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Conemaugh Group (580-600 feet)
Cyclic sequences of red and gray shale, siltstone, and sandstone, with thin limestones and 
coals. Mostly nonmarine. Extends from the base of the Pittsburgh coal to the top of the Upper 
Freeport coal. The unit locally includes the Elk Lick, Bakerstown, and Harlem, coals, and the 
Ames  Limestone. The Harlem coal and Ames Limestone form a widespread stratigraphic 
marker extending across the basin to the Ohio River. This marker does not occurr on this map, 
but is identified on the cross section. The Conemaugh Group does not outcrop on Mannington 
Quadrangle.

Pcm

Legend

Pennsylvanian System

Monongahela Group (~360 feet)
Cyclic sequences of sandstone, siltstone, red and gray shale, limestone, and coal. The
Monongahela Group includes the Uniontown and Pittsburgh Formations. It extends from the top 
of the Waynesburg coal to the base of the Pittsburgh coal. The group locally includes the 
economically important Waynesburg, Sewickley, Redstone and Pittsburgh coals.
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Washington Formation (~ 225 feet)
Cyclic sequences of sandstone, siltstone, red and gray shale, limestone, and coal. Extends 
from the top of the Waynesburg coal or the Cassville Shale to the top of the Hundred 
Limestone. The unit includes the Washington and Waynesburgh coals that are surface mined 
in the area around and east of the Ohio County ending west of West Liberty on the adjacent 
Bethany Quadrangle.  Palynological evidence and a lack of definitive marine index fossils 
suggests a Late Pennsylvanian age. favors a Pennsylvanian age.
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Greene Formation ( gt 300 feet)
Cyclic sequences of sandstone, siltstone, red and gray shale, limestone, and coal. Extends 
upward from the Jollytown coal horizon. The Greene Formation is the composed of the 
youngest sedimentary rocks on the Tiltonsville Quadrangle. This unit includes little of economic 
value.  Palynological evidence and a lack of definitive marine index fossils suggests a Late 
Pennsylvanian age.
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Rocks exposed on this quadrangle, which are Upper Pennsylvanian to Permian in age, range from the upper part of the Monongahela Group exposed along the Buffalo Creek and its 
tributaries in the southern part of the quadrangle to the Greene Formation of the Dunkard Group exposed on hillsides and hilltops throughout the quadrangle.

The Monongahela Group, which extends from the base of the Pittsburgh coal to the top of the Waynesburg coal, consists of shale, limestone, coal, and sandstone.  Core data indicate the 
Monongahela Group ranges in thickness from approximately 360 feet in the northwest corner of the quadrangle to approximately 410 feet in the southeast corner of the quadrangle.

The Dunkard Group, which is comprised of the Washington and Greene Formations, is the youngest sedimentary rock found in the Appalachian Basin.
The Washington Formation extends from the base of the Cassville shale immediately above the Waynesburg coal to the base of the Jollytown coal, and it is composed of shale, 
sandstone, coal, and claystone.  Core data indicate the Washington formation ranges from approximately 430 feet thick in the central part of the quadrangle to approximately 445 feet 
thick in the northeastern part of the quadrangle.  The Greene Formation extends from the base of the Jollytown coal upward and is eroded at the surface.  It is composed of shale, 
sandstone, claystone, and coal.  Core data indicate this formation exceeds 365 feet in thickness in the northeast corner of the quadrangle.

In addition to the standard mapping units, the Waynesburg, Waynesburg A, Washington, and Jollytown coal beds have been mapped.

In previous mapping, Hennen and Reger (1913) identified two structural features that extended northward into the southeast corner of the Mannington quadrangle near Farmington: the 
Shinnston Syncline and the Wolf Summit Anticline.  In current mapping, these folds plunge to the northeast and terminate in a relatively flat area in the southeast corner of the 
quadrangle.  Elsewhere on this quadrangle, the rocks dip gently to the northwest.

