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25.5% (Mianowska, 1957) ¢ & 6.5U . KL &W 135U . E O R 12.5% MR
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{HERRE A LA W . ZE R AR T, HOl S BE 2 8 B 3 A 0 T REAR R, 1986) 5 PYBERN
W R ARIRE A TR AT AR R, W28k . 2% . B8 MEDSEMERF
FFY AR, BRAERTER., EEAFER, HEFAEARNNEFEXEZESA
5%, MEBERAHREHRAIIETSRE, HR.B.HMEYEM, HESHBREERES
YR, EREPBUKRRE, XREREMLE, CRMBPTREENEEAR.

Brooks % (1971, 1972)# AN ER —FRAH PEELREYM/H—FHERHE b
g, XY FERANGRFHEMERZ —. KEMOBFRIER &R RIR AR Za b
A CooHinom158010~a UL, 1984), AP RFEMARELARBKREL, HEH
LROBMA. HEPFZ MM S FRABSAREN L FERNERE, HUEhAKE
AR AP L EFENESRENRR TE, Wi T RS EAmNERE, RE
WAEM IEEHUDN, BERK EREE X, B4 E (G. Erdfman) &2 WA SR & 4R 1Y 15 45
FERAE M, mMBENHRGENTTE. EAERBERELE, TUER &M
MENTBSRZAEX, RRERMBEIFFIZGHABZ P EENHEYIF.

PR USRS IR, B8 Z AT &R TR . A A g B2
RHMIREROWE ., FRUAEH, EVRERTFRPZZHZR N SHBFERE
AT, BREEEMER, XAELESERAFTENMMSREGTHREEN
AL REBEAME  EERN T I HEEL TR ERE S, Bl eEcFmNE
MREBHE AR, AXVURAEER ST LHIAMNE AR, @3 REEIRR, K& R
B TSR M & BT, TR E AR R T 2 R RS54 LB
B 0T T RAEME MMM SBRA R, 12 T gk
BRI R PR R R R AWM. BB T X AR, Aok Xu] DA HEN A 2 A
BEAMEE S EasEmE:.

1 EmEMHSFE
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Fig. 2 Equipment for thermal simulation
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FHEETHRSBEHTL, TRFMATARMEBAR L, SEAHEE 200 HUT,
5B ERNK 5 2, RN ERRAEANBEEREE WA 2 5.

6 HE L B RN R RS SRR 280g 2 60g A%, BILE N 100CE 600C, 50CH
—AKIME, FW 1144, 8MEER 72 /0. RBEMRTEESE, EARRFEHEHE
2, FFE B AR B B E BE SR B RDE, BMABREZ I HiHet, g B HE B
[EEf, ZEMEY, RTREZEBRBHFEKTRES ZZREWERY>D.

HARAHEMBEESERTT, R

WRAEYBEARY, BEXHAHRLRH 100
REE, RRBRBMAKERHETEZ e
T, SEUERHERATRE. 5% 200~ *BRH L
WAHRSR . TREE . AMBR >
WAL, WHESRETRA. 20T 1\ 5
RIS AT i BB AN, b %35 -\ ES
BABRAVIIE , WTEOMER ] \\ ' E
4504 o \a . Foc
TER 28 * o
500 a o\ \ s
2 MMBLLRAHFWE 0] NN T~ |
O 50 100 150 200 250 300 350 400 450 &
2.1 BBHBS G YN E0E 8 PR/
Y 55 27 4\
X LA B B {ED R B Fig. 3 Yields of thermolytic gases
*1 ABRSEAGGMT
Table 1 Data of gas composition produced in simulation
hn iﬁ < * i | #%
g e % % ¥ B
E|l5 . S ic, | W | T
( 'C )[AP C] Cz Ca Cq Cs Cs lC4 lLs le n_C7 ﬁ ﬁ COZ Nz Hz CO
100|ZP, 19.81|70.08| 4.39 5. 72
150 [APyq 28.59/65. 66| 0.51 5. 24
2001AP;y 0.57 79.941 7.51 | 0. 11 {11.87
250|AP,| 3.21 | 0.25 0. 04 0.02 | 0.03 0.15 | 0.05 |92. 31 3.73
300|AP;| 5.85 | 3.78 | 1.00 | 0.24 [ 0.11 | 0.05 [ 0.12 | 0.10 | 0.05 0.37]0.18 |81.75 6. 40

