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Venture companies in the upstream of oil and natural gas development

Hideki Kinjo

Abstract :

Venture companies play an important role in creating innovative technologies in the upstream of

oil and natural gas development. The technical field is extensive, such as analysis of production fluid based on the
genetic analysis of underground microorganisms and drilling by plasma energy. On the other hand, notable in upstream
digital transformation is the rise of venture companies offering digital solutions such as equipment failure prediction
using advanced analysis techniques. Looking at trends in corporate venture capital (CVC), which is a form of venture
investment by oil companies, the number of investments in oil and gas technologies that are synergistic with core
business is on the increase. In the upstream ecosystem, the importance of venture companies creating innovative

services/products is expected to increase further.

Keywords : innovation, venture companies, corporate venture capital
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Application of GIS (Geographic Information System) technology to the exploration activities

—-For a better prediction of source rock in frontier basin

Motoyoshi Yamanaka and Takashi Taniwaki

Abstract :

GIS technology such as GPS loggings has become common recently. Real time route navigation can be

displayed on our smartphone with high accuracy. This technology has already been applied for the tools of exploration in
the E&P industry from 2000s. The exploration can utilize the plate reconstruction model and paleoclimate model more
effectively by using the GIS technology for the play base exploration.

This presentation mentions the change of the exploration style by the application of the plate reconstruction and
paleoclimate model with GIS technology. And then, we will discuss an oil major’s example as a possible practice of the
plate reconstruction and paleoclimate model for the exploration at the underexplored area of the Eastern Africa.

Keywords : GIS (Geographical Information System), plate tectonics, play system, Al, Big data, numerical simulation
model, paleoclimate model, Exploration, Source Rock
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Interactions between biogenic gas and microbial activity in the subseafloor

- Frontiers in scientific ocean drilling

Fumio Inagaki, Akira Ijiri, Kazuya Kitada and Hideaki Machiyama

Abstract :  Scientific ocean drilling has a history of about half a century, which has so far brought remarkable
discoveries in Earth Science, such as demonstration of plate tectonics and drastic environmental changes that occurred in the
past on our planet. Among them, the substantial expansion of our knowledge on the discovery of “deep subseafloor biosphere”
is one of the milestone scientific achievements that overturned the paradigm of the habitability in Earth’s interior. To date,
numerous multidisciplinary studies of sediment samples cored from subseafloor have demonstrated that a remarkable
number of physiologically and thus functionary unknown microorganisms are predominant, which have indigenously
evolved under the dark subsurface biosphere. On-going effort on scientific exploration of the deep biosphere shows that
functionality of the deep microbial ecosystem lurking inside of the Earth indeed plays important ecological roles in the
global carbon and other elemental cycling; e.g., degradation processes of the buried organic matter, formation processes
of biogenic gas including methane hydrates in the global subseafloor sedimentary environments. In this lecture, we
introduce the recent scientific knowledge on the interaction between the occurrence of biogenic gas and the deep-
biosphere activity, and discuss how we could develop carbon and energy circulation systems for the sustainable human

society and Earth’s environment in the future.
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The potential of biogenic gas exploration
- a paradigm shift for exploration in Japan?

Osamu Senoh

Abstract :  Biogenic methane gas is generated by methanogen in sediments. The generated gas can be
concentrated as water dissolved gas and accumulated as methane hydrate or free gas. The sea areas around Japan have
optimal conditions for biogenic gas generation comparable with other biogenic gas generating basins in the world. Gas
bubbles generated from oversaturated dissolved gas cause free gas accumulation effectively, and the mechanism to
produce oversaturation differs by basin. The main mechanism for oversaturation is the continuation of gas generation and
decompression caused by vertical crustal movement or upward migration of formation water.

Biogenic free gas accumulation often occurs at shallow depths, and direct hydrocarbon indicators (DHIs) on the
seismic section provide a strong clue of their existence. The combined implementation of marine electro-magnetic survey
with seismic survey is however recommended to reduce exploration risk, as low saturation gas also causes DHIs.

In near feature, it is expected that the understanding of the underground carbon cycle and gas accumulation

mechanism will advance, and biogenic gas exploration in the seas around Japan will become more common.

Keywords : biogenic gas, methanogen, free gas, electro-magnetic survey
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Utilization of CO, as Energy Resources

- Electrochemical Bio-Conversion of Carbon Dioxide into Methane

Haruo Maeda

Abstract :  We are proposing a sustainable carbon cycle system which gives a solution not only to mitigate global
warming but also to supply a carbon-neutral energy resource. Carbon Capture and Storage technology could become a
practical countermeasure to reduce emission of the greenhouse gas. Depleted petroleum reservoirs and aquifer have
been proposed as candidate sites of CCS. The long-term aim of this research is to establish a bio-technological system to
convert geologically-stored CO, into methane, as energy resources.

To develop a means for the conversion, we focus on technological application of a bio-electrochemical system using
microbial catalyzed electrode (bio-cathode). On the surface of bio-cathode, methanogenic microorganisms utilize
electrons to convert CO, to methane. Such system is an attractive option for energy conversion, as the bio-cathode
yields methane from electrical current, which can be provided by renewable energy sources. In other words, intermittent
electrical energy provided by, for instance, wind turbines and solar cells can be stored in a stable energy form, methane.

Toward technological application of the electro-methanogenic system, we examined electro-methanogenic activity of
subsurface microorganisms. Indigenous microorganisms originated from a domestic oil reservoir were inoculated into
bio-electrochemical reactor cells. Upon application of constant voltage of -0.70 V, the reactors produced methane at a rate
of 1,100 mmol/day-m~? (cathode surface area), which was the highest electro-methanogenic production rate. Moreover,
current-to-methane conversion efficiency was almost 98%.

