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The Northwestern Taiwan Basin is the principal petroleum basin
in Taiwan and is believed to contain several tilion cubic feet of

gases in place as well as substantial amounts of oils and

‘condensates. Extensive exploration actvites have been carried out
in this basin, with a number of fields being discovered and put into
production.

The Western Taiwan Basin is one of the back-arc basins
developed on the passive eastem continental margin of Asia

during the Late Cretaceous-Early Tertiary as a result of subduction

of the Philippine Plate beneath the Eurasian Plate. This basin
consists of the fault-bounded Hsinchu, Taichung and Penghu
troughs, separated by horst blocks. The major tectonostratigaphic
sequences in this basin include the basement, a pe-orogenic and a

‘syn-orogenic sequence. Major productions are concentrated in an

anticlinal zone in the onshore Hsinchu-Miaoli region. The zone is
‘composed of four rows or iers of anticlinal structures in parallel to

the Central Taiwan Mountain Ranges, extending in a NE-SW
direction. The structures consist of anticlines with very steep
flanks and extensive faulting, uplifing and erosion in the first row.
The structures become progressively gentler away from the
mountain ranges.
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The gas and oil reservoirs in the Northwester Taiwan Basin consist of mainly
itoral-neritc sandstones in the Upper Oligocene to Upper Miocene strata,
but the production has been dominantly from the quartzose sandstones in the
Talu Shale Member. The reservairs range in depth from 300 to over 5000 meters,
with up to 30 pay zones in some ofthe felds.
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Almost all of the gases produced in the Northwestern Taiwan Basin
are thermogenic, associated gases with variable d"°C, values (-32
to -47%) and C,, contents. Two general groups of gases have been
recognized on the basis of molecular and stable carbon isotopic
compositions. The first group represents the vast majority of the
gases discovered in the basin that consist of 83.96% of methane
and less than 5% of non-hydrocarbons, such as those from the TCS,
CS and CTH fields. The second group is characterized by relatively
high CO, content, produced mainly from the CHK (34-45%) and CT
qas fields (up to 64%)

GOR Variation

Vertically within each field, the GORs of the
produced fluids increase with increasing
feservoir depth. Laterally on a regional scale - :
in the Hsinchu-Miaoli region, there appears to
be several trends of decrease in the GORs £
with increasing distance away from the CHK-
CS fields towards the west, north and
northwest. These trends coincide with those
of the vitrinite reflectance contours for the
Upper Oligocene-Miocene coal-bearing
sequences, indicating a strong dependence
of GORs on source rock maturity.

Geochemistry
Whole oil GC
of CS-Gas Field

APl gravity vs. Depth

APl gravities of Oils and
condensates in NW-Taiwan
decrease with increasing depth.

The whole oil GC traces of CS-Gas Field show
the systematic variation of hydrocarbon
composition with reservoir depth. With
increasing reservoir depth the condensates
increase systematically in aromatic
hydrocarbons and long chain paraffns, which
results in the systematic increase in
toluenelnC; and nC; IMCH with only slightly
decrease in pristaneinC,, and phytaneinCys.
These phenomena suggest that the shallow
depth hydrocarbons were evaporated from
deep reservoired hydrocarbons through the
weak zone of the normal fault

Carbon Isotope
Pristane and

NeTaiwan oils show that these oils
were generated from terrestrial humic
kerogen within varies maturation
stages. Pristane/phytane ratio vs.
81C,y Of these oils suggest that their
source rock were deposited in the peat
swamp environment.
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i S 5 iz 217 is dominated by Co steranes, the
i iz 191 traces contain Oleanane, de-A
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3 The percentage of teresral organic input

— is higher i the condensates of CT, PS and

K Fields and decrease graduallytoward CS,
CHK and TCS Fields. This is similar to the
variation of the depositional environment
of Lower Miocene source rock.
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‘The coals and black shales in the associated paralic and esturine coal
members are believed to be the major source rocks for these
hydrocarbons. The potential source rocks in the available sample
collection contain dominantly gas-prone, type Ill organic matter.
Despite several in-house studies over the years, the knowledge on
source facies variation in the basins is very limited as few wells

penetrated the deep source beds. The limitation has added difficulties
for the correlation of the oils and gases to the sub-basin level for
effectively mapping the petroleum migration routes in the basin.
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[image: image6.png]Figure 1. CGR and methane carbon isotope data for fluids from wells in the Obaiyed field
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摘要

參加第21屆國際有機地球化學年會（21st International Meeting on Organic Geochemistry, 2003）以瞭解國際地球化學界之最新動態，並於會中發表壁報論文一篇，題目為”Oil and gas from type III organic matter: new insight into the hydrocarbon geochemistry of Northwestern Taiwan” 引起參觀學者的熱烈討論與肯定。
本次大會共有來自四十個國家的學者與專家發表410篇論文，其中有85篇口頭論文和325篇壁報論文，內容非常豐富，總共函蓋十六項主題，僅將本次大會主題標示如下： 

