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Abstract: The oxygen isotope (8'°0) analysis of carbonate fossils is widely applied for palacoceanographic
analysis, whereas that of siliceous fossils is only limited partly due to technical constraints and uncertain
fractionation factors. Here we used a secondary ion mass spectrometer (SIMS) for 5O of radiolarian silica,
precipitated inside radiolarian molds in Mesozoic radiolarites from Japan, Italy, Switzerland and Romania
in order to examine its potential for palacoceanographic proxy. 507 measurements of the isotopic oxygen
signature relative to the Vienna Standard Mean Ocean Water (3'*Ovsmow) of 53 chert samples range between
19.8 to 35.3 %o overlapping with that of modern and Cenozoic radiolarian tests in the equatorial Pacific.
Relatively large intra-chert variability supports that 8O of the Mesozoic radiolarian tests are not perfectly
homogenized within a chert bed during the diagenetic segregation. The temporal changes in the 8'°O values
of radiolarians (8'"*Ordiotarians) show an Early-Middle Triassic slight positive excursion, a Late Triassic high
plateau, an Early Jurassic negative excursion with up to 8 %o , a Middle Jurassic slight positive excursion,
and a few light values for the Cretaceous despite of their low resolution. A comparison of 8O between
radiolarian molds, conodont apatite, and the low magnesium calcium shells show overall similar secular
variations during the Triassic, but different trends was observed during the Early Jurassic. Because our data
is low-resolution, further cross check of 8'*Ondiolarians is necessary to use as a proxy for paleoceanography.

Keywords: §"°0, Mesozoic, radiolarites, radiolarians, SIMS

1. Introduction

One of the most widely used palacoceanographic
techniques is the oxygen isotope (8'°0) analysis of
carbonate shells which reflects past environmental
changes, such as temperature, ice sheet volume, and
precipitation/evaporation ratio (e.g., Emiliani, 1955;
Shackleton and Kennett, 1975). However, a significant
caveat in the paleoceanographic analyses using carbonate
shells is their scarcity or complete absence in some
sediments for large sections of the globe and deep past,
due to dissolution below carbonate compensation depth
(CCD) and/or carbonate organism evolution in pelagic
ocean after the Late Triassic. The most easily available
archive of seawater 6'30 for such sediments is biogenic
silica (BSi), such as diatoms, sponges, and radiolarians
(e.g. Jaffrés et al., 2007). At least, 5'*0 values of opal

have been recognized as a potential proxy of past seawater
temperature and isotopic composition as referred for
diatoms (Labeyrie, 1974; Mikkelsen et al., 1978; Juillet-
Leclerc and Labeyrie, 1987; Shemesh et al., 1992, 2001;
Schmidt et al., 1997; Swann et al., 2008; Swann and Leng,
2009; Maier et al., 2013), even if this is still debated.
In Southern Ocean cores, 80 values of diatoms and
radiolarians show similar patterns with similar values
from 43 %o to 45 %o for at least last 30 ky (cf. Abelmann et
al., 2015). Therefore, 5O ygiolarians Might also be a potential
proxy for paleoceanography.

Radiolarians dominated as BSi producers in Paleozoic
and Mesozoic open ocean (Hein and Parrish, 1987), whereas
siliceous sponges were and are today largely restricted
to marginal settings, and diatoms became quantitatively
important in the Cenozoic (Racki and Cordey, 2000;
Kidder and Erwin, 2001). Radiolarites were deposited in
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a broad low-latitude belt, and radiolarian-bearing siliceous
mudstones also dominated in mid-latitudes (Baumgartner,
2013). Therefore, radiolarian 5'*0 provides potentially
important information for paleoceanography of the
Paleozoic and Mesozoic.

Some evidence supports that radiolarian 6'%0 may
reflect environmental change (Knauth and Epstein,
1976; Wu et al., 1997; Abelmann et al., 2015). Although
diagenetic isotopic fractionation of radiolarian test is
still debated, even for Cenozoic (e.g. Fontorbe et al.,
2016), that for early Mesozoic bedded chert might be
more simple system due to diagenetic segregation; This
segregation results from the migration of silica from layers
with low-Si content to layers with high-Si content during
the transformation from opal-A to opal-CT (Isaacs, 1981;
Tada, 1991). Thus, the cm-scale alternations of chert
and shale might have limited migration of BSi within
a chert-shale couplet. Contrary to this advantage, such
diagenetic processes make extraction and picking of
radiolarian molds without strong chemical procedures
quite hard. To solve this disadvantage, secondary ion mass
spectrometer (SIMS) is a powerful technique to measure
the Mesozoic radiolarian molds on ~10 um scale. Here we
used SIMS for the Mesozoic radiolarian §'*0 to examine
their paleoceanographic and diagenetic imprints.

2. Materials

We collected 55 chert samples from Mesozoic radiolarites
in Japan, Italy, Switzerland and Romania (Fig. 1). Only
fresh cherts were sampled to avoid alteration. The

- Romania
AU e
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Fig. 1 Location of the studied sections (A) and
their paleogeography during the Middle
Jurassic (B). The Paleomap is from the
Stampfli model developed at the University
of Lausanne (Stampfli and Borel, 2002).

Triassic to Early Jurassic Panthalassan bedded cherts are
distributed in the Inuyama Area from Japan (Kiso River
sections; Nakaseko and Nishimura, 1979; Yao et al., 1980;
Mizutani and Koike, 1982; Hori, 1988; Sugiyama, 1997,
Yao and Kuwahara, 1997; Carter and Hori, 2005; Ikeda
and Tada, 2014). These bedded cherts consist of several
tectonic imbricates outcropping along the Kiso River
which were formed during the Jurassic accretion (Kimura
and Hori, 1993). The Cretaceous Panthalassan radiolarites
come from the Goshikikahama section (Okamura and Uto,
1982; Kodama et al., 1983). We sampled Middle Jurassic
Tethyan radiolarites from the Sogno section (Gaetani and
Poliani, 1978; Baumgartner et al., 1980; Kocher, 1981,
Baumgartner, 1984; Baumgartner ef al., 1995; Ikeda et
al., 2016). Additional material (Pi01, PeO1, Ro0O1 and
Ca01) are a Middle Jurassic radiolarite sample from the
southern part of Switzerland (45°54'12"N, 8°59'55"E), a
Late Permian radiolarian chert from Neo section, Japan
(35°41'39"N, 136°39'25"E), a Middle Jurassic radiolarian
chert from the Rarau synclinal of the Carpathian Mountain
along a road going to Lagu Rosu, Romania (46°47'29"N,
25°47'32"E; Dumitrica, 1995) and a Berriasian diagenetic
chert nodule from the Capriolo section in the Lombardian
basin, Italy (45°38'40"N, 9°57'32"E; Weissert et al., 1979;
Channell et al., 1987; Lini et al., 1992; Follmi et al.,
2012), respectively.

Bedded chert is composed of silica-rich chert layers
interbedded with silica-poorer shale partings (Davis,
1918; Tada, 1991; Hori et al., 1993). In radiolarian cherts,
radiolarian silica can be easily distinguished from a stained
matrix enclosing radiolarian molds often filled with nearly
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Table 1 Raw, drift corrected, calibrated for our 8'30vsmow least square mean and standard deviations on the UNIL-Q1 standard (in %o,
2SD). The identic raw and drift corrected 3'*0vsmow suggests that there was no major instrumental drift during our sessions.
Overall, the reproductivity of the UNIL-Q1 on the 269 measurements after calibration is 0.3 %o (2SD). The raw 8'®0Ovsmow of the
PRIM123 session for KiO8C, Pi01 and Ca01 is in average 2.5 %o higher than the other session due to instrumental fractionation

differences.

Session Number of Raw 8'%Oyguow | Drift corrected Calibrated
measurements (%o) 8'80VSMOW (%o) 8'80VSMOW (%0)
LSmean LSstd |LSmean LSstd |LSmean LSstd
Prim123 48 6.5 0.3 6.5 0.3 9.8 0.3
Br2 47 4.4 0.5 4.4 0.5 9.8 0.5
Br3 31 4.5 0.4 4.4 0.4 9.8 0.3
Bra 52 3.8 0.3 3.8 0.3 9.8 0.3
Bré 28 3.7 0.3 3.7 0.3 9.8 0.3
Br7 63 3.9 0.3 3.9 0.3 9.8 0.3
AlTUNIL-Q1 269 9.8 0.3

measurements

pure microquartz and/or chalcedony (Bdle et al., 2020).
Most of these microquartz are early diagenetic products
from opal-A precipitating in the pore space produced by
radiolarian skeletons which are the target of this study.

3. Methods

Secondary ion mass spectrometer (SIMS) can achieve
accurate in situ analyses of very small sample amount.
The aim of in situ analyses in the infills radiolarian molds
by SIMS is to measure the oxygen derived from their
microquartz without contamination from clays or aeolian/
detrital minerals present in the matrix. Microquartz infills
in radiolarian molds, which are likely an early silica
precipitation derived from biosilica, were analysed with
a CAMECA IMS 1280HR at the University of Lausanne
(e.g. Seitz et al., 2016).

About 10 subsamples were mounted in each 1-inch
micron-polished epoxy sample holder (Epofit resin)
around an internal standard. An amorphous glass standard
from the National Institute of Standard and Technology
(NIST-610) was used for the initial three mounts with
samples Ki08C, Pi01, and Ca0l, to control instrumental
drift in absence of a proper quartz standard. The quartz
internal standard UNIL-Q1 (Seitz et al., 2016) have
been used for all mounts, including initial three samples
reanalysed, to correct instrumental drift and mass
fractionation. As instrumental mass fractionation on
SIMS depend on minerals species (Marin et al., 2010),
data from chert samples are calibrated with UNIL-QI1.
Before SIMS measurements, radiolarian molds and their
microcrystalline quartz infill was carefully examined on
each subsample on mount by optical and/or scanning
electrons microscopy (SEM).

The 30 from 532 points of radiolarian molds was
measured with a primary Cs+ ion beam intensity of ~2
nA, resulting in a beam diameter of ~10 pm. Electrical
charges were compensated using an electron flood gun,

with normal incidence and the conductivity of the sample
surface was assured by a gold coating connected to
electrical ground. '°O and '*O secondary ions, accelerated
at 10 kV, were analyzed at a mass resolving power of 3000
and collected on Faraday cups (FC) multi-collection mode.
The resistances of the L2 and H’2 FC were set to 10'° ()
and 10" Q for the detection of '°O and 'O, respectively.
FC were calibrated in the beginning of each session, using
the calibration routine. Mass calibration was performed at
the beginning of each session and every 12 h.

Each analysis took less than 4 minutes and consists of
20 cycles of 5 seconds starting with a presputtering time
of 30 seconds to remove gold, stabilized the secondary
ion emission allowing automatic centring of the secondary
ion beam. This setting allowed an average reproducibility
better than 0.3 %o (2 standard deviation, 2SD) on UNIL-Q1
(Seitz et al., 2016; Table 1) at the beginning each session,
and analytical standard deviation for each analysis lower
than 0.3 %o (2SD). The analytical standard deviation
expressed here is the standard deviation of each data
from different analytical cycles. A minimum set of 4
analyses of UNIL-Q1 quartz standard (9.18 = 0.14 %o
(VSMOW); Seitz ef al., 2016), inserted in each mount,
has been measured every 6-10 analyses for monitoring
the instrument stability, and for accurately correcting the
instrumental mass fractionation, as it can slightly differ
from mount to mount. The data have been obtained in 10
different sessions for '*0 measurements, over 11 months.
The variation of the UNIL-Q1 quartz standard over the
entire sessions is < 0.3%o (2SD after the drift correction
(Table 1).

