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INTRODUCTION 

Purpose 

This  r epor t  presents t h e  r e s u l t s  of reconnaissance mapping of sedi- 
mentary depos i ts  and rol canic rocks overlying t h e  Columbia River B a s a l t  
Group i n  the area between longitudes 117" 15' W .  and 12Pn 30' W. and t a t i -  
tude 44" 15' N. and the Oregon-Washington border. The project  area, shown 
i n  Figure 1 ,  covers par ts  of The Dalles, Pendleton, Grangeville, Baker, Canyon 
City, and Bend 3 " X 2" quadrangles (scale  1 :250,000). 

The mapping was done by Shannon and M i l  son, I nc., under  the superv4 - 
sion o f  the Oregon Department of Geology and Mineral Industries (DOGAMI) , 
t o  provide s t r a t i g r a p h i c  data on the sedimentary deposits  and volcanic 
rocks overlying the  Columbia River Basalt Group. These da ta  a r e  needed t o  
understand the tectonjc framework o f  t h e  Oregon portion o f  the Columbia 
Plateau and adjacent terranes and wif 1 be used by Rockwefl Hanford Opera- 
t ions  i n  t h e i r  assessment, f o r  the U. S. Department o f  Energy, of t h e  
f e a s i b i l i t y  o f  locating a long-term nuclear waste repository in  the Pasco 
Basin. A companion report on rocks overlying t h e  Columbia R i v e r  Basat t 
Group in  Washington was completed e a r l i e r  (Rigby and Othberg, 1979). 

Scope o f  Work 

A total of 308 U. S. Geolog.ical Survey (USGS) quadrangles were mapped 
in the project  area. Ninety (90) 7.5-minute quadrangles were mapped by 
rapid field reconnaissance. A t o t a l  o f  21 5 7.5-minute and three 15-minute 
quadrangles were mapped by o f f i c e  compilation- One t o  two man-days per 
quadrangle were a1 loted f o r  both the f i e l d  and o f f i c e  compilation maps. 
A uniform, consis tent  explanation was developed f o r  the map u n i t s  through- 
out  t h e  project  area,  The f ield and o f f i c e  maps were then transferred onto 
1 :250,000-scal e 1 " X 2' quadrangles by DOGAMI personnel . f h i  s repor t  pre- 
sents ( I )  the s t ra t ig raph ic  nomenclature and 1 C tho1 ogic  descr ip t ions  of 
the post-Columbia River Basal t Group u n i t s  a1 ong w i t h  evaluations o f  pre- 
vious mapping and problems o f  s t ra t ig raph ic  corre la t ion;  (2 )  a 1 i s t i n g  of 
sample l o c a l i t i e s ;  (3) an index map showing 1 i t e r a t u r e  used in  mapptng; 
and (4) a br ief  description of s ign i f i can t  f a u l t s  in  the  post-Columbia 
River Basalt Group units,  o r  l a t e  Cenozoic uni ts .  

Project Personnel 

Shannon and Wilson, Enc., personnel involved i n  t h i s  study were 



O R E G O N  

COLVlBIA  R IVER BASALT GROUP 

PRE-COLUMBIA RIVER BASALT GROW ROCKS 

Figure 1. Location and geologic settlng o f  the project area. 





METHODS 

Mapping was done on USGS 7.5- and 15-minute topographic quadrangle 
maps. F i e l d  and o f f  i c e  compilat ion mapping was done concurrent ly from 
A p r i l  1980 until June 1981. Appendix 1 l i s t s  the f i e l d  and office compila- 
t i o n  maps. 

Monthly conferences were held w i t h  DOMMI and Rockwell t o  review pra- 
gress o f  the mapping, new geologic data, nomenclature problems and solu- 
t ions,  and the project's budget. Problems and data requiring a t t en t i on  at 
t imes other than the monthly meetings were dea l t  w i t h  imediately. Two 
f i e l d  reviews were he1 d t o  review f i e l d  problems. 

O f f i c e  Compif a t i on  Mapping Methods 

Previous geologic mapping, aerial photographs, and LAHDSAT and SLAR 
imagery were used t o  compile the 218 o f f i c e  maps. Figure 2 shows the 
areas covered by previous pub1 i shed and unpubl i shed mapping. Where pre- 
vious maps con f l i c ted ,  precedence usually was given t o  the more recent map 
Farooqui 's (1980) p re l  iminary compilat ion map was used as a guide i n  
reso lv ing conf t  i c t s  between maps. Map un i t s  f r o m  previous mapping t h a t  
d i f f e red  from those used i n  this repor t  were evaluated and incorporated 
i n l o  the map un i t s  used here. 

Compilation o f  geologic da ta  from source maps onto the o f f i c e  maps 
was done either v i sua l  1y or wi th  proport ional  d iv iders .  Some imprecision 
resu l ted  from the t rans fe r  process because o f  the d i f f i c u l t y  inherent i n  
transferring data from smal l  - t o  large-scale maps by these methods. 

High-a1 t i  tude 1 : 130,000-scal e National Aeronautics and Space Adminis- 
t r a t i o n  (NASA) fa1 se-col or infrared stereopair  prints and diaposi t i v e  
col  o r  i n f r a red  stereopajr  transparencies were general l y  used as an a i d  
i n  mapping. Other var ious ly  scaled NASA color i n f r a red  stereopai r p r i n t s  
and 1 ow-a1 t i  tude USGS black-and-white photo-i ndex sheets were a l  so used 
t o  provide de ta i led  i n f o m a t i o n  in selected areas. LAWDSAT and SLAR 
imagery was on ly  useful  i n  broadly del i nea t ing  loess-covered areas and 
regional st ructures and 1 ineaments. 

Fie1 d Mappi ng Methods 

The 90 f i e l d  maps were mapped by automobile road traverses and 
supplemented by aerial -photograph i n t e rp re ta t i on  and low-a1 t i  tude ae r i a l  
reconnaissance. Some 1 ow-a1 ti tude aerial reconnaissance was a1 so util ized 



Figure 2. Source index map for t h e  project area. (For key to sources, see Figure ?A. ) 



Figure 2A. Key to Source Index Map 
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t o  check the f i n a l  verslons of the maps compiled in  the off4 ce. 

Because o f  the reconnaissance nature of the study, outcrop examination 
was general Iy r e s t r i c t e d  t o  those  outcrops near roads. Columnar sections 
were measured where needed t o  character ize  formal and informal s t r a t i g r a p h i c  
un i ts .  F i e l d  observations were recorded i n  f i e l d  notes o r  on map margins, 
where problems of strati  graphic cor re la t ion  and nomenclature are  a1 so dis- 
cussed. Copies of the f i e l d  notes and f i e l d  and o f f i c e  maps a r e  maintained 
by Rockwell Hanford Operations, Rich1 and, Washington, and by DOGAMI in  
Port1 and, Oregon. 

As an a i d  t o  f i e l d  mapping and formulation of s t r a t i g r a p h i c  framework, 
ca l iche  and rock samples were col lec ted f o r  chemical cha rac te r i za t i en ,  age 
dat ing,  o r  both. Some cat iche  horizons were dated by the ~ h 2 3 0  / ~ 2 3 4  
method (Ku and others ,  1979). Th is  method has been modified by Ku d u r i n g  
subsequent work f o r  Rockwell. Lavas and welded t u f f s  were samples f o r  K/Ar  
dating;  t h e  dating was by Krueger Enterpr ises.  Appendix 2 summarizes t h i s  
information. 

Final Map Compilat ion Procedure 

The f ina l  1 : 254,1000-scal e 1 X 2" quadrang1 e maps were compiled from 
the 7.5- and 15-minute quadrangle maps. The quadrangle maps were t raced 
onto a c e t a t e  overlays and photographical l y  reduced by the photo-mechani cal 
transfer (PMT) process. The reductions were t ransferred t o  the 1" X 2' 
quadrangle base maps d i r e c t l y  o r  by use of a zoom t r a n s f e r  scope. Because 
of t h e  1 arge-scale reduction involved i n  cornpi 1 ing f r o m  1 : 24,000- and 
1 : 62,500-scal e quadrangles t o  the 1 : 250,000-scal e 1 " X 2" quadrangle maps, 
only those u n i t s  a t  l e a s t  0.4 t o  0.5 km wide a r e  shown. In some cases, 
u n i t s  on the f l e l d  and o f f i c e  maps a r e  combined o r  omitted so t h a t  the 
u n i t s  depicted on the  1 : 250,000-scal e maps are c l e a r l y  v i s ib le .  

Loess, cotluvium, and residual  soil are depicted on the maps by a 
pat tern  overlay on the underlying geologic u n i t s  in  order  t o  show both 
the bedrock and the s u r f i c i a l  geologic u n i t s .  Alluvium and t e r r a c e  sedi- 
ment are general l y  omitted from perennial and in te rmi t t en t  streams where 
those deposi ts  a r e  less than 0.2 km wide; usually only those deposi ts  
0.4 km o r  more in  width are shown. In a l l  o the r  places, the stream i t s e l f  
indicates  the presence o f  1 imited a1 luvial deposits i n  the stream valleys. 

Geologic structure war not the  major emphasis o f  t h i s  study; there- 
fore ,  only f a u l t s  t h a t  may displace  u n i t s  younger than the Columbia River 
B a s a l t  Group o r  t h a t  may def ine  contacts  between the  Group and pre-Group 
u n i t s  a r e  shown. Depicted f a u l t s  include some " inferred"  f a u l t s  from pre- 
viously pub1 i shed geologic maps which are  not separate1 y dist inguished in  
t h i s  compi 1 a t 1  on. 

The compiled I :250,000-scaf e geologic maps a r e  shown i n  P la tes  I t o  
V S .  



The project  area ,  which i s  characterjzed by geomorphic var ie ty  ref 1 ect-  
ing  a complex geologic his tory ,  includes p a r t s  o f  the Columbia Plateau,  
Cascade Range, and Basin and Range physiographic provinces (Fenneman, 
7931). The Columbia Plateau encompasses most of the  project  area and In-  
c l  udes the Deschutes-Umati 11 a Plateau, Blue Mountains, Joseph Up1 and, and 
High Lava Plains subdivisions of Oicken (1965). 

The s t ra t jgraphy i n  the project  area i s  divided in to  three major 
divjsions:  (1) pre-Col umbia River Basalt  Group rocks; (2 )  Col umbia R i v e r  
Basal t Group; and (3) post-Col trrnbja River Basal t  Group sedimentary deposits  
and volcanic rocks. Figure 1 shows the general areal  d i s t r ibu t ion  o f  these 
three  divis ions .  The divis ions  are br ie f ly  described below. Map symbol s 
a r e  given a f t e r  t h e  name o f  each map u n i t .  

Pre-Columbia River B a s a l t  Group Rocks (pm) 

Rocks pre-dating the ColumbSa RSver Basalt  Group range i n  age from 
Devonian t o  Miocene. The pre-Tertiary rocks include Paleozoic and Meso- 
zoic eugeosyncl i na l  sedimentary and volcanic rocks, ophiol i tes, me1 ange, 
and g r a n i t i c  in t rus ions  (Gifluly, 1937; Thayer, 1963, 1977; Dickenson and 
Vigrass, 1965; Walker, 1973, 1977, 1979a; Brown and Thayer, 1966a; Bald- 
win, 1976; Brooks and others ,  1976; Swanson, 1969; Brooks and Val1 ier, 
1978; Brooks, 1979a; Ferns and Brooks, 1981). The Paleozoic and Mesozoic 
rocks were folded, f au l t ed ,  and 1 ocal 1 y metamorphosed pr io r  t o  the Eocene 
Epoch. 

The early Cenozoic rocks include the  Clarna and John Day Formations, 
which are of Eocene t o  ear ly  Miocene age (Oles and Enlows, 1971 ; Robinson 
and Brem, 1981). These formations consis t  of lava flows, mudflow deposi ts ,  
ash-ff ow t u f f s ,  and tuffacesus sedimentary rocks. A red saprol i t e  is 
developed on top of the Clarno Formation. A1 though t h e  Strawberry Vol- 
c a n i c ~  are p a r t i a l  1y coeval with the  Cal umbia River Basal t Group (Thayer 
and Brown, 1966a,b; Robyn, 1977; Robyn and others ,  1977), they a r e  i n -  
cluded here with the  pre-Columbia R i v e r  Basalt  Group rocks as a matter  of 
convenience because they a r e  d i s t i n c t  from the Group. 

Regional l y  extensive unconfonni t i e s  recording episodic tectonic a c t l -  
US ty separate many of the  pre-Col umbia River Basal t Group rocks (01 es and 
Enlows, 1971)- The  youngest regional unconfomit ies  occur a t  o r  near the 
tops of b o t h  the Clarno and John Day Formations. The pre-Tertiary rocks 
have ro ta ted  clockwi se 60°+290 ( M i  l son and Cox, 1980) , whereas the Cl arno 
Formation has rotated cl ocrwi se 1 5"+22' (Beck and others, 1978). 



Columbia R ive r  Basa l t  Group (Tcr) 

The Columbia R ive r  Basa l t  Group (Tcr) i s  a t h i c k  t h o l e i i t i c  flood- 
basal t sequence o f  Miocene age t h a t  covers parts of Oregon, Washington, 
and Idaho (Waters, 1962). The Group includes, from o l d e s t  t o  youngest, 
the Imnaha, P i c t u r e  Gorge, Grande Ronde, Wanapum, and Saddl e Mountains 
Basal  t s  (Swanson, Anderson, and others, 1979; Swanson, Wright, and others, 
1979) . The youngest f l o w  i n  Oregon is the 10.5-m.y .-ol d (McKee and others, 
t977) Elephant Mountain Member o f  the Saddle Mountains Basalt .  

Sedimentary interbeds between basal t f l  ows are comon, b u t  they are 
not inc luded as  p a r t  o f  the Group (Swanson, Wright, and others, 1979) .  
These interbeds are referred t o  the El  lensburg Formati on (Schrnincke, 1964, 
1967; Newcomb, 1971b; Shannon and Wilson, 1972, 1975a, 1976; Rigby and 
Othberg , 1979; Swanson, Wright, and others, 1979). Because t h i s  p r o j e c t  
emphasizes post-Columbia R iver  B a s a l t  Group un i t s ,  the El 1 ensburg Forma- 
t i o n  interbeds were inc luded with the Columbia R ive r  Basal t Group i n  t h i s  
study. 

The Columbia R iver  Basal t Group unconfamably overl i e s  01 der rocks 
and i s  fol ded and f aul t e d  . D iscon fomi  t i e s  and unconformi t i e s  separate 
the Group from ove r l y ing  rocks. 

Post-Columbia R ive r  Basa l t  Group 
Sedimentary Deposits and Volcanic Rocks 

Varied epic1 a s t i c  and vol c a n j c l a s t i c  deposits, as we1 1 as vo lcan ic  
rocks, over l  i e  the Columbia R iver  Basa l t  Group. Th is  study concentrates 
on mapping these un i ts ,  descr ib ing  them, and determining t h e i r  s t r a t i -  
graphic re la t i onsh ips .  

The sedimentary deposi ts  and volcanic rocks ove r l y ing  the  Columbia 
R iver  Basalt Group range from l a t e  Te r t i a ry ,  or Neogene, t o  Quaternary age. 
They are subdivided i n t o  f o u r  major groupings: ( I )  Neogene deposits; (2) 
Quaternary deposits; (3) Quaternary-Tert iary deposits ; and (4) volcanic 
rocks o f  Neogene o r  Quaternary, o r  both, ages. D i s t r i b u t i o n  o f  these u n i t s  
i s  shown i n  P l a t e s  I to V I .  



NEOGENE DEPOSITS 

General 

Indurated t u f f ,  s i l  tstone, sandstone, congl merate, and interbedded 
l a v a  f l ows  and ash-fal l  t u f f  comprise Neogene deposits of the project area. 
The Neogene includes the Miocene and Pliocene Epochs. The age assignment 
of epochs i s  based on Berggren and van Couvering (1 974) , who revised the 
time boundaries between the  01 igocene-Miocene, Miocene-Pl iocene, and 
Pliocene-Pleistocene Epochs t o  22.5, 5.0, and 1.8 m.y., respectSvely. 
This r e v i s i o n  has been adopted by the U. S .  Geological Survey (Soh1 and 
Ur ight ,  1978). F o r  t h i s  study these rev ised epoch boundaries have been 
integrated w i t h  previous repor ts  on the geology o f  north-central and 
northeastern Oregon, which used 01 der  ages f o r  epoch boundaries. 

Stratigraphic Nomenclature 

Neogene deposits i n  the p ro j ec t  area occur i n  ten geographically dis-  
crete basins (F igure  14). Our regional assessment and f i e l d  reconnaissance 
o f  these deposits has a1 lowed us, i n  some cases, t o  assign new temino logy  
t o  previously mapped units. Newly defined Neogene deposits i n c l  ude the 
Oaf 1 es group (Farooqui and others, 1981 ) and the Baker, Unity, I ronside, 
and LeRoux deposits. Other Neogene deposits incf ude the previously de- 
f ined Mascall and Ratt lesnake Formations. The Neogene deposits under- 
l y i n g  the Walla Walla and Ukiah basins are not  discussed because o f  a l a c k  
o f  s t ra t ig raph ic  and 1 i tho1 ogic cont ro l  . 

