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ROCK MATERIAL RESOURCES 
OF BENT ON COUNTY, O REGON 

INTRODUCT ION 

P u r p o s e  

Benton County's population is expected to continue to expand in the future as a result of increased 
light industrial development brought about by available manpower; availability of land and electric power; 
and favorable aesthetic, cultural, and climatic conditions . While creating an increasing need for con
struction aggregate, this growth can simultaneously restrict the use of existing sources of aggregate by 
zoning, encroachment of incompatible development, and loss of rock material deposits when structures 
are built over them. With proper planning, however, a continued supply of these important rock material 
resources wi I I  be avai I able in a manner most compatible with the environment and long-range land use plans . 

The purpose of this study is to develop concise data on the rock material of Benton County in a form 
which can be submitted to potential users or developers of these resources and which can be used as a data 
base for land use ordinances in compliance with ORS 21 5. 055. Oregon law ORS 2 1 5. 055 and Land Con
servation and Development Commission ( LCDC) Goal 5, Topic B, formally directs the County to take the 
processing of mineral aggregates into consideration in the adoption of any land use ordinance. Data on 
the locations of sand and gravel pits, clay pits, and rock quarries; past production; the quantity and 
quality of material available; and the future requirements for these products are needed before land use 
ordinances are passed. This study , financed by the Oregon Department of Geology and Mineral Industries 
and Benton County through a grant from the Land Conservation and Development Commission , provides the 
above data along with broad parameters for secondary or tertiary land uses after mining . The data pre
sented in this report can be used for planning and public decisions concerning land usage and also by 
contractors looking for rock materials for construction projects . 

S t u d y P a r a m e t e r s  

This study is based on a rock material resources location and geology map (folded, in pocket) and 
a survey data table (Table 1, printed on back of folded map, in pocket). Each site has been given a 
number which is used throughout the report. Only sites with evidence of past mining were surveyed, 
even though they may not contain future reserves. A survey of all rock material reserves of Benton 
County is beyond the scope of this report . The geologic map, however, gives information about the 
amount of area underlain by each of the rock units. General conclusions about where rock material 
sources will be developed in future years may be drawn from this map . 

A discussion concerning land use planning and reclamation processes is also included in this report . 
The role of the State, County, and quarry operator in these procedures is briefly discussed; information 
about where to seek additional reclamation assistance is given. Methods of estimating future rock mate
rial needs are presented; and estimates of future needs of Benton County and, for comparison, the Wi 1-
lamette Valley and all of Oregon are also included. 

Appendix 1 is a glossary defining terms used in this report. This study is not directly concerned 
with environmental or geological hazards or with engineering geology problems. Instead, a current study 
(Bela , in preparation) deals with each of these problems in considerable detail. 



M e t h o d s  o f  S t u d y  

Before the physical inventorying of sites began, the files of the Department's Mined Land Reclama
tion Division and other State and County agencies were checked for rock material site locations . Locations 
of additional sites were obtained from local aggregate producers, the County, the State Highway Division, 
and U. S. Forest Service personnel and by inspection of aerial photographs. Other sites were located in 
the field during field surveying and by reconnaissance from light aircraft . 

Site surveys were accomplished in the field by use of a rangefinder, a clinometer and/or a plani
meter, and aerial photographs. The surveys provide data on dimensions and shape of each site, volume 
of material removed, and reserves remaining. The geologist determined reserves estimates, taking into 
consideration the depth and lateral extent of the deposit, thickness of overburden, limiting effect of 
ground water, property ownership, and conflicting land uses . An assumption was made that point bars 
normally can be cropped every 3 years. 

The quality of the rock, as shown by usage from each site, was estimated by identifying geologic 
formation, rock type, and rock characteristics and by comparing with Oregon State Highway Division 
laboratory data from similar rocks found elsewhere in the County . Sand and gravel and quarry-rock 
production records from County, State, and Federal agencies, principally the U. S . Bureau of Mines, 
were compiled for the years 19 40 to 1975 to determine the past rates of consumption of these materials . 
Future requirements were determined by extending least squares consumption curves . 

P r e v i o u s  W o r k  

A County-wide inventory or economic study of rock material resources of Benton County has not 
been done prior to this report. Early in 1977, the Oregon Department of Geology and Mineral Industries 
prepared a preliminary unpublished report which dealt with sites along the Willamette River Greenway 
Belt within Benton and Linn Counties. The Benton County sites have been incorporated into this report. 
For a geologic bibliography, "Geologic Hazards of Eastern Benton County, Oregon, " by J. L. Bela (in 
preparation) should be consulted. 

A c k n o w  I e d g m e n  t s 

The authors are grateful for help received from many individuals. Garwood Allen of the Oregon 
Department of Geology and Mineral Industries conducted the field surveying of all sites. Data for the 
western side of the geologic map was compiled by John Beaulieu, also of the Department. Laboratory 
data and information about sites studied by the Oregon Highway Department were obtained from Robert 
Forester. James Blair, County Engineer and Roadmaster, prepared a map showing quarry sites. Bond 
Starker of Starker Lumber Company graciously provided access to and information about his rock resources . 

Linda VanCura typed the manuscript; Lewis Nelson, of Scott Photo, Corvallis, prepared photographs; 
Ruth Pavlat typed camera copy; Beverly Vogt and Ainslie Bricker edited the report; and Charles Schumacher 
and Kath Eisele drafted the maps and figures. 
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GEOGRAPHY 

L o c a t i o n , P h y s i c a l  G e o g r a p h y , Ex t e n t  o f  A r e a , a n d  A c c e s s  

Benton County (see Figure 1) covers 668 sq mi . Its two distinct physiographic areas are the Wil
lamette Valley and the Coast Range. The Willamette Valley contains about 1 20 sq mi of broad alluvial 
plains stretching westward toward the foothills of the Coast Range , which, in turn , covers about 548 sq 
mi of hilly to mountainous land . The highest peak in the Coast Range, Marys Peak , with an elevation 
of 4 , 087 ft, is located in the western part of the County . About 459 sq mi of the County lie in the mid
dle Willamette River drainage basin, and 1 8 4  sq mi are included in the mid-coast drainage basin . The 
remaining 25 sq mi is included in the upper Willamette River basin . 

Forest lands occupy about 438 sq mi of the County . About 75 percent of the land base is privately 
owned, with the remaining 25 percent divided as follows: Federal , 17 percent; State , 4 . 4 percent; and 
local governments , 2 . 6  percent . 

) 
! 

I I 
i 
i i 
i 
i i 

·-·-·- _____ .J. 

Figure 1. Index map showing location of Benton County, Oregon . 

In 1 972 the County had 999 mi of roadway (Ruttle , 197 4) . The major transportation routes are 
State Highway 34, which enters the County in the southwest corner and extends northeastward to Corval
lis; U.S . Highway 20, which crosses the County in an east-west direction and passes through Corvallis; 
State Highway 99W, which enters the County near Monroe, goes north along the west side of the Wil
lamette River through Corvo I I  is , and leaves the County near Suver . Interstate 5 ,  a major north-south 
freeway, passes 1 0  mi east of Corvallis, just outside the County border . The secondary system of private, 
County , and Federa I roads provided access for this study to all parts of the County . 

S o c i o e c o n o m i c  F a c t ors 

The Benton County population has grown an average of about 2 . 5  percent annually since 1 920 . 
About 60 percent of the County's population is within the city limits of Corvallis , 4 percent in Philomath 
and Adair Village, and significant numbers just outside of the corporate limits of Albany ( Linn County) , 
Corvallis , and Philomath . Many people live in one of these counties and work in the other. Employment 
in higher education and supporting services account for the greatest number of persons in Benton County . 
The remainder are employed in timber and wood products , electronics , agriculture, and government . 
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Table 2. Population* 

1 940 1 950 1 960 1 970 1976 2000** 

Oregon 1 ,089, 684 1 , 52 1 , 34 1  1 ,768, 687 2, 09 1 , 385 2,34 1 , 750 3, 0 19 , 900 
Willamette Valley 7 1 2, 1 75 1 , 01 5, 354 1 , 1 9 1 ,278 1 , 475, 384 1 , 642, 600 2, 1 18 , 800 

Benton County 1 8,629 31 , 570 39, 1 65 53, 776 65, 600 93, 600 

Corvallis 8, 392 1 6, 207 20, 669 35, 056 40, 1 80 -

Philomath 856 1 , 289 1 , 359 1, 688 2, 1 60 -
Monroe 3 1 1 362 374 443 485 -

* Oregon Blue Book (1977- 1 978) 
** Center for Population Research and Census ( 1976) 

ROCK MATER IA L  R ESOURCES 

G e n e r a l  

Rock material is any naturally formed mass of consolidated or unconsolidated mineral matter or mined 
products obtained from such a mass . Deposits include clay and shale , sand and gravel , and stone . Mined 
products include material used as pit or quarry run, and/or processed by crushing, and/or screening, and/or 
drying . Processing does not include calcining or other treatments by which physical characteristics of the 
rock material are changed . 

Lands showing no evidence of past mining were not surveyed, even though they might contain future 
reserves. The reserve estimate given for a site may be increased through proper zoning and land acquisition 
by the rock material producer . The only rock materials that have been mined in Benton County are clay, 
sand and gravel, and quarry stone (both crushed and dimension) . 

C l a y  

Clay is a natural , earthy , fine-grained material composed of rock or mineral fragments less than 
0.002 mm in size and a group of crystalline minerals known as clay minerals . Most clays exhibit plasticity 
when wet . Clay minerals may originate in several ways; simple weathering under generally humid condi
tions or by hydrothermal action will transform surface or subsurface rocks of many types into more or less 
pure in situ deposits of one or more clay minerals . Transportation and deposition of exposed clay minerals 
will form deposits which may usually contain silt , sand, and other impurities . Benton County clays have 
been used almost exclusively for common brick and tile production (see sites 86, 1 37, 138 , and 1 40 in 
Table 1 and on the Rock Material Location and Geology Map. Since most of the clays contain a consider
able quantity of iron, the fired ware is usually red to dark buff in color . No known Benton County deposits 
ore sufficiently low in iron to produce a light-colored fired product. 

S a n d a n d  G r a v e l  

Sand and gravel are mineral commodities produced b y  natural erosion and abrasion of transported 
bedrock material . The term "sand and gravel" refers to size of the bedrock fragments, not to the mineral 
content or rock type . The sand and gravel deposits in Benton County are all alluvial , which means they 
were all deposited by streams. Such stream deposits are usually imperfectly stratified and frequently have 
cut-and-fill structures in which coarse sands and gravels are interspersed with lenses of fine sands or clays . 
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The long axes of alluvial deposits are parallel to the direction of stream flow. The beds vary greatly in 
thickness and are usually complex in composition. As a rule, particles are poorly sorted and usually sub
angular to subrounded. The size and shape of particles are direct results of joint or fracture spacing, 
hardness of material, and the distance they have been transported. Present-day deposits occur in the 
form of bars within the stream channels and as point bars along the inside banks of meanders. Previously 
deposited point bars occur in the Willamette River flood plain in old meander channels and beneath the 
flood plain, where they have been buried by up to 1 0 ft of sandy silt. 

Qu a r r y  S t o n e  (D i m e n s i o n )  

Dimension stone is quarried stone which has been specially cut or shaped for use as gravestones or 
in building, curbing, or other stone masonry construction. In Benton County, sandstone (see site 1 41, 
Table 1 and Rock Material Location and Geology Map) was quarried for use in the courthouse . Small 
amounts of basalt, gabbro , diorite , and sandstone mined for crushed and pit run have been used for dimen
sion purposes. None of the rock types seems to be of commercial quality on which an industry could be 
built . Sandstones tend to crumble and gabbros to stain with weathering. 

Q uer r y  S t o n e  (Cr u s h e d  a n d  P i t  R u n ) 

Crushed and pit run quarry stone, more than 99. 9 percent of all stone produced in Benton County, 
is stone which has been reduced in size after mining to meet various consumer requirements. Crushed 
and pit run are quarried from igneous and sandstone bed rock. The igneous rock uses have ranged from rip
rap to road topping. The sandstone has been used mainly for embankments. 

The various types of igneous rocks were tested by the Oregon State Highway Department. Table 3 
shows that each rock type possesses characteristic physical properties and that , generally , fine-grained 
intrusive basalt is most desirable for road metal, coarse-grained intrusive (gabbro or diabase) is less desir
able , and lava (Siletz River Volcanics) is least desirable. The values given are averages. 

Table 3 .  Engineering characteristics of Benton County igneous rocks 

Specific Abrasion Sodium sulfate 
gravity (% loss) (% loss) 

Intrusive fine-grained basalt 2.77 17.8 2.42 

Intrusive coarse-grained gabbro or diabase 2.78 19.4 1.65 

Siletz River Volcanics lava 2.70 23.8 25.9 

GEOLOGIC UNITS 

G e n e r a l  

The geology shown in the Rock Material Location and Geology Map and the following brief 
geologic unit descriptions are patterned after Bela (in preparation). The geology given here is mainly to 
help provide a setting for the description of the rock material sites. If a detailed geology map is needed, 
Bela's work should be consulted. 

Geologic units within Benton County can be classified into two broad groups, surficial and bed rock. 
In this report the terms "surficial" and "alluvial" are used interchangeably. In Table 1 ,  under the heading 
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"Deposit Type," the terms "gravel," "surficial," and "alluvial" ore also used interchangeably. The units 
are described from the youngest (Recent river alluvium} to the oldest (Siletz River Volcanics}. Figure 2 
shows the relationships between surficial and bedrock units. It also shows the complexities of the line 
separating Linn and Benton Counties. Two sand and gravel sites, 87 and 88, are also shown. 

S u r f i c i a l  G e o l o g i c  Un i t s  (A l l u v ium ) 

General 

Benton County's proximity to the Willamette River and numerous Coast Range tributary rivers and 
drainages, coupled with the complex history of inundation and sedimentation during Quaternary geologic 
time, has resulted in an abundance of surficial geologic units. These consist of unconsolidated and semi
consolidated deposits of gravel, sand, silt, and clay of varying extent and thickness. The origins of 
some of these units ore complex; the units probably result from several different episodes and processes. 
Four surficial units have been mapped in the study area and are distinguishable by landforms, association 
with flood plains, thickness, and type of material, 

Recent river alluvium (point bars} (Qrol) 

Recent alluvium consists of sediments deposited in stream channe Is and overflow channe Is on 
modern flood plains. Stream channel sediments are mostly grovel and sand, but sluggish streams deposit 
sediments ranging from sand to silt. The flood plain surficial deposits are composed mainly of sand and 
silt, and some clayey material may be deposited in backwater areas. 

The Willamette River channel carries considerable amounts of gravel. Its stream load is derived 
from material eroded from rock exposures in headwaters, introduced from tributaries, and eroded from 
river bars and stream banks. The most recent gravel is usually deposited in point bars along the inside 
edge of meanders in the river. Many areas ore not vegetated; others support stands of willows and cotton
woods. Areas adjacent to the Willamette River provide some of the most important sources of sand and 
grovel for building and construction. These areas are often abandoned major meanders, as at Fischer 
Island, east of Corvallis. 

Recent Willamette River alluvium contains cobbles, coarse gravel, and sand and ranges from 20 to 
45 ft in thickness. The rock type is mainly basalt; but considerable andesite, dacite, and rhyolite are 
present with on occasiona I coarser grained crystal! ine rock. Coast Range streams that drain areas under
lain primarily by sedimentary rock carry little gravel. Streams other than the Wi llamette River in Benton 
County do not have significant deposits of grave I. 

Quaternary lower terraces (Qtl) 

The Quaternary lower terrace unit consists of (1) low terraces just above Recent river alluvium of 
the Willamette River, and (2) lowlands of tributary rivers and streams, such as Marys River, Frazier Creek, 
and Muddy Creek. The lower terrace deposits are characterized by a low, undulating, fluvial surface 
resulting from flood deposits and overbank channeling. Meander scrolls, oxbow lakes, and widespread 
areas subject to shallow pending are common. The first terraces above the Willamette River are only a 
few feet up to 8 ft or more above river level. Deposits on these terraces generally consist of 35 ft of 
river- and stream-deposited cobbles, gravel, and coarse sand derived from volcanic rocks, with relatively 
large amounts of flood deposits of silt and clay. Surficial deposits of fine sand and silt occur along Marys 
River and other tributary rivers and minor drainages. 

Quaternary middle terraces (Qtm) 

Quaternary middle terrace deposits along the Willamette River consist of unconsolidated to semi
consolidated gravel, sand, silt, and cloy. In places, they ore overlain by the Willamette Si It. These 
terraces farm the main high terraces along the Willamette River and are generally 15 to 30ft above the 
river level, although in some places they appear to merge gradually with lower terraces. The gravel 
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Figure 2. Ob�ique acria� view of city of Corva��iD and two sand and gravel sites: site 87 in Linn County and 
site 88 in segment of Benton County iso�ated when Wi��amette River changed channels. Surficial and bed
rock geo�ogic units are out�ined; see text for names of units. 



deposits range in thickness from about 50 to more than 100 ft. For example , a thickness of up to 1 00 ft 
or more is reported near Granger, with a general thinning to 50 ft or less closer to the Willamette River. 
The overlying Willamette Silt constitutes a small portion of this entire unit and is included with the Qua
ternary middle terraces (Qtm). The silt is one of the clay sources for Benton County brick and tile manu
facture . 

Quaternary higher terraces (Qth) 

Quaternary higher terrace deposits consist of poorly sorted, semiconsolidated gravel , sand , silt, 
and clay located toward the western foothills in Benton County. These terraces are generally 15 to 20 ft 
higher and more highly dissected by streams than are the middle terrace deposits. In places the higher 
terrace gravel deposits have been weathered to clay, but outlines of individual pebbles can still be easily 
recognized. The weathered gravel occurs mostly in the zone of aeration; but below, where the ground 
is constantly saturated, the gravels are sound except for a thin clay film developed at the surface of the 
individual gravel stones. Material from this unit has not been used for rock material in Benton County, 
and this unit has little potential as a future rock material resource . 

