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FO R EWO RD 

The  Mi tche l l a rea of centra l Oregon has  been w e l l known , both to geo l ogi sts a nd pa l eonto log i sts , 
for more tha n  l 00 years . Dr . Thomas Condon , the fi rst s tate geo l og i s t , co l l ec ted fossi I rema i ns from the 
Creta ceous mar i ne sed imentary roc ks ba c k  i n the 1 860 ' s . I n  more recent years stu dents a nd professors from 
Oregon S ta te U n iversi ty have used th i s  reg ion  as  an oui·door c la ssroom in  geol ogy because of th e w i de 
var i ety of geo l og i c  fea tures tha t  ca n be stu d ied h ere a t  f i rst hand . Th i s  repor t is th e cu l m i na t i on of more 
tha n ten years fi e l d  wor k  by the au thors w h i l e  i n stru ct i ng at th e su mmer geo l ogy f i e l d  camp .  

The  i nforma tion  conta i ned i n  th e bu l l et i n  w i l l  b e  of  part i cular i n terest t o  the petro l eu m  i ndu stry 
because of th e exce l l en t  descrip t ions of th e Creta ceous s e d i ments tha t  form  a broa d northeast -trendi ng 
be l t  through th e center of the quadra ng l e .  The  l a te Mesozo i c  sedi mentary sect ion  of cen tra l Oregon 
shou l d  be a ma jor target  for o i l  exp l ora t ion beca use of th e env i ronmenta l cond i t i ons u nder wh i c h  i t  
was depos i ted . 

Th i s  part  of Oregon a l so has grea t  scen i c  beau ty ,  due i n  no sma l l  par t  to th e var i co l ored vo l ca n i c  
forma ti ons tha t cover much o f  th e l a nd . Pa i n ted H i l l s S ta te Par k  l i es a l ong Br i dge  Creek i n  t h e  western 
edge of the Mi tche l l quadra ng l e ,  and the famous John  Day foss i I beds are a few m i l es beyond  the ea stern 
border . 

T he  profess i ona l g eo l og i st or pa l eonto l og i s t  w i l l  find th is comprehens ive repor t  is a va l uab l e sourc e  
o f  bas i c  i nformat ion  o n  th e strat i graphy a nd struc ture of centra l Oregon . The  i n terested layma n and  
recreat ion i st w i l l b e  a b l e  t o  l earn  more a bout  t he  ea rth h i story of th is reg ion a nd t he  geo l og i c  deve l op ­
ment  o f  the presen t  topograph i c  fea tures . 

R • E .  Corcora n 
Oregon S ta te G eo l og i st 

i i  
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BEDROCK GEOLOGY OF THE MITCHELL QUADRANGLE, 

WHEELER COUNT� OREGON 

Kei th F .  O l es ( 1 ) and H aro l d  E .  E n l ows( 1 ) 

Department of Geol ogy , Oregon State Un ivers i ty 

I N T R O DUCT IO N  

LOCAT IO N ,  G E NERA L  D I SCUSS I O N  A N D  S I G N I F ICANC E OF  THE AREA 

The Mitche l l quadrang l e  of Wh ee l er County,  Oregon l i es on  th e north f l a nk  of the east-west­
trendi ng Ochoco Moun ta i ns . Thornbury ( 1 965) c l ass i f ied th is  area <;IS l y i ng wi th i n  the B l u e  Mounta i ns 
sec t ion , Centra l  H i gh l ands S ubprov i n ce ,  of th e Co l umb ia  I ntermontane Prov i nce . The quadrang l e ,  com­
pr i s i ng approxi mate l y  2 1 5 square mi l es ,  i s  one of great geo l og i c  i nteres t ,  possess i ng a greater var i ety of 
roc k types and ages than most areas of s i mi l ar s ize wi th i n  th e state of Oregon . The Perm ian ,  Cretaceous 
Terti ary, and Quaternary systems are represented; mari ne  and cont i nenta l  sed i mentary roc ks of many types 
are present; metamorph i c  roc ks crop out i n  th e core of th e area; p i stons , s i l l s ,  di kes , and i rregu l ar i ntru­
s ions a re  records o f  p l u ton i c  acti v i ty; l ava f l ows and  tuffs record vol can i c  epi sodes . Maj or fo l ds ,  fau l ts ,  
a n d  unconformi t i es de l i neate recurr i ng  tecton i c  events . 

The quadrang l e  encompasses a major topograph i c  bas i n  drain ing  toward the north west wi th most 
streams f l owi ng i nto Br idge Creek ( F i gure 1 ) , a major tr i butary of th e John Day R i ver , or d irect l y  i nto 
th e John  Day R i ver at th e north ern border . Th i s  bas i n  i s  f l anked by the Ochoco Mountai ns  escarpment 
on  the south , the Keyes Mounta i n  compl ex on the sou theast , and the huge sync l i ne  of S utton and H orse 
Mountains , wh i ch  domina tes th e topography on th e north . I n the cen tra l ,  bas i na l  parts of th e quadrang l e  
vast pedi ments ,  carved from a var i ety o f  l ess res istant roc k types , sweep down from  retreati ng escarpments 
of  res i s tant roc k .  Farther south l i near r i dges of res i stant roc k form g i ant c uestas and hogbacks . H i gh ,  
con i ca l  mounta i n  masses surmount both pedi ments and r i dge-formers . I n  part volcano-shaped , th ese main l y  
are huge  p iston i ntrus ions or s i l l s; however , an except ion i s  Keyes Moun ta i n  (F igure 2), th e exhumed rem­
nant of  an Upper C l arno Vo l cano . 

Promi nent among th e h igh  i so l ated peaks are Keyes Mou nta i n  (e l ev .  5704),  th e h i ghest po i nt i n  th e 
q uadrang l e; Wh i te Butte (e l ev . 5664),  th e l argest of the pi ston i n trus ions; Tony Butte (e l ev . 5 1 06); and 
Marsh a l l  Butte (e l ev . 4538) . The l owest e l evation, i n  the northwesternmost corner of the quadrang l e ,  is  
approximate l y  1 600 feet a long  th e Joh n Day R i ver . Thus , in th i s  deep l y  d i ssected semi ar i d  terrai n there 
is over 4000 feet of re l i ef . 

U . S. H ighway 26 traverses the southern h a l f  of th e quad;ang l e .  State H ighway 207 ,  from Fossi l ,  
j o i n s  U . S .  26 at th e v i l l age of Mi tch e l l .  I n addit ion to th ese two paved h i ghways there i s  an  i m proved 
road down Br i dge  Creek wh ich  l eads to th e Pai n ted H i l l s State Park ,  an improved road down G i rds Creek 
wh i ch reaches the Joh n  Day R i ver , and a number of ranch  roads wh ich  perm i t  veh i c u l ar access to  most 
parts of the quadrang l e .  

1 Part of th e research wh i ch  contri buted data to th i s  proj ect was fu nded by Nationa l  Sc i ence  Foundation 
Grants GA 1 1 55 and GA 1 163. 
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Sutton Mt. 

John Day tuffs 

Figure l. Panorama of Picture Gorge basalts of Sutton Mountain with sweeping pediments, 
developed on John Day tuffs, descending to Bridge Creek. 



I N TRODUCTION 

Keyes Mtn. 

Peggy Butte Northwest Peak South Peak 

Figure 2. Keyes Creek Va l l ey and the summits of Keyes Mounta i n ,  on Upper Clarno 
volcano. The prominence on the left is  Peggy Butte, on upfaulted block capped by 
Keyes Mountain andesite flows. 
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4 BE DROC K GEO LO GY O F  TH E MI TC HE LL QUA DRA N GLE , O R E GO N  

T h e  quadrang l e  supp l i es i nterest t o  many . T h e  sweepi ng v i stas o f  var ico lored rocks and th e var i ety 
of rock types and ages and l andforms appea l both aesthet i c a l l y  and geo l og i ca l l y; th e l o ca l  occ urrences 
of petr i fied  wood , vari eti es of cha l cedony , and nu merou s zeo l i tes attract  the rockhound; the rock sequence 
w i th i ts comp l ex deposi t iona l  and deformationa l  h i story d i s c l oses the pa l eogeograph i c  h i story of  c entra l  
Oregon; and th e m ixed mar i ne  and conti nenta l  sed imentary rocks of Cretaceous age are both a l aboratory 
for the study of pa l eoenv i ronments and a key to poss i b l e  petro l eum expl oration i n  Oregon . 

PR EV IOUS  WO R K  

More than a century ago Dr . Thomas Condon , a p ioneer geo l og ist and Ch r i st i an m1ss1onary , co l ­
l ected foss i l s  from rocks i n  centra l  Oregon wh i c h  l ater were i denti fi ed a s  bei ng  o f  Cretaceous age . Some 
of the grandest exposu res of these o l d  rocks l i e w i th i n  th e Mitche l l  q uadrang l e . Merr i am ( 1 90 1 )  descr i bed 
the geo logy of the Joh n Day Bas i n  and a l so menti oned the presence of mar i ne Cretaceous rock in the 
southern part of th i s  basi n. Merr i am a l so fi rst descr i bed the C l arno Formati o n ,  rocks of wh i ch are w i de­
spread and we l l -exposed i n  the Mi tche l l quadrang l e .  The Cretaceous sequence of rocks , over 9000 feet 
th i ck  and th e most extens ive in centra l  Oregon , h as been descr i bed by Wi l ki nson and O l es ( 1 968) . 

METH O D S  OF  STUDY 

The present report i s  th e c u l mi n ation of n i n e  years of study of the q u adrang l e ,  and th e map i s  a 
j o i n t  effort by W i l ki nson and O l es from 1 962 th rough 1 967, and by O l es and  E n l ows from 1 968 through 
1 971 . Mapp i ng was accomp l i shed w i th th e a id  of stereoscopi c pa i rs of h ig h -a l ti tude (sc a l e  1 =60 , 000) 
aer i a l  photographs obtai ned from th e U .  S .  Geo l og i c a l  Survey . Part of th e mappi ng was by photo­
i nterpretation ; the ma jor part was accomp l i sh ed i n  th e fi e l d .  F rom the aer i a l  photographs a base map  was 
prepared to a sc a l e of 1 :24 , 000 on advance sheets of th e Mitc he l l 4 quadrang l e  of th e U .  S .  Geo l og i ca l  
Survey. The  res u l t  i s  a deta i l ed map  o f  an area i n  excess of 200 square m i l es .  More deta i l ed l i th i c  des­
cr i ptions h ave been accomp l i sh ed by th i n-section ana l yses , by X-ray d i ffractometer methods , and by 
chemica l  ana l yses. 
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STRATIGRAPH Y 5 

STRATI G RAPHY 

Exposed rocks of th e quadrang l e ,  compr i s i ng 37 mapped bedroc k u n i ts and three surfi c i a l  u n i ts ,  fal l 
i n to four systems: Permi an , Cretaceous , Terti ary , and Quaternary . The tota l strat igraph i c  sequence 
i nvo l ves more th an 1 9 , 000 feet of mar i ne  and cont inenta l sedi men tary rocks , l ava  f l ows , and Quaternary 
depos i ts (Tab l e l ) .  

