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Introduction
The Geological Survey of Alabama (GSA) is currently
conducting geologic mapping at 1:24,000 scale (7.5-minute
topographic quadrangle maps) in conjunction with the U.S.
Geological Survey’s (USGS) STATEMAP program. On
average, the GSA is mapping three quadrangles each field
season. These maps are compiled digitally, and a paper
copy is completed and submitted to the USGS as a contract
deliverable map. The map then goes through an internal GSA
review and is published as a Quadrangle Series Map that
includes a map report. The GSA has published 50 Quadrangle
Series Maps that were supported in part by the STATEMAP
program and, previously, by the Tennessee Valley Authority.
The process of creating and updating digital databases for all
of these quadrangles is ongoing.
Many of these maps either have been compiled in a
digital format or have been converted into a digital format.
There are two processes running concurrently: (1) the creation
of new geologic maps and digital databases, and (2) the updating of previously published maps into a current digital format.
Currently, the GSA is releasing data in three formats. The first
is a database package using Environmental Systems Research
Institute (ESRI)-supported geodatabases. The second is a
shapefile package, with most of the same available data; these
files can be used with most GIS software. The final package
includes a PDF of the map and map explanation. Metadata are
written for all of the digital data that the GSA has created. The
release of geodatabases, shapefiles, and PDF files via the GSA

website began in 2007. The only part of the publication not
released within these three packages is the map report, which
is available for purchase in the GSA Publications Sales office.
The goal is to release the digital files of all of the previous and
future STATEMAP quadrangles to the public.

Collection of Data
Field mapping is still dominantly rooted in traditional
(nondigital) data collection techniques. The geologic mappers
at the GSA take a paper copy of the quadrangle into the field
and collect data points using a hand-held GPS, Brunton
compass, and barometric altimeter. Locations of observations
are plotted on the field sheet (Figure 1) and the observations
are written in a field notebook. Then in the office, the location
points commonly are transcribed to a paper copy of the map.
Sometimes, rather than transcribing to a paper copy in the
office, the observations are directly entered into a GIS format
as points (Figures 2 and 3).
Recently, a handheld Trimble GeoExplorer XM has been
purchased to collect digital data in the field. This unit is being
tested for the possible collection of more detailed and complex
information, and for integration of digital data in the field.
Currently, observation points are collected in this device with
ArcPad 7.1 and then compiled in the office into an ArcGIS
database. These observation points coincide with those
collected and transcribed on the hardcopy map sheet.
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Figure 1.

Field sheet with locations.

Figure 2. Three labeling schemes used to help make
interpretations of geologic units and contacts. A. Observation
points, date used as identifier. B. Field-interpreted geologic
units. C. Lithology of rocks at each observation point.
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Figure 3. Attributes entered from field observations. At each location the lithology, probable geologic
unit, altitude (from altimeter), sample ID, samples and/or pictures taken, and notes associated with that
location are recorded.

Compilation of Data
The field data are compiled by first creating in ArcCatalog a geodatabase with the desired feature classes and
attributes (Table 1). Then, using a georeferenced USGS
topographic map as a basemap, data points from field observations are entered into the database as a map of outcrops
Table 1.

(Figure 2). For display purposes the background colors (green
and white) of the topographic tiff image are turned to a null
value; later, when the map is being prepared for publication,
the base is set to a desired transparency level overlain on
the geologic polygons layer. Along with the outcrop points,
structural points and control points are entered where these
observations were taken. At present, the outcrop points are
only being used in the map construction process and are not

Features, layers, and data currently used in GSA maps.
LAYERS

Points
Lines

FEATURES

DATA

Structural Points

Type of point, strike and dip values

Control Points

Locations where contacts between two units are identified

Contacts

Geologic contacts, faults, and water boundaries

Structural Lines

Anticlines and synclines

Cross Section
Polygons

Cross sections
1

Geology Polygons

Geologic units (map unit name)
Map unit abbreviations
Age

Annotation

1

Contacts
Structural Lines

Full name of feature (most commonly, faults and structural lines)

