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COVER PHOTO 
Bull Run Lake, in the Bull Run watershed, major water 

supply for the City of Portland, is located northwest of Mount 
Hood in Clackamas County. It is one of the geomorphic 
features of the area that were at least partially formed by 
glaciers covering the mountain during the Pleistocene (Ice 
Age). Article beginning on page 12 discusses evidence of past 
glaciers and lakes south of the Columbia River Gorge. 

OIL AND GAS NEWS 

ARCO finishes 1988 drilling program at Mist 
ARCO has completed a successful drilling program at Mist Gas 

Field, Columbia County. Of the twelve wells drilled to the produc­
tive Clark and Wilson sandstone during 1988, seven were completed 
as producers and five were dry holes. The successful gas wells are 
the CFI 34-1-55, CFW 12-15-64, CC 12-19-65, CC 24-9-64, CC 
42-8-54, CC 44-27-65, and the LF 32-20-65R-RDl. The dry holes 
are the Benson 14-7-64, CFI 23-16-64, Johnston 44-19-65, LF 24-8-75 
and RD!, and the Sterling 12-24-66 and RDI. No rates for the com­
pleted gas producers have been released. 

Of particular significance is the fact that the locations of several 
ofthe gas producers extend the productive area of the Mist Gas Field. 
The CFW 12-15-64 and CC 24-9-64 are the easternmost gas wells 
in the field, and extend production 4 mi to the east of any previous 
producing gas wells. The CC 12-19-65 is the westernmost well in 
the field, extending gas production to within a quarter of a mile 
of the border to Clatsop County. 

Clatsop County wildcat wells permitted 
ARCO has received permits to drill in Clatsop County, about 

12 mi northwest of Mist Gas Field. The permits are for the OR 
13-33-86 and OR 21-33-86 wells located in T. 8 N., R. 6 w., and 
the wells are proposed for a 6,OOO-ft total depth. Wells drilled 
previously in this general area have had gas shows, but so far none 
have been completed as producers. 

NWPA schedules field symposium 
The Northwest Petroleum Association will hold its 1989 annual 

spring field symposium in Spokane, Washington, May 18-19, 1989. 
The symposium will concentrate on the geology of the Columbia 
River Basin, Washington. For details, contact Phil Brogan 
(503-382-0560), or Barbara Portwood (503-287-2762), or write the 
NWPA, P.D. Box 6679, Portland, OR 97228-6679. 

Recent permits 

Permit Operator, well, Status, proposed 
no. API number Location total depth (ft) 

418 ARCO NW'A sec. 33 Location; 
OR 21-33-86 T. 8 N., R. 6 W. 6,000. 
36-007-00020 Clatsop County 

419 ARCO SW'A sec. 33 Location; 
OR 13-33-86 T. 8 N., R. 6 W. 6,000. 
36-007-00021 Clatsop County 0 
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Eocene unconformities in the Camas Valley 
quadrangle, Oregon 
by Ewart M. Baldwin, Department of Geological Sciences, University of Oregon, Eugene, Oregon 97403, and Rauno K. Perttu, CMA, Inc., 
2816 Upper Applegate Road, Jacksonville, Oregon 97530 

The Oregon Department of Geology and Mineral Industries is initiating a jointly funded, cooperative investigation of the natural­
gas potential of the southern Coast Range. Recognition of appropriate stratigraphic interpretations and depositional models for various 
parts of the study area constitutes a critical dimension of the investigation. The publication of this interpretation of the Eocene stratigraphy 
of the Camas Valley quadrangle is a valuable contribution to this effort. -Editor 

ABSTRACT 

Near the end of the early Eocene, a thick section of Paleocene 
and lower Eocene oceanic basalt of the lower Roseburg Formation 
and a thick section of flyschlike sandstone and siltstone of the up­
per Roseburg Formation were shoved against the southern Oregon 
continental mass. During emplacement, the lower Tertiary section 
moved in what now is seen as an eastward direction along the 
Canyonville fault zone relative to the Klamath Mesozoic rocks to 
the south. Clockwise rotation must be considered in reconstructing 
original motions. 

Accompanying uplift and erosion of the deformed Roseburg and 
Mesozoic rocks was the unconformable deposition of a blanket of 
conglomeratic rock from the denuded Klamath terrane upon trun­
cated Roseburg strata. Deposition of this unit, the Bushnell Rock 
Member of the Lookingglass Formation, which is notably thicker 
nearer to the Klamath mass and which thins noticeably north of the 
Canyonville fault zone, was followed by deposition of the thinner 
sandstone and siltstone of the Tenmile Member, which, in turn, was 
followed by deposition of the coarser, offlapping Olalla Creek 
Member. Mild deformation followed as the Lookingglass Forma­
tion was eroded from the top of the Porter Creek anticline, and then 
the onlapping seas deposited the basal sandstone of the White Tail 
Ridge Member of the Flournoy Formation, which trends southward 
through Camas Mountain and around the south end of Camas Valley. 
The thinner bedded siltstone of the Camas Valley Member of the 
Flournoy Formation underlies the broader portions of Flournoy and 
Camas Valleys. 

The 1'yee Formation, a massively bedded, thick sandstone unit, 
was deposited in the center of the Coast Range following regional 
warping and rests on all the older Tertiary units. The Tyee Forma­
tion is the oldest Tertiary unit to cover the Canyonville fault zone 
without noticeable offset. 

The Paleogene section may be separated into mappable units by 
unconformitie"S caused by recurring periods of deformation. 

INTRODUCTION 

The Eocene stratigraphy of the Camas Valley quadrangle (Figure 
1) and nearby parts of Oregon was initially described by Diller (1898). 
Baldwin (1974) subdivided Diller's Umpqua Formation into the 
Roseburg, Lookingglass, and Flournoy Formations and mapped their 
regional distribution. The Tyee Formation remained the same as 
described by Diller, but younger formations to the north were 
described and named the Elkton Siltstone and the Bateman Forma­
tion. Nearly all of the formations formerly in the Umpqua Forma­
tion have been divided by Baldwin into members, many of them 
named for features within the Camas Valley quadrangle. Detailed 
mapping of these members by Baldwin was critical to determining 
the structural relationships and boundaries of the geologic forma­
tions in the region. The map in this paper (Figure 2) is the first 

-----+----
INDEX MAP OF OREGON 

o 50 100 MILES 
I I I I r iii I I I 

I 
o 50 100 KILOMETERS 

Figure 1. Location of Camas Valley quadrangle, Oregon. 

published map showing the areal extent and distribution of the in­
dividual members. 

Baldwin's study of the Camas Valley quadrangle (Figure 1) began 
with supervision of graduate studies by N.V. Peterson (1957), who 
mapped the southeast third of the quadrangle. Baldwin later con­
ducted geologic mapping in the central part of the Oregon Coast 
Range for the U.S. Geological Survey (USGS), under the supervi­
sion ofP.D. Snavely, Jr., and extended this mapping into the Camas 
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Figure 2. Geologic map of the Camas Valley quadrangle, Oregon. See Figure 3 for map explanation and cross sections. 
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Figure 3. Cross sections and explanation of map symbols for geologic map of the Camas UlUey quadrangle (Figure 2). 

Valley and Tyee quadrangles in the mid-1960's. When the study of 
the oil and gas potential of this region was discontinued by the USGS, 
mapping was sponsored by the Oregon Department of Geology and 
Mineral Industries (DOGAMI) under H.M. Dole. and R.E. 
Corcoran. 

The Camas Valley quadrangle (Figures 2, 3, and 4) is situated 
near the northern boundary of the Klamath Mountains, which are 
believed to be an accumulation of accreted miniplates of pre-Tertiary 
age (Blake and others, 1985). Although there are local complica­
tions, Mesozoic rocks in the Camas Valley quadrangle are generally 
separated from the Tertiary section to the north by the Canyonville 
fault zone (Perttu, 1976; Baldwin and Perttu, 1980). The Wildlife 
Safari fault is a northeast-trending branch of the Canyonville fault 
zone. 

STRATIGRAPHY 
No attempt is made herein to subdivide the Mesozoic rocks in 

the Camas Valley quadrangle. The Mesozoic units have been 

discussed by Blake and others (1985). Most of the pre-Tertiary rocks 
are restricted to the southern end of the quadrangle south of the 
Wildlife Safari fault. A thick Eocene section occurs north of the 
fault. One formation of intermediate and as yet undetermined age, 
sometimes called the "Hoover Hill beds," occurs south of the Wildlife 
Safari fault and overlies Mesozoic units. We refer to this formation 
as the "unnamed formation." 

Unnamed formation 
Peterson (1957) described beds of uncertain age that crop out 

in Hoover Hill and Olalla Creek and in a hill just northeast of the 
Umpqua River bridge east of Winston. Rock of this formation is 
massively bedded, light-gray, arkosic, coarse- to medium-grained 
sandstone. The furmation is poorly bedded, with only minor siltstone 
interbeds. Peterson noted that the unnamed unit had an unconform­
able relationship with the underlying Mesozoic rocks and suggested 
that it was Late Cretaceous in age, possibly the same age as the Chico 
(Hornbrook) Formation. We have not found the unnamed forma-
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tion and the Roseburg Fonnation in contact anywhere. Furthennore, 
the base of the Roseburg Formation is not exposed, because the 
Roseburg basalt is probably an emplaced seamount or island-arc 
terrane, so the age relationships of the Roseburg Formation and the 
unnamed formation are difficult to determine. The unnamed unit 
is resting on Klamath Mountains terrane and therefore had a dif­
ferent provenance than the Roseburg sediments. It also would not 
have been subjected to subduction zone jamming and rebound as 
was the Roseburg Formation (Perttu, 1976). Consequently, even if 
it were an age equivalent of the Roseburg units, it would appear 
quite different. Baldwin believes the formation to be of Late 
Cretaceous or Paleocene age but has found no fossil evidence to 
confirm this age. 

Roseburg Formation 
The Roseburg Formation (Baldwin, 1974) is made up of a thick 

basal sequence of pillow basalt flows and breccia with minor sand­
stone interbeds, overlain by a thick section of tuffaceous sedimen­
tary rock. The basalt appears to be thickest in excellent exposures 
along the North Fork of the Umpqua River from a point about 2 
mi west of Glide nearly to Roseburg. The Roseburg Formation also 
crops out along U.S. Highway 1-5 for approximately 35 mi from 
Scott Valley near Yoncalla to a point south of Roseburg. 

In the Camas Valley quadrangle, the formation is mostly well­
bedded sandstone and siltstone, which intertongues with lesser 
amounts of pillow basalt flows. Basalt of the Roseburg Formation 
is present in the valley of Porter Creek and southwest of Bushnell 
Rock. The basalt could with considerable effort be mapped as a 
separate fonnation and potentially be correlated with the Siletz River 
Volcanics in the central Coast Range of Oregon and the Crescent 
Formation in Washington. 

/ 
I 

Figure 4. Sketch map showing structural relationships of the 
formations in the Camas Valley quadrangle. 

The complex intertonguing of the Roseburg sedimentary rocks 
and the top of the basalt makes mapping ofthe basalt-sediment boun­
dary difficult. Baldwin therefore prefers to retain the units in one 
formation and considers the basalt the lower member of the forma­
tion. If the basalt and sedimentary units ofthe Roseburg Formation 
are divided into two formations, then Perttu believes that a second 
division within the Roseburg sedimentary units would also be 
appropriate but difficult to make. He believes that the Roseburg 
sedimentary units must have an underlying, although at least par­
tially age-equivalent, lower member that was deposited in associa­
tion with the marine basalt volcanic centers and an overlying member 
that represents continent-derived lower slope and trench flysch that 
was deposited at the time of emplacement of the Roseburg volcanic 
piles. At the time of emplacement of the Roseburg volcanic piles 
and associated sediments into the subduction zone, continent-derived 
flysch would have partially buried the impinging Roseburg units. 
Perttu feels that some of the upper Roseburg sediments below the 
Bushnell Rock Member of the Lookingglass Formation represent 
such onlap units. These units would be very similar in appearance 
to the underlying Roseburg flysch but should show a very different 
provenance. 

Bukry and Snavely (1988) cite K-Ar dates of 62.1-59.2 million 
years for five samples of oceanic tholeiitic basalt collected {rom rock 
the writers assign to the lower part of the Roseburg Fonnation. They 
also found a coccolith assemblage that, like the basalts, ranges from 
Paleocene into the early Eocene. 

Miles (1977) examined the planktonic Foraminifera of the 
Roseburg, Lookingglass, and Flournoy Formations. He found that 
the Foraminifera of the Roseburg and Lookingglass Formations are 
indistinguishable. He assigned the units to the P7 and P8 zones of 
the "standard" tropical zonation. He found none that he could 
definitely assign to the Paleocene. It is possible that the foraminiferal 
and coccolith zonations are not quite the same. 

The Roseburg beds were steeply folded and faulted during the 
latter stages of continental accretion when the Roseburg Formation 
moved eastward relative to the Klamath terrane. This deformation 
probably accompanied emplacement of the Roseburg Formation 
volcanics and associated sediments against the North American con­
tinent during possible jamming and subsequent westward jumping 
of an Eocene subduction zone. 

Faults and folds of the Roseburg Formation trend N. 50° -80° 
E. (Baldwin, 1964; Perttu and Benson, 1980). This trend may repre­
sent a later clockwise rotation of structures that originally paralleled 
the continental margin. When the movement along the Canyonville 
fault zone before rotation is considered, the implied original direc­
tion of impingement of the Roseburg Fonnation against the conti­
nent was at an angle of approximately N. 10° E. 

Llokingglass Formation 
The Lookingglass Fonnation (Baldwin, 1974) was named for ex­

posures of the formation along Lookingglass Creek in Lookingglass 
Valley. The fonnation has been divided into the lower conglomeratic 
Bushnell Rock Member, the middle Tenmile Member, and the up­
per Olalla Creek Member. The Lookingglass Formation may repre­
sent sediments that were deposited immediately after the collision 
of the Roseburg block with the subduction zone. 

The Bushnell Rock Member is a massive conglomerate nearly 
800 ft thick that rests on both steeply dipping Roseburg strata and 
pre-Tertiary rocks along Tenmile Creek (Figure 2). The conglomerate 
rests directly on the eroded surface of the Klamath terrane south 
of the Wildlife Safari fault. Movement along the fault appears to 
have been right-lateral through Roseburg time. Perttu suggests that 
movement along the Canyonville fault system, of which the Wildlife 
Safari fault is a strand, is more than 40 Ian. Immediately after jam­
ming ofthe subduction zone, right-lateral movement on the Canyon­
ville fault system would have ended, and rebounding of the inac­
tivated subduction zone would have occurred. This rebounding, 
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which was initially accompanied by continued compressive defor­
mation, resulted in rapid erosion. generating the Bushnell Rock con­
glomerates. The conglomerate thins rapidly to the nonh. The entire 
Lookingglass Formation does not crop out nonh of a line drawn 
from Coos Bay 10 Sutherlin. Flournoy beds surround Roseburg basalt 
outcrops in the Coos Bay and Drain quadrangles without the presence 
of the intervening Lookingglass clastic wedge. 

The Tenmile Member is composed of nearly 5,000 ft of thinly 
bedded sandstone and siltstone beds in the valley of Tenmile Creek. 
Microfossils from this member have been dated by Miles (1977) as 
early Eocene. 

The Olalla Creek Member is dominantly conglomerate and is 
similar to the Bushnell Rock Member. It also represents rapid ero­
sion of the Klamath Mountains terrane following renewal of uplift 
along the south side of the Canyonville fault zone. This uplift may 
have been associated with the formation of a new wedge of under­
thrust sediments below the new continental margin along the new 
subduction zone to the west and development of new drainage systems 
across the newly accreted terrane. The Olalla Creek Member is 
thickest in the Olalla Creek syncline. which was active during deposi­
tion of the member. A small patch of the member also caps Ten­
mile Bune. Some of the beds are red, perhaps indicating oxidation 
on subaerial fan surfaces. 

Flournoy Formation 
The Flournoy Formation (Figure 5) is named for outcrops of the 

formation's basal sandstone in White Tail Ridge and siltstone in 
Flournoy Valley. The White Tail Ridge Member sandstone thins 
around the western end of the Poner Creek ant icline and extends 
to Camas Mountain: then the beds curve westward around the south 
end of Camas Valley, forming a gentle dip slope under the valley. 
The sandstone is not as well graded in Camas Valley as it is fanher 
to the nonh and west in the Coast Range. The beds in White Tail 
Ridge were deposited in shallower water near the shore. 

The upper thinly bedded sandstone and siltstone of the Flour­
noy Formation crop out in the Flournoy and Camas Valleys. This 
unit was named the Camas Valley Member for exposures in Camas 
Valley and up the side of the nearby Tyee escarpment. Baldwin (1974) 
correlated the Sacchi Beach Beds and the Lorane Siltstone with the 
Camas Valley Member of the Flournoy Formation. Microfossils in 
the Camas Valley Member are middle Eocene (Ulatisian) in age 
(Miles. 1977). 

l)'tt Formation 

The Tyee Formation was named first when Diller (1898) called 
it "Tyee sandstone." Although no type section was designated, the 
name was taken from Tyee Mountain. which is located nonh of Coles 
Valley. The Umpqua Rive,r enters a canyon it has carved into the 
sandstone beds of the Tyee Formation. Details concerning the 
lithology and mode of deposition of the formation are discussed by 
Chan and Dott (1983) and by Heller and Ryberg (1983). Baldwin 
divided the Tyee Formation along its eastern margin into the Tyee 
Mountain Member, the Hubbard Creek Member, and the' Baughman 
Lookout Member. The lower and upper members are composed of 
thickly bedded sandstone with thin layers of siltstone. Pebbles are 
remarkably scarce. The Tyee Mountain Member sandstone, which 
is 2,500 ft thick in Tyee Mountain. can be traced southward along 
the Tyee escarpment, where it disconformably overlies the Camas 
Valley Member of the Flournoy Formation. South of Mount Gurney, 
the beds appear to thin i!nd pinch out against the Poner Creek anti­
cline. This relationship may imply that the anticline was a positive 
area still undergoing some compression at the time of Tyee 
deposition. 

The Hubbard Creek Member. which consists of about 400 ft of 
thinly bedded sandstone and siltstone beds, crops out along Hub­
bard Creek in the Tyee quadrangle to the nonh. This member pin­
ches out south of Mount Gurney. 

The Baughman Lookout Member of the Tyee Formation forms 
much of the southern Coast Range. It continues southward into the 
Bone Mountain and Eden Ridge quadrangles. Like the Tyee Moun­
tain Member, the Baughman Lookout Member is massively bedded 
and approximately 2.500 ft thick. This member may interfinger with 
the Elkton Siltstone to the nonh. The Tyee Formation appears to 
be disconformable on older units in the Camas Valley quadrangle. 
On the western edge of the Coast Range syncline, the Camas Valley 
silty beds were eroded. leaving the basal Tyee sandstone resting on 
the White Tail Ridge Member sandstone of the Flournoy Forma­
tion. The two fonnations are very similar in appearance. In other 
locations. such as along the uppermost ponion of the Nonh Fork 
of the Coquille River and just west of Sitkum, the Tyee Formation 
rests on the Camas Valley siltstone. The contact is relatively easy 
to determine in these areas. The Tyee Formation overlaps all older 
Eocene units in the southern Coast Range and thus demonstrates 
its unconformable relationship with these older units. The Tyee fur­
mation is the oldest Eocene formation to bridge the Canyonville fault 
wne without noticeable offset. Fossils as well as stratigraphic posi­
tion indicate a middle Eocene age for the Tyee Formation. The for­
mation appears to represent a major delta system that developed from 
the (now) southeast and unconfonnably overlapped the older for­
mations and structures of the continental shelf and slope. The Tyee 
Formation is locally nonmarine in its southern exposures. where 
it contains coal seams, and becomes progressively deeper water 
marine to the nonh. 

Figure 5. Flournoy lillley from Mount Gurney. 

Younger Eocene formations 

No younger Eocene formations crop out in the Camas Valley 
quadrangle. The upper pan of the Tyee Formation interfingers with 
the Elkton Siltstone in the Elkton quadrangle. and it is in tum overlain 
in the southern pan of the Elkton quadrangle by shallow water to 
nonmarine coal-bearing, deltaic beds of the Bateman Formation 
(Baldwin, 1961). To the west, the Coos Bay syncl ine contains 6,000 
ft of deltaic, coal-hearing strata of the Coaledo Formation. This for­
mation rests unconformably on the Roseburg. Lookingglass, and 
Flournoy Formations. The Coaledo Formation is nowhere in con­
tact with the Tyee, Elkton , or Bateman Formations. Beds called 
Elkton by some writers at and south of Cape Arago are considered 
by Baldwin to be upper Flournoy siltstone. The Bastendorff and 
Thnnel Point Formations of latest Eocene age rest with apparent 
conformity upon the CoaJedo Formation. The Coaledo Formation 
probably represents a deltaic system that was independent of the 
Tyee system. It is spatially associated with the Coos Bay syncline, 
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which was actively deforming during Coaledo time, and appears 
to have periodically continued downwarping to the present. The 
downwarping may have been associated with lateral faulting, which 
may have shifted the Coaledo block northward relative to the other 
formations to the east. 

DISCUSSION OF STRATIGRAPHIC USAGE 
The International Subcommission on Stratigraphic Classifica­

tion (ISSC) has discussed stratigraphic units such as the Roseburg, 
Lookingglass, and Flournoy Formations that are unconformity 
bounded (ISSC, 1987). The magnitude and extent of the unconfor­
mity help define the terminology. Although the term "sequence" 
has been used for such units, the term has not been used consistent­
ly. The subcommission proposed the name "synthem" to replace 
"sequence." 

Baldwin's three subdivisions of Diller's Umpqua Formation are 
unconformity bounded throughout all of the southern Coast Range. 
The post-Roseburg unconformity represents erosion that accom­
panied severe folding and thrusting that occurred during final 
emplacement of the Roseburg Formation against the continental 
coastline. Baldwin and Lent (1972) proposed that the Colebrooke 
Schist in the northern Klamath Range was emplaced at the same 
time as the Roseburg Formation was deformed. That part of the 
Klamath terrane that crops out along Tenmile Creek south of 
Bushnell Rock may have been thrust to its present position at the 
same time. Baldwin believes that the pre-Tertiary units along Ten­
mile Creek may have come from a position south of the Canyon­
ville fault zone. 

If the terminology proposed by the ISSC is adopted, then the 
Roseburg, Lookingglass, and Flournoy Formations might qualify 
as synthems. The Lookingglass "synthem" could be divided into 
the Bushnell Rock, Tenmile, and Olalla Creek "Formations." If there 
were minor unconformities separating them, which we have not 
found, they would be "sub synthems." The ISSC says (lSSC, 1987, 
p. 234): 

"Unconformity-bounded units should not be used when they are not 
necessary, and only those that serve a useful purpose should be recog­
nized. Unconformity-bounded units should be established only where 
and when they can fulfill a need that other kinds of stratigraphic units 
cannot meet, where they can contribute to the understanding of the 
stratigraphy and geologic history of an area ... " 
We do not intend to formally change the terminology of the 

Eocene units in the southern Oregon Coast Range. Nevertheless, 
the importance of the regional unconformities in deciphering the 
history and stratigraphy of the area should not be overlooked. 

The Roseburg, Lookingglass, and Flournoy Formations are sub­
divisions of Diller's Umpqua Formation. Some have referred to these 
formations as the "Umpqua Group." From a historical standpoint, 
this may be appropriate. The definition of a group is "the lithologic 
unit next higher in rank than a formation." Groups are defined to 
express the natural relationships of associated formations. It is possi­
ble that such profound unconformities within the "Umpqua Group" 
would make the use of the word inappropriate. However, if the 
Roseburg, Lookingglass, and Flournoy Formations may be ques­
tionably of group rank, there should be little doubt that they can 
no longer be lumped together as the Umpqua Formation. Molenaar 
(1985), however, rejected the Roseburg, Lookingglass, and Flour­
noy as formations and proposed that the Umpqua Formation of Diller 
be used. A formation is a lithological mappable unit. The three for­
mations, formerly parts of Diller's Umpqua Formation, are such 
mappable-and mapped-units and should stand on their own merits. 
Distinguishing these formations from each other is important to 
understanding the tectonic development of southwestern Oregon. To 
do less is to obscure the geology. 

ROTATION OF THE EOCENE UNITS 
Simpson and Cox (lm7) and other authors have shown that 

western Oregon has undergone 50 0 -70 0 clockwise rotation in an 

area from the Klamath Mountains to a point north of Newport in 
the Coast Range. If the Coast Range rotated as a block, the location 
of the axis of rotation is unclear. This complex problem has been 
studied by Wells and Heller (1988). Although no clear answer is 
known, they ascribe rotation to a combination of movement of the 
colliding plates and stretching of the Great Basin. As noted in this 
article, the interpreted rotation must be factored into statements of 
location and paleogeography at various points in time. The place 
of the reconstruction implied here in interpretations of Eocene plate 
tectonics is touched on but is not the subject of this paper. 
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Cyanide in mining 
by Allen H. Throop. Mined uuu/ Reclamation Progmm. Oregon Departlllem o/Geology alld Mineral Industries, 1534 Queen Avenue SE, 
A/bany, Oregon 97321 

A new application of old technology combined with favorable 
prices has revolutionized the gold mining industry. The effects of 
the revolution are now being felt in Oregon. New applications of 
cyanide technology are allowing profitable mining of lower grades 
of orc. 

For over 100 years, metallurgists have used cyanide to dissolve 
and recover gold and silver from some ores by leaching. About 15 
years ago, the U.S. Bureau of Mines designed a recovery method 
combining the efficiency of cyanide leaching with modern large­
scale, open-pit mining techniques. Nevada, California. Idaho, and 
Washington arc among the states where. in recent years. gold min­
ing has increased dramatically because of these contcmporary 
methods. Oregon should soon join them. 

THE PROCESS 
Heap leaching gold from ore is, in a general way. similar to the 

geologic processes that concentrated native copper in the huge 
Arizona deposi ts that initially drew miners to that state. In those 
copper deposits. acidic waters dissolved copper from low-grade 
deposits and then, as conditions changed, redeposited and concen­
trated the copper into economically recoverable orebodies. In a 
Iypical heap leaching process. a weak solution of cyanide dissolves 
low-grade gold and then redeposits the gold on activated carbon from 
which the now more concentrated gold can be economically 
recovered. 

Because each deposit is unique, the nature of the ore and. con­
sequently. the details of mining and processing vary from site to 

site. For example. although only gold is mentioned in this anicle, 
the cyanide heap leaching process also recovers silver. 

A typical sequence used in heap leaching is as fo llows: 
Ore is drilled and blasted from an open pit. A ton of ore may 

contain less than 0.05 oz of gold. Recovering this gold might be com­
pared to finding the fragments of a pulverized rice grain in a rock 
the size of a refrigerator. 

After blasting. large front-end loaders dump the ore into trucks 
that carry it to the processing site. The ore is next croshed into pieces 
that are threc-quaners of an inch or less in diameter. After crushing. 
trucks or conveyors heap the crushed rock in piles 50 ft or deeper 
on large. specially built pads that can cover many acres. 

Once the heaps are built on the pad. plastic pipes with sprinklers 
are laid on top of the ore. A weak cyanide solution is then sprayed 
over the heaps. It trickles through the are and dissolves the 
microscopic gold panicles. After reaching the bottom of the heap, 
the gold-bearing solution collects in pipes. Because it contains gold, 
miners refer to the liquid as the "pregnant"' solution. From the heaps, 
the pregnant solution flows to the pregnant pond. where it is held 
to av.'ait funher process ing. 

At a constant rate, pumps move the pregnant solution from the 
pond toa series of columns filled with carbon. The gold in the preg­
nant solution is quickly adsorbed onto the carbon. Once the metal 
is stripped from the liquid, the now barren solution is sent to a second 
holding pond. the barren pond. The solution is treated to have the 
correct alkalinity and the proper cyanide content restored and is then 
pumped back to the leach pad to start the cycle over again. 

kriall'iew oj gold " .ille mrd processing facilities of Atlas Gold Milling. IlIc .. ill Eureka. Newu/a. /=open-pit mine; 2=l\'uste duml'S; 
3=crusher mu/ mill; 4=u(/ministration, laboratory. and maintellmlce buildings; 5=heap leacirillg pm/: 6=carbon columns; 7=pregnwl/ 
pond: 8=OOrren pond: 9=fresh-water pond. Photo cOl/rtesy of AlIas Gold Milling. Ine. 
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Simplified heap leach flow chart, showing the main steps from mined are to refined gold. At the end of the process, the "dare" that 
is poured into bars is 90 percent pure gold. 
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BaSt preparation o/htap leach pad. On a slightly inclined sur­
face. an impenneable plastic sheet (darker in colar) is covered with 
a highly penneable s)l1thetic material (lighter color). The penneable 
sheet and th t ptrforattd pipes strve 10 drain off the leoching solu­
tion afitr il has moved from tht lOp 10 tht bottom 0/ the ore pilt 
and b«ome ·'pregnant." Under tht irnptrmeablt shtt!l and not ~;siblt 
in the picture. a leak delection systtm is inslalled. 

The carbon is removed from the columns. when it has adsorbed 
as much gold as possible. A stronger cyanide solution redissolves 
the precious metal, which is then precipitated onto steel wool. The 
steel wool/gold mixture is melted in a furnace, and iron and other 
impurities go into slag that is separated from the gold. The "dore" 
that is finally poured from the furnace into bars is now 90 percent 
pure gold . Final refining takes place away from the mine site. After 
mining, hauling, milling, and leaching the ore, the mining company 
will receive less than $20 for the gold in each ton of ore. 

GOLD MINING IN OREGON 
During the last 20 years, most of Oregon's gold production has 

been from placer deposits in Baker, Malheur, Grant, Josephine, and 
Douglas Counties. Such deposits consist of coarse gold part icles 
mixed in gravels. Since gold is much denser (heavier) than gravel, 
processing the ore through a trammel and sluice box works well 
to separate thc precious mctal from the gravel, and cyanide is not 
generally used in placer mining. Gravity methods are cheaper, and 
gold nuggets sold for jewelry bring prices higher than the price for 
refined gold. 

Cyanidt solulion being applitd on htap itach pad at AI/as Mint. 
Phoro counesy of Atlas Gold Mining, Inc. 

Heap leach pad in production. Only the stClion in background 
is currelllly being sprinkled with C)'(J.nide so/ulion. 

However, the cyanide leaching technology has encouraged 
geologists to look at areas where they might find large deposits of 
low-grade and very fine gold. Only recently have exploration com­
panies focused their attention on Oregon. 

Several deposits have been found and are now undergoing ad­
vanced exploration and feasibility studies. Galactic Services and 
Wavecrest are working at Quartz Mountain in Lake County. Atlas 
Precious Metals is working in Malheur County. Many other explora­
tion projects are active in central and eastern Oregon . 

One deposit in Grant County has now been developed to the point 
where GSR Goldsearch Resources (US), Inc., a subsidiary of a Cana­
dian company and the company that will operate the Grant County 
minc, has received all the necessary pennits for a mining opera­
tion. The pennitted operation is krJa,I.rn as the Prairie Diggings Mine. 

Examp/e of carbon columns used to remOl'e goldfrom pregnant 
solution. 

wnAT IS CYANlDE? 
Chemically, the word "cyanide" refers to several compounds of 

carbon and nitrogen which are often combined with other elements. 
For the leaching process, the U.S. mining industry starts with sol id 
sodium cyanide (NaCN) and mixes it in a highly alkaline solution 
(pH of 10.5 or greater) before spraying it on the leach pad. The 
alkalinity must be kept high to prevent a breakdown of the solution 
and loss of the cyanide into the atmosphere as a gas. 

To humans, fish, and O(her animals, cyanide is very toxic. Eating 
a piece of sodium cyanide equal to half a rice grain can be fatal 

(COlrtinued on page 20, Cyanide) 
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Ice-Age glaciers and lakes south of the Columbia 
River Gorge 
by John Eliot Allen, Emeritus Professor of Geology, Ponland State Um\wsity, Portland, Oregon 972(Jl-(J75J 

ABSTRACf 
Geomorphic analysis of the 600 mPlying between the Colum­

bia and Sandy-Zigzag Rivers. based on 26 topographic maps with 
scates varying from 1:125,000 to 1:24,000. has detennincd that a 
minimum of 60 mP or 10 percent of the total area was covered by 
ice during the Pleistocene by two large glaciers, one in the valleys 
of the Sandy and Zigzag Rivers and one in the valley of the West 
Fork Hood River, and 52 small glaciers that chiseled the upper north 
and east slopes of the volcanic upland above elevations of]'ooo ft. 
Small lams and morainal lakes occupy 14 of the cirques. 

INTRODUCTION 
Founeen years ago. I published an article (Allen, 1975), that 

described, largely from a geomorphic or landform study of 12 
topographic maps. the extent and characteristics of the Ice Age 
glacier:s that covered 337 mi 2 of the WallOVl3 Mountains in north­
eastern Oregon. ThaI study involved the recognition of 13 kinds of 
landforms produced by mountain glacier:s, eight of them erosional 
in origin (matterhorn, arete, col, cirquc. tam lake, bastion, U-shaped 
valley, and hanging valley) and five depositional in origin (terminal , 
lateral, and recessional moraine; morainal lake; and glacial outwash 
plain). 

I have been interested in the area lying between the Columbia 
River Gorge and the Sandy and Zigzag River:s ever since I traversed 
most of its ridges in 1931. while contributing to onc of its first recon­
naissance geologic maps (Allen, 1932). Logging of these upland sur­
faces had been completed a few years earlier and had bared much 
of the topography. Now, however, decades of new growth have sub­
dued and mantled the glacial features. 

For several years, I have been plotting these features on older 
15- and 30-minute quadrangle maps that were made in the field by 
skilled cartographers using plane table methods. their knowledge 
of geomorphology-and some artistic license. Sioee 1975, more than 
20 new 7'h-minute quadrangles of the area between the Sandy and 
Zigzag Rivcrs and the Columbia River Gorge have been released. 
I had hoped that the new maps, which were made with more 
sophisticated techniques and are more accurate than the older maps, 
would also be more helpful in the geomorphic study of the area's 
glaciation. But I soon realized that the older, more interpretative 
maps were more useful for this purpose. For that reason, a 1907 
base map is used in this paper to illustrate the glaciation. 

In this analysis, three of the 13 landforms listed as criteria of 
glaciation evidence for the Wallowas-arete, bastion, and matterhom 
- were discarded as inappropriate for the area around the Gorge. 
I have also added three criteria: The landform is at an elevation above 
3,000 ft, it is on an east or northeast slope, and it is one of a group 
of at least three similar nearby landforms located in similar 
topographic positions. In order to be included on the map presented 
in this paper, a glacial landform had to display at least four of the 
13 distinguishing features. 

It is important to note that the map shows the absolute minimum 
area covered by ice during the Ice Age. It may well have amounted 
to twice the tiO mi2 suggested. 

GEOWGIC SETTING 
North and west of Mount Hood, the pre-Ice Age plateau con­

sisted of numerous, mostly Pliocene (2- to 5- million year Im.y.]­
old) coalescing and overlapping shield volcanoes lying along and 

south of a line between Larch Mountain on the west and Mount De· 
fiance on the east. 

Relatively undissected areas surround many of these volcanoes 
(Larch, Palmer, Talapus, Eagle. Big Bend, Aschoff, Green Point, 
Hiyu. Lost Lake, and Defiance) and also occur at Latourelle Prairie 
and Benson Plateau. 

The present Columbia River Gorge was cut during the lasl 3 m.y. 
(M,H. Beeson, personal communication, 1987), and the upland sur­
face was deeply d issected by the Bull Run. Sandy. and Hood River:s 
and their tributaries. as well as by Herman. Eagle, Tanner, and other 
lesser creeks that drain to the Columbia, This dissection also cut 
away much of several other volcanic peaks (Nesmith, Tanner, 
Chinidere, and Indian). 

GLACIERS 
During the last 2 m.y. (Pleistocene), the upper sides of many 

of the higher peaks. ridges, and plateau remnants in the 6OO-mi2 
area .... 'Cre carved by at least 52 small glaciers that, except for glaciers 
in the valleys of Sandy River. Zigzag River. and the West Fork Hood 
River, rarely extended down below 3,000 ft in elevation. 

Fifteen thousand years ago, glaciers on Mount Hood were pro­
bably much different and certainly were much larger than today. 
Three of the west-side glaciers (now Zigzag, Reid, and Sandy 
Glaciers) then joined and extended 20 mi down the Sandy River 
valley and may have even extended northwest of Marmot tOVl3rd the 
Little Sandy River to a point only 6 mi cast of the present-day lown 
of Sandy. This Sandy River glacier produced by far the largest 
number of landforms, and. along with its Zigzag River tributary, 
covered more than 35 mil of those valleys below the slopes of Mount 
Hood. The glacier filled its valley with ice to a depth of at least 
1,000 ft ncar its western end, since outwash overflowed north into 
the Little Sandy River valley through three saddles in the ridge be­
t .... 'Cen Marmot and Brightwood. The glacier both widened and 
deepened the valley, steepened its walls. and left terminal and reces­
s ional moraines that now occupy the center of the northward bend 
of the river at Alder Creek. A south-side lateral moraine forms the 
lower pans of the hills south of Highway 26 for 4 mi west of 
Brightwood, and hummocky ground moraine may be seen ncar 
Cherryville. 

It is probable that most of the features described here were results 
of the last Vashon or Pinedale glaciation (Crandell , 1965), which 
culminated 15,000 years ago. Many earlier and possibly just as ex­
tensive advances of ice occurred during the 2 m.y. of the Pleistocene, 
but field work will be required to prove their presence and extent. 

Although today only the Gl isan and Ladd Glaciers contribute 
to the West Fork Hood Rivcr, its valley once contained a large glacier 
that covered more than 15 mil. The glacier came down the valley 
to near the outwash plain that is now Dee Flat , and terminal, reces­
sional. and laleral moraines can be inferred from the topography 
along the West Fork. If the upper part of this glacier was mOTe than 
1,000 ft thick , it would have spilled O'IICrthe col nonh ofHiyu Moun­
tain inla the headwater:s of the Bull Run Rivc.r to scour out the Bull 
Run Lake basin. 

Evidence of the Ice Age extent of the glacier:s originating on the 
other three sides of Mount Hood has been largely covered by volcanic 
debris from explosive eruptions (pyroclast ic flows) and lahars 
(mudflows) during the last 10,000 years. 

The largest of the 52 smaller glaciers was on the northeast side 
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OREGON GEOLOGY, VOLUME 51, NUM8ER I, JANUARY 1989 IJ 



of Larch Mountain and once covercd more than a square mile. Most 
of the rest of the glacien; formerly CO\'Cred areas of half to a quar1er 
of a square mile or less. The headwalls of their cirques or glacial 
amphitheaters were usually less than -n1 fl high. If Ihe average area 
is about a third of a square mile. Ihese small glacien; cmcred a lotal 
of 17 mi l. 

LAKES 
Eighteen, or 35 percent, of these cirques still comain remnams 

of small tarns or morainal lakes. The east side of "County Line 
Ridge:' between Eagle and Tanner Creeks, has 10 cirques in the 
9 mi between Table Mountain and Wauna Point south ofBonne ... ille 
Dam , and four of them contained lakes in the 1907 map used for this 
study. Fi ... e cirques around Mount Defiance contain lakes. Four of 
the seven cirques on the OOr1h side of Zigzag Mountain contain lakes. 

The glacial origin of Wah tum, Lost. and Bull Run Lakes has been 
questioned. Although called a glacial lake in the A/las of Oregoll 
Lakes (Johnson and othen;. 1985). Wahtum Lake, with a depth of 
184 ft, could be a diatreme or phreatic (steam) volcanic explosion 
crater. Lost Lake probably lies within a glaciated "'alley, but the lake 
was formed by a lava dam from Lost Lake volcano. 

According to Ikauheu (1'/74), Bull Kun Lake basin was par1ially 
formed by a lay .. now. However. the valley is V-shaped. the head 
of the lake is cirquclike, and there is morainal material on top of 
the lava at the nOr1h .... 'Cst end of the lake. 

These and the 14 other small lakes contain spores and pollen 
in the sediment on their floors. Probably many more oflhe 52 cirque 
basins once contained lakes that now have changed to swamp or 
meadow. 

Hansen (1946, 1947) was Ihe first in Oregon 10 use the priceless 
scientific pollen record enlombcd in Oregon lakes and swamps to 

Rock eaters at work 
The invol ... ement of biological agenlS in the decomposition of 

rocks has attracted increased attention in recent years, part icularly 
in the area of preserving historic structures. Scientists have found 
that, until now. the role of microorganisms in the deterioration of 
stone and similar building materials has been largely underestimated. 

Wilhelm Irsch reports in Die Zeit (Overseas edit ion. no. 38) on 
findings of scientists in Germany, where the Federal Government 
supports invest igations by such groups as the geomicrobiology 
research team at the University of O ldenburg. Here. geologists, 
biologists, chemists. and physicists arc collaborating in studies of 
the effects of the numerous organisms that attack buildings. These 
tiny "rock eaters" include lichens. algae. fungi, molds, and bacleria. 
Thus. for instance. fungi closely related to those growing in mar­
malade jars have been found occurring widely on rocks; even waste­
water organisms have been discovered on rocks. 

The same rapid processes of decomposi tion that affect organic 
subslances. for instance. the spoi ling of fresh food or the rolling 
of animal cadavers. are applicable in Ihe biologic deterioralion of 
mincrals. The "rock caters" attack 00( only slOne and concrete but 
also glass, mela ls, sheet rock, paints, and wall paper. 

These organisms may attack building materials d irectly or 
indireclly, for instance, through acids or sailS that they produce and 
lhat migrate and concentrate in the SIOIlC or coocrete; they may spread 
the same substances through the almospncre, through ground water, 
or th rough rain or condensation moistuTC that migrates within the 
bui lding materials. Such substances inc lude nitric, sulfuric, and car­
bonic acids as well as organic acids. It was found that considerable 
effects on stone were produced not only by nitric oxides from 
automobile emissions but also by nitric oxides produced by bacteria 
that "cat" ammonium and ammonia compounds and whose origin 
is still a mystery, In addi tion, thcre are mechanical destructive ef-

delermine the differenl kinds of plants thai occupied the area and 
lhe sequences of cJimalic changes Ihat have occurred during the last 
10.000 years. The invesligat ion of the pollen record from 8al­
tleground Lake, nor1h of Vaocouver. Washinglon (Barnosky, 1985), 
which is the latest of these studies that have added much to our 
knowledge of the postglacial period, is a good model for future pollen 
studies in the Cascades. 
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fects , such as biological blasting and splitting through growth pro­
cesses or the formation of gases and indirect effects through 
influences on many chemical processes that occur in the building 
material even wi thout the presence of the "liule wreckers." 

Because of the minute size of microorganisms, it is hard to 
imagine the size of the problem these colonizers represent. For ex­
ample, the Cologne Cathedral contains approximately five million 
stones. Microorganisms populate these stones to a depth of 5 cm 
from the surface. at an average density of at lcast 100,000 bacteria 
per cml. That means that the fantast ic number of approximately ten 
quadrillion (1016) microorganisms live on-and cat from- the 
Cathcdr .. l. The speed of thcir reproduction and their metabolic ac­
tivity are beyond descript ion. 

To the microscope ... iew of the sciemist, the microflora of 
building-material surfaces assumes the dimensions of a tropical rain 
forest, and large cities appear as so many "lands of milk and honey" 
for microbes. 

Modern cities, it seems, are panicularly fenile areas for rock­
eating microbes. During a study of the process of colonization, it 
was found that the microflora of rocks brought into the city as 
bui lding materials increased a hundredfold within six months, from 
20,000 per gram of rock material to two million. 

For sources of energy, microbes use the sun as well as chemical 
energy from inorganic compounds or from organic ones such as 
coal, oil, methane, ~,protein, or paper. n.e microbes' "menu" 
ranges from carbon, ni lrogen, sulfur, oxygen, and hydrogen to 
phosphorus and various sallS. Gradually, through the fcasting of the 
microbes, bui lding materials not only lose substance but also change 
their chemical composition. 

So far. protective substances used to preserve building materials 
were not aimed at controlling such processcs. Thus, there exists a 
considerable need to catch up in the study of microbial "rock caters." 

- Klaus Neuelldor! 
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Collecting rocks 
Modified from a u.s. Geological Survey pamphlet, "Collecting Rocks," by Rachel M. &rker 

THE EARTH'S STORY IN ROCKS 
Rocks are the very substance of the Earth. They are composed 

of the same elementary panicles as all other matter in the universe, 
but the panicles are so arranged in rocks that the aggregate masses 
are very extensive. Individual rock bodies commonly occupy hun­
dreds or thousands of cubic miles of the Earth's volume. Even so, 
they differ greatly from place to place because of the many different 
rock-forming processes. 

What rocks are like at depths within the Earth is known only 
imperfectly from indirect measurements made by various techniques. 
Rocks near the surface, however, have been studied for many years, 
and their characteristics are well known. Studies of rocks have taught 
much about the structure, composition, and history of the Earth. 
In fact , the success of geologists in reconstructing the Earth's story 
by piecing together infonnation from rocks is one of the wonders 
of science. 

Geologists classify rocks in three great groups according to the 
major Earth processes that formed them. The three groups are ig­
neous rocks, sedimentary rocks, and metamorphic rocks. Anyone 
who wishes to build a meaningful rock collection should become 
familiar with the characteristics and interrelationships of these great 
groups. To transfonn a random group of rock specimens into a true 
collection, application of the geologic principles on which rock 
classification is based is necessary. 

Igneous rocks are fonned from molten material that has cooled 
and solidified. Molten rock material originates deep within the Earth 
and ascends to lesser depths or even, in volcanic eruptions, to the 
Earth's surface. When it cools slowly, usually at depths of thousands 
of feet, crystals separate from the molten liquid, and a coarse-grained 
rock results. When it cools rapidly, usually at or near the Earth's 
surface, the crystals are extremely small, and a fine-grained rock 
results. Separate bodies of molten rock material have, or acquire, 
unlike chemical compositions and solidify to different kinds of ig­
neous rocks. Thus, a wide variety of rocks is formed by different 
cooling rates and chemical compositions. Dissimilar as they are, 
obsidian, granite, basalt, and andesite porphyry are all igneous rocks. 

Coarse-grained igneous rock (granite). 

Sedimentary rocks are fonned at the surface of the Earth, either 
in water or on land. They are layered accumulations of sediments 
- fine to coarse fragments of rocks, minerals, precipitated chemical 
matter, or animal or plant materials. At no time during their fonna­
tion are temperatures or pressures especially high, and their mineral 
constitutions and physical appearances reflect this fact. Ordinarily, 

sedimentary rocks become cemented together by minerals and 
chemicals or are held together by electrical attraction; some, 
however, remain loose and unconsolidated. The layers are nonnal­
Iy parallel or nearly parallel to the Earth's surface; if they are at 
high angles to the surface or are twisted or broken, some kind of 
Earth movement has occurred since deposition. 

Most people visualize more easily the fonnation of sedimentary 
rocks than that of igneous or metamorphic rocks, because the pro­
cess occurs around us all the lime. Sand and gravel layers on beaches 
or in river bars resemble sandstone and conglomerate. Mud flats 
need only to be compacted and dried 10 become shale. Scuba divers 
who have seen mud and shells settling on the floors of lagoons find 
it easy to understand Ihe fonnalion of sedimentary rock. 

Sedimentary rock (conglomerate). 

Sometimes, sedimentary and igneous rocks are subjected to 
pressures so intense or 10 heat so high that they are completely 
changed. They become metamorphic rocks, which funn while deeply 
buried within the Earth's crust-usually during the long continued 
series of gigantic events that produce mountain systems. The pro­
cess of metamorphism does not melt the rocks, but instead transfonns 
them into denser, more compact, foliated rocks. (Foliated means 
the parallel arrangement of cenain mineral grains that gives the rock 
a laminated appearance.) New minerals are created either by rear­
rangement of mineral components or by reactions with fluids that 
enter the rocks. Some kinds of metamorphic rocks-granite gneiss 
and biotite schist are too examples- are strongly banded or foliated. 
Other kinds, such as hornfels and quartzite, are massive. Stress or 
temperature can even change previously metamorphosed rocks into 
new types. 

A peculiarity of m"tamorphic rocks is that, with increaSing 
metamorphism, a related but unlike series of rocks is fonned. Thus, 
in favorable localities, one can trace a funnation from shale through 
slate to phyll ite, to biotite-muscovite schist, and then to biotite 
gneiss-and know that all the rock types evolved from the same shale. 
Elsewhere, it may be impossible to tell which oft\MJ such dissimilar 
rocks as basalt and limy shale was the parent rock of hornblende 
schist. 

Rock-fonning and rock-destroying processes have been active 
for several billion years. Today, in the Guadalupe Mountains of 
western Texas, one can stand on limestone, a sedimentary rock, that 
was a coral reef in a tropical sea about 250 million years ago. In 
~nnont's Green Mountains one can see schist, a metamorphic rock, 
that was once mud in a shallow sea. Half Dome in Yosemile Valley, 
California, which now rises nearly 8,800 ft above sea level, is com-
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Metamorphic rock (schist) with allemale bands o/Iight and dark 
minerals (foliation). 

posed of quartz monzonite, an igneous rock that was emplaced and 
solidified several thousand feet within the Earth. To realize that a 
simple collection of rocks can illustrate this tremendous sweep of 
Earth history is an inspiring thought. 

STARTING A COLLECTION 
A good rock collection consists of selected, representative 

specimens, properly labeled and attractively housed. It can be as 
large or as small as its owner wishes. An active collection constantly 
improves. as specimens are added or as poor specimens are replaced 
by better ones. 

A rock collection might begin with stones picked up from the 
ground near one's home. These stones may have little value in the 
collection and can be replaced later by bener specimens. Never· 
theless, this first step is helpful in training the qe to see diagnostic 
features of rocks (features by which rocks can be differentiated). 
As one becomes more familiar with collecting methods and with 
geology, the collection will probably take one of two directions. One 
may try either to obtain representative specimens of igneous, 
sedimentary, and metamorphic rocks, or to collect all the related 
kinds of rocks from particular gcologic provinces. 

IDENTIFYING ROCKS 
Many books about geology explain the identification and 

classification of rocks and describe the underlying geologic prin­
ciples. Almost any recent general book on geology would help a 
rock collector. 

Geologic maps, unsurpassed as collecting guides, are also 
excellent identification aids. They show the distribution and extent 
of particular rock types or groups of rock types. Depending on size 
and scale, the maps may cover large or small areas. Most have brief 
descriptions of the rock types. Some are issued as separate publica· 
tions; Q(hers are included in book reports. 

Most geologic maps are issued by public or private scientific 
agencies. The U.S. Geological Survey (USGS) booklet, Geologic 
and HfJter-Supply &pons and Maps for Oregon, provides a ready 
reference 10 USGS pubhcations about Oregon. The free booklet may 
be obtained by writing to Western Distribution Branch, U.S. 
Geological Survey, Box 25286, Federal Center, Denver, CO 80225. 

The Oregon Department of Geology and Mineral Industries 
(DOGAM I) has published numerous maps and books on the geology 
of Oregon (see list of available publications o n pages 23 and 24 of 
this issue). DOGAM I has just released an updated version of an 
old favorite publication for rock and mineral col1ecting in Oregon. 
ent itled A Description QfSom~ Oregon Rocks and Minerals (see ar­
ticle on page 18 of this issue). This report describes the types of 
rocks and minerals found in Oregon and would be useful for rock 
collecting in this state. DOGAMI publications are sold in the Depart· 

menfs Portland, Bake r, and Grants Pass offices (see addresses on 
page 2 of this issue) and are also available in many local libraries. 

Comparing one's own specimens with those in a museum col· 
lection can help in identify ing Ihem. Most large rock collections 
are well labeled. Smalier rock collections abound in libraries, 
schools, public buildings. small museums, and private homes. 

W HERE TO FIND ROCKS 
Colleclions usually differ markedly depending on where the col· 

lector is able to search for rocks. In the great interior plains and 
lowlands of the United States, sedimentary rocks are exposed in wide 
variety. Igneous and metamorphic rocks are widespread in the moun· 
tains and piedmont areas of New England, the Appalachians. the 
Western Cordillera, and scattered interior hill lands; igneous rocks 
make up almost all the land of Hawaii. Along the Atlant ic and Gulf 
Coastal Plains and locally elsewhere, loose and unconsolidated rocks 
are widespread; in northern areas, glaciers deposited many other 
unconsolidated rocks. 

The best collccting sites are quarries, road cms or natural cliffs, 
and outcrops. Open fields and level country are poor places to find 
rock exposures. Hills and steep slopes are better sites. Almost any 
exposure of rock provides some collecting opportunities, but fresh , 
unweathered outcrops or manmade excavations offer the !;!est loca· 
tions. Where feasible, it is a good plan to vis it several exposures 
of the same rock to be sure a representative sample is selected. 

COLLECTING EQUiPMEl''T 
1be beginning collector needs two pieces of somewhat specialized 

equipment- a geologiSt's hammer and a hand lens. 
The hammer is used to dislodge fresh rock specimens and to 

trim them to display size. It can be purchased through hardware 
stores or scientific supply houses. The head of a geologist's ham­
mer has one blunt hammering end. The other end of the most ver­
satile and widely used style is a pick. This kind of hammer is apt ly 
called a geologist's pick. Another popular style-the chisel type­
has one chisel end; it is used mostly in bedded, soft sedimentary 
rocks and in collccling fossils. 

The hand lens, sometimes called a pocket magnifier, is used to 
identify mineral grains. Hand lenses can be purchased in jewelry 
stores, optical shops, or scientific supply houses. Six·power to ten­
power magnification is best. Optically uncorrected hand lenses are 
incxpensive and quile satisfactory, but {he advanced collector will 
want an optically corrected lens. 

Rock hammer and hand Itms. 

Other pieces of necessary equipment are neither unusual nor ex­
pensive: a knapsack to carry specimens, equipment, and food ; paper 
sacks and wrapping paper in which to wrap individual specimens 
and a marking pen to mark thcm; a notebook for keeping field notes 
unt il more permanent records can be made; and a pocket knife, 
helpful in many ways, especially to test the hardness of mineral 
grains. (Continued 011 page 22, Rocks) 
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The severity of an earthquake 

Interest in earthquakes in Oregon has been spurred recently by the hypothesis thaI the Juan de Fuca Plale may subduct beneath 
Oregon and Washington in a series of very large but infrequent earthquakes. 

The National Earthquake Hazard Reduction Program has funded the Oregon Department of Geology and Mineral Industries 
(DOGAMi) for a five-year study aimed at predicting the local intensity of earthquakes in the Portland area, based on geology. Because 
it is important to understand the distinction between the magnitude of an earthquake and its intensity, we are reprinting the followi ng 
discussion of earthquake intensity and magnitude from a U.S. Geological Survey pamphlet, The Severity of an Earthquake. Copies 
of this pamphlet may be obtained free from the Book and Open-File Reports Section. U.S. Geological Survey, Federal Center, Box 
25425, Denver, CO 80225. Single free copies are also available at the Portland Office of DOGAMI (address on page 2 of this issue). 

The severity of an earthquake can be expressed in terms of both 
intensity and magnitude. However. the two tenns are quite different. 
and they are often confused by the publ ic. 

Intensity is based on the observed effects of ground shaking on 
people, buildings, and natural features. It varies from place to place 
within the disturbed region depending on the locat ion of the observer 
with respect to the earthquake epicenter. 

Magnitude is re lated to the amount of seismic energy released 
at the hypocenter of the earthquakc. It is based on the amplitude 
of the earthquake waves recorded on instruments that have a com­
mon calibration. The magnirude of an earthquake is thus represented 
by a single, instrumentally determined value. 

Earthquakes arc the result of forces (deep within the Earth's in­
terior) that continuously affect the surface of the Earth. The energy 
from these forces is stored in a variety of ways within the rocks. 
When this energy is released suddenly, for example by shearing 
movemcnts along faults in the crust of the Earth. an earthquake 
resulls. The area of the fault whcre the sudden rupture takes place 
is called the focus or hypocenter of the earthquake. The point on 
the Earth's surface directly above the focus is called the epicenter 
of the earthquake. 

THE RICHTER MAGNITUDE SCALE 
Scismic waves are the vibrations from earthquakes that travcl 

through thc Earth; they are recorded on instrumcnts callcd 
seismographs. Seismographs record a zigzag tracc that shows the 
varying amplitude of ground oseillations beneath the instrument. 
Sensitive seismographs, which greatly magnify these ground mo­
tions, can detect strong earthquakes from sourccs anywhere in the 
world. The time, location. and magnitude of an earthquake can be 
dctermined from the data recorded by seismograph stations. 

The Rlchtcr magnitude scale was developed in 1935 by Charles 
F. Richter of the California Instirute ofTcchoology as a mathematical 
device to compare the size of earthquakes. The magnitude of an 
earthquake is detcrmined from the logarithm of thc amplitude of 
waves recorded by seismographs. Adjustmcnts are included in the 
magnitude formula to compensate for the variation in the distance 
betwecn the various seismographs and the epicenter of the earth­
quakes. On thc Richter Scale, magnitude is expressed in wholc 
numbers and decimal fractions. For example, a magnitude of 5.3 
might be computed for a moderate earthquake, and a strong earth­
quake might be rated as magnitude 6.3. Because of the logarithmic 
basis of the scale, each whole number increase in magnitude 
represents a tenfold increase in measured amplitudc; as an estimatc 
of energy, each whole number step in the magnitude scale cor­
responds to the release, of about 31 times more energy than the 
amount associated with the preceding whole number value. 

At first, the Richter Scale could be applied only to the records 
from instruments of identical manufacture. Now, instruments are 
carefully calibrated with respect to each other. Thus, magnitude can 
be computed from the record of any calibrated seismograph. 

Earthquakcs with magnirude of about 2.0 or less are usually called 
microearthquakes; they are not commonly felt by peoplc and are 

generally recorded only on local seismographs. Events with 
magnilUdes of about 4.5 or greater- there are scveralthousand such 
shocks annually-are strong enough to be recorded by sensitive 
seismographs all over the world. Great earthquakes, such as the 1906 
Good Friday earthquake in Alaska, have magnirudes ofRO or higher. 
On the average, one earthquake of such size occurs somewhere in 
the world each year. Although the Richter Scale has no upper limit. 
thc largest koown shocks have had magnitudes in the 8.8 to 8.9 range. 
Reccntly another scale called the moment magnitude scale has been 
devised for more precise study of great earthquakcs, 

The Richter Scale is not used to express damage. An earthquake 
in a densely populated area that results in many deaths and con­
siderable damage may have the same magnitude as a shock in a 
remote area that does nothing more than frighlen the wildlife. Large­
magnitude earthquakcs that occur beneath the oceans may not even 
be felt by humans. 

THE MODIFIED MERCALLI INTENSITY SCALE 
The effect of an earthquake on the Earth's surfacc is called thc 

intensity. The intensity scale consists of a series of certain key 
responses such as people awakening, movement of furniture, damage 
to chimneys, and, fi nally, total dcstruction . Although numcrous in­
tensity scales have been developccl over the last several hundred years 
to evaluate the effects of earthquakes, the one currently used in the 
United Stales is the Modified Mercall i (MM) Intensity Scale. It was 
developed in 1931 by the American seismologists Harry Wood and 
Frank Neumann. This scale, composed of 12 increasing levels of 
intensity that range from imperceptible shaking to catastrophic 
destruction, is designated by Roman numcrals. It does not have a 
malhematical basis; instead. it is an arbitrary ranking based on 
observed effcclS. 

The Modified Merca11i Intensity value assigned to a specific sile 
after an earthquakc provides a measure of severity that is more mean­
ingful to the nonscicntist than the magnitude, because intensity refers 
to the effects actually experienced at that place. After the occur­
rence of a widely felt earthquake, thc Geological Survey mails ques­
tionnaires to postmasters for distribution in the disturbed area, 
requesting infonnation so that intensity values can be ass igned . The 
results of this postal canvass and informatlbn furnished by other 
sources are used to assign an intensi ty value and to compile 
isoseismal maps that show the extent of various levels of intensity 
within the area where the earthquake was felt. The maximum ob­
served intensity generally occurs near the epicenter. 

The lower numbers of the intensity scale generally deal with the 
manner in which the earthquake is fclt by people. The higher 
numbers of the seale are based on observed slructural damage. Struc­
tural engineers usua lly contribute information for assigning inten­
sity values of VIII or above. 

The following is an abbreviated description of the 12 levels of 
Modified Mercalli intensi ty: 

I. Not felt exccpt by a very few. undcr cspecially favorable 
conditions, 

II. Fell only by a few persons at rest . especially on upper floors 
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of buildings. Delicately suspendcd objects may swing. 
III . Felt quitc noticcably by persons indoors. cspecially on up­

per floors of buildings. Many people do not recognize it as an carth­
quake. Standing motor cars may rock slightly. Vibration similar to 
the passing of a truck. Duration cstimated. 

IV. Felt indoors by many. outdoors by few during the day. At 
night. some a\Wakened. Dishes. windows. doors disturbed: walls 
make cracking sound. Sensation like heavy truck striking building. 
Standing motor cars rocked noticeably. 

V. Felt by nearly everyone: many awakened. Some dishes. win­
dows broken. Unstable objects overturned. Pcrldulum clocks may 
stop. 

VI. Felt by all. many frightened. Some heavy furniture moved: 
a few instances of fallen plaster. Damage slight. 

VII. Damage negligible in buildings of good design and con­
struction: slight to moderate in well-built ordinary structures: con­
siderable damage in poorly built or badly designed structures: somc 
chimneys broken. 

VIII . Damage slight in specially designed structures: con­
siderable damage in ordinary substantial buildings. with partial col­
lapse. Damage great in poorly built structures. Fall of chimneys. 
factory stacks. columns. monuments. walls. Heavy furniture 
overturned. 

IX. Damage considerable in specially designed structures; well­
designed frame structures thrown out of plumb. Damage great in 
substantial buildings. with partial collapse. Buildings shifted off 
foundations. 

X. Some well-built v.'OOdeu structures destroyed; most masonry 
and frame structures destroyed with foundations. Rails bent. 

XI. Few. if any (masonry) structures remain standing. Bridges 
destroyed. Rails bent greatly. 

XII. Damage total. Lines of sight and level are distorted. Ob­
jects thrown into the air. 

Another measure of the relative strength of an earthquake is the 
size of the area over which the shaking is noticed. This measure 
has been particularly useful in estimating the relative severity of 
historic shocks that were not recorded by seismographs or did not 
occur in populated areas. The extent of the associated areas where 
effects were felt indicates that some comparatively large earthquakes 
have occurred in the past in places not considered by the general 
public to be regions of major earthquake activity. For e;o.:ample. the 
three shocks in 1811 and 1812 ncar Ncw Madrid. Missouri. were 
each felt over the cntire eastern United States. Because there were 
so few people in the area west of New Madrid. it is not known how 
far the shocks were felt in that direction. The 1886 earthquake at 
Charleston. South Carolina, \WaS also fclt over a region of about 
2 million square miles. which includes most of the eastern United 
States. 0 
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New geologic postcard available 
A colorful postcard has been created in the Oregon Depart­

ment of Geology and Mineral Industries and is now avai lable 
for sale. 

The card pictures color representat ions of the State Rock, 
the thunderegg. and a faceted specimen of the State Gemstone, 
the Oregon sunstone, along with some ellplunutory text. White 
print and color-photo inserts are sct on a black background . 

Pricc of the postcard is 50 cents. For ordering, sec the 
Department·s Portland address on page 2 of this issue. Orders 
under $50 require prepayment. 

DOGAMI releases new publications 
8REITEN8USH AREA REPORT 

A new geologic report on studies of an area that includes the 
Austin and Breitenbush Hot Springs. both so-called Known Geother­
mal Resource Areas (KGRA) in the Cascade Range. presents a 
geologic cross section and geothermal modcl in greater detail than 
had been possible so far. 

The Oregon Department of Geology and Mineral Industries 
(DOGAM I) has released Geoiogyand Geothermal Resources of the 
Breitenbush-Austin Hot Springs Area, C/ac/wmas and M(lrion Coun­
ties. Oregon, as DOGAMI Open-File Report 0-88-5 (price $8.00). 
The reJXlrt \WaS edited by D.R. Sherrod of the U.S. Geological Survey 
(USGS) and contains contributions by Sherrod and five other scien­
tists from the USGS, Washington State Univers ity. and Southern 
Methodist University. 

The report summarizes several ongoing investigations, including 
geologic mapping, alteration studies, and the heat-flow results from 
cooperative and industrial drilling programs. The researchers were 
able to use, for the first time, previously confidential information 
from industry drilling. 

The first five of sill chapters present detailed treatments of 
geologic setting, stratigraphy, geochemistry, and jllteration 
phcnomena and analyze a substantial set of new data on thermal 
conductivity and heat flow. In the fin al chapter, all the contr ibu­
tions are combined into a geologic cross section showing lopogrnphy, 
stratigraphy. structure. isotherms, heat flow. gravity, and hydrology. 

The 91-page report is accompanied by a geologic map and cross 
scction of the area around the gCO{hennal drill hole erGH-I, located 
about 14 km (8.7 mil northeast of Breitenbush Hot Springs and 6 
km (3.7 mil northwest of Olal1ie Butte. This hole was rotary-drilled 
cooperatively by Thermal Power Company, Chevron Geothermal, 
and the U.S. Department of Energy in 1986 and yielded an essen­
tially lOO-percent core recovery down to its total depth of 161 m 
(528 ft). 

REVISED GUIDE TO OREGON ROCKS AND MINERALS 
Oregon's rocks and minerals are the subject of a newly revised 

version of an older publication by DOGAMI. A Description of Some 
Oregon Rocks and Minerals. released by the Depanment as Open­
File Report 0-88-6 (price $5.(0) was first written by H.M. Dole 
and published in 1950, and a revised edition appeared in 1976. The 
new releasc is the second revision and was prepared by L.L. Brown 
of the U.S. Bureau of Mines in Albany, originally as a 4-H Leader 
Guide for the Oregon State University Extension Service. 

The 59-page report begins wi th introduct ions into the definition. 
classification, and identification of minerals and rocks in general 
and then describes individual minerals and rocks. Minerals are 
grouped into metall ic, nonmetallic. and rock-forming minerals; the 
basic division of rocks into three groups is funher divided into such 
subgroups as extrusive-intrusive igneous rocks, consolidated­
unconsolidated sedimentary rocks, and foliatcd-nonfoliated metamor­
phic rocks. Individual descriptions include references to the origin 
and pronunciation of names and to occurrences and economic uscs 
in Oregon. 

A bibliography for further reading and a glossary of technical 
terms used in the descriptions complete the report as a first introduc­
tion to the Oregon world of rocks and minerals and their economic 
significance. 

NEW GEOLOG IC MAP FOR CASCADE HaT SPRINGS 
AREA 

A new geologic map partially funded by the U.S. Department 
of Energy provides a detailed geologic description of the McKen­
zie Bridge IS-minute quadrangle in the Cascade Range. 

Geologic Map oflhe McKen;je Bridge Quadrallgle. Lalle Count)'. 
Oregon was prepared by G.R. Priest, G.L. Black. and N. M. Woller 
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of DOGAM I and E. M. Taylor of Oregon State University. It was 
published in DOGAM l's Geological Map Series as Map GMS-48 
(price $8.00). 

The McKenzic Bridge quadrangle is located at the transition zone 
bet\\ieen the older Western Cascades and the younger High Cascades. 
This zone is also the location of some of the hottest known thermal 
springs in the Cascade Range. A major purpose of the study that 
culminated in the production of this map was to dcfine the struc­
ture of the area in greater detail. 

The report consists of two map sheets and a five-page text discuss­
ing the map data. The full-color geologic map at a scale of 1:62.500 
(Plate I) identifies 56 surficial, volcanic. and intrusive rock units 
and their structural relations and is accompanied by four cross sec­
tions. The second sheet (Plate 2) contains index and sample-location 
maps and three tables showing chemical analyses and radiometric 
ages of rock samples. The text discusses the structural geology. 
paleogeographic history. and mineral and geothermal resources of 
this complex geologic boundary. 

FIRSf DETAILED GEOLOGIC MAP FOR OWYHEE 
REGION 

DOGAMI has released the first geologic map that describes in 
detail the geology and mineral potential of a part of the Owyhee 
region in Malheur County. 

Geology and Mineral Resources Map of the Owyhee Ridge 
Quadrangle. Malheur Coullly. Oregon was prepared by DOGAMI 
geologist M. L. Ferns with partial funding by the COGEOMAP pro­
gram of the U.S. Geological Survey and has been published in 
DOGAM l"s Geological Map Series as map GMS-53 (price $4.00). 
It is the first publ ished result of an ongoing study of southeastern 
Oregon areas with a potential for mineral resources. 

The Owyhee Ridge 7'h-minute quadrangle covers approximate­
ly 48 mi2 between Lake Owyhee State Park and Succor Creek in 
Malheur County. At a scale of 1:24.000. the new two-color map 
describes 20 mostly Tertiary rock units. Structure is described both 
on the map and in two cross sections. The approximately 28- by 
40-in. map sheet also includes a discussion of mineral resources 
and tables showing whole-rock and trace-clement analyses of rock 
samples. 

All reports are now avai lable at the Oregon Department of 
Geology and Mineral Indust ries. 910 State Office Building, 1400 
SW Fifth Avenue, Portland. Oregon 97201-5528. Orders under $50 
require prepayment. 0 

Ramp retires 
Len Ramp, 37-year veteran geologist with the Grants Pass Field 

Office of the Oregon Department of Geology and Mineral Industries, 
retired on January I. 1989. Author or coauthor of numerous reports, 
bulletins. maps. and art icles on the geology and mineral resources 
of the state, Ramp is probably most famil iar to Oregon Geology 
readers for his work on Bulletin 61. Gold lind Silrer ill Oregon; 
bulletins on chromite. on the Chetco drainage induding the Kalmiop­
sis Wilderness and Big Craggies Botanical Arcas. and on Douglas, 
Coos. Curry. and Josephine Counties; his investigations of nickel 
and talc; and geologic maps. 

An avid runner, skier, climber. pi lot . and river rafte r, Ramp's 
physical skills and endurance are legendary in southv .. cstern Oregon. 
He was born and raised on a ranch ncar Roseburg, was graduated 
from the University of Oregon, and has lived and worked in Grants 
Pass for many years. Consequently. he has studied and hiked or 
dimbed over most of southwestern Oregon, and his extensive 
geologic knowledge of the area has been a valuable asset to miners 
and geologists looking for information. During his tenure with the 

Len Rnmp. Photo courtesy of Melissu Murtin. Medford Mail 
Tribune 

Department. the theory of plate tectonics was developed. and Ramp 
had the opportunity of being one of the first geologists who were 
able to apply it to the complex geology of southwestern Oregon. 
During his retirement. he plans to pursue his numerous hobbies, 
enjoy the out-of-doors. catch up on projects around his home, and 
keep in touch with geology. 

Ruthie Pavlat. secretary of the Grants Pass Field Office for 18 
years. also retired on January I. 1989. Born in Carbondale. Penn­
sylvania, Ruthie started life as a coal-miner's daughter but was raised 
in Binghamton. New York. Married for 45 years to a Navy pilot. 
Ruthie lived and worked "all over the country:' She and her hus­
band tried life in Maui after his retirement bUI e\'enlUally decided 
to settle permanently ncar Grants Pass. where they have lived since 
1967. Ruthie's hobbies include playing the violin and organ. hik­
ing, fishing and "loving animals." all of which she will continue 
to enjoy in retirement. 

Ruthie P(/\'Iat 

Until further notice, the Grants Pass Field office will be open 
on a part-time basis. on Monday, Tuesday. and Wednesday morn­
ings from 8:00 a.m. until noon. 0 
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Oregon's mineral exploration in 
1988 focused on gold 

Precious metals were the main targets of exploration in Oregon 
during 1988, with focus on the frontier epithermal (hot-springs) 
districts of central and southeastern Oregon, as Mark L. Ferns, 
Oregon Department of Geology and Mineral Industries (DOGAMI) 
geologist, reported last month in a talk given at the Northwest Mining 
Association annual convention in Spokane, Washington. 

Ferns summarized current exploration and mining activities in 
Oregon during 1988, commenting particularly on the new 
developments in the southeastern part of the State and presenting 
new interpretations of its geology and related precious-metal 
mineralization. 

The announcement by Atlas Corporation of a significant gold 
discovery at Grassy Mountain, Malheur County, highlighted a 
summer of extensive exploration. Intense exploration drilling and 
sampling programs targeted the Vale-Weiser epithermal district in 
extreme eastern Oregon. 

Ongoing mapping projects conducted by geologists from 
DOGAMI, Portland State University, Washington State University, 
and the U.S. Geological Survey are resulting in a better understan­
ding of the geologic processes that have generated hot-spring-type 
gold systems in this area where the northern part of the Basin and 
Range Province in Oregon intersects with the western part of the 
Snake River Plain. 
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Location map of prospects for epithermal gold in southeastern 
Oregon. 

To date, two broad ages of mineralization have been recognized: 
(1) Early mid-Miocene systems related to caldera formation and Basin 
and Range extensional environments, exemplified by the Grassy 
Mountain, Red Butte, Mahogany, Quartz Mountain, and Katey pro­
spects; and (2) younger, late Miocene to early Pliocene systems 
related to the development of the western Snake River Plain, ex­
emplified by the Vale Buttes, Birch Creek, Shell Rock Butte, and 
Double Mountain prospects. 

