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Cover photo 
Workers install wellhead at thc DY Oil well Neverst ill 

33-30 in the Mist Gas Field, northwestern Oregon. See related 
summary report on oil and gas exploration and development 
in Oregon for 1989. beginning on page 43. 

OIL AND GAS NEWS 

Mist Gas Field report revised 

The Mist Gas Field Report published by the Oregon Department 
of Gcology and Mineral Industries (DOGAM1) has been revised 
and is now available with all 1989 activi ty and changes iocluded. 
This report includes the Mist Gas Field Map. which was revised 
to include the seven wclls ARCO and the six wells DY Oil drilled 
during the year. The location. status. and depth of all well s are 
indicated on the map. The repon also includes production figure s 
for thc wells at Mist from the initial production in 1979 through 
the end of 1989 . Included are well names, revenuc generated. 
pressures. annual and cumulative production, and other data. The 
Mist Gas Field Report. Open-File Rcport 0-90- 1. sells for $7. 

Rulemaking continues 

Draft rules to implemcnt House Bill 2089 (1989 Legislature) 
are now available for review. These are to provide for ground-water 
protection and surface reclamation when shallow cxploratory holes, 
such as seismic shot holes. are dri lled by the oil and gas industry 
in Oregon. Administrativc rules re lating 10 oil and gas exploration 
and development in Oregon are also being reviewed at >this timc. 
These were last revised in November 1985. and revis ions 10 these 
rules may be proposed . Public hearings for them and for House 
Bill 2089 rules will be scheduled for some time during February 
or March. Contact Dan Wcnnie l for details. 0 

New maps and reports released by 
DOGAMI 
Geologic maps for southeastern Oregon 

Two ncw geologic maps released by the Orcgon Department 
ofOeology and Mineral Industries (IXXiAMI) describe thc geology 
and mineral potential of the Double Mountain and Grassy Mountain 
areas in southeastern Oregon. These areas are currently the focus 
of intensive explo ration for gold but show potential also for other 
mineral resources, such as feldspathic sands. limestone. bentonite 
clay, diatomaceous eanh. perlite, natural gas, andgeothennal energy. 

IXXiAMI geologists M.L. Ferns and L. Ramp produced both 
IXXiAM I map OMS-57. Geology and Mineral Resources Map 
of the Crassy Mountain Quadrangle. Malheur County. Oregon, 
and IXXiAMI mapGMS-58 , Ce%gyand Mineral Resources Map 
of the Double MOlllllai" Quadrangle. Malheur COllllty. Oregon. 

Both of the maps are two-color maps at a scale of I :24,0Cl0. 
They show rock units and geologic structure on a topographic 
base and identify the locations of samples collected for analysis. 
fossils, and, in the case of GMS-58. gas-exploration wells. The 
price of each map is $4. 

The two publications were prepared in cooperation with the 
U.S. Geological Survey (USGS) and were part ially funded by the 
COGEOMAP program of the USGS. 

The Grass~ Mountain 71h-minute Quadrangle covers approx­
imately 48 mi south of Vale, Oregon. The map of the quadrangle. 
GMS-57, consists of two plates: The fi rst plate contains the geologic 
map, two geologic cross sections. and a discussion of the mineral 
resources of the quadrangle; the second plate contains two tables 
of sample analyses. 

The Double Mountain 71,1-minute Quadrangle is the immediately 
adjacent quadrangle to the north. The map covering this quadrangle, 
GMS-58, consists of one plate that includes the geologic map, 
analytical tables, two geologic cross sections, and a discussion 
of the mineral-resource potcntial of the. quadrangle. 

(Continued on page 36. Repons) 
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Maps: the Earth on canvas 
by £I'elyn M. VandellDolder, Arizona Geological Surl'ey 

This paper first appeared in the Winter 1987 issue of Fieldnoles (v. 17, no. 4), published by the Arizona Bureau of Geology 
and Mineral Technology. Since that dale, the name of the publication has been changed to Arizona Geology, and the name 
of the state agency has been changed to the Arizona Geological Survey, located at 845 N. Park Avenue, #100, Tucson, Arizona 
857 19, phone (602) 882-4795. The content of the original paper was modified to include infonnation about Oregon instead of 
Arizona. It was also updated and expanded slightly by Glenn Ireland, State of Oregon Resident Cartographer, whose assistance 
is gratefully acknowledged. -Editors 

INTRODUCTION 
Amelia Earhan, the plucky aviator whose 

1937 round-the-world flight ended in disas­
ter. may have been the victim of a map­
maker'S mistake. Earhart's flight plan gave 
the wrong coordinates for Howland Island, 
the South Pacific sandbar that was only 2 
miles (mi) long and that she and navigator 
Fred Noonan were trying to reach when they 
vanished. The faulty flight plan, which was 
based on inaccurate govenunent charts, put 
Howland Island 7 mi to the northwest of 
its actual location. Earhart's flight plan listed 
the coordinates for the tiny island as latilUde 
(1at) 0"49' N .. longitude (long) 1760 43' W" 
whereas the actual coordinates are lat 0°48' 
N., long 176°38' W. (Barker, 1986). Some 
investigators who searched for the possible 
causes for Earhart's disappearance believed 
that she and Noonan were on course and 
would have reached Howland Island if they 
had been given the correct coordinates. The 
first chart to list accurate coordinates was 
published four to five months after Earhart 
and Noonan vanished. It is therefore likely 
that the mapping mistake was discovered dur­
ing the search for Earhart. 

Earhart's slOry illustrates the importance 
of accuracy in maps and translates a seem­
ingly inconsequential error on paper into the 
language of human tragedy. Accurate, de­
tailed maps have enabled humans to chart 
not only tneir courses across vast oceans but 
also the progress of their civilizations. The 
following article gives an abbreviated history 
of cartography, the art and the science of 
mapmaking: explains scale, coordinate sys­
tems, and projections; illustrates how remote­
sensing techniques aid mapmaking: describes 
various specialized maps and how they are 
used; and lists several sources of maps of 
Oregon. 

HISTORY OF MAPMAKING 
Maps are as old as human culture. The 

detail and accuracy of mapmaking have, 
in tum, both reflected and enhanced the ad­
vancement of civil ization. From prehistoric 
hunters, who probably drew crude maps in 
the dirt, to Renaissance navigators, who ex­
plored and mapped the oceans and continents. 
to today's cartographers, who use satellite 
images, mapmaking has had a long and ex­
citing history. 

Figure I. Today's cartographic instru­
ments range from the compass. which was 
invented during the II th or 12th century. 
to sophisticated computer systems thai can 
increme the speed. accuracy. and quality oj 
all mapmaking efforts. Drawing by Peter F. 
Corrao. Arizona Geological Sun·ey. 

As human culture evolved from a no­
madic, hunting existence to a more settled, 
agrarian lifestyle, land ownership and deter­
mination of property lines became more im­
portant. The oldest known map, dated about 
2500 B.C.. is a small clay tablet that shows 
a man's estate nestled amid mountains and 
rivers in Mesopotamia (Chamberlain, 1950; 
Raisz, 1962). The Egyptians measured and 
mapped their countryside for property taxes 
to fuel their thriving civilization. These early 
peoples believed that Earth was flat, and their 
maps reflected this concept. 

Ancient Greek culture emphasized logic, 
reason, and scientific thought, nurturing in­
terest in the world as well as the mind. The 
Greeks conceived the idea of a spherical 
Earth. About 400 B.C., Aristotle offered ev­
idence as proof: the shape of Earth's shadow 
on the Moon during an eclipse (Chamberlain, 
1950). Eratosthenes (276-194 B.C.), math­
ematician and philosopher, estimated the size 
of Earth based on obselVations of shadows 
and a knowledge of geometry. Despite his 
crude methods (by modem standards), his 
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estimate of Earth's circumference of 28,()(X) 
mi was only 12 percent larger than its actual 
size (about 24,900 mi; Chamberlain, 1950). 
His map, which showed parts of Europe, Af­
rica,and Asia. was the first to include parallels 
and meridians. The early Greeks alsodefined 
the poles, the equator, and tropics and de­
veloped several projections that are still used 
today. 

Medieval cartographers, seeking a more 
simplistic view of the world to mirror their 
religious beliefs. chose more symmetrical, 
"divinely perfect" outlines for Europe, Af­
rica, and Asia rather than the more accurate, 
irregular coastlines of earlier maps. In the 
late 13th century. however, the use of the 
compass burgeoned, as did the production 
of highly accurate maps known as "portolan 
charts," which were used with minor modifi­
cations for more than three centuries. Porto­
Ian charts were based on systematic compass 
sUIVeys. Most chans included 16 or 32 com­
pass roses with radiating rhumb lines (lines 
that show the compass directions), a design 
sometimes used on current maps as deco­
ration (Raisz, 1962). 

The discovery of the Americas effected 
a renaissance in cartography. As the number 
of trade routes increased, so did the need 
for more detailed maps. New discoveries 
from explorations modified humans' view of 
the world. The first map to include America, 
published in 1500, showed it as pan of Asia 
(Raisz, 1962). It was not until after Magel­
lan's voyage from 1519 to 1522 that maps 
accurately depicted the immensity of the Pa­
cific Ocean. The invention of the engraving 
and printing processes during this period en­
abled wider and more timely distribution of 
new maps. The highest quality maps pro­
duced during the late 16th and 17th centuries 
were compiled by Dutch and Flemish map­
making masters, such as Mercator. Ortelius, 
and Janszoon (Raisz, 1962). 

The 18th century, known as the Age of 
Reason, brought a concomitant age of map 
accuracy. Instruments to measure latitude and 
longitude became more sophisticated. Trian­
gulation and topographic mapping of France 
during this time, sponsored by the Cassini 
family, spurred interest in similar national 
surveys during the following century (Raisz, 
1962). Cartographers of the 19th century also 
diversified and specialized their products. 
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creating geologic, economic, and transpor­
tation maps, among others. With the founding 
of the U.S. Geological Survey (USGS) in 
1879, the systematic mapping of the United 
States became an organized effort. 

In our own century, the advent of remote­
sensing techniques such as aerial photogra­
phy and satellite imagery has enabled the 
cartographers to create a "bird's-eye" view 
of the world and its features. Digital scanning 
systems and laser plotters have dramatically 
increased the accuracy and detail of modem 
maps (Figure 1). Technological advances and 
increasingly sophisticated instruments con­
tinue to enhance the quality and accuracy 
of human attempts at sketching the face of 
Earth. 

SCALE 
Scale defines the relationship between a 

distance shown on a map and the correspond­
ing actual distance on the ground. Scale may 
be expressed in three ways (Zumberge and 
Rutford, 1983): 

1. As a graph, line, or bar divided into 
units that represent ground distances. 

2. In words that state the relationship be­
tween map distance and ground distance; for 
example, "1 inch (in.) equals 1 mile (mi)" 
means that 1 in. on the map corresponds to 
1 mi on the ground. 

3. As a fraction or fixed ratio between 
linear efforts in measurements on the map 
(the numerator) and corresponding distances 
on the ground (the denominator). For ex­
ample, a scale of 63.~60 (or 1:63,360) means 

that one unit of measurement on the map 
(for example, 1 in.) represents 63,360 of the 
same units on the ground. In this example, 
1 in. on the map corresponds to 1 mi on 
the ground (1 in. [map] = 63,360 in. [ground] 
= 5,280 feet [ft] [ground] = 1 mi [ground]). 
The first number (map distance) given in the 
ratio is always 1; the second number (ground 
distance) varies, but the larger the second 
number, the smaller the scale. 

Many areas have been mapped several 
times, but at different scales. One should 

choose a map with a scale appropriate for 
its intended use. For instance, a large-scale 
map shows more detail but less area; there­
fore, an urban planner might choose a 1 :600-
scale map that shows power and water lines, 
house lots, streets, etc. A small-scale map, 
on the other hand, shows less detail but en­
compasses a wider area. A geologist who 
is interested in the general geologic history 
of Oregon might choose a 1 :500,000-scale 
geologic map of the state that shows major 
rock formations and geologic features. An 
exploration geologist looking for gold, how­
ever, would prefer a larger scale, such as 
1:24,000, that would enable him or her to 
see more precisely the location of specific 
rock units or structures on the ground. 

Large-scale topographic maps (see sec­
tion titled "Types of Maps") of 1 :24,000 show 
natural and manmade features such as im­
portant buildings, campgrounds, caves, ski 
lifts, waterrnills, bridges, and private roads. 
Intermediate-scale topographic maps scaled 
1 :50,000 and 1: 100,000 usually omit these 

Figure 2. Magnetic declination, also known as compass variation, is the angle between true (geographic) north and the direction 
in which the magnetic compass points (magnetic north). Its value at the beginning of 1980 is indicated in this chart by isogonic lines, 
or lines of equal declination. Values along the top of the chart refer to dashed lines. Values along the sides and bottom of the chart 
refer to solid lines. Solid lines indicate the number of degrees between magnetic north and true north, with magnetic north east of 
true north at locations that are west of the 0° line (labeled on the bottom of the chart) and west of true north for locations that 
are east of the 0° line. Dashed lines indicate change in minutes per year in the direction of magnetic north, with change to more 
eastward direction east of 0° line (labeled on the top of the chart) and change to more westward direction west of 0° line. From 
Fabiano and Peddie, 1980. 
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features. Small-scale topographic maps of 
scale I :250,000 and smaller (i.e .. scales with 
a larger denominator) show only major fea­
tures such as national and State parks. Indian 
reservations. airports. major roads. and rail­
roads (U.S. Geological Survey. 198Ib). 

COORDINATE SYSTEMS 
"Finding oneself' is not easy in th is world. 

whether it be in the psychological or ge­
ographical sphere. Ever since the first map 
was compiled. cartographers have searched 
for an accurate system to locate poims on 
the globe. Some map users. such as nav­
igators. need a means to track their progress 
across oceans: others. such as land owners 
and government. officials, need a method to 
establish property lines; still others, such as 
geologists, need a way to identify localities 
of outcrops. minerals. etc., so that future reo 
searchers can find and study them. 

In the United Slates, three coordinate sys­
tems are generally used: (I) geographic co­
ordinates (latitude and longitude): (2) Public 
Land Survey (PLS). also called the "Land 
Office Grid" or "township and range"'; and 
(3) Universal Transverse Mercator (UTM) 
grid. A fourth system-State Plane Coordi­
nates-is used extensively by state and local 
governments, in large-scale mapping, and in 
engineering and property surveys. Each of 
these systems is explained in the sections 
that follow. 

LATITUDE AND LONGITUDE 
Cartographers have arbitrarily divided the 

Earth's surface into a system of reference 
coordinates that are tenned "latitude"' and 
"longitude" and are based on a series ofimag­
inary lines called ''parallels'' and "meridians," 
respectively, drawn on the surface. 

If one imagines Earth as a globe wi th 
an axis through the North and South Poles. 
the meridians of longitude would be circles 
around the globe that pass through both poles. 
A meridian is labeled according to its dis­
tance, measured in degrees, east or west of 
the zero meridian, which was established in 
1884 by international agreement as the me­
ridian that passes through Greenwich, En­
gland, near London. Before this time, many 
countries used meridians that passed through 
their own capital cities as the 0° meridian 
for their own maps (Chamberlain. 1950). The 
zero meridian is also called the ''Greenwich"' 
or "prime" meridian. Because the globe en­
compasses 360°, the 1800 west meridian 
(long 180° W.) and the [80° east meridian 
(long 1800 E.) represent the same imaginary 
line known as the "International Date Line." 
Although this line mostly follows the 1800 

meridian. there is some variation to prevent 
separating land masses, such as the Aleutian 
Is lands, into time zones with different days. 

Midway between the North and South 
Poles, the Equator. an imaginary line that 
circles Earth, divides it in half into the North-

em and Southern Hemispheres. imaginary 
lines drawn concentrical1y around the poles 
and paral1cl to the Equator are called "par­
allels of lat itude."They are labeled according 
to their distances. measured in degrees, north 
and south of the Equator. The Equator is 
0° latitude (Iat 0°). the North Pole is 900 

north latitude (Iat 900 N.), and the South 
Pole is 900 south latitude (lat 900 S.). Parallels 
of latitude, as their name states, always par­
allel each other: meridians of longitude. how­
ever. converge at the poles. 