Structural Points

Dip values on structural points

Geology Polygons

Map unit abbreviations

Unit descriptions are found in the metadata.
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being released with the
final digital files. The next
step is the construction
of geologic contacts and
structural lines. Two methods have been used. The
first entails drawing the
lines on a clean paper copy
of the topographic base.
The map is then scanned
on a large format scanner,
georeferenced in ArcMap,
and digitized from this
scan. The other method
is to heads-up digitize
on the screen in ArcMap
using the outcrop map as
a guide. When available,
hydrologic lines are
downloaded from various
sites and used as a control
for mapping. Quaternary
alluvium contacts are
drawn using both field
observations and county
soil surveys (Figure 4).
Polygons of geologic units
are then constructed from
the lines.

Figure 4. Soil data from county surveys. Alluvial soils are used to constrain location of Quaternary
alluvium deposits.

Construction of Map and Database
Once the field observations and interpretations are
entered, the database is populated with the desired attribute
data (Table 1 and Figures 5-8). After the population of all
features is complete, feature-linked annotation is constructed
in ArcMap as necessary. Commonly, annotation includes the
dip numbers for the structural points, map units for the geologic polygons, and names for specified lines such as names
on faults and structural cross section lines. The feature-linked

annotation in ArcMap allows for easy movement of the
annotation to desired positions on the map. Additionally, when
changes are made to attributes, the feature-linked annotation is
automatically updated, reducing the chance for label errors on
the map.
The attributes in the GSA database continue to evolve,
and we are making efforts to integrate the North American
Geologic Map Data Model (NADM). Currently, the following
attributes are included in newly constructed GSA database
layers (see also Table 1):

Figure 5. Attribute table for geologic units. Attributes include map unit abbreviation, unit name, and
age.
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• Geology Polygons – Map unit (the map unit abbreviation), Unit (Name of geologic unit), and Age (see
Figure 5)
• Contacts, Cross Section and Structural Lines – Line
type and name (see Figures 6 and 7)

• Structure Points – Point type, Strike, and Dip (see
Figure 8)
• Control Points – Point type, elevation (when available)
and geologic units (if necessary)

Figure 6. Attribute table for geologic contacts. Attributes include type of contact or fault, and name of
feature, if any.

Figure 7. Attribute table for structural lines. Attributes include linetype of structural line and name of
feature, if any.

Figure 8. Attribute table for structural points. Attributes include
structural point type, strike (using 0-360 azimuth), and dip.
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Construction of the cross section is still done by a
primarily nondigital process. Until recently, only 30-meter
DEMs were available in the current mapping area, which
provide too coarse a topographic surface profile for some
available cross-section building programs. The desired line
is drawn on the map and the elevations are gleaned from the
topographic base and transferred to a piece of graph paper to
get the surface profile. The cross section is then drawn using
structural observations and known or approximate thicknesses
of units. After the cross section is completed by hand, it is
scanned, drawn in Adobe Illustrator, and then added to the
layout. Compiled 10-meter DEMs are now available for areas
to be mapped in the upcoming year, and GSA is hoping to
digitally generate a topographic surface profile using those
data.

Metadata
Metadata are written within ArcCatalog for each feature
class and then are exported in text (.txt) format. Similar
information in each feature class (citation, distribution, etc.)
is completed only once in ArcCatalog and then is copied and
pasted into each feature class’s metadata in Notepad. Metadata
for each feature class are completed in Notepad and then are
imported back into ArcCatalog for each feature class. Finally,
metadata that include information from all feature classes are
compiled in Notepad and then imported at the Geodatabase
and Feature Dataset levels.
Overall, the objective to put most, if not all, of the data
in the database is an ongoing process. The most important
data that are found only in the metadata are the geologic unit
descriptions (Figure 9). Preferably, these data would be in
the GeologyPolygons feature class/shapefile, but a suitable
presentation for the data is unknown. There is no word wrap
feature in the attribute table, and users would have to scroll
laterally through a single line to read the description.

