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The poorly studied Douling Complex is a crystalline basement that developed in the Neoproterozoic-Paleozoic weakly metamor-
phosed to non-metamorphosed strata at the South Qinling tectonic belt. Five banded dioritic-granitic gneiss samples from the 
Douling Complex were chosen for LA-MC-ICPMS U-Pb zircon dating, which yielded protolith emplacement ages of 2469 ± 22 
Ma, 2479 ± 12 Ma, 2497 ± 21 Ma, 2501 ± 17 Ma and 2509 ± 14 Ma, respectively. An important peak age of ~2.48 Ga was also 
obtained for a metasedimentary rock in the same region. These discoveries suggest the occurrence of magmatic activity of 
2.51–2.47 Ga at the northern margin of the Yangtze craton. The age-corrected εHf(t) values obtained from in situ zircon Hf isotop-
ic analysis are mainly between −5.5 and +0.3, and the two-stage zircon Hf model ages range from 3.30 to 2.95 Ga. Considering 
two important periods of ~3.3–3.2 Ga and ~2.95–2.90 Ga for the continental crustal growth in the Yangtze craton, we infer that 
the dioritic-granitic gneisses from the Douling Complex are the products of reworking of Paleo- to Mesoarchean crust at the 
northern margin of the Yangtze craton at ~2.5 Ga. In addition, metamorphic ages of 837 ± 8 Ma and 818 ± 10 Ma were obtained 
for zircon overgrowth rims from a dioritic gneiss and a metasedimentary rock, indicating that the main phase amphibolite facies 
metamorphism of the Doulng Complex occurred during the Neoproterozoic, although its geological meaning remains ambiguous. 
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The North China and Yangtze cratons are the two largest 
Precambrian basement blocks in China, which collided 
along the Qinling-Tongbai-Dabie-Sulu orogenic belt during 
the late Permian to Triassic [1]. It is well known that Ar-
chean rocks are extensively exposed in the North China 
craton. The oldest rocks and crustal materials were dated at 
3.8 Ga. Two major phases of magmatism occurred in 2.8– 
2.7 Ga and 2.55–2.50 Ga, whereas high grade metamor-
phism took place at ~2.5 Ga [2,3]. In contrast, the Precam-
brian basement of the Yangtze craton is poorly exposed; it 
was deeply buried and was covered by voluminous Neo-
proterozoic-Phanerozoic sedimentary sequences. The grow- 
ing amount of isotopic age data from Archean to Paleopro-

terozic, particularly the recently published U-Pb zircon  
ages, has led many researchers to suggest that Archean 
crystalline basement is widespread beneath the Yangtze 
craton [4]. However, the supporting evidence mainly comes 
from U-Pb studies of detrital zircons in metasedimentary 
rocks [5–9] or inherited zircons in igneous rocks [10–14]. 
The Archean age information obtained for the exposed 
basement rock series are mostly from the Kongling high 
grade metamorphic terrane at the northern margin of the 
Yangtze craton [15–20], with sporadic reports from the 
granulites in the Yudongzi Group and the Dabie Mountains 
[21–23]. To date, three main episodes of Archean magmatic 
event in the Yangtze craton have been recognized, i.e. at 
approximately 3.3–3.2 Ga, 2.95–2.9 Ga and 2.7–2.6 Ga, 
respectively [3,20].  
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The Qinling orogen marks a convergence zone separating 
the North China craton from the Yangtze craton. It has ex-
perienced different tectonic stages and formed a composite 
continental orogenic belt through different tectonic regimes 
[24]. Understanding the nature of the main tectonic units of 
the Qinling orogen is important not only for recognizing the 
amalgamation process between the North China and Yang-
tze cratons during the Phanerozoic, but also for elucidating 
the formation and evolution of Precambrian continental 
crust. Although the tectonic nature of the North Qinling 
tectonic belt is still unclear, it is generally accepted that the 
South Qinling tectonic belt was derived from the Yangtze 
craton basement [25,26]. Therefore, the South Qinling tec-
tonic belt is also an important venue for unraveling the early 
tectonic evolution of the Yangtze craton. The Douling 
Complex represents a crystalline basement developed in the 
Neoproerozoic-Paleozoic weakly metamorphosed to non- 
metamorphosed strata in the South Qinling tectonic belt. 
This complex only experienced amphibolite facies meta-
morphism [27,28] and never underwent HP/UHP metamor-
phism. Due to inadequate geochronological research and 
inaccurate age data [29,30], no conclusive results could be 
drawn yet regarding the protolith and  metamorphic ages 
of this complex, and the comparison between this complex 
and the HP/UHP metamorphic terrane located at the same 
tectonic position still remains unclear. In this contribution, 
different rock types of the Douling Complex were conduct-
ed by LA-MC-ICPMS U-Pb zircon dating and Hf isotope 
analysis. The banded dioritic-granitic gneisses gave evi-
dence of magmatism at ~2.5 Ga. This discovery is very im-
portant for discussing the tectonic evolution of the Yangtze 
craton during the late Archean to early Paleoproterozoic. 

1  Regional geology  

The Douling Complex (also called the Douling Group) is 
located at the South Qinling tectonic belt to the southern 
side of the Shangdan Fault. It occured as lenticular body in 
NWW-SEE direction. This complex is separated from the 
Neoproterozoic Wudang Group by a ductile shear zone in 
the south and from the Devonian Liuling Group by fault 
contact in the north. The exposure area of this complex is 
less than 500 km2, where was intruded by voluminous in-
termediate to felsic intrusives during the Neoproterozoic 
(Figure 1). The Douling Complex is mainly composed of 
banded dioritic-granitic gneiss (including amphibole-   
plagioclase gneiss, biotite-plagioclase gneiss, plagioclase 
gneiss and two-feldspar gneiss) with intercalated calc-  
silicate rock, amphibolite and marble, where the amphibo-
lite sometimes interbeds with gneiss. Using conventional 
thermobarometers, the metamorphic conditions are deter-
mined to be 650–700C and 0.70–0.87 GPa [27,28], which 
are equivalent to upper amphibolite facies conditions. 
However, the amphibolite mineral assemblage was com-
monly overprinted by greenschist facies metamorphism. 
Neoproterozoic intrusives mainly consist of diorite, gran-
odiorite and granite of 735–705 Ma [28] (our unpublished 
data), which are generally subjected to late deformation. 

Geochronology studies on the Douling Complex are few. 
The age of 1878 ± 256 Ma has been obtained for five felsic 
gneiss samples using whole-rock Sm-Nd isochron method 
[29], which is distinctly different from the ages of 1635 ± 
22 Ma and 1672 ± 25 Ma obtained for a gneiss by single 
zircon grain evaporation method. Thus, the protolith age of 
the gneisses from the Douling Complex remains uncertain. 

 
 

 

Figure 1  Simplified geological map of the Douling Complex in the South Qinling tectonic belt. The sampling localities of the studied rocks are indicated. 
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Zhang et al. [30] examined calc-silicate rocks from the 
Douling Complex using SHRIMP U-Pb zircon and Sm-Nd 
dating. They obtained the remnant zircon ages of 2.6–2.5 
Ga and the Nd model ages of 2.76–2.67 Ga, which further 
indicated the possible presence of Neoarchean crustal mate-
rials in the Douling Complex. In addition, the metamorphic 
zircons from calc-silicate rocks gave ages of ~1.95 Ga and 
834 ± 31 Ma. The high and low temperature 40Ar/39Ar plat-
eau ages of amphibole were 833 ± 17 Ma and 323 ± 8 Ma, 
respectively. Whole-rock Rb-Sr isochron age of 422 ± 16 
Ma was also obtained for a gneiss. Hence, the Douling 
Complex were inferred to comprise lithostratigraphic units 
with different ages and source regions and may have been 
affected by multi-phase metamorphism during the Paleo-
proterozoic, Jinningian, and late Caledonian-Hercynian 
[28-30]. 

2  Samples and analytical procedures  

2.1  Samples  

In order to precisely determine the protolith ages of me-

taigneous and metasedimentary rocks from the Douling 
Complex, six representative samples including five dioritic- 
granitic gneisses (samples XX09-1, XX43-2, XP08-4, 
XP16-4 and SN07-7) and one metapelite (sample SN14-1) 
were chosen for LA-MC-ICPMS U-Pb zircon dating. Ex-
cept for sample XX09-1 that showed substantial Pb loss in 
zircon, four gneisses were also carried out Hf isotopic anal-
ysis on magmatic zircon domains. All selected rocks expe-
rienced amphibolite facies metamorphism followed by var-
ious degrees of overprinting by the greenschist facies met-
amorphism. Their geographic coordinates, mineral assem-
blages and age results are presented in Table 1. 

Dioritic-granitic gneisses mainly consist of amphibole- 
plagioclase gneiss, biotite-plagioclase gneiss, plagioclase 
gneiss and two-feldspar gneiss. All these rocks are fi-
ne-grained and banded, commonly intercalated with thin 
layers or bands of amphibolites (Figure 2(a)). The rocks are 
commonly composed of plagioclase, K-feldspar, quartz and 
opaque minerals. Some intermediate rocks contain amphi-
bole, whereas felsic rocks contain biotite or are enriched in 
K-feldspar. The overprinting of late greenschist facies 
metamorphism and deformation are distinct and led to a  

Table 1  Sampling localities, mineral assemblages and age results of the dated rocks from the Douling Complex 

Sample Location Coordinates Lithology Mineral assemblagea) Age (Ma) 

XX09-1 Dangziling 33°12′30″N 
111°30′10″E 

amphibole-plagioclase gneiss Amp + Pl + Kfs + Qtz + Oq; 
Secondary: Ser + Ep 

2469 ± 22 
837 ± 8 

XX43-2 Xijiucaogou 33°16′38″N 
111°20′06″E 

amphibole-plagioclase gneiss Amp + Pl + Qtz + Oq;  
Secondary: Chl + Ep 

2479 ± 12 

XP08-4 Dadouling 33°19′40″N 
11°02′35″E 

plagioclase gneiss Pl + Kfs + Qtz + Oq;  
Secondary: Ser + Chl + Ep 

2497 ± 21 

XP16-4 Shizigou 33°20′15″N 
111°06′37″E 

two-feldspar gneiss Pl + Kfs + Qtz + Oq;  
Secondary: Ser + Chl + Ep 

2501 ± 17 

SN07-7 Xiaolingguan 33°19′43″N 
110°56′31″E 

biotite-plagioclase gneiss Bt + Pl + Kfs + Qtz + Qq;  
Secondary: Ser + Chl + Ep 

2616 ± 11 
2509 ± 14 

SN14-1 Shifanggou N 33°20′17″E 
110°55′30″ 

metapelite Grt + Bt + Sill + Ky + St + Pl + Qtz + Rt + Ilm;  
Secondary: Chl 

3032–1362 
818 ± 10 

a) Amp, Amphibole; Bt, biotite; Chl, chlorite; Ep, epidote; Grt, garnet; Ilm, ilmenite; Kfs, K-feldspar; Ky, kyanite; Oq, opaque minerals; Pl, plagioclase; 
Qtz, quartz; Rt, rutile; Ser, sericite; Sill, sillimanite; St, staurolite. 