Each degree used to measure latitude 
and longitude may be divided fo r more pre­
cise location into 60 minutes. represented 
by the minute symbol ('). Each minute, in 
turn, may be subdivided into 60 seconds, 
identified by the second symbol ("). For 
example, the coordinates of the Portland 
office of the Oregon Department of Geology 
and Mineral Industries are lat 45°30'50" 
N., long 122040'43" W. 

Because the circumference of the Earth 
is about 24.900 statute (land) miles (2 I ,600 
nautical miles). each degree of latitude mea­
sures about 69.2 statute miles (60 nautical 
mil, each minute measures about 1.15 statue 
miles ( I nautical mil. and each second mea­
sures about 101 ft (Chamberlain. 1950). Dis­
tances represented by degrees of longitude 
vary depending upon the latitude. At both 
the North and South Poles. for example. one 
could walk through 360" of longitude by 
walking in a circle around the pole. At the 
Equator, such a walk would be a considerable 
undertaking. indeed! At the latitude of Port­
land. one second of lat itude equals 71 ft. 
One second of longitude equals the same 
as at the Equator-101 ft. 

Time zones are related 10 meridians be~ 
cause of Earth's rotation. A full rotation of 
Earth on its axis (3600 of longitude) takes 
24 hours, 15° of longitude takes one hour, 
and 10 take:s four minutes. 

The latitude-and-Iongitude system of co­
ordinates is used worldwide. Similar systems 
have been extrapolated for use in space. Of 
the three systems discussed in this article. 
this is the only one that can be detennined 
astronomically and without a map (Merrill, 
I 986a). 

Meridians always run in a true north-south 
direction. True north. however. is nOl the 
same as magnetic north (the direction that 
the needle in a magnetic compass points), 
except on the meridian that passes through 
the magnetic North Pole (Zumberge and Rut­
ford, 1983). This is because of polar wander­
ing: the geomagnetic axis does not coincide 
with Earth's axis of rotation. The magnetic 
North Pole is actually al about lat 70° N .. 
which is about 1,250 mi from the geographic 
(true) North Pole (Strahler, 1981). 

The angle in any given location between 
true north and magnetic north is called the 
"magnetic" or "compass declination:' Dec­
lination records have been kept in Paris and 
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London since about 1600 (Strahler, 1981). 
Local declination and its annual variation are 
usually shown in the lower margin of most 
maps published by the USGS. The correction 
for annual change, however, will be only ap­
prox imate if the map is more than 20 years 
old (Compton. 1962). Declination can also 
be determined from an isogonic chan (Fig­
ure 2) or by setting a compass on a level 
surface and sighting on Polaris. the North 
Star (Compton. 1962). In Portland. the mag­
netic declination is 19.64° E .. based on the 
International Geomagnetic Reference Field 
(Shaul Levi, Geophysics Group, College of 
Oceanography, Oregon State University, per­
sonal communication, 1989). 

PUBLIC LAND SURVEY SYSTEM 
The Public Land Survey System was in­

stituted in 1785 by the Continental Congress 
from the: recommendation of Thomas Jef­
ferson. The system was instituted to get away 
from the metes and bounds surveys along 
creeks, stone walls, and ridges tharcharac­
terized the surveys of the 13 colonies. The 
Public Land Survey System is the legal meth­
od of describing land in all states except the 
Original colonies and Texas. A Spanish sys­
tem is used in Texas. 

Township and range designations are used 
to locale property boundaries and describe 
land areas. The basic unit. called a "seclion." 
is a square-shaped area I mi long and I mi 
wide. One: standard section contains 640 
acres. A standard township is 6 mi on each 
side and contains 36 sections, or 23,040 acres. 
When the sections and townships were sur­
veyed, each section was intended to encom­
pass an exact square mile of land. Surveying 
errors, however, created irregularities in the 
shapes of many sections and townships in 
the United States (Zumberge and Rutford, 
1983). 

Township-range divis ions arc based on 
a grid of perpendicular lines. Township lines 
are numbered every 6 mi north and south 
from an init ial point. Range lines are num­
bered every 6 mi east and west from the 
initial point. Instead of the Equator and zero 
meridian, reference lines for township desig­
nations are specific east/west and north/south 
lines called the "base line" and "principal 
meridian," respectively (Zumbcrge and Rut­
ford , 1983). A township is located by giving 
its poSition north or south of the base line 
and east or west of the principal meridian. 
The notation "T. 4 S., R. 2 W." indicates 
township four south, range IWO west. Many 
base lines and principal meridians are used 
in the United States, so township and range 
coordinates are never very large. In Oregon 
and Washington. the townships are measured 
from the Willamette Base Line (about lat 
45°31'11" N.) and Willameue Principal Me­
ridian (about long 122°44'34" W.), which 
originate al the W,illamette Stone in the West 
Hills of Portland (see USGS Portland, Oreg.-
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Wash., 71/Z-minute series [topographic] map). 
Southeast Stark Street in Portland follows 
the Willamette Base Line. West of Portland, 
the Willamette Base Line goes through Hills­
boro as SE Baseline Street. 

As with degrees oflatitude and longitude, 
sections may be further divided to locate fea­
tures more precisely: into halves (e.g., the 
north half [NI/z] or east half [EI/z] and then 
into quarters (e.g., the northwest one-quarter 
[NWY4] or southeast one-quarter [SEY4]). 
Quarter sections, in tum, may be subdivided 
into halves or quarters. In Figure 3, the 40 
acres shown in the extreme southeast comer 
of section 24 are designated by this notation: 
SEY4SEY4 sec. 24, T. 1 S., R. 2 W. Property 
and land exchanges are often described in 
these terms. 

Because the township, range, and section 
coordinate system is a flat grid made of per­
pendicular lines in I-mi segments, there has 
to be something built into the grid to make 
it fit over the curved surface of the earth. 
Correction meridians and parallels are es­
tablished every four townships (24 mi) from 
the initial point. These Guide Meridians and 
Standard Parallels adjust the alignment of 
the north-south lines to correct for the con­
vergence of the lines toward the pole. Imagine 
two lines, 6 mi apart, running true north for 
24 mi. In 24 mi, these two lines will be 
5.96 mi apart because of convergence. At 
the 24-mi mark along the principal meridian, 
a standard parallel is established. The town­
ship lines are readjusted from 5.96 to 6 mi 
apart, and another 24-mi block is surveyed 
north from the standard parallel. 

UTM GRID 
The Universal Transverse Mercator 

(UTM) grid was adopted by the U.S. Army 
in 1947 to assign rectangular coordinates on 
military maps of the world (Snyder, 1987). 
Although the original UTM grid used only 
numerals as coordinates, the U.S. Army sim­
plified it by substituting letters for several 
numbers. In military parlance, the UTM is 
called the "Military Grid System." In sci­
entific jargon, it is simply called the "UTM" 
(U.S. Department of the Army, 1969, 1983; 
Hines, 1986; Merrill, 1986b). 

The UTM divides Earth from west to east 
into 60 numbered zones, each of which en­
compasses 60 of longitude. Beginning at the 
1800 meridian (the International Date Line), 
zones are numbered 1 to 60 consecutively 
from west to east (Merrill, 1986a). For ex­
ample, zone 1 extends from long 1800 W. 
to long 1740 W. From south to north, the 
UTM divides Earth into 20 lettered subzones, 
each of which encompasses 80 of latitude, 
except for zone X, which extends 120 (Mer­
rill, 1986a; Snyder, 1987). These zones are 
lettered C to X consecutively from south to 
north. (The letters I and 0 are not used to 
avoid confusing them with numbers.) Num­
bered and lettered grid zones extend only 
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Figure 3. Township and range land divisions used in the United States and some parts 
of Canada. From Zumberge and Rutford, 1983. 

from lat 800 S. to lat 840 N. The polar regions 
beyond these parallels are assigned coordi­
nates on the Universal Polar Stereographic 
(UPS) grid (Snyder, 1987), which will not 
be discussed in this article. The State of Or­
egon lies in UTM grid zones lOT and 11 T, 
which cover a rectangular area from long 
1260 W. to 1140 W. and from lat 400 N. 
to 48 0 N. 

Each grid zone may be further divided 
into grid squares that measure 100,000 meters 
(m) (109,361 yards [yd]) on a side; these 
are given double-letter designations. In turn, 
grid squares may be subdivided with finer 
numerical grids that enable one to locate an 
area 10 m by 10 m (11 yd by 11 yd) on 
most current maps (Merrill, 1986a). 

The USGS began adding UTM grid lines 
to its 7Y2-minute quadrangle maps in 1957. 
Most 15-minute quadrangle maps do not in-

clude them. State base maps, new maps, and 
reprinted quadrangle maps, however, include 
UTM grid lines or tick marks (Merrill, 1986a). 
The UTM grid is significant to digital cartog­
raphy in that it is widely used to encode map 
data for eventual computer handling. 

STATE PLANE COORDINATE 
SYSTEM 

The National Geodetic Survey, in coor­
dination with each state legislature, has de­
signed and mandated a projection system that 
will "fit" each state with a minimum of dis­
tortion. Property and engineering surveys are 
required by state law to show the State Plane 
Coordinates of the monuments and control 
points on the plats and maps. Most states 
are too large for one projection to cover the 
entire state without exceeding the distortion 
lines. When a state is divided into two or 
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more State Plane Coordinate projection 
zones, the boundaries of the zones are divided 
along county boundaries. This is so that a 
county survey will always be in only one 
zone. The State Plane Coordinate system is 
designed so that there can be some overlap 
from one zone to another without exceeding 
the accuracy standards of the zone in which 
most of the survey is taking place. 

Oregon's State Plane Coordinate System 
is based on the Lambert Projection with two 
zones, a North Zone and a South Zone. This 
projection was chosen because Oregon is 
wider in an east-west direction and the Lam­
bert Projection "fits" better in an east-west 
direction with minimum distortion. Idaho has 
a system based on the Transverse Mercator 
Projection because the state is longer in a 
north-south direction. Idaho has three zones: 
East, Central, and West. 

USGS 71h-minute quadrangle maps show 
the State Plane Coordinate System ticks every 
10,000 ft in black along the edges of the 
quadrangle. Ticks with complete numbers are 
located on the southwest and northeast cor­
ners of USGS maps. Other tick marks along 
the edge are unnumbered. Quadrangles with 
more than one state will identify each of 
the state's plane coordinate zone ticks. 

In an unending quest for perfect accuracy, 
scientists continue to develop new location 
systems or modify old ones and debate the 
usefulness, precision, and accuracy of each 
(Hines, 1986; Merrill, 1986a,b, 1987; Nelson, 
1987). 

MAP PROJECTIONS 
Earth is a sphere, actually a spheroid be­

cause it bulges slightly at the Equator and 
flattens at the poles. The most accurate map 
of Earth is a globe because, on it, scale is 
constant, and geographical relationships are 
true. Since a globe is cumbersome and im­
practical on a large scale, cartographers have 
developed ways to convert the three-dimen­
sional spherical image to a two-dimensional 
flat image. A map projection is a systematic 
method of transferring the grid system of 
parallels and meridians from globe to paper 
using mathematical calculations to alleviate 
distortion (Chamberlain, 1950). 

As the word "projection" implies, areas 
of the globe are projected onto another sur­
face and then transferred to paper. This in­
termediate surface can be a cylinder, cone, 
or plane. The shape of the surface, the line 
of contact or point of tangency between the 
surface and the globe, md the point on Earth 
that is chosen as the center or starting point 
determine the type of the projection (Figures 
4 and 5). 

There is no best projection to portray the 
world. A cartographer determines which pro­
jection to use based on the characteristics 
deemed most important, such as area, shape, 
scale, or direction. Hundreds of projections 
have been developed throughout the history 

of cartography, but only a few dozen are 
used to produce most of today's maps. Some 
of the more common or useful projections 
are briefly described below. Snyder (1987) 
has written an excellent book on projections 
that includes both historical and descriptive 
text for the layperson and mathematical cal­
culations for the professional cartographer. 

CYLINDERS 
Perhaps the best known and most easily 

drawn projection was developed by the Flem­
ish cartographer Gerardus Mercator (1512-
1594). The Mercator projection is drawn by 
wrapping a cylinder around the globe, with 
both surfaces touching along the Equator; 
meridians are then projected from the center 
of the globe (Snyder, 1987; Figures 4a and 
5a). Mercator developed this projection to 
aid navigation. This is the only projection 
on which all points are shown at their true 
compass courses from one another; if a ship's 
direction remains constant with respect to 
north, the sailing route between two points 
is a straight line. Since 1910, this has been 
the standard projection used on the nautical 
charts of the U.S. Coast and Geodetic Survey, 
now called the National Ocean Service (Sny­
der, 1987). Areas in the polar regions, how­
ever, are greatly distorted with this projection. 
Greenland appears to be larger than South 
America, yet it is only one-eighth the size 
of the continent (Snyder, 1987; Figure 5a). 
Because most world maps in elementary and 
high school textbooks are drawn with the 
Mercator projection, students could be con­
fused about relative sizes of land masses. 
This projection is best used on maps of equa­
torial regions and has been used to map those 

areas on Earth, Mars, Mercury, Venus, the 
Moon, and the satellites of Jupiter and Saturn 
(Snyder, 1987). 

Variations of the Mercator projection have 
been developed to handle special cartograph­
ic needs. In the Transverse Mercator pro­
jection, the cylinder and globe touch along 
a meridian instead of along the Equator (Fig­
ures 4b and 5b). Areas along the central me­
ridian remain true to scale, no matter how 
far north or south of the Equator they are. 
This projection is used for areas in which 
the north-south dimension is greater than the 
east-west dimension. It is also the base for 
the USGS 1 :250,000-scale maps (1 ° x 2° 
quadrangles) and some 71f2- and l5-minute 
quadrangles (Snyder, 1987). In the Oblique 
Mercator projection, the cylinder touches the 
globe along a circle path specifically chosen 
to alleviate distortion in the mapped areas 
(Figures 4c and 5c). The USGS has further 
modified this to obtain the Space Oblique 
Mercator projection, which is used for con­
tinuous mapping of Landsat satellite images 
(Snyder, 1987). 

CONES 
Cylindrical projections are used mostly 

for maps of the world or narrow areas along 
the Equator, a meridian, or an oblique circle. 
Conic projections, on the other hand, are used 
to map areas in the middle latitudes that ex­
tend in mostly an east-west direction. 

A regular conic projection is drawn by set­
ting a cone on top of the globe, with the cone 
apex and globe axis aligned. The cone and 
globe touch along a specific latitude (standard 
parallel). Meridians are drawn from the apex 
to points at which corresponding meridians on 

Figure 4. Projection of the globe onto three surfaces: (a) regular cylindrical (surfaces 
touch along Equator); (b) transverse cylindrical (surfaces touch along meridian); (c) oblique 
cylindrical (surfaces touch along circle path); (d) regular conic (surfaces touch along 
parallel); (e) planar or azimuthal, polar aspect (surfaces touch at pole); (f) planar or 
azimuthal, oblique aspect (surfaces touch at point between pole and Equator); and (g) 
planar or azimuthal, equatorial aspect (surfaces touch at Equator). From Snyder, 1987. 
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the globe intersect the standard parallel (Figure 
4d). The cone is then cut along one meridian 
and unrolled (Snyder, 1987). 

The simplest conic projection is the Equi­
distant or Simple Conic, which shows true 
scale along all meridians and one or two 
standard parallels (Figure Sd). It is the basic 
form developed about ISO A.D. by the Greek 
astronomer and geographer Claudius Ptol­
emy. This projection is the one most often 
used in atlases for maps of small countries 
(Snyder, 1987). 

Variations of the simple conic projection 
include the Polyconic, which is mathematically 
based on an infmite number of cones tangent 
to an infinite number of parallels (Snyder, 1987). 
This projection was developed by Swiss-born 
Ferdinand Rudolph Hassler (1770-1843), who 
became first superintendent of the U.S. Coast 
Survey, precursor of the U.S. Coast and Geo­
detic Survey. Because of Hassler's promotion, 
the Polyconic projection was used on large­
scale maps of the United States, such as USGS 
7'12- and IS-minute topographic quadrangles, 
until the 19S0's. Quadrangle maps drawn with 
the Polyconic projection at the same scale and 
based on the same central meridian will fit 
exactly from north to south or east to west; 
however, they cannot be mosaicked in both 
directions without distortion (Snyder, 1987). 