The vast fossil fuel mineral resources originally present is the outstanding geologic feature of the quadrangle.  The coal resources of minable coal beds are summarized below:

Dunkard Group:

Washington coal occurs on hillsides above Paw Paw and Buffalo Creeks and their tributaries, but the coal is rarely exposed, and its presence is marked by a change in slope.  This 
coal, which ranges in total thickness from 0 to 120 inches, reaches its greatest thickness in the southeast quarter of the quadrangle, and it is thinnest in the northwest quarter of the 
quadrangle.  In general, this coal bed is less than 24 inches thick in the northwest half of the quadrangle and more than 24 inches thick where present in the southeast half of the 
quadrangle.  Partings in this coal range from 0 to 25 percent.  Except for an area that extends diagonally from just north of Mannington to the northeast corner of the quadrangle and a 
small area in the extreme southeast corner of the quadrangle, partings in this coal are five percent or less.   No surface or underground mining has been documented.

Waynesburg "A" coal occurs on hillsides above Paw Paw and Buffalo Creeks and their tributaries.  This coal, which ranges in total thickness from 0 to 48 inches, is generally less than 
24 inches thick where present and reaches its greatest thickness in the southwest quarter of the quadrangle.  This coal contains from 0 to 5 percent partings on this quadrangle.   No 
surface or underground mining has been documented.

Monongahela Group:

Waynesburg coal occurs on hillsides above Buffalo Creek and its tributaries, but the coal is often concealed.  Its presence is marked by a change in slope that represents the 
topographic expression of the Waynesburg Sandstone above the coal.  Total thickness of this coal ranges from 0 to 120 inches, and it is generally 12 or more inches thick where 
present.  This coal is generally less than 36 inches thick in the southwest and west central parts of the quadrangle and more than 36 inches thick elsewhere on the quadrangle.
Partings in this coal range from 0 to 35 percent, and this coal generally has less than 15 percent partings in the west central part of the quadrangle.  Although no surface or 
underground mining has been documented, several small punch mines were observed along Laurel and Little Mod Runs.

Sewickley coal does not crop out on the Mannington quadrangle.  Total thickness of this seam ranges from 24 to 96 inches, and it is generally 60 or more inches thick.   This coal is 
thinnest in the Farmington area in the southeast corner of the quadrangle.  Partings in this coal range from 0 to 20 percent, and the coal generally contains less than 5 percent 
partings.   No surface or underground mining has been documented.

Redstone coal does not crop out on the Mannington quadrangle.  Total thickness of this coal ranges from 0 to 84 inches, and this coal bed is absent in the rock column on the 
southeastern and south central part of this quadrangle.  This coal contains 0 to 5 percent partings.  No surface or underground mining has been documented.

Pittsburgh coal does not crop out on the Mannington quadrangle.  Total thickness of this seam ranges from 60 to 144 inches, and it is generally 84 or more inches thick.  The seam 
contains from 0 to 10 percent partings, but it is generally less than 5 percent partings.  The Pittsburgh coal seam has been extensively underground mined on much of the Mannington 
quadrangle except for areas in the western and central parts of the quadrangle.  Mines of large areal extent include the Loveridge, the Consol No. 9, the Joanne, and the Bethlehem 
Mines No. 44.  With the exception of the Loveridge mine, these predominantly room-and-pillar mines are closed.

All or parts of several oil and gas fields are located on the Mannington quadrangle: the Campbells Run-Miracle Run Oil and Gas Field; the Condit-Ragtown Oil and Gas Field; the 
Mannington Oil and Gas Field; the Fairview-Statler Run-Mt. Morris Oil Field; the Farmington Gas Field; the Fallen Timber Gas Field; the Silver Hill Gas Field; the Dents Run Oil and Gas 
Field; the Grant Town-Hagans Gas Field; the Hundred Gas Field; the Big Run-Birchfield Gas Field; and Llewellyn Run-Plum Run Gas Field.

Campbells Run-Miracle Run Oil and Gas Field.  The southwestern part of the northeast-southwest trending Campbells Run-Miracle Run Oil Field, which extends from the northeast corner 
of the Glover Gap quadrangle to the south central part of the Wadestown quadrangle, is present in the northwest and north central part of the Mannington quadrangle.  The oil field was 
discovered in 1897, and oil production on Mannington quadrangle is from the Upper Devonian Gordon, Gordon Stray, and Forth sands (Cardwell and Avary, 1982).  The Campbells Run-
Miracle Run Gas Field in the northwest corner of quadrangle was discovered in 1907, and the Lower Mississippian Big Injun and Squaw sands are the producing horizons.

