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Most of us navigate every day without the aid of a map or compass, and accurate maps are only important when we buy or sell a piece of property. In contrast to our private lives, map reading and map preparation skills are becoming increasingly important in solving problems of environmental contamination and public health. This document outlines the fundamentals of reading and interpreting a U.S. Geological Survey (USGS) topographic map. These maps are used extensively by local, state, and federal agencies, and by scientists conducting field studies.

Topographic maps differ from county and state highway maps in that they depict the shape and elevation of the Earth's surface, its topography. This document is divided into four parts: map margin, map symbols, contours, and map acquisition.

Map Margins

The margins of a USGS topographic map contain a great deal of information: the map name and number, date of publication, location within the state, map scale, the direction of the North Pole, technical data on map production, the name of adjacent maps, and several grid systems for locating features on the map. We will examine each of these types of information starting with the lower right-hand comer of the map and proceeding in a clockwise direction.

Map Name
Each topographic map is named for a prominent cultural feature, usually a community, that is found on the map. This name appears in capital letters in the lower right-hand comer of the map. In areas where prominent cultural features are sparse, or where a large part of a community is depicted on more than one map, the map name may include a compass direction, such as LUBBOCK SOUTH, BEAUMONT EAST, and EL CAMPO SE. With a few exceptions, map names are generally not duplicated within a state.

Date of Publication
One or more dates appear below the map name in the lower right hand comer. The date of publication is the most recent of these dates. A date printed in black indicates that the published map is new or completely revised from an earlier edition, and contains new information on both cultural features and topography. Dates printed in magenta or purple

indicate that cultural features have been revised using aerial photography, a process referred to as photo-revision (PR). New maps are sometimes issued in a provisional edition before the final version is published. On these maps the letters PE precede the date of publication.

Map Number 
The map number consists of seven digits printed or stamped in the lower right portion of the map. This unique number can be used to locate the map using a system in which the state is divided into rectangles that are one degree of latitude long and one degree of longitude wide. Each rectangle is numbered for the latitude and longitude position of its southeast comer. The first for digits of the map number indicate latitude and longitude of the one-degree rectangle containing the map. The last three digits indicate the location of the map within the one-degree rectangle.

Map Location
U.S. G. S. topographic maps having rectangular shapes are referred to as quadrangles. The most commonly used quadrangles are 7.5-minutes of longitude wide and 7.5-minutes of latitude in length. These maps are thus referred to as 7.5-minute quadrangles. The location of a quadrangle is shown on an outline map of the state in the lower right margin of the map.

Map Scale
There are three important types of information in the central bottom margin of each 7.5minute quadrangle: the map scale, the contour interval, and the vertical datum. The map scale allows the reader to compare linear dimensions on the map with distances on the Earth's surface. Contour interval is the vertical distance between each brown contour line on the map (see section below on contours). Vertical datum refers to the year in which a nationwide set of surveying stations was established to measure the elevation of the land above mean sea level. In 1983, a new vertical datum was established that will eventually shift the surveyed location of all features in the United States.

The scale of each topographic quadrangle is expressed as a ratio (representative fraction) and as a bar scale. Each 7.5-minute quadrangle in the continental United States has a ratio, or fractional scale, of 1: 24,000. This means that one unit on the map equals 24,000 units on the ground; for example, one inch on the map represents 24,000 inches (2000 feet) on the Earth's surface. Three bars, or graphic, scales are present on each quadrangle. One scale is in miles, the second in feet, and the third one is in kilometers. The left-hand portion of each scale is subdivided in smaller units to allow the reader to make accurate measurements on the map. A piece of paper, an engineer's scale, or a plastic template (e.g. geologist's land locator) can be used to make measurements with a bar scale on the map.

North Arrow
The direction of the North Pole can be determined from three radiating lines in the lower left margin of the map. These lines are actually north arrows, one for true north (star), grid north (GN), and magnetic north (MN). True North, the direction to the geographic North Pole, is indicated by the long line ending with a star. Grid North, the north direction for the Universal Transverse Mercator Grid, is the short line with no star or arrow. Magnetic North, the direction to the North Pole of the Earth's magnetic field is the line ending with MN and a half arrow. The angle between the true north arrow and the magnetic north arrow is given in two units, degrees and mils, to the side of the MN arrow. This angle, the magnetic north declination, was determined the year shown below the north arrows. Magnetic declination is a conversion factor that must be used to compare directions from a magnetic compass with those on a topographic quadrangle.

Map Production Information
Just as the writing of a book takes place years before its publication, the information on a topographic quadrangle is obtained years before its printing; for example the topographic information (elevations and contour lines) is commonly obtained before the cultural features are identified and labeled. Dates for the acquisition of the information used in making the map are given in the lower left margin.

Adjacent Maps
The names of adjacent topographic quadrangles appear in parentheses on the sides and comers of each 7.5-minute topographic quadrangle. In most cases these names refer to other 7.5-minute topographic quadrangles. However, on older maps and provisional editions these names may refer to an older series of 15-minute topographic quadrangles (scale 1:62,500).

Grid Systems
The margins of each topographic quadrangle contain tick marks for three grid systems: latitude and longitude, Universal Transverse Mercator (UTM), and State Plane Coordinate. Numbers for latitude and longitude are given in degrees (o), minutes (') and seconds ("), for UTM they are given in meters, and for State Plane Coordinate they are given in feet.