1. Biogeochemistry

2. Petroleum Generation and alteration
3. Diagenetic Influence on carbon Isotopes
4. Coal Geochemistry
5. Early Diagenesis
6. Hydrogen Isotopes
7. Soil Biogeochemistry
8. Regional Petroleum Sudies
9. Biomarkers 
10. Petroleum Alteration
11. Microbial Proceses
12. Gas geochemistry
13. Environmental Biogeochemistry
14. Oils Source Rocks
15. Palaeoclimate
16. Reservoir Geochemistry
職很榮幸能代表中油公司探採研究所參加此次大會，除了聆聽各國學者的最新研究動態之外，也結識了許多地化界的專家，回國之後，透過e-mail繼續與他們討論各種地化問題，覺得受益良多；此次代表台灣參與之人員只有台大地質系的黃武良教授與本人兩位，分別展示壁報論文兩篇，其中本組地化師張錦澤先生自費參加；像這樣的國際性學術研討會，若能多派幾個研究員參與，對提昇我們的研究水準與國際知名度會有更大的幫助。
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一、出國目的：

參加第21屆國際有機地球化學年會（21st International Meeting on Organic Geochemistry, 2003）與國外學者專家們互相切磋，以瞭解國際地球化學界之最新動態，並於會中發表壁報論文一篇，題目為”Oil and gas from type III organic matter: new insight into the hydrocarbon geochemistry of Northwestern Taiwan”
二、出國行程
	預訂起迄日期
	92/09/06-92/09/07
	92/09/08~92/09/13
	92/09/14-92/09/15

	天數
	２
	６
	２

	到達地點
	台北-波蘭克拉克
	克拉克
	克拉克-台北

	詳細工作內容
	啟程及轉機(於香港及巴黎轉機)
	參加第21屆國際有機地球化學年會並發表壁報論文及參加野外地質
	返程及轉機(於巴黎及香港轉機)


三、出席專題研討會與論文壁報展示

 （一）、專題研討會

本次大會共有來自四十個國家的學者與專家發表410篇論文，其中有85篇口頭論文和325篇壁報論文，內容非常豐富，總共函蓋十六項主題，本人有幸參加此次大會，除了聆聽各國學者的最新研究動態之外，也結識了許多地化界的專家，回國之後，透過e-mail繼續與他們討論各種地化問題，覺得受益匪淺，僅將本次大會主題摘錄如下： 

1. Biogeochemistry

2. Petroleum Generation and alteration
3. Diagenetic Influence on carbon Isotopes
4. Coal Geochemistry
5. Early Diagenesis
6. Hydrogen Isotopes
7. Soil Biogeochemistry
8. Regional Petroleum Sudies
9. Biomarkers 
10. Petroleum Alteration
11. Microbial Proceses
12. Gas geochemistry
13. Environmental Biogeochemistry
14. Oils Source Rocks
15. Palaeoclimate
16. Reservoir Geochemistry
本次大會將這些論文的摘要印成兩本書並收錄在一片光碟片之中，有興趣參考的同仁可以向圖書館借閱。與油氣生成與探勘開發相關的口頭報告摘錄於下：
1. CONDENSATE/GAS RATIO VARIABILITY AND PREDICTION IN THE OBAIYED FIELD, WESTERN DESERT EGYPT 
Joe WESTRICH, Erdem IDIZ, Taras BRYNDZIA, Pierre VAN LAER, Olaf PODLAHA, Magda NOUR-EL-DIN, Jan SCHREURS and Paul BOERRIGTER
本文主要是整合油層工程，地球化學和石油系統分析方法來預測西埃及沙漠OBAIYED-油氣田的 condensate-to- gas ratio (CGR) ，該油氣田之CGR複雜多變難以預測。經過一系列完整的PVT分析，液包體分析，天然氣的成分與分子同位素分析，凝結油的物性分析(API, bulk oil fractions etc.) ，全油GC分析，同位素分析，生物指標分析和C7 light hydrocarbon analyses ，結果發現該油氣田之油氣均產自相同的生油岩，其condensate-to- gas ratio之複雜多變主要源自於生油岩之成熟度隨著地質年代之演化，有多處的生油岩成熟區持續排放油氣進入該油氣田，形成多期與多處之油氣充注，致使睌期高度成熟的天然氣與早期較低成熟的油氣尚未充分混合所造成的， 图一呈現CGR與天然氣的成熟度有強烈的相關性(Fig. 1).有些油氣層若無睌期高度成熟的天然氣注入的話，則天然氣的成熟度較低，其CGR則較高較具經濟價值。這與台灣油氣田的GOR和下部中新統煤系地層生油岩的成熟度成正相關有相似之處，值得參考。
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Bl Cross-plots of HI (S2/TOC) against (a) Rank(S,) and (b) Ty highlighting the rank-related increase in HI prior to the onset
of oil expulsion. The lines (with arrows) joining open circles show the method of adjusting measured HI values to effective HI- values
near the onset of oil expulsion (two examples are shown). The classification of kerogen quality in (a) is that of Peters and Moldowan
(1993). The displacement of the hydrogen-rich coals from directly above the peak of the Coal Band in (a) to left of the peak in (b) is
the result of T, suppression. (Sykes and Snowdon,2002)




