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Foreword

The "Caﬂc;graphic and Digital Standard for Geologic Map Information" provides guidance
to the earth science community for the representation of geologic information on maps. The
purpose of this document is to standardize geologic information on maps prepared in both
electronic (digital) and traditional (printed) formats. Collection of geologic information
incorporates a significant amount of subjective observation and interpretation that cannot be
standardized. However, representation of geologic data and interpretations on maps must be
standardized for several reasons. The application of geologic map information to other
disciplines such as engineering, environmental protection, or public health is expanding rapidly;
information must be represented consistently for engineers and scientists in those other disciplinés
to enable them to understand and apply uniformly geologic data gathered from a variety of
sources. For applications such as civil engineering, the locations of contacts, boundaries, faults,
and point data must be represented consistently and uniformly; use of the geologic map standard,
both at the time the data are collected and subsequently when they are represented on electronic

or traditional maps, will ensure proper understanding and consistent interpretation of the data.

Second, many geologic data are now being prepared electronically for rapid application
and analysis. Often the earth scientist does not assemble the electronic map data for analysis.
Specialists in computer cartography assemble the electronic data; they cannot improve either the
quality or the character of the original data. The quality of the final map depends on the
application of a standard by all participants in the map-making process. Application of the
standard begins with the earth scientist who records and transfers the field and (or) remotely
sensed data to publishable format. Clear and effective communication of the geologic map data
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among the earth scientist, the digital cartographer, and the subsequent user begins with the use

of standard data representation.

Development of the geologic map standard contained in this report began in the U.S.
Geological Survey in 1989. The U.S. Geological Survey enlisted cooperation from the
Association of American State Geologists, which provided a representative to the worki~g group.
The working group included representatives from a spectrum of geological disciplines that make
general- and special-purpose geologic maps. In 1994, the project was incorporated in activities
of the Federal Geographic Data Committee, Geological Data Subcommittee, in order to expand
the review and application of the draft standards by Federal agencies that use and (or) gather

geologic map information.

The draft of "Cartographic and Digital Standard for Geologic Map Information" is
intended for public review, application, and comment for 2 years. At the end of that time,

comments will be analyzed carefully and the draft standard revised for release as a Federal

standard.

Members of the working group that developed the draft standard include:

U.S. Geological Survey
Principal Authors

Mitchell W. Reynolds, Chairman; author, compiling author, and symbol
text layout

James E. Queen, cartographic specialist for the standard: symbcls, color,
and pattern design

Richard B. Taylor, coding and author
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Other Committee Members

Nicholas M. Ratcliffe
William E. Scott
George E. Ulrich
Philip A. Davis
Edward C. Escowitz

Association of American State Geologists

John Davis, Kansas Geological Survey, representing the Geologic Standards
Committee of the Association of American State Geologists

The clarity, uniformity of presentation, and precision of both language and symbols have been

enhanced by the editorial work of

Susan Tufts-Moore, U.S. Geological Survey, Bow, New Hampshire

In addition, the following individuals have contributed to the graphic presentation of th= standard:

Michael Kirtley, Terra Imaging Arts, Incorporated, Conifer, Colorado: electronic
cartography
Janice Dennis, Wray, Colorado: color design and review of cartographic symbols

Constance M. Schafer, U.S. Geological Survey: symbol text layout

Carolyn H. McQuaig, U.S. Geological Survey: symbol text layout
Geraldine Owen, contractor: symbol text layout

F-iii



CONTENTS

Foreward . ... . e e F-i
ContentS . . . e e e e I
Contents—Geologic map symbols . ... ... ... ... .. ... .. I-iii
Part 1. Geologic Map Information
1.0 Introduction . .. .. ... .. ... ittt e e 1.0-1
1.0.1 Cartographic standard and accuracy of location
of geologic symbols ... ........ ... ... ... . ... ... 1.0-4
1.0.2  Conventions used in this standard . . .. ... ............... 1.0-8
1.1 Geologic map content standard . . ... ....... ... ... .. ... . ... .. 1.1-1
1.1.1  Map reference information .....................c..... 1.1-1
1.1.2 Geologicmapdata.............. ... .. ... 1.1-7
1.1.3  Geologic reference information . ....................... 1.1-9
1.2 National standards: Spatial Data Transfer Standard and
Content Standards for Digital Geospatial Metadata . ......... 1.2-1
1.3 Map title .. ... e 1.3-1
1.4 Map authorship . ... ... ... . . e 1.4-1
1.5 Geologic information and base map specifications . . ... ............ 1.5-1
1.6 Index to map reliability . ....... ... ... .. . . .. .. ... . . ... 1.6-1
1.7 Special-purpose index maps .. ........ ... ... 1.7-1
1.8 Standard for geologic unit and information representation . .......... 1.8-1
1.8.1  Stratigraphic nomenclature . .......... ... ... ... .. .. .. 1.8-1
1.8.2 Geologic time and ages of rock units . . .................. 1.8-2
1.8.3 Citation of references . . .. ........ ... .ttt .. 1.8-3
1.9 Guidelines for the placement of type on geologic maps ............. 1.9-1

[-1



Contents (Continued)

Part 2. Geologic map features: Symbols, graphical standards, and attribute codes
20 Introduction . .. ... ... ... .. e 2.0-1

2.0.1 Attribute coding for earth science features, 1:24,000 and 1:100,000 scales 2.0-2

2.0.1.1 Rules for coding feature symbols . ..................... 2.0-6

2.0.1.2 Attribute codes . . . ... .. e 2.0-8
2.0.2 Code-to-feature cross reference ... ... ... ... . ... ....... 2.0-13
2.0.2.1 Code cross reference, by code number . ............ 2.0-14
2.0.2.2 Feature identification-to-code cross reference ... ... ... 2.0-24
2.1 Geologicmap symbols . ........ ... . .. .. . i . 2.1.0-1
2.1.0 Introduction . ..... ... ... . e 2.1.0-1
2.1.0.1 Positioning of map symbols .. ......... ... ... ... ... ... 2.1.0-3

2.11  Geologic map symbols (detailed contents on p. I-ii1) ......... 2.1-1

Part 3. Colors and patterns for geologic maps: Color design, color and pattern charts

3.1 Guidelines for color design of geologic maps . ................... 3.1-1
3.1.0 Imtroduction . ........ ... ...t 3.1-1
3.1.1 Factors that influence good colordesign .................. 3.1-2

3.1.1.1 Purpose anduseofthemap....................... 3.1-2
3.1.1.2 Standards for color and pattern selection . . ............ 3.1-5
3.1.1.3 Colorcontrast and clarity . ....................... 3.1-8
3.1.1.4 Color coordination with previously published maps ... ... 3.1-9
3.1.1.5 Costof publication . .. .......................... 3.1-10
3.1.2 Treatment of base map information . ..................... 3.1-11

3.2 Colors and patterns for geologic maps . . . .. [ C-1
Explanation of color and pattern charts . . ....................... C-2
Sedimentary age colors . .. ...... ... .. C-3
Patterns printed in different colors . .. ...... ... ... ... . o L c4
Lithologic patterns for geologic illustrations ... ................... C-38

