407–397 Ma granites (grani-     
toids-I); ● 383–373 Ma granites (granitoids-II). 

 
Figure 4  Diagram of SiO2 vs. Fe* and MALI. After Frost et al. (2001), 
Frost B R and Frost C D(2008). Symbols are the same as in Figure 3. 

 
Figure 5  Diagram of A/CNK-A/NK. after Maniar and Piccoli (1989). 
Symbols are the same as in Figure 3. 

Ce anomalies and positive Sr anomaly. The granitoids-II 
has two types of patterns. Samples from Shuiwenzhan-S 
pluton have positive Ba, positive- to weakly-negative Sr and 
negative Nb, P and Ti anomalies. In contrast, samples from 
Chachagongma pluton have negative Ba, Nb, Sr, P and Ti 
anomalies, which are similar to the patterns of the grani-    
toids-I (McDonough and Sun, 1985) (Figure 8). 

3.2.2  REE 

Total REE contents of the granites range from 51.68 to 
249.51 ppm (Table 2). The sample CL572 from the grano-     
diorite of Shuiwenzhan-N in granitoids-I has the lowest 
total REE contents (51.68 ppm) and the smallest ratio of 
LREE/HREE (2.26) whereas the sample CL922 from Bali-
jiehatan-W granite has the highest total REE contents 
(249.51 ppm). The REE content of the granitoids-I corre-
lates positively with the Zr content, suggesting that zircon is 
the major host for the REE but the granitoids-II (Figure 
7(r)). All samples are enriched in LREE with ratios of 
LREE/HREE ranging from 2.26 to 19.43 (Table 2). But the 
Shuiwenzhan-N pluton has relatively lower LREE/HREE 
ratios of 2.26 to 7.29 than other plutons with LREE/HREE 
ratios of 5.96 to 19.43 (Table 2). Granitoids-I and granit-
oids-II have two types of chondrite-normalized REE pat-
terns: one including samples CL572, CL560, CL5762 and 
CL940 has no obvious En anomaly with Eu* ranging from 
0.76 to 1.05, and sample CL572 has almost even pattern 
with a ratio of (La/Yb)N 1.54, and the other including the 
remaining samples has similar, roughly parallel chon-
drite-normalized REE patterns with a negative Eu anomaly 
(Eu* ranging from 0.35 to 0.74) (Boynton, 1984) (Figure 9). 
Rocks with the first type of chondrite-normalized REE pat-
tern include quartz diorite, granodiorite and early crystal-
lized granite occurred in margin facies, indicating these 
rocks have a poorer fractionated evolution. Contrarily, the 
other rocks that consisted mainly of granite have relatively 
better fractionated evolution. 

3.2.3  Sr and Nd isotopics 

The granitoids-I has higher (87Sr/86Sr)i, T2DM and lower Nd(t) 
of 0.71095, 1.69 Ga and 6.6 for Yematan-E pluton, 0.71026– 
0.71093, 1.82–1.90 Ga and 8.4–9.25 for Balijiehatan-W 
plutons, and 0.70824–0.70931, 1.41–1.71 Ga and 3.2–7.0 
for Shuiwenzhan-N plutons, than those of granitoids-II, 
which are 0.70742, 1.29 Ga and 1.9 for Shuiwenzhan-S 
pluton, 0.70723–0.70914, 1.07–1.38 Ga and 0.6–3.0 for 
Chachagongma plutons, respectively (Table 3). In Figure 10 
(Keay et al., 1997; Serhat and Goncuoghln, 2007), the sam-
ples from the granitoids-I except sample CL772 are mainly 
plotted in an overlap region between I-type Lachlan granit-
oids and S-type Lachlan granitoids. The sample CL772 of 
the granitoids-I from Shuiwenzhan-N pluton is plotted in 
the area of I-type Lachlan granitoids, just like all samples of 
the granitoids-II. 
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Figure 6  Harker diagram. Symbols are the same as in Figure 3. 

