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FOREWORD 

Throughout h i story minerals have been i mportant to mankind . Our present h i ghly 
developed c ivi l ization cou l d  not exist if we were not ab le  to u ti l i ze th e many m in
eral products, both metal l i c and nonmetal l i c, that are avai l ab l e  to us . Al l forecasts 
for the future i nd icate that the need for mineral s  w i l l cont inue to increase, if we are 
to maintain our present standard of l iv ing . In the past century our popu lation grew 
more than 400 percent, but our minerals consumption increased by more than 4000 
percent . Today, per-capita demand for minerals i n  the Uni ted States amounts to 
about $ 1 50 per year . By the year 2000, the U . S .  Bureau of Mines bel i eves th at our 
per-cap i ta mineral demand w i l l  be approxi mate ly $420 . 

There is a large area i n  south -central Oregon between K l amath Fal l s  and Lake
v iew where w idespread metal l i c  m ineral ization is known to occur . It i s  in  th i s  region 
that Oregon 's  on l y  uranium  mine operated dur ing the late 1 950 's, and there has also 
been sporadic production of mercu ry, copper, l ead, and z inc . The nonmetal l i c  re
sources in  K l amath and Lake Counties have never been adequate l y  expl ored, but i t  
i s  known that there are l arge depos i ts o f  diatomi te, pum i ce, per l i te, and peat . 

The State of Oregon Department of Geo l ogy and Mineral Industr ies h as now 
completed a geo logic study of this area as part of i ts continu i ng program of investi 
gating and reporting o n  the mineral resources o f  Oregon . The Great Northern Rai 1-
way and the Pac i fi c Power & Light Co . partic ipated i n  th i s  project by contr ibut ing 
funds to assist i n  the fie l d  work and to publ i sh th i s  bu l l eti n .  Mr . Ho l l is M .  Dol e, 
former State Geologi st, i ni ti a ted the study and coord i  noted the act iv i t ies that l ed to 
the successfu l comp letion of the survey . It is hoped that the i nformation presented 
in the report w i l l  resu l t  in the deve lopment of new i ndustri es for th i s  part of the state 
as we l l  as provide needed addi t ional mineral resources for the nation ' s  u l t i mate benefit .  

February 1 970 

i i  

R .  E . Corcoran 
S tate Geologist 
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ABSTRACT 

The 6000-square-mile pro ject area in eastern Klamath and western Lake 
Counties in south-central Oregon is underlain entirely by a thick assemblage of 
volcanic rocks and of sedimentary deposits derived from them. The rocks range in 
age from Oligocene to Holocene. In general the oldest rocks, which are predom
inently andesitic to rhyolitic pyroclastics, occur in the eastern third of the area. 
The younger rocks are mainly basaltic and cover the western and northern parts of 
the area. 

The most conspicuous structural features are north to northwesterly trending 
normal faults of large and small displacement that are reflected in the present phys
iography, which is dominated by northerly trending parallel mountain ranges and 
valleys. Sometime after this prominent regional fault pattern was initiated, the 
whole area was folded into broad, low-amplitude anticlines and synclines with 
northerly axial trends. Quaternary events that have affected the area include ex
plosive vole ani c eruptions that resu I ted in the Big Hole and Hoi e-in-the- Ground 
moors and the eruption of the vast blanket of pumice from Mount Mazama. 

Mineral resources typical of a region dominated by Cenozoic volcanism 
are abundant and widespread. The presence of hot springs, hot-water wells, and 
large areas of anomalously high heat flow are indications that geothermal energy 
has a promising future for economic development. 

Most of the metallic mineral commodities are typical of a shallow, low
temperature origin. Exceptions are copper, lead, zinc, and silver occurring lo
cally in the older rocks in the northeast part of the area where they are associated 
with a small granitic pluton. 

A uranium occurrence north of Lakeview has had the most production in the 
past and perhaps has the most promise for future use. Mercury mineralization is 
widespread and occurs with a variety of rock types mainly in the eastern part of 
the area. 

Nonmetal I ic resources occurring in large quantities and, in most cases, of 
unknown quality include diatomite, lump pumice and pumicite, perlite, and peat. 
Of these, diatomite, which occurs extensively in the Klamath Basin, probably has 
the best future for industrial use. 

The bui I ding and construction materials such as cinders, scoria, sand, gravel, 
and stone all occur in sufficient quantities for local use. 

vii 



The Reconnaissance Geology and Mineral Resources of 

Eastern Klamath County and fiT estern Lale County, Oregon 

By Norman V. Peterson* and James R. Mcintyre** 

INTRODUCTION 

The specific purpose of this study is to assess the economic potential of the mineral resources in a 
region of approximately 6000 square miles in Klamath and Lake Counties of south-central Oregon. 
Because of the large size of the area and the limited tim� available for the project work, the results 
are of a reconnaissance nature. I t  is hoped, however, that this report will serve to introduce the 
area and its resource potential to those who will find it advantageous to proceed further with the eval
uation of the more important mineral commodities discussed here. Following this introductory section, 
the main body of the report is organized under two large headings: 1) Descriptive Geology, and 2) 
Mineral Resources. Results of the reconnaissance geochemical program conducted by the State of 
Oregon Department of Geology and Mineral I ndustries in Klamath and Lake Counties are given in 
the addendum. 

Lo c a t i o n ,  Ac c e s s ibi lit y ,  a n d  C u l t u r e  

The index map (figure 1) delineates the location and limits of the study area. The region is 
bounded on the south by the California-Oregon state line; on the west by longitude 122°001; on the 
north by township 25 S.; and on the east by an angled line to the eastern edge of range 20 E. and 
thence southward to the California border. A number of large-scale maps are available that provide 
adequate coverage for the project area. These include U.S. Geological Survey topographic quad
rangle maps and U.S. Forest Service planimetric maps. 

The area is readily accessible on the west by U.S. Highway 97 and on the east by Oregon 
State Highway 31 and U.S. Highway 395. It is crossed by State Highway 140, which connects Klam
ath Falls and Lakeview. I n  addition, other state highways, county roads, and a very extensive net
work of U.S. Forest Service and private logging roads serve the interior. 

Two railroads, the Great Northern and the Southern Pacific, traverse the west side of the area. 
A branch line, the Oregon, California & Eastern Railroad, essentially a logging railroad, extends from 
Klamath Falls eastward to Bly. In addition, a branch of the Southern Pacific Railroad extends north
ward from California to its termination at Lakeview. 

The area is served by electric power from transmission circuits within the Northwest Power Pool. 
Local power distribution is provided mainly by the Pacific Power & Light Co. Natural gas is available 
in the west side of the area from a pipeline which parallels U.S. Highway 97. 

* Geologist, State of Oregon Department of Geology and Mineral Industries. 
**Consulting geologist, Ashland, Oregon. 



2 G EO LOGY AND M I NERALS , KLAMATH AND LA KE COUNT I ES ,  O REGON 

Th e popu l ation density of the region as a who l e  is  on ly  abou t four persons per square mil e .  
K l amath Cou nty ( 1 960 census) has a popu l ation of abou t 50, 000 . Most of its residents live in or ad
j acent to K l amath Fal l s ,  which has a popu l ation of abou t 1 8 , 000 and is the county seat . Lake County 
has a popu lation of abou t 6500, and approximate ly  3200 of its residents live in Lakeview , the county 
seat. 

Diversified farming ,  l ogging and l umber processing , stock raising , and recreation are the 
chief industries of the area as a who le . 

Yamsoy Mt. 
81968 

OREGON 
CAL I F. 121 

Figure 1 .  I ndex map of  the study area . 



INTRODUCTION 

P h y s i o g r a p h y ,  C l i m a t e ,  a n d  V e g e t a t i o n  

The physiography of the project area i s  domi nated by norther l y  trend ing,  para l l e l  mounta i n  
ranges and val l eys . The va l l eys w i th the l owest e l evation are on  the east and west sides of the area . 
These are Summer Lake (41 30 feet) ,  Goose Lake (4680 feet ) ,  and Lower K l amath Basi n (4050 feet) . 
Va l l eys i n  the i n terior genera l l y  range from 4500 to 4800 feet i n  e l evation . The h i ghest e l evations 
occur at Yamsay Mou n tai n (81 96 feet) and Gearhart Mountain (8390 feet) i n  the central par t of the 
pro jec t  area and i n  the Warner Mountai ns i mmediate l y  east of Lakev iew . The ri dge e l evations e l se
where genera l l y  range from 6000 to 7000 fee t .  

3 

Th e c l i mate is charac terized by wide d iurnal and seasona l temperature variations and low to 
moderate preci pi tation .  The annual  average prec ip i tation at K lamath Fa l l s  over a long per iod of ti me 
is  1 2 . 89 i nches ,  and 1 4 . 01 i nches at Lakeview . A consi derab l e  amount of th is  prec i pi tati on occurs 
as snow , especi a l l y  at the h i gher e l evati ons . The humi d i ty is  l ow. 

The normal annua l tempera ture is 48 . 3° F .  at K l amath Fa l ls ,  46 . 2° F .  at Lakeview ,  and 
ranges from 42° to 54° F .  e l sewhere . 

U nder these condi tions the vegetation consists of sagebrush and bunch grasses i n  the dry l ower 
val l eys, pass i ng upward i n to extensive forests of Ponderosa Pi ne and Lodgepol e  Pi ne w i th l ess abun
dan t stands of Doug las F i r ,  various true firs ,  Whi te Pi ne ,  and  cedar . 

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

F i e l d  work was begun i n  August of 1 967 and compl eted i n  August of 1 968 . An i ni t ia l  fi e l d  
reconnai ssance i nc l uded exami nation o f  roc k un i ts i n  pub l i shed and  unpub l i sh ed reports covering areas 
w i th i n  and ad joi n ing the pro jec t  boundar ies . The geo logy was then p lotted on 7�- and 1 5-minu te 
quadrang l es fol l ow i ng a compl ete air-photo geo logic i nterpretation .  Duri ng the 1 968 fi e ld  season ,  
traverses were made to check  the photo-geo logic i n terpretation i n  the fi e l d  and  to work ou t the stra
tigraphy and structure in sel ected areas . From the numerous rock samp les stud ied ,  1 2  were sel ected 
for chemical  ana lyses , and 2 for age dati ng by the potassium-argon method . 

Mi n i ng records were checked and a l l  known minera l -commod i ty occurrences were visi ted and, 
where s ignifi cant, were samp led for assay . 

A separate geochemical samp l i ng program was carri ed out du ring the summer of 1 968 , and 
375 stream-sedi men t  samp les were col l ec ted from drai nages where there is known mi nera l i zati on or 
where s i l i c i c  i n trusive-extrusive rock types occur . I n  addi tion to work done for th is  project,  data 
from 76 addi tiona l  samp les were contr ibu ted by Weyerhaeuser Company . 

A l l known previous l y  publ i shed maps and reports were stud ied . Where appl icab l e  they have 
been u ti l i zed in th is  report . The areas covered by these repor ts are shown on figure 2.  Water-wel l 
l ogs and oi l-explorati on-wel l l ogs were exami ned to ai d i n  i n terpreti ng stratigraphy and geotherma l 
gradients .  Gravi ty surveys were exami ned and p l otted to a id  i n  s tructural i nterpretations . 

A c k n ow l e d g m e n t s  

The joi n t  sponsorsh i p  of th i s  report by the Great Northern Rai l road and the Pac i fic Power & 
Ligh t  Co . is gratefu l l y  ac know l edged . H .  E .  Reed of Great Northern and Garth Due l l  and Wi nston 
Sah i nen of Paci fic Power & Ligh t  were he l pfu l i n  discuss i ng the scope and ear ly  p l ann i ng of the pro j 
ect . The Weyerhaeuser Company supp l i ed geochemica l  data; the At lan ti c-Richfi e l d  Co . ki nd ly  pro
vi ded the potass ium-argon dates; the Un i ted S tates National Bank of Oregon as Trustee for the K lam
ath Indian Tri be and the U . S .  Forest Service gave entry permits and other courtes ies .  J .  Arno l d  
Shotwe l l  of the Un iversi ty o f  Oregon and George W .  Wal ker o f  the U . S .  Geo logica l  Survey contr ib
u ted valuab l e  pal eonto logica l  information . Al fred Col l ier, John G l ubrecht,  and Mr . and Mrs . Ran
dal l Pope o f  K l amath Fal l s; Don Tracy, Zane Gray , and Lesl i e  Shaw o f  Lakeview are some of the 
l oca l  persons who were he l pfu l wi th i nformation . The entire staff of the State of Oregon Departmen t  
o f  Geo logy and Mi neral I ndustr ies as always provi ded the ski l l fu l  servi ces requ i red . 
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Figure 2. Index map of geologic mapping. 
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INTRODUCTION 

S u g g e s t i o n s  f o r  F u t u r e  W o r k  

Geologic studies 

Th e project area has been covered on ly  by reconnaissance geo logi c mapping,  w i th the excep
tion of a few smal l areas descr ibed in un iversity theses . Many i nterest ing prob lems i n  l oca l  and re
gional stratigraphy ,  volcanic petrogenesis, and regional  structure rema in  to be stud i ed in detai I . As 
a basis for such work,  new topograph i c  maps now bei ng issued w i l l  make mapping the region easi er 
than i t  has been in the past . The need for further work can be inferred from some di scussions i n  the 
geo logica l  section of this report . 

There are a few subj ects wh ich can be cited as worthy of particu lar attention . The regional  
stratigraphy of the P l iocene l ake beds is one wh ich merits further study . Another stratigraph ic prob
l em exists i n  the need for a better understand ing  of the unwie l dy (Ttf) map unit  i n  the eastern part of 
the pro ject area , particu l ar l y  south of State Highway 1 40 between Fishho le  Creek and Goose Lake . 
Stud ies i n  petrogenesis of vo l canic roc ks might be made on the major eruptive centers such as Yamsay 
Mountain and th e Gearhart Mountai n -Deadhorse Rim area . A detai l ed descr iption of the occurrence 
of h igh-a l um ina di ktytaxiti c  basa l t  a l so wou ld be worthwh i l e .  

Minera l resource studies 

5 

From the eva luation of the mi nera l resources , several commodities are considered to be worthy 
of further study: 

1 .  Diatomite deposi ts of both P l i ocene and Holocene age are present i n  l arge quanti ti es and 
some h ave the physica l  properties necessary for i ndustri a l  use . A thorough samp l i ng program p lus  a 
study of the deposi tional  bas ins w i l l  be needed for a mean i ngfu l eva l uation of the d iatomi te . 

2 .  Geotherma l energy appears to have a much greater potent ia l  than present ut i l i zation; geo
physica l  stud ies or a dri l l i ng program for eva l uati ng  th is potentia l  wou ld  be h i gh l y  desirab l e .  

3 .  Fol l ow-up sampl i ng and expansi bi l i ty tests of perl i te where the occurrences are c l ose to 
rai I and h i ghway transportation are a l so recommended . 

4 .  A more detai l ed study wi l l  be necessary to show the distribution and contro l of the copper , 
z inc , l ead , and si l ver mi neral ization i n  the Pa is l ey H i l l s and i ts association w i th the gran i te-type i n 
trusive rocks . 

5 .  The resu l ts of the stream-sediment samp l i ng i ndi cate that a fo l l ow-up shou l d  be made to 
determine the source of the anoma lous uran ium,  at l east in the Upper Drews Creek area and at the 
head of Swamp Creek . 

6 .  Detai l ed geochemical  work shou ld  be conducted i n  the vic i n i ty of si l i c if ied di kes and 
p l ugs where c innabar is known  to occur to see i f  any l arge ,  l ow-grade deposits of mercu ry are presen t .  

For a summary ana lysis o f  the minera l potenti a l  and a more detai l ed discussion o f  recommen
dations for fu ture i nvesti gations i n  the proj ect area, see Section 2 on Mineral Resources, beg i nn i ng 
on page 3 1 . 
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S ECTION 1 • D ES CRIPTIVE GEOLOGY 

The ol dest rocks within the project area are O l igocene or pre-O ligocene dacite f lows occurring in a 
sma l l  part of the Pais ley Hi l l s* (p late 1). A thic k sec tion of andesite and basa l t  fl ows , pyroc lastics , 
and re la ted sedimentary rocks overl ies these dacites . The outcrop area of andesi tic rocks extends from 
the Paisl ey Hil l s  intermitten t ly to Coglan Bu ttes on the east and to Thomas Creek on the sou thwest .  
They are exposed again in  th e Warner Range near Lakeview . I n  the Pais l ey Hil l s  both the  dacite f lows 
and the l ower part of the andesite sequence are intruded by p l u tonic rocks with a radiometric age of 
33 . 1  � 1 m . y .  A vertebrate fossil found near the top of the andesitic section in Thomas Creek was 
dated as of ear ly  Miocene age . 

Fo l l owing deposition of the predominan t ly andesitic roc ks , a variab le bu t general l y  thic k sec
tion composed of rhyo litic and dacitic pyroc lastics, minor basa l t ,  pa l agonite tuff , and re lated tu ffa
ceous sediments was deposited . Exposures of these rocks cover much of the eastern third of th e mapped 
area . Vertebrate fossi l remains from this unit indicate that it is of late Miocene or ear ly Pliocene 
age near its top . The total thickness of pre- Pliocene Tertiary sediments and vo lcanic rocks appears , 
from wel l and surface data, to exceed 1 3, 000 feet . 

Widespread extrusions of basa l t  f lows fo l l owed the episode of predominan t ly  acidic tuff depo
sition . These f lows appear to be over l ain by a comp l ex suite of rocks inc l uding diatomaceous and 
tuffaceous l acustrine sediments, pal agonite tuffs, basa l t  fl ows and accumu l ations of cinders and other 
materia l s  probab ly  contemporaneous with the ear ly ph ases of the buil ding of large composite volcanic 
cen ters . Most of this material occurs in the western and northern part of the mapped area . Pa l eonto
logica l  data indicate that the l acustrine phase of deposition was approximate l y  of midd l e  P liocene to 
I ate PI iocene age . The eruptions at most vol conic cen ters appear to h ave ceased by the beginning 
of P l eistocene g l aciation . Loca l  intrusions and extrusions of rhyo lite , dacite , and andesite occurred 
in the eastern part of the mapped area from the ear ly  P liocene to Pl eistocene or Ho locene . Radio
metric ages of two acidic p lug domes of this assembl age are 7 . 6  and 8 . 1  mil l ion years . 

The pre- Pliocene deformationa l  history of the area is difficu l t  to decipher . A northwester l y  
a l ignment o f  a few sma l l  vo lcanic eruptive centers and dikes indicates that the prominent regional  
norma l fau l t  pattern was initiated during the P l iocene . After the deposition of the Pliocene l acustrine 
materia l s  and the bui I ding of most of the eruptive centers , the entire area was apparen t ly  fo l ded into 
broad, l ow -amp litude antic lines and sync l ines with a northwester ly or northeaster ly  axial trend .  One 
antic l ina l  axis seems to proj ect through Sil ver Lake , Summer Lake , and Goose Lake grabens . A 
broad , poor l y  defined struc tura l depression is indicated in the Sycan Marsh and Sprague River-B i y
Beatty area . This depression may have been fl anked by an up l ift on the west, in the K l amath Lake 
area , now obscured by fau l ting . 

Most of the project area h as been subjected to post-Pliocene norma l fau l ting . The fau l t  fre
quency and magnitude of displ acement appear to be at a maximum a l ong the areas of probabl e anti
c l ina l  up l ift and to diminish inward toward the centra l struc tural depression . The predominant fau l t  
trend is northwesterl y ,  with a subordinate trend in a northeasterl y direc tion . I n  the northern part of 
the mapped area, the northeaster l y  trending fau l ts become dominant in l ength and amount of displace
men t .  The present terrain consists of para l l e l  ridges and va l l eys resu I ti ng from normal fau I ti ng, with 
interspersed conica l  or irregu l ar ly  shaped eruptive pi l es . 

Late Pl eistocene events in the area inc l ude g l aciation of the highest peaks such as Gearhart 
Mountain , Yamsay Moun tain , and Deadhorse Rim . Lacustrine deposition h as taken p l ace  in the K l am
ath Lake-Agency Lake-K lamath Marsh depressions ; in the Goose Lake-Summer Lake-Sil ver Lake 
graben trend, and in the Sycan Marsh . The intervening areas have been subj ected to erosion during 

*The mountainous region south of Pais ley is known as the " Pais ley Hil l s "  by residen ts of the area, 
and for sake of convenience it is referred to by that name in this report . 
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this period. Late vo l canic events affecting the area resu l ted in the formation of the Big Ho le  and 
Ho l e-in-the-Grou nd maars and the eruption of Mazama pumice,  which covers the northern part of 
the mapped area . 

This genera l sequence of events , both struc tural and stratigraphic , is shared by a much l arger 
area of south-central Oregon . A corre la tion chart indicating these regional  re l ationships is shown in 
figure 3. The exac t synchroneity of some of the simi l ar events in th e adjacent regions with those in 
the area of this report has not been determined . Detai led discussions of th e l arge-sca le  c ausative fac
tors re l ated to the geo l ogic history wou l d  depend on the eva luation of data from a much l arger area 
than that of this report and such a syn thesis has not been attempted . 

STRATIG RAPHY 

The fo l l owing discussion inc l udes a definition of the l itho logic units used in mapping the proj
ect area . I n  keeping with the l arge sca l e  and reconnaissance nature of the mapping , the designated 
units were se l ec ted to be representative of major changes in depositional  charac ter . No formationa l 
names have been proposed. The comp lex facies re la tionships and poor rock exposures in critical  areas 
wi I I  require a much more detai l ed study than has been made here before th e proposal of forma l strati
graphic units can be meaningfu l . 

T e r t i a r y  R o c k s 

O l igocene or o l der 

Dacite f lows (Td): Dacite f lows reported a long the eas t side of the Pais l ey Hil l s  between Jones 
Canyon and Johnson Canyon (T . 34 S . ,  R .  1 8  E. ) are the o l dest roc ks known to be present in the proj
ect area . These f lows are genera l l y  poor ly  exposed in s l opes of moderate to high re lief .  P la ty f low 
jointing and brecciation are wel l deve loped . The roc k  weathers into ye l l owish or reddish-brown frag
ments that form ta l us s lopes supporting on ly  a sparse vegetative cover (Muntzert , 1 969, p .  7-8) . 
Unweathered samp l es are aphanitic and l igh t gray , with a few scattered fe l dspar phenocrysts . 

The base of the sequence is not exposed .  Appling (1 950,  p .  3 1 ) estimated that more than 
3000 feet of dacite f lows are present . The basa l part of the overl ying (Taf) u nit , made up  of sedi
ments containing dacitic debris , rests unconformab ly on these f lows . 

These dacite f lows have been intruded by sma l l bodies of diorite ,  granodiorite, and quartz 
monzonite (Ti) , which h ave been dated radiometrica l ly  as of ear ly  O l igocene age ( 33 . 1  m .  y . ) 
(Muntzert , 1 969, p .  52) .  

O l igocene-ear l y  Miocene 

Andesite and basa l t  f lows, pyroc l astic roc ks ,  and sediments of andesitic provenance (Taf): 
This roc k  assemb lage was used as a regiona l  mapping unit by Wal ker (1 963) . It is described as being 
an assembl age of tuff, tuff breccia , and tuffaceous sedimentary rocks of andesitic composition . Horn
b lende andesite and a l tered basa l t  f lows are present in amounts which  vary local l y .  Within the proj
ect area the l ower part of the section is seen on ly  south of Pais l ey in a northwester l y  trending ou tcrop 
be l t  extending from T .  33 S . ,  R .  1 8  E .  into T .  35 S . ,  R .  1 9  E .  Muntzert (1 969, p .  1 1 -1 3) reports 
the presence of an unconformab l e  basal breccia containing fragments of the u nderlying dacite unit 
(Td) . This breccia is overl ain by tuffaceous graywacke sandstone , mudstone,  and thin conglomerate 
beds containing c l ay and c l asts derived from an andesitic terrain . The rocks are thin to medium bedded . 
Graded bedding is sometimes visib l e .  I n  the Pais l ey Hil l s ,  the midd le  and upper parts of this sec tion 
contain abundant f lows of andesite and basa l t .  I ndividual f lows are genera l ly l ess than 20 feet thic k .  
The andesites are both porphyritic and nonporphyritic . Basa l ts in this part o f  the sec tion are dark 
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Figure 4 - Taf uni t .  
T hin, dark greenish-brown tuffaceous sandstone beds over lain by 
an andesite flow (in shadow ) .  Deadman Canyon, Warner Moun
tains, near La keview . (S E;} sec . 15, T .  39 S . ,  R. 20 E.) 

Fig ure 5 - Ttf unit . 
Massi ve beds of dark brown weathering l ight g reen to tan ash-flow 
tuff i n  the lower part of the unit . Note how the l ess resistant rock 
and pumice fragments weather out ,  leaving cavities in the surface . 
Near Oregon State Highway 140, approximate ly  1 0 mi les west of 
Lakeview . (S Ea sec . 15, T .  39 S ., R. 18 E. ) 
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brownish -gray microcrysta lli ne , vesi c u l ar ,  and sometimes porphyri ti c . Both the basal ts and the ande
si tes are often greenish brown in co lor due to a l terati on . 

The upper part of this map unit  is exposed extensive ly a l ong the west front of th e Warner Moun
tai ns east of Lakeview (figure 4) . The contact wi th the overlying ac id ic tuffs of the (T tf) un i t appears 
to be gradati onal and conformab l e .  In a smal l area of exposure i n  Thomas Creek (too small to show on 
the geo l ogic map) , dark gray and green,  thin l y  bedded si l tstones and graywacke sandstones of ande
sitic provenance,  occurring immediate l y  below l i gh t-co lored ac id ic  tuffs of the (Ttf) uni t ,  con tai n 
p lan t  and vertebrate remai ns noted be low . 

No comp lete sec tion of the (Taf) unit is known ,  but i t  is es t imated that at l east 2500 feet of 
it is exposed in the Pais l ey area where the upper part of the section is apparent l y not preserved . I n 
complete sec tions encountered e l sewhere a lso contai n thicknesses of this magni tude . 

The age of the lower part of the un i t is at l east ear ly O l i gocene i n  the Pais l ey H i l l s where i t  
i s  i n truded by p lu tonic rocks with a radiometri c age of 33. 1 m . y .  A tooth of a rhi noceros , Di cera
therium, found near the top of a section of s imi l ar rocks i n  Thomas Creek (NW� sec . 28 , T .  37 S . ,  
R .  1 8  E . )  has been dated as ear ly Miocene in age ( J .  Arno ld  Shotwel l ,  wri tten commu n ication , Ju l y  
28 , 1 958). Fossi l p lants obtai ned from the same loca l i ty i ndicate no more than a probabl e Miocene 
age for the fl ora (Jac k Wol fe,  wri tten communi cation , December 1 ,  1 958) .  The ear ly  O l igocene, or 
o l der , to early Miocene time span of this sect ion of roc ks , as wel l  as i ts l i tho logi c charac ter , suggests 
its ten tati ve corre l ation ,  in part,  with the Cedarvi l l e Formation of northeastern Cal ifornia (Gay and 
Aune ,  1 958) . 

Midd le (?) Miocene - ear l y  Pliocene 

Rhyo l it ic and dacitic tuff, tuffaceous sedimentary rocks , subordinate basa l t  and andesite fl ows, 
and pal agonitic tuffs (Ttf): This map uni t i s  thick and variab le  in composi t ion with i n  the pro jec t  area . 
I t  i s  charac terized by massive beds of ligh t-co lored rhyo l i t i c  and dacit ic  ash-flow tuffs (figure 5). The 
assemb l age of l i tho logies taken as a who l e  is exposed throughout the mapped area from Wi nter Ridge to 
the Ca l i forn i a  state l ine and westward near ly  to 1 2 1 ° 00' west l ongi tude . Compl ex fau l ti ng ,  rapid l y  
changi ng fac i es ,  a nd  poor exposures make it di ffic u l t  to obtai n a comprehens ive view o f  the total sec 
tion . 

