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Abstract

:

A total of 48 natural alluvial diamonds from the Yangtze Craton, China, also called Hunan diamonds, were studied using morphology and IR spectroscopy. These diamond samples, collected downstream of the Yuan River, Hunan Province, with unknown host-rock source(s), were observed by scanning electron microscope (SEM) and Fourier-transform infrared spectroscopy (FTIR). Most Hunan diamonds are monocrystal forms of octahedra, tetrahexahedra (THH) and dodecahedra; octahedral–rhom-dodecahedral transitional behaviors and irregular forms are also visible. Trigons and tetragons, terraces and shield-shaped laminae are surface features that frequently indicate dissolution and reabsorption; green and brown spots, network patterns, and other mechanical abrasion marks are typical evidence of long-time deposition and transportation of Hunan diamonds. The main types of Hunan diamonds are type IaAB and type Ⅱa. Diamond samples have a wide range of total nitrogen content (Ntot) from 196–1094 ppm. Two populations are distinguished by two-peak distribution models of NA (A-center concentrations) and %B (proportion of aggregated nitrogen). Hunan diamonds are low in structure hydrogen (0.03–4.67 cm−1, mostly below 1 cm−1) and platelets (0.23–17 cm−1, mostly below 2 cm−1). Moreover, there is a significant positive correlation between the hydrogen correlation peak and Ntot, which is similar to Argyle diamonds. The temperature conditions of the diamond formation have been estimated at 1075–1180 °C, mainly conforming to the kimberlite diamond range. Besides, some samples with slightly higher temperatures are close to the ultramafic-related Juina diamonds. Therefore, the FTIR characteristics analysis and comparison indicate the multiple sources of Hunan diamonds.
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1. Introduction


Most natural diamonds from the earth’s mantle and are transported to the surface by deep mantle magmas, such as kimberlites and lamproites [1]. Nitrogen and hydrogen are the most common impurity elements in natural diamonds, and diamonds are primarily classified on the basis of nitrogen-containing defects in the crystal lattice.



Fourier-transform infrared spectroscopy (FTIR) provides a method for estimating the concentration of nitrogen defects (A-center and B-center), hydrogen centers (H), and “Platelets” (P) [2]. It is one of the most widely used methods for investigating the state of structural nitrogen-bearing aggregates in diamonds and identifying diamond types [3,4,5,6].



The high refractive index of diamond makes optical microscopy a powerful tool to study diamond surface features and crystal morphology. Optical microscopy is sufficient for discriminating diamonds with kimberlite-induced and mantle-derived resorption [7], for identification of resorption by fluid-rich and fluid-poor kimberlite magmas, and resorption types from different events of mantle metasomatism [8].



Scanning electron microscopy (SEM) is a practical approach to observe the details of surface features on complicated diamond crystals both in secondary electrons (SEs) and backscatter electrons (BSEs) [9].



There are rich alluvial-diamond placers in the Yangtze Craton, China, in which subrounded and rounded diamonds coexist with indicator minerals (pyrope, Mg ilmenite, and chromite) [10], similar to some famous diamond-placer deposits in the eastern Siberian craton, the Urals, Africa, etc. The Yuan River basin in the Yangtze Craton is a significant source of alluvial diamonds discovered in China. Several diamondiferous placer deposits have been identified at each reach of the Yuan River basin, yielding diamond crystal grains that are mostly macro-diamond monocrystals of good quality [11].



Some examinations by morphology, IR spectroscopy and isotope analyses have led to the conclusion that the original host rocks of diamonds in the Yuan River basin are kimberlite or lamproite [12]. Still, the primary deposits of these alluvial diamonds have not yet been identified. Thus, the research on morphologic and FTIR spectral characteristics of diamonds from the Yangtze Craton must be continued. In this study, new experimental data and discussions based on SEM and FTIR about aspects of morphology, structural nitrogen and hydrogen defects provide a better understanding of diamond-formation conditions and temperature parameters at the source of the alluvial diamond from the Yangtze Craton.