The latitude and longitude system is the most widely used grid. Latitude lines are spaced parallel to the Equator and measure distances (N) or South (S) of the Equator. Longitude lines are long meridians passing through the geographic North and South Poles. They measure distances east (E) or west (W) of the Prime Meridian, a line passing through Greenwich, England. By convention, the measurement for latitude should precede the value for longitude. In the continental United States, all measurements of latitude are north of the Equator and all measurements for longitude are west of the Prime Meridian.

Each degree (o) of latitude or longitude is divided into 60 minutes (') and each minute is further divided into 60 seconds ("). Values for latitude and longitude can be found at each comer of a topographic quadrangle. Each side of the map has two additional numbered latitude and longitude tick marks extending from the map edge inward toward the center of the map. Imaginary lines from these tick marks intersect at four crosses in the central portion of the map.

The metric UTM grid system was established by the U.S. Army and is generally divided into 1000 meter increments on 7.5-minute topographic quadrangles. UTM grid designations commonly appear as two digits preceded by a one- or two-digit superscript.

Each state has a State Plane Coordinate System prepared by the U.S. Coast and Geodetic Survey (now part of NOAA). Tick marks for this grid system extend from the map edge outward into the margin. On 7.5-minute quadrangles the grid interval for this system is 10,000 feet.

Map Symbols

Over 130 different symbols appear on topographic maps. Fortunately, most of these symbols are fairly easy to interpret. Color helps distinguish the various kinds of features:

Black - Cultural features, such as roads and buildings

Blue - Water features, such as marshes, lakes, reservoirs, rivers, and bays

Brown - Topographic features, such as contours, mine tailings, and sand flats

Green - Vegetation features, such as woodland, scrubland, orchards, and vineyards

Red - Cultural features, such as major roads and fence lines

Purple - Features added from aerial photographs during map revision

Several generalizations may help you interpret symbols on topographic maps: (1) features that are discontinuous or difficult to trace on the ground are commonly indicated by dashed lines. Intermittent streams, unimproved roads, old railroad grades, pipelines, and city limits fall in this category; (2) In urban areas, where buildings are closely spaced, most individual structures are not shown. Individual dwellings are omitted from these areas that are shaded salmon, pink or light gray; Only major buildings, churches and schools are shown in the shaded areas; (3) Linear features are almost always man-made. This includes channelized segments of streams, linear shorelines, and linear boundaries to woodland. The USGS pamphlet "Topographic Map Symbols" contains a detailed explanation of all the features shown on topographic quadrangles. (Also see the last page in your lab manual)

Contours
The topography, or shape of the land surface, is shown in two ways on a topographic map. First, spot elevations show the elevation above sea level of a surveyor's station, mountaintop, road intersection, or water surface. Permanent surveying stations, called

bench marks (BM), are established with 2- to 4-inch diameter metal tablets set in rock,

masonry, or on driven metal rods. Most quadrangles show spot elevations in feet.

Second, the actual shape of the land surface can best be visualized with the brown

contour lines. A contour line - connects a series of imaginary points that are all at the same elevation above sea level. From contour lines we can tell which direction the land is

sloping, how steep the slope is, where valleys, depressions and hills are located, and the

elevation above sea level for each of these features.

Several guidelines are helpful in interpreting contours:

(1) Closely spaced contours indicate steeply sloping land and cliffs. On very steep slopes contour lines are superimposed and appear to merge.

(2) Widely spaced contours indicate gently sloping or flat land.

(3) In valleys, contour lines form V's with the apex of the V pointing up a valley.

(4) Contour lines never cross. They close to form oval or circular shapes at hilltops or in closed depressions. Depressions are indicated by tick marks on the contours pointing to the center of the depression.

(5) Contours are spaced at regular intervals (for example, 2, 5, 10, or 20 feet). The contour interval is indicated in the central lower margin of the map.

(6) The elevation for contours is indicated on every fifth contour, a thick brown line called an index contour.

(7) To determine the elevation of an unmarked contour, start at an index contour and count upward or downward to the unmarked line. Use the contour interval to determine the number of feet between each line.

(8) As with other map symbols, linear contour lines indicate human modification of the landscape. Linear contours, with close to right-angle bends, can be seen along highways and railroad grades, in mines and quarries, along drainage ditches and earthen dams, and in airports and other large construction projects.

Map Acquisition

The USGS publishes an index to topographic maps for each state in the U.S. This index contains information on large-scale (1:24,000), intermediate-scale (1: 100,000), and small scale (1:250,000) topographic maps. Large-scale maps, such as 7.5-minute topographic quadrangles, are indexed by the latitude and longitude of the one-degree quadrangle in which they are found. Recall that one-degree quadrangles are numbered by the latitude and longitude of their southeastern comer.

There are two systems used for indexing 7.5-minute topographic quadrangles in Texas, the Texas Code Index System used by the Texas Natural Resources Information System (TNRIS) and a Map Reference Code System used by the U.S. Geological Survey (USGS). The Texas Code Index is printed or stamped below the small map of Texas in the lower right margin of each quadrangle. The USGS Map Reference Code appears below the quadrangle name in the lower right margin of most quadrangles.
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