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The components and evolution of subcontinental lithospheric mantle beneath the North China Craton and the Yangtze Craton is a 
current topic in the geological study of China and the carbon isotopic composition of diamond is one of the most direct probes 
into cratonic lithospheric mantle processes. In this paper, in-situ SIMS (Secondary Ion Mass Spectrometry) techniques were used 
to analyze the carbon isotope compositions at different internal growth zones of diamonds from Shandong and Liaoning in the 
North China Craton and Hunan in the Yangtze Craton. It was found that the carbon isotopic range of diamonds from the North 
China Craton are rather distinct from those of the Yangtze Craton; the former has a range of 6.0‰ to 2.0‰ (relative to VPDB) 
with an average value of 3.0‰ in their core areas, which is consistent with global peridotitic diamonds; the diamonds from the 
Yangtze Craton, however, have a carbon isotopic range from 8.6‰ to 3.0‰ with an average value of 7.4‰ in their core areas, 
being more consistent with global eclogitic diamonds. The variations of carbon isotope ratios between different internal growth 
zones in individual diamonds were different in the three diamond localities studied. There was a clear correlation between changes 
in carbon isotopic composition and phases of diamond dissolution and new growth, while no correlation was observed between 
13C and internal inclusions. The variations suggest that the carbon isotopic compositions of mantle fluids were changing during 
the process of diamond crystallization, and that the heterogeneity of the carbon isotopic composition in mantle carbon reservoirs 
was a more important factor than carbon isotope fractionation in controlling the carbon isotopic compositions and their variation 
in diamonds. In addition, the preliminary results of in-situ nitrogen analyses demonstrated that the variation of carbon isotopic 
compositions between the core and outer growth zones does not correlate with nitrogen abundances, implying either that dia-
monds crystallized in an open environment or that the carbon isotopic composition and nitrogen contents in mantle fluids were 
controlled by other, not yet understood factors. The experimental results provide hints that the isotopic composition of carbon and 
its original sources were different in metasomatic fluids controlling diamond formation in the mantle beneath the North China 
Craton and the Yangtze Craton. 

diamonds, carbon isotopic composition, in-situ SIMS analysis, subcontinental lithospheric mantle, North China Craton, 
Yangtze Craton 

 

Citation:  Chen H, Qiu Z L, Lu T J, et al. Variations in carbon isotopic composition in the subcontinental lithospheric mantle beneath the Yangtze and North China 
Cratons: Evidence from in-situ analysis of diamonds using SIMS. Chin Sci Bull, 2013, 58: 99107, doi: 10.1007/s11434-012-5509-0  

 

 
 
The carbon isotopic compositions of diamonds provide 
useful information for investigating mantle carbon flux and 

its changes in the lithospheric mantle, and hence for study-
ing deep materials and metasomatism through mantle fluids 
[1–3]. In China, there are three major diamond localities, (1) 
Mengyin in Shandong Province, (2) Wafangdian in Liao-
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ning Province, and (3) the Ruanshui River basin in Hunan 
Province, which are geologically located in the North China 
Craton and the Yangtze Craton, respectively [4–6]. Since 
the 1950s, extensive investigations on carbon isotopes of 
diamond have been performed [1–13]. It was recognized 
that peridotitic diamonds and eclogitic diamonds have ra-
ther distinct ranges of carbon isotopes: while the carbon 
isotopic compositions of peridotitic diamonds or graphite 
are, by comparison, 13C-enriched and record narrow ranges, 
eclogitic diamonds may be strongly depleted in 13C, and its 
range in carbon isotopic composition is broader [2,7–13]. 
The carbon isotopic distribution of diamond is not only af-
fected by mantle carbon isotopic fractionation, but is also 
related to its carbon reservoir and source. The huge varia-
tion in the  13C distribution of diamond towards strongly 
negative values is regarded as resulting from crustal organic 
carbon recycled into the mantle via subduction. In-situ anal-
yses with SIMS indicated that carbon isotopes in diamond 
depict complex growth zones. Moreover, complicated rela-
tions exist between carbon isotopes and nitrogen content as 
well as nitrogen isotopes in different occurrences [14–22].  