Thus, we concluded microorganisms indigenous to the subsurface reservoir are highly capable of electro-
methanogenic conversion of CO,. Electrochemical and microbial analyses suggested a reaction mechanism, in which
electron-releasing bacteria mediated electron transfer from the electrode to methanogenic archaea. These outcomes imply
the possibility of electro-methanogenesis in subsurface CO, storage reservoirs. For further enhancement of the electro-
methanogenic activity, we are currently biotechnologically improving the biocatalysts as well as optimizing configuration
of the reactor system for subsurface reservoirs.

Keywords : CCSU, electro-methanogenic system, subsurface microorganisms
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Application of Muography to Underground Surveys

Hitoyuki K. M. Tanaka

Abstract :

Underground survey has long been dominated by classical mechanics, largely disregarding the

potential of particle physics to augment existing techniques. The purpose of this article is to describe a potential of a
new imaging technique called muography to apply to surveying underground structures. High-energy muons that are
produced via the reaction between primary cosmic rays and the Earth’s atmosphere can be used as a probe to explore
the density distribution in gigantic objects including shallow parts of the Earth’s crust. Muography has the potential
to serve as a useful paradigm to transform our understanding of underground structures as the X-ray transformed our
understanding of medicine and the body. Existing results for various underground targets are discussed here, and an
outlook regarding anticipated future observations is briefly discussed.

Keywords : Muography, muon, underground structure, imaging
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An Application Example of Machine Learning to Shallow Subsurface Exploration using Ground Penetrating Radar

Yoshihiro Yamashita

Abstract :

We applied a supervised machine learning method for the purpose of auto detecting cavities under

paved roadway from GPR (Ground Penetrating Radar) images. In cavity detection surveys under paved road way, we
typically use vehicle-born GPR systems for the necessity to cover wide survey area without any traffic controls. To detect
cavity from massive data acquired by vehicle-borne GPR swiftly, skilled-engineers carefully interpret GPR data considering
features based on physics of GPR response. Automatic process based on knowledges of skilled-engineers is required,
although automatic anomaly detection has not practically realized cause of un-uniform or complex responses from
cavities. We applied machine learning methods to detect cavity anomalies using actual GPR data which were acquired on
natural occurred cavities as training data. At the verification with actual survey data, our method was able to detect cavity-
caused GPR patterns. This will be helpful for analyzer to narrow down cavity responses, meanwhile there were still too
many over detections. We think accumulation of labeled GPR data of cavity will also contribute to improvement of our

method.

Keywords : GPR, cavity detection, machine learning, decision tree learning, kernel-SVM
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The cases and the future of plant data analysis with Al technology

Katsuhiro Ochiai and Takuya Ono

Abstract :

In the fields of oil refining, chemicals, natural resource development, power generation, gas and LNG,

tc., “System Invariant Analysis Technology” detects signs of anomalies through the real-time analysis of plant operation
data. SIAT is an Al technology designed by NEC to identify the cause-and-effect relationship of large amounts of sensor
data. This supports plant owners in preventing occurrences of operation trouble.
JGC and NEC jointly analyzed operation data of a number of plants and found anomalous signs at locations separate
from the functional failure of each equipment. These examples show that process engineering knowledge combined with
advanced Al such as SIAT works quite effective for reduction of plant downtime.
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Source rock characteristics based on biomarker compositions of crude oils in Japan:
Focused on the Akita and Yamagata Area

Amane Waseda and Hideki Nishita

Abstract :  The factor analysis of biomarker composition on the marine oils from the Akita and Yamagata Basins,
Japan, was conducted to clarify their source rock characteristics. Three major factors controlling source rock facies are
interpreted to be lithologies (Factor 1: clastic vs. siliceous / calcareous), organic origins (Factor 2: variable contributions
of land plants) and oxic / anoxic depositional conditions (Factor 3). The Akita and Yamagata oils are differentiated into six
types by the score plot of the Factor 1 and 2. The areal distribution of the oil types revealed regional variation of source
rock facies, such as the higher clastic input in the Yamagata basin than in the Akita basin, higher marine organic input
in the west anticline series than the east series in the Yabase oil field area. The Factor 1 and 2 are mainly represented by
oleanane / norhopane ratio and the relative abundance of C,, sterane among C,,_,, steranes, respectively. Based on these
two biomarker parameters, the source rock lithologies in the Sea of Japan side of the Tohoku District are interpreted to
change from siliceous / calcareous in the AKkita area to clastic in the southwest Niigata area. The source rocks of the oils
from the Sagara area in the Pacific side of the main island are evaluated to have higher land plant contributions than those
from the Sea of Japan side. The oils distributed in the coal-bearing basins extending from the central Hokkaido to the
offshore Pacific side of the Tohoku District contain much higher amount of C,, sterane, suggesting their source rocks are

coals or coaly shales.

Keywords : source rock facies, biomarker, crude oils in Japan, factor analysis, lithology, organic origin, marine oil,

land plant
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fEJE 033 um) ZFHV, A 7Y w R ZEICK 0k EE
AUT=. BiREMZ, 50CT1 R L= 50Ch S5
200°C £ C 15°C / %3, 200°C/n 5 300°C £ T 2°C / 43 CHIR
L, 300°CT 10 rMfFF L7z, 1 4 ALEEIZ 70 eV T,
BHEMMRAOKRZIAF Y 2K X752, MUTIINY
RIS A 2By —RICK DAL 7=,

3. H - WEHEICEH (T DR /NA
X —H—EFEICLDIRFEEHDETE
ERH ERIRE DRI LE

3.1 FHORFAINICK HIRFEEHDOHTE

MHEB I CIBRICBWTH - HZHOHHB I
SLnakse [CER] OEHT AN (AMlRHE, 1988) 725
PRER L 72 50 60 Rl R 35 KON RN S BRER U 7= i
6 B DG 66 FABHZI DWW TN Y — I =i &7 5 72,
BRI EZM 112, R ER 1ITRT,

AT ORLIRHERE S B SRS OXHITIZIAT Z >0
Cop, Cog, Cog DI R D K <O TS, UL, #KH-
HDEHUR DO+ A H» S RIS N7z S - lBEiEk o 2
T T AR =AM ETHRWEFICA D, MR E FR