2. Geological Setting


The Yangtze Craton is situated in south China over an area of 1,400,000 km2, and is the second-largest cratonic block in China [13] (Figure 1a). The Yangtze Craton is bordered on the southeast by the Jiangnan orogen, to the north by the Qinling–Dabie–Sulu orogen, to the west by the Songpan–Ganzi terrane, and to the southwest by the Jinshajiang–Ailaoshan–Song Ma suture zone [13,14]. The assembly of the Yangtze Craton formed in the Archean period with an Archean–Paleoproterozoic crystalline basement [15] and has a crustal remnants as old as 3.8 Ga [15,16]. The Yuan River within the Yangtze Craton originates from the Miao Mountains in Guizhou Province, ultimately discharging into the Dongting Lake in Hunan Province, with a total length of 864 km [12]. The Yuan River with its Cretaceous continental red beds is the most important source of alluvial diamonds in China. Since the 1950s, a series of diamond placers have been discovered in the regions of Zhenyuan, Chenxi, Changde and Huaihua within the Yuan River basin (Figure 1b) [12]. Several outcrops or rock debris of kimberlites and lamproites containing small amounts of diamonds have been identified (Figure 1b) in Zhenyuan, Changde [12,17,18], while no primary diamond deposit has been found so far. The Hunan diamond samples investigated in this study were collected by the mineral-processing test during diamond prospecting in the Changde region in the lower reaches of the Yuan River basin.




3. Materials and Methods


A total of 48 rough diamond samples collected from the Yuan River basin, Hunan Province, China, were studied. The diamonds labeled by the sample number from HN001 to HN048, also called “Hunan Diamond”, were all monocrystal diamonds, with sizes ranging from 1.2–9.6 mm and weights varying from 1.1–177 mg.



The properties of the diamond samples were observed and photographed, studied by SEM and FTIR spectrometry.



Initial observation and photography of the samples were performed on a Zeiss Stemi 508 optical stereo microscope at the Chinese Academy of Geological Sciences.



SE and BSE photographs of diamond samples were obtained simultaneously at the Geological Institute of the Chinese Academy of Geological Sciences using an FEI Quanta 450 SEM operating at 20 kV and a beam current of 15 nA.



Before FTIR testing, each diamond sample was cleaned with a 40 KHz ultrasonic cleaner for 5 min to remove clay and stains adhering to the crystal surface in order to avoid IR absorption peaks of impurities from interfering with the test results.



The FTIR spectra were measured by a Bruker LUMOS FTIR spectrometer with transmission mode at the School of Gemology, China University of Geosciences (Beijing). The recording was made at local surface points of crystals in the region 4000–600 cm−1, resolution of 4 cm−1, and more than 32 scans. Each sample was tested multiple times at different locations on the surface. The spectrogram records revealed 41 diamond samples in which the nitrogen content and aggregation state did not vary along with the crystal profile or vary negligibly. The other 7 diamond samples did not show a valid infrared spectrum in the tests, possibly due to the lack of flatness of the crystalline surface.



To determine the absorption coefficients of the 41 differently sized diamonds in the IR region, the measured spectra were baseline corrected and normalized to an effective thickness of 1 cm by an absorption coefficient of 13 absorption unit/cm−1 at 2030 cm−1 [19,20,21]. The absorption spectrum had a resolution of 1 cm−1.



The nitrogen content of A- and B-centers in terms of at. ppm was calculated from the absorption peaks at the frequencies of 1282 cm−1 and 1175 cm−1 [4,5,22]. The relative error in nitrogen concentration appeared to be ±10 to 20%.



The relative proportions of “Platelets” (B′-defects) and hydrogen (H) structural impurities in diamonds were estimated by the absorption strengths of absorption-coefficient values at 1360–1370 cm−1 and 3107 cm−1, respectively [23].




