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GEOLOGY AND MINERAL RESOURCES OF DESCHUTES COUNTY, 

OREGON 

INTRODUCTION 

Pur p o s e  a n d S c o p e o f R e p o r t 

The importance of low-cost industrial minerals, such as sand, gravel, and building stone, close to 
growing communities is genera l l y  overlooked. As a result, urban encroachment on land under lain by these 
materials is a growing problem. Recognition of this problem by Deschutes County planners and other con­
cerned persons in the County led to the request that the Oregon Department of Geology and Mineral I ndus­
tries prepare a survey and evaluation of the County's industrial mineral resources. The fol lowing report is 
the outcome of that request. 

Industrial minera l deposits are natural concentrations of useful and economica l ly valuable rock 
materia ls. Because such deposits are directly related to the geologic history of an area, any in-depth 
discussion of them should include i nformation on their origin, d istribution, and relationship to rock units. 
Such information is of particular value to those charged with the responsibility of land use planning. For 
this reason we have described the geology of Deschutes County in some detail. 

Three geologic maps i l lustrate the distribution of the rock units with which the mineral resources are 
associated. A colored geologic map shows the geology of Deschutes County at a scale of 3 miles to the inch. 
Two maps in black and white show , on a larger scale, the geology of the urban areas of Bend and Redmond, 
where land use planning is most critica l. A mi neral resources map shows the location of pits and quarries 
where industrial mi nera ls are mined . Pertinent data for each site are given in the Appendix. 

The field work and mapping for this project were done during the fie ld  season of 1974 and a l l  avail­
able geologic maps and texts on the region were used in preparing this report .  The geologic map of the 
Redmond area was modified from Stensland (1971) frevised in 1 974]) . The areas of previously published map­
ping are outlined on the County geologic map, and known ava i lable published references used in preparing 
the maps and writing the report are l isted a l phabetica l ly in the Bibliography ot the end of the text . Except 
for the chapter on geothermal resources, which was written by E .  A. Groh, the text is the responsibility of 
N . V .  Peterson. E .  M. Toy lor is responsible for much of the mopping i n  the northwest port of the County. 

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

The authors ore grateful to the many p�op le, agencies, and organizations who provided information, 
technical assistance, and helped in other � to make this report possible. 

M r .  Lorin Morgan, Deschutes County Planning Director representing Deschutes County, helped to 
pion the project, and provided bose mops and other information . Dennis Lorson and Lorry Chitwood, resource 
geologists of the Deschutes Notiono I Forest, provided i nformation about industria I minero I deposits and were 
helpful in discussions of geologic problems. Roland VanCleve of the Oregon State Highway Deportment, 
and Charles Plummer and Don Scholes of the Deschutes County Rood Department a I so furnished i nformotion 
about the production and source of road-building materia Is in the County. Bi I I  M i l ler, formerly o member 
of the Governing Boord of the Oregon Deportment of Geology and Mi nero I Industries, was he lpfu I in plan­
ning the project and provided i nformation about mineral resources . Robert Coates, Jim Cur l ,  Chuck C lark, 
and Robert Johnnie a lso provided information about the production, location, and reserves of their indust­
rial  mi neral resources . 



2 G EO LOGY A N D  M I N ERA L R E S O U RC E S  O F  D E SC H U T E S C O U N TY 

Harry Metke of the Bend Water Department furnished well logs. Don Anderson, Jim McNeely, and Leroy 
Fox provided historical information and photographs of early-day mineral production in the County. Nor­
man Macleod of the U .  S. Geological Survey provided preliminary age dates of rock units and freely 
discussed geologic problems of the area. We a I so benefited from field conferences with Bruce Nolf of 
Central Oregon College and "Mr. Central Oregon Geology" himself, Phil Brogan. Peggy Sawyer and the 
others at the Bend Chamber of Commerce as usua I a !ways cheerfully took care of our unusua I requests. 

Finally, the entire staff of the Oregon Department of Geology and Mineral Industries provided the 
moral support, editing, cartography, and other myriad details to make this a finished product. 

Lo c a t i o n ,  A c c e s s i b i l i t y , a n d  C u l t u r e 

Deschutes County lies just west of the center of Oregon ( Figure 1); its interesting shape is like a 
giant ski boot with the toe pointing eastward and the heel at the west, outlined by the crest of the Cascade 
Mountains. Deschutes County, established in 1916, contains about 3,060 square miles (7925 km2). Bend 
is the County Seat. 

The County is crossed from northwest to southeast by U .  S. Highway 20 and from north to south by 
U.S. Highway 97, which connects the Columbia River area on the north wit h Klamath Falls on the south. 
State Highway 126 and 242 cross the north part of the County and in summer furnish access to the Wi llamette 
Valley. A network of County, U .  S. Forest Service, and private logging roads gives access to most other 
parts of the County. Among these is Century Drive, a paved loop road that provides a winter route to the 
popular ski area at Bachelor Butte and a summer route to numerous lakes and recreation areas in the south­
west part of the County. 
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INTRODUCTION 3 

Burlington Northern and Union Pacific rail lines provide daily service to the County, and the City 
of Prineville owns and operates a railroad that connects Redmond with Prineville. Roberts Field (Bend­
Redmond Airport) at Redmond, provides scheduled airline service1.and the Bend Municipal Airport serves 
small aircraft. 

Pacific Power and light Co. furnishes the area's electricity, and Cascade Natural Gas Co. brings 
in natural gas from a pipeline paralleling U. S. Highway 97. 

Urban areas obtain domestic water from Tumolo Creek and the Deschutes River, and outlying areas 
tap the ground-water supply by means of wells. Most of the available surface-water supplies south of Red­
mond have been appropriated, so any new water supplies will have to be developed from the ground water. 

Population density of the County as a whole is about 12 persons per square mile (2.6 persons per km2). 
Total population and estimated future growth trends are shown in Figure 2. Most of the residents live in 
the north part of the County in and around the population centers of Bend (16,000), Redmond (5,000), and 
Sisters (600}. From 1960 to 1970 Deschutes County was the fifth fastest growing county in Oregon, and 
since 1970 this rate of growth has increased even more, mainly in the suburban and outlying areas. 

The Bend Chamber of Commerce reports, "The recreation development has been most dramatic in 
Deschutes County, where between 1960 and 1970 the rural population increased by 66 percent, while Bend 
grew by 10 percent. Developments are springing up all along the Deschutes River, ranging from simple 
plots of land in the woods (Figure 3) to large planned developments like Sunriver and Black Butte Ranch. 
Continued growth appears certain; some 15,000 lots are presently sold but unoccupied, and sales continue 
at a rapid rate. " 

A diversified economy is typical of Deschutes County, and even though timber, agriculture, and 
livestock raising continue to be the most important industries, forest product remanufacturing and recreation 
are rapidly expanding. The County has some of the most popular year-round recreation areas in the Pacific 
Northwest. The ski area at Mt. Bachelor is nationally known and is the center for a variety of winter rec­
reation activities. In the summer, fishing in the numerous lakes and streams is very popular and the overall 
scenic beauty of the western half of the County attracts campers and hikers. 
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4 GEOLOGY AND MIN ERAL RESOURCES OF DESCHUTES COU N T Y  

Figure 3. The juniper-rimrock landscape of central Oregon is changing 
rapidly as houses, such as these along the Deschutes River north of 
T uma lo, become more numerous. 

C l i m a t e  a n d  T op o g r a p h y  

The High Cascades form a definite weather barrier. Precipitation reaches 100 inches (250 em} in 
the High Cascades and gradually decreases eastward to less than 10 inches (25 em} in the High Lava Plains 
east of Bend. Most of the precipitation is winter snow; in summer there is only an occasional thunder 
shower. The temperature at Bend averages 47.5° F (8.6° C), but ranges as high as 105° F (40.5° C) in 
summer and as low as -25° F (-59° C) in winter. The short summer season {only about 120 frost-free days} 
limits agricultural crops to the hardiest varieties, such as alfalfa, grain, and potatoes. 

The topography of Deschutes County ranges from over 10,000 feet {3,050 m) in the majestic peaks 
of the High Cascades to a general elevation of about 4,000 feet (1,200 m} in the broad area of the High 
Lava Plains extending eastward beyond the County boundaries. This wide variation in altitude, as well as 
in precipitation, results in great diversity of vegetation. The foothills and lower elevations of the High 
Cascades are thickly timbered with fir, hemlock, and pine (Douglas fir, Western white fir, Lodgepole 
pine, and Ponderosa pine). By contrast, the vegetation in the High Lava Plains in the eastern part of the 
County changes eastward from Ponderosa pine and Lodgepole pine to Juniper, sagebrush 1 and rabbit brush. 
Bunchgrass and planted grasses, such as crested wheat grass, give this part of the High Lava Plains some 
value for cattle grazing. 

The northward flowing Deschutes River divides the County into distinct physiographic provinces. 
West of the river are the foothills and towering peaks of the High Cascade Mountain Range. East of the 
river is the gently undulating lava-covered plain, where no distinctive drainage pattern has yet been 
developed. The northern part of the High Lava Plains slopes gently northward; and here the Deschutes 
River and its tributaries have steep-walled canyons in the flat-lying lavas and sedimentary materials. 
Crooked River 1 one of the largest of the Deschutes tributaries 1 crosses the extreme northeast corner of the 
County. South of Bend the High Lava Plains are dominated by the massive Newberry Volcano (8,01 0 feet) 
(21440 m) which has had a complex eruptive history and now holds two large lakes within its summit caldera. 

In the area between the Cascade Crest and Newberry Volcano, volcanic activity has greatlyaltered 
the course and activity of the Deschutes and Little Deschutes Rivers. From Benham Falls southward the 
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streams meander and f low s l ugg ish l y  beca use of numerous l ava dams i n  t hat v i c i n i ty .  T he youngest dam 
of this k i nd was formed re la t ive l y  rece nt l y  by l ava f l ows from Lava Butte . From Ben ham Fa l l s northward 
t he Deschutes c hanne l  is somewhat stra i g hter , a nd the canyons are more deep ly  i nc ised ; bu t  even here 
o lder ash f lows a nd l ava f l ows have fi l ied a ncestra I canyons and have forced the r iver to c ut new channe l s .  

Deschutes County cou l d  perhaps be ca l l ed " t he l a nd of  a t housand vo l canoes . " More than 500 l arge 
vo l canoes, ci nder cones ,  ar vo l ca n i c  ve n ts can  be counted on the geo l og i c  map ,  and probab ly  t hat many 
ar more are obscured by eros ion and l a ter sed i mentary a nd vo l can i c  cover . I t  is I ike ly that Desc hutes 
County conta i ns a greater abundance and variety of  vo l ca n i c  l andforms t ha n  a ny ot her area of s im i l ar s i ze 
i n  t he U n i ted States . For a nyone i nterested i n  vo l canoes and the i r  products,  Desc hutes �ounty is a n  out­
door c I ass room . 

S UMMARY O F  GEO LOG IC H I STORY 

O r i g i n  o f  t h e R o c k s  

The geo l og i c  h istory of  D eschu tes Cou n ty i s  one of recurren t  episodes of  vo lcan ism tha t can  be traced 
back near ly  40 mi l l i on years to ear ly  Tertiary t i me (see t ime chart on County geo log i c  map). Rocks of 
ear ly Tert iary age occ ur in sma l l  ou tcrops a long the eastern and northern  borders of the County and more 
extensi ve ly  i n  coun t ies to the north a nd east . Ta the south , in D esch u tes County,  ear l y  Ter t iary racks may 
l i e  a t  depth beneath younger vo l can i c  and sed i mentary mater ia  Is. 

T he o ldest of the Terti ary rocks, w h i c h  or ig i nated dur ing  a per iod of i ntense vo l can ism i n  l ate Eocene 
to ear ly  O l i gocene t ime,  are part of  t he C l arno Format ion . T hey consist o f  weat hered reddish  brow n andesi te 
a nd basa l t  f l ows w i t h  i nterbedded l ayers of tuff and brecc ia . Ve nts for t he vo l ca n i c  erupt ions have bee n 
obscured by eros ion a nd subseq uent tecton ism . 

The next ep isode of Tert i ary vo l ca n ism , wh ich  occ urred i n  l ate O l igoce ne to ear l y  M i ocene t i me ,  
produced t he more s i l i ceous exp los ive and e ffusive mater ia l s  o f  t�e Joh n Day Format ion . T he f l ow-banded 
rhyo l i te and ash-f low tuff t hat make up t he spectacu l ar eros iona l sp ires and p i nnac les  at Sm i t h  Rocks and 
Coyote B utte are t houg ht to be remna nts of t hese v i o l ent erupt ions, w i t h  Gray Butte to t he northeast as a 
poss ib l e  vo l ca n i c  vent . C l i ne Buttes near Redmond is a l so assumed to be a John  Day vo l cano . 

Later, dur ing t he M iocene epo c h ,  large vo l umes of basa l t i c  l ava , known as t he C o l umbia R iver Group , 
covered much  of nort heastern Oregon , reach i ng t he nort heastern edge of Desc hutes County . Here , a l ong 
Bear Cree k ,  a few of t he M iocene lava f l ows over l ie  the eroded massive l ayers of vari co l ored tu ffs of  t he 
John  Day Format ion . Late M iocene sed i ments over ly i ng the gent ly  deformed basa l t  of t he Co l umbia R i ver 
Group may represent t he Masca II Format i on . 

Gradua l reg i ona l subside nce bega n i n  ce ntra l Oregon i n  ear ly P l i oce ne t ime  a nd was accompan ied 
by widespread and var ied vo l can i c  act i v i ty w h i c h  produced a he terogeneous assortment of t h i n  basa l t i c  
l ava f l ows , ash -f low t uffs , ash fa l l s ,  and v o l c a n i c  detr i tus .  P l iocene-age mater i a l s  were d istri buted 
w ide ly  i n  t he ce ntra l a nd northern part of  t he County , where t hey a ccumu l ated as a f la t - l y ing  un i t  hundreds 
of fee t t h i ck , k nown as the Deschutes Format ion . Sed i mentat ion and m i nor sporad i c  vo l ca n ism cont i nued 
i nto the P l e istocene . 

T he l atest per iod of i ntensive vo l can i c  ac t i v i ty i n  Deschutes County began a l ong the nort h-sout h 
a l i gnment  of t he C ascade Range , a lso at Newberry Vo l cano , and at i so l a ted locat ions l i ke Grassy Butte 
in t he east part of t he County . Ear l i er workers be l ieved that t he broad H i g h  C ascades p la tform w i t h  i ts 
crow n i ng peaks began  to bu i l d  i n  P l iocene t i m e ,  but Tay lor ( 1 968) now suggests that the H i gh  Cascades 
are ent ire l y  of  P l e istocene and Ho loce ne age . Mc Birney ( 1 969)  a nd M c Birney and others ( 1 974) have 
conf irmed that even the l argest ce ntra l C ascade vo l ca noes, i nc l ud i ng the T hree S i sters ,  Bache lor Bu tte , 
Broken Top, and t he ad j acent  N ewberry Vo l cano ,  were bu i l t  w i t h i n  t he l ast m i l l ion  years . Basa l t  was 
the most common mater ia l erup ted duri ng th is l atest vo l can i c  ep i sode , but numerous ash fa l l s and ash f lows 
erupted from si I i c i c  centers near Broke n Top , Sou th  S i ster, and a I so from N ewberry Vo l cano . Obsid i an  
domes w i t h i n  Newberry Vo l cano are a s  young  a s  1 , 200 years; a nd t he  most re cent  basa l t i c  l ava  f l ows from 
vents on t he nort h f l ank  of N ort h S ister are on ly  a few thousand years o l d .  I n  v iew of t h is re cent act iv ity 
it is surpris i ng t hat no h istor i c  vo l can i c  erupt ions have occurred , and i t  is i nterest i ng  to specu late where 
t he next erupt ion  m i ght take p l ace . 
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The High Cascade peaks and their flanks hove been deeply scarred by the erosive forces of Pleistocene 
glaciers. A few small remnants of the former Iorge glaciers and ice fields ore still present (Figure 4). 
Prominent terminal moraines mark their latest advance and retreat. Outwash sand and grovel from their 
me I twoters fi I I  ancient channels and form brood fan-shaped deposits at lower e levotions. 

Figure 4. This late summer view of Broken Top and the Three Sisters 
shows the remnants of the once extensive glaciers that eroded the 
High Cascade peaks during the Pleistocene. 

St r u c t u r a l  Ev e n t s  

Evidence from rocks exposed in Deschutes County and in surrounding areas indicates moder'.lte folding 
and faulting of the Clarno Formation in Oligocene time, minor folding of the John Day Formation and 
Columbia River Basalt in Miocene time, and,finally, erosion of the region to one of moderate relief. The 
general horizontal attitude of the Deschutes Formation and other post-Miocene units shows that folding 
had ceased by late Cenozoic time. 

In early Pleistocene, Deschutes County began to be the focal point for three major styles of crustal 
activity, some of which continued on into Holocene time. 

One of these was a northwest-trending zone of en echelon faults that extended across the entire 
County. This feature, the Brothers fault zone, is interpreted to be part of a regional zone of crustal weak­
ness along which minor faulting has offset all units older than late Pleistocene. 

A second kind of Pleistocene activity was the construction and destruction of Newberry Volcano, 
which grew into a huge shield-shaped mass and then collapsed along large concentric fractures, forming a 
caldera as magma drained away. In Holocene time, fractures on the flanks of the volcano provided escape 
for the extensive lava extrusions such as the "Lava Badlands" and the pyroclastic eruptions such as Lava 
Butte. Fractures within the caldera were the locales for the eruption of silicic domes and flows of obsidian. 

A third type of crustal activity was the development of a north-trending deep-seated structural linea­
ment and the eruption along it of the High Cascade volcanoes previously described. 

In historic time, Deschutes County has been relatively quiet in a geologic sense, indicating that 
crustal movement and volcanism ore dormant. 
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DESCRIPTION O F  GEOLOGIC UNIT S 

T he geologi c  u n i ts descr i bed i n  t h i s  se ct ion  of t he report are prese nted i n  c hrono l og ical order i n  so 
far as t h i s  is feas i ble . Many of the younger u n i ts overlap i n  t i me because they represe nt  nearly s i m ultaneous 
volcan i c  erupt ions and accumulat ions in d i ffere nt places . Eve n  t hough s im ilar i n  age , t he u n i ts are suf­
f ic iently d i s t i nc t ive i n  compos i t io n  to be given l i t hologic  names  and be mapped . Letter symbols fo l l ow ing 
t he name of each  u n i t  appear on the geologi c  maps as an a i d  to read i ng the maps . 

Follow i ng the desc r ip t ion  of each  u n i t  i s  a b r ie f  summary of the assoc iated m i neral resources; fuller 
d i scuss ion can be found i n  t he sec t ion  t i tled "M i ne ral Resource s . " 

P r e - P l i o c e n e  R o c k s  ( T p p )  

T he pre-Pl iocene rock u n i t  i n  t h i s  report i n cludes all rocks of Eocene , Oli gocene , a nd M ioce ne age . 
T h i s  u n it i s  exposed i n  several small i so l a ted a reas of Deschutes County as fo l lows :  

In t he northeast corne r of  T .  20  S . , R .  19  E . , about 10  m iles nort h of Hwy 20 northwest of  Hampton 
B uttes , the rocks are mai nly andes i te flows ,  brecc ias ,  and i nterbedded tuffaceous sed imen tary rocks t hat 
were correlated by Walker  and ot hers (1967) with t he Clarno Format ion  of Eocene -Oligoce ne age . T he 
or ig i nal andes i te flows a re now altered to gree n i s h-gray amygdalo idal rocks w h i c h  typ ical l y  weather to 
i rregular fragments w i t h  coa t i ng of red-brow n  i n  a redd i sh-brown soil. Agate , j aspe r ,  and foss i l wood 
occur  i n  s im ilar rocks to the east on the flanks of Hampton B uttes . 

In the nort heast corner of T .  14 S . , R .  13 E . , at Sm i t h  Rocks , Coyote B utte , and a small i solated 
outcrop south  of Terrebonne , t here are e ros ional remnants of t h ick ash f l ows , r hyoli te f l ows , and s il i c ious 
pyroclast i c  rocks of t he John  Day Forma t ion . T he domi nant rocks i n  the Sm i t h  Rocks State Park a re platy , 
mottled ta n to red r hyoli te f l ows and  ash-f low t uffs . D i ffe ren t i al weat her i ng of var iably s il i c i fi ed tuffs 
and dev i t r i fi ed rhyoli te flows part i ally accounts  fo r the cur ious  e ros ional land forms ( Fi gure 5). The  C rooked 
River has a l so had a part i n  under cut t i ng and e rod i ng the sp i res  and p i n nacles as i t  was dammed and forced 
nort hward by encroach i ng basa l t i c lava flows from the sout h . 

In t he northeast corner of T .  19 S . , R .  16 E . , nor theast of M illi can  i n  t he upper reaches  of Bear 
C reek, t he p re-Pli ocene rocks i nclude basalt flows of  t he C olumbia  River Group (Wa l ke r ,  1967) . In t h i s  
area seve ral flow u n i ts o f  t he  typi cal t h i ck  columnar jo i nted dense black basalt flows t hat weather to  a 
redd ish -brown  color and l i t ter  t he slopes w i t h  t h i ck  talu s ,  are presen t .  Walker  correlates t h i s  pa rt of t he 
Columbia River Gro up flows w i th t he P i c t ure Gorge Basalt and these exposures may be t he southernmost of  
t he typ ical C olumb ia  R iver  Group i n  cent ra l  Oregon . Above t he basalt flows i n  th i s  a rea are tuffaceous 
sedime ntary rocks ,  "T ts" of Walker and ot hers (1967 ) ,  t hat a re l ight  colored , poorly bedded tuffaceous  
sed i ments of flood pla i n  o r  sha l low lake or ig in . These are believed to be correlat ive w it h  the Mascall 
Format i on,a part of the C olumbia  River Gro up of late Miocene age . 

Two other  notab l e  occurre nces of pre- P l iocene rocks are i n  t he nort h part of t he County . The i r  age 
is speculat ive . Stearns (1931) descr i bed a l a rge mass of eroded a ndes i te cover i ng several square m iles and 
stradd I i ng the border  betwee n Desc hutes and J e ffe rson  County on t he west bank of  t he Deschutes River . 
Forked Horn Butte southwest of Redmond i s  also composed of t h i s  c haracte r i s t i c  porphyr i t i c  a ndes i te v i t rophyre . 
S tearns s uggested t hat th i s  rock type or ig i nated wi t h  t he older andes i tes  of t he Cascades and he ass igned i t  a 
Mi oce ne ( ? )  or Pl iocene ( ? )  age. Ste nsland (1970) correla tes the a ndes i te v i t rophyre w i t h  rocks of  Clarno 
age . As Stearns noted , t he age of  the a ndes i te rema i ns unk nown , but i t  is separated from the overly i ng 
hor i zontal beds of the Pliocene Deschutes Format ion  by a steep e ros ional u nconform i ty . 

T he pre - P l iocene rocks ge nerally do not appear to conta i n a ny notable m i neral resource s .  Howeve r , 
small quant i t ies of t he s i l i c i fied t u ffs near Terrebonne have bee n  q uarr ied for b ui l d i ng-stone . Basalt of 
t he Columbia  R iver  Group and t he andes i te v i t rophyre descr ibed above could p rov ide c r ushed rock  w here 
sand a nd gravel are not conven i en t l y  ava i l able . 
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Figure 5. View from Smith Rocks looking southwest across the central Deschutes River basin. 
Smith Rocks ore the erosional remnants of a John Day age (Oligocene) volcanic center 
composed of rhyolite domes and ash-flow tuffs. lava at the base of Smith Rocks flow­
ed from the north flank of Newberry Volcano and forced Crooked River against Smith 
Rocks. Cline Buttes, another rhyolite volcano of John Day age, is in the middle dis­
tance. The snow-covered peaks of the High Cascades in the distance mark the west­
ern boundary of Deschutes County. (Oreg. Hwy. Div. photo 6068) 
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P l i o c e n e  R o c k s  

T uffaceous sa ndstones (Tst ) 

T uffaceous sa ndstones and s i l tstones occur  i n  i rregu la r  patches a l ong the northeastern boundary of  
the County . The sed ime n ts are thi n l y  l ayered ,  part ially conso l idated ,  and common ly  tan  to l ight brow n .  
They appear t o  have bee n depos ited i n  a fluvi a l , flood p l a i n ,  o r  shallow l ake e nvironment . Outcrops 
a re scarce and a reas under l a i n  by the Tst  un i t  usua lly exhi b i t  a subdued topography . The un i t  is be l ieved 
to be of ear ly  to m i d-P l iocene age . 

Some l enses of sand and grave l occur i n  the Tst unit . Smal l amounts have bee n used for road bu i l din! 
a nd ma i ntena nce northeast of  Brothers , b ut the supply appears to be I im i ted . 

Ash-f l ow tuffs (Twt ) 

De nse l y  welded port ions of ash-fl ow tuffs i n terfingering w i th the tuffaceous sandstone (Tst) are preser 
in i rregular patches on the south and west flanks of Hampton Buttes in the eastern part of  the County . The 
ash-f low tuffs are gray to redd i sh a nd proba b l y  cons i s t  of more tha n one un i t . Walker ( 1 970) descri bes one 
thin , pumi ceous ash-flow tuff that crops out extens ive ly  west of  Hampton Butte along the Crook-Deschutes 
County l i ne a nd states that it has been dated at  3 . 6  m i l l ion  years ( l ate P l ioce ne ) . No m i nera l resources 
a re known to be assoc iated w i th the Twt ash-f l ow t uffs • 

. Basa l t  (Tb )  

The un i t  i s  composed of thi n  f l ows o f  med ium to dark-gray o l i v i ne basalt , genera l ly w i th d i ktytax i tic 
texture s .  The basa l t  is common ly  vesi cu la r  and has secondary fi l l i ngs of opa l ine s i l ica . A thi n  soil covers 
the top f l ow ,  and no i n i t i a l  surface structures a re preserved . South a nd east of  Hampto n ,  fau l t  b locks show 
mu l t i p l e  thi n flows tota l i ng at l east 100 feet  (30 m )  thick ( F i g ure 6) . 

I n  the Bea r  Creek Buttes a nd on the eastern f l ank  of P ine  Mounta i n ,  the Tb  basalt i s  the predomi nant 
rock type . On the west f lank of Bear Creek Butte , in  the H ighway 20 road cuts ,  the f l ows a l ternate w i th 
agg l ut i nate a nd c i ndery debris a nd are apparent ly near the i r  source . At the Horse Ridge summ i t , the steep 
canyon wa l l s of Dry R i ver and the highway roadcuts expose the numerous thin scor iac ious basalt flows a nd 
a l te rnat i ng c i ndery bre cc i a ,  ash , a nd agg l omerate l ayers and show the comp lex bui ldup of the rounded 
vo l can ic  l andforms of Bea r  Creek Buttes and Horse Ridge . East o f  Bear Creek But tes the Tb  basa l t  overl ies  
the Tst sediments of  l a te Miocene age and i s  d i ffi c u l t  to d i ffere nt i ate from the overly i ng QTb unit . No 
known age determ i nat ions are ava i l ab l e ,  but the T b  lava flows are  ge nera l l y believed to be P l iocene in  agE 

Sma l l  q uarr ies  for crushed rock have bee n opened in the Tb basalts; however ,  the thi nness of the flow 
a nd the l ack of c lose l y  spaced jo i n t i ng  precludes deve l opme nt  of l arge tonnages at a ny one l ocation . 