1 FKH - RO - WEEUR R L E
K45, 7, 8 DHIKKIFERT,
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xR1 BH - B ONA F < — T — R

ATT >~ N ZAY HyAa7

NSRS pEHIES  Pristane/ C,;  Cyx Cy Cy Diaste/  Ts/  Tricyc/ Norhop/ Olean/ Cy/C,,  C;,  Olean./

Phytane (%) %) (%) S/(S+R) Sterane (Ts+Tm) Hopane Hopane Hopane Homoh. S/(S+R) Norhop. T1 Kr2 K13
J\FR QR fRn)E — 450 247 303 (0.65) (1.44) 0.42 1.01 0.66 0.19 0.92 0.60 0.29 1.90 —0.99 0.81
rREft LaILN=E] 1.50 40.0 377 223 0.42 0.26 0.35 0.64 0.70 0.13 0.78 0.57 0.19 —0.95 0.85 —0.87
BRI — 420 330 250 (045 (0.22) 0.27 0.57 0.60 0.20 1.22 0.57 0.33 —0.30 —0.73 2.06
pin| iRl R FEE 2 0.96 42.0 350 24.0 0.48 0.25 0.33 0.70 0.65 0.13 0.92 0.59 0.20 —0.56 —0.53 1.04
S A T L - 400 340 250 (0.52) (0.33) 0.34 0.69 0.81 0.14 0.67 0.59 0.17 —0.63 —0.05 —1.09
T L) 1 7 5 g TG R — 430 320 250 (049 (0.51) 0.44 0.65 0.74 0.16 0.91 0.60 0.22 0.35 —0.08 0.25
A R ES 1.75 40.0 340 26.0 0.45 0.13 0.19 0.49 0.97 0.10 0.83 0.58 0.10 —2.14 —0.26 —0.36
Hi)il a A1 1.35 411 350 239 0.47 0.23 0.29 0.72 0.75 0.13 0.77 0.58 0.18 —0.98 0.29 —0.22
Bl b fi )11 1.51 420 331 249 0.48 0.30 0.33 0.61 0.72 0.14 0.85 0.59 0.19 —042 —0.07 0.04
Hi)ll ¢ A1 1.63 42,5 325 25.0 0.49 0.32 0.36 0.64 0.65 0.13 0.64 0.59 0.20 020 029 —1.00
(5N 1.54 417 342 242 0.46 0.21 0.22 0.63 0.86 0.12 0.68 0.60 0.14 —155 042 —0.48
2R — 360 371 268 (046) (0.24) 0.25 0.63 0.75 0.14 0.81 0.59 0.19 —1.28 —1.11 —1.20
&R 7)1l 1.50 417 344 239 0.43 0.22 0.27 0.71 0.78 0.14 0.89 0.58 0.18 —116 051 0.30
[EpNs] LIl 1.35 436 33.0 235 0.50 0.28 0.26 0.92 0.79 0.17 0.93 0.61 0.21 —0.88 0.98 1.00
&) fi )1 e 1.45 445 327 228 0.51 0.25 0.24 0.85 0.71 0.14 0.91 0.54 0.20 —0.87 117 1.20
21 7)1l — 457 304 240 (0.66) (2.09) 0.35 0.58 0.57 0.15 0.87 0.56 0.27 054 —0.01 1.23
L 7)1l — 445 326 229 (0.54) (0.66) 0.38 0.73 0.70 0.18 0.67 0.60 0.26 026 091 —0.26
BERE ZiE — 40.2 349 249 (045 (0.31) 0.26 0.68 0.61 0.16 0.84 0.56 0.27 —0.52 —0.28 —0.03
381 7)1l - - - - (0.85) - 0.33 0.70 0.65 0.17 0.91 0.56 0.26 —020 0.01 032
EWIEE A)IE — 399 358 243 0.42 0.26 0.32 0.68 0.69 0.15 0.78 0.56 0.22 —0.60 0.06 —0.67
JNER 85D AR 1.56 40.0 324 276 0.54 0.48 0.36 0.72 0.64 0.18 0.78 0.57 0.28 0.50 —0.70 —0.97
LR &R 2211 )= 1.66 421 345 234 0.48 0.29 0.34 0.84 0.65 0.19 0.79 0.57 0.29 —0.01 1.26 —0.66
) 7)1l 1.50 424 341 235 0.41 0.20 0.30 0.58 0.62 0.16 0.90 0.58 0.25 —0.37 021 047
mEaE  ZJE 1.51 424 346 23.0 0.40 0.18 0.31 0.68 0.61 0.17 1.07 0.57 0.27 —045 0.57 111
SR (ki) FEARE 1.55 43.1 333 237 0.47 0.33 0.42 0.66 0.62 0.18 0.68 0.58 0.30 0.68 0.64 —0.88
JEER R )18 1.38 404 354 242 0.47 0.23 0.34 0.82 0.64 0.21 0.95 0.57 0.32 —0.11 030 0.03
wiRaE  L)ilE 1.45 413 342 244 0.45 0.25 0.36 1.02 0.71 0.21 0.93 0.57 0.30 —0.01 097 —0.12
{=3HmH 7)1l 1.18 411 358 231 0.39 0.21 0.32 0.50 0.65 0.12 0.70 0.56 0.19 —0.71 —0.35 —0.19
