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PURPOSE'

When plans for the Geologic Map of North America
(GMNA) were being made, the notion of geologic map data-
bases was in its infancy. At that time, and for many years
thereafter, few geologists were familiar with the design and
use of databases to manage geologic map information. In
1998, the Geological Society of America (GSA) and the
United States Geological Survey (USGS) National Geologic
Map Database project agreed to cost-share the digital prepara-
tion of this map. The plan was to digitize the hand-drawn,
author-prepared geologic compilations for the four map quad-
rants, in order to provide digital data for two purposes: (1) to
allow GSA to print the map, and (2) to permit the National
Geologic Map Database project to develop a prototype data-
base for this map. When the map was printed, the National
Geologic Map Database project began to design and imple-
ment the GMNA for use in a Geographic Information System
(GIS), based on certain assumptions regarding the anticipated
content of, and uses for, the map database as it gradually
evolved from the printed map. In mid-2006, a GIS proto-
type of the GMNA (Garrity and Soller, 2006) was provided
to the organizations principally responsible for map compila-
tion (GSA, USGS, Geological Survey of Canada, and Woods
Hole Oceanographic Institute), in order to initiate discussion
and decisions on how the map database would be designed,
managed, and served to the public and cooperators. These
discussions were successfully concluded, and in 2007 con-
struction of the database began. The first version of this data-
base will contain the geologic information observable from
the printed map and accompanying explanation sheet. It will
serve as the fundamental entity from which products of the
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map can then be derived. These products may be interpretive,
or they may be future editions of the map.

To produce any future editions of the map, the database
will incorporate all map revisions that are necessitated by
detection of compilation errors and by new regional mapping
and interpretations. Further, the geologic unit descriptions
shown on the printed map can be supplemented in the database
by more richly attributed information derived from the many
sources that were used to compile the map. This capability
to revise the printed map and to include additional descrip-
tive information for map units is one of the primary reasons
for building the database; the other reason is, of course, the
analytical capabilities made possible by providing the map in a
digital, GIS compatible format.

The creation of this database and its enhancement to
include new mapping and more richly attributed information
is a daunting task that will require a significant amount of
time and effort. Recognizing that a group of dedicated and
knowledgeable scientists is essential to make this database
useful and to keep its content up to date, GSA will develop a
consortium of geological agencies to manage the database.

DATABASE DESIGN

The design of this first version of the GMNA database
reflects the information structure of the printed map. As the
database evolves, data attributes will be modified to make
the database more comprehensive and useful. Also, future
versions of the GMNA database may incorporate elements
of the North American Data Model (http.://nadm-geo.org/)
and be harmonized in content with the International Geologi-
cal Map of Europe (http://www.bgr.de/karten/IGME5000/
igme5000.htm). Figure 1 shows the geologic features found
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Line

TERRESTRIAL & SPECIAL SUBMARINE FEATURES*
Contact—Dashed where approximately located, dotted where
inferred

Unclassified fault —Dashed where approximately located,
dotted where concealed or inferred

Normal fault—Dashed where approximately located, dotted
where concealed or inferred; ticks on downthrown block

YRR Ry O T O O

——aa—s.a.r. Thrust fault—Dashed where approximately located, dotted
where concealed or inferred; teeth on upper plate

R D Strike-slip fault—Dashed where approximately located, dotted
where concealed or inferred

== Shear zone
e Growth fault

—————— Limit of Wisconsin glaciation—Shown only in the U.S. east of
the Rocky Mountains

Limit of pre-Wisconsin glaciation—Shown only in the U.S. east
of the Rocky Mountains
- Submarine escarpment

i Slump scar

Bathymetric contours and contours on base of Greenland
Icecap—Contours at -200 or -500 meters and at 1000 meter
intervals beginning at -1000 meters. Depression contours shown
by tics

e Axis of submarine canyon, seavalley, or channel—Dotted
where approximately located

*************** Axis of sediment drift

Isochron in oceanic crust—Solid where basement is exposed,
dashed where basement is not exposed, dotted where inferred

— ——=——-Spreading center, overlapping spreading center—Solid where
active, dashed where abandoned

———==----Transform fault or non-transform offset of spreading center-
Solid where active, dashed where inactive or concealed

—— == — - Shear zone, diffuse

4—s—s—s—s—s  Frontal thrust fault of active accretionary wedge

—_— e

Fossil subduction zone
Pseudofault in oceanic crust

oo

DIKES AND SILLS*

Dike and sill feature class spans from the Middle Archean thru Tertiary. Example
below shows only Tertiary dikes and is meant to reflect the attribution schema for
all dikes and sills. Dashed lines indicate concealed dikes inferred from aeromag-
netic surveys.