The d i s t r i b u t i o n  o f  the Neogene uni ts  i s  shown on Pla tes I t o  V I .  
The regional stratigraphic framework o f  these deposits i s  shown i n  Figure 
3. 

Dal les Group 

Neogene deposits cons is t ing chiefly of fluvial  s i l t ,  sand, and gravel ; 
vo lcan ic las t i c  lahar  and tu f f ;  air-fall t u f f ;  and b a s a l t  flows over1 ie  the  
Columbia River b a s a l t  and older rocks along the northern f l ank  of the Blue 
Mountains from t h e  Cascade Range t o  near ly 118" W. longitude. These 
deposits, re fe r red  t o  var ious ly  i n  previous 1 i tera ture as described below, 
were 1 a i d  down i n  northeaster ly- t rending , probably i so la ted  and d iscrete  
basins. 
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Review of Nomencl a ture 

Condon (1874) o r i g i n a l l y  cal led  sedjmentary racks above basal t f l o w s  
in The Dal 1 es area the "Dall es Group" (Cope, 1880; McCornack, 1928). Sub- 
sequent mapping has extended "Dal 1 es 'homencl  ature away from The Dal 1 es 
eastward to Pendl eton  and southward t o  t h e  Madras-Redmond area.  

Condon ' s "Dall es Group"  was brief  Iy s tudied by Know1 t o n  ( 1  9021, 
Williams (1916), Collier (1916), Bretz (1917, 1921), and Buwalda and 
Moore (1929, 1930). Piper  (1932) mapped these  depos i ts  a s  the Dal les 
formation, suggesting they were approximate1 y correlative with t h e  E l  1 ens- 
burg o f  S m i t h  (1 903) and Mascall formations. 

Newcomb (1966, 1969) formalized the Dalles  Formation and extended i t  
eastward to t h e  Arl ington area. He discarded the name S h u t t e r  formation, 
applied ear l ier  t o  supra-basal t  depos i ts  i n  t h e  Arlington area (Hodge, 
19411, because of i t s  s t r a t i g r a p h i c  and l i t h o l o g i c  ambiguity. Newcomb 
(1971 b) and Shannon and Wilson (1971, 1972, 1975a, 1976, 1981 ) demonstrated 
t h a t  the  Dall es Formation over1 ies  both the  Columbia River Basal t Group and 
interbeds o f  the  El lensburg Formation where the  in te rbeds  occur beyond the  
edge of t h e  more r e s t r i c t e d  overlying basal t .  

Because o f  l i t ho log i c  s i m i l a r i t y ,  Shannon and Wilson (1971, 1973, 
1975a, 1976) extended the Dal les  Formation eastward from Arl i ngton t o  the  
Boardman and Pendleton-Pilot Rock a reas  so as t o  include Hogenson" (1964) 
Sang1 omerate and Shotwell ' s (1 956) WcKay beds. 

South o f  The Dalles, Hodge (1941) extended the  Dalles fo rmat ion be- 
yond Bend t o  l a t i t u d e  44" N .  He a1 so mapped a f a u l t  s l i v e r  of t h e  John 
Day Formation along the south f l a n k  o f  Tygh Ridge; these rocks are here 
included in the  Dal les group. We1 1 s and Peck (1961 ) mapped these  sedi- 
ments as t h e  Mascall Formation. Waters (1968b) mapped i t  as Ellensburg 
Formation. He (1968a ,b) a1 so mapped the  Dall es Format ion i n  Tygh Val ley 
and near Madras. 

Application o f  the t e rn  'Ylaa'lles" t o  s t r a t i g r a p h i c  nomenclature for 
the Madras area has a h i s to ry  independent o f  t h a t  for the Dal  l e s  Formation 
a t  and east of The Dalf  es. Russel 1 (1905) termed t h e  heterogeneous assern- 
blage of sediments, ash-flow tuffs and lava flows exposed i n  the Deschutes 
and Crooked River  Canyons the Deschutes sands. Stearns  (I 930) tenned 
these rocks the Deschutes formation. Hodge (1928, 1940) termed s imi la r  
rocks near Madras the Madras formation, b u t  l a t e r  (Hodge, 1442) ca l l ed  
them Dal les formation. Will jams (1957), Robinson and Price  (1963), and 
Robinson and Stensl and ( 1  979) used the  name Madras Formati on. Waters 
(1968a), Robinson (1975), and Robison and Laenen (1976) used the name 
Da l  1 es Formation, Stensl  and (1 970), Peterson and others ( 1  976) , and Taylor 
(1 980) used the  name Deschutes Formation, c i t i n g  i t s  p r i o r i t y .  

Basis  f o r  Rev i  sjon of S t r a t i  graphic Narnencl ature 

The Dall es group i s  recognized f o r  those vni ts i n  Oregon which his- 
torical l y  have been referred t o  as the Dalles Formation and which overt i e  



t h e  Cof umbia R ive r  basal t o r  which can be demonstrated lateral 7y t o  over- 
l i e  t h e  Columbia R ive r  basa l t .  T h i s  e f f o r t  conforms t o  the p rov i s ions  of 
the Code (American C o m i  ss ion  on S t r a t i g r a p h i c  Nomencl ature, 1970) , does 
not prejudge the s i t u a t i o n  ou ts ide  the study area, and f o l l o w s  many decades 
o f  work i n  Oregon. 

A confusing r o c k - s t r a t i g r a p h i c  nomenclature p resen t l y  e x i s t s  f o r  the 
"Dal  I es Formation." A systemat ic  nomenclature based on the c r i t e r i a  f o r  
es tab l  i s h i n g  formal rock -s t ra t i g raph ic  wni t s  i s  des i rab le .  D a t a  now are 
s u f f i c i e n t  t o  e levate  the Dal l e s  Formation i n f o r m a l l y  t o  group s ta tus  and 
t o  i d e n t i f y  i t s  c o n s t i t u e n t  un i t s ,  as r e l a t e d  but d i s t i n c t l y  mappable 
formations. Each format ion i s  s u f f i c i e n t l y  unique t o  perm i t  i t s  mapping 
as a geograph ica l ly  d i s c r e t e  u n i t .  The group i s  confined t o  the D a l l  es, 
A r l  ington, Boardman, Pendleton, P i l o t  Rock, Tygh V a l  ley ,  Madras, and Red- 
mond areas, where the tern "Dal les"  was used previously.  

The in fo rmal  D a l l e s  group i s  de f ined s p e c i f i c a l l y  and confoms t o  
the Code (American C o m i  ss ion on S t r a t i g r a p h i c  Nomenclature, 1970) as 
fo l lows:  

The Dal les  group i s  composed o f  f i v e  d i s c r e t e  mappable formations, 
some o f  which may have been l o c a l l y  connected. The nature  of such 
connections i s  not c r i t i c a l  and I s  bur ied  beneath vo lcan ic  rocks. 

The format ions o f  the group are mappable u n i t s  and have been 
t r e a t e d  extensively i n  t h e  1 i terature. 

The format jons o v e r l i e  t h e  Columbia R ive r  B a s a l t  Group by de f in i -  
t ion.  Contact r e l a t i o n s  w i t h  the b a s a l t  are  sharp and we1 1 def ined.  
Where younger f l ows  i n  the Columbia R ive r  b a s a l t  over1 i e  sediments, 
these sediments and t h e i r  mappable extensions are not considered 
p a r t  o f  the Da l les  group. 

The group i s  o v e r l a i n  by a v a r i e t y  of Quaternary deposi ts .  Con- 
t a c t s  w i t h  these deposi ts  a re  both sharp and gradat iona l  and are 
defined f o r  each formation. The gradat iona l  contac ts  are based on 
the 1 i t h o l  o g i  c criteria t h a t  p rov ide  the g rea tes t  u t i  1 i t y  i n  map- 
p ing.  The Quaternary un i t s  are  excluded from t h e  under l y i ng  f o r -  
mat ~ o n s .  

At 1 f i v e  format ions are o f  middle(?)  Miocene t o  Pl iocene age. 

' H i s t o r i c  p r i o r i t i e s  and popular  usage o f  01 der  nomenclature 5 s 
maintained. Further ,  t h e  t e r n  D a l l e s  gmup i s  app l i ed  o n l y  t o  
those u n j t s  f o r  which t h e  term Dal les  Formation has been used 
prev ious ty .  I t  i s  not the i n t e n t  t o  extend the  term Dal l e s  group 
i n t o  other areas o f  analogous rocks f o r  which other terminology 
i s  i n  common usage. 

The f i v e  formations of t h e  Dal1 es group are t h e  Chenoweth, A1 k a l i  
Canyon, Deschutes, Tygh Val ley,  and McKay f o m a t j o n s .  These un j t s  are 





The source area fo r  t h e  vo lcan ic  sediment 1 ies  toward the Cascade 
Range, bu t  i t s  p rec ise  l o c a t i o n  i s  uncerta in.  Because the Chenoweth f o r -  
mation i s  o v e r l a i n  by andesite flows toward the Cascade Range, i t  cannot 
be e a s i l y  traced t o  i t s  source. These andesi te flows o v e r l i e  the  Cheno- 
weth f o m a t i o n  w i t h  angular u n i f o r m i t y  southwest o f  The Dalles, and they 
are d isconfomable  on i t  f u r t h e r  south, as near Tygh Ridge (Waters, 1968b), 
Reconnaissance suggests t h a t  o the r  andesite f lows may be interbedded w i t h  
the f o m a t i o n ;  however, none were observed d i r e c t l y  . However, because 
the f lows unconfomably above t h e  Chenoweth format ion are  o f  the same 
general age as t h e  Chenoweth formation, i t  i s  poss ib le  some o f  t h e  f lows 
were der ived from the same source as  t h e  Chenoweth formation. 

f hickness o f  t h e  Chenoweth format ion var ies .  Newcomb (1969) reported 
a total thickness o f  approximately 550 rn f o r  t h e  "vo l  cani c-sedimentary" 
facies. He noted t h a t  thicknesses decrease d i s t a l l y  t o  approximately 137 m 
near the  Deschutes R ive r  and t o  30 rn nor th  o f  the Columbia River .  P iper  
(1932) repor ted  thicknesses o f  275 rn (sec. 28, T, 1 N., R. 12 E.) and 198 rn 
(sec. 29 ,T .  ZN., R. 13 E.). 

The Chenoweth f o m a t i o n  lies upon the P r i e s t  Rapids and Frenchman 
Springs Members o f  the Columbia R i v e r  Basa l t  Group (Swanson and others,  
1981). South a f  approximately l a t i t u d e  44" 33 '  N., i t  o v e r l i e s  on ly  the 
Frenchman Springs Member. It has not been observed i n t e r f  i nge r ing  w i t h  
the basal t .  P i p e r  (1932) noted tha t  t h e  Chenoweth format ion 1 i e s  on t h e  
basa l t  w i t h  an erosional  unconformity wi th  a re1 i e f  o f  about 30 rn. He 
also noted the r e l i e f  o f  the unconfomi ty  i s  na greater than t h a t  o f  l oca l  
uncanfomities i n  t h e  basa l t  sequence i t s e l f ,  which suggested t o  him t h a t  
I i t t l e  t ime elapsed between emplacement of t h e  basa l t  and depos i t ion  of 
t h e  Chenoweth formation. In most places, the Chenoweth format ion i s  con- 
fonnabl e w i t h  the basa l t .  

I n  most places, t h e  Chenoweth f o m a t i o n  i s  n o t  o v e r l a i n  by mappable 
younger un i t s ,  but i t i s  l o c a l l y  o v e r l a i n  by loess  near the  Columbia River .  
The 1 oess i s  d i s t i ngu i shab le  f r o m  tuf faceous s i l  t s tone o f  the Chenoweth 
formation by i t s  r e l a t i v e l y  nonindurated s t a t e  and i t s  l ack  o f  stones. 
Southwest of The D a l l  es, Quaternary(?) i ntracanyon basa l t  1 i e s  i n  the  
val leys of Fivemile and South Fork-Mi l l  Creeks, both o f  which are  cu t  
i n t o  the Chenoweth fonnat ion.  To the west, as mentioned earlier, ande- 
s i t e  t avas over1 i e  the formation. 

The Chenoweth format ion i s  both fo lded  and faulted. The major f o l d s  
t h a t  a f f e c t  the  format ion are t h e  Or t ley ,  Bingen, and M i l l  Creek Ridge 
a n t i c ?  ines and t h e  D a l l  e s - h a t j  1 l a  and Mosier sync1 ines (Newcomb, 1969). 
Fau l ts  are a1 so common i n  t h e  Chenoweth format ion (Piper, 1932; Newcomb, 
1969),  most o f  which t rend west o r  northwestward. The 1 arges t  f a u l t  i s  
the west-trending Chenoweth f a u l t  t h a t  juxtaposes the Columbia R ive r  basa l t  
on i t s  northern, upthrown s ide  w i t h  Chenoweth f o m a t i o n  on i t s  southern 
side. 

The Chenoweth format ion i s  o f  l a t e  Miocene t o  P I  iocene age. Buwalda 
and Moore (1930) dated ver tebra tes  i n  the formation a5 l a t e  Miocene t o  
e a r l y  P I  iocene. Chaney (1944) dated leaves as e a r l y  Pl iocene. These 
pa l  eonto logic ages are  uncorrected w i t h  respect t o  Berggren and 



THICKNESS 

Coarse-grained ( c las ts  0.3- t o  2-m df  ameter) lahars 
a l t e r n a t i n g  w j t h  f2ne-grained ( c las ts  up t o  25-cm 
diameter) lahars. Local  pebble and cobble gravel  
as channel f i l l .  Clusters  o f  l a rge  c l a s t s  i n  lahars  
impart  a flow-li ke character.  

TENTATIVE, GENERALIZED CORRELATION. 
NOT CORRECTED FOR D I P  OR STRUCTURE. 

(FT) 
THICKNESS 

Coarse-grained (0.3- t o  2-m diameter) 1 ahars 
a1 t e r n a t i n g  w i t h  f lne-gra ined (up t o  25-cm 
diameter) lahars. 

Tan-gray t u f f ,  tuf faceous sil  tstone and 
cross-bedded sandstone. Minor gravel  as 
channel f i 7 1 .  

Gray, coarse-grai ned ( c l a s t s  0.3- t o  2-m 
dfameter) l aha rs  a l ternat ing w i t h  ftne- 
grained (up t o  25-cm. diameter) lahars. 
Basal  l aha rs  conta in  basa l t  cobbles o f  the 
Calumbia R i v e r  Basal t  Group. 

Gray tuf f ,  tuf faceous s i l t s t o n e  and cross- 
bedded sandstone. Local channel f i 11 gravel  . 
Gray, Tami nated tuffaceous s i l  ts tone grading 
v e r t i c a l l y  t o  blue-whfte tu f f .  

Col mbia River Basa l t  Group. 

Ff gure 4. Representative calumnar sections o f  the Chenoweth formation. LocatSons : Badger Creek 
and Chenoweth R l m  sections f n  N& sec. 30, T. 2 N. ,  R.  13 E.; Government F l a t  sec t i on  
i n  N E t  sec. 10, T. 1 N., R. 12 E. 



van Couvering's (1974) epoch boundaries. K/Ar da tes  are  5.1+0.5 (109-WB), 
5 . 7 3 . 6  (110-WB), 7.e0.7 (105-WB), 41.1+2.8 (1 07-WB) , and 47.525.7 (108- 
IJB) may. (Appendix 2 ) .  Newcomb (1966) repo r ted  K/Ar dates of 10.6 and 
15.2 m.y. f o r  the flow a t  Fulton Rjdge. 

A 1  k a l  i Canyon Formation (f da) 

Indurated basa l t  gravel  and tu f faceous s i l t  and sand o v e r l y i n g  t h e  
Columbia R i v e r  B a s a l t  Group i n  the A r l  ington-Boardman area are  here i n fe r -  
ma1 l y  named t h e  A1 kal i Canyon f o m a t i o n  a f t e r  exposures i n  A1 ka l  i Canyon, 
16 krn southwest o f  A r l i ng ton ,  Gilliam County, Oregon. 

The f o m a t i o n  was p rev ious l y  named t h e  A1 ka1 i 1 ake beds (Hodge, 1932), 
the S h u t l e r  Formation (Hodge, 1941 , 19421, fang1 omerate ( Hogenson, 1964), 
Dalles Formation (Newcomb, 1969, 1971b; Shannon and Wilson, 1971, 1972, 
1973, 1975a,b; Farooqui , 1980), and T e r t i a r y  sedimentary rocks (Walker, 1973) .  

The fo rmat ion  occurs w i t h i n  the Dal l e s - U m a t i l l a  sync1 ine,  along the  
northern s lope o f  the Blue Mountains. West o f  A r l  ing ton,  i t  extends 
northward t o  t h e  edge o f  the Columbia R ive r  canyon. East o f  Arlington, 
it crops out  along t h e  r e l a t i v e l y  f l a t  f l o o r  o f  the Deschutes-Urnatil la 
Plateau (Dicken, 1965). However, eas t  o f  Sixmile Creek, i t  extends nor th -  
ward o n l y  t o  approximately 45" N. 1 a t i  tude. North of t h i s  l a t i t u d e ,  it 
i s  e i t h e r  absent o r  bu r i ed  by ca tas t roph i c  f l o o d  deposits. 

