
 

 

Journal of Mining Institute. 2024. Vol. 269. P. 708-720   

© Aleksandr V. Kozlov, Evgenii A. Vasilev, Aleksandr S. Ivanov, Yakov Yu. Bushuev,  

    Anastasiya I. Kolyadina, 2024 

708 

This is an open access article under the CC BY 4.0 license  

 

 

 

 

 

 

Research article 

 

Genetic geological model of diamond-bearing fluid magmatic system 

 
Aleksandr V. Kozlov, Evgenii A. Vasilev, Aleksandr S. Ivanov, Yakov Yu. Bushuev, Anastasiya I. Kolyadina 

Empress Catherine II Saint Petersburg Mining University, Saint Petersburg, Russia 

 

 

How to cite this article: Kozlov A.V., Vasilev E.A., Ivanov A.S., Bushuev Ya.Yu., Kolyadina A.I. Genetic geological 

model of diamond-bearing fluid magmatic system. Journal of Mining Institute. 2024. Vol. 269, p. 708-720.  

 
Abstract. The article proposes a genetic geological model of diamond deposit formation associated with kimberlites 

and lamproites. It is based on the synthesis of published data on diamond-bearing kimberlite systems and an original 

study of the ontogenetic features of diamond crystals. Deep diamond crystallization, its upward transportation and 

subsequent concentration in near-surface kimberlite-lamproite bodies and other rocks, including those brought to 

the surface by high-amplitude uplifts of crystalline basement rocks, are combined in a single system. An assumption 

is made about the primary sources of the Anabar placer diamonds. The possibility of hydrocarbon generation at mantle 

levels corresponding to diamond formation areas and their transportation to the upper crustal zones by a mechanism 

similar to the mantle-crust migration of diamond-bearing fluidized magmas is shown. The high rate of their upward 

movement allows transportation to the surface without significant loss as a result of dissolution in melts and sorption 

on the surface of mineral phases. The significant role of fluid dynamics at all stages of this system is noted. 
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Introduction. Great interest in diamonds and their formation conditions is associated not only 

with the high value of this mineral as a jewellery and technical raw material, but also with the fact 

that it is a source of unique information about the substance and thermodynamic conditions in the 

mantle depths inaccessible for direct study. A correct understanding of the conditions for the diamond 

deposit formation allows for effective forecasting and exploration and increases the effectiveness of 

mineral resource management policies [1]. Diamond, mantle xenoliths, kimberlites, and lamproites 

are mantle matter fragments accessible for study, but only diamond can deliver this matter to the 

Earth’s surface in its original form. A significant interval of diamond formation depths (120-600 km 

from the Earth’s surface) [2] allows for an analysis of the fluid and mineral matter characteristics at 

these depths. For example, the study of fluid inclusions in diamonds revealed the presence of methane 

and heavy hydrocarbons, which proved the fundamental possibility of generating hydrocarbon fluids 

in mantle conditions [3-5]. 

Due to the great depths of diamond formation and their concentration in near-surface kimberlite 

bodies (dikes, sills, pipes), the question arises about the mechanism of their transportation from the 

mantle depths to the surface. In the proposed genetic geological model of the diamond-bearing fluid 

magmatic system, the essential elements are considered and structured: deep crystallization of dia-

mond, its ascending mantle-crust transportation, and subsequent concentration in near-surface kim-

berlite and lamproite bodies. 
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Conceptual model of diamond-bearing 

fluid magmatic system. The formation system 

of primary diamond deposits associated with 

kimberlites and lamproites incorporates three 

major subsystems: crystallization of diamond 

and its transition to a mobile form; mantle-crust 

migration of diamond; diamond concentration in 

a near-surface kimberlite (lamproite) body (dike, 

sill, pipe). 

This system is hard to study due to its large 

vertical extent (to 600-750 km), encompassing 

the levels of the sublithospheric mantle, litho-

spheric mantle, and continental crust, a wide 

range of thermodynamic parameters of its func-

tioning in this depth interval (Т = 0-1500 С,  

Р = 10–4-8 GPa), and limitations in obtaining di-

rect information about its material composition 

[6, 7]. A conceptual model of the system is shown 

in Fig.1. 