The l ower part of the sequence is exposed i n  the west face of the Warner Mountains near War
ner Canyon . I n  this area there is some interbedding of dark-co lored andesiti c tuffs and sedimen ts of 
the (Taf) unit and the overlying characteristic l igh t-col ored pumice-beari ng tuffs of the (Ttf) unit . 

At Dog Mountain and i n  the Wil l ow Creek Hi l ls massive ash-flow tuffs containing abundant 
pumice and exotic rock fragmen ts are overl ain by a th ick  section of thin-bedded , brown-weathering 
ves i cu lar porphyri tic basa l t  and i n terbedded pal agoni tic and pumi ce-beari ng tuffs and tuffaceous sed
iments (figures 6 and  7) . This section is best exposed i n  the H ay Creek drainage a long the eastern 
base of Dog Mountain and a l so a long Drews Creek be l ow the dam at Drews Reservoi r .  From the Dog 
Mountain-Barnes Rim area westward to Barnes Val l ey and the Fishho l e  Creek drainage, additional  sec 
tion appears to occur above the basa l t .  This sec tion con tains massive beds of l igh t-co lored pumice
bearing ash-flow tuff and minor tuffaceous sediments simi l ar in charac ter to those beneath the basa l t  
uni t .  

A pa l agoni te tuff and tuffaceous sed iment un i t occurs i n  the upper Cottonwood Creek-upper 
Howard Creek area (sees . 1 4  and 1 5, T .  38 S . ,  R .  1 7  E . )  and northwestward as far as Drum Hi I I  (fig
ure 8) and E l der Creek ,  a long strike beneath the younger basa l t  capping Co l eman Rim . This l ithol ogy 
was not seen e l sewhere . I t  resemb l es the pal agonitic tuffs and tuffaceous sed iments occurring in the 
mi ddl e Pl iocene to P leistocene sec tion farther wes t .  Haddock (1 959, p. 1 3) reports a th i ckness of 
1 500 to 2000 feet of this pa l agonitic un i t in the Howard Creek-Cottonwood Creek drainage . 

The compl ete thic kness of the (Ttf) un i t  i n  the project area is not known . The Humbl e  O i l  & 
Gas Co . ' s Thomas Creek Unit No . 1 we l l ,  dril l ed as a test for oil in the N E� sec . 2 ,  T .  40 S . , R .  
20 E . ,  penetrated 1 2 , 093 feet of tuffs , fl ows, and vo lcanic-derived sediments ,  reported l y  withou t  
reaching the base of the Tertiary vo lcanic section . The surface rocks at the dri l l site appear to be 
about 1 000 feet be low the top of the (Ttf) u ni t .  Al though , with the information avail abl e ,  it was not 
possib l e  to re l ate the subsurface sec tion in th i s  wel l to the surface map un i ts,  the we l l  sec tion appears 
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Figure 6 - Ttf u nit. 
Basal t d i ke feedi ng a flow i n  the midd l e  port of the un i t .  Dog 
Lake Rood (NW� sec .  14, T .  40 S . ,  R. 1 7  E. ) 

Figure 7- Ttf unit . 
F l o w  fo l d  in basal t i n  the middle port o f  the uni t .  On Hoy Creek 
(NW! sec.  30, T. 39 S . , R. 17 E.) 
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to suggest a combined (Ttf) - (Taf) section which may loca l ly exceed 1 3, 000 feet in thic kness . 
Late Miocene or ear l y  P l iocene vertebrate fossil s  have been reported from S E� sec . 1 8 , T .  40 

S . ,  R .  1 7  E . , west of Dog Mountain (Wa l ker, written communication ,  September 1 2, 1 968) . At Cog
ian Bu ttes on the eastern boundary of the map area,  additional  fossi l co l l ections,  of la te Miocene age , 
were obtained (Wa l ker,  1 963) . No fossi l s  h ave been found,  however, from the lower part of the for
mation in the proj ect area . Since the base of the (Ttf) unit  immediate l y  over lies fossi l iferous (Taf) 
roc ks dated as ear l y  Miocene , it appears that a Miocene to ear l y  P liocene age is probabl e for th e en
tire (Ttf) assemb lage of roc ks . 

The (Ttf) unit  is over lain by basa l t  f lows of the (Tb )  u nit  and the two formations are separated 
by an erosiona l  unconformity . An angu lar  discordance between them is mentioned by Haddock ( 1 959, 
p .  1 5) ,  but no specific local ities showing this type of re lationship were seen in the present study . 

P liocene 

Basa l t  f lows (Tb): Throughout the eastern part of the pro ject  area the Miocene-ear l y  P l iocene 
tuffs (Ttf) are over l ain by basa l t  f lows (Tb) . These f lows in the Grizzly Peak-Col eman Rim area 
(Tps . 37 and 38 S . ,  R .  1 7  E . )  have been described in some detai l by H addock ( 1 959 ,  p. 21 -22) . 
Two basa l t  units have been recognized . The o l der of the two inc l udes o l ivine basal t  porphyry with 
l arge l abradorite phenocrysts and nonporphyritic o l ivine basa l t .  The thickness observed is from 1 0  to 
1 50 feet . This f low sequence is over l ain by a much more widespread light- to medium-gray vesicu l ar 
basa l t ,  high l y  fe ldspathic , containing pyroxene, magnetite,  and o l ivine . The characteristic texture 
is diktytaxitic but intergranu lar textures are a l so present .  This u nit is composed of individual f lows 
ranging from a few feet to as much as 30 feet in thickness . The tota l thickness is variab le ,  ranging 
from about 20 feet to as much as 600 feet at Grizz l y  Peak where 20 individual  f lows were identified 
(Haddock ,  1 959, p .  30 ) .  

The f lows with diktytaxitic texture appear to have been erupted from l oca l  vents .  Several 
l arge diabase dikes mapped as (Tdb), which are l ike l y  to be the source of these flows, have been ob
served in the Grizzly Peak area (figure 9) . Gradational  dike-f low rel a tionships are reported to occur 
in upper Drews Creek (SW� sec . 35, T. 37 S . ,  R .  1 7  E . )  (Haddock ,  1 959, p. 25-30) . 

Regiona l ly ,  the (Tb) u nit dips gentl y westward throughout the east-centra l part of the map 
area and seems to proj ect beneath I ater P I  i ocene tuff and I acustri ne sediments in the Sprague River val
l ey .  Diktytaxitic basa l ts of this interva l are litho logica l ly distinc t from a l l o l der basa l ts in the mapped 
area ,  but they are very simil ar to younger basa l ts described be low ,  from which they are diffic u l t  to 
distinguish except on the basis of the stratigraphic position . 

Tuffaceous and diatomaceous sediments and basa l tic tuffs ,  breccias and flows (Tst); maars and 
tuff rings (Tpt) ;  and wel ded tu ffs (Twt) :  This group of units is composed of the interfingering deposits 
of rivers and l akes in a terrain dominated by contemporaneous basal tic eruptions of Pi i ocene age . Rep
resen ta tives of the assemb lage are con tinuous over most of the pro jec t  area west of 1 21 ° 00 '  west l ong . 
and south of 42°45 ' north l a t .  North of this approximate boundary these rocks are covered by young
er basal ts; to the east they either have been removed by erosion or never were present . East of Cog 
i an Buttes , however ,  these rocks are preserved in down-fau l ted b l ocks of the Abert basin . I n  genera l , 
exposures of this assembl age are poor and the terrain is one of I ow , rol l ing hi I I  s, except where cen ters 
of vo lcanic eruption are present .  

The most extensive deposits in this assembl age of P liocene roc ks are those i n  the (Tst) unit , 
consisting of thin-bedded l acustrine diatomites and basa l tic tuff sandstones and si l tstones, genera l l y  
a l tered to pal agonite . The diatomaceous sediments are local l y  present i n  l arge amounts .  They may 
occur throughout the section but seem to be most abundant in the upper par t .  Good exposures can be 
seen in b l uffs abou t ha l f  a mil e  north of the town of Sprague River , in the hi l l s  in and adj acent to 
K l amath Fal l s ,  in irrigation canals  at O l ene Gap (figure 1 0) , and at many other loca l ities in Poe , 
Yonna,  and Sprague River val l eys and in the K l amath Lake basin . The volcanic ash content of the 
diatomites varies great ly ,  as discussed in the Mineral Resources section of this report . 

The dominant sedimentary l itho logic types in the (Tst) unit, however , are the basal tic sand
stone and mudstone . These genera l l y  pal agonitic materia l s  range from thin beds of  water- l aid 
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Figure 8 - Ttf  unit .  
Palagonitic tuff i n  the upper part o f  the unit . On the south flank 
of Drum Hi II, about 20 mi I es northwest of Lakeview . (Sec. 1 2, 
T • 36 S . , R . 1 7 E . ) 

Figure 9- Tdb un i t .  
D iabase dike bel ieved to  be  a source of f lows in  the Tb unit . Near 
F i sh Lake ( sec . 29, T. 38 S . , R. 18 E. ) 
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tuffaceous sedimentary rock to pil es of coarse tuff and breccia tha t  accumu l ated in ring-like mounds 
around eruptive cen ters on the f loor of an ancient l ake . Tuff and breccia accumu l ations near vents ,  
mapped as (Tpt) , typical ly  exhibit high initia l dips o f  variab le  magnitude and strike (figure 1 1 ) . 
Several wel l -preserved mound and ring eruptive s truc tures (maars) h ave been exhumed from the sur
rounding softer l ake sediments and are now exposed in re lief on the f loors of val l eys . Especia l l y  no
tab l e  examp l es are the Devi l s  Garden (sees . 21 and 32, T .  36 S . ,  R .  1 0  E . ) ,  Bad Lands (sees .  3, 4, 
9, and 1 0 , T .  36 S . ,  R .  9 E.), and the But tes of the Gods (sees . 20, 28 , 29, and 33, T.  35 S . ,  R .  
1 0  E . ) .  Good exampl es of wel l -bedded pa l agonitic l acustrine mudstone and sandstone occur a l ong the 
Bonanza-Merri l l highway between Harpo ld  Dam and Buc k  Butte , and a l ong State Highway 1 40 for a 
distance of about 5 mi l es northeast of Dairy (figure 1 2) .  

There are a l so thick ,  massive l y  bedded , coarse-grained pal agonitic sediments and pyroc l astic 
roc ks inc l uded in the (Tst) unit, that are not c l ear l y  re l ated to specific eruptive cen ters . These make 
up the main part of such mountain masses as Hogback Mountain and western Stuke l Mountain , the 
ridges trending through the northeast corner of T .  38 S . ,  R .  9 E . , and the sou thwest part of T .  38 S . ,  
R. 1 0  E . ,  and through much of T .  40 S . ,  Rs . 9 and 1 0  E .  Cave Mountain east of Chi loquin appears 
to be another such accumu la tion of coarse-grained basa l tic pyroc l astic materia l .  

Contemporaneous basal tic I ava f lows entered the l acustrine basin and are interbedded with sed
iments. These f lows are dense , b l ack ,  gl assy , and vesicu l ar. Some are brecciated and a l tered ow
ing to their extrusion into water or wet diatomaceous ooze . F l ows of this type can be seen in severa l 
p laces (SWa sec. 1 9, T .  37 S . ,  R .  1 1  E . ;  NWa sec . 1 1 ,  T .  39 S . ,  R .  8 E . ) .  I n  addition to the f lows , 
at l east one cinder cone was bui l t  in the l ake (sou thwest corner sec . 6 ,  T .  40 S . ,  R .  1 2  E . ) .  

The abundance of basal tic detritus in the sedimen tary section suggests that a P liocene-to
Ho locene basal tic eruptive episode was we l l under way and that the l arge and sma l l vo lcanic pil es 
that figure prominent ly  in the present l andscape were a l ready in the process of accumu l ation at this 
time . I t  seems like ly  that such masses and their contemporaneous wide-spread l ava f lows may have 
been a major fac tor in the topographic configuration of the P liocene sedimentary basin . 

A l though basa l tic materia l s  dominate the sec tion , a moderately extensive ash -fl ow tuff (Twt) 
of rhyo litic or dacitic composition occurs in the eastern edge of the depositional area at Whitemore 
Reservoir near B l y  (sees .  8, 1 7, and 33, T. 36 S . ,  R. 1 4  E.). The re l ationship of this tuff to other 
parts of the sec tion is not c l ear . A l l  that is known is tha t  it occupies a simil ar stratigraphic position 
beneath l a ter basa l t  f lows (Qb) . 

The roc k assembl age making up the (Tst-Tpt-Twt) map units is be lieved to over l ie the basa l t  
unit (Tb) . A sedimen t-basa l t  contact can be seen a t  H arpo l d  Dam (S Ea sec . 1 9 , T. 3 9  S. , R .  1 HE.) 
and in highway cuts in the cen ter of the E�sec . 1 4, T .  41 S . ,  R . 1 0 E .  l n addition , water wells fre
quent ly  encoun ter a thic k basa l t  section after passing through the sediments and tuffs . I t  is not pos
sib l e ,  however, to determine from avai l able data whether or not these basa l ts are equival ent to the 
(Tb) unit of the eastern third of the project area . The (Tst) sequence is over l ain on a surface of ero 
sional unconformity by thin but extensive basa l t  f lows (Qb) (figure 1 3) .  This re lationship can be 
seen in the Sycan River canyon wh ere a loca l  thic kening of basa l t  appears to indicate that it fil l ed an 
o ld  stream channel (N Ea sec. 6 ,  T. 34 S . ,  R .  1 2  E . )  

The thic kest sections of (Tst - Tpt) sedimentary and pyroc l astic roc ks appear to occur in the 
Sprague River val l ey ,  K l amath Fal l s-Lower K l amath Lake-K l amath Hil l s  area , Swan Va l l ey, Yonna 
Val ley,  Poe Va l l ey , and some of the intervening ridges. Near th e town of Sprague River a combina
tion of surface ou tcrop and water-we l l  data indicates as much as 800 feet of I acustri ne sediments are 
present between the younger and o l der basa l ts .  More than 1 000 feet of simil ar sedimen ts are reported 
from water wel l s  in the Spring Va l l ey-Lower K l amath Lake and Klamath Fa l l s areas . 

Age dating of the sec tion is based on a few fossi l s  from iso la ted fau l t-bloc k exposures . Midd le 
P liocene vertebrate remains have been reported from the State l ine road , E�sec . 1 4, T .  41  S . ,  R .  
1 0  E .  Parts of a came l skel eton were found in an irrigation canal near Merri I I  (cen ter of N �  sec . 36, 
T .  40 S . ,  R. 1 0  E. ). This material was dated as l ate P liocene . Additional l a te P liocene fossil s have 
been reported from Wi I son quarry at the north end of Stukel Mountain ( NWa sec . 32, T .  39 S . ,  R .  
1 0  E.) (Shotwel l ,  written communication , September 1 2 , 1 968) . Fossil fish remains are l oca l ly abun
dant in several localities noted on the map, bu t they have not been studied sufficient ly  to be of va l ue 
in establ ishing the age of the formation. Mol l usca occur occasional l y  and diatoms are abundant in 
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Figu re 10 - Tst uni t .  
Massive diatomite exposed i n  irrigation canal at Olene Gap .  
( N  E1 sec. 14, T. 39 S .  , R .  1 0 E. ) 

Figure 1 1- Tst unit. 
Polagonit ic  tuff n ear an eruptive center . Note th e promi nent 
in i tia l  dip. (NW� sec. 22, T .  35 S . ,  R. 12 E. ) 
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most parts of the formation ,  but these a lso have not been studied . I n  view of the uncertain ty of the 
position of th e fossil l ocal ities in the stratigraphic sec tion,  the age range of this unit is not known . 

Newcomb (1 958) assigned the name Yonna Formation to most of the assembl age inc luded in 
the (Tst) map unit. As the application of formational names has not been attempted in this recon
naissance project,  the term Yonna Formation has been recognized but not used . I t  was no t possibl e  
to establ ish i n  the present study any widespread consistent subdivision o f  the (Tst) u nit into a lower 
sedimentary ( lacustrine) sec tion and an upper basa l tic l api I i i tuff as suggested by Newcomb (1 958, 
p .  42) in his type area . I t  appears more like ly  that the facies re lationships between diatomaceous 
and tuffaceous sediments ,  tuffs , and f lows is a compl ex one , with a l l of these being deposited simu l 
taneous l y  in some part of the basin . 

Simi lar rocks are fou nd to extend sou thward in to Siskiyou and Modoc Counties in Cal ifornia 
where the name AI turas Formation has been app lied (Gay and Aune,  1 958) . Northeastward in the 
Fort Rock Val ley,  diatomaceous l acustrine rocks and pal agonitic tuffs of midd l e  P liocene age have 
been ca l l ed the Fort Roc k Formation (Hampton , 1 964, p .  B7-B1 1 ) .  

Late P l iocene or ear ly  Pl eistocene 

Andesite f lows (QTa): At Wa l ker Rim and Wal ker Mountain near Chemu l t ,  dark brown to 
b l ac k  p l aty andesite f lows that weather pink to tan are presen t .  These rocks are occasiona l l y  exposed 
in the faces of fau l t-b lock  ridges as far sou th as Wocus Bay and S kel l oc k  Draw on the east side of K l a
math Marsh . The base of this andesite f low sequence has not been seen . Thic knesses of 500 or more 
feet are exposed in Wa l ker Rim . Wal ker Mountain and Litt l e  Wal ker Mountain appear to be parts of 
a fau l ted andesitic eruptive center (QTvca) which may be rel a ted to these f lows . 

To the east of Wal ker Rim these andesites are overl ain by extensive thin f lows of diktytaxitic 
basa l t  (Qb) of probab l e  P l eistocene age . The age of the andesite is not known precise l y .  

Rhyo litic ash -flow tuff , welded and nonwel ded (QTrt) :  This distinc tive acidic ash -flow tuff 
is exposed in smal l areas in the northeastern part of the mapped area east of the town of Si l ver Lake , 
in Dry Creek, and a l ong the northwestern side of Thompson Reservoir . Typica l  ou tcrops of this unit 
can be seen in road cu ts in the NW* sec . 1 9, T .  30 S . ,  R .  1 4  E .  and in the canyon of Dry Creek 
(center of the N�sec . 32, T .  25 S . ,  R . 1 2 E . ) .  The tuff is abou t 50 feet thick ,  massive and some
times we lded . I t  is dark brown to b l ack  on weathered surfaces and dar k ,  reddish brown on fresh ex
posures. From a distance the outcrops resembl e those of basa l t  f lows . The roc k is charac terized in 
hand specimen by l arge ,  drawn-out b l ebs of b l ack g l ass . Many acciden ta l  roc k  fragments are present 
and f low banding is common . 

The (QTrt ) u nit overlies pal agonitic tuffaceous sedimentary rocks exposed in a road cut 
extending from the center of section 6 into the N� sec . 5, T .  26 S . ,  R .  1 2  E .  In  this same area a 
thin capping basa l t ,  corre lated with the (Qb) unit , over lies this ash-flow tuff . A simil ar contact of 
basa l t  with ash-flow tuff can be seen in the west wal l of Ho le-in-the-Grou nd exp losion crater . 

The origin of this ash -fl ow tuff is un known . I f  a l l  of the iso l ated outcrops are part of a con
nec ted sheet , the source may have been a l ong the east f l ank  of Yamsay Mountain in the Partin Butte 
area,  where a tuff of this type is found at its highest topographic e l evation . 

An early P l eistocene age of the (QTrt) uni t  is inferred from its stratigraphic position above 
pal agonite tu ffs (Tst) be l ieved to be part of the Fort Roc k Formation and beneath the (Qb)  basa l t .  I t  
h as been subjec ted to norma l fau l ting to the same extent as formations under l ying it . The unit  seems 
to be correl ative with the Peyerl Tuff of Hampton (1 964),  which occurs in the ad j acent  Fort Rock basin . 

Q u a t e r n a r y  R o c k s  

P leistocene (?) 

Basa l t  f lows (Qb): Widespread and genera l ly thin basa l t  f l ows over l ie the P l iocene sedimen
tary and tuffaceous section (Tst) . Typica l  examp l es of this map unit occur in the Knot Tab l e l and and 
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Figure 1 2 - Tst uni t .  
Typical  interbedded l acustrine diatomite (whi te) and basa l tic tuff 
sandstone (gray) . Yonna Val l ey ,  northeast of Dairy ( N Edr sec . 27, 
T . 38 s . I R . 1 1 � E . ) 

Figure 1 3  - Qb un i t .  
Knot Tab le land basa l t  f low over l ying Pl iocene palagonitic tuffs (Tst) . 
Contact indicated by dashed l i n e .  Canyon of the Sycan River 
(sec . 20 I T . 35 S . I R .  l 2 E. ) 
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High Tab le l and areas north of the Sprague River (figure 1 3) .  The f lows of this u nit are approximate ly  
20 to 30 feet thick in  this area , but  the number of individua l  f lows and their thic kness appear to in
crease to the north in the Sycan River canyon . Simi l ar f lows can be seen over lying l acustrine sedi
men ts in some of the low fau l t-bloc k  ridges around K l amath Fa l ls .  Additional good exposures are 
present  at Spring Hi l l grade on Highway 93 north of Chi l oquin and in the adj acent Wil l iamson River 
canyon . 

This basa l t  is usua l l y  moderate ly  vesicu l ar ,  medium to dark gray in co l or ,  and exhibits dikty
taxitic and intergranu l ar textures . I t  is often l i tho logica l l y  indistinguishable from the ear l y  P liocene 
basa l t  unit (Tb) . 

The increase in f low unit thic kness and in the number of f lows northward and eastward from the 
Beatty-B iy  a rea a l ong the Sprague and Sycan Rivers suggests a source for at l east some of the f lows in 
the genera l area of the west  s l ope of Winter Ridge , Shake Butte, and Green Mountain . The f lows 
there seem to merge with low ,  fan-shaped terraces on these mountains,  which may have been eruptive 
centers for l avas of low viscosi ty . Basal ts of th is composition and texture h ave been co l lec ted from 
the summits of several eruptive centers , for examp le  Yainax Bu tte , S kookum Butte , Ca l imus Butte , and 
Sol omon Butte . Dikes with g l assy chi l led borders and centers with diktytaxit ic  texture occur in the 
Wil l iamson River canyon (center of N�sec . 25, T .  33 S . ,  R .  7 E . )  and appear to be rel ated to post
lacustrine diktytaxitic f lows (Qb) in that area . 

F l ows of this u nit  were extruded onto an erosiona l  surface deve l oped on the P liocene sedimen
tary beds . This can be seen on the Riverbed Bu tte quadrang I e a l ong the boundary between T .  35 S . ,  
R .  1 3  E .  and R .  1 4  E . , where iso l ated sinuous basa l t  ridges a few hundred feet wide seem to be the 
exhumed basa l t  fil l ings of o l d  stream channels cut  in to the under l ying roc ks . The re l ationship between 
the Knot Tab le l and f low sequence and the f lanking High Table l and basa l t  seems to imp l y  that the High 
Tab le l and f lows were extruded and then cut  through over a l arge area by a river . The river bed then 
formed the channel in which the Knot Tab le l and basa l t  f lowed and came to rest (Tps . 35 and 36 S . ,  
Rs . 1 1  and 1 2  E . ) .  

The origina l  pahoehoe surfaces of these f lows are usua l ly covered on ly by a thin veneer of 
soil and Mazama pumice , with the exception of the K l amath Lake-Agency Lake-K l amath Marsh area, 
in which l acustrine sediments of the present topographic basins over l ie them . 

The age of these f lows appears to be ear l y  Pl eistocene . They over l ie probab le  midd le to l ate 
P liocene l ake beds on an erosional unconformity ,  as has been indicated . Basa l ts assigned to this unit 
appear to have been subjected to the same amount of norma l fau l ting as the underlying rocks , parti
c u l ar ly  to the west of the town of Sprague River and in the K l amath Fa l l s  area . The l atest f lows known , 
such as at Knot Tab le l and , have been considerab ly dissected by the Sycan River . Thus the tentative 
age assignment to ear ly  Pl eistocene appears to be j ustified . 

A major unsol ved problem exists where these basa l ts rest direct ly  on f lows of simil ar appear
ance bu t of earl ier age , such as the (Tb) unit and the basa l ts associated with the Miocene-Pl iocene 
sedimentary section . This condition occurs over a l arge area a long the west s l ope of Winter Ridge, 
in the canyons of the north and south forks of the Sprague River, and in the general area west of 
Barnes Va l l ey . A more detai led s tudy wil l be required to make an accurate distinc tion between the 
bas a I t  sequences of severa l ages . 

P leistocene - Ho locene 

Of the many smal l deposits representing sedimentation in the present  topographic basins, five 
have been distinguished at the reconnaissance leve l of the present  mapping project . These are: f luvia l , 
terrace , and l acustrine deposits of higher l a ke leve l s  (Q io ) ,  l andslide deposits (Q is ) ,  basal tic tuff 
eruptive centers and associated moors (Q pt) , Mazama pumice (Qmp) ,  and a l l uvial deposits (Qa l ) . 

F l uvia l , terrace , and l acustrine deposits (Q io): The parts of the pro ject area which appear to 
have received signi ficant quan tities of sediments during this in terval  are the K l amath Marsh-Agency 
Lake depressions on the west,  the Sil ver Lake-Summer Lake-Chewaucan Marsh -Goose Lake depressions 
on the east, and the Sycan Marsh depression in the central area . E l sewhere active erosion was goi ng 
on . Typical  examp les of (Q io) sediments occur in the north end of Summer Lake in the Ana River 
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canyon . Conrad ( 1 953 , p .  34-52) studied in detail approximate l y  50 feet of section exposed there . 
Apart from l acustrine sediments many pumice l ayers were noted , indicating contemporaneous vo l canism . 
Thin ca l iche zones recorded periods of dessication . Beds of coquina , made up of gastropods , pe l ecy
pods, and fine-grained ca lcareous and do lomitic sediments, occur a l ong the east side of Summer Lake 
(sec . 34, T .  31  S . ,  R .  1 8  E . ) .  Chemica l  ana lyses of these sediments show an unusual l y  h igh MgO 
content of from 5 to 20 percent . The total thickness of l acustrine strata in this basin appears from 
water-we l l  data local l y  to exceed 1 286 feet, the depth of the deepest we l l (A l l ison , 1 945, p .  793) . 
Oth er prominent outcrop areas occur at the north end of the Goose Lake basin , a l ong l ower Thomas 
Creek, and in cuts a long State Highway 1 40, 6 to 8 mil es west of Lakeview . The northernmost de
posits contain many conglomerate beds probably representing stream and de l ta deposits at the margin 
of an ear l ier , expanded Goose Lake . E l sewhere, thin l y  bedded, fine-grained tuffaceous sediments 
suggest l acustrine deposition . 

I n  the K l amath basin , deposits assigned to this unit con tain cong lomerate , such as that exposed 
i n  the N E± sec . 22, T .  38 S . ,  R .  8 E . ,  and unconso lidated tuffaceous sand seen in a pit in the S E± 
sec . 361 T .  38 S . 1  R .  9 E .  (figure 1 4) .  Water-wel l logs in th e Agency Lake-Fort K l amath area* re
port more th an 300 feet of unconso l i dated sand1  grave l 1  ci nders1 and c l ay with abu ndant carbonized 
p l ant  fragments .  

The Sycan Marsh depression is present ly a site o f  accumu lation for peat and sma l l amounts of 
sediment from the surrounding hi l l s .  The thickness and h istory of accumu l ation in this sma l l area is 
not known 1 but it may inc lude deposits in the subsurface assignab l e  to (Q io ) . 

