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PREFACE

Oblique maps portray the surface of the Earth as if viewed from above at an oblique
angle (usually about 30°). This atlas is a collection of more than 100 oblique maps that
were compiled from 1961 to 1986. In cooperation with scientists of the U.S. Geological
Survey, all but one of these maps were designed for a specific scientific purpose and
publication, and the geographic area, orientation, angle of view, scale, and size of the
area portrayed in each map differed with each intended purpose. Some of these maps
show the physiography of a large regional area, while others focus on just a few
landforms.

The purpose of this atlas is to present these oblique maps in one publication with
a common format, to provide a history and explanation of the techniques used to make
these maps, and to supply a bibliography for the individually published maps.

Apeil 26, 1986
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INTRODUCTION

We are a consequence of our environment: the sun, the air, the water, the earth. We have always
been close to the earth; we feel the ground, we value the land, and we are familiar with the landscape
around us. As observers of our environment, we know the landscape, and we know when the
landscape is well represented by a painting or a map.

The challenge for cartographers is to portray landforms realistically. Usually the landscape is
portrayed from above in a vertical view, but a more understandable approach is to portray the
landscape as it is normally observed, from an angle that is oblique to the surface of the Earth. These
oblique maps show the surface of the Earth in terms of landforms, their dimensions, relative relief,
slopes, and surface materials. Specific oblique maps may be called physiographic diagrams, landform
maps, or orthographic drawings. A physiographic diagram emphasizes the origin, or geologic structure,
of landforms, a landform map emphasizes a realistic portrayal of surface features, and an orthographic
drawing refers to the method of projecting the Earth’s surface onto a map.

The oblique portrayal of landforms requires the representation of three dimensions upon a flat
surface. This representation includes the interpretation and portrayal of the shape, form (volume),
continuity, and surface material of the landforms. Surface features shown on an oblique map are more
interpretative and descriptive than those shown on a contour map at the same scale. Geologic cross
sections can be drawn on the sides of an oblique map, making correlations possible between the
geologic structure and the landforms. One disadvantage of any oblique portrayal is that the far side
of the landform is not seen, just as only the front-facing slopes are actually seen when viewed from
the ground.

Oblique maps generally fit into one of two categories: (1) the portrayal of a specific area of the
Earth’s surface at a specific time and (2) the representation of a natural process through time. An
oblique map of a specific area at a specific time is usually a single map, while a map portraying a
natural process through time usually requires a series of interpretative oblique maps accompanied by
a supporting text. Areas with historically active processes, such as volcanoes, sand dunes, and
coastlines, can be effectively portrayed by a series of oblique maps that help the viewer understand
the geologic process that is involved.

The techniques used to create the oblique maps in this atlas are a combination of the methods
of Armin K. Lobeck, Erwin J. Raisz, and Philip B. King, all of whom greatly influenced the portrayal
of landforms. The techniques used to create the oblique maps in this atlas are a combination of their
methods. The maps and their supporting texts are presented in alphabetical order within regional
collections. Each region includes an index map. The cognitive drawings are grouped together because
they illustrate a concept or process that is based on research, and they may not portray a specific
geographic location.

CHARACTERISTICS OF OBLIQUE MAPS

Oblique maps have several advantages over vertically viewed maps. They are more realistic in
appearance, and the overall setting or physiography is as easy to comprehend as the individual
components or landforms. Oblique maps are more expressive than other kinds of maps at the same
scale; they give more information and leave less to the imagination. All of these attributes are effective
in a black and white publication.

The main disadvantage of oblique maps is that the landforms are planimetrically displaced: on
land, the top of a mountain is displaced; on the floor of the ocean, the base of a seamdunt is
displaced. The planimetric displacement allows the front-facing slopes of the landform to be realistically
portrayed while the back slopes are hidden from view. Oblique maps do not portray exact elevations;
precise locations and elevations are best obtained from vertically viewed contour maps.

The most important factor in landform interpretation is the outline or shape of the landform. Other
factors are form, continuity, surface material, and depth (fig. 1). Shape relates to the outline features
of the landform (fig. 1A). Form describes the volume of the landform (fig. 1B). If an oblique map lacks
form, each landform appears flat. Continuity prescribes that there is no interruption from one part of
a landform to another part, or from one landform to another landform (fig. 1C). If there is no
continuity, the individual parts of the oblique map do not make a whole map. Surface material
includes the rock types (such as soft sedimentary rocks or harder metamorphic or igneous rocks) and
cover material (alluvium) of the landform (fig. 1D). Depth in the oblique map is the distance away
from the viewer. Several methods can be used to develop depth in an oblique map: direction of view,
use of angular perspective, overlapping of landforms, and the use of thicker lines in the foreground.