 
 

 

Figure 2  Photographs showing the field occurrences of the dated rocks. (a) Banded amphibole-plagioclase gneiss (sample XX43-2); (b) metapelite (sample 
SN14-1). 
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strong mylonitization of the most rocks. Quartz forms ob-
viously elongated ribbon or occurs as polycrystalline ag-
gregates. The bands of sericite + chlorite + epidote are 
commonly developed. Plagioclase grains are mostly sub-
jected to saussuritization and sericitization. 

Metapelite sample SN14-1 was collected from a layer of 
~30 m thick (Figure 2(b)), and the country rocks are fine- 
grained banded granitic gneiss. It is mainly composed of 
garnet (20%), biotite (25%), plagioclase (20%) and quartz 
(30%), with minor sillimanite, kyanite, staurolite, rutile and 
ilmenite (5%). The rock shows porphyritic texture, with 
euhedral garnet porphyroblasts up to 3–25 mm. Garnet con-
tains inclusions of biotite, kyanite, rutile, quartz and ilmen-
ite. Secondary chlorites occasionally occur in the garnet rim. 
Biotite together with fibrolitic sillimanite commonly devel-
ops around garnet porphyroblasts. Quartz often displays as 
banded aggregations, in which garnet sometimes is en-
riched. 

2.2  Analytical procedures 

Zircon crystals were extracted from samples of several kil-

ograms using the conventional techniques, including crush-
ing, sieving, heavy liquid and hand picking. Zircon grains 
were mounted on epoxy disc and polished down to their 
two-thirds exposed. The internal structures of zircons were 
revealed by cathodoluminescence (CL) imaging. The zircon 
analyses were performed using laser ablation multi-collector 
inductively coupled plasma mass spectrometry (LA-MC- 
ICP-MS) at the Tianjin Institute of Geology and Mineral 
Resources. A detailed compilation of instrumental condi-
tions was given by Li et al. [31]. The spot diameters were 
set to be 35 μm with laser frequency at 8–10 Hz for all 
samples, and the density of plasma was 13–14 J/cm3. 
TEMORA zircon standard was used as an external standard 
for U-Pb dating. Data processing was completed using 
ICPMSDataCal [32,33] and ISOPLOT [34]. The conven-
tional 208Pb correction was performed. NIST612 was ana-
lyzed twice after every six analyses to determine the con-
centrations of Pb, U and Th. The age uncertainty for indi-
vidual analysis represents one standard deviation (1σ), but 
the calculated weighted mean ages are quoted at the 95% 
confidence level. The analytical data are listed in Table 2. 

Zircon Hf isotopic analyses were conducted in-situ using  

Table 2  LA-MC-ICPMS U-Pb analyses of zircons for dioritic-granitic gneisses and metasedimentary rock from the Douling Complex 

Spot U (ppm) Th (ppm) Th/U 
Isotopic ratios Age (Ma) Degree of 

concordance 
(%) 

207Pb/206Pb ±σ 207Pb/235U ±σ 206Pb/238U ±σ 207Pb/206Pb ±σ 207Pb/235U ±σ 206Pb238U ±σ 

Sample XX09-1 (amphibole-plagioclase gneiss) 

Oscillatory core  

1 209 15 0.07 0.1177 0.0016 3.826 0.076 0.2359 0.0024 1921 25 1598 32 1365 14 71 

2 135 3.5 0.03 0.0707 0.0014 1.429 0.029 0.1466 0.0014 948 39 901 18 882 9 93 

3 31 19 0.60 0.1645 0.0029 10.567 0.184 0.4660 0.0043 2502 29 2486 43 2466 23 99 

4 147 47 0.32 0.1381 0.0018 6.191 0.101 0.3251 0.0026 2204 22 2003 33 1815 14 82 

5 274 73 0.27 0.1430 0.0017 6.794 0.089 0.3446 0.0031 2264 21 2085 27 1909 17 84 

6 199 111 0.56 0.1495 0.0018 8.877 0.132 0.4308 0.0030 2340 21 2325 35 2309 16 99 

7 45 25 0.55 0.1618 0.0023 10.264 0.150 0.4601 0.0042 2474 24 2459 36 2440 23 99 

8 73 66 0.90 0.1509 0.0020 8.207 0.120 0.3944 0.0039 2356 22 2254 33 2143 21 91 

9 665 86 0.13 0.1433 0.0017 6.843 0.084 0.3463 0.0031 2267 20 2091 26 1917 17 85 

10 367 58 0.16 0.0983 0.0013 2.621 0.040 0.1934 0.0018 1592 24 1306 20 1140 11 72 

11 176 12 0.07 0.0912 0.0015 2.265 0.046 0.1800 0.0017 1451 32 1201 24 1067 10 74 

12 278 64 0.23 0.1566 0.0019 9.272 0.114 0.4295 0.0040 2419 20 2365 29 2304 22 95 

13 49 4 0.09 0.0910 0.0037 2.220 0.089 0.1770 0.0024 1446 77 1187 48 1050 14 73 

14 205 51 0.25 0.1393 0.0019 5.999 0.125 0.3124 0.0035 2218 24 1976 41 1752 20 79 

15 335 191 0.57 0.1471 0.0018 7.243 0.094 0.3570 0.0036 2313 21 2142 28 1968 20 85 

16 710 50 0.07 0.1421 0.0017 6.557 0.080 0.3347 0.0029 2253 20 2054 25 1861 16 83 

17 145 42 0.29 0.0714 0.0012 1.602 0.029 0.1627 0.0014 969 36 971 17 972 8 100 

18 285 60 0.21 0.1038 0.0013 3.044 0.040 0.2126 0.0019 1694 24 1419 19 1243 11 73 

Grey overgrowth  

19 306 132 0.43 0.1027 0.0013 3.446 0.055 0.2434 0.0019 1673 23 1515 24 1404 11 84 

20 362 7 0.02 0.0697 0.0010 1.333 0.020 0.1388 0.0014 918 29 860 13 838 8 91 

21 301 27 0.09 0.1160 0.0014 3.356 0.048 0.2097 0.0019 1896 22 1494 22 1227 11 65 

22 84 0.3 0.00 0.0696 0.0028 1.333 0.056 0.1390 0.0013 916 84 860 36 839 8 92 

23 71 0.3 0.00 0.0697 0.0035 1.320 0.068 0.1374 0.0013 918 104 854 44 830 8 90 

24 208 1 0.01 0.0681 0.0011 1.308 0.022 0.1392 0.0013 873 34 849 14 840 8 96 

SampleXX43-2 (amphibole-plagioclase gneiss) 

1 61 75 1.23 0.1615 0.0017 10.489 0.131 0.4709 0.0057 2472 17 2479 31 2487 30 101 

(To be continued on the next page) 
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(Continued) 

Spot U (ppm) Th (ppm) Th/U 
Isotopic ratios Age (Ma) Degree of 

concordance 
(%) 

207Pb/206Pb ±σ 207Pb/235U ±σ 206Pb/238U ±σ 207Pb/206Pb ±σ 207Pb/235U ±σ 206Pb238U ±σ 

2 28 34 1.22 0.1612 0.0029 10.430 0.202 0.4693 0.0041 2468 31 2474 48 2481 22 100 

3 51 77 1.50 0.1614 0.0018 10.398 0.123 0.4674 0.0043 2470 19 2471 29 2472 23 100 

4 67 59 0.88 0.1611 0.0017 10.349 0.127 0.4659 0.0038 2467 18 2467 30 2466 20 100 

5 46 68 1.48 0.1594 0.0021 10.001 0.269 0.4549 0.0045 2450 22 2435 65 2417 24 99 

6 105 112 1.07 0.1594 0.0015 9.405 0.097 0.4279 0.0045 2449 16 2378 25 2296 24 94 

7 62 67 1.09 0.1625 0.0018 10.408 0.126 0.4645 0.0038 2482 19 2472 30 2459 20 99 

8 82 82 1.01 0.1616 0.0017 10.438 0.117 0.4685 0.0041 2472 18 2474 28 2477 22 100 

9 82 105 1.28 0.1540 0.0019 8.590 0.122 0.4045 0.0036 2391 21 2295 33 2190 20 92 

10 101 100 0.99 0.1614 0.0015 9.957 0.103 0.4474 0.0039 2471 16 2431 25 2384 21 96 

11 37 62 1.66 0.1615 0.0021 10.434 0.155 0.4685 0.0042 2472 22 2474 37 2477 22 100 

12 61 56 0.92 0.1588 0.0030 10.050 0.199 0.4591 0.0044 2443 32 2439 48 2435 23 100 

13 28 46 1.66 0.1601 0.0024 10.322 0.161 0.4676 0.0048 2457 25 2464 38 2473 26 101 

14 38 55 1.45 0.1604 0.0021 10.181 0.145 0.4604 0.0040 2460 23 2451 35 2441 21 99 

15 36 67 1.88 0.1630 0.0025 10.410 0.171 0.4633 0.0049 2487 26 2472 41 2454 26 99 

16 69 58 0.84 0.1618 0.0016 10.367 0.139 0.4646 0.0068 2475 17 2468 33 2460 36 99 