2. POLYCYCLIC ISOPRENOIDS AND THE EVOLUTION OF BIOSYNTHETIC PATHWAYS        John K. VOLKMAN
3. RECENT ADVANCES IN HYDROCARBON GAS GENERATION MODELING: FROM EMPIRIC CONCEPTS TO FIRST PRINCIPLE CALCULATIONS 
Yongchun TANG, Martin SCHOELL, Peter JENDEN and Gavin LEWIS
這篇研究是由加州理工學院的唐永春博士所發表的，主要的方法是將生油岩置於密封式黃金管中進行各種加熱實驗，以模擬和計算出生油岩在盆地深埋和成熟過程中的油氣生成量與成分變化，此實驗為

定量分析；實驗中除了量測隨著成熟度之增加油氣成分之變化以外，還量測甲烷、乙烷之δ13C值，並計算每公克生油岩可產生之油氣量(图二、图三)，對天然氣之成熟度鑑定、天然氣--生油岩之對比(图四)有某種程度之功用，台灣的氣—岩對比一直無法突破，建議可朝此方向努力之。
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图二 Concept of Source Rock-Specific Calibration of gas Potential.
     (Yongchun TANG, 2003)

The workflow is as follows (see numbers in white boxes:

1) Kerogens from selected source rocks are heated in sealed gold tubes at two heating rates. Quantitative analysis a) of the composition and amount of the evolved gases and b) the change of vitrinite reflectance in the pyrolysis residue

2) Calculation of the activation energy distribution gas formation and vitrinite maturation

3) Calibration of  paleo-heatflow using vitrinite kinetics

4) Calculation of gas formation with calibrated heatflow

5) Modeling of gas generation history (onset of gas formation, gas potential in the basin)

6) Stable isotope analysis of the pyrolysis gases

7) Establish relationship between gas isotopes and maturity and gas potential

8) Integrate all results into a geologic gas formation and migration model.
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图三  Calibration of oil and gas formation  (Yongchun TANG, 2003)

Laboratory calibration establishes the relationship of temperature and the quantities of all oil and gas components as well as isotopic properties of gas components. Kinetic and isotope modeling procedures re-cast these quantities and isotopic properties to geological temperatures. Basin Modeling procedures allow to relate temperature to geologic time and this in turn allows to relate all oils and gas forming processes and gas isotopes to geologic time:
a) temperature

b) Maturity

c) Kerogen conversion mg/gTOC

d) Gas Quantities in mg/gTOC

e) Gas/Oil ratio

f) Isotopic composition of ethane


[image: image3.wmf]图四   Gas-source correlation using calibrated gas isotope curves. 
   (Yongchun TANG, 2003)

Gas isotope signatures from produced gases in an exploration area superimposed  to the isotope calibrations of two source rock candidates in the basin. Most data align with Source A, suggesting that source B is not an important contributor to gas formation in this area. Some data plot between the two source calibration lines, possibly indicative of mixing of gases. Note that the gas isotope signatures are spread over a wide. Early gases correspond to shallow depth and late gases would accordingly be from deeper kitchens.
4. ANAEROBIC OXIDATION OF METHANE - DETAILED STUDY OF BIOMARKERS AND IN VITRO EXPERIMENTS DEMONSTRATING METABOLIC AND BIOSYNTHETIC ACTIVITY OF A MICROBIAL CONSORTIUM 
Martin BLUMENBERG, Richard SEIFERT, Katja NAUHAUS, Volker THIEL, Thomas PAPE,  Friedrich WIDDEL and Walter MICHAELIS
5. IDENTIFICATION OF COMPONENTS OF UNRESOLVED COMPLEX MIXTURES BY COMPREHENSIVE TWO-DIMENSIONAL GAS CHROMATOGRAPHY-TIME-OF-FLIGHT-MASS SPECTROMETRY 
C. Anthony LEWIS, Paul. A. SUTTON, Alistair. C. LEWIS, Jacqui HAMILTON and Steve ROWLAND
6. ION MICROPROBE IN SITU MEASUREMENTS OF CARBON ISOTOPIC COMPOSITION AT THE MICROSCALE: A NEW TOOL TO INVESTIGATE COMPOSITION, ORIGIN AND REACTIVITY PROCESSES OF ORGANIC MATTER 
Laure SANGELY, Raymond MICHELS, Marc CHAUSSIDON, Vincent HUAULT, Marc BROUAND and Michel CUNEY
7. COMPOUND SPECIFIC D/H ISOTOPES OF LIPIDS AND CARBOHYDRATES FROM EXTANT PLANTS GROWN UNDER CONTROLLED CONDITIONS 
Kliti GRICE, Stefan SCHOUTEN, Suan Chin WONG, Hilary Stuart WILLIAMS and Graham FARQUHAR
8. D/H RATIOS DISTINGUISH AUSTRALIAN OIL FAMILIES 
Arndt SCHIMMELMANN, Roger E. SUMMONS, Alex L. SESSIONS, Christopher J. BOREHAM, Dianne EDWARDS  and Graham A. LOGAN
9. HYDROGEN ISOTOPE SYSTEMATICS OF THERMALLY GENERATED NATURAL GASES         Chris CLAYTON
10. AN INVESTIGATION OF PETROLEUM SYSTEMS OF THE OF THE PERMIAN BASIN, USA 
Ronald J. HILL, Daniel M. JARVIE, Brenda L. CLAXTON, Jack D. BURGESS, and Jack A. WILLIAMS
11. OIL TO GAS SLOWLY! DEEP SUBSURFACE PETROLEUM BIODEGRADATION 
Steve R. LARTER, Barry BENNETT, D. Martin, JONES, Haiping WANG, Thomas B.P. OLDENBURG, Carolyn M. AITKEN, Ian M. HEAD,  Andrew S. ROSS, Paul FARRIMOND, Gordon D. LOVE, Bernie F.J. BOWLER, Wilfred F. ROLING, Arlene K. ROWAN,  Andrew C. APLIN, Kimberley J. NOKE K.J, Stephen BOWDEN, Greg. J. ROCK, and the Bacchus team
英國Newcastle大學的 Dr. Steve Larter在本文中探討控制油層菌蝕作用的各項因素；美洲的Tar Sand和目前最熱門的深海探勘中所蘊藏的大量遭菌蝕的重油在全球原油儲量中佔有非常大的份量，所以，原油在儲層中的菌蝕作用對全球的經濟產生重大的影響。