P l i o c e n e - P l e i s t o c e n e  V o l c a n i c  R o c k s  

There are litera l ly hundreds of eruptive centers i n  the County rang ing  i n  size from small spatter or 
c i nder cones to vo l u m i nous vo l can i c  p i l es such as the ma jestic H i gh Cascade stratovo l canoes . Many of 
the l arge erupt i ve centers i n  the east and north , such as Pine Mountain , Frederick Butte , a nd Cline Buttes , 
conta i n  rock types rang i ng from rhyo l i te to basa l t  and have a comp l ex e rupt ive history . The l a rger  peaks 
in the H igh Cascades ,  with the except ion of  M i dd l e  and South S i ster , are predom inan t l y  basa l t i c . M iddle 
a nd South Sister are two of those that exhibit an espec ia l ly comp l ex vo l can i c  history i nvo l ving both flow 
a nd pyroc l as t ic  rocks that  ra nge from rhyo l i te to basa l t .  The shie l d  vo l canoes and sma l l e r  ve n ts ,  i n c l ud i ng 
the c i nder cone s ,  have a s imp le r  vo l can i c  h i story and usua l l y conta i n  only a single rock type . 

S i l i cic ve nt rocks (QTsv) 

Predom i na nt l y  rhyo l i te to daci te l avas make up Pi ne Mountain , F reder ick  Butte , a nd Cline Butte s .  
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Figure 6. High elevation aerial view of parts of T. 22 S., Rs. 20 and 
21 E .  in eastern Deschutes County. The Brothers fault zone offsets 
lava flows of the Tb and Q tb units, forming northwest-trending fau It 
blocks and intervening valleys with interior drainage. 

Figure?. Frederick Butte, about lOmiles southofU.S. 20. The out­
crops form a semicircular volcanic feature interpreted to be a Iorge 
caldera-like structure. 
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We are not aware of a ny abso l ute  dates for P i ne  Mounta i n  or Cli ne Butte s ,  but  both show cons ide rable eros ion  
a nd are covered wi th  th ick  soi I zo nes . T he l i g ht -gray , flow-banded rhyo l i te s  and  r hyo I i te brecc ia s  suggest 
t hat Cline B uttes i s  part o f  a fo rmerly l a rger complex of i ntrus i ve -extru s i ve domes; W i l l i ams ( 1 957) s uggests 
t hat C l i ne  B uttes is of John  Day age , and its compos i t ion  a nd pos i t i on  not far from  outcrops of k now n John  
Day rocks to  the  nort heast makes  t h is a reasonable suggest io n .  P i ne Mounta i n  i s  predo m i na n t l y  r hyo l i te and  
dac i te v i t rophy re ,  both  mass i ve and flow ba nded . I t  a l so conta i ns t h i ck  basalt i c  flows on i ts northeast f l a nks  
a nd obv iously has a complex erupt i ve h i story . I t s  so i l  cover a nd state of  eros ion  i nd i cate t hat i t  also may 
be of John  Day age; however ,  Walker a nd others ( 1 967) cons ider  it of P l iocene age . 

T he outcrop pattern at Frede r i ck  B utte suggest s  that  i t  could be t he nor th  ha l f  of a fa i r l y  l a rge ca l de ra 
( F i g ure 7 ) .  T h i s  roug h ly r i ng -shaped mass i s  predom i nant l y  f low-banded r hyol i te -dac i te w i t h  a few di kes 
a nd m i nor f l ows of basa l t .  A potass i u m -argon age date by Walker ( 1 974) g ives a 3,9 � 0 . 4 m il l i on  year 
age for r hyoda c i te from Frede r i c k  But te , i nd i ca t i ng vo l ca n i c  act i v ity in late Pli ocene t ime . S i n ce i t s  l ast 
vo l canic act i v i ty ,  Frede r i ck But te has been e rode d ,  fau l ted , a nd a l l  but i nundated by Pli o-P l e i stocene 
basa l t i c  l ava f l ows w h i c h  now surround i t .  

Another east -we st t re n d i ng r i dge o r  dome complex o f  med i um g ray flow-ba nded dac i te  o f  u n ce rta i n  
a g e  i s  s i t uated at  Ben ham Fal l s  sou th  of  Bend, T h i s  re s i stant  rock forms Ben ham Fal l s  a nd forces t he Deschutes 
R iver  to make a wide loop a round i t .  Ash-f l ow tuffs (Qwt)  lap around t h is dome com p lex i nd i ca t i ng that 
i t  must be a t  least as  old as l a te P l iocene . A preli m i nary potassi um-argon age da te of  2 to 2� mi lli on  years 
has been reported by Mac Leod (persona I comm u n i ca t i on ,  1 976) . 

A quar ry h as rece n t l y  been opened on th e east f l a n k  of C l i n e  Bu ttes where f l ow -banded rhyoli te and  
brecc i a  are bei ng crushed for use i n  the construc t ion  i ndustry . Zones of  perli te were  a lso noted i n  t he  
Cli ne Bu t tes complex , bu t the q uali ty a n d  quant i ty a re  not  know n. Th ere are probably si tes on  Pi ne Mou n ­
ta i n  where large quant i t i es of  crush i ng roc k cou l d  b e  developed ;  however , i ts remoteness from mar kets is 
not encourag i ng . The geoth erma l potent i a l near the large si l i cic vents is st i ll to be determi ned . 

Mafi c ve nt rocks (QTmv) 

T he basalt i c  erupt i ve ce nters occu r  ge nerally in two roug h l y  aligned belts w h i c h  reflect  t he ma jor 
s t ruct u ra l  l i neaments  in the  County . I n  t he easte rn  part of t he County t he larger  basa l t i c  e rupt ive centers 
a re ro ugh l y  a l i gned northweste r l y  a l ong t he Brothers fault, and prom i ne nt vent areas i n c l ude the Bear C reek 
Butte a nd Horse R i dge . Along th i s  same t re nd i n  t he Be nd-Redmond v i c i n i ty ,  Aubrey But te , Overturf  B utte , 
T umo l o  Butte , Long Butte , a nd La i d l aw Butte are some of t he pro m i nent  features . At the very nort h edge 
o f  t he County the symmet r i ca l Black  B utte volcano stradd l e s a pro m i nen t  fa u l t  of  t he Brothers fau l t  zone , 
w h i c h  here veers nort hward . 

O f t he spectacu l ar stratovo l  co nos a long t he Cascade C rest , Mt . Wash i ngto n ,  Nor th  S i ster , and  
Broken Top are al l  predo m i nan t l y  of  basalt i c  compos i t i o n . Of the many l arge steep-sided sh ie l d  type 
vo l canos on the east f l ank  of t he Cascades,  Dav i s  Mounta i n ,  ( F i gure 8) , B row n Mounta i n, Ma iden  Peak ,  
C ult us Mounta i n ,  a nd T he Tw i ns appear t o  b e  random l y  d i s t r ibuted w hi le others l i ke Bac he l or Bu t te ,  Sher idan  
Mounta i n, Lookout Mounta i n ,  Round Mounta i n  a re  parts of a l igned c ha i ns of volcanos t hat form i mpress ive 
nort h-sou th  masses paral l e l i ng  t he H i g h  Cascades . Many have been glac i ated severe ly  and t he i r  ce nt ra l 
plugs a re exposed , wh i le ot hers l i ke Bache lo r  Butte a nd Black But te  s how only m i nor glac i al scarr i ng  a nd 
st i l l  reta i n  t he i r  symmetr i ca l  construc t iona l  shapes , 

T he ma fi c vo l ca n i c  vent rocks are far from homogenous . They cons i s t  of lava flows a nd a great 
var iety of  pyroc l as t i c  mater ial,  i nc l ud i ng c i nders a nd scor i a .  Layered tuffs , brecc i a s ,  a nd m ud-f low debr is  
a re commonly exposed in tf-e l a rge volcan i c  p i l es .  

Most o f  t he basa l t i c  vo l ca n i c  vent  areas i n  t he eastern part o f  t he County appear to have bee n con­
s iderably eroded a nd may be as o ld  a s  P l ioce ne , Most  of t hose i n  the t r i angle betwee n  t he H i g h  Cascade s ,  
N ewberry Vo l cano ,  a nd t he Deschutes Basi n reta i n  t he i r  or i g i n a l  co nst ruct iona l land forms and probab l y  
range from P l e i stocene t o  Ho l ocene i n  age . 

C i nders have bee n quarr ied  from many o f  the l a rge basa l t i c  centers s uch  as Dav i s  Mounta i n ,  Lookout 
Mounta i n ,  and  Rou nd Mounta i n .  These vent  areas w i l l  cont i nue  to be sources of  c i nders a nd scor ia for loca l 
road bu i  I d i ng . 
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Figure 8. View across Wickiup Reservoir toward Davis Mountain, 
one of many shield volcanoes in southwestern Deschutes County. 

Figure 9. Wake Butte is an elongate erosional remnantof a tuff ring 
complex of probable Pliocene age. Photo shows the eroded 
edges of thin layers of palagonite tuff . 
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Figure 1 0. View of Lava Butte cinder c one from the south  side sh owing the crater in the top and 
the vent and gutter at  the base from which lava f l owed a round the c one and westward toward 
the Deschutes River. 

Pyroc lastic rocks (QTp) 

13 

Ci nde r-scoria c ones and mounds, tuff rings, and basal tic tuff cone s ore c l osely associated with the 
previously described basa l t ic erupt ive centers, and t here ore hundreds of these smaller expl osive v ol canic 
la ndforms. They range from older eroded tuff-ring deposits of PI i ocene age, such as those at Wa ke Butte 
(Figure 9), to the symmetrical c ra tered c one s l i ke Lava Butte (Figure 10), which is only a few thousand 
years old. Many north-south a l igned pyr oc lastic c ones are concentrated on the east flank of the Cascades, 
and heavy concentrations con be seen on the north and south flanks of Newber ry  Volcano (Figure 1 1 ). 
North and South Twin Lakes, two of the many interest ing smal l  volcanic features, ore true moors (lake-filled 
exp losion craters). 

The tuff ring and moor-type features result when a rising basaltic magma encounters water or water­
saturated materia l s  near the surface. The re sul t ing vi olent eruptions generate fine ash and rock fragments 
that ore thrown high into t he air and then settle to form the typical thin layers of basaltic tuff that build 
up a round o broad cone-shaped crater. The tuff ring deposits are composed of a variety of volcanic rock 
fragments in a matrix of fine frothy basaltic gloss. Their colors range from gray to drab yel l ows and browns. 
Peterson and Groh ( 1963) hove discussed the m oors of south-central Oregon in detoi I .  



1 4  G E OLOGY AND MINERAL RES OURCES OF DESCHUTES COUNTY 

Figure 1 1 .  View east from Abbot Butte toward the gently sloping north 
flank of Newberry Volcano showing some of the many Pleistocene 
and Holocene cinder-scoria cones that dot the surface. 

Figure 1 2. Deschutes Formation exposed in the Deschutes River canyon 
in sec. 16, T .  16 5 . ,  R .  12 E., west of Long Butte. Massive up­
per layer is tan to light gray pumiceous ash-flow tuff. Lower layers 
are sand, gravel, and ash. A northwest-trending fault locally con­
trols the direction of the river channel. 
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T he numerous c i nder  a nd scor ia  co nes i n  Deschutes  County a re a l so basa l t i c  i n  compos i t i on . Most 
we re bu i l t  over ve nts by f i re fou nta i n i ng , a l ess v i o l e nt e rupt ion  than t he maar type . D ur i ng fi re fo unta i n ­
i ng ,  mo l t en  c lots  of  l ava shoot o u t  o f  the ve nt t o  he i g hts o f  a few hund reds  of  fee t  a nd s howe r down 
a round the vent  in a con i ca l mound of  bombs , l umps of  scor i a ,  c i nders , and a shes . Typ ica l c i nder cones 
suc h as Lava Bu t te or P i l ot B utte a re 400 to 600 feet ( 1 20 to 1 80 m )  h i g h  and 2 , 000 to 5 , 000 feet  (600 to 
1, 500 m) ac ross a t  t he i r  base . Many of t he s imp l e  cone s  have we l l -deve l oped ce ntra l craters , w h i l e  o t hers  
have broad rounded tops . Many of t he cones a l so ex h i b i t  brea ched craters where l a ter  erupt i ons of l ava 
have rafted away parts of the c i nder  cone or scor ia  s l opes ( F i g ure 1 0) .  

T he pa l agon i t i c  mater i a l  (a l tered vo l ca n i c  g lass )  o f  t he  t uff r i ngs has n o  know n  e conom i c  va l ue ,  
but  the c i nder  cones furn i s h  a ma jo r  port ion  o f  t he c i nders and scor ia  for t he road bu i l d i ng and construc t ion  
i nd ustry i n  the  County . De ta i  I s  abou t  t he compos i ti o n  a nd textu re of  t he c i nders and  scor i a  a re  d i sc ussed 
i n  t he m i nera l re sou rce sec t ion  of  t he st udy . 

D e s c h u t e s  F o r m a t i o n  ( Q T d ) 
[(Q T ds) on Redmond map] 

T he name Deschutes  Format ion  was fi rst u sed  by R usse l l  i n  1 905 for f l u v i a l  a nd l a cust r i ne vo l can i ­
c la st i c  sed i ment s  i n  t he Bend - Madras a rea; so t h i s  name has h istor i ca l  p r io r i ty,  eve n though l a te r  wr i ters 
have ca l l ed  t he u n i t  t he Madras  Format ion  a nd the Da l l e s  Format ion . 

T he Desc hutes  Format ion  i s  a he terogeneous assemb l age of basa l t i c  t u ffaceous sed ime nt s ,  cong l omerate , 
mudf lows , s i l i c i c  a s h-f low tu ffs , d i atom i te , and  i nterbedded basa l t i c  l ava f l ows . T he bose i s  not ge nera l ly 
exposed i n  Deschutes County; howeve r ,  seve ra l h u nd red feet  o f  t he m idd l e  a nd upper parts of the  format ion  
are exposed i n  t he Desch utes R i ve r Ca nyo n ,  l owe r Sq uaw Creek ,  and  Deep  Canyon i n  t he nort h central part 
o f  t he County . F i g ure 1 2  s hows a typ i ca l  sect ion  of t he t h i n - to t hick-bedded s i  I ts to ne , sandstone , a nd 
cong l omerate w i t h  m i nor res i st ant ash -f low tuff l ayers . 

Ste ns l a nd ( 1 970) desc r i bes t he Deschutes  Format ion  i n  great deta i l  a nd ass i g ns a n  ear ly  t hrough la te  
P l iocene age to the forma t i on . He restr i c ts the name to the sed i mentary seque nce be neat h the consp i c uous 
" r im rock " basa l t  (QTdb on  Redmond map; QTb on Cou nty map) w h i c h  forms broad p l ateaus and  f la t -topped 
r idges i n  the·ce ntra l a nd nort he rn  part of the Coun ty . Farther  south an d east i n  t he Deschutes Bas i n ,  e s­
pec i a l l y  ad j acen t  to the  Desch utes R i ve r ,  younger ash-f low tuffs ,  basa l t i c  l ava f l ows ,  and i nterbeds o f  
s a nd  a nd grave l i n d icate a genera l ly s i m i l a r  depos i t i ona l e nv i ronment  a nd i t  appears t ha t  rocks s im i l ar to 
t hose of  the Desch utes Forma t i on  have bee n accum u l at i ng more o r  les s  con t i nuou s ly  to the present  time . 

A d i st i n c t i ve mudf low u n i t  i n te r l ayered w i t h i n  the Desc hute s  Format ion near Redmond i s  mapped 
sepa ra te ly  by Sten s l and  ( 1 970) who ca l i s  it t he "Tetherow m ud -f low brecc i a . "  The u n i t  has  bee n noted 
by ear l ie r  workers , part i c u l a r l y  Stearns  ( 1 93 1  ) .  T he mudf low u n i t  s hown on  the Redmond a rea map a s  QTdm 
i s  at  l east 100 feet  (30 m )  t h i ck . I t  i s  exposed ad jacent to and i n  the  canyon of t he Deschutes  R i ve r  near 
Te t he row Br idge west of  Redmond a nd a l so j ust  west of  Forked Horn Butte . T he u n i t  weathers to l ow rounded 
h i l l s  a n d ,  in the  c a nyon wa l l s ,  to bo l d  c l i ffs a nd " hoodoo " la ndforms ( F i gure 1 3) .  As Ste n s l a nd i nd i cates , 
t h i s  u n i t  i s  genera l ly composed of u nsorted a ngu l a r  vo l c a n i c  debr i s  ra ng i ng from f i ne ash to l a rge b locks a s  
much  as  1 0  fee t  i n  d i ameter . Compos i t i on  o f  t he fragme nt s  ra nges from basa l t  to r hyo l i t e  w it h  a predo m i n ­
a nce of  t h e  a ndes i te  v i trophyre l i ke t hat w h i c h  makes up Forked H orn  B utte . The  matr ix  i s  t an  to  p i nkish , 
i s  d i st i nc t l y  tu ffaceous , a nd conta i ns sma l l  fragme nts of pe r l i te  and  b l a c k  g lass . It i s  a l so m i c ro -ves i c u l a r  
a nd somewhat a l tered to pa l agon i te . The  compos i t i o n  a nd text ure i nd i cate a n  exp lo s ive vo l c a n i c  or ig i n 
for t he mudf low un i t .  

T he uppe r part  o f  t he Deschutes  Format ion  conta i ns a l a rge depos i t o f  commerc ia l -q ua l i ty d ia tom i te 
w h i c h  has bee n  m i ned from a n  area of abou t one square m i l e  a t  Lower B r idge west o f  Terrebone . The re l ­
a t i ve ly  pure d i a tomi te  accum u l a ted  t o  a t h i ckness o f  about 40 feet  ( 1 4 m )  i n  a spr i n g-fed l ake , probab ly  
as a resu l t  o f  a l ava -dam of  a n  a n c i e n t  Desc hutes R i ver channe l .  T h i s  depos i t  i s  descr i bed i n  more deta i l  
i n  t he m i nera l resou rce sec t ion  o f  t h i s  report . 

D i atom ite and some sa nd and g rave l from the co ng l omera te i nterbeds a re t he ma i n  m i nera l resource 
pote nt i a l  for the  Desc hutes  Format ion . Some of  t he ash -fl ow tuff layers may be s u i t ab l e  for use a s  bu i l d i ng 
stone . 
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Figure 13. East wa I I  of t h e  Deschutes River canyon above T ethrow Bridge, 
west of Redmond, is composed of mud-flow breccia of the OTdm unit 
(Redmond quadrangle map) eroded to steep cliffs and small hoodoos . 

Figure 14 .  Deschutes River canyon west of Canyon Drive. "Rimrock" lava 
of the QTb unit overlies and fi lis shallow erosional channels in lay­
ered sediments and ash-flow tuffs of the Deschutes Formation. 
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A study of l iq u i d  waste d i sposa l i n  we l l s Sceva ( 1 968) shows the Desc hutes Format ion  to extend south 
a nd east of Bend be neath the cove r of the exte nsive over ly i ng basa l t i c  l ava f l ows . Sceva reports t hat i n  
much of the County the reg iona l water tab l e  i s  w i t h i n  t he Deschutes Format ion  a t  a dept h of 500 to 600 
feet ( 1 50 - 1 80 m) be l ow the surface and serves as a ma jor source of ground water . 

P l i o c e n e  - P l e i s t o c e n e  B a s a l t  F l o w s  a n d  D i k e s  

Basa l t  f lows (QTb) (QTdb , Redmond map) 

S im i la r  to the prev ious ly descr ibed P l iocene basa l t  f lows (Tb ) ,  these f lows a re genera l l y med i um-gray 
to b lack ,  ves ic u l a r ,  and d i ktytax i t i c . T hey are the predominant rock type in the eastern  t h i rd of Deschutes 
County a nd a l so form the consp icuous and w idespread " r imrock " basa l t  at  t he top of the Deschutes Format ion 
in  the nort hern part  of  the County ( F i gure 1 4) .  In  both  p laces the l avas f l owed over areas of moderate re l i ef ,  
and the t h i cknesses  of ind iv idua l f lows var ies  from 10 to 1 00 feet (3 to 30 m ) .  F low brecc ia  i s  usua l l y presen· 
at the base of t he f lows,  and rubb ly  and ves i cu l ar zones occur near the surface . Rough ly  deve l oped co l umnar 
jo i n t i ng  i s  usua l l y  present . Or i g i na l  f low surfa ces are somet i mes recogn izab l e ,  usua l l y covered by on ly  a 
t h i n  l ayer of w i nd-b l own c i ndery or pum iceous so i l .  

I n  the eastern part of Deschutes County tens iona l  stresses assoc iated wi t h  t he Brothers fa u l t  zone have 
broken the f l ows i nto northweste r ly  a l i gned e l evated b l ocks and i n terve n i ng e l ongate va l l eys that usua l ly 
have i nter na l drai nages a nd sma l l  dry lakes ( F i g ure 6 ) .  Some b l ocks are s l i gh t l y  t i l ted , but most of the 
f lows are horizonta l .  Nowhere does t he d i sp l acement on t he norma l  fa u l ts appear to be over 1 00 feet  (30 m ) .  
a nd the sharp ly a l i g ned fau l t  escarpments c a n  b e  easi ly  see n i n  a i r  photos of t h e  a rea , i nd i ca t i ng  t he recency 
of t he fau l t i ng .  T he f lows appear to be qu i te young , a l t hough t h i s  period of basa l t i c  vo l can i c i ty may have 
pers isted for qu i te a l ong t ime . Wa l ker and others ( 1 974) reports a potassi um" argon age of 6 . 6  m . y .  for the 
second f low from the top j ust east of  Mi I I i con  a long U .  S .  H i ghway 20. S im i  lor basa l t  fl ows lap around 
Freder ick Bu tte , w here rock from a r hyodac i te dome i s  dated at  3 . 9  m . y .  Sources fo r the basa l t  f lows i n  
eastern Desc hutes County are not consp i cuous but some f lows appear to have or ig i nated from sma l l  eroded 
vent  comp lexes such as Wat k i ns Butte and K .  0 .  Butte a long t he southern border of t he County . 

I n  the nor thwest part o f  t he County , i n  the Bend-Redmond-S i sters tr i a ng l e ,  the QTb " r i mrock " basa l t, 
i s  a l so fau l ted a l ong t he same nort hwest trend ing  zone , a l t hough not nea r l y  as i ntense ly  as i n the eastern 
part of the County . D i sp l aceme nts a re sma I I  a nd i nd i ca te tens iona l stresses with norma l fa u l t  movement . 
T he age range of these f lows is pe r haps not as great at t hat of t he easte rn  f lows ,  a nd i nd iv idua l f lows appear 
to be genera l ly th i cker . Scor iaceous , rubb ly  zones are present  at  t he bot toms and tops of t he f lows,  and 
fresh l y  broken surfaces  show the l i g ht -to dark-gray d i ktytax i t i c  texture t hat i s  typ ica l of so many of the 
P l i ocene -P l e i stoce ne basa l t  f lows east  of the Cascades . T he typ ica l i rregu l a r  co l umnar j o i nt i ng i s  poor ly 
to we l l  deve l oped . Many of t he vents for t he " r imrock" basa l t  f lows have probab ly  bee n obscured by la ter  
vo l can i sm ,  but i t  appears that  ear ly  act i v ity a t  ma fi c vo l ca noes such as Aubrey Butte , Overturf Butte , 
La i d l aw Butte and t he fau l ted basa l t i c  h i l l s a l ong U .  S . H i ghway 20 between  Tumo l o  and S i sters may have 
bee n the i r  source . 

T he on ly  m i nera l resource pote nt ia l for the QTb basa l t  f lows i s  for common crushed rock . The t h i n­
ness of the f lows , the presence of c i ndery i n terf low zones ,  and t he lack of c lose ly  spaced jo i n t i ng make 
crush ing  d i ffi c u l t ,  a nd s i tes for l a rge quarr i e s  w it h  suffi c ie nt tonnages are scarce . 

Di kes 

O n l y  in a few p l aces has erosi on exposed na rrow d i kes and i ntrus ive spi nes that mark t he vents for 
l ava f l ows or c i nder-scor ia  mound s .  T he few that are show n  on the County geo l og i c  map and the Redmond 
geo l og i c  map a re l ong , nar row r idges of de nse , fi ne-gra i ned to porphy r i t i c  basa l t  wh i ch  appear to be sources 
for t he lava f lows mapped as  QTb in t he nort hwest pa rt  of  the County . Near Lower Br idge , nort hwest of 
Redmond , a re l a t i ve l y  narrow r idge 80 feet (25 m)  high i s  i nterpreted as a d ike . It exte nds N .  1 0° W. for 
about ha l f  a m i l e  ( . 8  km) from the Lowe r Br idge Market Road . A si m i l a r  l ong , na rrow basa l t  r i dge i s  prese nt 
in sec . 1 0 , T .  17 S . ,  R .  1 1  E . ,  northwest of Bend . Another sma l l e r  e l o ngate r idge about 2 m i le s  (3 . 2 km ) 
sout heast of S i sters is probab ly  a d i ke but i s  shown on the geo log ic  map as a basa l t i c  vent QTmv . T he largest 
i ntrus ive body i s  a w ide mass or d i ke , exposed by eros ion of T umo lo  Creek , betwee n Aubrey Butte a nd T umo l o  
Butte . 
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ZON E 

B l a c k  ash f low 
0 - 20 '  t h i ck 
0 - 6 m 

Gray pum i ce 
ash f l ow 
0 - 30 ' 
0 - 9 m. 

Zone o f  i rreg u la r  
i ndurat ion 

P i nk a sh  f l ow 
T umo l o  
0 - 30 '  
0 - 9 m 

W h i te pum ice  
depos i t  
0 - 40 ' 
0 - 1 2 m 

Brow n to red-brow n 
ash f low 
0 - 40 ' 
0 - 12 m 

I D EN T I FY I N G  C H ARAC T ER I ST I C S  

P rom i nen t l y  exposed i n  east wa l l  o f  T umo l o  C reek C a nyon at  S hev l i n  Park . Surface 
usua l l y removed by eros ion; in  some p laces has a t h i n to th ick l ayer of  dark -gray 
ash w i t h  l arge b l ac k  breadcrus t  bombs scattered t hrough i t . Upper to m id-parts are 
punky ;  dark g ray , dark brow n ,  to b la c k ,  w i t h  scatte red rock fragments of  var ious 
c o l ors .  Lower  part often i n tense l y  we lded to g l assy with e longate b l ebs  of  b l ack  
g l ass common . Appears to be t he youngest a sh  f l ow o f  t he Qwt . 