Portrayal of the physiography is accomplished with variations in the character of form lines (fig.
1). The form lines that compose landform portrayal are lines that represent the direction of maximum
slope, and the thickness and spacing of these lines indicate relief. Form lines are used to develop light
and dark slopes (a form of shading) by assuming an imaginary light source from above, usually from
the upper left corner of the oblique map. This results in slopes that reflect light if they face the upper
left and slopes that are in the shadow if they face the lower right. Attached shadows (shadows attached
to the landform) are used because a cast shadow may fall on a neighboring landform, making its
depiction difficult. Contrast in an oblique map can be developed by use of light and shadow, textural
differences in surface material, thick and thin lines, and orientation and direction of form lines.

In the past, Armin K. Lobeck called oblique maps “physiographic diagrams” (Raisz, 1962, p. 97)
because he considered the major structural and surface-material differences to be the main core of the
oblique map. Erwin Raisz coined the phrase “physiographic method” (Raisz, 1931, p. 297), which is
the process of compiling oblique maps, and he called the result “landform portrayal maps”.
Physiographic diagrams emphasize the origin, or geologic structure, of landforms, and landform maps
emphasize the shape and form of the landforms. In compiling the oblique maps in this atlas, we
attempted to underscore the geologic structure and to portray the landforms realistically.

Two principal types of perspective methods are used to project a vertically viewed map into an
oblique map: (1) angular perspective and (2) parallel perspective. Angular perspective results when
parallel lines on the oblique map converge toward vanishing points on the horizon. Objects that are
the same size are portrayed larger in the foreground and smaller in the background. Parallel
perspective results when parallel lines on the oblique map are truly parallel, and objects that are the
same size are portrayed the same size in foreground and background. Angular perspective allows a
realistic portrayal because this is how we actually view the landscape; however, measuring (scaling)
is difficult because the foreground is foreshortened less than the background. Parallel perspective
allows uniform scaling throughout the oblique map but is less realistic in appearance. For further
information see the section on measuring horizontal distances.

Four main steps are necessary to produce an oblique map that is compiled to scale: (1) transfer
of horizontal contours from vertically viewed maps onto a perspective base; (2) interpretation of
landforms; (3) inking of the physiography; and (4) printing.

The easiest way to transfer a standard vertically viewed contour map to a parallel-perspective
oblique map is with a machine called an isometrograph (Dufour, 1917). This tool produces a
framework of foreshortened centours faster than other transfer methods and preserves all of the
minute detail of the original contour map. In the future, improvements in programming may enable
the computer to produce a detailed framework of contours.

The next step is to interpret the landforms, and data for this interpretation are obtained in several
ways. On land, the data are collected from contour maps, aerial photographs, satellite images, geologic
maps, and fieldwork. For the underwater features, the data usually come from bathymetric maps,
precision depth recorders, acoustic profiles, and geologic structure maps. These data are interpreted to
identify the dimension, orientation, shape, form, structure, and surface materials of each landform.
With this knowledge and the framework of foreshortened contours produced by the isometrograph,
the inking of the oblilque map begins. Landforms are portrayed by controlling the direction, thickness,
density, and character of the lines. The finished oblique map is an ink drawing that can be printed
in black and white or further enchanced by color.

On all oblique maps, objects that appear to be vertical, in reality, are vertical, and objects that
appear to be horizontal, in reality, are horizontal. It is paradoxical that the up direction on the oblique
map represents elevation and depth (distance away from the viewer; fig. 2). Oblique maps seem
realistic, but little is known about why. Research data and knowledge on this facet of cartography are
lacking.

HISTORY

The earliest known oblique maps (2800 B.C.) were recorded on clay tablets on which mountains
were portrayed in outline (Raisz, 1962, p. 3 and 4). During the great western surveys in the latter part
of the last century, a landmark of landscape sketching was achieved by artist-geologist W. H. Holmes
(Dutton, 1982). His landscape sketches have simplicity and boldness that emphasizes realism. The
evolution from landscape sketches to oblique maps that have a geologic cross section was first
accomplished by G. K. Gilbert, a geologist with the U.S. Geological Survey (Gilbert, 1877,
frontispiece).

