TOPOGRAPHIC MAP REVIEW      Geology 3044:  Geomorphology
Lab Exercise #1






          Introduction                   
Map reading is a useful tool in studies of geology.   Maps are an aid in recognizing different erosional landscapes; in developing environmental impact statements; and in making land use planning and development  recommendations.   Maps are also useful in agriculture and soil science.  The exercise today will help you review and "brush up" on your skills in topographic maps, their reading, and their applications.

A.  Review of Fundamentals of Topographic Map Reading 
In Geol 1014:  Physical Geology , you learned to begin to read, interpret, and apply information from topographic maps.  The following section is taken from the introductory lab on topographic maps from Physical Geology.  The examples of distance measuring, location by Latitude & Longitude, General Land Office Survey, Universal Transverse Mercator methods , determining elevations, slope calculation, and envisioning landscape appearance are mainly from that exercise and are mainly used as a refresher exercise.  In section "B" of the exercise, you will be assigned some problems to solve after you have completed the review.  You will use actual 7 ½ Minute Topographic Quadrangle sheets for the review portion of the exercise; however, you will be introduced to digital maps in the second part of the exercise.  The Russellville West 7 ½ Minute Topographic Quadrangle Map will be utilized in Part A.
        
Topographic maps are maps that show the configuration of the earth's surface by means of contour lines.  Topographic maps provide information on surface shape, vegetation cover, land use, urban development, distances, and means of location.   The United Stages Geological Survey (USGS) distributes a number of different base maps, known as series, one of which is the 7 ½ Minute Topographic Quadrangle series .   The United States Geological Survey maps are uniform or standardized with respect to symbols, color, scales, and location systems. 



 color:  greens = forest cover; blue = water; white = open land/pastureland
                                             pink = municipalities (city limits of towns); brown lines are
                                             contour lines; roads are  in black or red; black boxes are houses



 distances - English & metric measurements are designated on the map; however
                                             topo tools only have English unit measurements


 scales - representative measurements are given on the maps



 symbols – some features have standard recognizable symbols – for example,

primary roads are usually indicated by red color, churches

are buildings designated with “crosses”, and schools are buildings

designated with “flags”.


                          DISTANCES AND DIRECTIONS

All United States Geological Survey series maps are “oriented” the same.  North is to the top of the map and west is to the “left-hand” side of the map.   Following are several “distance and direction” examples.  Distances can be measured using the "state" scale on the left-hand side of the Topo Tool.  For nonlinear (not straight line distances) a rolling map measurer is utilized.  Use the "outside" dial of the map measurer to determine distance in miles (the outside dial scale is the scale that corresponds with the 7 ½” Topographic Quadrangle map series scale.
   


Distance and Direction Examples:
1. IN FEET, determine the straight line distance AND direction that Tucker 
Coliseum lies FROM Saint Mary’s Hospital (northwest of downtown 
Russellville on West Main Street).  Measure from center-of-building to 
center-of-building.



 Tucker Coliseum lies NE of the hospital, 6,800 feet

2. IN FEET, determine the straight line distance AND direction that the southern 
most KARV Radio Tower (west of Tech campus) lies FROM the Russellville 
Post Office (PO on east edge of map in downtown Russellville - use center 
of Post Office Building).



 southern most radio tower lies in a NW direction from the Post Office, 9,800 feet

3. IN MILES, determine the distance by road from the center of the I40 
Interchange north of Russellville to the Main Street and Arkansas Avenue
intersection in downtown Russellville.

 

distance from I40 interchange and Main Street is 2.2 miles




                                   LOCATION

Three methods are currently used in the United States for location:   Latitude and Longitude, Universal Transverse Mercator (UTM), and the General Land Office (GLO) Survey (Township & Range) methods.  In this laboratory exercise you will review Latitude & Longitude and the General Land Office Survey methods and learn how to determination locations using Universal Transverse Mercator method. 

LATITUDE & LONGITUDE - A method of conveying locations internationally was developed by the English during the height of the British territorial empire.   That method, the Latitude and Longitude method, has remained practical and is still used in international location.   The Earth's surface is subdivided by a series of north-south lines known as LONGITUDE lines and east-west lines known as LATITUDE lines.  The distance between the primary lines of longitude equate to the 360o of a circle (=about 70 miles at the equator, but converge toward the poles).   The Prime Meridian in Greenwich England marks the Oo Longitude, increasing to 180o West Longitude and increasing to 180o East Longitude.   The Latitude lines increase from the Oo Latitude (Equator) to 90o North and 90o South Latitude.   A single degree of latitude and longitude at the equator would represent nearly 5,000 square miles; therefore, smaller subdivisions were developed to improve precision.   MINUTES (1/60 of a degree) and SECONDS (1/60 of a minute) were devised and are of small enough scale to be recognizable and of use on our USGS Topographical Quadrangle Map series.  

