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Abstract

The evolution of the formal lithostratigraphy for the Middle and Upper Devonian strata in the central Appalachian Basin has
been complex. The original terminology (Chemung, Portage, Marcellus, Catskill, and others) was assigned late in the 19th
century. However, by the 1930s, the realization that these units changed in nature dramatically when traced laterally resulted in a
crisis in stratigraphy that forced the differentiation of chronostratigraphy from lithostratigraphy. Further, the sheer size of the
basin creates challenges, as stratigraphic terminology defined by examination along the outcrop belts at the basin margins is
difficult to extend into the subsurface due to the distances involved, the different nature of outcrop and subsurface data, the
different perspective of workers attempting to extend units either from the north and west or from the east, and the complex
facies changes within the strata. As a result, the facies architecture and associated lithostratigraphic nomenclature for many
Middle and Upper Devonian units remained unsettled, particularly in the basin center.

This study (see Boswell and Pool, 2018) uses log data from nearly 400 wells from West Virginia to produce detailed maps of the
economically important, organic-rich facies and identifies various associated vertical and lateral lithostratigraphic unit
boundaries. The study focuses on the Middle Devonian Hamilton Group and its constituent Marcellus and Mahantango
formations. Within the Marcellus, a lower Union Springs Member, a middle Cherry Valley Member, and an upper Oatka Creek
Member are defined within northeastern West Virginia only. Throughout the rest of the subsurface of the State, the Marcellus
has no distinguishable members. In the Upper Devonian, the occurrence and limits of the Harrell Shale (and its basal Burket
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Shale Member), and its westward lateral transition into the largely-correlative Genesee Formation (with basal Geneseo Shale
and upper West River Shale members) are mapped. Maps also detail the position at which the Sonyea Formation (with basal
Middlesex Shale and upper Cashaqua Shale members), West Falls Formation (with basal Rhinestreet Shale and upper Angola
Shale members), Java Formation (undifferentiated), and lower part of the Huron Member of the Ohio Shale transition eastward
into age-equivalent strata of the Brallier Formation.
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In the beginning...

No differentiation was made between
litho-, bio-, and chrono- stratigraphy
* Rocks do not change laterally!

1820s: Amos Eaton

* Observes apparent lateral lithologic and
age changes in the Catskill Fm. This
observation is not appreciated.

1830s: NY and PA successions
developed

* J. Hall, H. Rodgers: Onondaga-Marcellus-
Hamilton-Tully-Genesee-Portage-
Chemung-Catskill-Pocono

1900s: Eaton’s observation resurfaces

* G. Chadwick, H. Williams... A crisis of
stratigraphy
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CHEMUNG IS PORTAGE*

BY GEORGE HALCOTT CHADWICK

INTRODUCTION

A recurring surprise in the progress of the Upper Devonian studies
has been the repeated discovery, after a piece of work had resulted in
some apparently new stratigraphic correlation, that another worker,
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Lithofacies boundaries cross timelines on a regional scale

plane of contcrp‘gomneity
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EGSP, etc...

Old terminology slowly replaced

* Portage = Brallier (Woodward, 1943)

* Catskill 2 Hampshire (Butts, 1945)

* Chemung = Greenland Gap (Dennison, 1970)

U Devonian Shale section

* “undiff. Devonian™, “brown shales™

Eastern Gas Shales Program

* Schwietering, de Witt et al. track NY
stratigraphy south and east into basin center.

* System emerges of Fms with paired
members; organic-rich at base.

* Reconciliation with established age-

equivalent, shoreline-proximal strata not clear.

U.S. DEPARTMENT OF

'ENERGY

Appalachian Basin

SCALE-1/7,500,000

0 50 100
llllll I

200 MILES
|

N

o 4

82°

" Z lar
€

80°

Largely parallel depositional dip \

gely parallel depositional strike

North Carolina

7

e - 1

Devonian outcrop

Sequence thins to the
south and is
represented only by a
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Well established, widely-used...