4. Results and Discussion


4.1. Morphology


Natural diamonds exist in various shapes that reflect growth under different conditions of supersaturation and resorption [24,25]. Diamond morphology in alluvial deposits reflects the conditions of crystal growth and provides information on the process of diamond formation [25]. Typical crystal forms and surface features associated with dissolution and reabsorption in diamond samples will be discussed, while features related to transportation and mechanical abrasion that alluvial diamonds endured such as spots and network patterns are also identified and labeled.



4.1.1. Crystal Form


In this study, we use dodecahedra to describe diamonds with 12 curved faces that are formed when the {111} face resorbs via formation of the trigonal shape, and tetrahexahedra (THH) to describe the rounded diamonds with 24 curved faces [26,27,28], which develop when the initial octahedral {111} face resorbs via formation of the ditrigonal shape [27]. Diamonds with octahedral growth morphology and their transition into tetrahexahedra (THH) or dodecahedra due to dissolution are shown in Figure 2a.



The common monocrystal forms observed in Hunan diamond samples (e.g., Figure 2b) are octahedra, tetrahexahedra (THH) and dodecahedra. Additionally, octahedral–rhom-dodecahedral transitional behaviors and irregular forms were also present among the samples. No twin crystals were observed in these samples.




4.1.2. Trigons and Tetragons


Trigons are typically present on the {111} diamond faces in octahedral-shaped diamonds [29]. Tetragons usually occur on the cubic {100} diamond faces and rarely on octahedral diamonds, but in some kimberlite-hosted diamonds, tetragons can become a common feature on THH diamonds, where they develop in the crystal apices and on positively-oriented walls of hexagonal pits [9]. It has been accepted that trigons and tetragons are dissolution and resorption features that are related to the effect of kimberlite magma or mantle metasomatism on the diamond surface [9,30].



Trigonal pits are considered to be positive if they are aligned in the same orientation as the octahedral diamond edges (Figure 3b) and negative if the orientation of the apices of the etch pits and the octahedron faces differ by 180° (Figure 3a). Initially, the pits were small pyramidal forms, and continued resorption increased their width and flattened their bases. Aggregations of small shallow trigonal etch pits may be derived from the etching of near-surface micro-defects [31,32].



Positive trigons are rare on natural diamonds [28,33]. Since the resorption by kimberlite magma would have affected a larger proportion of the diamond population, the rare and unusual positively oriented trigon features may point towards an exotic mantle event and rare late resorption [9,34].



Tetragonal etch pits are dissolution features that form in the same way as trigons [9]. Additionally, similarly to trigonal etch pits, tetragonal etch pits can exhibit positive or negative orientations, e.g., sample HN044 contains negatively-oriented tetragonal pits with edge lengths between 10–100 μm with a “pyramidal shape” (Figure 3c).




4.1.3. Terraces


Terraces typically evolve from fine parallel lines outlining around the crystal apices of dodecahedra (Figure 3d). These features are called terraces [28] or striations [8,26].



Terraces are extremely common on dodecahedron diamond samples. The size of each step usually varies between 10 to 40 μm. The existence of terracing results from the resorption process, which changes from octahedra to dodecahedra. The terraces can represent the exposed original octahedral growth planes in the diamond [35]. A dodecahedron diamond crystal that displays prominent terraces is likely to have been less resorbed than one displaying insignificant, or no, terraces [28].




4.1.4. Shield-Shaped Laminae


Shield-shaped laminae consist of superimposed laminae of progressively diminishing areal extent, and this structure was observed near the edges on all octahedral diamond samples (Figure 3e). Shield-shaped laminae are associated with resorption [28,30]. The outer laminae are exposed the soonest and recede the furthest, particularly from octahedral corners that are susceptible to resorption. As shield-shaped laminae develop throughout the diamond surface, this eventually leads to octahedral crystal edges being replaced by more curved dodecahedral surfaces [35].




4.1.5. Spots


Green and brown radiation stains are surface features usually identified in alluvial diamonds due to a diamond’s proximity to radioactive fluids or minerals [36,37]. A total of 14 diamond samples had spots of faint to dark color on the surface.