Lenses of c i ndery sand and g rove l a t  base o f  t h i s  a sh  f low . 

P rom i nent l y  exposed a t  Meadow C a mpground sout h of Be nd i n  Desc hutes R i ve r  
C a nyon . A l so occurs sout h  a nd west of  Be nd . Genera l l y i s  a g ray to  p i nk i s h  pum i ce ­
c harged a s h  f low . Pumice  fragme nts are a l tered to a redd i s h  brown a nd are dev i t r i ­
f ied . Groundmass  a l so shows some a l terat io n ,  w i t h  sma l l  brown i s h  specks d i ssem i n ­
a ted t hro ughout . L i ke the o t he r  a s h  f l ow s ,  appears t o  have f i l l ed i n  l ow topography 
a nd i n  some areas i s  m i ss i ng . 

Where it can  be re cog n i zed , t h i s  contact  i s  concordant a nd t h i n  w it h  on l y  a f i ne 
l ayer  of  p i nk i sh ash . 

Appears to be one o f  t he most w idespread . C a n  be see n  i n  road cuts  surrou nd i ng 
T umo l o  Park and i s  prom i ne n t l y  exposed south of Bend . Gro u ndmass p i nk i s h  to tan;  
d i st i nct ive tan  to brow n  p um i ce fragments  abunda n t l y  d i s se m i nated . Upper part  o f  
f l ow i s  i rreg u la r l y  hardened , and  t he t h i ckness of  t he part ly  we l ded zone var ie s  
g reat l y  over  shor t  d is tances . Where not we l ded a nd i n  t he l ower  par t  i t  i s  p unky to 
l oose l y  i ndurated . Lower parts conta i n  ab undan t  l a rge  p i nk i s h  pum ice  fragments . I n  
some areas e ros ion has removed near l y  a l l  o f  t h i s  ash  f l ow . 

Con tac t  eas i l y  recogn i zed and  marked by a t h i n  l ayer  of p i nk to g ray i sh  ash . 

W i despread i n  t he a rea  j ust sout h a nd wes t  o f  Bend;  a l so occ urs i n  t h i ck  depos i ts 
near  T umo l o  and La i d law Bu tte . W h i te to l i gh t-g ray l ump pum ice , M i nor amounts 
o f  ash and  scat tered sma l l  an gu l a r  basa l t  a nd a ndes i te fragments . Occurs  a s  a n  
e sse nt i a l l y  u nsorted , compac ted  b u t  non- i ndurated mass i ve depos i t ;  a i r l a i n ,  probab ly  
a g low i ng ava lanche  type depos i t . Con ta i n s  occas i o na l  char red  wood fragments . 
Pum ice  fragments  a re una l tered and  range i n  s i ze  up  to 6 i nch es (15 em) bu t  average 
c loser to 1 /2 i nch ( 1 em) . Th i s  is th e marketa b l e  pum i c e  of  the Bend area . 

A few i nches  to a few fee t  of layered dar k-gray to gray ash a nd rounded pum i ce  
fragments or dar k-gray t o  b la c k  bombs usua l ly presen t  a t  th i s  contac t .  

Perhaps t he most w i despread ash -f l ow tuff u n i t . Occurs pro m i nen t l y  l ow i n  
Deschutes R i ver Canyon a t  T um o l o  Park , a l ong H i g hway 20 a t  I nnes Market R oad 
J unct i o n ,  a l so l ow in west wa l l  of T umo l o  C reek C a nyon in Shev l i n  Park . Usua l l y 
tan  to dark brow n  or redd i s h ,  w i th abundant  vo l c a n i c  rock fragment s . Conta i ns 
c haracte r i st i c  l a rge  l umps of b l a ck ,  porphy r i t i c  pum ice . 

Base usua l ly not  exposed , bu t  u nde r l y i ng u n i ts are assumed to be basa l t i c -a ndes i te 
l ava f l ows  o r  sed iments  of t he Deschutes  Forma t ion . 

F i g ure  1 5 .  S trat i g ra phy and  i den t i fyi ng physi ca l charac ter i s t i c s  of the Gwt  ash -f low tuff . 
0 ldest  f l ow a t  bottom of co l umn ;  youngest a t  top . 
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P l e i s t o c e n e A s h - f l ow T u f f s  a n d  P u m i c e  (Q w t )  

Will ioms (1957) mopped and described a widespread welded dacite tuff of  late Pleistocene age west 
and north of Bend, and a l so describeda glowing avalanche deposit of unconsol idated white and pink dacite 
pumice i n  the Tumolo Creek and Deschutes River canyons. Our field work in the area west and north of 
Bend shows that there ore at least five di stinctive ash-flow tuff units, incl uding the thick  deposit of un­
consolidated white pumice. The age of the ash flows is not definitely known; the earliest unit may be as  
o ld  as latest Pliocene, with the latest unit early to mid-Plei stocene. Al l  appear to hove been erupted 
during on episode of explosive volcan i c  activity in the Broken Top - South Sister area. Even though this 
explosive activity was relatively brief, there was enough time between eruptions for erosion channels and 
thin sedimentary de posits to develop on most of the ash-flow units. It was not the intent of this study to 
mop the extent of each ash-flow unit, so they are a l l  inc luded under the symbol Qwt on both the County 
geologic mop and the Bend map. Figure 1 5  is a generalized stratigraphic column showing the sequence of 
osh-flow tuffs w ith their identifying characteristics. A separate study of the a sh -flow tuffs west of Bend 
is being completed by E. M .  Taylor of Oregon State University. Taylor ' s  study wi l l  show the oreal extent 
of the individual flows and describe them in detail . 

Newberry Volcano has a l so been a source of ash-flow tuffs and has two di stinctive dark-colored 
andesitic (?) ash-flow units on its flanks. On the northeast flank a dark-brown to redd i sh-orange, punky 
to partially welded a sh-flow tuff con be traced over severa l square miles. Excellent exposures as  much a s  
25 feet (8 m) thick can be seen i n  the SW� sec .  26, T .  2 0  S . ,  R .  1 4  E . ,  where Teepee Draw and other 
northeast trending drainages cut through the ash-flow unit (Figure 16). 

Although the Qb flows from the north flanks of Newberry Volcano hove not been mapped se parately 
in this study, three ages con be recognized in the field by slight differences in vegetation, weathered 
surfaces, and soil cover; the oldest flows are slightly offset by faulting. 

Figure 1 6 .  Outcrop of ash-flow tuff of the Owt unit along Teepee 
Draw . The partly welded ash flow grades from dark brown near 
the base to reddi sh orange at the top. Newberry Volcano i s  be­
lieved to be the source. 
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T h i s  i s  proba b l y  t he same ash  f l ow reported by  Mac leod and othe rs ( 1 975 )  to be  0 . 7 ±. 0 . 7  m . y .  o l d . 
O n  the west f l a nk  of Newberry , near the surface , a t h i n  l ayer of dark brown to b l a ck  tuff brecc ia  

of  probab l e  ash -f low ori g i n  covers severo I sq uare m i l e s .  Much  of the  mat r ix  a nd most of  t he rock frag­
ment s  a re pumi ceo us to  c i ndery w i th  i r i descent  coat i ngs . G ray to ta n ,  rounded r hyo l i te fragments  a re 
common .  Fe l dspar crysta l s  a re abundant  i n  bot h  g rou ndmass a nd fragme nts . I t  i s  not k now n w he the r  t h i s  
depos i t  w a s  erupted from w i t h i n  the c a l de ra o r  from one of t he numerous vo l ca n i c  vents  on t h e  uppe r west 
f lank of the vo l cano . 

The a sh -f low tuff u n i ts Owt  on both the County and  Bend quadrang le  geo log ic  maps conta i n  i mportant  
m i nera l resources . Pumice  in  the  v i c i n i ty of Bend and  Tumo lo  has  been m i ned from p i ts a nd mar keted 
t hroug hout the Pac i fi c Nort hwest s i nce t he m i d - 1 940 ' s .  The prese nt  produc t ion  of  nea r l y  500, 000 c ub i c  
yards (382 , 000 m3 ) a nnua l l y ha s  a va l ue of ove r a m i l l i on  do l l ars . B u i l d i ng stone from the pa r t ia l l y 
we l ded parts of t he ash f l ow tu ffs has bee n  q uar r ied  for use loca l l y  s i nce the ear l y  1 900 ' s . Produc t ion  of 
bu i  I d i ng stone i s  l e ss steady a nd i s  on l y  a fra ct ion of that of t he pum i ce i ndustry; however , even though 
o n l y  a few h u nd red to a few thousa nd ton s  are q uarr ied annua l l y ,  the pr i ce averages much  h i g he r  per  ton 
than pum ice . A more deta i l ed d i s cuss io n of  bot h  t he pum i ce a nd bu i l d i ng stone pote nt i a l  i s  contai ned i n  
the I ndustr i a l Mi nera l s  sect i on . 

Basa l t  f l ows (Qb)  

P I e i s  t o  c e n  e a n d  H o I  o c e n  e B a s  a I t  F I o w  s 

P l e i stoce ne basa l t i c  l ava fl ows of bot h pa hoehoe a nd aa types are the most w idesp read a nd vo l um i nous 
of  t he s urface rocks in the County . T hey u nder l i e  much of t he a rea on  t he east f l a nks of t he Cascade Range , 
a s  we l l  as the area surround i ng Newberry V o l c a no ,  exte nd i ng northward to t he C rooked R ive r north a nd east 
of Redmond . 

The  o l dest of the Q b P l e i stocene basa l t  f lows are exposed west of th e D esch u tes R i ve r . These lavas 
came from vents on the f l a n ks of t he  H i gh Cascade vo l canoes and  occur  a s  l i near  bod i es a s  th i c k as 1 00 fee t  
(30 m) tha t  f lowed over a s l i gh t ly eroded northeaster l y  s lopi ng surface . Chem i ca l compos i t i o n ,  tex ture , 
and struc ture of separate f l ows vary consi dera b ly . Ge nera l ly th e f l ows are dar k gray to b l ack  a nd 
dense , but  porphyr i t i c . Some show f l ow band i ng a nd a p laty j o i n t i ng resu l t i ng from f l owage a s  they 
coo l ed . Most a re moderate l y  ves i c u l a r .  L i ke t he Q T b  r im -capp ing  l avas i n  t he nort h part o f  t h e  C oun ty , 
some of t he  Qb l avas a re c l ea r l y  c ha nne l f i l l i ngs of former streams t hat f l owed nort heastward from t he 
H i g h  Cascades . W he re t he contact ca n be see n ,  t he under l y i ng rocks  a re usua l l y stream grave l s  that  
d i re c t l y  ove r l ie the w i despread Qwt ash-f l ow t uff depos i ts . W i t h  more deta i l ed  work , most  i nd i v idua l 
f lows m i g ht be traced to t he i r  source . Vents  for the  Qb  fl ows are e i t her lava cones and s h i e l ds mapped 
as  QTmv or c i nder  cones mapped as  QTp . 

The most conspi cuous and  w i despread of the P le i s tocene Q b f lows are  the re l a t i ve ly th i n  sheets  of 
pah oehoe basa I t assoc i a ted w i th f i ssure erupt i ons on  the f l a n ks of Newberry Vo l cano . The f l ows occupy the 
l arge a rea bounded on the west by U .  S. H i ghway 97, on t he nort h by Redmond a nd the C rooked R i ver , 
on t he east by Horse R idge and Powe l l  But te s ,  a nd on the south  by t he nor th  f l ank  of Newberry Vo l cano . 
F igu res  1 7  and  1 8  are v i ews of t he hummocky topography of these pa hoehoe f l ows . Fresh ropy su r faces , 
tumu l i ,  a nd co l l apse depress ions are typ i ca l of t h i s  l ava te rra i n ,  l oca l l y ca l l e d  the " Bad l a nds " or t he  
" Lava Bad l ands . " N ew l y  broken  surfaces  show the basa l t  to be  l igh t  to  med i um gray , med i um gra i ned , 
w i t h  c haracte r i st i c  d i ktytax i t i c  texture (open a rra ngeme nt of the i nterg rown c rysta l s  of fe l dspa r ,  py roxe ne , 
and o l i v i ne ) . Sceva ( 1 968) determ i ned t hat i n  much  of t he area t he l ava f l ows exte nd from l a nd surface to 
depths of 50 to 1 00 feet  ( 1 5  to 30 m ) . 

W i t h i n the " Bad l a nds " f ie l d  are i nd i v i dua l l ava t ubes a nd extens ive l ava -tube systems th roug h w hi c h  
t he pa hoe hoe l ava f l ows advanced a nd spread l atera l l y . G ree l ey ( 1 9 71 )  desc r i be s  i n  deta i I most of the 
k nown lava t ubes in t he Bend a rea . A n  i nterest i ng  l ava -tube system not stud ied by Gree l ey i s  ca l l ed  the 
Redmond Caves , on t he southeast edge of t he c i ty i n  sec . 2 1 , T .  1 5  S . , R .  1 3  E .  T hese l ava tubes d i s ­
t r ibuted t he Qb  l avas nort hwester l y  i nto a l arge dry canyon t ha t  tre nds nort hward a lo ng t he west edge of  
Redmond (Redmond geo l og i c  map a nd F i g ures 1 9  a nd 20) . T he confi ned l ava was t hen  fun ne l ed  northward 
to spread over a w ide area west of Terre bonne a nd fa rther nort h beyond t he boundary of Desc hutes County . 
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Figure 1 7 .  Typical topography and vegetation along U . 5 .  97 both north 
and south of Bend, where 11 Bad lands 11 lavas form an uneven surface 
thinly covered with wind-blown ash, cinders, and pumice. 

Figure 18. Roadcut north of Bend shows thinness of soil zone and structure 
of one of the low, rounded tumuli in lavas of the Q b  unit and the 
typical joint pattern in the basa l t .  Most excavations for streets and 
utilities in Bend and Redmond encounter this lava . 
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T he youngest of the t hree Qb " Bad l a nds " l ava f lows cove rs a roug h l y  c i r cu l a r  area of about 30 square 
m i l e s  (80 km2) nort h and east of Horse R i dge a nd were e rupted from a s l i gh t l y  e l evated f i ss ure ve nt j ust 
nort h of H ig hway 20 . F ig ure 2 1  shows the re l a t ive ly sma l l  vent  a rea w i t h  i ts d i st r i butary l ava tube s .  

Vents  h i g her  o n  the nort h a n d  east f l a nks  o f  Newberry Vo l cano e rupted f lows of  a more v i sco us 
basa l t ,  w h i c h  i s  typ ica l l y dark gray to b l ack , dense , and porphy r i t i c  and has b l ocky hummocks on i t s  
s urfaces . T hese f l ows now appear as t h i ck  tongue -shaped nort heast -tre nd i ng  l andforms extend ing  i nto 
M i l l i can  Va l l ey j us t  east of Horse R idge . 

A d i s t i nc t i ve porphy r i t i c  d i ktytax i t i c  basa l t  f l ow extends northward from t he base of P i l ot Butte , an  
i nterest i ng c i nder-cone ven t  of P l e istoce ne age  on  t he eastern edge  of  Bend . Fut ure s tud ies  cou l d  eas i l y  
de l i neate t h i s  and  s im i l a r  i nd i v i dua l f l ows,  w h i c h  cou ld  he l p  un rave l t he eve nts i n  t h i s  spectacu la r  loca l 
vo l c a n i c  l andscape . 

Large q uant i t ie s  of ve s i c u la r  basa l t  rubb l e  have been removed from t he s urface o f  the Q b  l ava f l ows 
for use as  bu i I d i ng stone i n  wa l l s ,  f i re p l aces ,  and ot her bu i I d i ng construct ion . No e st i mates are ava i l ab l e  
for t he amoun t  use d  o r  the a nnua l va l ue .  T he l arge area covered by the Q b  l avas represe n ts a n  appare nt 
i nexhaust i b l e  supp ly ;  howeve r ,  on l y  the top few feet  of t he f lows are j o i nted so that t hey break i nto usab l e  
sto ne .  T he Qb l avas represe nt o n l y  marg i na l  q ua l i ty crushed rock because of t h i s  ves i c u l ar i ty , a nd the 
t h i n ness of t he i nd i v i.dua l f lows and t he l ack  of  c l ose ly  spaced j o i nt i ng makes  c rush i ng d i ffi c u l t ,  so  the 
supp ly from any one source i s  sma l l .  

Ho l ocene basa l t  f l ows (Q hb) 

W i t h i n  the l a st 1 0, 000 years , bot h aa and pahoehoe basa l t  f l ows have erupted at severa l p l aces i n  
t he H i g h  Cascades and on  a nd around N ewberry Vo l cano . Ages  for some o f  t he f l ows have been  determ i ned 
by dat i ng c harcoa l from trees t hat we re i nu ndated by the l avas . Lobes of spi ny b l ack  aa l ava extend east ­
ward from the McKenz ie  Pass a rea i n to Desc hu tes County from Be l knap C rate r ,  L i tt l e  Be l k nap , a nd from 
Yapoa h Cone o n  the nort h f l a nk of the N orth S i ste r ,  Tay lor  ( 1 965 , 1 968)  desc r i bed t hese l ava f l ows i n  
deta i l and , from C - 1 4  dat i ng ,  determ i ned t hat they range i n  age from 2 , 500 to 3 , 000 years . Farther  sou th  
o n  t he lower south  s l opes of  South S i ster , l ava f l ows be l ieved to  be  of  Ho locene age  we re erupted from 
LeConte C rater ,  from Cayuse C rate r ,  a nd from a sma l l unnamed vent about 21 m i l es (4 km ) sout h of Broke n 
Top . Lava f l ows assumed to be of Ho l ocene age e rupted from c i nder co ne vents  on t he nor th  s ide of  
Bache lor Bu t te  a nd f lowed westward to dam a broad dra i nage , form i ng Sparks Lake . 

I n  t he extreme sout hwest corner of the County a v i scous , b l ack  basa I t i c  l ava we l l ed up and spread 
o utward from a ser ie s  of  sma l l ,  c l ose l y  spaced vents near t he nort hwest base o f  Davis Mounta i n .  T h i s  f l ow ,  
w h i ch i s  a bou t  3 m i le s  (5 km) long ,  I m i l e  ( 1 . 5  km) w i de ,  a nd 70 feet  (20 m )  th i c k ,  dammed th e channe l 
of Ode l l  Cree k a nd formed Dav i s  La ke (see F i gu re 22) . H ow long ago the  erupt i on  took p lace i s  not known . 
The freshmess of th e b locky lavas i s  dece iv i ng ,  however , for Dav i s  La ke has  accumu la t ions of d ia tom i te as 
much as 4 feet ( I+ m)  th i c k  that  must have req u i red at  l east a few thousa nd years to accumu la te . 

As reported by Peterson and Gro h ( 1 969) , severa l ep i sodes of Ho locene vo l can ism are we l l  re corded 
w i t h i n  and a rou nd Newbe rry Vo lcano . Of part i c u l a r  i n terest i s  a northwest -trend i ng  r i ft zone , tracea b l e  
from w i t h i n  t he ca l de ra t o  and  beyond Lava Butte , from w h i c h  e i g ht separate basa l t i c  ao f l ows have been  
erupted ( F igure 23) . T he f lows vary i n  s i ze from l ess tha n 1 /2 square m i l e ( 1  km2 ) i n  extent a nd a few 
fee t  (meters )  t h i ck to t he l a rgest a nd t h i ckest of the f l ows at Lava But te , cove r i ng 1 0  square m i l e s  {25 km2) 
a nd ra ng i ng i n  t h i ckness from 30 to 1 00 fee t ( 1 0 - 30 m ) .  T ree mo lds  conta i n i ng ca rbon ized wood a re 
presen t  i n  most of t he f l ows , and C - 1 4  dat ing  shows that the vo l can i c  ac t i v ity that produced t he mo l ds 
occurred i n  a re l at i ve l y  short per iod of t i me about 6 , 000 years ago . A s im i l a r  aa f l ow (Surveyor F l ow )  on 
t he south  f l ank  of  Newberry a l so has t ree mo lds  and is t he same age as  t he more exte nsive f lows on  t he 
nor th  f l ank . 

A l a rge basa l t i c  pahoe hoe l ava fl ow of ques t io nab l e  Ho loce ne age has bee n mapped i n  t he area east 
of C h i na Hat and East Butte . T he f low , t h i c k l y  cove red w i t h  pumice from Ho l oce ne exp los ive erupt ions 
from w i th i n  Newberry Vo l ca no ,  covers abou t  30 sq uare m i l e s  ( 80 km2) .  I t f l owed northwestward around 
t he south  and west  bose of P i ne Mounta i n f rom an i nconsp i c uous  vent near  F i re stone Butte . T he pumice 
cover  on  th i s  f l ow supports a p ine forest ;  however , t he ropy surfaces,  tum u l  irand ot her i n i t i a l  f l ow surfaces 
a re prese rved and  a re espec i a l l y consp icuous  a t  i ts nort he rn  te rm i nus (F igures 24 a nd 25 ) .  
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Fi gure 1 9 .  Redmond Caves , in  sec . 2 1 , T .  1 5  S . ,  R .  13  E . ,  are  in  
the co l lapsed part of  a lava tube system that d istr ibuted lavas of  
the Qb un i t  i nto Dry Canyon extending northward through Redmond. 

F igure 20 . View across Dry Ca nyon at north edge of Redmond . Grass­
covered f loor is  a l luvi um under la in  by " Bad lands". pahoehoe lava 
from lava tube show n i n F i g . 1 9 . 
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F i gure 2 1 . Co l lapse depression a n d  part ly fi l ied lava tube near H orse 
Ri dge north of U . S .  20 marks the vent for the latest " Bad lands" lava 
eruptions . H ighway cuts expose fresh , gray, d i ktytaxic  o l i vi ne ba­
sa l t .  

F igure 22 . V iew across Dav i s  Lake . Mai den Pea k i n  d i stance i s  a broad 
shi e ld vol cano (Q Tmv) . B lack,  b loc ky lava f low at r i gh t  of photo 
impounds the l ake . 
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F igure 23 . H igh-a lt i tude aer ia l v iew of Lava 
Bu tte (upper l eft corner of photo ) and one 
of the Q h b  lava f lows on the northwest 
ri ft zone . Mazama pumice masks o lder 
cones and f lows . Whi te d iagona l l ine is 
the natura l gas pi pe l i ne . 

Dur ing the f ie ld  checks for th i s  report a very sma l l  Ho locene vo lcanic  vent and assoc iated lava f low 
was di scovered about ha lfway up the east f lank of S i tkum Butte , w h i ch i s  a pa lagon i te tuff cone (F igure 26) . 
The vent a rea is a nort h-south fi ssure ,  about 1 , 000 feet (350 m)  long , over wh ic h severa l sma l l  spatter 
cones have deve loped . Lava f lowed eastward from this fi ssure and covered an area of l ess than 1 /4 square 
mi l e  (1 km2) .  

Most of the Ho locene basa l t  f lows are of the aa or b lock type wi th  extreme ly rubbly surfaces . Much 
of the surface rubb le i s  scoriaceous to h igh ly  vesi cu l ar,  with only mi nor economic potent ia l  for bui l d i ng 
stone and construct ion use . 

P l e i s t o c e n e  a n d  H o l o c e n e S i l i c i c  D o m e s  a n d  F l o w s  

P le i stocene and Ho locene dac ite and rhyo l ite intrusive-extrus ive rocks are restr icted ,  w i t h  a few 
except ions , to the M idd le  S ister -South S i ster area i n  the Cascades and to t he f lanks and summit cal dera 
of Newberry Vo l cano . T hese rocks represe nt two ma i n  epi sodes of s i l i c i c  vo l can i sm :  P l e i stoce ne , mapped 
as Qrd, and Ho locene ,  mapped as Qhr .  

P l e i stocene s i l i c i c  domes and f lows (Qrd )  

Dac i te and r hyo l ite domes and  flows mapped a s  Qrd i n  the Cascades have bee n g l ac iated and part ly 
dev i tr i fied . T he largest areas of such rocks are on the east fl ank of South Si ster and in  the area of Tam 
McArthur R i m  near Broke n Top . Two sma l l er but t h i cker dacite f lows make up Devi ls  H i l l  and K a leetan 
Butte . To  the east of the Cascade s, Me l v i n  Butte and T hree Creek Butte are i so l ated dome -shaped masses 
of fragme nta l rhyo l i te resem b l i ng c i nder cones . T he rhyo l i te is l ight gray to wh i te ,  fine ly crysta l l i ne ,  and 
s l i ght l y iron-sta i ned from ox idat ion of iron-beari ng m inera l s .  
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Figure 24 . H igh-a lt i tude aer ia l v iew of  the 
H o locene pahoehoe lava that sk i r ts the 
southwest s ide of Pi ne Mounta i n . The lava 
f lowed down a sha l low va l ley, spreadi ng 
i n  toes and protuberances as it advanced . 

F i gure 25 . V iew of marg i n  of the above lava 
f low show i ng steep edges and protuber­
ances . 
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Figure 26 . The erosiona l remnant o f  a palagonite tuff cone o n  Sitkum 
Butte resembles an Indian chief in si lhouette . The name is assumed 
to be of Indian origin - was there a Chief Sitkum? 
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Bench Mark Butte, just north of Crone Prairie Reservoir, is o brood, dome-shaped moss of dense 
block andesite-dacite vitrophyre that bui It up over o centro lly located vent. It covers almost 3 square 
miles (8 km2), overages 200 feet (60 m) thick, and has concentric ridges and bulbous toes of large blocks 
that out l ine its initial  structure . 

Rhyol ite-dacite domes at Newberry Volcano hove been described i n  detail by Wi l liams ( 1 935), 
Higgins and Waters ( 1 967), ond Higgins ( 1 973). The older group of s i l icic rocks (Qrd) ore exposed i n  
the caldera of Newberry Volcano o n  the lower northeast wa l l ,  at Paulino Peak, i n  ports of the south 
wa l l ,  and in two dome-shaped mosses on the south shore of Paulino Lake .  

Sate l l ite domes and flows of l ight -gray flow-bonded rhyo lite, breccia, and block streaky obsidian 
occur at McKoy Butte on the northwest flank of Newberry Volcano and at Ch ino Hot and East Butte on 
the lower east flank. 

Quartz Mountain, a sl ightly older dome complex of obsidian, l ies southeast of Newberry on the 
south edge of the County. Moe Leod, Walker, and McKee ( 1 975) list K/ Ar radiometric dotes for some of 
the domes on the flanks: Quartz Mounta i n  1 . 1 1  ±. .05 m . y . ;  East Butte 0 . 85 ±. . 05 m . y . ;  Chino Hot 0.78 
± 0. 20 m . y . ;  and East McKoy Butte 0.58 2: 0. 1 0 m . y .  