—— Tertiary Dikes
Includes:
TmkEG, mafic and alkaline dikes, east Greenland (6015 Ma)
TmWG, mafic dikes, coastal west Greenland (55 Ma)
TmPR, mafic dikes, Prince Rupert, British Columbia
TimQC, intermediate and mafic dikes, Queen Charlotte Islands

*Symbols and definitions from Explanation of Map Symbols, Reed et al. (2005)

Polygon

TERRESTRIAL & SPECIAL SUBMARINE FEATURES*

ﬁ;‘ Impact structures (>10 km diameter)—Approximate polygons of larger
structures shown to scale. Many structures are largely or completely buried
beneath younger deposits.

Diapirs (Area of abundant diapiric structures}—Chiefly salt diapirs in and
around the Gulf of Mexico, Scotian margin, and on the Grand Banks;
evaporite diapirs in the Canadian Arctic Islands; shale diapirs on northwest
Alaskan shelf and off South America; may contain evaporate or serpentinite
off Honduras.

GEOLOGIC UNITS*

The GMNA contains overs 900 individual geologic unit definitions. Units are defined
on the basis of age, origin, and where possible, composition (Reed et al., 2005).
Example below (from Explanation of Map Units, Reed et al., 2005) illustrates the
direction of geologic unit database design:

UNIT ABBREV
ROCKTYPE

Volcanic

Middle Proterozoic_— WINAGE & MAXAGE
(1200-1000 Ma)

LITHOLOGY
(indicated by vf suffix)
OFFSHORE
(indicated by asterisk)

Middle Proterozoic
(1350-1200 Ma)

*Symbols and definitions from Explanation of Map Symbols, Reed et al. (2005)

Point El

TERRESTRIAL & SPECIAL SUBMARINE FEATURES*

©  Hydrothermal vent O Undifferentiated

©  (as/oil seep ® Crusts

©  Gas/fluid seep o Nodules

O Polymetallic sulfide deposits © Bles sl i gl

X Diatreme e Crusts,blocks,slabs,and
pavements

o Ultramafic B Nodules, blocks, slabs, and

O Felsic pavements

A Granite @ Crusts and nodules

$¢&  Cinder cone or lava dome grr]zs;:\'lgr?]iﬁlzs' blocks, slabs,

% Volcano *  Phosphate nodules or pavement

® Dome >10 km diameter Carbonatite

o Dome <10 km diameter ¢ Kimberlite

*Symbols and definitions from Explanation of Map Symbols, Reed et al. (2005)

Figure 1.

on the printed GMNA, and how they are generally organized
in the database. Figure 2 specifies the organization of these
features in the ESRI Geodatabase structure.

Features of the geologic map of North America grouped by feature geometry type.

GEOLOGIC UNIT ATTRIBUTES

For this first version of the database, we strove to capture
the information exactly as it was depicted in the GMNA
explanation sheet that accompanies the published map. For
geologic map units, the database’s attribute list includes:
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[ Base map features

3 Cities

Drainage

=1 GMNA southern boundary
=] Open water

Political boundaries

Bathymetryg[

DNAG Geologic Map of North America

Contours
Depression contours
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Location approximate

Growth fault Location accurate
Normal fault J Location concealed

Location approximate

F Location accurate
Location concealed

Strike-slip fault

Location accurate
Thrust fault 4{ Location approximate
Location concealed

r Bd Calderas

- B Diapiric structure trends

r &l Diapiric structures

+ [ Diapirs —— [322: IQ;::E;T?&!&KM

+ Bl Dikes and sills

= GMNA South

Faults L Unclassified fault r~ Location accurate
Geologic contacts r Location accurate k tDCBT!OH aPPfDXllmdaie
'?7 Geologic unit features ) ) . ) t Location approximate ocation conceale
&1 Geologic overprints Continental deposits Location concealed
=1 Geologic units Melange
Metamorphic rocks
Offshelf deposits Cretaceous-Tertiary dikes

Early Cretaceous dikes

Early Proterozoic mafic dikes
Late Proterozoic mafic dikes
Mid-Cretaceous dikes
Middle Archean mafic dikes
Middle Proterozoic dikes
Tertiary dikes

.. [Limit of pre-Wisconsin glaciation
- E=l Glaciation extent Limit of Wisconsin glaciation

+ Bl Impact greater than 10KM
+ [ Impact less than 10KM

my

— 'H Miscellaneous geologic features ——

+ = Small bodies of unusual igneous rocks

L Triassic and Jurassic dikes and sills

Alaskan type ultramafic body
Alkaline complex
Carbonatite
Diatreme
Kimberlite
[~ Cinder cone or lava dome

L [3 Volcanoes

L Volcano

Location accurate
Location approximate .
Location concealed

Blocks, slabs, pavements
Crusts
- [ Gas/fluid seeps Crusts, blocks, slabs, pavements
Crusts, nodules
- & Gas/oil seeps Crusts, nodules, blocks, slabs, pavements _ pcc e oo e
- = Hydrothermal vents m“g“:es ocks e
; ; odules, blocks, slabs, pavements Fossil subduction zone
C1 Geodatabase - B Maganiferous deposits Undifferentiated
[ Feature Dataset - EZ1 Phosphate nodules or pavement
i .
- B Polymetallic sulfide deposits Felsic
1 Polygon Feature Class ) Granite Shear zone - Diffuse
[ Point Feature Class . - 2 Rock in seafloor sample Ultramafic
Line Feature Class — ' Special submarine features ———| Special submarine line features

Figure 2. Database design of the Geologic Map of North America.

