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GEOLOG IC FORMAT IO N S  O F  EAST ER N OR E GO N  

( E A S T O F  L O N G I T U D E  1 2 1 °3 0 ' } 

By 

Joh n D .  Beau l i eu 

Geo log ist, O regon Depa rtment Geo logy a nd M i nera l I ndustr ies 

I NTRODUCTI O N 

It is t he purpose of t his pub l i cation to ful fi l l t he need for a compl ete and comprehensive discussion 
of t he formations of O regon  east of l ong i tude 121° 30'. Toget her wit h  Bu l l etin 70 dea l ing  wit h  the 
geol ogic formations of Oregon west of l ong i tude 121 ° 30' it prov ides a ready geol ogic reference for t hose 
doing research in the sta te. 

T he dist ribution , I ithol ogy, age, and strotigrophi c rei otionships of approximate l y  100 formations 
ore discussed. In add i t ion, a l ist of references accompanies t he discussion of each of t he geo logic u nits. 
Owing to the l oca l ized occurrences and poor l y  u nderstood character of t he numerous informa l rock u nits 
in eastern Oregon , however, onl y  a few of t he more significant ones are treated in detai l . 

I t  is evident that  most of centra l and eastern Oregon is in need of more detai led mapping . Specif­
ica l l y ,  t he l a te fvliocene and P l iocene rocks of sout hern and eastern Oregon, t he Pa l eozoic rocks of 
central and northeastern O regon , a nd the Tria ssic rocks of nort heastern Oregon ore poor l y  u nderstood. 
N eve rt hel ess , mapping in recent years, especia l l y in nort heastern Oregon, is beginning to c l a rify some 
of the regiona l stratigraphic re l ationships . 

T hree correl ation cha rts based on 16 loca l ities (indicated on an accompany i ng i ndex mop} are 
inc I uded. I n  addition , a fair l y  compl ete b i b  I iography of t he more recent publ ished and unpubl ished 
geologic l itera ture of eastern Oregon is provided . A series of index mops keys many of t he references 
containing geo logic mops to their geographic local ities. 

It is hoped that this pub I icotion wi l l serve to conso l  idote and cl arify present thought regarding t he 
stratigraphy of cent ra l and eastern Oregon . I t  is fu rther hoped t hat it wil l promote m uch research,criti­
co l thought and  discuss ion , which i n  turn  wi l l l ead  to grea ter u ndersta nd i ng of the geo logy in the future . 
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ALDR ICH MOUNTAIN GROUP 

Discussion: The A ld rich Mountain Group was erected by Thaye r and Brown (1966a) and consists of  a 
conformab le  sequence of L ate Triassic a nd Ear ly  Jurassic sedime ntary rocks exposed on the south l i mb of 
the A ld r ich Mountain an ticl i ne. I n  asce nd i ng orde r t he inc I uded formations are the: Fie l ds Creek Forma­
tion , Laycock Graywacke , Murderers Creek  Graywacke , and Ke l l e rs Creek S ha l e . More comp l ete 
discuss ion is provided under those terms . 

T he re l at i onship of the  A ld rich Mountain Group to the Mesozoic section of Dickinson and Vigrass 
(1965) to the south in the Sup lee-lzee area  is uncl ear , but most ce rtain l y  comp l ex . T he A ld rich Moun­
tain Group predates the Mowich Group and corre l ates rough l y  with the Gray l ock Formation . I t  probab l y  
i s  si tuated stra tigraphica l l y  above t he Brisbois and  Begg Format ions . 

AlVOR D CREEK BEDS (FORMAT I ON) 

Origina l descript ion: T he term A l vord Creek Formation  was orig i na l l y  appl ied by Ful l er ( 1931) to expo­
sures of light-colored tuffaceous sedime nts a l o ng the east base of S teens Mount a i n  between Cottonwood 
a nd T oughney Creeks. In view of  the uncertain stratigraph ic  re l ationships o f  t he exposures , use of  the 
i nforma l term A l vord Creek beds i s  recommended he re . 

litho l ogy: The Al vord Creek beds are poorl y exposed and consist of l ight-col ored tuffaceous mudstone 
and shale w i t h  subord i nate congl omerate  l oca l l y . Bedding is we l l  de fined and t he strata dip westward 
at l ow a ng l es . Accord i ng to  Ba l dwin (ora l communication , 1971) rocks be l ongi ng to t he A l vord Creek 
beds  are fractured a nd more de formed than some of t he younger deposits wit h w h ich t hey are sometimes 
confused. 

Contacts: The stratigrap hic boundar i es of t he A l vord Creek beds are conce a l ed by ta l us and  the re l ation­
ship of the unit to other units  is unc l ear. According to Wal ker ( ora l communica tion , 1971) the beds rest 
upon beve l ed  eastern portions of the faul t  b l ock w h ich makes up S teens Mountain. As such t he strata 
represent upfau l ted va l l ey deposits that origina l l y  were deposited against the east face of S tee ns Mountain . 

An a l ternative i nte rpretation is prese nted by Ba l dwin ( 1964) , who fee l s  that the Al vord Creek beds 
dip beneath the Stee ns Mou ntain Vo l canic Series and inte rfinge r  with t he Pike Creek Formation. 

Age: leaves recovered from beds assigned to the AI vord Creek beds have been various l y  dated as 
Miocene (Fu l l e r ,  193 1) , ear l y P l iocene or younger (Axe l rod ,  1957) , a nd midd l e  P l ioce ne (Wo l fe ,  in 
Wi l kerso n ,  1958). Wa l ke r  (ora l communication , 1971) maintains that rocks assigned  a radi ometric age 
of  21 .3 mil l ion years by Evernden  a nd J ames ( 1964) shoul d not be assigned to the A l vord Creek beds , 
but rather sho u l d  be viewed as a fl ow in t he l ower part of the S tee ns Mou ntain Vo l canic Series. 

References: Avent , 1969 
Ba l dwin , 1964 
Evernden and J ames , 1964 
Fryberger,  1959 

ANTELOPE FLAT BASALT 

Fu l l e r ,  1931 
Wa l ker and Repenning , 1965 
Wi l ke rson , 1958 
Wil l iams and  Compton , 1953 

Origina l  de scription: Kitt leman and others (1965) de fined the Ante l ope F l at Basa l t and designated 
exposures located southeast of the Owyhee Reservoir in central  Malheur County. (SE� SW� sec. 12 , 
T .  25 S. , R .  41 E . )  as the type loca l ity. 
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Distribution : T he Ante l ope F l at Basal t is wide l y  exposed in t he Western  Crowl ey and easte rn Owyhee 
Reservoir dist ricts. 

Lit hol ogy : T he unit consist s of a maximum of 300 feet of py roxene basal t and subordinate inte rbedded 
volcanic sandstone . T he basal ts are microporphyritic , intergranul ar , and ol ivine poor. Four distinct 
fl ows are prese nt. 

Contacts: T he Ante l ope F lat Basa l t  rests on Miocene rocks and is st ratigraphical l y  equiva l e nt to the 
Grassy Mountain Formation ,  from which it is separated on the basis of its geographic l ocation and dif­
fe ring petrography. 

Age: Hemphi l l ian (earl y P l iocene)  ve rtebrate s  are reported at the base of t he unit. 

Re ferences :  Kitt l eman and othe rs , 1965 , 1967. 

BASEY MEMBER (OF SNOWSHOE FORMATION) 

Original description: T he Basey member  was first described by Dickinson and Vi grass ( 1965� who desig­
nated the type locality as sees. 1 ,  12 , 13, T .  18 S. , R. 25 E. in the vicinity of Basey Ranch at the 
head of Camp Creek in the Sup lee- l zee dist rict of cent ral  Oregon. According to t hem, rocks assigned 
to the Basey member were original l y  assigned to t he Hyde Formation by Lupher (1941) on the basis of 
t heir lit hologic simil arity to the type Hyde Formation l ocated to the east. (See Mowich Group and 
Hyde Formation.) 

Dist ribution: The Basey member is widespread in the Pine Creek downwarp situated northwest of the 
western part of t he Mowich anticl ine and a l so in the adjoinin g  structural l ows west and southwest of  the 
Mowich antic l ine. 

Lithol ogy: The unit con sists of up to 2,500 feet of hard , massive marine vo l caniclastic rocks inte rbedded 
with andesitic lava . The vo lcanic lastics consist primari l y  of dark-gray to b lue-gray sandstone composed 
of 30 to 50 percen t  p lagioc lase and 40 to 70 percent zeo l i tized rock fragments with minor a mounts of 
augite, ca lcite and quar tz. Tex tura l l y th e vo lcanic lastics range from s l igh t l y  reworked marine tuffs to 
stratified sandstones ,  mudstones , and si l tstones. 

Two porphyritic to aphanitic fl ows of andesite with an aggregate thickne ss of 300 fee t  are wide­
spread in t he western part of t he Suplee area and  grade l ateral l y  i nto fl ow breccias l ocal l y. F l inty , 
aphanitic tuffs al so occur sporadica l l y  in t he Basey member. 

T he l itho logy of the coarse vol canicl astics is remarkab l y  simi l ar to t hat of t he type Hyde Formation ,  
but the presence of smal l amounts o f  bright red or orange s hards is diagnostic. A l so ,  the lit hic fragme nts 
of the Basey member te nd to be brownish in t hin section , whe reas t hose of t he Hyde Formation are more 
gree n in co l or. 

Contacts: T he Basey member is con formab l e  with t he under l ying Warm Spring member and the  under lying 
Shaw member of t he S nowshoe Formation. It passes l ateral ly  to t he east into the midd l e  member of t he 
type Snowshoe from which it is separated by an arbitrary cutoff. 

Age : A midd l e  Bajocian age (midd l e  Jurassic) is assigned to the unit on the basis of scattered ammonites. 

Reference: Dickinson and Vigrass , 1965 

"BASALTS  AT COW CREEK LAKES" 

Discussion : T his is an informal term app l ied by Kitt l eman and others (1965) to six to eight fl ows of 
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ol ivine boso l t  w hich overl ie t he e roded Sucker  Creek Formation ond J ump Creek Rhyol i te in the vicinity 
of Cow Creek Lakes direct l y  sout h  of the Owy hee Reservoir in centra l  Mal heu r  Cou nty. T he fl ows are 
20 to 50 fee t  th ick a nd are composed of 35 to 40 percent  l a bradori te ,  25 to 30 percent  c l i nopyroxene , 
1 5  percent ol i v i n e ,  1 0  percen t  opaques , a nd 1 0  percent g lass . A m idd l e  or l a te  P l iocene to su bh i stor ic 
age is a ssigned to th e f l ows , some of wh ich are remarka b l y  fresh. 

Re ferences :  Kitt l eman ,  1962 
Kitt l eman a nd ot hers , 1965 , 1967 
Mil l hol e n ,  1965 

BEGG FORMAT ION 

Origina l  descr i ption : The Begg Format ion was de fined by Dickinson and Vigrass ( 1965), who des igna ted 
as  the type locality the nose and southeast I imb of t he Lit t l e  Bea r  a ntic line in t he northwestern pa rt of 
the Sup l ee-lzee district , in sees . 7 ,  8 ,  17 , 18 , a nd 20, T .  17 S. , R. 26 E. , and sec. 24 , T. 17 S. , R. 25 E .  

Distribution :  The  u nit i s  fair l y  widespread i n  t he  western and nort h-ce ntra l pa r t  of t he S up l ee -lzee 
d i strict of centra l Oregon. I t is equiva l e nt to the l ower  part of the Veste r Formation l ocated in t he 
A l drich Moun tains to t he nort h . 

Lit ho l ogy : T he Begg Formation consists of a maximum of 7 , 500 feet  of resistant sandstone , congl omerate , 
and sed imen ta ry breccia interbedded w ith  l ess resistan t  mudstone a nd si l ts tone. Soft , carbonaceous , 
poor l y  sorted , nonca l careous , dark-gray to dark-green , fi ne -grained sandstone , si l tstone and mudstone 
compose 50 to 70 percen t  of th e u n i t .  Cross-bedded , loca l l y graded subfe l dspathic l i th ic  a ren i tes , chert 
sa ndstones , and chert pebb l e  cong lomera tes ma ke u p  25 percent of the u n i t  a nd ma r i n e  tu ffs wh ich become 
i ncreas i ng l y  fi ner gra i ned  upsection ma ke up 1 0  percen t  of the  u n i t. Th i n  f lows of pyroxene kera tophyr e ,  
m i nor po lymictic conglomera tes o f  cher t ,  greenstone ,  a nd l i mestone ,  a nd spora d ic l enses of l imestone 
crop out loca l l y. 

Contacts :  T he Begg Formation rests unconformab l y  on Pa l eozoic strata and grades u psection into the 
Brisbois Formation . 

Age : A poorl y substantiated K arnian (Upper T riassic) age is assigned to the un i t. I t  is ol der than t he 
Ka rn i a n  Brisbois Formation which over l ies it , however , a nd t he l ower part of t he u nit may extend down­
section i nto the  Midd l e  T riassic . 

Reference : Dickinson and Vigrass , 1965 

BERNA R D  FORMAT ION 

Origina l  description : T he Be rna rd Formation was origina l l y  described by Dickinson and V igrass ( 1965), 
w ho derived the name from Bernard Ranch on t he South  Fork of Beaver Creek in t he S up l ee area of 
central Oregon (SE! sec. 11 ,  T .  17 S . ,  R. 25 E. ). 

Dist r ibution: T he u nit is exposed in the northwestern  part of the S up l ee-lzee dist r ict and is contiguous 
with t he Gab l e  Creek and H udspe th  Formations descr i bed by Wi l kinson and  O le s  ( 1968) a nd O le s  a nd 
En lows ( 197 1) in the Mitche l l - q uadrang l e. 

L i tho logy: The u n i t  consi sts of a pprox i ma te l y  1 , 500 fee t of mass ive ye l low -brow n ,  ca lcareou s  a nd 
l i mon i t ic  pebb l y  sa ndstone a nd su bordi nate i n terbedded c layey sa ndstone , poor l y  conso l i da ted gra ve l , 
gray mudstone , a nd brown sha l e. The  sa ndstone grades loca l l y i n to sa ndy rou n dstone cong l omera te i n  
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wh ich th e coarser fragments cons i st of apha n it ic porphyry of intermedia te compositio n, chert, gra n itic 
c lasts, a nd metaquortzite . 

Contacts : Th e Bernard Forma tion rests upon th e o lder Mesozoic un its w i th o ngu lor unconformity . 

Age: Cenoma n ia n  (iowermost Upper Cretaceous) foss i l s  have been  recovered from the l ow est 500 to 600 
feet of the uni t . 

Reference:  Dicki nson a nd V i  gra ss, 1965 

B R I S BOIS FORMAT I ON 

Original  description: T he Br i sbo i s  Formation was or igina l l y def i ned  by Dickinson and Vigrass ( 1965) 
a fter exposures a l ong the South Fork of the John  Day River betwee n t he mout hs of Morgan and Dry Soda 
Creeks ( a d i sta nce of t hree mi le s  ) . 

Distribution: T he unit i s  fairl y w idespread i n  t he centra l  S up l ee area of  centra l  Oregon surroundi ng t he 
type locality. 

Lit ho l ogy: T he Brisbois  Format ion  consist s of 5,000 fee t  of b l ack , gray , and green  mudstone inte rca l ated 
with minor amounts of sandy l imestone and l imy sandstone. I t  d i ffe rs from the Begg Format ion  in its 
greater abunda nce of fine -grained c l ast ics and the l imy composit ion of the more res i stant inte rca l ated 
interbeds . The contact between t he two units in the fie l d  is arbitra ry , but  is genera l l y  p l aced where a 
decrease in the abundance of res i stan t  inte rbeds of variab l e compos i t ion  (Begg Formation) is not iceab l e .  

T he I imestone consi sts of gray , ca lcareous interbeds of  biocl astic debr i s  w hich i nc l udes fragme nts 
of brach iopods , pe l ecypods , gastropod s ,  and crinoid s .  Loca l l y  t he b iocl ast ic debr i s  grades l atera l l y  
i nto rel a tive l y  undisturbed ree foid l imestones. 

T he midd l e  2 , 000 feet  of the u n i t  conta in s  a total of 600 feet  of interbedded sp i l ites a nd si l l s  of 
fe l sic keratophyre a nd granophyre. 

Contacts :  T he Brisbois  Format ion is  con formab l e  over t he Begg Formation (see l itho l ogy) and unconform­
able under younger Mesozoic units . 

Age: An uppermost Korn ian  (Trop ites subbu l l atus zone) age is assigned to the unit . 

Refe rence : Dickinson a nd Vigrass, 1965 

BULLY CRE E K  FORMATION 

Origina l  de scription : T he unit was origina l l y  descr ibed by K i t t l eman and ot hers ( 19651 w ho designated 
a two-part type section which incl uded exposures in t he SW! sec . 7,T. 19 S . ,  R .  41  E . ,  and the NW� 
sec . 11 , T .  19 S . ,  R. 41 E. in the Harpe r d i strict of nort hern Mol he ur  County . 

Dist ribution: The unit is I imited primari l y  to the Harper  Basin distr ict northwest of  Harper in northern 
Mol heur County . One add itiona l  sma l l exposure crops out sout hwest of Harper a l ong t he boundary 
between T .  21 S . , R .  40 E . ,  and T. 21 S . ,  R .  41 E .  

Lit ho l ogy: The unit con sists-of a serie s of inte rbedded l acustrine diatomites and  vo lcan ic sandstones 
with a tota l thick ness of approximate l y  440 feet . I ndurated vitric tuffs interca l ated with sandstones p re­
dominate near t he  base; friab l e, nearl y pure d iatomite domi nates t he  midd l e  of t he section; and vo lcanic 
congl omerates occur nea r  the top . T he unit i s  l it ho l ogica l l y simil ar to the Juntura Format ion  of simil ar 
age exposed to t he west . 
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Contacts :  The Bu l l y  Creek Formation i s  unconformab le  over the Lit t l efie l d  Rhyo l ite , Dr ip Spring 
Formation , and H unter Creek Basa l t. I t  under l ies the Grassy Mountain Formation . 

Age: An earl y P l iocene age is ass igned to the u nit on the basis of stratigraphic position. I t  corre l ates 
with the Kern Basin Format i on of Corcoran and ot hers ( 1962) and the J un tura Formation to the west . 

References : Haddock , 1967 
Kitt leman a nd others , 1965 , 1967 
Weeden , 1963 

BURNT R IVER SCH I ST  

Origina l description :  T he Burnt River Sch i st wa s  defined by  Gil l u l y  (1937), who designated exposures 
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in t he Burnt River canyon  i n  the southern part of the Baker 30 '  q uadrangl e (Tps. 11 and 12 S . ,  R. 4 1  E . )  
a s  the type l oca l ity . 

Distribution: S trata continuous w i t h  T he Burnt R iver Sch i st are fair l y  widespread in t he sou thern part of 
Baker Coun ty , but the prec ise nature and d i stribut ion  of t he un i t  is poor ly  unde rstood . Parts o f  the 
Burnt R i ver Schi st a re corre l ative w i th part of the "a rg i l l ite series" of Pardee (1941) in t he S umpter 
q uadrangle and pa rt of the Pre-Tert iary "greenschist , "  Ne l son marb le  and "gray phy l l i te, " of Prostka 
(1967) i n the D urkee quadrangle . Wol ff ( 1965) reports the unit to the south in t he I rons i de Mounta i n  
q uadrangle. 

L i tho l ogy : T he un i t  consists of a minimum of severa l thousand feet of q uartz i t ic  and  pel i t ic  phy l l i t ic  
rocks , metavol can ic l ast ic rocks , .greenstones , and minor marb l e. T he parent rocks are i nterpreted to 
have bee n fl ows a nd tuffs of basa l t  and andes i te, beds of  vol canic sandstone, chert, s ha le, and l i mestone .  
Co l l ect i ve l y  t he rocks correspond t o  those making u p  the present -day deep-sea fl oor. 

Accordi ng to Ash l ey (1966) t he northern ha l f  of t he exposure of Burnt R i ver  Sch i st a l ong t he Burnt 
River consists primari l y  of phy l l i t ic rocks which i nc l ude q uartz phy l l i tes, phy l l i t ic quartz i tes, a nd mi nor 
pe litic phy l l ite. Other rock types incl ude a ndes itic and dac i t ic  pyroc last ic mater ia l , mi nor fl ows of 
greenstone , and some marb l e. To the sou th  the major rock types i ncl ude metabasa l t s ,  meta -andes i tes, 
pe l it ic phy l l ites , and marb l e. An east -west fau l t  separates the nort hern exposures from t he southern 
exposures a nd stradd l es the east-f low i ng segment of the Burnt Rive r ,  approx imate l y mi dway between 
Bridgeport a nd the Durkee Val ley . 

Two sets of steepl y  d ippi ng shear pl a nes impart a prominent east -west l ineat ion to the unit . T he 
struct ura l geometry i n  the type a rea has been studied in deta i l  by Ash l ey ( 1966) , a nd Wol ff (1965) 
discusses possib l e  isocl i na l  fol d i ng a nd repetition of the sect ion  in the I rons ide Mou ntain quadrangl e to 
the south . In view of the p l a te tectonics model , t he Burnt River Schist may represent severa l inc I ined 
s l abs of sea fl oor structura l l y  stacked one atop t he other in a late Pal eozoic subduction zone. 

Contacts :  The re l ationship of the Burnt  River Schist to other un i t s  of  s imil ar age is poor l y u nderstood 
owing to the simi l ar l it hol ogies ,  complex structures , and vary ing degrees of deformat ion i nvol ved . The 
widespread re l ativel y high degree of  deformation  in the Burnt River Schi st suggests to some that  i t  pre­
dates the El khorn R i dge Argil l ite . A l ternativel y ,  the two units may have been deposited contemporane­
ousl y and subsequen t l y  may have occupied different positions in a reg iona l l y  variab le  tecton ic set ting. 

Age: No d iagnost i c  fossils have been recovered from the Burnt R iver S ch i st and a late Pa leozo ic ,  pos­
s i bly Permia n, age is ass igned to the unit on the ba s i s  of meta morph ic grade. 

References: Ashl ey , 1966 
Gil l uly , 1937 
Pardee , 1941 

Prostka , 1963, 1967 
Wol ff ,  1965 
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BUTTE CREEK VOLCAN IC SAN DSTONE 

Origina l description: T he Butte Creek Vol ca n ic Sandstone was origina l l y  described by K itt l eman a nd 
others (1965\ ,who designated as the type l oca l ity exposures in SW� sec . 23 , T. 24 S. , R. 40 E. , west  
of the Owy hee Reservoir in ce ntra l Ma l heur County. 

Distribut ion: The un i t  mant i  es the Lit t l e fie l d  Rhyol ite i n  the northern Crowl ey district. Exposures 
genera l l y  crop out a s  narrow bands i n  canyons w h ich cut t hrough t he over l ying un i t s. 

L i tho l ogy:  The un i t i s  f lat  l yi ng and  poor l y  exposed except in gu l l eys. I t  cons i s ts of approx i ma te l y  
50 feet o f  th i n - to th ick-bedded , pa l e ,  ye l l ow i sh-gray,  a l tered v i tr ic  vo lca n ic sandstone ,  pebb l e 
cong l omera te a nd l aharic breccia . S i l ic ic  g lass shards set i n  a matr ix of c l ayey a l tera t ion products 
are abundan t . 

Contacts: T he un i t  ove r l ie s  the  Lit t l e fie l d  Rhyo l i te and under l i e s  t he W i l dcat Creek We l ded Ash-F l ow 
Tuff .  

Age: A Barstov i an  ( l a te Miocene) age i s  ass igned to th e u n i t. A radi ometr ic age of 15 . 1  mi l l ion years 
for a samp l e  of con ta i ned san i d i n e  i nd icates tha t  the max imum poss i b l e  age for the un i t  is late Miocene . 

Re fe rences: K i tt l eman and ot hers , 1965 , 1967, 

"CAPS CREEK BEDS" 

Defin i t i on : "Caps Creek beds " i s  a n  i n forma l term a pp l i ed to exposures of Ear l y  Jurassic strata cover i ng 
fi ve square mi l es a l ong Poi son and Ca ps Creeks and  i n  the  h eadwaters of Rosebud Creek i n  th e Sup l e e­
l zee d i s tr ict of centra l  Oregon . Exposures are poor and s tra tigraph ic re lat ionsh i ps are uncerta i n .  
Dickinson and V igrass (1965) recommend t hat formal defi nit i on  of t he un i t  be defe rred unt i l  exposures 
to the nort h i n  the Wickiup-Ke l l e r Creek area are studied in more detail. 

Litho l ogy : T he unit cons i st s  of a ser ies  of i ntercal ated t h i n-bedded cal careous sandstone , mudstone , and 
siltstone. Discon t i nuous l e nses of  ca l cirudite der i ved from t he unde rl ying T r iassic and Pa l eozoic un i t s  
are l oca l l y  deve l oped . T he un i t  diffe rs from t he Gray l ock Format ion  i n  i t s  higher conte n t  of l ime and 
the presence of ca lc i rudite interbeds. 

Contacts: T he unit is in faul t contact with the Begg and Brisbo i s  Format ions and it is over l ain by the 
Sup l ee Formation wit h a ngul ar unconformity. 

Age: T he "Caps Creek beds" con tain reworked K arnian (La te Triassic) fossi l s  a nd are associated with 
Sinemurian (Earl y Jurassic) ammoni tes. I t  corre l ates  rough ly  wit h the Gray l ock Formation ,  but differs 
from it somewhat in I it hol ogy. 

Reference : Dickinson a nd Vigras s ,  1965 

CHALK BUTTE FORMAT ION 

Original description :  The Cha l k  Butte Formation was origina l l y  described by Corcora n and  others (1962) , 
who designated the type l ocal ity as Cha l k  Butte in the SE�  of sec. 22 , T.  20 S.,  R. 45 E. in nort heastern 
Mal  heur County. 

Distribution: The unit is fairl y widespread in the nort hern ha l f  of t he Mitche l l ' Butte 30' q uadra ngl e. 
It corresponds to the uppermost part of the Ida ho Group. 
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Litho l ogy: The unit consists of l oose l y  conso l idated tuffaceous congl omerate , sandstone , a nd sil tstone 
with lesse r amounts of ash , fresh water l imestone , a nd diatomite. De l ta ic features , scour channe l ing , 
a nd p l an t  debris indicat i ve of a fl uviati l e  origin are dominant l ow i n the section; and fl uvia l deposits 
with patchy d i atomites a nd l imestones indicative of l acustr i ne conditions are prese nt h igh in the section. 
Minor f l ows  of basa l t l e ss than 30 feet in  thickness a re deve l oped in the v icinity of Brown Butte. 

Contacts: The Cha l k Butte Formation  is unconformabl e over the Grassy Mountain Formation ,  the Sucker 
Creek Formation , and the Owyhee Basa l t. 

Age: A Hemphi l l ian (midd l e  P l ioce ne)  age is ass igned to the unit on  the basis of contained ve rtebrates. 

References: Corcora n and othe rs , 1962 
Corcoran ,  1965 

CLARNO FORMAT ION 

Orig ina l  description: T he C l arno Formation was origina l l y  described by Merriam ( 1901), who designa ted 
exposure s at  Clarnos Ferry on the John Day River a s  the type l oca l ity. 

D i st r ibution: The C l arno Formation is fair l y  widespread in  nort h -ce ntra l  Oregon a l ong the western , 
southe rn , and eastern edges of the J ohn  Day Formation. T o  the north it is bur ied beneath the J ohn Day 
Formation a nd the Co l u mbia R i ver Group,  and  accordi ng to Brow n a nd Thayer ( 1966a ) it is con t i nuous to 
the east w i th the "a ndesi tic f l ows  a n d  tuff breccias" of Pa rdee ( 1941) i n  w es t  Ba ker County. 

Lithol ogy: The C la rno Formation consists of a wide variety of vol can ic  a nd rela ted te rre stria l rocks 
having an aggregate thickness of at l east seve ra l thousand feet. T he u nit includes mafic fl ows ,  coarse 
unsorted breccias , mud fl ows,  tuffaceous terre stria l sediments , and scat te red sil icic domes. The vo l ca nic 
rocks are primari l y  andesitic , but range in composition from basa l t s  through dacites. I n  contra st to the 
f l ows of the Co lumbia R i ve r  Group , the vol ca nic rocks displ ay phenocrysts of ferromagnesia n  mine ra l s  
a nd irregul a r  jointing. 

Vo lca nic la stic units in the Cl a rno  Formation disp l ay a wide range o f  gra i n  s ize and sorting a nd 
consist of coarse tuff , l a pi l l i tuff , pyrocl ast ic breccia , vo lcanic sil tstone, sa ndstone , a nd congl omerate. 
The volcanic l astic sediments col l ect i ve l y  represe nt subtropica l fan depos i ts of composite fl uvia l , mudfl ow , 
sheetwash , l acustr i ne , a nd airfoi l origin. 

La tera l va r ia t ions characterize the Cl arno Format ion. The reg iona I stra t igra ph ic  order of the 
u n i t  is unc l ea r , a l though l oca l s tra tigra phic  success i ons  are commo n l y  presented i n  the l i tera ture . 
Accordi ng to O l es a nd En l ows ( 1971) , a reg iona l unconform i ty separa tes the Cla rno Forma t ion i n to two 
units: their Lower Cl arno Format ion and Upper C l a rno Formation. The L ower C l a rno Formation consists 
of vo l can ic  breccias composed of  porphyrit ic andes i te b l ocks set in a pebb ly  mat rix of vol canic wacke , 
a nd inte rbedded andesite fl ows , a nd tuffaceous sediments. I t  is best exposed north of the Mitche l l Faul t 
a nd disp l ays de formation comparabl e to that o f  the under l ying Cre taceous strata. 

The Upper Cl arno Format ion  of O le s  a nd En l ows ( 1971) consists o f  l ight green-gray mudfl ows that 
grade l atera l l y  into fluvia l a nd l acustrine ped ip l ane deposits a t  their dista l e nds. I nte rca l a ted darker 
brow n ,  p l aty to irregul ar l y jo i nted a ndes i te fl ows are clustered about a ncient vol can ic  ce nters and are 
most abundant on the fl a nks of K eyes Mountain , an  exhumed Eocene vol cano. 

Simi l ar f lows  of basa l tic andesite unconformab l e  over defin i te  Cl arno rocks in the Horse Heaven  
mi n i ng distr ict a re  described as  " Post-C la rno" by  Wate rs a nd othe rs ( 195 1) ,  but a re  regarded as  Cl arno 
Formation by Swanson and Robinson ( 1968) and Swanson ( 1969a). Supporting ev ide nce for their interpre­
tation incl ude the rad iometric age of  the fl ows ,  their stra tigraphic position beneath the John Day Forma ­
tion , and the presence of numerous saprol it ic weathering horizons  characteristic o f  the C l arno Formation. 

Contacts: The Cl arno Formation is unconformab l e  ove r pre -Tertiary strata and is unconformabl e be neath 
the J ohn Day Formation a l o ng a contact that is common ly  marked by a sapro l it i c  weathe ring horizon. 
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Numerous other d i scont i nuous sapro l i tic weathering horizons occur within t he u nit and are to be expected 
in a terrestria l vo l ca n ic and sed imentary u n i t. 

Possib l y  the angu l ar uncon formity w hich u nde r l ies the mudfl ows and a ndes i te fl ows of the Upper 
Cl arno Formation in the Mitche l l  area is the some one that u nderlies the  "Post-Cl arno" a nde s i te fl ows of  
Waters a nd others (195 1) in the Horse Heaven mining district. 

Age: V ertebrate , fl ora l , a nd radiometric age data indicate a l a te Eocene through ear l iest O l igocene 
age for the bu l k of the dated Cl arno Format i on . Radiometric age determinat ions  high in the sect ion  at  
the Cl arno nutbed l oca l ity one mi l e  east  of C l arno ind icate an  age of 34 . 2  mil l ion years , and  dete rmina­
tions l ower in the sect ion  revea l  age s as old as 41 m i l l ion years in the "Post -Cl arno " rocks o f  Waters and 
others (1951). Dates be neath the u ncon formi ty noted above a re not a vail ab l e  a nd extens ion of the u n it 
into the l ower Eocene is possib le.  

According to Wa l ker (ora l commun icat ion , 1971) ,  radiometr ic  dat i ng revea l s that some of the rocks 
mapped as Cl arno by Brown and T hayer (1966a) in Baker  County are actua l l y  eq ui va l e nt in age to t he 
John Day Format ion . T hese a nd sim i l ar occurre nces i n  which the age of the Cl arno Formation is younger 
than 36 mi l l ion years  (an age ass igned to the basa l John Day Forma t ion in the H orse H ea ven mi n i ng d i s­
trict by Swa nson ,  wr i tten commu n ica tion , 197 1) suggest tha t the s tra t igra ph ic  r e la t ionsh i p  betw een  th e two 
u nits is comp l ex (see John Day Forma t i on) . A l terna ti ve l y, wea ther ing of th e C larno rocks pri or to the 
deposition of the John Day Forma tion  may have resu l ted i n  th e a noma l ous l y  l ow ra d iometric age da tes . 