No diagnostic fossi l s  are known to occur in (Q io)  sedi men ts . These deposits were formed af
ter the estab l i shment of the present-day basins 1 resu l ting from post-P liocene norma l fau l ti ng .  They 
are 1 however 1 re la ted to depositi onal conditions no l onger prevai ling in thei r  area 1 partic u l ar ly  to 
the h igh l ake l eve l s  of the P l eistocene . I n  some cases1 s l igh t deformation of these beds by fau l ting 
is i ndicated . I n  summary 1 the genera l condi tions of deposi tion suggest that a mi dd le  to l a te P le i sto
cene age is probab l e  for most of the deposits assigned to th i s  map uni t .  

Landslide deposits (Q is ) :  Lands l i de deposi ts l arge enough to be recorded at the mapping sca l e  
o f  this proj ect have been formed a l ong the eastern face o f  Winter Ridge . The local geo logica l  condi 
tions under which they have developed consist of a steep fau l t  scarp with para l le l  j oint zones in th e 
upl i fted ridge and a stratigraphic sequence consisting of massive basa l t  f lows over lying softer acid 
tuffs and tuffaceous sediments .  The resu l ti ng s l ides have l eft a typical ly  sca l l oped edge a long the 
rim of Winter R idge and a hummocky terra in  at the foot of the ri dge . Sag ponds and l arge 1 erratic 
b locks are abundant . 

The s traigh t fron t of the toe of many of these deposi ts suggests that they a l so may have been 
fau l ted 1 w i th displ acemen ts as l arge as 300 feet . High l ake shore l i ne cuts are a l so vis i b le  at the base 
of these s l ides1 i nd i cating that some of them were in place before the establishment of the h igh P le is
tocene l ake l eve l s .  

A second promi nent l ands l ide area occurs on both flanks o f  the Barnes Rim-F ishho le  Mounta in  
ri dge (T . 38 S . 1  R .  1 6  E . L  where the general geol ogi cal  condit i ons resembl e  those at Wi nter R idge . 

Basa l tic tuff eruptive centers and assoc iated moors (Opt): Loca l  accumu l ati ons of pa l agoni t ic  
basa l t  tuffs were bu i I t  up around vents during the P I  i ocene 1 PI eistocene 1 and Ho locene . Large sub
lacustr i ne P l i ocene tuff ri ngs and mounds are indicated on the geo logic map in the (Tpt) uni t .  Young
er tuff mounds and open moors with borderi ng tuff ri ngs are present in the northeast part of the mapped 
area . 

Ho le-i n-the-Ground / i n  sec . 1 3 1 T .  25 S . 1  R .  1 3  E . 1 a short distance beyond the northeast
ern corner of the proj ect area1 is a vo lcan ic  expl osion crater of th is type .  It is near ly circu l ar ,  with 
steep wal l s  s l oping to a f lat  f loor that is abou t 425 feet be low a raised r im . The rims of the c rater are 
bui l t  up of thin to thick l ayers of basal tic expl osion tuffs and brecc ias .  

The age of the short-lived Ho le- in-the-Grou nd event is uncertai n .  The outward-s lopi ng r ims 
are over l ain by pahoehoe l ava f lows origi nating on the f lanks of Newberry Vo lcano to the north . 

* U . S .  Forest Service 1 Fort K l amath Ranger Station we l l  (H ),  sec . 21 1 T .  33 S . 1  R .  7� E. 
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Figure 1 4  - Qlo un i t .  
Lacustrine(? ) sediments deposited in  the present lake basin at  a 
h igher l ake level . Three mi les east of the center of K lamath Fa l l s .  
(SW � sec . 36 ,  T .  38 S .  , R .  9 E. ) 

Figure 1 5  - QTvcb uni t .  
Fuego Mountain, a basal t  and basa l tic  andesite eruptive center, 
seen from a distance of about 1 0  miles .  Knot Table land, the plain 
i n the foreground, is f loored by basal t (Qb) . (NW:! T .  34 5 . ,  R . 1 1  E. ) 
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These f lows show uneroded surface features and are probably of Ho locene age. The crater is also o l d
er than the Mazama pumi ce which mant les i t .  I n  view of this and of the very sl i gh t  erosi onal modif i
cation of the crater and its r ims , i t  appears tc. be, at the most, l a te P le i stocene and more probab l y  
Ho locene i n  age (Peterson and Groh , 1 965, p .  1 9-28 ) .  

Big Ho le  crater a few mi les northwest o f  Ho le-i n-the-Ground i s  l arger ( 1  � mi l es i n  d i ameter) 
and sha l lower (200 feet deep) wi th greater vo l umes of dark-gray to brown lapi l l i  explosion tuffs and 
breccias in the wal l s  and rim. Big Ho le  is very s imi l ar to Hol e-i n-the-Ground bu t has probably had 
a longer and more complex eruptive history. 

A l l  of these features of P le i stocene(? ) to Ho locene age h ave been inc l uded i n  a s ing l e  map 
uni t (Opt) , even though they may not be exact ly  con temporaneous . 

U n l i ke the Pl i ocene tuff ri ngs , these features are not known to be associated wi th l ake depos
its and probab ly  origi nated from the i n trusion of basa l ti c  magma i n to ground-water-bearing rocks. 

Mazama pumice (Qmp): A lmost a l l  of the projec t  area north of the Sprague River and Upper 
K l amath Lake and east to the K l amath County-Lake County l i ne is man t led by an apprec i ab le  thick
ness of dac i te pumi ce and pumic i te erupted from Mount Mazama, the name gi ven to the vo lcanic peak 
ancestral to the present-day Crater Lake in the Cascade Range . Immediate ly to the west of the study 
area W i l l iams (1 942, p. 69-87) disti nguishes two mai n  types of materi a l  resu l ting from the c l imac tic 
eruptive phase of Mount Mazama. The ear l i er is very w ide-spread pumice and pumi c i te distr ibu ted by 
a ir  fal l and designated as (Qmp) on the pro ject map. Later , g lowing ava l anche deposits containing 
coarse l ump pumice were la id  down. These extend on ly  a short d istance i n to the area of th is report 
and have not been di fferentiated from the earl i er fa l l .  An isopach map of the (Qmp) uni t  has been 
i nc l uded (Mi nera l Resources Map , p l ate 2) . 

I n  genera l , the si ze of the pumice fragments becomes finer toward the margi n of the deposition
a l  area . Some of the coarsest l ump pumi ce observed in this study occurs in the area from Diamond 
Lake sou th to Lenz , a l ong the Sou thern Pac i fi c  and Great Northern Rai l roads . 

The co lor of the (Qmp) pumice is wh i te or pale gray on fresh surfaces and buff to yel l owish 
brown on weathered surfaces . Pumice framents are equidimens iona l , and there are abundant drawn
out ovoid and tabu l ar vesic l es .  The vol ume percentage of crysta l s  is reported to range from 1 to 40 
percen t ,  bu t i t  is be l ieved to average 1 0  to 1 5  percent in the region southeast of K l amath Marsh 
(Wi l l iams , 1 942, p .  77 ) .  The crysta l s  consist of p l agioc l ase , hypersthene , augite , hornb lende, 
magnetite , and i lmenite . The amount of exotic l i thic fragments is sma l l in the project  area . 

Carbonized wood fragments engu l fed in the pumice have been co l l ected in several areas . Ra
diometric a�e determi nations by the carbon 1 4  method have i ndicated the deposition of the un i t to have 
been 6450 - 200 years b . p .  (Cressman ,  1 951 ) .  Very l it t le  so i l  h as been deve loped on the pumice sur
face . Owing to its porous nature , water rapid l y  penetrates it and there is very l itt l e surface runoff . 
Consequen t l y ,  there has been litt le redistribution of pumice by streams , except in the major drainages . 

The Mazama pumice has been mapped as a unit on ly  where it is thic k enough to mask compl ete
l y  the character of  the under lying rocks . 

A l luv ia l  deposits (Qa l ): No a ttempt h as been made to map deposits of the present c l imatic cy
c l e  i n  detai l . The most notab l e  sediments now formi ng are diatomite and peat accumu l ating in K l am
ath Marsh and Upper K l amath Lake . The peat is being deposited in marshes peripheral to the bodies of 
open water . Diatomite is being deposited throughout the l a ke and pond envi ronment .  A sha l l ow auger 
ho le  dri l l ed in N El sec . 1 7, T .  31 S . ,  R .  9 E .  indicated that i n  this l oca l ity , from the surface down
ward , 4 feet of  peat over lies abou t 3 feet of diatomite, which overlies an u ndetermined thickness of  
water-deposited pumice fragments be l ieved to be Mazama pumice . The over-a l l distribution and thick
ness of recent diatomite in the K l amath Marsh -K l amath Lake depressions is not known,  bu t the deposit 
may be extensive . Sand , sil t ,  mud ,  and in some cases peat are a l so being deposited in Si l ver Lake , 
Summer Lake , Chew au can Marsh , Goose Lake , and Sycan Marsh . 

A minimum amount  of a l l uvium has been shown on the maps . An interpretation of the under
l ying geo l ogy h as been attempted wherever possib l e .  
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L a t e  T e r t i a r y a n d  Q u a t e r n a r y  R o c k s  
o f  U n c e r t a i n  A g e  o r  R e l a t i o n s h i p s  

Extrusive and sha l l ow intrusive roc ks at eruptive cen ters 
(QTvc b, QTvca,  QTvcc ,  QTvrd : 

There are numerous e r·u ptive centers in the pro ject  area , ranging in size from smal l cinder cones 
covering a few acres to l arge vo lcanic pi les such as Yamsay Mou ntain ,  which covers an area of near-
l y  s ix townships and rises 3000 feet above its base . The l arger vo lcanic centers such as Gearhart Moun
tain and Yamsay Mountain con tain r·oc k types ranging from rhyo lite through basa l t  a nd  record a com
p lex eruptive history . The sma l l er vo lcanic centers usua l l y  contain on ly  a singl e roc k  type (figure 1 5) .  

Basa l tic eruptive cen ters (QTvcb) occur  over the entire area . Their distribu tion seems to be 
random except in the Appl egate Bu tte-Crawford Bu tte trend which is a l igned para l l e l  to the regional  
northwester ly fau l t  strike . More questionab l e  a l ignments with regional  fau l t  l ineaments occur in the 
Gearhart Moun tain-Shake Bu tte area , and the Edgewood Moun tain-Chiloquin Ridge area . 

Large basa l t  eruptive centers of l ow re l ief are bel ieved to be presen t  on the west s lope of Win
ter Ridge . These are expressed as fan -shaped terraces on l arge-sca le  topographic maps of the area . 
They may be sources for the extensive basal t f lows in Sycan F l a t  and the basa l t  tab le lands of the low
er Sycan River drainage . 

Predominan t ly andesitic l avas (QTvca) appear to make up  Yamsay Mountain , Gearhart Mou n
tain , and Wa l ker Mountain . They may be found e l sewhere by more detail ed studies . 

Basa l tic cinder cones (QTvcc) occur as iso l ated mounds or in satel l ite groups arou nd the l arge 
eruptive centers , as in the area north of Yamsay Mountain in T .  29 S . ,  R .  1 1  E .  

There are numerous extrusive and sha l low in trusive bodies of I i gh t-eo lored igneous rocks (QT vrd) 
occurring main l y  east of 1 21 ° 30 '  west long.  and south of 43° 00' north lat . These roc ks range in com
position from rhyo l ite through dacite to andesite vitrophyre . The acidic varieties are l igh t gray to 
near ly white . The more basic are medium purpl ish or brownish gray . A l l of these roc ks,  with the ex
ception of a few porphyritic dikes , have an aphanitic or glassy groundmass with scattered phenocrysts 
of fe l dspar . A few smal l magnetite crysta l s  are a l so usu a l l y  present . Obsidian and per l ite masses are 
associated with severa l of these bodies . Contorted f low banding is commonpl ace . 

The usua l  occurrence of the (QTvrd) unit i s  as intrusive-extrusive domes . An exampl e of one 
of the many such features is that in Thomas Creek (sec . 27, T .  37 S . ,  R .  1 8  E . ) .  C l usters of domes 
occur in the Owen Bu tte-Quartz Butte area (T . 37 S . ,  R .  1 6  E . ) .  Sil icification of these bodies is 
extensive . Roc ks of these compositions a l so are pres1_1nt as dikes (QTrd ) ,  most of which are too sma l l  
to map at a regional sca le  but which may be l oca l l y  important to minera lization . Irregu l ar ly shaped 
pi l es of rhyo litic and dacitic rocks, which appear to be distinct ly  extrusive eruptive centers, occur 
at Partin Butte, Cougar Peak ,  Ferguson Mountain , Spodue Mountain , Bug Butte (figure 1 6) ,  and oth ers . 

A wide range of ages is probab le for this compositiona l ly varied assembl age of eruptive centers . 
Al most a l l of the basa l tic eruptive centers discussed h ere were essen tia l l y  in p l ace before the l atest 
and most prominen t stage of normal fau l ting , since they are cut  by fau l ts approximate ly  to the same 
degree as the surrou nding low l ands . G l aciation has modified the peaks that were of sufficient e l eva
tion to support summit snowfie lds .  Yamsay Mountain , Gearhart Mou ntain , and Deadhorse Rim exhibit 
the most prominent gl acial cirques and U-shaped canyons . Furthermore , a l l of the eruptive cen ters 
have been subj ected to considerab l e  erosion ,  as is evident from the exhumed dikes and the absence of 
any sign of ven t area depressions . No very young eruptives, such as the f lows and cone in sec . 1 9, 
T .  24 S . ,  R .  8 E .  to the northwest of the project area,  were found within the map l imits . The c ircum
stantia l evidence cited above suggests that upward buil ding of  these vo l canic centers ceased in the 
ear ly  Pl eistocene,  and the o l dest age that can be assigned is probab l y  l a te Miocene or ear l y  Pliocene, 
contemporaneous with the regional  occurrence of basa l tic f lows inc l uded in the (Tb) map u nit . 

The rhyo lite , dacite , and andesite eruptive cen ters a l so appear to be of severa l ages . A ra
diometric age of 8 . 1  � 0 . 5  m . y .  has been determined for an intrusive rhyol ite dome l ocated on Thom
as Creek (sec . 27, T. 37 S . ,  R .  1 8  E . ) .  Severa l fie l d  re l ationships in the upper Drews Creek area 
(Tps . 37 and 38 S . ,  R .  1 7  E . )  indicate that rhyo l ite domes and andesite vitrophyre pi l es are younger 



DESCRIPTIVE GEOLOGY: STRATIGRAPHY 

Figure 1 6  - QT vca. 
Bug Butte, a small porphyritic andesite dome seen from a distance 
of about 3 miles. (sees. 24 and 251 T. 36 S . 1  R. 1 1  E . )  

Figure 1 7 - Fault plane exposed by the removal of talus i n  a quarry south 
of Rattlesnake Point 1 east side of K lamath Lake. (NEa sec . 251 
T . 37 s . I R .  8 E . )  
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Tab l e  1 .  Chem i c a l  analyses of representative extrusive and i n trusive rocks in K l amath and Lake Counties . 

Loss on 
Loca l i ty and uni t S i0 2 Ti02 A I 20 3 Fe203 FeO MnO MgO CoO Na20 K20 igniti on P205 Total � 

Daci te pumice (Qmp) 68 . 56 0 . 58 1 4 . 22 1 . 42 1 . 49 0 . 03 0 . 83 2 . 35 5 . 1 8  2 . 47 3 . 32 0 . 1 0  1 00 . 55 
sec . 8, T . 27 S . , R . 8 E .  G) 
(Moore, 1 937, p .  1 59) m 

0 
Dac i te pumice (Qmp) 69 . 50 0 . 41 1 5 . 1 8  1 . 24 1 . 42 0 . 03 0 . 83 2 . 08 4 . 78 2 . 1 8  2 . 5 1  0 . 21 1 00 . 37 r-

0 
(Moore, 1 957, p .  1 57) G) 

-< 
* Pl eistocene dac i te pumice 65 . 64 0 . 1 6  1 9 . 24 * * 1  . 52 0 . 09 1 . 21 3 . 5 1  4 . 1 3  1 . 45 2 . 74 N . R .  99. 69 � 
(Pre-QTb - not mapped z 

separately) 0 
N E! sec . 29, T . 35 S . , R . 1 2 E .  � 
(P . 331 1 6) z 

m 
* Pl iocene-Pleistocene basal t  48 . 48 0 . 83 21 . 26 * *9 . 38 0 . 21  6 . 86 9 . 22 0 . 52 0 . 30 0 N . R .  97. 06  � (QTb) r-
center sec . 28 , T .  39 S .  , R .  1 2 E .  C,l) .. 
( P .  331 1 2) "' 

r-
* Pleistocene basal t  (Qb) 47. 74 N . R .  2 1  . 88 **8 . 8 2  N . R .  7 . 92 1 1  . 03 0 . 6 1  0 . 1 8  0 N . R .  98 . 1 8  � 
Basal t  of Knot Tab l e l and � 
sec . 20, T .  35 S . , R . 1 2 E . .... 
( P .  33468) ::I: 

� 
* Pleistocene basa l t  (Qb) 5 0 . 44 N . R .  21  . 88 * *8 .66 N . R .  5 . 77 9 . 32 0 .45 0 . 20 0 N . R .  96 . 72 z 
Basal t  cappi ng Good l ow R i m  

0 
r-sec . 20, T .  39 S . , R .  1 3 E .  � 

(P . 33467) "' m 
* Pl iocene-Pl eistocene basal t 47 . 92 N . R .  2 1  . 44 **8 . 74 N . R .  7 . 98 1 1  . 1 3  0 . 58 0 . 24 0 N . R .  98 . 03 () 
(QTb or Tb) 0 

c 
Basal t  capping Barnes Rim z 
sec . 21 , T .  39 S .  , R .  1 5 E .  .... 
( P .  33469) m 

C,l) .. 
* P l i ocene-Pl eistocene basal t 53 . 94 N . R .  22 . 71 * *6 . 49 N . R .  1 . 90 7 . 72 4 . 65 1 .62 0 . 26 N . R .  99 . 29 0 
(QTvcb) :::0 m 
Ca l i mus Butte eruptive cen ter G) 
SW! sec . 8, T . 34 S . , R . 1 0 E . 0 
( P .  33507) z 
* Samples ana lyzed by State of Oregon Department of Geol ogy and Mi nera l I n dustries .  
* *  Al l i ron calcu l ated as Fe203 . 



Loss on 
Loc a l i ty and u n i t  S i0 2 T i 02 A I 20 3 Fe2o 3 FeO MnO MgO CaO Na20 K20 i gn i tion P205 Tota l 

* PI aty andesi te (QT a) 58 . 00 0 . 94 22 . 6 1  * *4 . 89 0 . 32 2 . 41 5 . 89 2 . 35 0 . 38 0 N . R . 97 . 79 
of Wal ker R im 
E� sec . 1 51 T .  27 S.  1 R .  8 E .  
( P .  331 1 3) 

* Pl i ocene pal agoni te tuff (Tpt) 49 . 00 N . R .  1 7 . 99 * * 1 1 . 23 N . R .  4 . 59 7 . 37 2 . 78 0 . 6 1  4 . 80 N . R .  98 . 37 
E � sec . 291 T .  35 S . 1 R . 1 0 E .  
( P .  33505) 

* PI  i ocene basal t  i nterbedded i n  5 0 . 48 N . R .  21  . 44 * *8 . 58 N . R .  4 . 24 8 . 77 4 . 36 0 . 97 0 N . R .  98 . 84 0 
l ake sed i ments (Tst) m Vl 
sec . 241 T .  37 S .  1 R .  8 E .  () 
( P .  33506) ;;:o 

-o --t 
* P l i ocene basal t  (Tb) capping 48 . 1 6 0 . 43 20 . 93 * *8 . 45 0 . 1 6  9 . 43 1 1  .43 1 . 47 0 . 28 0 N . R .  1 00 . 74 < 
Co l eman Ri m m 
W � sec . 201 T .  37 S . 1 R .  1 7 E .  G> 
( P .  331 1 1 )  m 

0 
I 

* P l i ocene basal t  (Tb) ? 47. 1 0  N . R .  23 . 26 * *8 . 34 N . R .  4 . 50 1 0 . 53 3 .66 0 . 26 2 . 40 N . R .  1 00 . 05 0 
at the base of the (Tst) G> 
sec . 36 1 T . 39 S . 1 R . 7 E . -< 
( P .  33508) Vl --t 
* Rhyo l i te vi trophyre dome (QTvrd) 76 . 20 0 . 07 1 3 . 34 * * 0 . 80 0 . 1 3 0 . 30 0 . 75 3 . 77 3 . 40 1 . 24 N . R .  1 00 . 00 ;;:o 

)> 
W . edge sec . 271 T .  37 S . 1 --t 
R .  1 8  E .  G> 
( P .  331 1 4) ;;:o 

)> 
-o 

* Rhyo l i te vi trophyre dome (QTvrd) 70 . 1 8  0 . 08 1 4 . 43 * * 1  . 3 1  0 . 1 1  0 . 91 1 . 90 3 . 1 5  3 . 25 3 . 1 6  N . R .  98 . 48 :c 
center sec . 231 T .  37 S . 1  R .  1 6  E .  -< 
( P .  331 1 5) 

Quartz monzon i te (T i )  of th e 60.40 0 . 79 1 7 . 1 9  2 . 88 2 . 38 0 . 1 5  2 . 48 4 . 29 4 . 20 3 . 08 1 . 70 0 . 20 99 . 74 
Pai s l ey H i l l s 
(From Muntzert 1  1 9691 p .  49) 
(JM-291 ) 

Quartz diori te (Ti )  of the 57. 1 2  1 . 00 1 7. 99 3 . 6 1  3 . 49 0 . 1 6  3 . 02 5 . 23 3 . 94 1 . 97 1 . 88 0 . 32 99 . 73 
Pai s l ey Hi l i s 
(From Muntzer t1  1 9691 p .  49) I'V (JM-63E) t11 

* Samples analyzed by State of Oregon Department of Geol ogy and Mi ner a l  I ndustr i es .  
* * A l l  i ron c a l c u l ated as Fe203 . 
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than basa l t  f lows (Tb) wh ich cap Col eman Rim and Grizzl y Peak . Cougar Peak a l so appears to have 
been bui l t  above the (Tb) basa l t  unit (Haddoc k, 1 959, p .  32-36) . Quartz Butte , a rhyo l i te vitro
phyre dome, has been radiometr ica l l y  dated as 7 . 6  ":!: 0 . 4  m . y .  I n  the B ly  Moun tain Pass area (cen
ter of N�sec . 1 5 , T .  37 S . ,  R .  1 5  E . ) , P l iocene l acustrine sedimen ts seem to over l ap andesi te vi tro
phyre . North of Beatty (NW* sec . 35, T .  35 S . ,  R .  1 2  E . )  a roadsi de quarry exposes rhyo l i te on 
the upthrown side of a norma l fau l t ,  in con tact w i th P l iocene l ake beds . E l sewhere , however , rhyo
l ite dikes are intrusive into tuffaceous sedimentary beds which are probab ly  part of the P liocene as
sembl age (N Ei sec . 24, T .  36 S . ,  R .  1 2  E . ) .  

The great thickness of rhyo l ite-dacite tuff and tu ffaceous sediments in the (Ttf) map u nit sug
gests that local vent areas for th i s  unit might be  found . Thus far , however , none o f  the rhyo l ite
dac i te in trusive-extrusive masses have been determi ned to be the source for (Ttf) rocks . Rhyo l i te
daci�·e dikes (QTrd) intrusi ve i n to the (Ttf) unit were observed in Dry Creek (sec . 36, T.  40 S . ,  R .  
1 7 E . )  and at the White King mine (center of sec . 30, T .  37 S . ,  R .  1 8  E . ) , as discussed e l sewhere . 

There is a sma l l amount of evidence concern i ng the re la tionsh i ps between the time of emp l ace
men t of  the various basa l t  f lows and eruptive cen ters and that of the more acidi c rocks . Young ba
sa l ts ,  such as those i nc l uded in the (Qb) unit ,  appear to f low around and lap onto rhyodacite and 
andesite vitrophyre at B ly  Mountai n Pass , in the south fork of the Sprague River-Quartz Moun tain area , 
and around Ferguson Mountain,  between Beatty and B ly . I n  addition , the basal t  f low coveri ng Knot 
Tab l e l and over l ies a bed of pumicite containing l arge c l asts of wh ite rhyo lite vitrophyre l ike that of 
the (QTvrd) erupti ve centers (N Ei sec . 29, T .  35 S . ,  R .  1 2  E . ) .  This pumicite may represent erup
tive materia l from one of the loca l  rhyo l i te cen ters erupted previous l y  to th e youngest basa l t  f lows in 
the mapped area (Qb) . 

Basa l t  f lows, brecc i as ,  agg lomerates , and pyroc lastic rocks 
of uncertai n  stratigraph i c  position ( QTb ): 

In addition to basa l tic l avas wh ich appear to be spec i fi ca l l y  associated with loca l  eruptive 
centers , th ere are th i c k  sequences of basa l t  flows, brecc ias ,  aggl omerates, and pyroc l astic roc ks which 
cannot be assigned to local ven ts and wh ich are in dou btfu l re l ationship to other stratigraphic units . 
Typica l  ou tcrop areas assigned to this map unit ( QTb) occur at Nay lox Mounta i n ,  immediate l y  north
east of K l amath Fal ls; Stuke l  Mou nta in;  Bryant Mou ntain , northeast of Ma l in;  and adjacent parts of 
the western project area . Th is assemb l age ( QTb) is associ ated w i th severa l unso l ved mapp ing prob
l ems which appear to involve comp lex interfingering between l acustr i ne sed iments (Tst) and volcanic 
rocks . I n  addi tion , basa l ts of both the (Tb) and (Qb) i n terva l s  may be i nc l uded in this u nit i n  a few 
areas of the map .  

T e r t i a r y  a n d  Q u a t e r n a r y  I n t r u s i v e  R o c k s  

Dior i te ,  granodiori te , and quartz monzon i te stoc ks and di kes (Ti ) : 

Smal l p l utonic bodi es of diori tic composi tion , w i th subordinate granodiorite and quartz mon
zoni te ,  have been descri bed i n  detai l by Muntzert (1 969 , p .  36-52) . They occur i n  iso lated ou tcrop 
areas between Brattai n Canyon (NW* sec . 7, T .  34 S . ,  R .  1 9  E . )  and Ennis Creek on the east side 
of the Pais ley H i l l s .  Ch emi cal  anal yses of two of these roc ks have been i nc l uded i n  tab le  1 .  

F i e l d  re l ations i ndicate that these p l u tonic rocks i n trude both the dac i te (Td) u nit and the an
desi te ,  basa l t  f low ,  pyroc lasti c ,  and sed imentary members of the (Taf) uni t .  Potassium-argon ages 
determined from quartz monzon i te samp l es range from 33 .6  ± 1 . 5 m . y .  to 32 . 6 :!: m . y .  (Muntzert,  1 969, 
p .  5 1 ) .  

The l ac k  of wi despread metamorph i sm or deformation of the coun try rocks ,  l ack  of fo l i a tion i n  
the i n trusi ves and country rocks , and the presence of sharp , ch i l l ed borders o n  the intrusi ves i ndicate 
they are epizonal  in character . 

Radia l vein systems and hydrothermal  a l teration of the associated country rocks have been 
mapped by Appl ing ( 1 950) and Muntzert ( 1 969) . Chal copyrite , spha lerite, and gal ena occur 
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sporadica l ly  in the narrow vein systems adjacent to  or  associated with the p l u tonic rocks . 

