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Introduction

By Andrew Paolucci, Andrew Brown, and Dylan Beaudette.
  
A block diagram is a drawing of an imaginary block cut from a 

selected part of the landscape that provides a 3D (three-dimensional) 
view (Eikleberry, 1968). There are many purposes of a block diagram, 
but generally it conveys an idea that might be difficult to express 
in words. Block diagrams can be used to express the relationships 
between soils, topography, geology, and even vegetation. As Robert 
E. Eikleberry stated in Block Diagrams for Soil Survey Interpretations, 
“They are another means of communication.”  

Traditionally, block diagrams were created using a pencil, a piece of 
paper, and knowledge of a soil survey area. They were drawn in black 
and white using only lines, since shading and colors increased the cost 
of reproduction (Eikleberry, 1968). 

During the late 1980s and early 1990s, soil scientists began 
constructing block diagrams digitally. One benefit of creating digital 
block diagrams is that they can easily be edited and reproduced. Colors 
and shading can be incorporated into the figure, and standardized 
patterns for geological mapping can be used to symbolize the 
underlying geology or soil parent materials. The most significant benefit 
of using a digital approach to create block diagrams is that diagrams 
can be developed from existing soil survey and elevation data. This 
allows the user to compare the diagram to an actual location on the 
landscape. 

A modern approach to creating block diagrams, summarized in this 
document, was developed for use with several present-day digital 
tools. This approach was not designed to be a standalone method for 
developing diagrams or to replace traditional methods. In fact, many 
statements and steps in Eikleberry’s 1968 publication apply to this 
current method. 
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Using Vector Graphic Software to  
Create Block Diagrams

Any vector graphic software, such as Adobe Illustrator, Inkscape, 
or CorelDRAW, can be used to create block diagrams. One of the 
benefits of using vector graphic software rather than editing raster 
graphics is that vector graphics are completely scalable—they do not 
lose resolution when the graphic is enlarged. Although several free 
vector graphic programs are available, professional software such as 
Adobe Illustrator has advantages, such as the ability to create both print 
graphics and web graphics and to produce files that can be transferred 
to other platforms (for example, 3D printing software). 

There are no major differences between the steps used to draw a 
block diagram by hand and those used with vector graphic software. 
Therefore, the process and recommendations compiled in Block 
Diagrams for Soil Survey Interpretations should be considered when 
digitally drawing block diagrams. In short, a simple block is drawn and 
then reshaped and modified until it represents the topography of the 
landscape. Then slope lines, map unit boundaries, and labels are added 
to the ground surface of the figure. Last, a geologic cross section is 
added to the sides of the block to show stratigraphy, geology, and soil 
parent materials. 

Figure 1.—Block diagram from the cover of Block Diagrams for Soil Survey 
Interpretations.
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Image Tracing

Several programs can import raster images and convert them to a 
vector format. This can be useful if a hand-drawn or digital diagram 
already exists. For example, a block diagram from the soil survey of 
Merced County, California, Western Part, published in 2002 is shown 
in figure 2, on the left. Some of the soil series names or map unit 
compositions may have changed since the publication. The image of the 
block diagram can be imported into software such as Adobe Illustrator 
and converted to a vector format, which can then be edited. The lines 
and vertices that can be manipulated are shown in figure 2, on the right. 
This image tracing function can also be applied to more simple images, 
such as clip art.  

Figure 2.—(Left) Block diagram from the soil survey of Merced County, California. 
(Right) Screenshot of the vectorized block diagram converted from the image 
using Adobe Illustrator.

Figure 3.—(Left) Block diagram showing coastal zone soils in New England drawn by 
Maggie Payne, USDA-NRCS. (Right) Block diagram created using the image trace 
function in Adobe Illustrator. Both of these images show coastal zone soils and 
their relationship to parent materials and landscape position, but the vectorized 
image can be scaled up without losing resolution.
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Using Soil Survey and Elevation Data to  
Create Block Diagrams 

Whether you draw by hand or use vector graphic software, creating 
a figure from scratch can be time consuming and requires some artistic 
ability. These limitations can be overcome by using computer programs 
such as ArcScene or RStudio to generate a 3D figure, which can be 
vectorized and then annotated and labeled. 

The benefit of using this method is that the diagram is created from 
soil survey and elevation data, so its extent represents an actual 
location on the landscape. However, this benefit becomes a limitation 
if the extent chosen does not accurately represent the concept the 
diagram is trying to portray. Another limitation of this approach is that it 
relies on colors and shading, rather than lines, to distinguish topography 
and different soil types. If there are more than five soil map units, the 
user may have difficulty differentiating one map unit from another. 