Berea Sandstone E
Bedford Shale Riceville Formation OleYO Formation  Oswayo Mbr Price Formation
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1 Hampshire
' Cannon Hill Formation  Group

Three Lick Bed Greenland Gap Formation

Ohio
Java Formation |

Hanover Sh M } pipe creek” . _

i Angola Shale Member | Brallier Formation Ll
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West Falls —

Cashaqua Shale Member
Cashaqua Sh M ' Harrell Shale
West River Shale Member
West River Sh M i
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Tully LS
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This Study
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~400 vertical wells; GR-DEN; relative base line method
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Objective L
i * Document lithostratigraphy
_ s% E _EEE * As revealed by subsurface data
= Ei I * Avoid new names
§§ i Ml * Precedence
=N  Utility
B Rl i
== * Lithologic consistency
Recognize the 3-D problem
: 7 * Formations need not only top and bottom, but
edges
* Clarify lateral transitions, particularly where
= lithologic units “fade away”
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Lithology A
Formation X

What about a well
drilled in this zone?
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Lateral lithofacies boundaries
This Study
Possible boundary if primary focus is Possible boundary if primary focus is

. . . tracking sand and silt-rich shale units west tracking organic-rich shale unit east

* To the east, the organic-rich units do _

not pinch out, they fade away. RS — - ) - - - - — -~~~

organic-rich shale

* The age-correlative interval can still be
readily correlated; but that does not
mean it 1s the same lithologic unit!

ol Lo wiein

/

* Lateral boundary placement fairly
arbitrary--if tracing from the west, one
WOU.ld teﬂd tO CXtend the Shales further- @ Lateral lithofacies and

lithostratigraphic boundary based
on transition from primarily organic-rich
shale to primarily non-organic rich clastics

® Goal was tO plaCC the liIlC Ileaf the Laterial lithostratigraphic boundary based
. . . on westernmost extent of overlying organic-rich
5 O : 5 O p Olnt (non — quantltatlvely) . shale which marks upper unit contact :
|

This may look very arbitrary for ~— _ _ _ _ _ Timeline
locations near thlS hﬂe. ----------- Lateral lithostratigraphic

boundary as defined in this report

sandstone, siltsone,

©

= il -
/
/

=

___________ Alternative lateral lithostratigraphic boundaries
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Lithostratigraphic Approach A T
Generic

This Study

* GOAL: Retain the structure of
organic-rich shale/organic-poor shale
couplets comprising two members of
a Formation.

shale Mbr -

—
__
— o — — —

West
Brallier Fm
* Those formations are tracked until 1)

they change facies (organic-rich) or 2)
they lose defining upper or lower
boundary (organic poor).

—
—
—
— - .

* Upper boundary extent generally
controls this.

Timeline
* Where organic-rich member persists G

beyond point where ovetlying ~  "TTTTTTes Lateral lithostratigraphic
boundary as defined in this report

member is not mappable, it becomes
a Formation (per Harper et al., 2017).
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West Falls Formation
This generalized subsurface map is based on a sampling of AnQOIa Shale Member Of

data and de by H *
g:olog’r::ts. As in all research work, pro;te:signalyimerpretancns West Falls Formatlon y
can vary and can change over time for reasons including, but |sochore Map

vary an
not limited to, improved data and interpretation. The map is
Thickness in Feet

e An gola Member T e s e
Permission to reproduce this map is granted if acknowledgement
1 1 is given to the West Virginia Geological and Economic Survey.
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on the western
extent of the next
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Example

ENE

West Falls Formation

* Correlative interval has
graded into age-
equivalent organic-
poor shales of the
Brallier Fm (east of
blue line).

* Rhinestreet Shale
Member of West Falls
Fm (west of red line).

* Rhinestreet Shale (Fm
status: between red and
blue lines).
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Rhinestre
West F
Format

This generalized subsurface map is based on a sampling of
data and interpr i made by i

geologists. As in all research work, professional interpretations
can vary and can change over time for reasons including, but
not limited to, improved data and interpretation. The map is
offered as a service from the State of West Virginia; proper use
of the information herein is the sole responsibility of the user.

Permission to reproduce this map is granted if acknowledgement
is given to the West Virginia Geological and Economic Survey.

