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INTRODUCTION

The Alaska Division of Geological & Geophysi-
cal Surveys (DGGS) has been producing geologic maps
using a Geographic Information System (GIS) since
1983 (Davidson, 1998). To take advantage of changing
GIS technologies and to be able to provide its customers
with quality digital geologic data, DGGS reviewed the
agency geologic map data structure and geologic mapping
process. This review resulted in a new geologic map data
model to be used in an agency-wide database system that
will support DGGS geologic map production and geologic
map data distribution into the future. DGGS geologists
are now incorporating the basic components of that model
into the process of compiling and producing new geologic
maps utilizing the ESRI personal geodatabase framework.

DGGS intends to integrate the geologic map database
into a comprehensive, centralized division-wide database
that includes bibliographic information about DGGS pub-
lications, metadata about DGGS GIS datasets, geochemi-
cal analysis data, field locality information, and other data
(Freeman, 2001; Freeman and others, 2002). DGGS recent-
ly moved its publications database and scanned document
index (Davidson, and others, 2002) into the centralized
database and began serving the publications through dy-
namic web pages, at http://www.dggs.dnr.state.ak.us/pubs/
pubs.jsp. DGGS currently is developing a set of web-based
forms that will incorporate DGGS metadata for project GIS
data into the database (Browne and others, 2003) and will
facilitate serving DGGS data through its publications web
pages. DGGS also is developing a web-based search en-
gine for DGGS geochemical data that will provide tabular
views of the geochemical analyses and documentary data,
including links to the original publications. Integrating the
geologic map features into its division-wide database will
allow DGGS to provide fully documented geologic map
data to both web and local GIS clients in the same way that
we will soon provide geochemical data.

LEGACY DGGS GEOLOGIC DATA

Geologic maps contain information about geologic
features and earth materials that can be used in spatial
analysis to facilitate earth resource assessment, develop-
ment, and planning. Providing consistent, reliable geolog-
ic map data for decision makers in industry, government,
and the general public is an essential function of a state
geological survey. For DGGS to provide consistent data,
it must have a consistent organization or data structure.

Legacy Data Structure

Older, legacy DGGS map data is structured in various
ways. Most of the older legacy data is managed in a hier-
archical GIS file directory system organized by project,
map product, data type, and theme (Figure 1). Each the-
matic data set (e.g., “bedrock”) represents a different ge-
ometry, topologic grouping, or geologic feature classifica-
tion. Attributes of each theme consist of codes that pertain
to cartographic elements such as annotation or symbolic
representation. To perform a geologic analysis, a data user
needs to execute scripts to plot the information and needs
a published map legend to determine the geologic context
of the features. The existing directory and file structures,
codes, and scripts have evolved and changed over time,
from project to project, resulting in inconsistencies. Ad-
ditionally, documentation of the legacy data is limited. As
a result, to get full use of the DGGS geologic map data,
users must depend on the specific knowledge and institu-
tional memory of the people that created the data.

DGGS legacy datasets can easily be converted into
ESRI geodatabase format. However, direct conversion
of the data does not take full advantage of the relational
structure inherent in the ESRI geodatabase because the
legacy datasets contain limited attribute context and docu-
mentation. Significant work is required to convert the car-
tographic codes contained in the legacy data into geologic
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Figure 1. Hierarchical data structure for DGGS legacy
maps, using the ESRI coverage data model. DGGS legacy
map data is stored as coverages organized on a disk in
subdirectories by Section (DGGS is divided into four sec-
tions, see http://www.dggs.dnr.state.ak.us/sections.html),
Project, and Theme. For instance the bedrock fold
features for any given map are stored as a coverage in the
../Covers/Bedrock/ subdirectory. The ../Comp./ subdirec-
tory contains the data resulting from merging the bedrock
geology data with the surficial geology data.

data. Therefore, DGGS suspended data conversion until it
could adopt a consistent data structure that could be used

for creation and integration of new geologic maps as well
as for conversion of legacy data.

DGGS GEOLOGIC MAP DATA MODEL

To update the agency GIS data structure and integrate
the legacy geologic map data with other geologic data,
DGGS staff in 2003 reviewed both the concepts recorded
in geologic maps and the agency geologic map-making
process. In this review a cross section of DGGS geolo-
gists examined the definitions of geologic maps and their
components to determine the information that is essential
to geologic maps. The review considered the existing
DGGS data structure and mapping processes, the data
structure of other agencies, and geologic map data models
and lexicon concepts being developed by the North
American Geologic Map Data Model Design Team (see
http://nadm-geo.org).

