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.APPENDIX 1. .THE Em9T OF BATE OF HEAttNq qN TIiE 

OfTIgM, flWERTIES OF VITRIltT1ji§ 



(a) Low-rank vitri¥j;e (oarbon • 80,Cih Sat) 

(i) lnsh (Plate 3a)a dark grey, mostly struotureless 

oolllmte, but with Dome partioles exhibiting oellular struoture; 

a little sporinite and also soma streaks of semitusinite are 

present I isotropio. 

(ii) 400°0 (Plate 5aJ. greyish white, angular, development 

of small va.ouoles of about 1um to 3um diameter With 3um vaouoles 

mainly present in the oarbonised residue at the fast rate of 

heating, sporini te is still present, but has lost original dark 

brown oolour, beooming light brown. isotropio. 

greyish white, a.ngular, development ot 

vesioles ot 2.5 to 2~um, the size of the vaouoles inoreasing 

vi th rate of heating; oomplete disappearance ot sporini te I 

isotropio. 

(iv) 50d' .. S150C (nates 6 to 8ah white, anaular partioles 

at 1°C/min am well rounded at 60o
C/min; at the fast rate of 

heating partioles oonsist ot a thiok rim and a network of thin­

walled vaouoles (Plate 880); the size of vaouoles varies, but 

generally increases with rise of heating rate from 2.jum to 

50 ·um diameter; this vi trim te at the slow rate of heating 

does not plastioally deform,retaining original angular form 

of its partioles, but at the fast rate of heating the partioles 

beoome plastio and rounded. isotropio. 
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still angular at 1
0

C/min, but riddled by small vaouoles (about 

° 2.5 um diameter); at 10 C/min the particles are plastioally 

deformed, but still some of the partioles keep their angular 

sha.pe and do not develop vaouoles, even at 700°0, although 

they have a puf'£y appearance; at the fast rate of heating, 

particles develop typical 'cenosphere t appearance (Newell and 

Sinnat 1924 and street !1.i!.t. 1969)' partially weakly 

anisotropio at 10 C/min, weakly anisotropic at 10°C and 

60°C/min. 

(vi) 759:950°0 (Plat9s 6 to Bdh crea.Il\Y white to orealD¥ 

yellow at 1
0
0/min with partioles slightly rounded, vesioulated, 

slightly swollen and with a PJ,f-ry appearance; partioles at 

1000/min are vesiculated and rounded and show a high relief 

typioal of fusinite; at 60oC/min partioles are swollen and 

the thin frame is broken in ma.tl3' places, ~e to volatile 

release (Plate Bd) J the partioles are very weakly anisotropio 

a.t the slow ra.te of heating, but at the 1000/min they develop 

partial strong a.ni90tropy in the vicinity of vaouoles, but 

otherwise are W8~ anisotropio, anisotropy inoreases at 

60
o
C/min and small partioles develop strong basio amsotropy 

and. in general partioles displ~ strain ani sot ropy. 

(i) D:Jsh (Plate ,3bh medium to lie,ht grey, uniform, 

struotureless vitrinite With partioles occasionally contaminated 

by sporini te, and azl8U.lar partioles of inertini te and pyrite 

2 



globules, no cellular structure visible I very weakly anisotropio. 

(ii) 400°0 (Plate 5b)s grey to greyish-white, angular, but 

slightly rounded at 10oC/min and 600 C/min; sporinite still 

present, but has lost its original dark oolour, some streaks 

of mertini te also present s isotropio. 

(iii) 450°C (Plates 9 to_11a,) I greyish white, non-coherent, 

but rounded; vesioulated isotropio residues at 10 0/min; 

° ooherent, vesioulated residue softened at 10 C/min, disappearance 

of sporinites development of partial fine-grain mosaio in 

partioles, but some still isotropio; the isotropio partioles 

are oemented together by a fine-grained mosaio I partially 

anisotropic. 

(iv) 500°_515°0 (Plates 9 to 11b)s white, semi-coke shows 

rounded and vesioulated partioles at 10 C/min around 500°C, 

but develops ooherent, fused, vesioulated residue at 550°0 

and 575°0; at 10° and 60oC/min the residues are coherent t 

vesiculated; the oa.!'bon:i.sed produots at 10 C/min develop a 

partial fine-grained mosaio, but the majority of partiol&s 

develop very weak non-granular basio anisotropy; at 100 C/m1n, 

semi-coke shows flow-lines in the vicinity of vaouoles and 

develops fine-to modium-grained mosaio (Plate 10b), but at 

600 0/m1n the residue consists mainly of ooarso-grained and/ 

or flow type mosaios I intensi ty of anisotropy incroases with 

the temperature and ra.te of heating. 
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Cv) 600
0 
-70o'}C (Plates..t2 to 100 an..a.JU,1 white-oroamy 

yellow, sof'tened, coherent, fused semi-cokej the oarbonised 

residue oonsists of El. fine-grained mosaio at 1oC/min (Plate 

12ah fine emjor medium-grain mosaio at 10
0

C/min (Pltl.te 13a.) 

and medium-grained to flow-type texture at 60
0

C/min (Plate 14b) J 

largo domains of anisotropio areas developed at 600 C/min 

(Plates 50 a. and b) with also typical nomatic structure of 

'pl~es a noyea.u.x' (see Hartshome and stuart 1910) I intensity 

of a,1.'lisotropy inoreases with temperature and rate of heating. 

coherent, fused, V8sioulated ooke; the mosaic struoture at 

1
0

C/min consists of fine-grained mosaio with even some partioles 

without granularity; at 100 C/min a strong granular aniaotropy 

develops of fine to coarse-grain (Plate 16), at 600 C/min the 

residue shows strong preferred orientation (Plate 17) with 

strong 'pleoohroism'. 

(0) Low-rank ooking oOal vitrinite (ca;.:,b.oll • 87,9?g daf) 

(i) Fresh (Plate JO')1 light grey, homogeneous but some 

miorospores and/or fragments of inertinite; no oellular 

struoture present under oroased polare a slightly anisotropio. 

(11) 400°C (Plate ,,50)' light grey, non-ooherent, angular 

residue. development of vesioles of!ito.2Cuo diameter, the 

eize of vesioles inorea.sing with the heating rate; sporinite 

still present a isotropio. 
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(iii) 450°0 (Plates • ..1$_t,,9 ,20a) I greJish white, semi-angular 

to rounded butnon0Ohe'l'ent residues a.t 1°0; ooherent residue 

a.t 10°C and 600 0/min; development of partial fine-grained 

mosaic structure in residue carbonised at all heating rates t 

but some particles still isotropic I the isotropic particles 

o.ro oemented together by fine-grained mosaio texture; isotropic 

spherical bodies of up to 20 um diameter present in residue 

oarbonised at the rate of 100e/min (Plate 47a). 

(iv) .500°-575°0 (Pleat.es 18 to 20b) I white to oreaII\Y white, 

nOn-<)oherent, residue at 1°0/min but softened and coherent 

residues at 100 0/min and 600 0/min; at 550°C, p.,nicles 

oarbonised at ,oe/min become rounded and agglomerated with 

granular mosaio texture of units of about 1 um diameter; non-

vesioulatedj the carbonised residues are ooherent and vesiculated 

at 10
0
0/min and 60

0
0/min, with mosaio textures consisting of 

fine and/or mediwn-grained texture a.t 100 0/min and medium-grained 

to fiOMype at 60
0

0/min; the spherioal bodies of up to 10(' um 

diameter present in :tasiiulls oarbonised at 500°0 at the ra.te of 

10
0

0/min (Plate 47b) J the residue at 600e/min develops high 

relief and largo vaouoles of about 10C urn diameter and also 

ey.hibits strong preferred orientation with inorease of 

tempera.ture; laege domains of hienly anisotropio material 

° present a.t 550 e. anisotropio. 

Cv) 900°_700°0 (Plates, 21 to 23a at\.d b.ll whito-cre~ whito, 

softened, ooherent rosidue at all three hoating rates, inorease 
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in amount and size of vosiculation with incrJase of temperature 

a.t 1°C/min (Plate 210.) o.nd the mosaio texture oonsisting mainly 

of fino-gra.:i.ned and mosc.io toxturos; the oarbonised residue at 

100 C/min develops high relief and olso exhibits large domains of 

anisotropio ma.terial (Plate 51b) whioh show regular anisotropy 

and mo.inly oonsist of fine to medium-grained mosaio texture; a.t 

600
C/min the carbonised residue oonsists ~nly of coarse-grained 

<md/or flow-type mosaio texture; also large domains of anisotropic 

material are present (Plates 510. and c) I somi-coke shows strong 

partihl. wsotropy. 

(vi) 150°::9200C (P1.a;,t .. o,!3 24to 26)1 cre~ white to ore~; 

6 

the carbonised residue a.t 1°0/min develops vesicula.tion and consists 

of mainly fine and/or medium granular mosaic showing strong and 

regular anisotropy with increase of temperature; at 100 0/min the 

ooke is swollen and consists of difforent types of mosaic 

texture, but fine ~or medium-grained oosaios are predocinnnt; 

mosaio structures within different areas develop simlar optical 

extinetions with ul".duloAe extinotion present, the carbonised 

residue is cracked, vesioul~ted and swollen at 60oC/min and 

different types of' mosaic textures are presem; the granular 

mosaics align themselves parallel to each other at the peripheries 

of va.cuoles (Pla.te 26) indioa.ting extensive ordering of' molecular 

structure. 

(1) Ji.lgsh {Plate 3dlt pale grey, homogeneous, but seme 



partioles have sporinite end inertinite oonto.r.dnation; no 

oellular struoture visible under orossed polars; weakly 

anisotropio. 

(ii) .4.00°0 (Pla.te 5<u't greyish-whlte, angular; no signifioant 

morphologioal differencos between the residues produoed at the 

three different rates of heating at this temperature level. 

development of vesicules of 2.5 to ).-um diO,lJeter. indioating 

beginning of sottening; sporini te still 'present, but in some 

partioles is depolymerised and has lost its original dark 

brownish-grey oolour to light brownish-greyJ isotropio. 

(ii1) 4500e (flates 27.t.Q. 28a);a groyish-white to white, 

vesioula.ted, disa.ppearanoe of sporinite; non-ooherent residues 

at 1°0, 10°0 and 600C/min; aI; 10 0/min the relddue develops a 

granular mosaio and partial anisotropy, but soDa partioles are 

still isotropio; at 10°0 and 600 0/rrdn the oarbonised residue 

develops granular mosaio of fine to medi~"Tain, but the 

intensity of anisotropy varies for different partioles; 

oarbpmosed resodies at 600 0/m1n exhibit plant-cell struoture 

(Plate 51a.), isotropio. 