The most rep resen ta t i ve  section i s  i n  A 1  kal i Canyon (F igure  5), where 
the basal A l k a l i  Canyon f o m a t i o n  i s  a 5-m-thick l i g h t - g r a y  v i t r i c  tu f f  
over ly ing the Selah member ( E l l  ensburg Formation). T h i s  v i t r i c  t u f f  i s  
here assigned t o  t h e  A1 kal i Canyon format ion.  Newcomb (1971 b) t e n t a t i v e l y  
assigned i t  t o  h i s  Oalles Formation, n o t i n g  i t s  presence above t h e  Pomona 
Member (Saddle Mountain Basalt)  . T h i s  r e l a t i o n  i s  confinned by subsurface 
da ta  (Shannon and N i l  son, 1981 ) . Nor th  o f  t h i s  sect ion,  the v i  t r i c  t u f f  
under1 ies  much o f  t h e  Chem-Security Systems waste d isposa l  s i t e  b u t  ex- 
tends westward only as far as the W i  sec. 25, T. 3 U., R. 20 E. (Shannon 
and Wilson, 1971, 1981). 

The v i t r i c  t u f f  is o v e r l a i n  a t  t h i s  s e c t i o n  by 2 t o  3 m o f  tan, i ron-  
stained, carbonate-veined tuf faceous s i  1 ty  c l  ay. The upper sur face o f  t h e  
c l a y  i s  scoured w i t h  channels as much as 2 m i n  w id th  and depth and filled 
w i t h  b a s a l t  gravel. The b a s a l t  gravel i n  t o t a l  comprises t h e  3-rn-thick 
middle p a r t  o f  t h e  section. E a s t  o f  t h i s  s e c t i o n  along the no r the rn  w a l l  
o f  A l k a l i  Canyon, the midd le  p a r t  i s  6 t o  15 m t h i c k  (Newcomb, 1971b). 
f he grave l  is p a r t i a l l y  carbonate cemented, rang ing  from granules t o  sma l l  
boulders; cobbles are most common. A sand m a t r i x  p a r t i a l l y  f i l l s  i n t e r s t i c e s  
among the cl a s t s ,  w h i l e  o the r  g rave l  is openwork. Tuffaceous, rnicaceous, 
c r y p t o c r y s t a l  1 ine-quartz sand cornpri ses t h e  m a t r i x .  f he grave l  i s  corn- 
rnonly massive, bu t  I-m-thick ho r i zon ta l  and l e n t i c u l a r  beds a l so  occur. 
The cobbles commonly d i p  southwards, i n d i c a t i n g  a general  l y  northward 
transport d i r e c t i o n .  

The upper 10 m o f  t h i s  sec t ion  i s  comprised o f  red- tan,  carbonate- 
cemented, tu f faceous sandy s i l t .  The sandy s i  1 t i s  in terbedded w i t h  I -  



THICKNESS 
(MI (FTI 

- 
Tan-colored, loose, massive s i l t  (Quaternary loess). 

Massive, reddf sh-tan, tuffaceous s i l t .  

Lenticular sets o f  cross-bedded, basal t ic  sand wi th in massive. 
reddish-tan, tuffaceous s i l t  and sand. 

1 t o  2 meter-thick len t icu lar  beds o f  clast-supported basalt 
granule t o  cobble gravel w i th in  massfve, reddish-tan, 
carbonate-cemented, tuffaceous, sandy s i l t .  

Clast-supported basalt granule to  small boulder gravel ; most1 y 
cobbles. Matrix consists o f  carbonate-cemented basalt, tuffaceous, 
micaceous and cryptocrystal l i n e  quarts sand. Most cobbles dip t o  
south. Gravel i s  massive or occurs i n  1 t o  2 meter-thick 
horizontal o r  len t icu lar  sets. Gravel overlaSn by massive, 
tuffaceous, sandy s i l t .  Base of gravel channeled, with 
sharp contact.  

Light-brown t o  buff,  tuffaceous, s i l t y  clay. Iron-stalned. Veins 
and f i lms o f  carbonate. Friable, having many closely-spaced 
(<2 cm apart) horizontal and vert ical  fractures. 

Sets o f  1 ight-gray, small-scale cross-bedded, f ine s i l t -  t o  fine 
sand-size v i  t r i c  t u f f  separated by Tight-gray, para l le l  laminated 
f i ne  s i l t -  to  f i ne  sand-size v i t r t c  t u f f .  Paral le l  laminated 
t u f f  co~monly has low-angle truncations o f  laminations. 

Light- t o  dark-gray, massfve t o  f a i n t l y  para l le l  Taminated, f ine  
s i l t -  t o  f i n e  sand-sfze v i t r i c  t u f f .  

Tuffaceous, clayey s f l t  (Selah member. Ellensberg Formation). 

Figure 5. Representative columnar section o f  the A1 kal i Canyon formation. Locatl on: Chem- 
Security Systems s i t e  access road. SEk sec. 25, T. 2 N., R. 20 E. 
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to  2-m-thick 1 enticul ar, cross-stratified gravel beds i n  the 1 ower 3 in. 
Lenticular sets of cross-bedded basal t i c  sand, i so la ted  i n  sandy s i  1 t,  
generally comprise the middle p a r t  o f  th i s  30-m-thick upper section. The 
uppermost 2 t o  5 m o f  section consists o f  loose t o  compact, massive tuffa- 
ceous s i l t .  

This  four-fold division of the  A1 kal i Canyon fomation only occurs 
locally. Another section near Olax (Figure 6 )  consists entirely of basalt 
cobble gravel i n  a quartzose and b a s a l t i c  sand m a t r i x .  There the Alkali 
Canyon formation rests directly on the Frenchman Springs Member (Wanapum 
Basalt). 

Other exposures reveal more diversity within the  A1 ka l  i Canyon f o r -  
mation (Shannon and W i  1 son, 1 974b, 1975a ,b) . Gravel p i  t exposures commonly 
display horizontal , 1 - t o  2-m-thick beds o f  massive and c ross -s t ra t i f i ed  
cobble gravel . The cobbles show southward-di pping imbrication, indicating 
general northward transport. Tuffaceous sand and s i l t  lenses are inter- 
bedded with and truncated by the gravel beds. Temporary exposures in 
trench wall s a t  the Chem-Securi ty  Sys terns s i te  (sec. 25, T. 3 N., R. 20 
E. )  reveal a lenticular ,  1-m-thick cf ay bed lying atop gravel near the 
top  o f  the formation. The clay i s  t h i n l y  laminated and is interbedded w i t h  
a thin, v i t r i c  t u f f  bed. Gravel overlies the clay and tuff .  

The depositional environment o f  the A 1  kal i Canyon fomation i s  poorly 
understood. Hogenson (1 964) interpreted i t  as  fang1 omerate. The earl i e r  
described sedimentary structures suggest the A l k a l i  Canyon represents a 
type o f  "proximal braided stream" deposit such a s  t h a t  described by Rust 
(1 978). However, 1 ecal a1 1 uvial fans a1 so constitute part of the deposi- 
tional system o f  the  A 1  kal i Canyon Somation (Figure 7 ) .  

Thickness of the A1 ka l  i Canyon formation varies. I t  i s  20 t o  40 m 
thi ck a t  the  A1 kal i Canyon and 01 ex sections. Newcomb (1 971 b) reported 
18- t o  30-m thicknesses near the A1 kal i Canyon section. Borings show 
the A1 kal i Canyon i s  3 t o  5 m thick a t  the Chem-Security Systems waste 
disposal s i t e  (Shannon and Wilson, 7971 , 1981 ) . These l a t t e r  thicknesses 
are min imums,  however, because catastrophic f load erosion local ly removed 
part o f  the A 1  kal i Canyon formation i n  the waste disposal s i t e  area.  

Regional ly,  the A 1  kal i Canyon formation 1 i e s  disconfomabl y and w i t h  
angular unconfomity on the Columbia River Basalt Group. The basalt units 
t ha t  i t  over1 i e s  include the Elephant Mountain and Pomona Members (Saddle 
Mountains Basal t) and the Priest  Rapids and Frenchman Spr ings  Members 
(Wanapwm Basalt o f  the Columbia River Basal t Group) and tuffaceous i n t e r -  
beds o f  the E l  lensburg Formation. A s l ight  angular unconformity i s  pre- 
sent where the format ion over1 ies the edges o f  the b a s a l t  members (Shannon 
and Wilson, 1971, 1973, 1974a, 1981 ; Newcomb, 1971 b; Swanson and others, 
1981). 

Our mapping concurs w i t h  previous mapping by Newcomb (1 971 b) and 
Shannon and Wilson (1972; 1975a,b) and shows tha t  the A1 kal i Canyon for- 
mation i s  a post-Col umbi a River  basal t u n i t  and t ha t  i t  does n o t  inter- 
f inger w i t h  i t ,  as do interbeds o f  the El 1 ensburg Formation (Figure 15).  
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Subhor+zontall y bedded c l  ast-supported b a s a l t  cobble 
gravel ;  minor quartzose and basa l t  sand. 

Columbia River  Basalt Group. 

Figure 6. Representative columnar sectIan o f  the A1 k a l i  formation. Location: HWla 
NWg sec. 21, T. 1 S., R. 21 E. Below the  unconfomity(?), beds trend 
N ,  10" W. t o  N. 50' E.; apparent dips are 40" to 60" W. Above the  uncon- 
formity(?), beds trend N. 10' E.; apparent d ip  i s  10' W.  



Figure 7. General ired elevation contours atop preserved a1 l u v i a l  fans  o f  
the A l k a l i  Canyon format ion.  Location: Tps. 1 ,  2, 3 H.,  Rs. 25, 
26, 27, 28 E. Contours drawn f rom U. S. Geological Survey Butter  
Creek Junction; Service Buttes NW; Strawberry Canyon NE, SE, and 
SW; and We1 1 Spring 7.5-minute quadrangle maps. 



The A l k a l i  Canyon fomat ion  i s  l o c a l l y  fo lded and fau l ted  m o s t  corn- 
monly along the Turner But te  and A r l  ington-Shut1 er 1 ineaments and west- 
t rending a n t i c l  ines between the 1 ineaments (Shannon and W i l  son, 1971 , 
1974b). I t  is also fo lded w i t h  the Willow Creek monocline and the Dalreed 
But te  and Poverty Ridge a n t i c l  ines (~hannon and Wilson, 1973, 1974b, 1975b) . 
The formation i s  t i l t e d  northward a t  the western end o f  the Willow Creek 
monocl ine  near Olex, where gravel beds trend N. 10" W. t o  M. 50" E. , hav- 
ing apparent d ips o f  49" t o  60" MW. 

The A1 ka l  i Canyon formation i s  o f  l a t e  Miocene t o  ea r l y  P I  iocene(?) 
age, based on vertebrate f o s s i l  s assigned t o  the Hemphi1 1 ian (Shotwel I ,  
1956). According t o  Berggren and van Couvering (1 974 ) ,  the Hemphi 1 t i an  
i s  l a t e  Miocene t o  early P l  iocene. The A1 kal  i Canyon formation i s  not 
01 der than 1 a te  Miocene, however, because i t  over1 i e s  the 10.5-m.y. 
(McKee and others, 1977) Elephant Mountain Member (saddle Mountains ~ a s a l  t )  
(Shannon and W i 1 son, 1975b). 

Deschutes Fomat ion (Tdd) 

D i s t i n c t i v e l y  f l  uvia l  and vol canic l  a s t i c  beds w i t h i n  the broad Madras 
basin comprise the Deschutes Formation. It also includes welded and non- 
welded ash-flow t u f f ,  intracanyon and p l  ateau-fomi ng basal t f lows, 
basa l t i c  in t rus ions  and cinder cones, mudflow deposits, and diatomite. 

Russel 1 (1 905) termed the heterogeneous assembl age o f  interbedded 
volcanic, valcanic l  a s t i c ,  pyrocl  a s t i c ,  and epic1 a s t i c  rocks exposed i n  
the Deschutes and Crooked River  canyons i n  the P r i n e v i  1 1 e-Redmond-Madras- 
Warn Springs area the "Deschutes sands. " Stearns (1 930) introduced the 
name Deschutes Fomat ion  f o r  these rocks. Hodge (1928, 1940) termed simi- 
l a r  rocks near Madras the Madras Formation and later (1942) ca l led  them 
Dal les formation. W i l l i a m s  (1957) and Robinson and P r i c e  (1963) used 
the name Madras Formation. Waters (1 968a), Robinson (1 9751, and Robi son 
and Laenen (1 976) used t h e  name Dal les Formation. Stensl and (1 970), 
Peterson and others (1976), and Taylor (1980) used the name Deschutes 
Fonnation. Robinson and Stensland (1 979) used the name Madras Fonnation. 
We herein restore the name Deschutes Formation because t h a t  name has h is-  
t o r i c  p r i o r i t y ,  the un i t  i s  we l l  exposed along t h e  Deschutes River, and 
i t  is desirable t o  simp1 i f y  t h e  nomenclature (Roger Swanson, 1981, written 
communication). 

The Deschutes Formation occurs in the Madras basin. The Madras basjn 
i s  centered near Madras and i s  bordered on the nor th  by the Mutton Moun- 
ta ins,  on the east  by the f o o t h i l l s  o f  t h e  Ochoco Mountains, and on the 
west  by t h e  Cascade Range. The southern boundary o f  the basin i s  obscure, 
extending almost t o  Bend, where the Deschutes Formation i s  bur ied beneath 
younger volcanic rocks. 

Stensl and (1 970) provided de ta i led  informat ion on the Deschutes For- 
mation. I t consists o f  e p j c l a s t i  c and pyrocl  astic  sedjmentary rocks; 
we1 ded and nonwel ded ash- f l  ow t u f f ;  interbedded, intracanyon and pf ateau- 
forming b a s a l t  flows; basal t i c  in t rus ions and cinder cones; diatomite; and 
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Figure 8. Representative col umnar section o f  the Deschuter Formation. 
Location: Roadcut on west side of Lake B i  1 ly Chinook, secs. 
16 and 21,  T. 12  S. ,  R. 12 E. 
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Figure 9. Representative columnar section of the Deschutes Formation. 
Location: S h s e c .  16,  Exr sec. 17, T. 9 S . ,  R.  12 E. along 
U.S. Highway 26. 
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mudfl ow deposits .  The rock types a r e  complex1 y interbedded, r e su l t ing  i n  
rapid 1 i thofacies  changes. Individual u n i t s  a r e  comonly 1 ent icul  ar, 
wedge-shaped, and 1 t o  20 m thick. Lateral cont inui ty  i s  poor except 
f o r  the basa l t  f lows and ash-flow t u f f s .  The sedimentary deposi ts  are 
par t icul  a r t y  var5ed. They cons i s t  o f  basal t i c  sandstone and conglomerate, 
pumice gravel ,  and tuffaceous s i l t s t o n e  and sandstone. V i t r i c  ash, cindery 
ash, l a p i l l i ,  pumice l a p i l l i ,  and volcanic breccia are common (Stensland, 
1970). These rock types are common i n  t w o  representive sect ions  of the 
Deschutes Formation within the p ro jec t  area (Figures 8 and 9 ) .  

Thickness o f  the Deschutes Fomation var ies .  Stensl  and (1 970) 
reported thicknesses of less than  30 m t o  as much as 240 m ,  noting t h a t  
the fornation f i  11 s the i r r e g u l a r  p r e e x i s t i n g  topography, wedging ou t  
agains t  hi1 l s eroded in  o lder  rocks. Hodge ( 1  940) reported a 300-m 
thickness near Warm Springs. The measured sections a t  the Crooked River 
Reservoir (Figure 8) and northwest of Warm Springs (Figure 9) are 190 m 
and 55 m t h i c k ,  respect ively .  

The Deschutes Fomation i s  unconformable on t h e  John Day and Clarno 
Formations and the  Grande Ron&(?) Basalt  of  the Columbia River Basalt  
Group. The Deschutes F e m a t  ion i s  l o c a l l y  over1 a i n  by Quaternary deposi ts  
and lava flows. 'Near the Cascade Range, the f o m a t i o n  i s  overlain by ande- 
s i t e  flows and andesi te  and basa l t  gravel. 

Within t h e  project  area, few structures a f f e c t  the Deschutes Forma- 
t ion .  Only two new, minor f a u l t s  were mapped: a normal f a u l t  (sec. 14, 
T. 7 S., R. t l  E. )  and a reverse f a u l t  (NWa sec. 35, T. 9 S . ,  R. 14 E , ) .  
Outside the project area, Waters (1 96&a), Stensl and ( I  9701, and Taylor 
(1980) reported several major f a u l t s  o f f s e t t i n g  the  Deschutes Fomation.  

The Deschutes Fomation i s  middle Miocene to  e a r l y  Pl iocene. Chaney 
(1938, 1944, 1959) described i t s  f lo ra  as ea r ly  t o  middle Pliocene. Evern- 
den and James (1964) reported K/Ar dates o f  4.3 and 5.3 m.y., and Amstrong 
and others ( 1 9 7 5 )  reported K/Ar  dates  o f  4.99.5, 5.&+'1.0 and 15.9+3.0 m.y. 
Dates from this study f o r  plateau-forming b a s a l t s  i n  the  Deschutes Foma- 
t ion  are  8.9 and 10.7 my.; one interbedded basa l t  flow i s  13.2 m.y. 
(Appendix 2; samples SF, 6F, and 7F). Except fo r  the anomalous 15.9 m.y. 
date,  these dates  place the Deschutes Fomation in  middle Miocene t o  early 
P 1 i ocene. 

