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Abstract

Using GIS analysis in combination with traditional fieldwork, we have
developed a system to produce geologic maps utilizing coal resource
data, o1l and gas information, and field data. Field mapping is being
conducted at scale of 1:24,000, but compilation of mapping at other
scales 1s 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 WV GES 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 1n 1859, and development of a digital oil and
gas database at WV GES was 1initiated 1n the 1960s. Large-scale coal
mining began in West Virginia immediately following the Civil War,
and 1t 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, 1s 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 Oi1l and Gas digital database, which contains in-
formation about more than 140,000 o1l and gas wells, 1s another
useful source of data. Locations of wells included in this digital da-
tabase are shown 1n 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.
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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, 1s 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 1n 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 1s not economi-
cally mineable 1s responsible for the apparent gap in data in west-
ern West Virginia. The southern area 1s connected to the northern
area through Ohio.
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Figure 2. The locations of the more than 140,000 o1l and gas wells contained in the
WVGES Oi1l and Gas database.

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 1s 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 1dentify gaps
in data coverage where the important marker beds do not represent economically 1m-
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 1s accomplished by subtracting the two grid surfaces and generating a zero
contour line that denotes the cropline (Figure 3).

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 1s 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 1s appropriate. The more colorful grid is the 1/9
arc second resolution digital elevation model where warm colors represent higher
clevations and cooler colors represent lower elevations (vertical exaggeration 3x).
By definition, the cropline 1s the intersection of these two surfaces.

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 1s collected for our use and entered into field volumes and data-
bases for future use.
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Figure 4. Part of the preliminary field map of the Mannington 7.5-Minute Quad-
rangle, showing croplines of critical horizons.
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After fieldwork 1s completed, the linework used to construct field maps 1s
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).
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Figure 5. Cartalinx display of outcrop polygons on the Mannington 7.5-Minute
Quadrangle.

X 5463.594407, Y - 5463.594407 Scale : Unknown Nodes : 63, Arcs:93, Polygons: 0 Length of Current Arc : 5431.379374 / Vertices = 148

) Doy rcverr. OERE O #0 QLAY w031

Figure 6. The cross section accompanying the preliminary geologic map of the
Mannington 7.5-Minute Quadrangle 1s 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 1n the
window above the cross section 1n the illustration.

Creating Geologic Maps for the Appalachian Plateau
in a GIS Environment

New Base Map Issues

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

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 1ssues including modern base maps for

use in preparing new geologic maps of all scales. Figure 8. 1/9 arc second Digital Elevation
Model. The red box on Figure 7 delin-
The planned State Geologic Map is to be a living document representing the current state of knowledge cates the area covered.
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Farmington Gas Field. The Farmington Gas Field is located on the Wallace, Shinnston, Mannigg®n, 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 figi#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 Mi#fdle Pennsylvanian First Gas sand, and the Lower Pennsylvanian Salt.

Pittsburgh coal outcrop

Fallen Timber Gas Field. Located in the extreme northwest corner of Mannigg®n quadrangle, this gas field extends across the Glover Gap, Mannington, and Wadestown quadrangles. Re ferenc e S
Production is from Upper Devonian Gordon, Fourth, and Fifth sands. Thi®field was discovered in 1903 (K.L. Avary, unpub. data, 2008).
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~ % 0) S \ j | & i) \\‘ ) Silver Hill Gas Field. This field, discovered in 1925, is located g e Glover Gap, Mannington, Wadestown, and Blacksville quadrangles and extends diagonally across the Mannington
base of Ames Shale - Dog \ — ) o~ ! | quadrangle from northwest corner to extreme northeast cgsffer. 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 andg#¥s Field is located in the north and west central parts of Mannington quadrangle. This field, discovered in 1916, produces from the

Pittsburgh coal Structure ‘ \‘ ‘ ) = \ N . \ N J % //i Y \ ' . ) <€ 7‘ Upper Devonian Fifty Foot, Thirty Foot, Gorgeff Stray, Gordon, Fifth, and Bayard sands (K.L. Avary, unpub. data, 2008). Snider, J.P 1 987, Map PrOj eCtionS: A Working manual: U. S . GeOIOgical Survey PrOfeSSional Paper, 1 3 95 ’

Grant Town-Hagans Gas Field. Thg#&rant Town-Hagans Gas Field, discovered in 1904, is located on the Glover Gap, Wallace, Shinnston, and Mannington quadrangles, and occurs in the
a f th

Production is from Upper Devonian Gantz, Fifty Foot, Thirty Foot, Gordon Stray, Gordon, Fourth, Fifth, Bayard,
unpub. data, 2008). p
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v p
ingtopgfiadrangle. 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
, 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,

o, e | ” | U.S Census Bureau, 2007, 2006 Second Edition Tiger/Line Files, Washington, DC, U.S Census Bureau,
available at http://www.census.gov/geo/www/tiger/tiger2006se/tgr2006se.html

from the Lower Mississippian Big Injun sand (K.L. Avary, unpub. data, 2008).
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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 12. Mannington quadrangle ge-
ology at 1:24,000 as plotted on the draft
open file report using simple base map
from Figure 10.