PERM IAN METASE D I ME NTS ( Pms) 

T he  o l dest roc ks , th e ba sement ,  of  the Mi tch e l l quadra ng l e  are metasedi mentary . Th ey are exposed 
ma i n l y  a t  two l oca l i t i es . The  sma l l er of the outcrop area s ,  and  th e best  exposed because of deep stream 
d i ssec t ion ,  i s  i n  the vi c i n i ty of Meyers Canyon , SW 1 /4,  sec . 1 3, a nd NE 1/4 ,  sec . 23, T .  1 1  S . ,  
R .  2 1  E. H ere ,  i n  the steep wa l l s of Meyers Ca nyon a nd a para l l e l  tr i butary i mmedia te l y  south , there are 
exposed about  60 acres of phy l l i tes and subord i nate crysta l l i ne  l i mestones. The  metamorph ic  roc ks stand 
near l y  vert ic a l l y ,  are i n tense l y  deformed , and have numerous sma l l -sca l e  i soc l i na l  and subisoc l i n a l  fo l ds; 
quartz boud ins  are common to the c resta l areas of the fo l ds .  The crysta l l i n e  l i mestones are found in pods 
and l en ti c u l ar masses up to 50 feet in l e ngth or in l ong stri ngers with i n  the enc los ing phy l l i te .  The  pods 
appear to be tec ton ic a l l y  d i s l oc ated l enses of former l i mestone beds . F usu l i n i ds , too poor l y  preserved to 
permi t of gener i c  i den t i fi c at ion , h ave been co l l ec ted from the l i mestones by Dr .  Dav id  A .  Bostwic k .  The 
s izes and shapes of th e fusu l i n i ds i nd i cate a Permi an age and they resembl e those Ear l y  Perm ian  forms found 
in  the Coyote Bu tte Format ion of th e Gr i ndstone Creek area 45 m i l es to th e south east . 

The l arger of the basement outcrop areas is farther to th e northeast i n  th e v i c i n i ty of Tony Butte . 
About  two sq uare m i l es of th ese o l der roc ks are exposed i n  par ts of sees. 34 ,  35 ,  and 36 ,  T .  1 0  S . , 
R .  22 E., sees . 1 ,  2, 3 ,  and 1 2 , T .  1 1  S . ,  R .  22 E . , and sees . 6 and 7, T .  11 S . ,  R .  23 E .  The  ma jor 
l i th i c  types h ere are phy l l i te s ,  crysta l l i n e  l i mestone ,  and chert . 

C RETACEOUS ROC KS (K) 

H u d s p e t h a n d  G a b l e  C r e e k  F o r m a t i o n s  ( K h a n d  K g c )  

Al l Cretaceous roc ks i n  th e Mitch e l l q uadrang l e  are d iv i ded i n to two formations . O ne ,  i n  part the 
o l der u ni t ,  i s  a wi despread and th i ck seq uence of mari ne mudstones h av i ng subord i nate s i l tstones and sand­
stones (F i gure 3). Th i s  i s  th e H udspeth Format ion ( Kh ) . A ser i es of cong l omerate and  sandstone beds 
(F igure 4) i n tertongues i n tr i cate l y  with the Hudspeth Formation . These rocks , predomi nant ly  of f l uv i a l  
a nd  de l ta i c  or ig i n ,  are th e Gab l e  Creek Format ion (Kgc) . The comp l ex i n tertongu i ng of t h e  two forma­
t ions  i s  depi c ted on th e area l geo l og i c  map and i s  represented schemati c a l l y  i n  F igure 5 .  The tongues of  
the H u dspeth Formati on are  numbered i n  ascend ing  order from 1 th rough 1 2 , and those of  th e Gab l e  Creek 
Formation from 1 through 1 1  . 

T he  tota l sequence i s  descr i bed i n  th e fo l l owi ng genera l i zed terms . F ir s t ,  the Ba sa l Member ( Khb) 
of th e H udspeth Format ion , a th i n  sa n dstone and  pebb l y  sa ndstone u n i t ,  l i es wi th profou nd a ngu lar  u ncon ­
formi ty on  the metased imentary rocks o f  Perm ian  age. T h i s  u ni t ,  76 feet th i ck, i s  we l l -exposed i n  steep l y  
d i pp ing strata i n  th e tr ibu tary t o  Meyers Canyon l ocated i n  th e S 1 /2 ,  sec . 1 3 , T .  1 1  S . ,  R. 2 1  E .  A 
s im i l ar th i c kness of th e basa l u n i t  i ntertongues with H udspeth Formation mudstones on th e sou thwest f l a nk  
of Tony Bu tte , where th e rocks a l so over l i e  t he  metasedi mentary sequence . The  l atter l oca l i ty h as i ts best 
exposures of the Basa l Member in the NE l /4 NE l /4 ,  sec . 3 ,  T .  1 1  S . ,  R .  22 E .  in Green H o l l ow .  

The th ick mudstone and s i l tstone u n i t, one of the domi nant va l l ey- and pedi ment-form i ng roc k u n i ts 
of the sou thern h a l f  of the quadrang l e , wh i ch over l i es th e Basa l Member i s  th e Mai n  Mudstone Member 
( Kh l ) of the H udspeth Formation . El even tongues of each formation overl i e  th e Mai n Mudstone Member. 
Wi th i n  th i s  sequence seven tongues of th e G ab l e  Creek Format ion (tongues 1 ,  2 ,  4 ,  5, 7, 8 ,  and 1 0) 
wedge ou t sou thward i n to th e mar i ne  fac i es of the Hudspeth Formati on . Th e other four Gab l e Creek tongues 
th i n  marked ly  and  become fi ner gra i ned to th e south . I n  obverse manner ,  three tongues of th e Hu dspeth 
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BEDROCK GEOLOGY OF THE MITCHELL QUADRANGLE, OREGON 

Ta b l e  1 .  Stra t igraph i c  sequence i n  th e M i tche l l  qua dra ng l e  

Qol Ql 
.&J 

Quaternary deposi ts Qls c 

Co l umbi a R iver Group 

John Day Formati on 

-0 
0 
10 

Tjd � 
I 

0 

Va l l ey fi l l  and f l oodp l a i n  deposi ts; 
extensi ve l ands l i de  areas; remnants 
of h i gh ,  o l der fan s .  

I so l ated remnants of i gn i mbrite preserved 
in  topograph i c  I ows . 

Th i c k  basa l t  f l ows , most probab l y  
corre l ative to the Pi cture Gorge Formation. 
T i b: i ntrusi ons of basa l t ,  me l abasa l t ,  and 

d iabase; may pre-date Miocene. 

Var i co l ored f l uv i a l  and l ac ustr i ne  tu ffs , 
sands , and grave l s; l oca l l y  an i g n imbr i te 
member (-i-) . 
T i r ,  T i d : var ious l eucorhyo l i te and dac ite 

i ntrus ions. 

Andesite f l ows , mudf l ows , l acustr i ne and 
f l uvi a l  tuffaceous sed iments , mai n l y  
deri ved from Keyes Mt . ,  an  exh u med 
vo l cano; l oca l  vent agg l omerate. 

C l arno Group ���������------�--------��------------------� 
Th i c k  andesite fl ows wi th i nterca l ated 

Gab l e Creek  
and  

H udspeth Format ions 

Metased i ments 

Kgc 

Kh 

Pms ? 

vari co l ored tu ffaceou s sed i ments; l oca l  
vo l can i c  brecc i as .  
T i a: Wh i te Butte and other andesite 

i n tru s ions. 

F l uv i a l -de l ta i c  Gab l e  Creek Sandstones 
a nd cong lomerates ( 1 1 members) i ntr icate l y  
i ntertongued with mar i ne Hudspeth mudstones, 
s i l tstones,  th i n  sa ndstones ( 1 2 members p l u s  
a basa l u n i t  - Kh b) 

Phy l l i tes ,  cherts , and c rystal l i ne 
l i mestones - metamorphosed mar i ne 
sedi mentary roc ks. 



STRATIGRAPHY: CRETACEOUS ROCKS 

F i gure  3 .  Typ i ca l  H udspeth mudstones i nterbedded w i th th i n, resi s ta nt sa ndstones . 

F i gure 4 .  C l i ff-formi ng member of Ga b l e  Creek to ngue 3 a t  Mi tch e l l .  Note l ens i ng 
channe l  sa nds ( l i gh ter tones) w i th i n  cong l omera tes . 
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BE DROC K GEO LO GY O F  THE MITC HE LL QUA D RA N GLE , O R E GO N  

Kh10-12 
.::.· .. ... .  ::"·· . . ·::·. . _;. : 

• PERMIA N [W H UD S PETH FM • t:'k�l GA BLE  C R E E K  F M. 

F i gure 5 .  Sch ema t ic  d iagram of i ntertongu i ng H udspeth a nd Go bl e Creek Forma tions . 

Forma t ion (2 ,  3 ,  and  8) wedge ou t northward i n to th e Go b l e  Creek Forma tion . Desp i te the fa c t  that  much 
of th e two format ions i s  exposed o n l y  sou th of th e Mitche l l  fau l t ,  a nd  o n l y  th e l ower , o l der tongues co n 
be seen north of the fau l t ,  most of th e H udspeth members appear to th i n  mar ked l y to th e north . The young­
es t  Cretaceous rocks exposed i n  th e q uadrang l e be l ong to  H udspeth tongue 1 2  (Kh 1 2) ,  and a re  exposed 
on l y  in sect i ons 5 ,  6, 7, and 8, T .  1 2  S . ,  R. 22 E . ,  where th ey ore over l a i n  un conformab ly  by the Ter­
t i ary C l arno Format ion. 

Ou tcrop area 

The  outcrop area of Cretaceo us roc ks in the Mitche l l quadrang l e  i s  e l ongate , more than 22 m i l es 
a long  str i ke i n  a north east-sou thwest d i rec t ion . North of th e Mi tche l l  fau l t th e max imum outcrop w idth 
i s  abou t f ive m i l es; sou th of the fau l t  the greatest ou tcrop w i dth i s  abou t 1 2  m i l es .  The detai l ed descr i p ­
t i o n  o f  the Cretaceous u n i ts may  be found i n  th e 1 968 paper by  Wi l ki nson a nd  O l es .  A pa l eogeograph i c  
syn thesis o f  the two Cretaceous formations i s  descri bed more fu l l y i n  the sec t ion on  Geo log ic  H i story . 