Tygh Val l ey  Formation (Tdt)  

Basalt lava and indurated deposi ts  overlying the  Columbia River 
Basal t  Group in  the Tygh Val ley-Juniper F l a t  area are  here informally 
named the Tygh Valley f o m a t i o n ,  a f t e r  exposures near the  town of Tygh 
Val ley. Hodge (1941) mapped these rocks a s  Dal l e s  fomat ion.  He a1 so 
mapped a f a u l t  s l i v e r  o f  the Tygh Valley fomat ion  o f  this report as  John 
Day Fomation along the northern side o f  Tygh Valley. We1 1 s  and Peck (1961) 
mapped the s l i v e r  a s  Mascall Formation; Waters (1968b) mapped i t  as  E l  lenr-  
burg  Formation. Waters (196%) a l s o  mapped the Da? l e s  Fomation in the  
Tygh Val 1 ey area but separa te ly  mapped overlying 01 iv ine  basa l t  and 



andesite flows. 

The Tygh Val ley formation occupies the Tygh basin, which i s  bordered 
on t h e  north by Tygh Ridge, on the south by the Mutton Mountains, on the 
west by the Cascade Range, and on the eas t  by basa l t  highlands east  o f  
the Deschutes River .  

The fomat ion  i s  composed o f  volcanic, vol canicl a s t i  c ,  and ep i c l as t i c  
rocks. Basalt  f t  ows are dominant i n  the western end o f  the basin, whereas 
sedimentary rocks are more common i n  the eastern end o f  the basin near Tygh 
Va l  1 ey. The basal ts general l y  form plateaus t ha t  are d i  sconfomabl e over 
the sedjmentary rocks. Local ly,  however, the basal ts are intracanyon flows 
where they occur i n  small val Feys o r  channels cu t  i n  the sedimentary rocks. 
We include the "Juniper F la t "  basa l t ,  mapped by Waters (1968b) as 01 i v i n e  
b a s a l t  i n  the Juniper F l a t  area (T. 4 S. ,  Rs. 11, 12  and 13 E., T. 5 S., 
Rs. 11, 12 and I 3  E.), i n  the Tygh Val ley formation. 

The sedimentary rocks consist o f  weakly cemented basal tic, andesi t ic,  
and pumiceous sandstone and canglomerate; tuffaceous s i l t s t one  and sand- 
stone; t u f f ;  pumice l a p i l l i  t u f f ;  t u f f  breccia; and agglomerate. The tu f f  
breccia and agglomerate, which are s i m i  Jar t o  those i n  the Chenoweth f o r -  
mation, are a1 so interpreted as lahar  deposits. Beds are lenticular and 
1 and 20 m th ick.  Because rap id  hor izonta l  and ve r t i ca l  1 i tho fac ies  changes 
are common, no s ing le  sectf on i s  e n t i r e l y  representat ive o f  the formation. 

One sect ion near Tygh Valley i s  reasonably representative o f  the 
heterogeneity of the formation (Figure 10). Here i t  consists of i n te r -  
bedded s i  I tstone, sandstone, congl ornerate, tu f f ,  and a basal t f low.  The 
basalt, the "Juniper F l a t "  basalt, i s  discontinuous a t  t h i s  sect ion and 
i s  interbedded(?) w i th  gravel ,  suggesting i t  i s  here an intracanyon f l o w .  

Westward up Badger Creek and northwestwrd up Tygh and Jordan Creeks, 
the "Juniper Flat" b a s a l t  i s  over1 a i  n by andesi te-ri ch 1 ahars t h a t  pass 
upward i n t o  andesi t e  1 avas. These andesite lavas are mapped separately 
from the Tygh Valley fomaTion, but the contact between them and the f o r -  
mat ion i s  d i f f i c u l t  t o  locate precisely.  The contact may be gradational: 
westward th ickening of the lavas and concomitant th inn ing o f  sediment 
suggests interbedding o f  lavas w i t h  sediment. This r e l a t i o n  would be 
s im i la r  t o  t h a t  suggested f o r  the Chenoweth formation, Trimble (1963) 
and Tayl or (1 980) reported sf mi lar  re1 at ions f o r  the Rhododendron and 
Deschutes Formations, respec t i ve l y .  

The exact contact o f  the Tygh Val l e y  format ion w i th  the Chenoweth 
formation i s  d i f f i c u l t  t o  locate precisely. The Tygh Val ley f oma t i on  
i s  general Jy dist inguished from the Chenoweth f oma t i on  by 1 ocat ion and 
pauc i ty  o f  lahars. Also, south o f  the f o m e r  hamlet o f  Friend, on the 
western end o f  Tygh Ridge, andesi te-r ich lahars t yp i ca l  o f  the Chenoweth 
formation o v e r l i e  basal t  i n f e r red  t o  be the "Juniper F l a t "  basal t .  T h i s  
suggests t h a t  part of the Chenoweth formation or i t s  equivalent may over- 
1 i e  the Tygh Val l e y  formation. The present loca t ion  of the contact be- 
tween the two formations, however, i s  only approximate. 
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Figure 10. Representative columnar section o f  the Tygh Valley formation. Location: 
North-facing roadcut along Tygh Valley-Yamic road, sec. 4, T. 4 S., R 13 E. 



The Tygh Val ley f o m a t i o n  1 ies disconfomably on the Frenchman 
Springs Member (Wanapum Basalt)  along the northern edge of t h e  basin  and 
on the Grande Ronde Basalt along the southern edge of the basin (Swanson 
and others, 1981 ) . Only local  depos i t s  o f  a1 luvium and gravel overl  i e  the 
fomat ion  i n  the bas jn ,  and andesite f lows o v e r l i e  i t  along the margin o f  
the Cascade Range. 

The formation i s  folded and faul ted.  A t  Graveyard Butte on the north 
side of the  White River, a normal f a u l t  juxtaposes a b a s a l t  flow and vol- 
c a n i c l a s t i c  sediments on the  east a g a i n s t  basal t flows en the  west side of 
the f a u l t .  The f a u l t  i s  or iented N. 25" E. 60' SE; s t r i a t i o n s  on the 
f a u l t  plane are v e r t i c a l .  E l  sewhere, the lower p a r t  of t h e  formation i s  
steeply folded with the  underlying b a s a l t  along the southern f lank of 
Tygh Ridge. The dips  a r e  approximately 40" t o  50° ,  but they f l a t t e n  ou t  
t o  the  south w j t h i n  2 t o  3 km. These steep dips  occur south of a reverse 
f a u l t  along the base o f  Tygh Ridge. An i n t r a f o m a t i a n a l  uncenformity 5n 
the  Tygh Val ley formation occurs near Tygh Ridge i n  t h e  SEaSESSE4 sec. 26, 
T. 3 S., R. 12 E .  (J. Anderson, 1980, oral communication). T h i s  uncon- 
fomity i s  not t r aceab le  away from Tygh Ridge, and i t  may be a local  con- 
sequence of f a u l t i n g  a t  Tygh Ridge. Al te rna t ive ly ,  it may be widespread, 
wi th  the sparse  exposures precf uding i t s  recognit ion el sewhere. Develop- 
men t  of the  unconfomity predates the overlying "Juniper F la t "  basal t,  as 
we1 I as the  sedimentary rock immediately below i t ,  because they are not  
folded. 

The Tygh Val 1 ey f o m a t i o n  overl  i e s  the approximate1 y 14-m.y.-01 d French- 
man Springs Mmber (swanson and others, 1981). The "Juniper Fla t "  b a s a l t  
i s  7.5M.8 m.y. (Appendix 2 ,  sample 101-WB). Thus, the Tygh Valley foma- 
t i o n  is o f  middle to late Miocene age. A pumice l a p i l l i  t u f f  s t r a t i g r a p h i -  
cally below t h e  "Juniper F l a t "  basalt, however, i s  dated a t  4.94-0.5 - m.y. 
(Figure 2 0 ;  Appendix 2, sample 106-WS). 

McKay Foma t i on (Tdm) 

f ndurated, p a r t i a l l y  cemented basaf t  gravel and interbedded tuffaceous 
sand and s i l t  over1 i e  t h e  Col umbi a River Basal t Group i n  the Pendl eton- 
P i l o t  Rock area. These deposits are herein informally named the McKay for- 
mation after exposures near McKay Reservoir (T. I N.,  R .  32 E . ) .  The 
deposits were earl i e r  named McKay beds (Shotwe1 1 , 1956), f angl omerate 
(Hogenson, 1964), Dalles Formation (Shannon and Wil sen, 1972 ; Gonthier 
and H a r r i s ,  1977; Farooqui , 1980), and T e r t i a r y  sedimentary rocks (Wal ker,  
1973). 

A represen ta t ive  sec t ion  o f  the formation i s  west o f  McKay Reservoir  
(Figure 1 1 ) .  Dense, aphyric b a s a l t  cobbles comprise most o f  the gravel , 
but l e s s  common cobbles and small boulders of red vesicular basalt  a1 so 
occur. The gravel conta ins  an estimated 10 percent sand-sil t m a t r i x ,  
ranging f r o m  very coarse sand t o  s i l t .  The matrix i s  commonly carbonate 
cemented, with t h e  very coarse t o  f i n e  sand f r a c t f o n  composed o f  sub- 
rounded t o  angular b a s a l t  grains and the f i n e r  matrix of carbonate 
"nodules" and quartzose f i n e  sand t o  s i  1 t. 
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Figure '1 2. Representative columnar section o f  the HcKay formation. Location: North-facing 
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a1 so faulted near Dutchman Flat (Brown and Thayer, 1966a). 

Merrf am and others (1 925) o r i g i n a l  ly assigned the Rattlesnake Forma- 
t i o n  t o  the P I  iocene. Wood and others (1941) and Shotwel l (1956) assigned 
the formation spec-if i cal l y  t o  the Hemphi 11 ian ,  now considered 1 a te  Miocene 
t o  early Pl iocene (Berggren and van Couveri ng, 1974). However, KJAr dates 
of the ignimbrite range from 5.4 to  6.8 m.y. (Evernden and others, 1964; 
Daf rympl e and others, 7 967; Parker  and Amstrong, 1972; Greene and others, 
1972; Enlows, 1976; Walker, 1979b). The most recent judgment o f  a 6.5-m.y.- 
age by Walker (1979b) i s  probably most accurate. Thus, t h e  Rattlesnake 
Formation as used here i s  of l a te  Miocene t o  Pliocene. Thayer (1956a,b,c) 
suggested the  uppermost p a r t  o f  the Rattlesnake Formation may extend i n t o  
the P l e i  stocene . 

Baker Deposits (Tb) 

Tuffaceous clay, s i  1 tstone, sandstone, conglomerate, and ash-flow 
tuffs i n  t h e  Baker Val ley and adjacent valleys are here informally called 
the Baker deposits. Gil luly (1937) referred to  them a s  l a cus t r i ne  and 
f l  uvial deposits .  The deposits are a1 so mapped as Tertiary tuffaceous 
sedimentary rocks (Brooks and others, 1976; Brooks, 1977; Brooks and 
McIntyre, 1977a ,b, 1978) ; Tertiary tuff ,  sandstone, conglomerate, and ter- 
race gravel (Gardner and others, 1974) ; and Tertiary sedimentary racks 
(Walker, 1979a). 

The Baker deposits o f  t h i s  report occur only i n  Vir tue F1 a t ,  the 
Baker Valley, the  Bowen valley-Sutton Creek valley area, and the Lower 
Powder River valley near Keating. They are a1 so mapped near Telocaset. 

The Baker deposits consis t  large1 y of weakly cemented, tuffaceous 
clay, sil tstone, sandstone, and conglomerate. Sandy pebble t o  small 
cobble conglomerate constitutes the bul k of the  Baker deposits. The con- 
g1 omerate i s  cormonly massive and apparently unbedded, or  less commonly, 
cross-bedded. Th in  gravel lenses, less than 2 m thick,  are locally inter- 
bedded w i t h  tuffaceous s i1  tstone and sandstone. Rock types i n  the gravel 
reflect local provenance. The most common rock type i s  basalt, but adja -  
cent t o  t he  southern end o f  the El khorn Mountains, cl  as ts  of metamorphic 
rock are common. Near Dooley Mountain, arvliocenevolcanic center (Brooks 
and others ,  1976), the gravel consists largely o f  rhyolite and obsidian. 

The Baker deposits are  loca l ly  interbedded w i t h  ash-flow t u f f s  tha t  
were separately mapped by Brooks and others (1976). We have f o l f  owed 
this practice; however, the  exact number and distribution of the tuf fs  are 
unknown. We consider them t o  be informal members o f  the Baker deposits. 

The thickness o f  the Baker deposits is variable. Gardner and others 
(1 974) estimated thicknesses o f  60 m; Prostka (1 962) reported thicknesses 
of 90 m j u s t  outside the project area. 

The Baker deposits are unconformable or  disconformable on older  rocks. 
Brooks and others (1476) considered the deposits to be largely younger 



than basalts they correlated w i th  the Columbia River  Basalt Group. Re1 a- 
tions observed i n  thjs study suggest the Baker deposits are l o c a l l y  uncon- 
fomable atop the Cal umbia River Basalt Group. P l  e i  stocenel?) t o  Holocene 
age stream deposits occur i n  val leys incised i n t o  the Baker deposits. 

The Baker deposits are gently folded i n  a series o f  northwest-trending 
sync1 ines t h a t  broadly def ine present-day val  Ieys. However, most o f  the 
deformation tha t  iso lated the  Baker deposits i n t o  the present-day val 1 eys 
was by downfaulting (G i l lu ly ,  1937; Brooks and others, 1976). Dip- s l ip  
d ispl  acernents are  d i f f i c u l t  t o  de temi  ne because the faul  ts common1 y juxta- 
pose s imi la r  rock types within the Baker depos i ts .  F a u l t s  observed i n  
t h i s  study t y p i c a l l y  have displacements o f  1 to 2 rn but range up t o  a t  
1 east 15 m. Because the fau l t s  are so numerous, i t  seems 1 i kel y t ha t  down- 
f au l t i ng  i n  step-Saul t fashion occurred across many o f  the f a u l t s  r a t h e r  
than being confined to  a few "'master" faults.  

Vertebrate f o s s i l s  i n  deposits outside the p r o j e c t  area, which probably 
a r e  cor re la t i ve  w i th  the Baker deposits, are o f  Clarendonian, o r  middle t o  
late Miocene age (Shotwell i n  Prostka, 1962; in Brooks and others, 1976; 
i n  Brooks, 1979b; Berggren and van Cowering, 1974) . Gardner and others 
m74) r e p o r t  a 12.5+0.9-m.y. middle Miocene date f o r  andesi t e s  overly ing 
the Baker deposits west o f  Sawtooth Crater. T h i s  study dates these ande- 
s i tes  as 13.1+0.8 m.y. (Appendix 2, sample 506). Ash-flow t u f f  u n i t s  i n  
the Baker deposi ts are dated a t  12.0i0.5 and 14.1+0.6 m.y. (Appendix 2, 
samples 504 and 505). These dates piace the Baker deposits i n  the middle 
Miocene, roughly agreeing w i th  the pal eontal ogic age. 

Unity Deposits (Tu) 

Tuffaceous sandstone and s i l t s tone  deposits i n  the Unity-Hereford 
area are here in formal ly  called the Uni ty  deposits. S m i t h  and Packard 
(1 91 9) temed car re l  a t i ve  rocks near I ronside the "Ironside Formation. '" 
The same deposits a r e  1 i s ted  i n  the 1938 Lexicon of Geologic Names of the 
United Sta tes  as the "Ironside beds" (Wjtmarth, 1938) . Lowry ( I  9433, work- 
ing  i n  the  former 30-minute Ironside quadrangle which encompassed the 
depos i ts  near both I ronside and Uni ty-Hereford, temed the deposits the 
'Yronside formation." Later, towry (1968) stated t h a t  because h i s  " Iron- 
side formation" was s t ra t i g raph ica l l y  above the Columbia River  basalt, i t  
was equivalent t o  t he  Idaho Formation o f  Kirkham (1931 ) and the Idaho 
Group o f  Bal dwin (1959) and Ma1 de and Powers (1 962). Brown and Thayer 
(1 966a) and Brooks and Ferns 11979) mapped the Unity deposits as Ter t i a ry  
f l uv ia l  and lacus t r ine  deposits. I n  the Burnt River va l ley east  o f  188" 
W. long i tude,  Brooks and others (1976) mapped the deposits as tuffaceous 
sedimentary rock. 

The Unity deposits occur mostly i n  t he  Uni ty  basin (Brown and Thayer, 
1966a) .  They extend eastward out  o f  the basin down the Burnt River vall ey. 
They also are i n  t he  North Fork-Burnt River valley. These deposits are 
separated from the cor re la t i ve  I ronside deposits {discussed 1 a t e r )  t o  the 
southeast i n  t he  headwaters of Willow Creek by a be1 t o f  the Strawberry 
Vol canics. 



The Unity deposits consist mostly of stratjf l 'ed, tuffaceous f i n e  
s i l  tstone and sandstone as we1 1 as minor diatomite, v i t r i c  t u f f ,  and 
gypsi ferous beds. The deposits are mostly 1 acustr ine (Brown and Thayer, 
1966a; Lowry, 1968; Brooks and others, 1979; Brooks and Ferns, 1979). 
Along the southern Unity basin, the Unity deposits also contain coarse 
gravel which Brown and Jhayer ( I  966a) mapped as a separate Quaternary 
un i t .  