Eq uiva l e nts of the C l arno Format ion may extend westward under the H igh Cascades to emerge i n  
weste rn Oregon a s  t he Cele st i n  Format ion and t he l ower Fisher Format ion o f  t he southern and ce ntral  
Western Cascades . I t  corre l ates in  part w i th the Spencer and Nestucca Format ions . 

References: Bedford, 1954 
Bowers, 1953 
Brown and T hayer, 1966a 
Cave nde r, 1968 
Da l e, 1957 
Dawson , 1951 
Dick i nson and Vigrass, 1965 
Debe l l ,  1949 
Evernden and J ames, 1964 
Fort h ,  1965 
Hogenso n ,  1964 
Howard, 1955 

CLOV E R  CREEK GREENSTONE 

H umphrey, 1956 
I r i sh , 1954 
J o l l y ,  1957 
L ukanusk i, 1963 
Mci n tyre, 1953 
McKee, 1970 
Napper, 1958 
Oja l a, 1964 
Patte rson, 1965 
Peck, 1964 
P i gg I 1961 
S nook , 1957 

S tens l and, 1970 
Swanson , 1969a 
Swanson and Rob i nso n ,  1968 
Swarbrick, 1953 
Sw i nney, Waters and M i l l e r, 1968 
T aube neck, 1950 
T ay l or, 1960 
Wal ker, Peterson, a nd Gree ne, 1967 
Waters, 1968 a, b, c 
Waters and Vaughan , 1968 a ,  b 
Waters and others, 1951 
W hite, 1964 
Wil cox and Fisher, 1966 

Original  de scription: T he Cl ove r  Creek Gree nstone was  def ined  by Gil l u l y  ( 1937) , who des igna ted 
exposures along Clover Creek in the Baker quadrang le  as the type l oca l i ty (sees . 24, 2 5, a nd 26 , T. 7 S . ,  
R. 42 E. ). 

Introduction: The Cl over Creek Greenstone is pa rt  of a heterogen eous a ssemb lage of meta morphosed vo l­
canic and sedimentary rocks of  Permian and La te Tria ssic age  wh ich u nder l i es the Ma rti n Bridge Forma t i on 
in the Wa l l owa Moun tains and adjacent a rea s. Mar ked facies va ria tion s ,  both l a tera l l y  a nd vert ica l l y ,  
the sca rcity of fossi l s ,  and reg iona l simi l ar i ties i n  structu ra l geometry and degree of metamorphi sm have 
made subdivis ion of th e section _extreme l y  diff icu l t .  As di scussed be l ow ,  a comp l ex i ty of obscure corre la­
tions a nd stra tigra phic interpreta tions ha s deve l oped so tha t th e nomenc la ture of the roc ks i s  now high l y  
confused . 

Historica l trea tme nt: I n  describing the Cl over Cre ek Greenstone , Gil l u l y  (1937). assigned a prov i siona l  
Permian age to the un i t  on the basis of fossil s found 6 mil es  northwest of t he type l oca l ity. In addit ion, 
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he suggested that the u nit extended eastward from the type l oca l ity to the vicinity of Homestead . There­
a fter a trend was establ ished in which many greenstones o f  simi l a r  appeara nce in t he Wa l l owa Mount a i ns 
were assigned to t he Cl ove r  Creek Gree nstone .  

Ross ( 1938) found st rata characte ristic o f  the Cl over  Creek Greenstone of Gil l u l y  to be wide l y  
exposed i n  the southeastern part of t he Wa l l owa Mountains. He mapped sequences consisting most l y  of  
a ndesit ic and  dacit ic vo lca n ic rocks a s  part of  th e C l over Creek G reenstone; however , the predo,.,i­
nan t l y  sed imentary sequences w ere ca l l ed "Carbon iferou s (?) sed i mentary rocks . "  The c l ose , par t l y  
equ i va l en t ,  re lationsh i p  of these two u n i ts w a s  noted . 

Smith and Al l e n  (1941) part l y  overl apped t he work of Ross and exte nded t he mapping of corre l ative 
greenstone into the nort he rn Wal l owa Mounta i ns .  They found L a te Triassic fossil s in a sedimentary seque nce 
conformab ly  over l ying a se rie s of greenstones on the nort h escarpme nt of Point  J oseph . Assuming t he 
greenstones to be Permian in age and t here fore stratigraphica l l y distinct , they a ssigned the  name "Lower 
Sedime ntary Serie s"  to the Late Triassic sedimentary sequence. Because of t he i r  I i t ho l ogi c simi l a r i ty ,  
most of t he "Carboniferous(?) sed i men tary rocks " of Ross in t he Wa l l owa Lake quadrang l e were incl uded 
in the "Lower Sedimentary Ser ies . " 

I n  parts of the Cornucopia and Eagl e Cap quadrangl es Wethere l l (1960) discovered L a te Triassic 
fossi l s in rocks assigned to the Cl over Creek  Greenstone a nd Lower Sedimentary Series by Smith a nd 
A l l e n  ( 1941) and Permian foss i l s  in other strata a l so assigned to the Lower Sedi mentary Ser ies  by Smit h 
and A l l e n  (1941). On the basis of age and l i t ho l ogy he estab l i shed two new units which he informa l l y  
named the " Imnaha Formation " (Late T riassic) and t he "Trinity Creek Formation " ( Permian). 

Bostwick a nd K och (1962) reported both Permian and T riassic fossil s in rocks assigned to the Cl ove r  
Creek Greenstone by Gil l u l y  ( 1937). Fossil l oca l i ties nea rest t he  type l oca l i ty y i e l ded  T riassic fossi l s  
(Bostw ick a n d  Koch , 1 962; Koch a nd Bowen , unpub l i shed repor t). A I though the Permia n foss i l s  of 
G i l l u l y  ( 1 937) a nd Bostw ick  a nd Koch ( 1 962) were co l l ected from a d i fferen t s tra t igra ph ic  ent i ty tha n 
the La te Tria ssic rocks , a t tempts to ma p the two u n i ts has  thus  fa r proven o n l y  part ia l l y successfu l .  
Exposures a t  t h e  type l oca l i ty a r e  be l i eved t o  be Late Tr iass ic i n  age. 

In the nort hwes tern part of the S parta quadra ngl e ,  Prostka (1963) divides exposures contiguous w i t h  
t he type Cl over Creek Greenstone of  Gil l u l y  (1937) i nto five ve rtica l l y  a rranged conformab l e u nits. More 
recent l y  (wr i tten commun ica t ion , 1 97 1 ) ,  however , he i n terprets the uppermost  u n i t  (un i t  "A ") to d i scon­
forma b l y  over l i e  th e oth er four  un its , and h e  corre l a tes i t  w i th h i s  "Go l d  Creek Greenstone"  a nd Low er 
S ed i menta ry Ser ies in th e northea st par t  of the quadra ng l e  and  the " I mnaha For ma tion " of Wethere l l 
( 1 960).  Va l l ier , how ever , consi ders the " Imnaha Forma t ion " a nd the "Go l d  Creek Greenston e"  to be 
l atera l equiva l ents of the L ate Triassic part of t he C l over Creek Gree nstone of Gil l u l y  ( 1937) (ora l com­
munication , 1971) . 

Nol f (1966) remapped much of the area previous l y  mapped by Smith a n d  A l l e n  ( 1941) in the nort hern 
Wal l owa Mounta i ns. According to Va l l ie r  ( 1967 , p .  20) Nol f div ided t he C l over Creek Formation into 
three members; in decreasing age these are t he Mount Howard member , Ch ie f  J osep h  membe r ,  a nd the  
Dunn Creek congl omerate . Al so ,  according to Val l ie r  (p. 20) No l f  reported t hat Smi t h  a nd Al l en inc l ud­
ed in  the "Lower Sedime ntary Se ries " approx i mate l y t he same beds on·Chief Joseph Mountain as those of 
the Chie f Joseph Member  a nd Dunn Creek Congl ome rate of the Cl over Creek Formation of Nol f ( 1966) . 

Va l l i er ( 1 967) discovered Lad i n ia n  (U pper Midd l e  T r ia ss ic) a n d  Karn ia n (La te Tria ssic) fossi l s  i n  
h i s "Grassy Ridg e Formati on , " a u n it wh ich h e  equated w i th parts of the C lover Creek Greenstone a nd 
" I m naha Formation . "  Permia n strata i n  the Sna ke River Ca nyon a ssigned to th e "Hu nsa ker Creek Forma ­
tion " by Va l l ier ( 1 967) are equiva l ent in part to th e "Tr i n i ty Creek Format i on" of Wethere l l (1960) and  
poss i b l y  th e Perm ia n rocks inc l u ded in th e Clov er Creek  Greenstone by  G i l l u l y  ( 1 937) farth er to  th e w est . 

Lithol ogy: As origina l l y  described by Gil l u l y  (1937) the C lover Creek Greenstone consi sts of a minimum 
of 4 , 000 feet of a l te red vo l canic fl ows and pyroc l astic rocks w i th subordinate amounts  of cong l omerate , 
l imestone , and sha l e. T he �o l canic rocks consist of ch lo r i tized and l oca l ly  sil ici fied and sheared ke ra­
tophyre , quartz keratophyre , and very minor spi l ite . 

Direct l y  to the east in the Sparta quadrang le  exposure s  of C lover Creek Greenstone contiguous 
with those of the type l oca l ity were de scribed in detail by Prostka (1963). He p resents a ge nera l ized 
composite section which in  ascending order consists of 300 feet of  fine-grained vo lcanic sandstone and 
keratophyre tuff underl ain by coarse sa ndstone and  breccia , 300 feet of spil ite fl o�s ,  1, 000 feet  of 
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keratophyre a nd quartz keratophyre f l ows , tuffs , and breccias , 1 , 900 feet of f i ne-gra ined vol can iclast ic  
sed iments, and 400 feet of  spi l  i te  and meta-andesi te. 

Contacts : I n the Sparta quadrang le  the C l over C reek Greenstone of Prostka ( 1 963) rests depos i t iona l l y  
upon gran i tes interpreted to be Ear ly Tri assic i n  age by Prostka ( 1 963) . As mapped by Gi l l ul y  ( 1 937) , 
contacts of the C l over C reek Greenstone wi th  other Pre-Tert iary bedded un i t s  a re not exposed. Permi a n  

rocks i nc l uded i n  the Clover Creek Greenstone by Gi l l u l y ( 1 937) appear to b e  separated from t h e  Tr ia ss ic 
vo lcan ic  rocks of the C l over Creek Greenstone by a cons i dera b l e  ti me gap spa n n i ng the Ea r l y  and M idd le  
Tr iass ic . T he  prec i se na ture o f  thi s  contact i s  u n known . 

Throughout the Wal l owa Mounta ins  pre-Mart i n  Bridge (Tr i ass ic and Perm ian) greenstones a nd a ssoc i ­
a ted sed iments form a heterogeneous assemb l age o f  rocks characteri zed b y  poor exposures a nd complex 
facies re l at ionsh ips over l arge areas. Because t he present state of k nowl edge concern i ng t he rocks i s  
h i g h l y  confused , defi n i t i ve statements regardi ng the contact rel at ionsh ips of the var ious un i t s  a re not 
poss i b le. It appears advisab le , t herefore , not to carry part icu l ar  interpretat ions beyond t he boundaries 
of the areas i n  which support i n g  data were col lected. 

Age: A provi s ional Permian age was ass ig ned to t he C l over C reek Greenstone by Gi l l u l y  ( 1 937) on the 
bas i s  of  abundant Perm ian  product ids  d i scovered in h is C l over C reek Greenstone s ix  m i les nort hwest of 
t he type l oca l i ty. However, more recent d i scover ies of Late Tr iass ic foss i l s ,  notab l y  Pentacrinus and 
Ha lob ia  throughout much of the un i t  have estab l i shed that  a l arge part of  the  C l over Creek Greenstone 
is of La te Tr ia ss ic Age. Foss i l l oca l i t i es nea rest the type l oca l i ty have y ie l ded La te T r ia ss ic foss i l s  
(Bostwick a nd Koch, 1 962 ;  Koch and  Bowen, u npu b l i shed report) . In v iew o f  the l a rge t i me gap separa t­
i ng the fossi l s  of Perm i a n  age from those of La te Triass ic age, i t  i s  apparent that  two dis t i nct s tra t igraph ic 
un i ts a re i nc l udeq i n  the C lover Creek Greens tone of Gi l l u l y ( 1 937') .. 

References : Bostwick a nd Koch, 1 962 
G i l l u l y, 1 937 
Nol f ,  1 966 
Prostka, 1 962 , 1 963 , 1 967 

C O FF EE CREEK FORMATION 

Smedes , 1 959 
Smi th  and  A l l en ,  1 94 1  
Va l l i er ,  1 967 
Wethere l l ,  1 960 

Or ig i na l  descr ipt ion: The Coffee C reek Format ion was fi rst descri bed by Merr i am  and Berth iaume ( 1 943 ), 
who des ignated exposures a long  Coffee C reek in sec. 30, T. 1 8  S. , R. 25 E. a s  t he type l oca l i ty. Coffee 
C reek dra i ns i n to Gri ndstone C reek south of Wade Butte i n  centra l O regon. 

D i st r ibut ion : Exposures of t he uni t  a re l i m ited to the southeast corner of Crook County i n  t he immed i ate 
vici n i ty of t he type l oca l i ty. 

L i t hol ogy : The Coffee Creek Format ion cons i st s  of approx imate l y 1 , 000 feet of arg i l l aceous a nd sandy 
l i mestone which passes downsection i n to l imy sa ndstone a nd du l l -green pebb l y  sa ndstone. Defi n i t ive 
exposures are devel oped on l y  i n  the more res i s ta n t  ca lcareous port i ons of the u pper ha l f  of the u n i t. 
There bioc la s tic and  oo l i t ic tex tures i nd ica te a sha l l ow wa ter env i ron ment of depos i t ion. 

Contacts : T he base a nd top of t he un i t  are not exposed. Presumab l y  t he Spotted R idge Formation over­
lies it unconformab l y. 

Age: Rugose cora l s, brach iopo� s, a nd cr i no ids are i nd icat i ve of a M ississ ipp ian  (probabl y Lower Mi ssis­
s ippian) age for the Spotted Ridge Formation. T he most common fossi l s  a re Striat i fera and Gigante l l a .  

References : Mamay and Read, 1 956 
Merriam and Ber th iaume, 1 943 
O gren, 1 958 
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C OL P ITTS  GROUP  

Or ig i na l  de fi n i t ion :  T he C o l p i t ts G roup was  or i g i na l l y  defi ned by L u p her  ( 1 941 ), w ho i n c l uded i n  i t  the 
M iddl e J urass i c  Weberg Format ion  and Warm Spri ngs Format ion  exposed i n  t he S up l ee area of centra l  
O regon . 

Present status :  D ick i nson a nd Vi g rass ( 1 965 ) i nc I uded t he Weberg and  Warm Spr ings Format ions  i n  t he: 
Snowshoe Format ion and d i scont i nued the use of t he te rm C o l p i tts G roup . (See Weberg member and Warm 
Spr i ngs member of the S nowshoe Format ion .) 

C O L UM B IA R IV E R  GROUP  

Or ig i na l  desc r ipt ion :  R usse l l  ( 1 893) proposed the  term Co l umb ia  l a va for the  Eoce ne  t hrough P I  iocene (?) 
basa l t s  of the Col umbia P l ateau in Wash i ngton and Ore gon . Subseq uent l y  the term was c hanged to 
Co l umb ia  R i ver  l a va by Russe l l  ( 1 901 ) and was rest r i cted to l a vas of  post -John Day and pre-Masca l l  age 
by Merr iam ( 1 901 ) .  

Sm i t h  ( 1 90 1 ) i ntroduced the term Yakima basa l t  for exposures h i g h  i n  the sect ion i n  Wash i ngton , 
and Waters ( 1 961 ) extended the un i t  i nto Oregon , w here he app l ied the term P i ct ure Gorge Basa l t  to 
basa l ts l ower  in the sect ion . Brown and T hayer ( 1 966a ) erected the Co l umb i a  R i ve r  G roup a nd i nc l uded 
i n  i t  the P icture Gorge Basa l t ,  the Y ak i ma Basa l t ,  the Masca l l  Format ion , and t he " rhyo l i t i c  marg ina l  
fac ies, "  a un i t  trans i t i onal  w i t h  the Straw berry Vol can i cs . 

T he broad term C o l umb ia  R i ver Basa l t  i s  commonl y  u sed w here l i tho l og i c  a ff i n i t ie s  and strat i grap h i c  
re l at ionsh ips  to t h e  i nd i vidua l format ions nearer t he type areas are u n c l ear . 

D i st r i but ion :  The C o l umb i a  R i ver G roup i s  the  most w idespread geo l og i c  un i t  i n  t he  nort hwest , cover i ng  
the southeastern t h i rd of t he state of  Wash i ngton , much of north -centra l  a nd northeastern Oregon ,  a nd 
parts of ad jacent Idaho . I t  forms the wal l s  of the Co l umbia R i ve r  Gorge a nd a l so is w idespread i n  the 
W i l l amette Val l ey of western O regon . 

L i tho logy: The  Co l u mbia R i ver Grou p consi sts of a max i mum of 8 , 000 feet (a verage 2 , 000 to 3 , 000 feet ) 
of hard , dark  basa l t  a nd subord i na te tuffaceou s sed i ments (Masca l l  Format ion  and  " rh yo l i t i c  ma rg i nal 
fac i es " ) .  Dense , b l a c k ,  apha n i t i c  to loca l l y porphyr i t i c , o l i v i n e -bear i ng to tho l ei i ti c  f l aw - on - f low 
basa l t  i s  the dom ina nt roc k type . Su perfi c ia l l y the l a va s  appear to be very u n i form ,  bu t  i n  a reg iona l 
sense the deve l opment of severa l geogra ph i ca l l y d i st i nc t  source a rea s  has  no dou bt resu l ted i n  su bt l e var­
ia t ions of th e l i tho log y ,  stra t igraphy a nd age of th e u n i t . 

T he basa l t s  of the Co l umb ia  R i ver  G roup are d iv ided i nto two types :  the  P ic ture Gorge Basa l t  and 
t he Yak ima Basa l t . The P i cture Gorge Basa l t  i s  appare nt l y  the o l der of the two un i ts and is the  most 
w i desprea d  i n  O regon , bei ng reported i n  th e ea st Crescen t and  ea st Bend A MS sh eets to the  west and  i n  
the Durkee qua dra ng l e  to th e east . I t  forms th e bu l k  of the Co lu mbia R i ver Grou p i n  the  A l dr i c h  Mou n ­
ta in s  a nd th e O ch oco Mou nta i ns ,  a n d  i t  compr ises much o f  t h e  C o l u mbia R i ver Grou p  north of Pi c tu re  
Gorge , t he type  l oca l ity . 

C hem ica l l y  the P i cture Gorge Basa l t  i s  composed of 47 to 50 percent s i l i c a  a nd it i s  h igh i n  
A l 2o 3 , MgO , and CoO . It averages 5 percent ol i vi ne ,  i s  porphyr i t i c , a nd d i sp l ays b l ocky j o i nt i ng . 
T he rel at i ve l y  h i gh  conten t  of  ch l orophae i te  i n  t he l avas g i ves  t he weathe red rock a waxy appearance . 

T he Yak ima Basa l t  is i nterpreted to over l i e  the  P i ctu re Gorge Basa l t  by Brown and Thayer ( 1 966a ) ,  
but i t  i s  t hought a l so t o  in tertongue w i t h  t h e  P ic ture Gorge Basa l t  by Wal ke r ,  ora l commun i cat i on ( 1 97 1 ) .  
C hemica l l y  i t  i s  composed of 53-54 pe rcent s i l i ca ,  and opa l i ne pods of l ate or i g i n  are deve l oped l oca l l y . 
T he rock i s  h i g h  i n  K 20 and T i02 . T he un i t  d i sp l ays co l u mnar jo i nt i ng and i s  o l i v i n e  poor w i t h  the ex­
cept ion of some l ate , basi c � i ron-r i c h ,  d i ktytax i t i c  var ia nts i n  parts of Washi ngton . 

T he Mosca I I  Format ion  (see Mosca I I  Format ion ) cons ists of a ser ies of cream-col ored , water l a i d  
t uffs and  a sh  w h i c h  th i cke ns  to t he south to  an  est i mated th i ckness of approx i mate l y  2 , 000 feet i n  the 
John Day R i ver va l l ey near Dayv i l l e . There ,  i ntertongu ing  fl ows of basa l t  are tentat i ve l y  ass igned to 
the Yak ima Basa l t  by T hayer  a nd Brown ( 1 966b) . 
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Fart her to the south the fl uv i a l  Masca l l Format ion  is i nterpreted to pass l a te ra l l y  i nto fan depos i ts  
and fl ow rocks ass ig ned to the "rhyol i t i c  marg i na l  fa c ie s "  of Brown and T hayer ( 1 966a ) ,  and T hayer a nd 
Brown ( 1 966 b ,  c). T he " rhyo l i t i c  marg ina l  fac ies "  cons i sts of basa l t i c  and a ndes i t i c  fl ow rocks i nter­
bedded w i th wa ter l a i d  debr i s ,  we l ded tu ffs , a nd l ent i cu lar rhyo l i te fl ows of loca l extent. It i s  i nter­
pre ted to be conforma b l e  w i th th e basa l ts of th e Co l u mb ia  R iver Group a nd i s  be l i eved to pass l a tera l l y  to 
the sou th i n to th e S trawberry Vo l ca n i cs (see S traw berry Vo l ca n i cs) . 

Source areas: Source areas for the basa l t s  of t he Co lumb ia  R i ver Group are conce ntrated i nto t hree north ­

west tre nd i ng d i ke swarms : the Gra nde R honde d ike swarm a l ong  the Snake R i ve r ,  the C ornucop ia  d i ke 

swarm i n  the southern Wal l owa Mou nta i ns ,  and  t he Monument d i ke swarm a l ong the John Day R i ve r  i n  

ce ntral Oregon. Var ious aspe cts of the swarms a re di scussed by Waters ( 1 961 ) ,  G i bson ( 1 966) , Shaw 
( 1 967) , and Taube neck ( 1 969 a ,  b). 

Other more d i stan t  source areas i nc l ude the  T i eton d i ke swarm i n  ce ntra l Wash i ngton , possi b l e  
feeder d i kes  i n  t he W i l l amette Va l l ey ( Osawa and  Ga l es 1 969) ,  d i kes a l ong  the coast (Snave l y  and 
Macleod , 1 969) , and source d i kes  for t he Roza f low in sout heastern Wash i ngton (B i ngha m , 1 969). T hat 
othe r  source a reas under l i e  t he Co l umb ia  R iver G roup in t he more centra l  pa rts of t he Co l umb ia  R i ve r  
P l ateau  i s  suggested by  geophys ica l  data (H i l l , wr i t ten commun i cat i o n ,  1 97 1 ) .  

Contacts :  T he Co l umb ia  R i ver G roup i s  unconformabl e over o lder  un i ts i nc l ud i n g  the C l arno and John  
Day Format ions . I t  i s  u nconformab l e be neat h  the  Dal l es ,  Desch utes and Ratt l e snake Format i ons . 

T he Masca l l Format ion  i s  i nte rpre ted to i nterfi nger w i t h  basa l ts te ntat i ve l y  assi g ned  to t he Y a k i ma 
Basa l t  (T hayer and Brow n ,  1 966 b , c ) i n  the v i c i n ity of John  Day and to pass l atera l l y  to t he south  i nto 
t he " r hyol i t i c  marg i na l  fac i e s "  a nd u l t i mate l y  i nto t he Strawberry Vol can i cs. A p i cture emerges in w h i c h  
a debri s fan spread i ng north from S trawberry Mounta i n  i nte rfi ngers w i t h  t h e  basa l ts of  t he Co l umb ia  R i ver 
Group to g i ve a Miocene l andscape si m i l ar to t hat of  south-centra l  Oregon today , where f l ows  a nd debr i s  
from Mt. Mazama spread northward and  nort heastward over the fl ows of t he H i g h  C ascades . 

Age: Recent  fau na l  data and radi ometri c age determi na t ions rest r i ct most of the  Co l u mb ia  R i ver G roup 
to the l ate Miocene and poss i b ly  the ear ly P l iocene . I n  Wash i ngto n ,  rad i omet r i c  a ge dates ra ng i ng  
from 1 2 . 3  to  1 6 . 9  m i l l ion  years have been obta i ned f or t he Y ak i ma Basa l t  (Ho l mgre n ,  1 969 a , b :  
Waters , 1 96 1 ) .  T he wide scatte r  i s  at t r ib uted to i naccurac ie s  i n he rent i n  the dat i n g  tec h n i q ues  (Ho l mgre n ,  
1 969 , b). A n  age o f  1 1 .9 t o  1 3.3 m i l l ion years i s  reported for t h e  Pomona fl ow by Holm gre n  ( 1 969a , b) .  
I n  Oregon the E l ephant Mounta i n  fl ow overl i e s  t he E l l e nsbvrg Format ion of  l atest  Miocene or ear l y  
P I i ocene age near Ar l i ngton (Newcomb , 1 97 1 ) .  

Basa l ts be l i eved to occ ur h i gh i n  the P i ct u re Gorge Basa l t  i n  the John  Day R i ver have y i e l ded an  
age date of 1 5.4 mi l l ion years (G ray a nd K i tt l e man , 1 967) . S i m i l arl y ,  Avent ( 1 969) reports a n  age  of  
1 5.0 m i l l i on  years for f lows assi g ned to the  P i cture Gorge Basal t .  

References :  Avent , 1 969 
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Gray and K i tt l eman , 1 967 

Hampton  and Brown ,  1 964 
Hogenson , 1 964 
Ho l mgre n ,  1 969 a , b  
H umphrey , 1 95 6  
I r i sh , 1 954 
J o l l y ,  1 957 
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Or ig i na l  desc r i pt ion :  Morr ison ( 1 964) described the C oon Hol l ow Mudstone and des i gnated exposure s i n  
C oon Hollow as the type l oca l ity . Coon Hol l ow is a sma l l canyon l ead i ng i nto the S nake R i ve r  in the 
extreme northeastern corner of  Oregon . 

D istr ibut ion : The u n it is exposed i n  a rectangu l a r  area coveri n g  1 2  square m i l es i n  t he extre me nort heastern 
corner of the state and exte nd ing  for s hort d i stances  i nto adjacent I daho a nd Wash i ngton . 

L i tho l ogy : As exposed at t he type sect ion the Coon Ho l l ow Mudstone consi sts of 1 , 25 0  fee t of mudstone 
and subord i nate i nte rbedded pebb l e  congl omerate and l it h i c  g raywacke . T h e  tota l t h i ckness of  the un i t  
i nc l ud i n g  exposures outside t he type area i s  approximate l y  2 , 000 feet . 

T he base of the un it i s  marked by a basa l cong l ome rate cons i sting  of boul ders of che rt , vo l can i c  
rocks , and s i l i c i fied s i l tstone . T he mudstone i s  t h i n -bedded , b l ack , hard , sp l i nte ry , and noncal careous . 
M i nor amounts of i nte rbedded pebbl e congl omerate occ ur sporad i ca l l y  i n  t he sect ion . 

Contacts: The un i t  is unconformab le  over Tr iassic rocks . 

Age:  A n  ear ly  Oxford ian  (Late J urass i c )  age i s  ass i gned to the un i t  on t he bas i s  of a few ammonites 
collected on the Ida ho s ide  of the Snake R i ve r . 

References :  lm l  ay , 1 964 a 
Morr iso n ,  1 964 

C OYOTE  BUT TE FORMAT I O N  

O r ig i na l  descr ip t ion :  Merr iam ( 1 942) defi ned t he Coyote Bu tte Format ion a n d  des i gnated the steep ly  d i p ­
.p i ng strata that form the c rest of Coyote Butte southeast of  Paul  i na as t he type l oc a l i ty . 

D i str ibut ion :  The  u n it i s  rest r i cted to  exposures i mmed iate ly  su rround i ng the type l oca l i ty i n  sout heaste rn 
C rook County in centra l  O regon . 

L i thol ogy : T he Coyote Butte Format ion cons i sts of approx i mate l y  900 feet  of mass i ve to d ist i nc t ly  bedded 
l i mestones and fe l dspat h i c  sandstone . Local l y  cong l omerat i c , o l i ve -gray sandstones w i t h  i nterbedded 
c r i no ida l  l imestones r i ch  in fusu l i n ids  c haracter ize t he l ower part of the sect ion . 

H i gher i n  the sect ion' purer , fi ner-gra i ned , more d is t i nc t l y,bedded , deeper-gray l i m estones w i th 
a bunda nt  brach i opods and sparse fu su l i n ids a re abunda nt . A lso present are zones of do l om i t ization and 
s i l i c i fi ca t i on and occasiona l c her t  i n terbeds of uncerta i n  or i g i n .  

A l though the  un i t  i s  common ly  t houg ht of as be i ng dom i nant l y  a l i mestone , t h i s  is p robab l y  a m i s­
concept ion ar i s i ng  from the greater res i stance of the  I i mestone as compared to the sandstone . Low i n  the 
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sect ion the l i mestone probab ly  occurs a s  subord i nate l e nses w i th i n  a domi nant l y  sa ndstone I i tho l ogy . 

Conta cts :  T he Coyote Butte Format ion i s  probab l y  u nconformab l e  over the Spotted R i d ge Format ion as 
suggested by t he p i n c hout of t he underl y i ng  strata in se c .  5, T .  1 9  S . ,  R .  25 E . ,  the coarse basa l beds 
and t he re l at i ve ages of t he two un i t s . Ogre n ( 1 958 ) ,  howe ver ,  i nc l udes it as a member w i th i n  h i s 
Spotted R i dae Formntinn 

A ge : M idd l e  Perm ian  L eonard ian  fusu l i n ids  re covered from the un i t  suggest corre l at i on  w i t h  exposures 
of the E l khorn R idge Arg i l l i te 3 m i l e s  south of Sumpter in Baker County ( Bostw i c k  a nd K oc h ,  1 962) . 

References :  Bostw ick  and  K oc h ,  1 962 
Mamay and Read , 1 956 
Merr iam , 1 942 

DALLES FORMAT I O N  

Merr iam and Berth ia ume , 1 943 
O gren ,  1 958 

Or i g i na l  descri pt ion: C ope ( 1 880) app l ied t he term Da l l es Format ion to sem i -consol idated fl uv iat i l e  
sed i me nts exposed i n  t he v i c i n ity o f  T h e  Da l l es i n  nort h -ce ntral O regon . 

D i str ibut ion: T h e  P l iocene f l uv ia l sedi ments over l y i ng th e Co l u mbia R iver Grou p ,  h ere a ss igned to the 
Da l l es Forma t ion , extend a pprox i mate ly  1 5  m i l es sou th of The  Da l l es i n  a n  exposure wh ich  i s  approx i ma te l y  
1 0  to 1 5  m i l es w ide . Exposures prev iou s l y  i n c l uded i n  the S h u t l er Forma t ion a n d  w h i c h  extend eas tward 
t h rough much of t he Umat i l l a Bas i n are i n c l uded i n  t he Da l l es Format ion by N ewcomb ( 1 966 , 1 97 1 ) .  

S i m i l ar beds farther sout h i n  the Bend a nd Madras a reas a re somet i mes ass igned  to t he Da l l e s  Forma ­
t i on 0Nater s ,  1 968b; Peck , 1 964; Peterson and G ro h ,  1 970) , but are here exc l uded from the un i t  on the 
b asi s of t he i r  geograph ic  separat ion from the type Dal l e s. For t hese beds  the term Deschutes Format ion i s  
p robab ly  more appropriate . (See Deschutes Format ion . )  

L i t ho l ogy : T he Da l l es Format ion  cons ists o f  u p  to 1 , 500 feet of  a ndes it i c  agg l omerates of  mudfl ow or i g i n  
that grade upsect i on and l ateral l y  to the east and nort h i nto fl uv ia l sed iments  composed of cong l omerate , 
fi ne-gra i ned tuffaceous sandstone , a nd si l tstone . T he agg lomerate s  cons i st of a ndes ite bl ocks set i n  an  
unbedded matr ix  of  shards , pumic e ,  scori a ,  m i nera l  gra i ns ,  and c l ay .  T he un i t  probab l y  represents a 
debri s fan t hat spread to the  north a nd east of the nort hern H ig h  Cascade s . 

Contacts:  T he Da l l es Format ion is unconformab l e  over the Co l umb ia R i ver  G roup a nd i s  over l a i n  by 
Pl io-Pl e i stocene  basa l ts .  