B e d r o c k  G e o l o g i c  Un i t s  

General 

The six bedrock units include igneous intrusives, which are the youngest; four sedimentary formations 
of intermediate age; and igneous extrusives , which are the oldest. 

Intrusive rocks (Ti) 

Intrusive rocks are bodies of once-fluid igneous rocks that penetrated other rocks underground but 
solidified before reaching the surface of the earth . Many intrusive rocks, consisting of fine- to medium
grained basalt and gabbro dikes , sills, and irregular shaped intrusive bodies, occur in Benton County. 
Dikes are tabular bodies that cut across the structure of adjacent country rocks while si lis are tabular, 
sheetlike bodies of approximately uniform thickness , relatively thin compared to their lateral extent, 
emplaced parallel to the structure of the intruded rock. Age of these intrusives is not definite, but most 
were emplaced during late Eocene to early Oligocene. 

Intrusives, generally in the form of sheetlike sills, occur in the eastern foothills of the Coast Range, 
in the headwaters of Bull Run Creek, at Flat Mountain, near Dawson, at Marys Peak , and west of Glenbrook. 

Intrusive rocks are dark gray, fine- to coarse-grained , with porphyritic and diabasic textures. Mar
gins of large intrusive bodies are usually basaltic with a fine-grained texture caused by rapid cooling; 
interiors are gabbroic and dioritic , with medium- to coarse-grained textures produced by slow cooling. 
Zeolite minerals are present in the fractures and interstices of the rocks; and cross-cutting dikes of 
whitish-colored, quartz-feldspar (aplite) micropegmatite occur rarely, primarily in the larger gabbro 
intrusives. 

In some areas of the Coast Range, basalt dikes and sills are small, ranging in thickness from about 
5 to 20 ft. The rock is dark gray to black, fine-grained to porphyritic, and generally of good quality. 
Mining costs are higher for these small intrusive bodies because joint spacing produces large boulders 
requiring secondary blasting. With better primary blasting, boulders might not be a major problem. 

Larger intrusive bodies are uncommon in the Coast Range . The most common are diabase, gabbro , 
and granophyric gabbro sills and dikes. One of the largest is a 1 , 000-ft-thick sill of granophyric gabbro 
and diorite on Marys Peak. These dark-gray 1 coarse-grained rocks are composed of calcic plagioclase 1 

augite , and accessory magnetite. 
Most of the coarser grained intrusive bodies are larger than the fine-grained dikes and sills and are 

commonly quarried for road metal 1 even though the rock is blocky and not as durable as unaltered basalt. 
These coarse-grained rocks are susceptible to mechanical disintegration or weathering. They may have 
widely spaced joints which can result in oversized material after blasting even though expertly engineered. 
The material is good for riprap and can be used economically by large crushing plants. 
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T uffaceous sa ndsto ne (T ts) 

Two sma l l  i so l ated outcrops of th i ck-bedded , gree n i s h-gray to o l i ve -gray , medi um- to coarse 
gra i ned tuffa ceo us sandstone occur at O l i ve r  a nd W i n k l e  Buttes (s i te 135). L i t t l e  i s  known of t h i s  u n i t . 
I nd i v i dua l we l l - i ndurated mass ive beds w i t h i n t he un i t  ra nge i n  t h i ckness from 3 to 1 2 ft . The forma t ion  
th i ckness appears to  be o n ly on the o rde r of severa l h undred feet . 

Spencer Format ion  (Ts) 

T he Spencer Format ion  consi sts of fi ne - to med i um -grai ned , arkos i c ,  m i caceous,  tuffaceous sa nd 
stone and si l tstone . T he format ion  may a l so conta i n  mi nor amounts of dark , gree n i s h-gray , basa l t i c  
sandstone a n d  brecc ia . I t s  compos i t i on  i nd i cates mari ne deposi t ion  re l at ive ly nea r  s hore a nd de r i vat ion  
in  part from t he unde r ly i ng F lournoy Format ion  and S i le tz  R iver  Vo l can i cs . 

T he Spencer Format ion  occurs i n  t he l ower Coast Range foot h i l l s a nd i n  i so l ated eros iona l  remnants 
i n  t he weste r n  part of the W i l l amette Va l ley , both nort heast a nd sou thwest of Corva l l i s; i t  i s  a l so be l i eved 
to under l ie most of the terrace depos i t s  betwee n t he foot h i  l i s a nd t he Wi  l l amette R iver . A comp lete sec 
t ion  i s  not prese n t ,  but i t  i s  est imated that a t  l east 4 , 200 ft are exposed between  the base a n d  a l l uv i a l  
cover . 

T he beds are massive to t h i c k  bedded , w i th a few t hi n ner  beds of sa ndsto ne and fre que nt part i ngs 
of t h i n ,  s ha l y  s i l tstone . Weat hered exposures i n  road cuts a nd sept i c  tank pits are genera l l y pa l e  ye l l ow i s h
ora nge to  dark ye l l ow i s h-ora nge i n  co lor  due  to i ron sta i n i ng .  T he massive beds weather sphero i da l l y a nd 
rap i d l y  to a l ig ht to moderate ye l l ow i sh-brown so i l ,  wh i l e  t h i n ne r ,  fi ne -Qrai ned beds  weather to a l ig ht 
tan to rusty w hi te ,  ve ry s im i l ar to parts o f  the Flournoy . Some sect i ons appear to be e nt i re l y  a l tered to 
c l ay; near Monroe , a t  si te 1 40 ,  p i ts i n  t he Spe ncer Format ion  have y ie l ded c l ay for loca l c l ay prod uct 
man ufacture . At s i te 1 4 1 , u nweat hered outcrops have bee n m i ned for d ime ns ion stone a nd for low stre ngt h  
crushed a nd broken stone . 

Flournoy Format ion  (Tf) 

T he Fl ournoy Format ion  cons i sts of sa ndstone , s i l t s tone , and sha le . M i nor co ng l omerat i c  sandstone 
beds a l so occur . Fl ournoy Format ion  sandstone is probab ly t he se cond most w i despread geo log i c  rock un i t  · 

i n  Ben ton County . I t  occ urs as steep ly  eastward a nd westward d i ppi ng beds ,  mai n ly a l o ng the eastern  
boundary of t he Si l etz  River Vo l can i cs (Tsr) , w here i t  i s  se parated from them by the Corva l l i s  fa u l t . T he 
Flournoy Format ion  occurs both east a nd west of t he S i l e tz R iver Vo l can i cs and nort h and west of K i ngs 
Va l l ey ,  w here i t  reported ly unconformab l y  ove r l ie s  the vo l ca n i c  rocks . A l thoug h a comp lete se c tion  of 
t he Fl ournoy i s  not exposed i n  Benton County , i t  i s  est i mated to be about  3 ,700 ft  t h i ck . 

Fre sh  outcrops a re firm ly compacted ,  b l ue gray , w i t h  consp i cuous f l akes  of muscov i te  a nd b iot i te 
m i ca (up to 0 . 25 i n  l o ng ) . Weathered  outcrops are l i ght  tan (very pa l e  orange) to gray i sh  ora nge . The 
sandstone and s i l tstone gra i ns are composed of a ngu l a r  quartz , fe l dspa r ,  l i th i c  fragments , a nd be nt f l akes 
of muscovi te and b iot i te . Beds range from l e ss than 2 to 1 2 ft i n  th i c kness . Th i s  u n i t  has  produced 
crush ed and pit run stone . Th e mater ia  I h as been ut i l i zed for l i gh t-du ty purposes such as fi I I .  U sed for 
toppi ng , i t  tends to d i s i ntegra te i nto a muddy sand  under traffi c . 

K i ngs Va l l ey S i l tstone (Tsrk) 

Th e Ki ngs Va l ley S i l tstone , consist i ng of tuffaceous si l ts tone and water l a i d  tuff, crops out extensive ly 
i n  K i ngs Va l l ey ,  w here t h i s  un i t  i s  approx i mate ly 3, 000 ft t h i ck . The l ower  part of the u n i t  a l so conta i n s  
i nte rbedded p i l l ows ,  basa l t  f lows,  tuff, a nd tuff brecc i a .  T here a re no  quarr ies  or p i t s  i n  t he K i ngs  Va l l ey 
S i l tstone . 

S i l e tz River Vo l ca n ics  (Tsr) 

S i l e tz River Vo l can i c s ,  t he o ldest rock i n  Be nto n County,  covers more l a nd surfa ce than  a ny other 
u ni t . I t  cons ists of ves i cu lar  to amygda lo ida l ,  zeo l i t i c  p i l l ow lava , basa l t  f lows , f l ow brecc ia s ,  coarse 

9 



pyroclastics, and interbeds of thin, tuffaceous siltstone. The unit occurs at the higher elevations west 
and north of Corvallis and extends across Benton County northeast to southwest in o brood belt about 6 mi 
wide. Estimates of the minimum thickness range from 3,000 to 5,000 ft in Benton County; but elsewhere, 
near former centers of volcanism, the Siletz pile may be os much as 20,000 ft thick. 

Siletz River Volcanic basalt is particularly well exposed at Wren (Figure 3) and at Coffin Butte 
(Figure 4), in quarry sites 20, 22, and 23, which supplied crushed rock for Camp Adair and State High
way 99W during World War I I. Fresh rock surfaces are dark greenish-gray to black, with o general block 
and white mottled appearance caused by o high percentage of secondary calcite and zeolite minerals. 
Light rusty-brown weathered zones con be 4 to 10 ft or more thick, due to good infiltration. Much of the 
basalt was extruded onto a sea floor, forming elliptical bodies called "pillows." The hot rock coming into 
contact with water produced steam explosions which in turn caused the brecciation or fragmentation of the 
basalt. Individual pillows within the flows overage about 3 ft in diameter; their chi lied margins, originally 
basaltic glas.s, ore usually altered to greenish-block cloy minerals. In breccias and tuffs, original basaltic 
gloss has been devitrified to greenish-brown, fibrous cloy minerals, including montmorillonite. 

Flows containing pillows and breccia fragments ore commonly fine grained, vesicular, and amygdaloid
a!; alteration contemporaneous with marine deposition is prominent. Chlorite, clays, calcite, and zeolites 
ore the main secondary minerals. Radiating columnar jointing occurs in individual pillows; and thin flows, 
intrusive dikes, and sills quite often have well-developed parallel columnar jointing. 

Massive pillow lavas and breccias are relatively resistant to erosion and form topographic highs, with 
shallow or no soil cover; whereas interbedded siltstones and tuffs are easily eroded and weather spheroid
ally, leaving shells coated with iron and manganese oxides. The Siletz River Volcanics also contain un
mapped intrusive rocks. 

This unit is extensively quarried for crushed stone for building and rood construction. Much of it 
con be ripped and used for rood beds without crushing. 

Figure 3. Obl-ique aerial. view of quar�y site 33 at Wren. Quarry has been devel.oped 
in massivel-y jointed Sil.etz River Vol-canics. As quarrying has gone deeper into 
th2 ridge� overburden has become greater and jointing more widel.y spaoed� pro
ducing more massive rock fragments. This site cannot be screened from view of 
State Highway 20. 
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S URV EY DATA TABLE  A N D  R OC K  MATER IA L  LOCAT I O N  A N D  G E O LOGY MAP 

G e n e r a l 

T he Department surveyed 149 ro ck mater i a l  s i tes  w i t h i n  Benton County . Locat ions  of s i tes are 
p lot ted on the Rock Mater ia l Locat ion  a nd Geo logy Map (fo lded,  in pocket ) . Dots show actua l  s i te 
l ocat i ons; c i r c l e s  i nd icate sa nd and g rave l pi ts ;  t r iang les  show sto ne quarr ies; and squares i nd i ca te c l ay 
pi ts . Th ree sites in Lane County and two in Linn County were also surveyed because of their proximity to 
Benton County. 

Data for s i tes a re show n  i n  Tab l e  1 ,  pr i nted on the back of the map (fo l ded , i n  pocket ) . I nformati on  
g iven  i n  t he tab l e  prov ides a reaso nab le pi c ture of  each i nd iv idua l m i n i ng s i te . Tab l e  da ta  i nc l ude si te 
i de nti fi cat io n ,  l ocation ,  status,  s ize , source descr ip t io n ,  m i n i ng system , process ing p l a nt ,  a nd usage . 
Except for the co l umn  headed " Operator or owner, " l i ne a nd co l um n  e ntr ies  conta i n  dashes ( -) w he n  the 
data are u nk now n .  Because max imum data are compressed i nto Tab le  1 ,  eac h  ma j or co l umn  head i ng i s  
d i scussed in  the following paragraphs ,  in  the order  of  appearance i n  the tab l e . 

S i t e I d e n t i f i c a t i o n  

T he s i te number i ng system for rock mater i a l  beg i ns wi t h  number 1, starti ng i n  the northwest corner 
of  t he County . The numbers fo l low that tow nsh ip  to t he east, move back to t he west e nd of next town -
sh i p  t o  t h e  sou th , and move again to the east . T h e  only names given in the column headed "Operator or owner" 
are those names located i n  the  fi e l d ;  t i t le searches were not made . Ownersh i p  of s i tes i s  a s  fo l lows : Federa l -
29; State - 19; County - 4; loca I - 3; private - 80; and u n know n  - 1 4 . 

L o c a t i o n 

Site locations are descr i bed down to the quarter section; p l ot t ing on the localities map, however, 
i s accurate to the quarter/qua rter section (40 acres). 

S ta t u s  

The status of each site was determined. Between January and December 1977, 40 sites were active, 
92 sites were inactive, and 17 were reclaimed. 

S i z e 

Tab l e  4 summarizes the number of s i tes  t hat fa l l  w i th i n  each of the fi ve s ize categor ies  a nd i nc l udes 
both past pr od uct ion a nd future potent ia l .  T he tab l e  a l so g i ves tota l vo l ume f igures for m i ned mater ia l a nd 
for future potential. Cubic yards were converted to tons by a factor of 1 cu yd to 1.5 tons. In addition 
to the excavated acreage, acreage used for stockpiles and plant sites was measured. In Benton County, 
367.5 acres have been mined and 12.4 acres used for stockpile and plant sites, a total of 0.09 percent 
of Benton County's land mass. On the average, 16_, 234 cu yds were taken from each acre mined. 

Potential resources in this study are defined not strictly on the basis of quality and geologic 
availability but on the basis of cultural constraints to mining as well. Thus, property lines and owner
ship were the determining factors in developing the figures given in the tables and in arriving at the 
projections in the forecast section. 
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Figure 4a. Coffin Butte. Quarry sites 11� 22� 23� and 24 have been developed in 
Siletz River VoZaanias. Although not apparent from this angle� sites 22 and 
23 are fiZZed with water. Note motorcycle trails crisscrossing ridge. 

Figure 4b. Site 11� now being used for sanitary landfill. 

12 



Figure 4o. Wate�-fi��ed and steep-sided quar�y site 22. Note fine (1-6 inoh) jointing. 



Tab l e  4. N umber of si tes by s ize 

N umber  of si tes w i th N um ber of s i tes  w i t h  
S i te s i ze (1, 000 cu yds) past product ion future pote nt ia l 

1 - 10 83 83* 
11 - 25 22 1 1 
26 - 50 15 19 
51 - 100 1 4  10 

101+ 1 3  24 
T ota l 147** 147** 
Tota l yds 5, 966,000 20,253, 000 
Tota l tons 8,949 , 000 30, 375, 500 

* I n c l udes 52 s i tes w i t h  no pote nt i a l  
** Two s i tes  cou l d  not be surveyed 

S o u r c e  D e s c r i p t i o n  

T h i rty -e i g ht pi ts have bee n  d ug i nto a l l uvi um and are l i sted u nder depos i t  type as  grave l ;  s i tes 86, 
136, a nd 137 are c l ay; the rest are sa nd and grave l .  T he term "var ious " i s  used to descri be rock type for 
a l l  sand a nd grave l s i tes . O ne hu ndred a nd e leve n  stone quarr ies have bee n  deve loped i n  bed rock , one 
(si te 140) i n  c l ay ,  and t he rema i nder in  i gneous rock or sandstone . T he geo log i c  format ion  i s  g iven for 
each  s i te ,  but  i t  is important to note t ha t  t he qua l i ty of quarry rock  var ies broad ly w i t h  each  geo log i c  
format ion . T he number o f  s i tes w i t h i n  a geo log i c  un i t  does not correspo nd w i t h  t he qua l i ty of  that u n i t  
o r  w i th i ts l a n d  area . Tab l e  5 shows  tha t  most s i tes have bee n deve loped w i th i n  the S i l e tz R iver Vo lcan i cs . 
A l though th i s  u n i t  i s  the largest , i ts roc k i s of poorer qua l i ty tha n  the i ntrus ive roc k (see Tab le  3). The 
next largest un i t ,  th e F lournoy , has on ly four s i tes . The three geo log i c  un i t s  conta i n i ng the greatest 
perce ntages of roc k mater i a l s i tes are i nd i ca ted by co lor on the Rock Mater i a l Locat ion a nd Geo l ogy Map . 

Tab le 5 .  N umbe r  of  si tes by geo l o gi ca l  fo rmat ion  or u n i t  
Percentage 

Geo log i c a l  format ion  o r  un i t  N umber of si tes of s i tes 
Surfi c i a l  un i t s  

Recent  r iver a l l uv i um (po i nt bar) ( Ora l )  4 3 
Q uaternary l ower terraces (Qt l )  32 21 
Q uaternary m idd l e  te rraces (Qtm) 2 1 
Q uaternary h i g her terraces (Qth )  0 0 

Subto ta I 38 
Bedrock format ions or u n i ts 

I ntrus ive rock  (T i )  20 13 
Tuffaceous sa ndsto ne (Tts)  1 0.7 
Spe ncer Format ion (Ts ) 4 3 
F lournoy Format ion  (T f) 4 3 
Ki ngs Va l ley S i l tstone (Tsr k) 0 0 
S i l e tz River Vo l can ic s  (Tsr) 80 54 

Subtota l 11 1 * 
Tota l 1 49 100* 

* I nc l udes two s i tes  wh i c h  cou l d  not be surveyed , a nd t here fore are not ass i gned to a un i t  
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M i n i n g S y s t e m  

I n  Orego n ,  rock mate r i a l  i s  mi ned ma i n l y  by surfa ce me thods . I n  Tab le  1 ,  i nformat ion i n  t he 
co l umns t i t l ed "Gro und-breakage system , "  "Bench i ng , "  "Highwa l l s , " a nd "Jo i nt i ng , "  refe rs mai n l y  to 
sto ne quarr ies  a nd is best i l l ustrated by photographs ( F ig ures 3 , 4, and 5). The tab l e does not ra te s i tes  
re l a t i ve to pub I i c safety, but  pote nt ia I dangers to the ge nera l  pub l i c  are i I I  ustrated by t he same photo 
graphs . 