The maximum thickness o f  the Unity deposi ts i s  unknown. towry (1968) 
reported a 500-m-deep oil test well t h a t  d id  not reach "hard" bed rock, 
perhaps indicat ing the deposits are  a t  least 500 m thjck. However, t h i s  
i s  uncertain because the tuffaceous rock i n  the lower h a l f  o f  the we1 1 
may instead be Strawberry Volcanics. Examination o f  outcrop thicknesses, 
as determined frm topographic naps, suggests the Unity deposits are a t  
least 60 t o  150 m thick. 

The deposits are disconf'ormable o r  s l i g h t l y  discordant on the older 
Tertiary rocks but 1 i e  w i t h  angular unconfomity on pre-Tertiary rocks 
(Lowry, 1968) . 

The Unity deposits are faulted. A northwest-trending be1 t of Straw- 
berry Volcanics and Clarno Formation (?)  separates the Uni ty  deposits i n  
the North Fork va l l ey  fmm the main Unity basin. Th is  b e l t  foca l ly  forms 
the  northern side o f  the  basin. Several northwest-trendi ng f au l t s  are 
along o r  south o f  t h i s  b e l t .  They are a l l  southside-down, thus forming 
a series o f  step-faults lowering the bas in  f l o o r  t o  t h e  south. These 
faul t s  and an east-west-trendi ng fau l t  5 n the  southern p a r t  o f  the basin 
broadly define the basin. Another north-side-down f a u l t  a1 ong the front 
of Bul lrun Mountain a t  the southern end o f  the basin may a1 so define the 
basin. 

Vertebrate fassi  1 s i n  the cor re la t i ve  Ironside deposits were dated 
as 1 a te  Miocene t o  middle P l  iocene (Merriam, 191 6). Lowry ( 1  968) reported 
Clarendonian vertebrates i n  the Unity deposits. The Cl arendonian i s  of 
rniddl e t o  1 a t e  Miocene age (Berggren and van Couvering , 1974 ) ,  

Imnside Deposits (T i )  

Tuffaceous s i f  tstone, f i n e  sandstone, and gravel i n  upper W i l  low 
Creek west o f  118" W. longitude are here infomal 'by cal led the Ironside 
deposits, The name i s  derived from the nearby town o f  Ironside, where 
the deposits a1 so occur. 

The nomenclatural h is to ry  o f  the Ironside deposi ts i s  iden t ica l  t o  
t ha t  of the earl ier discussed Unity deposits . Both deposits, a1 though 
treated as a single u n i t  by earlier workers, are here discussed as separ- 
ate, but  correlat ive, informal u n i t s  using local  names. Th is  separation 
i s  t o  draw at tent ion t o  the separate basins i n  which these deposits occur. 

L ike  t h e  Unity deposits, the Ironside deposits are mostly s t ra t i f ied ,  



tuffaceous s i l  tstone and f i n e  sandstone in te rp re ted  as 1 acus t r i  ne i n  
o r ig in  (Brown and Thayer, 1966a; Lowry, 1968; Brooks and others ,  1976). 
Lowry ( 1  968) reported local diatomite,  r i  t r ic  t u f f ,  and gypsiferous beds. 
Lowry a l s o  described interbedded pebb le  and cobble gravel (secs. 20 and 
29, T. 14 S . ,  R. 38 E . ) ,  noting t h a t  ver tebra te  f o s s i l s  a r e  commonly 
found i n  pebble gravel near Ironside.  

Thickness of the  Ironside deposits  w i t h i n  the project  area is unknown. 
Outcrop thicknesses, as determined f ram topographic maps, suggest the 
Ironside deposits are a t  least 60 to  150 rn t h i ck .  

The l m n s i d e  deposits are conformable on the underlying T e r t i a r y  bed 
rock (Brown and Thayer, 1966a) and are unconformable on pre-Tertiary rocks 
(Brown and Thayer, 1966a; Lowry, 1968). No mapped Quaternary deposits, 
except a1 luvium along W i l  tow Creek, occur a top the  I ronside  depos i ts  with- 
in  the study area.  

The Emnside depos i ts  are folded and faulted within t h e  study area 
(Brown and Thayer, 1966a). We t e n t a t i v e l y  map a new f a u l t  t h a t  offsets 
the I ronside  deposi ts .  This fault(?) begins in  sec. 11, T. 15 S . ,  R .  38 
E. and arcs northwestward t o  t h e  NWf sec. 19, T. 14 S ,  , R. 38 E., where i t  
may connect with a f a u l t  previously mapped by Brown and Thayer (1966a). 
This previously unmapped f a u l t  i s  in fe r red  on t h e  basis o f  (1)  a1 igned 
springs, ( 2 )  a1 igned 30- t o  60-m-high northeast-faci  ng escarpments, and 
(3) aligned notches i n  r idges.  

The age o f  the  I ronside  deposi ts  i s  a t  l eas t  l a t e  Miocene, based on 
the same reasons used f o r  t h e  Unity ddpoosits. 

LeRoux Deposi ts (QT1) 

Thick clay,  s i l t ,  sand, and gravel deposi ts  underlying the La Grande 
basin are here informally termed the LeRoux deposits a f t e r  the LeRoux pro- 
perty,  where a deep we1 l penetrates them. f h i  s we1 1 (3/39-531, Hampton 
and Brown, 1964) of fe rs  the  best data  on t h e  deposi ts ,  which Harnpton and 
Brown (1  964) and Gardner and others ( 3  974) termed Quaternary lacustrine 
deposits .  Waf ker (1 979a) termed them Quaternary sedimentary deposi ts  
and Barrash and o the r s  ( I  980) termed them Quaternary a1 1 uvium, The de- 
pos i t s  are poorly exposed, and most o f  the data  describing them are  derived 
from well fogs. 

The LeRoux deposits a r e  mainly clay, s i l t ,  and fjne sand, but gravel 
i s  c m o n  i n  the  upper 160 rn o f  wet 1 3/39-1551. The interbedded gravel 
represents buried stream channels, as we1 1 a s  i n t e r f i  ngering fan deposi ts  
and collurium derived from nearby slopes (Harnpton and Brown, 1964). The 
clay changes color  from ye1 lokr-brown to green o r  blue a t  11- t o  186-111 
depths. Water-well logs reveal the  top o f  the  blue c lay  to be a t  760-to 
823-m el evatjon (Harnpton and Brown, 1964). 

Thickness o f  the  LeRoux deposi ts  va r i e s  from a t r a c e  a t  the edge o f  
the  valley t o  a t  l e a s t  617 m i n  i t s  center ,  the depth o f  well 3/39-551. 



In well 1J38-24R1, the LeRoux deposits extend t o  a depth o f  203 m where 
they overlie the Columbia River Basalt Group (Nampton and Brown, 1964). 

Walker (1 979a) showed these deposits o f f s e t  a1 ong fau l ts  extending 
eastward into the Grande Ronde Val ley f r o m  the  adjacent b a s a l t  highlands. 
Walker (1973) a1 so showed f a u l t s  extending eastward i n t o  the valley north- 
northwest o f  La Grande, where they o f f s e t  f a n  deposits. I t  i s  unknown i f  
these faults also e x t e n d  in to  the LeRoux deposits t h a t  are j u s t  east  of 
t h e  fan deposi ts .  

Age o f  the LeRaux deposi ts  i s  uncertain. Earlier reports consider 
them t o  be Quaternary, presumably because o f  their  poorly consol idated, 
uncemented character where exposed a t  the surf  ace and their stratigraphic 
position above t h e  Miocene Columbia R i v e r  Basalt Group. However, t h e i r  
great thickness suggests they may extend into the Tert iary.  Therefore, 
we tentat ive ly  consider them t o  span Quaternary and late Tertiary time. 



QUATERNARY DEPOSITS 

A var ie ty  of chief ly  nonindurated deposi ts  of known and inferred 
Quaternary age occur i n  the project  area. Where a Quaternary age of a 
deposit i s  inferred, it i s  based on some or a l l  of the following c r i t e r i a :  
( 1  ) a re1 atively noneroded character ;  (2 )  a generally noncemented and 
nonconsol idated state; and (3) an unconfomabl e posi t ion over Miocene- 
Pliocene, o r  01 der,  bed rock. Some of the  deposi ts  contain white, coarse 
volcanic ash t h a t  may be the  Mazama ash, the  approximate 7,000-years-B. P. -age 
(Kittleman, 1973) o f  which provides a maximum age f o r  the  deposits .  
Iden t i ty  o f  the  ash i s  unknown, however, and i t  could actually be several 
ash deposi ts  o f  d i f f e r e n t  sources and ages. 

The Quaternary deposits  a r e  descrj bed as informal rock-strat igraphi c 
uni t s ;  however, they were comonly mapped as morphostratigraphic u n i t s  
because o f  t h e i r  ease of recognit ion;  f o r  example, fan deposits are readily 
apparent as fans on both  topographic maps and a e r i a l  photographs. Thus, 
the descriptions i n  t h i s  report r e f l e c t  t h i s  dual nomenclature, and the  
deposi ts  a r e  discussed i n  terms of both the i r  l i tho log ic  and geomorphic 
character. 

Figure 3 shows the cor re la t ion  and Plates I through V I  show the d i s -  
tri bution o f  the Quaternary deposits  within the project  area. 

A1 1 uvi  m (Qal ) 

A1 luv ium occurs throughout t h e  pro jec t  area i n  stream channels and 
flood pla ins .  Terrace sediment i s  local  ly included w i t h  a t  luvium where 
i t  was not areally extensjve enough t o  map separately. A1 luvium i s  com- 
pored o f  sjl t, sand, and gravel o f  local bed rock types. Basal a1 luvium 
c m n f y  cons i s t s  o f  angular t o  rounded granules t o  cobbles; these grade 
upward t o  massive t o  hor izonta l ly  bedded gravelly sand and then sand and 
s i l t .  

A1 luvium i n  streams draining areas o f  extensive 1 oess-covered basal t  
bed rock may contain 1 i t t l e  o r  no gravel and largely cons i s t  o f  loess-  
derived quartzose fine sand t o  s i l t .  T h i s  type of alluvium i s  common 
near Pendl eton, Condon, and W asco. 

Terrace Sediment (Q ts)  

Terrace sediment, which i s  common throughout the project area, i s  
variously composed o f  s i l t ,  sand, and gravel. The sediment i s  e i t h e r  
mostly gravel o r  mostly sand and s i t t  b u t  i s  rarely a r e a t l y  extensive 



enough to  map a t  a scale o f  1 :250,000. One o f  the mst extensive terrace 
systems is along the Umatilla River upstream from Pendleton, where several 
terrace 1 eve1 s occur between Pendl etan and M i  ssj  on. The 1 owest terrace, 
which i s  1 to  2 in above the Umatilla River, i s  the modern f lood plain.  
The middle terrace i s  about 10 m above the Umati 1 la River near Mission. 
The h i g h  terrace near Mission i s  25 t o  60 m above t h e  Umati 1 l a  River. 
This range o f  elevations for  the  h i g h  terrace i s  obtained from two pos- 
s i  bly correlative terraces nor th  and south o f  the Umatilla River and may 
indicate two, ra ther  t h a n  one, high terraces. 

The age o f  the  Umatil l a  River terrace sediment i s  uncertain, b u t  a 
Quaternary age can be inferred because the terraces occur i n  a valley cut 
into the la te  Miocene-early Pliocene McKay formation. The middle and high 
terrace 1 eve1 s near MS s s i  on are under1 a i  n by carbonate cemented gravel. 
This carbonate cement, based on ~ h 2 3 0 / ~ 2 3 ~  dates ,  indicates t ha t  (1) the 
high terrace has a probable age of > 199,000 years and a maximum age of 
199,000+14,000 years (Appendix 2; sample 202-EB) , and (2)  that the middle 
terrace has a probabt e age o f  47,000+13,000 years, and a maximum age of 
63,000+4,000 - years (Appendix 2; sample 201-EB). 

The Wal l a  Walla River valley contains two terrace levels i n  the Bow- 
lus Hi11 quadrangle. The low terrace, which i s  pa i red ,  occurs as an exten- 
sive valley f l a t  f t o  3 rn above the river. The high terrace, about 18 m 
above the river, i s  discontinuous and nonpai red. 

Other terraces include those along Rock and China Creeks near Arl jng- 
ton and along Shiti ke Creek and the Deschutes River i n  the Warm Springs 
Indian Reservation, Several terrace 1 eve1 s occur along Shi t i  ke Creek 
and the Deschutes River; these terraces have been af fected by lands1 i d i n g .  
The Rock Creek terraces are underlain by a1 luvium; however, the China 
Creek terraces are underlain by Touchet Beds (discussed later). Ter- 
races also occur along the John Day River (Brown and Thayer, 1966a,b; 
Thayer and Brown, 1966~) .  Ages o f  these terraces are uncertain; only a 
general Quaternary age can be inferred on the bas is  of geomorphic positions 
o f  the terraces and their commonly weakly cemented sediment. However, 
terrace sediment may l o c a l l y  postdate 7,000 years B.P. because i t  contains len- 
t i l s  of white volcanic Mazama(?) ash. 

Terrace1 ike depos i ts  of cemented sand and gravel occur near Enter- 
pr ise  and along Trout Creek, north o f  Enterpri r e .  A1 though  Walker ( 1  979a) 
mapped these deposits as Tertiary sedimentary rocks, they are included i n  
this  report with terrace sediment because o f  the i r  restricted occurrence 
only along T r o u t  Creek. 

Fine-grained terrace sediment containing the  Marama(?) ash i s  common 
throughout the project area,  suggesting that the upper varts of the ter- 
races may be corre lat ive  across the area. Recent work shows, however, 
that terraces in semi-arid drainage basins are unlikely t o  be correlative 
from basin t o  basin (Patton and Schumn, 1975, 1981). 



Sedimentary Deposa'ts (Qs) 

This u n i t  includes undifferentiated deposits o f  f l u v i a l  s i l t ,  sand 
and gravel ,  eolian s i l t ,  s lope wash, and residual  s o i l  t h a t  t h i n l y  veneer 
(0.5 t o  2 m th ick)  plateau1 ike surfaces a top the  Deschutes Formation j n  
the Madras area.  This un i t  a l s o  includes undif ferent ia ted  alluvium, 
g lac ia l  d r i f t ,  and fan deposi ts  i n  the  Enterpr ise  valley.  

A1 luvia l  Fan Deposits (Qf) 

Alluvial  fans  are comnon i n  the  project a rea ,  ranging i n  area from 
small fans (0.25 km2) a t  the mouths of  low-order streams i n  s ide  canyons 
t o  l a rge  fans  (1 0 t o  40 km2) as a t  Mjlton-Freewater, i n  the  Grande Ronde 
Valley, and along the western side of the Baker Valley. 

The fans are mapped largely on the  bas i s  of t h e i r  morphology as shown 
on topographic naps and a i r  photos and as iden t i f i ed  by a e r i a l  reconnais- 
sance. Fans were not mapped unless t h e i r  apices  were v i s i b l e .  This  cri- 
t e r ion  e l  iminated various "'high-1 eve1 " deposi ts  mapped by others  a s  fans 
even though they lacked fan morphology. The fan deposi ts  cons i s t  mostly 
of poorly sor ted  angular t o  subangular gravel r e f l ec t ing  the bed rock o f  
t h e  source area; basa l t  i s  the most common rock type.  

Many o f  t h e  smaller  fans are  evident ly  a f  Holocene age because they 
comonly contain the  Mazamal?) ash. The ash i s  reworked in to  1- t o  4-m- 
th ick  lenses t h a t  are interbedded w i t h  sand and gravel.  

Several of the fans are  notably large. An extensive fan in  the Wal l a  
Walla Valley extends downvalley from the  mouth o f  the Wal l a  Wal l a  River 
canyon a t  Milton-Freewater. The age of t h i s  fan deposi t  i s  uncertain,  
I t  predates the  1 a t e  Pleistocene Touchet Beds t h a t  1 argely overl i e  i t .  
Its surface i s  l o c a l l y  ca ed 1- t o  2(?)-in-thjck pe t roca lc ic  K hori- 
zons. One horizon was T h ~ ~ 0 / U ~ ~ 4 - d a t e d  a t  .350,00O years (Appendix 2; 
sample 101-EB), o r  middle-late Pleistocene as  a minimum. 

The Baker Val ley contains several l a rge  fans  along its western edge 
adjacent t o  the El khorn Mountains, E a r l i e r  workers mapped these fans as 
a sing1 e compound fan,  a1 1 uvium, o r  t e r r a c e  gravel (Gi 11 uly, 1937 ; Trau- 
ger, 1950; Lystrom and others, 1967; Brooks and others, 1976). However, 
separate fans can be discriminated (Figure 13) .  

Lindgren (1901) and Trauger (1950) described the Baker Valley fan 
deposi ts ,  b u t  t h e i r  ages of the  fans a r e  uncertain.  The undissected 
morphology of the  fans suggests a f a t e  Pleistocene age. Glacial moraines 
along Rock Creek descend i n t o  the Baker Valley and merge with the  Rock 
Creek fan ,  suggesting t h a t  the Rock Creek fan i s  par t ly  composed of 
Pleistocene g lac ia l  outwash. The Pjne Creek fan may be o f  Quaternary 
age because a white vel canic ash, possibly Mazarna, l o c a l l y  overl i es  i t  
(Grant and Cady , 1914) . 



