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INTRODUCTION

Many reasons exist for making detailed geologic
maps, including addressing basic research problems,
mineral and hydrocarbon exploration and development,
location of low value resources, and for foundations of
engineered structures. Some use geologic maps at 1:
24,000 or larger scale to combine small areas into islands
of knowledge that permit addressing larger-scale prob-
lems. With reconnaissance mapping we frequently can
extrapolate between islands of knowledge, in order to
compile smaller-scale geologic maps. The important
point, however, is that detailed geologic maps at 1:24,000
scale or larger form the basis for high quality geologic
basic or applied uses.

Large numbers of detailed geologic maps the were
not produced by State or Federal agencies are stored
(not formally archived) in geological survey and univer-
sity faculty file drawers, in theses and dissertations in
university libraries, in engineering reports, mining and
petroleum companies, and elsewhere. These are mostly
not digital geologic maps. Numerous archived detailed
geologic maps are of areas that now are inaccessible
through urbanization or through concealment beneath
various kinds of engineered structures, or are in flooded
mines and abandoned oil fields. These maps constitute
valuable data sets that should be preserved and made
available to the geologic community. Conversion of these
maps to digital geo-referenced GIS maps and databases
is possible, with adequate time and funding. At the
very least, they could be scanned and made available as
georeferenced images. The map categories identified here
should be subjected to a quality filter before the digitiza-
tion process begins.

There are several categories of non-federal, non-state,

non-digital geologic maps. Some are published at small
scale in journals and survey publications. In addition to
the maps listed above, many detailed geologic maps were
made during the 1970s and 1980s when nuclear power
plants were being constructed, and these reside in the
archives of the Nuclear Regulatory Commission. They
also should be digitized and made more widely available.
Detailed geologic maps of dam, building, and non-nuclear
power plant foundations and parts of other engineered
structures should similarly be digitized.

The primary utility of digital geologic maps is virtu-
ally the same as that of paper geologic quadrangle maps.
They contain the primary geometric, spatial, and resourc-
es data useful for crustal and surficial geologic research,
and mining, petroleum, engineering, and environmental
applications. In addition however, digital geologic maps
provide the ability to quickly and easily add data, and to
revise maps while they are being constructed. Editorial
changes also are readily incorporated and, in addition,
there is greater ease in integrating geologic maps into
local or regional compilations if they are in digital format.
Moreover, computer systems that allow geologists to re-
cord attribute and spatial (GIS) data in the field provide a
more effective means of migrating field observations and
mapping into a formal, published map database.

CONVERTING NON-DIGITAL TO
DIGITAL GEOLOGIC MAPS

Our process of converting paper to digital geologic
maps requires scanning the paper version and re-compil-
ing it on a geo-referenced base in Adobe Illustrator™ or
another graphics program. Adobe Illustrator is preferred
because the add-on program MaPublisher™ permits
geo-referencing maps at the beginning of digitizing. The

11



12 DIGITAL MAPPING TECHNIQUES 05

map can be printed as a draft and edited, then the editing
incorporated into the digital file. The map explanation can
most conveniently be assembled in the graphics program.
The geo-referenced map can be brought into a GIS for
addition of other attributes and data.

A digital raster graphic (DRG) or digital line graph
(DLQ) file of the base map is obtained and opened in
Adobe PhotoShop™. The basic colors in the map file are
converted to black or some other background color, and
the PhotoShop document is saved. The base map file can
then be opened in Adobe Illustrator and geo-registered
using MaPublisher. An advantage to approaching geologic
mapping this way is that it permits geologic contacts to be
compiled daily, on-screen, in Adobe Illustrator layers, and
lithologic, resources, and structural data to simultaneously
be compiled onto the map and into a spread sheet. Once
mapping is complete and contacts are drawn, polygons
can be constructed to complete the geologic map. Finally,
the title, explanation, scale, coordinates, etc., can be
added to the margins of the map.

The digital geologic map can then be converted to
GIS format by using MaPublisher Adobe Illustrator to
create georegistered shape files of the geology and the
base map. The shape file can then be converted to an Arc-
GIS file. The geologic attribute data for points, lines, and
polygons can be created as a separate file and incorpo-
rated in ArcGIS.

EXAMPLES OF CONVERSION TO
DIGITAL MAPS

The examples below are taken from my and my
students’ work, because of ready access to our detailed
geologic map data accumulated over >40 years of geo-
logic mapping (Figure 1). Many of these maps remain in
paper or mylar format in file drawers and theses, or have
been published on paper (e.g., Hatcher, 1980; Hatcher and
Acker, 1984; Ausburn et al., 2000), but a decision was
made by myself during the mid-1990s to begin making
digital geologic maps. In addition, we have been convert-
ing older non-digital maps as opportunities arise. As a
result, close to 50 percent of the detailed geologic maps
we have made over the past 40 years are now digitized,
and this process continues (Figure 2).

