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Abstract. The rhombohedral modification existing in natural graphites and
semi-graphites obtained from different environments has been measured by using
X-ray methods. To avoid the preferred orientation effects in such materials the
Debye-Scherrer photographs tecknique was chosen. The intensities were measured
using a Dobson-type microdensistometer and Lirepho photometer. The single crystals
have been investigated in precession and Weissenberg cameras.

There are satisfactory relationships between the amount of rhombohedral phase
and grain size of specimens and their metamorphic grades. The amount of rhombo-
hedral phase increases from 3 up to 28% with decreasing crystallite size and as the
grade of regional metamorphism changes from high to low. It is supposed that the
great amount of rhombohedral form in semi-graphites (about 35%) is due to stacking
disorder and some influence of turbostratic structure. In monocrystals of pure
graphites the amount of rhombohedral phase is negligible.

The present observations are not inconsistent with the view that the metastable
rhombohedral structure is produced by mechanical deformation during, or subsequent

to the growth of hexagonal graphite.

Graphite has a unique combination of physical, mechanical and che-
mical properties and so is of interest in a variety of disciplines. Its ery-
stalline properties have been studied extensively, mainly by using X-ray
methods, and it is well established that natural graphites can coexist in
hexagonal and rhombohedral structural modifications (Lipson and Stokes,
1942: Bacon, 1950; Boehm and Hofmann, 1955; Laves and Baskin, 1956,
Nightingale 1962, Walker and Seeley 1958; Hamilton et al., 1970). However,
the controversy concerning the occurrence and amount of the rhombo-
hedral form in natural graphites and the mechanism of its formation is
not yet resolved. For example, Lipson and Stokes (1942), who were the
first to conclude that weak X-ray powder reflections additional to those
required for hexagonal graphite were due to the rhombohedral form,
found a high concentration of this phase in a sample of Ceylon graphite.
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In single crystal X-ray studies of the same material, Boehm and Hofmann
(1955) and Laves and Baskin (1956) found only occasional traces of
rhombohedral graphite whereas powder photographs of the same 'sz.ampiles
gave large amounts. They showed that the rhombohedral modification
could be produced by unidirectional pressure associated Wlth some shear
or gliding and also that it was thermally unstable, reverting to the hexa-
gonal form on heating to above 9500°C. Freise and Kelly (1963) confirmed
these observations using electron diffraction in addition to X-ray method.s‘
Most investigators have used X-ray diffractometry for powder exami-
nation rather than the older photographic methods. The large surface area
of specimen and the ease of data processing are advantages for general
work, but for a material like graphite that shows pronounced preferred
orientation it is difficult to prepare diffractometer specimens free frqm
orientation effects. Of the four techniques commonly used for preparing
Debye-Scherrer specimens, Bacon (1952) found that cutting .the specimen
from a pressed graphite block was the most satisfactory. Filling cap1111§ry
tubes tends to preserve orientation effects but careful extrusion or rolling
methods should allow the amount of preferred orientation to be kept to
a minimum. »

The aim of the present paper is a reassessment of ideas concerning the
existence of the rhombohedral modification in the graphite structure.
Investigations were carried out on natural graphites, semi-graphites and
graphitized materials obtained from different environment in metamor-
phic rocks. It was thought that a relationship might exist between the
amount of thombohedral modification and the conditions of formation of
natural graphites, for example with their morphological features and with
the genetic conditions associated with the host rocks.

In preparing Debye-Scherrer specimens, gum tragacanth was added to
the powdered samples and rolled into 0.2—0.5 mm diameter cylinders with
the addition of a few drops of water., Visual comparison of photographs of
different graphite samples prepared in this way showed good intensity
reproducibility for corresponding reflexions having (i) high wvalues of
h? + hk + k2 and (it) high values of 12.

The specimens were mounted in a Unicam 19 em and camera a photo-
graphs taken with crystal-reflected CuK, X-radiation from a lithium
flqoride.monochromator. The photographs appear to show no preferred
orientation.