The identified subsystems are studied to 

varying degrees. The most accessible for study 

upper level is characterized in more detail – the 

subsystem of near-surface diamond concentra-

tion, represented by diamond-bearing kimberlite 

and lamproite pipes, sills, and dikes. These geo-

logical formations are studied by geophysical 

methods, exposed by mine workings, kimberlites 

and mantle xenoliths and diamonds extracted 

from them are studied in detail. The extensive  

information obtained about the morphological 

features of kimberlite bodies, structural and textural features of kimberlites, their mineral and chemical 

composition allowed various researchers to come to similar genetic geological models of diamond-

bearing kimberlite bodies formation [8-10]. 

The diamond formation subsystem is studied to a lesser extent, but in sufficient detail. Despite 

the exceptionally large depths of its functioning, inaccessible for direct observation, the study of 

mantle xenoliths, diamonds, as well as a significant volume of experimental research on diamond 

growth in various environments made it possible to come closer to understanding their formation 

conditions. For a long time, the representativeness of the data obtained in diamond study was limited 

by the availability of only small crystals for study. In recent years, within the framework of the 

Gemological Institute of America (GIA) activities, the largest diamonds and brilliants have become 

available for research using non-destructive methods, and their fragments remaining after cutting 

were studied using destructive methods. As a result, exceptionally important data were obtained 

characterizing the diamond formation conditions in the sublithospheric mantle at depths of 600 km 

or more [11]. 

The least studied subsystem is the mantle-crust diamond transportation, which transports dia-

monds from their crystallization level in the mantle (120-600 km) to the Earth’s surface, where they 

are concentrated in kimberlite or lamproite bodies. The key condition that this subsystem must meet 

Subsystem of near-surface  

diamond concentration (3-10 km) 

Subsystem of mantle-crust 
diamond transport  

(100-740 km) 
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and its transition  

to a mobile form  
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Fig.1. Diamond deposit formation system 
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is the preservation of diamond, which crosses the thermodynamic stability boundary during upward 

transportation and can turn into graphite. The difficulty also lies in the fact that models developed for 

the upward magma movement during the volcanic systems formation usually assume a hydrodynamic 

connection between the intermediate magma chamber and the surface [12, 13]. This is acceptable 

when the intermediate magma chamber is at a depth of a few km but is unavailable when diamond-

bearing kimberlite magma originates at a depth of 120-600 km from the Earth’s surface. 

The aim of the study is to develop a genetic geological model of diamond deposits associated 

with kimberlites and lamproites, which combines in a single system the deep crystallization of dia-

mond, its upward transportation, and subsequent concentration in near-surface kimberlite-lamproite 

bodies. The issues of the formation of deep hydrocarbons and possible mechanisms of their trans-

portation to the near-surface zones of the Earth’s crust, where they can participate in the hydrocar-

bon deposits formation, are considered. 

Subsystem of diamond crystallization and its transition to a mobile form. Based on the study 

of inclusions in diamonds, assumptions are made about their possible formation environments. Direct 

growth of diamonds could take place in a liquid (fluid) environment of various compositions (silicate, 

sulphide, carbonate, metallic) [7, 14, 15]. Based on the results of studying syngenetic inclusions in 

diamonds, the silicate-carbonate environment is considered one of the most probable for diamond 

growth [16, 17], which is confirmed experimentally as well [18]. 

The limited occurrence of metallic inclusions in diamonds did not allow metal melts to be con-

sidered as the predominant alternative of natural diamond-forming environment. However, a recent 

study of high-quality Cullinan-like diamonds of the CLIPPIR type (Cullinan-like, Large, Inclusion-

Poor, Pure, Irregular and Resorbed) allowed to reveal new features of their formation [7, 11]: tiny 

iron-nickel metallic inclusions surrounded by a fluid shell consisting of methane and hydrogen.  