Age :  A n  ear ly  P I  iocene age i s  assi g ned to the Da l l e s  Format i on on the basi s of foss i l  l ea ves  and ve rte ­
brates of that age recovered from the un i t . I n add i t ion , rad i ometr i c  ages of  1 0 . 6  and 1 5 . 2  m i l l ion  years 
have bee n determ i ned for a fl ow wi th i n the sed imentary fac ie s . The un i t corre l ates  w i t h  the  l ower 
Deschutes Format ion to the south . T he prec i se strat i grap h i c  re l at ionsh ip  of the Da l l e s  Format ion to the 
m idd l e  P l i ocene S hut l e r  Format ion  and the m idd l e  P l iocene beds at McKay Reservo i r  to the east i s  unc l ea r ,  
a l t hough N ewcomb ( 1 966, 1 97 1 ) cons iders both may be extens ions of  t he Da l l e s  Format ion . 

References :  Ba l dw i n , J 964 
N ewcomb , 1 966, 1 97 1  
Peck , 1 964 

DAN FORT H  FORMAT I O N  

Pete rson and G roh , 1 970 
P i pe r ,  1 932 
Waters , 1 968a , b  

W i l l i ams , 1 957 

Or ig i na l  desc r i pt ion : T he Dan forth Format ion was ori g i na l l y  descr ibed by P i pe r  ( 1 936) a nd subsequent l y  
by P i pe r ,  Robi nson a nd Park ( 1 939) . Exposures a l ong Cow Creek on t he Danforth Ranch  in T .  22 S . , 
R .  32� E .  are des ignated as the type l oca l i ty .  
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D i st r ibut ion :  T he Dan forth Format ion  i s  wel l -deve l oped i n  the  Harney Bas i n  and i s  w i despre ad i n  nort h­
ern and ce ntra l Harney Cou nty . 

L i t hol ogy : T he Danfort h Format i on consi sts of a h i gh l y  vari ab l e seq uence of tuffa ceous sed i me ntary 
rocks , i nterstra t i fi ed ash-fl ow tuffs , th i n  basa l t  f lows and basa l t i c  brecc ia s . A c cord i n g  to P iper , Rob i n ­
son and Park ( 1 939) extrus i ves are domi nant  l ow i n  t he se ct ion a n d  sed i me nts domi nate h i g h  i n  t he se ct i on . 
I n  th i s  se nse the Danfort h Format ion is gross l y s i m i l a r to t he J untura Format ion  i n  nort hern Mal heur County . 

T hree rhyo l i t i c  to rhyodac i t i c  ash -fl ow tu ffs occur w i t h i n  the u n i t  and are traceab l e  re g iona l l y  on 
t he bas i s  of t he ir respect ive characte r ist ic s  of chem i st ry , petrol ogy , l i t ho l ogy , and strat i graphy . For 
examp l e ,  the l ower i g n i mbr i te i s  crysta l  r ich and l ack i ng in pumi ceous fragments; t he upper two tu ffs are 
v i t r i c  and we l ded . T he bas i na l  depress ion southeast of  Burns may represe nt a co l l apsed source a rea  for 
the upper v i tr i c  tu ff .  

T he Danfort h Format ion exh ib its a max i mum t h i ckness o f  700 feet  i n  t h e  centra l  parts of  the Harney 
Basi n and tapers to a feather edge of  rhyo l i te  ash -fl ow tuff on t he s l opes of t he surround i ng topograph i c  
h i ghs suc h  as t he west s l ope o f  S teens Mounta i n .  

C ontacts:  The Danfort h Format ion i s  d i sconformab l e  over t he Steens Basa l t  and unconformab l e under 
younger u n i ts i nc l ud i ng the Harney tuff .  

Age : Hemph i l l  i a n  vertebrates and rad iometr i c  age determ i nat ions  i nd i cate a m idd l e  P I  iocene a ge for the 
u n it . An  age of  9.  2 m i l l ion years  has been obt a i ned for the l ower we l ded tuff and an  age of 6 . 1 m i l l  ion  
years has  bee n determ i ned for the  upper  w e l ded tuff .  T he upper tuff i s  t hought to be t he same un i t  as  the 
m idd l e  tuff of  t he Ratt l e snake Format ion and i s  termed t he " Ratt l esnake i gn imbr i te " by Davenport ( 1 970) . 

Refe re nces : Ba tema n ,  1 96 1  
Beeson ,  M.  H . ,  1 962,  1 969 
Campbe l l and others , 1 958 
C row l ey ,  1 960 
Dave nport , 1 970 

D E ER BUT T E  FORMAT I O N  

L u nd ,  1 966 
P i pe r ,  1 936 
P i per  and others , 1 939 
Wa l ker , 1 969c , 1 970 
Wa l ker and Swanso n ,  1 968 a, b 

Or ig ina l  descr i pt ion :  C orcoran and others ( 1 962) proposed t he term Deer Butte Format ion for strata 
typi cal l y  exposed a t  Deer Butte nort h of the Owy hee Reservo i r  i n  t he  Mi tche l l q uadrang l e. I t  has sub­
sequent l y  been desc r i bed by K i t t l  em an and others ( 1 965 ) .  

D i st r ibut ion :  The Deer Bu tte Format ion i s  w idespread north a nd northeast of the Owyhee Reservo i r  i n  
east -ce ntral Mal heur County and as steptoes pok i ng throug h younge r P I  ioce ne strata in t he northern part 
of the Mi tche l l  Butte q uad ran g l e  (Corcoran and othe rs , 1 962). I t is i nc l uded in t he I daho G roup by 
K i tt l e ma n a nd ot hers ( 1 965 ) , but it is exc l uded from t he Idaho G roup by Corcoran ( 1 965 ) on the bas i s  of 
a pronounced over ly i ng unconform i ty . 

L i t ho l ogy : T he Deer Butte Format ion  is 95 0 fee t  t h i ck at the type l oca l i ty and may be present i n  t h i ck­
nesses of greater than 2 , 000 feet l oca l l y .  I t  consists of a se r ies  of buff, soft tuffa ceous s i l tstones , vo l ­
can ic  carbonaceous sha l es ,  a nd a l te red tuffa ceous v i t r i c  and crysta l sa ndstones o f  fl uv ia l and l acustr i ne 
or i g i n  grad i ng upsect ion  i nto mass ive arkos i c  sandstones a nd we l l -ceme nted rhyo l i t e-gran i te cong l omerate 
h i gh  in t he se ct ion . The arkos ic  sandstones a nd congl omerates probab ly  were deri ved from t he v i c i n i ty of 
S i l ver C i ty , Idaho , l ocated 50 m i l e s  to the southeast . 

T h i n  o l i v i ne basa l t  fl ows and l a har ic  brecc ias are l oca l l y deve l oped i n  the midd l e  of t he se ct ion . 

Contacts :  T he Deer Bu tte Format ion is di sconformab l e  over the Owyhee Basa l t  a nd unconformab l e  be neath 
the Kern Basi n Format ion of  Corcoran and others ( 1 962) and the l ower Grassy Mounta i n  Format ion of K i tt l e­
man and others ( 1 965 ) . 
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A g e :  T he Deer Butte Format ion  i s  Ba rstov ian  ( l ate Miocene)  i n  age and corre l ates w i t h  t h e  Dr ip Spr i ng 
Format ion  to the nort h , 

References :  Corcoran , 1 95 3 ,  1 965 
Corcoran  and others , 1 962 
K i tt l e man , 1 962 

D E S C H UT E S  FORMAT I O N  

K i tt l e man  and othe rs , 1 965 , 1 967 
N ewton and C orcora n ,  1 963 
Weeden , 1 963 

Or ig i na l  descr ipt ion :  Russe l l ( 1 905 ) appl ied t he term Desc hutes Format ion to l a custr i ne a nd fl uv ia l  P I  i o­
cene sed i me nts i n  the Be nd and Madras areas . 

D i str i bu t i on : The  u n i t  i s  fa i r ly  w i desprea d i n  the m idd l e  rea ch es of the D eschu tes R i ver i n  th e a rea sur­
rou ndi ng Bend a nd Ma dra s . I t  i s geogra ph i ca l l y i so l a ted from the Da l l es Format ion  to the  north . I nc l u ded 
in the u n i t  are exposures referred to as  D eschu tes by Stearns ( 1 93 1 ) ,  Ma dras For ma t ion  by H odg e ( 1 94 1 )  
a nd W i l l i ams ( 1 957) , a n d  Da l l es Forma t ion by Hodge ( 1 942) , Pec k ( 1 964) , Wa ters ( 1 968b) a nd Peterson 
a nd Groh ( 1 970) . The term D esch u tes Forma t ion has  h i s tori ca l pr iori ty (Ba l dw i n ,  1 964) and the u n i t  d i ffers 
from th e Da l l es Forma tion i n  terms of l i tho logy and possi b l y  age . 

L i thol ogy : T he Deschutes Format ion  i s  a fl at- l y i ng heterogeneous seq uence of sed i me nts , tu ffs , and l avas 
havi ng a tota l thi ckness of approx imate l y  600 feet . T he sed iments i nc l ude d i atomi tes , fl uv ia l  sandstone s ,  
mudfl ow brecc ias , and cong l omerates . T h e  t u ffs i nc l ude v i tr i c ash , c i ndery ash , l ap i l l i  t uff, pumice  
l ap i l l i  t uff, and severa l we lded ash-fl ow t uffs . The fl ows are  composed of bot h ande s i te and basa l t ,  are 
most abu ndant i n  t he west , and are cont iguous w i th  the C ascades Format ion . 

T he l ower 200 feet  of the un i t  cons i sts of i nterbedded basa l t s ,  ash-fl ow t uffs a nd vo l ca n i c  sed i ments; 
t he midd l e  200 feet of  t he un i t  cons i st s  of vo l ca n i c  sed i me nts , pyroc l ast i c  depos i t s , a nd some basa l t ;  t he 
uppe r 200 feet  of the u n it cons ists of cone s ,  c i nders , vol can i c  sed i me nts , d i atom ite beds , a nd ash -fl ow 
tuffs . A l though  t he l ower 400 feet of t he un i t  i s  ve ry s im i l a r to the Da l l es Format ion , i t  d i ffers from t hat 
u n it in its l esse r abundance of mudfl ow depos i ts a nd in i t s  greater abundance of ash -fl ow tu ffs and d i atom ite . 

C ontacts :  T he Deschutes Format ion i s  unconformabl e ove r  t he Co l umb ia  R i ver G roup and l oca l l y  uncon­
formabl e over beds ass i g ned to t he E l l e nsberg Format ion , It wedges out aga i nst the John  Day Format ion  
to the east . 

T he Desc hutes Format ion i s  unconformab l e  be neath  younger fl ows of basa l t  a nd grades l atera l l y  to 
t he west i nto the Cascades Format ion . 

A ge :  An ear l y P l iocene t hrough l ate P l iocene age is ass igned to the un i t  by Ste ns l and ( 1 970) on the basi s 
o f  rad iomet r ic  age determ i nat ion s ,  strat ig raph i c  pos i t i on ,  and foss i l  conte nt , 

References :  Ba l dw i n , 1 964 
Hodge , 1 940,  1 94 1 , 1 942 
Pe ck , 1 964 
Pete rson and G ro h ,  1 970 

D EVON IAN STRATA OF C EN TRAL OREGON 

R usse l l ,  1 905 
S tearns , 1 93 1  
S tens l and , 1 970 
Waters , 1 968b 
W i l l iams , 1 957 

Or ig i na l  descr ipt ion : Devoni an strata in centra l  Oregon are descr i bed by K I ewe no and J e ffords ( 1 96 1 , 1 962) . 

L ocat ion :  T he De von ian  strata are exposed i n  t h e  Sup l ee area a m i l e  nort h of  t he area mapped b y  Merr i am  
and Berth iaume ( 1 943 ) i n  t he  south  fork o f  T rout C reek T .  1 8  S . ,  R ,  25  E ,  Sma l l exposures a re  a l so present 
in  the southwest corne r of T .  1 9  S . ,  R .  25 E .  
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L i t ho l ogy : T he exposures i n  Trout Creek cons i st of 200 feet of massi ve , green  c hert gr i t  ond sandstone 
overl a i n  by 1 00 feet of h i gh l y fo l ded , mass i ve , c herty , l i ght-to med i um-brown stromatoporo ida l  l i mestone, 
w h i c h  i n  turn i s  over l a i n  by an undeterm i ned t h i ckness of chert and arg i l l i te . 

T he smal l sout her ly  exposures cons i st of fossi l i ferous l i mestone . 

Contacts :  Contac ts w i t h  other u n it s  are not v i s i b l e . 

Age : A m idd l e  Devon i a n  age is ass i gned to t he rocks on t he basi s of stromatoporo id s ,  bra c h i opods , and 
cora l s . 

References :  Brown and T hayer , 1 966a 
K l ewe no and J e ffords , 1 96 1 , 1 962 
T hayer a nd Brown , 1 964 

D I N N E R C R E E K  WEL D E D  A S H -FLOW T UF F  

O r ig i na l  descr ip t ion :  T he un i t  w a s  first desc r ibed b y  K it t l eman a n d  others ( 1 965 ), who des ig nated a s  the 
type l ocal ity exposures in Conroy C reek in t he NWt S E i  sec . 30, T. 21 S . ,  R. 39 E . in t he Monume nt 
Peak d i st r i c t  of  nort hern  Mal heur County . 

D i str ibut i on :  Exposure s  of t he  D i nner C reek W e l ded Ash-F l ow T uff are fa i r l y  w i despread i n  t he  Monu­
men t  Peak and Mal he ur Gorge d i str i cts surround i ng t he type l oca l i ty . T he "we l ded tuff of Owyhee Basa l t " 
of Bowen ( 1 956) a nd G ray ( 1 956) may a l so be l ong to t he un i t  as may s i m i l ar rocks to the nort h i n  the 
C avi ness ( I rons ide ) q uadrang l e  a nd to the south  beyond Warm Spr ings . 

L i t ho l ogy : T he un i t  is a pa l e -brown to gray i s h-red , l edge -form i n g ,  rhyol i t i c  ash-fl ow tuff wh i c h  ge n ­
era l l y  ex h i b its  ve rt i ca l  zonat ion and textures character i st i c  o f  we l ded a s h  fl ows . Loca l l y ,  however , a 
we l ded zone over l ie s  the uppe r part i a l l y  we l ded zone , suggest i ng  that two ash fl ows  are i n c l uded i n  the 
un i t  in  p l aces . T he un i t  varies  from 20 to 200 feet in  t hi ckness . 

Contacts :  T he D i nner C reek W e l ded Ash- F l ow T uff is over l a i n  by t he Butte Creek Vo l ca n i c  Sandstone 
of  Barstov ian  age accord i ng  to K itt! eman and others ( 1 965 ) . 

A ge :  A l a te M iocene age i s  ass i g ned to t he un i t  on the bas i s  of st ra t igrap h i c  posi t i on . 

Refere nces :  Bowe n ,  1 956  
Fouc h ,  1 968 
Gray , 1 956 
Haddock , 1 967 

D O N OVA N  F O R MA T I O N  

H agood , 1 963 
K i tt l eman and ot hers , 1 965 , 1 967 
Wol ff , 1 965 

Or i g i na l  de scr ip t ion :  L upher ( 1 941 ) app l ied  t he term Donovan Format ion to an  i so l ated exposure of  sed­
i ments croppi ng out from be neat h Tert iary vol can ic s  in the canyon of the S i l v ie s  R i ve r  1 9  m i l e s  north of 
Burns . 

L i thol ogy : T he un i t  consists of 2 , 5 00 feet of hard , green  and gray , noncal careous sandstone w i t h  sub­
ord i nate amounts of sandy sha l e , ·  red sa ndstone , and ye l l ow i s h ,  ca l careous sa ndstone. Very m i nor amounts 
of  I i mestone and congl ome rate are a l so prese nt . The red sandstone i s  r i c h  in mari ne mol l usks and  accord ­
i ng to L upher ( 1 94 1 ) was re ferred to as t he " Hardgrave Sandstone " i n  the ol der l i terature . 

Contacts :  Contacts w i th othe r u n i ts are concea l ed . 
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Age: An uppermost S i nemu r i an  ( Ea r l y  J u ra ss i c )  age  i s as s ig ned to the uppermost pa rts of the Donova n 
Forma t i on where d iagnost i c  foss i l s  hove been found ( I m l ay  to Corc ora n ,  w r i tten commu n i ca t i o n ,  1 96 8) . 
Poss i b l y  a n  unconform i ty separa tes th e upper 1 ,  800 feet of th e u n i t  from th e l ow er 700 feet; h ence  th e 
l ow er pa rt  of th e u n i t  may be s i g n i fi ca n t l y  o l der . 

Refe rence:  Lupher , 1 941  

DOO L EY R HYOL IT E BREC C IA 

O r ig i na l  desc r i pt ion :  T he Doo l ey R hyo l ite Brec c ia  was o r i g i na l l y  descr ibed by G i l l u l y  ( 1 937), who  des­
i gnated t �e type l oca l i ty as Doo l ey Mounta i n  in south ce ntra l Baker Cou nty . 

D i st r i but ion : T he Doo ley R hyol i te B re c c i a  i s  restr i cted to exposures at Doo l ey Mounta i n . More w ide­
spread ash-fl ow tuffs of apparent P l ioce ne age i n c l uded i n  the  un i t  by G i l l u l y  ( 1 937) shoul d probab l y  be 
exc l uded from the u n it (Mc i n tyre , wr i tte n comm un i cat i on to Brooks , 1 97 1 ) .  

L i thol ogy : T he Dool ey Rhyol i te Brecc ia  forms a ce ntra l ized accum u l at ion  o f  up to 2 , 000 fe et of r hyol i te  
brecc ias  and subord i nate fl ows a nd brecc ia s  of andes ite. The brecc ias  i nc  I ude I i g ht-col ored g l assy rocks 
set in a wh i te matr ix , I i g ht -gray pumi ceous fl ow bre cc i a s ,  a nd f ine ly  banded I i gh t -gray to green  obsi d i an . 
A l so present o re m i nor amounts of spheru l i t i c  rhyol i te fl ows ,  pum ice , and g l a ssy fl ow brec c i as. T he un i t  
g rades upsect ion  i nto severa l  hundred feet of red , l edge -form i n g ,  fl ow -banded andes i te . 

Contacts :  As descr ibed by G i l l u l y  ( 1 937) the un i t  exh i b i t s  h i g h l y  ambi guous strat i g ra p h i c  re l a t i onsh i ps 
suggest i ve of a m i dd l e  T ert i ary age . Restr i ct ion of t he un i t  to exposures in t he i mmed i ate v i c i n i ty of 
Dool ey Mou nta i n  re moved much of t he amb igu ity , however ,  and a l ate M iocene age seems most I i ke l y .  
Most o f  t he un i t  rests w ith angu l ar unconform i ty ove r pre-Tert iary strata . 

Age : The Doo l ey R hyol ite Brecc ia  has bee n ass i gned to the l ate M i ocene on the bas i s  o f  one rad i ometr i c  
a g e  determi nat i on (Wa l ke r ,  wr i tten commu n i cat ion , 1 97 1 ) . I t  post-da tes par ts o f  th e  Co l u mb ia  R iver  
G roup and preda tes other pa rts of the Co l umbia R i ver Grou p .  Apparent ly  th e two u n i ts a re  contempora ­
neous a nd th e Doo l ey Rh yo l i te Brecc ia may represent a n  eastern Oregon a na l og of th e  S trawberry V o l c a n­
i cs of Centra I O regon . 

Refe rence :  G i l l u l y ,  1 937 

" DOYL E  C R E EK FORMAT I O N " 

O r i g i na l  descr ip t ion :  " Doy le  C reek Format ion " i s  a term i nforma l l y  used by Va l l i e r  ( 1 967) i n  re fe rence 
to Tr iass i c  exposures i n  t he Snake R i ver  Canyon a nd characte r i st i ca l l y  exposed on t he north s ide of Doy l e  
C reek . A l though part of t h e  un i t i s  regarded a s  eq u i va l e nt t o  the Lower Sed i me nta ry Se r i e s ,  i t  i s  geo­
grap h i ca l l y  iso l ated from that un i t. 

L i t hol ogy : T he " Doy l e  C reek Format ion " consi sts of 3 , 000 to 5 , 000 feet of spi l i te , vol can i c l a st i c  rock , 
m i nor ke ratop hyre , a nd m i n i ma l  I imestone . T he l ower member (the Pi edmont Po i nt member) is composed 
of py roc l ast i c  rocks and vo l cani c fl ows . T he fl ows are dusky- red , g l omeroporphyr i t i c ,  and sp i l  i t i c ;  they 
resemb l e  port of t he Russe l l me mber of the " I mnaha Format ion " of Wethere l l  ( 1 960) to the west and a re 
eq uated w i t h  that un i t . Va l l i e r  ( 1 967) proposes a norther l y source . 

T he ove r l y i ng  Ashby C reel< congl omerate member i s  composed o f  vol can i c cong l omerate , vol can i c  
b recc ia , f ine -gra i ned vol can i c l ast i c  rock s ,  and l oca l l y  i nte rca l a ted gre e n i sh-b l a c k  t o  red f low rocks . 
P I uton ic  c l asts a re re ported i n  the cong l omerate . 

T he rugged outcrops and red col or of the  fl ows w it h i n  the " Doy l e  C reek Format ion " are cons idered 
to be d ia gnost i c  of the un i t . 
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C ontacts : T he " Doy l e  C reek Format ion "  i s  conformabl e over the " Grassy R i d ge Format ion " a nd conform ­
abl e under the  Mart i n  Br idge Format ion . 

Age :  A Karn i an  {Late Tri ass i c )  age i s  ass i g ned to t he  un i t  on t he bas i s  of strat i gra p h i c  posi t ion . T he 
l ower me mber corre l a tes w i th part of t he " I mnaha Format ion " of We there l l { 1 960) and the  upper me mber 
corre l ates w i t h  the Lower Sed i me ntary Ser ies  {Va l l i er ,  ora l  commun i cat i o n ,  1 97 1 ) .  

Reference :  Va l l ier , 1 967 

DREW S EY FORMAT ION 

Orig i na l  descr ipt ion :  T he Drewsey Format ion was  first descr i bed by  Bowe n and ot hers { 1 963 ) ,  who des i g­
nated exposures nea r  Tab l e Mounta i n  nort h of  t he  town of Drewsey on t he ba nks of t he  Ma l heur R i ver a s  
t he type l oca l i ty . 

D i str i but ion :  Exposures of  the  Drewsey Format ion are I im i ted to  t he western part of  the  Mal  heur  Gorge 
d i str ict of northern Mal heur  County . 

L i tho logy: The  l ower pa r t of th e D rew sey Format ion  cons i sts of 1 5  to 35 feet  of rhyo l i t i c  a sh -f low tuff 
over la i n  by 75 to 1 00 fee t of basa l t i c  tu ff agg l omera t e ,  tu ff , a nd d ia tom i te . Th e uppermost  700 feet  of 
fhe forma t ion cons i s ts of coa rse , brown tu ffaceous sed iments , crea m  to g ra y  tu ffs , th i c k  brown sa ndstones , 
a nd th i n  d ia tom i te beds . 

Contacts :  T he Drewsey Format ion  i s  unconformab l e over the J untura Format ion  and i s  e sse nt i a l l y  con form­
abl e be neat h t he overl y i ng basa l ts . 

Age:  T he basa l rhyo l i te has been rad i ometr i ca l l y  dated a t  8 . 9  m i l l ion years . Hemph i l l i a n  {m idd l e  P l i o­
ce ne ) vertebrates have bee n recovered from the format ion . 

References :  Bowen ,  1 956 
Bowen and others , 1 963 
G ray , 1 956 

DR I P  S PR I N G  FORMAT I O N  

Gregory , 1 962 
Hagood , 1 963 
K i t t l ema n  a nd others , 1 965 

Or i g i na l  descri pt i on :  T he Dr i p  Spr i n g  Format ion was named by K i t t l eman  and ot hers ( 1 965 ) for exposures 
near Dr i p  Spr i ng in t he SW:k N E:k se c . 3 ,  T .  22 S . ,  R .  41  E .  T he type se ct ion is l ocated i n  the S Ea 
sec . 20,  T .  20 S . ,  R .  42 E .  

D i str ibut ion :  T he Dr ip Spr i ng Format ion  cons i sts of those sed i me nts i n  the H arper Bas i n  w h i c h  over l i e  
the L i tt l e fi e l d  R hyol i te . I t  exte nds from a poi nt immed iate l y south  of t he Ma l he ur R i ver i n  t he Harper 
area sout h sout hwest approx i mate l y  1 5  m i l e s to the v i c i n i ty of Dr i p  Spr i n g . 

L i thol ogy : T he Dri p  Spr i ng Format ion  i s  260 feet t h i c k  at the type l oca l i ty ,  700 feet t h i ck i n  Cotton­
wood Creek and poss i b l y  1 , 500 feet t h ick  overa l l .  I t  con s i sts  of ye l l ow -brow n a nd ye l l ow -gray , fl uv ia l , 
a l tered vol can i c  sandstone and arkos i c  sandstone w i t h  subord i nate i nterbeds of carbonaceous sha l e  and 
d iatom i te . The un i t  i s  s i l i c i Fied and fa i r ly  res istant to eros ion  h i gh i n  the se ct i on . L i tho log i ca l l y  i t  i s  
s im i l ar to the Deer Butte Format ion  to the sout h ,  which occup ies  the  same strat i grap h i c  pos i t ion a nd i s  
of the same age . 

Contacts :  T he Dr ip  Spr i ng Format ion over I ies the l ate Miocene L i t t l e f ie l d  R hyo l ite a nd under! ies  the 
earTYCri<J m idd le  Pl iocene Gra ssy Mou nta i n  Format ion of K i t t l e man and ot hers ( 1 965 ,  1 967) . 
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Age:  A l ate M iocene to  ear ly  P l iocene age  i s  i n ferred for t he un i t  on the basi s of strat i grap h i c  pos i t ion . 
T he Dr ip Spr i ng Format ion corre l ates roug h l y  w i t h  t he Deer Butte Format ion . 

References : K i tt l ema n and others , 1 965 , 1 967 
McMurray , 1 962 
Weeden , 1 963 

" EARLY T ERT IARY CON GLOMERAT ES "  

De fi n it i on :  I n c l uded i n  th i s  i n forma l un i t  are a l l the ear l y Tert iary fl uvi a l  congl omerates i n  the S umpter 
and Bake r 30' q uadra n g l es and t he S usanvi l l e  and Bates 1 5 '  q uadrang l e s  to the west . 

L i t ho l ogy : The  congl omerates form l i near exposures and average a few tens of feet i n  t h i ck ness . T hey 
a re composed of c l asts of granod i or i te , gabbro , c hert ,  de nse fi ne-gra i ned porphyr ies , and q ua rtz i te  set 
in a ma t r i x  of redd i sh -gra y to b l u e -gray sa ndy c la y .  In th e Su mpter qua dra ng l e  th e cong l omera tes y i e l ded 
much go l d  in  th e go l d  ru sh days . To the ea st s i m i la r  cong lomera tes a re descr i bed by Goebe l ( 1 96 3) i n  
Wa l l owa Cou nty a n d  by O z i er ( 1 97 1 )  i n  th e Snake R i ver Ca nyon .  

C onta cts :  T he cong l omerates are unconformab le  beneath Miocene vol can i c  rocks a nd andesite brecc ias  
of  C l arno l i tho l ogy , but John  Day a ge (Wa l ke r ,  oral commu n i cati on , 1 97 1 ) .  

Age : T he cong l omerates a re pre -John  Day i n  age and are probabl y post-Cretaceous . Some of the  c l asts 
conta i n  t he l ower Upper C retaceous fern , Tempskya . 

References:  Ba l dw i n ,  1 964 
G i l l u ly , 1 937 
G oebe l , 1 963 
Mob l ey ,  1 956 
Ne l son , 1 956 

E L K H O R N  R I DG E  ARG ILL I T E  

O z i e r ,  1 97 1  
Pardee , 1 941  
P i gg , 1 96 1  
Taube neck , 1 955 
T hompson , 1 95 6  

O r i g i na l  descr i pt ion :  T h e  E l k horn R i dge Arg i l l i te was named b y  G i  I I  u l y  ( 1 937) for exposures on E l k horn 
R i dge in the Sumpter quadrang l e . 

D i st r ibut ion :  T he E l k horn R idge Argi l l i te  can be traced for 70 m i l es  from the S nake R i ve r  i n  eastern Baker 
County westward to the Gree n horn Mo unta ins  in easte rn G rant  County . In add i t ion , i t  may exte nd farth er 
to the west i nto i so l ated exposures of undi fferent i ated Pa l eozoi c  roc ks . 

L i t ho l ogy: The E l khorn R idge Argi l l i te cons i sts of approx i mate l y  5 , 000 fe et (G i l l u l y , 1 937) of s i l i c i fied , 
h i gh l y  contorted argi l l i te , tu ff, and var ico l ored chert w i t h  subordi nate amounts of l i mestone and gree nstone . 
T he argi l l i te dom i nates and i s  dark-gray , fi ne -gra i ned , a nd i nd i st i n ct l y  bedded . I t  i s  composed of quart z , 
andesi ne , muscovite , c h l or i te , and considerabl e b l a ck carbonaceous mater i a l . W ith  i ncreas i n g  conte nt 
of coarse r i gneous mater ia l  the arg i l l ite grades i nto tu ffs . 

Greenstone i nterbeds crop out i n  the headwaters of Ma nn i ng Creek and west of Lookout Mounta i n  
i n  areas interpreted t o  b e  near t h e  base of the E l khorn R idge Arg i l l i te by Prostka ( 1 967) . I n  add i t ion , 
Prostka ( 1 967) suggests t hat t he arg i l l i te grades downse ct ion  i nto a dom inant l y  gree nsc h i st un i t  i n  t he 
Durkee quadrang l e  w h i c h  he terms " greensch i s t "  of Pa l eozo ic  age . 

L i mestone i n  pod l i ke l e nses  makes up a sma l l  perce ntage of the un i t . Some of t hese bod ies may be 
downfau l ted b l ocks of younger st rata such as t he Mart i n  Br idge Format ion . I n  the Sumpter area  the  E l k ­
horn R idge Argi l l ite forms a sout h d i pp i ng ,  poss i b ly  isocl  i na l l y  fo l ded , homoc l i ne upon w h i c h  has be e n  
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i mposed a nor th -sou th ax ia l p l a ne c l eavage of Jurass ic  or C retaceous age  accord i ng to Sw i teck  ( 1 967) . 
Post-Mioc ene b l oc k  fa u l t i ng fu rth er comp l i ca tes th e stru ctu re . 

Contac ts : N e i th er the top nor bottom of th e E l khorn R i dge Arg i l l i te has been recogn i zed; stra t ig raph i c  
rela t ionsh ips w i th t he  Bu rnt R i ve r  Sch i st a nd th e Perm ian pa rt  of th e C l over Creek Greenstone of G i l lu ly  
( 1 937\ are  u n c l ea r . The  u n i ts may represent fa u l t-bou nded stru ctura l s l i ces i n  a p l a te tec ton i c  terra i n . 

Age : Leona rdi an  (mi dd le  Permian )  fu su l i n i ds have been recovered from ou tcrops three m i l es south of Sump­
ter , and Ochocoan ( l a te Permi a n) fu su l i n i ds ha ve been recovered from th e V i rtue H i l l s sou theast o f  Baker .  

Post -Perm i a n  Pentacr i n us col umnal  s have bee n reported i n  I imestone pods i n  the east centra l  Baker 
q uadrang l e  in stra ta w i th l i thologies  s i m i l ar to t hat of t he Mart i n  Br idge Format ion . In  v i ew of  the com­
p l ex structure in  the are a ,  i n fo l d i ng or downfau l t i ng of younger l i mestone u n i t s  suc h  as  t he  Mart i n  Br idge 
Format ion  seems l i ke l y  in  t hese exposures . 

Referen ces :  Be rry , 1 956 
Bostw ick  and K oc h ,  1 962 
D a l e , 1 957 
G i l l u l y ,  1 937 
K e nnedy , 1 956  
Mob l ey ,  1 956 

ELL E N SBURG FOR MAT I O N  

N e l son ,  1 956 
Pardee ,  1 94 1  
P rostka , 1 963 , 1 967 
T homos , 1 956 
T hompso n ,  1 956 

Or ig i na l  desc r ipt ion :  T he te rm E l l e nsbu rg Format ion was  fi rst p roposed by R usse l l ( 1 900) for l ower PI io­
cene sed iments under ly i ng t he K i tt i tas Va l l ey in centra l Was h i n.Qton . T he format ion  was extended i nto 
t he Dufur q uadrang l e of north centra l O regon by Waters ( 1 968c ) . 

L it ho l ogy: I n  t he Dufur quadrang l e t he E l l e nsbu rg Format ion  consists of t h i n -bedded vo l can i c l ast i c  sed imen­
tary rocks . 