The combination of extensional tectonic regimes, areally high 
heat flow, and favorable host rocks such as arkosic sediments and 
rhyolite flows and domes make the Vale-Weiser district an especial­
ly promising exploration target for epithermal gold systems. 0 

(Cyanide, continued from page 11) 

to humans; much lower amounts can be fatal to trout. The Oregon 
Department of Geology and Mineral Industries (DOGAMI) and the 
Department of Environmental Quality (DEQ) administer regulations 
that are intended to ensure that cyanide stays within the processing 
area and does not escape into the ground water or surface water. 
Working in favor of the environment is the short-lived. nature of 
cyanide. Sunlight, oxygen, or a pH below 8 all lead to the breakdown 
of cyanide. In addition, cyanide will combine with any iron, other 
metals, or organic matter that it encounters if it is spilled. Finally, 
if minute quantities of cyanide do get into animals or humans, the 
cyanide breaks down quickly. It does not accumulate in the body 
the way lead, for example, does. 

The mention of cyanide tends to get a quick, emotional response 
from people who are not too well informed about it. Miners familiar 
with its use know that cyanide is a highly toxic chemical that is 
generally short-lived in the natural environment and that does a very 
efficient job of dissolving gold and silver. For an analogy, think of 
the gasoline in your gas tank. It is toxic and flammable. However, 
when used properly, it allows you to move around the state quickly 
and efficiently with very little thought about what would happen 
if you drank the gasoline. 

To carry the analogy further, we don't think about drinking 
gasoline or cyanide but we do think about both escaping into ground 
water or into streams. The U.S. Environmental Protection Agency 
(EPA) and Oregon's DEQ are addressing the serious problem ofleak­
ing underground gasoline storage tanks and have developed response 
programs for surface gasoline spills. New gasoline storage facilities 
will be designed and built so that leaks and spills are avoided. 
Likewise DOGAMI and DEQ are working jointly to anticipate and 
prevent problems of cyanide leaks or spills. 

Through existing reclamation laws supplemented by 1987 legisla­
tion, DOGAMI has the responsibility of ensuring that mines and 
leach pads are properly detoxified and reclaimed. The 1987 legisla­
tion requires miners to post a bond of between $25,000 and $500,000 
for removal, detoxification, or cleanup of cyanide at each major facili­
ty. DEQ's authority applies to all industrial processes that can af­
fect the environment. The two agencies are working closely to pro­
tect the environment, to give miners clear guidance about what is 
and what is not permissible, and to ensure that adequately prepared 
permit applications will be reviewed and the permits granted within 
a reasonable period of time. 

Within the next two years, large-scale gold mining using cyanide 
leaching technology will probably begin in Oregon. To geologists, 
the low-grade deposits offer new targets for exploration. To state 
residents, the mines offer increased employment in parts of the state 
that have chronic high-unemployment problems. Combined with that 
is the possibility of large developments in areas that now are almost 
inaccessible. To the regulatory agencies, the use of cyanide offers 
a challenge to develop adequate controls that protect the environment 
while not being overly restrictive to the mining companies. 0 
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Forum on the Geology of Industrial 
Minerals to meet in Portland 

The Oregon Department of Geology and Mineral Industries 
(DOGAMI) will host the 25th Forum on the Geology of Industrial 
Minerals in Portland during the week of May 1-6, 1989. The Forum 
is a conference devoted to the geology, exploration, and production 
of industrial minerals and typically is attended by 100 to 200 delegates 
from private industry, government, and academic institutions. 

The theme of the 25th Forum will be the industrial minerals of 
the Pacific Northwest. Papers presented during two days of technical 
sessions will include summaries of the industrial mineral produc­
tion and potential of Oregon, Washington, Idaho, and British Co­
lumbia as well as discussions of bentonite, calcium carbonate, 
diatomite, emery, garnet, olivine, perlite, phosphate, pumice, talc, 
zeolites, and methods of industrial mineral analysis. A half-day field 
trip will visit local producers and processors, and a 3'/2-day trip 
will visit occurrences and producers in eastern and central Oregon. 

Further details and registration information are available from 
Ron Geitgey at the DOGAMI Portland office (see page 2 for ad­
dress and phone). D 

Symposium on Southern Midcontinent 
announced 

The Oklahoma Geological Survey (OGS) is sponsoring a sym­
posium/workshop dealing with all aspects of Late Cambrian­
Ordovician geology of the Southern Midcontinent, to be held in Nor­
man, Oklahoma, October 18-19, 1989. 

The symposium/workshop will consist of about 18 papers 
presented orally and about 20 informal poster presentations. The 
proceedings will be published by the OGS about eight months after 
the meeting. 

Topics to be covered include sedimentology, diagenesis, 
petroleum occurrence and exploration, other mineral resources, 
geologic history, and other subjects important to understanding the 
geology of Late Cambrian and Ordovician rocks of the region. The 
area of interest includes all of Oklahoma, northern Texas, the Texas 
Panhandle, northeastern New Mexico, southeastern Colorado, 
southern Kansas, southwestern Missouri, and western Arkansas. 

All persons who have been doing exploration in the Southern 
Midcontinent or studies on any of the above-mentioned topics and 
have an interesting paper to present are invited to submit a 
preliminary title by March 1, 1989, and an abstract by June 1, 1989. 
For publication, manuscripts are expected to be completed and sub­
mitted by October 1989, at the time of the symposium/workshop. 

For further. information and submittal of papers, contact Ken­
neth S. Johnson, Oklahoma Geological Survey, University of 
Oklahoma, Norman, OK 73019 (phone 405/325-3031). 

-Oklahoma Geological Survey news release 

Oregon Ocean Resources Management 
Task Force meets 

The 1987 Oregon Ocean Resources Management Act established 
a state-level program to plan for coordinated, comprehensive 
management of ocean uses and resources off the coast of Oregon. 
The Act strives to balance existing resources and traditional uses 
of the ocean with new uses by requiring a plan to be written by 1990. 

Demands on the ocean for food, energy, minerals, waste disposal, 

navigation, and recreation increases the potential for conflict be­
tween new and traditional uses of the ocean. At present, there are 
many State and Federal programs for ocean resources management, 
but there is no comprehensive management structure. The plan 
developed under the Act will emphasize management over State 
waters (the first 3 mi from shore) but will consider sound manage­
ment in Federal waters (from 3 mi to 200 mi offshore) as well. 

The law requires an ocean plan and establishes an overall pro­
gram for ocean management. A Task Force was established con­
sisting of State and local government representatives, interest-group 
representatives, and members of the public at large. An Interim 
Report was prepared in 1988, and the Final Plan is due in July 1990. 
The Interim Plan is available from the Department of Land Con­
servation and Development in Portland. 

Public involvement has included eight public workshops in the 
fall of 1988 as well as several Task Force meetings during the year. 
The next Task Force meeting will be held January 26 and 27 in 
Charleston, Oregon. Additional public input will be gathered on 
the Draft Plan at five workshops in October 1989. 

The Ocean Resources Management Program publishes a newslet­
ter called Oregon Ocean. For a copy of the newsletter or other ad­
ditional information, contact Eldon Hout, Oregon Department of 
Land Conservation and Development, Portland, phone (503) 
227-6068. D 

Earthquake hazards workshop 
announced 

The Oregon Department of Geology and Mineral Industries 
(DOGAMI) announces a workshop on earthquake hazards in the 
area between Portland and the Puget Sound. The workshop will take 
place March 26-29, 1989, at the Portland Marriott Hotel. It is the 
second workshop in a five-year series that is part of the Puget 
Sound/Portland project of the National Earthquake Hazard Reduc­
tion Program (NEHRP). The goal of the workshop is to facilitate 
the spread of technical hazard information and to develop hazard 
reduction policy. 

The Pacific Northwest has become the number-one research 
target for the NEHRP due to concern over the potential for great 
earthquakes on the Cascadia subduction zone. The workshop will 
also focus attention on the hazards of smaller, more "conventional" 
earthquakes. The program will include 

• a technical session on aspects of earthquake sources and effects 
in the Pacific Northwest; 

• a tutorial session on basic earthquake hazard science for 
attendees without a technical background; 

• a session aimed at presenting a scientific consensus of the cur­
rent hazard status; 

• a session devoted to examples of how the technical hazard in­
formation can be turned into hazard reduction policy; and 

• a field trip to the Oregon coast to examine evidence for great 
subduction earthquakes. 

The program will be cosponsored by the U.S. Geological Survey, 
the Federal Emergency Management Agency, the Oregon Emergency 
Management Division, DOGAMI, and the Washington Department 
of Natural Resources. Representatives from all of these agencies 
along with geoscientists, engineers, emergency and land use plan­
ners, educators, policy makers, and representatives of the insurance 
and finance industries from Oregon, Washington, California, and 
British Columbia will be invited to attend. Although attendance at 
the workshop is by invitation, interested individuals may contact 
Ian Madin at the Portland office of DOGAMI to be included on the 
invitation list. D 
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NWMA elects new president 

The Northwest Mining Association (NWMA) has chosen a 
Denver mineral expert 10 lead its members in 1989. Ta M. Li. vice 
president and general manager fo r Bchrc Dolbcar-Rivcrsidc. Inc .. 
W.lS ciected prcsidcm of the NWMA on November 29. 1988, by the 
organiza!ion's board of trustees. He succeeds Bill BOOlh of Hecla 
Mining Company. Coeur di\lene, Idaho. 

Other officers elected o r rcdtttcd """CTC Mark Anderson. general 
manager of ASAMERA. Wenatchee. Washington. first vice presi­
dent: David A. Holmes. exploration manager for Meridian Minerals 
Co .. Eng1cv.'OOd. Colorado. second vice president: Kar l W. Mote. 
execut ive director of the NWMA of Spokane, Washington. vice presi­
dent: John L Neff. a Spokane attorney. secretary: and David M. 
Menard. vice prcsidclII of Washington Trust Bank in Spokane. 
treasurer. 

Ttl M. Li, N WMA Pre.l·ide/1I 

The NWMA was org1lnized in 1895 in Spokane. to suppon the 
miner.ll industry in the Nonhwcst. With headquarters st ill in 
Spokane. the Association now has 2.200 members throughout Nonh 
America, representing 1111 aspects of the mineral industry. 

- NWMA flewS rele(lse 
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(Rocks, contil/lu:d from I}(IKe 16) 

On some collect ing trips. addition1l1 equipment is desirable. 
Sledge hammers can be used to break especially durable ledges. 
Cold chisels often make it possible to loosen specimens. Dilute 
hydrochloric acid assists in identifying limestone and dolomite. A 
long list could be made of such equipment; the collector must decide 
for each expedition which tools are rea lly wonh the weight. 

HOUSING AND EN LARGING A COLLECTION 
The practical problems of cataloging and storing a collection are 

ones that every collector must conside r. If desired, housing ar­
rangements can be vcry simple, because rocks arc durable and do 
not require special treatment. Cigar boxes and corrugated cardboard 
boxes are often used. Ordinary egg canons can be used if the 
specimens are rather small. Shallow wall cases for rock collections 
arc aV'.lilatlle commercially. 

It is imponant to have a careful system of permanent labeling, 
so that spec imens do not get mixed. Many people paint a small 
oblong of white laquer on a corner of each specimen and paint a 
black number on the white oblong. A notebook is used to enter the 
number, rock name. collector's name. date collected. description 
of collection site. geologic formation. geolog ic age. and other per­
tinent data. If rocks are kept on separate trays, a smalt-card con­
taining some data is usually placed in the tray. 

Extra specimcns are sometimes used for trading with other col­
lecto rs. Few people have the opponunity to obtain all varieties of 
rock types. and exchanging can fill gaps in a collection. Collectors 
interested in trading are usually located by .. vord of mouth. Local 
rock and mineral clubs and individual collectors are numerous 
throughout the United States. 

It may be necessary to buy some specimens. but this should be 
done selectively because good specimens are expensive. 

HINTS FOR ROCK COLLECI"ORS 
I. Label specimens as they are collected. Identification can wait 

until late r, but the place where the rocks were found should be 
recorded at once. Many collections have become confused because 
the collector did not do this. 

2. Trim rocks in the collection to a common si l eo Specimens 
about 3 by 4 by 2 in. are large enough to show rock features well. 
Other display sizes arc 2 by 3 by I in . or 3 by 3 by 2 in. 

3. Ask for permission to collect rocks on private propeny. The 
owners will appreciate this counesy on your pan. 

4. Be careful when collecting rocks. Work with another person, 
if possible, and carry a first aid kit. Wear protective clothing-safety 
glasses, hard-tocd shoes, hard hat, and gloves-when dislodging, 
breaking up, or trimming specimens. Avoid overhanging rock and 
the edges of steep natural or quarried walls. 

5. Do not collect rocks in national parks and monuments or in 
state parks, where it is illegal to do so. Similar rocks commonly 
crop out on land nearby and can be collected there. 

6. Look for unusual rocks in large buildings or in cemeteries. 
Dime nsion stone blocks and monument stone are often transponed 
long distances from where they are quarried. Polished stone 
sometimes looks different from unpolished rock. This provides good 
identification practice. 

7. Join a mineral club or subscribe to a mineral magazine. They 
occasionally discuss rocks. D 
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AVAILABLE DEPARTMENT PUBLICATIONS 
GEOLOGICAL MAP SERIES 
GMS-4. Oregon gravity maps, onshore and offshore. 1967 $ 
GMS-5. Geologic map, Powers 15-minute quadrangle, Coos and Curry Counties. 1971 
GMS-6. Preliminary report on geology of part of Snake River canyon. 1974 
GMS-8. Complete Bouguer gravity anomaly map, central Cascade Mountain Range, Oregon. 1978. 
GMS-9. Total-field aeromagnetic anomaly map, central Cascade Mountain Range, Oregon. 1978 
GMS-IO. Low- to intermediate-temperature thermal springs and wells in Oregon. 1978. 
GMS-12. Geologic map of the Oregon part of the Mineral IS-minute quadrangle, Baker County. 1978 
GMS-13. Geologic map, Huntington and part of Olds Ferry 15-min. quadrangles, Baker and Malheur Counties. 1979. 
GMS-14. Index to published geologic mapping in Oregon, 1898-1979. 1981 . 
GMS-15. Free-air gravity anomaly map and complete Bouguer gravity anomaly map, north Cascades, Oregon. 1981. 
GMS-16. Free-air gravity anomaly map and complete Bouguer gravity anomaly map, south Cascades, Oregon. 1981. 
GMS-17. Total-field aeromagnetic anomaly map, south Cascades, Oregon. 1981 
GMS-18. Geology of Rickreall, Salem West, Monmouth, and Sidney 7'/2-min. quads., Marion/Polk Counties. 1981 
GMS-19. Geology and gold deposits map, Bourne 7Y2-minute quadrangle, Baker County. 1982 .. 
GMS-20. Map showing geology and geothermal resources, southern half, Burns 15-min. quad., Harney County. 1982 
GMS-21. Geology and geothermal resources map, Vale East 7'h-minute quadrangle, Malheur County. 1982. 
GMS-22. Geology and mineral resources map, Mount Ireland 7'/2-minute quadrangle, Baker/Grant Counties. 1982 
GMS-23. Geologic map, Sheridan 7'/z-minute quadrangle, Polk/Yamhill Counties. 1982. 
GMS-24. Geologic map, Grand Ronde 7'n-minute quadrangle, Polk/Yamhill Counties. 1982 . 
GMS-25. Geology and gold deposits map, Granite 7'/2-minute quadrangle, Grant County. 1982. 
GMS-26. Residual gravity maps, northern, central, and southern Oregon Cascades. 1982. 
GMS-27. Geologic and neotectonic evaluation of north-central Oregon. The Dalles I 'x2' quadrangle. 1982 
GMS-28. Geology and gold deposits map, Greenhorn 7Y2-minute quadrangle, Baker/Grant Counties. 1983 
GMS-29. Geology and gold deposits map, NE14 Bates 15-minute quadrangle, Baker/Grant Counties. 1983 
GMS-30. Geologic map, SE'4 Pearsoll Peak 15-minute quadrangle, Curry/Josephine Counties. 1984 
GMS-31. Geology and gold deposits map, NW14 Bates IS-minute quadrangle, Grant County. 1984 
GMS-32. Geologic map, Wilhoit 7'/2-minute quadrangle, Clackamas/Marion Counties. 1984 
GMS-33. Geologic map, Scotts Mills 7Y2-minute quadrangle, Clackamas/Marion Counties. 1984. 
GMS-34. Geologic map, Stayton NE 7'/2-minute quadrangle, Marion County. 1984 .. 
GMS-35. Geology and gold deposits map, SW14 Bates IS-minute quadrangle, Grant County. 1984. 
GMS-36. Mineral resources map of Oregon. 1984 
GMS-37. Mineral resources map, offshore Oregon. 1985. 
GMS-38. Geologic map, NW'4 Cave Junction IS-minute quadrangle, Josephine County. 1986 .. 
GMS-39. Geologic bibliography and index maps, ocean floor and continental margin off Oregon. 1986 .. 
GMS-40. Total-field aeromagnetic anomaly maps, Cascade Mountain Range, northern Oregon. 1985 
GMS-41. Geology and mineral resources map, Elkhorn Peak 7'/2-minute quadrangle, Baker County. 1987. 
GMS-42. Geologic map, ocean floor off Oregon and adjacent continental margin. 1986 
GMS-43. Geologic map, Eagle Butte and Gateway 7'/2-min. quads., Jefferson/Wasco Co. 1987 ........ $4.00; as set with GMS-44 & -45. 
GMS-44. Geologic map, Seekseequa Junction/Metolius Bench 7'/2-min. quads., Jefferson Co. 1987. . .$4.00; as set with GMS-43 & -45. 
GMS-45. Geologic map, Madras West and Madras East 7'/2-min. quads., Jefferson County. 1987 ...... $4.00; as set with GMS-43 & -44. 
GMS-46. Geologic map, Breitenbush River area, Linn/Marion Counties. 1987 . 
GMS-47. Geologic map, Crescent Mountain area, Linn County. 1987 . 

NEW!GMS-48. Geologic map, McKenzie Bridge IS-minute quadrangle, Lane County. 1988 
GMS-49. Map of Oregon seismicity, 1841-1986. 1987. 
GMS-50. Geologic map, Drake Crossing 7'/2-minute quadrangle, Marion County. 1986 
GMS-51. Geologic map, Elk Prairie 7'/2-minute quadrangle, Marion/Clackamas Counties. 1986 

NEW!GMS-53. Geology and mineral resources map, Owyhee Ridge 7'/2-minute quadrangle, Malheur County. 1988. 

BULLETINS 
33. Bibliography of geology and mineral resources of Oregon (lst suppplement, 1937-45). 1947 . 
35. Geology of the Dallas and Valsetz IS-minute quadrangles, Polk County (map only). Revised 1964 .. 
36. Papers on Foraminifera from the Tertiary (v.2 [parts VI-VIII] only). 1949. 
44. Bibliography of geology and mineral resources of Oregon (2nd supplement, 1946-50). 1953 
46. Ferruginous bauxite deposits, Salem Hills, Marion County. 1956. 
53. Bibliography of geology and mineral resources of Oregon (3rd supplement, 1951-55). 1962. 
61. Gold and silver in Oregon. 1968. 
65. Proceedings of the Andesite Conference. 1969 
67. Bibliography of geology and mineral resources of Oregon (4th supplement, 1956-60). 1970. 
71. Geology of selected lava tubes, Bend area, Deschutes County. 1971 
78. Bibliography of geology and mineral resources of Oregon (5th supplement, 1961-70). 1973. 
81. Environmental geology of Lincoln County. 1973. 
82. Geologic hazards of Bull Run Watershed, Multnomah and Clackamas Counties. 1974. 
85. Environmental geology of coastal Lane County. 1974 
87. Environmental geology of western Coos and Douglas Counties. 1975 
88. Geology and mineral resources, upper Chetco River drainage, Curry and Josephine Counties. 1975 
89. Geology and mineral resources of Deschutes County. 1976. 
90. Land use geology of western Curry County. 1976 
91. Geologic hazards of parts of northern Hood River, Wasco, and Sherman Counties. 1977 . 
92. Fossils in Oregon. A collection of reprints from the Ore Bin. 1977. 
93. Geology, mineral resources, and rock material of Curry County. 1977 
94. Land use geology of central Jackson County. 1977. 
95. North American ophiolites (IGCP project). 1977 .. 
96. Magma genesis. AGU Chapman Conference on Partial Melting. 1977 . 
97. Bibliography of geology and mineral resources of Oregon (6th supplement, 1971-75). 1978. 
98. Geologic hazards of eastern Benton County. 1979 .. 
99. Geologic hazards of northwestern Clackamas County. 1979. 

100. Geology and mineral resources of Josephine County. 1979 
10 I. Geologic field trips in western Oregon and southwestern Washington. 1980 
102. Bibliography of geology and mineral resources of Oregon (7th supplement, 1976-79). 1981 . 
103. Bibliography of geology and mineral resources of Oregon (8th supplement, 1980-84). 1987. 

SHORT PAPERS 
19. Brick and tile industry in Oregon. 1949. 
21. Lightweight aggregate industry in Oregon. 1951 
25. Petrography of Rattlcsnake Formation at type area, central Oregon. 1976. 
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AVAILABLE DEPARTMENT PUBLICATIONS (continued) 
MISCELLANEOUS PAPERS 

5. Oregon's gold placers. 1954 
II. Collection of articles on meteorites (reprints from Ore Bin). 1968 . 
15. Quicksilver deposits in Oregon. 1971 
19. Geothermal exploration studies in Oregon. 1976, 1977. 
20. Investigations of nickel in Oregon. 1978 

SPECIAL PAPERS 
2. Field geology, SW Broken Top quadrangle. 1978. . ........... . 
3. Rock material resources, Clackamas, Columbia, Multnomah. and Washington Counties. 1978. 
4. Heat flow of Oregon. 1978 ............. . 
5. Analysis and forecasts of the demand for rock materials in Oregon. 1979. 
6. Geology of the La Grande area. 1980. 
7. Pluvial Fort Rock Lake, Lake County. 1979. 
8. Geology and geochemistry of the Mount Hood volcano. 1980. 
9. Geology of the Breitenbush Hot Springs quadrangle. 1980. 

10. Tectonic rotation of the Oregon Western Cascades. 1980 ....................... . 
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File Report 0-89-2 and sells for $5.00. 

1989 legisla tion 
DOGAMI is sponsoring legislation during thc 1989 regular ses­
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Mining activity and exploration in Oregon, 1988 
by Mark. L. Ferns. &lker Field Office. Oregon Department of Geology and Mineral Industries 

INTRODUCTION 
The pace of exploration and mining activity continued 10 increase 

in 1988. Preliminary estimates by the U.S. Bureau of Mines place 
the value of 1988 nonfuel mineral production at $169 million, an 
increase of $9 million from 1987. Toml mineral production including 
natural gas was over $175 million. 

Over 605 mine sites were active during 1988. The majority. about 
575, were sand-and-gravel and crushed-stone operations. The rest 
were industrial-mineral and small precious-metal mines. 

Precious-metal cllpJoration programs continued to increase in 
1988. Over 40 companies were actively searching for gold deposits 
in the Stale. The main area of interest continued to be the Basin 
and Range Province in southeastern Oregon, including Malheur 
County, where over 5,000 new claims were staked in 1988. 

PRODUCTION 
Industrial minerals continued to be an important part of the State's 

mineral industry. Ash Grove Cement West (active mine site 6) con­
tinued to produce crushed agricultural limestone and cement at the 
Durkee plant in Baker County. Ash Grove is the second-largest payer 
of property tax in the county and currently employs about 100 people. 

Eagle-Picher Minerals, Inc., continued production of filter-grade 
diatomite at its facility in Malheur County. Diatomite for the plant 
is mined from Miocene lake sediments along the Malheur-Harncy 
County line. 

OREGON'S MINERAL PR0DUCT1ON _L""'. '" DOli ..... 

fllETUS .. 
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, 
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Summary of mineral productioll ill Oregon for the last i7 years. 
Datafor /988 deril'edjrom US. Bureau of Mines annual preliminary 
mineral-industry sun:ey and Oregon Department of Geology and 
Mineral Industries natural-gas productioll statistics. 

Precious-metal production continued to be small, coming mainly 
from small placer mines in southwestern and northeastern Oregon. 
The main producer was again the Bonanza. Mine (active mine site 
7) on Pine Creek near Halfway in Baker County. 

Dry-Ialld dredge ,'Imil in operation at BOllmrl/1 Mille (aetire mine site 7) irr &ker COUrlt)! 
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Table l. Actil'e mines in Oregon, 1988 

M,p 

"' N,~ Location Commodity Comments 

Pyx Mine "'. 1 Lode gold 
T. IDS .. R, 35 E. 
Grant County 

2 Lower '" 6 Lode gold 
Grandview T.14S .. R. n E. 
Mine Baker County 

l Pine Creek T. 12 S .. R. 38 E. Placer gold ,., Baker County 

4 Dooley Tps. II. 12 S. Perlite 
Mountain R. 40 E. ,., Baker County 

, Clarks Creek See. 12 Placer gold ,., T. 13 S .. R. 41 E 
Baker County 

6 Ash Grove See. II Crushed Yearly production 
Cement West T.12S" R. 43 E. limes10ne estimated at over S2S 

Baker County and cement million. Employs 
around 100 people. 

7 Bonanza Min- See, 3 Placer gold Largest placer mine in 
ing Co. T.7S .• R. 4S E. Oregon with over 20 

Baker County employccs. 

8 Cascade T. 17. 18 S. Pumice 
Pumicd Cen· R. II E. 
tral Oregon Deschutes COUnty 
Pumice 

9 Ctr!. Oregon Both sec. 4 Bentonite 
Bentonite Co.lT. 19 S .. R. 21 E. "" Oreg. Sun Crook County 
Ranch. Inc. 

iO Oil-Dri Sees. 14. 21, 23 Diatomite 
Production T.TlS"R.16E. 
Co. Lake County 

11 Eagle·Picher Tps. 19, 20 S. Filter-grade Employs around 30 
Minerals, Inc. Rs. 35. 36. rT E. diatomite people. 

HarneylMalheur 
Counties 

Limestone quarry (background) and cement plant of Ash Grove 
Cement Wesl, Inc., located south of Durkee, & ker County (active 
mine sill' 6). 

28 

Table l. AClil'e mines in Oregon, 1988-continued 

M,p 

"' N,~ Location Commodity Comments 

Il Teague Sees. & 2& 29 Bentonite 
Mineral T. 23 S" R. 46 E. day and 
Products Malheur County dinoptilolite 

zeolite 

13 CooSand See. 34 Silica sand 
Corporation T. 24 S" R. 13 w. 

Coos COUnty 

14 Coyote Creek Sec. 24 Placer gold 
'", T. 33 S" R. 6 W, 

Josephine County 

" Lower Grave Secs. 31. 32 Placer gold 
Creek area T,33S .. R.7w' 

Josephine County 

16 Galice area Tps. 34. 3S S. Placer gold 
R. g w. 
Josephine County 

17 Josephine Tps. 38. 39 S, Placer gold 
Creek area R. 9 W. 

Josephine County 

18 Sucker Creek Tps. 39. 40 S. Placer gold ,., Rs.6.. 7 W, 
Josephine COUnty 

19 Jones MartIe See, 31 Limestone 
T, 38 S .. R. 'W 
Josephine County 

20 Bristol Silica See. 30 Silica 
and Lime Co. T,36S .. R, lW 

Jackson County 

21 Steatite of Sees. 10. II Soapstone 
Southern T. 41 S .. R. lW 
Oregon Jackson County 

EXPWRATION 
Exploration for precious metals, mainly gold. continued on an 

upswing in 1988. Over 40 companies were searching for the yellow 
metal by year's end. 

The main area of interest in late 1988 was the Vale-Weiser area 
in northern and central Malheur County. This area, which lies at 
the intersection of the northern Basin and Range Province and the 
western edge of the Snake River Plain, is emerging as a highly prom­
ising epithermal-gold province. 

A "rush" was triggered when Atlas Corporation announced a 
major discovery at its Grassy Mountain prospect (explorat ion site 
20) south of Vale. Published geologic gold reserves arc over I million 
02: at an average grade of 0.065 02: per short ton. The deposit is an 
epithermal (hot-springs-type) system in middle Miocene arkosic 
sandstones. Despite heavy snows. Atlas continued an extensive dril­
ling program through the winter and completed more than 'X) reverse­
circulation holes by mid-November. 

Much of the region adjacent to Grassy Mountain is undergoing 
extensive exploration. Other active prospectS near Vale include Hope 
Butte (exploration site 14), Kerby (exploration site 15), Vale Buttes 
(exploration site 16), Double Mountain (exploration site 17), Harper 
Basin (exploration site 18). Shell Rock Butte (exploration site 19), 

(Continued on page 31) 
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Table 2. Exploration sites and areas in Oregon, 1988 Table 2. up/oration siles and areas in Oregon, 1988- COlllinued 

M. p M.p 

"' N.~ Location Commodity Comments "". N.~ Location Commodity Comments 

Herculean See. 22 Gold and Small exploration and 19 Shell Rock 1. 21 S. Gold Under evaluation by 
Mille 1.SS .. R. 36 E. base metals development program Butle Rs. 44. 45 E. ASARCo. 

Baker County by Cable COIle Malheur Coumy 
Mining Co. 

20 Grassy S«. 8 Gold Major discovery an· 
2 Virtue Mine T. 9S .. R. 41 E. Gold Drill programs by Hecla Mounlain -T. 22 S .. R. 44E nouneed by Atla>_ 

Baker County at the Flagstaff and by Malheur County 
Morris & Knudson at 
the Gray Eagle and 21 Quartz "'., Gold Drilling program by 
Rachel. Mountain T. 25 S., R. 43 E. Chevron. 

Malheur COUnty 
3 East Eagle Sees. 19. 30 Gold COMINCO American 

Mine 1. 7 So. R. 44 E. continuing small ex- 22 Red Bune T. 25 S .. R. 43 E. Gold Sampling program by 
Baker County ploration program. Malheur County Chevron. 

4 Ochoco Mine Sees. 29, 30 Gold Continued exploration 23 Katey Tps. 23. 24 S. Gold Drilling program by 
T. 13 S .• R. 20 E. by Orbana. R. 45 E. Manville. 
Crook County Malheur County 

, Spanish T. 13 S .• R. 25 E. Gold Evaluation program by 24 Bannock Sec. II Gold Under evaluation by 
Gulch Wheeler Coumy ASARCO. prospect 1.26S .. R. 45 E. Chevron. 

Malheur County , Prairie See. 33 Gold Evaluation program by 
Diggings T. 13 S .. R. 32 E. Goldsearch. " Mallogany Sees. 25, 26 Gold Drilling program by 
prospt:('t Grant COUnty prospect T. 26 S .. R. 46 E. Chevron. 

Malheur County 
7 Record Mine ' Sees. I, 2 Gold Exploration program 

1. 14 S. , R. 36 E. by lCAN. 26 Goff Mine Sees. 20. 29. 30 Gold, silve r. Continued evaluation 
Baker County 1. 33S .. R.7 W. copper program by Amselcol 

Josephine County BP America. 
8 Malheur City 1. 13 S .. R. 41 E. Gold Exploration programs 

'"' Malheur County by lCAN and 17 Silver Peak See. 23 Gold, silver. Drilling program by 
Goldsearch. Mine 1. 31 S .. R. 'W. copper Formosa. 

Douglas County 

• Bear Creck Tps. IS. 19 S. Gold Exploration and • re. R. IS E . drilling program by 28 Shamrock Sec. 19 Gold. si lver. Exploration programs 
Crook County Freeport-McMoran. Mine T.34S .. R. 2W copper, by Freepon and Boise 

Jackson County platinum Cascade. 
to Glass Buttes 1. 24 S .. R. 23 E. Gold Drilled and later 

lake County dropped by Galactic. 29 Shale City T, 3S S. , R. 2 E. Gold Drilling program by 
Jackson County Boise Cascade. 

II Wagontire Tps. 26. II S. Gold Under evaluation by 
R. 25 E. Cal·Ore Explorat ion 30 Quanz Sees. 26. n. 34. 35 Gold Feasibility studies 
Harney County Ventures. Mountain T. Jl S. , R. 16 E. underway: evaluation 

lake County of leach tests and 
12 Drewsey area Tps. 20. 21 S. Gold Exploration and engineering studies. 

Rs. 34. 35 E. evaluation programs by 
Harney County Corona Gold and 31 Paisley an:a 1. 34 S. Gold Joint-venture explora· 

Reserve Industries. Rs. IS. 19 E. tion program by 
Lalce County Dergestrom and Inland 

13 Castle Roc k Sees. S. 9 Gold Under evaluation by Gold & Silver Corp. 
1. 18 S .. R. J7 E. Chevron. 
Malheur County 32 Salt Creck 1. 38 S .. R. 21 E_ Gold Drilling program by 

lake County FMC. 
14 Hope Butte See. 21 Gold Drilling program by 

T. 17 S .. R. 43 E. Chevron. 33 Pueblo Tps. 39, 40. 41 S. Gold Exploration programs 
Malheur Coumy Mountains Rs . 34. 35 E. by lake RJrk and Red ... Harney Couoty Arrow Resources . 

" ',m, Sees. 22. II Gold Intensive drilling 
1. 15 S" R. 45 E, program by Malheur 34 Whitehorse 1. Jl S .. R. 36 E, Gold bploration program 
Malheur County Mining Co. Feasibil- ,~ Harney County by Pegasus. 

ity studies underway. 
35 Flagstaff 1. 38. 39 S. Gold Exploration program 

L6 Vale Buttes Sees. 28. 29 Gold Under evaluation by Bulle R. JI E. by Geomex Minerals. 
T. IS S .. R. 45 E. Atlas. Harney County 
Malheur County 

36 McOenniu Tps. 40. 41 S. Gold Exploration program 
17 Double 1. 20 S" R. 44 E. Gold Three reverse· .re. R. 40 E. by McDenniu Mines 

Mountain Malheur Coumy circulation holes Malheur County ' V. 
drilled by Atlas. 

" Harper Basin T. 21 S .. R. 42 E. Gold Exploration program 2' Malheur County by ACNe. 



ACTIVE MINES 

1. Pyx Mine (lode gold) 
2. Lower Grandview Mine (lode gold) 
3. Pine Creek area (placer gold) 
4. Dooley Mountain area (perlite) 
5. Clarks Creek area (placer gold) 
6. Ash Grove Cement West (limestone, 

cement) 
7. Bonanza Mining Co. (placer gold) 

__ 1 

8. Cascade Pumice/Central Oregon Pumice 
(pumice) 

9. Central Oregon Bentonite Co./Oregon 
Sun Ranch, Inc. (bentonite clay) 

10. Oil-Dri Production Co. (diatomite) 
11. Eagle-Picher Minerals, Inc. (filter­

grade diatomite) 
12. Teague Mineral Products (bentonite 

clay, clinoptilolite zeolite) 
13. CooSand Corporation (silica sand) 
14. Coyote Creek area (placer gold) 
15. Lower Grave Creek area (placer gold) 
16. Galice area (placer gold) 
17. Josephine Creek area (placer gold) 

• Active mine 
• Exploration site 

1\ ! A M A f H 

EXPLANATION 

18. Sucker Creek area (placer gold) 
19. Jones Marble (limestone) 
20. Bristol Silica and Lime Co. (silica) 
21. Steatite of Southern Oregon 

(soapstone) 

H f\ it N 

EXPLORATION SITES AND AREAS 

1. Herculean Mine (gold, base metals) 
2. Virtue Mine (gold) 
3. East Eagle Mine (gold) 
4. Ochoco Mine (gold) 
5. Spanish Gulch (gold) 
6. Prairie Diggings prospect (gold) 
7. Record Mine (gold) 
8. Malheur City area (gold) 
9. Bear Creek area (gold) 

10. Glass Buttes (gold) 
11. Wagontire (gold) 
12. Drewsey area (gold) 
13. Castle Rock (gold) 
14. Hope Butte (gold) 
15. Kerby (gold) 

i 
i 
i 
i 
i 
i 
i 
i 
I 
i 

16. Vale Buttes (gold) 
17. Double Mountain (gold) 
18. Harper Basin (gold) 
19. Shell Rock Butte (gold) 
20. Grassy Mountain (gold) 
21. Quartz Mountain (gold) 
22. Red Butte (gold) 
23. Katey (gold) 
24. Bannock prospect (gold) 
25. Mahogany prospect (gold) 
26. Goff Mine (gold, silver, copper) 
27. Silver Peak Mine (gold, silver, 

copper) 
28. Shamrock Mine (gold, silver, 

copper, platinum) 
29. Shale City (gold) 
30. Quartz Mountain (gold) 
31. Paisley area (gold) 
32. Salt Creek (gold) 
33. Pueblo Mountains area (gold) 
34. Whitehorse area (gold) 
35. Flagstaff Butte (gold) 
36. McDermitt area (gold) 

Mining and mineral exploration in Oregon in 1988 (excluding sand and gravel and stone). Active mines are keyed to Table 1; exploration 
sites and areas are keyed to Table 2. 
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Map showing locations of exploration silts for epithermal gold 
in the I<ble-I#iser area. Numbered siles are keyed to Table 2. 

Quartz Mountain (exploration site 21), Red Butte (exploration site 
22). Katey (exploration site 23). and Mahogany (exploration site 
25) . A number of additional prospectS had been located by year's 
end (see location map of Vale-Weiser area). These include both mid­
dle Miocene sediment- and volcanic-hosted Basin and Range systems 
and early Pliocene systems re lated to development of the Snake River 
Plain . 

The geology is complex in this pan of Oregon, from which 
precious metals have not been previously produced. Geologists of 
the Oregon Department of Geology and Mineral Industries 
(DOGAM I), the U.S. Geological Survey, and Portland State Univer­
si ty are currently conducting mapping programs to generate 
1:24.ooo-scale geologic maps of the region. 

DOGAMI .has published maps of two quadrangles: Owyhee 
Ridge (GMS-53) and Graveyard Point (GMS-54). Publication is in 
progress on two more quadrangles: Owyhee Dam (GMS-55) and. 
Adrian (GMS-56). Preliminary, unedited versions of the Orassy 
Mountain and Double Mountain quadrangles (OMS-57 and OMS-S8, 
respectively) are ava ilable for inspection at the DOGAMI offices 
in Bake r, Grants Pass, and Ponland, and final versions of these two 
maps will be published later this year. 

Elsewhere in the state, Teniary -.u1canic-hosted epithermal 
systems continued to be the main focus of eJlplOralion. Areas of in­
terest inelude south-central and central Oregon. Quam Mountain 
Gold Corporation continued to reevaluate its Quam Mountain pros­
pect (e)(ploration site 30) in lake County. Metallurgical testing con­
tinued on samples from the propeny, which is reponed to contain 
a resource of 10 to 15 million tons grading 0.04 oz of gold per ton. 
The company put down 50 drill holes in 1988 to obtain samples 
fo r funher metallurgical testing. 

Rel'use-circulation drill site at the Grassy Mountain prospect of Atlas Corporation (exploration site 20). the area from which AlIas afl' 
floUllced a major disc(Tllery in 198& 
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Aerial view of exploration area at Grassy Moul1Iain prospect of Alias Corporation (exploration site 20). 

Drill rig of Malheur Mining Company at ilS Kerby site (explora­
tion site 15). 
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Volcanogenic sulfide deposits in the older pre-Tertiary terranes 
of northeastern and southwestern Oregon continued to att ract in­
terest. Main areas of ellploration continue to be the Goff (ellplora­
tion site 26) and Silver Peak (exploration site Zl) Mines in 
southwestern Oregon. Quartz veins in pre-Tertiary rocks also con­
tinued to be of some interest. Serpentinite-associated systems in 
northeastern Oregon, such as Spanish Gulch (exploration site 5), 
the Prairie Diggings prospect (exploration site 6), the Record Mine 
(exploration site 7), and the Malheur City area (exploration site 8) 
drew the most attention last year. 

The search for industrial minerals also continued in 1988. Perlite 
and diatomite were again of dominant interest to the exploration in­
dustry. Other sought-after commodities included bentonite clay, 
zeolite, and talc. 

In July 1988, the Oregon Department of Geology and Mineral 
Industries published a comprehensive study of talc in Oregon 
(DOGAMI Special Paper 18). Similar reports on bentonite (Special 
Paper 20) and limestone (Special Paper 19) are scheduled for publica­
tion this spring and later this year, respectively. 0 

Send us your announcements 
One of our Medford readers has suggested that Oregon Geol­

ogy serve as a clearing house for announcements on geological 
training sessions, workshops, or seminars for the professional 
geologist. 

We think that is a good idea. So if you send us notices of your 
meetings and training sessions, we will print them in Oregon 
Geology, space permitting. Allow at least a month and a half-and 
preferably two months- lead time. 0 
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Oil and gas exploration and development in Oregon, 1988 
by Dennis L. Olmstead, Petroleum Engineer, and Dan E. U-ermiel, Petroleum Geologist, Oregon Department of Geology and Mineral Industries 

ABSTRACT 
Oil and gas lease activity made a poor showing in 1988, but dril­

ling was up 37 percent over 1987. One County, one State, and one 
Federal lease sale were held during the year, but a .combined total 
of only Tl,672 acres was taken at the three sales. 

Mist Gas Field and vicinity had 13 wells and three redrills by 
ARCO Oil and Gas Company. Seven of the ARCO wells were suc­
cessful, for a cumulative flow rate of 5.0 million cubic feet per day 
(MMcfd). The field now has fourteen producers making 9.1 MMcfd. 
Production vahle for the year was $6.4 million. ARCO also drilled 
a deep test in Morrow County. 

Oregon Natural Gas Development Company drilled five gas­
storage service wells at Mist to complete the drilling on their two­
pool storage project. Surface-equipment engineering and construc­
tion were also carried out. Gas withdrawals will begin in the fall 
of 1989. 

Northwest Natural Gas Company received approval to build a 
new 50-mi-long gas pipeline from Mist to Portland. Construction 
will take place in 1989. 

K 5 G N 

Lease size in acr •• 
... 1000-1999 
• 2000-2999 

3000-4999 

KlAMATH 

The Department of Geology and Mineral Industries (DOGAMI) 
began a five-year study of the Tyee Basin in western Douglas and 
eastern Coos Counties. Emphasis will be on source rock, stratig­
raphy, and structure of the rocks in the basin. 

LEASING ACTIVITY 
Leasing of public land in 1988 consisted of three public-lands 

lease sales plus over-the-counter leasing of Bureau of Land Manage­
ment (BLM) property. The accompanying lease map shows major 
areas of leasing. It includes over 220,000 acres issued early in the 
year to Amoco and Conoco. This acreage appeared in our 1987 report 
because the filing dates back to December 1987. 

The first lease sale of the year was held on June 16, 1988, by 
Columbia County. At the sale, 94 parcels were offered, comprising 
32,407 acres, all in and around Mist Gas Field. Successful bidders 
were ARCO and Leadco, taking 29 parcels totaling 8,079 acres. The 
high bid was $51 per acre in sec. 20, T. 6 N., R. 5 W. Income to 
the County from the sale was about $145,000. The terms of Colum­
bia County leases are as follows: primary term of ten years, three­
sixteenths royalty, and annual rental of $10 per acre. 

___ .AMOCO 

AL.lOWA 

MAL f1 E U 

LA" E 

Major areas of public-land leasing in 1988. Map shows acreage applied for and issued during the year. Most issued acreage is from 
1986 and 1987 applications; only 5,000 acres were filed for in 1988. Withdrawals and terminations are not shown. Data courtesy of Dolores 
Jates, LANDATA. 
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Table I. Oil and gas permits and drilling actidt), in Oregon. 1988 

SlaWS. depth (n) 
TO=oIOtaI depth 

Pennit Opelluor. well. PTO =oproposed TO 
00. API number Location RO" redrili 

376 ARCO NE\6 sec. 8 Completed. gas; 
Columbia Co. 42·8·54 1. 5 N .. R. 4 W. TO: 2.255. 
36-009-00213 Columbia Coomy 

391 ARCO NE\6 sec. 20 Abandoned. 
Longv. Fibre 32·20-65 1.6N .. R.5W. dry hole; 
36-009-00229 Columbia Coomy TO: 1.249. 

397 ARCO NE\6 sec. 23 Abandoned. 
Hanna I 1.2S .. R.ZlE. dry hole; 
36-049-000)2 Morrow Coonty TO: 9.211. 

398 ARCO SE\6 sec. 1 Completed. gas; 
CF[ 34+55 1. 5 N .. R. 5 W. TO: 1.3Xl. 
36-009·00232 Columbia Coonty 

399 ARCO SE'" sec. 19 Abandoned. 
Johnston 44·[9-65 1. 6 N .. R. 5 w. dry hole; 
36-009-00233 Columbia Coonty TO: 2.910. 

400 ARCO NW\6 sec. 19 Completed. gas: 
Columbia Co. 12·19-65 1.6N .• R.5w' TO: 3.209. 
36-009-00234 Columbia Coonty 

." Oregon Nal. Gas Dev. NE\6 sec. 10 Completed. 
lW 42C·1O 1.6N .. R.5W. seT\' ice well: 
36-009-00235 Columbia County TO: 2.769. 

402 Oregon Nal. Gas Dev. NW!.4 sec. 10 Completed. 
IW 220·10 T.6N .• R.5W. seT\'ice well; 
36-009-00236 Columbia County TO: 2.7Xl. 

.,3 Oregon Nal. Gas Dev. SE!.4 sec. 10 Completed. 
OM 438·10 T. 6 N .• R. 5 W. service well: 
36-009-002J/ Columbia County TO: 2.616. 

404 Oregon Nal. Gas Dev. SE!.4 sec. 3 Completed. 
lW 330·3 1.6N .. R.5w' seT\'ice well; 
36-009-00238 Columbia County TO: 2.962. 

." Oregon Nal. Gas Dev . SW!.4 sec. 3 Completed. 
IW 238·3 T. 6 N., R. 5 W, seT\'ice well; 
36-009·00239 Columbia Coumy TO: 2.974 

406 ARCO SE!.4 sec. ZI Completed, gas; 
Columbia Co. 44·ZI·65 T. 6 N .• R. 5 W. TO: 2.00. 
36-009.Q0240 Columbia County 

." ARCO SW'A sec. 9 Completed. gas: 
Columbia Co. 24·9·64 T. 6 N., R. 4 W, TO: 2,503. 
36-009-00241 Columbia County 

." ARCO NW!.4 sec. L5 Completed. gas; 
CFW 12·15-64 T. 6N .• R. 4 W. TO: 1,950. 
36-009-00242 Columbia County 

4Q9 ARCO SW!.4 sec. 26 Aballdoned. 
Benson 14·7-64 T.6N .. R.4W, dry hole; 
36-009-00243 Columbia County TO: 2,S06. 

410 ARCO NW!.4 sec. 16 Abandoned. 
CFI 23·16-64 1.6N .. R.4W, dry hole; 
36-009-00244 Columbia County TO; 1.775. 

411 ARCO SE!.4 sec. 17 Pennit issued: 
Hamlin 33·\7-65 1. 6 N .. R. 5 W. PTO: 2,835. 
36-009-00245 Columbia County 
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Table 1. Oil and gas permits and drilling actil'it)' in Oregon, 1988 
- continued 

Pennit 
00. 

4ll 

4il 

414 

417 

418 

419 

Operator. well. 
API number 

ARCa. Longview Fibre 
32·21).65R and Redrill 
36-009-00246 
36-009-00246-01 

ARCa 
Columbia Co. 22·17·75 
36-009-00247 

ARCa. Sterling 12·24-66 
and Redrill 
36-009-00:>19 
36-009-00:>19-01 

ARCO. Longview Fibre 
24·8·75 and Redrill 
36-009-00248 
36-009-00248-01 

ARCO 
OR 21·33·86 
36.(XJ7-00020 

ARCO 
OR \3·33·86 
36-007-00:>21 

Location 

NE!.4 sec. 20 
T. 6 N .. R. 5 W. 
Columbia County 

NW!.4 sec. 17 
T. 7 N .. R. 5 W. 
Columbia County 

NW!.4 sec. 12 
1. 6 N .. R. 6 W. 
ClalSOp County 

SW\6 sec. 8 
T. 7 N .. R. 5 W. 
Columbia County 

NW!.4 sec. 33 
1. 8 N .. R. 6 W. 
ClalSOp Coumy 

SW'" sec. 33 
T.8N .. R.6 w' 
ClalSOp County 

Status, depth (ft) 
TO =1O!31 depth 

PTO=proposcd TO 
RO=oredrill 

Completed. gas: 
TO: 3.230. 
RO: 3,088. 

Pennit issued: 
PTO: 3.250. 

Abandoned, 
dl')' hole; 
TO: 3.144, 
RO: 2.845. 

Abandoned, 
dry hole: 
TO: 2~4. 
RO: 3.039. 

Pennit issued; 
PTO: 6.000. 

Pennit issued: 
PTO: 6.000. 

Drilling at the ARCO Hanna I well in the Columbia &lsin. 
Morrow County. 
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BlM held a lease sale on September 7, offering 314,635 acres 
in 185 parcels. No bids were received, and the acreage was made 
available the following day for noncompetitive over-the-counte~ fil ­
ing. Subsequently, applicants filed for fou r parcels consisting of 4,335 
acres in central Oregon, at a total fee and rental cost of $6,802. 

During 1988, several changes took place in the wa:y BlM con­
ducted ilS leasing program. The agent)' made modifications in the 
wa:y over-the-counter filings may be made. Additional changes last 
year included initiat ion of quarterly lease sales by BlM , with the 
September 7 sale being the first o n this schedule. Subsequent sales 
were scheduled for January 25 and March I , 1989. The January 25 
sale received no bids, while results of the March I sale were not 
avai lable in time for this report. The 1988 rental income for Federal 
leases totaled $1.139.822, and at year's end, 876,135 acres in 397 
parcels were under lease, an increase of 15 percent in leased acreage 
over the previous year. 

The Oregon Division of State Lands held a lease sale on 
November I, 1988, offering 19,553 acres in 43 parcels, mainly in 
ClalSOp County. Successful bidders included ARCO (15,553 acres), 
and W. Cooper (3,200 acres). L. Fisk also took 800 acres in Wheeler 
County with no bidding. These leases were issued December 7, 1988. 
Fees and bonus payments totaled about $75,000 to the State. 

Tenninated Federal and State lease acreage totaled 324,535 acres. 

DRILLING 
Fourteen explo ratory oil and gas wells, five gas storage wells, 

and three redrills were drilled in the state in 1988. This is a signifi ­
cant increase over the level of the 1987 drilling activity. All but one 
of the wells were drilled in the Mist Gas Field area, a pattern that 
has cont inued since the fiel d was discovered in 1979. The other well 
was a wildcat well drilled by ARCO in the Columbia Basin of north­
eastern Orego n. This well , the Hanna I, was the first well drilled 
for oil and gas in Morrow County and was a rare attempt to penetrate 
the volcanic rocks covering th is geologic province and to reach the 
underlying strata that are interpreted to contain favorable conditions 
for oil and gas accumulation and entrapment. The well was drilled 
to a total depth of 9,211 ft, making it the deepest well drilled in 
Oregon during 1988, but was plugged and abandoned as a dry hole. 

At Mist Gas Fie ld, 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, dri lling \3 exploratory wells 

Logging operations at well /W 42C-JO of Oregon Natural Gas 
Development Company as pan of the natural-gas storage project 
at Mist Gas Field. 

and three redrills. Of these, seven were successful gas completions, 
while the rest were dry holes. Oregon Natural Gas Development 
Corporation, a subsidiary of Northwest Natural Gas Company, 
drilled five wells as part of the natural-gas storage project. Details 
of these wells are provided in the natural gas storage project por­
tion of th is summary. 

Total footage drilled for the year, including the gas-storage wells, 
was 61.523 ft, a significant increase over the 42,665 ft drilled dur­
ing 1987. The average depth per well was 2,m ft , about the same 
as the average of 2,896 ft per well drilled the previous year. 

Ouring 1988, DOGAM1 issued 21 pennilS to drill (Table I), while 
two expired permits were canceled, and three pennits were denied 
during the year (Table 2). 

DISCOVERIES AND GAS PRODUCTION 
Mist Gas Field saw seven new producers, which tics last year's 

results as the record for the number of new gas wells discovered 
in a single year at Mist. ARCO Oil and Gas Company is the operator 
of all these wells, which include the CFI 34-1-55, CFW 12-15-64, 

Table 2. Canceled and denied pemiilS, 1988 
, 

Permit Operator, well. Issue Cancellation 

"'. API number Location date ,,- Reason 

356 ARCO SW \4 se<:. 2t 3-28·86 3·28-88 Permit cal\CCled: expired. 
Columbia Co. t3-21 T. 6 N .. R. 5 W. 
36-009-00195 Columbia County 

369 ARCO NE\4 set. 22 7·18-86 7·18-88 Permit canceled: expired. 
CF131·22 1.6N .• R.5W. 
36-009-00206 Columbia County 

396 Interwest Exploration NE \.I se<:. 5 Permit denied; incomplete 
Cavenham 31-5 T. 6 N., R. 7 W. application. 
36-Q(J7.(1()()18 ClalSOp County 

415 ARCO NE\4 se<:. 19 Permit denied; operator 
Greenup I 1.2S .. R.28E. withdrew application. 
36-049-00003 Morrow COUnly 

416 ARCO NE\.I se<:. 20 Permit denied: operator 
Greenup 2 1. 2 S .. R. 28 E. withdrew application. 
36-049..()()()()4 Morrow County 
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CC 12-19-65, CC 24-9-64, CC 42-8-54, CC 44-27-65, and LF 
32-20-65R-RDI. Cumulative flow rate for these wells is 5.0 MMcfd 
of gas, This brought the tOlal number of producers in the field to 
14 at year's end, with an additional six wells awaiting pipeline con­
nection. Seven wells ' at the field are shut in. 

Three of the seven new gas producers discovered during 1988 
extend the geographic limits of eslablished production in the Mist 
Gas Field: 1Wo are now the easternmost producers in the field and 
are located some 4 mi from the nearest previous producers. In ad· 
dition, one of the new producers is the westernmost gas well in the 
field and is within a quarter of a mile of the Clatsop County line. 

Gas production for the year tOlaled 4.0 billion cubic feet (Bd), 
an increase from the 3.8 Bef produced during 1987. The cumulative 
field production through the end of 1988 was about 35.8 Bcf. The 
tolal value for the gas produced for the year was $6.4 million, an 
increase of 16 percent over the $5,5 million during 1987. Gas prices 
varied between ' 14 cents and 20 cents per thermo 

GAS STORAGE 
Drilling for the Mist gas-storage project was completed by North­

west Natural Gas Company in 1988, adding to two previous years 
of storage- and monitor-well drilling. Five wells were drilled dur­
ing the year- four injection-withdrawal wells and one observation­
monitor welL TOla] foolage drilled for these wells was 14,091 ft, for 
an average depth of2,818 ft per well. Two of me injection-withdrawal 

Swabbing Oregon Natural Gas Deve/opmenl Company we/lIW 
23B-3 at Mist Gas Field, one a/the procedures preparing the well 
for service as an injection-withdrawal well. 
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wells were added to the Flora Pool and two were added to the Bruer 
Pool, completing a tola! ofthree injection-withdrawal wells for each 
of these pools. Injection-withdrawal wells are used to add gas to 
and remove gas from the storage reservoir. 

During 1988, the Miller Natural Gas Slation was being re­
designed, and the only gas injection done during the year was dur­
ing February, when 4.2 MMcf of gas was injected into the Bruer 
Poo] to test the compressors at Miller Slat ion. Withdrawals are 
scheduled to begin during fall 1989. The observation-monitor well 
was drilled on the southern edge of the storage area, bringing to 
seven the tOlal number of observation-monitor wells drilled. 
Observation-monitor wells are used to monitor the gas levels and 
pressures in the storage reservoir. No additional drilling is expected 
at the gas-storage project at this time. 

Of HER ACTIVITIES 
DOGAMI began a five-year study of the Tyee Basin during 1988. 

The Tyee Basin is located in the southern Coast Range and con­
tains Eocene sandstone strata that are believed to have similarities 
to the sands that produce gas at Mist Gas Field. The study area 
is located primarily in western Douglas and eastern Coos Coun­
ties. In the study, emphasis will be placed on those characteristics 
needed to generate and trap gas and oil, namely, sour~ rock, 
stratigraphy, and structural framev.urk. Funding for the srudy is being 
provided by landowners in the study area and by County, Slate and 
Federal agencies. DOGAMI will release publications reporting the 
results of the ongoing study to keep the public informed of its 
progress. 

The Northwest Petroleum Association remained active during 
1988, showing a membership of about 140 at year's end. At month­
ly meetings, papers related to the oil and gas industry were presented, 
and a field symposium with a geologic field trip was held in May. 
The 1988 symposium took place in Ocean Shores, Washington, and 
included field trips to the Chehalis and Grays Harbor Basins as well 
as the coastal area of the Olympic Peninsula. 

Northwest Natural Gas received approval from the Energy Facili­
ty Siting Council to build a natural-gas pipeline from the Mist Gas 
Field to Portland. The pipeline, the South Mist Feeder, will be of 
16-in. steel, 50 mi long, and will extend from the Mist storage proj­
ect to West Union Road, west of Portland, where it will connect 
with existing pipeline facilities. With the new pipeline, Northwest 
Natural Gas Company will increase deliverability when producing 
or storing gas. The line will also provide a back-up capability in 
the event the existing gas line needs to be turned off. 

Offshore oil and gas exploration is still several years away in 
the region, but planning is underway at the Slate and Federal levels. 
The Oregon Ocean Resources Management Task Force, eSlablished 
by the 1987 Legislature, met six times and released an Interim Report. 
Public workshops were also held to gather input on the concept of 
planning for new uses of the ocean, primarily mineral development. 
The consensus from the public was that existing uses such as fishing 
and tourism should be preserved, whereas mining or oil and gas 
exploration should be prevented. Further meetings will resull in a 
draft plan in September 1989, followed by additional public input. 
A final plan is scheduled for July 1990. 

Meanwhile, the U.S. Minerals Management Service is moving 
ahead with its plans for an April 1992 oil and gas lease sale for 
the outer continenlal shelf off Oregon and Washington. The agency 
held a workshop in Portland in June 1988 to gather input about its 
environmenlal studies program in preparation for the sale. Several 
studies are underway, and more are planned for 1989 and 1990. In­
dustry interest will not be gathered until November 1989 and may 
ultimately determine whether there will be a 1992 offering. 

The Mist Gas Field map (1:24.000) has been updated as 
DOGAMI Open-File Report 0-89-2. It reflects all 1988 drilling ac­
tivity in the field, including gas-storage and monitor-well activity. D 
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The grandeur of concrete: Part I 
by 0011 Dllpms. Geo!ogisl, California Dil';sioll of Mines alld Geology 

This article first appeared in the January 1989 issue of C(jliJomia Ce%sr and is reprinted by permission here because we believe 
it will be of interest \0 our readers. It is the first of a two-part series describing how concrete is made. how it is used. and how 
important it is in our lives. Part I presents the history of the dcvc10pmCIlI of concrete. the advent of the concrete industry in America, 
and the composition of modern concrete. Part II will appear in a later issue and will desc ribe our dependence on concrete and modern 
advances in concrete technology. -Editor 

INTRODUCfION 
Concrete literally fonns the fooooalion of our society. Our homes. 

factories. offices, schools, roads. runways. dams. sewers- in short. 
our quality of life depends on inexpensive and abundant concrete 
(Figure I). Engineers and architects utilize its versatility for thousands 
of specialty uses. The fire-resistant property of concrete is a struc­
tural advantage over wood: concrete docs not burn or rol. lis in­
sulating properties are widely employed to save on heating and cool­
ing costs. The density of ordinary concrete enables it to store solar 
heat and to slowly release it at night. Concrete is relatively inex­
pensive. readily avai lable. permanent. very durable. and easy to 
make: all that is needed is a mold and sufficient time for curing. 
As important as concrete is to our society. this triumph of human 
ingenuity is so commonplace that hardly anyone appreciates il. 

EARLY HISTORY 
As we casually use sidewalks, roads. and swimming pools, it 

is easy to overlook the distinguished lineage of concrete. Cement, 
the principal matrix materia l of concrete. has been utilized for over 
5,000 years. The ancient Egyptians used a cement mortar made with 
heated or "calcined'" gypsum in the const ruction of the great 
pyramids at Giza and other structures. Cement was used for the con­
struction of the harbor at Kition. Cyprus, in about 600 B.c. 
(Stapleton, 1981: Encyclopedia Britannica, 1984). 

Mediterranean area 
Lime-based cement. a significant improvement over gypsum­

based cement and quite similar to the cement used today. was used 
by the Mycenaeans and Phoenicians in about 500 B.c. The oldest 
lime cement so far discovered is in the ruins of a Phoenician tem­
ple on Cyprus (Draffin, 1943). Lime cement was made by calcin· 
ing lim~tone and then crushing it to a fine powder. Gypsum re­
qui red a calcining temperature of 300 to 400 OF. In contrast, lime 
required a calcining teniperature of 1.500 to 1,650 OF. In the early 
lime calcining process. hooted limestone (CaCOJ + heat) produced 
carbon dioxide gas (C02) and lime (CaO). Water added to crushed 
lime causes a chemical reaction and results in fi rm hydrated lime 
cement [Ca(OHh l . When mixed with water and sand, the lime ce­
ment made a durable mortar (Lea. 1970). 

The use of lime cement spread from Crete to GreeCe, where it 
was used to line hand-dug cisterns and was mixed with sand and 
gravel to form a primitive concrete used in construction. From 
Greece, the usc of lime cement spread to Rome, Carthage, and other 
cit ies around the Mediterranean Sea. A problem encountered with 
this early lime mortar was that it gradually dissolved when exposed 
to ra inwater (Encyclopedia Britannica, 1984). 

Roma n concrete 
The fame of Roman engineers as master builders is due in no 

small part to their use of lime cement mixed with broken tile. stone. 

, Calcining is a heating process th31 drives off volatile gases. such as 
water vapor and carbon dioxide. and makes the cement reactive with water. 
Calcined gypsum is panial1y dehydrated and is k.nown today as plaster ofP'.lris. 
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volcanic ash. and water 10 form strong, long-lasting concrete struc­
tures. The Romans greatly improved the strength and durabi lity of 
concrete and were the firsl to use it in significant amounts. The words 
"cement" and "concrete" come from the Latin words caemel1twn, 
for pieces of rough uncut stone. and concrelus. which means to grow 
together. Roman masons screened and washed sand and gravel (called 
"aggrcgatc"2) in preparation for use in concrete. The practice of 
screening and washing sand and gravel is still necessary for mak­
ing sound concrelC. 

Figure 1. Tmllsamerica Building. San Fmncisco, Califomill. COl/­
crete pf"O(lucIs lire pen'llsire, lind if is hard to imagine our society 
without 'hem. The gmceJuI Tmllsamerica Building in Sail Fronciseo 
is one example of lire \"(/riellforms olldJullctiolls of collcrete design. 
At 853 fi high, it is the second tallest building ill California. Photo 
by DOli Dupms. 

, Aggregate is a genernl term that refers to any hard inen material such 
as sand, gravel. smelter slag. or crushed rock. Strong and durnble aggregate 
is of prime imponance in cement products such as ooncrete. monaro and 
plaster. These materials commonly contain more than Xl percent aggregate 
by volume. 
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In about ISO B.C., the Romans discovered that a glassy. fine­
grained volcanic ash added to lime cement in place of sand made 
the concrete water-resistant and gave it superior strength. The best 
Roman cement was made with volcanic ash they called "pazmolww:' 
which was quarried near the town of Pozzuoli, Italy. The ash had 
been erupted from the volcano Mount Vesuvius (Hansen, 1982). 

Roman pozzolan cement had the abili ty to harden under water, 
This water-resistant property is caused by si lica in the YOlcanic ash 
chemically react ing with lime to fonn insoluble compounds in con· 
crete. This superior cement enabled the Romans to construct resis­
Iant concrete marine facilities such as seawalls, piers. lighthouses, 
and breakwaters. 1be remains of these ancient structures can be seen 
today on the shores of the Mediterranean Sea (Encyclopedia Britan­
nica. 1984) . Today, cement of this type such as portland cement is 
termed "hydrauliccement:' Pozzolan is a common admiJ;ture used 
in modem concrete structures, and concrete made with such 
hydraulic cement can be placed under water through a hose called 
a "tremie line:' 

Roman engineers were the first to use lightweight concrete in 
building construction. Broken pumice. a lightweight porous volcanic 
glass, was used as aggregate when lightweight concrete was required. 
Lightweight pumice concrete improved wall insulation, reduced con­
struction weight. and was better able to withstand frost action 
(Stapleton, 1981). 

After 2.000 years. many examples of Roman concrete remain 
in place and illustrate the important contribution this material has 
made to modern civilization . Roman engineers constructed the 

Figure 1. The Pantheon , Rome, Italy. The entrance ponico in­
scription , "M. AGGRIPPA. LF..COS. TERTIVM. FECIT' (Latin for 
"Marcus Agrippa, son of Luaus and three ti~s COtlSul, builtlhis '~, 

refers to an earlier rectangular temple that was buill on this sile 
about 15 B.C and later destroyed by fire. The domed Pantheon wos 
added to the ponico in 114 A. D. and dedic(l/ed to the St'l'en major 
Roman gods. It is unique not only for its innowlIive concrete ar­
chitecture but also because it is one of the l'ef)' few buildings of 
ImfHrial Rome that hal'f! remained intacr-a testament to solid con­
cr~te design. The lmge interior drum·shaped room has inlaid marbl, 
floors and is COl'f!red by a poured concrete dome 143/t in diameter 
that " US not u:cuded in size umil th~ mid-1800's. The dom~ has 
o 30-/t-M.'ide oculus or round opening in the lap to iIIuminme the 
interior. The ZI-ft·thick walls are not solid concrete but are 
honeycom~d with concrete arches. The Pantheon is one of the first 
large concrne buildings and still sen'f!S as an architectural model 
for other domed bUildings, This WId following photos counesy of 
Ihe Portland Cenrellf Association excepl as noted. 
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world's earliest and most enduring examples of concrete architec­
ture. The Pantheon. Colosseum, Hadrian's mausoleum. Roman 
baths. aqueducts. and Roman roads throughout Europe are 
monuments to the varied fonns and functions of early concrete 
design. Concrete enabled the Romans to experiment wi th circular 
walls, vaul ted ceilings, and domes: Roman concrete architecture still 
influences and inspires contemporary engineers. 

The cireular-domed Pantheon in Rome haS survived vinuully in­
tact and is the most famous early concrete structure in the world. 
It was an architectural experiment and one of the first large con­
crete st ructures to incorporate lightweight aggregate concrete. The 
Pantheon was completed in 124 A.D. and dedicated as a religious 
temple. At the time. it was more than twice the size of any ocher 
domed building (Figure 2). Its 21· ft ·thick circular wall is honey· 
combed with cast pozzolan coocrete arches and sandwiched by mar­
ble veneer (Norwich. 1m; Mark. 1987). 

Allhough the wall is an engineering feat in itself, the most in­
teresting aspect of the Pantheon is its dome. The dome is 143 ft in 
diameter, 4 ft thick at the center. and incorporates nearly 5.000 ydl 
of poured pollolan concrete (Hansen. 1 9~2) . The base of the dome 
was made with normal sand and gravel aggregate for strength, 
because concrete strength is lost when lightweight aggregate is used. 
As the builders approached the top of the dome. they used lighter 
and lighter aggregate in the concrete until at the center. only pumice 
aggregate ....... s used. The Pantheon is the only Roman building with 
its dome sti ll intact (Stapleton, 1981). 

The Roman Colosseum. a limestone. monaro and concrete 
stadium, was completed in 80 A.D. and could accommodate 60.000 
people. The word "colossal" is derived from the Latin word mean­
ing huge. The Colosseum included miles of barrel-vaulted and groin­
vaulled concrete passageways that provided smooth movement for 
the cl"O'Mds. The foundation was built with 4O-ft-dccp concrete pilings. 

Many other large Roman publ ic works such as aqueducts, 
mausoleums, and sewer systems were constructed with cement mor­
tar and concrete. One example of this type of construction is the 
extensive Cloaca Maxima sewer system beneath the streets of Rome. 
Another example is the graceful Roman aqueduct near Nimes. 
France, which was completed in 18 B.C. The ponion of the 24-mi­
long aqueduct that crosses the river. called the Pont du Gard , still 
stands and is 155 ft high . The top level supports a mortared water 
conduit 4 ft wide and 5 ft high (Stapleton, 1981), 

The illustrious Roman road system that connected the empire 
had nearly 54.000 mi of highways and another 200.000 mi of con­
nected roads. Engineers provided adequate drainage and carefully 
surveyed highway routes for directness between towns, Commonly, 
these highways were 4 ft thick and layered, with sand and gravel 
at the base, concrete in the middle. and stone blocks at the surface. 
The rigid roadbeds normally lasted 30 to 40 years without repairs. 
Several of these roads lasted for hundreds of years after the fall of 
the Roman Empire---even without repairs (Stapleton, 1981; Weisburd. 
1988). 

The technology of making high-quality. sound concrete declined 
after the fall of the Roman Empire. The low point of inferior con­
c rete design in Europe occurred between the 9th century and the 
11th century, when the practice of using suffic ient heat to calcine 
limestone was abandoned. During the 12th and 13th centuries. proper 
calcining temperatures were again init iated, and the quality of ce· 
ment gradually improved. By the end of the 1500's, pollolan 
materials were again used in concrete mixtures. Concrete develop­
ment progressed very slowly from that period until the Industrial 
Revolution (Lewis. 1981). 

By the r~)(rs. engineers throughout Europe were experimenting 
with various natural cementitious materials that included limestone, 
limy mud. gypsum. pozzoIan ash. oyster shells. diatomaceous ear1h, 
and clulk. Because the ingredients in these "natural cements" varied 
widely. and because procedures for making concrete were often 
haphazard , the quality of concrete structures made in the 1'XlQ's was 
erratic. 
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It should be ncMed that natural cements are still used, mainly 
in nonindustrial countries, and make fairly durable concrete struc· 
tures. Natural cements have less durability. are less versatile , and 
harden faster than portland cement. HOYo'C'Jer, some have remarkable 
compressive st rength of 11 ,000 lb per inl (Draffin, 1943). 

PORTLAND CEMENT 
The Industrial Revolution in England caused a serious shortage 

of timber for the building trades. During that time, there was an 
intense demand for canals, factories, harbors, and other st ructures. 
Builders sought to reduce their dependence on wood structures by 
using increasing amounts of mortar, brick, and concrete. 

In 1751, civil engineer John Smeaton was hired to design and 
build the Eddystone Lighthouse off the coast of Plymouth, England. 
After conducting several experiments to detennine what cementing 
materials would set and remain stable under seawater, he chose a 
mixture of calcined argillaceous limestone from the Isle of Portland 
and pozzolan ash brought in from Italy. His studies showed that the 
best cement could be made from limestones that had the highest 
clay content. The concrete proved to be e1tceptional. and the 
Eddystone Lighthouse lasted for 126 years before it was replaced. 
Smeaton is said to have rediscovered the Roman pozzolan cement 
fonnula by enmining an old Roman document (Skinner, 1976). 

Joseph Aspdin 
Nearly all concrete used today incorporates portland cement. The 

credited inventor of this e:u:eptional cement was Joseph Aspdin. a 
brick layer and mason from Leeds, England. After much experimen­
tation, Aspdin developed thc process of carefully proportioning 
limestone and clay collected from local quarries, pulverizing it, and 
heating the mixture on his kitchen stove. He then ground the com­
pound into a fine powder. The resulting hydraulic cement made a 
very strong and durable concrete when mi1ted with the proper pro­
portions of water and aggregate. Jospeh Aspdin named it "portland 
cement" because the limestone he used was quarried on the nearby 
English Isle of Portland (Figures 3·5) (Legget and Karrow. 1983). 

Aspdin took out a patent on his portland cement in 1824. Short· 
Iy thereafter, he built a small kiln that pnxloccd up to 6 IOns of clinker 
after several days of heating (Figure 6). Aspdin later discovered that 
a higher calcining temperature produced a superior cement. and he 
secretly incorporated the heating process (Lewis, 1981). For a number 
of years, Aspdin's portland cement process slowly e1tpanded. 

Figure J. Dml\;ng of Joseph Aspdin (JJ his workshop. He pauntt:ti 
his process of making artificial stone in 1824 and cafft:d it "portland 
cement." Nt:arly aff construction concrt:te used in the world today 
incorpomtes portland cemellt as irs fundamelltal binding ingrtdiellt. 
Most portland cement used today is nearly the same as that 
discOl't!red by Joseph Aspdin. 
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Figurt 4. Aspdin"s original cemem plam in ~kefield. Eng/mId, 
around 1860. The first extensil'#! use of cement l\\1S in the nll/mes 
Tunnel in 1828. The engineer ill charge of the project insisted on 
IISillg portland cemellt alld face,1 strong opposition because it cost 
more than twice as milch as other IIatuml cements then (II"(Jilable. 
The cemem prol'ed worthy, 'Illd in the 1860"s, nearly 70,000 tons 
ofport/and cement were used in the COIlstruction of the Lolli/Ofl Sel\'t!r 
system. Aspdin"s son Willi{l1n tried to keep his fothu"s formula a 
seem by placing tm)"s of copper sulfate in the kilns during the calcin­
ing process. The noticeable smell ,\"Os illlended to deceil't! 
competitors. 

However, portland cement concrete proved to be so durable, ver· 
satile, and efficient that by the 1850's, the process for making the 
cement was wcll established in England, Gennany, and Belgium. 

It is generally agreed that Joseph Aspdin was not the sole inven· 
tor of portland cement. because other English inventors were also 
working on similar cementing materials in the region during that 
time. In any event. wi thin a month after pouring, portland cement 
concrete developed nearly twice the compressive strength of many 
other natural concretes then used. 