Sedimentary lithology patterns . . ........... . ... ... ... ..... C-38
Metamorphic lithology patterns . . .. ......... ... ... ... . ... C-39
Igneous and vein matter lithology patterns . . ... ............... C-39

I-ii



Reference
nuember

CONTENTS

2.1 GEOLOGIC MAP SYMBOLS

Feature Page
prefic 2.1-]

Geologic map symbols

2.1

2.2

2.3
24
2.5

2.6
2.7

Contacts, boundaries located by geophysical methods, and key beds . ......... 1
2.1.1 Contacts . . . . . e e e e e I
2.1.12  Boundaries located by geophysical methods . ................... 4
2.1.20 Keybeds ....... .. . e e 5
Faults e e e e 7
2.2.1 Faults . ... e e e e 7
2.2.7 Faults located by geophysical methods . . ... ................... 9
2212 Thrust faults . ... ... ... . . . e . 9
2.224 Detachment faults ... ... ... ... .. ... ... ... ... 11
2228 Faulttraces . . ... ... ... . e e 12
2.2.33 Faults in geologic sections . .. ... ... .. ... ... 12
2234 Lineament . ... ... .. ... e 13
Shear zones and mylonite zones . . . ... ... ... .. ... ... 13
Veins and mineralized areas . ... ... .. ... ... ... ... 15
Traces of axial surfaces, crest lines, and trough lines of folds . ............ 16
255 Foldtraces . ... ... ... .. e e e 17
2528 Foldsymbology . ......... .. . . ... ... 20
Isopleths. .. e e e 21
Symbols for minor structures . . . ... .. ... .. .. ... ... e 23
2.7.1 Measurements of bedding surfaces . . ........................ 23
2.7.16 Measurements of bedding surfaces from aerial photographs ........ 25
2.8.1 Foliation and layering in igneousrock ....................... 25
29.1 Foliation and layering in layered metamorphicrock .............. 28
2.10.1  JOoIntS . . ..o e e e e e e 29
2.11.1 Rockcleavage . . .. ... .. .. ... e 31
2.12.1 Minor faults and veins . ... .. .. ... ... 31
2.13.1 Axial surfaces of minor folds . ........... ... ... ... ... .. ... 32
2.14.1 Axesofminorfolds .. ... .... ... ... .. . . . ... .. .. . ... 33
2.15.1 Linear features . ... ... .. ... ... ...t 34
2.16.1 Free-form fold symbology ............. .. . . ... ... 36

Specialized geologic map symbols

2.17 Fluvial, glaciofluvial, and alluvial features . . ... ...................... 38
2.18 Glacial features . . .. .. . .o i e e e 39

2.19.1 Periglacial features . ... . ... . ... .. ... ... 40
2.20 Lacustrine and marine features . . . . .. . . . . . i i i e e e 42

Iii



Contents: Geologic Map Symbols (Continued)

Reference Feature Page
number [prefix 2.1-]
Specialized geologic map symbols (Continued)

2.21 Eolian features . . . . . .. . e e 43

2.22 Landslides and mass-wasting features . ... ... ... ... ...t 44

2.23 Volcanic features . . ... ... . .. .. e 45

2.24 Neotectonic (earthquake hazard) features . . .. ....... ... ... ... ... ... ... 47

2.25 Impact crater features . ... ... ... . . .. ... 49

2.26 Paleontology .. ... e e e 50

2.26.1 Fossil locality symbols . . .. ....... ... .. ... . . . .. 50

2.26.3 Fossil symbols for stratigraphic columns ... .................. 51

2.27 Natural TESOUICES . . . . .. oottt et e et e e e e e e e 52

2.27.1  Areas of extensively disturbed ground . .. .. ... . ... .. ... . ... 52

2.28.1 Areas of workings as mapped units . ............ ... ... ... ... 52

2.29.1 Mining and mineral exploration . .. .. ......... ... .. . . .. 53

2.30.1 Maps of mines and underground workings . ................... 54

2.31.1  Mineral reSOUICe ar€as . . . . . . .. v v v vttt et et ettt 56

2321 Oilandgas fields ......... ... . .. . . . . . . 57

2.33.1 Wells drilled for hydrocarbon exploration or exploitation .. ........ 57

2.34 Hazardous—waste SItES . . . .. . ittt it e e e e 59

2.35 Geologic unit labels and special characters designating age . .............. 61

2.36 Miscellaneous geologic features . ... ... ... .. .. . ... .. 63

2.37 Geologic features reserved for intermediate— and small-scale maps ......... 64

2.38 Geologic features reserved for small-scale maps . ..................... 65

2.39 Selected planetary geologic symbols . . ........ ... .. ... ... ... 66

2.39.40 Patterns used for planetary deposits .. ........... ... .. .. ... 69
Selected hydrologic features used on general-purpose geologic maps

2.40 Combined hydrography, feature identification, points, and nodes ........... 70

2.41 Combined hydrography, feature identification, and areas . ................ 70

2.42 Combined hydrography, feature identification, and lines ................. 72

2.43 Combined hydrography, feature identification, and points . ............... 72

2.44 Combined hydrography, feature identification, and multiple element types . ... 73

2.45 Combined hydrography, descriptive multiple element types . ............. 74

2.46 Combined hydrography, parameter, and multiple element types ............ 15

2.47 Hydrologic features used on special-purpose hydrologic maps . .. .......... 76

2.47.1 Springs of specific types . . ... ... ... 76

2.48.1 Water wells of specific types . ......... ... ... . .. . . ... 77

2.49.1 Gaging stations, Water . . . .. ... ..ttt ittt e 78

2.50.1 Miscellaneous hydrologic features . ........... ... .......... 79

2.51 Weather Stations . . . . . ittt e et e e e e 80

2.51.6 Weather stations where designated types of measurements are obtzined 80

I—v



Contents: Geologic Map Symbols (Continued)

Reference Feature Page
number [prefix 2.1-]
Selected topographic features
2.52 Transportation: roads and trails, feature identification and lines . ........... 81
2.53 Transportation: roads and trails, descriptive multiple element types . . ... ... .. 82
2.54 Transportation: railroads, feature identification, lines, and multiple element types 82
2.55 Transportation: pipelines, transmission lines, and miscellaneous lines .. ... ... 82
2.56 Boundaries, feature identification and areas ... ....................... 83
2.57 Boundaries, feature identification, and multiple element types . ............ 84
2.58 Hypsography (selected) . . .. ... .. .. e 84
TABLES
Table Page
number
1.0.2.1 | Metric-to-U.S. customary unit conversions used in "Cartographic and Digital
Standard for Geologic Map Information" .. ..................... 1.0-9
1.0.2.2  Abbreviations for typefaces and conversion of type points to metric units .. 1.0-11
1.1 Geologic map content: summary of standard elements of a geologic map
by principal category of map information . ..................... 1.1-3
1.4 Comparison of the cited map credit with the function of the individual(s)
assembling the map and the character of the map product ........... 1.4-2
2.1.0.1  Accuracy standard for location of map symbols relative to the 1:24,000
standard (12 mor 40 ft) .. ... ... . . . . . .. 2103
2.1.1 Geologic map symbols . . ...... ... .. ... .. 2.1-1
3.1 Example of color design for maps showing dissolved solids . .......... 3.14

I-v



DRAFT

CARTOGRAPHIC AND DIGITAL STANDARD
FOR GEOLOGIC MAP INFORMATION

PART 1. GEOLOGIC MAP INFORMATION



1. GEOLOGIC MAP INFORMATION

1.0 INTRODUCTION

Scientific requirements are set by the discipline of the earth sciences. Formats for
representing geologic map information have developed through nearly a century-and-a-half as a
response to expanding scientific sophistication and requirements to record compler geologic
information accurately. Standardization of those formats has progressed irregularly as the focus
and application of geologic studies have changed through time. However, the need for standards
for earth-science maps has acquired a new sense of urgency because of the requirements of
digital systems. Explicit standards required by computer graphics programs cannot be allowed
to change scientific requirements set by the discipline. Rather, the expanded capebilities in
preparation, data manipulation, and publication of earth science maps must be exploite to assist
scientific endeavors. Digital standards must accommodate the capabilities of the hardware and
software systems to be used, but they must start with the science.