Contacts :  T he unit  con formab l y  over l ies  t he Yaki ma Basa l t  of t he Co l umb ia  R i ver  G roup a nd uncon form ­
ably under !  ies  the  Da l l e s  Format i on . I n  Wash ington i t  i nterfi ngers wi th  some of  the l ater fl ows ass i gned to  
t he Co l umb ia  R i ve r  G roup ( Pomona f low and E l epha nt Mounta in  fl ow) and poss i b l y  i t  shou l d  be i nc l uded in  
the Co l umb ia  R i ver  Group . 

Age :  On the bas i s  of strat igrap h i c  re l at ionsh ips an uppermost M i ocene or l owe rmost P l iocene age i s  
i nferred for th e u n i t .  

Refe rences:  N ewcomb,  1 97 1  
R usse l l ,  1 900 
Waters,  1 968 c 

F I EL D S  C R E E K  FORMAT ION 

O r i g i na l  descr ip t ion :  T he F i e l d s  C reek Format ion  was descr ibed by Brown and T hayer ( 1 966a) w ho desi g ­
nated the type l oca l i ty a s  exposures i n  F i e l ds Creek o n  the eastern s ide o f  t he A l d r i c h  Mounta i n  q uadrang l e 
i n  the A ld r i c h  Mounta in s  of �e ntral Ore gon . 

D i st r ibut ion : T he un i t  i s  i n c l uded i n  t he A l dr i c h  Mou nta i n  G roup a nd forms a nort h-trend ing  band i n  the 
A ld r i ch  Mountai ns wh ich  fans ou t  i nto a w ide exposure immed iate l y  sout h of  t he  J ohn Day R i ver  a l ong t he 
A l dr i ch  Mounta i n Anti c l i ne .  
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L i t ho l ogy : T he un i t  i s  approx i mate l y  1 5 , 000 feet  t h ick  at the type l oca l i ty . T he l ower 1 0 , 000 to 1 1 , 000 
feet of t he un i t  is dom i nated by b l ack sha l es and s i l i ceous mudstones . In add i t ion  the l owermost 4 , 000 feet 
conta i ns ande s i te fl ows and brecc ias , dac i te  brecc ia s ,  rubbl y congl omerates of reworked T r iass i c  rocks ,  
ba nded cherts , a nd waterl a id ash . T he uppermost 3 , 5 00 fee t  of t he  un i t  i s  r i c h  i n  pum i ceous a ndes i t i c  
t u ff .  To  t he nort h t he tuff i s  8 , 500 feet t h i c k . 

Contacts:  T he F ie l ds C reek Format ion  is unconformab le  over Pa l eozoi c rocks and the Veste r Format ion . 
T he un i t  is con formab l e  w i t h  the overl y i ng Laycock Graywacke i n  some p l aces a nd unconforma b l e  i n  ot hers . 

Age : N umerous c l a sts i n  the l imestone cong l omerate conta i n  foss i l s  of l ate Karn ian  and m idd l e and ear l y 
N or ian  age ; t here fore an  age no o lder  than  l atest  Tr iassi c i s  i n fe rred for the un i t .  

Re fe rences :  Brow n and  T hayer , 1 966a , c 

FORT ROCK FORMAT ION 

Or ig i na l  desc r i pt ion :  H ampton { 1 964) def i ned t he  Fort Rock Format ion  a nd descr i bed severa l refe rence 
sections . T he un i t  i s  i nc l uded i n  the " P l iocene sed i mentary a nd vo l ca n i c  rocks "  of Wal ker , Peterson , 
and Gree ne ( 1 967). 

D i st r ibut ion :  T he u n it forms exte nsi ve exposures  i n  the sout hern part of the  Fort Rock Bas i n  i n  nort hern 
Lake County . 

L i t ho l ogy : T he Fort Rock Format ion ge ne ra l l y  i s  1 0  to 200 feet t h i c k ,  but t h i cknesse s as great as 1 , 000 
feet a re devel oped i n  ear l y P l iocene topograph i c  depress ions . I n  orde r of  decreas i ng abundance the con ­
st i tuent  rock types are tuff ,  d i atomi te , basa l t i c  aggl omerate , and basa l t i c  l ava . T he tuff consi sts  of 
basa l t i c  l a p i l l i  tuffs and brow n  mudfl ows w h i c h  grade i nto fi ner-gra ined deposi t s  fart her from the e rupt i ve 
centers , wh i ch  a re represented by basa l t i c  agg l omerates and fl ows . T he d iatom ite var ies  from massi ve , 
fr i ab le  pure vari et ies  to bedded a nd ashy deposi ts . 

Contacts :  T he Fort Rock Format ion i s  unconformabl e over the P i cture Rock Basa l t .  

Age :  A m idd l e  or l ate P l i oce ne age i s  i n fe rred for t he un i t  o n  the  bas i s  o f  strat i grap h i c  pos i t ion and 
fossi l ev ide nce . 

References :  Hampton , 1 964 
Wa l ker , Peterson , and  Greene , 1 967 

GABL E C R E EK FORMAT I O N  

Or ig i na l  descr i pt ion : T he Gabl e C reek Format ion w a s  de fi ned b y  W i l k i nson a n d  O l e s ( 1 968 ) . T hey pre­
sent no type se ct ion ow i ng to the  comp l ex i ntertongui ng of t he unit  w i t h  the H udspe th  Format ion . I n stead 
t hey des i gnate a series of  th ree re fere nce se ct ions l ocated in the sout h centra l  part of the M i tc he l l  1 5 '  
q uadrang l e .  

D i str ibut i on :  The  Gab l e  C reek Format ion and  the  i nte rtongu ing  H udspe th Format ion  const i tute a l l of the 
C retaceous exposures in the M i t c he l l 30 '  q uadrang l e .  The strata were treated i n  se ve ra l  maste r ' s  theses 
i nc l ud i ng M c i n tyre ( 1 953) , Bowers ( 1 953) , Swarbri ck { 1 953) , Bedford ( 1 954) , Howard ( 1 955 ) ,  Tay l or ( 1 960) , 
and  Mc K n i g ht ( 1 964) . A l though  C retaceous strata stud ied by T aubeneck ( 1 950) , S nook ( 1 957) ,  and W h i te  
( 1 964) l i e s hort d i stances out  of  the M i tche l l  quadrang l e ,  they  undoubted l y  be l ong to the same un i t . T he 
var i ety of l oca l i zed terms emp l oyed by the above workers are cons ide red provi nc i a l  and t he corre l at ions 
between them are probabl y i naccurate ( O i es ,  ora l commun i cat ion , 1 97 1 ) .  
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L i tho l ogy : The Gab l e Creek Format ion and t he H udspe th Format ion  togethe r  a re present i n  t h i cknesses 
of  up to 9, 000 fe et . T he Gab l e  C reek Format ion consi sts of a se r ies  of i nterbeds of congl omerate and 
l i t h i c  are n i te w h i c h  wedge out to t he south i nto t he fi ner-gra i ned mar i ne H udspeth Format ion . In order 
of  abundance the c l asts cons i st of c hert , q uartz i te , and gran i te . Mi nor amounts  of p hy l l i te , gree nstone , 
rhyol i te , andes i te , mudstone , and cal careous sa ndstone are a l so pre se nt. 

C hanne l  structures a nd graded bedd i ng probab ly  re fl ec t ing  cont i nuous l y  s h i ft i ng st ream re g imen 
are  widespread . Cross bedd i n g ,  gra i n  s ize d i st r ibut i on , i mb r i cat ion and c hanne l or ie ntat ions i n d i cate a 
souther l y d i rect ion  of transport w i t h i n  the Mi tche l l  q uadra ngl e .  

Contact s :  T he un i t  over l i e s  t he l ower  part of the H udspeth Format ion  a nd i ntertongues w i th t he m idd l e  
a nd uppe r H udspeth Format i on t o  the sout h . 

Age :  A n  A l b ian and C e noman ian  age i s  ass igned to t he un i t . 

References :  O l es and E n l ows , 1 97 1  
W i l k i nson a nd O l es ,  1 968 

" GO L D  C R E E K  GRE E N ST O N E " 

Or ig i na l  desc r i pt ion :  "Go l d Creek G reenstone " i s  a n  i n forma l  te rm proposed by Prostka ( 1 962) for 
smal l exposures of Late Tr iass i c  gree nstone t hat under !  i e  t he Lower Sed imentary Ser ies  of Prostka i n  t he  
northeast corner of  t he Sparta q uadrang l e .  T he un i t  i s  equ i va l ent to  the  " I mnaha Format ion " of Wethe re l l 
( 1 960) accord i ng to Prostka ( 1 963) a nd Va l l ie r  (ora l comm un i ca t ion , 1 97 1 ) .  Accord i ng to Prostka it a l so 
i s  eq u iva l ent  to part of un i t  " A " of the C l over C reek Greenstone i n  t he weste r n  Sparta q uadra ng l e ,  
(wr i t ten commun i cat ion , 1 97 1 ) .  

L i t ho l ogy : T he " G o l d  Creek G reenstone "  cons ists o f  approx i mate l y  2 , 000 feet  of spi l it i c  and m i nor kerat­
ophyr i c  fl ows i nterbedded w it h  subord i nate amounts  of graywacke , mudstone , a nd brecc ia. T he u n it 
t h i cke ns to the nort heast w here it can practi ca l l y  be wal ked i nto the " I mnaha Format i on " accord i ng to 
Prostka (wr i tte n commun i cat ion , 1 97 1 ) .  

Contacts :  A l thoug h t he base of the " Go l d C reek  Greenstone " i s  not exposed , Prostka (wr i t te n  commun i ­
cat i on , 1 97 1 )  i nterprets a n  unconform i ty w it h  the under ly i ng Pe rmian  rocks  o n  the bas i s  o f  the unconform­
ab le  re l at ionsh ip  betwee n t he l atera l l y  eq u i va l en t  " I mnaha Format ion " and the Pe rm i a n  strata fa rt her to 
t he northeast . 

T he " Go ld  Creek Gree nstone " i s  con formabl y over l a i n  by the L ower Sed i me ntary Ser ies  i n  t he  nort h­
east part of  the  Sparta q uadrang l e. 

Age: A Late Triassic age i s  ass i gned to the unit on t he bas i s  of l i t hol ogy and strat i graph i c  pos i t ion . 
Prostka , (wr itte n commu n icat ion , 1 97 1 )  be l ieves t hat t he "Go ld  Creek Gree nstone " a nd un i t  "A " of h i s  
C l ove r C reek G ree nstone l ie unconformab ly  above t he  C l over C reek  G reenstone of  G i l l u l y  ( 1 937). To t he 
east , however , Va l l ier  (ora l commu n i cati o n ,  1 97 1 ) be l i eves t he l atera l l y  equ i val ent " I mnaha Format ion "  
i s  a corre l at i ve of t he C l over C reek Gree nstone . 

References :  Prostka , 1 962 , 1 963 

G RASSY MOUNTA I N  FORMAT I O N  

O r i g i na l  descr ipt ion :  Bryan ( 1 929) named the G rassy Mo unta i n  Basa l t after exposure s capp ing  Grassy 
Mounta i n  i n  Mal heur  County i mmed iate ly  north of t he prese nt day Owyhee Reservo i r. T he name has  sub­
seque nt l y  been modi fied to Grassy Mounta i n  Format ion in  recogn i t ion of t he tuffaceous i nte rbeds. As  
mapped by K i tt l e man  and others ( 1 967) the un i t  i nc l udes a l l  t he post- Deer Butte sed i me nts u nder l y i ng the 
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basa l t . Corcoran and ot hers ( 1 962) ass ign  much of t he under l y i n g  sed i ments to the Kern  Bas i n  Format i on . 

D i str ibut ion : T he un i t  i s  w idespread i n  nort hern Ma l he ur County nort hwest of t he Owyhee Reservoi r i n  a 
ser ies  of exposures exte nd i n g  northward beyond the Ma l heur R i ve r  to the area northwest of Ha rper . 

L i t ho I ogy: T he G rassy Mounta i n  Format ion cons i sts of nume rous fl ows of brown-gray to o l i ve-b l ack  aphan­
i t i c  to porphyr i t i c o l i v i ne basa l t  of l oca l  extent i nte rbedded with  a va r iety of  fr i a b l e  tuffaceous sed i me nts 
o f  fl uvi a l  and l acustr ine or ig i n .  T he fl ows vary from 1 0  to 100 feet in t h i ckness and  t he u n i t  as  a whol e 
i s  500 to 1 , 000 feet thi ck .  T h e  basa l t  i s  coarse r and conta i ns more ol i v i ne tha n M i ocene fl ows i n  the same 
gene ra l  area w h i c h  are ass i gned to the Ante l ope F l at Basa l t. 

T he i nterbedded vol can i c  sed i me nts consi st p r imari l y  of v i t r i c  sa ndstone. Be l ow the l owermost basa l t  
fl ow are sed iments ass igned t o  the K e r n  Bas i n  Format ion  b y  Corcoran a n d  ot hers ( 1 962) , b ut i nc I uded i n  
t he Grassy Mounta i n  Format ion b y  K i t t l eman a n d  others ( 1 965 , 1 967) . They consi st of  l i ght-gray pumice  
l ap i l l i  t u ff ,  ye l l ow -gray fr iab l e  arkosi c sandstone , and ash , w i th very m i nor a mou nts of a rkos i c  gra n i te 
congl omerate a nd vo l ca n i c  cong l omerate (see Kern Bas i n  Format i on ) . 

Conta cts:  A ccord i n g  to Corcoran and others ( 1 962) the G ra ssy Mou nta i n  Format ion  i s  unconformab l e  
beneath the C ha l k Butte Format ion and unconformab le  over the K ern Bas i n  Format ion . As  descr ibed by 
K i tt l eman and others ( 1 965 , 1 967) the Grassy Mounta i n  Format i on  i s  unconformab l e over the Deer Butte 
Format ion . 

Age : C l are ndon ian  and Hemph i l l  ian  vertebrates i nd icate an ear l y  to m idd l e  P l ioce ne age for the un i t . 

References :  Ba ldwi n ,  1 964 
Brya n , 1 929 
Car l  at , 1 954 
Corcoran , 1 965 
Corcoran and othe rs , 1 962 
K i tt l eman , 1 962 

" GRA SSY R I DG E  FO RMAT I O N " 

K i tt l e ma n  a nd ot hers , 1 965 , 1 967 
McMurray , 1 962 
Pr i vrasky , 1 953  
Re n i c k ,  1 930  
R usse I I  , 1 96 1  
Weeden , 1 963 

O r i g i na l  desc r i pt i on :  T he " G rassy R id ge Format ion " is an  i n forma l  term i nt roduced by Va l l i e r  ( 1 967) i n  
refere nce t o  exposures of Late T r iass i c  sp i l i te on t h e  west s ide of G rassy R i dge i n  t h e  S nake R i ver Ca nyon . 
Apparent ly  the u n it predates other T r iass i c  un i ts i n  t he area . 

L i t hol ogy : The un i t  cons i st s  of up to 4 , 000 feet of pri mari l y  sp i l i t i c  pyroc l asti c rocks i n c l ud i n g  tu ffs and 
tuff brecc ias i nte rbedded w it h  l e sser amounts  of porphyr it i c  to apha n i t i c  fl ow rock , a l so of  spi l i t i c  compos i ­
t ion . Keratop hyr i c  rocks are ve ry m i nor . 

I n terbedded w i th t he vo l can i c s  are l oca l i zed de pos i t s  of ep i c l ast i c s  w h i c h  i nc l ude cong l ome rates 
in the west and sandstones and s i l tstones in t he south . 

Accord i ng to Va l l ier  ( 1 967) the spi l i t i c  composi t ion , abundant vol can i c bre c c i a , l oca l  carbonaceous 
l i mestone , and only m i nor de ve l opment of congl omerate serve to d i st i ngu i sh the un i t  from t he " H unsaker 
C reek Format ion . " 

T he un i t  d i ffers from the " Doy l e  C reek Format ion " i n  i t s  l e sser abu ndance of fl ow rock , i t s  green i sh 
rat he r than red hue , and its more subdued topograp h i c  rel ief . 

A topograph ic  h i gh  to t he west dur i ng  deposi t i on of the un i t  is suggested by the abu ndance of con ­
g l omerate to the west and the predomi nance of vol can i c  mari ne fl ow rock to the northeast . Val l i e r  ( 1 967) 
postu l ates deposi t i on in a l oca l i �ed tectoni c ba�i n w ith  sedi ments be i ng der i ved pr imar i l y  from a vo l can­
i ca l l y  act i ve western l andmass of  unde fi ned exte nt . 

Contacts : T he " G rassy R idge Format ion " predates the " Doy l e  C reek Format ion "  and i s  unconformab l e  over 
Pe rm i an strata . 
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Age : A Lad i n i an  (l ate Midd l e  T r iass i c )  age i s  ass ig ned to the unit  on  t he bas i s  of  pel e cypods and a l ower­
most Karn i a n  age is suggested for t he un i t  on t he bas i s  of a mmon ites . I t  corre l ates i n  part w i th the " I mn a ha 
Format i on "  (Va l l ier , ora l commun icat ion , 1 97 1 ) .  

Referen ce : Va l l ier , 1 967 

G RAYL OCK FORMAT I O N  

O r i g i na l  desc r ipt i on :  D i c k i nson a n d  V i grass ( 1 965) defi ned t he Grayl ock Format ion  and des ignated as 
t he type l oca l i ty exposures on the E l k horn C reek -Morgan C reek d i v ide in se c .  1 2 , T .  17 5 . ,  R .  27 E .  

D i st r i but ion :  T he Grayl ock Format ion i s  I i m i ted i n  d i st r ibut ion  to a n  area of  l ess t han  one square m i l e  
i n  the area immediate l y  surrou nd ing  the  type l oca l i ty . 

L i thol ogy : T he u n i t  consists of t h i n -bedded , dark-gray to b l ac k  s i l tstone w i t h  t h i n  i nterbeds of b l ack  
arg ill aceous l i mestone l ow i n  t he se ct ion . T he s i l tstone i s  l am i nated and fi rm , a l t hough not as hard as 
t he Ra i l Cabi n Argi l l i te . A l so ,  i t  d i sp l ays  hack l y  fracture ra ther  than subconcho ida l  fra cture such as 
t hat d i sp l ayed in t he Ra i l  Cab i n  Arg i l l i t e . 

The  s i l tstones coarsen l oca l l y to fi ne-gra i ned vo l ca n i c  graywac ke ha vi ng a composi t i on of 50 per­
cent kera tophyre c l as ts , 20 perc ent  a l b i te , a nd 5 percen t  qua rtz w i th ma tr ix consti tu t i ng  the  rema i nder . 
The  l i mestone  is a th i n -bedded arg i l l a ceous ca l c i l u t i te  s i m i la r  to tha t present i n  the upper pa r t  o f th e Ra i l  
Cab i n  Arg i l l i te . D i c k i nson and V i grass ( 1 965 ) i nterpre t a sha l l ow wate r ,  brack i sh env i ronment o f  deposi ­
t ion , possi b ly  trans i t i onal to a n  e stuar i n e  e mbayment . 

Contacts :  T he Grayl ock Format ion  i s  probab l y  unconformabl e over the Ra i l  Cabin Arg i l l i te and i t  i s  
u n conformab l e  unde r the Mow i c h  Group . 

Age : T h e  Grayl ock Format ion conta ins  Hettang ian  ( l owe rmost Ear l y  J urass i c )  ammon i tes . I n  add i t io n , 
a 5 i nemur ian  age i s  poss ib l e  for the upper part of the se ct ion . T he un i t  corre l ates w i t h  gray , s i l ty st rata 
and nodu l a r  l i mestone exposed sout heast of t he W i l l iams Reservo i r  (T . 1 9  5 . , R .  25 E .  ) .  

Reference :  D i cki nson and  V ig ra ss , 1 965 

HARN EY FORMAT I O N  

Or i g i na l  desc r ipt ion :  T he Harney Format ion was defi ned by P i per , ( 1 936) a n d  subseq uent l y  b y  P i per , 
Rob i n son , a nd Park ( 1 939) . Exposures on t he east face of Dog Mounta i n  a l ong the bou ndary between 
sees . 20 and 28 , T .  25 5 .  , R .  30 E . ,  in centra l  Harney County are des ignated as t he type I oca l  i ty . 

D i st r ibut ion :  T he Harney Format ion  crops ou t  as a n  eros ion  p l ane  of i nte rmed iate e l e va t i on w h i c h  
borders t he western  edge of t he l ower l y i n g  ce ntral a l l uv ia l p l a ne of the Harney Bas i n . 

L i t ho l ogy : At the type sec t ion t he  Harney Format ion cons ists of i nterbedded mass ive basa l t i c tuff ,  l i ght­
tan to gray sandstone , tuffa ceous sha l e , and basa l t i c  congl omerate . Basa l t i c  scor ia is present  i n  m i nor 
q uant i t ies . E l sew here cross -bedded grave l and fi ne-gra i ned strat i fied vol ca n i c  ash a re a l so pre sen t . T he 
un i t  is up to 750 feet t h ick . 

Conta cts: T he Harney Form�t ion i s  u ncon formab l e  ove r  t he Danfort h Format i on . 

Age:  A te ntati ve l a te Pl iocene age i s  ass ig ned to the un i t  on the bas i s  of strat i graph i c  posi t i on . 

References :  Ogren , 1 958 P i per , 1 936 P i per  a n d  others , 1 939 
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HAY E S  BUT T E  BASALT 

Ori g i na l  descri pt ion :  T he Hayes Bu tte Basa l t was  defi ned by  Hampton ( 1 964) who  des i gnated H ayes 
Butte and i t s  l ava sh i e l d  i n  T .  27  S . ,  R .  1 5  E .  and  nort hern T .  28 S . ,  R .  1 5  E .  a s  t he  type l oca l i ty . 

D i str ibut ion :  T he u n it forms exte ns ive exposures i n  Fort Rock  Basi n i n  northern Lake  County . 

L i t ho l ogy: T he H ayes Butte Basa l t  cons i sts of up to 1 , 300 fee t ,  but more common ly  1 00 fee t ,  of l i ght-
to dark-gray basa l t  w it h  text ures that range from frothy and scor iaceous to d i ktytax it i c . F l ows average 
1 0  •o 30 feet in t h i ckness and are de nse and joi nted i n  the i nter iors . T h i ckness patterns and deta i l ed 
strat i graphy i nd i cate der ivat ion from l oca l  ve nts a l i gned a l ong  nort hwest -tre nd ing  fau l ts w i t h i n  the basi n . 

Contacts :  The unit is unconformab l e  over t he Fort Rock Format ion  and unconformab l e u nder the  Peyerl 
T u ff a nd the Pau l i na  Basa l t . 

Age :  O n  the bas i s  of strat i graph i c  pos i t ion a l ate P l iocene and poss i b l e  ear l y P l e i stocene age i s  ass i gned 
to the u n i t . 

Reference : Hampton , 1 964 

H U DS PETH FORMA T I O N  

Orig i na l  descr i pt i on : T he H udspe th Format ion was defi ned b y  W i l k i nson a n d  O l es ( 1 968) . Ow i ng to 
complex interton gu ing  w it h  t he G ab l e  Creek Format ion , t hey do not des i gnate a type se ct ion . I nstead 
t hree re fere nce se ct ions  in the sout h ce ntra l M i t che l l  1 5 ' quadrang l e  are des i g nated . 

D i str i but ion :  The  H udspeth  Format ion and G ab l e  Creek  Format ion const i t ute a l l  t he  Cretaceous exposures 
in the Mi tche l l 30' q uadrang le  and are exte ns ive ly  exposed in the area surround i n g  t he M i tche l l  Fau l t  
i n  the southern part o f  t he quadra ng l e .  (See Gab le  Creek Format ion . )  

L i tho l ogy : The un i t  consi sts of a ser ies  of ol i ve -gray to dark -gray , fr iab l e  m udstones w i t h  subord i nate 
amounts of s i l tstone and sandstone . I t  wedges out to the north i nto the nonmari ne Gab l e  Creek Format ion  
through a ser i es of  i n terto ngues a nd ,  togeth er w i th the  Gab l e  Creek Forma tion , has a tota l th i c kness 
g rea ter than 9, 000 feet . 

A sha l l ow -wa ter ,  sh e l tered mar i ne  environ men t i s  i n terpreted on the bas i s  of foss i l conten t ,  
l i tho l ogy , a nd pr i mary struc tures such a s  la m i na tions , c ross la m i na tions , cross beddi n g ,  mu dc ra c ks ,  a nd 
l oa d ca sts . 

Contacts :  T he H udspeth Format ion is  unconformab l e  over Perm ian strata a nd i t  grades l atera l l y  to the 
north i nto the Gabl e Creek Format ion . T he l owermost part of the un i t  i s  con formab l e  be neat h the l ower 
part of t he Gabl e Creek Format ion . 

Age:  T he H udspeth  Format ion is A l b i an  a nd Cenoma n ian  i n  age . 

References: O l es a nd En l ows , 1 97 1  
W i l ki nson and  O l es ,  1 968 

" H UNSAK ER  C R E E K  FORMAT I O N "  

O r i g i na l  descr i p t ion :  Th e u n i t  was i n forma l l y proposed by Va l l i e r  ( 1 967) for exposu res o n  the nor th s ide  of 
Hunsa ker Creek i n  th e Snake R i ver Ca nyon . The  " H u nsa ker Creek Forma t i o n "  i s · rough l y  equ i va l en t  to th e 
" Tr i n i ty Creek Forma t i on "  of W ethere l l  ( 1 960\ a n d poss i b l y  th e Perm ian  pa r t  of th e C l over Creek Greenstone . 



G EO L O G I C  F O R M\  T I O NS 29 

L i tho l ogy : T he " H unsaker Creek Format ion " consi sts of approx i mate l y  8 , 000 to 1 0 , 000 feet of vol can i ­
c !  ast i c rock and subord i nate keratop hyre , cong l omerate , non pi ! l owed spi  I i te , mudstone , and b ioc l ast i c  
l imestone . T he vol can i c l ast i c  rocks cons i st l a rge ly  o f  brecc i as ,  vo l can i c graywacke , are n i tes ,  and 
vo l can i c  s i l tstones . 

T he un i t  conta i ns l e ss sp i l  i te and more vol can i c l a st i c  debr i s  t han  t he ove r l y i n g  " G rassy R idge 
Format ion . "  A l so ,  as  a resu l t  of i ts  keratophyri c rather than sp i l  i t i c  compos i t i on , i t  weathers to g i ve gray 
and I i ght -brow n  col ors rat her t han t he redd i sh  co l ors characte r i st i c  of t he " G rassy R i dge Format ion . "  
Accord i ng to Va l l ie r  ( 1 967) c urre nt and prove na nce i nd icators suggest a source to t he west or the south­
west . 

Contacts :  T he unit  i s  u nconformabl e over t he "W i ndy R id ge Format ion " and unconformab l e  u nder t he 
T r iass i c  " G rassy R i d ge Format i on . "  The " H unsaker C reek Format ion "  i s  u n conformabl e be neath the " I mnaha 
Formati on "  of Wethere l l ( 1 960) i n  the v i c i n i ty of  F i sh  L ake w here Wethere l l ( 1 960) i ncorrect l y  i n terpreted 
a conformabl e re l at i onsh ip . 

Age:  T he " Hunsake r Creek Format ion "  is p robab l y  of Leonard ian  a nd Word i a n  (m idd l e  Perm ian) age . 

Reference : Va l l ier , 1 967 

H UNTER  C R E E K  BASALT 

Or ig i na l  desc r i pt ion : K it t l eman and others ( 1 965 ) defi ned the H unter C reek Basa l t and des i g nated as the 
type l ocal i ty exposures at H u nte r Creek i n  t he SW! SW! NW! se c .  26 , T .  21  S . ,  R .  39 E . , in east -centra l  
O regon . 

D i str i but ion: The u n it i s  exposed i n  the Monume nt Pea k ,  Ma l heur  Gorge , a nd Harper Basi n are.as of nort h­
ern  Ma l heur County . I t  exte nds sout hwest to  the v i c i n i ty of Warm  Spr i ngs Reservo i r .  

L i t ho l ogy: T he u n i t  consi sts o f  severa l fl ows o f  fe l ty ,  aphan i t i c ,  dense , nonves i c u l a r ,  b l a ck basa l t . I t  
i s  c l ose l y  jo i nted a n d  i s  u p  t o  400 feet t h i c k . 

Contacts :  T he H u nte r C reek Basa l t  over l ies  the Di nner Creek We l ded Ash-F l ow Tu ff a nd under l i e s  the 
L i t tl e fi e l d  R hyol i te . I t  is postdated by the Butte C reek Vol  con i c S a ndstone and accord i n g  to Haddock 
( 1 967) i t  i s  l oca l l y  unconformab l e  u nde r the J untura and Bu l l y  C reek Format ions . 

Age:  On the bas i s  of stra t igrap h i c  pos i t ion a l ate Mi ocene age i s  ass i gned to t he un i t . 

References:  H addock , 1 967 
K i tt l e ma n  and others , 1 965 , 1 967 

H URWAL FORMAT I O N  

Or ig i na l  desc r ipt ion :  T he Hu rwa l Format ion  was named by S m i t h  and A l l en ( 1 94 1 ) for exposures o n  
H urwa l  D iv ide i n  the ce nte r o f  the Wa l l owa L ake q uadrangl e i n  Wa l l owa County . 

D i st r ibut ion :  T he un i t  i s  pre sent as a se r ie s  of  fa i r l y  exte ns ive exposures w h i c h  form a band around t he 
nort hern and eastern parts of t he Wal l owa Mounta in s  from the v i c i n i ty of Enterpr ise o n  t he nort h to Cor­
nucopia to th e sou th. Prostka ( 1 967) su ggests t hat the " gray p hy l l i te " in  the Du rkee q uadrang l e  to the 
south may be eq u i va l e nt to th is un i t . 
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L i t ho l ogy : T he H urwa l  Format ion  cons i sts of m i nor da rk-gray , foss i l i ferous , ca l careous ,  s ha l y  l imestone 
grad i ng upsect ion into a t h i ck se r ies  of c l ast i c  sed i ments w hi c h  i nc l ude argi l l i te , b l a ck sha l e ,  de l i cate ly  
cross-bedded and graded s i l tstone w i t h  I oad casts , tuffaceous I i t  h i  c sa ndstone and cong l ome rate. Tota l  
t h i ckness for t h e  u n i t  i s  a t  l east seve ra l t housa nd fe et . T hroughout the se ct ion  argi l l i te a n d  s i l tstone are 
t he dom i nant rock types . A 238-foot bed of wel l -rounded I i mestone cong l omerate a nd a cong l omerate 
of chert pebb l e s  and vo l ca n i c  rock  fragme nts are reported h i gh  in the  sect ion  in the Sparta q uadrang l e 
I P rost ka , 1 963) . Loca l l y ,  vary i n g  degrees of metamorp h i sm have a l tered the H urwa l  Format ion to var i e­
t ies of hornfe l s  and  phy l l i te i n  add i t ion to  argi l l i te. 

C onta cts : T he Hurwa l  Format i on  i s  genera l l y  interp reted to be conformab l e over the Mart i n  Br idge Form ­
a t i on .-l t i s  overl a i n  unconformab l y  by Tert iary stra ta . 

Age :  A n  upper Karn ian  and l ower to m idd l e  N or ian  age (Late Tr iass i c )  i s  i nterpreted for most of the 
H urwal  Format ion  (S i l ber l i ng a nd Tozar ,  1 968) on the basis of a fa i r l y  d i agnost i c  ammon i te fauna . 

I n  add i t i o n ,  beds s i tuated 5� mi l e s  southwest of E nterpr i se are des ignated as Hu rwa l Format ion  by 
N ol f  ( 1 966) a nd are dated as l ate S i nemur ion  throu gh l ate Pl e i nsbach i on  (Ear ly  J u rass i c )  by I m l ay ( 1 968 ) . 
T he upper 620 fee t  of t hese beds corre l ate w i t h  the upper th i rd of t he Sup lee  Format ion  and the l ower 
t h i rd of the N ice ly  Format ion i n  ce ntra l O regon ( I m l ay ,  1 968) . 

A l thoug h the spe c i f i c  strat igraph i c  re l at ionsh i ps of the Ear ly  J urass i c  rocks  i s  unce rta i n ,  s i m i l ar 
rocks nearby grade downsect ion  i nto the T r iass i c  and t hey ore regarded as be i ng part of the  H urwo l  Form ­
at ion ( I m l ay ,  1 968) . 