As a teacher of geomorphology (the study of the configuration and evolution of landforms), W.
M. Davis compiled oblique maps of specific landforms and used oblique maps of hypothetical
landforms to communicate ideas or geomorphic processes (Davis, 1909). He effectively used a series
of oblique maps to depict changes in landforms through time. This technique is oriented more toward
depicting erosional processes than toward showing surface material or geologic structure.

With the acceptance of W. M. Davis’ publications, oblique maps became an integral part of earth
science. As the use of oblique maps increased, D. W. Johnson, a student of W. M. Dauvis, influenced
two of his own students, A. K. Lobeck, a geologist, and E. J. Raisz, a geographer. These two, along
with P. B. King of the U.S. Geological Survey, were instrumental in developing and using the
technique of oblique maps. Lobeck related the outline and volume of landforms to simple geometric
solids and developed a geometric system by which landforms could be portrayed. He excelled in
depicting geologic structure and surface material in his physiographic diagrams (Lobeck, 1958). As a
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Figure 1. — Form lines are used to develop the landforms of an oblique map.
A to D are discussed in text.

Point D'and E, distance from viewer and elevation,
occupy the same point on the oblique map.

Figure 2. — The up direction on an oblique map may represent either elevation or distance
from the viewer.

teacher of geography, E. J. Raisz systematically organized small-scale or regional oblique maps by
treating landforms as symbols; that is, he showed like features in a similar way. He strived for realism
in his regional oblique maps and referred to them as landform maps (Raisz, 1959). King compiled
oblique maps with the aid of an isometrograph and used landscape sketches to convey geologic
conceptsin his professional papers.

ARMIN K. LOBECK

In the realm of oblique maps, the most comprehensive book on the techniques of landform
portrayal is Block Diagrams by Armin K. Lobeck (1958). This book enables the student to understand
the concepts of shape and form by relating them to simple geometric solids and then progressing from
these simple forms to complex landforms. Lobeck’s theme is that the knowledge of geology,
physiography, and geomorphology should be equal to the knowledge of drawing techniques, a
marriage of geology and draftsmanship.
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Each map author is encouraged to develop his own individual landform technique. The book
includes chapters on constructional landforms, plains and plateaus, dome mountains, and destructional
landforms developed by streams, glaciers, and waves and shows examples from North America and
Europe.

In the technique developed by Lobeck for his physiographic diagrams at small scales (large areas),
the landforms are portrayed by symbols and are based on spot elevations (Lobeck, 1958, p. 151—
155). At large scales (small areas), his diagrams are based on spot elevations or a framework of
contours (Lobeck, 1958, p. 139-145). Shape, form, depth, and continuity within the landform are
developed by the use of form lines that represent the geologic structure or rock type. Lobeck’s use
of angular perspective (parallel lines that converge toward vanishing points on the horizon) to create
blocks of earth adds depth to his oblique maps. Other techniques of landform portrayal usually use
an imaginary light source from the upper left corner of the map to enhance shape, form, and depth
by the use of shadows. This results in thick, closely spaced lines on the slopes that in the shadow and
thin, widely spaced lines on the slopes that reflect light. In the landform technique that Lobeck
developed, the thickest lines are used to portray steep slopes, regardless of their orientation to the light
source. Contrast in this landform technique is used to differentiate between surface materials, which
are portrayed with form lines, and horizontal plains, which are portrayed without lines. Patterns (ruled
or stippled) are highly developed to represent surface structure. Crystalline rocks are represented by
crinkly lines drawn freehand, and sedimentary rocks are represented by ruled horizontal lines (Lobeck,
1948).

ERWIN J. RAISZ

Frwin J. Raisz named his approach to landform portrayal the “physiographic method”. He
systematically categorized landform symbols (fig. 3). The symbols were developed to appear as if they
are viewed from 45° above the horizon, were scaled to spot elevations, and located on a vertically
viewed map. Raisz’s symbols illustrate the general landform types and do not claim to delineate every
landform. They vary in size because the symbols are used in a logarithmic proportion that emphasizes
the smaller landforms. This technique was successfully applied both to well-known areas of the world
and to areas covered only by reconnaissance surveys.