Five 1 arge a1 1 uv ia l  fans occur i n  the Grande Ronde Val 1 ey a t  the 
canyon mouths of the  Grande Ronde River: Ladd Creek; Catherine, L j t t l e  
and Pyle Creeks; Mill and Warm Creeks; and Willow Creek. The fan along 
Willow Creek i s  a composite fan. Water-we1 1 logs  show tha t  these fans 
cons i s t  of interbedded sand and basa l t  gravel (~arnpton and Brown, 1964). 
Ages of these fans are uncertain. 

The Catherine-Little~yle Creeks fan may be f a u l t e d  along i t s  north- 
eastern margin. Three krn n o r t h  of Union, the margin o f  the fan, i s  a 1 inear, 
1- t o  3-rn-high northeast-faclng escarpment ( i n  sec. 36, 3 .  3 S . ,  R .  39 E. ;  
sec. 31, T. 3 S , ,  R .  40 E. ;  and secs. 6, 7, 8, T. 4 S. ,  R. 40 E.) t h a t  i s  
along the projected t r e n d  of a bedrock f a u l t  (sec. 17, T. 4 S. ,  R. 40 E. )  
mapped by Walker (1979a). A t e r race  or ig in  f o r  t h i s  escarpment seems 
unlikely because terraces several meters high on fans in  the Grande Ronde 
Val ley are rare t o  nonexistent. 

Landsl ide  Deposits (Ql s)  

Landsl ides are  c o n o n  throughout the project  area. They consis t  o f  
unsorted debris derived f r o m  basal t i c ,  andesi t i c ,  sedimentary, and tuffa- 
ceous bed rock. The u n i t  includes rock topples;  rock, debris and ear th  
slumps; and debr is  and earth f 1 ows (termi no1 ogy o f  Varnes, 1978). The 
l a r g e s t  s l i d e s  are rock slumps and earth flows t h a t  occur a t  interbed 
hor izons in the Columbia River Basalt Group and i n  t u f f  of the John Day 
and Mascall Formations. Such lands1 ides are common along the Columbia, 
Deschutes, and John Day Rivers  and i n  the La Grande-Elgin area (Schl i cke r  
and Deacon, 1971; Shannon and Wilson, 1972, 1975a,b; Walker, 1977, 1979b; 
Barrash and others,  1980). 

Exact ages of the lands1 ides a r e  uncertain, but the degree of t h e i r  
erosional d issect ion suggests they a r e  mostly Pleistocene. However, some 
landsl ides  are still  act ive .  

Col 1 uvi urn (Qc)  

This  u n i t  includes col 1 uvium, slope wash, and t a l u s  derived mostly 
f rom the Columbia River Basal t  Group. Slopes o f  valleys incised i n t o  the 
Columbia River Basalt Group are commonly covered by angular, poorly sorted, 
pebble- t o  boulder-size b a s a l t  blocks der ived  from ups1 ope outcrops. Talus 
p i l e s  and cones are  a1 so present on val ley  slopes. Mixing o f  1 ight-colored, 
tuffaceous, interbed-derived sediment with basalt debr is  i s  comon where 
interbeds are present i n  the basalt  sequence. 

White Mazama(?) volcanic ash i s  loca l ly  mixed w i t h  cal luvium. Par t i a l  
cal iche-cementation o f  col luvium i s  comon. Also, loess i s  mixed with 
col 1 uvivm below 975-rn elevation near the Columbia River val  ley. 

The mapping of colluvivm i n  reconnaissance f i e l d  and o f f  i c e  studies 
i s  by nature subjective and often a r e l a t i v e  process, but  i t  i s  indicat ive  
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Figure 13. General ised map o f  the major fans in the Baker Val ley. The Pine Creek 
fan consists of several smaller fans, of which only the Willow Creek 
f an  i s  shown. Pre-fan sedimentary deposits may be eros iona l  remnants 
o f  older f a n s .  



of active geomorphic processes o f  downslope movement. Re1 a t i v e  d i s t i n c -  
t ions  are most appropriate on the  Columbia Plateau; mapping becomes more 
arbitrary or impossible as mountainous terrain surrounding the Plateau is 
encountered. 

Eo1 i an Deposits (Qe) 

This u n i t  includes undifferentiated loess, sand sheets, and sand 
dunes where these types of eolian deposits are  too restricted in area 
to map separately. In the p r o j e c t  area, the unit i s  restricted to the 
Boardman-Umati 1 la area, where fine-grained catastrophic flood deposits 
are windworked into sand sheets and longitudinal dunes. 

The longitudinal dunes trend southwest-northeast, para1 lel to prevai 1 - 
ing southwest winds. Blowouts between the 1 angi tudinal dunes have gravel 
pavements i n  places. The eolian deposits are inferred to be of mostly 
Holocene age because they consist chiefly o f  reworked 1 ate Pleistocene 
flood deposits, 

Sand Dunes (Qd) 

Small , actfve dune fields occur near The Dal les and Boardman, where 
sandy, catastrophic flood deposits are windworked i n to  barchan and sigmoidal 
dunes. Quartzose f i n e  sand to s i l t  comprise the dunes. Dune crests are 
generally transverse to prevai 1 ing southwest winds. Because the dunes 
are derived from late Pleistocene catastrophic flood deposits, the dunes 
are most l i kely of Holocene age. 

Loess (Q?) 

Massive, quartzose silt to f i n e  sand comprise loess that mantles 
up1 and surfaces and h i l l  slopes i n  the  Deschutes-Umatil la Plateau, the 
Horse Heaven Hills, and the low western slopes o f  the Blue Mountains near 
Pendleton. The loess is commonly 5 to 10 rn thick near the Columbia River 
but  thins to less than 1 rn in upland areas away f r o m  the rfver. I t  is 
not present above an elevation of approximately 900 to 1,070 m. 

Two general loess units occur in the project area. They can be 
distinguished by their color, weathering characteristics, and stratigra- 
phic positions. The youngest 1 oess is tan colored, nonconsol idated, and 
noncohesive, w i t h  only weakly developed soil p r o f i  I es. Carbonate commonly 
occurs i n  veins or nodules, but only rarely as platy carbonate in struc- 
tural Cca harizons. The tan loess is typically 1 to 2 rn thick and locally 
contains white volcanic ash (Mazama?) . 

The tan loess locally over1 i e s  an older red-brown loess. The older 
1 oess i s  cohesive and sl ightly plastic to plastic when wet. It i s  comonly 



marked by wet 1 -developed s o i l  p r o f i l e s  having mu1 t ip1  e strong Cca, petro- 
c a l c i c  K horizons, or both. Two t o  th ree  c a l c i c  horizons a r e  common i n  
s ingle  exposures. Thickness o f  the  older  loess i s  uncertain; it ranges 
from 1 t o  7 m th ick  i n  p a r t i a l  exposures t h a t  do not extend completely t o  
the underlying basa l t  bed rock. 

The older loess was not deposited as a s i n g l e  u n i t  but instead repre- 
sents several episodes o f  loess depesi t-ion. Roadcut exposures show t h a t  
episodes o f  o l d e r  1 oess deposit ion were separated by soi  1 -forming in te r -  
val s. Loess deposit ion may have been control  1 ed by pre-exi s t i  ng topography. 
I n  the Horse Heaven Hills area near Pendleton, the thickest loess  deposi ts  
commonly occur on east-facing h i l l s  o r  val ley  wall s she1 t e red  from present-  
day prevail ing southwest winds. 

The unweathered nature of the young loess  suggests it i s  l a t e  P le i s -  
tocene t o  Holocene, an age supported by the  presence o f  the  Mazama(?) ash. 
Also, because the color ,  g r a i n  s i z e ,  and mineralogy o f  sand in  the young 
loess  and the Touchet Beds a r e  i d e n t i c a l ,  the young loess  was probably 
derived, l o c a l l y  a t  l e a s t ,  from t h e  l a t e  Pleistocene Touchet Beds (New- 
comb, 1965) and hence postdates them. 

Age o f  the o lde r  1 oess is uncertain. The calcic and pelrocaf c i c  
horizons i n  the older loess resemble those o f  the Palouse and pre-Palouse 
loesses  of eastern Washington. The Patouse loess i s  corre la ted  w i t h  the 
pre-Wisconsin (Pierce and others ,  1976) Bull Lake Glaciat ion o f  t h e  nor- 
thern Rocky Mountains (Richmond and others, 1965). Thus, the  older loess  
in  the  project  area may be of pre-Wisconsin age. 

Gl a c i a l  Moraines (Qgm) 

Glacial moraines a re  mapped in  the  E l  khorn, Strawberry, and Wal 'Iowa 
Moutains only where the moraines are obvious as landforms. Most moraines 
were mapped f r o m  a i r  photos or from t h e i r  contour pat tern  on topographic 
maps. Lateral moraines f lanking Anthony, Rock, and Antone Creeks and the 
North Powder River i n  t h e  eastern El khorn Mountains were f i e 1  d checked. 
These moraines consi s t  of 1 oose, unweathered, boul dery gravel and sand. 
Some of the same and f i n e  gravel is grus,  derived from the local  d i o r i t e  
bed rock. Large, angular,  par t ia l ly  buried diori t e  blocks occur along 
the crests and s ides  o f  the moraines. 

Precise age of the  moraines i s  uncertain.  Moraines o f  several ages 
are recognized immediately east of the  eas tern  boundary o f  the project 
area. Stoval 1 (1929) and Lowel 1 (1939) in terpre ted moraines a t  and near 
Wal lowa Lake as deposited by two glacf a1 episodes. Crandell (1967) in te r -  
preted the Wallowa Lake moraines as recording two Wisconsin (10,000 t a  
80,000yearsB.P.) and t w o  pre-Wisconsin (> 130,000yearsB.P.) g lac ia l  
episodes. Burke (1 980) reinterpreted the Wall owa Lake moraines a s  record- 
ing th ree  g lac ia l  episodes. Kiver (1 974) recognized th ree  Holocene gla- 
c i a l  episodes i n  the Wal lowa Mountains, with ages greater than 6,000 years 
B.P., between 3,000 t o  1,800yearsB.P,, and less than 400yearsB.P. 





preci sef y descrf bes it. 

The u n i t  cons i s t s  ch ie f ly  o f  angular, poorly sor ted ,  granule t o  l a rge  
boulder gravel . Other rock types include crystal  1 ine  and metamorphic rocks, 
a s  well as c l a s t s  of ca l iche  and ca l i ch i f i ed  t u f f  from older ,  pre-flood 
deposits .  The gravel i s  commonly openwork, a1 though coarse sand matrix 
p a r t i a l l y  f i l l  s i n t e r s t i c e s .  Bedding types vary wi th  t h e  depositional 
se t t ing .  Downstream from Wallula Gap along the r e l a t i v e l y  f l a t  f l o o r  of 
the  Columbia River val ley ,  the deposit resembles a 1 arge  fan. The gravel 
i s  massive or i n  subhorizontal o r  1 enticul  a r  c r o s s - s t r a t i f i e d  sets as 
thick as  several meters. targe-scale foreset beds occur where gravel 
aval  anched i n t o  pre- f  1 ood va1 1 eys . Excel l e n t  examples a r e  1 ocated 3 km 
southeast o f  Arlington in  A1 kat i Canyon; i n  the John Day River val ley 
south o f  t h e  "'Nook'"secs. 11, 12, 13, T, 2 N . ,  R. 18 E. ;  and sec. 18, 
T. 2 N., R. 19 E ) ;  and a t  Fairbanks Gap (sec. 25, T. 2 N. ,  R. 14 E.) and a 
s imi lar ,  unnamed gap 5 km west of Fairbanks Gap. These " s i d e h i l l "  (A1 1 i- 
son, 1933) deposi ts  consist  of poorly sor ted  basal t granule t o  bouf der 
gravel i n  la rge-scale  foreset beds t h a t  dip away from the  sp i l lover  chan- 
nel s . 

West of Arlington, flood gravel a lso  occurs i n  eddy bar deposits ,  
s imi la r  to  those described by Baker (1973), a t  the mouths o f  canyons 
t r ibu ta ry  t o  the Columbia River. The gravel i s  i n  0.5- t o  2-rn-thick beds 
t h a t  d i p  i n  many angles in  d i f f e r e n t  di rect ions .  The beds a r e  commonly 
lenticular, and they i n t e r f i  nger with 1 ent icul  a r ,  discontinuous beds of 
massive o r  para1 lel-laminated sand. Large, I -  t o  2-rn-wide blocks o f  
columnar basa l t  a r e  sca t t e red  within the  eddy bar deposits. The eddy bars 
have been trenched by p o s t - f l  ood erosion. 

Touchet Beds (Qt) 

Rhythmical 1 y bedded, normal -graded sand and s i l t  deposi ts  i n  the 
Ualla Wal l a  Valley were named Touchet Beds a f t e r  the town of Touchet 
( F l i n t ,  1938). Although F l i n t  d i d  not agree with t h e i r  flood o r i g i n ,  
1 a t e r  workers showed t h a t  ca tas t rophic  f loods deposited them (Newcomb, 
1965; Farooqui, 1977; B jornstad,  1980; Waitt,  1980). Similar  deposi ts  
i n  the project  area were e a r l i e r  recognjzed and mapped as Touchet Beds 
(Shannon and Wilson, 1972, 1973, 1975a,b). We continue t h i s  usage. 

The Touchet Beds occur i n  t r i b u t a r y  val leys  o f  the Columbia River 
t h a t  were backflooded by catas t rophic  floods. These beds a r e  the "slack- 
water" d i s t a l  equivalent  of the h igher  energy flood gravel deposits .  

The Touchet Beds grade l a t e r a l l y  upcanyon from interbedded sandy 
basa l t  gravel and b a s a l t  and quartzose sand t o  f ine-grai ned, dominantly 
quar t tose  sand and s i l t .  Mica i s  a1 so present. The beds a r e  rhythmic 
and normal graded. This  upval 1 ey, proximal -to-di s t a l  var ia t ion i n  g r a i n  
size  is common t o  the  Touchet Beds and i s  in terpre ted as being caused by 
dimini shing currents  surging upval 1 ey during f I ooding . The deposits  are 
confined below 335-m elevation i n  the  Walla Walla Valley and other  valleys 
t r i b u t a r y  t o  the Columbia River. 



The Touchet Beds a1 so contain isolated stones o f  exotic,  nonbasal t 
rock types probably re1 eased as dropstones from icebergs. Cl astic dikes 
are a1 so common i n  the Touchet Beds and, in places, i n  the flood gravel 
(Shannon and Wilson, 1974a, 1975b). 

Residual Soil (Qrs) 

This unit consists of in-place s o i l  on top of the Grande Ronde and 
Wanapum Basal t s  along the broad upland surface of the Blue Mountains a n t i -  
c l i n e .  The s o i l  occurs above 1,070-m elevation on horizontal  or gently 
undulat ing terrain. It consists o f  a red t o  red-brown, clayey silt or 
silty clay matrjx containing angular to subangular pebble- to boulder-size 
basalt stones. The stones are mostly decomposed. The proportion o f  stones 
increases downwards t o  I arge, spheriodal l y weathered basal t  blocks o r  
i n t a c t  basa l t  bed rock. The soil i s  commonly 1 to  10 m thick, but  i t  may 
be less than 1 m i n  thickness. 

Gravel Deposits (QTg) 

Gravel deposits of partial ly consol idated, poorly sorted, sandy basal t 
and andesite cobble to boulder gravel comprise this u n i t .  I t  i s  confined 
t o  the eastern margin o f  the Cascade Range and forms an eastward-thinning 
wedge atop the upper, bench-forming basalt flows o f  the Deschutes and 
Tygh Val  1 ey formations. 

The age of th is  gravel i s  uncertain.  I t  ever1 i e s  the middle Miocene 
to early Pliocene Deschutes Formation and Tygh Val ley formation, but no 
mappable younger u n i t s  cover i t i n  the project area. 



QUATERNARY -TERTIARY SEDI MENTARK DEPOSITS (QTs ) 

This unit includes undifferentiated terrace, pediment, glacia l  outwash, 
water1 ai d t u f f ,  a1 1 uvia l  fan, sl opewash, and cot l uvial deposi ts .  We have 
no t  dif ferentiated the d i f f e r e n t  types o f  deposits because o f  sparse ex- 
posures and the i r  1 imited distribution. 

This u n i t  occurs throughout the project area and i s  confined t o  intra- 
or intermontane basins. These basins include the upper John Day River 
valley near Prairie City; the Phipps Meadow (T. 11 S . ,  Rs. 35 and 36 E . )  
and Whitney areas (Tps. 10 and 11 S., R .  36 E . ) ;  Big Sumit Pra i r i e ;  
t h e  North Fork Burnt River valley;  the Burnt River Valley; the southern 
Unity basin; Sumpter Val ley;  the Baker Valley near Baker, Haines, and 
North Powder; the  Indian Valley near Elgin; and the Ukiah basin. 

The stratigraphic relation of these deposits t o  o lder  or younger u n i t s  
is largely unknown. I n  the Baker Val ley,  these deposits a r e  mapped separ- 
ately from t h e  alluvial fans there because (1) they are more dissected 
than the fans, and (2) the i r  surfaces are topographically higher than 
those of the  fans. These QTs deposits may, however, be erosional remnants 
of older  fans. 