s )1l 1.16 40.5 347 248 0.36 0.20 0.34 0.44 0.61 0.12 0.82 0.54 0.20 —0.35 —1.21 0.22
TR S VRS, QI 1.34 435 334 231 0.43 0.30 0.37 0.80 0.74 0.21 0.79 0.60 0.29 0.05 082 0.04
MRS ERE g 1.67 39.6 357 247 0.33 0.17 0.35 0.56 0.66 0.14 0.87 0.55 0.21 —047 0.05 —0.79
B|SEIIRCH 1.50 411 365 224 0.38 0.23 0.32 0.67 0.70 0.15 0.75 0.57 0.22 —0.81 0.90 —0.66
P fi )11 1.57 411 354 235 0.36 0.19 0.34 0.61 0.57 0.15 0.86 0.58 0.27 —0.15 037 —0.29
fHH 1.62 409 333 257 0.49 0.38 0.43 0.79 0.59 0.17 0.71 0.58 0.28 083 030 —1.46
B+ 1.52 409 345 247 0.32 0.17 0.34 0.55 0.63 0.14 0.84 0.52 0.22 —0.26 —0.21 —0.26
JINA) T — 410 330 260 (0.53) (0.37) 0.33 0.93 0.71 0.20 1.00 0.57 0.28 —0.06 0.05 0.39
AR 1.21 41.0 360 23.0 0.38 0.19 0.28 0.73 0.71 0.20 — 0.57 0.28 —0.80 024 0.29
s g 1.51 43.0 347 224 0.34 0.20 0.34 0.82 0.72 0.18 1.17 0.56 0.25 —0.66 125 141
AR VEEIRE 1.32 42,0 340 23.0 0.47 0.36 0.43 0.66 0.78 0.21 1.00 0.57 0.27 —0.05 035 0.52
Frfis)il 7)1l 141 408 36.6 226 037 0.23 0.37 0.83 0.72 0.19 0.88 0.56 0.27 —0.51 1.09 —0.38
HF a VEEIRE 1.52 43.0 340 23.0 0.45 0.40 0.40 0.82 0.68 0.20 0.71 0.59 0.29 033 124 —0.79
HAE D  PEEIRE 1.47 43.0 33.0 24.0 0.45 0.37 0.42 0.57 0.65 0.18 - 0.57 0.28 048 011 0.03
HFIE ¢ VEEIRE 1.29 45.0 340 220 0.50 0.43 0.44 0.83 0.65 0.21 — 0.58 0.32 052 127 043
B LaILN=E] 1.33 41.0 36.0 23.0 0.51 0.39 0.31 0.81 0.76 0.25 - 0.62 0.33 —0.51 0.70 —0.15
HE )1l 1.24 39.0 360 24.0 0.50 0.37 0.32 0.69 0.74 0.23 — 0.60 0.31 —0.51 —0.24 —0.32
B AIE 1.28 40.0 350 25.0 0.49 0.48 0.39 0.69 0.69 0.20 0.69 0.61 0.29 020 —0.31 —1.15
HE)IEE Z)iE 1.24 42,0 330 250 0.40 0.19 0.25 0.39 0.94 0.14 1.00 0.56 0.15 —164 —1.08 143
TFENAE (A - - - - - - 0.35 0.44 0.67 0.19 0.90 0.56 0.28 —0.05 —0.64 0.29
e (51 2) 0.99 40.0 360 24.0 0.54 0.42 0.33 0.71 0.60 0.24 0.85 0.58 0.40 0.05 —0.65 0.17
e 1.17 440 33.0 23.0 0.53 0.33 0.32 0.60 0.71 0.19 0.73 0.59 0.27 —0.17 0.04 0.50
FEIR 1.35 40.0 350 250 0.42 0.34 0.33 0.52 0.56 0.18 1.06 0.59 0.33 —0.09 =092 0.75
INGE (B[] ?) 1.40 39.0 36.0 26.0 0.47 0.27 0.30 0.63 0.68 0.18 0.80 0.58 0.26 —0.49 —0.68 —0.79
FiR (&R ?) 1.50 370 360 27.0 0.46 0.40 0.29 0.66 0.78 0.19 0.78 0.58 0.24 —0.74 —0.84 —1.45
EERS] A1 1.06 370 350 28.0 0.47 0.25 0.35 0.52 0.76 0.17 - 0.53 0.22 —0.39 —2.31 —0.53
PE] 7)1l 1.23 35.0 350 300 0.46 0.25 0.35 0.54 0.73 0.18 — 0.58 0.25 —0.12 —2.74 —1.27
HREAEER )8 1.20 41.0 26.0 34.0 0.34 0.15 0.24 0.27 0.74 0.23 0.93 0.53 0.31 —0.53 —2.03 1.05
SRR FiIRE 1.35 33.0 420 240 0.51 0.20 0.30 0.92 0.70 0.23 0.94 0.60 0.33 —021 063 048
elii] 1.67 404 356 241 0.49 0.32 0.38 0.73 0.67 0.19 0.81 0.59 0.28 —0.03 0.76 —1.14
B TR 1.11 46.0 330 21.0 0.38 0.30 0.43 0.86 0.54 0.36 1.14 0.58 0.67 145 1.04 213
Sl — 438 279 283 (047 (1.58) 0.32 0.35 0.46 0.24 1.21 0.59 0.51 140 —246 253
et — 487 284 229 (0.64) (2.11) 0.44 0.60 0.50 0.28 1.03 0.60 0.56 198 041 217