(iv) 500°-515°0 (Plates 2l t-0 29b)s white, non-ooherent, 

non-vesioulated at 10 0/min; ooherent, fused, vesiou1i?ted 

residuea a.t 10°0 and 60oC/min; residue develops fine-grained 

mosaio and oooasionally oedium-grained at 1
0

C/min, wheroQ.S at 

1000/min a.t 500°C spherioaJ. bodies of up to appronmntely 

160 U:1 acrosS (Plates 48 and 49) develop; small spherioal 
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bodies show 'pleochroism extinction', e.g. a dark bar moves 

across the surface of the boqy (Plate 48); spherical bodies 

exhibit the poles and normally the smaller bodies are attached 

to larger spherical bodies (Plate 49a), mosaic structure of 

modium-grained, flow-type also form in carbonised residues at 

0 6 0 I. 0 10 C and 0 C,min at about 550-515 Of development of flow-lines 

001. in the vicinity of vacuoles at 10 C and 60 C,min; development 

of nucleated domains in residues carbonised at 60
o
C/min (Plates 

52a and 53a and b); carbonised residues also exhibit plant-cell 

structures (Plates 55, 56a and 57b and c) which show fino-grained 

mosaic structure, but the cellular structures have lost their 

original shape and have flowed in the vicinity of vacuoles at 

600 0/min (Plate 51b); granular anisotropy, with the intensity 

of anisotropy increasing with rise of temperature and rate of 

heating. 

(v) 6 ° ° ( QQ -7QO Orlat~s 30 to 32Q QAd b). white to cre~ white, 

non-coherent, non-vesiculated at 1
o
C/min but coherent, cracked, 

fused and vesicul~tp.d ~t 1o
o
C/min and 6000/min; the carbonised 

residue mainly develops granular mosaic at 1oC/min, but at 

10
o
C/min shows medium-grained to flow-type mosaic textures 

(Plates 31a and b), whereas at 60oC/min, the mosaic structure 

mainly consists of coarse-grained and/or flow-type textures 

(Plates 32 a and b); large anisotropio domains also present in 

residues carbonised at 600 0/min (Plates 52a and b and 530);. 

8 

it appears that the mosaic units are. partially aligned perpendicular 

to the vacuoles (Plate 52b) showing a common orientation; plant­

ceil structures are also present (Plates 55, 56b and 51a). 



anisotropic, with the anisotropy increasing with riso of 

temperature and rate of heating. 

(vi) 7500 
- 950° (Plates 33 to 35)' creamy white to creamy 

o 
at 1 C/min; the oarbonised residue 1s non-ooherent, vesiculated, 

whereas coherent vesiculated cracked coke is produced at 

10
0
C/min and 60

0
C/min, the carbonised residue consists of 

granular mosaic at 1
0C/m1n (Plate 33), but mainly medium to 

coarse-grained mosaic and occasionally flow-t.ype mosaic 

(Plate 34) at 10oC/min and coarse-grained to flow type at 

60
0
C/min (Plate 35); large domains of anisotropic struoture 

present at 10
0
C/min and 60

0
C/min, showing high degree of anis­

otropy (Plate 54); plant struotures still present (Plates 55, 

56a and 58), with the intensity of granular anisotropy in-

oreasing with rising temperature and rate of heating. 

(e) Low-rani anthracitio yitrinite (catP0Q - 93.5% prom') 

(i) fregh (flate 4), greyish white, uniform, structureless 

with some angular-shaped and/or streaks of inertinite and 

occasionally some pyrite inclusionsJ plant structures visible 

under crossed polarsl anisotropic. 

o 0 ( (ii) 550 - 600 OPIAte 36), white-oreamy, uniform, 

struotureless and angular with development of vesicles of 

about 1 to 25um diameter indicating the onset of plastic 

deformation; size of vesioles increases with rise of 

temperature and rate of heating (Plate 360); bandinga 

visible under orossed~olars. anisotropio. 
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development of extensive .. cracking and fracturing at periphery of 

particles at 10°0 and 60
0
0/min (Plates 31 b and. c), vesicles of 

about 2.5 to 25 um diameter, the extent of cracking and fissuring 

and vesicle development increasing with rate of heating and 

temperature, banding more easily visible under crossed polars. 

anisotropic. 

(iv) 750° - 950°0 (Plates 38 to 41), creamy-yellow, yellow, 

puff,y appearance, cracked, fractured and vesiculated; extent 

and size of vesicles and fissuring increase with increase in 

heating rate anJ rise of temperature (Plate 38) and at 60
0
0/min 

particles are riddled with vesicles of 2.5 to 25 um diameter up 
o 

to about 900 0 when the amount of small vesiculation is reduced 

(Plates 39, 40), under crossed polara some particlus exhibit 

granular structure (Plate 41a), also banding visible with 

inertinites recognisable by the local high reflectance of 

surrounding vitrinite, which also exhibits a high degree of 

anisotropy (Plate 41c); cutinite present showing a higher degree 

of anisotropy than surrounding vitrinite (Plat~41b and c), 

anisotropic, the intensity of anisotropy increasing with 

temperature and rate of heating. 

(f) High-rank anthracitic vitrin?.je (carbon = 94.~) 

(1) Fresh (Plate 4 -LL greyish white, uniform, structureless, 

streaks or angular fragments of inertinite, banding visible under 

crossed polarsl strongly anisotropio. 
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(ii) 550° - 690°9 (plate 42), white to cre~, development 

of fractures and limited vesiculation of about 2.5 um diameter, 

carbonised residu6s at three rates of heating essentially similar 

to one another and to the fresh vitriniteJ banding visible 

(Plate 42a) under crossed polarsJ megaspore structure (Plate 

42b) clearing displayed, inertinite also present (Plate 42a). 

anisotropio. 

6 00 
(i11) 25 - 700 C (Plate 4}) I creamy to cre~ white, high 

relief, development of vesicles of about 2.5 to 25 um diameter-

which is more common at the slowest rate of heating but the 

number of vesicles is limited; particles at 60oC/min develop 

a system of fracture under crossed polars, the banding is ver.y 

clearly visible (Plate 43b and c). anisotropic. 

(iv) 
o 0 

150 - 959 C (Plate 44 to 46), cre~ yellow, puff,y 

appearance, angular, vesiculated (2.5 to 25 um diameter), only 

at 60
o
C/min do particles develop a system of fractures, kcutinite 

(Platos-44b and 45b), megaspore (Plate 45c) and inertinites are 

present, anisotropy ib stronger at the peripher,r of inertinite 

(Plate 44c); three types of microlithotype can be recognised, 

vitrinite, clarite and durite (Plate 44), at 10oC/min, some 

particles exhibit fine granular material (Plate 45d) as well as at 

the peripher.y of inertinites; bandings still visible under 

crossed polars and apparently the anisotropy of fine bands of 

vitrinites in some particles is increased. anisotropiC. 
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Plate 3 Fresh vitrinite, plane-polarised light, x 190 

(a) low-r&llk bi tuminoUB (carbon = 80. a% daf) 

(b) caking-coal (carbon = 85.4~ daf) 

(c) low-r&llk coldng-coal (carbon = 87.Cf1, daf) 

(d) high-rank coking-coal (carbon = 90.~ daf) 



( c ) 



Plate 4 Fresh vitrinite, j 190 

(a) low-rank anthracitic (carbon = 93.5% dmmf) 
(i) plane-polarised 

(11) crossed polars 

(b) high-rank anthracitic (carbon = 94.2% dmmf) 
(1) plane-polarised 

(11) crossed polars 



(a) (i) (a) (ij ) 

(b) (i) (b) (ii) 



Fig 5 Vitrinites of bituminous-rank carbonised at 400°c 
plane-polarised light, x 180 

(a) low-rank (carbon = 80.0% daf) 

(b) caking (carbon = 85.4% <laf) 

(c) low-rank coking (carbon = 81.9% daf) 

(d) high-rank coking (carbon = 90.CJifo daf) 



(b) 

(c) 



Plate 6 Low-rank bituminous vitrinite (carbon = 80.0% daf) 

carbonised at a heating rate of 1
0 0/min, plane-polarised 

light, x 190 

(a) 500°0 

(b) 600°0 

(c) 700°0 

Cd) 800°0 



(c) ( d) 



Plate 7 Low-rank bituminous vitrinite (carbon = 80.0% daf) 

carbonised at a heating rate of 100 0/min, plane-polarised 

light, x 190 

(a) 500°0 

(b) 600°0 

(c) 700°0 

Cd) 800°0 



( a) (b) 

(c) 



Plate 8 Low-rank bituminous vitrinite (carbon = 80.0% daf) 

carbonised at a heating rate of 600 0/min, plane-polarised 

light, x 190 

(a) 500°0 

(b) 600°0 

(c) 700°0 

(d) 800°0 



( a) (b ) 

( c ) 



Plate 9 Caking-coa.1 vitrinite (carbon ::0 85-4% d.a:f) carbonised 

at a heating rate of 1 ° C/min., x 180 

(a) 450°C plane-polarised light 

(b) 500°0 (i) plane-polarised light 

(ii) crossed polars 



( a ) 

(b) (i) 

(b) ( ii ) 



Plate 10 Caking-coal vitrinite (carbon = 85-4% daf) carbonised 

at a heating rate of 100C/min_, .x 185 

(a) 4500C(i) plane-polarised 

(ii) crossed polars 

(b) 5000C(i) plane-polarised 

(ii) crossed polars 



~a) (i) (a) (ii) 

(b) (ii) 



Pla.te 11 Calting-coa.l vitrinite (carbon = 85.4% daf) carbonised 

at a heatill8 rate of 600 0/min., :I: 180 

(a) 450°0 (i) plane-polarised light 

(ii) crossed polars 

(b) 500°0 (i) plane-polarised light 

(ii) crossed polars 



( a ) (ii) 

( b ) ( i ) ( b ) ( ii ) 



Plate 12 Caking-coal vitrinite (carbon = 85.4% dat) carbonised 

at a heating rate of 1°C/min., x 190 

(a) 600°C (i) plane-polarised light 

(ii) croased polare 

(b) 100°C (i) plane-polarised light 

(ii) crossed polare 



(a) (i) (a) (ii) 

Cb ) (i) Cb ) Cii) 



Plate 13 Oaking-coal vitrinite (carbon = 85.4% daf) carbonised 

at a heating ra.te of 10°C/min., x 190 

(a.) 600°0 (i) plane-pola.rised light 

(ii) croBsed pola.rs 

(b) 700°0 (1) plane-pola.rised light 

(11) crossed polars 



(b ) ( i ) (b ) ( ii ) 



Plate 14 Oaking-coal vitrinite (carbon = 85.4% d.a.:f) carbonised 

at a heating rate of 60
0
0/min., x 190 

(a) 600°0 (i) plane-polarised light 

(ii) crossed polars 

(b) 700°0 (i) plane-polarised light 

(ii) crossed polars 



( b ) ( i ) ( b ) ( ii ) 



