Appendix

I. Interpretation of Sequences from Seismic data

-Introduction

-What is seismic reflection data and how is it processed?


-Terms:  sources, impedance, geophones, stacking, Fourier analysis, frequency filtering, moveout correction, Snell's law (Sin01/Sin02 = V2/V1), reflectors, two-way travel time, migration 


-Resolution (Individual beds can be resolved down to about 1/4 wavelength [In general, beds as thin as about 1m down to about 75m; beds only as thin as about 15m thick at a kilometer or two])

-Factors to consider when interpreting time sections


-Fast beds will appear thinner than they actually are and vise versa


-Velocity generally increases with depth


-Dipping beds will always appear to have shallower dips than they actually do (migration) 


-Steeply dipping surfaces may be more prone to migration errors or may not show up at all


-Multiples


-Point-source diffractions


-There is room for some interpretation

-Sequence-stratigraphic interpretation of seismic lines

-Mostly already covered

-The “slug diagram” idealized case

-The importance of lapping relationships and arrangement of surfaces

-Some realities of actual interpretation

-Transgressive systems tract is commonly thin and hard to spot

-Healing phase expression

-Highstand may appear dominant

-Lowstand fans generally only visible where large drop-off occur

-Lapping relationships may not be apparent where…

-Section is dominated by non-prograding systems

-Progradation angle is low

-Improvement by vertical exaggeration

-Trace is lateral along strike to main prograding body

-Sequences may be hierarchical and thus complex

-Plainview of reflectors is a help (3-D seismic)

-Use well data if you have it

II.  Facies Essentials for the Sequence Stratigrapher

Facies - The overall characteristics of a rock unit that reflect its origin and differentiate the unit from others around it. Mineralogy and sedimentary source, fossil content, sedimentary structures and texture distinguish one facies from another. (Oilfield Glossary)

-Facies categories applied

-Surface and subsurface (ie. Cores)

-Lithofacies

-Predicated on the physics grain entrainment, grain movement, and flow structure; factors non-unique to environment


-Also impacted by grain availability and diagenetic alteration

-Biofacies 

-Niche and Taphonomy

-Main subdivisions

-Macro and micro faunal facies

-Ichnofacies

-Palynofacies

-Spores, pollen, woody debris, algae (marine Vs terrestrial; e.g., dinoflagellates), amorphous organic matter

-Effect of floating plant debris

-Chemofacies, 

-Type I (algal), Type II (mixed terrestrial and marine), and Type III (Woody/terrestrial) kerogen Vs saprolith and humic/lignitic

-Stable Isotopes


-Carbon isotopes

-Variations with environment and preferential uptake of C12 by organic (ie.,photosysthesis) and not inorganic uptake

-Variations through time and the role of transgression, plant evolution, and biomass 
  

-Subsurface 

-Seismic facies, assorted well-log geophysical facies

-More in later discussion on subsurface application

-Other facies (e.g., tectonofacies, magnetofacies, etc.) less used 

-Facies Vs depositional environment

-Facies associations

-Walther’s Law

-The most pivotal depositional systems and their forget-me-nots

-Fluvial

-Shoreface

-Valley fill/Estuary

-Siliciclastic shelf

-Submarine fan 
III. Sequence Stratigraphy in Boreholes

-The Rotary Drill Rig

-Direct vs. indirect hard data sources

-Direct

-Logs of cuttings and cores

-Indirect



-Geophysical logs

-Sources of log data


-Central well log libraries for the public


-Information supply companies



-Petroleum Information (PI) and MJ Systems



-Denver Earth Resources library 


-The company which contracted the well


-Some other, less common, sources exist



-Cities may have engineering wells



-Academic or government institutions may have some data



-Use your imagination

-Cuttings


-Collection, problems, logs, and where to get them

-Cores


-Collection, problems, logs and cores, and where to get them

-Geophysical logs


-In general


-Spontaneous potential

-How does it works

-Membrane effect

-What it means



-Some points to note




-No clay and not porous, possibly no effect will be seen



-Mud more saline than formation waters, curves reversed



-Mud and formation waters the same, line is straight



-Anomalous readings, or possible base-line shifts, where the drill penetrates a hydraulic barrier

-The Gamma Ray log


-Measures the emission of gamma rays from the rock 



-A scintillation counter is used




-Resolution of about one foot 



-K40 and isotopes of Uranium and Thorium series


-Gamma ray emission is a useful gage of shale content

-Beware:  Volcanic ash, organics, K-spar(beware of arkose), and radioactive salts


-The GR log as the "correlation log"

-Sources of deviation in GR value 



-Density of the host formation and the hole conditions 

-Resistivity logs


-What are they?


