摘      要

SEPM為世界著名包括油氣、礦產等經濟資源之盆地、地層、沉積之探勘研究組織，由國際古生物、礦物、沉積、石油地質、盆地分析等專家所組成，其組織及基金，每年固定舉辦國際相關年會及發展研究成果應用探勘研討會。

精準之層序地層分析技術對於盆地分析油氣探勘技術之提昇，十分重要；且為對於地層封閉及複雜地區探勘工作非常重要的關鍵。故本所派員參與著名之SEPM所舉辦之GCSSEPM年會，並進行層序地層相關論文研討，以探討有關各種盆地之層序地層分析及應用技術；尤其是應用於盆地分析中，其地層架構、系統解析、層序演化及其地層封閉研究，以期引進有關高分辨率層序分析及對比之新進技術及觀念，以提昇盆地分析及沉積構造体系域解析能力，並配合探採研究所研究發展業務，提供公司探勘參考並應用於國內或國外礦區評估研究作業上。

本次參與SEPM舉辦之國際年會並參與研討；收集有關SEPM國際年會及相關研討會新資料、新技術，並經驗交流討論；研討層序、地層分析模式及儲層描述，對於盆地分析、礦區評估及油氣探勘開發皆有很大的助益，並可應用至石油基金計畫及與大陸合作研究計畫上；另外順道參訪著名VERITAS公司及CORE-LAB公司研討儲集層描述分析技術，皆可實際應用。如此可運用有關資料、論文及技術，提昇礦區評估、盆地分析及石油系統作業技術，並實際運用於探油工作及開發作業。
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1、 緣起與目的

本公司為掌握自有油源，歷年來積極在台灣陸上，海域及國外礦區進行油氣評估研究及鑽探，但鑑於先天條件較差，油氣不豐，且歷經探勘及開採至今，油氣日益枯竭，值此階段，陸上探勘日益艱難，故轉而對地層封閉及麓山帶複雜構造探勘工作益形重視，亟思突破。

而精準之層序地層分析技術對於盆地分析油氣探勘技術之提昇，十分重要；且為對於地層封閉及複雜地區探勘工作非常重要的關鍵。故本所派員參與著名之SEPM所舉辦之GCSSEPM年會，並進行層序地層相關論文研討，以探討有關各種盆地之層序地層分析及應用技術；尤其是應用於盆地分析中，其地層架構、系統解析、層序演化及其地層封閉研究，以期引進有關高分辨率層序分析及對比之新進技術及觀念，以提昇盆地分析及沉積構造体系域解析能力，並配合探採研究所研究發展業務，提供公司探勘參考並應用於國內或國外礦區評估研究作業上。

SEPM為世界著名包括油氣、礦產等經濟資源之盆地、地層、沉積之探勘研究組織，由國際古生物、礦物、沉積、石油地質、盆地分析等專家所組成，其組織及基金，每年固定舉辦國際相關年會及發展研究成果應用探勘研討會。

本所從事盆地分析研究並協助探勘工作，在有關盆地層架構、地層對比、沉積環境分析、沉積相研究等課題是盆地分析及石油系統的基礎，亦為礦區評估之首要工作，其牽涉到生油岩、儲集岩及封閉等問題，亟需派員參與此國際相關年會；會後並就近赴國際著名顧問公司VERITAS洽訪，因本所購有該公司之儲集層描述及模擬之軟體(RC2)，故順道赴該公司洽談相關軟體及儲集層分析之技術研討。

本次參與SEPM舉辦之國際年會並參與研討；收集有關SEPM國際年會及相關研討會新資料、新技術，並經驗交流討論；研討層序、地層分析模式及儲層描述，對於盆地分析、礦區評估及油氣探勘開發皆有很大的助益，並可應用至石油基金計畫及與大陸合作研究計畫上；另外順道參訪著名VERITAS公司及CORE-LAB公司研討儲集層描述分析技術，皆可實際應用。如此可運用有關資料、論文及技術，提昇礦區評估、盆地分析及石油系統作業技術，並實際運用於探油工作及開發作業。

貳、行程

本次奉派赴美執行本所九十一年度出國計畫第100項「參與SEPM舉辦之國際年會及赴VERITAS公司研討」一案，自民國九十一年十二月七日至十二月十六日，包括起程、返程時間共九天，其主行程及內容簡述如下：
	起程日期
	天數
	地點
	工作內容

	91.12.07
	1
	台北

－美國休士頓
	啟程

	91.12.08-91.12.11
	3
	美國休士頓
	參與SEPM舉辦之國際年會及相關研討

	91.12.12-91.12.14
	3
	美國休士頓
	赴VERITAS公司研討儲集層描述技術、模擬軟體及分析

	91.12.15-91.12.16
	2
	美國休士頓

－台北
	返程


參、參與SEPM舉辦之國際會議

本次參加SEPM與其Gulf Coast Section SEPM基金會主辦之第二十二屆國際年會，於2002年12月8日~11日在美國休士頓市舉行，參加皆以全世界之石油公司探勘、開發作業人員及研究人員為主，另有其他大學學術界、研究機構及工業界專家參加，本次研討主題之主軸以層序地層分析及其在油氣探勘開發上之應用為綱要，非常實用，共分為七個Session包含論文及壁報論文形式研討，包含有：

(一)Session I―Origin and Evolution of the Model

1.Sequence Stratigraphy: Evolution and Effects

2.Concepts of Depositional Sequence

3.Sequence, Depositional Systems, and Synsedimentary Tectonics,Oligocene Rocks, Corpus Christi Region, South Texas: Revisiting Mature Fields with New Prospecting Tactics

4.Sequence Stratigraphy Past, Present and Future, and the Role of 3-D Seismic Data

5.High-Frequency Sequence Stratigraphy from Seismic Sedimentology: A Miocene Gulf Coast Example

6.Using Sequence Hierarchy to Subdivide Miocene Reservoir Systems of the Western Atwater Foldbelt, Ultra Deep Water Gulf of Mexico

7.Exploration Play Analysis from a Sequence Stratigraphy Perspective
(二)Session II―Variations of Sequence Stratigraphic Methodology
1.The Many Faces of Erosion: Theory Meets Data in Sequence Stratigraphic Analysis

2.Genetic Stratigraphy, Stratigraphic Architecture, and Reservoir Stacking Patterns of the Upper Miocene―Lower Pliocene Greater Mars-Ursa Intraslope Basin, Mississippi Canyon, Gulf of Mexico

3.Allostratigraphy Versus Sequence Stratigraphy

4.Transgressiv-Regressive (T-R) Sequence Stratigraphy

5.Transgressiv-Regressive Cycles: Application to Petroleum Exploration for Hydrocarbons Associated with Cretaceous Shelf Carbonates and Coastal and Fluvial-Deltaic Siliciclastics, Northeastern Gulf of Mexico

6.Keeping Pace: Continental (Nonmarine) Sequence Stratigraphy in a High Accommodation-Sediment Supply Regime, Hornelen Basin (Devnian), Norway

7.Bounding-Surface Hierarchies and Related Sources of Heterogeneity in Seemingly Uniform Fluvial Sandstone Sheets
(三)Session III-Primary Controls on Sequence Architecture

1.Predictable Variation in the Marine Stratigraphic Record the Northern and southern Hemispheres and Reservoir Potential

2.Depositional Topography: Key Element of Stratigraphic Interpretation and Panacea for Log Correlation: Part 1: Concepts and Transitional Icehouse-Greenhouse Systems

3.Depositional Topography: Key Element of Stratigraphic Interpretation and Panacea for Log Correlation: Part 2: Concepts and Transitional Icehouse-Greenhouse Systems

4.Paleoclimate and the Origin of Middle Pennsylvanian Cyelothems (Fourth-Order Sequences) of North America

5.Stratigraphic Architecture and Fundamental Sedimentology of Two Late Pleistocene Deltas: Gulf of Mexico and Indonesia

6.Sea-Level Estimates for the Latest 100 Million Years: One-Dimensional Backstripping of Onshore New Jersey Boreholes

7.ODP, Sequences, and Global Sea-Level Change: Comparison of Icehouse vs. Greenhouse Eustatic Changes
(四)Session IV-Primary Controls and Case Histories

1.Sequence Stratigraphy in Fine-Grained Rocks: Beyond the Correlative Conformity

2.Sequence Stratigraphy and Eustatic Sea Level

3.Clinoforms, Clinoform Trajectories and Deepwater Sands

4.Allocyclic and Autocyclic Processes as Primary Controls on the Stratal Architecture and Sedimentological Expression of Depositional Systems from the Bolivian Sub-Andean Foreland Basin

5.Influence of Paleotopography, Eustasy and Tectonic Subsidence: Upper Jurassic Smackover Formation, Vocation Field, Manila Sub-Basin (Eastern Gulf Coastal Plain)

6.Controls on Sequence Architecture in Lacustrine Basins-Insights for Sequence Stratigraphy in General

7.Contrasting Styles of Eolian, Fluvial, and Lacustrine Sequence Development: UK Southern North Sea
(五)Session V-Applications to Exploration

1.Extracting Stratigraphic Information from 3D: Exploiting the Seismic Data

2.Cyclic Attributes on Seismic Data Sequence Stratigraphy-New Criteria for Exploration, New Interpretation Styles

3.Oligocene/Miocene Depositional System,Volta Fan Fold Belt, Ghana

4.Sequence Stratigraphic Framework for Oil- and Gas- Prospective brookian Turbidites, National Petroleum Reserve in Alaska (NPRA)

5.Sequence and Seismic Stratigraphy of the Bossier Formation (Tithonian; Uppermost Jurassic), Western East Texas Basin

6.Continental Shelf Sand Ridges: Genesis, Stratigraphy and Petroleum significance

7.Amplitude Anomalies in a Sequence Stratigraphic Framework: Exploration Success and Pitfalls in a Subgorge Play, Sacramento Basin, California
(六)Session VI-Applications to Production