350|AP;3| 5.04 | 2.95|2.08|0.62]|0.23|0.05|0.38]0-24]0.04|0.13|0.15]|0.1583.13}0.99 3.83

400(AP,|14.85( 7.62 [ 4.77 | 1.52 | 0.50 1 0.24 | 0. 60 | 0.34 | 0.12 0.16 | 0.07 [56.19] 1. 17 |11.86

450[APs|20.14) 8.29 1 4.99 [ 1.64 | 0.61 | 0-30 | 0.47 | 0.25 | 0.05 | 0.04 | 0.04 | 0.35 [37.66] 0.59 |24. 62

500(APs|33.77|13.06| 6.94 | 1.07 | 0. 15 0. 60 | 0.07 0.08 [ 0.04 31.20{ 0.10 [12.93

550{AP;{41.90(10.89| 2. 23 | 0.02 0.12 0.01 32.70| 0.85 |11. 28

600|APs|49. 86| 3. 74 29.62| 0.71 |16. 07
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BRGERERIMS, HARELE L,
RGP IERE[E S RE

., XEHMAREWHERMHEL - 100 =

B, HPUCO, MH, HE, §—F8

f CO, N, ERBH RSB, BE

SAEFE 200 CEFHH B =R REA SR ~

B % 400C K 4S0CZ RS b, -
MERME. REURNS RUMEE 3 S

F+ B T W AN, S00CH X P B S M mf
55.77%, Z B XN ZB TR, BRUHR 500-

o MR

T T T T T T
FBEI1Z°€00°288 185 1S6'0€EE"0 I€°0

BLEMERNE AORTH ) B
TABFhHE. Fh 200 CHFmin A, 800 05 30 45 €0 75 %0 105 130 13
SBNN0.57%, BEEAS, Bk WA 2725 (g/0
AR, F 600°CEBWIK 49.86% .,

LA BES B HBLAE 250°CH 300°C, e RREASEEMRN
BB ES SR’ A 450CE 500C, Fig. 4 Yieds of liquid hydrocarbons
2.2 BEHBEE O NS S produced in simulation

MMM A &R — K0, ERBABRPRIENTEBEEFTRNES, F25%
RPN, BRABESHE MK L. S0ERBKYTEREEONE 10.71Z
I&] .

PR B AWK E RGN
AIEMBRY RIS, K= HEmE 4 fr £ BREWSHTEAY
e B 250CH MG L, PR AT Table 2 Analytic data of light hydrocarbons
4.67kg/t, 300CZ JEMHY K, 450C  mnE | #& PAIEA B (%)

EBREHK 66.83ke/t, MEMBEF  EO | K5 | waz | 8% | 05 | =¥ | BE
BN AE TR, %2 AESOEMHAES 250 | AP, | 42.05 | 18.23 | 33.53 | 5.59 | 0.60
R EHA N, E30CAMMESE 300 | AP, | 38.31 | 25.91 | 29.87 |5.19]0.36
B, MEAXAFRITRRMK. RERR 350 | AP | 50.92 | 30.25 | 16.23 | 1.85]0.75
P A HR Y 2 AR R S S S 400 | AP, | 47.62 | 28.61 | 19.55 | 3.85 | 0.42
B, HAMME 3 iR, MEREAEA 450 | APs | 21.96 | 37.38 | 32.61 |7.58|0.41
Bi“A”E R AN EF, 300CiEHE, & 500 | APs | 2.86 | 44.01 | 44.89 | 7.850.39
BEE— 2 FH & I 86 T R, 400CLLJE
THRERE. RMEMFRAHEMNSBERBERSRHERERK.
2.3 FARREET S

MG ERRAYZERARECERA TN, XRELHERMMHRE. X
T EAR I BRI R 5T R EE 3 A 4 O 4R, 300CEAT R, HRMK, AFRBAH
B, HESAMTHUYSHRBE, XTAAHIREBM, EEHDHNREER.
300°CE 450 C HAEMEKEE, 500C U EAKER > HEIE,

BA A iR T BRI A9 B 75 (BRIKZE, 1986; BX1EA, 1986) HHitTie T Hih xRk
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YR, B ENT R R G RRREA, IR RN AT LRI K
TEEMZHE.