Many prev}ous {authors giye estimates of the rhombohedral content of
natural graphite without giving details of the calculations used. The in-
tensity, Iy of an X-ray reflection (see for example Cullity, 1956) is
given by:

_ KLAp (F.)? Pw (1)
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where:
K — is a constant,
L — is a geometrical factor combining Lorentz and polarisati
) / aris -
tors and other © dependant terms, e

A — '}s an absorption factor,
p — is the multiplicity of the reflection used,
F.. — is the structure amplitude,

P — is a factor introduced to correct for preferred orientation

w — is the weight fraction of the phase concerned,
V. — is the unit cell volume.

No absorption correction was applied in the present case because carbon
has a very low atomic number (and hence a low absorption coefficient) and

also the (100) hexagonal and(lO 32) rhombohedral reflections which were

used for measurement occur at very similar © values and the absorption
correction is similar for both.

The possibility of the hexagonal graphite lattice being distorted into
an orthorhombic modification has been discussed by some workers (cite
reference) but they concluded that any such distortion was too small to be
observed. The coordinates of the carbon atoms in the hexagonal unit cell

are therefore -+ (00—;) (= -§~ 31- }) and in the rhombohedral cell are

- 00;7) ‘ i(;‘ ;"0 ) and + (% ; 137) . In the calculation of F.,, McWeeny’s
(1951, vide Bacon 1959) scattering factors were used and Bacon’s (1952)
anisotropic temperature.factor correction —0.43 (0.23 cos? « + 0.05 sin® a)
sin? ©, where o is the angle between the plane normal and the z-axis, was
applied. The unit cell volume enters the calculation to normalise the in-
tensity to a constant number of atoms.

The most thorough correction procedure for preferred orientation is
that described by Bacon (1952). He recorded the complete powder ring
for particular reflections of high ! and high (h? + hk + k?) and then
measured the ratio of intensity between the vertical and horizontal posi-
tion on the ring. On this basis he was able to apply an intensity correction,
to each reflection on the photograph depending on the angle between its
plane normal and the z-axis. In the present work a negligible intensity
difference was observed at different points around the powder rings, and

since the angle between the (100) hexagonal and ( 10;) rhombohedral plane
normals is only 25°, no correction for preferred orientation was applied.
The form of equation (1) used in the present investigation was there-
fore:
. _KLp(FPw (2)
T
The terms L, p, (F.)?2 and V.2 are constant from film to film and the
amounts of rhombohedral and hexagonal phase can therefore be written:

LK )

W ] (105)

where:
2
Ky (0.0577) and Kg (0.0168) are the values of LBV;;‘ W for the two

structures. The percentages of rhombohedral and hexagonal phase
are then given b pnl0We - MO o neatively
Y Wr+ Wa Wr + Wr 5 ¥

‘ Although the determination of the amount of rhombohedral modifica-
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tion in natural graphites from different sources is Qifﬁcult.because of.th.e
complicated and heterogeneous character of graphite-bearing rpcks, it is
possible to detect some regularities. Since the apparent proportion of the
rhombohedral modification in natural graphites -depends critically on
the previous handling of the material, reproducibility in preparing samples
for X-ray examination was emphasized and more precise measurerpents
of the intensities of reflections were made than is apparent in the litera-
ture (Hamilton et al., 1970). For example, intensities were measured using
a Dobson-type microdensitometer in Newcastle and were subsequently
checked on a Zeiss Lirepho photometer in Cracow.