The target locations were controlled by optical methods
and SEM for each measurement to check that radiolarian
molds were effectively hit. Analytical yield and standard
deviation of each measurement were also used to check the
validation. The analytical yield is the quantity of elements
measured relative to the intensity of primary ion beam (cps/
nA), and here we used relative analytical yield normalized
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Fig.2 Topography of the sample mount BR3 after polishing. (A) Between the lower part of the rim and the centre of the sample
mount, there is a difference of about 7.5 um in depth. This difference was due to an internal tension triggered by a screw
which initially hold the sample holder during the polishing. (B) After a second polishing without the screw, the topography
of the rim is better and the difference between the rim and the center is reduced to 0.25 um. The profiles on the right part
are represented by white lines on the surface of the sample mount.

by that of internal standard UNIL-Q1. Different analytical
yields result from the nature of the analysed material
(mineral species and matrix effect) and from the topography
of the analysed surface, which modifies the incident angle
of the primary ion beams and thus the energy per surface
of the primary ion beam. Therefore, the planarity of our
sample mounts after polishing up to 0.25 pm was checked
using white light profilometer (Brucker: Countour GT;
Fig. 2) to have elevation differences of less than 1.5 um
between the standard and the samples. High analytical
standard deviation depends on isotopic heterogeneities
in the analysed minerals, but also on modifications of the
instrumental mass fractionation which could be triggered
by changes of the analytical conditions (topography, beam
and analyser stability) or by the analyses of a mixture of
silica, clay minerals and oxides. Overall, analytical yield

similar to the one of our UNIL-Q1 standard (~ 7.9 cps/nA,
but depends on sessions) and analytical standard deviation
lower than 0.35 %o (2SD) are objective criterions to decide
if a measurement should be accepted.

The drift correction was realized using a least square
regression line weighted for incertitude (¢7?). For the
calibration, the weighted §'*0-mean (x) and standard
deviation (g;) for the internal standard was calculated also
using the incertitude (Equation 1 and 2) to keep consistent
data processing with the least square drift correction.
The calibrated 3'*O for samples (5'"*Oysuow Spl), depend
on each sample measurement (5'°0 Spl,easurea) and are
proportional to the measured least square §'®0O-mean
and the true 8'*Oyswow from the internal standard (580
St easurea and 5 Oysyow Std, respectively) (Equation 3).
The errors on the calibrated §'°0 (o (" Oyspow Spl)) were
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obtained by error propagation (Equation 4). The weighted
means and standard deviations (Table 2 and Appendix
Table A1) were then calculated for each sample following
equation 1 and 2. Conversion from VSMOW to VPDB
was realized using the Equation 5 (Kim et al., 2015). For
comparison, 8'30 values relative to the Vienna Pee Dee
Belemnite standard for low magnesium calcium shells
(8"0ypps LMC) from Grossman (2012) were digitalized
using PlotDigitizer (2.6.8).

Equation 1

=3 (7

1
X xi)/(?)

Equation 2

1 1 N
= @pﬁm—@ﬁ/z QQXN_l

Equation 3
6180VSM0W Spl =x;

- 1 6180 Splmeasured /(1 + 6180 Stdmeasured / 1000)
1000 (1 + 8%80ysmow Std / 1000)
- 1> x 1000

0(5180VSMOW Spl)

Equation 4

= andV2+ 6F><dV2+ andVZ
= |Gy X A+ G x V) + G x dVy)

With F = 8" 0ysmow SpL Vi = 80 Splneqsurea Vo =

80 Stdmeasurea and V3 = 5180VSM0W Std

Equation 5

50y smow = 1.0392 X 880y ppp + 30.92 %o

4. Results

Here we present some raw data from the SIMS
to illustrate the measurements of single radiolarian
molds and their validation. Raw results from repetitive
measurements on some samples are also described to
highlight reproducibility of our analyses. Finally, we
present the 8"¥Oysyow trends from our measurements
through the Mesozoic.

4.1 Quality 234 check of SIMS analyses

We validate the quality of the SIMS measurement by
post-checking of analysed spots by optical and/or SEM,
and relative analytical yield. Illustrating the necessity of
the pre- and post-checking, some spherical zones on the

Late Triassic Inuyama chert sample Ki48 (Fig. 3A and
B) are difficult to be identified as radiolarian molds or
epoxy, and have been measured with very low analytical
yield (~3 % of the UNIL-QI yield) and very light §'3Ogaw
(uncalibrated 5'*0) (<-30 %0) (Appendix Table A2). The
normal analytical yield and 8'*Ogaw of this sample (e.g.
Fig. 3C) are ~97.8 % and ~25 %o, respectively, with
calibrated 8'*Oygmow of ~31.3 %o.

The measurements of mixings of epoxy and radiolarian
molds for some analytical spots have low analytical
yields and light 8'* Oraw-values. Such value can be found
in an Early Triassic siliceous mudstone sample Kil2s
from Inuyama (e.g. Fig. 3E). The detection of potential
analytical sites in this sample is particularly difficult
due to scarcity of radiolarian molds. Alternatively, we
also commonly observed quartz patches, which could be
the result from radiolarian silica precipitation, aleatory
distributed that we tried to analyse (Fig. 3D). The post
checking of these patches was nearly impossible due
to their small size (smaller or equal to the 10 gm beam
size) and we exclude them because they have usually low
analytical yield (<90 %). The measurement of one of these
patches has however a relatively good yield (94.9 %) but
an uncommon light §'8Ogaw (2.8 %), corresponding to a
calibrated 8'*Oysyow of 8.7 %o (Fig. 3D).

High analytical 6'80-yields were measured in the
Middle Jurassic Sogno sample S029 (~130.2 %). SEM-
EDX analyses demonstrate that the molds in this sample
were filled with carbonates, and that the matrix is more
siliceous (Fig. 4). This observation contrasts with the
radiolarian molds being commonly more siliceous than
the matrix, which contains clays (Fig. 5 and Fig. 6).

4.2 Reproducibility of SIMS measurements for
radiolarian §'%0

Three chert samples (Pi01, Ki08C, Ca01) have been
initially measured in detail relative to the NIST-610
standard, and then together relative to UNIL-Q1 standard
(Table 3). NIST-610 was used to correct instrumental
drift, but not to calibrate 'O measurements because the
instrument fractionation depends on matrix and structure
of the material analysed, mainly chert in this study.
Overall, reproducibility on the UNIL-Q1 standard was
0.3 %o for 8'°0 over all SIMS sessions (Table 1).

In detail, §'*0O-measurements on Pi01 (a Middle Jurassic
radiolarite sample in the southern Switzerland) with
NIST-610 were done during two sessions. Uncalibrated
8'80-results for Pi01 after drift correction for the first and
second sequences are 28.2 & 1.5 %o (10 points, 2SD)
and 28.4 & 5.1 %o (27 points, 2SD) with NIST-610
values at 10.4 £ 0.2 %o (5 points, 2SD) and 10.8 = 0.4
%o (16 points, 2SD), respectively. §'*0O-measurements on
Ki08C (a Middle Triassic chert in Inuyama) and Ca0l
(a diagenetic chert lacking radiolarian molds in the
Cretaceous Maiolica Formation of the Lombardian basin)
were measured relative to NIST-610 during single session.
Uncalibrated 6'%0-results for KiO8C after drift correction
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Table 2 List of samples with their age, the number of measurements, their 8'%0 least square mean (LS-mean) and their §'°0 least square
standard deviation (LS std; 1SD). The 8'*0 was average with a 10 Ma windows moving average (5 Ma step) and compared
with 80 from low magnesium carbonate shells for tropical and temperate regions (Grossman, 2012).

- Results Curves
s g 8" Oymow (%o0) 8% Oysmow Radiolarian molds (%o) 5% 0ypps LMC shells (%o)
Sample | Age (Ma) _q-g § This study This study Grossman, 2012
E g LS-mean | LS-std Panthalassa Tethys Tropical Temperate
10 Ma moving average 4 Ma moving average
Pe01 253.15 10 24.0 0.2 27.21 -3.0
Ki09 250.30 9 29.3 0.4 28.15
Ki01 248.00 10 30.9 1.4 28.57
Ki02 247.80 6 30.8 1.0 28.60
Ki03s 247.20 4 20.9 2.3 28.69
Ki03s 247.20 5 23.9 1.1 28.69
Ki03 247.20 10 30.4 0.7 28.69
Ki04 246.60 9 31.3 0.9 28.79
Ki06 245.25 6 31.9 1.2 29.00 -4.0
Ki07 245.00 6 29.3 1.8 29.04 -4.1
Ki08 244.90 10 30.6 1.0 29.06 -4.1
Ki08 244.90 86 30.8 0.6 29.06 -4.1
Ki58C 243.48 6 31.2 0.7 29.24 -4.3
Ki57 241.00 9 26.8 1.8 29.56 -3.8
Kil5 228.00 10 31.5 0.7 31.49 -2.5
Kis1 219.00 6 31.9 0.3 31.35 2.1
Ki48 217.09 3 30.6 0.9 31.52 -2.1
Ki46 210.27 10 32.6 1.6 32.55 -1.8
Ki44 204.82 9 31.6 0.4 31.48 -1.7
Ki43s 204.82 6 31.3 0.4 31.48 -1.7
Ki39 201.50 9 31.4 0.5 31.48
Ki40 201.50 10 31.7 0.6 31.48
Ki41 201.50 10 314 0.8 31.48
Ki42 201.50 10 314 0.5 31.48
Ki35 185.62 9 30.0 0.4 28.92 -0.8
Ki34s 184.37 1 30.8 0.0 28.66 -1.0
Ki34s 184.37 8 25.8 1.4 28.66 -1.0
Ki32 184.20 10 30.2 0.9 28.62 -1.1
Ki24 182.00 6 30.8 0.7 28.22 -1.9
Ki25 180.66 8 25.2 2.5 27.97 -2.4
Ki22cl 178.00 9 27.0 1.2 26.90 -2.7
Ki22¢2 178.00 6 26.1 1.5 26.90 -2.7
Ki21l 178.00 10 27.2 1.1 26.90 -2.7
Ki20 174.00 5 21.9 1.9 24.76 -2.3
So07 169.50 6 32.5 0.8 33.53 0.3
So08 169.50 7 34.0 0.4 33.53 0.3
S009 169.30 6 343 0.4 33.54 0.3
Sol2 168.27 6 35.0 0.5 33.63 0.3
Sol3 168.13 9 343 0.4 33.64 0.3
Sol5 167.54 6 34.7 0.5 33.69 0.4
Sol7 166.89 9 32.7 2.6 33.75 0.5
So21 166.09 6 323 1.0 33.81 0.5
Ro01 166.00 6 30.9 0.8 33.82 0.5
So23 165.10 6 34.0 0.6 33.90 0.4
So25 164.31 9 353 0.3 34.06 0.3
Pi01 163.00 32 34.6 0.4 34.35 -0.1
S026 162.65 6 35.1 0.3 34.43 -0.2
So028 161.14 8 34.7 0.7 34.76 -0.4
So31 159.97 9 352 0.3 35.02 -0.5
Ca01 139.00 10 343 0.2 34.36 -0.3
Go68 131.70 6 26.5 0.6 26.49 -0.3
Go73 97.95 9 28.5 1.0 24.09 -2.6
Go74 97.59 10 19.8 0.7 24.09 -2.8
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Fig. 4 EDX analyses of sample S029 with SEM. The EDX spectrums prove that the molds were filled with calcites in this sample (B, C
and D) during diagenesis. The 3'%0- and 8*°Si-yields were respectively about 130.2 % and 11 % of the UNIL-Q1 quartz standard
yield. The matrix is more siliceous but also included some carbonates (A, E, F). BSE image is show in (G).

are 25.4 & 1.8 %o (27 points, 2SD) for radiolarians, 23.6
= 1.2 %o (3 points, 2SD) for the matrix and 10.53 0.4 %o
(16 points, 2SD) for NIST-610. Uncalibrated '*0-results
for Ca01 after drift correction are 29.0 == 1.6 %o (11 points,
2SD) for sample and 10.6 &= 0.2 %o (8 points, 2SD) for
NIST-610.