R3 ABERFDES ATEER

Table 3 Fraction composition of chloroform “A” from thermolytic residues

hREE | & | ‘ATE “A” & A B OD
© |% 5| SR | wmaer | xR e | HER | WAE
100 APy 3.7083 0. 66 8.49 29. 45 16. 66 55.26
150 APy 5.7348 0.49 8.27 37.93 16.23 62.92
200 APy, 8. 6765 0.44 8.78 45. 80 13. 36 68. 39
250 AP, 9. 4096 1.72 7.53 26. 96 35. 89 72.11
300 AP; 9. 8418 2. 58 4.91 24.51 38.68 70.68
350 AP; 8.0143 7.27 8.57 21. 83 44. 56 82. 24
400 AP,y 0.8410 18. 41 23. 39 23. 81 27. 37 92.98
450 AP; 0. 1387 23.75 26. 25 18.75 15. 00 83.75
500 APs 0. 0653 27.78 25. 00 16.67 11. 11 80. 56
550 AP, 0.0531 38. 09 28. 57 11. 90 16.67 95. 24
600 APy 0. 0379 37. 04 29. 63 7.41 14. 81 88. 89

3 MBS BAERET L

KB R LR BRI EERE IR A, BT R e fEmien, BT REE.
B B A e R R A T IB78 BERE VBRIL %5 — R PIL, ZRAEERSELEERE.
T AR AL B A B R R 5, R B TR AL A RS B 7T 25 B0 0 SF HE 7 b Rk S A
L. MRBIMESTHARTIEREABHMET TRREHKUWE.

x4 BBAREIENEEEL

Table 4 Morphological change of pine pollen during thermal evolution

IR BECC) It 100 150 200 250 300
HRmS SP, AP, APy APu AP, AP
[7N78i 23 SR T TR 5% BFHK s

N ik 77.5X55.4 55.3X44.2 50.6X43.1 47.4X42.9 47.2X39.5 42.1X34.8

bi) . Ak 56.9X50.8 47.4X37.9 37.9X34.8 37.8X34.6 36.9X34.3 36.4X32.6

(prm) Bt 3 49.0X45.8 34.76X28. 4 34.7X25.7 34.3X25.2 33. X25.1 31.2X24.7

* WREENSKUBHTFHE

3.1 mBEEEABRIENHEL
WERBEBENTE, MBS EARTEM L. — TR EERIER/N, 200C
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MR H R SE 8 (W& 4), 250 CREH BLH 4 SO0 L i 2448, 300 CI ARk 5 BN &
350C R EBSRENBEEMEE, CRBABMBRUESSEW(LERBRA) . H—77
W, MR R SE , AR50 R KB B R B, RmAa s EEREBEJLE D,
100°C 2 200 CA LR /M. 450C U EEBEM BN BE T BB SRR Wik, MW
BEFRE, WK SURZEETREHER.
3.2 AMEEMEENEL

WRBEAKARE, FRELZHK ERMIFELARE PR S, E—P %5 )ik,
{5 FO893 B 66 R BT IR (32 5) . M S BESMEE LU BTl B L AR 1, W] — IR SURIRT Y
Emp Bt s - EHER. ITRERBRERSRESHBRE6A, KitRTA
SIS, FEEF S ARIERAN A, 7E 500C RH L LA E AME 6. 00, XFAELR
B RAR S RETERORE AR B, FEAR R BT #R T A LT 8 A
=,

®5 RERLRBEEXEL

Table 5 Color change of pine pollen daring ‘thermal metamorphism

iR &, R mHRHt & %

C) w/e (%) Atk 5% A B ¥
I SP, H’E—® B 1.34
100 AP, HE—® R 1.59
150 AP, B H ® 2.31
200 APy, R WE 3.24
250 AP, 0.31 R 53 4.21
300 AP, 0.33 FE—-E R 5.33
350 AP; 0.95 F—RE 4.85
400 AP, 1.58 R 5.06
450 AP 1. 88 ‘ RE—E 5. 87
500 APg 2. 00 z 6. 00
550 AP, 3.31 - 6. 00
600 APy 3. 84 2 6. 00

4 i

W S A AGE, WA HERE R, BRAMRMBMAERKRE S, B—FR KA
WEEER, HAFMHEA T 1AM 1 AT RSB W), 30 1 1 AUFEAR. Mo v A<
IR LRI, LRSI 200CH H, 400CLLUS PRI EFH, 600CikHzK
H 247m®/t, RS ELG, CMERE N T, B & B EE & ABE A, mEk
49.86% . KL CO, MM H, HE.

