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Goals

Improve Subsurface Studies of the Middle
Devonian

Better Define Middle Devonian Stratigraphic
relationships

Document Middle Devonian Petrophysics

Clarify Middle Devonian Economic Potential
and its relation to stratigraphy



Purpose

0 Comprehensive stratigraphic analysis of the
Middle Devonian
» Maps
» Cross-sections

0 Comprehensive petrophysical analysis of the
Middle Devonian

+ Log & Core

0 Refine petrophysical parameters that influence
economic potential in the Middle Devonian

- Predictive petrophysical model



Study Area




Regional Geology

Middle Devonian (385 Ma)

(Modified from Blakey, Ron: http://jan.ucc.nau.edu/~rcb7/nambD385.jpg)



Michigan
basin

Illinois
basin

Middle Devonian (385 Ma)

(Modified from Blakey, Ron: http://jan.ucc.nau.edu/~rcb7/nambD385.jpg)



Lithostratigraphy
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Depositional Environments

ATMOSPHERE

SURFACE LAYER-
verticel mixing;
oxygen abundant,
warmer

PYCNOCLINE -
little or no mixing;
oxygen declines
rapidly;

rapid chonge

in satinity and/or
density

BOTTOM LAYER -
ng mixing;
very little or no

oxygen; -——— No bicturbation; lominated:
cold organic-rich muyd

Altered from Ettensohn and Barron 1981

Depths {m)

Aerobic
Bacteria

Dyserobic
Bacteria

Anaerobic
Bacteria

Increasing O2
Oxic
Zone

Sub-oxic
Zone

Anoxic
Zone

Overall oxidation
process by aerobic

bacteria.

Exhaustion of Oxygen
anaerobic bacteria use
Nitrates as a source of

Oxygen.
¢

Once Nitrates are
exhausted anaerobic
bacteria use sulfates as
the oxidant.



Regional Relationships: Marcellus Isopach




Regional Relationships: Purcell
Limestone Isopach




Regional Relationships: Mahantango Isopach




Regional Relationships: Tully
Limestone Isopach
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Regional Relationships:
Harrell Isopach




Regional Relationships

Structural X-Section Near Chestnut Ridge Anticline (NW West Virginia)
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Petrophysical Problems

0 Sw affected by bound water on clays

0 Lithologic analysis affected by pyrite
0 Tool readings and pay identification effected
by washout



Petrophysical Analysis: Derived Curves

HARRELL_SHALE [MLB]

TULLY_LIMESTONE [MLB]

MAHANTANGO_SHALE [MLB]

MARCELLUS_SHALE [MLB]

ONONDAGA_LIMESTONE [MLB]

ONONDAGA_LIMESTONE_BASE [MLB]

* Reducing Vs.
Oxidizing conditions
determined by Th/U

*Works in Shales



Petrophysical Analysis: Derived Curves

Smectite (ThA<)

* Clay type can be
determined from
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Petrophysical Analysis: Gas
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Water Saturations

Simandoux

Archie
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* Over estimates water saturation
» Under estimates gas saturation
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Water Saturations
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* Pay outside of Marcellus proper
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Water Saturations

Archie Simandoux
Archie Modified J§SimandouxfModified  Resistivity
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Water Saturations

Archie Simandou
Archie Modified Simandouyj Modified
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_Ithological Analysis

XRD Marcellus Lithology
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Lithological Analysis
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Pay ldentification

Harrell
Tully

Mahantango

Marcellus

Onondaga




Pay Maps: Net Pay of Marcellus
above 230 api

4-Gas Rich

Marcellus at
230 API




Pay Maps: Net Pay of Harrell

4-Gas Rich

Harrell at
230 API
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Conclusions and Future Work

Definition of stratigraphic units
Marcellus < 2.55 g/cc density, high resistivity, and GR> 200 API.
Depositional relationships
Trend A, B, and C
Pyrite and gas affect
Rhoma Umma
Density-Uranium
The Marcellus is not a true “shale”
Spectral Gamma Ray tool is extremely useful
New method of recognition of pay
Pay appears to exist outside of Marcellus proper.
Modified Archie equations
Initial results on pay maps
Continue to calibrate derived curves
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