Assuming a light source from the upper left corner, Raisz’s physiographic method portrays the
outline of the landform with fine lines on the slopes that reflect light and with dark areas on the slopes
that have attached shadows facing away from the light. The dark areas enhance the form of the
landform and make a bold representation, but at the cost of descriptive line that could portray surface
material or texture (see fig. 3, No. 15).

Continuity exists in the physiographic symbols by the use of form lines. In his regional oblique
maps, flat plains are left blank without form lines (fig. 3, No. 13). Patterns and line texture are used
mainly to develop drainage patterns rather than surface texture (Raisz, 1957). Raisz does develop
surface texture, but not to the extent that is found in Lobeck’s technique. On several regional oblique
maps, depth was indicated by using blocks on the side of the oblique maps.

Raisz was a strong advocate of realism and believed that drawing oblique maps was the highest

form of cartographic art. He tended to frown on using lettering on a map since it interfered with that
realism. With this technique he was able to compress an astounding amount of information into an
easily read and attractive map.

PHILIP B. KING

As a geologist for the U.S. Geological Survey, Philip B. King made field sketches and oblique
maps of his study areas and used them as integral parts of his publications (King, 1968, p. 5, 17, 20).
During the Second World War, King compiled many oblique maps, and a collection of them was
published by the U.S. Department of the Army (1960). His maps emphasize knowledge of geology
and terrain features and show the care King used in compiling oblique maps. Most of these oblique
maps are oriented with north at the top. An isometrograph framework was used for maps at large
scales, and spot elevations were used for maps at small scales.

A major departure of King’s technique from that of others is the location of the light source in
the upper right corner. King developed the shape of a landform by using lines of varying texture, using
thicker outlines in the foreground. He achieved form with few lines, and even fewer lines on light-
reflecting slopes. Continuity was achieved in field sketches and large-scale oblique maps by unbroken
form lines on the landforms and by stream patterns in small-scale oblique maps. Surface texture in
the large-scale oblique maps resulted from patterns and form lines, while surface texture in small-scale
maps was portrayed with descriptive lines, dots, and dashes. In landscape sketching, depth was achieved
by wide, solid lines in the foreground, grading to thin, broken lines toward the horizon.
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The techniques used by King for drawing landforms are organized into “An Album of Terrain
Types” (U.S. Department of the Army, 1960), which contains examples of underwater features,
shoreline features, lowlands, and highlands. Figure 4 is an example from that album and illustrates
how the same framework of adjusted contours (A) can produce two very different large-scale oblique
maps: one which shows no geologic interpretation (B) and one which combines knowledge of geology
with the presentation of relief (C). When the framework of contours is interpreted geologically,
knowledge of the types of rocks underlying the surface of the ground allows different surface textures
to be portrayed, which results in a more complete portrayal.

King (U.S. Department of the Army, 1960) also illustrates with the use of six oblique maps some
unsatisfactory techniques for drawing landforms: monotonous repetition, lack of quality, insufficient
detail, stereotyped technique, excessive shading in lowlands, and excessive use of horizontal lines.
Comparison of these unsatisfactory examples with the satisfactory oblique maps is an excellent way
to develop a technique of landform portrayal.

OBLIQUE-MAP METHODS USED FOR MAPS IN THIS ATLAS

The technique of landform portrayal used on the maps in this atlas is based on a combination
of the methods of Lobeck, Raisz, and King. This technique is still evolving as we strive for realism
through the use of a minimum of form lines. In our experience, the ability to draw is not paramount
in developing a realistic landform-portrayal technique. Excellent oblique maps can be produced if a
minimal effort is made to learn drawing skills in addition to acquiring some knowledge of geology.

All but one of the oblique maps in this atlas were compiled between 1962 and 1986 for the U.S.
Geological Survey. The early oblique maps were based on angular perspective, and the landform
technique is weak in continuity, form, and surface texture (see oblique map of Mount Whitney and
vicinity). The technique improved with time, particularly in the decreased number of form lines needed
to show the continuity, form, and surface texture of the landform.

Most of the maps in this atlas focused iritially on a particular study of a U.S. Geological Survey
scientist. The optimum angle of view was chosen to portray a single landform of the study area, such
as a submarine canyon or a volcano. Oblique maps are easier to understand if the direction of view
allows the higher landforms to be located in the background.

