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ABSTRACT 
 Notable compositional changes of organic matter are observed below the silica transition 
zone in thermally immature sediments. The increase of bitumen ratio, and hopane and sterane 
isomerisation parameters indicate an acceleration of the kinetics of the chemical reactions which 
transform the organic matter. This phenomenon is probably due to the numerous mineral and 
textural changes induced by the transformation of amorphous biogenic silica into crystalline 
authigenic silica. 
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INTRODUCTION 
 Diatoms, radiolarians and silicoflagellates precipitate amorphous silica to form siliceous 
tests, which accumulate on the sea floor to form siliceous oozes. With increasing burial, a less 
soluble Cristobalite-Tridymite phase, opal-CT, forms and then recristallizes to still less soluble 
quartz. This transformation depends on temperature, time, rock composition, interstitial water 
composition and particle surface area (Williams et al., 1985). 
 
 In the immature sediments from the Japan Sea, at Ocean Drilling Project Sites 798 and 
799, the diagenetic mineral sequence opal-A/opal-CT/quartz forms a major lithological and 
geochemical boundary, and is thus accompanied by abrupt changes in texture, porosity, density, 
soluble silica, water content, gas concentrations and total organic carbon within a relatively short 
depth interval (Ingle et al., 1990). We report here several notable changes in gross composition 
of organic matter and of biological marker ratios below the zone of silica diagenesis. 
 
SAMPLES AND METHODS 
 Mineral and bulk organic matter analysis of the rocks from two cores of the Ocean 
Drilling Program, recovered on the Oki Ridge (Site 798, 41-518 m) and in the Kita-Yamato 
Trough (Site 799, 47-1082 m), are decribed elsewhere (Ingle et al., 1990, Lichtfouse et al., 1992 
). In those cores, biosiliceous sedimentary rocks form a major component with an unusually clear 
record of silica diagenesis with depth. At Oki Ridge, the opal-A/opal-CT boundary is found at 455 
m depth and the opal-CT/quartz transition was not reached. In the Kita-Yamato Trough, the opal-
A/opal-CT and opal-CT/quartz boundaries are at 410 m and 585 m depth, respectively. Dominant 
lithologies include diatomaceous ooze, diatomaceous clay and silty clay above the silica 
transition zone, and siliceous claystone and porcellanite below this zone. 
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 Total organic carbon (TOC) was determined by combustion in a LECO IR-112 carbon 
analyser. Extraction and fractionation of the soluble organic matter was completed as follows: 
ground rock is dried and extracted with dichloromethane-methanol (99/1 v/v). The extract is 
filtered and concentrated under reduced pressure to yield bitumen which is separated into 
saturated hydrocarbon, aromatic hydrocarbon and polar fractions by medium pressure liquid 
chromatography (Radke et al., 1980). 
 
 Saturated hydrocarbon fractions were analysed by gas chromatography (GC) and gas 
chromatography-mass spectrometry (GC-MS). GC conditions: Varian 3700 analyser, split 
injection (1/3), injector temperature 300°C, fused silica capillary column (50 m, 0.32 mm i.d.), 
100% methylpolysiloxane phase (0.52 µm film thickness), temperature program: 120°C (2 min), 
120-320°C (3°/min), 320°C (60 min), helium flow: 3 ml/min, flame ionization detector. MS 
conditions: electron impact, 70 eV, VG 7070 E mass analyser (EB Type), mass range: 43-800 
a.m.u. Saturated hydrocarbons were identified by comparison of their mass spectra and 
chromatographic behavior with literature data: hopanes using Ensminger et al. (1974) and van 
Dorsselaer et al. (1974, 1977b), steranes using Seifert and Moldowan (1979) and Moldowan et 
al. (1980). C31 hopane stereoisomers were better selected using the m/z = 426 fragmentogram 
rather than the classical m/z = 191 fragmentogram. Examples of hopane and sterane molecular 
structures are drawn in Figure 1. 
 

 
 

Figure 1. Molecular structure of hopanes and steranes identified in the Japan Sea sedimentary rocks. The 
numbers correspond to the carbon positions which undergo epimerization with increasing burial: ββR refers 
to 17β,21β 22R , αααR refers to 5α,14α,17α 20R. 24R and 24S C29 sterane epimers are not separated by 
routine gas chromatography (Maxwell et al., 1980). 



 
 
Table 1. Total Organic Carbon (TOC), bitumen ratio, hopane and sterane parameters versus depth in 
Oki Ridge and Kita-Yamato Trough cores from the Japan Sea. The bitumen ratio is the organic 
extract normalized to TOC (Tissot and Welte, 1984). Hopane and sterane parameters are calculated 
from peak heights in the m/z = 426 and 217 reconstructed ion chromatograms: αβ/ββ (%) = 100 x 
αβR/(αβR + ββR), βα/ββ (%) = 100 x βαR/(βαR + ββR), βαα/ααα = 100 x βααR/(βααR + αααR). C27 
(%), C28 (%), C29 (%) are calculated with heights of corresponding αααR steranes. n.d.: not 
determined because fraction amounts are too low. *: not used in the figures because very low values 
of TOC may lead to inaccurate normalizations. 
 
