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Abstract: Outcrops containing the Permian/Triassic (P/T) boundary exposed in the Tanba
Belt, Southwest Japan, have intercalated organic rich black shales. These black shales, related
to the P/T boundary from the Ashimi section, Kyoto Prefecture, are examined to reveal their
organic geochemical implications on the basis of their organic geochemical characteristics.
Biomarker maturity parameters show that the black shales are matured to the post hydrocar-
bon generation stage before the major stage of hydrocarbon cracking. The measured TOC
(total organic carbon) concentrations were in the range 2.2 to 5%. Considering their organic
maturity levels, the initial TOC concentrations of the black shales at the time of deposition was
evaluated to be at least more than 1.5 times. Visual kerogen analysis revealed that kerogen frac-
tions do not contain any debris of higher plant origins, but are mostly composed of structure-
less amorphous kerogens. Little bioturbation, poor sedimentary structures, and dispersed na-
ture of kerogen suggest that organic matter was transported vertically and deposited from sus-
pension. The relative abundance of cholestanes derived from cholesterols is generally more
than 50% in regular Cy; to Cyg series of steranes, showing the marked contribution of plankton-
ic organic matter. The unresolved complex mixture shown on a gas chromatogram of saturated
hydrocarbon fraction suggests the significant contribution of bacterial organic matter and/or
organic matter related to bacterial activity.

Considering that anoxic-oxic conditions is not so important for the accumulation and
preservation of organic matter in the open marine environment, oceanic anoxia cannot be
responsible for the formation of these organic rich black shales. If the sedimentation rate is of a
similar order to that of the present ocean floor, the black shales related to the P/T boundary
show that the abnormally high primary production has taken place intermittently in the P/T
transition time. The organic rich black shales show either a fertilized ocean due to the marked
discharge of river-borne materials associated with a sea-level rise and/or the active ocean cur-
rents resulting in upwelling. Much dissolved oxygen is consumed due to prolific breeding of
plankton. The abnormally high primary production in the P/T transition time can be related to
the mass extinction of marine invertebrates and the evolution of marine plankton, especially in
the upwelling region.

Southwest Japan has been recently specified by

1. Introduction Yamakita (1987) and Ishida et al. (1992). Many

records related to the mass extinction and drastic
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rocks of the P/T transition time. Among various
lithologies of the P/T transition time, the organic
rich black shales are of interest. The black shales
are often formed in the P/T transition time and
these also occur in the Lower Triassic siliceous
rocks (Yamakita, 1987: Sano, 1988). These
black shales have clues to understand the mass ex-
tinction and the change of oceanic environment in
the P/T transition time.

Preservation of organic matter is controlled
by several conditions such as the settling flux of
organic matter, the oxic-anoxic conditions of oce-
an and sea floor, the dilution by inorganic
sedimentary components, and the quality of or-
ganic matter. The abundance of organic matter in
sedimentary rocks is often regarded to show anox-
ic condition of the ocean. However, the anoxic-
oxic condition of the whole ocean must be distin-
guished from that of the bottom water-sediment
interface. Organic matter consumes oxygen to
form anoxic and reducing environment. The sig-
nificant amount of organic matter, however, can
be degraded through the process of sulphate
reduction under the reducing environment
(Foree and McCarty, 1970; Otsuki and Hanya,
1972). Calvert and Pedersen (1992) recently sug-
gested that anoxic-oxic condition is not so im-
portant for the accumulation and preservation of
organic matter in the open marine environment.

Marine organic rich sediments are generally
formed under the high primary production zone
in the marginal sea rich in nutrients supplied by
upwelling (Bordovskiy, 1965; Romankevich,
1977). Ocean current systems influence the supp-
ly of nutrients, which in turn control the primary
productivity in open marine environment.
Whereas the ocean current supplies sea water
rich in dissolved oxygen, which degrades organic
matter during their settling. The formation of or-
ganic rich sediments is due to the interplay
among the various controlling factors on produc-
tion, accumulation and preservation of organic
matter. The oceanic anoxia may be responsible
for the formation of the P/T black shales (Ishida
et al., 1992; Yamashita et al., 1992). However,
the climatically and/or tectonically induced in-
creases of upwelling can play an important role
for the formation of organic rich sediments.