Figures 5 through 10 were created using ArcMap, RStudio, and 
Adobe Illustrator. Arcmap was used to assemble the required data  
(soil shapefile, digital elevation model, and extent shapefile). The spatial 
data were then processed in RStudio using the rayshader package, 
and a 3D image of the landscape was produced. This 3D image could 
be rotated, allowing the view angle or perspective of the block diagram 
to be changed with little effort. Finally, the 3D image was imported 

Figure 4.—Block diagram showing coastal and subaqueous soils of the Mid-Atlantic 
region. The block diagram of the vectorized coastal zone soil survey in figure 3 
was flipped and used as the starting point for this diagram. Colors were added 
to distinguish the different soil parent materials. Diagram was created by Andrew 
Paolucci and David Steinmann, USDA-NRCS.
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into Adobe Illustrator, where it was vectorized using the image tracing 
function, annotated, and labeled. A set of USGS patterns can be 
imported into Adobe Illustrator and used to symbolize geologic units and 
soil parent materials in the block diagram’s cross section. 

Figure 5.—Diagram of Humboldt Bay, California, created using the rayshader package 
in RStudio. Several similar map units were lumped together for the figure since too 
many colors made several soils indistinguishable. 

Figure 6.—(lLeft) Block diagram created for the soil survey of Tuolumne and 
Calaveras Counties, California, using RStudio rayshader package. The map on 
the right shows the 1-meter LiDAR and SSURGO data used to make the 3D 
image. Adobe Illustrator was used to vectorize and label the image. 
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Figure 7.—Another block diagram created for the soil survey of Tuolumne and 
Calaveras Counties, California. In Adobe Illustrator roads were added to the figure 
to provide more perspective.

Figure 8.—(Left) Image created in RStudio using 10-meter DEM and SSURGO 
polygons. (Right) The edited and vectorized diagram with labels created using 
Adobe Illustrator. The image tracing function was used to convert the image from 
raster to vector. 
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Figure 9.—Image after Adobe Illustrator image tracing function 
was applied to the RStudio output. This image, which 
was composed of pixels, is converted to points, lines, and 
polygons that can be edited.

Figure 10.—A 3D image of Barnegat Bay, New Jersey 
created using RStudio rayshader package. It was 
created using a 30-meter DEM which included both 
topography and bathymetry. Using rayshader, a 
transparent layer of water was be added. 
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Resources

Block Diagrams for Soil Interpretations
Eikleberry, Robert W. 1968. Block Diagrams for Soil Interpretations. 
United States Department of Agriculture, Soil Conservation Service.  
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrc-
s142p2_051963.pdf

Rayshader
Webpage: https://www.rayshader.com/ 
GitHub Page: https://github.com/tylermorganwall/rayshader 
RScript on GitHub: https://github.com/brownag/sANDREWbox/tree/mas-
ter/BlockDiagram 

Adobe Illustrator Tutorials
https://helpx.adobe.com/illustrator/tutorials.html 

USGS Adobe Illustrator Swatch Set/Patterns 
https://blogs.otago.ac.nz/si-geology/resources/illustrationgraphics-re-
sources/usgs-ai-pack-instructions-and-download-link/ 

Locater Map for Existing Block Diagrams
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/soils/survey/
geo/?cid=nrcs142p2_054317 

https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_051963.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_051963.pdf
https://www.rayshader.com/
https://github.com/tylermorganwall/rayshader
https://github.com/brownag/sANDREWbox/tree/master/BlockDiagram
https://github.com/brownag/sANDREWbox/tree/master/BlockDiagram
https://helpx.adobe.com/illustrator/tutorials.html
https://blogs.otago.ac.nz/si-geology/resources/illustrationgraphics-resources/usgs-ai-pack-instructions-and-download-link/
https://blogs.otago.ac.nz/si-geology/resources/illustrationgraphics-resources/usgs-ai-pack-instructions-and-download-link/
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/soils/survey/geo/?cid=nrcs142p2_054317
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/soils/survey/geo/?cid=nrcs142p2_054317

	Contents
	Introduction
	Using Vector Graphic Software to Create Block Diagrams
	Image Tracing

	Using Soil Survey and Elevation Data to Create Block Diagrams
	Resources
	Figures
	Figure 1: Traditional block diagram
	Figure 2: Example of vectorized traditional block diagram
	Figure 3: Diagram and original sketch, New England coastal zone
	Figure 4: Block diagram of Mid-Atlantic coastal zone
	Figure 5: Diagram with legend, Humboldt Bay, California
	Figure 6: Block diagram with one map, Tuolumne and Calaveras Counties, California
	Figure 7: Second block diagram, Tuolumne and Calaveras Counties, California
	Figure 8: 3D image created with rayshader package and final block diagram
	Figure 9: Vectorized 3D image
	Figure 10: 3D image of  Barnegat Bay, New Jersey, showing bathymetry