原油的菌蝕作用長久以來均被認為需在80℃以下的儲油層中，有新鮮的水源提供氧氣與養份才能讓需氧細菌在儲油層中進行菌蝕作用，但愈來愈多的証據顯示在油層裡的菌蝕作用大部份以厭氧反應機制在進行，有新鮮的水源固然很好，但沒有新鮮的水源也無妨，真正的控制因素可能是油層裡養份的供應量。 80℃以上的溫度可以殺菌，而大部份的油層的油水界面若處於40℃—70℃之間，最易被細菌以大約10-4kg/m2/year 的速率大量消耗，全球可能有50%以上的原油在儲油層中遭到菌蝕作用的破壞。

依菌蝕作用的反應數率推算，要擾亂一個油層的品質，在輕質油層中約需1～2百萬年，在重油層中約需10〜20百萬年；要消耗油層中的正烷烴約需5～15百萬年(依油層內的正烷烴含量而變化)。而油層中原油的品質受控於油層中原油的充注史：新鮮原油的充注速度以及其與受菌蝕原油間的混合速率控制著整個油層的原油成份變化。

菌蝕作用的中間產物為CO2，但依目前的觀察，其最終產物並非 CO2，也非大量的碳酸岩沉積物，而是 isotopically “thermogenic looking” methane－這可能是在非常封閉的狀況下CO2被還原菌還原之緣故。

目前深海探勘和深盆鉆探所探到的油田中，有些油層的原油很黏稠，API比重只有10度，開採困難，所以預測原油的API和 GOR在深海探勘上非常重要，這也是這次在大會進行當中所吸收的新資訊，若本公司欲參加深海探勘，應該注意避免此項風險。
12. CAN CO-OXIDATION OF HYDROCARBONS CONTRIBUTE TO COMPOSITIONAL ALTERATION OF CRUDE OIL DURING ANAEROBIC BIODEGRADATION? 
Heinz WILKES, Simon KÜHNER, Carsten BOLM, Arno CLASSEN, Thomas FISCHER, Friedrich WIDDEL and Ralf RABUS
13. EVALUATING RESERVOIR CONTINUITY: RESOLVING CONFLICTS BETWEEN FLUID COMPOSITIONS AND PRESSURE 
Paul J. MANKIEWICZ, Cara L. DAVIS, Lloyd M. WENGER and James R. GORMLY
14. GAS COMPOSITION AND ISOTOPES AS A MEANS OF DETERMINING SWEETSPOTS IN COAL BED METHANE (CBM) PRODUCTION 
Linda STALKER, M. Mohinudeen. FAIZ, Stephen SESTAK and Joe CHOUDHURY
15. COMPLEX RISK EVALUATION OF ORGANIC SOLIDS DEPOSITION FOR DEEPWATER SUBSEA OPERATIONS 
Francois GELIN, Peter CORNELISSE, Matthew FLANNERY, Mark GRUTTERS, Vladimir LIAKHOVITCH and Nancy UTECH
16. GENETIC AND ENVIRONMENTAL CONTROLS ON THE DISTRIBUTION AND ABUNDANCE OF ARCHAEAL TETRAETHER LIPIDS: IMPLICATION FOR THE NEW PALEOTHERMOMETER, THE TEX86 
Cornelia WUCHTER, Stefan SCHOUTEN, Ellen C. HOPMANS, Stuart G. WAKEHAM and Jaap S. SINNINGHE DAMSTÉ
17. METHYLHOPANES AS SOURCE MARKERS AND A NOVEL PETROLEUM CORRELATION TOOL 
Paul FARRIMOND, Helen M. TALBOT, Diane F. WATSON, Linda SCHULZ and Arnd WILHELMS
Petroleum Generation Oral Presentations
18. PREDICTING PETROLEUM COMPOSITION AND PHASE BEHAVIOUR DURING SECONDARY MIGRATION 
Rolando di PRIMIO, Andreas FUHRMANN, Keith THOMPSON  and Brian HORSFIELD
19. TRUTHS IN LARGE DATA SETS - IV: GENERATION KINETICS FROM NATURAL DEPTH TRENDS 
Chris CORNFORD, Ranald KELLY, Chris BURGESS  and Tony GLIDDON
20. COMPOSITIONAL KINETIC MODELING OF PRIMARY CRACKING USING OPEN SYSTEM PYROLYSIS TECHNIQUES 
Francois LORANT, Francoise BEHAR and Claudette LEBLOND
21. COMPARING BULK COMPOSITIONAL AND MOLECULAR CHANGES IN PETROLEUM FORMED THROUGH CLOSED SYSTEM ARTIFICIAL MATURATION OF OIL-ASPHALTENES AND SOURCE ROCKS FROM NORWAY 
M. KEYM, V. DIECKMANN, B. HORSFIELD, J. JOHANNESEN,
R. GALIMBERTI, M. ERDMANN and B.A. STANKIEWICZ
Coal Geochemistry Oral Presentations
22. PETROLEUM CORRELATED TO COAL: GEOCHEMICAL EVIDENCE FOR OIL EXPULSION 
Christopher J. BOREHAM, Jane E. BLEVIN,  Andrzej P. RADLINSKI1 Aaron M. CUMMINGS  and Peter R. TINGATE
23. ROCK-EVAL-BASED MATURATION PATHWAYS FOR HUMIC COALS: HOW WELL DO THEY REPRESENT THE NATURAL EVOLUTION OF OIL AND GAS?  R. SYKES, L. R. SNOWDON and P. E. JOHANSEN
Richard Sykes來自New Zealand Institute of Geological & Nuclear Sciences，目前是 source rocks and petroleum generation 的 Sciences  research leader，主要的工作是研究煤系地層的產油潛能，在他這次的論文報告中以腐植煤的Rock-Eval成熟度變化趨勢來探討其與煤在自然演化下油氣生成之相互對應關係。