Holocene si  I icic domes and flows (Qhr) 

The Holocene rhyo l ite and dacite domes and flows (Qhr) occur on the south flank of South Sister 
and at Newberry Vol cano . Beginning at an elevation of about 7, 900 feet (2, 600 m) and extending a lmost 
due south to Century Drive is a string of nine or ten spectacular dacite obsidian domes and flows (Figures 
27, 28, and 29) . As described by Wi I Iiams ( 1 944), "No doubt the extrusions occurred in rapid succession, 
possibly within o few days or weeks, and by analogy with fissure eruptions in other regions it is l ikely that 
activity began at the upper end of the chain and moved progressively downward . "  Mi nor eruptions of 
pumice preceded this latest upwe l l ing of obsidian in the South Sister area . 

The largest single obsidian dome and flow, covering about two square mi les (5 km2) ,  occurs at Rock 
Mesa on the Cascade divide, partly in Lane County and partly in Deschutes County and within the T hree 
Sisters Wi lderness area. Rock Mesa has recently had notional pub l icity because of l itigation over the 



28 G E O LO G Y  A N D M I N ER A L  R E SO U R C E S  O F  D ESC H U T E S  C O U N T Y  

F igure 27 . H i gh-a l t i tude aer ia l v i ew of  
the cha in  of H o locene obsi d ian domes 
wh ich  were bu i l t over a fi ssure on the 
south f lank of South Sister . 

F i gure 28 . Two generations of g lassy rhyo l i te ­
dac i te domes . Upper left i s  g lac iated 
Devi Is H i  I I .  U neroded doma l surface to 
the r i ght  is the southernmost i n  the cha i n  
o f  obsi dian domes . 



D ES CR I PT I O N  O F  G EO LO G I C  U N I TS 29 

F igure 29 . Mid -w inter v i ew of Roc k Mesa on the south f la nk  of South S i s ter . S now cover accen­
tuates concentri c r i dges of spi ny obsi d ian  that w e l led up over a now -concea led vent . Broken 
Top i s  in left bac kground . (Oreg . Hwy . D iv . photo 6 1 75) 

v a l id i ty of m i n i ng c l a ims for b l ock pumice that occurs w i th the obsid ian . T he age of Rock Mesa has 
recent l y  been determi ned to be 2 , 300 � 1 50 years before t he present . 

At Newberry Vo lcano ,  a l l  of the Ho locene s i l i c i c  act iv i ty took p l ace w it h i n  the ca ldera , w i th the 
except ion of one sma l l  r hyo l i te obs id ian dome d iscovered on t he southwest f lank . At least five spectacu lar  
obs id ian f lows (Qhr )  have been described i n  detai l by many authors . W i l l iams ( 1 935), H igg ins  and Waters 
( 1 967, 1 968) recognized that these f lows were some of the youngest of Newberry ' s  vo lcan ic  feature s .  C har­
coa l from beneath the B ig  Obs id ian F l ow (F i gure 30) has  been determined  from C - 1 4  dat ing to 1 , 270 � 60 
years o l d . The ages of  severa l other obsi d ian  f lows w it h i n  t he ca l dera have been  determ ined by the th i c k­
ness of the ir hydrat ion ri nds , a dat i ng technique deve loped by Friedman ( 1 968, 1 97 1  ) .  The ages vary from 
1 , 350 to 5 , 000 years B .  P . , confi rming their  Ho locene ori g i n  ( Peterson and Gro h ,  1 969) . 

B lock pum ice has bee n se l ec t ive ly m i ned from the surface of t he Newberry Vo l cano Ho locene obsidian 
domes for years . The economic potentia l of b l ock pumice w i t h i n  Newberry ca l dera and in the South S i sters 
area w i l l  have to be weighed agai nst the sce n ic  and recreat iona l va l ue of these a reas . 



F igure 30 . S now on B ig  Obs id ian f low i n  N ewberry ca l dera accentuates f low l i nes and pressure r idges that deve loped as the 
pasty magma spread outward from i ts vent c lose to the south r im  of the ca ldera approximate ly 1 , 270 years ago . 
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S u r f i c i a l  D e p o s i t s 

The unconso l i da ted surfi c i a l depos i ts fa l l  i n to two genera l categor i e s :  I )  the g la c i a l a nd g lac io­
f luv i a l depos i ts (Q gm) , wh ich  i nc ludes  la tera l and  term i na l  mora i ne s ,  g la c i a l d r i ft , and  outwash grave l s ;  
and 2) a l l uv i um (Q a l ) ,  compr i s i ng a l l  th e other  stream-depos i ted grave l ,  sand , s i l t , the a i r - l a i d  ash and 
p um ice , s l ope wash depos i t s ,  a l l uv ia l fa n s ,  and sa nd du nes . 

T he surfi c i a l  depos i ts  prov ide most of t he sa nd a nd grave l for Deschutes  County a nd a re an important 
i nd ust r i a l m i nera l resou rce . The sand and g rave l c hapter d i sc usses t h e i r  i mpact  in  more deta i l .  

G l ac i a l and g l ac i of l uv ia l depos i ts  (Q gm)  

Tay l or ( 1 968) has  re cog n i zed  t hree ep i sodes of g l a c i at i on  i n  t he H ig h  C ascades d u r i ng P l e istocene 
t ime as  fo l l ows :  

"The g reat  exte nt  a nd depth  of g l ac i a l i ce  w h i c h  l ay upon t he H i g h  Cascades of  
Oregon  d u r i ng t he P l e i stoce ne have not been s t ressed in  geo log ic  l i terat ure . I n  t he 
centra l C ascade s ,  t hree ep i sodes of g l ac ia t ion  are eas i l y  re cog n ized . T he most rece n t  
ep i sode i s  repre sented by  fre sh  mora i ne and outwash  betwee n 7000 and  9000 feet e l e ­
vat ion o n  h i g h  peaks . Rad i oca rbon  ages o f  assoc ia ted l avas a nd ash depos i ts i nd i cate 
t ha t  t hese mora ines  we re formed l e ss than  2 , 500 years ago a nd sho u l d  be refe rred to t he 
Neog l ac ia l ' L i t t l e  Ice Age . ' A m i nor  g l a c i a l  advance nea r  t he e nd of the la s t  century 
s l i ght ly  reworked some of the ' L i t t l e  I c e Age ' mora i ne s .  

" T he next o l dest  g l a c i a l  stage e nded 1 0, 000 t o  1 2 , 000 years ago a n d  i s  he re 
refe rred to t he l atest  W i scons i n . Du r i ng th i s  t i me ,  a broad ice  f ie l d  accum u l ated i n  
t he H i g h  Cascades . I t  su r ro unded t he ma jor  peak s ,  bu r ied  a l l  but  t he h i g he st summi t  
r idges , and  fed numerous g l a c ie rs ,  some of wh ich  were 1 9  m i l es l o ng . N e i ther  t he 
i ce fi e l d  nor i t s  sa te l l i te g l ac i ers extended beyond the  H ig h  C a scade p lat form; i n  the 
centra l C a scades few of t he se g l ac iers  ex i sted be l ow 3600 fee t  e levat ion . 

" T he o l dest g l a c ia l events a re co l l ec t i ve l y referred to o s  ' p re - la test  W i scons i n . ' 
T hey are recorded i n  deep ly weat hered a nd poor ly  preserved l a tera l a nd ground mora i ne s ,  
far removed from t he C ascade C rest . These depos i ts l ack  the a ndes i t i c  and  rhyo l i t i c  rock  

,,w types w h i c h  are common  i n  t he summ i t  peaks and  i n  t he l a te st W i scons i n  mora i nes . "  

T he g l ac i a l mora i ne mate r ia l i s  a hete rogeneous as se m b l age of vo l ca n i c  rock  types . I t conta i ns 
l a rge b locks ,  bou l ders , a nd pe bb l e s ,  rang i ng from angu la r  to we l l  rounded , i n  a f i ner  sand and s i l t  matri x . 

A good examp l e  of " L i t t l e  I ce Age " g l ac ia t ion  is s hown by a we l l -preserved term i na l  a nd l atera l 
mora i ne  on t he nort heast f l a nk  of Bac he l or B utte at t he 7 , 800- to 8 , 000-foot (2375 - 2440 m )  e l evat ion  
( F i g ure 3 1 ) .  T he mora i nes  can  be  eas i ly  see n  a nd i n terpreted from the Cascade Lakes  H ig hway . 

Mora i nes and  ou twash depos i ted  by W i scons i n -age g l ac ie rs are more prom i nen t  i n  the nort hern pa rt 
of the County , where t hey occu r  as  a d i scont i n uous  be l t  on the east f l a nks of Mount Wash i ngton a nd on  
N orth and M idd l e  S i ster . Another broad be  I t o f  g l ac i a l  det r i t u s  i s  prese nt i n  t he southwest part o f  t he 
County, espec ia l l y a rou nd C u l t  us Mou n ta i n  a nd i n  t he area between  t he The Tw i n s ,  Ma i de n  Peak , a nd 
Dav i s  Mounta i n .  Remna nts of once l a rge r  l a tera l mora i nes  are prese nt i n  the upper parts o f  T rout , Squaw , 
a nd Tumo l o  C reeks . T he broad fl a t  nort h a nd west o f  S i ste r ,  B l ack  Butte Swamp,  a nd the f l a t s  su rround ing  
Crane Pra i r i e  and  W i c k i up Reservo i rs a re  probab ly  unde r l a i n  by  g l a c ia l ly  der ived sed i me nt s ,  bu t  for con­
ven i ence they a re  mapped a s  a l l uv i um (Qa l ) .  

A I  l uv i u m  (Qa l )  

T he la rgest a l  l uv iated area i s  t he broad f l at be tween Newberry Vo lcano a nd the H i g h  C ascades i n  
t he southern  part  o f  t he C ounty . T h i s  w i de va l l ey extends o n  bot h s ides  o f  the L i t t l e  Deschutes  and the 
Deschute s  R iver from sou t h  of  Lap i ne northward to Be nham Fa l l s .  I t  a l so exte nds westward a nd northward 
to t he headwaters of  t he Deschu tes  R i ver  a nd su rrounds  C ra ne Pra i r ie  and W i c k i up Re se rvo i rs .  A l t ho ug h 
most of t he det r i tus  came from t he H i g h  Cascades , la rge quan t i t i e s  o f  a l l uv i um have bee n spread i n to the 
Lapi ne area from the west  f l a nk of Newberry Vo l cano . 
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F igure 3 1  0 Bache lor Butte from Century Dr ive o 

Latera l and term ina l  mora i nes depos i ted 
by a g lacier extend ha lfway down the 
northeast f lank o 

F igure 32 0 H igh a l t i tude aer ia l v i ew show ­
i ng the meander i ng pattern of the Des­
chutes  and Litt le Deschutes R ivers o Ox­
bow lakes and cutoff meanders i ndi cate 
that the streams have reached base I eve I 
i n  th is  area 0 
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T he extens ive a l l uv ia t ion of t h i s  b road a rea has resu l ted from a l most cont i n uous const r i c t ions of t he 
Deschutes R i ver  by basa l t i c  l ava f l ows  a n d  g low i ng ava l a nc he depos i t s . Lava f lows from Newberry Vo l cano  
dammed the r iver  count  l e ss t imes  a nd forced i t westward , wh i l e both basa l t i c  l ava  f l ows  and  ash -f low tuffs 
from Cascade vents res i sted th i s  cha nge and  pushed the channe  I toward the east . The  extreme meander i ng 
of t he Deschutes and  L i t t l e  Desc hutes R i ver above Be n ham Fa l l s i nd i cates t hat base l eve l has ex i sted for a 
l ong t ime . C u t-off meanders , sma l l  oxbow l akes , and swam py ground are i nd i cat ive  of an  o l d -age stream 
( F i g ure 32) . T he nea r-surface  a l l uv i um cons ists o f  a few feet of  so i l  conta i n i ng a m ix tu re of pum ice  from 
Mo unt Mazama and redd i sh-b l ack ash  and c i nders from the H o l oce ne erupt ions  on N ewberry ' s  f l a nks; the 
u nder l y i ng sed i ments  a re a c rude l y  l ayered sand , s i l t ,  and grave l sequence t ha t  typ i ca l l y conta i ns l a rge 
percen tages of  a fi ne brow n i s h  pum ice-c i nder  matr ix w i t h  rounded pebb le s  of scor ia and  vo l c a n i c  rocks . 
We l l  l ogs show a h i g h l y  var iab l e  t h i ckness of t he  a l l uv i a l mater i a l s  rang i ng from a few tens  of feet (meters) 
t h i c k  at W i c k i up and C ra ne Pra i r i e  Rese rvo i rs to 400 or as much as 500 fee t  ( 1 20 - 1 5 0  m) t h i c k  near t he 
L i t t l e  Desch ute s R i ver j u st north  of Lapi ne . Much  more deta i l ed study w i l l  be needed to dec iphe r  the  g l ac ia l ,  
vo l can ic , a nd sed i me n ta ry h i story of t h i s  part o f  t he De schutes  Bas i n .  C h i twood ( 1 974) has comp i l ed a 
pre l im i na ry map show i ng the patte r n  of g l ac i a l  outwash on Deschu te s  Nat iona l Forest l ands a nd i nc l uded 
t he area descr i bed above . 

I n  the eastern part of t he County , l ake sed i me n ts and w i nd b l ow n  sand have accumu l a ted  i n  M i l l i can  
Va l l ey from Horse  R idge eastward for about  15  m i l es (40 km ) .  Th i s  broad ,  h i g h-desert va l l ey was the s i te 
of a s i zea b l e  l ake for at l east part of P l e i stoce ne t ime . Layered sand , g rave l ,  and  s i l t  exposed i n  roadcut s ,  
borrow p i t s ,  a nd l ake terraces a long H ig hway 20 near M i l l i ca n are as  much as  50 fee t  ( 1 5 m )  th i ck . 

Dry R i ve r ,  a consp i c uous meander i ng stream course c ut t i ng  t hrough  the  l ake sed iments, exte nds from 
t he Brothers a rea to t he west end  of M i l l i can  V a l l ey . Here , Dry R i ver e nters a narrow steep-wa l l ed  canyon 
a nd w i t h i n a d i sta nce of 3 m i l e s  (8  km)  d rops 500 fee t  ( 1 50 m )  i nto t he east part  o f  the  Deschu tes  Basi n .  At  
t he v iewpo i nt a l ong H ighway 20,  near the Horse R idge summ i t , t he  d ry ca nyon i s  300 feet  (90 m)  deep , a nd 
i ts steep wa l l s reve a l  t he ma ny l ayers of l avas a nd pyroc l ast ic  mater i a l s  of t he Tb  u n i t . I t  i s  appare nt that 
t he st r eam t hat carved th is  canyon dra i ned t he l ake w h i c h  once occup ied  M i l l i can  Va l l ey . W he the r  t he 
l ake d ra i ned sudde n l y  and catastroph i ca l l y or gradua l ly ove r  a long per iod of t ime  i s  not k now n .  

A l a rge grave l fan was bu i l t  where the now-dry stream e nte red the Deschutes basi n .  F i ne r  debr i s  
w a s  d i s tr i b uted exte ns ive l y  t o  the  north a n d  west , b u t  i t  i s  now most l y  covered b y  the l atest o f  t he B a d  l ands 
l ava f l ows . I n t he v i c i n i ty of A l fa l fa , w here the sed i me nts we re not covered by basa l t  f l ows ,  t he sa nd and 
g rave l i s  a t  l east 1 0  feet (3 m )  t h i c k  a nd some has bee n  m i ned for l oc a l  road bu i l d i ng . I n t he southwest 
part o f  the M i l l i can V a l l ey ,  l a rge sa nd a nd grave l fans we re der ived from t he somew hat e roded  northeast 
f l a nks of Newberry Vo l cano . Tepee Draw a nd two u n named dry stream ca nyons near Evans We l l  have 
d ist r i buted l a rge q uan t i t i e s  of  sa nd and g rave l i nto M i l l i can  Va l l e y  a nd to t he area o n  t he south side of 
Horse R idge . 

A l e ss exte n s ive h i g h -deser t  va l l ey exte nds a lo ng t he southwest s l opes o f  Hampto n  B uttes i n  t he  
vi c i n i ty of Hampto n .  Sha l l ow depos i t s  o f  l aye red si l t ,  san d ,  a nd grave l over l ie and surround basa l t i c  
l ava f lows  t hat f l oor t h e  v a  I l ey .  

South of P i ne  Mounta i n ,  i n t he southeast par t  o f T .  2 1  S . , R .  1 5  E . , one sma l l  area of a i r fo i l  p um ice ,  
comp l e te l y  mask i ng t he u nde r l y i ng rocks , ha s  bee n mapped as a l l uv i um . T he Kotsman  Bas i n ,  at t he sou th­
eas t  base of P i ne Mounta i n  i s  a sma l l  a rea  of  i n te r i or dra i nage that  has  bee n a l l uv ia ted , and  the surface 
there i s  a l so covered w i t h  pum i ceous soi l .  

M i nor amounts  of  a l l u v i u m  are be i ng depos i ted at t he prese nt t ime . Some g l a c i a l debr i s  cont i nues 
to be carr i ed to lower e l eva t ions  by me l twater from snow and  i ce f ie l ds ,  a nd occasi o na l ly a l a rge q uant i ty 
of debr i s  is f l ushed down a c hoked stream canyon . N o l f  ( 1 966) , reported such  a n  event  i n  Octobe r ,  1 966 
whe n about 50 m i l l i on ga l l o ns of  water  from a g l a c ia l l a ke on t he east s i de of Broken Top v o l ca no was 
sudd e n l y  re l eased i nto the dra i nage of  Soda Creek . 

T he Desc hutes  R iver , T umo l o  C ree k ,  and Sq uaw C reek are cont i n ua l l y  rework i ng and s l ow ly mov i ng 
sand , s i l t ,  a nd g rave l downstream,  a nd the many l akes  and reservo i rs are rece i v i ng sma l l  amounts  of f i ne ­
gra i ned sed i ment . M i nor amounts of w i nd-deposited sand i s  a c cumu l at i ng i n  dunes  a nd r idges  at the west 
e nd of M i l l i can  V a l ley . 

N o  attempt has bee n  made to map a l l  the sma l l e r  patc hes  of a l l uv i um .  



34 G EO LO G Y  AN D M I N ERA L R E SO U R C E S  OF D ESC H UT E S  C OU N TY 

GE OLOG IC STRUCTURE 

Be cause of t he very l i m i ted exte nt of rocks o lder than P l i ocene age in Deschutes County , t he 
structure of these o l der un i ts is obscure . The d i ps of the sma l l outcrop areas of si l i ceous tuffs of t he John 
Day Formation in  the northeast part of t he County at Coyote Butte and Smith Rocks i nd icate t hat a south­
west p l ung ing a nt i c l i ne passes beneath the e ssentia l l y hori zonta l Deschutes Format ion  a nd younger lava 
flows .  

T hree ma jor tecton i c  fea tures are evident i n  Desc hutes County . T hey are the Brot hers fau l t  zone , 
the H igh Ca scades I ineament ,  a nd Newberry Vo l cano . These t hree features rough ly  define a tr iangu lar  
area ( F igure 33 , sketch map) where Quaternary vo lcan ism has bee n  concentrated . 
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'HIGH C ASCADES R I FT 

'--, BROTHERS FAULT ZONE 

::·::_-_ QUATE RNARY VOLCAN I S M  

}tJ:Ifi!J��)::� ��:- 1�, F igure 33 . S ketch map of Deschutes County show ­
i ng the three ma jor tec ton ic  features . 

B r o t h e r s  F a u l t  Z o n e 

The Brothers fau l t  zone is a nort hwest-tre nd i ng be l t  of c l ose ly spaced e n  eche lon norma l fau lts 
(F igure 34) . It has bee n described by H igg ins and Waters ( 1 967) ,  Wa lker and others ( 1 967), and Wa l ker 
( 1 969) . Stewart , Wa l ker , a nd K l e i nhamp l ( 1 975) consider i t  to be part of the northweste r ly port ion of 
the "Oregon-Nevada l i neament · " wh ich  extends from Mount Jefferson in Oregon southeastward i nto 
nort h-centra l Nevada . Wa l ke r  ( 1 969, p .  79) suggests that the " Norma l fau l ts of the zone and t he ma ny 
vo l can ic  vents a l ong t he zone represent on ly  t he surface man ifestations of deformation on a large dee p ly 
bur ied str ucture , the exact nature of wh ich  i s  not known . T he pattern of norma l fau l ts w i t h i n  and near 

F i gure 34 . The sma l l  commu n i ty of Bro­
thers, on U . S .  H ighway 20, is 
s i tuated on the Brothers fau It zone . 



G EO LO G I C  STR U C TU R E  

F igure 35 . The recency of some o f  the fau l ti ng i n  eastern part o f  County 
is shown by th i s  s l i c kensided fau l t p lane exposed i n  a rock quarry i n  
sec . 22, T .  2 1  S . ,  R .  20 E . , near Hampton Bu tte . 

F i gure 36 . Fau lt i ng has created vertica l offsets in P lei stocene O b  " Bad­
lands" lava f lows . In Bend , between 3rd and 4th Stree ts , a large 
commerc i a l  bui ldi ng is  on upthrow n si de of fau l t  and sma l ler resi ­
dence on down s ide . 

35 
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t he Bro the rs fau l t  zone a nd t he re l a t i o n  o f  many sma l l  m o noc l i na l  fo l ds to t he fau l ts suggest, howeve r ,  
that  the zone  over l i es a dee p ly bu r i ed  fa u l t  w i t h  l at e ra l d i s p l acement ;  t he norma l fa u l t s de note o n ly a d ­
j us tme nt  o f  s u rfa ce and  near-su rface  vo l ca n i c  a nd t u ffaceo u s  sed i me nta ry rocks . "  ( F i gure  35 . )  

T he northwes t -t re nd i ng fa u l ts o f  t he Brot hers  fa u l t  zone have d i sp l aced  a l l  t he roc ks i n  t he area 
except  the  l a te st P l e i stocene " Bad l ands  l avas . " T he l ate st d i s p l a cemen t s  o f  t he  l ava  f l ows are re l a t i ve l y  
sma l l ,  i n  most  cases o n l y  t en  to  a few te ns  o f  fee t  ( F i gure  36) . Some o f  t he s l i g h t l y  o l de r  s h i e l d  vo l canoes 
a nd maf ic  ve nts , such as  Bear  C re e k  B ut tes  a nd Horse R i dge , s how d i s p l aceme nts on  the fa u l t s  o f  a s  m u c h  
a s  a few hundred fee t  ( 1 00 m ) .  Horse R i dge h a s  bee n  fa u l ted  i nt o  a horst a nd grabe n s t ruc t ure . 

H i g h  C a s c a d e s  L i n e a m e n t  

T he st ruc t ura l wea k ne sse s a l ong the H i g h  Cascades  l i neame n t  gene ra l ly t re nd nort h -sou t h  a nd are 
mmked by a l i g ned  c i nde r cone s ,  exp l os i o n  c ra te rs ,  a nd in  some cases  by l a rge compos i t e  vo l canoe s . 
V i s i b l e  fau l t i ng i s  o n l y  m i no r ,  bu t  young vo l ca n i c  act iv i ty has been  con ce ntrated o n  a grand sca l e .  

T he Bache lo r  Bu tte , K wo l h  B u tte , She r idan  Mou n ta i n  cha i n i s  typ i ca l  o f  t h e  l arge r a l i g ned  ve nt s . 
Another  i nterest i ng north -sou th  a l i gn me n t  i s  marked by fou r  s ma l l exp l os i on  c rate rs (maars )  now occup i ed 
by Sou t h  T w i n  Lake a nd Nor t h T w i n  Lake , w i t h  two u nnamed c rater s  betwe e n . T he a l i gnmen t  con t i nues 
nort hward into S h u kash  a nd Pa l a nu s h  Bu t te s  w h i c h  are sma l l c i nder  cones . An o lde r  a l i gnment;.  pa ra l le l  to 
t he H i g h  C ascades, b u t  tre n d i n g  s l i g ht l y  nort hea st , is marked by G i l c hr i st Bu t te , H a n e r ,  W r i g h t ,  Wampus , 
a nd P r i ng l e  B ut tes . G i l c hr i s t  B ut te , o steep -s i de d  s h i e l d  vo l c a no w i t h  severa l pe r i ods o f  vo l ca n i sm , has  
bee n fa u l ted by a N . 1 5 °  E .  norma l fau l t  t ha t  extends  for  a bou t  1 0  m i l e s  nort heastward to t he  nort h e nd 
o f  P r i ng l e  But te . T h i s is t he o n l y  fau l t i n g  i n  t he H ig h  C ascades  zone  w here  vert i ca l  d i sp l acemen t  i s  
consp i c uous . 

Another  d i st i nct i ve zone of weakness i s  marked by the no rt h -sout h s t r i ng  o f  H o locene o bs i d i a n  domes  
o n  t he so utheast  f l a n k  of  Sou t h  S i s ter . Many o t he r  exam p l es can  be ea s i l y  see n  o n  t he geo l og i c  map . 

N e w b e r r y V o l c a n o 

A l most as imp res s ive  as t he  p re v iou s l y  de scr i be d  t rends  i s  t he I o rge  s h i e l d  o f  Newbe rry Vo l ca n o ,  
w h i c h  covers an  area o f  a bou t  6 00 sq uare m i l e s  ( 1 560 km 2) .  N ew be rry Vo l ca no h a s  o s u mm i t  ca l de ra 
( F i g ure 37) , formed by sub s idence on  conce n tr i c  fa u l t s a s  l a va s  from be nea t h  t he vo l ca no we re e r upted 
from ve nts  on the f l a nk s . H igg i ns and Waters  ( 1 967,  1 968)  have descr i bed other m i nor fau l ts w i t h i n  the 
s um m i t  ca l de ra . T he conce n tr i c  frac t ures  a re  ma rked by c i nder  a nd spa t te r  cone s ,  and t he 1 50 o r  more 
c i nder cones  and sma l l  ve nts  on  the f l a nk s  o f  N ew be rry e x h i b i t  a ge nera I N .  25 ° W .  t re n d , w i t h  conce n­
t ra t i ons  o n  t he sou t hea st and  nort hwe st f l a nk s . Most o r e  shown on  t he  geo l og i c  mop . T he strongest  a nd 
l atest str uct u ra I tre nd beg i ns w i t h i n  t he ca l de ra a t  t he  " F i s sure " o n  the  nor th  wa  I I o f  Eas t  Lake a nd exte nds 
northwestward for abou t  1 5  m i l e s  (24 k m )  to j us t  no rt h  of  Lava Bu t te  ( F i g ure 3 8) .  

N e wb e rry V o l cano l i e s  about  m i dway be twee n t he H ig h  C a scades and  t he Bro the rs fa u l t  zone . A l ­
t hough  H i gg i ns a nd Waters  ( 1 967) cons idered  t he Newber ry s h i e l d  to be l oca ted  o n  t he B ro t he rs fau l t  zone , 
more recent  s tud i e s  show t ha t  t he  fou I t  zone passes to the nor theast . T he d i vergent  rock types  e r upted from 
N ewberry V o l c a no suggest  a n  a ssoc i a t i o n  w i th H ig h  C ascade v o l ca n i s m . More de ta i l ed  work w i l l  be nec­
essary , howeve r ,  to  s how whethe r  t he vo l cano  i s  d i re ct l y  asso c iated w i t h  e i t he r  t he Bro t he rs fau l t  z one or  
t he H i g h  Cascades . 