DGGS Geologic Map Definition

The DGGS discussions started by adapting the
geologic map definition in Jackson (1997) to DGGS geo-
logic maps:

A geologic map is a two-dimensional graphic rep-
resentation of selected geologic features on a part of the
earth as observed and interpreted by the authors. Compo-
sition, physical characteristics, and relationships of earth
materials (rocks and unconsolidated surface materials)
in the area covered by the map are portrayed by graphi-
cal juxtaposition, symbols, and labels; supplemented by
explanatory material presented with the map.

In current practice, DGGS geologic maps portray
bedrock and surface geologic features in particular areas
of Alaska, typically coinciding with a USGS 15-minute
series quadrangle map, and often at a nominal scale of 1:
24,000 or 1:63,360. Generally these maps are distributed
as a series of four maps with different themes including a
comprehensive geologic map, a surficial geologic map, a
bedrock geologic map, and an engineering geology map.

The geologic map components shown in Figure 2
represent the physical parts of the map as defined by the
DGGS working group. Components are shade-coded to
indicate whether the component is “essential”’; without
the essential components, a geologic map or data do not
contain usable information.

The group also looked at the science and institutional
processes involved in evolving empirical data (field obser-
vations, sample analyses, and geophysical measurements)
to geologic map data and finally to a published product.
Understanding these processes helps to better define the
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Figure 2. DGGS geologic map components as defined by DGGS geologists. Each component box

contains a list of the elements of the component.

concepts and science logic that should be built into an
object-relational database.

DGGS Geologic Map Conceptual Data Model

The map components identified by the DGGS work-
ing group are depicted as classes in a Unified Model-
ing Language (UML) Class diagram (Fowler and Scott,
2000). A “class” in a UML diagram (e.g., “data localities”
in Figure 3) represents a group of objects that share char-
acteristics and behavior. Within each class a box contains
the attributes that characterize the class, and another box
contains the operations that need to be carried out on the
class or its attributes. Associated classes are tied together
with connecting lines.

The data model is illustrated by a series of data cen-
tric, conceptual-level diagrams (Figures 3 and 4) that indi-
cate the cartographic and scientific concepts contained in
DGGS geologic maps and their essential components. For
example, the “bedrock materials areas” class is a com-
ponent of the geology class (Figure 4), which is in turn a
component of the “map body” class (Figure 3), which is
an essential component of a DGGS geologic map (Figure
2). The diagrams depict only the generalized, interpreted,
and classified data that are contained in a completed geo-
logic map. Operations in the class diagram are only those

required to ensure data integrity and enforce standard
vocabulary.

The geologic map body component of a DGGS
Geologic Map (Figure 3) is the “two-dimensional graphic
representation of selected geologic features on a part of
the earth” and is the essential core of the geologic map.
Map identification, geographic reference, and explana-
tion are already integrated into our geologic database to at
least some degree. Within the geologic map body the most
essential subcomponent is the geology class (Figure 4).

The geology class contains information about the
earth materials and features depicted on a geologic map.
The components of the geology class include earth materi-
als (both bedrock and surficial) classification, which have
an area (polygon) geometry; structural measurements,
which have a point geometry; and geologic structures,
which may be planar but are represented in the GIS with
a line geometry. Earth material areas are grossly classified
into surficial material areas and bedrock material areas,
to reflect the agency mapping process and map distribu-
tion. Contacts comprise a class that defines the geometric
boundaries of the earth material areas. The connecting line
between contact and geologic structures (Figure 4) shows
that geologic structures sometimes form the contacts
between different earth materials. Structural measure-
ments are subdivided into subclasses that have measured
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Figure 3. Geologic map body part of the DGGS data model, expressed as a UML class diagram. Each box rep-
resents a class. Within each class there are two sub-boxes; the upper sub-box is a list of attributes of the box, the
second is a list of required actions.

Geology

Show Bedrock Geology
{Surface Geclogy
Classification = Bedrock)

Show Faults
(Surface Geology
Classification NOT =
Bediock) [as datted fine]

Alert (Covered Structure
Measurement)

Show (Covered Structure
Measurement)

¢

Surface Materials Areas

Bedrock Materials Areas

Area : Geographic Polygon
Classification : Map Unit =

Area : Geographic Polygon
Classification : Map Unit = Unmapped

Check Classification (In
Map Unit Description)

Insert Label, Symbol
(Classification)

Check Surface Material ()

Unmapped Label : Unit Designator
Label : Unit Designator Symbol
Symbol Lithology
Surface Material Composition Morphology
Morphology Age
Age
Check Cl (in Map Unit

Description)

Insert Label Symbol (Classification)
Check Surface Material ()

Check Morphology ()

CheckAge ()

Check
Check Age ()