T he m i ni ng procedures that were common i n  past  years,  s hown by F i gure 4 and s i te 1 23 i n  F igu re 5,  
sho u l d  not be v iewed as  standard pract i ces today . M i ni ng pract i ces now are  more cons i s tent w i th  t hose 
shown at s i te 1 22 (F i gure 5). Q uarry s i tes  22, 23, a nd 24 at Coffi n Butte ( F i gure 4a ) are c l assi fied as 
s ide h i l l  gouges . Each  m i ne was started at t he bot tom of the  s lope , a nd m i n i ng con t i nued unt i l t he h i g h
w e I I  became too h i gh , t he  overburden too deep,  o r  the jo i nt i ng spac i ng too mass ive . Each  s i te wa s  th en  
aba ndoned , and a new s i te star ted nearby . 

Another s i de hi I I  gouge i s  show n  i n  ground -I eve I a nd cer ia  I photographs of s i te 1 23 ( F ig ure 5) , 
located a long a we l l -trave l ed  road a long the A l sea R i ver . I n  the ground - l eve l v iew ,  l ack  of prov i s ion  
for pub l i c  sa fety i s  not i ceab l e . T he top of t he  road l eve l h i g hwa l l can be  easi l y  reached by  t he way of  
t he upper be nch , a nd a fa l l  from t he top of t he h i g hwa l l wou l d  probab ly  be fata l .  Loose materia l  at  t he 
top of the quarry has  not been remo ved , a nd severa l fra cture p la nes s lope downward i nto t he quarry fa ce . 
Large loose bou l ders lyi ng on t hese p la nes cou l d  fa l l  out  a t  a ny ti me . F i gure 4a shows a water -fi l led , 
steep-s ided quarry w hich  has motor cy cl e  tra i I s  i n  and around i t . 

Steep-wa l l ed  quarr ies  and p i ts t ha t  be come water fi l l ed are parti cu l a r l y  dangerous . Si tes 39 
( F i gure 6) and 1 34 ( F ig ure 7) both  i l l ustrate these types of hazards . Access to site 39 is contro l led ;  si te 
1 34 , however ,  l ies  a l o ng a we l l -t rave led  Cou nty road,  and s i te 22  is used as a motorcy c l e  obstac l e  course . 

S i te 1 22 ( F i gure 5) and s i te 40 ( F i gure 6) show more of curre nt m i n i ng pract i ces . M i ni ng i s  started 
a t  t he top of the r i dge , not at the bottom . Hi g hwa l l  he i ghts are much  l ower because of m u l t i p l e  be nches; 
rock fragme ntat ion i s  contro l led by better d r i l l i ng pat terns;  and overburden  i s  stockp i led  for re c l amati on  
use a s  the resource i s  m i ned out . The fi na l s lopes h ave a rat i o  of  1 .5 hor i zo nta l f t  to  1 ver t i ca l f t  or  
less . 

Sand and grave l operators of p i ts such as s i tes 88 (F i gure 2) a nd 57 (F i gure 1 1 , Rec lamat ion  and  
Land P l ann i ng se ct ion of  t h i s  report) sho u ld co nsider the effects t he i r  excavations may have on  eros ion  
dur i ng f lood i ng .  Streams runn i ng throug h  t h i ck  grave l can easi ly deve lop new channe l s  as a resu l t  of  
i mprope r l y  constructed berms or  unprotected grave l p i t  excavat ions . D i ke s ,  roadways , and other  structure s 
assoc ia ted w i th rock produc t ion ,  w he n  cons tru cted i n  the pa ths o f  f loods ,  can e i t he r  act as dams , caus i ng 
flood waters to r i se h i gher than norma l ,  or d i ve rt t he force of t he curre nt ,  l eadi ng to t he eros ion of va l uab le 
agr i c u l tura l l a nd . 

U s e s  

I n t h i s  se ct ion  of  t he report , rock mater i a l uses  are descr ibed,  start i ng w i t h  t he use t hat  re qu i res 
t he least s ize a nd stre ng th  spe c i fi ca t ions . T he te rms "emba nkme nt"  a nd "fi I I" were used i nterchangeab ly . 
Mater i a l s  used for embankme nt or fi l l  ca n ra nge i n  s ize from sa nd to je t tystone a nd are used to br i ng roads 
and construct io n s i tes to grade . A l l that  i s  re qui red of  t he mater ia l  is that it rema i n stab l e  a fter it i s  
p l aced i n  a l ow area . W he n  rock mater i a l  i s  needed i n  remote areas for construct ion  of forest a ccess 
roads or other pro ject s ,  a loca l mater i a l  of l ower qua l i ty is ofte n used i n  prefere nce to a better  mater ia l 
t hat  has to be transported over a greater d i stance at h ig her cost . I n  const ruct ion  of paved roads , the 
State or  Cou nty may occasio na l ly u t i l ize a l ower qua l i ty loca l rock for subbase mater ia l  a nd a h i g h 
qua l i ty aggregate , often from a more d i stant source ,  for the top course a nd pavi ng .  

Norma l ly ,  weat hered bed rock wh i ch  d i s i ntegrates i nto fragme nts ,  sa nd , o r  c l ay ca n be quarr ied 
with b l as t i ng . I t  may be su i tab l e  for embankment s ,  or, t reated , i t  may be usab l e  w i t h  cement for base 
rock i n  road co nstruct ion . 

T he s ize of rock mate r i a l  used for subbase a nd base i s  norma l l y  less than  6 i n . i n  the w i dest d i mens ion . 
Th i s  mater ia l supports t he road . The  base course i s  a layer of spec i fied or se l e ct graded mater ia l of p l a nned 
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Figure 5a. Oblique aerial vie� of sites 
122 and 123. Site 122 is being 
developed �th good plan. Multi
ple benching is being us�d� and a 
sound barrier bet�een the mine and 
outslope has been left. Ridge is 
being mined from the top do�, making reclamation easier �hen the resource is all mined out. Site 123� in contrast� is 
a side hill gouge �th uncontrolled access and numerous other hazards. 



Figure 5b. Site 123. Note man in foreground for saa�e. Hazards inc�ude 
highwall heights� large loose bouZders on sloping fracture p�anes� 
and loose overburden at top of quarry. 
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thickness constructed on the subgrade or subbase of a roadbed. The subbase is below the base course 
and above the embankment. Material placed in the subgrode or subbase can range up to 6 in.in the widest 
dimension but must also contain a certain percentage of fines to act as binder. Material placed in the 
base course ranges in size from less than 3� in.down to dust. Fines {material smaller than 1/8 in) are 
needed to hold coarser material in place but should be free draining, stable when saturated, and constitute 
up to only 25 percent of the total material. The term "fines" in soi I mechanics refers to material smaller 
than No. 200 mesh size, These fines ore usually detrimental to rood bose material. 

Small-sized material of less than 1 in. is used os what is variously coiled "top course," "surfacing," 
"topping," or "road metal" and is the last Ioyer placed on o roadbed. This rock material should be durable 
because the aggregate rood surface is subject to wear from vehicle tires. The rock material can be either 
sand and gravel or stone and must be graded to less than 1 in.with very little material smaller than a quarter 
of an inch. Fine soi I is usually mixed with the rock for binder to keep it from "raveling" off the rood sur
face. Stone to be used for surfacing roads should normally be crushed; some grovel deposits, however, 
can be screened to give the correct size for rood surfacing. 

The term "aggregate" refers to uncrushed or crushed grave I, crushed stone, sand, and arti fi cia lly 
produced inorganic material such as smelter slag which form the major part of portland cement or asphaltic 
concrete. Cement concrete is used for highways, streets, sidewalks, curbs, foundations, bui !dings, and 
bridges. Asphaltic concrete is used mainly for surfacing highways and parking lots. It does not have the 
structural strength of cement concrete and must rely on the rood bose to provide stobi lity. Hot weather 
can cause an asphaltic rood surface to soften. This effect is stronger with cold-rolled asphaltic concrete 
than with hot mix from a batch plant. 

Jettystone and riprap are rock materials used to build jetties and to line stream banks, beach fronts, 
and highway embankments. The rock materials used for riprap and jettystone should be hard, durable, an
gular in shape, resistant to weathering, and denser than 1 60 lbs per cu ft. The difference between riprap 
and jettystone is size. The size range of riprap is from 50 lbs to 2,000 lbs for each stone. The size range 
of jettystone is from 0, 25 tons to 28 tons for each stone {see Figure 5). Material of jettystone size is needed 
only where the extreme force of ocean storms must be counteracted. 

Figure 6. Oblique aerial view of sites 39 and 40. Site 39 is hazardous because it has 
steep walls and is water fiZZed. Site 40 demonstrates current mining practices: 
top of ridge instead of bottom of slope is being mined; other benches are started 
as needed to keep highwaZls at workable heights. Access to both sites is controZZed, 
and neither can be seen from any public road. 
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Figure ?a. Oblique aerial view of sites 133 and 134. Site 133 is gravel pit re
claimed as fa�land. water-f!ooded area is only remaining evidence of pit. 

Figure ?b. Site 134� showing hazardous steep-sided water-filled gravel pit. 
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S t a t e  H i g h w a y  D i v i s i o n  L a b o r a t o ry D a t a  

General 

A l l  of the laboratory test data performed by the Oregon State Highway Division on materia Is from 
Benton County were made available to this study. Si tes from which materials were tested are marked with 
asterisks in Table 1 .  Test data are summarized in Table 6 (back of Rock Material Location and Geology 
Map, folded, in pocket}. Sometimes severa l types of tests were performed on material from one site; 
other times only one test was done . Samples for testing were se lected by various persons over a long 
period of time, and the testing was a lso done by various people .  Data given in  Table 6 should therefore 
be regarded only as a guide and not as final authority. 

Di fferent size fractions from the same site w i l l  give different test results. T herefore, to present the 
best statistics for the entire deposit i nstead of just for a particular size fraction, data ranges (the highest 
and lowest values} were given in Table 6. No attempt was made to determine weighted data averages 
for sites. If no range is indicated for material from a particular site, either a l l  test results were the same 
or only one test was conducted . Table 7 gives test standards for each type of use. 

Usage 

Aspha lt concrete aggregate 
Fine - a  in. 
Coarse - 1 in.+ a in. 

Cement concrete aggregate 
Fine - 3/8 in .+  1 00 mesh 
Coarse - 2a i n .+ ! in .  

Surface - topping 
Bose 
Subbase 
Riprap 

Table 7 .  Test standards by usage 
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The test data table wi l l  probably be used by contractors and others who know and understand the 
test ing .  For those not fam i l iar with the tests, a brief description of each i s  in  order. 

Specific gravity 

Specific gravity is an i ndex number that is the ratio between the weight of a unit volume of a sub
stance and the weight of an equal vo I ume of water at the same temperature and pressure . The higher the 
number, the denser and, in most cases, the stronger the rock materia l ,  
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Los Ange les  ratt l er 

Th i s  test te l l s how ma ter ia l  w i l l  w i t hstand t he gr i ndi ng act io n  of heavy tra ffi c .  T he mate r ia l to be 
tested is we i g hed,  subjected to tumb l i ng for a set t ime,  screened , a nd t he n  rewe i ghed . T he sta t i st i c  
l i sted i s  the perce ntage l ost dur i ng t he  test i ng .  

Sod i um su l fate test 

T he sod i um  su l fa te test is used to see how weat her w i l l  a ffec t  rock mater ia l .  Aga i n  t he mate r i a l  is 
we i ghed , tested , the n  rewe i ghed . T he stat i st i c  reported is the pe rcent  of l oss . Test i ng  consi sts of soak i ng 
the samp le  i n  a strong bri ne so l ut ion  at a n  e l evated tempera ture for 1 6  to 1 8  hours a nd t he n  dry i ng i t  a t  
an  e levated temperat ure for 2 hours . The samp l e  i s  soaked and d r ied for severa l cyc l es .  

P l asti c i ty i ndex a nd l i qu i d  l i m i ts 

To test the c l ay con ten t  of a rock  mater i a l samp l e , t he p l ast i c  and l i q u i d  l im i ts must be determi ned , 
from w hi c h  t he p lasti c i ty i ndex i s  t he n  determ i ned . T he p l asti c l im i t  i s  the l owest water content , by 
weigh t percen t ,  a t  wh i ch the roc k  mater ia l becomes p last i c . I t  i s  the wa ter-conten t  bou ndary between the 
p l ast i c  a nd sem i so l i d states . The  l i qu i d  l i mi t  i s  the moi sture con ten t ,  by we igh t percent , a t  th e wa ter
content boundary between t he sem i l i qui d and  t he p l asti c sta tes  of  a rock mater ia l .  T he p l ast i c i ty i ndex 
i s  t he water-conte nt ra nge at  w h i c h  a rock  mater i a l  is p l ast i c . N umer i ca l ly i t  i s  the l i q u i d  l im i t  m i n us 
t he p l ast i c  l i m i t . 

Orego n de grada t ion test 

T he Oregon degradat io n test i s  des i gned to measure t he qua nt i ty a nd qua l i ty of t he mater ia l p ro
duced by att r i t i on  s im i l a r  to that caused i n  a roadway by  repeated traffi c load i ng and  u n l oad i ng . The 
qua nt i ty i s  i nd i cated by a perce ntage , by we i g ht , of fi ne materi a l  prod uced; t he qua l i ty i s  measured by 
a mod i fied sa nd equ iva l en t  test . T he fi ne materi a l  i s  made by usi ng a i r  je ts to rub  one part i c l e  aga i nst 
another  i n  water . 

REC LAMAT I O N  A N D  LA N D  USE  PLA N N I NG 

G e n e r a l 

Whe n t he Benton County p l a nners or t he l and use dec i s ion  makers try to accommodate surfa ce 
m i n i ng i nto a compre hens ive l a nd use p l a n ,  they m ust address bui  It- i n conf l i c ts w i th other ob ject ives of 
the p l a n .  On o ne ha nd,  they m ust prote ct res i de nti a l  areas from no i se ,  dust ,  v ib ra t ion ,  traffi c ,  a nd u n 
s ight l i ness o f  pi ts a nd quarr ie s; on  t he ot her ha nd , they must i nsure t he ava i l ab i l i ty o f  m i nera l  resources 
to be used for t he good of Be nton County and t he Sta te of Oregon . T hey m ust i nsure a l ow -cost supp l y  of 
rock  mater ia  I for co nstruct ion purposes . Because of  tra nsportat ion  costs , a m i ne p rov id i ng mater ia  I for 
urba n construct ion shou l d  be i n  or nea r  town , For t imber  harvest roads, q uarr i es sho u l d  be o n l y  a few 
m i l e s  apar t .  

T he 1 97 1  Oregon Leg i s l a t ive Assemb ly  passed the M i ned Land Re c lamat ion Law , w h i c h  addresses 
t he fo l l ow i ng concerns :  

( 1 )  To prov ide t hat  t he usefu l ness, prod uct iv i ty, a nd sce n i c  va l ues of a l l  l ands and wa ter resources 
affe cted by surface m i n i ng opera ti ons w i th i n  t h i s  Sta te sha l l receive t he greatest pract i c a l  
degree of  prote ct ion a n d  re c l amat io n  necessa ry for the i r  i nte nded subseque nt use ; a nd 

( 2) To prov i de for coope rat ion  betwee n pr ivate a nd governme nta l ent i t ies i n  carry i ng out the pur
poses of the M i ned  Land Re c l amat ion Law . 
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R o l e  o f  t h e  D i v i s i o n ,  t h e  C o u n t y , a n d t h e O p e r a t o r  

T he Sta te Department of Geo l ogy a nd M i ne ra l  I nd ustr ies  has bee n  charged by l aw to carry out t he 
purpose s of  the M i ned Land Rec l amat ion Law . To d i scharge i ts d uty under t hat  l aw ,  a D iv i sion  of M i ned 
Land Rec l amat ion was estab l i shed in A lbany ,  Oregon . T he D iv i s ion  procedures  were desi g ned to a l l ow 
as much  i nput i nto t he re c lama t ion  p l a n  as poss i b l e ,  to m i n im ize  conf l i c t  w i t h  other l a nd uses ,  a nd to 
i nsure performa nce of t he p l a nned re c l amation . T he proced ura l steps are , br i e fly , as fo l lows : 

( 1 ) A potent i a l m in i ng operator fi les  w i th the D i vi s ion  of M ined Land Rec lamat ion  an app l i ca t ion ,  
a rec lamat i on p la n  ( th e  D iv i s ion ' s Rec lamation Gu ide l i ne pr i nted as  A ppend ix 2 may  be  
used) ,  and th e appropr iate perm i t  fee . 

(2) T he app l i cat ion a nd p la n  a re copied and subm i tted for revi ew to 1 1  State age nc ies  and to 
Be nton County; i f  the operat ion  i s  to be on Federa l  l and ,  cop ies  are a l so sen t  to the appropr i ate 
Federa l l and manage r . The County p lanners have the opportun i ty and duty to prov ide i nput 
i nto an  opera tor ' s rec lamat ion  p la n  dur i ng the rev iew cyc l e . 

( 3) Rev iew comme nts are co l l ected a nd eva l uated by Div i s ion  speci a l i st s .  
(4) An o n-s i te i nspect ion  i s  arranged w i t h  t he operator a nd a D iv i sion  spec ia l i st ;  i f  t he rev iew of 

the re c l amat ion p l an  has produced some conf l i ct or concerns,  representa t ives  of the rev iewi ng 
agencies  may be req uested to mee t  on-s i te to reso l ve d i ffe rence s .  

