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PHYSICAL METHODS AND TECHNIQUES FOR THE UNDERSTANDING OF THE STRUCTURE AND 
COMPOSITION OF THE EARTH’S INTERIOR 

Abstract 

This thesis was carried out within the curriculum of the School of Applied Mathematical and 
Physical Sciences of the NTUA. 
 
The aim of this diploma thesis is to review the scientific research area covered over the last 
years in relation to the composition, structure and processes involved in the Earth’s 
interior presenting both direct and indirect methods of understanding and interpretation of 
the Earth’s interior. This includes its nature, its parts (crust, mantle and core), the processes 
taking place there and the relevant modern methods of exploration.  
 
The combination of synchrotron x-ray facilities with high-pressure methods 
provided new experimental tools for addressing geophysical problems relevant to 
understanding the interior of the Earth and other planets.  
Well established high-pressure synchrotron methods applied to the diamond anvil cell but 
also to large-volume apparatus. 
Synchrotron capabilities have been improved by new innovations, such as high-pressure 
technology, X-ray diffraction techniques applied with numerous improvements resulting 
to extended pressure – temperature range coverage and better ability to recover 
information from crystallographic data. 
  
Among the important geophysical questions related to the Earth’s  silicate mantle are the 
origin of seismic discontinuities in the upper mantle, the rheological  properties of mantle 
minerals and their influence on dynamic flowing within the Earth and on the properties 
of the core–mantle boundary region.  
In the case of the Earth’s core, key questions are centred on the identity of the light 
elements of the core and their effect on energetics and thermodynamics, the melting curve 
of iron and its alloys and the origin of seismic anisotropy in the inner core. 
  
All above methods are applied using the essential equations of Elasticity theory.  
The elastic behaviour of minerals is central to our understanding of the structure and 
properties of the Earth, and other planets. There have been many new developments in the 
experimental methods used to determine the elastic properties of minerals. 
The precision and accuracy of the experimental results have been significantly improved in 
recent years. Taking into account the aforementioned advances in 
measurement techniques, the physical principles in conjunction with the capabilities of the 
experimental techniques for the exploration of Earth’s interior are being reviewed. 
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.

 (P,T) .



2

1.

, , , ,

. ,

,

(  1984; Jacquelyneetal. 1996). 

, ,

.

 « » ,

 « », 

,

. ,

,

. ,

,

(Mussettetal. 2000). ,

, .

.

.

.

,

,



3

, ,

12.3  (Jacquelyneetal. 1996).

.

 ‘Ocean Drilling Program (ODP; http://www.iodp.org)’, 

, ,

 2000 

.

 ( , 1984; 

Wrightetal., 2008). 

,

,  12.600 km,

 40.075 km  504*106km2.

,

 1957. 

,

,

.

, ,

 (  6357 km)

(  6378 km).

.



4

2.

2.1.

,

, , ,

 ( . 1). 

, ,

,

 ( , 1982; Jacquelyneetal. 1996; etal. 

2006).

:

 0-30/35 km - (  5  70 km) 

: 0–60 km  

: 100–700 km 

: 35-2.885 km

: 35–700 km 

: 700–2.885 km 

: 2.890-5.100 km

: 5.100-6.378 km



5

. 1. .

 1909 Mohorovic.

.

,

.

 (Mussettetal. 2000). 

 (

),

 ( , 1984; 

Wrightetal., 2008). 

,

, .



6

,

 ( , 1998; MonroeandWicander, 

2009).

2.2.

2.2.1. -

Mohorovic Moho ( , 1998; Mussettetal. 2000; MonroeandWicander, 

2009). ,

,  Moho ,

 60 km ,.

 35 , ,

 Moho ,  20 km, 

 5  10 km. 

,  Moho .

 70  80 ,

 (continentalrifts) ,

.

.

 " ", 

.

 " ", 

,

 ( , ,



7

, ). ,

 Mg, Fe, 

Al, Ca, K, Na,  SiO2 ( , 1984; 

Jacquelyneetal. 1996;). 

Sial ( ),  2.8 gr/cm3.

,

Conrad. ,

.

 2.8  3.1 gr/cm3,

.

,

’ Sima ( ).

,

,

,

(  ( ),

). (Miyashiro, 1994; Xianofan, 2007). 

,

,

,

.

