Integrated Characterization of Utica and Marcellus Black Shale Gas Plays, New York State*
Langhorne B. Smith' and James Leone’

Search and Discovery Article #50289 (2010)
Posted August 31, 2010

* Adapted from an oral presentation at AAPG Annual Convention and Exhibition, New Orleans, Louisiana, USA, April 11-14, 2010

'New York State Museum, Albany, NY. (Ismith@mail.nysed.gov)

Abstract

The Ordovician Utica and Devonian Marcellus Shales have the potential to produce economic quantities of gas across much of south
central New York State. The Marcellus Shale unconformably overlies the Onondaga Limestone and is composed of a basal black shale
member called the Union Springs, a widespread limestone unit called the Cherry Valley Limestone and an upper black shale called the
Oatka Creek. The Union Springs Shale, Cherry Valley Limestone and basal Oatka Creek Shales onlap and pinch out on a tectonic high
to the west. Organic-rich shale thickness increases from 20 feet in the west to 250 feet in the eastern part of the basin. Burial depths
range from zero at the outcrop belt to as much as 7,000 feet in the southeastern part of the basin. Thermal maturity ranges from
submature in the west, through the oil and gas windows to supermature values in the east. TOC values generally increase from east to
west but mostly range from 4-13%.

The Ordovician Utica Shale was deposited in an area of extensive active normal faulting and the most of the organic-rich units are
preserved in tectonic lows. The Flat Creek Member of the Utica is an organic-rich calcareous shale that immediately overlies a
subaerial unconformity and is time-equivalent to the Trenton Limestone. The upper Flat Creek grades laterally into an interbedded
limestone and organic-rich black shale called the Dolgeville Formation that then grades laterally into an organic-rich member of the
shallow marine Trenton Limestone. The Trenton and Dolgeville are eroded and capped by an angular unconformity that is overlain by
the organic-rich Lower Indian Castle Member of the Utica, which thickens and is best developed in fault-bounded lows. Total
thickness of the organic-rich strata ranges from zero in the west to as much as 700 feet in the east with TOC values of 1.5-3.5%. The
shales are supermature throughout the fairway. Current burial depths range from zero at the outcrop belt to as much as 9,000 feet.
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There are common faults and natural fractures that extend from the basement to the surface that offset both the Utica and Marcellus
but the Utica is probably more heavily fractured. The natural faults and fractures may be beneficial or problematic but should be
characterized.
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Two Main Goals

* Will show potential fairways for natural gas
production 1n Utica and Marcellus Shales

* Will show that Marcellus and Utica
organic-rich mudrocks formed mainly on
western cratonward sides of foreland basins
where they onlap unconformities in
relatively shallow water — not 1n the deepest
part as has been previously interpreted
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A commonly applied model for the Devonian organic-rich shales in
NY is that they were deposited in deep permanently anoxic water
(>>100 m) at the toe of the slope and that they downlap on underlying
shallow water carbonates onto a drowning unconformity — similar
models have been proposed for the Utica
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Orgamc—rlch Devoman Chattanooga Shale overlies and onlaps an
unconformity and is time-equivalent to exposure nearby — reasoned that
water was likely less than 30m (100 feet) deep




Devonian Stratigraphy
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Devonian Shales of Western NY - Transgressive Onlap Model
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Limestones and black shales onlap and occur
only on east-dipping side of basin

Marcellusis lowermost and most widespread




Depositional Environment of Organic Rich Mudrocks Devonian of New York

Organic-rich mudrock (and associated limestones)

deposited on cratonward side of basin not deepest part

- Present Day East

TOC Increases to west .
- ~ Clastic Influx

Clay Dilution Increases > " Nutrient Influx

Rising Sea Level

Mountains
Submarine corrosion possible

Organic-rich mudrock deposited in
Seasonally Anoxic Water 10-50 m deep
(sensu Tyson and Pearson, 1991)