1.Regional Facies Relationships and Sequence Stratigraphy of a Super-Giant Reservoir (Arab-D Member), Saudi Arabia

2.Facies and Sequence Stratigraphy of the Abo Formation in the Kingdom Field Area, Terry and Hockley Counties, West Texas 

3.Sequence Stratigraphy Framework in a Humid Alluvial Fan Complex, Quiriquire Oil Field, Venezuela

4.Application of Sequence Stratigraphy in Production Geology and 3-D Reservoir Modeling

5.Examples of Fluvial Stratigraphy in the Wilcox Group, Louisiana as Revealed by High-Resolution 3D Seismic Data

6.Sequence Stratigraphy Framework for Prediction of Shallow Water Flow in the Greater Mars-Ursa Area, Mississippi Canyon Area, Gulf of Mexico Continental Slope

7.Multiple Fields within the Sequence Stratigraphy Framework of the Greater Auger Basin, Gulf of Mexico
(七)Posters-Case Histories and Sequence Calibration

1.A Simple Methodology for Carbonate Sequence Stratigraphic and Seismic Stratigraphic Interpretation: Examples from the Lower Cretaceous Section in Offshore Alabama and Mississippi

2.Squinting Through Leaded Glass: A Public Domain View of the Alpine Play in the National Petroleum Reserve in Alaska (NPRA)

3.Niger Delta Pleistocene Leveed-Channel Fans: Models for Offshore Reservoirs
4.The Sequence Stratigraphy of the East China Sea: Where are the Incised Valleys?

5.Oil Exploration Under the Catastrophist Paradigm

6.Ages of Maximum Flooding Surfaces and Revisions of Sequence Boundaries and Their Ages, Cenozoic to Triassic
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肆、參訪CORE-LAB公司及研討

本次參加研討會期間，並認識聞名於世之Core-Lab公司其經理及資深研究人員，並受邀參訪其著名之實驗室(見照片十~十二)，發覺該公司已從先前領先之岩心分析領域轉進至整合各項探勘科技並進軍至油氣探勘之顧問工作領域，目前接有世界各地之探勘工作項目及計畫，尤其對於地球物理科技震測資料處理程式發展不遺餘力，並以其原先領先之岩心岩石物理技術基礎，發展與其他公司不同特色之物探資料處理技術，值得我們注意。

近年來對於震測資料處理技術之需求，隨著探勘技術發展，朝向複雜構造封閉、震測地層封閉及儲集層特性整合之趨勢，有必要提升原有傳統上之震測資料處理技術之功能，尤其是在能量或振幅保存及增加解釋時震測資料之頻寬等待特殊處理技術，為近年來地物理探勘料處理極為重要之技術。為進行上述震測資料處理技術之研究發展，需增加傳統震測資料處理前之振幅處理相關處理工具及傳統震測移位處理後整合下地質資訊之數理統計法震測逆推相關處理工具，以利達到能量補償及提高震測地層解析力的目的，增加探勘目標解釋之合理性，而Core-Lab公司對此方面非常重視，並在其接受之各礦區委託評估計畫中加強相關技術之研究，目前其有關技術(見資料1~2)如LIFT軟體及TomoSeis imaging technology等值我們引進及運用。
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Reservoir Technologies Division
Seismic Processing

LIF T noise and multiples from your seismic data Corelab

LIFT Technology* is a new proprietary technique from Core Lab to attenuate noise and
better preserve the amplitude integrity of primaries. Buiding on our extensive experience in
AAVO analysis, we have developed this new technique for liing noise while re-constructing
signal to its original form. LIFT utiizes a Projection Technique for various noise problems.

LIFT provides improved
+ amplitude preservation
« pre-conditioning for PSTM and PSDM

Data Example 1: LIFT non-hyperbolic multiples

From left to right: in this marine example, the input cmp gather is at a location where the
topography of the sea floor changes rapidiy, producing non-hyperbolic multple reflections. After two
passes of Radon de-multple, there is stil residual multiple energy. Note particularly the multiple
energy still present at near offsets - a common faiing of Radon methods.

After Radon has been followed by LIFT, the multiple energy has been attenuated - even the non-
hyperbolic energy and even at the near offsets - and the amplitudes of the primaries are preserved.

The difference gather shows what LIFT has removed from the data. (Difference between panel 2
and panel 3)

“patent pending
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Data example 2: LIFT source noise such as groundroll and air-blast, with improved preservation

of signal integry.

Land record with source- Land record after LIFT.
generated groundroll noise,
air blast noise, 60 Hz no

and noksy receiver stations.
Much of this noise is in the
same bandwidth as signal,
and is very dificult to
attenuate.

What LIFT removed.
LIFT removes most noise
without affecting or smearing
signal. Other more common
conventional methods wil
tend to smear signal.
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LIFT has many applications

» Attenuate noise and still have optimal amplitude preservation for AVO analysis
» Pre-condition noisy data for PSTM and PSDM

» Effectively remove marine multiple energy in:
« Complex water bottom
« Deep and shallow water bottom
« Shelf breaks
« Water bottom or peg-leg multiples

» Effectively remove land noise that are:
« Source generated or linear
* Random

» Works in 2D or 3D, Land, Marine or OBC

How does it work?

The basic LIFT strategy is to capture either the signal or noise patterns within recorded
seismic data volumes. This can be done using both standard processing techniques and
more advanced modeling, inverse scattering or wave equation datuming approaches.
Once the patterns are derived, systematic pattern rejection or enhancement can be
applied to suppress noise from the original data in an adaptive nonlinear fashion.

LIFT attenuates noise and multiple reflections while maintaining relative amplitudes.

LIFT provides excellent data sets for both pre-stack time and pre-stack depth migrations.

LIFT is an optimal method to suppress noise in true amplitude processing.

Give your data a LIFT

Corelab

Core Lab Reservoir Technologies Division
CALGARY (403) 571 S HOUSTON (713) 328-2673 UK +44 (0) 20 4000 www.corelab.com/rtd
SEISMIC PROCESSING + DEPTH IMAGING -« DEPTH | MAGI NG ADVAICERE RV ADWAN
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The TomoSeis Division

“TomoSeis, a Core Laboratories Reservoir Manage-
‘ment Division, provides advanced subsurface
Imaging services, and is the leading provider of
crosswell selsmi services to the EQP industry.
TomoSeis proprietary hardware and imaging
technology are able to provide uniquely high-
solution statc and dynamie reservo Information.

Filling the Reservair Information Gap
Interwell information can significantly impact
reservoir management and optimization and can
improve the accuracy of reserves assessment.

3D seismic interrogates large subsurface vol-
umes but does not provide sufficient resolution
for determining reservoir characterization or for
‘monitoring fuids in the reservoir. Well ogs and
core studies deliver high resolution and precise
quantification; but they sample only a small por-
ton of a very large heterogeneous volume, so the
Information they provide i limited. Crosswell
setsmic imaging Is the st technology that fill
the information gap between surface seismic and
well logs.

‘With TomoSeis crosswel slsmic, you can clarly
identify fauits and stratigraphic features prior to
drilling. Trajectories for infill and horizontal
wells can be precisely plotted. Fluid movements
and saturation changes can be monitored in
time-lapse mode. These, and other capabilites,
combine to make TomoSes services highly effec-
tive tools for managing both resources and risk.

Pracical, High-Resolution

Reservoir Imaging

‘TomoSeis performs the seismic survey from

inside the reservoir instead of from the surface.

By imaging from within the reservoir, we can

deliver a number of practical advantages:

« Vertical resolution of 2 to 5 feet (1 0 2 ).
which is 10 to 100 times better than sur-
face seismic

* Measurements dircetly referenced in depth,
and co-located with well log data, removing
the uncertainties of time-depth conversions

« Highly repeatable measurements, providing
unparalicled precision for time-lapse monitoring,

« Bypassing near-surface and overburden effects

Applications

By utilizing TomSels crosswell scismic imaging

services you can improve major investment deci-

sions and help resolve a multitude of geologlcal,

petrophysical, engincering, and drilling issues.

“Typical applications inclu

* “New horizons” evaluations beneath
existing wells

« Time-lapse production monitoring

+ Reserve estimation and asset valuation

* Surface-seismic replacement or calibration

* Geological model refinement/validation in
poor or “no seismic” arcas

As field development matures, detailed inter-
well information can be used t0 validate or refine
the geologic model, identify potentially bypassed
reserves, and pinpoint infill drilling targets, par-
ticularly for horizontal and multi-lateral wells.
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Completion Profiler Logging

“The Completion Profiler® memory production logging
service measures fuid flow rates and holdups, as well
as temperature and pressure.

SpectraChem Tracers

With ProTechnics' new SpectraChem™ (patent pend-
ing) family of chemical tracers, it Is now possible to
evaluate frac fluid performance and to characterize and
assess zomal contribution in multi-zone wells.

When combined with SpectraScan and Completion
Profiler logging services, SpectraChem tracers can pro-
vide valusble data regarding:

* Single-zone wells

« Multi-zone wells

« Lowd recovery

* Relative zonal contsibution
+ Gas breakehrough

* Relative zonal flow capacity
* Fluid leakoff

« Zonal slugging,

« Breaker efficiency

« Interzomal flow

SpectraMark Services
In many completions, precise depth corrlation will
ensure safey, Incressed relfability, and reduced costs.
‘Whether correlacing flushsjoint casing or non-mag-
netic tubulrs, theough multiple strings or casing or
expected collar noise caused by age or corrosion, an
economical soltion utilizing radioactive markers can
mean the difference betuween guesswork and reliable
correlation. ProTechnic, the worldswide leader i oil-
field radioisotope technologies, can provide you with
precise correlacion through its SpectraMark® Servies.

SpectraTek™ Services, a wholly owned subsidlary
in Albuquerque, New Mexico, packages and ships
adioactive is0topes to ProTechnics, as well s other
olifield service companies around the world.

|
|

|
TRt |

ZeroWhsh racers. SpocraScan iogging. and tha Completon Profie servic allow Prolchnics 0 ol  foal analysis of your compilon eecthenoSs.

