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Table 1 Gas Analysis Precision of On-Line Mass Spectrometer

H 5 FrifEqt/ % FXIE% brififnZe  AHXIRR IR 22/% #lE
Ar 1.02 1.018 0.0034 0.33 N=30, bR
CH, 1.02 0.9724 0.0028 0.29 N=30, bR
CO, 1.01 1.039 0.0041 0.39 N=30, bR
H, 1.00 1.024 0.019 1.82 N=30, bR
He 1.06 1.052 0.0089 0.84 N=30, bR
N, 78.1 78.12 0.032 0.04 N=T1, =5
0, 209 20.93 0.032 0.15 N=T1, %55,
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Table 2 Maximum values of CO, and H, and their corresponding depths in the 2045 to

4783 m interval of the CCSD main hole

Bis B MH 2045—3663 MH—2C 3400.5—4783
co, fe KA /% 0.587 0.134
H % /m 2890.0 4712.5
" fe KA /% 5.05 4.03
FH % /m 2049.0 4401.5
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Fig. 1 Variations of CO,, H,, CH, and He maxima during difterent runs of drilling
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Table 3 Records of mud addition and gas abnormalities in the 4 820 to 4930 m interval of the CCSD main hole

H FR RIRIRG/m  JFA [ VRS I CHJ/% x 100  CO% Ho%  He/10™®
11 H13H 149 4783 12:40  12:30 ~ 13:00 i HH 50kg 1.05 0.06  0.69 5.57
MHISH 150 4793 0:01 0:0(1;0:30 TR SOk, 1:00 ~ 2:00 1.22 004 020 460

IR 7m®
17 H 5:00 A& 750kg, 7:00 ~ 9:00
1MA16H 151 4801 19:05  IABEIH 1, ARG R0 1.5t 0.98 0.10  0.34 485
B3 25m® (£ H))
11 H18H 152 4812 12:47  13:30 ~ 14:00 NI HH 50kg 2.38 0.08 046 5.84
19 H 22:00 ~ 23:00 I3 10 m’, 20 H 2: 00~ 3:
11 A20H 153 4820 0:48 00 FiM¥E I 150kg ;18:00 ~ 19:00 fNLKEEE A 1t 1.99 030  1.13 3.74
B3 23m’ (£ )
12:00 ~ 16:00 JASEWEF 1t
11 H21H 154 4828 11:16  16:00 ~ 16:30 LAFTHIAJHEHT 5] 100kg, 16:00 2.74 309  9.99 477
~ 17:30 JBH EHLE ] 250kg
11 H23H 155 4839 3:39  6:30 ~ 11:00 MV 200kg, NaOH 140kg 3.30 3.61 1214 435
11 H24H 156 4846 13:41  6:30~7:00 #p LRI 10 M’ 2.61 1.18  5.88 4.49
11H26H 157 4854 sos 20~ GO0 MR SOks, 14:00 ~ 16:00 0.75 039 252 337
JIERS 08 1.5t IiE 28m® (% H])
16:00 ~ 16:30 M #57] 50kg, 16:30 ~ 0:00
1A 27 R 158 4860 1541 TBEEGSE IR A 20, 20:30 ~ 21:00 #hFE PR 10m’, Lol o5 344 s85
28 H 0:07 IRKGIEROR 2t, BESEIN 1,
50m’ #hFEVRIK 24m’
NH29H0 159 4869 325 410? N 9:00 IBERSFAMA 2.5t 4:00 - 430 1.57 280 411 4.94
JiviE R 100kg
11 H30H 160 4877 11:18 3.12 659 6.8l 5.08
1 H 14~ 14:40 4 FEPEHE 10m’, 0:15 ~ 0:40
12H2H 161 4885 1 H 23:46 @5 100kg, 6: 00~8: 30 il NaOH 130 kg, 3.53 24.82  14.18 6.19
{7 50kg
12H3H 162 4894 11:07  11:30 ~ 14:00 /il NaOH 90kg, 5] 20kg 2.88 1093 1868  5.90
12H5H 163 4905 1:44  2:00 ~4:00 il NaOH 100kg 2.56 1255 1589  17.80
12A6H 164 4913 1109 Z00~ 1300 I NaOH 200kg, 12:00 ~ 15:00 1.31 663 622 602
Jngi g 7 250kg
12H7H 165 4915 20:39  21:00 ~ 22:00 JIiEHH 600kg 1.32 340  3.88 6.33
12H9H 166 4922 6:47 8:00 ~ 10:00 JMHFHF 600ke, 1.97 230 3.6 6.02
10:00 ~ 12:00 /il NaOH 200kg
2AIH 167 4931 10 H 20:39 0:30 ~ 1:30 JIH &5 400kg 1.16 0.10 0.74 6.69
2H12H 168 4939 9:05  9:30 ~ 12:00 JFH B 400kg 0.75 021 0.6l 5.91
12H 14 H 169 49475 1:07  4:00 ~ 5:00 JinifE 5 400kg 0.79 022 131 6.54
12H15H 170 49545 9:29 0.96 025 078 5.81
12H 16 H 171 4964 19:26 0.93 040  1.55 6.08
12H18H 172 4971 4:20  9:10 /il 100kg NaOH 0.89 062 187 6.06
12H19H 173 4981 15:13  16:00 ~ 20:10 B 167kg 0.77 0.18 092 6.24
12H21H 174 49905 329 4:30 ~ 6:00 MFEEEH] 167kg 0.96 026 1.79 6.37
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Fig. 2 Relationships between CO,+H, and O, in a mud sample taken on different dates
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Table 4 Analytic results of off-line gas in drilling mud in reserve mud tank and additives/%