,

,



8

( , 1982; Jacquelyneetal. 1996; Mussettetal. 2000; 

etal. 2006).

,

 (rifting), .

,

.

2.2.2. -

,

.

, 7 ,

 5 

.

. ,

Al, Ca, Mg Fe

K, Na Si. 

 60% 

.

,

,

,  (Wrightetal., 2008). 

,  ( ),

.

,



9

, ,  2 .

 500 .

,

. ,

 (Jacquelyneetal. 1996). 

 ( ),

.

,

pillow 

.

,

Jacquelyneetal. 1996; MonroeandWicander, 2009). 

/

.

,

, ,

, ,

 ( , 1984; McBirney, 1993). 

, ,

 ( / )

 (Miyashiro, 1994). 



10 

2.3.

2.3.1.  –

Moho,

, .

 83%  67% 

 ( , 1984;  McBirney, 1993; 

Jacquelyneetal. 1996).  

 600 km  3.3 gr/cm3,

,

.

 100 km,

. ,  70 - 80 km 

,  100 -120 km 

(Duffy, 2005; etal. 2006; Xianofan, 2007). 

kilobar,

' .

,

,  (McBirney, 1993). 

 ~100  700 km, 

. .

 70-80 km, 

 150 .

, ,



11 

 350  700 km. 

 “Golitsyn”

, .

,

 (Mg,Fe)2SiO4

 (Mg2SiO4) (Duffy, 2005; VocadloandDobsonD. 1999; VanderHilstetal. 

2005).

, ,

kilobar. ,

,

. ,

.

,

,

,

H2O CO2 (McBirney, 1993). 

,

, , '

,

.

 ( .

, , ),  ( . .

, ) ,



12 

,  ( etal.

2006). ,

,

, ,

,

.

2.3.2.

 49.2%  50-

55% .

 2200 km,  680 ± 20 km  2.900 km.

, , , , ,

,

(Mg,Si)SiO3  (Mg,Fe)O (VocadloandDobsonD. 1999; 

Duffy, 2005; VanderHilstetal. 2005). 

,  (Mg,Fe)2SiO4.

,

 5.5 gr/cm3.

2885 ,  ‘D’

(VocadloandDobsonD. 1999; Mussettetal. 2000; Duffy, 2005; VanderHilstetal. 2005) 

( . 2). 

, .

.  ‘D’  200-300



13 

 –

(ChristensenandHofmann, 1994; VocadloandDobsonD. 1999; Davies, 2000; 

Mussettetal. 2000; Duffy, 2005; VanderHilstetal. 2005). 

,

,

 (Duffy 2005; Williams and Garnero 

1996).  ( ot Spots), 

,

 (MantlePlumes)

,

 (VanderHilstetal. 1997) ( . 2). 

,

.  ‘ ’,

.



14 

. 2.  (MantlePlume)  ‘D’

-

2.4.

Gutenberg,

, ,  2885 km  6370 

km.  16%  32.5%

.  2885 km  5155 

km

 (Vocadlo and 

DobsonD. 1999; Duffy, 2005; VanderHilstetal. 2005).

. ,

Fe Ni,

,

, , .

.



15 

 9.5  11.5 gr/cm3,

 12 gr/cm3. Fe Ni

, ,

 10% ,  S, O, 

Si, C  H (Duffy 2005; Williams and Garnero 1996).

.



16 

3.

3.1.

 ( . 2). 

,

.

,

,

. , ,

.

,

, .

 ‘

’. ,

,

,

.

.

Hess (1962),
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. 2. 

 ( ).

Isaksetal.(1968).

 ( . 2).

, .

,

, .

,

.

,

.

,

.
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. 3. .

.

,

 ( . 3).

(divergent boundaries), ,

,

 (  1-3 km  1500 km).

.

, ,

,

.

, ,
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,

,

. ,

,

(subduction),

. km  20-50 km 

,

.

 (obduction), 

 (island-arcvolcanism). 

, Si 2

.

 (

, )

( ,

) ( ,

) .

(conservative boundaries)  (transform 

fault boundaries),

,  (

, 1982; Jacquelyneetal. 1996; etal. 2006). 

,



20 

,  (

, ,

) (Miyashiro, 1994). 

, ,

. ,

, ,

.

(Vander Hilstetal. 1997).

, ,

,

.

,

Yellowstone 

. . .

3.2.

3.2.1.