In the present paper, the black shales from
Tanba Belt (Ishiga, 1985) related to P/T bounda-
ry are preliminary investigated to evaluate the pri-

mary productivity and oxic-anoxic condition of
depositional environment. Their initial organic
concentrations at the time of deposition are re-
evaluated considering their organic maturity.
The source of carbons is also examined based on
visual kerogen analysis and biomarker com-
pounds. These organic geochemical characteris-
tics of the black shales related to P/T boundary
are useful for understanding the geological sig-
nificance of the formation of organic rich sedi-
ments in the P/T transition time.

2. Samples and experimental

Samples

The carbonaceous shales were collected
from the Triassic bedded chert sequence embed-
ded in Upper Jurassic melange of the Type I suite
in the Tanba Belt (Ishiga, 1985). Location map
and generalized stratigraphic column of the study
area are shown in Figs. 1 and 2, respectively. The
sequence comprises black bedded cherts and in-
tercalating thin layers of gray siliceous claystone
(so called Toishi type shale) and black car-
bonaceous shales. These rocks show rhythmic
stratification and regular manner of single bed
thickness of 1 to 2 cm. Lower part of the se-
quence of 3.6 m thick is indicated in Fig. 2. The
black shales occasionally show lamination and
graded wupward into light gray siliceous
claystones (Yamashita et al., 1992), but are gener-
ally poor in visible sedimentary structures. Late
Smithian to Spathian conodont Neoapathodus
homeri occurs from the sequence indicated in
columnar section (Fig. 2).
Geochemical Analyses of hydrocarbons and
kerogens

The samples were dried at room tempera-
ture, carefully cleaned by grinder and washed by
benzene/methanol (9:1) to remove contamina-
tion. The solvent washed samples were then pul-
verized by a jaw crusher and a ball-mill to less
than 200 mesh. The powdered samples were ex-
tracted in a soxhlet extraction apparatus with ben-
zene/methanol (9:1) for 48 hrs. The extracts was
evaporated and subjected to preparative thin lay-
er chromatography on silicic acid (KISELGEL 60
PF254, MERK) with elution by #-hexane to iso-
late saturated and aromatic hydrocarbons.

The solvent extracted samples were deminer-
alized with HCI(6N)/HF (55%) (1:1) and then
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Fig.1 Index map showing black shales related to the P/T boundary included to the Type I suite in
the Tanba Belt (Ishiga, 1983), Southwest Japan.

washed with distilled water to c.e. pH 7. Kero-
gens for CHN elemental analysis were cen-
trifuged and dried at 50°C. Kerogens for visual
kerogen analysis were similarly recovered from
the rock fragment samples of c.e. 5 mm in di-
ameter.
Instrumental

All analyses for hydrocarbons were per-
formed using a Shimazu GC-14A or Shimazu
QP2000A Gas Chromatograph-Mass Spectrome-
ter equipped with a 30 m X 0.25 mm i.d. fused sili-
ca capillary column coated with DB-5 (J & B).
The oven was programmed from 40 to 300°C at
4°C/min. Samples were injected using splitless in-
jection system. The mass spectrometer was oper-

ated at an electron energy of 70 eV, an ion source
temperature of 250°C and a separator tempera-
ture of 250°C. The CHN elemental analyses were
performed by using YANAKO CHN corder MT—
3.