Condit Ragtown Oil and Gas Field.  The northeast-southwest trending Condit-Ragtown Oil Field is present on the Mannington, Wadestown, and Blacksville quadrangles, and much of the 
southwestern part of this field occurs in the northern half of the Mannington quadrangle.  Oil production on this quadrangle is from the Upper Devonian Gordon, Fourth, and Fifth sands.
This oil field was discovered in 1895 (Cardwell and Avary, 1982).
The Condit Ragtown Gas Field, which is present on the Glover Gap, Mannington, and Wadestown quadrangles, extends diagonally across northern third of the Mannington quadrangle.
Discovered in 1898, this gas field has production from the Lower Mississippian Big Injun sand (Cardwell and Avary, 1982).

Mannington Oil and Gas Field.  Much of the southwest-northeast trending Mannington Oil Field is located in the southwestern and south central parts of the Mannington quadrangle in 
Marion County.  This field extends into the extreme northwest corner of the Shinnston quadrangle, the northeast corner of the Wallace quadrangle, and the southeast corner of the Glover 
Gap quadrangle.  This oil field was discovered in 1886.   Production on the Mannington quadrangle is from the Lower Mississippian Big Injun and Upper Devonian Gordon and Fifth sands 
(Cardwell and Avary, 1982).  The Mannington Gas Field is present on the Wallace, Glover Gap, Mannington, Shinnston, Grant Town, Fairmont West quadrangles, and is located in the 
extreme southwest corner and southeast part of Mannington quadrangle.  This field, discovered in 1891, produces from the Upper Devonian Gantz, Fifty Foot, Thirty Foot, Gordon Stray,
Gordon, Fourth, Fifth, and Bayard sands and the Lower Mississippian Big Injun and Squaw sands (Cardwell and Avary, 1982).

Fairview-Statler Run-Mount Morris Oil Field.  The southwest-northeast trending Fairview-Statler Run-Mount Morris Oil Field is present on the Mannington, Grant Town, Blacksville, and 
Osage quadrangles.  The southwestern part of the Fairview-Statler Run-Mt. Morris Oil Field is located in the northeast corner of the Mannington quadrangle.  This field is located in Marion 
and Monongalia counties, and it extends into Pennsylvania.  Discovered in 1890, this field produces from the Lower Mississippian Big Injun sand (Cardwell and Avary, 1982).

Farmington Gas Field.   The Farmington Gas Field is located on the Wallace, Shinnston, Mannington, Grant Town, and Fairmont West quadrangles, and the central area of this field is 
present at south edge of Mannington quadrangle.   Cardwell and Avary (1982) report the field was discovered in 1892 and production is from the Upper Devonian Bradford, Speechley,
Balltown, and Riley sands, the Lower Mississippian Big Injun and Squaw sands, the Middle Pennsylvanian First Gas sand, and the Lower Pennsylvanian Salt.

Fallen Timber Gas Field.  Located in the extreme northwest corner of Mannington quadrangle, this gas field extends across the Glover Gap, Mannington, and Wadestown quadrangles.
Production is from Upper Devonian Gordon, Fourth, and Fifth sands.  This field was discovered in 1903 (K.L. Avary, unpub. data, 2008).

Silver Hill Gas Field.  This field, discovered in 1925, is located on the Glover Gap, Mannington, Wadestown, and Blacksville quadrangles and extends diagonally across the Mannington
quadrangle from northwest corner to extreme northeast corner.  Production is from the Upper Devonian Gordon Stray and Gordon sands (K.L. Avary, unpub. data, 2008).

Dents Run Oil and Gas Field.  Dents Run Oil and Gas Field is located in the north and west central parts of Mannington quadrangle.  This field, discovered in 1916, produces from the 
Upper Devonian Fifty Foot, Thirty Foot, Gordon Stray, Gordon, Fifth, and Bayard sands (K.L. Avary, unpub. data, 2008).

Grant Town-Hagans Gas Field.   The Grant Town-Hagans Gas Field, discovered in 1904, is located on the Glover Gap, Wallace, Shinnston, and Mannington quadrangles, and occurs in the 
southwest part and the east central edge of the Mannington quadrangle.  Production is from Upper Devonian Gantz, Fifty Foot, Thirty Foot, Gordon Stray, Gordon, Fourth, Fifth, Bayard, 
and Warren sands and the Middle Pennsylvanian First Gas sand (K.L. Avary, unpub. data, 2008).