A comprehensive study of these diamonds enabled to assume their growth in a melt of nickel-bearing 

iron (containing carbon and hydrogen in dissolved form) under sharply reducing conditions of the 

sublithospheric mantle at depths of about 600 km. Fluid methane-hydrogen shells were found around 

metal inclusions in synthetic diamonds as well [19]. It is suggested [11] that at depths of about 250 km 

and below, metallic iron may be one of the stable phases in mantle rocks, and the lower mantle may 

contain approximately 1 wt.% of iron-rich metallic melt [20]. Iron may arise as a result of a dispro-

portionation reaction in which the valence electrons in existing Fe2+ atoms are redistributed by the 

reaction 

3Fe2+ → 2Fe3+ + Fe0, 

where Fe3+ is part of the silicates, and Fe0 is released into its own metallic phase [19]. 

Experimental studies confirmed the reality of native metals (Fe, Ni, Co) formation in the Earth’s 

crust during hydrogen interaction with basaltic melts, even under the hypabyssal facies parameters. 

It was shown for the first time that the metal-silicate liquation in basaltic melts during their interaction 

with hydrogen can occur at real magma temperatures in nature (≤ 1250 °C), which are significantly 

lower than the melting temperatures of iron and its alloys with nickel and cobalt. Н2О content in the 

basaltic melt increases significantly, which is associated with the fact that all reactions of iron oxide 

reduction with hydrogen lead to water formation [21]. 

The development of ideas about the diamond crystal formation conditions, new data on the di-

versity of their thermal history, morphology and anatomy [22], inclusion composition [23] and defect-

impurity composition [24] enable distinguishing several groups of crystals that grew under different 

conditions and, probably, in different environments. Each primary deposit contains crystals of all 

groups [25], but a special aggregate are type IIa nitrogen-free diamonds, which include crystals as-

signed to the CLIPPIR group [11]. These crystals without zonal and sectoral inhomogeneities, with a 

polycentric surface structure, contain iron-nickel metallic inclusions. 



 

 

Journal of Mining Institute. 2024. Vol. 269. P. 708-720 

© Aleksandr V. Kozlov, Evgenii A. Vasilev, Aleksandr S. Ivanov, Yakov Yu. Bushuev,  

Anastasiya I. Kolyadina, 2024 

711 

This is an open access article under the CC BY 4.0 license 

A study of the distribution features of hydrogen and nitrogen defects in diamond crystals re-

vealed an important pattern: an increase in temperature at a certain stage of diamond crystal growth 

is accompanied by an increase in hydrogen concentration in it [16]. Therefore, it can be assumed 

that hydrogen was the main supplier of deep energy necessary for the diamond-forming system 

functioning.  

Summarizing the brief analysis of the diamond crystallization conditions in the mantle, we can 

identify the primary points for understanding the state of the diamond formation environment and its 

thermodynamic parameters. 

Diamonds crystallized in a heterogeneous medium containing solid, liquid, and possibly gas 

phases. The liquid phase was probably also heterogeneous and had a silicate-carbonate or silicate-

metal composition. The gas components, primarily methane and hydrogen, were in a dissolved state, 

but could also be partially present as a gas phase.  

Hydrogen solubility in silicate melts under thermodynamic parameters corresponding to dia-

mond formation is insignificant and, according to experimental results, is about ~7∙10−3 wt.% [21, 

26], while for metallic iron melt the solubility increases by an order of magnitude and is 4∙10−2 wt.% 

[27, 28]. This determines the preferential accumulation of hydrogen in iron melt fragments as they 

pass through the silicate melt. 

Methane can be considered as the main source of carbon for diamond growth. During the 

CLIPPIR-type diamonds crystallization, in the iron-nickel melt shell metallic iron may react with 

methane with free carbon formation [19]. Carbon will be concentrated mainly in the iron-nickel melt 

due to its greater solubility in it compared to the silicate melt. The carbon-saturated iron-nickel melt 

in this case represents a diamond-forming medium, the captured fragments of which were detected 

during the CLIPPIR-type diamonds study. The outline of this process is shown in Fig.2. 

Equilibrium temperatures and pressures determined for diamonds by various methods are in the 

range of 900-1300 °C and 4.5-6.5 GPa, respectively [29]. It was experimentally shown that seeded 

diamond growth is possible starting from a temperature of 1400 °C at 7.5 GPa and 1520 °C at 6.3 GPa. 