Plate 15 Caking-coal vitrinite (carbon = 85.4% daf) carbonised 

at 800°C at a heating rate of 1°C/min., x 185 

(i) plane-polarised light 

(ii) crossed polars 



(ii) 



Plate 16 Caking-coal vitrinite (carbon = 85.4% daf) carbonised 

at 800°C at a heating rate of 10°C/min., x 190 

(i) plane-polarised light 

(ii) crossed polars 



Cii ) 



Plate 11 Caking-coal vitrinite (carbon = 85-4% daf) carbonised 

at 800°C at a heating rate of 60°C/mine, z 195 

(i) plane-plarised light 

(11) crossed polars 



(ii) 



Plate 18 Low-rank coking-coal vitrinite (carbon = 87.9% daf) 

carbonised at a heating rate of 1°C/mine, .x 190 

(a)4~~~C(i) 

(ii) 

(b)500oC(i) 

plane-polarised light 
l 

crossed polars 

plane-polarised light 

(ii) crossed polars 



( a) (i ) (a ) (ii) 

(b) ( ii ) 



Plate 19 Low-rank coking-coal vitrinite (carbon .. 81.~ dat) 
carbonised at a heating rate of 100 C/min., %. 190 

(a) 450°C (i) plane-polarised light 

(ii) crossed polars 

(b) 500°C (1) plane-polarised light 

(11) crossed polars 



( a) (i) 

(b) (i) (b) ( ii ) 



Plate 20 Low-rank coking-coal vitrinite (carbon = 87-9% daf) 

carbonised at a heating rate of 60oC/min., x 190 

(a) 450°C (i) plane-polarised light 

(ii) crossed polars 

Cb) 500°C (i) plane-polarised light 

(ii) crossed polars 



( a ) (i) (a} (ii) 

Cb) ( i) Cb) (ii) 



Plate 21 Low-rank coking-coal vitrinite (carbon = 87.9% daf) 

carbonised at a heating rate of 1oC/min., x 180 

(a) 600°C (i) plane-polarised light 

(H) crossed polars 

(b) 700°C (i) plane-polarised light 

(i~ ) crossed polars 



(a) (ii) 

(b) ( ii ) 



Plate 22 Low-rank coking-coal vitrinite (carbon = 87.9% daf) 

carbonised at a heating rate of 10°C/min., x 190 

(a) 600°C (i) plane-polarised light 

(ii) crossed polars 

(b) 700°0 (i) plane-polarised light 

(ii ) crossed polars 



( a) (i) 

( b) ( i ) (b) ( ii) 



Plate 23 Low-rank coking-coal vitrinite (carbon = 87.9% daf) 

carbonised at a heating rate of 60°C/min., x 200 

(a) 600°C (i) plane-polarised light 

(H) crossed polars 

(b) 700°C (i) plane-polarised light 

(H) crossed polars 



(a) (i) (a) (i i) 

(b) (i ) Cb) Cii) 



Plate 24 Low-rank coking-coal vitrinite (carbon = 87.9% daf) 

carbonised at 800°C at a heating rate of 1°C/min., 

x 190 

(i) plane-polarised light 

(ii) crossed polars 



(i) 

Cii ) 



Plate 25 Low-rank coking-coal vitrinite (carbon = 87.9% daf) 

carbonised at 800°C at a heating rate of 100 C!mine, 

x 190 

(i) plane-polarised light 

(ii) crossed polars 



(i) 

(ii ) 



Plate 26 Low-rank coking-coal vitrinite (carbon = 87.9% daf) 

carbonised at 800°C at a heating rate of 60°C/min., 

x 190 

(i) plane-polarised light 

(ii) crossed polars 



(i ) 

( ii) 



Plate 27 High-rank coking-coal vitrinite (carbon = 90.0% daf) 

carbonised at a heating rate of 1°C/min., X 190 

( a) 450°C (i) plane-polarised light 

(ii) crossed polars 

(b) 500°C (i) plane-polarised light 

(ii) crossed polars 



(b ) (i) (b) ( ii) 



Plate 28 High-rank coking-coal vitrinite (carbon = 90.0% daf) 

carbonised at a heating rate of 10°C/min., x 190 

(a) 450°C (i) plane-polarised light 

(ii) crossed polars 

(b) 500°C (i) plane-polarised light 

(u) crossed polars 



(a) (i) (a) (ii) 

(b) (i) Cb) (ii) 



Plate 29 High-rank coki~oal vitrinite (carbon = 90.~ daf) 

carbonised at a heating rate of 600 0/min., .;r-180 

(a) 450°0 (i) plane-polarised light 

(ii) crossed polars 

(b) 500°0 (i) plane-polarised light 

(ii) crossed polars 



(a) (i) (a) (ii) 

Cb) (i) Cb) Cii) 



Plate 30 High-rank coking-coal vitrinite (carbon = 90.0% daf) 

carbonised at a heating rate of 1
0
0/min., x 190 

(a) 600°0 (i) plane-polarised light 

(ii) crossed polars 

(b) 100°0 (i) plane-polarised light 

(ii) crossed polars 



(a) ( i) (a) (ii) 

Cb) Cii) 



Plate 31 High-rank coking coal vitrinite (carbon = 90.0% daf) 

carbonised at a heating rate of 10°C/min., x 190 

(a) 600°C (i) plane-polarised light 

(ii) crossed polars 

(b) 700°C (i) plane-polarised light 

(i1) crossed polars 



(a) (i) (a) (ii) 

( b ) ( i ) Cb) ( ii) 



Plate 32 High-rank coking-coal vitrinite (carbon = 90.0% daf) 

carbonised at a heating rate of 60°C/min., x 200 

(a) 600°C (i) plane-polarised light 

(ii) crossed polars 

(b) 100°C (i) plane-polarised light 

(ii) crossed polars 



(a) (ii) 
\ 

(b) (ii) 



Plate 33 High-rank coking-coal vitrinite (carbon = 90.0% daf) 

carbonised at 800°C at a heating rate of 1°C/mine, 

:x 190 

(i) plane-polarised light 

(ii) crossed polars 



(i) 

CH) 



Plate 34 High-rank coking-coal vi trini t e (carbon = 90.Cf/o daf) 

carbonised at 800°C at a heating rate of 10°C/mine, 

X 190 

(i) plane-polarised light 

(ii) crossed polars 



(i) 

(ii) 



Plate 35 High-rank coking-coal vi trini te (carbon = 90.Cf/o daf) 

carbonised at 800°C at a heating rate of 60°C/mine, 

X 195 

(i) plane-polarised light 

(ii) crossed polars 



( ii) 



Plate 36 Low-rank, anthracitic vitrinite (carbon = 
93.5% dmmf) carbonised at 600°C at different 

heating rates, x 200 

(i) plane-polarised light 

(ii) crossed polars 

(b) 100 C/min crossed polars 

(c) 600 C/min orossed polars 



(a) (i ) (a) (ii) 

(b) (c) 



Plate 37 Low-rank anthracitic vitrinite (carbon = 93.5% dmmf) 

carbonised at 700°C at different heating rates, x 200 

(a) 

(b) 

(c) (i) 

(ii) 

10C/min plane-polarised light 

10
0C/min plane-polarised light 

60
0

C/min plane-polarised light 

60
0

C/min crossed polars 



(b) 

. ~ . .' -. . 
I ' 

• . ' \ '., .-. ' .' J- ' 
:f .. ~· " 

• .J ' ~ ', ' I 
• t ..... . \ . i 

• • 
" ,,' 
' , ' .' 

( c) Cd) 



Plate 38 Low-rank anthracitic vitrinite (carbon = 93-5% dmmf) 

carbonised at BOOoC at different heating rates, plane-

polarised light x 200 

(a) at 1
o

C/min 

(b) at 10
o

C/min 

(c) at 60
0

C/min 



Cb) 



Plate 39 Low-rank, a.nthraci tic vi t"rini te (carbon = 
93.5% dmmf) carbonised at 900°C at different 

heating rates, x 200 

(a) at 1oC/min 

(i) plane-polarised light (ii) crossed polars 

(b) at 10oC/min 

(i) plane-polarised light (ii) crossed polars 



(a) (i) (a) (ii) 

(b) (i) (b) (ii) 



Plate 40 Low-rank anthracitic vitrinite (carbon = 93.5% dmmf) 

carbonised at 900°C at different heating rates, x 200 

(a) at 100 C/min plane-polarised light 

(b) at 60oC/min (i) plane-polarised light 

(ii) crossed polars 



(b ) (H) 



Plate 41 Low-rank, anthraoitic vitrinite (carbon = 
93.5% dmmf) carbonised at different heating 

rates, crossed polars, x 200 

(a) 1oC/min at 950°C showing possible granular 

structure 

(b) 10oC/min at 900°C showing possible highly 

anisotropic material 

(c) 60
o
C/min at 950°C showing possible highly 

anisotropic cutinite 



(a ) 

(b) 

(c ) 



Plate 42 High-rank anthra.citic vitrinite (carbon = 94.2% dmmf) 

carbonised at 600°C at different heating rates, crossed 

polars x 210 

(a) 1oC/min 

(b) 10oC/min, note part of megaspore 

(c) 60oC/min 



Ca) 



Plate 43 High-rank, anthracitic vitrinite (carbon = 
94.~ dmmf) carbonised at 700°C at different 

heating rates, crossed polars x 200 

(a) 1oC/min, note the rounded resinoid-type 

structure 

(b) 10
o
C/min 

(c) 60oC/min 



(a ) 

(c) 
( 



Plate 44 High-rank, anthracitic vitrinite (carbon = 
94.2% dmmf) carbonised at 800°C at a heating 

rate of 600 C/min showing different microlithotype, 

crossed polars x 200 

(a.) Vitrinite 

(b) Clarite - note possible highly 

anisotropic cutinite 

(c) Durite 



(a) 

(b ) 

(c) 



Plate 45 High-rank anthracitic vitrinite (carbon = 94.2% dmmf) 

carbonised at different heating rates, crossed polars 

:x: 21<;) 

(a) 1
0

0!min at 800°0 

(b) 100 0!min at 800°0 showing outini te 

(0 ) 10 C!min at 850°0 showing megaspore 

(d) 100 0!min at 900°0 showing granlilU.r structure 



(a) (b ) 

(c) 



Plate 46 High-rank anthracitic vitrinite (carbon = 94.2% dmmf) 

carbonised at 900°C at different heating rates, crossed 

polars x 200 

(a) 1
0

C/min 

(b) 10
oC/min - note strong granular anisotropy 

(c) 60oC/min 





Plate 47 Development of spherical bodies (mesophaseV in low-rank 

coking-coal vitrinite (carbon = 87.9% daf) x 220 

(a) 450°C plane-polarised light 

(b) 500°C (i) plane-polarised light 

(ii) crossed polars 



Cb) CH ) 



Plate 48 Development of' spherical bodies in high-rank, 

coking coal vitrinite (carbon ~ 90.0% daf) 

carbonised at 5000 0 at a heating rate of' 

10
0
0/min x 200 

(a) spherical bo~ in centre of photograph 

showing extinction 

(i) crossed polars (ii) 45°0 position 

(b) spherical bo~ in ceatre of photograph 

showing extinction cross, 

(i) crossed polars (ii) 45°0 position 



(a) ( i) (a) (ii) 

( b ) (i ) ( b) (ii ) 



Plate 49 Development of spherical bodies in high-rank 

vitrinite (carbon = 90.0% daf) carbonised at 

heating rate of 10oC/min, x 200 

coking-coal 
o 500 C at a 

(a) spherical body showing 'poles'; note the attachment 

of smaller spherical bodies to the larger spherical 

bodies, plane-polarised light. 