(5) On-s i te i nspect io n dete rmi nes feasi b i l i ty of  t h e  rec l amat ion p l a n ,  reso l ves conf l i c t s ,  a nd deter
m i nes the amount of bond t hat needs to be posted by the operator . 

(6) The ope ra tor accepts the modi fied re c l amat ion  p lan and posts the bo nd . 
(7) The Oregon Departme nt of Geo l ogy and M i ne ra l  I nd ustr ies  i ssues an  operat i ng perm i t  that may 

or may not have cond i t ions attac hed to i t .  

Benton County, throug h i ts zoni ng laws, a l so i s  i nvo l ved w i t h  needs addressed by the M i ned Land 
Rec l amation Law;  and i ts ro l e  is no l ess i mporta nt tha n  that of t he Sta te De partme nt of Geo logy and 
M i nera l I ndustr ies . W i th i n  t he i r  respect ive ro l es ,  both  age nc ies may modi fy or veto a re c l amat ion  p la n  
submi tted by a m i n i ng operator . T he two ro les  are comp l ementary : t he Orego n Department of  Geology 
and M i nera l I ndustr ie s  has expert i se i n  m i ni ng geo l ogy, m i n i ng techn iq ues , a nd rec l amat ion  processes; 
t he County has t he best k now ledge of loca l needs . It shou l d  not be the fu nct ion of t he County P l ann i ng 
Departme nt to prepare a rec lamat ion  p l a n  for a parti cu l a r  m i n i ng s i te,  but t he County may se t gu ide l i nes 
t hat  have secondary a nd tert i ary uses in mi nd . For exam p l e :  a grave l reso urce m igh t  be kept in an open
space use , such  as farmi ng ,  eve n i f  i t  were c i rc led w i th urban de ve lopment . Then ,  after t he area i s  
m i ned , t he secondary use m igh t  be  for a demo l i t i on  fi l l ;  the tert i ary use cou l d  be  a res iden ti a l  deve lop
me nt or a comm un i ty park . 

T he operator- l a ndowner ' s  ro l e  sho u ld not be that o f  a n  adversary of the two agenc ies . T he operator 
has as much  at stake i n  carry i ng out the purposes of  the Mi ned La nd Rec l amat ion Law as a ny age n cy .  
Rec l amat ion i s  a p l an n i ng process that a l l ows t he operator- l andowner to max im ize h i s  tota l profi ts by 
co n t i n ued ut i l i zat ion  of m i ned-out l a nd .  

R e c l a m a t i o n  A s s i s t a n c e  

Be nton County p l a n ners and zon i ng dec i s ion  makers probab ly  do not have a tax base w h i c h  a l l ows 
t hem to h i re a l l the expert i se needed for maki ng rat iona l dec i s ions concer n i ng e i t her  t he a cceptabi l i ty 
a nd/or feas i b i l i ty of  a parti cu l a r  re c l amation  p l an or the i ntegra t ion  of surface m i n i ng w i t h i n  a compre 
hensive l a nd use p l an . T he Oregon Department  of Geo logy a nd M i nera l I ndustri es,  w h i c h  reg u lates 
surface m i n i ng ,  i s  a source of  expert i se w h i c h  can be ca l led upon both forma l ly a nd i n forma l ly .  A copy 
of the D i v i sion of M i ned Land Rec lamat ion ' s  " Rec lamation P l an Gu ide l i n e "  is i n c l uded in th i s study as 
Append ix 2 .  Th i s gu ide l i ne was prepared as  a check l i s t  for the D i vi s ion  spec ia l i sts and ca n be used by 
t he operator i n  prepari ng a standard re c lama t ion p l an . T he quest ions i nd i cate what t he D iv i s ion looks 
for in a re c l amat ion  p l a n . 

Monetary ass i sta nce has bee n  prov ided to rec l a i m  surface m i nes for re creat ion under the U . S . 
Departme nt of t he I nter io r ,  Bureau of Outdoor Rec reation ,  Program of  Rec lamat ion for Recreat ion . The 
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B urea u ' s  report , " Sources  of Ass i s ta nce i n  Rec l a im i ng Surface M i ned Lands for Outdoor Recreati on , " l i sts 
sources of  ass i sta nce for a l l  types of  re creat ion (U . S . Department of I nterior ,  1 974) . 

T he Nat iona l Sand and Grave l Assoc ia t ion  has pub l i shed a n  ou tsta nd i ng ser ies  of reports ( Bauer,  
1 965, 1 970; Baxte r ,  1 969; Jense n ,  1 967; Jo hnson ,  1 966; Nat iona l Sa nd and G rave l Assoc ia t ion ,  1 960; 
a nd She l l i e a nd Rog ie r ,  1 964) on a l l  p hases of rec l a im i ng sa nd and grave l a nd rock q uarr i es . T he Rec l a
mat ion  D iv i s i on  has a s e t  of t hese reports on  loa n,  wh i ch  may  be  exami ned at  t he D iv i s ion ' s  A l ba ny offi ce . 

A ma jor means tha t  Benton County cou ld  use to a i d  the surface mi n i ng p lann i ng process wou l d  be to 
estab l i sh a rec lamation l i brary . The mai n  va lue of the l i brary ' s  avai lab i l i ty a t  the County l eve l wou l d  be 
that  the operator , the p lanner ,  and the pub l i c  cou l d  study what  has  been and  what  cou ld  be done to p lan  
for seco ndary and tert iary uses of mi ned -out areas . A par ti a l l i st o f  u ses for m i ned-out  areas cou l d  i n
c l ude housi ng , both si ng l e  fami ly and h i gh -r i se;  open space , such as reg iona l parks , go l f  courses , and 
country c lu bs; water impoundmen ts , such  as  mun i c i pa l  water reservo i rs , water sources for f i re  protec t ion ,  
water-based parks, or sewage lagoons; commerc i a l - i ndustr ia l s i tes; san i tary or demo l i t ion  f i  l i s; and  
agr i cu l ture , such  as  truc k  farms or t ree  farms . 

R e c l a m a t i o n  E x a m p l e s a n d  A d v i c e 

Benton County has ma ny examp l es of a cceptab l e  a nd unacceptab le  m i ned l a nd re c lamat ion . Examp l es 
of u nacceptab l e  re c lamation have a l ready bee n d i scussed i n  other se ct ions of th i s  report . Any re c l amat ion  
for s i tes  such as s i te  33 (F igu re 3) , si tes 22,  23 , a nd 24 ( Fi g ure 4) ;  a nd s i te 1 23 ( F igure 5) wou l d  be pro
h i b i ted be cause of cost . 

F ig ure 8 s hows two q uarr ies mi ned w i t hou t  rec lamati on  considerat ion that are now be i ng  used be ne
fi c ia l ly .  T he r i se i n  l and va l ues  w i t h i n a nd near urba n areas provided t he i ncent i ve to use former l y  aban
doned s i te 26 , Nort h A l bany , a nd s i t e  52 ,  Corva l l i s .  A s  t he aer ia l and ground leve l v iews show , these 
s i tes  have been re c l a i med i nto very p l ea san t  back yards . 

Many p i t s  and q uarr ie s ,  i f  g ive n  e nough t ime ,  w i l l  rec l a i m  themse lves to the poi nt of bei ng h idden 
by t rees  a nd other vegetat ion . Suc h natura l re c l amat ion has take n p l ace i n  s i te  45 ( F i g ure 9) . 

T he p l ann i ng for rec l amat ion  s hou l d  be done before a p i t  or q uarry i s  opened; as much  as possi b l e , 
rec lamat ion shou ld  be a n  o ngoi ng process that  beg i ns long before the resource i s  m i ned out . For water
based recreat ion  s i te s ,  ce rta i n  factors sho u l d  be kept  under  co nsi derat io n .  A l l s l opes from water  l eve l to 
1 0 ft be l ow water l eve l shou l d  be 3 to 1 ,  mean i ng that for every 3 ft of hor izonta l d i sta nce , the vert i ca l  
drop i s  1 ft . I n  add i t ion ,  most grave l deposi ts h ave a n  unsa lab l e  por t ion  tha t  i s  screened ou t . I f  th i s  
mater i a l  i s  j ust d umped back i nto t he p i t ,  t he water dept h i s  decreased . I nstead , i t  wou l d  be  better to 
use t h i s  mater ia l to bu i ld  dry l a nd areas for parki ng , campi ng , a nd other h uma n ac t iv i t i es . F i gure 2 
shows t he importance of kee p i ng the r ive r  from erod i ng i nto the p i t . 

I n  a recent paper on rec !amot io n ,  S ummer ( 1 978) po i nts out  that  the s i des and bottoms of sand a nd 
grave l p i ts cou ld  be l i ned w i th a c lay  sea lant  i n  a way tha t  wou l d  protect water supp l i es and so i l s  from 
l i q u i d  and gaseous toxi c  l eachates . I f  a c lay sea lan t  cou l d  be used at some otherw i se unfavorab l e  s i te ,  
th e s i te m igh t  be converted i n to a san i tary landfi l l .  Benton i te ,  wh i ch swe l l s up  to 1 5  t i mes i ts dry 
vo l ume w i th the add i t i on  of wate r ,  wou ld  ma ke such a sea lan t . I f  loca I Benton  Coun ty c lay i s  not 
su i ta b l e ,  it m igh t  be pract i ca l to i m port benton i te from Croo k  County . After the p i ts were fi l led , 
th e land cou ld be u sed aga i n  for farm i ng . 

R e c l a m a t i o n  E c o n o m i c s 

What i s  the va lue of rec lamat ion? A paper  by Dunn  ( 1 970) addresses th i s  quest ion . By taki ng the 
la nd purchase pr i ce and compar i ng est i mates of the va l ues of the land rec la i med and unrec la i med , a 
fi gure can be obta i ned tha t  ca n be u sed to show h ow much can be spent  each year for rec lamat ion , w i th 
th e owner st i  I I  rece i v i ng a prof i t  on  the expend i ture i f  th e l and i s  later so l d . 

Accord i ng to Du n n ,  i n  terms o f  non i nf lated do l lars,  rec la i med m i ned-ou t  land i s  worth f ive t imes 
a s much as  unrec la imed land . Assumi ng that a roc k  mater ia l s i te  had reserves for 20 years , tha t  the 
la nd va l u e  w i th rec lamat ion  wou ld be $50, 000, and that  w i thou t  rec lamat ion  i t  wou l d  be $ 1 0, 000, the 
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Figw� Ba. Oblique aex�al view of site 26. Urban development and corresponding 
rise in land values mandate that old quarries such as this one and site 52 be 
put to beneficial uses. These two sites are now p leasant back yards . 

Figure Bb. Ground view of same location, now a home site. 
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Figure Be. Oblique aerial view of site 52. 

Figure Bd. Ground view of site 52. 
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Figure 9. Oblique aerial view of site 45, quarry that, through time, has naturally 
reclaimed itself w'ith vegetation cover. Original quarry is now hard to see. 

value of reclamation con be estimated to be $40,000. If th is figure is divided by 20, the first approxima
tion of maximum annual justifiable expenditure on reclamation is $2,000 . Th is $2,000, however , must 
be discounted first for 20 years, then for 19, then for 1 8, etc., to arrive at the real maximum allowable 
figure. Using a discount figure of 1 0  percent per year, a curve such as the break-even, upper curve 
i n  Figure 1 0 ,  which shows that $270 could be spent the first year, con be drown. If o 25 percent annual 
profit is also discounted for reclamation, the lower curve, representing a reasonable annual expenditure 
for reclamation, can also be drown. These curves (Figure 1 0) i ndicate an estimated 25 percent profit, or 
$ 10,000, at the end of 20 years. 

ECONOM ICS, STAT IST ICS, AND FORECASTS 

E c o n o m i c s  

To many people, land i s  only a surface, sometimes flat, sometimes h i lly. I t  may be low and swampy 
or h i gh and dry . Land use planners talk about these surfaces i n  terms such as population per square mile, 
runoff per drainage basin, or tons of fallout per acre . Geologists view land as o three-dimensional block 
of the earth 's crust . Each block is unique i n  many ways, though surfic iolly i t  may appear to be identical to 
adjoin ing parcels. What lies immediately below the surface may be a wealth of mi neral resources which 
may be set free if the surface land cover is removed. In Benton County, that wealth includes cloy, sand 
and gravel, and quarry stone. 

Land is in port the basis for economic activities. For example, communities rely on abundant and 
nearby sources of aggregate i n  the form of sand and grovel or crushable rock. A century ago these materials 
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Figure 1 0 .  Discounted Pea Zamation aosts . 

were read i l y  ava i l ab l e  i n  certa i n  areas on  or near the surface .  Today t hese easi l y  m i ned deposi t s  are 
l arge l y  gone ,  a nd o n l y  t he b ur ied rese rves a re l e ft . Un fortunate ly ,  l a nd use p l a nn i ng ofte n fa i l s  to 
recog n i ze that m i nera l wea l t h  may l i e h i dden  beneath t he surfa ce , a nd much  zon i ng has e ffe ct ive l y  pro
h i b i ted t he deve lopment of  t hese resource s .  

Accord ing  t o  t h e  U . S . Bureau  of M i nes m i ne ra l  product ion  va l ue stat i s t i cs ,  Be nton County sand 
a nd grave l a nd sto ne product ion  from 1 940 t hro ug h  1 975 tota l s  $ 1 3 , 530, 000 . Based on the fi gures i n  
Tab l e  1 ,  a tota l of 367 . 5  acres have bee n m i ned i n  Benton Cou nty , w h i c h  mea ns that for every acre 
m i ned , $36, 8 1 6  of va l ue was added to Be nto n Cou nty e conom i c  l i fe .  T h i s  va l ue i s  on l y  t he m i ne p lan t  
va l ue a nd does not i n c l ude a ny transportat ion  or o ther  co nst ruct ion  va l ues . Accord i ng to Mason ( 1 973) , 
i f  t he rock product  is used i n  a co ncre te structure , i t s wort h i s  approx imate ly  1 00 t imes greater t ha n  t he 
or i g i n a l  p i t  pri ce . T he Burea u ' s  va l ue fi gure a l so does not i nc l ude a ny va l ue for the use of t he road or 
struct ure bu i l t  of t he rock mate r ia l s .  Rock used for t imber-hau l roads to keep t ru cks from s i nk i ng i nto t he 
mud has a much  greater va l ue to t he trucke r  than i s  reported by t he Bureau . 

T he economi cs for c lay are a l i t t l e  d i fferent  than  those for sa nd a nd grave l and stone . Est i mated 
product ion  i s  on l y  a few thousand  tons pe r yea r ,  a nd t he va l ue does not i n c l ude t he f i r i ng of t he bri ck 
or t i l e . Over many years , t he demand for bri ck a nd ti l e  has rema i ned steady or dec l i ned s l i g ht ly .  Com
pet i t i on  from p l ast i c  d ra i n t i l e  i s  a ma jor reaso n; however ,  p l ast i c pi pe was one of  t he f irst s hortages to 
be caused by the e nergy cr i s i s .  The p l as t ic  p ipe shortage ,  in fac t ,  converted a segment  of the market 
back to c l ay t i l e .  

After  t he sand a nd grave l or other m i nera l has bee n extra cted,  the m i ned area may serve a var iety 
of use fu l purposes ,  i f  prope r l y  hand led . Suc h  p i t s  may become so l id waste la ndfi l l  s i te s ,  " i nstant base 
me nts , " or recreat iona l s i tes  w i t h  ready-made l akes . I f  used for so l i d waste l a nd fi l l ,  the surface acreage 
w i l l  aga i n  be ava i l ab l e  to the p la n ner  for a varie ty of other  commercia l use s .  

W e  are runn i ng o u t  o f  nat ura l resources ,  a n d  future needs must be cons i dered i n  c urre nt l a nd use 
p la n ni ng , We m ust start th i nki ng of an a cre as be i ng more t ha n  j ust 43 , 560 sq ft of surface . 