Homogeneous diamond nucleation in kimberlite 

melt requires higher P-T-parameters (1570 °C at 

7.5 GPa) [30]. Consequently, thermodynamic pa-

rameters in the lithospheric and sublithospheric 

mantle in the depth range of 120-750 km deter-

mine the possibility of diamond crystal growth in 

silicate-carbonate and iron-nickel melts and ena-

ble their movement in the corresponding fluid-

saturated liquid environments. 

The composition of fluid components, which 

are transported from the mantle depths to the 

surface in the form of inclusions in diamond, is 

interesting. Even early studies conducted by 

S.I.Melton and A.A.Giardini [4, 5, 31] and con-

firmed later [32], made it possible to detect Н2, 

Н2О, СО, СО2, СН4, N2, as well as O2, Ar, and 

heavy hydrocarbons in inclusions. The possibility 

of hydrocarbon formation due to the reaction of 

carbon from various sources (carbonates, graphite, 

diamond, amorphous carbon) and hydrogen [33], 

generated by Fe0 or Fe+2O reaction with water, 

was experimentally proven. 

 

 

Silicate melt 

Fe + Ni + C melt 

Di 

C 

CH4 H 

T, H, C, He, N 

Fig.2. Diamond formation subsystem in iron-nickel melt 
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Important data were obtained when studying interaction in the carbonate (CaCO3, MgCO3, 

Ca(Fe0.5Mg0.5)(CO3)2) – wustite (FeO) or Fe0 – H2O system [34-36]. We found that such interaction 

provides the formation of a mixture of light alkanes with predominating CH4 at the P-T-parameters 

of the upper mantle. Moreover, a significant amount of oxygen-containing organic substances 

(C9-C10 aldehydes) and heavy alkanes (C12-C16) can arise in a water-rich fluid [36]. Experimental 

studies showed that in mantle conditions, the probability of generating increasingly heavier hydro-

carbons grows with depth [37]. Consequently, theoretical estimations, experimental studies, and 

analysis of fluid inclusions in diamonds indicate the existence of hydrocarbon compounds in mantle 

conditions. 

Mechanisms of diamond transportation from the mantle region of their crystallization to 

the final near-surface diamond-bearing kimberlite body. The main regulating moment in diamond 

transportation from the crystallization region to the near-surface kimberlite or lamproite body are 

their preservation conditions. On the ascending trajectory, the diamond crosses its stability boundary 

and can transform into graphite. The rate of this reaction depends on the temperature, pressure, and 

composition of the medium in which the diamond moves to the Earth’s surface. A significant rate of 

diamond transformation into graphite is achieved only at a temperature above 1000 °C, which corre-

sponds to a depth of more than 40 km. Consequently, the ascending diamond transportation from its 

formation place to the depths ensuring its preservation must proceed either at a high rate or in a 

medium preserving its stability conditions over a significant interval of its movement. A combination 

of these conditions is also possible. 

Conclusions about the rate of kimberlite magma ascent are based on various kinetic constraints 

and suggest typical rates in the range of 10-30 m/s in deep-seated environments [38, 39]. The dy-

namics of this process can be refined by studying the material and ontogenetic diamond properties. 

For example, placer diamonds in the Zimmi area in West Africa have a low degree of nitrogen 

aggregation with a predominance of C-centres. This feature is explained by the fact that after the 

growth completion, the diamonds were quickly moved to depths within which the temperatures are 

no longer sufficient for nitrogen aggregation [40]. 

The main models of diamond transportation from the crystallization region to the near-surface 

parts of the Earth’s crust can be divided into two types. The first assumes a hydrodynamic connection 

between the areas of formation and final accumulation of diamonds. The second type is based on the 

idea of local portions of diamond-bearing kimberlite magma, which are separated from the original 

diamond-forming magma centre and autonomously move to the surface. Since researchers have no 

information about the substance along the route of the kimberlite melt movement, when choosing the 

most preferable option, it is necessary to consider the morphological features, the internal structure 

of kimberlite bodies, and the specifics of the diamonds contained in them. 

