
COLOR OPTIMIZATION METRICS FOR 
GEOLOGIC MAPS

Ally Steinleitner
       UCGIS Week, 11/20/2025

Alaska Division of Geological & Geophysical Surveys 
3354 College Rd, Fairbanks AK 99709

Beyond the Basics of Geologic Map Database QA/QC





AKDGGS
Alaska Geologic Mapping

• Resource exploration
• Land use management
• Geologic hazards 

assessment

We served over 30 
TB of digital geologic 
data and 
information from 
the DGGS website 
(dggs.alaska.gov) 
and geoportals







Geologic Map Standard (GeMS)
• Standardized database schema for digital publication of geologic maps
• For geologic maps published by USGS and state surveys 



National 
Geologic Map 
Database 
(NGMDB) 

• Multimap 
geologic map 
database



FGDC Geologic Color Standards 

USGS Techniques and Methods 11-B1

• Purpose and use of the map

• Legibility of the map

• Showing contrast and clarity of map units and symbols

• Showing ages or age relationships of map units

• Showing structural relationships of map units

• Matching or approximating colors and patterns used on 
nearby or adjacent maps to maintain consistency and 
continuity of colors and patterns among maps in a region





Challenges

Large maps with many map units
• Particularly large number of map units of any one 

geologic age

Guidance :
• select colors that maintain the relative order of 

colors on the geologic age column but move up 
and (or) down on the column.

• use the color immediately above the geologic age 
color for the youngest units, the correct color for 
the middle units, and the color immediately below 
the geologic age for the older units.



FGDC Recommendations
• CYMK colors that differ by at least 30% for computer driven plotters

• Colors maintain the relative order of colors on the geologic age column



Developing Metrics

1. Human Readability
• Color Distance Matrix Tool

2. Adherence to Color Standards
• Check DMU Color Ages Tool

Exist in AK_GeMS_production_toolbox.pyt



Color Distance Matrix Tool

• Distance matrix of Euclidean distance 
between colors in DMU

• Average Euclidean distance between 
colors for a map



FGDC CMYK Color Chart

C= 13% M= 40%    Y= 40%

C= 13% M= 40%    Y= 70% C= 13% M= 70%    Y= 40%





Magenta

Cyan

Yellow



Color Distance Matrix Tool

Calculate the Euclidean distance 
between map units on 3D color 
cube

C= 30%  M= 40%  Y= 0%

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = (𝐶𝐶𝐶 − 𝐶𝐶𝐶)2 + (𝑀𝑀𝑀 −𝑀𝑀𝑀)2 + (𝑌𝑌𝑌 − 𝑌𝑌𝑌)2

𝑑𝑑 = (30 − 50)2 + (40 − 20)2 + (0 − 0)2

C= 50%  M= 20%  Y= 0%

𝑑𝑑 = 28.3

𝑑𝑑 = 10
𝟐𝟐𝟐𝟐.𝟑𝟑

𝟐𝟐𝟐𝟐

𝟐𝟐𝟐𝟐



Check DMU Color Ages Tool

Results
1. Percent of map unit record whose age matches 
2. How far off mismatched records DMU ages are from style file age





Standardize DMU Ages 

• Clean up DMU ages: lower cases, ?s, adjectives
• Map all potential ages to FGDC Ages



Symbol: A640

FGDC Standard Symbol Age: Cambrian

Description of Map Units Symbol Age: Tertiary

= Age Mismatch of 10



Lower Legibility, 
High Age Accuracy

Color Distance Assessment
• Average distance 25.9
• 3 Great
• 3 Good
• 2 Bad

• Color Age Assesment
• 10/10 Match



High Legibility, Low Age Accuracy

• Color Distance Assessment
• Average Distance= 53.5
• 24/24 Great

• Color Age Assessment
• Correct Age: 3/25 map units
• How many adjacent: 0
• How many completely put of whack

• 11 map units within 3 age categories
• 11 map units more than 13 categories away

Use of patterns for map units of similar hue



Questions?

Ally Steinleitner

Email: ally.steinleitner@alaska.gov

mailto:ally.steinleitner@alaska.gov
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