As an example, Figure 1 shows the resolution of (100) H and (1033) R re-

{lections in several samples with the percentage of rhombohedral phase
marked. ;

The amount of rhombohedral phase in different samples is within the
range 3—35%. New data are reported for several different metamorphic
grades (Winkler, 1974) of graphite and semi-graphite from localities listed
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Fig. 1. The resolution of (100)H, (162} !
Percentage of rhombohedral) p,has‘eogn‘d I:a:x;ld (IZJ)H aeions % typical Sampl‘—"‘
€ reference are marked on each curve

in Table 1. They belong to the sequence: low, medium and high grades
of regionally metamorphosed rocks shown, according to increasing tempe-
rature, in Figure 2 and Table 2. In Figure 2, samples which are formed
exclusively from coal seams (i.e. specimens 66, 81, 83) are not included.
These particular specimens show semi-amorphous characteristics, and

Table

Localities and general characteristics of graphites

1

General characteristic of graphites
and semi-graphites

‘, Sample
Group| % R | refe- Locality
i rences
35.0 83 Hurlford, Ayrshire,
Scotland
35.0 81 Craigman Pit, Ayrshire
Scotland
32.9 66 Formosa, Asia
27.6 8 Passava, Bavaria,
Germany
26.6 12 Marcinkéw, Lower
I Silesia, Poland
25.9 17 Zelowice, Lower
Silesia, Poland
248 54 Jaroszow, Lower
Silesia, Poland
23.2 48 Alta valle di Forso,
Italy
21.0 44 Black Donald mine,
Ontario, Canada
256 4 Pinerolo, Italy
23.8 16 Witostowice, Lower
11 Silesia, Poland
21.0 10 Sri Lanka (Ceylon)
18.2 6 Male Vrbno,
Czechoslovakia
23.5 47 Leeds County, Ontario,
Canada
221 72 Malinguade, Hill
Malavi, Africa
19.6 39 Watsche Valley,
101 Rodope, Bulgaria
e 63 Tsavo, Kenya, Africa
10.5 18 Passava, Bavaria,
Germany
10.0 67 Lead Hill,
Ticonderoga, USA

semi-graphite formed from coal
changed by thermal metamor-
phism

semi-amorphous, powdered sample
irregular lenses, powdered sample

graphitic quartz schist

graphite ore, powdered sample
dispersed in phyllites and quartzites
dispersed in orto-gneiss

grains disseminated in granitic
gneiss

graphite occurs in gneisses, phyl-
lites
graphite ore

vein deposit, powdered sample
graphite from amphibolites and
quartzites

irregular impregnations in quartzi-
tic gneiss
graphite in mica-kyanite gneisses

dispersed in white marble, coarsely
crystalline

graphite gneiss

flinz type disseminated flakes in
gneiss

large flake graphite deposit




roxene gneiss

Table 1 c.d.
‘ Sampl I :
\ oo : General characteristic of graphites
‘Gmup % R refe- Locality e S
\ | rences
) l 19 Barun Turu, Mongolia 1 gneisses with garnets and graphite
\‘ “ 5 ‘ | layers |
| 55 7 | Madagascar | large flake deposits
\\ 42 | 45 Joly Township | vein (lump) deposit
[ o | Quebec, Canada ‘
3.0 61 . Sri Lanka, Medapola ‘ vein (lump) deposit, large, poly-
| [ ‘ crystalline forms embedded in py-
‘ |

|

|
| |
t [ | mine

Note: Samples 6, 12, 16, 17, 44, 48, 54 were extracted from the rock and chemically purified.
Samples 7, 8 and 10 were supplied by Superior Graphite Co., Chicago, Illinois, U.S.A. (Courtes;
of: Dr P.R. Carney — Illinois, Dr R. Compagnoni (Italy), Dr C.D. Gribble — Glasgow,
Mr D. E. Highley — London, Dr T. Galkiewicz Poland, Dr A. Paulo — Poland, Prof. W. Zabin
ski — Poland). Iwish to thank them for giving the samples to study.

cryptocrystalline or microcrystalline structures. They contain more than
30% of the rhombohedral modification but even small amounts of stacking
disorder or of turbostratic structure due to residual coal fragments cannot
be neglected and so it is very difficult to establish the precise amount of
pure thombohedral phase.