Aspdin lived to see the first bulk use of port land cement as a 
masonry liner in a tunnel that went under the Thames River. Portland 
cement today is manufactured basically the same way as Aspdin'S 
patented process, but it is made with far greater precision and in 
far greater tonnages than he ever dreamed. 

Figure 5. The famous limestone quarry (HI. the Isle of Portland, 
south coast of England (around 1850). When j oseph Aspliin was 
experimeming l\;th his ceme1lt c()tlcoctions, ht' hDd 11() t'fficit'nt way 
of grinding the limestollt'. He foulld that the steel·n·mmed wagons 
had sufficiemly pufl'#!riud the limestone along the quarry road for 
his experiments. In 1825, while collecting crushed Iimt'st(HIe mmples 
alollg the maill quarry road, he was arrt:sted and fined for theft of 
public property. 
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Figure 6 A boule kiln for calcining limestone used in Aspdin s 
cement plam (arowllll850). The kiln »ns 36ft high, J7 ft in diameter 
at tht base, and had a cafHlcity of 21 tons of limestone per bum. 
It was much lal1fer than Aspdins original kiln, 'which had a capacity 
of about 6 tOilS oj limestone. Early kilns of this I}Pt had a naruml 
draft. TherrJorr, calcining and cooling might take sn~rol days, 
depending on tht pm'Oiling ,,;nds. 

u.s. portland cement 
In an effort to expand their markets , European manufacturers 

began shipments of port land cement to the United States in 1&68. 
To reduce freight costs, the cement was first shipped in wooden 
barrels) as ship ballas!. Port land cement proved to be so durable 
and versat ile that engillCCTS in the United States soon preferred it 
to Dlher natural cements then in use, and shipments increased (Figure 
7). The port land cement market in the U.S. quickly spread. 

David Saylor had previously worked in the manufacture of natural 
cement concrete and felt that he too could make Port land cement 
(Figure 8). In 1871, he made the fi rst port land cement in the United 
States at Coplay, Lehigh Valley, Pennsylvania. Saylor found that an 
argillaceous limestone' in that valley contained the proper propor­
tions of ingredients nceded 10 make quality portland cement. Like 
Smeaton and Aspdin, Saylor systematically studied the physical prop­
ert ies of cement and concrete to improve it. His operalion was a 
success, and his company prospered. 

There was a strong demand for cement to accompany the rapid 
American industrializatio n during the 18xrs and 188O·s. Large 
engineering projects such as the Erie Canal, factories. sewer systems. 
and bridges fostered the spread and manufacture of portland cement 
in the United States. 

I Cemenl is porchastd and measured by _ighl beo:ausc its volume 
changes due 10 compaction. The concrete industry still measures cement 
in barrels. a pl"llCtice that dates back 10 the mid·lSOO·s. when it was shipped 
in bamls. By definition, a barrel weighs 376 Ib and contains four bags that 
Ill: 94 Ib each. A hag or cement is roughly I ft l. 

• Argillaceous limeSlone is common and contains as much as 50 [X'r· 
Ct'nt clay minerals. This natural "cement rock:' as il is sometimes known. 
needs few additional materials to make good cement. An argillaceous 
limestone that would make a good ponland cemenl would contain 50 to 65 
percent time, 10 to 20 percent si lica. and IS to 35 percent clay minerals, 
including alumina and iron oxide. 
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Figllre 7. All early shipmellf of ponl(md umellf in woodell bar· 
rels to the Unite,l SWfl'S dllrillg the 1860's. /.nrge quallfities ofm/tuml 
cemellfs were IIsed ill the Ullite,l Swtes during Ihe early l800s. 
Engi/!eers bega/! la swi/ch 10 ponl(llld celllem whell they realized 
its SUIJerior performance. 

Rota r y ki ln 
By the mid-1880's, the demand for portland cement products was 

rapidly growing, but the process of making it .... as labor intensive 
and time consuming. It proved to be difficult to mass produce, and 
rows of large vertical brick kilns were constructed to meet Ihe de· 
mand. Cement made in these kilns required a great deal of heat 
for calcining the limestone. After the calcining process. the mix­
ture was allO'Ned to cool and was relTlO'>'ed for processing. 1be cool­
ing process was dependent o n wind conditions and commonly took 
scvcrnl days. The process of manufacturing portland cement in \'C r­
tical kilns was costly and inefficient. 

Frederick Ransome, an English engineer and inventor, revolu­
tionized the building industry by making it possible to mass pro­
duce portland cement. In 1885, Ransome patented a slightly inclined 

Figure 8. Omid Saylor, /he first American to produce portland 
cemem 1II Coplay, Pennsylwl/Iia. As 0 manufacturer of natural ce­
memo Saylor bectJme cominced /hat portland cemem produced a 
superior concrete. After experimeming ",;th a local al1fillaceQus 
limeslO/le ill Nfll, he began produC/llg high·quality ponland cemem 
ill bottle kilns he had built from English design. By 1lf76, Saylor's 
cement \\~S accepted and recommendedfor use fly the United Stales 
Engineers Office. 
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Figure 9. A modem rotary kiln. nle kiln is about 500 ft 10l1g 
and 14 ft in diameter. II is made oj steel, lined with firebrick, ami 
rotates around giam roller bean'ngs aOOm one complete tum a 
minute. Row materials jor ponland cement are jed into the kiln at 
the righi, gradually lra~~1 dmt.TI Ihe kiln to the left as it rotates, and 
are sleadily heated to a temperature oj about 2,700 OF. The gases 
produced by the calcining process are collected in the building (jf 
the left. For a kiln oj this size, it takes aboul three hours jor Ihe 
malerials to make a complete passage. 

cylindrical kiln that slowly rotated. Crushed raw material could be 
continuously ;tdded at the top of the rotating kiln, calcined, and then 
relTlOVed. Early rotary kilns developed several problems that took 
years to remedy. Regardless of these problems, the invention of the 
rotary ki ln is comparable to the development of the Bessemer proc­
ess for making steel. Rotary kilns dramatically increased output, 
decreased costs, and improved the uniform quality of ponland ce­
ment (Figure 9). 

Thomas Alva Edison (Figure 10) was instrumental in improving 
the rotary ki ln. He .... -as convinced that mass-produced JXlnland ce­
ment could provide affordable housing for everyonc, and in 1898, 
he formed the Edison Ponland Cement Company in Orange, New 
Jersey. In 1902, his company introduced the long rotary kiln. At 
150 ft long and nearly 9 ft in diameter. the kiln e nsured more near­
ly complete calcining, which resulted in a better cement. By 1905. 
the comtitny was producing 715 tons of cement per day (Conot, 1979). 
In 1908.. Edison realized his dream of an all<oocrete. low-cost hous­
ing project and was one of the first to use tilt-up wall conslruction- a 
method in which concrete walls are poured into a mold at the job 
site, allowed to harden, and then raised into place (Figure JI) . 

In a nearbY magneti te mining operation managed by Edison and 
his associates, there was a problem of crushing the h1)rd iron ore 
for processing. So. in his characteristic manner. Edison invented 
the modem roll crusher, which, like many of his other inventions. 
is universally used today in the cement and ()(her mining industries. 
The crusher had two mammoth. rapidly rotating iron cylinders 
equipped with iron studs, and it could grind six tons of very hard 
magnetite boulders in half a minute. He fondly called it his "Giant 
Rolls" (Conot , 1979). 

The construction of the 41-mi-Iong Panama Canal took 32 years; 
the canal was finally completed in 1914. An estimated 5 mill ion yd ' 
of concrete were used, and nearly 9(X) million yd) of eanh were 
excavated (Legget and Karrow. 1983). Canal conSlruction did much 
to foster the improvement of concrete Standards and equipment in 
the Uniled States. One example is the refinement of the ready-mix 
truck commonly seen on highways today. 
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Figure 10. Thomas A. £Jjson, iml'ntor. £Ji.ron piOtleemi the 10tIg 
rotar), kiln and imprm~d the crushing and grinding equipmem used 
to make pon{olld cemefll. 

Modern production 
As imJXInant as JXlnland cemenl is to society, it is reassuring 

to know that the resourees used 10 make it are abundant and occur 
worldwide. The basic raw materials for making modern JXlnland 
cement include about 60 percent lime (CaO). 25 percent silica 
(Si02), 5 percent alumina (A I20,), 4 percent gypsum 
(CaSO,'2H20), 3 percenl iron oxide (Fe20 J). and 3 percent 

Figure II. Tift-up construction. Thefirst tilt-up concrete bllildings 
in the United States "l're used to store AnnyommllnitiOtl in the eoriy 
1900's. nre thick, reiliforud concrete walls are cost in plact (1/ Iht 
job sitt. allU>i~d 10 harden. and tilted into place. Compared lI'ilh 
O/hu tJPf'S, COllcrele till-Up bllihlil1gs ,ake less time al1d money to 
COllstrrtct ami maintain. They require less insulatiOll (IIld COSt less 
10 heat in the wimer and 10 cool in tht summer compared with other 
t)pI!S ojbuildings. They can be constTllcted quickly; some are com­
pleted 90 doys.from the time groulld is broken. They tlimin(l/e the 
need ojreinjorcing beams mrd columns and require lillIe long-term 
maintenmru. Many innomlill' deSigns are used 10 make tilt-up 
bui/dings attmctil'/!. Photo by Don Dupras. 
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magnesium oxide (MgO). Lime comes from limestone and marl.' 
Silica and alumina are found in clays, shales, soiis, and silica sand. 
Iron oxides occur in iron minerals. such as limonite, hematite. and 
siderite and in lateritic soils. 

Magnesium oxide is a deleterious ingredien! because in excessive 
amounts it expands over time and disintegrates concrete. However, 
all limestone contains small amounts of magnesium oxide. and it 
does not haon concrete if it is limited to amounts of less than 5 
percent (Lea, 1970). 

These raw cement materials are crushed. propon ioned under 
exact chemical control, and ground to a sandy powder. Thc powder 
is then fed into a slightly inclined rotary kiln (some kilns are as 
long as 700 ft), and the load (or "charge") slO\ll ly moves toward 
the lower end, where it is first calcined and then gradually hcated 
to a temperature of nearly 2:m "F. This heating process noonally 
takes approximately three to four hours. About 44 percent of the 
origina1load is lost as gases such as carbon dioxide and water vapor. 
When the charge reaches the "clinkering" temperature of 2 ,700 "F, 
it panially melts, changes composition, and emerges from the kiln 
as irregular, marble-sized balls called clinker6 (Table I) (Figure 12). 
The clinker is mixed with 2 to 4 percent gypsum to regulate selling 
time and is then ground to a powder finer than flour. The resulting 
gray pov.der is ponland cement (Kosmatka and Panarese, 1988). 

(h-er 99 percent of all concrete used today contains ponland ce­
ment. An estimated 1,700 ponland cement plants annually produce 
nearly a billion tons of cement worldwide (Huhta, 1988; Kosmatka 
and Panarese, 1988). California produces more pon land cement, 
concrete aggregate, and ponland cement concrete than any other 
state, and demand is expected to increase throughout the 199<rs. 

Table I. Compounds in pan/and cement clinke"-

Chemical Industry FUl'ICtion in 
~~ Formula abbl'e\l. Percent eOl'lCrete 

Trkalcium 3 C.O·SiO, C,S " Cementitious 
silicate compound that 

adds strength, 
causes concrete 10 
harden rapidly. 

Dicalcium 2oo·SiO, C~ " Cemelllitious 
silicate compound that 

adds strength. 
causes concrete to 
harden slowly. 

Tricakium 3C1O'AI,O, C,A • An essential nux 
aluminate that prornote$ fus· 

iflg 0( ~rous 
crystals. libel1lle5 
a large amoum 0( 

heat during tile 
first few days, 

Telracalcium 4C.O·AI~,·Fe~J C,AF • Reduces heat 0( 

aluminolerrite ~ration. usisl$ 
in !he bmation 
0( cement crystal .-. 

• Omker plus 4 percent ground g)']l$Um (CaSO .. 2H~) ronstJlUle$ ponllJld cement; 
cement plus aggregate and ... ale. produces concrete, 

, Marl is gray to dark gray. The term is loosely .pplied to rocks with 
3j to 6j percent cakium carbonate aoo 3j to 6j percent clay. It is common­
ly called a "dirty limestone," 

• Clinker aoo a small amount of gypsum I~ ground to a po'4der so fine 
that it .... ill pass through a 200-mem sieve with 40.000 openings per in' (about 
10 microns in diameter). It is necessary to ,rind the cement this fine to in· 
crease the wrface .~a so ·that it will properly hydrate, 
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Figu~ /2. Grayish-black pan/and umem clinker pd/e/s K;lh 
an aloerage dlameltr of ~ In. The row mtJltriais for panJ.and ce­
ment are heated to the clink£ring /emperature 0/ approximardy 1,1VO 
oF. After the clinktr is mnde in the rotary kiln, it is cooled, mixed 
with gypsum. and ground to the \oe')' fine powder kn~71ll$ panlmui 
cement. Pltmo by Dodd Parke. 

PORTLAND CEMENT CONCRETE 
Ponland cement is rarely used by itself but must be mixed with 

aggrcgate to make concrete, grout, monar, stucco. and the various 
other cement products used in the building industry. Ponland ce­
ment mixed with fine aggregate (sand and gravel1ess than a quarter 
inch in diameter) is used to make cement plaster. monar, and stuc­
co. When it is mixed with sand and coarser aggregate (al:Jorve a quarter 
of an inch in diameter), it makes concrete. 

Nearly 99 percent of all structural concrete in the United States 
is made with ponland cement. Ponland cement is the most expen­
sive component of concrete, and most types of concrete contain only 
about 7 to 14 percent cement by volume. When ponland cement 
is mixed wi th the proper proponions of water (commonly 14 to 20 
percent) and aggregate (commonly 60 to 80 percent by volume), 
the resulting concrete mix hardens- not by drying but by a process 
called hydration (Kosmatka and Panare.se, 1988). 

Curing 
At tke instant water is added to the concrete matrix, anhydrous 

compounds in the cement chemically react and begin to form new 
compounds. During this hydrat ion process, the new complex com­
pounds firmly bind the concrete matrix with criss-crossed, inte rlock­
ing hydrous crystals (Hansen, 1982). The rate of hydration is affected 
by the composition and fi neness of the cement ):lO'MIer. temperature, 
the amount of water present, and admixtures that can either accelerate 
or retard tke hydration process. 

The hydration reaction is so rapid that it is necessary to lengthen 
the curing time by adding materials. Gypsum is almost universa lly 
added to cement to retard the sett ing, although many other additives 
are also avai lable. For common concrete that is used in sidewalks, 
patiOS, and driveways, about 90 percent of the hydration process 
takes place within 28 days from the time it is poured. The harden­
ing process, however, continues for months or years afterwards. 

Long curing periods are desirable to yield more nearly complete 
hydration of concrete. Theoretical tests indicate that common con­
crete that is precisely engineered and cured will continue to 
strengthen for 2j years or longer (Kosmatka and Panarese, 1988). 
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Water must be available for the hydration process to continue. 
It is a common misconception that concrete hardens upon drying 
by evaporation. To avoid cracking and other problems, recently 
poured concrete projects should be kept moist for at least a week 
after they are placed. If poured concrete is not kept moist during 
the curing process, it can lose up to 50 percent of its designed 
strength. A common method of preventing the loss of moisture is 
to periodically spray the concrete with water or cover it with wet 
rugs or burlap bags. Another method used in large construction proj­
ects is to spray membrane-curing compounds on the fresh concrete; 
the membrane acts as a barrier to evaporation. 

To make sound concrete, only that amount of water necessary 
for hydration is required. However, a concrete mix that contains only 
the amount of water necessary for hydration is stiff (or "lean." as 
it is known in the trade) and is laborious to place. Because such 
a lean concrete is difficult to place and work, more water is com· 
monly added to make the mix easier to pour and finish. The addi­
tion of more water than is required for hydration lowers the strength 
of the concrete (Waddel1, 1974, 1985). 

For example, an average machine·mixed concrete blend can 
withstand pressures of 3,000 lb per in2 28 days after it is placed. 
If extra water is added to the mix to make it easier to place and 
finish, the concrete strength may be only 1,500 Ib per in2 after 28 
days. If the concrete is used to make a front yard mowing strip, the 
reduction in strength is not important. If, however, the concrete is 
used for a building foundation, the strength reduction may be serious. 
If too much water is added to the mix, there is nOI only a signifi­
cant loss of strength but also the risk that the pieces of aggregate 
may separate from the matrix and the concrete wil1 fail. 

Heat is generated during the hydrat ion process, and when large 
amounts of concrete are poured, as in dams or bridge abutments, 
the heat from the hydration is reduced or drawn off to avoid damag­
ing the concrete. For large construction jobs (dams, bridge founda­
tions, or freeway overpasses), specialty cements that produce less 
heat and take longer to cure are used (Kosmatka and P.inarese, 1988). 

Placing 
Ponland cement concrete for dams and large bridges is mixed 

near the construction site. For smal1er jobs, it is brought 10 the con­
struction site ready-mixed in agitator trucks. Ready·mix trucks, with 
their characteristic tilted, rotating, barrel·shaped mixers, deliver the 
concrete in readiness from a central plant called a "batch plant." 
The truck operator then places the fresh concrete by means of a 
metal chute that folds out from the back of the truck. It is impor­
tant to place concrete from the mixer to the form as rapidly as 
possible sO that no initial sening occurs. The entire ready-mix opera­
tion from batch plant to placement is usually completed within 90 
minutes. 

When placing fresh concrete in difficult·to-reach areas, such as 
when constructing skyscrapers, concrete is pumped through a long 
tremie hose attached to a crane. Some concrete pump trucks can 
lift and place concrete above 500 venical ft. For large jobs or when 
strucrural suppon is critical, the concrete is agitated after it is poured 
by portable vibrators to ensure that no void spaces remain in the 
corners and recesses of the form. 

Reinforced concrete 
Although sound concrete can withstand intense vcnical pressure 

cal1ed ·'compressive strength," its resistance to tensile stress (or pull­
apan force) is relat ively weak. In other words, a standing pillar of 
concrete that is 4 in. wide and 6 ft tal1 would be easy to break with 
a sideways hammer blow. To remedy this imperfection, engineers 
use reinforcing materials that have high tensile strength. The most 
common type of material used is steel rebar (rods). In addition to 
its high tensile strength, concrete re inforced with steel rebar will 
expand in the summer and contract in the winter at an even rate, 
with no damage to the concrete. Steel rebar is ribbed to improve 
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its bond with concrete (Figure 13). In general, the thicker the rein­
forced concrete structure, the thicker the rebar used. Welded, high­
strength wire meshes are used in the construction of road, floor, 
and flat·roof concrete slabs. 

Figure 13. Columnar section of rebar concrete taken from a 
buildingfowukuion. Samples such as this are extnJctedjrom building 
foundations and tested to ensure that the rebar and concrete are 
sound. Note how the cement-and-water paste completely coats each 
aggregate particle. Photo by David Parke. 

Concrete failure 
Concrete failures are usually caused by faulty construction tech­

niques rather than by flawed design. When a large concrete struc­
ture fails, engineers use a variety of forensic tools to determine what 
happened. High-frequency sound waves, for example, are commonly 
used to determine the structural strength of concrete. Because the 
speed of sound in concrete is known, the time it takes the sound 
wave to pass through concrete can be translated into feet and inches. 
Similarly, sound waves sent through concrete foundation footings, 
walls, or columns can be monitored for unusual patterns of deflec­
tion that indicate the presence of interior cracks, air pockets, or ex­
traneous items. In one failed concrete structure, a lunch pail was 
found to have been inadvenently left behind when the concrete was 
poured (Allman , 1988). 

To ensure that reinforcing steel rebar has been properly placed in 
concrete structures, portable X-ray machines and instruments that 
measure fluctuations in a magnetic field are used (Allman, 1988). 
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A common problem that is especially prevalent in marine struc­
tures is rebar corrosion hidden within the concrete. Engineers use 
portable instruments to measure the rebar corrosion by measuring 
the electric potential on the surface of the concrete. Sharp surges 
and variations of electric potential that differ from calibrated elec­
tric amounts of undamaged concrete indicate the amount of con­
cealed corrosion. 

CONCLUSION 
Concrete is the most common building material in the world. 

It is a marvel of civilization that has been used for thousands of 
years and will remain a necessary building material for a long time 
to come. In the days of ancient Rome, the development of concrete 
was made by trial and error. In contrast, researchers today are ag­
gressively using the scientific method to fully understand the myriad 
complex chemical reactions that take place to create lighter, stronger, 
and more durable concrete structures. The introduction of innovative 
types of concrete is changing the way architects and engineers design 
and build bridges and the many other concrete structures we rely 
upon and take for granted. 
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NEW PUBLICATIONS RECEIVED IN LIBRARY 
From time to time, we announce the receipt of new publications 

from outside sources that we think will be of interest to our readers. 
Copies of these publications are currently in the library of the Oregon 
Department of Geology and Mineral Industries, where they may be 
examined. Information about ordering and prices are listed below. 

The Art of Geology, edited by Eldridge M. Moores, Department 
of Geology, University of California at Davis, and F. Michael Wahl, 
Geological Society of America. Published in 1988 as Special Paper 
225 by the Geological Society of America, 3300 Penrose Place, P.o. 
Box 9141, Boulder, Colorado 80301. Hardbound, 9-in. by 12-in. for­
mat, 147 pages, full color throughout, with dust jacket, price $37.50 
postpaid. 

Designed to celebrate the 1988 Centennial of the Geological 
Society of America (GSA) and inspired by geologic photos submitted 
for the cover of GSA's monthly journal Geology, this handsome 
volume contains 250 scenic and geologic photographs arranged in 
69 essays, each accompanied by a brief nontechnical text. Follow­
ing a colorful rendition of the geologic time scale and an introduc­
tion discussing briefly the history of GSA, geologic time, geologic 
processes, and plate tectonics, the book opens with a startlingly 
beautiful series of photographs of slot canyons of the Colorado 
Plateau. Places such as Svartifoss Waterfall in Iceland, Tambora 
Volcano in Indonesia, Teton National Park in Wyoming, Cordillera 
del Paine in Chile, the Brooks Range in Alaska, Rodadero in Peru, 
Arches National Park in Utah, Suez Rift in Egypt, and Central Park 
in New York City are subjects of photographic essays. The scale 
of pictures ranges from photomicrographs of peridotite from a South 
African diamond pipe to radar imagery of folds on the planet Venus. 
Geologic features such as thrust faults in Spain, unconformities in 
the Grand Canyon, ground-water erosion in Utah, and karst towers 
in China produce striking photographs. 
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All in all, this fascinating book is an appropriate way for GSA 
to celebrate its first 100 years-by sharing the visual wonders of 
geology with those of us who have not yet had the opportunity of 
seeing them first hand. 

Northwest Correlation Chart, Correlation of Stratigraphic 
Units in North America (COSUNA) Project, chart coordinators, 
Donald A. Hull, John M. Armentrout, Lehi F. Hintze, John D. 
Beaulieu, and Weldon W Rau; chart editor, F. Alan Lindberg; with 
contributions by wo. Addicott, J.M. Armentrout, E.M. Baldwin, 
J.D. Beaulieu, M.H. Beeson, M.E. Brownfield, WG. Bruer, R.l 
Deacon, D.l Easterbrook, V.A. Frizzell, L. Hintze, D.A. Hull, S.Y. 
Johnson, K.B. Kelty, D.L. Lander, V.S. Mallory, K.A. McDougall, 
D.R. McKeel, G.A. Miles, A.R. Niem, WN. Orr, WWRau, P.D. 
Snavely, Jr., R.o. VanAtta, and R.E. Wells. Published in 1988 as 
part of its Chart Series by the American Association of Petroleum 
Geologists, P.o. Box m, 1444 South Boulder, Thlsa, Oklahoma 
74101. Multicolored chart 55 in. by 41 in., price $8 plus $1.75 ship­
ping charges. 

This is the last of the 20 correlation charts of the United States 
published as part of the COS UNA project by the American Associa­
tion of Petroleum Geologists (AAPG) Research Committee in 
cooperation with the Committee on Stratigraphic Correlations. The 
charts are intended to show stratigraphic columns that provide fair­
ly complete coverage of the geology of the United States. The North­
west Correlation Chart contains sections for Oregon, Washington, 
and Idaho, including the Roseburg area, Cape Blanco area, Coos 
Bay area, Reedsport (subsurface), Eugene area, central Coast Range, 
McMinnville-Sheridan area, Oregon City-Molalla area, Astoria area, 
Columbia County area, south flank of the Willapa Hills, Grays 
Harbor Basin, Centralia-Chehalis area, western Olympic Peninsula, 
northwest Olympic Peninsula, northeast Olympic Peninsula, Bremer-

(Continued on page 46, New Publications) 
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DOGAMI releases first reports of 
1989 
State Map Advisory Council publishes annual report for 1988 

The State Map Advisory Council for Oregon (SMAC) has re­
leased its annual report, a summary of its activities and ac­
complishments in 1988. The Council was established by Governor 
Neil Goldschmidt by Executive Order in 1987. 

The 122-page report, which was produced under the chairman­
ship of State Deputy Geologist John D. Beaulieu and published by 
the Oregon Department of Geology and Mineral Industries 
(DOGAMI) as Open-File Report 0-89-1, sells for $5. 

The report provides summaries of over 20 meetings of the Council 
in its Executive Board, the Oregon Map Advisory Committee, the 
Oregon Geographic Information Systems Committee, and the Oregon 
Land Records Committee. Appendices describe the nature, mission, 
and goals of the State Map Advisory Council and its committees 
and present selected major plans, proposals, and budget priorities 
for 1989. The report concludes with membership lists of the various 
committees. 

The Oregon SMAC is the lead governmental body in Oregon 
for mapping discussions. It consists of representatives from Federal 
and State agencies, local government, and private industry. Its pur­
pose is to focus computerized mapmaking activities in Oregon and 
to further most efficient coordination of efforts. 

Map for Mist Gas. Field updated 
The Oregon Department of Geology and Mineral Industries 

(DOGAMI) has released an updated version of the Mist Gas Field 
map. The new map reflects all 1988 drilling activity in the field, 
including gas-storage and monitor-well activity. It has been published 
as DOGAMI Open-File Report 0-89-2 and sells for $5. 

The Mist Gas Field Map defines a 141-mi2 area within which 
special setback distances for gas wells are applied. The map is at 
a scale of 1:24,000 and measures approximately 40x50 in. It shows 
the Mist Gas Field divided into quarter sections and the setback 
lines for each section. Also shown on the map are the locations of 
all wells drilled, their total depth and year of completion, and all 
drilling locations permitted through 1988. 

The official boundaries of the Mist Gas Field were approved by 
the DOGAMI Board of Governors in 1983, after a public hearing 
in which the previously accepted, unofficial field boundaries were 
revised. 
New geologic quadrangle map for Owyhee region released 

GeolQgy and Mineral Resources Map of the Graveyard Point 
Quadrangle, Malheur County, Oregon, and Owyhee County, Idaho, 
by DOGAMI geologist Mark L. Ferns, has been released in 
DOGAMl's Geological Map Series as map GMS-54 and sells for 
$4. The publication, resulting from an ongoing study of southeastern 
Oregon areas with a potential for mineral resources, was prepared 
in cooperation with the U.S. Geological Survey (USGS) and the 
Idaho Geological Survey and was partially funded by the 
COGEOMAP program of the USGS. 

The Graveyard Point 7lh-minute quadrangle covers approximately 
48 mil east of Lake Owyhee and Owyhee Ridge and extends a little 
over a mile across the state line into Idaho. The new two-color map 
of the quadrangle (scale 1:24,000) identifies 19 Tertiary and Quater­
nary rock units, the oldest of which may date back to the late 
Oligocene (25 million years before the present). Geologic structure 
is described both on the map and in an accompanying cross section. 

The approximately 28- by 4O-in. map sheet also includes a discus­
sion of the area's mineral-resource potential and tables showing 
whole-rock and trace-element analyses of rock samples. A variety 
of valuable and potentially valuable mineral resources were found 
or indicated by the study, including bentonite clay, clinoptilolite 
zeolite, gold, mercury, semiprecious gemstones, building stone, and 
geothermal resources. 0 
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Earthquake hazard workshop to be 
held in Portland 

The 1989 Workshop on Earthquake Hazards in the Puget 
Sound/Portland Area will be held March 28, 29, and 30, 1989, at 
the Portland Marriott Hotel in Portland, Oregon. 

Sponsored by the Oregon Department of Geology and Mineral 
Industries (DOGAMI), the Oregon Department of Emergency 
Management, the Washington Department of Natural Resources, the 
Washington Department of Community Development, the Federal 
Emergency Management Agency, and the U.S. Geological Survey, 
the workshop has been designed to facilitate transfer of technical 
information from the geoscience community to engineers, planners, 
emergency responders, government officials, and members of the 
business community. 

To improve the transfer of information, the first day of the 
workshop will have two parallel sessions: (1) a technical session in 
which geoscientists will present and discuss short papers, and (2) 
a nontechnical tutorial session in which basic technical issues will 
be explained and case histories illustrating major principles will be 
presented. The technical session will address topics such as faulting 
and seismicity of northwestern Oregon, southwestern Washington, 
and British Columbia; megathrust paleoseismicity; Cascadia margin 
deformation and megathrust ground motions; coastal terraces and 
subduction earthquakes; crustal and intraplate earthquake ground 
motions; liquefaction hazards; and tsunami modeling. The 
nontechnical session will cover such topics as Pacific Northwest plate 
tectonics and earthquake sources, basic seismology, special features 
of subduction zone earthquakes, ground response and failure, and 
building response and design. The first day will conclude with an 
evening poster session. 

The second day of the workshop will provide brief technical sum­
maries of the state of knowledge about earthquake hazards in the 
Portland and Puget Sound regions and an afternoon session on 
mitigation and policy, addressing .such topics as existing earthquake 
hazard policies, response to changing earthquake hazards at the Tro­
jan nuclear powe lant, the Pacific Northwest view of earthquake 
hazards, and the A enian earthquake of 1988. 

The third day of the hop will be a field trip to Netarts Bay, 
Oregon, to view evidence for ne and Pleistocene subsidence 
events presumably associated with large earthquakes. The trip will 
be led by Mark Darienzo, one of the authors of the Oregon Geology 
1988 field trip guide to the same area ("Coastal Neotectonic Field 
Trip Guide for Netarts Bay, Oregon," by C.D. Peterson, M.E. 
Darienzo, and M. Parker, Oregon Geology, v. 50. no. 9110, p. 99-106). 

Cost of registration for the workshop, which includes the first 
two days of the workshop and a luncheon on the second day, has 
been tentatively set at $35. The field trip will cost $15, which will 
cover transportation to Netarts Bay, lunch, and a field trip guide. 
For additional information, in Oregon, contact Ian Madin, phone 
(503) 229-5580. In Washington, contact Ray Lasmartis, phone (206) 
459-6372, or Linda Nosen, phone (206) 481-4694. 0 

To our readers 
Oregon Geology changed from monthly to bimonthly publica­

tion after last year's April issue, and eight issues were published 
in 1988. We marked the change by giving the last four issues double 
numbers and putting the names of two months on each issue. 

This year, however, we are publishing a total of six issues, 
published in January, March, May, July, September, and November. 
These issues will all carry plain numbers, from one to six. 

We value our subscribers, and we thank you for your continued 
support of Oregon Geology. Please do not hesitate to let us know 
of your wishes, comments, and news, so that we may serve you even 
better in the future. 0 
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DOGAMI installs display at Capitol 
Staff members of the Oregon Department of Geology and Mineral 

Industries (DOGAMI) installed a new display on the main floor of 
the Stale Capitol in January 1989. Housed in the display case of 
the Oregon Council of Rack and Mineral Clubs ncar the gift shop, 
the display is built around the theme "Oregon's Hidden Wealth: 
Minerals." 

DOGAMI display w;fh (heme "Oregon's Hidden Ul?alth: 
Minerals" .... i11 be at State Capitol until mid-May. 

In the display, a minerals map of the State of Oregon has been 
divided into five sections- northeast, southeast, central, northwest. 
and southwest-and information about the mineral resources in each 
section is presented by photographs, maps, and actual samples. In­
cluded arc samples of placer gold. sunstones, thundcrcgg. limestone, 
gold ore, soapstone sculpture, pumice, obsidian, the Clark and 
Wilson sandstone, and numerous cut and polished semiprecious 
stones. Featured are samples of rock brought up from a depth of 
more than 10.000 ft from the Gorda Ridge off the coast of Oregon 
and black sand samples from the Oregon coast, including garnct, 
ilmenite, chromitc, and platinum concentrates. Also included is a 
sample of black sand concentrate containing numerous nakes of gold. 

DOGAMI staff members Paul Staub and Mark Neuhaus install~ 
ing display at State Capilol. 

The imponance of less glamorous but economically imponnnt 
materials is stressed by photos of and information about sand and 
gravel, brick, diatomite, zeolite, and bentonitc operations in the state. 
Photographs of examples of the State's extremely successful M incd 
Land Reclamation Program are includcd. 

Thc display, which will remain in place until mid-May, is dc­
signed to inform Oregonians about the importance of their mineral 
resources. 0 
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Faceters to meet in May 
The 14th Annual North'n-'Cst Faceters Conference will be held 

starting Friday evening, May 26, and continuing on through the 
weekend of May nand 28, 1989. at the Lloyd Ccntcr Red Lion 
Inn in Ponland. Sponsored by the Columbia-Willamette Faceters 
Guild, the mceting is designed to provide a forum where faceters 
and gemcultcrs can lcarn more about obtaining material and cut­
ting it to best advantage. Included on the progmm will be presenta­
tions by Ron Gcitgcy, Oregon Department of Gcology and Mineral 
InduSiries, on sunstones and other gemstones of Oregon; and by 
Ron Aggee, the man who cut the world's largest topaz, A competi­
tion to decidc who cut the best single stone will be held. and awards 
will be given at the Saturday noon banquet. Dealers will also be 
present at the conference. with equipment, uncut gemstone material, 
and jewelry ·findings. 

Registration pricc for the conference, which will be $35. includes 
cost of the banquet. For additional information, contact Grovcr 
Sparkman, 33n SE 50th Avenue, Ponland, Oregon 97206. day phone 
(503) 775-6n5. and evening phone, (50~) 774-0048. 0 

(Ne w Publications, cominued from page 44) 
Ion area, Seanlc area, Carbon River area, Pasco-Yakima-Ellensburg 
area, Columbia River-The Dalles area, Bend-Madms-Ochoco Moun­
tains, Lakeview-Fort Rock-Klamath Falls, John Day-Suplee, Harney 
Basin to Steens Mountain, Pullman to Snake River Gorge, Baker 
County and Wallowa Mountains, Juntura-Vale-Owyhee Dam. and 
Boise Basin. The Oregon Department of Geology and Minemll n­
dustries (DOGAMI) published a preliminary form of this chart along 
wi th data sheets in 1983 as Oil and Gas Investigat ion 7, Correlalion 
a/Cenozoic Stratigraphic Units 0/ Western Oregon, which may be 
purchased from DOGAMI for $8. 

The complete set 0[20 COSUNA charts may be purchased from 
AAPG for $99. Prices for individual charts mnge from $8 to $12, 
and AAPG should be contacted for prices of specific charts. Detailed 
information regarding contacts, lithology, paleontology, references, 
and other data for each of the units on any of the charts is available 
by accessing the computeriZed data base through the Univers ity of 
Oklahoma, Norman, Oklahoma. 

Fire Mountains of the West: The Cascade and Mono Lake 
Volcanoes, by Stephen L Harris, Sacmmento State University. 
Published in 1988 by Mountain Press Publishing Company, P.o. 80:1: 
2399, Missoula. Montana 59806. Paperback; 6~in. by 9-in. format; 
389 pages; 148 illustrations including photographs, tv.'O-color maps, 
cross-sections, and schematic diagrams; price $15.95; available at 
local bookstores. 

Fire MoulI/ains 0/ the Hkst is a complete revision of Harris' 
popular book Fire and Ice. Designed for the nontechnical reader, 
Fire MOUll/ains a/the Hkst describes the major Cascade volcanoes 
and those in California's Mono-Mammoth Lake area, describing 
locations: geography; history- both human and geologic; hazards; 
and ways to approach and explore each particular area. The theory 
of plate tectonics, categories of volcanoes, types of magmas, evolu­
tion of the Cascades, and glaciation arc topics that are presented 
in simple terms with numerous easy-to-understand iIIustmtions and 
appropriate photogmphs. 

Although not designed to be used as a field-trip guide, this book 
provides rich details that will enhance anyone's appreciation of a 
specific volcaoo, even though he or she has visited it before. Because 
the book is nontechnical in style. Harris has not had to encumber 
his prose wi th the numerous citations that most technical papers 
require, making Fire Mountains o/the Hkst much easier to read and 
enjoy. He is careful, however, to cite and thank the people whose 
v.'Ork have made this book possible, and he includes a bibliography 
for each chapter, Also included are a glossary and inde:l:. 

For people who want to learn more about the Cascade 
volcanoes- their origins, histories, and futures-this book is highly 
recommended. 0 
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AVAILABLE DEPARTMENT PUBLICATIONS 
GEOLOGICAL MAP SERIES Price No. copies Amount 
GMS-4. Oregon gravity maps, onshore and offshore. 1967 . . . . . . . . . . . . . . . . . . . . . . . . . $ 3.00 
GMS-5. Geologic map, Powers 15-minute quadrangle, Coos and Curry Counties. 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 Mountain Range, Oregon. 1978. 3.00 
GMS-9. Total-field aeromagnetic anomaly map, central Cascade Mountain Range, Oregon. 1978 ............... 3.00 
GMS-IO. 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-l3. Geologic map, Huntington and part of Olds Ferry 15-min. quadrangles, Baker and Malheur Counties. 1979.. 3.00 
GMS-!4. 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 
GMS-16. Free-air gravity anomaly map and complete Bouguer gravity anomaly map, south Cascades, Oregon. 1981. 3.00 
GMS-17. Total-field aeromagnetic anomaly map, south Cascades, Oregon. 1981 3.00 
GMS-18. Geology of Rickreall, Salem West, Monmouth, and Sidney 7'/z-min. quads., Marion/Polk Counties. 1981 5.00 
GMS-19. Geology and gold deposits map, Bourne 7Yz-minute quadrangle, Baker County. 1982.. 5.00 
GMS-20. Map showing geology and geothermal resources, southern half, Burns 15-min. quad., Harney County. 1982 5.00 
GMS-21. Geology and geothermal resources map, Vale East 7Yz-minute quadrangle, Malheur County. 1982. 5.00 
GMS-22. Geology and mineral resources map, Mount Ireland 7Vz-minute quadrangle, Baker/Grant Counties. 1982 5.00 
GMS-23. Geologic map, Sheridan 7Y,-minute quadrangle, Polk/Yamhill Counties. 1982 5.00 
GMS-24. Geologic map, Grand Ronde 7'/,-minute quadrangle, Polk/Yamhill Counties. 1982 .. .. ..... .. .... 5.00 
GMS-25. Geology and gold deposits map, Granite 7Yz-minute quadrangle, 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 I °x2 0 quadrangle. 1982 6.00 
GMS-28. Geology and gold deposits map, Greenhorn 7Vz-minute quadrangle, Baker/Grant Counties. 1983 5.00 
GMS-29. Geology and gold deposits map, NE'4 Bates 15-minute quadrangle, Baker/Grant Counties. 1983 5.00 
GMS-30. Geologic map, SE'4 Pearsoll Peak 15-minute quadrangle, Curry/Josephine Counties. 1984 6.00 
GMS-31. Geology and gold deposits map, NW'4 Bates 15-minute quadrangle, Grant County. 1984 ...................... 5.00 
GMS-32. Geologic map, Wilhoit 7Vz-minute quadrangle, Clackamas/Marion Counties. 1984 ................ 4.00 
GMS-33. Geologic map, Scotts Mills 7Vz-minute quadrangle, Clackamas/Marion Counties. 1984. 4.00 
GMS-34. Geologic map, Stayton NE 7'/,-minute quadrangle, Marion County. 1984. ... .. .. ... 4.00 
GMS-35. Geology and gold deposits map, SW'4 Bates 15-minute quadrangle, 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, NW'4 Cave Junction 15-minute quadrangle, Josephine County. 1986. .................... 6.00 
GMS-39. Geologic bibliography and index maps, ocean floor and continental 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 7 Yz-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'/z-min. quads., Jefferson/Wasco Co. 1987 ........ $4.00; as set with GMS-44 & -45. 10.00 
GMS-44. Geologic map, Seekseequa Junction/Metolius Bench 7Yz-min. quads., Jefferson Co. 1987 .$4.00; as set with GMS-43 & -45. 10.00 
GMS-45. Geologic map, Madras West and Madras East 7Y,-min. quads., Jefferson County. 1987 ...... $4.00; as set with GMS-43 & -44. 10.00 
GMS-46. Geologic map, Breitenbush River area, Linn/Marion Counties. 1987 . . . . . . . . . . . . . . . . 6.00 
GMS-47. Geologic map, Crescent Mountain area, Linn County. 1987..... ....................... 6.00 
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The grandeur of concrete: Part 1/ 
by Don Dupras, Geologist, California Division of Mines and Geology 

This article is the second of a two-part series describing how concrete is made and how imponant it is in our lives. The series first 
appeared in the January and February 1989 issues of California Geology and is reprinted here by permission because we believe it 
will be of interest to our readers. Pan II presents principles of concrete making and current developments in concrelC rechnology that 
enable architects and engineers to design and construct superior structures. Part I was reprinted in the March issue of OregOlJ Geology, 
Photos are by Don Dupras e)l.cept as noted. -Editor 

DEPENDENCE ON CONCRETE 
Concrete is the least expensive, most plentiful. and most com­

monly used building material on canh. Annual oorld consumption 
of concrete is nearly one Ion for every person on the plane!. The raw 
materials for making concrele---<:ement, aggregate, and water-are 
abundant and are found in nearly every country. Concrete technology 
can either be adapted to labor-intensive methods frequently used in 
developing countries or to highly mechanized processes common in 
the United States and other industrialized countries ~isburd, 1988). 

Nearly all modem buildings stand on concrete foundations, and 
many are constroctcd with concrete frames, floors, walls, and roofs. 
Water is carried through concrete pipes, cars and trucks use concrete 
highw.lys, planes land on concrete rumwys, and ships berth at concrete 
docks. It is hard to imagine our society without the benefit of concrete. 

Concrete consumption increases as the population grows, and there 
is a corresponding demand for housing, manufactured goods, and 
related selVices. World concrete manufacture has risen steeply in the 
past decade; the rate of concrete consumption is expected to increase 
as developing nations continue to exparxl their infrastructures. Massive 
concrete projects, such as hydroelectric dams, airports, and aqueducts, 
are being constructed throughout the world, and many more are 
planned. 

Annual use of concrete in the United States amounts to twice the 
total of all other construction materials combined-such as 1WOd, 
structural steel, brick, tile, aluminum, and building glass. At a cost 
of about tv.Q cents a pound. the value of all concrete-based struc­
tures in the United States is estimated to be $6 trillion (Weisburd, 
1988). 

Bonneville Lock and Dam on the Columbia River. approximately 30 mi east of Ponlond. Oregon. connecting the Oregon and Ubshington 
sides of the river over a distance of about three-qunrters of a mile. Built originally between 1933 and 1937 and enlorged in the early 1970's, 
the dam now combines the oldest and newest federal puwer plonts on the Columbia. Lake Bonneville, the 48-mi-Iong reservoir impounded 
by the dtlm. is the first in a series of navigable lakes that are pan of a water highll'flY running 470 mi from the Pacific Ocean to Lewiston, 
[!Who. The Bonneville Lock and Dam project was ploced on the National /register of Historic Places in 1986 and has been designated as 
a NQlional Historic lAndmark.. EnomlOus qunntities of concrete were used in this mass-concrete construction. Photo counesy of us. Amry 
Corps of Engineers, Portland District. 
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In addition 10 p~ more portIaro cemelll than any oUter suue. 
CalilOmia a1so produces more concrete aggregate than any other sraIC. 

In 1987. California produced an estimalCd 135.7 mil lion IOns of con­
struction aggregate 'Mlrth about $536 million (Burnett, 1988).' Of the 
ten largest aggregate producers in the United States. eight are in 
California (Table 1) (Rukavina. 1988). Much of the aggregate is used 
in concrete. 

Table I. Ten largest oggregCJte plants in the United States ifrom 
Ruiun-i,ul. /988) 

t9t1 pndI:IioI • ... eoq.,. (pbaI-1 -.-..,.01_ 
I ~·Wikr eoq.,. (IrwiIdae 61) "'_CA •• 
1 WlII c...,. Is. VIIIq) "'_CA ' .& 
1 ~s.I-.lGmd~~1 ~M&tb.CA 100 
• A. Tamen lnd Soa Slnd BI Gmd (Pmw) ~.CA -' , Lone SW/NordlwtSl Aggrtgaus C~y (Sltilto:oom) Pieroe.WA 3Jl 

• Trwi: Mil: C(III("ItIe Company (Azusa) ~Angtb. CA 1~ 
1 Uvinpm-Gnlwn Company (Ir.,inCaIe) 1m AIIgtb. CA 1% 

• Owl Rock (Azusa ~ GIWlXb) LosAnps. CA 1M , SaIl Ri\'el" Slnd -.I Rod: (Dobson) Maricopa. AI -' 
to __ c.oq.y (PlasmIc. Pi) AlamedI. CA l.~ 

• PToIb1ioI r~ art~. 

CONCRETE INTEGRITY 
When made in the appropriate Wll'j. concrete is durable and per­

manent. Some concrete Slrucrures have retained their integrity for 
over a century. HCI'oYeVCr. if improper methods or inferior ingredients 
an:: used, concrete can be easily rendered 'Mlrthlcss. Even after il 
is poured. concrete can be damaged by attack from acids and sulfates. 
Sulfates, such as sodium sulfittc (Na1SO.). are especially harmful 
because they form sulfuric acid, which attacks the lime compounds 
in concrete. Contact with these deleterious compounds has to be 
amided when using normal concrete. 

For some consuuction jobs. engineers use special cements and 
techniques to design concrete structures thai are bener able to resist 
attack from injurious chemicals. For example. in areas where con­
crete will be exposed to severe sulfate attack, such as from sulfate 
soils or ground water, sulfate-resistant cemenl concrete is used. 

Spillwoy of Bonneville Dom (phOlO obu.-e). The tenn "mass con­
crete" ust!tijiJr this kind of CO/ISlnKtion refers to the fact thai the con­
crete in Ihese Sl11l.ctures often is st!\o-erol fut thick. PMto courter)' 
of BonnnllIe Pot<.-er AdministrntiOtl. 

'By ~. Oregorls production d C(lIISIJUClion aggregaIl: in 1988 totaled 
an estimaled 13.6 million tons. -.mnh about $44 million (U.s. Bureau d Mines 
preliminary survey). 
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Hanoq 0. Banks delta pumping p/aJu, sowhu7I area of the 
Sacramento-San Joaquin delta. California. is shown in the distOllu. 
This p/aJu marks the begifUting of the Qllifornia Aqueduct. the largest 
aqueduct system in the worid. Over 8 million)"(11 of unrein forced COn­
crete ~t"IS used, and mudr of tire aqueduct is 64 fi ~;de at the lOp. 
32/t deep. and 4() /t .... ide at the base. The a~'erage thickness of con­
crete is about 4 in. Photo counesy of the California Ikpanment of 
Hiner Resources. 

Inept handling procedures can also be harmful to concrete. Stor­
ing a sack of ready-mind concrete in a damp garage fOr several years 
can make it nearly useless, because the cement grains will absorb 
water. the concrete will take much longer to harden, and it will have 
reduced sirength. 

Aggrqate 
F\)or-<juality aggregate can also damage concrete structures. 

Because about 75 percent of concrete by volume is aggregate. it is 
critical that clean. hard. and durable sand and gravel be used. Ex­
cessive amounts of silt. clay. coal. lignite. and sulfide minerals (such 
as pyrite. PeS1: cinnabar. HgS; and pyrrhotite. PeS) in aggregate may 
stain or seriously v.eaken the concrete (Kosmatka aro Panarese. t988). 

It is also important that aggregate be nonreactive with the cement. 
Because of ilS chemistry. portland cement produces a highly caustic 
solution when mixed with water to make concrete.1 Nearly all gravels 
react to some extent with this caustic solution. 1lIe reactive alkali 
contenl of concrete is commonly denoted by the sodium oxide (Na10) 
content in the portland cement. On a limited basis, th is alkali reac­
tion increases the strength of concrete. However. when the alkali reac­
tion is excessive, the concrete will seriously expand. crack, and lose 
its integrity. 

Aggregates thai contain excessive amounts of cenain silica minerals 
will react with the aJluLIi in the cement aro damage the concrete. Opal. 
chert. chalcedony, and other cryptocrystalline quanz minerals as well 
as some rhyolites and certain other YOlcanic rocks that contain abun­
dant microfine h)Urous silica will adversely react with portland ce-

l"fIccausc of the caustic chemistry of wet cement. il is desirable to II"o'Oid pr0-
longed contac1 between rresh concrete and skin surfaces. SJcin areas thai have 
been exposed to wet concrete should be thoroughly washed with wakr. 
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ment, swell in size, and eventually crack the concrete (Legge! and 
Karrow, 1983). If it is oeressary to use reactive aggregates lOr practical 
reasons, engineers can design sound concrete structures using more 
expensive sulfate-resistant cement (also called "1O'N-alkali cement"). 

ADMIXTURES 
Engineers often custom-design specific jobs by including chemical 

compounds called ''admixtures'' within concrete. In addition to the 
commonly used admixtures that accelerate or retard the curing of 
concrete, many other admixtures can be used in concrete mi~ for 
specific tasks. Admixtures strengthen coocrere aM make it more resist­
ant to heat and chemical attack and less susceptible to shrinkage and 
cracking. Researchers in laboratories throughout the ~rld are 
experimenting with admixtures that will be used to build superior 
concrete structures. T~ commonly used types of admixtures are air­
entraining agents and ~rkability agents. 

Hood River Bridge, Hood River, Oregon. Reversing 10" CUIWS 

were used in this project to connect roads TWlIIing on opposite sides 
oj Hood River. ApproxinUJ.tely 31XJO ydl of concrete H.'ere used, cast 
in p/o.ce and post-tensioned. Photo courtesy oj the Oregon Concrete 
and Aggregate Producers Association (OGtPA). 

Air-entraining agents 
Up to three percent of the mlume of standard concrete mi~ con­

tain air voids or bubbles that become entrapped by nonnal mixing 
methods:' !n addition, concrete can be foamed with varying amounts 
of air to make air-entrained concrete. Such concrete has remarkable 
cost-saving thennal insulation properties and reduces the dead-load 
weight of concrete structures. However, the most important and most 
widely used characteristic of air-entraining agents is the resistance 
to freeze/thaw cycles they give concrete structures. 

'Water exens nearly 2,(0) pounds ofpressure per square inch (psi) 
as it freezes and expands. Residual amounts of water within the con­
crete can cause extensive damage through repeated freezing and !haw­
ing. The air bubbles in air-entrained concrete give the water enough 
room to expand as it freezes and vastly improve the resistance of con­
crete to repeated freeze/thaw cycles. Air-entrained concrete is used 
to make roads, buildings, and airport runways in regions where icy 
conditions are common (Kosmatka and Panarese, 1988). 

One common method of producing these minute air voids is to 
add aluminum pooMier to the concrete mix. 1be aluminum reacts with 
the lime and fonns very small hydrogen bubbles. When thoroughly 
mixed, the cured concrete contains evenly distributed bubbles. Other 
methods of air-entraining concrete are to add synthetic detergents, 
various sullOnated compounds, and fany acids (such as oleic acid, 
C I1H)lCOOH) to the mixture. Each of these compounds reacts with 
specific ingredients in the concrete mix to produce bubbles. 
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Air-entrained concrete contains from 4 to 9 percenl air voids by 
volume. and the air bubbles range in diameter from 0.003 to 0.05 
in. One drawback of air enlraining is that it reduces the compressive 
strength of concrele. However, the reduction in compressive strength 
is generally not more than 15 percent (Kosmatka and Panarese, 1988). 

Aerated concrete is related to air-enlrained concrete and is a re­
cently developed specialty concrete. II is made by using po'Miered 
aluminum to react with cement, water, and additional lime. The mix­
ture is then heated and pressurized with moisture in a large autoclave, 
causing the concrete to expand and harden with in a few hours. The 
reaction between the (XMdered aluminum aod the lime IOrms h}Urogen 
gas. 1be resulting concrete is chemically inert, strong, and so 
lightweight it can float on water. Aerated concrete has a cellular in­
ternal structure and is primarily used for its high thermal-insulation 
propenies. II is also called "gas" or "cellular" concrete (Encyclopedia 
Britannica , 1984). 

Wlrkability agents 
1be tenn "VIOrkability" refer.; to the case with which freshly made 

concrete can be placed around reinforcing bars and cables and into 
tight an-as of a IOnn. One of the easiest aod most widely used methods 
of increasing the ~rkabil ity of concrete is to add water; however, 
this practice 1CM'er.; concrete strength and durability. Since Roman 
times, engineers have known that strong, durable concrete requires 
a low water-to-cement ratio. which makes it stiff and laboriously dif­
ficult to place and YoQrk. Only the amount of water actually needed 
for hydration will produce high-strength concrete that is watertight, 
abrasion-resistant, and durable. As any concrele ~rker knows, 
however, hand~rking a stiff concrete mix can make for a long day. 

For the past2Q years, researchers have experimented with a group 
of admixtures, called "plasticizers," that can increase the workability 
of a concrete mix without lowering its strength. During the past 
decade, an impTOYed group of YoQrkability admixtures called 
"superplasticizer.;" has been developed. 

Superplasticizer.; are important because they significantly increase 
VIOrkability without adding water. They do not hann the concrete. By 
using superplasticizer.; to increase ~rkabi1ity, the compressive 
strengths of normal concrete mixtures have more than doubled. Super­
plasticizers are a family of sulfated organic chemicals, such as sulfo­
nated formaldehyde and lignosulfonic acid, that make concrete soupy. 

reir Oaks Bridge at Sutherlin, Douglas County. Oregon, a struc· 
ture that has received a number of awards for its use af concrete. 
The reinforced-concrete arch bridge uses both precast and cast-in­
p/o.ce concrete. Precasting oJthe arch ribs and columns saved great­
lyon fonning COSts. while the site-cast. past-tensioned deck system 
allowed the flexibility needed to construct grodes and cross-slopes 
ta meet traffic safety requirements. Phota courtesy af OBEC Con­
sulting Engineers. Eugene, Oregon. 
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Concrete state office building in Sacramento. California. The con­
crete walls are nearly 7 in. thick. The high mass enables the con­
crete to slore and release large amounts of thermal energy. In other 
words. concrete is used to moderate temperature swings and save on 
heating and cooling costs. In the hot Sacramento summers, the in­
terior walls absorb and store heat during the day and radiate it at 
night. The thick concrete walls andjloors help main/ain a steady in­
ten'or temperature yea,...round. 

Research scientists know that superplasticizers somehow change 
the surfaces of ponland cement grains in the concrete, but they do 
not yet understand exactly hcPN the change takes place. Once research­
rn fully understand how superplasticizers and other admixtures func­
tion, better methods and materials will be used to make concrete struc­
tures with vastly increased compressive strengths (Weisburd, 1988). 

STRUCfURAL CONCRETE APPLICATIONS 
Concrete is widely used as a building material primarily because 

it has tremendous compressive strength. Other important reasons in­
clude its versatility, availability, durability, and cost-effectiveness. 
Structural concrete is so universally used that engineering practices 
and standards for concrete design are much the same worldwide. 

Three common types of concrete used in structures are (1) rein­
forced concrete, (2) prestressed concrete, and (3) precast concrete. 

Concrete jloor panel being placed by means of a tremie line. The 
concrete Il.W made in a nearby batch plam, ITrmsponed to the con­
struction site by read~mix trucks (seen at the base of thl! building), 
pneumatically pumped five stories high, and thl!n placl!d into posi­
tion by workers. 
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Reinforced concrete 
The advent of reinforced concrete in the 1850's ranks as one of 

the greatest achievements in civil engineering. Because of its weak 
tensile strength, nearly all concrete used in construction is reinfOrced 
with steel bars. rods, and, more recently, synthetic and steel fibers. 
These reinforcing materials are bonded to the surrounding concrete 
so that stresses are transferred between the N.O materials. 

Strength of concrete and its reinfOrcing materials detennine the 
load-carrying capacity of concrete structures. Reinforcing materials 
arc generally not necdod for relatively simple concrete projects, such 
as concrete sidewalks or residential driveways. However, fOr large 
structures (buildings and bridges) that must sustain intense stresses, 
reinforced concrete is required. 

Steel rebar is the most commonJy used reinforcing material in 
concrete. Because concrete and steel undergo about the same amount 
of thenna! expansion, they can be used together without fear of crack­
ing and weakening the structure. Reinforced concrete structures 
require less maintenance than steel or wooden structures and are fre­
quently less expensive to build. When large structures are needed 
in relTIOIe regions. architects and engineers generally prefer reinforced 
concrete over other materials because it is more practical. 

It is important that rebar adheres finnly 10 the concrete. To in­
crease the bind, rebar is ribbed and sometimes allowed T.9 corrode 
in air, so thaI its steel surface will have a rough texture. 

Marine concrete facilities, such as harbors, can be significantly 
damaged by corrosion from seawater. Chlorine in the seawater 
chemically attacks the steel rebar in the concrete, seriously weaken­
ing the structure. Since the 1m's, epoxy-coated rebar has been suc­
cessfully used in marine facilities for protection against damage from 
corrosion. Epoxy-coated rebar reduces the corrosion rates by 41,000 
percent and is imperviouS to moisture and chlorine ions. 

Ten-story building in San Froncisco, CaJijornhl. Prestressed concrete 
panels were used on the txlerior cladding becausl! of thl!ir ItrW weight. 
uniformity, and sharp profiles. Adl'lll1cts in conCretl! continul! to apand 
its versatiliry Photo country of the Prestressed Concrete InstitUfI!. 
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Construcrion of the San Diego, California, aqueduct in lJ76 Each 
prestressed concrete-pipe sedion is B ft in diameter and weighs 40 
tons. The aquedud is being placed on a 55" slope near Fallbrook, 
California. Photo counesy of Ameron. 

Prestressed roncrete 
As useful as reinforced concrete is, under a heavy load, long·beam 

supports will bend downwards, as shown in diagram on right, sec­
tion (A). Engineers have devised a resourceful solution 10 this serious 
drawback by intensely stretching high-strength steel cables before the 
concrete bonds to them. After the concrete is poured and allCM'ed 
to harden, the force that produces the stretch in the steel cables is 
released, and the concrete becomes compressed, as shown in diagram 
sections (8) and (C). 

The primary reason for prestressing concrete is to give long-span 
beams great strength while at the same time lessening the thickness 
of the beam. Prestressed concrete beams are able to support very 
heavy loads and are engineered to precise specifications. 

The force of the cables tends to warp the beam, similar to the 
way a bow is arched (diagram section B). When the beam is placed 
into position and load weight is applied, the downward force merely 
serves to reduce the bowing effect (diagram section C). At; a result, 
the strength of the beam under load is immense. The stresses im­
posed on the reinforcing rods are engineered 10 be larger than any load 
weight applied 10 the beam. In diagram section (C), the load weight 
on the beam is placed beneath it for descriptive purposes. In prac­
tice, engineers use prestreSSed beams tailor-fitted tn support load forces 
that act on the beam from any concehable orientation (Waddell, 1976; 
McGraw-Hill Encyclopedia of Science and Technology, 1987). 

Two general methods of stressing concrete are used: (I) preten­
sioning concrete and (2) post.tensioning concrete. High-quality steel 
cable is used in these stressing methods because of its great strength. 
In the pretensioning method, steel cables are placed under tension 
by stretching them with great force at both ends with hydraulic jacks. 
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PRESTRESSED CONCRETE 

Concrece is strongeSt when it is compressed. $reel is strongeSt when 
it is stretched (pIaoed in tension). These two parameters are combined 
in prestressed concrete. 

A 

B 

L 

Q I'·'''c''.".·.·--"·,'''''"·,, .. ,, ..•••••.••. ,,'ji; Q 
...j ~ 

c 

(A) Used by itself, concrete makes an unsatisfactory beam sup­
port because it has weak Ile.\ural strength. Over time, the weight of 
the COJI(:Tete beam alone will cause it to slump and crack. 

(8) High·strength steel cables stretched with intense force are in· 
corporated into the coocrece beam, placing it under compression. Cables 
are piac«l so that the force they exert slightly arches the beam 
upward. In this way, the combination of the compressive strength of 
concrete and the tensile strength of steel cables gives the beam tremen· 
dous strength. 

(C) When dead·load weight is placed on the beam, the downward 
force of the load merely serves 10 reduce the bowing effect. 

The concrete beam is poured (or "cast") around the cables in the 
nonnal \\11)'. When the concrete hardens, the tension placed on the 
cables by the hydraul ic jacks is released. The prestressing force in 
the steel cables is transferred to the surrounding concrete, and the 
concrete is placed under compression. 

In the post-tensioning method, a reinforced concrete beam is cast 
and hardened with holes or channels passing through it. After the 
concrete has completely set, steel cables called "tendons" are threaded 
through the channels, placed under extreme tension by hydraulic jacks, 
and anchored to the end of the beam or slab. 

Structures that incorporate prestressed concrete are more costly 
than nonna.l reinforced concrete structures because of the high-strength 
steel cables and increased labor costs. Steel cables used in prestressed 
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Carpenters IIU1king the forms for precasting panels for a tilt-up 
building. 11u! 7-in. concrete panels will be cast on the completed con­
crete floor slab, then lifted (or tilted) by crone into a vertical posi­
tion. Door frames are positioned before casting. Since Ubrld libr 
II, the milIlUfacture ofdlt-up buildings has steadily increased because 
they are practical. 11u! main advanttlge of tilt-up buildings is the 
elimilUlJion of vertical formwork for the walls. 

Precast concrete panels for the tilt-up building with the forms 
removed. 11u! rebar and bolts embedded in the concrete add strength. 

The 22-fi-tall panels lifted into place and temporarily supported 
by 2-in. -thick steel rods embedded in the concrete. After the panels 
are bolted together and the base is cast and hardened, the rods will 
be removed. 
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The finished product. Tilt-up buildings are cost effective, long 
lasting, and relatively fast to construct. 

concrete typically have minimum tensile strengths of m.ooo pounds 
per square inch for diameters of 0.25 in. Precise construction prac­
tices and close monilOring are required to manufacture prestressed 
concrete members and structures. Such Slructures can withsland very 
great forces and are frequently used in bridges, large slO~rage tanks, 
runnels, high-rise buildings, and dams (Waddell, 1976, 1985; McGraw­
Hill Encyclopedia of Science and Technology, 1987). 

Precast concrete 
Second in IOnnage 10 ready-mix concrete is the production of 

precast concrete. Concrete sewer pipes, blocks, wall panels, beams, 
trusses, and girders are first cast in a fabrication yard, allowed to 
harden, and then trucked to the building site. Nearly al l prestressed 
concrete structures are precast. Very heavy concrete structures, such 
as concrete floor, roof, and wall panels, are commonly precast, allawed 
10 harden at the building site, and then hoisted by cranes inlO posi­
tion. Adwnuges of precasting concrete are that it (1) allows for bet­
ter quality control; (2) enhances architectural design; and (3) is often 
more economical and efficient, because the casting can be done fNr.Ij 
from the construction site. 

SPECIALTY CONCRETES 
More than 50 kinds of specialty concretes made with portland 

cement are used in the U oited States. Specialty concretes have unusual 
propenies that are used for specific purposes. Four corrunon specialty 
concretes are (I) lightweight concrete, (2) heavyweight concrete, (3) 
fiber-reinforced concrete, and (4) high-strength concrete. 

Lightweight concrete 
Lightweight concrete is similar 10 nonnal-weight concrete except 

that it is made with aggregates that have low densities. It is primarily 
used 10 reduce the dead-load weight in concrete structures. Compared 
with the weight of normal concrete, which ranges from 130 10 155 
pounds per cubic foot, lightweight concrete weighs from 85 10 115 
pounds per cubic foot. A frequent use of lightweight concrete is in 
high-rise office floors. Pumice, scoria, venniculite, perlite, and 
special ly fired shales and clays are used in this type of concrete in­
stead of the usual sand and gravel (Kosmatka and Panarese, 1988). 

Heavyweight concrete 
Concrete made with heavy materials, such as steel aggregate, is 

used for radiation shields in nuclear power plants. Heavyweight con­
crete normally weighs from 200 10 360 pounds per cubic foot. Goethite 
(specific gravity 3.4 10 3.7), barite (specific gravity 4.0 10 4.6), and 
limonite (specific gravity 3.410 4.0) are suitable for use in the lower 
weight ranges; hematite (specific gravity 4.910 5.3), magnetite (specific 
gravity 4.210 5.2), and ilmenite (specific gravity 4.3 10 4.8) for the 
medium-weight ranges; and steel punchings (specific gravity 6.2 to 7.8) 
are used in the upper-weight ranges (Kosmatka and Panarese, 1988). 
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~td-";nning primu nsidcru in Salem, Ongon, built with pncost, lightweight, eelluwr COIIente motU of smtd, eeltlRnt, and foam. 
The new material allows easy handling, sawing, even nailing with "8uwr nails. It also is rot- and termite-proof, resistmIJ to fin, and has 
good sound-proofing and ill.Suwling qualities. This home also won an Ongon $tare ~ni based on energy efficiency, cost, and marlcetability. 
Photo courtesy of OOtPA. 

PoY.dcred, lighter weight strontium and borate minerals, such as 
colemanite and borocalcite, are sometimes used in heavyweight con­
crete 10 aid in absorbing X-rays and ganuna rays. The strength of 
heavyweight concrete is comparable with oonnal structural concrete. 

Fiber-reinforced concrete 
The corrosion problems encountered with steel rebar prompted 

the development of fiber-reinforced concrete. Fibers of steel, natural 
cellulose, glass, carbon, fiberglass, polypropylene, and bamboo are 
used. The fibers typically are round, flat, or crimped and range in 
length from 0.25 to 3 in. Content of fibers in concrete is typically 
2 percenl by yolume but may range up 10 14 percent when steel fibers 
are used (Kosmatka and Panarese, 1988). 

Advantages of the use of fiber-reinforced concrete are that it (I) 
reduces construction time by reducing the amount of rehar needed, 
(2) increases impact resistance, (3) lessens penneability, and (4) 
prevents microcracks that are common in concrete. 

Fiber-reinforoed concretes are effectively used in applications that 
do not requi re conStant heavy stress, such as in airport rumvays and 
floors in skyscrapers. The increased structural suppon this specialty 
concrete provides in tight areas where reinforced rebar concrete can­
not be placed is an added benefit. 

High-strength concrete 
Compared with nonnal concrete that has unconfined compressive 

strengths ranging from 2.500 psi 10 5.000 psi, high-strength concrete 
is generally defined as having a compress ive strength in excess of 
6,000 psi. Supefl)iasticizing admixtures are commonly added 10 high­
strength concrete mixes to increase Imrkability. Tough, durable ag­
gregate is also needed. Just a few years ago, lo,OOO-psi concrete was 
considered note'M:Irthy; today, engineers are using 19,OOO-psi concrete, 
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Airport conrrol tuwer at Mahlon-Sweet Airport in Eugene, Oregon. 
fucast conerete is used in this construction, and the design ccn. easily 
be npeated at other locations. Photo courtesy OOtPA. 
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Model of the HUcker Drive Building, Chicago, /IIiflQis. When com­
pleted &y the end of this year, at 946 ft high, it will be the tallest 
concrete building in the "WOrld. The size of this building is nuuie pos­
sible by the use of high-strength concrete. Photo CQurtesy of Knhn, 
Peterson, and Fox. 
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and researchers predict that near-future concrete mixes will have com­
pressive strengths over 30.000 psi (Godfrey, 1988). Mathematical 
models exist for 4O,QOO-psi concrete.) 

The use of high-strength concrete has increased in recent years. 
High-strength concrele costs more than conventional concrete, but 
less of it is needed. Combined with stronger lightweight aggregates, 
high-strength concrete reduces the dead-load weight in buildings and 
increases usable floorspace while reducing column and beam size. 
With the development of stronger and lighter concrete, engineers are 
using innovative designs to build taller concrete skyscrapers and 
stronger bridges, tunnels, dams, and other structu res. 

High-strength concrete is frequently used where large stresses are 
anticipated, as in skyscrapers. For example, the tallest concrete 
building in the world is currently being constructed in Chicago using 
high-strength concrete. KnCM'n as the Wacker Drive Building, much 
of the estimated 110.000 yd of concrete used in its construction will 
have compressive strengths of 12.000 psi. When the $IlO-million 
skyscraper is completed in 1989, it will have 50 floors and will be 
946 ft high. Only ten steel-framed buildings will be taJler than that 
in Nonh America. Because it is cheaper, reinforced and prestressed 
concrete instead of the more traditional steel frame is being used to 
construct this skyscraper. Building costs will be reduced by several 
million dollars (ENR, 1988; Robison, 1988). 

Another notable concrete building, the Two Union Square Building 
in Seattle, Washington, is being built using the highest strength con­
crete ever employed in a conventional building. Much of the 72O-ft­
high building will incol"p)rate \9,QOO-psi concrete, nearly fou r times 
the strength of normal structural concrete. Superplasticizers and quart­
zose aggregate are used in the concrete mix (Godfrey, 1988). 

Other applications of high-strength concrete include using 
20,C00-psi concrete in recently constructed bank wults and prestressed 
beams. More than ten years ago, l5,QOO-psi concrete was used in 
missile silos. Higher strength concrete is currently being used to build 
similar military facilities. 

TECHNOLOGY 
A wriety of new products is being developed, such as fibrous, 

polymer, and polymer-impregnated concretes. These new materials 
are lighter, stronger, more resistant to heat and chemical attack, and 
more impervious to fluids than traditional types of concrele. 

Polymers and epoxies 
Synthetic polymers and epoxies are used in limited quantities 

primarily for repairing damaged concrete structures. Polymers are 
very large molecules that are composed of repeated motifs of smaller 
molecules. Examples of common polymers include plastics and syn­
thetic fibers, such as rayon, orion, polyethylene, and fiberglass. Epox­
ies are a class of thermoplastic polymers (they become soft when 
heated and hard when cooled). Epoxies, also called "epoxy resins," 
are chemically inert and strong adhesives. When polymers and epoxies 
are properly placed in damaged concrete, the repaired ponions are 
often stronger than the surrounding concrete. 

Polymer-impregnated concrete is made by heating the damaged 
concrete structure to remove any residual moisture. Heated polymer 
plastic is then forced under intense pressure into the air voids that 
ordinarily occur in concrete. In polymer concrete, mooomer and 
polymer resins entirely replace the ponland cement. Polymer­
impregnated concrete and polymer concrete are used to a limited 
extent in parching and repairing concrete structures and for some road­
pavement surfaces. Epoxy adhesives are primarily used to repair con­
crete structures and to strengthen precast concrete segments. 

RFSEARCH 
In the future, architects and engineers will use new t«:hniques and 

improved concretes that are currently being developed. Advanced con-

'Rlr oomparison, the oompressive strength of granite is about 22,(0) psi, and 
the compressive strength of basalt is about 25,(0) psi . 
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Model of the 759-fi-high, 62-story Two Union Sq/Ulre Building 
currently wuJer construction in Seattle, Hashington. It is being built 
with the strongest concrete ever used in a conventional building. Some 
columns have been/ashioned with J9f]fJO-psi high-strength concrete. 
In 1947, construction concrete had a compressive strength of 3,500 
psi. By 1960, 5,OWpsi concrete I\.W being used, and today 12/JOO-psi 
concrete is frequently used. Researchers predict that by the year 2ta/, 
25f]fJO-psi concrete will be available. Photo counesy ofSkiling mud 
Magnuson and furkshire. 

crete-based materials have already begun to augment and replace more 
conventional building materials such as wood, tile, brick, and steel. 

On the surface, portland cement concrete appears to be a simple 
material. Its internal structure, however, is very complex. In research 
laboratories, scientists are only ncr.v beginning to understand the com­
plex chemical reactions that occur as common concrete hardens. 
Iridium and platinum crucibles are used to minimize contamination 
in the experimental concrete mixtures. .. 

To better understand the internal structure of concrete and how 
it fonns, researchers in Belgium and England conducted experiments 
using heavy water (deuterium oxide, 0 20) instead of nonnal water 
to make COncrete. 1be heavy water permits neutron scattering analyses 
that yield information about the microstructure of the concrete. 
Because heavy water costs more than $4.000 per pint, this may have 
been the most expensive concrete ever made (Hansen, 1982). 

CONCLUSION 
Concrete has enhanced the quality of our lives and will continue 

to do so far into the future. Experts predict that concrete will become 
lighter and stronger, and its use in long-span bridges, high-rise 
buildings, highways, and myriad other applications will increase. The 
versatility and multi functions of concrete have captUred the imagina­
tion of architects, engineers, and research scientists. Architects will 
continue to design concrete structures with enhanced, eye-appealing 
colors and textures that promote the technical anist!)' of concrete. 
Engineers will find innovative uses for improved specialty concretes, 
and research scientists will develop superior concrete-based materials. 
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A note on the origin of Bull Run and Lost Lakes, Western Cascades, Oregon 
by David R. Sherrod and Leda Beth G. Pickthorn, US. Geological Survey, Menlo Park, C4 94025 

We were pleased to read Allen's (1989) description of the evidence 
for glaciation in the Western Cascades subprovince of the Cascade 
Range near the Columbia River. We add a twist to the story of Bull 
Run Lake, which is in Portland's Bull Run Watershed, Mount Hood 
National Forest, and clarify the setting of Lost Lake, which is located 
about 3 Ian to the north. 