Research on carbon isotopes of diamond developed ra-
ther late in China with the method and achievement lagging 
behind; the earliest carbon isotopic ratio measurements 
were completed by destructive vacuum combustion em-
ploying a MAT-251 mass spectrometer [23]. Zhang et al. 
[24] published the most valuable paper in 2009 in which 
they presented analyses of carbon isotope compositions, 
analyzed by EA2IRMS (Isotope Ratio Mass Spectrometry 
connected with an Elemental Analyzer), of diamonds from 
Mengyin (Shandong Province) and Fuxian (Liaoning Prov-
ince). It was found that there were ubiquitous layers with 
distinct carbon isotopic compositions within individual di-
amonds but the overall diamonds in the North China Craton 
have carbon isotopic composition (11.2‰ to 0.2‰) sim-
ilar to diamonds of peridotitic paragenesis worldwide [5], 
implying a deep mantle source of their carbon. Compared to 
the North China Craton, few studies on the carbon isotopic 
composition of diamonds from the Yangtze Craton have 
been performed. Liu et al. [25] reported that diamonds from 
the Yangtze Craton display a wider range (22.2‰ to 2.5‰) 

of carbon isotopic compositions, possibly implying that the 
diamonds from the two cratons could have different carbon 
sources or formation mechanisms. 

So far, only average values of carbon isotopic composi-
tions for single diamonds are available on China’s diamonds, 
which cannot provide information on the variations of car-
bon isotope compositions during their formation. In order to 
understand the internal variation in carbon isotopic compo-
sitions and the factors influencing these variations during 
diamond formation beneath the North China Craton and the 
Yangtze Craton, in this paper, we present carbon isotope 
data for 123 analytical points and nitrogen abundances for 
42 analytical points, obtained by means of in-situ SIMS 
analyses of 11 diamonds with different internal growth 
structures from the North China Craton and the Yangtze 
Craton.  

1  Samples and methods 

Eleven near gem and gem-grade rough diamonds were col-
lected: four from Pipe 50 in Liaoning Province, four from 
Pipe I in Shandong Province, and three from an alluvial 
deposit in Hunan Province, China. The samples are 2–5 mm 
in size with well developed octahedral or dodecahedral- 
octahedral shapes, which can be easily cut into slices along 
{111} and {110} planes. The diamond samples were nearly 
colorless to light brown and contained few inclusions, ex-
cept for a subset of inclusion-bearing diamonds that were 
selected for a separate inclusion study. Slabs with thick-
nesses of 0.5 to 1 mm were cut with an uncertain crystallo-
graphic orientation from three samples. All samples ( Figure 
1) selected for carbon isotope analysis are listed in Table 1.  

In order to study variations in the carbon isotope compo-
sition of diamonds during their natural growth processes, we 
selected appropriate samples with typical internal growth 
structures for each locality. Cathodoluminescence (CL) and 
DiamondView™ fluorescence images of the diamonds were 
obtained to analyze their internal growth structures, dissolu-
tion patterns, as well as plastic deformation related features 
[26,27]. 

 

Figure 1  The studied 11 diamond samples from Liaoning, Shandong, and Hunan provinces.  
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Table 1   General features of the studied 11 diamond samples 

Locality Number 
Weight  

(g) 
Color Crystal form Surface features Inclusions 

Maximum  
diameter (mm) 

Wafangdian in 
Liaoning 

L1  0.0557 colorless octahedron 
stepped growth layers, stacked growth 
layers 

black inclusion 4.25 

L2 0.0126 yellowish dodecahedral-octahedral 
trigons 
etch figures 

black inclusion 1.82 

L3 0.0447 
yellowish 
brown 

octahedron 
plastic deformation lines, shutting dizzy 
line 

none 2.86 

QL1 0.0370 light yellow dodecahedral terraces, plastic deformation lines 
clear, tiny crystals  
inclusion 

3.15 

Mengyin in  
Shandong 

QS1 0.0270 colorless octahedron stepped growth layers, trigons internally clear 3.49 

S1 0.0198 brown dodecahedron plastic deformation lines, etch figures none 2.25 

S2 0.0250 brown octahedron  stepped growth layers, etch figures 
plume-like fracture,  
black inclusion 