在本文中以大量晚白堊〜新生代的紐西蘭泥煤~低揮發性煙煤進行Rock-Eval分析，鏡煤素反射率分析，元素分析(C, H, N)，總硫量分析、硫化物分析，熱量分析, 溼度、灰份和揮發份分析以及TE-PY-GC等分析，以研究煤的類型、等級與油氣生成之關係。
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在R. Sykes 2002的論文中曾提及Hydrogen-rich 的煤其Ro與Tmax會有受抑制的現象，所以他們採用煤的熱值、揮發份含量和H/C vs. O/C的作圖法來區分煤的等級(圖 五  )，此外，他也探討煤在Rock 
Eval分析進樣重量與 TOC%和H2之變化關係(圖 六 )，依照他們的經驗煤樣最恰當的進樣量為10mg；這些都值得我們參考。
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生油岩於Tmax ~420–430 °C (equiv. Ro ~0.55–0.6%)開始生成原油; Tmax ~430–440 °C (Ro ~0.65–0.85%)開始排放原油;於Tmax ~445–455 °C (Ro ~0.9–1.0%)時，大量的生成天然氣並有效的排放原油，比較值得討論的是腐植煤的HI值在原油排放之前會隨著成熟度的增加而增加，其增加的幅度可以高達150mg HC/g TOC， 致使成熟煤的產油潛能反而高於不成熟的煤(圖 七 )。經由 TEPy-GC 研究之結果顯示： 煤必須在  Tmax ~420–430 °C, Ro ~0.55–0.6% 的熱成熟度階段才能生成高腊質的石油（nC15+ high molecular weight paraffinic oil）；而其熱成熟度必須在Tmax ~430–440°C, Ro ~0.65–0.8% 的階段才能生成 nC6–nC14 的輕質低腊份石油，於Tmax ~485–495 °C, Ro ~1.7–1.8%的高成熟階段，則完全尚失其產油潛能；經由 TEPy-GC 研究之結果作者推論造成HI在油氣排放之前增高之可能原因有以下幾項：1. Decarboxylation  2. Oxygen-group Supperssion 3. Kengon restructuring. 所以R. Sykes建議在評估煤成烴的石油系統時不要拿 %Ro 0.4〜0.5的煤當作模擬實驗的樣品，應以0.7%Ro的煤來作模擬實驗的樣品，才不致於低估油氣的生成量；這也是我們作油氣生成模擬實驗時值得參考的。