Rhinestreet Shale Member of
West Falls Formation and
Rhinestreet Shale*,
Isochore Map

Thickness in Feet
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*Rhinestreet Shale Member of
West Falls Formation to west of
approximate lateral lithofacies boundary 2;
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lateral lithofacies boundaries 1 and 2;
Brallier Formation, in part, to east of boundary 1
(Brallier not mapped for this study);
. boundaries 1 and 2 based on readily-mappable|
t A b} Rhinestreet (1) and Huron (2) shales
. Legend
lls 380
—— Thickness (CI=50 Ft)
n
o *  Study Well
= = = Approximate Lateral Lithofacies Boundary 1*
= = = Approximate Lateral Lithofacies Boundary 2*
- Harrell Sh-Brallier Fm and Older Outcrops
Area With Suspect Thickness Due To Structure
0 25 50 75 100
| = = T IMiles
+ = + 0 40 80 120 160 -37°
EC T I <ilometers
VWGES (2018)
T T T T T
82 -81° -80° -79° -78°




N: NATIONAL
-

Middlesex Shale L [ecioroey

LABORATORY

— : : Middlesex Shale Member of
This generalized subsur_face map is based on a sanpllr!g of »
;:‘;ogai:g, As in all lesearc; work, pmfr;:gi(emaﬁylmerpreﬁaﬁons Sonyea Form atlon a nd
can vary and can change over time for reasons including, but a
not limited to, improved data and interpretation. The map is Mldd Iesex S hale*’
Isochore Map

offered as a service from the State of West Virginia; proper use
Thickness in Feet

of the information herein is the sole responsibility of the user.
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(west of red line). o
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blue lines).
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Sonyea Formation to west of
approximate lateral lithofacies boundary 2;
Middlesex Shale between
lateral lithofacies boundaries 1 and 2;
Brallier Formation, in part, to east of boundary 1
(Brallier not mapped for this study);
boundaries 1 and 2 based on readily-mappable|
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* Correlative interval
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Brallier Fm
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N , . Geneseo Shale Member of
is generalized subsur_face map is based on a sanpllr!g of o
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of the information herein is the sole responsibility of the user.
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N
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of the Harrell
Shale (east of blue
line).

*Geneseo Shale Member of
Genesee Formation to west of
approximate lithostratigraphic boundary and
Burket Shale Member
of Harrell Shale to east;
based on readily-mappable
Middlesex Shale

Legend -38°

— Thickness (CI=20 Ft with Added 10-Ft Line)
*  Study Well
= = = Approximate Lithostratigraphic Boundary*
- Harrell Sh-Brallier Fm and Older Outcrops
Area With Suspect Thickness Due To Structure

. 0 25 50 75 100
| = T 1Miles
+ ~+ + 0 40 80 120 160 -37°
I T T <iometers
VWGES (2018)
L} L) L} T T
-82° -81° -80° -79° -78°

U.S. DEPARTMENT OF




Results NSy ey

TL LABORATORY
Middle and Upper Devonian SW NE
organic-rich shale lithostratigraphy o
in West Virginia Cgi
Younger shales

0
* Pipe Creek not readily mappable (informal unit): et
Middlesex Sh

Java Fm without members

Mahantango Formation

* Complex to recognize alternative units

(Skaneateles, Ludlowville, etc.) as in NY and PA.

* Separating limestones are very thin and lose

definition into WV to the south.

Marcellus Formation

* PA members only mappable to point medial
limestone member is mapped (LINE C).

e To west, informal sub-units can be mapped but

are lithologically very similar (in log data).
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Harrell Sh
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Marcellus lithostratigraphy W A E

Mbrs only where
Cherry Valley can be
confidently mapped.

Informal units to the
west, delineated by
informal and thin
“Purcell” and “Cherry
Valley” lime-rich
driller’s units (per de
Witt et al., 1993 and
some industry practice).

Unnamed unit at the
base: “transition zone”.

Top of Marcellus is
progressively younger
to the west.
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v Mahantango Fm

Ludlowville Fm (PA) Stafford Ls (PA)

drillers’ “Cherry Valley”

————— Timeline
ol el e e Lithostratigraphic Formation Boundary “Transition Zone”

Lithostratigraphic Member Boundary

(PA) SW PA Terminology (per Harper et al., 2017)

Approximate position of
Allegheny Front

primarily limestone

- primarily chert

primarily shale and siltstone

. primarily organic-rich shale
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® EXlstS as a formal memb er This generalized subsur_face map is based on a sanplir!g of Cherry Valley Mem-ber Of
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blue and red ]_ine S) . Permission to reproduce this map is granted if acknowledgement

is given to the West Virginia Geological and Economic Survey.