. ] . H o R W JE e s

; S s brea = * B REERT
ST ST HIE AT e e o, o, 0 N o SREEH W REERTA]
2004-12-1  8:27:26 0.947 0.0012 1.497 0.093 80.60 16.86  2004-11-28  17:30

2004-12-4 10:47:37  0.976 0.0017 5.797 2.890 83.08 725  2004-11-28  17:30

2004-12-5  3:31:21 0.897 0.0051 6.712 5.205 81.95 523 2004-11-28  17:30

2004-12-7  4:23:31 0.948 0.0036 7.605 3.967 83.38 410  2004-11-28  17:30

* 4 2004-12-1  8:45:54 0.919 0.0000 0.086 0.002 77.95 21.05 2004-11-28  17:30
4 2004-12-4  11:07:23  0.940 0.0021 16.076 0.219 80.83 1.93  2004-11-28  17:30
4 2004-12-5  3:33:31 0.874 0.0035 16.804 0.362 79.00 295  2004-11-28  17:30
4 2004-12-7  4:33:36 0.910 0.0028 16.768 0.303 80.63 139 2004-11-28  17:30
HICIE + B 2004-12-1  8:31:46 0.934 0.0010 1.622 0.086 78.86 18.50  2004-11-28  17:30
IS+ B 2004-12-4  10:44:18 0.988 0.0004 1.201 0.206 81.85 1575  2004-11-28  17:30
UK+ B 2004-12-5  3:37:15 0.945 0.0013 1.031 0.233 82.56 1523  2004-11-28  17:30
IS+ B 2004-12-7  4:29:25 0.947 0.0014 0.877 0.189 81.97 16.01  2004-11-28  17:30
VeI +Bl 2004-12-1  8:52:42 0.965 0.0016 1.003 0.015 80.92 17.10  2004-11-28  17:30
V2K +Bl 2004-12-4  11:04:02  0.977 0.0005 0.940 0.065 81.58 16.44  2004-11-28  17:30
V2K +Bl 2004-12-5  3:40:51 0.943 0.0010 0.850 0.096 82.29 15.82  2004-11-28  17:30