Green surface spots are a common feature throughout the Hunan diamond population, which usually manifests as rounded-spot groups of about 20 μm to 80 μm in diameter (Figure 3i). These green-spot groups vary from faint to intense, leading to some diamonds with a light green-blue appearance.



Experiments have shown that green spots are generated by alpha-particle irradiation of the diamond surface when a radioactive mineral is adjacent. The formation of dark green spots requires about 10 Ma [37].



Brown surface spots are also a typical feature throughout the Hunan diamond population (Figure 3g). The intensity of color in the brown spots varies from faint to intense. The change in the color of spotting from green to brown is more likely to be a kinetic reaction that considers temperature and time, and not just temperature as thought before [33].



In the dodecahedron diamond sample HN008 (Figure 3h), the brown spots encountered are accompanied by superimposed or matching green spots. The occurrence of this matched pair may be explained by alpha-particle radiation hitting the diamond surface at some spots to generate a couple of green spots that, with time, changed to brown, followed by the diamond moving, inflecting radiation damage on a new adjacent area of the diamond surface [35].




4.1.6. Network Patterns


A crosswalk of highly curved, shallow ruts defines rhombic network patterns. Network patterns are observed on the dodecahedron surfaces of sample HN042, and the ruts tend to be narrow and shallow (Figure 3f).



Network patterns are typical in alluvial diamonds and rare or absent in diamonds collected directly from kimberlite/lamproite rocks [35,38]. In the Hunan alluvial diamonds, network patterns that post-date diamond resorption and etching occur with surface cracks, such as crescentic outline percussion marks. Surface cracks are produced by the transfer of kinetic energy when softer materials impact the diamond surface [29]. Thus, these are most likely the result of mechanical abrasion operating during diamond transportation.





4.2. FTIR Analysis


Diamonds are divided into two types (I and II) based on the presence or absence of nitrogen content; type I diamonds contain various forms of nitrogen and type II diamonds are considered to be nitrogen-free (possibly containing less than 20 ppm) [39].



Type I diamonds are further subdivided into type Ia and type Ib according to the aggregation of nitrogen atoms. In type Ia diamonds, two main forms of nitrogen aggregation are identified, namely A and B. Depending on the dominance of the A- or B-center, the type Ia diamond is classified as type IaA and type IaB, respectively [22,39]. Most natural diamonds from kimberlite or lamproite belong to the transitional type IaAB with both the A- and B-center [39]. Type II diamonds are further subdivided into type IIa and type IIb according to the occurrence of boron impurity. Type IIa has no significant absorption peak in the range of 1000~1400 cm−1, while type IIb has an absorption peak caused by the B-C bond at 2800 cm−1, representing the content of boron impurity in the diamond [39].



The studied diamond samples are of type IaAB and type IIa according to the spectral classification. A total of 34 diamond samples belong to the type IaAB, in which absorption peaks at 1282 cm−1 caused by the A-center and absorption peaks at 1175 cm−1 caused by the B-center appear simultaneously (e.g., Figure 4a). A total of seven diamond samples belong to type IIa (e.g., Figure 4b) without an absorption peak in the range of 1000–1400 cm−1 and 2800 cm−1.



The difference in the nitrogen content and aggregation state and the content of structural hydrogen in diamonds can be due to the different conditions of their formation, namely the pressure, temperature, and composition of the mineral-forming environment, so the content and state of nitrogen and hydrogen obtained from FTIR spectrometer are the most genetically informative parameters [19,40,41,42,43,44].



Table A1 presents the nitrogen contents and aggregation states, B′-defect (P) and structurally hydrogen (H) of the 34 studied type IaAB diamond samples.