All the graphite samples are divided in four groups, as shown in
Table 3, on the basis of morphological features such as colour, lustre,
mode of occurrence, crystal habit and grain size. The first group contains
black or blackish-grey graphites and semi-graphites with dull, greasy,
pearly or earthy lustre and microcrystalline massive form. In this group
there are graphites occurring in a very finely dispersed form in meta-
morphic rocks or also semi-graphites occurring in seams and lenses which
display a coherent, massive texture. Specimens are composed of extremely
fine crystals less than 0.01 mm in size and so are only observable under
magnification. The percentage of rhombohedral phase reaches about 35%.

GRADE OF METAMORPHISM

high
x

g % Rh
30

Fig. 2. The relationship between the am :
3 ount of rhombohedral phas e
phic grade (as classified by Winkler, 1974) S S e
(x — amount of R phase, as designated in Table 2)
8

The second group consists of polycrystalline embedded masses with
grain sizes 0.01—0.1 mm and show aggregate structures. Their colour is
blackish-grey with a silky or semi-metallic lustre. The percentage of
rhombohedral phase ranges from about 18 to 26%.

The third group represents graphites with a distinct steel-grey colour
and metallic lustre which occur as disseminated flakes with perfect basal
cleavage. They are usually tabular
foliated crystals of size 0.1—5.0 mm Table 2
but sometimes they are fibrous, scaly : !
particles with angular or rounded ed- The relationship between the grade of
ges. About 10 to 23.5% is estimated in metamorphism and percentage of
these graphites. rhombohedral phase (% Rh)

The fourth group includes graphi-

|

tes which occur in large pieces that | Metamor- l Sample ‘l
clearly show a coarse, macrocrystal- phic | references | % Rh |
line structure. Crystal size varies be- | grade } \
tween 5.0 and 50 mm and the amount I e e T T R
of rhombohedral phase diminishes to | 4 a4
3)%‘ | 1% 25.9

The most obvious relationship, as | Low 3 e
shown by Figure 3, is between grain o L
size and the amount of rhombohedral . e |
phase. In the present paper, grain SiE & g
size is defined as the diameter of gra- | ;
phitic particles, flakes or crystal pla- 47 235
tes occurring in situ in deposits or in 72 221
rocks. Graphites that exist in rocks 44 21.0 ;
as very finely dispersed graphitized | Medium Hi5n 196 |
phytoclasts or in the form of separate 6 18.2 i
nodules, lenses, or seams with semi- 63 il f
-crystalline structures contain a grea- 18 10.5 ,
ter amount of rhombohedral phase ?
(23.5—35%) than graphites isolated a7 10.0 )
from deposits as individual flakes, 19 7.0
plates or macro-single crystals (3— High 7 5.5 5
—10%). This relationship between 45 Ay o
grain size and the amount of rhombo- 61 S
hedral modification is particularly E’

clear in the case of specimens 8 and

18 (samples from the Passava deposit) and 10, 61 (samples from Sri Lanka
deposit). Specimens 18 and 61 are taken originally from deposits but 8 and
10 are powdered samples, supplied by Superior Graphite Co. Chicago,
Illinois. Even so, it is worth remembering that most graphite crystals are
distorted due to movements in the embedding rock.

Also, it can be supposed that many rocks have been sheared at some
time, as noted by previous workers (Lipson and Stokes, 1942; Laves and
Baskin, 1956; Boehm and Hofmann, 1955; Freise and Kelly, 1963; Ha-
milton et al. 1970).

The formation of the rhombohedral phase in natural graphites might
therefore be explained by mechanical deformation which gives rise to the
selective and joint gliding of pairs of planes.