VeI +Bl 2004-12-7  4:38:21 0.953 0.0014 0.794 0.097 82.17 15.99  2004-11-28  17:30
PRI 4B+ 2004-12-1  8:35:22 0.918 0.0000 0.344 0.010 78.11 20.61  2004-11-28  17:30
PRI 4B+ 2004-12-4  10:51:22 0.986 0.0007 1.356 0.141 81.46 16.05  2004-11-28  17:30
PRI B+ 2004-12-5  3:46:37 0.940 0.0016 1.131 0.159 82.45 1532 2004-11-28  17:30
PRI B+ 2004-12-7  4:31:26 0.952 0.0017 1.012 0.149 82.39 1550  2004-11-28  17:30
VeI 4B+ 2004-12-1  8:58:20 0.989 0.0017 0.981 0.023 81.52 16.48  2004-11-28  17:30
VeI 4B+ 2004-12-4  10:57:42 0.982 0.0006 0.887 0.082 81.90 16.15  2004-11-28  17:30
VeI + B+ 2004-12-5  3:43:27 0.945 0.0012 0.718 0.117 82.56 15.66  2004-11-28  17:30
VeI B+ 2004-12-7  4:36:03 0.958 0.0014 0.720 0.121 82.37 15.83  2004-11-28  17:30
PRI 4B +E B 2004-12-1  8:41:09 0.925 0.0000 0.088 0.020 78.46 2051 2004-11-28  17:30
PRI 4B +IE B 2004-12-4  10:54:14 1.011 0.0010 0.038 0.687 83.75 1451 2004-11-28  17:30
PRI 4B +E B 2004-12-5  3:50:15 0.965 0.0020 0.029 0.850 84.90 1325  2004-11-28  17:30
IR 4B +E B 2004-12-7  4:27:16 0.976 0.0018 0.020 0.775 84.33 13.89  2004-11-28  17:30
VeI +BG+35+08 2004-12-1  9:02:49 0.991 0.0016 0.013 0.950 81.50 16.54  2004-11-28  17:30
VeI +BG+35+08 2004-12-4  11:01:27 0.990 0.0013 0.019 2.449 82.20 1434 2004-11-28  17:30
VeI +BG+35+08 2004-12-5  3:53:51 0.942 0.0027 0.016 3.302 82.63 13.11  2004-11-28  17:30
VeI +BG+35+08 2004-12-7  4:25:06 0.965 0.0022 0.170 3.064 82.61 13.18  2004-11-28  17:30
PRI+ 2004-12-7  2:48:08 0.824 0.0063 17.437 4.254 71.38 6.10  2004-12-3  17:00
PRI+ 2004-12-10  9:08:44 0.839 0.0060 17.529 5.112 71.60 491 2004-12-3  17:00
HIRI A+ 2004-12-22  9:45:41 0.836 0.0069 21.288 6.025 70.60 124 2004-12-3  17:00
VeI -+ 2004-12-7  3:19:51 0.927 0.0020 5.454 0.106 80.27 1324 2004-12-3  17:00
VeI -+ 2004-12-10  9:31:12 0.883 0.0017 10.677 0.635 75.95 11.85  2004-12-3  17:00
VeI -+ 2004-12-22  10:13:50  0.841 0.0022 19.641 2.027 70.92 6.57  2004-12-3  17:00
PRI 4B HERE  2004-12-7  2:55:03 1.030 0.0022 0.691 0.349 85.40 1252 2004-12-3  17:00
PRI 4B+ 2004-12-10  8:57:28 1.003 0.0012 0.264 0.291 83.83 1461 2004-12-3  17:00
PRI 4B+ 2004-12-22  9:36:39 1.040 0.0012 0.199 0.348 83.47 1494  2004-12-3  17:00
VW AP+ 2004-12-7  3:10:02 0.989 0.0024 0.334 0.030 84.74 13.90  2004-12-3  17:00
VW AP+ 2004-12-10  9:22:07 0.984 0.0018 0.243 0.061 83.78 1492 2004-12-3  17:00
PP+ 2004-12-22  10:08:48 1.019 0.0016 0.227 0.171 83.81 1477 2004-12-3  17:00
PRI 2004-12-7  2:52:45 0.997 0.0031 7.570 0.086 85.00 634  2004-12-3  17:00
PRI HERE  2004-12-10  9:06:25 1.055 0.0023 5.691 0.109 88.56 458  2004-12-3  17:00
PP 2004-12-22 1.143 0.0015 4.988 0.007 92.51 135  2004-12-3  17:00
Je I+ 2004-12-7  3:15:48 0.993 0.0025 2.886 0.012 85.63 1048  2004-12-3  17:00
Je I+ 2004-12-10  9:29:02 1.013 0.0021 4.779 0.016 86.12 8.07  2004-12-3  17:00
VeI K 2004-12-22  9:56:37 1.108 0.0012 5.429 0.019 90.07 337 2004-12-3  17:00
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Table 5 Analytic results of off-line gas in drilling mud/%
B SRR ARbRE 44 B & K TREH TR
Ar CH4 COz Hz Nz 02
PSR 2004-12-1 10:19:3¢  0.862  0.0012  5.726 0.716 73.45 1925  2004-12-1  10:00
VeI R 2004-12-2  16:18:44 0744  0.0042 21474  2.154 64.98 1065  2004-12-1  10:00
VeI R 2004-12-3  10:18:09  0.683  0.0075 30230 4378 85.42 628  2004-12-1  10:00
PSR 2004-12-4  10:06:00  0.609  0.0091 35296  6.041 54.55 349 2004-12-1  10:00
PSR 2004-12-5 3:28:37 0588 00122 34989  9.089 53.86 146 2004-12-1  10:00
VeI R 2004-12-7  5:02:09  0.615 00119 35505  8.558 54.40 091  2004-12-1  10:00