 Hydrogen Isotopes Oral Presentations
24. MODELING THERMALLY-INDUCED HYDROGEN AND CARBON ISOTOPE FRACTIONATION OF INDIVIDUAL N-ALKANES IN CRUDE OIL THROUGH FIRST PRINCIPLE, LABORATORY PYROLYSIS AND FIELD DATA 
Yongchun TANG, Yongsong HUANG, Paul G. KRALERT,  Bruno GILLAIZEAU and Rong HWANG
25. INFLUENCE OF MATURITY AND ORGANIC MATTER TYPE ON HYDROGEN ISOTOPE RATIOS IN KEROGEN 
Grzegorz LIS, Arndt SCHIMMELMANN and Maria MASTALERZ
26. STABLE HYDROGEN ISOTOPIC COMPOSITION OF BIOMARKERS IN CRUDE OILS AND SOURCE-ROCKS FROM THE PERTH BASIN (WESTERN AUSTRALIA)  Daniel DAWSON, Kliti GRICE and Robert ALEXANDER
27. CORRELATION OF NON-MARINE OILS USING COMPOUND-SPECIFIC HYDROGEN AND CARBON ISOTOPES AND COMPOSITIONAL DATA: EXAMPLES FROM NORTHWESTERN CHINA 
Maowen LI, Xiongqi PANG, Aiguo SU and Yongsong HUANG
Gases Oral Presentations
28. THE ACCUMULATION  HISTORY OF THE KELA 2 GAS FIELD, TARIM BASIN, DERIVED FROM STABLE CARBON ISOTOPE MODELING OF METHANE 
Bernhard CRAMER, Feiyu WANG, Shuichang ZHANG  and Zhongyao XIAO
29. RESERVOIR GEOCHEMISTRY OF THE GRONINGEN FIELD 
Klaus R. LEISCHNER, Vladimir V. LIAKHOVITCH  and Carsten BUEKER
30. MOLECULAR AND ISOTOPIC GOECHEMISTRY FOR THE HIGH TEMPERATURE ALTERATION OF CRUDE OIL: IMPLICATIONS FROM A THERMALLY ALTERED RESERVOIR 
Yongge SUN, Dehan LIU, Shiping XU, Guoying SHENG  and Jiamo FU
Oils Source Rocks Oral Presentations
31. ANOMALOUS BEHAVIOUR OF C7 PARAFFINICITY PARAMETERS IN CARBONATE SOURCED ITALIAN OILS 
Roberto GALIMBERTI, Danilo DOLCI, Piergiuseppe CACCIALANZA, Loredana CALDIERO and Volker DIECKMANN
32. RELATIONSHIPS BETWEEN METHYLADAMANTANES IN CRUDE OILS 
Ben G.K. van AARSSEN, Trevor BASTOW, Robert ALEXANDER and Robert I. KAGI
33. HIGH RESOLUTION GEOCHEMICAL TECHNOLOGY CAN REDIRECT EXPLORATION IN MATURE PETROLEUM PROVINCES 
J. Michael MOLDOWAN, Jeremy DAHL, Marcio R. MELLO, Francisco FUENTES, Mario LIMON and Alfredo VERA
Reservoir Studies Oral Presentations

34. GEOCHEMICAL EVALUATION IN DEEPWATER WELLS: IMPACT OF MODERN DRILLING MUD SYSTEMS AND FLUID TESTING PROCEDURES 
Lloyd M. WENGER, James R. GORMLY, Joseph M. EVENSEN and Cara L. DAVIS
35. THE POTENTIAL OF BOUND BIOMARKER PROFILES RELEASED FROM CATALYTIC HYDROPYROLYSIS TO RECONSTRUCT BASIN CHARGING HISTORY FOR OILS 
Christopher A. RUSSELL, Colin E. SNAPE, Will MEREDITH,  Mick COOPER, Gordon D. LOVE, Edward CLARKE and Brian MOFFATT
36. THE ANALYSIS OF OIL TRAPPED IN THE PROCESS OF SECONDARY MIGRATION 
Simon C. GEORGE, Manzur AHMED, Keyu LIU  and Herbert VOLK
Petroleum Alteration Oral Presentations

37. NUTRIENT SUPPLY DURING SUBSURFACE OIL DEGRADATION - NITROGEN COMPOUND SYSTEMATICS IN DEGRADING OILS 
Thomas B.P. OLDENBURG, Haiping HUANG  and Steve LARTER
38. ACIDIC COMPOUNDS IN BIODEGRADED PETROLEUM 
Tanja BARTH, Sylvi HØILAND and Bent Skaare PEDERSEN
39. EVALUATION OF MIXING RATIOS OF BIODEGRADED AND PRISTINE OILS IN STACKED RESERVOIRS OFFSHORE BRAZIL VIA SEQUENTIAL EXTRACTION            
 Lorenz SCHWARK and Luiz. A.F. TRINDADE
40. GENESIS OF HYDROCARBON GASES OF THE MUD VOLCANOES FROM THE BLACK SEA  
    E. POLUDETKINA and A. STADNITSKAJA
（二）、壁報論文展示
職於會中發表壁報論文一篇，題目為”Oil and gas from type III organic matter: new insight into the hydrocarbon geochemistry of Northwestern Taiwan” ，壁報主要展示台灣西北部陸上各油氣田之油氣地化特性和可能之油氣移棲模式，引起參觀學者之讚賞與好奇（圖八、九  ），引起好奇之主要原因是因為在國際刊物或國際會議上很少有關台灣石油地球化學的研究報告，有數位參觀學者甚至問我「台灣有自己的地球化學實驗室嗎？」, 顯然我們在國際上的知名度仍有待拓展。




職於參觀壁報展示的期間也認識了許多學者專家，英國與德國的學術界展示了許多有關水合熱裂的研究成果，職回國後仍與他們以e-mail保持聯絡，其中英國的Nottingham大學Dr. Colin Snapes發表許多有關添加金屬觸媒的水合熱裂技術，以裂解出油母質或瀝青質中的生物標誌化合物 ”Exploiting the bound biomarkers released via hydropyrolysis in oil exploration”（圖 十 ）其研究結果可應用於研究以下的問題，很值得參考：

· 研究severely biodegraded oils 的原來面貌(成分)

· 解決油基泥漿污染岩心在對比上造成之問題
· 研究tar mats and pyrobitumens的母油成分
· 推斷油氣田的油氣充注歷程(retrace basin filling history)