This up-slope orientation gives landforms strong outlines and profiles and means that the
convention of placing north at the top of the map was not always adhered to. The optimum
orientation depends on the landform to be portrayed, although the process that developed the
landform must often be considered. The selection of horizontal scale depends on the size of the area
to be included. Generally, more area is portrayed than just the landform of interest because the
regional geologic environment is important to the description of that landform. If possible, offshore
oblique maps included the shoreline to help the reader to locate the area.

Vertical scales are important in compiling oblique maps. Regional maps at small scales require
more vertical exaggeration than do large-scale maps in order to develop realistic physiography. The
angle of view from the horizon also effects vertical scale. The lower angles of view require less vertical
exaggeration for a realistic portrayal. As an example, in the portrayal of an Hawaiian shield volcano,
a low (20°) angle of view requires little vertical exaggeration. Generally, oblique maps are drawn at
a viewing angle of 30° above the horizon, and most of the oblique maps in this atlas are from that
angle. One of the advantages in compiling oblique maps with the isometrograph is that the angle of
view can be changed for different oblique maps.

The isometrograph develops a parallel-perspective framework from a vertically viewed contour
map by (1) foreshortening the contours front-to-back in the direction of view and (2) changing the
distance or space between contours. Starting with a vertically viewed contour map, and given the
angle of view from the horizon, and the direction of view, the machine can be set up to produce an
oblique contour map with the contours foreshortened without reproducing the hidden back slopes. At
the same time the distance between the contours (vertical scale) is either left the same or is vertically
exaggerated.
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Figure 4. — The value of knowledge of geology and terrain features. The same framework
of adjusted contours (A) can produce two very different large-scale oblique maps: one
shows no geologic interpretation (B) and one combines knowledge of geology with the
presentation of relief (C). From U.S. Department of the Army (1960).

In setting up the isometrograph, the vertical scale is positioned on a calibrated bar (fig. 5). A
vertically viewed contour map of the area to be portrayed is oriented so that the direction of view is
parallel to the calibrated bar. The angle of view from the horizon is adjusted by the placement of the
bars that hold the pencil (fig. 5). The stylus is moved along the highest contour of the vertically viewed
contour map, and at the same time the pencil is activated to draw a foreshortened contour. The
isometrograph is moved on the vertical scale to the next lower contour, and the process is repeated
until all of the contours have been traced. We estimate that a framework of foreshortened contours
by the isometrograph is produced in half the time as one based on angular perspective.
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Figure 5. — Isometrograph.

All pertinent data are assembled before an oblique map is prepared. In the ideal case, the
cartographers can visit the area and take photographs from the chosen angle of view. Unfortunately,
this is not always the case, particularly when the subject is an underwater feature or an inaccessable
area on land. For example, during the initial compilation of oblique maps of Mount St. Helens
(included in this atlas) only the observations of geologists and newspaper photographs were available.
For specific data on elevation, dimension, relative relief, slopes, and surface material, the best sources
are maps and photographs, but for some data experts on the area need to be consulted.

The landform-portrayal techniques used in this atlas depend on the use of form lines, which are
drawn individually with ink to represent shape, form, depth, and surface texture. The use of line is
also the use of space. In the figure-ground relation the form line is the figure and the space that
surrounds the figure is the ground. The ground reflects the traits that make up the form lines. If the
form lines lack character, direction, and density, then the ground lacks definition, and it predominates.
The ground is most noticeable when there is a lack of continuity in the landform-portrayal technique.
A realistic portrayal technique represents the landforms by using a minimum number of expressive
lines and letting the ground support the expressive lines.

This figure-ground relation is affected when the oblique map is printed in color. Although printing
costs are higher, color can be applied to form lines and the ground. Contrast is lost when the form
lines and the ground are printed in color (sometimes called relief shading), a process that results in
a less descriptive landform technique.
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CONCLUSION

Because oblique maps are instructive and easy to read, they help the scientist communicate with
the layman concerning our environment, especially those areas, such as the sea floor, that are not
easily accessible. With increasing population and all its attendant stresses on the planet, the need for
this communication will become ever greater. Fortunately, in the near future, with new techniques and
with the use of computers, the cartographer will be able to respond to this demand and to create
oblique maps more quickly and more economically.
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HOW TO MEASURE HORIZONTAL DISTANCES ON THESE OBLIQUE MAPS

Two types of oblique maps are shown in this atlas: (1) angular perspective, based on one- or two-point
perspectives, and (2) parallel perspective, produced by the isometrograph (see text for description of the

isometrograph).