The l ess res i stant mudstones and si l tstones of th e H udspeth Format ion genera l l y  crop out i n  sweepi ng 
ped i ments or in narrow strike vo l l eys ( F igure 6) . The more resistant sandstones and  cong l omerates of the 
Gob l e  Creek Formation  form str i ki ng c l iffs and g i an t  cuestas . The resu l t  of two s uch  u n i ts ,  one  l ess res i s­
tan t and one more res i stan t to  weathe r i ng and eros ion , i ntertonguing in tr i cate l y  i s  a l andscape north and  
south of  th e Mitch e l l fau l t  w h i ch can be descri bed as  a g i an t  s tairc ase of H udspeth va l l eys and  G ab l e  
Creek r idges. I t is of in terest that in th i s  area th e mudstone and s i l tstone vo l l ey-formers of th e H udspeth 
Format ion ore arab l e ,  and it i s  a l ong these e longate str i ps th at  much of the farm ing  of  forage crops is 
accomp l i sh ed. 
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Lewis Rock 

�Gable 

Gable Creek 5 

Hudspeth 5 

Goble Creek 3 dipslope 
in fore<;�round 

rood 

Gable Cr . 9 

Hudspeth 6 

Hudspeth 4,5 

Figure 6. Looking southeast across Goble Creek volley ot staircase of southeast-dipping 
Goble Creek cuestos ond intervening Hudspeth volleys. Goble Creek tongue 4 
wedges out southwest into Hudspeth mudstones in foreground. 
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10 BEDROCK GEOLOGY O F  THE MITCHELL QUADRANGLE,  OREGON 

Figure 7. Sharp contact between Goble Creek pebble conglomerate above and sandstone 
below. The deeply undulating contact is portly the result of scour-and-fi l l ,  portly 
load deformation of hydroplostic sediments. Upper Bridge Creek rood, near 
confluence with Johnson Creek. 

Figure 8. Typical Goble Creek congl omerate and pebbly sandstone .  



Petrography 

STRATIGRAPHY: CRETACEOUS ROCKS 

Figure 9. Poor sorting typical of many Gable Creek conglomerate units. 

ll 

Conglomerates (Figures 7, 8, 9): The clasts are rounded to subrounded, ranging in size from small 
pebbles to boulders. Chert, quartzite, and granitic rocks are the most common clasts with vein quartz, 
phyllite, greenstone, mafic volcanics, and sandstone present in minor amounts. The matrix is similar to 
the Gable Creek sandstones and cement is calcite. 

Sandstones: The sandstones are best termed lithic arenites. They are characterized by poorly sorted, 
angular to subangular grains of mafic volcanics, devitrified volcanic glass, phyllite, chert, quartz, and 
feldspar. The mat rix is chiefly smectite and the cement calcite. An average sandstone would consist of 
77 percent framework, 10 percent matrix, 8 percent cement, and 5 percent void. 

Mudstones: The mudstones consist largely of smectite with minor chlorite, illite, and kaolinite, and 
more or less admixed silt-sized grains of quartz and minor plagioclase. 

Age of Cretaceous rocks 

The Cretaceous strata of the Mitchell area range in age from early Albian to Cenomanian. These 
dates are based on collections of faunal suites of ammonites and pelecypods. Fossil determinations have 
been made by Anderson (1938, 1958), Jones (1965) and Packard (1928, 1929, written communications 
1969, 1970). Since publication of the detailed description of the Cretaceous rocks of the Mitchell quad­
rangle by Wi I kinson and Oles (1968), younger Cretaceous fossi I s  have been found. These, represented by 
Trigonia sp., were collected in the Johnson Creek valley from Gable Creek tongue 11 and are correlative 
to Cenomanian forms described by Packard from the Antone locality farther southeast. 
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Sargent Butte Sand Mtn. 

Figure 10. White Mazama ash layer exposed in dissected older al luvium of Meyers Canyon. 
Steeply northwest-dipping Lower Clarno andesite flows i n  middle distance. Sargent 
Butte and Sand Mountain, rhyolite intrusions, on skyline. 
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T ERT IA RY ROC KS (T ) 

The Tertia ry roc ks of the Mi tch e l l qua dra ng l e  i n c l ude th e C la rno Group ,  th e J oh n  Day Forma t ion , 
the Co l umbia  Ri ver G roup ,  and  th e Rat t l esna ke Format ion . A I  though th e T ert iary sequence i s  i n comp l ete 
--a more comp l ete sec tion  of l a ter Tert iary roc ks i s  exposed farther east in th e P i cture Gorge-Dayvi l l e  
area --th ere are roc ks represent i ng th e epoch s Eocene through P l i ocene . Ea ch  of th e ma j or Tert iary u n i ts 
rests w i th a ngu la r  unconformi ty on th e roc ks be low a nd is i n  turn over l a i n  w i th a ng u l ar u nconformi ty by 
the su cceed ing  un i t . Th i s  i s  testi mony to the recurrent i n sta b i l i ty from a tec ton i c  sta ndpoi nt and  the 
episodi c na ture of the orogeny tha t has so profou nd l y deformed th i s  reg ion . 

C l a r n o  G r o u p  ( T c) 

The C larno Format ion  was na med by Merr iam ( 1 90 1 ) for roc ks i n  th e v i c i n i ty of  C l ar no Ferry on  the 
Joh n Day River . At tha t loca l i ty the su i te of roc ks i nc l udes l ava f lows ,  brec c ia s ,  a nd tuffs . The roc ks 
over l y i ng th e Cretaceous and  u nder l y i ng the Joh n  Day Format ion i n  the Mi tche l l quadra ng l e  have been 
corre l a ted to the C larno Forma t ion . However , th e a u thors of the presen t  paper w i l l refer to the C l arno 
roc ks a s  a "g roup "  ra ther tha n a forma tion . The necess i ty for emp loy ing th e term "g roup "  i s  based on  the 
fac t  that two d i ssi m i l a r  sequences of roc ks , ea ch ascr i bed to th e C larno i n  the Mi tch e l l quadrang l e ,  are 
sepa ra ted by an angu l a r  u nconform i ty .  I t  i s  p l a nned a t  a fu ture da te to descr i be forma l l y two forma t ions 
a nd to des ignate type sec t ions w i th deta i l ed descr i ptions . A t  the presen t  t ime ,  however , we wi l l  refer 
to the two forma tions in an i nforma l way , wr i t i ng of the o l der C l arno rocks as th e Lower C larno ,  and  th e 
younger as U pper C la r no . 

Lower C larno Forma tion (Tcvb , Tcf 1 , Tcq) 

The Lower C larno roc ks , best exposed north of the Mi tch e l l fau l t ,  cons i s t  of vo l can i c  brecc i a s ,  
a ndes i te f l ows ,  and  va r i co l ored tu ffa c eous sed imen ts . The tota l th i c kness i s  u nknow n ,  and  mu l t i p l e  fau l t ­
i ng ma kes a determi na t ion d i ffi c u l t ,  but  the th i c kness proba bl y  exceeds 4000 feet . Add i t iona l l y ,  a t  l east 
one ma jor i n trus ion , Wh i te Butte , i s  of ear l y  C larno age . 

Lower C larno f l ows (Tc f 1 ) :  I n  the v i c i n i ty of the i ntersect ion of U .  S .  H i ghway 26 a nd th e Pa i n ted 
H i l l s road (sec . 2 1 , T 1 1  S . ,  R .  2 1  E . ) ,  th ere are steep l y  d i pp ing , hogbac k-form ing  a n des i te fl ows (F i g ­
u r e  1 0) a nd i nterca l a ted var i co l ored tuffaceous sed iments (Tc t 1 ) .  These roc ks ,  wh i c h  par t i c i pa ted i n  th e 
ma j or orogen i c  epi sode wh i ch a l so fo l ded the o l der Cretaceous sequenc e ,  l i e w i th s l i gh t  a ngu la r  di scord­
ance on an eros i ona l surface  on th e Cretaceous roc ks . In  sec . 2 1 , a l ong Br idge Creek and  U .  S .  Highway 
26 , th e contac t  is we l l -exposed a nd i s  mar ked by a zone , u p  to 30 feet th i c k ,  of deep l y  wea thered red to 
reddish brown  Gab l e  Creek cong l omerate . Th i s  a nc i ent  rego l i th conta i ns c layey ma ter ia l s  a nd  a bunda n t  
i ron -sta i ned pebbl es der i ved from t h e  under l y i ng cong l omerate . Best exposed here a long Bri dge Creek,  
the  anc ient  rego l i th a l so i s  exposed e l sewhere i n  the qua dra ng l e , a nd observa t ions a l ong stri ke indi cate 
tha t th e eros iona l a nd weather i ng surface  deve l oped on  the Cretaceous roc ks had a topogra ph i c  re l i ef of 
severa l h u ndred feet . Andesite f lows emp laced aga i nst a nd on tha t eroded su rface  record ini t ia l C l a rno 
depos i t ion in th i s  area . 

The Lower C larno f l ows character i st i ca l l y are res i s ta n t ,  and  s ta nd up  above ad jacen t ,  l ess res i sta n t ,  
u n i ts as  prom i nent r i dge-former s ,  many r i s i ng more tha n 500 feet a bove the enc l os ing  rocks . Co l umna r  
j oi n ti ng i s  rare; irregu la r  and  curved j o i n ts a re common . C l ose l y  spaced p la ty j o i nt i ng is very common 
a nd genera l l y  i s  para l l e l  to the tops a nd bottoms of the f l ows . As suc h ,  i t  probab l y  i s  a response to or i g ­
i na l  f l ow bandi ng . Dusky r ed  o r  dar k reddish brow n i n  overa l l  hue ,  the fl ows a r e  nota b l y  sta i ned  a red ­
d i sh co lor a l ong jo i n ts . I n  a dd i t ion , the porphyr i t i c  roc ks have fe l dspa r  phenocrysts common l y  s ta i ned a 
dusky red . 
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Lower Clarno tuffaceous sediments (Tct1): The sequence of Lower Clarno flows, many of which can 
be differentiated from each other by intervening baked zones, is interrupted by a pronounced tuffaceous 
unit (Figure 11). Some of the best exposures of these tuffaceous rocks lie north of Meyers Canyon at the 
common corner of secs.10, 11, 14, and 15, T.10 S., R.21 E .  Here, in a colorful southeast-facing 

slope, in part smoothly rounded and in part deeply gullied, these rocks crop out between underlying and 
overlying andesite flows. The basal tuffaceous unit, about 100 feet thick, weathers light brownish gray 
and dark reddish brown to dusky red. Overlying this unit are 10 feet of grayish orange to dark yellowish 
orange beds. Above this about 40 feet of tuffaceous strata are characterized by a basal zone, up to 20 
feet thick, which is conglomeratic, with boulders up to four feet in diameter. This conglomerate, with 
subangular to rounded pebbles, cobbles, and boulders of andesite in a tuffaceous matrix, is partly torren­
tially bedded and probably was a fan deposit. The succeeding zone, resembling the basal unit, is 10 feet 
thick. This in turn is overlain by a four-foot band of pale yellow brown and grayish red tuffaceous rock. 
This unit is overlain by 40 feet of very pale orange rock. The tuffs range from dominant mudstones and 
siltstones to rare sandstones and conglomerates. Some show obvious fluvial deposition; others may have 
been lacustrine. The unit, 204 feet thick at this locality, is overlain by a typical Lower Clarno flow, the 
base of the flow being nearly glassy at the contact with the underlying sedimentary rocks. 

The Lower Clarno tuffaceous rocks in some ways strikingly resemble tuffs and tuffaceous claystones 
of the younger John Day Formation. However, the Lower Clarno rocks can be differentiated in that they 
are thinner, ate intercalated in Lower Clarno flows, and generally are steeply dipping, having partici­
pated with the Lower Clarno flows in the main orogenic episode that folded the Cretaceous rocks. 