The key feature of kimberlite pipes, the main repositories of deep diamonds, which are vol-

canic edifices [10], is the limited volume of kimberlite material contained in them. Unlike ordinary 

volcanoes, kimberlite analogues never form large volcanic structures. On weakly eroded kimberlite 

bodies (the Orapa and Mwadui pipes), only low peripheral tuff rings are formed in the near-surface 

part, and crater lake deposits are noted in the crater part. The studies of the youngest Holocene 

kimberlite bodies discovered in Tanzania, which are preserved almost in their original form, are 

very indicative [41]. They are low volcanic structures, the height of which, even considering the 

eroded part, did not exceed 100 m, composed of pyroclastic material with a small volume of lava. 

These features are explained by the kimberlite diatreme formation as a result of local, limited-

volume portion of fluidized kimberlite magma entering into the near-surface zone of the Earth’s 

crust. 
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Existing models of kimberlite ascent assume the upward movement of a local vertically limited 

fracture filled with magma rich in volatile components through the mantle lithosphere. Gas emis-

sion and liquid phase expansion in the migrating fracture creates pressure gradients of more than 

70 MPa [42], which allows it to rise at a high rate. Such a discrete-pulse mechanism is considered in 

detail in [43-45]. The work [43] analyses the differentiation processes in the moving mantle matter 

portion represented by a mixture of fluidized silicate melt, mantle xenoliths, and diamonds. This 

heterogeneous fluid portion can autonomously move upward due to half-opening of the upper fracture 

wedge-out with an increase in volume and a parallel drop in pressure in the system, leading to collapse 

in the lower fracture wedge-out area [45]. According to the proposed mechanism, a decrease in pres-

sure in the fracture cavity leads to partial melt degassing and creation of a pseudofluidized suspension 

rich in solid particles. Two oppositely directed forces act on the solid fragments in the fluidized sili-

cate melt filling the fracture: the downward gravity force and the upward force of the ascending flow 

of gas bubbles from the degassed magma. Active interaction between the solid particles promotes the 

mechanical grinding of mantle xenoliths and xenocrystals, causing a change in their shape and surface 

character. The mantle load (xenocrystals and xenoliths) continuously deposits through the melt 

column, accumulating in the lower fracture wedge-out area, along the trace of which a tail rich in 

crystals and xenoliths is formed [43]. 

Key aspects of the model under consideration: 

• The origin of diamond-bearing mantle melt occurs in an area of increased plasticity, which 

suggests a close to spherical shape of the initial melt portion. 

• When entering into more brittle rocks during the upward movement, the initial melt portion 

will acquire an increasingly flattened and vertically extended shape, which contributes to an in-

crease in the rate of its rise due to an increase in the pressure gradient between its lower and upper 

wedge-out. 

• The ability of a melt portion to move upward depends on the excess pressure of the fluid com-

ponents (H2O, CO2, H2, CH4, etc.) dissolved in the melt. This model is implemented only under the 

condition of a significantly higher pressure in the ascending melt portion compared to the lithostatic 

pressure, which assumes the preservation of the thermodynamic parameters of diamond stability to 

higher levels during its upward movement. The upward movement of a local intra-fracture melt por-

tion can cease when the accumulated energy is exhausted and resume with its additional supply in the 

form of a deep fluid flow. 

• While moving upward, phase differentiation of this heterogeneous system will occur with the 

gas phase movement to the upper part and the solid phases deposition in the lower wedge-out area. 

The result of the solid phases capture during the fracture collapse in the lower wedge-out area is 

especially interesting. According to R.K.Brett, this crystal-rich tail (relict dike) forms a semblance of 

a hypabyssal intrusion [43]. However, given the extremely high rate of fracture advancement in such 

a mechanism (to 20-90 m/s) [46], it is difficult to assume the accumulation of a large volume of solid 

phase; rather, it will be a chain of mantle xenoliths, their fragments, and what is essential, diamonds 

captured during the fracture collapse. In fact, this is a new type of diamond concentrations, which is 

unlikely to be of commercial value due to the low probability of getting to the modern surface and 

low diamond concentration, but it can be assumed to outcrop to the erosional truncation in the most 

eroded crystalline basement fragments, where these formations can become the primary sources of 

placers. Probably, such formations were suppliers of diamonds to the placers of the eastern slope of 

the Anabar Shield, the primary sources of which have not yet been discovered. 