17 266 156 0.59 0.1632 0.0015 9.575 0.123 0.4255 0.0057 2489 16 2395 31 2285 30 92 

18 36 53 1.45 0.1626 0.0021 10.522 0.156 0.4694 0.0054 2482 22 2482 37 2481 29 100 

19 119 84 0.71 0.1639 0.0013 10.530 0.098 0.4661 0.0038 2496 13 2483 23 2466 20 99 

20 89 92 1.04 0.1602 0.0013 9.933 0.099 0.4498 0.0041 2457 14 2429 24 2394 22 97 

21 30 39 1.29 0.1635 0.0030 10.521 0.197 0.4667 0.0058 2492 31 2482 46 2469 31 99 

22 28 50 1.78 0.1627 0.0028 10.582 0.194 0.4716 0.0049 2484 29 2487 46 2491 26 100 

23 45 67 1.47 0.1616 0.0020 10.141 0.134 0.4553 0.0039 2472 21 2448 32 2419 21 98 

24 61 58 0.95 0.1612 0.0019 10.370 0.139 0.4665 0.0036 2468 20 2468 33 2468 19 100 

Sample XP08-4 (plagioclase gneiss) 

1 103 117 1.14 0.1621 0.0021 9.967 0.131 0.4463 0.0035 2477 22 2432 32 2379 19 96 

2 111 75 0.68 0.1623 0.0022 9.152 0.128 0.4091 0.0031 2480 23 2353 33 2211 17 89 

3 50 39 0.78 0.1629 0.0024 10.202 0.156 0.4543 0.0035 2486 25 2453 37 2414 19 97 

4 47 52 1.11 0.1638 0.0024 10.160 0.150 0.4501 0.0037 2495 24 2449 36 2396 20 96 

5 71 66 0.93 0.1632 0.0021 10.295 0.138 0.4575 0.0037 2490 22 2462 33 2429 19 98 

6 106 235 1.25 0.1634 0.0021 10.184 0.132 0.4521 0.0032 2491 21 2452 32 2405 17 97 

7 124 133 1.20 0.1621 0.0020 9.886 0.127 0.4425 0.0031 2477 21 2424 31 2362 17 95 

8 113 87 0.77 0.1634 0.0021 8.552 0.112 0.3800 0.0036 2491 22 2291 30 2076 19 83 

9 52 33 0.63 0.1645 0.0024 8.724 0.134 0.3845 0.0033 2503 25 2310 35 2097 18 84 

10 59 31 0.52 0.1630 0.0030 7.492 0.145 0.3331 0.0033 2487 31 2172 42 1854 18 75 

11 44 77 1.74 0.1607 0.0023 9.554 0.144 0.4311 0.0034 2463 25 2393 36 2311 18 94 

12 52 40 0.76 0.1645 0.0022 9.632 0.134 0.4245 0.0033 2503 23 2400 33 2281 18 91 

13 97 79 0.81 0.1628 0.0021 9.379 0.123 0.4179 0.0032 2485 21 2376 31 2251 17 91 

14 64 55 0.86 0.1575 0.0023 8.549 0.130 0.3937 0.0031 2429 25 2291 35 2140 17 88 

15 59 38 0.64 0.1558 0.0022 8.765 0.127 0.4082 0.0033 2410 24 2314 34 2207 18 92 

16 279 36 0.13 0.1555 0.0020 8.312 0.118 0.3876 0.0062 2407 21 2266 32 2112 34 88 

17 103 90 0.87 0.1610 0.0020 9.972 0.130 0.4494 0.0032 2466 21 2432 32 2392 17 97 

18 48 94 1.95 0.1640 0.0022 10.321 0.142 0.4566 0.0039 2497 23 2464 34 2424 20 97 

19 75 56 0.74 0.1620 0.0021 9.926 0.134 0.4443 0.0032 2477 22 2428 33 2370 17 96 

20 66 50 0.75 0.1638 0.0022 10.544 0.142 0.4670 0.0039 2495 22 2484 33 2471 21 99 

21 75 44 0.59 0.1644 0.0022 9.580 0.128 0.4227 0.0031 2501 22 2395 32 2273 16 91 

22 49 275 5.61 0.1655 0.0025 10.292 0.159 0.4513 0.0035 2512 26 2461 38 2401 19 96 

23 76 46 0.60 0.1513 0.0022 7.652 0.114 0.3669 0.0031 2360 25 2191 33 2015 17 85 

24 89 80 0.90 0.1632 0.0021 10.434 0.139 0.4636 0.0032 2490 22 2474 33 2456 17 99 

Sample XP16-4 (two-feldspar gneiss) 

1 429 236 0.55 0.1593 0.0022 9.604 0.138 0.4374 0.0037 2448 23 2398 34 2339 20 96 

2 569 296 0.52 0.1624 0.0022 10.213 0.147 0.4561 0..0042 2481 23 2454 35 2422 23 98 

3 529 217 0.41 0.1617 0.0022 10.323 0.148 0.4631 0.0037 2473 23 2464 35 2453 20 99 

4 899 90 0.10 0.1593 0.0022 9.871 0.144 0.4494 0.0053 2448 23 2423 35 2392 28 98 

5 346 104 0.30 0.1633 0.0022 9.381 0.134 0.4166 0.0032 2490 23 2376 34 2245 17 90 

6 389 179 0.46 0.1622 0.0022 10.302 0.148 0.4607 0.0042 2479 23 2462 35 2443 22 99 

(To be continued on the next page) 
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(Continued) 

Spot U (ppm) Th (ppm) Th/U 
Isotopic ratios Age (Ma) Degree of 

concordance 
(%) 

207Pb/206Pb ±σ 207Pb/235U ±σ 206Pb/238U ±σ 207Pb/206Pb ±σ 207Pb/235U ±σ 206Pb238U ±σ 

7 385 123 0.32 0.1698 0.0024 10.595 0.156 0.4526 0.0034 2556 23 2488 37 2407 18 94 

8 418 113 0.27 0.1625 0.0022 10.674 0.153 0.4764 0.0043 2482 23 2495 36 2512 22 101 

9 393 157 0.40 0.1609 0.0022 10.039 0.144 0.4525 0.0035 2465 23 2438 35 2406 19 98 

10 409 213 0.52 0.1636 0.0022 10.660 0.152 0.4726 0.0036 2493 23 2494 36 2495 19 100 

11 462 217 0.47 0.1631 0.0022 10.775 0.155 0.4790 0.0045 2489 23 2504 36 2523 24 101 

12 319 112 0.35 0.1635 0.0022 10.536 0.151 0.4672 0.0043 2493 23 2483 36 2471 23 99 

13 1453 247 0.17 0.1331 0.0018 4.305 0.062 0.2345 0.0018 2140 24 1694 24 1358 10 63 

14 488 137 0.28 0.1660 0.0023 10.942 0.157 0.4782 0.0037 2517 23 2518 36 2520 20 100 

15 1452 131 0.09 0.1585 0.0022 9.762 0.141 0.4466 0.0044 2440 23 2413 35 2380 23 98 

16 507 188 0.37 0.1649 0.0023 11.061 0.158 0.4865 0.0044 2507 23 2528 36 2555 23 102 

17 1511 196 0.13 0.1649 0.0022 10.741 0.154 0.4724 0.0041 2507 23 2501 36 2494 21 99 

18 649 123 0.19 0.1636 0.0022 10.347 0.148 0.4586 0.0039 2494 23 2466 35 2433 21 98 

19 369 162 0.44 0.1693 0.0023 10.621 0.152 0.4550 0.0036 2551 23 2491 36 2417 19 95 

20 593 213 0.36 0.1640 0.0022 9.850 0.141 0.4357 0.0034 2497 23 2421 35 2331 18 93 

21 980 176 0.18 0.0627 0.0022 10.558 0.151 0.4707 0.0043 2484 23 2484 36 2486 23 100 

22 615 172 0.28 0.1690 0.0023 11.249 0.163 0.4828 0.0049 2548 23 2544 37 2539 26 100 

23 326 130 0.40 0.1826 0.0025 12.677 0.182 0.5035 0.0043 2677 23 2656 38 2629 23 98 

24 607 170 0.28 0.1585 0.0022 9.918 0.144 0.4538 0.0052 2440 23 2427 35 2412 28 99 

Sample SN07-7 (biotite-plagioclase gneiss) 

Oscillatory core  

1 864 138 0.16 0.1643 0.0020 9.204 0.146 0.4063 0.0032 2500 21 2358 37 2198 18 88 

2 468 84 0.18 0.1625 0.0020 8.769 0.113 0.3913 0.0033 2482 21 2314 30 2129 18 86 

3 1122 247 0.22 0.1650 0.0020 10.474 0.154 0.4604 0.0081 2507 21 2512 37 2442 43 97 

4 695 91 0.13 0.1660 0.0021 10.295 0.170 0.4499 0.0061 2517 21 2462 41 2395 32 95 

5 655 144 0.22 0.1631 0.0020 9.561 0.138 0.4251 0.0084 2488 21 2393 34 2284 45 92 

6 254 94 0.37 0.1737 0.0022 11.818 0.152 0.4935 0.0042 2594 21 2590 33 2586 22 100 

7 586 182 0.31 0.1765 0.0022 12.301 0.158 0.5054 0.0041 2621 21 2628 34 2637 22 101 

8 617 80 0.13 0.1734 0.0021 11.085 0.144 0.4636 0.0047 2591 21 2530 33 2455 25 95 

9 1094 164 0.15 0.1482 0.0018 4.514 0.062 0.2209 0.0041 2326 21 1734 24 1286 24 55 

10 417 96 0.23 0.1745 0.0022 11.716 0.153 0.4871 0.0050 2601 21 2582 34 2558 27 98 

11 878 167 0.19 0.1691 0.0021 9.195 0.118 0.3943 0.0035 2549 21 2358 30 2143 19 84 

12 184 118 0.64 0.1638 0.0020 10.539 0.137 0.4666 0.0041 2495 21 2483 32 2469 22 99 

13 456 91 0.20 0.1732 0.0021 10.493 0.135 0.4395 0.0037 2588 21 2505 32 2348 20 91 