4.2.1. Nitrogen Content and Aggregation States


NA and NB are the concentrations of A- and B-centers in terms of at. ppm, respectively. Groups of diamond crystals (populations) are similar in their distribution of nitrogen centers and contain one (main) or two (main and minor) diamond populations [42]. The distribution of the Hunan diamonds by the content of A-centers shows two pronounced peaks at ~150 and ~350 ppm (Figure 5a), which indicates two main populations of the Hunan diamonds. The proportion of aggregated nitrogen %B = 100 × [NB/(NA + NB)] in the diamond samples varies from 12% to 78% (Table A1). The distribution of %B model peaks at ~40% and ~70% (Figure 5b) can also be a sign of different primary sources of Hunan diamonds.



The total nitrogen content Ntot = NA + NB of these diamond samples falls in the range of 196–1094 ppm (Table A1). Some localities (both kimberlites and placer deposits) are characterized by more than a single mode in the distribution of Ntot values in diamonds. A discussion about Ntot is a viable approach to identifying distinct populations in the deposits. The diamond crystals can be divided based on Ntot into three groups (Figure 6) [39]. Group 1 consists of low-nitrogen diamond crystals with Ntot ranging from almost 0–50 ppm. This group only includes diamonds from the Juina area in Brazil. It has minimal nitrogen content; by this criterion, the majority of the crystals are of type IIa with a variety of “super-deep diamond” [45,46]. Group 2 includes diamonds from the most famous diamond mines all over the world, such as the Yakutia pipes, Premier in South Africa, placers of Venezuela and the Coromandel area in Brazil, and the Hunan diamonds with total concentrations of the Ntot varying between 50 and 1000 ppm. Two subgroups may be distinguished among these samples. Group 2a has total concentrations of Ntot from 50 to 400 ppm, including diamonds from the famous Premier mine in South Africa, the Daldyn–Alakit kimberlite pipes in Yakutia, and the Arkhangelsk area in Russia. Group 2b, with a relatively higher Ntot (400–1000 ppm), includes diamonds from Hunan and all diamond deposits from Russia. Group 3 is high-nitrogen diamond crystals such as those from this study, the Arkhangelsk area, Triassic placer in NE Yakutia, Arkhangelsk area and placers of Urals in Russia, which contain between 1000 and 1700 ppm of Ntot.



In general, each region is characterized by diamond crystals of one particular group [39,42]. However, consider the Arkhangelsk kimberlite province as an exception that has a remarkably similar Ntot distribution range to the Yuan River diamonds. Diamonds from the Arkhangelsk area in Russia belong to two groups, groups 2 and 3, due to diamonds from several local kimberlite pipes showing entirely different Ntot contents [39]. Considering the unknown-origin Hunan diamonds collected from the Yuan River in the vast area of the Yangtze Craton, the Hunan diamonds may be assumed as multi-source, similar to the Arkhangelsk area, in order to explain the wide range of Ntot.




4.2.2. Temperatures and Stages of Diamond Formation


The proportion of aggregated nitrogen in diamonds depends on the mantle residence temperature, age of the diamond, and the initial concentration of nitrogen [47]. There is no direct age study of Hunan diamonds inclusions such as garnet or zircon in previous research. Although both peridotitic-type and eclogitic-type inclusions were identified in Hunan diamonds [12], the number of inclusions remains too low for any statistical conclusion without any additional data on this study. An age of 3 Ga for the Hunan diamonds was assumed, as for most peridotitic diamonds worldwide [48]. In terms of Ntot and %B, most diamonds from the Yangtze Craton are similar to those from worldwide kimberlites, such as the major primary diamond deposits in Siberia (Daldyn-Alakit), Archangelsk area and South Africa [39,49]. These parameters indicate that the Yuan River diamonds formed at about 1075–1180 °C (Figure 7).