3. Results

Organic geochemical characteristics of the
samples

The carbonaceous shales are visibly poor in
primary sedimentary structures. The dispersed
dark organic matter (kerogens) of 10 to 30 ym in
diameter is distinctly observed in thin sections of
the black shales. Abundant organic matter is
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Fig. 2 Columnar section including the black shales at the Asimi section (Yamashita ef al., 1992).
As—a-3, As—a-8, As—a—17, 094, 09-5 are the sample names and their stratigraphic horizons.
Neospathodus homeri of the Lower to Middle Triassic conodonts has been found in the sam-
ples 09-2 and 09-3 (Yamashita et al., 1992).

slightly orientated along secondary structures
possibly due to the compaction and clay mineral
transformations. The occurrence of organic mat-
ter is different from those in non-marine oil
shales, since kerogens in oil shales are generally
interlaminated with thin primary laminae. One of

transmitted-light photomicrographs of kerogen
fractions extracted from the carbonaceous shales
is shown in Fig. 3. Black colored structureless
kerogens are commonly observed in five samples.
Any structured kerogens with possible organic tis-
sues were not observed in all samples, suggesting
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Y it <
’ Fig. 3 Typical photomicrograph showing kero-
gens extracted from the black shale (sam-
ple 09-5). Note most kerogens are struc-
tureless amorphous kerogens. Black color
shows its relatively high maturity level.

that the black shales were poor in kerogens of
higher plant origins.

The TOC (Total organic carbon) concentra-
tions of the black shales are in the range of 2.2 to
5.3% (Table 1). These values are less than those
of most non-marine oil shales and nearly the same
as those of organic rich Cretaceous marine black
shales (e.g. Stein et al., 1986). The black shales
are evidently richer in TOC than Neogene marine
black shales (generally less than 2%) from
-Japanese oil fields. The C/N (carbon to nitrogen
ratio) of carbonaceous shales ranging from 19.4
to 30.4 are similar to or less than those of Mio-
cene marine black shales (Taguchi, 1968), show-
ing that the organic matter of black shales is com-
paratively rich in nitrogen compounds. This is
consistent with that kerogens visually lacks
higher plant debris which is poor in nitrogen.

The typical gas chromatograms of saturated
hydrocarbon fractions from the black shales are
shown in Fig. 4. The saturated hydrocarbon distri-
bution is characterized by the unresolved com-
plex mixture (UCM), which appears in the reten-
tion time ranging from 45 to 65 min. Normal
alkane distribution is unimodal with a maximum
peak at #—Cyg or Cys. An odd/even-carbon num-
ber predominance is significantly observed in the
higher molecular weight #n—alkanes ranging from
Ca4 to Csy. Pristane and phytane, typical acyclic
isoprenoid hydrocarbons of sedimentary rocks,
are not detected in saturated hydrocarbon frac-
tion of all samples. These acyclic isoprenoid

Table 1 Total organic carbon (TOC) concentra-
tions and carbon to nitrogen ratios (C/
N) of the black shales from Ashimi sec-
tion in the Tanba Belt, Southwest Japan.

Sample TOC(%) C/N

As-a-3 2.19 19.4
As-a-8 3.02 23.7
09-4 242 25.4
09-5 4.04 293
As-a-17 5.29 304

hydrocarbons might have been evaporated, since
relatively lower molecular weight hydrocarbons
(<Cyy) are very poor in the samples.

M/z 217 and m/z 191 mass fragmentograms
(Fig. 5) show that steroidal and triterpenoidal
alkanes are significantly present in all samples,
although they are poor compared to #—alkanes as
shown in Fig. 4. Steranes with 27 carbons are the
most abundant in all samples. Identifications of
steranes in the m/z 217 fragmentogram and triter-
panes in the m/z 191 fragmentogram are based
on Peters and Moldowan (1993), and the results
are shown in Tables 2 and 3, respectively.

4. Discussion

Organic maturity of the P/T black shales
The organic maturity of the black shales can
be evaluated by several biomarker maturity
parameters (Table 3). The 20S/(20S+20R) ra-
tio of Cy9 steranes are generally more than 0.5
which are nearly at the equilibrium value of the
isomer ratio. The B8/ (aa+ ) ratio of Cyg ster-
anes is measured to be about 0.7, showing high
maturity level of the samples. The abundant low-
er molecular Cy; and Cy; steranes (L/(L+H) ra-
tio in Table 4) shows that the thermal cracking of
Ca7 to Cy regular steranes has proceeded sig-
nificantly. However, we could not detect any Cyy
and Cgy; steranes in the samples As—a—3 and As—a—
17. The ratio of Ts/ (Ts+Tm) is generally about
0.6. These maturity parameters show that the or-
ganic maturity of the black shales is at the post oil
generation stage before the major stage of oil
cracking (e.g. Peters and Moldowan, 1993). This
maturity level corresponds to the maximum tem-
perature of 100 to 120°C in the Mesozoic Paris ba-
sin (apparent heating rate is ca. 1°C/m.y.)
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Retention Time (min.)