T4 GR (45
ik

- 50.0 259 241 (0.66) (2.09) 0.44 0.75 0.55 0.28 0.91 0.57 0.51 230 054 194
1.67 436 325 238 052 0.60 0.56 1.29 0.58 0.39 0.77 0.62 0.67 2.75 237 —1.66

o 1.48 39.2 361 247 0.44 0.35 0.45 0.82 0.63 0.29 0.87 0.55 0.46 088 033 —1.27
FNEL O] 1.56 433 323 243 0.49 0.44 0.47 1.05 0.57 0.31 0.90 0.60 0.54 1.78 1.28 —0.42
ElbiiniA HOE 1.12 40.0 34.0 26.0 0.43 0.36 0.41 0.37 0.57 0.35 0.77 0.57 0.61 1.51 —1.96 —0.56
—: not detected O) FEDOF—%  WAEMDRIEH OEEEZITTND EHEIND D, WTHHICIEAEH,

Diaste./Sterane: C,; 133,17« —diacholestane (20S+20R) /C,; 5a, 14, 17 —cholestane (20S+20R)

Cy;, Cog, Cog: 5 —20R Tricyc.: Cys+ Cy Tricyclic terpane 22S+22R  Hopane: 17 « (H), 21 3 (H) -hopane

Cy S/ (S+R): 5 20S/ (20S+20R) Norhop.: 17« (H), 21 3 (H)-30-norhopane Homoh.: 17 & (H), 21 3 (H) Homohopane 22S+ 22R

Olean.: 18 @ (H) —oleanane C;, S/ (S+R): 17« (H), 21 8 (H) 225/ (225+22R)
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CZB

- Bay or
',x”PIankton Marine Estuary Terrestrial
C,, 50 Co
s ™\ ™~

FRE - WU [ #18 dbisiE

ok Ok ©o5H OFHA - KF

o [ifig OMBB M) - BH | | VEL - B8 - I
A RHE THER J (Waseda and Nishita, 1998) )
Fi NEE )
A EREED VERGME =k

(Kato et al., 2006) (Bim4E, 2000)

2 D Cy Cop Cog AT T > DXL
HE F& B2 B85 @ X 43 13 Huang and Meinschein (1979)
12X %,

EIRET 2 Z &3 amn50, HsRENIZRED 5 Ny
(M2, 7z72L, IBIZE DN AT —h—{EEZNA
TRRFTAICARAT T AUL, & O FE AR ARIE S A O sk i 7 22
NHENDURENDN D B, £IT, NMMA—H— - F—%
Effio =2 A B (KT 21757 ML
WatfTy 7 kb (StatSoft #4Y Statistica) 7z )7z,

3.1.1 BFRHDOFIE - A&

JFIHDINA A< — I — R BT 2 F BN ITIEE
HEE IR B X ORI A A DA SRS, A o R d 5.
RN IR A OEVWERINT 2 Z EHMNTH S
7=, Peters et al. (2005) 72 EZ2BEIC L THRIEAHEZE
IKd % EXNDLLFO 10 FEE 23N L 72,

TIVZAY ) TaH 2 ChoATT2%, Cuyg AT
S2% ChRTT2% VTAFTL/AFT,
Ts/(Ts+Tm), bUBA 27U w7 FTIVIN /CyiR

INZ JIVIRINS [ Coy IRINZ, LT F 2 [/ Coy RINZ,

Cas/ Cyy IRERIN
AW M RAE R O 5281 X 0 JIERBED A MIE EE
BONTHHS NTHAEY S RIER OB D 2 W L
T =R TFOICHERET, REME L TERHEIOF
BETRAL 7=,
FROBEEDS B, Ts/(Ts+Tm) P T AT/ A
T T IMRFEEAICINA TRRE OFEE 21T 2 b

g 83525 (2018)

1
0.5 ®C35/C34
~ oc27
o NQRHOP)
x e ®PRPH Bt
®OLEAN c29
05 oTSTM ®TRICYCL
®TRISR
eDIASTE ®STESR
-1
-1 -0.5 0 0.5 1

K1
3 MREMHZEZ BITRT EENDINAI AT —T— 10
fEEE EAABRE 2 FRER DR 12 R ERIC R B T4
SRt

PRPH: JUZH >/ 744 >, C27: Cy/(Cy+Cyut
Co) AT T2, C28: Cy/(Cyy+Cy+Cop) AT T2,
C29 : Cypy/(Cyy+Cy+Cy) A7, DIASTE: P 7 R
55>/ A55>, TRICYCL: hUHA1 27Uy F)b
JN > /Cy 7R IN >, TSTM : Ts/(Ts+Tm), OLEAN :
F L7 F > /CyiIN>, NORHOP : Cy /LIS /
Cy /X2, €35/C34 1 Cy5/Cyy IRER/N >, STESR:
Cyy A7 5> 20S/(20S+20R), TRISR : Cp, kU FILIX
> 225/ (22S+22R)

TWwb (Peters et al., 2005), & Z THAFRIEITEARLE D%
MHEIZNEIDEHND D=0, INSHITAT T 2R
FE Che 20S/ (20S+20R), kU F)LIN > AR EFERE C,, 22S/
(225+22R) Z M A 7= 12 1548 T T Ie A9 72 K170 # 2 52 it
L7ze AT T 2 BRIEEE Cy 20S/ (20S+20R) 12T DWW TIZ,
WAEY RO B Z 2T TS & L=l B 2 RN,
0327775 054 DEIPATETHLTHD B, HsME
IZDOWTIEREIED (2013) THEL TWa,

PR EREZ A 2 12 R X A RTF o HiE R (RT
B ZH3ITRT. AT T2 E RTINS OBERIEE
(K 3#® STESR & TRISR) 1%, #H—KHWT1 (AT1) 0&
filE 01CiE<, WTF2ICADAMZERL TS, Lzd>o
T, BT (WF2) 3REEEZRKIL TWd EHEES
Nd, PVYATI72 /AT I EFAT72, BUTILN
CORFIRELI D HEWADOATZER T 2 ITRLTH,
FRIEAE L D &R DR EZ R < 21T TV D al et 2T s
VY, Inaba et al. (2001) &, FHE/\EHOZ)IEH X
OMRNIBIRED Y7 A7 T BT E & & HITHAK
BIZHHBEL Tnbd Z &&E/RL T3, Chakhmakhchev
et al. (1996) b, KH~FREHORT 5T ORERNS 2
T AT T RIFFREICEICHFI SN TWS ZEZ2RLT
Wa, =%, —RICAREOREZZITLLINTND
Ts/(Ts+Tm) FHRT 2 ICHEWARZRLTHE 5T, 4MHE
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AW EHZ DWW TIZRARRE D EI3/N I W E T L 7z,
CDFERMS, W0IFENS ST AT IS/ ATT > DH
RNz 9 FREE TR INF T 2475 7z
3.1.2 BFAER EEFOBER