Most certa i n ly t he se l a rge -sca l e  geo l og i c  fea t u re s  have p l a te -tecto n i c  i m p l i ca t i o ns . Bea u l i e u  ( 1 972b)  
has  rev iewed the  t ec to n i c  h i s tory o f  O regon , u s i n g  the concepts  o f  p l ate tec to n i c s  a s  t hey a re present l y  
k now n . I t i s  def i n i te l y  k now n tha t  i n  m i dd l e  Te r t i ary t ime a rad i ca l  cha nge i n  t e cton i c  b e hav io r  occu rred . 
P r i or compress i o na l forces  (p la te  subduct i o n )  w i th accompa ny i ng a nde s i t i c  vo l ca n i sm  and  t h rusf fau l t i ng 
were rep l aced  by te ns iona l forces  w i t h  f l ood basa l ts a nd b l o c k  fa u l t i ng .  T he reason for t he concent rat i o n  
o f  l a te  Te r t i a ry a n d  H o locene vo l ca n i sm i n  t he  T h ree S i s te rs and  N ew be rry Vo l cano  a r e a  i s  no t  y e t  we l l  
u nde rstood a n d ,  as  Bea u l i e u  sugge sts , " A  p l ate  te c to n ic mode l cons i s tent  w i t h  a l l  t he  d a ta i s  yet  to  be 
form u l a ted . "  



G EO LO G I C  STR U C T U R E  

F igure 37 .  Aer ia l v i ew across Newberry ca l dera . Former sh i e l d  vo l cano 
co l lapsed a long concentr i c  fractures, marked by sou th rim in th is  
photo . 

F igure 38 . East La ke and north r im  show i ng the " fi ssure , " a fracture 
marki ng the begi nn ing of the northwest r i ft zone wh ich extends to 
or beyond Lava Butte . 
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G E OT H ERMA L  R E S O UR C E S  

Recent  i nterest i n  Oregon fo r geot herma l resources  i s  h i g h  a nd o u r  s tud i e s  show a favorab l e  geo l og i c  
e nv i ronment for parts o f  Deschutes Coun ty . T he potent ia l for t he fu ture deve l opment  of t h i s  type of  earth 
e ne rgy appears to be cons idera b l e . 

K nown geot herma l reso urces of t he wor l d  occur  ma i n l y i n  reg i ons of rece nt vo l ca n i sm a nd tecton i sm . 
T he produc t ive s team fie l ds of T he Geyse rs i n  C a l i for n i a ,  Lardare l l o i n  I ta ly , and  Matsukawa i n  Japa n ,  
a nd the very hot water reservo i r s  s u c h  a s  those o f  N ew Zea land , I ce land , Cerro Pri e to i n  Mex i c o ,  a nd 
t he Imper ia l V a l ley a rea of Ca l i fo rn ia  a re k nown to be a ssoc i ated w i t h  vo l can i sm ,  te cto n i sm , or bot h .  
Most lower temperature geothe rma l resources a l so have t h i s  a ssoc iat i o n . 

Natura I steam a nd ho t wate rs w i t h  te mperat u res  above 392° F (200°C )  can be used to ge nerate e l e c­
t r i c  powe r .  Waters o f  l owe r tempe ra t ure may be  use fu l  to  generate e lec tr i c  powe r t hrough t he  app l i ca t ion  
of a heat  exc ha nger a nd h i g h -vapo r pressure wo rk i ng fl u i d ,  bu t  t he ma i n  u ses  l ie i n  t he fie l d  of  mu l t i ­
p urpose heat . Ma jor uses for t he l ower  temperature waters i nc l ude res ident ia l a n d  bu i l d i ng space heat i ng ,  
g ree nhouse heat i ng ,  agr i c u l t ura l product  d ry i ng ,  and food process heat i ng  and d ry i ng .  Ice land , New 
Zea land , Hungary ,  a nd K lama t h  Fa l l s ,  Orego n are p l aces we l l  k nown for t he m u l t i -pu rpose app l i ca t ion  
of  geotherma l e nergy . 

I nte nse vo l can i c  a nd  tecton i c  ac t i v ity has  bee n t he geo l og i c  h i story of Desch u te s  County . Vo l can i c  
act i v i ty i n  t h e  Quaternary (2� m i l l ion  years to the prese nt t ime)  has been espec i a l l y pronounced w i t h i n  
t he County . T h i s  i s  shown i n  t he bu i l d i ng of t he great N ew ber ry V o l cano ,  a s h i e l d  comp l ex ,  a nd t h e  
cont i nua t ion  of vo l ca n ic act i v i ty of  t h i s  feat ure esse nt i a l ly t o  t he prese nt t i me .  I t  i s  a l so ev ident  i n  t he 
Q ua te rna ry vo l can i sm of the H igh Cascades , par t i cu lar ly  the Three S i sters-Broken Top area , the Mou n t  
Bache l or-Sher idan  Mou nta i n cha i n ,  and  t h e  Kiwa Bu tte area . 

Tecton i c  ac t i v i ty w i t h i n  Deschutes County i s  ev i de nt from t he presence of the Brothers fau l t  zone 
pass i ng t hrough  t he County . I n ge ne ra l ,  the o l der  rocks a l ong t h i s  zone a re the most i nte nse ly fau l te d ,  
w i t h  fau l t i ng d i m i s h i ng b u t  s t i l l  prese n t  i n  a l l b u t  youngest ( l ate P l e i stocene)  l ava f l aws of  t he " Bad l a nds . "  
Fau l ts a long t he northwest r i ft zone on  N ew be rry Vo l cano ( Peterso n  a nd Gro h ,  1 965 ) seem to be the most 
rece n t l y  act ive . 

I n  t he l ig h t  of t h i s strong vo l ca n i sm a nd tecton i sm w i t h i n  t he Cou nty i t i s  su rp r i s i ng  that o n ly two 
surface therma l d i sp lays a re known . Bot h ex i s t  w i t h i n Newbe rry C a l dera (N ewbe rry C rater) . O ne ser ies  
of  hot spr i ng s  i s  prese n t  a l ong t he northeast s hore o f  Pau l i na Lake and exte nds i n to t he l ake . Maxi mum 
measured temperatu re i s  1 35 ° F  (57 . 3° C ) ,  a nd gas , m a i n ly of  C 02 , i s  em i tted . T he ot her d i sp l ay i s  located 
a lo ng t he south  s hore of East Lake . It a l so extends  i nto t he l ake and has a max i m um measured tempera t ure 
of 1 50° F (65 . 6°C) , and gas , i n c l ud i ng hydroge n s u l fi de , is em itted . Temperatures of  t hese spr i ngs are no 
doubt a ffected by d i l ut io n  w i t h  coo l  l ake wate r s .  

Subsu r face-temperature da ta from we l l s i n  the County are sca rce ;  bu t ava i l a b l e  i nforma t ion  i nd i ca tes 
a tempera ture  grad ien t  be low norma I .  Two ho les  sou thwest of Bend were measu red to a depth of about  
400 fee t  ( 1 22 meters) . T he grad ie nts were essent i a l l y i sotherma I w i th bottom-he l e  temperatures of  9 . 5 °C  
(49 ° F) . T he be l ow - norma l geo the rma l g rad ient  a nd  proba b l e  l ower-t han-norma l terrest r i a l heat f l ow may 
be t he re su l t  of ground-water m i grat ion , s i nce the reg i ona l heat f l ow pa ttern for t h i s  part of  O regon is ex­
pected to be in the norma l to above- norm a l  ra nge . Sceva ( 1 968) suggests a northward m i grat ion of ground 
water in t he Deschutes R ive r bas i n  w i t h  coo le r  waters in the Be nd area a nd i nc reasi ng temperatures toward 
t he nort h . 

Wa l ke r  ( 1 974) a nd Mac leod and o thers ( 1 975) have reported o n  t he progress ive de crease i n  t he age 
of  s i l i c i c  vo l ca n ic erupt ions from east to west a lo ng t he Bro t hers  fau l t  zone in Orego n .  S i l i c i c  vo l can ism 
near  G lass B uttes,  j ust sout h of the eastern  e nd of Deschutes  C ou n ty ,  has a n  age of about 5 m i l l i on yea rs . 
Westward are s ca tte red  younger s i l i c i c  e rupt ions ,  and i n  Newberry C a l dera the you ngest s i l i c i c  rock 
dated so far i s  about 1 , 300 years ( Peterson a nd Gro h ,  1 969) . St i l l  fa rther to t he west , young s i l i c i c  
erupt ions  i n  t he South S i ster -Broken Top a rea are o n ly a few thousand years i n  age . Mac leod a nd others 
( 1 975 ) ,  report i ng on t he s i g n i f i cance of geotherma l potent i a l  in southeast Orego n ,  state : "Most e lec t r i c ­
power-produ c i ng geotherma l fi e l ds  i n  !he  wor l d  occu r  i n  o r  prox ima l t o  a reas  o f  young s i l i c i c  vo l ca n i c  rocks . 
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F i g ure 39 . D iagram  show i ng geotherma I gradi ents for three we l i s ,  BR75-24, BR75-27, and  BR75-25, dri l ied  on a traverse across the 
Brothers fau I t  zone between Hampton Bu tte and Freder i c k Bu tte . 
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On the  bas i s  o f  t he we l l -def i ned age progression  of r hyo l i t i c  domes  i n  Southeastern Orego n ,  s i l i c i c  bod ies  
suffi c i en t l y  young to be heat  sources for geotherma l systems are l i ke ly  on ly  i n  the v i c i n i ty of Newbe rry 
Vo l cano at the west e nd of the northe rn  be l t  of  domes . "  

I nsuff i c ien t  data about geot herma l grad i e nts , heat-f low,and l ack of surface t herma l d i sp l ays  does  
no t  necessar i l y pre c l ude the  possi b i l i ty of a large geo the rma l pote nt i a l  for t he County . Prospect ive areas 
w i t h  good potent ia l i n c l ude t he Brothers fau l t  zone , Newbe rry Vo l cano , and t he H i g h  Cascade Range . 

T he Brothers fau l t  zone a nd assoc iated young s i l i c i c  vo l can i sm , as Wa l ker ( 1 974) says , deserve 
furt her study because of t he i r  poor ly  defi ned pote nt i a l  for geot herma l energy . T he Oregon Department of 
Geo logy is cur re nt l y study i ng t he B rothers fa u l t  zone to determ ine geot herma l grad i e nts  ac ross i ts s t r ike . 
One t raverse i n  Deschutes County ,  where 200-foot (60-meter )  ho l e s  have bee n d r i l l ed  for temperat u re 
measureme nts exte nds from Hampton Buttes to the a rea j ust south  of Frede r i ck  Butte . Pre I im i nary measure ­
me nts (Bowe n a nd others , 1 976) show a s l i ght l y  h i g her  than norma l grad ien t  across t he Brothers  fa u l t  zone 
in t he eastern  part of Desch utes County ( F i g ure 39) . A more refi ned i n terpreta t ion  of t he area heat F l ow 
w i  I I  be made when more grad ient  measureme nts have bee n  take n and when rock heat conduc t i v i t i e s  are 
determ i ned . The Department ' s  pro ject  i nc I udes a ser i es of ho le s  to be dr i  l i ed for temperature measurement 
farther west. exte nd i ng from Bear C reek Buttes to Q uartz Mounta i n  and a t  add i t iona l s i te s  a ro u nd Newberry 
Vo l cano . 

P r ivate compan i es are a l ready show ing i n te rest i n  t he G l ass Butte area . A large number  of app l i cat i ons 
for Federa l geothe rma l l eases have been  f i l ed .  E nv i ronmenta l and other prob l ems shou l d  be m i n i ma l  for 
t h i s  re l a t i ve ly  u n i n hab ited prospect ive area . 

As Mac leod and others  ( 1 975 ) suggest , Newberry Vo l cano and i t s  ca l dera i s  a pr ime prospect because 
of the i nd i ca t ions of a l a rge probab l e  heat source at a sha l l ow depth w i t h i n  t he crust . T h i s  a spect  is appar­
e nt l y t he reason that severa l major  o i l compan i es ,  other  corporat ions , a nd numerous i nd i v i dua l s  have app l i ed 
for Federa l geotherma l l eases . Most of the more t han  300, 000 acres of Federa l geot herma l l eases app l i ed 
for i n  the County are on N ewberry Vo lcano or i n  i ts ca ldera . The geo l og i ca l un i queness , deve loped re­
creat i ona l fac i l i t i e s , and scen i c  aspec ts of the  ca ldera seem to prec l ude any geotherma l deve lopmen t w i th i n  
the ca l dera for the foreseeab l e  fut u re . A 1 975 Oregon leg i s l a t ive reso l ut i on ( H . J . R . 3 1 ) d i rected the State 
E nergy Fac i l i ty S i t i ng Coun c i l  to forb id  therma l powe r p l ant s  in a 39 , 000-1:lcre area wh i c h  i nc l udes the 
Newberry ca l dera and the Lava Cast Forest geo log i c  area . Subsequent l y ,  on November 1 2 , 1 975 , the 
E ne rgy Fac i l i ty S i t i ng Counc i l  took ac t ion  to forb i d  t he rma l powe r p l ants i n the desi gnated 39 , 000 acres 
but  to a l l ow geotherma l exp lora t ion  out s ide the approx i mate ly  1 1 , 000 acres of  t he ca l dera and t he 6 , 270 -
acre Lava Cast Forest geo l og i c  area . 

T he f lanks  of Newberry Vo l cano ,  a l t hough l ess favorab l e ,  may offer prospects for geotherma l deve l ­
opme nt w i th  m i n ima l env i ronmenta l effec ts . 

At t he pre se nt t i me ,  geot herma l prospects for t he H i g h  Cascade range must be cons i dered as specu­
l at i ve . Geo log i ca l l y t he  vo l can i c ity of  t he  a rea suggests l a rge sources of hea t  brought  to  sha l l ow l eve l s  
o f  t he crust ;  however ,  a great dea l of pre l i m i nary exp lorat ion w i l l  be requ i red to assess  t he geotherma l 
resource pote nt i a l . Here agai n ,  exp lorat ion and deve l opment of geothe rma l resources must be compat i b l e  
w i t h  t he e nv i ro nmenta l aspects . 
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N O N -M ETA L L IC M I N ERA LS 

S i g n i f i c a n c e o f  D e s c h u t e s  C o u n t y  R e s o u r c e s  

T he known m i nera l re sources of Deschutes County are the non-meta l l i c types c a l l ed " i ndust r ia l 
m i nera l s . " T hey i n c l ude pum i ce ,  scor ia , c i nders , a nd bu i l d i ng stone (prod ucts of vo l ca n i c  ac t i v ity) and 
d iatom i te ,  c l ay , a nd sand a nd grave l (depos i t s  i n  l akes or r iver  basi ns ) . 

T hese mater i a l s  represe nt an important asset to the economy of Deschutes Coun ty . Bes ides be i ng 
ava i l ab l e  for l oca l needs, they ca n sat i sfy export demand; fa i r l y l arge quan t i t i e s  of pum ice , scor i a , and 
c i nders and  some bu i l d i ng s tone are  s h i pped to  other  parts of the Pac i fi c  N orthwest . 

T he i ndust r i a l m i nera l s  a re i n  adequate supp ly  for the pre se nt t i me i n  Desc hutes County ;  but  certa i n  
mi nera l commod i t i es ,  part i c u l a r l y  sand  a nd grave l ,  essen t i a l i ngred ie nts fo r concrete a nd e conom ic  on ly 
if near the p l ace of use , cou l d  be zoned out of  ex i stence by expans io n of urba n deve lopme nts ac ross the 
surfaces of  t he depos i t s . 

A rev iew of m i nera l prod uct ion stat i st i cs by the U .  S . Bureau of Mi nes ( F i g ure 40) shows that from 
1 950 to 1 96 1  d i atom i te  product ion from t he Te rrebon ne depos i t  was the l ead i ng m i nera l i ndustry ac t iv i ty 
i n  the County . C l osure o f  t he Terrebonne m i ne i n  1 96 1  i s  ref l e cted by a sharp drop i n  the tota l m i nera l 
product ion for 1 96 1 . S i nce 1 96 1 , pumice  ( i nc l ud i ng scor ia and c i nders) , sand a nd grave l ,  a nd stone , i n  
that o rde r o f  va l ue ,  have bee n  the s i g n i f i ca nt mi nera l commod i t i e s  produced i n  the County . The U .  S . 
Bureau of M i ne s '  do l l a r  va l ues are for raw products and i n  most cases represent o n ly a frac t ion  of the 
market va I ue of the products . 

T he i ndustr i a l  m i nera l commod i t ies  are desc r ibed be l ow i n  a l phabet i c a l  order, a nd the locat ion  of 
the i nd iv i dua l m i nera l depos i ts and occurre nces i s  shown on  the M i ne ra l  Loca t ion  Map and l i sted in the 
Appendix . 

B u i l d i n g S t o n e  

The surfa ce a nd near-surface vo l can i c  rocks i n  Deschutes County prov ide a n  a l most u n l i m i ted supp ly 
of  mate r i a l  su i ta b l e  for use a s  rubb l e  or  rough  construct ion  stone , One l arge source is t he ves i c u l a r  basa l t  
o f  the P l e i stocene l ava f l ows ( " Bad l a nds " l ava ) ,  s how n as Qb o n  t he geo l og i c  map , wh i c h  form the exte n­
s ive p l a i n  from Bend to Redmond . The  basa l t  h a s  a c haracte r i s t i c  i o i nt i ng para l l e l  to t he surfa ce that 
a l l ows the near-surface part of t he f lows to break i nto re la t ive ly  u n i form recta ngu l a r  b l ocks of vary i ng 
t h i c kness . T he h i g h l y  ves i c u l a r  nature o f  t he top part of t he f l ows a l so presents a p l eas i ng appeara nce 
when used in wa l l s ,  fa c i ng for wa l l s ,  f i rep l aces , monuments ,  or other construc t io n uses ( F i gu res 4 1  and 42) . 

B l ocks of osh -f l ow tuff, ma i n ly from the areo west and so uth of Bend and near T umo l o , have bee n 
quarr ied , s haped , and used fo r bu i l d i ng construc t ion s i n ce the ea r l y  1 900 ' s  ( F igu re 43) . T he mate r i a l i s  
st i l l  be i ng used loca l l y to  make attract i ve wa l l s a nd bu i l d i ngs ( F i gure 44) , a nd sma l l  tonnages are marketed 
i n  t he W i l l amette Va l ley and Port l and areas . 

Ev idence of quarry i ng on  a sma l l  sca l e  can  be see n at many p l aces . The near -surface occ urre nces , 
ease of quarry i n g ,  and short ha u l  make i t  poss i b l e  fo r i n d i v idua l  operators or sma l l  compan ies to produce 
sto ne with a m i n imum of capita l i nvestment  when a market ex i sts ( F i gu re 45 ) .  

C l a y s  

Characte r ist i cs a nd uses 

C l ay is te chn i ca l l y de fi ned as "a l oose , eart hy ,  extreme ly f ine -gra i ned , natura l sed ime nt or soft 
rock composed pr imar i ly of c l ay -s ize or co l l o i da l  pa rt i c les , a nd c haracter ized by h i gh p l ast i c ity , a nd by 
conta i n i ng a cons iderab l e  amount of c l ay m i nera l s  (hyd rous a l um i num s i l i ca te ) der i ved from fe ldspa th i c  
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F i gure 40 . Deschu tes Coun ty m i nera l produc t i on  as reported by the U . S ,  
Bureau of Mi nes . The  h i g h -va l ue  commod i ty u p  to 1 962 was d ia to ­
m i te from t h e  Terrebonne deposi t .  The l ow i n  1 962 marks the e n d  o f  
produ c t i on a t  Terrebonne . From 1 962 to the presen t , pum i c e  ( i nc l ud­
i ng c i nders a nd scor ia ) , sand a nd grave l ,  a nd c rushed stone have 
been the s i g n i f i can t  commod i t i e s  produ ced . The steep r i se i n  pro­
du c t i on  va l ues of the ear ly 1 970 ' s  ref l e c ts the  rapi d popu l a t i on 
grow th of the Cou n ty . 

3 
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F igure 41 . Vesicu lar basa l t  from the P le istocene Ob lava was used to 
bu i ld th i s  handsome rubb le  stone wa l l  in a restaurant i n  Bend . 

F i gure 42 . Rubb le  stone from Q b  lava f low was used to face  the Don 
McGregor memoria I at Lap ine Recreation Area on the Deschutes 
R i ver . 

43 
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F igure 43 . Rough b locks of Tumo l o  ash -f low tuff were quarr ied and  
brough t to  t he  s i te where they were i ndiv i dua l ly shaped and used 
to bu i ld the Re id  Schoo l  in  Bend . 

Fi gure 44 . The we l ded port ion of the b lac k ash -f low tuff readi ly sp l its 
i nto rough ly  rectangu lar s labs of rubb le stone . Here it has been 
used as wa I I  veneer for a ban k  in Bend . 
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rock s  by wea t he r i ng (pr i mar i l y  decompos i t i o n )  or by pre c i p i tat i o n ,  a nd subord i nate  amounts  o f  f i ne l y  
d i v ided quart z ,  decomposed fe l dspa r ,  carbonates , fe rrug i nous matte r, and o the r  i mpur i t i e s :  i t  forms a 
pasty , p l as t i c  mo l dab l e ,  i mpermea b l e  muddy mass when  fi ne l y  ground a nd m i xed w i t h  water ,  reta i n i ng 
i ts shape o n  d ry i ng ,  and  becom i ng fi rm , roc k l i k e ,  and permane n t l y  hard upon hea t i ng or f i r i ng . " 

45 

T he th ree groups o f  c l ay m i nera l s ,  kao l i n ,  montmori l l on i te ,  and i l l i t e , are a l l comp l ex hydrous 
a l um i n um s i  I i cates  w i t h  var i a b l e  phys i co I properti e s . Most are de nse , f l aky , fi n e-g ra i ned part i e  les w i t h  
t he ab i l i ty to a bsorb substan t ia l  amounts of water o r  o t h e r  l i q u i ds .  C l ay m i nera l s  most common l y  or i g i nate 
from e i ther  hydrot herma l a l te ra t ion  or  from c hem i c a l  weathe r i ng  of pr imary s i l i ca te  m i nera l s  suc h a s  fe l d ­
spa r ,  pyroxe nes ,  a nd amph ibo l e s .  

Most c l ay depo s i ts conta i n  m ix tures o f  c l ay m i nera l s ,  a n d  for use s suc h  as  expa nded aggregate s ,  
c emen t  add i t i ve s ,  or br i ck a nd t i l e  t hey ca n be used untreated a fter crus h i ng . Fo r  more spec i a l i zed u se s ,  
s u c h  a s  mak i ng pottery , fi l l e rs , d r i l l i ng mud , a nd b i nde rs ,  t h e  c l ay must b e  ground , s i zed , and  dr ied . 
Spe c i a l ty c l ays l i ke the kao l i n s ,  f i re c l ays ,  and fu l l e r ' s  earth req u i re more soph i s t i cated process i ng .  

Benton i te i s  a c l ay mate r i a l  composed of extreme ly  fi ne crysta l l i ne montmor i l l o n i te  a nd co l l o ida l 
s i l i ce . Benton i te ca n a bsorb large quant i t i es of water , i ncreas i ng i t s  vo l ume to about  e i g h t  t imes  i ts 
or i g i na l  s i ze . I ts ma i n  use i s  to th i c ke n  dr i l l i ng muds , but i t  ca n be used a l so for l i n i n g  i rr i ga t i o n  
cana l s  a nd ponds t o  preve nt  lea kage . 

C l oy depos i t s  i n  Desc h utes  C ounty 

Two occurre nces  o f  impure c l ay (Nos .  63 a nd 1 0) are shown on  the M i ne ra l  Loca t ion  Map . 
N o .  63 i s  the D .  B .  Anderson (Va n  Meter) c l ay p i t ,  j ust west of Bend . It was t he source of mater i a l  

used i n  mak i ng br i c ks for many o f  t he bu i ld i ngs i n  Be nd dur i ng t h e  ea r l y  1 900 ' s  ( F i g ure 46 ) .  T he depos i t  
occurs on  the downt hrown s i de  of  a fa u l t  i n  a n  a rea  u nder l a i n  by  ash-f l ow tu ffs and  sma l l  basa l t i c  c i nder  
cones . T he f iner  a sh  from t he t uffs a ccumu l ated a l ong wi th  c i nders i n  a sha l l ow u ndra i ned depres s ion 
p robab l y  created by the  fau l t .  T he mate r ia l has bee n part i a l l y weat hered to a m ix tu re of  c l ay m i ne ra l s  
a nd c l ast i c  part i c l e s  o f  pum i ce and c i nders . For mak i ng br i c k , the  coa rse r c i nders a nd pum ice  were 
screened . I t  i s  reported t hat  an updi'Oft k i l n  bu i l t  in about 1 900 was f ired w i t h  s l a b  wood a nd had a cap­
a c i ty of  32 , 000 br i ck s  a day . Apparen t l y  b r i ck s  were produced i nterm i tte n t l y  unt i l  about 1 940 . Un t i  I 
rece nt l y ,  p i t-r un  mate r i a l  was so l d  i n  the Be nd area for use as common fi l l .  

N o .  1 0  i s  the Edgar c l ay depos i t  i n  Sage F l a t ,  about 5 m i l e s  nor th  of S i sters . I t appears to cover 
o n l y  a few ac re s  and to be l e ss t ha n  1 0  feet  t h i c k . T he c l ay i s  ta n to brown a nd conta i ns some carbonaceous 
mater ia l .  I t  probab l y  re s u l te d  from wea the r i ng of fi ne  ash , c i nder s ,  pum i ce ,  and w i nd-b l ow n  mater ia l s  
conf i ned i n  a sma l l undrai ned bas i n  created e i ther  b y  fau l t i ng o r  b y  a l ava f l ow dam that b locked dra i nage 
in t he upper part o f  Steve ns C a nyon . T he heterogeneous f i ne -gra i ned rock part i c l e s  are not comp l e t e l y  
a l tered to c l ay . T he mater i a l  i s  a m ix ture of c l ay m i ne ra l s  i n c l ud i ng benton i te  a nd cou l d  poss i b l y  have 
some use a s  a sea l e r  of water storage ponds o r  i rr igat i on  d i t c hes . 