4  Discussion 

4.1  The episodes of magmatism in Paleozoic from 
North Qaidam and granite distribution 

Up to now, we have obtained 22 zircon SHRIMP U-Pb ages 
of the granites in Paleozoic from North Qaidam, including  

eight ages in this study, thirteen ages in previous works, and 
one age from Lu et al. (2007). The previous age data and 
sampling location of granite plutons from North Qaidam are 
given in Table 4. Based on the age data of the granites from 
North Qaidam and combined with their occurrence and geo-    
chemical features (Wu et al., 2006, 2007), we recognize 
four episodes of granitoid magmatism in North Qaidam  
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Figure 7  Diagram of SiO2 vs. Trace elements. Symbols are the same as in Figure 3. 

during the Paleozoic. They are 465–473, 440–446, 397–408 
and 372–383 Ma (Figure 11). The granitoids from the east-
ern segment (Dulan) of North Qaidam are products of the 

third and fourth period of magmatism, and the Yematan-E, 
Balijiehatan-W and Shuiwenzhan-N granitoids belong to the  
third period while Shuiwenzhan-S and Chachagongma  
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Figure 8  Mantle-normalized trace element patterns of granites from the 
eastern segment of North Qaidam. The same sample numbers are the same 
as in Table 1. Primitive mantle values are from McDonough and Sun (1985). 

 

Figure 9  Chondrite-normalized REE distribution patterns of granites 
from the eastern segment of North Qaidam. The sample numbers are the 
same as in Table 1. REE reference values are from Boynton (1984). 

 

Figure 10  Initial (87Sr/86Sr)i vs. εNd(t) diagram of the granitoids from 
Dulan, eastern segment of North Qaidam. Symbols are the same as in Figure 3. 

 

Figure 11  Histogram of Zircon SHRIMP ages of the granitoids from 
North Qaidam. 

granitoids to the fourth period. 
The first period of granitoid plutons that consist of 

(magnesian calcic to calc-alkalic) granites mainly occurs in 
the southern geological unit of North Qaidam. They are 
hosted by island arc volcanic rocks of the Tanjiangshan 
Group, which is a suite of lower Paleozoic volcanic rocks 
metamorphosed to the greenschist facies. A Late Ordovician 
age has been assigned on geological criteria (Bureau of Geo-   
logy and Mineral Resource, Qinghai Province (BGMRQH), 
1991), whereas Li et al. (2006) postulated an age of Early to 
Late Ordovician. However, recent work indicates that it is 
significantly older because at Luliangshan it is intruded by a 
gabbro with a single grain zircon U-Pb age of 496.3±6.2 Ma 
(Yuan et al., 2002), and at Xitieshan intermediate to silicic 
volcanic rocks of the Group it has a zircon U-Pb age of 
486±13 Ma (Wang et al., 2003). In addition, the Saishi-     
tenshan and Tuanyugou granitic plutons in the western 
segment of North Qaidam, with zircon SHRIMP U-Pb ages 
of 465 Ma and 470 Ma respectively, intrude the volcanic 
rocks of Tanjiangshan Group, confirming that it is older 
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than Early Ordovician (Wu et al., 2009). 
The granitoids of the second period, some of which are 

peraluminous and some are metaluminous, occur mainly in 
the northern unit of North Qaidam. The peraluminous 
Qaidamshan granite (S-type) has ages of 446 and 440 Ma 
(Lu et al., 2007; Wu et al., 2002, 2007) whereas the metalu-
minous Tuanyushan granite is 443 Ma (Wu et al., 2009). 
The granitoids of the third period mainly occur in the mid-
dle and east segment of the southern unit in North Qaidam 
such as Lulianshan granite with ages of 403 and 408 Ma, 
Yematan-E granites with age of 407 Ma, Balijiehatan-W 
granite with age of 404 Ma, Shuiwenzhan-N granite with 
ages of 405 and 397 Ma. However, the granitoids of the 
fourth period occur in both the northern and the southern 
units in North Qaidam. For example, Shuiwenzhan-S gran-
ites with age of 381 Ma and Chachagongma granites with 
ages of 373 Ma and 383 Ma occur in the southern unit 
whereas Aolaohe quartz diorite with age of 372 Ma and 
Datouyanggou granite with age of 372 Ma in the northern 
unit (Wu et al., 2007). 