Corelall  wwcoretab.com
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Production Monitoring
TomoSeis provides significant advantages for time lapse
monitoring of production-related reservoir changes.

Directly referenced in depth, TomoSeis’ crosswell
seismic survey eliminates time-to-depth conversions of
surface seismic, making it possible to resolve velocity
changes between repeat surveys as small as 2-3% with
extreme reliability.

Because seismic velocity changes with reservoir
pressure, crosswell seismic permits imaging of reservoir
connectivity or compartmentalization by taking
“snapshots” at different pressures. As with reservoir-
description applications, crosswell monitoring of pro-
duction and injection programs such as WAG, SAGD,
COZ, and steam flooding can also be used to tune and
enhance surface 4D studies.

Surface Seismic Support

For situations where surface seismic cannot be used,
TomoSeis offers a viable alternative. Our measurement
is capable of reaching beneath terrain and infrastructure,
eliminating many permitting issues and overcoming
gas caps, overthrusts, salt bodies, and other conditions
that can degrade surface seismic data.

We can complement your 2D, 3D, and 4D operations
by providing accurate, depth-referenced velocity models
that enhance the processing and interpretation of surface
data. And we can help you identify reservoir “sweet spots”
on a wide-area basis.

Field Operations

On land or offshore, in cased wells or open holes,
experienced TomoSeis personnel apply proven acquisi-
tion systems to ensure the quality and depth of the
data acquired.

Data Processing

The data we record contain a wealth of information about
the reservoir’s properties and structure. Our first process-
ing step yields a velocity map between the wells — an
“interwell sonic log” of the reservoir. This tomogram is
directly referenced in depth and is used as the base model
for reflection imaging. Subsequent processing steps
produce detailed reflection images of the reservoir’s
structure in SEGY format, similar in character to sur-
face seismic or VSP, but at greatly increased resolution.

Other information — such as shear, mechanical prop-
erties, anisotropy, and guided wave modes (continuity
logging) — can be analyzed and integrated into the
overall reservoir model.

TomoSeis crosswell seismic measurements also provide
unique advantages for time-lapse monitoring of reservoir
changes which result from production. Since velocity
changes as small as 2-3% can be reliably resolved, we
can differentiate repeat crosswell surveys with extraor-
dinary precision.

Global Operations

TomoSeis offers a reliable, field-proven service from
trucks or from mountable skid units for remote opera-
tions. Our experience extends around the world in
most types of reservoir environments, from heavy-oil
steamn floods to light-oil and gas fields in sand/shales
and carbonates.

Our client list includes many major, national, and
multinational oil companies. Surveys have been acquired
in regions as diverse as northern Canada, the Middle
East, and North Africa.

TomoSeis operations offer the industry a full-service
imaging capability — from survey design, through data
acquisition, to data processing. TomoSeis also sustains
a program of pioneering research in the field of high-
resolution subsurface imaging, supported by technology
cooperations with major oil companies, wireline com-

panies, and academic institutions worldwide.

CorelLab

ESERVOIR OPTIMIZATION www.corelab.com

© 2002 Core Laboratories, Inc.
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伍、參訪VERITAS公司及研討

因本所購有國際著名顧問公司VERITAS有關儲集層描述及模擬之軟體(RC2)，故於會後順道就近參訪該公司地質部門，特別洽談相關軟體及研討有關儲集層描述、地質統計分析等(見照片十三~十五)。

本次在其地質部門研討相關軟體，瞭解到其主要儲集層描述及模擬軟體，仍以併購自原先RC2公司為基本骨幹架構，再配合VERITAS本身領先世界之地球物理專業科技加以輔助及整合，具有其競爭力與優勢。

在此次參訪中除儲集層描述(RC2)軟體展示及應用外，特別針對其涵蓋之地質統計部份詳加研討，因這部份是該軟體整個設計之重心，悠關到個案模擬及礦區評估之正確與成敗。
地質統計不同於傳統的其它估測方法，能將地質特性的空間連續性及變化性，以量化的方法來描述，能整合不同空間解析度及取樣模式的各種不同量度特性，並能量度由於不足取樣點等因素造成之不準度。地質統計研究的步驟可分為四部分：(1)初步統計分析；(2)空間連續性分析；(3)估測及不準度評估；(4)模擬(simulation)。以下將就後三者之原理及方法分別討論：
(一)空間連續性分析
空間連續性分析為地質統計方法中各種估算方法之首要及基礎分析。描述一組物理參數在空間分佈之連續性主要靠分析h-scatter plot所得之三種函數：(1)對比(correlation)函數

；(2)協變量(covariance)函數

；(3)慣性矩（moment of inertia）函數或空間變異函數(variogram)

。但一般常用的還是variogram(Isaaks et al., 1989)。h-scatter plot展示所有成對的物理參數值，這兩物理參數值所在相對位置之連線為一固定向量(

；方向及大小均固定)。資料以不同的向量

配對以獲得不同的h-scatterplots，並有兩種配對方式所得之不同h-scatterplots。當h越大，h-scatterplot 上成對之點離45度角直線之分佈越分散。對應每一h，h-scatterplot 均有一對應之對比值

,

,


[image: image13.wmf]對比函數，協變量函數及variogram由是可得。對於有龐大資料量的系統做空間連續性分析，可得到上述三種函數的等值線圖(countour map)，由此等值線圖可知最大或最小空間連續性的方向。

一般基於資料取樣的複雜性、不規則性或重複性、空間連續性的分析將空間分開為幾個等間隔角度的方向，每個方向依定義的容忍角度範圍(tolerance angle)來集合資料點，做該方向的variogram分析。每個方向之variogram上之不同range ( 

隨h增加而增加，但增加的趨勢漸緩，當

開始趨向定值’a’時之h稱之)畫在玫瑰圖上並以一橢圓去擬合(fitting)，此橢圖形狀在統計上則可表所分析資料在空間連續性上之非均向性。由取樣圖之參數值來模擬實際參數在空間中之variogram必須經過曲線擬合的動作，擬合後的平滑variogram曲線將做為地質統計資料分析方法中下一步驟-估測計算中的重要依據。
取樣資料經不同方向、不同間隔距離之諸h-scatterplots分析後，所得之variogram等值線圖；由此等值線圖可知物理參數在空間中之非均向性。
(二)估測及不準度評估(estimation and uncertainty)

傳統由取樣點之參數值來估測未取樣點參數值有很多，如多邊形法(polygone)，局部取樣平均法(local sample mean)，三角形法(triangulation)及距離反比法(inverse distance method)。但這些方法均無建全的理論依據並且通常產生偏差估測(biased estimation)。地質統計估測所強調的，其一是有建全的理論根據，其二是能產生最佳的線性(best and Linear)估測，其三是可產生沒有偏差(或誤導)的估測，其四是可以估算估測值誤差之可變度。此乃基於地質統計中視取樣點及未取樣點之參數值為一隨機變數(random variable)的假設。以下將討論三種地質統計估測方法：(1)Kriging；(2)Cokriging；(3)Collocated Cokriging。
空間每分隔若干度做該方向的variogram分析，求得range之值，將各個方向之range以一橢圓擬合，此橢圖形狀在統計上則可表所分析資料在空間連續性上之非均向性。

1.Kriging

Kriging估測主要達成的目標有二，(1)估測值之平均誤差為零；(2)受制於沒有偏差條件下，使估測誤差之協變量(covariance)為最小。所得之估測值為隨機值中最佳的一個，估測值為取樣點已知參數之線性(Linear)加權組合，未取樣點之估測為無偏差估測(Unbiased Estimation)，此即所謂B.L.U.E. Kriging的要件。
2.CoKriging：
井下資料為地球物理資料中最直接反應估測地區某些物理參數(孔隙率、滲透率、聲波傳播速度等)的取樣資料，地質統計上均以其為硬體數據(hard data:

)，並應用Ordinary Kriging方法來估測研究區域內沒有井位之各網路點上參數值。但一般估測區內可能僅包括少數幾口井，此時可加入另一組單位面積已知值密度較高的軟體數據(soft data:

)：如各項震測特性分析資料(層位雙程走時振幅、瞬頻、瞬相等)，同樣以線性加權的方式和硬體數據的線性加權結合來估測未取樣點的參數值，以改善僅由少數硬體數據來做估測的較大誤差。這種估測方式稱之為CoKriging﹐其計算公式之演導類似Kriging：
(1)  


(2) 

   (unbiased condition)

(3) minimize

 







：estimate error for 




：estimated value at unsampled location 




：unknown true value at 




：including 

 are random variables

符合以上三條件相當於將

協變量應用Lagrange Parameters重新定義再最小化. 此時計算變得十分複雜，三種協變函數必須事先分析及擬合：
(1)hard data 之協變函數(Cov｛V,V｝)；(2)soft data之協變函數(Cov｛U,U｝)；(3)hard soft data間之交叉協變函數(Cov｛V,U｝)。
3.Colocatted Cokriging

當soft data 和hard data之間存在著一定的關係，而我們可以掌握代表其間關係之對比係數(correlation coeficient 

)我們可依markov-type假設：


; 

;

(

 及

 各為V及U之variance)

來簡化Cokriging之計算，不需求算hard data及soft data間之交叉協變函數，且soft data在每一估算網格點

上之值均為已知，則在每一估算網格點

之估測計算可簡化為:



 

Colocated Cokinging其結果受hard data及soft data間的相關性(corrlation)之強烈影響，當相關係系數值(correlation coeficient)值在0.5-0.6左右時能明顯的增進對hard data在空間分佈的描述及估測。
(三)Simulation(模擬)