The Lambert Conformal Conic projection 
was developed by the Alsatian mathematician 
and cartographer Johann Heinrich Lambert 
(1728-1777). On this projection, local shapes, 
scale, and angles remain accurate, but area 
does not. It is used for mapping large coun­
tries and smaller regions with an east-west 
orientation such as the United States, North 
Carolina, Long Island, and Oregon (Snyder, 
1987). It has been used on USGS 7 V2-minute 
quadrangle maps of Oregon prepared since 
the 1960's and is also the projection used 
for the USGS l:SOO,OOO-scale State base-map 
series. 

PLANES 
Azimuthal (or zenithal) projections are 

drawn on a plane that touches the globe at 
one of the poles, the Equator, or some point 
between these. The center of the projection 
determines its aspect: polar, equatorial, or 
oblique (Figures 4e,f,g; Se,f,g). The direction 
or azimuth from the center to every other 
point ofthe map is shown accurately. Because 
this projection has one standard point or cen­
ter, it is used mostly to portray circular regions 
such as Antarctica, rather than areas that ex­
tend mostly in one direction (Snyder, 1987). 
On polar aspects, meridians are shown as 
straight lines that radiate at true angles from 
the center (pole), like the spokes on a wheel; 
the latitude lines appear as concentric circles 
around the pole (Figure Se). 

Except for the polar aspect, azimuthal pro­
jections are more difficult to draw than the 
cylindrical or conic versions. Azimuthal pro­
jections, however, portray Earth's roundness 
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and unity, features that are less apparent in 
the other two projections. 

The Stereographic projection is the most 
widely used azimuthal projection. Hippar­
chus, the Greek astronomer and the father 
of trigonometry (2nd century B.C.), is cred­
ited with its invention, although it was prob­
ably known already to the Egyptians. The 
Stereographic projection was used only for 
maps of the heavens until the early IS00's 
(Snyder, 1987). This projection can depict 
only one hemisphere at a time. Its polar aspect 
is used extensively for maps of Antarctica 
and the polar regions of other planets and 
satellites (Figure Se). 

The Orthographic projection is probably 
the best known of the azimuthal projections. 
Because the perspective is from an infinite 
distance, maps drawn with this projection 
appear as they would from outer space, with 
a three-dimensional effect (Figure Sf). Its de­
velopment, too, is credited to Hipparchus, 
who used it for astronomical calculations. 
The Orthographic projection became popular 
during World War II, as world leaders tried 
to emphasize the global aspects of the conflict 
(Snyder, 1987). It is seldom used in atlases 
today, except for pictorial views of the globe, 
because only one hemisphere can be shown 
at one time, and distortion near the outer 
edges is severe. 

The Azimuthal Equidistant projection 

a 

e 

f 

shows distances and directions correctly from 
one point (point of tangency) on Earth's sur­
face and any other point on the map (Figure 
Sg). Maps based on this projection usually 
show less than one hemisphere. The Egyp­
tians probably used the polar aspect for star 
charts. Navigators have used it to chart coast­
lines based on distances and directions ob­
tained at sea. This projection is used today 
in maps of the polar regions and continents 
and in world maps for radio and seismic use. 
The polar aspect is also used as the emblem 
of the United Nations. 

REMOTE SENSING 
Before the invention of the airplane, map­

making was a down-to-earth profession based 
on observations made on land or sea. With 
the advent of aviation, cameras could record 
what only birds and balloonists had seen pre­
viously. Remote-sensing techniques, such as 
aerial photography and satellite imagery, are 
used by scientists, engineers, and cartogra­
phers to determine land features,. to study 
seasonal changes in vegetation and wildlife 
habitats, and to evaluate damage caused by 
geologic hazards such as floods, landslides, 
and active volcanoes. 

Vegetational differences are reflected in 
the shades and patterns that appear in black­
and-white aerial photographs. Heavy vege­
tation such as forests are medium to dark 

b 

Figure 5. Selected map projections: (a) Mercator (regular cylindrical); (b) Transverse 
Mercator (transverse cylindrical); (c) Oblique Mercator (oblique cylindrical); (d) Simple 
Conic (regular conic); (e) Stereographic (planar or azimuthal, polar aspect); (j) Orthographic 
(planar or azimuthal, polar aspect); and (g) Azimuthal Equidistant (planar or azimuthal, 
equatorial aspect). From Snyder, 1987. 
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gray in color, whereas grasslands are light 
gray. Cultivated fields are usually rectangular 
in shape. Shades also give clues to soil and 
rock type. Clays that retain moisture, for cx­
ample, appear darker than dry sand. Because 
the type of vegetation commonly renectS the 
bedrock on which it grows, vegetational vari· 
ations can also be used to detennine rock 
type (Zumberge and Rutford, 1983). 

Phominterpretation can be enhanced by 
viewing aerial photos stereoscopically. Two 
photos of the same area taken from slightly 
different positions can be overlapped through 
the use of a stereoscope to show the relief 
of the land. Each eye sees only one of the 
photos, but the brain combines the two im­
ages to produc.e a three-dimensional view 
(Zumberge and Rutford, 1983). 

False-color images are created by satel­
lites that record infrared radiation from Earth. 
The measured differences are computer-en­
hanced to produce a picture in which the 
colors are not true to life: for e,,-ample, green 
vegetation may show as red, and water may 
appear black (Zumberge and Rutford. 1983). 
Color variations result from differences in 
vegetation, soil, moislUre. and rock types. 
Fa! se-color images created by Earth Resource 
Technology Satellites (Landsat) are byprod­
uctsofthe U.S. space progrnm. Each Landsat 
satellite circ les the globe 14 times a day, 
scans a particular area of Earth more than 
40 times a year, and creates images. each 
o f which covers 115 mi2 (U.S. Geological 
Survey, 198Ia). The frequency and amount 
of coverage make satellite imagery especially 
useful in studying Earth·s surface. Satellite 
images, however. cannot show the detail that 
aerial photographs can because they are taken 
farther from Earth·s surface and thus, at a 
smaller scale, Because the satellites pass over 
the same point every nine days. comparative 
studies can be conducted on such topics as 
vegetation or human habitation. 

TYPES OF MAPS 
A map is a graphic represemation of part 

of Eanh's surface. Some types. such as road 
maps, show the distribution of features and 
manmade suucrures in two-dimensional form. 
Other types, such as topographic maps, il lustrate 
the three-dimensional nature of Eanh 's features 
on a two-dimensional surface. Because geo­
logie structures are three-dimensional, the latter 
type of map is more useful to geologists. 

There are basically four types o f maps: 
planimetric, topographic, thematic, and plio­
toimage maps (U.S. Geological Survey. un­
dll ted[b]). Planimetric maps show natural fea ­
tures. such as rivers and lakes, and cultural 
features, such as roads, railroads, towns. and 
land boundaries, but do not show relief fea­
tures, such as hills or valleys. The latter may 
be labeled, however. A land map is a plani­
metric map. Topographic maps show both 
features and surface elevations. PhotOimage 
maps, such as the orthophotoquadS and or-

thophotomaps, are derived from aerial pho. 
tographs that have been corrected to eliminate 
distortions due to perspective Of camera tilt. 
These maps are related to standard coordinate 
systems but show photographic details that 
do not usually appear on conventional maps. 
Thematic maps show information about a 
specific theme or topic such as geology, rain­
fal1, population, soil (pedology), or vegeta­
tion. Thematic maps include geologic maps, 
which show the position. structure. and com­
position of rock units and surficial materials 
and the nature of boundaries between rock 
types, such as faults and depositional con­
tacts; geophysical maps, which show varia­
tions in the geophysical properties. such as 
gravity or magnetism (Figure 2); hydrologic 
maps, which show inform ation about water 
resources; pedologic maps, which show dis­
tribution and charactcr of soils.; and land-use 
maps. which indicate the areas that are used 
for agriculturnl. recreational, wilderness. ur­
ban, or other purposes (U.S. Geological Sur­
vey, undated[b». 

Because of their usefulness to the pro-­
fessional geologist and because they are often 
confused by the layperson, topographic and 
geologic maps are described in the fol1owing 
sections. 

TOPOGRAPHIC MAPS 
Every geologic process leaves a mark 

on Eanh's surface. Wind and water erosion, 
glaciation. and volcanism leave their respec­
tive signatures as characteristic landfonns. 
Unl ike other maps, a topographic map shows 
these three-dimensional imprints, as well as 
cultural feature s. Re lief (mountains, hills, 
valleys, and plains), bodies of water (lakes, 
ponds, rivers, canals, and swamps) and cul­
tural features (roads, railroads, towns, land 
boundaries. etc.) are depicted on topogrnphic 
maps. 

On a topographic map, relief is shown 
through the use of contour lines. imaginary 
lines on Earth's surface that connect points 
of equal elevation above or below sea level 
(Figure 6a). A contour interval. the differ­
ence in elevation between two adjacent con­
tour lines, is generally a constant value cho­
sen according to the ground slope and map 
scale. Two contour intervals may be shown 
on a single map to show re lief features more 
precisely. Conto ur intervals on different maps 
may range from 5 to 1,000 ft (Zumberge 
and Rutford, 1983). Widely spaced contours 
indicate flat areas or areas with a gent le slope, 
while closely spaced contours indicate steep 
terrain such as mountains or cliffs. When 
contour lines cross stream-filled valleys or 
canyons that are shown on a map. they bend 
upstream: the contour resembles the leller 
··V" with the apex pointing upstream (Zum­
berge and Rutford. 1983). Inde"- contours, 
on which elevations are labeled, are usually 
every fifth contour line and are drawn with 
heavier lines than other contours. Spot eleva-
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tions may be given for specific locations such 
as mountain summits. road intersections. or 
lakes. Bench marks indicate points at which 
the land elevations have been precisely de­
tennined by surveying techniques and are 
marked by brass plates that are pennanently 
fi,,-ed in the ground. Thcse can be found on 
the tops of remote mountains as well as on 
the sidewalks of major cities. Each bench 
mark is shown on a topographic map by the 
letters ··SM." followed by a cross and the 
measured elevation. 

A shaded re lief map is darkened to simu­
latc the effect that sunlight and shadow would 
have on terrain. lbe pattern of light and dark 
accentuates the shape o f physical features 
and creates a three-dimensional effect. Slope 
maps create th is same effect through the use 
of different colors and color shades to indicate 
steepness and slope (U.S. Geological Survey, 
undated[bj). 

A topographic map covers a speci fic quad­
rangle, an area that is outlined by parallels 
of latitude (the northern and southel;ll bound· 
aries o f the map) and meridians o f longi tude 
(the eastern and western boundaries of the 
map). Standard quadrangle maps are bounded 
by 7111: minutes each of latitude and longitude 
(7111:-minute quadrangle). by 15 minutes each 
o f latitude and longitude (IS-minute quad­
rangle), by 30 minutes of longitude and 60 
minutes o f latitude (JO-by-60-minute quad­
rangle), or by 10 of latitude and 20 of Ion· 
gitude (1 0 by 20 quadrangle; Table I ). The 
USGS has been producing standard topo· 
graphic maps for 7V:!· and IS-minute quad­
rangles in the United States since the 1880'5. 
Although the actual area shown on a quad­
rangle map is a trnpewid, the map appears 
to be rectangular because the meridians con­
verge toward the pole by such a small amount 
for each map thai the eye has trouble detecti ng 
the difference. 

Government agencies and private indus­
tries use topographic maps as bases for more 
specialized maps, such as geologic, land·use, 
soil , and road maps. Specialized data are su­
perimposed directly on the topographic base 
sheet. Topographic maps are also used by 
planning agencies to aid in selccting sites 
for highways, airportS, industrial plants, pipe­
lines, powerlines. communication fac il ities, 
and recrea tional areas (U.S. Geological Sur­
vey. 1983). These maps are especially im­
portant in assessing and managing natural 
resources. They can also serve as practical 
guides for any camping, hiking, fi shing, or 
hunting trip. 

GEOLOGIC MAPS 
Just as a person's face may reflect his 

or her character, the face of Eanh may reveal 
what lies beneath its surface. A geologic map 
shows how Earth would appear if materials, 
such as vegetation, were stripped away (U.S. 
Geological Survey, 1982). These maps use 
standard symbols, patterns. and colors to de-
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pict thc types and re lative ages of rocks and 
surficial materials and the surface and sub­
surface associations or rock units (Figure 6b). 

A geologic map is nol easy to create. II 
requires countless hours of fieldwork, keen 
observation skil ls, an ability to think three­
dimensionally. and 3t times. X-ray vision. 
The first Step includes studying areas where 
rocks are visible and can be identified in 
outcrops, such as ledges. fault SC ilJl)S. and 
streambanks. or in excavations. such as road· 
cuts. mines. and wells. In areas where the 
bedrock is covered. geologists may be able 
to infer the underlying rocks by studying sur­
ficia l materials. vegetation. landforms. and 
regional structure. Techniques for determin­
ing age are unique to each rock type. 1be 
age of each rock or surficial uni t is identified 
from fossils or bi ts of other rocks included 
wi thin it . from radiometric dat ing, or from 
its posit ion relative to other units. (Barring 
an episode of geologic upheaval. a sedimen· 
tary or volcanic rock uni t is always younger 
than the one below it. a natuml law that ge­
ologists call the " law of supel")X)Sition.") Ge­
ologists also study aerial photographs and 
preexisting maps to fill in missing data and 
to corroborate rle ld observations (U.S. Geo· 
logical Survey. 1982). 

The geologist records the locations. types, 
and ages of the rock units and surficial rna· 
teria ls by using various colors or patterns 
on a topographic base map. Standard patterns 
have been adopted to distinguish among rock 
types. The basic rock units shown on a geo­
logic map are cal led "formations." A for· 
mation is usually named after a geographic 
feature (mountain, canyon. town. etc.) near 
the area where the unit was first identified 
arxl/or described. Using special symbols. the 
geologist records other significant observa­
tions on the map such as faults. fold s. contacts 
betwccn rock units. and the strike and dip 
of formations (respectively. the di rection of 
a horizontal line wi thin a unit and the angle 
that the uni t slopes in outcrop). 

Thc re liability of a geologic map depends 
on the number of observations made in the 
field and the competence of the geologist. 
If there arc few outcrops, lill ie contrast be· 
tween rock types. and a history of compli. 
cated geologic events. geologists can produce 
many plausible interpretations and make sey­
eral credible geologic maps of the same area 
(U.S. Geological Survey. 1982). 

Geologic maps can be used to locate min­
eral or energy deposits because specific rock 
types or structures (e.g., fau lts) are often as­
sociated with specific deposits. They can also 
be used to locate sources of ground water 
or construction materials (sand and gravel. 
nagstone, ctc.). to determine the suitability 
of areas for agriculture or urban development , 
or to identify potential geological hazards. 
Geologic maps provide an enormous amount 
ofinfonllation nccded fordcc iphering Earth's 
long and complex geologic hislory. 
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Figure 6. Comparison of topographic (a) and geologic (b) maps drawn at the same 
scale for the Sflme regiOll, the Newberry caldera ill celJlral Oregoll. Note contollr lines 
in (a) Ihat illdiCllte lopog,aphit' relief alld lXII/ems in (b) I!IUI symbOlize rock types. 
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WHERE TO OBTAIN MAPS 
(Single copies of a limitcd number of bro­

chures describing Oregon maps and aerial 
photography are available at no cost from 
the Portland office of the Oregon Dcpanment 
of Geology and Mineral Industries [see ad­
dress and phone number on the inside front 
cover[_ Produced in 1988 by the Oregon Map­
ping Commince of the State Map Advisory 
Council, the brochure is entitled "Oregon: 
Maps and Aerial Photography Information 
Guide," and it is a comprehensive listing of 
State, Federal. regional. and local map- and 
aerial photography-producing agencies in Or­
egon. The guide provides complete infonna­
tion on where to obtain the full range of 
maps available.in Oregon. Most of the in­
fonnation about Oregon maps and aerial pho­
tographs presented below is taken from this 
brochure; the rest of the infonnation is from 
the author of the original paper.-Editor) 

An excellent souree of infonnation for 
map users is the book Maps for America 
(Thompson, 1987), publishcd as a special 
volume by the USGS. Thi s book presents 
the story of maps and mapping with the aim 
to provide a basis for an understanding of 
mapcontenl. The richly illustrated book orig­
inally commemorated the Survey's lOOth an­
niversary in 1979 and is now available in 
its expanded, third edition from the Gov­
ernment Printing Office and its bookstores 
at a price of $25. 

