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Abstract
Textural and compositional heterogeneity within the Cherry Valley Member (CV) of the Oatka Creek Formation (Middle Devonian Marcellus subgroup)
reveal a complex diagenetic history of the Appalachian Basin in New York. The CV represents laterally extensive, nodular offshore carbonates composed
of pelagic fauna (e.g., goniatites), and it contrasts both lithologically and petrophysically with its bounding mudstones, regionally the East Berne Member
of the Oatka Creek Formation (overlying) and Bakoven Member of the Union Springs Formation (underlying). The highly contrasting interfaces between
carbonate and mudstone produce porosity- and permeability-controlled fluid flow that has influenced diagenesis. The CV is compositionally dominated
by carbonates, all of which are diagenetic. Early diagenesis includes calcareous nodule formation prior to lithification, followed during burial by distinct
generations inclusive of calcite, ferroan calcite, ankerite, siderite, barite, and other minerals likely representing distinct phases. The mudstones above and
below have mixed matrices of illitic clays and a variable amount of calcite cement, with higher amounts coinciding with microfossil-rich laminae, and
exhibit a divergent diagenetic history from the CV. Organic material is largely restricted to these mudstones and is characterized as highly dispersed,
kerigenous residue that coats matrix components including pore walls hosted within clay crystallites and cements. Though the Marcellus subgroup is one
of the most studied units in the United States, little work has been done to document the changes in lithology, composition, and texture from one portion
of the basin to another as a function of diagenesis. The evolution of diagenesis has largely been studied within discrete zones of the basin, identifying
compositional trends without specifying the diagenetic stage to which any mineral or chemical product corresponds. The CV provides a good opportunity
to examine diagenetic changes to a basin-wide, contemporaneous unit that was subjected after deposition to a range of burial regimes during the
Alleghanian orogeny. Qualitative petrographic descriptions and quantitative compositional analyses, including thin section petrography and scanning
electron microscopy, are combined to describe the textural and compositional framework of the rocks at a range of scales. Compositional analyses include
X-ray diffraction and energy dispersive X-ray spectroscopy.
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METHODS

DEPOSITIONAL HISTORY

The Cherry Valley Member represents laterally extensive,
nodular offshore carbonates composed of pelagic fauna (e.g.,
goniatites). It contrasts both lithologically and petrophysically
with its bounding mudstones, regionally the East Berne
Member of the Oatka Creek Formation (overlying) and Bakoven Member of the Union Springs Formation (underlying).
Compositionally the Cherry Valley Member is dominated by
carbonates, all of which are diagenetic. Early diagenesis includes calcareous nodule formation prior to lithification, followed during burial by distinct generations inclusive of cal-

GEOLOGIC SETTING

AND

BACKGROUND

Paleogeographic reconstructions place the eastern margin of
North America at 30° S latitude during the time of Marcellus
subgroup deposition in the Middle Devonian. The Acadian
Orogen thickened the crust adjacent to the Appalachian Basin
from present-day Canada to the southern Appalachians in the
United States. Maximum burial of Paleozoic strata occurred at
approximately 300 Ma, or concurrent with continued Alleghanian tectonism (Heizler and Harrison, 1998). Apatite-fission
track analyses indicate that Upper Devonian to Upper Pennsylvanian strata near the Allegheny Mountain front cooled
from greater than 110 °C during the early post-Alleghanian

period (Roden and Miller, 1989), though Upper Devonian
rocks at more distal positions in the basin cooled from lower
temperatures (80-110 °C) (Miller and Duddy, 1989). Given assumptions about geothermal gradient, these results reveal a
maximum burial depth of 3.4 km in Devonian to Pennsylvania
strata in Pennsylvania (Roden and Miller, 1989), 3-4 km in the
Catskill region of New York, 2-3 km for western New York
(Miller and Duddy, 1989), and 3.1 km in Maryland, West Virginia, and Virginia (Roden, 1991). Rapid unroofing/cooling
occurred during the Mesozoic and continues to present-day as
the Marcellus subgroup is up to 1,500 m deep in New York.