ANGULAR PERSPECTIVE
Measuring horizontal distances on an oblique map that is based on an angular perspective
is difficult because the scale decreases away from the viewer. Often a scale accompanies this kind
of map, but this scale represents only one location on the oblique map, usually the corner nearest
the viewer.

PARALLEL PERSPECTIVE
Measuring horizontal distances on an oblique map that is based on a parallel perspective is
not difficult because the scale is consistent throughout the map. The scale that accompanies a
parallel-perspective map is an elliptical scale; the front-to-back scale is foreshortened and the left-
io-right scale remains unchanged. To use the elliptical scale, place a scaling instrument (ruler)
on the map, note the number of units between the two points of interest, and then move it to
the zero point on the elliptical scale, keeping the instrument parallel to its original alignment on
the two map points. Read the distance from the elliptical scale.
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This regional oblique map of the Gulf of Alaska is based on an orthographic map projection, which allows
the Earth to be portrayed as if viewed from space. This map was compiled to compare the submarine and
subaerial topography of the Gulf of Alaska and northwestern North America. The physiography of both areas
is the result, in part, of plate tectonics: the Pacific plate is colliding with and sliding under the North American
plate (Howell and others, 1980, p. 43). This knowledge was used to emphasize the topography and the
sediment depicted in the adjacent basins, slopes, fans, and trenches. This map has been published in Alpha,
Gerin, and Joyce (1980); Howell and others (1980, p. 48, 49).
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The Kamchatka Peninsula in Asia is located in the northwest
part of this oblique map. The Pacific Ocean (shaded) and the
northeast-trending Kuril Trench is to the south and next to the
Kamchatka Peninsula, the Aleutian Island chain is to the east, and

the northern arm of the Emperor Seamount chain is to the south
along long 168°E. The topography of the Aleutian-Kamchatka
convergence may partly be the result of the converging of the Pacific
plate and the Eurasian continental margin (Buffington, 1973, p.

1980). This map has been published in Alpha (1972); Buffington
(1973, frontispiece); Scholl and others (1977, p. 1570); Stewart
(1977, p. 193); National Research Council (1979, p. 30);
Gnibidenko and others (1980, p. 14).

THE ALEUTIAN-KAMCHATKA CONVERGENCE, NORTH PACIFIC OCEAN

By

Tau Rho Alpha
1972
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This oblique map covers the Aleutian Islands from Unalaska Island on the east to Attu Island on the west Islands are tops of volcanoes that sit on a submarine platform that lies only about 200 feet (61 meters) beneath
and from the Pacific seafloor and Aleutian Trench on the south to Bowers Ridge on the north. This dual map the surface of the ocean (Marlow, 1973, p. 1567). The northern and southern views of this map have been
is unique because it was drawn to view.both the north and south sides of the Aleutian Island arc. The Aleutian published in Alpha (1970) and Marlow and others (1973, fig. 1); the southern view in Shepard (1973, p. 245);

part of the southern view in Stewart (1978, p. 88).

CENTRAL ALEUTIAN ARC, ALASKA
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1973
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This angular-perspective oblique map portrays the Alaska and Kenai Peninsulas and
Kodiak Island. Offshore, in the foreground of Kodiak Island, the shelf, slope, and Aleutian
Trench trend from left to right in the center of the map. This oblique map helps to depict
the morphology of the western Gulf of Alaska, which may possibly be underthrust and
pushed up by the Pacific plate (von Huene and Shor, 1969, p. 1900). This map has been
published in von Huene and Shor, (1969, pl. 2).
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As an aid to interpreting the results of Deep Sea Drilling Project, Leg 18, the Aleutian
Trench near its northern terminus is viewed toward the southwest. Quinn, Giacomini, and
Kodiak Seamounts that rise from the ocean floor are volcanic in origin. The ocean floor near

the seamounts and the continental shelf (upper right) are underlain by horizontally stratified
sediment; the jumbled topography of the slope is underlain by deformed and folded sediment
([scientific staff], 1971, p. 13). This map has been published in [scientific staff] (1971, p. 15);

Dow (1970, p. 1593).