The Earth Science Infonnalion Center 
(ESlC) of the USGS provides a nationwide 
infonnation service for cartographic data of 
the United States, including maps, charts, ae­
rial photographs, satellite images. and map 
data in digital fonn obtained by more than 
30 Federal agencies. For infonnation on Or­
egon. contact either the headquaners (Earth 
Science Infonnation Center, U.s. Geological 
Survey, 507 National Center, Reston, VA 
22092, phone 1-800 USA MAPS) or the 
Western Branch Office (Western Mapping 
Center-ESIC, U.S. Geological Survey, Mail 
Stop 532. 345 Middlefield Road, Menlo Park, 
CA 94025, phone [415J 329-4309). 

The USGS has placed on microfilm virtu­
ally all of the topographic maps of the United 
States that it has published since 1884. These 
are available from the ES IC offices. Primed 
versions of USGS maps of Oregon (topo­
graphic, geologic, land-use. etc.) may be ob­
tained from the Western Distribution Branch, 
Box 25286. Federal Center. Bldg. 41. Denver, 
CO 80225. phone (303) 236-7477. 

Aerial photographs and Landsat images 
may be obtained from the USGS ESIC Menlo 
Park, Cali fornia . office or the USGS Earth 
Resources Observation System (EROS) Data 
Center. Contact User Services Section, EROS 
Data Center, Sioux Falls. SD 57198, phone 
(605) 594-6 151. 

Another souree of aerial photos is the U.S. 
Department of Agriculture (USDA). The Ag­
ricultural Stabilization and Conservation Ser-

Table I. Map scoles alld correspolldillg areas all the grolllld. From U.S. GeoIQgi~'al 
Surl'ey, 1981b 

"'" ... ""'-00."1' 
00 """ 

"'" .."..,.. ....... 
1:2Uro ='" 

lAO _ 

Inz.») rraIy t mi£ '"'-I"""," -,4""", 2'1l kikmlcrs 

I:UXllOOJ rraIy t6 rriles 10 kbmeIs 

vice (ASCS) maintains an extensive file of 
aerial photographs. For more infonnation. 
contact: Aerial Photography Office, ASCS­
USDA, 2222 West 2300 SOUlh, POSt Office 
Box 30010, Salt Lake City, UT 84130, phone 
(801) 524-5856. The Soil Conservation Ser­
vice produces pedologic maps and soil-sur­
vey reports, which include aerial photos and 
describe the geology. properties, and man­
agement of soils within the survey area. In 
Oregon, contact the USDA Soil Conservation 
Service, Federal Building, 1220 SW Third 
Avenue, Portland, OR 97204. phone (503) 
221-1794. 

The USDA Forest Scrvice prepares and 
distributes recreational, base, regional, and 
other specialized maps and survey data as 
well as aerial photos. For infonnation,contact 
them at P.O. Box 3623, Portland. OR 97208, 
phone (503) 326-2877 (for recreat ion maps) 
and 326-4165 (for special map products). 

The U.S. Bureau of Land Management 
(BLM) compiles and distributes maps that 
show land status, mineral status, Federal and 
State lands. and private properties. BLM also 
maintains land rewrds and provides aerial 
photographs. For information, contact the Or­
egon State Office, 825 NE Multnomah St., 
P.O. Box 2965, Portland, OR 97208, phone 
(503) 231-6281 for maps and 231-6885 for 
photos. 

The National Ocean Service provides aero­
nautical and nautical charts that are sold by 
authorized dealers. Catalogs are avai lable upon 
request from National Ocean Service, Pacific 
Marine Center N/MOPX4, 1801 Fairview Av­
enue East, Seattle, WA 98102, phone (206) 
442-7657. 

The Oregon Depanment of Forestry pro­
duces maps showing forcst protection units 
and land management and orthophotomaps 
and township aerial photomaps as well as 
high-altitude acrial phOiographs of portions 
of eastern and western Oregon and low-alti­
tude aerial photographs of State Forest lands. 
For infonnation, contact Graphic Services. 
2600 State Street, Salem. OR 97310. phone 
(503) 378-2504. 

The Oregon Department of Geology and 
Mineral Industries produces and sells geolog­
ic, mineral-resource. geologic-hazard. geo­
thennal, geophysical, rock-resource, and re­
gional oil and gas maps and also sells USGS 
topographic maps. For the Depanment's ad­
dress and phone number. see the inside front 
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cover of this magazine. 
The Oregon Historical Society has over 

10,000 historical maps of the Pacific North­
west covering exploration, topography, and 
social development. For infonnation. contact 
Map Library, 1230 SW Park Avenue. Port­
land, OR 97205, phone (503) 222-174 1. In 
addition, old maps may be examined in public 
and university libraries. They may also be 
obtained from the National Arehives (Pub­
lication Sales Branch, National Archives, 8th 
and Pennsylvania Avenue NW. WaShington, 
D.C. 20408) or from the Library of Congress 
(Geography and Map Division, Library of 
Congress, Washington, D.C. 20540). 

The Oregon Department of Land Conser­
vation and Development has numerous types 
of planning and land use maps for reference 
only. For infonnation, contact them at 1175 
Court Street NE, Salem. OR 97310, phone 
(503) 373-0050. 

The Oregon State Library has a collection 
of Federal, State. and private and local agency 
maps. It also is ESIC affiliate office and a 
depository for U.S. government maps. These 
maps are for reference only. For infonnation. 
contact them at the State Library Building, 
Salem. OR 97310, phone (503) 378-4368. 

The University of Oregon has a large col­
lection of maps from Federal, State, private 
and local agencies. The library is an ESIC 
affiliate office and is a depository for U.s. 
government maps. For infonnation, contac t 
the Map Library. 165 Condon Hall, Eugene, 
OR 97403, phone (503) 686-3051. 

The Oregon Department of Revenue sells 
a!;Sessor's tax maps as well as U.S. Public 
Land Survey plats and timber ownership and 
tax district maps. For information, contact 
the Cartographic Unit. 955 Center St., Salem, 
OR 97310, phone (503) 378-3381. 

The Oregon Division of State Lands sup­
plies public ownership maps. For infonna­
tion, contact them at 1600 State Street, Salem. 
OR 97310, phone (503) 378-3805. 

The Oregon Depanment of Transporta­
tion produces planimetric maps that outline 
roads, distinguish road surfaces (e,g., paved 
vs. dirt), and show other cultural features. 
Contact the Distribution Unit. Transportation 
Building, Room 17, Salem. OR 97310, phone 
(503) 378-6255 or 378-6254. 

The Oregon Water Resources Department 
produces and sells drainage basin, land use. 
ground water, geology, and water-right maps. 
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For infonnation. contact Oregon Waler Re­
sources Department. 3850 Portlaod Road NE, 
Salem. OR 97310, phone (503) 378-3671 or 
378-3741. 

Some private companies distribute maps 
produced by government agencies or com­
mercial firm s. These are genera lly listed in 
the Yellow Pages oftclcphone directories un­
der the general heading "Maps:' 

In addition. the wide variety of maps pro­
duced by the National Geographic Society 
may be obtained by contacting the Society 
at P.O. BOll 2806, Washington. D.C. 20013. 

SELECTED REFERENCES 
Barker, v.. 1986. Earhart's disappearance linked 

to map: Ne ..... Haven Registe r. Dec. 21. p. A48. 
Chamberlain. W.o 1950, TIle round Carl lt on nat 

paper: map projections used by cartographers: 
National Geographic SocieTy. 126 p. 

Compton, R.R" 1962. Manual of rlCld goology: 
New York. Wi ley and Sons. Inc .. 378 p. 

Fabiano. E.B .. aoo Peddie. N.W.. 1980. Magnetic 
declination in the United Statcs-epoch 1980: 
U,S. Geological Survey Miscellaneous Inves­
tigations Series Map 1-1283. scale 1:5,000,000. 

Earthquake hazard 
workshop announced 

The fourth annual workshop of the Na­
tional Eanhquake Hazards Reduction Pro­
gram will be entitled Earthquake Hazards 
in the Pilger Sound and Portland Areas and 
held ApriI17-19. 1990. at the Seattle Sheraton 
Hotel. 

The Washington State Oivision ofGeology 
and Earth Resources will conduct the work­
shop in cooperation with the U.S. Geological 
Survey and Ihe Federal Emergency Manage­
ment Agency. Topics will include the geologic 
and seismologic sett ing in western Washing­
Ion and Oregon. si te e ffects, lifelines. struc­
lural engineering with emphasis on building 
retrofit. and loss estimation. A field trip will 
leI the panicipants inspect buildings under­
going retrofit in downtown Seattle. 

A [XlStersession is planned to present highly 
delailed information on any of the workshop's 
topics. To volunteer a poster or for more in­
formation. contact Timothy Walsh or Stephen 
P. Palmer at the Washington Division of Ge­
ology and Earth Resources. Mail SlOp PY-12. 
Olympia, WA 98504. phone (206) 459-6372. 
FAX (206) 459-6380. 

- Washington DiI'ision of Geology and 
Earth Resources release 

(Reports. cOn/illlled from page 26) 

Tyee Basin proj ect yields fi rst report 

A comprehensive repon entitled Geology 
and Oil. Gas. ami Coal Resources. Southern 
Tyee Basin. Sowhem Coast Rallge, Oregon. 
by A.R. and WA. Niem of Oregon State 
University and with major contributions by 
E.M. Baldwin of the University of Oregon. 
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Hines. R.A .. 1986. Map location literacy- how 
well does Johnny Geologist read! Discussion: 
Geological Society of America Bulletin. v. 97. 
no. 10. p. 1283. 

Merrill. G.K .. 198611. Map locatioo literacy- how 
well does Johnny Geologist read?: Geological 
Society of America Bulletin. v. 97. no. 4. p. 
404-409. 

---1986b. Map location literacy-how well 
does Johnny Geologist read? Reply: Geological 
Society of America Bulletin. v. 97. no. 10. 
p. 1284. 

-- 1987. Map location literacy-how we ll 
does Joonny Geologist read? Reply: Geological 
Society of America Bulletin. v. 98. no. 5. p. 
6]9·620. 

Nelson. R.E .. 1987. Map location literacy-how 
well does Johnny Geologist read? Discussion: 
Geologica] Society of America Bulletin. v. 98. 
no. 5. p. 618. 

Oregon Mapping Comminee. Slale Map Advisory 
Counci l. 1988. Oregoo maps and aerial phOlog· 
raphy informat ion guide: Oregoo Depanment 
of Geology and Mineral Industries pamphlet. 
12 p. 

Rain . E.. 1962. Principles of canography: New 
York. McGraw-Hill. 315 p. 

Snyder. J.P .. 1987. Map project ions-a working 

has been released as DOGAM I Open·File 
Report 0 -89-3 and sells for $9. 

The report is the first publication produced 
in a five-yea r study project. begun in mid-
1988. to investigate the oil. gas. and coal po­
tential of the Tyee Basin. This is an area of 
more than 4.000 mi2 in the southern Oregon 
Coast Range that is underlain dominantly by 
Eocene sedimentary rocks. The project is 
funded by a consortium of public and private 
supporters. including the Douglas County in­
dustrial Development Board, GCO Minerals 
Company. the Oregon Dcpanment of Slate 
Lands. Menasha Cotp.)ralion.the U.S. Bureau 
of Land Management, the USDA Forest Ser­
vice, and Weyerhaeuser Cotp.)ralion. 

The new repon consists of (I) a blackline 
compilation geologic map including all rel­
evant published and unpubl ished studies: (2) 
a map showing distribut ion of oil. gas, and 
coal geochemical data; (3) a plate containing 
three cross sections; and (4) a text containing 
preliminary assessment of the oil. gas. and 
coal potential of the southern Tyee Basin: 
a discussion of the stratigraphic problems 
that exist in the southern Coast Range; and 
tables of data on source rock and maturation, 
porosity and permeabi lity, coal analyses. 
and o il and gas shows in exploration wells 
as well as in water wells and natural seeps. 

Much of the information presented in the 
report consists of previously confidential re­
search data and is made available here for 
the first time through the cooperation of sev­
eral oil companies. 

Placer mine rals study group rcpor-ts 

Preliminary Feasibility Study: Oregon 
Placer Minerals presents a prel iminary re­
source and economic evaluation o f black 

manual: U.S. Geological Survey Professional 
Paper 1395. 383 p. 

Strahler. A.N .. 1981. Pbysical geology: New York. 
Harper and Row. 612 p. 

Thompson. M.M., 1987. Maps for America (3rd 
ed.): Washington. D.C .. U.S. Government 
Printing Office. 265 p, 

U.S. Depanment of the Army. 1969. Map reading: 
FM 21-26. 

---1983. Grids and grid references: TM 5-
241- 1. 

U.S. Geological Survey. 1978. Topographic maps: 
USGS brochure. 27 p. 

--1979. Topographic maps: Silent guides for 
outdoorsmen: USGS pamphlet. 

- -1981a. How 10 order Landsat images: 
USGS pamphlet. 

--198 Ib. Map scales: USGS pamphlet. 
--1982. Geologic maps: portraits of the Earth: 

USGS brochure. 19 p. 
--1983. Topographic maps; tools for plan· 

ning: USGS pamphlet. 
-----undated (a). Map data catalog: 48 p. 
-----undated (b). Understanding maps and scale: 

USGS poster. 
Zumberge. J.H .. and Rutford. R.H .. 1983. Labo­

ratory manual for physical geology. 6th ed.: 
Dubuque. Iowa. W.c. Brown Co" 187 p. 0 

sand deposits on beaches. coastal terraces. 
and the continental shelf offshore along the 
coast of Oregon. Black sands may contain 
heavy minerals such as magnetite. chromite, 
ilmenite. garne t. rutile, gold. and platinum­
group metals, 

This approximately l80-page report was 
produced by the joint State-Federal Oregon 
Placer Minerals Task Force established by 
the U.S. Secretary of the interior and the 
Governor of Oregon in September 1989 and 
funded by the U.S. Minerals Management 
Service. It has been published as DOGAMI 
Open-File Report 0-89- 12 and sells for $8. 

The report includes a summary of placer 
mineral resource information, an economic 
evaluation. an environmental review, a market 
definition, an economic and strategic analysis. 
and a set of recommendations for future study. 
In draft form. the report sections were made 
available for public comment. and responses 
to public and peer-review comments are sum­
marized in an appendix. 

Mist Gas Field ma p upda ted 

All 1989 exploration and development ac­
tivity at the Mist Gas Field. Oregon's only pr0-

ducing field. has been inootp.)rated in the 1990 
update of the Mist Gas Field Map, OOGAMI 
Open-File Report 0-90-1 ($7). Formoredetails, 
see the "Oil and Gas News" on page 26 of 
this issue. 