W PR RS E LI REA MY SRS . 5298 250 CHf H B, BETE B T e = &
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K, 450 CHHA R F{H 66. 83kg/t, Z )5 NRBE TR, EE™ KB 300CE 500C2Z[H,
B2 a USRS RN SR A E . AR =B A 400C U TRBKR
BB, 300C S NEEE, Rk 98. dkg/t, MBI ERNBEETRSERS, BAREH
BHERBREASREHN, RESHARR 37%HM 28%.

WA TERE R, B R E 200C LT EE R W45 /NS Y RS . AR
A3k 40% L £, 250 CH BB, 300 CRM AR 5 RLE, 350CUL LR 2 BH A
Fo %450 CRL EMRESEEMBE R AR A KRR 78T D A0S A BmE, Rin
PAERERA 150 CEI FRAE AR E, 200 C~300C AR T, 350'C~450C LA RN
F, 500C A L ARG, &R BB B3 SR R BT 2 AT R B A (LA IR 5 5 3
2 5 B AR KA b A B R AL A A — B

FRIEFEITIEARNFERIMNMAARFTIETHARA LT AGRITEFMK
K HAMBEFLARR KX EGR T RITHFE.
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Experimental Research of Thermometamorphic
Process of Modern Pineal Pollens

VJi Liming ' Zhang Xiaobao * Wang Shaofei
! (Lanzhou Institute of Geology, Chinese Academy of Sciences, Lanzhou 730000)
2 (Research Institute of Petroleum Exploration and Development, Changging Oiltield, Qinyang 745101)

Abstract

By means of thermal modeling of compound samples which are composed of kaolinites and
.modern pineal pollens, the thermometamorphic process of modern pineal pollens were succe-
sively revealed, the products of solids, liquids and gases produced during the thermal degrada-
tion were quantitatively gathered, the geochemical characteristics of the products were primari-
ly researched, and the shapes and colours of the pineal‘pollens during the thermometamorphic
process were carefully obser\;ed.

The gas products of the thermolysis of the pineal pollens included hydrocarbons and non-
hydrocarbons. The products of hydrocarbon gases occoured at 200°C, clearly going up above
400°C , up to its maxium (247m3/t) at 600°C. The relative content of the hydrofarbon gases
increased with the increase of tempratures, reaching its maxium (55. 77%) at 500 C. The hy-
drocarbon gases were mainly composed of methane, ethane and propane with minor amount of
butane. The non-hydrocarbon gases predorminantly consisted of CO, and H, with certain
amount of CO and N,. The liquid products of the thermolysis are water, light hydrocarbon
and extracts. The light hydrocarbons appeared at 250°C, their production went up with the
increas of the tempretures, up to their maxium at 450C (66. 83kg/t), and then dropping
rapidly. The components of light hydrocarbons were mainly satured hydrocarbons, monocyclic
aromatic hydrocarbons and dicyclic aromatic hydrocarbons. The extracts were mainly Eproduced
at the tempretures below 400C, the production of them reached its maxium (98. 4kg/t) at
300°C. The extracts contended higher quantities of non-hydrocarbons and alsphaltenes. The
content of the satured hydrocarbons and aromatic hydrocarbons rose with the tempretures in-
creasing, up to their highests of 37% and 29% respectively.

During the thermometamorphic process of the pineal pollens the shapes of them mainly
shrank and became small in the period of low tempretures, appearing fissures at 250°C , their
sacs separating from their bodies at 300'C , and crushing completely at 350°C. Their colours
darkened with the tempretures rising, being yellow below the tempretures of 150C, brown at
the tempretures of 200 C ~300C , brown black at 350'C ~450'C and black above 500°C. The
colour index and vitrinite reflectance of the pineal pollens also increased with the increasing of

the tempretures.
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