2 7  



S t a t i s t i c s 

T he U . S .  Burea u of  M i nes i s  the source of annua l  mi nera l stat i s t i c s .  T hese stat i s t ic s  are gathered 
by commod i ty ,  ton nage , va l ue ,  use , and type of prod ucer . Data i s  co l l ected by a ma i l ed -out  vo l u ntary 
canvass . The  Bureau  tri es for a 100 percent  ca nvass return but se l dom reaches that goa l . I n  Benton 
County , past product ion  fi gu res from the Burea u ' s ca nvass a nd those determ i ned  by on-s i te survey ing  are 
i n  agreement ,  except for product ion  from s i te 57 . Th i s s i te (Wi l d i sh -Corva l l i s Sand and Grave l Compa ny) 
i s  i n  L i nn  County,  but  the U . S .  Bureau o f  Mi nes i n c l uded the product ion  i n  Benton  Coun ty fi gures 
because it i s on the west s i de of th e r i ver . The Wi  l l amette R i ver , i n  most other loca t ions , forms the 
boundary between Li nn  Coun ty and Benton Count i es . At s i te 57, hbwever , the r i ver has  fa i r ly recen t ly 
changed channe I s . ; 

T he Burea u shows that 1 1 , 288, 083 tons o f  sa nd and grave l ; a nd stone were prod uced i n  Benton County 
from 19 40 throug h 1975 . Tab l e  4 data , based on fie l d  survey, �hows that 8 , 9 49, 000 tons have bee n m i ned 
from Be nto n County ; howeve r ,  if the past prod uct ion from s i te 57 , w h i c h  i s  ac tua l ly l ocated i n  Li nn  County 
(Tab le  1 ) ,  i s  added , the to ta l becomes 1 1 , 949, 000 tons . The tota l shou ld  a l so be h igher  from product ion 
be low th e wa ter l eve l o f  th e W i l l amette R i ver . Th i s  product ion  ca nno t  be surveyed . Th i s a na lys i s  shows 
tha t  94  percent  of  Be nton Coun ty product ion  was counted by the U . S .  Bureau of M i nes ,  assumi ng tha t 
a l l  product ion  took p l ace be tween  19 40 and 1975. Benton County , Wi l l amette Va l l ey ,  a nd State prod uct ion  
sta t i st i cs are g ive n  i n  Tab l e  8 .  
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Figure 1 1 .  Benton County sand and grave l and stone production tonnages 
( 1 0-year moving average ) v .  time wi th least square corre lation 
(mode l 1 0) trend line extending to year 2000.  
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Ta b le 8 . Sand a n d  grav e l a n d  sto ne prod u c t i o n  sta t i st i cs 
for Ben ton Coun ty 1 Wi l la mette Yo I l ey  1 a nd th e S ta te 

Be nton C o u nty W i l l amette Va l l ey State 
{to ns) {to ns) {to ns) 

Sand a nd S a n d  a n d  grave I Sand a nd 

Year  grave l Stone Tota l a nd stone g rave l a nd sto ne 

1 940 5 8 , 7 1 9  - 581 7 1 9 2 , 064 1 902 5 , 7261 27 2  
1 94 1  80 , 6 1 1 - 80 1 6 1 1 2 1 490, 2 84 6 1 804, 785 
1 942 323 1 323 - 323 1 323 3 1 905 1 600 9 , 25 6 1 34 1 
1 943 1 25 1 749 281 600 1 54 1 339 3 , 573 1 875 7 1 5981 5 1 8  
1 944 1 40 1 9'72 1 5 , 400 1 56 1 37 2 3 1 6 1 2 1 477 6 1 5481 393 
1 945 1 35 , 639 25 1 000 1 60 1 639 3 1 74 1 , 759 6 , 024, 464 
1 946 1 7 1 � 930 5 1 1 750 223 1 680 4, 67 3 1 74 1 6 , 8931 75 3 
1 947 1 04� 276 3 2 1 770 1 37 1 046 4, 690 1 1 88 9 , 022, 440 
1 948 1 0 1 1 650 - 1 0 1 1 65 0  5 , 6 1 2 1 1 74 1 2 , 067 , 1 75 
1 949 1 1 5 , 6 1 7 - 1 1 5 , 6 1 7  6 ,  075 ' 044 1 1 , 5 3 2 ,  1 7 1  
Tota l 1 , 35 8 1 476 1 5 3 1 5 20 1 1 5 1 1 1 996 40, 440 , 044 8 1 , 474, 3 1 2 

1 95 0  1 39 , 369 - 1 39 , 369 5 , 42 2 1 329 1 2 , 04 1 , 740 
1 95 1  3 8 , 640 - 38, 640 6 , 06 9 , 248 1 9 , 2261 1 38 
1 95 2  37 , 925 - 37 1 925 1 2 1 204 1 9 84 1 8 , 470, 335 
1 95 3  3 1 , 050 67 1 5 00 98 1 550 6 , 95 8 1 208 1 3 , 7041 538 
1 954 1 23 1 7 1 8  651 000 1 88 1 7 1 8 8 , 299 1 87 1  1 9 , 029 1 592 
1 955 235 , 5 8 1  261 943 262 1 524 9 1 887 1 1 63 1 9 1 695 1 8 1 5  
1 956 254 1 742 92, 97 1 347 1 7 1 3  9 , 499 , 369 1 7 , 735 , 1 48 
1 957 286 , 1 28 401 950 327 1 078 1 0, 507 I 1 89 23 1 425 1 77 0  
1 95 8  1 55 , 985 37 1 2 1 8  1 93 1 203 1 3 1 255 1 1 87 25 , 54 1 1 043 
1 95 9  29 1 , 085 1 1 9, 546 4 1 0 1 63 1  1 81 1 36 1 955 3 1 , 427 , 642 
Tota l 1 , 5941 223 450, 1 28 2 1 044 , 35 1  1 00, 240 1 5 03 200 , 297 1 76 1  

1 960 32 1 , 593 1 81 1 72 339 1 765 1 7 1 73 8 1 26 8  3 4 , 5 85 I 959 .  
1 96 1  1 54 , 095 85 1 5 05 239 1 600 1 41 42 1 1 5 88 2 9 1 75 3 1 606 
1 96 2  37 8 1 938 901 1 24 469 1 062 1 7 , 783 1 3 1 2 3 3 1 1 26 , 754 
1 96 3  355 , 230 72, 65 1 427 1 881  1 5 1 936 1 55 8  35 1 407 1 64 1  
1 964 405 , 000 1 0 1 1 65 1  5 06 1 65 1  1 4, 7 1 7 1 28 1  3 4 , 37 2 , 823 
1 965 70 1 1 000 1 901 3 1 7  891 1 3 1 7  2 1 1 4 1 3 1 948 43 , 0 1 2 , 392 
1 966 609 , 000 2 1 1 1 384 820 1 384 1 7 1 839 1 399 6 8 1 6 1 4 1 999 
1 967 235 , 000 1 1 , 066 246 , 066 1 7 , 208 , 9 1 8 3 2 , 8301 522 
1 96 8  492 1 000 1 37 , 700 629 , 700 1 9 1 6 1 5 , 982 3 2 , 57 2 , 498 
1 969 297 1 000 80, 396 377 1 396 1 4, 69 1 , 575 27 1 40 1 ' 8 1 1 
Tota l 3 , 9481 856 998, 966 4 1 947 1 822 1 7 1 , 366 , 829 37 1 , 679, 005 

1 97 0  * * 498 , 1 80 1 5 , 1 95 , 239 3 0 1 97 1 , 335 
1 97 1  * * 293 , 085 1 6 , 8 1 5 , 348 3 4 , 023 , 739 
1 97 2  * * 835 , 1 4 1  1 9 1 785 1 885 35 , 404, 468 
1 97 3  * * 407 , 1 1 5 2 2 1 886 , 796 36 , 2 1 2 , 979 
1 974 * * 378 , 790 2 2 , 023 , 5 3 1  4 1 , 9 1 0, 897 
1 975 * * 37 1 , 603 1 7 , 3 1 8 , 35 0  37 , 802, 1 62 
Tota l 2 , 1 23 , 809 660, 1 05 2 1 7 83 , 9 1 4 1 1 4, 025 1 1 49 2 1 6 , 325 1 580 

G r a nd tota l 9 , 025 , 364 2 , 262, 7 1 9  1 1 1 288 , 083 426 , 07 2 1 525 869 1 776 , 65 8  

* C o n cea l e d  t o  avo i d  d i sc l os i ng i nd i v idua l company confide nt i a l  data 
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F o r e c a s t s  

Estimates of future production of sand and grave l and stone must take into consideration past factors 
that have controlled historic production. To show past production trends for Benton County and to make 
it possible to compare annual productions of Benton County, the Wi l lamette Val ley, and the State of 
Oregon, tonnages from Table 8 were plotted against time, using several different types of least square 
correlations. T hese models for future production and consumption are presented in Appendix 3 .  A l l  steps 
taken to arrive at the mode l used for the forecast presented in this section are discussed at length in Appen
dix 3 and shown in Table 1 0  and Figures 13,  1 4, 15,  and 16 (also found in Appendix 3) . 

The authors felt that the projections presented in Table 9 for the State, Wi l lomette Val ley, and 
Benton County ore the most reasonable, based on post trends for the State obtained with power curve fi t .  
Table 9 summarizes projected annual production tonnages and per capita production for the year 2000 for 
the preferred models. The same data for 1 976 are also given, To arrive at the per capita consumption, 
the highest projection was used from the Statistical Data Base ( 1973) . The authors be l ieve that the high 
projection mode I 1 0  (annual production of 1 ,468, 339 tons for the year 2000) is best for Benton County. 
For this model ,  per capita consumption is sti l l  less, by far, than the per capita figure for the entire State 
for 1 976. If the production for 1 976 is divided into the total future potential indicated in  Table 4, Benton 
County 's resources, under a no-growth situation, could last 80 years , If economic and population growth, 
however, occur as predicted by mode l 1 0  (see Appendix 3), the resources wi l l  instead be gone in 26 years 
(by the year 2004) . This does not mean that Benton County w i l l  be out of rock material by the year 2004 . 
I t  means, instead, that new sites w i l l  be needed in  both the immediate and distant future . T hese new sites 
should be planned in terms of market needs and secondary land uses. Data from Table 1 indicate that some 
sites w i l l  be used up foster than others. Planners should take into account the l i fe expectancy of individual 
sites. 

Table 9 .  Present and predicted production 

1976 2000 

Per capita Estimated Per capita 
Model Production consumption production consumption 
number* (tons) (tons) (tons) (tons) 

6 
(State of Oregon) 37,903, 905 1 6  88,852, 000 26 

7 
(Wi l lamette Va l ley) 1 8,991 , 621  1 2  46, 907, 000 22 

1 0  
(Benton County) 538, 1 42 8 1 , 468, 339 1 6  

* See Appendix 3 

A l l  the mode l ing and projecting was performed by using the annua l ly combined sand and gravel and 
stone figure . To separate the projection for the year 2000 i nto each component and to determine whether 
one of the commodities is replacing the other, the three least squares mode ls, the same types used to esti
mate production, were used . The sand and grave I tonnage figure for each of the 36 years was divided by 
the sand and gravel and stone tonnage figure for the same year. The figures were plotted against time 
(Figure 1 2) .  A l l  three mode ls for Benton County show that sand and grave l production is becoming a 
sma l ler portion of the total production. Figure 1 2  also shows a downward trend for the Wi l lamette Val ley 
and for the State . The r2 values ore low; however, they ore high enough to pass the Student T test at the 
95 percent level (see Appendix 3) . By the year 2000, sand and grave l should account for only 55 to 65 
percent of Benton County's tota l rock materia I annua I production . 
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C O NC LUS I ON S  A N D  R EC OMME N DAT I O N S  

T hi s  st udy provides a strong mi nera l re sou rce data base and a geo l og i c  map for use of  t he Cou nty 
P l a nn i ng a nd Pub l i c  Works Departments, County a nd State road a nd h i ghway departments,  pri vate con 
tra ctors , and priva te c i t i zens . 

T he i nve ntory of  curre nt mi nera l resource avai l ab i l i ty a nd forecast of fut ure dema nds he lp  to focus 
t he County ' s  needs , T hi s  report a l so stresses  the  necess i ty  of  p l ann i ng for secondary usage and re c lamat ion  
of  surfa ce mi ni ng s i tes ,  t hus e l i m i nati ng adverse e nv i ronme nta l e ffe cts often assoc ia ted wi th  surfa ce m i ni ng .  

T he l a nd sta tus of a l l  act ive and po te nt i a l  m i n i ng s i tes,  pa rt i c u l a r l y  t hose near urban  areas, shou l d  
be determ i ned i n  terms of  prese nt  use and  zo ni ng c lass i fi cat ion . A l l future changes i n  status s hou l d  consider 
t he m i nera l resource pote nt i a l  of each parce l .  County zoni ng of l a nd w hi c h  exc l udes m i ne ra l  resource 
deve lopme nt wou l d  have t he effect  of preve nt i ng a ny future product ion  and wou l d  reduce the ava i l ab l e  
nat ura l resource , t hus affect i ng resource ava i l a bi l i ty pro jec t ions . T he County may  w i s h  t o  re l ate l a nd 
sta tus to m i nera l resource po tent ia l .  

T he County s hou ld encourage m i ned l a nd re c lama tion on  a l l surface mi n i ng si tes w i t h i n  i t s  boundar ies . 
By worki ng c lose ly w i th State age nc ies  a nd by rev i ew i ng a l l  re c l amat ion  p l ans ,  t he County a l so may 
have s ign i fi cant  i nput i nto t he S ta te program . I n  add i t ion ,  a m i ned l and re c l amat ion l i brary shou ld  be 
estab l i sh ed and ma i nta i ned by the Coun ty . 
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A PPE ND I X  1 .  G LO SSARY 

aggregate - crushed or uncrushed grave l ,  crus hed stone , sa nd , or art i f i ca l l y produced i norgan i c mater ia l 
used to form the major part o f  port l and cement con cre te or aspha l t i c  concrete . 

a l l uv i um - earth ,  sa nd , grave l ,  or other rock mater i a l s  tra nsported a nd l a i d  dow n  by f low i ng water . 

ap l i te - a  l i g ht-co l ored i gneous rock chara cter i zed by a fi ne-gra i ned " sugary " texture . Ge nera l ly free 
--- from dark m i nera l s .  

bar - r i dge - l i ke accum u l at ion  of  sand , grave l ,  o r  other a l l uv i a l  materia l  formed i n  a stream w here a -
de crease i n  ve loc i ty causes depos i t io n .  

basa l t  - i g neous rock  o f  vo l can i c c haracte r ,  composed ch i e fly o f  py roxe ne and p l ag ioc l ase fe l dspar; 
--- usua l ly fi ne gra i ned a nd b l ack . 

base rock or base course - l ayer of spe ci f ied or se l ect g raded materi a l  of  p l a nned t h i ckness constructed 
on t he subgrade or subbase of  a road . Size is usua l l y 3� i nc h  m i nus for base course; ca n be l arger  
for subgrade or  subbase . 

bed rock - a ny more or l ess so l i d ,  und i s turbed rock  i n  p l ace a t  the surfa ce of t he earth . May be exposed 
or  may be h idde n beneath u n co nso l idated surfi c ia l mater i a l . 

c rushed g rave I - overs i ze wa ter-rounded sto nes from a grave I pi t  that have bee n  crushed a nd screened to 
certa i n maxi mum and mi n imum d i mens ions . I nd iv i dua l fragme nts have at l east one broken face . 

c rushed stone - quarry rock  (bed rock)  w h i c h  has bee n crushed and scree ned to spec i fi c  d imens ions . 

d i abas i c - rock w i t h  l ath -shaped c rysta l s  of p l ag ioc l ase l yi ng i n  a l l  d i re ct ions among the dark , i rreg u l a r ,  
a ug i te gra i ns .  

d i ced rock - c l ose ly  j o i n ted and/or natura l l y  fract ured roc k outcrop; ca n usua l ly be excavated from a 
q uarry w i t h  l i tt l e  or no b l ast i ng . 

d ior i te - gra n i to id rock composed esse nt ia l ly of hornb l e nde and p l ag ioc l ase fe l dspar; usua l l y coarse 
gra i ned  a nd l ig ht co l ored . 

f lood p la i n - str i p  of re l a t ive ly smoot h l a nd ad j ace nt to a r i ver  channe l ;  ge nera l ly covered w i t h  water 
w he n  r i ver  overf lows i ts banks dur i ng f loods . 

gabbro - i g neous rock of gra n i to id  texture consist i ng of p l ag ioc l ase a nd pyroxe ne . 

gra n i t i c  (gra n i to i d )  - term used descr i bi ng t he textures of t hose i g neous rocks wh i ch  are composed e nt i re l y  
o f  recogn izab l e  m i nera l s  o f  approx i ma te l y  t h e  same s i ze . T he most fam i l i ar  rock w i t h  t h i s  texture 
is gra n i te . 

grave l - sma l l  stones a nd pebb le s  worn by ac t ion  of a i r  a nd water; l arger t han  sand a nd sma l l e r  than  
--- cobb l es; th e s i ze of mater i a l  that  passes a 3-i nch si eve and  i s reta i ned on a 3/8 - i n ch s i eve . 

Cobb l e  grave l may h ave s i zes up to 10 i nches . 
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grave l bed - depos i t  o f  stream-tra nsported stones a nd sa nd . T hese water worn a nd round to subrounded 
stones represe nt preh i stori c stream depos i t s .  

grove l p i t  - excavat ion  i n  a n  a l l uv ia l area from wh i c h  sand and grave l have bee n or are be i ng m i ned . 

i nterst i ces - ope n i ng or space be twee n o ne th i ng a nd a nother; spaces be tween  crysta l s  i n  i g neous rocks 
or  betwee n sand and rock fragments i n  sedi mentary rocks . 

joi nt  - surfa ce of actua l  or pote nt i a l  fra cture or part i ng w i th i n a rock; surface is usua l ly  p l a nar a nd ofte n 
-- occurs w i t h  para l l e l  jo i nts  to form par t  of a jo i n t  set . 

mater i a l s  source - grave l  p i t  or rock q uarry . 

mea nder - one of a se r ies  of somewhat regu l ar ,  sharp , free ly  deve lop i ng ,  a nd s i n uous c urves , be nds ,  
l oops, turns , o r  wi ndi ngs i n  t he course o f  a s tream . 

outcrop - that part of a rock format ion or strat i grap h i c  un i t  exposed at the surface of t he grou nd or wou l d  
be  exposed i f  surfi c ia l  mate r i a l s  were removed . 

p i t  or q uarry run - raw rock mater i a l  take n from a p i t  or quarry; not crushed , screened,  or dr ied . 

poi nt bar - one of a seri es  of l ow ,  arcuate r idges of sand a nd grave l deve loped on  t he i ns ide of a grow i ng 
meande r .  

porphyr i t i c  - texture of i g neous rock  conta i n i ng both  la rge- a nd sma I I  -s ized c rysta I s .  

q uarry - bedrock outcrop o r  ta l us a rea from w h i c h  rock materia l  i s  be i ng d ug o r  m i ned . 

road meta l - grave l or stone su i tab l e  for surfac i ng roads . 

rock materia l - any natura l occurre nce of conso l idated or u nconso l i dated m i ne ra l  matter a nd products 
d ug or m i ned from that occurre n ce .  I nc l udes c l ay ,  sha l e ,  pum i c i te (vo l ca n i c  ash ) ,  vo l can i c  
c i nders , scor i a ,  sa nd a nd grave l ,  a nd stone . A l so i n c l udes t he  above materi a l  m i ned as p i t  or 
q uarry run t hat has bee n crushed ,  screened , or dr ied . Does not i nc l ude mate r i a l  ca l c i ned o r  ot her
w i se processed to a l te r  phys i ca l  chara cterist i cs .  

sand - any hard ,  granu lar  rock materi a l  resu l t i ng from t he natura l d i s i ntegrat ion  of bed rock; fi ner i n  s ize 
-- t ha n  grave l a nd coarse r than dust; t he s ize of mater ia l t hat passes a 3/8- inch  s ieve but is reta i ned 

on a 200-mesh  s i eve . 

sand a nd grave l deposi t - an  a l l uv i a l  depos i t  composed of a mixt ure of sand , grave l ,  cobb les ,  a nd bou l ders . 

stone - i nd iv idua l b locks , masses,  fragme nts ,  or crus hed sizes of mater i a l  take n from bed rock i n  a q uarry 
-- or natura l outcrop . 

stra t i fi ed - rocks t hat we re or i g i na l ly deposi ted i n  hor izonta l beds or strata . 

ta l us - loose , u nsorted , a nd i n coheren t  rock fragme nts a nd c l i ff debr i s  transported downs lope ch ie f l y  by 
grav ity . 

zeo l i te - secondary m i nera l  fou nd i n  cav i t ies ,  on  joi n t  p la nes , a nd i n  cracks i n  basa l t i c rock . 
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A PPE N DI X  2 .  R ECLAMAT ION PLAN GU I DE LI N E 

DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES 
MINED LAND RECLAMATION DIVI S I ON 

RECLAMATION PLAN GUIDELINE 

A .  NAME , ADDRESS AND TELEPHONE NUMBER OF THE OPERAT OR OR HIS AGENT : 

B .  NM'!E AND ADDRES S  OF LANDOWNER : 

C .  LIST OF KNOWN MATERIALS FOR WHICH THE OPERA T I ON IS TO BE C ONDUCTED : 

1 .  PROPOSED S TART ING DATE : 

2 .  PROPOSED ENDING DATE ( IF KNOWN ) : 

D .  OPERAT I ONAL PLAN : 

1 .  METHOD T O  BE EMPLOYED : 

a .  S INGLE BENCH 

b .  MULTIPLE BENCH 

2 .  TYPES OF EQUIPMENT T O  BE USED : 

3 .  DISPOS ITION OF OVERBURDEN : 

c .  DREDGE 

d .  OTHER�-----------

E .  WHAT WILL BE THE PLANNED SUBSEQUENT "BENEFICIAL USE " OF THE 
PERMIT AREA ? THI S CAN INCLUDE , BUT IS NOT LIMITED T O ,  
C ONS TRUC T I ON S I TE , SANI TARY LAND FILL , PARK , WATER IMPOUNDMENT , 
AGRICULTURAL USE ( BE S PECIFIC , F.XAMPLE : GRAZ ING LAND , CROP T O  
BE PLANTED , ETC . ) , FOREST LAND. 