Fig. 4 Gas chromatogram of the saturated hydrocarbon fraction from the sample 09-5. Cy7 to Cgy are
n—alkanes with corresponding carbon numbers. Note gas chromatogram is characterized by

the UCM (unresolved complex mixture).

(Mackenzie and McKenzie, 1983), and cor-
responds to the maximum temperature of 140 to
160°C in the young active Niigata basin (apparent
heating rate is c.e. 10 to 100°C/m.y.) (Suzuki ef
al., 1987: Suzuki, 1990). Considering the geolog-
ic age of the black shales, the maximum tempera-
ture of the sample can be estimated to be about
140°C at most.
Source of carbons

Gas chromatogram of saturated hydrocarbon
fraction is characterized by the UCM. The UCM
is a complex mixture of branched and cyclic
alkanes, and is often found in biodegraded petrole-
ums (Blumer et al., 1973). It is recently suggest-
ed that the UCM in biodegraded petroleum main-
1y comprises one ring cycloalkyl compounds (Kil-
lops and Al-Juboori, 1990). In non-biodegraded
petroleums, the UCM is not observed in the GC
determination of #—alkane distributions. The gas
chromatogram of saturated hydrocarbon fraction
from the black shales is, however, different from
those of biodegraded petroleums, since the black
shales is rich in #—alkanes which can be easily bio-
degraded, and poor in biomarker compounds
such as steroidal and triterpenoidal alkanes which
are relatively stable against biodegradation (Alex-

ander ef al., 1983). The significant UCM of the
black shales suggests that a part of their organic
compounds is of microbial origin or that their ini-
tial organic matter at the time of deposition is
slightly biodegraded.

The significant steroidal hydrocarbons sug-
gests that a part of organic matter in the black
shales is derived from eukaryotic organisms,
although they have been thermally degraded
slightly. The Cy7 steranes are generally the most
abundant among regular Cy7 to Cgg steranes, show-
ing the significant contribution of zoo- and phyto-
plankton to the preserved organic matter (Huang
and Meinschein, 1979; Suzuki and Shimada,
1982) (Fig. 5 and Table 4).

Relatively long chain #n—alkanes ranging
from Cy7 to Caz with a peak at Cyg or Co; can not be
interpreted by prokaryotic organisms, even
though the n—alkane distribution has been modi-
fied by the thermal cracking. Cyanobacteria does
not produce abundant lipid and long chain
hydrocarbons (Oren ef al., 1985). Eukaryotic al-
gae often contain abundant lipid and long chain
fatty acids, and can be a source of long chain
hydrocarbons. Pristane and phytane, which are
believed to be derived primarily from the phytol
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Fig.5 Mass fragmentograms m/z 217 and m/z 191 of the saturated hydrocarbon fraction from the
sample 09-5. See Tables 2 and 3 for compound identifications.

moiety in chlorophyll, are not detected in the
black shales. They might have evaporated con-
sidering that #—alkanes with carbon numbers less
than 18 are similarly very poor in GC trace of the
saturated hydrocarbons.

The black shale related to the P/T boundary
has few visible sedimentary structures. Kerogens
are not concentrated in the laminae but occur as
dispersed organic matter in the sediments. This
occurrence of the kerogen suggests that organic
matter is transported vertically and deposited
from suspension. The Lower Triassic black
shales mainly comprise organic matter derived
from plankton with the additional organic matter
related to bacterial activity.