Figure 1 1 .  Varicolored Lower Clarno tuffaceous sediments capped by Lower Clarno 
lava flows. North rim, Meyers Canyon. 
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Ochoco Mtns 

Figure 12. Upper Clarno lava flows and mudflows dipping west off Keyes Mountain. 
Ochoco Mountains front on sky I ine to south. Peggy Butte area. 
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A t  th e Meyers Ca nyon loca l i ti es ,  a nd a l so farth er sou thwest i n  th e Sa nd Mounta i n -Sargent  Bu tte 
a rea (sees . 1 7 , 1 9 , 20 , T .  1 1  S . ,  R .  2 1  E.) , these vo l ca n i c l a s ti c  rocks a re chara cter ized by th e cong lom­
era te zone; by rou nded gra i ns of zeo l i te ,  quartz , a nd da rk l i th ic  fragments; and  by  str i k ing i r regu l a r  po ly­
gona l mud  c ra c ks up  to  five i nches l o ng a nd two i nch es deep on  the wea th ered su rfa ces of  fi n er gra i ned 
u n i ts .  Throughout the u n i t  there are s l i c kensi ded p l a tes of se l en i te a nd fi brou s ca l c i te .  

Lower C l a rno vo l ca n i c  brecc ia (Tcvb) : The u n i t  desi g na ted as Lower C l arno vo l ca n i c  brecc ia  crops 
out on l y  on the south f la n k  of Wh i te Butte i n  pa rts of sees . 20 , 2 1 , 28 , a nd 29, T .  1 2 S . ,  R .  2 1  E .  These 
roc ks l i e ,  w i th s l i gh t  a ngu l a r  d i scorda nce ,  on  Cretaceous rocks of H udspeth tongues 7-9 a nd  Gab l e  Creek 
tongue 9 .  The  Cretaceous rocks have been shou l dered aside a nd steep ly  t i l ted by th e forc i b l e  i n trus ion of 

F i gure 1 3 .  H uge bou l der of Creta ceous cong l omerate carri ed by an Upper C la rno 
mudf l ow . H a l f  a m i l e  north east of Mi tche l l .  
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Wh i te Bu tte , and  th e Lower C l a rno vo l ca n i c  brecc ia  has parti c i pa ted  i n  th i s  deforma tion . T he  brecc ia  
i s  unconforma b l y  over l a i n  by  Upper C larno mudf l ows wh i ch  l i e a l most hori zonta l l y on  th e steep l y  d i ppi ng 
older roc ks. 

The  brecc ias  are c l i ff- and  hoodoo-formers . Th e c l asts ra nge from angu l a r  fragments two i nches i n  
d iameter to su brou nded to a ngu l a r  b l ocks u p  to 18 i nch es . The la rger fragments a re  porphyr i t i c  a ndes i te 
i so l a ted i n  a matr ix  of sa nd-s i zed l i th i c  debr i s . N ear th e top of th e sequence there are th i n ly l am i na ted ,  
fi ne- to medi um-gra i ned sa ndstones . 

Th e matrix of the vo l ca n i c  brecc i a  i s  best descr i bed as a pebb l y  vo l ca n i c  wa cke . Th e l i th i c  frag­
ments cons i s t of ma fi c vo l ca n i cs up  to 5 mm i n  d ia meter wh i ch have been severe ly  a l tered . P l ag ioc l ase 
l a ths  " f l oa t "  in a red-sta i ned opaque matr ix . There are some fresh , Lower C l arno-type vo l ca n i c  roc ks 
represen ted . These a re porphyr i t i c  w i th c l i nopyroxene , p l ag ioc l ase , a nd hornb l ende i n  a fi ne-gra i ned 
ho locrysta l l i ne ma t r ix. Th e sa nd-s i zed m i neraI gra in s  consi st of hornb l ende , p lag ioc l ase , c l i nopyroxene,  
and magnet i te ,  a l l  of wh i ch are a ngu l a r  to suba ngu la r . The fi nest ma teria l s  of the matr ix  are green 
smect i te and  kao l i n i te (?) of s i l t  or c lay s ize . 

Th e sou rce of both th e framework  and ma tr ix  of th i s  roc k i s  a ppa rent l y  th e Lower C l arno vo l can i cs . 
The  vo l ca n i c  brecc ia s  rest on Creta ceous roc ks a nd are over l a i n  w i th profou nd  a ngu la r  u nconformi ty by 
U pper C l arno mudf l ows,  bu t th e i r  posi t ion i n  sequence is i mperfect ly  known . Beca use th ey have par t i c i ­
pa ted i n  th e t i l t i n g  caused by th e Wh i te Bu tte i n trus ion , a nd have obv ious Lower C l ar no l i th i c  affi n i t i es ,  
i t  i s  conce ivab l e  tha t th ese brec c ias occu py a strat i gra ph i c  pos i t ion corre l a t i ve to the tu ffa c eous u n i t  so 
w e l l exposed far th er north near Sand Mou n ta i n ,  Sargen t  Bu tte , and  Meyers Canyon . 

U pper C l arno Forma t ion (Tcva , Tcf2 , Tcmf,  Tc t2) 

Roc ks referred to th e U pper C l arno are found o n l y  i n  the sou th ern , south eastern ,  and  eastern parts 
of the qua dra ng l e .  S tructura l a tt i tudes , th i c knesses a nd d i rec tiona l proper t ies i nd i cate tha t th e ma jor i ty 
had as a source the p l exus  of Keyes Mou nta i n . Th is mou nta i n  mass ( F igure 2) , w i th th e sou th pea k bei ng 
the h ighest poi n t  (e l ev . 5704) i n  th e q ua dra ng l e ,  co nsi sts of th ree ma jor peaks--the northwes t ,  the sou th , 
and  th e ea st--and  severo I subordi nate h i gh  poi n ts . The northwest and  sou th pea ks a re  sepa ra ted from th e 
east peak (F l ock  Mtn . )  by sou th -fl ow i ng Marsha l l  Creek . Ouaquaversa l d i ps from th e Keyes Mounta i n  
comp l ex i nd i ca te tha t i t  is a n  exhumed Eocene o r  O l igocene vo l ca no .  A sequence of lava f lows a nd mud­
f l ows spreads in a l l  d irect i ons from Keyes Mou n ta in (F i gure 1 2) ,  form ing th e most  w i despread ou tcrops of 
th i s  part of th e quadrang l e . 

The roc ks der ived from Keyes Mou n ta i n  rest on a d ivers i ty of o l der rock  types , a nd  cer ta i n  general 
observa tions may be made . F i rs t ,  when Keyes Moun ta i n  commenced i ts eru pt i ve h i story th ere was a su r ­
face  o f  considerab l e  r e l i e f  a nd d i ssec tion; we l l over 400 feet  of re l i ef ca n be  demonstra ted . Th e o l d  
eroded su rfa ce ,  wh ether deve l oped on th e Permia n  ba sement  rocks ,  a va r ie ty of Cretaceous roc ks , or 
Lower C l arno roc ks ,  was deepl y  weathered; a nd  everywhere a rego l i th ,  usua l l y mar ked by a 10-20 foot 
th i c k  maroon zone , i s  presen t . Loca l l y ,  where Ga b l e  Cree k con g lomerates c ropped ou t ,  g i a n t  res i dua l 
bou l ders u p  to 1 5  feet i n  dia meter ( F igure 1 3) l ay  on the su r fa c e . Th ese were overrun  by f l ows or mudf l ows 
from Keyes Mou nta i n  a nd were i ncorpora ted i n  th e basa l pa r ts of the you nger u n i ts .  Not on l y  i s  th e deep l y  
wea th ered a nc i ent  rego l i th v i s i b l e ,  b u t  the anc ien t  re l i e f  i s  we l l  d i sp l a yed a t  ma ny loca l i t ies  where deep 
cha n ne l s ,  presu ma b l y  formed by strea m ac t ion , have been  back-fi l l ed by f lows  or mudf lows . As  a h i g h  
vol cano surmou nt i ng a p l a tform o f  o l der roc ks ,  Keyes Moun ta i n  fu rn i shed a vast  n umber o f  fl ows and  mud­
f lows ( F igures 14 , 1 5) wh i ch are e i th er in traca nyon to  the o l der roc ks , i n traca nyon to  each  other , or l ap  
aga i nst th e pa l eotopogra phy devel oped on the o l der roc ks . I t  i s  of i n terest to  note tha t th e rocks deri ved 
from Keyes Mou nta i n ,  a l though modera te l y  t i l ted to sou th a nd to west ,  have not pa r t i c i pa ted i n those 
stronger orogen i c  epi sodes tha t ear l ier  deformed th e Permia n ,  Cretaceous,  and  Lower C l arno roc ks . As  
a consequence ,  th e en t i r e  U pper C la rno sequence l i es w i th angu l a r  u nconform i ty on o l der roc ks . I n  a 
terra i n  of d i ssec t ion a n d  re l i ef ,  deve l oped pr ior to the U pper C larno events ,  a nd w i th f l ows  a nd mudfl ows 
spi l l i ng  down  across a va r i ety of o l der rock types , it is extreme l y  d i fficu l t  to esta b l i sh a coherent stra t i ­
g ra ph i c  sequence for the U pper C l arno . 

U pper C l a rno mudf l ows (Tcmf) :  A t  ma ny loca l i t ies where U pper C l ar no roc ks are area l l y  extens i ve ,  
mudfl ows a re  the o l dest roc ks represen ta t i ve of th e sequence . Ly i ng on  a deep l y  weathered surface  w i th 



F igure 1 4. Upper C l a r no topography .  A c l i ff-formi ng a ndes i te f low over l ies a bench- and  l edge-form ing  
mudf low u n i t. D ry  wash a qua rter of a mi l e  east o f  Mitche l l . 
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r e l ief l oca l l y exceeding 400 feet ,  the U pper C la rno mu dfl ows va rious l y  over l i e  w i th a ngu la r  u nconform i ty 
Permia n ,  Cretaceous,  a nd Lower C larno roc ks . C l ose to Keyes Mou n ta i n ,  th e sourc e ,  the mu dfl ows  a ppea r 
to be interca l a ted w i th l ava f l ows,  but  the stra tigraphic su c cession i s  not s i mp l e .  Mudf lows are ,  i n  some 
p la c es ,  i n terca l a ted w i th l ava f lows ,  bu t a fa l se sense of th e success ion often i s  gained because l ava f l ows 
l ie juxtaposed , in tra ca nyon to mudfl ows; th e reverse i s  a l so tru e .  Ra th er than havi ng s imp l y  o l der mudf lows 
over l a in by lava f l ows , there are many p l a ces on the fl a n ks of Keyes Moun tain where mudf lows a nd l a va 
f lows a re interca la ted , l a p  each  other , or are i n traca nyon i n  a bewi l der i ng succession . A t  l east 2 1  dis­
crete l ava f l ows have been  mapped , many of which are  sepa ra ted by , or l ie i n tra ca nyon to , mudf l ows . 
I t  i s  apparent that the construct ion of Keyes Moun ta i n  was episodic , a nd that l ong  i n terva l s  of wea ther i ng 
a nd erosion sepa ra ted vo l ca n ic  events . Dur i ng such eros ive i n terva l s  va l l eys , probab l y carved by strea m 
erosion , beca me cha n ne l s  for la ter mudfl ows a nd  l ava f l ows , thus fur n i sh ing new pa ths for both roc k  types 
during succeed ing eruptive events . 