模擬和估測在兩方面顯示其差異性(1)上述地質統計估測方法在未取樣點僅提出一個最佳的估測值，而模擬則依計算前不同隨機路徑的定義而提出針對該隨機路徑或其所代表之某全區域性行為(global)或然率特性模型﹐提出相對應之最佳的估測值﹐此值因隨機路徑的變化而非唯一；(2)估測方法只提供local的最佳估測值而沒有在估測過程中考慮空間的統計性質，而模擬則強調非均性及空間統計上的特性。模擬參數值為估測值加上模擬的誤差。模擬的方法有很多種﹐高斯模擬為其中之一，誤差必須和估測計算無關(沒有proportional  error效應)。高斯模擬方法又分Fractals,matrix,Frequency-domain，及Sequential等方法，以下僅介紹Gaussian Sequential Simulation。一般而言區域性地球物理參數值之分佈並不呈高斯分佈(normal distribution)，為簡化計算常先做高斯分佈轉換(normal score transform)，將參數值轉為高斯分佈再做估測及模擬，並將模擬結果轉換回原來參數值分佈的或然域(domain)。經過高斯轉換後經由Kriging等方法求得之估測值即為高斯分佈之平均值(mean)，而Kriging計算出誤差協變量(variance of error)即高斯分佈之協變量(variance)，由是估測點參數值之高斯分佈形貌可完全由此兩值(mean及variance)決定出。該估測點之cdf(cumulative distribution punation)曲線也可完全決定。
Sequential Gaussian Simulation方法及步驟：
1. 高斯分佈轉換(normal score transform)

2. 建立計算網路及隨機路徑
3. (a)依隨機路徑所決定網格點的順序依序執行Kriging計算，並用其計算結果之Kriging estimate及variance決定出cdf曲線：
Kriging estimate=mean of Gaussian difisibution

Kriging variance=variance of Gaussion distribution

(b) 隨機的由建立之cdf曲線上抽取一值作為該網格點上模擬之值。
(c) 將新模擬出之參數值加入取樣點之資料庫(data base),亦即執行下一網格點模擬時﹐前一網格模擬值需加入Kriging的計算中。
(d)重複(a)至 (c)之步驟﹐求取下一網格點之估測值，直至所有網格點之參數值均估測完成。
4. 逆高斯分佈轉換inverse-normal score transform)

另外在討論中，由於目前本所及公司對較複雜之構造或地層封閉其儲集岩評估亦為研發重點，故該公司後來發展之(RC2)AnteroTM軟體則為重要的解決工具，其主要為整合三維複雜構造及層序之儲集岩模擬(見資料3)，其具有1.Build and grid heavily faulted frameworks with precision 2.Rapidly generate realistic models that honor all data 3.Intelligently upscale based on flow characteristics 4.Simulate and condition models with dynamic data等四項特點，可作為本所(RC2)軟體更新及擴充之參考。
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陸、研討心得

本次出國開會，參與SEPM舉辦之國際年會，其主題為層序地層及其在油氣探勘開發上之應用；另外順道參訪VERITAS顧問公司及CORE-LAB公司研討儲集岩油氣層特性描述及分析，由於目前台灣油氣探勘遭遇瓶頸，因為大的構造或構造較簡單、清楚之標的皆已探勘殆盡，需轉進較複雜之構造或地層封閉之較困難探勘標的，而職認為其高解析之層序地層分析技術及前陸盆地之層序地層分析概念與技術是突破目前瓶頸之核心技術之一，另外較精緻細微之構造或封閉，其儲集層特性描述及分析亦為重要的課題；故在開會及研討期間，特別就相關技術與各專家研討，以期有所重大收益，而於日後工作上能加以應用。故本次研討心得特別針對該三方面來敍述－(一)高分辨率層序地層分析 (二)前陸盆地層序地層分析 (三)儲集層特性及描述分析：

(一)高分辨率層序地層分析

高分辨率成因層序地層分析的可預測性基於四個基本原理：沉積基準面原理、物質守恆原理、沉積物体積分配原理以及沉積相分異原理。沉積基準面是個潛在的沉積勢能平面，它描述了可容納空間變化與地表侵蝕、搬運與沉積過程之間的能量平衡。可容納空間與沉積物補給比值A/S 向單一方向增加與減小的地層循環記錄了基準面循環。物質守恆與基準面相對於地表的升降產生了－沉積物体積分配。沉積物体積分配指在基準面變化期間沉積相域內不同沉積物其体積的保存作用。由於沉積物体積分配控制或影響著沉積相組合與層序、原始地貌的保存程度、岩石物性、地層結構以及沉積循環的對稱性，因此沉積相分異主要為沉積物体積分配作用的結果。沉積相分異有兩種類型，一種是在不同的A/S 情況下顯現沉積剖面上相同環境或古地理位置的地貌要素變化；另一種是原始地貌要素保存的程度及其橫向對比的變化。

成因層序地層分析的原理與方法可在不同的沉積環境和岩石類型中應用。在地層單元和儲集層可在其地層中進一步應用油藏描述，高分辨成因地層分析作為地層對比的另一種方法及工具，可作為預測儲集層和蓋層的物性、体積與連續性的手段，具有高精確對比的優勢性。高分辨率成因地層分析技術具有將地層的一堆訊息轉化為對多種類型和規模的沉積体系與地層架構屬性的三維推測能力。這是由於物質守恆與基準面變化控制了沉積物体積之分配，並控制了各種尺度規模的地層特性。

高分辨率成因地層分析可用於無井控制地區，利用數學逆推方法及技術並運用確定性沉積模式方法，定量分析推測地層、沉積屬性及分佈。而高分辨率層序地層分析結合露頭、井測、岩心和三維高分辨率震測反射資料為基礎，以高分辨率層序地層理論為準則，運用精細地層劃分和對比技術，建立區域、油田及油氣藏高精度地層對比架構，在特定地層架構內對地層，包括生油層、儲集層和蓋層等進行評估和推測。至於高頻層序的劃分，根據碎屑岩系統的全球海平面升降大致可區分為5個級別，頻率範圍為9-10Ma, 1-2Ma, 0.1-0.2Ma, 0.01-0.02Ma對應的層序地層單元分別屬於二級、三級、四級、五級循環，對應的地層單元為超層序、三級層序、四級層序、五級層序等。Mitchum和Vail 最先按層序的時間跨度將層序劃分為五級，即>50Ma（一級層序）；5-50Ma（二級層序）；0.5-5Ma（三級層序）；0.1-0.5Ma（四級層序）；0.01-0.15Ma（五級層序）。上述分類中的四、五級層序屬準層序或準層序組級別。構成体系域的基本組構單元－準層序組、準層序的概念及至層組、層、紋層組和紋層的多級次地層單元的劃分，至於後來T.A.Cross 的多級次基準面循環的劃分與對比技術均屬高分辨率層序地層分析的研究範疇。

目前我們廣泛接受並運用較多是以EXXON公司Vail等為代表之以震測地層學為基礎、以海平面升降循環為主控因素的層序地層理論及其分析方法。傳統層序地層學強調以三級“層序”，即以不整合面或與其可對比的整合面為分界、相對整合、彼此成因上有關聯的一套地層為基本研究對象。因而特別強調不整合面在層序劃分中的作用。在層序地層構成分析中也多參照在海相被動大陸邊緣建立的低位体系域、海進体系域、高位体系域三分的層序地層模式。在不整合發育盆地區域的地層架構建立中，Vail等人的層序地層學理論與研究方法有其顯著的適用性和可操作性，其層序地層模式也有良好之可對比性。

進而以地層沉積過程－對應重力學原理為準則、從基準面循環作為參照架構的高分辨率層序地層學分析技術。該項理論與研究方法不只可用於盆地地層架構的建立，同時由於其將層序地層學與沉積學理論和分析方法緊密結合起來，對於高分辨率層序地層架構的建立更有其明顯的適用性和優勢性。其表現在：(1)基準面是控制地層形成的不同地質過程的綜合反映，不需要完全以海平面為參考面，因此可以同時運用於海相盆地和陸相盆地；(2)該項技術將層序地層學與沉積學緊密相結合，以相互界定的岩心、井測與高分辨率震測資料為基礎，依據可容納空間和A/S 值的變化趨勢識別基準面循環界面，因而各級、不同性質的基準面循環均具有可識別性，在缺乏不整合發育的地層中，根據沉積作用的轉換即可識別高頻時間界面，因此可以進行高分辨率層序地層劃分；(3)基準面循環內部沉積相域構成區分特徵在不同沉積環境，不同級次的層序中是客觀存在的，其基凖面變化過程中不同沉積相域的構成是由特定沉積環背景與沉積環境所决定的，不一定符合被動大陸邊緣受海平面控制的三種体系（低位、海進、高位）之地層模式。

自二十世紀以來，以多級次基凖面循環為參考面的高分辨率層序地層學的基本理論和研究方法，現已進入通過正演、逆推模型的建立對不同構造背景、不同沉積環境的地層進行定量推測的階段。由於其在不同構造類型盆地、海相和陸相不同沉積環境形成的地層中進行層序地層分析，以及其在以不整合面為界的三級層序中進行高精度等時地層單元劃分與對比的特點，逐漸為大家接受。在油氣探勘與開發作業上，高分辨率層序地層分析之技術正在快速發展與應用。在本次研討會中探討之高分辨率及高解析層序地層分析之概念與技術，於日後之礦區評估震測地層分析或盆地分析之層序地層解析皆可善加運用。

(二)前陸盆地層序地層分析

首先與專家們討論回國後並探討前陸盆地地質特徵，因為瞭解前陸盆地地質特徵為進行前陸盆地層序地層分析之基礎。

(1) 前陸盆地一般分布於造山帶和前陸隆起之間，並與其走向平行；具不對稱結構，沉積物呈楔狀，靠近造山帶一側較厚，靠近Craton一側較薄；地殼厚度比山脈區薄，比Craton區厚。