Geological significance of the P/T black
shales

In the case of matured samples, we have to
consider the decomposition and the expulsion of

organic matter during early to late diagenesis.
The weight loss of marine kerogen during diagen-
esis and metamorphism is generally in the range
of 30 to 50% (e.g. Tissot et al., 1987). Consider-
ing that the P/T black shales are at the post oil
generation stage, the initial TOC concentration at
the time of deposition can be evaluated to be
about 1.5 times higher at least than those meas-
ured (Table 1). The initial TOC values estimated
to be c.a. 4 to 8% are abnormally high compared
to those of present marine sediments.

The preservation of organic matter in marine
sediments is controlled by (1) oxic-anoxic condi-
tion at the time of deposition, (2) river-borne and
air-borne contribution of the stable terrestrial or-
ganic matter, (3) the primary productivity, and
(4) sedimentation rate of inorganic materials. In
the deep ocean, the influence of terrestrial organ-
ic matter is generally minor (Hedges and Parker,
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Table 2 Identification of steranes in the m/z 217 fragmentagram (Fig. 5).

Peak No. Compounds Carbon Number
1 Pregnane 21
2 Methylpregnane 22
3 134(H),17a(H)-Diacholestane (20S) 27
4 134(H),17a(H)-Diacholestane (20R) 27
5 138(H),178(H)-Diacholestane 27

+ 13f(H),17a(H)-Methyldiacholestane (20S) 28
6 5a(H),14a(H),17a(H)-Cholestane (20S) 27
7 5a(H),148(H),17(H)-Cholestane (20R) 27
8 5a(H),14a(H),178(H)-Cholestane (20S) 27
9 5a(H),140(H),17a(H)—Cholestane (20R) 27

+ 130(H),18c(H)-24-Ethyldiacholestane 29

+ 13a(H),17a(H)-24—Ethyldiacholestane 29
10 5a(H),144(H),178(H)-24-Methylcholestane (20R) 28
11 5a(H),148(H),178(H)-24-Methylcholestane (20S) 28
12 5a(H),14a(H),17a(H)-24-Methylcholestane (20R) 28
13 5a(H),14a(H),17a(H)-24-Ethylcholestane (20S) 29
14 Sa(H),148(H),178(H)-24-Ethylcholestane (20R) 29
: + Sa(H),148(H),178(H)-24-Ethylcholestane (20S) 29
15  5a(H),14a(H),17a(H)-24-Ethylcholestane (20R) 29

16  5a(H),14c(H),17a(H)-24-n-Propylcholestane (20R) 30

Table 3 Identification of triterpanes in the m/z 191 fragmentogram (Fig. 5).

Peak No. Compounds Carbon Number
a 18a(H)-22,29,30-Trisnorneohopane (Ts) 27
b 17a(H)-22,29,30~Trisnorhopane (Tm) 27
c 17a(H),215(H)-30-Norhopane 29
d 176(H),21 a(H)-30-Norhopane 29
e 17a(H),215(H)-Hopane 30
f 176(H),21a(H)-Hopane (Moretane) 30
g 17a(H),215(H)-29-Homohopane (22S) 31
h 17a(H),215(H)-29-Homohopane (22R) 31
i 17a(H),215(H)-29~-Bishomohopane (22S) 32
j 17a(H),215(H)-29-Bishomohopane (22R) 32

1976). The absence of higher vascular plant
debris and higher waxy hydrocarbons from
higher land plants in the P/T black shale is consis-
tent well with their deep marine depositional en-
vironment. Considering that the black shales are
rich in clay minerals compared to stratigraphical-
ly upper and lower radioralian cherts (Fig. 2), the
sedimentation rate of black shale could be slower
than that of radiolarian chert. According to Ishida
et al. (1992), the clayey strata of c.a. 3 m thick
with the black shales at and above P/T boundary
has accumulated within 3 m.y. at most in Sasaya-
ma section of the Tanba Belt. The mean rate of

the sedimentation can be estimated to be 1 mm/
kyr. Considering the compaction during diagene-
sis, the sedimentation rate more than 2 mm/Kkyr,
which is similar to that of the present ocean floor,
can be expected. However, we have poor informa-
tion on the sedimentation rate of the black shales
from Ashimi section in the present paper. If we
can assume that the sedimentation rates of the
black shales are nearly in the similar order to that
of the present ocean floor, the marked increase of
primary productivity and/or the abnormally anox-
ic depositional environment can be the crucial con-
ditions to form the organic rich black shales.
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Table 4 Maturity and source parameters from sterane and triterpane biomarker compositions. Overlapped com-
pounds are manually divided for calculations.