IRIE (FURHI >/ T148 2, ChRATT2%, CyuA
T52%, Coy AT 5>%, Ts/(Ts+Tm), MUTA 71Uy
TTIVINS [Coqy RINZ, JIVIRINS [Cyy RN, F LT
F 2 /Cyy RINY, Cys/Coy IRERIND) ITKBHEFHHTD
R, AT 1 EFE5E32%), K12 (A17%), W13 (F
15%) s Nz, W1 &2 oRFAaRmKZER 4 BIZ,
HF1EHT3OHRTFARMERM4 FITRT,

1 W1

W7 1IZBRWIEDER ZRT DI Ts/(Ts+Tm) &AL
TF/Cy RN, ADEARERT DN Cy AT T 2%
EJIIVIRINY JCyWy RN TH D, AL T F 3k B 1
WYINEREREE I NS, Flho4 L7+ 5681

w1 |
i
% .TRICY(|:L
0.5
I ®PRPH  ®C27
8 TSIV
5 = o oC28 .
= ®NORHOP ®C35/C34 OLEAN
]
| o
ES
!ﬂ" ec29
#24
;1 -0.5 0 0.5 1
= —
s | A7 5% Jcas!(::m
t 1| 32% oc27
os5H 2| 17%
o 3| 15%
IR
s % o OLEAN
L J
b ®TRICYCL
% ONORHOP °C29 o
= ®PRPH TSTM
* 05 eczs
T
o
& -1
-1 -0.5 0 0.5 1
AF1
HE/AKH < =8 > P E
B4 FKH - (LU0 BT 2 E Mo R R (J
F-E )

EX:RT1IERT 2, TR K1 ERT 3, fE5ER
DIEHIEH 3 E[F U,

M BRI OB 5 BIZITT U HABIL 72, Murray et al.
(1994) 13, RFBFNARKELD 5 EAEY O FF 513/ v
EHEE SN DA RIE O A L 7 F 2% < &
FNEHEENHB I LEREL TWD, TOHKEL T,
TEMDECRA H%) & W7k & OEALDA L Y F > DR % (2
T ENERMINTWS (Murray ef al., 1997), %7z,
Ts/(Ts +Tm) 1 FREE TE <, REEETERNZ &2
Mo TW3 (Price etal., 1987),

WA ER EE Z 5N FEMITHB N TIE Cy/Cy A
T BRI E EBITHEML TWbHZEMNS, Cx X
TI 03, T a ok HERICBT S AR, R
BEEBDMEM T T >0 OO EREE L TN
DAREMEN®H D (Grantham and Wakefield, 1988) ., Fk FH
BFEHOBEAEE L TEZ N TWB)IEE AT &K
ICHETHD GEiED, 1991 FEERIZ D, 1995; BAmHIEH,
1995) ZEMS, Cx AT T BIFHETH DT EFmn]
HEMEM DD, E7=, JIVKRIN [/ RIS AT R A5
EEAETEWVWENDNTWVS (Clark and Philp, 1989), LA
LEOERNSHT LICOWTIIEED®EN [IEE kit
H) vs. M EE (GIRE/HEH)] 2RI WD &
R L 7z,

(2) ®WF2

HT 2 IcmWAREZRIEERZI NI 70 v 75
INZ /Cyfy RN ECy AT T2 % THD (K4 ), b
BA 27U w7 FIVISATIHED K O RRAREE ICIA < B F
N5 (Peters et al., 2005), —F, Cyy AT T > DHIFKAKT
BB Cy AT 00— T DRE EAEYC MR A BT £ <
& %N 5 (Huang and Meinschein, 1979), L7225 T,
T 2 EIEA Y OB (ErEEE vs. B2 BREY) &30
KIRL TWnD SRR 72,

3) ®WF3

WY1 ERF2ICAMMIFIFEO TCHTIITHWENZ
R DL Coy/Coy RERNTHS (M4 F), TDIEE
WM EEHERE D O FE R I BT DB LETTEM 2 KL, Z
DIFENE VNI ER TN TH o2 2 &E&RT (Peters and
Moldowan, 1991), U A% > / 71 % > (Pr/Ph) ®HHEf
LOBIGETCREOIRES L ClibTH0, BLABRE
FEZDRETE <25 (B AT Didyk ef al., 1978).
T ORERTIE, WF3ICm<IiZhWwWNaDaniznrl
TWa, DIEOEREN S KT 3 I3HRES ORLEICRE S
SR L TWD SR L 7=,

Pr/Phi3R¥ 2 (AH#MOEIF) ITHEOAMERL T
W5, —ICkE FHEYEROT GNELNTE, BILIERE
THh DAJREMED & W=, Pr/Ph 230 iFE ERe LREY D
FHMKRESBDETHIND, UL, WTFoHokER
BFiZ7>Tnd, ZORKREAHTH 2, TUVRY >~
BIUT 4 & VITIEROEENEZ 5N TNS (Peters
etal,2005) ZEEBHL TWDE0H LR,

3.1.3 FEAEMOIRFESHE

HEMEEHC BT 2RF1 ERF2ORATER 1 EX

5177, WFH1DEWVIZED, 0.85 L LERTILEHRE

J. Japanese Assoc. Petrol. Technol. Vol. 83, No. 2 (2018)
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%k & 0.85 LA F &R SR HERE & D Fmic i 5, 1L

HERE A O NI R A HERS 22 1T LR TR B R 7 AR S 2 5 4

U, BEHAERR ORI X 0 3 / GIRE RSN 5

AR Lz EHEEIND,

MEHEZOEMIE, KT 2 ICRWEDERZRTIE

TR D W < DA DR ILTB ETH & [ A il 7oy

k&N 2 AR HIE O /AR 2 BR VLT, PRy B W AR

ICA%, LML, ifFflicAa 2 E IS RENNRED 515,

HTF1z2=0%, HT2z2z_/np#EL TeMEII T HLZE

ZAMBIZ X A EMEA SN (M5, 6), 2EIE K+

100&085 WF2D01D) FHBHZENITHSED

IGRITEERR CIE U7z, S HIBIC B 2 I &2 £ Rk U 72 4R

BFEAEDOEMIILITOLSICTEED 5N %,

1) FEMEZIEES L O bEHE / GIKETH 5.