4.2  Genesis of the granites during different episodes 

The basal supracrustal rocks exposed in Oulongbuluke 
block of the north tectonic units in North Qaidam can be 
divided into two types. The first type (Type I) metamorphic 
supracrustal rocks have T2DM=2.57–2.83 Ga, Nd(t)=1.18– 
2.08, belonging to metamorphic terrigenous sedimentary 

rocks mixed with mantle materials, and the second type 
(type II) with T2DM=1.61–2.17 Ga, Nd(t)=7.23–15.12, is 
different from the type I. The supracrustal rocks of Shaliuhe 
group from the south tectonic units with T2DM=1.87–2.14 Ga 
and Nd(t)=3.94–7.95 fall the evolution area of type II 
metamorphic supracrustal rocks from Oulongbuluke block 
(Figure 12), indicating the type II metamorphic supracrustal 
rocks from Oulongbuluke block may be an erosion source 
area of the Shaliuhe group clastic rocks in Qaidam Block 
(Chen et al., 2007). 

The granitoids of the third period from Dulan have 
(87Sr/86Sr) s

t ranging from 0.7082 to 0.7110, (143Nd/144Nd)s
t 

from 0.51192 to 0.51215, Nd(t) from 3.2 to 9.3 and T2DM 
from 1410 Ma to 1820 Ma respectively, similar to those of 
the granitoids from Da Qaidam (Luliangshan rock mass), 
which are 0.7063, 0.51203, 3.04 and 2066 Ma respectively 
(unpublished data), indicating the granitoids of the third 
period were derived from Late Paleo- to Early Meso-Pro-     
terozoic continent crust mixed with mantle materials, not 
from type II basal metamorphic rocks of Oulongbuluke 
block or Shaliuhe group rocks (T2DM=1.87–2.14 Ga, Nd(t)= 
3.94–7.95). However, the Balijiehatan-W granite of the 
third period from Dulan with T2DM=1.82–1.90 Ga) and 
Nd(t)=(9.3–8.4) is similar to those of Shaliuhe supra-
crustal rocks, showing its source rock may be the Shaliuhe 
group supracrustal rocks (Figure 12).  

The granites of the fourth period from Dulan, with  

 

Figure 12  Nd(t)-T2DM diagram for the granitoids and metamorphic supracrustal rocks from North Qaidam. after Chen et al. (2007).  
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(87Sr/86Sr) s
t ranging from 0.7008 to 0.7075, (143Nd/144Nd)s

t 

from 0.51199 to 0.51219, Nd(t) from 0.6 to 3.0 and T2DM 
from 1069 Ma to 1379 Ma respectively, are very different 
from the same period granites from Da Qaidan with 
(87Sr/86Sr) s

t of 0.7054 to 0.7144, (143Nd/144Nd)s
t of 0.51125 to  

51205, Nd(t) of 2.08 to 11.42 and T2DM of 1380 to 1729 
Ma (unpublished data). Thus, the differences showing above 
demonstrate that the protolith of the granites in Dulan may 
derive from lower crust of Mesoproterozoic age while pro-
tolith of the granites in Da Qaidan may derive from mid-
dle-upper crust of Paleo-Proterozoic time. In addition, Da-
touyanggou granite from Da Qaidan may be produced by 
partial melting of Shaliuhe rock group (Figure 12). It can be 
seen that the granites of the fourth period have different 
genesis in North Qaidam.  

The granites of the first period have lower (87Sr/86Sr)i and 
(143Nd/144Nd)i values (0.7039–0.7049 and 0.51215–0.51220, 
respectively) than the granitoids of the second period, 
whose (87Sr/86Sr)i values range from 0.7143 to 0.7311 and 
(143Nd/144Nd)i value of 0.51157 (Wu et al., 2009). This sug-
gests that the protolith of the first period granitoids was de-
rived from the mantle, whereas the second period granitoids 

from crustal sources. The first period granitoids have Nd(t) 
values >0, ranging from 0.6 to 2.2, indicating that their pro-
tolith may have been tholeiitic oceanic crust derived mainly 
from the depleted mantle that was formed in Mesoprotero-
zoic time based on their T2DM ranging from 1030 to 1150 
Ma (Wu et al., 2009). On the other hand, the second period 
granitoids with Nd(t)<0 (9.65) and T2DM=1853 Ma (Wu et 
al., 2009) are similar to Shaliuhe rock group (T2DM=1.87– 
2.14 Ga, Nd(t)=3.94–7.95), indicating that their proto-
liths may have been the middle-upper crust of Paleo-Prote-     
rozoic age (Wu et al., 2009).  