* Correlates to several low
GR/high DEN spikes to
the west which generally \
mark the transition %

between informal “lower”
and “upper’” Marcellus
(west of blue line).

*Cherry Valley Member of
Marcellus Formation to east of
approximate lateral lithofacies boundary and
drillers’ "Cherry Valley" to west;
based on readily-mappable
Cherry Valley

e Correlates to the Purcell
Mbr in the eastern
panhandle (east of red

line: similar to Harper et s om m m
al., 2017). T
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Boswell, R.; Pool, S., 2018

* Ongoing resource assessment revealed unsettled formal

D mmar smmmmEsmEy » . ®
e s B West Vi rg| nia nomenclature for many Upper and Middle Devonian shale
: 1:— 2k fy t Geological and Economic Survey units.
¥ g— t
il 1 = * Well-established stratigraphy exist on the east and on the
g Efj e LITHOSTRATIGRARHY OF west, but uncertain how to merge them in the basin center.
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disii e G Burk '
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g = o758 Ray Boswell and Susan Pool
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RIS IE & WestVirginia
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] West Virginia Geological & Economic Survey (WVGES): Middle and Upper Devonian Organic-Rich Shale Lithostratigraphy, Study Wells
I WELL DATA TOPS (log-measured depth, ft)
3 . Genesee Formation AND Hamilton Group
OhioShale West Fells Farmation Sonyea Formation
4 sl Marcellus Form
Surface Surface st st | N z
APl County County Permit Location Location urtzce urtace Elevation | Pt lava Rhinstraat Migdlasex Tully : ¥
Location Location Year . Marcallus Lower Shale Mzhantango | Fertieneh Fortionof | CherryVall
Number Code Neme Number Letitude Longitude i3} ) Partof Farmation Angolz Shale Cashaqua Shale West River anp | Limestene Sl Gotke Creek | Member &
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231| 4706700856 67 |Nicholas 656 38.215587 -81.068436 4939216 | 42297375 1987 1437 118 5328 5810 6205 6215 6281 £302 6302 5343
232| 4706700736 67 |Nicholas 736 32.338845 -80.823293 5101993 | 42434183 2006 2188 6435 250 6312 7030 7062 7062 7108
233| 4706700835 67 |Nicholas 835 38.453943 -80.709811 5253200 | 42562227 2007 1413 136 6005 6030 6242 £245 6301
234| 4706700908 67 |Nicholas 308 38.251474 -80.652863 5303723 | 42337741 2009 2503 122 7039 7054 7305 7308 7318 7338 7355
235| 4706700920 67 |Nicholas 920 38.211532 -80.570704 5375826 | 42293725 2009 3020 7368 7386 7638 7702 7716 7730
236| 4706300064 6 |ohio 54 40.114083 -80.595029 534509.8 | 44404380 2011 1395 118 585 5913 5124 6134 6216 £260 5352 £380 5412
237| 4707100016 71 |Pendleton 16 32.664751 79.541205 6269166 | 42805843 1950 3668 7535 7697 7707 7745
238 4707100021 71 |Pendlston 21 38.758150 -79.450886 6345577 | 4291188.0 2008 2778 143 7038 7311 7331 7378
230| 4707300667 73 |Pleasants 667 33.330338 -81.288552 4752623 | 43534815 1371 1085 126 3230 4208 4328 4302 4362 4378 4377 4373 4337 4411
240| 4707301301 73 |Plessants 1301 35.425635 1181260 4243817 | 43840072 1381 642 4532 4331 5088 5101 5133 5147 5143 5144 5156 5174
241| 4707301883 73 |Pleasants 1383 32.357240 -81.12089% 4395840 | 43564280 1384 977 5545 5735 5750 5300 5310 5812 5817 5826 5345
242| 4707302480 73 |Pleasants 2480 32.472813 -81.059087 4349178 | 43692480 2006 1011 119 5630 5823 5340 5386 5902 5902 5304 5314 5932
243| 4707302485 72 |Pleasants 2435 29.410652 £1.072157 4337821 | 43823512 2007 374 5222 5629 5325 5340 5354 5308 £310 5312 5324 5342
244| 4707500015 75 |Poczhontas 15 32.686385 79.767720 071757 | 42826353 1358 3238 5275 5323 5328 5454 5512 5533
245 4707500043 75 |Pocahontas 3 38.532640 -79.630454 6141403 | 4265727.8 1398 3271 5235 5307 5446 5474 5511
246| 4707700058 77 |Preston 58 33.403421 73.531145 6213018 | 43624330 1368 1777 3338 4024 4051 4336 4353 4410
247| 4707700123 77 |Preston 123 33.403731 -79.802365 6031053 | 4329373 1366 1386 7384 8037 8317 8331 8380
243 4707700133 77 |Preston 133 32.512183 -79.543603 6247705 | 43748221 1362 2775 7520 7535 7865 7900 7348
249| 4707700138 77 |Preston 138 39.454287 -79.691745 5124935 | 43724474 1362 1858 7544 7605 7314 7926 7960
250| 4707700148 77 |Preston 148 39684397 -79.565083 6229628 | 43937120 1370 2116 150 7247 7478 7507 7324 7950 7996
251| 4707700178 77 |Preston 178 29.271482 79.709645 6113077 | 43476386 1976 2272 5030 5105 5145 5395 5415 5450
252 4707700283 77 |Preston 243 39315455 -79.434694 £19769.3 | 43528641 1985 2620 5443 5450 5724 5765 5814
253| 4707700318 77 |Preston 318 39.483890 -79.842100 5995793 | 43711276 1998 1268 7278 7357 7588 593 7841
254| 4707700320 77 |Preston 320 33580807 -79.630425 6124673 | 43820516 1358 2088 7376 7432 7736 7770 7813
255| 4707700458 77 |Preston 458 39.530467 -79.624303 6182316 | 43765483 2002 1320 160 7866 7336 7923 8232 8260 8304
256| 4707700509 77 |Preston 509 33.624346 -79.62563% 617957.5 | 4386967.0 2002 1311 7463 7510 7553 7380 7910 7342
257| 4707700542 77 |Preston 542 32.371447 -79.762247 506618.2 | 43587284 2010 1345 7718 7753 7809 8047 8078 8133
258 4707700575 77 |Preston 575 29.340483 -79.819851 017010 | 43552260 2011 1720 7738 7784 7831 3065 8085 8120
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Map Tips and Tric!