In laboratory you may use a "Topo Tool" to read minutes and seconds from topographic quadrangle maps.  Reference points are designated on the margins of the maps by minute and second values.  Reference points are designated within the map by large "+" symbols.   Because the maps are not "square", but are longer north-south than they are wide east-west, you must use a correction factor for determining longitude.  The simplest means of correction is to angle the Topo Tool to “foreshorten” the tool and be able to read longitude directly from the map.  Tilting the Topo Tool and foreshortening the longitude values will be reviewed and demonstrated in laboratory.

Latitude and Longitude coordinates are read in the field using instruments that derive the location from satellite triangulation (known as Global Positioning Systems = GPS Systems).  Just to illustrate the accuracy of location of latitude and longitude; 1" =  approximately 100 feet.

GENERAL LAND OFFICE (GLO) SURVEY METHOD - Most of the United States west of the Ohio and Mississippi rivers has been surveyed with the U. S. Federal Rectangular Survey, or the General Land Office Survey. The General Land Office Survey was developed as a tool for quick reconnaissance survey of the Louisiana Purchase so that the exact extent of the acreage could be determined and the area could be quickly gridded for settlement.  Sometimes called, “The Township and Range method”, the General Land Office Survey, like Latitude and Longitude, is also based on a grid work of lines; however, "squares" or "boxes" are given number assignment instead of lines.   A BASELINE and PRINCIPAL MERIDIAN were constructed in Mississippi, and corresponding north-south RANGE lines and east-west TOWNSHIP lines were established at six mile intervals.   The 36-square mile blocks, known as TOWNSHIP blocks, are still the basis for political boundaries. Precision was accomplished by subdivisions of Township blocks into mile-by-mile blocks known as SECTIONS, and by subdivision of sections into quarters (1/4), quarter quarters (1/4,1/4) and quarter, quarter quarters (1/4,1/4,1/4) as illustrated in the section subdivisions of the Topo Tool.  Subdivision of sections is most easily accomplished using the Topo Tool.
UNIVERSAL TRANSVERSE MERCATOR (UTM) method locates position on the Earth in terms of coordinates given in meters east and meters north of reference points designated by the United States Federal Government.  UTM coordinates can be obtained in the field using some Global Positioning Systems (GPS).  UTM coordinates appear on all USGS Topographic Quadrangle maps.  UTM coordinates are designated on the margins of topographic maps as a number followed by "nm" or "em".  The line that denotes the UTM assignment is a short light blue line.  The Topo Tool has a UTM scale that allows measurements in 100 meter increments. 

Location Examples:  

In order to refresh your understanding of location methods, determine the location of  


the following features using the GENERAL LAND OFFICE SYSTEM, LONGITUDE
and LATITUDE, and UNIVERSAL TRANSVERSE MERCATOR.

(use centers of buildings or features for exact points):


1.  Tucker Coliseum on the Tech campus (east center part of map)



 35o17’42” North Latitude; 93o7’56” West Longitude
                                NW, SE, SW, Sec. 33, T8N, R20W
                                UTM:   3905600 mn;   488000 me

2.  Entergy nuclear plant cooling tower (center west part of the map - diagonal lined circle)



 35o18’40” North Latitude; 93o1' 5" West Longitude
                                SW, SW, SE, Sec. 28, T8N, R21W
                                UTM:  3902600 mn;   478650 me


3.  Sequoyah School (SE quarter of map) 



 35o16’ North Latitude; 93o8’57” West Longitude 
                                NE, SE, SW, Sec. 8, T7N, R20W
                                UTM:  3907350 mn;   486450 me




 CONTOURS AND GENERAL TOPOGRAPHY

Topographic maps are of great interest to geologists because they convey information regarding the shape of the land surface using contour lines.  Contours are lines that connect points of equal elevation.   Using contours to interpret topography is relatively easy with practice when general guidelines are followed:
1. Contour interval is always indicated by the map in a statement beneath the 
different bar scales.