Nowhere north of the Mi tch e l l  fau l t  are mudf l ows found  tha t form more tha n 400 fee t of u nin ter ­
rupted seq uence . However , sou th of the Mi tche l l fau l t  mudf l ows u p  to a thousand  feet i n  thic kness are 
p i l ed up in  th e Joh nson Creek va l l ey .  These are over l a in by U pper C l a rno l ava f lows  a t  Lewis Rock 
{sees. 20, 2 1 , T .  1 2  S., R .  22 E . ) . At many p l a ces the mudfl ows form bo l d  esca rpmen ts ,  some  be i ng 
nea r l y  vertica l ,  a nd j o i n t-contro l l ed hoodoos a re prominent . At other p la c es th e mudf l ows a re far l ess 
resista n t  to wea ther i ng  and  erosion a nd  u nder l i e  gent l e  s l opes a nd va l l eys . 

North of Keyes Moun ta i n  and  sou th of Tony Butte the o l der roc ks are Hudspeth mudstones . These 
have been deep l y  wea thered a nd are over la i n  by a n  a n c i en t ,  maroon -co l ored rego l ith . T he  u pper pa rt  
of the mudstones i s  ju mb l ed,  bedd i ng i s  i nd i s ti n c t ,  and there is  amp l e  evidence for grav i ta t ive downs l ope 
movement on the a nc i ent topography . Cu t  i nto th i s  rego l ith a n d  the more typi ca l mudstones is a deep a nd 
w i de cha nne l  which i s  fi l l ed by mudf l ow . The mu df l ow ra nges from the fi nest c l a y-sized ma teria l s  to 
bou l ders five feet i n  diameter . At th i s  l oca l ity th e bou l ders are of extraord i nary in terest . They inc l ude 
not  on l y  the expecta b l e  porphyrit i c  a ndesi tes from Keyes Mou n tain , but  th ere are phy l l ites , s i l i cifi ed 
l imestones , chert ,  qua rtz i te ,  a nd jasper . I t  is a pparent tha t the mudfl ow , eventua l l y emp laced on Cre­
taceous mudstones , swept down and ac ross a terra i n  domina ted by Permia n metasedi ments . Above L i me­
kil n Creek ,  sou theast o f  Tony Butte , t h e  Permia n metasediments a r e  direct l y  over la i n  by  mudf l ows,  a nd  
here , too , th ere is a we l l -defined dusky red rego l ith a t  th e contac t , which  fa ci l i ta tes ma ppi ng . 

I n  the more typ i ca l  exposures of mudf l ow ,  th e common outcrop co l ors a re  ta n a nd gray with a 
green i sh cast , a nd l arge rou nded to su ba ng u l ar bou l d ers and  cobb l es protrude (Fig ure 1 6) a s  more res i s­
ta n t  knobs from a fi ner , l ess-res ista nt ma trix . W i th the  exception of th e exot i c  o l der roc ks ,  both the 
l a rger c la sts a nd ma trix of the mudf l ows are formed from porphyrit i c  a ndes i te . 

The sizes and  nu mber of the bou l ders decrease mar ked ly  away from Keyes Mou nta i n . W i thin th ree 
mil es of Keyes Mou nta in bou l ders u p  to 1 5  fee t in dia meter are not u ncommon , bu t fi ve mi l es from Keyes 
Mou nta in the l a rgest bou l ders rare l y  exc eed two feet in dia meter . Most of th e l a rger c l as ts a re  ma tr ix­
supported; l oca l l y there are mu dfl ow u ni ts with more bou l ders tha n matr ix . The matr ix ra nges from c lay  
t o  sa nd  s ize . Discernib l e  constitu ents a r e  pyroxene crysta l s ,  fe l dspa r  l a th s ,  a few q ua rtz c rysta l s ,  a nd 
broken fragments of porphyri tic a ndes i te . Where the sa nd  s ize is dom i na nt the sa nds common l y  are med­
ium to coa rse gra i ned , a ngu l ar ,  a n d  extreme ly  poor l y  sorted . From a textu ra l sta ndpoin t ,  th e mudf low 
u n i ts genera l l y  are poor l y  sorted . Bedding i s  not obv ious a t  ma ny loca l iti es , but th ere is rude strat i f ica ­
tion , ma i n l y  de l i neated by a crude sorting, gra ding , and  different ia l wea th ering . A t  some p l a ces ,  u n i ts 
a re far better sorted a nd resemb l e  norma l fl uv ia l deposi ts , but the ma jority are so poor l y  sorted a nd stra ti­
fied that they appear to have been emp la ced a s  mudf l ow s l u rries . The  bedding  i n  th e mudf lows ,  ra ng i ng  
from mass i ve and  indiscernib l e  to  tha t wh i ch i s  thin a nd we l l  defi ned , i s  s i mi l a r  to  th e struc tu res encou n ­
tered i n  modern fa n depos i ts . 

Farther from Keyes Mou ntain --off the fl a n ks and  in piedmont  pos i tions where the mu dfl ows a re  
finer grained , bou l ders a re u ncommon , a nd cobb l es and  pebbl es are t he  la rgest c l asts -- l enses and  cha n ­
n e l  fi l l i ngs  o f  sa nd- and  s i l t -sized ma teria l s  become common . W i th i n  these l e nses a nd cha nne l s  there a re 
pebbl y cong l omerates ,  pebb l y  sa ndstones , a nd sa ndstones , some of w hic h are  thin l y  l am i na ted . A t  a few 
l oco I it i es cross-bedding or c ross- l a m i nat ion  is present . Throughou t the mu dfl ows scour -and-fi I I  c ha n ne l s  
a nd a brupt l a tera l variations i nd i ca te tha t wa ter wa s  t h e  tra nspor t i ng mediu m .  Fa rth est from t he  moun ­
ta i n ,  where a piedmont  terrain must have existed, th ere a r e  we l l -defi ned zones of c laystones and  fine­
grained sa ndstones . The bedd ing  i s  u sua l ly good,  common l y  i s  la mina ted , and  a t  ma ny p l a ces is 
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F i gure 1 5 . Strea m-dissected Upper C l arno mudfl ow . Dry wash a quar ter of a m i l e  ea st of 
Mitch e l l .  

F i gu re  1 6 .  Deta i l  o f  a ngu la r  to subrou nded a ndesi te c l asts embedded i n  a fi ner -gra i ned 
a ndes i te ma tr ix . U pper C l a rno mudf l ow . 
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cross- l am i na ted or cross-bedded . These tuff- l i ke roc ks conta i n  numerou s leaves a nd tw i gs ,  a nd the roc ks 
presumab l y  were depos i ted i n  f l uv ia l , de l ta i c , and  l a custr i ne envi ronments d i s ta n t  from th e sediment  
source of  Keyes Moun ta i n . Most of these fi ner gra i ned equ i va l en ts of the mudfl ows l ap  aga i nst o r  l i e  
i ntraca nyon to mudf low u n i ts a nd a re ma pped as  U pper C la rno tuffaceous sedi ments (Tc t2) .  

Near  Keyes Mou nta i n  th e mudf l ows a nd the assoc ia ted lava fl ows d i p  away from the mounta i n  w i th 
q uaquaversa l di ps ( F i gure 1 2).  Fa rth er from the mou nta i n  the mu dfl ow u n i ts decrease i n  di p a nd five 
mi l es from th e source the mudf l ows are es s e nt ia l l y f la t-lyi ng a nd over l i e  or lap aga i nst o l der roc ks . I t  
i s  a ppa rent from the d i str i bu t ion o f  roc k u n i ts tha t th e mudf l ows spread farth er from K eyes Mou nta i n  tha n 
d i d  th e l a va f lows a nd formed fa n a nd pi edmont depos i ts . Some of th e mudf low u n i ts ,  i n  par t i cu l ar those 
l y i ng  south a nd above the Hudspeth hau l i ng road ,  are charac teri zed by an abu ndance  of woody ma ter ia l .  
T h i s  broken u p  a nd s i l ica -rep l aced wood a pparen t l y  was overr u n  by the mudf lows . Loca l l y th ere are tw igs 
a nd reeds , domi na nt l y preserved a s  carbon res i dues ,  a nd sma l l  l ogs . At one l oca l i ty tree tru n ks ,  a ppar ­
ent l y  i n  grow th pos i tion , occur a t  th e base o f  a mudf l ow . These trees , once grow i ng  i n  the rego l i th 
deve l oped on  th e Cretaceous rocks , were obv ious l y  overru n by th e mudf l ow . 

The mudfl ow ma tr ix and  assoc ia ted tu ffa ceous sed i men ts are genera l l y  l i gh t o l i ve gray ,  ye l l ow i sh 
gray ,  or green i sh gray . A l l are c la ss i fi ed as vo l ca n i c  wac kes ( F igure 1 7) r i ch i n  vo l ca n i c  roc k fragments 
a nd p l ag ioc l a se . I n  most of these poor l y  sor ted rocks th e framework consi sts of fi ne l y c rysta l l i ne ,  ho l o­
c rysta l l i ne vo l ca n i c  c lasts of C l arno a ndesi te ,  and  sma l l er gra i ns o f  plag ioc la se ,  magneti te ,  c l i nopyrox­
ene , hypersth ene,  hornb l ende , and  very su bord ina te qua rtz , quar tzi te , a nd  cher t . The ma tr ix  has the 
sa me compos i t ion but i s  genera l l y s i l t  si zed and a dd i t i ona l l y  has kao l i n i te ,  green smec ti te and red to 
brown i ron ox ide . Much of the green smec t i te i s  a uth igen ic  a nd c ements th e mudf l ow u n i ts i n to coh er ­
ent  roc k masses . Some of the observed au th i gen i c changes i nclude p l ag ioc l ase chang i ng to la umon t i te ,  
a n d  pore spa ces l i ned w i th coa rse l y  c rysta l l i ne o l i ve-green smec ti t e . 