In comparison, diamonds from the classical lamproite-type Argyle mine have more aggregated nitrogen [52]. Approximately 10 Hunan diamond samples formed at slightly higher temperatures, overtaking the typical range of worldwide kimberlite diamonds and coming close to the Juina formation temperature of 1250 °C in the lower right-hand corner. The characteristic features of diamonds from the Juina area, Brazil, which are considered as typical lower-mantle diamonds due to an application of new mineralogical geothermometers for their super-deep mineral inclusions [53], are their almost 100% nitrogen aggregation [54] and extra low-nitrogen content. Comprehensive studies in the past have revealed occurrences of nitrogen-free (Type IIa) and low-nitrogen diamond crystals such as those from the Juina area are related to an ultramafic paragenesis [54]. In contrast, the eclogitic-type diamond is characterized by a higher nitrogen content [39]. Due to a considerable proportion of type IIa in Hunan diamonds and the higher temperature diamonds overtaking the typical kimberlite-diamond temperature range, an ultramafic paragenesis can also be a potential source of alluvial placer. Thus, the estimated temperature needs to be corrected when the actual age and new geothermometer mineral inclusions of diamonds from the Yangtze Craton are obtained.




4.2.3. Hydrogen and Platelets


The research on hydrogen centers (H) and the conditions of their formation is significative as it provides insight into mantle fluids [32,55]. Hydrogen is one of the reducing agents for carbon dioxide during diamond growth in carbonate–silicate systems. The amount of structural hydrogen is determined by the crystal-growth mechanism, which depends on the conditions of diamond formation [55].



Hydrogen can be present not only as structural defects in the lattice but also as -OH groups and H2O in diamond micro-inclusions [56,57]. In addition, the hydrogen in many diamonds is not IR-active hydrogen (inactive state of some hydrogen-containing defects in the IR region), so the hydrogen content in diamonds is difficult to quantify.



Platelets (P, interstitial plane B′-defects in the cube plane {100}) form during nitrogen accumulation in diamonds in conjunction with the formation of nitrogen B-centers [58,59,60]. Platelets and hydrogen centers, like nitrogen defects, are also important indicators of formation conditions.



All the studied samples were low in hydrogen. A total of 22 pieces of Type IaAB diamonds had hydrogen absorption peaks while the absorption coefficient α3107(H) varied between 0.03–4.67 cm−1, and most of the α3107(H) < 1 cm−1 (Table A1), and only two samples, number HN009 (α3107(H) ≈ 2.95 cm−1) and HN047 (α3107(H) ≈ 4.68 cm−1), having absorption coefficients > 1 cm−1.



The studied alluvial diamonds from the Yangtze Craton were similar in terms of their low contents of hydrogen (usually <1 cm−1) (Figure 8 and Table A1) to some diamond groups with low hydrogen content from the Ural placers [21], the Juina placers, and the super-deep diamonds of kimberlite pipes in Brazil [39]. The intensity of the hydrogen correlation peak increases with increasing nitrogen content, and this correlation is more dramatically reflected in Figure 8, where the hydrogen-correlation-peak coefficient is presented as a logarithm on a base of 10. The diamond samples with different morphology both showed this same tendency, indicating that the correlation is not sensitive to the nitrogen form. A similar correlation of nitrogen and hydrogen has also been observed in diamonds from the Argyle mine [52].



The diamond samples were all relatively poor in platelets, with 29 type IaAB diamond samples having platelet absorption peaks. The concentration of platelets in the diamonds (absorption coefficient α(B′)) fell in the range 0.23–17 cm−1, with most concentrated below 2 cm−1 and only four samples with absorption peaks greater than 2 cm−1.



The Hunan diamond samples from the Yuan River Basin showed at least two main populations via the statistics evidence from NA, Ntot and aggregated nitrogen %B. Placers include more than two populations, which might be due to the abundance of their primary sources, each characterized by the particular geochemical and P-T conditions of the formation and post-crystallization annealing of diamonds. By comparing the states with other diamond pipes or placers, the Hunan diamonds still showed unusual FTIR characteristics: significant peaks in the distribution model of NA and %B, a wide range of Ntot, and some samples of higher formation temperature than classical kimberlite-type diamonds. Therefore, in prospecting diamond-deposit exploration at the Yuan River basin, multi-source primary host rocks should be of attention, including kimberlite/lamproite and ultramafic rocks.