(2) 前陸盆地主要有兩種類型，即周緣前陸盆地和弧後前陸盆地；形態有簡單型和複雜型兩種。其發育的構造背景既可以是被動大陸邊緣，也可以是Craton周緣盆地和foredeep；但是，一般而言，前陸盆地沉積是被動大陸邊緣上盆地至斜坡、陸棚的沉積物。

(3) 前陸盆地是一種重要的撓曲盆地，撓曲程度取決於盆地岩石圈的剛度、構造荷重和沉積荷重的大小。撓曲模型有彈性模型、黏彈性模型和熱撓曲模型等。職以前對於台灣西北部前陸盆地之撓曲數值模擬做過一些研究。

(4) 前陸盆地充填物包括巨厚的海相至陸相沉積物，總体呈向上變淺變粗的沉積序列，一般為陸源碎屑岩，缺乏碳酸岩沉積。地層均呈循環式沉積，並發育粗碎屑楔狀体和地層不整合面。通常，可將前陸盆地充填實体分為下部岩系和上部岩系，其間多以角度不整合面為界，其中下部岩系與造山帶主造山幕同齡，是碰撞後不久形成的，上部岩系則為逆衝和構造抬升的產物。

(5) 前陸盆地沉積物一般具有雙物源。物源供給型式主要受逆衝造山地形起伏的影響。物源區的地層構構和演變決定了前陸盆地沉積之碎屑物類型。因此，根據前陸盆地充填序列中出現的不同碎屑類型或特徵礦物組合，可以恢復和確定造山帶火成岩、變質岩和特性沉積岩的拖曵次序和年齡，進而可據之推斷推覆体前進的次序和年齡。

(6) 前陸盆地的構造沉降曲線為上凸型，一般可分緩、陡兩段，早期較緩，晚期較陡。其沉降速率一般比被動大陸邊緣、裂谷和Craton盆地的沉降速率大，並具有自盆地中心向盆地邊緣遞增的趨勢。沉降中心和沉積中心並不一致，而且沉降中心一般具有向Craton方向遷移的特點。

(7) 前陸隆起是前陸盆地的重要組成部分，它是岩石圈受上層地殼加載於Craton側發生均衡撓曲的結果，其向上撓曲幅度與逆衝斷塊規模和前陸盆地沉降中心的下沉幅度成正比。

(8) 前陸盆地一般缺乏大規模區域性火山作用；其構造模式主要為薄皮逆衝層帶、被動雙重構造、往Craton方向發育背衝和對衝的基底捲入型逆衝斷層等。

正因由於前陸盆地所具有的上述地質特徵，導致前陸盆地有其自身的複雜性和特殊性，特別在盆地性質、地質背景、形成機制、物源供給等方面均不同於被動大陸邊緣盆地，决定了前陸盆地中層序地層模式和控制因素的複雜性和多變性。因此，目前尚未建立起完善之一般性前陸盆地層序地層模式，尚待繼續深入研究。

接著進行其層序分析對於前陸盆地層序地層特徵及其控制因素要有充份之掌握，一般而言，被動大陸邊緣層序地層的主要控制因素有：海平面升降變化、沉降速率和沉積物供給，此外，有部份專家分別強調了氣候和地形也是控制其層序形成的主要因素之一。如果說早期層序地層分析強調了海平面升降變化對層序地層形成的控制作用，那麼現代層序地層學則凸顯出構造對層序形成的影響，並已形成了一套將層序地層分析、沉降史分析和構造－地層分析結合整体綜合地層分析方法，進而為層序地層在更廣泛的領域中應用和發展奠定了基礎。

前陸盆地為典型的撓曲盆地，它在盆地性質、構造背景和形成機制等方面均不同於被動大陸邊緣盆地，導致前陸盆地層序地層形成的控制因素也不同於被動大陸邊緣盆地。可從沉降速率和形式、海平面升降和沉積物供給等三方面探討兩者之間的差異及其在層序形成過程中之控制作用。

1.沉降速率

前陸盆地是一種重要的撓曲盆地，盆地的沈降速率取決於盆地岩石圈的剛度、構造荷重和沉積荷重的大小。對某些特定的前陸盆地而言，盆地沉降速率是構造荷重的函數，即構造荷重越大，盆地沉降速率和幅度也越大，反之亦然。正是這種形成機制與被動大陸邊緣不同，導致了前陸盆地沉降速率一般比被動大陸邊緣盆地沉降速率大，其沉降曲線形態也不同於被動大陸邊緣盆地，前者為凸型，後者為上凹型；而且沉降速率在空間變化下也與被動大陸邊緣盆地相反，前者沉降速率自盆地中心向盆地邊緣遞增，而後者沉降速率則自邊緣向盆地中心遞增。

2.海平面升降

有些層序地層學者曾指出，相對海平面升降是控制層序地層形成的關鍵性因素，因為相對海平面升降直接控制了沉積物可容納空間的變化速率，並導致以層序界面和最大海泛面為界的循環式沉積。然而，相對海平面升降速率又取決於全球海平面升降速率與盆地沉降速率之間比率。故可將沉積盆地邊緣分為兩個帶，其中A帶的沉降速率一般大於全球海平面下降的速率，因此，在A帶中，相對海平面一直處於上升狀態；B帶以沉降速率有時小於全球海平面下降速率為特徵，因此，在B帶中，相對海平面有升降變化。在前陸盆地中，由於盆地沉降速率主要受制於撓曲荷重，盆地沉降率自盆地內向盆地邊緣遞增，A帶位於B帶靠陸一側；在被動大陸邊緣盆地中，盆地沉降速率主要受控於岩石圈變冷，盆地沉降速率自盆地邊緣向盆地內遞增，A帶位於B帶的空間位置在被動大陸邊緣和前陸盆地正好是相反的。

被動大陸邊緣與前陸盆地中控制層序形成的主要因素比較如下：

	層序控制因素
	被動大陸邊緣
	前陸盆地

	沉降速率
	沉降速率小，沉降速率是岩石圈變冷和沉積物荷重的函數；自盆地邊緣向盆內沉降速率遞增。
	沉降速率大，沉降速率是造山帶構造荷重和沉積物荷重的函數；自盆緣向盆內沉降速率遞減。

	海平面升降
	海平面升降的速率一般大於盆地沉降速率。
	海平面升降的速率一般小於盆地沉降速率。

	沉積物供給
	沉積物供給受海平面升降的控制。
	沉積物供給受逆衝造山有關地形起伏的控制，與海平面升降相關。


根據全球海平面升降與沉降速率相互關系所劃分的A帶和B帶，對預測盆地邊緣地層構成十分有利。一般而言，在一個全球海平面升降循環中，如果海岸線位於B帶中，則可能形成Ⅰ型層序，如果海岸線位於A帶中，則可能形成Ⅱ型層序。

值得注意的是由於前陸盆地沉降速率比較大，特別是在構造活躍時期，盆地沉降速率有時超過全球海平面下降速率，因而導致前陸盆地中相對於海平面處於持續上升狀態，盆地中通常充填了海侵沉積和海退沉積，層序界面一般為水下侵蝕界面和最大海泛面，有時為不整合面，通常沒有與河流復活相伴的陸上侵蝕作用及其所形成的不整合面。

3.沉積物供給

前陸盆地沉積物供給一般具有雙物源，而且，盆地中沉積物供給主要受控於與逆衝造山有關的地形起伏的影響，與海平面升降相關。正是由於此種原因，前陸盆地充填地層呈楔形，地層厚度由盆地邊緣向盆地中心减薄，而且粗碎屑楔狀体的出現是盆地邊緣造山帶構造復活的沉積造成。不過，也有人提出，細粒碎屑沉積是盆地邊緣造山帶構造復活的沉積所致。

在其它控制因素不變的情況下，沉積物供給是控制地層形成最重要的因素之一。在前陸盆地中，當沉積物供給相當充分時，海岸線將向B帶遷移，則可能形成Ⅰ型層序；當沉積物供給不充分時，海岸線向A帶遷移，則可能形成Ⅱ型層序。至於被動大陸邊緣中，當沉積物供給相當充分時，海岸線向A 帶遷移，可能形成Ⅱ型層序；當沉積物供給不充分時，海岸線向B帶遷移，則可能形成Ⅰ型層序。顯然，就沉積物供給速率而言，它對地層結構的控制作用在前陸盆地和被動大陸邊緣中是相反的，此點值得我們特別注意。

由於日後本公司之國外油氣探勘或礦區評估，皆極容易遇到前陸盆地之複雜構造地區，故應重視該類型之盆地分析尤其是建立其盆地架構所需之前陸盆地層序地層分析技術。
(三)儲集層特性及描述分析

此次順道就近參訪位於休士頓VERITAS公司地質部門及CORE-LAB公司，特別研討有關儲集層描述及模擬。

儲集層之油藏描述，隨著電腦技術的發展而迅速崛起的一項對油藏各種特徵進行三維空間定量描述和預測的綜合技術。它把地質、震測、井測、生產測試和電腦技術等融為一体，對油藏的架構儲集層屬性及其內部流体性質的空間分布等進行全面性的綜合研究和描述，最終建立一個三維、定量的油藏地質模型，做為油氣田探勘與開發之重要地質依據。因此，油藏描述工作的可靠程度及準確程度也就決定了一個油田探勘與開發的成功與失敗，即油藏描述是否符合客觀實際，所以，國內外均極重視油藏描述並積極投入人力、物力研究。