Maturity Parameters Source Parameters ™

Sample  S/(S+R)™ L/(L+H)™2 B/(8B+ac))" Ts/(Ts+Tm)** %C,; %Cg %Cyg
As-a-3 051 0.0 0.67 0.57 52 24 24
As-a-8 045 074 068 0.58 6 17 23
09-4 0.54 038 070 0.60 52 2 26
09-5 0.52 052 067 0.61 50 25 25
As-a-17 052 0.0 0.70 0.48 52 22 26

*1208~/(20S- + 20R-) aaa-C,, sterane (sterane isomer ratio); The ratio of peaks
13/(13+15) in the m/z 217 fragmentogram.

"2 (Cy+Cy)(C oy +Copt Coprt Cop+Coo)-aa-sterane (sterane side chain cleavage).
The ratio of peaks (1+2)/(1+2+9+12+15) in the m/z 217 {ragmentogram.
*3 afB/(aff+aaa)-C,, sterane (sterane isomer ratio). The ratio of peaks
14/(13+14+15) in the m/z 217 fragmentogram.

*4 The ratio of 18a@-22,29,30-Trisnornechopane (Ts) and 17a~22,29,30-Trisnor—
hopane (Tm). The ratio of peaks a/(a+b) in the m/z 191 fragmentogram.

*5 Relative abundance among regular aaa—C,;, C,g and Cy steranes (peaks 9, 12,

15 in the m/z 217 fragmentogram).

Anoxic depositional condition can be defined
as those environments where the water contains
free hydrogen sulphide. European fjords, Cariaco
Trench and the Black Sea are well known as typi-
cal anoxic depositional environment, where the
abundant organic matter are actually preserved.
However, the view that oxidation of organic mat-
ter does not occur, or is greatly retarded, in the ab-
sence of oxygen does not necessarily be support-
ed by recent works. Oxidation of organic matter
by sulphate reduction often occurs more efficient-
ly than that under oxygenated condition (Foree
and McCarty, 1970, Otsuki and Hanya, 1972). In
addition, Mackin and Swider (1989) showed that
the maximum contribution of O to total organic
matter decomposition in a coastal mud flat was
clearly less than that by sulphate reduction. It is
also pointed out that the oxidation rates of organ-
ic matter under an oxic and an anoxic basin are
not so much different (Henrichs and Farrington,
1987). Calvert and Pedersen (1992), consequent-
ly concluded that the anoxia in the marine en-
vironment is not essential for the formation of or-
ganic rich sediments.

The TOC concentrations of present deep oce-
an sediments are generally less than 0.5% (Bor-
dovskiy, 1965; Romankevich, 1977, Premuzic et
al., 1982). While the initial TOC concentrations
of the P/T black shale were evaluated to be 4 to

8Y%. These initial TOC concentrations are sig-
nificantly higher than those (1 to 4%) of imma-
ture Cretaceous black shales from the Atlantic
Ocean (Stein ef al., 1986). The formation of or-
ganic rich sediments in the P/T transition time
can not easily be interpreted only by the oceanic
anoxia, since the decomposition of organic matter
can proceed significantly under an anoxic condi-
tion. The abnormally increased primary produc-
tivity in the P/T transition time should be consi-
dered as one of the essential causes for the forma-
tion of the organic rich black shales in the P/T
transition time.

