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Table 1 The thermodynamic data for the reaction of kaolinite and calcite to form laumonite

Al;Si,05(OH) 4 CaCO;3 H,O CO, CaAl,Si40y2-4H;0
AsHS (KT —4109. 01 —1208.22 | —909.108 —285. 83 —393.52 —7233. 651
S, (J+k~!mol~1) 203 92. 68 69. 91 213. 69 485.8
V3, (cm?®+mol~1) 99.52 36. 934 22. 688 18. 068 24465 207.55
a 304.5 104.5 30.5 44.22 515. 47
Cp R¥E b 0.1222 0.0219 0.0343 0.0103 0. 00879 0. 1861
c 9004000 2590000 1130000 0 862000 6874000
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Table 2 The thermodynamic data for the reaction of

plagioclase alteration to form laumonite

CaAlzsizOB SiOZ Hzo CaAIzSi4012 . 4H20
ApHS,
—4217 |—909.108 —285.83| —7233.651
€3}
0 (T.K-1
Sw(I-K 205 41.3 | 69.91 485.8
mol~1)
VO 3
w(cm 101 22.688 | 18.068 207. 55
mol~1)
a| 265 46.94 | 30.5 515.47
CrE¥| b 0 0.0343 | 0.0103 0.1861
¢ | 6460000 | 1130000 0 6874000
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The relationship between AG calculating values and temperatures for the reaction of kaolinite

and calcite to form laumonite
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Table 3 AG values for the reaction of kaolinite and calcite to form laumonite (p=5~40 MPa and t=25~220C)

t('C) | p(MPa) | AG(kJ/mol) | ¢('C) | p(MPa) | AG(k]/mol) [£('C) | p(MPa) | AG(kJ/mol) |¢t('C) | p(MPa) | AG(k]/mol)
25 5 49.584 25 15 53.292 25 25 53.212 25 35 52.923
30 5 47. 609 30 15 51. 327 30 25 51. 302 30 35 51. 036
35 5 45. 647 35 15 49. 362 35 25 49. 397 35 35 49. 157
40 5 43. 698 40 15 47. 395 40 25 47. 499 40 35 47.284
45 5 41. 760 45 15 45. 426 45 25 45. 606 45 35 45. 419
50 5 39. 832 50 15 43. 454 50 25 43.719 50 35 43. 560
55 5 37.914 55 15 41. 480 55 25 41. 837 55 35 41.708
60 5 36. 006 60 15 39. 505 60 25 39. 960 60 35 39. 862
65 5 34.106 65 15 37: 531 65 25 38. 089 65 35 38.023
70 5 32. 215 70 15 35. 563 70 25 36. 224 70 35 36.190
80 5 28. 457 80 15 31. 667 80 25 32.510 80 35 32.544
90 5 24.731 90 15 27. 845 90 25 28.822 90 35 28.923
100 5 21. 035 100 15 24.099 100 25 25.161 100 35 25. 328
110 5 17. 367 110 15 20. 418 110 25 21.530 110 35 21.759
120 5 13. 727 120 15 16. 789 120 25 17.931 120 35 18. 215
140 5 6.526 140 15 9. 660 140 25 10. 831 140 35 11. 206
160 5 —0.573 160 15 2. 668 160 25 3. 861 160 35 4. 302
180 5 —7.575 180 15 —4.208 180 25 —2.988 180 35 —2.499
200 5 —14. 482 200 15 —10. 979 200 25 -3, 725 200 35 —9.199
220 5 —21. 295 220 15 —17. 652 220 25 —16. 360 220 35 —15. 803
25 10 53. 109 25 20 53. 292 25 30 53. 083 25 40 52.738
30 10 51. 050 30 20 51. 362 30 30 51.187 30 40 50. 859
35 10 48. 956 35 20 49. 436 35 30 49. 297 35 40 48. 988
40 10 46. 807 40 20 47.515 40 30 47. 414 40 40 47.124
45 10 44,575 45 20 45. 596 45 30 45.537 45 40 45. 267
50 10 42. 301 50 20 43. 682 50 30 43. 666 50 40 43. 417
55 10 40.132 55 20 41. 771 55 30 41. 802 55 40 41.574
60 10 38. 079 60 20 39. 864 60 30 39.944 60 40 39.738
65 10 36. 096 65 20 37.961 65 30 38. 091 65 40 37.908
70 10 34.155 70 20 36.063 70 30 36. 246 70 40 36. 086
80 10 30. 350 80 20 32.283 80 30 32.572 80 40 32. 459
90 10 26. 615 90 20 28.532 90 30 28.924 90 40 28. 859
100 10 22.930 100 20 24, 817 100 30 25. 301 100 40 25. 284
110 10 19. 285 110 20 21. 144 110 30 21. 705 110 40 21.735
120 10 15. 676 120 20 17.515 120 30 18.137 120 40 18. 210
140 10 8.552 140 20 10. 380 140 30 11. 085 140 40 11. 237
160 10 1. 540 160 20 3. 391 160 30 4. 148 160 40 4.363
180 10 —5. 369 180 20 —3.473 180 30 —2.679 180 40 —2.413
200 10 —12.180 200 20 —10. 225 200 30 —9.399 200 40 —9.094
220 10 —18. 896 220 20 —16. 875 220 30 —16. 018 220 40 —15. 682
4 BREMAFBAREERABATE 172CEH.
EXBENEHET AG=00 B EE 176
Table 4 The temperature values under different
pressures when AG=0, for the reaction of kaolinite |
and calcite to form laumonite a 168
p(MPa) 5 10 15 20 25 30 35 40 \: 164 }
t('C) |160.2|166.5(169.8(171.7(173.0(173.7|174.2(174.3
160 |
H160C JE 1 %5 MPa. B LR # 4} IR /1 44 F > 0 T o % w .
160°C 8 BT B M ¥ B9 AG By HH B (AR » (WPa)