2. Closely spaced contours indicate steeper slopes; widely spaced contours 
indicate gentle slopes to flat land.  The value of the contour interval 
(# of feet) may change from one map
to another; so the degree of 
steepness depends on the individual maps and its interval 



 
number.

3. In general, streams represent topographic "lows"; the land surface would 
slope upwards
and away from streams.

4. Hilltops and "divides" between different stream valleys will be marked 
by closed contour circles or indicated by a title such as
“Crow Mountain” which marks the crest of the mountain.
5. Contours form v-shapes when the contours cross streams. The "v" points 
upstream = uphill .  "Hatchured" contours indicate closed 
depressions or closed "holes".

Contour/Elevation and General Topography Examples :

Examples of elevation determination are:

1. SE corner of McEver Hall on campus (McEver is the “three-pronged”
building in the center of the Arkansas Tech University campus)


 340 feet (the contour goes through the edge of the building) and is located on
                         a  relatively flat area 


2.  Tucker Coliseum on the Tech campus (center of building)



 between 340 & 360  – so about 350 feet and surrounded by flat land surface


3.  Saint Mary’s Hospital (above the word “Russellville” in the pink area of the Russellville 



 city limits - center of building)



 360 feet (the contour goes through the center of the hospital building) and is
                         surrounded by flat land surface


4.  Normal Pool Elevation of Lake Dardanelle



 338 feet (the lake level is given where “Lake Dardanelle” is written on the SW 
part of the map)


 5.  Intersection of Main Street and Arkansas Avenue in downtown Russellville



 BM = Bench Mark, a measured elevation @354 feet and is located in a 
            generally flat area
             6.  Water Tower (WT) in the southeastern lower corner of map in section 17
                        WT is located at 620 + feet; slope away from the  WT is located along a long  

                        narrow ridge that is  steep to the north and gentler/ more moderate to the south
             7.  Booher Cemetery (located in sec. 14, T8N, R21W)
                         cemetery is at an elevation of 360 feet located in a valley bottom near an 
intermittent stream

                                                           SLOPES

Slopes of hillsides or roadways can be determined for maps.   Slope is calculated as "RISE/RUN" or RISE divided by RUN.  The RISE is the change in elevation from the bottom of a slope to the top of a slope or the bottom of a hill to the top of a hill = height.   The RUN is the map distance.   Calculation of a slope using a map will be illustrated by examining a stretch of road west of Russellville.   A red-and-white dashed road runs due west along Norristown Mountain from the east edge of the mountain.   The slope will be calculated from the point that the road begins off Skyline Drive to the point that it turns north near the Lake Dardanelle.


The elevation on the east end of the road is between a measured elevation of 698 feet


The elevation on the west end of the road where it begins to turn is 380 feet



 so the rise = 698 - 380 = 318 feet 


The measured distance along the road is 7,600 feet


The slope = 318 ft / 7,600 ft   =  .042   = 4.2 % slope


So, what does a 4.4 % slope mean?   0% is flat;  a 45o slope = 100%;  infinity is vertical.   
A slope of 4.4 means a gradual slope - not likely to have severe runoff problems, soil 
erosion, or landsliding.

Slope Example:

1.  Determine the slope of Pleasant View Mountain from the “i” in “View” (near 



 Interchange #78) on a line straight south to the lake.   Use the dark contour 



 at the bottom of the letter “i”  as the beginning of the slope.



 elevation at the bottom of the “i” is = 600 feet   600-338 feet rise  =  262    =     .10



 elevation of lake = 338 feet


      2,600   feet run       2,600



 distance from “i” to the lake is 2,600 feet











       = 10% slope


                                          ENVISIONING TOPOGRAPHY 

Topographic maps are certainly useful for interpreting general topography and inferring underlying geologic structure.  You have already reviewed examples of locations in valleys, along hillsides, and in areas of relatively flat surfaces.  Topographic maps can also be used to "envision" landscapes -- is a valley "broad", "narrow",  "deep"? --  is a ridge steeply sided or gently sloping? -- does a mountain have abrupt changing in slope? (suggesting changes in bedrock hardness and weathering).   The following are examples of envisioning landscape from a topographic map and, in some cases, inferring underlying geologic structure.  Think in terms of observations vs. interpretations.


            1.  Pleasant View Mountain in sec. 24, T8N, R21W

Observations:

Pleasant View Mountain consists of contours that form long ellipses.