Graphic practices for printed color and black-and-white general-purpose geologic maps have
been established and thousands of maps published. The definitions and organization provided
here set a standard for practice in preparing geologic maps from the field to publicat’nn. This
standard includes one format for digital representation of map information. As requirements
change regarding the type and representation of geologic data gathered, departures from this
standard may be needed. With adequate and precise description, such departures will be

encouraged to meet the needs of geological sciences.
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Geologists generally use maps and aerial photographs in the field at scales near 1:24,000,
even if the final mapping is destined for release at a smaller scale. Direct geologic mapping on
sheets at scales of 1:100,000 or smaller is rarely desirable because base maps at larger scales
present more detail usable for location and interpretation and provide space to plot geologic detail
required in working out geologic problems. Geologic maps at scales of 1:100,000 and smaller
are almost always compiled by generalizing larger scale maps. Data for small-scale maps are
generally drawn from maps compiled by many individuals. The compiler is less directl familiar
with the whole and must rely more on interpretation of the maps drawn by others.

This document sets forth a standard for developing general-purpose geologic mape at scales
of 1:24,000 and 1:100,000, with easy extension to maps at other scales, and provides definition
and discussion, some directed to make nearly 800 common understandings explicit, to assist
digital representation. The restriction to 1:24,000 and 1:100,000 scales and to general-purpose
geologic maps has been adopted to reduce the number of elements to a manageable group, as
well as to avoid expanding discussion to the special needs of very large scale maps, such as mine
maps, small-scale compilation maps, and special-purpose maps.

Any map provides a particular picture of the reality it represents. The general geo'ogic map
provides a view of the geology of an area that provides the distribution of mappable rock units,
the structure of the area, and through interpretation, the geologic history of the area. It does not
specialize on the details of a single element. To provide this general view, it avoids datails that
would obscure the broader picture. A compromise always exists between showing the details of
the distribution of small patches of surficial units and the distribution of bedrock units. As such,

the general geologic map is much more than an engineering representation. Prot'ems are
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different in different geologic terranes and in different physiographic provinces. Experience over
the past years helps to define the most useful content for a general geologic map, if we bear in
mind that the interests and capabilities of the author and the character of a particular area will
inevitably bias the content of the map. Special-purpose maps, or derivative maps, in part based
on the general geologic map, can be drawn to provide more details of a particular view of the
geology of the area and to complement the more general view.

This cartographic and digital standard for geologic map information presents the standard
in three major parts: (1) the standard for geologic map information, including content and
representation of map information; (2) the standard for graphical and digital representation of
map symbols, including one format of digital coding for geologic features; and (3) the standard

for the design and representation of colors and patterns on geologic maps.
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1.0.1 CARTOGRAPHIC STANDARD AND ACCURACY OF LOCATICN

OF GEOLOGIC SYMBOLS

The application of a standard for geologic map information begins at the tim= data are
recorded during field investigations or primary interpretation of remotely sensed data. Scientific
identification, characterization, and representation of relations among geologic elements with
positional accuracy are not improved by subsequent traditional or electronic (digital) map
preparation. Identification and characterization of geologic elements and their relations have
subjective components dependent on the background and interests of the scientist investigating
those elements or on the purpose of the investigation. However, recording scientific observations,
measurements, and, to some extent, the subjectivity of the observations on a map must be done

in standard format and content in order to facilitate communication among the scientist and users

of the map information.

The importance of a standard for the accuracy of geologic mapping was formalized in 1956 in
the U.S. Geological Survey (W. H. Bradley, 1956, written communication). That standard was
gradually recognized, but not rigorous followed, by other mapping organizations th-ough the
years. The standard was defined in terms of the accuracy of location of geologic lines and
points:
Solid lines should be used to indicate accurate locations of features that are genlogically
identifiable within the plotable limits of the [base] map and that can be located from
exposures or other evidence within 1/25 inch [ mm] on the map. Solid linss should

generally be within 1/25 inch [1.00 mm] true position and in no case should they be
mislocated with respect to geographically identifiable points more the 1/10 inch [2.5 mm]
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on any map. Features that are only approximately located should be shown by long dashed
lines; those that are indefinite or inferred, by short dashed lines; and those that are
concealed, by dotted lines. The use of many dashed contacts or faults on a map is not to
be construed as a detraction from the quality of the map, and for many maps, it may be
undesirable or impossible to achieve sufficient accurate locations to permit use of solid
lines.'

The quality of the map is not impaired, but rather enhanced because the reader is provided an
indication of the accuracy of location.

In recent years the U.S. Geological Survey, followed by other organizations, sub:tituted a
solid line contact for the dashed contact (contact approximately located) on many maps. With
this change, the geologist did not distinguish between different kinds of contacts according to
accuracy of location. Although the legibility of some maps was increased (dashed lines of
contorted traces may not be as legible as solid lines), in the main, dashed line contacts were not
used in order to reduce costs of preparation of materials for publication. On many of the maps,
dashed lines were used to indicate faults, located approximately. Dotted lines have consistently
been used to indicate concealed contacts and faults.

Although no record exists of studies conducted to determine the accuracy of lozation of
solid line contacts or other well-located features, discussions with geologists having extensive
field experience indicate general belief that the standards suggested as originally defined are

reasonable and proper guides to field practice. Accordingly that original standard is formally

Metric conversions added here. Throughout the remainder of the Cartographic and
Digital Standard for Geologic Map Information, metric units will be used following the Federal
standard for metrification. Previously, technical standards for map accuracy and cartographic
specifications were given in thousandths of an inch (U.S. customary units). Table 1.0.2.1
provides conversion values from metric to U.S. customary units. In some cases, metric
conversion values have been rounded to the nearest 0.005 mm, although in practice that
measurement cannol be met precisely by traditional or electronic map preparation techniques.
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adopted here. A continuous line is used if the location of the intersection of a geologic surface
and the Earth's surface is located within 1.00 mm at the scale of the base map. The dashed line
and other symbology for approximate locations, concealed boundaries, and inferred boundaries

are adopted in this standard (Section 2.0).

