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Abstract In order to experimentally verify the feasibility of the Laman spectroscopic geothermometer of carbonaceous matter from
metasediments kerogen in a sealed gold capsule was held at 100 MPa pressure and at temperatures of 250 ~700°C under dry and
hydrous conditions for 24 hours using a cold-seal high pressure-temperature hydrothermal system. Laser Raman microspectroscopic
study of the run products documented systematic changes in both the first- and second-order spectral features the existence of the
Raman peaks the peak position width height and area with temperature and the D/O ratio values of the carbonaceous matter
obtained decrease with increasing in temperature but an inflection point minimum was observed at ~ 500°C in D/O ratio-
temperature plot. . The micro-Fourier transform infrared spectroscopic analysis of the kerogen treated under run conditions showed that
the relative intensity of the aliphatic C-H bands to the aromatic C-H stretching dramatically changed at temperature of ~500°C as well
as hydrogenated functional groups still existed in the 700°C run products. The presence of water is unfavorable to the graphitization

ordering of carbonaceous matter.

Key words Kerogen structural state Raman and infrared spectroscopy elevated p-T experiments.
100 MPa 250 ~700°C 24 LRM
D/0
D/0 - ~500C
micro-FTIR C-H C-H 500°C 700°C

P578.98 P589.1 P599

Wada et al. 1994

carbonaceous matter

# 40073025
1938 E-mail yshzeng@ pku. edu. cn



246

LRM

LRM
Jehlicka & Beny
1992 Wopenka & Pesteris 1993 Wada et al. 1994 Yui et
al. 1996 Spotl et al. 1998 Jehlicka & Beny 1999 Beyssac
et al. 2002b Jehlicka et al. 2003  Beyssac et al. 2002a
Itaya 1981
0- H- S- N-

Grew 1974
Wada et al. 1994

Beyssac et al. 2003
LRM 8 GPa
1200°C
LRM micro-FTIR

1.6 m

<5 %
% 0-32.27 % H-5.64 % N<3% S-0.42%
100 MPa

Kerrick 1987

C-54.09

250 ~700°C
30 mg
30 mg 30 mg
100 MPa 24
+5C +2 MPa

H,S

LRM  micro-FTIR
LRM RENISHAW-1000
He-Ne 632.8 nm
1.3 mW 400 cm ™'
Peak Fit micro-FTIR
Nicolet MAGNA-IR 750 InSb
CaF, 50 ~ 100pm 500

Omnic

50 wm
3500 cm ™!

Acta Petrologica Sinica 2005 21 1
3
3.1
1 1578 em ™ 1615 cm ™!
0- 1351 em ™' D-
1615 cm ™' D-
Tuinstra & Koenig 1970 Kawashima & Katagiri 1995
2707 em ™! S,-
2454 em™' S, 2939 em™' S, -
3239 em ™' S,- Si- 0 S-S
S;- D-  + O- Kawashima &

Katagiri 1995

1582 e¢m ™!

1370 c¢m ™!

1000 2000 3000
L% (om™)
1
Fig. 1 ~ Laman spectra for the kerogen and the natural

graphite used in this study.
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Fig.2 Raman spectra for the kerogen treated at 100 MPa

pressure and at temperatures of 250 ~700°C

Table 1
the run products including the starting kerogen and natural

Fitting parameters of the first-order Raman spectra for

graphite.
D- 0-

— D0 | DO

g
Acm ™! em ™! Acem ™! cm ™!
25 | 1380 | 226 | 1582 [ 98 [ 0.45 [ 1.05
250 | 1377 | 315 [ 1586 | 98 | 0.78 | 3.05
350 | 1364 | 281 | 1585 | 96 [ 0.85 | 2.84
450 | 1358 | 275 | 1588 | 87 [ 0.81 | 2.71
s00 | 1354 | 272 | 188 | 81 | 0.67 | 2.16
550 | 1349 | 255 [ 188 | 81 | 0.79 | 2.48
650 | 1345 | 219 | 1587 [ 75 [ 0.82 | 2.39
700 | 1336 | 152 | 1588 | 590 [ 0.82 | 2.11
250 | 1367 | 208 | 1585 [ 101 [ 0.80 | 2.59
350 | 1366 | 208 | 1585 | 98 | 0.80 | 2.81
450 | 1358 | 279 | 1587 | 88 [ 0.78 | 2.34
500 | 1355 | 274 | 1585 | 92 | 0.85 | 2.74
550 | 1349 | 270 | 1586 | 85 | 0.82 | 2.63
650 | 1335 | 198 | 1589 [ 65 [ 0.76 | 2.34
700 | 1339 | 163 | 1586 | 72 | 0.91 [ 2.05
25 | 13t [ 5o [usse | 26 | 0.34 | 0.70
*
sk 1615 ¢cm ™!
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Table 2 Fitting parameter for the second-order Raman spectra for the selected run products and natural graphite.
S1- S2- S3- S4-
T . . 5,70
C
Acm ™! em ™! Acm ™! em ™! Acem ™! em ™! Acem ™! em ™!
500 - - 2661 522 2936 343 3180 147 1.00
550 - - 2710 440 2945 253 3163 153 0.68
650 - - 2672 376 2934 266 3167 134 0.54
700 - - 2667 366 2917 210 3161 158 0.64
500 - - - - - - - - -
550 - - - - - - - - B
650 - - 2653 349 2915 241 3164 144 0.51
700 - - 2679 401 2929 202 3159 136 0.64
25 2454 50 2707 78 2939 104 3239 25 1.36
*
Ito et al. 1988 300 ~ 600°C
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~1600 cm ™' FTIR




100 MPa

wit '
'MW-M‘Ill gt
|

5 A |
W A

i I

RERG illﬁ.\,mIIJ.‘J-".""MW‘-"‘ e e .I

VI LR TR
- R ot WL

r\r fﬁd\\:‘rﬁ.ﬁr".!"\x _w-ﬁ‘u..«-“\‘
f C
ot
AR . !
JI}‘T‘!I‘V'AW‘WM\,'.«-.—MﬂWm---—\u vt ﬂlq‘r'}«'.‘h-;-». P s ey
anco 2000 1000 A0 2000 10
W fem Y 7 fem

5 micro-FTIR
AL "R
Fig.5  micro-FTIR spectra of the run products
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Table 3 ratio of selected C-H adsorption
bands to C-C band at 1600 ¢cm™' for the kerogen used and the

Intensity  height

run products in this study.

e Laoso/Tiso0 | Tiaso/Tieoo | Ts045/Tis00 Tg70/ Ti600

0.39 0.35 0.00 0.03
250 0.61 0.35 0.00 0.23
350 0.26 0.40 0.02 0.14
450 0.11 0.27 0.40 0.35
500 0.14 0.64 0.29 0.96
550 0.00 0.06 0.04 0.26
650 0.03 0.26 0.03 0.45
700 0.00 0.00 0.00 0.14
250 0.60 0.08 0.00 0.30
350 0.24 0.44 0.04 0.14
450 0.05 0.36 0.29 0.74
500 0.00 0.03 0.01 0.13
550 0.00 0.17 0.26 1.04
650 0.00 0.00 0.00 0.13
700 0.00 0.00 0.00 0.08
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