Basa l t  and diabase dikes and si l l s (Tdb): 

I t  has been noted e l sewhere that ear l y  Pliocene basa l t  f lows mapped in (Tb) appear to be asso
ciated with dikes or si l ls which may have been their source . I n trusive bodies of this type which are 
l arge enough to appear at the present mapping sca l e  occur in the sou thwestern part of T .  40 5 . ,  R .  
1 7  E .  and in the Cougar Peak-Grizzly Peak area (see figure 9) . These dikes range in texture from 
fine-grained diktytaxitic basa l t  to very coarse l y  crysta l l ine diabase with gabbroic pegmatite inc l u
sions (Haddock, 1 959, p .  23) . I n  these pegmatites, crysta l s  of p l agioc lase fe ldspar and augite reach 
1 to 2 inches in l ength . One such coarse-grained body , on Thomas Creek (sec . 25 , T .  37 5 . ,  R .  
1 7  E . ) ,  contains zeol ite minera l s . I n  this area , the intruded vo lcanic sil tstone has been loca l ly  con
verted to hornfe l s .  

The l argest body of diabase is reported by Haddock ( 1 959, p .  23) to be abou t 4 mi l es l ong. 
This dike and si I I  comp lex occurs in upper Drews Creek (S E� T .  37 5 . ,  R .  1 7  E . ) .  The l argest dikes 
and si l i s are between 1 00 and 200 feet thic k .  The northwester ly  trend of most of these e longate bodies 
provides evidence for tensional fau l t  ac tivity a long one of the major fau l t  direc tions of the area as 
ear ly  as the P liocene . A few feeder dikes for basa l ts of other ages were observed but not mapped be
cause of their smal l size. 

Rhyo lite, dacite , and andesite dikes (QTrd):  

Most of the rhyol ite ,  dacite , and andesite vitrophyre intrusive bodies are doma l and have been 
inc l uded in the (QTvca) and (QTvrd) map units . A few l arge dikes of this compositional  range have 
been observed and mapped separate ly with the designation (QTrd) . The most notab l e  of the andesite 
dikes are on the west s lope of Gearhart Mountain . A prominent  rhyo lite dike occurs in Dry Creek 
(sec. 5 ,  T .  41 5 . ,  R .  1 8  E . ) .  These bodies appear to be of the same age as the domal intrusions of 
simi lar composition . In the Dry Creek area, si l icification and mercury mineralization occur adjacent 
to the dikes . 

An in teresting f low-banded dike- like mass of rhyol ite has intruded the late Miocene sedimen
tary sec tion at the White King uranium mine . Uranium and  oth er epith erma l meta l l ic minera l s  accom
pany si licification and a l teration that is associated with this intrusive . 

G EO LO G IC STRUCTU RE 

The dominant structural features of the area are norma l fau l ts .  These fau l ts can be grouped 
into two systems based on re l ative age,  genera l strike trend , and to some extent on the amount  of 
displ acement . 

The first major group of fau l ts,  and probab ly  the ear lier one, is characterized by re la tive ly 
sma l l  displ acement, c l ose spacing, and consistency in the strike pattern . In preparing the map for 
this project,  a l l evident zones of rupture have been inc l uded a long which any evidence of disp lace
men t cou l d  be seen . Frac tures a l ong which no movemen t cou l d  be distinguished appear to conform to 
the fau l t  pattern but were not mapped . Most fau l ts of this group show dip-s lip movement  of l ess than 
500 feet. A few , however, such as those bounding Bryant Mountain northwest of Malin and those 
a l ong the east side of Swan Lake Val l ey and U pper K l amath Lake ,  are in excess of 1 000 feet . 

I n  the southern four -fifths of the map the predominant fau l t-strike direction is northweste r l y ,  
associated with a few fau l ts with northeaster ly strike. I n  t he  northwestern part of  the map, however, 
the northeaster l y  trend is predominant and the northwester ly  subordinate . These two fau l t  directions 
have been descri bed in adjacent regions (Donath , 1 962 , and Larson ,  1 965) . The change in strike di
rec tion of the majority of the fau l ts in the trend is not abrupt but appears to come abou t by means of a 
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gradual shift in strike through fau l ts west of K l amath Marsh which trend near ly  due north . 
Exposures of fau l t  p l anes in this set of fau l ts occur  a t  several loca l i ties on the west side of the 

pro jec t area (S E corner sec . l 2 , T .  34 S . ,  R .  7! E . ;  SW� sec . 6, T .  37 S . ,  R .  9 E . ;  NW� sec . 6 ,  
T .  38 S . ,  R .  8 E . ;  N E� sec . 32, T .  39 S . ,  R .  1 0  E . ;  N E� sec . 25, T .  3 7  S . ,  R .  8 E . ;  and e l se
where ) . In a l l  of them the dip of the fau l t  p l ane exceeds 600 . As far as cou l d  be determined from 
the fau l t  p l anes and from geomorphic evidence , a l l of the movement on these fau l ts has been in the 
dip-s l ip direc tion (figure 1 7 ) .  

The direction of d ip  and amount o f  disp l acement i n  the fau l t  bl ocks a l so exhibit a pattern suf
ficien t ly  consistent to be worth noting. I n  genera l ,  most fau l t  b locks west of K l amath Lake are til ted 
to the sou thwest and down dropped to the northeast . East of K l amath basin and into the broad ,  cen tra l 
f lat  area of the Sprague River-Sycan Marsh most of the fau l t  b loc ks have been ti l ted to the northeas t .  
From B l y  eastward to  Goose Lake , the ti l t  in fau l t  b locks is again genera l l y  to  the southwest . East of 
Goose Lake the dip reverses to an easter l y  direction. The cross section on p l ate 1 i l l ustrates this 
pattern . The frequency of fau I ts and the amoun t  of their disp l acement decrease marked l y  from both 
the K l amath Lake and Goose Lake sides of the map toward the rel ative ly u ndisturbed central area . 

The ear l iest age of movement on this set of fau l ts is unknown , but  Pliocene activity concurrent 
with l acustrine sedimentation is suggested by the northweste r ly  trending a l ignmen t of a row of tuff rings 
near Sprague River (S E� T .  35 S . ,  R .  1 0  E . ) ,  the a l ignment  of the App l egate Butte-Crawford Butte 
vo l canic group,  and the strike of dikes in the Cougar Peak area . The c l imax of activity in this group 
of fau l ts appears to have occurred after the deposition of P l iocene l acustrine sedimen ts and the em
p l acement of the ear ly Pl eistocene basa l t  f lows (Qb) . Diminishing fau l t  activity is indicated in l ater 
periods by smal l offsets in Pl eistocene l acustrine sediments (Q io)  at the north end of Goose Lake Va l ley . 
I n  the western part of the mapped area,  high -ang l e  fau l t  scarps such as those a long the east side of 
Upper K l amath Lake show re l ative l y  l ittl e modification by erosion. A l though the fau l ting here is post
P liocene in age , its precise position in the sequence of Quaternary events is not known . This group 
of fau l ts appears to be offset by the " range " fau l ts discussed be low ,  and to be s l igh t ly  o l der than 
these " range " fau l ts .  

The second group o f  fau l ts inc l udes those which trend i n  a norther ly  direc tion and appear to 
disp lace fau l ts of the first grou p .  The fau l ts of the east face of Winter Ridge and the west face of the 
Warner Mountains and a l ong the Abert Rim are typica l  of this category (figure 1 8). Sma l l er fau l ts 
a l ong the east side of the Summer Lake depression and on the west side of Goose Lake may a l so be long 
to this group .  The name " range " fau I ts has been app I i ed by Larson (1 965, p .  71 -77) , who considers 
them to be an expression of the l arge-sca le  Basin and Range system developed in sou theastern Oregon ,  
eastern Ca l ifornia , Nevada , and western Utah . 

Ac tua I fau I t  pI ones have been observed at the base of Winter Ridge (cen ter of sec . 23, T .  30 
S. , R .  1 6  E . )  and the Warner Mountains near Lakeview (center of NW� sec . 1 0, T .  39 S . ,  R .  20 E. ) .  
I n  both p l aces the dip of the fau l t p l ane is near l y  vertica l.  Al l of the observed disp l acement indicates 
dip-slip movement .  The amount  of disp l acement a l ong the west side of Summer Lake appears , by com
parison of the surface section with deep water wel l s ,  to be in excess of 5000 feet . A comparab l e  
amount o f  movement appears to have taken p l ace a l ong the west side of the Warner Mountains . 

The ear l iest movement a long the "range " fau l ts appears to have been ear l y  in the P l eistocene , 
at which time the presen t major topographic basins and intervening fau l t-block up l ifts were formed . 
Most of the range e l evation appears to have been achieved prior to the onset of g l aciation , which has 
affected the highest parts of the Warner Mountains . Severa l stages of upl ift are indicated in the north 
ern Warner Mountains by wel l -devel oped terraces and faceted spurs (figure 1 8 ) .  At the base of Winter 
Ridge , lands I ide debris (Q I s )  seems to have been offset by fau I ti ng in several areas and to cross the 
fau I t  zone undisturbed in others . 

The fair l y  consistent regional pattern of dips in fau l t  b l oc ks suggests that fau l ting may have 
been superimposed on pre-existing broad, gen t le  fo l ds .  Scattered dips measured in til ted fau l t  b locks 
may indicate the presence of a long and sinuous antic linal axis trending through the Sil ver Lake and 
Summer Lake grabens , to Cox F I at and into and perhaps through the Goose Lake depression . This fea
ture , which has been p lo tted genera l l y on the geo logic map , is most c l ear ly  indicated immediate l y  
sou th o f  Sil ver Lake ( T .  29 S . ,  R .  1 6  E . )  on  the cross sec tions accompanying Wa l ker and  others ,  
1 967, and in the Shoestring Bu tte area {center of N! T .  37 S . ,  R . 1 8 E . ). 
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Regionol dip i nward toward the Yamsay Mountain-Sycan Marsh-Sprague River area suggests 
the presence of a broad, irregularly shaped synclinal basin. This same line of reasoning indicates 
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the possi bility that one long northwester ly trending anticlinal uplift may hove passed through Klamath 
Lake and another, trending northeasterly, may be present in the Chemu I t  area. The inferred presence 
of these structures is supported by the increase in fau lting in the vicinity of the antic l ines and its de
crease in the central sync line.  The age of the folding is unknown, but it appears to have precededor 
to have been contemporaneous with the older of the two main groups of foul ts and to have occurred 
after deposition of the Pl iocene lacustrine sediments, which show some evidence of having been folded . 

Large-scale causes for the structures observed in southeastern Oregan have been discussed re
cently by Donath (1 962), Larson (1 965), and Pease (1 969) . It does not appear that a synthesis of 
the structure and geologic history of the region as o whole is sufficiently detailed as yet to warrant 
definite conclusions regarding the origin of the over-all  structural pattern . 

Figure 1 8 - Fault scarp along the east side of the Worner Mountains 
at Lakeview . Note the elevated terraces, indicating rejuvenation 
of faulting. (SW! T .  39 S . ,  R .  20 E . )  
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S ECTIO N 2 . MI N ERAL RES OUR CES 

SUMMARY AND RECOMME N D AT I O NS 

The actua l  and potenti a l  mi neral resources of the proj ect area are characteristic of a geo logic 
province dominated by Cenozoic volcanism and the assoc iated sedimentary deposits of nonmar i ne ba
sins (see Mi nera l  Resources Map,  p l ate 2) . The resources descr ibed i n  th is report can be grouped into 
three broad c l assifications: ( 1 ) earth energy , (2) meta l l ic mi nera ls ,  and (3) nonmeta l l i c  minera l s .  

E a r t h - E n e r g y  R e s o u r c e s 

The energy resources of the area are geothermal power ,  which is associated geo logica l l y  wi th 
the Terti ary vo l canism, and oi l and gas . The genera l l y  favorab le  geo logic environment and the evi 
dence o f  l arge areas o f  anomalous ly  h igh heat f low , as i nd icated from hot spri ngs and w e l l s ,  suggest 
areas i n  wh ich prospecting for steam is warranted . The potentia l  for deve lopment of energy in the 
form of o i l  and gas deposits appears inconc l usive , for on l y  1 2  test we l l s have been dri l l ed wi th i n  the 
pro j ect boundary . Sma l l amounts of combustib l e  gas have been obtai ned from water we l l s  and oi l 
tests i n  the Lakeview area . 

M e t a l l i c  M i n e r a l R e s o u r c e s  

The meta l l i c minera l resources i nvestigated i n  this study are typica l  associates of sha l l ow , l ow
temperature igneous activity . With the exception of indications of qu icksi lver i n  hot-spr i ng areas 
near K l amath Fa l l s ,  a l l  of the known meta l l i c mi nera l ization occurs in the eastern part of the study 
area where acid igneous rocks are exposed . Of the mi nera l occurrences, u ranium at the Wh i te K i ng 
and Lucky Lass mi nes has accounted for a lmost a l l of the do l l ar va lue  of meta l l ic mi nera ls produced 
from the proj ect area i n  the past and appears to have the greatest potentia l for future economic de
velopment .  

The most w idespread meta l l ic minera l i zation noted is t he  occurrence o f  the qu icksi l ver ore 
mi nera l , c innabar . Ci nnabar occurs in association w i th basa l t i c ,  andes i ti c ,  and rhyo l i tic extrusive 
and intrusive rocks ,  bu t the most notabl e prospects are of the opa l ite type, inc luding si l c i fied p l ugs 
and di kes . Geo logic exp loration was not suffic ient ly detai l ed to prec l ude the possibi l i ty of the occur
rence of a qu icksi l ver deposi t  of economica l ly significant size . 

Some si l ver , l ead, z i nc , and copper deposits of varying size and qua l i ty are found in the Pais
l ey Hi l ls ,  in  narrow veins associ ated wi th p l utonic masses of gran itic -type rocks . The known presence 
of meta l l i c  minera l s ,  both in the veins and disseminated in  the adj acent granitic p l uton ic  rocks, war
rants fu rther geophysica l  and geoch emica l  exp l oration . Gol d has been recovered from ear ly  Tertiary 
rhyo l i te i n  the H igh Grade d istr ict,  which straddl es the Oregon-Ca l i forni a l i ne south and east of 
Lakev iew . The district has a record of production but h as l ong been dormant . 

Geochemical samp l i ng for meta l l ic e l ements i n  the upper Drews-Wh itworth Creek area , wh ich 
is u nder la in  by acid i ntrusive rocks ,  showed an anomalous occurrence of copper . Surface sampl es of 
l arge exposures of iron -stai ned brecc iated rhyo l ite at Lee Thomas Crossing and i n  the F i tzwater Peak
McCo in  Creek area were assayed , and even though these samp l es showed no precious meta l s  they rep
resent l arge areas of hydrothermal a l teration and shou l d  be checked systemati cal l y .  
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B l ack  sands , consisti ng of a l l uv ia l  magnetite and i lmenite concentrations, h ave been co l lec ted 
from streams and l a ke-shore sediments in  the Upper K l amath Lake-Agency Lake area . A shal l ow dri l l i ng 
program wou l d  be required to eva luate the reports of " b l ack  sand "  from wel l -dri l l ers' logs .  

N o n m e t a l l i c M i n e r a l R e s o u r c e s 

Very l arge tonnages of the potentia l l y  va l uab le  nonmeta l l i c  mi nera l  commodities, diatomite , 
pumice , pumic i te,  and per l i te,  exist i n  the pro ject area . 

D iatomite occurs i n  th ick  and extensive beds associ ated wi th oth er sed iments in P l i ocene and 
P le istocene-Ho l ocene l ake beds , e ither exposed at the surface or buried at sha l l ow depths, in the 
western part of the project area . At l east two deposits were found to conta in  fi I ter-grade mater ia l , 
but detai l ed exp loration by surface samp l ing and core dri l l i ng wou l d  be requi red to determine whether 
or not adequate vo l umes of mater ia l  of marketab le  grade are avai l ab l e .  

Deposits o f  dac itic l ump pumice and pumicite are a l so vo l umetr ica l l y important i n  the western 
part of the project area . These deposi ts are at the surface and readi l y  access ib le  to ra i l road and h igh
way transportation . A sma l l depos i t  near K l amath Fa l l s  produced some pumice duri ng and after Wor l d  
War I I .  Deta i l ed studies w i l l  be requ ired to determine the l ocation and amount  of materia l  qua l i ta
tive l y  suitab l e  for any of the particu l ar markets for pumice and pumic i te . 

Per l i te deposits of very l arge size have been out l ined at several locations in the central and 
eastern parts of the pro ject area, associ ated wi th sha l l ow acidic i ntrusive bodies . Some have been 
sampl ed and are expansi b l e .  Addi tional qua l i tative eva l uation of these occurrences wi l l  be requ ired 
to determine their  economic  va lue . 

Reed-sedge peat is present in extensive deposits of unknown th ickness i n  the K l amath Lake 
basi n ,  K l amath Marsh , and Sycan Marsh . Sha l l ow dri l l i ng wou ld  be requ ired to determine the vo l ume 
of the depos i ts .  

Agates and fossi l  wood can be found i n  the eastern part o f  the proj ect area . The semi precious 
gem stones in Oregon are of ev�r-i ncreasing interest to " roc khounds, " and some fi ne spec imens have 
been discovered in K l amath and Lake Counties . 

Materia l s  such as c inders, scor ia,  sand , grave l ,  and stone suitab l e  for bu i ld i ng purposes and 
crush i ng a l l  occur within the area i n  sufficient quantities for l oca l  use . C l ay sui tab l e  for use in  bri ck  
manufacture has been quarri ed in  K l amath Fal l s  from a deposit  wh ich i s  no  l onger accessib l e .  

R ECOMME N DAT IONS F O R  FUTURE M I N ERAL I NVEST IGAT IO NS 

E a r t h  E n e r g y  

Geothermal steam 

During the past few years there has been a consi derab l e  amount of geophysi cal  study in areas 
hav ing geothermal potentia l . As has a l ready been noted, there are l arge areas i n  K l amath and Lake 
Counti es having anomalous ly h igh heat f low . Dri l l ing based on detai l ed geo logical , geophys ica l , 
and hydro log ica l  studi es wi l l  be requi red to determine the rea l si gni ficance of th i s  apparent  potenti a l  
for the l arge-sca le  production o f  geotherma l steam . I n  addition to the favorab le  geo log ica l  conditions , 
the presence of some private landho l d i ngs in the areas of i nterest is a fu rther i nducement to pursu ing 
exp loration whi l e  awai ting c l ari fi cation of federa l geotherma l l and- leasi ng po l ic ies . Concurrent 
stud ies of the economic aspects of geotherma l steam-power generation and the production of l arge vo l 
umes of hot water shou ld  a lso be undertaken . 
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M e t a l l i c M i n e r a l s  

Uranium  

The  demand for uran ium to fue l  nuc l ear e l ectric-power generat ing p l ants w i l l  certa i n l y  i ncrease 
in the coming years . Geochemical  sampl i ng has indicated poss ib le  unexplored anomalous concentra
tions of uranium in  Swamp Creek and upper Drews Creek . These areas warrant further sampl i ng,  geo
l og ic  mappi ng, and/or a radiometr ic  survey . Vein  deposits such as those at the Wh i te King mine 
shou l d  be present in  other areas , and there is a l so the possi bi l i ty of findi ng b lanket-type bedded de
posi ts in the ear l y  Tertiary nonmarine tuffaceous sediments . 

Cinnabar 

There are probab l y  more than 50 square mi l es under l a in by rhyo l i ti c  or rhyodac it ic igneous 
rocks w i th i n  the project area . Cinnabar minera l ization appears to be primari l y  associated wi th these 
types of acid sha l l ow intrusi ve and extrusive bodies, as we l l as si l ic i fied di kes and p l ugs .  The poss i 
bi l i ty exists ,  therefore , that there are potentia l ly  l arge areas o f  disseminated qu icks i l ver minera l iza
tion . I t  is suggested that more detai l ed geochemica l  sam pi i ng be done throughout the area known to 
be under l ain  by rhyo l i tic or andesi tic rocks ,  coup led wi th expl oratory dri l l i ng to determine the pos
s ib le  extent of mercury m ineral ization in th is region . 

Lead,  z inc,  copper 

As has been noted above , there has been some production of l ead, zinc,  and copper, particu
l ar l y  i n  the Pais l ey Hi l l s north of Lakeview . Geochemical  anoma l i es h ave been discovered i n  other 
p l aces wi th i n  the project area . It is suggested that particu l ar attention be given to the zone of hydro
therma l ly a l tered rocks in  the vic in ity of Lee Thomas Cross ing and the F i tzwater Peak-McCai n Creek 
area . 

N o n m e t a l l i c M i n e r a l s  

Diatomite 

D iatomite appears to be the most promising nonmeta l l i c  mi neral resource i n  sou th-centra l Ore
gon . Of 1 0  sampl es col l ected dur ing the course of the fiel d study , at l east 2 were fou nd to be of 
fi l ter-a id qual i ty .  Many of the deposits are located with i n  easy access to the Great Northern and 
Southern Pac ific Rai l roads which serve Cal i forn ia ,  Oregon , and Wash ington . 

A study shou ld  be made to determine the environmenta l condi tions that promoted the growth of 
certa in  types of diatoms that produce the best qua l ity of fi l ter cake . Th is shou ld  be fo l l owed by a 
broad geo logic  reconnaissance and samp l i ng program preparatory to dri I I i ng in those areas showing the 
greatest potenti a l . I t  shou ld  a l so be poi nted out that diatoms are growing today in K l amath Lake , 
and efforts shou l d  be made to determine whether these deposits cou l d  be harvested economica l ly .  
One company is present ly carrying on a "mi ning" operation of th is type in  Ice l and - a  good example 
of the wise use of a renewab l e  resource . 
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EART H - E N E RGY RESOU RCES 

GEOTHERMAL E N ERGY 

Geotherma l energy i s  being harnessed in a sma l l way in many parts of the wor l d ,  not on ly  i n  
the form o f  steam for power product ion but a l so through the use o f  hot water from sha l l ow we l l s  for 
space heating of resident ia l  and i ndustr ia l  bu i l d i ngs . The first geotherma l steam e l ectr ica l  power sta
tion was bu i l t  in Lardere l l o ,  I ta ly  in 1 904 . S i nce then ,  power p l ants have been establ i shed in New 
Zea land,  Ca l iforn ia,  and Japan . S imi l ar p l ants are p l anned i n  other areas . Al l together , on ly  about 
one mi l l ion ki l owatts of e l ec tr ica l  power are curren t ly  bei ng generated around the wor l d  by th is means , 
but as the technol ogy for locati ng and deve l oping geotherma l steam resources i mproves , the u ti l i zation 
of this energy source w i l l  i ncrease sig n i ficant ly . The use of hot water for space heating has reached 
l arge sca l e  economic proport ions in Ice l and and may fi nd va luab le  i ndustr i a l  app l ications e l sewhere . 
Hot water is present l y  used on a sma l l sca le  for domest ic and i ndustr ia l  purposes i n  the proj ect area . 

The working out of the bas ic geo log ic  character ist ics of geotherma l steam fi e l ds is i n  the be
g i nn i ng stages, but from the geo logic stud ies thus far performed , the fo l l ow ing genera l i zations can be 
made: 1 )  Promis ing geotherma l areas are a l most a lways found in geo l og ica l ly you ng orogenic be l ts or 
regions w i th recent vo l can ic  act iv i ty; 2) Cal deras, grabens, or t i l ted fau l t  b l ocks are the most com
mon geologic structures in steam-produc i ng areas; 3) The presence of hot water we l l s ,  hot spr i ngs, 
geysers , or fumaro l es are favorab le  i ndications of the presence of a therma l anoma ly . 

Geo log ic  factors necessary for the presence of a produc ib le  steam fie l d  i nc l ude four  other 
cr i teria :  1 )  a potent heat source such as a magma chamber 2 to 5 mi l es deep; 2) a reservoir rock w i th 
adequate vo l ume , permeabi l i ty , and porosity at a depth of 2000 to 5000 feet; 3) a cap rock or con
fin i ng l ayer wi th low permeabi l i ty that inh i bits l oss of f l u ids and h eat; and 4) adequate f l u id  recharge . 
As far as can be determi ned at th i s  t ime, there is a reasonable probabi l i ty that a l l  of these require
ments can be satisfied in  the project area . 

Apart from technologic a l  prob lems , exp lorat ion for geotherma l resources has been deterred by 
the lack  of a federal  l aw  al l ow i ng its exp lo i tation on publ i c  l and . Leg i s l ation h as been i ntroduced , 
however , and i t  is to be hoped that su itab le  areas of federa l  l and w i l l  be avai l ab l e  for l easing when
ever th is law is establ i shed . There appears to be no i mped iment to the production of steam on non
federa l l and at the present t ime . 

G e o t h e r m a l  P o t e n t i a l  i n  t h e P r o j e c t  A r e a  

The geo log i c  environment of much of the area appears to be favorab l e  for the occurrence of 
some geotherma l potenti a l . The basa l ts conta i n  porous and permeab l e  zones of fractured and scor i 
aceous rock that are su i tab le for steam reservoirs . T he  l acustr i ne beds can function a s  cap rocks to 
confine the steam i n  under ly i ng basal t reservoirs . The extensive normal fau l t i ng can provide add i ti onal  
zones of porosity and structures i n  wh ich steam cou ld  be loca l i zed . Some parts of the area have anom
a lous ly  h i gh heat  f lows . These are i ndicated by hot  spr i ngs and hot-water we l l s .  The presence of vo l 
canic eruptive centers of Pl iocene and P l eistocene age makes i t  l i ke l y  that i ntrus ive bod ies are present 
at depth and are the source of the ind icated h eat . 

A study of hot spri ngs and avai lab le  water we l l l ogs has made i t  possi b l e  to out l i ne l arge , near
surface therma l anoma l i es (p l ate 2) . In genera l ,  the anomal ies are l ocated in va l l eys , perhaps be
cause th i s  is where the w e l l s  are concentrated . The conditions considered anoma lous were based on 
the departure of the temperature of the we l l from an assumed normal temperature of 48° F .  p l u s  1 ° F .  
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for each 50 feet of depth below 1 00 feet. 
The discussion of the thermal anomalies in the project area falls into three large divisions, as 

fol lows: the Klamath graben complex, the central project area, and the Goose Lake-Summer Lake 
graben complex . 

K I a math graben campi ex 
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The succession of geologic events in this part of the project area, as known from surface out
crops and shallow wells, began with the extrusion of probable early Pl iocene basalt. This was fol
lowed by deposition of Pl iocene diatomaceous and tuffaceous lacustrine sediments and basalt flows. 
Extensive faulting, occurring after emplacement of the sediments and basalts, resulted in the horst 
ridges and graben valleys of the present terrain .  Deposition of fluvial and lacustrine sediments has 
continued to the present, buryingsomeof the fault blocks that ore present in the bottom of the valleys. 

The K lamath graben complex includes two anomalous thermal areas that ore of particular in
terest . These are centered around K lamath Falls and the Klamath Hi l l s .  In addition there are some 
scattered anomalous occurrences of warm water elsewhere. 

K lamath Falls anomaly: This anomaly extends through much of the city of Kl amath Falls along 
the east edge of the Klamath Lake basin (area no .  1 on plate 2). Peterson and Groh ( 1967) made a 
preliminary study of the geothermal potential in the K lamath Falls area, from which part of the follow
ing discussion is derived. 

The geothermal area is near the east edge of the large Klamath graben complex in slightly 
tilted northwesterly trending blocks that ore elevated a few hundred feet above the valley floor. Well 
logs indicate that diatomaceous tuffs and layered sediments (Tst) ore at least several hundred feet 
thick. These ore usually impervious to the flow of water and act as a cap at the surface .  Broken lava 
flows and zones of scoria and cinders are encountered at various depths.  In most cases in the thermal 
area these horizons yield large quantities of live hot water. At least one strong northwest-trending 
fault  is present on the east side of the geothermal area. The brecciated rocks associated with this 
faul t  may provide the condui t  for the rise of hot water from a deeper reservoir. 

Figure 1 9 .  Shallow dry-steam well  in the K lamath Falls geothermal zone . 
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1 .  Langell  Valley O i l  Co . well  No . 1 
. N E .  cor. SW!NEa sec . 1 9, T .  39 S . ,  R .  1 2  E .  