The relative abundance of cholestane (Cyy
sterane) among regular Co; to Cyy steranes is
more than 50% (Table 3). Diatomaceous
siliceous rocks of the Onnagawa Formation were
widely deposited in northeast Japan in Middle to
Late Miocene. The average TOC concentration
of the Onnagawa sediments is the highest com-
pared to those from stratigraphically lower and
upper formations such as Nishikurosawa Forma-
tion and Funakawa Formation (Japan Natural
Gas Association, 1992). The invasion of nutrients
rich sea water from the north to the expanding
Japan Sea can be considered as one of major rea-
sons for the marked increase of primary produc-
tion which formed abundant siliceous sediments.
The steroidal hydrocarbon compositions of the
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Onnagawa siliceous rocks and crude oils possibly
derived from the Onnagawa source rocks have
been reported by many authors (Suzuki and
Shimada, 1982; Taguchi ef al., 1986: Sakata ef al.,
1988; Hirai, 1988; Hirai ef al., 1990: Yamamoto
and Watanabe, submitted), and it is known that
cholestane is the most abundant sterane among
regular steranes. Cholestane in the black shales
related to the P/T boundary are comparatively
more abundant than those in the Onnagawa
siliceous rocks as shown in Fig. 6. The black
shales are characterized by the very high abun-
dance of cholestane which are derived from
planktonic organic matter, supporting the high
primary productivity at the time of black shale
deposition.

Regional stratigraphic studies recently
showed a distinct pattern of regression-transgres-
sion in the P/T transition time (Holser and
Magaritz; 1987; Hallam, 1992; Wignall and Hal-
lam, 1993). Several third-order eustatic sea-level
cycles during the Triassic have been recognized,

and the regional sea-level rises with the greatest
magnitude occurred in earliest Griesbachian, ear-
ly Anisian, earliest Carnian, earliest Norian, and
earliest Jurassic (Embry, 1988). These rapid sea-
level rises can be related to the formation of or-
ganic rich black shales. In the open marine en-
vironment, the sufficient supply of nutrients is an
important factor for the increase of primary
productivity. Nutrients in the ocean can be der-
ived from river-borne terrestrial materials. As ar-
gued for the Cretaceous black shales by Pedersen
and Calvert (1990), the increased supply of ter-
restrial materials through rivers associated with a
sea-level rise can fertilize the ocean. On the other
hand, according to Hallam (1978) and Embry
(1988), sea-level cycles in the Triassic can be in-
terpreted as tectono-eustatic in origin, reflecting
changes in the volume of the ocean basins due to
sea floor spreading and oceanic volcanism. The
drastic change of topography of sea floor due to
tectonics can also affect the ocean current sys-
tems. Tectonically controlled ocean currents can

Cas

Black shales related to
the P/T boundary

C2r

Ca

Fig. 6 Ternary diagram showing the relative abundances of Cy—, Cy5—, and Cyg—regular 20R—aaa—
steranes (Peaks 7, 12, 15). Note Triassic black shales are significantly rich in C,; sterane
compared to Miocene Onnagawa siliceous rocks. Data of Onnagawa shales are from Suzuki
and Shimada (1982), Yamamoto and Watanabe (submitted) and unpublished data. The ster-
ane ternary plots of Crude oils from Neogene Tertiary Akita basin (Sakata ef al., 1988: Hirai,
1988: Hirai ef al., 1990) are within the range of Onnagawa siliceous shales.
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form upwelling to transport nutrients. Organic
rich black shales commonly observed in the P/T
transition time show the fertilized ocean and/or
the active ocean currents to form upwelling. Pro-
lific breeding of plankton by the abnormally high
primary productivity consumes much dissolved
oxygen, and can affect the ecological system, es-
pecially in upwelling regions. The abnormaly
high primary production can be responsible for
the mass extinction of marine invertebrates and
the evolution of marine plankton in the P/T tran-
sition time.