Allen was correct in describing the basin of Bull Run Lake as a 
cirque in the U -shaped upper part of Bull Run canyon. However, the 
natural dam is not of glacial origin, as suggested by Allen. Instead, 
it formed when a landslide moved off the northeast canyon wall near 
Preacher's Peak (Figure 1). The resulting hummocky ground is 
underlain by jumbled and broken basalt. Wise (1969) thought that 
the irregular terrain and abundance of fresh lava indicated a Quater­
nary lava flow. In his interpretation, the flow had to be relatively 
young-latest Pleistocene or Holocene-to have escaped excavation 
by late Pleistocene glaciers. Although we have not dated the lava in 
the landslide or near Preacher's Peak, its age is probably about 2 
Ma, on the basis of a K-Ar age of 2.54±0.80 Ma (Table 1) from 
stratigraphically similar basalt lava near Thimble Mountain, 8 Ian 
southwest of Bull Run Lake. The landslide must be latest Pleistocene 
or Holocene in age, because it is unglaciated. 

According to Allen (1989), Lost Lake was dammed by lava from 
Lost Lake Butte, a small (1.2 Ian3) basaltic shield volcano (Wise, 1969). 
We agree that Lost Lake's basin results from the fortuitous position 
of surrounding ridges and Lost Lake Butte, but the basin is closed, 

45" 
27' 
30 
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Figure 1. Map showing landslide deposit at mouth of Bull Run 
Lake. Base from us. Geological Survey, 1962. 

Table 1. Whole-rock K-Ar age of basalt from Thimble Mountain, 43"9.5' N., 122 04.0' w., Hickman Butte 7}7-minute 
Quadrangle, Oregon. 

Sample KzO 40Arrad Percent Calculated age Assigned age 

nwnber1 (wt%Y (10-11 moles/g) 40Arrad (Ma)3 (Ma)4 

S5-47 (1.619) 2.54±0.80 
1.612 0.5998 41.0 2.57 
1.608 0.5860 46.6 2.51 
1.633 
1.624 

Notes: 
lSample preparation and analytical work were done at U.S. Geological Survey by LedaBeth G. Pickthom. 
2Value in parentheses is arithmetic mean used in age calculation. 

3K-Ar ages were calculated using the constants for the radioactive decay and abundance of 40K recommended 
by the Intemational Union of Geological Sciences Subcommission on Geochronology (Steiger and 
Jager, 1977). These constants are: 

"-E = 0.580 x 10-10yr-l , A.j3 = 4.962 x 1O-l0yr- l , and 40KIKtotal = 1.167 x 10-4 mol/mol 

4Weighted mean of age from two extractions. 

and the lake is impounded by ground moraines that till a broad marshy 
area at its north end and choke a shallow drainage divide at the 
southeast end. 

As an aside, Lost Lake Butte is older than latest Pleistocene glacia­
tion,as indicated by two small cirques northeast of its summit. The 
morphology of the shield is characteristic of volcanoes younger than 
about 250,000 yr B.P.; older Cascade Range volcanoes are generally 
deeply gutted by glaciation. Lost Lake Butte may be much younger 
than 250,000 yr B.P., but presently there are no absolute ages with 
which to calibrate the progressive stages of erosion in young basalt 
or basaltic andesite shield volcanoes of the Cascade Range. 
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Geophysical exploration: The first step in the search for new petroleum 
supplies 
by Charles F. Darden, President, International Association of Geophysical Contractors, P'Q Box 460209, Houston, Texas 77056-0209 

This is one of a series of articles on the oil and gas industry that have been written for Oregon Geology by people who work 
in various occupations within the industry itself. This particular article describes some of the geophysical techniques used in the 
exploration for and development of oil and gas resources. Earlier articles in this series included discussions of how oil and gas form 
and how wells are logged after they have been drilled. Future articles on the oil and gas industry will appear at irregular intervals 
in upcoming issues of Oregon Geology. -Editor 

INTRODUCfION 
With the cost of drilling an exploratory well in search of crude 

oil and natural gas supplies exceeding a million dollars in nearly 
all cases, geophysical exploration (primarily the seismic method) 
continues to increase in importance because it substantially improves 
the success rate of this effort. Additionally, seismic surveys are in­
creasingly being used to help maximize production in known 
petroleum reservoirs. 

Exploration geophysicists gather and analyze seismic, gravita­
tional, magnetic, and other data to learn what minerals are in the 
earth and what are the shape and properties of subsurface rocks. 
From these data, they trace the sequence of rock layers and decide 
on the likelihood of finding oil in a particular onshore or offshore 
location. Derived from physics, one of the oldest branches of science, 
geophysics has become an integral part of the worldwide effort to 
find new petroleum supplies. 

More than 40,000 professionals and technicians are employed 
in the United States alone as part" of the geophysical exploration 
"team." Worldwide expenditures for the acquisition, processing, and 
interpretation of geophysical data as part of this process totaled $1.5 
billion in 1987. While this highly complex business, which performs 
the first step in the petroleum exploration effort, often has very 
limited visibility, it is in fact a major industry in itself. For most 
people who encounter the industry, the only component they usual­
ly see is the seismograph field crew working in their localized area. 

GEOPHYSICAL TOOLS 
The seismograph provides the only direct way of acquiring 

subsurface structural information without drilling wells, and its suc­
cess in supplying this infurmation continues to increase through ever­
evolving technological advances. Soundlike waves called "seismic 
acoustic waves" generated at or near the surface penetrate the earth's 
crust and reflect from subsurface rock levels back to the surface. 
There the reflected signals can be recorded, just as is done with 
radar. The geophysicist receives a printed record, called a 
"seismogram;' from which he or she can measure the depth of 
various strata. When a series of seismic shots is made over a con­
siderable distance, the resulting succession of seismograms shows 
a cross-section of the subsurface. Ideally, such a section reveals pat­
terns of the strata below, such as faults, anticlines, folds, and other 
subsurface structures that might be oil- or gas-bearing. 

In the industry'S early days, dynamite was used almost exclusively 
for generating seismic waves, but today, mechanical sources of wave 
energy such as earth vibrators are also used. In one widely used 
vibratory technique called "shaking" rather than "shooting," a unit 
mounted on a truck or boat creates seismic waves by means of a 
vibrator pad that is lowered to the earth (or water when used off­
shore). In contrast to the ruggedness of the instruments used to create 
seismic energy, the seismometers used to "hear" seismic reflections 
(known as "geophones" when used on land and "hydrophones" when 
used at sea) are extremely sensitive instruments-so sensitive, in 
fact, that they are capable of detecting a strong coastal wind or a 
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person walking on the surface a quarter of a mile away. Seismometers 
(commonly called "jugs" in industry jargon) are usually strung out 
in long lines, connected by electrical cables extending over the 
exactly surveyed seismic line, and placed directly on the ground. 
A similar process that will be discussed later takes place for marine 
operations. 

Each seismometer picks up the signals bouncing off many layers 
of the subsurface and produces its own seismic "trace," which is 
recorded both on sensitized paper and on magnetic tape. The"hmount 
of time it takes for a seismic wave to bounce back from the various 
strata gives the geophysicist a clue to the depth of each rock layer. 
Improvements in digital recording instruments have vastly improved 
the geophysical industry's ability to record and play back seismic 
data collected. New computing methods and electronic equipment 
used to play back seismic recordings continue to overcome many 
of the noise and geophysical interpretation problems to make seismic 
exploration more valuable. Also, computerized display equipment 
now makes it possible to compress wide areas of seismic explora­
tion into desk-size sections that can be more easily analyzed. 

For many years, geophysicists have collected data along linear 
cross-sections of the earth. These surveys provided information 
beneath the survey line, which was usually displayed as a two­
dimensional "slice" of the subsurface. Recently, seismometers have 
been distributed over a wider area on the earth's surface, and infor­
mation has been collected throughout a volume of the subsurface. 
This acquisition method is called "three-dimensional" or "3-D" 
shooting. It provides a tremendous amount of information that can 
be analyzed only by powerful computers. Its use now enables drill­
ing locations to be determined with greater confidence. Three­
dimensional shooting is used not only as an exploration tool but 
also in exploitation or production work. 

OTHER GEOPHYSICAL TOOLS 
In addition to the seismograph, other tools are widely used by 

geophysicists to measure the various characteristics of the earth as 
part of the petroleum-finding effort. Of these, the best known are 
the magnetometer and the gravimeter. However, it should be noted 
that about 95 percent of the dollars spent on exploration geophysics 
involves the seismic method. 

The magnetometer is an instrument that measures variations in 
the earth's magnetic field caused by changes in the magnetic prop­
erties of subsurface rocks. Resembling a large camera, the 
magnetometer is used both on the ground and in the air to accurately 
measure magnetic intensity. Each of the earth's three major classes 
of rocks-sedimentary, igneous, and metamorphic-have different 
magnetic properties according to their iron content. Sedimentary 
rocks associated with oil and gas generally have lower magnetic prop­
erties than other rocks. 

The gravimeter, on the other hand, literally weighs the earth. 
It can detect variations in the gravitational pull of rocks that lie as 
much as several miles below the earth's surface. Because large masses 
of dense rock increase the pull of gravity, gravimeter readings at 
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them with agreements made in new areas. Sometimes the pennit 
agent travels hundreds of miles a day and may be days or weeks 
ahead of the aClUal seismic operation. 

Sun'eying the route 
Next comes the survey crew, which marks the exact route the 

seismic line will take. The survey crew also measures surface eleva­
tions along the line and specifies the points where sound waves will 
be generated and listening devices placed. 

Laying out geophones and ret::ording equipment 
Following the surveyors, another part of the instrument crew pays 

OUt sensit ive listening devices along the seismic line. These 
geophones pick up the reflected sound waves afte r they have been 
weakened by passing through miles of underground rocks. The 
geophone converts these signals into electric impluses that are 
transmitted by cable to the recording truck. Inside the truck are 
delicate electronic instruments that amplify and record the electric 
impulses for later computer analysis. Geophones and recording in­
struments are so sensit ive that they can pick up footsteps scores of 
fect away. 

Genenting energy waves a nd ret::ording data 
Seismic waves may be generated several waves into the ground. 

Commonly used methods include surface detonations, shot-hole 
detonations, vibroseis, and air guns. Special equipment used and 
procedures followed for these four methods are discussed later in 
this paper. 

Clea ning up the site 
While seismic crews move rapidly from area to area , they exer­

c ise care to clean up along the seismic line so the area is left as 
near to its original corxlition as possible. The permit agent or another 
representat ive of the crew coordinates this effort to make sure that 
all the tenns of the pennit have been satisfied. 

VARIED LAND SEISMIC ENERGY SOURCES 
Illustrated below are the four most common methods for 

generating sound waves for land seismic exploration: surface detona· 
tions, traditional shOl-hole operations, the vibrating energy source. 
and the air gun. Factors that influence the selection of a particular 
method include prior experience, environmental concerns, and 
economics. Whenever possible, explorntion companies prefer to have 
flexibility in selecting the best method to be sure they obtain the 
highest quality geophysical data. 

Surface detonations 
Often specified by government pennitting agencies in remote 

areas away from people is the "surface shooting" method. This is 

&plOSiw chargesjor surfa~ detOflatiOfl are mounted on · .... Q(xim 
stakes abm'e the ground. 
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usually a portable operation, with helicopte~ used to transport 
worke~ and e<juipment along the survey line, avoiding the use of 
motorized vehicles and ensuring minimum impact on the larxl . 

Small charges are mounted on \mOden stakes several fect above 
the ground in a pattern that could include from one to a dozen charges 
at each shot point. The detonation of these surface charges can be 
heard for a considerable distance, depending on such factors as sur­
face terrain and weather condit ions. However, the sound level is 
re latively low, and incidences of actual physical damage or serious 
disturbance of wildlife are extremely rnre. 

Traditional shot-hole operations 
In this method, a hole is drilled, and an explosive charge is 

buried. Detonation of the buried charge creates a seismic sound wave. 
The typical seismic shot hole rnnges from }() to 200 ft in depth and 
is about 4 in. in diameter. Detonations are usually contained with in 
the hole to force the energy generated downward through various 
rock strata, and the only sound that can be heard above the ground 
is a dull thud. 

A shot hole is drilled, and an explosive charge is buried and 
/mer detono.ted to create a seismic sound charge. 

Vibrating energy sour« 
The vibroseis method involves surface vibrntion rather than 

detonations. A specially designed vibrator pad, mounted below a 
vehicle, is compressed against the ground and vibrated at regular 
intervals to create sound waves. Damage to the ground by vibrntor 
pad is minimal. Severnl of these vehicles operate together to form 
the energy source. Difficult terra in often limits the use of th is par· 
ticular seismic energy source. 

S~cialfy designed vibrator pads located bentath the trucks are 
~;braled to creaJe sound >mvtS for Ihe ~;brruing energy soun:e method 
of exploration. 
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Air-gun operations 
An air gun is a truck or tractor-mounted seismic source that uses 

compressed air. The air gun is contained inside a bag filled with 
water and discharges compressed air, which generates the seismic 
sound waves. The air-gun bag is mounted on the back of a truck. 
Damage to the ground by the bag is minimal. Up to four air-gun 
trucks may operate IOgether for most seismic exploration 'M:)rk. This 
source is also limited by terrain and data-quality considerations. 

An air gun using compussed air inside a bag filled with water 
is mounted on this truck and discharged to generate seismic sound 
~m'es. 

OFFSHORE GEOPHYSICAL SURVEYS 
Geophysical exploration activity also has been extensively adapted 

to the offshore environment. Modem seismic vessels are designed 
specifically for surveying, as is the equipment to interpret and refine 
the data received. But, instead of using the same equipment that 
is used onshore, such as "surface shaking" machines and geophones, 
seismic crews offshore generally use chambers, or air guns, con­
taining compressed gases or fluid s to generate the acoustic signals 
and hydrophones to pick up the returning sounds. 

These confined "explosions" leave only air bubbles and a muffied 
thumping sound to attest to their presence and use. The chambers 
are trailed behind the vessel as it moves along a predetermined survey 
line. The crews activate the chambers at set intervals from onboard 
controls connected by cables to the energy source. Other cables con­
tain arrays of hydrophones that receive the sounds created by the 
explosions as they echo off the underlying strata beneath the sea 
and transmit that information 10 the inboard seismograph and 
computers. 

Prior to and throughout the survey, great care is taken 10 alen 
fishing or other vessels in the area to the presence of the survey 
vessel and its course. Sophisticated collision ayoidance equipment 
is standard aboard modem seismic vessels. The vessels are kept on 
course through use of radar, loran, and salCllite navigational 
equipment. 

OI:her instruments keep track of the cable containing the 
hydrophone- the "streamer" - which may extend for nearly 2 mi 
behind the vessel. In sensi tive fishing areas, marine biologists may 
accompany the seismic crews to ITM)nitor operations. 

IMPORTANCE OF SELECTION OF SEISMIC ENERGY 
SOURCE 

In both land and marine geophysical operations, subtle differences 
exist in both data-acquisit ion and data-processing techniques used 
by different companies. Individual companies select what they con-
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• 

Marine geophysicail'esuilowing (/) air guns tho.t release com­
pussed air to g~neral~ pressure impulsu, and (2) hydrophones tho.t 
uceive the reflected signal generated by the air guns. 

, 
• 

Geophysicist ifllerputing a seismic section composed oj offshore 
reflection data. 
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sider to be the best seismic energy source that yields the highest 
quality data and is compatible with environmental and other goals. 
These differences in techniques of exploration companies contribute 
to the industry's overall success in locating new drilling prospects 
that otherwise would have been missed if only one survey had been 
conducted in the area and perhaps the wrong energy source was 
employed the first time. 

When industry first has exploration interest in a particular region, 
a broad reconnaissance is done, and then the grid of survey lines 
is steadily tightened to target places where the data suggest favorable 
conditions exist. This goes from lines as far apart as 50 mi to as 
close as half a mile or less. Each time data are collected, the in­
dustry learns more about an area. 

TRENDS IN GEOPHYSICAL EXPWRATION 
In the United States, land acquisition for oil and gas exploration 

and development has declined over the last few years, and the main 
interest has moved offshore, in most cases to the Gulf of Mexico. 
Furthermore, exploration efforts are shifting more and more from 
the United States to other parts of the world, primarily the North 
Sea and the Far East, followed by West Africa. 

Geophysical work in the oil industry is also changing, from ex­
ploration for new fields to development of existing fields. Five years 
ago, 90 percent of geophysical work in the oil and gas industry was 
in exploration. Today, more than half of the activity is funded from 
oil and gas companies' production budgets. 0 

Field trip guides for IGC offered 
More than 7,500 geoscientists from at least 100 countries will meet 

in Washington, D.c., this summer, July 9-19, at the 28th International 
Geologic Congress (lGC). This is the first time in more than 50 years 
that this important gathering has been held in the United States. The 
IGC has met about every four years since the 1800's. 

The written record of the Congress will consist of field trip 
guidebooks, short-course books, and abstracts. Field trip guidebooks 
and short-course books are now being offered fur sale by the American 
Geophysical Union (AGU). 

The field trip guidebooks cover distinct geographic regions and 
are written fur the nonspecialist who has a geologic background. They 
contain road logs, describe geologic features, provide historical in­
furmation, discuss the geologic processes operating in the region, 
and are illustrated with drawings, photos, and geologic maps. A total 
of approximately 130 field trip guidebooks will be available, ranging 
in length from 4 to 216 pages and in price from $6 to $35. Specially 
priced compilations are also offered. For IGC field trip participants, 
the cost of guidebooks is included in the trip fee. With one exception 
(Antarctica), the guidebooks will be released for sale after June 30. 

Included among the field trip guidebooks fur the western United 
States are the following: 

• Snake River Plain-Yellowstone volcanic province (TI05); 
• Cascade Range (T306) 
• Accreted terranes of the North Cascade Range, Washington 

(TI07) 
• Geologic evolution of the northernmost Coast Ranges and 

western Klamath Mountains, California (TI08) 
• Glacial Lake Missoula and the Channeled Scablands (TI1O) 
• South Cascades arc volcanism, Califurnia and southern Oregon 

(T312) 
• Cenozoic volcanism in the Cascade Range and Columbia 

Plateau, southern Washington and northernmost Oregon (Tl06) 
Short-course books contain material from special classes that will 

be given during the IGC. The courses will cover such subjects as 
past and future climate, volcanic hazards, modeling ground-water flow, 
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sedimentary-basin analysis, hydrothermal systems, and 
paleoenvironment. 

For information about the IGC, contact Bruce B. Hanshaw, Box 
1001, Herndon, VA 22070-1001; phone (703) 648-6053. 

More infurmation on the AGU publications is available from Alan 
Tourtlotte, AGU (address and phone below). 

For book orders, contact AGU-Orders, 2000 Florida Avenue, 
NW, Washington, D.C. 20009. Call 1-800-424-2488 toll free or (in 
D.C. or outside the U.S.) AGU at (202) 462-6900. Electronic mail: 
Cust.Service/EdunetlKosmos. Fax: (202) 328-0566. 

-From AGU news release 

Reports on five Gorda Ridge studies 
released 

The Oregon Department of Geology and Mineral Industries 
(DOGAMI) has released five reports presenting results of research 
on the Gorda Ridge, a sea-floor spreading region off th~ coast of 
southern Oregon and northern California. The reports, published as 
DOGAMI open-file reports, add more information to the ongoing 
research into the extent, nature, and effects of the hydrothermal vent­
ing that occurs along the mid-ocean ridge. 

The studies were connected with two diving expeditions conducted 
in 1988-of the submersible Alvin in June and of the submersible Sea 
Cliff in September. They were part of a research program that was 
directed by the joint federal-state Gorda Ridge Technical Task Force, 
funded by the U.S. Minerals Management Service, and managed by 
DOGAMI. A particularly significant result of the Sea Cliff dives was 
the discovery, at the northern end of the ridge, of an active hydrother­
mal vent field, named the Sea Cliff Hydrothermal Field. 

Sea Cliff diving and sediment studies on the Gorda Ridge, by R. 
Karlin, Mackay School of Mines, University of Nevada-Reno. A study 
concentrating on the possible relations between hydrothermal activi­
ty and metamorphism of the hosting sediments. Open-File Report 
0-89-04, 17 p., $5. 

Soft-sediment hydrothermal vent communities of Escanaba Trough: 
Comparison with other vent and non-vent communities from similar 
depths in the deep sea and the influence of chemosynthetic produc­
tion on the surrounding deep-sea benthic community, by IF. Grassle 
and C.L. v.m Dover, Woods Hole Oceanographic Institution. Descrip­
tion and discussion of biological and chemical data obtained during 
dives of both submersibles. Open-File Report 0-89-05, 25 p., $5. 

Biological results from DSV Sea Cliff exploration of the northern 
Gorda Ridge, by G.L. Thghon, College of Oceanography, Oregon State 
University. Description of biological communities of the Sea Cliff 
Hydrothermal Field. Open-File Report 0-89-06, 4 p., $4. 

Studies of hydrothermal effluents on the Gorda Ridge, by R.W. 
Collier, College of Oceanography, Oregon State University. Analyses 
of data from earlier dives, used in this report to develop the location 
of survey sites and dive targets as well as sampling equipment and 
strategies fur the Sea Cliff dives. Open-File Report 0-89-07, 13 p., $5. 

Submersible observations and bottom-sample analyses of the Sea 
Cliff Hydrothermal Field, Gorda Ridge, by IS. McClain and P. Schiff­
man, Department of Geology, University of Califurnia at Davis. 
Geologic study indicating the importance of the rift valley wall faults 
for hydrothermal circulation. The authors emphasize that future ex­
ploration fur minerals should include work on the walls as well as 
the center of the rift valley. Open-File Report 0-89-08, Zl p., $5. 

All five reports are now available at the Oregon Department of 
Geology and Mineral Industries, 910 State Office Building, 1400 SW 
Fifth Avenue, Portland, Oregon 97201-5528. Orders under $50 re­
quire prepayment. 0 
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DOGAMI honors mining operators 

Bay View Transit operaJiQfl at Squaw Creek near Seaside, Oregon, 
MlWred with the Outstanding OperoJQr A1mni. 

On March 23, 1989, the Oregon Department of Geology and 
Mineral Industries (DOGAMI) presented ilS Outstanding Operator 
Award to Bayview Transit Mix, Inc .• of Seaside and its Reclamation 
Project Amrd to Central Oregon Pumice Company of Bend. 

Honorable mention for the awards wen! to 8racelin-Yeager Ex­
cavating and Trucking, Inc., of Coos Bay; Ohbayashi Corporation 
of San Francisco; Beaver State Sand and Gravel, Inc., of Roseburg; 
and Bend Aggregate and Paving Company of Thmalo. 

The Operator Award recognizes operational design and conduct 
thai lead to exceptional environmental protection. The Reclamation 
Award honors reclamation projects that exemplify the goals of the 
reclamation statutes of the state. 

The award winners were chosen by a selection committee com­
posed of representatives from the mining industry, the legislature, and 
environmental interest groups. OOGAMl's Mined Land Reclamation 
Program staff assisted in coordinating the award program. 

The Outstanding Operator Award to Bayview Transit Mix, Inc., 
honored the company's initial development of a hard-rock quarry 
operation in Clatsop County near the Seaside-Cannon Beach highway 
interchange, on property owned by Cavenham Forest Industries. 

Previous use of this property had been for timber production. A 
small hillside e~vation had served the landowner's need of rock for 
log-haul ing roads. The newly developed quarry, which ultimately will 
encompass 20 acres, is remcM:d from public view by a private ac­
cess road several miles long. 

&yview Transit senling pond with crveif1qw system used to irrigaJe 
hillside vegewtion. 
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CenJrol Oregon Pumice reclaimed mining area near Bend, Oregon, 
hOlWred with the Reclamation Project Award. 

After Clatsop County granted zoning approval, the O~rator re­
ceived the permit for a commercial quarry site and began site develop­
ment in August 1988. The soil removed from the natural \: \ slope 
was deposited at the toe of the excavation face in what is known as 
a "compacted fill" (deposition by layers, each layer compacted by 
rollers befOre the next layer is started). The compacted fill was covered 
with crushed rock, its surface was sloped for drainage, and the area 
was developed as site for a crusher plant and stockpile. 

Immediately downslope from the plant site, a sedimentation pond 
was excavated. A berm around the plant site will now direct surface­
w.:tter runoff into the sedimentation pond. From the pond, the overflow 
will feed a trickle-irrigation system spread across the hillside, which 
is covered with a iO-year-old stand of Douglas fir and hemlock. Thus, 
the wasle-w.l.ter discharge is effectively separated from a Class I peren­
nial stream nearby. 

In October 1988. all slopes, banks, and other areas where bare 
soil was exposed were seeded with a mixture of several grasses and 
clover, and an organic mulch tackifier was applied. 

Central Oregon Pumice was honored for ilS reclamation of min­
ing claims identified as Devil's Rat I and 3. The 24-acre parcel of 

Central Oregon Pumice mining claim (same view as previous 
p/wto), "*ile in operation. Subsequent recontouring and revegetating 
during reclamation have led to the reestablishment of productive, self­
sustaining systems. 
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land had been wholly disturbed by mining prior to 1972. Thus, the 
site was exempt from the Oregon Mined Land Reclamation Act, and 
the reclamation that was completed there was voluntary under state law. 

By developing improvements in its operation, Central Oregon 
Pumice had been able to reenter this older mine area in the early 
1980's and continue commercial production of pumice that had not 
been usable before because of its high moisture content. This pro­
duction was then combined with reclamation. 

The reclamation began with backfIlling the 50-ft-deep excavation 
with volcanic ash. Before the fInal recontouring, the area was left 
idle for one year to allow for differential settling of the backfIll. In 
the spring of 1986, the reclaimed area was seeded with crested 
wheatgrass and a pasture mix, and weedy species, primarily woolly 
mullein, were removed by hand. 

Central Oregon Pumice reports that the reclaimed area shows the 
same degree of intensive deer usage as other reclaimed areas in the 
vicinity. Up to 50 deer at a time have been observed on this 24-acre 
parcel. The reclaimed grassy areas provide open spots that are favored 
by grazing wildlife. The surrounding vegetation is denser, consisting 
of lodgepole and Ponderosa pine with an understory of bitterbrush, 
rabbitbrush, and sagebrush. 

Because of the date of the original disturbance of the area, this 
reclamation effort was completed without topsoil replacement. The 
topsoil is now salvaged and stockpiled separately for reclamation on 
the new mine areas. 0 

Earthquake hazards workshop successfully 
completed 

The Oregon Department of Geology and Mineral Industries was 
pleased to host the National Earthquake Hazard Reduction Program's 
1989 Workshop on Earthquake Hawrds in the PortlandlPuget Sound 
Areas in Portland during the last week in March. The workshop was 
sponsored jointly by the U.S. Geological Survey (USGS), Federal 
Emergency Management Agency (FEMA), Oregon Emergency 
Management Department (EMD) , Washington Department of 
Emergency Management (DEM), and Washington Department of 
Natural Resources (DNR). The purpose of the workshop was to bring 
together geoscientists, engineers, planners, emergency managers, 
businessmen, insurers, and local government officials to discuss the 
rapidly evolving changes in the understanding of earthquake hazards 
in the region. 

Ove!;, 200 participants were involved in two days of presentations 
and discussions and a well-attended poster session. John Nance, 
popular author of On Shaky Ground, a book about earthquake hazards 
in America, presented a luncheon address. Finally, 60 participants 
went on a rainy fIeld trip to the Oregon coast where they viewed 
evidence for past great earthquakes-and discovered new evidence 
in the process! 

Although much attention was focused on the possibility of "the 
big one," a megathrust earthquake on the Cascadia subduction zone, 
participants also discussed the much better defIned hazards from 
known seismic zones in the Puget Sound and in Portland. They 
generally agreed that the hazard was greater than had been previously 
considered and that both metropolitan areas are very poorly prepared 
fur earthquakes. Rob Wesson, chief of the USGS Office of Volcanoes 
Earthquakes, and Engineering, talked about the increased understand: 
ing of earthquake hazards in the area and summarized by saying, "The 
news is not good." Wesson stated that "If the earthquake that is argued 
to be possibly associated with this subduction zone is indeed realistic 
then the earthquake hazard in Portland due to the Cascadia subduc: 
tion zone is comparable to the earthquake hazard in Los Angeles due 
to the San Andreas Fault." 

-Ian Madin, Oregon Department of 
Geology and Mineral Industries 
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OIL AND GAS NEWS 

ARCO drills Clatsop County wildcat 
During March, ARCO drilled the Oregon 21-33-86 well, located 

in sec. 33, T. 8 N., R. 6 W., about 10 mi northwest of the Mist Gas 
Field. The well was drilled to a total depth of 5,895 ft and was aban­
doned as a dry hole. No details have been released on the well. 

Two-state task force on OCS leasing formed 
A task force has been furmed to advise the Secretary of the In­

terior on issues related to potential outer continental shelf (OCS) oil 
and gas leasing. The PacifIc Northwest Outer Continental Shelf Task 
Force consists of J. Lisle Reid (Minerals Management Service), David 
McCraney (State of Washington), Gail Achterman (State of Oregon), 
James Harp (Northwest Indian Fisheries Commission), and Gordon 
HighEagle (Columbia Intertribal Fish Commission). The task force 
met fur the fIrst time on March 11, 1989. 

The initial task will be to assist in the development of the en­
vironmental studies program fur the Washington-Qregon OCS region. 
The Minerals Management Service, which conducts environmental 
studies for all OCS regions, will work with the task force in plan­
ning and implementing the studies. The task force will recommend 
areas to be deterred from the 1992 lease sale (if held) and will specifY 
which environmental studies should be completed befure a Draft En­
vironmental Impact Statement is issued. 

Correction on NWPA symposium announcement 
The 1989 spring fIeld symposium of the Northwest Petroleum 

Association (NWPA) will be held May 18-19, in Leavenworth, 
Washington (not Spokane, as erroneously announced at this place in 
the January issue). Contact person for additional information is Phil 
Brogan, 1426 NW Harmon Blvd., Bend, Oregon 97701; phone (503) 
382-0560. 

Recent permits 

Permit Operator, well, Status, proposed 
no. API number Location total depth (ft) 

420 ARCO SWlIi sec. 28 Application; 
Columbia Co. 34-28-65 T. 6 N., R. 5 W. 1,930. 
36-009-00249 Columbia County 

421 ARCO NElli sec. 32 Application; 
Columbia Co. 42-32-74 T. 7 N., R. 4 W. 1,750. 
36-009-00250 Columbia County 

422 ARCO SWlIi sec. 18 Application; 
CER 24-18-64 T. 7 S., R. 4 W. 1,675. 
36-049-00251 Morrow County 

423 ARCO Nm4 sec. 16 Application; 
CER 41-16-64 T. 6 N., R. 4 W. 2,375. 
36-009-00252 Columbia County 

424 ARCO SElIi sec. 17 Application; 
Hamlin 33-17-65 T. 6 N., R. 5 W. 2,980. 
36-009-00253 Columbia County 

425 ARCO SWlIi sec. 22 Application; 
CER 23-22-64 T. 6 N., R. 4 W. 1,330. 
36-009-00254 Columbia County D 
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ABSTRACT 
The Department l1U1intains a collection of theses and dissertations 

on Oregon geology. From time to time, we print abstracts of new ac­
quisitions that, we feel, are of general interest to our readers. 

STRATIGRAPIDC AND GEOCHEMICAL EVOLUTION OF 
THE GLASS BUTTES COMPLEX, OREGON, by Richard L. 
Roche (M.S., Portland State University, 1987), 99 p. 

The Glass Buttes complex lies at the northern margin of the Basin 
and Range Province in central Oregon and is cut by the northwest­
trending Brothers fault zone. An older acrystalline volcanic sequence 
of high-silica rhyolites (> 75 percent Si02) forms a broad platform 
composed of domes and flows with minor pyroclastic deposits. The 
high-silica rhyolite sequence is divided on the basis of texture into 
(1) zoned flows and domes, (2) obsidian flows, (3) felsite flows, and 
(4) biotite-phyric flows and domes. Stratigraphic relations indicate 
that high-silica rhyolite units in the western part of the complex 
overlie those to the east. K-Ar age determinations for the sequence 
range from 5.03 to 7.7 m.y. Geochemical trends within the sequence 
are characteristic of highly evolved magmas. The majority of the 
elements analyzed within the Glass Buttes high-silica rhyolite se­
quence fall into two groups that display similar behavior: (1) Sc, 
Rb, Cs, Sm, Tb, Yb, Lu, Ta, Th, U, and (2) Mg, Ca, Ti, Fe, Co, 
Ba, La, Ce, Nd, Eu, P. Elements within each group generally show 
positive correlations with each other, but negative correlations with 
elements of the other group. The variations between the two groups 
reflect the chemical stratification present within the high-silica 
rhyolite magma chamber prior to the eruption of the sequence. The 
presence of biotite phenocrysts within the sequence may indicate 
that the high-silica rhyolites were erupted from a relatively shallow 
magma chamber. 

The vent locations of a younger volcanic sequence of rhyolites 
and rhyodacites are strongly controlled by structure. Vents are aligned 
along the trend of the Brothers fault zone. The petrology and 
geochemistry of the sequence indicate that it is not genetically related 
to the high-silica rhyolite sequence of volcanism. The rocks are 
phyric and contain various proportions of plagioclase (andesine­
labradorite), hornblende, quartz, biotite, and ortho- and clinopyrox­
ene phenocrysts. Phenocrysts range up to 40 percent of the rock 
volume. There are large variations in the concentrations of Fe, Mg, 
Ca, Ti, Sc, Co, Cr, and Eu among the different rhyolite and 
rhyodacite flows, indicating that the different flows represent distinct, 
but genetically related, magma batches. 

Basaltic volcanism occurred throughout the silicic eruptive se­
quence. Several of the basalt flows erupted within the Glass Buttes 
complex show petrographic and geochemical evidence of contamina­
tion by rocks of the high-silica rhyolite sequence. The intrusion of 
basaltic magma into the crust is believed to have provided the heat 
source for the partial melting of crustal materials, leading to the 
generation of the silicic magmas. 0 

Mineralogical Symposium features zeolites 
The Pacific Northwest chapter of the Friends of Mineralogy will 

hold its 15th Annual Mineralogical Symposium from Friday, 
September 29, through Sunday, October 1, 1989, at the Executive 
Motor Inn in Tacoma, Washington. Featured subject of the symposium 
will be zeolites. 

The three-day program will present approximately a dozen speakers 
who will discuss zeolites under a variety of aspects, including the 
formal presentation of two new zeolites. 
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The symposium program will also include a banquet dinner, a 
benefit auction as part of the Saturday evening program, micromount 
tables and trading sessions, and competitions for the best photos and 
slides and the best self-collected minerals. 

In addition to displays of the Friends of Mineralogy, five ml\ior 
dealers from the United States and Canada will have displays on the 
show floor, and several dozen satellite dealers will be located in guest 
rooms of the Executive Inn. Displays and dealer shows will be open 
to the public Friday and Saturday evenings with an admission charge 
of $2. 

More infuIl1).ation on registration and program is available through 
John Lindell, 3311 NW 74th, Seattle, WA 98117. Satellite-dealer in­
formation may be obtained from Ray Lasmanis, #155, 910 Sleater Kin­
ney SE, Lacey, WA 98503. 

-Friends of Mineralogy announcement 

NWPA holds symposium 
The Northwest Petroleum Association (NWPA) will hold its fifth 

annual symposium at Leavenworth, Washington, on May 18-20, 1989. 
The hydrocarbon potential of the Columbia Basin, Oregon and 
Washington, will be addressed with emphasis on potentiaify produc­
tive Eocene and Oligocene sediments underlying the Columbia River 
basalts. The symposium schedule includes one day oftechnicai-paper 
presentation and two days of field trips in the Chiwaukum graben 
and the Roslyn "basin." 

Additional information is available from Phil Brogan, 1426 NW 
Harmon Blvd., Bend, Oregon 97701, phone (503) 382-0560. 

-NWPA news release 

GRC announces annual meeting 
The Geothermal Resources Council (GRC) will hold its 1989 An­

nual Meeting October 1-4 at the EI Rancho Tropicana Hotel in Santa 
Rosa, California, and has issued a call for papers for this meeting. 

Santa Rosa is the closest major city to The Geysers. The geother­
mal field is celebrating its third decade of operation, and the em­
phasis of the meeting will therefore be on the technological develop­
ment, production history, and regulatory and environmental issues 
that have evolved from this activity. 

For the first time, a trade show will be held in conjunction with 
the meeting. It will be developed and managed by the National 
Geothermal Association and will consist of the usual indoor exhibits 
and an outdoor Tech Yard. 

Field trips will concentrate on The Geysers Geothermal Field and 
cover at least six different subjects on separate trips. On the subject 
of geothermal direct use, a special one-day field trip has been sched­
uled to Calistoga in the Napa Valley and to a geothermal-greenhouse 
project in Lake County. 

Papers are solicited in the following areas: 
• Exploration-geology, geophysics, geochemistry, and hYdrology 
• Drilling and well design-shallow and .deep 
• Field development-civil and geologic engineering 
• Production technology-pipe lines and production facilities 
• Reservoir engineering-production-well testing, injection, and 

modeling 
• Power generation and plant operation-small and large, low-

and high-temperature, construction and power transmission 
• Legal and institutional aspects 
• Economics, financing, and marketing 
• Environmental aspects 
• Direct use-agri- and aquaculture, manufacturing, and space 

heating 
(Continued on page 70, GRC) 
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Reclamation of exploratory drill sites in Oregon 

by Dan E. Kl?nniel, Petroleum Geologist, Oregon Departmem oj Geology and Mineral hulustries 

INTRODUCTION 
Reclamation refers to the restoration of a drill site to a condition 

that is ofbeoeficiaJ use to the surface owner. By definition, reclama­
tion of a surface operation means the use of procedures reasonably 
designed to minimize as much as is practical the disruption from the 
surface operation and to provide for the rehabilitation of any surface 
resources adversely affected by such surface operations through 
rehabilitation of plant COlIer , soil stability, water resources, and other 
measures appropriate to the subsequent beneficial use of such re­
claimed lands. In any oil and gas exploratory dril ling operation that 
is done in Oregon, the Oregon Department of Geology and Mineral 
Industries (DOGAMI) has regulatory authority to ensure that reclama­
tion of a drill site is done in a manner deemed acceptable to both 
this agency and to the surface owner. 

Figure l. A typical drill site in Oregon involves about 1 acre oj 
land. This is the ONGD well lW 33c-3 at Mist Gas Field drilled dur­
ing 19f!7. 

EXPWRAlURY DRILL SITFS: IMPACT 
When an oil or gas well is proposed in Oregon, an operator sub­

mits an application that includes a plan of operation to DOGAMI. 
When this applicant receives a pennit to drill, the existing reclama­
tion requirements by the State of Oregon are required to be follCM'ed. 
Pan of the application requirement is for the operator to post a $25,000 
individual well bond or $150,000 blanket bond. This bond will not 
be released until all operations, including reclamation, are concluded 
in a satisfactory manner. 

In general , a drill site in Oregon disturbs about I acre of land 
and is rectangular in shape (Figure I). It is graded flat, with a sump 
on one Side. The drilling operation itself usually takes about tv.o weeks 
or less, at which time the drill site is reclaimed, should the well be 
a dry hole. If the well is successful in finding oil and gas, the site 
remains in use for the lifetime of the well. In either case, the drilling 
and production use of a site are temporary, after which the site is 
reclaimed. 
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RECLAMATION OF DRILL SITFS 
In Oregon, oil and gas drilling operations have been primarily 

in the Mist Gas Field area since its discovery in 1979. The field is 
located in Columbia County and is in a forest area. The drilling opera­
tions have pl"Cl'¥ed to be compatible with the forest use operations. 
The timber companies have benefited economically by receiving Ry.Il­
ty payments from gas production on their lands and have found the 
drill sites to be useful in thei r forest harvest operations. This com­
patible balance of gas drilling and forest use has influenced the 
reclamation decisions of drill sites at M ist Gas Field. In most cases, 
when a well is abandoned, the drill site is returned to its original 
forest condition for replanting (Figure 2). If the site had gravel placed 
on it during construction, the gravel is scraped and removed for use 
on roads, and the top soil is replaced before replanting. 

In some cases, where the drill sites are located in areas of old 
trees scheduled for future cuning, the site is left for use as a landing 
during tree harvesting. It will then be replanted upon completion of 
the cuning operations. This reclamation method fits well with forest 
use planning in that drilling operations and forest operations coexist 
in a compatible relationship. Compatibility of drilling and surround­
ing land use exists at the Mist Gas Field and other locations throughout 
Oregon, including areas of agricultural use. 

Figure 2. This reclaimed drill site is for the Leadco well CC­
Jackson 2U7 at Mist Gas Field. This abandoned well was drilled 
on Cavenham Forest Industry land during August 19f!7. 

SUMMARY 
Reclamation of drill sites provides restoration of the affected land 

to a beneficial use. In Oregon, a drilling operation generally tem­
porarily affects about a I-acre area. Subsequent reclamation required 
of the operator must be acceptable to both DOGAMI and the surface 
CM'ner. In forest use areas, such as Mist Gas Field in Columbia County, 
the drilling operations have proved to be compatible with forest opera­
tions. Drill sites are replanted for forest use, unless the CM'ner desires 
to use the site as a landing during tree culling operations, after which 
it will be replanted. Compatibility of drill ing operations and surround­
ing land use also exists in agricultural use areas. 0 
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BOOK REVIEW 
by Paul E Lawson, mineral collector and retired Supervisor, Oregon 
Department of Geology and Mineral Industries, Mined Land Reclama­
tion Program 

Crysta1s and Minerals: A Family Field Collecting Guide for North­
western Oregon and Southwestern Washington, by Jon Gladwell, 
1989. Price $7.95. 43 pages, 5th by 8th inches. Available from the 
author at 2018 East Sixth Street, Vancouver, Washington 98663. 

This well-organized guidebook to sixteen sites in the subject area 
has a number of outstanding features. All mineral-collecting guides 
~uld have these features, but unfortunately few do to an equal degree. 
linn referring to the author's discussion of tools and equipment, his 
rating of ease of access to sites, and recommended equipment for 
each site. Also, he tells the reader what minerals can be expected 
at each site and by his line drawings shows the newcomer what to 
look for. A trip log, an individual site map, and references to the 
appropriate U.S. Geological Survey quadrangle maps are provided 
for each site. The author also provides a brief resume of each site 
and conditions attendant to it. Commendably, he summarizes safety 
considerations for each site where appropriate. It would have been 
desirable to mention that poison oak is abundant (and very virulent 
to some persons) in timber or brush in the Kalama area and in the 
Columbia River Gorge. Additionally, at points east of Beacon Rock, 
scorpions are numerous but not usually aggressive. 

As in most guides, a few areas in this one should have a second 
look. For example, at the Kalama site, page 12, unless the Washington 
State Police have changed their attitude, you are likely to get a warn­
ing or a citation if you are collecting within the right-of-way along 
Interstate 1-5. Their rationale seems to be that any activity on the right­
of-way is a distraction to motorists. 

By reference to the distance to Kelley Creek, page 34, the author 
appears to suggest that Kelley Creek is not an appropriate name for 
the gismondine location. If this is the case, and since the Kelley Creek 
name almost certainly has no official status in relation to this site, 
why perpetuate it in print? More importantly, the author refers to abun­
dant gismondine at the road level, when, unless there have been re­
cent additional finds, the supply of gismondine at the road level ap­
pears to have been about exhausted. 

For the Boulder Creek site, page 36, the author indicates a specific 
copy of the Ore Bin for directions, then provides a log of the area 
for those collectors who do not have the Ore Bin. If the collector 
does not have the Ore Bin, how does he or she get to checkpoint OO.OO? 

Few of the sites listed are new"to collectors who have been active 
in the area for several years. The book does not include some sites 
it might. On the other hand, few, or perhaps none, of these sites have 
been located or described as well in any field guide to date. This 
guide should be useful to the family, as targeted, to beginning collec­
tors, and to collectors new to the area. Whether the value of this guide 
justifies its price is a decision each prospective purchaser must make 
for himself or herself. 0 

AASG publishes history of State Surveys 
The Association of American State Geologists (AASG) has recently 

published The State Geological Surveys-A History, a compilation 
of the histories of state geological surveys in the United States. 

Edited by retired Pennsylvania State Geologist Arthur A. Socolow, 
the illustrated, hard-covered, 499-page book contains descriptions of 
the history, organization, and functions of the 50 State Geological 
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Surveys. Each state is represented in an individual chapter prepared 
by the respective Survey. 

This comprehensive volume was produced in recognition of the 
major role the State Geological Surveys have played in geologic map­
ping and research accomplished in the United States over the past 
150 years. Diverse in name, size, and detailed functions, the 50 State 
Surveys, of which more than 30 originated over 100 years ago, have 
the basic responsibility to delineate the geologic framework and the 
geologic resources of their states. 

The State Geological Surveys-A History may be ordered from 
the Geological Survey of Alabama, P.o. Box 0, Thscaloosa, AL 35486. 
The price is $20 and includes shipping. Checks are to be made payable 
to the AASG. -From AASG news releases 

USBM issues state-by-state report on 
mineral production 

The u.s. Bureau of Mines (USBM) has released a report on non­
fuel mineral production in 1988. The new 187-page book, State Mineral 
Summaries 1989, is the earliest government publication to furnish 
estimates covering annual nonfuel mineral production in each of the 
50 states. It is also the first USBM release of the state minC!tal sum­
maries in one volume and is offered in addition to the usual, separately 
printed, individual state summaries. 

Nonfuel minerals include all minerals except coal, petroleum, and 
uranium. The reported figures are preliminary estimates, usually based 
on the data from nine months. Final mineral-production information 
will be published at a later date in the USBM /988 Minerals Yearbook. 

According to the preliminary statistics for 1988, California led the 
nation in nonfuel mineral production for the fifth year in a row, 
recovering minerals worth an estimated $2.85 billion, a 12-percent 
increase over 1987. Principal minerals in California were cement, sand 
and gravel, and boron. Only second-ranked Arizona produced a 
similar value, $2.83 billion, mainly with copper, sand and gravel, 
and cement. Oregon ranks 39th with an estimated production value 
of $169 million, principally from crushed stone, sand and gravel, and 
cement. 

In the new volume, the summaries have been expanded to pro­
vide more information on mineral activities in every state. Each sum­
mary includes sections on such matters as employment, exploration, 
environmental issues, government legislation and programs, and a 
review of each mineral produced in the state. 

The new document is designed to be a companion volume to 
another USBM document, Mineral Commodity Summaries 1989, a 
preliminary report, by commodity, on the production of 82 nonfuel 
minerals during the previous year. 

Single copies of both preliminary reports may be obtained without 
charge from the Publications Distribution Section, U.S. Bureau of 
Mines, Cochrans Mill Road, P.o. Box 18070, Pittsburgh, PA 15236; 
phone (412) 892-4338. -USBM news release 

(GRC, continued from page 68) 
All papers will be considered for publication in the Transactions; 

approximately 70 will be selected for oral presentation and approx­
imately 30 for presentation in the poster session. Final deadline for 
submission is June 9, 1989. Papers must be delivered to the Geother­
mal Resources Council, 2121 Second Street, Suite lOlA, Davis, 
California, phone (916) 758-2360, or mailed to P.o. Box 1350, Davis, 
CA 95617-1350; Telex 882410; Fax (916) 758-2839. 

For the annual photography contest, submission deadline is 
September 1, 1989. Chairman and contact person is Nic Nickels, 
Eastman Christensen, 3636 Airway Place, Santa Rosa, CA 95403; 
phone (7ff7) 523-1751. 

-From GRC announcement 
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AVAILABLE DEPARTMENT PUBLICATIONS 
GEOLOG ICAL MAP SERIES Pritt 
GMS·j. GeoIoaic!Nf' . ~f'$ IS·minulC q ..... nn&lc. Coos and Cull)' Co.u>Iies. 1911 .. ...•...•...• 3.00 
GMS~. Preliminary rq:>OI1 01'1 &eoIOIY 0( pan 0( Snake River any .... \974 ............ 6.SO 
GMS-3. Complm 8oo.olucr ,raYily .nomaIy map. celllral Cascade Mountain bntc, On:aon. 1m . .......... HIl 
GMS-9 . Toul·focld "1'I)maI.nCIK: anomaly RIIpo OO'IIral Cascade Mountain Range . Orqon. 1978 •...•....•............ 3.00 
GM5-10. Low· 10 inu:rmcdialC-lrolpcnIU~ themIaI spring> and """US in On:&on. 1978 . 3.00 
G MS- 12. GeoIo&ic ""'P of the Orqon put or the Minen] l S-millU1e quadrangk. BaUr COlIill)'. 1m .......... 3,00 
GMS· I). GeoIosic map. HUnlin,'on alld pan of 0Ids Ferry IS·min. quadran&ks, Baler and Mllheur Coulllies. 1919 .... 3.00 
(;M£. 14. Inda 10 published JeC)lO&ic mappilli in On:p, 11193-1979. 19111 .. ...••...•... 1.00 
G MS- IS. F-..;r lrav;ty anomaIy .... p and complete Bouguer ,ravity anomaly map. north Caocades. O«ton_ \9111 ....... 3.00 
GM5- 16. free-" r tray;1y IlIOm&ly map and """'JIIeIe Bouguer gravity anomaly map. KlUth C_adcs, On:p. 1981 3.00 
GMS- 17. ToW·flCld ...:,."...,"":i<; . """",1), mlp, south Cascades,~ . 1981 .......... 3,00 
G MS- 18. 0c0k>aY or Rickreall . Salcm West. Monmouth . and Sidney 1\~·min . QIWs .• Marion/Polk Coo.onties . 1981 .......... 5.00 
OMS- 19. 0c0k>aY arod 8ok1 dtposiu; ",ap, Boumo: 7\!1·minute cp.iadrana.it. Baker Counl)' . 1982 . 5.00 
OMS-20. Map ihowinl8to1oiY arod &e«htrmal resotlrce5. sotIthern hair, Bums 15_m'n. quad .• Hamo:y Coo.onty . 1982 HXI 
OMS-2 1. GeoIotY arod , eodw:rmal resources map, Valc East 7\!1·minutc quadran&le. Malbeut Coo.onty . 1982. 5.00 
OMS-22. GeolO&)' and mineral resources mlp. Mount lrellond 71!t-mil'\Utc quadran&le, Bake. /Grtm Coumies . 1982 5.00 
OMS-23. Geol",ic map. Sheridan 7"'·minucc quadran81e. Polk/Yamhill Counties. 1982 .... ........ .... . .... 5.00 
OMS-24. Geologic map. Orand Ronde: ' '''·minute quadnmgle . Polk/Yamhill Coo.ontics. 19S2 . 5.00 
OMS-25. GeolO&)' arod 80ld dtposics map. Oranice 7"'_m,nute qu.ad~glc . Orant County . 1982 . .. 5.00 
OMS-26. Residual gravity mips , roonhern, central. and sotIthem Oreaoo Cascades. 1982 . . . 5.00 
OMS· 27 . Geologic Ind neoIe<:tonic cvalualioro of nonh<en(ral Oregon. The Dalles l "ll " qu.adransk. 1982 6.00 
OMS-28. GcolO&)' arod gold dcposiu, map. Oreenhorn 7"'-minute qu.ad~glc. Baker/Oranl Coo.onlies. 198) 5.00 
OMS-29. GcoIO&)' .rod gold \kposit$ map. NE'4 Bates 15-minute qu.adrall8le. Baker/Onnt Counties. 1983 S.OO 
OMS·30. Geologic map. 51':'4 Pearsoll Peak IS· minute quadrall8le. Curry/Jo:sephine Coo.onties. 1984 6.00 
OMS-3 !. GeolOiY . rod 80ld dcposil$ map. NW\.\ BalCS 15·minute quadrangle . O~I Coo.onty , 1984 .. ,.. 5.00 
OMS-no GeolOlic map. Wilhoit 7\'.1 -minute ql>ldrall8k. Clad:amasiMarion Counties , 1984 4.00 
GMS-33. GeolOlic map. Soons Mills 7\'.1.minute qu.adran&le. ClaclwtwlMarion Coo.omies . 19&4 . 4.00 
GMS-34. ~ic map. Stayton NE 7 \'.1-minute qu.adrangle. Marion County. 1984 . . ............ _ 4.00 
GMS-35. GeoIotY I nd &old depoi its map. SWI' Bates l!i _minute quadransle . Grant County . 1984 . !i ,00 
OMS-36. Mineral resour«S map of 0re8on. 1984 .... ......... ... . ............... _. 8.00 
OMS-37. Mineral resources map. offshon: Ore, on. 19M . ............. 6 .00 
OMS·38. ~ic map. NWI' Caye lulltlion IS_mil'lllte quad~&Ie. 10iephine Couney . 1986 .. _. .......•...• 6 .00 
OMS-39. Geologic bibliography and index map" . OCUD IIoor and con\inmtal marlin off Ore,on. 1986 5.00 
OMS40. Tocal-r",[d aeromapetic anomaly maps. easc.de Moo.o!IUin Rance. IOOIthem Orep. 1985 ................... 4 .00 
OMS-41. GeoIO&)' and mineral resources map. El~ Peak 7 \'.1 -minute quadl"1Jl&k. Baler Coo.on/y. 1981 . 6 .00 
OMS42. GeoIOSic map. ocean IIoor off Oreran and IIdjacent con\inmtal "'"'lin. 1986 .... 8.00 
GMS-43. GeoIOIic map. El81e Bulle and Gateway 7\'.1-min. quads .• JeffenonlWuco Co. 1981 .... ~.OO: as K1 with OMS44 &. 4S. 10.00 
OMS-44. GeoIocic ""p. Sec"-""" l unctloniMetoIius Bench 7\'.1-min. q..ads .• Jefknon Co. 1987 ... $4 .00: as K1 with GMS-43 &. 4S_ 10.00 
OMS4~ . 0c0I0Jic ""p. Mlldras Wesl and Mlldras EaSl7\'.1.min. quads., l efTenon Coo.ollly. 1981 _ ... _ .~ .OO: as IC1 wid! OMS-43 &. 44. 10.00 
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Smith Rock and the Gray Butte complex 
by £lIen MQrris Bishop, Dtpartmt m of Geology, Oregon State Unil'trsity, Con'(J/fis. OregOll 9733/· 

1l\'TRQDUCfIQN 
1bcre arc plenty of places in Oregon where the scope of the earth 

aoo lhc puniness of man can be witnessed with resounding impaCl. 
Few of them arc more abrupt in their message than Smith Rock and 
the adjaccnt gorge of the Crooked River. 

From the beaver-hewn stumps on the torrent's bank . sheer walls 
tower 300 ft 31xlYe a river hastening the Ochoco Mountains' winter to 
the sea. The vertical cl iffs rise luminous, rosy and inviting in the 
morning light . yet stem and coldly foreboding in the late afternoon : 
mute. pale magenta parapets of challenging stone. The rolling growl 
of the water. a whisper of wind, and an echoing sense of remoteness 
from the frenetic outside world give us each a pril!aIC interlude with 
forces monstrously and magnificently larger than ourselves. 

But what builtthcse rampans? How long have they stood? And 
what bricks, what monar bind them? 

Figure I. Gellerolized geologic map of the Gray Butte complex. 
itlc/uding the, Smith Rock ClreCl (after Obermiller. /987). 

Smith Rock is pan of a larger crupl:ive ccnler. the Gray Bune com­
plex . that includes Gray Bune, C~ Bune, Skull Hollow. and Stler­
~ Canyon. Its history is long and compl icated. its details are still 
obscure, and its re latives and parents largely unheralded . But 
geologists are gaining in unclcrstanding ofthesc spcctaClllar outcrops. 

Smith Rock and tnc rest of the Gray BUl1e complex. along with 
other silica-rich cent ral Oregon eruplive centers including Cline 
Bultes and Powell Bultes, are located near the western end of the 
Brothers Fault Zone thilt bounds the nonhern edge ofthe Basin and 

·Ellen Bishop has collected ~ral of her Time Trt1l-e1 columns about 
the mountains of Oregon that appeared in the Ort'gon,,1tl and has published 
lhem in a spi ral -bound book called ThIn the Moul1la,ns Told. The book is 
so ld in several cenlral OregQll bookstores for S5.95. 11 is al so lM.ilable from 
her directly al Route I. Bo."( 248. Terrebonne. OR 'lT7fI.J. for!>1 postpaid. 
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Range province (Lawrence, 1976). These centers si t in a structural 
depression between the Blue Mountains old, accreted arc terrane 
and the Western and High Cascades volcanic arc. 

To understand the geology of Smith Rock. the entire Gray Butte 
complell must be enmine<i in more detail. The five igneous units 
that compose most of the Gray Bune complex, including Smith Rock. 
are identified by the name "Gray Butte" on the area geologie map 
shown in Figure I . The Gray BUl1e units range in lithology from 
coarse olivine basalIS and basaltic andesite [() myolite and pyroclastic 
units. Work by Obcnni11er (1987) indicates that the compleJl is 
Miocene in age, erupted between 18 and 10 mill ion years (m.y.) ago, 
which mcans that Smith Rock is younger than many geologislS had 
previously thought. 

BASEMENT OF THE GRAY BUTTE COMPLEX 
To the nonh of the Gray BUlle complex, Haystack Butte and 

Juniper Butte are composed in pan of Eocene rocks of the Clarno 
Formation . mostly 40 to 48 lII .y. in age. These rocks are mostly 
basalt and andesite nows and a few domes of more silica-rich com­
position. The Clarno Formation, which is intennillently exposed 
between the !OWns of Wann Sprin~, Prineville, Mitchell , and Fossil, 
is similar in lithology and chemistry to Cascade rocks. These rocks 
are calc-alkaline basalts and andesites of convergent margins, with 
mudnows and lahars suggesting the presence of at least a few 
st ratovolcanoes. 

Overlying the Clarno-age rocks at Haystack Butte, Juniper Butte, 
and as far cast as the Painted Hills and the John Day valley are tuffs, 
rhyolites, and olivine basalts of the John Day Formation of Oligocene 
and early Miocene age. Ash found in this unit. which ranges in age 
from 37 to 19 m.y. , probably came from volcanic vents in the vicinity 
of the Cascades (Robinson and others, 1984). 

THE CLARNO AND JOHN DAY FORMATIONS AT 
GRAY BUTTE 

The Gray Butte complell has previously been correlated with the 
John Day Fonnation on the basis of silicic lithologies and the 
presence of fossillcaves (Robinson, 1975). These rocks are eJlposcd 
from Haystack and Juniper Bunes southward to Gray Butte. 

According to Obermiller (1987), however, older rocks occur on 
the nonhern buttress of the Gray Butte complell. They consist of 
poorly exposed conglomerates and tuffs overlain by altered basalts 
and basalt ic andesites. most probably of Clarno age. The area nonh 

Figure 2. Flow balldillg ill Ihe Groy Butte rhyo/ile (ullit Tgv in 
Ihe geologic map shoM/ ill Figure I). Photo field is approximately 
8 ill. "cross. 
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Figure 3. Rhyolite dike (unit Tgf) west of Gray Butte. View is 10 
the easl. and Gray Bulle is in the background. NOIe horiwnwi col­
unmar joifllillg ill dike. 

of Gray BUlle also contains small patches of an ash-now tuff and 
othcr rhyolite tuffs of the John Day Formation. Tuffs of probable 
early Miocene age are also present (Obermiller. 1981). 

LlTHOWG IES 0.' TH E GRAY BUTrE COMPLEX 
Introduction 

The rocks of the Gray Butte complex overlie and intrude the 
Eocene to Oligocene sequence. They are dominantly sil ica-rich. 

Older rocks 
Andesite nows apparently represcnting the earliest eruptive prod­

ucts of the Gray Butte complex occur as a relatively fresh basaltic 
andesite dated at 18.9 m.y. (K-Ar whole-rock) forming a broad apron 
north of Gray Butte (Obermiller. 1981). 

The tuffaceous beds in these units largely appear to have been 
deposited in shallow water and contain a variety of plant fossils in-

dicating that the climate, which was subtropical during the Eocene, 
gradually became more tempernte (Ashwill, 1983; McFadden. 1986). 

Geologists are unsure whether these rocks of early Mioce ne age 
are related to the same eruptive events that created Gmy Butte and 
Smith Rock. 

Gray Butte rhyolite 
According to Obermiller's (1987) .... ,ork, the earliest silicic unit 

of the Gray BUlle complex is the Grd)' Buue rhyolite (Figure 2). 
This thick accumulat ion of now-banded rhyoli te occupies the nonh­
ern ponion orGray BUlle and is well exposed in Sherwood Canyon. 
It overlies tuffs of uncertain age that may be related to the Grd)' BUlle 
complex. Its potassium-argon (K-A r) whole-rock age is 17.8 m.y. 
The rocks show considerable now folding. and a thin. glassy layer 
is present at the base of the unit. The absence of primary now 
features suoh as lithophysac and spherulites and the prescnce of abun­
dant axiolites and plastically deformed glass shards suggest that the 
Gray Butte rhyolite is a rheomorphic lUff. which is an ash-now tuff 
that nowcd after its emplacement (Obermiller, 1981). 

The vent location for the Gray BUlle rryolile is not known. Litt le 
evidencc. such as brecciation or local aiterdtion and domes on Gray 
Butte itself. is known to indicate a vent location there. Pervasive 
epithermal alteration .... 'Cst of Gray Bune reponed by Grd)' and Baxter 
(1986) and Rimal and othe~ (1981) probably postdated eruption ofthc 
Gmy Butte rhyolite unit. A wide, pe~istent rhyolite dike (Figure 3) 
west of Gray BUlle may have fed some Gray Butte volcanism. 

Smith Rock tuff 
Next oldest unit of the Gray Butte complex is the Smith Rock 

tuff. It is this tan and red and green unit that forms most of what 
we think of as Smith Rock and the adjacent ridges. ri sing in knobs 
and spires. rhino horns. and broomsticks. It forms the spectacular 
buff cliffs along the north sides of the Crooked River in Smith Rock 
State Park, beloved of climbers and those who simply like to feel 
small (Figure 4). The Smith Rock tuff is a complicated uni t con­
sisting of multiple mud and ash nows and pyroclastic deposi ts. 

Figure 4. Canyon ufthe Crookell Ril'er wil/lls Ihrough Newberry basalIS tOlwlrd Smilh Rock Slate Plirk. Smilh Rock tuffforms most of 
the high. lighl-colored cliffs. 
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The ba~ of the Smith Rock tuff contains clasts of rhyolite and 
other rocks as well as org:mic debris including oow-silieilied lree 
trunks. Thin rhyolite flows are intcrtx:ddcd with luffs and mudflows. 
suggesting that pyroclaslic and flow YOlcanism occurred side by side. 

Unils oflhe Smith Rock tuff include mudflows. air-fall tuff. and 
muddy iliff flows . Angular fragments and autoclasts of rhyolite and 
tuffaceous material are common. although graded bedding is noI. 
suggesting that malerial was 00( transponed far and that the source 
(vent) of IhI:: IlIffs is ncar Smith Rock itself (Figure 5). The Smith 
Rock turf is bedded and. in some places. shows clear evidence of 
soft-sediment defonnalion in the fonn of soft-sediment folding (cover 
phOtO). All of the tuff is dcvitrified-the glassy ash and pumice 
fragments and some glassy matrix han~ been transformed by time 
and water into clay minerals. 

The thickest pan of the Smith Rock iliff is located about half 
il mile west of Smith Rock Stilte Pilrk. The thickness and grcatcr 
level of altcl"'Jt ion suggest that the fceder conduit may be buried there 
(Obermiller. 1987). 

Figure 5. AI/gular c/asls of rh)'o/ile alUl pumice are abU/IdOl!! 
COll1lJOllelllS of lite IJOrollS Smilh Rock luff (Ullil Tgs). Much of Ihe 
lUff exhibils mblle bedtlillg. Dips are probably a prilluu)' featllre 
of the Iliff. indkmillg illilial delJOsilioll 011 the sleep slopes of a lUff 
('Olll' (Obermiller. I9f!l). 

The Smith Rock luff conc 
Smith Rock itself may represent p:!n of a tuff cone (Obenniller. 

1987)-a low. sloping edifice composed of silica-rich lava that "'Ias 
transformed into hot . fragmental tuffs upon explosive eruption into 
a wet environment. Tuff cones can be respectable in size: Diamond 
Head in Hawaii rises as much as 770 ft above the ocean and is more 
than a mile in diameter. Or they can be small. pockel-sized Y01canoes 
similar to furt Rock. An as-yet-unans .... 'Cred question is whether the 
matrix of Smith Rock was .... 'Clded togelher as a hot. sticky. pasty 
mass immediately aftcr the eruption or was cemented slowly together 
3fterdc~ition. The 3nswcr to this queslion . which requires study 
with microscopy. will determine whether. technically. Smith Rock 
is an ash ( .... 'Clded) or tuff (cemented) cone. 

O ther now rocks of the Gray Bulle complex 
Several other flows of divcrse compositions are present in the 

GrJ)' Butte complex. A thin. lithophysal rhyolite flow is found in 
the east-southeast p:!n of the Gray BUlle complex. overlying the 
Smith Rock tuff (Figure 6). [t is pink to red and displays good flow 
banding. This flow is overlain by more mudflow deposits and tuffs 
so probably is contemporaneous with the Smith Rock tuff. 

Thin flows of olivine basalts and basaltic andesites must have been 
erupted during this time as ..... dl. They arc exposed on the north side 
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Figure 6 Ulhoph)'sae ill rhyolile (1I11il Tgl) eaSI of Smilh RrJcl.: 
SWIl' Park. 1111'Si' 1- to 2-ill. sl,herical caI'ilies and blisters result 
from the emm/,melll of gas (mosl/), steam alld carbon dioxide) wilhill 
a coolillg rhyolite flow. If filled wilh opal or cholcedollY deposiled 
by hOI w(lter willrill lite flow, Ihey would be Ihlllldereggs. 

Figure 7. Microfelsile clike (dark rock) (unit Tgf) rises from the 
Crooked Ril'er al Smith lWeI.: State Purk. Bench in midcl/e gromul 
is Ne .... berr)' mlS(111 (1Il1it Qb). Ught-colored rocks ill backgrollml 
me Smith Rock Iliff (lmit TgsJ. 
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of the Gray Butte complell along with several basaltic dikes that may 
have fed the flows. The age obtained for these flows is 17.4 m.y., 
based upon K-Ar whole-rock measurements (Obermiller, 1987). 

The Smith Rock microfelsite 
Possibly the youngest unit of the Gray Butte oomplell is a 

microfelsite dike of rhyolitic composition that forms a distinctive, 
red, hard. and brittle edifice on the nonh side of the Crooked River 
(Figure 7). This narrow, intrusive conduit carried rhyolite magma 
in near-venical flow to be erupted somewhere above the present 
Smith Rock. The microfelsite- seen on fresh surfaces as a light­
colored, finely crystalline rock of rhyolitic composition-exhibits 
good venical flow banding in some locations and has a chilled margin 
against the Smith Rock tuff. The dike clearly was emplaced prior 
to complete sol idification and dehydration of the tuff, because less 
than a fOOl from the dike, the contact-baked, porcelainlike tuff 
developed strong vesicularity, as though trapped water had boiled 
in a cool but unconsolidated country rock. On the west side of Smith 
Rock, the dike seems mingled with the tuff, suggesting that it in­
truded in anastomosing, enveloping style, feathering into the sur­
rounding rock. 

Summit vitrophYn! 
The youngest dated rock of the Gray Bulle complex is a glassy 

rhyolite, a texture called a ··vitrophyre,'· nestled into the southwest 
side of Gray Butte's summit. Obermiller (1987) obtained a K·Ar 
whole-rock age of 10.7 m.y. for th is uni t. However, its extremely 
limited extent and ilS high content of altered glass make this whole­
rock age somewhat suspect. 

If this date is spurious, then the eruptive history of the GrJ)' Butte 
complex was brief. perhaps spanning less than 2 m.y. 

The rimrock basalIS 
TIle last volcanic episode written in the rock record exposed along 

the Crooked River is the eruption of volumiOOtls basalIS. They are 
pan of the Deschutes Formation, flowing from the low shield 
volcanoes to the west-Grecn Ridge. Squaw Back Ridge. and 
(){hers- abouI4.5 m.y. ago. They lapped up upon a si licic highland­
the eroded remnants of the Gray Buttc complex, then standing slightly 
higher than they do at prescnt. The early Crooked River canyon 
was eroded along the contact. About 1.2 m.y ago. this canyon was 
filled by flO\ll$ from Newberry volcano. Thcse flows form the dark 
cliffs currently seen along the Crooked River near Smith Rock State 
Park (Figure 8). 

PETROLOGY AND GEOCHEMISTRY OF THE GRAY 
BU'ITE COMPLEX 

Where did this silica-rich magma comc from? How was il 
generated? For the answers to these questions we must tu rn to 
petrology and geochemistry. 

According to major-element analyses (Obermiller, 1987), the 
Miocene basalIS associated wi th Smith Rock are tholeiitil:: in com­
position (Table I). Their content of Ti02 (usually> 1.5 weight per­
cent) is anomalously high for arc-related volcanics, however. and 
may be re lated to their eruption in a back-arc e)( tensional environ­
ment cast of the Cascades. 

Generally, these basalts and basaltic andesites belong to the 
regime of early island arcs and arc chemically dist inct from the mid-

Figu~ 8. &Salts from N~fJerry volcano south of lkndjl()'l<.'ed d()'l<.'fI the Crooked River about /.2 mil/ion. years ago (Smith, 1986). These 
intrtlcan)'on jlows (unit Qb) now form the dark, columlled cliffs 011 the south side oj the Crooked Ri~'er at Smith Rock State Park. Felsite 
dike (unit Tgf) is exposed at right oj photo. Other rocks are p~dominalltJy Smith Rock tuff (unit Tgs). View is to the west. 
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Table l. Major- and lrace-elemenl analyses of rocks from the 
Gray Bulle complex. Data from Obermiller (1987). _I. no. " SR· .... ' SII_M_O .. -... -, A~' 
-.~ M .. ,~ -. ,_,too "'yoliU Ithyolltoo ~" 

SIO, (n.ll '0.1l ". to u ." >1." " .)6 '"!t. (>It. II ,.2t 1. 71 •• 17 .. ,. 0.'" 
Al ) (>It .I l 15." .. . . 1 I .n ".11 n." 
, - (>It.ll 11.6' n.n I." I." 0 •• ' -(>It.Il 0.2. •• l' ... ) 0.0. n.d.--
IIqO (oot . Il ,.u ,.u n.d .•• n.d. · ' n.d. ·· . " (oot.Il t ." .... o. " •. n 0.1l 

:;t(~~i:l '.f? ) ... ,.~ 0.0' o. u 
o.n o.n 

). " 0.0. I ." 
P,O. (>It. II ~ ~ ~ ~ ~ 

"'tal 99.9S '00 .• ' 10 •• 0 ' 100. " '.O.Ot 

• ,-, m m ... '" ... 
.... 1".,.1 ' 0 .00 )).00 H. .. . '" UI".,.1 n.d. ·· n.d ••• , • • .... 1".,.1 11.0. '0.00 " .. .. .. ,-, '" .., ". ... ... 
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(~-"," ......,I. -.oe~ . 
In I.y.l 
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die Miocene basaltic rocks, the Prineville chemical type of Uppuluri 
(1974) and the Bear Creek basalts of Goles (1986), that form the 
ridges cast of Lone Pine Flat and that were erupted perhaps 3 m.y. 
later than the Smith Rock basalts. 

Trace-clement data corroborate this diagnosis (Obenni11er. 1987). 
Rare-earth clement plots of basaltic rocks from the Gray Buttc com­
plex (and other central Oregon silicic centcr.;, including Powell Buttes 
and Clioe Buttes) show light·rare-earth enrichment of XI to 150 times 
chondrite (Figure 9), with CefYb ratios of about 10. Such 
enrichments are slightly greater than most tholeiitic island-arc 
basalts. 

The rhyolites and tuffs of the Gray Butte complex show similar 
signatures (Figure 9). They arc peraluminous and corundum nor· 
mative (Obermiller, 1987). They have substantial negative europium 
anomalies. suggesting that they were derived by fractionation (Ober­
miller, 1987) or that oxidation and dissolution have altered the 
original europium content of the rock. There is excellent evidence 
for the presence of an epithermal system at depth beneath Gray Bune, 
with the development of silica caps and brecciated zones near the 
western base of Gray Butte (Gray and Baxter, 1986). However, th is 
hydrothennal cireulation may not have substantially altered the sur· 
face rocks from which isotopic samples were taken. 