Importance of Geology in Part of the
Columbia, Tennessee, Quadrangle

The central part of the Columbia 7.5-minute quad-
rangle, Tennessee (Wilson et al., 1964; Figure 3) was
mapped during 1962 as one of the first mapping projects
in my career. It contains a topographic high in the central
part of the quadrangle that preserves some locally com-
plex and regionally important geologic relationships that

were not appreciated until around 2000. Because of this,
the geologic map of the central part of the quadrangle has
been digitized (Figure 3). The geologic data remain good:
contacts were correctly mapped and structural data were
correctly measured and plotted. So, despite the fact that
the data were collected in the early 1960s, understanding
their regional geologic significance did not occur until
recently. Beneath the Fort Payne chert (early Missis-
sippian) is an unconformity that terminates a faulted
syncline. This structure provides important evidence that
the middle Paleozoic Neoacadian (360-350 Ma) orogeny
affected both the southeastern Appalachians and adjacent
craton. In addition, truncation of faults, synclines, and
anticlines here and elsewhere (e.g., Wilson, 1971) beneath
the unconformity provides a new model for hydrocarbon
plays and exploration in the Middle Ordovician Nash-
ville - Stones River Groups (Trenton - Black River ages)
farther east beneath the Cumberland Plateau in Tennessee
and southern Kentucky.

Prentiss Quadrangle, North Carolina

Geologic mapping of the Prentiss 7.5-minute quad-
rangle, North Carolina, was completed during the 1970s.
The Prentiss quadrangle is published on paper (Hatcher,
1980), and was recently digitized from scanned raster im-
ages of the original paper maps (Figure 4). Bedrock and
Quaternary geology has been systematically recompiled
in MaPublisher georegistered Adobe Illustrator files. Once
the digital compilation of contacts and structural and re-
source data was completed, a preliminary digital geologic
map was printed and edited, permitting complete conver-
sion of these maps to digital geologic maps.

Contacts in the Prentiss quadrangle were correctly
located during geologic mapping, but at least one contact,
the Soque River fault (southeastern part of the quadran-
gle), has been reinterpreted as a fault. This and the fault
to the northwest are now known to be tectonostratigraphic
terrane boundaries, with three tectonostratigraphic ter-
ranes represented here. Compare the digital map (Figure
4) with the Hatcher (1980) version. While the geom-
etry and location of contacts on a properly constructed
geologic map should be correct, interpretation of contacts
may change through time. In addition to the terranes
represented in the Prentiss quadrangle, there are several
small massive sulfide deposits, sub-economic silliman-
ite deposits, and one or more rock units that could serve
as sources of dimension stone. The U.S. Forest Service
Coweeta Hydrologic Research Laboratory is also located
in the Prentiss quadrangle (e.g., Hatcher, 1988; Swank
and Crossley, 1988). The detailed geologic map of this
quadrangle thus has considerable utility both from an
academic and an applied geoscience perspective, as well
as use by non-geologists for basic and applied research in
forest ecology.
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Figure 1. Index map of geologic mapping by RDH, undergraduate, and graduate students since the
late 1960s, and funding sources [a more legible color version of this figure is available at http://
ngmdb.usgs.gov/Info/dmt/docs/hatcher05.html]. EDMAP—-Educational component of the USGS-
managed National Cooperative Geologic Mapping Program. NSF-National Science Foundation.

UT-University of Tennessee—Knoxville. DOE-U.S. Department of Energy.

Tugaloo Lake and Adjacent Quadrangles,
Georgia-South Carolina

The detailed geologic map of the Tugaloo Lake quad-
rangle (Figure 5) was completed during the 1960s and
early 1970s. It preserves a record of major tectonic events
ranging from the 1.1 Ga Grenville orogeny, and several
Paleozoic orogenies, through Mesozoic extension prior to
opening of the Atlantic Ocean, and Tertiary-Quaternary
drainage development. The map area is astride the eastern
Blue Ridge and western Inner Piedmont geologic prov-
inces in the internal parts of the southern Appalachians, in
the Tugaloo tectonostratigraphic terrane (Hatcher, 2002).
These provinces are separated by the Brevard fault zone,
but several other major structures are also present. In the
northwestern part of the geologic map is the southeastern
flank of the Tallulah Falls dome, which is rimmed by
several 1.15 Ga Grenville basement bodies (Hatcher et
al., 2004). The multiply-reactivated Brevard fault zone
(e.g., Hatcher, 2001) trends northeast-southwest across the
central part of the map. Detailed geologic mapping has
revealed that the entire Brevard fault zone is repeated by

one or more large faults. In addition, late Brevard faults
cut klippens that are remnants of the Alto allochthon in
the Six Mile thrust sheet to the southeast (Hopson and
Hatcher, 1988) providing critical evidence supporting

the reactivation history of the fault zone. All rock units
were later crosscut by Jurassic diabase dikes that preclude
subsequent movement on the Brevard or other faults in
this area. Rock units northwest of the Brevard fault zone
contain subcommercial grade quantities of kyanite that
have been prospected. Ordovician granitoids suitable for
quarrying, and small amounts of sulfide minerals occur in
the Poor Mountain Amphibolite southeast of the Brevard
fault zone.