These Quaternary-Tertiary sedimentary deposits in the Baker Val 1 ey 
are lacally folded. At a location 8.5 km northwest o f  Baker, at  the mouth 
of Washington Gulch (NW4 sec. 11, T. 9 S., R. 39 E . ,  Wingvil l e ,  Oregon, 
7.5-mi nute quadrangle), beds are t i 1  ted northwards. Lenticular pebble 
layers, 0.25 t o  0 . 5  m thick, have apparent dips  o f  36" to 42' N, Strike 
could not be determined. The t i 1  ted 1 ayers are i sola ted i n  structureless 
tan silt t o  very coarse sand. The ti1 ted layers may be re1 ated to motion 
a1 ong nearby fauf ts mapped by Trauger (1 950) and Brooks and others (1 976). 

These Quaternary-Tertiary sedimentary deposits i n  the Indian Val 1 ey 
consist of  tuf faceous silt and sand and basal t gravel , as exposed a t  the 
surface. Three water-we1 1 logs (Hampton and Brown, 1964) indicate 1 ocal 
thicknesses o f  11 rn (well 1W/39-22Bl) t o  15 rn (wells 1NJ39-15J1 and 
1N/39-16G1). The deposits  overlie clay and sand t ha t  Hampton and Brown 
(1964) interpret t o  be a separate l acus t r ine  unit. 

These same deposits  i n  the Ukiah basin have been loca l ly  confused 
with  interbeds. Wal ker (1 973) mapped Tertiary sedimentary rocks of post- 
Columbia River Basalt Group age near Ukiah; however, our mapping shows 
t h a t  some of these deposits are instead locally exhumed interbeds capped 
by t h i n  flow remnants. The deposi ts  themselves consist of subangular 
b a s a l t  cobble gravel t h a t  over1 i e s  tan-brown, tuffaceous mudstone and 
s i  1 l. Locally , the depasi t consists solely of cobble gravel . 

The Quaternary-Tertiary sedimentary deposits in the Ukiah basin 
loca l ly  faul ted along normal f a u l t s  (Walker, 1973). We recognize one new 



fault  t h a t  i s  exposed in a roadcut north of  Camas Creek (SWt SE) NWB 
sec. 7, T. 5 S . ,  R, 32 E.). The f a u l t  i s  on trend w i t h  a f a u l t  mapped 
by Walker (1973) t o  t h e  north. The fault consists of a 2-m-wide shear 
zone t h a t  juxtaposes b a s a l t  on i t s  eastern side against b a s a l t  and over- 
ly ing s i l t s tone  and sandstone on i t s  western side. Gravel mapped as 
Quaternary-Tertiary sediments over1 i es  the fault  but i s  not of fset .  I t  
does, however, thicken westward across the f a u l t .  Beneath the gravel, 
bedding i n  siltstcine and sandstone also mapped as these sediments may be 
of fset  along a secondary f a u l t  10 rn west o f  the main f a u l t .  This offset  
i s  tenuous, however, because t h e  bedding is poorly defined. 



QUATERNARY AND LATE TERTIARY VOLCAN E C ROCKS 

A variety of volcanic rocks and deposits occurs in the project area,  
and they are  grouped here i n t o  three categories: Tertiary volcanic rocks,  
undifferentiated Quaternary-Tertiary volcanic rocks and deposits, and 
Quaternary basalt $1 ows. They are described below. 

T e r t i a r y  Volcanic Rocks (Tpmv) 

T h i s  unit consists of two subunits: (1) andesite flow5 along the 
eastern margin of the Cascade Range; and ( 2 )  andesi t ic  and basaltic cinder 
cones (Gardner and others,  1974; Walker, 1979a) southeast o f  Union, in the 
southeastern Grande Ronde Val ley. 

The andesite flows along the eastern margin o f  the Cascade Range 
unconfomably over] i e  the Chenoweth formation near The Dal 1 es  (Newcomb, 
1969). El sewhere, the f l ows  are  d i  sconformabl e on the Chenoweth forma- 
tion (as  near Tygh Ridge) and on the Tygh Val ley formation and Deschutes 
Fomation. The andesi te f l o w s  t ha t  locally overl i e  the Tygh Val 1 ey foma- 
tion and Deschutes Fomation are d i s t i n c t  f r o m  the b a s a l t  f l o w s  interbedded 
wi th  these formations. 

Available K/Ar dates indicate an overlap in the ages o f  the Chenoweth 
formation and andesite, suggesting they could be contemporaneous. The 
Chenoweth fo rmat ion  i s  approxjmately 5 t o  7 m.y. ; the adjacent Cascade 
Range andesi t e s  are dated a t  8.05.8 m.y. (Appendix 2; sample 103-WB-B) 
and 3 to  7 m.y. (Wise, 1969). 

The andesite f l o w s  overlying t h e  Deschutes Formatjon near the Madras- 
Rednond area are inferred to  be of l a te  Tertiary age because (1) they 
overl j e  the  middle Miocene t e  ear ly  Pliocene Deschutes Fomation;  and (2)  
they are I a te ra l  ly adjacent, but  perhaps not equivalent, t o  3.9-m.y. -01 d 
central High Cascades volcanic rocks (Taylor, 1980). 

Quaternary-Tertiary Yo1 canic Rocks and Deposits (QTv) 

This  unit includes a variety o f  undifferentiated vol canic rocks and 
deposits such as andesite and basal t  f l o w s ,  cinder cones, breccia, tuff 
breccia, volcanic debris f l o w  deposits, and ash-flow tuffs. The ages o f  
these rocks are  comonly unknown ; previous mappers inferred Tertiary or 
Quaternary ages for  them. For t h i s  report a1 1 such uni ts  are grouped 
into a single ,  general unit o f  Quaternary-Tertiary age. An andesite vent 
near Elgin el ones Butte; Appendix 2 ,  sample 507) is dated a s  2.0 m-y., 



and an intracanyon b a s a l t  flow i n  the Crooked River  canyon near Rechnond 
i s  dated a t  7.1 m.y. (Appendix 2, sample I F ) .  

Quaternary Basalt Flows (Qb) 

This unit specifical ly includes intracanyon basa l t  flows near The 
Dalles along the eastern margin o f  the Cascade Range. These Slows are 
mapped separately because Newcomb (1969) speci f ica l ly  recognized them a s  
basalt f lows.  The age o f  t h e  flows i s  important because they unconfom- 
ably  over1 ie the Chenoweth formation. Newcomb (1 969) considered them t o  
be Quaternary, but  precise radiometric ages o f  the flows are unknown. 



GEOLOGIC STRUCTURES 

This sect ion svmmarizes ( I  ) the major structures t h a t  def ine  struc- 
tu ra l  basins in  which post-Cel urnbia River Basal t  Group deposi ts  accumu- 
l a ted ;  and (2 )  major faults t ha t  cut the Neogene and Quaternary deposits. 
Minor s t ruc tu res  t h a t  1 ocal ly a f f e c t  s p e c i f i c  deposi ts  are discussed 
e a r l  ier with in the descr ip t ions  o f  those  deposi ts .  

S t ructura l  Basins 

Major s tructural ly defined basi n5 t h a t  are a1 so modern topographic 
basins occur in  the pro jec t  area.  These basins are separated by regional 
a n t i c l  ines, and none of them a r e  geographically connected. 

Each basin contains deposi ts  of pos t-Col urnbia River Basal t Group age. 
The basins are variously developed in  the basal ts o f  the Columbia River 
Basal t  Group and older  rocks. The basins are of two fundamental types: 
(1 ) f l  at-bottomed, plunging syncl inal basins; and (2 )  faul  t-control  3 ed 
basins. The sync1 i nal basins a r e  the Agency, Arl ingtan-Boardman, The 
Dal 1 es, Tygh Val 1 ey, Madras, and John Day basins. The f a u l  t -control  1 ed 
basins are  the La Grande, Baker, Unity, and I ronside basins. The basins 
and their deposi ts  a r e  shown i n  Figure 14. The major ant ic1  ines, a1 so 
shown i n  Figure 14, are not described here because they are  composed of 
the folded Columbia River Basal t  Group and o lder  rocks, whjch are  not pa r t  
of t h i s  inves t igat ion.  

The ages of the basins are uncertafn but can be estimated by con- 
s ider ing the  age of the youngest u n i t  involved i n  basining and the age o f  
the  i n f i l l  ing deposi t .  Estimates of the ages of the  basins are shown in  
Table 1. The discordant ages o f  the rocks t h a t  f l o o r  the basins s u g g e s t  
t h a t  these basins developed a t  d i f f e r e n t  times wi th  respect t o  each other.  

Synclinal Basins 

The Agency basin i s  defined by the Agency syncl ine ,  which i s  bordered 
on the west by the Reith a n t i c l  ine  and on the east by the Blue Mountains 
a n t i c l i n e .  The basin contains the McKay formation. The synclr'ne i s  
doubly-pl unging ; i t s  northern temi nus i s  north of Pendl eton aga inst  the 
southern dipslope of the Horse Heaven H i l l s  a n t i c l  ine. Its southern ter- 
minus i s  defined by the  gradually r i s i n g  f l o o r  of the  Agency syncline.  

The ArF ington-Boardman basin extends along the  Dal les-Urnatill a syn- 
c l ine  from the John Day River eastward t o  the Service a n t i c l i n e ,  i t s  
eastern border. The Columbia H i  1 l s anticl i n e  i s  the  northern boundary 



Figure 14. General {zed loca t ions  o f  Neogene basins and major structums. Only the Oregon por t ions  of  the basins are  shown. Baker basin continues southeastward beyond t h e  
project area. Former western extent of The Dalles. Tygh Valley and Madras basins obscured by f a u l t i n g  and burlal beneath andesite flows. Structures general ized 
f r o m  Newcomb (1970) and Shannon & Wilson. Inc. (1972).  



Table 1. Estimated time o f  Neogene basin development 

BASIN  mL AGE OF DEPOSITS 

Agency Tdm Late Miocene-earl y P l  iocene 

Arl ington-Boardman 

The Dalles 

John Day 

La Grande 
U1 

Madras 

Tygh Val  I ey 

Baker 

I ronside  

Un i t y  

Tda Late Miocene-earl y P I  iocene 

Tdc Late Miocene-Pl iocene 

QTsr L a t e  Miocene-earl y P I  iocene(?) 
Tm Earl y-mi ddl e Miocene 

QTs ? 
QT1 Late Miocene(?)-Pl e is tocene 

Tdd Middle Miocene-Pl iocene 

Tdt Hiddl e Miocene-early Pl iocene 

Tb Midd l  e-1 a te  Miocene 

T i  Middl e-1 ate Miocene 

Tu Middl e-1 ate Miocene 

YOUNGEST BAS I N  FLOOR ESTIWED TIME OF 
BAS I N  DEVELOPMENT 

u n i t 2  - Age (rnly.) 

Frenchman Spgs. Mbr. 1 2-1 4 Middl e-1 a t e  Miocene 

Elephant Mtn. Mbr. 10.5 Middle-lateMiocene 

Pr ies t  Rapids Member 12-1 4 M i  ddl e-l ate  Miocene 

Pic tu re  Gorge Basalt  14-1 6 Early Miocene 

Grande Ronde Basalt 14-1 6 Ear ly- la te  Miocene(?) 

Grande Ronde Basal t  14-1 6 Middl e-late Miocene 

Frenchman Spgs. Mbr. 12-1 4 Middle Miscene 

Grande Ronde Basal t 14-1 6 Early-middl e Mjocene 

Strawberry Yo1 canics  3 2-1 4 Early-middl e Miocene 

Strawberry Vol canics 12-1 4 Earl y-middl e Miocene 

See description of individual  u n i t s  i n  tex t  for explanation. 

' Except f o r  the Strawberry Volcanics, a1 1 u n i t s  belong t o  t h e  Columbia River Basalt  Group. 



1 U n d i f f e r e n t i a t e d  Columbia River B a s a l t  Group 

2 Selah member, El lensburg Fomation 

3 Pomona Member, Saddle Mountains B a s a l t  

4 Rattlesnake Ridge member, E l  lensburg Formati on 

5 Pornona Member, Saddle  Mountains Basalt 
6 A l k a l i  Canyon formation, D a l l e s  Group 

Figure 15. S t r a t i g r a p h i c  relations of the A 1  k a l  i Canyon 
formation, E l  lensburg Formation and Columbia River 
Basalt Group near  western end o f  t h e  A r l i n g t o n  - 
Boarhttan basin.  Turner Butte a n t i c 1  ine may have 
acted a s  b a s i n  boundary. Isopachs drawn i n  f e e t  
for Se lah  member (modified from Kent, 1978). 



of the  basin. I t s  southern boundary i s  def ined by the nor thern  f lank o f  
the Blue Mountains a n t i c l  ine, s p e c i f i c a l l y  along the W i l  I ow Creek mono- 
c l i n e ,  a north-d ipping f l exu re .  The western boundary o f  the basin i s  l ess  
obvious b u t  appears t o  be the Turner B u t t e  a n t i c l  i n e  eas t  o f  the  John Day 
River .  The basin contains the  A1 k a l l  Canyon f o m a t i o n ,  former1 y thought 
t o  be an eastward extension o f  t h e  Da l les  Formation (Newcomb, 1966). 
However, our  mapping shows t h a t  the  A l  ka l  i Canyon f o m a t i o n  does n o t  
extend west o f  t h e  John Day River. The Turner Butte a n t i c l i n e  i s  the o n l y  
mapped structure t h a t  c o u l d  act as a basin boundary. Subsurface data 
(Kent, 1978) show t h a t  the an t ic l  i n e  a c t e d  as a basin boundary during 
depos i t ion  o f  the  Selah member (El lensburg Formation) (F igure 15) .  The 
a n t i c l  ine may have continued i t s  r o l e  as a basin boundary through A1 ka l  i 
Canyon time. 

The Chenoweth format ion i s  conf ined t o  t h e  Da l l es  basin. The Dal l es  
'basin i s  broadly def ined by the southwest-pl unging Da l  les-Umatil 1 a and 
Mosier syncl ines.  The nor thern  boundary o f  t h e  basin i s  the  Columbia 
H i l l s  a n t i c l i n e .  I t s  southern boundary i s  the  Tygh Ridge a n t i c l j n e .  I t s  
eastern boundary i s  b a s a l t  upland. The western boundary i s  obscure be- 
cause the Chenoweth f o m a t i o n  i s  d is rup ted by t h e  Hood R ive r  f a u l t  and i s  
o v e r l a i n  by younger andesite f lows o f  t h e  Cascade Range. 

The Tygh Val ley  format ion i s  conf ined t o  the Tygh Va l l ey  basin, whose 
nor thern  boundary i s  t h e  Tygh Ridge a n t i c l  ine. The southern boundary of 
the basin i s  the Mutton Mountains, a pre-Columbia R ive r  Basa l t  Group s t ruc -  
t u r e  developed i n  the  John Day and Clarno Formations. The basin i t s e l f  i s  
a west-pl  unging syncl ine.  The eastern boundary o f  the basin approximately 
coinc ides w i t h  the  Deschutes R iver  where the Columbia R ive r  b a s a l t  t ha t  
f l o o r s  t h e  syncl i n e  r i s e s  eastward. The western ex tent  o f  the  basin i s  
obscured and bur ied  by younger andesite f I ows o f  t h e  Cascade Range. 

The Madras Basin contains the Deschutes Formation. The bas in  con- 
s i  s t s  o f  several broad syncl i nes developed on the southwest-pl ungi ng B l u e  
Mountains a n t i c l  ine.  I t s  nar thern  boundary i s  the  Mutton Mountains. The 
eastern and southern boundaries are  formed by highlands eroded on the  Blue 
Moutains a n t i c l  ine. The western boundary is obscured beneath andesi t e  f lows 
of the  Cascade Range. 

The John Day basin conta ins  the Mascall and Rattlesnake Formations. 
I t  t rends east-west between t h e  B lack  Bu t te  and Richmond a n t i c l  i nes  on 
the no r th  and the A l d r i c h  Mountain an t i c l  i n e  on the south. The bas in  i s  
t e m j n a t e d  a t  i t s  eastern and western ends by t h e  D i x i e  and Ochoco an t i -  
cl ines, respect ive ly .  

Fauf t -Contro l  l e d  Basins 

The La Grande basin i s  a complex graben t h a t  i s  i n t e r p r e t e d  as a p u l l -  
apar t  basin (Gehrel s and others, 1980). I t  contains the LeRoux deposi ts  
i n  the Grande Ronde Val 1 ey and the Quaternary-Tert iary sedimentary deposi ts  
i n  Ind ian  Val ley.  

The Unity bas in  contains the U n i t y  deposi ts  and i s  def ined by 



northwest- t rending f a u l t s  t ha t  form a graben. The I rons ide  basin 1 i e s  
southeast o f  the U n i t y  basin and i s  also def ined by northwest- t rending 
fau l t s .  

The Baker deposi ts  are contained w i t h i n  s t r u c t u r a l  basins t h a t  cor- 
respond t o  present-day val 1 eys. The present  s t r u c t u r a l  basins are 
bounded by northwest- t rendi  ng f a u l t s ,  and they represent  the down-faul ted 
remnants o f  t h e  o r i g i n a l  depos i t iona l  basin (s)  (Brooks and others, 1976). 
The Baker depos i ts  are separated f r o m  t h e  Unity and ironside deposi ts by 
the Dooley Mountain a n t i c l i n e .  