• The mechanism of discrete fracture movement under consideration is similar to that of hydrau-

lic fracturing, which is widely used to activate oil recovery. This technology involves the use of prop-

pant – solid granules that prevent the complete closure of hydraulic fractures. Solid fragments of 
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mantle matter captured as the hosting fracture 

moves upward can also function as proppant, 

maintaining permeability for deep fluid compo-

nents within the trajectory of the moving fracture 

trace. Additional mantle fluid portions can move 

along this permeable structure, supporting its up-

ward movement. The outline of the discrete-pulse 

system for transporting a diamond-bearing melt 

portion is shown in Fig. 1, and individual stages 

of its movement are reflected in Fig.3. 

The different contribution of tectonics and 

fluid dynamics to the upward transportation of lo-

cal portions of diamond-bearing melt should 

manifest itself at different depth levels. In the 

sublithospheric mantle, with a relatively high 

proportion of the liquid phase, the leading role in 

the movement of fluid-saturated fragments of  

diamond-bearing melt will be played by fluid  

dynamics. During the upward movement and 

segregation of its drop-shaped isolations, larger 

accumulations of fluidized melt will arise, the 

movement of which can be supported by the in-

flux of additional gas phase portions. During the 

transition along the upwelling into the solid 

lithospheric mantle medium, a fracture cavity 

will be formed by a mechanism close to hydraulic 

fracturing. At this stage, it is important to empha-

size the primacy of fluid dynamic processes that use the already existing heterogeneities in rocks 

(including tectonic fractures) to generate a fracture cavity filled with diamond-bearing fluidized 

magma. With further autonomous upward movement, it can conjugate with other previously formed 

tectonic fractures or form them by the hydraulic fracturing mechanism, using local heterogeneities in 

rocks of any origin. 

Diamond concentration in near-surface kimberlite bodies. The kimberlite pipe formation 

mechanism was examined in numerous publications [9, 10, 47]. V.A.Milashev identifies two main 

stages in this process: the pipe-shaped cavity stage, which develops from the Earth’s surface inward, 

and the stage of its filling with magmatic material, starting from depth to the surface [10]. 

Most researchers studying kimberlite pipes concluded that diatremes are formed with the partici-

pation of magmatic melts, fluids, and gases [44, 48]. Opinions differ on the significance of individual 

phases in cavity formation and pipe development. However, it is difficult to deny that a necessary 

condition for these processes is the presence of a fluid flow, which, after separation from the kimber-

lite magma, determines the fluid dynamic regime during the explosive phase of kimberlite bodies 

formation, and, passing through the magma, acts as a transmagmatic fluid. According to [46, 48], the 

kimberlite fluid was a liquid of predominantly carbonate-magnesia composition, enriched in water 

and carbon dioxide, containing a suspended solid phase. 

The functions of this fluid are varied: active heat and mass transfer in the kimberlite magmatic 

system from the lower to the upper levels; the main driving force for the transfer of mantle xenoliths, 

Fig.3. Scheme of discrete-pulse system of ascending  

diamond-bearing fluidized melt migration 

1 – initial state of a melt-filled fracture with crystalline fragments;  

2 – fracture half-opening in the upper pinch-out area with an increase  

in the fracture cavity volume and magma degassing; 3 – fracture collapse 
in the lower pinch-out area with the crystalline fragments capture  

along its movement route 

1 

2 
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diamonds, and other solid fragments from various levels of the kimberlite system to the surface; de-

velopment of a pipe-shaped cavity hosting a kimberlite body; intra-pipe differentiation of kimberlite 

magma; formation of automagmatic metasomatites. 