Table 3

Morphological features, grain size and amount of rhombohedral phase in natural
graphites
RSV s s e
| | 3
I | | Mode Crystal Gr.am ok
Group ‘ Colour | Lustre | of occur- hab size &
[ ‘ ‘ rence mm
\ gran}s and Sypns
| particles ’
] black or dull, grea- | finely and micro-
| i s ystalli .001-—0. 5.0—21.
1 .‘ blackish- : sy, pearly dispetsed Z:«)r::il:,—ee 0.001-—0.01 | 35.0—21.0
| -grey ‘ or earthy e et S
1 ‘ bedded }
| | b e e fpn sy Apdd
'\ ‘ ' poly- ‘
blackish- | silky or crystalline LS
I |egreyor | semi- |- aggregates, : 0.01—0.1 | 25.6—18.2
steel-grey | metallic ‘ compact crystalline ;
[ | | concentra-
l ‘ | tions
! v - | Pl Timenis doniak B S SIEENE. 2
“ l | qisse- et
[ ‘ ‘ minated scaly ‘
| flakes | particles |
III | steel-grey ‘ metallic | with | with | 01-—50 | 235100 |
‘ | perfect angular |‘
‘ | basal or rounded |
\ cleavage edges ‘
‘ e macro- "
| steel-grey l metallic, luripe crystalline :
IV | silvery or ‘ very individual or coarsely | 50_50.0 il
[ lead-grey | strong crystalline |
| | crystals 3
‘ pieces

~ Amelinckx (1964) described the process of synchro-shear for graphite
in which the structure is changed from hexagonal to rhombohedral by
3 magt%nmte-;cypls tra?}fform%tion: ”The change in lattice symmetry is pro-
uced by restacking the carbon atoms, distorting the b 1 1
stacking faults and other defects”. i etk B
The continuous decrease in the amount of rhomboh 1
: : decr edral phas
increase in the grain size of the particles has been conﬁrmedp bygeKVv‘;litc}i
cinska and Kajzar (1975) using neutron diffraction methods
The very small amount of rhombohedral i Sri
! { : phase in the Sri Lank i
deposxt. specimens (Fig. 3) suggested a determination of its general z(i)c‘éfllrr1
g%?;?n el(]’il fg:;ghl;‘e' m(énocrystasls. Single crystals for this purpose were
. lconderoga, Sri Lanka, Passava, Kenya and Bulgari
deposits. These crystals have been investigated in precess}i,on and Wléigsgrli
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Fig. 3. The rclationship between the amount of rhombohedral phase and grain size
of graphites
Specimen numbers are the same as in Table 1

berg cameras mounted about the ¢ and c axes. Exposures were made over
different regions of the crystals but no reflections (10§) and (10%) were
ever observed. It can be concluded that the amounts of rhombohedral
phase in these single crystals are negligible.

CONCLUSIONS

The amount of the rhombohedral structural modification in natural
graphites increases with decreasing crystallite size and as the grade of
metamorphism decreases from high to very low. In graphite monocrystals,
irrespective of origin, the amount of rhombohedral form is negligible
whereas in microcrystalline or cryptocrystalline graphites it can reach
about 28%. In semi-graphites was found even 35% but due to stacking
disorder and some disturbance of turbostrastic structure it is very difficult
to establish the precise amount of pure rhombohedral phase. The observa-
tions are not inconsistent with the view that the rhombohédral structure
is thermally unstable and is produced only by mechanical deformation
during, or subsequent to, the growth of hexagonal graphite.
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Barbara KWIECINSKA

MODYFIKACJA ROMBOEDRYCZNA W GRAFITACH
I SEMIGRAFITACH NATURALNYCH

Streszczenie

W pracy przedstawiono wyniki badan rentge g
te 0 Wy genostrukturalnych probek
pochqdzqcych ze 746z grafitow i semigrafitow naturalnych, orazy subIthaneji
;graﬁtyzowanych, rozproszonych w skalach wystepujacych w réznych fac-
]acl'érlnetamorff)zmu regionalnego i kontaktowego. ? :
ownym broblemem podjetym w tej pracy j i j
C I y Jest reinterpretacja do-
tyc_hczasowych koncepcp dotyc;qcych obecnosci modyfikacji rgmboegirycz-
nej w sﬂtrukfcur;e grafitu. Badania wykonano metoda Debye-Scherrer-Hull’a
z rejestracja fllrr}owe.g s‘gos,u]‘qc promieniowanie CuK . monochromatyzowa-
n.e.LlF. D(? okreslenia ilo$ciowego udziatu fazy romboedrycznej wybrano
lm,l? (1100) i (101) — heksagonalne oraz | 10;') — remboedryczng. Intensyw-
nos¢ linii mierzono za pomocsg mikrofotometru Dobson’ bl i
11 : on’a. W oblic ach
za;vaacrtpsm Ifazy romboedrycznej uwzgledniono czynnik strukturaln;er;l:ol;—
?',i g YJ\T;}; iorentg al tempevr_elwrowy, pomini¢to natomiast czynnik a,bsorp-
j gl na bardzo zblizone wartosci katow © dla plaszczyzn (100)