SMLR-16 072776 
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F . 1 .  

F . 2 .  

( a )  Re clamation will begin days following c omp l e t i on of mining . 
( b )  Reclamation will be c oncurrent with mining . yes no 

PROVISION FOR RECLAIMING MINED LANDS ON A C ONT INUING BAS IS VIHERE FEAS IBLE . 

G .  RECLAN.ATION PROCEDURES 

1 .  WHAT WILL YOU DO T O  INSURE GROUND S TABILITY? 

2 .  PROVIS I ON FOR REVEGETATION , (Minimal survival rate is  75% 
uniformly distributed . ) 

( a) HOW WILL YOU SAVE AND STORE TOPSOIL? 

( b )  WHAT MEASURES WILI, YOU TAKE TO PREVENT E I THER WIND OR WATER 
EROSION OF TOPSOIL DURING S TORAGE ? 

( c ) WHAT WILL BE THE AVERAGE DEPTH OF TOPS OIL REPLACED ON THE 
AREA TO BE RECLAIMED . 

( d )  HOW WILL YOU PREPARE SEED BED PRI OR T O  PLANTING? 

( e )  WHAT TYPES AND AMOUNTS OF GRASS SEED WILL YOU USE PER ACRE 
AND HOW WILL THI S  BE PLANTED? 

( f )  WHAT TYPES AND AMOUNTS OF FERTILIZER , MULCH , AND LIME WILL 
YOU USE ? 

( g )  WHA T  TYPES AND AMOUNTS OF SEEDLINGS AND SHRUBS WILL YOU PLANT? 

(h) WHE N  WILL SEEDING AND PLANTING TAKE PLACE? ( SEASON OF YEAR ) 
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H .  WATER AND DRAINAGE 

(a)  WHAT PROVIS ION WILL YOU TAKE T O  INSURE PROPER DRAINAGE ? 

( b )  WHAT PROVIS I ON HAS BEEN TAKEN FOR S ILT C ONTROL? 

( c )  IF WATER IMPOUNDMENT I S  TO BE LEFT , SEE PAGE 6 • 

I .  VI SUAL SCREENING 

( a) WILL YOU EMPLOY VISUAL S CREENING? ( IF NO , EXPLAIN ) 

( b )  WHA T  TYPES AND AMOUNTS O F  PLANTS WILL YOU USE ? 

( c ) \'lHAT WILL BE THE SPA C ING BETWEEN PLANTS ? 

J .  PROVI S I ON FOR REMOVING STRUCTURES , EQUIPMENT , AND REFUSE FROM THE PEP.MIT 
AREA IN ACCORDANCE WITH THE REC��TION PLAN .  

K .  MAP OF AERIAL PHOTO REQUIRE�fENTS 

( a) WILL AREA PHOTO BE SUBMITTED? YES NO 

SCALE;,_ __ 

---

( b )  MAP ( S )  REQUIRE�fENTS . THE MAP SHOULD SHOW , BUT IS NOT 
LIMITED TO : 

( 1) S CALE : ( 1" = 400 1 to 600 1 ) 
( 2 ) NORTH SHALL BE INDICATED 

( 3 )  QUARTER SECTION , SECTION ,  TO\VNSHIP AND RANGE 

( 4 )  DIS TANCE AND DIRECTION TO NEARES T  1�I CIPALITY 

( 5 ) LOCATIONS AND NAMES OF ALL S TREAMS , ROADS , 
RAILROADS , UT ILITIES 
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( 6) LOCATION AND NAMES OF ADJ A. CENT LANDOWNERS 

( 7) ALL OCCUPIED HOUSES WITHIN 500 FEET 

(8) LOCATION OF ALL PROPOSED ACCESS ROADS 

( 9) LOCATION OF PLANT, OFFICE AND MAINTENANCE FACILITIES 

( 10) SHOW BOUNDARIES OF AREA TO BE PERMITTED 

( 11) TYPICAL CROSS-SECTION OF PRESENT GROUND LINE AND 
PROJECTED GROUND LINE AFTER RECLAlo1ATION 

(12) CONTOUR INTERVAL, DATE OF MAP PREPARATION, NAME OF 
PERSON PREPARING MAP . 

(13) AREA FOR TOPSOIL STOP�GE , WASTS DISPOSAL 

(14) A SEPARATE l.'M SHOWING GENZRAL LOCATION OF THE OPEP.ATING 
AREA (NOT LARGER THAN �� x 1111) 

(c) A REVISED MA P  MAY BE REQUIRED ANNUALLY 

L. IF APPLICABLE , WHAT PROVISIONS HAVE BEEN MADE FOR STREAM CHANNEL , BANK 
STABILIZATION AND REHABILITATION? 

M .  EVIDENCE , I N  WRITTEN FORM , STATING THAT ALL OWNERS OF A LEGAL, EQUITABLE , 
FIDUCIARY OR POSSESSORY INTEREST IN THE LAND CONCUR \'liTH THE PROPOSED 
SUBSEQUENT USE FOR ANY MINING OPERATION COff,MENCING SUBSEQUENT TO 
JULY 1 ,  1972. 

N .  OTHER PERMITS IF APPLICABLE : 

DIVISION OF STATE LAND6 
DEPARTMENT OF ENVIRONMENTAL QUALITY 
COUNTY USE PEPMIT 
OTHER (IDENTIFY) 

0 .  OTHER COMUENTS : 

TITLE 
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NO. DATE ______ __ 

NO. DAT3 ________ __ 

(S IGNATURE OF APPLICANT) 

---------- DATE -------



WATER IMPOUNDMENT S 

( l )  HOW LARGE WILL THE SURFACE AREA BE , IN ACRES? ---------

( 2 )  iVHAT PROVIS I ONS HAVE BEEN 1�DE FOR PUBLIC SAFETY? 

( 3 )  WHAT PROVIS I ONS HA 1T.r5 YOU MADE T O  PREVENT WATER STAGNAT I ON? 

( 4 ) WHAT IS THE WATER S OURC E FOR THE IMPOUNDMENT? 

( 5 )  WILL THERE BE PUBLIC ACCESS FOR F I SHING? 
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INSTRUCT I ON S  FOR CROS S-SECT I ON 

l .  THE TWO EXAMPLES SHOWN ARE " TYP ICAL" CROSS-SECT I ONS OF A WATER 
IMPOUNDMENT LEFT AFTER EXCAVAT I ON IS C OMPLETE . 

2 .  IF ONE OF THE PLANS SHOVill I S  T O  BE USED , PLEASE INDICATE WHICH 

ONE AND PROVIDE THE FOLLOWING INFORMAT I ON ON THE PLAN SELECTED . 
YOU DO NOT HAVE TO RE-DRAW THE C ROSS-SECT I ON . 

A .  SURFACE ELEVAT I ON T O  THE NEAREST 5 FEET . 

B .  SLOPE OF THE BANK (MAXIMUM I S  2 : 1  OR 27° ) .  
C - G .  THE D IMENSIONS IN FEET . 

Typical Cross - Section(s) of Water Impound 

T Y P E  I 
A ,  S U R FA C E  E L E VAT I O N  

H I G H WAT E R  
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APPE N D IX 3 .  F ORECAST M OD E L I NG 

Any econom i c  pro ject io n ,  l o ng -ra nge or short -range , County or Statew i de ,  rests o n  the basi c assump
tion t hat some ident i fiab l e  re la t ion  exists between the past and t he future . T he met hods used in t h i s  st udy 
we re i den t i fi ca tion  of past l i near t rends a nd proje c ti o n  of t hem i nto t he future throug h t he use of least 
squares corre la t ions . The corre la t ion  w h i c h  gave t he h i g hest  r2 va l ue was t he one t hat was used , Severa l 
d i ffere nt type o f  l east sq uares were t r ied at t he State leve l ;  the best fi t (the h i g hest r2 va l ue )  that was ob-
tai ned was t he n  used for t he Wi l l amette Va l l ey and for t he County . -

T he fi rst step i n  bu i ld i ng a fore cast i ng mode l was to estab l i s h  a h i stori ca l data ser ies; i n  t h i s  case 
a nnua l  product ion  tonnages for sand a nd grave l and stone from 1 940 to 1 975 were avai l ab l e . T he h i stor i c  
t i m e  ser ies  was p lotted on  semi l og graph paper ( F i gure 1 3 ) t o  show w het her i t  has bee n i ncreas i ng rapid ly ,  
i ncreas ing  s l ow ly ,  f l uctuat i ng up a nd down,  rema i ni ng l eve l ,  o r  dec l i n i ng over t he h i stor i c  per iod , The  
next step was  to  choose the  l e ng th  o f  t he data base . T he expone n ti a l  curve type of l east square (genera l 
form u l a  of Loge Y = a + b x) produced a stra i ght  l i ne on sem i log paper; t he re fore , t h i s  type was used to 
determ i ne the rengt h-o f the data base to be used (F ig ure 1 1 ) .  Y is t he depe nde nt var iab le  (prod uct ion 
tonnages) , a i s  the co nsta nt where the curve crosses t he x axi� b i s  t he s l ope of t he curve , a nd x i s  t he 
i ndepe nde nt var iab l e  (ti me) . Four mode l s  were deve loped :  mode l-1 covers t he tota l l ength  of t imefrom 
1 940 to 1 975; for mode l 2, t he  l ength of t i me is shortened by 1 0  years ; mode l 3 is shortened by a nother 
1 0  years; a nd mode l 4 i s  s horte ned by an add it i ona l 1 0  years . T he ra nge r2 va l ues  (good ness of fi t )  was 
from 0 . 0 1 for mode l 3 to 0 . 83 for mode l 1 .  A perfect  corre la t ion  betwee-;:; t ime a nd product ion  i s  1 . 0; no 
corre l a t i on  is 0 .  0 .  

Eoc h tre nd was pro jected to t he year 2000 , I t  i s  easy to see from F i gure 1 3  t hat t he l e ng th  of t he 
data base de term i ned t he pro jec t ion  for t he year 2000 . The ra nge o f  pro ject ions us i ng d i fferent data base 
l e ngths  was from 40 to 240 m i l l i on tons per year , T he mode l t hat gave t he h ig hest r2 va l ue (0 . 83) was 
mode l 1 , w h i c h  used t he tota l l e ngth  of t he t ime ser i es; the refore , t he l ongest data base was used i n  t he 
next step . 

Mode l 1 a nd the h i stor i c  ser ies  were rep l ot ted (F ig ure 1 4) .  Ari thme t i ca l  l east sq uare type (mode l 5 ) ,  
w i t h  t h e  genera l formu la o f  Y = a +  b y, was t r ied . I t  h a s  an  r2 va lue of  0 . 73 .  The power curve least square 
type (mode l 6)  w i t h  t he genera l form�TO Loge Y =  a +  b Loge x-was tr ied . I t  gave an  r2 va l ue of 0 . 88; there
fore , t h i s  mode l was used to pro jec t  future prOductlo nfor tne-State . T h i s  l east sq uaretype was a l so used 
to pro j ec t  for the State ' s  sma l l e r po l i t i ca l  u ni t s . Mode l 6 a nd the State h i stor i c  ser ies were t he n  rep lotted 
(F igure 1 5) a long w i th a si m i lar  ser i es for the Wi l lamette Va l ley and for Ben ton  Coun ty . Power curve types 
of  l east  square were run for t he Wi l lamette Va l l ey (mode l 7) , a nd for Be nto n County  (mode l 8) . A very 
h i g h  r2 va l ue was obta i ned for t he Va l l ey , but for Be nton County i t  was on l y  0 . 47 .  T h i s  l ow fi g ure means 
t hat  over ha l f  of t he var ia t ion  i n  the data cannot be accou nted for by t he mode l . T he reason for the la rge 
swi ng i n  prod uct ion is the sma l l ness o f  Be nton County ' s  product io n .  To m i n im i ze the effec t  of t hese osci l 
l a t ion s ,  a movi ng average ca n be used , 

A 5 -year mov i ng average (mode l 9) was p lotted ( F i gure 1 6) .  T he fi rst poi nt  p lotted ( 1 944) was a n  
average o f  produc t ions of  1 940, 1 94 1 , 1 942, 1 943 , a nd 1 944 . T he next po i n t p l otted ( 1 945) was a n  aver
age of product ion of  years 1 941 , 1 942 , 1 943, 1 944, and 1 945 . T he l east square power fi t (mode l 9) had 
an  r2 va lue of 0 . 66 .  A 1 0-year mov i ng average was a lso p l otted . The data were transformed the same way 
th ey were for th e 5-year  mov i ng average ,  by averag i ng product ion  figures for 10 years i nstead of 5 years . 
The least square power curve fi t mode l 1 0  has a n  r2 va lue  of 0 . 88 , wh i ch i s  h ig h  enough to have a good 
pro jec t ion  for the year 2000 . 

-

The r 2 va lues for each of the  1 0  mode ls  shown on F i gures 11, 1 3 , 14, 15, and 1 6  were tested by the 
Student T test . On ly  t he !....2 va I ue for mode I 3 was too l ow to be s ig n i fi cant . T he St ude nt T test has t he 
form of  

l t l =  1' 

I 1 - r2 
l n - 2 > t  

= a./2; n- 2 

T he authors fe l t  that  t he pro jec t ions marked w i t h  aster i sks i n  Tab l e  1 0  for t he S tate , W i l l amette 
Va l l ey , a nd Be nton  County are the most reasonab l e ,  based on  past tre nds for t he State obta i ned w i t h  
power curve f i t . Tab l e  1 0  summarizes pro je cted a nnua l  product ion  tonnages a nd per cap i ta prod uct ion 
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for t he year  2000 for each  of  t he mode l s  fou nd i n  F igures  1 3 , 1 4, 1 5 ,  a nd 1 6 .  T he same data for 1 976 are 
a l so g ive n .  To arr ive at t he per capi ta consumpt ion  f igure , t he h i g hest pro jec t ion  was used from the Stat i s 
t i ca l  Da ta Base ( 1 973) . The authors be l i eve tha t mode l 1 0, wh i ch pred i cts a n  annua l product ion  o f  1 , 468 , 339 
tons  for the year 2000, i s  best  for Bento n  County . 

Tab le 1 0 .  Presen t  a nd pred i c ted product ion for a l l  mode l s  

1 976 2000 

Pe r capi ta E s t imated Per  cap i ta  
Product ion  consumpt ion  prod uct ion  consumpt ion  

*Mode l s  r2 (tons) (to ns) ( tons) (tons) 

State of  Oregon 

3 0 .  0 1  37 , 903 , 905 1 6  40, 070, 000 1 2  
5 0 . 73 37 , 903, 905 1 6  72, 487 , 000 2 1  

* *6 0 . 88 37 , 903, 905 1 6  88 , 852 , 000 26 
2 0 . 60 37 , 903 , 905 1 6  1 22 , 020, 000 36 
4 0 . 75 37 , 903 , 905 1 6  1 30 , 700, 000 39 
1 0 . 83 37 , 903, 905 1 6  240 , 400, 000 7 1  

W i  l l amette Va l l ey 

* *7 0 . 93 1 8 , 99 1 , 62 1  1 2  46 , 907 , 000 22 

Benton County 

8 0 . 47 538, 1 42 8 875 , 057 9 
9 0 . 66 538, 1 42 8 1 , 05 1 , 597 1 1 

* * 1 0  0 . 88 538, 1 42 8 1 , 468 ,  339 1 6  

* I n  order of i ncreas i ng g rowth  
* * Authors ' pre fe rred mode I 
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Figure 1 3 .  Oregon production 
tonnages of sand and grave Z 
and stone v. time . Four ex
ponentia l Zeast square curve 
fits wi th different data base 
Zengths are a Zso p lotted with 
trend Zine s extending to the 
year 2000.  
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SHORT PAPER 27 - ROCK MATERIAL RESOURCES OF BENTON COUNTY, OREGON 

PLATE I 

ROCK MATERIAL LOCATION 

AND GEOLOGY MAP OF BENTON COUNTY, OREGON 
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HERBERT G. SCHLICKER - PROJECT DIRECTOR 

1978 

LEGEND 

SAND AND GRAVEL PIT 

STONE QUARRY 

OTHER MINERAL (CLAY PIT) 

IDENTlFICATION NUMBER FOR SURVEY AND LABORATORY DATA ON 
REVERSE SIDE OF MAP (TABLES 1 AND 6) 

GEOLOGICAL UNIT CONTAINING 54% OF ROCK MATERIAL SITES 

GEOLOGICAL UNIT CONTAINING 21% OF ROCK MATERIAL SITES 

GEOLOGICAL UNIT CONTAINING 13% OF ROCK MATERIAL SITES 

CREDITS 

MINERAL LOCALITIES SURVEY - Garwood A!len, Richard E. 
Freytag, David W. Wendland 

EXPLANATION 
(Houndarics are approximate: 
on-s11C mves/1/JaUo") 

slntcm�nls ore general. gpecific e"alualion$ require 

SURFICIAL GEOLOGIC UNITS 

Stream and terrace deposits 

Recent nver alluvium: U"consolidaicd cobbles, coarse grnvcl, saud, a"d some .,u 
w1lhm acliw channels of tv ilia melle H.iuer; 20-45 [I lilicl<: eqwvalcnl lo part of 
Qal o f A/I1<Dn (!953). part of Qal of Volws a11d others (1954). Par/ of Horses/we 
surface of llalslcr and l'arsm>s ( 1968), pal'/ of Qyal of /•'rani< ( 1974). part of Qal of 
Beaulieu ( 1974)." ci>arac/critcd by low re/ut{, point-bar dcpos•ls, and .<econdary 
aclive chauue/s locall:l!. 