The Cherry Valley Member thins to the west and is
generally less than 5 m thick in New York (Figure 4,
right), compositionally dominated by carbonates, all
of which are diagenetic, and lithologically made up
of calcareous and dolomitic mudstones, wackestones,
and packstones (by the Dunham classification
system). Calcareous and baritic nodules are common.
The fossil assemblage is extensive (Figure 5, bottom-left): dacryoconarids -- an extinct marine zooplankton -- trilobites, cephalopods, ostracodes, calcispheres, crinoids, phosphatic bone fragments, and
nondescript fossil hash. The mudstones above and
below have mixed matrices of illitic clays and a variable amount of calcite cement.
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Though the Marcellus subgroup is one of the most studied
units in the United States, little work has been done to document the changes in lithology, composition, and texture from
one portion of the basin to another as a function of diagenesis.
The evolution of diagenesis has largely been studied within
discrete zones of the basin, identifying compositional trends
without specifying the diagenetic stage to which any mineral
or chemical product corresponds. This study reveals diagenetic features and paragenetic sequence in the Cherry Valley
Member and adjacent mudstone across the Appalachian
Basin, to be interpreted relative to burial, thermal, and fluid
flow controls. This poster reports on four cores in New York
State, to be followed soon by analysis of five cores from Pennsylvania and West Virginia.

A vertical succession of marine siliciclastic and
carbonate rocks composes the Middle Devonian
strata. The Marcellus subgroup overlies the Onondaga Formation, typically a “clean” limestone. The
Marcellus represents an influx of siliciclastic detritus. The Cherry Valley member divides the Union
Springs Formation from the overlying Oatka Creek
Formation (Figure 3, right; Figure 6, bottom-right).
The Cherry Valley–Union Springs contact is unconformable. Organic-rich mudstones of the Marcellus
subgroup are thought to have been deposited in
anoxic to euxinic conditions (Lash and Blood, 2014;
Mason, 2017). Precise depositional conditions for the
Cherry Valley Member are largely unknown due to,
in part, the destruction of depositional fabrics and
fossil recrystallization during diagenesis. The macroscale properties of the Cherry Valley are taken as evidence of a drop in base level and influx of oxygenated conditions.

MIDDLE DEVONIAN

cite, ferroan calcite, ankerite, siderite, barite, and other minerals likely representing distinct phases. The mudstones above
and below have mixed matrices of illitic clays and a variable
amount of calcite cement, with higher amounts coinciding
with microfossil-rich laminae, and exhibit a divergent diagenetic history from the Cherry Valley Member. Organic material is largely restricted to these mudstones and is characterized
as highly dispersed, kerigenous residue that coats matrix components including pore walls hosted within clay crystallites
and cements.

LOWER
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Textural and compositional heterogeneity within the Cherry
Valley Member of the Oatka Creek Formation (Middle Devonian Marcellus subgroup) reveal a complex diagenetic history
within the Appalachian Basin in New York. The highly contrasting interfaces between the carbonate member and its encasing mudstones produced porosity- and permeability-controlled fluid flow that has influenced diagenesis. The Cherry
Valley Member provides a very good opportunity to examine
diagenetic changes to a basin-wide, contemporaneous unit that
was subjected after deposition to a range of burial regimes
during the Alleghanian orogeny and a range of subsequent exhumation and fluid flow regimes. Improved predictability of
diagenetic minerals may lead to better models for reservoir
risk assessment.

ESOPUS FM.

Fig. 3: From Ver Straeten (2007), Appalachian Basin stratigraphy across Lower and Middle Devonian units in
New York. Mudstones are gray, carbonates are blue, and grain-supported strata are yellow.
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Fig. 4: Interpolated thickness map of the Cherry Valley Member across the Appalachian Basin (modified from
Lash and Engelder, 2011).
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Fig. 1: Total Alleghanian orogeny isopach map with the extents of the Appalachian Basin and Marcellus subgroup in the United States (modified after Beaumont et al., 1987). White box defines area shown in Fig. 2.
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Fig. 2: Highlighted view of the total Alleghanian orogeny isopach map with total thickness contours (interval
= 20 m) of the Marcellus subgroup in New York showing the locations of used cores in this study.
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Fig. 5: Photomicrographs of common fossils observed in the Cherry Valley Member.
tr = trilobite; da = dacryoconarid; ce = cephalopod; os = ostracode.

Fig. 6: Photo of the Cherry Valley Member exposed at the Chestnut Street outcrop east of Cherry Valley, NY, showing
the overlying (East Berne Member of the Oatka Creek Formation) and underlying (Union Springs Formation) mudstones
of the Marcellus subgroup.
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Fig.11: Theorized model of diagenesis in the Cherry Valley Member as it acts as a conduit of fluid flow between the mudstones of the Marcellus subgroup.
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