 
 DEPTH TOC BITUMEN    HOPANES  STERANES 
 (m)  (%) (mg/gTOC) αβ/ββ βα/ββ βαα/ααα C27 C28 C29 
    (%) (%) (%) (%) (%) (%) 
 
Oki Ridge (Site 798): 
 41.50 3.82 11.3 24 7 25 40 29 31 
 66.69 3.78 17.4 19 7 28 37 27 36 
 96.54 4.50 32.9 9 1 21 43 32 25 
 120.63 2.74 23.9 16 6 32 44 28 28 
 131.38 2.82 26.6 16 3 22 32 17 51 
 201.26 3.22 28.2 n.d. n.d. n.d. n.d. n.d. n.d. 
 249.42 1.82 29.5 22 8 n.d. n.d. n.d. n.d. 
 332.65 1.77 31.2 n.d. n.d. n.d. n.d. n.d. n.d. 
 373.52 1.90 26.5 38 13 29 49 16 35 
 446.22 1.16 10.6 n.d. n.d. n.d. n.d. n.d. n.d. 
 504.20 4.41 12.1 24 9 n.d. n.d. n.d. n.d. 
 518.07 4.32 19.1 n.d. n.d. n.d. 44 27 29 
 
Kita-Yamato Trough (Site 799): 
 47.66 0.96 76.7* n.d. n.d. n.d. n.d. n.d. n.d. 
 109.98 1.03 15.4 30 5 n.d. n.d. n.d. n.d. 
 110.02 5.85 17.8 9 1 n.d. n.d. n.d. n.d. 
 110.08 1.46 15.0 n.d. n.d. n.d. n.d. n.d. n.d. 
 144.94 3.03 15.2 21 9 27 n.d. n.d. n.d. 
 159.15 2.55 14.7 n.d. n.d. n.d. n.d. n.d. n.d. 
 207.75 1.29 21.0 n.d. n.d. n.d. n.d. n.d. n.d. 
 265.05 1.23 23.5 n.d. n.d. n.d. n.d. n.d. n.d. 
 347.35 0.78 29.5* n.d. n.d. n.d. 36 31 33 
 388.73 1.96 18.8 26 11 n.d. 40 22 38 
 459.62 1.16 16.9 16 5 n.d. n.d. n.d. n.d. 
 500.72 3.09 15.9 n.d. n.d. 26 35 35 30 
 533.36 2.32 21.6 41 13 n.d. n.d. n.d. n.d. 
 570.51 4.97 24.2 34 7 40 30 40 30 
 600.83 2.49 22.2 44 20 n.d. 44 27 29 
 620.12 2.02 33.6 41 20 39 35 33 32 
 657.07 1.39 40.0 n.d. n.d. 41 33 34 33 
 721.13 1.95 33.8 72 43 40 35 32 33 
 885.26 3.11 55.7 81 70 39 33 34 33 
 953.71 3.07 58.5 83 59 42 37 35 28 
 1033.98 0.62 61.1 88 76 45 34 33 33 
 1081.89 3.35 67.8 96 83 20 35 33 32 



RESULTS AND DISCUSSION 
 
Bitumen  ratio 
 With increasing burial depth, the bitumen ratio decreases slightly from 25 to 15 mg/g 
TOC within the silica transition zone, then increases rapidly to about 60 mg/g TOC in the deepest 
rocks (Figure 2, Table 1). Similarly drastic variations of saturated hydrocarbon and aromatic 
hydrocarbon contents occur below this zone (Lichtfouse, unpublished results). Such variations 
have been previously observed during the first stage of catagenesis of organic matter, thus 
indicating the beginning of petroleum generation (Tissot and Welte, 1984). However, in the 
deepest rocks of the Japan Sea, the organic matter has not reached the catagenetic stage as 
shown by low hopane and sterane epimerization ratios: S/(S+R) = 30% and 14% respectively, in 
the deepest rock cored at 1082 m depth at Kita-Yamato Trough. Moreover, Tmax values, 
recorded by Rock-Eval pyrolysis, are typical of immature organic matter and do not increase 
significantly through the cores (Lichtfouse et al., 1992). 
 

 
 

Figure 2. Bitumen ratio versus depth at Oki Ridge ("Oki") and Kita-Yamato Trough ("Kita"), showing the 
rapid increase of this ratio below the silica transition zone. 
 
Hopane  parameters 
 C31 hopanes, derived from eubacterial precursors (Ourisson et al., 1979), show a typical 
evolution from the "natural" ββR configuration to the more stable βαR and αβR configurations 
with increasing burial depth (Figure 3). Such changes usually reflect the increase of thermal 
maturity in sediments (Ensminger et al., 1977; van Dorsselaer et al., 1977a; Mackenzie et al., 
1980). The relative concentration of 22S- versus 22R-homohopanes also increases and reaches 
a value of 30% in the deepest sedimentary rock at 1082 m depth, indicating that the organic 
matter is still at the diagenetic stage ("immature"). 
 