5. Conclusions


Most Hunan diamonds are monocrystal forms. The common monocrystal forms observed in Hunan diamond samples were octahedral, THH and dodecahedra. Additionally, some samples also exhibited octahedral–rhom-dodecahedral transitional behaviors and irregular forms. Trigons and tetragons, terraces and shield-shaped laminae, as frequent surface features in Hunan diamonds, result from dissolution and reabsorption in the mantle and magma. Green and brown spots that changed the color of the diamond surface are caused by irradiation, indicating that alluvial diamonds have been deposited for a long time. Network patterns and other mechanical abrasion marks are typical of Hunan alluvial diamonds.



The main types of alluvial Hunan diamonds from the Yangtze Craton are type IaAB and type IIa. Type IaAB Hunan diamond samples have a wide range of total nitrogen content from 196–1094 ppm, with the nitrogen content in the A-center mainly concentrated at ~150 and ~350 ppm, and the degree of nitrogen aggregation %B varying over a wide range, but mainly at ~40% and ~70%. So, at least two populations exist in Yuan River basin alluvial-diamond placer. Hunan diamonds are low in structural hydrogen and platelets. The platelet-absorption coefficient varied in the range of 0.23–17 cm−1, and most were concentrated below 2 cm−1. The samples’ hydrogen-absorption coefficient varied between 0.03–4.67 cm−1, and most of the α3107(H) < 1 cm−1, similar to the low-hydrogen-content diamonds from the Ural placers, the Juina placers, and the super-deep diamonds of the kimberlite pipes in Brazil. Moreover, there is a significant positive correlation between hydrogen correlation peak and total nitrogen content, which has also been observed in the Argyle diamond deposit.



Assuming an age of 3 Ga for Hunan diamonds, they formed at about 1075–1180 °C, mainly conforming to the kimberlite diamond range. Besides, some samples with slightly higher temperatures were close to the ultramafic-related Juina diamonds. The analysis and comparison of FTIR characteristics indicate that multiple sources of Hunan diamonds should be considered.
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Table A1. Evaluation of nitrogen and hydrogen defects in type IaAB Hunan diamonds by FTIR.






Table A1. Evaluation of nitrogen and hydrogen defects in type IaAB Hunan diamonds by FTIR.





	Sample
	Weight/mg
	NA
	NB
	Ntot
	%B
	α (B′)
	α3107 (H)