The samples Pi01, Ca01 and KiO8C were then measured
together during a single session relative to UNIL-Q1
(PRIM123) to calibrate oxygen isotopes correcting
instrumental mass fractionation due to the mineralogy
of samples (chemical composition and crystal structure).
Uncalibrated 8'*0O-results after drift correction for this
UNIL-Q1 session are 6.5 = 0.3 %o (48 points, 2SD) for
UNIL-Q1, 31.2 % 0.7 %o (32 points, 2SD) for Pi01, 27.4
=+ 1.2 %o (86 points, 2SD) for Ki08C, and 30.9 = 0.4 %o
(10 points, 2SD) for Ca01, respectively. Measurements of
the base, middle and top of samples Ki08C are 27.3 £ 0.6
%o (4 points, 2SD), 27.9 % 1 %o (28 points, 2SD) and 27.0
& 1 %o (15 points, 2SD), respectively, with the average
value of 27.4 % 1.2 %o (86 points, 1SD).

Between the NIST-610 and the UNIL-QI1 sessions,
we observed an $'80-offset of ~2.4 &= 1.2 %o for the
uncalibrated 8'30 of the samples Pi01, Ki0O8C and Ca0l.

However, the 6'%0-results for Ki08C are systematically
lighter of about 3.3 &= 0.9 %o (2SD) than the two other
samples (Pi01 and Ca01). Moreover, it is interesting to
note that UNIL-Q1 has an uncalibrated 5'*0 of 6.5 = 0.3
%o during the PRIM 123 session whereas UNIL-Q1 has an
average value of 4.0 = 0.7 %o during the other session,
and that correspond relatively well with the ~2.4 &= 1.2
%o offset detected (Table 2).

4.3 Mesozoic 8"®Oragiotarians trends and fluctuations

Here, we present the 3" Oysmow trends after having
checked and calibrated our results (Fig. 7 and Fig. 8). The
Early Triassic to Early Jurassic Panthalassan samples from
the Inuyama area have least square means (LS-means)
3"%0ysmow range from 20.9 %o to 32.6 %o. The Early to
Middle Triassic LS-means 8'®Ovyswow range from 20.9
%o to 31.9 %0 with a slightly increasing trend. The Late
Triassic LS-means 8'®Oysmow range has relatively low
variation between 30.6 %o to 32.6 %o. The Early Jurassic
LS-means 8" Oysyow range from 21.9 %o to 30.8 %o with
a decreasing trend.

In the Middle Jurassic Lombardian basin of the Tethys,
the LS-means 6'*Oyswow values are relatively high from
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Fig. 5 Comparison between 8'*Ovsvow and the chemical composition estimated by SEM-EDX spectrum in sample S026.

32.3 %o t0 35.3 %o. Our Middle Jurassic radiolarite sample
from southern Switzerland (Pi01) has a LS-mean of 34.6
%o, which is coherent with the other 8'30 range from the
Sogno section in north Italy. A Berriasian diagenetic chert
(Ca01) from the Lombardian basin has similar LS-means
of 34.3 %o. However, our Middle Jurassic Romanian
sample (Ro01) has lighter 8'3Oyguow (30.9 %o).

For the Cretaceous, the 8" Ovysmow values of the
Goshikigahama samples are relatively light. A Hauterivian
sample has a LS-mean 26.5 %o, and two other Cenomanian
samples have LS-means of 28.5 %o and 19.8 %o.

5. Discussion

5.1 Quality of the SIMS analysis

To evaluate quality of SIMS results, we examined
analytical yields relative to UNIL-QI yield, in addition
to optical check. We rejected analytical spots with
low yield values, generally <90 %, potentially the
measurement of a mixing with epoxy or other minerals.
Even if the spot analysed of the Early Triassic Inuyama
shale sample Kil2s on Fig. 3D was discarded after
optical control, it is interesting to note that it has one of

the best analytical yield (94.9 %) of the spots measured
in Kil2s. In this sample, radiolarian molds are scarce,
but quartz patches are common. The quartz patches are
potentially precipitated radiolarian silica, but could be
a diagenetic product. Its 8'"8Ogaw is very light (2.8 %),
corresponding to a calibrated 8'*Oygyow of 8.7 %o. Such
light value is common for igneous quartz (e.g. Seitz et
al., 2016), metamorphic quartz or eventually diagenetic
quartz (cf. Bindeman, 2008), but not for radiolarian molds
(e.g. Viswanathan and Mahabaleswar, 2014). We thus
discarded this measurement.

The chemical composition of some excluded molds was
also checked by SEM-EDX. SEM-EDX shows calcium
as the first major element of the radiolarian molds in
chert sample S029 from Sogno section (Fig. 4), and too
high analytical §'%O-yields (~130.2 %) were measured
in this sample. Therefore, the chemical composition of
these radiolarian molds is necessary to be checked before
interpretation of isotopic data. In total, 53 samples and
507 measurements passed our checking from the initial
55 samples and 532 measurements.

Calibration of our measurements requires to know
the nature of our samples (mineralogy and chemical
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composition), because it affects the instrumental
fractionation. If we correct the offset of 2.4 £ 1.2 %o
between the NIST-610 glass standard and the UNIL-Q1
quartz standard using the initial chert samples (Pi0l,
Ki08C, and Ca01) as references, values of the UNIL-Q1
standards should be about 6.4 %o lighter than the NIST
standard. This difference is in contradiction with absolute
value of UNIL-QI standard (9.81 &£ 0.14 %o, VSMOW,
2SD) and of NIST-610 standard (10.79 %, VSMOW
following GEOREM database from Jochum et al.,
2005), and might be explained by different instrumental
fractionations between quartz and silica glass (amorphous
material). Similar instrumental fractionations having
already been inferred between microquartz, filling
radiolarian molds, and quartz (Marin et al., 2010), it is
likely that the instrumental fractionation is different with
silica glass. Higher uncalibrated 'O values for radiolarian
molds (25.4 % 1.8 %o, 2SD) than for the matrix (23.6 &
1.2 %o, 2SD) in sample Ki08C might also be the result of
a different instrumental fractionation between pure quartz
in radiolarian molds and the mineral mixture in the matrix
(matrix effect).

The 8!%0-values relative to VSMOW calibrated

by UNIL-Q1 are 34.55 % 0.4 %o (32 points, 1SD) for
Pi01, 30.75 = 0.61 %o (86 points, 1SD) for Ki08C and
34.33 % 0.23 %o (10 points, 1SD) for Ca01. These intra-
sample and inter-sample 3'30-variability in radiolarite
molds are larger than instrumental resolution (<0.3 %o,
2SD), indicating that our measurements represent some
signatures in addition to instrumental uncertainties.

Our 3"*Ovgvow ranges from LS-means (19.8 %o to 35.3
%o; Fig. 8) is also consistent with the 18 %o to 38 %o of
bulk §'®Oysmow of Phanerozoic cherts by Knauth (1973).
This further supports the validity of our SIMS §"O
measurements and our calibration routine.

5.2 SIMS $"0 from radiolarian molds and diagenetic
effects

We here discuss some of the factors influencing the
8"80 agiolarians Dased on our data and comparison with other
dataset. Numbers of factors could have influenced on
8" O agiotarians in Mesozoic cherts, including such as: 1)
temperature and 6'%0 of seawater for oxygen in original
radiolarian opal-A as referred for diatoms (e.g. Juillet-
Leclerc and Labeyrie, 1987; Brandriss ef al., 1998), 2)
Vital effects (Swann et al. 2007), 3) Dissolution and
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Table 3 Comparison of our SIMS 3'%0 least square means and standard deviations (in %o; 2SD) for the samples Pi01, Ki08C and Ca0l
between their NIST-610 and UNIL-Q1 sessions. Raw §"*Ovsmow of our samples are slightly shifted between the NIST-610
and UNIL-Q1 sessions due to changes of the analytical parameters but they conserve a similar pattern (~2.5 %o). Least square
standard deviations do not change between raw and drift corrected 6'*Ovsmow indicating that there were no major instrumental

drifts during our sessions.

Yield (CPS/nA) Raw 8'*Oysyow (%o) Drift corrected 5'*Oysyow (%0) Calibrated 5" Oygyow (%0)
Sample Points Yield %
Mean Std relative to LS-Mean LS-Std LS-Mean LS-Std LS-Mean LS-Std
NIST-610
NIST-610 5 9.37E+08 4.55E+06 10.5 0.2 10.4 0.2
Pi01 10 9.65E+08 6.18E+06 102.9% 28.2 1.5 28.2 1.5
NIST 16 9.28E+08 3.43E+07 10.8 0.4 10.8 0.4
Pi01 27 9.49E+08 3.29E+07 102.2% 28.4 5.1 28.4 5.1
? NIST-610 16 9.04E+08 7.96E+06 10.5 0.4 10.5 0.4
—
%’ Ki08C 27 9.17E+08 1.65E+07 101.5% 254 1.8 254 1.8
Matrix 3 8.96E+08 1.49E+07 99.1% 23.6 1.2 23.6 1.2
NIST-610 8 9.41E+08 1.65E+07 10.6 0.2 10.6 0.1
Ca01 11 9.52E+08 6.01E+06 101.1% 29.0 1.6 29.0 1.6
UNIL-Q1 48 6.5 0.3 6.5 0.3 9.8 0.3
= Ki08C base 4 27.3 0.6 27.3 0.6 30.7 0.6
% Ki08C med 28 27.9 1.0 27.9 1.0 31.2 1.0
"
> Ki08C top 15 27.0 1.0 27.0 1.0 30.4 1.0
==]I Total Ki08C 86 27.4 1.2 27.4 1.2 30.8 1.2
% Pi01 32 31.2 0.7 31.2 0.7 34.6 0.8
Ca01 10 30.9 0.4 30.9 0.4 343 0.5
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dehydroxylation during settling and early diagenesis
preferentially releasing light 'O as for diatom frustules
(see Schmidt et al. 2001; Moschen et al., 2006; Swann
and Leng, 2009), 4) Diagenetic temperature and isotopic
composition of sediment pore water (e.g. Matheney
and Knauth, 1993). In addition to these factors, we can
not exclude that §'%0 is also influenced by 5) degree of
diagenetic migration of opal-A during the phase transitions

from opal-A to quartz via opal-CT, which is mainly
controlled by the solubilities of the different phases (e.g.
Gunnarsson et al., 2000) and 6) partially by kinetic isotopic
fractionation associated with silica tetrahedrons, which
at least occur for 6°°Si during silica precipitation under
200 °C (see He and Liu, 2015; Pollington et al., 2016).
Factors influencing the kinetic of the phase transitions
from opal-A to quartz via opal-CT, such as temperature
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(Ernst and Calvert, 1969; Dralus et al., 2011) and pH
of pore water associated with the presence of accessory
minerals (c.f. Kastner ef al., 1977; Isaacs, 1981; Hinman,
1998) might thus also have some influences.