,

.



21 

, ,

.

.

,

.

 200 ,

 (Davies, 2000). 

,

.

,  ( ), ,

. ,

,

.

,

 (ChristensenandHofmann, 1994; 

VocadloandDobsonD. 1999; Davies, 2000; Mussettetal. 2000; Duffy, 2005; 



22 

VanderHilstetal. 2005). 

,

 (Duffy, 

2005).

 ( . .

H2O, CO2)

.

,

,

 ( . 4., Peacock, 1990 , ; Duffy, 2005).

 ( . 4. ).

( . . Arcayetal., 2005; 

Cagnioncleetal., 2007; Faccendaetal., 2009; Geryaetal., 2002, 2006, 2008; Hebertetal., 

2009; Iwamori, 1998, 2000, 2007; Richardetal., 2006; RichardandBercovici, 2009). 

,  (Williams and Hemley 

2001).



23 

,  (Chenetal. 1998; Kavren 2003; 

YusaetAl. 2000). 

 (Songetal. 2004; Nolet G and Zielhuis 1994; Van der 

Meijde etal 2003). 

. 4. )

.

. )

.

.

,

 ( , ,



24 

). ,

,

. ,

 ( ,

),

 ( ), ,

.

,

 (Spohn and Breuer 1993).

,

;

,

.

,

 (mantle plumes) ( . . Vander Hilstetal. 

1997),

 (force balance models) (Billen 2008). 

3.3



25 

.

 (convection)

,

.

 (Christensen 1995; 

Kekenetal. 2002) ( . 5). 

 (Duffy, 2005). 

,

.

,

.

, ,

, ,

,

. ,

,

, ,

 ( . 5). ,

,

,



26 

( etal. 2006).  

.

,

, ,

 (Davies, 2000; , 1984; 

McBirney, 1993; etal. 2006). 

 (convectioncurrents 

convectioncells), .

.

,

 1.200 km .

 (700 km).  2.300 km

.

 (Duffy, 2005). 

.

, ,

 (Kellogg etal 1999). 

 (Bercovici 2011; etal. 2006). 

,



27 

.

, ,

, ,

. 5. )

. )



28 

.

 670 km ,

, , ,

,

.

,  56.5 

mW/m2, , ,

(TurcotteandSchubert, 1982). , 78.2 

mW/m2,  0.5 % .

' .

,

.

 ( . . Basin and Range 

) (Blackwell 1983). ,

,

(Davies, 2000). , ,

, , ,

( etal. 2006). 

,

 100 km . ,



29 

.

, ,

, , .

,

, , ,

'

'  ( etal. 2006; SkinnerandPorter 

2000).

,

, ,

.

,

,

, '  (Bercovici 2011; Spohn and Breuer 1993. 

,  3 ' . ,

, ,

 ( etal. 2006; Spohn and Breuer 1993). 

3.3.2

,

.



30 

 (Billen 2008; etal. 2006), 

 6, :

1.  RPF, (ridge-push 

force). 

2. DF, 

 (mantle-drag force). 

3.  FSP,

(slab-pull force). 

4.  FSD, 

 (slab-drag force). 

5.  FTR, 

 (transforme-resistance force). 

6.  FSR, 

 (subduction-resistance force). 

7.  Fsu, 

 (trench-suction force). 



31 

. 6. 

.

,

, .

: ) , ii)

, iii) , iv) 

, )

 vi) .

, .

 (slab-pull)

 (ridge-push), .

 (mantle-drag), 

,

. , ,

. ,

 (subduction-resistance), 

.

,

.

.



32 

,

,

, , ,

 5, 

.

3.4.  –

.

.

,

 (  1984; Jacquelyneetal. 1996; McBirney, 1993). 

,

.

,



33 

, ,

,

(  1984; Jacquelyneetal. 1996; McBirney, 1993).  

Shaw (1970)  Rollinson 

(1993)

.  (Batch 

melting) 

,

.  (Non modal batch melting) 

,

.

(Fractional crystallization). 

 Rayleigh, 

,

Bowen,

(  1984; Jacquelyneetal. 1996; McBirney, 1993; Rollinson 1993; Shaw 

1970).

,

,

( . 7) (Davies 2000). 



34 

, ,

.

, ,

,

, ,

, .

,

 (  1984; Jacquelyneetal. 1996; McBirney, 1993). 