D i a t o m i t e  

C haracte r i st i cs and  uses 

D i atom i t e , or d iatomaceous eart h ,  i s  a fr iab l e , l i g htwe igh t , l i g h t-co l ored , sed imentary mate r i a l 
composed ma i n l y  of t he m i c roscop i c  s i l i ceous ske l e tons  of aqua t i c  p l a nts (a l gae) ca l l ed  d ia toms . T hese 
pI an ts are abundant  in sho I l ow mar i ne or l a custr i ne  waters where temperat ure , l i g ht ,  nu tr i en t s ,  a nd d i s ­
so l ved s i l i ca  o re  favorab l e  for t he i r g rowt h .  T he she l l s or  frust u l e s  a re  composed of hyd rou s  s i l i ca  s im i l ar 
to opa l ,  a nd each  spe c ie s  has a c haracte r i st i c  s hape , s ize , and orname n ta t ion . T housand s of l i v i ng and  
foss i I spe c ie s  have bee n  ide nt i fied a nd descr ibed i n  the I i terat ure . 

P ure d iatom i te  i s  w h i te , but i norgan i c  sed i ment  or carbonaceous i mpur i t i e s  are u sua l l y present , 
i mpart i ng gray to ta n co l ors to mass ive depos i t s . Because of t he porous na ture of the d i atom s he l l s (some 
cont a i n  75 to 80 perc e nt void vo l u me ) ,  dry i n-p l ace mater i a l s  are l i g htwe igh t  and range from 25 to 35 pou nds 
per cubic foot .  Afte r  process i n g ,  t he dry powders ra nge from 5 to 1 6  pounds per cubic foot . Most depos i t s  
cons i st of a var i e ty of d ia tom  spec i e s .  T he shape a nd s ize of  the  she l i s as we l l  as she I I  fragmentat ion a ffec t  
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F i gure 54 . Pa l l e ts of b lack  ash -f low tu ff rubb l e  stone ready for trans­
port to a Por t land market . S tone from th i s  quarry was used for the 
bui ld ing shown in F i g . 44 . 

F igure 46 . Loca l ly made br i c ks from the Van Meter c lay p i t  were used i n  
many ear ly b u i  I d ings i n  Bend . Th i s  bu i ! d i ng ,  da ti ng from th e 1 920 ' s ,  
now houses a tavern and restaurant . 
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t he proper t ies  of t he d iatom i te .  D i atom she l l s are i nert to most ac ids but w i l l d i sso l ve i n  strong a l ka l i e s .  
D i atom ite ha s  a great va r i e ty of i ndustr ia l uses a s  fi l ters , f i l l e r s ,  i nsu l a t i ng mater ia l s ,  absorbe nts 

and f l u i d  carr iers ,  aggregate and pozzo l a n  for l ig ht-we ight  cemen t ,  abras ives ,  and ceram i c  products . 
Eac h use requ i res d i atom i te of spec i f ied pur i ty ,  part i c l e s ize , part i c l e  shape , and sort i ng .  S i nce d iato­
mite i s  a b u l k  product , a commerc i a l  depos i t  must be re l at ive ly pure , eas i l y  m ined , and econom i ca l  to 
process a nd transport to markets . 

L iv i ng d i atoms f l ou r i sh  i n  c l ear , coo l , re l a t i ve ly  sha l low bod ies  of water w i t h  a h i g h  d i sso l ved 
s i l i ca  content t hat i s  reg u l ar l y  rep l e n i shed . These cond it ions a re most ofte n found in areas of w ide-
spread vo l can i c  ac t i v i ty where dra i nages have been  d isrupted to form l akes and t he vo l can i c  rock products 
eas i ly contr i bute s i l i ca to ground waters . 

D i atom i te i n  Deschutes County 

Dur i ng the past severa l m i l l ion years , cond i t ions i n  Desc hutes County have been  favorab l e  for the 
g rowth  and accumu l a t ion of d i atoms . A part i c u l a r ly notewort hy deposi t  of P l iocene -P l e istoce ne age 
occ urs near Terrebonne . T h i n  beds of  d iatom i te fo rmed in temporary lakes dammed by l ava f l ows across the 
upper Desch utes dra i nage . D iatom ite i s  accumu l at i ng today in apprec i ab l e  amounts in Dav i s  Lake a nd in 
other l akes east of t he crest of t he Cascades . 

Terrebonne deposi t :  D i atomi te was an important commod i ty i n  t he Desc hutes County m i nera l i nd ustry 
from the ear l y  1 920 ' s  un t i  I 1 96 1  . D i atom ite was d i scovered at  Lower B r idge about 6 m i l es west o f T erre ­
bonne , probab l y  by ea r l y  se tt l ers i n  t he a rea . Subsequent exp l orat ion  showed d iatom ite of good qua l i ty 
as much as 38 feet t h i c k  cove r i ng severa l hundred acres . Some d i atomite i s  reported to have bee n  m i ned 
a nd sh ipped before 1 920; however , l a rge-sca l e  product i o n  d id not  beg i n  unt i l 1 936 . T he Great  Lakes 
Carbon Company acqu i red the property in 1 944 and operated i t  un t i l 1 96 1 , when the f i l te r-g rade d iato­
m i te was m i ned out . Tota l product ion must have bee n severa l m i l l ion  tons . T he Terrebonne d iatom i te 
depos i t  has bee n desc r i bed by Stea rns ( 1 93 1 )  a nd Moore ( 1 937 ) .  Dyrsm i d  ( 1 954) desc r i bed the depos i t , 
process i ng  p l an t ,  ware house , and sh ipp ing  fac i l i t ies . 

T he d i atomite occurs w i t h i n  t he upper par t  o f  t he Desch utes Format ion . It i s  unde r l a i n  by a redd i sh­
tan ash-f l ow tuff and over l a i n  by a fa i r l y  t h i ck layer  of sand a nd grave l and a l so by the t h i n  P l e istocene 
Bad l ands l ava f lows . 

T he immed ia te area  around Lower Br idge has not bee n systema t i ca l ly prospected for s im i l a r  depos i ts 
o f  d iatom i te ;  however , Stens l a nd ( 1 970, Rev ised 1 974) has mapped outcrops o f  d iatomite i n  sec t ions 1 3  
a nd 24 severa l m i l e s  east of t he Te rrebonne depos i t .  Possi b l y  othe r tabu la r-shaped bod ies of d iatom i te 
a re covered by t he t h i n  P l e i stocene l ava fl ows i n  t h i s  loca l area . 

Dav is Lake d i atomite : Moore ( 1 937) reported a n  occurrence of d i atomite of rece nt or i g i n  i n  a nd 
a round Dav i s  Lake . The re l a t ive ly  impure d ia tom i te has accumu l ated to a t h i ckness of 3� feet  i n  a l ake 
that formed when Ode I I  Creek was dammed by a l av€1 f low west of Dav i s  Mounta i n  (F igu re 22) . Layered 
pum ice beneath the d i atom i te may have bee n erupted by Mount Mazama . I f  so , i t  i nd i cates how rapi d ly 
d i atom i te can accumu l ate i f  cond i t ions for d i a tom growth a re favorab l e . T he assoc iated ash a nd pum i ce 
a nd the t h i n ness of the depos i t  make t h i s  occ urrence o f  academ ic  i nterest o n l y . 

G e m s t o n e s  

Br i gh t l y co l ored agate , j asper , a nd foss i l wood are present  i n  m i nor amoun ts i n  Deschu tes Coun ty . 
A l though they a re not tech ni ca l ly i ndustr i a l  m i nera l s  and are of on ly m i nor econom i c  i mpor ta nce ,  they 
furn i sh en j oyment and recreat ion for the many hobby i s ts who look for them . The grave l l y  layered sed­
i ments a l ong the nort heastern border of the County , un i t  Tst on t he geo l og i c  map , conta i n  some agate and 
j asper der ived from the wea the r i ng and eros ion of t he C l arno a nd John Day Format ions .  S im i l ar mater ia l s  
have a l so bee n  brought i nto M i l l i can Va l ley b y  streams enter i ng from t he nort heast , a nd agate a n d  j asper 
can be found in the g rave l s  ad j acent to U .  S .  H i ghway 20 from M i l l i can  to Brot hers . 
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P u m i c e  a n d  V o l c a n i c  C i n d e r s  

As i nd ustr i a l  m i nera l p roduc t s ,  pu m i c e , p um i c i te ,  and c i nders  are ge nera l l y grouped toge t he r . T hese 
mater i a l s  are the  resu l t  o f  exp l os ive  vo l can i c  e rupt ion s ,  and  the v o l c a n i c  e nv i ro nme nt o f  Desc hu tes  Coun ty 
has  prov ided s i zea b l e  good -q u a l i ty depos i ts . A t h i c k  b l a nke t  type depos i t  o f  l ump pum i ce under  I i e s  a t  
l eas t  20 sq uare m i l e s  sout hwest , we st , a nd nor t hwest of Bend;  a nd b l ock  p u m i c e  i s  prese nt  as  a frot hy s urfa ce 
l ayer  assoc i ated w i t h  obs i d i a n  f l ows  bot h at N ewberry V o l cano  a nd a t  Rock Mesa . C i nde r -scor i a  cones  
a nd mounds  a re a b u ndan t  t h roug hout  t he County and  represe nt an  i nexha ust i b l e  s u pp ly o f  good -q u a l i ty 
mater ia l .  P u m i c e , p u m i c i te , scor i a ,  and  c i nde rs have prod uced t he greatest do l l a r  va l ue of a ny m i ne r a l  
commod i ty i n  Desc h utes  C ounty s i n ce 1 96 1 , when  the  T e rrebonne d i atom i te  m i ne ceased operat io n ,  

Pum ice  a nd p u m i c i t e  

O r i g i n :  P um ice  i s  a l i g h t -co l ored , ce l l u l a r ,  a l most  frothy roc k  m a d e  up  o f  g l a ss-wa l l e d  b ubb l e  casts 
resu l t i n g  from t he v i o l e n t  expa ns i o n  of gases  i n  a v iscous  r hyo l i te or dac i t e  magma . It may occu r  a s  co ­
here nt , mass i ve b l ock s  composed o f  h i g h ly ves i c u l ar g l assy l ava i n  e i t he r  a f l ow or vent  f i l l i ng or i t  may 
be h ig h ly fragme nted by v i o l e n t  e rupt i on .  When  t he fragme nts  a re l e ss t ha n  4 mm in d i amete r  t he product  
i s  ca l l e d  p um i c i t e ,  even t houg h i t  has  t he same o r i g i n ,  c he m i c a l  compo s i t i on , a nd ce l l u l ar s t ruct ure a s  
pum ice . Pum ice  i s  u sua l l y conce ntrated re l at ive l y  c l ose to t he ve nt from w h i c h i t  was erupte d ,  w h i l e  
p u m i c i te may  be ca r r i ed  by  w i nds  for  great d i s tances  be fore set t l i ng a s  a n  a c c u m u l a t i on of  fi ne -gra i ned a s h .  

Use s :  T he prope r t i e s  t h a t  make pum ice  a nd p um i c i t e  u se f u l  i n  i nd ust r i a l  app l i ca t ion s  i n c l ude l ig ht 
w e i g h t , good heat  and  sound i ns u l a t i on , and  exce l l e nt abras ive capab i l i ty .  T he ma i n  use s for pum i ce 
con t i n ue  t o  be as a l i g htwe i g ht aggregate for bu i l d i ng b l oc k s ,  l i g htwe i g ht s tr uc t u ra l concrete , p l aster 
aggregate , a nd as a so i l  cond i t i one r .  O t he r  uses i nc l ude po l i s h i ng g las s , meta l , l e athe r ,  wood , a nd stone . 
Some sco u r i n g  powders  a nd soaps cont a i n  p u m i c i te , a nd m i nor amount s  a re used a s  f i l l e r s , absorbe n ts ,  
car r ie r s  for i nsec t i c id e , cata ly st ca rr i er ,  and  f i l t e r s . P u m i c i te  i s  a l so used i n  s i zea b l e  quan t i t i e s  a s  a 
pozzo l a n i c  add i t ive  i n  mono l i t h i c  co ncrete : i t  i nc reases t he  worka b i l i ty , s tre n gt h ,  a nd d urab i l i ty of the  
concre te  a nd red uces  t he heat  of  hyd rat i on . 

B l ock  p u m i c e  i s  mere ly  a s i ze  des ig nat i o n ,  be i ng t he l ump or c h u n k -s i ze p u m i ce . I t  ra nges from 
2 i nche s  or  more in one d i me ns i on to  b l oc ks over 5 fee t  i n  d iamete r . T he sma l le r  p i e ce s  have a var i e ty 
o f  use s . T hey make exce l l e n t abras ive b l oc ks for c l ean i ng of restaurant  g r i l l s ,  remov i ng c a l l ouse s ,  dress i ng 
g r i nd i ng w hee l s ,  a n d  po l i sh i ng be l t s; p um i ce  b l oc ks a re a l so used for s t ra i n i ng v i negar . Large r  b lo c ks of  
roug h pum ice  have a market  in  l a ndscape a r c h i tec tu re : t he i r  l i g h t  we i gh t  perm i t s  easy t ransporta t i on  a nd 
hand l i ng .  

P u m i c e  a n d  c i nde r  produc t i on  

Lum p  pum i c e , ma i n ly for use  a s  a conc re te aggregate i n  th e manufa ctu re  o f bu i l d i ng b loc ks , h a s  
bee n  produced  i n  t he  Be nd-T u ma l o  a r e a  i n  l a r g e  quan t i t i e s  s i nce  abou t 1 940 . Produ c t i o n  ha s  genera l l y 
i ncreased , w i t h  an est i mated 380 , 000 c u b i c  yards m i ned , processe d ,  and  so l d  i n  1 973 . T he produc t ion  
i s  d i v i ded betwee n  t he C e nt ra l Oregon Pum i ce Company , w h i c h  has severa l a c t i ve p i t s  wes t  o f  a nd w i t h i n 
a few m i l e s  ;f Bend ( F i gure 47) and t he C ascade Pum i ce C ompa ny , w h i c h  m i nes  from l arge open p i t s  j us t  
sout hwest  of T um o l o .  Bot h compa n i e s  ut i l i z e  i nexpe ns ive ope n -p i t  m i n i ng method s ,  us i n g  l arge fro n t -e nd 
l oaders  to excavate p i t -r un  mater i a l ,  w h i c h  i s  t r ucked to nearby scree n i ng a nd l oad i ng fac i l i t ie s  ( F i g ure  48) . 
T he Ce ntra l Oregon Pum i ce  p l a nt i s  i n  B e nd , a nd t he Cascade Pum i ce  p l an t  i s  at Des c hutes J un c t i o n , a bout  
ha l fway betwee n  Bend  and  Redmond on  H ig hway 97 , 

Bot h p u m i ce compa n i e s  a l so produce red or b l a c k  c i nders  from l oc a l  sources  i n  a var i e ty of s i ze s  
and  have  t he a b i l i ty to marke t  e i t her  pum ice  o r  c i nde rs o r  a b l end  of  the two mater i a l s ,  w h i c h  c a n  be  
u sed  i n  m a nufact ur i ng concrete b l ocks . A l most a l l  of t he s i zed  pum i ce a nd spec i a l ty prod uct s  a re s h i pped 
by ra i l to c ustomers t hroughout  t he Pac i f i c  N ort hwest i nc l ud i ng western  C a nada . 



N O N M ETA LLI C M I N E R A L S  

F igure 47 . Work ing face at a pit  operated by the Centra l Oregon 
Pumice Company at the Bend pumice deposi t .  Mi nab le th i ckness 
of wh i te lump pumice is about 25 feet (8 m) . 

F i gure 48 . At Centra i Oregon Pumice Co . pi t ,  after remova l of over­
burden ,  mi ni ng of pumice  i s  accomp l i shed by large front-end 
loaders and dump trucks . Truck  dri ver genera l ly a lso operates 
the loader . 
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Pumice depos i ts of Deschutes County 

Bend pum i ce depos i t :  T he Bend pum ice depos i t  i s  o l ayer of ash-f low tu ff ,  a s  much as 40 feet t h i ck , 
wh i c h  may extend over at l east 30 sq uare m i le s . It i s  the  second from the bottom of a ser ie s  of f ive ash ­
f low tuffs (see F i g ure 1 5) w h i c h  or i g i nated a s  a qu i ck succession  o f  v i o l e nt erupt ions  from a n  unknown 
vo l ca n i c  vent i n  t he Broken Top-Sou th S i ster area . E i t he r  the heat of the ash  f l ow was not great or i t  
was q u i ck l y  d is s ipated be fore t h e  part i c l es came t o  rest , for t he depos i t  has l i t t l e  o r  n o  i ndura t ion  o r  we l d ­
i ng ,  i n  contrast t o  the ot her ash -f low tu ffs , a n d  c a n  b e  eas i ly excavated . 

T he i nd iv i dua l pum i ce fragments are t i ght ly  packed , however ,  a nd can sta nd as a vert i c a l  wa l l  w i t h ­
out s l ump i ng . Fragments ra nge i n  s i z e  from l e s s  t h an  one m i l l i me ter t o  1 5  cen t imeters (6 i n c hes ) , averag i ng 
3 to 5 m i l l imeters (* i n c h ) .  They a re ho l ohya l i ne (g l ass) p um i ce ,  w i t h  on l y  occas iona l sma l l  fe l d spar 
c rysta l s ,  s how i ng  v i r tua l l y no a l te rat ion or dev i tr i f i cat ion . T hey are wh ite to l i g ht gray a nd appear s i l ky 
a nd fi brous . 

T he contact between  t he Be nd pum i ce and t he ove r l y ing ash-f low tuff i s  common l y  marked by a few 
i nc hes of f i ne a sh ,  wh i te to p i n k ,  that makes a smooth hor izonta l or s l i g ht l y  c urved l i ne o n  t he wa l l s of  
t he p i t s  ( F i g ure 49) . 

T he Be nd pumice  depos i t  appears to have accum u l ated to i t s  g reatest t h i ckness j ust west of Bend , 
where t he prese nce of Awbrey a nd Overturf Buttes h i ndered i ts nort hward f low , resu l t i n g  i n  a t h i cker-than­
average l ayer  to  t he sou t h  a nd west . Fau l t i ng nea r  La i d l aw Butte a l so may have i n f l ue nced t he t h i c k ness 
of t he pumice  depos i t  in t h i s  area . In many areas the depos i t  i s  covered by ash  f l ows ,  l ava f l ows ,  sand 
a nd grave l ,  a nd surfi c i a l  debr i s . 

M i n i ng has bee n conce ntrated near Be nd a nd a t  T umo l o ,  bot h of w h i c h  s t i l l  conta i n  l arge reserves 
est imated to be about a 50-year supp ly . Deta i l ed prospe c t i ng probab l y  wi I I  add to the known  reserves . 
C urrent a nd future ope n-p i t  m i n i ng  of pum i ce w i l l requ i re rec lamat ion  p l a n s .  Ma ny of the o l de r  p i ts have 
bee n aba ndoned; a few are be i ng rec l a i med as l a ndf i l l  s i tes ( F i gure 50) . 

B l ock pumice  depos i t s :  Large l umps a nd b l ocks of pumice occur at two l ocat i ons i n  t he County . 
B lock pumice has bee n m i ned and  marke ted from t he ce ntra l pum ice cone area i n  the N ewberry ca l dera for 
ma ny years . C hunks of pum i ce of good q ua l ity are sorted from ta l us depos i t s  on the east f l a nk  of the cone 
a nd are m i ned from mass ive pum iceous zones a ssoc iated w i t h  the sma l l  obs i d i a n  dome i n  the ce nter of the 
cone . Product i on has bee n  one to a few car loads eac h  year . 

Large quan t i t i e s  of b lock  pumice occ ur i n  the near -surface port ion of t he l arge obs i d i a n  f l ow at Rock 
Mesa , i n  t he Sout h S i ste r area of t he H i g h  Cascades . T he pumice appears to be of commerc i a l  qua l i ty; 
however ,  Rock Mesa i s  w i t h i n  t he Th ree S i sters W i lde rness , and t he va l i d i ty of a group of 1 0  m i n i ng c l a ims 
owned by the U .  S . Pum i ce Company i s  be i ng q uest ioned by the U .  S. Forest Se rv i ce . 

Vo l can i c  c i nders and  scor ia 

Vo l can i c  c i nders are the redd i s h -to-b l ack ves i c u l a r fragments that p i l e  up dur ing exp l os i ve e rupt ions 
of basa l t i c  magma . Most depos i ts of c i nders occur  as  cones or mounds of strat i fied fragme nts t hat range i n  
s ize from a fract ion  o f  a n  i n c h  to seve ra l i n c hes i n  d i amete r . By de fi n i t ion , c i nders are esse nt i a l ly un ­
cemented , j uve n i l e  g l assy and ves i c u l ar e j e cta ra ng i ng  c h i e f ly  from 4 to 32 mm i n  d i amete r .  T he fragments 
over 32 mm (about 1:k i nc hes) shou l d  tec h n i ca l l y be ca l l ed  scor i a . I nd i v idua l cones or mounds of c i nders 
a nd scor i a  may be severa l h undreds of fee t  in d i ameter a nd as much  as 500 fee t  ( 1 50 m)  h i g h  ( F i gure 1 0 ) .  

C i nders a nd scoria cont i n ue to be one of the most important road bu i l d i ng a nd mai nte nance mater ia l s  
for t he extens ive network o f  se condary a nd l ogg i ng roads i n  Desc hutes  County . It is est imated that near ly  
900, 000 c ub i c  yards were  used dur i ng 1 973 . At l east ha l f  of t he product ion  was  used for surfa c i ng a nd 
ma i ntenance of roads used by l ogge rs i n  t he Desch utes N at i ona l Forest . Large q uant i t i e s  were a l so used 
by t he State H i g hway Departme nt , County Road Departmen t , and pr i vate contractors for road bu i l d i ng ,  
ma i nte nance , and wi nter road sand ing . About 1 00 , 000 cub ic  yards were m i ned ,  crushed , a nd scree ned 
by the l a rge pumice  produc i ng  compa n ies  for export , ma i n l y  as  concrete aggregate . Sma l l e r  amounts are 
so l d  for roof i ng gra nu l es and l a ndscape g round covers , B locks of agg l u t i nate a nd l a rge bombs assoc ia ted 
w it h  t he l ayered c i nder depos i ts  a l so have some marketab i l i ty for l a ndscap i ng . 
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Fi gure 49 . A th i n  l ayer of f ine-gra i ned p ink  ash mar ks the contact 
between the under lyi ng Bend pum ice deposi t and the Tumo lo ash ­
f low tuff . 

F i gure 50 . Some of the abandoned pumice p i ts l i ke the one shown 
here are bei ng used for so l id waste di sposa l . 
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A l a rge number o f  conve n ie n t l y  l ocated c i nder p i t s  have bee n estab l i shed t hroug hout t he County . 
T he locat ions  of most of these are shown on t he M i ne ra l  Loca l i ty Map a nd l i sted i n  Tab l e  1 . O n l y  a few 
of t he estab l i shed p i ts are ac t ive at any one t ime , depend i ng on road bu i l d ing  or ma i nte nance ac t i v i ty i n  
t h e  v i c i n i ty . Most of t h e  p i ts i n  t he  western part of t he County are i n  t he Deschutes Nat i ona l Fores t ,  and 
those i n  the  eastern par t are genera l l y on la nds admi n i stered by the Bureau of Land Management , wh i le 
the largest produc i ng pi ts i n  th e northern par t  of the County are on  pr i va te ly owned land . Ear l i er m i n i n g  
prac t i ces whereby large pi ts w i th s teep ver t i ca l wa l ls were deve loped a t  th e base of  a c i nd�r cone or 
mound ( F i gure 5 1 )  have bee n mod i fied ;  now , at  l east those operat ion s  w i th i n  t he Deschutes Nat iona l  
Forest are started near the tops o f  t he cones , and rec l amat ion  o f  t he surface progresses w i t h  m i n i ng 
( F i gure 52) . T h i s  met hod a l l ows m i n i ng of most of the avai l a b l e  mater ia l ,  w i t hout  crea t i ng hazardous 
steep  s l opes . 

A l most any of t he i nn umerab l e  c i nder cones and mounds s hown on the geo l og i c  map are potent ia l 
sources of usab l e  c i nders and scor i a . Desc hutes County has a n  adeq uate supp ly of t h i s  type o f  construc­
t ion mater ia l for a l l  forseeab l e  future use s .  

S a n d  a n d G r a v e l a n d  C r u s h e d  S t o n e  

Genera l d iscuss ion 

Nat ionwide , about 95 perce nt of a l l  sand a nd g rave l produced is  used in t he construc t ion  i nd ustry , 
w i t h  s l i g ht l y  over ha l f  t h i s  tota l i n  road bu i l d i ng and the assoc iated br idges , overpasses , a nd i nterchange s . 
T he rema i nder  i s  used i n  bu i  I d i ngs (pr ivate a nd pub l i c ) and such appurtenances  as d r iveways and park i ng 
l ots . 

Sand a nd grave l as aggregate can be l oose l y  defi ned as t he more or l ess rou nded rock fragments  
(si l t ,  sand , pebb l e s ,  cobb l e s ,  a nd bou lders) ge nerated mai n ly by phys i ca l  weather i ng processes and trans­
ported by the agents  of e ros ion , ma i n l y  run n ing wate r ,  a nd usua l l y  deposi ted rap i d ly in t h i ck-to-mass ive 
depos i ts t hat are c rude ly l ayered a nd sorted . Abras ion of t he rock fragments d ur i ng stream transport usua l l y 
i nsures that the ones that rema i n  w i l l  be somew hat sou nd and durab l e  and usab l e  as an aggregate for aspha l t i c  
or port l and ceme nt concrete . 

Spe c i ficat ions to dete rm i ne sand and g rave l q ua l ity or su i tabi l i ty for a certa i n  use are h ig h ly var iab l e  
and depe nd o n  the spec i fy i ng agency o r  t he mater i a l  ava i l ab l e . One  o r  more of t he  fo l low i ng phys i ca l or 
c hem ica l propert ies  may be s i gn i f i can t :  

1 .  React ion o f  t he aggregate t o  freez i ng o r  thawi ng 
2 .  C hem i ca l react ion w i t h  cement 
3 .  Res i s tance to abras ion and impact 
4 . Gradat ions in s ize 
5. De l eter ious const i t ue nts (as h ,  c l ay , orga n i c  mate r ia l ,  e tc . )  

T he max imum s ize  acceptab l e  for "grave l " i s  about 3 i n c he s ,  and s ince  most occ urre nces common ly  
found i n  Desc hutes County contai n cobb l es and bou l ders greater t han  3 i nc hes , c rus h ing i s  usua l l y  requ i red 
for tota l u t i l izat ion . Contami nants such as c l ay coat i ng the fragments ,  chem ica l sa l ts ,  organ i c  matter , or  
weathered part i c l e s  may req u i re washi ng or ot her process ing to remove t hem . 

"Crus hed stone " subst i t utes for sand a nd g rave l and i s  produced i n  the requ i red s izes by crush ing and 
screen i ng of competent rock types . 