儲集層特性描述﹐在油氣探勘階段，配合油氣層構造圖、地化資料圖樣(R0,TOC)..等,可以描繪出探勘好景區域(lead)或油氣之潛能帶(fairway)﹐指引出進一步探勘的方向；在油氣生產開發階段則可為油氣蘊藏量估算的基本資料﹐協助生產及開發計劃的研擬。當然，不同階段所要求的模型精確度也有所差異。故以油氣探勘開發作業而言，皆是一項十分重要的工作與技術。
在任何探勘或生產區域﹐儲集層特性資料來自井下地質資料及電測之量測﹐而井孔與井孔之間則往往利用二維或三維震測資料進行孔隙率的預測﹐由於震測資料先天上的模擬特性﹐從震波振幅推算井孔之間油氣層特性分佈﹐可以說是儲集層特性描述技術研究的主要挑戰。所謂的模糊特性是指(一)震測資料為有限頻寬並含有雜波﹐據此而進行逆推之聲波阻抗模型﹐並非唯一解。(二)影響聲波阻抗的變數有孔隙率﹑岩性﹑流體飽和率﹑孔隙壓力(pore pressure)及溫度等﹐問題在於各種情况下很難找出何者為主要變數及相互關連及影響程度。過去，以廻歸分析為基礎﹐建立聲波阻抗或間隔傳播時間(interval transit time)與井測孔隙率間之廻歸關係式後﹐即進行井孔間之孔隙率等油氣層特性預測﹐這種作法假設每個井孔之油氣層特性值均為獨立值﹐然而忽略了這些資料值在空間中變化的相關性，對於預測結果﹐也缺乏可信度及整體資料是否具有一致性的風險評估。
針對上述缺點﹐利用地質統計法計算代表井孔位置油氣層特性之空間連續性(Variogram)、空間分佈估測(Estimation)及模擬(simulation)， 如此可對油氣層特性之走向或可能之沉積模式已能達到定性上之描述；然而，近年來儲集層特性之描述已經朝定量發展，欲達成此一目標，須先將井孔與井孔間之震測資料轉成具有電測資料特性之擬似聲波阻抗測錄圖，進行異質資料間之關連性分析，並整合地質、地球物理及鑽井等資料，建立穩定而具可預測性之油氣層特性模型，則油氣層特性在井孔間之水平方向及垂直方向之延伸情形可合理之定量描述；最後並選擇Sequencial Gaussian Simulation 法進行分佈模型之模擬﹐俾利後續之風險性評估。如此，可較精確掌握其特性與分布，應用在油氣探勘與開發上才較為可行。

經此次研討，對於儲集層油藏描述有待進一步克服及研究的難題還有很多，諸如：

（1）層次界面分析；

（2）地層架構和流体架構空間結構研究技術；

（3）建立精細地質模型技術；

（4）地質資料庫建立和應用技術；

（5）三維油藏模型精細預測技術；

（6）剩餘油氣評估技術；

（7）裂縫預測技術；

（8）薄層檢測和解釋技術；

（9）流体單元空間結構研究技術；

（10）微構造和細微地質界面研究技術；

（11）儲集層物性動態變化空間分布規律研究技術；

（12）適應不同類型儲集層的地質統計學預測方法和軟体；

（13）多功能綜合三維油藏描述軟体；

（14）開發震測技術和解釋方法；

（15）四維震測技術；

（16）油氣直接探測分析技術；

（17）其它井間定量檢測技術和方法等。

綜合而言，未來儲集層油藏描述必然趨向微觀化、定量化、預測化和系統化方向發展。其顯著特點是整合多項學科、多項專業的高度綜合技術，並藉各種數學理論和方法的大量引進，電腦技術的大量應用，以及各種新技術和新方法的進行使用，方能成功而降低探勘風險並提高油氣田採收率。
柒、結論與建議

精準之層序地層分析技術對於盆地分析油氣探勘技術之提昇，十分重要；且為對於地層封閉及複雜地區探勘工作非常重要的關鍵。職本次奉派參與著名之SEPM所舉辦之GCSSEPM年會，並進行層序地層相關論文研討，以探討有關各種盆地之層序地層分析及應用技術；尤其是應用於盆地分析中，其地層架構、系統解析、層序演化及其地層封閉研究，以期引進有關高分辨率層序分析及對比之新進技術及觀念，以提昇盆地分析及沉積構造体系域解析能力，並配合探採研究所研究發展業務，提供公司探勘參考並應用於國內或國外礦區評估研究作業上。
本次參與SEPM舉辦之國際年會並參與研討；收集有關SEPM國際年會及相關研討會新資料、新技術，並經驗交流討論；研討層序、地層分析模式及儲層描述，對於盆地分析、礦區評估及油氣探勘開發皆有很大的助益，並可應用至石油基金計畫及與大陸合作研究計畫上；另外順道參訪著名VERITAS公司及CORE-LAB公司研討儲集層描述分析技術，皆可實際應用。如此可運用有關資料、論文及技術，提昇礦區評估、盆地分析及石油系統作業技術，並實際運用於探油工作及開發作業。
因本所購有國際著名顧問公司VERITAS有關儲集層描述及模擬之軟體(RC2)，故於會後順道就近參訪該公司地質部門，特別洽談相關軟體及研討有關儲集層描述、地質統計分析等。本次在其地質部門研討相關軟體，瞭解到其主要儲集層描述及模擬軟體，仍以併購自原先RC2公司為基本骨幹架構，再配合VERITAS本身領先世界之地球物理專業科技加以輔助及整合，具有其競爭力與優勢。

在此次參訪中除儲集層描述(RC2)軟體展示及應用外，特別針對其涵蓋之地質統計部份詳加研討，因這部份是該軟體整個設計之重心，悠關到個案模擬及礦區評估之正確與成敗。地質統計不同於傳統的其它估測方法，能將地質特性的空間連續性及變化性，以量化的方法來描述，能整合不同空間解析度及取樣模式的各種不同量度特性，並能量度由於不足取樣點等因素造成之不準度。地質統計研究的步驟可分為四部分：(1)初步統計分析；(2)空間連續性分析；(3)估測及不準度評估；(4)模擬。
由於目前本所及公司對較複雜之構造或地層封閉其儲集岩評估亦為研發重點，故該公司後來發展之(RC2)AnteroTM軟體則為重要的解決工具，其主要為整合三維複雜構造及層序之儲集岩模擬(見資料3)，其具有1.Build and grid heavily faulted frameworks with precision 2.Rapidly generate realistic models that honor all data 3.Intelligently upscale based on flow characteristics 4.Simulate and condition models with dynamic data等四項特點，可作為本所(RC2)軟體更新及擴充之參考。

參加研討會期間，並認識聞名於世之Core-Lab公司其經理及資深研究人員，並受邀參訪其著名之實驗室，發覺該公司已從先前領先之岩心分析領域轉進至整合各項探勘科技並進軍至油氣探勘之顧問工作領域，目前接有世界各地之探勘工作項目及計畫，尤其對於地球物理科技震測資料處理程式發展不遺餘力，並以其原先領先之岩心岩石物理技術基礎，發展與其他公司不同特色之物探資料處理技術，值得我們注意。

近年來對於震測資料處理技術之需求，隨著探勘技術發展，朝向複雜構造封閉、震測地層封閉及儲集層特性整合之趨勢，有必要提升原有傳統上之震測資料處理技術之功能，尤其是在能量或振幅保存及增加解釋時震測資料之頻寬等待特殊處理技術，為近年來地物理探勘料處理極為重要之技術。為進行上述震測資料處理技術之研究發展，需增加傳統震測資料處理前之振幅處理相關處理工具及傳統震測移位處理後整合下地質資訊之數理統計法震測逆推相關處理工具，以利達到能量補償及提高震測地層解析力的目的，增加探勘目標解釋之合理性，而Core-Lab公司對此方面非常重視，並在其接受之各礦區委託評估計畫中加強相關技術之研究，目前其有關技術如LIFT軟體及TomoSeis imaging technology等值我們引進及運用。

由於目前台灣油氣探勘遭遇瓶頸，因為大的構造或構造較簡單、清楚之標的皆已探勘殆盡，需轉進較複雜之構造或地層封閉之較困難探勘標的，而職認為其高解析之層序地層分析技術及前陸盆地之層序地層分析概念與技術是突破目前瓶頸之核心技術之一，另外較精緻細微之構造或封閉，其儲集層特性描述及分析亦為重要的課題；故在開會及研討期間，特別就相關技術與各專家研討，以期有所重大收益，而於日後工作上能加以應用。

高分辨成因地層分析作為地層對比的另一種方法及工具，可作為預測儲集層和蓋層的物性、体積與連續性的手段，具有高精確對比的優勢性。高分辨率成因地層分析技術具有將地層的一堆訊息轉化為對多種類型和規模的沉積体系與地層架構屬性的三維推測能力。這是由於物質守恆與基準面變化控制了沉積物体積之分配，並控制了各種尺度規模的地層特性。並可用於無井控制地區，利用數學逆推方法及技術並運用確定性沉積模式方法，定量分析推測地層、沉積屬性及分佈。而高分辨率層序地層分析結合露頭、井測、岩心和三維高分辨率震測反射資料為基礎，以高分辨率層序地層理論為準則，運用精細地層劃分和對比技術，建立區域、油田及油氣藏高精度地層對比架構，在特定地層架構內對地層，包括生油層、儲集層和蓋層等進行評估和推測。

最近以來，以多級次基凖面循環為參考面的高分辨率層序地層學的基本理論和研究方法，現已進入通過正演、逆推模型的建立對不同構造背景、不同沉積環境的地層進行定量推測的階段。由於其在不同構造類型盆地、海相和陸相不同沉積環境形成的地層中進行層序地層分析，以及其在以不整合面為界的三級層序中進行高精度等時地層單元劃分與對比的特點，逐漸為大家接受。在油氣探勘與開發作業上，高分辨率層序地層分析之技術正在快速發展與應用。在本次研討會中探討之高分辨率及高解析層序地層分析之概念與技術，於日後之礦區評估震測地層分析或盆地分析之層序地層解析皆可善加運用。

前陸盆地為典型的撓曲盆地，它在盆地性質、構造背景和形成機制等方面均不同於被動大陸邊緣盆地，導致前陸盆地層序地層形成的控制因素也不同於被動大陸邊緣盆地。可從沉降速率和形式、海平面升降和沉積物供給等三方面探討兩者之間的差異及其在層序形成過程中之控制作用。

