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Ab'stract Diﬁfer'ential thermal ‘analysis was applied to determine the nature
of alterations taking place within various forms of ‘elemental cdrbon dispersed  in
metamorphic rocks. The results thus obtained were used to trace the course of the
transformation -process :of disordered . phases occurring -in- the final carbonification

stage (meta-anthracite, semi-graphite or natural coke) into. the ordered ones (gra-

phites). Moreover, detailed studies of exothermal effects of products of regional and
thermal metamorphism were used ‘in order to estimate the metambrphic ' facies of
graphite ‘bearing rocks. The temperature ranges of maxima of exothermal, effects
depend on the metamorphic grade: of the host .rocks, corresponding to 380—740°C for
thermal (contact) metamorphism, 500—640°C for greenschists, 640—800°C for amphi-

bolite facies, and above 800°C for granulitic ones.

INTRODUCTION

The thermal properties of coals, carbonaceous matter, coalified and gra-
phitized phytoclasts, and natural’graphites have frequently been publi-
shed by numerous authors. DTA curves of various coals, their lithotypes,
and macerals ‘were described by Van Krevelen (1961), Schultze (1974),
Swaine (1968) and others. In the case of bituminous coals, the thermal
offects are mainly endothermic, except the reaction between 440 and
550°C, which is probably connected ‘with the condensation of aromatic
structures. Systematic work on the thermal behaviour of graphitic sub-

stances differing in metamorphic grade has been done by Mackles et al.
(1953), Hamilton et al. (1970), Diessel and Offler (1973, 1975), Bliuman et al.
(1974), and f.obzowa (1975). The results.of these studies, though not con-
troversial, are not always reproducible and are difficult to compare. The
discrepancies, however, in the data.are: mainly due to:the differences be-
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tween the types of thermographic techniques used (vacuum and conven-
tional DTA).

Apart from real thermal effects characteristic of the materials exami-
ned, there often occur apparent maxima resulting from anisotropic pro-
perties of graphitic substances or other features. In Diessel and Offler’s
opinion (1973) exothermal reactions caused by the burning of the carbona-
ceous matter or oxidation of the graphite are sometimes preceded by small
endothermal effects. Besides, possible changes of thermal effects can be
caused by mineral inclusions occurring in primary samples. These inclu-
sions, if present in sufficient amounts, can catalyse thermal reactions
proceeding in graphite (Materials, 1971).

EXPERIMENTAL

Carbon and graphite bearing samples examined by the present authors
represent the following geochemical environments and different conti-
nents:

a. coal beds subjected to contact (thermal) metamorphism,

b. metamorphic rocks from various regional metamorphic facies (green-
schist, amphibolite, granulite),

c. natural graphite deposits.

Samples for differential thermal analyses were prepared by applying
the same procedure to avoid perceptible influences of particle (crystal) size.
The specimens were ground using a dry agate mortar until a grain size
below 0.5 mm was obtained. Samples weighting 400 mg were placed in
platinum crucibles. Aluminium oxide was used as a thermally inert sub-
stance. Its thermal study was carried out using a Hungarian derivatograph
in an air atmosphere within the temperature range 20 — 1000°C. The hea-
ting rate was 10 — 12°C per minute and the subsequent analytical condi-
tions were: DTA — 1/15, DTG — 1/30, and TG — 100. The results are
shown in figs. 1 and 2.

As follows from the DTA curves obtained, there appear distinct exo-
thermal effects in the range between 380° and 860°C. These effects are
due to the burning process of graphitic substances which at a given tem-
perature does not proceed simultaneously in the whole sample. The resi-
stance to oxidation was not identical in all specimens. It should be empha-
sized that the graphitic matter dispersed in regionally metamorphosed
rocks was not extracted from the rock. The present authors wanted to find

whether even a small amount of graphitic substance (a few per cent),

disseminated in the rock would give a visible exothermic reaction. The

exothermic peaks originating from pyrite, quartz and others were, of
course, neglected.

RESULTS

Correlation analysis of thermal curves for samples representing three

different geochemical environments (a, b, and c) lead to the following con-
clusions.
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a. Examination of the
products of contact (thermal)
metamorphism (Fig. 1, Tab.
1) shows gradual displace-
ment of the maxima of exo-
thermal effects in the range
from 380°C to 640°C concer-
dant with structural evolu-
tion toward graphite. This
phenomenon is best observed
in the range 540°—640°C.