(Van Orstrand, 1 938, p .  31 ) 
2. Oregon Technical lnst. well  No . 6 

(Wel l  H, sec . 20, T. 38 S . ,  R .  9 E . )  
(Oregon State Engi neer) 

3. W .  F .  McKibbin wel l .  535 N .  Laguna S t .  
K l amath F a l l s ,  Oregon . (Wel l  K [1 ] ,  sec . 28, 
T. 38 S . ,  R. 9 E . )  (Oregon State Engineer) 

£ � § g g e § g � 8 � g � � � g � � � � � � � � � � � � � � � � � � � � � � �  
D e pth I n  Fe et 

Figure 21 . Temperature data from se l ected we l ls . 
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Al though the h eat source is not known ,  P l iocene-Pl eistocene dikes and sil l - l ike masses inter
cal ated in l acustrine deposits in adj acent areas suggest the presence of a coo l i ng igneous mass at depth . 
The existence of b l eached and sil icified rocks ,  deposits of cal cite and gypsum ,  and a minor ha lo  of 
mercury minera l ization surrounding the geotherma l area corroborates this supposition . A more import
ant indication is the l arge amount of heat f low that is being tapped for local  use (figure 1 9) .  Approx
imate l y  350 we l l s have been dril l ed to date , most ly for space-heating requi rements of more than 450 
residences, a number of apartments, seven schoo l s ,  several business and commerc ia l  firms , and the 
new Oregon Technica l I nstitute p l an t .  According to present know ledge of the geothermal zone, the 
water hotter than 1 40a F .  extends from the OTI campus in the northwest part of this zone to the Ma
zama School in the south east , a distance of about 4 . 5  miles . A broad area of warm water extends 
beyond the hot we l l s .  

T h e  depth o f  the we l l s  ranges from 1 0 0  feet to a maximum o f  1 800 feet . T h e  water tab l e  gen 
era l ly seems to coincide with the e l evation o f  Upper K lamath Lake (41 36 feet) , and static water l evel 
depths vary with the topography .  We l l s  south of the irrigation canal genera l l y  are artesi an,  since the 
water tab l e  is near the surface i n  this area (figure 20) . 

Temperatures of the thermal wel l s  in the geothermal zone range from 1 40°F .  to 235a F .  The 
h ighest temperature gradients seem to c l uster about two centers in the zone . One of the centers , in 
figure 20, is located on Hi l l side Avenue . There, severa l we l l s in the range of 1 00 to 200 feet in 
depth emit dry steam with a pressure of several pounds per square i nch (figure 1 9) .  It is probable that 
the steam is f lashing into the we l l bore from a very l imited water f low in impervious roc ks at a tem
perature of about 230° to 235° F . 

Because of the imperviousness of the rocks ,  temperatures and depths at which water f lows are 
encountered vary to some degree from we l l to we l l .  Dri l l ers report measuring wel l -bore temperatures 
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as h igh as 250° F .  i n  some we l l s  wh i l e  sti l l  i n  dry rock .  Upon str i ki ng  a f low o f  water , w e l l -bore 
temperatures drop to the 220° -230° F .  range . Apparent l y  the rock in some p l aces i s  reach i ng a h igh
er temperature by  conducted heat and  i s  coo led s l i ght ly  when  water enters the we l l  bore (figure 2 1  ) .  

Chemical  ana l yses of the thermal waters i n  the area seem to show that the thermal f l u id  from 
depth is not add i ng sign i ficant mi nera l s  to the coo l  ground water w i th which it is presumab l y  mix i ng 
(see tab l e  2, in pocket) . On  th is basis,  it is probab l e  that the thermal f l u id  f l ow i ng upward i nto the 
geotherma l zones i s  steam . The temperatures and quantit ies of heat i nvo lved seem to requ i re a f lu id  
having the entha l py of  steam to heat the ground water . The steam may be com i ng from a deep,  dry 
steam reservoir (Gri nd l y ,  1 964) ,  or perhaps may be boi I i ng off from superheated f l u ids contained at 
depth (Facca and Tonani , 1 964) . I n  either case, the presence of a h igher temperature geothermal 
source seems to be i nd icated , and hence economic poss ib i l i t ies may exist for the generation  of power 
i n  addi tion to the present space-heati ng uses . 

K l amath H i l l s anomaly: The K lamath H i l l s is a l arge ,  iso l ated fau l t  b lock w i th i n  the K l amath 
graben ,  abou t 1 0  m i l es south of K l amath Fa l ls (area No . 2 on p late 2 ) .  The geo l og ic  environment of 
th i s  thermal zone i s  s imi l ar to that of the K l amath Fa l ls area . Basa l t  f lows and assoc iated brecc ias ,  
scoria ,  and c inders predomi nate i n  the exposed rocks o f  the K l amath H i l l s fau l t  b l oc k .  A h a l o  of 
si l i c ifi ed l ake sediments and tufa is present i n  an area abou t 4 mi l es l ong (figure 22) . Large vo l umes 
of hot water (200° F . ) are encountered at sha l l ow depths in a narrow zone a long the southwest side of 
the fau l t  b lock .  

A we l l  l ocated on the Joh n Liskey ranch in  sec . 34,  T .  40 S . ,  R .  9 E . uses hot water for 
i rr igation after storage i n  a reservoir for a few days to a l l ow coo l i ng (fi gure 22) . This  we l l pumps 
1 000 ga l s ./ min . of 2000 F .  water from a depth of 285 feet . At one time th i s  we I I  was test pumped 
at a rate of 7000 gals ./mi n .  Ana l ys is  of the water is g iven i n  tab l e  2 .  

Another hot-water we l l at the Osborn ranch , about h a  I f  a m i  I e to the north , pumps 1 86° F .  
water from a depth of 41 8 feet at a rate of 450 ga l ./mi n . ,  a l so for i rrigation purposes . Two we l l s  i n  
sec . 28 , T .  40 S . ,  R .  9 E . ,  and three we l l s  i n  sec . 1 ,  T .  4 1  S . ,  R .  9 E .  have temperatures around 
80° F .  

The Liskey we l l  wou l d  seem to be nearest the poi nt at wh ich the thermal  f l u i d  from depth is 
reach ing the ground-water zon e .  The channel is probab l y  a long a fau l t  bounding the K l amath H i l l s 
horst . It is l i ke l y  that the thermal zone extends for some distance southward beneath the a l l uvium of 
Lower K l amath Lake basi n ,  but the zone appears to be somewhat sma l l er in areal  extent than the K la
math Fal l s  geothermal zone . 

Other anomal i es i n  the K l amath graben compl ex: Many of the we l l s  dri l l ed i n  the K l amath 
graben com pi ex are reported to produce water wh ich is warmer than " norma l "  for its depth . Areas of 
particu l ar note appear to be located at the south end of the K l amath H i l ls ,  immediate ly  to the north 
and west of Stuke l  Mountai n ,  and i n  Mi l l er H i l l .  

Aside from the ori g ina l  hot springs i n  K l amath Fa l l s that have di sappeared through the lower
ing of the water tab le  and through cu l ture changes , two natura l  thermal displ ays sti l l  ex ist w i th i n  the 
K l amath graben comp l ex . One of these is a spring on the north bank of the Lost River at O l ene Gap . 
It has a temperature of 1 65° F . , w i th a f low estimated to be at l east 1 00 ga l l ons per mi nute . An anal 
ysis of th i s  spri ng water is g i ven i n  tab l e  2 .  Another spr i ng is l ocated at Eag l e  Po in t ,  on the shore of 
Upper K l amath Lake . Here a temperature of 94° F .  was measured at the bottom of an o l d  c istern . The 
h igh l eve l of th e l ake at the ti me of measu rement was caus ing consi derab l e  di l ution of the spr i ng wa
ter . Some gas, wh ich was not tested but is probab ly carbon diox ide ,  bubb l es through the water a long 
the shore . A fa i nt odor of hydrogen su l fide is a l so present . 

Central project area 

The geo l ogy of the central part of the pro ject area is s imi l ar to that of the K l amath graben ,  
w i th the exception that P l eistocene to Ho locene val l ey fi l l  is th i n  o r  absent . The structure i s  domi 
nated by norma l fau l t i ng and the stratigraphy by ear l y  P l iocene basa l t  (Tb) over l a i n  by impermeabl e 
l ake beds of l ater P l i ocene age (Tst) . 
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N atural warm water occurs in  several wel l s  and spri ngs in  the Poe,  Yonna, and Lange l !  Val 
leys east of the K l amath basi n .  I n  Langel l Va l l ey a hot spring ( 1 42° F . )  i s  l ocated i n  the center of 
the south l i ne of the NW� sec . 1 0 , T .  40 S . ,  R .  1 3  E .  Another warm (72° F . )  spri ng occurs i n  the 
center of the N E± sec . 6, T .  40 S . ,  R . l 4 E .  
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Hot water was reported in two oi l -test we l l s  dri l l ed a l ong the southern edge of Yonna Val l ey 
(Van Orstrand, 1 938) . The Lange l l  Val l ey O i l  & Gas Co . " Bonanza " we l l i n  the N E� sec . 1 9 , T .  
39 S . ,  R .  1 2  E .  recorded a water temperature of 200° F .  at a depth of 3850 feet . The sig_nificance 
of th is  test l i es i n  the fact that a constant temperature of 70°F . was mai ntai ned from near the surface 
to 2000 feet, where i t  rose very rapid l y  to 200° F .  i n  the next 1 800 feet . F rom the shape of the tem
perature curve it appears there is a possi bi l i ty of a h igh -temperatu re source at depth over l a in by an 
insu lat ing formation that does not a l l ow much of the heat to escape . A graph of the we l l  temperature 
is  shown on figure 21 . The other oi l tes t ,  the Yonna Va l l ey N o . 1 dr i l l ed in sec . 1 3 , T .  39 S . ,  R .  
l l �E . ,  a l so shows a near isotherma l curve to a depth of a l i tt l e  more than 2000 feet , be low which i t  
records rapi d l y  i ncreasing temperatures . The we l l bottomed at 2250 feet with a temperature of  abou t 
93° F .  

The Sprague River va l l ey has two areas in  wh i ch we l l s conta in  water which appears to be a 
few degrees above norma l . One of these areas is a long the val l ey f loor between the towns of Sprague 
R iver and Beatty . The other is northwest of B ly . 

These scattered reports suggest that important geothermal anoma l ies may occur i n  the centra l 
pro jec t  area . They are too inadequate ly know n ,  however , to be i nc l uded on p l ate 2 .  

Goose Lake-Summer Lake graben comp lex 

A zone of hot spri ngs and we l l s  occurs i n  the va l l eys extendi ng a long the east s ide of the proj 
ect area from the north end of Summer Lake intermittently to the northern part of Goose Lake Val l ey . 
This  e l ongate zone is shown on p l ate 2 .  

The structural setti ng of these occurrences i s  much the same as i t  i s  e l sewhere i n  the proj ect 
area . The va l l eys are comp l ex grabens formed by downdropped b loc ks of Miocene vo l can i c  rocks and 
tuffaceous sediments covered by l ower P l iocene basa l t .  Midd l e  or upper P l iocene sedi ments h ave not 
yet been reported from these basi ns,  but P le i stocene to Ho locene l ake beds have bur ied the i n traba
si na l  fau l t-b loc k  terrai n .  No evidence of recent i ntrusion or vol canism has been seen . The hot spr i ngs 
issue from a l l uvium near the fau l t  zones a long the sides of the grabens and many of the warm water 
we l l s  are a l so l ocated here _ The water from a l l of these spri ngs and we l l s  seems to be genera l ly sim
i l ar to the water from the K l amath Fa l l s area (tab l e  2) . 

The more notab le  anoma l i es are brief ly discussed be l ow . 

Lakeview anomal ies: Two groups of hot springs are present a l ong the eastern marg i n  of the 
Goose Lake graben i n  a narrow zone that extends about 3 m i l es north and 3 mi l es south of Lakeview . 
I n  th is  area ear l y  Tert iary vo lcanic  rocks are exposed i n  the fau l t  escarpment a long the east side of 
the graben ,  but the va l l ey f loor where the hot spri ngs occur is under l ai n  by several h undred feet of 
a l l u vium and P le istocene l ake beds . 

The l argest group of spr i ngs is the one known as Hunter ' s  H ot Springs l ocated 2� mi l es north 
west of Lakeview (area No . 4 on p l ate 2) . These spr i ngs h ave been devel oped as a spa s ince the ear ly 
1 900' s ,  w i th a mote l and swimming pool  at present .  The thermal area can be seen from U . S .  H ighway 
395, especi a l l y  in wi nter when a sha l l ow dri l l ed we l l ca l l ed " O l d  Perpetu a l "  erupts l i ke a geyser 
about every 30 seconds ( figure 23) . In addition to the spri ngs that heat the motel  resort , several shal 
low we l l s  h ave been deve loped for residenti a l  h eating and for operati ng an experi mental  greenhouse 
in the immediate l oca l ity . Surface temperature at the spri ng orifi ces is  near boi l i ng (205° F .  to 2l 0° F . )  
at th i s  a l t i tude . 

The Nevada Therma l Power Co . dri l l ed a test we l l  about a quarter of a m i l e  sou theast of 
Hunter ' s  H ot Spri ngs in 1 960 but abandoned the ho le  at about 650 feet because of dri l l i ng probl ems . 
The steam potent ia l  h ere is as yet untested . I t  is estimated from the surface heat f low that there is 
enough heat ava i l ab le  to provide much of the space heating requ i red for the c i ty of Lakeview . 

The oth er group of hot spri ngs i n  the Lakeview anomaly  area occurs at Roc ky Poi nt about 2 
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MI NERAL RESOURCES: EARTH-ENERGY 

Figure 23. 

Man-mode geyser at 
Hunter's Hot Springs, 
about 3 m i I es north 
of Lakeview . 

miles south of Lakeview (area No. 3 on plate 2). The location is on the Barry ranch in sec . 27, T .  
39 S . ,  R .  20 E .  Here, three hot springs have temperatures near boi I i ng, but they are not used be
cause the water has o strong odor of hydrogen sui fide. 

4 1  

Other anomalies i n  the Goose Lake-Summer Lake graben: Several slightly wormer than normal 
wells occur along Crooked Creek to the north of Goose Lake. Distinctly worm wel ls are reported from 
drillers' records in the town of Paisley. Here a temperature of 1 04° F ,  was recorded from o depth of 
3 1 5  feet, in section 23, T .  33 S . ,  R. 1 8  E .  Farther to the north, Summer Lake Hot Spring, NE! sec. 
1 2, T .  33 S . ,  R .  17 E . ,  produces water at a rote of 21 gallons per minute at 1 1 6° F .  (area No. 5, 
plate 2) (Trauger, 1 950, p. 224). Wells in this area ore also worm, as ore others along the bose of 
the fau lt  scarp in sections 1 0  and 23, T .  31 S . ,  R. 1 6  E .  Ana Spring, sec . 6, T .  30 S . , R. 1 7  E . ,  
one o f  the largest springs in the United States, flows 45, 000 gallons per minute at a temperature of 
66°F .  (Trauger, 1 950, p .  220). While the temperature of this spring is too low to be of commercial 
significance, it is further evidence of the large amount of heat being transported to the surface in 
this area. 

S u m m a r y  o f  G e o t h e r m a l  E n e r g y  i n  t h e  P ro j e c t  A r e a  

There is impressive evidence of abnormal geothermal gradients in a large part of the project 
area. A significant, if undetermined, value has already accrued to the residents of K lamath Falls 
from the relatively unsystematic exploitation of hot water produced from wel ls there. The same is 
true for the Lakeview area to a much lesser degree. Sophisticated exploration for steam for power 
generation appears to be warranted but has not yet taken place. Furthermore, the development and 
util ization of l arge volumes of hot water for industrial use in processing such potential local resources 
as diatomite and wood pulp should be studied. 

OIL AND GAS 

The occurrence of oil and gas deposits in sufficient size to be of economic significance is de
termined by several factors. Among them are the presence of organic-rich, fine-grained sedimentary 
source rocks in which hydrocarbons could be generated, associated with porous and permeable reser
voir rocks in which hydrocarbon fluids could be concentrated and from which they could flow into o 
wel l  bore. Common source rock types are dark-colored shales, si ltstones, and fine-grained l imestones 



Company 

Kl amath 
O i l  Co . 

Lange I I  
Va l l ey 
O i l  Co . 

Oakl and 
i nterests 

The Crater 
O i i &Gas Co . 

Yonna Va l l ey 
O i l  & Gas Co . 

Lakeview 
O i l  Co . 

Lakeview 
Oi l Co . 

Humble O i l  
& Refg . Co . 

Tabl e 3 .  Oi l and gas expl oratory we l l s  and two water we l l s  w i th sma l l shows of gas . 

Wel l name 

Mann i ng 
N o . 1 

" Bonanza 
Wel l "  

Oakl and 
N o . 1 

Wel l No . 

Dairy 
No .  1 

Wel l No . 1 

Wel l No . 2 

Leavi tt 
No .  1 

Loca l i ty Year 

O i l  and gas exploratory we l l s  

Approx . 7 mi l es south of  K l amath 
Fa l l s .  S E* sec . 1 1  40S 1 9E 1 1 00 ' 
S .  of N .  l i ne & 400'W . of E .  l i ne . 
E l ev . 41 00' . 

N E* sec . 1 9 1 39S . 1 1 2E . 
E l ev .  41 50' . 

Dairy . SW* sec . 1 9 1 
385 . 1  l l E . E l ev .  41 60' . 

Merri I I  . 41 S . 1 1 OE . 
E l ev .  4060 ' . 

Bonanza area . 
Sec . 1 41 39S . 1 1 1  �E . 
E l ev . 41 20' . 

West of Lakeview . 
S E* sec . 1 6 1 39S . 1 1 9E . 
E lev . 4800' . 

West of Lakeview . 
Sec . 221 39S . 1 1 9E .  
E l ev . 4800 ' . 

Lakeview . N E* sec . 21 40S . 1 
20E . 41 2 ' S .  of N .  l i ne & 991 'W . 
of E . I i ne .  E l ev . 4784 ' . 

1 91 9-
1 930 

1 926-
1 941 

1 931  

1 930's 

? 

1 940 

1 940-
1 941 

1 960-
1 96 1  

Depth 

1 965' 

4365' 

500' 

685 ' 

2000 ' +  

2870 '  

1 680' 

9579' 

References 

(Buwa lda1  1 921 ) 

Cab le  too l s .  H i t  hot water (200° F . )  
at 3850 ' . (Van Orstrand1  1 938) 

Cab le too l s .  
(Van Orstrand1 1 938) 

Cab le  too l s .  
(Van Orstrand1  1 938) 

Cab le  too l s .  F l owed warm water at 
550 ' 1 935 ' 1 and 1 300' (85° F . )  
(Van Orstrand1 1 938) 

Rotary . Sma l l  amount of gas 
reported .  (Dept . fi I e) 

Rotary . (Dep t .  fi I e) 

Rotary . Gas shows i n  carbonaceous 
sed iments at 7500' . (Dept . fi le )  
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Company 

Humbl e O i l  
& Refg . Co . 

Stark ,  Ra l ph W .  
(Tri -State Petr . )  

Stark, 
Lye l l W .  

Stone, 
Chas . A. 

Carter 
ranch 

Ci ty of 
Lakeview 

Tab l e  3 .  O i l  and gas exp loratory we l l s and two water we l l s  w i th sma l l  shows of gas (conti nued) . 

We l l  name 

Thomas C k .  
Un i t . 
B l ock I l l  
Wel l No . 1 

Fi sher 
No . 1 

Stockburger 
No . 1 

Anderson 
No .  3 

Water 
we l l 

water 
we l l 

Loca l i ty Year Depth 

Oi l and gas exp l oratory wel l s ,  continued 

NE� sec . 1 8 , 36S . ,  1 8E . ,  400' N .  
of S .  l i ne & 925 'W . of E .  l i ne . 
E l ev .  5260 ' . 

West of Lakevi ew . SW� sec . 22, 
40S . ,  1 9E .  E l ev . 4750' Gr . 

West of Lakeview . NW� sec . 1 5, 
40S . ,  1 9E .  E l ev . 4700' Gr . 

West of Lakeview . SW� sec . 20, 
39S . ,  1 9E .  2290' N .  of S . I i ne  
& 20' E .  of  E .  l i ne . E l ev .  4800' . 

Water wel l s  

1 960 

1 950-
1 951 

1 953 

1 955 

Approx . 9 m i l es south of Lakev iew . 1 91 5� 
40S . ,  1 9E .  

Lakeview . N E� sec . 1 5 , 39S . ,  
20E . E l ev .  5000 ' . 

Before 
1 938 

1 2, 093 ' 

2900� 

1 730 ' 

730 ' 

370' 

2380 ' 

References 

Rotary . No shows . Dri I I  ed entire I y 
i n  Terti ary vo l canics and con t .  seds . 
(Dept . fi I e) 

Rotary . Strong flow of gassy water . 
See anal ysis i n  Tab l e  4 .  (Dept . fi l e) 

Rotary . H i t  f low of warm ,  gassy 
water (80° F . ) .  (Dept . fi I e) 

Rotary . No shows reported . 
(Dept . fi l e) 

Sma l l  f low of f l ammab l e  gas w i th 
water . See ana l ysis  in tab le  4 .  
(Buwalda,  1 921 ) 

Hot water found in lower portion of 
the hoi e ( 1 50° F . )  (Van Orstrand,  1 938) 
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of mari ne or l acustrine orig i n .  Any porous rock may serve as a reservo i r  for f l u ids, under the appro
priate condi tions . Common reservoi r  rock types are sandstones and porous carbonate rocks . Fractured 
igneous rocks sometimes produce oi l when in association with sui tab le  sedimentary source rocks . A 
trap a l so must be present in the reservoir rock i n  a producing area . A trap consti tutes a barri er to fur
ther migration of  hydrocarbon f lu ids i n  the rock ,  agai nst which these f lu ids may accumu late . 

With in  the pro jec t  area , 1 2  exp loratory we l l s  for oi l or gas have been dri l l ed, 5 of them in 
K l amath County and 7 i n  Lake Cou nty . A brief summary of these we l l s -from Newton (1 965, p .  22, 23) 
is g iven i n  table 3 and their location shown on pl ate 2 .  I n  addi tion to the we l l s dri l l ed specifica l l y  
for oi l o r  gas , two water we l l s  i n  Lake Cou nty encountered sma l l  shows o f  gas . These are a l so l isted 
in tab I e 3 .  No i ndications of hydrocarbons have been reported except the traces of gas noted i n  
tab l e  3 .  Gas anal yses for two we l l s are given i n  tab l e  4 .  

The  rocks exposed at the su rface i n  the project area and those encountered i n  th e subsurface 
by we l l s  are not of the type genera l l y  assoc iated with commerc ia l  accumu l ations of oi l or gas . The 
section is dominated by l ava f lows, vo lcanic ash , and l acustr i ne and f luvia l deposi ts derived from vo l 
can ic  mater ia l s . A l l  of these roc ks are of Terti ary o r  Quaternary age .  Fi ne-grai ned diatomaceous 
sediments are common in the Pl iocene and the Pl eistocene to Ho locene l ake beds of K l amath County, 
but none appear to be rich in organic mater ia l . Carbonaceous sha l es associated wi th a smal l gas show 
were reported on the mud log of the H umb le  Leav i tt No . 1 we l l  i n  Lake County i n  the i nterva l from 
7300 to 7500 feet.  There is no evidence avai l ab l e  concern ing the area l extent of these carbonaceous 
sha l es in the subsurface .  

The most extensive and i ntensive eva l uation of the commerc ia l  hydrocarbon potenti a l  w i th in  
the  project area was that u ndertaken by Humb le  O i l  & Refin ing Co . in  the period from 1 958 to 1 96 1 . 
This  company reported l y  had hoped to test pre-Tertiary mar ine rocks i n  i ts two Lake County ho les .  
Descri ption of cores and cuttings i ndi cates that the dri l l i ng termi nated i n  Terti ary vo lcanic formations 
and never reached the mari ne obj ective . Pre-Tertiary mari ne formations may under l i e  the region and 
possi b l y  contai n deposi ts of oi l or gas . I t  i s  a l so conceivab l e  that,  i f  such hydrocarbons exist ,  they 
cou l d  have migrated upward into porous l ayers of the over ly ing Terti ary vo l canic rocks . 

Structura l l y ,  the proj ect area is dominated by norma l fau l ting . No si mp l e  anti c l ina l  fo l ds 
were seen which cou l d  be consi dered as traps for f lu id  hydrocarbons . Other types of traps , both strat
igraph ic  and structural , cou l d  exist, but none were apparent from the l imited amount of data avai l ab l e 
to th is  study . 

There i s  no evidence avai lab le  from the resu l ts of the present geo logica l  stud ies or from past 
dri l l i ng to i ndicate that the possibi l i t i es for di scovery of commercia l  quanti ties of oi l and gas w i th i n  
the pro ject  area are good . As far a s  is  known ,  there i s  no  exp loration activity going on at  the time 
of publ ication of th is report . 

Tab le 4 .  Gas anal yses for two we l l s i n  K l amath and Lake Counties . 

Loca l i ty BTU 

F isher we I I  No .  1 91 4 
sw* sec . 22, 
T .  40 s . I R . 1 9 E . 
Lake County l/ 

Carter ranch water 783 
wel l ,  approx . 9 mi . 
sw . of Lakev iew , 
Lake County , T .  
40 s . I R . 1 9 E .  2/ 

Methane 
% 

90 . 33 

73 . 5  

Ethane 
% 

0 . 96 

N i trogen 
% 

8 . 41 

26 . 0  

Carbon dioxide 
% 

0 . 30 

0 . 5  

H ydrogen 
su lfide -% 

Ni l 

1 /  Ana lysis,  E l  Paso Natura l Gas Co . ,  1 1 /1 8/53 . 2/ Ana lysis , U . S .  Bur .  Mi nes , � Buwalda,  1 921 . 
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METALLIC MINERAL RESOURCES 

URANIUM 

So for, the only uranium of economic significance in Oregon has been found northwest of Lake
view at the White King and Lucky Loss mines. From the time of the discovery in 1 955, nearly 400,-
000 pounds of u3o8 has been produced from 1 25, OOOtons of ore, most of it  from the White King mine. 
A 210 t . p . d .  mill  was built in 1 958 to process ore from the two mines, as well as other amenable 
custom ores. 

In the K lamath-Lake Counties project area, the known uranium occurrences ore confined to a 
rather smal l  area northwest of Lakeview in the Fremont Mountains . The uranium mineralization ap
pears to resu l t  from low-temperature, near-surface processes and is found mainly in ashy tuffs at their 
contact with scoriaceous basalt flows or where they hove been intruded by dacite or rhyolite plugs and 
dikes similar to rocks dated as 7.6 and 8 . 1  mi l l ion years old in nearby areas. 

The forecast of a scarcity of uranium for planned nuclear electrical generating plants through 
1 980 has already encouraged mining companies to re-evaluate the potential of the Lakeview area. 
Although the vein-type hydrothermal deposits northwest of Lakeview are l ikely to have only moderate 
reserves, additional deposits in the area could provide appreciable amounts of ore as Oregon's contri
bution to the future uranium market. 

Short descriptions of the White King and Lucky Lass mines, the two uranium mines with produc
tive records, are given below . The other prospects and occurrences are summarized in table 5. Map 
numbers indicate locations on plate 2.  

W h i t e K i n g  M i n e  

The White King mine is located near the center of sec . 30, T .  37 S . ,  R .  1 9  E . ,  about 1 5  miles 
northwest of Lakeview, Oregon. The mine is in the southern Fremont Mountains at about 6300 feet 
elevation, near the west edge of an upland meadow through which Augur Creek meanders. Heavy soil 
cover and abundant timber are typical of the area. The discovery in 1 955 of secondary green uranium 
minerals in siliceous rhyolite and tuff outcrops at the surface began a short-lived but interesting history 

Figure 24. 