2.5 

S3 0.0290 colorless 
combination of octahedron 
and dodecahedron  

plastic deformation lines, trigons none 2.5 

Hunan 

QH2 0.0380 yellow octahedron 
brown irradiation spots, stepped growth 
layers 

black inclusions  3.60 

QH1 0.0818 light yellow dodecahedroid 
brown irradiation spots, plastic  
deformation lines  

black inclusion,  
kyanite 

4.27 

H1 0.0154 light brown octahedron 
etch figures, plastic deformation lines,  
stepped growth layers 

none 1.95 

 

Carbon isotope analyses and nitrogen abundances were 
carried out using SIMS (Secondary Ion Mass Spectrometry) 
at CCIM, University of Alberta, Canada. The SIMS instru-
ment used has a relative detection limits on the ~ppb level, a 
spatial resolution of ~1–30 m, a depth resolution of 0.01–5 
m, and a maximum mass resolution of 40000. For our 
SIMS analyses of C-isotope and N-abundances, a ~4 nA 20 
keV Cs+ primary beam was utilized. Charge compensation 
with the electron gun was found unnecessary for the dia-
monds studied. Negative secondary ions of 12C and 13C 
were measured simultaneously in dual Faraday cups, with 
mass resolution sufficient to resolve isobaric interference by 
12CH, and determined over 80 s total count time. Typical 
count rates for 13C were 3×107 cps, resulting in typical 
counting uncertainty per spot of 0.03‰ (68% confidence). 
Instrumental mass fractionation (~20‰) and spot-spot 
repeatability (standard deviation less than or equal to 0.05‰) 
were determined by repeated analysis (after every 4th un-
known) of CCIM diamond reference material S0011 (13C 
(VPDB)=22.58‰, University of Alberta). Propagated un-
certainties reflect all of these factors, and are typically 
±0.15‰ (95% confidence). For N-abundances, determined 
on the same spots as C-isotopes, the molecular ions 12C14N 
(nitrogen) and 12C12C (internal standard) were determined 
simultaneously via an electron multiplier and Faraday cup 
combination, respectively, both at mass resolution ~7000 
sufficient to resolve spectral interferences. The sensitivity 
factor for nitrogen abundance was calibrated by analysis of 
CCIM reference diamond S0011 (for which an N-abun-     
dance of 420 ppm had been determined by FTIR) at the start 
and end of each analytical session. 

For analysis, the diamond slices were mounted in an in-
dium metal target, adjacent to pieces of diamond reference 

material for purposes of calibration, and then coated with a 
5-nm-thick pure gold film. These gold-plated diamonds 
were firstly imaged by Cathodoluminescence, and then they 
were coated with a 20-nm-thick pure gold film for the se-
cond time for the measurement of carbon isotope ratios and 
nitrogen abundances. The analytical points for carbon iso-
tope ratio measurements were arranged based on CL images, 
transecting growth zones from core to rim within a diamond 
(Figure 2).  

2  Results  

2.1  Primitive cores of diamonds and their carbon  
isotope ratios and N abundance 

Synthetic diamonds are generally grown under high pres-
sure and temperature employing a crystal seed [28–30]. For 
natural diamond growth, there is not a unified understand-
ing if a seed is required, and if so, the nature of the seed 
[31–33]. With one exception (Liaoning L2), all diamonds 
discussed here contained a primitive core area at the center 
within each diamond which appeared different from the 
outer growth zones in CL images, and the outer growth 
zones formed around the core area and were clearly influ-
enced in shape by the core area. These core areas, therefore, 
likely can be considered as primitive crystal seeds for dia-
mond crystallization, and some of them had even finer 
crystal seeds themselves [34]. Some references reported that 
the difference in age between the core and the outermost 
growth zone for one diamond was 1.2 Ga, and that for 
Liaoning diamonds this time difference was 0.6–0.7 Ga 
[35,36]. Therefore, the carbon isotope ratios and N abun-
dances measured in core areas could represent those of  
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Figure 2  Cathodoluminescence images and analytical spots for the diamond plates from Liaoning, Shandong, and Hunan provinces.  

mantle sources during early stages of craton stability (Ta-     
ble 2).  