Marcellus and other Devonian organic-rich mudrocks formed
primarily on the cratonward side of the basin in relatively shallow
water — not 1n the deepest part — this 1s mainly a function of
dilution — clastics will flow downhill to deepest part but not back
up the other side so organic matter can be concentrated
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Sea Level Rise

* The transgressions in the cases of both the
Utica and Marcellus come more as a result of
increased subsidence related to mountain
building than of a eustatic sea-level rise — 1n
fact eustatic sea level appears to have been
pretty low

« Both deposited during greenhouse times of
low amplitude eustatic sea level changes

Differential Subsidence is Key - Not Eustatic Sea Level Rise
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Devonian Paleogeography
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Beaver Meadows #1 .
Core Measured TOC and calcite

content on Beaver
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Beaver Meadows #1 Core Darker gray = more organic
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Each TOC rich mudrock unit becomes more OC-rich to west until 1t
pinches out and more clay rich and less OC-rich to the east

Limestones onlap and pinch out to west and grade into siltstone to east

The Union Springs Shale and Cherry Valley Limestone pinch out in
western NY, Oatka Creek pinches out under Lake Erie to west
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The Marcellus Shale 1s absent from western NY where they onlap and
pinch out and thickest in southeast — There 1s no Marcellus equivalent

to the west and this area was probably exposed land - how deep could
the water have been during Union Springs deposition?
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Total thickness organic-rich Marcellus
(>1.5% TOC)
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If all the organic-rich beds are summed, the map looks like this — thin
to west, much thicker to east — one critical question is how thick does
the formation need to be to make economic wells — some have

suggested 50 feet — it 1s a moot point for anything thinner than 50 ft...




Marcellus Thermal Maturity
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Not all Marcellus 1s in the Gas Window — Only
the area east of the 1.1 Ro line — Very high
maturity values in southeast

Western NY 1s not mature anyway




Average TOC from top organic-rich to base

TOC increases to west — this 1s partially due to
greater maturity in east but also probably due at
least in part to original depositional OC values




“Marcellus -TOC Feet”
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Average TOC x Total Organic Rich Thickness )

Southeast 1s still best — northeast not as good
and there are high values in a north-south
trending zone in east-central area

This 1s an attempt to capture organic richness and thickness — this
map will improve with more data




Fairway Map — Marcellus Shale

NIAGARA

Color Contours — Organic rich thickness
Black contours burial depth

Best areas probably where thickest and deepest — A key guestion is
how deep the shale needs to be to produce economically — some shales
are only economic at >4000 feet, others appear to be profitable at
shallower depths
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WEST Middle Ordovician chronostratigraphic cross-section EAST
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Outcrop Stratigraphy from Mohawk Valley — Utica consists of Flat
Creek (which 1s time-equivalent to Trenton Limestone) and Indian
Castle Shales (which postdates Trenton) — the beds with the highest
TOC immediately overlie or are laterally-equivalent to unconformities
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Map of lower Trenton and Flat Creek Thickness — likely to be
structurally controlled — basal Trenton and Flat Creek only 1n lows
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Next slide includes all organic-rich shale and calcareous shale




Total Organic-rich mudrock
(not including Trenton)
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Platform Top To Deep Basin Cross Section
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5500 feet of Utica equivalent clastics on downthrown side of fault with
only minor organic-rich shale at base




Thickness of Uticaand
Trenton Combined

Organic-rich shale mainly on
cratonward side of basin — not
deepest part

Organic-rich shale mainly on upthrown shallow side of fault
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TOC map for Ordovician Utica Shale plotting highest value for each
well in northeastern US — IN NY highest TOC to southeast




Marcellus Fairway (yellow)

Special: 2 for 1- Uticaand Marcellus fairways overlap in southern
counties




Conclusions

» Great Potential for natural gas production in
Marcellus and Utica Shales

» Both shales formed mainly on western
cratonward side of foreland basin where
they onlap unconformitiesin relatively
shallow water of 10-50m, not in deepest
part of basin
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