Neogene Faul t s 

Major faults cut t ing  the Neogene deposi ts  are here named Neogene 
f a u l t s .  The l a t e s t  ages o f  f a u l t i n g  are n o t  known. Most o f  the f a u l t s  
are directly observable; however, some are i n f e r r e d  on the basis of off-  
set  s t r a t i g r a p h i c  u n i t s  and changes in thickness o f  s t r a t i g r a p h i c  un i t s .  

The A1 ka l  i Canyon fornation appears t o  be l o c a l l y  f a u l t e d  along t he  
A r l  ington-Shut1 er 1 ineament (Shannon and W i  1 son, 1973). Thi  s northwest- 
trending 1 neament cons i s t s  o f  doubl y-pl unging an t i c1  ines  and mi no r  f a u l t s .  

The Chenoweth fo rmat ion  i s  cu t  by two major f a u l t s .  They are the 
Hood R ive r  and Cheneweth f a u l t s  (Hewcomb, 1963). The Hood River fault  
runs along t h e  eastern s ide o f  the Hood R ive r  Va l ley  and i s  a north- 
t rending f a u l t  w i t h  the western side downthrown. It extends along the 
base o f  a 300-m-high f a u l t - l i n e  scarp exposing, from bottom t o  top, the 
Columbia R ive r  Basa l t  Group, t he  Chenoweth formation, and vol can7 c rocks. 
The Chenoweth f a u l t  i s  about 16 km tong (Newcomb, 1969) and juxtaposes 
t he  Columbia River Basal t Group on the no r th  s i d e  w i t h  the Chenoweth 
formation on the south side. The Chenoweth f a u l t  cons i s t s  of a wide f a u l t  
zone w i t h  brecciation extending tens o f  meters i n t o  t h e  Columbia R i v e r  
Basa l t  Group. The west end o f  t h e  Chenoweth f a u l t  is bur ied  by vo l can ic  
rocks. V e r t i c a l  displacement on t h i s  f a u l t  decreases eastward, and i t  i s  
n o t  detec tab le  east  o f  Badger Creek (sec. 30, T. 2 N . ,  R. 13 E.). 

The Tygh Val ley  formation i s  cut by a n o r t h e a s t - t ~ e n d i n g  reverse 
f a u l t  along the southern side o f  the Tygh Ridge ant ic l ine .  The fault  i s  
i n f e r r e d  t o  c u t  the Tygh Va l l ey  formation on t h e  bas i s  of 4Ga to  50" S. 
d i p s  i n  the format ion near the fauf  t t h a t  abrupt ly  f l a t t e n  o u t  away from 
the fau l t .  

Outside o f  t h e  p r o j e c t  area, t h e  Deschutes Formation i s  cut by a  
major f a u l t ,  the Green Ridge f a u l t .  T h i s  f a u l t  i s  a 30-km-long nor th-  
t rending f a u l t  t h a t  extends along the base o f  Green Ridge east  of t he  
Meto l ius  R ive r  (Wi l l i ams,  1957; Newcomb, 1970, Taylor, 1980). The f a u l t  
juxtaposes the Deschutes Formation on t h e  east  w i t h  3-m.y.-of d vo lcan ic  
rocks on the west (Taylor, 1980). V e r t i c a l  djsplacement i s  a t  l e a s t  
700 m (Taylor ,  1980). 



The Mascall and Rattlesnake Formations are  cut by the John Day f a u l t  
and f a u l t s  conjugate t o  i t  (grown and Thayer, 1966a,b). She John Day 
f a u l t  i s  a h i  gh-angl e reverse f a u l t  t h a t  approximately follows the trough 
of t h e  John Day basin. Total vert ical  of f se t  along the  John Day f a u l t  i s  
unknown. The Rattlesnake ignimbrite is offse t  122 m, b u t  the basal R a t t l e -  
snake Formation may be o f f s e t  a t  l e a s t  305 m (Brown and Thayer, 1966b). 

The Baker, Ironside, LeRoux, and Unity deposits are  cut by numerous 
fau l t s ,  most of wh ich  trend northwest. The f a u l t s  col lectively define 
the basins in which each u n i t  occurs. 

Quaternary(?) Faults 

A few f a u l t s  o f  probable Quaternary age occur i n  the Wal l a  Walla, 
M i  1 ton-Freewater, and La Grande areas (Bingham and others, 1970; Swanson, 
Anderson, and others,  1979; Kienle and others, 1979; Farooqui , 1979; 
Slemmens and O'Malley, 1980). The presence of these faults i s  based both 
on d i r ec t  observations of faulted Quaternary( ?) deposits and en 1 inear 
features observed i n  Quaternary deposits t ha t  over1 i e  the Columbia River 
B a s a l t  Group. 

The Wallula f a u l t ,  a major f a u l t  t h a t  trends northwestward from near 
M i  1 ton-Freewater t o  the Wall u l  a Gap area, shows evi dence f o r  probabl e 
Quaternary faul t ing ( B i  ngham and others, 1970; Farooqui , 1979). The Thorn 
Hollow and Litt le Dry Creek f a u l t s  i n  the  Milton-Freewater and Pendleton 
areas o f f s e t  loess  and colluvium (SWa NE) sec. 2, T. 4 N., R. 35 E . ;  and 
NEa sec. 11, T. 4 N., R .  35 E . )  (Kienle and others, 1979; Swanson, Ander- 
son, and others,  1979). Kienle and others (1979) a1 so reported f au l t ed  
Touchet Beds south of Urnapine, near M j  1 ton-Freewater. Slemons and 
O'Mal ley (1980) interpret recent f a u l t i n g  to  have occurred along the 
northeastern side o f  the La Grande basin. 
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APPENDIX 1 . 
L i s t  o f  Mapped Quad rang t es 

Baker AMS Sheet 

Baker ( F )  
Blue Canyon ( F )  
Bwen Valley ( F )  
Brannon Gulch (0) 
Dooley Mountain (0) 
Encina (0) 
French Gulch (0) 
Haines (F) 
Keating (0) 
Keating N W  (0) 
Lost Bas in  (0) 
Magpie Peak (F )  
Oxrnan (0)  
Sawtooth Ridge (0) 
V i  rtue Flat  (0) 
Wingville (F) 

Bend AMS Sheet 

Brewer Reservoir (F) 
Buck Butte (F)  
Cul ver (F)  
Gray Butte (F) 
Hehe Butte ( F )  
Keys Creek (0) 
Madras East (F) 
Madras West (F) 
Metol i u s  Bench ( F )  
M t .  Pisgah (0) 
Opal City ( F )  
Peterson P o i n t  (0) 
Potters Ponds ( F )  
Round Butte (F) 
Seekseequa Junction (F) 
Simnasho (0) 
Steel head Fa1 Is (F) 
Teller B u t t e  (F) 
Warm Springs (0) 
Williams P ra i r i e  (0) 

7.5-Minute Quadrangles 

Canyon City AMS Sheet 

Aldrich Gulch (0) 
A l d r i c h  Mtn. Nor th  (0) 
Anthony Lakes (F) 
Antone (0) 
Austin (0) 
Beaverdam Creek (0) 
Big Weasel Springs (0) 
Bourne (F) 
Bullrun Rock (01 
Canyon MountaSn (0) 
Castle Creek (0) 
Day Basin (0) 
Dayvitle (0) 
Deardorf f (0) 
Derr Meadows (0) 
Eldorado Pass (0) 
Elkhorn Peak  (.F) 
Fa1 1 Mountain (0) 
Hereford (0) 
John Day ( 0 )  
L i t t l e  Baldy Mountain (0) 
L i t t l e  Summit Pra i r ie  10) 
McCl el 1 en Mountain (0) 
Mount Yernen (0) 
Phi l l ips  Lake (F) 
P i n e  Creek Mountain (0) 
Pogue Paint  (0 1 
R a i l  Gulch  (0) 
Rastus Mountain (0) 
Rock Creek (F) 
Shop Gulch (0) 
S i x  Corners (0)  
Sumpter (0)  
U n i t y  ( 0 )  
Unity Reservoir (0) 
Whitney (0) 
Williams P ra i r i e  (0) 
Wol finger B u t t e  (0) 
Wolf Mountain (0) 





APPENDIX 1 . 
(continued) 

7.5-Minute Quadrangl es 

Pendl eton AMS Sheet (con t . ) Pendleton AM$ Sheet (cont.) 

Hoodlum Canyon ( 0 )  Srneltz (F) 
Huron (0) Stanfield (0) 
lone North (0) S t a n f i e l d  SE (0) 
Ione South (0) Strawberry Canyon NE (0) 
I r r igon  (0) Strawberry Canyon SE (0) 
Juniper (0) Strawberry Canyon SW (0) 
Juniper Canyon ( F )  Sugarbowl Creek ( 0 )  
Kamela SE (0) Sul l  ivan Gulch (0) 
La Grande Reservoir ( 0 )  Sumerf  ield Ridge (0) 
La Grande SE (0) Summerville ( 0 )  
Lake Penland (0) Swaggart Buttes ( 0 )  
Lefevre P r a i r i e  (0) Table Rock (0) 
Cehman Springs (0) Tamarack Gulch (0) 
Lena (0) Jhimbl eberry Mountain (0) 
Lex i rig ton (0) Thompson F l a t  (0) 
Limber Jim (0) Thorn Hol l o w  (F) 
L i t t l e  Beaver Creek (0) To1 lgate  ( F )  
Lone Rock (0) Tower Mountain (0) 
Lone Rock Creek (0) Tucker F f  a t  (0) 
Madison Butte (0) Ukiah (F) 
Marley Creek (0) Ukiah SE (0)  
Matlock P r a i r i e  (0) Urnatilla (0) 
McIntyre Creek (0) Utts  But te  (0) 
Meacham (0) Vey Ranch (0) 
Meacham Lake (0) Vinson (0)  
McKay Reservoir (0) Waterman (F) 
Mi 1 ton-Freewater ( F )  Well Spring (0) 
Mission ( F )  Weston Mountain ( F )  
No1 i n  (0) 
N Y ~  (0) 
Ordnance ( 0 )  The Dalles AMS Sheet 
Owens Butte (0) 
Paterson (0) Arl ington (0) 
Pearson Ridge (0) Bath Canyon (0) 
Pendleton (0) Biggs Junction (F) 
Peterson Ridge (F) Bronx Canyon (0) 
P i l o t  Rock (0) Brown Creek (F) 
Ring I F )  Buckhorn Canyon (0) 
Ruggs ( 0 )  Chimney Springs (0) 
Sanderson Spring (0) Condon (0) 
Service Buttes (0) Cr i te r ion  (0) 
Service Buttes NW (0) Dar t  (0) 
Sevenmile Creek (0) Dead Dog Canyon ( 0 )  
Skinners Fork (0) Devils Backbone (0) 



APPENDIX 1 . 
(continued) 

7.5-Mi nute Quadrangl es 

The Dal les AMS Sheet (cont .  ) The Dalles AMS Sheet [cont.) 

Devi l s Gap ( 0 )  Mikkalo (0) 
Dufur East (0) Mora (0) 
Dufur West (F) Petersburg ( F )  
Emerson (F) Postage Stamp But te  (F) 
Erskine (0) Quinton ( F )  
Esau Canyon (0) Rock Creek Reservoir ( F )  
Fivemile Butte (F) Rosebush (0) 
Flat Point (F) Rufus (F) 
Foreman Point IF) Salmon Fork (0) 
Fossil North (0) Schott  Canyon (0) 
Friend (F) Shaniko (0) 
Grass Valley (0) Sherars Bridge (0)  
Harmony (0)  Shoestring Ridge (0) 
Heppner Junction (0) Shutler Flat ( F )  
Hickland Butte (0) Sinamox (0) 
Horn Butte (0) Stacker Butte (F) 
Horseshoe Bend (0) Surmni t Ridge (0) 
Igo But te  (0) Sundale (F) 
I n d i a n  Cove ( 0 )  Sundale NW ( F )  
Ind ian  Spring (0) The Dalles North (F)  
Gwendol en (0) The Dalles South (F) 
Kent (0)  Turner Butte (F) 
Ketchum Reservoir (F) Tygh Valley ( F )  
Klondike ( F )  Wamic (F) 
l o c u s t  Grove ( F )  Wapinitia (F) 
Lyle (FI Wasco (F )  
Macken Canyon (0) White Salmon (F) 
Matney F l a t  (0) Wishram ( F )  
Maupin (0) Wolf Hollow Falls (0) 
Maupin SW (F) Wolf Run (F) 
McDonald (F) Wood Gulch (0) 

15-Minute Quadrangl es 

Canyon City AMS Sheet 

Prairie City ( 0 )  

Explanation: 

Grangevi 1 1 e AMS Sheet 

Enterprise (0) 
Sled Springs (0) 

0 = Off ice  Compilation Map 
F = Field Map 
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APPENDIX 2. 

Radiometric Ages and Locations of Samples 

Sampt e Location Sampl e Description 

1 / Probable >350,000 y q  
Maximum >350,000 yr-/  

101-EB NW& sec. 3 ,  T. 5 N . ,  
R. 36 E. and follow- 
i ng 

Caliche horizon in Qf, 
Walla Walla Valley 

201 -EB SB NW4 sec. 9, 
T. 2 N., A .  33 E .  

Cal i che horizon i n  
Umati 1 1 a River terrace 

Probable 47 + 13 
( X  703) y f i  . - 

Maximum 63 + 4 
(x-103) y& 

Probable ,199,000 y 8  
Maximum 199 + 14 

(x  I@) yr- 

- 
2/ 7.6 + 0.8 m.y.- 

202-EB SWi sec. 1, T. 2 N., 
R .  33 E. 

Cal iche horizon i n  
Umati 1 1 a River terrace 

101-WB SE) SWa SE& sec. 26, 
T. 3 S., R. 12 E. 

"Juniper F l a t  basal t," 
Tygh Valley format ion 
(Tdt) 

Andesi t e  (Tpmv) over 
C henoweth formation 
( f  dc l  

103-WB NW) NW3 NE4 sec. 16, 
J. 2 S.,  R. 11 E. 

0asal t flow interbedded 
w i t h  Chenoweth forma- 
t i o n  (Tdc) a t  Fulton 
R i d g e  

Tu f f  i n  Tygh Valley 
formation (Tdt) strati- 
graphically below 
"Juniper Flat basalt" 

106-WB S$ NEf sec. 9, 
T. 4 S . ,  R. 33 E. 

107-WB W3 NE4 sec. 30, 
T. 2 N., R .  13 E. 

T u f f  wi th in  lahar, 
Chenoweth formation 
I'Tdc) 

108-WB NE) SY8 sec. 30, 
T. 2 N.,  R. 13 E. 

Andesi t e  block with in  
lahar, Chenoweth 
formation (Tdc) 

Andesi te (Tpmv) over- 
l y i n g  Chenoweth f o m a -  
t ion (Tdc) 

109-WB NE& sec. 6 ,  
T. 3 S., R .  12 E. 



Sampf e Location 

504 SWJ sec. 19, 
T. 1 0  S., R .  42 E. 

50 5 N E 5  SW+ sec. 11 , 
T. 9 S., R. 42 E. 

506 NEa sec. 5, 
T. 7 S.,  R. 42 E ,  

507 NW& sec. 4, T. 1 N. ,  
a.  39 E m  

1 F swa sec. 1 I ,  
T.  12 S . ,  R .  12 E. 

5F NW$ sec. 21, 
T. 12 S. ,  R .  12 E .  

6F NW& sec. 21, 
T. 12 S . ,  R. 12 E. 

7F NEa sec. 17, 
T. 9 S . ,  R, 12 E. 

8F SWf sec. 11, 
T .  1 1  S . ,  R. 12  E. 

9F0 sec 13 SE4 d ~ b :  ,"; 
T.  11 S., R. 12 E. 

Sample Description !!S 

Welded t u f f  (Tbt) ,  2/ 12.0 5 0.5 my.- 
Baker d e p o s i t s  (Tb) 

Welded t u f f  (Tbt )  , 14.1 5 0.6 m.y.- 21 
Baker deposits (Tb) 

2/ A n d e s i t e ( ? )  f l o w  over- 13.1 50.8rn.y.- 
ly ing Baker deposits (Tb) 

r /  A n d e s i t e ( ? ) v e n t i n  2 .0+0 .8n .y . -  
Ind ian  Valley near 
E l g i n  (Qfv)  

Crooked R i v e r  intra- 2/ 7.1 + 1.8 m.y.- 
canyon basalt f t ow 
(QTv) 

P l  ateau-fomi ng - 2/ 10.7 + 1.2 m.y.- 
basal t  flow of 
Deschutes Forma t ion 
ITdd) 

r /  B a s a l t  f l o w  interbedded 13.2 2 1 . 5  rn.y.- 
w i t h  Deschutes Forma- 
t i o n  (Tdd) 

- 
z/ Plateau-forming basal t  8.9 + 3.0 m.y.- 

flow of Deschutes 
Farma t i on ( ~ d d  ) 

- 
2/ Plateau-forming basalt  22.0 + 8.0 my.- 

f l o w  o f  Deschutes 
Formation (Tdd) 

2 / Round Butte cinder cone 5,9 2 0.6 rn.y.- 
Deschutes Formation 
(TddE 

1' T ~ ~ ~ ~ / u ~ ~ ~  da t i rig o f  cal i che. 

2' K/Ar d a t i n g  
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