A PART OF THE EASTERN ALEUTIAN TRENCH

By
Tau Rho Alpha
1969
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Northeast view of the Aleutian Islands near Amlia Island. The islands are tops of volcanoes located
on a wavecut terrace (submarine plateau) that separates two bodies of water. The Bering Sea is on
the upper left half of the map, where part of the Aleutian Basin is about 11,482 feet (3,500 meters)
deep, and the Umnak Plateau is about 656 feet (200 meters) beneath the surface of the sea. The
Pacific Ocean is on the right half of the map, where the Aleutian Terrace is about 15,419 feet (4,700
meters) beneath the surface, and the Aleutian Trench is about 24,278 feet (7,400 meters) deep.

The purpose of this map was to show the crest of the Aleutian Island arc, the Aleutian Terrace,
and the Aleutian Trench. Offshore, the slope between the islands and the terrace has exposed rocks,
and the slope between the terrace and the trench is underlain by ridges of folded sediments. In
contrast, the terrace and the trench are underlain by undeformed, flat-lying sediments (Marlow and
others, 1973, p. 1556). This map has been published in Alpha, Scholl, and Vallier (1981).
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AMLIA CORRIDOR, ALASKA

By
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INDEX MAP

Viewed toward the southwest, this oblique map shows Point Barrow on the
northernmost tip of Alaska and Barrow Canyon extending out across the continental shelf
and slope of the Arctic Ocean. Barrow Canyon is relatively shallow where it is flanked by
the Beaufort shelf to the east and the Chukchi shelf to the west. Sediment waves and furrows
are depicted on the northwest flank of the canyon. Barrow Canyon becomes deeper and V-
shaped as it traverses the continental slope to the floor of the Arctic Ocean, where it is about
9,482 feet (3,000 meters) deep (Shepard, 1973, p. 273). This map has been published in
Alpha, Eittreim, and Morley (1981).
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Onshore physiography by Tau Rho Alpha
This sweeping southerly view of the North Slope of Alaska and neighboring Canada Offshore physiography by Marybeth Gerin
includes the Mackenzie River, near the left edge of the map, and the Brooks Range, which
extends from the center to the right edge of the map. The shelf and slope of the Beaufort
Sea from the Mackenzie River delta to past Point Barrow and the Barrow submarine canyon
are depicted in the foreground.
Thousands of rectangular lakes, which generally are oriented with the long axes
approximately 10° west of north, dot the arctic coastal plain (Shepard and Wanless, 1971,
p. 485). Behind them, sedimentary rocks are deformed into long linear folds to produce the
arctic foothills. Dominating the scene are the rugged glaciated ridges of the Brooks Range,
formed from belts of sedimentary and volcanic rocks. This map has been published in Alpha
and Gerin (1980a).
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In this angular perspective, Bering Canyon is viewed toward the
southeast. It is one of the longest submarine canyons in the world,
measuring 248 miles. For much of that distance it lies between
the northern flank of the Aleutian Islands (in the background) and the
Bering Sea continental slope (to the left). The wave-cut Aleutian plateau
supports a host of active volcanoes, and a singular active wvolcano,
Bogoslof Island, rises from the south flank of Bering Canyon. (Scholl and
others, 1970, p. 190). This map has been published in Alpha (1970);
Scholl and others (1970, p. 191; 1976, p. 101); Shepard (1977, p. 172).
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This view of the Earth’s crust takes in most of the Bering Sea, which is named for Vitus Bering, a Danish
navigator who sailed on it in 1728. The sea is bounded on the south by the Aleutian Island arc and Aleutian
Trench (foreground), on the west by Kamchatka Peninsula, to the north by Siberia, and on the east by Alaska.
The delta of the Yukon River can be seen in the upper right corner. Offshore from the Siberia is Shirshov Ridge,
which extends southward (left center) to nearly touch the tight curve of Bowers Ridge, which joins the Aleutian
[sland arc near the center of the map.

The Pacific plate, represented by the ocean floor south of the Aleutian Island arc and Aleutian Trench, is
believed to underthrust the North American plate at the arc’s east end (Marlow and others, 1973, p. 1555).
At the arc’s west end, however, the Pacific plate appears to be sliding west past the North American plate and
to underthrust the Eurasian continental margin, resulting in the Kuril Trench (lower left corner) (Buffington,
1973, p. 180). This map has been published in Alpha (1974b); Scholl and others (1974).