References :  G oebe l , 1 963 
I m l ay ,  1 968 
N ol f ,  1 966 
Po l e n ,  1 955 

HY DE FORMAT I O N  

Prostko , 1 963 , 1 967 
S i l ber l i n g  a nd Tozor , 1 968 
Smedes , 1 959 
Sm i t h  and A l l e n ,  1 94 1  

Or ig i na l  desc r ipt ion :  L up her ( 1 941 ) de f ined t he Hyde Format ion and des i gnated as the  type l oca l i ty 
exposures at South Fork Br idge on  t he South  Fork of the J o hn Day R i ver  i n  sec . 30 ,  T. 1 7  S . ,  R. 28 E . ,  
i n  the S up l ee- l zee d i st r i ct of ce ntra l O regon . 

D i st r ibut ion :  The Hyde Format ion  crops out as a narrow bond w h i c h  extends for 20 m i l es in a northeaste r ly  
d i rect ion  t hrough the center of t he Sup l ee - lzee d i st r i c t  of  ce ntra l  Oregon . 

T he present d i str ibut ion  near  t he j un ct i o n  of Freemon C reek a nd the South Fork of Beaver C reek 
( 1 2  m i l es sout hwest of  the type l oca l i ty )  d i ffe rs somew hat from t hat or i g i na l l y  de s i gnated by Lup her ( 1 941 ) .  
T here h i s  Hyde Format ion  i s  mopped as part of t he S nowshoe Format ion  by D i ck i nson a nd V i g ross ( 1 965 ) ,  
w ho c hoose t o  mop the " i n certoe sed i s "  o f  Luphe r  ( 1 941 ) a s  Hyde Format ion . (See fvlow i c h  Group for a 
more comp l ete exp l anat i on . )  

L i t ho l ogy : The Hyde Format ion  cons ists of 700 to 1 , 5 00 feet  of re s i sta nt , mass i ve ,  b l ue -gray andesi t i c  
mar i ne tuff and tu ffa ceous vo l ca n i c  graywacke i nterca l ated w i th subord i nate dark , l am i nated , vo l ca n i c  
s i l tstone and mudstone. T he sandstone i s  moderate l y  sorted , med ium-gra i ned , a nd shardy. In order of 
abundance it  cons ists of c l ast i c  a ndesi t i c  debr i s , nonvo l can i c q uartz , chert , a nd arg i l l i te. Mudstone is 
most abundant in the weste rn port of the Sup lee  area a nd  in t he eastern port of the l zee area . 

Conta cts: T he un i t  is conformab l e  ove r  the N ice ly  Sha l e  and i s  conformabl e under the S nowshoe Forma­
t i on  in t he l zee area. N ear t he j uncture of F reeman C reek a nd the South Fork of Beaver Creek in the 
S up l ee area , howeve r ,  the Hyde Format ion  i s  unconformab l e  be neat h t he Snowshoe Format ion. 

Age :  The  age of t he Hyde Format ion is de s ignated as l ate Toarc ian  (Midd l e  J u rass i c )  by D i c k i nson and 
Y i grass ( 1 965 )  and a s  ear l y Toarc ian  by I m l ay ( 1 968) . 
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D i c k i nson and V i grass , 1 965 
I m l ay ,  1 968 
L upher , 1 94 1  

I DA H O  GRO U P  (FO RMAT I O N )  

3 1 

Defi n i t ion :  T he Idaho Format ion  was first me nt i oned by C ope ( 1 883) i n  re fere nce to sed iments  of P I ioce ne 
age in eastern Oregon w h i c h  were t hought to have bee n deposited in anc i ent L ake I daho . 

H i stor ica l  treatme nt :  T he term Idaho Format ion was app l i ed to sed i me nts of post-G rassy Mounta i n  Basa l t  
age i n  the Owyhee reg i on by Bryan ( 1 929) and Ren i ck ( 1 930) . As suc h i t  was equ i va l ent  to the C ha l k  
Butte Format ion o f  Corcoran and ot hers ( 1 962 ) . 

S ubsequent ly  i t  was expanded by K irkham ( 1 931 ) to i n c l ude sed i me nts of pre -Grassy Mounta i n  
Basa l t  age w h i c h  overl ay the Owyhee Basa l t .  A s  such  i t  i nc l uded t he I daho Format ion , Grassy Mounta i n  
Basa l t ,  and Payette Format i on o f  Bryan ( 1 929) a nd Ren ick  ( 1 930) . T h e  sed i me nts beneath t he Grassy 
Mounta i n  Basa l t  are referred to as Deer Butte Format ion  and l ower Grassy Mounta i n  Format ion  by K i tt l eman  
and others ( 1 965) and  as Deer Butte Format ion  a nd K ern Basi n Format ion by Corcora n a nd others ( 1 962) . 

I n  recogn i t i on of the  numerous d i st i nct and mappab l e  l i tho l og i c  un i t s  w it h i n  the  format ion , i t  was 
e l evated to group status by Ba l dw i n  ( 1 959 ,  in Ba l dw i n ,  1 964) , Mal de and Powers ( 1 962) and Corcoran and 
others ( 1 962) . 

L i t ho l ogy : T he Idaho Group cons i sts of a broad , a l most fl a t- ly i ng bl anket of sed i mentary rocks  w it h  some 
i nterca lated basa l t  fl ows i n  t he  m idd l e  of the se ct ion . A tota l t h i ckness of 5 , 000 feet  is de ve l oped and 
t he aggregate t h i ckness of t he u n i t  approac hes  1 0 , 000 feet . T he sed i me nts  i nc l ude fl uv ia l a nd l a c ustr i ne 
semi -conso l i dated c l aystones , sha l e s ,  sandstone s ,  tuffs , d i atomites , a nd congl omerates . 

Conta cts and age :  T he Ida ho Group of K i tt l e ma n  a nd ot hers ( 1 965 )  i nc l udes t he Deer Butte Format ion ,  
a nd t he  Grassy Mounta i n  Format i on . T he I da ho G roup o f  Corcoran and  others ( 1 962) i n c l udes t he  K ern 
Bas i n  Format ion  ( l ower G rassy Mounta i n  Format ion  of  K itt l eman and others,  1 965 ) ,  the G rassy Mounta i n  
Format ion , and t he C ha l k  Butte Format ion . T hey exc l ude the Dee r Butte Format ion  from the u n i t  i n  recog­
n i t ion of t he marked un con form i ty t hat separates the two un i t s . 

U n conform i t ie s  w i t h i n  the Idaho Group probab ly  feather out eastward toward the ce nter of the bas i n  
w here depos i t ion w a s  probab ly  more cont i n uous . A l so ,  t h e  basa l ts o f  t he Grassy Mounta i n  Format ion are 
of  l oca l  extent on ly  and may not be prese nt far to the east in the subsurface . Hence , i nd i v idua l  un i t s  
w i th in  the I daho G roup l ose much  of  t he i r  ident i ty towards the east beneath  the younger vo l ca n i cs , a nd 
d i rect corre l a t i ons w ith  exposures i n  Idaho are te nuous . 

Remarks: For further d iscuss ion see Deer Butte Format ion , Kern Bas i n  Format ion , Grassy Mounta i n  Forma ­
t ion and C ha l k Butte Format ion . 

References :  Ba ldw i n ,  1 959 ,  1 964 
Bryan , 1 929 
Cope , 1 883 
Corcoran and ot hers , 1 962 

" I MNAHA FORMAT I ON "  

K irk ham , 1 93 1  
K i tt l eman and others , 1 965 
Mal de and Powers , 1 962 
Re n i c k ,  1 930 

Orig i na l  descr ip t ion :  " I mnaha Format ion " is an i n forma l  term i ntrodu ced by Wethere l l ( 1 960) for a ser ies  
of  vol ca n i c  rocks and re l ated bre cc ias and sed iments of Late Tr iass i c  age i n  t he Cornucop ia quadrang l e  
of  the southern Wal l owa Mou nta i ns. T he strata were ori g i na l l y  mapped as C l over Creek Greenstone i n  a 
sma l l -sca l e  map by Sm i th  a nd A l l en ( 1 941 ) .  
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l i tho l ogy:  The " I mnaha Forma t ion " of th e Snake R iver Canyon cons i sts of porphyr i t i c  a nd g l omeroporphy­
r i t i c  f l ows  of spi l i te , meta basa l t ,  and meta -a n des i te (Va l l i er , 1 967) . I n  th e Cornu copia qua dra ng l e  to 
the west equ i va l ent fl ows are termed t he R usse l l  member by Wethere l l ( 1 960) . The  t h i ckness of the  un i t  
exceeds 1 0 ,  000 feet . 

O ve r l y i ng the vol can i c  fl ows i n  t he Cornu copia quadra ng l e  a re up to 8 , 000 feet of mar ine  c l ast i c  
sed i ments ,  p i l l ow l avas , a n d  p i l l ow brecc ias  i nterca l ated w i t h  fe l d spat h i c  s i l tstones w h i c h  Wethere l l 
( 1 960) ass i gns to t he " N orway member . "  

C onta cts :  T he " I mnaha Format ion " i s  unconformabl e over Pe rm i a n  stra ta i nc l ud i ng t he  " H unsaker C ree k 
Format ion "  of Va l l ier  ( 1 967) . A l thoug h Wethere l l  ( 1 960) i nterprets con form i ty w i t h  h i s  Perm ian  "T r i n ity 
C reek Format ion "  south of F i s h  Lake , re mapp i ng conducted by Va l l i e r  ( 1 967) i ndi cates a pronounced 
u nconform i ty in t hat area . T he l i tho l ogy a nd strat i g rap h i c  posi t ion  of the un i t  at  t he base of  the Late 
Tr iass i c  sect ion suggest rough eq u iva l ence to t he other  Late T r ia ssi c g ree nstones in the Wa l l owa Mou nta i n s ,  
i n c l ud i ng  part o f  t he C l ove r C reek Greenstone of  G i l l u l y  ( 1 937) , t he " Go ld  Creek Greenstone , " a nd 
part of t he " Doy l e  C reek Format i on . " 

Age :  A Late Tr iass i c ,  post -C l ove r C reek  a nd pre-Lower  Sed imentary Ser ies  age i s  i nterpreted for t he 
" I mnaha Format ion . " As suc h it is probab l y  Karn ia n . 

References :  

I Z E E  GROUP  

G i l l u ly , 1 937 
Prostka , 1 963 
S m it h  and A l l e n ,  1 94 1  

V a l l ier , 1 967 
W ethere l l ,  1 960 

O r i g i na l  defi n i t i on :  The l zee G roup was or ig ina l l y  de fined by L upher  ( 1 941 ) for exposures a l on g  the 
Ochoco ant ic! i ne that extend from t he western e nd of t he Ju rass ic exposures northeastward across t he 
South Fork Va l l ey i nto western Bear Va l l ey i n  centra l  Oregon . He i n c l uded i n  the  un i t  t he Hyde Forma­
t ion a nd the S nowshoe Format ion . 

Prese nt sta tus : O n  the basi s of more re cent mapp ing , beds a ss i gned to the Hyde Format ion  by L up her  
( 1 941 ) a re  var ious ly ass i gned to the Snowshoe Format ion  and t he u nder l y i ng Mow i c h  G roup by D i ck i n son 
a nd V i  grass ( 1 965 ) . Consequent l y  the concept  of l zee G roup i s  no l onger req u i red . 

References :  D i c k i nson a nd V i grass , 1 965 
L upher ,  1 94 1  

J O H N  DAY FORMAT I O N  

Or ig i na l  de scri pt ion :  T he J o h n  Day Format ion was de fi ned b y  Marsh ( 1 875 ) who des ig nated exposures 
a l ong the John Day R i ver as the type l oca l ity . 

D i str ibut i on :  T he John Day Format ion crops out  beneath the prote c t ive cover of the Co l umbia  R i ver Group 
a t  a variety of  w idespread l oca l i t ies  i n  north -ce ntra l O regon i n c l ud i ng the A nte l ope-Ashwood area , Sutton 
Mou nta i n ,  and the John  Day Va l l ey north of Pi cture G orge . T he un i t  i s  probab ly  exten s i ve to the nort h  
beneath the basa l ts o f  the Co l umb ia R i ver Group and i t  forms i so l ated outcrops o f  l i m i ted exte nt i n  C l arno 
terra i n  w here the Col umbia R i ver Group i s  absent . 

L i t ho l ogy : I n  t he Sutton Mou nta i n  area the John  Day Format ion co ns i sts  of 3 , 000 feet of vari col ored 
s i l tstones ,  c l aystones , and v i t r ic  tu ffs w h i c h  are domi nated by redd i sh trachyti c beds l ow in the sect ion , 
green ish  ce l adon i t i c  beds i n  the m idd l e of the sect ion , and buff depos its h i g h  i n  t he se ct ion . A l terat ion 
to he u l andi te , c l i nopti l o l i te , mont mori l l on i te , ce l adon ite , opa l , and ort hoc l ase i s  w idespread . 
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I n  the Ante l ope -Ashwood area' t he deve l opme nt of  numerous fl ows and dome s o f  rhyol i t i c  and 
dac i t i c  compos i t ion  i n  con j unct ion  w it h  t he i nterca l at ion of l ap i l l  i tu ffs , coa rse -gra i ned sed ime ntary 
rocks , and numerous ash -fl ow tu ffs is i ndi cat i ve of a source area to the west . Of the  possi b l e  vents 
S m ith  Rock , Gr izz ly  Mounta i n ,  Gray Butte , J u n iper  Butte , a nd Powe l l  Butte are t he most prom inent . 
Many of the smal l er domes of rhyol i t i c  compos i t ion w h i c h  i n trude t he C l arno Format ion  may a l so have 
funct ioned as source areas in John Day t i mes . 
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Contacts :  T he John Day Format ion i s  unconformab l e be neat h t h e  Co l umb ia  R i ver  G roup and over l ies  t he 
C l arno Format ian a l ong a poor l y  de fi ned contact .  In the Ante l ope -Ashwood area and t he Horse Heave n  
m i n i ng d i st r ic t  the mafi c  l ower parts of  the J o h n  Day Format ion  are d i st i ngu i shed from t h e  C l a rno Forma ­
t ion  pr imar i l y  on the bas i s  of the i r  stra t i graph i c  pos i t ion  above a d i st i nct i ve as h -fl ow tu ff i nterpreted to 
repre�ent the base of t he John  Day Format ion by Rob i nson ( 1 968 ) and Swa nson a nd Robi nson ( 1 968 ) .  

Tay l or ( 1 960) , however , states t hat t he structural  deformat ion  of t he ash-fl ow tu ff i s  more a k i n  to 
t hat of  the C l a rno Format ion i n  t hat area a nd , consequen t l y ,  that i t  shou l d  be i n c l uded i n  the C l arno 
Format ion . 

To the sout heast i n  the Sutton Mounta i n  area t he contact i s  bette r defi ned and an unconformab l e  
re l at ionsh ip  i s  i nterpreted . Farther t o  t he east i n  Ba ker County ,  exposures mapped a s  C l arno Format ion 
by Brown and T hayer ( 1 966a) have y i e l ded rad iometr ic  age dates equ iva l e nt to t he John  Day Format ion 
(Wa l ker , ora l commun icat ion , 1 97 1 ) .  The  strat i grap h i c  re l at ionsh ips of the  two u n i ts a re apparent ly  
comp l ex and  i t  i s  poss ib l e t hat add i t ional  strat igraph i c  un its wi l l  be recogn ized i n  t he future . 

Age : A n  ear l y  01 i gocene through ear l y  Mioce ne age is ass i gned to t he John  Day Format ion on the  bas i s  
o f  rad iometr ic  a g e  data a nd foss i l  ev idence . An  a g e  of 24 . 9  m i l l ion  years for t he t o p  of t h e  sect ion  i s  
reported by Evernde n and J ames ( 1 964) a n d  an  a g e  of  36 . 4  m i l l ion  years i s  we l l estab l i s hed for the ash­
f low tuff i nterpreted by some to be the base of  the  un i t  i n  the  Horse Heaven m i n i n g  d i st r ict  (Swanson , 
wr i t te n  communi cat ion , 1 97 1 ) .  As d i scussed above , howe ve r ,  t he strat i g rap h i c  pos i t i on of the ash -fl ow 
tuff i s  open to debate . 

L ate 0 1  igocene a nd ear l y Miocene vertebrates and fl ora are reported by Wa l ke r ,  Pete rson , and 
G reene ( 1 967);  Rensberger ( 1 965 )  i nterprets  a m idd l e  O l i goce ne age for some of  t he vertebrates in  the 
u n it . S trata in  the A nte l ope-Ashwood area a re dated as  l ate 0 1  igocene by Peck ( 1 964) on t he bas i s  of  
fl ora l conte nt .  

References:  Bedford , 1 954 
Bowers , 1 953  
Brown and T haye r ,  1 966a 
Co l ema n ,  1 949 
C ummings ,  1 958  
Dawson , 1 95 1  
Dobe I I  , 1 948 
E ve rnden and J ames , 1 964 
F i s her , 1 966 a , b  
H ay ,  1 963 
Hodge , 1 932 a 
I r i sh , 1 954 
Jo l l y ,  1 957 
L u ka nusk i, 1 963 
N apper , 1 958 
O ja l a ,  1 964 
Patterso n ,  1 965 
Peck , 1 964 -

J U MP C R E E K  R HY OL ITE  

Re nsberger , 1 965 
Robi nson , 1 968 
S nook , 1 957 
S tens l and , 1 970 
Swanson , 1 969a 
Swanson and Rob i nson , 1 968 
Swarbr i ck ,  1 95 3  
Swi nney a n d  ot he rs , 1 968 
Tau benec k ,  1 950 
Tay l or ,  1 960 
T homos , 1 956 
Wal ker , Pete rson and G reene , 1 967 
Waters,  1 968a , b ,  c 
Waters and Vaughan , 1 968 a , b 
White , 1 964 
W i l cox and F i s he r ,  1 966 
Wi l l iams , 1 957 

O r i g i na l  desc r i pt ion :  T he Jump Creek Rhyol i te was forma l l y defined by K itt I eman and others ( 1 965 ) , 
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who designated exposures i n  t he headwate rs o f  J ump C reek east o f  t he Owy hee Reservo i r  i n  ad jace nt 
Idaho as the type l oca l ity . 

D i st r ibut ion : As mapped by K it t l eman and othe rs ( 1 967) the  un i t  c rops out east and sout h of the Owy hee 
Reservo i r  in sout heastern Oregon . Rocks ass i g ned to the unit  are i n c l uded in the Sucker C reek Format ion  
by Corcoran and othe rs ( 1 962) . Exposures at Owyhee dam mapped as Owyhee R hyol i te  by K i rkha m  ( 1 93 1 ) 
are not i nc l uded i n  the un i t . 

L i t ho l ogy and conta c ts :  T h e  J ump C reek R hyol i te i s  a mesa- form i n g  un i t  w h i c h  cons i st s  of 1 00 to BOO 
feet of gray ish-red to gray porphyri t i c  a ndesi ne rhyo l i te . I t is h i g h l y  probab l e  t hat more t han  one vent 
expel led  rhyo l i t i c  fl ows in southeastern Oregon d ur i ng Mio-P i i ocene t i mes  and i t  i s  recomme nded t hat 
t he term J ump Creek Rhyo l ite be re st ri c ted to exposures d i re ct l y  traceab l e  to t he type l oca l i ty . T he un i t  
over l ies  the Sucke r  C reek Format ion of K i t tl e ma n  and  othe rs ( 1 965 )  and  i s  unconformabl e u nde r t he  l ate 
P l iocene basa l t  at C ow C re ek Lakes . 

Age :  A l ate Miocene age i s  tentat i ve l y ass i gned to the u n i t  on t he bas i s  of strat igraph i c  pos i t i o n . 

References :  K it t l e ma n ,  1 962 
K i tt l eman a nd others , 1 965 , 1 967 

J U NT URA FORMAT I O N  

Or ig i na l  descr ipt ion :  Bowen and others ( 1 963) def i ned t h e  J untura Format ion a n d  des i gnated a type 
sect ion hav ing  three segments i nc l ud i n g  a n  uppe r  sect ion  at t he quarry three m i l es sou th  of Pete Mounta i n ,  
a midd l e  segme nt a t  J u n iper  H i l l ,  a n d  a l ower segment north o f  Scab Mounta i n . 

D i st r ibut ion :  Exposures of the J u ntura Format ion are centered i n  the  J un tura Bas i n  i n  northern Mol  heur  
C ounty and crop out i n  a ser ies  of connected bas i ns w h i c h  extend a d i stance of 20 m i l es nort h a nd west 
of the commun i ty of J u ntura . I t  i s  a l so prese nt  i n  the  Drewsey area i n  northeastern Ha rney County . 

L i tho l ogy : The J untura Format ion  con s i st s  of 1 , 25 0  feet  of tuffaceous fl uvi a l  and l acu str i ne sed iments 
i ntercalated l oca l l y  w i t h  subord i nate fl ows  of basal t .  The l ower part of  the un i t  cons i st s  of 400 feet of  
tuffaceous sandstones a nd vo l  con i c  ash  capped by agg l ome rates and a t h i n fl ow of pa l agon i t i c  basa l t . 
Basa l t ic fl ow rocks c rop out l oca l l y  and I i g n i t i c  depos i t s  are deve l oped near Drewsey . 

The  m idd l e  part of the  un i t  consi sts of 450 fee t  of d iatom i te w it h  m i nor amounts of I i gn it i c  materi a l , 
ash , t u ff, a nd basa l t .  T he uppe r member i s  composed o f  400 feet  of tu ffaceous sandstone , c l ay sandstone , 
pumi ce ,  and ash . 

Contacts :  T he J untura Format ion  i s  u nconformabl e over t he T i ms Peak Basa l t  in t he Mo l heur  Gorge area 
and i t  i s  d i sconformabl e over the Owyhee Basa l t i n  t he Dr i nkwater Pass area . I t  i s  unconformab ly  over­
l a i n  by t he Drewsey Format ion and younge r  basa l ts .  

Age : A C l are ndon ian  (ear l y  P l i oce ne)  age i s  ass igned to t he un i t  o n  the bas i s  o f  ve rtebrate foss i l s .  

References :  Bowe n ,  1 956 
Bowen and others , 1 963 
G ray , 1 95 6  

K E L L ER  C R E E K  S HA LE 

G regory , 1 962 
Haddock , 1 967 
K i tt l eman a nd ot hers , 1 965 , 1 967 

Or i g i na l  desc ri pt ion :  The  K e l l er Creek Sha l e  was def ined by Brown and Thayer (1 966a ) , who des i gna ted 
exposu res in K e l l er Creek in th e northwest corner of the Logde l l  q ua dra ng l e  i n  th e A l dr i ch Moun ta i ns a s 
the type l oco l i ty . (See A l dr i ch  Mou n ta i n  G roup . )  
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Di str ibut ion :  The K e l l e r  C reek S ha l e  forms an east -west t re nd i n g  exposure 25  m i l es l ong and ge ne ra l l y  
l e ss than 5 m i l es w ide  and occup ies  part of t he south l i mb of t he A l dr i c h  Mounta i n  A nt i c l i ne . I t is part l y  
over l a i n  by the younge r  sed iments  of Bear Va l l ey t o  the sout h . 

L i t ho l ogy: T he K e l l e r Creek Sha l e  consi sts of up to 5 , 000 feet of graywacke and b l ack  sha l e . T he l ower  
2 , 000 to 2 , 5 00 fee t  of t he se c t ion  are  domi nated by t h i ck-bedded , coarse - to f i ne-gra i ned tu ffa ceous 
graywacke with l e nses of pebb ly  cong l omerate , sha l e ,  and as h .  The upper ha l f of the un i t  consi sts pre­
domi nate ly  of gray to b l ack sha l e  w ith  subord i nate amounts of  graywacke and s i l tstone . Mass ive coarse ­
to fi ne-gra i ned sandstone i s  common h i gh  i n  t he sect ion . 

Conta cts:  T he un i t  i s  conformab l e  over the Murderers Creek Graywacke a nd unconformab l e  under Lowe r 
J urass i c  vo l ca n i c  and sed i mentary rocks . 

Age : An  ear ly  to m idd l e  S i nemur ian  (ear ly  Ear ly  J urass i c )  age i s  i nte rpreted for the un i t  on the basi s of 
mega foss i l s .  

Reference : Brow n  a nd T haye r ,  1 966a 

K E RN BAS I N  FORMAT I O N  

Or i g i na l  desc r i pt ion :  T he K e r n  Bas in  Format ion was de fi ned by Corcoran a n d  others ( 1 962) , w h o  des igna ted 
exposures in K ern Bas i n  (se c . 1 ,  T .  22 S . , R .  44 E . )  near the Owy he e Reservo i r  as  t he type l oc a l i ty .  

D i st r i but ion :  The K e rn Bas in  Format ion c rops out extens ive l y  nort hwest of  the Owy hee Reservo i r  i n  the  
ce ntral part of  the M i t che l l Butte 30' q uadra ng l e .  I t is i n c l uded in t he l ower part of t he Grassy Mounta i n  
Format ion by K itt l eman and others ( 1 965) and const itutes part o f  the I daho G roup . 

L i t ho l ogy : T he un i t  cons ist s  of l oose ly  conso l idated fl uv ia l and l a c ustr i ne, tuffa c eou s , a rkos i c  sa ndstone 
a nd sil tstone w i t h  subord i nate amounts of  bedded tuff,  ash ,  a nd massi ve tuff brecc ia . Cong l omerate 
der ived from the under l y i n g  Deer Butte Format ion and pumice  l ap i l l i  t u ff are common l ow i n  the sect ion . 
Arkos i c  sandstone is more common h i gher i n  the sect ion . 

Conta cts :  T h e  conta ct between t he K e r n  Bas i n  Format ion a n d  the over l y i ng  Grassy Mounta i n  Format ion  
of  Corcora n and others ( 1 962) i s  des i gnated as a d i sconformi ty by C orcoran  and others ( 1 962) . K it t l eman 
and others ( 1 965 ) , who i ncorporate t he Kern Bas i n  Format ion  i nto t he Grassy Mounta i n  Format i on ,  be l i eve 
t he contact to be con formab l e . T he un i t  i s  u nconformab l e over t he Deer Butte Format ion . 

Age :  A C l are ndon i an  (ear l y P l i oce ne)  age i s  ass i gned to t he un i t  on t he bas i s  of ve rte brate remai ns . 

References :  Corcora n ,  1 965 
Corcoran  and othe rs , 1 962 
K i tt l eman a nd ot hers , 1 965 

LAYC OCK G RAYWACK E 

O r i g i na l  descr ipt ion :  Brow n  a nd Thayer ( 1 966a ) de fined the Laycock Graywacke and de s i gnated exposures 
in upper Laycock C reek i n  th_e A l dr i ch  Mounta i ns as t he type l oca l i ty . 

D i stri but ion :  The  Laycoc k G raywa c ke forms an ea st-west trend i ng exposure w h i c h  covers a pprox i ma te l y  
3 0  square mi l es on the sou th f la nk of th e A l dri ch  Mou nta i n  a n t i c l i ne mi dwa y between th e J oh n  Day 
R iver on the north a nd Bea r  Va l l ey on th e sou th . (See A ld r i ch  Mou n ta i n  Grou p . )  
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L i t ho l ogy : T he un i t  consi sts of a max imum o f  1 1 , 000 feet of coa rse - to med i u m -gra i ned gra ywa cke a nd 
b l ack shal e wh i c h  be comes i ncreas i ng ly  f iner  gra ined upse ct ion . H i g h  i n  t he se ct ion t he un i t  grades 
westward i nto tuff and fe l dspat h i c  graywacke . 

Conta ct s :  T he conta c t  betwee n the Laycock Graywacke and t he unde r l y i ng F i e l ds C reek  Format ion  i s  
conformabl e in  some pl aces and u nconformab l e  in  others . The  un i t  i s  con formab l y  over l a i n by the 
M urderers Creek Graywacke . 

Age : The  La ycoc k G raywa cke i s  a ss igned a La te T r ia ss i c  A ge . I t ha s yi e l ded foss i l s  qu est i ona b l y  
ass i gned to th e genus Monoti s (S i l ber l i ng , wr i tten commun i cat ion , 1 971 ) . 

References : Brown and T hayer , 1 966a , c 

L ITT L E F I EL D  RHYOL I T E  

Or ig i na l  desc r ipt ion :  K i t t l eman a n d  others ( 1 965 )  def ined t he L i tt l e fi e l d  R hyo l i te  a n d  des i gnated expo-
sures at L i t t l e fi e l d  R a n c h  (sec . 35 , T .  23 S . ,  R .  40 E . )  i n  t he C row l ey d i st r i c t  o f  centra l  Mal heur County 
as the type l oca l i ty . 

D i st r ibut ion :  T he L i t t l e fi e l d  R hyol ite c rops out i n  t he C row l e y ,  Monument Peak , Harper Bas i n , and  
Ma l  heur  Gorge d i str i cts of northern and  ce ntral Ma l heur County . 

L i t ho l ogy: T he L i t t l ef ie l d  R hyol i te  cons i sts of up to 500 feet of fl aggy , gray i sh-red to dark-gray porp hy­
r i t i c  rhyol i te . The un i t  is i rregu l ar l y  dev i t r i fi ed and d i sp l ays  spheru l i t i c  and p i l otax i t i c  structures . I t 
i s  consp i cuous l y fl ow -banded and shows no ev idence for an ash-fl ow or i g i n  i n  sp ite of i ts  extent . T he 
u n it i s  i nterpreted to be a ser ie s  of rhyo l i te  fl ows . 

Conta c ts : The  L i tt l efi e l d  Rhyo l i te is u nconforma b l e  over the H un ter Creek Basa l t  a nd the " U nnamed 
ign eous comp l ex . "  I t  i s  unconforma b l e  benea th the Bu l l y Creek Forma ti on  a nd the  Bu tte Creek Vo l ­
ca n i c  Sandstone . 

Age :  A Barstovian ( l ate M iocene )  age i s  ass i gned to the un i t  on t he basi s of strat igrap h i c  posi t ion . T he 
age of t he un i t  re l at i ve to t he J ump C reek R hyo l i te is u nc l ea r ,  a l t hough it probab l y  i s  somewhat youn ger . 

Refe rences :  Haddock , 1 967 
K i tt l eman a nd ot hers , 1 965 , 1 967 

L ON ESOME FORMAT I O N  

O r i g i na l  desc r ipt ion :  Lup her  ( 1 941 ) defi ned t h e  Lonesome Format ion . T he type area extends from the  
v i c i n i ty of  Spoon Creek  on Snow Mounta i n  nort heastward across t he  va l l ey o f  the South  Fork of  the  
J ohn Day  R i ver . 

D i str ibut ion :  T he Lonesome Format i on i s  exposed over an  area cover i ng  20 square m i l es i n  the Lonesome 
Sync l i ne i n  t he southeast corner of t he Sup lee  di s tri c t  i n  centra l  Oregon . 

L i thol ogy :  T he Lonesome Format ion ex h ib i ts  a max i mum th i ckness of 4 , 000 feet a c cord i n g  to L up her ( 1 941 ) 
and may be as t h i ck  as 1 0 , 000 feet a ccord i ng to D i ck i n son  and V i grass ( 1 965 ) .  It cons i sts of a monotonous 
repet i t ion  of moderate ly  sorted , graded i nterbeds of va l con i c  graywacke and dark i nterbeds of mudstone . 
I ndi v idua l  beds vary i n  t h i c kness from one i nch  to ten fee t .  Graded pebb le -beari ng  g raywackes and 
pebb l e con g l ome rates crop out h i gh i n  t he se ct ion . 
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Contacts :  T he Lonesome Format ion is gradat iona l  over the Trowbr idge Format ion . T he th i ck sa ndstone 
and congl omerate basal un i t  of  Lupher  ( 1 94 1 ) is i nte rpreted as  one of  several coarse -gra i ned in terbeds 
w i th i n  t he un i t  by D i c k i nson and V ig rass ( 1 965) . 

Age : A l though the  Lone some Format ion l i es  p hys ica l l y  above t he ear ly  to m idd l e  C a l l ov ian  Trowbr id ge 
Format ion , i t  is ass i gned an ear ly  C a l l ov ian  a ge . Rapid depos i t ion i n  the l ate M idd l e  J urass i c  is i nd i cated 

Re ferences :  D i ck i nson a nd V i grass,  1 965 
I m l ay ,  1 964a 
L upher,  1 94 1  

LOWER  S E D I MENTARY SER I E S  

Or i g i na l  desc r ipt i on :  Th i s  i n formal term was  fi rst appl ied by  Sm i t h  and A l l en  ( 1 94 1 ) to a se r ie s  of Late 
T r iass i c  metamorp hosed sed i me ntary rocks in t he nort he rn Wa l l owa Mounta i n s . Rocks i nc l uded in t he 
un i t  a re part of the comp l ex assembl age of vo l ca n i c  and sed i me ntary strata w h i c h  u nder !  ies  t he Mart i n  
Br idge Format ion . (See C l ove r  C reek Greenstone . ) 

H i stor ica l  treatme nt : C omp l ex fa c ie s  c hanges and poor foss i l  control have re su l ted i n  an i n cons istent  
treatme nt of the  Lower Sedi me nta ry Ser ies  throughout t he Wal l owa Mounta i ns . The boundar ies of the 
u n it os  mapped by Smith  a nd A l l e n  ( 1 94 1 ) were redefi n ed in  part by Laudon ( 1 956) , Wet here l l  ( 1 960) , 
a nd C arnahan ( 1 962) i n  the i r  respect ive st udy areas on the basi s of l oca l  ev ide nce . Prostka ( 1 963) 
corre l ated t he Lower Sed i mentary Ser ie s  a nd his " Gol d C reek G reenstone " w it h  the upper part of t he 
C l ove r C reek G reenstone ( un i t  "A" ) in the Sparta Q uadrang l e . I n a l ater  i nte rpretat ion he cons iders 
t he t hree un its to be uncon formab l e  ove r the rema i nde r of the C l ove r C reek Greenstone (wr itte n commun­
i cat i o n ,  1 97 1 ) .  