Upper Clarno tuffaceous sedi ments (Tc t2) :  Those fac i es of the mudf l ows wh i ch are mapped as  Upper 
C l a rno tu ffaceous sedi ments are genera l l y  fou nd more tha n  two mi l es from Keyes Mou nta i n  a nd best deve l ­
oped e igh t  to ten m i l es from i t . These fi ner gra i ned c las t ic  roc ks are i n terca l a ted i n  the U pper C la rno 
mudfl ows , l i e  i n traca nyon to the mudf lows as  cha nne l  fi l l s ,  or form  extensi ve ,  poss i b l y  la custr i n e ,  depos­
i ts wh i ch l a p  aga i nst U pper C l a rno mudfl ows or o l der roc ks . These tu ffaceous sed iments are l i tho l og ica l l y  
d i st i nc t  from those of the Lower Clarno . Th ey are monotonous l y  the sa me i n  co l or , weather i ng to a 
green i sh gray . Some are c l aystones; ma ny are medi u m  brow n s i l tstones ,  th e brow n co l or probabl y bei ng 
der ived from a bundan t  p l a nt fragments i n c l udi ng resi nous tra ns l ucent  debris; a nd ma ny are fi ne- to med i um­
gra i ned sa ndstones .  A t  var i ous p la ces th e tuffa ceous sed iments conta i n  abu nda nt reeds , l eaves a nd twi gs . 
A t  one loca l i ty a hard resi sta n t  l edge-former i s  pa rt l y  crysta l l ine l i mestone ,  part l y  a da rk  gray cher t ,  
suggest ing a l acustr i ne  depos i t . At some l oca l i t i es c ross-bedd i ng and  repea ted ly  tru nca ted foresets are 
typ i ca l  of f l uvia l a nd de l ta i c  depos i t ion . A t  a few outcrops th ere are pebb l y  sandstones up to four fee t 
th i c k; pebb l es dom i na te ,  bu t there a l so are i so l a ted bou l ders a nd cobb l es .  These suba ngu la r  to subrou nded 
l a rger c l asts typ i ca l l y  are ma tr ix-su pported , w i th vo l u me of the ma trix exceedi ng tha t of th e l a rger c l asts . 
Th i s  i s  a dist i  net  d i fference from the more t igh t l y  packed Cretaceous cong lomera tes . Th e l a rger c l asts are 
dom inan t l y  andes i te w i th su bordi nate si l tstone and mudstone pebbl es . 

Most of the U pper C l a rno tu ffa ceous sedi ments are s l ope- and  va l l ey-formers ,  be i ng fa r l ess resi s ­
ta n t  t o  weather i ng a nd eros ion tha n ad jacent roc ks . However , sou thwest of Sargent  Bu tte i n  sec . 20, 
T .  1 1  S . ,  R .  2 1  E . ,  the sed iments crop out  in a ser ies of l ow h i l l s  wh ich  sta nd u p  protected by a ca p roc k .  
The ca p roc k i s  a c l i ff-formi ng i gn i mbr i te u p  to 35 feet th i c k , wh i ch surmounts th e sed i men tary sequence . 
The base of the i gn i mbr i te rests on th e tuffa c eous sedi ments a t  an  undu l a ti ng conta c t ,  a nd i s  mar ked by a 
d i scon t i nuous , dark  ye l l ow i sh ora nge ( 1 0YR 6/6) , deep l y  a l tered , ba sa l ,  a sh -fa l l  pumice  one to th ree 
i nc hes th i c k . Th i s  i g n imbr i te cap roc k i s  proba b l y  the you ngest C larno roc k present in the area . 

I n  th i s  sec t ion th e o l dest stra ta i n  the u n i t  are fi ne  pebb l e  brecc ia s  a nd cong l omerates,  and  the 
sa ndstone ma trix has  a bunda n t  a ngu l a r  p l ag ioc l ase . The  sa ndstones in  th e sequence have a ng u la r  to su b ­
a ngu l a r  p l ag ioclase domi nant ;  jasper i s  a consti tuent common t o  ma ny o f  the sa ndstones . T h e  fi ner -gra i ned 
sandsto nes a re  l am i na ted a nd cross- l a m i nated,  w i th scou r -and-fi l l  c ha nne l s very common . The u n i d irec­
t iona l sed i mentary structures suggest f l uvi a l  and  delta ic  deposi ts; th e para l l e l l am inae suggest l a custri ne  
depos i ts ,  t he  resu l ts of strea m tra nspor t from Keyes Mou n ta i n  to  pi edmont  pos i t ions w h i ch conta i n ed anc ien t  
la kes a nd ponds o f  l i m i ted s ize . 
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1 mm 

F i gure 1 7 . Upper C l arno vo l ca n i c  wac ke :  l a rge  cen tra l gra i n  of 
p lag ioc lase a l ter i ng to l a umont i te . Add i t iona l gra i ns of p l ag io­
c lase and  l i th i c  gra in s  composed of ma fi c vo l ca n i c s . Ma tr ix o f  
smect i te a nd sma l l  gra i ns o f  fe l dspa r ,  aug i te a nd  mafi c vo l ca n i cs . 
N i co l s  para l l e l . 

1 mm 

F i gure 1 8 . Lower C larno f l ow :  l a brador i te phenocrysts i n  a pi l otax i t i c 
grou ndmass of sma l l er l a th s  and  anh edra l masses of a ndes i ne ,  sma l l  
aug i te gra in s  and  magnet i te . Para l l e l  n i co l s . 
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The maximum th i c kness of th ese Upper C l arno roc ks on outcrop occurs southwest of Sargent Butte 
wh ere at  l east  350 feet are exposed . 

C l a s ts of the coarser sedi ments are angu l a r  to su ba ngu la r  a nd consi st l arge l y  of C la r no andes i te 
l i th i cs or p l agioc lase , c l i nopyroxene ,  hypersth ene ,  hornb l ende ,  a nd magnet i te wea thered from the C la rno 
a ndesi tes . B i pyram ids of qua rtz are rare bu t widesprea d ,  espec ia l l y in th e fi ner sedi ments , indica ting 
con tribut ions from a more a c i d  source . The  abu ndan t  ma tr ix  consi sts of sil t -s ized fragments of th e a bove 
mi n era l s ,  green smecti te , ferric ox ide , a nd minor kao l i nite . The sparse cement i s  ca l c i te .  These coa rser 
c la stics are best c l ass i f ied as  vo l can i c  wac kes . 

The fin er c l a stic sedi men ts cons ist  large l y  of green smec tite and  fer r i c  oxi de ,  si l t -s ized fragmen ts 
of the mi nera l c l asts ment ioned a bove , m i nor kao l i n i te ,  a nd  fi ne l y  d iv i ded orga n i c  ma teria l . T hey va r ­
i ou s l y  are si l tstones,  mudstones , o r  c l ays tones . 

Upper C l arno f l ows (T c f2) :  Upper C l a rno l ava f lows , derived from Keyes Mou nta i n ,  are consp icu ­
ous r idge - ,  c l i ff- ,  a nd d i ps l ope-formers i n  the sou theast part  of the Mi tch e l l  q uadra ng l e .  Most numerous 
a nd topograph i ca l l y s ign i fi cant  on th e f l a nks of Keyes Mou nta i n ,  d i screte f lows are present as much as six 
mi l es from th e source .  An exa m p l e  of th i c k  f lows re l a t i ve l y  d i sta nt  from th e mou nta i n  is tha t of Lew i s  
Roc k ,  wh ere fl ows tota l l i ng over 400 feet i n  th ic kness ma ke u p  t he  bo l d  north -fa c i ng esca rpment in 
sec . 20,  T .  1 2  S . ,  R .  22 E .  a nd over l i e  th e th i c kest seq uence of U pper C l arno mudf lows . Bu t  the s imp l e 
stra t igraph ic  re la t i onsh i p  of Lew is Roc k,  w i th l ava f l ows surmount i ng mudf l ow s ,  i s  not present on  the 
f la n ks of Keyes Moun ta i n , where there is a compl ex of l ava f l ows i n tracanyon to mudf l ows and v i ce versa . 

The nu mber a nd th i c kness of U pper C l arno l ava fl ows decrease mar ked l y  away from Keyes Mou nta i n . 
At the su mm i t  a nd on th e fl a n ks of th e mountain 2 1  d i screte f l ows have been i den tifi ed , some of wh i c h  
exceed 1 50 feet i n  th i c kness . Farther from t he  moun ta i n  th e f l ows decrease i n  nu mber a nd th i ckness a nd ,  
i n  the vi c i n i ty o f  Mitche l l ,  on l y  o n e  f low rema i ns a s  th i n ,  iso l a ted , erosi ona l remna nts ca ppi ng kno l l s  
u nder la i n by a mudf low . 

· 

At a nd immedia te l y  ad ja cent  to Keyes Mou n ta i n  th e l ava fl ows l i e on  or aga i nst mudfl ow u n i ts a nd  
a t  the mounta i n  th e base o f  t h e  seq uence i s  not v i s i b l e .  Farth er away from th e mou n ta i n  l a va f lows gen ­
era l ly l ie i n tracanyon to mudf lows . H owever , i n  the Marsha l l  Bu tte area a l ava fl ow deri ved from Keyes 
Mou nta in d i rec t l y  over l i es Cretaceou s cong l omera tes . 

Certa i n  fea tures are chara cteri st i c of most of the l ava f l ows . Topograph ica l l y  th ey are r idge- , 
c uesta - ,  dips lope- ,  a nd c l i ff-formers . S teep-s ided and  c l i ffy , th e f l ows have a perva s i ve dar k  tone , 
dusky ye l l ow brown to modera te brow n be ing th e dom i na nt co l ors . These dar k tones are i n  marked con ­
tra st to th e l i gh ter green i sh grays o f  the ad jacent  mudfl ow u n i ts .  Vi ewed more c l ose l y  th e f l ows , u n l i ke 
the basa l ts of the much younger Co l u m bia R i ver G roup ,  rare l y  show good co l u mnar j oi n t i ng . O n  th e con ­
trary ,  there are irregu lar , often w i de l y  spaced jo i n ts tra nsect i ng  th e f l ows approx ima te l y  a t  r i gh t  a n g l es 
to the f low surfa ces . Wha t i s  most promi nen t  i s  a we l l -deve l oped p l a tyness wh i c h  a pparen t l y  is a refl ec­
t ion  of fl ow structu re . The  p l a tyness i s  no t  on l y  a ppa rent  i n  ta l us a t  th e foot of c l i ffs but i s  accentuated 
on faces by etc h i ng produced by wea ther i ng . The resu l t  i s  a c l ose l y  spaced (usua l l y  l ess than two i nch es) 
r i bb ing  on c l i ffs wh ich  is pa ra l l e l to the tops a nd bottoms of f l ows and at r i gh t  ang l es to th e rude co l umna r  
j o i n ti ng wh i ch i s  l o ca l l y deve loped . T he  p l a tyness ca n be  used w i th confi dence i n  obta i n i ng at t i tu des o n  
t h e  f l ows . A t  a few p l a ces where t h e  bo ttom of a fl ow i s  we l l exposed a nd cha nne l i ng o f  t h e  under l yi ng 
mudfl ows ca n be seen , th e p la tyness a nd etched r i bbi ng form a ser i es of c urves rough ly  pa ra l l e l to the 
chan ne l  bottom . 

C l ose to a n  outcrop of U pper C l arno l ava f l ows a red i ron-oxide sta i n i ng i s  chara cter i st i c . The red , 
wh i ch one i s  tempted to descri be w i th th e art i s t ' s  term magenta , i s  dusky red (5 R 3/4) . Th i s  red sta i n i ng 
i s  nota b l e  a l ong j o i n ts ,  sta i ns p l ag ioc lase ph enoc rysts , a nd loca l l y  forms sw i r l i ng or concentr i c  band ing  
rem i n i scent of l i esega ng ba nds . 