Graduate Student EDMAP Digital Geologic
Maps

My graduate students and I have been producing
digital 1:12,000 or 1:24,000 scale detailed geologic
maps directly from field data since the mid-1990s. This
permits daily compilation and revision of geologic maps
as they accumulate data toward completion of a detailed
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Southern Appalachians base map modified from Hatcher et al., 1990, Tectenic Map of the US
Appalachians, Geological Society of America, Geology of Morth America, v. F2, Plate 1.

Figure 2. Index map showing digital (red) vs. non-digital (yellow) compiled geologic maps [a
more legible color version of this figure is available at http://ngmdb.usgs.gov/Info/dmt/docs/

hatcher05.html].

geologic map. Scott D. Giorgis (1999) mapped portions
of four 7.5-minute quadrangles in the Appalachian Inner
Piedmont near Morganton, North Carolina (Figure 6), and
recognized a major fault—now considered a tectonostrati-
graphic terrane boundary, with supporting state-of-the-art
geochronologic data. This and subsequent mapping by 10
more graduate students in that area has been supported
by the EDMAP component of the USGS-administered
National Cooperative Geologic Mapping Program. All
produced high quality detailed geologic maps, but the
geologic maps completed under this program through-
out the United States exhibit a wide range of quality for

a variety of reasons. These maps regardless of quality
presently have no outlet into the community except for a
few that are published or placed into open files by state
geological surveys. Many EDMAP geologic maps remain
in non-digital format, and many of those judged to be
high quality maps should be scanned or converted to
digital maps and made available through major databases,
e.g., the National Geologic Map Database or GEON, or
other outlets.

Building Islands From Detailed Geologic
Maps

An important use of detailed geologic maps is compi-
lation into maps of islands of knowledge, and tying these
islands together using reconnaissance geologic mapping
into more regional, small-scale maps useful for interpre-
tation of regional geology and tectonic synthesis. Some
of these islands consist of maps that have been scanned
and redrawn in Adobe Illustrator and composited using
MaPublisher into maps of larger areas (Figure 7). These
geologic maps become very useful sources of informa-
tion for compiling tectonic, resource, and other derivative
maps (Figure 8).

CONCLUSIONS

1. The large numbers of non-federal, non-state,
non-digital detailed geologic maps that exist in
state geological surveys, faculty file drawers, the-
ses, dissertations, engineering reports, in the files
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Figure 3. Geology of the central part of the Columbia, Tennessee, quadrangle (after Wilson et al., 1964) [a more legible
color version of this figure is available at http://ngmdb.usgs.gov/Info/dmt/docs/hatcher05.html]. Oc — Carters Limestone
(shown in cross section only; Middle Ordovician). Oh — Hermitage Formation (Middle Ordovician). Obc — Bigby-Can-
non Limestone (Middle Ordovician). Olcy — Leipers Formation and Catheys Limestone, undivided (Middle and Upper
Ordovician). Sbr — Brassfield Limestone (Lower Silurian). Sw — Wayne Group, undivided (Lower Silurian). Mfp — Ft.
Payne Formation and Chattanooga Shale, undivided (lower Mississippian).

of mining and petroleum companies, should be ACKNOWLEDGMENTS

made available in a digital format or as rasters in

the large geospatial databases now being compiled. U.S. National Science Foundation grants GA—1409,
2. Conversion of these maps to truly digital geo- GA-20321, EAR-810852, EAR-8206949, EAR—

referenced maps, then to well-attributed GIS 8417894, EAR—9004604, and EAR—9814800 supported

databases, is possible, but is labor-intensive and much of the detailed geologic mapping in the Carolinas

requires substantial funding. and northeast Georgia by RDH and graduate students dur-
3. Digital geologic maps currently being made ing the 1970s, 1980s, 1990s, and early 2000s. Additional

should be constructed in a format that permits detailed mapping support during the late 1960s and early

ready conversion to GIS databases. 1970s was provided by the South Carolina Geological
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Figure 4. Digital geologic map of the Prentiss 7.5-minute quadrangle, North Carolina (after
Hatcher, 1980) [a more legible color version of this figure is available at http://ngmdb.usgs.gov/
Info/dmt/docs/hatcher05.html].
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Survey, Henry S. Johnson, Jr., and Norman K. Olson,
state geologists. National Science Foundation Grants
GA-1409, GA-2032, and EAR 8417894, and the South
Carolina Geological Survey, supported the mapping in
Figure 5. Detailed geologic mapping in North Carolina,
Georgia, and Tennessee during the late 1990s and early
2000s has been supported by grants from the EDMAP
component of the National Cooperative Geologic Map-
ping Program administered by the U.S. Geological
Survey, with cooperation from the geological surveys of
North Carolina, Tennessee, and Georgia. The University
of Tennessee Science Alliance Center of Excellence also
has provided considerable support for RDH and students
since 1986. Review by David Soller resulted in significant
improvement of the manuscript, but I remain culpable for
any errors of fact or interpretation.
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