Q) WP E, BRI THEEAEYCE

(3) /UERLTIE, PO RR AT O RR SN
NTHHEAEDTE RSN S ER L SHEES N
%o T OHUIE DRI 73 A0 3 P 1 R 41 D [ D [
HEHRANOER DR S 2 5N 5, FEROAR
E D AR 1 W R 5 DR O [ A D ARE A L D b i
PEAYICE R, TOR5IOAITHZ G U 7= aTaetE A
H5,

(4) f5)1 - BRI s & A fR M TV, SR DA - |
Rl sk O 5 DS EE M IS 0. T OALE BRI,
AR DO/ WERL EI3FETH D, T OMMITAM TIEAR
WS, AR HEREIRE DY IHIE DE W o KR DE N R
IR DR Y OB 5 RN L 27T
EE Z 6h 5,

(5) i) 1 s AR L 0 HHE / AIRE TH D,

3.2 RFAMICKBFEBEIRES (XIIE, FmRRE)

DxtLE

YR O I OIS E & U T, I DN E Y

DE-HEDIIHRBEFTHS (BRHE - FHJII, 1990),

LML, ZO T OVEEREIRE BB K > Tld &0

AR &R (RN AL - KEMAHBETHS,

1992), =T, #4511 - BFIRHIEGTH O L)@ B L O

EREQ7 ORFEAEMEIIZ OV TN A= —DRHT

SFTRERICEDE, FHilE ORI EfTo 2, RifiOEMO

KPR fio 72 9FED 5 5, FUMIC L TARIE A Hh

W CIIRABWENENT YRS > [ T 45 2 & Cy/Cyy BE

RN 2RO THREICE DR TN ET > 72,

HrPamXzER 7Ok EIRYT, BT 117 I)VR/N>

[Co RINMRKEREDAMZRL, Ts/(Ts +Tm) B

KXUFVLTF > /Cy RN IMEADARERT ., I DREE
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FTIENS, ZORARMERARIEE O EICE EE
AH6N5,

4. R, ILBE~FEER, FHEHEIC
BIFBRANAFI—H—ICLBIR
REHDHERE
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EHAAH, FEAZAHOEME 8 itk 6 ikt A4 17
>/ VNI T L LT S E NS, KD 2
AEHE 0.8 205 1 DR ZRL TH Y, FEIOITHER T,
SEM &R OB 0.8 fHEMNE S LB A 5N 5,
SEHE (1995) 1, S EFREIEI A T T 2 Cy,
Coy Coy D=MFAT T T L ET2DIZIRGHNBRNDD
DFAPIENTHERINT LR T Cyy AT T 2TE S HEMGE
SNDHTENG, FHAISFHM I O I A
MOBFENRENVRBEENSERLIZHTHZ ELTY
%, GEIOFHAERTH AT T2 Cy Cop Coy D=4
1775 L ETRERG BRSNS (K2)., £z,
9 OFIR MBI T, B LT/ IR
IN2<0.8) D Cy AT T %13 208~ 281, FEHA (F
LY/ JIVRIN>08) 71264 ~32.0 ZR~L, Hi
RINSEHA L O DI REOFENERMICES, LY
F2 ) TIVIEINZ & Cyy AT T 2 % DRNTIEE D AH BB 7
NROHND, —F, @R LEXDITHKE - IWEEHOR
FHORERTIIA LT >/ IV TE Y OEETR
KobEEERRLTWS EERSN, FLTF>/ /)b

HRIN & Cyy AT T 2% ORENTIZAHBEBE R EED 5 17
(K8, 9. L& HIER O 50V 3 56 MUk o Hr i 8 = il & 1%
BRUCALTYF >/ VRN BEUNCy AT T > % %R
LTS, FkH RO FIIHEOFERMEmEI D b4 L
TF ) JIVIRING DS BITEL, HE / GRERRES
INSERK LU EMREIND (K9, #Hiikihiso Sk 5 R
HTIE, BH - L & O BRI A Y O % 5
MEL, KORBEASRESEICRSZ2EICE>T, BH -
L CIZ@ED o NahoF Ly F 2>/ VRN
K92 ERYEIROFLE (s 2 YR
DOF G OB MEEF IR0, FrEEERIcBN T L
TF 2/ IIKRIN & Cyy AT T 2 % & DORICHIBIBE R
HnTarzsfeznsd,

PR E AN (2017) 1%, HLMAELIZ BT 2 iz 0N
THVLTF >/ JIVIRIN S KimHE, RFHME, 3=l
T HTERR, PEEME - T AHIIERATH 2D 2 & 2R
LTWa, GREIOMEEESEHZN (1995), MEEiEH (2017)
DFERE F DT, FEHEERITHT D HnE & GBI
WO 2 10 1T/R Y, Frikuusl O LR A FriE s, m

xR 2 HEHIRE D NA T —F— G R
AT T rUFILIN
akl4, pEHIE4 Pristane/  Cy Cy Cy Cy Ts/  Tricyc./ Norhop./ Olean./ C,/C;,  C;  Olean./
Phytane (%) (%) (%) S/(S+R) (Ts+Tm) Hopane Hopane Hopane Homoh. S/(S+R) Norhop.