In the Cenozoic unconsolidated sediments, 5" O;agioarians
ranges from 21 %o to 35 %o in equatorial Pacific (Wu et
al., 1997) and from 42 %o to 45 %o in Southern Ocean
(e.g. Abelmann et al., 2015), possibly related with
different oceanographic setting. The former 8O giotarians
from equatorial Pacific are within the range of our
measurements on low latitude Mesozoic deep-sea bedded
cherts (19.8 %o to 35.3 %o). Contrary to ~6 %o changes
in Cenozoic SlgObemhic foraminifera (Zachos et al., 2008),
different dwelling depth of radiolarians might be attributed
to ~7 %o (Katz et al., 2010; Xu et al., 2012; Volpel et
al., 2017). Other factor is partial silica dissolution and
isotopic enrichment of up to 6.8 %o for diatom (Moschen
et al., 2006). Because dissolution rate mainly depends
on Si undersaturation and pH, fluctuation of §'*0 values
amplified the temperature effect. Although contamination
of siliciclastics with light 80 values, ranging from 10
to 20 %o (Eiler, 2001), cannot be rejected, similar ~10 %o
large fluctuations in pelagic equatorial (paleo-) Pacific
8"80 udiotarians during the Cenozoic and Mesozoic might
imply that diagenetic 6'%0 shift is insignificant relative
to unconsolidated biosiliceous sediments, and that §'%0
from radiolarian molds still preserve an environmental
signature after diagenesis.

The cause of spatial variations of 3'30,giolarians NEEAS tO
be examined. Our equatorial paleo-Pacific 6"O .gioarians
from Triassic-Early Jurassic Inuyama and Cretaceous
Goshikigahama sections (~20 to 32 %o) is slightly lighter
than the low-middle latitude 8'®0.giolarians from the Middle
Jurassic Tethys regions (~30 to 35 %o), although our data
cannot reject the possibility of age difference (Fig. 8). In
the Tethys region, oppositely, a higher latitude 8"*Oragiofarians
from Romania is slightly lighter than other data from Italy
(Fig. 8). Further spatio-temporal comparison will be
needed to understand the nature of 'O ugiotarians in the past.

The intra-chert variability of 80 (0.16 to 2.49 %o)
larger than analytical errors could be related with
different degree of diagenesis and/or original variations.
Such §'%0 microvariations in cherts have also described
from Precambrian chert (Marin et al., 2010). During the
transformation from opal-A to opal-CT, the diagenetic
migration of opal-A from layers with low-Si content to
layers with high-Si content could have homogenized 5'30
within a chert (Isaacs, 1981; Tada, 1991). Subsequent
transformation from opal-CT to quartz could have also
homogenized through similar mechanism. Nevertheless,
significant 6'30-variability in each chert suggests that
such diagenetic segregation could not have perfectly
homogenized 3'*0O within each chert bed, and original
variability might be larger.

If original, the intra-sample variations within cherts
(0.16 to 2.49 %o) corresponds to temperature differences
of 2.3 to 40.9 °C, using equation from Brandriss et

al. (1998) with an initial seawater §'°0 of about 0 %o.
A temperature difference of 40.9 °C is certainly too
high to reflect original 8'*O from radiolarian skeletons,
suggesting possible changes in degree of diagenesis
and/or paleoceanographic condition, such as global ice
volume, precipitation/evaporation, and/or upwelling of
deep-water. Because most of the Mesozoic is ice-free
in polar region (e.g. Frakes et al., 1992) and because
Triassic-Jurassic Inuyama samples were deposited under
equatorial pelagic Panthalassa, changes in upwelling of
deep-water, dwelling depth of radiolarians, partial silica
dissolution, and diagenesis might be likely cause of the
intra-sample variations. The sedimentary rhythms of
bedded chert are hypothesized to be linked with periodic
changes in upwelling intensity and associated radiolarian
productivity based on the systematic changes in cosmic
spherule content between chert and mudstone (e.g. Hori
et al., 1993). The average duration of a chert-shale
couplet is ~20 kyr based on radiolarian and conodont
biostratigraphic age model in the early Mesozoic bedded
chert sequence in the Inuyama area, Japan, which is
consistent with a dominant periodicity of a precession
cycle (Hori et al., 1993; Ikeda et al., 2010; Ikeda and Tada,
2014). Therefore, <20 kyr-scale oscillation in radiolarian
880 might be preserved in bedded chert to some extent
after diagenesis. Further detailed works are necessary to
understand this issue.

5.3 Mesozoic 6O trends of radiolarian silica and
other proxies

3'80 of low magnesium carbonate shells (LMC shells)
are widely used for paleo-3'30 of seawater during the
Paleozoic and Mesozoic because of their less diagenetic
overprint (e.g. Veizer et al. 1999; Grossman, 2012). The
Mesozoic 3#0 of LMC shells from Tethys ocean shows a
~2 %o positive excursion during the Early-Middle Triassic,
a relatively stable plateau during the Late Triassic, a
large variation with <10-Myr variations during the Early
Jurassic, a slight positive excursion during the Middle
Jurassic (Fig. 8; Veizer et al. 1999; Grossman, 2012).

Although our SIMS measurement of '3 Oadgiolarians 1S
low-resolution, our LS-mean data also shows a positive
excursion during the Early-Middle Triassic, and relatively
stable plateau during the Late Triassic, but up to ~8 %o
negative excursion is not present in §'*0 curves of LMC
shells (Fig. 8). Subsequent ~2 %o positive excursion
during the Middle Jurassic seems to be also similar (Fig.
8). Although <10 Myr scale variability in our data is also
large, similar repetitive measurements on sample Pi01
(uncalibrated LS-means of 28.2 &= 1.5 %o and 28.4 £ 5.1
%o from 10 and 27 measurements, respectively (2SD))
and Ki08C (27.3 £ 0.6 %o, 27.9 &£ 1.0 %o, and 27.0 &
1.0 %o from 4, 28, and 15 measurements (2SD)) imply
that heterogeneities are well distributed in each chert and
that chert could be relatively homogenous at bigger scale.
Similar 6'*O trends of LMC shells and radiolarians might
imply similar factors controlling these 3'30 records during
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the Triassic and the Middle Jurassic (Fig. 8).

The cause of the ~8 %o negative excursion of radiolarian
380 during the Early Jurassic is unclear. Because our
data is radiolarian silica of equatorial Panthalassa,
various factors can be related, such as differences in
paleoceanographic setting, temperature and pH of water
column and sediment pore water for early dissolution,
diagenetic processes. Considering large scattering of LMC
shells records (e.g. Veizer et al. 1999; Grossman, 2012),
further high-resolution and multi-proxy works are needed
to examine this issue.

The 5'*0 of conodont apatite (8"*Oconoqont) is recently used
for paleoceanographic analysis, and also shows similar
positive excursion during the Early-Middle Triassic, and
relatively stable plateau during the Late Triassic (e.g.
Trotter ef al., 2015). Unfortunately, 8'*Oconoqon CANNOt be
applied for post-Triassic successions due to the complete
extinction of conodont at the end-Triassic extinction (e.g.
Clark, 1983). The 8"*Oconoson could be useful to compare
with 80 giotarians With high-resolution because conodonts
co-occur with radiolarians in chert and other siliceous
sediments. Further crosscheck with other 6'®0-signatures,
such as conodont, have to be done to validate radiolarian
silica as a paleoceanographic proxy.

6. Concluding remarks

Here we report the in situ 6'®Oyppg -values from
Mesozoic radiolarian molds show range between 19.8
to 35.8 %o, which is consistent with that of modern and
Cenozoic radiolarian tests from deep-sea core of equatorial
Pacific (Wu et al., 1997). Relatively large variability of
8'0 in intra-chert bed could support 5'30 of the Mesozoic
radiolarian tests are not perfectly homogenized in a chert
bed during the diagenetic segregation and through time.

The temporal changes in the 6'%0ysyow values from
Mesozoic radiolarian molds show an Early-Middle
Triassic slight positive excursion, a Late Triassic high
plateau, an Early Jurassic negative excursion with up to
8 %o, a Middle Jurassic slight positive excursion, and few
light values for the Cretaceous. Although the Early Jurassic
negative excursion is not consistent with the 6'30 trend of
less-diagenetic low-Mg calcite shells in shallow marine
Tethys, similar $'%0 trends among radiolarians, LMC
shells, and conodonts during the Triassic and the Middle
Jurassic imply potential preservation of an environmental
component even after diagenesis of biogenic silica. Further
crosscheck with other §'80-signatures have to be done to
validate radiolarian silica as a paleoceanographic proxy.
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Appendix

Table A1 Least square drift corrected and calibrated 6'*0 measurements for each sample and for each accepted analyses. All 6'%0 are
relative to VPDB and all standard deviations are given as 2SD.

Sample Pe0l Ki09 Kil2s Kio1 Ki02 Kio03s Ki03s Ki03 Ki04 Ki06 Ki07
age 253.15 250.30 249.9 248 247.80 247.20 247.20 247.20 246.60 245.25 245.00
Ls;t;::: Li‘::“i:"‘l“(;)sg';d(%") 23992033 | 2927+0.88 30.93£2.81 | 30.83+£2.01 | 20924461 | 23.92£229 | 30442138 | 3127418 | 31884232 | 29254355
Number of measurements 10 9 6 10 6 4 5 10 9 6 6
Accepted measurements 10 9 0 10 6 4 5 10 9 6 6
Rejected measurements 6
1] 2404018 | 202031 2891402 | 29592021 | 22312032 | 24554025 | 3024202 | 3004012 | 31.4220.13 | 30392025
2| 2386022 | 29.45+0.19 30534018 [ 32132019 | 2294022 | 22.920.19 | 30.87+0.19 | 30.19+0.19 [ 30.81£0.19 | 31.03+0.24
3| 2397202 | 2048=0.16 30594013 [ 30582016 | 2115202 | 229£022 | 305£013 | 3052027 | 31492023 | 27.39£0.25
4] 2399+022 | 2935+0.18 31294013 [ 30184015 | 17.87+0.14 | 23752024 | 3137202 | 31364017 | 3322019 | 29.99+0.24
5| 2367025 | 2954=0.19 31.38£0.26 25554021 | 30.09+033 3093+0.17 [ 2673021

6] 24.15+0.19 | 29.68=0.18

32.02+0.22 30.31+0.18 31.15£0.18 | 33.48+0.17 | 30.08+0.23

-
s
)
) 7| 2379021 | 29.47+0.19 343£0.17 3144026 | 3164025
=
g3
) 8| 2415024 | 2821=02 30.45+0.23 2974023 | 31.8+0.18
i
z g
4 E 9] 24074021 [ 29.05+0.17 29.96+0.2 30.78+0.17 | 32.36+0.16
z
5
E £ 10] 24.18+0.23 30.72+0.2 29.26 £0.13
gz |-=-=C e B e N | L I ]
2 o
-; -E 11
Eg
E 2 12
a1
= 13
=3
§ 14]
i< 15
= == N P N i ISR IR U | L - e ]
16
17
18
19
20
Session Br7 Br2 Bré Br7 Br3 Br2 Br2 Br7 Br2 Br3 B3
Sample order during the session 8 6 7 11 8 1 2 5 8 6 3
Sample Ki08 Ki08 KiS8C Kis7 Kil5 Kis1 Kid8
age 244.9 244.9 243.48 241.00 228.00 219.00 217.09
15
LS-mean (5 Ovsuow) and 30.58 2,05 3075121 31162132 | 26.76+3.62 | 3149143 | 31.91£0.68 | 30.61+1.83
LS-Standard deviation (2SD) (%o)
Number of measurements 10 86 6 10 10 6 6
Accepted measurements 10 86 6 9 10 6 3
Rejected measurements 1 3

1] 30.05+0.23 30.9£0.2 3243017 30.12+0.1 30.81+0.18  30.34+0.12 | 31.78+0.2 [ 24.27+0.25 | 31.74+0.18 | 31.76£0.22 | 29.55+0.21