Va l l ier  (ora l commun ica t ion ,  1 97 1 ) ,  regards t he P i t tsburg Format ion of Wagner ( 1 945 )  and the  upper 
part of t he " Doy l e  C reek Format ion " of Va l l ie r  ( 1 967) to be strat igrap h i ca l l y  e q u i va l ent  to t he Lower 
Sed imentary Series . The Lower  Sed i me ntary Series i s  equ iva l ent  to part of t he " Ca rboni ferous ( ? ) sed i ­
me nta ry rocks "  o f  Ross ( 1 938) . 

L i t ho l ogy : Sm i th  and A l l en ( 1 941 ) descr ibed the u n i t  as cons i st i ng of a se r ies  of sha l e ,  sa ndstone , a nd 
l i mestone var iab ly  a l tered to pyr i t i zed hornfe l s ,  sc h ist , q uartz i te , and c rysta l l i ne l i mestone . T hey 
report a maxi mum th i ck ness of  approxi mate ly  2 , 000 feet  at  Po in t  J oseph . A l though arg i l l i tes  are the 
most common rock type , cong l omerates and brecc ia s  compose up to ha l f of t he se c t ion  loca l l y  (La udon , 
1 956) , and comp l ex fac ies c hanges c haracter ize the u n it . 

Wet here l l ( 1 960) used t he term Lower Sed i me ntary Ser ies  for a sed i me nta ry seq uence dom i nated by 
t h i n  repet i t ious beds of fine -gra i ned pyr i t i ferous sa ndstone i n  the C l i ff R i ver-Red Mounta i n area  i n  t he 
eastern Wa l l owa Mounta in s . T he exposures were mapped as H urwa l  Format ion  and Lower  Sed i mentary 
Ser ies  by Sm i th  and A l l e n ( 1 94 1 ) .  

Prostka ( 1 963) carre l ated approx i mate l y  3 ,  000 feet of t he se ct ion i n  t he nort heastern  Sparta quad­
rang l e  with the Lowe r Sed i me ntary Ser ies  a nd stated t hat t he l ower two -t h i rds of  t he sect ion cons i sted of  
submari ne andesi t i c  and daci t i c  brecc ia  i ntercal ated with  mi nor amounts of  vol can i c l ast i c  rocks . Accord ­
i ng  to Prostka ( 1 963) the upper one-t h i rd of t he un i t  consi sts of f i ne-gra i ned sandstone , s i l tstone , and 
arg i l l i te . 

Contacts :  T he Lower Sed ime ntary Ser ies i s  over l a i n  strat igrap h i ca l l y  by t he Mart i n  Br idge Format ion  and 
i s  underl a i n  by , a nd l oca l l y  grades l ate ra l l y  i nto , strata rega rded as cont i n uous w it h  o r  equ i va l ent  to 
the T r iass i c  part of the C l over  Creek G reenstone of G i l l u l y  ( 1 937) . Contact re l at ionsh ips w it h  the Mart i n  
Br idge Format ion were i nte rpreted to b e  strong ly  unconformab l e  by Sm i t h  and A l l e n  ( 1 94 1 ) ,  w ho noted that 
t he I imestone of the Mart i n  Br idge Format ion I ies d i rect l y  upon t he C l ove r  C reek G ree nstone on Hurr i cane 
R idge a nd on t he Midd l e  Fork of t he I mnaha R ive r .  Subsequent mapp i n g  by numerous worke rs i n  surround­
ing  areas i nd i cate a reg iona l l y  conformab l e  re l at ionsh i p  ( Prostka , 1 963; Va l l ie r ,  oral commun i cat i on , 1 97 1 ) .  
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Age : A K orn ion  (Late T r ios5 i c )  age is i nd i cated for the L ower Sed i me ntary Ser ies  by foss i l s  co l l e cted by 
Sm i th  a nd A l l e n  ( 1 941 ) and Laudon ( 1 95 6) . T hese co l l ec t ions  were token  from t he northern Wa l l owa 
Mou nta i n s ,  however ,  and exposures i n  t he southern Wa l l owos were ass i gned a s i m i l ar age on t he bas i s  of 
strat i grap h i c  pos i t ion  and l i t ho l ogy . We t he re l l ( 1 960) found Perm i a n  foss i l s  i n  port of the Lower Sed i ­
mentary rocks o f  Sm i th  and A l l e n  ( 1 941 ) a nd mapped those exposures a s  " T r i n ity Creek Format ion . "  

References :  Ca rna han , 1 962 
G i l l u l y ,  1 937 
Goebe l , 1 963 
L o udo n ,  1 956 
Po l e n ,  1 955 
Prostko , 1 962 , 1 963 , 1 967 

MA DRAS FORMAT I O N  

Ross , 1 938 
S medes , 1 959 
Sm i t h  a nd A l l e n ,  1 94 1  
Va l l ier , 1 967 
Wagner ,  1 945 
Wethere l l ,  1 960 

D i scuss ion :  Madras Format ion i s  a term proposed by  H odge ( 1 94 1 ) and  u sed by  W i l l i oms ( 1 957) for P I  io­
cene strata i n  t he v i c i n i ty of Madras  . .  T he te rm Deschutes Format ion i s  recomme nded he re i n  re cogn i t ion 
of  the h i stor i ca l  pr ior i ty of  that erm ( Russe l l , 1 905 ) . A l though t he exposures are some t imes  i nc l uded i n  
t he Da l l es Format ion (Hodge , 1 942; Waters , 1 968b ; Peck , 1 964) , t reatment a s  a d i st i nct  un i t  i s  recom­
me nded . T he Deschutes Format ion conta i ns more ash t han the Da l l es Format ion  and may have w ider age 
ra nge . I t  a l so i s  geograph i ca l l y  i so l ated from t he type Do l l  es  Format ion . (See D esc hu tes For ma t ion . )  

MART I N  B R I DGE  FORMAT I O N  

Or ig i na l  desc r ipt ion : T he Mart i n Br idge Format ion  was defi ned by Ross ( 1 938 ) . The  type l oca l i ty i s  
I ocoted a t  the br i dge w h i c h  c rosses Eag l e  C reek in t he center of T .  7 S . ,  R .  44 E . ,  in Baker County . 

D i str ibut ion : The Mart i n  Br idge Format ion i s  wide l y  d i st r i buted throug hout much  of nort heaste rn Oregon 
a nd i s  exposed in the Sparta , Durkee , E nterprise , Eag l e  Cop , a nd M i nera l quadrang l es . Part i cu l ar l y 
good exposures are deve l oped i n  t he centra l  Wa l l ow a Mou nta in s . 

Because more tha n  one Mesozo ic  l i mestone un i t  may be prese nt i n  t he are a ,  exposures of l i mestone 
w i th  uncerta i n  strat i graphi c re l a t i onsh ips  sho u l d  not be automat i ca l l y  eq uated w i t h  t he Mart i n  Br idge 
Format ion . T he l i mestone at L ime is proba b ly  younger than t he Mart i n Br idge Format ion , and t he " N e l son 
Marb l e "  of Prostka ( 1 967) a l so i s  probab ly  a d ist i nct strat i graph i c  un i t . 

L i t ho l ogy : T he Mart i n Br idge Format ion  con s i sts of a max i mum of 3 , 000 to 5 , 000 feet of l i g ht to dark­
gray and b l u i sh , fi ne -gra i ned marb l e  and subord i nate gray ca l careous phy l l i te . I nterca l a t ions of argi l -
1 oceous , tuffa ceous , are naceous , and carbonaceous mate r i a l  i nc rease upsect ion . 

T he l i mestones ore domi nated by re l at i ve l y  sha l l ow water cora l l imestones a nd co l c i l ut i tes l ow i n  
t he se ct ion , by l i mestone brecc ia s i n  the m idd l e  of t he se cti on , and by re l at i ve l y  deep-wate r carbona ­
c eous l i mestones h i gh i n  th e sec ti o n . 

Conta c ts : Th e Ma r t i n  Br i dge F o r ma t i o n  g rades u psec t i on i n to t h e  H u rwo l Forma t i on throug h  a seri es of  
sho l y  i n terbeds . Th e u n i t  i s  g e n era l l y conforma b l e  over  th e Lower S edi men ta ry Ser i es a nd i ts la tera l 
equ i va l en t s ,  i n c l u d i n g  th e P i ttsbu rg F orma t i on i n  th e m i d d l e  rea c h es of th e S n o k e  R i ver  Canyon (Va l l i e r , 
ora l commu n i ca t i o n , 1 97 ] ) . 

· 

A ge :  An  upper K orn i on  (L a te Tr iass i c )  age i s  we l l -esta b l i s hed fo r t he Mart i n  Br i d ge Format i o n  on t he bas i s 
of foss i l  cora l , gastropods , pe l ecypods , a n d  cr i noids . A m mon i tes descr i bed by V a l l i e r  ( 1 967 ) i nd i cate a n  
uppe rmost K o r n i o n  t hro u g h  e a r l y  N or ia n age for t he un i t . 
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Refe rences :  C arnahan , 1 962 
Goebe l , 1 963 
Loudon , 1 956 
Prostko , 1 963 , 1 967 
Ross , 1 938 

MASCAL L  FORMAT ION 

Smedes , 1 959 
S m i t h  and A l l e n ,  1 94 1  
V a I I  i er , 1 967 
Wagner ,  1 958o 
Wethere l l ,  1 960 

O r i g ina l  desc r ipt ion :  T he Masca l l Format ion  was  named by Merr iam ( 1 90 1 a)  after exposures near  t he 
Mascall Ranch 4 m i l es sout h  of Dayv i l l e  i n  ce ntral O regon . 
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D i st r ibut ion : T he Masca l l Format ion  i s  best deve l oped i n  the J o hn Day Va l l ey between P i c t ure Gorge 
a nd the commun i ty of John  Day . I t  is a l so prese rved i n  Fox Bas i n  1 5  m i l es to the  nort heast and in Bee c h  
C reek Bas i n  fi ve m i l es east of Fox Bas i n . 

T he Masca l l Format ion  i s  i n c l uded i n  the Co l umbia R i ver Group by Brown and T hayer ( 1 966a ) who 
i nterpret i t  to  be  a preserved remnant  of a l ate M iocene a l l uv ia l  fa n w h i c h  exte nded nort hward and west ­
ward from a vol can i c  h i gh ce ntered around S trawberry and L ookout Mounta i ns .  

L i t ho l ogy : T he Masca l l  Format ion consists o f  a max imum of 2 , 000 feet of fl uvi a l  sandstone , ash ,  l i ght­
colored water- l a id t u ff ,  a nd we l l -rounded cong l omerate . T he congl omerate is i nc reas i ng ly  coarse -gra i ned 
towards t he east a nd is  composed of c l asts of c he rt , metavol can i cs ,  and rhyol ite . 

W ith i n t he Masca l l Format ion is a w idespread i gn imbr ite un i t  w h i c h  cons i sts of 97 to 99 percent 
g l ass shards and m i nor amounts  of anorthoc l ase , q ua rtz , magnet i te , z i rcon , and c l i nopyroxene . T hat 
1 0  percent of the anorthoc l ase cons i sts of ort hoc l ase i s  cons ide red to be a un ique  feat ure of the un i t  by 
Dave nport ( 1 970) . 

Contacts :  T he Masca l l  Format ion i s  in terpreted to i nte rfi n ger  w ith  basa l t s  o f  t he Co l umb ia  R iver G roup 
ass igned to  the Yak ima Basa l t by T hayer and Brown ( 1 966b , c ) .  Eas t  of Mt . Vernon i t  i s  a l so t houg ht to  
grade l atera l l y  i nto the  rhyol i t i c  marg i na l  fac ie s  of the Co l umb ia  R iver G roup . T he Masca l l Format ion  
.i s uncon formabl e beneat h t he Ratt l e snake Forma t ion . 

Age : A l a te Miocene age i s  e stabl i shed for the  Masca l l Format ion  by Barstovian  vertebrates re covered 
from t he un i t  and by rad iomet r i c  dat i ng te chn i ques w h i c h  have y i e l ded an  age of 1 3  m i l l ion years for the 
i nte rbedded i gn i mbrite u ni t . 

T he strat i grap h i c  re l at ionsh ips of fl uvi a l  deposits  that have y i e l ded ear ly Pl iocene ve rtebrates i n  
t he U n i ty Bas i n  (Brown a nd T haye r ,  1 966a ) a re unc l ear and t he i nvo l ved beds may not be corre l at i ve to 
the Mas ca l l Format ion . 

References :  Brown and  T haye r ,  1 966a 
Co l eman , 1 949 
C umm ings ,  1 958 
Davenport , 1 970 
Dawson , 1 95 1  
Debe l l ,  1 948 

MOW I C H  GROUP 

Fort h ,  1 965 
I r i sh , 1 954 
Merr iam , 1 90 1 a 
T a ubeneck , 1 950 
T hayer  and Brow n ,  1 966b , c 
W h i te , 1 964 

O r i g i na l  defi n i t i on :  T he Mow i c h  G roup was defi ned by L upher  ( 1 941 ) after exposures on the l i mbs of  the 
Mow i c h  an t i c l i ne i n  the S up l e e - l zee d i st r i c t  of centra l  O regon . He des ignated exposures i n  the head ­
waters of the  South Fork of Beaver  C reek 7 m i l e s southeast of the Sup l ee post off ice  (sees . 26,  27 , 28 , 
29,  T .  1 8  S . ,  R .  26 E . ) as the type l oca l i ty . As defi ned the un i t  i nc l uded i n  asce nd i ng order t he 
Robertson Format ion , Sup lee  Format ion , and t he N i ce ly  S ha l e . 
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Revi sed defi n i t i on : The Mow i c h  G roup of D i c k i n so n  and V i g rass  ( 1 965 ) i s  e sse nt i a l l y  eq u i va l e n t  to that  

o f  L uphe r  ( 1 941 ) w i t h  the except i o n  t h a t  i t  a l so i n c l udes t he Hy de Format i on as d i scussed be l ow . 

A l on g  Freema n C reek 1 2  m i l e s  sout hwest  of the type l oc a l i ty of t he Hyde Format io n  (L u p h e r  ( 1 941 ) 
a s s i g ned fossi l i fe rous  strata to the  H y de Formati o n  o n  the b a s i s  of l i t ho l ogy . The foss i l s a nd stra t i g ra p h i c  

posi t i on o f  t he exposures i nd i c ated a post -Mow i c h  a g e  a n d  L upher  i n c l uded t he m  i n  t he l zee G roup a l o n g  

w i t h  t he S n ows hoe Format i o n . 
R e c e n t  more deta i l e d  mapp i ng by D i c k i nson a nd V i g rass  revea l s  t hat  beds  u n c o n formab l e  be neat h 

the  Hyde Forma t ion  of Lu ph e r  i n  th e Freema n  C r e e k  a rea a r e  l a tera l l y c o n t i nuou s  w i th the ty pe H yd e For­
ma t i o n . Because th e beds are con forma b l e  w i th the  u n der l y i ng N i c e l y  Sha l e ,  th ey i nc l u ded them w i th th e 
N i c e l y  S h a l e  i n  th e Mow i ch Grou p . Th e i nvo l ved stra ta w ere termed " i ncerta e  sed i s " by Lu pher  ( 1 94 1 ) .  

S trata u n c o n forma b l e over t he Hyde Format i o n  of D i ck i nson  a nd V i g rass  ( 1 965 )  a n d  or i g i na l l y  
a s s i g ned t o  the H yde Format i o n  by L up her  ( 1 941 ) are i n c l uded i n  t he S nowshoe F orma t i o n  by Di ck i nso n 
a n d  V igrass ( 1 965 ) . ( See a l so l zee G roup , Hyde Format i o n . )  

R e fe re n c e s :  D i ck i nson  a nd V i gra s s ,  1 965 
L u p he r ,  1 94 1  

M U R DE R E R S  C R E E K  G RAYWA C K E  

O r i g i na l  desc r i p t i o n :  The Mu rderers C reek G raywa cke was  defi ned b y  Brow n a nd T haye r ( 1 966a), w h o  
d e s i g nated exposures i n  u p p e r  M u rd e rers  C reek i n  the A l d r i c h  Mou n ta i ns a s  t he t y p e  l o ca l i ty . 

D i st r i b ut i o n :  The u n it forms  t h i n exposures ge n e ra l l y  l ess  t h a n  one m i l e  w i de a nd i s  bou nded o n  t h e  e ast 
a nd sou t h  by the Q ua te r nary sed i me nts  of Bear V a l l ey .  T he u n i t  oc c u p i e s  part of t he sout h  I i m b  of t he 
A l dr i c h  Mo unta i n  ant i c l i n e  a n d  i s  part of t he A l d r i c h  Mou nta i n  G roup . 

L i t ho l ogy : The Murdere rs C reek G raywacke con s i st s  of up to 1 , 500 fe et of med i u m - to coarse -gra i ned 
cal careous  graywacke a nd subord i nate l e nses of l i me stone bre c c i a  a nd cong l omerate w h i c h  occur  l ow i n  
t he sect ion  a nd are u p  t o  1 , 5 00 feet  i n  l e n gt h . B l ocks  i n  t h e  brecc i a  va ry from two i n ches  t o  20 feet  i n  
t he i r greatest d im e n s i o n . 

Con ta c ts : A l th ough some cha n n e l i ng i n to th e u nder l y i ng Laycoc k G ra ywac ke i s  a ss o c i a ted w i th th e 
brec c i a s ,  th e c o n ta c t  betw e e n  the Mu rderers Creek G ra ywa c k e  a nd the La ycoc k Graywa c ke i s  i n terpr e te d  
t o  be conforma b l e .  L oca l l y i n tertong u i ng w i th th e tu ffs of th e Laycoc k G ra yw a c k e  i s  noted , bu t i n  
gen era l a sharp l i tho l og i c  brea k ma r ks th e c o n ta c t . T h e  u n i t  i s  c o n forma b l y  ov er l a i n  by th e K e l l ers 
Creek Sha l e .  

Age : D i a g nost i c  N or i a n  ammon ites  have bee n recovered from t he l i mestone b l o c k s  i n  the b re c c i a  l e nse s .  
H e nce the u n i t  i s  no o l d er t ha n  N or i a n  and i t  i s  p l a ced i n  t he L a te Tr i a ss i c . 

R e ferences :  B row n a nd Thaye r ,  1 966 a ,  c 

" N E L S O N  MA R BL E "  

D e fi n i t i o n  a nd d i st r i but i o n :  " N e l so n  Ma rbl e "  i s  a n  i n forma l te rm i ntrod u ced b y  Prostka ( 1 967)  for exposures 
of marb l e  at  N e l son w here t he _Burnt  R i ver has cut  a deep gorge between Go l d  H i l l  a nd G o l d  R i dge in t he 
D urkee q uadra n g l e .  The u n i t  i s  a l so exposed i n  S i s l ey C reek and  i t  ca n be traced eastward to C o n n e r  C reek 
a nd across t he S nake R i ver into Idaho . To the west i t  i s  cont i n uous  w i t h  t he t h i ck d i scont i nuous  marb l e  beds 
of the B u rnt R i ve r  S c h i st . 

L i t ho l ogy : The " N e l so n  Marb l e "  c o n s i s ts  of I ig ht-g ray , fi ne -gra i ned marb l e and dark gray c a l careous  
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p hy l l i te .  I t  i s  1 500 feet t h i ck  at Ne l son . T he " Ne l son  Marb l e "  d i sp l ays a s ig n i fi can t l y  h i g he r  degree 
of  metamorp h i sm t han  t he Mart i n  Bridge Format ion , a feature w h i c h  i s  sub jec t  to several  i nte rpretat i ons, 
as  d i scussed be l ow . 

Contacts :  T he " Ne l son Marb l e "  i s  i nc l uded i n  strata w h i c h  a re cont i nuous w i t h  the Bu rnt R i ve r  S c h i st , 
t he strat igraph i c  re l at i onsh i ps of w h i c h  are poor l y  understood . Rocks i n  contact w i t h  t he " N e l son Marb l e "  
i n  the Durkee q uadrang l e  vary from pl ace t o  p l a ce s uggest i ng  e i t he r  fa u l t i ng o r  unconform i ty .  

Age : A te nta t ive Late Tr iass i c  age has been ass igned to t he " N e l son Marb l e "  by Prostka ( 1 967) on  t he 
bas i s  of l i t ho l og ic  s i m i l a r i t ie s  to  t he Ma rt i n  Brid ge Format ion . He fee l s  t hat the  h i gher  metamorp h i c  
grade i s  a resu l t  o f  l oca l  i nt rus ion i n  the sout hern Durkee q uadran g l e . Brooks (ora l commu n i cat i o n ,  1 97 1 ) 
poi nts out that re g iona l  map pattern s i n  add i t ion to me tamorp h i c  a nd structura l geometry suggest that 
the " N e l son Marb l e "  i s  eq u i va l e n t  to parts of the Burnt R i ve r  Sch i st in the Baker q uadrang l e ,  and t hat  
the st ructural sty l e  of the Burnt R iver S c h i st i s  u n l i ke t hat of t he know n  Me sozo i c  strata in  t he re g ion . 

Refe rence : Prostka , 1 967 

N IC E LY SHALE  ( FORMAT ION ) 

O r ig i na l  desc r i pt ion : T he N i ce l y  S ha l e was fi rst defi ned by Luphe r  ( 1 94 1 ) ,  w ho des ignated exposures 
a l ong t he headwaters of the South Fork of Beaver  C reek seve n  m i l es sout heast of t he S up l ee post offi ce 
(sees . 26 ,  27 , 28 , 29,  T .  1 8  S . , R .  26 E . ) as  t he type l oca l ity . 

D i st r ibut ion : T he N i ce ly  S ha l e  is l im ited to exposures i n  t he i mmediate v i c i n i ty of t he type area i n  t he 
Sup lee- l zee d i st r i c t  of centra l  O regon . T he un i t  is i n c l uded in the Mow i c h  Group . 

L i t ho l ogy : T he N ice ly  S ha l e  consists  of 75 to 35 0 fee t  of b l a ck , fl aky sha l e  w i t h  subord i nate amounts 
of  mudstone . T h i n  i nterbeds of ca l careous s i l tstone and sa ndstone are i ncrea s i ng ly  abundant to the east . 

T he un i t  conta i ns a 5 0-foot t h i ck  fl ow of porphyr it i c  l abrador i te-augi te l a va w h i c h  apparent ly  
grades l atera l l y  i nto a sandstone i nte rbed , 

Contacts :  T he N i ce ly  Sha l e  i s  con formab l e  ove r  the S up l ee Format ion and grades upsect ion  i nto t he 
Hyde Format ion  of D i c k i nson a nd V i  grass ( 1 965 ) , 

A ge :  A l ate P l e i nsbach i an  (m idd l e  Ear ly  J urass i c )  age is i nterpreted for t he u n i t  ( I m l ay ,  1 968) . Ear l i er 
des i gnat ions of a Toarc ian  age are e rroneous owi ng to a m i s i nterpretat ion of t he genus Dacty l i oceras i n  
re l at ion to the European t i me sca l e  ( I m l ay ,  1 968 ) , 

References :  D i c k i nso n and V ig rass ,  1 965 
I m l ay ,  1 968 

OCHOCO LAVA S 

L upher , 1 94 1  
We i sgerbe r ,  1 956 

O r i g i na l  desc r i pt ion :  T he Ochoco L avas were defi ned by W i l k i nson ( 1 939) . H e  des ignates no type 
l oca l i ty ,  but notes t hat the l avas a re w idespread in the eastern and nort heastern parts of the Round 
Mou nta i n  30 '  q uadrang le  of central  Oregon . 

D i st r ibut i on :  The  O c hoco Lavas are w idespread in  t he northern hal f o f  t he Round Mounta i n  quadrang l e 
and extend short d istances i nto the sou thern M i t c he l l q uadrang l e and t he western Dayv i l l e  q uadrang l e , 
T he un i t  is eq u i va l e nt to the Oc hoco Format ion  of Hodge ( 1 942 ) and the  " O c ho.co Basa l t s "  of Fort h ( 1 965 ) 
and Howard ( 1 955) , 
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L i t ho l ogy : T he Ochoco Lavas cons i st o f  a ser ies  of fl ows of p l aty , porp hyri t i c ,  ol i v i ne basa l t  f l ows t hat 
are traceab l e to seve ra l l oca l ve nts i nc l ud i ng Arrow head Po in t  i n  the  Round Mounta i n  quadra ng l e  and 
Maup in  Butte and Twe l ve Mi l e  Tab l e Mounta i n  i n  the Dayvi l l e  q uadrang l e . T h i cknesses of up to 700 fe et 
are deve l oped near t he source areas and t he un i t  tapers to t h i cknesses of about 1 5  feet at  i ts d ista l edge s . 
C haracter i st i ca l l y  t he basa l t  i s  a r idge -former and a n  i nverted topography i s  devel oped beneat h i t  i n  t he 
sout hern M i tc h e l l q uadran g l e . 

Contacts :  T he O c hoco Lavas are unconformab l e  over t he Ratt l e snake Format ion  and o l der  u n i ts . 

Age :  A l ate P l iocene or ear l y P l e i stocene age is i nte rpreted for the  u n it on t he bas i s  of strat i graph i c  
posi t ion  and topograph i c  express i on . 

Referen ces :  Fort h ,  1 965 
Hodge , 1 942 

OWY H E E  BASALT 

H oward , 1 955 
W i l k i nson ,  1 939 

Or ig i na l  desc r ipt ion :  T he Owyhee Basa l t  was defi ned by Bryan ( 1 929) after exposures  a l ong the l ower 
Owyhee R i ver in Mal heur County . The type sect ion  was des i gnated by K i tt l eman  a nd Ot.hers ( 1 965 ) to 
i ncl ude exposures in t he S . E. t of se c .  20 , T .  22 S . ,  R .  45 E. 

D i st r ibut i on :  The Owyhee Basa l t forms fa i r l y  extensive exposures t hat  a re centered at t he northern end 
of  the Owyhee Reservo i r  i n  east centra l  Mal heur County . 

L i t hol ogy : T he Owy hee Basa l t  cons i st s  of up to 1 , 300 feet of fl ow -on -fl ow , de nse to scor i aceous , o l i v i ne­
free basa l t . Co l ors range from dark gray and b lack  to dusky red and scattered i nterbeds of tu ff and ash  
are i nd i cat i ve of conte mporaneous exp l os i ve vol can i sm i n  the area . 

Conta cts :  T he unit  i s  unconformab ly  over l a i n  by the Deer Butte Format ion and t he Grassy Mounta i n  Forma ­
t ion . I t  unconformab ly  overl ies  t he Sucker  C reek Format i on . 

Age : O n  the bas i s  of strat i graph i c  pos i t ion t he Owy hee Basa l t  i s  ass i gned a l ate M iocene age and it i s  
corre l ated w i th the S teens Basa l t .  

Referen ces :  Bryan ,  1 929 
Car l  a t ,  1 954 
Corcora n ,  1 965 
Corcora n  a nd others , 1 962 

PAUL I N A  BASALT 

K i tt l e ma n ,  1 962 
K i tt l eman a nd others , 1 965 , 1 967 
Porter , 1 95 3  
Pr i vra sky , 1 953  
Re n i c k ,  1 930 

Or i g i na l  descr i p t ion :  The  Pa u l i na Basa l t  was defi ned by Hampton ( 1 964) , who des ignated exposu res i n  
see s .  1 ,  2 ,  1 1 ,  and  1 2 , T .  2 6  S . ,  R .  1 6  E. , as  th e type l oca l i ty .  

D i st r i but ion :  The un i t  i s  exposed over an area of 370 sq uare m i l es i n  northern Fort Rock Bas i n  i n  nort he rn 
Lake County . 

L i t ho l ogy : T he Pa u l i na Basa l t  consists of a se r ies of fl ows of dark-gray , d i ktytax i t i c  basa l t  wh i c h  are 
traceab le  to several  s h ie l d  vol canoes i n  t he Pau l i na Mou nta in s  to  t he  nort h . T he fl ows average 5 to 20 
feet i n  t h i ckness and a tota l t h i ckness of 1 , 000 feet for the un i t  i s  deve l oped near t he source area . 
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Contacts :  T he Pau l i na Basa l t  i s  u nconformab l e  aver  the Peye r l  T uff and t he Hayes Butte Basa l t . 

4 3  

Age :  A l ate P l iocene o r  ear l y P l e i stoce ne a g e  i s  i nterpreted for t h e  Pau l i na Basa l t .  I t  i s  approx i mate ly  
t he same age as the Ochoco Lavas ,  a l though pre ci se age equ iva l ence has not been demonstrated . 

Reference : Hampto n ,  1 964 

PEYERL T U F F  

Or ig i na l descr ip t ion :  Th e Peyer l Tuff wa s defi ned by Hampton ( 1 964) 1 who desi g na ted exposu res i n  a 
roadcu t a long H ighway 3 1  i n  Fort Rock Bas i n  (sec . 3 1  1 T .  25 S . ,  R .  1 3  E . )  a s  th e ty pe loca l i ty .  

D i st r ibut ion :  The Peye rl T uff i s  exposed over an  area  of  1 0  square m i l es near  the  Peyer l  Ranch  (se c . 1 0 , 
T .  26 S . ,  R .  1 3  E . )  i n  the northwestern corner of the  Fort Rock Bas i n .  

L i t ho l ogy : T he un i t  consists  of a max imum of 400 feet of tu ffaceous sed i ments  w h i c h  i n c l ude vol c a n i c  
sandstones a nd congl ome rates r i c h  i n  pum iceous debr i s . A we lded t uff i nterbed i s  present h i g h  i n  t he 
sect ion . 

Contacts :  T he Peyer l  Tu ff i s  u nconformab l e  ove r t he H ayes  Butte Basa l t .  

Age :  Hampton ass ign s  a l a te st P l iocene o r  ear l y Pl e istoce ne age t o  the un i t . 

Reference :  H ampton , 1 964 

P I CT URE  GORGE BASALT 

( See Co l umbi a R i ver  Group . )  

P I CT U R E  R OC K  BASALT 

Or ig i na l  desc r i pt ion : T he P ic ture Rock Basa l t was def ined by H a mpton ( 1 964) . He des ignated exposures 
in sec . 1 4 1 and 1 5 1  T .  29 S . ,  R .  1 6  E .  i n  Fort Rock Basi n as the type l oca l ity . 

D i st r i but io n :  T h e  u n it c rops out a s  gent l e  sl opes a n d  escarpments over  an  area of 1 50 sq uare m i l es i n  
sout hern Fort Rock Bas i n  sout h a n d  east of S i l ver Lake . 

L i t ho l ogy : The un i t  consists of a se r ies  of fl ows of o l i v ine basa l t  wh i c h  ave rage 1 0  to 50 fe et i n  t h i ckness 
a nd w h i c h  have a tota l t h i ckness of approx i mate l y  1 1 000 feet . The basa l t s  are dark b l ue gray or green  
gray in  col or a nd are  scor i aceous 1 brecc i ated , a nd gl assy near  the base of i nd i v idua l  fl ows . Sed ime ntary 
i nterbeds composed of waterl a i n  pumiceous debr i s  and fragments  of basa l t i c  scor i a  a re deve l oped l oca l l y  
to t h i cknesses o f  up t o  250 feet . 

Conta cts :  The P i cture Rock Basa l t  i s  unconformab l e  beneat h the Fort  Rock Format ion . 

Age :  A tentat ive ear ly Pl i�ce ne age i s  ass i g ned to the un it  on the bas i s  of strat i graph i c pos i t ion and 
de gree of deformat ion . 

Reference :  Ha mpto n ,  1 964 
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P I K E  C R E E K  FORMAT I O N  

Orig i na l  desc r i pt ion :  Fu l l e r ( 1 93 1 ) opp l i ed t he term P ike Creek Vol can i c  Ser ies  t o  exposures unde r l y i ng 
the Steens Mounta i n  Vol cani c Ser ies  between L i tt l e A l vord C reek  a nd I nd i an  C reek on t he east face of  
Steens Mou nta i n . Wa l ker and  Repenn i ng  ( 1 965) rev i sed the  name to  P i ke C reek Format ion . 