The CL images indicate that only a few diamonds, e.g. 
QH1 and H1 from Hunan, contained primitive cores with 
regular crystal faces and outer growth zones overgrowing 
the cores in a continuous fashion. Most diamonds, such as 
S2 in Figure 3, have irregular fragments as cores, which are 
different from growth zones around them in CL images. 
Table 2 shows that N abundances of diamonds in the cores 
vary strongly among diamonds from the three localities; on 
the contrary, carbon isotopes of diamonds in the core areas 
are limited to a narrow range, especially for diamonds from 
the same craton. Specifically, carbon isotope ratios of dia-
monds in the Yangtze Craton were dominated by isotopi-
cally light carbon, with an average  

13C of 7.4‰ for two 
Hunan samples, while diamonds from the North China Cra-
ton were dominantly heavy in their carbon isotope composi-
tions, with an average 13C of 3.0‰ for both three Liao-
ning and three Shandong diamonds. This suggests that dur-
ing initial diamond growth, the carbon available in the man-
tle beneath the North China Craton was 13C enriched (rela-
tive to the average  

13C of 5.5‰ for global mantle) and 
depleted in 13C beneath the Yangtze Craton. 

2.2  Growth zones of diamonds and their relationship 
to carbon isotope ratios and N abundance 

Carbon isotope ratios were determined for 123 points on 11 
diamonds from three localities (Table 3 and Figure 3). The 
results show that  

13C ranges between 8.6‰ and 2.0‰ 
with an average of 4.6‰. This is in good agreement with 
the main range between 9‰ and 2‰ in carbon isotope 
ratios and an average value of about 5‰ for peridotitic 
diamonds worldwide [2,7,14,37], which are assumed to 
precipitate from mantle carbon. The carbon isotopes of the 
studied diamonds from three localities in China are thus 
interpreted to reflect the isotopic signature of their mantle 
source. Between core areas and outer growth zones within 
individual diamond or among separate diamonds, there are 
no correlations between the intensity of cathode lumines-
cence and carbon isotope ratios, in accordance with the re-
sults of previous studies [19,38,39].  

The N abundances of Hunan single diamonds cover a 
smaller range than those from Shandong and Liaoning (Ta-
ble 3). The N abundances of single diamonds in different 
growth zones from all three localities show no clear correla-
tion with changes in carbon isotope compositions from the  

Table 2  The carbon isotope ratios and N abundances measured at primitive core areas inside diamonds of Liaoning, Shandong, and Hunan 

Locality Sample No. 
N abundance (atomic ppm)  13C relative to VPDB (‰) 

Point 1 Point 2 Point 3 Average  Point 1 Point 2 Point 3 Average 

Liaoning 

L1 929 372 – 651 2.76  2.60  – 2.68  

L3 – – – – 3.00  2.93  2.89  2.94  

QL1 – – – – 3.50  3.34  – 3.42  

Shandong 

S1 982 1090 967 1013  3.11  2.95  2.80  2.95  

S2 – – – – 2.97  – – 2.97  

QS1 – – – – 3.30  3.00  – 3.15  

Hunan 

H1 273 417 – 345  7.48  7.70  – 7.59  

QH1 – – – – 7.22  – – 7.22  

QH2 – – – – 3.36  3.41  – 3.39  
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Figure 3  Variation of carbon isotope ratios at the primitive core area and outer growth zones of diamonds (13C in ‰).  

Table 3  Carbon isotope ratios and N abundances measured across growth zones of diamonds from Liaoning, Shandong, and Hunan 

Locality Liaoning  Shandong  Hunan 

Number L1 L1 L2 L3 QL1  S1 S1 S2 S3 QS1  H1 H1 QH1 QH2 

 13C & N 
N (atomic 

ppm)  13C (‰)  
N (atomic 

ppm)  13C (‰)  
N (atomic 

ppm)  13C (‰) 

 1 651 2.68 3.99 2.94 3.42  1013 2.97 2.97 5.15 3.15  345 7.59 7.22 3.39 

 2 0 2.57 3.82 4.53 3.33  1 2.49 3.36 5.15 2.37  36 8.46 6.66 3.60 

 
 

Core 
 
 
 
 
 
 
 
 

Rim 

3 2 2.59 3.53 5.20 3.20  1 2.51 4.35 5.14 2.01  388 7.90 6.38 3.26 

4 502 3.98 3.51 4.95 3.19  5 2.73 4.60 4.80 2.26  2 8.55 6.37 3.33 

5 28 3.35 3.77 5.41 3.12  211 2.87 5.46 4.67 2.56  62 8.28 6.25 4.36 

6 441 3.93 3.74 5.26 3.14  22 2.74 4.93 4.75 2.30  147 7.30 6.30 2.99 

7 321 4.74  5.42 3.08  385 4.47 5.42 4.87 3.45  3 6.63 6.75  

8 54 5.77  4.95 2.96  364 4.43 5.60 4.69 2.66  32 5.34 6.52  

9 380 5.64  5.70 2.92  447 4.56  5.04 2.84    8.31  

10    5.47 2.96  461 5.14  4.81 2.69      

11    6.02 3.17  343   4.53 3.04      

 12           2.97      

 13           3.35      

 

core to rim (Figure 4). 