T h i s  report does not represent  a deta i led study of the sand and grave l resources of Desc hutes County; 
howeve r ,  the f i e l d  reconna i ssance ,  a i r-photo i nte rpretat ion , a nd i n format ion recei ved from aggregate 
prod ucers and users show t hat l a rge q uan t i t i e s  of usab l e  sand and grave l are presen t . For t he near future , 
sand and grave l deposi ts i n  l ocat ions conve n ien t  to the markets appear to be adeq uate; however , un less 
reserves near grow i ng urban areas are prote cted by zon i ng ,  they may be reduced or e l im i nated , res u l t i ng 
i n  l onger ha u l s  from ot he r l ocat ions and increased const ruct ion costs . 
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F igure 5 1 . Large c i nder p i t  i n  sec . 33, T .  1 4  S . ,  R .  1 3  E . ,  at south 
end of Tetherow Bu tte . C i nders have been dug here i n termi ttent ly  
si nce abou t 1 940, furn ish i ng Redmond and environs w i th tremendous 
quanti t ies of aggregate . 

Fi gure 52 . Acti ve c i nder pi t ( 1 974) has portab le screen i ng and load­
i ng fac i l i ty .  Near top of Li t t l e  Pistol Bu tte . S lopes are smooth­
ed as materia l is m i ned . 
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Aggregate needs for Deschutes County 

Most of the popu l a t ion  of the Coun ty i s  concentrated in two areas :  1 )  t he t r ia ngu l ar area t hat i n ­
c l udes Bend , Redmond , S i ste rs , Tumo l o ,  and Te rrebonne , a nd 2) t he north -south corridor t hat  i nc l udes 
Lap i ne . T hese areas have shown the most rapid grow t h  i n  t he past  and a re pred ic ted to grow at a faster 
rate than t he rest of the  County . T he pro j ec ted popu l at ion for the County to t he year 2000 , a s  est i mated 
by t he Center  For Pop u l at ion  Re sea rc h a nd Census at Port land State Un i vers i ty , w i l l be more t ha n  doub l e  
that o f  1 97 0 .  

A canvas o f  t h e  l a rgest sa nd a n d  grave l producers a n d  users shows that i n  1 973 about 400, 000 cub ic  
yards were  produced , and i n  1 974 product ion had  i nc reased to  about 460 , 000 cub ic  yards . F rom the 
a bove stat ist i cs ,  per capita use is e st imated to be about 1 2  cubic yards . I f  the h i g h  popu l at ion growth  
p red i c t ions for t he County are acc urate , by  1 990 Deschutes County w i l l be usi ng about 725 , 000 cub ic  
yards  o f  sand and grave l ,  i nc l ud i ng c rushed rock ,  pe r year , and for t he 15  years from 1 975 to 1 990 t he 
County w i  I I  have used up about 9 ,  000 , 000 c ub i c  yards of mate ri a l  ( F ig ure 53) . 

A l l known sources of sand a nd grave l are shown on  t he M i ne ra l  Resources Map and l i sted i n  Tab l e  1 
w i t h  s hort comments a bout quan t i ty a nd q ua l ity . 

Sand a nd grave I re serves 

Bend-Redmond area : Most of the sand and grave l for th e Bend commun i ty has bee n  supp l i ed from 
two areas between Be nd a nd Tumo l o .  F l ood p l a i n  and c h anne l grave l s  of t he  Desch utes R iver at Tumo lo  
have furn i shed the l argest q uan t i t i e s  a nd best q ua l i ty in  t he past ( F ig ures 54 a nd 55) . O l der terrace and  
p revious  stream-cha nne l grave l s  ad j acent  to T umo l o  C reek  nea r  i ts conf l uence w i t h  t he Desch utes R i ve r  
northwest of Awbrey B utte have bee n  deve l oped a nd have furn i shed l arge q uan t i t i e s  of sand  and  grave l i n  
recent years ( F i gures 5 6  a nd 57) . 
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F i gure 53 . Proj ec ted popu lo t ion  growth a nd sand and grave I consumpt ion  in Desch utes  County 
for the per i od 1 970 to 2000 . Popu lo t ion est ima tes from Cen ter for Popu lo t ion Research and 
Census , Port l a nd S tate U ni vers i ty . Sand and grave l est i mates based on per ca p i ta u se  of  
1 2  c ub i c  yards per  year . 
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F i gure 54 . F l ood p la i n and streambank  grave ls adjacent to Deschutes 
R i ver north of Tumo lo can be mi ned to depths of 1 0  or 1 5  feet  
(4  or  5 m) . Grave ls a re  poor ly sorted,  conta i n i ng many large 
bou lders and a h i gh percentage of fi ne , ashy ,  and pumiceous 
mater ia l . 

F i gure 55 . Sand and grave l p i t  near J oh nson Road south of Tumo lo,  i n  sec . 
6 ,  T .  1 7  S . ,  R .  1 2  E .  G lac iof luvia l fan grave ls are over la i n  by 6 to 
1 2  feet (2 to 4 m) of pumi ceous sand and so i I and under la i n  by the 
pi nkish ash -f low tuff un i t . 
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F igure 56 .  Grave l ban k  on a terrace between Tumo lo Creek and the Des­
chu tes River . 0 ld stream-channe I grave I s  may be as much as 30 feet 
( 1 0 m)  th i c k .  Conta i ns some cobb les as much a s  6 feet (2 m) i n  s ize 
and lenses of pumi ceous sand and si I t .  

F i gure 57 . Modern portab le  crush i ng ,  screen ing , and wash i ng p lant of 
Deschu tes R eady Mix Sand & Grave I Co . can produce large quanti t ies 
of s ized materi a l .  P i t i s i n NW� sec . 1 8 ,  T .  1 7 5 . ,  R .  1 2  E .  
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W ith i n 1 0  mi l e s  sou thwest of Be nd , l arge quant i t i e s  of sand and grave l of g l ac i of l uv i a l  or i g i n  are 
prese nt  in severa l l oca l i t ies ad j acent to t he Cascade Lakes H i g hway . Some eva l uat ion of t hese l arge ly  
undeve l oped sand  a nd grave l deposi ts  has  been done , and m i nor quan t i t i e s  have bee n  used for nearby roads 
and h i ghways . Reserves are reported to be at  l east a few m i l l ion  cub ic  yards in t h i s  area . 

G l ac i ofl uv i a l  g rave l s  are a l so presen t  i n  l arge quant i t ies i n  the area from P la i nv i ew to S i sters , w i t h  
t he t h i ckest , best q ua l ity mate r i a l s  i n  t h e  Sq uaw C reek  f lood p la i n  southeast of  S i sters ( F i g ure 5 8 ) .  G l ac ia l l y 
generated c l ast i c  mater ia l s  have bee n  d i s tr i b uted to t he f la t  area ad jace nt to U .  S .  H i g hway 20 and Oregon 
H i g hway 1 26 west and northwest of S i ste rs . T he 1 5 - to 20-m i l e  hau l of t hese grave l s  to t he urban centers 
of Bend or Redmond w i l l  i nc rease transportat ion cost to t he user . 

T he Redmond commun i ty  i s  supp l ied mai n l y from the deposi ts a l ong the Desc hutes R i ver at T umo l o  
and  o l d  c hanne l grave l s  i n  Deep Canyon near  F ryear Butte . A sma l l depos i t  o f  Desc hutes c hanne l grave l s  
near Lower Br idge is  a l so furn i s h i ng some aggregate . T he  l argest reserves c lose to Redmond are reported 
to be near Tetherow Br idge i n  se c .  36 , T .  1 4  S . , R .  1 2  E . , w here o l d  c hanne l grave l s  reworked from the 
Desch utes Format ion  cover about 1 00 acres . T he grave l appears to have a m i nab l e  depth of  at  l east 1 0  feet  
and cons i sts ma i n l y  of rounded basa l t i c  pebb le s , cobb les , and bou lders averag i ng about 3 to 4 i nches  i n  
d iameter . As i n  most ot her g rave l depos i ts ,  40 to 5 0  perce n t  o f  the mater i a l i s  f ine , and much  of i t  may 
have to be re jec ted . 

No  doubt former stream-c hanne l sand and grave l deposits l ie beneath l ava f l ows or ash-f low t uffs 
west and  northwest of Bend , and the Desc hutes Format ion a l so may conta i n  some zones of g rave l farther 
nort h that w i  I I  contr i bute reserves for fut ure need s .  

Eastern Desc hutes County : I n  t h e  eastern part of  t h e  County , an  area around A l fa l fa , ad jacent  to 
Dry R iver , appears to conta i n  e nough fa i r -q ua l i ty sand a nd grave l for cu rrent  and near-fut ure needs . I n  
M i l l i can  Va l l ey , grave l fans from dra i nages o n  the northeast f l anks  o f  N ewberry Vo l cano and P l e istoce ne 
l akeshore grave l depos i t s  ad jace nt to U. S. H i g hway 20 can furn i s h  mater i a l  for road mai ntenance and re ­
surfac i ng .  Grave l fans depos i ted a long t he southwest f l a nks of Hampto n  B uttes have some reserves o f  
c rusher-run  mater ia l s  ( F i g ure 59 ) .  

Southern a n d  weste r n  Desc hutes County : I n t he southern part o f  t he County ad j acent  t o  U .  S .  
H i g hway 97 , i n  the Lap i ne area , t h i c k  l ayers of poor l y  sorted c i ndery grave l provide some mate r i a l  s u i t ­
ab l e  for fi l l  a nd base rock . A l im i ted  supp ly  of better q ua l i ty grave l occurs a l ong l ower Pau l i na C ree k .  
T o  the west , g l ac ia l outwash and  g l a c iof l uv i a l  mater i a l s  are abundan t ,  espec i a l l y  i n  t he area from W ick i up  
to  C rane  P ra i r ie  Reservo i r . 

Good-qua l i ty sand and g rave l deposi ts are not u n l im i ted . Costs w i l l  be i nf l uenced by l e ngth  of 
hau l to t he market , l a nd rec l amat ion restri c t ions ,  and reg u l at i ons requ i red to curb air and water po l l ut ion . 

C rushed stone re se rves  

T he m i nor product ion  ( 1 7 , 000 cub ic  yards  i n  1 97 4)  of crushed sto ne and few q uarry s i tes (s hown  on 
t he M i ne ru l  Locat ion Map ) i nd i cate the lack  of k nown depos i t s  of good -qua l i ty stone su i tab l e  for aggregate . 
T he new ly opened q uarry on C l i ne Buttes has amp l e  reserves o f  f l ow -banded r hyo l i te that  can be crushed ,  
scree ned , a nd  marketed for some aggregate use s .  

Of  t he other near-s urface rock types ,  the P l iocene -P l e istocene non-vesi c u l ar basa l t i c  l ava f l ows 
w i t h  p l aty jo i n t i ng  may be the most su i ta b l e  to crush for an  acceptab l e  aggregate . Most of t hese basa l t  
f lows are t h i n ,  howeve r ,  and quarry s i tes  t hat have t he pote n t i a l  o f  prod uc i ng l arge quant i t i e s  o f  rock 
are scarce . If sand and grave l reserves are eve ntua l ly dep lete d ,  a sear ch  may have to be made to fi nd 
better and l a rger crushed -stone sources .  
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F i gure 58 . Bou ldery g lac ia I grave I i n  channe I of Squaw Cree k sou th of 
Si sters . Large quanti t ies of g laciof l uvia l sand and grave l cover the 
f lat areas ad jacent to Squaw Creek in th is area . 

F i gure 59 . S toc kpi les of crushed and screened aggregate from broad sha l low 

pi ts i n  an a l luvia l fan type of sand and grave l deposi t near H ampton . 



N O N M E TA LL I C  M I N ERA LS 59 

S u r f a c e  S o i l a n d  C o m m o n  F i l l  M a t e r i a l  

Common or se lect  f i l l  mater ia l s  are genera l ly surface so i l s or those m ixed materi a l s  t hat do not meet 
the spec i fi cations for sand and g rave l but a re su itab le for roadway shou lders ,  backfi l l i ng of d i tches and 
t renches that carry such underground uti l i ties a s  water and sewer l i nes a nd power a nd te lepho ne cab le s ,  
a nd for genera l fi l l .  I n  most regions ,  such  mater ia l s  are usua l ly abundant a nd avai l ab le  as  surface depos i ts 
a nd are not considered a n  important resource . In Deschutes County , however , common fi I I  is l ack ing 
wi th in  and adjacent to the popu lat ion centers because l ava f lows are too near t he surface for th ick so i l  
zones to exist (see F igure 1 8) ,  a nd fi l l  mater ia l  i s  l im ited t o  t he few loca l i t ies d i scussed be low .  

We l l  logs i nd icate t hat re lat ive ly fine-grai ned vo l can ic  sediments are prese nt under the young l avas 
at var iab le  depths . In a few p l aces the young l avas d id not cover t hese sed iments a nd they are present 
at the surface , as at t he K nott P i t ,  about 5 mi l es southeast of Bend (S� sec .  1 4, T .  1 8  S . ,  R. 1 2  E . ) .  
Here the mater ia l s  have bee n excavated for use a s  fi l l  s i nce about 1 953 . T he p i t  has been  great ly ex­
panded in the past few years and now serves as the C i ty-County sani tary l andfi l l .  Large quantit ies,  es­
t imated to be as much as 1 00, 000 cub ic  yards per year are excavated to make room for the l andfi l l  and 
for sa l e  and use as fi l l  at construct ion pro jects i n  t he Be nd area . The t h i n l y  l ayered and cross-bedded 
vo lcan ic  sed iments ( F igure 60) are parti a l ly indurated but st i l l  easi ly dug w i th  caterp i l lar  tractor , back 
hoe ,  or front-end loader . T he County supervises t he san itary l andfi l l  and se l l s t he fi l l  mater ia l .  Large 
users of fi l l  from th i s  source are the State H ighway Departmen t ,  C ounty Road Departme nt , C i ty of Bend 
Water Department , and loca l ut i l i ty contractors . 

Amaz ing ly  at t he K nott P i t  s i te , excavat ion of the sediments reached 90 feet be low the surface 
before encounter i ng a l ava f low . It appears t hat surroundi ng t he K nott P i t  there are severa l hundred 
a cres under l a i n  by a th ick se ction of vo l can ic  sed iments suitab l e  for fi l l ,  repre sent ing a l arge quant ity of 
a va I uab I e resource . 

T he Anderson c l ay p i t  west of Bend i n  the SWi , sec .  25 , T .  1 7  S . , R .  1 1  E . ,  has a l so fur nished 
backfi l l  and surface fi l l  mater ia l s  from an  a l l uv i a l  depos i t  wh ic h contains considerab le  quant i t ies of  pumice 
and c l ay .  T h i s  source represents a large supply of  fi l l  for certa in  uses . 

I n  the Redmond area , soi l  zone s  are somewhat th icker  and t he ci ndery so i l  around Tetherow Buttes 
cou l d  furnish fi l l  mater ia l for the Redmond area . Two sma l l areas of vo lcan ic  sediments t hat cou ld  prob­
ab ly  produce usab le  fi l l  were noted south of Forked Horn Butte in sec .  3 1 , T .  1 5  S . , R .  1 3  E . , and i n  
sees . I and  6 1  T .  16 S .  1 R .  12- 13  E .  These occurrences were not ex  am i  ned  i n  deta i I s o  t he  quanti ty 
a nd qua l i ty of the mater ia l i s  not known . 

F i gure 60 . Knott san i tary land­
fi I I  pi t sou theast of Bend 
furn i shes large qua nti t ies of 
common fi l l  materi a l s used 
i n  the Bend area . 
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APPEN D I X :  I N DU S TR I A L  MI N ERAL  OCCURRENCES  I N  D ES C H U T E S  C O U N TY,  OREGON 

Map Type of Location 
N o .  Mater i a l  sec . T .  S .  R .  E .  Q uadrang le Name-i nformat ion References 

1 Ci n�rs & scor ia  9 1 4  8 Three F i nger Jack 1 5 ' Cashe Mt . -current l y  i nact ive USFS S i sters D i st .  
2 Sand & grave I NW 5 1 4  9 S i sters 1 5 ' G lac i a l  outwash , i nact ive Th i s  study 
3 Sand & grave I NW 4 1 4  9 S i sters 1 5 '  G lac ia l  outwash , i nact ive Th i s  study 
4 Sand & �rave I N E  8 1 4  9 S i sters 1 5 '  B lack  Butte-g I a  c i a  I outwash USFS  S isters D i s t .  
5 Ci nders & scor ia  sw 1 7  1 4  9 Sisters 1 5 ' F ivemi  le Butte-not active USFS S i sters D i st .  
6 C i nders & scoria N E  32  1 4  9 S i sters l S  Fourm i l e  Butte-P le i stocene ci nder OSH D -USFS 
7 Sand & grave l sw 1 9  1 4  1 0  S i sters 1 5 ' Hwy 1 26-glacia l  outwash OSHD 
8 C i nders & scor ia  1 9  1 4  1 0  S isters 1 5 '  Zi mmerman Butte-ac tive large OSH D -USFS 

p i t ,  l a rge  reserves 
9 C i nders & scori a  4 1 4  1 0 Sisters 1 5 ' Garri son Butte USFS  

1 0  C lay 1 5  1 4  1 0  S i sters 1 5 ' Edgar C lay  Deposi t-gray to dark USFS  
gray mixed c lays 

1 1 Sand & grave I NW 33 1 4  1 0  S i sters 1 5 ' Lundy Road- layered c i ndery sand Th i s  study 
and grave l ,  g lac i a l  outwash 

1 2  Sand & grave I sw 33 1 4  1 0  S i sters 1 5 ' Gun c lub-medium size materia l ,  Th i s  study 
sha l low pi t 

1 3  D iatomite 1 6  1 4  1 2  C l i ne Fa l ls 7�' Lower Bridge D i atomite (see text) Th i s  study 
1 4  Sand & grave I 1 5 , 1 6  1 4 1 2  C l i ne F a l l s  71' Lower Bri dge-sh a l low terrace,  OSH D 

grave ls  over l i e  d iatom i te 
1 5  C i nders & scor ia S E  1 8  1 4  1 3 Redmond 7�' Deschutes Co . - large w e l l  deve l - MLR,  O S H D ,  

oped pi t Th i s  study 
1 6  C i nders & scor ia  NW 16 1 4  1 3 Redmond 7� ' C .  A .  Loe- large p i t  MLR,  OSHD 
1 7 C inders & scor ia N W  29 1 4  1 3 Redmond 7�' E. A .  Moore-north end of Teth - MLR,  OSHD 

erow Butte 
1 8 C inders &_ scoria  N W  28  14  1 3 Redmond 7�' M&M Roc k Co . -Te th erow Butte N E  MLR,  0SHD 
1 9  C i nders & scor ia NW 33 1 4 1 3 Redmond 7�' Grote Pi t-Tetherow Butte SW MLR, OSHD 
20 C i nders & scor i a  S W  33 1 4 1 3  Redmond 7-�' C i ty Pi t-T etherow Butte S MLR ,  OSHD 
2 1  C i nders & scor ia  N E  33 1 4  1 3 Redmond 7�' Mid-Oregon P i t-Tetherow Butte S E  M L R ,  OSHD 
22 Sand & grave l s �  36 1 4  1 3 Redmond 7�1 Tetherow Rd . P i t-reports i nd icate Th i s  study 

1 00 ac of good qua l i ty grave l 
23 Sand & grave l  sw 1 6 1 5  1 3 Redmond 7�' Deschutes Fm . -on ly  fa i r  qua l i ty OSHD 
24 C i nders & scor ia NW 29 1 5 1 3 Forked H orn Butte 7�' L im i ted supp ly and qua l i ty? OSHD  
25  Sand  & grave I S E  1 1 1 5  1 2  C l i ne Fa l ls 7�' Terrace grave l s ,  good qua l i ty  OSHD 
26 Sand & grave l N E  1 4 1 5  1 2  C l i ne Fa l ls 71' Terrace grave l s ,  good qua l i ty OSHD 
27 Q uarry rock sw 1 6  1 5 1 2  C l i ne Fa l ls 71' C l i ne Buttes-banded rhyo l i te ,  M LR ,  Th i s  report 

l arge supply 
28 C i n<;fers & scor ia  w 1 8 1 5  1 2  C l i ne Fa l l s 7�' Not active, sma l l  p it  O S H D  
2 9  S a n d  & grave I 9 1 5  1 1  Henk l e  Butte 7�1  Deep canyon, active pit ,  good OSHD 

qua l i ty 
30 Sand & grave I 5 1 5 1 1  Henk l e  Butte 7�1 C Ioverde le-fi ne materi a  I s ,  on l y  OSHD 

la i r  qua l i ty 
3 1 C i nders & scor ia N E  1 2  1 5  1 0  Henk l e  Butte 7� ' Cyrus P i t - large c i nder p i t ,  reserves MLR ,  Th i s  study 

unknown 
32 Sand & grave I N E  1 1 1 5  1 0  S i sters 1 5 ' Squaw Creek-outwash , good qua l i ty O S H D  
3 3  Sand & grave I 9 1 5  1 0 S i sters 1 5 '  Weigh S tat ion-Squaw Creek outwash USFS , OS H D  
34 Sand & grave I 1 6  1 5  1 0  S i s ters 1 5 ' Squaw Creek-outwash grave Is OSHD  
35  Q uarry rock 21 1 5  1 0  Broken Top 1 5 ' No name, p laty basa l t  U S F S  
36 C i nders & scor ia  sw 4 1 6  9 Broken Top 1 5 '  Po l e  Creek U S F S  
37 Q uarry roc k 1 1 1 6  9 Broken Top 1 5 ' Squaw Creek-basa I t  USFS  
38 C i nders & scor ia sw 1 2 1 6 9 Broken Top 1 5 '  Me lv i n  Butte USFS  
39 C i nders & scor ia S E  1 5 1 6  9 Broken Top 1 5 ' B lack  Pi ne U S F S  
40 Sand & grave I w�- 36 1 5  1 0  T uma l o  Dam 7�'  P la i nview -quanti ty or extent O S H D  

unknown 
4 1 Ci nders & scor ia  S E  1 0  1 6  1 1 Tumo lo Dam 71 '  Large p i t ,  more avai  f ab le  OSHD 
42 C i nders & scor ia  s 1 2  1 6  1 1  Tumo lo 7�' Sma l l  pr ivate ly  ow ned pi t Th i s  study 
43 Sand & grave I S E  1 1 1 6  1 2  Tumo lo 7-j' Peterson Road-sma l l  depos i t ,  layer- OSHD 

ed f i ne  to  coarse; Deschu tes Fm ,. -

·.44 C i nders & scor i a  22  1 6  1 2  Tumo lo  7�' 
poor to fa i r  qua l i ty 

Long Butte-large supply ava i lab le  OSHD 
45 C i nders & scor ia 22 16 1 2  Tumo lo  7�' Long Bu tte- large supply ava i lab le  M LR 
46 Q uarry roc k 22 1 6  1 2  Tumo l o  7�' I nact ive , p laty basa l t  OSHD 
47 Sand & grave I 30 1 6 1 2  Tumo lo  7�'  Bend Aggregate-reworked Deschut- OSHD 

es Fm . r iver terrace 
48 Sand & grave I 29 1 6  1 2  Tumo lo  7;1-• Bend Aggregate-river terrace,  la rge OSHD 

su pp ly ,  good qua l i ty 
49 Sand & grave I 3 1 1 6  1 2  Tumo lo  7�' OSHD 
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G EO LO G Y AN D  M I N ERA L R E S O U R C E S  O F  D ES C H U T E S  CO U N TY 

APPEN D I X  (Conti nued) 

Type of location 
Materi a l  sec . 

--
T

-
. S .  R .  E .  Q uadrang le  

C i nders & scor ia  NW 36 1 6 1 1 Tumo lo 7�' 
Pumice 1 ' 2 ,  35,  36 1 6 1 1 Tumo l o  7�' 

Sand & grave I sw 6 1 7  1 2 Tumo lo 7�' 

Sand & grove I 1 2 1 7 1 2  Bend 7�' 
Sand & grave I NW 1 8  1 7 1 2  Bend 7�' 

Sand & grave I s �  1 2  1 7 1 1 Bend 7� '-
C i nders & scor ia  N E  23 1 7  1 1  Bend 7�' 
Ci nders & scor ia NW 2 1 7 9 Broken Top 1 5 ' 
C i l')ders & scor ia  16  1 7  1 0  Broken Top 1 5 ' 
Q uarry rock 23 1 7  1 2 Bend 7� '  
Sand & grave I N E 26 1 7  1 4 A l fa l fa 7� ' 

Q uarry rock 32 1 7  1 3  Bend Ai rport 7�' 
C i nders & scoria 33 , 34 1 7 1 2 Bend 7�' 

Pumice , c lay ,  c inders S E 25 1 7 .1 1 Bend 7�1 
Pumice s �  35, 36 1 7 1 1  Bend 7�1 

Sand & grave I 3 1 8  1 1  Shev l i n  Park 7�'  

Bui l d i ng stone N E  1 0  1 8  1 1  Shev l i n  Park 7�'  

Pumice 1 1  1 8  1 1  Shev l i n  Park 7:\ ' 

Sand & grave I 4 1 8 1 1  Shev l i n  Park 7�1  

Cinders & scor ia  1 8  1 8  1 1 Shev l i n  Park 7�· 
C i nders & scor ia  1 3  1 8 1 0  Shev l i n  Park 7� ·  
C i nders & scor ia  1 0  1 8 1 0  Broken Top 1 5 ' 
C i nders & scor i a  w� 1 8  1 8  9 Broken Top 1 5 '  
C i nders & scori a  sw 1 8  1 8 9 Broken Top 1 5 ' 
C i nders & scor i a  28 ,  29  1 8  9 Bache lor Bu tte 7�1 
C i nders & scor ia 4 1 9  8 E l k  Lake 7� ' 
C i nders & scoria s� 30 1 8 1 0  Wanogo Butte 7�' 
Cinders & scor ia  S E  6 1 9  1 0  Wanoga Butte 7�' 
Ci nders & scor ia  3 1 9  1 0  Wanoga Bu tte 7� 
Not used 
C i nders & scor i a  30, 3 1  1 8  1 1  Benham Fa l l s  7�'  
C i nders & scor ia  28 1 8  1 1  Benham Fa l i s 7�' 
Sand & grave I 2 1  1 8  1 1  Benham Fa l ls 7� '  
Sand & grave I 1 5 , 22 1 8  1 1  Shev l i n  Park 7 1 '  
C i nders & scor ia  35,  36 1 8  1 1  Lava Bu tte 7�' 
C i nders & scor ia  30 1 8  1 2  Lava Butte 7�1 

C i nders & scor ia  N E  2 1  1 8  1 2  Bend ?-1 • 
S i l t ,  sand & grave l s �  1 4  1 8  1 2  Bend 7� ' 

C i nders & scor ia  3 ,  1 0  1 9 1 2  Lava Butte 7� ' 
C i nders & scor ia  NE 36 1 8 1 2  Ke lsey Bu tte 7� ' 
C i nders & scor ia  SE  1 9  1 2  Ke l sey Butte 7; ' 

Ci nders & scor ia  S E  6 1 9 1 3  Ke l sey Butte 7� ' 

Sand & grave l 3 1  1 8  1 4  H orse R i dge 7!' 