2] 30.58+0.18 | 30.64=0.18 31.25+0.23 29.77+0.17 304=0.16 30.01+0.12 | 31.22+0.24 | 26.78 £0.24 31.47+0.2 32.23+0.25 | 31.33+0.19
3] 32724022 | 30.89+0.15 30.79+0.22  30.11+0.2 30.78 0.1 30+0.17 30+0.24 2745+0.18 | 3025+02 | 31.49£0.16 | 30.9+0.18
4] 29.25+0.23 | 3025+0.17 30.68=0.17  30.3+0.15  30.91=0.11 30.9+0.21 31.84+£022 | 26.13+022 | 32.13+£0.26 | 32.2+0.24

51 30.92+0.31 31.73+£0.14  30.68+0.16  30.09+0.27  30.3

12 30.54+0.14 | 31.13+0.17 | 29.56+0.18 31.92+0.16

6] 293+02 31.02+0.14  31.04+0.16  3035+0.17 30.94=0.15 30.26+0.16 | 30.95+0.21 | 28.09+0.19 | 31.69+0.25

71 30.7+0.19 30.31£0.16 30.91+0.2 29.84+0.17  30.63=0.14 24.64+0.23 32.07+0.25
8] 31.35+0.21 31.01+£0.2 30.95+0.18 30.25+0.1 30.08+0.17 28.36+0.26 31.88+0.2
91 309+0.21 30.96+0.19  31.24+0.12  30.49+0.1 30.15+0.12 25.16+0.19 | 30.09+0.26
10 30.08 +£0.26 31.3+0.22 30.52+0.18 31.19£0.18  30.23=0.16 31.61£0.24

11 3122021 30.66+0.17  30.64+0.2 31+0.18

5"*Oysyiow and analytical standard deviation (2SD) of
all accepted measurements (%)

12] 31.160.16  32.22+0.14  30.32+0.15 30.64=0.14
13 30.83+0.14  30.51+0.17  30.54+0.21 30.8+0.14
14} 31.48+0.11  31.11+£023  30.34+0.15 28.77+0.16
< 15 31.25+0.14  31.44x0.19 29.51+0.13
W T|sisisets sL7son aisseens sosous T T T ]
17 31.74£0.19 30.4+0.18 30.88+0.2 31+0.12
18 31.7+0.18 29.8+0.17 31.79£0.19  30.63=0.17
19 31.81+0.21 30.9+0.18 30.42+0.18  31.22+0.16
20 31.77+£0.15  3024+0.16  30.58+0.19  30.76 +0.15
Session Br7 PRIM123 Br3 Br7 Br2 Br3 Br6

Sample order during the session 1 7 6 7 4 2

w
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Table A1 Continued.

Sample Kid6 Kid3s Kidd Ki39 Kid0 Kidl Kid2 Ki35 Ki3ds Ki3ds Ki32
age 210.27 204.82 204.82 201.50 201.50 201.50 2015 185.62 184.37 184.37 184.20
y 13
LS-mean (3 9‘_*‘“"“”"" 3259+3.13 | 31.3+0.89 | 31.65+0.86 | 31.41+1.05 | 31.72£1.17 | 31.38+1.57 | 31.42+0.94 | 29.98+0.81 | 25.82+2.74 | 30.79+0.3 [ 30.21+1.83
LS-Standard deviation (2SD) (%)
Number of measurements 10 6 9 9 10 10 10 9 9 1 10
Accepted measurements 10 6 9 9 10 10 10 9 8 1 10
Rejected measurements 1
1] 31632022 | 31472025 | 31.44£0.19 [ 30.79+0.15 | 31.88+0.17 | 3146025 | 322+0.19 [ 29954025 | 23.83+0.12 | 30.79+03 | 29.98+0.17
2] 3032019 | 31574014 | 3195402 | 31.51£0.12 | 31.46+024 | 32.49£0.16 [ 31.2+0.18 | 30.47+0.28 | 27.2940.21 3043 £0.22
3| 32432021 [ 31255022 [ 322022 | 32082024 | 32.28+0.16 | 31.33=0.18 [ 30.66+0.25 | 29.88+0.17 | 25.5+0.28 29.41£0.16
4] 32514015 | 31.524022 | 32.064024 [ 32.16+0.19 | 31.79+0.23 | 31.840.15 | 30.94+0.18 [ 29.72+0.2 264021
5| 34752022 | 30.46+0.18 [ 30.69+0.22 | 30.52+0.17 29.59+0.26
- —_— —— P OSUEPRRU Rt R - D S
5 6| 3241014 | 31.56+0.19 [ 31.91£0.19 | 31.39+0.14 | 31.71£0.26 | 30.34=0.18 | 31.85+0.19 [ 29.65+0.14 | 24.35+0.26 29.96 +0.18
2
< 7] 3247+0.8 31.83+0.19 | 31.69+028 | 3179402 | 3128202 [ 31.51+0.19 | 29.92£0.22 | 26.31+0.19 3044 £0.24
g3
£ 8| 3122024 31.57£0.19 | 31.35£0.15 | 31.94=0.14 | 31.9=0.19 [ 31.57+0.15 | 29.9+0.18 | 259=02 323£021
2
2z
:g 9] 323802 31.4£0.18 | 31.55+0.14 | 30.064024 | 31.14£02 [ 31.73+022 | 30.89+0.29 29.92+0.21
T
5
§§ 10] 35.7+0.18 31.76+0.16 | 31.96+0.19 | 31.56+0.16 30.45+0.24
£z |-=-—- J PR J g b L e—— —-—-—
= £ 1
£z
£ = 12
i
s 2
= 13
33
; 14
I 15
O J J 4 4 I, | o - — ]
16
17
18
19
20
Session Br7 Bré Br2 Br4 Brd Br4 Br7 Br2 Br7 Br7 Br7
Sample order during the session 10 4 9 3 6 8 4 11 2 2 9
Sample Ki24 Ki25 Ki22¢2 Ki22c1 Ki21 Ki20 S007 S008 S009 Sol2 Sol3
age 182.00 180.66 178.00 178.00 178.00 174.00 169.50 169.50 169.30 168.27 168.13
<18
LS-mean (57 Ovsyow) and 30.76+1.45 | 25194492 | 26.07£3.07 | 26.97+2.44 | 2716211 | 2192373 | 32.47+1.52 | 33992082 | 34354083 | 34.96+09 | 34312083
LS-Standard deviation (2SD) (%)
Number of measurements 6 9 6 9 10 6 6 7 6 6 9
Accepted measurements 6 8 6 9 10 5 6 7 6 6 9
Rejected measurements 1 1
1] 3194023 | 23.04+028 | 24.03+025 | 26424022 | 26334021 | 19.52£021 | 32.8+029 | 34.01+0.14 | 34214022 | 34.9340.16 | 33.99+0.26
2| 3088022 | 2556+0.18 | 26.76+0.31 | 27.1+0.22 | 28.02%0.19 | 21.61+026 | 3234+0.14 | 34.74£0.16 | 33.99%0.15 | 3519022 | 3436+0.19
3] 3036402 [ 25964024 | 24214022 | 2886025 | 27.14+0.14 | 21.79+028 | 33.8140.22 | 33.894+0.21 | 34.68+031 | 34.01+028 [ 33.74+0.24
4] 30032026 | 26.56%0.17 | 2693+02 | 2633+02 | 266402 | 22142024 | 32.52+0.18 | 33.95+0.18 | 34.38+0.14 | 3505+0.15 | 34.83=0.18
5| 3001017 | 2026403 | 27.4+026 | 24.53£0.19 | 27.95+0.19 | 2453021 [ 31.62+0.18 | 34.15+0.18 | 33.96%0.14 | 3544=0.15 | 34.04+0.13
- ISR P [ J i ISRl Mot EepaREbil SRty S BRI
é 6] 3125019 | 29.06+0.28 [ 27.12+0.21 | 27.36+0.19 | 27.04+0.22 31.89+0.21 34.9£0.19
Z
e 7 25.07£0.17 2821£024 | 28.88+02 33.76 +0.22 33.96£0.2
=
.
e 8 25.51£0.13 2691+0.26 | 2591+0.17 34.9£0.12
2
s s 9 27224013 | 28.1240.21 34534021
El
R 10 25.67+0.2
sz |-=-—- JE P [ S e b e e—-— —-—-—
3 E 11
£
Z s 12
i
L
T E 13
i3
H 14
] 15
e == —_ —_ e ——— e L — I — IR —
16
17
18
19
20
Session Br3 Br2 Br2 Br2 Br2 Br6 Br3 Br3 Br3 Br6 Br4
Sample order during the session 5 10 4 3 5 5 2 1 10 9 4
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Sample Sol5 Sol7 So21 Ro01 023 S025 P01 S026 S028 029
age 167.54 166.89 166.09 166.00 165.10 164.31 163.00 162.65 161.14 161.06
les‘::;::: L‘:“KS“‘;":“(;L;')“?%") 34.68+1.05 | 32.69+5.18 | 32274204 | 3092154 | 3402118 | 353%0.65 345508 35122055 | 3471£137
Number of measurements 6 9 1 6 6 9 32 6 9 6
Accepted measurements 6 9 6 6 6 9 kY 6 8 0
Rejected measurements 5 1 6
1] 3458018 | 33.7320.15 | 31962025 | 3122006 | 3461202 | 35742021 | 34742005 34692017 | 350302 | 3538+022
2] 3499019 | 33932028 | 3149+0.17 | 3085+0.13 | 3406+0.16 | 3554025 | 33.54£0.15 349201 | 3485+0.18 | 34.52+02
3] 3518202 | 33442023 | 33752006 | 29384021 | 3285202 | 3523202 | 3353402  3456+0.18 | 348902 | 3481024
4] 33924026 | 2599021 | 31394026 | 31294022 | 34324017 | 34.88£0.19 | 3473401  3375+0.14 | 35624022
5| 34122021 3162402 | 3142+024 34914027 35154022
;i 6| 35152022 | 33.5920.13 | 33.5024 | 31394021 | 35452017 | 34592014 3474201 | 35224018 T
§ 7 34014017 34894018 | 34664012 344801 33.49£0.13
g g 8 34264024 3554018 | 3488013 35£0.17 35.56£0.2
g é 9 33.6240.17 3555402 | 3471402 3433:0.14
"g 5 10) 34774015 3462017
_-E E . 1T 1T T 77177770 5092022 dsiz02 | T T
Z B 12 3492£0.15 34734011
é E 13 3447£0.16
§ N 14 34.62+0.1
fdl 15
= == | g _ | . I I
16 3389402
17 346840.13
18 34724017
19 3480.16
20| 3443£0.16
Session Br6 Br4 Br4 Br3 Br6 Br4 PRIMI23 Bré Br4 Br6
Sample order during the session 1 2 10 9 3 7 2 8 1 6
Sample So031 Ca01 Go68 GoT3 GoT4
age 159.97 139.00 131.70 97.95 97.59
Ls-;sa-nmd::: Litgt‘i;"‘.”(‘;)s;T‘:%) 35254057 | 34.33£045 | 2653+1.16 | 285241.99 | 19.76+1.4
Number of measurements 9 6 9 10
Accepted measurements 9 6 9 10
Rejected measurements
1] 35424022 | 34272014 | 27062026 | 296802 | 1812029
2 3509£019 | 3432012 | 258920.19 | 2695+0.18 | 19.61£022
3] 3576+0.15 | 34.89+0.17 | 2639+0.17 | 28.71+0.14 | 2049023
4| 34872022 | 3418017 | 26474026 | 2824015 [ 19.36+0.13
s| 349+024 | 3412013 | 26062018 | 2896+0.18
z 6| 3iror0 | 3a135013 | 27362017 | 26964017 |
§ 7| 3519018 | 3436=0.19 2933£0.19
}; 9 8| 354220.16 | 34284017 204022 | 19.89£0.11
% é o 3532024 | 3451+02 29194023 | 20.65+022
'g' 5 10) 344019
A [ — I g m
EE S 1
2
EHE 2
] 13
i3
¢ 14
‘ .
= == . I i IS I —
16
17
18
19
20|
Session Br4 PRIM123 Br6 Bré Br7
Sample order during the session 9 3 10 5 1
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Oxygen isotope analysis of Mesozoic radiolarites using SIMS (BOLE et al.)
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Oxygen isotope analysis of Mesozoic radiolarites using SIMS (BOLE et al.)
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Oxygen isotope analysis of Mesozoic radiolarites using SIMS (BOLE et al.)