Hundred Gas Field.  Located on the Mannington, Blacksville, Grant Town, Osage, and Rivesville quadrangles, the Hundred Gas Field is present in the extreme east central part of 
Mannington quadrangle.  This field was discovered in 1904.  Production is from the Upper Devonian Gantz, Fifty Foot, Thirty Foot, Gordon Stray, Gordon, Fourth, Fifth, and Bayard sands 
(K.L. Avary, unpub. data, 2008).

Big Run-Birchfield Gas Field.   Discovered in 1903, the Big Run-Birchfield Gas Field occurs on the Mannington, Grant Town, and Blacksville quadrangles, and it is present in extreme 
northeast part of Mannington quadrangle.  Production is from the Upper Devonian Fifty Foot, Thirty Foot, Gordon Stray, Gordon, Fourth, Fifth, Bayard, and Warren sands (K.L. Avary,
unpub. data, 2008).

Llewellyn Run-Plum Run Gas Field.  Discovered in 1907, the Llewellyn Run-Plum Run Gas Field is located in the north central part of Mannington quadrangle.  This field has production 
from the Lower Mississippian Big Injun sand (K.L. Avary, unpub. data, 2008).
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Allegheny Formation (235-245 feet)
Cyclic sequences of sandstone, siltstone, shale, limestone, and coal. Includes the Freeport, 
Kittanning, and Clarion coals. Extends from the top of the Upper Freeport coal to the top of the 
Homewood Sandstone. The Allegheny Formation does not outcrop on Mannington 
Quadrangle.
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Explanation of Symbols

Pittsburgh coal outcrop

Probable original contact (present 
in disturbed areas and areas 
covered by water)

P

Pittsburgh coal Structure

Uncertain contact (projected from 
subsurface information)

Was

Way

Washington coal outcrop

Waynesburg coal outcrop

base of Ames Shale

  Jol Jollytown coal outcrop

Unit contact

Disturbed areas
Minesoils, landfill cover material, and other products of human activity that modify pre-existing 
outcrop patterns.  Disturbed areas are too thin to be included in cross sections at 1:24,000.
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Creating Geologic Maps for the Appalachian Plateau 
in a GIS Environment

MCCOLLOCH, Jane S. and MCCOLLOCH, Gayle H. Jr., West Virginia Geological and Economic Survey, 
1 Mont Chateau Road, Morgantown, WV 26508-8079, janemc@geosrv.wvnet.edu, mccolloch@geosrv.wvnet.edu

Abstract
Using GIS analysis in combination with traditional fieldwork, we have 
developed a system to produce geologic maps utilizing coal resource 
data, oil and gas information, and field data.  Field mapping is being 
conducted at scale of 1:24,000, but compilation of mapping at other 
scales is highly desirable.  The availability of other datasets, such as 
high resolution digital elevation models and much improved U.S. 
Census Bureau Tiger files are being considered by the West Virginia 
Geological and Economic Survey (WVGES) for use in developing 
new digital base maps potentially ranging in scale from 1:4,800 to 
1:250,000 or smaller.

West Virginia has a wealth of geologic and mineral resources informa-
tion.  Petroleum resources extraction began in 1859, and development 
of a digital oil and gas database at WVGES began in the late 1960s.  
Large-scale coal mining in West Virginia, which began immediately 
after the Civil War, has generated vast amounts of coal resource and 
mining information.  In 1995, the WVGES Coal Bed Mapping Pro-
gram (CBMP) began developing a GIS-based mineral inventory.  This 
inventory includes several GIS layers including structure grids, thick-
ness grids, mining, and outcrops for each economically mineable coal 
bed.