Quaternary !ower terrace depoSits : SemlCOt>sol•dated cobbl<>s, gravel, ,,,.,,!, soil, 
clay, and orga<11c mol ter of rmriab/e th,chnes.• on lowla11d terraces ''boue Qral 
(appro.x. 35 {I /hiCk) and along usually entrenched lribulary rivers and streams, as 
Marys River (10-100 ft thick); surficial material ecncrally 10-30 (I light-brow" 
srlly clay and {me sa11(/; equ,uale"t to part of Qat of AIIISOII ( 1953), P""'' or Qal of 
Vokes aud olhers ( /954), Ingram s11rface of /Jolster and l'arsm/5 (I Q68), an <I par/ 
of Qyal and Qoal of Fran/< (1974), clwraclenzed by low, undulaling, (I!Wial 
•ur{ace. with meoJH/er .�cro/ls a"d oxbow lalws 

Qll�ternary middle terrace deposit.s. Sem<collsO/i<laled J:ruvd, sand, sill, ""d clay 
{omnng terraces o{ ma;or e:>IC/!1 alo"g ll'dlamelu: llwer; suo·t,c,al ma/clta/ 
gcHC!ally 1 0·30 {1 /igl,/-brown Silly clay al!a {me sand; eauivatent lo pa>·t o[Qws 
uf AII<Son (1953). part of Qal of Vol<es alld o ll�ers (195<1); Winl<lc, Ca/apooyoa, 
al!d Se>>e<·at surfaces of Balster atHl Parsons ( / 968), pari of Qual of Fran I< (1974) 
Very flat /cn·aces well above QU alollg Willa melle Uwer; appraxuna/dy 50-100 fl 
/llicl<, 1 0 0  or more !War Grallger, lflll1>1ing /o 50 {t or less r>ear W!llamcl/e Rioer. 

Quaternary h>l:hcr terrace deposits : Scmiconsoli<la/ed g'avel, sand, Gill, '"'" clay of 
vanab/e lhickncss (10·200 {I) un h1gher le• races >Wac [oot/u/1;;, su•f•ctal malcr1al 
geowmlly 111-30 {1 llg/11-brown silty c/(ly "''d fine sa11d a/ Coroal/is-1'/uloma//o: 
CQI<ivo/eH/ to part of Qdi! of Vol1es a11d o/hcrs (19.54), par! of Quad aud Dolph 
sur-faces of Balster a11d !'arsons (1968), par/ of Ql of Fran/1 {1974): generally 
h igher and mur� dissected by streams than Qtm; lransilwnal will! pedmwnl•al!d 
lhin,er near bed>ock fool hills (severo! lens of fl or les.<): 100 f! a/ OSU, 1 7 0  200 
{I a/ <md south of Philomath. 

GEOLOGIC SYMBOLS 

Definite contact 

Approximate contact 

Normal fault (ball and bar on down thrown side) 
Approximate fault 

• • • •  Concealed fault 

Tts 

Ts 

Tf 

Tsrk 

T s - p  
T f  • p 

Tsr 

Ts r - p 

BEDROCK GEOLOGIC UNITS 

Sedimentary rocks 
Eady Ohl!occnc >andstone : /;q,.ival<m I to '1'/s (l .,ffacc<>l'S sandstone) of Vol<e., and 
ollleo-s (/ 9,';4), crceni<IH<my. medium to com·sc-(!raincrl.. luffacCO!iS sands!OtH! 
con/amin.ll fossils am/ occwri"g ;., isolated oulcrops m SO!<II>eas/ par/ of cowo/y; 
beds 3-12 fl /h id<, weutl!ers lo yellowish gray, not wc/1 /moovn. 

Late Eocene sandstone: Eauivale"l /o Ts (Spcnc..,r} of '}'w·nel (1!!38); ma.<.<ive to 
lhm-bedded, induraled, {me /0 medll<m-graiued. micaceous, ao·koSlc, 1111d 
lll{faceous sands/one; sa.,dstones similar /o sandy beds W!/l>in Flournoy 
Formatton; also indou·arc<l dar/;.green /o (!ray basa/1/c S<mdMol!e (east of Dawson. 
nurlloeas/ of Lewisburg, ami ;, Alban� quad). spheroidal!y weathermJI to medwm 
yellowish-brown soil, tilin-beddcd, mcdi,m-�rny sills/ones form1111r /()PO!!I'aPh•c 
valleys "ear Mo11r0c; carbonaceous and bo11y cool a/ SPI'III/1 H11/ neao· Albany and 
locally; concrelious locally: omderl1e• ma"Y lcrl'<lce daposots. 

Middle Eocene sandstont•: Eauioalcn/ to '/'{ (Flournoy) of Baldwin (UJ75), and 
'J'yee (7'1) of Vol<es and olhers /1949): blu!S/1-IJray, firrnly <ompacted, graded 
"'"'dsto•>C and darf>.gl'l!)' sillslm>c; 3-12 [I bed• med!um.graillcd, micaceous, 
arlwsic sands/ones and mud.<IOIH.I$: weathers lo l1glo / /au, dar/1 yellowo<ll·brown 
silly day loam soli.<. o{lcu well-<lmincd; otle11 deeply w�a!llere<.t oo><.l eaSily 
axcaua/cd: cong/omeraltc S<wd.<tmw beds cool iauung ba<all pebbles ou wesl fln�>l< 
11orthcasl·/renr1ing 11111 norllo of Lewisbw·g ancl /oca/ly 011 wesl side of Witham Hill 
;,, Corvallis. i11/er{ingcri11g lo north W1/11 mari11c siltstone m Albauy ''""'/; 
sands/ones prcdomoua/e 111 Monroe qw1d and /owaod """"'pal'/ o{ sectwn. 

Klfll:> Valley siltstone: ],'<tllivaiCII I lo 'J'<ri< ( K111gs Valley <!l!s/OIIC meml>cc of Silclz 
River Vo/cm1ics) of Volw., a11d a/hers (195'/), named foe <!xl�l!.,we ou/crop; "' 
f(in�s Va/lev, wl>c•c 3,0110 {I !Mel<, ge!lel-a/!y wcll·bed(/c<l, <Iiiii< brownish ('ra)', 
tuffaceolls ,Hrslone "'"/ wa/er/aid luff, lower pa,·< neal' Wren a dal'i1 gray, shaly, 
lu({accous sll!s!o11e, /ucaU>ccir>l! whcruidally Ia /a/us of gon)'/.<l>·o•angc I<> 
/igh/ bcown chips (mlco·bc(l(ic(l pillOW<, busa/1 flows, luff. '""' """"' flow bi CCcia 
also more common); upper par/ """'' Ho.<ldu> IS li<m-!Jcdded, {IIW-('rao>ed, 
lu{foccous sl//slouc inl<•cbe(!dc<l w1/h occa•wnat /oghl yl'llowi.<h-grayislt-white luff. 
wealltel'llll! lo li�to l bi'Own soil 

s�ndstonc pcclimcnts : Gcmlly i11cti•u,rl. J>laml> crosio11 •w·f,ce< c"/ i11/0 bed o·nc!1 
aud l!<!llem/ly V<!Heeccd wllh /hill deposit< of 11/lCD"Wiida/cd !tialcrial iu lransporl, 
mcludinl! gravel, s"nd, .<ill, and clay, 

Volcanic rocks 
Eocene volcanic rock: Equiva!cnl to Tsr (Siletz Jliucr Volcanic.<) of Vol<c., ao><l 
a/hers (1954) ami Snavely a11d Bnldwi11 (194/J}. 3,1!00-9,000 [I "{ mam1c dc
pusiled darlt l!rceuish-gm� /o b!acl<, vesicular lo amy�:da/ou/a/ tlii/OW lavas a"'! 
basalt [lows, will> mmor onle! bcdrled ao!d ovcr/ymg tuf[aceou.< cloyslol!e, ·"11.</onc, 
and basnWc SGIIc/</onc; flow breccio and coarse pyrodas/ocs oa1C, ofU"' 20·50 {/ 
deep-wea/loered zo11cs /igl>l ms/�-brow11 in so{/ sedmteii/S and breccw, 4-10 [I 
zo,cs more eommou ;, pi/lows and {lows; pillows owrth of l'l>ilomath am/ aloug 
Greasy Creek. 

Vo/eanlc pediment: Gcu/1� i11cliucd, planar erosw" sw(ace c•Jl i11/u T�r all(/ 
generally ueueercd will> //om deposits uf uucou�olulo/cd molena/ "' lral!wor/; 
shallow, mlcrmil!enl dminagcs. 

Intrusive rocks 
Post-Eocene tntrus>ve rock: J,;quwalenl lo '1'1 "f Vol;cs mtrl o/!tcrs /1�154): flue- lo 
mcdmrn-,t:muwd /Jnsa/1 all</ gabbro (/i/<es, "Ill.<, ami jrregu/ar 11!/ruswc bo<l1e.>, 
rangmg {rom "arrow, vert/Co/ d1hes /o large, nearly !tol·izonlal, 1/uc/; (300-500 fl), 
51/l-/tl<e mas;cs: <"Ill Ts uml Tf unHs, parUc•li<uly 111 Ma>1rvc <tuad, ,11eueraJ/y """'e 
fiudy te.�/urcd j11 1's 1/tall 1'f; 11mnapp"d •nlru.>i,c.< occur "' T<r •mil, Me early 
OUgocc11e, of/en Qlla•r��d 

Geology by Jim Bela modified after Vokes, Myers, and Hoover, 

1954. 
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TABLE I .  BENTON COUNTY ROCK MATERIAL SURVEY DATA 

--�-- --·  ---- �--------,------------,--------------

� ij ��'! >-." - ]  o{\ t: 0 ·'=' �-5 ..:,�,� " 

REMARKS 

1 � 1�� -��� � " I 1 I ·§:<-.; 7j·· 1 fi§ 0 !;? -� ��-� � z.l & .ii -� .)t�- �� 
----�_L __ a_" __ _j__u_,_�_�_L�_}_�_: L"' __ L_J_.J <IL_�__�_•_"J __ ·�-�--__!_.1_·�--...L_<_" _ _ _,_I_�_=_'--'-�-�----'-�-·_!_S_J_ ___ £_� _ _ L t!l . n  � I i � d� � -�� � U �- flf_· �-- Jl ___ _ __ i __ ___j__z I = 

----------
1 Oregon Stole 

Hwy. Div, 
2 Unknown 

3 Lo Ro lumber s 
Co, 

*4 Tri-County s 

5 ClemoM s 

6 Oregon State s 
Hwy, Div. 

7 Evans Products s 

8 Publishers Paper s 

9 Publishers Paper > 

10 Oregon State s 
University 

1 1  Corvallis s 
Disposol Co, 

1 2  Oregon Stole s 
University 

1 3  Oragon State s 
University 

14 Oregon Stole s 
University 

15 Starker Forests s 

16 Unknown s 

17 Dean B<luman s 

1 8  Starker Forests s 

19 Starker Forests 

20 D. Vcnderpool 

21 D, Vanderpool 

•22 Oregon State 
Hwy , Div, 

*23 Oregon Stole 
Hwy , Div, 

·•z4 Oregon Stole 
Hwy. Div. 

25 Unknown 

26 Unknown 

27 Albany Rock 
Product� 

28 Unknown 

*29 Oregon State 
Hwy, Div, 

*30 Oregon State 
Hwy, Div, 

31 Unknown 

32 Starker Forests 

*33 L. andT. 
Crushing 

34 Unknown 

35 Corvallis Elks 
Lodge 8]413 

36 Benton County 

37 Unknown 

''38 L. and T ,  
Crushing 

39 Unknown 

*40 L. ond T. 
Crushing 

41 Unknown 

42 Oregon State 
University 

43 Oregon State 
University 

44 Oregon Stole 
University 

"45 H ,  and L. 
Teigen 

46 Oregon State 
University 

47 Oregon State 
University 

48 Oregon State 
University 

49 Unknown 

50 Unknown 

51 Unknown 

52 N ,  Thiel 
53 Unknown 
54 Unknown 

g 

' 

9 

' 

' 
' 
• 

55 Unknown g 

56 Unknown g 

*57 Wildish�Corvallis g 
Sand and Grovel 
Co. 

SB Unknown 9 

*59 Ore13on Stole B 
Hwy . Div. 

60 Unknown g 
61 Builders Supply 9 

Co. 
62 Unknown g 

*63 Starker Foresh 

64 City of 
Corvallis 

'65 City of 
Corvallis 

66 U,S, Forest 
Service 

67 U . S ,  Forest 
Service 

68 U.S, Forest 
Service 

69 Unknown 

' 

' 

70 U.S. Forest s 
Service 

71 U . S .  Forest s 
Service 

72 U,S, Bureou of " 
Lond Manage-
ment 

*73 U,S. Bureau of s 
Land Manage
ment 

74 U.S. Forest 
Service 

7S U.S,  Forest 
Service 

76 U . S .  Forest s 
Service 

*77 Starker Forests s 

78 Philomath s 
Shake Mill 

79 George Neuman g 

80 George Neuman s 

81 George Neuman ; 

�82 CHy of s 
Corvo I lis 

83 Unknown s 

84 Starker Forest. s 

85 Mid Volley s 
Grovel 

86 Corvolli.; Brick o 
ond Tile Works 

*87 Builders Supply 9 
Co. 

*88 Builders Supply g 
Co, 

89 Rex Clemens s 

90 Rex Clem"ns s 

S NE 17 

p sw 15 

p 

p 

p 

s 

p 

p 

p 

p 

p 

s 

5 

s 

p 

p 

p 

SE 15 

SE 22 

NW 30 

sw 26 

sw 26 

NE 36 

NE 36 

NE Cf1 

SE 1 3  

S# 21 

SE 22 

sw 23 

S# 28 

NW 31 

SE 32 

NW 33 

P NW 34 

p 

p 

s 

5 

s 

p 

p 

p 

s 

s 

p 

p 

p 

p 

c 

p 

p 

p 

5 

p 

s 

5 

s 

p 

5 

s 

s 

p 

p 

p 

p 
p 
p 

p 

p 

p 

s 

p 
p 

p 

p 

L 

L 

F 

F 

F 

SE 1 0  

sw 1 1  

NW 1 8  

N W  18 

NW 18 

SE 14 

" 36 

SE 30 

NE 1 1  

sw 1 3  

sw 16 

NW 14 

sw 1 9  

N W  21 

NE 21 

SE 22 

sw 30 

NW 28 

S# 'Zl 

S# 'Zl 

sw 27 

NE 31 

sw 06 

NW 06 

sw 03 

NE 1 1  

NW 07 

NW 07 

SE 07 

SE 21 

SE 21 

SE 22 

SE 28 
sw 27 
SE 06 

SE 08 

NE 09 

NE 17 

SE 1 9  

5W 20 

SE 20 
NW 28 

sw 28 

NW 12 

NE lS 

SW 13 

sw 22 

SE 22 

SE 28 

sw 26 

F NE 26 

F NE 25 

F SE 32 

F 5E 33 

F SE 34 

F NE 34 

F NE 35 

p NE 04 

p 5E 03 

p NE 1 0  

p 5E 1 4  

p NW 15 

L 19 

p SE 20 

p NE 20 

p SE 06 

p 5E 02 

p NW 01 

p NE 01 

p NE 07 

p NE 07 

91 Builders Supply g P SE 12 
Co. 

92 Bvi lders Supply 9 P SE 12 
Co. 

•93 Endicott Forms g P NW 1 3  
sw 26 94 C . E .  Jones- g P 

Green and White 
River Rock 

95 C . E .  Jones
Green and White 
River Rock 

g P SW 25 

96 Benton County 

'77 C. E. Jones
Green and White 
River Rock 

g C SW 25 

g P NE 35 

98 Benton CC>unty g C SE 35 

99 C . E .  Jone�
Green and White 

g P NW 36 

River Rock 
100 U.S.  Bureau of s 

Lond Manage-
�"' 101  U.S, Bureau of s 
Land Manage
ment 

102 U.S. Bureau of s 
Land Manage-
�"' 

103 U.S. Bureau of s 
Land Manage-
-"' 

104 U . S ,  Bureau of s 
Land Manage� 
�"' 

105 U , S ,  Bureau of s 
Lond Manage
ment 

106 U . S .  Bureau of 
Land Manage
ment 

F SE 19 

F NE 30 

F NE 29 

F NE 2S 

F NW 32 

F SE 35 

F sw 05 

lOS 7'# o 

lOS 6W i 

lOS 6W i 

lOS 6W i 

lOS 6W i 

lOS 6W i 

lOS 6W a 

lOS 6W i 

lOS 6W 

lOS SW 0 

lOS SoN 

lOS SW 

lOS SW 

lOS SW 

lOS 5W 

lOS 5W 

lOS SW 

lOS SW 0 

lOS 5W i 

lOS 4W 

lOS 4W 

lOS 4W 

lOS 4W 

lOS 4W 

lOS 4W 

lOS 4W 

lOS 3W 

l i S  6W 

l l S  6W 

l l S  6W 

1 1 5  6W 

l l S  6W 

l i S  6W 

1 1 5  6W 

l i S 6W 

1 1S 6W 

l l S  6W 

l l S  6W 

l i S  6W 

l l S  6W 

1 1 5  6W 

1 1 5  sw 

1 1 5  sw 

l l S  SW 

1 1 5  5W 

l i S  5'N 

l l S SW 

l l S  SW 

l l S  5W 

l l S  5W 

I T S  SW 

l l S  5W 
1 1 5  sw 
I T S  4W 

1 1 5  4W 

l i S  4W 

l l S  4W 

1 1 S 4W 

l i S  4W 

l i S  4W 
1 1 S  4W 

l l S  4W 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12S 7W 0 

125 7'# i 

12S 7W i 

125 7W i 

12S 7W i 

125 7'# r 

12S 7W i 

12S 7W i 

125 7W i 

12S 7W i 

12S 7W r 

12S 7W i 

12S 7W i 

16 

2 

' 