THE ORIGIN OF THE GRAY BUTIE COMPLEX 
According to Obenniller (1987), the best model for the origin 

of the Gray Bune complex basaltic andesites and rhyolites is frac­
tionation of basallic parental magmas of similar composition to the 
associated olivioe·bcaring tholeiitic basalts. The spectrum of basaltic 

1000r--------------------------, 
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. , . . . , , 

BASALTIC ANDESITES 

La Ce Nd Eu Tb Yb Lu 
Figure 9. &re-eanh-elemel1l plots for rocks of the Gray BUlle 

complex (after Obermiller, 1987). 
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compositions can be approximated by Rayleigh fractionat ion of vary­
ing amounts of olivine and plagioclase, with lesser clinopyroxene 
fractionat ion. Models of derivation of rhyolites by partial melting 
of altered or fresh basalts resulled in lower alumina contents than 
present in Smith Rock rhyolites. Rayleigh fractionation of evolved 
olivine tholeiites can produce most rhyolitic compositions at Smith 
Rock and Gray Butte (Obenniller, 1987). However. isotopic data sug­
gest that considerable crustal contamination affected the Gray Butte 
complex. Values for 17SrfuSr rat ios of basalts beneath Gray Butte 
range from 0:Xl36 to O:iUn, with most values in the 0.704 range 
(Obermiller. 1987) 

Rhyolites have considerably higher !7Sr/16Sr rat ios. The Gray 
Butte rhyolite yielded a value of 0.7101, and values for other rhyolitic 
rocks vary from 0.7068 to 0.7128 (Obermiller, 1987) . 

The Gray Bulle complex samples have Nd and Sr ratios that plot 
to the right of the oceanic correlation line and in a field of lower 
Nd than island arcs, including the Cascades (Figure 10). Contamina­
tion by either seawater-altered oceanic rocks or continental detritus 
or the presence of an enriched magma source could cause this result. 
Lead iso(opic data also suggest a crustal component in Gray Butte 
complex magmas (Figure II). These plots indicate substantially 
greater upper crustal involvement in the Gray Butte complex (han 
in the Cascades. 

10 
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METALUMINOUS 
GRANITES, 
NEVADA 

epsilon 

BUTTE 

Figure JQ Plol o/,7Srl16Sr alld I~JNdl"~Nd isolopic mliO$. Gmy 
BIllie complex samples show substantial n·idence of IIpper cruslal 
conlaminalion (after Obenniller, /987). Gmnite dala are from Fanner 
and DePaolo, 1984. Diagol/al line is Irend for oceal/ic rocks. 
MORB=mid-oceanic ridge basalt. 

IMPLICATIONS FOR THE TECTONICS AND 
CRUSTAL EVOLUTION 

The nature of the involved crust is a bit problematic. No pre· 
Teniary basement is known in this immediate area, and all indica­
tions are that the Deschutes basin upon which the Gray Butte com­
plex is built is a thinly crusted product of back-arc extension and 
Basin and Range rotation (Smith, 1986; Obenniller. 1987). Although 
a single fusulinid-bearing limestone cobble was reponed from the 
Smith Rock tuff (Thompson and Wheeler, 1942), it is likely that 
this rock originated in Crooked River gravels transponed from the 
Grindstone (errane, rather than being a xenolith transponed upward 
in Smith Rock tuff (Obermiller, 1987). 

However, the isotopic evidence for some degree of upper crustal 
contamination of the Gray Butte complex is substantial. It suggests 
that Paleozoic/Mesozoic accreted terranes exposed in the Mitchell 
and lzee areas to the east and southeast, respectively. and also 
exposed along the Hay Creek anticline in the Hay Creek canyon 
area only 12 mi to the nonheast. may also extend under the Gray 
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Figure II. Piol of lead-isO/opic rotios for the Gray 8ulle com­
p/ex (after Obermiller, 1987). Gray BIllie samples show fl'idenct' 
for substantial upper crustal confamin(llion and plO! all a mi.ling 
cun'e between upper crustal rocks and island-arc basalts. 

Butte area. Alternatively. tuffaceous rocks and basinal deposits of 
the Clarno and John Day Formations may have contributed to or 
produced silicic shallow crustal melts in response to basaltic 
magmatism related to back-arc and Basin and Range-related cJlten­
sion. The probable oceanic nature of the first alternat ive and, likely, 
small changes from oceanic isotopic rat ios suggest that the second 
alte rnative-contamination with altered Clarno and John Day 
volcanic and volcaniclastic materials- is the better model. a lthough 
it is less than ideal. 
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New report on bentonite in Oregon 
released 

A comprehcnsive report on bentonite in Oregon. its formation. 
industrial uses. and occurrences, has been released by the Oregon 
Department of Geology and Mineral Industries (DOGAMi). The 
repon i ~ intended to serve as a hasis for funh er study and explora_ 
tion and for thc developmcnt of bentonitc as an indust rial-mineral 
resource in Oregon's economy. 

The study concludes that explorat ion opportunities for commer­
cial bentonite and the potential for large deposits exist in Oregon . 
It also indicates that there are West Coast and Pacific Rim bentonite 
markets that Oregon could supply. Preliminary analyses show that 
Oregon bentonites have a wide varicry of physical properties that 
could serve a wide spectrum of industrial uses. 

Bentonile in Oregon: Occurrences, Analyses, and Economic 
PolI'lIIial. by DOGAM I geologists Jerry J. Gray and Ronald P. 
Gei!gey and DOGAMI geochemist Gary L. Baxter. has been pub­
lished as DOGAMI Special Paper 20. 

The report consists of a 28-page text that describes bentonite as 
a rock and a commodity; the bentonite industry and trade. 
including exports: Oregon's bentonite industry and the resource 
potential of the state; and the laboratory testing of 152 samples col­
lected for this study. The text is accompanied by three separate plates. 
one map and t'M) tables: The compilation geologic map shows sample 
locations and geologic units deposited in basins in eastern and parts 
of weste rn Oregon. One table lists tonnages of domeslic uses and 
exports of bentonite and fuller's earth in 20 use categories and over 
a period from 1975 to 1986. The second table describes all samples, 
Ihei r locat ions. the nature of the sample sites, and the results of 
physical and chemical tests and X·ray diffract ion mineralogy. 

The new report. DOGAMI Special Paper 20. is now available 
at the Oregon Department of Gco[ogy aod Mineral Indusrries. 910 
State Officc Building. 1400 SW Fifth Avenue, Portland , O R 
97201-5528. The price is $6. Orders under $50 require prepayment. 
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Collecting fossils in Oregon 
by Me/I-;Il S. Aslrll'ifl, am(l/eur pa/eol1l%giJ't. 940 SlY DOI'ef Wile. Mac/nu. Oregon 97741* 

INTRODUCriON 
Hanging 011 my study wall is a clock I have made from anal 

slab of rock thai has on its surface a magnificent large fossil leaf 
from an ancient sycamore tree. Of course, the clock is a delight 
\0 me, yet each lime 1 look at it. I experience a tinge of regret because 
I know that th is lovely and significant fossil will never be where 
it properly belongs- in a research collection to record the develop. 
menl of the sycamore family. I! is not now suitable for such a col­
lection because no one knows for sure its age or where it was found. 
An old frie nd collected this and Illany other quality specimens but 
did not put any identifying marks on this one. AI his dC<lth. his son 
gave me scvcntl pieces from the collection. I think that I know where 
this one came from. for I know his collecting habits. and the rock 
matrix is fam iliar to me. In Ihe field of science. however. " 1 think:' 
"probably:' and " 1 guess" arc enough to fli ng a shadow of doubt 
that reduces cvideoce to \\Iorthlessncss. Therefore. this beautiful fossil 
is reduced to being "only a curiosity: ' Lesson: Immediately upon 
collect ing a fossil. number and reference it in some permanent man­
ner so Ihat locality and other importanl information pertaining to 
it arc not lost. 

A fossil collection can be a souree of pleasure in many ways. The 
s(X!Cimens themsclves are beautiful. As evidence of evolution as well 
as changing ecological conditions through time. they provide food 
for thought. The collecting process itself gets the collector outdoors 
to many different areas and provides healthful exercise. Beyond these 
purely selfish concerns. h()\\.'Cver. your collection C,Ill serve a useful 
purpose. [fyou arc careful as you collect and identify your fossils. 
if you keep good records. and if )"ou share your information with 
other fos~il col1cctors- bmh amatcur and professional- as well as 
with others interested in learning aboul paleontology. your fossils 
can also servc to advance kn()\\.'lcdge. This anicle tells you h()\\.' to 
gel started in fossil collecting- and how your fossils may be useful 
to others. 

BASICS OF FOSSil FlNI>ING 
Ifall of the readers of this anicle were to start driving their cars 

at the samc time. and then if they all were to stop their cars at Ihe 
same momen\. get out. and spend two hours digging for fossils 
wherever they happened to be. Las Vegas oddsmakers should be 
able to make a 101 of money by belling that none ""ould find a fossil ­
even in Oregon. one of the premier foss il grounds of the \\.mld. Yet. 
arllled wi th proper knowledge. any person living in Oregon could 
probably drive to a fossil site in less than an hour from his or her 
home. A paleontologist friend from Indiana is envious. ··Why. you 
could ride a bicyclc from your house to this site:' he exdaimed of 
a locality ncar my home. 

So. how do you locate foss ils" First off. don't waste yQur encrgy 
digging for fossils unless you have been given good reason to believe 
there arc some at hand. In Oregon. you can rulc out huge expanses 
of two kinds of geologi(' environments. You can be fairly ccrtain. 
for example. that you will find no fossils in lava rock. It should be 
noted. however. that most rules have exceptions. For instance. Lava 
Cast Forest rlCar Bend has fossil impressions of tl\.'C trunks that were 
buried in lava. and ncar Blue lake in Washington. a mold of the 
bloated carcass of a rhinoceros exists in a basalt flow. Furthermore. 
areas of topsoil. the loose. fine-grained din that collects in vallcy 

·MeI Ashwill maintains a pri,"ate fossilmuscum tx:hirnl his home. "'hich 
is at the north,,'Cst corner of the imersection of DOI'cr L.me and Highway 
W about 2 mi sou1h of MadrJs. HI' is willing to show the museum to in­
terested persons or group, by phone appoinllnem only. His phone numba 
is (503) 475-2'XJi". 
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P/l!il'/()('elU' fOl"Si/II"/llIft, being e.rClllYl/t'l1 II/'(lr Pan Olford ill Cllrry 
COl/lily III/dl'r /IU' SlIlwn'isiol! of Dtll~' 7i'.I·/or. NOJ7/n"I!II Muse/IIII of 
Nail/rIll History As.l"Odlllioll. S/rml1l frOIll bol/o/ll 10 lOp ofphOlogl1.lph 
(IJ"(' Mt'lnlith Myllellbl'l-k. LWUI Stricker. wul ell/ir Swhl. 

floors. are not prime sites. On rare occasions. topsoil preserves 
fossils. but generally it docs no\. The processes that move a fossil 
from bed rock into topsoil usually also reduce the fossil to dust-or 
lH least to fragments. 

So. what arc thc likely :lTC:lS? Wood. leaves. flesh. bones. and 
even teeth. if exposed to the clcments. will dccompose with time. 
It is no surprise. then. thaI most well-preserved fossils :Ire found 
in rocks that originally \I'Cre a mud that protected the organic material 
from o)(ygen and thcrefore bacterial decay. If Ihe remains survive 
this inil ial step of burial. minerals in ground water may permeate 
and harden them. Fine-grained sandstone (or siltstone. mudstone. 
or shale) is one of the fossil-hu nler'S favorite rocks. For marine 
fossils. another likely tomb is limeslOne. Most limestone is com­
posed of remains of sea cTCatures. The third promising type of hosl 
matcrial in Oregon (mainly cenlral and eastern) is what \I<'IS originally 
light-colored volc:lnic ash thaI rapidly buried plants and animals wilh 
thick deposits. 

Because ofthi' flat structure of mincrJls in finc·graillOO mudstones and 
shales. these rocks often ,plil into flat sIabs. A paleontologiSt's right fOOl 
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automatically eases off the gas pedal when he or she passes a roadside 
exposure of platy. sedimentary rocks. Many are fossiliferous. 

Diligent searching in favorable areas will, at length. probably 
lead to the discovery of fossils. However. there is a short cut used 
by most fossil finders. Somebody shows or tells them where to find 
the quarry (pun intended)! Other collectors know of likely sites and 
are willing to share their knowledge. Hunters, farmers, ranchers. 
and geologists all spend a lot of time on foot in out-of-the-way places. 
They frequently locate new areas and often will, if asked, help the 
paleontologist. Additionally, as geologists publish the results of their 
field work and often give exact locality coordinates. time spent 
reading geological papers will often produce helpful information 
for you. A two-line mention in a geological paper can take you to 
an exciting find. 

HELPFUL PUBLICATIONS 
Thcre are even books that will direct you to fossil sites. A 

reference, informally known as the " Blue Book" among fossil col­
lectors, is entitled Fossils In Oregon. Edited by geologist Margaret 
L. Steere, the 227-page book was published by the Oregon Depart­
ment of Geology and Mineral Industries (DOGAMI) as Bulletin 92 
and can be purchased from its main office (editor's note: see ad­
dress on inside front cover of this issue. Also, be advised that the 
glue binding the book is not very durable, so that the book, while 
filled with useful information. tends to fall apart easily). The book 
contains directions to and descriptions of fossils from more than 
35 fossil locations in Oregon. It is copiously illustrated. 

Two other books on Oregon paleontology are indispensable to 
anyone interested the state's fossils. The wife-and-husband team of 
Elizabeth L . and William N. Orr (University of Oregon paleontolcr 
gist) aUlhored both the Handbook of Oregon Fossils (1981) (available 
at private bookstores and from the authors at P.o. Box 5286, Eugene, 

Flower of eXlil/Cllropical \'ine (Holmskioldia sp.) of Eocene uge. 
Fossil "US collecledjrom the fli'st Branch Bridge Creek lIear Mitcheff. 
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Mastodoll toOlIl taken from bog deposits near Tualatin. Oregoll. 
Photo courtesy of the Oregon Museum of Natural History. 

Oregon 97405) and the Bihliogruphy of Oregon Paleontology, 
1792-1983 (1984) (available as Special Paper 17 from DOGAMI). 

Although it docs not contain precise locali ty directions, the 
285-page Handbook of Oregoll Fossils is a gold mine of well­
organized information. Generalized discussions of fossi l plants, 
pollen. invertebrates. trace fossils. arthropods, fresh-water fish, birds, 
marine vertebrates. and land vertebrates include many illustrations 
that will help you in identification of your fossils. The bibliography 
at the end of the book can help you find new localities to explore. 

Bibliography of Oregon Paleolllology, 1792-1983, also by the Orrs, 
is a compilation of references containing information about Oregon 
fossils up to 1984. Its 82 pages list more than 1.200 references, most 
of which will help guide the colleclor to at least one specific locality. 

aTHER INFORMATION SOURCES 
Visits to museums can lead you to more information. Many small 

local museums exhibit a few local fossils and often include the name 
of the collector. Natural history exhibits will help familiarize you 
with what is avai lable and what you should be looking for. You can 
ask other collectors about associations or societies where you can 
meet people with interests similar to your own. You can subscribe 
10 local or state publications such as Oregon Geology that publish 
papers related to local paleontology. If you are really serious about 
your fossil collecting. you can contact local community college 
geology teachers or university professors for information about fossil­
collecting sites. 

PROSPECTING TECHNIQUES 
A few paleontologists publish such complete locali ty directions, 

including photographs, that they enable the collector to drive or walk 
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directly to the site and begin collecting. More commonly, however. 
directions will consist of coordinates (township. range. section. and 
quarter section) and perhaps a brief description of strata above and 
below the site. This will get the collector to within about an eighth 
of a mile of the locality. still leaving a vast area to be covered in 
the search. 

A common technique followed by collectors in searching the ter­
rain for a fossil site, which may be only a small exposure. is similar 
to the process often used by precious-metals prospectors. Unless 
it is known that the exposure is aClually a stream bed. it is bener 
to search the sidcs of thc hills a little bit above the valley floor. A 
fossil-bearing ledge uncovered by erosion in the valley bottom is 
likely to be covered by topsoil to a considerable depth. On a side­
hill site. as the fossils weather out. they are moved downslope along 
with other rocks and soil. On their journey to the bollom of the 
hi ll , the fossils are constantly being reduced by weathering and abra­
sion to smaller and smaller pieces and eventually. of course, are 
no longer recognizable as fossils. The fossil hunter needs to traverse 
back and forth on the hillside. starting just above the valley floor. 
and gradually climb the hill while scanning the ground closely. 

Usually. the first sign of the object of the search is a small frag­
ment. so the collector must closely examine the surface of promis­
ing rocks. What should one look for? Usually regular shapes or lines: 
smooth surfaces and COntours: curves rather than jagged edges: con­
trasting color pallerns on rock surfaces: and repeating segments such 
as ribs, growth lines. and leaf veins. Actually. any rock that stands 
out as being somehow different from the other local rocks bears 
a second look. A previous excavation pit. though grassed over and 
partially filled, often tattles as to the location of the site. In the case 
of vertebrate fossils. teeth are the hardest components of the skeleton, 
and smaller fragments may have settled to the bottom of the drainage 
area . Color is often used to distinguish fossils from rock matrix. 
Cape Blanco is so named because of the white Pleistocene shells 
exposed there. Vertcbrate fossils of calcium phosphate often preserve 
with a typical carmel brown or even bluish color. 

After the first fragmentary find. the collector needs to slowly 
work uphill. following a trail of increasingly larger fragments to 
the fossi l-bearing outcrop. the bonanza! Sometimes the outcrop itself 

is covered by topsoil, and the only evidence as to its location is the 
fact that at a given point. the uphill trail of fragments gives out. 
Digging is now warranted. Fossil-bearing outcrops may be found 
at any point on a hillside. but it is remarkable how often they occur 
at the brow of a knob- and. in Oregon. how often they occur in 
strata just below a lava flow. 

Light conditions can affect the visibility of fossils in the field . 
Low. slanting light seems to emphasize the flat and curved surfaces 
of the specimens. Morning and evening hours provide this condi­
tion. How serendipitous it is that these hours also allow one to avoid 
the heat of the day. 

--You find what you are looking for" is a truism that is abun­
dantly illustrated in fossil collecting. Earlier large-vertebrate col­
lectors bypassed some areas rich with small specimens, eggs. and 
nests. They were looking for large bones and skulls, and they found 
them. Now that the significance of the smaller items is recognized. 
they too are being recovered in quant ity. 

Another "old geologist" saying is, .. , wouldn't have seen it if 
I hadn't believed it .-- A friend who is an avid and very successful 
big-game hunter says he envies me because in all his life he has 
never recovered a single artifact or fossil. while I have found many. 
When we hunted together. he always got the game. and , always 
came away with a few interesting rocks in my pockets. When I guide 
a class to a fossil si te, members often express puzzlement as to just 
what it is for which they should be looking. My verbal descriptions 
help a lill ie. but once the students have actually seen a specimen. 
others usually turn up. with no more help needed. 

HOW TO COLLECT 
Only r.ll"Cly does a fossil site produce quality material lying loose 

on the surface of the ground. When such a place is located. however. 
collecting is easy. and few tools are needed. A backpack or sack 
to carry the specimens. some newspaper for wrapping them. a 
permanent-ink felt-tip pen for marking them. and a geologists' ham­
mcr will do niccly. 

Morc commonly. light digging is necessary. Removing partially 
visible specimens from exposed ledges will require some SOrt of 
sharp-edged bar or chisel and possibly even a shovel and pick. You 

Fossil skull of a Pleistocene bison /(Ike/J from (J bog near SlIlem. Phoro COJIr/(.' .~.\· of Ill(' Unin.'rsity of Or('go/J Museum of Nalllmi His/or.l: 
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Hugh Ifflgller works 10 i'xet/Wlle (/ jUl'i'"ile rhillrxrfOs jaw flVlll 
Ihe IWIII of 81/1(' &ISill ill Ihi'lolm /)((\' Fon"il &:ds Natioll(ll MOII/I ­
memo III('heI bel/emil Ihe ('nlll/hl.\". lll,atilen'd slIrjl('e. Ille rrx:k iI Illlfri. 
making excmmiol/ of lilt' brittle fossils (/ ddimle {(nt. Photo {'ol/nesy 
of us. NmiOlUlI Park Service. 

will note that whisk brooms. fine chisels. knives. plaster of P-Jris. 
and surveying equipment have not been mentioned. There are times, 
of course, when all of the above, and more, arc needed. 

If you are lucky enough as an amateur to come acros~ a really 
significant find. such a~ a partial skeleton fo~silized in place, for 
e:Qmple. that might call for more sophi~ticated methods of collect­
ing. the best service you can do for your.;clf aod for sciem:e is to 
(I) enjoy your find ("Oh:' "W(YW." and "lu~t look at that." arc in 
order); (2) write dO\\.'n directions to your find and mark the loca­
tion with something such as a handkerchief on a bush or spmy paint 
on a rock so that it is easily visible; (3) photogrJph the 
exposure: and (4) refer your information to a professional paleon­
tologist. [t is unlikely that you will get everything right if you try 
to remove the fossil yourself. Without a doubt. the professional who 
comes out to collect the specimen will weleome your help in its 
recovery. You will get the lhrill of collecting and learn h(YW it is 
properly done. and the fossil will be removed intact with the pro­
per documentation. More importantly. lhe orientation of a fossil in 
the matrix may be a significant piece of re!>Carch informalion. The 
fossil should not be disturbed until this is recorded. 

Where do you find the professionals? There are at least eight 
actively working in the state of Oregon: William Orr ~ Department 
of Geology. University of Oregon. Eugene: Guy Rooth. Department 
of Geology. Western Oregon State University. Monmouth: David 
Taylor. Northv:est Museum of Natuml History Association. Portland: 
Richard Thorns. Geology Department. Portland State University. 
Portland: Theodore Fremd. Paleontologist. 10hn Day Fossil Beds 
National Monument. 10hn Day: Jane Gray. who specializes in the 
study of polien and spores (micropaleobotany). Departments of 
Geology and Botany, University of Oregon. Eugene: Gregory 
Retallack. an expert on paleosols (fossil soils). paleobotany. and 
fossils in general. Geology Department. University of Oregon. 
Eugene: and A.1. Boucot. who has an extensive background of ", .. ork 
with marine invertebrate fossils. Departments of Geology and 
Zoology. Oregon State University. Corvallis. 

WORD OF WARNING 
Do not accidemally walk on fos ~ils. ]fyou find fossil fragments 

on the surface of the ground. carefully scan the area before doing 
any more prospecting. Small vertebr:l1e f('s~ils are often carelessly 
destroyed by foot crushing. 
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HANDLING FOSSILS 
Your firsl charge. after recovering fossils. is to return them \0 

your home without damaging them. Careful and tight wrapping in 
ncws~per is the usual method of protcction. Before you wrJP them. 
howc\'er, you should mark them with the location. In your laboratory 
area, if you have unmarked boxes of foss ils from more than one 
site. being sure of the source is a problem. Take a permanent-ink 
felt-tip pen with you on your collecting trip!!. Mark specimens direct· 
Iy. and again mark the oUl~ide of the box or sack before leaving 
the site. 

Large museums hire tcchnicians. called "preparators:' who do 
the demanding detailed work of trimming, cleaning, and repairing 
fossils. In your jack-of-all-trJdes ca~city. however. you will do this. 
In the case of vertebr.tte and invertebrate fossils or petrified ",,:ood. 

this usually means removing the fossil completely from the matrix. 
An exception might be when you plan to exhibit the fossil partially 
exposed but remaining attached to its rock matrix. which is an 
effective technique. [n either event. exposure of the 'fossil demands 
careful and sometimes tedious work. In the case of vertebrate fossils, 
the amateur \Io'Ould do well to consult a professional paleontologist 
before tackling this specialized task. Much of such a job is often 
done with sharp metal edges. such as small chisels. picks. knives. 
vibrJtor tools, engravi ng tools, and drills. Water or other solvents 
are sometimes a help in softening the rock. Trial and error will help 
determine which of these tools to usc. and advice of other eollec· 
tors is an aid . In the case of leaf imprints on rock. trimming away 

William N. Orr. fXlieolllologisl (II till.' VI/ira.!"it)" of O,-egoll. 
discl/sses afo.HilllulIIJIIIOIir II/sk (1/ tile Vnil'ersity of Oregon Musellln 
of Nalllmi Hislor.\: LiS/I'I1i1lg is Dol"h lal/li's , former Director of 
III(' Eugent'. Oregon. 8ml1dl of/he Oregon Muul/m of Science amI 
InduSI/): MII/llmo/h IIIsk is from Pleistocene gml'els ne(lr Rm-eburg. 
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Fossil dog (Mesocyon sp.). hllest Oligocellele(lr/Y Miocene. from the nmle COI't' Member of the Joh/l Day Formalion at Ihe Jolm D<IY 
FOSIil Beds National MOll/llllelll. Specimen was collected ill 1982 by HllgII IWlgller. Nole pltlStic jacket .iUrroulldillg fossil. This is (j g(}(J(/ 
e.mmple of WI extrell/ely fmgile specimell 1Ii(l/ required fill/lahamtory facilities 10 prepare. idemif)'. (//u/ stud): Plloto courtes), of u.s. 
NmiOlUI/ P(lfk Sen·ice. 

excess matrix is usually the main task and is accomplished with ham­
mer and- chisel. pliers. vises. and rock saws. leaf fossils with a 
relatively soft matrix can be trimmed on a table saw with a masonry 
blade. Harder specimens must be '.I.'Orked with a lapidarist's 
diamond-edged saw. using w-.ner. nOt oil. as a coolant. 

Specimens that have been coated with shellac or similar clear 
finishes are often seen on display. You should be aware that such 
treatment often enhances the contrast and appearance of the fossil 
but can detract from its seientific usefulness. When you put such 
a specimcn under a microscope, you have to look through the cooting, 
and some detail is 10sI. Somc fossils arc so highly fractured that 
it is necessary to coat and impregnate the material with bonding 
agents to hold the pieces together. In such cases. you must be careful 
that surface details are not obscured. A dilute solution of polyvinyl 
acetatc in acetone is superb for soaking a fossil and binding it together 
without leaving a thick residuc on the surface. 

LABELING AN I> RECORI>ING 
In order to be able to positively rel-.ne a fossil to its locality. an 

organized form of marking and reCOrding is needed. CommonJy, 
museums and collectors alike usc permanent ink on a small spot 
of white paint to mark specimens in a type of shorthand code. 
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Typewriter "whiteoUl" is sometimes used for this purpose but may 
flake off unless covered by shellac. Each of your localities should 
be given a number that is recorded in a notebook along with a com­
plete set of locality directions. This locality number is marked on 
the appropriate specimcns. It should be prefixed with the initials 
of the collector or the institution housing the collection. An exam­
ple is ··VO-1407:· which is University of Oregon Museum of Natural 
History locality number 1407. If the specimen is an important item. 
such as a type specimen cited in the li terature. it should also be 
marked with a catalog number. 

As you record your locality information. photographs. written 
directions. and maps are helpful. Indispensable are geographic coor­
din-.nes. To determine the coordinates, find the site on the largest 
scale topogmphic map available and mark it on the map with a small 
·'x·· or dOl. This will enable you to detennine which quarter of which 
section it occupies. The coordinates consist of (I) the quarter of the 
quarter section in which the site is located, if the map scale permits 
such precise location: (2) the quarter section in which the site is 
located: (3) the section number: (4) the township number: and (5) 
the mngc number. An cxamplc is SW\<\NEIA sec. 10. T. 12 S .. R. 
18 E .. which means the southv.'Cst quarter of the northeast quarter 
of section 10 of Township 12 sOUlh of the Willamette Base Line and 
in Range 18 east of (he Willamette Meridian. 
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This magnificent specimen;s afossil scallop (Patinopectcn pro­
patu]us IConradl) from the Miocene As/orill Fomllllion at Newport. 
Oregon. Photo courtesy of the VI/il'ashy of Oregon Museum of 
Nalural His/ory, 

IDENTIFICATION 
Once you have collected and prepared your specimens. they 

should be classified and identified. Idcntirlcation of some specimens. 
such as those of new species. for example, or those whose features 
are not readily aSSignable \0 a particular taxon. may require the 
resources of our professional allies. 

The common genera and species can often be identified by com­
parison to either the illustrations and descriptions in the helpful 
volumes previously mentioned or by refe rring to special studies in 
published papers found in science libraries at major univers ities in 
the sta te. 

Two other publications arc also helpful in your identification of 
fossils. Fossil Mollu.sks 0/ Coo.staf O"goll. by Ellen James Moore 
(1971). is indispensable to anyone collccting invertebrale fossils of 
the area. Its 64 pages are crammed with excellent photographs of 
specimens. Moore's book is published by the Oregon State Univer­
si ty Press. Corvallis. and may also be found in science libraries. 
Common Fossil Pfalll.s of Hi'Slem Nonh America. by William Tidwell 
(1975) . is a fi ne treatment of the subject. It is aimed at the amateur 
but is widely found on professional paleobotanists' bookshelves as 
well . It has 197 pages of illustrations. descriptions. and discussions 
of fossil plants and may be purehased at university bookstores. 
museum giftshops. and bookstores in general. 

Professional paleontologists are usually willing to help the serious 
amateur in identification. provided the collector does not overload 
these busy and highly trained people. Partly this is because many 
of them are generous souls and partly because this sharing is a tw()+ 
w;ry street. Amateur collectors sometimes make significant finds 
that are a tremendous help to professionals. 

PHOTOGRAPHING 
Among the reasons for keeping a photographic file of selected 

fossi ls in your collection are the followi ng: (I) Folios of photographs 
are compact. It is quicker to refer to a well-organized photo file 
than bulky trays of specimens. (2) Photos are useful for publication 
and lecture. (3) A certain number of your specimens will inevitably 
be lost because they may deteriorate or break. they may be mis­
placed. some may be borrowed and never returned. or some may 
be given to a colleague. A good photograph. Ilorw-e\-er. keeps the 
needed data available. 

Presently. publishers of scientific papers seldom print color 
phoIographs. Black-and-while glossy phoIographs with the best possi­
ble contrast and detail and including an object (often part of a metric 
ruler) for scale are used. Color slides are fine for lecturing. Two 

.. 

floodlights (250 to 500 watts each) aimed at the subject from op­
posi te sides at low angles provide effective lighting. A slow shutte r 
speed combined with a small aperture opening and the use of slow 
film (low ASA number) help to get maximum detai l. For publica­
tion. where possible. showing the specimen at natural size is 
desirable. Microscopic specimens. of course, need enlargement. and 
very large specimens must be reduced in size. You should use a 
tripod or camera stand to avoid blurring oftbe image due to vibrat ion. 

SHARING YOUR INFO RMATION 
No matter what your collection holds. it will not advance the 

field of paleontology until its contents are known by other students 
of the past. Some collectors give talks 10 schools and civic groups. 
Many eventually donate significant finds or entire collections to 
museums. Another worthwhile method of disseminating informa­
tion on what you have found is through publication. Many serious 
collectors have published papers in scient ific publij:ations. and by 
doing so have made contact with specialists who have been able.to 
use information from their collections and in turn have helped WIth 
identi fication. 

WHAT WILL EVEI\'TUALLY HAPPEN ro YOUR 
COLLECTION? -

If you do not dispose of your collection while you are alive. it 
will be done later by someone else. No one knows as well as you 
do where the specimens will be best used. Don't .... "3ittoo long. I 
have been made uncomfortllble lit times by seeing good collections 
left to the care of heirs who allow them to languish. become scat­
tered. and eventually be lost. Some heirs do not place a great deal 
of significance on the collections and allow them. to be re~O\Icd 
piecemeal as curiosities. Some have ended as playthings of chIldren. 

WHAT IS THE MONETARY VALUE OF YOUR 
COLLECTION? 

The main value of a collection is in the information it provides. 
Its actual value on the market is highly overrated by most laymen . 
Lifetime collections of large size and significant finds have sold for 
less than the actual out-of-pocket expenses in-.ulved in collecting 
them. If the collector's time were added into the collecting cost. 
probably no sale of collections would show a break-even figu.re. 

Because of these facts and the public's general misconcepllon 
of fossil dollar values. museum curators are often put in the uncom­
fortable position of being askcd to appraise the value of a collection 
and then fitxling themselves maligned for supposedly trying to under­
value the items so they can get the collection cheaply. 

LAWFUL COLLECTING 
Collecting of fossils on public lands may be restricted by the 

local or regional administrator of the supervising agency. No col­
lecting is permitted in national parks except by qualified institutional 
groups or their representatives. In USDA Forest Service (USFS) 
or U.S. Bureau of Land Management (BLM) areas. permission to 
collect is usually granted if the specimens collected are to be used 
for hobby or scientific purposes. 

How much collecting should be allowed on federally owned lands 
has long been an unsettled issue. The balancing of five different 
needs is a thorny problem . Those needs are (I) the need to protect 
sciemifically important or rare specimens from perpctualloss: (2) 
the need to protecl fossil dcposits from massive overeollecting by 
commercial collectors; (3) the need of scientific researchers to have 
access to fossils: (4) the need of the tax-paying public for recrea­
tional or hobby collecting of limited numbers of fossils: and (5) the 
need to avoid destruction of fossils by .... -eathering. Despite years 
of conference within and betwccn federal agencies. the issue remains 
unsettled and is most ly dealt with by individual land managers. 

(Continued 011 page 94. Fossils) 
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Thunderegg collecting in Oregon 
by Paul F. LaM-SOIl. milll'r,,1 colf«tor and '('Iir~d Supen';sor. Mined Lalld Reclamatiol/ Program, Oregon Departlllent oj Gro{ogy and 
Mil/eral Industries 

HISTORY 
The Thllndercgg was designated Oregon's official state rock by 

the Oregon Legislature in 1965. Its selection was supponed by a 
2 10 I vote by members of the mineral and gcm dubs of Oregon 
and by the patrons of the Oregon Museum of Science and Industry 
(OMSI). 

The Thundcrcgg has long been important to Oregonians. 
According to ancient Indian legend. when the Thunder Spirits liv­
ing in the highest recesses o f snowcapped Moun! Hood and Mount 
Jefferson became angry with one another . amid violent thunder and 
lightn ing storms they would hurl masses of these spherical rocks 
at each other. T he host ile gods obtained these weapons by robbing 
the nests of the Thunderbirds of their eggs. thus the source o f the 
name "Thundereggs. " T he mountains are sti ll key landmarks in 
the beauti fu l High Cascade Range. and millions of Thundereggs 
are on the lower lands as evidence of the legend and for all to enjoy. 

The Thunderegg has been highly prized by collectors. lapidarists. 
jewelry makers. and interior decorators for nearly 100 years. In 
1893. Dr. George F. Kunz. Tiffany's famed gem autho rity . 
estimated that as much as $20.000 wo rth of opal-filled eggs from 
one Oregon deposit had been marketed in 1892. Since the 
mid- 193O·s. thousands of vis itors from every state in the Union 
and many overseas count ries have come to Oregon to hunt 
Thundereggs. Many Oregonians have also joined them . 

Thundereggs are made into beautiful jewelry. especially bolo 
tics and pendants. pen stands. bookends. and decorator pieces. Their 
value ranges from about $ I per slice or half egg 10 well over $ 100 
per slice o r single cabochon. Thundereggs and their products can 
be purchased through magazine ads: at gem or rock shows: from 
tailgaters at outdoor events: at gem or lapidary shops: and at air­
port. IT\O{el. hote l. and restaurant gift shops o r counters . 

HOW THUNDEREGGS .'ORM 
Although the Thunderegg is an honorary rock by Legislative 

decree. it actua lly is not a rock. It is a st ructure. sometimes a nodule. 
sometimes a geode. occurring in rhyolite. welded tuff. or perli tic 
rocks. However. without quest ion. the Thunderegg is by far the 
most popular "rock" in Oregon. 

Scientists do not agree on the processes formi ng Thundereggs. 
Some insist that the characteristic and unique internal pattern of 
typical Thunde reggs is due to expansion and rupture of rock by 
gases. Others claim the pattern is due to desiccation (drying) of 
a colloid or geL Whatever the process, however. after the cavity 
that contains the egg is formed. further development is eXlremely 
variable in the amount of time needed to complete the egg. in the 
degree and type of infilling. and in other physical characteristics. 
Thundereggs range in size and weight from less than an inch and 
under I ounce to over a yard in diameter and over a Ion in weight. 
Most eggs collected arc betwecn 2 and 6 inches in diameter. 

DiggillS for Ilumdereggs hI /he Blue Beds a/ RiclwrdSOIlS Rec1l'(lIiol!(l1 RLmch. Photo cmlnesy of Lewis Bin/sail. 
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Outside appearunce of nUlI1dereggs from lliffereIU localitieJ ill 
Oregon: Madras-Pril1edlle arell (upper lIIllllower left), soutlieastem 
Oregon area (upper right), Bums area (lower middle), and ulkel'iew 
are(1 (lower right), 

HOW THUNDEREGGS LOOK 
Typically, an egg has a russet-colored outer shell that is often 

knobby and often has a characteristic ribbed pallern, Frcquently, 
the inside of the outer shell has a relatively thin intermediate or 
transitional lining. This is sometimes composed of an iron or 
manganese compound. often with a thin coating of opal or 
chalcedony. Sometimes only opal or chalcedony is apparent. Finally. 
the center of an egg is usually filled with chalcedony or opal and 
mayor may not have inclusions. pattern growth. or crystals. In 
some variants, the egg may be hollow or may have a thin layer 
of chalcedony coating the interior, This layer sometimes is topped 
with a coating of small quartz crystals. 

GrolWlhs of algaelike tubes. or plumes. or "moss" of manganese 
or iron compounds or of clay may be free standing or partially or 
wholly embedded in chalcedony. Some eggs with plumes 
("'flowers") in chalccdony arc among the most valuable specimens. 
Several zeolites have been observed or reported in Thundereggs; 
clinoptilolite is fa irly common, and mordenite, natrolite. and 
mesol ite have also been reported. 

Thundereggs are sometimes found with fortification banding just 
inside the shell. then an area of horizontal layering. with the 
remaining central area filled with clear chalcedony or inward­
pointing quartz crystals. Banding and layering vary in color. 
thickness. and content. Some layers are composed of a fibrous 
cristobalite (lussatite). Other eggs have a partial botryoidal fill ing 
of an opal form of low cristobalite. This opal is often fluorescent 
because of a low content of uranium salts. 

One collecting site in Oregon has eggs filled with carnelian. At 
another. the filling may contain cinnabar. which colors it pastel 
to intense red. Some eggs are filled with pastel jaspers. Others may 
have anyone of a variety of opal fillings that may be opaque blue. 
opaque red, translucent pastel blue. trJnslucent yellow. translucent 
red. white. or colorless. Some of the opal can be faceted. and a 
small percentage is true precious opal. 

Some eggs have well-developed calcite crystals encased in 
chalcedony. and others contain pseudomorphs of chalcedony after 
calcite. Some eggs have layering that is fanned from one edge. 
because the egg was rotated by earth movement while the fi ll ing 
was being deposited. This and other featu res suggest that the com­
plcte development of some eggs may have taken considerable time. 
and the filling-in of the egg may have recorded a series of geologic 
events. Some eggs contain brccciated rock fragments. while others 
show faulti ng. offset. and healing. One of the most unusual 
Thunderegg variants is up to 3 fcct long and 2 to 3 inches in diameter 
and looks much like a fat gray worm. In some areas. it is common 
to fi nd the characteristic chalcedony core weathered out of its shell. 
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T.-Ipical if/side appearance of nlllllllereggs '''(1/ were C(l/ and 
polished. ' 

If a complete egg is sawed in the right orientation. one or more 
conduits through which filling materials flowed may be found. The 
beaUly and complexities of many of the cut and polished eggs ex­
plain why Oregon rotkhounds have long been fascinated by 
Thundereggs. 

WHERE: TO .-INO THUNOEREGGS IN OREGON 
Thundereggs can be colle!':ted at many sites in Oregon. Some 

localities occur in beautiful forested hill country. others in dry. 
desenlike terrain. It should be understood that Thundereggs have 
been eagerly collected in Oregon for fifty years. Therefore, on "free 
sites,'" collectors must expect to dig and work for Thundereggs. Pro­
per equipment. including shovel. pick. and bar. makes the job much 
easier. The "fee" site will almost a lways have some 
preparJtory work (overburden removal) done. Also. eggs may usually 
be purchased at the site office. Some places may have tools for rent. 

W CATIONS 

Madras-Prineville area 

White Fir Spring (National Forest land; free site) 
Whistler Spring (National Forest land; free site) 

For current information on these sites. contact 
Prineville Ranger District 
2321 East Third 
Prineville. OR 97754 
(503) 447-3825 

White Rock (or Wildcat Mountain) (National Forest land; 
free site) 

For current information on this site. contact 
Big Summit Ranger District 
348855 Ochoto Ranger Station 
Prineville, OR <J1754 
(503) 447-3845 

A map of the area's free collecting sites (including sites 
for other rockhound materials) is available from 

Prineville Chamber of Commerce 
390 North Fairview 
Prineville. OR 97754 
(503) 447-6304. 
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RLlT'er /omltltiOfls in 7hulldereggs from Ille Priday beds (Madros­
Prinflme area): Green moss agale (top) and red, yellow, and orange 
plume agate (hollom). 

Current information is also available from 
H.L. Elkins Gemstones 
833 South Main 
Prineville. OR 97754 
(503) 447-5547 

and from the following priva te (fee) sites: 

Richardslln's Recreational Ranch (fee si te) 
Gateway Route. Box 440 
Madras. OR 97741 
(503) 475-2680 

(Combines old Pridayand Kennedy Ranch beds. Also in­
clude.s a variety of agate and jasper materials.) 

Hay Cl'ffk Ranch (fee si te) 
Ashwood Star Route 
Madras. OR 97741 
(503) 475-n37 

(Sevcral egg beds and also other \'3ricties of agmc and 
jasper mmerials are available.) 

Lucky Strike Thundereggs (fee si tc) 
·P.o. Box 128 
Mitchell. OR fJl75fJ 
(5fJ3) 462-3176 

I...a kc\'iew area 

Crane Creek (free site) 
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7hlmderegg/rom cell/rof Oregon shult'ing a/roC/uring fl'l'n/ dur­
ing which jasper)' breccia entered tile 7hunderegg. Photo counes), 
101", £. AI/en , Emeritus Professor, Depanmen/ of Geology, Panland 
State Uni\~rsity. 

For current in formation on this site. contact 
High Desert Craft Rock Shop 
244 North M 
Lakeview. OR 97630 
(503) 947-3237 

Burns area 

8uchanan (fee site) 
For current information on this si te. contact 

Highland Rock and Gift Shop 
1316 Hines Boulevard 
Burns. OR 97no 
(503) 573-2995 

Southeastern Oregon area 

Succor Creek (free si te) 
For current information on this sile. contact 

Emil Wohlcke 

0' 

Chainnan. Thunderegg Days 
7ffl Emison Avenue 
Nyssa. OR 97913 
(503) 372-37\5 

Bureau of Land Management 
100 Oregon Street 
Vale, OR 97918 
(503) 473-3 144 

GOOD HUNTING! o 
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Current assessment of earthquake hazard in Oregon 
by Robert S. leats, Department of Geology, Oregon State University, Corvallis, Oregon 97331 

Five years ago, very few people were concerned about major 
earthquakes in the state of Oregon. Historical damaging earthquakes 
had been recorded in the adjacent states of Washington, Idaho, 
Nevada, and California, but not Oregon. This lack of concern is 
expressed today in seismic zoning maps, which put the state of 
Oregon in a lower seismic risk category than adjacent states. 

Today, the earth science community appears to have reached a 
consensus that Oregon has been struck by large earthquakes in 
the past and therefore that Oregon is likely to be subjected to large 
earthquakes in the future. There is no agreement among earth scien­
tists on whether Oregon will be subjected to a magnitude 9 or only 
a magnitude 7 earthquake. Nor is there compelling evidence for past 
large earthquakes directly beneath the heavily populated Willamette 
Valley. But the evidence found in marshes in estuaries on the Oregon 
coast is compelling enough for reevaluation of seismic zoning maps 
and of the seismic safety of critical facilities such as power plants, 
hospitals, and dams. 

In evaluating earthquake hazards, it is not enough to show that 
crustal deformation has taken place in the recent past, because such 
deformation could take place slowly and smoothly, unaccompanied 
by earthquakes. It is necessary to show that deformation occurred 
in sudden jerks, as it does during an earthquake. 

In Oregon and Washington, scientists have now shown that coastal 
marshes and coniferous forests have recently undergone sudden sub­
sidence that killed the marshes and forests by inundating them with 
sea water. Sand commonly found overlying the marshland sediments 
shows strong evidence of having 'been deposited by a seismic sea 
wave, or tsunami. Sand of this kind has been reported from the 
Salmon River and Alsea Bay, Oregon, and from Willapa Bay, 
Washington. 

Many attempts have been made to account for the buried marshes 
by nonseismic processes, notably gigantic, 500-year storms or a slow 
rise in sea level. Sea-level change in the last 5,000 years does not 
appear to be large enough to account for the marshland burials. 
Marshes on the East Coast and Gulf Coast of the United States have 
been subjected to great storms in the past, notably hurricanes, but 
these marshes do not show evidence of rapid burial. However, 
marshes around the Gulf of Alaska and in southern Chile do show 
evidence of rapid burial, including burial after the 1960 Chile earth­
quake (magnitude 9.5) and the 1964 Alaska earthquake (magnitude 
9.2). We cannot completely exclude the possibility that the marshes 
could have been mantled with sand by a gigantic Pacific storm 
occurring during a time of temporary sea-level rise in the last few 
thousand years. But this explanation has very little support among 
scientists because it is unlikely that a great storm and a temporary 
sea-level rise would have coincided seven or eight times in the last 
5,000 years. 

The only note of caution about correlating marsh subsidence with 
earthquakes is the absence of evidence of strong shaking of marsh 
deposits that would be expected during a great earthquake. 

The most recent great coastal subsidence event occurred 300 to 
400 years ago, as dated by carbon-14, and is known to have inun­
dated many marshes and forests from Grays Harbor in Washington 
to Alsea Bay in Oregon. Carbon-14 dates from partially submerged 
archeological sites are consistent with submergence during the most 
recent event as well as an earlier event 3,100 years ago. However, 
carbon-14 dates do not permit us to say whether a given subsidence 
event occurred in one earthquake or in several over a period of 50 
years. We could calculate the magnitude of an earthquake ruptur­
ing the subduction zone from Grays Harbor to Alsea Bay, but this 
would be considered as a maximum possible event. Tree-ring dating 
could increase the time resolution, but only where the subsidence 
events are recorded by killed trees in lowland forests. 
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These probable subduction-zone earthquakes have occurred on 
average every 500 to 600 years, but there is so much variation in 
recurrence interval over the past 4,000 years that the average recur­
rence interval has little value in predicting the next earthquake. 

Sediment cores from the abyssal sea floor at the foot of the con­
tinental slope west of Oregon provide evidence of strong shaking, 
perhaps related to the abrupt coastal subsidence. Sediments deposited 
on the continental shelf by major rivers, particularly the Columbia 
River, were apparently destabilized and sent down the continental 
slope as a high-density, sediment-charged flow analogous to a snow 
avalanche, but much larger. The most likely triggering mechanism 
was a giant earthquake. The cores also recovered deposits of ash 
from the Mount Mazama eruption that formed Crater Lake about 
7,600 calendar years ago. Based on the number of turbidity-current 
deposits on top of the Mount Mazama ash, the average interval 
between successive turbidity-current deposits is about 500 to 600 
years, with the most recent deposit about 300 years ago. These 
estimates resemble those for marshland subsidence events, adding 
support for the origin of both by great earthquakes. 

Accurate repeated leveling surveys of Oregon highways provide 
evidence for deformation in the last 100 years. This releveling study 
is in its early stages, because the highways were last releveled in 1987, 
and the data are only partially analyzed. However, there is clear 
evidence of eastward tilting of the Coast Range toward the Willamette 
Valley, northward tilting of the coast between southern Oregon and 
Newport, and southward tilting of the coast between Astoria and 
Tillamook. We cannot say whether this deformation represents elastic 
strain accumulation prior to a future earthquake or whether this 
deformation has nothing to do with earthquakes. This is a profitable 
line of investigation, however, and future studies may lead to more 
definitive evidence from geodetic evidence of this kind. 

Studies in the Willamette Valley have not yet produced evidence 
that the Portland Hills fault, Gales Creek fault, Corvallis fault, and 
other faults in the Valley are active and capable of producing earth­
quakes. In addition to these faults, there are broad folds in the 
Tualatin Valley and Portland basin. The faults are not long and 
throughgoing, as they are in California, but instead are relatively 
short and offset at right angles by other faults. The faults and folds 
are consistent with the observed stress field of western Oregon, which 
is characterized by the maximum compressive stress oriented north­
south. These faults and folds clearly deform flows of the Columbia 
River Basalt Group deposited 16.5 to 12 million years ago. Most 
of these structures also deform semiconsolidated sediments that 
overlie Columbia River basalt, but these sediments are poorly dated. 
If these sediments are as young as a few hundred thousand years, 
then these faults would be shown to be capable of generating future 
earthquakes. Investigations to answer these questions are underway. 

The only clear evidence for recent crustal earthquakes comes 
from the South Slough of Coos Bay, where marshes show evidence 
of at least eight burial events in the last 5,000 years. South Slough 
is in the axis of a syncline, or down-fold, and the buried marshes 
show that this syncline was formed by a series of earthquakes, 
possibly on a deeply buried fault that nowhere reaches the surface. 
Coos Bay is at the eastern margin of a zone of active faults and folds 
that extends north-northwestward offshore, parallel to the foot of 
the continental slope and not parallel to the coastline, which 
extends northward. These faults and folds respond to the north­
eastward subduction of the Juan de Fuca Plate beneath Oregon and 
are not in accord with the north-south principal compressive stresses 
measured elsewhere in western Oregon. Thus, we cannot apply the 
evidence for earthquakes at Coos Bay directly to the Willamette 
Valley, which is much farther inland from the trench. 
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Western Oregon has very few instrumenta lly recorded earth­
quakes, and most of these are in the Portland area. part of a lOne 
that extends northward into Washington. Part of the reason for so 
few earthquakes is that Oregon has very few seismographs to record 
small earthquakes. as compared with adjacent states. For this reason. 
small earthquakes that could be recorded in Washington or Califor­
nia are not recorded in Oregon. However. the lack of larger earth­
quakes. magnitude greater than 2.5. is not an art ifact of poor 
inst rumentation. The Washington network has rewrded many earth­
quakes in the North American crust and many more in the deep 
oceanic slab that is now being subducted . but none on the interface 
between the two plates. the place where subduction-zone earthquakes 
would occur. The absence of earthquakes could be explained by very 
smooth, frictionless subduction or by subduction having stopped 
ent irely. Neither explanation is likely. The most logical 
explanat ion is that the subduction lOne is completely locked and 
is building up strain for a future earthquake. Most of the San 
Andreas faull that ruptured in great earthquakes in 1857 and 1906 
is seismically quiet. like the Wi llamette Valley. The Coos Bay region, 
with the only clear evidence for recent crustal earthquakes. is also 
seismically quiet. Even so. the compete absence of instrumentally 
recorded earthquakes on the subduction-lOne interface is difficult 
to explain. 

The lack of historical earthquakes should not be taken as evidence 
for low seismic hazard. because Oregon's recorded history spans 
less than 200 years. which is not sufficient time to be significant 
in earthquake-hazard evaluation. The submergence of archeological 
sites indicates that earthquakes affected Native American com­
munit ies prior to the establishment of a culture that kept written 
records. The Armenian earthquake of December 1988 occurred in 
an area that had not had a major earthquake in 700 years. based 
on historical records. A large portion of that part of the San 
Andreas fault of Cal ifornia that ruptured in great earthquakes in 
1857 and 1906 is now as seismically quiet as the Willamette Valley. 
T he southern San Andreas fault has not had a major earthquake 
in scveral hundred years. and a long-range prediction experiment 
is now underway in that region. 

In conclusion, the marsh evidence is convincing enoogh to issue 
a publ ic warning about earthquake hazard in Oregon. We cannot 
say how large a subduction-zone earthquake could be. nor can we 
forecast when the next one might occur. We also have not been able 
to assess the earthquake hazard posed by local earthquake sourees 
beneath the Willamette Valley. We are on the steep part of the learn· 
ing CUTve, and there are many challenges ahead of us. 0 

The 15 most significant earthquakes in U.S. history 
For Nat ional Earthquake Awareness Week. April 2-8, 1989, the 

U.S. Geological Survey (USGS) released a list of the 15 most signifi­
cant earthquakes in the history of the United States. 

Robert Wesson, chief of the Office of Earthquakes. Volcanoes, 
and Engineering at the USGS Nat ional Center in Reston. Virginia. 
said the basis for selection of the 15 earthquakes is a combination 
of magnitude, damage. and casualties. 

Earthquakes are measured in two basic ways: magnitude and in­
ten~iry. Magninuie is an inS!nlrnental me.:1S1 lre of!he amonn! of energy 
released by an earthquake, as indicated by ground motion. Magnitude 
seales theoretically have no upper limit. The Modified Merealli Scale 
(MMS) of intensity, using Roman numerals, is based on humanjudg­
ment of the amount of damage and effects caused by earthquakes and 
ranges from I (nOl felt) to XII (almost total destruct ion of human­
made structures). 

The I.5-most significant earthquakes in U.S. history. listed in order 
of the time of their occurrence. are as follows: 

I. Cape Ann, Massachusetts, NO\'ember IS, 1755. Estimated 
magnitude 6.0, maximum MMS intensity Vln. It was centered in the 
Atlantic 200 mi east of Cape Ann and was felt over 400.000 mi2, from 
NO\l3 Scotia SOIIth to Chesapeake Bay and from Lake George, N.Y .. 
east into the Atlantic. Damage was heaviest on Cape Ann and in 
Boston, with aboot 100 chimneys destroyed. 

2. New Ma drid, Missouri, seismic zone, I8U·I8U. In the most 
violent series of earthquakes in U.S. history, three earthquakes (in 
'.his list counted as one) hit the New Madrid seismic zone in 
southeastern Missouri and northeastern Arkansas on December 16. 
1811, and l anuary 23 and February 7. 1812, at estimated magnitudes 
of 8.4 to 8.7 and maximum MMS intensities of XI. Damage and 
casualties were not great because the area was sparsely populated. 
but the earthquakes were felt over the entire United States east of 
the Mississippi River and probably far to the west. The earthquakes 
caused extensive changes in the surface of the land. 

3. Virgin Islands, NCl\'ember IS, 1867. Estimated magnitude 7.5. 
maximum MMS intensity VIII . It was felt from the Dominican 
Republic to the Leeward Islands. Property damage occurred in the 
Virgin Islands and Puerto Rico, some caused by 20-ft sea waves trig· 
gered by the earthquake. 
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4. Charleston, South Carolina, August 31, 1886. Estimated 
magnitude 6.6, maximum MMS intensity X. It killed 60 people. Most 
buildings in the Charleston area were damaged or destroyed, with 
losses of $20 million. It was felt in New York City, Boston, 
Milwaukee, Havana. and Ontario. 

5. Charleston, Missouri, October 31, 1895. Estimated magnitude 
6.2. maximum MMS intensity IX. It was near the junction of the 
MiSSissippi and Ohio Rivers and was the strongest shock in the New 
M,.,d rid seismic l'one since the three greM e,.,rrhqll~kes ;n 1811-1812. 
It was felt over I million square miles in 23 states and Canada, caused 
considerable damage. and created a four-acre lake near Charleston. 

6. San Francisco, California, April IS. 1906. Estimated 
magnitude 8.3, maximum MMS intensity XI. Al though known as the 
San Francisco earthquake, the 1906 shock aCTUally ruptured the San 
Andreas fault along a m-mi-long segment from San Benito County 
north to Humboldt County. Fault slip was up to 21 ft in Marin Coun­
ty. Damage was estimated at more than $24 million, directly from 
the earthquake and from the fires that follO\\"Cd in San Franciseo. The 
death toll from the earthquake and fires was more than "XlO persons. 

7. Mona Passage, Puerto Rico, October II , 1918. Estimated 
magnitude 7.5. maximum MMS intensity IX. It was one of the most 
violent recorded on Puerto Rico and was followed by a tsunami that 
drowned many people. The death toll was 116. and damage was 
estimated at $4 million. 

S. long Beach, California , March 10, 1933. Althoogh the 
magniTUde .... 'as only 6.2, and the maximum MMS intensity was VUl , 
this earthquake was one of the most destructive in the United States 
because it was in a heavily settled area. with many poorly constructed 
buildings, including schools. About 115 people were ki11ed. and hun­
dreds more were injured. Damage ..... "3S estimated at S40 million. The 
earthquake led to stricter construction codes in California to mitigate 
earthquake damage. 

9, Olympia, Washington, April 13, 1949. Magnitude 7.1, max­
imum MMS intensity VIII . This earthquake caused heavy damage 
ill Washington and Oregon. Eight people ... :ere killed. and many OIhers 
were injured. The earthquake was felt eastward to western MOJltana 
and south to Cape Blanco, Oregon. 

(ColUilllled 011 page 92. EArthquakes) 
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MINERAL EXPLORATION 
ACTIVITY 
Introduction 

This is the first of a new series of columns that will appear in 
each issue of Oregon Geology. Entitled "Mineral Exploration 
Activity;' the column will provide up-to-date information to the 
public and the mineral industry about current mineral exploration 
activities in Oregon. 

In each column, a table will list the names of exploration sites 
until they are reclaimed and abandoned or until they start produc-
tion. Public meetings regarding specific mining projects will also 
be announced. 

Readers who have questions or comments about this new listing 
should contact Gary Lynch or Allen Throop in the Albany office 
of the Oregon Department of Geology and Mineral Industries 
(DOGAMI), phone (503) 967-2039. 

Public hearing 
An informational meeting to discuss the Atlas Precious Metals 

Grassy Mountain project and the roles of the Bureau of Land 
Management (BLM), DOGAMI, the Department of Environmental 
Quality, and Malheur County took place on July 6, 1989, in Vale. 
For details about what happened at the meeting, contact Allen Throop 
of DOGAMI (see above phone number) or Ralph Heft of the Vale 
BLM office, phone (503) 473-3144. 

Major metal mining activity . 

Project name, Project 
Date company location Metal Status 

April Susanville Tps.9, 10 S. Gold Expl 
1983 Kappes Cassiday Rs. 32, 33 E. 

and Associates Grant County 

May Quartz Mountain T. 37 S. Gold Expl 
1988 Wavecrest Resources, R. 16 E. 

Inc. Lake County 

(Earthquakes, continued from page 91) 

10. Hebgen Lake, Montana, August 17, 1959. Magnitude 7.3, 
maximum MMS intensity X. The strongest recorded earthquake in 
Montana was fult over 600,000 mi2, from Seattle, Washington, to Banff, 
Alberta, Canada, to Dickinson, North Dakota, to Provo, Utah. It 
caused massive waves on Hebgen Lake that did not subside for 12 
hours and also caused a large landslide that blocked the Madison River 
canyon, creating a large lake. At least 28 people were killed, and 
damage was extensive to summer homes and highways in the region. 

11. Prince William Sound, Alaska, March 27, 1964. This 
magnitude-8.4 Good Friday earthquake is the second strongest in the 
world during the 20th century, topped only by a magnitude-8.6 earth­
quake in Chile in 1960. The maximum MMS intensity was X. The 
Alaska earthquake triggered extensive landsJiding and generated 
tsunamis. It caused an estimated $311 million in damage in Anchorage 
and south-central Alaska and killed 131 people. As a result of this 
earthquake and a magnitude-6.5 tremor in the San Fernando Valley 
of California in 1971, the federal government, mostly through the 
USGS, greatly expanded its research on earthquakes. 

12. Seattle, Washington, April 29, 1965. Magnitude 6.5, max­
imum MMS intensity vm. This second strongest recorded earthquake 
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Project name, Project 
Date company location Metal Status 

September Angel Camp T. Yl S. Gold Expl 
1988 Wavecrest Resources, R. 16 E. 

Inc. Lake County 

September Glass Butte Tps. 23, 24 S. Gold Expl 
1988 Galactic Services, R. 23 E. 

Inc. Lake County 

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

Inc. Malheur County 

September Kerby T. 15 S. Gold Expl, 
1988 Malheur Mining R. 45 E. com 

Malheur County 

September QM T. 25 S. Gold App 
1988 Chevron Resources R. 43 E. 

Co. Malheur County 

October Bear Creek Tps. 18, 19 S. Gora Expl 
1988 Freeport McMoRan R. 18 E. 

Gold Co. Crook County 

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

and Nickel Co. Malheur County 

January Silver Peak T. 31 S. Copper, App, 
1989 Formosa Exploration, R.6W. zinc com 

Inc. Douglas County 

May Hope Butte T. 17 S. Gold App 
1989 Chevron Resources R. 43 E. 

Co. Malheur County 

Explanations: App=application being processed. Expl=Exploration permit 
issued. Com=Interagency coordinating committee formed, baseline data col-
lection started. Date = Date application was received or permit issued. D 

in Washington was fult over 130,000 mi2 of Washington, Oregon, Idaho, 
Montana, and British Columbia. Seven people were killed, and 
damage was estimated at $12.5 million. 

13. San Fernando, California, February 9, 1971. Magnitude 6.6, 
maximum MMS intensity Xl. It killed 65 people, injured many others, 
and caused $1 billion in damage in the Los Angeles area. As a result 
of this earthquake and the 1964 Good Friday earthquake in Alaska, 
the federal government greatly expanded its earthquake research and 
re-evaluated seismic design for hospitals and other critical facilities. 

14. Coalinga, California, May 2, 1983. Magnitude 6.7, maximum 
MMS intensity vrn. It injured 45 people and caused $31 million in 
damage, with the worst damage occurring in downtown Coalinga. 
The earthquake was felt from Los Angeles to Sacramento and from 
San Francisco to Reno. 

15. Borah Peak, Idaho, October 25, 1983. Magnitude 7.0, max­
imum MMS intensity IX. The largest earthquake recorded in Idaho 
was felt over 330,000 mi2. Two children were killed in Challis, Idaho, 
and damage was estimated at $12.5 million. 

-USGS news release 
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Gunnar Bodvarsson dies 
Gunnar Bodvarsson, Professor Emeritus of mathematics and 

geophysics at Oregon State University (OSU), died in Corvallis in 
May 1989. A member of the OSU College of Oceanography faculty, 
he specialized in geophysical oceanography. His interests and research 
projects were far reaching and ranged from fisheries to geothermal 
and nuclear energy problems. 

Born 1916 in Reykjavik, Iceland, Bodvarsson received an engineer­
ing degree in Munich, Germany; a mathematics and engineering 
degree in Berlin; and a doctorate from the California Institute of 
Technology in Pasadena. He worked as an engineer in Copenhagen 
and later served as chief engineer with the State Drilling Authority 
of Iceland and the Geothermal Department of the State Electrical 
Authority of Iceland. In 1964, he joined the faculty of OSU, where 
he remained until his retirement in 1984. 

Bodvarsson worked as a consultant for the United Nations in 
several countries in South America, including Mexico, Costa Rica, 
El Salvador, Guatemala, Nicaragua, and Chile. 
Among his honors and awards were the Oregon Academy of Science 
Award for 1979, the Geothermal Pioneer Award from the Geother­
mal Resource Council in 1988, and an honorary doctorate from the 
University of Iceland in 1988. 

His survivors include his wife Tove, three children, and one 
grandson. 0 

Glenbrook Nickel facility in Riddle 
starts production 

Cominco Resources International, Ltd., has announced that its 
wholly owned U.S. subsidiary, Cominco American Resources, Inc., 
has rehabilitated and is operating the former Hanna Nickel Smelting 
Company plant near Riddle, Oregon, through Glenbrook Nickel 
Resources, a joint venture of Cominco American and USA In­
vestments, an investment and reality company based in Bozeman, 
Montana. 

M.A. Hanna Company of Cleveland permanently closed the mine 
and smelter in January 1987, when nickel prices fell to below $2 per 
pound. Nickel Mountain Resources, a subsidiary of Universal Con­
solidated Companies of Fremont, Ohio, purchased the assets of the 
mine and smelter from Hanna in October 1987 and currently has a 
lease-purchase arrangement with Glenbrook Nickel Resources. 

The companies have been evaluating the possibilities of process­
ing a stockpile of 6 million tons of lateritic nickel ore, grading at 
0.7 percent nickel, that was left at the site by Hanna when the drop 
in nickel prices made it too expensive to process. However, the 
recovery in nickel prices to as high as $10.80 a pound in March 1988 
and to an average price ranging between $5 and $6 a pound in June 
1988 has made it feasible to process the stockpile. Glenbrook's plans 
include starting production of ferrosilicon in June, followed by fer­
ronickel in July. 

Glenbrook hired about 80 people to rehabilitate the smelter complex 
and eventually plans to employ about 250 people at the plant. 0 

AGI/GIS offer new edition of gUidebook 
list 

A new, the fifth, edition of the Union List of Geologic Field Trip 
Guidebooks of North America has been compiled and edited by the 
Guidebooks Committee of the Geoscience Information Society, 
Charlotte Derksen, Chair, and published by the American Geological 
Institute (AGI). The more than 6,500 field-trip guidebooks listed 
in this 223-page volume were written for field trips held between 
1891 and the end of 1985. The Union List is now available for the 
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price of $60 from Customer Service, AGI, 4220 King Street, Alex­
andria, VA 22302. Credit-card orders may be placed by phone to 
(800) 336-4764. 

The main part of the Union List is arranged by organizations 
that hold meetings or conferences. Under each organization, its 
meetings and the guidebooks issued at these meetings are arranged 
chronologically. 

The individual field-trip guide citation includes information about 
which libraries have copies and what the lending policies of those 
libraries are. More than 200 libraries in Canada and the United States 
have contributed to this edition. 

The main part of the list is followed by a geographic index and, 
for the first time in the publication history of the Union List, a 
stratigraphic index. 

It is often difficult to obtain guidebooks for the field trips held 
at geology meetings every year. Few are available for purchase after 
the field trips have taken place. Many field-trip guidebooks are not 
announced in publishers' lists, even though such guidebooks can 
be significant sources of local geology information. Sometimes in­
terlibrary borrowing of a guidebook may be the only way for 
someone to obtain a copy. The Union List is intended to alleviate 
this situation, both as a bibliography and as a finding tool. 0 

Changes in DOGAMI publication sales 
announced 

The publication sales section of the Oregon Department of 
Geology and Mineral Industries (DOGAMI) has announced some 
changes in its publication sales. 

Available pUblications 
The Geologic map of Oregon east of the 12Jst meridian, Map 

1-902 published by the U.S. Geological Survey (USGS), is now out 
of print and will not be reprinted. A new, single-sheet geologic map 
for the entire state is currently in preparation and expected to become 
available in 1990. In the meantime; DOGAMI will offer blackIine 
copies of Map 1-902 along with photocopies of the legend. 

DOGAMI now carries the available maps of the USGS series 
of 1:100,000-scale (30- by 60-minute) topographic maps, which sell 
for $4 and have turned out to be quite popular. Maps for about half 
the state are available now, and DOGAMI will add the new ones 
as they are issued. 

The USGS 1:1,OOO,OOO-scale base map for the entire state is also 
newly offered ($4). 

The special packets on minerals and counties are currently be­
ing reorganized and updated and will not be available for a while. 

Ordering convenience 
Orders for publications will now be accepted via mail, phone 

or Fax (503-229-5639), if they are charged to Mastercard or Visa. 
No minimum amount of the order is required for this' service, but 
a 10-percent handling fee will be charged for orders taken over the 
phone. As before, orders are still mailed with no additional charge 
for postage. 0 
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Position Announcement 
Oregon Department of Geology and Mineral Industries 

Marine minerals coordinator 
Full-time permanent position, available October 1, 1989. Star­

ting salary approximately $2,200-$2,500 per month plus generous 
fringe. Location is Portland, Oregon. 

Graduate degree and marine minerals experience are required, 
as well as a minimum of four years of progressively responsible 
experience in acquisition, evaluation, interpretation, and manage­
ment of marine technical and/or economic data. The successful 
candidate will provide marine mineral resource input to a 
multidisciplinary oflShore State planning effurt for the Oregon coast 
and offshore area. 

Duties -will include management of the Department's marine 
minerals program, negotiating and administering contracts for off­
shore studies, planning and conducting meetings and symposia, 
writing and presenting clear and concise reports and publications, 
and participating in the geologic aspects of coastal land use plan­
ning and offshore resource planning. This position also requires 
effective communication with a diverse public, providing the public 
service role for the Department on offshore issues and serving 
on offshore planning committees. Close coordination with the 
public; local government; and Federal, State, university, and in­
dustry counterparts is required. 

Interested applicants should send resumes and three references, 
including name and phone number, from present and previous 
supervisors, as well as requests fur the necessary application packet 
to the Oregon Department of. Geology and Mineral Industries, 
910 State Office Building, 1400 SW Fifth Avenue, Portland, Oregon 
97201-5528, phone (503) 229-5580. Deadline for receipt of com­
pleted application packet is September 1, 1989. 

An equal opportunity employer. 

(Fossils, continued from page 86) 
A spokesman for the Portland, Oregon, BLM office stated, 

"There is a prohibition against collecting vertebrate fossils except 
for scientific purposes. A permit is required from the surface 
management agency. On BLM lands, there is a limit of 25 pounds 
plus one piece per day for petrified wood collection, with an an­
nuallimit of 250 pounds per person. Collection of small, noncom­
mercial quantities of hobby materials is allowed free of charge. 
Gathering or collecting for the purpose of sale or barter is prohibited 
unless especially authorized. Collection on recorded mining claims 
is not advised without the mining claimant's consent because of legal 
problems that might arise between the claimant and the collector." 

USFS regulations prohibit excavating, damaging, or removing 
any vertebrate fossil or removing any paleontological resource for 
commercial purposes without a special-use permit. 

If you have any questions about whether you may collect at a 
specific site, be sure you contact the local office of the appropriate 
federal agency if you are on federal land, the appropriate state agency 
if you are on state land, and the property owner if you are on private 
property. 

LAY DOWN THE MAGAZINE, GRAB YOUR ROCK 
HAMMER, AND GO! 

If you know of a spot where fossils are found and may be col­
lected, you are ready to start. If not, hit the nearest library to get 
a clue, and then make a try. You are sure to enjoy your experience. 
As with other adventures, getting off and running may be a bit con­
fusing, but remember, "The longest of journeys begins with but one 
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ABSTRACT 
The Department maintains a collection of theses and dissertations 

on Oregon geology. From time to time, we print abstracts of new ac­
quisitions that, we feel, are of general interest to our readers. 

GEOLOGIC, STRUCTURAL, AND GEOCHEMICAL 
FEATURES OF BASALTIC AND RHYOLITIC VOLCANIC 
ROCKS OF THE SMITH ROCK/GRAY BUTTE AREA, CEN­
TRAL OREGON, by Walter A. Obermiller (M.S., University of 
Oregon, 1987), 189 p. 

Rocks of the Smith Rock/Gray Butte area reflect Tertiary bimodal 
volcanic activity in central Oregon. Ages of the units, formerly 
thought to be Eocene-Oligocene, were estimated by means of leaf 
fossils and new K-Ar ages obtained in this study and were found 
to span the range of approximately 36 to 10 m.y. The Smith Rock 
tuff and the Gray Butte rhyolite were determined to be Miocene in 
age. Abundances of major, minor, and trace elements were deter­
mined for basalts and rhyolitic rocks of the study. 

Basaltic rocks, which include subordinate olivine-phyric tholeiites 
and aphyric basaltic andesites, feature large Ti02 abundances, as 
they are characteristic for extensional environments. The most im­
portant petrogenetic process for the basalts is fractional crystalliza­
tion. Mass-balance calculations in conjunction with trace-element 
models confirm this model. 