All publications mentioned above are now 
available at the Oregon Depar1ment of Geology 
and Minerallndusrries, 910 State OffICe Build­
ing, 1400 SW Fifth Avenue, Portland. Oregon 
97201-5528. Orders may be charged 10 credit 
cards by mail. FAX, or phone. FAX number 
is (503) 229-5639. Orders under $50 require 
prepayment except for eredit-card orders. 0 
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Mining and exploration in Oregon in 1989 
by Howard C. Brooks, Bak~r City Fidd Office. Oregon Department of Geology and Mineral Industrin 

PRODUCTION Table I. Swnmary of mineral production value (in millions of dollars) in Oregon for 
The u.s. Bureau of Mines estimate of the [as/ /8 years. DOla for 1989 derived from us. Bureau 0/ Mines annual preliminLlry 

the value of Oregon's 1989 nonfuel mineral mineral.industry surwy and Oregon Department of Geology and Minerallndusuies nalural-gas 
production is $199 million. about 12 percent statistics 
above the $178 million value for 1988. The 
increase is largely due to higher output o f 

METALS AND 
cement and crushed stone and the resumption ROCK MATERIALS INDUSTRIAL MINERALS NATURAL 
of nickel production. More than 95 percent Sand. pavel. iICInC Cemenl, nlcld, pwnic:e, etc.. GAS TOTAL 
of the value of Oregon 's nonfuel mineral pro- .072 " 22 0 76 duction is in the construction materials, sand, 
gravel, stone, and cement. Other nonmetallic .973 SS 26 0 81 
commodities produced in 1989 were lime- 19" " 29 0 .01 
stone, pumice (Figure I), diatomite, clay, ze- '97S 13 33 0 '06 
olite, and talc. Nickel and gold were the only 

.97. 77 " 0 112 metals produced in significant quantity. In 
recent years, the State commonly has ranked .971 " " 0 .09 
first nationally in the production of pumice ' 978 84 44 0 1211 
and fourth in the production of diatomite and • 97. II • 54 • '" is a significant producer of processed natural 

.980 " " 12 172 zeolite. 
Sand, gravel, and crushed stone for usc '98' " " 13 .63 

in construction were produced from pitS and .982 13 37 10 120 
quarries throughout the Stale. ' 983 82 41 10 133 

Crushed and screened silica rock was pro-
. 984 " 46 8 '29 duced for a variety of uses from a quany 

in Jackson County by Bristol Silica and Lime- '98' 91 39 10 '40 
stone Company (Figure 2, active mine site '98' 96 JO • '" 21; Figure 3). Silica rock from Quartz Moun- '987 102 " • ' 60 
tain (Figure 2, active mine site 18) in Douglas 

' 988 130 48 • '84 County was used by Glenbrook. Nickel Com-
pany in its nickel smelting operation at Riddle. '98' ' 34 " 4 203 

Figurt 1. Cascade P14mice Company: part of scruning facility (Figure 2, actil'e mine site 14). 
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ACTIVE MINES AND AREAS 

I. Columbia Brick and Tile 
2. Bonanza Mining(placer gold) 
3. Pyx Mine (lode gold) 
4. Greenhorn area (placer gold) 
5. Elk Creek (placer gold) 
6. Pine Creek area (placer gold) 
7. Dooley Mountain area (perlite) 
8. Ash Grove Cement West (cement and 

crushed limestone) 
9. Canyon City Placers (placer gold) 

10. Lower Grandview Mine (lode gold) 
11. Eagle-Picher Industries (diatomite) 
12. Teague Mineral Products (bentonite and 

clinoptilolite) 
13. Central Oregon Bentonite/Oregon Sun 

Ranch (bentonite clay) 
14. Cascade Pumice/Central Oregon Pumice 

(pumice) 
15. Oil Dry Production (diatomite) 
16. CooSand (Silica sand) 
17. D and D Ag Lime and Rock 

(agricultural limestone) 

EXPLANATION 

18. Quartz Mountain (silica) 
19. Glenbrook Nickel (nickel) 
20. Galice area (placer gold) 
21. Bristol Silica and Lime (silica) 
22. Josephine Creek area (placer gold) 
23. Sucker Creek area (placer gold) 
24. Campman Calcite (agricultural limestone) 
25. Steatite of Southern Oregon (soapstone) 
26. Klamath Falls Brick and Tile (brick) 

EXPLORATION SITES AND AREAS 

I. Cornucopia Mine (gold) 
2. Herculean Mine (gold, base metals) 
3. Flagstaff Mine (gold) 
4. Spanish Gulch (gold) 
5. Prairie Diggings (gold) 
6. Grouse Creek project (gold, copper) 
7. Racey property (gold) 
8. Malheur City area (gold) 
9. Kerby (gold) 

10. Tub Mountain area (gold) 
11. Hope Butte (gold) 
12. Vale Butte (gold) 

13. Idol City area (gold) 
14. Drewsey area (gold) 
15. Gold Creek area (gold) 
16. Harper Basin (gold) 
17. Shell Rock Butte (gold) 
18. Grassy Mountain (gold) 

26~ 
27 

19. Burnt Mountain area (gold) 
20. Dry Creek Buttes area (gold) 
21. Quartz Mountain (gold) 
22. Red Butte (gold) 
23. Kaley (gold) 
24. Bannock (gold) 
25. Mahogany (gold) 
26. Hillside (gold) 
27. Anderson (gold) 
28. Bornite (copper, gold, silver) 
29. Bear Creek Butte area (gold) 
30. Summer Lake area (gold) 
31. Paisley area (gold) 
32. Quartz Mountain (gold) 
33. Silver Peak (gold, silver, copper) 
34. Turner-Albright (copper, zinc, gold) 

Figure 2. Mining and mineral exploration sites in Oregon in 1989 (excluding sand and gravel and stone). Active mines are keyed 
to Table 2 .. exploration sites and areas are keyed to Table 3. 
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Table 2. Active mines ill OregO/I, /989 

I. Columbia Urick Works 
See. 14, T. I S .. R. 3 E.. Multnomah County. Plant produces facing 

brick using clay from I company-owned pit nearby. 

2. Bonanut Mining Company-place.- gold 
Sec. 3. T. 7 S .. R. 45 E.. Buer Coumy. Largest mine in Oregon, 

located on Pine C!Uk about 3 mi below the old Cornucopia gold mine. 
Employed 26 people in 1989. Gravel deph varies from 20 to 70 fl ; values 
are coocenlrated near bedrock. Washing plan. handles 60 yd per hour 
and operates eight months per year, silt days per week. tluee shifts per 
day. The pit opcmlCS two I().hour shifts perday. Backfilling and reclamation 
in one pan of the pi. are concurrent with snipping and mining in another 
1"". 

3, Pyx Mine-lode gold 
See. l. T. 10 S .. R. 35 E .. Gr.mt County. Small operation in early 

summer; ore milled in a small gravi ty separa.ion plant in Sumpter. 

4. Greenhorn arta-placer gold 
Tps. 9. 10 S .. Rs. 35, 3SI!.! E .. Baker and Grant Counties. Several 

small. seasonal operations. including partS of Snow Creek. upper NOAh 
Fork of Burnt River, Parkerville, and Wintervi lle areas. 

5, Elk Creek-pla«r gold 
Tps.9, lOS .. R. 39 E., BakerCounty. Several small, seasonal operations. 

6. Pine C reek a rea-placer gold 
T. 12 S .. R. 38 E .. Baker County. Small seasonal operations including 

Goldwater. Inc .. which has been active for several years. 

7. Dooley Mountain area-perlite 
Tps. I I . 12 S .. R. 40 E .. Baker County. Mined and used by Supreme 

Perlite Company to produce eJlpanded perlite at a facility in Ponland. 

8. A.sh Grove Cement West, Inc.~ment and crushed 
limestone 

See. II . T. 12 S .. R. 43 E.. Baker Coumy. Annual sales were about 
500.000 tons of cement and 220.000 tons of crushed limtSlOl1e valued 
at over S2S million. Employs 105 people. The crushed limestone ill shipped 
to sugar refinel$ in Oregon and Idaho for I.ISC in the process of eJllraC.ing 
sugar from sugar beets. Mattets in place for capacity production in 1990. 

9. Canyon City Placers-placer gold 
Sec. 6, T. 14 S .. R. 32 E., Grant County. Washing plant and dragline 

operation by CammteJI International. Inc. 

10. Lower Grandview Mine-lode gold 
See. 6. T. 14 S .. R. 37 E .. Baker County. Small . seasonal underground 

mine; new ownership in 1989. 

II. Eagle.Picher Industries, Inc.--diatomite 
Processing plant is 7 mi west of Vale in se<:. 6. T. 19 S .. R. 44 E., 

Malheur County; open· pit mine sites are 70 mi west of plant in Tps. 
19, 20 S .. Rs. 35, 36 E .. Hamey and Malheur Counties. ProductS arc 
used as filter aids in c larifying flu ids including waler. beverages. juices, 
syrups. edible oi ls. fuels, and pharmaceulkals. Total employment (mining, 
trucking. processing) about .so people. 

12. Teague Mineral Products-bentonite and clinoptilolite 
Plant is in se<:. 8, T. 23 S., R. 46 E.; mines are in secs. 28, 29, T. 

23 S .. R. 46 E .. MalheurCount y, Oregon. and nearby in Idaho. The bentonite 
is used chiefly as soil sealant for wasil.' disposal sill.'s. di lches. and ponds. 
for drilling mud and absorbent. and as binder for canle food pellets. Uses 
of the clinoptilolill.' include pet liner. odor control products, fungicide carrier. 
and ammonia absorbent. The plant includes five mills. which allows for 
production of a full range of sized products from coarse g1llT1ules 10 mi­
CTtOized powders. RescJm:h in the uses of bentoni.e and ~eoIill.' ill being 
continued. 

13. Central Oregon Bentonite Company/Oregon Sun 
Ranch, Inc.-bentonite clay 

Both in sec. 4, T. 19 S., R. 21 E., Crook COUnty. Small production 
from adjacent propenies ncar Camp Creek. 

14. Cascade Pumice Company/Central Oregon Pumice 
Company~umice 

Tp$. 17. 18 S .• R. II E., De$Cliutes Coun.y. Combined annual production 
about 200,000 tons. The major use is lightweight aggregate in poured 
COOCR'te and in concrete blocks. 

15. Oil·Dri Production Company--diatomite 
Sees. 14, 2]' 23, T. 27 S .. R. 16 E., Lake Coumy. Produci is packaged 

and sold to several diffcrem companies for resale, mainly as pet litler. 

16. CooSand Corporation-silica sand 
See. 34. T. 24 S .. R. 13 W .. COOS Coun.y. Uses of product include 

glass manufacture (Owens Coming in Ponland), construction, sand blasting. 
and railroad tract ion. 

17. D and D Ag Lime and Rock Company-agricuUural 
limestone 

Sec. 20. T. 28 S .. R. 5 W , Douglas County. Small produce r of ground 
limestone from quan'ies operated before 1935 by Oregon Portland Cement 
Company. 

18, Quart~ Mountain-silica 
See. 2. T. 28 S .. R. I E., Douglas County. Produced silica for the 

Glenbrook Nickel Company operation of the nickel smel ter at Riddle. 

19. Glenbrook Nickel Company-nickel 
Sees. 28.29. T. 30 S .. R. 6 W .. Douglas County. Company reactivated 

fonncr Hanna Nickel Company smelter '0 process 6-million·lon stockpile 
of lateritic material grading 0.7 perccl1l nickel left at !he site when Hanna 
closed the smelter in January 1987. The Company ha.~ nnf d..cidM wheTher 
10 Impen the Nickel Mounlllin Mine; the equipmelll was removed when 
!he mine closed. 

20. Galice area-placer gold 
Tps. )4, 35 S .. R. 8 W .. Josephine Couflly. Small . seasonal opera.ions. 

21. Bristol Silica a nd Limestone Company-silica 
Sec. 30. T. 36 S., R. 3 W., Jackson County. Croshed and $Creened 

silica rock sold for a variety of uses including poultry gri ., sand blasting, 
and decomlive 5tone. Small amounts of dolomite have been sold from 
an occurrence on the margin of the sil ica quarry. 

22. Josephine Creek area-placer gold 
Tps. 38. 39 S .. R. 9 W , Josephine Counly. Several small. seasonal 

operations. 

23, Sucker Creek area-placer gold 
Tps. 39, 4() S .. Rs. 6, 7 W .. Josephine COU nty. Several small. seasonal 

openllions. 

24. Campman Calci te Company_gricultural limestone 
See. 31. T. 38 S .. R. 5 w.. Josephine County. Company mined, crushed, 

and ground limestone from .he Jones Marble Quarry for agricultural use 
mainly in southwestern Oregon. 

25. S teatite or Southern Oregon-soapstone 
Sees. 10, II. T. 41 S .. R. 3 W" Jackson County. Block soapstone 

sold mainly (or carving. 

26. Klama th falls Urick and Tile Company 
Sec. 19, T. 38 S .. R. 9 E., Klamath County. Plant prodUl%l a variety 

of facing and paving bricb using clays from pits in several western ~gon 
coun.ics and nonhern California. 

Cement was produced only by Ash Grove 
Cement West, Inc. The plant and quarries 
(Figure 2. act ive mine site 8) are near Durkee 
in Baker County. Small amounts of limes tone 
were produced for agricu ltura l use by Camp· 
man Calcite Company at the Jones Marble 
quarry (Figure 2, ac tive mine s ite 24) in Jo­
sephine County and by D and D Ag Lime 

and Rock Company from a quarry (Figure 
2, active mine si te 17) in Douglas County. 

Company and Central Oregon Pumice Com­
pany (Figure 2, act ive mine site 14) from sev­
eral quarries near Bend in Deschutes County. 
Combined annual output has averaged about 
2OO,OC() tons for several years. 

Diatomite was produced by Eagle Picher 
Industries (F igure 2, ac tive mine s ite I I) for 
use as filter aid and by Oil· Dn Product ion 
Company (Figure 2, active mine s ile 15) for 
use as pet litter. 

Pumice was produced by Cascade Pumice 
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Benton ite clay and zeolite were produced 
by Teague Mineral Products Company from 
its plant (FiguR' 2 , active m ine s ite 12) 2 mi 

3. 



Figure 3. Bristol Silica and Li~slone Company: silica qarry and primary crusher. D%mite occurs along the upper left edge of 
the quarry (Figure 2, actil't mine site 21}. 

south of Adrian in Malheur County. Bentonite 
also was produced by two small operations 
(Figure2, active mine si te 13), Central Oregon 
Bentonite Company and Oregon Sun Ranch, 
Inc .. in Crook County. 

Clay was produced by Ash Grove Cement 
West. Inc., for use in making cement. Clay 
for brick making and engineering applica­
tions was produced in several western coun­
ties. Two brick plants were operated, one 
in Multnomah County by Columbia Brick 
WorXs. Inc. (Figure 2, active mine site I), 
the other in Klamath County by Klamath 
Falls Brick and lile Company (Figure 2, ac­
tive mine site 26). 

Carving·grade talc was produced by Ste· 
atite of Southern Oregon (Figure 2. active 
mine site 25). 

The nickel plant (Figure 2, active mine 
si te 19) near Riddle was reactivated by Glen· 
brook Nickel Company. 

Gold production was dominated by the 
Bonanza Mining Company, placer operation 
(Figure 2. ac tive mine site 2). Some gold 
was produced at the Lower Grandview lode 
mine (Figure 2, active mine site 10) and at 
several dozen small, intennittently operated 
placer mines in northeastern and southwest· 
em parts of the State (Figure 4). 
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Figure 4. Trommel and sluice washing plant: Ray Tracy placer mine on Snow Cretk 
in the Grunhorn area (Figure 2. actil'e mine sile 4}. 
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Table 3. Exploration sites in Oregon. /989 

I. Cornucopia Mine-gold 
Sec. 21. T. 6 S .. R. 45 E., Baker County. Small underground explo­

ration-<irilling program by owners, UNC Corporation. 

2, Herculean Mine-gold a nd base metals 
Sec. 22. T. 8 S .. R. 36 E. , Baker County. Small exploration and de· 

velopment program by Cable Cove Mining Company. 

3. Flagstaff Mine-gold 
Sec. 6. T. 9 S .. R. 41 E .. Baker County. Drilling program by Hecla 

Mining Company. 

4. Spanish Gulch-gold 
Sees. 12. 13. T. 13 S., R. 24 E., and sees. 7. 18, T. 13 S .. R. 25 

E., Wheeler County. Small drilling program by ASARCO. 

S, Prairie Diggings prospecl-gold 
See. 33. T. 13 S., R. 32 E.. Grant County. Drilling program byGoldsearch 

Resources. Inc. 

6. Grouse Creek prospecl---copper, silver 
Sees. 24. 25. T. 14 S .. R. 36 E., BakerCounty. Drillingprogramcontinued 

by Golconda Resources, Ltd. 

7, Racey property-gold 
Sees. 19.20.21. T. 13 S .. R. 41 E .. MalheurCounty. Continued drilling 

by lean Minerals, Ltd., and. late in lhe year. by lean and Billiton Minerals 
U.S.A., Inc .. joint venture. 

8. Malheur City area-gold 
Tps. 12. 13 S .. Rs. 40, 41 E .. Baker County. Land acquisition, surface 

exploration. and some drilling by Eanh Search Sciences. Inc .. and Beaver 
Resources joint venture. 

9. Kerby-gold 
Sees. 22, 27, T. 15 S., R. 45 E .. Baker COUnty. Drilling continued 

by Malheur Mining Company. Feasibility and base-line environmental stud­
ies underway. 

10. Tub Mountain area-gold 
Sees. 4. 5, 6. 7. 8, T. 11 S .. R. 45 E .. Malheur County. Malheur Mining. 

Atlas Precious Metals. and Eum-Nevada Mining Corporation. Inc .. have 
claim groups in the area. Malheur Mining'. group was leased to Echo 
Bay. Some drilling on all three propenies. 

II. Hope Butte-gold 
See. 21. T. 11 S .. R. 43 E., Malheur County. Chevron continued drilling. 

12, Vale BuUe-gold 
Sees. 28, 29. T. 18. S., R. 45 E., Malheur County. Under evaluation 

by Atlas Precious Metals Company. 

13. Idol City area-gold 
Tps. 20. 21 S., R. 32 E., Harney County. Drilling by Newmont Mining 

Company. 