3  Discussion 

3.1  Variations of carbon isotopes in growth zones and 
inferences on deep geological process in mantle 

For Liaoning diamonds, carbon isotope ratios range be-
tween 6.0‰ and 2.6‰ with an average of 3.9‰ (Table 
3 and Figure 3). This range is basically similar to the studies 
reported by Cartigny et al. [37] for 55 diamonds of perido-
titic paragenesis from Pipe-50 in Liaoning (range 6.2‰ to 
0.8‰; average 3.5‰ ±1.5‰), and those by Zhang et al. 
[24] (range 5.0‰ to 1.4‰), but the range of heavier 13C 
is slightly narrower. There are three trends in carbon isotope 

ratios from core to rim: increasing and then decreasing for 
L2 and QL1; an irregular increase and then decrease for L3; 
and repeated increases and decreases for L1. Irrespective of 
the overall trend, all diamonds first show an increase and 
then a decrease in carbon isotope ratios, and for most dia-
monds crystallization ends with a rim that is depleted in 13C. 
Table 4 shows that the maximum difference between high-
est and lowest 13C value within single diamonds is 3.2‰, 
seen for diamond L1 which also shows stages of dissolution 
between growth phases. The smallest internal variation of 
only 0.5‰ was observed for the black inclusion-bearing 
diamond L2 and diamond QL1.  

For Shandong diamonds, carbon isotope ratios determined 
on 56 points range between 5.6‰ and 2.0‰ with an av-
erage of 3.6‰. This range is narrower than the previously  
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Figure 4  Variations of carbon isotope ratios and N abundances (atomic ppm) from core to rim for diamonds from Liaoning (L1), Shandong (S1), and Hu-
nan (H1) (Table 3). 

observed for Shandong diamonds (range 6.4‰ to 0.4‰) 
by Zhang et al. [24]. Four different cores to rims trends in 
13C were observed: increasing and then decreasing for S1; 
decreasing, increasing and then again decreasing for S2; 
increasing, decreasing and increasing for S3; and two cycles 
of first increasing and then decreasing for QS1. All dia-
monds except S2 first show an increase and then a decrease 
in carbon isotope ratios during their initial crystallization 
process. Most diamonds (83%) ended their crystallization 
with lighter carbon isotope compositions at the outermost 
growth zone. The maximum within-diamond difference is 
2.8‰, observed for inclusion-bearing diamond S1, and the 
minimum internal variation (0.6‰) was derived from inter-
nally clean diamond S3. 

For Hunan diamonds, 13C ranges from 8.6‰ to 3.0‰ 
with an average of 6.1‰. The maximum internal variability, 
3.2‰, was observed for diamond H1, which was cut into a 
plate parallel to {100} and contains evidence for intermit-
tent growth interrupted by a phase of dissolution; this dia-
mond is inclusion free. There are two types of variations in 

carbon isotope ratios from core to rim: gradually decreasing 
and then increasing 13C for H1 and QH2, and gradually 
increasing and then decreasing 13C for QH1. In contrast to 
Liaoning and Shandong diamonds, two Hunan diamonds 
show an overall trend of first decreasing and then increasing 
13C, remaining high in 13C during the final growth stage.  