The north slope of Pleasant View Mountain has evenly but closely

spaced contours.




The south slope of Pleasant View Mountain has evenly but moderately





spaced contours.

The north-sloping hillside on the map has a green coloration.  
Beyond  the base of the steep slope the contours are more widely 

spaced  along a stream.

The stream is small (intermittent contours).. 
 The vicinity of the small stream lacks green coloration.  
To the north beyond the stream are evenly spaced contours that 

reach an elevation of 600 feet.

valley is gentle to moderate slope leading to a hill that tops 
out just above 600 feet.
Interpretations:

Pleasant view Mountain is part of a long-running east-west ridge

The north slope of Pleasant View Mountain is steeper than
 the south slope of the mountain.




The north slope of Pleasant View Mountain is vegetated, probably





with  forest lands.
If you were standing facing south from the top of Pleasant View,
Mountain, the slope would slope uniformly toward the lake. 
 If you were standing facing north from the top of Pleasant 
View Mountain, the hillside would slope away abruptly to the
 north.  
Such long, linear ridges usually suggest dipping strata.  Usually "dip"
 slopes are gentler than "erosion" slopes along hillsides.  
Because the "south" slope of Pleasant View Mountain is 
"gentler" than the north slope, you  would expect that the
 rock strata comprising Pleasant View Mountain  in section 24 
is dipping south.  



Widely spaced contours suggest a broad valley north of Pleasant View

Mountain.  The wide spacing also suggests the presence of a

narrow floodplain along the small stream.  The stream may 

be seasonal.

2.  Arkansas Tech University Farm in Sections 31 & 32 T8N, R20W

Observations:

Most of the land surface of the Arkansas Tech University Farm has

wide contour spacing.

Most of the vicinity of Arkansas Tech University lack green coloration.

Intermittent and perennial streams are present (symbols indicate stream

type).




Many stream channels are straight.




In the northwestern part of section 31 in the area of “Lake Dardanelle

State Park are areas of green and blue coloration.
Interpretations
The flat areas in the vicinity of Prairie Creek is nearly flat and is probably
 floodplain.  

Most of the land surface is in open lands, perhaps open fields.

Both seasonal and perennial streams are present.

The straight streams have probably been altered/channelized
In the northwestern part of section 31 in the area of 
"Lake Dardanelle State Park", there are woodlands and wetlands.
. 

B. Topographic Map Assignment

    The following section consists of questions for you to answer once you have completed the topographic map review portion in Part A.  You will be using the Topo USA 5.0  program that is installed on the computers in the Optical Mineralogy Lab.  The digital map corresponds to the Atkins 7 ½’ Topographic Quadrangle Map.  You may also access the maps through the USGS site, " TerraServer".

1.  Locate the following points using General Land Office Survey, 
Latitude & Longitude, and UTM methods:
    
            a.  Lake Elise at Winrock Farms (on south center edge of map)



            b.  BM 335 @ Galla Rock  (west central portion of the map)




2.  Describe the distance and direction of the following features:

            a.  Length  IN FEET of the dam that forms Lake Atkins (north center 
portion of map) AND determine the direction the dam lies from
 intersection of main roads in Atkins.



 b.  Distance in MILES using rolling map measurer from main intersection 
of roads in Atkins south to the small community of Wilson AND 
determine the direction Atkins lies from Wilson.

3.  Determine the elevations and describe the general topographic setting of the 
following points:  (refer back to the “Envisioning Topography” examples

            a.  Community of Wilson


            b.  Lake Elise on Petit Jean Mountain



             c.  BM 319 in Sec. 24, T6N, R19W



            d.  Water Tower (WT) in sec. 20 just south of Atkins



4.  Calculating Slope:

Calculate the slope of the north side of Petit Jean Mountain in sec. 15, T6N, R18W.  Begin at the 1,100 foot contour at the edge of the mountain and go straight north ending at the Arkansas River.  Based on the value you determined of the slope, if bedrock is present, what kind of mass movement would you expect to occur along this section of the Petit Jean Mountainside?




5.  Envisioning Topography:  Describe all aspects of the landscape and 

underlying geologic structure that can be inferred from the Atkins 

Topographic Map for the following sites and their adjacent areas:

            a.  Sweden Island
            b.  Water Tower (same one as question 3-d above)
            c.  Petit Jean Mountain in Sections 15 & 16, T6N, R18W
            d.  Lake Bailey (south center edge of map)


            

            
          


        
5