2O CO2

, ,

. ,

, .

, ,

. , ,

,

, ,

. ,

, , , ,

 ( . . , , ,

) .

,

,

 (  1984; Jacquelyneetal. 1996). 



35 

,

, ,

( ,

). , , ,

 (Miyashiro, 1994). 

,

Mg(  1984; 

Jacquelyneetal. 1996; McBirney, 1993). ,

,

.

.

,

,

. ,

.



36 

. 7. 

.

.

.

( . 7).

,

, ,

 (  1984; Jacquelyneetal. 

1996; McBirney, 1993). , ,

,



37 

 ( . . , , ).

,

.

,

,  (McBirney 1993). 

, ,

(McBirney 1993; Miyashiro, 1994).  

3.5. .

.

,

.

.

.

.

.

Hook

stress ( )  strain ( ).
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,

, .

-

( - ).  (S-

)

.

,

.

,

- S- 

,

. :

G  (Shear Modulus) 
(Bulk Modulus) (K= -V  ) 

.
poisson 

:  = 2G(1+ )

G
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Poisson  0.5 

P-

S- .

 2 :

G , S-

. .

K, ,

Vp, Vs 

.

,

.

,

.

 (

) .

-



40 

.

, .

.

( - ).

( ).



41 

4.

4.1. .

,

.

,

 ( ) .

.

.

,

.

,

.

,

,

 ( ).

 DNA. 



42 

,

.

,  Laue, 

.

 1895  Wilhelm Roentgen 

.

.

 von Laue, 

,

,

.  Monseley (1913) 

 Barkla 

 1916.

 3x m/s, ,

,

.

.



43 

 (diffraction pattern), 

 Fourier 

.

,

Young,  ,

.  Huygens 

.

. ,

. ,

.

, :

.

,

.

.

 ( )  ( ).

,

- - .



44 

,

.

.

 2d sin .

,

: i) 

. ii) H  n .

 Bragg, 

.  d 

. ,  d 

, ,

,

 ( )

 d , .

,

.



45 

.

 d  d . ax Von 

Laue  XRD 

,

 1 Å. 

,

.

.

.

 Bragg, 

, , , , ,

, d .

 n  0,1,2,3,4,5,.. 

,

.

.  d. 

.

-

 ( , , ,



46 

, , ).

.

,

.

 ( ) ,

.

 XRD ,

.

,

.

, :

i)

ii)

,

.

.

,  d 

.

 « » ,

. ,



47 

,

 ( ) Bragg. 

.

.

, ,

,  ( )

.

:

.

,

 (

0,1mm)

.

.

,

.
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5.

.

.  (660 

)  24 GPa, -

135 GPa. 

330 GPa,  363 GPa. 

:

, ,

. ,

,

 330 GPa ,  660 km .

: 135-363 GPa 

 6000 K. 

.

 (beamlines) 

,

.

. [Hemley et al. 2005, Paszkowicz 2002] 



49 

5.1.

5.1.1. .

,

.

: (1) 

 100 GPa (1 bar), 

,

. (2) 

,

 (in situ) ,

.

.

.



50 

5.1.2.

 in situ 

 P - T

,

. ,

.

,

 ~1300K ,



51 

. ,

- -

(P-V-T)

 [Fei  Wang 2000]. ,

 (~3000 K)  [Zha  Bassett 2003] 

 (1200 K)  megabar, 

 [Dubrovinskaia  Dubrovinsky 2003].

,

 ~5000 .

 [Yagi et al. 2001, Boehler 

2000]. 

,

.

,

,

.

.

,

.



52 

5.1.3.

-

- . ,

 (~1-10 )

 (± 10-20 K) 

.

 [Fei 

Bertka 1999]. ,

.

.

 [Li B et al. 

2004],  (P-V-T)  [Duffy  Wang 1998], 

 [Katayama 

 Inamura 2003].

5.2. .

5.2.1. -

-

.

 [Buras  Gerward 1989]. 

.



53 

 (back-scatter effect). ,

,

.

, ,

,

. ,

,

P-T,   [Mao et al. 1998], ,

[Duffy et al. 1999, Shieh et al. 2004]  [Shen 

et al.1998].  

.

.

- .

5.2.2. -



54 

.

. [Mao et al. 

1988]. 

 FeO [Shu et 

al. 1998], [Duffy et al. 1995]  [Hemley et al. 2000]. 