(b) spherical bodies showing fine-grainer.l ),Jsaic structure 

and distorted cellular structure; note the attachment 

of smaller spherical bodies to the larger spherical 

bOdies, crossed polars 



.~- 7 



Plate 50 Development of nucleated domains in caking-coal vitrinite 

(carbon = 85-4% daf) carbonised at a heating rate of 

60°C/min x 540 

(a) dOOoC, crossed polars 

(b) 650°C (i) plane-polarised light 

(ii) croBsed polars 



Ca) 

Cb) Ci i) 



Plate 51 Development of nucleated domains in the carbonised 

residues of low-rank, coking-coal vitrinite (carbon 

= 87.9% daf) x 480 

(a) 550°C at a heating rate of 600 C/min showing 

'node' type extinction 

(i) plane-polarised light (ii) crossed polars 

(b) 600°C at a heating rate of 100 C/min, crossed polars 

(c) 600°C at a heating rate of 600 C/min showing a 

helical arrangement, plane-polarised light 



( a) (i) 

( 0 ) 



Plate 52 Development of nucleated domains in a high-rank coking-coal 

vitrinite (carbon = 90.0% daf) carbonised at a heating rate 

of 60oC/min, crossed polars, x 210 

(a) 550°C showing large anisotropic domains and long fibrous 

structure 

(b) 600°C showing the development of long and parallel fibrous 

structure 

(c) 650°C showing a long fibrous structure 



(a ) 

(b) 

( c ) 



Plate 53 Development of nucleated domains in high-rank coking-coal 

vitrinite carbonised at a heating rate of 600 0/min, crossed 

polars t x 540 

(a) 550°0 showing a tyt type node structure 

(b) 575°0 showing a large anisotropic domain 

(c) 650°0 showing tOt type node structure 





Plate 54 Development of nucleated domains in high-rank coking-coal 

vitrinite carbonised at a heating rate of 60oC/min, crossed 

polars, x 540 

(a) 800°C showing a 'U' type node structure 

(b) 900°C showing large anisotropic domains 



Cb) 



Plate 55 Cell-structure in residues of high-rank, coking coal 

vitrinite (carbon = 90.0% daf), carbonised at a 

heating rate of 1°C/mino Not.e the almost 

unchanged cell-structures under crossed polars, 

:x:190 

(a) 500°C 

(b) 600°C 

(c) 700°C 

(d) 800°C 



(a) (b) 

( c ) (d ) 



Plate 56 Cell-structure in residues of high-rank, coking coal 

vitrinite (carbon; 90.0% daf), carbonised at a heating 

rate of 10°C/min. Note the deformation of original 

cell-structures, crossed polars, x210 

(a) 500°C 

(b) 6booc 

(c) 700°C 

(d) 800°C 



( a ) (b) 

( c ) 



Plate 57 Cell-structure in residues of high-rank, coking coal 

vitrinite (carbon = 90.~ daf), carbonised at a heating . 

rate of 60°C/min. Note the almost complete distortion 

of cell-structurest crossed polarst x190 

(a) 450°C 

(b) 500°C 

(c) 550°C 

(d) 600°C 



(c ) 



Plate 58 Cell-structure in residues of high-rank, coking coal 

vitrinite (cavbon = 90.0% daf), carbonised at a heating 

rate of 600C/min, crossed polars, x190 

(a) loooe, showing aJ.most unchanged cell-structure 

(b) 8000e, showing aJ.most completely distorted cell­

structures 



(a) 

Cb) 



,~lXJl. ~ mw&.T pp DIFFERENA .~'l.'I1iq KERlODS 

BMV!.,}>1L'P}f2SInRN mf.~ ON TIIE 

OP'llOAL. . P~ES P?_VJm,.N.I TE.§.a 



(a) Low-rank bituminous vitrinlte (oarbon 77.afo dat) 

(i) Fresh (Plate 59ah dark grey, struotureless vi trini te 

with sporinite, but some inertinite and/or granular miorinite 

oontamination; oooasional vitrinite partioles ezhibit oell 

struoture, isotropio. 

A. 1-16 weeks (Plates 61a and b). dark grey to grey, angular 

12 

partioles with residues beooming brighter with inorease in holding 

time, development of oooasional oracking in partioles, exinite 

st ill present; some partioles exhibit oellular struoture; the 

residues beoome slightly swollen with progressive increase in 

holding time; with some partioles after 16 weeks holding time 

developing narrow rims of slightly higher refleotivity than the 

oent ra1 zone ( oxidati on rims?); sporini t e present in the rim keeps 

its origi.nal dark oolourl isotropio. 

B. J2 weeks (Plate 610) It grey. angular, slightly oracked, 

miorospores disappearing; oel1 struoture visible in some partioles, 

some partioles exhibit slightly higher refleoting rims I isotropio • 

.A.. 1-16 weeks (Plates 62a and bl. grey to greyish-white, 

angular, development of vosioles of about 2.5 to 10. Urn diometor, 

sporinite loses original dark brownish grey, boooming light 



brlMlish grey end finally disappearing with progressive increase 

in holding time' isotropio. 

B. 32 weeks (Plate 620). greyish white, angular to suba.rLC?;L1.13,r 

with development of long lentioul~ha.ped vo.ouoles, up to 10 'UO 

diameter in some partioles, due to devolatilisation of sporinite; 

disappearonoe of sporinitea isotropio. 

(b) Low-ra,n).s bituminous vitrinite (oarbon • 82,3% !isf) 

13 

(i) Fresh (Plat2 57b). dark grey, mostly struotureless oollinite 

with some sporini te and inertini te oont£lmination; some po.rtioles 

e.xhi bi t mottled o.ppearanoe a isotropio. 

A. 1-16 wieks (Pla.tes 63a Md b). grey, angular, slightly 

ora.oked; sporini te is still present; oell structure visible. 

isotropic. 

B. 32 weeks (Plate 630). light grey, angular, Slightly 

oracked but no vesioles present; oell structure very distinot; 

sporinite beoomes brighter; some vitrinita pa.rtioles develop 

slightly brighter and Wide rims I isotropio. 

A. 1-16 wee (Plates 649. and b). grey to greyish white, 

angular, homogeneous, development of 2.5 to 15 um diameter 

vesioles; sporinite beoomes brighter with progressivo inore.;.se 



in holding time o.nd parliully diso.ppoars et about 16 weeks. 

isotropio. 

:B. 32 weeks (Plate 640h light grey, homogeneous; vitrinite 

partioles beoome slightly subangulo.r, development of vosioles of 

14 

2.5 to 20A-tn diameter; sporinite oompletely diso.ppen.red. isotropio. 

(c) Owns oot;! vitriAite (09&bsn .. 85,4% %if) 

(i) !);esh CPla.te 590), medium to light grey, uniform, struoture-

less vitrinite, with partioles oooasionally oontaminated by sporinito, 

cnd a.ngu.lnr partioles of inerlini te o.nd pyrite globules; no oellulo.r 

struoture visible' very weakly anisotropio. 

A. 1-16 weeks (Plntes 650. OOS b) I grey to light grey; o.ngular; 

partioles oooasionally developing up to 2.5 u m diameter vesioles; 

small pa.rtioles crackod, who re as larger pa.rtioles remain unchanged, 

but with increaso of holding time oven larger partioles becomo 

orooked; at 16 we(;;ks holc!lng time, rims of higher refloctivity 

are developed on poripheries of pa.rticles (oxidation rim?); cell­

structure visible in some particlos; eporinite beoomos brighter 

with length of holding time. weakly anisotropiC. 

B. 32 weoks (Plate 650h greyish white, angular, development 

of vesioles of up to 25.U'm d1amoteri not nmn;y :fraotureeJ eporinite 

beoomes even brighter. weakly anisotropio. 



(i11) 350~C 

A. 1-16 weeks (Plates 660.)¥lA b) I grey to greyish white, 

Slightly subangular; development of vesioles of up to 25 Utl 

diameter, the size and amount of vesioles inoreusing with length 

of holding time; oomplete diso.ppeo.ranoe of sporinite and long 

but small oval shaped vacuoles developed duo to devolo.tiliso.tion 

of sporiniteJ weakly anisotropio. 

B. 32 weeks (Plato 660h greyish white, angular to rounded 

po.rtioles; the rounded partioles dovelop large oentral vo.cuoles 

of up to 50 UIJ diameter; slight inorease in intonai ty of 

a.n1sotropy. 

Cd) Low-rank. coking ooal vitrinite (cg.rbon • 87.9% d..at.l 

(i) F£esh (,rllJ.tq, 594) I light-grey, homogeneous but some 

miorosporos IJ1id/ or fragment s of Llertini te; no cellular structure 

present under crossed polarsJ slightly anisotropic. 

(11) 150~C 

15 

A. 1-16 weolcs (Plates 670. Ollf\; b)!. light grey, angular pa.rticlas; 

development of vesicles of up to 5 uo diameter, particularly at 

IaOOeraJ. boulld.o.ries; particles fro.ctured; sporinite loses original 

brownish gray colour and is partially devolo.tilised, devoloping 

lenticular vo.cuolesl anisotropiC. 

B. 32 w2e.ks (Plate 670)' greyish, white, angular. few 

vacuoles present with only slight fracturing; further brightol1ing 
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of and disc.ppoo.rc.noo of sporinito: anisotropio. 

A. 1-16..wocks (Plates 680. e.nd b). greyish whito, angulm-, 

homogeneous; oooasional dovolopuont of fruotures, seall vesioles 

of a.bout 2.5 um J,ia.noter after 4 weeks holding tioe; clisa.ppoc.ro.:nco 

of sporini to: anisotropio. 

B. 32 weoks (Plo.te 680): greyish whito to whito, ru'lgUlr..ri 

oocplotoly roundod partioles; vesioles of cbout 5 um dia.notor ~o 

ooccon; bending visible under orossod polnrs; dovolopnont of 

pnrtial fine-grainod lJoso.io texture' o.nisotropio. 