OBLIQUE MAP OF THE BERING SEA

By
Tau Rho Alpha
1974
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This oblique map is unique because of the extreme wvertical
exaggeration (X50) used for underwater features compared to the vertical
exaggeration used for features on land (X10). The view is southeast over
the tip of Siberia’s Chukotka Peninsula toward the west coast of Alaska,
where Norton Sound is located at the center of the map. At the left is the
Seward Peninsula, at the upper right the Yukon River delta, and at the
lower right St. Lawrence Island forms the southern end of the Chirikov
Basin.

Uncharted offshore areas are blank regions on this oblique map. The
offshore underwater features were formed by glacial erosion and
depositional processes during periods of lower sea level, and now they are
being changed by submarine erosion and deposition. During the last ice
age approximately 20,000 years ago, land was exposed between the
Chukotka and Seward Peninsulas, enabling migrations between North
America and Asia to take place. This map represents how this area looked
at that time (Hopkins and others, 1976, p. B6). It has been published in
Alpha (1972); Hopkins and others (1976, pl. 2).

NORTHERN BERING SEA

By
Tau Rho Alpha
1972
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The Bering Sea shelf has an average depth of 656 feet (200 meters),
occupies a large part of the eastern Bering Sea, and is bounded by Asia and
North America. Cape Navarin is at the left center of the map and St. Lawrence
Island, part of Alaska, and the Alaska Peninsula are at the top and right edge
of the map.

The shelf edge is incised by several large canyons, which are thought to
have been eroded by ancestral rivers from Alaska during a time of lowered sea
level (Scholl and others, 1970, p. 204).

This map was the basis for two derivative oblique maps of the Bering Sea

shelf that are shown on the following two pages. This map has been published
in Marlow and others (1975).

PHYSIOGRAPHY
BERING SEA SHELF, ALASKA

By
Tau Rho Alpha
1975
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INDEX MAP To prepare this map, the oblique map on the previous page was divided

into sections in order to show the relation between the subsurface geology and
the topography. The subsurface geology on the blocks shows sedimentary rocks
that are younger than 65 million years lying on top of older pre-Tertiary
basement rocks (Marlow and others, 1975, sheet 2). See also the map on the
next page. This map has been published in Marlow and others (1975).

PHYSIOGRAPHY AND CROSS SECTIONS
BERING SEA SHELF, ALASKA

By

M. S. Marlow, T. R. Alpha, D. W. Scholl, and E. C. Buffington
1975
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This oblique map was developed to show the relief of the pre-Tertiary
basement rock beneath the Bering Sea with the same onshore relief as shown
on the first oblique map on the Bering Sea shelf. Offshore, the map provides
a look beneath the seafloor, through the upper sedimentary rocks to the surface
of pre-Tertiary rocks, which are more than 65 million years old. The portrayal
of the pre-Tertiary surface features was based on a structure contour map
(written commun., M. S. Marlow, 1975). Contour lines (in meters) are combined
with form lines to reveal the foundations of the Navarin Basin at approximately
19,678 feet (6,000 meters) and the St. George Basin at approximately 16,404
feet (5,000 meters) below sea level. For more information on the Navarin Basin
see the oblique map on the following page. This map has been published in
Marlow and others (1975).

PRE-TERTIARY ROCKS
BERING SEA SHELF, ALASKA

By
M. S. Marlow, T. R. Alpha, D. W. Scholl, and E. C. Buffington
1975
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A detailed oblique map of the pre-Tertiary surface was compiled from new seismic data
for the pre-Tertiary rocks (more than 65 million years old) near St. Matthew Island. The
depth to the pre-Tertiary surface is shown by contours (in kilometers) and augmented by
form lines. In the foreground, form lines portray the surface, although no contour lines are
present. The relatively shallow but irregular bedrock surface between St. Matthew Island and
St. Lawrence Island (top center) contrasts with the deep bedrock surface on the left of the
map. This deep bedrock surface is the southern part of Navarin Basin. See the map on the
previous page. This map is unpublished.
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Viewed toward the southwest, this oblique map portrays the north slope of ﬂ vl
the Aleutian Island arc and a submarine basin known as the Buldir depression. - . / Ly ”\\ B ‘;—‘:‘: = F—
The Buldir depression is named for a volcanic island near the right (west) <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>