90 

3 

20 

6 

2 

25 

35 

4 

3 

8 

3 

2 

2 

3 

3 

120 

105 

45 

75 

55 

5 

8 

300 

2 

3 

30 

4 

55 

1 1 0  

3 

6 

2 

2 

60 

120 

5 

3 

30 

20 

5 

1 0  

2 

6 
1 
1 

37 

24 

2,000 

15 

57 

1 1 0  
120 

100 

6 

8 

1 6  

1 0  

3 

5 

3 

35 

1 2  

2 
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0,1  
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0. 2 
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0,1  

0,1  

0,2 

0.2 

6.0 

7,5 

0.6 

3,5 

0,8 

0,7 

0,4 

12.5 

0.1  

o. 2 

1 ,7 

0.2 

3.2 

2.0 

0 . 1  

0.6 

0.1 

0 , 2  

0.1  

2.9 

0.1  

0,4 

0.1 

0,5 

0.6 

0 . 1  

0 . 6  

0.2 

0.1 

0 , 1  

0. 1 

0,2 
0.1  
0.1  

2.5 

3,0 

58 

3 . 1  

4,4 

B.S 
8.8 

19.3 

0,4 

0.1 

0.2 

0,3 

0 . 1  

0.4 

0,2 

0 , 1  

0,2 

0,2 

1 . 2  

0.3 

0,1 

l2S 7W j 2 0.1 

12S 6W 

12S 6W 

12S 6W 

12S 6W 

125 6W 

12S 6W 

12S 6W 

12S 6W 

12S 'YN 

12S 5W 

12S sw 

12S sw 

12S sw 

12S sw 

i 25 1 . 0  

i 7 0,3 

a 3 0.2 

(I 30 2.0 

a 25 0.9 

i 4 0.1 

r 2 0.2 

0 16 0,3 

a 50 1 .5 

e 15 1 ,2 

i 203 10.6 

0 2,000 104 

3 0,1 

20 0,8 

12S 5W i 60 B 

12S 5W a 

12S SW a 
125 SW a 

12S 5W i 

125 sw " 

12S sw i 

12S SW i 

12S SW i 

13S fM' 0 

13S BW a 

13S 'iN{ i 

13S 8W i 

13S SW i 

13S 8W i 

13S 7W 0 

53 5.5 

200 44 
230 7 

80 4 . 1  

1 0  0.8 

74 1 2  

100 '7 

26 1 . 3  

15 0,5 

6 0,3 

13 0.3 

0.1 

1 3  1 . 1  

4 0 , 2  

0 . 2  

0 . 2  

0,6 

0,5 

1 . 0  

20 

0,7 

20 

0 

1 0  

100 

0 

50 

50 

30 

10 

30 

500 

15 

0 

0 

1 0  

0 

0 

20 

15 

150 

1 ,000 

500 

0 

500 

400 

0 

1 ,000 

0 

0 

5 

0 

150 

150 

0 

0 

0 

0 

1 0  

0 

300 

3 

s 

10 

30 

0 

50 

0 

5 

0 

0 

0 

0 
0 
0 

1 , 800 

2,600 

9,600 

5 

20 

60 
100 

75 

1 0  

50 

50 

0 

0 

10 

5 

5 

100 

0 

20 

20 

50 

0 

200 

200 

150 

0 

0 

30 

50 

100 

0 

2,000 

0 

0 

400 

2,000 

2,500 
250 

0 

2 

0 

100 

10 

40 

20 

0 

20 

10 

5 

B Gabbro 

B Bmolt 

Intrusive 

Siletz River 
Volcanics 

B Basalt Siletz River 
Volcanics 

8 Bmolt Siletz River 
Volcanics 

B Sandstone, Flournoy 
siltiiC>ne, inter� 
bedded mudotone 

B llo•olt Siletz River 
Volcanic• 

8 Basalt Siletz River 
Volcanics 

B 

' 

B 

8 

Basalt 

Basalt 

Basalt 

Bosolt Siletz River 
Volcanics 
Siletz River 
Volcanics 
Siletz River 
Volcanic> 
Siletz River 

' 
B 

B 

' 
' 
B 

B 

Basalt 

Bosolt 

Bo50h 

Bo�olt 

Basalt, 
weathered 
Basalt, 
weathered 

Basalt 

B Basalt  

G 

G 

' 
B 

' 

G 

B 

G 

' 
' 
B 

B 

B 

B 

B 

B 

' 

B 

B 

' 
B 

' 
' 
B 

B 

B 

' 
B 

B 

B 

B 

B 

B 
B 
' 
G 

G 

G 

G 

G 

G 
G 

G 

B 

B 

' 
B 

' 

Varioos 

Various 

Ba�lt 

BGsolt, 
weathered 
Boso!t 

Various 

Sandstone 

Various 

Basolt, 
weathered 
Bosolt 

Basalt 

Basalt 

Ba.,lt 

Basalt 
gabbro 
Bam It 

Basalt 

Bosolt 

Bo!.Oit 

Basalt 

Basalt 

Basalt, 
weathered 
Basalt 

Basalt 

Sosolt  

Basalt, 
weathered 
Basalt, 
loteri1e 
8osall, 
weathered 
Barolt, 
weathered 
Bosolt 

Diorite 

Diorite, gabbro 
Dlorirc 
Sandstone 

Various 

Various 

Various 

Various 

Various 

Various 
Various 

Various 

Basalt 

Bmalt 

Basalt 

Basalt 

Bmolt 

B Basalt 

B Bmalt 

B Basalt  

B Basalt 

B Basalt 

B Basalt 

B Basalt 

B Basalt 

B Basalt 

B Gabbro 

B 

G Various 

B Diodte 

B Diorite 

B Ba.alt 

B lklsalt 

B 

B Ba101t 

G Cloy 

G Al luvium 

G Various 

B Basalt 

B Basalt 

G Various 

G Various 

G Voriom 
G Various 

Volcanic� 
Siletz River 
Volcanics 
Silet:l River 
Volcanics 
Siletz Rivec 
Volcanics 
Siletz River 
Volcanics 
Siletz River 
Velconics 
Siletz River 
Volcanics 

Siletz River 

Siletz River 
Volconks 
lower terrace 
deposits 
lower terrace 
deposits 
Siletz River 
Volcanics 
Siletz River 
Volcanics 
Siletz River 

Volcanics 

Lower terrace 
deposits 
Spencer 

Lower terroce 
deposih 
Siletz River 
Volcanics 
Siletz River 
Volcani•os 
Siletz River 
Volcanics 

Siletz River 
Volcanics 
Silet� River 
Volcanic� 
Siletz River 
Volcanics 
Siletz River 
Volcanics 
Siletz River 
Volcanics 

Siletz River 
Volcanin 

Siletz River 
Volcanics 

Siletz River 
Volcanics 
Siletz River 
Volcanics 
Siletz River 
Volcanics 
Siletz River 
Volcanics 
Si letl River 
Volcanics 
Siletz River 
Volcanics 
Si1etl River 
Volcanics 
Siletz River 
Volcanic5 
Siletz River 
Vol conics 
Siletz River 
Volcanics 
Siletz River 
Volcanic• 
Siletz River 
Volcanics 
Siletz River 
Volcanics 
Intrusive 

lntru�ive 
Intrusive 
Spencer 

Lower terrace 
deposits 
Lower terrace 
deposits 
Lower terrace 
deposits 

Lower terrace 
d.;posits 
Lower terrace 
deposih 
PC>int ber 
Lower terrace 
deposits 
Lower terrace 
deposits 
Siletz River 

Volcanics 
Siletz River 
Volcanics 
Sil.;tz River 
Volcanics 
Siletz River 
Volcanics 
Siletz River 
Volcanics 
Siletz River 
Volcanics 
Siletz River 
Volcanics 
Siletz River 
Volcenics 
Siletz River 
Volcanics 
Siletz River 
Volcanics 

Sil"tz River 
Volcanics 

Siletz River 
Volcanics 
Siletz River 
Volcenics 
Silet>: River 
Volcanics 
Intrusive 

Silelz River 
Volcanic� 
LC>wer terrace 
deposits 
Intrusive 

Intrusive 

Siletz River 
Volcanics 
Si le12 River 
Volcanics 
Siletz River 
Volcanics 
SilEtz River 

Volcanics 
Lower terrace 
deposits 
lower terrace 
deposits 

lower terrace 
deposih 
Siletz River 
Volcanics 
Siletz River 
Volcanics 
f>oint bar 

Lower terrace 
deposits 

Point bar 
lower terrace 
deposits 

1 37 

1 5 

2 

3 

2 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

0 

2 

4 

35 

10 

25 

1 1  

26 

1 3  

1 0  

32 

19 

9 

7 

1 1  

9 

B 

9 

20 

15 

33 

1 0  

34 

20 

10 

7 

4 

20 

5 

19 

40 

3 

3 

20 

B 

15 

22 

7 

3 

17 

34 

1 6  

1 6  

9 

3 

2 

2 

2 

7 

1 0  

5 

1 0  

3 

7 

8 
9 

9 

1 3  

4 

23 

34 

5 

0 

2 

4 

l6 

1 5  

2 1 9  

2 24 

1 19 

3 

2 

1 4  

1 4  

17 

3 

1 4  

15 

36 

4 

" 

4 

20 

35 

1 0  

B 

6 

10 
6 

G Variau. Lower terrace 1 5 

G Various 

G Various 

G Various 

G Various 

B Sandstone 
and gabbro 

B Gabbro 

B Gabbro 

B Sandstone 
ond gabbro 

B Mudstone 

B Ba50 it 

(CONTINUED) 

Ceposi Is 

Lower ierroce 1 
deposits 
Lower terrace 1 
depmits 

Lower terrace 1 
deposits 

Lower terro<:e 1 
deposits 

4 

4 

4 

4 

Intrusive 2 1 0  

Intrusive 

Flournoy 

Intrusive 

Flournoy 

Flournoy, 
intrusive 

Siletz River 
Volcanics 

3 20 

2 1 8  

2 9 

5 8 

14 

2 4 

M 

B 

F 

F-M 

F-M 

F 

F 

F 

F 

c 

F-M 

c 

F 

M 

F 

f 

F 

M 

M 

F 

F 

F-C 

M 

c 

M 

F 

M 

M 

F-M 

M 

M 

B 

F 

C-B 

C-B 

C-B 

F 

c 

M 

F 

M 

c 

F 

F 

F 

M 

c 

M 

M 

c 

F-M 

F 

F 

F 

F 

f 

f 

c 

f 

f 

M 

M 

F 

F 

M 

M 

c 

F 

F-M 

F-C 

f 

F-<: 

F 

f 

f 

F 

F 

F 

F 

F 

c 

F 

F 

F 

F 

' 

0 

' 

'· ' 

'·' 

' 

' 
'·' 

' 

' 

' 

' 

' 
' 

' 

.,, 
' 

' 

' 

' 

' 
' 

' 

• 

' 

., , 

,,, 

' 

' 
• 

' 

• 

,,, 
' 

• 

• 

' 
0 

' 

' 
' 

' 
' 
' 

' 

'•' 

o,o 

0 

t,�,b, 
" • '  
t,s,b,r 

'·" 

,,b 

0 

,,b 

,,b 

t,s,b 

t,s,b,r 

'·" 

'·" 

.,b 

,,b 

,,b 

,,b 

>,b 

b,s,t 

b,s,t 

,,b 

,,b 

s,b 

b,.,t 

0 

b,s, t 

,,b 

r' j 

t,s,b 

t,s,b, 
e , r  
s,b,e,,· 

s,b,r 

t ,s,b, 
'•' 
I ,,,b, 
"·' 
t,o,b, 
e1r,j 
,,b 

b 

t, s,b,r 

t, s,b 

s,b,r ,j 

'·" 

0 

'·" 

0 

s,b,r 

.,b 

t ,s,b,r 

b,s,t 

b,s, I 

t,s,b,o 

0 

s,b, t 

s,b,t 
s,b,t 

s,b, I 

s,b,e, 
''' 
I ,s,b, 
• 
I ,s, b, 
',, 
t,:;,b, 
' 
,,b 

>,b 

.,b 

'·" 

•,b 

s,b,e 

.,b 

>,b 

>,b 

0 

t,s,b, 
.,, 
t ,s,b, 

,,b 

,,b 

0 

b,s,t, 
0 

b,s,t, 
0 
,,b 

,,b 

- b,s,t 

- s,b, f-

- s,b,t 
c,s I ,o 

i,o 

1,o 

1,o 

',o 

>,b 

'·" 

s,b,o 

'·" 

,,b 

0 

,, b 

Site surrounded by rural homes 

Overgrown by older 

Weathered basalt with day 
used to dam water pond 

Tri-Counly sanitary landfill 

Water hole for fire �ighting 

Water hole for fire fighting 

Overgrown with older cmd 
brush 
Used as landing; rock may 
hove been used to build pond 
ocros! rood 

Comists of 2 pits, now lakes, 
2-3 yds deep 
Consists of 2 pits: One covers 
0.4 acres with 25,000 cu yds 
p01;t production; the other covers 
0.4 ocr<!S with 30,000 cu yds 
post production 
Ciosed at least IS years; 1 2 ft 
of grovel 
Naturally reclaimed; overgrown 
with berry bushes and gros.; 
residential area 
Fifteen feet of grovel; being 
expanded 

Covered by fir trees and 
berry bushes 
Mined up to property fence line; 
power pole• would need to be 
moved for advancing face 
Site located odiacent to farm 
buildings 

Appear� to be rood cut; 
may hova been quarry during 
early rood construction of 
County Rd, �16520 
Highwol l  is adjacent to U.S. 
Highway 20, preventing 
further exponoian 

Private recreation site with pi<::nic 
tables, lake, trap range 

Water in pit 

Pit used as dump for 
burned iags 

ln residential district 

Notvra!ly reclaimed borrow pit 

Used os borrow pit 

Filled with riprop; port of 
Timberhi l l  residential area 
Naturally reclaimed; part of 
Timberhi l l  residential area 
Residential area 

Abondoned 

Figure� obtained from Mined 
Land Reclamation Plan wflich 
shows 58 acres mined out, '02 
left to mine, and grovel is 22 
ft thick, Pit is in linn County 
Overgrown with cottonwood 
end older 

Now a landing bu11t vp 
with sedimentary fill material 

Microwave reloy station 
just above quarry face 

Reclaimed os building 
site for mill 

Notvrolly reclaimed by 
brush end trees 

Expect 2-4 yrs, odditionol 
life 

Bounded by properly line 
a.-.d slough; office in Benton 
County; pit in Linn County 

Pit filled with water 

Consists of 2 lakes 

Wa�er in pit 

Filled with demolit-ion 
trash and water 

Overgrown with tree> ond 
shrubs; only access through 
private property 
Water in pit 

Used as water hole 

Gabbro directly beneath 
quarry floor; small intrusive 
may hove been mined but mud
stone predominotes now 
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Rf.MARKS 

Naturally reclaimad 
borrow pit 

Closed to mining 

Closed to mining 

3 contiguous quarries 

Houses too close for 
renewed operation 
Naturally reclaimed borrow pit 

f>it filled with slosh and 
water 

Highwoll is cutbank to 
rood running thrC>ugh quarry 
Natural reclamation; older 
covers quarry; located at 
busy intersection 

Surrounded by home• 
Pit filled with water 

Abandoned; pit totolly oVer
grown with shrubs and cotton
woods; grove I does not show 

Two pits under water 

Naturally reclaimed by brush 
and maple; may hove been 
used For dimemion >lone 
Operator has reached water 
table in east end of pit 
Old log pond 

East end of pit used as water 
pumping station for agricultural 
"� 

Surrounded by homes; dimemion 
stone used in Corvalli• for ports 
of Benton County courthouse 
Present londfill for city of 
Monroe 
Naturally reclaimed; pit 
shown west of Schultz Rd, on 
7!' Monroe quod no longer 
exists; pit shown east of rood 
on 15' Monroe quod exists 
Inactive; oss1.1med one removal 
for post production 

3 major benches; numerou• 
smaller ones are too norrow 
to prevent rock falls from 
reochi ng pit floor 

Used mainly os borrow pit 

Form buildings on private land 
occupy borrow pil; located ad� 
jocent to abandoned roilraod cut 
Pit on south side of Noralon 
Rd. is reclaimed; pit 151 is 
being reclaimed noturolly 
Benton County operates quarry; 
mined up to fence line; pit is 
50 yds sovth of radar dome; 
quarry in Lone County 
Quarry in Lane Coun?-
6enlon County operates c;uorry; 
mined up to fence line; pit is 
125 yds east of rodor dome; 
quarry in lone County 
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93 1 2.63 
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14,S-17.2 
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