Devonian Shale M

Layers “ info | Tools | Extent

++=CLICK on for additional datatlinks

Use slide bar to adjust transparency; .

“lwells
API numbers visible at 1:750,000

° Study Wells++
M =Icross-Sections

[ * Middle and Upper Devonian
Shale Cross-Sections++
“Maps
Uit thicknesses visible at 1.750,000
Turn on Study Wells++ for APIs

[larea With Suspect Thicknesses
Due To Structure--Most Questionable
Values Noted With * AND May Be
Ignored In Contours
* Subsea Elevation Onondaga Ls
+ Equivalents (Fig 10)
*Isochore Marcellus Fm (Net
Shale) (Fig 11a)
* Isochore "Transition Zone" (Fig
11b) |
* Isochore Union Springs Mbr
Marcellus Fm + "lower Marcellus" (Fig
11¢)
*/Isochore Cherry Valley Mbr
Marcellus Fm + unnamed limestones
(Fig 11d)
vl * Isochore Oatka Creek Mbr
Marcellus Fm + "upper Marcellus” (Fig
11e)
*Isochore Oatka Creek Mbr
Marcellus Fm (Lower Portion) (Fig 117)
*Isochore Oatka Creek Mbr
Marcellus Fm (Upper Portion) (Fig
1149) Kentucky
~ Isochore Mahantango Fm (Fig
12)

* Study Wells with Mahantango

¥ —Mahantango Isochore (Lines,
Labels)

¥l =/manantango Isochore
(Colorfill)
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