1.0.1.1. The 1.00 mm accuracy standard refers to locations of lines and points with respect to
local geographic features portrayed on the base map. In areas of gently dipping geologic
surfaces, locations of contacts are generally determined with respect to elevation and plotted
according to the topographic contours. Location of the majority of contacts within one contour
interval is generally regarded as feasible. Steeply dipping geologic surfaces are located
differently, and the 1.00 mm accuracy standard is more readily applicable. The accurac standard

also applies to locations of symbols for geologic features.

1.0.1.2  Symbols representing an observation applicable to a "local" area, as well as to a point
of observation, can be moved for the sake of cartographic clarity but should not be moved more
than 2.5 mm from the point of observation and should never be plotted in a unit different from

that in which observations were measured.

1.01.3.  The angles of strike and dip of surfaces and the bearing and plunge of linear elements
should be measured and plotted to the nearest degree. If a different accuracy conventicn is used,
such as reporting to the nearest 5 degrees, this convention should be described in the erolanation

of map symbols. Appropriate symbology for contorted beds or approximate data can be drawn
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from the list of symbols in this report (Section 2.0) and used to convey a sense of reality for the

observations recorded.

1.0.1.4  For reconnaissance or preliminary geologic maps reporting original mappin<z, dashed
and dotted line Symbo]ogy is used, but note that the 1.00 mm accuracy standard may nat be met
for the majority of the "solid” lines. The title of the map adequately explains the difference in
accuracy to be expected (Section 1.3), and the map reliability diagram summarizes the mapping
methodology and the density of observations to provide a user with a general view of the

positional reliability of the data (Section 1.6).

1.0.1.5 Standards also make explicit a set of requirements related to science. Topograohic base
maps are now available at a scale of 1:24,000, and soon at 1:100,000, for all of the cont=rminous
United States, Hawaii and most U.S. possessions, and at 1:63,360 for Alaska. The sta~dard for
geologic map information now requires that a geologic map must be on a topographic bese drawn
to Federal map standards. Such a base is required so that interpretation of the intersection of a
geologic surface with the ground surface, such as a contact or fault surface, can go beyond the
position of a line on a flat map to an interpretation of the configuration of this surface in three
dimensions. Electronic representation of the geologic elements on a digital topographic base map
can facilitate calculation of volumes, surface areas, depths to surfaces, and a variety of clerivative

information for scientific, engineering and other societal applications.
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1.0.1.6  Where both precision of location and geologic control, that is, spacing of outcrops, fall
within the 1.00 mm accuracy tolerance, lines or points shown on a map are constdered accurate.
Each one of the data points shown on a map is expected to fall within the tolerance standards
for accuracy, except as otherwise noted in the specifications of this standard. Tho:se falling
beyond this tolerance are either approximate or indefinite. Approximate contacts do not carry
a stated or implied accuracy, except as determined by the location of exposures or otservation

points that may be denoted by symbols, such as the limits of outcrops.

1.0.2 CONVENTIONS USED IN THIS STANDARD

For application and review discussion, discrete elements of the standard are assigned reference
numbers. Major parts are numbered in sequence: 1.0 Geological map information; 2.0 Geologic
map features: symbols, graphical standards, and attribute codes; and 3.0 Colors and patterns.
Following a decimal point, sections, topics, or classes within the major parts are each assigned
a number. Within a section, topic or class, individual standards or symbols follow in order, each
separated by a decimal from the numbers of the higher organizational elements. Tables and
illustration numbers are keyed to the appropriate section or topic of the standard using the same

decimal system.

1.0.2.1 Measurements for the standard are in metric units. Previous descriptions of map
accuracy and symbols have been in U.S. customary units. Table 1.0.2.1 provides conversion

values from customary units to metric units used in this standard. In 1995, available
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Table 1.0.2.1. Metric-to-U.S. customary unit conversions used in "Cartographic and Digital

Standard for Geologic Map Information”

- —
i Measurement Measurement
in millimeters Measurement in millimeters Measurement
[| (Rounded for use as in inches (Rounded for use as in inches
conversion standard) conversion standard)
I 2540 0.035
| 0.025 0.040
0.125 0.050
F 0.15 0.006 1.50 0.060
0.007 2.00 0.080
0.008 ” 2.50 0.100
0.010 3.00 0.120
0.012 3.125 0.125
0.014 3.50 0.140
0.015 4.50 0.180
0.018 ll 5.00 0.200
0020 | 1000 0.400

U.S. topographic base maps (1:24,000 scale and some 1:100,000 scale) use U.S. customary units
and have a scale to convert linear measurements to metric units. Many 1:100,000 topngraphic
maps used as bases for geologic data are in metric units; each map has a scale for conversion to
U.S. customary units. Geologic maps printed on a base map in customary units should show

geologic cross sections in units of the base map, with the conversion value provided at the base
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of the cross sections. Map text values and stratigraphic columnar sections are in me‘ric units.
In cases where the base map is in metric units, all geologic map and geologic map reference

information must be in metric units.

1.0.2.2 This standard refers throughout to typefaces and sizes for descriptions of symbols and
map information. Two categories of typefaces are used on geologic maps to enhance clarity,
readability, and distinctions among kinds of data: (1) Typefaces in which the uprigh* lines of
letters are ornamented with short lines (serifs), and (2) typefaces in which the upright lines of
letters are straight (sans serif, sometimes shortened to sans). This standard refers to two principal
typefaces Souvenir (serif) and Univers (sans serif). These typefaces are available for map
making in tradition and electronic formats. Similar typefaces may be substituted. For example,
Times Roman or New Times Roman typefaces produce characters similar to the Souvenir
typeface. Helvetica and Arial typefaces have sans serif characters similar to Univers. Table
1.0.2.2 provides the abbreviations of typefaces and sizes used in this standard. Customerily, type
sizes are given in points, rather than metric units. This standard continues the use of points;

however, Table 1.0.2.2 also provides conversion values from points to millimeters.
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Table 1.0.2.2. Abbreviations for typefaces and conversion of type points to metric rits

e . _—_— > ———

CONVERSION: TPE
POINTS TO MILUN":TERS |

Univers light

Univers
condensed italic

Univers light Souvenir medium |
italic italic

Univers light
condensed

Souvenir bold

Univers
expanded

Univers bold

Univers bold
italic

Trade Gothic

! In some digital fonts and type production equipment, Souvenir bold is equivalent to
Souvenir- medium of this table. Regardless of the program weight designaion, the
appearance of Souvenir medium type is preferred as the heavier Souvenir typefa-e.
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1.1 GEOLOGIC MAP CONTENT STANDARD

The standard for content of a geologic map applies to all information necessary to depict
the geologic data for an area. Three categories of information are covered by the stardard: (1)
Map reference information, required to identify the geologic map and to define its area, scale,
lineage, and base map for the geologic data; (2) the geologic map data themselves, inclding the
geologic map, geologic cross sections, and, if appropriate for an area, a stratigraphic columnar
section; and (3) geologic reference information for the map data. Although the geolagic map
data are the focus of the publication, they cannot stand alone. Together the three categories of
information define the full map content for both electronic and conventional publicatior formats.
Figure 1.1 illustrates each element of a geologic map and provides an example of a graphical
layout for a geologic map and supporting information. Table 1.1 lists each element v’ithin the
three principal categories of information. Content elements required by the standard for every
geologic map are shown in boldface on Table 1.1. Each element is keyed by referenc= number

to Figure 1.1, and notes on usage define the character and application of each elemen-.