. 2 .
i (105 ). Nie uwzgledni rOwiiez i
%) gledniono rowniez czynnika odpowiedzialnego za orienta-

12

cje plaszezyzn (khl), poniewaz zaobserwowano na debyeogramach réznych
probek grafitowych przygotowanych w ten sam sposob powtarzalnos$é in-
tensywnosci linii (h? + hk +k?) oraz I2.

Na podstawie przeprowadzonych badan stwierdzono, ze zawartos¢ fazy
romboedrycznej ksztaltuje sie réznorodnie. Istnieja zalezno$ci pomiedzy
zawartoscia fazy romboedrycznej a sposobem wyksztalcenia grafitow na-
turalnych, ich cechami morfologicznymi. Wyniki pomiaréw i obliczen za-
wartosci fazy romboedrycznej potwierdzaja w peini badania przeprowa-
dzone technika neutronograficzng (Kwiecinska, Kajzar, 1975).

Zawartos¢é fazy romboedrycznej zwieksza sie wraz ze zmniejszeniem
wielko$ci ziarn (krysztaléw) grafitu i zmniejszeniem stopnia metamorfiz-
mu skal otaczajacych. W semigrafitach i grafitach o budowie krypto- i mi-
krokrystalicznej, ilo§¢ fazy romboedrycznej dochodzi do 35%. Na tak wy-
soka zawarto$¢ fazy R moze mie¢ wplyw czesciowe nieuporzgdkowanie
sieci (udziat struktury turbostratycznej) a zatem precyzyjne ustalenie fazy
R jest obarczone pewnym bledem.

Tloé¢ modyfikacji romboedrycznej w grafitach o pelnym tréjwymiaro-
wym uporzadkowaniu struktury waha sie od okolo 28 do 3%. Nieznaczna
zawartoéé fazy R stwierdzona w duzych makrokrysztalach grafitow natu-
ralnych sklonila autorke do poszerzenia badan rentgenowskich o pomiary
monokrysztaléow w kamerach: precesyjnej i Weissenberg’a. W monokrysz-
tatach pochodzacych ze zt6z Sri Lanka, Ticonderoga, Passava, Bulgaria
i Kenia, orientowanych wzdtuz osi a i ¢, na$wietlanych w roznych kolej-

nych punktach powierzchni nie zarejestrowano refleksow (_10;—) ani tez

1 0';«) . Wniosek wynikajacy z tych badan jest jednoznaczny: obecnos¢ fazy
romboedrycznej w monokrysztatach grafitu, niezaleznie od ich pochodze-
nia jest znikoma.

Wykonane badania nie zaprzeczaja pogladom, ze faza romboedryczna
jest termicznie niestabilna oraz ze powstaje przez mechaniczng deforma-
cje sieci nastepujgcg w czasie wzrostu podstawowej struktury heksago-
nalnej.

OBJASNIENIE FIGUR

2 3
Fig. 1. Rozdzielenie reflekséw (160)H, (103)R i (101)H przedstawione dla kilku cha-
rakterystycznych probek
Procentowa zawarto§é fazy romboedrycznej i numery probek sg zaznaczone na kazdej
krzywej

Fgi. 2. Zalezno§¢ pomiedzy zawartoScig fazy romboedrycznej a stopniem metamor-
fizmu (wedtug klasyfikacji Winklera, 1974)
(x — zawartos¢ fazy romboedrycznej, jak w tabeli 2)