由於前陸盆地具有特殊地質條件，導致前陸盆地有其自身的複雜性和特殊性，特別在盆地性質、地質背景、形成機制、物源供給等方面均不同於被動大陸邊緣盆地，决定了前陸盆地中層序地層模式和控制因素的複雜性和多變性。因此，目前尚未建立起完善之一般性前陸盆地層序地層模式，尚待繼續深入研究。

由於日後本公司之國外油氣探勘或礦區評估，皆極容易遇到前陸盆地之複雜構造地區，故應重視該類型之盆地分析尤其是建立其盆地架構所需之前陸盆地層序地層分析技術。

此次順道就近參訪位於休士頓VERITAS公司地質部門及CORE-LAB公司，特別研討有關儲集層描述及模擬。

儲集層之油藏描述，隨著電腦技術的發展而迅速崛起的一項對油藏各種特徵進行三維空間定量描述和預測的綜合技術。它把地質、震測、井測、生產測試和電腦技術等融為一体，對油藏的架構儲集層屬性及其內部流体性質的空間分布等進行全面性的綜合研究和描述，最終建立一個三維、定量的油藏地質模型，做為油氣田探勘與開發之重要地質依據。因此，油藏描述工作的可靠程度及準確程度也就決定了一個油田探勘與開發的成功與失敗，即油藏描述是否符合客觀實際，所以，國內外均極重視油藏描述並積極投入人力、物力研究，本所亦急起直追在相關方面的研究。

儲集層特性描述﹐在油氣探勘階段，配合油氣層構造圖、地化資料圖樣(R0,TOC)..等,可以描繪出探勘好景區域(lead)或油氣之潛能帶(fairway)﹐指引出進一步探勘的方向；在油氣生產開發階段則可為油氣蘊藏量估算的基本資料﹐協助生產及開發計劃的研擬。當然，不同階段所要求的模型精確度也有所差異。故以油氣探勘開發作業而言，皆是一項十分重要的工作與技術。

經此次研討，對於儲集層油藏描述有待進一步克服及研究的難題還有很多，諸如：

（1）層次界面分析；（2）地層架構和流体架構空間結構研究技術；（3）建立精細地質模型技術；（4）地質資料庫建立和應用技術；（5）三維油藏模型精細預測技術；（6）剩餘油氣評估技術；（7）裂縫預測技術；

（8）薄層檢測和解釋技術；（9）流体單元空間結構研究技術；（10）微構造和細微地質界面研究技術；（11）儲集層物性動態變化空間分布規律研究技術；（12）適應不同類型儲集層的地質統計學預測方法和軟体；（13）多功能綜合三維油藏描述軟体；（14）開發震測技術和解釋方法；（15）四維震測技術；（16）油氣直接探測分析技術；（17）其它井間定量檢測技術和方法等。綜合而言，而未來儲集層油藏描述必然趨向微觀化、定量化、預測化和系統化方向發展。其顯著特點是整合多項學科、多項專業的高度綜合技術，並藉各種數學理論和方法的大量引進，電腦技術的大量應用，以及各種新技術和新方法的進行使用，方能成功而降低探勘風險並提高油氣田採收率。
捌、附錄
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Mention the words “sequence stratigraphy” and the first two
words that will occur to you are “Peter Vail.” No matter whether
you agree or disagree with the “Exxon School,” I do not think
that anyone could disagree with the statement that Peter Vail has
been not only the most influential person in stratigraphy in the
past 40 years, but he has also greatly influenced the exploration
methodologies in the oil industry. Upon his retirement from
Rice University, a “Vail Fest” conference was held to honor
him. We acknowledge that the Foundation helped support the
conference and agreed that we would dedicate these
Proceedings to him. This was an easy agreement for us as we
had decided already that Peter would be elected as a GCSSEPM
honorary member. The note that follows is from the GCAGS/
GCSSEPM Transactions for 2002.

Norman C. Rosen,
Executive Director
GCSSEPM Foundation

Dr. Peter R. Vail: “A Life Dedicated to Stratigraphy”

The spirit of this conference is to honor Peter R. Vail for
his original concepts and pioneering work in sequence
stratigraphy, and to celebrate his contributions to both
industry and academia during his career of over 40 years.
The fundamental impact and influence of his ideas on
industry and academia have been very significant, and his
earnest desire to teach others both as a professor at Rice
University and as a peer is a role that we can all aspire to.

Pete’s ideas on the unifying paradigm of eustatic cycles
are probably as close to an original “breakthrough” concept
as most of us are privileged to witness. Pete’s worldwide
experience with Exxon’s research and exploration groups

Peter Vail

honed the original concept into an immensely practical tool for hydrocarbon




[image: image20.jpg]exploration, and provided a logical framework in which all geoscientists could build
a realistic, predictive stratigraphic framework for their sedimentary rocks, at the
seismic or outcrop scale. His lectures, publications, and untiring teaching efforts at
Rice have made his methods available to any interpreter or geologist willing to try
them.

Peter Vail graduated from Dartmouth College in 1952 with an A.B. degree. He
attended Northwestern University from 1952 to 1956 where he received his M.S. and
Ph.D. degrees. At Northwestern, he was greatly influenced by Professors Larry Sloss
and Bill Krumbein, who were at the height of their work on quantified facies mapping
and North American unconformity-bounded cratonic sequences. He began his career
with Exxon in 1956 as a research geologist with the Carter Oil Company, an Exxon
affiliate in Tulsa, Oklahoma. He and his wife, Carolyn, reared a family of three
children, who at first grew faster than his reputation. He relocated to Houston in 1965,
at Esso Production Research Company, now ExxonMobil Upstream Research
Company, and advanced to a Senior Research Scientist, the highest technical position.

In 1986, Pete was appointed the W. Maurice Ewing Professor of Oceanography at
Rice University. Pete continued working toward the refinement and further
understanding of sequence stratigraphic techniques, which are fundamental concepts in
common usage by many geoscientists today. Pete took a sabbatical leave from 1992 to
1993 with CNRS in Paris, to lead studies of the sequence stratigraphy of European
basins and to revise and document the eustatic cycle chart. He retired from Rice in 2001.

Pete’s ideas evolved naturally from his first pioneering work on the importance
of stratal surfaces in rocks as geologic time lines. He soon recognized the cyclic
occurrence of bundles of strata he called sequences in well logs, seismic reflections,
and outcrops. When he began seeing that sequence boundaries have the same ages
in several basins worldwide, he postulated that global sea level changes are a major
control on the stratigraphic record, along with basin tectonics and sediment supply.
This realization led to the development of eustatic cycle charts. In 1977, these
concepts were published in AAPG Memoir 26. His latest SEPM Special Publication




[image: image21.jpg]on the sequence stratigraphy of European basins is a tremendous group effort, which
led to a major revision of the eustatic cycle chart.

In the natural course of his work, Pete has held many important roles in a variety
of industry, government, and academic-based steering committees, and has received
the recognition of his peers in the form of many honors both from academic
institutions and industry-based societies. He served on a number of important
committees, including the U.S. Department of Energy Committee on Research
Drilling (1987-88), the U.S. Geodynamics Committee of the National Academy of
Sciences, and the American Commission on Stratigraphic Nomenclature. He has
been honored by professional societies for his outstanding contributions to geology.
A few of his awards include the Virgil Kauffman Gold Medal in 1976 for the
Advancement of the Science of Geophysical Exploration by the Society of
Exploration Geophysicists, the American Association of Petroleum Geologists
President’s Award in 1979, and the AAPG’s George C. Matson Memorial Award in
1980. In 1983 he was the recipient of the Offshore Technology Conference
Individual Distinguished Achievement Award. More recently, he was awarded the
Twenhofel Medal by the SEPM (Society for Sedimentary Geology), and Honorary
Memberships in the AAPG and SEG. He has been invited by several universities to
serve on advisory committees for their Geology Departments, including Princeton
and Northwestern. In addition, he was recognized by universities and societies in
France, Belgium, Scotland, England, and Australia with various honorary
memberships and awards in recognition of his leading-edge rescarch work. Lists of
his other honors fill pages!

Pete’s extensive publications list, combined with the large number of scientific
citations that his papers receive each year, indicate the significance of his work and
attest to the fact that he is one of the most internationally recognized experts in the
field of sequence stratigraphy. Above all, Pete’s greatest characteristics are his
integrity, his dedication to his family, and his faithfulness to friends, colleagues and
students. It is a great honor to have been part of his life.

Robert M. Mitchum and John B. Sangree
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Sequence  stratigraphy as an interpretation
‘methodology is widely applied in petroleum exploration
and production. This year’s Gulf Coast Section SEPM
22" Annual Bob F. Perkins Research Conference is
entitled “Sequence Stratigraphic Models for Exploration
and Production: Evolving Methodology, Emerging
Models and Application Histories.” The program
committee has assembled 48 papers on sequence
stratigraphy organized into six categories: Origin and
Evolution of the Model, Variations of Sequence
Stratigraphic Methodology, Primary Controls on
Sequence Architecture, Primary Controls and Case
Histories, Applications to Exploration, and Applications John M. Armentrout
to Production. Posters include topics on Case Histories Committee Co-Chair
and Sequence Calibration. Depositional environments
represented by case studies include alluvial, fluvial, lacustrine, eolian, coastal plain/
deltaic, shelf, slope and basin floor.

In a sense, this year’s conference is an update of the 1991, 11" Annual
Conference titled “Sequence Stratigraphy as an Exploration Tool: Concepts and
Practices.” Since that time the concepts and interpretation methodologies have
evolved through the infusion of well data, cores, high-resolution biostratigraphy,
geochemistry and 3D seismic data. Models for interpretation provide information
derived from seismic geometries and attributes ahead of the drill-bit, and for
prediction of reservoir type and performance in development projects. The papers
presented in this year’s program represent a progress report on the evolution of
sequence stratigraphic analysis.