1.1.1 Map reference information

Map reference information includes the metadata that describe the geologic map, its
source, and its base map(s). For the geologic map itself, the reference information includes all
information necessary to identify, locate geographically, and catalog the geologic ma». Data
required to identify the geologic map include: The name of the map, the county and State of the

map area, the author(s), compiler(s), or digitizer(s) name; the year of publication, the piblishing
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Table 1.1. Geologic map content: summary of standard elements of a geologic map by principal
category of map information

Geologic map content standards are keyed to Figure 1.1 by reference numbers for map elements. Boldface
reference numbers and map elements refer to standard elements that must appear on all geologic maps. Note that
the final layout of a geologic map may vary from that shown in Figure 1.1, depending on factors such as the shape
of the map area, the number of geologic cross sections provided (Section 1.1.2), the amount of informetion to be
included the geologic reference information (Section 1.1.3), and the size capacity of the printing cr plotting

equipment.
1.1.1 Map Reference Information
Rﬂ:;;':e Map element Notes on usage R”;::::d’d
1.1.1.1 | Map series and number credit Assigned by the organization or agency| Series -12
publishing the map Number S-13
Includes reference to pamphlet
accompanying the map, if Pamphlet SI-10
applicabie note
1.1.1.2 | Cooperating agency credit Provides credit to agency or agencies | Prepared in S-9
participating in funding andl(or) cooperation
mapping when different than with
publishing organization Agency S-11
1.1.1.3 | Publishing organization or agency | Provides credit to publishing Agency S-12
credit organization or agency
1.1.1.4 | Base map credit See text, section 1.5 Text U-8
1.1.1.5 | North arrow and magnetic Approximate mean declination cited Text U-5
declination under arrow
1.1.1.6 | Scale, contour interval, and datum| Map scale as numerical ratio Ratio U-8
note Bar scales in U.S. conventional and Bar scale U-7
metric scales of the base map units
Contour interval in units of the base Contour U-8
map interval
Vertical datum with year Datum U-7
Variation in magnetic declination Declination U-7
across sheet, scales 1:100,000
(Alaska) and smaller
1.1.1.7 | State map index Outline of State with State name in Type U-6

center, showing area of geologic
map in black
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R:::::;te Map element Notes on usage Rectc:'r;;\:;ded
1.1.1.8 | Latitude and longitude numbers | Latitude and longitude outside map Type U-8
and reference marks border, all sides of map; must be
present on all geologic maps and
illustrations
1.1.1.9 | Township and range numbers or | Township and range numbers outside | Type u-7
other land survey reference numbers map border, all sides of map; must
or marks be shown for all surveyed land
areas
1.1.1.10 | Title of geologic map See text, section 1.3 Type SB-24
1.1.1.11 | Author, compiler, or digitizer See text, section 1.4 Type SB-18
credit
1.1.1.12 | Date (printing year) Year of publication Type SB-12
1.1.1.13 | Map distribution and sales note Optional for organization or agency Type u-7
publishing the map
Printing plant imprint note, if Optional for organization or agency Type U-5
applicable publishing the map; shows locality
1.1.1.14 . - .
of printing plant and printing job
number
1.1.2 Geologic Map Data
1.1.2.1 | Geologic map Line, point, and area geological data;, | Labels S-8
labels. Geologic data on See symbols
topographic base map; data fit the standard
topography
1.1.2.2 | Geologic cross section(s) Geologic cross section; vertical scale | Names of map  U-8
equals horizontal scale of map, features
except for areas of extensive thick | Names of geo- U-6
surficial deposits which can be logic feat'rres
shown on a geologic section with | Vertical scal3s U-6
vertical exaggeration
Units of measurement are those of Unit labels U-8
base map. Insert metric conversion
scale at base of geologic section
1.1.2.3 | Vertical exaggeration note Amount of vertical exaggeration, if any, | Vertical exag- U-5
used in constructing the geologic geration

cross section
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1.1.2.4 | Stratigraphic columnar section Strongly recommended for all maps; Lettering U-8,
show right margin of column with U-10
relief representative of relief of
rocks on outcrop; use lithologic
symbols {section 3.1, p. C38, C39)
and fossil symbols {2.26.3) as
appropriate

1.1.3 Geologic Reference Information

R::z:«:)r;ie Map element Notes on usage th;r::::c';ded
1.1.3.1 | Correlation of map units Boxes are arranged according to field | Unit labsls U-8
stratigraphic refations among Unconformities  S-8

1.1.3.2

1.1.3.3

geologic units; size of box
represents stratigraphic relation
with adjacent units, not rank or
thickness; boxes touch vertically
where units are conformable; boxes
are separated along unconformities;
boxes may be arranged by
geographic area or structural plate
where stratigraphic differences
warrant

Braces on right dslimit series or
epoch, system, or period

Series/system
epoch/pariod S-8

Description of map units

Summary description of map units,
including rock type, color,
distinctive characteristics, and
thickness (m). Units are described
in order of increasing age from top
to bottom and left to right. Name of
stratigraphic unit precedes the
description

Box on left edge of unit description
gives unit fabel and color

Description of line and point
symbols

"{ Line and point symbols are those that

appear on the map. Free form
symbols and departures from
standard must be defined

Heading SB-10
Unit name SB-9
Description S-9
Labels U-8
Symbol name SB-9
Symbol des- S-9
cription and
gualification
Symbol numbers
and lette~s as
in standard

(Section 2.0)
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Reference
number

1134

1.1.35

1.1.3.6

Map element

Notes on usage

Recommended

1.1.3.7

1.1.38

1.1.39

tyr eface
Descriptive or interpretive text such as | Text can describe gsologic relations Heading SB-10
geologic summary, structural among units, tectonics, age Subheading S-9
geology, tectonics, environmental or determinations, results of topical Text S-9
sconomic geology studies
References cited Cites references for all published work | Heading SB-10
cited in the descriptive text, Text S-9
figures, and index maps such as
reliability and compilation sources
Format of citation follows standard
{text section 1.8)
Geologic mapping credit with Text U-8
date of mapping; assistantship
and editor credit; date of
approval
Mapping reliability and Map showing latitude and longitude Labels u-7,
responsibility index map; displays areas of detailed, U-8
showing sources of data generalized, and reconnaissance Latitude and U-7
compiled in map compilation, if mapping with explanation; combined longitude
appropriate with areas mapped by different Font and siz»
contributors, or areas of maps by can be adjusted
others used in compilation; formal for clarity and
references to published mapping for inclusion of
used in compilation are cited in selected geo-
1.1.3.5. See text section 1.6 for graphic infor-
discussion mation
Thematic summary maps, such as Can be included as space permits; Typefaces and
tectonic map, facies map, sample each map must be labeled with values follow
locality map latitude and longitude; symbols those of
follow standard 1.1.3.7
Tables, diagrams, and photographs Tabular information such as chemical | Headings S-9
analyses, radiometric age Text S-8

determinations, and photographs as
space permits

organization, and map series and number. Data necessary on every map to define its location

include the latitude and longitude, reference systems shown, such as State plane coordinates, land

grid, or other land-reference systems, scale, magnetic declination and contour interval with

reference datum.
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For the base map on which the geologic data are presented, the reference information identifies
the source agency or organization, map name(s), edition(s), projection, scale, reference
coordinates, and datum. Regardless of the publication format, each of these elemznts must

accompany the geologic map in order to meet the standard (Table 1.1 and text section 1.5).