 [Karki et al. 

1997]. ,

[Hemley et al. 2000], 

 [Shieh et al. 2002]. 

 [Sobolev et al. 2000].

5.2.3.

 ( )

.

.

,



55 

.

. ,

,  (

 D’ [Williams 

Garnero 1996]).  ,

,

. T ,

,

 [Duffy  Ahrens 1992]. 

,

.

,

.

,  NMR 

R, .

.

- ,

,

,

.

.



56 

 2 ,

 [Katayama  Inamura 2003]. 

.

 67 GPa.

,

.

,

[Funamori et al. 2004] 

6GPa.

.

, - - ,

,  [Katayama  Tsuji 

2003]. 

 [Scarfe et 

al. 1987]. 

, .

,  ‘falling sphere’, 

,



57 

 Stokes. ,

-

 [Kanzaki et al. 1987]. 

,

.

 5.2.4. 

, -  (Inelastic 

X-ray Scattering) .

 IXS 

 Brillouin [Burkel 2000]. 

,  ~3 meV.

,

.

, ,

.

 IXS (X-ray scattering),

.

,

,

. ,

, ,



58 

.

 Brillouin ,

 [Isaak 2001, Li B et al. 2001].  IXS 

,

 Brillouin.

5.2.5.

-  (X-ray Emission Spectroscopy), 

eV.

 XES 

 Fe K . spin 

spin  Fe, 

,

,  Fe ,

.

,

 [Badro et al. 2004].  1999, 

 (7 GPa), 

 FeS [Rueff et al. 

1999]. ,

 100 GPa [Badro et al. 1999, 2002, 2003, 2004, Li J et al. 2004a,b].



59 

5.2.6.  IR 

 (IR),  IR 

.  IR 

,

, .  IR

.

.

 IR 

 [Shinoda et al. 2002]  [Liu et al. 2003] 

.  IR -

 [Hemley et al. 1998, Liu Z et al. 2002].

5.3.

5.3.1.

 50 ,

Birch [Birch 1952] 

.

.



60 

 P-T -

,

 [Fei  Wang 2000]. 

,

 P -V [Knittle 1995] 

 P-T

,

 (quenching) (

,

). ,

. ,

,

. ,

.  P-V-T 

 [Duffy  Wang 1998]. ,

P-T. [Jackson  Rigden 1996, Shim  Duffy 

2000]. 



61 

5.3.2.

insitu -

,

. insitu

-

,

 ( ). ( . . [Fei  Bertka 1999]). 

2

. ,

, ,

.

5.4.1.  660 

 660 

 2  ( )

-  (Mg, Fe)O 

, [Ito 

Takahashi 1989]. insitu 

-

,



62 

,

~600 km 1600 °C [Irifune et al. 1998]. ,

,

[Katsura et al. 2004] [Hirose et al. 2001]. 

 ~10 mol% Fe .

 660 

-

.

 P-T, 

.

( ) . [Getting 

Kennedy 1970, Walter et al. 1995, Katsura et al. 2003].  

-

660 km [Kuroda et al. 2000, Ono et al. 2001], 

  [Hirose et al. 2001]. ,

 660 ,

-

 [Nishiyama et al. 2004]. 

-  1600 °C 

 1,5 GPa (  ~40 .)

660 ,



63 

Au ( Au) [Shim et al. 2002]. 

5.4.2.  410 

[Morishima et al. 1994]. ,  Katsura et al. 

(2004)

. ,

insitu - ,

 MgO [Speziale et al. 2001, Matsui et al. 2000, Matsui  Nishiyama 

2002], 

.

,  Fe ,

.

Clapeyron 

410 km ,  1760 ± 45K 

, , ,

 1550-1650 .

 ~1600K 

-  (MORB) [Jackson  Rigden 1998].

5.4.3

 660 ,



64 

 [van der Hilst et al. 1997]. 

:

, ,

.

.

.

.

, ,

,

,

 [Irifune  Ringwood 1993]. 

 [Ringwood 1991, Karato 1997].

[Hirose et al. 1999] insitu 

-  [Litasov et al. 2004] 

.

 (< 720 

), 

. ,

. -
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.  Kubo et al. [Kubo et al. 2002] 

.

 (~ .

) ,

. , ,

,

.

5.5.