Introduction
WVGES has been collecting, archiving, and, more recently, develop-
ing digital databases of geologic and mineral resource data in West 
Virginia for many years.  The extraction of petroleum resources in 
West Virginia began in 1859, and development of a digital oil and 
gas database at WVGES was initiated in the 1960s.  Large-scale coal 
mining began in West Virginia immediately following the Civil War, 
and it has generated a wealth of coal resources and mining informa-
tion.  The Coal Bed Mapping Program (CBMP) and its predecessor 
the Coal Resources and Pollution Potential Study are sources of 
much pre-interpreted mineral resource information that have pro-
vided a starting point for our mapping.  The structure of the probable 
mineable extent of the Pittsburgh coal, shown in Figure 1, is an ex-
ample of the large amount of coal resource information available at 
WVGES.  Coal resource maps and GIS coverages have been created 
for 42 mineable or potentially mineable coal beds in West Virginia to 
date.  The WVGES Oil and Gas digital database, which contains in-
formation about more than 140,000 oil and gas wells, is another 
useful source of data.  Locations of wells included in this digital da-
tabase are shown in Figure 2.  This leverage has enabled us to com-
plete two or three quadrangles per year in data dense areas.  Even 
without this pre-processed information, given reasonable data den-
sity, the procedures described below represent a reasonable strategy 
to develop geologic maps in a GIS environment.

Figure 1.  This representation of the structure of the probable 
mineable extent of the Pittsburgh coal, which forms the base of the 
Upper Pennsylvanian Monongahela Group, is an example of the 
large amount of resources information available at the West Vir-
ginia Geological and Economic Survey.  The colors represent el-
evation of the base of the coal.  Elevations range from a little less 
than 24 feet above sea level in the center of the basin (represented 
by the deepest blue) to 1792 feet above sea level (represented by 
the brightest red).  The presence of thin coal that is not economi-
cally mineable is responsible for the apparent gap in data in west-
ern West Virginia.  The southern area is connected to the northern 
area through Ohio.

Methodology
Geologic mapping in relatively flat lying rocks of the Appalachian Plateau involves 
tracing important marker beds that are coals, sandstones, or other geographically ex-
tensive units.  Pennsylvanian unit boundaries are frequently associated with coal 
beds, e.g., the base of the Upper Pennsylvanian Monongahela Group is the base of 
the Pittsburgh coal bed (Figure 2) and the boundary between the Washington and 
Greene Formations of the transitional Upper Pennsylvanian-Lower Permian 
Dunkard Group is the base of the Jollytown coal bed (Figure 3).

The first priority during a mapping project is to do a triage of coal resources infor-
mation produced by the CBMP for the proposed mapping area and to identify gaps 
in data coverage where the important marker beds do not represent economically im-
portant resources.  Oil and gas data, other data from Survey files, and collection of 
additional field data are used to eliminate these gaps.  Oil and gas data also provides 
subsurface information for completing cross sections. 

Croplines of important beds are automatically generated by intersecting the grids 
representing structure of each bed with the grid representing the topography.  This 
process is accomplished by subtracting the two grid surfaces and generating a zero 
contour line that denotes the cropline (Figure 3). 

Preliminary field maps include the croplines of all critical horizons, as shown in 
Figure 4, a representation of part of the field map for the Mannington 7.5-Minute 
Quadrangle.  In creating the preliminary field map, to an extent, three-dimensional 
geologic data has become reduced to two dimensions.  After field maps are gener-
ated, the GIS-generated croplines are field checked, which frequently involves dig-
ging out ditches along country roads to verify contacts.  During the field check, ad-
ditional field data is collected for our use and entered into field volumes and data-
bases for future use.

Figure 5.  Cartalinx display of outcrop polygons on the Mannington 7.5-Minute 
Quadrangle.

Figure 6.  The cross section accompanying the preliminary geologic map of the 
Mannington 7.5-Minute Quadrangle is generated by sampling structure grids of criti-
cal horizons and the topographic grid along a profile.   The incomplete line is in the 
process of being plotted.  The coordinates of the line being plotted can be seen in the 
window above the cross section in the illustration.

Figure 7.  A reduced version of the open file Mannington 7.5-Minute Geologic Quadrangle Map produced utilizing Adobe Illustrator with the MaPublisher plug-in.

Figure 2.  The locations of the more than 140,000 oil and gas wells contained in the 
WVGES Oil and Gas database.

Figure 4.  Part of the preliminary field map of the Mannington 7.5-Minute Quad-
rangle, showing croplines of critical horizons.