Planar Structure

Linear Structure

ic Structure Control

Strike Plunge Direction :
Dip Azimuth —
Rotation Point Plunge Restrict Move
Geologic Structure ()
Rotate Symbol Rotate Symbol Change Symbol
Label Dip Label Plunge Structure Measurement {)

|
Geologic Structures Decorations
] — = )
Location (Geagraphic Line) 9“%’3"’”” Point Geometry
Contact Geologic Classification Symbol
Y Eomldeincs Classffication Check 8ymbal Gedlogic
[0:1 =k Symbol Classification, Conficence
N —_— ification, Ce
Check Topology . Check Geologic Classification, Classification, Display
Share Edit () sifica Software)
Confidence Classification () Attachto e ()
Insert Syrbol ( Geologic Mova With Lin (1
Classffication, Confidence Allgn With Line ()
Classffication, Display a (
Software)
// \\
Structure Mzasurement
L G hic Point) LER
ocation (Geographic Point] 04 o1 o1
Geologic Classification = — —
Symbol KeyBed!Dike Faults Folds
Show em: T/F =T -
Thickness Offset Plunge Direction
Check Geologic ci : Thickness Dip Direction
Insert Symbol  Geolagic- Map Unit Name Name
Classification, Display Dip Direction
Software) eck CI P Check Name ()
(Include Map Unit Check Name ()
/)\ P D it
AN SN

Figure 4. Subcomponents of the geology class of DGGS data model, expressed as a UML class
diagram. Each box represents a class, within each class there are two sub-boxes; the upper sub-box
is a list of attributes of the box, the second is a list of required actions. This diagram shows the
geometric, logical, and content rules developed by DGGS staff for implementation into a geologic

map database.

orientations and depict either planar or linear structures.
Geologic structures have sub-classes including key beds,
faults, and folds each with special characteristics.

Science and cartographic rules that apply to individ-
ual classes are listed in Figures 3 and 4 as actions, these
rules apply only to the class, such as the rule: “geologic

material classification must be listed in the description

of map units” is represented as a “Check Classification”
action. The connecting lines between classes depict

science and cartographic rules between two classes. For
example, a rule “lines representing contacts must be
present on the boundary between two geologic material
classification areas” is represented by the lines con-
necting the Contact class and the Bedrock and Surface
materials areas classes.

Neither the process of generating a geologic map

from empirical data nor the relationships between geo-
logic map data and empirical data are represented in the
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model. For example, the trace of a fault on a geologic map
is in part interpreted from geophysical data, spatial and
time relationships between two adjoining geologic materi-
als, and part from the author’s intuition; the DGGS model
only captures that information in the Geologic Classifica-
tion and Confidence Classification of the fault.

IMPLEMENTATION

The ESRI personal geodatabase model was used for
DGGS mapping projects completed during 2004 (Athey
and Craw, 2004). The geodatabase model was chosen
because it supports geographically referenced polygon,
line, and point geometries as feature classes. Additionally,
spatial relationship rules between and within geometric
classes can be enforced using topology classes, and logi-
cal rules between classes can be enforced using joins and
relationship classes. Finally, the geodatabase can be used
in a single user environment or in a multiple user envi-
ronment (e.g., in ArcSDE, or Spatial Database Engine),
allowing us the flexibility to integrate the geologic map
database into our comprehensive agency-wide database
and to take the same data structure and user interface out
to remote field locations.

In the implementation of the DGGS geologic map
data model in the geodatabase framework, each of the
Geology subcomponent classes (Figure 4) was created
as a feature class. Feature classes related by theme and
geometric association are grouped into feature datasets
(Figure 5). For example, the geodatabase used for the
2004 mapping projects (Figure 5) contains a “bedrock”
feature dataset which includes feature classes “bedpolys”
for bedrock materials areas, “bedcont” for contacts and
faults, and “livfold_polyline” for folds. Geometric rules
between contacts and polygons were enforced within the
“bedrock” feature dataset using a topology class. This
initial implementation did not include the use of relation-
ship classes or domains to control the scientific language.
DGGS plans to make a more robust use of topologic rules,
relationship classes, and domains to ensure data integrity
in future mapping projects.

Once the geologic map data model is fully developed
and tested in the personal geodatabase, we will implement
the model in an agency-wide spatial database system. The
map data will be fully integrated with publications index
information, dataset index information, field locality, ana-
Iytical data, lexicon control, and project records contained
in an agency-wide geologic map database (Freeman and
others, 2002). This data integration will allow DGGS staff
geologists to access geologic map features and analytical
data from a single data repository while working at their
networked desktop computers. When this geologic data
integration is complete, DGGS staff geologists will be
able to conduct spatial analysis and create and edit new
geologic map data in a shared, multi-user environment.
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Figure 5. Screen shot of an ArcCatalog navigation tree
of a geologic map database used for the 2004 DGGS
geologic map products.
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