BERRAR, BRMTHXEXR TR, RERFEE S %
HTF AG=0BEMH (ED . % AG=0/F , BEFE
HHMRRBEOEE  HMREERMET ,AG=011R
BEAEIS0°CER IR IEH FE J1 86 B . # JR B B 24 2000
m B, & W& A 5 7 %A KN T B A R E

B2 AG=O0Ht,BEMENKRR
(R 7 A0 5 8 1 S LT B B )

Fig. 2 The relationship between temperature

and pressure when AG=0, for the reaction of kaolinite

and calcite to form laumonite
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kJ/mol, B2 & R A 5. 162 k] /mol , {1 R IE ¥ K S1
R, M 2 IR /1 B8 35 MPa i, b )2 B B e i AR
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Fig. 3 The relationship between AG values and pressures for the reaction of kaolinite and calcite to form laumonite
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Fig.4 The relationship between AG calculating values and temperatures for the reaction

of plagioclase alteration to form laumonite
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Table 5 AG values for the reaction of plagioclase alteration to form laumonite
(p=5~40 MPa and t=25~220C)

t('C) | p(MPa) | AG(kJ/moD) | 2('C) | p(MPa) | AG(kJ/mol) |t('C) | p(MPa) | AG(k]/mol) |2('C) | p(MPa) | AG(k]/mol)
25 5 6. 365 25 15 5.279 25 25 4.195 25 35 3.113
30 5 4.236 30 15 3.146 30 25 2.058 30 35 0.972
35 5 2.130 35 15 1.035 35 25 —0. 057 35 35 —1.147
40 5 0. 045 40 15 —1. 054 40 25 —2.150 40 35 —3.244
45 5 —2.018 45 15 —3.122 45 25 —4.222 45 35 —35, 321
50 5 —4. 061 50 15 —5.169 50 25 —6.274 50 35 ~7. 377
55 5 —6.085 55 15 —7.197 55 25 —8. 307 55 35 —9.414
60 5 —8. 089 60 15 —9.207 60 25 —10. 321 60 35 —11. 432
65 5 —10. 075 65 15 —11. 197 65 25 —12. 317 65 35 —13. 432
70 5 —12.043 70 15 —13.171 70 25 —14.294 70 35 —15. 415
80 5 —15.928 80 15 —17. 066 80 25 —18.199 80 35 —19. 330
90 5 ~19.747 90 15 —20. 896 90 25 —22. 040 90 35 —23.180
100 5 —23.504 100 15 —24. 664 100 25 —25. 820 100 35 —26.971
110 5 —27.203 110 15 —28.375 110 25 —29.542 110 35 —30. 704
120 5 —30. 845 120 15 —32.030 120 25 —33. 209 120 35 —34. 382
140 5 —37.972 140 15 —39.184 140 25 —40. 389 140 35 —41. 588
160 5 —44.902 160 15 —46.146 160 25 —47. 380 160 35 —48. 605
180 5 —51. 649 180 15 —52.927 180 25 —54.194 180 35 —55. 450

200 5 —58.223 200 15 —59. 541 200 25 —60. 844 200 35 —62.134
220 5 —64.630 220 15 —65. 995 220 25 —67. 340 220 35 —68. 668
25 10 5. 821 25 20 4.737 25 30 3. 654 25 40 2.573