It is necessary to note a fundamental aspect in the mechanism of kimberlite and lamproite 

bodies formation that has not been sufficiently reflected in publications. When a diamond-bearing 

fluid magmatic system develops, the silicate melt in it after rising to the root part level of the pipe 

behaves passively. The main processes of pipe-shaped cavities formation and the specificity of their 

infilling mechanism are regulated by the fluid dynamic regime determined by the kinetic energy of 

gas separating from the kimberlite melt. Its main source is gas released during retrograde boiling 

of kimberlite magma during a drop in pressure in near-surface conditions. Participation of other gas 

phase sources is also possible: fracture and formation waters of host rocks, lacustrine and marine 

waters during an eruption into an aquatic environment. It is this fluid phase in a free form that leads 

to the pipe-shaped cavity development, and, acting as a transmagmatic flow of gas bubbles, pro-

motes the transportation of solid phases, including diamonds, in the kimberlite magma. Based on 

the proposed kimberlite pipe formation mechanism, their morphological features will depend on 

the fluid dynamic regime of this process, which is determined by the following factors: the pressure 

of the magma gases at the moment of the beginning of their separation from the magma; the pressure 

difference from the pipe origin level to the Earth’s surface; the volume of the degassed part of the 

magmatic system (its fluid potential); the depth of the beginning of magma boiling; the explosive 

stage duration; the continuity or discreteness of the explosive and intrusive processes; the duration 

of the interval between explosive acts; the spatial compatibility or disunity of individual explosive 

acts; participation of only magmatic fluid or additional fluid involvement from an external source; 

nature of rock permeability in the fluid passage interval; surface degassing environment (atmos-

phere or aquatic environment). 

Magma degassing in a fracture-type intrusion during its ascent to the surface begins from the 

head of the magmatic column and only from the moment of direct connection of the kimberlite fluid 

magmatic system with the paleosurface. Degassing is quickly localized at the base of the future pipe 

in the area where the pressure drop is maximum. As the pressure drops, the degassing front shifts 

inward and expands, capturing ever larger magma volumes in which the fluid pressure has not yet 

dropped to the solubility limit of gas under the given thermodynamic parameters. This results in the 

emergence of a columnar region of magma degassing in the dike under the base of the forming pipe-

shaped kimberlite body, within which a flow of gas bubbles will exist until the moment of degassing 

is complete (Fig.4). 

When magma enters the cavity of a forming kimberlite pipe, diamond crystals together with 

other solid phases will move in the fluid flow upwards to the Earth’s surface with the participation of 

natural flotation. Consequently, the distribution of diamonds within a kimberlite pipe will be deter-

mined by the fluid dynamic regime of their formation, which is the fundamental basis for developing 

the diamond content criteria of kimberlite and lamproite bodies. The probability of an active fluid 

dynamic regime in dike-like bodies and sills is notably lower than in pipes, which significantly re-

duces their potential diamond content. 

The magma degassing rate will be determined by the initial fluid phase pressure gradient values 

at the kimberlite pipe base and the fluid magmatic substance viscosity, which is functionally related 

to the kimberlite melt viscosity, its fluid saturation, and the amount of suspended solid phase. This 

mechanism, whose element is natural flotation, can explain many distribution features within kim-

berlite systems of mantle xenoliths, diamonds, and other solid phases, which are in the kimberlite 

melt during its intrusion. 
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It is important to emphasize that the active 

influence of fluid dynamics is great at the level 

of kimberlite and lamproite pipe formation. 

Analysis of fracturing in the rocks hosting kim-

berlite bodies led S.I.Kostrovitskii and other re-

searchers to the conclusion about the pre-pipe 

nature of all fractures, the activation of which 

near kimberlite bodies is associated with a local 

stress field arising during the kimberlite melt 

intrusion [46-48]. The nature of the combina-

tion of fluid dynamics and tectonics is reflected 

in the morphological features of kimberlite 

bodies. The joint influence of tectonics and 

fluid dynamics is manifested in the combina-

tion of planar and conical elements in the kim-

berlite bodies morphology, reflecting the planar 

symmetry of tectonic and central symmetry of 

fluid dynamic processes, respectively. This is 

observed both in the morphological features of 

the cross sections of kimberlite bodies (Fig.5, a) 

and in their vertical section (Fig.5, b) with a 

change from predominantly linear forms to 

conical ones towards the surface, which is de-

termined by an increase in the fluid flow rate 

during the kimberlite magma degassing as it 

moves toward the surface and the pressure gra-

dient increases [48]. 