,

,

. ,

 4GPa ,

 120 km. ,

. ,

.

.
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 Drickamer, 

[Yamazaki  Karato 2001]. 

.

 D-DIA [Wang et al. 2003].  D-DIA, 

,

, .

 Debye, ,

,

.

,

,

. ,  MgO (

)

,

[Nishiyama et al. 2005, Uchida et al. 2004].  D-DIA 

 [Chen et al. 1998, Kavner  Duffy 2001], 

 D-DIA, 

.
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5.6.

,

, :  Mg-Pv 

( ),  Ca-Pv ( )  (Mg, Fe)O 

[O’Neill  Jeanloz 1990, Kesson et al. 1998, Ono et al. 2005, Lee K et al. 2004]. 

,

,  [Hirose et al. 1999, 

Funamori et al. 2000]. ,

,

.

5.6.1.

, ,

, .

 [Morishima et al. 

1994, Mao et al. 1991, Funamori et al. 1996]. ,

 94 GPa [Fiquet et al. 1998, Fiquet et al.2000]. 

 106 GPa (

2300 km ) insitu[Shim et al. 2001, Serghiou et al. 1998], 
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 [Shim et al. 2001]. 

:

 (Mg, Fe)O .

-  [Andrault 

2001, Mao et al. 1997], ( )

 [Kesson et al. 

2002, Murakami et al. 2005]. 

, ,

,

 [Andrault 2001, 

Mao et al. 1997],  TEM 

 [Kesson et al. 2002, Murakami et al. 

2005]. ,

, ,

/

.

5.6.2.

 [Mao H et al. 1989, Tarrida and Richet 1989, Wang 
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 Weidner 1994]. 

 1989. 

 [Shim et al. 2000, Shieh et al. 2004, 

Mao H et al. 1989, Tarrida and Richet 1989, Wang  Weidner 1994, Wang et al. 

1996, Shim et al. 2000]. ,

-  [Shim et al. 2002]  CaSiO3 

,

,  [Akber-

Knutson et al. 2002, Magyari-Kope et al. 2002, Stixrude et al. 1996]. 

 [Ono et al. 2005, Murakami et al. 2005, Kurashina et al. 2004, Ono et al. 

2004]. 

,

.

 [Stixrude et al. 

1996] , ,

.
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5.6.3. (Mg, Fe) O 

 (Mg, Fe)O 

.  MgO 

 ( 1)  227 GPa [Duffy et al. 1995] 

[Fei et al. 2004]. ,

,  Fe(1 x)O , ~17

GPa,  [Mao et al. 1996] 

 NiAs ( 8)  ~75 GPa  [Fei 

 Mao 1994, Murakami et al. 2004].  

 (Mg, Fe)O 

,

.

 Fe  (Mg # = Mg/(Mg + Fe) 

< 0.2) [Kondo et al. 2004, Mao et al. 2002],  B8 

 megabar ,

Fe. [Kondo et al. 2004]. 

-  (Mg# 50-80), 

,  83-86 GPa  1000

 Mg-  (FeO) 

[Dubrovinsky et al. 2000, Dubrovinsky et al. 2001]. 
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 [Garnero 2000, Kellogg et al. 1999].

.

5.6.4.

,

. ,

,

50 GPa [Andrault et al. 

1998, Kingma et al. 1995]. ,

 [Hemley et al. 2000, Shieh et al. 2002]. 

,

 [Teter et al. 1998]. 

.

5.7. -

 Murakami et al. (2004) 

-

 ~125 GPa 
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. -

 [Oganov  Ono 

2004, Tsuchiya et al. 2004, Shim et al. 2004, Iitaka et al. 2004]. 

[Mao et al. 2004]. -

. ,

-  113 GPa 

 2500K [Murakami et al. 2005], 

 (Mg0.9, Fe0.1)  [Shieh 

et al. 2005].  400 

- ,  ~100-200

 D’. 

Fe  Mg -

,

- ,

 [Murakami et al. 2005]. ,  Mao et al. 

(2004), - ,

- .

 Fe-Mg 

,
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, ,  [Murakami et al. 

2005]. ,  143

GPa  ~3000K, - ,

, -Pb

[Ono et al. 2005]. 
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6.

6.1.