14. Drewsey area-gold 
Tps. 20, 21 S .. Rs. 34, 35 E., Harney County. Exploration andevaluation 

programs by Cyprus Gold Explorat ion Company, Baule Mountain Gold 
Corporation, Reserve Industries. Corona Gold Corporation. and others. Cy­
prus drilled severa l holes at the Red Butle prospect in sec. 35, T. 20 
S .• R. 35 E .. and later dropped the claims. 

15. Gold Creek area-gold 
Sees. 3. 4. T. 2 S., R. 40 E .. Malheur County. Geochemical sampling 

and geophysical surveying by Manville Corporation. 

16, Harper Basin-gold 
Sees. 22. 23, T. 21 S .. R. 42 E .. Malheur COUnty. Exploration drilling 

by American Copper and Nickel Company and Alias Precious Metals Com­
pany on adjoining properties. 

17. Shell Rock Butte-gold 
Sec. 18. T. 21 S., R. 45 E., Malheur County. Small drilling program 

by ASARCO. lnc .. on property owned by Western Epithennal; lease dropped 
later. Small drilling program by Atlas Precious Metals Company on its 
own property. 

18. Grassy Mountain-gold 
Sec. 8. T. 22 S., R. 44 E., Malheur Counly. Alias Precious Metals 

Company continued drilling. began base·line environmental studies, and 
submiued operating plan and pennit application 10 the U.S. Bureau of 
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Land Management. Announced reserves total 1.2 million oz of gold in 
ore averaging 0.065 oz gold per ton. 

19, Burnt Mountain area-gold 
Sees. 4. 5. 6. 1. 8. 9. T. 23 S .. R. 44 E .. Malheur County. Land acquisition 

and sampling by Noranda Exploration, Inc. 

20. Dry Creek Buttes area-gold 
Tps. 23. 24 S .. Rs. 43, 44 E., Malheur County. Rotary drilling by 

Noranda Exploration, Inc .. on the Lavery claims. Manville. ASARCO. 
and NOranda hold large claim blocks in nearby areas. 

21. Quartz Mountain-gold 
Sec. 6. T. 25 S .• R. 43 E.. Malheur County. Chevron drilled one hole 

for water and set up a prefab camp in preparation for an extellSive exploration 
program in 1990. 

22, Red Butte--gold 
Sees. 26. 21. 34. 35. T. 25 S" R. 43 E., Malheur Counly. Hand sampling 

program by Chevron. Prospect is in a Wilderness Study Area. 

23. Katey-goJd 
Tps. 24. 25 S., R. 45 E .. Malheur County. Small rotary drill program 

and soi l and rock--chip sampling by ASARCO. 

24, Bannock-gold 
Sec. II, T. 26 S .. R. 45 E .. Malheur County. Small drilling program 

by Manville. 

25. Mahogany-gold 
Sees. 25. 26, T. 26 S., R. 46 E., Malheur County. Small drilling program 

by Chevron. 

26. HilLside-gold 
Sees. 26. 21. 34. T. 29 S., R. 45 E .• Malheur Cowny. Surface sampling 

and geophysical surveys by Manville Corporation. 

27, Anderson property-gold 
Sec. 35. T. 29 S., R. 45 E" Malheur County. Surface sampling and 

small drilling program by Nerco Exploration Company. 

28. Bornite-copper, gold, silver 
See. 36. T. 8 S .• R. 4 E .. Marion County. Plexus Resources Corporation 

obtained deve lopment right s. Company repo!1s that drilling by AMOCO 
and others in late 1910's and early 1980's indicates reserves of 3.1 mill ion 
tons averaging 2.49 percent copper, 0.023 oz per ton gold, and 0.061 
oz per ton si lver. 

29. Bear Creek Butte area-gold 
Tps. 18, 19 S .. R. 18 E., Crook County. Drilling program continued 

by Freepon·McMoRan Gold Company. 

30. Summer Lake area-gold 
Sec. 14. T. 30 S., R. 16 E .. Lake County. Small drilling program by 

N.A. Degerstrom. Inc. 

31. Paisley area-gold 
T. 34 S .• Rs. 18. 19 E .. Lake County. Surface investigalion by N.A. 

Degerstrom. Inc. 

32. Quartz Mountain-gold 
Sees. 26. 21. 34, 35. T. 37 S" R. 16 E., Lake County. Pegasus QQld, 

Inc .. joint-vent ured with Quam Mountain Gold Corporation. agreed to 
con tinue exploTlllion. conduct feasibility studies. and develop a mine plan. 
Afeasibility study completed in August 1989 de lineates proven and probable 
reserves of 9.8 million tons for the combined Crone Hill and Quanz Butte 
deposits, with an average grade of 0.045 oz per ton gold. Drilling by 
Quam Mountain Gold Corporation indicates reserves of 64 million tons 
averaging 0.025 oz go ld per Ion. More than 625 holes aggregating about 
250.000 ft have been drilled on the 9.100-acre propeny. 

33. Silver Peak Mine--gold, silver, copper 
See. 23, T. 31 S., R. 6 w.. Douglas County. Drilling continued by 

Formosa Mining Company. 

34. Turner-Albright-<:opper, zinc, gold 
Sees. 15. 16. T. 41 S .. R. 9 W .. Josephine County. Savanna Resources. 

Ltd .. and Aur Resources, Ltd., agreed to joint venture; Aur to spend $2.5 
million on exploration. Company reports Ihat drilling indicaled reserves 
of 3.3 million tons averaging 1.46 percent copper, 3.3 percent zinc, and 
0.11 Ot gold per ton. 
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Figure 5. Drilling at the Hope Butte prospect by Chevron Resources Corporation (Figure 
2, exploration site / /). 

Figure 6. Chalcedony rein exposed on Gold Creek prospect (Figure 2. exploration 
site /5) of Manville Corporation. 

Figure 7. Mineralized hydrothermal breccia e:tposed on the east side of Red BUite 
(Figure 2, exploration site 22). 

EXPLORATION 
The southeastern Oregon gold rush accel­

erated following the announcement in late 
1988 of a discovery in the Grassy Mountain 
area, Atlas Precious Metals continued drilling 
its Grassy Mountain site (Figure 2, explo­
ration site 18) through most of 1989 and 
announced an increase in geologic reserves 
to 1.2 million oz of gold in ore averaging 
0.065 oz per Ion. Feasibility sludies and col­
lection of baseline environmental and water­
quality data are underway. An operating plan 
was submitted to the Bureau of Land Man­
agement in November. Extensive drilling was 
also done at the Hope Butte (Figure 2, explo­
ration site II; Figure 5) and Kerby prospects 
(Figure 2, exploration site 9). Evaluation of 
the results is in progress. 

Exploration activity still is concentrated 
in northern Malheur County but is spreading 
10 other areas. Nearly 8,0CXl claims were lo­
cated in Malheur County in 1989, bringing 
the total number of claims in the county to 
more than 21,001). Exploration drilling was 
done on at least 16 differem properties in 
the state. Figure 2 shows the location of prop­
erties where extensive surface sampling or 
drilling has been done, 

All but two of the deposits in Malheur 
County are in rocks of Miocene or Pliocene 
age. The northern two deposits (figure 2, 
exploration sites 7 and 8) are partly hosted 
in an altered quartz diorite porphyry. The 
mineralization may be Tertiary in age. Most 
of the other Malheur County deposits are 
sediment hosted: some of them occur in silicic 
volcanic rocks. Associated basalt is locally 
mineralized. 

The deposits typically are of epithermal 
origin (figures 6 and 7). Hot-spring sinter 
are associated wilh several of them. Silicifi­
cation and argillic alteration of the host rocks 
is common. Anomalous levels of arsenic are 
also common and mayor may not be as­
sociated with gold. Chevron geologist David 
Bush reported that mineralization at Quartz 
Mountain and Hope Bune has been dated 
at 17.8 and 3.9 million years, respectively 
(personal communication, October 1989). 
The dates are based on multiple radiometric 
analyses of adularia. 

Geologic mapping of the Boise 1° x 2° 
quadrangle (scale I :250,000) in central Mal­
heurCounty continued. The mapping involved 
workers from the Oregon Department of Ge· 
ology and Mineral Industries (OOGAMI), the 
U.S. Geological Survey, and Portland State 
University. Geologic maps of the Graveyard 
Point, Owyhee Dam, and Adrian quadrangles 
were released in 1989 by DOGAML Similar 
geologic maps of the Double Mountain and 
Grassy Mountain quadrangles were released 
in early 1990. 0 
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Oil and gas exploration and development in Oregon, 1989 
by Dan E. Wumiel, Petroleu.m GeQ/ogist. O~gon Departmtnt 0/ eta/ogy and Mineral Industrits 

ABSTRACT 
Oil and gas lease activity declined in 1989. 

Five U.S. Bureau of Land Managemenllease 
sales were held, with no teases purchased. 
There were filings for 99,351 federal acres. 
The total of federal acres under lease was 
463.528 acres at year's end. No state or county 
lease sales were held during the year. 

Thirteen wells were drilled in the Mist 
Gas Re id and vicinity. of which seven were 
drilled by ARCO and six by DY Oil. Three 
ARCO wells and one DY Oil well were suc· 
cessful gas completions. The field had 18 gas 
producers and seven gas wells awai ting pipe­
line connection at year's end. A total of 2.6 
billion cubic feet (Bel) of gas was produced 
during 1989, with a value of $3.5 million. 
ARCO also drilled an unsuccessful Astoria 
Basin test in Clatsop County. 

The Mist natural gas storage project be­
came fully operational on November I. 1989. 
The redeSign of the Miller Station was com­
pleted during the year. 

Northwest Natural Gas Company has con­
suucted a 49-mi natural.gas pipeline from 
Mist Gas Field to Portland, providing a pipe­
line loop through the field. 

The Depanment of Geology and Mineral 
Industries continued the study of the Tyee 
Basin in Douglas and Coos Counties and 
will publish the first phase of maps and re­
portS during the year. 

Rulemaking is now underway to imple­
ment House Bill 2089 and to revise the oil 
and gas exploration and development rules 
in Oregon. 

LEASING ACTIVITY 
There was a decline in leasing ac tivity 

during 1989. Leasing activity included five 
publ ic land lease sales by the U.S. Bureau 
of Land Management (BLM) plus over-the­
counter filings of BLM propeny. No leases 
were purchased at any of the lease sales. 
There were filings for 30 parcels tOlaling 
99,351 acres located in Wheeler, Crook, and 
Wasco Counties. F and F Georesources filed 
for two of the parcels in Wheeler County, 
and D.M. Yales filed for the remainder. A 
total of 183 parcels consisting of 463,528 
acres were under lease at year's end. This 
is a decl ine from the 876,138 acres in 397 
parcels under lease at the end of 1988. The 
lotal rental income during 1989 was about 
$519,(01), a decline from the S 1,139,000 dur­
ing the previous year. 

At Iheendof I 989,active State of Oregon 
leases numbered 58, tOCaling 73,428 acres. 
Total rental income was $73.428 for the year. 

No state or county lease sales were held 
during 1989. 

Figuu I. ARCO wefl OR 21-33-86. the duput wdl drilled in Oregon during 1989, 
was a wildeal test in the ASloria Basin in Clo/sop Counry. 

DRILLING 
A to(al of 14 exploratory oil and gas wells 

was drilled in the state in 1989. This is the 
same number of exploratory oil and gas wells 
that were drilled during 1988 but is an overall 
decrease in total wells because during 1988, 
in addition. five gas-storage wells were drilled 
and three redrills undenaken. All but one of 
the wells were drilled in lhe Mist Gas Field 
area, a pallern that has conlinued since the 

field was discovered in 1979. The other well 
was a wildcat well drilled by ARCa in the 
Astoria Basin of northwestern Oregon. This 
well, the OR 21-33-86 (Figure I), was located 
about 12 mi nonhwest of Mist Gas Field in 
ClalSOp County near the town of Westport. 
The well was drilled to a total depth of 5,896 
fi, making il thedeepeSI well drilled in Oregon 
during 1989, and il was plugged and aban­
doned as a dry hole. 
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Figure 2. Pr~porations to p~rforaft for a flow t~st at th~ DY 
Oil well Neverstill 33-30, the only 8m producer at Mist Gas Fi~/d 
not operated by AReO. 

At Mist Gas Field, tWO operators were active during the year. 
As has been the case for the past several years. ARCO Oil and 
Gas Company was the most active operator, drilling seven ex­
ploratory wells. Of these, three were successful gas completions, 
and four were dry holes. DY O il drilled si)!; exploratory wells 
al Mist, one of which was a successful gas completion (figure 
2), and the resl were dry holes. 

Total dri lling footage for the year was 33.823 ft, a decrease 
from the 61,523 fl drilled during 1988. The avemge depth per 
well was 2,416 ft, a small decline from the 2,797 ft per well 
drilled during the: previous year. 

During 1989, the Oregon Depanment of Gcology and Mineral 
Industries (DOGAMI) issued 19 pennits 10 dritt (Table 1), white 
13 permits were canceled during the year (Table 2). 

DISCOVERIES AND GAS PRODUCTION 
Mist Gas Field saw four new producers. a decrease from the 

seven producers drilled during 1988. ARCO Oil and Gas Company 
is the operator of three of the discovery wells, which are the CER 
13-1-55. CER 41-16-64, and CC 34-28-65. With lhesuccessfu\ com­
pletion of the Neverstill 33-30 wellJ DY Oil became the only other 
gas producer at Mist. There were 18 producers at year's end, up 
from 14 producers at the end of 1988. In addi lion, seven gas weUs 
were awaiting pipeline connection. Eight additional wells are shut-in 
former producers. One of these, the CC 44-21, has been converted 
by ARCO Oil and Gas Company to a water-disposa! well. This 
will add an additional water-disposal well at the field to supplement 
the CC 13-1. which is currently the only well used for this purpose. 

Gas production for the year totaled 2.5 Bcf. This is a decline 
from the 4.0 Bcf produced during \988. Part of the de<!line is 
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Table \. Oil and gas pomitS and drilling actility in Oregon. 1989 

Pumit Opera tor, well, 
no. API number 

418 ARCO 
~gon 21-33-86 
36-007"()(x)20 

420 ARCO 
Col. Co. 34-28·65 
36-009-00249 

421 ARCO 
Col. Co. 42-32-74 
J6.OO9.OO2SO 

422 ARCO 
CER 24-18-64 
36-009-00251 

423 ARCO 
CER 41-16-64 
36-009-00252 

424 ARCO 
Hamlin 33-17-65 
36-009-00253 

425 DY Oil 
CER 23-22-64 
36-009-002~ 

426 l.eadco 
CC-JlICkson 23- 17 
36-009-00255 

421 DY Oil 
Neverstill 33-30 
36-009-00256 

428 OY Oil 
Forest Cav t3-6 
36-009-00257 

429 OY Oil 
Burris CC 24-8 
J6.OO9.OO2,. 

430 OY Oil 
Lane CC-24-5 
J6.OO9.OO2" 

432 ARCO 
Col. Co. 34-8-7S 
J6.OO9.OO26! 

434 ARCO 

436 

437 

Col. Co. 13-3-SS 
JW:)9-00263 

ARCO 
Col. Co. 13-4-55 
36-009-00264 

ARCO 
CER 13-1-55 
JW:)9-002" 

ARCO 
OR 34-25-66 
36-OO7..()(X)22 

Location 

NW IAo sec. 33 
T.8N., R.6 W. 
Clatsop County 

SW IAo sec. 28 
T.6N .. R.SW. 
Columbia County 

NEIAo sec. 32 
T.7N.,R.4W. 
Columbia County 

SW \AI sec. 18 
T.6N.,R. 4W. 
Columbia County 

NEI4 sec. 16 
T.6N .. R.4W. 
Columbia County 

SEIAo sec. 17 
T.6N .. R.S w. 
Columbia County 

SWI4 sec. 22 
T.6N.,R.4W. 
Columbia COUnty 

SWI4 sec. 17 
T.5N.,R.4W. 
Columbia County 

SEIAo sec. 30 
T.6N., R.5W. 
Columbia County 

SWI4 sec. 6 
T.5N., R.SW. 
Columbia County 

SW I.II sec. 8 
T.5N .. R.4 W. 
Columbia County 

SWIAo sec. 5 
T.5N., R.SW. 
Columbia County 

SEI4 sec. 8 
T. 7 N .. R. 5 W. 
Columbia County 

SW I.II .sec. 3 
T.7N., R.SW. 
Columbia County 

SWI.II sec. 4 
T.5N .. R.4W. 
Columbia County 

SW IAo 5«. I 
T.5N.,R.5 W. 
Columbia County 

SE I.II .sec. 25 
T. 6 N .. R. 6 W. 
Clatsop County 

438 ONGD NEI4 sec. 26 

439 

Oregon State 32-26 T. t S., R. 4 W. 
36-067-00004 Washington County 

DY Oil 
Lane CC-24-5-A 
36-009-00266 

SE 1.11 sec. 5 
T.5N.,R.5W. 
Columbia COUnty 

Status, depth (f't) 
TO " total depth 

PTO " proposed TO 
RO " redrill 

Abandoned. 
dry hole; 
ill: 5,985. 

