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Some background

AASG/USGS Geologic Data Model Working Group

formed in August, 1996

produced data model “v.4.3” in 1998

ca. 1998-2000 -- test-implement the data model

North American Data Model (NADM) Committee

formed in March, 1999

produced conceptual model “NADM-C1”, and science

language “NADM-SLTT”

ca. 2004-present -- test-implement the data model and science

terminology, encode it in GeoSciML

ngmdb.usgs.gov/info/standards/
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• Arc-native

• Simple structure

• Strong naming
conventions

• Complete DMU

• StandardLithology

• Feature-level
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• Vocabulary
definitions

• Extended Attributes

• FGDC symbology



 ArcGIS-native

• .gdb or .mdb

• Implementations and (some) tools exist!

• Prescribed translations to shapefile format

(simple and open versions)

• A documented, stable file format would sure

be nice



Simple structure
• Features grouped by spatial reference framework

– Earth’s surface (GeologicMap)

– Cross-section space (CrossSectionA, CrossSectionB, …)

– Page units (CMU)

• 1 required feature dataset: GeologicMap

• Within GeologicMap, 2 required feature classes

– MapUnitPolys

– ContactsAndFaults

– OverlayPolys (as needed)

– ConcealedContactsAndFaults (as needed)

– OtherLines (as needed)     fold axes, cross-section lines…

– OrientationPoints, GeochronPoints, …  (as needed)

• Optional feature datasets for Correlation of Map Units and
cross sections

• 4 required non-spatial tables, 2 optional tables



Strong naming conventions

• All names are prescribed

• Names make geologic sense

Goal is to 
facilitate 
collective 

development
of tools

ThisReport.zip
ThisReport.gdb  geodatabase

GeologicMap      feature dataset
MapUnitPolys  feature class

MapUnitPolys_ID      field
MapUnit
Label
IdentityConfidence
AreaSymbol
…



DescriptionOfMapUnits table

Name AgeMapUnit
Description
(free-format)

• One row per map unit

• Headings and headnotes represented as additional
rows in DescriptionOfMapUnits

• Row attributes include ParagraphStyle and
HierarchyKey

• This is a complete representation of traditional
USGS-style DMU



StandardLithology table
• Structured, queryable, description of each map

unit using NGMDB-sanctioned list of standard
lithologic terms

• Units can be described as mixtures
(interbedded, block-in-matrix, …) with
definite (93%) or indefinite (mostly, rare, …)
proportions

Dr Jekyll to the free-text Mr Hyde of the
traditional DMU



Feature-level metadata

• LocationConfidenceMeters

• IdentityConfidence

• ExistenceConfidence

• OrientationConfidenceDegrees

• DataSource

– DefinitionSource

– AnalysisSource

– LocationSource

as
appropriate



Vocabulary definitions

• Certain terms MUST be defined internally or in

referenced external vocabulary

– Any Type term

– Lithology and part terms in StandardLithology

• Glossary table for internal definition

• Except for StandardLithology, we sidestep issue of

controlled vs. uncontrolled science language

• Have tool to check for undefined terms and unused

definitions



ExtendedAttributes table
• A thread-style database table to store most

anything in structured, queryable form

• Each row has attributes

OwnerID   the entity that has this attribute

Property  e.g., typical seismic velocity

PropertyValue  e.g., 150 m/sec

• Particularly useful for sparse data

e.g., we know that this polygon of alluvium is

particularly sandy



FGDC Symbology

• We wish to encourage a common graphical

vocabulary

• We build on the good work done by the Digital

Cartographic Standard group and folks at ESRI

• Implementation is incomplete: we need an

FGDCGeology.style





Framework of schema

• Feature classes:

– Have geometry

– Link to geoscience thematic tables (foreign key)

– Other properties are observation-related metadata

• Thematic tables

– Map unit definition, lithology, age

– Metadata

– Pattern for extension to add other information
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Feature classes

• Tables that have a ‘shape’

field—georeferenced location that can be

plotted.

• Required

– MapUnitPolygons, ContactsAndFaults

• Optional

– Overlay polygons

– ConcealedContactsAndFaults, OtherLines

– Point data (e.g. OrientationDataPoints)



A simple geologic map:



Map Unit Outcrops

OtherLines

ContactsAndFaults

OrientationDataPoints ConcealedContactsAndFaults

OverlayPolygons



Follow same pattern:
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DescriptionOfMapUnits
(required) Provides basic text
definition of unit as found in map -
surround ‘explanation of map units’

MapUnit (e.g. TKg) abbreviation used to identify the unit
in links to lithology

HierarchyKey (1, 1.1, 1.2, 2, 2.1, 2.1.1, 2.1.2) use for
sorting units for legend display

ParagraphStyle defines formatting of text based on legend
rank

AreaFillRGB and PatternFillDescription describe
symbolization of polygons



DescriptionOfMapUnits



StandardLithology

(required) Provides list of litholgoic
constituents of geologic unit based
on standard vocabulary

PartType how constituent is related to whole

(e.g. blocks, interbedded, stratigraphic part...)