View of the White King 
mine open pit, looking north 
toward the 1 50-foot-wide 
mineralized faul t  zone that 
trends nearly due north . 



Map 
No . 

2 

3 

4 

5 

6 

Name 

White K ing 
m ine 

Lucky Lass 
m ine 

Lucky Day 00 
prospect 

Marty K 
prospect 

Big Enough 
prospect 

Myers and 
Hammers ley 
prospect 

Tab l e  5 .  Summary of uran ium mi nes and prospects i n  K l amath and Lake Counties . 

Location 

Lake County 
sec . 30, T .  37 S . , 
R .  1 9  E .  

sec . 25, 
T .  37 S .  , R .  1 8  E .  

sec . 26 , 
T .  37 S .  , R .  1 8 E .  

sec . 1 3 , 
T .  37 S . ,  R .  1 8  E .  

sees . 32, 33, 
T .  37 S .  , R .  1 8 E .  

sec . 35, 
T .  37 S . ,  R .  1 8  E .  

Geo logic occurrence 

Low -temperature hydroth erma I 
deposi t .  Primary u ranium minera l s  
in  veins and disseminated in c l ayey 
tuffs . Rhyo l i te in trusive into tu ffs . 

Pri mary b l ac k  uran ium minerals and 
mi nor secondary au tun i te in l enses 
and masses in and near fau l t  zones 
in c l ayey tuffs . 

Secondary uranium mi nera ls in and 
above th i n ,  ves icu l ar basa l t  f lows 
interbedded wi th l ayered tuffs and 
breccias . 

High radioactivi ty i n  sooty coatings 
in h igh ly frac tured pu mice tu ff 
brecci a .  

App l e-green secondary uranium 
minera l s  dissemi nated i n  and coati ng 
fractures i n  i ron-stained ash -flow tuff. 

Mi nera l i zation at tops and bottoms of 
vesicu lar basa l t  in terbeds in tu ff . 
S imi  l or to Lucky Day 00 . 

Remarks 

Production 1 1 5, 000 tons of ore . 
Associated minera l s  i nc l ude 
rea lgar , orpiment, sti bn i te ,  
c innabar , pyr i te ,  and 
i l semanni te .  

Production of abou t 5000 tons 
of ore from I arge open pi t .  

N o  production . 
Extensive exp loration by 
open p i ts . 

No production . 
Severa l open cuts and pits . 

No production . 

No production . 

References 

Schafer , 1 955; 
Peterson , 1 958 , 

1 959 

Schafer , 1 955; 
Peterson , 1 958 

Dept . of Geo logy 
and Mi nero I l nd . 
mine-fi l e  report 

Matthews, 1 955 

Matthews, 1 955 

Dept . of Geo logy 
and Mi neral Ind . 
mi ne-fi l e  report 
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of production for the mine . The property was l eased to the Lakeview Min ing Co . after l im i ted explo
ration by  trench i ng and dri l l i ng indicated the  possi bi l i ty o f  a commercia l  ore body extendi ng ou t  into 
the Augur Creek meadow . On ly  sma l l  quanti t ies of ore were mi ned and sh ipped from 1 955 to 1 957 
wh i l e underground exp loration and deve lopment were carried on . 

I n  1 958 a government contract prompted the bu i l d ing of a 2 1 0 t . p . d .  processi ng mi l l  at Lake
view which went on stream l ate in  1 958 . Early in 1 959, a production shaft at the m ine had to be 
abandoned because of excess water and h eavy ground . Soon after , strippi ng began to a l l ow min ing 
from an open pi t (see figure 24) . The near-surface ore was mi ned out by the end of 1 959 and it was 
not deemed feas ib l e  to go deeper w i th the open p i t .  The s ketch map in  fig ure 25 shows the present 
out l i ne of the open pi t w i th the o l d  underground worki ngs superimposed . By the end of 1 960 no easi ly 
minab l e  ore or custom ore was avai I ab le  and the mi l l  c l osed . I n  1 962, 1 963, and 1 965 smal l tonnages 
of h igh-grade ore were mi ned at the base of the west wa l l of the open pit and sh i pped by i nd ivi dua l  
l essors . Tota l production from 1 956 to 1 965 has been about 350, 000 pounds of U308 from 1 1 5, 000 
tons of ore . 

The uranium mi nera l i zation at the White K ing is i n  an area of complex stratigraphy  and struc
ture . I t  appears to be associated w i th a f low-banded di ke-l i ke mass of rhyol i te that has i ntruded c l ay 
e y  tuffs , tuff brecc ias ,  agg lomerates, and basa l ti c  l ava f lows o f  Miocene-P l iocene age . B lack  ura
nium oxides and a variety of associated minera l s  i ncl uding rea l gar, stibnite, pyri te, c innabar , i l se
mannite, ga l ena ,  and cha lcedony i nd icate a re l at ive l y  l ow-temperature hydroth erma l ori g i n  for the 
deposi t .  Opa l i zation and c l ay a l teration are prominent in ore bodies . Near the su rface, concentra
tions of a rare, bright ye l low-green, secondary urani um mi nera l ,  metahei nrich i te (hydrous barium  
uranyl  arsenate) ,  v ivid b l ue i l semann ite (hydrous mo l ybdenum oxide) and the orange and ye l l ow arsen
ic  su l fides , rea l gar and orpi ment, make a very co lorfu l and interesti ng mi nera l deposit . The ore bod
i es tend to be somewhat tabu lar and are disp l aced by numerous northwest-trending fau l ts .  

During 1 967, 1 968 , and 1 969 at l east two major compan ies conducted ai rborne rad iometric 
exp l oration,  and at the White King a detai l ed dri l l i ng program h as been carried out by one company 
to determi ne ore reserves . A l so ,  in 1 968, the Atl antic Richfi e l d  Co . announced the pu rchase of the 
uranium processi ng mi l l  at Lakeview . 

L u c k y L a s s  M i n e  

The Lucky Lass m ine is i n  sec . 25, T .  39 S . ,  R .  1 9  E . ,  a mi l e  northwest of the Wh ite Ki ng 
mine . It was a l so found in 1 955, short ly after the White King di scovery was made pub l i c .  The Lake
view Min ing Co . mined about 450 tons of ore (3200 l bs .  of U308 ) from a narrow open pit in 1 955 and 
1 956 . Then , fo l lowi ng a period of i nactiv i ty ,  the owners en l arged the open pit during i ntermittent 
operations, and from 1 961 to 1 965 produced another 5000 tons of ore that contained about 33, 000 
pounds of U308 . At the present t ime the m ine is not bei ng operated and the l arge open p i t  is fi l l ed 
wi th water . 

Mi nera l i zation at the Lucky Lass m ine was apparent ly  contro l led by several fau l t  and shear 
zones in bedded c l ayey tuffs and tuff brecc ias that are s imi l ar to the roc ks at the Wh ite Ki ng mine . 
The most important minera l ized zone i s  about 1 0  feet wide,  stri kes N .  75° W . ,  and dips 80° N .  The 
l ayered tuffaceous rocks stri ke genera l ly northwest and dip 1 5° to 40° to the southwest . They are 
over la in  by vesicu l ar basa l t  f lows . B l oc ks of a l tered basa l t  are common ly  found i n  the shear zones . 
Near the surface ,  secondary yel l ow f luorescent uran ium mi nera l s  sim i l ar to those at the White King 
were present as coati ngs and disseminated i n  the tuffs and vesicu l ar basa l t . At depth discrete uran i um 
minera l s  are not recognizab l e  but probab ly  are present as m inute d issemi nations of b l ac k  uran in ite or 
sooty pitchb lende . Gei ger counters were necessary to separate ore from waste . 

The owners report that l ongho l e  dri l l i ng i n  the pit has i ndi cated more radioactive m inera l iza
tion at depth , but the amount and the grade are not known . 



F igure 25 - Map of the White King m ine showing development and geology . 
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QUICKSILVER 

Even though the production has been sma l l ,  mercury fol lows uranium in importance as a metal
lic mineral in the project area. Brooks (1963), in a study of quicksilver in Oregon, shows the recorded 
production from the project area to be 34 flasks al l  from one property, the Angel Peak mine near Quartz 
Mountain. An additional unrecorded 2� flasks has been credited to the Currier prospect at the south 
end of Summer Lake. 

The map of mineral deposits (plate 2) shows the scattered nature of the quicksilver occurrences. 
Mercury occurs in all of them as the mineral cinnabar, associated with intermediate-to-acid intrusive
extrusive rocks (QTvrd). Wherever i t  occurs, si l icification and/or opalization is also abundant. Near 
Quartz Mountain there is a small concentration of prospects. The quicksi lver mineral ization occurs 
with opalized rhyolite, rhyolite tuffs, and sil icified rhyolite breccia in a narrow , irregular northwest
trending zone several miles long. Potassium-argon dating of the surrounding glassy rhyolite shows that 
the mineral ization here must be less than about 8 mil l ion years old.  

The following descriptions of individual quicksilver mines and prospects and the information in 
table 6 is mainly from Brooks' (1 963) study . Map numbers indicate locations on plate 2 .  

A n g e l  P e a k  M i n e  

The Angel Peak mine was developed and operated from time to time between 1 956 and 1 959. 
Total production has been 34 flasks of quicksilver. A 30-inch rotary furnace formerly located at the 
property has been removed and the mine is now idle. The deposit is at the top of a hil l  loca l ly  known 
as Angel Peak (see figure 26). 

Figure 26. 

Lorge north-trending open cut at the 
Angel Peak quicksilver mine. Verti
cally flow-banded rhyolite vitrophyre 
has been altered to opal and clay. 

Brooks (1963, p. 1 75) described the occurrence as follows: 

On the crest of Angel Peak an area about 1 00 yards in diameter has been 
stripped of overburden. Much of the rock exposed has been opalized, though some 
ports of i t  have been altered to a soft powdery mixture of silica and alunite. Iden
tifiable rocks in the opalized area and along its edges include rhyolite, tuffs, tuff 
breccias, and glassy andesite. Along the west edge of the opalized area the glassy 
rocks are interlayered with the opalized material . 
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Map 
No . 

1 

2 

3 

4 

5 

6 

7 

8 

-· 

9 

1 0  

1 1  

1 2  

r---
1 3  

1 4  

Name 

Oregon 
Tech nical  
I nstitute 

K l amath H i l ls  

G i van ranch 
prospect 

School Creek 

Currier mine 

O ' Leary 
prospect 

Chewaucan 
Ri ver 

Crone 
prospect 

Manzan i ta 
group 

Angel Peak 
m i ne 

Rosol i te 
prospect 

D i gmore or 
Salt  Creek 

Pi nto group 

Batman 
prospect 

Tab l e  6 .  Q u i c ksi l ver occurrences in Lake and K l amath Cou nties . 

Location 

N . edge sec . 20, 
T . 38 S . , R . 9 E . 

S .  edge sec . 35, 
T. 40 S .  , R .  9 E .  

N E� sec . 25, 
T .  36 S . ,  R .  1 2  E .  

N E� sec . 1 0, 
T .  34 S . , R .  1 6  E .  

Sec . 36 , T .  3 2  S .  , 
R .  1 6  E .  

Sec . 5, T .  35 s . '  
R .  1 8  E .  

Sees . 9, 1 6; 
T .  34 S . ,  R .  1 8  E .  

N E� sec . 34, 
T .  27 S . ,  R .  1 6  E .  

sw� sec . 26, NWhec . 
35, T .  3 7 S . ,  R . 1 6  E .  

NWl sec . 32, 
T. 37 S .  , R .  1 7 E .  

S E� sec . 5, 
T.  38 S . ,  R.  1 7  E .  

N E� sec . 1 2, 
T . 38 S . , R . 20 E . 

Sec . 6, T .  41  s . ' 
R .  1 8  E .  

Sec . 4 ,  T .  41 s . '  
R .  1 8  E .  

Geo l ogic occurrence 

M i nor dissemi nated ci nnabar i n  l ayered opal 
and agate of hot-spring origi n .  P leistocene (? ) 
age .  

M i nor disseminated c i nnabar i n  si l i c eous si nter 
of P le istocene (? ) age . 

C i nnabar assays as h i gh as 1 6  l bs . /ton reported 
from zones of opa l i zation in l ayered rhyo l i te 
breccias . 

Ci nnabar on fractures, i n  opa l ized, bl eached 
rhyo l i te . Grab samp l e  assayed 3 .  7 l bs ./ton . 

Ci nnabar occurs as fracture fi l l ing and splotchy 
aggregates i n  a sheared brecciated zone 50 ft . 
w i de in andes i te . 

C i nnabar occurs in th in vei n l ets and coatings 
on fractures of andesite brecc i a  and massive 
rhyo l i te .  

Not know n .  

Ci nnabar occurs spar i ng l y  i n  i so l a ted bou l ders 
of s i l ic ified rhyo l i te brecc i a .  

(See Text) 

(See Text) 

M i nera l i zation s i mi l or to the Angel Peak -
i n tense opal ization and bl each i ng of rh yo l i te .  

Ci nnabar d isseminated i n  c l ayey a l tered tu ffs 
and fracture coati ngs i n  opal i te brecci a .  

C i nnabar occurs disseminated and as fracture 
fi I l i ngs in chal cedony and opal in a l tered 
pumice tuffs . 

B l eached and iron-stained pu mice tu ffs - no 
c i nnabar seen in several open cuts . 

Remarks Reference 

Department 
assay rep t .  

N o  production . Brooks, 
1 963 

Discovered in No report . 
1 968 (? ) .  
Produ ction of Brooks, 
2� f l asks . 1 963; 

Ross, 1 94 1 . 

No production . Brooks, 
1 963 

On banks of Brooks, 
Chewaucan 1 963 
R i ver , short 
ad i t .  N o  
produ ction . 

No record of Brooks, 
production . 1 963; 

Johns, 

J 1 949 . 

9 c l a i ms .  No 
produ ction . 

Recorded pro- Brooks, 
du ction of 34 1 963 
f lasks . 

No produc tion . Brooks, 
1 963 

Several bu I I - Department 
dozer cu Is and open -fi l e  
prospect pits . report . 
No produc tion . 

No production . Brooks, 
1 963 

No produc tion . Brooks, 
1 963 . 
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Contro l s  for the local ization of c in nabar are obscure . No persistent fracture 
trends were noted . Cinnabar i s  concentrated a long poor ly  defi ned fractures and coats 
fragments in brecciated zones wi th i n  si l i c ified parts of the roc k .  Sma l l  amounts a l so 
occur as a fine dispersion i n  the si l i c a .  Most of the ore m ined was recovered from a 
mi nera l i zed zone about 40 feet long, 20 feet wide, and 1 0  to 1 5  feet deep . Smal l 
pods of ore that assay from one to two percent qu i  c ksi I ver were i nc I uded, bu t the 
over-al l grade of ore probably wou l d  not exceed 0 . 1 5  to 0 . 2  percent qu icksi lver . 
Outside th is mi nera l i zed zone on l y  scattered bunches of c i nnabar were found . 

M a n z a n i t a G r o u p 

The Manzanita group prospect is on the west f lank of North Butte and Quartz Butte about 2� 
mi l es due west of the Ange l  Peak mine i n  the Quartz Mountain area . Minera l i zation is  s imi l ar to 
that at Ange l Peak . C innabar occurs random ly  in  intense l y  a l tered, opal ized f low -banded rhyo l i te ,  
and assoc iated tuffs a s  th in  coati ngs and m inu te dissem i nations . Several  deep bu l l dozer cuts have 
exp lored a wide mi nera l i zed zone . 

The exp l oration wor k  done so far has not found the sma l l  pod l i ke deposits and str i ngers to be 
numerous enough or c lose enough together to constitu te a commerc ia l  ore body . 

GOLD, S I LVER,  LEAD,  Z I NC ,  A N D  CO PPER 

Gol d ,  si lver, and associated base meta l s  have been reported from two wide ly  separated loca
tions, the H igh Grade distr i c t  and the Brattain distr ic t .  

H i g h  G r a d e  D i s t r i c t  

51 

Free go l d  was mi ned from si l ic ified breccia zones and  quartz vei ns i n  ear l y  Terti ary rhyo l ite in  
the extreme southeast corner of the proj ect area . This  loca l ity i s  a part of  a l arger area i n  Modoc 
County of northern Cal iforni a  known as the High Grade di stri ct . In Oregon it i nc l udes severa l  pros
pects in the h i l l s a few mi l es east of New Pine Creek, a smal l community on U . S .  Highway 395 about 
1 5  mi I es south of Lakeview . Gay ( 1 966 , p .  1 00) reports production from the district as a who l e  of 
about $85, 000 from the period 1 909 to 1 934 . 

B r a t t a i n  D i s t r i c t  

I n  th is area a long the east side of the Pai s l ey H i l l s ,  about 5 mi l es south of Pais l ey ,  go ld  is re
ported to have been di scovered in 1 875 . About 1 900, a man named Gaylord dug a tunnel  and several 
shafts that exposed lead, z inc,  and copper mi nera l s  w i th some assoc iated gol d and si lver . Gaylord is 
reported to have h i red a crew and supported h i s  fami l y  from the proceeds of h i s  min ing . S i nce that 
time on l y  assessment work and l oc ation  work have been done (App l i ng,  1 950, p .  45) . The Gay l ord 
tunnel is in the NE� sec . 1 1 ,  T .  34 S . ,  R. 1 8  E . , at the h ead of Brattai n  Canyon (p late 2) . The tun
ne l  exposes one  of  a number of  narrow si l iceous veins that trend N .  30° to N .  45° W .  i n  the  immedi
ate area . Gal ena and spha l er i te are the most prominent  meta l l i c mi nera l s . S i l ver accompan ies the 
ga l ena . The meta l l ic mi nera l s  are found in disconti nuous l enses and minor disseminations i n  the veins . 

I n  1 965 copper,  l ead , and zinc minera l s  were d iscovered on the east f l ank  of Ennis Butte i n  
sees . 1 8  and 1 9, T .  34 S . ,  R .  1 9  E . ,  associated wi th a sma l l  stock and dike l i ke masses of diorite and 
quartz monzonite .  The minera l ization appears to be confi ned to narrow fau l t  zones that trend main ly  
about N .  60° W .  w ith m inor N .  200 E .  shears . Minera l i zation at the  surface i s  spotty and compri ses 
the su l fides ,  pyrite , spha lerite, ga lena,  and mi nor cha l copyr i te . Several  m in ing companies have made 
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cursory surface examinations, i nc l ud ing surface mapping (Muntzert, 1 969) and sha l l ow trench i ng ,  but 
so far no extensive exp loration or development has been done . A l though si l i c i fied rhyo l i te brecc ias 
have been samp l ed for assay in  severa l other areas , none of these metals was detected . 

B LAC K SAND 

Surface concentrations of b lack sand conta in ing i ron and titanium are present i n  a broad area 
about 20 square mi l es in extent between Scott and Sand Creeks, in T .  31 S . ,  Rs . 7 and 8 E .  Th i n ,  
l ens-shaped concentrations o f  o l iv ine,  augi te ,  hornbl ende, magnetite, and i l men ite resu l t  from the 
norma l f luviati l e  processes as Sand Creek and Scott Creek meander across the f lat area of the Antelope 
Desert . Sma l l  amounts of i l menite-magnetite sand were a l so observed on a beach a l ong the east side 
of K l amath Lake (NW� sec . 1 7, T .  36 S . ,  R .  7 E . ). The heavy mi nera ls appear to be derived from 
the breakdown of pumice and scoria of the g lowing ava l anche deposits of Mount Mazama descri bed by 
Wi I I  iams (1 942) . The magneti te-i l meni te fraction is l ow and the present surface concentrations do not 
appear to have economic si gnifi cance . 

Considerab l e  b lack-sand th icknesses have been reported by dri l l ers in water we l ls a long the 
west side of K l amath Marsh and adj acent to Agency Lake and north K lamath Lake . From dri l l ers' l ogs 
it is not poss ib le  to distinguish between i l meni te-magnetite concentrations and sand composed of fi ne 
b l ack  c inders . Carefu l samp l i ng of these reported b lack sands i n  future dri l l i ng  w i l l  be requ i red before 
it w i l l  be possib l e  to assess their  s ignificance . 

Tab l e  7.  Diatomite analyses, K l amath and Lake Counties . 

Location S i 02 T i 02 Fe203 Al 2o3 CeO MgO Na 20 K20 so3 Cl C02 H20• Total 

North of the tow n of 65 . 52 0 . 86 3 . 34 1 4 . 44 1 . 56 0 . 8 7  0 . 91 0 . 42 0 . 03 0 . 1 0  0 . 04 1 1 . 91 1 00 . 00 
Sprague R i ver (1 ) 
(Sampl e 227) 

Northeast of Ferguson · Mtn . ,  76 . 00 0 . 1 3  2 . 03 5 . 96 0 . 38 0 . 23 0 . 33 0 . 1 5  0 . 1 7 0 . 06  0 . 20 1 4 . 36 1 00 . 00 
sec . 5, T . 36 S . , R .  1 4  E . ( 1 )  
(Sample 222) 

Northeast of Merri I I  75 . 30 0 . 45 2 . 89 8 . 42 1 .  90 0 . 63 0. 71 0 . 32 0 . 03 0 . 34 N . R .  9 . 01 1 00 . 00 
N E� sec . 25, T .  40 S . , 
R .  1 1  E .  (1 ) 
(Sample 232) 

4� m i l es southwest of 75 . 56 0 . 6 4 2 . 66 8 . 64 1 . 20 0 . 37 1 .  08 0 . 26 0 . 06 0 . 1 1 9 . 42 1 00 . 00 
K l amath Fa l l s (1 ) 
(Sample 1 87) 

Range of composi tion of 85- N . R .  0 . 8 - 4-1 0% 0 . 1 - 0 . 1 - 0 . 2  - 1 . 5% N . R . N . R .  0-3% 5-8% 
commerc i a l  grades of diatomite 92% 2 . 0% 2 . 0% 2 . 0%  organ- L .  0 . I .  
(2) ic ma-

ter ial 

* by differenc e .  

(1 ) From Moore, B .  N .  (1 937) . 

(2) From Leppla,  P. W . ,  1 953, p .  2 .  
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NONMETALLIC MINERAL RESOURCES 

D IATOMITE 

C h a r a c t e r i s t i c s  o f  D i a t o m i t e  

Diatomite, or di atomaceous earth , is a friab l e ,  l ight-co l ored sedi ment or sedimentary roc k  of 
l ow densi ty ,  composed of the microscopic  si l iceous she l l - l i ke frustu l es secreted by aquatic p l ants 
cal l ed di atoms . These p l ants abound i n  sha l l ow mar ine  or l acustr ine waters i n  wh ich favorab l e  tem
perature conditions, l ight ,  nutrients, and a disso l ved si l ica supp l y  are avai lab l e . Many thousands of 
I ivi ng and fossi I di atom species are know n .  Each species has a characteristic frustu I e shape, size, 
and associated ornamentation of spi nes and she l l perforations (figure 27, a and b) . 

Dry diatomite is norma l l y  white . Other co lors are due to inc luded sediment or organ ic  impu 
rit ies . The opa l ine si l ica partic les have a hardness of 4 . 5  to 6 . 5  but the aggregate is i ncoherent , w ith 
a hardness of abou t 1 .  Because of the l arge amount of pore space in and around the frustu l es ,  the ap
parent densi ty of the dry b locky d iatomite is about 25 to 37 pounds per cubic foot,  and of the dry pow
der, 5 to 1 6  pounds per cubic foot . The shape , size, and sorting of frustu l es as we l l as the proportion 
of frustu l e  fragments vary great l y  in d ifferent deposits and affect the properties of the d iatomite . D i
atom frustu l es are i nso l ub l e  i n  most acids, but w i l l  disso lve i n  strong a l kal i es . 

There is a commonpl ace assoc iation of diatomite depos i ts and vo l canic activity i n  many sed i 
mentary bas ins . The s i l ica and mi neral nutrients needed by these p l ants are provided i n  abundance i n  
vo l canic areas, ei ther direct ly  from vo l canic emanations or i ndirect l y  from the weather i ng of vo l canic 
rocks . As a consequence, however, vo l canic ash and other vo lcanic-derived sediments often accom 
pany d iatomite and contaminate i t .  T h e  presence of these contaminants i s  i ndicated in  the chemical 
anal yses by the constituents other than si l ica and water , particu l ar ly  by the presence of a l umina . The 
range of composi tion of commercia l  grades of diatomite is g iven in tab l e  7. For many i ndustr ia l  uses, 
chemical  purity is l ess important than size, shape , and sorting of the diatoms . Vol canic ash , which is 
difficu l t  to remove , or iron in sufficient quanti t ies to disco lor the ca lc i ned di atomite are genera l ly un
desirab le  i ngred ients . 

The i ndustri al uses of di atomite i nc l ude a wide variety of fi l ters , fi l lers, i nsu l ating materia l s ,  
absorbents and f l u id  carriers, l igh tweight cement aggregates and  pozzo l an ,  abrasives , and ceramic 
products .  Each parti cu lar use demands diatomite wi th speci fi c  characterist ics of pur i ty ,  parti c l e  si ze, 
shape, and sorti ng . Diatomite is a bu l k  product  which,  to be produced economica l l y ,  must be avai l 
ab l e  i n  l arge deposi ts that can be mi ned , processed, and transported to market at a l ow un i t  cost . 

D i a t o m i t e i n  t h e  P r o j e c t  A r e a  

There are two di atomite-conta in ing formations i n  the proj ect area . The most extensive of these 
is the diatomite facies of the P l iocene l acustr ine map unit  (Tst) in the southwestern quarter of the area . 
A second diatomite un i t  occurs i n  the P le istocene-Holocene deposits i n  K l amath Lake, Agency Lake , 
and K l amath Marsh . I mpressive amounts of di atomite are being deposi ted i n  these basi ns at the pres
ent time . 

PI iocene deposits: Diatomaceous sedimentary rocks of P l i ocene age occur in the fau l ted ranges 
and va l leys superi mposed on a former l y  conti nuous or semi-continuous P l iocene l ake basi n . The basi n 
i n  which this materia l  accumu l ated a l so received l arge amounts of vo lcanic-derived sediments . There 
are , therefore, complex fac ies rel ationsh ips between re l at ive ly th ick  and pure diatomite beds and i m
pure tuffaceous and di atomaceous s i l tstones and sha l es . Diatomite is a promi nent component of sever
al sections exposed in ridges around K l amath Fa l l s ,  at O l ene Gap, i n  Poe Va l l ey , at Wol ff ranch 
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F igure 27-a . Photomi crograph of diatom assembl age now th r iv ing i n  
t he  K l amath Lake waters (X 320) . 

F igu re 27-b . Photomicrograph of d iatom speci es from recent d iatomi te 
i n  the K l amath Marsh (X320) . 
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(center sec . 31 , T .  34 S . ,  R .  9 E . )  and at the town of Sprague River in Sprague River val l ey .  A l l 
these l ocations are ind icated on p l ate 2 .  Moore (1 937, p .  42) descri bes a n  aggregate th ickness of 
impure diatomite at K l amath Fa l l s making up 240 feet of a 400-foot exposure of l acustr ine sediments . 
Massive beds of di atomite separated by tuffaceous si l tstone parti ngs a few i nches th i ck  make u p  the 
250-foot-th ick  sequence seen at the town of Sprague River . Many other surface outcrops contain poor
ly exposed and unmeasured th icknesses of d iatomite . Water-wel l logs show th ick sections of diatoma
ceous mater ia l  on the f loors of Sprague River , Lange l l ,  Poe,, Yonna, Swan, and Lower K l amath Lake 
va l l eys . The qua l i ty and quantity of di atomite in these we l ls cannot be determi ned from dri l l er ' s  l ogs . 
There is not suffi ci ent data avai l ab l e  to trace d iatomite beds of i ndustr ia l  qua l ity or to est imate the i r  
vo l u me . A h igh volcanic-ash content is a detrimenta l aspect of  many samp les co l l ected from the most 
prominent surface outcrops, as noted in the chemical ana l yses i n  tab l e  7 .  