D i st r ibut ion : The u n it is exposed as a nort h-tre nd i n g  ser ie s  o f  sma l l outcrops a l ong t he southeast base o f  
Steens Mou nta i n  i n  sout hern Harney County . 

L i t ho l ogy : T he P ike Cree k Format ion cons ists of a l ower ser ies of l en t i c u l ar  s i l i c i c  fl ows and assoc i ated 
t u ffs overl a i n  b y  a more extensi ve and l atera l l y  more u n i form ser ies  of fl ows of b iot i te  dac i te a n d  trachy­
a ndesite . As descr ibed by Fu l l e r  ( 1 931 ) the l ower  unit  consi sts of 200 fee t  of  gree n i s h  stra t i f ied ac id i c  
tu ffs over l a i n  success ive ly  by 200 feet of  l am i nated , redd i sh , fe l s i t i c  rhyo l i te , 300 feet of  we l l -bedded 
shardy tu ffaceous sed iments ,  a nd 200 to 500 feet  of banded , fe l s i t i c  rhyo l i te l ava .  T h e  l ower un i t  d i spl ays 
a w ide  range of l a tera l  var iab i l i ty and i s  i nterpreted to be a ser ie s  of fl ows a nd sed i me nts  de r ived from 
l oca l vents . 

T he upper un i t  cons i sts of a 200-foot t h i ck fl ow of b iot i te dac i te over l a i n  by a second fl ow of  
s i m i l a r  compos i t ion  w h i c h  var ies  i n  t h i ckness from 200 feet a t  L i t t l e  A l vord C reek to 5 00 feet  betwee n  
P i ke a n d  A l vord C reeks . T he upper u n i t  i s  more widespread than t h e  l ower  un i t  a n d  l o ca l l y  conta i ns 
t h i n  l e nses of stra t i fied t u ff and  per I i te . 

Contacts :  T he P i ke C reek Format ion  i s  uncon formabl e be neath the Steens Mounta i n  Vol c a n i c  Ser ies . T he 
base of the un i t  i s  not  exposed . T he ta l us-covered contact  w ith  t he A l vord C reek Format ion i s  i nterpreted 
to be an unconformity by W i l kerson ( 1 958), a nd a l atera l gradat ion by Ba l dw i n  ( 1 964) . Accord i ng to 
Wa l ker (ora l commu n icat ion , 1 97 1 ) ,  t he A l vord Creek Format ion  post -dates t he P i ke Creek Format ion . 

Age:  O n  t he bas i s  of strat igrap h i c  pos i t ion the  P ike C reek Format ion  is l ate Miocene or o l de r . 

References:  Ba l dw i n , 1 964 
F u l l e r ,  1 93 1  
Wa l ker and Repen n i n g ,  1 965 

P I TTSBURG FORMAT ION 

W i l ke rson , 1 958  
W i l l iams a nd C ompton , 1 95 3  

Or ig i na l  desc r ipt ion :  T he P i t t sb urg Format ion  w a s  defi ned by Wagner ( 1 945 ) i n  re ference to exposures 
in the immediate vi c i n ity of  P i ttsburg L and ing  on the I daho s ide of t he Snake R i ve r  near the easte rnmost 
extremi ty of Oregon . 

D i st r i but ion :  The  u n i t  i s  exposed over  an  a rea  of  approx i mate l y  3 square m i l es and i s  equa l l y  d i st r i buted 
between the states of I daho a nd Oregon  i n  the i mmed iate v i c i n i ty of the  type l oca l i ty .  I t  i s  corre l ated 
w i th t he Lower Sed i mentary Series by Va l l ier  (ora l  commun i  cat i o n ,  1 97 1 ) .  

L i t ho l ogy : The un i t  cons ists of approx i mate ly  2 , 000 feet of congl omerate , sandstone , a n d  subord i nate 
a rg i llaceous st rata . Green ish  hues predomi nate and t he un i t  was presumabl y der ived from t he under l y i n g  
Perm ian  roc ks . 

Contacts: T he P ittsburg Format ion  con formab l y  ove r  I i es  vol coni c l ast i c  rocks and sp i l  i tes of Late Tr iass ic  
age w h i c h  Va l l ie r  corre l ates w i th the " I mnaha Format i o n "  (ora l commu n i cat i on , 1 971 ) .  T he u n it i s  
i nterpreted to i nterf inger with  the upper  " Doy l e  Creek Format ion " and i s  be l i eved to con forma b ly  under-
1 ie  t he Mart i n  Br idge Format ion . 

Age : Wagner app l i ed a te nta t ive Carboni ferous age to the P i ttsburg Format ion , but t he rece nt d i scovery 
of  Karn ian ammon ites a nd t he pe l ecypod genus Ha l obia es tab l i shes a L ate T r i ass ic age for t he un i t . 



References :  V a l l ie r , 1 968 
Wagner ,  1 945 

RA IL  CA B I N  ARG IL L IT E  
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Orig i na l  desc r i pt ion : D i c k i nson and V i grass ( 1 965 ) def ined t he Ra i l  C ab i n  Arg i l l i t e  and de s i gnated as 
t he type l ocal i ty exposures  on the upper s l opes  of Morgan Mounta i n  i n  the l zee d i st r ic t  of ce ntral  Oregon . 

D i st r i but ion :  T he u n i t  i s  restr icted to  exposures i mmed i ate ly  su rrou nd i ng the type l oca l i ty .  

L i t ho l ogy : The Ra i l  Cabi n Argi l l i te cons i sts of t hi n -bedded , green and b l a c k ,  ha rd s i l i ceous argi l l i te  
i nterbedded w i t h  pa l e -green  arg i l l aceous q uartz ke ratophyre tuff and t uff argi l l i te , w hi c h  i s  d i st i n gu i shed 
by its  greater hardness and conc hoida l  fracture . M i nor mass ive beds of gray b ioc l ast i c  l i mestone a nd 
dense b l ack ca l c i l ut i te are deve l oped l oca l l y  suggest i n g  a sha l l ow-water env i ronment of depos i t i on . 

Contacts :  T he conta ct w it h  t he over ly i ng G rayl ock Format ion  i s  i nt erpreted to be a d i sconform i ty by 
Silberl i ng (wr i t te n  commun i cat ion , 1 97 1 ) a nd poss i b ly  a con form i ty by D ick i nson and V ig rass ( 1 965 ) .  
T he un i t  i s  un conformab l e  ove r the softer  Br i sbois  Format ion . 

Age :  The un i t  has y i e l ded m idd l e  N or ian  (Late Tr iass i c )  ammon i tes i n  the l ower part of t he sect ion and  
i t  may range upwards i nto the upper Nori a n . The poss i b i l i ty tha t  the un i t  i nc l udes R haet i a n  strata as 
suggested by D i c k i nson and V igrass ( 1 965) i s  rega rded as u nl i kely by S i l ber l i ng (wr i t ten commun i cat ion , 
1 97 1 ) .  

Reference : D i ck i nson and V i grass , 1 965 

RATTL E S NA K E  FORMAT I O N  

Or ig i na l  desc r i pt ion :  T he Ratt l esnake Format ion  w a s  defi ned b y  Merr iam ( 1 901 a )  and i s  typ i ca l l y  exposed 
a l ong Rattl esnake Creek approx i mate l y  one m i l e  west of Cottonwood in Ma l heur  C ounty . 

D i st r i but ion : The Ra tt l e snake Format ion  i s  best devel oped i n  the John Day Va l l ey and subsi d i a ry l ow l ands . 
T he i gn i mbr i te member i s  w idespread t hroughout ce ntra l O re gon and i s  be l i e ved to be t he same uni t  as t he 
upper ash-fl ow we l ded tuff of the Dan fort h Format ion i n  the  Harney Basi n ( s ee Danforth Format ion ) . 

L i t ho l ogy : The un i t  is composed of up to 700 fee t  of fang l omerate and f i ner terrest r i a l  sed iments  and a 
40-foot th ick  i g n i mbrite un i t  wh i ch crops out i n  the midd l e  of  t he sect ion . T he grave l i s  we l l rounded 
and cons i sts  of pebbl es of basa l t ,  chert , s i l tstone , d ior i te , r hyo l i te , a nd chert set in a med i um-gra i ned 
matr ix  of poor l y  i ndurated vo l ca n i c  sandstone . T he i gn imbr ite d isp l ays zonat ion  typ i ca l  of we l ded ash­
fl ow tuffs and i s  a prom i nen t  r idge former . 

Contacts :  T he Ratt l esnake Format ion i s  unconformabl e over the Masca l l Format ion and t he basa l t s of the 
Co l umbia  R i ver G roup . 

Age : A rad iometr ic  age of 6 . 4  m i l l ion years was determ i ned for t he i g n i mbr i te un i t  by E vernden and 
J ames ( 1 964) . On the  bas i s  of trace e l ements  t he tu ff i s  corre l ated w i t h  t he upper ash-fl ow tuff of t he 
Da nfort h Format ion (Beeson , _ 1 969) for w h i c h  Davenport ( 1 970) reports an age of 6 .  1 m i I I  ion  years . 

Midd l e and l ate P l i ocene mamma l s  have been recovered from the g rave l s  be neath t he i g n i mbrite . 
T he upper part of t he format ion  may extend i nto ear l y P l e i stocene . 

References :  Beeson , 1 969 
Brow n  a nd T haye r ,  1 966a 

C ampbe l l and ot hers , 1 958 
Co l eman , 1 949 
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References :  (cont i nued) 
C ummi ngs ,  1 958 
Dave nport , 1 970 
Dawson , 1 95 1 
Debe l l ,  1 948 
E vernde n and J ames , 1 964 
I r i sh ,  1 954 

ROBERT S O N  FORMAT I O N  

Mc i ntyre , 1 953 
Merr iam , 1 90 1 o 
N apper ,  1 958 
T aube neck , 1 950 
W h i te , 1 964 

Or ig i na l  desc r i pt i o n :  T he Robertson Format ion  was de fi ned by L up her  ( 1 941 ) and i s  typi ca l l y  exposed 
in t he headwaters of the South Fork of Beave r  Cree k 7 m i l es sou t h  of  the S up l ee post offi c e  in sees . 26, 
27 , 28 , a nd 29 ,  T .  1 8  S . ,  R .  26 E .  

D i st r ibut i on :  T he Robertson Format ion i s  exposed on the nose of the southwest-p l ung i ng  Mow i c h  upwarp 
i n  t he a rea surround i ng t he type l oca l i ty in t he Sup lee- lzee d i str i c t  of  centra l  Orego n . 

L i t ho l ogy : T he Robertson Format ion  has a max i mum t h i ckness of 335 feet a ccord i ng to D i c k i nson a nd 
V igrass ( 1 965) and i s  composed of a l ower c l ast i c  u n it and an  upper un i t  of  b i ostromal  l i mestone . The  
basa l  c l ast i c  un i t  consi sts of l oca l l y  cross-bedded vo l ca n i c  are n i te and  cong l omerate w i t h  c l asts of chert ,  
fe l sop hyre , and argi l l i te . D i str i b ut ion and compos i t ion  o f  t he basa l u n i t  suggests der ivat ion  from t he 
under ly i ng Begg Format ion . 

T he over ly i ng l imestone cons i sts of l enses of gray , b iost roma l l i mestone and mass ive b ioc l ast i c  
l i mestone u p  t o  30 feet i n  t h i ckness w h i c h  grade l atera l l y  in to ca l c i l ut i t e . T he b iost romes are composed 
a l most en t i re l y  of the aberrant sess i l e  pe l ecypod , P l i catosty l u s  gregar i us .  

Conta cts : T he u n i t  is unconformabl e over t he Begg and Br i sbo i s  Format ions  and i t  i s  conforma b l e  under 
the Suplee Format ion . 

Age : A prov i s iona l  P l e i nsbach ian  (midd l e  Ear ly J urass ic )  age i s  ass i gned to t he Robertson Format ion . 

References :  D i c k i nson and V i grass , 1 965 
L upher ,  1 941  

SHAW MEMBER  ( O F  SNOWS H O E  FORMAT I O N ) 

Or ig i na l  descr ip t ion :  Rocks  ass i gned to t he S haw member by D i ck i nson and  V i grass ( 1 965 ) were or i g i na l l y  
ass igned t o  the S nowshoe Format ion by Luphe r  ( 1 94 1 ) .  C haracter i st i c  exposures are l ocated i n  sec . 24, 
T .  17 S . ,  R .  26 E .  

D i st r ibut i on :  Severa l sma l l exposures of t he Sha_w member a re  present i n  t he  c e ntra l  parts of the P i ne 
C reek downwarp i n  t he weste rn part of t he Supl ee- l zee d i st r ic t  of centra l Oregon . A ccord i ng to 
Budde nhagen {wr i tte n comm un i cat ion  to I m l ay ,  1 968) rocks des ignated as Shaw member by D i ck inson 
a nd V igrass ( 1 965 ) si tuated north of P ine  C reek  are more appropr iate l y  ass ig ned to strat i grap h i ca l l y  
l ower parts o f  t he S nowshoe Format ion . 

L i thol ogy : The un i t  consists of ppprox i mate l y  1 , 000 feet of gray to dark brown i sh-gray p l aty to fiss i l e  
sha l e  and subord i nate i nterbedded fiss i l e  green sha l e ,  hard gray ca l careous m udstone ,  si l tstone and 
sandstone . Loca l l y ,  hori zons of  e l l i pso ida l  c a l ca reous con creti ons and beds of  gray sandy ca l caren i te 
and m i c rocrysta l l i ne l i mestone are deve l oped . 
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Conta cts : T he S haw member i s  i nte rpreted as a l atera l  eq u iva l e nt  of the  upper part of the Basey member 
of  the Snowshoe Format ion from w h i c h  i t  i s  d i st i ngu i shed pri mar i l y  on  t he bas i s  of i t s  f iner  g ra i n  s i ze . 

Age :  A m idd l e  Bajoc ian  (Midd l e  J urass i c )  age i s  sugge sted for t he u n i t  by foss i l s  re covered from the nort h 
s ide of Pine C reek . However , Budden hagen (see preced i n g  page) favors a C a l l ov ian  ( l ate Midd l e  J urass i c )  
a g e  based on foss i l s  take n from a st ructura l ly  l ess comp l ex area . 

Re ferences :  D i c k i nson and V i g rass,  1 965 
L upher ,  1 94 1  

S H UMURAY RA N C H  BASALT 

O r ig i na l  desc r i pt ion : T he Shumuray Ra nch  Basa l t  was def ined by K i tt l eman  and others ( 1 965 ) and i s  
typ i ca l l y  exposed near t he Shumuray R a n c h  ( S �  sec . 30 ,  T .  2 3  S . ,  R .  3 9  E . )  i n  t h e  Monument Peak  
d i str i ct of  nort hern Mal heur County . 

L i t ho l ogy:  T he u n i t  cons ists of 50  to 1 5 0 feet of mi croporphyr i t i c ,  trachy t i c  to p i l otax i t i c  m u l t i fl ow 
basa l t . I t  i s  a prom i nen t  mesa forme r and i s  I im i ted in d i str i but i on to exposures i n  t he immed iate v i c i n i ty 
of the type l oca l i ty . 

C onta cts:  T he Shumuray Ranch  Basa l t  i s  unde r l a i n  by unnamed vol can i c l ast i c  strata w h i c h  i n  turn are 
u nderl a i n  b y  t he W i l d cat C reek  We l ded Ash-F low T\lff a n d  t h e  Grassy Mou nta i n  Format ion . 

Age :  T he u n i t  i s  a ss igned a l ate P l i ocene age on t he bas i s  of strat ig raph i c posi t i on . 

Reference : K i t t  I eman a nd others , 1 965 , 1 967 

S H UT L E R  FORMAT I O N  

Defi n it i on :  T he t e rm  S hut l er Format ion  was  i nt rod u ced by H odge ( 1 932b) to rep l ace t he poorl y defi ned 
"Arl i ngton Format ion , "  a term prev ious l y  app l ied to the P I  iocene sed i me nts exposed in t he v i c i n i ty of  
S h ut l er ,  Oregon . I n recent  years  the term S h ut l e r  Format ion has been l arge l y  d i scarded . N ewcomb 
( 1 97 1 ) suggests t hat t he un i t  is eq u i va l e nt to the upper Da l l es  Format ion  and possi b l y  part of  the l ower 
E I I  ensburg Format ion . 

L i th o l ogy: I n c l u ded i n  the S h u t l er Forma t ion by Hodge ( 1 932b , 1 938,  1 942) w ere f l uv ia l depos i ts of 
ca l i ch e-coa ted gra ve l s  c rude ly  i n terbedded w i th l ayers of sa nd and  s i l t . A l so i nc l u ded in th e u n i t  were 
more even l y  bedded depos i t s  of sa nd , s i  I t , and d i atomaceous ash w h i c h  over I ie t he fl uv ia l  depos i t s  sout h 
o f  Ar l i ngton and between t he Deschutes R iver and W i l l ow C reek . 

Contacts :  Accord i n g  to Hodge ( 1 938) t he Shut l e r  Format ion  i nterfi ngers w it h  the upper part of t he Da l l es 
Format ion to the west . In extend ing the Da l l es Format ion eastward to i n c l ude the S hut l e r  Format ion , 
N ewcomb ( 1 97 1 ) a l so descr ibes  t h i s  re l at ionsh i p . 

Accord i ng  to Newcomb ( 1 97 1 ) the Da l l es Format ion uncon formab l y  overl ie s  the Se l a h and Ratt l e ­
snake R idge members o f  t he E l l e nsburg Format ion  and t he Pomona fl ow of  t he Yak i ma Basa l t i n  the 
v i c i n i ty of Shut l e r ,  Oregon . 

Age :  M i dd l e  P l i ocene vertebrates have been re covered from the " Da l l es Format ion  extended " of N ewcomb 
( 1 966 ,  1 97 1 ) i n  the S hut l e r  a rea . Th i s  compares  w i t h  fauna l  and  rad iometri c age  data  wh ich  sugge st an  
ear ly  Pl i ocene age for t he type Da l l es Format ion and a l ate Miocene-ear l y  P l i oce ne age for the Se l a h  
member o f  t he E l l e nsbu rg Format i on . A l thoug h H odge ( 1 938) postu l ated a P l e i stocene age for t he Shut l e r  
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Format ion  an  t he bas i s  o f  vertebrates re covered near Umat i l l a , Oregon , t h i s  age shou l d  be d i scarded on 
t he bas i s  of  the geograph i c  separat ion  of t h i s  fauna from the type S hut l e r  Format ion . 

References :  Ba l dw i n , 1 964 
Hodge , 1 932b , 1 938 , 1 942 
Hogenson , 1 964 

S I LV I ES  MEMBER ( O F  SN OWS H O E  FO RMAT I O N )  

Lowry a n d  Ba l dwi n ,  1 95 2  
N ewcom b ,  1 966 , 1 97 1  
S hotwe l l ,  1 95 6  

Or ig i na l  descr i pt ion :  T he S i l v ies  member was de fi ned by  D ick i nson and V i grass ( 1 965 ) and i s  c haracter­
i st i ca l ly  exposed i n  t he  canyon of uppe r S i l v ies Creek at t he j unct ure of  sect ions 2 1 , 22 , 27 a nd 28 , T  . 1 6  S . ,  
R .  29 E .  

D i st r ibut ion :  The  S i l v ies  member forms an  extens ive nort heast-trend ing  exposure i n  t he southeast port of  
t he S up l ee - lzee d i st r ic t  mapped by  D ick i nson and  Vigrass ( 1 965 ) . To  the  west i t  grades i nto the  m id d l e  
part of t he type S nowshoe Forma t ion a n d  to t h e  east i t s  exten t  i s  undefi ned a l though D ick i nson and 
V i grass ( 1 965) suggest poss ib l e e q u i va l e nce to f l ows and brecc ias  exposed south of Se neca . 

L i t ho l ogy : The  member consi sts of 1 , 5 00 feet of vo l ca n i c l ast ic  strata w h i c h  i n c l ude abundant b l ue ,  hard , 
coarse -gra i ned andes i t i c  sa ndstone a nd con g l omerate . Sandstone i nte rbeds a re graded , vary i n  t h i ck ness 
from 1 to 1 2  feet , a nd a l ternate w i t h  fi ner-grai ned i nte rbeds of s i l tstone a nd mudstone . T he l ut i te s  ore 
very s im i l a r to the m idd l e  part of the Snowshoe Format ion of Luphe r  ( 1 941 ) to t he west . The S i l v ie s  
me mber di ffers from t he eq u iva l e nt Basey membe r  on  t he bas i s  of  t he p resence of  cong l omerat e ,  the  preva­
l e nce of graded bedd ing , and se vera l other more subt l e  features  of text ure and compos i t i on . 

Contacts :  T he S i l v ies  member i s  con formab l e  w i t h i n  the  over l y i ng and under l y i ng ports of the  S nowshoe 
Format ion . Fac ies  re l at ionsh i ps suggest der i vat ion  from a vol can i c  p i l e  l ocated 25 m i l es east of  lzee 
beyond Seneca . To t he west the  i n freq ue nt  graded beds i n  t he m idd l e  Snowshoe Format ion  mark t he d is ­
ta l  e nds of t he turb id ity curre nt depos i t s  i n  t h e  l zee Bas i n .  

Age:  A m idd l e  Ba joc i an  (M idd l e  J urass i c) age i s  ass i gned to t he S i l v ie s  member . 

Reference :  D i ck i nson a nd V i grass , 1 965 

SNOWS H O E  FORMAT I ON 

Orig i na l  desc r i pt i on :  L up he r  ( 1 94 1 ) de f ined t he Snowshoe Format ion  and des ignated as t he type l oca l ity 
a band of exposures extend ing  northeastward from S now Mounta i n  across Sou th  Fork Va l l ey on t he sout h­
east l imb of the  Mow i c h  ant i c l i ne . 

D i str ibut ion : T he Snowshoe Format ion  i s  w idespread i n  the  Sup l ee - l zee d i st r ic t  of ce ntra l O regon . West 
of the type l oca l i ty D i c k i nson a nd V i gra ss ( 1 965) i nc l uded th e  W eberg member (Weberg Forma t ion of 
Lupher , 1 94 1 ) ,  th e  Worm Spr i ngs member (Warm  Spr i ngs Format ion  of L u pher , 1 941 ) ,  the Ba sey member 
(Hyde Forma t ion of L u ph er ,  1 94 1 \  and  th e Shaw member i n  the u n i t .  To th e east  th ey i ncorpora ted the 
S i l v ies member i n to the Snow sh oe Forma t ion . 

L i t ho l ogy : In the vi c i n i ty of the type l oca l i ty the  S nowshoe Format ion consi sts  of 2 , 750  feet of dark 
l ut i tes w it h  i nterca l at ions of fi ne -gra i ned sandstone and t h i c k -bedded ca l careous sandstone i n  t he m idd l e  
and top o f  t he sect ion respect i ve l y . I t  i s  subd iv ided i nto t he l owe r membe r ,  m idd l e  membe r ,  a nd upper 
me mber by D ick i nson and Vi grass ( 1 965 ) . 

T he l ower member consi sts of 600 feet of soft , dark- gray to b l ack , t h i n -bedded mudstone , s i l tstone 
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and sha l e . I t  i s  l oca l l y  ca l careous a nd d i sp l ays a character i st i c p l aty parti ng . Rad io l a r ians  are abundant . 
T he m idd l e  member consists of 1 , 000 feet of dark -gray to bl ack l u t i te i nte r l am i nated w i t h  coarser 

beds of g raded vo l ca n i c l ast i c s . T he m idd l e  member l acks rad io l ar ians . It grades westward i nto the Basey 
me mber of t he Snowshoe Format ion  and eastward in to the S i l  vies member of t he Snowshoe Format ion . 

T he uppe r member consi sts of 1 , 25 0  feet  of th i n -bedded dark mudstone and s i l tstone w it h  t h i c k  
i nterbeds of gray ca l careous sandstone . I t  i nc reases i n  t h i ck ness to 1 , 5 00 or 2 , 000 feet east of Rosebud 
and Lew i s  Creeks a nd wedges out to the west under the Trowbr idge Format ion . 

For furt her i n format ion rega rd i ng the  Snowshoe Format ion east and we st of t he type l oca l i ty consu l t  
t he d i scuss ion o f  t he membe rs re ferred t o  i n  " D i st r ibut ion " above . 

Contacts :  T he Snowshoe Format ion i s  gradat iona l over the Hyde Format ion  in the  eastern part of the  
Sup l ee- lzee d i st r i ct and i t  i s  i nterpreted to  be unconformab l e beneath the T rowbridge Format ion  on the  
basi s of  map re l at i onsh ips . T he Snowshoe Format ion i s  uncon formab l e  over  the  Mow i c h  G roup i n  t he 
western part of t he Sup l ee - lzee d istr ic t . 

Age :  A l ower Toarc ian  through l ower  C a l l ov ian  age (m idd l e  Ju rass i c )  is i nte rpreted for t he un i t  i n  the 
eastern  part  of the Sup lee- l zee d i st r i ct . T he base i s  somewhat younger in  t he west  where t he Weberg 
member i s  ass ig ned a l ower midd l e  Ba joc i a n  age . 

References :  D i ck i nson a nd V i grass , 1 965 
I m l ay ,  1 964b , 1 968 
L upher ,  1 94 1  

S POTT E D  R I D G E  FO RMAT I O N  

Orig i na l  desc r i pt i on :  T h e  Spotted R idge Format ion  w a s  def ined b y  Merr iam ( 1 942) ,  w h o  des i gna ted 
exposures on the west fl ank  of  Spotted R idge in centra l  Oregon as t he type l oca l ity . 

D i str ibut ion :  T he Spotted R idge Format ion forms iso l ated exposures i n  t he pre -Tert i a ry terra i n  surround i n g  
the type loca l i ty 1 5  m i l e s  south  of Pau l  i na in southeastern C rook C ounty . 

L i tho logy: The  Spotted R idge Forma t ion co ns i sts of 1 , 000 to 1 , 500 feet of h i g h l y  var ia b l e  de l ta i c  
sedi ments , w h i ch i n c l ude sa ndston e ,  cong l omera te ,  che r t ,  a n d  muds tone . Ma r i ne  sedi ments a re most 
a bu nda n t  in the mi dd l e of th e sec t ion . 

L e nt i c u l a r  beds of fe l dspat h i c ,  med i um -gra i ned graywacke of mar ine a nd nonmar i ne  or ig i n occur  
t hroughout t he sect ion . C ross-bedd i ng and p l ant debr i s  are l oca l l y  pre se nt . T he con g l omerate i s  poorl y 
sorted a nd cons i sts of boul ders of d iori te , andes i te ,  dac i te , a nd chert . 

Mar i ne ,  gree n i sh , pebb l y  sandstone and m udstone occ upy the m idd l e  of the  sect ion and  conta i n  
fa i r l y  abundant ca l c ite cement a nd c r i no ida l  debri s . A l so present a re th i n-bedded gre e n i sh rad io l a r ian  
c herts wh ich  exh ib i t  a c l ustered d i str ibut ion  about p l utons; i n  part t hey may represe nt si l i c i fied fi ss i l e  
mudstones .  

Conta cts : T he Spotted R idge Format ion is un c on formab l e  beneath  the Coyote Bu tte Format ion  and i t  i s  
p robabl y d i sconformab l e  or unconformab le  ove r t he Coffe e C reek Format ion . 

Age:  The age range of the un i t  i s  unce rta i n ,  but it i s  probab l y  l ower  Pe nnsy l va n ian  based upon a fa i r l y  
d i agnost i c  fl ora prese nt i n  t he nonmari ne i nterbeds . 

Refe ren ces: Broga n ,  1 95 2  
Mamay a n d  Read , 1 956 
Merr iam , 1 942 

Merr iam and Bert h iaume , 1 943 
O gren , 1 958  
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ST E E N S  BASALT  

Or ig i na l  descr ip t ion :  T he Steens Basa l t  was fi rst descri bed by  F u l l e r ( 1 93 1 ) ,  who desi g na ted as th e type 
I oca l i ty exposures a l ong t he h i g hest part of Steens Mou nta i n  about 20 m i l es east of  the head of Donner  
and B l i tzen Va l l eys , Harney County . 

D i st r ibut ion :  T he S teens Basa l t  forms fa u l ted and surfi c i a l  exposures a l ong t he  c re st of Steens  Mounta i n  
a nd i t  i s  presumab ly  w idespread i n  t he subsurface .  Equ iva l en t  basa l ts a re poss i b ly  represe nted b y  t he 
M iocene basa l ts of the Puebl o Mounta i ns to the sou th  a nd the " U nna med i gneou s comp l ex " of K i tt l e ma n  
a nd others ( 1 965 ) to the north i n  nort hern Ma l he ur  C ounty . 

L i thol ogy: The S tee ns Basa l t  consists of approxi mate l y  3 , 000 feet of o l i v i ne -bear i ng basa l ts w h i c h  co l ­
l ec t ively are i ntermediate in compos i t ion between o l i v i ne tho l e i i te a nd h i gh-a l um i na basa l t . A t  l e ast 
70 fl ows are present and j o i nt i ng i s  poor . F l ow contacts a re d i scont i n uous s uggest i ng  t hat t he fl ows 
were extruded i n  rap i d  success ion . 

Porphyr i t i c  textu res a re most common l ow i n  t he sect ion  and p l at i ness is most abundant h i g h  i n  t he 
sect i on . T rue d i ktytax i t i c  texture , a l t hough present ,  i s  notab l y  rarer than suggested by F u l l e r ( 1 931 ) i n  
h i s  type descr ipt ion . Geoc hem i cal  t re nds are d i scussed i n  deta i l  b y  G un n  a n d  Watki ns  ( 1 970) . T h e  
basa l t s eme rged from d i kes concentrated i n  swarms a l o n g  t h e  marg in s  o f  t i l ted fa u l t b l ocks , t he east face 
of  Steens Moun ta i n  be ing  t he most notabl e .  

Contacts :  The Steens Basa l t  over l ie s  the  S teens Mounta i n  Vol can i c  Comp l ex and  u nder l ies  a var iety of 
Pl i ocene u n it s  i n c l ud i n g  we l ded tuffs assi gned to the Danforth Format ion on  the west s l ope of Steens 
Mounta i n .  

Age : The un i t  i s  regarded as l ate M iocene and has y ie l ded rad iometr i c  age dates of 1 5 . 1  m i l l ion  years . 
L i thol og i c  data suggest rap id  extrusion o f  t he u n i t  and geomagnet i c  data suggest t hat a l l  t h e  fl ows were 
extruded in l ess t han 50, 000 years . 

References :  Avent , 1 969 
Baksi  a nd others , 1 967 
Doak , 1 953  
E vernde n a nd J ames , 1 964 
Fryberger,  1 959 
F u l l e r ,  1 93 1  
G unn  a n d  Watki ns , 1 970 

ST E E N S  MOUNTA I N  VOLCAN I C  SER I E S  

J o hnson , G .  D . ,  1 960 
P i pe r  and ot hers , 1 939 
Porter ,  1 953  
Wal ker a nd Peterson , 1 969 
W i l kerso n ,  1 95 8  
W i l l iams and C ompto n ,  1 953  

Or i g i na l  descri pt ion : Fu l l er ( 1 93 1 ) was  t he fi rst to descri be the  S teens  Mounta i n  Vol can i c  Ser ies . H e  
d i d  not describe a type sect ion , but  he d i scussed the exposures  betw een A l vord Creek a nd Cottonwood 
C ree k i n  deta i l  and t hey are genera l l y regarded as be ing  represe nta t i ve . 

D i st r ibu t ion :  The S tee ns  Mounta i n  Vo l ca n i c  Ser ies  i s  rest r i cted to  t he east face of  Steens Mounta i n ,  but 
is presumabl y more w idespread i n  the subsurface . 

L i t ho l ogy : The un i t  consists of se vera l thousand fe et of heteroge neous vesi c u l ar a ndes it i c  brecc ia s  a l ter­
na t i ng w i th p la ty l ava s of a ndes i te a n d  ba sa l t .  F l ow s  vary from 1 0  to 200 feet i n  th i c kness, a nd f low 
con tacts a re poor l y  defi ned . - C i nder cones a nd pyroc l a s t i c  accumu l a t i ons are l oca l l y abunda n t  w i th i n  
the sequence . Vent  a rea s a re a l so recogn i zed on th e bas i s  o f  steep l y  i nc l i ned p la ty j o i n t i ng . 