Lithology categorization of kind of rock

Proportion term or numeric value for

fraction of unit composed of this constituent



StandardLithology example

.45MudstoneInterbeddedKJzSTL770

.55LimestoneInterbeddedKJzSTL266

DominantTonaliteOnly partKitSTL265

DominantTuffInterbeddedTxtSTL264

MinorTuffStratigraphic partTxSTL579

MinorSiltstoneStratigraphic partTxSTL327

DominantSandstoneInterbeddedTxSTL26

ProportionValueProportionTermLithologyPartTypeMapUnitStandard-

Lithology_ID



Standard lithologies

Earth material
Breccia
Soil
Unconsolidated material
Igneous rock
Metamorphic rock
Sedimentary rock

Hierarchical
Sedimentary rock
heading is expanded
at right

Sedimentary rock

Clastic sedimentary rock

Mudstone

Shale

Sandstone

Conglomerate

Wackestone

Diamictite

Carbonate sedimentary rock

Calcareous carbonate
sedimentary rock

Dolomitic or magnesian
sedimentary rock

Carbonate rocks defined by
depositional fabric (~Dunham
classification)

Carbonate boundstone

Carbonate mudstone

Grainstone

Packstone

Crystalline carbonate

Framestone

Carbonate wackestone

Organic-rich sedimentary rock

Coal

Chert

Iron-rich sedimentary rock

Phosphorite

Evaporite



ExtendedAttributes

(optional) Provides mechanism to
associate attributes with any
other data element.

Cost is that unusual content will be less
likely to be understood and used.

Associates property and property value pair with an

‘owning’ record representing an item the property

applies to or the target of a relationship.



ExtendedAttributes Example

DS3656NoneGradationalContactCharacterCOF22Contacts-

AndFaults

EA306765

DS0980NoneRight-lateral

strike slip

Displacement-

Type

GE266Geologic-

Events

EA304996

DS1135None200 kmDisplacementGE266Geologic-

Events

EA302476

DS1205NoneGE266SuccessorSlip-

Event1

Geologic-

Events

EA306334

DS1130NoneRight-lateral

strike slip

Displacement

Type

Slip-

Event1

Geologic-

Events

EA352796

DS1045None4 kmDisplacementSlip-

Event1

Geologic-

Events

EA375796

DS045PossibleMiddle

Cretaceous

MetamorphicAgeDMU27Description

OfMapUnits

EA306906

DS2106ProbableEarly

Proterozoic

MetamorphicAgeDMU27Description

OfMapUnits

EA306066

DS2069TypicalMediumMetamorphic

Grade

DMU27Description

OfMapUnits

EA306358

DS0364UncommonLowMetamorphic

Grade

DMU 27Description

OfMapUnits

EA338396

DS0001RareHighPermeabilityDMU3Description

OfMapUnits

EA308062

DS2140Rock is full of

alteration clays

TypicalLowPermeabilityDMU3Description

OfMapUnits

EA306096

Data

SourceID

NotesQualifierValue

- Link

Property-

Value

PropertyOwner-

ID

Owner-

Table

Extended-

Attribute_

ID



GeologicEvents

(optional) Use for greater
precision in descibing
geologic age and history

Associate an event with a minimum and

maximum bounding age (term or numeric)

Sequence events to describe a history

Event vocabulary examples: deposition,

intrusion, folding, Laramide orogeny...



Example GeologicEvents

DS206568040CenomanianEarly

Eocene

Laramide

age

Laramide

orogeny

GE23609

DS105228MioceneMioceneMiocene

Deposition

Depositio

n of Tvt

GE2465

DS6201640PlioceneQuaternaryPliocene to

Quaternary

FaultSlipGE00022

DS269042220Early

Miocene

Early

Miocene

Early

Miocene

FaultSlipGE00001

Data-

Sources-

ID

NotesAge-

Older-

Value

Age-

Younger-

Value

Age-Older-

Term

Age-

Younger-

Term

Age-

Display

EventGeologic-

Events_-I

D



Glossary

• (Required) Simply a listing of
terms with definitions and
source information
–Term

–Definition

–DataSource_ID



Feature-level metadata
• LocationConfidenceMeters

– Data type = float

– Diameter or width of 95% confidence zone for spatial
position

– Relative to other geologic data and base map, not
necessarily relative to ITRF2005

– Estimates with 2X uncertainties are OK!

• IdentityConfidence, ExistenceConfidence
– Typically “STANDARD” or “LOW”

• DataSource
– Foreign key to DataSources table (text description and

citation for provenance)

– For some point data: LocationSource, AnalysisSource



Summary

• Designed for data delivery / sharing

• With some minor additions, could use for single

project data production

• Standardized vocabularies are key to facilitating

data interchange using the schema

• Please try it out and give us feedback!

http://ngmdb.usgs.gov/Info/standards/NCGMP09/