14 475 143 0.30 0.1773 0.0022 12.105 0.155 0.4951 0.0043 2628 21 2613 33 2593 23 99 

15 482 164 0.34 0.1763 0.0022 12.147 0.156 0.4997 0.0041 2618 21 2639 34 2612 21 100 

16 165 152 0.92 0.1638 0.0020 10.543 0.163 0.4667 0.0038 2496 21 2484 32 2469 20 99 

17 762 267 0.35 0.1766 0.0022 11.992 0.153 0.4926 0.0040 2621 21 2604 33 2582 21 99 

18 370 152 0.41 0.1692 0.0021 11.118 0.144 0.4765 0.0044 2550 21 2533 33 2512 23 99 

19 599 162 0.27 0.1776 0.0022 11.387 0.146 0.4651 0.0039 2630 21 2555 33 2462 20 94 

20 302 130 0.43 0.1830 0.0023 13.073 0.168 0.5180 0.0045 2681 21 2685 35 2691 24 100 

21 914 292 0.32 0.1594 0.0020 7.807 0.115 0.3553 0.0033 2449 21 2209 32 1960 18 80 

22 377 128 0.34 0.1761 0.0022 11.841 0.152 0.4878 0.0042 2616 21 2592 33 2561 22 98 

23 562 112 0.20 0.1764 0.0022 12.112 0.161 0.4979 0.0067 2620 21 2613 35 2605 35 99 

24 567 153 0.27 0.1741 0.0022 11.728 0.150 0.4884 0.0040 2598 21 2583 33 2564 21 99 

Grey mantle  

25 208 83 0.40 0.1604 0.0020 10.150 0.132 0.4590 0.0046 2460 21 2448 32 2435 24 99 

26 65 24 0.38 0.1306 0.0022 4.446 0.078 0.2469 0.0045 2106 29 1721 30 1422 26 68 

27 238 90 0.38 0.1781 0.0022 11.478 0.152 0.4674 0.0051 2635 21 2563 34 2472 27 94 

28 130 164 1.26 0.1590 0.0020 9.972 0.130 0.4549 0.0039 2445 21 2432 32 2417 21 99 

29 121 136 1.12 0.1648 0.0021 10.031 0.132 0.4415 0.0040 2505 22 2438 32 2357 21 94 

30 199 80 0.40 0.1575 0.0020 9.160 0.119 0.4218 0.0042 2429 21 2354 30 2269 22 93 

Sample SN14-1 (metapelite) 

1 87 49 0.56 0.0894 0.0017 2.884 0.062 0.2339 0.0044 1413 37 1378 30 1355 26 96 

2 135 69 0.51 0.1699 0.0016 11.134 0.138 0.4752 0.0067 2557 15 2534 31 2506 35 98 

3 158 78 0.50 0.1783 0.0015 12.218 0.126 0.4969 0.0058 2637 14 2621 27 2601 31 99 

(To be continued on the next page) 



3570 Hu J, et al.   Chin Sci Bull   October (2013) Vol.58 No.28-29 

(Continued) 

Spot U (ppm) Th (ppm) Th/U 
Isotopic ratios Age (Ma) Degree of 

concordance 
(%) 

207Pb/206Pb ±σ 207Pb/235U ±σ 206Pb/238U ±σ 207Pb/206Pb ±σ 207Pb/235U ±σ 206Pb238U ±σ 

4 121 58 0.48 0.1819 0.0015 12.325 0.137 0.4915 0.0064 2670 14 2629 29 2577 34 97 

5 366 146 0.40 0.1871 0.0016 10.607 0.107 0.4110 0.0035 2717 14 2489 25 2220 19 82 

6 113 77 0.68 0.1657 0.0016 10.754 0.122 0.4708 0.0044 2514 16 2502 28 2487 23 99 

7 116 75 0.65 0.1325 0.0015 6.761 0.095 0.3700 0.0044 2132 20 2081 29 2030 24 95 

8 53 55 1.05 0.1251 0.0021 6.152 0.118 0.3566 0.0044 2031 30 1998 38 1966 24 97 

9 229 72 0.32 0.1577 0.0019 7.483 0.108 0.3442 0.0035 2431 20 2171 31 1907 20 78 

10 829 9 0.01 0.0966 0.0010 2.746 0.041 0.2061 0.0031 1560 19 1341 20 1208 18 77 

11 271 204 0.75 0.0878 0.0010 2.887 0.039 0.2384 0.0028 1379 21 1379 19 1378 16 100 

12 163 72 0.44 0.1775 0.0017 11.622 0.143 0.4749 0.0063 2630 16 2574 32 2505 33 95 

13 159 104 0.65 0.1940 0.0019 14.011 0.193 0.5238 0.0082 2776 16 2750 38 2715 42 98 

14 240 94 0.39 0.1781 0.0018 11.486 0.152 0.4677 0.0059 2635 17 2563 34 2473 31 94 

15 194 189 0.98 0.1601 0.0018 9.627 0.129 0.4362 0.0049 2457 19 2400 32 2333 26 95 

16 185 2 0.01 0.0676 0.0015 1.246 0.030 0.1337 0.0019 857 45 822 20 809 11 94 

17 182 4 0.02 0.0657 0.0015 1.213 0.030 0.1340 0.0016 797 48 807 20 810 10 102 

18 152 102 0.67 0.1230 0.0014 6.068 0.081 0.3579 0.0041 2000 21 1986 27 1972 23 99 

19 333 178 0.54 0.1686 0.0017 9.328 0.122 0.4014 0.0057 2543 17 2371 31 2175 31 86 

20 395 96 0.24 0.1402 0.0014 6.405 0.078 0.3314 0.0033 2230 17 2033 25 1845 19 83 

21 166 99 0.60 0.1600 0.0015 9.983 0.113 0.4524 0.0041 2456 16 2433 28 2406 22 98 

22 325 228 0.70 0.1769 0.0017 11.168 0.135 0.4579 0.0053 2624 16 2537 31 2430 28 93 

23 371 120 0.32 0.1480 0.0015 7.155 0.096 0.3506 0.0047 2323 18 2131 29 1938 26 83 

24 113 70 0.62 0.0932 0.0014 3.479 0.059 0.2708 0.0036 1492 28 1523 26 1545 21 104 

25 240 75 0.31 0.1608 0.0018 10.012 0.121 0.4515 0.0039 2464 19 2436 29 2402 21 97 

26 310 149 0.48 0.1770 0.0018 11.017 0.209 0.4513 0.0102 2625 17 2525 48 2401 54 91 

27 32 21 0.65 0.1303 0.0025 6.884 0.141 0.3832 0.0041 2102 34 2097 43 2091 22 100 

28 538 123 0.23 0.1488 0.0013 7.480 0.075 0.3645 0.0030 2332 15 2171 22 2003 17 86 

29 111 72 0.65 0.1624 0.0015 10.215 0.112 0.4562 0.0046 2481 16 2454 27 2423 24 98 

30 220 49 0.22 0.1732 0.0017 10.172 0.107 0.4259 0.0030 2589 16 2451 26 2287 16 88 

31 356 187 0.53 0.0885 0.0010 2.889 0.034 0.2368 0.0020 1393 21 1379 16 1370 12 98 

32 116 68 0.59 0.0888 0.0015 2.899 0.052 0.2367 0.0021 1401 32 1382 25 1369 12 98 

33 226 225 0.99 0.1755 0.0020 11.193 0.168 0.4626 0.0068 2611 19 2539 38 2451 36 94 

34 10 0.3 0.03 0.1212 0.0146 5.910 0.730 0.3537 0.0118 1973 215 1963 242 1952 65 99 

35 63 32 0.51 0.0908 0.0024 2.935 0.079 0.2345 0.0026 1442 51 1391 38 1358 15 94 

36 326 75 0.23 0.1769 0.0016 8.398 0.094 0.3444 0.0044 2624 15 2275 25 1908 24 73 

37 195 117 0.60 0.0870 0.0010 2.861 0.036 0.2383 0.0021 1362 23 1372 17 1378 12 101 

38 103 62 0.60 0.1929 0.0018 13.873 0.148 0.5215 0.0046 2767 16 2741 29 2706 24 98 

39 168 41 0.25 0.1635 0.0016 10.204 0.111 0.4526 0.0038 2493 17 2453 27 2407 20 97 

40 210 2 0.01 0.0668 0.0014 1.260 0.026 0.1368 0.0013 831 43 828 17 827 8 100 

41 159 109 0.69 0.1709 0.0019 11.089 0.147 0.4706 0.0064 2566 18 2531 34 2486 34 97 

42 107 69 0.64 0.1604 0.0017 10.212 0.122 0.4619 0.0050 2459 18 2454 29 2448 26 100 

43 317 102 0.32 0.1209 0.0011 5.825 0.060 0.3494 0.0032 1970 16 1950 20 1932 17 98 

44 224 83 0.37 0.1652 0.0014 10.555 0.104 0.4634 0.0045 2510 15 2485 25 2455 24 98 

45 76 39 0.51 0.1621 0.0017 10.230 0.120 0.4576 0.0042 2478 18 2456 29 2429 22 98 

46 121 54 0.45 0.1682 0.0017 9.516 0.109 0.4103 0.0036 2540 16 2389 27 2216 20 87 

47 52 51 0.97 0.1309 0.0019 6.651 0.130 0.3685 0.0072 2110 25 2066 40 2022 40 96 

48 133 1 0.01 0.0654 0.0015 1.224 0.029 0.1357 0.0018 788 48 812 19 820 11 104 

49 302 63 0.21 0.1710 0.0018 10.518 0.135 0.4461 0.0061 2567 18 2481 32 2378 32 93 

50 140 26 0.19 0.1720 0.0017 11.203 0.138 0.4724 0.0059 2577 17 2540 31 2494 31 97 

51 374 236 0.63 0.1753 0.0016 11.184 0.132 0.4627 0.0063 2609 15 2539 30 2451 34 94 

52 169 3 0.02 0.1200 0.0012 5.616 0.064 0.3394 0.0035 1956 18 1919 22 1884 20 96 

53 166 93 0.56 0.1818 0.0016 12.493 0.148 0.4985 0.0067 2669 15 2642 31 2607 35 98 