prmpuzs 910 086 90 we 910 £8°¢ 80+H0E81°8 0-A11TEY 90+ILTIE'E 20H81L99 60+HZ1L9'1 £0°H0808°L £0H6T10°T T YTDRURA QI SISOV I0PR OIP
prpuns 910 186 s1o 88'E s1o 68°€ 0+H6907°8 T0°H6L8S9 90+I01LE'E 20866989 60+8SPL9'T £0°HE205'L S0HOEI0T rT £zmpuRd gIE SISOPIOE ORIP|
prepun)S LU0 196 610 69°¢ €60 610 oLe 80+A8THT'8 20-99€SL°L 90+80PLE'E 20°96065°L 60+359L9'T £0°16559°6 £009210°T €07 TTBPuIRd QI SIS0V 0P O8IP
prpuns 020 L001 870 60t 88° 870 oy 80+HEPITE 20490699 90+ILRLE'E 20368159 60+H18L9'1 T0H1I8E T S0HVEI0T £07 1Z@Rumd I SISO 10pe OIP
105 810 £6°E 120 0r'8T 120 1582 30+308L6'L 20HT8SE9 90+96€°€ 0APP6E9 60+31529'1 20°10090°1 £0HIT90°T (53 DpE I SISOPLOpEr O81P
108 90 06%E o LL8T o 8L'8T S0+HLSR6'L 0H0S8'S 90+ILISE'E 0HSTH6'S 60+82LT9'1 £0°90160°9 £0H6T90°T T SOPIT 98 SISOpI0PR OR1P
30 810 96'€€ 0z0 €8°LT 0z S8'LT S0+E1LI0°8 0H0ELE'L 90+I80LE°E 20°a610°8 60+895€9'1 20°19900°1 £0°H0190°T [k LD 9 SIS0pI0pR O 1P
€los 0T0  £1PE Lo 00°8T 7o 20'8e 80+H9L0°8 WAYTLYL 90+£98€°€ 20°H8905°L 60+HLTH' | 20°9809€°1 £0Y190°T €07 9DIT QE SIS0p 0P 081D
108 910 HOPE €10 1622 €10 w6l S0+ELIP0'S W0AIP60'L 90+HIIELE'E T0HL00E'L 60+9€9'1 €0°TLLS'9 £0HTI90°T €07 ST g SI1S0pIOpR ORIP
30 LU0 89 810 69'8C 810 1482 S0+H97€0°8 2000697 L 90+19P9€°E 20°96075'L 60+01€9'1 £0-16168'3 £0H8T90°T €07 YOPIT QI SIS0p IR O 1P
c1os 610 pLEE 20 WL 20 £9°LT 80+HE850°8 1si1e W0APE69 90+H00L€°E 0HL66LY 60+81S€9°1 0H06L1° L £0°H9090°T €07 SORF YIE SI1SOPIOPRT OR1P
€108 810 9EE 610 wse 08°0 610 YTRT S0+HT6L0°8 WAL 90+I918€°E 0ALYS69 60+2079'1 £0°TSS0E°6 S0HR190°T €07 TOHT 9 SISOFIOMR ORIP
€105 070 66€E 920 98'LT 91'8T 920 88°LT S0+65€1°8 1T 0A9PL0°9 90+IES0P'E 0ATERE'S 60+2759'1 2090921 S0A1190°T €07 1@pT 91 SISOpIOIPE ORIP
[N 90 L9 S0 89°€ s1o oLe 80+SHTT8 81T 20-9L858°S 90+AVTLE'S 209606°S 60+355L9'T SOHENIS'L £009210°T [3 0T@RuIRd Q18 SIS0y 1OPE O8IP
pmpuns 810 186 wo 88°E o 06°€ S0+H9E61°8 PEIT 0-98279°S 90+H989€°€ 20°H0885°S 60+8YELY'T 20 L1011 £0HOE10°T [ 61@RuRd QIS SOV 0P OBIP
prpuns 810 9% €20 s9°€ 070 €00 89°€ S0+HI81T'8 6T1T T0HSSTEY 90+390LE'E T0°HSL66'S 60+E8L9'T 01T £0H9TI0T wT S1Dourd 918 SIS0VIOIPR ORIP
piepun)§ 170 9L6 0£°0 LLE LLE 0£°0 6LE 80421978 20H01ES'L 90+ILTRE'E 0ALOPY'L 60-1089'1 018681 £0A8210°T €07 L1DRuRd 918 SIS0y 10PE O8IP
6E01 910 sSIE K] ST vro 9r'ST S0+HTHO1'S 0AY0TTL 90+3096€€ T0HAEIEL 60+ELIS9'T 0915269 £0°HE950°T YT 6DET 9IE SISOFIOpR ORIP
et LU0 sele s10 Tse STo 9T'sT S0+H1TH0°8 WALYG'S 90+AES9E°E 20HEST88 60+369€9'1 OHPPOS'L £0-96550°C [ 15 91 S1S0PL0IpEr 08P
0l 00 69'1E 870 Ls'sT 8T0 65°'sT 80+81190°8 W0HSISL'S 90+I6LLE'E 0H69TL'8 60+LTH9'T TOHER6LET £0°HS9S0°T YT LDET 98 SISOp10PR OR1P
€0t 910 6EIE 0 LTSt 1o 0£'sT S0+H5666'L 019158 90+I88PE'E 20°8L979°8 60+8879'1 £0°10056'9 £0°H6550°T (x4 9DEF e SISOpPIopR O81P
6 LU0 808 Lro 17T Lro rPT S0+HEL96'L 01688 90+4861€°€ 0HL8TL8 60+81919°1 0961978 S0HIPS0T €07 SIS I S1S0pIOIpE O81P
0t 810 9I'TE 610 09T 610 09T S0+H16L6'L 0L 90+0SE€°E 20881069 60+88079'1 0°TSHRY'6 £0HSLSOT €07 YDET QI SISOpIOPR ORIP
€0t 610 80TE 0 96'ST ¥z 66'ST SO+TLLEL 0A98PIL 90+I67€€°E 20°9992L9 60+0079'1 AT S0HELSOT €07 DS I SISOPIoIpR ORIP
€01 910 1871 o 6£°ST 90°1 o w'st $0+49286'L T0-4SL099 90+88YEE 098989 60+39829°1 £0-48960°9 £0°H2950°T YT TOEE QI SISorIopRO8IP
6E1 910 6L0E 10 89T 9€°ST S0 v S0+H£600°8 T0°H08€6'9 90+391S€°E T0ESLTYY 60+E11€9'T £0°°L9ST L SOALYSOT YT 1§ 91 S1S010IpR ORIP
puels 00 86 870 S8'E 8T0 88'E S0+H0THT'8 W0ALYI6Y 90+ITISE'E 0AISS'S 60+2089'1 206051 £0HOEI0T rT 91DRuRd 918 SISOVIOIPR ORIP
puels, 910 6% €10 96°¢ €10 66°€ S0+HESLTS 0APISL 90+508€°€ 20H0T8Y°L 60+316L9'T 0HELIY'9 £0AZEN0T €07 SIBourRd 918 SIS0y 0P O8IP
prmpuzs 910 886 90 06°¢ 10 910 £6°¢ 80+H187T°8 W0-AKITL 90+ITS9E'E 0HECY 60+H81L9'1 £0-8p6Y6'L S0HIE10T €07 PIDRURA GIE S SOV 0P OIP
prpums 810 1001 170 07 L6°€ 170 907 S0+HITHT'] T0H6SLI'L 90+I889€'E T0H0E10'L. 60+H15L9'T T0-9000°1 SOHEEI0T €07 €1@puRd 9IE SISOPIOE ORIP|
L1os LU0 9 Lo 6r'LT Lro €5°LT S0+HTLI6L 0HLK6LL 90+S91€°E T0H08S 'L 60+HL609'T €0°HSLIS'S £0HY090°T €07 6DTIT 918 SISOFIOPR OR[P
Liog 610 9TYE 70 £1'8C ¥z 9I'8T S0+H69L8'L W0Aer'S 90+3680€°€ 0ALHIER 60+0509'1 20959071 S0ALIT YT SDTT 9 SISOpI0PR 01D
Llos LU0 10 Lro $8°LT Lro w'Le S0+3PPLEL 207966589 90+ILIPE'S 0Ly 60+91129'1 019’8 £0HZ190°T €07 TIF I S150p 0P 08 1P
L1og 910 6S°EE €10 9r'LT €10 05T S0+H9L66'L. 0aYS6LL 90+65E°E T0H0THY'L 60+1879'1 £0°9849'9 £0°HE090°T wT 9DTIT QI SISOFIOPR ORIP
Liog 810 TIE 070 0€'sT 0T0 pEST S0+5610°8 20°8S070°S 90+I185€°E 20L096F 60+25€9'1 £0-10898°6 £0°H0950°T €07 SOTF i SI1SOpIoIpRT ORIP
10§ 810 66'ST 170 1661 170 7661 80+H8€98°L 0HILYS'L 90+487LT'E 20HTT6S L 60+8£009°1 20°56850°1 S0HISHO'T €07 TIF I S1S0p 0P 08 1P
108 610 trEE €00 4374 €0 4 S0+81E00°8 0HL696'L 90+I865€°E T0ERISEL 60+360€9'1 20969711 £0°H0090°T YT DT 9 SISOPIOE ORIP
it 170 €6EE 870 08'LT ¥Ts $T0 LT S0+SP10°8 W0ANLYG'S 90+IT6SE'E 20a56TL'8 60+6679'1 T0I866€ 1 £0°H0190°T €07 TOTT 9E SIS0pIopE O81P
108 LI0  ELEE SIo 09°LT 86°97 sro yo'LT S0+S0¥1'S 0-H6€L9'8 90+8100°€ TW0AYSHS'8 60+38059°1 €0-9ESIS'L £0-49090°C €0 DT g SIS0r101pRO8 1P
PIEpUEIS 8T0 1001 00 €0 0T0 X3 80-AISETE 20AVL3EY 90+A1095°€ C0ASHOTL 60+3L699'T €0-101€6'6 S0AVELOT €07 TI@PurRd o1 SISOV I0IPE O8IP
puels 070 6% 870 L6'€ 8T0 10 S0+81961°8 20°H0979'S 90+3995€'€ 0TS 60+2L99'1 AP S0HTEI0T €07 11@ourRd 91 SISOpI0IPET 01D
prpums 810 16% 170 £6€ oro 170 L6E S0+HIER1'8 20°H6T109 90+3999€°€ T0°H008L'S 60+VTLY'T T0H6950°1 SOHEI0T [ 01@Rurd 918 STSOVIOIPR ORIP
prrpurls 610 06% 70 w6 0% ¥T0 9%6°€ S0+H8E61°8 WAL 90+3979¢'€ T0ALSHTL 60+H50L9'1 T0H06LL'T S0HIEI0T nT 6DPuRd 918 S1S0p 10 OR1P)
05 810 95'sE 070 6T 0T0 9b°6T S0+H6.80°8 20-96v08°L 90+IL01PE T0-998LEL 60+TS9'T £0-11056'6 S0AEPI0T 0T 6T pIE SIS0SIopRr O81P
8708 910 6rEE €10 9E'LT €10 Wz S0+VL80°8 20000786 90+I1S6€°E 10-96100'1 60+0879'1 004259 £0H2090°T [k 8D e SIS0S 0P O 1P
8708 810 £EE 610 0T8T 610 YTRT S0+H89T1'8 0108 90+30605'€ 050518 60+85€59'T £0ar6YL'6 S0HR190°T €07 LDV e SIS0S 0P O 1P
708 LU0 sLE Lo 98T Lro 9987 S0+VTS0°8 2066656 90+I16LE°E 0HOIER6 60+818€9'1 £0°92269'8 £0HLTIT €07 9D P8 SISOS 10 ORIP
05 LU0 sise Lo 06T Lro 9062 S0+HE790°8 WAL 90+IPPRE'E 20786789 60+H5009"1 0°H180L'8 £0°HSE90°T €07 SO)LF I S1S0S 101pRr O81P
8708 610 18 70 89°8C 20 wse 80492008 20481006 90+HEPIE'E 20°98009°8 60+8609'1 0T8Il £0H8790°T [ YD pIE S150S 10 081D
8205 810 TSPE 070 6€'8C 0T0 58T 80+35S06°'L 0912489 90+I65€€°E 20-90976°9 60+9L19'T 20-19000°1 £0-92290°C 0T £D1IT P SIS0S10Iper O81P
08 610 8€sE wo ST6T 1€l wo 0€°6T S0+E9ET'S 0AVE06'L 90+6p€r'E T0A90L8'L 60+81799'1 T0PE60'T £0H6£90°T 0T LT e SIS0SI0pR O81P
uonaofas [eondo 8708 9982 170 oLe S0+H8855°8 10-8L576°1 90+IESTSE 10-996€6'1 60+899L'1 TOELIL0T S0H9TI0T YT D13 i S150S10IpR O8IP
pIEpURIS 10 686 610 06°€ 610 6% S0+VSSI'8 T0AL06P L G0HAEEIE € T0H00VT L 60+4L0L9'T 0-I885€ 6 S0AIEI0T (53 gDourRd 91 SISOPIOIE OSIP)
prpums 910 HL'6 €10 sLE €10 I8°€ S0+H07IT'8 0AVETE'S 90+I8L9E'E T0H69LE'S 60+TEL9'T £0-TEE8TY S0HSTIOT rT Lpurd 91 SISOFI0PRI 08P
puels L1095 910 8S°E 910 £9°¢ S0+HEP61'8 2016789 90+I559€°E T0EEITLY 60+8£TL9'T £0HEE86'L £0HSTIOT [ @ouwd giel I1SOPIOpR ORIP|
prmpuzs 90 6 10 (233 10 68°€ S0+HYELL'S 0HSYTLS 90+I119€°€ 0HLT609 60+89699'1 £0°92L00°L £0HOE10°T [ swouRd QI SIS0 I0pR O8IP|
prpuss 810 8L 170 08°¢ 120 s8'¢ S0+HLE6L'S 0-9061L°S 90+8P9€°E 20°HS889°S 60+H91L9°1 20HEPE0°T £0H6T10°T [ YDRUIRA QI S150p10PRT 08 1P
prpuss 810 0L 0T0 we 020 LLE 80412008 W0APLLSY 90+IL9SE'E 2098959 60+39L99'1 0-EKT0°1 £0A8TI0°T €07 €mRuRd I ISOpIOIPEr OSIP|
pueis, 00 9% 920 €9 170 970 69°€ SO+ELSLI'S WAWITL 90+IVLEE'E 20999019 60+5859'T 20A9PIET £0H9TI0T €07 T@ourd 1 SISOPIOIE O]IP)
prpum 610 086 70 wE I8¢ ¥T0 L8 S0+H8TET 0AIPIRS 90+I19€€°E TOAVRSLS 60+H5L59'T T0FE90T 1 S0HOEI0T 107 1®ourd 918 S50V I0IPR ORIP
pIEpUES T0 07 S0+HLLOTE T0HTS06'S 90+AIPLEE 20619 60365191 TOESPIET £0HEEI0T (3 sosoRumd
pum§ 0T 99°€ S0+HSL81°8 0H6TI9'S 90+ 185€°E 20HITIPY 60+80699'1 20°H0b20°1 £0HSTI0T [ L@psapured
prpuns o 80 80+H0L0T°8 0-ALKTr9 90+ 1$9€°E 20°HE686'S 60+H01L9'1 0Tl S0HVELOT [ gmnsauied
prpuss 120 $9°¢ 80+S081°8 20H011LY 90+b8SE'E 2096089 60+L899"1 20°90Th0°1 £0°HSTI0T YT swrsowured
pippun)S ) 8°¢ S0+H0P81'8 0TS 90+IETIE'E 0GIET'S 60+50L9'T 20908021 £0H6TI0T [k ynsowuRd
prpums Lro I8°€ S0+H6ILI'S 0AVPLY 90+I879€°E T0°H8£90°9 60+8L0L9'T £0°TSL9S'S S0HSTIOT T gonsowurd
prpuns 81°0 0T (484 S0+HI9VTR T0HSLLE'S 90+IEIRE'E T0HL6S8'S 60+856L9'1 £019L06'6 S0HSEI0T T Tohsopumd
pmpuzs 8¢ €10 8LE S0+HL01T' 20HOPP 19 90+ 175€°E 20HSPE09 60+5999"1 £0-5119°9 £0HSTI0T £07 1@sopured
oo asc_o,,0 ast 0,9 asc I qsc 0,7 VU/SdD asc SdD as? SdD asz SO Vi
(%) uopeique) (%) u0BIALI0d U g (%) SyudWIANSEI PRIA (5203/0,,) TH 1202/0,) T1 (0,,/0,) TUTLH weag
ST0TPO°ST Pred (97 ‘MOINSA) PI'0FI8'6 =dN[EA 0y, @ dshfeuy (Guied) [O-TINA PiepUB)S Pad Hunoy SASATVNYV SIS