A l im ited number of eva l uations o f  diatomite samp les have been made by major producing com
pan ies wh ich have conducted reconnaissance studies in the proj ect area . The resu l ts of these ana lyses 
were not avai l ab l e  for th is report .  On l y  the deposit  at Wol ff ranch is known to have been studied i n
tensive l y  by a produc i ng company . A short di stance south of the project area, near the L itt l e  Tab le
l and,  S i skiyou County , Cal . (T . 46  N . ,  R .  2 E . )  an  extensive i nvestigation of P l iocene diatomite 
was carried out from 1 951 to 1 955 . The materia l  found was reported l y  not of the type or purity to 
l end i tse l f  to commercia l  use i n  fi l ters or fi l l ers . I t  seems probab l e  that an adequate eva luation of the 
di atomite potentia l  in the P l i ocene rocks of the proj ect area wou l d  requ i re a thorough samp l i ng based 
on extensi ve core dri I I  ing assoc i a ted wi th a reconstruction of deposi tional condi tions i n  the P I  iocene 
l ake basi n . 

P l eistocene-Ho locene deposits: I t  has been noted in the discussion of the geo logic h i story that 
diatomaceous sediments are being deposi ted in  l akes in the K l amath Lake-Agency Lake-K l amath Marsh 
depressions . A l imi ted amount of i nformation can be obtained from i rrigation d i tches in the center of 
S� sec . 6, T .  38 S . ,  R .  8 E .  and near the center of sec . 8, T .  36 S . ,  R .  7 E . ;  from dredge materia l  
a long the east end  of  Lamm crossing of  K l amath Marsh and  from Agency Lake (SW corner sec . 1 9, T .  
34 S . ,  R .  7 E . ) .  A test ho le  dug i n  the center of the N E* sec . 1 7, T .  31  S . ,  R .  9 E .  exposed a sec
tion consi sti ng of 3 feet of peat over ly ing 5 feet of diatomite . The ho le  was termi nated in water
deposi ted Mazama pumice . The th ickness of diatom oozes present ly accumu l ating beneath the open 
waters of the l akes has not been ascertai ned . 

The areal extent of these P l eistocene-Ho locene deposits may be very great . Fu rthermore , the 
runoff from the terrai n surround ing the l akes may have been suffi c ient ly l im ited to reduce the contam
i nation of diatomite by vo lcanic materia l , as compared to the Pl iocene deposits .  As in the case of 
the P l iocene di atomites, detai l ed cor ing and studies of sedimentary environment wou ld  probab ly  assist 
in out l i n i ng the areas of th ickest and purest diatomite in these young basins . 

There is no record of any production of di atomite from the project area . A few carloads of 
Pl iocene mater ia l  from a deposit  located in sec . 33, T .  39 S . ,  R .  7 E . ,  a short distance to the west 
of the pro j ect boundary, were used as a cement addit ive in dam construction on the K l amath River . 

PUMICE AND PUMIC ITE 

D e f i n i t i o n  o f  P u m i c e  a n d  P u m i c i t e 

Pum ice and pumic ite are produced dur i ng a vo lcanic eruption by the natural  expans ion of dis
so l ved gases , mai n l y  water vapor, i n  a viscous si l ic ic l ava such as rhyo l ite or dac ite . Pumice is a 
frothy rock made up  of g l ass-wal l ed gas bubb le  casts . This mater ia l  may inc l ude crysta l s  der ived from 
crysta l l ization of the me l t  and exotic fragments p icked up from su rroundi ng rocks through or over wh ich 
the coo l ing me l t  moved . Pumice may remain  as a coherent mass, essenti al l y  a h i gh l y  vesicu lar ,  g l assy 
l ava f low or vent fi l l i ng,  or it may be more or l ess fragmented by vio lent eruption from a vent . Pum
ic ite i s  a name app l ied to uncemented or  poor l y  cemented i ndividual  ash parti c l es or aggregates of  par
tic l es l ess than 4 mm i n  d iameter (Chesterman , 1 956 , p .  6) . These pumicite ash partic l es are too 
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sma l l  to contai n the open frothy texture of pumice,  a l though they do conta i n  microscopic gas bubb l es . 
Pumice is found re l at ively c l ose to the vent from which it was erupted, wh i le pumic i te may be carried 
by wi nds for great distances before settl i ng as an accumu l otion of fi ne-grai ned ash o r  tuffaceous sed
iment . 

E c o n o m i c  F a c t o r s  

The physical  properties which make pumice and pumic i te usefu l i n  i ndustr ia l  app l ications in
c l ude: l ow bu l k  density ,  good therma l i nsu l at ing properties , and excel l ent abras ive capabi l i ty . Pum
ice ranges in size from b l ocks several feet in diameter down to fi ne granu l ar materia l  which grades 
i nsens ib ly  i nto the sti l l  fi ner pumicite . Large pumice l umps h aving the proper texture are so l d  for 
l andscapi ng and archi tectural enhancement . By far the greatest amount of pumice is so l d  as an aggre
gate for l i ghtweight concrete bu i l d ing b locks .  Vari ous mixtures of pumice and vo lcanic c i nders are 
common ly  used in b locks to produce un i ts having different weights, crush ing strength , and color . 
Minor amounts of ground pumice and pumic i te are used i n  maki ng pozzo lan for cement and as a soi l  
conditioner, nursery bedding materia l , i nsectic ide carr i er ,  fi l l er , and abrasive . 

The economic factors i nvo l ved i n  min ing and marketing pumice and pumicite inc lude not on ly  
the wide range of s izes and textures of the materia l s  found at the various depos its and the rather wide
l y  vary ing prices which each commands, bu t the cost of mi n ing,  benefic iating , and marketing which 
may a l so have a consi derab le  range . As is the case wi th near l y  a l l  i ndustr ia l  mi nera l s ,  a potentia l  
producer must deve lop h i s  own markets and sel l h i s  product for what h e  can get, s ince, un l i ke the 
metal s ,  no estab l i shed market exists and each sa l e  must be considered on i ts own merits . Neither pu m
ice nor pumic ite enjoys a monopo l y  in the market p l ace . Substi tutes for a l l of the various appl ica
tions for wh ich these commoditi es are su i ted are read i l y  ava i l ab l e  and a market exists on ly  when a 
combination of price, ease of h and l i ng and process ing,  and qual i ty of the finished product makes i t  
attractive to the purchaser . 

P u m i c e  a n d  P u m i c i t e i n  t h e - P r o j e c t  A r e a  

Two separate deposits of pumice and pumicite occur in  the proj ect area . The largest of these 
is that resu l ti ng from the c l i mactic  eruptions of Mount Mazama . A second and somewhat o l der de
pos i t  of a l esser extent and th ickness occurs in  the Sprague Ri ver val l ey area . 

Mazama pumice 

Th is deposit  is an essentia l l y  continuous l ayer of pumice and pumicite extending over the north 
ha l f  of the project area . It is one of the most recent formations i n  the area and mantl es the surface, 
except for an occasiona l  th i n  covering of so i l  or stream or l ake deposits in  a few low- ly ing  l ocations 
(figure 28) .  As noted e l sewhere, the pumice eruption began w i th a widespread air  fa l l  of fi ne-grai ned 
materia l , fo l lowed by pumice f lows or g l ow i ng ava l anche deposits restr icted to areas near the vent , 
west of K I a math Marsh . 

A genera l ized isopach map is out l i ned on p l ate 2 .  The th ickness of the deposi t decreases re
giona l l y  from about 90 feet in the Ante lope Desert-Chemu It area southward and eastward to depths of 
a few i nches . Many local  var iations occur where pumiceous materia l s  th i cken in topographica l l y  l ow 
areas or th in  out on steep s l opes and topograph ica l ly  high areas . The coarseness of pumice fragments 
and the grai n size of pumicite genera l ly decrease wi th i ncreased distance from the source, in trends 
para l l e l i ng those of th ickness . Lumps of pumice 2 to 3 feet in diameter are common near Beaver Marsh 
in the area reached by the g l owing ava l anche deposits . Immediate ly  to the east the fragment size de
creases rapid l y  to granu l e  and coarse sand sizes . Where the pumice fragments are l argest , however , 
fine fragments are i ntermixed w i th the coarse . Additional deta i l s  concern i ng the distr ibution and grain 
size variation of th is deposi t can be found in Moore ( 1 937, p .  1 57) , Wi l l i ams (1 942, p .  69-71 ) ,  and 
Wal ker ( 1 951 , p .  2-4) . The total vo l ume of the depos i t  is to be measured i n  cubic mi l es .  The data 
avai lab le  are not suffi cient, however, to permit the estimation of th ickness and tonnage of materia l in  
specific fragment s izes . 
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Figure 28 - A  blanket of Mazama pumice at least 3 feet thick covers a 
basalt flow near Chemul t .  Basalt quarried from the flow beneath 
the pumice has furnished Iorge quantities of crushed rock for ballast 
for the Great Northern Roi lwoy. 

Figure 29 - Looking south at Tucker Hil l ,  a domelike moss of perlite 
about 1 0  miles southeast of Paisley. Note the wove-cut benches 
that mark shorelines of ancient pluvial lakes. 

57 
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The usefu l ness of pumice and pumic i te ,  particu l ar ly  for abrasi ves, i s  dependent on its freedom 
from crystal and exotic rock  i nc lusions and on the un i formity of the vesi cu l ate texture . Wi th i n  the 
proj ect area accidenta l rock fragments do not appear to be present in significant quanti ties . Crysta l s  
o f  p l agioc l ase, hypersthene, augite, hornb l ende, and magnetite are reported to average between 1 0  
and 1 5  percent of the rock by vo l ume . The crysta l content is reported to i ncrease away from the vent, 
as the deposit  th ickness and pumice c l ast size decrease (Wi l l iams, 1 942, p .  77) . The d istribution of 
vesi c l es i s  uneven,  as is vesi c l e  size . 

The chemical composition of pumiceous mater ia ls  is important to the major bu l k  use of th i s  
type of materia l  as  a cement addit ive . Anal yses of three pumice and pumicite samp l es are shown i n  
tab l e  1 .  I n  addit ion, a l arge number of chemical  and physica l  tests on pum ice and pumic i te sampl es 
from the Lenz-Chemu l t  area have been made re lat ive to their use in pozzo l an (K ing , D . P . , 1 965) . 

From the l i mi ted amount of samp l e  data avai l ab l e ,  the Mazama pumice appears to be a l arge 
resource of read i l y  accessib l e  dacite pumice and pumicite of a wide vari ety of l ump and granu le  sizes . 
The qual i ty of the deposit  appears to be acceptab l e  by present standards for most of the uses to which 
such materia l s  are put . The ch ief l im i tations are the widespread occurrence of crystals in  the pumice 
wh ich restr ict  i ts use as an abrasive . 

I n  addition to considerations of qual i ty ,  vo lume ,  and minabi l i ty , the proximity of the deposit 
to transportation and u l timate ly  to the market i s  of v i ta l  importance to i ts deve lopment . The coarse 
l ump pumice areas of the deposit  are i mmediate ly  adjacent to U . S .  H ighway 97 and the Great North
ern and Southern Pacific Rai l road l ines . The finer grai ned pumic i te deposits farther east are acces
s ib le  over l arge areas by unpaved graded forest roads . 

The l oca l  market for pumice is restricted to use i n  production of a sma l l vo l ume of construc
tion materia l s  i n  K l amath Fal l s  and this market is supp l ied from the l arge deposi ts at G l ass Mountai n ,  
Siskiyou County, Cal . Production of Mazama pumice and pum ic i te o f  s ignifi cant vo lume wou ld  re
quire the deve lopment of new markets outsi de the centra l  Oregon area . 

Moore ( 1 937, p .  1 75) records a sma l l amount of pumicite production from sec . 8 ,  T .  27 S . ,  
R .  8 E .  for use i n  stucco as ear l y  as 1 929, and several  quarries were reported by h im  to have been 
opened in  the Chemu l t  area prior to 1 937.  No sustai ned production has been recorded from the  per iod 
prior to or duri ng Wor l d  War I I .  Duri ng 1 945, sma l l mi n ing operations were agai n set up i n  the Che
mu l t  area . The product was sh i pped to poi nts as far away as Be l l i ngham , Wash . and K ing City, Cal . 
(Wagner, 1 947, p .  32) . Most of the product found i ts use i n  cement b lock manufacture . Production 
figures from that part of the deposit  w i th i n  the proj ect area are not known . By 1 956 , a l l  production 
in  the proj ect area had ceased . 

Upper Sprague River pumice and pumicite 

Iso l ated patches of pumice and pumicite , probab l y erosional remnants of a former l y  more ex
tensive I oyer , occur in th e upper Sprague River area north of Beatty and north and east of B l y .  Th is 
pumic i te over l ies the (Tst) map un i t  and is over l ai n  by the youngest basa l t  (Qb) . I t  i s  approximate l y  
1 0  feet th ick where the road crosses over the edge o f  Knot Tab l e l and (NE� sec . 29, T .  35 S . ,  R .  1 2  
E . ) .  Other outcrops of si mi l ar mater ia l  occur i n  the S E� sec . 1 9 , T .  36 S . ,  R .  1 5  E .  and the S E� 
sec . 1 5 , T .  37 S . ,  R .  1 5  E .  Due to soi l  cover at these l oca l i ties the th ickness was not determi ned , 
a l though it probab l y  exceeds 1 0 feet . The area l extent of the horizon is not known because of poor 
exposures . 

These deposits consist mai n l y  of unconso l idated sand-size wh ite granu l es ,  most of which are 
l ess than 2 mm in di ameter . Crysta l fragments of pyroxene , p l ag ioc l ase fe l dspar, and magnetite make 
up approximate l y  1 0  percent of the vo lume of the materi a l . Occasional cobb l e-sized c l asts of l ight
col ored rhyo l ite or daci te vi trophyre occur scattered through the deposit . No detai l ed mechanical  or 
petrograph ic ana lyses of th i s  materi a l  are known to have been made . A chemical anal ysis of i t  i s  i n
c l uded i n  tab l e  1 ,  under the name P le istocene dacite pumic ite . 

The deposits referred to th is group are a l l  c l ose to good graded unpaved roads and to Oregon 
Highway 1 40 between K l amath Fal l s  and Lakeview . A branch rai l l i ne extending from K l amath Fal l s  
to  B l y  comes wi th i n  a few m i l es of  them . 
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There h as been a sma l l  amount of production from the two pumic i te loca l i ties l ocated i n  sec
tions 1 5  and 1 9, as noted above . The l atter of these is reported to have produced approximatel y  4000 
cubic yards betw een 1 946 and 1 950 .  No other production records were avai lab l e ,  but both pits have 
long been id l e .  The pumic i te obtai ned was sh i pped to K lamath F a l l s  for p l aster and mortar aggregate 
and to Los Ange l es ,  Cal . for use as a soi l conditioner and a construction mater ia l . 

PERL ITE 

Per l i te is a variety of obsid ian in which 2 to 5 percent by weight of the mater i a l  is chemica l 
l y  combi ned water . I t  is a g l assy vol canic rock  of rhyo l i ti c  or dacit ic composit ion, is red , gray, or 
b l ack  in co lor,  and h as a waxy or pear l y  l uster . The rock ch aracteristi cal l y  exh ib i ts per l i t ic stru c 
ture , wh i ch i s  a tendency to break into spher ica l  fragments a l ong concentric fractures produced dur
i ng coo l i n g .  

On  rapid heati ng a t  temperatures i n  the range o f  800° to 22000 F . ,  the chemica l l y  combi ned 
water in per l i te is l iberated as steam wh ich expands the therma l l y  softened g l ass i nto a frothy mass re
sembl i ng pumic e .  To be of economic va l ue ,  perl i te shou ld  be capab l e  of undergoing expansion to a 
min imum  of four times i ts orig ina l  vol u me .  Li ke pum ice , the expanded per l ite is chemica l l y  i nert, 
possesses good therma l i nsu lati ng and accousti ca l  properties , and has a low dens i ty . Wi th respect to 
their  common uses ,  however , per l i te often h as the advantage over pumice,  because the frothy struc
ture of per l i te can be varied according to speci fication by adjust ing the duration and temperature of 
ca lc i nation . Furthermore , the unprocessed per l i ti c  g l ass can be sh i pped to p l ants near the point  of 
use before being expanded, thus avoiding the transport of a bu l ky product . 

Not a l l  per l i te expands adequate l y ,  has su itabl e  chemica l  properties, or is suffi c ient l y  free 
of crystal or other nonexpandab l e  i nc l usions to meet i ndustr ia l  specifications . Thus, carefu l l abora
tory testing  of per l i te deposits is requ i red to determi ne their  va lue . Si nce this materia l  is a commodi
ty of low un i t  va l ue ,  i t  must be avai l ab l e  for production on a l arge sca l e ,  at l ow cost, and i n  favorab l e  
l ocations for the market . I n  the proj ect area i t  wou l d  probab l y  compete w i th ei ther di atomite or pum
ice for their common uses in  l ightweight aggregates, l oose fi l l  insu l ation ,  fi l ter aids, foundry sand , 
fi l l ers , and abrasi ves . 

Per l i te is known to be associated wi th many of the rhyo l i te and dac i te intrus ive and extrusive 
bodies occurring in the eastern two-th irds of the proj ect area (figure 29) . Not a l l of the prospective 
rhyo l i te-daci te terrains have been ex ami ned , but severa l areas w i th potentia l l y  I arge tonnages are 
noted in tab l e  8 and located on p l ate 2 .  No systematic sampl i ng has been carried out, as far as is 
known ,  on any of these deposi ts . The expansion tests reproduced i n  tab l e  8 are based on reconnais
sance samp l ing,  and the degree to wh ich they are representative of these deposits i s  un known . 

C I ND ERS AND SCORIA 

Cinders and scor ia,  the red , brown,  or  b l ack c l i n kery products of exp l osive vo l canoes of ba
sa l tic composit ion, are abundant and widespread in  the proj ect area . The ci nder cones and mounds 
are made up of l ayered fragments of ves ic u l ar l ava a fraction of an inch to severa l i nches in d iameter . 
The cones range in size from a few hundred feet to a thousand feet i n  diameter and are as much as 500 
feet h igh . Many c i nder cones have been identified and located on the geo logic map (p l ate 1 ) .  

I n  the proj ect area, pi t run c i nders and scor ia are used for road construction and maintenance .  
Innumerab le  pits have been opened at convenient l ocations by both private logg ing compan ies and fed
era I agencies (figu re 30) . There appears to be an adequate supp ly  of th is type of construction mate
rial for a l l  foreseeabl e l ocal uses . 



Map 
No .  Local i ty 

2 

3 

4 

5 

6 

7 

Tucker H i l l  area . 
sees . 25 and 36 , T .  34 S .  , 

R .  1 9  E .  

Adj acent to th e 
Marty K .  uranium prospect 

sec . 1 4, T .  37 s . I R .  1 8 E .  

Drews Val l ey Ranch 
see s .  1 6  and 1 7  

T . 38 s . I R . 1 7 E . 
-

Rose l i te 
qu icksi l ver c l a i ms 

sec . 5, T .  38 S . , R . 1 7 E .  

Owen Bu tte 
NWa sec . 30, 

T .  37 s . I R. 1 6  E .  
sec . 24, T .  37 S . ,  R .  1 5  E .  

B l y  Mou nta i n  
sec . 1 7,  T .  37 S . , R .  1 1  E .  

-

Near B l a isde l l  
NWa sec . 8 ,  T .  3 7  S . ,  R .  1 6  E .  

Sample 
nu mber 

P-26 1 37 
P-26 1 37 
P-261 38 

P-25602 

P-25603 

P-25488 
P-25490 
P-25491 

No data 

P-25653 
P-25654 

P-331 1 7  

P-331 1 8  

Tab l e  8 .  Per l i te prospects - K l amath and Lake Cou nties . 

Expanded Temperature 
vo l u me* (30 seconds) 

200% 1 600° F .  
650% 1 850° F .  
700% 1 850° F .  

350% 1 9000 F .  

200% 1 9000 F .  

1 25% 1 850° F .  
550% 1 8500 F. 
550% 1 8500 F .  

No data No data 

500% 1 850° F .  
700% 1 8500 F .  

1 80% 1 850° F .  

220% 1 850° F .  

Local i ty desc ri ption ( Peterso n ,  1 96 1 ) 

Large amou nt of l i ght gray per l i te a l ong east fl ank of an e l ongated 
dome-shaped mass of g l assy flow-banded rhyo l i te .  Deposi t i n -
e l u des per l i te ,  per l i t i c  g l ass, obsi d i an , and g l assy rhyo l i te (see 
f igu re 28) . 

Per l ite at con tact of l arge rhyo l ite dome and massive pu mice 
tuffs . 

Area appears to conta i n  a l arge deposi t  of per l i ti c  g l ass associ -
ated w i th dac ite and zones of obs i d ian . Samp l es are from w idely 
separated parts of the deposi t .  

Ligh t g ray g l assy rhyo l i te exposed i n  q u i c ksi lver prospects a lso 
reported from dri  I I  hoi  es . Where opa l ization and c l ay a l teration 
are not present, rocks have a per l i t ic  stru cture . 

Per l i t ic  materi a l  i n  p i n k-gray g l assy dac i te dome . Abu ndant 
fel dspar and biotite . 

Large area of perl i t ic g l assy dac i te north of B l y  Mou nta i n  Pass . 

Rhyo l i te dome w ith extensive per l i t ic border zone . 

* Laboratory expansion tests made by gri ndi ng and screening  to obta i n  a -20 +28 mesh samp l e . Measured samp l e  is h eated i n  e l ectr ic muff l e  fu r
nace and preheated to 1 850° F .  for 30 seco nds . Expa nded vo l ume i s  percentage i ncrease over or igi na l  samp l e .  
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SAN D ,  GRAVEL ,  AND C RUSHED STO N E  

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

Sand, grave l ,  and crushed stone are the v i ta l  rr:NI materi a l s  for the construction industry . I n  
both K l amath and Lake Counti es , a s  i n  the state a s  a who le ,  these commodi ti es rank first i n  dol l ar va lue 
of mi neral production . Popu l ation centers and h ighway and dam construction provide the main mar
kets for sand and grave l .  

The physical  properties of the sand grai ns and rock  fragments in  grave l deposi ts vary wide ly and 
the qual i ty of the materia l  determines the qual i ty of the fi n i shed concrete product . The S tate H ighway 
Department has set up specifications for the c l eanness, hardness, durabi l i ty , impuri t ies ,  and amount 
of chemica l l y  reactive materia l s  for part icu l ar uses . A l so ,  si nce the product has a l ow val ue per ton ,  
economica l ly workab le  deposi ts must be  located c l ose to  the markets to e l i mi nate excessive hau l age 
costs . Local deposi ts of sand and gravel of good qual i ty are scarce near K l amath Fal l s ,  and the cur
rent u t i l ization of sand and gravel  is from two deposits that occur as a l l uvia l  fans where streams en
tered an ancient l ake .  Recent movement on the bou nding fau l ts of the K l amath graben have e levated 
these deposits abou t 300 feet above the va l l ey floor . 

The l argest deposit  is i n  the N E* of sec . 32, T .  39 S . ,  R .  1 0  E .  at the north end of Stukel 
Mountain  about 1 0 mi l es southeast of K lamath Fa l l s .  The deposit  covers abou t 2 0  acres o n  a s loping 
terrace at about 4300 feet e l evation . The grave ls  are poor l y  sorted , crude ly  strati fi ed , and as much 
as 50 feet th ick . The h igh percentage of vo lcanic rocks ,  c l ay ,  and ash l imit the uses for the sand 
and gravel from th is deposit . There are l arge tonnages avai l ab l e . 

A si mi l ar deposit i s  located i n  the N E* sec . 22, T .  38 S . ,  R .  8 E . ,  j ust 3 mi les northeast of 
K l amath Fa l l s  on the O l d  Fort Road . Th is deposit  has grave l ,  sand, and si l ty l ayers as much as 20 feet 
th i ck ,  and an area of about 5 acres has been mi ned . The visi b l e  reserves of th is deposit  are l i mi ted . 

When the l ocal deposits are exhausted i t  may become necessary to hau l  from greater distances, 
and th e east f lank of the Cascades cou ld  furnish adequate quanti t ies of usab le  grave l . About 20 mi l es 
northwest of K l amath Fal l s ,  Oregon H ighway 1 40 crosses a broad grave l fan of g l ac ia l  outwash . The 
depos i t  covers parts of sees . 5,  31 , and 32, T .  36 S . ,  R .  7 E .  and extends to the south shore of K l am
ath Lake at Ba l l  Bay . The gravels are reported to be at l east 24 feet th ick  in  test p i ts dug on 300-
foot centers , over a l arge area . A wel l report shows gravel 90 feet th i c k .  The vol canic nature of  
a l l  the rock  fragments wi l l  probab l y  l imit the use of the aggregate from th is sourc e .  Pre l i minary i n
formation indicates an  a l most inexhaust ib le  quantity of sand and  gravel here . 

I n  the Lakeview area there are considerab l e  quantities of sand and grave l on the periphery of 
Goose Lake in the (Q l o ) map uni t .  An espec ia l l y  l arge de l ta-l i ke depos i t  extends i nto the north end 
of the Goose Lake basi n  to within about 3� m i l es of Lakeview . This deposi t  covers several  square 
mi l es and in  some p laces may be as much as 200 feet th i c k .  The qua l i ty of the sand and grave l i s  not 
know n .  

C r u s h e d  S t o n e  

Where suffi ci ent quanti t ies of gravel aggregate of good qua l i ty and size are not avai l ab l e ,  the 
residual  grave l and bou l ders themse l ves are crushed or massive rock deposits are quarried and crushed 
as a substi tute . Crushed rock must a l so meet standard speci fications for hardness, durabi l i ty ,  and 
chemical  stabi l i ty . Agai n  the distance of the hau l to the market is a very important economic factor . 

Su i tabl e  crush i ng roc k  c l ose to K l amath Fa l l s is rather scarce , a l though some of the Pl iocene 
basa l t  f lows i ntercalated within the d iatomaceous tuffs (Tst) have been opened as quarries for crushed 
roc k . At a quarry in the NW* sec . 1 1 ,  T .  39 S . ,  R .  8 E .  about 6 m i l es southwest of  K lamath Fa l l s  a 
joi nted b l ac k  g l assy basa l t  is crushed and screened to furnish l arge quantit ies of concrete and aspha l t  
aggregate . 

A l arge crush i ng and screening operation uti l izes talus debris that has been bui l t  up a long the 
conspicuous fau l t  p l ane on the east s ide of K lamath Lake near Rattlesnake Poi nt (figure 1 7) .  Removal 
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of debris has exposed the s l i ckensided fau l t  p lane for more than ha l f  a m i l e . The avai lab le  materia l  
of th is type a t  this location i s  rapid ly  bei ng exhausted . S imi l ar deposi ts have a l so been removed at 
the north end of Stukel Mountai n .  

I n  the Lakevi ew area, avai lab le roc k for crush i ng is l i mi ted to fractured basa l t  and andesite 
flows and to talus deri ved from them a long the bound i ng fau l t  of the Goose Lake basi n .  

For h ighway construction there are adequate quarry si tes i n  j oi nted basa l t  and basa l t ic  ande
site f lows throughout most of the proj ect area . Large quantities of rock for ra i l road ba l l ast are taken 
from a quarry in  fractured andesite near Chemu l t  (figure 27) . 