54 378 158 0.42 0.1523 0.0014 8.147 0.095 0.3879 0.0048 2372 16 2247 26 2113 26 89 

55 28 1 0.04 0.1208 0.0041 5.756 0.203 0.3454 0.0039 1969 60 1940 68 1913 21 97 

56 67 30 0.45 0.1769 0.0023 10.936 0.163 0.4483 0.0058 2624 21 2518 38 2388 31 91 

57 201 88 0.44 0.1759 0.0020 11.541 0.168 0.4759 0.0079 2614 19 2568 37 2509 42 96 

58 13 0.1 0.01 0.1151 0.0128 5.735 0.649 0.3613 0.0086 1882 200 1937 219 1988 47 106 

59 101 94 0.94 0.1231 0.0015 5.956 0.083 0.3508 0.0038 2002 22 1969 27 1939 21 97 

60 189 128 0.68 0.1631 0.0016 10.071 0.116 0.4477 0.0044 2488 16 2441 28 2385 24 96 

(To be continued on the next page) 
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Spot U (ppm) Th (ppm) Th/U 
Isotopic ratios Age (Ma) Degree of 

concordance 
(%) 

207Pb/206Pb ±σ 207Pb/235U ±σ 206Pb/238U ±σ 207Pb/206Pb ±σ 207Pb/235U ±σ 206Pb238U ±σ 

62 75 28 0.37 0.1786 0.0021 12.036 0.198 0.4889 0.0086 2640 20 2607 43 2566 45 97 

63 47 26 0.56 0.1191 0.0023 5.735 0.136 0.3491 0.0070 1943 35 1937 46 1930 39 99 

64 70 32 0.46 0.1671 0.0023 10.340 0.175 0.4487 0.0069 2529 24 2466 42 2389 37 94 

65 403 201 0.50 0.1686 0.0022 9.275 0.142 0.3990 0.0059 2544 22 2366 36 2165 32 85 

66 454 154 0.34 0.1574 0.0018 7.308 0.095 0.3367 0.0032 2428 20 2150 28 1871 18 77 

67 277 108 0.39 0.1791 0.0019 10.981 0.133 0.4447 0.0044 2644 18 2522 31 2372 23 90 

68 145 42 0.29 0.1781 0.0018 11.608 0.147 0.4727 0.0063 2635 17 2573 32 2495 33 95 

69 107 21 0.19 0.1657 0.0018 10.439 0.148 0.4569 0.0056 2515 18 2475 35 2426 30 96 

70 395 222 0.56 0.1696 0.0018 8.679 0.098 0.3711 0.0029 2554 17 2305 26 2035 16 80 

71 419 227 0.54 0.1607 0.0018 7.530 0.093 0.3398 0.0029 2463 19 2177 27 1886 16 77 

72 254 49 0.19 0.1651 0.0021 9.194 0.208 0.4038 0.0110 2509 21 2358 53 2187 60 87 

73 96 47 0.49 0.1710 0.0023 10.324 0.187 0.4378 0.0075 2568 22 2464 45 2341 40 91 

74 181 108 0.59 0.1718 0.0019 10.721 0.145 0.4527 0.0057 2575 19 2499 34 2407 30 93 

75 135 107 0.79 0.0895 0.0014 2.891 0.053 0.2344 0.0032 1414 29 1380 25 1357 19 96 

76 61 24 0.40 0.1762 0.0019 10.923 0.145 0.4497 0.0056 2617 18 2517 33 2394 30 91 

77 51 23 0.46 0.0878 0.0024 2.827 0.082 0.2335 0.0029 1378 52 1363 39 1353 17 98 

78 73 42 0.57 0.1778 0.0021 11.995 0.153 0.4894 0.0043 2632 19 2604 33 2568 23 98 

79 452 133 0.29 0.1419 0.0015 6.339 0.101 0.3239 0.0054 2251 19 2024 32 1809 30 80 

80 322 15 0.05 0.1425 0.0017 7.329 0.095 0.3731 0.0035 2257 21 2152 28 2044 19 91 

81 83 42 0.50 0.1550 0.0020 8.736 0.129 0.4087 0.0053 2402 22 2311 34 2209 29 92 

82 341 61 0.18 0.1421 0.0016 5.317 0.068 0.2714 0.0025 2253 19 1872 24 1548 14 69 

83 294 87 0.30 0.1716 0.0017 10.273 0.124 0.4343 0.0049 2573 17 2460 30 2325 26 90 

84 108 70 0.65 0.1732 0.0017 11.376 0.125 0.4764 0.0044 2589 16 2554 28 2512 23 97 

85 121 56 0.46 0.1639 0.0016 9.350 0.100 0.4138 0.0034 2496 16 2373 25 2232 18 89 

86 99 40 0.41 0.1502 0.0016 8.407 0.118 0.4060 0.0057 2348 18 2276 32 2197 31 94 

87 105 75 0.72 0.1256 0.0015 6.337 0.105 0.3658 0.0066 2038 21 2024 34 2010 36 99 

88 189 88 0.46 0.1642 0.0019 9.612 0.149 0.4246 0.0071 2499 19 2398 37 2281 38 91 

89 268 113 0.42 0.1549 0.0017 9.020 0.112 0.4224 0.0046 2400 19 2340 29 2271 25 95 

90 215 87 0.40 0.1729 0.0018 10.616 0.120 0.4454 0.0041 2586 17 2490 28 2375 22 92 

91 287 177 0.62 0.1638 0.0017 8.681 0.148 0.3845 0.0072 2495 17 2305 39 2097 39 84 

92 49 14 0.29 0.1535 0.0019 8.534 0.124 0.4033 0.0046 2385 21 2290 33 2184 25 92 

93 135 145 1.08 0.1187 0.0013 5.365 0.073 0.3277 0.0042 1937 19 1879 26 1827 23 94 

94 526 49 0.09 0.1701 0.0017 10.234 0.167 0.4364 0.0086 2558 17 2456 40 2335 46 91 

95 174 119 0.68 0.1259 0.0014 6.379 0.087 0.3675 0.0044 2041 20 2029 28 2018 24 99 

96 298 191 0.64 0.1762 0.0021 11.322 0.159 0.4660 0.0054 2617 20 2550 36 2466 29 94 

97 181 61 0.34 0.1720 0.0021 10.993 0.148 0.4634 0.0045 2578 20 2523 34 2455 24 95 

98 131 14 0.10 0.1733 0.0019 11.070 0.170 0.4633 0.0077 2590 18 2529 39 2454 41 95 

99 50 41 0.82 0.1408 0.0022 6.731 0.108 0.3466 0.0033 2237 27 2077 33 1918 18 86 

100 173 62 0.36 0.1615 0.0015 9.506 0.111 0.4268 0.0045 2472 16 2388 28 2291 24 93 

101 102 27 0.27 0.1298 0.0015 6.476 0.083 0.3618 0.0030 2096 20 2043 26 1990 17 95 

102 206 23 0.11 0.1657 0.0017 9.532 0.164 0.4173 0.0088 2514 17 2391 41 2248 47 89 

103 257 116 0.45 0.1522 0.0016 7.647 0.097 0.3644 0.0039 2371 18 2190 28 2003 22 84 

104 265 65 0.24 0.1692 0.0020 10.174 0.136 0.4361 0.0046 2550 19 2451 33 2333 25 92 

105 207 80 0.39 0.1395 0.0017 7.336 0.114 0.3815 0.0047 2221 21 2153 33 2083 26 94 

106 139 18 0.13 0.1746 0.0019 11.365 0.157 0.4721 0.0059 2602 18 2554 35 2493 31 96 

107 140 67 0.48 0.1844 0.0019 12.355 0.146 0.4860 0.0048 2693 17 2632 31 2553 25 95 

108 315 89 0.28 0.1709 0.0016 10.336 0.128 0.4385 0.0054 2567 15 2465 30 2344 29 91 

109 312 149 0.48 0.1622 0.0015 9.650 0.137 0.4314 0.0068 2479 16 2402 34 2312 36 93 

110 789 71 0.09 0.1066 0.0011 3.449 0.041 0.2346 0.0025 1742 18 1516 18 1359 15 78 

111 154 43 0.28 0.1830 0.0020 12.426 0.141 0.4923 0.0041 2681 18 2637 30 2581 22 96 

112 213 143 0.67 0.1793 0.0021 11.910 0.156 0.4817 0.0049 2647 19 2597 34 2535 26 96 

113 196 66 0.34 0.2272 0.0026 17.901 0.224 0.5715 0.0051 3032 19 2984 37 2914 26 96 

114 126 30 0.24 0.2010 0.0022 13.084 0.169 0.4722 0.0055 2834 18 2686 35 2493 29 88 

115 399 59 0.15 0.1677 0.0016 10.413 0.132 0.4503 0.0057 2535 16 2472 31 2396 30 95 

116 176 90 0.51 0.1606 0.0016 9.773 0.108 0.4412 0.0038 2462 16 2414 27 2356 20 96 

117 163 74 0.45 0.1635 0.0016 10.162 0.106 0.4508 0.0033 2492 16 2450 26 2399 18 96 

118 505 182 0.36 0.1610 0.0017 7.993 0.106 0.3600 0.0039 2467 18 2230 30 1982 22 80 

119 221 110 0.50 0.1803 0.0020 11.958 0.136 0.4810 0.0038 2656 18 2601 30 2532 20 95 

120 357 181 0.51 0.1735 0.0021 11.076 0.142 0.4630 0.0045 2592 20 2530 32 2453 24 95 
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a Neptune MC-ICP-MS with a New Wave UP213 laser ab-
lation system at the Institute of Mineral Resources, Chinese 
Academy of Geological Sciences, Beijing. The analyses 
were performed on the same or nearby zircon domains on 
which the U-Pb dating had been conducted. All analyses 
were performed with a beam diameter of 40 μm. Helium 
was used as a carrier gas to provide efficient aerosol deliv-
ered to the torch. The instrumental conditions and data ac-
quisition have been comprehensively described by Hou et al. 