These f lows a re genera l l y porphyr i t ic  w i th p lag i oc lase ph enocrysts , u p  to 3/4 i nch  i n  l e ng th , i n  a 
more f i ne l y  crysta l l i ne  ma tr ix . The ma tr ix i s  dense , da r k  gray or da r k  gray ish green a nd ,  i n  add i t ion  to 
the p l ag ioc l a se ,  l oca l l y conta i ns e i t her pyroxene or hor nb l e nde phenocrysts . Th e mar ked fl ow structure 
which contro l s  the p l a ty jo i n ti ng i s  a l so a ccentuated by a su b-pa ra l l e l  ori enta t ion of the p l ag ioc lase pheno­
crysts . A l l  phenocrys ts are subhedra l to eu h edra l . Many spec i mens have a bu nda nt green smecti te in th e 
ma tr ix . 
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1 m m  

F i gure 1 9a .  Lower C la rno fl ow :  la bra dor i te ,  aug i t e ,  mag net i te a nd 
a l i t t l e  brow n g lass i n  a dia basi c texture . N i co l s  pa ra l l e l . 

1 m m  

F i gure 1 9b .  Same  as F i gure 1 9a bu t  w i th n i co l s  crossed . 
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Upper C la rno vent agg l omera te (Tcva ) :  Marsha l l  Creek hea ds in an a mph i thea ter --a centra l depres­
s ion i n  reference to th e three ma i n  pea ks of Keyes Mounta i n --and from th i s  depress ion  the lava f l ows and 
a ccompanyi ng mudf low u n i ts d i p  away in  a l l  d i rec t ions . A l though exposures w i th i n  the ba si n are  poor 
because of forest a nd  other vegeta l cover , deep cu ts on the roa d w h i ch l ea ds to the Be l l System m ic rowave 
sta tion  on the east pea k prov ide  good outcrops of wha t i s  i n terpreted as  vent agg l o merate . A vent  
agg l omerate i s  consi dered to be tha t pyroc l a sti c depos i t w i th i n  a nd immedia te l y  ad jacent  to th e vent of a 

vo l cano I t  cons i sts of  poor l y  sorted vo l ca n i c  debr i s  ra ngi ng from l a rge b locks to th e fi nest ma teria l s .  
Rocks fi tti ng  th i s  descr i pt ion a re exposed i n  th e roa d cu ts . There a re b l oc ks of a ngu la r  to su brounded 
porphyr i t i c  andes i te--th e  s i zes range from la rge bou l ders down to pebb l es-- l y i ng i n  a medi um- to 
coarse-gra i ned ma tr ix of p l ag i oc l ase l a th s ,  fi ne l i th i c  fragments , a nd  much g reen smec t i te . I n  overa l l  
a ppea rance  th e ro cks shou l d  be desc r i bed a s  a brecc ia . Bedd i ng  i s  l ack i ng ,  a characteri s t ic  str i ki ng l y  
d i fferent from th e crude but recogn i za b l e  l a yer i ng o f  th e mudf l ows i n  th e v i c i n i ty .  The l a rger fragments 
of porphyr i t i c  a n des ite have exce l l en t  examp l es of su bh edra l to euhedra l crysta l s  of p l ag ioc l a se  a nd pyrox ­
ene; th ese crysta I s  a I so form a s i g n i fi can t  part of the ma tri x .  

Because of th e i so l a ted and  l im i ted ou tcrops , nowhere i s  the u n i t  seen i n  contac t  w i th roc ks , e i th er 
o l der or you nger . Thus  th e contac ts d i sp l ayed on th e ma p a re con cea l e d ,  a nd have been de l i nea ted on  
topogra ph i c  brea ks i n  s l ope a nd l i th o l og i es topograph i ca l l y h igher tha n the vent  agg l omera tes of  th e ba si n . 
The i n terpreted con ta c ts suggest tha t the vent  agg l omera te was a depress ion -i n fi l l i ng u n i t  a nd tha t some­
wh ere i n  t h e  forested bas i n  of today there o nce  was th e ma i n  vent o f  th e vo l c a no . E ros ion o f  th e non ­
res i s ta n t  vent agg l omerate presu ma b l y  i s  the d i rect  reason for the bow l -sha ped depressi on i n  th e su mmi t 
a rea of Keyes Mou nta i n . 

Petrography of the C l arno f l ows 

C l assi fi ca t ion : A c la ssi fi ca t ion ba sed upon moda l a na l yses of the fi n e l y  crys ta l l i ne C l arno f l ows i s  
cons idered i mprac t i ca l .  P l ag ioc l ase exi sts a s  m i cro l i tes , i n tersti t ia l a nhedra l masses , a nd both l arge a nd 
sma l l  phenocrysts , often a l l  i n  the sa me roc k (F igures 1 8 ,  1 9a ,  1 9b) . The  la rger ph enocrysts are la bra dor ­
i te ,  averag i ng a bout  A n63, bu t th e grou ndmass fe l dspar i s  common l y  a ndes i ne w i th the m ic ro l i tes more 
sod i c  tha n l a rger a nhedra l masses . Sma l l er ph enocrysts are ei ther l a bra dor i te or a ndes i ne . 

A l l C l arno f l ows a re  c lass i fi ed as a ndesi tes . T h i s  determ i na tion  re l i es on co l or i n dex , chem ica l 
a na l yses , a nd normat ive a na l yses . H owever , the presence of grou ndmass a ndesi ne  a nd mi nor qua rtz w i th 
phenocrysts of aug i te ,  hypersth ene , a nd hornb l ende a long w i th th e l a borador i te i s  a l so consi dered d iag­
nost i c . A l though sepa ra ted by  a n  angu l a r  u nconfo r mi ty a nd mapped as  a n  upper and  l ower sequ enc e ,  the 
l i tho l ogy , petrography ,  a nd chemi stry are so s i mi l ar tha t a l l C l arno f lows  are i nc l uded in the fo l l owi ng 
genera l descr i pt ion . 

T exture a nd m i nera l ogy: Th e fresh f low roc ks are most common l y  o l ive  g ray  (5Y 4/1 ) bu t  some are  
a s  dar k  a s  dar k  gray  (N3) or da r k  green i sh gray (5GY 4/1 ) ,  or as l i gh t  a s  l i gh t o l ive gray (5Y 6/ 1 ) .  The  
g reen  t i n t  i s  ca used by  g reen  smec t i te,. wh ich  i s  nea r l y  a lways present even i n  a pparen t l y  fresh roc ks . The 
f l ows wea ther to da rk  ye l l ow ish brown ( 1  OYR 4/2) or  grayish to dusky red ( 1  OR 4/2) . 

A l though predom i na nt l y  porphyr i t i c  w i th a p i l otax i t i c  grou ndmass , va r ia t ions i n c l ude s i mp l e  p i l o ­
tax i ti c , d i abas i c , o r  porphyr i t i c  w i th a gra n u l a r  o r  d i abas ic  grou ndmass (F igu res 20 ,  2 1 , 22a , 22b) . 
Phenocrysts are commo n l y  1 -2 mm l ong ,  bu t th i ck f l ows l oca l l y  conta i n  ph enocrysts 3 -5 mm  l o ng a nd s i zes 
up to 1 em are reached . Phenocrysts consist of eu hedra l to subhedra l p l ag ioc l ase , c l i nopyroxene (a ug i te) , 
hypersthene ,  hornb l ende , a nd mag net i te . 

Moda l a na lyses were made on e igh t  Lower C la r no f lows a nd 2 1  Upper C l arno f l ows . 
Of the e i ght  Lower C l arno f l ows :  

( 1 ) a l l  conta i n  p l ag ioc l a se ,  aug i t e ,  hypersthene ,  quartz , and  magneti te; 
(2) four  con ta i n  hornb l ende or pseudomorphs from resorbed hornb l ende now composed of 

pyroxene ,  fe l dspa r ,  a nd  magnet i te; 
(3) two conta i n  traces of i n tersti t ia l g l a ss . 

Of the 2 1  U pper C l arno f l ows :  
( 1 ) a l l  conta i n  p l ag ioc l a se ,  c l i nopyroxene , a nd magnet i te; 
(2) 1 7  conta i n hypersth ene; 
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1 m m  

Figure 20. Upper Clarno andesite flow from Keyes Mountain: labra­
dorite and augite phenocrysts in a pilotaxitic groundmass of ande­
sine and augite microlites, magnetite, and minor brown glass . 
Nicols parallel. 

1 m m  

Figure 21. Upper Clarno andesite flow from Keyes Mountain: pheno­
crysts of labradorite , augite and hornblende now largely altered 
to magnetite and a rim of augite. The pilotaxitic groundmass con­
sists of andesine and augite microlites with magnetite and minor 
brown glass. Nicols parallel . 
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1 m m  

F igure  22a . U pper C l a rno o f  Keyes Mounta i n :  p i l otax i t i c  texture , 
a ndes i ne  and  aug i te m i cro l i tes w i th magneti te . N i co l s  para l l e l . 

1 m m  

F i gure 22b . Same  as F i gure  22a bu t w i th n i co l s  crossed . 
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(3) 1 4  conta i n  qua r tz; 
(4) seven conta i n  hornb l ende or pseudomorphs; 
(5) four con ta i n  traces of i n tersti t ia l g l a ss . 

An average  mode i s  show n  i n  Tab l e  2: 

T a b l e  2 .  Average moda l a na lyses from 8 Lower 
C la rno f lows a nd 21 Upper C l arno f lows 

I Minera l 
Lower C l a rno Upper C l a rno 

f l ows f l ows 
percent  percent  

P l ag ioc lase 74 80 
Aug i te 20 1 2  
Magneti te 4 6 
Hypersth ene 1 2 
Q ua rtz 1 T r  
H ornb l ende Tr Tr  
G lass Tr Tr 

Hornb l ende may be green or brown and i s  common l y  bordered by masses of mag net i te , or i t  may be 
comp l ete l y  resorbed , l eav i ng  a mass of magnet i te ,  pyroxen e ,  a nd fe l dspa r . Green smecti te is common , 
fi l l i ng i n terst i ces a nd rep l a c i ng pr ima ry m i nera l s . Red fer r i c  oxide from a l ter i ng magnet i te  or ferro ­
mag nesia n m i nera l s  is common and  ca l c i te rep l acemen t  of p l ag i oc lase i s  l ess common . 

Chemica l a na l yses were made of seven of th e freshest fl ow roc ks , th ree U pper C l arno a nd four  Lower 
C l ar no . Averages of th ese a na l yses a l ong w i th the average norma ti ve a na l yses der i ved from them are 
g iven in Tab l e  3 w i th Nocko l ds '  ( 1 954) average a ndes i te a nd Mc B i rney ' s  ( 1 969) average  of 29 ca l c ­
a l ka l i ne a ndes i tes from cont i nenta l  marg i ns . 