Completed, gas: 
ill: 2,240. 

Pennit issued; 
PTl): 1,750. 

Abandoned, 
dry hole; 
ill: 1.810. 

Completed, gas: 
TO: 2.105. 

A""'_ 
dry hole; 
ill: 3,150. 

Abandoned, 
dry hole: 
ill: 2.680. 

Pennit issued; 
PTl): 2..500. 

Completed. gas; 
ill: 2.225. 

Abandoned. 
dry hole; 
TO: 1.796. 

Abandoned, 
dry hole; 
ill: 2,684. 

Abandoned. 
dry hole; 
TO: t,473. 

Abandoned, 
dry hole: 
Tn: 2,706. 

Pennit issued: 
PTl): 1,655. 

Pennit issued: 
PTl): 2,025. 

Completed, gas: 
TO: I.64S. 

A"""""". 
dry hole: 
Tn: 2,452. 

Pennit issued; 
PTl): 2.000. 

A"""""". 
dry hole: 
TO: 1.126. 
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Table 2. Canct'it'd alld dt'Ilit'd pt'rmits. withdrawn applications. /989 

Pennit Opuahlf', well, 'M~ Cancellation 
00. API number Location date date R~ 

378 ARCO SWI..II sec. 33 3-9-87 3-9-89 Permit cance led; 
Longview Fibn: 23-33-65 T. 6 N .. R. 5 W. upired. 
36-009-00215 Columbia County 

379 ARCO NW14 see. 7 2- 19-87 2-2 1-89 Pennit canceled; 
Col. Co. 11_7_65 T. 6 N., R. 5 W. upired. 
36-009-00216 Columbia COUnty 

38 ' ARCO SWIA sec. 18 2- 19-87 2-2 1-89 Pennit canceled: 
Col. Co. 23- 18--65 T. 6 N., R. 5 W. upired. 
36-009-00218 Columbia COUnty 

38' ARCO NEv. sec. 26 2-19-87 2-2 1-89 Permit canceled: 
Col. Co. 32-26-65 T.6N., R.5 W. upired. 
36-009-00219 Columbia County 

384 ARCO SWI..II sec. 26 2-19-87 2-2 1-89 Pennit canceled; 
Col. Co. 24~26-65 T. 6 N .. R. 5 W. cxpired. 
36-009-00221 Columbia County 

3" ARCO NWI..II sec. 27 2- 19-87 2-2 1-89 Permit canceled; 
Col. Co. 22-27-65 T. 6 N .. R. 5 W. upired. 
36-009-00222 Columbia County 

38' """" SW IAI sec. 17 7-1-87 7- 1-89 Pennit canceled; 
CC-Jackson 23-17 T. 5 N., R. 4 W. upired. 
36-009-00226 Columbia County 

390 ARCO NElAI sec. , 5-21-87 5-21-89 Permit canceled: 
CA 31-1-65 T. 6 N .• R. 5 W. upired. 
36-009-00227 Columbia County 

411 ARCO SE lAI sec. 11 7-5-88 4-4-89 Pennit canceled: 
Hamlin 33-17-65 T. 6 N. , R. 5 W. per pennittee's 
36-009-00245 COlumbia County requcst. 

413 ARCO NWlAI sec. 11 9-26-88 9-26-89 Permit canceled: 
Col. Co. 22-17-75 T. 7 N .. R. 5 W. cxpired. 
36-009-00247 Columbia County 

419 ARCO SWIAI sec. )3 11 -16-88 11 -16-89 Pennit canceled; 
0..,00 13-33-86 T.8N .. R.6 W. expired. 
36-007-00021 ClaISOp County 

431 Nonhwe.'il Fucl Dev. NEIA sec. 14 7-7-89 11 -8-89 Permit canceled: 
HllITImerbtrg 32-14-65 T.6N .• R. 5 W. per permittee's 
36-009-00260 Columbia County request. 

433 ARCO SE<1I sec. 31 Application 
Meridian 34-31-65 T.6N .. R.5W. withdrawn. 
36-009-00262 Columbia County 

allributable to the shutdown of pipeline for 
construClion and maintenance al Mist Gas 
Field. The cumulative field production as of 
!he end of 1989 was about 38.4 Bd. The 
total value of the gas produced for the year 
was $3.5 million. a decrease from the $6.4 
million during 1988. Gas prices ranged from 
14 cents to IS cenlS per thermo a decrease 
from the range of 14 cents to 20 cents per 
therm during 1988. 

into the Bruer and Flora Pools, each having 
three injection-withdrawal wells. NalUrai gas 
was withdrawn from these pools staning in 
December 1989. 

GAS STORAGE 
During the year. NonhweSI Natural Gas 

Company completed its redesign of the Miller 
Station at Misl Gas Field. including instal­
lation of two new compressors. This com­
pleted construction at the natural gas storage 
project. which became fully operational on 
November I, 1989. Natural gas was injected 

OTHER ACTIVITIES 
During 1989. Nonhwest Natural Gascom­

pleled construction of the Mist South feeder 
gas pipeline. This 49-mi pipeline connects 
the natural gas storage project at Mist Gas 
Field to the Penland area via a 16-in. pipeline 
(see Oregoll Gt'oIogy. v. 51, 00. 5). 

oooAMI continues the study of the oil 
and gas potential o f the Tyee Basin, located 
primarily in Douglas and Coos Counlies in 
southwestern Oregon. The first phase of the 
study is now completed and includes pr0-

duction of a regional geologic map and cross 
sections and a source-rock. repon of the area. 
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These will be published and available for pur­
chase from oooAMI. The study is intended 
to investigate Ihose characteristics needed 10 

generate and trap gas and oil. namely. source 
rock.. stratigraphy. and structural framework 
The study. which is being funded by land­
owners in the study area and by county. state. 
and federal agencies, will publish surface geo­
logic maps and a fence diagram o f the Tyee 
Basin using surface and subsurface well con­
trol during 1989. 

The Nonhwest Petroleum Association re­
mained active during 1989. wi lh about 125 
members at year 's end. At monlhly meetings. 
papers related to the oil and gas industry 
are presented. For 1990. plans are to hold 
the annual field symposium during Septem­
ber in Roseburg, Oregon, including a field 
trip to observe the st ructure and strat igraphy 
of the Tyee Basin. 

Offshore oil and gas exploration is still 
many years away in the region, but planning 
is underway at the state and federal levels. 
The Oregon Ocean Resources Management 
Task. Force, establ ished by the 1987 Leg­
islature. has continued to hold meet ings and 
workshops to gather inpul regarding planning 
for new uses of the ocean, primarily mineral 
development. The Task. Force will issue an 
interim repon during early 1990. The general 
consensus from the public has been that ex­
isting uses such as fishing and tourism shou ld 
be preserved. whereas oil and gas exploration 
or mining should be prevented. A final plan 
is scheduled for release in July 1990. 

The U.S. Minerals Management Service 
plans to hold an April 1992 oil and gas lease 
sale for the OuterCominental Shelf off Oregon 
and Washington. Planning continues for the 
sale despite opposition from the State of Ore­
gon. which feels this sale should be delayed 
or possibly canceled, pending complet ion of 
detailed studies of the affects of this act ivity. 
Industry interest will be gathered this year, 
which may ultimately detennine whether there 
will be a 1992 offering. 

During 1989. DOGAMI published its Oil 
and Gas Investigation 15 • entitled Hydro­
carbon up/oralion and Occurrellces in Or­
t'goll. This publication lists allk.nown oil and 
gas occurrences in Oregon in wells and on 
the surface such as oil and gas seeps. Its 
cost is S7. As a companion to 001-15, 000-
AMI published Open-File Repon 0-89-10. 
Bibliography of Oil alld Gas up/ora/ion in 
Ol1!gon. /896-1989. This provides a com­
prehensive listing of references relevant to 
oil and gas exploration in Oregon. The COSt 
is $5. oooAMI also has recently revised 
the Mist Gas Field Repon, described in the 
"Oil and Gas News" (p. 26 of this issue). 

DOGAMI has continued the development 
of rules to implement House Bill 2089 and 
to revise administrative rules relating to oil 
and gas exploration and development in Ore­
gon. This work is scheduled for completion 
during 1990. 0 
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MINERAL EXPLORATION ACTIVITY 

Major metal.exploration activity 

Projeet name, Project 
Date company location Metal Status 

April Susanville Tps. 9. 10 S. Gold E~pl 

1983 Kappes Cassiday Rs. 32. 33 E. 
and Associates Gram Coumy 

May Quartz Mountain T. 37 S. Gold Ellpl 
1988 WavecreS! Resources R. 16 E. 

Inc. Lake CQumy 

J"~ Noonday Ridge T. 22 S. Gold. E~pl 

]988 Bond Gold Rs. l. 2 E. silver 
Lane Coumy 

September Anget Camp T. 37 S. Gold Expl 
1988 Wavecrest Resources. R. 16 E. 

Inc. Lake Coumy 

September Glass Bune Tps. 23. 24 S. Gold Expl 
]988 Galaclic Services R. 23 E. 

Inc. Lake County 

September Grassy Mountain T. 22 S. Gold Expl. 
1988 Atlas Precious Metals. R.44 E. ,~ 

Inc. Malhcur Coumy 

September Kerby T. 15 S. Gold Expl. 
1988 Malhcur Mining R. 45 E. ,~ 

Malhcur Coumy 

September QM T. 25 S. Gold Expl 
]988 Chevron Resources. R. 43 E. 

Co. Malhcur County 

October Bcar Creek T", 18. 19 S. Gold bpI 
1988 Freeport McMoRan R. 18 E. 

Gold Co. Crook Coumy 

December Harper Basin T. 21 s. Gold Expl 
1988 American Copper R. 42 E. 

and Nickel Co. Malhcur County 

January Silver Peak T. 31 S. Copper. A". 
1989 FonnoS3 Exploration. R. 6 W. zinc com 

Inc. Douglas Coumy 

M,y Hope BUllc T. 17 S. Gold Expl. 
1989 Chevron Resources. R. 43 E. ,~ 

Co. Malhcur County 

Seplcmbcr East Ridge T. 15 S. Go" App 
1989 Malheur Mining R. 45 E. 

Malhcur County 
Explanations: App=application being processed. Expl=Exploration permiT 
issued. Com=[nter~gency coordinating commillee fonned. baseline data 
COllCCTion started. Drue=Date application was received or pennit issued. 

Explora tion and bond ceiling rule making 
Advisory Committees organized to make recommendations on 

exploralion pennits (HB 2088) and bond ceilings for some metal 
mines (SB 354) likely will have concluded their work by the time 
you read this. For a copy of either set of draft rules and a schedule 
of rulemal<ing hearings. contact Doris Brown a1 the Oregon De­
partment of Geology and Mineral Industries (OOOAMI) Mined 
Land Reclamation Office. 1534 Queen Avenue SE. Albany. OR 
91321. phone (503) 967-2039. 

Mining issues forum 
In order to bring together all groups concerned with mining 

in Oregon. OOOAMI and others will sponsor a forum to review 
potential beneficial and negative impacts from large-scale mining 
in Oregon. Representatives of a wide range of interests. including 
mining companies. environmemal groups. slate and local elected 
officials. and regulatory agencies will be invited to participate. 

Addi tional infonnation will be presented in this column in the 
May and July issues of Oregon Geology. 

46 

Status changes 
Pegasus Gold is laking ovcr the property currently pennitted 

to Wavecrest Resources at Quartz Mountain and Angel Camp in 
Lake County. A project coordinaling committee meeting was held 
with Pegasus and the regulatory agencies on February 22 to review 
the adequacy of the baseline data collected to date. 

The operating plan of Fonnosa Exploration. Inc., was approved 
for completeness in December by DOGAM I. Final approval of 
the pennit by OOOAMI is possible this spring. The Water Pollution 
Control Facility Pennit issued by the Depanment of Environmental 
Quality has been drafted. Contact Jerry Turnbaugh. phone (503) 
229-5374. for funher infonnation. 

An initial project coordinating committee meeting for Chevron's 
Hope Bulle propeny was held in February. 

All readers who have questions or comments should contact 
Gary Lynch or Allen Throop at the MLR office in Albany, phone 
(503) 967-2039. 0 

Capitol display celebrates 25th 
anniversary of State Rock 

The display case of the Oregon Council of Rock and Mineral 
Clubs (OCRMC) at the State Capitol in Salem currently "houses 
an exhibit that celebratcs the 25th anniversary of the adopt ion 
of the Thunderegg as Oregon's State Rock. The exhibit, which 
wil l remain unt il May 15, 1990. was provided by the Far West 
Lapidary and Gem Society of Nonh Bend/Coos Bay and arranged 
by Ben Sanne and Cecelia Haines. 

The display features a framed copy of Senate Joint Resolu tion 
18, adopted March 29, 1965. and signed by Governor Mark O. 
Hatfield. Ten color phOiographsencased in lucite present the theories 
of the Thunderegg's origin. -GCRMC news release 

Corrections 
The rush to meet deadlines and the complexity of the De· 

panment"s new desktop publishing system resulted in errors in 
the January 1990 issue of Oregon Geology. We apologize for any 
inconvenience this may have caused. 

I. Figure 16 caption. p. 8. last sentence should have the words 
'"stream channel" added at the end. 

2. Figure 20 caption. p. J 0, should read "Reworked airfall deposit 
exposed in roadcut on the Crooked River grade." 

3. Figure 23 caption. p. 11. should read "Dark. cross-bedded 
sands are interspersed with laminated sheet-flood deposits in the 
Deschutes Fonnation near Round Butte." 

4. Figure 24 caption. p. 11. delete the words "Hyperconcentrated 
flow." 

5. Figure 25 caption, p. I I, change first three words to "Extremely 
coarse conglomerates." 

6. Complete sentences 1 and 8 in "Cove Palisades Slate Park 
Field Trip Guide" on p. 13 should read "Rows exposed at the 
rim of Dry Canyon are Round Butte flows." 

1. Stop 4. p. 14. paragraph 5, sentence 2. delete "both" and 
'"and dark (andesite?)." Sentence 4. same paragraph, should be 
changed to two sentences that read "The second is the light-colored 
Cove ignimbritc. A white to gray reworked tuff unit overlies a 
conglomerate and cross-bedded sandstonc about halfway down 
the grade." 

8. Stop 5, p. 14. paragraph I. next to last sentence should 
be changed to read '"Their exceptional thickness may be the result 
of ponding behind a basalt dam downstream. although there is 
no direc t ev idenee of this other than their thickness and behavior 
in places as a single cooling unit." 

9. Stop 6. p. 15, paragraph I, sentence 3. change "lower unit" 
to "upper unit." 0 
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AVAILABLE DEPARTMENT PUBLICATIONS 

GEOLOGICAL MAP SERIES Price 

G MS-4 Oregon gravity maps, onshore and offshore. 1967 3.00 
GMS-5 Geologic map, Powers 15-minute Quadrangle, Coos/Curry Coun-

ties. 1971 3.00 
GMS-6 Preliminary report on geology of part of Snake River canyon. 

1974 6.50 
GMS-8 Complete Bouguer gravity anomaly map, central Cascade Moun-

tain Range. 1978 3.00 
G MS-9 Total-field aeromagnetic anomaly map, central Cascade Moun-

tain Range. 1978 3.00 
GMS-10 Low- to intermediate-temperature thermal springs and wells in 

Oregon. 1978 3.00 
GMS-12 Geologic map of the Oregon part of the Mineral 15-minute 

Quadrangle, Baker County. 1978 3.00 
GMS-13 Geologic map, Huntington and parts of Olds Ferry 15-minute 

Quadrangles, Baker and Malheur Counties. 1979 3.00 
GMS-14 Index to published geologic mapping in Oregon, 1898-1979. 