Sequence stratigraphic analysis was the “brain child” of Peter Vail and his
associates at Esso Production Research. It is with great pleasure that the GCSSEPM
dedicates the 2002 program in honor of Peter R. Vail. While the development of




[image: image23.jpg]seismic sequence stratigraphy, and subsequently sequence stratigraphy, was a
collaborative effort of many geoscientists, the initial team members acknowledge
that it was Peter Vail’s vision of the possible that lead to the documentation of
seismic reflections as time-significant horizons and seismic geometries and attribute
facies as proxies for specific depositional environments.

This volume results from the combined efforts of the program committee and the
more than 100 authors of the papers. All committee members and senior authors
helped in the review process. Jory Pacht contributed vision in seeking authors from
a wide spectrum of disciplines. Norm Rosen completed the Herculean effort of final
editing, and Gail Bergan and staff compiled the CD ROM, overcoming numerous
software challenges. Thus, this product reflects the efforts of more than 130
geoscientists. We also want to thank the numerous organizations that employ the
contributors and approved publication of the papers. Preparation of manuscripts for
publication is an arduous process, and the multitude of partners in most exploration
and production projects requires approval for publication from many sources. The
authors are commended for their perseverance throughout this process. We all
benefit from their efforts.




[image: image24.jpg]Listing of Papers by Session

Note: All oversized figures (11 X 17 in.) appear in the back of each paper and
therefore do not occur in sequential order in the layout.

Session I—Origin and Evolution of the Model

Sequence Stratigraphy: Evolution and Effects
Mitchum, R. M., Vail, P. R., and Sangree, J. B.

Concepts of Depositional Sequences
Vail, Peter R., Mitchum, Robert M., and Sangree, John B.

Sequences, Depositional Systems, and Synsedimentary Tectonics, Oligocene
Rocks, Corpus Christi Region, South Texas: Revisiting Mature Fields with
New Prospecting Tactics

Brown, L. Frank, Jr., Loucks, Robert G., and Trevifio, Ramén H.

Sequence Stratigraphy Past, Present and Future, and the Role of
3-D Seismic Data
Posamentier, Henry W.

High-Frequency Sequence Stratigraphy from Seismic Sedimentology:
A Miocene Gulf Coast Example
Zeng, Hongliu and Hentz, Tucker F.

Using Sequence Hierarchy to Subdivide Miocene Reservoir Systems
of the Western Atwater Foldbelt, Ultra Deep Water Gulf of Mexico
Apps, Gillian M., Moore, Michael G., Woodall, Mark A., and Delph, Bryan C.

Exploration Play Analysis from a Sequence Stratigraphic Perspective
Snedden, John W., Sarg, J. F. (Rick), and Ying, Yudong (Don)





[image: image25.jpg]Session |l—Variations of Sequence Stratigraphic Methodology

Sequence

The Many Faces of Erosion: Theory Meets Data i
Stratigraphic Analysis
Galloway, William E. and Sylvia, Dennis A.

Genetic Stratigraphy, Stratigraphic Architecture, and Reservoir Stacking
Patterns of the Upper Miocene—Lower Pliocene Greater Mars-Ursa
Intraslope Basin, Mississippi Canyon, Gulf of Mexico
Meckel, Lawrence D., 111, Ugueto, Gustavo A., Lynch, H. David, Cumming, Earl W.,
Hewett, Ben M., Bocage, Eric J., Winker, Charlic D., and O*Neill, Brian J.

Allostratigraphy Versus Sequence Stratigraphy
Bhattacharya, Janok P.

Transgressive-Regressive (T-R) Sequence Stratigraphy
Embry, Ashton F.

Transgressive-Regressive Cycles: Application to Petroleum Exploration

for Hydrocarbons Associated with Cretaccous Shelf Carbonates and

Coastal and Fluvial-Deltaic Siliciclastics, Northeastern Gulf of Mexico
Mancini, Emest A. and Puckett, T. Markham

Keeping Pace: Continental (Nonmarine) Sequence Stratigraphy
in a High Accommodation-Sediment Supply Regime, Hornelen
Basin (Devonian), Norway

Anderson, Donna S.

Bounding-Surface Hierarchies and Related Sources of Heterogenei
Seemingly Uniform Fluvial Sandstone Sheets
Holbrook, John and Oboh-Ikuenobe, Francisca E.
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Predictable Variations in the Marine Stratigraphic Record of the
Northern and Southern Hemispheres and Reservoir Potential
Perlmutter, Martin A. and Plotnick, Roy E.

Depositional Topography: Key Element of Stratigraphic Interpretation
and Panacea for Log Correlation: Part 1: Concepts and Transitional
Icehouse-Greenhouse Systems

Tinker, Scott W. and Kerans, Charles

Depositional Topography: Key Element of Stratigraphic Interpretation
and Panacea for Log Correlation: Part 2: Concepts and Transitional
Icehouse-Greenhouse Systems

Kerans, Charles and Tinker, Scott W.

Paleoclimate and the Origin of Middle Pennsylvanian Cyclothems
(Fourth-Order Sequences) of North America
Cecil, C. Blaine, Dulong, Frank T., West, Ronald R., and Edgar, N. Terence

Stratigraphic Architecture and Fundamental Sedimentology of Two
Late Pleistocene Deltas: Gulf of Mexico and Indonesia
Roberts, Harry H., Sydow, John, Fillon, Richard, and Kohl, Barry

Sea-Level Estimates for the Latest 100 Million Years: One-Dimensional
Backstripping of Onshore New Jersey Borcholes
Kominz, Michelle A., Van Sickel, William A., Miller, Kenneth G., and
Browning, James V.

ODP, Sequences, and Global Sea-Level Change: Comparison of Ieehouse vs.
Greenhouse Eustatic Changes
Miller, Kenneth G., Browning, James V.. Wright, James D., Mountain, Gregory S.,
Hemnindez, John C., Olsson, Richard K., Feigenson, Mark D.,
Kominz, Michelle A., Van Sickel, William A., and Sugarman, Peter J.
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Sequence Stratigraphy in Fine-Grained Rocks: Beyond the Correlative
Conformity
Bohacs, Kevin M., Neal, Jack E.. and Grabowski, George J., Jr.

Sequence Stratigraphy and Eustatic Sea Level
Kominz, Michelle A. and Pekar, Stephen F.

Clinoforms, Clinoform Trajectories and Deepwater Sands
Steel, Ron and Olsen, Torben

Allocyclic and Autocyclic Processes as Primary Controls on the Stratal
Architecture and Sedimentological Expression of Depositional Systems
from the Bolivian Sub-Andean Foreland Basin
Wagner, John B., Bhattacharya, Janok P., Socgaard, Kristian, Moiola, Richard J.,
and Coleman, James M.

Influence of Paleotopography, Eustasy and Tectonic Subsidence:
Upper Jurassic Smackover Formation, Vocation Field, Manila Sub-Basin
(Eastern Gulf Coastal Plain)

Llinds, Juan Carlos

Controls on Sequence Architecture in Lacustrine Basins—Insights for
Sequence Stratigraphy in General
Bohacs, Kevin M., Neal, Jack E., Grabowski, George J., Jr., Reynolds, David J.,
and Carroll, Alan R.

Contrasting Styles of Eolian, Fluvial, and Lacustrine Sequence
Development: UK Southern North Sea
Sweet, Michael L.
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Extracting Stratigraphic Information from 3D: Exploiting the
Seismic Data .
Liro, Louis M. and Cline, Kimberly

Cyelic Attributes on Seismic Data and Sequence Stratigraphy—New
Criteria for Exploration, New Interpretation Styles
Radovich, Barbara J.

Oligocene/Miocene Depositional System, Volta Fan Fold Belt, Ghana
Nibbelink, K. A. and Huggard, J. D.

Sequence Stratigraphic Framework for Oil- and Gas-Prospective
Brookian Turbidites, National Petroleum Reserve in Alaska (NPRA)
Houseknecht, David W. and Schenk, Christopher J.

Sequence and Seismic Stratigraphy of the Bossier Formation
(Tithonian; Uppermost Jurassic), Western East Texas Basin
Klein, George D. and Chaivre, Kenneth R.

Continental Shelf Sand Ridges: Genesi
Significance
Nummedal, Dag and Suter, John R.

Stratigraphy and Petroleum

Amplitude Anomalies in a Sequence Stratigraphic Framework:
Exploration Successes and Pitfalls in a Subgorge Play, Sacramento
Basin, California
May, Jeffrey A., Przywara, Mark S., Mazza, Thomas A., Clark, Ruble,
Diouhy, John, and Hettenhausen, Roger
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Regional Facies Relationships and Sequence Stratigraphy of a Super-Giant
Reservoir (Arab-D Member), Saudi Arabia
Handford, C. Robertson, Cantrell, Dave L., and Keith, Thomas H.

Facies and Sequence Stratigraphy of the Abo Formation in the
Kingdom Field Area, Terry and Hockley Counties, West Texas
D’Agostino, Anthony E. and Party, J. Michael

Sequence Stratigraphic Framework in a Humid Alluvial Fan Complex,
Quiriquire Oil Field, Venezuela
Kong, Fanchen, Jalfin, Guillermo, Lukito, Pujianto, and Sarkawi, Ichsan

Application of Sequence Stratigraphy in Production Geology and 3-D
Reservoir Modeling
Howell, John and Flint, Stephen

Examples of Fluvial Stratigraphy in the Wilcox Group, Louisiana as
Revealed by High-Resolution 3D Seismic Data
Phelps, Jeanne S. F., Jee, Jonathan L., Fogarty, Michael A., and

Phelps, R. David

Sequence Stratigraphic Framework for Prediction of Shallow Water
Flow in the Greater Mars-Ursa Area, N ippi Canyon Area,
Gulf of Mexico Continental Slope

Winker, Charles D. and Shipp, R. Craig

Multiple Fields withi
Greater Auger Basin, Gulf of Mexico
Dean, Michael C., Booth, James R., and Mitchell, Bruce T.

the Sequence Stratigraphic Framework of the
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