One  u n i t  termed th e " G rea t F l ow "  by Fu l l er ( 1 93 1 )  cons i sts of 500 to 900 feet of coa rse l y  co l um ­
nar apha n i ti c  ba sa l t i c  a ndes i te . N ea rby stru c tures a nd th e ex treme th i c kn ess c;>f th e u n i t  a re  cons i s tent  
w i th a s i l l - l i ke or i g i n ,  a l though th e fi ne gra i n  s i ze  i s  su ggest ive  of extru s i on . 
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Sedimentary rocks are rest r i cted to rare exposures o f  fre sh water I i mestone , arkose and sha l e  l ow 
i n  the sect ion to t he south . A l so pre se nt are cong l ome rates composed of metamorp h i c  and p l uton i c  rocks . 
P i l l ow l a vas d i rec t ly  over I ie the sed i me nts . 

Contacts :  T he Steens Mounta i n  Vol can i c  Se r ies  is  u ncon formab l e  be neat h t he S teens Basa l t  and shares 
an uncerta i n  re l at ionsh i p  with the A l vord Creek beds ( see A l vord C reek beds) . 

Age : T he S teens  Moun tai n Vo l ca n i c  Ser ies  i s  l ate Miocene i n  age . Wa l ker (ora l commun i cat i o n , 1 97 1 ) 
believes that a rad iometr ic  age of 2 1  m i l l i on years ass i gned to the A l vord C reek beds by Evernden and 
J ames ( 1 964) is more appropr ia te l y  app l ied to the l ower part of the Steens Mou nta i n  Vol can i c  Ser ies . 

Refe rences :  E vernden and James , 1 964 
Fu l l e r ,  1 93 1  

ST RAWBERRY VO LCAN I C S  

W i l kerson , 1 95 8  
W i l l iams  and Compto n ,  1 95 3  

Defi n it i on :  Strawberry Vol can ic s  i s  a te rm first proposed b y  T hayer ( 1 957) for t he Mi ocene accumu l at ion 
of mafi c  to si l i c i c  vol can i c  rocks  which make up S trawberry Mou nta i n  and parts of the surround i ng area 
near John Day in ce ntra l O regon . 

D i st r ibut ion :  As mapped by Brow n a nd Thayer ( 1 966a) the Strawberry Vol ca n i cs are exposed over l arge 
a reas between  Bear  Va l l ey and U n i ty Basi n i n  southeastern G rant County and southwestern Baker County . 

L i thol ogy : The un i t  consists of a max i m um of severa l t housand feet  of fl ow rock vary i ng from med i um ­
gray basal t i c  andes i te a n d  ol i v i ne basa l t  s i m i l ar to t he P i cture Gorge Basa l t  l ow i n  t h e  se ct ion to dac i te 
a nd rhyo l i te near the top of the sect ion . T he fl ows erupted from a ser ies of ve nts a nd sh ie l d vo l canoes 
represented by the prese nt-day Strawberry Mounta i n  a nd L ookout Mou nta i n . 

Conta c ts :  The S trawberry Vo l ca n i c s  may i n terfi nger w i th th e  P i cture Gorge Basa l t  l ow i n  th e sect ion 
a nd are i n tertongued h igh in  the sect ion w i th th e rhyo l i t i c  margi na l  fac i es a nd presu ma b ly  th e Masca l l  
Forma t ion , both of th e C o l u mb ia  R iver Grou p . 

T he S trawberry Vo l can ic s  a re i nte rpreted to i nterfi nge r  w i t h  ear l y P l iocene l ac ustr i ne depos i t s  i n  
t he Un i ty Basi n by Brow n  and T hayer ( 1 966a ) ,  b u t  t h i s  re l a t ionsh ip  i s  q uest ioned b y  othe r workers i n  the 
a rea (Mc i n tyre , written commun i cat ion to C orcoran , 1 97 1 ) .  T he un i t  i s  u nconformab l e  over rocks s i m i l ar 
i n  l i t ho l ogy to the C l arno Format ion farther to t he  west . 

Age :  T he S trawberry Vo lcan i c s  a re l ate Miocene i n  age a nd corre l ate w i t h  t he Co l umbia  R i ve r  Group . 
"f'lieS i l i c i c younger parts of the  un i t  near t he type l oca l i ty i nterf inger w i t h  the  l ate M i ocene Masca l l 
Format ion . Consequent l y  t he basa l ts i n  t he U n i ty Bas i n  w hi c h  reported ly  i nterfi nger w i t h  PI iocene sed i ­
ments , probab ly  be l ong to a younger as  yet undefined strat igrap h i c  un i t . 

Refe rences :  Brow n and Thaye r ,  1 966a 
T haye r ,  1 957 
T hayer a nd Brown , 1 966b 

S UC K E R  C R E E K  FORMAT I O N  

Or ig i na l  desc r i pt ion :  T he Sucker C reek Format ion  was fi rst proposed i n  a thes i s  b y  K i tt l e man ( 1 962) a nd 
f i rst i n trod u c ed i n to th e ri tera tu re by Corcora n a n d  others  ( 1 962) , w h o  l i s t  exposures  a l ong  Suc ker Creek 
in  th e M i tch e l l But te  30 '  quadra ng l e  a s  th e type l o ca l i ty . A m o r e  a c c u ra t e  d e fi n i t i o n  of the  t y p e  l oca l ­
i ty i s  p rov i ded by K i t t l ema n a n d  oth ers ( 1 965) , who des i g n a te exposu res i n  se e s . 28 a n d  33 , T .  24 S . ,  
R .  46 E .  a s  bei ng  typ i ca l . 
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Di st r ibut ion :  The S u cker C reek Format ion i s  exposed at t he nort h e nd of t he Owy hee Reservo i r  and i s  
presumably widespread i n  t he subsurface of t he surround i ng  area . It supp l ants  t he Payette Format ion  of 
K i rk ham ( 1 931 ) in t hat a rea as expl a i ned by N ewton a nd Corcoran ( 1 963 ) a nd C orcoran ( 1 965 ) . 

L i t hol ogy :  T he S ucker Creek Format ion cons i sts  of approx imate l y  2 , 000 feet  of  fi ne-gra i ned , l ac ustri ne 
a nd fl uvia l , t h i n -bedded , l ight-col ored , tuffaceous sed i ments w i t h  a l oca l  rhyo l i t e  fl ow (Owy hee Rhyo­
l i te of  K i rkham , 1 93 1 ;  R hyo l i te at  Owy hee Dam of Corcoran , 1 965 ) and an  exte ns i ve ash -fl ow tuff 
(Les l i e  G u l c h  ash-fl ow tuff member of K itt l ema n  a nd othe rs , 1 965 ) h i gh  i n  t he sect ion and a n  o l i v i ne ­
poor aphan i t i c  basal t fl ow l ow i n  the se ct i on . 

T he sed iments i nc l ude brow n  to ye l l ow i sh-green tuffaceous vo l ca n i c  a nd arkos i c  sa ndstones , wate r­
l a id tuffs , l oca l l y  carbonaceous buff sha l e s ,  mass ive s i l tstone s ,  and  very m i nor cong l omerates . Tu ffa ceous 
c l aystone i s  i n creas i ng ly  more domi nant h igh in t he se cti on . T he abundance of ash , l ack  of indurat ion , 
a nd scarc i ty of congl omerate are d i st i nc t ive feat ures of t he un i t . 

Conta cts :  T he Sucker  C reek Format i on i s  u nconformab l e  beneath the Ow�hee Basa l t, and  south of Owyhee 
Reservo i r  i t  unde r !  ies  t he J ump Creek R hyo l i te . The base of t he unit  i s  not exposed . 

Age:  Vertebrate rema in s  i nd i cate a Barstovi a n  ( l ate M i ocene ) age for the u n i t . The  basa l t  fl ow l ow i n  
the  se ct ion has been rad iometr ica l l y  dated at 1 6 . 7  m i l l ion years . 

Refe rences :  Corcora n ,  1 965 
C orcora n a nd others , 1 962 
E ubanks , 1 966 
G ra ham , 1 962 

S U PL E E  FO R MAT I O N  

K i rk ham , 1 93 1  
K i t t l ema n ,  1 962 
K i tt l eman and others , 1 965 , 1 967 
N ew ton and Corcora n ,  1 963 

O r i g i na l  desc r ipt ion :  L up her  ( 1 94 1 ) defi ned the Sup lee  Format ion  and des ignated exposures i n  t he head ­
waters of the South Fork of Beave r  C reek 7 m i l e s southeast of  the S up l ee  post off ice (sees . 26, 27 , 28 and 
29 ,  T .  29 S . ,  R .  26 E . )  as  the type l oca l i ty . 

D i st r i bu t ion :  The  Sup l ee  Format ion i s  restr i cted to  exposures i n  the pre-Tert iary w i ndow i n  t he Sup l ee­
l zee d i stri ct  of ce ntra l  Oregon . 

L i thol ogy: The Sup l ee Format ion  consi sts of i nd i st i nct l y  bedded , foss i l i fe rous ,  gray ca l careous sa ndstone 
and sandy l i mestone . I n terca l at ions  of green vol ca n i c  sandstone s i m i l a r  in l i tho l ogy to the unde r l y i n g  
Robe rtson Format ion suggest l ateral  i nterg radat ion of the  two un i ts . T h i c k nesses vary from 30 to 3 5  feet 
in the west to 75 feet fart her east . 

Contacts :  The S up l ee Format ion i s  conformabl e over t he Robertson Format ion at the type l oca l ity and 
a l ong t he nort h s ide of Bear  Va l l ey nort h of Seneca . E l sewhere the un i t  i s  unconformab l e over  o l der 
Mesozo i c  rocks . 

Age :  T he Sup lee  Format ion is ass igned a P l e i nsbach ian  age (Ear ly  J urassi c )  on t h e  bas i s  of abundant 
pe l e cypods a nd  ammoni tes . I m l ay ( 1 968) corre l ate s it w it h  the upper 620 feet of  t he H urwa l Format ion  
of  No l f i n  the Wa l l owa Mounta i n s  ( see  Hurwa l Forma t ion) . 

Refe rences :  D i ck i nson a nd V ig rass,  1 965 
I m l ay , 1 968 
L upher ,  1 941  
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T I M S  PEAK BASALT 

O r ig i na l  descr i pt ion: K it t l eman and othe rs ( 1 965 ) defi ned the T i ms Peak Basa l t  and desi gnated exposures 
near T i ms Peak (S E ;k sec . 34, T .  2 1  S . , R .  40 E . )  i n  nort hern Mal heur  County as t he ty pe l oca l i ty . 
T i ms Peak , however ,  i s  under l a i n  by t he  " U nna med i g neous comp l ex . "  

D i st r ibut ion :  The T i ms Pea k Basa l t  i s  exposed in  the Mon ument Pea k  and Ma l heur  Gorge d i st r i cts i n  t he 
i mmediate v i c i n i ty of the  type a rea . 

L i thol ogy : T he T i ms Pecik Basa l t consi sts of 1 0  to 250 feet  of gray , m ic ro-d i ktytax i t i c ,  o l i v i ne basa l t . 
Suboph i t i c  texture s  a re characte r i st i c  a nd the fl ows a re  l oca l l y  porp hyr i t i c .  I n  t he  nort hweste rnmost 
exposures  t he un i t  i n c l udes subord i nate amou nts of t uffa ceous sandstone and pumi ceous d i atom i te w h i c h  
a r e  interbedded w i t h  the fl ows o f  basal t .  

Contacts :  T he unit  i s  u nconformab l e over t he L i tt l e fie l d  R hyol i te and t he H u nte r C reek  Basa l t . I t  a l so 
overl ies  the Butte C reek Vo l can i c  Sa ndstone of Barstov ian  age and under l i es the W i l d cat C re ek We l ded 
Ash-F l ow T uff a nd J untura Format ion , both of C l a rendon ian  age . 

Age :  A l ate M iocene to ear ly  PI iocene age i s  ass igned to the un i t  on t he bas i s  of strat igrap h i c  pos i t ion . 

Re ferences :  H addock , 1 967 
K i tt l eman and ot hers , 1 965 , 1 967 

" TR I N I TY C R E E K  FOR MAT I ON " 

O r i g i na l  desc r ipt ion :  T hi s  is a n  i nforma l  term p roposed i n  a t hes i s  by Wethere l l ( 1 960) for representat ive 
exposures a l ong T r i n i ty C reek i n  the southeastern Wa l l owa Mounta i ns (sees . 1 6 , 2 1 , and 27 , T .  6 S . ,  
R .  46 E . ) .  

D i st r i but ion :  The "T r i n i ty C reek Format ion "  i s  exposed south  of F i sh  Lake i n  the  sout hern part of the 
C ornucop ia  q uadrang l e , T he un i t  i s  eq u i va l e nt to  t he " H unsake r C reek Format ion " of Val l ie r  ( 1 967) and 
poss i b l y  the Perm ian part  of the C l over C reek G reenstone of G i l l u l y  ( 1 937) i n  t he nort heaste rn part of 
t he Bake r q uadra ngl e .  Exposures  i nc l uded i n  the u n it were mapped as Lower Sed i mentary Series by S m i t h  
a nd A l l e n  ( 1 94 1 ) .  

L i t ho l ogy : The "T r i n i ty C reek Format ion"  consi sts of a seque nce of i nterbedded gray to g ree n ,  med i um­
to  coarse -gra i ned , l i t h i c  and fe l dspat h i c  graywacke , d iscont i nuous congl omerate w i t h  cobb l es o f  fi ne ­
grai ned porphyri t i c  vol can i c  rocks ,  and bedded g ree n to buff mudstone and s i l tstone . A tota l t h i ckness 
of  7 , 000 to 1 0 , 000 feet  i s  est i mated by Wethere l l  ( 1 960) . C ross-bedd i ng ,  graded bedd i n g ,  and l oad 
casts are reported loca l l y . 

Contacts :  A I though Wet here l l ( 1 960) i nterpreted conform i ty w i t h  t he over ly i ng I m naha Format i on ,  a n  
u nconform i ty i s  i nte rpreted b y  Va l l i e r  ( 1 967) o n  the bas i s  o f  subseq uent remapp i ng ,  

Age:  Perm ian  brach iopods have been re covered from the  un i t  (Wethere l l ,  1 960) . 

R eferences :  G i l l u l y ,  1 937 
S m i th a nd A l l en , 1 94 1  

TROUT C R E E K  F OR MA T I O N  

Va l l i er ,  1 967 
Weth ere l l , 1 960 

Or ig i na l  descri pt ion :  S m i th ( 1 926) defi ned th e Trout  Creek Forma tion  a nd des i gna ted a s  th e type l oca l i ty 
exposu res a t  Trout Creek on the ea st s i de of A l vord Va l l ey i n  the sou theastern pa rt of Harney County . 
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Di str ibut ion : The Trout C reek Format ion  i s  exposed on the nort hern edge of t he T rout C reek Mounta i n s  
nea r  F l agstaff Butte and  Trout Creek . I t  i s  i n c l uded i n  t he  "M ioce ne tuffaceous sed i mentary rocks , tu ffs , 
a nd s i l i c i c  fl ows " of Wa l ker  and Repen n i n g  ( 1 965 ) .  

L i t ho l ogy :  The  un i t  consists of a se r ies  o f  fi ne-gra i ned t u ffaceous sed i me nts a n d  d iatomaceous l ea f-bear i ng 
beds of fl ood p l a i n  and s ha l l ow l a c ustr i ne or i g i n .  

Contacts :  T he unit  under l ies  var ico l ored fl ows of rhyol it i c  compos i t ion . 

Age :  T he T rout C ree k Format ion  conta i ns a l a te Miocene fl ora and has y i e l ded a rad i ometr i c  age of 
T3.T mi l l ion  years . T he u n i t  post-dates the Steens Basa l t and may be equ i va l ent  to t he A l vord C reek 
beds on t he western s ide of  the A l vord Va l l ey .  

Refe rences :  Car l ton , 1 969 
Gra ham , 1 962 

TROWB R I D G E  FORMAT I O N  

Sm i t h , 1 926 
Wa l ker and Repe n n i ng , 1 965 

Or ig i na l  descri pt ion : Lupher  ( 1 94 1 ) defi ned th e Trow br i dge  Forma t ion a nd des ignated northea st-trend ing  
exposu res a l ong th e Mow i ch an t i c l i ne i n  Sou th Fork Va l l ey as  th e type l oca l i ty . 

D i st r ibut ion : T he T rowbridge Format ion  is extensive l y  exposed on t he southeast l i mb of t he Mow i c h  
a nt i c l i ne i n  the southeast part of the S up l ee- l zee d i st r i ct of centra l  Oregon . 

L i tho l ogy : The  T rowbr idge Format ion cons ists  of 2750 to 3250 fe et of dark penc i l  l ut i tes w i t h  subord i nate 
amounts of arenaceous mate ria l  a nd ca l careous concret i ons . The unit  becomes progress i ve l y  more are n a ­
ceous upsect ion ,  a nd i t  th i c kens toward th e northea st . 

T he T rowbr idge Format ion  is subd i vided i nto three membe rs by D i ck i nson and V igrass ( 1 965 ) . T he 
l owermost membe r ,  t he Rosebud membe r ,  consists  of penc i l  m udstone and vo l ca n ic l ast i c  s i l tstone w i t h  a 
t h i ckness of 400 to 500 feet . T he over l y i n g  Offi cer me mber c ons i sts  of hard b l ack a n d  gree n penc i l  l ut i te  
i nte rbedded w i t h  a subequa l  amount of val  con i c  sandstone and  fe l s i c  t u ff .  T he Mag i l l  me mber , t he upper­
most member ,  cons i sts of b l ack m udstone s i m i l ar to t hat of  the Rosebud member a nd i nterca l ated beds of 
g raded sandstone . 

Contacts :  T he Trowbridge Format ion i s  conformabl e over t he Lonesome Format ion . O n  the bas i s  of reg iona l  
stra t igraph ic  re l at ionsh ips D i ck i nson and V igrass ( 1 965 ) i nterpret a n  u nconform ity between t he Trowbridge 
Format ion and the under l y i ng Snowshoe Format i on .  

Age :  A n  ea r l y  to ea r l y -m idd l e  Ca l l ov i a n  age (u pper Mi dd l e  J u ras s ic )  i s  i n terpre ted for th e mi dd l e  
a nd l ower parts o f  th e Trow br i dg e Format ion . I t  i s  very s i m i l a r  i n  a ge to th e over l y i ng Lon esome 
Forma t ion . 

References : D i c ki nson and  V i grass , 1 965 
I m la y ,  1 964a 
Lupher , 1 94 1  

" U N NA M E D  I G N EO U S  CO MPLEX " 

Def i n i t ion :  " U nna med igneous comp l ex "  is a n  i n forma l term app l i ed by K i t t l ema n  a n d  oth er ( 1 965) to the  
u ndi ffere nt ia ted i gneous a ssemb lage tha t forms the ba sement  in  north ern Ma l h eur Cou nty . T he  un i t  i s  not 
a forma t ion  a nd th ere i s  no type sect ion . Pa r t i cu l a r l y  good ex posures crop ou t i n  Ma l h eur Gorg e  west of 
Na morf . 
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L i tho logy: The  " U n na med i g neous comp l ex "  consi sts of a h e terogeneous a ssemb lage of f l ows and  a u to ­
c last i c brecc ias of basa l t  and  a ndes i te w h i c h  ha ve a tota l a ggrega te th i c kness of severa l thousa n d  feet . 
U p  to 1 , 000 feet  of i n terca la ted au toc l a st i c  brecc ia s  a nd dense a phan i ti c  ba sa l ts a re exposed i n  th e 
Crow l ey d i s t r ic t  a nd presu ma b l y  represen t th e l ower part of th e sect ion . 

U p  to 600 feet of mu l t i p l e-f l ow porphyr i t i c , o l i v i ne  basa l t  over l a i n  by 700 feet of fo l ica ted a pha ­
n i t i c  a ndesi te and  a ndes i t i c  ba sa l t  are exposed i n  the Monu ment Pea k d i str i c t  and  proba b l y represen t th e 
m i dd l e  of th e  sect ion . 

I n  the centra l  Monument Peak d i st r ic t  approx i mate l y  2 , 000 feet of a l ternat i n g  apha n i t i c  and por­
p hyr i t i c  basa l t  fl ows a nd fl ow bre cc ias of uncerta in  st rat ig raph i c  posi t ion are exposed . 

Conta c ts :  The  " U n named ig neous compl ex" i s  u nconforma b l e  benea th th e l i tt l efi e l d  R hyo l i te  a nd the  
W i l dca t Creek  We l ded A sh -F l ow Tuff a l ong a con ta c t  tha t l oca l l y exh i b i ts severa l h u ndred feet of 
re l i ef .  T h e  base of the  u n i t  i s  not exposed . 

Age :  The  " U nnamed igneous comp l ex "  i s  post-da ted by sedi ments conta i n i ng Barstov ian  ( l a te Mi ocene) 
vertebra tes . A late Miocene a ge i s  a ss i g ned to the  u n i t  a nd i t  may be equ i va l ent  i n  age  to th e S teens 
Basa l t ,  th e Owyhee Ba sa l t , or the S teens Mou n ta i n  Vo l ca n i c  S er i es . 

References :  Hagood , 1 963 
K i tt l e ma n  a nd others 1 965 , 1 967 
McMurray , 1 962 

V E ST E R  FORMAT ION 

Or ig i na l  descr i pt ion :  T he Veste r Format ion  was  de fi ned by  Brown  a nd T hayer ( 1 966a ) . Exposures i n  
l ower Vester C reek i n  t he  north centra l  part of the  l zee q uadrang l e i n  central  O regon a re  des ig nated a s  
t he type l oca l i ty . 

D i st r ibut ion :  T he Vester Format ion forms rat he r  extensi ve northwest -trend i n g  exposures between Pa u l i na 
Basi n and Bear Va l l ey Bas i n  i n  t he pre-Tert iary upl ands nort heast of l zee i n  centra l  Oregon . 

L i thol ogy : I n  ascend i n g  order t he un i t  cons i st s  of 6 , 000 feet  of pebb l y  congl omerate and i nterbedded b l ack  
sha l e ,  1 , 000 feet of  water- l a i d  o ndesi t i c  tuff ,  and 1 , 000 fe et of b l ack sha l e .  Two m i l e s  north of the  
type l oca l i ty 1 , 000 feet of i nter l ayered b l ack shal e ,  oph i t i c  basal ts , a nd bre c c i as a re  i nc l uded i n  t he 
formati on  and ore be l ieved to represent the l ower port of the se ct ion . 

Contacts :  T he Vester Format ion i s  unconformab le  over Pal eozo ic  rocks a nd unco n formab le  beneath t he 
Aldr ich  Mounta i n  Group . I t  i s  p robab l y  the northward l atera l equ i va l ent  of the Begg  and Br isboi s 
Format ions of D ick i nson and V ig rass ( 1 965 ) i n  the S up l ee- l zee d i st r i ct to the sout h . 

Age : Foss i l s re covered from a sma l l l ens  of l i mestone brecc ia  i ndi cate that t he un i t  is no o l der  than l ate 
K arn ian  (m idd l e  L ate T r iass ic ) .  

References :  Brow n  and T haye r ,  1 966o 
T hayer and Brow n ,  1 966o , b 

WARM S PR I N GS MEMBER (O F S N OWSH O E  FORMAT I O N )  

Ori g i na l  descri pt ion : The  Warm S pr i ngs Forma t ion wa s defi ned by L u ph er ( 1 94 1 ) ,  who des i gna ted exposures 
on th e east s i de of Wo rm Spr i ng Creek Va l l ey (sees . 1 9 , 20 , 29, and 30 , T .  1 8  S . ,  R .  26 E . )  a s th e ty pe 
a rea . 
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I n  re cogn i t ion of t he l a tera l equ i va l ence  o f  the un i t  t o  part o f  the l ower S nowshoe Format ion  to the 
east D ick i nson a nd Vi  grass ( 1 965 ) descr i bed the un i t  as  the Warm Spr i n gs me mber of the  S nowshoe Format ion . 

D i st r ibut ion :  The u n i t i s  exposed as narrow bands a l ong t he I imbs  of  the ma jor structures  i n  t he Sup l ee 
d i st r ic t  i nc l ud ing  the nose of t he Mow i c h  ant i c l i ne and the l imbs of t he P i ne Creek dow nwa rp s i tuated 
i mmedia te ly  to t he nort hwest . 

L i t hol ogy : T he u n i t  cons ists of 200 to 300 feet  of dark s i l ty ca l careous sha l e  and m udstone w i t h  subord i nate 
a mounts of i ntercal ated gray ca l careous s i l tstone and fi ne -gra i ned l i mestone . W i th the except ion of fi ne  
l am i nat i ons  i n  the type are a ,  t he un i t  i s  i nd i st i nct l y bedded . I t i s  d i s t i ngu i shed from t he under l y i ng 
Weberg Format ion on the  basi s of fi ner  gra i n  s ize a nd t he l ower l i me content . 

Contacts :  T he Warm Spr i ngs member is  conformabl e over the  Weberg member  and u nconformab l e  over 
o l de r  u n i ts whe re the Weberg member is not present . T he Warm Spr i ngs member i s  conforma b le  beneath 
t he Basey member of the Snowshoe Format ion . 

Age :  T he un i t  i s  l ower m idd l e  Bajoc ian  (M idd l e  J u rass i c )  i n  age . 

References :  D i ck i nson a nd V ig rass ,  1 965 
L upher , 1 94 1  

W E BERG M EMBER ( O F  S N OW S H O E  FORMAT IO N ) 

O r ig i na l  descr i pt ion :  T he Weberg Format ion was fi rst described by L up her  ( 1 94 1 ), who  desi g na ted the 
type l oca l i ty as the east s ide of  Warm Spr i ngs C reek V a l l ey (sec . 1 9 , 20,  29, a nd 30 ,  T .  1 8  S . ,  R .  26 E . ) . 

T he un i t  was rede fi ned as a member of the Snowshoe Format ion  by D i ck i nson and V i g rass ( 1 965 ), who 
i nterpreted i t  to be a westward l a teral equ i va l ent of  part of  the type S nowshoe Format ion . T hey l i m i ted 
t he type loca l i ty to exposures on the nort h s ide of a gu l ly  empty ing  i nto Warm Spr i ngs Creek in the  SWt 
S Et sec . 1 9 , T .  1 8  S . , R .  26 E .  

D i st r ibut ion :  T he Weberg membe r of t he Snowshoe Format ion i s  exposed a l ong the western nose of  the 
Mow i c h  ant i c l i ne and on the l imbs of the  adjace nt P i ne  C reek downwarp and smal l er struct ures w i t h i n  
t he western part o f  t h e  Sup l ee d i str i c t  of central  Oregon . 

L i t  hoi ogy : T he Weberg member cons i sts of 5 0  to 200 feet of basal I imy sandstone a nd sa ndy I i mestone . 
T he l ower part  of the sect ion  cons i sts of  gray , res i stant , ca l careous sandstone a nd pebbl e cong l omerate 
composed of chert , fe l s i te , q uartz , a l b i te ,  and b ioge n i c  ca l c i te . Fragme nts of  Ostrea a nd Pi n na are 
re cogn iza b l e  l oca l l y .  The upper part of t he unit consists of  foss i l i fe rous s i l ty and sandy l i mestone com ­
posed of b i val ve p l ates and ech i noid p l ates a nd spi nes set in a matr ix  of l i my mud . 

Conta cts :  T he u n i t  g rades upward i nto t he Warm Spr ings  member  of the S nowshoe Format ion and i s  uncon­
formabl e over t he Mowich  Group and Upper Tr i assi c rocks . 

Age : A l ower m iddl e Ba joc ian  age (Midd l e  J urassi c )  i s  i nd i cated by a va r iety of foss i l  rema i ns w h i c h  
i n c !  ude rhynchone l l  ids , be l e m n i te s ,  te rebratu l  i d s ,  ammon i te s  a n d  rept i l i an  vertebrae . 

Re feren ces: D i c k i nson a nd V ig rass,  1 965 
L upher ,  1 94 1  

W I L DCAT C R E E K  W E L D E D  A S H -F L OW T U F F  

O r i g i na l descri ption :  K i t t l ema n  a nd oth ers ( 1 965) defi ned th e Wi l dca t Creek We l ded A sh -F l ow Tuff a nd 
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des igna ted exposures at th e h ea d  of W i l d ca t  Creek (SW l NW �  sec . 29, T .  24 S . ,  R .  40 E . )  in north ern 
Ma l h eur Cou nty as the type l oca l i ty .  

D i st r i but ion : T he un i t  is a d i scont i n uous mesa -former i n  t he Monument Peak and C row l ey d i st r i cts i n  the 
v i c i n i ty of t he type l oca l i ty . 

L H ho l ogy : T he W i l d cat C reek We l ded Ash-F l ow T uff i s  composed of l i g ht -gray to b l ack a nd pa l e  reddi sh­
brown pumi ceous v i t r ic  tuff w h i c h  d i sp l ays vert i ca l  zonat ion characte r i st i c  of ash  fl ows . T he nonwe l ded 
upper zone has been re moved by eros ion over wide areas . T h i c k nesse s average a few tens of  feet , a l t hough 
l oca l t h i cknesses of 2 0 0  fe et are deve l oped . 

Contacts :  T he un i t  over l i e s  the B utte C reek Vo l can i c  Sandstone and t he T ims Peak Basa l t . 

A ge :  A te n ta t i ve l ate Mi ocene or ear l y  P l iocene age i s  ass ig ned to the u n i t . 

References :  Hagood , 1 963 
K i tt l e ma n  a nd others , 1 965 , 1 967 

"W I N DY R I DG E FORMAT I O N " 

Or i g i na l  descri pt ion :  T he "W i ndy R idge Format i on "  i s  an i n forma l  u n i t  proposed by Va l l i e r  ( 1 967) i n  h i s  
doctoral d i ssertat ion  at Oregon State Un i vers i ty . He  app l ies  t he term to ear ly  or m idd l e  Perm i a n  exposures 
near t he Oxbow of the S nake R i ver Canyon in nort heastern Ore gon . 

L i th o l ogy : The  u n i t  cons i sts of 2 , 000 to 3 , 000 feet of f l ows a n d  brecc ia s  of both kera tophyr i c a nd porphy ­
r i t i c  q uartz kera tophyr i c  compos i t i on . Co lors vary from green to pa l e  ye l l ow-brown , a nd th e u n i t  i s  d i f­
f icu l t  to d i s t i ngu ish i n  th e fi e l d .  Fa i r l y  d iagnost i c  chara c ter i s t i cs i n c l ude the presence  of dark  maf i c  d i kes ,  
euh edra l fed l spars , quartz ph enocrysts , a n d  i nd i st i nc t  bedd i ng ,  and the absence  of  maf i c f l ow roc ks , con­
g l omera tes , a nd foss i l s .  

Contacts :  T he "W i ndy R idge Forma t ion " i s  overl a i n  uncon formab l y  by the fl ows and con g l omerates of  the 
" H unsaker Creek Format ion ." The base of the u n i t  is not exposed . 

Age :  A n  ear l y to midd l e  Perm ian age i s  assi gned to the u n it on t he bas i s  of strat i grap h i c  pos i t ion . I t  i s  
poss i b l y  corre l at i ve with  the B urnt R i ver  S c h i st .  

Reference :  Va l l ier , 1 967 

YA K I MA  BA SA LT 

(See  Co l u mbia  R iver Grou p . )  

Y O N NA FORMAT I O N  

Or ig i na l  descr ipt ion : New comb ( 1 958)  def ined the Yonna Format ion  a n d  des ig nated exposures i n  Yonna 
Valley east  of Upper K l amath Lake as t he type l oca l ity . 

D i st r ibut ion :  The Yonna Formation i s  w ide l y  d i st r ibuted i n  t he l arger r iver va l l eys  o f  southern K l amath 
County , Oregon . 
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L i t ho l ogy : At the type se ct ion  t he Yonna Format ion cons i sts  of a l ower l a c ustr i ne un i t  composed of  a shy 
d i atom i te , sandstone , l am i nated s i l tstone , wate r-l a i d  vol can i c  ash , pumi ce , and g ra ve l and a n  upper 
un i t  of l ap i l l i  t uff of basa l t i c  compos i t ion . Away from the type se ct ion comp l ex fac ie s  c ha nges a re ev i ­
dent and subd i v i s ion i nto an upper and l ower u n i t  is not poss ib l e .  S urface exposures of the format ion 
i ndi cote th i cknesses of 1 00 to 900 feet  and we l l  data suggest a tota l  t h i ckness  of 1 , 500 feet . 

Conta cts: T he Yonna Format ion  i s  unconformabl e over o l der basa l ts  a nd s l i gh t l y  unconforma b l e  beneath 
younger basa l ts .  

Age:  A tentat i ve m idd l e  PI  i oce ne age i s  ass ig ned to the un i t  o n  t he bas i s  o f  I i tho l ogy a nd strat i gra p h i c  
posi t ion . Cons i stent w i t h  t h i s  determ i nat ion  a re sparse und iagnost i c  rema i ns of  d i atoms ,  gastropods , a nd 
vertebrates . 

Referen ces :  N ewcomb , 1 958  
Pe te rson and Me l ntyre , 1 970 
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