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FIGURE 2. Geologic columns for the routes from which samples are collected. A number above each column indicates its locality shown in Figure 1.
Members are tentatively identified based on previous descriptions, however, some boundaries between members are unclear and impossible to designate.
For such case, boundary is expressed with an oblique broken line. JCM : Joganjigawa Conglomerate Member ; SAAM : Shidakadani Alternation Member ;
NAM : Nagaoyama Alternation Member of conglomerate and sandstone ; SCAM : Shiroiwagawa Alternation Member of tuff, shale and sandstone.
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FIGURE 3. Age assumption for the Tetori Group based on previous studies. Relationship between stage boundary and absolute age is from Gradstein et al.
(2004). Cl: Callovian ; Ox : Oxfordian ; K : Kimmeridgian ; T : Tithonian ; Be : Berriasian ; V : Valanginian ; H : Hauterivian ; Ba : Barremian ; Ap :
Aptian ; Al : Albian. See also Fujita’s (2003) summary for further discussion on age assignment of the Tetori Group.

study area indicate 102 Ma and 106 Ma (Albian), demonstrating
the age for the Akaiwa Subgroup to be older than these ages
(Harayama, 1990 ; see Fig. 3). Tanase et al. (1989) also reported
99 Ma for the Hayashidani Andesite that overlies the Tetori
Group with clinounconformity in the Kuzuryu area. These ages
form a general agreement that the upper limit of the Akaiwa
Subgroup is Albian or older.

Age control for the Itoshiro and Akaiwa Subgroups around the
Hokuriku region suggests that they encompass almost entire
Early Cretaceous and possibly the Late Jurassic, ranging from
Tithonian to Albian (Fig. 3). The Tateyama section is interpreted
to represent a part of this time range. Board of Education of
Toyama Prefecture (2003) reported fission track (FT) ages that
support the interpretation above from the Tetori Group in
Toyama Prefecture. They analyzed a volcanogenic gravel from
NAM located ~1 km north of our route 4 (Fig. 1) and obtained
141 £6 Ma restricting the age of NAM near the Jurassic/
Cretaceous boundary (145.5 £4.0 Ma ; Gradstein et al., 2004) or
younger. Board of Education of Toyama Prefecture (2003) also
reported 111 =6 Ma and 116 =6 Ma as FT ages for tuffaceous
mudstone of the Tetori Group distributed in Jinzu Valley, Toyama
Prefecture, suggesting that the age for the upper limit of the
Tetori Group in Toyama Prefecture reaches to Aptian/Albian
Period boundary or younger. It must be noted that any fossils

available for age interpretation have not been reported from the
Tateyama section.

METHODS

Because the majority of mudstone (shale) is too weathered for
isotope study, sample intervals vary and are very sparse. Each of
the samples used for this study was collected as a lump (>3 cm
in diameter), cut into a cubic centimeter, then crushed and
powdered in an agate mill. Samples those could not be collected
as a lump or were broken before trimming into a cube were
eliminated.

Powdered mudstones were treated with a 5 N solution of HCl
for 12 hours to remove carbonate minerals. After repeated
rinsing with deionized water to remove CI, each neutralized
sample was sealed in a tube under vacuum together with CuO
and then baked in an oven at 850C for 8 hours to convert
organic carbon into CO: gas. After purification of CO, gas on a
cryogenic vacuum line, carbon-isotope analyses were performed
with a Finnigan MAT 252 mass spectrometer at Biogeochemical
Laboratories, Indiana University. The results reported herein are
obtained using reference CO. calibrated by NBS standards. All
isotopic values are expressed in the standard delta notation with
respect to the PDB standard, where 8°C ={ (*C/*C )sunpe/ (°C/
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FIGURE 4. Kerogen derived from terrestrial woody plant in origin from
the Tetori Group. a, Semifusinite from sample 006 ; b, Semifusinite from
sample 008 ; ¢, Fusinite from sample 007.

PC)sandara—1} X1000. The isotopic values were checked by an
isotopically well-characterized laboratory standard
(triphenylamine). Total organic carbon content (TOC) for these
samples was analyzed with a CS elementary analyzer LECO
instruments.