5. Conclusion

The black shales related to the P/T bounda-
ry from Tanba Belt are rich in organic carbon, of
which the initial concentrations were evaluated in
the range 4 to 8% considering their organic
maturity. Poor visible sedimentary structures
and dispersed structureless kerogen (amorphous
kerogen) suggest that major organic matter has
been vertically transported or deposited from sus-
pension. These black shales are characterized by
the very high relative abundance of C,; steranes
(cholestanes) derived from plankton. The black
shales comprise organic matter mainly derived
from plankton although their organic composition
is slightly modified by bacterial activity. The
abundant organic matter can consume dissolved
oxygen to maintain a highly anoxic condition of
bottom-sediment interface. However, the occur-
rence of the organic rich black shales can not be
easily interpreted by the oceanic anoxia. Recent
works strongly suggest that decomposition rates
of marine organic matter under an oxic and an
anoxic condition are not so different. If the
sedimentation rate is nearly in the similar order to
that of present ocean, the black shales show that
abnormally high primary production has taken
place intermittently in the P/T transition time.
The fertilized ocean due to the marked discharge
of river-borne materials associated with a climati-
cally induced rapid sea-level rise and/or the sig-
nificant circulation of ocean current to form up-
welling can be responsible for the formation of or-
ganic rich black shales. The abnormally high pri-
mary production in the P/T transition time can
be related to the mass extinction of marine inver-
tebrates and the evolution of marine plankton in
the upwelling regions.
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BEARRESORIL LR, M) 7XEERMECROSND
BaEE OB LB

HARIT ABRMAR FERH

E F

W AANFEOFEHCER LTV AL AR/ ) 7 AROERTAMA T B cE B AaEE
DU URBRELTW5. 0k 5 hERBRAEAVNFOBREHLNT 5100, SIS Rt
LV BEEEYHEN L OABHEBIC OV TR Lie. Zhb0BAHEECIS T A THD A A 4+
<=2 —(bEYBERCREINRTB. A A F~— —BEHREN LK LT, BAESIAMER
HEBRERILKRORZ 5 v F vV 7 BETLOODH 5 BERCH B = Livbnnd. &REBET
22~53% D H BN, BRELXERTSH L, EBEBOWHEBE I K L ThbDOLEL R
SlebDEEZ bh, BREERDE L CIRECECIIEBREREC Y - TEH ST bR T 5.
EYua7Arey VERIABEETRIINLDr vy VEREESEYCHRT sRELS 1L 2%
he, BEOBEYRHLVEEROr v v s, i, EWEEFEARTDLRTVZ &,
HRBECZLWCE, YR VIHBLTEEL TN b, BRMITEE LTHEHX IR
R LI b s, ERRACBEERDONA AT vl FRILKEOF TR, 2 VAT r—LIHE
T5aVAZ VENREEO0% L Ex Hd% LW EEREBEEYF - TS, Doz LIEGEE
DEEYHEC 7S v 27 b VEBCHARLTWAZ EXRLTWAS. L, BRRILKEDOF A7 b
FZT AR EESFE T A ARRERRKEDL D I 5 RS EE S ESY (unresolved complex
mixture) NIEBFLTRD B, A7 7V 7THFE, Tk, 770 7ToEEBCHEE T A LES
LT3,

BHBREECBGRTE R AR OREY KELER LRV EEL L L, WhdBIRE
ERERBS VAR F LBREREHE DR AR Lic L\ 5 SBIET oy, BRERAES
TR EE O BB OREEEVNBEEDNERDOTH LABETHBEDETHE, AL/ PV T A
TR ES 2 BEEST, YRBOMEC UL LEEBCSVEREEENHEE Lz L3R LT
5. @REO LR &L WIIBEROSBOXRBEENEGEC S 7o b I YR O LiE LIZIEK
CigoteZ &, HEEMREBRABRERETR LT o7 s L EDN SO &\ 24tk a1
BIEidbniEL2bhs. BECEVCEREECIVERE LSS v 7 r VERIBEBRSEY KETH
BT5D. AR/ ) 7 AEBTEIC I B R T SR A B M AV KRR 0 B B BT B0 BB
EHOREBMHET 5 v 7 F VEOELEFBECERL TS 3ELbhS.

(ZAF : 19934 6 A187 ; 3 : 19934:10720R)

—720—