Moreover, the change of form,

shape, and width of peaks on
thermal curves is noted, con-
firming a slow and gradual
transformation of the structu-
re of carbonaceous matter.
Considering graphitization as
a kinetic process, i.e. depen-
ding on time, we have to in-
terpret the observed exten-
tion of the temperature range
of burning of coal as the re-
sult’ of structural ordering of
graphite. It is obvious that
more time and energy is
needed for thermal destruc-
tion of a more perfect struc-
ture. This phenomenon ref-
lects an increasing perfection
of crystallinity of carbona-
ceous material in metamorp-
hic rocks.
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DTA curves for products of contact

(thermal) metamorphism. (Sample references in
Table 1)

Products of contact (thermal) metamorphism

Locality

No Sample
1 semi-graphite
82 meta-anthracite
119 natural coke
83 semi-graphite
81 semi-graphite
4 graphite

Czywezyn, USSR
Dunbartonshire, Great

Britain

Watbrzych, Poland
Hurlford, Great Britain
Craigman-Pit, Great

Britain

Pinerolo, Italy

Maximum of exother-
mic peak at tempera-
ture °C

Table 1

380
380
540
570
600

640
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b. Inspection of graphitic
substances dispersed in rocks
of different regional meta-
morphic facies confirmed the
observed phenomenon of dis-
placement of temperature of
the exothermic (combustion)
reaction occurring in graphi-
tes with  increasing meta-
morphic grade. The observed
maxima of exothermal effects
for samples shown in table 2,
representing. individual fac-
ies, correspond to temperatu-
res intermediate between
those reported by Diessel and
Offler (1973, 1975) and by
Bliuman et al. (1974) and
N _ F.obzowa (1975). These maxi-
: : ma for graphite-bearing rocks
of different metamorphic fac-
ies are as follows: : o

1) greenschist facies: .

0 640°G, .0
2) amphibolite facies:
i..640 — 800°C,

3). granulite facies: above
800°C (Fig: 2).

Much' less definite -is-the
correlation between thé ini-
tial and final temperature’ of
: . iy ' . exothermal effects and® the
. Bt :

200 300 400 500 600 700 800 900 1000°C gi%ﬁzrggéinlgégd%t (I)Sf 0;111;
Fig. 2. DTA curves for graphitic substances from observed that, in general, the
regionally metamorphosed rocks. (Sample refe- initial temperatures increase

TEnCS il _with the higher metamorphic
grade of the host rock.

c. All the examined graphite samples from Sri Lanka and Madagascar,
deposits display. constant values of maxima of exothermal effect (850—*i
860°C), irrespective of their different genetic relations (Fig. 2, samples
61, 7, 61a). It is supposed that in these graphites the process of ideal three-
_dimensional ordering of crystallites was accomplished. Internal transfor-
mation of disordered phases ‘into crystallographically perfect ones was
completed earler. This opinion results from X-ray study (Kwiecinska 1974).

s -

~_CONCLUSIONS e :
: i

In general, from all thermographic studies it was found that predomi-
‘nant exothermic peaks, in graphitic substances from different grade con-
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Table 2
.MgFamqrph?c 'rocks with dispersed graphitic substance (regional metamorphism)
2 _ : S : Maximum of
Faciesl No Sariple R, Yiodatith exothermic peak
2 J 4 g at temperature
LS5
[ TR | i = G160 10 e PEST e
97 | carbonate l Czerwienczyce, Poland - * 4~:D30
- 54 marble (dark va- | ‘Przeworno, Poland i ) : 586
2 riety) ‘ DI
g | 98 | phyllite Wojborz, Poland Hyl e bty
o | 99 quartzitic schist | Pustkéw Wilczkowski, Poland ’ - 660
(3 88 graphitic slate Dirnham Quarries Dunkeld, 660
Great Britain
95 | graphitic quart- | Stronie Slaskie, Poland 670
zite
49 .| gneiss minuti Gran Paradiso, Italy 700
= 89 | graphitic schist Portsoy, Banffshire, Great Bri- : 700
E (RGP A L Rin=s p AN Lo Akl
8 100 | graphitic=sericite | :Mioty, Poland "% =+ - - 700
_a schist
g 16 graphite ore Witostowice, Poland 740
< 5la | quartzitic-sericite] Wzgérze Buk, Lower Silesia, 800
" schist. Poland :
Sv lerbly _graphite /Sri Lanka (Ceylon) , - - . : * . 850
= 1.7, .| graphite. . ;. Madagascar ; v b 860
; g 6la | graphite A | Bogala mine (Sri Lanka) -, - 860
) v S * 1 P ! |

tact-and regional metamorphic rocks, move towards higher temperatures
with increasing metamorphic grade of the host rocks.No measurable dif-
ferences in thermal effects' were noted for the pure graphites, regardless
of the source.” = ! = widel (3] i {aslonie
In our opinion, the DTA method, because of :ease of application can be
used ‘as a simple criterion for assessing even small amounts (a few per
cent) of organic-substance dispersed iin- metamorphic rocks. The quantita-
tive interpretation of* thermal curves, however, seems to be a-very difficult
problem: - } 1 oa 20 BE
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BADANIA TERMICZNE SUBSTANCJI GRAFITOWYCH
ZE SKAL METAMORFICZNYCH'

Streszczenie

Poshuzono sie metodg termicznej analizy réznicowej w celu wykazania
obecnosci substancji organicznej rozproszonej w skatach metamorficznych.
Zarejestrowano zmiany wystepujace w obrebie réznorodnych form pier-
wiastkowego wegla. Wyniki badan termicznych wykorzystano w celu ujaw-
nienia transformacji faz nieuporzagdkowanych wystepujgcych w koncowym
szeregu uweglenia (meta-antracyt, semi-grafit, koks naturalny) w formy
uporzadkowane strukturalnie (grafity). Badajac produkty przeobrazenia
kontaktowego (termicznego) i regionalnego dokonano rowniez proby odczy-
tania facji metamorfizmu skat grafitonosnych, na podstawie analizy mak-
siméw efektow egzotermicznych.