Organic compositions of ten selected mudstone samples
(indicated with * on table 1) were checked by visual observation
of kerogen under reflected light and in fluorescent light. When
the samples are concentrated stratigraphically within 8 m, a
single sample was selected for the observation as representative
of that interval. Crushed mudstone was made into polished
blocks following the standard preparation procedure (Bustin et
al., 1983). Polished pellets were examined under microscope to
identify organic particles.

RESULTS

Composition of kerogens on all selected samples shows
predominance of semifusinite, vitrinite and fusinite (Fig. 4).
Associated with these kerogens, minor (<<1%) content of
sporinite and cutinite is observed in some samples.

The carbon-isotope ratios obtained from 15 samples are
plotted as a single profile based on Figure 2. All values through
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FIGURE 5. Stratigraphic distribution of carbon-isotope value through
the Tateyama section. Broken lines indicate top and bottom of the
Shidakadani Alternation Member.

the Tateyama section are distributed within a range of three
permil between —25%0 and —22%. (Fig. 5, Table 1). Near the
bottom of the profile, medium values (—23.5%o) shifted toward
one of the most positive values in the section (=22.5%o),
followed by a negative shift in the lower half of SAAM. The
most "“C-depleted values throughout the section (-24.6, —24.8
%o) are followed by a short-term excursion in the upper part of
SdAM, in the middle of the section. Above the excursion with
one of the most positive values throughout the section (=22.5%o),
the value dropped back to ~24.0% followed by a positive
migration through the upper part of the section. A remarkable
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TABLE 1. Carbon isotope ratio of the Tetori Group

Total organic
carbon content

Sample ID Sample horizon 613C org

(m) vs. PDB (%) (%)
015* 637 -22.71 0.64
014 428 -23.55 1.62
013 426 -23.60 1.63
012* 421 -22.99 0.65
011 416 -23.24 1.30
010* 412 -23.71 1.17
009 391 -23.76 2.96
008* 389 -23.96 1.49
007* 368 -22.48 0.43
006~ 293 -23.88 0.12
005 289 -24.60 0.90
004* 267 -24.82 1.74
003* 176 -22.49 0.07
002* 61 -23.31 0.07
001~ 0 -23.45 4.41

Sample horizon is indicated by vertical separation from
the lowest sample.

value (—22.7%o) close to the most positive value characterizes the
top of this section.

TOC shows extended range of distribution from 0.07% to
4.41% without any systematic correlation with 8"°C values.

DISCUSSION

The organic matter in each sample examined under
microscope has conformed that it is predominantly derived from
terrestrial woody plants. We interpreted that all samples for
isotopic analysis in this study have a consistent origin of
terrestrial woody plants. General field observation on shales and
associated sandstones that often yield abundant fossils of woods,
leaves, stems and indeterminable plant fragments supports this
interpretation. Even though photosynthesis of C3 terrestrial
higher plants is mediated by a single enzyme, ribulose
biphosphate calboxylase oxygenase (RuBisCO), and the isotopic
fractionation of RuBisCO is known to be unique (-29%o ;
Roeske and O’Leary, 1984), we should pay attention to forest
canopy effect (Broadmeadow et al., 1992), humidity (Farquhar et
al., 1989 ; Tieszen, 1991 ; O’Leary, 1993) and other
environmental factors those could bias 8°C values of each plant
(See Arens et al., 2000 ; Hasegawa, 2003).

The 8"C values and their distribution range (magnitude of

Weissert et al. (1998) This study
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FIGURE 6. Comparison of the fluctuation of carbon-isotope value
between Tethyan carbonate carbon (Weissert et al., 1998) and studied
organic carbon from the Tateyama section. Amplitude for the value
fluctuations confined within three permil in range is a common feature
for both curves. K : Kimmeridgian ; T : Tithonian ; Be : Berriasian ; V :
Valanginian ; H : Hauterivian ; Ba : Barremian ; Ap : Aptian ; Al :
Albian.

fluctuation) are another point of view as the organic matter is
evaluated. Grocke et al. (1999) studied fossil woods from Isle of
Wight sequence spanning upper Barremian through lowermost
Albian. Their 8"°C values are mainly distributed between —27%o
and —21%o. For the same time span, Ando et al. (2002) also
reported §°C values between —25% and —22%., which have
almost identical range with those from Cenomanian-Turonian
strata in Japan (Hasegawa, 1997). The 8“C values for our
samples from the Tetori Group show similar distribution between
—25%o and —22%o, supporting the predominant terrestrial origin
of the organic materials in our samples.