1.1.2 Geologic Map Data

The geologic map including all line, point, and area geologic data with labels, all displayed
on a topographic base map or rectified base image(s), is the focus of the standard. These
geologic data must meet the standard for positional accuracy and symbology provided herein.
Geologic data must fit the topography as represented on the base topographic map or on images,
such as an orthophoto quadrangle, used to represent the Earth's surface in the mapped area. A

geologic map presented on a simple planimetric base map does not meet the standard.

One or more geologic cross sections, which illustrate the author's interpretation of the geology
from the Earth's surface downward in a sectioh normal to the plane of the geologic map, are an
essential element (1.1.2.2) of the geologic data. Along the line of the topographic profile for
the section, the geology must coincide precisely with the geology shown on the map. At depth,
the geologic interpretation must be consistent with geologic relations projected into the section
from adjacent areas or with data from bore holes and geophysical surveys in the area. The
standard for positional accuracy cannot be maintained at depth in the section; however,
symbology standards do apply. For most areas, the vertical scale of a geologic cross section

should equal the horizontal scale. The vertical scale displayed at the end of each sec‘ion is in
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the same units as the geologic map. A conversion scale to the alternate unit of mea~urement,
whether metric or U.S. conventional, is displayed at the base of the section. Generally, only in
areas where geologic units at the surface are very thin but extensive, or stratigraphic relations
among them are complex, are geologic cross sections drawn with vertical exaggeration. In such
cases the amount of vertical exaggeration must be provided in a note at the base of the geologic

section (element 1.1.2.3).

The usefulness of a geologic map, particularly in areas underlain primarily by sedimentary
deposits, is greatly enhanced by the inclusion of a stratigraphic columnar section that describes
the sequence of units. A stral.tigraphic columnar section provides a map user with a graphic
image of the rock types from the base to the top of the succession. The columnar section may
convey other information such as the weathering relief of the units, their fossil conten*. and the
stratigraphic position of aquifers, units that might contribute to geologic hazsrds, and
accumulations of minerals or fossil fuels that might have economic significance. A stretigraphic
columnar section may be appropriate for areas of extrusive and shallow intrusive volcanic rocks.
For map areas across which sedimentary, metamorphic, volcanic, or igneous intrusive facies
change significantly or are complex, a facies diagram (element 1.1.3.8) may illustrate units more
effectively than a columnar section. This standard provides graphic standards for rock types
" (Section 3.2, p. C-38, C-39) and fossil types (Section 2.26, p. 2.1-51) for columnar sections and
facies diagrams on maps. The potential amount of space on a map sheet should nt be the
controlling factor for the inclusion of a columnar section. Rather, the guiding princigle for all

maps is that relations among units or facies of all rocks and deposits shown on the map must be
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explained clearly. Either a columnar section (element 1.1.2.4) or a facies diagram (element
1.1.3.8) 1s a graphic supplement that clarifies information required in different format in the
correlation and description of map units (elements 1.1.3.1 and 1.1.3.2). The &gency or
organization that funds the geologic mapping and the map author must determine together what

form of presentation is most effective for the broadest audience of map users.

1.1.3 Geologic Reference Information

Geologic reference information includes all information necessary to (1) explain geolngic units
and relations shown on the map; (2) explain all line and point symbols and colors and patterns
used; (3) reference information derived from published and unpublished sources; (4) id=ntify the
general reliability of the map data; (§) provide credit to persons who performed the mapping or
compilation of the map data, or who had major roles in producing the map; and (6) provide
descriptive information that will assist the map user in interpreting the map data in th= context
of its regional setting, tectonic relations, geologic history, and environmental or economic
significance.

Section 1.1.3 of Table 1 defines the elements for geologic reference required or recommended
by this standard. @ Notes on usage are essential: they summarize the content or graphic
representation required for each element. Separate text sections provide extended descriptions
for elements 1.1.3.3 (Part 2, Section 2.1-2.58), 1.1.3.5 (Part 1, Section 1.8), 1.1.3.7 (Part 1,

Section 1.6), and 1.1.3.8 (Part 1, section 1.7).
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1.2 NATIONAL STANDARDS: SPATIAL DATA TRANSFER STANDARL AND

CONTENT STANDARDS FOR DIGITAL GEOSPATIAL METADATA

The cartographic and digital standard for geologic map information must be used within
the framework of existing Federal information processing standards, including the Spatial Data
Transfer Standard and the Content Standards for Digital Geospatial Metadata. These standards
pertain specifically to all primary digital spatial data assembled for a geologic map. However,
a digital map derived by conversion of a map originally prepared by tradition methods must also
conform to the national standards. As long as some geologic maps are produced by using
traditional methods, appropriate information must be contained on them to allow subsejuent full
conversion to digital format in conformance to the standards. The purpose of this section (1.2)
is not to detail the content and application of these standards, but to call the attention of the
geologist and geologic cartographer to these standards applicable to digital geologic map

information and production.

In 1992, the National Institute of Standards and Technology issued Federal Information
Processing Standards Publication 173 (FIPS 173), which defines the Spatial Data Transfer
Standard (STDS). The standard "provides specifications for the organization and structure of
digital spatial data transfer, definition of spatial features and attributes, and data transfer

encoding."! Those specifications facilitate the transfer of digital spatial data among different

! National Institute of Standards and Technology, 1992, Spatial Data Transfer Standard
(SDTS): Federal Information Processing Standards Publication 173, p. 1.
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computer systems. In succession, the SDTS (1) defines the conceptual model for spatial data,
(2) defines standard two-dimensional objects to support major types of data operctions; (3)
defines a standard for reporting data quality; and (4) defines specifications for data trarsfer. The
standard is set forth in detail in FIPS 173, and conformance to this national standard i< required
for digital geologic map information. At the time of preparation of the geolngic map
information standard, methodology and software for routine application of the SDTS are under
development. Further information may be obtained from the Executive Secretary, Federal
Geographic Data Committee, U.S. Geological Survey, 590 National Center, Reston. Virginia

22092.

Information about the content, quality, condition, and other characteristics of data
comprise metadata. Published paper geologic maps that meet the required geologic mep content
standards 1.1.1.1 through 1.1.1.12 and 1.1.3.6 and 1.1.3.7, above, display metadata for that map
in a format that is helpful to a potential user who has access to the map sheet. Althoigh some
of that information is available in published bibliographies of geologic information, significant
information such as the map lineage (history of the mapping, subsequent modificaticns to the
map, and sources of the map data), the quality of the data, including positional accuracy of both
the geologic information and the base map(s) and accessibility of the data, are generally not
included in a bibliographic citation. Electronic production and access to map information require

a different format for the map metadata.
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U.S. DEPARTMENT OF THE INTERIOR

U.S. GEOLOGICAL SURVEY

DRAFT CARTOGRAPHIC AND DIGITAL STANDARD

FOR GEOLOGIC MAP INFORMATION

by

U.S. Geological Survey

Open-File Report 95-525

Prepared in cooperation with the Federal Geographic Data Committee, Geologica! Data

Subcommittee, and the Association of American State Geologists

This report is preliminary and has not been reviewed for conformity with U.S. Geological Survey
editorial standards. Any use of trade, product, or firm names is for descriptive purposes only and
does not imply endorsement by the U.S. Government.
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TO CUSTOMERS INTERESTED IN PURCHASING OFR 95-525 or 95-526:

The U.S. Geological Survey (USGS) Open-file Report (OFR) 95-525 ("Cartographic and digital
standard for geologic map information") and the accompanying diskettes (OFR 95-52) have been
reviewed by the USGS, the State Geological Surveys, and the Geologic Data Subcomittee of the
Federal Geographic Data Committee. The review, published as USGS OFR 96-725, describes
flaws in those reports and explains the plan for preparing a revised set of cartographic standards for
geologic maps.