Stwierdzono, ze w substancjach grafitowych wystepujacych w réznych
strefach metamorfizmu kontaktowego i regiondlnego, glowne maksima
reakcji egzotermicznych przesuwajg sie w kierunku wyzszych temperatur
wraz ze wzrostem stopnia metamorfizmu skal meaucierzystych. Maksima te
ksztaltujg sie odpowiednio: dla produktow metamorfizmu kontaktowego
w zakresie temperatur: 380 — 640°C, dla facji zielencowej w 500 — 640°C,
dla facji amfibolitowej w 640 — 800°C i dla facji granulitowej w tempera-
turze powyzej 800°C. W probkach grafitow naturalnych pochodzgcych ze

zl('_)i Sri Lanka i Madagaskar nie zaobserwowano réznic w efektach ter-
micznych.

OBJASNIENIA FIGUR

Fig. 1. Krzywe DTA produktéw metamorfizmu kontaktow j
zamieszczona w tabeli 1) g

Fig. 2. Krzywe DTA substancji grafitow i
S ych rozproszonych w skalach metamorficz-
nych (Numeracja probek zamieszczona w tabeli 2)
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bap6apa KBEIIHHHCKA, Baodsumen [TAPAXOHSK

TEPMUYECKUE UCCIENOBAHHUSA T’PA®UTOBOIO BEUECTBA
U3 METAMOP®HYECKHX MOPON

Peswome

C 1eablo JAOKa3aHUs MPUCYTCTBHS OPTaHHUECKOrO BelLleCTBa pacCesiHHOro
2 MeTaMop(pHUECKHX TMOPoAax Obl/ HCIONb30BAH METOJ nudbdepeHHaNbHOr A
TepMHUECKOro ananua. ®HKCHPOBAHb HU3MEHEHHSI BBICTYNaeMble B Ipejesie
B pasJuYHbIX POPMaxX 3J1€MEHTAPHOr0 Yris. PesyabTaThl TEDMHUCCKHX HCC/Ie-
JOBAHMIl MCIOJB30BAHO Uil 0OHApYKeHHs: TpaHCHOpMAaLHH HEYHOpAL0UeH-
HbIX (has3, BCTPEUAIOLIMXCsl B KOHEUHOM pALY yriaeduKauun (MeTa-aHTpauur,

“foayrpaduT, NPHPOAHbIA KOKC) B CTPYKTYpPHO-yNopsiioueHHbIe GopMbl (rpa-

¢ut). M3yyas npoayKThl KOHTAKTHOrO (T€PMHUECKOr0) H PErHOHAJBHOrO H3-
MEHEeHUs!, HA OCHOBAHHH MAKCHMYMOB 3K30METPHUECKHX 3(PDEKTOB CAenaHo
NOMBITKY ONMpeeuTb Gaunu MeraMopdusma rpaGuTOHOCHBIX MOPOA.

OGHapyxeHo, uTo B rpadUTOBOM BEILECTBE, BCTPEYAIOWHMCs B pasHbix
30HAX KOHTAKTHOTO M PErHOHaJbHOro MeraMopuama, riaBHble MaKCHMYMLI
IK30METPHUECKHX PeaKIliii CMEIaloTCsi B HaNpaBJeHHH BRICIIHX TEMNEPATYD
OJIHOBpPEMEHHO C YBeJHYEeHHEeM CTereHH MeTaMopdpuamMa HCXOAHBIX MOPOJL.
DTH MAKCUMYMbl TIPEACTABJSIOTCS CIEAYIOLHM 06pasoM: st IPOAYKTOB KOH-
TAKTHOrO MeTaMop(hu3Ma B HHTEpBaJe TeMIeparyp: 380 — 640°C, s dari
senenpix caanuen 500 — 640°C, misi aMpnOoIUTOBON (aluu 640 — 800°C
1 LIS TPaHyJIHTOBOM (haly B TeMIepaTypax CBbILIE 800°C. B obpasuax npu-
POLHBIX I'paUTOB mectopoxaennit Cpu Aanka u Manarackapa pacxox/AeHus
B TepMHYecKHX 3pdekTax He HaG/IIONANUCD.

OBBSICHEHHS K ®PHUTYPAM

®ur. 1. Kpusbie DTA NPOAYKTOB KOHTaKTHOrO meramopdusma (Hymepauus o0pasuos yka-
3ana B Ta6m. 1)
®ur. 2. Kpupbie DTA rpapuTOBOrO BEUIECTBA pACCEAHHOTO B MeTamMop(pHUeCKHX TOPHBIX MO-
ponax (Hymepaums 06pasuos ykasana B Taba. 2)
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