(e) HiQ!-ronk ooking ooal vij .. Ij.nito (oa.rbon • 90.0% dr-:t; 

(i) Fresh (Plate 60a): pc~o-grey, houogeneous, but sone pa.rticlos 

oontamiootod by sporini to and inortini to; no oollulo.r stI'ltctura 

visible, evon under orossed polora: weakly anisotropic. 

A. 1",:,16 wc.eks (Pla.tes 69a cnd bJ .. ! greyish whi to, u.ngulnr, 

frcctured, with oooasional vesicles of a.bout 2.5 um dio.cetor; spor­

inite develops sijJilar refleotivity to that of surrounding vitrinito 

e.nd d!sappea.rs with progressive inoroo.se in holding tice: anisotropio. 

B. 32 woe~ (Plato 690)' greyish white, angular, slightly 

fractured, with oooo.sional vesiclos of up to ; um dir.J:lator; 

appearanoo of sporinito' anisotropio. 

dis-



homogeneous, occasional developuent of fractures, small vesicleo 

of 2.5 um. diaQOter a.f'ter four weeks' holding time, but development 

of larger vesicles of a.bout 50 Urn after 16 weeks; bO. particles 

develop narrow rims of slightly higher reflectivity (oxida.tion 

rim?); disa.ppearanoe of sporinitos anisotropio. 

B. 32 weeks, (Plate 700)1 greyish white to white, angular. 

17 

oomplotely rounded partioles, vesicles of about 5 vm diameter oommon; 

banding visible under crossed polcrs, development of particl fine-

grained mosaio texturel anisotropio. 

(i) Fresh (Plo..te60b) I .greyish whito, uniform, structu.roless; 

streDks or angula.r fragment s of inertini te; bo..nding visible undor 

orossed polo.rs S strongly anisotropio. 

1-32 week,s. (Plates 7180 a.l\<Lbll greyish white, angul[',l', 

no morphologiocl cho.ngos a.pparent with samples essentially sir.1i.lo.r 

to fresh lIilth±ac1tel strongly anisotropic. 

1-32 wooks (P~etes 1280 9fVil.bl' (r.l'Oyish white, angulc-.r 

development of systOLl of fro.cturing in partioles, banding visible' 

strongly onisotropio. 



Plate 59 Fresh vitrinite, plane-polarised light, x 190 

(a) sub-bituminous (carbon = 17.0% daf) 

(b) low-rank bituminous (carbon = 82.3% daf) 

(c) caking ooaJ. (oarbon = 85.4% d.a.f) 

(d) low-rank ooking ooal (carbon = 87.9% daf) 



( a) 

Cc ) 



Fig 60 Fresh vit~inite, x185 
I 

(a) high-rank, coking coal (carbon = 90.0% daf), 

plane-polarised light 

(b) anthracitic (carbon = 94.2% dmmf), 

(i) plane-polarised light 

(ii) crossed polars 



Ca) 

Cb) ( i) 

Cb) ( ii) 



Plate 61 Sub-bituminous vitrinite (carbon = 17.~ daf) 

heated at 150°C, plane-polarised light, x 190 

(a) 1 week 

(b) 16 weeks 

(c) (i) & (ii) 32 weeks 



(a) (b) 

(c ) ( i ) ( c) (ii ) 



Plate 62 Sub-bituminous vitrinite (carbon = 71.0% da£) 

heated at 350°0, plane-polarised light, x 180 

(a) 1 week 

(b) 16 weeks 

(c) 32 weeks 



(c) 



Plate 63 Low-rank bituminous vitrinite (carbon =82.3% daf) 

heated at 150°0, plane-polarised light, x 190 

(a) 1 week 

(b) 16 weeks 

(c) (i) & (ii) 32.weeks 



( a ) (b) 

(c ) (i ) ( c ) (ii) 



Plate 64 Low-rank bituminous vitrinite (carbon = 82.3% daf) 

heated at 350°C, plane-polarised light, x 180 

(a) 1 week 

(b) 16 weeks 

(c) 32 weeks 





Plate 65 Caking coal vitrinite (carbon = 85.4% daf) heated 

at 150°0, plane-polarised light, x 180 

(a) 1 week 

(b) 16 weeks 

(c) 32 weeks 





Plate 66 Caking coal vitrinite (carbon = 85.4% daf) heated 

at 350°c, plane-polarised lightx x 180 

(a) 1 week 

(b) 16 weeks 

(c) 32 weeks 



(b) 

(c) 



Plate 67 Low-ra.nk,coking coal vitrinite (carbon = 87.9% daf) 
heated at 150°0, plane-polarised light, x 180 

(a) 1 week 

(b) 16 weeks 

(c) 32 weeks 



Cc) 



Plate 68 Low-rank, coking coal vitrinite (carbon = 81.9% daf) 
o 

heated at 350 e, x 185 

(a) 1 week, poane-polarised light 

(b) 16 weeks, plane-polarised light 

(c) 32 weeks, 

(i) plane-polarised light 

(ii) crossed polars 



( a) (b) 

( c) ( i ) 
( c) (ii) 



Plate 69 High-rank, coking coal vitrinite (carbon = 90.0% daf) 

heated at 150°C, plane-$lolarised light, x 190 

(a) 1 week 

(b) 16 weeks 

(c) 32 weeks 





Plate 70 High-rank coking coal. vitrinite (carbon = 90.~ daf) 
heated at 350°0, x 185 

(a) 1 week, plane-polarised light 

(b) 16 weeks, plane-polarised light 

(c) 32 weeks 

(i) plane-polarised light 

(ii) crossed polars 



( a) 

( c ) (i) 
{ 

(b) 

(c) (ii) 



Plate 11 Anthracitio vitrinite (oarbon = 94.2~ dmmf) heated 
o 

at 150 Ct x 190 

(a) 1 week (i) plane-polarised light (ii) crossed polars 

(a) 32 weeks(i) plane-polarised light (ii) crossed polars 



(a) (i) (a) (ii) 

(b) (i) ( b ) (ii ) 



Plate 72 Anthracitic vitrinite (carbon = 94-2% dmmf), 
o 

heated at 350 C, x190 

(a) 1 week (i) plar~polarised light 

(ii) crossed polars 

(b) 32 weeks (i) plane-polarised light 

(ii) crossed polars 



(b) (i) (b) (ii) 
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(a) ~x-tpnk sporinite (sporinitel 9a£bon • 83.0% dA') 

(i) ~esh (Plate 73a), dark brown, l~rge sporinite p~rticles 

of o~ 30um diamet6r with reddish-brown colour; some particles are 

oontaminated by inertinite and/or vitrinitel isotropio. 

(11) similar to fresh sporinite but slight 

inore~se in refleotanoe. 

(iii) 1;g00 (Plate 7lb)' coherent, vesioul~ted, oraoked; sporinite 

melts and develops a greyish brown residuel isotropic. 

(iv) 450°0 (P1Qte 730)' yellowish white, ooherent, vesioulated 

with development of ver,y fine-grained mosaic te~ture. anisotropic 

(v) 4150 - 575°0 (Plato 14A) I white, creamy white, ooherent', 

vesiculated; fine-grained mosaic texturel anisotropic. 

(Vi) 6QOo - 7QOoO 'flates 74b and 75a)1 creamy white, coherent, 

vesiculated; oraoked residue showing fine-grained mosaio. anisotropio. 

o ° ( (Vii) 150 - 950 OPIQte§ 15R and 16). oreamy white to yellowish 

white, ooherent, vesioulated, cracked; residue shows fine-grained 

mosaio texture; mosaio units exhibit oommon orientation. anisotropic 

(i) ~esh (PlQte 11~)1 brownish grey, sporinite particles contam-

inated by inertinite and/or vitrinite. isotropic. 

(H) 4Q,O°q (P13te Tlb), light brown .. Boftened, ooherent, cracked 

and vesiculated residue; inertinite oontamination shows yellow~Bh-

white colour. isotropio. 
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(11i) 450°0 (Pl.r;.t.Q. 710h white, ooherent with development of 

large vaouoles; fine to mediwa-gro.1ned IJOso.io texturel anisotropic. 

(iv) m°=S15°0 (PlAte 180.)' white, oohoront, with developmunt 

of largo vaouolos of o.bout 100u fm; fino to modiUJ:Uo-blTainod tlosclo 

toxturos and oooo.siono.l ooarso-grcinod mosaio at peripherios of 

Vo.cuOlosl anisotropio. 

oohorent, with dovelopment of vaouoles of varied eJi zes ; the 

nu.mber of small vtloOUoles of 00. 5 U1ll! dic.oeter increases; at ot'. 

615° 0 the somple is riddled with suoh vo.ouoles; mainly fine to 

mediwa-grained mosoio tenure, but oot'.rsO-g'ra.1ned mosrJ.o olso 

present. 

() ° 0 ( vi 150 -950 OPlo.tQS 7gb and 8.00. pAd bh oreamy-whito, 

oohorent, showing strong pleoohroism and dovelopment of lo.rge 

voouoles; olso socil vaouoles of co. 2.5uo 1iameter; fine to 

modiwn-grained moso.1c, but amount of cOnI'se-grained mosaic o.t 

peripheries of voouul~.;; inol'eo.aes; oocree-grained mosaic displD3B 

flow-type pattern; mosaic units show COL1I:lon orientation. 