Fig. 3. Zalezno§¢ pomiedzy zawarto$cia fazy romboedrycznej a wielkoécig krysztaiéw

grafitu
Numery probek sa te same co W tabeli 1



Bapbapa KBEIL[HHCKA

POMBO3JIPUUYECKAS MOJMPUKALUA B NMPUPOIHBIX
FPAGUTAX U CEMUTPA®HTAX

PesoMe

B paGote mnpejicTaBieHbl pe3yJbTaThl PEHTIEHOCTPYKTYPHLIX Hceae108a-
puit 06pa3loB OTOGPAHHBIX H3 MECTOPOX/CHHH IPUPOIHBIX rp;jubuTOB U ce-
MHrpaduTOB, PAacCPelOTOUCHHBIX B NOPOAAX H3 pasubix (anuil pernoHaJib-
110T0 M KOHTaKTHOrO MeTamophuama.

OciioBHOM npo6JaeMoil, KoTopash H3y4aaach B sToi#l paboTe, Oblia PEHHTCP-
npeTanusi CylulecTBYIOIHX KOHILENIIHH, KacaOLUHXCsl MPUCYTCTBHST POMOGOIL-
PHYECKOH MOAM(UKALHH B CTPYKType rpagura. KccaeioBanus BeJanch MO
nerony [le6ue-Illeppep-Tanna ¢ TmpUMCHEHHEM GUIbMOBOH  PErHCTPaLHMH
i CuK, paamanus (MOHOXPOMATop LiF). das ompeaeJeHus: KOJHUeCTBEH-
HOTO y4acTHsi POMOO3ApHUECKOil hasbl Gbld M3Gpanbl anaud (100) u (101)
— rekKcaroHaJjbHble H (10——‘;) — pomGosnpuueckas. MHTeHCHBHOCTD JIMH U

H3Mepsiach MPH MOMOIM MHKpodoTOMeTpa Io6cona. Ilpu paccuérax co-
Jlepkaiiust poMGO3ApHUECKOl (asbl YUHTHIBAIHUCH CTPYKTYPHbBIA, MOJsIpH3a-
nnonHsil JIopenua 1 TemmnepaTypHbiil GakToOpbl; B TO K€ BpEMsi He yUHTDbI-
BaJsica (akTop 00COPOUMM B CBS3H C TEM, YTO BEJHYHHLL yIJIOB © nJs maoc-

xocrein (100) wu (}10:3—) oueHb Gau3kH. He yuurhBasicsi ToxKe (Qakrop

OTBETCBEHHBIH MO OPHEHTHPOBKE ILIOCAOCTEM (hkl), mak Kak HaOmojpalach
Ha OJMHAKOBO MPHTOTOBJEHHBIX AeOHOrpaMMax pasHbix o6pasuoB rpagura
MOBTOPSEMOCTb MHTEHCHBHOCTH Juuuit (h2 + hk + k%) u 1%

Ha ocHOBe MpoBeIéHHbIX HCCJIEe0BAHUHA MOXKHO KOHCTATHPOBATh, UTO CO-
jepikanne pomMO03ApHYECKOil (pa3bl ouenb pasHoobpasHo. CyleCTBYIOT 3a-
BHCHMOCTH MEX/y cojepxKanueM poM6oafpuueckoin daspl ¥ (Gopmon npH-
DOJHBIX I'PaduTOB, UX MOP(ONOTHICCKHMH XapaKTepucTukamu. Pesysbrathl
DACCUETOB M W3MEepeHHH cojepxKanus poMO03ApHuecKoi (asbl MOATBEPKIA-
0T B 11eJiOM MCCJIeJlOBAHHS POBEJEHHbIE TIPH MOMOIUM HEATPOHHOrpaduyec-
koit Texnukn (Kseuuncka, Kaizap, 1975).