(1.) 、當儲油層岩心被油基泥漿污染時，如何解決油岩對比的問題? Nottingham大學的Dr. Snape 利用岩心萃取物中的瀝青質(asphaltene) 來解決這項難題，因為瀝青質就是溶解在石油中的小分子油母質，而且不會被柴油污染。他們將岩心萃取物中的瀝青質以水合熱裂的方式使其熱解出油氣，再分析其裂解烴中的生物標誌化合物，以瞭解其生油岩和成熟度的狀況，筆者也曾利用石油砂中的asphaltene 以flash pyrolysis解決石油砂與Oklahoma地區原油對比之問題（Lin, 1987）。

(2.) 利用儲層中的瀝青質來解讀油氣充注到油氣田的歷程—在Nottingham大學與美國Massachusetts Institute of Technology所共同發表的論文「The potential of Bound Biomarker Profiles Released from Catalytic Hydropyrolysis to Reconstruct Reservoir Filling History」的研究中證實：儲層中的瀝青質是當初最先注入儲層的原油所遺留下來的，根據他們的實驗證明這些早期吸附在儲油層中的瀝青質並不會被後期持續注入儲油層中「比較成熟的原油」的瀝青質所取代，所以僅管儲油層中的原油在油氣持續的充注之後其成分會逐漸的混合與均勻化，但儲油層
(3.) 的瀝青質並不會有均勻化的現象，因此，『愈靠近生油岩充注點的儲層其瀝青質愈不成熟』，若能繪製岀整個儲油氣構造層的「瀝青質水合裂解產物成熟度變化趨勢图」，即可藉其推斷整個油氣田油氣充注的歷程。而這個實驗是由ChevronTexaco 和Shell International E&P所支援的；由石油公司出資委託學校進行一些研究課題，一方面可以解決某些實際問題，另一方面也可以培養未來接棒的年輕人，可謂一舉數得也。

四、心得與建議

1. 職很榮幸能代表中油公司探採研究所參加第21屆國際有機地球化學年會（21st International Meeting on Organic Geochemistry, 2003），本次大會共有來自四十個國家的學者與專家發表410篇論文，總共函蓋十六項主題，其中有85篇口頭論文和325篇壁報論文，內容非常豐富，除了聆聽各國學者的最新研究動態之外，也結識了許多地化界的專家，回國之後，透過e-mail繼續與他們討論各種地化問題，覺得受益良多；此次大會，代表台灣參與之人員只有台大地質系的黃武良教授與本人兩位，分別展示壁報論文兩篇，其中本組地化師張錦澤先生自費參加；像這樣的國際性學術研討會，若能多派幾個研究員參與，對提昇我們的研究水準與國際知名度會有更大的幫助。
2. 石油與天然氣是耗竭性能源，以目前人類對油氣的使用量，天然的油氣資源很快就會在本世紀被使用殆盡，目前大家對gas hydrate雖然寄以厚望，但如何開發這些固體天然氣仍有許多待解之困難，所以替代性能源的研發是非常重要的；職在會議前的破冰宴會中曾與英國Newcastle大學的 Dr. Steve Larter談及替代性能源的問題，Dr. Steve Larter認為〝氫氣〞可能是未來最具潛力的替代性能源，重點在於如何克服其儲藏與輸送之問題，職建議中油公司可以朝這方面研究研究，或是與Dr. Steve Larter建立合作研究的關係，對未來可能會有很大的幫助。

3. 這幾年Dr. Steve Larter一直致力於深盆油層的菌蝕機理研究，以往以為原油在油層中的菌蝕作用須在80℃之下有新鮮水源提供氧氣才能發生Biodegradation，但愈來愈多的証據顯示在油層裡的菌蝕作用大部份以厭氧反應機制在進行，真正的控制因素可能是油層裡養份的供應量。油層中原油的品質受控於油層中原油的充注史：新鮮原油的充注速度以及其與受菌蝕原油間的混合速率控制著整個油層的原油成份變化。目前深海探勘和深盆鉆探所探到的油田中，有些油層的原油很黏稠，API比重只有10度，開採困難，所以預測油層中原油的API和 GOR在深海探勘上非常重要，這也是這次在大會進行當中所吸收的新資訊，若本公司欲參加深海探勘，應該注意研究如何避開此項風險。 

4. 加州理工學院的唐永春博士將生油岩置於密封式黃金管中進行各種加熱實驗，以模擬和計算出生油岩在盆地深埋和成熟過程中的油氣生成量成分變化，此實驗為定量分析；實驗中除了量測隨著成熟度之增加油氣成分之變化以外，還量測甲烷、乙烷之δ13C值，並計算每公克生油岩可產生之油氣量，對天然氣之成熟度鑑定、天然氣--生油岩之對比有某總程度之功用，台灣的氣—岩對比一直無法突破，建議可朝此方向努力之。
5. Richard Sykes來自New Zealand Institute of Geological & Nuclear Sciences，目前是 source rocks and petroleum generation 的 Sciences  research leader，主要的工作是研究煤系地層的產油潛能，在他這次的論文報告中以腐植煤的Rock-Eval成熟度變化趨勢來探討其與煤在自然演化下油氣生成之相互對應關係。經由 TEPy-GC 研究之結果作者推論造成HI在油氣排放之前增高之可能原因有以下幾項：1.Decarboxylation  2.Oxygen-group Supperssion  3. Kengon restructuring. 所以R. Sykes建議在評估煤成烴的石油系統時不要拿 %Ro 0.4〜0.5的煤當作模擬實驗的樣品，應以0.7%Ro的煤來作模擬實驗的樣品，才不致於低估油氣的生成量；這也是我們作油氣生成模擬實驗時值得參考的。
6. 英國與德國的學術界展示了許多有關水合熱裂的研究成果，英國的Nottingham大學Dr. Colin Snapes發表許多有關添加金屬觸媒的水合熱裂技術，以裂解出油母質或瀝青質中的生物標誌化合物，其研究結果可應用於研究以下的問題，很值得參考：
· 研究severely biodegraded oils 的原來面貌(成分)