‘panunuo)

CV 9IqEL

— 385 —



Bulletin of the Geological Survey of Japan, vol. 71 (4), 2020

1£08 wese ) 61°6T SI6z 80+86551°8 20-97605°9 90+d76T8°€ 0-ASITH9 60+3L199'1 T0-a2zsI'l £0-99590°C 0T 661 98 SISOPIOIPE OSIP
1€08 wse 91'0 8T6T ¥T6T S0+SEYTS T0-AIPOLL 90+LSH'E 0-HT99YL 60+3€5L9° €0-688L°L £0-48€90°T €07 SDIEI 91 SIS0r101pRIOSIP
1€08 LI0 6I'SE 810 9067 06T 80+H00ST°8 20°H0SK6'L 90+8LYSY'E T0AIPISL 60+8EPL9'T S0AVEEI6 £0APEI0T €07 LD63 918 SISOpI0PR OR1P
1g0s 810 0l'se 610 9682 63T 80+8£97°8 0H10E1°8 90+31SS°E 20°96859°L 60+385L9°1 £0°9L89S°6 £0°92£90°T €07 9D6IT 91 S150p 0P 08P
1£08 610 06E 20 LL8T [} £L8T R0+HERYTR T0HSSRY'L 90+8pESH'E T0-495EL 60+E1L9'1 T08TTT 1 £0°H8T90°T €07 SDI6IS 16l S1S0p101PR O 1P
1£08 610 L8E wo YLRT wo 0L'8T R0+ESYTT8 ssT 20850278 90+808Y'E 205018 60+8S1L9'1 T0-90660°1 £0°H8T90°T 0T YOGS 98 SISOPIOIPE O81P
1gos JATA s1o 96 s1'0 65°6C S0+ALK81°8 0s:T 0H695TS 90+IESEPE 0686 60+80799"1 £0°H6679'L £0°HSH90°T €07 SO 9IESI1S0P1OPE OR1P)
1€08 810 60°S¢ 610 68T 950 610 63T 90+1L886°9  S0+A99TTS 9T L0159 90+8pLSY'E T0HTLISY 60+885L9'1 £0HELTI6 £0°HTEI0°T T D65 il S1SOpI0PE O81P
1£08 610 TrSE o 8T'6T 90°6T o ST6T 80+3692C'8 S0+E8PPTS wiT 20-9050L°S 90+3784°E 206999 60+80L9'1 oKzl £0°H6£90°T €07 106 91 S1S0p10Pe 081
[ 810 956 070 8S°€ 0T0 ss'€ R0+VTET8 LET T0HOELT'L 90-+H809€°€ T0980€8°9 60+10L9'1 £0I8168°6 £0ETI0T 07T 0p@ouIRd QI SISOpIOIPET O 1P
prpuzg 90 2001 €10 £0F £1°0 0% 80+858TC°8 £6T W-ALSIES 90+H1L9E°E 0686 60+81TLY'1 S0°HSBLY'Y £0HEL0T €07 GEBRURA QI S ISOp 10RO [P
prpuns 610 15 970 95°E Lo 9z0 233 90+ITSLYL  80+H6IETR 8TT AT 90+HTLLEE T0AL0SE9 60+E18L9'1 TOFL0IET £0ETI0T T ReMRuRd oI S1S0PIOIR ORIP
prpuels 910 886 S10 68°C (X3 s1'0 98°€ 80+31057'8 80+79L0€°8 01489 90-+H986€°€ 20965659 60+79889"1 S0API6TL £0-96210°T £0°T LEWPURD QI SISOPIOIPET 081D
] 810 96'1¢ 610 S8'ST 610 'St R0+89197°8 T0ELOSYL 90+HEYSY'E 2015669 60+856L9'1 £0°£069°6 £0°H0LS0°T €07 0183 91l SISOYI0IpT OIP
1w 810 pI'lE 070 wsT 0T'0 00'ST 80+dTILT'S T0-AETRY'L 90+IALYPY'E T0-ASTPEL 60+19L9'T 20451101 €0-ES50°T £0T 6@)88 9IE SISOV IOIpRI 08 [P
] 810 06°1¢ 610 6L'ST 9L'sT 804850578 T0HTSLY 90+HLSEY'E 20-92906'9 60+H81L9°1 £0°HSIIP6 £0°H6950°T €07 88T 9IE S1S0p101PET OR1P)
1w 0T 9I'sT 0z0 yIST R0+E18LI'8 T0AP60E'L 90+86517°E T0AIEINL 60+AL199'1 T0ATLIO £0°H9550°T €07 L83 91 SISOp IR 081D
1p1 810 €04 810 19e 80+ALSO1'S 20°H66L9°S 90+pLE'E w0a9eLTs 60+3€69°1 £0-ApE10°6 £0LESOT €07 9DST 91 S150p 10 O81P
[ 1662 610 18°€C 610 8L'€T R0+HL8TTR s T0°HE899°8 90+HEPED'E 096258 60+H0€L9'1 £0°H89E5°6 £0°H6TS0°T €07 SDIST o1l S1SOp10PR O 1P
w1 LI0 t8IE sro st 1o 0L'sT R0+H0LLT8 i1 20887109 90+88Y'E 0aPIPR'S 60+889L9'1 S0HE9TLL £0°L9SOT €07 ¥D83 98 SISOPIOIPE O8I
1p1 AT 810 wst 810 0TSt 80+H0L6T°8 8til 20786688 90+3SHS'E 20°0885°8 60+817089°1 £0-99091°6 £0°HLSS0°T €07 €DST 9 SIS0p1OIPE OR1P)
w0 LU0 6rTe 910 L£9T [ 910 S€9T LO+HTYST'T 80+398€T°8 i 0PRSS 90+HLYEY'E 0ATTY'S 60+6899'1 06568 'L £0°H0850°T €07 TOST 9 SISOPIOPE 081D
1w 610 9rIE ST0 S€'ST £TST 70 £6°5T 80-+HP6TT'8 S0+ALSRI'8 661 0ALPEY9 90+a11THE 0ETETY 60+0799'1 206471 0950°C €07 185 91 S1S0p10IPE ORI
prpuels L0 L66 Lro 86°€ Lro 96°€ R0+85E6LT°8 [ 0HILSL 90+TS8E'E T0108€'L 60+9189'1 £0°9992L '8 1€10T €07 9gwauRd i SISOpIOIPE O 1P
prpuzs 96 20 99°¢ [} o€ 804865778 0g:1 0H6SLE'S 90+HISLEE 098486 60+HTLLYT 20480071 £0°HSTI0T €07 se@outRd 1S S0P 0P OS1P
ppuTIS 1L 0T 753 870 0z0 e 904316667 S0+ASYSTR STl T0-aT8sh9 90+H1E8E°E T06TrY9 60+6089'1 2055001 £0H9TI0T T pEDOuRd i SISOp10WE O1P
prpuels £8°6 070 8' 8L'€ 020 €3¢ 8096V’ S0+AL81T8 1 2015809 90+S69€ '€ 0ANOILS 60+A1PL9'] 01101 £06710°T T £emourd I SIS0PIOIpE O81P
S8 ss'se 0T0 56T 0T0 6€°6T R0+ESPIT'8 019789 90+HL6TY'E TOEELRLY 60+9199'1 R £0IP90T 0T 6OLIT 918l SISOFI0PR ORIP)
szos € 810 9£°6T 810 SE6T 80+39081°8 2086119 90+3LTEP’E 0°SL60°9 60+32£99°1 £0°96681°6 £0°H0P90°T €07 8DLIT i SISOpI0IpET O81P
so8 L0 68t 810 9L'8T 810 $L'8T R0+H1LLTR T0H8S60°L 90+HLILY'E T0-a8460°L 60+81€89"1 £0AVTS0'6 £0°H8T90°T €07 LOLIT 9IE S 1S0p10pR OR1P)
S8 LI0 shsE Lro 1662 Lro 6T6T R0+EL0ET'R T0°HSLES'S 90+866'€ T0FEL99'S 60+8S1L9'1 £0°HTESES £0°H6£90°T €07 9DLIT QI SISOFIOPR ORIP
szos 00 16%E 170 8L'8T Lo LT 80+8YTST8 20897EE9 90+35SS'E 0-6b£8°9 60+d15L9°1 20°a8bLE T £0°96790°C €07 SLIT I S1S0p1O1PR OS1P)
S8 810 88 610 vL8T 610 £L8T 804865618 T0°H8600°L 90+H6SEP'E 0-9€616'9 60+L599"1 £0°496TY°6 £0°H8T90°T €07 PO R SISOPIOPR 081D
szos Tse 0T 6062 0z0 80°6T 0419818 20°86666°'S 90+1THY'E 20188985 60+211899'1 £0°19008°6 £0°HSE90°T 0T €DLIT 9 SISOp10IpET O81P