For the three localities, the variation of carbon isotope 
ratios within single diamonds exhibits no correlation with 
the presence or absence of internal inclusions; for example, 
both clear diamonds without inclusions and diamonds of 
IaAB nitrogen aggregation may have large or small internal 
variations in carbon isotope composition from core to rim 
(Table 1 and 4). In the current study, the extent of variation 
of carbon isotope ratios within single diamonds appears to be 
related to the occurrence of phases of diamond dissolution 
between growth zones in CL images. Generally, little variation 
in carbon isotope ratios is observed within single diamonds 
if no distinct zoning is observed in CL images or if only 
regular growth zones, not interrupted by dissolution, are 
present (L2 and QL1 from Liaoning, S3 from Shandong;  

Table 4  Variations in 13C for the single diamonds of Liaoning, Shandong, and Hunan 

Locality Sample No. N aggregation 
13C (‰) 

13C (‰) 
Maximum Minimum Average 

Liaoning 

L1 IaAB-IaB 5.77 2.57 3.79  3.21 

L2 IaAB-IaA 3.99 3.51 3.73  0.48 

L3 IaAB 6.02 2.89 4.75  3.13 

QL1 IaAB 3.50 2.92 3.16  0.58 

Shandong 

S1 IaAB-IaB 5.14 2.40 3.26  2.75 

S2 IaAB 5.60 2.97 4.59  2.63 

S3 IaAB 5.15 4.53 4.87  0.62 

QS1 IaAB 3.45 2.01 2.77  1.45 

Hunan 

H1 IaAB 8.55 5.34 7.52  3.21 

QH1 IaAB-IaB 8.31 6.25 6.75  2.06 

QH2 IaAB-IaB 4.36 2.99 3.47  1.37 
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Figure 5  The variations in 13C (‰) along core to rim traverses for single diamonds from Liaoning (a), Shandong (b) and Hunan (c).  

and early growth stages in diamonds QH1 and QH2 from 
Hunan). In contrast, diamonds with phases of intermittent 
dissolution visible in CL images, such as L1 and L3 from 
Liaoning and S1 from Shandong, have large internal varia-
tion of carbon isotope ratios. This suggests that the varia-
tions of carbon isotopes in single diamonds were mainly 
influenced by the chemical composition of the diamond 
precipitating mantle fluids, but seemed not to be correlated 
with the presence or absence of inclusions or nitrogen ag-
gregation. 

Diamonds from Liaoning and Shandong have carbon 
isotope ratios (13C) ranging between 6.0‰ and 2.0‰ 
and concentrating between 5.5‰ and 3.0‰. They may 
have small internal variation of 0.5‰ or a large internal 
variation of 3.2‰ from core to rim. This suggests that the 
variations of carbon isotopes in diamonds from the North 
China Craton may be affected by both the heterogeneity of 
carbon isotope compositions in mantle carbon reservoirs 
and isotopic fractionation during diamond precipitation 
[35,40]. In contrast, for Hunan diamonds the carbon isotope 
ratios cover a much wider range from 8.6‰ to 3.0‰ and 
mainly between 6.5‰ and 3.5‰, but internal variations 
in carbon isotope ratios are smaller. Hunan diamonds have 
lighter carbon isotope ratios in cores than Liaoning and 
Shandong diamonds. This reflects that carbon of lighter 
isotopic composition was present during the formation of 
diamonds in the lithospheric mantle beneath the Yangtze 
Craton, compared to the North China Craton. For diamonds 
from all three localities, samples displaying phases of dis-
solution between growth stages show the greatest variation 
in carbon isotope ratios and, therefore, it is deduced that the 
heterogeneity of carbon isotope compositions in the mantle 
reservoir played a greater role than isotopic fractionation 
during diamond growth in imposing variations of carbon 
isotope compositions in diamonds [41,42].  

For Hunan there is a similar percentage of diamonds with 
eclogitic and peridotitic inclusions. Observed inclusion 

phases include KCl, NaCl, chromite, omphacite，coesite, 
and moissanite [35,43]. Mean carbon isotope compositions 
for whole Hunan diamonds range from 22.2‰ to 2.5‰ 
[25]. These observations are consistent with early to late Pro-
terozoic subduction and collision-subduction events within 
the Yangtze Craton, which may have transported carbon 
with a crustal isotopic signature into the lithospheric mantle 
beneath the Yangtze Craton [44–47]. This implies a funda-
mental difference (e.g. in metasomatic fluids composition) 
in deep geological processes between the Yangtze Craton 
and the North China Craton.  