-Resistivity factors



-Resistivity of the pore waters



-Amount of pore water



-Interconnectivness and general geometry of the pores 


-The normal device


-The lateral device

 
-Common modified lateral logs


-Laterolog 7 (LL7); laterolog 8 (LL8); laterolog 3 (LL3); spherically focused Log (SFL); dual laterolog (DLL; LLD, LLS)

-Interpretating e-logs, the common log

-Induction logs


-What do induction logs measure, and how do they do it? 


-Several induction systems 


-6FF40 and the 6FF28; DIL-LL8 and DIL-SFL (ID, IM); Phaser induction tool (IDPH, IMPH)

-Similarities to Resistivity logs regarding interpretation

Porosity logs

-Sonic logs


-Basic principle 



-P waves; S waves; surface waves/Stoneley waves 


-Mud waves 

-Mud (as well as the sonde) slower than those of the formation

-Exceptions 


-BHC, LSS, and Array are common tools

-Some sources of error




-Cycle skipping; Radial velocity profiles


-Log is recorded as (t in microsecond/foot ((s/ft) over a range of 44 (s/ft (zero-porosity dense dolomite) to 190 (s/ft (water)

-Velocity of rocks depends on? 


-Uses and considerations

-Density logs


-The principle 


-Compensated Formation Density Tool (FDC) 


-Recorded as g/cm3


-Sources of error

-Electron density vs. bulk density; Mudcake; Borehole effect;

Depth

-Neutron logs


-The principle


-Capture gamma radiation; Thermal neutrons


-GNL (extinct); Sidewall Neutron Porosity Tool (SNP; in limited use); Compensated Neutron Log (CNL and CNL-G) 


-Recorded as % porosity on the log


-Sources of error


-Bounded water; actual vs effective porosity; lithologic effects; hydrocarbons; clay content

-FMI (Formation MicroImager) logs

-The principle

-Advantages and disadvantages

-Facies in wells

-Leading edge of a revolution?

Correlation

-Basic principles 

-Similarities and differences with correlation of outcrop sections

-E-logs and Gamma logs


-Most commonly attainable 

-Sonic, neutron, density, SP, or gama logs can be used 

-Basic technique
-Establish the target field and target interval 

-Collect all the necessary logs that pierce the target 

-Identify the target interval 

-Calibrate your logs


-There are a few ways to calibrate your logs



-Core that has an E-log of that interval




-From here, establish a correlation type log



-Log suites



-Outcrop



-Any combination of the above

-Copied to the same scale

-Establish a correlation plan


-Characteristics



-Should correlate logs to nearest neighbor



-Should correlate each log to at least two other logs, 

-Should correlate in closed loops  

-Correlate bounding surfaces using patterns 

-Some tips

-Concept of markers and pattern matching

-Think about the depositional environment

-The best and most extensive markers are found in rocks of the most regionally uniform depositional environments

-Think about pattern deviations measured by the sonde

-Bypass problem logs and come back to them later

-Correlate both up the log and down the log

-Different log types may be correlated to each other with an air of caution

-I've been known to use a light table for correlations

-Effects of faults and unconformities


-Section is repeated, reverse fault or overturned syncline


-Section missing; normal fault 

-Missing section could also mean an unconformity

-Thickness deviations owing to dipping beds and directional wells


-Dipmeter logs

Subsurface mapping
-Cross sections

-Stratigraphic vs structural correlation cross sections vs. fence diagrams
-What each is intended to show

-The importance of the datum

-The importance of choice of section line

-Structural Contour Map
-Structural contour mapping in general


-Dip corrections (also note dipmeter logs)

-Drawing a structural contour map


-Pick a horizon in the subsurface; record the depth to that horizon in all wells; plot this data on a base map; pick a contour interval; do a standard contour map of elevation; mark anticlines, synclines, and faults

-Isopach Maps 
-What are they and how are they made

-Two main types of isopach maps (isochore map; interval isopach map) and uses

-Facies Maps
-What are they and how are they made

-Many types and uses

Features of sequences in well logs

-Some general characteristics of sequence-stratigraphic surfaces and the units they bind within well-log data

-Flooding surfaces and parasequences

-Sequence boundaries

-Transgressive surfaces and transgressive surfaces of erosion

-Regressive surfaces of erosion

-Flooding surfaces/condensed sections

-Some points to ponder when correlating sequence-stratigraphic surfaces

-Constrain surfaces between good markers to help you keep their location confined

-Truncations against valleys

-Down lap, top lap, and other laps show up in well log cross sections where present, and where borehole data are sufficiently laterally extensive and closely spaced

-Keep the expected nature and lateral extent of sequence-stratigraphic units in mind when doing correlations 

-Parasequences, and thus their flooding surfaces, don’t go on forever

-Fluvial units may not produce good correlative markers, but trends of amalgamation may be helpful

-Condensed sections make pretty good markers

-Only a few surfaces will extend regionally as good marker horizons 

-Use everything you have