Layout
Because a paper map is required for both the STATEMAP
contract and for GSA publication, and because the layout
capabilities of Adobe Illustrator are superior to those of
ArcMap, the map is exported out of ArcMap as an .ai file, and
the layout is constructed in Illustrator. This step, however, is
necessary only if a paper product is generated.
For the digital layout in ArcMap as both .mxd and
Published Map Files (PMF), the feature classes are added with
annotation feature classes placed in a layer and the geologic
units in another layer. All layers are symbolized using a
customized style that is released with the database. For display
purposes the geologic units (GeologyPolygons) layer is
organized by geologic age – each geologic age is added (same
feature class added multiple times only for symbolization
purposes) and symbolized separately (Figure 10A). Also, the

cross section is provided as a hyperlink (as a PDF) in the .mxd
and PMF files in the database package (Figure 10B).

Publication of Map and Database
When the database and layout are ready for publication,
a formal review process begins. The database goes through
a digital review that includes examination of the database,
metadata, and associated files. The map layout goes through
an editorial review, and any changes that may affect the
database are addressed. Once the review process is complete,
final preparation of the publication package is undertaken.
Metadata are imported back to the geodatabase, into the appropriate feature classes. A published map file package (PMF)
is created, final PDFs of the layout are generated, and feature
classes are exported to shapefiles for the shapefile package.
The data are then posted to the GSA website (http://www.gsa.
state.al.us/gsa/gis_data.aspx).
The digital data for GSA Quadrangle Series Maps consist of:
1.

A Geodatabase package that contains geologic vector and
table data stored as data objects within an ESRI personal
geodatabase format, raster data stored as ESRI format
DRG-TIFF, an ESRI map document for use with ArcGIS
9.3 (which allows full control of editing and rendering of
the data sources), and an ESRI-published map document
for use with ArcReader, which allows viewing and
querying of the source data along with metadata and an
ArcGIS style for symbolizing the map.

2.

A shapefile package that contains shapefiles exported
from the personal geodatabase and the same ESRI DRGTIFF as in the Geodatabase package along with supporting files. This package does not contain annotation layers
included in the Geodatabase package, owing to software
limitations.

3.

A .txt file with metadata for the entire database. (Metadata
are also included within the GIS files.)

4.

A PDF file of the map sheet and a PDF file of the cross
section and map explanation.

5.

A Readme file explaining data, construction of the map as
it appears in the .mxd and .pmf, and location and placement of accessory files.

Future
The recent purchase of a hand-held device for digital
field-data collection has initiated a potential change in basic
data-collection techniques. The evaluation of this device will
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Figure 9. Example of geologic unit descriptions within the metadata.

influence mapping at the GSA. It is the hope of the GSA staff
that a suitable and more efficient system will be devised using
this hand-held device. This will eliminate a transcription step
and hopefully allow for an expansion of database capabilities
of the maps. Also, more immediate updates include the
expansion of available hyperlinks, mostly in the form of field
photographs added to the map databases.
The other major issue that needs to be addressed is the
use of base maps. The scanned USGS topographic map is the

base map currently used by the GSA. These base maps are
not adequate, and although alternatives are being evaluated,
none have yet proven cost effective. Agency discussions on
this matter have begun and suggestions include higher quality
topographic bases, whether scanned by the GSA or from
another source. The State of Alabama has begun discussing
the collection of LiDAR for the state, and this holds promise
for the future. Improving the quality and integrity of the base
maps will remain an issue until a satisfactory alternative is reached.
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Figure 10. A. Layout of digital geologic map (same layout in both .mxd and PMF). B. View of
cross section as it appears from hyperlink.