Before you purchase either 95-525 or 95-526, you may want to read the review docur-ent; if you

~ like, we will send it to you (free of charge, except for postage) or you may read it on a USGS Web
site (see URL: "hutp://ncgmp.usgs. gov/ngmdbproject/standards/carto/OFR95-525review.html”).
For more information about the standards development activities underway at the USGS, see the
Web site "hup://ncgmp.usgs. gov/ingmdbproject/home.html”.

If you decide to purchase OFR 95-525, the cost of reproduction is as follows: 1) text b&w with
color reproduction of pages showing map symbols, colors, and patterns -- $159.75; 2) text b&w
with color reproduction of pages showing map symbols (pages showing colors and pa‘terns would
be b&w) -- $96.75; or 3) all pages b&w -- $37.50.



All geologic maps developed in digital format must now include information that meets
national Content Standards for Digital Geospatial Metadata.>  The standard defines the
information necessary for a potential user of the digital map to determine (1) that the data exist,
(2) the fitness of the data for application, (3) the means and conditions for accessing the data;
and (4) the information needed to transfer and use the data. The metadata content standard

specifies and provides the formats to be used for provide digital map information.

The "Cartographic and Digital Standard for Geologic Map Information” requires that

digital geologic map information conform to both the Spatial Data Transfer Standard and the

Content Standards for Digital Geospatial Metadata.

? Federal Geographic Data Committee, 1994, Content Standards for Digital G=ospatial
Metadata, 54 p. with 3 appendixes. Available from the Executive Secretary, Federal Gengraphic
Data Committee, U.S. Geological Survey, 590 National Center, Reston, Virginia 22092. Internet

address: gdc@usgs.gov Anonymous ftp: fgdc.er.usgs.gov
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1.3 MAP TITLE

The title of a geologic map must succinctly reflect three principal aspects of th= map: (1)
the character of information presented on the map, (2) the geographic area covered, and (3) the
accuracy of location of geologic features and relative distribution or amount of orizinal data
shown on the map. The title provides a means for the map author or compiler to defire the area
and extent of data, and for a potential user to gain a sense about the extent of original

information presented on the map from its bibliographic citation.

1.3.1 Character of information presented on the map

The map title tells a potential user briefly, but accurately, what kind of date the map
shows. If the geologic map displays the general geology of an area, including bedrock and
surficial geologic units and’structure, the title includes the words "Geologic map of...(area)."
A map emphasizing the distribution of specific units, such as those of Quaternary age o~ surficial
materials, would state the specific subject of the map, such as "Quaternary map of ...(area)," or
"Surficial materials map of ...(area)," respectively. A map displaying only bedrock geologic units
is a "Bedrock geologic map of ...(area).” Other examples of titles denoting limited map content
are "Structure contour map of...(area)," "Mineral resource potential map...," "Landslide map.." or

"Volcanic hazard map... ."

Regardless of the map scale, the title "Geologic map..." should be applied exclvsively to

a geologic map which shows surficial materials and bedrock units and structure, thet is, to a
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general- purpose or multipurpose geologic map. The accuracy of the map meets the base map
accuracy standard, with line continuities reflecting positional departures from the accuracy

standard.

1.3.2 Geographic area covered by the map

The geographic area of a map is defined by a quadrangle name, the name of a county or
larger administrative unit, the name of a land management unit, or the name of a physiographic
area such as a mountain range, a basin, or province which the map covers. The map title must
always include the State or States in which the map area is located. Typically only geologic
maps of 7.5-minute quadrangles and counties include the name(s) of the county, or cornties, in
the map title. Examples include, "Surficial geologic map of the Nashua North quadrangle,
Hillsborough and Rockingham Counties, New Hampshire," "Geologic map of the Bairoil
quadrangle, Carbon, Sweetwater, and Fremont Counties, Wyoming," or "Surficial mate-ials map
of Allen County, Indiana,” In these cases the title includes the name and county of the
quadrangle from the quadrangle topographic base map or from the index to topographic mapping

for that State.

Titles of maps of quadrangles other than those of 7.5-minute (1:24,000) scale, include

both the quadrangle name and the size of the quadrangle in minutes or degrees latitude and

longitude. Examples include "Bedrock geologic map of the South Boston 30' x 60' quadrangle,
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Virginia and North Carolina,” or "Geologic map of the Kalispell 1°x 2° quadrangle, Mcntana and

Idaho."

1.3.3 Accuracy and distribution or amount of original data

A map title conveys the distribution of original data presented on the map by modifier

that incorporates both the method of assembling and the extent of the original data.

The title "Geologic map..." conveys to the potential user that the map contairs original
field observations or compilation of original geologic maps whose data were collected
at a density appropriate to the scale of the original map, and whose accuracy is shown by
appropriate line continuities and point locations. Thus, the density of original
observations and data changes with smaller-scale maps. For a 7.5-minute quadrangle, for
example, traverses at intervals of one-third to one kilometer, or detailed tracing of
boundaries or faults across the quadrangle would provide data for a "Geologi~ map ..."
of the quadrangle. By contrast, a traverse every 2-3 km yields discontinuous information
for the quadrangle, so that the map should be referred to as a reconnaissance geologic
map. However, data gathered at 1-3 km spacing on a 1:100,000-scale (30" x 60') map
could provide sufficient detail to refer to the map as a "Geologic map of ..." without a

modifier.
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An earth science map made using a method other than geologic mapping cortains the
name of the method in its title. For example, a map developed entirely from geologic
interpretation of aerial photographs is entitled "Photogeologic map of...(area)," or
geophysical maps are given titles that reflect the geophysical technique used such as
"Aeromagnetic anomaly map of...," or "Bouguer anomaly map of..." Maps derived by
analytical techniques from such maps should be treated and named as derivat've maps

(see below).

The modifier "Reconnaissance,” as in "Reconnaissance geologic map of..." identifies that
the author used limited data, perhaps based on widely spaced traverses or other limited
information together with extrapolation to produce the geologic map. The accuracy of
feature location is not as high as on other types of geologic maps. In this case, the index
diagram for map reliability (Section 1.6) documents the spacing of observation: and the
area for which limited or no observations exist but for which a reasonable interpretation
of geologic relations can be made. Where limited data exist, an author should qualify the

map title with reconnaissance rather than risk overstatement of the data conten®.