Plate 13 Fresh and carbonised residues of sporinite from 

low-rank. bituminous coal (sporini te : carbon = 
83.0% daf), x 195 

(a.) fresh sporinite, plane-polarised light 

(b) 400°0, plane-polarised light 

(c) 450°0, (i) plane-polarised light 

(ii) crossed polars 



( a) (b) 

( c ) ( i ) (c ) (h ) 



Plate 14 Sporinite from low-ra:nk bituminous ooal (sporiniteS 

carbon • 83.~ daf) carbonised at x1)5 

(a) 500°0 (i) plane-polarised light 

(ii) orossed polars 

(b) 600°0 (i) plane-polarised light 

(ii) orossed polars 



(a) (i) (a) (ii) 

(b) (i) (b) (ii ) 



Plate 75 Sporinite from low-rank bituminous coal (spori~te: 

carbon = 83.0% daf) carbonised at x195 

(a) 100°C (i) plane-polarised light 

(ii) crossed polars 

(b) 800°0 (i) plane-polarised light 

(ii) crossed polars 



(a) (i) ( a ) (ii ) 

(b) (i) (b) (ii) 



Plate 76 Sporinite from low-rank bitundnous coal (sporinite: 

carbon = 83.0% daf), carbonised at 900oC, x 190 

(i) plane-polarised light 

(ii) crossed polars 



(i) 

(ii ) 



Plate 77 Fresh and carbonised residues of sporini te from 

medium-rank, bituminous coal (sporinite: carbon 

= 87.1~ daf), carbonised at x195 

(a) fresh, plane-polarised light 

(b) 400°C, plane-polarised light 

(c) 450°C (i) plane-polarised light 

(ii) crossed polars 



(a) (b) 

(c) ( i ) ( c ) (ii) 