FFEPREE IR 2004-12-2  10:5226  0.735 0.0030 19.678 1.460 64.02 1411 2004-12-1  23:50
FFEPREE DR 2004-12-3  10:05:36  0.692 0.0047 27.333 3.446 59.76 877  2004-12-1  23:50

FFEPEE DR 2004-12-4  10:41:34  0.627 0.0076 34.402 5.580 56.11 327 2004-12-1  23:50
FFEREE DR 2004-12-5  3:14:38 0.646 0.0096 32.010 7.557 57.93 1.84  2004-12-1  23:50
FFEPEE DR 2004-12-7  4:56:24 0.658 0.0086 33.030 6.287 59.02 1.00  2004-12-1  23:50

A YR 2004-12-2  11:01:12  0.834 0.0163 12.198 5.927 72.49 853  2004-12-2  3:09
A YRR 2004-12-3  9:49:42 0.864 0.0110 10.983 4.621 7351 10.01  2004-12-2  3:09
A YRR 2004-12-3  9:55:28 0.851 0.0102 11.791 4.585 72.43 1034  2004-12-2  3:09
A YR 2004-12-4  10:25:18  0.788 0.0129 16.606 7.549 68.56 6.48  2004-12-2  3:09
A YR 2004-12-5  3:02:50 0.736 0.0171 19.186  11.781 65.96 232 2004-12-2  3:09

(=i = 2004-12-2  11:07:07  0.946 0.0024 0.057 0.879 80.95 17.17  2004-12-2  9:15
1SRG TSRS 2004-12-3  10:25:12  0.978 0.0009 0.085 0.147 81.98 16.81  2004-12-2  9:15
(=i 2= 2004-12-4  9:48:38 0.923 0.0021 5911 2.173 79.53 1146  2004-12-2  9:15
1SRG TSRS 2004-12-5  2:50:36 0.807 0.0066 11.626 6.763 73.46 733 2004-12-2  9:15
1SRG TSRS 2004-12-7  5:06:54 0.792 0.0089 15.915 8.701 72.27 231 2004-12-2  9:15

A PRI 2004-12-2  16:09:16  0.921 0.0001 0.158 0.002 80.15 1877  2004-12-2  16:00
A PRI 2004-12-3  10:29:49  0.975 0.0003 0.818 0.044 80.27 17.90  2004-12-2  16:00
A IR 2004-12-4  9:44:09 0.966 0.0005 2.401 0.089 82.09 1445  2004-12-2  16:00
A PRI 2004-12-5  3:19:58 0.945 0.0012 3.579 0.289 83.19 1200 2004-12-2  16:00
A PRI 2004-12-7  4:51:55 0.956 0.0015 4.445 0.430 83.74 1043 2004-12-2  16:00