· 解決油基泥漿污染岩心在對比上造成之問題
· 研究tar mats and pyrobitumens的母油成分
· 推斷油氣田的油氣充注歷程(retrace basin filling history)
『愈靠近生油岩充注點的儲層其瀝青質愈不成熟』，若能繪製岀整個儲油氣構造層的「瀝青質水合裂解產物成熟度變化趨勢图」，即可藉其推斷整個油氣田油氣充注的歷程。

7. 美國地質調查局的Dr. Ronald Hill 曾向職表示美國地質調查局正在進行「全球油氣資源統計計劃」，他詢問台灣的中國石油公司是否願意加入美國地質調查所的此項計劃，若有意願，可直接與他聯絡；這是一個類似李沛然教授的油氣資源統計法，根據黎茂穩博士的資訊，加拿大聯邦地質調查局也參加了該項計畫，每年美國地質調查局付給加拿大約50?萬美元，因為打井的資料很珍貴，通常可以要到一口井的1/2的鑽井費用，謹將此資訊提供給長官們，以考慮是否參加該項計劃之參考。

8. 職曾與Conoco Phillips公司的地化師Albert G. Holba談及其公司地化部門的現況，他說公司裡有3 個來自Conoco和3個來自Phillips公司的地化師，目前所有的實驗都委外分析，大部份送給 GGC 或 DGSI公司作分析，而地化師們則專注於作資料的整合解釋與盆地模擬分析。New Zealand Institute of Geology & Nuclear的Richard Sykes也表示該公司不自行分析樣品，他們的煤樣起初是送到拿大地質調查局作分析並合作研究與出版論文，目前則送到挪威奧斯陸的APT公司做各種地化分析。所以，合作研究與委外分析可能是一個比較有效率的工作方式，建議公司除了保存某些必要的分析儀器之外，盡量朝合作研究與委外分析的方式進行，一方面可以與世界上的各方學者專家建立友誼也可及時引進新科技與新的油氣探勘資訊，此外，又可節省儀器維修與化學藥品和耗材之費用，可謂一舉數得也。

9. 在此次大會當中有一份地面地化探勘的宣傳單，是由W. L. Gore & Associates Inc.所散發的，其內容強調該公司的地面氣收集法可以偵測到C20左右的碳氫化合物，所以可以分辨地下所儲集的究竟是油或是氣，這與傳統的地面氣分析只能偵測到C1〜C4有所不同，而該公司宣稱其可以分辨這些油氣究竟是來自儲油氣層、生油層、淺層污染或來自地面的植物。該公司宣稱經過30,000個樣品分析之結果，側向移棲之干擾通常不會超出160平方公尺之範圍，若有詳細的背景氣分析，也可分辨出油氣是否是沿著斷層移棲而來，總之，地面地化探勘的技術似乎已隨著分析技術的進步而比以往進步許多，該技術雖無法預測儲油氣層的深度，不過，若在探勘處女地無法決定那一個構造較優先鉆探，或對於某油氣田的油氣儲集邊際範圍不太確定，採用地面探勘法可能可以協助解決一部分的問題，至於麓山帶等構造經過較大變動之處則不宜使用該方法，因為地層變動太厲害的地區此方法的成效果不佳。

10. 職於三年前曾參與加拿大紐方蘭島 Deer Lake Basin 之油氣投資評估案，當時我方的評估結論是風險太高，所以並未參加該項投資邀約，此次巧遇當年分析該盆地油氣苗與生油沿潛能的任職於加拿大聯邦地質調查局的Dr. Martin Fowler， 職與其談及Dear lake 的油氣潛能，他認為該盆地的只要風險可能是生油岩早在5〜6百萬年前以前就完成產油與排油了，油氣的封存可能是主要問題，所以截至目前為止本公司未參加該項投資應是正確的抉擇。
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Pyrolysis assisted by high H2 pressure (15MPa) and dispersed sulphided Mo catalyst


Covalent bonds cleaved at low temperatures (< 450oC)


Heteroatomic linkages (C-O, C-S) targeted





A powerful tool for releasing sequestered biomarkers


High yields of biomarker hydrocarbons


Minimal structural / stereochemical alteration


Love et al. (1995) Org. Geochem.
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Catalytic Hydropyrolysis





Reactor Tube: 25cm
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圖 十 Nottingham 大學所設計觸媒式水合熱裂設備








（圖 九 ）





圖八、職與Dr. J. Commam和加州理工學院的唐永春教授在壁報前合影




















壁報前合影





(Joe WESTRICH


 et al.,2003)
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