S8 05°s€ sT0 9€°6T $9°0 sT0 SE6T 90+IL0LT'S 80+4¥161°8 W0H9TIY'L 90+HI9P'E 0°E601°L 60+85699"1 0A8ILT £0H1P90°T T LT I SIS0p1OPRT 081D
STo8 pLSE 120 0962 Y167 170 65°6T 8065078 80+80951°8 150 T0EE105°S 90+H8LEY'E T0ALTEES 60+7599'1 TO16€0°T £0HSHI0T T DT 9E SISOPIoPE O81P|
ppuzls 8L'6 610 6L'E 610 8L'E R0+H8Y9T8 9£0 2096006'L. 90+HEI1RE'E 09008 60+0089'1 056556 £0H8TI0T £0°T TeWourRd i SISOp10WE O 1P
prEpuels 810 LLG 070 SLE 0z0 e S0+E1LETR 0 20960159 90+H10LE'E 20ASKTS 9 60+PL9'T £0°S666'6 £0STI0T €07 1€@puRd i SISOpIOIPET 01D
prpuzs 810 986 o L8 s1o wo 98¢ 90+4P8TET  S0+HSSHT'S €0-92098°9 90+H618€°€ 0-ATTY 60+81089'1 20°4S£60°1 £0°H6T10°T 0T 0€@RURd 1 S 1S0p 10RO [P
prpuns 910 €66 910 o€ #8°€ 910 76 80-+H98YT'S R0+H697T8 T0H9TY'S 90+HIPRE'E T0H60ESS 60+1189'1 £0°H665L L SOIE10T 7T 6TDRuRd QI SISOIOIR ORIP
[ Lo oLle 91'0 $9'sT 91'0 r9'sT S0+ALESL'S 049069 90+d8KTH'E 20-A80ST’S 60+8599'1 €0-90¢€1'S £0-39950°C YT 0195 91 SISOpIOIpR OSIP
ornx 610 90°0€ ¥T0 $6°€T [ 76'€ R0+8KT00°8 0ATLE'S 90+8961°€ T0A9LSLS 60+85599'1 0AILITT £0HTESOT €07 6093 918 SIS0p 0P ORIP
0Py 90 EIE 10 T 1o w'sT 80+8PE50°8 20900087 90+IETLEE wareery 60+8156£9°1 €0Ap6ETL £0°H0L50°T T 89T I S1S0PLOIPET OS1P)
0Pt 810 6L1E 0T 89°ST 0T0 95T 80+H6L50°8 0°H61SL9 90+H9S8E"E 0-99L96'9 60+0959"1 £0°H9866'6 £0°HL9S0°T 0T L5 1l S150p101pR O 1P
opr 00 ILTE 9T0 65°ST 920 65°ST 80+88650°8 20099PL'E 90+H8LRE'E 0180 60+89Lb9'1 T0-9010€°1 £0°HS950°T 0T 9D I SISOPIOIPE OSIP
0Py 10 0092 10 0092 S0+ALILOL 20956109 90+H618¢°¢ 20°9L08T°9 60+8h9"1 0Ll £0HELS0T 90T DO 9IE S 1S0p1O1PR OS1P)
€00 89°ST €20 95T R0+HL6ETR T0HLESTY 90+H8SEP'E 011599 60+90L9'1 ToERIPIL £0°HL9S0°T €07 PDOF 0 SISOPIOIPE 081D
910 919z 910 9197 R0+ALIST'8 208965L°9 90+8110P'E T0ALRLED 60+85P59'1 SOHISLLL £0LLSOT 0T €093 91 SISOpI0IpE O1P
¥z SE'ST ¥ Se'sT LO+A9V00T  SO+ATGHI'S 0-96501°L 90-+H880°€ 20°H08TTL 60+80859° 0Hz6LL £0°H0950°T €07 D9 QI S1S0p ORI OR1P)
88°1¢ L0 9L'ST Lro 9L'sT 80+4L001°8 80+86LE6'L 0°EL6H0°9 90+EPE6EE T0STT19 60+866v9'1 £0°H6519°8 £0°H6950°T 80T 1293 98 SIS0P10IP O81P|
prpuzs oL'6 120 we 170 we R0+8LTTY'8 EET 10-97956°€ 90+H9LYY'E 10-9L1€6°E 60+86T1L'1 T0-99L50°1 £0LTIOT £0°T 8TWRuRd i SISOpIOWE OIP
pIEpuels LI0 9% 810 810 L9°€ 80+9L007°8 6T:€C 20-9€06€°9 90+HE65E°E 20-95202°9 60+32699'1 £0°9€€96'8 £0-99210°C 0T LzwPurRd i SISOpIOIpRT 081D
prpuzs 810 €6 020 $T0 020 6 LO+ALTOPT  80+386618 STET 0HSTLTL 90+HTESEE 0-A9LIEL 60+8L599"1 T098€00°1 SOHIE10T €07 9TBRURd QI S 1S0p 10RO [P
prpuns 910 9L P10 8L'E P10 8L'E 0+HISYT'S R0+HTLST'R 0T:ET TOHLLESL 90+H19EE'E T0EET0TL 60+85L59'1 059189 £0HSTI0T £0°T stoPurd 18 S1S0P10IPR 081D
£L0D 610 6I'6T €00 €00 60°€T 804817708 9L:€T T0HILSEY 90-H8YPEE 0-9£009°9 60+90£9°1 oLl £0°HSIS0°T €07 6DSIT 918 S1S0p 0P ORIP)
£L0D 810 0067 wo wo 0622 80+H0£60°8 154 T0ALS8Y T 90+H68LE'E 2092099 60+8ELP9'T T0-A8K60°1 £0IS0T T 8D)SI3 9IE S1S0P10MpE ORIP|
£L00 £6°6T 610 610 vTET 80+809€0°8 06T 20°865€°9 90+395SE°E 20700819 60+3p559°1 0922966 £0°8150°T YT LDSIT 91 S1SOp10IpE 08 1P
£L0D L0 969T Lro Lro 88°0C 804819108 €0:€T 0APRILS 90+8pSPE'E 08669 60+81E9°1 £0°HSHRY'S SOHILN0T T 9DSIT 98 SISOPIOPE 081D
£L09 96'8C 810 810 18T R0+E8TS6'L. 57T 20°L670°9 90+ELYTEE 20996185 60+0179'1 £0°H6586'8 S0IIS0T 0T SDSIZ 91l SISOpI0IpRT O1P
£L0D 0T°82 s1o s1'0 e 80+87TL0°8 bsiTe 0HLTEy 90+HL8SE'E 2096009 60+868€9°1 £0°H06tS 'L £0°HS6K0°T €07 YOISIT YIE S 1S0p1O1PR OR1P)
£L0D 18T 1o 1o ww R0+HSLS0'R 6v:TT T0-aT20r's 90-+H88SE'E T0ESHITS 60+08€9" S0°H61LLY £0°H9050°T €07 €DSI5 o1 S1S0p101PR O 1P
£L0D 69T 810 861 810 18°0T 904311608 0+5£0£0°8 svTe T0SSREL 90+H1THE'E 2030K0°L 60+897€9'1 £01S86'8 £0H0LYOT €07 TOSIT i SISOpIoIpE O1P
£L9D 89°6 070 8S°€T 9°TT 070 65°€T 80+118€0°8 80+98090°8 (Uged WHELIYY 90+HEVLEE WHEEILY 60+96€19" £0-HT616°6 £0-9T50°T YT DSIE 91 SIS0P1OPRI O81P
. asc 0,0 asc 0,7 asc Wasc . Og® VU/Sdd S, asz SdD> ast E] ast Sd> Vi
(*%) uopeique) (°%) 101291103 Yuqa uesu (°%) SYURWANSEI PRIA 1202/0,) LH (5200/0,) TT (0,,/0,4) LVLH wedg

STOTHOST P1ea

(97 ‘OIS A) PI'0FI8'6 =dN[EA

sA[euy

(ureq) 1O-TINA :prepuEIS

vad Hunop

SASATVNYV SIS

panuBu0) 7V el

— 386 —



Oxygen isotope analysis of Mesozoic radiolarites using SIMS (BOLE et al.)
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Oxygen isotope analysis of Mesozoic radiolarites using SIMS (BOLE et al.)
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Oxygen isotope analysis of Mesozoic radiolarites using SIMS (BOLE et al.)
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Oxygen isotope analysis of Mesozoic radiolarites using SIMS (BOLE et al.)
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