, :

- -Fe,  (bcc)

, ,

-Fe (fcc)

-Fe

(hcp). ,

,

 (dhcp) [Saxena et al. 1995, Yoo et al. 1996, 

Dubrovinsky et al. 1998],  [Andrault et al. 1997, 

Andrault et al. 2000]. ,

 [Kubo et al. 2003, Shen et al. 1998, Funamori et al. 1996, Ma et al. 

2004, Uchida et al. 2001]. 

 [Shen et al. 1998, Andrault et al. 2000, Ma et al.2004]. 

,

,

 44 GPa 2100

K [Kubo et al. 2003, Funamori et al. 1996, Uchida et al. 2001]. 

.
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 (bcc)

 ( . . [Brown  McQueen 1996]), 

.

-  Fe 

 161 GPa  3000 K [Ma et al.2004]. -

 60 GPa. 

 bcc 

,

 [Vocadlo et al. 2003]. 

[Lin et al. 2002]  Fe-Si

 Si  Fe  bcc.

 Si-

 bcc  Si-  hcp .

6.2.

. : (1) 

,

; (2) 

,  Poisson, 

,
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.

,

 Fe 

 [Duffy  Ahrens 1992, Brown  McQueen 1996, 

Duffy  Ahrens 1997], 

.

.  NRIXS

(Non-Resonant Inelastic X-ray Scattering), ,

 hcp  153 GPa 

 [Mao et al. 2001, Lubbers et al. 2000]. 

 [Shen et al. 2004a]. , ,  IXS 

 100 GPa [Fiquet et al. 2004, 

Antonangeli et al. 2004]. 

 [Tromp 2001]. 

 ~3% 

.

,

.

,

,

. -
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 hcp  211 GPa [Mao et al. 

1998].  ( )

,

[Steinle-Neumann et al. 1999, 2001]. 

.

-  (Rh)  hcp ,

. [Duffy et al. 1999]. 

6.3.  Fe-FeS 

,

 Fe-FeS 

 [Poirier 1994]. 

, ,

,

. ,

FeS, ,

 NiAs (  V) 

 NiAs (  IV) 

 [Fei et al. 1995].
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,  FeS 

.

 FeS IV  c-

 5-9 GPa,  Fe 

 [Fei et al. 1995, Kusaba 

et al. 1997, 1998].  FeS 

,

,

.

6.4.

 Fe, 

 Gibbs 

.

 [Alfe et al. 
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1999, 2002, 2004, Belonoshko et al. 2000, Laio et al. 2000]. 

.

 [Alfe et al. 2002, 2004].

      .     
         

             
  . 

6.5. -

.

 Fe-FeS 7 GPa  Stokes, 

 ~10  2 Pas [Dobson et al. 2000, Rutter et al. 2002, Urakawa et 
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al. 2001, Terasaki et al. 2001]  2 × 10 2 Pas 

 [Rutter et al. 2002].  Fe 

 ~6 GPa 2100 K  [Rutter et al. 2002, Terasaki et al. 

2002], 

 [Sanloup et al. 2000]. 

6.6.

.

.

,

.

P-T. [Holzapfel 2003, Speziale et al. 2001, Shim et 

al. 2002], 

. [Fei et al. 2004]. 

 1 Mbar [Dewaele et al. 2004].  P-

V-T

, .

,

-

,

.
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 megabar, 

 (2005-2015). ,

.

6.7.

,

.

, . ,

,

.

:

(1) -  ( ), 

 125 GPa. 

,

.

(2) 

,

,
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.

¨ ¨  Fe 

.

(3) -

- ,

, ,

insitu .

(4) ,

,

.

,

.

(5) o

.

,

.
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6.8.

.

6.8.1.

. ,

. ,

,

.

.

,

( ) ,

(EoS).

.

,

,

.



84 

.

.

(Carpenter  Salje 1998; Carpenter 

2006).

6.8.2.

. ,

, ( . . ),

, ’

. ’ ,

,

.

 RUS, 

,

.

,

.

,

. . ,

, ,  Brillouin, 

IXS, ,
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.  ISLS, 

,

.

,  RUS 

.

, ,

, , ,

,

.

,  MgO, 

Fe, ., , . .

,

.

,

. ,

,

. ,
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.

,

, . .  ISLS  (Brown et al. 

2006). ,

,

.

 ( )

.

.

.

.

,

.

 (aggregates)

 (Shaocheng  Wang, 1999), 

.  Salje (2007) 

,
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