Plate 78 Medium-rank sporinite (carbon = 87.1% daf) carbonised 

at x580 

(a) 500°0 (i) plane-polarised light (ii) crossed polars 

(b) 600°0 (i) plane-polarised light (ii) crossed polars 



(a) (i) 

~~~rn 

(b) (i) (b) (ii) 



Plate 19 Sporinite from medium-rank coal (sporinite~ carbon 

= 87.1~ daf) carbonised at x580 

(a) 700°0, crossed polars 

(b) 750°0, crossed polars 

(c) 800°0, (i) plane-polarised light 

(ii) crossed polars 



( a.) (b) 

( c) (i) ( c) (ii ) 



Plate 80 Sporinite from medium-rank coal Csporinite: carbon 

= 87.1% daf) carbonised at x560 

Ca) 850°0, crossed polars 

(b) 900°0, crossed polars 



(a) 

(b) 



AfE.liPJ! IV. OP'n,CAA r'!p'PERWS OF ... ~sm 1.D:xtYRES 

OF Sf,'ORlRI.r;rES 4JID U7~\;rJiIm .OF DI1i1ER!jlNT 

lWiK·. 
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(i) Frcoh Vitrinito (Plc.tc 8k.): dark c;re:! ;.mnly structureless 

oolinite, but so~e particles exhibit cvll structurel isotropic. 

(ii) 1,0000' non-ooherent, residuos r individual partiolos 

of sporinito r:Wl/or vitrinite essontially siIJilar to fresh 

maoerals, except beooming slightly brighteN isotropio. 

(iii) A.,OOoO (P).o.to ,~lb}1 ooherent, vesioulatod, oracked 

residue; vitrinite partioles (light-groy) oeoented to one 

Dnother by so:f'tened sporinite residue. vitrinite develops 

vesicles of oa 5}-Jm diatletor; softened sporini te foros greyish 

to brown homogeneous pitoh in sooe ('.reas, but OOIJmonly sporinito 

heavily contooin...,\ted by inortinite; inertinite shows highcr 

reflectivity; vitrinite partioles retain original rmgulo.r sha.pe, 

only beooming slightly subangu.lo.:rl both IllUoorals isotropio. 

(iv) 45,0°0 'RIO:.,t.e, ~l,oh ooherent, vesiculated; the vitrinito 

keeps originci angular identity, developing vesioles frequently 

up to 15 um diameter, isotropio light grey vi trini tes oer.lentod 

to one another by anisotropio, yellowish white sporitiJite; lorgo 

irregular vocuoles develop from sporinitc, the irregularity duo 

to the position of vitrinite partioles in the mixturo, sporinite 

develops fine-grained mosaio structure. 

(v) 500°=515°0 'Ela.te 82a)s ooherent sporinite (yellowisll 

whit~ shows gronulnr structure, whoreas vitrinite (whitish-groy) 



displ~s a homogeneous surface, developing vesicles of up to 

15 u m diametera large irregular voouoles develop in sporinite, 

sporinite residues ore fine-grained and anisotropic, whereas 

vi trini te particles retain their originnl ~n.r shape and are 

isotropio; differentiation between the two residues beoomes 

inoreasing~ difficult under polurised light with rise of 

tempClrature. 

(iv) 
o 0 

600 -100 C (Plates 8ib f.!Bd c, 832)' oreamy white, 

ooherent; vesiculated isotropio particles develop smo.ll vacuoles 

up to 5 um diameter; vi trim te still reto.ins original angular 

shape With partioles oemented to one another by granular sporinite. 

(vii) 
o 0 

750 -950 C (Plates 83b t~d 84). ooherent vesiculated 

vitrinite (c~-white) still shows original angular shape eIld/ 

or beoomes slightly sub~a.r; ococ.sionol development of vc.cuoles 

of up to 5 Um diameter, whereas sporinite residue (yellowish-white) 

shows g&nUl~ mosaio; vitrinite only slight~ anisotropio. 

vitrinite; no oellular structure visible. wenkly anisotropio. 

(ii) 400°C (Plate 85b). sottened' ooherent, vesioulated and 

oracked residue, with vitrinite (light grey) and sporinite (dark 

21 

grey) softened, sporimte forms isotropic pitch which cements 

vitrinite particles together, development of vacuoles in sporinite, 

neither vitrinite nor sporinite develop granular mosaio struoture. 

:isotropio. 
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(iii) 450°0 (Pl~te 85c), coherent, vesiculated residue; both 

vitrinite and sporinite develop granular IJosoio texture; sporimte 

shows fine to medium-grained mosaio texture, vi trini te only a. very 

fine-grained mosaic and even some partioles isotropio, some iso-

tropio vi trini te interaots with sporini te end develops a fine-

grained mosaio at peripheries of partioles; size of granular 

IJosoic un1 ts deoreases from sporini te towards vi trini tee 

(iv) 500
0_575°0 (Plate 86a)1 ooherent residue with vacuoles 

up to 80um diameter; vitrinite develops white to orenIl\Y 

homo~neous appea.r£ll1ceJ still partially isotropio. where~ 

eporinite (yellowish-white to ore~-white) develops fine to 

mediura-gra.ined mosoio ond is anisotropio a small partioles of 

vitrinite develop fine granular mosaio and are anisotropio. 

(v) 6000_700
0
0 (Plates 86b and c), coherent vesiculated residue; 

interaction between sporinite and vitrin1te inorea.ses. but isotropic 

vitrinite still present; some vitr,inite particles lose origincl. 

Mgular shape and are oompletely converted to fine granular mosclo 

to produoe a homogeneous reSidue with surrounding sporinite; degree 

of a.n1sotropy of vi trini te residue is loss than that of sporini to; 

some vitrinite shows strong anisotropy at vacuole peripheries; 

interaction between sporinite and vitrin1te becomes greater with 

increase of tempera.ture. 

(vi) 1500-950°0 (Pla.tes 81 to 89)' coherent vesioles up to 

20 um diameter; vitrinite (creamy-yellow to oreamy-white) mdnly 

develops small vaouoles of up to 5 um dinmeter, but oocasional 



vi trini te partioles keep their origincl. identity, remoinine; 

partially isotropio, olthough mujority of pa.rtioles ore 

granular end develop strong anisotropy; intensity of anisotropy 

and size of granular mosaio deoreases from sporinite towards 

vitrinite, interaction between vitrinite c.nd sporinite inoreases 

with tempera.turE) and the number of vi trini te partioles showing 

o granular a.n1sotropy inoreases ra.pidly at about 850 C with the 

anisotropy of vitrinite approaching that of spurinite; the 

intensity of anisotropy ot some vi trini te partioles increases 

without developing mosaio texture, but the majority of vitrinite 

partioles develop granular mosaio and high anisotropy. 
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Plate 81 Fresh vitrinite and mixture of sporinite and 

vi trini te from l:;w-rank bituminous coal 

(vitrinite: carbon = 79.6% daf), carbonised 

at x195 

(a) fresh vi trinite, plane-polarised light 

(b) 400°C, plane-polarised light 

(c) 450°C, (i) ~lane-polarised light 

(ii) crossed polars 



( c ) ( i ) (c ) ( ii ) 



Plate 82 Mixture of sporini te and vi trini te from low-rank 

bituminous coal (vitrinite: carbon = 79.6% daf) 

carbonised at x195 

(a) 500°0 (i) plane-polarised light 

(ii) crossed polars 

(b) 600°0 (i) plane-polarised light 

(ii) crossed polars 



( a. ) ( i) 
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( a) (ii) 

Cb) Cii ) 



Plate 83 Mixture of sporinite and vitrinite from low-rank 

bi tuminous coal (vi trini te: carbon = 19.6% da.f), 

carbonised at x195 

(a) 100°0 (i) plane-polarised light 

(ii) crossed polars 

(b) 800°0 (i) plane-polarised light 

(ii) crossed polars 



(a) (i) (a) (ii ) 

(b) (ii) 



Plate 84 Mixture of sporini te and vi trini te from low-rank 

bituminous coaJ. (vi trini te: carbon 0::: 79.6% da.f'), 

carbonised at 90ooe, x195 

(i) plane-polarised light 

(1i) orossed polars 



(i) 
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(ii ) 



Plate 85 Fresh vitrinite and mixture of sporinite and 

vitrinite from medium-rank bituminous coal 
I 

(vitrinite: carbon = 86.6% daf), x195 

(a) fresh vitrinite, plane-polarised light 

(b) 400°C, plane-polarised light 

(c) 450°C, (i) plane-polarised light 

(ii) crossed polars 



( a ) (b) 

( c ) (i) (c ) (ii ) 



Plate 86 Mixture of sporinite and vitrinite from medium­

rank bituminous coal (vi trini te: carbon = 86.6% 

daf), carbonised at x530 

(a) 500°C, crossed polars 

(b) 600°C, crossed polars 

(c) 700°C, (i) plane-polarised light 

(ii) crossed polars 



(a) (b) 

(c) (i) (c ) (H) 



Plate 87 Mixture of spD;l7.i.nite and vitrinite from medium­

rank bituminous coal (vitrinite: carbon = 86.6% 

d.af'), carbonised at x570 

(a) 750°0 (i) plane-polarised light 

(ii) crossed polars 

(b) 800°0 (i) plane-polarised light 

(ii) crossed polars 



(a) (i) 

' .. 
. ' .. . "' .. , ~., . 

(b ) (i) 

. .. 

4 

'" 

(a) (ii) 

',. 



Plate 88 Mixture of' sporini te and vitrini te f'rom medium­

rank bituminous ooal (vitrinite: oarbon = 86.6% 

dai'), oarbonised at 

(a) 850°C (i) plane-polarised light, x200 

(ii) orossed polars, x200 

crossed polars, x540 



(a )(i) 

Ca ) e:ii) 

(b) 



Plate 89 Mixture of sporini te and vi trini te from medium­

rank bituminous coal (vitrinite: carbon = 86.6% 
daf), carbonised at 950°C, x220 

(i) plane-polarised light 

(ii) crossed polars 



(i) 

(ii ) 



:i\£fliiIWIX V. £>f.Mf#J:IpEERTI.ES OF VJ~mS CARBONISED 
AT })l~ PllS~..YJm.¥J:IGE OF 

~'l!U.W#S .... 
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(a) Low-k,rossure runs 

(i) JOOO psi (Ph.tes 91 anr! 92)1 vitrinite' beoones is:')tropio 

at 00.. 400°0; vitrinite a.nisotropy inorea.ses only slightly to 

° Co lowor level thLlZl toot for fresh vitrinite up to 51"'1') 0; refleotivity 

genorolly rises elso, but vi trini te rerJcins essentially struoturo-

o 0 
loss, between 500 and 550 0 the vi trini te enters the aoftenil'lG 

phase, produoin.,] tlosaio whioh inorea.ses in size to beoome OOL'.rse­

gra.:ined to flow-type l:.t 600
0
0; dovolatilisc.tion, evidonoed by 

o 0 
voauoles, ooours betweon 550 and 600 o. 

(i1) 5000 psi (Plc.tos 93 and 94) I sCJJplos only remuin t.lmost 

isotropio up to 450°0, the refleotivity risin~; decomposition 

o ° ooours between 450 ~d 500 0 with C lloscio developing; by 

500°0 devol~ti1isction has oocurred and tho mosaio struoture groduolly 

beoooes ooarse-6Taincd up to 600°0. 

(b) Rune etartiw) ut 23000 psi (hiBh proSSUl'(j) (PI~tos 95 to 91) 

or1ginw. vi trim to struoture and its an/.:,ular idontity raaintained up 

to 400°0 with slignt rise in ~flectivity (Plate 95a), but devolo.t­

ilisation alreaCy oocurring (see nuoorous sI:U:lll vo.ouolos) and the 

o 0 
vitrinite almost isotropio at 400 e; et 450 0 devvlatilisation is 

Dore severe and a fine-grained mosaio develops; this mosa.i.o d04is 

not inorease muoh in size up to 600°0 £'Jld is IJUoh soaller thc.n in 

either ot the low-pressure runs o.t any po.rticular temporaturo. 
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(0) Runs startinR at 3000 psi 5th risiw" press&e {intennflc1iq,ti 

lGressun>(Platss 98 to 100h vi trini to isotropic at ca.. 350°C 

(14500 psi),becoming only slightly enisotropic at 400°C (18000psi), 

° at 400 C hol.lVY devolatil1sat10n (see voouoles), but vitrinite not 

otherwise affected; by 450°C (22000 psi) masophase develops, 

po.rtially tro.nef'ormed to raosmc \\1111;8 (Plates 98b,99a) mosaic then 

incree.ses a little in size to becoce fine to medium-uTained; with 

ter.1perl.lture rises soce orientation in mosaio which 1s l5I'Oo.tor than 

in runs e1 ther ut hi ghor or 1 ewor pressures; mos;:d 0, however, is 

ooarser at cmy po.rticulo.r temperature thm 1n high prossuro runs. 

(d) Carbonisation et a.tpospherio pressures (Flutes 101 to 102), 

the oarbonised .residues, o.fter beoominB' isotropio, indioativo of 

plastioity, partially develop 0. fine~~o.ined mosaio at 450°C and 

0. fine to cediwa-grained mosmc between 500°C and 600°C, tha 

orienta.tion of mosaio units becoming mora regular with riSing of 

t ompero.ture. 



Plate 91 Coking coal vi trinite (carbon = 87.9% daf), 
carbonised in a 'bomb' under pressure of 3000 psi, 

plane-polarised light, x200 

(a) 350°C 

(b) 400°C 

(c) 450°C 

(d) 500°C 



( a) (b) 

(c) (d) 



Plate 92 Coking coalvitrinite (carbon = 8709% daf), 

carbonised in a 'bomb' under pressure of 3000 

psi, x205 

(a) 550°C (i) plane-polarised light 

(ii) crossed polars 

(b) 600°C (i) plane-polarised light 

(ii) crossed polars 



(a) (ii ) 

(b) (i) 
(b) (ii) 



Plate 93 Coking coal vitrinite (carbon = 87.9% daf), 

carbonised in a 'bomb' UIJder pressure of 5000 

pSi, x200 

° (a) 400 C, plane-polarised light 

(b) 450°c, plane-polarised light 

(c) 500°C, (i) plane-polarised light 

(ii) crossed polars 



( a) (b) 

(c) Ci~ Cc) (ii) 



Plate 94 Coking coal vitrinite (carbon = 81.9% daf), 

carbonised in a 'bomb t under pressure of 5000 

pSi, x200 

(a) 550°0 (i) plane-polarised light 

(ii) crossed polars 

(b) 600°C (i) plane-polarised li ght 

(ii) crossed polars 



( a) (i) (a) (ii) 

(b) ( i ) (b) (U) 



Plate 95 Coking coal vitrinite (carbon = 87.9% daf), 

carbonised in a 'bomb' under high pressure, 

x200 

(a) 400°C (4200Opsi), plane-polarised light 

(b) 450°C (4350Opsi), (i) plane-polarised light 

(ii) crossed polars 



(b) (ii) 



Plate 96 Coking coal vitrinite (carbon :a 81.9% daf), 