Sand & grave I 1 1 1 9  1 4  H orse R i dge 7�' 

Ci nders & scor ia 1 6 1 9  1 5  Mi l l i can 7� ' 
Sand & grave I 25,  26 1 9  1 4  H orse R i dge 7i ' 

Sand & grave I NW 3 20 1 4  Evans We l l  7�' 

Name-i nformation References 
La id law Butte-act ive p i t  T h i s  study 
Cascade Pumice-act ive p i t s ,  ash - Th i s  study 

F low pumi ce ,  south of La i d law Bu tte 
Terrace grave l s ,  good qua l i ty ,  

par t l y  removed 
T h i c k  good qua l i ty grave ls  
Deschutes Redi Mix S&G- Iarge 

quant i ty ,  fa i r  to good qua l i ty 
II I I  

T uma I a  Bu tte-not act ive 
Three Creek 
Tr iang le H i l l  
Sma l l  quarry , P l e i stocene basa l t  
D r y  R i ver-outwash , 1 0 '  th i c k ,  

pebb ly  grave l ,  fi ne t o  medium 
Sma l l  quarry , Bad lands Lava f lows 
P i lot Butte Cone-b lack c i nders,  

l i m i ted use 
D .  B .  Anderson-pi t  run mater i a l s  
Centra l Oregon Pumi ce -ac tive 

pumice product ion 
Mai n l i ne-th i n ,  on ly  fa i r  qua l i ty 

grave l s  
Active quarry , b lack ash -flow tuff 

stone 
Centra l Oregon Pumi ce-extensive 

pumice deposi ts 
S ky l i ne Road-th i n  outwash grave l s ,  

most ly  removed 
Swede R idge 
Swede R i dge #2 
East Tumo lo  
Todd Creek-no deve lopment 
Todd Creek #2-act ive p i t  
Red  Bu tte 
Red Crater 
Sand shed, act ive pi t 
Kala Ia Butte 
Kiwa Butte- i nact ive 

Brooks Scan lon Pi t-not act ive 
Cen tra l Oregon Pum ice-c i nder pi t 
F logstone-g lac ia I outwash 
Cen tra l Oregon Pum ice-grave l pi t 
Lava 
Weigh S tat ion-ci nder mound,  sma l l  

source 
Centra l Oregon Pumice-good qua l -

i ty ,  large supp ly  
Vo lcan ic  sed iments ,  f ine to coarse , 

fi l l  mater i a l  removed for sani tary 
landfi I I  

Bess ie  Butte 
Horse Butte- large quant i ty of good 

qua l i ty ova l i a b l e  
Cabi n Butte- large quanti ty of good 

qua l i ty avo l i a b le 
Coyote Bu tte -red c i nders , large 

supp ly  
F i ne materi a l s ,  sma l l  quanti ty 

borrow pi ts 
Grove I fan from Dry R i ver ,  large 

quan t i ty ,  fa i r  qua l i ty 
Reserves not known 
Borrow mater ia l ,  reworked lake 

sedi ments 
Borrow pi t ,  grave l  fan ,  fa i r  qua l i ty 

OSHD  

O S H D  
Th i s  study 

T h i s  study 
Th i s  study 
USFS  
USFS  
O S H D  
Th i s  study 

OSHD  
OSHD 

Th i s  study 
Th i s  study 

OSH D ,  U S F S  

Th i s  study 

Th i s  study 

OSH D ,  USFS  

USFS  
USFS  
USFS  
USFS  
USFS  
USFS  
USFS  
USFS  
U S F S  
USFS  

USFS  
Th i s  study 
OSH D ,  USFS  
Th i s  study 
USFS  
Th i s  study 

O S H D  

Th i s  study 

USFS  
USFS  

USFS  

USFS  

OSHD 

OSHD 

O S H D  
OSHD  

Th i s  study 
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APPE N D I X  (Cont i nued) 

Mop Type of Locat ion 
No . Mater ia l sec . 

--
T

-
. S .  R .  E .  Q uadrang le N ome-i nformat ion R eferences 

97 Sand & grav e l  S E  36 1 9  1 3  Horse R idge 7� ' Borrow pi t ,  Fa i r  med . to fi ne grave l Th i s  study 
98 C i nders & scor ia  sw 1 6  1 9  1 2  Lava Butte 7!' lava R iver-eroded c i nder mound ,  USFS  

i nact ive 
99 C i nders & scoria  S E  1 8 1 9  1 2  Lava Butte 7� ' East Lava Butte- i nact ive USFS  

1 00 C i nders & scor ia  33 ,  34 1 9  1 2  Lava Butte 7� ' K lawhop Butte-not act ive USFS  
1 0 1  C i nders & scoria  34 1 9  1 1  Benham Fa l is 7� '  N . Camp  Abbott-most ly  removed USFS  
1 02 C i nders & scor ia  SE  3 20 1 1  Benham F a l l s  7�' Camp Abbott-act ive ,  large supp ly  USFS  
1 03 C i nders & scor ia  1 9  1 9  1 1  Benham Fa l i s 7t' Boundary, sma l l  p i t  USFS  
1 04 C i nders & scor ia 24 1 9  9 Wanoga Bufte 7t' Dutchman Creek-deve loped USFS  
1 05 C i nders & scor ia  24 1 9  9 Wanoga Bu tte 7� ' D utchman Creek #2-status un know n USFS  
1 06 C i nders & scoria N E  36 1 9  9 Bache lor Butte 7! ' Sher i  dan -not act i ve USFS  
1 07 Sand & grave I 4 20 8 Crane Pra i r i e  7� ' Deschu tes Br i dge-g lac i a l  outwash , USFS  

extent & quant i ty no t  known 
1 08 C i nders & scoria  3 1  1 9  9 Bache lor Butte 7! ' Sher idan #2 USFS  
1 09 C i nders & scor ia  6 20 9 Round Mt . 7� ' Loop U S F S  
1 1 0 C i nders & scor ia  5 20 9 Bache lor Butte 7! ' 1 945 U S F S  
I l l  C i nders & scor ia  5 20 9 Round Mt . 7�' J unct ion USFS  
1 1 2  C i nders & scor ia  5 20 9 Round Mt . 7� ' Junc ti on #2 USFS  
1 1 3  C i nders & scor ia 35 1 9  9 Wanoga Butte 7� ' Nor th End USFS  
1 1 4 C i nders & scor ia  S E  1 1  20 9 P isto l  Butte 7t ' Lo lo Bu tte-act ive pi t USFS  
1 1 5  C i nders & scor ia  4 20 1 0  P is to l  Butte 7� ' S tra i gh t  USFS  
1 1 6 C i nders & scor ia 4 20 1 0  P is to l  Butte 7� ' S tra igh t  #2-deve loped USFS  
1 1 7  C i nders & scoria 34 1 9  1 0  Wanoga Butte 7� ' F i r e  Brea k U S F S  
1 1 8  C i nders & scor ia 1 1  20 1 0  Anns Butte 7� ' L i t t l e  Ann-act ive pi t USFS  
1 1 9 C i nders & scoria 1 9 , 20 20 1 0  P isto l  Butte 7i ' P isto l  Pi t -used i n  1 974, act i ve ,  USFS  

l a rge  quant i ty 
1 20 C i nders & scor ia  1 5  20 9 Round Mt . 7� ' R i dge USFS  
1 2 1  C i nders & scor ia  1 7 20 9 Round Mt . 7� ' Lumrum Bu tte USFS  
1 22 C i nders & scor ia  1 9  20 9 Round Mt . 7� ' North Cone USFS  
1 23 C i nders & scoria 1 9  20 9 Round Mt . 7� ' South Cone USFS  
1 24 C i nders & scor ia  30 20 9 Round Mt . 7t ' Lookou t Mt . USFS  
1 25 Sand & grave l 1 4  20 8 Round Mt . 7! ' Lodgepo le  USFS  
1 26 Sand & grave I 23 20 9 Round Mt . 7� ' F la t  USFS  
1 27 Sand & grove I 2 1  20 8 Crane Pra i r i e  Res . 7� ' D eschu tes R i ver U S F S  
1 28 Sand & grave l 22 20 8 Crane Pra i r i e  Res . 7� ' Snow Creek USFS  
1 29 Sand & grave I 30 20 8 Crane Pra i r i e  Res . 7� ' Cu l tus  J u nct ion USFS  
1 30 Sand & grave I 30 20 8 Crane Pra i r i e  Res . 7� ' C u l tus Creek USFS  
1 3 1  Sand & grave I 36 20 7 Crane Pra i r i e  Res . 7� ' Spruce USFS  
1 32 Sand & grave l 1 2 1  7 Crane Pra i r i e  Res . 7� ' Q u inn  USFS  
1 33 C i nders & scor ia  4 2 1  7 I r i sh Mou nta i n  7� ' Lem ish USFS  
1 34 Q uarry rock 34 21  7 The Tw i ns 7�' Annex USFS  
1 35 Sand & grave I N E  36 2 1  7 Davis Mt . 7� '  West  Browns Creek USFS 
1 36 Sand & grove I N E  36 2 1  7 Davis Mt . 7� ' East Browns Creek USFS  
1 37 Ci nders & sco;- ia  6 22 8 Davis Mt . 7� ' #2 1 7-not deve l oped USFS  
1 38 C i nders & scor ia sw 14  22 7 Davis  Mt . 7� '  P i ne  Bu tte-ac t ive pi t ,  good qua l i ty U S F S  
1 39 C i nders & scor ia  N E  22 22 7 Davis  Mt . 7�'  North Davis  Mt . -act ive pit ,  red USFS  

c i nders 
1 40 Sand & grave I NW 28 2 1  8 Davis  Mt . 7�' Sheep Bri dge USFS  
1 4 1  C i nders & scor ia  16  2 1  8 Crane Prai r i e  Res . 7� ' Crater & Crater #2-deve loped U S F S  
1 42 C i nders & scor ia 16 21  8 Crane Pra i r i e  Res . 7� ' Dam USFS  
1 43 C i nders & scor ia  9 ,  1 0  2 1  8 Crane Pra i r i e  Res . 7! ' Shuckash USFS  
1 44 C i ndE'.rs & scor ia  1 0  2 1  8 Crane Pra i r i e  Res . 7! ' Pa lanush U S F S  
1 45 C i nders & scor ia  6 ,  7 2 1  9 Round Mt . 7!' Round Mt . Pass-act ive p i t  USFS  
1 46 C i nders & scor ia  E�  1 3  2 1  8 Round Mt . 7� ' Round Mt . USFS  
1 47 C i nders & scor ia  33  20  9 Round Mt . 7� ' South Dry Butte USFS  
1 48 C i nders & scor ia  sw 34 20 9 Round Mt . 7t' Addi t ion U S F S  
1 49 C i nders & scor ia  sw 34 20 9 Round Mt . 7�' 1 808 USFS  
1 50 C i nders & scor ia  SW 34 20 9 Round M t .  7� ' 1 808 #2 USFS  
1 5 1  Q uarry rock 1 4  21 9 LaP i ne 7! ' Pri n g l e  Fa l l s USFS  
1 52 C i nders & scoria NW 36 2 1  9 La P ine  7! ' Cru i ser Butte USFS  
1 53 Sand & grave I 25 20 1 0  Anns Butte 7�' Gassner-pi t run ,  fi l l  USFS  
1 54 Sand & grav e l  N E  6 2 1  1 1  Anns Butte 7! ' Med . to f ine ,  poor qua l i ty O S H D  
1 55 Sand & g rave I N W  5 2 1  1 1  Anns Butte 7� ' Hwy 97 # 1 3-mos t l y  fi ne ,  fa i r  to O S H D ,  USFS  

poor qua l i ty ,  pebb l y  grove l 
1 56 Sand & grave I sw 5 2 1  1 1  Anns Butte 7� ' Hwy 97 # 1 4-mos t l y  fi ne ,  fai r  to O S H D ,  USFS  

poor qua l i ty ,  pebb l y  grav e l  
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Map Type of locat ion 
No . Materi a l  sec . 
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T
-

.
-

S .  R .  E .  Q uadrang le  Name-i nformation References 

1 57 Sand & grave I w 1 8  2 1  1 1  Anns Butte 7!' Pau l i na Creek O S H D  
1 58 Sand & grave I 1 ,  6 22 1 0  F i n ley Butte 7t '  B LM p i t s ,  a c t i ve 1  fi ne to med . O S H D  

c i ndery grave l s  
1 59 Sand & grave 1 sw 24 2 1  1 0  F i n ley Butte 7!' L i t t l e  Deschu tes-outwash OSHD  
1 60 Sand & grave 1 1 8  22 1 1  F i n ley Butte 7!' F i ne to med . ,  c i ndery sand & grave l O S H D  
1 6 1  C i nders & scoria 20, 2 1  2 2  1 1  F i n ley Butte 7t ' F i n ley Bu tte-act ive pi t ,  large supp lyOSH D ,  USFS  
1 6 2  C i nders & scor i a  14  22 1 1  Pau l i na Peak 7�' P ipe l i ne-not act ive USFS 
1 63 Sand & grave I N E  28 2 1  1 1  F i n ley Butte 7i' Pra i r i e-Pau l i na Creek outwash , U S F S ,  OSHD  

good qua l i ty 
1 64 Q uarry roc k N E  26 2 1  1 1  Pau l i na Peak 7� '  McKay Butte-rhyo l i te v i trophyre O S H D  
1 6 5  C i nder & scor ia  5 22 1 2  Pau l i na Peak 7�' Pau l i na Lake USFS  
1 66 C i nders & scor ia  S E  1 9  20  1 2  Lava Cast Forest 7! ' Sugar P ine Bu tte USFS  
1 67  C i nders & scor i a  S E 2 1  20 1 2  Lava Cast Forest 7! ' Lava Cast USFS  
1 68 C i nders & scor ia  NW 24 20 1 2  F uzztai I Butte 7! ' Lost Bu ttes USFS  
1 6 9  C i nders & scor i a  N E  1 2 1  1 2  Fuzztoi  I Butte 7� ' Pi I pi I Butte USFS  
1 70 C i nders & scor i a  N E  34 20 1 3  Fuzztai I Bu tte 7� ' Company Butte USFS  
1 7 1  C i nders & scor ia  N E  2 2 1  1 3  Fuzztai  I Butte 7�'  Orphan Butte USFS  
1 72 C i nders & scor ia  sw 1 4  2 1  1 3  Fuzztai  I Butte 7� 1  C i nder H i  I I  USFS  
1 73 C i nders & scor ia  4 22 1 3  N o  map The Dome USFS  
1 74 C inders & scor ia  29 22 1 3  N o  map Kweo Butte USFS  
1 75 C i nders & scor ia  28 22 1 3  N o  map Box Butte USFS  
1 76 C i nders & scor ia  NW 25 22 1 3  No  map C i nder Cone USFS  
1 77 C i nders & scor ia  S E 34 22 1 4  N o  map Lava Pass USFS  
1 78 C i nders & scor ia  34 2 1  1 4  N o  map Sabo l Bu tte USFS  
1 79 C i nders & scor ia  N E  36 2 1  1 4  No map Ground H og Butte USFS  
1 80 C i nders & scor ia  30 22 1 5  N o  map F i restone Butte-act ive pi t  USFS  
1 8 1  C i nders & scor ia  S E  32 22 1 5  N o  map Rogers Butte- i n term i tten t l y  act ive USFS  
1 82 C i nders & scori a sw 27 22 1 6  No map Watki ns Butte USFS  
1 83 C i nders & scor i a  8 ,  9 22 1 6  N o  map P lot Butte-act ive pi t 1  large quant- USFS  

i ty m i ned 
1 84 Q uarry rock sw 28 20 1 5  P ine  Mt . 7� · P i ne Mt . -rhyo l i te USFS  
1 85 C i nders & scor i a  1 1 ,  1 4  2 1  1 5  N o  map Ante lope Spr ing USFS  
1 86 Sand & grave I 33,  35 1 9  1 5  Mi l l i can 7� ·  Layered pebb ly grave Is O S H D  
1 87 Q uarry roc k sw 33 1 9  1 6  Mi l l i can S E  7� ' Sma l l  quarry , basa l t  lava f lows OSHD  
1 88 Sand & grave I 4 20 1 6  M i  I I i can S E  7�' Grave l l y l ake sediments1  borrow OSHD 

mater i a l  
1 89 Sand & grave I 3 20 1 6  M i  ! I i con S E  7� · O S H D  
1 9� Sand & grave I 2 20 1 6  M i  I I i can S E  7� ' F i ne to coarse layered lake sed i - O S H D  

ments 1  borrow p i t  
1 9 1  Q uarry roc k 1 20 1 6  Mi l l i can S E  7� '  Sma l l quarry ,  f l ow basa l t  O S H D  
1 92 Q uarry rock 1 4  20 1 7 Brothers 7·J 1 Sma l l  quarry , f low basa l t  O S H D  
1 93 Sand & grave I s �  1 20 1 8 Brothers 7� · Pi t-run grave l 1  deri ved from Joh n  Th i s  study 

Day Formation 
1 94 C i nders & scor ia  19 ,  20 · 20 1 9  N o  map Active p i t ,  large quant i ty of Grassy O S H D  

Bu tte r e d  c i nders avai ! a b l e  
1 95 Sand & grave I 1 20 1 9  N o  mop O S H D  
1 96 Q uarry roc k N E  7 2 1  1 9  No map Sma l l  quarry , f l ow basa l t  OSH D 
1 97 Sand & grave I 1 3  2 1  1 9  No map O S H D  
1 98 Sand & grave I 20, 2 1  2 1  20 No map S i l ty grave l s ,  f i l l  mater i a l O S H D  
1 99 Sand & grove I 1 6  2 1  20 No map A l luv ia l fan ,  s i l ty grave l s ,  some O S H D  

usab l e  grave l 
200 Q uarry rock 26 2 1  2 0  No map P l a ty rhyo l i te ,  large pit  O S H D  
20 1 Sand & grave I 1 5 , 22 22 2 1  No map Reported to be grave I & roc k O S H D  
202 C i nders & scor ia  28 ,  33 22 23 No map Active p i t  OSHD 
203 Sand & .grave I 1 4  22 23 No map Misery F lat-pi t run grave l prospect  OSHD 
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EXPLANATION 
Holocene basalt nows 

Holocene basal/  und basaltic an desite [lows less than J J , /J OO 
y ears old. Most are darl!-gray to black, d�nse basaltic laua.� of 
aa or bloch flo ws. Age determined &y radiocarbon, a&sence a{ 
Mazama p u m ice man!k (6, 600 rodiocarbon years), or e.�ti­
mated &y comnarisor1 wilh other /mown Holocene sw·{aces. 

Silicic flows and domes 
Holocene silicic laua {lows, obsidinn domes, pu mic« cones, and 
ash flows. Mosl/-y rhyolite to daciiP in composition. A!IC! 
determined &y radiocarbon and hy dra/ion-rind dating, absence 
of Mazama p " m ice, or estimated /Jy comparison with o ther 
known Holocene st•rfaces. 

Alluviu m and surficial deposits 
Unconsolidated grat.'eJ�. sands, and silts Wid by streams, with 
minor w ind-deposiled .•ill and ash. f>«mic«ous and cindery at 
man}' locations. Includes slope wash, pla-ya depOHiiH, alluvial 
f'ans, Whe-bed depo�il�, and dune sand. ,'1/umerous pu tche.� of 
allm!ial deposits loa small to map occur on lar'u {lows and ash 
(lo ws, 

Pleistocene basalt flows 
Gray, d i h ty taxiti", olivine basalts origina ting on and about 
fl<lnhs o{ !'-l«w b«rry Volcano and a.<s<>cinled with Brothers 
l''ault Zone in eas/f'rn pnrt o{ County. Also includes large area 
of medium- to dark-gra y .  m•siculur to dense olivine ba�ults and 
/Jasalt ic-andesite /av!ls of lligh Cwcades, some o{ wl1ich are 
porphyritic. 

Glacial and fluvio-glacial deposits 
Gravels, sa11ds, silts of glacial ar>d {luvio-glacia! ori>;in. Ulcludes 
lateral moraines, terminal moraines, drift, and o u twash. 
Di.�tinetion bdw<'rm glacinl and {luuio-1-{/aciul deposits and 
in terfingering alluvium b; mosll:,' inferred. Bedrock is mapped 
in many places where only thinly man /led by glacial debris. 

Silicic lavas and domes 
Vomeo and flo ws of silicic amlonile, dacite, and rl1yolite mostly 
in .'llew &erry Volcano ama and in T-ligh Cascades. particularly in 
Brolwn Top-So uth Sister area. 

Ash-flow deposits 
A series of at  leas/ fh•e ash-flow tu ffs separated by minor 
erosio nal unconfnrmilh'S. Exposed mostly wesl of the De 
,;ch u tes River; source rwar Broken Top uolcmlO in High 
Ctlscadl'.<, Asll-florv " n its vary in color from red tl1rough gray 
to b!ac/1 and are semi-wdded /o highly welded. The ash-flo w 
u n it ea;;/ of 1\lew berry Caldera .(.V'ew berr-y Crater) is brownish, 
co n tain;; many rock {ragmen/s, and is believed to have br:en 
l'rnpted from a sourc<' al Newberry Volcanr>. 

Older basalts 
'l'hidt to thin (lo ws of vesicular /<J dense basalts and 
b<lsaltic-andl'site.�. Some are dil• tylaxilie and many dense 
>-'ar·ieties .<how c haracteristic plnty join ling. Typically form 
rimrock.< a/On!< lower Deschu tes Rirwr Canyon in the northern 
part of Coun ty. A lso a major u n it in eastern par/ of County. 
Age: PliocenP and Pleistocene. 

Deschut�s Formation 

Dikes 

Flu."iati!e and lacustrine sediments composed of gravel;;, sands, 
tmd sill� of l'Oicanic ejecta and rewor·ked volcanic ma terial: 
much of sediment p!lm iceo«s and cindery, lnler·bedded basalt 
{!o ws and ash-fluw tu ((s occur· in the section; basi esposed in 
Desch " tes River Canyon in northern part of County. Diatomite 
deposits itl L<JwPr Bridge area of Desch u tes Rimor C11t1)'0n are 
included. ln northern pari of Coun t�·. Deschu les Forma/ion 
reporte d.  lo he Pliocene in age but near Bend il appears to &e 
part o{ a conlinuous depositional sequence (rum Pliocene inlo 
Pleistocene. 

1Varrow sirwous basalt sp ines aosocialed with tlw cinder and 
lava nwu nds which in some cases mark fissure sow·ces for the 
QTb {/tJ WS. 

Pyroclastic volcanic rocks 
J)asallic and andesilic �coria cone.< (cinder cone.�). mounds, and 
spaJ(er con(!s. Compo�erl o{ coar·se /0 fine {ra{!ment.< varying 
from reel lo blacll and large to small bombs and lapi/li will! 
�o me a,gglulinale zo nes. includes luff cone Sill• um Bu lte,_ma a r.< 
o{ 1\lorlh and Sor.l/.h J'win Lal,es. unci eroded palagonite tuff 
cone� o{ Wake fj u tte, also three eroded palagonite t"ff con<?s 
within lliewberry Caldera (J'\iewberry crater). [ncludes h undred.< 
tJ{ sy mmetrical cinder cones on {lr!11 ko of Newberry Volcano 
and the easl fla n k  of /he HigiL C!!scades. Man�· pyroclastic 
(<Ja tures modified by erosion to low mound.• with intrusive 
sp ine and dike-like mru.:ses. Age Pliocene, P1PistocNtO', and 
Holocene. 

Mafic vent rocks 
Constr"ctionfll landforms, lava ,_,ones, and shidds; some iligh/y 
modified by erositm, as in High Cas,t ule.� (Norlil and Middle 
Sisters). Composed of basal/ and lwsq_/lic-ande.�i/e {lows, 
agglo merates, scoria, and brt' c c ia. Jncl"des associated dike.� and 
intrusive masses of ba�ail and basaltic andesite. Age: 1llio cene, 
Pliocene, and Pleistocene. 

Silicic vent rocks 
Domes and {low complexes of silicic andesile, dacite, and 
rhy olite exhibiting "n.eroded to h i.ffhh' eroded consln•clional 
forms. Al!e: Eocene?,  Oligocene, ;V/iocene, Ptioc�ne, and 
Pleistocene. 

Tertiary basalt 
Gra;,-· to blad'?, mo�l/y lhin, P!lhoeho•', diftl:,· taxilic basalt {lows 
co n taining sm11Jl lo modl'm/e nmoun.ls of olivint'. Some {lo ws 
are platy o/iuine andi'Sil« or b!!�allk andesite. Age: Plio�·enc. 

Tuffs and tuffaceous sedimentary rocks 
Indurated to Joosly consolidated lacustrine tuffaceous sand· 
stone and siltstone. Includes also welded and notHt•elded tuffs, 
ash and ashy diatom ite, claystone, conf!lom era te and minor 
{anlfln merate, and I«{{ breccia. HeKlricted lo eastern pari o{ 
the County and may be corTi!/aliue in part wilh Descludes 
Formation. AMC!; Pliocen«. 

Welded tuffs 
Parts of den�ely welded ash-flow lu ffs occurring only in !he 
eqs/ern par/ of lh>' Cowdy. Age: Pliocene. 

Pre-Pliocene rocks 
Includes andesite {lou;s and breccia of Clarno age, tu{fs and 
tuf{acceous sedim<Jnts and a�h-{!ow tuffs of John Day a)fe, den$e 
basalt {to ws o( Co lum bia R iL·er Group, and luf[a,·eo"s 
s«dimenls of pro bable AJascall age, Present only in several small 
areas along the northern boundary of County, Age: Eocene, 
Olfgocene, and i\fiocene. 

G EO LOG IC SYMBO LS 

Contact 

Fault 

Uash ed where approx imald}' located: dotted where inferred 

Das/1ed whl're approxirn!!lely located; dotted where interred 
Bar and ball on downthro w 11 side 
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EXPLANAT I O N  
A.llu v1um and Surficial Depostt.s 

Unc:on>OIIi1a lt>d gr acd• '""d' orHI "II dep a < t t e d  bv <lr<•am' 

rmcl m .n o r  " 1 1  M1d a,/r de pu>! l ed I n  u m d  P"""'-'' ' "' ' rm d  

<:md<n '" H! a n �  p / , c c ;  '\'u m �rrw' '"'"II p a l< i r e '  o f  grat e/" a n d  

orm d m e r ! >  u r i!  Q w l  n o /  11r apped 'i r >n riM ' m a l l  m ea' o f  ''Its a n d  

' " 11  m deple«tUIJ, ,w ro u mk d  b }  lava [lo w� ,r,o n o /  mappul 

E./ong« le /o {a" ,/r ap�d ;<rrwl?l d<pO"I' 0 11 / c r rares m a r l· fm me1 

e h a n n c b  o f  m m n  d r a ma�es 

You nger Basalts 

C, ra) d ,/?l y la \ l l l(, o l w un '"''"II' Ollj!m a l mk " "  o n d  a l>rH d  the 

n o r th e r n  ar1d w e l l i' 1 11 {/an i" o{ i\� w ber� v Vol<arrn A l<o 

m<lu de� m ed r " m to da r/ ;rr a �  V<<ICiliar lo de""' I.><Ha l l  a n d 
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