 In addition to the regular increase expected with increasing burial, or thermal maturity, 
the hopane parameters show a drastic increase below the silica transition zone (Figure 4). These 
transformations at the molecular level indicate an acceleration of the chemical reactions which 
control the distributions of hopane isomers. These variations go along with the abrupt mineral 
changes observed at the silica transition zone within a short depth interval (Ingle et al., 1990): at 
Kita-Yamato Trough, for example, the ODP scientists recorded (1) a decrease in dissolved silica 
in interstitial waters from 1450 µM at 436 m depth to 860 µM at 465 m depth; (2) an increase in 
bulk density from 1.4 to 1.7 g/cm3 at about 459 m depth and (3) a decrease of porosity from 75 
% to 58 % at about 460 m depth. Notable increases of methane and organic carbon contents 
have also been reported. Hence, the transformation of the organic substances at this stage could 
be catalysed by siliceous minerals, as suggested by heating experiments on clays (Rubinstein et 
al., 1975, Sieskind et al., 1979). 
 



 
 
Figure 3. Reconstructed ion currents at m/z = 
426 showing the distributions of C31 hopane 
stereoisomers in the organic extracts of the 
Japan Sea sedimentary rocks. Note the relative 
increase of αβR and βαR versus ββR hopane 
with increasing depth. The deepest rock has not 
reached the catagenetic stage of organic matter 
as indicated by the low relative intensity of the 
22S epimer: αβS x 100/(αβS + αβR) = 30 %. 
 

 
 
Figure 4. Hopane parameters versus rock depth 
at Oki Ridge ("Oki") and Kita-Yamato Trough 
("Kita"). Note the rapid increase of both 
parameters below the silica transition zone. 



Sterane parameters 
 The structural variety of sedimentary steroids provides evidence for geochemical 
transformations of their precursors, the eukaryotic sterols (Mackenzie et al., 1982). In the shallow 
sedimentary rocks from the Japan Sea, the major steranes have the αααR configuration and 
extend from C27 to C29 (Figure 5). With increasing burial, the relative concentration of βααR 
versus αααR steranes changes rapidly from about 25% to 40% within the silica transition zone 
(Figure 6). A reverse trend has been previously observed with increasing burial in Toarcian 
sedimentary rocks from the Paris basin (Mackenzie et al., 1980). It is therefore possible that the 
increase of βαα/ααα (%) observed at the silica transition zone in Japan Sea sediments had 
occurred at an earlier stage of diagenesis in the Paris basin. Alternatively, the numerous mineral 
changes observed at the silica transition zone might have drastically modified the chemical 
composition of the organic matter, giving rise to a preferential formation of βαα-steranes. The 
thermodynamically more stable ααα-steranes should predominate at a later stage of diagenesis. 
We indeed observed a decrease of βαα/ααα (%) in the deepest sedimentary rock cored at 1082 
m depth (Figure 5). 
 

 
 

Figure 5. Reconstructed ion currents at m/z = 217 showing the distributions of steranes in organic extracts 
of Japan Sea sedimentary rocks. Major members extend from C27 to C29 as αααR (hatched) and βααR 
epimers (black). Note the relative increase of βααR- versus αααR- steranes with increasing depth. Note 
also the low relative intensity of the C29 αααS epimer ("S") in the sediment at 954 m: αααS x 100/(αααS + 
αααR) = 13%. This ratio reaches 15% in the deepest rock at 1082 m, indicating low thermal maturity. 



 

 
 
Figure 6. Sterane parameter versus depth at Oki Ridge ("Oki") and Kita-Yamato Trough ("Kita"), showing 
the rapid increase below the silica transition zone. 
 
 All drastic changes in chemical composition of the organic matter observed at the silica 
transition zone might also be explained by the contribution of different types of organic matter at 
the time of deposition. Such different palaeoenvironments can be evaluated by the relative 
amount of C27-C29 sterols or steranes, plotted on the triangular diagram of Huang and 
Meinschein (1979). Two features are obvious from examination of our sterane data in Figure 7: 
firstly, most of the data fall into the same area suggesting that a mixture of terrestrial and marine 
organic matter was initially deposited, which is in good agreement with previous petrological and 
Rock-Eval studies (Lichtfouse et al., 1992). Secondly, the values are not depth-related. A change 
in organic facies due to different initial supplies above and below the silica transition zone is 
therefore unlikely. Also, the various transformations of the organic matter observed in this report 
seem to be associated with the mineralogical changes occurring at the silica transition zone. 
 

 
 
Figure 7. Huang and Meinschein diagram showing the composition of C27 C28 and C29 αααR steranes in 
Japan Sea sedimentary rocks. Those values suggest that a mixture of terrestrial and marine organic matter 
was initially deposited. 



CONCLUSION 
 Drastic increases of bitumen ratio and hopane and sterane isomerisation parameters are 
observed below the silica transition zone in thermally immature sedimentary rocks from the 
Japan Sea. Such changes suggest an acceleration of the chemical reactions in the 
transformation of the organic matter. This phenomenon is probably linked to the mineral and 
textural changes associated with the transformation of biogenic silica into authigenic silica. 
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