30 10 3.690 30 20 2. 601 30 30 1.515 30 40 0.430

35 10 1.582 35 20 0. 489 35 30 —0.602 35 40 -1.691
40 10 —0. 505 40 20 —1.602 40 30 —2.697 40 40 —3.790
45 10 —2.570 45 20 —3.672 45 30 —4.772 45 40 —5. 869
50 10 —4. 616 50 20 5. 722 50 30 —6. 826 50 40 —=7.927
55 10 —6. 642 55 20 —7.753 55 30 —8. 861 85 40 —9.966
60 10 —8.648 60 20 —9.764 60 30 —10. 877 60 40 —11. 987
65 10 —10. 637 65 20 —11.757 65 30 —12. 875 65 40 —13. 989
70 10 —12. 607 70 20 —13.733 70 30 —14. 855 70 40 —15.974
80 10 —16. 497 80 20 —17.633 80 30 —18. 765 80 40 —19. 894
90 10 —20.322 90 20 —21. 468 90 30 —22.611 90 40 —28.749
100 10 —24.085 100 20 ~—25.243 100 30 —26. 396 100 40 —27.544
110 10 —27.789 110 20 —28. 959 110 30 —30.123 110 40 —31. 283
120 10 —31.438 120 20 —32.620 120 30 —33.796 120 40 —34. 967
140 10 —38.579 140 20 —39. 788 140 30 —40. 989 140 40 —42.185
160 10 —45.525 160 20 —46. 764 160 30 —47.993 160 40 —49, 215
180 10 —52. 290 180 20 —53.562 180 30 —54.823 180 40 —56. 075
200 10 —58. 884 200 20 —60.194 200 30 —61.491 200 40 —62.775
220 10 —65. 315 220 20 —66. 669 220 30 —68. 006 220 40 —69. 327
K6 MKAMEEEMBATRE kJ/mol, kB R A 3. 966 k]/mol . N RIZEH EH

AEEAFKGT AG=0RKBEHE
Table 6 The temperature values under different
pressures when AG=0, for the reaction of
plagioclase alteration to form laumonite

p(MPa)| 5 10 15 20 25
t('C) 40. 20838. 864[37. 505336. 20834. 82

30 35 40
33. 53931. 919/30. 664

i IEH R 86 B, SR B 9 2000 m B, BHE A it
AR TE B s A 8 R R E VR K F36 C IR T ik
BEAT o B 13 RHE A AR T R vk B A A AR B9 B R AR
N (E6). ZEBOCHI &M T, ES1 A5 MPa F+ Z 40
MPa B}, AG M\ — 15. 928 kJ/mol B¢ 25 & — 19. 894

B, Y 2 Sy ik A5 35 MPa i, b 2 JB B B0
3500 m, ¥& B M A 105°C (3%3°C /100 m B Hy 1B A
B, AG B A48 H39. 155 k] /mol, B8 T F1 18 BF AH
H 5 B 0 X 2 L Y A T B A AR /N .
3.3 HEEX

HEEREA EREIBRP . ARG5S FEA
R (Rl B B 7K f A 385 5) T8 R ok A # 1R BE 17 78
150°C LA b . a0 2R 2% fB 3 B I 7 B9 5% i, 2 3 B 18 B
R — L, fn 3 8 IR BE 2000 m Y, 3% # 2 FE 7 20
MPa, N & W& A 5 A4 3 NI B A B 18 B R 7
170CRAE . A BZE NN E B/, E5~40
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Fig.5 The relationship between temperature and
pressure when AG=0, for the reaction of

plagioclase alteration to form laumonite
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Fig. 6 The relationship between AG values and pressures for the reaction of plagioclase alteration to form laumonite
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Thermodynamic Interpretation for the Conditions of the Formation of

Laumonite Related to Clastic Diagenesis

HUANG Sijing, LIU Jie, SHEN Licheng, WU Wenhui
Chengdu University of Technology, Chengdu, 610059

Abstract

We calculate the increment of Gibbs free energy (AG) of the two chemical reactions for the formation of

laumonite related to clastic diagenesis under different temperatures and pressures. The result of calculation

shows that the temperature needed for the formation of laumonite by alteration of plagioclase (reaction of pla-

gioclase, quartz and water) is more than 36°C only (burial depth: 2000 m and normal pressure gradient).

However, the temperature needed for the formation of laumonite by the reaction of kaolinite, calcite, quartz

and water should be more than 170°C (burial depth: 2000 m ahd normal pressure gradient). The pressure

needed for the formation of laumonite is not as important as the temperature. So the origin of laumonite related

to clastic diagenesis is mainly from the alteration of plagioclase. We could not use the laumonite as the boundary

for separating .diagenesis from burial metamorphism.

Key words: increment of Gibbs free energy; laumonite; temperature; pressure; clastic diagenesis
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