3.2  Variations of carbon isotopes and N abundances 
and their implication 

There is still considerable debate about the relationship be-
tween N abundance, carbon isotope composition and nitro-
gen isotope composition in diamonds. Some researchers 
claimed that there is little relation between N abundance and 
carbon isotope ratios for non-coated diamonds [40,48,49], 
whereas others [2,11,17,18], based on studies on coated 
diamonds [15,17,40], claimed that variations of carbon iso-
tope ratios were correlated with N abundance, N aggrega-
tion state and N isotope composition. For example, Javoy et 
al. [12] found that there is a negative correlation between 
13C and 15N for diamonds crystallized in the environment 
of decreasing fO2 in Mbuji Mayi, Zaire. Bulanova et al. [21] 
showed the presence of good correlations between 13C, 
15N and N abundance within a diamond from Yakutia 
(13C and 15N became heavier, and N abundance became 
smaller from core to rim) probably implying isotopic frac-
tionation in a closed environment during a continuous pro-
cess of crystallization. Ukhanov and Khachatryan [50] 
showed the 13C of diamonds have inverse co-variations 
with N abundance, i.e. the greater  

13C values, the lower 
the N abun dance. Although there is no consensus about the 
relationship between 13C, 15N and N abundance in single 
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diamonds, increasing f O2 in the diamond crystallizing en-
vironment may lead to heavier carbon isotope compositions 
[10] and higher N abundances [51] in diamonds. Therefore, 
any clear co-variations in 13C, 15N and N abundance in 
single diamonds reflects continuous crystallization in a rela-
tively closed environment and suggests that carbon isotopes 
and N abundances in such diamonds were mainly influ-
enced by fractional crystallization [21]. 

In our study, variations of carbon isotope ratios from 
core to rim did not show any correlation with N abundance 
for three diamonds from three localities. The results of in-
frared spectral mapping for 14 diamonds, including dia-
monds studied in this paper, also show that N abundances in 
cores may be greater or smaller than those of outer growth 
zones of diamonds from the two cratons, and their overall N 
abundances display no unidirectional variation, suggesting 
that complex exchanges occurred between carbon and ni-
trogen during diamond growth [52]. It is not clear what ac-
counts for such complex patterns. Based on diamonds from 
three localities, we find that variations in carbon isotopes 
show no correlation with the presence or absence of inclu-
sions and with N aggregation, but instead are related to 
clear structural dissolution and growth boundaries. These 
results suggest either the presence of complex and hetero-
geneous carbon and nitrogen reservoirs in the mantle, or 
that the diamonds grew in an open geochemical environ-
ment. The findings in this paper are preliminary, and need 
further study based on more samples. 

4  Conclusions 

For the first time, in-situ analyses of N abundance and car-
bon isotope composition across different growth zones were 
carried out using Secondary Ion Mass Spectrometry (SIMS) 
for diamonds from Liaoning and Shandong in the North 
China Craton and Hunan in the Yangtze Craton, China. The 
findings obtained are summarized as follows: 

(1) The carbon isotope compositions showed various 
zones from core to rim, corresponding to internal growth 
zones of diamonds visible in cathodeluminescence. Dia-
monds from the North China Craton have carbon isotope 
ratios ranging from 6.0‰ to 2.6‰, similar to diamonds 
of peridotitic paragenesis worldwide. Diamonds from the 
Yangtze Craton show carbon isotope ratios ranging from 
8.6‰ to 2.6‰, similar to eclogitic paragenesis diamonds 
from worldwide sources. In addition, diamonds from the 
North China Craton have an average 13C of 3.0‰ during 
early growth stages, whilst diamonds from Yangzte Craton 
have  

13C depleted values (average 7.4‰) during earliest 
growth. This may indicate that 13C depletion is an inherent 
property of the subcontinent lithospheric mantle beneath the 
Yangtze Craton. 

(2) In-situ analyses of carbon isotope compositions at 
different growth zones within single diamond show: (i) that 

CL intensities are not correlated with 13C values, and (ii) 
that variations in carbon isotope ratios are not correlated 
with the presence or absence of inclusions, or N abundance 
and aggregation. Variations in carbon isotope ratios be-
tween growth zones are, however, positively correlated with 
the occurrence of phases of diamond dissolution and new 
growth, indicating precipitation from mantle fluids with 
heterogeneous carbon isotope composition. The isotopic 
heterogeneity of mantle carbon reservoirs obviously played 
a greater influence than isotopic fractionation on variations 
in diamond 13C. 
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