Aiitha  PEILE 2.99 382 369 249 0.48 0.29 0.84 0.59 0.23 — 0.57 0.39
AR Db PEILE 1.76 394 335 271 046 0.35 0.74 0.59 0.27  0.73 0.61 0.47
A e FEILE 1.45 395 339 266 047 0.37 0.79 0.55 0.27  0.78 0.62 0.49
Aiihd  PEILE 1.47 395 330 275 0.47 0.36 0.79 0.57 0.27 0.91 0.61 0.47
Afrite  PEILE 1.46 439 339 222 0.50 041 0.91 0.51 0.29 0.76 0.60 0.57
At FEILE 1.46 409 345 247 051 0.35 0.73 0.52 0.26  0.76 0.59 0.50
Wik a HEAE 1.67 39.8 345 257 0.50 0.40 0.70 0.58 0.25 084 0.59 0.43
HHE b HEAE 1.52 381 361 25.8 0.51 0.42 0.67 0.60 0.26 0.63 0.59 0.44
HHTE . MERTE 1.36 40.2 334 265 049 0.39 0.50 0.51 0.23  0.86 0.58 0.45
WHied HERE 1.96 486 30.7 208 046 0.46 1.11 0.71 0.27  0.76 0.59 0.38
HEEe MOE 2.00 466 305 229 0.46 0.46 1.06 0.66 0.27 0.68 0.57 0.41
WHE T MR 2.57 451 31.8 230 048 0.47 0.90 0.63 0.24  0.72 0.54 0.39
FLfff a MHER 1.43 371 358 272 0.34 0.45 0.34 0.49 0.28 0.78 0.57 0.57
G b ISREE 0.95 429 348 223 0.35 0.49 0.47 0.58 0.24 0.75 0.56 0.41
LBt ¢ LRE 2.02 368 351 281 044 0.51 0.45 0.47 0.31 0.74 0.57 0.65
R d tRE 1.51 376 358 266 046 0.50 0.45 0.44 030  0.77 0.56 0.67
)1l a MER 4.08 448 275 27.7 0.51 0.58 0.57 0.57 0.48 0.80 0.59 0.85
B b EESFAE 2.50 386 295 320 0.57 0.59 0.29 0.45 0.63  0.54 0.56 1.39
Eifla Pl 2.03 443 294 264 0.55 0.58 0.50 0.46 0.52 057 0.60 1.14
EHb [ 1.15 374 342 284 0.50 0.61 0.43 0.48 0.58 0.49 0.58 1.21
FiHa Tt 1.79 464 281 254 0.47 0.55 0.71 0.78 0.36 1.18 0.61 0.46
HH b TtHE 0.53 476 309 215 049 0.47 0.60 0.72 0.30  0.85 0.59 0.42
FHHc tRE 0.79 448 313 239 0.52 0.57 0.79 0.65 046  0.81 0.61 0.71
FHa FERSFAE 1.31 413 320 26.7 0.51 0.61 0.50 0.48 0.68 0.56 0.60 1.43
FED TEESFIARE S 1.49 40.0 325 275 0.57 0.59 0.64 0.56 0.67  0.50 0.60 1.20
FrH ¢ THESFIAE 196 349 349 302 0.54 0.48 0.34 0.52 0.58 0.70 0.58 1.13
FHEd N SR EE 1.07 36.1 336 304 0.53 0.56 0.37 0.46 0.43 0.74 0.57 0.93
— : not detected Tricyc.: Cys+ C, Tricyclic terpane 22S+22R Hopane: 17« (H), 218 (H)-hopane

Cyr, Casy Cog: 5@ -20R
CyS/ (S+R): 5 20S/ (20S+20R)

ERl ST TR

Norhop.: 17« (H), 21 8 (H)-30-norhopane
Olean.: 18 (H)-oleanane

83%& 2% (2018

Homoh.: 17a (H), 218 (H) Homohopane 22S+ 22R
C, S/(S+R):17a (H), 21 8 (H) 22S/ (22S+22R)
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Co Cus Cog IRFE SR ~ FIR N E WAL 2 R
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T2 Co/Cog M 1LLETH B DITH LT, HE IR
MI 1A &R TS, WRREREERFEHO X T2 >
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(Grantham and Wakefield, 1988), Z® Z &3, HHEHHE
W FE IR ~FHR I & 0 B BRI E WAREE N 5 4
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FLTF2 /) JIVIRINAT 13 ~15 2R, FiBDH
DRBIE I & FERIC Fei e B B el E i S B S Nz &
WEIND (9. Cy AT T2 %05 HIzrLiFA DL
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24} |* ALRERR~ZBIE 299 :

) | | CaSiR~EE=R -28.0 Eﬁ’iﬂ& r= EFFJ -26. 3~ 26.0(2)

R ° HE=iT 218 (& EH’AF_FI 2000) ¥

~ 26} H

» | | mseme 51458
% Andrusevich ef al. (1998) ,
S 281 H ; 7 H
3 '
§ T a
Q 30} N
) - A
‘f_o a2t i 1 ' 1 . i 1 i
B i db i (PR Bt BAEIR) -27.7~-26.4 (10) |/ 5 ;
H (Waseda and Nishita, 1998)| | H
-34 : . ‘ — b :
36} : P
p€ < 0] S D C P kR [LMJIUJ LK {UK | P [N

X 11

) W
W AIMYIHD S DT —5 DB EHH,

Al e 83% 25 (2018)

[ D BRI IR LK 35 - R FR RN A% D M E SRR B B 2k & [E N I O fix 35 [RIAZAR O Rk & B
RO, JLHEE R NI DWW Tid Waseda and Nishita (1998) 7 5 i - IR H: - iHAN 5 Dkl 2 B
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. Journal of Sedimentary Society for Sedimentary Geology
4 |HE Research (SEPM) Announcements
5 |1 Petrophysics SPWLA Calendar of coming events
6 |[AMITF JPT SPE Meetings
7 |\HHTE Hart's E&P Hart Energy Publications Meetings and events
8 | Offshore Engineer Atlantic Communications Diary
9 |¥EVE Offshore PennWell Corporation Calendar
10 |/ /<1 > /i A |Pipeline & Gas Journal Oildom Publishing Meetings
11 | —f% Qil and Gas Journal PennWell Corporation Calendar
12 |—f World Oil Gulf Publishing Company Meetings
13 |—fi% Petroleum Review The Institute of Petroleum Forthcoming events
3. FDh
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