[32] Zircon GJ1 was used as the reference standard during 
our routine analyses, with a weighted mean 176Hf/177Hf ratio 

of 0.281996 ± 1 (2SD, n = 12), which is in good agreement 
with the previously reported data within errors [35,36]. We 
chose two-stage Hf model age (THf2) for tracing material 
source [37]. The analytical results are presented in Table 3. 

3  Geochronological results  

3.1  Amphibole-plagioclase gneiss (sample XX09-1) 

The zircons from the amphibole-plagioclase gneiss sample 
XX09-1 are prismatic to rounded in shape, with 60–260 μm  

Table 3  LA-MC-ICPMS Hf isotopic analyses of zircons for dioritic-granitic gneisses from the Douling Complex 

Spot t (Ma) 176Yb/177Hf 176Lu/177Hf 176Hf/177Hf 2σ εHf(0) 2σ εHf(t) 2σ THf1 THf2 2σ fLu/Hf 

Sample XX43-2 (amphibole-plagioclase gneiss) 
1 2472 0.021970 0.000377 0.281051 0.000026 −60.8 0.9 −6.1 0.9 3011 3345 67 −0.99 
2 2468 0.014839 0.000252 0.281052 0.000024 −60.8 0.9 −5.9 0.9 3000 3333 67 −0.99 
3 2470 0.018683 0.000307 0.281028 0.000023 −61.7 0.8 −6.8 0.8 3037 3390 68 −0.99 
4 2467 0.016651 0.000264 0.281004 0.000024 −62.5 0.8 −7.7 0.8 3065 3439 69 −0.99 
5 2450 0.018231 0.000301 0.281062 0.000024 −60.5 0.9 −6.1 0.9 2991 3328 67 −0.99 
6 2449 0.034320 0.000598 0.281079 0.000021 −59.9 0.7 −6.0 0.7 2991 3323 66 −0.98 
7 2482 0.015253 0.000248 0.281041 0.000026 −61.2 0.9 −6.0 0.9 3015 3348 67 −0.99 
8 2472 0.025468 0.000440 0.281114 0.000025 −58.6 0.9 −3.9 0.9 2933 3217 64 −0.99 
9 2391 0.024473 0.000386 0.281067 0.000025 −60.3 0.9 −7.3 0.9 2990 3362 67 −0.99 

10 2471 0.041247 0.000719 0.281013 0.000023 −62.2 0.8 −8.0 0.8 3089 3464 69 −0.98 
11 2472 0.019677 0.000327 0.281085 0.000021 −59.7 0.7 −4.8 0.8 2963 3268 65 −0.99 
12 2443 0.019181 0.000319 0.281096 0.000028 −59.3 1.0 −5.0 1.0 2947 3261 65 −0.99 
13 2457 0.016251 0.000266 0.281021 0.000021 −61.9 0.8 −7.3 0.8 3043 3410 68 −0.99 
14 2460 0.015995 0.000262 0.281070 0.000022 −60.2 0.8 −5.5 0.8 2978 3301 66 −0.99 
15 2487 0.013768 0.000229 0.281095 0.000025 −59.3 0.9 −3.9 0.9 2942 3227 65 −0.99 
16 2475 0.017427 0.000274 0.281079 0.000025 −59.9 0.9 −4.8 0.9 2966 3272 65 −0.99 
17 2489 0.030582 0.000542 0.281061 0.000025 −60.5 0.9 −5.6 0.9 3010 3330 67 −0.98 
18 2482 0.025703 0.000444 0.281073 0.000024 −60.1 0.9 −5.2 0.9 2988 3300 66 −0.99 
19 2496 0.039934 0.000711 0.281085 0.000029 −59.7 1.0 −4.9 1.0 2992 3292 66 −0.98 
20 2457 0.025578 0.000410 0.281094 0.000024 −59.3 0.9 −4.9 0.9 2957 3266 65 −0.99 
21 2492 0.017619 0.000279 0.281060 0.000025 −60.6 0.9 −5.1 0.9 2992 3305 66 −0.99 
22 2484 0.016705 0.000260 0.281079 0.000029 −59.9 1.0 −4.6 1.0 2965 3266 65 −0.99 
23 2472 0.032328 0.000533 0.281085 0.000022 −59.7 0.8 −5.1 0.8 2978 3289 66 −0.98 
24 2468 0.024544 0.000384 0.281195 0.000027 −55.8 0.9 −1.0 0.9 2820 3038 61 −0.99 

Sample XP08-4 (amphibole-plagioclase gneiss) 
1 2477 0.032853 0.000528 0.281237 0.000028 −54.3 1.0 0.4 1.0 2774 2956 59 −0.98 
2 2480 0.022198 0.000352 0.281263 0.000024 −53.4 0.9 1.7 0.9 2726 2879 58 −0.99 
3 2486 0.022592 0.000350 0.281174 0.000026 −56.5 0.9 −1.3 0.9 2845 3069 61 −0.99 
4 2495 0.037288 0.000580 0.281277 0.000023 −52.9 0.8 2.1 0.8 2724 2864 57 −0.98 
5 2490 0.015181 0.000248 0.281262 0.000029 −53.4 1.0 2.1 1.0 2720 2865 57 −0.99 
6 2491 0.031697 0.000470 0.281222 0.000030 −54.8 1.1 0.3 1.1 2790 2975 59 −0.99 
8 2491 0.016426 0.000250 0.281229 0.000030 −54.6 1.1 0.9 1.1 2765 2937 59 −0.99 
9 2503 0.020472 0.000295 0.281224 0.000029 −54.7 1.0 0.9 1.1 2774 2944 59 −0.99 

10 2487 0.028369 0.000495 0.281266 0.000025 −53.2 0.9 1.7 0.9 2732 2883 58 −0.99 
11 2463 0.030810 0.000468 0.281211 0.000030 −55.2 1.0 −0.7 1.1 2804 3015 60 −0.99 
12 2503 0.019421 0.000284 0.281120 0.000029 −58.4 1.0 −2.7 1.0 2912 3167 63 −0.99 
13 2485 0.033318 0.000495 0.281188 0.000030 −56.0 1.0 −1.1 1.1 2837 3054 61 −0.99 
14 2429 0.035425 0.000501 0.281255 0.000031 −53.6 1.1 0.0 1.1 2747 2943 59 −0.98 
15 2410 0.021646 0.000332 0.281172 0.000027 −56.6 1.0 −3.1 1.0 2847 3118 62 −0.99 
16 2407 0.023619 0.000386 0.281236 0.000028 −54.3 1.0 −1.0 1.0 2765 2986 60 −0.99 
17 2466 0.034448 0.000521 0.281183 0.000027 −56.2 1.0 −1.8 1.0 2846 3079 62 −0.98 
18 2497 0.030782 0.000493 0.281262 0.000025 −53.4 0.9 1.8 0.9 2739 2887 58 −0.99 

(To be continued on the next page) 
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(Continued) 
Spot t (Ma) 176Yb/177Hf 176Lu/177Hf 176Hf/177Hf 2σ εHf(0) 2σ εHf(t) 2σ THf1 THf2 2σ fLu/Hf 

19 2477 0.028780 0.000525 0.281256 0.000025 −53.6 0.9 1.1 0.9 2747 2914 58 −0.98 

20 2495 0.017825 0.000300 0.281222 0.000026 −54.8 0.9 0.7 0.9 2778 2955 59 −0.99 

21 2501 0.025564 0.000405 0.281329 0.000030 −51.0 1.1 4.4 1.1 2642 2730 55 −0.99 

22 2512 0.026609 0.000372 0.281283 0.000029 −52.7 1.0 3.1 1.1 2702 2820 56 −0.99 

23 2360 0.040239 0.000678 0.281285 0.000029 −52.6 1.0 −0.8 1.0 2720 2938 59 −0.98 

24 2490 0.021345 0.000325 0.281177 0.000030 −56.4 1.1 −1.1 1.1 2839 3056 61 −0.99 

Sample XP16-4 (two-feldspar gneiss) 

1 2448 0.021376 0.000355 0.281109 0.000019 −58.8 0.7 −4.5 0.7 2933 3234 65 −0.99 

2 2481 0.055966 0.000826 0.281122 0.000023 −58.4 0.8 −4.1 0.8 2951 3234 65 −0.98 

3 2473 0.054215 0.000827 0.281130 0.000022 −58.1 0.8 −4.0 0.8 2940 3221 64 −0.98 

4 2448 0.013662 0.000198 0.281098 0.000023 −59.2 0.8 −4.6 0.8 2935 3241 65 −0.99 

5 2490 0.048603 0.000750 0.281125 0.000019 −58.2 0.7 −3.6 0.7 2940 3213 64 −0.98 

6 2479 0.071112 0.001034 0.281193 0.000025 −55.8 0.9 −2.0 0.9 2870 3102 62 −0.97 

7 2556 0.025717 0.000373 0.281161 0.000023 −57.0 0.8 −0.2 0.8 2865 3056 61 −0.99 

8 2482 0.031154 0.000493 0.281174 0.000021 −56.5 0.7 −1.7 0.8 2856 3086 62 −0.99 

9 2465 0.041580 0.000637 0.281114 0.000021 −58.6 0.7 −4.4 0.8 2947 3240 65 −0.98 

10 2493 0.044124 0.000678 0.281114 0.000024 −58.7 0.9 −3.9 0.9 2951 3229 65 −0.98 

11 2489 0.040146 0.000596 0.281133 0.000023 −58.0 0.8 −3.1 0.8 2919 3182 64 −0.98 

12 2493 0.025713 0.000400 0.281078 0.000020 −59.9 0.7 −4.7 0.7 2978 3278 66 −0.99 

13 2140 0.033456 0.000478 0.281154 0.000023 −57.2 0.8 −10.1 0.8 2881 3338 67 −0.99 

14 2517 0.026889 0.000380 0.281120 0.000021 −58.4 0.7 −2.6 0.8 2920 3170 63 −0.99 

15 2440 0.012678 0.000164 0.281154 0.000018 −57.2 0.6 −2.8 0.7 2859 3122 62 −1.00 

16 2507 0.042581 0.000660 0.281168 0.000024 −56.7 0.9 −1.6 0.9 2876 3101 62 −0.98 