4.3  Granitoid magmatism and tectonic evolution 

Based on the granitoid zircon dating results and geochemi-
cal characteristics, as well as regional tectonics and granite 
distribution characteristics in the North Qaidam, the Paleo-
zoic granitoid mamatism can be divided into four periods, 
corresponding to four stages of tectonic evolution (Figure 
13). Studies proved that there existed a Paleozoic ocean 
between Qaidam and Qilian terrains (Xu et al., 2006), and 
the North Qaidam in the early Paleozoic was an island arc  

 

Figure 13  Tectonic evolution model.  
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environment located on an active continental margin (Lu et 
al., 2002; Shi et al., 2003; Yuan et al., 2002). Some workers 
(Lai et al., 1996; Qiu et al., 1998) have suggested that 
northward subduction under the Qilian continental terrane 
occurred at the end of the Cambrian. The subducted litho-
sphere was metamorphosed to eclogite facies resulting in 
release of abundant fluids during dehydration reactions 
(Peacocks, 1990; Sorena and Grossman, 1993). The upward 
migration of these fluids caused melting of the upper mantle 
and lower crust below the island arc to form a characteristic 
suite of igneous rocks (Lai et al., 1996; Qiu et al., 1998) , 
including some with adakitic affinity, such as the dacite of 
the Tanjiangshan Group at Jilusu (Shi et al., 2003). The 
granitoids of the first period have island arc geochemical 
signatures such as Saishitengshan granite with zircon 
SHRIMP age of 470 Ma, and include some adakitic rocks 
(Wu et al., 2009). In addition, these plutons are hosted in 
metavolcanic rocks of the Tanjiangshan Group, which also 
have an island arc affinity. These data indicate that the early 
Paleozoic granitoids formed at an active continental margin 
(Hugh and John, 2005) and that subducted oceanic crust 
was partially melted to form the adakitic rocks (Shi et al., 
2004). Subduction of oceanic crust would have preceded the 
first period of granitoid intrusion, producing the eclogites 
from Yuka of Da Qaidan and Shaliuhe. These have zircon 
238U-206Pb ages of 494.6±6.5 Ma (Yang et al., 2002; Zhang 
et al., 2000) and 484 ±3 Ma (Song et al., 2007; Xin et al., 
2002). This indicates that subduction of ocean crust in 
North Qaidam took place prior to 460 Ma, which agrees 
with the age of garnet peridotite in North Qaidam (Song et 
al., 2007). The ultra-high pressure metamorphism of oceanic 
crust in North Qaidam took place between 494 and 460 Ma, 
overlapping the first period of granitoid magmatism.  

The second period of granitoid magmatism corresponds 
to the 452±13.8 Ma age of coesite-bearing zircon from UHP 
gneiss in North Qaidam (Song et al., 2007). These large 
differences in metamorphic ages are believed to reflect irre-    
gularities in the subducted plate, such that continental and 
oceanic subduction could occur at the same time. This in-
terpretation is supported by the essentially coeval occur-
rence of metalumionous granitoids in the Tuanyushan plu-
ton with an age of 443 Ma, and peraluminous granites in the 
Qaidamshan pluton with an age of 446 Ma (Wu et al., 2002, 
2007, 2009). Thus, we infer that the second period of gran-
itoid intrusion was also related to plate subduction (Wu et 
al., 2002, 2007, 2009).  