Weissert et al. (1998) compiled 8”C values of marine
carbonates from Kimmeridgian through Albian strata around the
Tethyan region and drew a generalized 8 °C value profile for
marine carbonate carbon. Recently, Weissert and Erba (2004)
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updated the 8"C reference curve incorporating newly published
data sets exhibiting high frequency short-term fluctuation.
Because general outline of time-stratigraphic pattern has been
unchanged, we adopted the simple figure of Weissert et al.
(1998) on Figure 6 rather than Weissert and Erba (2004) that is
too detail for our discussion on long-term fluctuation of the §C
value. Weissert et al. (1998) shows a long-term gradual negative
shift from Kimmeridgian through Berriasian, and a gradual
positive shift above it through the Albian, with three positive
short-term excursions at the Valanginian-Hauterivian boundary,
lower Aptian and upper Aptian, respectively (Fig. 6). The most
negative value throughout this profile is marked at the lower
Berriasian, whereas the most positive values are in the Aptian.
Previous studies indicated that time-stratigraphic fluctuations of
8°C wvalue for both terrestrial organic matter and marine
carbonates generally reflected contemporaneous fluctuation of
that for CO: in the ocean-atmospheric reservoir (e.g., Hasegawa,
1997 ; Menegatti et al., 1998 ; Grocke et al., 1999 ; Hasegawa et
al., 2003).

If our Tateyama section represents a major part of the time
interval of the Tethyan carbonate curve (Fig.3), general
stratigraphic trends of 8*C values for this section of the Tetori
Group is comparable to those of the Tethyan carbonates. The rate
of sedimentation for the Tateyama section, which is composed of
a variety of clastic sediments, should not be uniform and is
difficult to estimate. However, no regionally traceable
unconformity or discontinuity through the Tateyama section has
been reported. The distribution of 8“C values for the Tetori
Group restricted within three permil is comparable to that of the
carbonate values between 1%o and 4%o (Fig. 6). These conditions
suggest a general pattern of long-term 8“C profile could be
preserved in the Tateyama section. The carbon-isotope profile
including a pair of negative and positive excursions in SAAM
implies that the section preserves short-term excursions in it.
Each of circled horizons in the Tateyama section may represent a
short-term positive excursion and potentially be correlated with
either of circled short-term excursion shown in Tethyan curve
(Weissert et al., 1998). Further study with densely collected
samples is required to identify each short-term event as a
globally correlative excursion with certainty. Nevertheless, our
result indicates that such time-diagnostic short-term excursions
are possibly identified in the Tetori Group.

CONCLUSION

The preliminary study on carbon-isotopes of organic matter
from bulk-rock mudstones of the Itoshiro and Akaiwa Subgroups
in Toyama, Japan revealed the following aspects of carbon-
isotope stratigraphy of the subgroups: (1) microscopic
observation on organic matter demonstrates the origin of organic
matter in the mudstone samples to be terrestrial woody plants.
The 8"C values for the organic matter between —25%o and —22%o
well match to that of terrestrial plants during the Early

Cretaceous ; (2) the distribution of 8" °C values restricted within
three permil is comparable to that of Tethyan carbonate values
between 1% and 4%o ; (3) short-term excursions appear to be
preserved in the Tateyama section.

Carbon-isotope stratigraphy may offer a tool for interregional
correlation of the Tetori Group providing stratigraphically dense
samples are collected from less weathered continuous sequences.
It can potentially be applied to any inland basin sequences
yielding no index fossil. Bulk-rock analysis for carbon-isotope
values of organic carbon may pick up some local environmental
signals that mask global signature of §°C (see Arens et al.,
2000). Nevertheless, carbon-isotope stratigraphy with this
simplest method still appears to offer valuable information for
chronological interpretation of the Tetori Group.
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