17 2507 0.051781 0.000776 0.281091 0.000021 −59.4 0.8 −4.5 0.8 2988 3279 66 −0.98 

18 2494 0.039142 0.000549 0.281123 0.000025 −58.3 0.9 −3.3 0.9 2928 3195 64 −0.98 

19 2551 0.021280 0.000316 0.281089 0.000024 −59.5 0.9 −2.8 0.9 2957 3209 64 −0.99 

20 2497 0.095047 0.001545 0.281172 0.000025 −56.6 0.9 −3.2 0.9 2937 3189 64 −0.95 

21 2484 0.030754 0.000407 0.281108 0.000028 −58.8 1.0 −3.8 1.0 2937 3218 64 −0.99 

22 2548 0.084196 0.001230 0.281172 0.000034 −56.6 1.2 −1.5 1.2 2914 3128 63 −0.96 

23 2677 0.045407 0.000682 0.281108 0.000026 −58.8 0.9  0.1 0.9 2958 3129 63 −0.98 

24 2440 0.028683 0.000384 0.281133 0.000027 −58.0 0.9 −3.9 1.0 2903 3190 64 −0.99 

Sample SN07-7 (biotite-plagioclase gneiss) 

1 2500 0.090779 0.001374 0.281137 0.000030 −57.8 1.1 −4.1 1.1 2973 3246 65 −0.96 

2 2482 0.075692 0.001225 0.281112 0.000029 −58.7 1.0 −5.1 1.0 2995 3294 66 −0.96 

3 2507 0.094154 0.001510 0.281184 0.000030 −56.2 1.0 −2.5 1.1 2918 3154 63 −0.95 

4 2517 0.059971 0.000980 0.281139 0.000024 −57.8 0.8 −3.0 0.8 2940 3191 64 −0.97 

5 2488 0.053508 0.000896 0.281101 0.000024 −59.1 0.9 −4.8 0.9 2985 3282 66 −0.97 

6 2594 0.062166 0.001013 0.281142 0.000029 −57.6 1.0 −1.2 1.0 2938 3142 63 −0.97 

7 2621 0.079245 0.001233 0.281213 0.000025 −55.1 0.9 1.6 0.9 2858 2997 60 −0.96 

8 2591 0.056336 0.000872 0.281093 0.000029 −59.4 1.0 −2.7 1.0 2994 3235 65 −0.97 

9 2326 0.052819 0.000838 0.281094 0.000030 −59.3 1.1 −8.6 1.1 2990 3388 68 −0.97 

10 2601 0.067603 0.001046 0.281118 0.000030 −58.5 1.1 −1.9 1.1 2973 3193 64 −0.97 

11 2549 0.104729 0.001613 0.281128 0.000033 −58.1 1.2 −3.7 1.2 3004 3263 65 −0.95 

12 2495 0.077989 0.001221 0.281204 0.000028 −55.5 1.0 −1.5 1.0 2869 3088 62 −0.96 

13 2588 0.084612 0.001308 0.281169 0.000028 −56.7 1.0 −0.9 1.0 2923 3118 62 −0.96 

14 2628 0.044381 0.000704 0.281120 0.000028 −58.4 1.0 −0.6 1.0 2944 3135 63 −0.98 

15 2618 0.030453 0.000468 0.281164 0.000030 −56.8 1.1 1.1 1.1 2867 3020 60 −0.99 

16 2496 0.097605 0.001651 0.281182 0.000029 −56.2 1.0 −3.0 1.0 2932 3179 64 −0.95 

17 2621 0.088135 0.001506 0.281225 0.000026 −54.7 0.9 1.5 0.9 2862 3000 60 −0.95 

18 2550 0.019182 0.000336 0.281121 0.000025 −58.4 0.9 −1.7 0.9 2915 3142 63 −0.99 

19 2630 0.086871 0.001493 0.281175 0.000029 −56.5 1.0  0.0 1.0 2929 3101 62 −0.96 

20 2681 0.104564 0.001735 0.281126 0.000029 −58.2 1.0 −1.1 1.0 3016 3205 64 −0.95 

21 2449 0.141418 0.002151 0.281245 0.000030 −54.0 1.1 −2.7 1.1 2884 3121 62 −0.94 

22 2616 0.086947 0.001308 0.281129 0.000031 −58.1 1.1 −1.7 1.1 2978 3189 64 −0.96 

23 2620 0.126818 0.001860 0.281219 0.000030 −54.9 1.1  0.6 1.1 2898 3053 61 −0.94 

24 2598 0.117275 0.001791 0.281224 0.000031 −54.8 1.1  0.5 1.1 2885 3046 61 −0.95 

 



3574 Hu J, et al.   Chin Sci Bull   October (2013) Vol.58 No.28-29 

in length and length to width ratios of 1:1–2.5:1. Cathodo-
luminescence images reveal that most zircon grains show 
distinct oscillatory zonation (Figure 3(a)). Some zircon 
grains display grey metamorphic overgrowth rims (Figure 
3(b)). Twenty-four spot analyses on 22 zircon grains were 
performed on this sample, including 18 oscillatory-zoned 
cores and 6 overgrowth rims. Except for 2 analyses that are 
slightly discordant, 16 analyses from oscillatory-zoned 
cores yield a discordia line with an upper intercept age of 
2469 ± 22 Ma and a lower intercept age of 973 ± 37 Ma 
(MSWD = 3.6) (Figure 4(a)). These oscillatory-zoned cores 
show U contents of 31–710 ppm and Th contents of 4–191 
ppm, with Th/U ratios ranging from 0.07 to 0.90. Among 
the 6 grey zircon overgrowth rim analyses, 4 analyses are 
concordant and tightly grouped, yielding a weighted mean 

206Pb/238Pb age of 837 ± 8 Ma (MSWD = 0.33). These 
analyses have U concentrations of 71–362 ppm and Th 
concentrations of 0.3–132 ppm, with Th/U ratios of 0.01– 
0.09, indicating that these zircon rims are typically of met-
amorphic origin. The remaining 2 older data are highly dis-
cordant and may have no geological meaning. Therefore, 
the upper intercept age of 2469 ± 22 Ma is taken to be the 
protolith age of amphibole-plagioclase gneiss, whereas the 
concordant age of 837 ± 8 Ma could be interpreted as the 
metamorphic age.  

3.2  Amphibole-plagioclase gneiss (sample XX43-2) 

The zircons from the amphibole-plagioclase gneiss sample 
XX43-2 are ovoid to prismatic in shape, with grain sizes of 
80–300 μm and aspect ratios of 1.5:1–3:1. Most grains are 
characterized by an oscillatory-zoned core and a narrow, 

strongly luminescent rim (<10 μm) (Figure 3(c)). Some 
zircon grains show grey planar zoning. Twenty-four spot 
analyses on 24 zircons are tightly clustered, yielding an up-
per and a lower intercept ages of 2479 ± 12 Ma and 798 ± 
330 Ma, respectively (MSWD = 0.62) (Figure 4(b)). The 
weighted mean 207Pb/206Pb age of 2469 ± 8 Ma (MSWD = 
1.11) obtained for these analyses is in agreement within 
error with the upper intercept age of 2479 ± 12 Ma. These 
zircon grains have U abundances of 28–303 ppm and Th 
abundances of 34–156 ppm with Th/U ratios ranging from 
0.59 to 1.88, indicating their magmatic origin. Therefore, 
the upper intercept age of 2479 ± 12 Ma is interpreted as the 
protolith age of the amphibole-plagioclase gneiss. 

3.3  Plagioclase gneiss (sample XP08-4) 

The zircons from the plagioclase gneiss sample XP08-4 are 
ovoid to prismatic in shape, with 100–300 μm in length and 
aspect ratios of 1.5:1–3:1. Most of them have an oscillato-
ry-zoned core or grey homogeneous core. In most cases, an 
inhomogeneously luminescent rim is discontinuously de-
veloped and too thin to be analyzed (Figure 3(d)), repre-
senting growth in the late stage. Twenty-four spot analyses 
form a discordia line with an upper intercept age of 2497 ± 
21 Ma and a lower intercept age of 431 ± 280 Ma (MSWD 
= 2.6) (Figure 4(c)). A weighted mean 207Pb/206Pb age of 
2479 ± 10 Ma (MSWD = 1.5) is obtained for the same 
analyses, which is roughly coincident within error with the 
upper intercept age of 2497 ± 21 Ma. These zircons have U 
contents of 47–279 ppm and Th contents of 31–275 ppm, 
with Th/U ratios ranging from 0.13 to 5.61. The upper in-
tercept age of 2497 ± 21 Ma is interpreted as the for- 

 

 

Figure 3  Representative cathodoluminescence (CL) images of zircons from the Douling Complex. The white circles show spots for U-Pb analyses. The 
diameter of white circles is 35 μm. 
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Figure 4  Zircon U-Pb concordia diagrams of the dioritic-granitic gneisses from the Douling Complex. 

mation age of plagioclase gneiss protolith.  

3.4  Two-feldspar gneiss (sample XP16-4) 

The zircons from the two-feldspar gneiss sample XP16-4 

are ovoid to prismatic in shape, with grain sizes ranging 
from 120 to 260 μm and aspect ratios of 1.5:1–3:1. All of 
them display a very dark oscillatory-zoned core and a bright 
or grey narrow luminescent rim (Figure 3(e)). Among 24 
spot analyses, 23 spots plot roughly on or near the concor-
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dia, which defines a discordant array with an upper intercept 
age of 2501 ± 17 Ma and a lower intercept age of 690 ± 210 
Ma (MSWD = 1.7) (Figure 4(d)). These analyses (except 
for one with remarkable Pb loss) yield a weighted mean 
207Pb/206Pb age of 2490 ± 14 Ma (MSWD = 2.0). Zircon 
grains have high U abundances of 319–1511 ppm and Th 
abundances of 90–296 ppm, with Th/U ratios of 0.09–0.55. 
The upper intercept age of 2501 ± 17 Ma is thus considered 
as the formation age of the two-feldspar gneiss protolith. 
Another older age of 2677 ± 23 Ma may represent the age 
of inherited zircons. 