	HN001
	19.5
	253
	417
	671
	62
	6.06
	0.13



	HN002
	24.5
	346
	394
	740
	53
	1.11
	0.14



	HN003
	26
	119
	123
	241
	51
	0.55
	null



	HN004
	7.5
	151
	289
	441
	66
	6.86
	0.14



	HN005
	11
	248
	156
	405
	39
	0.95
	null



	HN006
	8
	93
	143
	236
	61
	null
	null



	HN007
	13.3
	77
	127
	204
	62
	null
	null



	HN008
	7
	336
	104
	440
	24
	1.97
	null



	HN009
	3
	469
	505
	974
	52
	1.88
	2.95



	HN010
	15
	185
	112
	297
	38
	0.63
	null



	HN011
	28.4
	203
	125
	329
	38
	1.55
	null



	HN012
	3.2
	116
	211
	326
	65
	0.44
	0.04



	HN013
	1.1
	116
	190
	305
	62
	0.56
	0.04



	HN016
	20.1
	198
	335
	533
	63
	8.94
	0.37



	HN017
	5.3
	114
	187
	300
	62
	0.37
	0.05



	HN018
	13
	315
	247
	562
	44
	1.89
	null



	HN019
	1.2
	191
	229
	420
	55
	0.29
	0.06



	HN020
	6
	80
	123
	203
	61
	null
	null



	HN021
	20
	99
	148
	247
	60
	0.23
	0.03



	HN022
	17.6
	324
	581
	905
	64
	17.12
	0.33



	HN023
	1.3
	467
	61
	529
	12
	0.70
	null



	HN024
	9.4
	331
	187
	518
	36
	4.15
	0.08



	HN032
	16
	66
	130
	196
	66
	null
	0.60



	HN033
	31.4
	80
	126
	206
	61
	null
	0.18



	HN036
	31
	111
	187
	298
	63
	0.38
	0.14



	HN037
	20.6
	91
	135
	226
	60
	0.37
	null



	HN040
	61.6
	117
	189
	306
	62
	0.88
	0.14



	HN041
	6
	326
	110
	435
	25
	1.45
	0.11



	HN042
	17.8
	196
	338
	533
	63
	1.97
	0.10



	HN043
	13.8
	122
	166
	289
	58
	0.92
	0.30



	HN045
	6.3
	357
	361
	718
	50
	0.67
	0.78



	HN046
	3.8
	48
	168
	216
	78
	0.32
	0.37



	HN047
	4
	421
	673
	1094
	61
	2.99
	4.68



	HN048
	42.1
	261
	168
	428
	39
	0.69
	null







Nitrogen content of the error range is about 15%.
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Figure 1. (a) Location map for the Yangtze Craton; (b) Sketch map of the Yuan River basin and the sample location. Modified by [12]. 
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Figure 2. (a) Evolution of diamond crystal morphology due to resorption from octahedron to tetrahexahedron (THH) or dodecahedron forms via development of ditrigonal or trigonal shape of {111} faces, respectively (modified after [26,27]); The photographs (b–e) showing classical crystal forms of the alluvial diamonds from the Yangtze Craton: (b) Tetrahexahedra (THH); (c) Irregular form; (d) Octahedra; (e) Dodecahedra. 
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Figure 3. (a) Negative trigons; (b) Positive trigons; (c) Negative tetragons; (d) Terraces around the crystal apices of dodecahedra; (e) Shield-shaped laminae near the edges of octahedra; (f) Network patterns; (g) Brown surface spots; (h) Green spots and brown spots appearing on a dodecahedron diamond sample; (i) Green surface spots. 
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Figure 4. (a) IR absorption spectrum of representative type IaAB diamond samples: absorption peaks at 1282 cm−1 caused by A-center; absorption peaks at 1175 cm−1 caused by B-center; absorption peaks at 1360–1370 cm−1 caused by “Platelets” (B′-defects); and notice the absorption peak of H at 3107 cm−1 for sample HN004; (b) IR absorption spectrum of representative type IIa diamond samples. 
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Figure 5. Nitrogen-content distribution of the Hunan diamonds: (a) By the contents of nitrogen A-centers; (b) By the extent of nitrogen aggregation (%B). n, diamond content in collections (%). 
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Figure 6. Ranges of variation in the content of structurally bound nitrogen (Ntot, at. ppm) in diamond crystals from different areas/placers. Solid columns: concentration ranges of Ntot; short lines: error range. Numbers on abscissa correspond to the area numbers: 1—Placer in the Yangtz Craton, China, this study; 2—Malo–Botuobiya area in Yakutia, Russia; 3—Daldyn–Alakit area of Yakutia, Russia; 4—Triassic placer in NE Yakutia, Russia; 5—Arkhangelsk area in Russia; 6—Placers of Urals, Russia; 7—Premier in South Africa; 8—DO-27 in Slave Province, Canada; 9—Coromandel area in Brazil; 10—Juina area in Brazil; 11—Placers of Venezuela. Modified by [39]. 
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Figure 7. Nitrogen concentrations and aggregation in the Hunan diamond (red triangles) from the Yuan River basin alluvial deposits. Isotherm curves for 3 Ga are from [50], data on kimberlitic are from [51], data on lower-mantle diamonds are from [46], data on Argyle are from [52]. 
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Figure 8. The integrated absorption of the α3107(H) vs. the concentration of total nitrogen content (Ntot) in the studied Hunan diamonds. The dotted line points to a possible correlation with R2 = 0.8383. 
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