The nature of the intrusion of kimberlite 

magma transported in a limited portion to the 

near-surface zones (the first km from the paleo-

surface) is determined by the fluid dynamic re-

gime of the magmatic systems being developed. 

In conditions of relatively closed systems that 

have no direct connection with the Earth’s sur-

face, mainly dikes and sills are formed. When a 

direct hydrodynamic connection of local kim-

berlite fluid magmatic systems with the Earth’s 

surface occurs, tubular bodies emerge in the 

frontal parts of magma-conducting fractures as a 

result of the heterogenization of the fluid-satu-

rated kimberlite melt, in which the fluid phase 

begins to play a morphogenetic role and determines vertical and lateral differentiation of the hetero-

phase fluid magmatic system. The outline of this process, which is accompanied by the emergence at 

the upper levels of two fundamentally different magmatic kimberlite systems in terms of fluid dy-

namics, is shown in Fig.6. 
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500 m 
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Fig.4. Diamond concentration in the near-surface  

kimberlite (lamproite) body 
1 – relict dike; 2 – feeder dike (2a – core zone of active degassing;  

2b – direction of gas component collection); 3 – kimberlite sill;  

4 – kimberlite pipe (4a – diatreme part; 4b – transmagmatic fluid flows;  

4c – crater part); 5 – outlet dike 
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Conclusion. The analysis of the proposed 

genetic geological model of the diamond-

bearing fluid magmatic system allows us to 

draw the following conclusions: 

• At mantle depths corresponding to the  

diamond formation levels, hydrogen, helium, 

carbon dioxide, nitrogen, methane, and heavy 

hydrocarbons are present in free and dissolved 

form in molten matter. The immediate environ-

ment for diamond crystallization may be iron-

nickel or silicate-carbonate melts. 

• The most efficient upward movement of 

diamond-bearing kimberlite magma is realized 

by the discrete-pulse mechanism of autono-

mous migration of the hosting fracture cavity, 

which ensures a high rate of magma ascent and 

long-term preservation of thermodynamic con-

ditions for diamond stability in it. Depending 

on the starting parameters of the ascending 

magma portion, its movement to the surface can 

be carried out in a single or multiple act. The 

key parameters of the initial melt portion, deter-

mining its migration potential, are the volume 

of the melt, its temperature, pressure and the 

content of the dissolved gas phase. During the 

upward movement of the kimberlite-bearing 

fracture, the cured seam along its movement 

route can remain permeable for a long time, which makes it possible to replenish the ascending kim-

berlite melt portion with mantle fluid, which can cause resumption of fracture movement. During the 

upward ascent, a local fracture melt portion can capture liquid and solid matter fragments along the 

movement route, including diamonds formed at higher levels. 

Fig.5. The ratio of linear and rounded elements in the kimberlite pipe cross-section on the surface (a)  

and at different hypsometric levels (b) 
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Fig.6. Development of diamond-bearing fluid magmatic  

system at different formation levels 
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•  Diamonds transported by the mechanism of autonomous migration of a fracture filled with 

fluidized melt, along with mantle xenoliths, are in a solid state and therefore can be captured when 

the lower part of the fracture collapses and trace its movement. These diamonds, due to being in a 

solid environment, can experience plastic and brittle deformations. 

• Not only kimberlite (lamproite) pipes, dikes and sills can be diamond-bearing, but also other 

rocks that fell on the route of the ascending movement of a local portion of diamond-bearing fluid 

magmatic substance (crystalline basement rocks brought to the surface as a result of high-amplitude 

uplifts). This is the supposed primary source of diamonds in the Anabar placers, which has not yet been 

identified. A potential indicator of such local diamond-bearing structures may be chromium anomalies 

in felsic metamorphites that arose as a result of chrome-spinel (typical kimberlite minerals) grains cap-

ture along the route of a local portion of diamond-bearing fluidized magma movement. 

• The upward movement of any deep fluids – silicate melts with gases dissolved in them, gases 

themselves (including hydrocarbons) – can be realized by the mechanism of autonomous discrete-

pulse migration of fluid-filled fractures. The high rate of their upward movement allows transporta-

tion to the surface without significant losses as a result of dissolution in melts and sorption on the 

surface of mineral phases. 
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