Maps that show generalized geologic relations, such as combinations of rock uvnits into
single units, simplification of contact or fault traces, or the exclusion of some existing
data should be termed "Generalized..." geologic maps. The accuracy of location of some
geologic boundaries and features may not be high. The author, in consultation with

colleagues and the geologic map editor, should determine when a map is called a
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generalized map. The explanation should incorporate a description of how the map

information was generalized.

Earth science maps that utilize boundaries derived from previously published maps, and
which incorporate data derived by analysis (mathematical or otherwise) of the in“ormation
on the previous maps should be titled to reflect the derivative character of the map. The
objective is to alert the potential map user that the map information is not original but

that it was derived by analysis and configured to fit a previously published geologic map.

The same guidance for titles is applicable to maps that are prepared by compilation using
either electronic or traditional techniques. The fact that the resulting map is a compilation and
not original data is treated under map authorship (Section 1.4). A geologic map comgiled from
reconnaissance geologic maps retains an overall character as a reconnaissance map; it is titled
such. In cases where reconnaissance data coarser than the compilation scale are comb ned with
previously published geologic data appropriate to the map scale, the compilation should be
termed a "generalized" geologic map. Alternatively, the differences in data abundance can be
shown on the map with some hanging contacts and faults at the margins of the detailed
information; the differences are explained in the index map to sources and reliability. Leaving
abrupt terminations of detail among areas on a map intended for publication beyond an open-file

series should be avoided.
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Geologic maps released in open-file series can range from high quality to generalized to
reconnaissance in character. Most organizations or agencies use open-file publicatior solely as
a means to release data quickly. The title of each map released in an open-file series should
bear a modifier, as in the sections above, that connotes the character, extent, and accuracy of the

data shown on the map.
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1.4 MAP AUTHORSHIP

Appropriate credit for authorship or compilership of maps is critical not only for the
individual scientist(s) who made the map or for the individual(s) who assembled a map from
different sources, but also for a user to distinguish original data from the same data that have
been recast in a different format or medium. During an age in which earth science maps,
previously made using traditional techniques to produce printed maps, are being reformatted in
electronic (digital) format, proper credit is particularly important for each iteration of a map.
When successive releases of data are made in electronic format, proper credit for the original
map, as well as for successive iterations in different formats or media, must be part of the

metadata (Section 1.2) that accompany each iteration.

As a result of widespread and increasing concern being raised in the electronic era about
what constitutes authorship, compilership, or digitizing credit for an earth science map, the
following new standard for authorship of geologic maps has been developed. The standard,
together with language for credit on the map or in the electronic files, is summarized in Table

1.4. Explanations for the standard are provided below.

1.4.1 Author(s)

An author (or authors) of a map 1s the individual (or individuals) who made the original
map from field observation and mapping or from remotely sensed data, or from a combination
of geological and geophysical methods. Emphasis is on the fact that the individual(s) gathered
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Table 1.4. Comparison of the cited map credit with the function of the individual(s) arsembling

the map and the character of the map product.

Description of map product

Reference Function of Map credit
number individual(s)
1.4 author(s) Geology by
142 compiler(s) Compiled by
143 digital compiler(s)  Digital compilation by
144 digitizer Digital representation by

Original geologic map made by the author(s)
from observation and mapping in the field or
from remotely sensed data or images.
Original map was made at or n=arly at the
same scale as the published map.

The map represents an assembly
(compilation) of separate maps that were
prepared from original field observation and
mapping at the same or differert scales by
the compiler or by other earth s-ientists, or
both. The compiler has exercised scientific
judgement and skill in synthesizing and
modifying information from the original
maps to attain as uniform and consistent
representation as possible across the area of
the compiled map.

The map is the product of digital compilation
from one or more separate map< that were
prepared originally in traditioral (printed
copy) or digital format by one or more
authors or compilers. The digital compiler
has exercised judgement in consolidating
information from different files, file
engineering, file structuring, and reformatting
the data, and items such as color
representation techniques, menu< tutorials,
and descriptions of the data an1 software.
The author(s) or compiler(s) of the original
map(s) are usually different thar the digital
compiler.

A map, originally prepared and released in
standard format, is prepared for separate
release in digital format at the same scale
and with the same supporting information as
the original map. Files are strrctured, but
no synthesis or modification of the original
map information has been made.
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the original map information. The original map data were collected at or nearly at th= scale of
the published map. The author has represented of the data according to the map accuracy
standards in place at the time the data were collected. Credit on the published, or elec‘ronically

released map (Element 1.1.1.11 of Geologic Map Content), is "Geologic map of the ...(area) By

(the individual(s) name).”" Original authorship is the only case in which the unqualified credit

"By ... (name)" is assigned.

1.4.2 Compiler(s)

A "compiled" earth science map is a map that has been assembled from various
original sources, printed or electronic or both. The compilation may itself be in traditional or
electronic format. The compiler has assembled the original sources having the same o- different
scales and has exercised judgment in consolidating and representing the different original map
data to achieve a uniform or evenly balanced map. The compiler may be the author of one or
several of the original maps whose data have been transferred to the compilation. Eve~ in cases
where an individual has assembled most of her or his own published original mapping with some
original mapping by other individuals in a compilation, the individual is credited as the compiler
in map content element 1.1.1.11, through "Compiled by ... ." Heretofore, this principle has been
ignored or abused, so that numerous examples exist of maps which are entirely compilations from
existing geologic maps by primary authors but which have been attributed solely to the compiler
as if the map author. Such an attribution is a disservice to the earth scientists who proiuced the

original geologic map information incorporated in the compilation.
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In summary, for any map in which several original geologic maps by different
individuals, (possibly including the compiler as well) have been unified and consolidzted into a
single new map, the new map is attributed to the compiler by the exclusive phrase "Compiled

by ...," accompanying the map title.

1.4.3 Digital Compiler

Existing earth science maps in demand are widely being digitized for release in
electronic format. Generally the original data are unchanged, but line format and color may be
adapted for processing by available electronic equipment. The original geologic data are recast
in significantly different format. That recasting requires formatting the data, enginesring and
structuring the electronic files, and reformatting the color representation. Generally, operating
menus and tutorials are added to the restructured data, together with the metadata defining the
product. A digital compiler is responsible for these processes. The author of the original map

is seldom the digital compiler.

Credit is accorded to the digital compiler in one of two ways, depending on the
character of the digital compilation. (1) If the original map data are unchanged other than the
restructuring in electronic format and addition of menus, tutorials, and metadata, the title of the

product is:

Geologic map of the (area name) by (original author(s))
Digital compilation by (digital compiler)
Date
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(2) If during digitization, the digital compiler uses other original geologic infomation to
supplement the original map information which also is being digitized, the digital compiler is

credited for the map as follows:

Geologic map of the (area name)
Digital compilation by (name of digital compiler)
Date

and the explanation for the map or the accompanying text states clearly that the geclogic map
is modified from the original map: (author(s)), (date), (map name and scale), and (publishing

organization).

1.4.4 Digitizer

In other cases where original geologic maps and supporting inforrration are

digitized without change, other than file structuring, the individual who performed the digitization

is credited by:

Geologic map of the (area name)
By (original author(s) name(s))
Digital representation by (digitizer's name)
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