1981 7.00 
GMS-15 Free-air gravity anomaly map and complete Bouguer gravity 

anomaly map, north Cascades, Oregon. 1981 3.00 
G MS-16 Free-air gravity and complete Bouguer gravity anomaly maps, 

south Cascades, Oregon. 1981 3.00 
GMS-17 Total-field aeromagnetic anomaly map, southern Cascades, Ore-

gon. 1981 3.00 
GMS-18 Geology of RickrealI/SalemWest!Monmouth/Sidney 7'12-minute 

Quadrangles, Marion/polk Counties. 1981 5.00 
GMS-19 Geology and gold deposits map, Bourne 7',!,-minute Quadran-

gle, Baker County. 1982 5.00 
GMS-20 Geology and geothermal resources, S',!, Bums 15-minute Quad-

rangle, Harney County. 1982 5.00 
GMS-21 Geology and geothermal resources map, Vale East 7 '12-minute 

Quadrangle, Ma1heur County. 1982 5.00 
GMS-22 Geology and mineral resources map, Mount Ireland 7'12-minute 

Quadrangle, Baker/Grant Counties. 1982 5.00 
GMS-23 Geologic map, Sheridan 7'12-minute Quadrangle, Polk and 

Yamhill Counties. 1982 5.00 
GMS-24 Geologic map, Grand Ronde 7',!,-minute Quadrangle, Polk and 

Yamhill Counties. 1982 5.00 
GMS-25 Geology and gold deposits map, Granite 7V,-minute Quadran-

gle, Grant County. 1982 5.00 
GMS-26 Residual gravity maps, northern, central, and southern Oregon 

Cascades. 1982 5.00 
GMS-27 Geologic and neotectonic evaluation of north-central Oregon. 

The Dalles lOx 2° Quadrangle. 1982 6.00 
GMS-28 Geology and gold deposits map, Greenhorn 7'12-minute Quad-

rangle, Baker and Grant Counties. 1983 5.00 
GMS-29 Geology and gold deposits map, NEY, Bates 15-minute Quad-

rangle, Baker and Grant Counties. 1983 5.00 
GMS-30 Geologic map, SEY, Pearsoll Peak 15-minute Quadrangle, 

Curry and Josephine Counties. 1984 6.00 
GMS-31 Geology and gold deposits map, NWY, Bates 15-minute Quad-

rangle, Grant County. 1984 5.00 
GMS-32 Geologic map, Wilhoit 7Y2-minute Quadrangle, Clackamas and 

Marion Counties. 1984 4.00 
GMS-33 Geologic map, Scotts Mills 7Y2-minute Quadrangle, Clackamas 

and Nlarion Counties. 1984 4.00 
GMS-34 Geologic map, Stayton NE 7'12-minute Quadrangle, Marion 

County. 1984 4.00 
GMS-35 Geology and gold deposits map, SWy, Bates 15-minute Quad-

rangle, Grant County. 1984 5.00 
GMS-36 Mineral resources map of Oregon. 1984 8.00 
GMS-37 Mineral resources map, offshore Oregon. 1985 6.00 
GMS-38 Geologic map, NWY, Cave Junction 15-minute Quadrangle, Jo-

sephine County. 1986 6.00 
GMS-39 Geologic bibliography and index maps, ocean floor and conti-

nental margin off Oregon. 1986 5.00 
GMS-40 Total-field aeromagnetic anomaly maps, Cascade Mountain 

Range, northern Oregon. 1985 4.00 
GMS-41 Geology and mineral resources map, Elkhorn Peak 7Y2-minute 

Quadrangle, Baker County. 1987 6.00 
GMS-42 Geologic map, ocean floor off Oregon and adjacent continental 

margin. 1986 8.00 
GMS-43 Geologic map, Eagle Butte and Gateway 7',!,-minute Quadran-

gles, Jefferson and Wasco Counties. 1987 4.00 
as set with GMS44/45 10.00 

GMS-44 Geologic map, Seekseequa Junction and Metolius Bench 7'12-
minute Quadrangles, Jefferson County. 1987 4.00 
as set with GMS43/45 10.00 

GMS-45 Geologic map, Madras West and Madras East 7''!'-minute Quad-
rangles, Jefferson County. 1987 4.00 
as set with GMS43/44 10.00 

GMS-46 Geologic map, Breitenbush River area, Linn and Marion Coun-
ties. 1987 6.00 
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G MS-47 Geologic map, Crescent Mountain, Linn County. 1987 ___ 6.00 __ 
GMS-48 Geologic map, McKenzie Bridge 15-minute Quadrangle, Lane 

County. 1988 8.00 
GMS-49 Map of Oregon seismicity, 1841-1986. 1987 3.00 
GMS-50 Geologic map, Drake Crossing 7V,-minute Quadrangle, Marion 

County. 1986 4.00 
GMS-51 Geologic map, Elk Prairie 7',!,-minute Quadrangle, Mar-

ion/Clackamas Counties. 1986 4.00 __ 
GMS-53 Geology and mineral resources map, Owyhee Ridge 7Y2-min-

ute Quadrangle, Ma1heur County. 1988 4.00 __ 
GMS-54 Geology and mineral resources map, Graveyard Point 7Y2-min-

ute Quadrangle, Malheur and Owyhee Counties. 1988 4.00 __ 
GMS-55 Geology and mineral resources map, Owyhee Dam 7V,-minute 

Quadrangle, Malheur County. 1989 4.00 __ 
GMS-56 Geology and mineral resources map, Adrian 7 '12-minute Quad-

rangle, Malheur County. 1989 4.00 
GMS-57 Geology and mineral resources map, Grassy Mountain 7Y2-min-

ute Quadrangle, Malheur County. 1989 4.00 __ 
GMS-58 Geology and mineral resources map, Double Mountain 7Y2-min-

ute Quadrangle, Malheur County. 1989 4.00 __ 
GMS-59 Geologic map, Lake Oswego 7',!,-minute Quadrangle, 

Clackamas, Multnomah, and Washington Counties. 1989 6.00 __ 

BULLETINS 

33 Bibliography of geology and mineral resources of Oregon (lst sup-
plement, 1936-45). 1947 -:-:-:-:,-----;--;:--;-_-;:::---;-_-;--;;--;;-__ 3.00 __ 

35 Geology of the Dallas and Va1setz 15-minute Quadrangles, Polk 
County (map only). Revised 1964~-:---,_~,--_=;-;-;= __ 3.00 __ 

36 Papers on Foraminifera from the Tertiary (v. 2 [parts VII-VIII] 
only). 1949 _::---,-__ ,---.,---,-___ ---;:-;::;-_--;::;-; __ 3.00 

44 Bibliography of geology and mineral resources of Oregon (2nd sup-
plement, 1946-50). 1953 3.00 __ 

46 Ferruginous bauxite, Salem Hills, Marion County. 1956 3.00 __ 
53 Bibliography of geology and mineral resources of Oregon (3rd sup-

plement, 1951-55). 1962 _---.,....,.,-...,--,--,-________ -,3.00 
61 Gold and silver in Oregon. 1968 (reprint) 17.50 __ 
65 Proceedings of the Andesite Conference. 1969 10.00 __ 
67 Bibliography of geology and mineral resources of Oregon (4th sup-

plement, 1956-60). 1970 3.00 
71 Geology of selected lava tubes, Bend area, Deschutes County. 1947 5.00 __ 
78 Bibliography of geology and mineral resources of Oregon (5th sup-

plement, 1961-70). 1973 3.00 __ 
81 Environmental geology of Lincoln County. 1973 9.00 __ 
82 Geologic hazards of Bull Run Watersked, Multnomah and 

Clackamas Counties. 1974 6.50 __ 
87 Environmental geology, western Coos/Douglas Counties. 1975 ___ 9.00 __ 
88 Geology and mineral resources, upper Chetco River drainage, Curry 

and Josephine Counties. 1975 4.00 __ 
89 Geology and mineral resources of Deschutes County. 1976 ___ 6.50 __ 
90 Land use geology of western Curry County. 1976 9.00 __ 
91 Geologic hazards of parts of northern Hood River, Wasco, and Sher-

man Counties. 1977 8.00 
92 Fossils in Oregon. A collection of reprints from the Ore Bin. 1977 _ 4.00 __ 
93 Geology, mineral resources, and rock material of Curry County. 1977 7.00 __ 
94 Land use geology, central Jackson County. 1977 9.00 __ 
95 North American ophiolites (IGCP project). 1977 7.00 __ 
96 Magma genesis. AGU Chapman Conference on Partial Melting. 19TZJ2.50 __ 
97 Bibliography of geology and mineral resoures of Oregon (6th sup-

plement, 1971-75). 1978 ___ -::-__ c::-::::::-_______ 3.OO 
98 Geologic hazards, eastern Benton County. 1979 9.00 
99 Geologic hazards of northwestern Clackamas County. 1979 10.00 

100 Geology and mineral resources of Josephine County. 1979 9.00 __ 
101 Geologic field trips in western Oregon and southwestern Washing-

ton. 1980 9.00 __ 
102 Bibliography of geology and mineral resources of Oregon (7th sup-

plement, 1976-79). 1981 4.00 __ 
103 Bibliography of geology and mineral resources of Oregon (8th sup-

plement, 1980-84). 1987 7.00 __ 

MISCELLANEOUS PAPERS 

5 Oregon's gold placers. 1954_-::--_-.---::;,--=-:-=;:-;;-_____ 1.00 
11 Articles on meteorites (reprints from the Ore Bin). 1968 3.00 __ 
15 Quicksilver deposits in Oregon. 1971 3.00 __ 
19 Geothermal exploration studies in Oregon, 1976. 1977 3.00 __ 
20 investigations of nickel in Oregon. 1978 5.00 

SHORT PAPERS 

25 Petrography of Rattlesnake Formation at type area. 1976 _____ 3.00 __ 
27 Rock material resources of Benton County. 1978 4.00 __ 
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AVAILABLE DEPARTMENT PUBLICATIONS (continued) 

SPEC IAL PAPERS PriCt 
2 Field grology, SW Brokm Top Quadrangle. 1978 3.50 __ 
J Rock mau:ri&1 R:$QUr«$, Oa.:kimas, Columbia, Mulmomah, and 

Washing\Qll Counties. 1978 1.00 __ 
" Heal flow of 0"'80n. ]978 3.00 __ 
5 Analysis and fQrenslS of the demand for rock materials in 

Oregon. 1979 3.00 __ 
6 Geology of tile La Grande area. 1980 5.00 __ 
7 Pluvial Fort Rock Lake, W e County. 1979 4.00 __ 
8 Geology and geochemislry oI1he Mount Hood volcano. 1980 300 __ 
9 Geology of (he Brei lenbush HOI Springs Quadrangle. 1980 __ 4.00 __ 

10 Teo;loni<.: roIalion of tho: Oregon WeStern Caso;adeS. 1980 ___ 300 __ 
II 'fMses and dj~rtalion~ on geology of Qn,gon. Bibliography 

and index. 1899- 1982. 1982 ",--cc-,--:;-ccc-""",,-;;:c::-,---6.00-
12 Geologic linear'S 01 the norIhem part of the Cascade Range. 

Oregon. 1980 3.00_ 
IJ FaullS and Ij~nlS 01 sou thern Ca$CWS. O..,gon. 198L __ 4.00 __ 
14 Geology and geolhennal resoUltts, Mou nl Hood an:a 1982 __ 7.00 __ 
15 Geology and geolhennal rnoUltts, C'Cntllll ~gon Cascade 

Range. 1983..,.-,,,--==-==----0_=_--,,---0----1 1.00-
16 Indu 10 the Orr 8i" (1939- 1978) and Orrgo" Gmog, 

(1979- 1982). 1983 4.00 
17 Biblioglllphy of OJqon p.akUHology, 1792-1983. 1984 ___ 6.00_ 
18 Investigations of uk in ~gon. 1988 7.00 __ 
19 Li~Qnc: deposilS in Oregon. 1989 8.00 __ 
20 Benmnile in ~JOn: Occurrences. analyses. and ecroomie 

poIenli . 1. 1989 "',--==-=--,--~0-7C~--,-_=_-,-,---6'OO-
21 Field gwlol)' of lhe NW V. Broken Top l~_minule Quadr2ngle. 

Oo:schute$ Cou nt y. 1987 ______________ ' .00 __ 

OIL AND GAS INVESTIGATIONS 
3 ~Iiminary identifICations of Foraminifera. General F'moIeum 

Long Bell III ~II . 1973 3.00_ 
" ~Iiminuy idenliflCatiQn$ or Foraminifera. E.M. Wam::n Coos 

County 1-7 wcll. 1973 300 
5 f'Io5po:ctS for natural gas. upper Nehalem River Basin. 1976 _ _ '.00 __ 
6 f'rospcc1s for oil and gas, Coos Basin. 1980 9.00 __ 
7 Com:lalion of Ccn<u.ok SU3tigtaphie units of western ~gon and 

Washi"iton. 1983 g.OO __ 

8 SubsUrl"1ICe stratigraphy of !he Ochoro &sin. Oregon. 1984 700 __ 
9 SubsUrl"1ICe biostraligraphy of the east Nehalem Basin. 1983 600 

10 Mist Gas Field: uplontlionl ~lopmaH. 1979· 1984. 1985 __ 400 __ 
II BiostratiJlllPlty of exploralory wel~ weslcm Coc:>s, Douglas. 

and Lane: Counties. 1984 6.00 __ 
12 BiOW1ltigl1lplly. upkntory wells, N Willametle Basin. 1984 __ 600 __ 
13 BiOW1ltignlphy, explO1l11ory wells. S Willamc:tle Basin. 1985 _ _ 600 __ 
14 Oil and &as investiga tion of the Astoria Basin, 031SOp and 

northernmost 1i1l~ Counties, 1985 7.00 __ 
15 Hydrocarbon exploration and occum::nces in ~gon . 1989 ___ 7.00 __ 
16 Available well m:ords and samples. onshore and offshore oil 

and gas ~II$. 1987 ~.OO __ 

MISCELLANEOUS PUBLICATIONS 
Geologic map of Oregon cast of 121st meridan (U.S. Geological 

Survey Map '.90"2). 1977 (blac:kliN: cop, only) 6.10 __ 
Geolo,ic map of ~gon weSt of U lst meridian (U.S. Geolog ica l 

Survey Map 1-325). [961 6.10 __ 
Geological highway map. Paci fIC Northwest region.. OregorVWashing-
I~ of Idaho (publ;~ by AAPG). 1973 5.00_ 

Landfonns of Orqon (relief map. 17.12 in.) 1.00 
~pt L..KIsM mosaic map (publ ished by ERSAL. Oregon State 

Uniwnily). 1983 10.00 
Gcothc:nnal rnoultt. of Oregon (published by NOAA). 1982 __ 3.00_ 
Imin map of availa ble topograph ic maps for Oregon published by 

the U.S. Gc:oIo,ieal Survey 150 __ 
Bend JO.minUie Quadrangle. GroIogic map and m:onnaissana: ge0-

logic map. C'Cntllll Oregon High Cascades. 19S7 3.00 __ 
Lebanon [!i-minute Quad., Roronnaissancc gwIogic map. 1956 __ 3.00 __ 
Mist Gas Field Map. showing well Iocalions. rcvitc:d 1990 

(Open·FiIe Rc(X)11 0 -90· 1. oulid print. incl. production data) __ 7.00 __ 
Northwesl Oregon. COITClation Section 24. Bruer and others, 1984 

(published by AAPG) S.OO __ 
Oregon rocks and minerals. a descriplion. 1988 (IXlGAMl Open· 

Fi le: Report 0 ·88.-6: rev. ed . of Mi$CCllancQus Paper 1) S 00 
Mining claims (Slate laws gowming quartz and placer claims) __ F= __ 
Back issues or Ort 8,',,'Ort8fN1 G,mo8Y, 1939-April 1988 ___ roo __ 
Back issues of O"gOll Gtology. May/JutIC 1988 and later ___ '.00 __ 
Color poslcard: Oregon Stale Rock and Slale Gemstone . .50 __ 

~parale pritt lists rOO" ~n.n~ rtporU. geolhtr mal tMrgy slud~ lour guide. rterallonal gold minlnc in rormatloR, and non-Otp.artlhtntal maps and rtpOrts .. ill 
~ mailed llpon I"fljUesl. ~ l)ep . ... ntn l also sells OrtjOn topographic maps publ islled b, tilt U.s. Geoloflical Sur~ty. 
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