Rhyolites and ash-flow tuffs exhibit typical recrystallization tex­
tures, and their major-element compositional features are believed 
to have changed. They are mostly corundum normative. Other 
notable features of the rhyolites include negative Eu anomalies and 
large Ni and Hf abundances similar to those in Icelandic rhyolites. 
Nd- and Pb-isotope ratios suggest crustal involvement in the 
petrogenesis of both basalts and rhyolites. Crystal fractionation 
models to derive rhyolites from contemporaneous basaltic andesites 
fail to produce the enrichment of trace elements observed in the 
rhyolites. Trace-element models involving partial melting (approx­
imately 14 percent) of basaltic andesite to produce rhyolites are 
capable of explaining the observed trace-element enrichments but 
cannot be supported by a major-element model, because the com­
positions of feldspars are expected to change unpredictably during 
partial melting. D 

step." Have fun. Before long, you will be looking for room to house 
your collection and will be proudly showing it to the public. Just 
be sure none of your finds ends up as a clock on a study wall for 
lack of identification marking. 
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AVAILABLE DEPARTMENT PUBLICATIONS 
GEOLOGICAL MAP SERIES 
GMS-S. Geologic map, Powers IS-minute quadrangle. Coos and Curry Counties. 1971 
GMS-6. Preliminary report on geology of part of Snake River canyon. 1974 
GMS-8. Complete Bouguer gravity anomaly map, central Cascade Mountain Range, Oregon. 1978. 
GMS-9. Total-field aeromagnetic anomaly map, central Cascade Mountain Range, Oregon. 1978 
GMS-IO. Low- to intennediate-temperature thennal springs and wells in Oregon. 1978. 
GMS-12. Geologic map of the Oregon part of the Mineral IS-minute quadrangle, Baker County. 1978 
GMS-l3. Geologic map, Huntington and part of Olds Ferry IS-min. quadrangles, Baker and Malheur Counties. 1979 .. 
GMS-14. Index to published geologic mapping in Oregon, 1898-1979. 1981 . 
GMS-IS. Free-air gravity anomaly map and complete Bouguer gravity anomaly map, north Cascades, Oregon. 1981 . 
GMS-16. Free-air gravity anomaly map and complete Bouguer gravity anomaly map, south Cascades, Oregon. 1981. 
GMS-l7. Total-field aeromagnetic anomaly map, south Cascades, Oregon. 1981 
GMS-18. Geology of Rickreall, Salem West, Monmouth, and Sidney 7'/z-min. quads., Marion/Polk Counties. 1981 
GMS-19. Geology and gold deposits map, Bourne 7Yz-minute quadrangle, Baker County. 1982. 
GMS-20. Map showing geology and geothermal resources, southern half, Burns IS-min. quad., Harney County. 1982 
GMS-21. Geology and geothermal resources map, Vale East 7'/2-minute quadrangle, Malheur County. 1982. 
GMS-22. Geology and mineral resources map, Mount Ireland 7'/2-minute quadrangle, Baker/Grant Counties. 1982 
GMS-23. Geologic map, Sheridan 7Yz-minute quadrangle, Polk/Yamhill Counties. 1982 . 
GMS-24. Geologic map, Grand Ronde 7'/z-minute quadrangle, Polk/Yamhill Counties. 1982 . 
GMS-2S. Geology and gold deposits map, Granite 7'/z-minute quadrangle, Grant County. 1982. 
GMS-26. Residual gravity maps, northern, central, and southern Oregon Cascades. 1982. 
GMS-27. Geologic and neotectonic evaluation of north-central Oregon. The Dalles 1 °x2° quadrangle. 1982 
GMS-28. Geology and gold deposits map, Greenhorn 7Y2-minute quadrangle, Baker/Grant Counties. 1983 
GMS-29. Geology and gold deposits map, NE'A Bates IS-minute quadrangle, Baker/Grant Counties. 1983 
GMS-30. Geologic map, SE'A Pearsoll Peak IS-minute quadrangle, Curry/Josephine Counties. 1984 
GMS-31. Geology and gold deposits map, NW'A Bates IS-minute quadrangle, Grant County. 1984 
GMS-32. Geologic map, Wilhoit 7Yz-minute quadrangle, Clackamas/Marion Counties. 1984 
GMS-33. Geologic map, Scotts Mills 7Yz-minute quadrangle, Clackamas/Marion Counties. 1984 .. 
GMS-34. Geologic map, Stayton NE 7'/z-minute quadrangle, Marion County. 1984. . ......... . 
GMS-3S. Geology and gold deposits map, SW'A Bates IS-minute quadrangle, Grant County. 1984. 
GMS-36. Mineral resources map of Oregon. 1984 
GMS-37. Mineral resources map, offshore Oregon. 1985 ... 
GMS-38. Geologic map, NW'A Cave Junction IS-minute quadrangle, Josephine County. 1986. 
GMS-39. Geologic bibliography and index maps, ocean floor and continental margin off Oregon. 1986 . 
GMS-40. Total-field aeromagnetic anomaly maps, Cascade Mountain Range, northern Oregon. 1985 
GMS-41. Geology and mineral resources map, Elkhorn Peak 7'/z-minute quadrangle, Baker County. 1987. 
GMS-42. Geologic map, ocean floor off Oregon and adjacent continental margin. 1986 
GMS-43. Geologic map, Eagle Butte and Gateway 7Y2-min. quads., Jefferson/Wasco Co. 1987 ........ $4.00; as set with GMS-44 & -4S. 
GMS-44. Geologic map, Seekseequa Junction/Metolius Bench 7'/z-min. quads., Jefferson Co. 1987 ..... $4.00; as set with GMS-43 & -4S. 
GMS-4S. Geologic map, Madras West and Madras East 7Y2-min. quads., Jefferson County. 1987 ...... $4.00; as set with GMS-43 & -44. 
GMS-46. Geologic map, Breitenbush River area, Linn/Marion Counties. 1987 . 
GMS-47. Geologic map, Crescent Mountain area, Linn County. 1987 ............................ . 
GMS-48. Geologic map, McKenzie Bridge IS-minute quadrangle, Lane County. 1988 
GMS-49. Map of Oregon seismicity, 1841-1986. 1987 .. 
GMS-SO. Geologic map, Drake Crossing 7'/2-minute quadrangle, Marion County. 1986 
GMS-S1. Geologic map, Elk Prairie 7Vz-minute quadrangle, Marion/Clackamas Counties. 1986 
GMS-S3. Geology and mineral resources map, Owyhee Ridge 7'/z-minute quadrangle, Malheur County. 1988. 
GMS-S4. Geology and mineral resources map, Graveyard Point 7'/2-minute quad. Malheur/Owyhee Counties, Oregon/Idaho. 1988 . 

BULLETINS 
33. Bibliography of geology and mineral resources of Oregon (lst suppplement, 1937-4S). 1947 . 
3S. Geology of the Dallas and Valsetz IS-minute quadrangles, Polk County (map only). Revised 1964. 
36. Papers on Foraminifera from the Tertiary (v.2 [parts VI-VIII] only). 1949. 
44. Bibliography of geology and mineral resources of Oregon (2nd supplement, 1946-S0). 19S3 
46. Ferruginous bauxite deposits, Salem Hills, Marion County. 19S6. 
S3. Bibliography of geology and mineral resources of Oregon (3rd supplement, 19SI-SS). 1962. 
61. Gold and silver in Oregon. 1968 ...... . 
6S. Proceectings of the Andesite Conference. 1969 
67. Bibliography of geology and mineral resources of Oregon (4th supplement, 19S6-60). 1970. 
71. Geology of selected lava tubes, Bend area, Deschutes County. 1971 
78. Bibliography of geology and mineral resources of Oregon (Sth supplement, 1961-70). 1973. 
81. Environmental geology of Lincoln County. 1973 ... 
82. Geologic hazards of Bull Run Watershed, Multnomah and Clackamas Counties. 1974. 
8S. Environmental geology of coastal Lane County. 1974 
87. Environmental geology of western Coos and Douglas Counties. 1975 
88. Geology and mineral resources, upper Chetco River drainage, Curry and Josephine Counties. 1975 . 
89. Geology and mineral resources of Deschutes County. 1976. 
90. Land use geology of western Curry County. 1976 
91. Geologic hazards of parts of northern Hood River, Wasco, and Sherman Counties. 1977 . 
92. Fossils in Oregon. A collection of reprints from the Ore Bin. 1977 . 
93. Geology, mineral resources, and rock material of Curry County. 1977 ......................................... . 
94. Land use geology of central Jackson County. 1977. 
9S. North American ophiolites (IGCP project). 1977 . . ......... . 
96. Magma genesis. AGU Chapman Conference on Partial Melting. 1977 .................... . 
97. Bibliography of geology and mineral resources of Oregon (6th supplement, 1971-7S). 1978. 
98. Geologic hazards of eastern Benton County. 1979 .. 
99. Geologic hazards of northwestern Clackamas County. 1979 .. 

100. Geology and mineral resources of Josephine County. 1979 
101. Geologic field trips in western Oregon and southwestern Washington. 1980 . 
102. Bibliography of geology and mineral resources of Oregon (7th supplement, 1976-79). 1981. 
103. Bibliography of geology and mineral resources of Oregon (8th supplement, 1980-84). 1987 .. 

SHORT PAPERS 
19. Brick and tile industry in Oregon. 1949. 
21. Lightweight aggregate industry in Oregon. 19S1 .. 
2S. Petrography of Rattlesnake Formation at type area, central Oregon. 1976. 
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AVAILABLE DEPARTMENT PUBLICATIONS (continued) 
MISCELLANEOUS PAPERS 

5. Oregon's gold placers. 1954 ................ . 
Price No. copies Amount 
1.00 

II. Collection of articles on meteorites (reprints from Ore Bin). 1968 
15. Quicksilver deposits in Oregon. 1971 
19. Geothermal exploration studies in Oregon, 1976, 1977 ........... . 
20. Investigations of nickel in Oregon. 1978 . 

SPECIAL PAPERS 
2. Field geology, SW Broken Top quadrangle. 1978. . . . . . . . . . . . . . . . . . . . . ........... . 
3. Rock material resources, Clackamas, Columbia, Multnomah, and Washington Counties. 1978 .. 
4. Heat flow of Oregon. 1978 ............................. . 
5. Analysis and forecasts of the demand for rock materials in Oregon. 1979... . .......... . 
6. Geology of the La Grande area. 1980. . ............. . 
7. Pluvial Fort Rock Lake, Lake County. 1979 ....... . ............. . 
8. Geology and geochemistry of the Mount Hood volcano. 1980. . ........ . 
9. Geology of the Breitenbush Hot Springs quadrangle. 1980................. . ........ . 

10. Tectonic rotation of the Oregon Western Cascades. 1980...... . . . . . . . . . . . . ................. . 
II. Theses and dissenations on geology of Oregon. Bibliography and index, 1899-1982. 1982 ................................. . 
12. Geologic linears of the northern part of the Cascade Range, Oregon. 1980.. . ......... . 
13. Faults and lineaments of the southern Cascades, Oregon. 1981 . .. ........... .. .. ....... .. ......... .. .. . ......... . 
14. Geology and geothermal resources of the Mount Hood area. 1982 .. .. .. .. ..... . ..................... . 
15. Geology and geothermal resources of the central Oregon Cascade Range. 1983 ......... . 
16. Index to the Ore Bin (1939-1978) and Oregon Geology (1979-1982). 1983... . ......... . 
17. Bibliography of Oregon paleontology, 1792-1983. 1984...................... . ............. . 
18. Investigations of talc in Oregon. 1988 . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ . 

NEW!20. Bentonite in Oregon: Occurrences, analyses, and economic potential. 1989..... . ................. . 
21. Field geology, NW',4 Broken Top 15' quadrangle, Deschutes County. 1987.................. . ........................ . 

OIL AND GAS INVESTIGATIONS 
3. Preliminary identilications of Foraminifera, General Petroleum Long Bell #1 well. 1973 ........................... . 
4. Preliminary identilications of Foraminifera, E.M. Warren Coos County 1-7 well. 1973 .......................... . 
5. Prospects for natural gas, upper Nehalem River Basin. 1976............................... . ............. . 
6. Prospects for oil, and gas, Coos Basin. 1980 ............................................. . 
7. Correlation of Cenozoic stratigraphic units of western Oregon and Washington. 1983 .. . 
8. Subsurface stratigraphy of the Ochoco Basin, Oregon. 1984 . 
9. Subsurface biostratigraphy, east Nehalem Basin. 1983 ................................. . 

10. Mist Gas Field: Exploration and development, 1979-1984 .. . ..................... . 
II. Biostratigraphy of exploratory wells, western Coos, Douglas, and Lane Counties. 1984 ... . 
12. Biostratigraphy of exploratory wells, northern Willamette Basin, 1984 ......... . 
13. Biostratigraphy of exploratory wells, southern Willamette Basin. 1985 ....................... . 
14. Oil and gas investigation of the Astoria Basin, Clatsop and north Tillamook Counties, 1985 .... . 
16. Available well records and samples, onshore and offshore oil & gas wells, 1987. . ............. . 

MISCELLANEOUS PUBLICATIONS 
A description of some Oregon rocks and minerals. 1988 (DOGAMI Open-File Repon 0-88-6; rev. ed. of Misc. Paper I) 
Color postcard: Oregon. With State Rock and State Gemstone .................................... . ........... . 
Reconnaissance geologic map, Lebanon 15-minute quadrangle, Linn/Marion Counties. 1956 ................ . 
Geologic map, Bend 30-minute quad., and reconnaissance geologic map, central Oregon High Cascades. 1957 ............. . 
Geologic map of Oregon west of 121st meridian (U.S. Geological Survey Map 1-325). 1961 ............. . ......... . 
Geologic map of Oregon east of 121st meridan (U.S. Geological Survey Map 1-902). 1977 (blackline copy only) ............. . 
Landforms of Oregon (relief map, 17xl2 in.) .. .. .. .... .................... . .......................... . 
Oregon Landsat mosaic map (published by ERSAL, OSU). 1983 . . . .. . ................................................... . 
Geothermal resources of Oregon (map published by NOAA). 1982 .......................................... . 
Geological highway map, Pacilic Northwest region, Oregon/Washington/pan of Idaho (published by AAPG). 1973 ................. . 
Mist Gas Field Map, showing well locations, revised 1989 (DOGAMI Open-File Repon 0-89-2, ozalid print) .. 
Northwest Oregon, Correlation Section 24. Bruer & others, 1984 (published by AAPG) . . . . . . . . . . . . . . . . . . ........ . 
Mining claims (State laws governing quartz and placer claims) ................................. . 
Back issues of Ore Bill/Oregon Geology, 1939-April 1988... .. .. .. .. .. .. .. ....... .. .. .. . . ........ . 
Back issues of Oregon Geology, May/June 1988 and later. 
Index map of available topographic maps for Oregon published by the U.S. Geological Survey .............. . 
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Information for contributors 
Oregon Geology is designed to reach a wide spectrum of readers 

interested in the geology and mineral industry of Oregon. Manuscript 
contributions are invited on both technical and general-interest sub­
jects relating to Oregon geology. Two copies of the manuscript should 
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may be submitted in addition to the paper copies. Graphic illustra­
tions should be camera-ready; photographs should be black-and-white 
glossies. All figures should be clearly marked, and all figure cap­
tions should be typed together on a separate sheet of paper. 

The style to be followed is generally that of U.S. Geological 
Survey publications (see the USGS manual Suggestions to Authors, 
6th ed., 1978). The bibliography should be limited to "References 
Cited." Authors are responsible for the accuracy of the biblio­
graphic references. Names of reviewers should be included in the 
"Acknowledgments." 

Authors will receive 20 complimentary copies of the issue con­
taining their contribution. Manuscripts, news, notices, and meeting 
announcements should be sent to Beverly F. Vogt, Publications 
Manager, at the Portland office of DOGAMI. 

COVER PHOTO 
On October 23, 19S7, Oregon experienced the largest 

fireball ever reported in the state during this century. Picture 
shows "smoke" cloud as seen from Mount Vernon, Grant 
County, 50 seconds after the sonic boom, 26 km from the 
fireball's end point. Photo by Mike Burgett. See related arti­
cle on page 111. 

DOGAMI announces contest 
for best nontechnical 
geologic paper 

The Oregon Department of Geology and Mineral Industries 
(DOGAMI) would like for Oregonians and visitors to enjoy more 
fully the geology of the state. We are announcing a contest for the 
best nontechnical paper or field trip guide on the geology of the 
state. The winning papers and possibly some of the runners-up will 
be printed in Oregon Geology. The rules are as follows: 

1. The contest is open to anyone knowledgeable about the geology 
of Oregon except for DOGAMI employees or their families. 

2. The subject is some aspect of the geology of the state. Ar­
ticles or field trip guides are welcome. The paper should be 
nontechnical and written for the interested lay public, not just for 
other geologists. Papers should be technically correct and should 
contain up-to-date information. They will be judged on their 
readability, interest to the nongeologist, and quality and accuracy 
of information. 

3. The papers should not exceed 15 pages of Oregon Geology, 
including maps, figures, and photos. One typeset page of the 
magazine with no pictures contains between 1,300 and 1,400 words. 

4. Manuscripts should be typed double spaced, and three copies 
should be submitted. The author's name should not be on the 
manuscript but should be placed with address, phone number, and 
title of article on a separate sheet of paper inside the envelope with 
the manuscript. All artwork should be camera-ready. Only black­
and-white photographs can be used. 

5. All material should use DOGAMI format, which is similar 
to that used by the U.S. Geological Survey (USGS). Consult recent 
issues of Oregon Geology or the USGS Suggestions to Authors (6th 
ed.) for specific questions. 

6. All entries should be mailed to Beverly F. Vogt, Publications 
Manager, DOGAMI, 910 State Office Building, Portland, OR 97201, 
and must be received no later than January 31, 1990. DOGAMI is 
not responsible for entries lost in the mail. Manuscripts will be 
returned upon request. 

7. Entries will be judged by a panel of three judges. Winners 
will be announced in the May 1990 issue of Oregon Geology. The 
first prize is $500. Second prize is $300. Third prize is $150. If no 
suitable manuscripts are entered, no prizes will be awarded. 
DOGAMI reserves the right to publish manuscripts in Oregon 
Geology. 

8. Questions should be addressed to Beverly Vogt at DOGAMI. 0 
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Geothermal exploration in Oregon, 1988 
by George R. Priest and Gerald L. Black, Oregon Department of Geology and Mineral Industries 

LEVEL OF GEOTHERMAL EXPWRATION 

Introduction 
Aside from a few shallow temperature-gradient holes drilled by 

the U.S. Geological Survey (USGS) in the Western Cascades, no 
significant geothermal exploration occurred in 1988. The amount 
of leased land declined on both U.S. Bureau of Land Management 
(USBLM) and USDA Forest Service (USFS) lands. The total amount 
of federal land leased for geothermal resources has declined annually 
by small amounts since the peak in 1983. 

Drilling activity 
Figure 1 shows the number of geothermal wells drilled and 

geothermal drilling permits issued from 1970-1988. Figure 2 shows 
the same information for geothermal prospect wells (depths <610 
m). Tables 1 and 2 list the Oregon Department of Geology and 
Mineral Industries (DOGAMI) permits for geothermal drilling that 
were active in 1988. Five new permits were issued, three for pros­
pect holes and two for geothermal wells. Only four holes were 
drilled. All were shallow « 152 m) temperature-gradient holes 
drilled by the USGS in the northern part of the Western Cascades. 

Leasing 
The consolidation of land holdings continued in 1988 as the total 

leased acreage of federal lands decreased by about 10 percent (Table 
3; Figure 3). This decrease in leased lands was the result of a 
53-percent decline in USBLM leases coupled with a 6-percent 
decrease in USFS leases (Table 3). This decrease marks the fifth 
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Figure 1. Geothermal well drilling in Oregon. vertical line in­
dicates time when definition of geothermal well was changed to a 
depth greater than 610 m. 
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Figure 2. Geothermal prospect-well drilling in Oregon. vertical 
line indicates time when definition of prospect well was changed 
to a depth of less than 610 m. 

straight year of decline since the 1983 peak in total leased acreage. 
There are 112 leases pending on Forest Service lands in Oregon. 

Of these leases, 57 are awaiting preparation of Environmental Assess­
ments or Environmental Impact Statements. The remainder are 
awaiting reports on adverse effects regarding the National Park Serv­
ice (NPS). There are no leases pending on USBLM lands in Oregon. 

Figure 4 is a graph of the annual total monies received by the 
federal government from geothermal leasing in Oregon from 1974, 
when leasing was initiated, to the present. Included in the graph 
is income from fJling fees, rental on competitive and noncompetitive 
leases, and bonus bids. Income from geothermal leasing peaked in 
1980 at $1,701,189 and has declined steadily since then to its present 
level of about $435,000. 
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Figure 3. Active geothermal leases on federal lands in Oregon 
from the inception of leasing in 1974 through December 1988. 
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Figure 4. Fedeml income from geothermal leases in Oregon from 
the inception of leasing in 1974 to the present. 

KNOWN GEOTHERMAL RESOURCE AREA (KGRA) SALES 
No KGRA lands were offered for bid in 1988. Some KGRA lands 

at Newberry volcano will probably be incorporated into a proposed 
geological monument (see section on regulatory actions). 

REGULATORY ACTIONS 
In May 1988, Congress ordered the Secretary of the Interior to 

determine whether or not significant thermal teatures exist in Crater 
Lake National Park. The Secretary was required to report within 
six months (see section on the Mount Mazama area for further 
information) . 
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Table 1. Active permits for geothermal drilling in 1988 

Permit Operator, well 

no. API number 

116 Calif. Energy Co. 
MZI-UA 

035-90014 

ll7 Calif. Energy Co. 
MZlI-1 
035-90015 

118 GEO* 
N-I 
36-017-90013 

124 Thermal Power 
Co. 
CTGH-I 

36-047-90002 

125 GEO* 
N-2 

36-0I7-9001S 

126 GEO* 

N-3 

36-017-90019 

127 Calif. Energy Co. 
CE-NB-4 

36-017-90020 

129 Calif. Energy Co. 

CE-NB-4 

36-017-90022 

131 GEO* 
N-4 
36-017-90023 

132 GEO* 

N-5 
36-017-90024 

135 GEO* 

NC88-29 
36-017-90027 

136 GEO* 
NC54-5 
36-017-90028 

* GEO-Newberry Crater, Inc. 

Location 

SW 14 sec. 10 

T. 31 S., R. 7 1/2 E. 
Klamath County 

SE \4 sec. 13 
T. 32 S., R. 6 E. 
Klamath County 

SW\4 sec. 25 
T. 22 S., R. 12 E. 
Deschutes County 

SE\4 sec. 28 
T. 8. S., R. Sw. 
Marion County 

SW\4 sec. 29 
T. 21 S., R. 12 E. 
Deschutes County 

NE\4 sec. 24 

T. 20 S., R. 12 E. 

Deschutes County 

NWl4 sec. 16 

T. 22 S., R. 13 E. 
Deschutes County 

SE 14 sec. 4 

T. 21 S., R. 12 E. 

Deschutes County 

NEl4 sec. 35 

T. 21 S., R. 13 E. 
Deschutes County 

NEl4 sec. S 

T. 22 S., R. 12 E. 
Deschutes County 

SEl4 sec. 29 
T. 21 S., R. 12 E. 
Deschutes County 

NE\4 sec. 5 
T. 22 S., R. 12 E. 
Deschutes County 

Status, proposed 
total depth (m) 

Suspended; 

413. 

Suspended; 
148. 

Suspended; 
1,387. 

Suspended; 
1,463. 

Suspended; 
confidential. 

Suspended; 

1.219. 

Plugged and 
abandoned. 

Plugged and 

abandoned. 

Suspended; 

confidential. 

Suspended; 

confidential. 

Not drilled. 

Not drilled. 

USBLM announced on October 17, 1988, that no adverse effect 
will occur to any significant thermal feature of Crater Lake National 
Park resulting from leases issued for acreage 70-160 km north of 
the Park. 

Two temperature-gradient holes drilled in 1986 by California 
Energy Company, Inc. (CECI), near Crater Lake National Park can 
now be completed, according to a recent decision by the Interior 
Board of Land Appeals (IBLA). On February 1, 1989, the IBLA 
turned down a 1988 appeal by the Sierra Club and other environmen­
tal groups that questioned USBLM's decision to approve amend­
ments to the CECI drilling permits. The amendments authorize CECI 

to drill to 1,676 m, with loss of circulation of drilling fluid to the 
subsurface (see the section on the Mount Mazama area for further 
information) . 

Anadarko Petroleum Corporation has yet to obtain permission 
to drill a proposed 457-m test well in the Alvord Desert area (Table 
I). Before the permit is approved, USBLM must determine whether 
the project might endanger rare fish in nearby Borax Lake. The pro­
posed well would test flow rate and flow temperature of the 
hydrothermal system. Studies are reportedly underway to determine 
environmental impacts. 

USFS and USBLM officials met with industry and environmental 
groups in February 1989 to work out a preliminary boundary for 
a proposed geological monument at Newberry volcano. The area 
of the monument will reportedly encompass much of the land fonner­
ly classified as KGRA. The work was still in progress at the writing 
of this paper. 

The Geothermal Advisory Committee in Klamath Falls is con­
sidering engineering and financial alternatives that will help users 
to comply with the Klamath Falls Geothermal Code. The Code re­
quires that users who discharge effluent to the surface must, by 1990, 
reinject the fluid. 

DIRECT-USE PROJECTS 
The direct use of relatively low-temperature geothermal t1uids 

continued in 1988 at about the same level as over the last several 
years. Most of the activity is centered in Klamath Falls and Vale. 

Ashland 
Jackson Hot Springs in Ashland, Oregon, is still being run as 

a resort. 

Klamath Falls 
The Oregon Institute of Technology (OIT) improved its geother­

mal heating system, and the City continued to wrestle with the prob­
lem of defective piping installed in its district heating system. 
Improvements in the OIT system resulted in a 27-percent reduction 
in the amount of geothermal water used (Geo-Heat Center Quarterly 
Bulletin, 1989). An injection well was also drilled at OIT, but more 
work will have to be done to achieve an adequate level of reinjec­
tion (Paul Lienau and Susan Hartford, personal communication, 
1989). In 1988, the City completed engineering plans for the replace­
ment of defective pipe connections in part of its system. Replace­
ment should occur in the ncar future now that legal action has secured 
$685,000 from the companies that manufactured and installed the 
pipe (Geo-Heat Center Quarterly Bulletin, 1989). Further expan­
sion of the system utilizing the Small-Scale Energy Loan Program 
of the Oregon Department of Energy is planned (Geo-Heat Center 
Quarterly Bulletin, 1989). 

Table 2. Active permits for geothermal pmlpect drilling in 1988 
(holes less than 6/0 m) 

Permit 
no. 

95 

96 

97 

Operator. 
well name 

USGS 

USGS 

Anadarko Petroleum 

Corporation 
Well 25-22A 

----

Location 
Issue date; 

status 

Mount Hood June 1988; drilled two 

National Forest of four sites to 70 
and 153 m. 

Willamette June 1988; drilled two 
National Forest sites to 47 and 91 m. 

Alvord Desert September 1988: 

area location, one hole. 

100 OREGON GEOLOGY, VOLUME 51, NUMBER 5, SEPTEMBER 1989 



La Grande 
The Hot Lake Recreational Vehicle Resort plans to utilize 85°C 

water from the Hot Lake artesian well to heat a pool later this year. 
The company hopes to eventually use the resource to heat greenhouses. 

Lakeview 
In Lakeview, the binary-cycle electrical generating station set up 

several years ago remains idle. The 300-kilowatt (kw) unit had an 
ouput of 250 kw from 105°C water in a November 18, 1982, test 
(Geo-Heat Center Quarterly Bulletin, 1982). 

The City of Lakeview terminated its agreement with Brown, 
Vencc, and Associates, the firm that in 1985 won a geothermal fran­
chise in the City. The City is still interested in the development of 
a district heating system. 

Paisley 
The Paisley area has one of the best quality but least utilized 

low-temperature geothermal resources in the state. Thermal wells 
there reportedly have high flow rates (observations of Gerald L. 
Black, 1981) and temperatures as high as 111 °C at only 228 m (Peter­
son and others, 1982). A campground and recreational vehicle park 
utilizes hot water for a pool, but no other uses are known. 

Vale 
In Vale, the successful Oregon Trail Mushroom Company, which 

commenced full-scale operations in 1986, continues to operate us­
ing water from a 107 °C aquifer for heating and cooling. Oregon 
Trail annually produces 2.3 million kilograms of mushrooms, which 
are marketed in Spokane, Seattle, Salt Lake City, and the Treasure 
Valley area in Idaho (Geo-Heat Center Quarterly Bulletin, 1987). 
Other users at Vale include Ag-Dryers (a grain-drying facility) and 
a greenhouse operation. 

Ground-water heat pumps 
In the Bend, Redmond, Prineville, and Madras areas of central 

Oregon and in the Willamette Valley, there was considerable activi­
ty in 1988 in the installation of ground-water heat pumps. The Oregon 
Department of Energy (ODOE) certified CJ7 residential geothermal 
tax credits in 1988, most of them for the installation of such systems. 
At the present time, a tax credit of up to $1,500 is available for each 
residence. The amount of tax credit is based on energy savings, not 
the cost of the system. 

DOGAMI APPLIED RESEARCH 
In 1986, DOGAMI received a grant from the U.S. Department 

of Energy (USDOE) to complete a geologic and geothermal-resource 
study of the Breitenbush-Austin Hot Springs hydrothermal area, in­
cluding a detailed analysis of the Thermal Power drill hole, CIGH-l. 
The CIGH-I hole was drilled to 1.46-km depth in the High Cascade 
Range nOlthwest of Mount Jefferson in 1986 (Figure 5). David Sher­
rod of the U.S. Geological Survey (USGS) cooperated with 
DOGAMI to edit an open-file report summarizing data from the 
drill hole and from the Austin-Breitenbush geothermal area in 
general. The report, Open-File Report 0-88-5, entitled Geology and 
Geothermal Resources o/the Breitenbush-Austin Hot Springs Area, 
Clackamas and Marion Counties, Oregon, is available from 
DOGAMI. The report discusses two possible models of the geother­
mal system, utilizing all geological, geophysical, geochemical, and 
hydrological data from the area. Both models require a deep 
magmatic heat source to explain heat flow in the area, but one model 
requires that the magmatic heat source be significantly wider than 
the High Cascades (Blackwell and others, 1982; Blackwell and 
Baker, 1988), whereas the other model requires a narrow heat source 
or sources centered under the High Cascades (Sherrod, 1988; 
Ingebritsen and others, 1989). The latter model produces the ob­
served high regional heat t10w in the Western Cascades by lateral 

Table 3. Geothermal leases in Oregon in 1988 

Types of leases Numbers Acres 

Federal leases in effect: 
Noncompetitive, USFS 223 402,037.95 
Noncompetitive, USBLM 2 942.79 
KGRA, USFS 1 100.00 
KGRA. USBLM 7 16,465.12 

Total leases issued: 
Noncompetitive, USFS 344 664,645.18 
Noncompetitive, USBLM 266 406,157.79 

Total leases relinquished: 
Noncompetitive, USFS 121 262,607.23 
Noncompetitive. USBLM 264 405,215.00 
KGRA, USFS 7 11,824.61 
KGRA, USBLM 55 101,842.73 

Lease applications pending 112 

flow of heated ground water. These models were the subject of heated 
debate in a December 1988 symposium on the Cascades (see USGS 
activities). 

DOGAMI formulated a scientific drilling program in 1987 (Priest 
and others, 1987) and had planned to drill a 650-m diamond-core 
hole in the Santiam Pass area in 1988. The project is now planned 
for the summer of 1989, because of delayed funding. DOGAMI is 
evaluating four potential sites (Figure 6). A diamond-core hole 
600-1,000 m in depth is planned, with total depth depending on the 
level of support secured. Those interested in participating in the proj­
ect are encouraged to contact George R. Priest for further 
information. 

Core from four temperature-gradient holes was donated to 
DOGAMI by UNOCAL. The holes, drilled in the High Cascades 
near the South Sister and Mount Jefferson (Figure 5), reached depths 
ranging from 250 to 610 m. No temperature data are publicly 
available from the holes, but detailed lithologic logs arc being pro­
duced as part of DOGAMI's scientific drilling program. The core 
is stored at Oregon State University, with representative samples 
available for inspection at DOGAMI. 

A synthesis of Cascade geology in central Oregon was presented 
in 1988 at a symposium on the Cascades sponsored by the USGS 
(Priest, 1989; see next section). The paper presents a geological 
cross section through the Three Fingered Jack area that shows in 
excess of 1 km of downward displacement on a complex graben struc­
ture. This amount of displacement is consistent with earlier inter­
pretations of Tay lor (1981) and preliminary data from the previously 
mentioned UNOCAL holes (Smith and others, 1989; Gerald L. Black 
and Platt Bradbury, unpublished data). High permeability and 
geothermal fluids could occur in fractures and intergranular pore 
spaces associated with intra-graben faults and fill. 

USGS ACTIVITIES 
The USGS was involved in several geothermal-related projects in 

1988. They also performed a great service to the geothermal and geo­
logic communities by organizing and coordinating efforts to publish 
new research papers on Newberry volcano and the Cascade Range. 

David V. Fitterman of the USGS edited a special issue of the 
Journal o/Geophysical Research (JGR) on Newberry volcano (JGR, 
v. 93, no. B9, 1988). The issue includes articles on geology, 
hydrology, hydrothermal alteration, transient electromagnetic sound­
ings, magnetotellurics, resistivity, high-resolution seismic imaging, 
gravity, and magnetics (see section on Newberry volcano for details). 
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In December 1988, the USGS sponsored a Red Book conference 
on thc Geological, Geophysical, and Tectonic Setting of the Cascade 
Range. Thirty-six new papers on the Cascades were presented at 
the four-day conference. The papers will be published as a USGS 
open-file report (Muffler and others, 1989). Many of the papers will 
appear in a special issue of JGR to be published in 1990. 

Much debate on the previously mentioned geothermal models 
for the Cascades occurred at the Red Book conference (see section 
on DOGAMI activities), and some actions for resolving the debate 
were proposed. Cleaning out and logging the 2.5-km-deep Suned­
co 58-28 hole near Breitenbush Hot Springs was considered a cost­
effective means of definitively testing the two competing models. 
Drilling additional temperature-gradient holes in the High Cascades 
was also recommended as a means of establishing how much heat 
is actually available for lateral transfer to the Western Cascades. Ad­
ditional heat-flow measurements in the Western Cascades would help 
to test for complex patterns of heat-flow variation that would be pro­
duced by lateral flow of heated ground water. 

The USGS Water Resources Division (WRD) completed three 
years of intensive work in the Cascade Range. The program included 
NaCI surveys, stable-isotope studies, water chemistry, and 
temperature-gradient work in the central Oregon Cascades between 
Mount Hood and the Three Sisters. The data are summarized in 
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an open-file report (Ingebritsen and others, 1988) and an interpretive 
paper (lngebritsen and others, 1989). 

WRD also drilled four shallow (47-153 m) temperature-gradient 
holes in the Western Cascades in 1988 (Table 2); three provided 
useful temperature gradients (Figures 5 and 7). The holes were 
drilled to fill in gaps in the existing heat-flow data base. The 
temperature gradients (51-66 °C/km; Figure 7) are similar to those 
previously measured by DOGAMI in nearby areas (e.g., Black and 
others, 1983). 

Compilations of the geologic map of the State of Oregon by 
George W. Walker and Norman S. MacLeod and the Salem I ° by 
2 ° sheet (Walker and Duncan, 1988) were completed. The geologic 
map of the state will be printed in 1990 or 1991. 

David Sherrod and Jim Smith finished a geologic map of the 
Cascade Range in Oregon (Sherrod and Smith, 1989). The 
1:500,OOO-scale map shows Quaternary volcanic rocks split into five 
age divisions and four compositional divisions. Western Cascades 
rocks, which are not as well known as the younger rocks, are shown 
in lesser detail. 

Terry Keith and Keith Bargar continued their hydrothermal­
alteration studies of holes drilled under the USDOE cost-share pro­
gram. They also contributed hydrothermal-alteration studies to the 
Breitenbush-Austin geothermal report (see section on DOGAMI 
activities) . 
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Figure 5. Physiographic provinces of western Oregon (after Dicken, 1950), showing major areas of geothermal activity discussed in text. 
1. Location of Thermal Power drill hole CIGH-I. 2. Breitenbush River map area. 3. Santiam Pass study area. 4. Silicic highland. 5. Location 
of CECl drill hole MZI-I1A. Edge of High Cascade heat-flow anomaly after Black and others (i983). 

inset map of Newberry caldera shows locations of temperature-gradient holes discussed in text and CEO permitted production well sites. 
Dotted lines show ring fractures of Newberry caldera. 
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Charles Bacon continued his investigation into the volcanic evolu­
tion of Mount Mazama, including the study of samples collected 
from the bottom of Crater Lake during Alvin dives. Manuel Nathen­
son and Michael Thompson presented an interpretation of water 
chemistry of Crater Lake at the January 1988 Corvallis meeting of 
the American Association for the Advancement of Science (AAAS). 

William Scott and Cynthia Gardner completed their geologic map 
of the Mount Bachelor area (Scott and Gardner. 1989). The map 
will be published in color at a scale of 1:50,000. 

GEO-HEAT CENTER, OREGON INSTITUTE OF 
TECHNOLOGY 

Thc Gco-Heat Center at the Oregon Institute of Technology (OlT) 
specializes in assisting in the development of low-temperature ( < 90 
0C) and moderate-temperature (90-150 0C) geothermal applications 
for direct use. The Center is under contract with USDOE to pro­
vide geothermal serviccs to state and federal agencies who receive 
requests from enginecring consultants. planners, and developers t()r 
development assistance on direct-use projects. The assistance can 
range from answering technical questions and simple consultations 
on methods, equipment, and applications to providing feasibility 
studies. The Geo-Heat Center has published over 70 such feasibili­
ty studies. which are available as examples. The project period is 
slated to run through the end of 1992. 

The Geo-Heat Center completed a report on geothermal direct 
use that summarizes applications. regulations, and environmental 
factors. The report, entitled Geothermal Direct Use Engineering and 
Design Guidebook, is now available (Geo-Heat Center, Oregon In­
stitute of Technology, Klamath Falls, Oregon 97601; phone 
503-882-6321) . 

In 1988, the Geo-Heat Center assembled information on the 
original design and subsequent performance of a selected group of 
geothermal district heating systems that have operated at least three 
years. Specific areas of investigation were (1) customer connect time 
and disposal and (2) equipment type and materials of construction 
for production pumps and transmission piping. The operational per­
formance of equipment in each of these areas is described and will 
serve as a reference I()r designers of new systems and operators of 
existing systems. The report will be available from the Geo-Heat 
Center some time in 1989. 

The Geo-Heat Center evaluated downhole heat exchanger per­
formance world wide. A summary of this study should be available 
sometime in 1989. 

The Geo-Heat Center aided OIT in making plans to drill an 
injection well to eliminate surface discharge from its geothermal 
system. 

The Geo-Heat Center continues to be involved in the evaluation 
of the Klamath Falls geothermal aquifer. Its staff plays an active 
role on the Klamath Falls Geothermal Advisory Committee and con­
tinues to publish the Geo-Heat Center Quarterly Bulletin, which 
has been in circulation since 1975. 

ACTIVITIES OF OREGON WATER RESOURCES 
DEPARTMENT 

The Oregon Water Resources Department (OWRD) continued 
its low-temperature geothermal program, which includes monitor­
ing of the resources in Vale. the Klamath Falls area, and Lakeview. 

The OWRD published a report on the hydrogeology of the 
developed geothermal aquifer at Vale (Gannett. 1988). The repOli 
can be obtained from OWRD. 

Monitoring of the geothermal aquifer in Klamath Falls shows 
that water levels have been declining at a rate of approximately 0.3 
m per year since about 1975. In 1985 the City of Klamath Falls passed 
the Geothermal Management Act in order to eliminate, by 1990. 
the wasteful geothermal-water discharge that presumably is caus­
ing the decline. In November 1987, the Water Resources Commis­
sion received a staff report describing the Klamath Falls decline 

and its implications. The report recommended that OWRD continue 
to monitor conditions in the geothermal aquifer and track progress 
toward the elimination of wasteful discharge. If the decline continues 
after 1990, OWRD will evaluate the situation and may consider ad­
ministrative action to stabilize water levels. 

Water levels fluctuate seasonally in Klamath Falls, with lowest 
levels occurring during the peak heating season in February. Water 
levels in February 1988 did not show any decline relative to 1987, 
probably due to the mild weather and resultant decreased heating 
demand. 

Users in the Klamath Falls area arc continuing to move toward 
total rei'1iection of pumped them1al water. The OIT Geo-Heat Center 
is working on a reinjection well for its system. Reinjection wells 
are already in use at the city jail and museum. 

OWRD now has expanded authority to regulate use of low­
temperature geothermal resources. State Senate Bill 237 provides 
the means for OWRD to protect senior users of a resource by con­
trolling water use when alteration of temperature or undue thermal 
interference between wells is determined to exist. 

ACTIVITIES OF ODOE 
In 1988, geothermal activities of the Oregon Department of 

Energy (ODOE) focused on research and support for other agen­
cies. ODOE, in cooperation with the Washington State Energy 
Office, continued to perform financial evaluations of new geother­
mal power plants for the Bonneville Power Administration (BPA). 

ODOE responds to inquiries on geothermal energy development 
from the pUblic. Over 140 such responses were provided in 1988. 
ODOE also certifies geothermal tax credits: 97 residential and 11 
business tax credits (all for heat pump applications) were certified 
in 1988. ODOE continues to participate in the activities of the Pacific 
Geothermal Resources Council (GRC), publishing articles at the 
national meetings and being a board member of the local Northwest 
Section. Finally, ODOE instructed USFS personnel in geothermal 
energy in February 1988. 

RESEARCH BY OSU 
Brittain Hill. a doctoral candidate at Oregon State University 

(OSU), is continuing his work on Quaternary ash !lows in the Bend 
area (Hill, 1985) and the silicic highland west of Bend. Isotopic age 
data indicate that the Bend Pumice and Tumalo Tuff, a sequence 
of air-fall ash-now deposits, may be considerably younger than 
previously supposed (Sarna-Wojcicki and others, 1987). Hill has also 
acquired data that support a silicic highland source for the ash !lows 
(Hill, 1985). 

Jack Dymond and Robert Collier of the OSU Oceanography 
Department continued investigations at Crater Lake during the sum­
mer of 1988 (Collier and Dymond, 1988). Their objective is to deter­
mine whether or not hot springs exist on the floor of the lake (see 
section on the Mount Mazama area). 

RESEARCH BY WASHINGTON STATE U]'I;IVERSITY 
Richard Conrey is finishing up a three-year study of the Mount 

Jefferson area. He found that, for the last 2.5 m.y., about 200 km2 

of the area has been the site of andesitic to rhyodacitic volcanism 
(Conrey, 1988). He postulates that a granodiorite-tonalite batholith 
lies at shallow depths beneath the area. 

]'I;EWBERRY VOLCANO 
As previously mentioned (section on USGS activities), a special 

issue of JGR summarized current research on Newberry volcano. 
Of particular interest is the interpretation by Swanberg and others 
(1988) that the so-called "rain curtain" effect extends to a depth of 
about 1,000 m in the L219-m GEO N-l hole (south flank of Newberry 
volcano). Blackwell and Steele (1987) used the same temperature 
data to infer that the "rain curtain" effect extends to a depth of only 
350-400 m. Black and Priest (1988), in a review of all available 
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Figure 6. Location of potential scientific drilling sites near Santiam Pass, Oregon. 

temperature-depth data at Newberry volcano, concluded that the 
"rain curtain" extends to a depth of about 450-550 m on the flanks 
of the volcano. Resolution of this issue is important to those trying 
to decide on appropriate depths of exploration for temperature­
gradient studies of Newberry volcano and other young volcanic areas. 

Achauer and others (1988), utilizing high-resolution seismic 
tomography, identified a low-velocity body at 3 kIn depth below the 
summit caldera at Newberry volcano. They interpret the body as 
"a possible magma chamber a few to a few tens of kIn3 in volume." 

Sammel and others (1988) presented a theoretical model of the 
hydrothermal system and concluded that (I) elevated temperature 
gradients in drill holes on the flanks of the volcano are not influenced 
by any Holocene magma body under the caldera, and (2) the gra­
dients in the lower part of flank drill holes "may be related to the 
cumulative effect of older intrusions." 

Recently released temperature data from the west flank of the 
volcano tend to support the hypothesis that a very significant heat 
source exists there. The period of confidentiality on data from the 
lower portion of a l,m-m hole drilled on the west flank of Newberry 
volcano ended in 1988; the data are therefore now available to the 
pUblic. The hole was spudded in September 1983 by Occidental 
Geothermal, Inc., in sec. 3, T. 22 S., R. 12 E. (Figure 5, well 72-3). 
The hole was drilled to a total depth of 1,068 m in the fall of 1983. 
The hole was reentered in the fall of 1984 and deepened to 1,372 
m. Data from the upper 1,068 m were published in last year's 
geothermal summary (Black and Priest, 1988). The operator of 
record is now Santa Fe Geothermal, Inc., of Bakersfield, Califor­
nia. The temperature-depth curve for hole 72-3 is essentially isother­
mal to a depth of approximately 470 m, reflecting the "rain 
curtain" effect (Black and Priest, 1988). The temperature gradient 
from 488 m to 1,366 m is 137 °C/kIn, with a bottom-hole temperature 
of 155°C (Arestad and others, 1988). The gradient is linear, in-

dicating conductive heat flow. Arestad and others (1988) argue that 
available exploration data favor further exploration ofthe west flank 
of the volcano for high-temperature geothermal resources. 

Geo-Newberry Crater, Inc., reportedly plans to drill a test well 
on the west flank of Newberry volcano in 1989. DOGAMI in early 
1988 granted permits for two sites: SE 1;,\ sec. 29, T. 21 S., R. 12 
E., and NEI,4 sec. 5, T. 22 S., R. 12 E. (Figure 5). The environ­
mental assessment for the drilling has been approved by USBLM. 
At this time, it is not known when drilling operations on Newberry 
will begin. 

MOUNT MAZAMA AREA (CRATER LAKE AREA) 
The reader is referred to Black and Priest (1988) for a detailed 

history of geothermal development issues at Mount Mazama prior 
to July 1988. 

On June 21, 1988, the Pacific Division of the American Associa­
tion for the Advancement of Science sponsored a special session 
on "The Clarity of Crater Lake, Oregon. An Ecosystem Study." A 
number of papers on the limnology and geohydrology of the lake 
were given. Sewage and natural processes were discussed as possi­
ble sources for the continued degradation of the clarity of the lake. 

Responding to the previously mentioned directive from Congress 
(section on regulatory actions), the National Park Service granted 
$225,000 to Jack Dymond and Robert Collier of OSU to study the 
lake with a number of submarine dives. Temperatures 2-6 °C above 
the 3.6- °C lake temperature were found in gelatinous bacterial mats 
on the floor of the lake. These are the highest temperatures measured 
thus far on the lake bottom. The Park Service convened a panel 
of experts to review the findings ofthe OSU team. Additional dives 
are planned for the summer of 1989 (Jack Dymond, personal com­
munication, 1989). 
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In 1989, California Energy Company reportedly plans to con­
tinue drilling on the Mount Mazama sites pennitted by the previously 
discussed IDLA decision (see section on regulatory actions). In 1986, 
the MZI-llA site (Table 1) was drilled to 413 m, yielding a bottom­
hole temperature of 107 °C and a temperature gradient of m °C/km 
in the lowest 20 m of the hole (Priest and others, 1987). 
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Evaluating earthquake hazards in the Portland, Oregon, metropolitan 
area: Mapping potentially hazardous soils 
by Ian P. Madin, Seismic Hazard Geologist, Oregon Department of Geology and Mineral Industries 

ABSTRACT 
The scientific perception of earthquake hazards in Oregon is 

rapidly evolving, with the advent of new research that suggests that 
Oregon may be susceptible to earthquakes much more damaging 
than any in the state's short recorded history. Unfortunately, this 
new research does not provide the kind of well-constrained estimates 
of earthquake magnitude and epicentral location that are possible 
in areas such as Los Angeles or Salt Lake City. 

Faced with the lack of good data about potential earthquake 
sources, the Oregon Department of Geology and Mineral Industries 
(DOGAMI) is attempting to approach the problem of earthquake 
design parameters by mapping surficial geology that may enhance 
earthquake-related hazards. The program centers on the production 
of 1:24,000-scale geologic maps that depict the distribution and 
thickness of Quaternary sediments that may cause amplification of 
ground shaking or lead to liquefaction during earthquakes. The map­
ping incorporates both surface geologic data and subsurface data 
collected from over 10,000 water-well, highway, and foundation­
boring logs. DOGAMI anticipates that other workers will use these 
detailed geologic data to produce a variety of products of use to the 
engineering and planning communities. Among the planned and pro­
posed uses are the following: (1) A regional map of spectral 
amplification zones in three period bands, based on surficial-unit 
thickness, measured and extrapolated shear-wave velocity profiles, 
and measured low-strain amplification factors; (2) a catalog of syn­
thetic response spectra for a variety of sites and earthquake sources; 
and (3) liquefaction potential maps. 

INTRODUCTION 
Recent seismological and geological research suggests that the 

Portland metropolitan area may be faced with significant earthquake 
hazards from several different sources and that the area may be 
susceptible to earthquakes far larger than any in local history. The 
level of concern is such that the Portland metropolitan area, along 
with the Puget Sound region, is now the first priority for research 
funded by the National Earthquake Hazard Reduction Program 
(NEHRP). 

Traditionally, the magnitude, frequency, and location of poten­
tial earthquakes is evaluated by studying the rate and distribution 
of instrumental or historic seismicity and by analysis of the 
prehistoric activity of the surface traces of active faults. Neither of 
these approaches serves Oregon well, because the state has a short 
historic record, a poor instrumental net, and thick soil and vegetative 
cover in most of the densely populated areas. These problems and 
the nature of the regional tectonic setting mean that earthquake hazard 
is currently best understood in terms of geologic source zones that 
are capable of producing earthquakes. 

A geologic understanding of earthquake source zones does not 
help the professional who is trying to update a Uniform Building 
Code (UBC)-type seismic zone map or who is selecting a design 
earthquake for a specific structure in Portland. Unfortunately, there 
is little hope that the data needed for more specific evaluations of 
potential earthquake characteristics will be available in the next few 
years. The Oregon Department of Geology and Mineral Industries 
(DOGAMI) has therefore chosen to study something for which there 
are abundant data: potentially responsive or liquefiable soils. 
Although we may not be able to predict how large an earthquake 
we may be faced with, through careful mapping of soils we can 
predict which sites could expect significant ground motion amplifica­
tion or liquefaction in any given earthquake. To this end, DOGAMI 

initiated a program of detailed mapping of the thickness and distribu­
tion of fine-grained unconsolidated sediments in the Portland 
metropolitan area, which will be largely completed in mid-1990. The 
detailed data provided by this program will be made available to 
the public and to other researchers for site-specific and regional 
studies of soils-dependent earthquake hazards. 

EARTHQUAKE SOURCE ZONES 
Earthquake hazards in the Pacific Northwest stem from tectonic 

activity associated with the subduction of the Juan de Fuca oceanic 
plate beneath the North American continental plate in Oregon and 
Washington (Figure 1). The Juan de Fuca Plate converges on, and 
thrusts beneath, the North American Plate along the Cascadia Sub­
duction Zone. Active seismicity along the southwestern and western 
margins of the Juan de Fuca Plate indicate that the subduction proc­
ess is active, with a long-term convergence rate of several centimeters 
per year in a generally north-northeast direction. Convergence along 
the Cascadia Subduction Zone implies, for the Portland area, three 
types of earthquakes, each originating in a different zone (Figure 
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Figure 2. Schematic cross section through the Portland 
metropolitan area, showing the location of potential earthquake 
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2). These types of earthquakes are (1) shallow crustal earthquakes 
generated by faults in the immediate vicinity of Portland, (2) deep 
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slip along the interface between the Juan De Fuca and North 
American Plates. 

All of the historical earthquakes in Portland are considered to 
be crustal events. To date, no causative faults have been identified, 
but recent geologic mapping (Beeson and others, 1989) has 
demonstrated that the Portland Hills are part of a complex fault zone 
and that other faults are common within the area. This suggests the 
possibility of a repeat of the magnitude (M)-5.1 Portland earthquake 
of 1962 almost anywhere in the region. The current state of fault 
mapping and the short record of historical earthquakes probably 
precludes an accurate estimate of the maximum possible crustal 
earthquake in the area. 

Large earthquakes in the Puget Sound region originate at depths 
of 40-60 km within the subducted Juan de Fuca Plate. A small 
number of well-located deep earthquakes (Figure 3) indicates that 
the potentially seismogenic portion of the Juan de Fuca Plate exists 
beneath northwestern and southwestern Oregon (Weaver and Baker. 
1988; Weaver and Shedlock, 1989). This suggests that the Portland 
area is underlain by an earthquake source zone capable of generating 
events similar in size to the 1949 Olympia earthquake (M 7.1), 

Figure 3. Schematic of probable source zones (hachured area) for deep earthquakes within the subducted Juan de Fuca Plate. Question 
marks indicate areas where there are no earthquakes located in the Juan de Fuca Plate. After »eaver and Shedlock, 1989. 
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Finally, the suggestions of Heaton and Hartzell (1986) and obser­
vations of Atwater (1987) have triggered an intense scientific debate 
over the possibility that the Cascadia subduction zone may experience 
very large earthquakes due to periodic slip along the Juan de Fuca­
North American Plate interface. Seismological data indicate that 
this interface is currently aseismic, which may mean that slip on 
the interface is always aseismic or that the interface is temporarily 
locked and accumulating strain between slip events. Geologic data 
provide strong evidence for repeated events of abrupt land-level 
changes and tsunamis that are very similar to those observed dur­
ing the great earthquakes in Chile in 1960 and in Alaska in 1964. 
Conservatively, the entire coastal zone from northern California to 
British Columbia could be considered a potential source zone for 
large earthquakes (Figure 4). 

--4- Figure 5. Average acceleration response spectra for motions o ot::::.---+------k---==!====f:~~~ recorded on rock and hard-soil sites vs. soft-soil sites during the 
2period _ seca~ 4 5 September 19, 1985, earthquake in Mexico City. scr and C40 sites 

are soft-soil sites. After Seed and others, 1988. 
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The three potential earthquake source zones outlined for Portland 
are similar in two important respects: (1) All indicate a significant 
possibility of maximum possible ground motions larger than any 
in the historical record, and (2) it is currently not possible to ac­
curately predict probable maximum ground motions or earthquake 
return times from any of these sources. 

This implies that for many years to come, engineers may be faced 
with increased concern about potential seismic hazards in Portland 
without any new quantitative ground-motion data on which to base 
designs. What is possible, however, is to generate quantitative data 
on soils and site-dependent shaking amplification and liquefaction 
potential for a postulated design earthquake. 

GROUND-MOTION AND LIQUEFACTION-POTENTIAL 
MAPPING 

In any given earthquake, different sites at similar epicentral 
distances will experience ground shaking of different amplitude and 
spectral content due to the amplifying or attenuating effects of the 
surficial soil profile. Such amplification was, of course, dramatically 
demonstrated during the Mexico City earthquake of 1985 (Figure 
5). Of particular concern are soft or cohesionless soils, which are 
widespread in the Portland area. 

Ideally, one could map amplification due to soils empirically by 
comparing strong-motion records from a variety of sites. Unfor­
tunately, earthquakes are not common in Portland, and there is only 
one strong-motion instrument in the area. This requires an approach 
to ground-response mapping based on an understanding of the den­
sity and shear-wave velocity profile at a great number of sites. 
Although these data can be obtained easily by measurements in a 
borehole, it is prohibitively expensive to collect data directly for 
the entire region. This means that we must couple a few direct 
measurements with an understanding of the local surficial geology 
in order to extrapolate data for a regional map. For this reason, the 
U.S. Geological Survey (USGS) and DOGAMI began ajoint effort 
in 1987 to produce geologic maps on which to base evaluations of 
amplification potential. 

DOGAMI's mapping program, which will be largely complete 
in mid-1990, will depict the thickness and distribution of young, fine­
grained sediments and soils and the depth to bed rock throughout 
the developed portions of the Portland metropolitan area at a scale 
of 1:24,000. The mapping is based on field examination of surface 
exposures and topography and on the examination and interpreta­
tion of more than 10,000 foundation, highway, and water-well 
borehole logs. Figure 6, a map of the Mount Tabor Quadrangle, 
is an example of such a map. 

Currently three uses have been proposed for the geologic data 
that DOGAMI has produced. A team of USGS scientists led by John 
Tinsley is planning to produce a series of ground-response maps 
for the area, using a technique that has been developed and refined 
in the Los Angeles, San Francisco, Salt Lake City, Seattle, and Olym­
pia areas. Ivan Wong of Woodward Clyde Associates is proposing 
to produce a catalog of synthetic response spectra for a variety of 
characteristic sites. Finally, DOGAMI staff members are propos­
ing to produce a series of liquefaction-potential maps for the area. 
It is crucial to note that none of these programs currently has firm 
funding. 

GROUND-RESPONSE MAPS 
The USGS team uses an approach in which a series of data layers 

is used to map spectral amplification factors for three period bands. 
Recordings of relative ground motion are made at a variety of sites 
using quarry blasts, nuclear tests, or natural earthquakes. Boreholes 
are then drilled at the recording sites to measure the thickness, den­
sity, and shear-wave velocity of the unconsolidated sediments. The 
relations between the recorded spectral amplifications and the 
measured soil profile data are calculated and then extrapolated to 
the entire region, using data layers for the thickness of unconsolidated 

sediment, depth to basement, and sediment density. The resultant 
maps depict zones of similar spectral amplification in the 0.5- to 
1.0-, 1.0- to 3.0-, and 3.0- to 10.0-second period bands. 

Many workers have questioned the validity of this technique, par­
ticularly the linear extrapolation of low-strain spectral-amplification 
measurements to the high strains expected in earthquakes. However, 
preliminary results from Olympia (Ken King, personal communica­
tion, 1989) indicate that spectral-amplification zones mapped through 
recordings of quarry blasts correspond closely to mapped intensity 
anomalies from historical Puget Sound earthquakes. 

SYNTHETIC RESPONSE SPECTRA 
Workers at Woodward Clyde Consultants have developed a tech­

nique for generating synthetic response spectra for sites using the 
Band-Limited-White-Noise model with Random Vibration Theory 
(Darragh and others, 1989). Analysis of strong-motion records 
worldwide indicates that ground motions are controlled by the 
seismic moment of the earthquake and the rock properties (density, 
thickness, and shear-wave velocity) beneath the site. Comparisons 
of calculated spectra with strong-motion record derived spectra for 
historical Puget Sound earthquakes show excellent agreement (Figure 
7). Ivan Wong of Woodward Clyde has proposed to generate a catalog 
of synthetic-response spectra for a variety of sites in the Portland 
area. The spectra would be based on site geology and shear-wave 
velocity data provided by DOGAMI and would model representative 
earthquakes from each of the potential source zones. 
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Figure 7. Observed and predicted acceleration response spectra 
of the earthquake at Olympia, Washington, on April 13, 1949, as 
recorded at the Highway Test Laboratory site in Olympia. After Dar­
ragh and others, 1989. 

LIQUEFACTION-POTENTIAL MAPPING 
Fine-grained, cohesionless saturated soils are common in the 

Portland metropolitan area, particularly along the Willamette and 
Columbia River flood plains and in much of Washington County. 
Analysis and mapping of the liquefaction potential of these sediments 
have been proposed by DOGAMI staff in conjunction with Les Youd 
of Brigham Young University and will make use of the existing 
borehole and geologic database. Preliminary liquefaction-potential 
mapping of part of the Portland area is being carried out by the 

(Continued on page 118, Earlhquake) 
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The great Grant County fireball, October 23, 1987 
by Richard N. Pugh. Science Ttachu, C/~ftmd High School, Ponfand, Oregon; Danid J, Kraus, FOrmer Chiq Research Ass;stomlDepury 
DireClor, Pine Mountain OburvalOry. Universify of Oregon.; and Blain A. Schmur, Professional umd Surveyor 

The largest fireball ever reported in Oregon during this century 
occurred October 23. 1987. at 2:36 p.m., Pacific Daylight Time. 
This daylight fireball was seen from Wenatchee, Chelan County, 
Washington, on the north, to Bums, Harney County, Oregon. on 
the south. In Oregon. it was seen from Banks, Washington County, 
on the west, to Nyssa, Malheur County, on the cas!. This area covers 
180,000 km2. 

The follOWing repon is the result of over 250 interviews of 
eyewitnesses in Oregon of the even! and over 1,000 hours in the field. 

The fireball entered the atmosphere above the Cascade Moun­
tains north of Mount Adams in Washington State. It moved southeast 
to Grant County, Oregon. where it exploded. The angle of descent 
'NaS from J0 0 in Washington State to 90° at the end point. When 
it crossed the Columbia River near CeHlo, Oregon, the angle of 
descent was about 35°. 

The fireball was very bright. Those people who were in front 
of it reported that it was too bright to look at. Many reported it to 
be brighter than the sun and several times the diameter of the sun 
in the Dayville-Mount Vernon area of Grant County, Oregon. 

Most observers reported a round to teardrop-shaped fireball. All 
colors were reponed, with orange and red being the most common. 
Most observers saw a long, white tail. Aames, sparks, and "smoke" 
were seen with the tail. The end poin! of the fireball's traverse oc­
curred at an altilUde of 29 km over sec. 24, T. 11 S., R. Tl E., W.M., 
at Grizzly FlalS in the Blue Mountains of Grant County. Fragmen­
tation near the end poin! was reponed by some observers. 

The fireball finally exploded, producing a large, columnar dust 
cloud. The dust cloud appears to have penetrated a thin overcast 
that was at an elevation of about 6,(X)O m. Most observers saw a 
blue-white cloud; many reported a black or brown center in the 
cloud. One person who was positioned almost directly under the 
cloud saw dark shapes falling out of the cloud. HO'III'ever, no one 
heard anything hit the ground. The cloud persisted for over 30 
minutes. 

Rumblings and sonic booms associated with the fireball were 
heard over an area extending north to the mouth of the Deschutes 
River in Sherman County, south to Seneca in Grant County, west 
to Mitchell in Wheeler County, and east to Prairie City in Gran! 
County. Those in front of the fireball heard up to three heavy sonic 
booms that "caused the ground to move," rattled dishes, and flexed 
buildings. Those heavy booms were followed by up to 35 pops or 
cracks like a string of large firecrackers or a machine gun. Those 
under the fireball 's path heard "wamp-wamp" sounds like a 
helicopter's blade. Swishing sounds were also reponed. One to three 
heavy booms and five to 35 pops or cracks and rumblings lasting 
up 10 two minutes were reponed by most people. 

Within an hour of the event, the smell of sulfur was reported 
at Clarno in Wheeler County and the odor of hot metal at Canyon 
City in Grant County. 

Anomalous sounds (sounds heard at the same time the fireball 
was seen) were reponed from 6 km southwest of Cornelius in 
Washington Coonty, over 300 km from the end point of the fireball. 
A hissing. whistling sound caused one person who was standing 
near TV and CB antennas on the roof of a house to look up and 
see the fireball. An observer traveling in an automobile near Boring 
in Clackamas Coun!Y about 250 km from the end point heard a 
swishing sound and a faint boom at the same time he saw the fireball. 
A person located 8 km southeast of Oregon City in Clackamas Coun­
ty, approximately 260 km from the end point, heard a whooshing 
sound that caused him to look up and see the fireball. He was stan­
ding next to a patio with a metal roof. 

VCR photos taken from 20 km southewt of Dale, Grunt County, 
48 km from the fireball's end poim. The piclures were taken two 
seconds, three minutes, and five minutes after the sonic boom i"IW" 

heard. Photos counesy of fbt )bumalls. 
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At Kimberly in Grant County, a saddle horse staned acting up 
for no reason, and then a strange sound caused the rider to look 
up and see the fireball descend. A "wamp-wamp" sound was heard 
as buildings quivered and the fireball e:'lploded. 

About 16 km east of Dayville, Grant County, 25 km from the 
fireball's end point, two sleeping dogs awoke, jumped up, and ran 
to the nonh window of a mobile home. Four or five seconds later, 
sonic booms hit the home. Loggers working at Pismire Camp, Grant 
County, 5 km from the end point heard a heavy sonic boom followed 
a shon time later by a "wamp-wamp-wamp" sound of an object go­
ing end-over-end through the ai r. No impact was heard. 

The behavior of the Grant County fireball is very similar to that 
of the fireball that produced the Pasamonte, New Me:'lico, meteorite, 
which fell March 24. 1931 The Pasamonte fireball produced a strewn 
field of meteorites that was 45 km long and 8 km wide (Nininger, 
1936). Nearly a hundred small stony meteorites, none weighing over 
300 grams, were recovered (Graham and others, 1985). Similarities 
between the two fireballs indicate that meteorites could be found 
anywhere along a line from Kimberly to Mount Vernon, Grant 
County. 

Although the area over which the meteorite e:'lploded is very 
rough terrain, the authors have been searching for pieces that fell 
to eanh. The elevation is around 1,500 m, and the area is covered 
by a Ponderosa pine forest. Recovery of meteorite specimens is e:'l­
pected to be very difficult, and the authors urge anyone who may 
have found a piece to contact them. 

Oregon boasts first gas storage site at 
Mist field 

Energy demands on Northwest Natural Gas Company ne:'lt winter 
will be met, at least in pan, with natural gas from the company's 
new Columbia County storage field at Mist, the fi rst gas storage 
site in Oregon. 

When it is filled, the storage field will hold 7.5 Be( of gas, suffi­
cient peaking supplies for "the coldest 60-100 days of winter." The 
storage field is comprised of the Flora and Bruer pools, the largest 
pools discovered in the Io-year-old Mist Gas Field. Nonhwest 
Natural Gas began pumping gas back into the depleted pools in 1987, 
after they were taken out of production in 1984. 

The distribution system of Nonhwest Natural Gas will be con­
nected to the storage field by a new $59,200,000 pipeline, which 
is expected to be ready for use in October. The 49-mi job began 
May 8 and is the largest capital construction project in the nO-year 
history of the Ponland, Oregon, utility. 

Because of the ancient Indian history of the Nonhwest, manage­
ment of Northwest Natural Gas gave careful attention to the possibili· 
ty that any right-of-way chosen for a new pipeline could disturb, 
or possibly destroy, Indian anifacts. 

As it happened, the first route choice had to be abandoned 
because archeologists found "a heavy concentration of Indian ar­
tifact sites" and, because of that, a crew of experienced archeologists 
"walked every mile" of the route finally used, before trenChing of 
the line was even begun. 

This careful attention was rewarded when in the path of the 
pipeline were found 20 prehistoric Indian sites and seven historic 
si tes, where discoveries have included small Stone Age tools such 
as mortars, pestles, chopping implements. and small flakes. Such 
finds indicate, according to the experts, that these sites had been 
used periodically over the last 6,000-8.000 years. 

While the Mist storage field is a first for Oregon, natural-gas 
storage began in Canada in 1915. The loar field ncar Buffalo, New 
York , where storage was begun in 1916, remains the oldest con­
tinuously used gas storage field in the United States. 

Photo of''smoke'' cloud taken from 110 km west offireball's end 
point one minute after the sonic boom. , Photo by Dal'e Corliss. 
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Cons/maion of Nonhwest Natural Gas Comp<my feeder pipeline 
just east of Mist. 

Commenting in the company's annual repon for 1988. Roben 
L. Ridgley, president. said that the storage facility "will allow the 
company to capitalize on the opportunities provided by open·access 
pipeline transportation," including summenime purchase of low­
cost gas and realization of "substantial savings from reduced 
payments for peaking gas supplies." 

Construction of the 16-in. line is expected to be completed by 
this fall. 

- Reprinted with pem/issioll from Oil and Gas Journal, 
v. 87. no. 25 (June 19. /989), p. 59. 
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BOOK REVIEW 
by AI/ell F. Agmow, Gounesy Professor of Geology, Oregon Stale 
Um\-ersity, Corvallis, Oregon 9733/ 

The Odyssey of'Thomas Condon: Irish Immigrant, Frontier Mis­
sionary, Oregon Geologist , by Roben D. Clark. Oregon HislOrical 
Society Press, 1989,569 p .. ilIust., $29.95. 

Condon , the teacher, minister, searcher for geologic answers 
Thomas Condon (1822-1907) was a teacher. a master teacher who 

broke with tradition in the middle and later 1800's by introducing 
his students to what was later to be called the "laboratory" method: 
learning by observation and analysis. rather than by memorization 
and regurgitation. 

Condon was also a minister of the Congregational Church who 
had received his theological upbringing in a Presbyterian Seminary 
in Auburn, New York, in the 1840's. His belief in God as creato r 
of the world and of all ilS natural wonders did not get in the way 
of his scientific observation and Objectivity, Rather, by constantly 
adapting the biblical story of creation as he was assimilating new 
evidence and new knowledge, he wedded the two in his personal 
philosophy and in his teaching, which was especially evident dur­
ing his many lectures and conversations on evolution. He was part 
of several decades of debate on the "evolution controversy:' his lec­
tures being widely reported in the newspapers. His opponenlS were 
not only those speaking for the "established" theology of the 
various Protestant missionary churches but also some of his pro­
fessoria l colleagues in biology at the University of Oregon. 

Condon's inquisitiveness was whetted by the books avai lable to 
him from his earliest days in the United States. When he arrived 
in New York from Ireland in 1833, he was an Il-year-old Cork Coonty 
native with no more than the basic elemenlS of an education. He 
was fortunate to become a house hoy and office hoy for a physician 
who possessed a library. This search for knowledge continued to 
be fed during his three years of working on a fann in the Finger 
Lakes area of upstate New York. because the farmer there also had 
a libra ry. 

Condon'S powers of observation outdoors and his joy in collect­
ing rocks and foss ils were stimulated by the geologic wonders of 
that beautiful Finger Lakes region, where he attended the Cazenovia 
Academy for a year and then for three years more engaged in what 
was to be his ultimate profession- teaching. 

In ISoW. Condon decided to enter the ministry. enrolling at the 
Presbyterian Seminary in Auburn, New York. The Presbyterians 
and Congregationalists in the middle 1800's had joint operations in 
upstate New York and Ohio, he foond. He also learned that the issue 
of slavery and attendant conservatism had spli t the Presbyterians 
in 1837. as it hild the Methodists and Baptists. Condon himsel f was 
an abolitionist. 

While at seminary for three years, Condon taught 200 inmates 
at the nearby prison, who. as author Clark describes. "were over­
joyed with the program- the only minutes in the week. . when 
they were pennitted human discourse" (p. 69). Condon empathized 
with them and was glad as a teacher to provide them with such a 
humanitarian re lease. 

Upon graduation in 1852, Condon was appointed a missionary 
to the West by the American Home Mission Society. He learned 
that not only did the Soci"cty (of Presbyterians and Congregationalists) 
stipulate that the new missionaries be ordained but also expeClcd 
them to be married . Condon was fortunate to have met Cornelia 
Holt that summer. She was a school teacher in a town near Buffalo. 
and they were married on October 31. With seven other missionaries 
and their families, they sailed from New York City on November 
12 on a cl ipper ship for San Francisco. After 102 days and 17,000 

Thomas Condon. Frontispiece in The Odyssey of Thomas 
Condon. Photo from archives of Oregon Hisrorieal Sodery, neg(llil'l? 
no. ORHI55652. 

miles on the ocean, the Coooons aod fell<1>\' missionary Obed Dickin­
son and his wife took another ship and. after five more days at sea, 
arrived in the small settlement of Portland on March 3, 1853. 

For the next 54 years. Condon was to serve churches (as a mis­
sionary and minister), teach school (at both pre-college and 
college levels). and collect foss ils and observe the geology around 
him. Condon's inquisitivc nature, his powers of observation and 
analysis, and his strong religious foundation together enabled him 
to make his mark on the people of Oregon in the latter half of the 
19th century. He was to be a lucid exponent of Darwin's modified 
evolutionary theory. which was to put him at odds with many of 
his re ligious counterparts in Oregon. 

However, his continued discovery of fossils and his attempts to fit 
them into the evolutionary scheme of life brought him to the atten­
tion of the famous vertebrate paleontologists of the eastern United 
States. His collections and his thoughtful analysis of h<1>\' they came 
to be there fueled the ambitions aod abilities of two great movers and 
shakers during that period, Othniel C. Marsh of Yale University and 
Edward D. Cope of the Philadelphia Museum of Natural History. 
Joseph Leidy of the Smithsonian Instirution likewise enabled that great 
museum to thrive on Condon's discoveries. By contributing to 
Condon's library in return for his fossil collecting, they helped Con­
don to gru.v intellectually and make his outstanding impact on Oregon. 

Condon was not caught up in what we today call "publish or 
perish". Rather. panly because of his lack of formal training in 
geology and paleontology, but also because of his personal 
characteristic of searching for evidence and then seeking introspec­
tively for the ultimate causes. he published only half a dozen 
articles on his researches. And those publications. he did not hesitate 
to state, were not intended as scientific discourses but were written 
for the general public. 

Thus he carried out his lifelong bent of sharing his knowledge 
with those less tutored in those subjects than he- the great number 
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of people in pioneer Oregon who were seeking to establish 
themselves in this frontier land and at the same time attempting to 
understand the world in which they were living. Condon's two larger 
published works-his Report as State Geologist in 1867, and his 
magnum opus, "Two Islands-and What Came of Them" in 1902, 
were both directed toward the general public. It was part of his du­
ty, and his joy, to pass along his knowledge, while at the same time 
he extended his own comprehension by responding to the questions 
addressed to him by his audiences and through the mail. 

Condon's wife Cornelia may have lived to see him complete his 
book in 1901, but she was unable to share his triumph in its publica­
tion a year later. She was ill during much of the summer of 1901 
at the cottage on Yaquina Bay and contracted typhoid fever in August. 
She died on September 2, 1901, at almost 70 years of age. Condon 
mourned, "The light of my life has gone out." 

Condon flowered in The Dalles, where he had gone in March 
1862 as a missionary. It was a lively settlement, with trade not only 
up and down the Columbia River but also into the gold-mining coun­
try to the southeast in the Shoshone (Blue) Mountains. This was 
the first of his missionary posts that could be called financially suc­
cessful and thus made the "bringing of the word" and the saving 
of lives even more satisfying to such a very human person. 

But more than that, The Dalles opened up the fantastic fossil­
bearing strata of the John Day country to Condon's gaze and 
collecting acumen. He accompanied U.S. Cavalry there on some 
assignments to protect the white settlers from the "marauding" 
Indians who objected to the invasion of their lands in the 1860's. 

Oregonians can mark Condon's 11 years in The Dalles as pro­
viding the nurturing environment for his greatest contributions-to 
geology, to his students, and to the general public. 

Condon's huge capability at communicating his new knowledge, 
with newspaper accounts reporting his several series of lectures in 
The Dalles and in Portland, brought him to the attention of univer­
sity administrators. Thus, in August 1873, he was attracted, with 
his collections, to Pacific University in Forest Grove as lecturer. 
Two years later, the budding University of Oregon offered Condon 
a professorship in Eugene, and his acceptance inaugurated the final 
and most significant segment of Thomas Condon's 85 years on earth. 

In his first summer after going to the University of Oregon, 
Condon took his family on a trip of many days to the beach at 
Newport. Finding an unoccupied cabin on Nye Beach, they settled 
in and for the next thirty years were regular summer residents of 
the Newport area. Condon collected fossils, conducted "geological 
picnics:' and recharged his batteries-just as U of 0 faculty do to­
day, both in the Newport area and along other parts of the Oregon 
coast. 

Condon was good for the University of Oregon, and the univer­
sity was good to him. Clark's history of Condon's tenure at the 
U of 0 is as much a history of that institution as it is a history of 
the man. Condon was able to collect and study and contemplate 
the geology of new parts of the state-the coast, the Siskiyou 
(Klamath) Mountains in southwestern Oregon, and the Fossil Lake 
collecting grounds of east-central Oregon (east of the Cascade Moun­
tains but south of the John Day country). 

