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Abstract

Diamondoid hydrocarbons have been identified in Toarcian black shale alternated with bedded chert from

Unuma-Hosekiji, Gihu, central Japan. The thickness of the black shale was 60 cm, and seven samples were

collected vertically. 73 adamantanes, 21 diamantanes and 6 triamantanes were identified in this black shale. Five

diamondoid hydrocarbon ratios have been used as maturity and source rock parameter to compare each sample.

These parameters indicate that the maturity levels of the black shale were increased with depth, and the influence

of marine and carbonate source material were also increased with depth, although all samples were expected to

indicate same values. The reason of the change of parameters is not clear, but the causes seem to be (1) the

difference of contents of catalysis such as clay minerals and zeolites, (2) the migration of organic matter from

radiolarian mud during early diagenesis, (3) the change of oxic/anoxic environment during the black shale

accumulation.
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Fig. 1. Locality map showing the sampling site (modified after Kamuwa (20006)).
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Fig. 2 Columnar section of the black shale and bedded
chert at Unmuna-Hosekiji. Alphabets(A to G)
are showing the sampling position.
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Fig.3. Depth profile of the organic carbon and total

sulfur in the black shale. Alphabets indicate the
sampling point in Fig. 2.
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Fig. 4. Total ion chromatogram and m/z 85 mass chromatogram of the hydrocarbon fraction of black shale.
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Fig. 5. Expanded total ion chromatogram of the hydrocarbon fraction of black shale. The analyzed sample was collected
from (A) in Fig. 1. Peak numbers given in Table 1 and 2.
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Table 1. Adamantanes identified in the Toarcian black shale alternated with bedded cherts.

Peak Compound Chem Abstr. Base M+ (m/z) RT-Index  Formura
No. Registry No. Peak

1* Adamantane 281-23-2 136 136 (100%) 1080 CioHis
2% 1-Methyladamantane 768-91-2 135 150 (82%) 1098 CuHis
3% 1,3-Dimethyladamantane 702-79-4 149 164 (78%) 1113 Ci2Hao
4% 1,3,5-Trimethyladamantane 707-35-7 163 178 (57%) 1123 Ci:Hx
5% 1,3,5,7-Tetramethyladamantane 1687-36-1 177 192 (7%) 1130 Ci4Hos
6* 2-Methyladamantane 700-56-1 135 150 (78%) 1162 CiuHis
7* 1,4-Dimethyladamantane cis 24145-89-9 149 164 (36%) 1172 Ci2Ha
8* 1,4-Dimethyladamantane trans 24145-88-8 149 164 (44%) 1178 Ci2Ha
9* 1,3,6-Trimethyladamantane 24139-37-5 163 178 (44%) 1184 Ci:Hn
10* 1,2-Dimethyladamantane 16207-81-1 149 164 (44%) 1203 Ci2Hao
11* 1,3,4-Trimethyladamantane cis 24145-90-2 163 178 (38%) 1211 CizHn
12* 1,3,4-Trimethyladamantane trans 24145-91-3 163 178 (45%) 1216 Ci:Hx
13* 1,2,5,7-Tetramethyladamantane 34946-70-7 177 192 (35%) 1220 CioHis
14*  1-Ethyladamantane 770-69-4 135 164 (12%) 1228 CioHao
15 Dimethyladamantane 149 164 (62%) 1239 Ci2Ha
16*  1-Ethyl-3-methyladamantane 1687-34-9 149 178 (23%) 1241 CisHx
17 Dimethyladamantane 149 164 (68%) 1245 Ci2Ha
18 Trimethyladamantane 163 178 (17%) 1247 CiHax
19* 1-Ethyl-3,5-dimethyladamantane 1687-35-0 163 192 (13%) 1249 CisHos
20 Tetramethyladamantane 177 192 (8%) 1255 CisHos
21 Diethylmethyladamantane 177 206 (3%) 1256 CisHas
22 Ethyltrimethyladamantane 177 206 (4%) 1259 CisHas
23*  2-Ethyladamantane 135 164 (4%) 1259 Ci2Hxo
24 Trimethyladamantane 163 178 (14%) 1275 CiHax
25 Ethyldimethyladamantane 177 192 (10%) 1280 CiHoy
26 Tetramethyladamantane 177 192 (10%) 1284 CiHas
27 Tetramethyladamantane 177 192 (10%) 1285 CisHos
28 Trimethyladamantane 163 178 (15%) 1286 Ci:Hx
29 Trimethyladamantane 149 178 (7%) 1290 CisHx
30 Adamantane-C 4 163 192 (11%) 1309 CisHa
31 Pentamethyladamantane 191 206 (8%) 1310 CisHas
32 Ethylmethyladamantane 163 192 (8%) 1310 CiaHo
33 Ethyltrimethyladamantane 177 206 (6%) 1316 CisHas
34 Trimethyladamantene 161 176 (30%) 1317 CisHa
35 Tetramethyladamantane 177 192 (10%) 1320 CisHos
36 Tetramethyladamantane 177 192 (9%) 1322 CiHa
37 Ethyldimethyladamanten 161 176 (18%) 1329 CisHa
38 Diethylmethyladamantane 163 192 (6%) 1334 CisHos
39 Diethylmethyladamantane 163 192 (6%) 1336 CiaHo
40 Tetramethyladamantene 175 190 (15%) 1341 CisHa
41 Diethylmethyladamantane 177 206 (4%) 1342 CisHas
42 Propylethyladamantane 177 206 (3%) 1347 CisHas
43 Ethyltrimethyladamantane 177 206 (5%) 1351 CisHas
44 Tetramethyladamantene 175 190 (68%) 1352 CisHx
45 Ethyltrimethyladamantane 191 206 (7%) 1355 CisHas
46 Pentamethyladamantene 189 204 (9%) 1362 CisHa
47 Diethylmethyladamantane 163 192 (5%) 1366 CisHo
48 Tetramethyladamantene 175 190 (74%) 1370 CisHa
49 Ethyltrimethyladamantane 177 206 (4%) 1374 CisHas
50 Pentamethyladamantene 189 204 (26%) 1374 CisHas
51 Diethylmethyladamantane 177 206 (5%) 1377 CisHas
52 Tetramethyladamantene 175 190 (25%) 1392 CiHx
53 Triethyladamantane 191 220 (3%) 1383 Ci6Has