carbonised in a ,'bomb' under high pressure, 

x190 

(a) 500°0 (4420Opsi) (i) plane-polarised light 

(ii) crossed polars 

(b) 550°0 (4500Opsi) (i) plane-polarised light 

(ii) crossed polars 



( a) (i) (a) (ii) 

( b ) (i) (b) (ii) 



Plate 97 Coking coal vitrinite (carbon = 87.9% daf), 

carbonised at 600°C in a 'bomb' under high 

pressures (45000 psi), x220 

(i) plane-polarised light 

(ii) crossed polars 



(i) 

(ii ) 



Plate 98 Coking coal vitrinite (carbon = 87.9% daf), 

carbonised in a 'bomb' under intermediate 

pressures 

(a) 400°0 (1800Opsi) plane-polarised light, x205 

(b) 450°C (22000psi) (i) plane-polarised light, x524 

(ii) crossed polars, x524 



(b ) (11) 



Plate 99 Coking coal vitrinite (carbon = 87.9% daf), 

carbonised in a • bomb ' under intermediate 

pressure x200 

(a) 450°C (22000psi) (i) plane-polarised light 

(ii) crossed polars 

(b) 500°C (24500psi) (i) plane-polarised light. 

(ii) crossed polars 



( a) (i) (a) (ii) 

( b) (i) (b) (h) 



Plate 100 Coking coal vitrinite (carbon = 87.9%daf) carbonised 

in a 'bomb' under intermediate pressure, x200 

(a) 550°C (27500psi) (i) plane-polarised light 

(ii) crossed polars 

(b) 600°C (30000psi) (i) plane-polarised light 

(ii) crossed polars 



(a ) (i) (a) (ii) 

(b) (i ) (b) (ii ) 



Plate 101 Coking coal vitrinite (carbon = 87.9% daf) carbonised 

at atmospheric pressure, x185 

(a) 450°C (i) plane-pola·rised light 

(ii) crossed polars 

(b) 500°C (i) plarv:-polarised light 

(H) crossed polars 



(a) (i) (a) (ii) 

(b) (i) 
(b) (ii) 



Plate 102 Coking coal vitrinite (carbon = 87.9% daf) carbonised 

at atmospheric pressure, x190 

(a) 550°0 (i) plane-polarised light 

(ii) crossed pols.rs 

(b) 600°C (i) plane-polarised light 

(ii) crossed polars 



(a) (i) (a) (ii) 

Cb) (i) (b) (ii) 



Nfm}X VI. 21!y.Glw PROPER#'lES OF v;rmlNJ.,TES 'l'RFe4TED 

Aa' moo mv~S. 

1. OPTICAA KI,cJP.S~.rx 
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(i) Fresh {rl.a~te, 103q.h dark gray, mostly struotureless 

oollinite, but with some partioles exhibiting oellular struoture; 

a. little sporinite o.nd o.lso SOIJO streclcs of eemi:ru.s:·.~'lite are 

present I isotropio. 

white, vesioulated; vaouoles up to 7q.\~)m diODoter, sub~'"'Ulo.r, 

rounded and onisotropio residues J dQvolopment of highly-ref'loctinc 

isotropio material with high relief at about 11000 0, the Q,I:lount 

inoreaaing with rise of teLlP6ro.turo to 00. 1250°0, when the 

partioles ore oovered by eo 'shell' of this mo.terial (Plato 

1050.); amount of material decreases with further rise of 

o tempera.ture, \Ultil at 1400 0 the su.mplo oooplotely free I 

onisot ropio. 

vesiou.la.ted. Subflll[,'Ular, rounded rosidues; disllj,)poaranoo of 

highly-refleoting isotropio substanoe; anisotropio with 

intensity of anisotropy increasing with rise of tempera.ture. 

(iv) 44,00°0 (Pl;ate 107h oroarJiY, hOIlogenous, vesioulated, sub­

rounded residue; some partioles show strollff bo.sio 

onisvtrop,y without dovolopment of vesioulo.tionl hiGhly anisotropio. 



(i) Fresh (Plc.te .10,3 b) I light {7eY, hODogonoouB but SODa 

oiorosporo wil/or fra.coents of inertinitof no callulo.r struoturo 

present under orossed polal'sl slightly onisotropio. 

(ii) l,OOOo-14qo..:'.9 • .!.p.lwc.toa 108 and J9ll! oroQLV 'r:1ito, 

vesioulc.ted. orookod rosiduos; fino-GI'e.ined, flow-type moscio 

texture; rr.ronula.r Llosoio dovelops hithly regular oriont~tion 

with development of hiGher level of anisotropy at boundarios 

of p~ioles; anisotropio with intonsity of anisotropy 

dooreasing with riso of tecpora.turo. 

(iii) 15000 - 60000 0 .!,Pla.te 110Lt oroor.v yellow to yellow, 

vesioulated, orooked rasiduos; r.m.1nly fino-grcined DosaiO; 

granulo.r moanio develops OODI!lon oriontr.tion and intonei ty of 

c.n1sotropy deoreo.sos W1. th risil'l(! tOl'lpOrc.turo; surfooos of 

rosiduos not homoGonous, a.ppoo.rine rou[;h o.ftor polishins. 

(iv) 2400°0 (Plo.ts 111), yollow, vosioulo.tod, orookod 

rosidues f residues msplc;v a. 'burnt f appoaranoe; £,'Tonulo.r 

IlOSaiO units aro o.ppc.rently shrunk, resulting in a hotoro£,"Onoous 

eurfooe. anisotropio. 
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(i) Fresh (~l!,-j;..9 10,30)'. groyifJh whito, uniforo. struotureless. 

streaks of cngulc.r fr1J.Gj1onts of inortinito, bonding visiblo under 

orossed polo.re I strol'l(!ly anisotropio. 



(11) 1000° - 1,400.°q,iPl.o.tos 112 t.o.,11/J.I. crocr-\y to cro!lDY 

whi to, subc.ngulo.r, sli[jltly vesioulo.tod; voouoles Alp to 5,.'\0 

climeter; nu.IJber of slUell voouolel3 up to 2.5':am diomoter 

inoroa.sos with riso of tooperaturo to 1250°0 than falls sliGhtly 

with rise of tooporc.ture i portiolos develop porforated ec1cos 

(Plato 11.~) a.t co.. 1300° _ 1400°0 (Plcto114); at 1~0000 soco 

po.rtiolos dovelop smcl.l ;.Jo.tohes of hic;hly-roflecting, high­

relief isotropio raaterioJ.; ooount of isotropio substanoe 

inorea.ses with rise of teoporo.turo oncl et 1200°0 the, pnriiclos 

a.ro ooverod with this substo.nce, roSUltiilg: in an unovon surfo.co 

(seo also Plo.te 113) i thon ooount of isotropio ImltorioJ. 

dooreases with turther rise in tenl)erc.turo, banding visible 

under orossed polc.rsJ anis1tropio with onisotropy inoreasine 

with rise of temporo.turo. 

(ili) 15000 - 2000°0 !,Plo.tos 115C\ roe\. b.l., oroaoy-whito, 

hom05"OllOUS, eubc.ngu.lo.r, orookod, norrqesioulo.tod. but ooco.sionolly 

doveloping vo.cuoles of up to 2.5 "''UIl diometer; diso.ppoaronoo of 

isotropio oatorial i banding visi blo urulor orossed polars; 

anisotropio; anisotropy inoroases with riso of tOLlpero.turo. 

(i v) MQQoO (I?1.~o .11,50) t oroao;y I sube.neulo.r, non-.resioulc.r, 

only slightly orookedl strongly anisotropio. 
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(i) 'Unpolislled sODglos (Plato 1.1§.~'. non-oohoront structuro 

up to 2400°0. 

( ) ° ° ( 1:'. 1000 - 1.40,0 .0P.lso.t"o 116) t poll shod surfo.cos o.t 
o . 

1100 0 show two typos of aron., ono snooth, ono uneven wi th relief. 

surfo.ces haVE) diso.l)peo.rodl botryoidaJ. structuro is evident in 

o~ties of partioles (Plo.te 111b). 

(0) 2400°0 (Pl,glie J \.8)J,l I honoconous surfaoe; botryoidnl 

struoture in oo.vities not visible. 

(i) Unpol.ishod pJ¥Jl.J2los (Pla.tes, 1',2 ffic\ 120) I oohoront 

vesiculatod struoturo up to 2400°0; no botryoido.l struoture 

visible. 

houogenous BUl'fo.ce; botryoidal struoturo ovident in somo 

oo.vities (Plate 121a). 

(b) l~OOo - 2000!0.'('plo.toa 12.l~ end ,,12.2)' vosiouln.tod, 

soooth, hotlogenoue o.ppoo.ranoo; botryoidal struoturos o.ro 



only evident a.t hiGl IllO.[;ni.fica.tion in oavi ties ot residues 

(Plato 122b). 

sacplos at lower tecpero.turos. 

(i) !lJwolishoa. sopJillos (Plato 1W!. non-oohoront structuro 

oven o.t 24000 0. 

~o.) 10000 
- 14o,O~0 (Pla.to 1250.11. two tYl)OS ot surtace a.roo., 

siIJilar to low-ra.nlc vi trini to, evident o.t !'.bout 1100°0. 

(b) 1500° - 2<1.00°0. '.Elo.tes 125b .Ofl~ J2.6rtU,1 disa.ppearanoe 

° ot two typos ot o.roClB at 1500 0; vo.cu.oles with unavon, 

pertora.ted edcos (Plc.to 125b) i uneven od[;os ot tho partioles 

disappear at approxico.tely 1800°0 (Plo.to 126a.). 

(c) 2400°0 (Plo.te 1..?.6b) s pra.cticclly the SaDO IJorphologicru. 

toatures ne at 1800°0 are evident. 
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Plate 103 Fresh vitrinite, :x:190 

(a) low-rank bituminous (carbon = 80.0% daf), 

plane-polarised light 

(b) high-rallk bituminous (carbon = 81.9% daf), 

plane-polarised light 

(c) anthracitic (i) plane-polarised light 

(ii) crossed polars 



( a) (b) 

( c) (i) (c ) (ii ) 



Plate 104 Heat-treated residues of low-rank bituminous 

vitrinite (carbon = 80.0% daf), plane-polarised 

light, x190 

(a) 1100°0 

(b) 1200°0 

(c) 1300°0 

(d) 1400°0 



( a) (b) 

( c) 



Fig 105 Low-rank bituminous vitrinite (carbon = 80.0% 

daf), heat-treated at 1350oC, plane-polarised 

light, 

(i) polished with conventional slow-rotating 
laps, x 190 

(ii) polished with fast-rotating laps, x 470 



(ii ) 



Plate 106 Heat-treated residues of low-rank bituminous 

vitrinite (carbon = 80.0% daf), x185 

(a) 18000 c (i) plane-polarised light 

(11) crossed polars 

(b) 20000 C (i) plane-polarised light 

(ii) crossed polars 



( a) (i) (a ) ( ii) 

(b) (i) (b) (ii) 



Plate 107 Low-rank bituminous vitrinite (carbon = 
80.0% daf) heat-treated at 2400°0, x190 

(i) plane-polarised light 

(ii) crossed polars 



(i) 

(ii ) 



Plate 108 Heat-treated residues of high~ank biuminous 

vitrinite (carbon = 87.9% daf), x190 

(a) 11000 C (i) plane-polarised light 

(ii) crossed polars 

(b) 12000 C (i) plane-polarised light 

(ii) crossed polars 



( a ) (i) ( a) (ii) 

(b) (i .) Cb) ( ii ) 



Plate 109 Heat-treated residues of high-rank bituminous 

vitrinite (carbon = 87.9% daf), x180 

(a) 1300
0 e (i) plane-polarised light 

(ii) crossed polars 

(b) 1400
0 e (i) plane-polarised light 

(H) crossed polars 



(a) (i) (a) (ii) 

(b) (i) Cb ) (ii) 



Fig 110 Heat-treated residues of high-rank bituminous 

vitrinite (carbon = 87-9% daf), x180 

Ca) 18000 C (i) pl~e-polarised light 

(ii) crossed polars 

(b) 20000 C (i) plane.polarised light 

(ii) crossed polars 



(a) (i) (a) (ii) 

(b ) (ii) 



Plate 111 Heat~reated residues of high-rank bituminous 

vitrinite (carbon = 87.9% daf) 

(a) 2400oC, x190 (i) Plane-polarised light 

(ii) crossed polars 

(b) 2400
o

C, x500 (i) plane-polarised light 

crossed polars 



(a) (i) (a) (ii) 

(b) (i) (b) ( ii) 



Plate 112 Heat-treated residues of anthracitic vitrinite 

(carbon = 94.2% dmmf), x190 

(a) 1000
o

C, crossed polars 

(b) 1100oC, (i) plane-polarised light 

(ii) crossed polars 



(b) (i) 

(b) (i i) 



Plate 113 Anthracitic vitrinite (carbon = 94.2% dmmf), 
o heat-treated at 1200 C, plane-polarised light, 

(i) x190 

(ii) x480 



Cii ) 



Plate 114 Heat-treated residues of anthracitic vitrinite 

(carbon = 94.2% dmmf), x190 

(a) 13000 C (i) plane-polarised light 

(ii) crossed polars 

crossed polars 



(a) (ii) 

(b) 



Plate 115 Heat-treated residues of anthracitic vitrinite 

(carbon = 94-2% dmmf), x190 

(a) 1800°0, crossed polars 

(b) 2000°0, crossed polars 

(c) 2400°0, (i) plane-polarised light 

(ii) crossed polars 



( a) (b) 

( c ) (i) (c ) (ii) 



Plate 116 'stereoscan' electronmicrographs of polished 

surfaces of heat-treated low-rank vitrinite 

(carbon = 80.~ da£) 

(a) 11000
C (i) x375 

(H) x1500 

(b) 11000 C (i) x375 

(ii) x1500 



(a) (i) ( a ) (i i) 

(b) (i) (b) (H) 



Plate 117 'Stereoscan' electronmicrographs of polished surfaces 

of heat-treated low-rank bituminous vitrinites 

(carbon = 80.0% daf) 

(a) 15000 C (i) x375 

(ii) x1500 

(b) 18000 C (i) x1540 

(ii) x3800 



(a) (i ) (a) ( ii) 

( b) ( i ) (b) ( ii) 



Plate 118 'Stereoscan' electron micrographs of low-rank 

bituminous vitrinite (carbon = 80.0% daf), 

heat-treated at 2400
0
C 

(i) unpolished surface, x340 

(ii) polished surface, x1540 



(i) 

(ii ) 



Plate 119 'Stereoscan' electronmicrographs of unpolisbed 

surfaces of heat-treated high-rank bituminous 

vitrinite (carbon = 87.9% daf), x72 

(a) 11000 C 

(b) 15000 C 

(c) 18000 c 





Plate 120 'Stereoscan' electronmicrographs of unpolished 

surfaces of heat-treated. high-ra.nk bituminous 

vitrinite (carbon = 81.~ d.a:f), x310 

(a.) 1100
0

C 

(b) 15000 C 

(c) 18000 C 



(a ) 



Plate 121 'Stereoscan' electronmicrographs of polished 

surfaces of heat-treated high-rank bituminous 

vitrinite (carbon = 87-9% daf) 

(a) 11000 C (i) x390 

(ii) x1575 

(c) 15000 C (i) x370 

(H) x1560 



(a) (i) (a ) (ii) 

(b) (i) (b) (ii) 



Plate 122 'Stereoscan' electronndcrographs of polished 

surfaces of high-rank bituminous vitrinite 

(carbon = 81.9% da.:f) heat-treated at 18000 C 

(a) (i) x315 

(ii) x1500 

(b) (i) x315 

(ii) x1500 



( a) (i) ( a ) (ii) 

( b ) (i ) (b) (ii) 



Plate 123 'Stereoscan' electronmicrographs of polished 

surfaces of high-rank bituminous vitrinite 
o 

(carbon = 87.9% daf), heat-treated at 2400 C 

(i) x375 

(ii) x1500 



(ii) 



Plate 124 'stereoscan' electronmicrographs of unpolished 

surfaces of heat-treated anthracitic vitrinite 

(carbon = 94.2% dmmf) 

Ca) 1100oC, x320 

Cb) 1500oC, x330 

(c) 2400oC, x360 





Plate 125 'Stereoscan' electronmicrographs of polished 

surfaces of heat~reated anthracitic vitrinite 

(carbon = 94.2% dmmf) 

o 
(a) 1100 C (i) x370 

(ii) x1470 

(b) 1500
0
C (i) x390 

(ii) x1560 



(a) (i) (a) (ii) 

(b) (i) (b) (ii ) 



Plate 126 'Stereoscan' electronmicrographs of polished 

surface of heat-treated anthracitic vitrinite 

(carbon = 94.2% dmmf) 

Ca) 1800°0 (i) x400 

(ii) x1600 

(b) 2400°0 (i) x390 

(ii) x1560 



(b) (i) (b) (ii) 