All the while, Condon was sharing his knowledge with his 
students, his fellow faculty members, and the townspeople-the 
latter two groups not always agreeing with him. The students, 
however, flourished under his "laboratory" method of instruction 
with which he replaced the traditional dull reading of textbooks or 
lecture notes, followed by recitation. His faculty colleagues did not 
take kindly to his nontraditional pedagogy, and they and some of 
the townspeople did not agree with him on his evolutionary theory 
or his accommodation of science and religion. 

Nevertheless, they appreciated Condon so much that they named 
the campus oak trees for him, and they celebrated his birthdays­
the 75th, the 80th, and annually thereafter. In June 1903, Condon 
requested that his teaching load be lightened and his salary reduced 

to $1,000, with the rest of the money going to an assistant. In 1905 
he resigned, "due to the disabilities of old age," and the Regents 
regretfully elected him Professor Emeritus-at age 83. In January 
19<17, Condon became ill with influenza and could not get rid of 
a troublesome cough. Daughter Nellie C. McCornack brought him 
to her farmhouse about two miles west of Eugene to look after him. 
He lived for about three weeks and died on February 11, within three 
weeks of his 85th birthday. 

In his old age, Condon had become a legend. Henry F. Osborn 
is said to have remarked candidly: "Professor Condon deserves the 
entire credit of the discovery of the upper Oligocene horses in the 
John Day." 

Clark, the chronicler, the historian 
Robert D. Clark, President Emeritus of the University of Oregon, 

taught speech, rhetoric, and public address for many years there. 
He wrote an article on Thomas Condon, "From Genesis to Dar­
win: The Metamorphosis of Thomas Condon," which was publish­
ed by the Oregon Historical Society in The ~stern Shore in 1975. 
Clark was also an author, along with Dorothy Velasco, of ':<\.n Even­
ing with Thomas Condon," one oftwo pieces of history theater that 
toured eastern Oregon in 1981 and western Oregon in 1981-82 as 
part of Chautauqua 1981, a project of the Oregon Committee for 
the Humanities. 

In the book being reviewed here, The Odyssey of Thomas Condon, 
author Clark enables us to live Condon's life along with him, sit­
ting, as it were, in an adjoining chair as he talks or thinks. To some 
readers, used to speed-reading to the end of an account while hur­
rying over its details, such "extraneous" matter may constitute an 
impediment. To others, however, interested more in what made Con­
don "tick" and how he arrived at various decision points in his career 
and then made those decisions that constituted his life's history, this 
wealth of detail is most welcome-and makes Condon "come alive." 
Clark, a supreme chronicler, has done his job well. 

For the geologist, Clark's book provides an interesting and 
exciting walk through the geological controversy surrounding the 
earth's origin and later development-uniformitarianism and 
catastrophism. And, for the geologist and the biologist, the Darwi­
nian controversy and its effects on scientists and on the preservers 
of church doctrine ("as God wrote it") constitutes a thread that con­
tinues throughout the book. Condon's theological bent, coupled with 
his inquisitive mind and willingness to search for the truth and 
analyze it as a scientist does, enabled him to be an outstanding 
teacher-which he considered his main life calling. 

Clark's book is very rewarding for a geologist such as this 
reviewer to read, because it enabled me to re-Iive my own profes­
sional life through the various stages that Condon himself had 
experienced a century earlier. 

Clark's book is amazingly free from errors. Only three seem 
worth noting here: 

(1) Along the Middle Fork of the Willamette River, Condon is 
said to have proceeded "southwest" from Eugene, whereas he real­
ly must have gone southeasterly (p.301). 

(2) Sam Williston would have preferred that his name be spelled 
this way rather than "Willitson" (p. 512, footnote 19). 

(3) Likewise, Henry Fairfield Osborn would have preferred this 
middle name rather than "Fairchild" (p. 435 and 563). 

But, you won't wish to nitpick, anymore than I did as I was caught 
up in Clark's gripping account. Rather, you too will want to re-Iive 
Condon's Odyssey. I did-and I enjoyed it very much. 

Yes, you should read Clark's The Odyssey of ThoflUls Condon. 
But you may also want to go to your library and check out the other 
biography of Thomas Condon, published by his daughter Nellie C. 
McCornack in 1928, Thomas Condon: Pioneer Geologist of Oregon 
(University of Oregon Press, 355 pages). Hers is full of cor­
respondence between her father and the great names of vertebrate 
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paleontology in the latter half of the 19th century-Cope, Marsh, 
and Leidy. 

Ellen T. Drake gave an interesting account ("Horse genealogy: 
The Oregon connection." Geology, v. 6, no. 10, 1978, p. 587-591) 
of the Marsh/Cope feud. and of Marsh fending off other vertebrate 
paleontologists while grabbing for the line himself. She tells the 
story of Marsh (and his successors Charles Schuchert and Richard 
S. Lull), who claimed that Marsh himself had discovered the 
important Miocene horse link in the equine evolutionary tree­
whereas the record shows that it was Condon who did so and who 
knew the significance of what he had found in 1871 when he sent 
his first collection to Marsh. 

Shortly after Condon's death, the geological community rec­
ognized the value of his imprint upon vertebrate paleontology and 
geology in a memorial by Chester W. Washburne of the University 
of Chicago ("Thomas Condon," Journal of Geology, v. 15, 1907, 
p. 280-282), who wrote: 

. a life little known among scientists, yet a life of considerable 
service to geology. 

Professor Condon was an unusual man in that he seemed 
to have no desire to publish the results of his study ... But the 
writings of the scientists of his day ... are full of references 
to Dr. Condon, and all of them acknowledge his contribution to 
science by exploration and theory. 

Condon discovered the famous John Day beds ... Here 
he found some of the specimens of three-toed horses on which 
Marsh based his theory of the evolution of that animal. In this 
instance, Marsh gave the discoverer scant credit for his work, 
and the type-specimens remained in Yale Museum until after 
Marsh died. The same thing happened to many other valuable 
specimens loaned to Marsh, Cope, Gabb, and others ... it was 
unjust to Condon not to acknowledge more fully his services and 
not to return his specimens ... 

Condon was one of those rare men that study science from 
an inherent love of nature, not merely for self-advancement, or 
for the praise of men. 

Clark's book is thoroughly footnoted and has a very complete 
index, making it easy for one who wishes to retrieve information 
to do so. Index maps of towns mentioned and a number of good 
photographs complement this very readable text. D 

MINERAL EXPLORATION 
ACTIVITY 

Rules for exploration permit to be drafted 

The passage of House Bill 2088 requires persons conducting 
exploration in Oregon who disturb more than one acre or conduct 
drilling in excess of 50 ft to have an Exploration Permit from the 
Mined Land Reclamation Program (MLR) of the Oregon Depart­
ment of Geology and Mineral Industries. MLR is currently draft­
ing rules and will conduct public hearings on those rules in the fall 
of this year. 

The intent of the Exploration Permit is to tailor environmental 
regulation to the proposed activity. Therefore, in brief, the Explora­
tion Permit will have a lower fee than the operating permit and will 

require a location map, a reclamation plan including drill-hole aban­
donment procedures, and a bond. 

Until Exploration Permit rules are administratively approved, 
the term "Exploration" in the "Major metal-mining activity" table 
refers to the operating permit that is currently issued for explora­
tion activities. 

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

Major metal-mining activity 

Project name, Project 
Date company location Metal Status 

April Susanville Tps. 9, 10 S. Gold Expl 
1983 Kappes Cassiday Rs. 32, 33 E. 

and Associates Grant County 

May Quartz Mountain T. 37 S. Gold Expl 
1988 Wavecrest Resources, R. 16 E. 

Inc. Lake County 

June Noonday Ridge T. 22 S. Gold, Expl 
1988 Bond Gold Rs. 1, 2 E. silver 

Lane County 

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

Inc. Lake County 

September Glass Butte T. 23, 24 S. Gold Expl 
1988 Galactic Services, R. 23 E. 

Inc. Lake County 

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

Inc. Malheur County 

September Kerby T. 15 S. Gold Expl, 
1988 Malheur Mining R. 45 E. Com 

Malheur County 

September QM T. 25 S. Gold Expl 
1988 Chevron Resources R. 43 E. 

Co. Malheur County 

October Bear Creek Tps. 18, 19 S. Gold Expl 
1988 Freeport McMoRan R. 18 E. 

Gold Co. Crook County 

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

and Nickel Co. Malheur County 

January Silver Peak T. 31 S. Copper, App, 
1989 Formosa Exploration, R. 6 W. zinc com 

Inc. Douglas County 

May Hope Butte T. 17 S. Gold Expl 
1989 Chevron Resources R. 43 E. 

Co. Malheur County 

Explanations: App=application being processed. Expl=Exploration permit 
issued. Com=Interagency coordinating committee formed, baseline data col-
lection started. Date=Date application was received or permit issued. D 
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Recent DOGAMI publications 
REPORTS ON GORDA RIDGE STUDIES 
(Released July 3, 1989) 

The Oregon Department of Geology and Mineral Industries 
(DOGAMI) has released two reports presenting results of research 
on the Gorda Ridge, a sea-floor spreading region off the coast of 
southern Oregon and northern California. The reports, published 
as DOGAMI open-file reports, add more information to the ongo­
ing research into the extent, nature, and effects of the hydrothermal 
venting that occurs along the mid-ocean ridge. 

Both reports contain analyses of samples taken from the sea floor 
during dives of the submersible vessel Sea Cliff that were under­
taken in 1988 and resulted in the discovery of the Sea Cliff Hydrother­
mal Field at the northern end of the Gorda Ridge. The findings con­
firm the existence of hydrothermal vents and hydrothermal activity 
in this field. 

Mineral Deposits Recovered from Northern Gorda Ridge: 
Mineralogy and Chemistry (DOGAMI Open-File Report 0-89-09, 
$5) was prepared by Martin R. Fisk and Katherine J. Howard of 
the Oregon State University College of Oceanography. The 26-page 
report presents and discusses analyses of samples taken from site 
GR-14 and analyzed by X-ray diffraction and atomic absorption. 

Preliminary Analysis of Four SESCA Samples from the Gorda 
Ridge (DOGAMI Open-File Report 0-89-11, $4) was prepared by 
John Wiltshire, Gary McMurtry, and Ned Murphy of the Hawaii 
Institute of Geophysics, University of Hawaii. The 6-page report 
presents and discusses analyses of samples from the SESCA site 
located in the Escanaba Trough. 

GEOWGIC QUADRANGLE MAP FOR OWYHEE REGION 
(Released July 12, 1989) 

A new geologic map describes in detail the geology and mineral 
potential of a part of the Owyhee region in eastern Oregon. The 
identified potentially valuable mineral resources include geother­
mal energy, gold, and semiprecious gemstones. 

Geology and Mineral Resources Map of the Owyhee Dam 
Quadrangle, Malheur County, Oregon, by DOGAMI geologist 
Mark L. Ferns, has been released in DOGAMl's Geological Map 
Series as map GMS-55. The price is $4. 

The publication, resulting from an ongoing study of southeastern 
Oregon areas with a potential for mineral resources, was prepared 
in cooperation with the U.S. Geological Survey (USGS) and par­
tially funded by the COG EO MAP program of the USGS. 

The Owyhee Dam 7V2-minute quadrangle covers approximately 
48 square miles along the Owyhee River, approximately from below 
Owyhee Dam in the southwest to the city of Owyhee in the north­
east. The new two-color map of the quadrangle (scale 1:24,(00) iden­
tifies 16 rock units, the oldest of which may date back 25 million 
years before the present. Geologic structure is described both on 
the map and in two accompanying cross sections. The approximately 
28- by 40-inch map sheet also includes a discussion of the area's 
mineral-resource potential and tables showing whole-rock and trace­
element analyses of rock samples. 

A variety of valuable and potentially valuable mineral resources 
were found or indicated by the study, including hot-spring systems 
at Deer Butte Spring and Snively Hot Spring, indicators for gold 
in areas of hot-spring-type alteration, silica sand, and semiprecious 
gemstones in the form of agate and jasper. Except for casual col­
lecting of various types of chalcedony, no mineral-resource produc­
tion has occurred in the quadrangle. 

GEOLOGIC QUADRANGLE MAP FOR LAKE OSWEGO 
AREA (Released August 16, 1989) 

The Lake Oswego Quadrangle covers an area just south of the 
center of Portland, Oregon. A new geologic map of the quadrangle 

is intended to serve as an important basic tool for earthquake hazard 
reduction in the Portland area. 

Geologic Map of the Lake Oswego Quadrangle, Clackamas, 
Multnomah, and Washington Counties, Oregon, by Marvin H. 
Beeson and Terry L. Tolan of the Portland State University Geology 
Department and DOGAMI geologist Ian P. Madin, has been released 
in DOGAMl's Geological Map Series as map GMS-59. The price 
is $6. 

The map was produced and published as part of an earthquake 
hazard study in the Portland metropolitan area and funded by the 
U.S. Geological Survey (USGS) and the National Earthquake Hazard 
Reduction Program. 

The new map depicts an area in which several basalt layers of 
the Columbia River Basalt Group can be identified and mapped in­
dividually. This allowed the researchers to map faults with an un­
precedented degree of confidence and accuracy. The map is the most 
detailed and up-to-date geologic map of the Portland area that is 
currently available. 

The full-color map (scale 1:24,(00) is printed on a sheet approx­
imately 28 by 40 inches in size. It identifies and describes 16 rock 
units ranging from 40-million-year-old basement rock to the deposits 
from late Ice Age catastrophic floods. The map sheet also includes 
three geologic cross sections and a table of compositional averages 
of samples from the basaltic units of the map area. 

EXPWRATION AND LITERATURE ON OIL AND GAS IN 
OREGON (Released August 21, 1989) 

After nearly 90 years of oil and gas exploration, Oregon today 
has over 350 wells and a producing natural-gas field. Exploration 
efforts and published studies during those years have been summar­
ized and listed in two new publications from DOGAMI. 

Hydrocarbon Exploration and Occurrences in Oregon, by 
DOGAMI Petroleum Engineer Dennis L. Olmstead, has been 
published as DOGAMI Oil and Gas Investigation 15 (001-15). The 
78-page publication contains introductory discussions of the history 
of oil and gas exploration in Oregon, the sedimentary basins of the 
state, and the Mist Gas Field, Oregon's only producing field. 

These texts are followed by two tables listing available informa­
tion about all known oil and gas wells and hydrocarbon occurrences 
in the state and in federal waters offshore. Grouped by county, the 
individual wells list names of the wells and of their present and past 
operators, locations, and drilling dates and depths, and notes that 
may include information on the method of drilling, the geology, 
hydrocarbon shows, and references in the literature. Two additional 
tables present gas analyses from certain wells and water analyses 
made on samples from exploratory wells. 

While 001-15 lists, in its bibliography, only the references men­
tioned in the text and tables, a comprehensive bibliography by the 
same author is contained in DOGAMI Open-File Report 0-89-10. 
This report, Bibliography of Oil and Gas Exploration and 
Development in Oregon, 1896-1989, is intended to serve as a sup­
plement to 001-15. Comprising 33 pages, its author list includes 
approximately 750 citations and is followed by a county index listing 
cross-references for citations associated with a particular county. 

Oil and Gas Investigation 15 sells for $7, Open-File Report 
0-89-10 for $5. 

All new publications are available at the Oregon Department of 
Geology and Mineral Industries, 910 State Office Building, 1400 
SW Fifth Avenue, Portland, OR 97201-5528. Orders may be charged 
to credit cards by mail, FAX, or phone. FAX number is (503) 
229-5639. Orders under $50 require prepayment except for credit­
card orders. 0 
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Additional sources of information on 
Thundereggs 

The July issue of Oregon Geology (v. 51, no. 4, p. 87-89) con­
tained a short article on Thundereggs in Oregon that has also been 
made available to the public as a colored brochure. A list of 
references containing additional information about Thundereggs for 
those readers who would like to learn more about them is printed 
below. 

Brown, R.W., 1957, P1antlike features in thunder-eggs and geodes: 
Washington, D.C., Smithsonian Institution Report for 1956, p. 329-339. 

Crippen, R.A., 1948. Unusual concretions from Templeton, San Luis Obispo 
County, California: California Journal of Mines and Geology, v. 44, no. 
3, p. 249-252. 

Dake, H.C., 1951, The agate book: Portland, Oreg., Mineralogist Publishing 
Company. 64 p. 

Dake, H.c., Fleener, EL., and Wilson, RH., 1938, Quartz family minerals: 
New York, Whittlesey House, 304 p. 

Dake, H.e., and MacLachlan, D., 1962, Northwest gem trails (3rd ed.): 
Mentone, Calif., Gembooks, 95 p. 

Farrington, nc., 1927, Agate: Physical properties and origin: Chicago, Ill., 
Field Museum of Natural History Leaflet 8, p. \05-123. 

Foshag, W.E, 1926, The minerals of Obsidian Cliff, Yellowstone National 
Park, and their origin: Washington, D.c., Proceedings of the United States 
National Museum, v. 68, art. 17, p. 1-18. 

Gaertner, H., 1971, Achate, steinerne Wunder der Natur: Friedrichsdorf, 
Germany, Alles + Brillant, 71 p. 

Highland Rock and Gift Shop. 1982, The rockhound's map of Oregon: Bend, 
Oreg., map with text on reverse side. 

Kunz, G.E, 1893, Precious stones, in Day, D.T., geologist-in-charge, Mineral 
resources of the United States, 1892: U.S. Geological Survey, p. 776. 

Leiper, H .. ed .. 1966, The agates of North America: The Lapidary Jour­
nal, 95 p. 

McMullen, D. E., 1975, Oregon under foot: Portland, Oreg., Oregon Museum 
of Science and Industry Press, 60 p. 

Oregon Agate and Mineral Society, 1978, Map of Oregon gem locations: 
Portland, Oreg., map with text on reverse side. 

Oregon Department of Geology and Mineral Industries, 1965, Thunderegg: 
Oregon's state rock: Oregon Department of Geology and Mineral In­
dustries, Ore Bin, v. 27, no. 10, p. 189-194. 

Oregon Department of Transportation, Highway Division, (n.d.), Oregon 
rocks, fossils, and minerals and where to find them: Salem, Oreg., 
brochure with map, text, and photos. 

Quick, L., 1963, The book of agates: Philadelphia, Chilton Books, 232 p. 
Rieman, H.M., 1971, Thunder eggs: The Lapidary Journal, v. 24, no. 10, 

p. 1328-1335. 
Rodgers, 1.R., 1969, The rockhound's map of Oregon: Portland, Oreg., map 

with text on reverse side. 
Rodgers, PR .. 1975, Agate collecting in Britain: London, B.T. Bat,ford, Ltd., 

96 p. 
Ross, C.S., 1941, Origin and geometric form of chalcedony-filled spherulites 

from Oregon: American Mineralogist, v. 26, no. 12, p. W-732. 
Sinkankas, 1., 1959, Gemstones of North America: New York, Van Nostrand 

Reinhold Company, p. 115, 309-311. 
---1976. Gemstones of North America, v. II: New York, Van Nostrand 

Reinhold Company, p. 52, 53, 235-237. 
Smith, K.L., 1988, Opals from Opal Butte, Oregon: Gems and Mineralogy, 

v. 24, no. 4, p. 229-236. 
Staples, LW., 1965, Origin and history of the thunder egg: Oregon Depart­

ment of Geology and Mineral Industries, Ore Bin, v. 27, no. 10, p. 195-204. 
USDA Forest Service, in cooperation with the U.S. Bureau of Land Manage­

ment and the Prineville-Crook County Chamber of Commerce, 1969, 
Central Oregon rockhound guide: Map with photos and text on back. 

Wheeley, H., 1976, Take your pick to Agate Creek: Melbourne, Australia, 
Gemcraft Publications, Ltd., 72 p. 

Wright, R, 1984, Native silica: London, England, Wyman and Sons, 263 p. 
-Paul F. Lawson 

OIL AND GAS NEWS 
Drilling begins at Mist Gas Field 

Drilling began at the Mist Gas Field during July, when DY Oil 
spudded its well Neverstill 33-30. The well is located on the west 
side of the field in SE 1;.\ sec. 30, T. 6 N., R. 5 w., Columbia Coun­
ty. Proposed total depth is 3,000 ft. DY Oil has permits for two ad­
ditional locations at Mist Gas Field. Taylor Drilling Company, 
Chehalis, Wash., is the contractor. 

Mist production for 1989 
Through June, 16 gas wells were producing at Mist Gas Field. 

Cumulative production from January through June was about 1.1 
billion cubic feet (Bct) of gas. In addition, eight gas wells were com­
pleted at the field and are shut in, awaiting pipeline connection. 

A report containing complete production figures for Mist Gas 
Field, from its discovery in 1979 through 1988, is available at the 
Oregon Department of Geology and Mineral Industries (DOGAMI). 
For each well, the report contains data on monthly and cumulative 
production, tubing and casing pressures, Btu values, and revenue 
generated from gas sales. The report will be sold together with the 
Mist Gas Field Map (Open-File Report 0-89-2), which shows the 
locations of all wells drilled and permitted, as well as dates and 
depths of drilled wells and names of their operators. Both the map 
and the production report will be updated annually and sell for $7. 

Recent permits 

Permit 
no. 

431 

432 

Operator, well, 
API number 

Northwest Fuel 
Hammerberg 32-14-65 
36-009-00260 

ARCO 
Columbia Co. 34-8-75 
36-009-00261 

433 ARCO 
Meridian 34-31-65 
36-009-00262 

Location 

NEI,4 sec. 14 
T.6N.,R.5W. 
Columbia County 

SEI,4 sec. 8 
T. 7 N .. R. 5 W. 
Columbia County 

SE14 sec. 31 
T. 6 N., R. 5 W. 
Columbia County 

(Geothennal, continued from page 105) 

Status, proposed 
total depth (ft) 

Permitted; 
2,700. 

Permitted; 
2,760. 

Application 
withdrawn. 

o 

Sherrod, D.R., 1988, Geologic and geothermal summary of the Breitenbush­
Austin Hot Springs area, Clackamas and Marion Counties, Oregon, in 
Sherrod D.R., ed., 1988, Geology and geothermal resources of the 
Breitenbush-Austin Hot Springs area, Clackamas and Marion Counties, 
Oregon: Oregon Department of Geology and Mineral Industries Open­
File Report 0-88-5. p. 63-67. 

Sherrod, D.R., and Smith, 1.G., 1989, Preliminary map showing upper Eocene 
to Holocene volcanic and related rocks of the Cascade Range in Oregon: 
U.S. Geological Survey Open-File Report 89-14, scale 1:500,000. 

Smith, G.,A., Vincent. K.R., and Snee, LW., 1989, An isostatic model 
for basin formation in and adjacent to the central Oregon High Cascade 
Range, in Muffler, LJ.P', Blackwell, D.D., and Weaver, C.S., eds., 
Geology, geophysics, and tectonic setting of the Cascade Range: U. S. 
Geological Survey Open-File Report 89-178, in press. 

Swanberg, e.A., Walkey, w.e., and Combs, 1., 1988, Core hole drilling 
and the "rain curtain" phenomenon at Newberry volcano, Oregon: Journal 
of Geophysical Research, v. 93, no. B9, p. 10163-10173. 

Taylor, E.M., 1981, Central High Cascade roadside geology-Bend, Sisters, 
McKenzie Pass, and Santiam Pass, Oregon, in Johnston, D.A., and 
Donnelly-Nolan, 1., eds., Guides to some volcanic terranes in Washington, 
Idaho, Oregon, and northern California: U.S. Geological Survey Cir­
cular 838, p. 55-58. 

Walker, G.w., and Duncan, R.A., 1988, Geologic map of the Salem lOx 
2 0 sheet, Oregon: U.S. Geological Survey Miscellaneous Investigations 
Series Map 1-1893, scale 1:250,000. D 

OREGON GEOLOGY, VOLUME 51, NUMBER 5, SEPTEMBER 1989 117 



ABSTRACTS 
The Department maintains a collection of theses and disserta­

tions on Oregon geology. From time to time, we print abstracts of 
new acquisitions that, we feel, are of general interest to our readers. 

A SEISMIC-REFRACTION STUDY OF A PORTION OF THE 
NORTHEASTERN MARGIN OF THE TUALATIN VALLEY, 
OREGON, by David 1. Nazy (M.S., Portland State University, 
1987), 81 p. 

The Tualatin Valley is a well-defined elliptical basin centered 
at Hillsboro, with a major axis trending roughly N. 65x W. The 
valley is bordered on the northeast by the Tualatin Mountains 
(Portland Hills), which are a faulted, northwest-trending asym­
metrical anticline. Topographic and geophysical evidence have de­
fined the Portland Hills fault, which occurs along the northeast side 
of the Tualatin Mountains. The possibility that a fault or fault zone 
occurs along the southwest side of the Tualatin Mountains was in­
vestigated in this study. 

Boring Lavas, occurring on the southwest side of the Tualatin 
Mountains and having been erupted through the Columbia River 
basalt, may define wnes of fracture or faulting in the Columbia River 
basalt. An exposed "window" of sediment is located near the town 
of Bonny Slope on the southwest side of the TUalatin Mountains. 
This sedimentary unit is presumed to be marine in origin, 
stratigraphically below the Columbia River basalt. Exposure of this 
unit at this location may be the result of landsliding, faulting, or 
paleotopographic highs during the deposition of the Columbia River 
basalt. 

Seismic-refraction methods were used to produce shallow 
(0-50-m) geologic models near the areas of the proposed fault zone. 
The refraction models indicate that Columbia River basalt roughly 
parallels the surface topography at an average depth of 15 m and 
is overlain by a weathered wne ranging in thickness from 5 to 15 
m. The basalt is broken up into blocks, mainly in the southeastern 
half of the study area. Data collected through this study indicate 
that the sedimentary unit at Bonny Slope is not underlain by Col­
umbia River basalt. This provides further evidence that this unit 
is part of the Scappoose Formation, although it is uncertain as to 
whether this feature is related to faulting or paleotopographic highs. 

A MAGNETOTELLURIC INVESTIGATION OF THE 
LOoKOUT MOUNTAIN AREA IN THE CENTRAL OREGON 
HIGH CASCADES, by William W. Clingman (M.S., University 
of Oregon, 1988), 81 p. 

A large gravity anomaly and numerous north-trending volcanic 
lineaments suggest that the area around Lookout Mountain in the 
central Oregon High Cascades should provide a significant test of 
the magnetotelluric sounding method in identifying and characteriz­
ing subsurface structures in young volcanic areas. Data from 34 wide­
band magnetotelluric sites in the area were analyzed; the results are 
discussed in terms of the known and inferred surficial and subsur­
face geology of the area. 

As in other areas of the Cascade Range, the electrical profile 
of the crust in the study area consists of shallow and deep conduc­
tive layers separated by a thick resistor. Resistivities in the surface 
layer show excellent correlation with surface geology. Low-frequency 
electrical strikes trend northeast, roughly parallel to the strike of 
the gravity anomaly and to other large-scale features of the region. 
North-trending volcanic lineaments do not appear to exert signifi­
cant control over resistivity distribution in the area. 

THE GEOWGY, GEOCHEMISTRY, AND ALTERATION OF 
RED BUTTE, OREGON; A PRECIOUS-METAL-BEARING 
PALEO HOT SPRING SYSTEM, by C. Susan Evans (M.S., 
Portland State University, 1986), 133 p. 

Red Butte is located 60 km south of Vale, Oregon, about 20 km 
west of the Oregon/Idaho border. The butte is within eastern Oregon's 
Owyhee Upland physiographic province, at the intersection of the 
Western Snake River Plain, the High Lava Plains, and the Northern 
Basin and Range provinces. 

The butte is composed of Miocene to Pliocene lacustrine and 
fluvial volcaniclastic sediments. The topography of the butte is con­
trolled by silicification of the sandstones and mudstones that cap it. 
Silicification and hydrothermal alteration are both structurally and 
stratigraphically controlled. North-trending normal faults dominate 
the area and show progressively less offset in younger units. Strong 
northwest and minor northeast faults also cut the area. D 

(Earthquake, continued from page 110) 
Portland Water Bureau and Leon Wang of Old Dominion Universi­
ty as part of an NEHRP-funded analysis of the seismic resistance 
of the Portland water system. 

CONCLUSION 
The understanding of earthquake hazards in Portland is rapidly 

improving and suggests that the threat is greater than previously con­
sidered. Although it will still be many years before it will be possible 
to produce accurate probabilistic acceleration maps for the area, 
it is currently possible to assess relative ground-motion or ground­
failure effects for a given earthquake using the detailed surficial 
geologic maps being produced by DOGAMI. Several studies have 
been proposed to turn these data into products useful to the engineer­
ing and planning communities, and more are encouraged. It is easy 
to be complacent about earthquakes in Oregon, and there is no ques­
tion that the risk in adjacent states is far greater. Still, the writing 
of this paper was interrupted by the Camas earthquake of August 
1, 1989, a reminder that the Portland area is tectonically active. We 
must continue to make use of all available resources to ensure that 
our community is earthquake-safe. 

REFERENCES 
Atwater, B. F., 1987, Evidence for great Holocene earthquakes along the outer 

coast of Washington State: Science, v. 236, p. 942-944. 
Beeson, M.H., Tolan, T.L., and Madin, l.P., 1989, Geologic map of the 

Lake Oswego Quadrangle, Clackamas, Multnomah, and Washington 
Counties, Oregon: Oregon Department of Geology and Mineral Industries 
Geological Map Series GMS-59. 
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of earthquake strong ground motions with applications to the Pacific 
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March 1989, Portland, Oreg.: U.S. Geological Survey open-file report, 
in press. 
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Seed, H.B., Romo, R.P., Sun, 1.1., Jaime, A., and Lysmer, 1., 1988, The 
Mexico earthquake of September 19, 1985: Relationships between soil 
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intraplate and known crustal earthquake source zones in the Cascadia 
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in press. D 
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AVAILABLE DEPARTMENT PUBLICATIONS 
GEOLOGICAL MAP SERIES Price No. copies Amount 
GMS-5. Geologic map, Powers 15-minute quadrangle, Coos and Curry Counties. 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 Mountain Range, Oregon. 1978..... . . . . . . . . . . . . . . . . . . . . . . . . 3.00 
GMS-9. Total-field aeromagnetic anomaly map, central Cascade Mountain Range, Oregon. 1978 .............................. 3.00 
GMS-I0. 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 part of Olds Ferry 15-min. 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 
GMS-16. Free-air gravity anomaly map and complete Bouguer gravity anomaly map, south Cascades, Oregon. 1981............... 3.00 
GMS-17. Total-field aeromagnetic anomaly map, south Cascades, Oregon. 1981 ............................................. 3.00 
GMS-18. Geology of Rickreall, Salem West, Monmouth, and Sidney 7~-min. quads., Marion/Polk Counties. 1981 ............... 5.00 
GMS-19. Geology and gold deposits map, Bourne 7~-minute quadrangle, Baker County. 1982................................. 5.00 
GMS-20. Map showing geology and geothermal resources, southern half, Burns 15-min. quad., Harney County. 1982 ............. 5.00 
GMS-21. Geology and geothermal resources map, Vale East 7 1h-minute quadrangle, Malheur County. 1982...................... 5.00 
GMS-22. Geology and mineral resources map, Mount Ireland 7 1h-minute quadrangle, Baker/Grant Counties. 1982 ................ 5.00 
GMS-23. Geologic map, Sheridan 7~-minute quadrangle, Polk/Yamhill Counties. 1982....................................... 5.00 

) GMS-24. Geologic map, Grand Ronde 7lh-minute quadrangle, Polk/Yamhill Counties. 1982 ................................... 5.00 
GMS-25. Geology and gold deposits map, Granite 7~-minute quadrangle, 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 I 0x2 ° quadrangle. 1982 ...................... 6.00 
GMS-28. Geology and gold deposits map, Greenhorn 7~-minute quadrangle, Baker/Grant Counties. 1983 ....................... 5.00 
GMS-29. Geology and gold deposits map, NE14 Bates 15-minute quadrangle, Baker/Grant Counties. 1983 ....................... 5.00 
GMS-30. Geologic map, SE14 Pearsoll Peak 15-minute quadrangle, Curry/Josephine Counties. 1984 ............................ 6.00 
GMS-31. Geology and gold deposits map, NW14 Bates 15-minute quadrangle, Grant County. 1984 ............................. 5.00 
GMS-32. Geologic map, Wilhoit 7~-minute quadrangle, Clackamas/Marion Counties. 1984 ................................... 4.00 
GMS-33. Geologic map, Scotts Mills 7~-minute qiladrangle, Clackamas/Marion Counties. 1984................................ 4.00 
GMS-34. Geologic map, Stayton NE 7~-minute quadrangle, Marion County. 1984........................................... 4.00 
GMS-35. Geology and gold deposits map, SWIA Bates 15-minute quadrangle, Grant County. 1984.............................. 5.00 
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Mammoth tusk found near Mitchell, Wheeler County. 
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it with a protective layer of plaster of paris). Article beginning 
on page 129 discusses the fmd and its display in the Prineville 
District Office of the U.S. Bureau of Land Management. 
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Drilling activity at Mist 

DY Oil drilled three wells at the Mist Gas Field during August. 
The Neverstill 33-30 was drilled to a depth of 2,225 ft and was 
completed as a gas producer. The Forest Cav 13-6 and Burris 
CC 24-8 were drilled to a depth of 1,796 and 2,684 ft, respectively, 
and both were plugged and abandoned. 

ARCO commenced operations at Mist during August, drilling 
the CER 41-16~64 to a depth of 2,105 ft and suspending the well. 
Details have not been released. The CER 24-18-64 was drilled 
to a depth of 1,810 ft and was plugged and abandoned. ARCO 
plans to drill at least three more wells at Mist this year and will 
attempt recomp1etions and other work on wells at the field. 
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The bill is to provide for ground-water protection and surface 
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36-009-00265 Columbia County 

437 ARCO SE1f4 sec. 25 Pennitted; 
Oregon 34-25-66 T. 6 N., R 6 W. 2,280. 
36-007 .{XX)22 Clatsop County 0 
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Industrial minerals in Oregon 
by Ronald P. Geitgey, Oregon Department of Geology and Mineral Industries 

ABSTRACT 
A wide variety of industrial minerals is pro­

duced in Oregon for regional, national, and 
international markets. The estimated total value 
of nonfuel mineral production in Oregon in 
1988 was $169 million, virtually all of which 
was from industrial minerals. Sand, gravel, and 
crushed rock accounted for approximately $115 
million. 

Limestone is quarried from one location for 
cement production and sugar-beet processing 
and from two other locations for agricultural 
uses. Diatomite is produced by two companies, 
one for filter aids and the other for pet litter 
and oil absorbents. Bentonite clay from two 
operations is used primarily for civil-engineer­
ing applications, and structural clays are used 
by two brick manufacturers. Pumice from two 
areas is sold to concrete-block producers, and 
lesser· amounts are used for landscaping and 
for stone-washing certain garments. The zeolite 
mineral clinoptilolite is processed for absor­
bents and odor-control products. Exploration 
and limited production of perlite continues, and 
emery is produced for nonskid surface coatings. 
Quartzofeldspathic beach dunes supply mate­
rial for container glass production, and quartz 
is quarried for nickel smelting, filter beds, poul­
try grit, and decorative uses. Talc, in the form 
of soapstone, has an international market as 
fine-quality art-carving material, and gemstone 
production includes agates, opal, obsidian, and 
suns tone, a calcic plagioclase feldspar. 

Many commodities produced in the past in 
Oregon merit reevaluation. Some of these are 
brick clays, chromite, expandable shales, 
foundry sands, gypsum, iron-oxide pigments, 
peat, and building stone, including gray gran­
ites, white marble, black marble, sandstones, 
and volcanic tuffs. Production ceased for most 
of these because of market conditions and in­
creased costs rather than product quality or de­
posit reserves. 

Several other commodities have the poten­
tial for new or increased production. Some have 
been evaluated; others are known occurrences 
that have geologic potential for commercial de­
velopment. They include bentonite clay, bo­
rates, feldspar, ferruginous bauxite, fuller's 
earth, kaolin clay, nepheline syenite, perlite, 
and talc. 

INTRODUCTION 

Industrial, or nonmetallic, minerals are often 
unnoticed commodities, but their production 
is essential to nearly all phases of a modern 
economy, including construction, manufactur­
ing, and production of food, fuels, and fibers. 
Their total value far exceeds that of the metals 
in both national and world markets. 

The term "industrial minerals" defies suc-

cinct, comprehensive definition. It encom­
passes natural rocks and minerals as well as 
manufactured products such as cement and 
lime. While often tern1ed "nonmetals", some 
industrial minerals are, in fact, metal ores that 
are utilized for properties other than their con­
tained metal. Bauxite, for example, is the ore 
of aluminum metal but also the basis for some 
refractories (heat-resistant materials), abra­
sives, chemicals, and pharmaceuticals. Simi­
larly, gemstones such as diamond and sapphire 
are included in some discussions of industrial 
minerals, in part because of their role as abra­
sives in the form of industrial diamonds and 
corundum. Perhaps it is simpler to say that 
industrial minerals are naturally occurring rocks 
and minerals and certain products manufactured 
from them that are not used as metal ores or 
as fuels. 

The uses of industrial minerals are highly 
diverse. Some are dependent on physical prop­
erties such as strength, hardness, softness, color, 
and density, while other uses, including chem­
icals, fertilizers, ceramics, and glass, are de­
pendent on chemical composition. Hard or 
tough minerals such as quartz, gamet, or emery 
are used as abrasives and on wear-resistant sur­
faces. Soft minerals such as talc and graphite 
are valuable for their lubricity (slipperiness) 
and for the minimal wear they have on the 
equipment used to make products containing 
them. Strength, flexibility, and density are 

among several characteristics of plastics that 
depend on industrial-mineral content. In con­
struction, industrial minerals are used as ag­
gregates (sand, gravel, crushed rock), building 
stone, cement, plaster, and roofing materials. 
In paints, industrial minerals determine color, 
covering capacity, gloss, toughness, washabil­
ity, and sag resistance. The paper industry uses 
numerous minerals as fillers and coaters to con­
trol various properties of the paper, such as 
bulk, weight, smoothness, opacity, and ink re­
tention. Numerous juices, beverages, oils, and 
other liquids are filtered through layers or beds 
of certain industrial minerals to remove im­
purities and to clarify the product. 

Many industrial minerals can perform sev­
eral different functions. For example, quartz 
in its several forms can be used in numerous 
applications, including glass, electronics, re­
fractories, abrasives, aggregates, fillers, filters, 
and foundry sands. Limestone may be used 
for cement, aggregate, building stone, chem­
icals, glass, plastics, paper, agriculture appli­
cations, sugar refining, and treatment of waste 
liquids and gases. 

As a result of this diversity of uses and 
properties, exploration for and evaluation of 
industrial minerals are often highly specialized 
fields. A chemical assay may be useful, but 
often physical properties, type of impurities, 
and distance from potential markets are far more 
important. In some applications, the precise 
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Table I. chemistry or mineralogy of the raw material COMMON CLAY 
minerals in occurrence. may be less important than its uniformity or Common clay is produced in 11 counties B=Pasl its performance in the finished product. Mar- for engineering applications, for cement man-

keting and research and development are often ufacture, and for brick production. Columbia 

Aknnina X critical to the economic viability of an indus- Brick Works, Inc., al Gresham near Ponland 
Em>y X X trial-mineral prospect. Unlike most metals, for in Mullnomah Coonty, operates a high-volume 

""'"' X which there are well established markets and facing brick plant utilizing clay mined on its 
Sitica X X X end uses, industrial minerals must often create propeny. Klamath Falls Brick and Tile Corn-
S", X X their own markets by demonstrating a clear pany in Klamath Falls (Figure 3) is a smaller, -- superiority in performance and. ultimately, cost specialty-brick company producing a wide va-

""""" "'" X X X 
5.nl and gravel X X X over competing materials or sources. riety of colors of facing and paving bricks from 

A1WIile X In Oregon, a wide variety of industrial min- clays mined in Klamath County and several 

Asbestos. dtrysotile X X erals is produced for regional. national. and other western counties. 

""'" X international markets. The state's estimated 
Ball'.iIe. ferrugioo.ts X total value of non-fuel mineral production in 

"""" X X 
Buildingstcne 1988 was $169 million, of which vinually all 

B.a, X X was from industrial minerals, Sand, gravel. and 
Gooite X X crushed rock accounted for approximately $ 11 5 
UmestOl"O! X X million. Current producers are shown in Figure 

"""" X X I, and documented occurrences, past produc-- X X 
T,ff X X tion. and present production of various indus-

"""" X X trial minerals are summarized in Table I. 

"""""'" X X 
e.- X X X AGGREGATES 

""~ Aggregate materials are produced by private Figure 3. K/amflth Falls Brick and Tile Com-- X X 
companies and various federal. state, and pany in Klamath Fal/s. Klamath Coumy. Fuller's eanh X 

""'"" X coumy agencies. Crushed stone, almost exclu-R_ 
X X sively basalt, is produced in all 36 counties LIMESTONE 

S"""",, X X X (Figure 2): sand and gravel is produced in all Limestone crops out in the nonheastern 
Diall.mite X X X but five counties; and volcanic cinders are pro- counties, the southwestern coumies. and, 10 a 
E:c.JUIdabIe shale X X duced in eight counties for construction uses lesser extent, in some northweslem counties "'_ X 
A""'I'" X and for ice control on highways. Production of the state. Historically, these deposits have -""' X X methods include open pits, quarries. and 110at- been ulilized for agricultural lime, dimension 
Go"""", ing dredges. Areas of high demand and pro- stone (Figure 4). cement production, and the 

Agate. jlsper X X X duClion are areas of high population, and production of calcium carbide. 
G~, X X urbanization continues to encroach Ofl aggre- Limestone and shale are quarried near 
Jade:, nephrite X X Durkee in Baker County by Ash Grove Cement 

""""'" X X X gate sources. Some areas do not have adequate 
West. The shale and some of the limestone 

""" X X X known reserves. particularly for concrete ag-

"""""" X X gregate where critical specifications must be is used to manufacture ponland cement which 
Sun<;lOfr, fe~ X X X met. In the past, small amounts of material is marketed in Idaho, Oregon. and Washington. 

Graphite X have been imported for concrete aggregate Higher purity limestone from the same 
GypsumIanhydri!e X X qLlalT)' is crushed and screened to various sizes 
Iron ~i<:k::s X X when transponation costs were favorable. Off- and sold as sugar rock, that is, rock used in 
Lilhi urn minerals X shore sand and gravel resources have been iden- sugar-beet refining, Sugar-beet refiners calcine CO,""'" tified, but as yet they have not been fully (fire) the limestone to quicklime which is then 

AgriculuJml X X X evaluated. added to the sugar solution during processing e_ X X X 
Sugar refining X X to precipitate phosphatic and organic impuri-

"'" X ties. The lime is then precipitated by bubbling 
Nepheline syenite X carbon dioxide (recovered from the calcining 
Olivine X operation) through the sugar Solulion 10 form 
Optical cak~e X calcium carbonate, and the sugar solution is 

"" X X clarified by filtration. Sugar rock is sold to 
Perlite X X X refiners in Idaho and eastern Oregon. 

"'""" X X X 
Silica The combined value of portland cement and 

CriSlOOOlile X sugar rock from the Durkee operation has been 
QwM. X X X about $25 million each year for the last five 

"'" X X X years. Ash Grove also operates a lime kiln in 
Sol'" X the Portland area, but its feed stock is high-
Talc, soap;Ione X X X Figure 2. Ha rd-rock quarry operation of calcium limestone ba rged in from the 
Venniculite X BaYI'iew Transit Mix, In c., near Seaside in company's quarry on Texada Island near Van-WoUasklnite X CIa/sop County, producing crushed rock for couver, British Columbia. -'" Cllabazite X 

road construe/ion. The newly del·eloped op- Limestone is also produced from two quar-
Oinoptilolite X X era/ion was honored with the 1988 Outstanding ries in southwestern Oregon. D and D Ag Lime 
Erionite X Opera/or Award 0/ the Oregon Depar/ment 0/ and Rock Company produces a small amount 
Mordenile X Geology and Mineral Industries. Mined Land of agricultural limestone southeast of Roseburg 
I'hillill\ite X Reclamation Program. in Douglas County. Campman Calcite Com-

"4 OREGON GEOLOGY, VOLUME 51, NUMBER 6, NOVEMBER 1989 



Figure 4. Entrance to OregOll Departmem 
of Agriculture building in Salem. built approx­
imately 20 years ago and faced with limestone 
from deposits in Benton Coumy. 

pany has acquired the Jones marble deposi t 
near Williams in Josephine County and is pro­
ducing calcium carbonate products for agri­
cultural and paper pulp uses. 

A comprehensive study of limes lOne occur­
rences in the state prepared by Howard Brooks 
oflhe Oregon Department of Geology and Min­
erai Industries is currently in press (Brooks. 
1989). 

PUMICE 
Oregon has ranked first in pumice produc­

tion in the U.S. for seven of the last eight years. 
According to U.S. Bureau of Mines statistics. 
Oregon pumice production during that period 
has remained at about 200.000 short tons per 
year, valued at about $1.5 million per year. 
Pumice occurs in many counties, particularly 
in those east of the Cascade Range, but it is 
mined on a large scale only near the city of 
Bend in Deschutes County. Cascade Pumice 
and Central Oregon Pumice mine 15- to 40-
ft-thick airfall-pumice be9s wi th overburden 
ratios up to 1: 1. Overburden is removed. stock­
piled. and finally backfilled by pan scrapers. 
and the pumice is mined by front-end loaders. 
Pit-run pumice is stockpiled and air dried. then 
crushed and screened to various size ranges. 
The major end use for products from both com­
panies is lightweight aggregate in poured con­
crete and in structural and decorative concrete 

blocks. Both companies serve. by truck and 
by rail. markets in nonhern California. Oregon. 
Washington. and British Columbia. The market 
area for pumice as lightweight concrete ag­
gregate will probably remain regional. limited 
by transp:mation costs and competing sources 
in Idaho and California. 

Lesser amounts of pumice are sold for land­
scaping (Figure 5), roofing. floor sweep. pet 
litter. and horticultural soil mixes. Cascade 
Pumice is also marketing a small tonnage of 
2- to 4-in. lump pumice mined in Klamath 
County for slOne-washing jeans and other 
denim garments. This small segment of the 
pumice market is of high enough value to bear 
shipping costs to the midwestern and eastern 
parts of the country. 

Figure 5. Pumice blocks such as the one 
easily held here by a child are used for land­
scaping purposes. 

CINDERS 

Most volcanic cinder production in the state 
is used for road surfacing and for ice control. 
and most is produced by various government 
agencies. Neither Central Oregon Pumice nor 
Cascade Pumice sell to this particular market, 
but both mine red and black cinders for con­
crete-block aggregate. landscaping. and other 
uses. Cinder aggregate produces a heavier but 
higher strength block than pumice aggregate 
alone. and both may be blended for various 
strength and color characteristics. Landscaping 
products range from pea-sized grains upto boul­
ders several feet in diameter. 
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SILICA 
Silica resources in Oregon include 

quartzofeldspathic sands and quartz replace­
ment bodies. The sands include coastal dune 
sands, interior dune sands. onshore marine 
sands. and fluvial and lacustrine sands. The 
high-purity quartz bodies are the result of si­
licification of carbonate units and of rhyoli tic 
volcanics. A reconnaissance survey of silica 
sources in the state is currently being conducted 
by the author. 

Silica is produced by three companies. in 
one case from dune sands and in two from 
quartz bodies. CooSand Corporation mines 
quartzofeldspathic dune sands on the north 
shore of Coos Bay in Coos County. The deposit 
has a panicle-size distribution ideal for glass 
manufacture and is located on a rail line. The 
sand is shipped to a plant near Portland where 
magnetic separation is used to lower the iron 
content sufficiently to meet specifications for 
container glass manufactured by Owens-Illinois 
in Ponland. CooSand also sells some material 
for construction sand and for engine traction 
sand. Beneficiation testing, which includes 
scrubbing. froth flotat ion. and magnetic sep­
aration. has shown that some of the coastal 
dune deposits could be upgraded to meet flat­
glass standards. The deposits are also well sit­
uated forrail or barge transponation to domestic 
or offshore markets. 

Bristol Silica and Limestone Company, near 
Gold Hill in Jackson County (Figure 6). pro­
duces crushed and screened quartz in various 
size ranges for filter beds. poultry grit, land­
scaping. and exposed-aggregate concrete pan­
els. The quartz body was formed by 
replacement of a carbonate lens, and in the 
past the company has also produced limestone 
and dolomite products from unaltered portions 
of the deposi t. Bristol has been in production 
at this location for over 50 years. 

Crushed quanz is also produced from Quartz 
Mountain, a silicified rhyolite in eastern Doug­
las County. Formerly, all production went to 
Hanna Nickel Company at Riddle. Oregon. for 
use in nickel smelting. Glenbrook Nickel. the 
new operator of the Nickel Mountain propeny, 
also uses this same source for silica. The owners 
of Quartz Mountain are seeking addit ional mar­
kets for thei r high-purity quartz. 

Figure 6. Part 0/ Bristol Silica and Ume­
stone Company operation in Jackson County. 
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SLAG 
During its smelting of nickel at the Nickel 

Mountain property in Douglas County, Hanna 
Nickel produced several million tons of gran­
ulated slag. Part of the slag was purchased by 
Reed Minerals aod stockpiled in Riddle. Reed 
crushes and sizes the slag into several grades 
of air-blast abrasives. which are marketed uoder 
the Green Diamond brand name. The abrasive 
products have the advantage of high durability 
and absence of free silica, and they are marketed 
primarily to West Coast shipyards aod steel-tank 
manufacturing and maintenance companies. 

EMERY 
Oregon Emery Company in Halsey. Linn 

County, produces abrasive and wear-resistant 
products from an emery deposit in eastern Linn 
County (Figure 7). The corundum-spinel-mull­
ite-magnetite emery is apparently the result of 
contact metamorphism of ferruginous bauxites 
and is one of several such deposits owned by 
the company in the Cascade Range. Processing 
inCludes crushing and screening to produce spe­
cific particle shapes and sile ranges. Oregon 
emery is used primarily in skid-resistant and 
hardened surfaces with concrete or epoxy sys­
tems in such areas as industrial floors, ramps, 
and traffic ways and on steel-bridge decking. 

Figure 7. Emery outcrop in Doug/as CO!lllty 
deposit curren/ly held under claim by Oregon 
Emery Company. 

DIATOMITE 
Central and eastern Oregon have had a long 

history of lacustrine environments and silicic 
volcanism, which resulted in numerous occur­
rences of fresh-water diatomite beds. Twocom­
panies currently are mining and processing 
diatomite in Oregon: Oil-Dri Corporation of 
America, at Christmas Valley in Lake County. 
and Eagle-Picher Minerals, in nonhern Harney 
and Malheur Counties. 

Oil-Dri produces crushed and screened 
granules for floor absorbents and cat litter for 
several distributors as well as for the company's 
own brand name products. Eagle-Picher trucks 
diatomite ore from mines near Juntura (Figure 
8) to its plant near Vale where the diatomite 
is crushed. dried, flux-calcined, aod sized for 
filter-aid products. The robust skeleton of the 
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Figure 8. View of Eagle-Picher diatomite mine (cenler of photo) in northeastern Harney 
Coul1lY· 

dominant diatom species in this deposit is par­
ticularly well suited to high-pressure and high­
volume filtration of a wide range of mineral 
oils, edible oils, juices, beverages, and food 
products (Figure 9). 

PERLITE 

Miocene silicic volcanism also fonned per­
lite deposits in eastern Oregon. Some have been 
mined in the past, others have been drilled, 
and one, on Dooley Mountain in Baker County, 
is currently being mined by Supreme Perlite 
Company. Supreme Perlite has an ellpansion 
facility in Ponland that processes raw perlite 
from Oregon and New Mexico to produce cryo­
genic, horticultural, masonry. and construction 
products. 

Figure 9. Scanning electron photomicro­
graph of diatoms. ().l = micron =one-milliol1lh 
meier. aile inch has 25,400 mic"roIiS. 

A perlite deposit on Tucker Hi ll in southern 
Lake County has been drilled and evaluated 
by several companies. Although reportedly of 
commercial quality and quantity, the deposit 
is not welllocaled with respect to market areas, 
and no development has yet been staned. 

BENTONITE CLAYS 
Sodium and calcium montmorillonite clays, 

generally known as swelling and nonswelling 
bentonites, respectively, occur throughout the 
volcaniclastic sediments in eastern Oregon 
(Figure 10). A reconnaissance survey of oc­
currences was recently completed by Gray, 
Geitgey. and Baxter (1988) of the Oregon De­
panment of Geology and Mineral Industries. 
Preliminary testing suggests that these clays 
have potential for civil engineering, foundry, 
drilling, filler, binding, and absorbent appli­
cations. 

Two companies are currently producing 
bentonite: Central Oregon Bentonite, 40 mi 
southeast of Prineville in Crook County, and 
Teague Mineral Products in Adrian in Malheur 
County. The principal market for swelling ben­
tonite from both operations has been in en­
gineering uses. including sealants for ponds, 
ditches, building foundations. and waste dis­
posal sites. 

ZEOLITE 
Bedded deposits of several zeolite minerals 

including clinoptilolite, chabazite, mordenite, 
erionite, and phillipsite have been documented 
in eastern Oregon. Several deposits are held 
by various companies. and many have been 
drilled and evaluated, including occurrences in 
the Harney Basin in Harney County: the Durkee 
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Basin in Baker County; and the "Rome Beds." 
tnc Sucker Creek Fonnation. and the Sheaville 
area in Malheur County. These localities all 
have zeolites of sufficient accessibility, thick­
ness, areal extent, cation-exchange capacity, 
and absorption characteristics to be of economic 
interest, but, as with natural zeolites in general. 
large-volume markets remain clusive. Only 
Teague Mineral Products is currently producing 
zeolite in Oregon. Teague mines clinoptilolite 
from the Sucker Creek Fonnation in Malheur 
County and processes it at a mill in Adrian 
for absorbent and odor-control prooucts. The 
mineral has also proouced favorable test results 
in preventing uplake o f radioac tive cesium by 
plants in contaminated soils on Bikini Atoll 
and in removing heavy metals from mine drain­
age waters. 

Figure /0. --Popcorn" weathering is often 
thefirst sUrface telltale for a deposit of swelling 
bentonite. Photo is of an all/crop near DaYI'ilie. 
Grant CO/lillY. 

TALC 
Ultramafic rocks crop OUi in northeastern 

and southwestern Oregon. Alteration of 
serpentinite bodies in tncse areas has produced 
talc and talc carbonate (dolomite or magnesite) 
deposits that may be of commercial importance. 
Amphiboles 1lre present in some occurrences. 
but others are free of both amphiboles and 
chrysotile. Ferns and Ramp of the Oregon De­
partment of Geology and M'ineral Industries 
have recently reported on talc occurrences in 
the state (Ferns and Ramp, 1988). 

Talc, or soapstone, is being proouced by 
Steatite of Southern Oregon from deposits on 
Elliott Creek Ridge at the southern edge of 
Jackson County (Figure II). The company's 
principal product is asbestos-free art sculpture 
stone in a variety of colors for domestic and 
international markets. Recently, the company 
has also begun to supply dimensional blocks 
and crushed material for heat-storage liners in 
ovens and fireplaces. . 

GEMSTONES 
Gem and lapidary material has been pro­

duced from Oregon for many decades. but, as 
is typical in most areas. it is very difficult to 
estimate accurately an annual value of produc­
tion. Material is mined from lode claims, placer 

Figure II. Talc outcrop in Jackson County 
deposit milled by Steatite of Southern Oregon. 

claims, private land, and free sites on federal 
land. Several varieties of agate are valued for 
their colors. banding. inclusions. and graphic 
pallems, and are often associated with areas 
of young volcanism and silicification. Spec­
imens of petrified wood often show unusually 
well-preserved cell structure. One of the most 
highly prized materials is the thunder egg, a 
type of nodule or geode formed in silicic vol­
canics, particularly ash-flow tuffs. Thunder 
eggs may be filled with quanz crystals or with 
banded or pallerned opal or chalcedony. Several 
varieties of opal. including a small amount of 
very high quality precious opal, are mined at 
Opal Bulle in Morrow County. 

Oregon sunstone. a face ting-grade, gemmy, 
calcic plagioclase felds par. is mined near the 
Rabbit Hills in Lake County and in southeastern 
and nonhwestern Hamey County (Figures 12 
and 13). The sunstones occur in basalt nows 
as transparent megacrysts up to 3 in. long with 
compositions ranging from about Ah4oAll6O to 

Figure 12.llIformutio/lmark£rol public co/­
lecting area for sunstones near Rabbit Hills 
in Lake COl/my. 
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Ab25An75. Colors rapge from clear to pale yel­
low. pink. red, green. and blue, with increasing 
copper content. Some specimens exhibit 
aventurescence or schi ller due to exsolved 
platelets of metallic copper. Current retail prices 
range from about $20 to $150 per carat, with 
the higher prices commanded by deepercolors. 
larger stones. or more elaborate cuts. 

PAST PRODUCTION 
Many industrial minerals produced in Or­

egon in the past are no longer mined. Some, 
such aschromite, were mined in small tonnages 
and only as a result of wanime shonages. Oth­
ers, including building stone and brick clays, 
were victims of shifts in architectural tastes 
and changes in construction techniques with 
the increased availability of ponland cement. 
Production ceased for most in response to 
changing market condit ions and increases in 
mining costs rather than because of noncom­
petitive product quality or tnc lack of reserves. 
Many of the industrial minerals listed in Table 
I as having had past production merit reeval­
uation with respect to new mining. benefici­
ation, and transportation methods and with 
respect to changes in demographics and in do­
mestic and offshore markets. Three examples 
are given below. 

( I) Historically, over 60 brick and tile plants 
have existed in Oregon, as shown in Figure 
14. Many were small, local operations meeting 
immediate needs for construction materials and 
field tile. The number of active operations has 
dwindled to only two, but now there appears 
to be an increasing market for bricks in the 
Nonhwest. The larger volume producers were 
located in the far western quarter of the state, 
and this area still is highest in concentration 
of population and fuel,electric power. and trans· 
ponation facil ities. Most of the clays were sim­
ply dugas needed, and few deposits were drilled 
and evaluated ahead of production. The light 
firing clays in the area around McMinnville, 
Grand Ronde. and Willamina in Yamhill County 
are of panicular interest. since yellow, buff, 
and white bricks were produced from those 
deposits. 

(2) Currently, no building stone quarries in 
Oregon are continuously active, although there 
have been numerous operations in the past as 

Figure 13. Col/ectors in thefield at sunstone 
orea in Harney COl/my. Area is I'ery similar 
to the one sllown in Figure 12 but is not open 
to tile pubUc. 
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~ Past Production - Brick and Tile Clays SOURCES OF INFORMATION 
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By far the most comprehensive source of 
information on industrial minerals is the latest 
edition of Industrial Minerals and Rocks, pub­
lished by the Society of Mining Engineers 
(Lefond and others, 1983). This and earlier edi­
tions describe the geology, exploration, pro­
duction, uses, and specifications of a wide range 
of industrial minerals. 

Information on specific industrial minerals 
is also included in two publications of the U.S. 
Bureau of Mines: the annual Minerals Year­
book, which contains summaries and statistical 
data (U.S. Bureau of Mines, 1989); and the 
reference work Mineral Facts and Problems, 
which reviews the geology, production, and 
uses for various mineral commodities (U.S. Bu­
reau of Mines, 1985). 

Figure 14. Location map of past production of brick and rile clays in Oregon. 

Still a very useful text is Geology of the 
Industrial Rocks and Minerals (Bates, 1960), 
which discusses industrial minerals in the con­
text of the geologic settings of their occurrences. 
The book Geology of the Nonmetallics (Harben 
and Bates, 1984) gives a worldwide perspective 
on industrial mineral deposits and production. 
Current information is best obtained from In­
dustrial Minerals, a monthly publication that 
contains short summaries on worldwide indus­
trial mineral activity, detailed articles on spe­
cific commodities or regions, and current 
market prices for various industrial minerals. 

shown in Figure 15. At the tum of the century, 
many dimension-stone quarries provided struc­
tural, decorative, and monumental stone for 
local and regional markets, including Portland 
and San Francisco. Rock types included buff 
to yellow sandstone, gray granites, white and 
black marbles, and variegated volcanic tuffs. 
Many quarries closed due to changes in ar­
chitectural style, changes in construction tech­
niques, and high costs of transportation from 
what were at that time remote locations. By 
mid-century, only highly colored and figured 
volcanic tuffs were being produced for dec­
orative facing stone. The quality of many of 
the marbles, granites and tuffs is high, and with 
modem quarry methods and transportation they 
could again be marketable. 

(3) Borates were mined from two locations 
at the tum of the century. Small pods of priceite 
in ultramafic rocks were mined in Curry County 
north of Brookings, and surface efflorescences 
were processed at Borax Lake in the Alvord 
Valley of southern Hamey County-until more 
accessible deposits were discovered in Cali­
fornia. It is unlikely that the Curry County oc­
currence could ever be economic, and shallow 
drilling has been unproductive in Harney 
County. However, the possibility of borates in 
the Alvord Valley at depths exploitable by so­
lution mining remains untested. 

DOCUMENTED OCCURRENCES 

Table 1 also lists documented occurrences 
of industrial minerals that have not been pro­
duced in the state. Many have been documented 
only by brief, unpublished reports, and their 
potential is difficult to assess. For example, 
little information is available about an occur­
rence of massive garnet on Antelope Peak in 
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Baker County, a wollastonite occurrence on 
Foster Creek in Douglas County, or nepheline 
syenite on Table Mountain and other peaks in 
Lincoln County. Others, such as the ferruginous 
bauxites in northwestern Oregon and kaolin 
on Hobart Butte in Lake County, have been 
studied in detail but are not amenable to pro­
cessing approaches currently used in the United 
States. 

The Oregon Department of Geology and 
Mineral Industries has published a total of nine 
bibliographies of the geology and mineral re­
sources of the state, the latest supplement ex-

(Continued on next page) 
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Figure 15. Location map of past production of building stone in Oregon. 
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Recently excavated mammoth tusk on display in Prineville BLM office 
A mammoth tusk found eroding from a stream bank near Mitchell 

in May 1988 by Merle. Sandra, and Devin Simmons of Eugene (see 
cover photo) has been placed on prominent display in the lobby of 
the Prineville District Office of the U.S. Bureau of Land Management 
(BLM). Merle, a dental technologist, suspected that the rather strange 
looking white material was ivory from a tooth and alerted the John 
Day Fossil Beds National Monument. The staff there passed a sample 
and the information from Simmons along to BLM. Through an in­
teragency agreement, the Park Service helped prOiect the tusk by 
applying glues to the weathered specimen and patrolling the location 
unti l the tusk could be excavated by paleontologist Dave Taylor of 
the Northwest Natural History Association. 

According to Taylor, the tusk is a greatly enlarged incisor tooth 
that most likely belonged to the columbian mammoth, or Mammuthus 
columbi. The columbian mammoth was large, even for an elephant, 
allaining a height of up to 13 ft at the shoulders. It was common 
during late Pleistocene time and ranged throughout North and Central 
America. 

BLM archaeologist Suzanne Crowley Thomas stated that the tusk, 
which was found in stream gravels with its tip lodged against a large 
boulder, was all that was left of a carcass that had probably washed 
downstream long ago. 

The tusk was found on land in Wheeler County that was recently 
acquired by BLM in the Sutton Mountain land exchange. The area 
is known to be rich in paleontological resources dated 34 10 54 million 
years old. This find is unique, however, because it is so recent. 

Before the tusk could be excavated, 6 ft of earth had to be removed 
from above the fossil, and space to work had to be cut into the 
steep hillside. Taylor, who led the excavation one hot weekend in 
August 1988, was assisted in the process by archaeologist Thomas 
and volunteers Bob Tavemia, Scott Thomas, and Merle and Sandra 
Simmons. 

The tusk was exposed, and plaster-soaked burlap strips were applied 
to form a protective jacket. Boards were added to stabilize the tusk, 
and finally the whole package was lifted onto a stretcher and carried 
downhill. The tusk then spent the next few months in a laboratory 
at Portland State University, while Taylor cut and peeled away the 
plaster jacket, applied more glues. and filled in some of the missing 
surface with plaster. 

After its return to central Oregon, the tusk was placed in a specially 
des igned case in the lobby of the Prineville BLM District Office 
along with photographs and descriptions of the excavation. The Bridge 
Creek mammoth tusk exhibit is proving to be a popular attraction 
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Sandra Simmons helping in excavating the mammoth lusk she and 
her family found near Mitchell in 1988. 
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Elemental composition of the very heavy nonmagnetic fraction of Pacific 
Northwest beach sands 
by Stephen E. Binney and Bilqees Azim, Department of Nuclear Engineering; and Curt D. Peterson, College of Oceanography, Oregon 
State University, Corvallis, Oregon 97331 

ABSTRACT 
Sieving, magnetic separation, and gravimetric separation were 

used to isolate the very heavy nonmagnetic (VHNM) fraction (spe­
cific gravity [sp grJ > 4.2) of a suite of Pacific Northwest beach 
samples. The VHNM samples were then analyzed by instrumental 
neutron activation analysis to detect the elemental concentrations 
present. Zirconium (Zr) and titanium (Ti) were the two most prom­
inent elements observed, with Zr (as zircon) generally increasing 
and Ti (as rutile) generally decreasing from south to north. The 
zircon plus rutile concentrations were in the range of about 72 
to 100 percent (mean and standard deviation of 91.7 ± 8.2 percent) 
of the VHNM mass. Several other element were closely correlated 
with the major elements Zr and Ti. 

INTRODUCTION 
The very heavy nonmagnetic (VHNM) fractions (sp gr > 4.2) 

of a suite of Pacific Northwest beach samples were analyzed to 
determine their elemental compositions. These data could be used 
along with other data to estimate the economic mineral content 
of the VHNM fraction of offshore sands. Recent measurements 
of the elemental content of coastal placers along the northern Cal­
ifornia, Oregon, and Washington beaches have concentrated on 
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Figure 1. Location of beach sample collection sites on Pacific 
Northwest beaches. 

the heavy (sp gr > 3.0) magnetic fraction (Peterson and Binney, 
1988) and the VHNM fraction (Azim, 1988) of these placers. This 
paper discusses the analysis of the VHNM fraction of samples 
collected from 14 beaches in this area. The study was originally 
designed to focus primarily on zircon, although the presence of 
rutile in the VHNM fraction expanded this scope somewhat. 

In the Klamath Mountain source area (provenance) of southern 
Oregon and northern California, zircon is derived from a variety 
of igneous and metamorphic rocks. These primary source rocks 
range from Pre-Triassic to Late Jurassic in age and are distributed 
throughout the Klamath Mountain provenance (Irwin, 1960). Ter­
tiary sedimentary rocks, derived in part from the Klamath Mountain 
terrane and from Rocky Mountain terranes to the east, might also 
supply second-cycle zircon to Oregon Coast Range drainages. Kulm 
and others (1968) report that the abundance of zircon varies from 
1 to 13 percent in heavy-mineral assemblages (sp gr > 3.0) of 
the Klamath Mountain and Oregon Coast Range rivers. 

SAMPLE DESCRIPTION AND PREPARATION 
The beach samples that were analyzed were chosen to span 

a wide geographic and geological range along the northern Pacific 
coast of the United States (Figure 1). Bulk samples were collected 
in March 1984 at mid-beach face sites on the southern side of 
headlands. Samples were taken down to 2 m below the winter-beach 
surface to obtain concentrated placer compositions at depth (Peter­
son and others, 1986). 

The first step in the sample separation process involved sieving 
about 100 g of the beach sand (0 to 2.5 <\> at 0.25-<\> intervals) 
to separate rock fragments and other larger particles from the re­
mainder of the sample. All the particles coarser than 2.25 <\> were 
discarded, leaving the fine grains consisting of relatively heavy 
particles. 

The major steps (Figure 2) in preparing the sieved samples 
for analysis were as follows: 

1. Removal of the light minerals from the heavy minerals at 
a sp gr of 3.0 by the use of sodium poly tungstate. 

Bulk sample 

Sieving 
Fine fraction 

Sodium poly tungstate 

Heavy fraction 

Hand magnet 

Weakly magnetic + nonmagnetic! Strongly magnetic raction 

[ Franz separator h 
Nonmagnetic fraction! Weakly magnetic fraction 

Sodium poly tungstate-
tun sten carbide l 

Intermediate fraction, 

Figure 2. Schematic of bulk beach sample separation 
procedure. 
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2. Removal of the heavy magnetic minerals from the nonmag­
netic heavy minerals by the use of a hand magnet and a Frantz 
magnetic separator. 

3. Ren10val of the intermediate minerals from the VHNM min­
erals at a sp gr of 4.2 by the use of a tungsten carbide-sodium 
po]ytungstate mixture. 

The purpose of the sodium poly tungstate separation was to 
achieve a separation of the fine fraction at a sp gr ::; 3.0, e.g., 
removal of the light minerals such as quartz and feldspar. The 
sample was stirred into the solution and allowed to settle for about 
12 hours. Once separation had occurred, the light minerals were 
isolated by carefully immersing the beaker of solution into liquid 
nitrogen. The lighter particles were decanted, and the heavier par­
ticles, after thawing, were thoroughly washed in a filter to avoid 
Na and W contamination. After washing, the heavy fraction was 
dried in an oven at 80°C for 12 hours (or overnight). 

The magnetic separation process removed the magnetic fraction 
of the sample. A hand magnet was used first for the removal 
of strongly magnetic substances such as magnetite. This method 
was efficient and averted subsequent clogging in the Frantz iso­
dynamic magnetic separator, in which standard settings were used 
for a more complete separation of the magnetic and nonmagnetic 
fractions. 

After the Frantz separation, a mixture of tungsten carbide and 
sodium poly tungstate was used to separate the VHNM fraction 
from the less dense nonmagnetic fraction. Zircon and rutile resided 
in the VHNM fraction (sp gr 4.6-4.7 and 4.2-4.3, respectively). 

After the separation process was completed. the VHNM fraction 
was examined under a microscope using a standard petrographic 
analysis method (Phillips and Griffen. 1981) and was found to 
consist mainly of translucent nonisometric minerals and trace 
amounts of opaque minerals. The VHNM samples were then 
weighed and heat sealed with a quartz rod into clean :V27-dram 
vials for analysis. 

METHOD OF ANALYSIS 
Sequential instrumental neutron activation analysis (INAA) was 

used to analyze the VHNM samples and determine elemental con­
centrations (Laul, 1979). Four reference standards were used: fly-ash 
powder (NBS 1633a), Columbia River Basalt Group powder 
(CRB3), a liquid U standard, and a liquid Zr standard. The CRB3 
standard is an Oregon State University (OSU) standard that has 
been calibrated with the USGS BCR-l standard rock. The VHNM 
irradiation samples had masses in the range of 20 to 160 mg, 
although one sample had a mass of < 10 mg (all that was available). 
The samples and the standards were irradiated under identical con­
ditions in the OSU TRIGA Reactor. The reactor was operated 
at a power level of 1 MW, corresponding to a thermal neutron 
flux of 1 x 1013 nlcm2-s in the ~newnatic transfer system (for 
the short irradiations) and 3 x 10 2 n/cm2 -s in the rotating rack 
(for the long irradiations). 

For short irradiations, the samples were irradiated for two min­
utes and then allowed to decay for 10 minutes. The short-lived 
nuclides (representative of the elements Ti, AI, V, Mg, and Ca) 
were analyzed first for five minutes. After two to five hours, the 
samples were reanalyzed for 10 minutes to determine the elemental 
contents of Dy, Na, K, and Mn. 

For the long irradiation, the samples and the standards were 
irradiated for seven hours. After a decay period of seven to 14 
days, the samples were analyzed for three hours to determine the 
elemental concentrations of Fe, Co, As. Sb, Rb, Ba, La, Nd, Sm, 
Yb, Lu, W, and Np (representativeofU). The samples were allowed 
to decay for an additional 20 to 30 days and then analyzed for 
six hours to measure the concentrations of Sc, Cr, Co, Zn, Se. 
Sr, Sb, Cs, Ce, Eu, Th, Zr, Hf, Ta, and Pa (representative of Th). 

The data were collected using a p-type Princeton Gamma Tech 
Ge(Li) detector with a 13-percent efficiency (relative to a 7.62-cm 

by 7.62-cm NaI [Til detector at 1,332 keY) and a peak to Compton 
ratio of 47:1 at 1,332 keY. Dead times did not exceed 10 percent 
for any of the samples. 

RESULTS 
Results are referenced to the VHNM fraction sample masses, 

i.e., concentrations are expressed in parts per million (ppm) as 
Ilg of element per g of VHNM sample. Table 1 shows the con­
centrations (as ppm) of the major, minor, and trace elements in 
the VHNM samples, 

Zirconium was the most prominent element measured (INAA 
is not very sensitive to 0 or Si), with its abundance ranging from 
about 17 to 47 percent by weight (as the element Zr). The highest 
concentration of Zr (47.2 percent) occurred at Agate Beach (latitude 
'" 44.67° N.). (Note: the maximum possible Zr concentration is 
49.6 percent, the weight percentage of Zr in zircon.) Figure 3 
shows the variation of Zr concentration as a function of latitude. 
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Figure 3. Zirconium and titanium concentrations in the VHNM 
fraction of beach samples. 