The third period of granitoid intrusion formed plutons 
mostly in the middle to eastern segments of North Qaidam. 
These granites are also coeval with UHP rocks, e.g., the 
Dulan Yematan granite (397 Ma) (Wu et al., 2004), Yema-
tan-E granite (406.6±3.5 Ma), Balijiehatan-W pluton 
(403.7±6.2 and 397±6 Ma) and Shuiwenzhan-N pluton 
(404.5±4.0 and 397.0±3.7 Ma). Mylonitized gneiss at Dulan 
has an Ar-Ar age of 401.5±0.5 Ma (Yang et al., 2000; Song 
et al., 2005), whereas similar rocks at Xitieshan have an 

Ar-Ar age of 405.7±0.9 Ma (Xu et al., 2003). These ages 
represent the time of exhumation of the UHP gneisses be-
cause the closure temperature of muscovite is about 350± 
50C (Xu et al., 2003). It is well known that deep subduc-
tion of oceanic crust could produce delamination of dense 
eclogites. In response to this the relative light crustal block 
would rebound isostatically. The combination of heating 
from friction between exhumed and adjacent blocks and 
from the asthenosphere produces partial melting to form the 
granitoid magmas (Martin, 1986; Wu et al., 2004, 2006). 
The absence of magmatism of this age in the western seg-
ment of North Qaidam probably indicates that the subducted 
block there was not exhumed to shallow levels. 

Following the block exhumation, large-scale delamina-
tion of the lithospheric mantle in the area happened. Such 
delamination of the lithospheric mantle leads to upwelling 
of hot asthenosphere. At the same time, the orogenic belt 
underwent extension and collapse, leading to partial melting 
of the crust, forming the fourth period of granitoid magma-
tism that produced the granites with ages from 372 to 383 
Ma, which are widely distributed in North Qaidam. In addi-
tion to quartz diorite with a zircon SHRIMP U-Pb age of 
372 Ma from Aolaoshan pluton (Wu et al., 2001), the gran-
ites from Da Qaidan yielded an age of 374.5±1.6 Ma for the 
southeast body of Baga Qaidam Lake and 372.0±2.7 Ma for 
the Datouyanggou pluton (Wu et al., 2007), and granites 
studied in this paper from Dulan have an age of 380.5±5.0 
Ma for Shuiwenzhan-S pluton, 382.5±3.6 and 372.5±2.8 Ma 
for the two intrusive stages in the Chachagongma pluton. 
These granites are located in several tectonic units, indicat-
ing that granitic magmatism was common in North Qaidam 
during this time. It is well known that granitoid intrusion, 
extension and collapse in orogenic belts are coeval (Leake, 
1990), as has been demonstrated for the late Mesozoic 
orogeny in southeast California (Kula et al., 2002), the Var-
iscan orogeny in Spain (Aranguren et al., 1996), and the 
Proterozoic orogeny in Greenland (Hutton et al., 1990).  

5  Conclusions  

(1) The episodes of granitiod magmatism in Paleozoic 
from North Qaidam can be diveided into four periods. They 
are 465–473, 440–446, 397–408 and 372–383 Ma. But the 
granitoids from the eastern segment of North Qaidam have 
zircon SHRIMP ages of 406.6±3.5 Ma for Yematan-E gran-
ite, 403.7±6.2 and 397±6 Ma for the two intrusive stages in 
Balijiehatan-W plutons, and 404.5±4.0 and 397.0±3.7 Ma 
for the two intrusive stages in the Shuiwenzhan-N pluton, 
which belongs to the products of the third period of 
magamatism in North Qaidam, and 380.5±5.0 Ma for 
Shuiwenzhan-S pluton, 382.5±3.6 and 372.5±2.8 Ma for the 
two intrusive stages in the Chachagongma pluton, which 
belongs to the products of the fourth period of magmatism 
in the area. 
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(2) The third period granitoids in Dulan have a similar 
protolith to Da Qaidan, and both were derived from Late 
Paleo- to Early Meso-Proterozoic continent crust with mantle 
materials. Contrarily, the source rocks of the fourth period 
granitoids in Dulan were different from the same period 
granitoids in Da Qaidan. The protolith of the fourth period 
granitoids in Dulan may have been lower crust of Mesopro-
terozoic age whereas the same period granitoids in Da Qai-
dan may be middle-upper crust of Paleo-Proterozoic time. 

(3) Based on different period granite distribution, com-
bined with regional geology, we thought that the first two 
periods were related to subduction and ultra-high pressure 
metamorphism, the third to exhumation of the subducted 
material because of breaking between eclogitic ocean crust 
and gneiss continental crust, and the fourth to equilibration 
between the different blocks in orogen because of large- 
scale delamination of the lithosphere mantle.  
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