Figure 3.  The Jollytown coal bed is the horizon that divides the Washington and 
Greene Formations of the transitional Upper Pennsylvanian-Permian Dunkard 
Group.  The Jollytown coal bed structure on the Mannington 7.5-Minute Quad-
rangle is represented in gray shades.   This horizon was extrapolated by adding a 
fixed interval to the elevation grid for the underlying Washington coal bed, al-
though sophisticated statistics can be utilized to estimate the interval between 
markers where a variable interval is appropriate.  The more colorful grid is the 1/9 
arc second resolution digital elevation model where warm colors represent higher 
elevations and cooler colors represent lower elevations (vertical exaggeration 3x).  
By definition, the cropline is the intersection of these two surfaces.

After fieldwork is completed, the linework used to construct field maps is 
modified, as needed, attributed, and built into final GIS datasets that are 
used to produce geologic maps (Figure 5).  Cartalinx, an application pro-
duced by Clark Labs in Worchester, MA, was used for editing, although 
other GIS editors could also be used.  The complete set of structure grids 
and the topography grid enables the sampling of grids along profiles, and 
the sampled profiles are used to generate cross sections (Figure 6).  Open 
file report maps are produced utilizing Adobe Illustrator with the MaPub-
lisher plug-in (Figure 7).

New Base Map Issues

A recent decision to produce a new West Virginia State Geologic Map to replace the last version compiled in 
1968 with minor updates in 1986 has generated discussion of several issues including modern base maps for 
use in preparing new geologic maps of all scales.  

The planned State Geologic Map is to be a living document representing the current state of knowledge 
about West Virginia geology.  A robust data model and an accurate scalable base map are two tools that will 
make this possible.  The North American Geologic Map Data Model Steering Committee has provided a 
suitable data model. 

The 1968 West Virginia State Geologic Map is based on the 1:250,000 scale Army Map Service 2 degree 
series.  Another base map is being explored because this series has a well-documented minor projection 
error (Snider, 1987), the series is becoming dated, and nothing else is being produced at 1:250,000 to replace 
this series. Also, it would be very useful to have a flexible statewide digital vector base that would be usable 
for scales ranging from 1:4800 to 1:250,000.  

One possible alternative results from a data collection effort begun in 2003 when the West Virginia State Ad-
dressing and Mapping Board (SAMB) flew digital imagery of the state and subsequently made it available 
as state plane coordinate tiles (WVSAMB, 2004).  In 2005, cooperative projects between the USGS, SAMB, 
and the West Virginia GIS Technical Center reformatted this imagery from state plane coordinates to digital 
orthophotoquads (DOQQs) (Figure 8) (USGS et al, 2005a), produced 1/9 arc second digital elevation 
models (DEMs) (Figure 9) (USGS et al, 2005b).  In 2006, the West Virginia GIS Technical Center contoured 
the DEMs to produce a uniform statewide set of attributed shape files of 20-foot contours (WVSAMB, 
2006).  Figure 10 shows an unannotated base map of part of the Mannington 7.5-Minute Quadrangle that 
was produced using these contours and the new 2006 Census Bureau Tiger files (US Census Bureau, 2007).  
In order to support the new West Virginia State Geologic Map it will be necessary to first test whether cur-
rent geologic mapping will fit the new base at 1:24,000.  Figure 11 shows part of the Mannington 7.5-
Minute Geologic Quadrangle map that has a backdrop of scanned separates from the Mannington 7.5-
Minute Topographic Quadrangle produced in 1960 and photorevised in 1976.  Figure 12 shows the same 
area using the linework from Figure 10 as a base map for comparison.  Much additional testing will be nec-
essary before a decision about this approach to a new base map is made, but this preliminary test is promis-
ing. 

Figure 8.  1/9 arc second Digital Elevation 
Model. The red box on Figure 7 delin-
eates the area covered.

Figure 9.  1/9 arc second Digital Elevation 
Model.

Figure 10.  Twenty foot contours and 2006 
second edition Census Bureau Tiger Files 
used for a simple unannotated base map.  

Figure 11.  Mannington quadrangle ge-
ology at 1:24,000 as plotted on the draft 
open file report using original quad-
rangle separates.

Figure 12.  Mannington quadrangle ge-
ology at 1:24,000 as plotted on the draft 
open file report using simple base map 
from Figure 10. 
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