Titanium was the second most prominent element in the VHNM 
samples, with an elemental concentration ranging from about 2 
to 29 percent. The highest concentrations of Ti occurred at the 
four southernmost beaches (northern California and southern Or­
egon). For the rest of the samples, the Ti concentration was less 
than about 8 percent of the VHNM sample mass, although Ocean 
Beach had a relatively higher concentration of Ti and a corre­
spondinglylower Zrconcentration than neighboring beaches. Figure 
3 also shows the variation of Ti concentration as a function of 
latitude. Hafnium, which is always present with Zr in nature, closely 
followed the concentration trend of Zr in the VHNM samples. 
The concentration range of Hf was about 0.4 to I percent. The 
ratio of the concentration of Hf to the concentration of Zr + Hf 
varied only slightly, from 2.02 to 2.24 percent, with a mean and 
standard deviation of 2.13 and 0.08 percent, respectively. 

The other elements that occurred as major elements in the VHNM 
samples were AI, Ca, Ba, and Mg. Aluminum occurred in the 
range of about 0.3 to 6.5 percent. Calcium had a concentration 
range of 0.2 to 2.5 percent in 11 of the 14 samples. Concentrations 
of barium varied widely, and it appeared as a major. minor, or 
trace element in the various VHNM samples. Although Mg was 
present in the VHNM samples. accurate amounts could not be 
determined because it was discovered after the analyses that the 
Mg standard had chemically decomposed; hence Mg values are 
not reported. 

Vanadium occurred as a trace element in the VHNM samples, 
with concentrations ranging from 50 to 655 ppm. Uranium and 
Th were also present in the samples as trace elements with maximum 
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Table I. Elemental composition of the VHNM samples (ppm) 

sample Lat. Ti Al Ca V MIl Na K Dy Fe Co Rb Ba La 

Moonstone 41. 04 282359 8834 19864 664 0.0069 0.013 <0.90 44 0.8 <5.5 <88 21040 11 
North Fern Canyon 41. 47 287461 1964 4811 661 0.0018 0.020 <0.01 32 0.4 2.0 <11 1899 6 
Crescent City 41. 73 128864 7211 7828 175 0.0030 0.041 <0.08 59 0.2 <1.4 <10 <350 <0.1 
Hunters Cove 42.32 155472 5568 6825 309 0.0041 0.033 <0.13 55 0.3 4.4 <18 16650 26 
Nesika 42.50 63797 4768 7897 112 0.0043 0.071 0.02 71 0.2 4.2 <26 540 <0.2 
Port Orford 42.73 30347 2880 2384 66 0.0010 0.009 <0.05 75 0.2 1.5 <7 5598 28 
Cape Blanco 42.84 62526 9653 8067 138 0.0035 0.040 <0.12 74 <0.2 <2.0 <9 8536 18 
Sacci 43.21 25585 2851 925 65 0.0010 0.012 0.05 75 <0.1 <0.9 <8 <370 25 
Heceta 44.03 51573 5762 <500 130 0.0017 0.023 <0.05 96 <0.2 <2.3 <11 <500 29 
Agate 44.67 15574 9401 <500 52 0.0012 0.012 <0.05 92 <0.1 <1.5 <8 <390 31 
Roads End 45.01 29561 64962 8782 120 0.004l 0.047 <0.17 78 <0.2 <2.1 <16 2828 28 
Meriweather 45.31 24615 5273 2007 79 0.0021 0.010 <0.05 80 0.2 <1. 0 <9 <420 41 
Ocean Beach 46.22 81349 56351 24879 277 0.0064 0.057 <0.17 91 <0.1 <0.3 <35 <410 <0.4 
Beach #3 47.65 21774 1973 3678 56 0.0019 0.012 <0.05 74 <0.1 <1. 2 <7 1463 27 

Sample Lat. Sm Yb Lu U Sc Cr Zn Sb Cs Ce Eu Tb Zr Hf Th Se 

Moonstone 41.04 13 109 26 138 75 172 <67 <4 <5 800 2 5 165500 3659 82 <37 
North Fern Canyon 41. 47 10 113 23 121 39 343 <13 1 <1 -8- 1 4 210700 4673 132 55 
Crescent City 41. 73 5 1 <0.3 <1 77 153 ** 1 <1 50 1 5 359400 7409 149 ** 
Hunters Cove 42.32 23 219 ~ 251 73 320 263 3 <2 30 2 8 380300 8385 148 28 
Nesika 42.50 <1 <2 <0.3 <4 71 77 <3 <1 <2 148 2 6 411100 8932 364 <3 
Port Orford 42.73 26 277 ~ 338 71 <64 ** 1 <1 -* 2 6 445300 9307 175 ** 
Cape Blanco 42.84 23 245 48 297 67 88 302 2 <1 35 2 10 419400 9606 183 43 
Sacci 43.21 27 283 53 344 64 <74 ** 1 <1 * 1 6 436000 9191 170 ** 
Heceta 44.03 34 298 57 398 68 93 244 2 2 58 2 12 457100 10410 215 43 
Agate 44.67 29 308 58 386 68 <65 ** <1 <1 67 1 7 472200 9805 219 ** 
Roads End 45.01 30 245 47 306 57 73 192 2 <1 90 3 11 390300 8891 172 <2 
Meriweather 45.31 35 328 61 426 64 167 ** 1 <1 * 1 7 442400 9199 203 ** 
Ocean Beach 46.22 <1 <2 <0.3 <4 49 121 <41 4 <2 280 5 13 289800 6652 227 <29 
Beach #3 47.65 29 279 55 351 79 <67 ** <1 <1 -* 2 5 462800 9978 164 ** 

* Total concentration was due to 235U fission. 
** Concentration could not be determined. 

Underlined values are questionable, based on limited concentration of sample. 

concentrations of several hundred parts per million. Uranium and 
Zr had a strong positive correlation coefficient (+0.937). 

Lanthanide group elements La, Ce, Sm, Eu, Th, Dy, Yb, and 
Lu were detected at trace levels, where the La and Ce concentrations 
were corrected for the contribution due to 235U fission products 
(Sm had a negligible contribution from 235U fission). Lanthanum, 
Sm, Yb, and Lu in the lanthanide group showed a similar con­
centration trend versus latitude, but the rest of the lanthanides 
showed no particular trend. Most of the rare earths in the VHNM 
samples followed the trend of the major element Zr. 

Of the other elements in the VHNM samples, Sc and Cr occurred 
only as trace elements. Chromium concentrations were generally 
higher in the southernmost beaches. Other trace elements present 
in the VHNM samples were Zn, Sb, and Se. There was a very 
small amount of Fe « 1 ppm) in the VHNM samples, as expected 
for the nonmagnetic fraction. Concentrations of Mn and Na were 
in the parts per billion range in all of the samples. Potassium, 
Cs, and Rb concentrations were below the detection limit in all 
or nearly all of the samples. The same was true for Co in most 
of the VHNM samples. The Nd values were unreliable and were 
not reported. 

DISCUSSION 
The results in the previous section indicate that the sample­

separation techniques employed specifically to separate the zircon 
from the bulk samples worked fairly well, although rutile was 
also present in the VHNM fraction. The zircon plus rutile con­
centrations (as detennined by INAA results) were in the range 
of about 72 to 100 percent by weight. The degree of separation 
was further exemplified by the near absence of Fe « 1 ppm), 
most of which was removed in the magnetic fraction. As an in-

dependent measurement, the VHNM sample from North Fern Can­
yon was analyzed qualitatively by X-ray diffraction; the result 
ofthis investigation clearly indicated the presence of rutile, thereby 
identifying the mineral fonn of the Ti observed by INAA. 

A previous study by Peterson and Binney (1988) indicated that 
the concentration ofTi present (as ilmenite) in the four southernmost 
beaches was in the range of I to 10 percent of the magnetic fraction 
of the bulk sample. In this study, the VHNM samples analyzed 
were the nonmagnetic portions of the heavy fraction from the 
same beaches. Hence the presence of Ti (as rutile) in the VHNM 
samples contributes to a higher total Ti concentration in the beach 
sands of northern California and southern Oregon than was es­
tablished by the authors in their previous work, although the VHNM 
sample masses were not an appreciable fraction of the bulk sample 
masses. Also, a comparison of the results for these northern Cal­
ifornia and southern Oregon beaches between this study and the 
Peterson and Binney (1988) study could possibly imply two different 
sources of Ti minerals (ilmenite and rutile), although additional 
studies are necessary to investigate the sources of the ilmenite 
and rutile. 

As indicated earlier, the VHNM fraction of the bulk sample 
consisted mostly of the mineral zircon. The concentration of zircon 
(Table 2) was largest (7.56 percent of the heavy fraction) at Agate 
Beach (Figure 1). There is a generally increasing trend of zircon 
concentration from south to north between 41° N. and about 43° 
N. North of about 43° N., the zircon concentration remains fairly 
constant in the VHNM fraction of the beach samples. 

In Figure 3, the sum of the elemental Ti and Zr concentrations 
is plotted as a function of latitude; the sum of the concentration 
ofthe two elements in the VHNM fraction is rather constant (average 
value of 47.2 ± 4.0 percent). The corresponding value is 91.7 ± 8.2 
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Table 2. Weight percent of zircon and rutile in the VHNM and 
heavy fractions 

VHNM fraction Heavy fraction 
Sample Zircon Rutile Swn Zircon Rutile 

Moonstone 33.3 47.2 BO.5 0.01 0.01 
North Fern Canyon 42.3 4B.0 90.3 0.32 0.36 
Crescent City 72.2 21.5 93.7 0.19 0.06 
Hunters Cove 76.4 26.0 102.4 0.53 0.18 
Nesika 82.6 10.7 93.3 0.13 0.02 
Port Orford 89.5 5.1 94.6 6.46 0.37 
Cape Blanco 84.3 10.4 94.7 2.27 0.28 
Sacci 87.6 4.3 91.9 4.56 0.22 
Heceta 91.9 8.6 100.5 0.93 0.09 
Agate 94.9 2.6 97.5 7.56 0.21 
Roads End 78.5 4.9 83.4 0.34 0.02 
Meriweather 88.9 4.1 93.0 4.65 0.22 
Ocean Beach 58.2 13.6 71.8 0.33 0.08 
Beach #3 93.0 3.6 96.6 0.82 0.03 

percent when expressed as the mineral (zircon plus rutile) weight 
percent. Hence the Ti plus Zr concentrations in the VHNM samples 
vary less than 10 percent (l a) over a distance of more than 
700 km along the Pacific coastline from northern California to 
central Washington and comprise nearly 100 percent of the VHNM 
sample. 

A linear regression was performed between each pair of elements 
measured in the VHNM samples. The corresponding values of 
the correlation coefficient are shown in Table 3. The correlation 
coefficient for Ti and Zr was - 0.911, which is a typical correlation 
for a predominantly binary mineral system. 

As indicated earlier, the ratio of Zr to Hf is quite constant 
over the entire suite of samples, with Hf and Zr having a relatively 
high correlation coefficient (+0.986). In particular, the eight south­
ernmost beaches, which are within the Klamath Mountain drainage, 
had a Zr/Hf ratio of 46.1 ± 1.6, while the six northernmost beaches 
(Coast Range drainages) showed no statistical difference in their 
Zr/Hf ratios (45.7 ± 2.2). This behavior is to be expected because 
of the similar chemical nature of Zr and Hf. 

Most of the chromite in these beach sands was apparently com­
bined in sand grains along with magnetite and hence was removed 
in the magnetic separation. Chromium had a moderately strong 
correlation with Ti (+0.708) in the VHNM samples. Although pres­
ent only as a trace element, the higher Cr measurements in the 

four southernmost beaches are consistent with previous measure­
ments (Peterson and Binney, 1988) of higher chromite concen­
trations in the magnetic fraction of the samples from these same 
beaches. The trace element V was also strongly correlated (+0.974) 
to the major element Ti, with its highest concentration in the two 
southernmost beaches. 

Uranium had a relatively strong correlation with Zr (+0.937). 
Some of the lanthanides followed a similar trend with Zr, e.g., 
La (+0.820), Sm (+0.748), Yb (+0.737), Lu (+0.964), and Dy 
(+0.717). Such relatively large correlation coefficients suggest the 
possibility that these trace elements could be used as tracers for 
zircon source studies. 

Some anomalously low values were associated with some of 
the rare-earth concentrations (Ce, Nd, and Lu) in the VHNM samples 
from Crescent City, Nesika, and Ocean Beach. The U values were 
also questionable at these beaches. These anomalies have been 
attributed to the fact that (1) low gamma-ray energies were used 
for analysis of these elements and (2) the VHNM sample mass 
available was small (except for Crescent City), both of which pro­
duced large uncertainties in the results. 

SUMMARY 
A separation scheme was devised to separate the VHNM fraction 

from the bulk beach sample that contained minerals of various 
magnetic susceptibilities and specific gravities. The VHNM samples 
were analyzed by sequential INAA to detect the elemental con­
centrations present. 

Zircon was present as the major mineral in the VHNM samples, 
with a weight percent ranging from 58 percent to 95 percent for 
most of the samples. Samples from the southernmost beaches (north­
ern California) contained an appreciable amount of rutile along 
with the zircon. The zircon and rutile served to substantiate the 
previously known economic importance of the Pacific Northwest 
beach and continental-shelf sands (Kulm and Peterson, 1989). 
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Table 3. Correlation coefficients for elements in the VHNM samples 

AI ... Ie Co Ba .. .. !b lou u Sc Cr ... Sa Zr IIf 

;rt -0.1580 0,3697 0.9738 0.2863 -0.0206 -0.8671 0.8163 -0.1016 0.5163 -0.8279 -0.7772 -0.7461 -0.9485 -0.9349 -0.2517 0.7075 0.4168 0.4237 0.4665 -0.0172 -0.3687 -0.9111 -0.9084 -0.5238 

AI 0.5695 -0.0242 0.5176 0.,.,934 0.3164 0.4834 0.9237 -0.1454 0.1152 0.1878 0.0375 -0.0147 -0.9325 -0.4412 -0.3997 -0.8156 -0.4102 0.0792 0.7661 0.6802 -0.1753 -0.0975 0.0699 

ca 0.4690 0.8723 0.4374 0.0422 0.8782 0.9312 0.6987 -0.5247 -0.4752 -0.5445 -0.6421 0.0040 -0.1776 -0.2630 -0.5105 -0.5610 0.7285 0.8157 0.4994 -0.6513 -0.5902 -0.0314 
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Cr ... 
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IIf 

0.3362 -0.0395 -0.7849 0.8537 -0.1834 0.4973 -0.8266 -0.6727 -0.6382 -0.9555 -0.6477 -0.3794 0.6553 0.2652 0.5127 0.5440 0.1213 -0.2513 -0.9497 -0.9326 -0.5190 

0.5305 -0.1471 0.5985 0.9972 0.6899 -0.2803 -0.3396 -0.4120 -0.4618 -0.4904 0.0041 -0.2142 -0.1701 -0.8291 0.6813 0.7096 0.2567 -0.5376 -0.4966 -0.0367 

0.0748 -0.2975 0.7724 -0.3117 -0.1737 -0.2904 -0.4135 -0.1663 -0.1936 -0.1534 -0.4631 -0.2378 -0.5013 -0.1871 0.5063 0.4052 -0.1178 -0.0400 0.5829 

-0.6830 0.1347 -0.3985 0.7987 0.8254 0.7654 0.9233 0.9388 0.1090 -0.7361 -0.2739 -0.2718 -0.2354 0.2798 0.6570 0.7166 0.7479 0.5373 

-0.1579 0.7043 -0.7350 -0.4056 -0.3724 -0.7922 -0.7848 -0.0096 0.1667 0.0000 1.0000 0.8917 0.5312 -0.3976 -0.8884 -0.8803 -0.5883 

0.3999 0.2757 0.1833 0.0054 0.0912 -0.0480 0.4866 -0.5025 0.0000 -1.0000 0.5606 0.4591 0.6582 0.2383 0.3191 0.4765 

-0.2115 -0.3694 -0.4264 -0.3559 -0.4211 0.3749 0.2632 0.5562 -1.0000 0.6492 0.2584 0.0299 -0.4783 -0.4705 -0.5666 

0.9375 0.9210 0.9131 0.9159 0.3746 -0.3892 -0.8021 -0.7592 -0.3961 -0.1230 0.3627 0.8205 0.7771 0.7505 

0.9625 0.9519 0.9644 0.0786 -0.4242 -0.6377 -0.4838 -0.2520 0.1845 0.5813 0.7484 0.7762 0.7424 

0.9956 0.9923 0.0223 -0.3096 -0.1456 -0.4933 -0.2768 0.0735 0.4578 0.7374 0.7519 0.7308 

0.9915 0.4253 -0.5543 -0.0638 -0.5339 -0.4926 -0.1859 0.4106 0.9636 0.9372 0.8697 

0.3612 -0.5814 -0.2062 -0.3968 -0.4752 -0.2043 0.4265 0.9365 0.9103 0.8897 

-0.2774 0.7100 -0.8652 0.2155 -0.2417 -0.2664 0.4057 0.3615 -0.0059 

0.2349 -0.0110 -0.1057 -0.3631 -0.5185 -0.4701 -0.5033 -0.5112 

0.1953 -0.9087 -0.8493 -0.4108 0.2032 0.1742 -0.0014 

-0.3758 -0.7688 -0.4104 -0.5754 -0.5334 -0.1037 

0.3743 -0.1632 -0.6503 -0.6441 -0.3123 

0.6734 -0.2885 -0.1923 0.1266 

0.1830 0.3071 0.2616 

0.9861 0.4622 

0.4902 
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Nuclear reactor services and INAA detection equipment were pro­
vided by the Radiation Center. Sample collection and initial pro­
cessing were carried out with support from the Oregon State 
University Sea Grant Program, under Grants No. NA81 AA -0-00086 
(Projects R/CP-20 and R/CP-24) and No. NA85AA-0-SG095 (Proj­
ect R/CM-31), and from the Oregon Division of State Lands. This 
research was conducted as a portion of the second author's master's 
thesis in Nuclear Engineering at Oregon State University. 
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Records available at Wyoming 
The International Archive for Economic Geology (I.A.E.G.) 

at the American Heritage Center of the University of Wyoming 
offers a remarkable collection of documents for public use as a 
tool for scientific, historical, and commercial research. For Oregon, 
this collection contains 130 report files, 520 documents, 46 maps, 
and 135 related documents. 

Through a gift from the ARCO Coal Company, the I.A.E.G. 
now has made the records of the Anaconda Company Geological 
Department (1895-1985) available to the public. The collection 
represents the largest body of private mineral and geological data 
available. 

The Anaconda Collection contains 1.8 million documents and 
maps including prospect evaluations, mine examinations, operating 
records from Anaconda properties, and studies of broad regional 
or topical interest. It is accessible through a computer inventory, 
from which printouts of specific searches are available. The col­
lection is made available and supports itself entirely through user 
fees. 

The I.A.E.G. is a repository and research facility for original 
manuscripts from the field of economic geology. In addition to 
the Anaconda Collection, it holds files from more than 170 in­
dividual geologists and corporations. More information on the col­
lections, services offered, and fees for use can be obtained from 
International Archive of Economic Geology, University of Wy­
oming, Box 3924, Laramie, WY 82071, phone (307) 766-3704. 

--lA.E.G. news release 

REMEMBER TO RENEW 
If the code number on your address label ends in "1289," that 

means your subscription expires with the last issue of 1989. Please 
use the renewal form on the last page to make sure you will 
continue receiving Oregon Geology. And while you are at it-why 
not consider a gift subscription for a friend? 0 

DOGAMI Governing Board appOints new 
chairperson 

Sidney R. Johnson, president of Johnson Homes in Baker, has 
been appointed chair of the Governing Board of the Oregon De­
partment of Geology and Mineral Industries (DOGAMI) for a one­
year term, succeeding Donald A. Haagensen of Portland. 

Johnson .is currently serving both his second four-year term 
as a member of the Board and his second term as chairperson. 
He has been a board member since 1983 and served as chairperson 
in 1985-1986. Ronald K. Culbertson of Myrtle Creek also serves 
on the three-member Board. D 

BLM names new state director 
D. Dean Bibles, currently U.S. Bureau of Land Management 

(BLM) state director for Arizona, has been named BLM state di­
rector for Oregon and Washington. He will succeed Charles W. 
(Bill) Luscher who retired September 1. 

Bibles is a 32-yearveteran ofBLM and has held key martagement 
positions in the agency since 1967. He became state director in 
Ariwna in 1982. 

Bibles has received several awards, including the Interior 
Department's top recognition, the Distinguished Service Award, 
and the federal government's top award for senior service leaders, 
the Distinguished Executive nomination. In 1985 and 1988, he 
received awards in Arizona by the state's Parks and Conservation 
Association, Wildlife Foundation, and Nature Conservancy chapter. 

In making the appointment, BLM Director Cy Jamison said 
that Bibles "is fully committed to management of our nation's 
public lands in that multiple-use context which will position BLM 
to fully meet the public's demands for natural-resource uses in 
the 1990's and into the 21st century. 

-BLM news release 

Photographer Leonard Delano, Sr., dies 
Leonard Delano, Sr., retired commercial photographer, died Sep­

tember 16, 1989, in a Milwaukie hospital. He and his wife Emily 
were active for more than 48 years in commercial photography, 
which included aerial-photography mapping work. Their compa­
nies, Delano Photographics, Inc., and Western Mapping Company, 
produced a significant collection of Pacific Northwest photographs, 
many of which have been given to the Oregon Historical Society. 

John E. Allen, Emeritus Professor of Geology at Portland State 
University, said this of Delano, "Few professional photographers 
have contributed so much to geological understanding of the land­
scape as has Leonard Delano. This is because on every flight, 
Delano Photographics always made it a policy to also take a few 
spectacular oblique photographs. They were usually not paid for 
these, but when the shots were needed by a geologist for a superb 
illustration, Delano Photo graphics allowed them to be used for 
minimal or no charge." 

Delano was one of the lucky few people who have the eye 
of an artist, the skill of a photographer, an interest in geology, 
and the opportunity to fly and photograph. Through his photographs, 
he shared his special vision with the rest of us. The Oregon De­
partment of Geology and Mineral Industries used many of Delano's 
photographs-as did almost anyone else who has published in­
formation about the geology of the state. 

Delano is survived by his wife Emily, sons Douglas and Leonard 
Jr., a brother, a sister, and seven grandchildren. D 
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Industrial minerals: Can we live without them? 
by Hal McVey, Mineral Marketing, Inc.* 

Few people realize the importance of industrial minerals in 
our everyday lives. Perhaps a trip through a normal working day 
will underscore our reliance upon these nonmetallic minerals. The 
products and processes that contain industrial minerals or utilize 
industrial minerals in the manufacturing process are highlighted 
in bold face. 

As we step out of bed in the morning, we place our feet on 
the carpet (calcium carbonate/limestone is used in the carpet back­
ing). We fmd our way to the kitchen and switch on the electric 
light and the coffee pot, which are made of either glass or ceramics 
(both glass and ceramics are made entirely from industrial min­
erals-silica sand, limestone, talc, lithium, borates, soda ash, and 
feldspar). As we enter the kitchen, we find we are now on linoleum 
(calcium carbonate, clay, and wollastonite) or on ceramic tile. 

While the coffee is being prepared, we sit down to read the 
newspaper and at the same time we realize that we have to take 
a trip today, so we consult our Official Airline Guide and then 
have to refer to the Yellow Pages of the phone book for the phone 
number of the airline. (All of these papers are filled with kaolin 
clay and use limestone, sodium sulfate, lime, and soda ash in 
the processing.) 

The coffee is prepared, and we fix a piece of toast and sneak 
a piece of cake from last night's party (bakery items such as 
bread contain gypsum as an ingredient, and cakes have a high 
content of gypsum in the icing). The plate from which we are 
eating is composed of glass, ceramics, or china, the last being 
a special form of ceramics. We might also feel inclined to have 
a full breakfast and even contemplate what we'll have for lunch 
and what has to be prepared for the evening meal. Regardless, 
all of the food that we eat every day relies completely on industrial 
minerals for its growth and production. (All fertilizers are com­
posed of some combination of potash, phosphates, nitrogen, sulfur, 
and other minor minerals. The acidity of soils must be regulated 
with gypsum, limestone, or sulfur. In fact, without industrial min­
erals, there could not be any modem-day agriculture as we now 
know it.) 

Let's now start getting to go to work. We brush our teeth with 
toothpaste (calcium carbonate/limestone/sodium carbonate). 
Women put on lipstick (calcium carbonate and talc) and powder 
(talcum), and men might prepare their hair with hair cream (calcium 
carbonate). Other forms of makeup would have various minerals 
as a constituent. The lavatory counter top in the bathroom where 
we are standing is a nice synthetic marble or synthetic onyx 
(titanium dioxide, calcium carbonate, and alumina hydrate). The 
sinks, lavatories, toilets, and similar fixtures throughout the house 
are kept shiny with cleansers (silica, pumice, diatomite, feldspars, 
and limestone). Kitchen and bathroom tiles are installed, are kept 
in place, and maintain their waterproof condition with putty and 
caulking compounds (limestone and gypsum). 

Just before we leave, we want to brighten up our wardrobe 
with some form of jewelry (all precious and semiprecious stones­
opal, amethyst, aquamarine, topaz, garnets, diamonds, etc., are in­
dustrial minerals). There is a less attractive task to do at the last 

* This paper was first presented at a U.S. Geological Survey and Cal­
ifornia Division of Mines and Geology seminar on February 15 and 16, 
1989. It is reprinted with permission from Industrial Minerals, in which 
it appeared in April 1989 (no. 259, p. 74 and 75). Further information 
on Industrial Minerals magazine can be obtained from the publisher's U.S. 
office at 220 Fifth Avenue. 10th Floor, New York, NY 10001, telephone 
1-800-METAL 25 (in the U.S.) or 212-213-6202. 

minute, changing the kitty litter (attapulgite, montmorillonite, ze­
olites, diatomite, pumice, or volcanic ash). 

As we walk outside, we make a mental note that we have 
to have the composite roof fixed. (Fiberglass is composed of 
almost the same ingredients as regular glass-silica, borates, lime­
stone, soda ash, and feldspar. Fiberglass and asphalt, along with 
lesser quantities of either talc, silica sand, or limestone, comprise 
composition roofmg.) We are pleased to see that the fiberglass 
siding on our home that we have just installed looks so nice. 
As we get in the car, we think that we will have to do planting 
and gardening this evening. In addition to fertilizers, we will 
have to buy some soil amendments and planting mixes today. 
(Vermiculite, perlite, gypsum, zeolites, or peat make for better 
growth.) 

Once we leave for work, we are really employing industrial 
minerals. Our automobile is literally composed of industrial min­
erals. Starting from the ground up, tires contain clays and calcium 
carbonate, and the mag wheels are made from dolomite and mag­
nesium. All of the glass in the car is made entirely from minerals, 
as is the fiberglass body now becoming popular on many models. 
Many ofthe components in a car are now being made of composites, 
which are usually combinations of fiberglass and plastics. Plastics 
require calcium carbonate, wollastonite, mica, talc, clays, and silica 
for their manufacture. So, as we drive to work, we are enjoying 
the value of numerous industrial minerals, from the bumpers to 
the dashboard to the radiator cap and the floor mats. 

The paint that makes our car so attractive is composed in 
large part from industrial minerals-titanium dioxide, kaolin clays, 
calcium carbonate, micas, talc, silica, wollastonite, and others. In 
fact, every speck of all paints that we will encounter today, from 
that on our house to the stripe down the middle of the road and 
the interior of our offices and elsewhere, will be composed mainly 
of industrial minerals. 

Modern transportation is almost entirely reliant upon industrial 
minerals, and this does not stop with just the car. Gasoline and 
lubricants depend on industrial minerals, since the drill bit that 
originally discovered the crude oil was faced with industrial di­
amonds. Drilling fluids, used for ease of well drilling, are made 
almost entirely from barites, bentonite, attapulgite, mica, perlite, 
and others. It is necessary to employ clays and zeolites in the 
catalytic cracking process for crude petroleum to arrive at gasoline 
and lubricants. 

On our way to work, we don't think about it, but we are literally 
riding on industrial minerals. Concrete pavement is composed 
of cement and aggregates. Aggregates are themselves industrial 
minerals-sand and gravel or crushed stone, such as limestone, 
dolomite, granite, lava, etc. Cement is manufactured from lime­
stone, gypsum, iron oxide, clays, and possibly pozzolan. Even 
asphaltic pavement or blacktop has industrial minerals as ag­
gregates. 

The building we are about to enter is made of industrial minerals. 
If it is a concrete or stone or brick building, it is entirely made 
from industrial minerals. If there are steel structural members, 
the steel production process required chromite for fluxing, bentonite 
for pelletizing, and, perhaps, chromite for hardening. The making 
of steel requires the use of high-grade refractory bricks and shapes 
made from bauxite, chromium, zircon, silica, graphite, kyanite, 
andalusite, sillimanite, and clays. Fiberglass balts may be used 
for insulation in our office buildings as thay are in our homes. 

Upon entering, we are often enclosed by wallboard or sheetrock 
(gypsum with fire retardant additives, such as clays, perlite, ver-
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miculite, alumina hydrate, and borates) joined together with joint 
cement (gypsum, mica, clays, and calcium carbonates). Certainly 
the plate-glass windows are made entirely from industrial minerals. 
The noors or decks between floors will probably be made from 
concrete using lightweight aggregate (perlite, vermiculite, zeolites, 
or expanded shales). 

To begin our work, we may pick up a pencil (graphite and 
clays) and make a list of things to do. One of the first items 
is to send out a few invoices that are backed with self-contained 
carbon paper (bentonite or other clays or zeolites). There are 
some articles to be ordered, so we pick up a catalog or magazine 
and unconsciously like the glossy feel of the fine paper, which 
is caused by a high content of kaolin clay or calcium carbonate 
along with titanium dioxide for extreme whiteness. Almost every 
sheet of paper that we use today will have used industrial minerals, 
such as talc, in its manufacturing process or will contain minerals 
as fillers and coaters. Even some inks will contain calcium carbonate 
or other fillers. 

The morning has worn on, and it is time for a break. In addition 
to the coffee in the coffee cup (remember, it is made of industrial 
minerals), we decide to heat up a roll, and we place it in or on 
a microwaveable container (plastics filled and reinforced with 
talc, calcium carbonate, titanium dioxide, or clays). 

While on break, we commence to ponder what we will do 
for the weekend and know that there are a lot of recreational 
devices we would love to employ. These include golf clubs, tennis 
rackets, fishing rods, and skis. All of these are now commonly 
made from graphite, or, a slightly "older" material, fiberglass. Even 
if we are planning a backpacking trip, our pack frame and pots 
and pans will be made of aluminum (all aluminum, for whatever 
usage, originates with bauxite, one of the most widely utilized 
industrial minerals). 

Communications equipment employs numerous industrial 
minerals. The standard product of the industry for many years 
has been the silicon chip, which is made from quartz or silica, 
as the name implies. Optical fibers made from glass are replacing 
some copper wiring. The television screen or computer monitor 
is made of glass, but critical tubes contain phosphors made from 
the rare earths or lanthanides, a family of industrial minerals. Even 
the superconducting materials that are presently getting so much 
attention utilize industrial minerals (yttrium, lanthanides, titanium, 
zirconium, and barites) in their manufacture. 

After a hard day at the office, we drop in for refreshments 
with our friends. A glass of fruit juice, wine, or beer would 
be refreshing, but all of these liquids use either perlite or diatomite 
as filter aids in their purifying and clarifying processes. If we 
should add sugar to any of our drinks, we are enjoying the benefits 
of industrial minerals, since limestone and lime are basic to the 
production of sweeteners. And, of course, our refreshments will 
be served in ceramic mugs or glasses composed entirely of our 
friends, the industrial minerals. 

Filtering and purification are major duties of the industrial min­
erals. Our drinking water uses minerals for purifying and clar­
ification (limestone, lime, and salt), as do the waste water treatment 
plants (zeolites, soda ash, lime, and salt). The vegetable oils we 
use are filtered by clays, perlite, or diatomite. And equally important 
to recreation is the utilization of all the minerals mentioned in 
this paragraph for the filtration and purification of water in swim­
ming pools. 

When we arrive home, we are not yet through with our exposure 
to our mineral friends. If we have to take medicine or phar­
maceuticals, we may chew antacid pills essentially made of calcium 
carbonate. For upset stomachs, there are Milk of Magnesia (mag­
nesia/dolomite) or Kaopectate (kaolin) and others made from clays 
such as attapulgite. And, who can forget the lovely barium "cock­
tail" (barites), which it is necessary to drink before getting X-rayed 
for gastrointestinal occurrences. Not to mention tincture of iodine 

(iodine) for all those cuts and bruises. And, the lithium that is 
used to treat mental disorders started out as an industrial mineral. 

Rounding out the picture are such diverse uses as abrasives 
for sandblasting ships or for making sandpaper for home or 
workshop use, as well as emery boards for our fingemails or 
polishing compounds for our silverware and other items. Abrasives 
are made from pumice, diatomite, silica, gamet, corundum, and 
emery. Or, porcelain figurines (silica, limestone, borates, and soda 
ash) for our what-not shelf and plaster of paris statues (gypsum) 
for our lawn. 

Almost finally, it must be mentioned that one of the most basic 
table ingredients is an industrial mineral, namely salt. In fact, 
it is so basic that it was historically used as a medium of trade 
or payment, as implied in our word "salary." And truly finally, 
our names and dates of birth and death will be inscribed on a 
gravestone (marble or granite). 

The foregoing is meant to provide a broad insight into the 
importance of industrial minerals in our everyday life and to em­
phasize how much our lives would be altered without ready and 
economical access to these fundamental constituents. 0 

On recreational gold panning 
in Oregon 

This article is adapted from "The Lure of Gold, " hy Mellngeroi 
of the U.S. Bureau of Land Management (BLM), Rosehurg District, 
and puhlished in a recent issue of the newsletter BLM News, 
Oregon and Washington. 

'There's nothing quite like seeing your first gold flake shining 
against the sun. The yellow flakes sparkle like no other sight, 
and the sense of finding a bonanza leaves at least a few first-time 
miners giddy." With that glowing description begins an article 
on placer mining in the June 1989 issue of Trailer Life, a national 
magazine for recreational-vehicle enthusiasts. The article talks about 
the basic techniques (such as panning), equipment needed, and 
possible locations. 

Because the primary location recommended is on Cow Creek 
in the BLM Roseburg District, BLM mining engineer John Kalvels 
has been busier than usually answering questions from the public. 
"We get all kinds," said Kalvels, "from the casual tourist who 
knows next to nothing about gold to the experienced dredger who 
asks only about mining claims. Some weeks we might get a dozen 
letters and another dozen walk-ins and telephone callers." 

The discouraging fact is that most of the public land on Cow 
Creek is covered by mining claims. It is off limits, and miners 
have been known to be rather testy when running off claim jumpers. 
About the only spot on public land along Cow Creek still open 
to the public is in the vicinity of Darby Creek, about 20 mi southwest 
of Riddle. Currently, 20 acres have been withdrawn from mining 
entry there, and BLM is considering the establishment of a five-acre 
recreational gold-panning site within this area. 

Kalvels has been a mining engineer for the Roseburg District 
for quite a while, and his knowledge of local geology, promising 
locations, and tall tales keeps his customers satisfied, even though 
he does not have much prime real estate to offer to gold panners. 
"There will always be people lured by the romance of gold mining," 
Kalvels says. "Part of it is the price paid for gold. At nearly $400 
an ounce, it ranks among the most valuable materials on earth. 
The rest is more intangible-tied in with mystery and challenge." 

These intangibles are behind the recreational aspects of placer 
mining. Many of the first-time miners on Cow Creek do not leave 
with enough gold to pay for the gasoline it took to drive out 
there. But a fair number will come back, dedicated not to what 
they take home but to doing it and being there. 0 
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Industrial Minerals Forum meets in Portland 
by Ronald P. Geitgey, O(('go/l Department of Geology and Mineral Industries 

The Forum Of} the Geology of Industrial Minerals is a loosely 
knit non-organization of specialists involved in various aspects 
of industrial minerals exploration, analysis, markeling, and pro­
duction. Each year a different state or provincial geological survey 
hosts the meeting and publishes the papers presented at the Forum. 

During the firSI week in May of this year, the 25th Forum 
on the Geology of Industrial Minerals was held in Portland, Oregon. 
hosted by the Oregon Department of Geology and Mineral Industries 
and the Washington Division of Geology and Earth Resources. 
This is the first time the Forum has met in a West Coast Slate, 
and formany oCtile 120 participants from the Uni ted States. Canada. 
and Great Bri tain, it was their first visit to this area. About 45 
persons were from the Pacific Northwest. The remainder were 
from the eastern and midwestern states. Thirty-five percent were 
government employees, and sixty-five percent were employed in 

Participants boardillg barges for lOur of Ross Islalld SOlid alld 
Gral'el operation in the Willamette Rh'er in Portland. between 
the Sel/wood and Ross Island Bridges. 

Hall-Buck Marine, Inc., bulk mineral loading facility 01 the 
Port of Portland Terminal 4. Soda ash from Wyoming is being 
transferred from unit lrain 10 freighler. 

private indusuy. The Forum provided an opponunity forpanicipants 
to learn about industrial minerals activities in the Pacific Nonhwest 
and to meet the industrial minerals specialists working in this region. 

The Forum consisted of technical sessions, a local field trip. 
and a three-day field trip to eastern and central Oregon. Seventeen 
tcx:hnical papers were presented, including surveys of industrial 
mineral production and occurrences in Idaho. Montana. Oregon, 
Washington, and British Columbia. Other papers described specific 
commodities, including bentonite. limestone. pozwlans, rare earths. 
talc. and zeolites, and two papers discussed various methods and 
problems in laborabory analysis of industrial minerals. 

The Portland ponion of the Forum concluded with a field trip 
to local industrial mineral producers, shippers. and users. Ross 
Island Sand and Gravel provided a tour by barge of its Willamette 
River operation. which supplies aggregme for the Ponland met· 
ropolitan area. The Port of Portland hosted a lOur of the Halt-Buck 
Marine, Inc .• bulk mineral loading facility at Tenninal 4 through 
which talc, bentonite, and sooa ash are transferred from unit trains 
to ocean freighters for expon. A tour of the Blitz Weinhard Brewery 
included a discussion of the brewery's diatomaceous earth filtration 
system and a stop in its hospitality room to test the efficacy of 
that system. 

An optional fie ld trip took 45 participants to industrial mineral 
operations in eastern and central Oregon, StopS included Ash Grove 
Cement West in Durkee, Teague Mineral Products in Adrian. Eagle­
Picher Minerals in Vale and Juntura, Cascade Pumice Company 
in Bend, and stops and discussions at various points of historical 
and geologic interest. 

-The 116ft. gaslcoal-jired rotary kifll at Ash Grol'e Cement 
Wesl in Durkee. Ground limestone alld shale are fed in from Ihe 
lefl. fused 10 clillker in the celltral 1]00 OF_hal tOile. alld the 
clinker is COO/I'd and discharged at the right. 

Ash Grove Cement West produces ponland cement in a state­
of-the-an plant, as well as high-purity limestone for sugar-beet 
refining. Its products are marketed in Nonhwest states. and for 
the last several years have been valued at about $25 mill ion per 
year, 

Teague Mineral ProdUCtS produces bentonite clay and the zeolite 
mineral c1inoptilolile. Its bentonite is marketed for foundry binder 
and for engineering applications, including pond and lagoon sealants 
and impenneable membranes for solid-waste disposal sites, Teague 
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Eagle-Picher Minerals diatomite mille lIear lulltura. DialOmite 
ore is trucked 10 the mill near Vale and processed illlo filter-aid 
prodllctS. 

;. -' 
~.:;:. .......... . : . 

.... ~ . . -
Far/1m participants at Teague Mineral Products zeolite pit about 

20 mi south of Adrian. The zeolite clinoptilolite is IIsed ill odor­
control products and as a heavy-metal and radiollllclide absorber. 

Cascade Pumice company loadi/lg facility near Bend. Crushed 
alld sized pumice is shipped by truck or by rail. 

zeolite is used for odor control products and for heavy m!!tal and 
radionuclide absorption. 

Eagle-Picher Minerals mines diatomaceous earth or diatomite 
near Juntura and processes it at a plant near Vale. Carefully con­
trolled processing results in diatomite products with specific size 
and shape characteristics valuable in the filtering of various juices, 
beverages, edible oils. and petroleum products. 

Cascade Pumice Company produces pumice and cinder products 
in various size ranges. Most of the pumice is used as an aggregate 
to produce lightweight poured concrete and concrete blocks. Lesser 
amounts are used as absorbents, horticultural soil mixes, and to 
stone-wash blue jeans and other gannents. 

All of the producers on both field trips were very gracious 
hosts and major contributors to the success of the 25th Forum. 

Proceedings of the 25th Forum on the Geology of Industrial 
Minerals and an index of 25 years of Forum proceedings will 
be published later this year by the Oregon Department of Geology 
and Mineral Industries. The 26th Forum will meet in Charlottesville, 
Virginia, in May 1990, and the 27th Forum will meet in Banff, 
Alberta. in May 1991. D 

Clinker from the rotary kiln at Ash Grol'e Cemelll West in Ollrkee. It is slIbseqllently grollnd to a fine powder alld blellded with 
gypsllm to make portlmld cement. 
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MINERAL EXPLORATION 
ACTIVITY 

Major metal-exploration activity 

Project name, Project 
Date company location 

April Susanville Tps. 9, 10 S. 
1983 Kappes Cassiday Rs. 32, 33 E. 

and Associates Grant County 

May Quartz Mountain T. 37 S. 
1988 Wavecrest Resources, R. 16 E. 

Inc. Lake County 

June Noonday Ridge T. 22 S. 
1988 Bond Gold Rs. 1,2 E. 

Lane County 

September Angel Camp T. 37 S. 
1988 Wavecrest Resources, R. 16 E. 

Inc. Lake County 

September Glass Butte T. 23, 24 S. 
1988 Galactic Services, R. 23 E. 

Inc. Lake County 

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

Inc. Malheur County 

September Kerby T. 15 S. 
1988 Ma1heur Mining R. 45 E. 

Malheur County 

September QM T. 25 S. 
1988 Chevron Resources R. 43 E. 

Co. Malheur County 

October Bear Creek Tps. 18, 19 S. 
1988 Freeport McMoRan R. 18 E. 

Gold Co. Crook County 

December Harper Basin T. 21 S. 
1988 American Copper R. 42 E. 

and Nickel Co. Malheur County 

Metal 

Gold 

Gold 

Gold, 
silver 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

January Silver Peak T. 31 S. Copper, 
1989 Formosa Exploration, R. 6 W. zinc 

Inc. Douglas County 

May Hope Butte T. l7 S. Gold 
1989 Chevron Resources R. 43 E. 

Co. Malheur County 

Status 

Expl 

Expl 

Expl 

Expl 

Expl 

Expl, 
com 

Expl, 
com 

Expl 

Expl 

Expl 

App, 
com 

Expl 
com 

Explanations: App=app1ication being processed. Expl=exploration 
permit issued. Com=interagency coordinating committee formed, 
baseline data collection started. Date=date application was received 
or permit issued. 

Exploration rule making 
The Mined Land Reclamation Program (MLR) of the Oregon 

Department of' Geology and Mineral Industries has organized a 
technical advisory committee to make recommendations for ap-
propriate exploration drill-hole abandonment procedures required 
as a result of House Bill 2088. Based on those recommendations, 
the Department will propose rules and conduct public hearings 
for evaluation prior to adoption. Rule adoption is now anticipated 
for early 1990. 

Bond ceiling rule making 
MLR has organized also a technical advisory committee to 

make recommendations for proposed rules required by Senate Bill 
354. 

The Senate bill authorizes the Department to set "the amount 
of the reclamation bond at an amount not to exceed the lower 
of the actual cost of reclamation or $100,000 per acre of land 
to be mined under the terms of the operating permit, if the operating 
permit applies to extraction, processing, or beneficiation techniques 
the result of which 

(a) will increase the concentration of naturally occurring haz­
ardous or toxic metals . . . to a significantly higher level than 
that occurring naturally within the permit area; and 

(b) is reasonably likely to present a threat to public safety 
or the environment." 

Based on recommendations of the committee, the agency will 
propose rules and conduct public hearings for evaluation prior 
to adoption. 

Status changes 
A project coordinating committee has been formed for the Hope 

Butte project of Chevron Resources Company. 
In addition to its application to MLR for a mining permit, 

Formosa Exploration, Inc., has also applied to the Oregon De­
partment of Environmental Quality (DEQ) for the required permit. 
DEQ will hold public hearings on its water-pollution control permit, 
if sufficient interest is expressed. 

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

Eugene Mineral Club displays at 
Capitol 

The display case of the Oregon Council of Rock and Mineral 
Clubs (OCRMC) at the State Capitol in Salem currently houses 
an exhibit provided by the Eugene Mineral Club. The materials 
displayed were contributed by 14 of the club's members and ar­
ranged by Dean and Betty Axtell, Marian Andrus, and Jean Long­
fellow. 

Ten Oregon counties are represented in the collection: Crook 
County with petrified wood, tube agate, and Carey agate; Harney 
County with thunder eggs and Paiute agate; Jackson County with 
jade; Jefferson County with thunder eggs, sunset agate, and petrified 
wood; Lake County with tumbled and faceted Oregon sunstones 
and obsidian; Lane County with carnelian and jasper; Lincoln 
County with jasper; Linn County with carnelian; Malheur County 
with Graveyard Point plume agate, petrified sagebrush, and pink, 
dendritic limb casts; and Wheeler County with Oligocene leaf and 
cone fossils in matrix. 

One shelf of the display case shows samples of collected material 
in its raw form-unpolished. Another contains a beautiful display 
of Linn County carnelian. 

The collection will be on display until January 15, 1990. It 
will be followed by an exhibit featuring Oregon's State Rock, 
the Thunderegg, and prepared by Bert Sanne of the Far West Lap­
idary Society of Coos Bay. -OCRMC news release 

Electronic publishing begins 
You may have noticed that this issue of Oregon Geology looks 

slightly different from earlier issues. That is because it is the first 
to be prepared electronically at the Department. 

-Editors 
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ABSTRACTS 
The Department maintains a collection of theses and disser­

tations on Oregon geology. From time to time, we print abstracts 
of new acquisitions that in our opinion are of general interest 
to our readers. 

THE GEOLOGY OF THE EAST-CENTRAL DESOLATION 
BUTTE QUADRANGLE, GRANT COUNTY, OREGON, by 
Neil Elfrink (M.S., Oregon State University, 1988 [compl. 1987]), 
123 p. 

Pre-Tertiary metamorphic rocks, Jurassic granitic intrusions, and 
Eocene basalts are exposed along the North Fork John Day River 
at its confluence with Granite Creek. Geochemical and textural 
evidence suggests greenschist-metamorphosed, strongly sheared, 
volcanogenic rocks originated in an island-arc environment. These 
greenstones were apparently intruded during the Late Permian by 
a silicic pluton that is similarly metamorphosed and brecciated. 
South of this arc terrane, tectonically disrupted ophiolitic rocks 
are exposed. This east-west-trending belt of melange contains blocks 
of chert, metagabbro, and metabasalt in a serpentinite matrix. 
Titanaugite indicates the original basalt may have been alkalic. 
Paleozoic or Triassic Elkhorn Ridge Argillite underlies much of 
the thesis area and consists mostly of contorted chert and argillite. 
Graywackes, greenstones, and limestones are intercalated with Elk­
horn Ridge Argillite. Regional meatamorphism is lower greenschist 
facies. 

Two relatively fresh granitic stocks may be satellites of the 
Upper Jurassic Bald Mountain batholith exposed 9 km to the east. 
An intrusive sequence ranging from mafic quartz diorite to granite 
comprises the larger stock, exposed along Granite Creek. This 
pluton contains mostly quartz diorite and tonalite. A 0.5-km-wide 
stock of porphyritic tonalite intrudes argillite on the north side 
of the North Fork John Day River canyon. Mineral assemblages 
in the contact-metamorphic aureoles around the two stocks are 
characteristic of hornblende hornfels facies. 

Tertiary dark-gray basalt overlies the Mesozoic and Paleozoic 
rocks at a profound unconformity. Geochemistry suggests the ol­
ivine-bearing, vesicular basalt is equivalent to the Clarno Formation 
exposed farther to the west. 

EXPLOSION STRUCTURES IN GRANDE RONDE BASALT 
OF THE COLUMBIA RIVER BASALT GROUP NEAR 
TROY, OREGON, by Leonard L. Orzol (M.S., Portland State 
University, 1987), 220 p. 

Explosion structures occur in flows of Grande Ronde Basalt 
in the study area near Troy, Oregon. Data from nineteen stratigraphic 
sites indicate that the maximum number of flows that contain ex­
plosion structures at anyone site is six. In the informally named 
Troy flow, explosion structures are widespread. 

Each flow that contains explosion structures can be divided 
into two cooling units. The first cooling units occupy troughs in 
the pre-eruption topography and are up to 10m thick. The second 
cooling units contain the explosion structures and are up to 100 
m thick. The thickness of flows that contain explosion structures 
ranges from 10m to ISO m. A plot of the thickness of an explosion 
structure against the total thickness of the flow is linear with slope 
of approximately 0.5. The breccias within explosion structures av­
erage 42 percent of the total thickness of a flow. 

The overall shape of an explosion structure is similar to a three­
dimensional set of nested arches with a central spine of breccia 
that cuts through the uppermost arches. Jointing patterns follow 
the shape of the arches. The linear trends of the central spines 
within explosion structures of the Troy flow parallel either the 
northeast-trending Grande Ronde (N. 3° E.) fault system or the 
northwest-trending dike system in the area (N. 15° W.). 

Two processes operate during the formation of explosion struc­
tures: mixing and fragmentation. These two processes produce 
unique intraflow zones within the second cooling unit. Petrographic 
textures of these intraflow zones range from vitrophyric to intersertal 
to intergranular. All three textures can be observed in thin bands 
or layers in samples from the upper intraflow zones of the second 
cooling units. Individual bands or layers are twisted, pinched, and 
swirled due to mixing. Fragmentation and mixing produce a ver­
tically stratified central spine composed of three main types of 
clasts: vesicular to nonvesicular, scoriae eo us, and pahoehoe types. 
Clast sizes range from lapilli size in the outer, matrix-supported 
margin to block size in the inner, clast-supported core. 

Broad overall trends occur in geochemical data for the Troy 
flow and a flow stratigraphically above the Troy flow. Concen­
trations of particular elements increase or decrease in samples to­
ward the base of the now relative to the uppermost sample. K, 
La, Eu, and Ta are emiched and Fe and Co depleted greater than 
10 percent toward the base of a flow in areas away from explosion 
structures. Particular elements are enriched (Ce, Hf) or depleted 
(Th) less than 10 percent toward the base. Where explosion struc­
tures are present within the flow, these broad overall trends are 
less pronounced, and few elements display these trends of en­
richment or depletion. 

AN ANALYSIS OF THE EASTERN MARGIN OF THE 
PORTLAND BASIN USING GRAVITY SURVEYS, by Steven 
A. Davis (M.S., Portland State University, 1988), 135 p. 

The recent contributions of several investigators have indicated 
the Portland basin may be a pull-apart structure associated with 
wrench tectonism. Because of the large density contrast between 
sedimentary and volcanic units and because of their reasonably 
uniform and continuous nature, gravity survey methods can be 
used to identify covered structures with considerable success. The 
study utilized gravity modeling techniques to investigate the struc­
ture and genesis of the Portland basin's eastern margin. 

Two gravity surveys were completed across pronounced lin­
eaments which form an apparent eastern boundary for the basin. 
In all, 175 stations were measured, bimodally distributed in regional 
control and detailed area section in the 9.47-km Fourth Plains 
and 11.43-km Interstate gravity lines. These values were reduced 
by standard methods to yield a free-air gravity anomaly value 
used in the computer modeling process. The Bouguer gravity was 
not used, since strata normally removed by the Bouguer correction 
were required for proper interpretation. 

Both gravity lines revealed the existence of negative anomalies 
ranging in magnitude from I to 6 mgals, being areally consistent 
with the locations where the lines crossed lineaments. 

Computer modeling indicated these anomalies were produced 
by strongly prismatic bodies occurring in the near-surface section. 
Some were small enough to be nearly undetectable under the given 
survey resolution, while others attained cross sections measuring 
nearly 3 km2. 

Folding, faulting, and erosion were investigated as reasonable 
generative processes for these bodies. Based on the synthesis of 
modeling and the known geologic history of the region, faulting 
is preferred. The study defines the Lackamas Creek and Sandy 
River faults. Each can be characterized as an extensive linear zone 
of locally normal and/or grabenlike failure where normal displace­
ments approach 300 m. These structures combine to form a region 
nearly 50 km in length, trending N. 40° - 45° w., effectively 
paralleling the Portland Hills complex which bounds the basin 
to the west. 

A dextral stepover, characteristic of dextral strike-slip failures, 
and a resulting concentration of extensional deformation is de­
lineated in the region of the Interstate line. Dextral movement 
is suggested by this incipient pull-apart, the stepover itself, and 
the overall geometry of the faults. 
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GEOLOGY AND REVISED STRATIGRAPHIC INTERPRE­
T ATION OF THE MIOCENE SUCKER CREEK FORMA­
TION, MALHEUR COUNTY, OREGON, by David C. Lawrence 
(M.S., Boise State University, 1988), 54 p. 

Miocene volcanic and sedimentary rocks originally mapped as 
Sucker Creek Formation near Adrian, Oregon, and Succor Creek 
State Park include a stratigraphic section of at least 1,539 m of 
westward-tilted and faulted deposits. Mapping indicates a strati­
graphic section that can be divided into four mappable units in 
T. 23 S., R. 45 E.; T. 23 S., R. 46 E.; and T. 24 S., R. 46 E. 

The main sedimentary section overlies basalts and silicic vol­
canic rocks at least 200 m thick, exposed along Succor Creek. 
Starting with the basal unit, the section consists of 198 m of ben­
tonitic claystones containing a white volcanic ash and a prominent 
orange sandy siltstone; 31 m of alternating thinly bedded diatomite 
(partly altered to porcellanite) and bentonitic claystones; 279 m 
of olive-gray bentonitic claystones with several layers of white 
volcanic ash and, in the upper part, interbedded with 38 m or 
more of conglomerates and gravels. Above this dominantly 
claystone basal unit is a 594-m sequence of palagonite tuffs con­
taining minor basalt flows, dikes and sills, overlain by a rhyolite 
dome complex that is locally 107 m thick, then a 19-m thick 
zone of thinly-bedded pumice lapilli and ash. The uppermost unit 
in the section is a 92-m-thick pale-greenish rhyolite tuff. The basalt 
and palagonite unit is apparently localized near and north of Devils 
Gate, but the underlying lacustrine claystone section is more wide­
spread in the region. 

The section is broken and partially repeated in several normal 
fault blocks. Because the stratigraphic section includes considerable 
amounts of claystone, this section contrasts markedly with the 
type section, described by Kittleman and others (1965) about 9 
km south of this study area. That type section is 178 m of mostly 
volcaniclastic sandstone. 

The differences in stratigraphic sections indicate that, in this 
report and the section described by Kittleman and others, beds 
and no one type section can be considered typical. Similar rocks 
occur at depths of 2,865-3,828 m beneath the Snake River Plain 
near Meridian, Idaho, in the J.N. James well, in a section containing 
about 950 m of claystone. 

Preliminary synthesis of detailed sections of the formation 
mostly indicates that the Sucker Creek Formation indicates bimodal 
volcanic rocks, and sedimentary-facies rocks. Volcanic ash layers 
in the lacustrine claystones are the best marker beds for regional 
correlation, and their recognition may provide a basis for under­
standing the basin evolution. 

GEOLOGY, GEOCHEMISTRY, AND MINERALIZATION 
OF THE YELLOWBOTTOM-BOULDER CREEK AREA, 
LINN COUNTY, OREGON, by David K. Nicholson (M.S., 
Oregon State University, 1989 [completed 1988]), 186 p. 

The Yellowbottom-Boulder Creek area is immediately west of 
the Quartzville mining district in the Western Cascades of Oregon. 
Volcanic rocks comprise a series of basaltic to rhyodacitic flows 
and volcaniclastic deposits that are believed to correlate with the 
Sardine Formation (mid-Miocene). These volcanic rocks dip to 
the southeast (5° to 25°), presumably into the hinge zone of the 
Sardine syncline located immediately to the east. 

Intrusive rocks consist of small stocks of intermediate com­
position (quartz diorite, quartz monzodiorite, quartz monzonite, 
granodiorite, and tonalite), and dikes and plugs of basaltic to rhy­
olitic composition. The largest intrusion is a quartz monzodiorite 
stock that covers approximately 1 km2, for which the name 
Yellow bottom Stock is proposed here. 

Pliocene flows of diktytaxitic basalt and porphyritic andesite 
of High Cascade origin are preserved on the crests of Galena 
Ridge and Packers Divide. A Quaternary flow of trachybasalt partly 

fills the valley of Canal Creek and is associated with two cinder 
cones: They presumably represent the last pulse of volcanic activity 
in the Quartzville area. 

Major-oxide concentrations in the volcanic and plutonic rocks 
display systematic trends (decreasing Ab03, Ti02, FeOT, MgO, 
CaO, and Pl03, and increasing BaO and K20, with increasing 
Si02 content) on Harker variation diagrams. These trends may 
suggest differentiation from a single batch of magma. The chemistry 
of plutonic rocks from the study areas, and from the Western Cas­
cades in general (calc-alkaline, low K20 content), is similar to 
that of some island-arc terranes, including the Southern California 
batholith, Caribbean, southwestern Pacific, and Pacific Northwest 
areas, and largely suggests that the magma was derived from the 
mantle with little if any crustal contamination. 

Hydrothermal alteration has affected all rocks of Miocene age. 
Propylitic alteration is widespread in areal extent and is thought 
to have been produced by the interaction of magmatic fluids with 
the host rocks. In contrast, argillic-phyllic alteration is structurally 
controlled, and may have resulted from hydrolysis reactions between 
the hosts and meteoric waters that invaded the structures subsequent 
to propylization. Zones of brecciated and silicified rock range from 
linear to cylindrical in shape and are commonly mineralized. 

Comparisons of the concentrations of trace metals (Ag, Cu, 
Pb, Zn, and Mo) with those in average granodiorite, Caribbean 
intrusions associated with porphyry-copper deposits, and rocks of 
the Western Cascades indicate that samples of the Yellowbottom­
Boulder Creek area are depleted in Cu, Pb, and Zn and enriched 
in Ag. Strong correlations are observed (Mo-Ag; Cu-Zn), whereas 
Pb has an antipathetic relationship to both Cu and Zn. Trends 
derived from data plotted on a Cu-Pb-Zn ternary diagram suggest 
that Pb and Zn metallizations are associated with vein-type de­
position, whereas a one-sample Cu anomaly may be related to 
porphyry-type mineralization. Mineralized districts to the north 
in the Western Cascades are more enriched in copper than the 
Yellowbottom-Boulder Creek area, whereas those to the south con­
tain more zinc. This change in the abundances of trace metals 
may be related to the depth of erosion that has exposed deeper 
levels of the hydrothermal systems in districts to the north. 

Sulfur-isotope data suggest a magmatic source of sulfur. De­
positional temperatures (l5T to 260°C) obtained from sulfur­
isotope fractionation and fluid-inclusion data derived from a 
quartz-calcite-galena-sphalerite veinlet suggest mineralization dur­
ing late-stage gradual cooling of the hydrothermal system. 

Several geologic features, including mineralized breccia pipes 
and zones, quartz-bearing porphyritic intrusions, and anomalous 
metal concentrations, suggest the presence of a porphyry-type hy­
drothermal system at depth in the Boulder Creek area. Additionally, 
linear zones of intense silicification may be associated with shal­
lower mineral deposition in the epithermal environment. The future 
mineral resource potential of the area is therefore largely, but not 
completely, dependent on the discovery of porphyry-type min­
eralization that might be enhanced by association with anomalously 
high gold and silver concentrations. 0 
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Harris, S.L., Fire mountains of the West .................. 2:46 
International Geologic Congress, 1989 field trip guides ...... 3:65 
Moores, E.M., The art of geology ........................ 2:44 
Northwest correlation chart, COSUNA project .............. 2:44 
U.S. Bureau of Mines, State mineral summaries 1989 ....... 3:70 

Pugh, R.N., and others, The great Grant County fireball, 
1987 .................................................. 5:111 

Quartzville area, Linn County (Nicholson) ................... 6:141 
Reclamation of exploratory drill sites (Wermie!) ............... 3:69 
Red Butte, Malheur County, geochemistry and alteration (Evans) 5:118 
Roche, R.L., Glass Buttes complex evolution (thesis abs.) ...... 3:68 
Rock collecting (Barker) ................................... 1:15 
Sand, Pacific Northwest beaches (Binney and Azim) .......... 6: 130 
Schmeer, B.A., coauthor, Pugh and others ................... 5: l11 
Sherrod, D.R., and Pickthorn, L.B., A note on the origin of 

Bull Run and Lost Lakes, Western Cascades, Oregon ....... 3:60 
Smith Rock and the Gray Butte complex (Bishop) ............. 4:75 
---Volcanic rocks (Obermiller) ........................... 4:94 
Sucker Creek Formation (Lawrence) ........................ 6: 141 
TIlroOP, A.H., Cyanide in mining ............................. 1:9 
Thundereggs, collecting in Oregon (Lawson) ........... .4:87, 5:117 
Titanium in beach sands (Binney and Azim) ................. 6:130 
Tualatin Valley, geologic structure (Nazy) .................... 5: 118 
Wallowa County, Troy area (Orzo!) ......................... 6:140 
Wermiel, D.E., coauthor, Olmstead and Wermiel ............... 2:33 
---Reclamation of exploratory drill sites in Oregon ......... 3:69 
Yeats, R.S., Current assessment of earthquake hazard in Oregon .4:90 
Zirconium in beach sands (Binney and Azim) ................ 6: 130 
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GEOLOGICAL MAP SERIES Price 
GMS-4 Oregon gravity maps, onshore and offshore. 1967 3.00 
GMS-5 Powers 15' Quadrangle, Coos/Curry Counties. 1971_ 3.00 _ 
GMS-6 Preliminary geology, Snake River canyon. 1974 __ 6.50 _ 
GMS-8 Bouguer gravity anomaly map, central Cascades. 1978 3.00 _ 
GMS-9 Aeromagnetic anomaly map, central Cascades. 1978_ 3.00 _ 
GMS-10 Thermal springs and wells in Oregon. 1978 3.00 
GMS-12 Mineral 15' Quadrangle, Baker County. 1978 ___ 3.00_ 
GMS-13 Huntington and parts of 01ds Ferry 15' Quadrangles, 

Baker and Ma1heur Counties. 1979 3.00 
GMS-14 Index to geologic mapping, 1898-1979. 1981 ___ 7.00 _ 
GMS-15 Free-air gravity and Bouguer gravity anomaly maps, 

northern Cascades. 1981 3.00 
GMS-16 Free-air gravity and Bouguer gravity anomaly maps, 

southern Cascades, Oregon. 1981 3.00 
GMS-17 Aeromagnetic anomaly map, S Cascades. 1981 ___ 3.00 _ 
GMS-18 Rickreall/SalemWest/Monmouth/Sidney 7W Quadran-

gles, Marion and Polk Counties. 1981 5.00 
GMS-19 Bourne 7lf2' Quadrangle, Baker County. 1982 ___ 5.00 _ 
GMS-20 Slf2 Burns 15' Quadrangle, Harney County. 1982 __ 5.00 _ 
GMS-21 Vale East 7lf2' Quadrangle, Ma1heur County. 1982_ 5.00 _ 
GMS-22 Mount Ireland 7W Quad., Baker/Grant C. 1982 __ 5.00 __ 
GMS-23 Sheridan 7W Quadrangle, PolklYamhill C. 1982 __ 5.00 _ 
GMS-24 Grand Ronde 7Y2' Qua.d., Po1k/Yamhill C. 1982 __ 5.00 _ 
GMS-25 Granite 7lf2' Quadrangle, 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 Greenhorn 7lf2' Quadrangle, Baker/Grant C. 1983 __ 5.00 _ 
GMS-29 NElf4 Bates 15' Quadrangle, Baker/Grant C. 1983 _ 5.00 _ 
GMS-30 SEY4 Pearsoll Peak 15' Quadrangle, Curry and Jose-

phine Counties. 1984 6.00 
GMS-31 NWlf4 Bates 15' Quadrangle, Grant County. 1984 _ 5.00 _ 
GMS-32 Wilhoit 7lf2' Quadrangle, Clackamas and Marion 

Counties. 1984 4.00 
GMS-33 Scotts Mills 7lf2' Quadrangle, Clackamas and Marion 

Counties. 1984 4.00 
GMS-34 Stayton NE 7 W Quadrangle, Marion County. 1984 _ 4.00 _ 
GMS-35 SWY4 Bates 15' Quadrangle, 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 NWlf4 Cave Junction 15' Quadrangle, Josephine 

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

and continental margin off Oregon. 1986 5.00 
GMS-40 Aeromagnetic anomaly maps, Cascade Range, north-

ern Oregon. 1985 4.00 
GMS-41 Elkhorn Peak 7 W Quadrangle, Baker C. 1987 __ 6.00 _ 
GMS-42 Ocean floor off Oregon and the adjacent continental 

margin. 1986 8.00 
GMS-43 Eagle Butte and Gateway 7Y2' Quadrangles, Jeffer-

son and Wasco Counties. 1987 4.00 
as set with GMS-44/45 10.00 

GMS-44 Seekseequa Junction and Metolius Bench 7Y2' Quad-
rangles, Jefferson County. 1987 4.00 
as set with GMS-43/45 10.00 

GMS-45 Madras West and Madras East 7lf2' Quadrangles, Jef-
ferson County. 1987 4.00 
as set with GMS-43/44 10.00 

GMS-46 Breitenbush River area, LinnlMarion Counties. 1987 _ 6.00 _ 
GMS-47 Crescent Mountain area, Linn County. 1987 6.00 
GMS-48 McKenzie Bridge 15' Quadrangle, Lane C. 1988 8.00 

GMS-49 Map of Oregon seismicity, 1841-1986. 1987 3.00 __ 
GMS-50 Drake Crossing 7W Quadrangle, Marion C. 1986 4.00 
GMS-51 Elk Prairie 7lf2' Quadrangle, Marion and Clackamas 

Counties. 1986 4.00 
GMS-53 Owyhee Ridge 7W Quadrangle, Malheur C. 1988 _4.00 __ 
GMS-54 Graveyard Point 7lf2' Quadrangle, Malheur and 

Owyhee Counties. 1988 4.00 __ 
GMS-55 Owyhee Dam 7W Quadrangle, Malheur C. 1989 __ 4.00 __ 
GMS-56 Adrian 7Y2' Quadrangle, Malheur County. 1989 ___ 4.00 __ 
GMS-59 Lake Oswego 7lf2' Quadrangle, Clackamas, Mult-

nomah, and Washington Counties. 1989 6.00 

BULLETINS 
33 Bibliography of geology and mineral resources of Oregon 

(1st supplement, 1936-45). 1947 3.00 __ 
35 Geology of DailasIValsetz 15' Quadrangles, Polk County 

(map only). Revised 1964 3.00 
36 Papers on Foraminifera from the Tertiary. 1949 3.00 
44 Bibliography, 2nd supplement, 1946-50. 1953 3.00 __ 
46 Ferruginous bauxite, Salem Hills, Marion County. 1956 3.00 __ 
53 Bibliography, 3rd supplement, 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, 4th supplement, 1956-60. 1970 3.00 
71 Geology of lava tubes, Bend area, Deschutes C. 1947 __ 5.00 __ 
78 Bibliography, 5th supplement, 1961-70. 1973 3.00 
81 Environmental geology of Lincoln County. 1973 9.00 
82 Geologic hazards, Bull Run Watershed, Multnomah and 

Clackamas Counties. 1974 6.50 __ 
87 Environmental geology, western Coos and Douglas 

Counties. 1975 9.00 
88 Geology and mineral resources, upper Chetco River drain-

age, Curry and Josephine Counties. 1975 4.00 __ 
89 Geology and mineral resources of Deschutes C. 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 Sherman Counties. 1977 8.00 
92 Fossils in Oregon (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. 1977 12.50 
97 Bibliography, 6th supplement, 1971-75. 1978 3.00 __ 
98 Geologic hazards, eastern Benton County. 1979 9.00 
99 Geologic hazards of NW Clackamas County. 1979 ___ 10.00 __ 

100 Geology and mineral resources, Josephine County. 1979_9.00 __ 
101 Geol. field trips, W Oregon and SW Washington. 1980 9.00 
102 Bibliography, 7th supplement, 1976-79. 1981 4.00 __ 
103 Bibliography, 8th supplement, 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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2 Field geology, SW Broken Top Quadrangle. 1978 _____ 3.50 
3 Rock material resources, Clackamas, Columbia, Multnomab, and 
Washington Counties. 1978 ______________ 7.00 

4 Heat flow of Oregon. 1978 3.00 __ 
5 Analysis and forecasts of the demand for rock materials in 
Oregon. 1979 3.00 

6 Geology of the La Grande area. 1980 5.00 
7 Pluvial Fort Rock Lake, Lake County. 1979 4.00 
8 Geology and geochemistry of the Mount Hood volcano. 1980 3.00 __ 
9 Geology of the Breitenbush Hot Springs Quadrangle. 1980 __ 4.00 __ 

10 Tectonic rotation of the Oregon Western Cascades. 1980 ___ 3.00 __ 
11 Theses and dissertations on geology of Oregon. Bibliography 

and index, 1899-1982. 1982 _____________ 6.00 
12 Geologic linears of the northern part of the Cascade Range, 

Oregon. 1980 3.00 
13 Faults and lineaments of southern Cascades, Oregon. 1981 __ 4.00 __ 
14 Geology and geothermal resources, Mount Hood area. 1982 __ 7.00 __ 
15 Geology and geothermal resources, central Oregon Cascade 

Range. 1983 _________________ 11.00 
16 Index to the Ore Bin (1939-1978) and Oregon Geology (1979-

1982). 1983 4.00 
17 Bibliography of Oregon paleontology, 1792-1983. 1984 ___ 6.00 __ 
18 Investigations of talc in Oregon. 1988 7.00 
20 Bentonite in Oregon: Occurrences, analyses, and economic 

potential. 1989 ____ ....,.-_____________ 6.00 
21 Field geology of the NW1!4 Broken Top 15-minute Quadrangle, 

Deschutes County. 1987 _______________ 5.00 __ 

OIL AND GAS INVESTIGATIONS 
3 Preliminary identifications of Foraminifera, General Petroleum 
Long Bell #1 well. 1973 3.00 __ 

4 Preliminary identifications of Foraminifera, E.M. Warren Coos 
County 1-7 well. 1973 3.00 

5 Prospects for natural gas, upper Nehalem River Basin. 1976 __ 5.00 __ 
6 Prospects for oil and gas, Coos Basin. 1980 9.00 
7 Correlation of Cenozoic stratigraphic units of western Oregon 
and Washington. 1983 8.00 __ 

8 Subsurface stratigraphy of the Ochoco Basin, Oregon. 1984 7.00 
9 Subsurface biostratigraphy of the east Nehalem Basin. 1983 6.00 

10 Mist Gas Field: Exploration! development, 1979-1984. 1985 4.00 
11 Biostratigraphy of exploratory wells, western Coos, Douglas, 

and Lane Counties. 1984 6.00 
12 Biostratigraphy, exploratory wells, N Willamette Basin. 1984 __ 6.00 __ 
13 Biostratigraphy, exploratory wells, S Willamette Basin. 1985 __ 6.00 __ 
14 Oil and gas investigation of the Astoria Basin, Clatsop and 

northernmost Tillamook Counties, 1985 7.00 __ 
15 Hydrocarbon exploration and occurrences in Oregon. 1989 __ 7.00 __ 
16 Available well records and samples, onshore and offshore oil 

and gas wells. 1987 5.00 __ 

MISCELLANEOUS PUBLICATIONS 
Geologic map of Oregon east of I2lst meridan (U.S. Geological 

Survey Map 1-902). 1977 (blackline copy only) 6.10 
Geologic map of Oregon west of 121st meridian (U.S. Geological 

Survey Map 1-325). 1961 6.10 
Geological highway map, Pacific Northwest region, Oregon/Washing-

ton/part of Idaho (published by AAPG). 1973 5.00 
Landforms of Oregon (relief map, 17xl2 in.) 1.00 __ 
Oregon Landsat mosaic map (published by ERSAL, Oregon State 

University). 1983 10.00 
Geothermal resources of Oregon (published by NOAA). 1982 __ 3.00 __ 
Index map of available topographic maps for Oregon published by 

the U.S. Geological Survey 1.50 
Bend 30-minute Quadrangle, Geologic map and reconnaissance geo-

logie map, central Oregon High Cascades. 1957 3.00 
Lebanon 15-minute Quad., Reconnaissance geologic map. 1956 __ 3.00 __ 
Mist Gas Field Map, showing well locations, revised 1989 (OOG-

AMI Open-File Report 0-89-2, ozalid print) 7.00 
Northwest Oregon, Correlation Section 24. Bruer and others, 1984 

(published by AAPG) 5.00 
Oregon rocks and minerals, a description. 1988 (DOGAMI Open-

File Report 0-88-6; rev. ed. of Miscellaneous Paper I) 5.00 __ 
Mining claims (State laws governing quartz and placer claims) __ Free __ 
Back issues of Ore Bin/Oregon Geology, I 939-April 1988 ___ 1.00 __ 
Back issues of Oregon Geology, May/June 1988 and later ___ 2.00 __ 
Color postcard: Oregon State Rock and State Gemstone .50 
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