BU I LD I NG STO N E  

Many o f  the l ight-to-vari col ored vo l canic rock  types, ,mai n l y  in  the eastern part o f  the proj 
ect area,  have suitab l e  physi cal properties for use as bu i l d ing stone . Besi des l oca l  use by i ndividua l s ,  
there has been considerab l e  production of  a reddish scor ia  agg l uti nate and l igh t gray rhyo l i te for 
decorative wal l s  i n  home construction and l andscaping . Large b locks of the red scoria were quarried 
from a deposit on lower Howard Creek in N E� sec . 1 5 , T .  37 S . ,  R .  1 7  E . ,  and have been marketed 
in the Port land area . Light-gray rhyo l i te and dac i te w i th i ntri cate f low bandi ng have been quarried 
from at l east two locations on Thomas Creek and from one area just south of Oregon Highway 1 40 near 
Quartz Mountai n .  Th is rubb l e  stone was marketed under the trade name " Pal omino rhyol i te" in the 
Port l and area in the ear ly 1 960' s .  

I f  marketing and transportation prob l ems can b e  overcome, there are probab l y  many p l aces 
where appreciab le tonnages of vo l canic bu i l d ing stone cou l d  be deve loped . 

CLAY 

C l ays su itable for products other than common brick and ti l e  do not appear to be present in  
other than sma l l occurrences . The on l y  bric k  and ti l e  manufacturer i n  the pro ject area has dug l arge 
quanti ties of a l oca l  c l ay-rock mixture wh ich ,  when bl ended wi th other c l ays , produced a good mar
ketab l e  brick .  The source has been taken over by a freeway righ t-of-way and so far another quarry 
of s imi l ar qua l i ty mater ia l  h as not been found . 

Impure benton itic c l ays have been reported from the upper part of McCoin Creek (sec . 30,  T .  
40 S . ,  R .  1 0  E . )  and Gol d  Creek (approximate l y  the N� sec . 27, T .  34 S . ,  R .  1 6  E . )  associated 
wi th rhyo l ite intrus ive bodies and tuffs of the (Ttf) un it . Many addi tiona l  loca l i t ies for th i s  type of 
mater ia l  probab l y  occur in the eastern ha l f  of the mapped area . The occurrences observed in  the 
course of the study were too sma l l  and impure to be of commercia l  i nterest . 

PEAT 

Peat is produced by the parti a l  decomposi tion of p l ant mater ia l  under water or i n  a water
saturated environment . Three types of peat are recognized . These are moss peat,  composed of vari 
ous moss groups; reed-sedge peat made up predominant l y  of reeds and other h i gher p l ants; and peat 
humus, which is decomposed p l ant mater ia l  of i ndetermi nate composition in a rel ativel y  advanced 
stage of decay . 

The commerc ia l  production of th i s  mater ia l  is mai n l y  for consumption as a soi l  conditioner . 
Large amounts have been and are at present bei ng used for fue l  i n  various parts of the wor l d .  

Peat occurs extensive ly  in  the parts o f  the pro ject area that are covered b y  sha l low l akes and 
swamps at the present time or which h ave been covered during periods of more extensive rainfa l l in  
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the Pleistocene . Peat is now accumulating in the shallow arms of Upper K lamath Lake, Agency Lake, 
Klamath Marsh, Sycan Marsh, and probably in many smaller lakes and ponds . This material appears 
to be of the reed-sedge type. Slightly older peat is encountered in excavations in the present lake 
basins in areas which were under water at higher lake levels. It can be seen in shallow excavations 
in Wocus Marsh , Caledonia Marsh , and other farmland areas that lie west of Klamath Lake but were 
formerly port of it .  A pit dug in the NEt sec. 1 7, T .  31 S . ,  R.  9 E .  encountered 3 feet of peat at 
the surface .  

I n  general , the commercial peat deposits would appear to be confined to parts o f  the lake ba
sins sti l l  under water or else under cultivation. It is possible, however, that if commercial production 
of diatomite from these lake basins is ever attempted peat could be obtained as o by-product. 

AGATE AND FOSSIL WOOD 

Fossil wood is found in the upper Miocene tuffs (Ttf), especially in the upper Fishhole Creek 
area near the Hunt ranch and in Barnes Valley. The wood ranges from black and white opaline vari
eties to gray to brown chalcedony. An unpublished report describes at least 1 0  species of conifers, 
oak, and other hardwoods from fossil woods of possible Miocene age col lected by Alfred D .  Collier of 
Klamath Falls (George F .  Beck, written communication, 1 968) . 

Brightly colored agate and jasper of polishing quality are found sparsely but widely distributed 
in the southeast part of the project area, mainly southwest of Drews Reservoir. 

Figure 30. Layered cinders in Merri l l  cinder pit 1 mile west of 
Merril l ,  Klamath Hi l ls .  This pit has provided large quantities 
of road-building material for southern Klamath County. 
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A D D E N D U M  

GEOCHEMICAL SAMPLING 

As rocks and minera l deposits weather ,  the e l ements contained i n  them are re l eased to soi ls 
and streams as constituents of i nso l ub l e  detr i ta l  mi nera l s  and as so l ub l e  ions . The ions may be repre
c ip i tated in the so i l s and stream sediments and the detr i ta l  minera l s  may be concentrated by a variety 
of physica l  and chemica l  processes . Systematic samp l ing and ana lysis  of these sedi ments may provide 
indications of the presence of unusual concentrations of va l uab le e l ements in the stream drai nage area . 

A reconnaissance geochemical  samp l ing project was carried out as a part of the present  study . 
The samp l e  co l l ect i ng and anal ysis was done by Richard G .  Bowen of the S tate of Oregon Department 
of Geo logy and Mineral Industr ies .  A total of 375 stream-sediment samp les was co l l ec ted and ana
l yzed for copper , zinc , mo l ybdenum,  mercury ,  and uranium . In  add i tion , 76 samp l e  anal yses were 
made ava i lab le  to the project  by the Weyerhaeuser Co . 

The four genera l  areas samp led are l i sted be low . They l i e  i n  the  southeastern quarter of the 
pro ject  area and a l l contain acid i ntrusive or extrusive rocks, hydrotherma l ly a l tered rocks , or actua l  
occurrences of  meta l l i c minera l ization . Wi th i n  se lec ted parts of  these areas, a l l streams which had 
a drainage area of at l east one square mi l e  were samp led . 

SAMPLED AREAS 

1 .  Drai nage northwest of Lakeview . Th is area inc l udes the uran ium mi nes and most of 
the known uranium occurrences . 

2 .  Quartz Mounta in ,  Quartz Bu tte , Razorback Ri dge . There are qu icksi l ver prospects 
and l arge exposures of opa l i zed , b l eached, and a l tered roc ks in this  reg ion . 

3 .  Lee Thomas Crossi ng, S l ide Mountain east to the Chewaucan River ,  i nc l ud i ng the 
east and west s lopes of the Pai s l ey H i l l s .  There is a l arge body of i ron-stained 
si l i c ified rhyo l i te and tuff in the Lee Thomas Crossing area and copper-l ead-z inc 
mi nera l ization in the Pais ley H i l l s .  

4 .  Fi tzwater Point-Dry Cree k .  Qu icksi l ver prospects and s i l ic ified rocks occur i n  
th is area . 

Th� ana l yt ica l  resu l ts for a l l samp le  locations are avai l ab l e  i n  an open fi l e  at the Department 
of Geo logy and Mi neral I ndustr ies offi ce in  Port l and . 

The location of samp l es which appear to have anomalous ly h igh concentrations of one or more 
of the e l ements investigated have been p l otted on the accompanying mi nera l resources map (pl ate 2) . 
I n  i nterpreting these anomal ies i t  shou ld  be noted that the e l ements detected i n  more than normal quan
t i t ies may not necessar i l y  be present  in commerc ia l  amou nts . They may , however , i nd i cate the pres
ence of some minera l ization in  the drai nage system . As wou ld  be expected , the sed iments downstream 
from the known mi nera l occurrences do contai n anoma lous concentrations of meta l l i c  e l ements (Pai s l ey 
H i l l s ,  Augur Creek-Whi te K ing mine area, Quartz Mou nta in ,  and Dry Creek) . 

SUMMARY OF  SAMPL I N G  RESU LTS 

M o l y b d e n u m  A n o m a l i e s  

Molybdenum was detected i n  on ly  one sampl e ,  on Augur Creek below the Wh ite K ing mine . 
The source can be easi ly  traced to the mine,  where the so l ub l e  vivid b l ue  hydrous oxide of mo lybdenum ,  
i l semanni te,  i s  a common mi nera l . 
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U r a n i u m  A n o m a l i e s  

A l l  concentrations of uran ium equa l  to 1 ppm or more were considered to be anoma lous and 
were p lotted on the m ineral resources map (pl ate 2) . Concentrations of th is magn itude or greater are 
scattered wide ly  over the sampl ed area, occasiona l l y  in  association wi th unusua l  concentrations of 
other e l ements in the same general area but not in the same samp l e .  Anomalous concentrations of 
u ran ium occur  in sediments derived from a l l four  of the areas known to contai n m i nera l i zed rocks , 
even though commerc ia l  uranium minera l ization has been found thus far i n  on l y  one of these (Augur 
Creek-Wh ite K ing mine area) . 

East s lope of the Pais l ey Hi l ls 

The short streams drain ing the east s lope of the southern Pai s ley Hi l i s from Schoo lhouse Creek 
to u pper Moss Creek contai n anomalous concentrations of uran ium,  based on s ing l e  sampl es . The 
h ighest concentration , 2 ppm, was recorded on Moss Creek (center of south l i ne of S E* sec . 28, T .  
35 S . ,  R .  1 9  E . ) .  The streams i n  th i s  area cross rhyo l i t ic  i ntrusives and both the (Taf) and (Ttf) pyro
c l asti c and sedimentary un i ts . No uranium-beari ng rocks are known to have been found i n  p l ace i n  
th is area . 

West s l ope of the Pai s l ey Hi l ls and tri butar ies of the Chewaucan River 

Several short tributaries i ntersecti ng the Chewaucan River from both the east and west sides 
contain  concentrations of 1 ppm uranium . Some of these may refl ect the same terra in  i n  the southern 
Pai s l ey H i l l s as do the sampl es from the east s lope . The highest uran ium concentration , 3 ppm , occurs 
i n  a somewhat iso lated drai nage at the head of Swamp Creek (NW corner sec . 25, T .  36 S . ,  R .  1 8  E . ) .  

Augur Creek, below the Wh ite King u ran ium m ine 

Seepages from the dumps and mine wastes have been carri ed i nto Augu r Creek from the White 
King mi ne for 1 0  years . Sampl i ng of the stream sediments at d istances of 2 and 4 mi l es be low the m ine 
y ie lded the h ighest concentrations of uranium obtained i n  the samp le  program, 1 0  ppm and 5 ppm, 
respective ly . 

Upper Thomas Creek-Cottonwood Creek drai nage 

A scattered group of sampl es contain ing concentrations of uranium of 1 ppm occurs in  upper 
Thomas Creek, and in  Tom You ng and He l phenste in  Creeks (N� T .  38 S . ,  R .  1 8  E . ) . The largest 
concentration ,  2 ppm, occurs at the headwaters of Mesman Creek (center of SW*SW* sec . 3, T .  38 
S . ,  R .  1 8  E . ) .  In genera l ,  th is is an area of rocks a l ready know n  to contain  sma l l  amounts of u ra
nium minera l i zation . 

South Fork of the Sprague River-Drews Creek 

Two iso l ated samp les are grouped together here on the assumption that they may be re l ated to 
the e longate trend of rhyo l i te intrusive masses extendi ng from Quartz Butte to Owen Butte . 

(a ) South Fork of the Sprague River :  A urani um concentration of 2 ppm was detected i n  a 
samp le  co l l ected on a tr ibutary enter ing the south side of the Sprague River i n  approxi mate ly  the cen
ter of the SW* sec . 1 0, T .  37 S . ,  R. 1 6  E .  Th is drainage heads i nto the Quartz Mountai n rhyo l i te 
dome . 

(b) Upper Drews Creek: A concentration of 5 ppm of uran ium occurs in a stream samp l e  from a 
gu l ch entering Drews Creek from the north , approx imate l y  i n  the center of the north l i ne of the N E*SE* 
sec . 32, T .  37 S . ,  R .  1 7  E .  Th is i s  the hi ghest concentration encountered i n  the study , wi th the 
exception of sediment from Augur Creek contaminated by mi ne waste . The area samp led is one i n  
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wh ich l arge si l i c ified rhyo l i te di kes and domes occur , contain i ng minor amoun ts of c innabar . No 
uran ium minera l i zation is known to h ave been detected h ere i n  earl ier work . 

A few addi tional scattered anoma lous concentrations of 1 ppm are shown on the map . Their 
significance i s  not known . 

C o p p e r  A n o m a l i e s 

Concentrations of copper i n  excess of 80 ppm are considered to be anomalous i n  the  area stud
ied . Copper mineral ization has been seen i n  the pro jec t  area on l y  i n  the rocks of the Brattai n min ing 
distr ict  i n  the Pai s ley H i l l s ,  but none of the stream-sediment samp les obtai ned severa l m i l es down
stream from the  minera l ized outcrop contai ned anomal ous copper concentrations . The on ly  two areas 
that contain above-norma l concentrations are as fo l l ows: 

Upper Wh i tworth Creek-Quartz Bu tte area 

No copper mi nera l i zation has been detected in the roc k  outcrops of this area , but the unusual 
concentration of copper i n  the stream sediments was obtained i ndependent l y  i n  both the Weyerhaeuser 
samp l i ng projec t  and the present study . The anomal ous copper concentration may represent concea l ed 
copper mi nera l i zation or be derived from a trace e l ement ha l o  of copper associated w i th a mi nera l i zed 
zone . Two types of rock occur in th i s  anomaly area ,  ei ther of which may h ave contributed the copper . 
One is the rhyo l i te in trusive compl ex around Quartz Butte, and the other is a group of diabase dikes 
associated w i th basal t extrusion in upper Drews and Whitworth Creeks (see text descr ib ing Terti ary 
and Quaternary intrus ive rocks) . 

Lower Drews Creek-F i tzwater Poi nt area 

Two sampl es conta in ing anoma lous concentrations of copper were obtai ned in shor t ,  eastward
f low ing drainages a long the west s ide of Goose Lake va l l ey . As far as can be determined, these head 
i nto a terrai n in wh ich basa l t  and tuff are exposed . There i s  no apparent reason why a copper anom
a ly  shou ld  exist here . 

Z i n c A n o m a l i e s 

A l l samp les conta in ing concentrations of z inc i n  excess of 1 40 ppm in the proj ect area are 
considered to be worthy of note . Unusua l  z i nc concentrations occur rather w ide l y ,  most of them ad
j acent to anoma lous concentrations of other e l ements . Zinc mi nera l s  h ave been described from the 
rocks of the Bratta i n  m in ing distri ct in the Pais l ey H i l l s (Appl i ng ,  1 950) . Zinc was fou nd in  unusua l  
concentrations i n  stream sediments a long the east side of  the  Pais l ey H i l l s ,  probab l y  refl ect ing that 
area of mi nera l i zation . Rel ative l y  h i gh zi nc va lues accompany uranium anoma l i es in Swamp, Tom 
Young, and H e l phenstei n Creeks, and i n  the m ine-waste-contami nated uranium anoma ly  i n  Augur 
Cree k .  Both the Quartz Butte and Fi tzwater Point  areas have zi nc i n  anomalous amounts, w i th other 
e l ements . The poss ib i l i ty of sampl e  contam ination from ga l van ized road cu lverts is a lways present  
and perhaps l ess emphasis shou l d  be  p l aced on anomalous z inc concentrations than on other evidence . 

M e r c u r y  A n o m a l i e s  

Samp l es contai n ing more than 0 . 2  ppm mercury i n  the proj ect area are considered to be anom
a lous . Those that showed a stronger than average concentration were resampl ed . 

The strongest anoma ly  of 0 . 8  ppm, near Ange l Spring in sec . 31 , T .  37 S . ,  R .  1 7  E . ,  was 
verified by repeat sampl i ng .  This anoma ly  occurs i n  the area of known mercury minera l ization around 
Quartz Mountai n .  The anomaly  of 4 ppm on Dry Creek in the E� sec . 36, T .  40 S . ,  R .  1 7  E .  cou l d  
not be reproduced by repeat samp l i ng .  The 0 . 7  ppm anoma ly  o n  Schoo l house Creek i n  the N�  sec . 4, 
T .  35 S . ,  R .  1 9  E .  a l so fai l ed to be reproduced on resampl i ng . The other anoma l ies show n  on p l ate 
2 genera l l y  held up under repeat ana lys is ,  but they were not resampl ed i n  the fi e l d .  
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I N FO RMAT I O N  ABOUT FOSS I L  LOC A L I T I E S  AND AGE D AT I NG 
TO ACCOMPANY G E O L O G I C  iv' A P ,  PLATE I .  

Map N o .  Location 

Wi lson quarry - Stukel M t .  
Sec . 32, T .  39 S . ,  R .  1 0  E .  
Bodnar ranch 
Sec . 34, T. 37 S . ,  R .  1 H E .  

3 Sec . 36, T. 40 S . ,  R .  1 0  E .  

4 Sec . 1 4, T .  41 S . ,  R .  1 0  E .  

5* Hunt  ranch - Fishhole Creek 

6 Dog Mountain 
Sec . 1 8 , T. 40 S. , R. 1 7 E .  

7 Sec . 20, T .  39 S . ,  R .  1 8  E .  

Thomas Creek 
Sec . 27, T. 37 S . ,  R .  1 8  E .  

9 Sec . 27, T .  37 S . ,  R .  1 8  E .  

1 0  Sec . 34, T .  3 7  S . ,  R .  1 8  E .  

1 1  Sec . 1 3, T .  34 S . ,  R .  1 8  E .  
1 2  Coglan Buttes 

T . 34 S .  R . 20 E .  
i 3 Cog lan Buttes 

T .  34 S .  R. 20 E .  
1 4  Ten Mile Butte 

See s .  25 & 36 T. 31  S .  R .  1 8  E .  
1 6  Moss Creek 

Sec . 1 3 , T. 35 S . ,  R. 1 9  E .  
1 7 Harvey Creek 

Sec . 6, T. 33 S . ,  R. 17 E .  
1 8  Ma l i n 

Sec . 1 0  T .  41 S . ,  R .  1 2  E .  
1 9  H i l debrand 

Sec . 35, T. 37 S . ,  R .  1 1  J, E .  
20 Parker place 

Sec . 32, T .  37 S . ,  R.  1 H  E .  
21 Worden 

Sec . 4,  T .  41 S . ,  R. 8 E .  
22 Sees . 7 and 8, 

T. 40 S . ,  R. 1 1  E .  
23* Thomas Creek 

Sec . 27, T. 37 S . ,  R .  18 E .  
24* Quartz Va l l ey Mt . 

Sec . 23, T .  37 S . ,  R .  1 6  E .  
25* Switchback H i l l  

S E �  sec . 29, T .  36 S . ,  R .  1 0  E .  
* Not located o n  map (P late 1 ) .  

Fossil type 

Vertebrate 
mammalian 
Fresh -water 
mol l uscs , fish 
Vertebrate, 
camel 
Vertebrate, 
mammal i an 
Fossil wood 
1 0  s ecies 
Vertebrate 1 
mamma l i an 
Fossil tracks 

Vertebrate1 
r h i noceros 
Leaves 

Leaves 

K/ A date 
quartz monzonite 
Vertebrate , 
mammalian 
Vertebrates? 

Vertebrates 

Vertebrates 

Vertebrates 

Vertebrates 

Fish 

Fish 

Fish 

Fish 

K/ A date on 
Rhyo l ite vi trophyre 
K/ A date on 
Rhyodacite vi trophyre 
Fish 

Age 

Midd l e  Pl iocene 

Pliocene 

Late P I  iocene 

Late P I  iocene 

Early Miocene 

Lower Pl iocene? 
Upper Miocene 
No older than late 
Miocene 
Lower Miocene 

Midd l e  
Miocene 
Earl y  P l iocene 
Late Miocene 
3 2 . 6  ± .7 m . y .  
Late ear l y  O l igocene 
Ear l y  Miocene 

Middle P l i ocene 

Ear l y  Miocene 

Late Miocene 

Late Miocene 

P I  i o-PI  eistocene 

PI io-PI eistocene 

P I  io-PI eistocene 

8 . 1  :!: 0 . 5  m . y .  

7 . 6 :!: 0 . 4  m . y .  

P I  io-PI  eistocene 

Identified by and/or reference 

Meyers and Newcomb, 1 952 

Myers and Newcomb, 1 952 

J . A .  Sholwel l ,  personal 
communication 
J .  A. Sholwe l l ,  personal 
communication 
Geo . F .  Beck, personal 
communication 
G .  W .  Wa l ker, personal 
communication 
J .  A. Sholwel l ,  personal 
communication 
Peterso n ,  1 959 

Peterson, 1 959 

Peterson, 1 959 

Muntzcrt, J .  K .  
1 969 
W a l ker , G . W .  
1 963 

J .  A. Shotwe l l ,  personal 
communication 
J .  A. Sholwel l ,  personal 
communi cation 
J .  A. Sh olwel l ,  personal 
communication 
J .  A. Sholwel l ,  personal 
communi cation 

M i l l er ,  R. R .  
personal communication 
Mi l l er,  R. R .  
personal communication 
Mi l l er ,  R. R .  
personal communication 
Geochron Lab . ,  
th is report 
Geochron Lob . ,  
this report 
R .  R. Mi l l er 
personal communication 

MAP CO RRECT I O N  NOTICE:  Cross section l i n e  A - A' is s l ight ly  misp laced on the geologic map (Plate 1 ) .  
A 1 shou l d  be h a l f  a n  inch north of its present  posi tio n ,  so that a l i ne drawn between A and A1 
corresponds to the General ized Geologic Cross Sectio n .  
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A l l uvi ol deposits 
including diatomite 
and peot 

F luvi ol terrace and 
lacustrine deposits 

Rhyolite csh-flow �ff 

Platy ondesite of Wal ker Rim type 

� � 
Mazomo pumice 

londsli de dep<ai ts 

Scsol t  flows, pyroc i<;J�Jtic 
breccia,  and agglomerate; 
of urn::erroin stratigraphi c  
relationshi ps; may in port 
be contemporary w i th  Tst, 
Tb, and O b .  

Tu - lacustrine & fluviati le tuffaceous s i l tstones, 
sandstone, a�hy diatomite, basaltic tuffs and 
breccias, few thin basa l t  flow s .  

lpt - mocr ood tuff-ring depoiit$ . 

lwt - rhyodac ite osh-flow luff west and 
northwest of Sly (Ferguson Mt . )  

O l i vine I porphyry and non-
porphyritic o l i vi ne basal t  fla-,.,1 
end grey, vesicular diktytQ)(i tic 
basal I flows . 

Rhyol i te-dac ite ash-flow tuffs . 
Tuffaceous sedimentary roc b, basalt and 
andesite flows, and pclogonite tuff$ . 

Tuffaceous iOndstones, tuffs, end tuff 
breccios of ande$itk composi tion, with 
andesite end basa l t  flo,.,s. 

Basal tic  tuff eruptive cenlef"l 
and one<:ioted moon 

OTvcb - bawlt eruptive 
centl!'rs 

QTvco - andesite eruptive 
centers 

OTvcc - basaltic cinder 
cones 

QTrd 

Olvrd-CciTusive and shallow 
i n trusivt. bodies of 
l ight-colored rocks 
ranging from rt.yo l i te 
throulfl ondeti te 
vi t_rophyre. 
Qlrd - andesite, dacite, 
rhyo l i te dikes. 

Basal t  and diabase 
di kes and si l i s  

• 
Diorite, granodiorite, end 
quartz monzonite 

Dacite flows in h i l ls 
south of Paisley . 

Contact, dashed where �proximate .  

-.--- Foul!, d<nhcd where oppro,.inoate. 
!WI I on downthrown side . 

Photogeologic attitude. 

-+---- Anticline, dashed where appoximote .  

Strike and dip of beds. 

Horizontal beds 

Fossi l  loca l i ty .  

Goose Lake 
4680 

Geology by N .  V. Peterson and j .  R .  Mel n tyre 

Cartography by C, J. Newhouse & S ,  R. Renaud 

T JS S 

T 39 S 

T 40 S 

T 41 S 



T 3 1  

T 3 3  

T 34 

T 3 5  

30' 

T 36 � 

1 5 ' 

T 40 S 

R 7 E 

R. l W . 

Base mop from Army Map Service 
1 : 250, 000 Topograph ical  Mop Sheets, 

Crescent N K l 0-3, and K l amath F a l l s  N K l 0-6 . 

MINERAL 

R 8 E45' R. 9 E . 

R. 2. E 

RESOURCE 

R 1 0  E 30' 

LOCAT I O N  DIAG RAM 

MAP of the KLAMATH - LAKE COUNTIES 

R . 1 1  E R . 12 E . 

STAT E O F  O R EGON 
D EPARTM ENT O F  G EO LOGY A N D  M I N E RAL I N D U ST R I ES 

Jl970 

Sca le I : 2 50,000 5'=""'=======iio=========5'=========;3'C:o========='':E5'=:============"20 Statute M i les 
5'=======<0======'5'==========1"'0'======'1:E5:=:=;;;;;;;;;;;;;;;;;;2;;0::::====='2:E5:=:=:=:=:=i330 Ki l ometers 

5 0 1 0  1 5  Nautical  M i l es 
==�==�==E==����C=========�����· 

CONTO U R  I NT E RVAL 200 FEET 

WITH S U P P L E M ENTA R Y  CONTO U R S  AT 1 0 0 FOOT I NTE RVALS 

TRANSVERSE M ERCATO R PROJ ECTION 

1 960 M � GNETJC DECLINATION F O R  T H I S  SHEET VARIES FROM 1 9"30' E.I..STERLY FOR T H E  CENTER OF T H E  WEST 

EDGI" TO 1 9" 1 5' EASTERLY FOR THE CENTER OF THE EAST EOGE. MEAN ANNUAL C H .I. N G E  IS 0"02' WESTERLY. 

REGION ,  OREGON 

r
Lto.!.) 

0 
(40) 

� Hg 1  

• 

X 

• 
I 

U - 1  
H 9  !I 

C u iOO 
Zn l 7 0 

Geothe r m a l  
the s ur face. 
text 

L E G E N D  

A n o m a l y  screened whe re over 1 00° F at 
N u m b ers i n di c a te a re a s  d i s c usseu i n  

L u m p  a n d  La p i l l i  Pu m i c e - I s o p a c h  l i n e s  sh o w i n g  

th i c k n e s s of pu m i c e. 

S a m p l e d - Perl ite o c c u rr e nc e s. N u m ber r e f e r  t o  
Ta ble 8 .  

Wate r w e l l  i n  a r e a s  of pu m i ce,tt't i c k n e ss of pumice 
fr o m  w e l l  l o g .  

Meta l l i c  m i n e ra l  o c c u r re n c e - sy m b o l  d e n otes m et a l, 
number ref e rs to d e p o s i t  d i s c u s s e d  i n  t e x t. 

O i l  W e l l  t e st. 

Dia t o m i t e r e p o r t e d  in w e l l  l o g s  • 

S u r f a c e  o u t c r o p s  o f  P l i o - P l e i s to c e n e  d i a t o m i te. 

Re c e n t  d i a t o m i t e of K l a m a t h  La ke a n d  K l a m a t h 
M a rs h  fr o m  w e l l s, d i tc h e s, or surface o u t c ro p s. 

L o c a t i o n  of a n o m a l o u s  g e o c h e m i c a l  s t r e a m  
s a m p l e s. 

N u m b e r s  a r e  p a r t s  p e r m i l l i o n .  

Goose Lake 
4680 

Geology by N .  V. Peterson 
and J .  R .  Mci ntyre 

T 34 S 

, T 35 S 

30' 

T 36 S 

T 37 S 

T 38 S 

1 5' 

T 39 S 

T 40 S 

T 41 S 