Conepxanne poM6o3apuueckoil $hasbl Bo3pacTaer Mo Mepe yMeHbIeHHS
BeJJHYMHBI 38pH (KpUCTaan0B) rpadura U ¢ yMeHbIIEHHEeM CTeeHd MeTaMop-
dusMa okpyKaomux nopod. B cemurpadurax u rpapurax ¢ KpUnTo- U MHU-
KPOKPHCTAJJIHUECKUM CTPOEHHEM KOJHMYECTBO POMOO03IApPHUECKOH (asbl Aoc-
ruraer 35%. Ha crosib Goabluoe KoanuecTBo $asbl R MOMKET BJIMATh YaCTHU-
Hasl HeYNOPsI/I0UeHHOCTb PelETKH (yuyacTHe TYpOOCTpaTHUECKON CTPYKTYPbL),
B CBA3M C ueM TOYHOe ompejesenne hasbl R BCerla CB3aHO ¢ HEKOTOPOil
OMHOKOH.

“Ko.nnqe"cmo pomObo3/ipuueckoil. MojaubHUKaUMH B TpaduTax C MOJHON
TPEXMEPHON YNOPSIIOYEHHOCTBIO CTPYKTYPHl KosieGaercss oT okoJo 28 mo 3%.
HeznaunreanbHoe conepxkanue dasbl R, KOTopoe ObLIO OTOXKAECTBIEHO B 60JIb-
IHX MaKPOKPHCTAJIAX MPHPOAHBIX IpaUTOB, NPUBENO aBTOPA K paciiupe-
HHIO DEHTTeHOBCKHX HcC/e/loBaHui. MoHOKpPHCTa/IBI H3YYaIUCh B Mpelec-
CHOHHOM KaMepe i B Kamepe BeficcenGepra. B MoHOKpuCTa/I1ax H3 MeCTopo-
xneunit B Cpu Jlanka (Lleitnon), Tukonmepora, ITaccaBa, Bouarapus
u Kenusi, OpueHTHPOBAHHBIX BAOJb OCEll a U ¢, OCBEllaeMbIX B 11.')a3HbIX oye-

PeIbIX TOYKaX IIOBEPXHOCTEH, He H : z
p abyiofaucy pedexcol (10 3—) u (10;)_
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BLIBOJL CHeJaHHbIH HA OCHOBE ITHX HCCJENOBAHUH — ONHO3HAUHBIHA: MPHCYT-
cTBHE poMO03ApHUECKOil (a3l B MOHOKPUCTaJIAX rpaduTa, He3aBUCUMO OT
UX TIPOHCXOXK/EHHUsI, OUeHb He3HaUMTeNbHOE. 7

IIpoBeaénybIe HCC/IeJ0BaHNsl He MPOTHBOPEYAT MHEHHSM, UTO pomO0o31-
puueckast (asa TepMHUECKH HeCTaOHJIbHA, M UTO BO3HHKAET OHA H3-32
MeXaHHYEeCKOH aepopMaluy PeméTKH, KOTopasi MPOUCXOUT BO BpeMsi BO3-
pacTaHusi OCHOBHON IreKCaroHaJbHOH CTPYKTYPBL.

OBbJICHEHHUS K ®PUTYPAM

2
®ur. 1. Pacnpenenenne pedaexcos (/00)H (10*{) R u (101)H nokasaHHOe JJisl HECKOJBKHX
XapaKTepHCTHUECKHX 00pasiloB

TIponeHTHOEe cojaepzKaHHe poMGo3ApHUecKoil (asbl u HOMepa o6pa3nos 0GO3HAYEH:l HA KaKnoit
KPHBO#

dur. 2. 3aBHCHMOCTb MKy COJepKaHueM pOMGONPHUECKOH (pasbl a CTENEHBIO MEeTaMop-
¢dusma (mo knaccuduxauun Bunkiepa, 1974)
X — cojiepkanue poMGosapuyeckoli dasbl TO JKe caMmbl, 4TO B TaGauue 2

dur. 3. 3aBHCHMOCTh MEXy cOjlepXKaHHeM pOMGOeLpHuecKOHd ¢pasbl a BEJIHYHHOH KpHCTa-
J0B rpadura
Homepa oGpasioB To ke caMmbl, UTo B Tabauue 1