3.5  Biotite-plagioclase gneiss (sample SN07-7) 

The zircons from the biotite-plagioclase gneiss sample 
SN07-7 are ovoid to prismatic in shape, with 70–200 μm in 
length and aspect ratios of 1.5:1–3:1. All zircon grains 
exhibit an oscillatory-zoned core and a narrow, strongly 
luminescent rim (Figure 3(f)). Some grains develop a wider 
grey mantle (Figure 3(g)). Thirty spot analyses on 30 zir-
cons are carried out for this sample, including 24 oscillato-
ry-zoned cores and 6 zircon mantles. Among the 24 ana-
lyzed cores, except for 3 analyses slightly away from the 
discordia, 12 analyses define a discordant array with an up-
per intercept age of 2611 ± 11 Ma and a lower intercept age 
of 393 ± 380 Ma (MSWD = 1.12, Th/U = 0.03–0.92) (Fig-
ure 4(e)). The upper intercept age is in accordance within 
error with the weighted mean 207Pb/206Pb age of 2611 ± 12 
Ma (MSWD = 0.51) obtained for the same analyses. The 
remaining 9 analyses yield a discordia line with an upper 
intercept age of 2509 ± 14 Ma and a lower intercept age of 
344 ± 81 Ma (MSWD = 0.51, Th/U = 0.13–0.43). The 
weighted mean 207Pb/206Pb age of 2503 ± 22 Ma (MSWD = 
2.1) obtained for the same analyses is in agreement within 
error with the upper intercept age. Of the 6 gray mantle 
analyses, except for 2 slightly discordant spots, 4 analyses 
form a discordant array with intercept ages of 2460 ± 21 Ma 
and 730 ± 88 Ma (MSWD = 0.29, Th/U = 0.38–1.26). It is 
inferred that the zircon core age of 2509 ± 14 Ma reflects 
the magmatic emplacement age of the biotite-plagioclase 
gneiss protolith, whereas age of 2611 ± 11 Ma may be in-
herited age, and the zircon mantle age of 2460 ± 21 Ma 
represents the timing of a tectonothermal event. 

3.6  Metapelite (sample SN14-1) 

For the metapelite sample SN14-1, 120 detrital zircon 
grains were randomly dated. The U-Pb zircon ages with 
<95% concordance are rejected in constructing the age 
probability density diagrams. For zircon ages ≥1.0 Ga, the 
207Pb/206Pb age is used in our interpretation, whereas for 
ages <1.0 Ga, the 206Pb/238U age is used. All zircons are 
rounded or ovoid to prismatic in shape, with 40–160 μm in 
length and aspect ratios of 1:1–3.5:1. The majority of zir-
cons show oscillatory zonation (Figure 3(h),(i)) and some 

have homogeneous grey color. Most of them are of mag-
matic origin. These zircons commonly contain a narrow 
overgrowth rim, but some grains have a wider overgrowth 
rim, which, in some cases, also occurs as individual grains. 
These zircon domains are sector-zoned, indicative of meta-
morphic origin (Figure 3(j)). One hundred and sixteen spot 
analyses were conducted on 116 zircon grains with oscilla-
tory zonation or grey domains. The U-Pb zircons ages 
with >95% concordance yielded an age range from 3032 ± 
19 Ma to 1362 ± 23 Ma. Two major age peaks are found at 
~2.60 and ~2.48 Ga, and two subordinate age populations at 
~1.96 and ~1.39 Ga (Figure 4(f)). Only spot 52 (1956 ± 18 
Ma) and two other spots (spot 34, 1973 ± 215 Ma; spot 58, 
1982 ± 200 Ma) with large error are of metamorphic origin. 
The remaining 4 spots, either located in sector-zoned rims 
or individual grains, yielded a weighted mean 206Pb/238U age 
of 818 ± 10 Ma (MSWD = 0.82). Their Th/U ratios range 
from 0.01 to 0.02, further suggesting a metamorphic origin 
for them. 

4  Hf isotopic results 

All 4 samples have 176Lu/177Hf ratios varying from 0.0002 
to 0.0022 and 176Hf/177Hf ratios from 0.281004 to 0.281329. 
The calculated initial 176Hf/177Hf ratios (εHf(t)) and 
two-stage Hf model ages (THf2) are as follows: εHf(t) from 
−8.0 to −1.1 (average −5.5) and THf2 = 3464–3038 Ma 
(weighed mean 3303 ± 37 Ma, MSWD = 1.7 for sample 
XX43-2 (Figure 5(a), (b)); εHf(t) from −3.1 to 4.4 (average 
0.3) and THf2 = 3167-2730 Ma (weighed mean 2951 ± 44 
Ma, MSWD = 3.0) for sample XP08-4 (Figure 5(c), (d)); 
εHf(t) from −10.1 to 0.1 (average −3.4) and THf2 = 3338-3056 
Ma (weighted mean 3188 ± 29 Ma, MSWD=1.16) for sam-
ple XP16-4 (Figure 5(e),(f)); εHf(t) from −8.6 to 1.6 (aver-
age −1.9) and THf2 = 3338–2997 Ma (weighted mean 3152 ± 
41 Ma, MSWD = 2.4) for sample SN07-7 (Figure 5(g),(h)). 

5  Discussion and conclusions 

It is generally accepted that the Kongling Group exposed in 
the Huangling antiform is representative of the old crystal-
line basement of the Yangtze craton. The oldest emplace-
ment age of ~2.95–2.9 Ga in the Kongling Group comes 
from TTG gneisses of the high grade metamorphic terrane 
[15–17,19,20]. The 3.3–3.2 Ga inherited zircon cores are 
also present from the same area, and some tonalite gneisses 
possibly intruded in the terrane during the same period [18]. 

Chen et al.[20] recently identified emplacement ages of 
2.7–2.6 Ga for A-type granites, which is similar to the age 
of 2693 ± 9 Ma obtained for the granite intrusion of the 
Yudongzi Group [21] and the protolith age of 2.75–2.70 Ga 
reported for the Huangluling granulite in the Dabie Moun-
tain [22,23]. In fact, the age data of these three groups were  
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Figure 5  Zircon εHf(t) value vs U-Pb age diagram and Hf model age histogram of the dioritic-granitic gneisses from the Douling Complex. 
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also recorded in detrital zircons from metasedimentary 
rocks [5–9] and inherited zircons from igneous rocks [10–14] 
in different areas of the Yangtze craton, suggesting that the 
3.3–3.2 Ga, 2.95–2.9 Ga and 2.7–2.6 Ga eras are important 
periods for the continental crustal growth in the Yangtze 
craton. 

In this paper, detrital zircon age of ~2.6 Ga and inherited 
zircon age of 2616 ± 11 Ma are also identified in the Doul-
ing Complex, further confirming the presence of the 2.7–2.6 
Ga igneous event in the Yangtze craton. Most importantly, 
the tightly clustered protolith ages of 2469 ± 22 Ma, 2479 ± 
12 Ma, 2497 ± 21 Ma, 2501 ± 17 Ma and 2509 ± 14 Ma 
were obtained for five dioritic-granitic gneisses, and an im-
portant peak age of ~2.48 Ga was also obtained for a 
metasedimentary rock. Similar age data were formerly re-
ported in the Dabie-Sulu region. For example, the crystalli-
zation age of 2493 ± 13 Ma [38] was obtained for the TTG 
gneiss underlying the Zhangbaling Group in the eastern 
Anhui province, and the upper intercept age of 2458 ± 76 
Ma [39] was recorded in zircon from the Shuanghe gneiss in 
the Dabie Mountain. Also in the Dabie Mountains, Chen et 
al. [40] reported another upper intercept zircon age of 2489 
± 25 Ma from an eclogite. Moreover, a remarkable peak age 
of ~2.49 Ga was found in detrital zircons at the northern 
margin of the Yangtze craton [7,8]. All these geochronology 
results suggest the occurrence of an igneous event of 
2.51–2.47 Ga at the northern margin of the Yangtze craton. 
Although a grey zircon mantle age of 2460 ± 21 Ma is ob-
tained for sample SN07-7, whether it represents an early 
Paleoproterozoic metamorphic event needs to be further 
studied.  

The limited geochemical analytical results show that dio-
ritic-granitic gneisses of the Douling Complex have the 
characteristics of the TTG compositions [28]. In the present 
study, zircons from four samples almost have negative εHf(t) 
value with average values ranging from −5.5 to +0.3, and 
the corresponding two-stage Hf model ages vary from 3.30 
to 2.95 Ga, which are coincident with the two former peri-
ods of igneous events in the Yangtze craton. It can be hence 
inferred that the compostions of the 2.5 Ga TTG gneisses 
from the Douling Complex are mainly reworked from the 
Paleo- to Mesoarchean crust at the northern margin of 
theYangtze craton. There may be a small contribution from 
juvenile materials. 

In addition, the geochronological data on the Douling 
Complex has also provided two other important infor-
mations. Firstly, detrital zircons from a metasedimentary 
rock show two peak ages of ~1.96 and ~1.39 Ga, suggesting 
that the Yangtze craton not only experienced Paleoprotero-
zoic reworking and Neoproterozoic continental crustal 
growth [4], but also underwent Mesoproterozoic magmatic 
activity whose nature needs to be further determined. Sec-
ondly, the metamorphic ages of 837 ± 8 Ma and 818 ± 10 
Ma on zircon overgrowth rims are obtained from a dioritic 
gneiss and a metasedimentary rock, which are similar to the 

metamorphic zircon age of 834 ± 31 Ma for a calc-silicate 
rocks reported by Zhang et al. [28] and also the amphibole 
40Ar/39Ar age of 818 ± 10 Ma obtained for amphibolite by 
Shen et al. [29]. This indicates that the main phase amphib-
olite facies metamorphism of the Douling Complex oc-
curred during the Neoproterozoic, which is still unreported 
for the Yangtze craton. The more recent research indicates 
that widespread arc magmatism related to oceanic subduc-
tion may have occurred at the northern margin of the Yantze 
craton [41,42]. However, it is unclear whether this meta-
morphism is associated with this accretionary orogenic 
event. 
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