Pentamethyladamantene 189 204 (67%) 1383 CisHas
54 Hexamethyladamantane 175 190 (58%) 1387 CiHa
55 Ethyltrimethyladamantene 189 204 (15%) 1388 CisHo
56 Adamantene-C 6 203 218 (8%) 1394 CicHas
57 Tetramethyladamantene 175 190 (13%) 1396 CisHx
58 Pentamethyladamantene 189 204 (10%) 1397 CisHas
59 Adamantene-C 6 203 218 (7%) 1403 CieHas
60 Ethyltrimethyladamantene 189 204 (10%) 1404 CisHas
61 Pentamethyladamantene 107 204 (45%) 1408 CisHas
62 Tetramethyladamantene 175 190 (22%) 1411 CiHa
63 Pentamethyladamantene 189 204 (15%) 1415 CisHas
64 Adamantene-C 5 175 204 (17%) 1418 CisHas
65 Pentamethyladamantene 189 204 (14%) 1420 CisHas
66 Tetramethyladamantene 175 190 (45%) 1425 CisH»
67 Adamantene-C 6 121 218 (34%) 1428 Ci6Has
68 Adamantane-C 5 177 206 (5%) 1436 CisHas
69 Adamantene-C 6 189 218 (17%) 1440 CieHas
70 Adamantene-C 6 203 218 (14%) 1453 CigHas
71 Adamantene-C 6 189 218 (4%) 1493 CigHas
72 Adamantene-C 6 203 218 (16%) 1500 CigHas
73 Adamantene-C 6 189 218 (20%) 1501 CieHas
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Table 2. Didamantanes and triadamantanes identified in the Toarcian black shale.

Peak Compound Chem Abstr. Base M+ (m/z) RT-Index Formura
No. Registry No.  Peak
74*  Diamantane 2292-79-7 188 188 (100%) 1508 CiHao
75%  4-Methyldiamantane 28375-86-2 187 202 (78%) 1521 CisHa
76*  4,9-Dimethyldiamantne 70459-27-7 201 216 (36%) 1533 CicHas
77*  1-Methyldiamantane 26460-76-4 187 202 (25%) 1560 CisHa
78* 1,4-Dimethyldiamantane 74340-66-8 201 216 (22%) 1563 CisHos
2,4-Dimethyldiamantane 74340-68-0 201 216 (22%) CisHas
79*  4,8-Dimethyldiamantane 70340-68-0 201 216 (24%) 1568 CieHos
80*  Trimethyldiamantane 215 230 (17%) 1570 Ci7Has
81"  3-Methyldiamantane 30545-28-9 187 202 (95%) 1587 CisH
82*  3,4-Dimethyldiamantane 70340-69-1 201 216 (52%) 1597 CieHas
3 Dimethyldiamantane 201 216 (35%) 1628 CisHos
Diamantane-C 3 201 230 (14%) Ci7Has
84 Diamantane-C 3 201 230 (8%) 1631 CisHxs
85 Diamantane-C 3 215 230 (40%) 1638 Ci7Has
86  Ethyldiamantane 187 216 (75%) 1664 CisHos
87 Ethyldimethyldiadamantane 229 244 (10%) 1667 CisHag
88 Trimethyldiamantane 215 230 (27%) 1700 Ci7Ha
89 Trimethyldiamantane 215 230 (24%) 1704 Ci7Hxs
90 Trimethyldiamantane 215 230 (18%) 1706 Ci7Ha
91 Propylmethyldiamantane 201 244 (16%) 1740  CisHas
92 Diethyldiamantane 215 244 (16%) 1779 CisHas
93 Triamantane 13349-10-5 240 240 (100%) 1916 CisHas
94 Methyltriamantane 239 254 (35%) 1921 CioHas
95 Triamantane-C 3 253 268 (35%) 1924 CaoHoas
96 Methyltriamantane 254 254 (100%) 1984 CioHas
97 Methyltriamantane 254 254 (100%) 1994 CisHae
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MDI= Methyldiamantane Index, MAI= Methyladamantane Index, DMDI-1=Dimethyldiamantane Index 1,
DMDI-2=Dimethyldiamantane Index 2, EAI=Ethyladamantane Index.
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Appendix. Carbon skeleton structures of the adamantane, diamantane and triamantane.