Axis of submarine canyon, sea valley, or channel

Frontal thrust fault of active accretionary wedge
Isochron in oceanic crust
Pseudofault in oceanic crust

Slump scar or growth fault
Spreading center or overlapping spreading center
Transform fault, or non-transform offset of spreading center—

Primary bracket includes feature datasets, secondary bracket

includes features classes, tertiary and quaternary brackets include feature class subtypes.

* ROCKTYPE - the “top level” rock classification (sedi-
mentary, plutonic, volcanic, metamorphic).

* LITHOLOGY - the simplified description included
for each geologic unit on the explanation sheet of the
GMNA.

*+ ROCK UNIT NOTE - special notes associated
with certain units on the explanation sheet of the
GMNA. For example, selected volcanic rocks are
attributed “Basalt adjacent to active spreading centers”,
selected metamorphic rocks are attributed “Granulate
facies metamorphism”, and selected sedimentary rocks
are attributed “Continental deposits”.

* UNIT _UNCERTAINTY — a query following the map
unit code indicates uncertainty about composition, or
whether the rock was recovered in situ from the ocean
bottom.

MIN AGE — minimum geologic age for the unit. Sub-
divisions of time-stratigraphic units are lower, middle,
and upper (lower-case), and for plutonic rocks are Early,
Middle, and Late

MAX AGE — see comments for MIN_ AGE.

MIN AGE CODE - code derived from the geologic
age codes defined by the AAPG Committee on Standard
Coding (1967)

MAX AGE CODE - see comments for MIN_AGE
CODE.

AGE UNCERTAINTY — a query preceding the map
unit label indicates uncertainty about the assigned age.

MAP _UNIT CODE — the GMNA map unit code

MIN_MAX RELATE - the relationship (“and”, “or”,
“thru”) between the MIN/MAX ages of units bounded
by multiple ages.
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PROCESSING STEPS

The following steps are taken to process the source
digital files into the GMNA database:

1. Adobe Illustrator files containing linework used for
the hard copy production of the Geologic Map of
North America (GMNA) were obtained from USGS
cartographers in Reston, VA. The two (northern and
southern) Illustrator source files were massive, with layer
counts totaling over 1,500 each.

2. Files were analyzed to determine if direct import
of the entire Adobe Illustrator file to ArcGIS was
possible. When observed at scales far more detailed
than that of the printed map, the files showed numerous
areas where problems in topological relationships existed.
Common topological problems in these areas included
polygons that overlapped or had gaps between them,
overlying line layers (contacts, faults, etc.) which were
not coincident with polygon boundaries, and line features
that self-overlapped. Topological errors were estimated in
the hundreds of thousands.

3. To avoid the time consuming process of correcting each
topological error due to the direct import of all features
from Adobe [llustrator to ArcGIS, only the non-geologic
contact linework coincident with geologic unit boundaries
was imported. For attribution purposes, each line type
(inferred thrust fault, concealed thrust fault, etc.) was
imported to ArcGIS individually.

4. The remaining linework (geologic contacts) was isolated
in Adobe Illustrator and exported as a series of high-
resolution (~600-1200 dpi) monochrome raster tiles.
Export at lower resolutions resulted in “blobbing” of
raster cells in areas where very intricate linework existed,
making them undesirable for auto-vectorization purposes.

5. When computer generated graticules plotted on stable
base media were overlain on the printed version of the
GMNA, unsystematic registration shifts at latitude-
longitude intersections were observed throughout the
printed version of the GMNA. Although shrinking/
swelling of base media may have contributed to the
registration inconsistency, it is more likely that error was
introduced in the numerous iterations (and numerous
technological changes in cartographic production) of the
GMNA over its twenty year history of compilation. As
a result, the monochrome tiles exported from Adobe
Ilustrator had to be rubber sheeted to local geographic
coordinate positions using control points in the DNAG
projection (Snyder, 1987).

6. Georeferenced monochrome images were auto-vectorized
using ArcScan. Gaps and overlaps between tiles due to
rubber sheeting were rectified via raster painting tools.

7. Topology rules were set in ArcMap and line dangles in the
newly vectorized layer were snapped to the nearest unit-
bordering line features imported in process step 3. This
resulted in a topologically clean layer.

8. Individual geologic unit layers were batch exported from
Adobe Illustrator and used to overlay the feature class
created in step 7. Through spatial querying, polygons
in the new layer that had their center within a specific
overlay layer were attributed based on the overlay’s
geologic unit abbreviation.

9. Remaining attribution for all other fields was completed
quickly through VBA field calculator scripting based on
the populated unit abbreviation field.

10. Feature class symbolization was created to closely
resemble the printed version of the GMNA. Feature class
symbology was exported to layer files.
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