A= 2004-12-2  16:49:28 0.929 0.0011 0.095 0.827 78.60 1955  2004-12-2  16:40
A= 2004-12-3  9:39:31 0.958 0.0021 0.452 0.991 80.61 1699  2004-12-2  16:40
A= 2004-12-4  10:22:17 0.825 0.0055 12.820 5.518 71.42 9.41 2004-12-2  16:40
A= 2004-12-5  2:44:08 0.776 0.0096 13.289 9.936 70.79 5.20 2004-12-2  16:40
A= 2004-12-7  3:51:08 0.793 0.0106 15.667 10.480 71.53 1.52 2004-12-2  16:40

PR (JFZERT)  2004-12-3  10:59:22  0.770 0.0025 13.981 2735 65.89 16.62  2004-12-3  9:30
PR, (JFZERT)  2004-12-4  10:20:33  0.730 0.0046 18.557 6.304 62.91 1149  2004-12-3  9:30
PR, (JFZERT)  2004-12-5  3:00:41 0.700 0.0089 18.358 10.224 64.29 641  2004-12-3  9:30

A= 2004-12-4  10:15:48 0.835 0.0025 9.166 5.776 71.11 13.11  2004-12-3  15:05
A= 2004-12-5  2:37:13 0.793 0.0058 11.134 8.093 72.18 7.79 2004-12-3  15:05
A= 2004-12-7  3:48:16 0.827 0.0062 13.557 8.165 74.10 3.35 2004-12-3  15:05
A= 2004-12-4  11:11:25 0.878 0.0047 3.463 6.746 75.17 13.74  2004-12-3  23:08
A= 2004-12-5  2:34:12 0.812 0.0092 8.383 10.117 74.71 5.97 2004-12-3  23:08
A= 2004-12-7  3:46:32 0.815 0.0093 12.427 10.462 73.64 2.64 2004-12-3  23:08
A= 2004-12-4  11:18:21 0.744 0.0142 5.917 20.401 64.02 8.90 2004-12-4 6:05
A= 2004-12-5  2:28:44 0.744 0.0144 11.272 15.660 70.71 1.60 2004-12-4 6:05

JEH AL 2004-12-7  4:50:20 0.740 0.0114 17.610 12.990 67.66 0.98 2004-12-4 6:05
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Gas abnormalities in the 4820-4930 m interval of the CCSD main Hole

and their preliminary interpretation

ZHAN Xiu—chun'?,LUO Li-giang"*,LI Ying—chun"?, TANG Li—jun"?,LI Dong"’

(1. National Research Center of Geoanalysis, Beijing 100037, China;
2. Fluid Geochemistry Laboratory of Chinese Continental Scientific Drilling Project, Donghai 222300, Jiangsu, China)

Abstract:In operations of Nos. 153 to 166 runs of core drilling in the 4820 to 4930 m interval of the CCSD
main hole, very obvious gas abnormities were monitored from drilling mud by the fluid geochemistry laboratory.
According to the concentrations of gas components, the abnormities can be divided into two corresponding
intervals: 4820 to 4860 m and 4869 to 4930 m. Both intervals showed strong CO, and H,, with maximum
concentrations of 3.6% for CO, and 12.1% for H, in the first interval and 24.8% and 18.7% in the second interval
respectively. At 4906 m depth, in addition to abnormally high CO, and H, concentrations, a short, obvious He
increase was also observed with a maximum concentration of 17X107°  which is about 3 times the normal value.
Analysis of the drilling process and off —line experiments on drill mud and additives showed that the
decomposition of drill mud additives by microbes could be one of the major causes of the abnormities and that
the loss of circulation additives promoted the increase and continuation of CO, and H, abnormalities. The
existence of both subsurface gases and gases resulting from mud decomposition by microbes contributes to the gas
abnormities in this study.

Key words: CCSD ; CO,, H, and He abnormalities;mud decomposition ;subsurface fluid

About the first author:ZHAN Xiu—chun, male,born in 1961, master, senior researcher in geochemical

analysis; E—mail: zhanxiuchun@yahoo.com.cn.