Petrography of the C l a rno i gn i mbr i te 

The Upper C l arno i g n i mbrite i s  very pa l e  ora nge ( 1 0YR 8/2) to y e l l ow i sh -gray (5Y 8/1 ) ,  porphyr ­
i t i c ,  a nd conta i ns fe l dspa r phenocrysts , f la ttened pu m i ce  fragments (F i gures 23a ,  23b) u p  to 3 e m  l ong , 
a nd l i th i c  fragments u p  to 2 em i n  d ia meter bou nd i n  a f i rm l y  we l ded , a pha n i t i c ,  v i troc las t ic  ma tr ix w h i ch 
exh i b i ts good eu tax i t i c  texture . 

San i di ne (F igures 24, 25) , now part l y  a l tered to ca l c i te ,  occurs i n  euhedra l to su bh edra l l a th s  up  
to  2 .  5 mm l ong . The matr ix , once  composed of g la ss sha rds , bubb l e  wa  l i s ,  dust , and  pum i ce fragments 
i s  now extensi ve l y  dev i tr i fi ed exh i bi t i ng spheru l i tes , axio l i tes , a nd a nh edra l masses of qua rtz and a l ka l i  
fe l dspar u p  to 0 . 1 m m  i n  d iameter . Th e f l a ttened pum i ce  deve l ops pa r t i cu la r l y  good axio l i tes . L i th i c  
i n c l u s ions cons i s t  ch i ef l y o f  stron g l y  a l tered mafi c vo l ca n i cs wh i ch yi e l d  brown to red iron oxi de tha t ti n ts 
the rock . The fo l l ow i ng  i n terest i ng l i th i c types are worth l i s t i ng :  

( 1 ) C l arno a ndesi tes w i th p i l otaxi ti c  texture; 
(2) Dev i tr i fi ed ma fi c vo l ca ni cs w i th p l ag ioc l a se ph enocrysts; 
(3) Rhyo l i te w i th f low texture a n d  sa n i d i ne  phenocrysts;  
(4) L i gh t  co lored masses of dev i tr i fi ed  g la ss (obsi d ia n? ); 
(5) Vo l ca n i c  wac ke ,  one fragment  8 mm in d iameter (proba b l y  C la r no) ; 
(6) Micr i t i c  l i mestone (ca l i c he? ) .  

A n  average mode ga i n ed from poi n t  coun ts on four separa te sa mp l es i s :  
Grou ndmass of g l ass fragmen ts and  pu m ice  8 1 . 3  percent  
Sa n i d i ne ph enocrysts 9 . 4  
L i th i cs 9 . 3 

1 00 . 0  percent  
Two chem ica l a na l yses a nd the norma t ive m i nera l s  der ived from th em are g iven i n  Ta b l e  4 .  Because 

of the f i rm l y  we l ded nature of the roc k it  was i mprac tica l to remove the l i th i c s ,  h ence the a na l yses are not 
comp l ete l y  represen ta t ive of th e or ig i na l  magma of th e a sh f l ow . 
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1 m m  

F i gure 23a . C la rno i gn i mbri te: a f l a ttened pum ice  fragment i n  a v i tro­
c las ti c ma tr ix  of g la ss shards and  bubb l e  wa l l s .  N ico l s  para l l e l . 

1 m m  

F i gure 23b . Sa me as  F i gure 23a bu t n i co l s crossed . Note extens ive 
dev i tr i f ica t ion in  ma tr ix  a nd th e ax io l i t i c texture in  the fl a ttened 
pumice . 
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Ta b l e  3 .  Chemi ca l a na l yses a nd der ived normat ive composi t ions  for C l arno f lows ,  Nocko l ds '  average 
andesi te and Mc B i rney ' s  average of 29 ca l c -a l ka l i n e  a ndesi tes from cont i nenta l marg i ns 

Upp e r  C l arn o Low e r  C l arno Av . C l arno 
ComEonent ( 3  ana l:t:s e s ) ( 4  anal:t:s e s ) ( 7  anal;:ts e s ) 

S i o 2 5 8 . 0 3  5 7 . 2 5  5 7 . 5 7  

T i 0 2 1 . 1 7 l .  3 1  l .  2 3  

A1 2 o 3 1 7 . 3 7 1 8 . 1 0 1 7 . 7 9 

Fe 2 o 3 1 . 6 4  l .  7 5  l .  7 0  

FeO 4 . 8 9 5 . 2 6  5 . 1 0 

MgO 3 . 5 7 3 . 3 3 3 . 4 3 

C a O  6 . 9 7  7 . 3 3 7 . 1 7 

N a2 o 4 . 9 2 4 . 3 8 4 . 6 1  

K 2 0 1 . 0 9 l .  2 2  1 . 1 6 

Normat i v e  C omEos i t i on 

Q z  5 . 1 6 5 . 3 4 5 . 8 2 

O r  6 . 6 7  7 . 2 3 6 . 6 7  

Ab 4 1 . 4 0 3 7 . 2 0 3 8 . 7 8  

An 2 1 . 9 6  2 8 . 0  8 2 4 . 4 7 

r

o [ 5 .  2 2  { 3 . 4 8 f 4 . 6 4 
Di En 1 0 . 2  3 . 0 0  6 . 8 3 1 , 9 0  8 . 9 9 2 . 9 0 

F s  l .  9 8  l . 4 5  l .  4 5  

Hy �� 9 . 6  \ 5 .  9 0  
3 . 7 0 1 1 . 0 2 { 6 .  4 0  

4 . 6 2 8 . 3 4 { 5 . 7 0 
2 . 6 4 

Mt 2 . 3 2 2 . 5 5 2 . 5 5 

Il l .  2 8  2 . 4 3  2 . 2 8 

N oc k o l d s  
( 4 9 anal:t:s e s ) 

5 4 . 9 1  

l .  3 3  

1 7 . 3 9 

3 . 5 3  

5 . 5 6 

4 . 4 2 

8 . 0 2 

3 . 7 2 

1 . 1 2 

5 . 7 0 

6 . 7 0 

3 0 . 9 0 

2 7 . 2 0 

� 4 .  2 0  
2 0 . 4  1 0 . 9 0 

5 . 3 0 

5 . 1  

2 . 4  

McB i rney 
( 2 9 an a l  s e s ) 

5 9 . 3 0 

• 8 0  

1 7 . 6 2 

3 . 2 5 

3 . 5 2 

3 . 3 2 

6 . 3 3 

3 . 8 6 

2 . 0 1  

1 0 . 2 7 

l l .  8 8  

3 4 . 6 5 

2 4 . 8 0  

4 .  3 1  

9 . 2 2 

3 . 3 9 

1 . 1 1 

I n  a roc k composed overwhe l m i ng l y  of g lass , or dev i tr i fi ed g l ass ,  i t  i s  often i n forma t ive to trea t the 
norm a s  th e mode a nd c la ss i fy th e roc k on th i s  bas i s . Becau se af the a noma lous  h i gh l i me  a nd l ow soda , 
the Johannsen ( 1 939) c la ss i f ica t ion , i f  used , wou l d  p l ace  th is roc k i n  C l ass 1 ,  Order 3 ,  Fami l y  3 for wh i ch  
there i s  no  name . However , i n  v i ew o f  t he  h i g h  norma t i ve orthoc lase a nd qua rtz a nd  th e extreme l y  l ow 
ferromagnes i an  conten t ,  the roc k m igh t  best be termed a l eucorhyo l i te .  

The C l a rno i g n i mbr i te caps a C l arno seq uence  but i s  not i n  turn over l a i n  by C l arno roc ks , hence i t  
m i gh t  be i n terpreted a s  a va l l ey -fi l l i ng  tuff you nger i n  age tha n t he  C l a rno , perhaps J oh n  Day .  The tex­
ture , m i nera l ogy ,  a nd  chemi stry of th i s  i gn i mbr i te were compared wi th a l l  known ign i mbr i te u ni ts younger 
tha n C l arno wh i ch have been fou nd  i n  centra l Oregon a n d  none were found  to be si m i l a r . On th is  evi ­
dence ,  a s  we l l  a s  on th e stra t i graph i c  evi dence g iven ear l i er ,  i t  wa s dec i ded to inc l ude th i s  i g n imbr i te 
w i th i n  th e C l arno Format ion . 

The basa l  Joh n Day i gn i mbri te ment ioned by Pec k ( 1 964) i n  th e A nte l ope-A shwood area a nd  by 
Swa nson a nd Robi nson ( 1 968) i n  the Horse H eaven Di s tr i c t  d i ffers mar ked l y  from the C l a rno i g n imbr i te 
both a s  to texture a nd m i nera l ogy . The  basa l J oh n  Day i gn i mbri te conta i ns o n l y  1 percent  l i th i c s  a nd 
5 percent phenocrysts cons i s t i ng  of quartz , soda -r i c h  sa n i d i ne w i th a 2V of 38-48° , o l i goc lase a nd sparse 
but common l y  present hornb l ende . Th i s  con tra sts w i th th e C la r no i gn imbri te wh i ch conta i ns 9 percent 
l i th i c s ,  9 percent  potass i u m-r i ch  sa n i d i n e  w i th 2V of 1 0° or l ess a nd no qua rtz , p l ag ioc lase or hornb l ende 
phenocrysts . The  chemi ca l contra st ca n be seen in  Ta b l e  4 .  
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1 mm 

Figure 24. Clarno ignimbrite: sanidine phenocrysts and lithic inclu­
sions in a vitroclastic matrix exhibiting good eutaxitic texture . 
The large sanidine phenocryst is partially replaced by calcite . 
Nicols parallel. 

1 m m  

Figure 25 . Clarno ignimbrite: a sanidine phenocryst partially replaced 
by calcite in a vitroclastic matrix exhibiting good eutaxitic texture . 
Nicols parallel. 

3 1  



Tab l e  4. Chemica l a na lyses and  normat ive compos i t ions of some  centra l Oregon i gn i mbr i tes 

M i d d l e  

B as al-�/ 
B as a l�/ 

M i d d l e�/ 
Mi d d l e.Y 

Mi d d l e�/ J ohn D ay 
C l arn o C l arn o M i t ch e l l  R at t l e -
S amp l e  S amp l e  J oh n  J ohn J oh n  D ay J ohn D ay J ohn D ay S amp l e  4 / s n ake 

S i D 2 
T i 0 2 
Al 2 0 3 
F e 2 o 3 
F e D  

Mg O 

C aD 

N a 2 o 

K 2 D 

P 2 0 5 
Mn O 

T ot al 

Q z  
O r  
Ab 
An 
c 
W o  
En 
F s  
Mt 
Hm 
I l  
Rt 

T ot a l  

# l  

7 3 . 1 0 

. 4 2 

1 2 . 8 0 

. 6 0 

. 4 0 

. 2 0 

2 .  8 0  

. 8 5  

8 . 8 0  
-
-

9 9 . 9 7  

2 6  
4 9  

6 . 9  
1 3 . 0  

3 . 4 
-
. 5 
-
. 2 
. 4 
. 7 
-

1 0 0 . 1  
·-- - - -

# 2  

7 2 . 2 0 

. 1 7 

1 2 . 9  0 

. 5 6 

. 4 4 

. 2 0 

2 . 4 0 

. 9 0 

9 .  3 0  
-

-

9 9 . 0 7  

2 5  
5 2  

7 
1 1 , 0 

2 . 9  
-
. 5 
-
. 9  
-
. 3 
-

9 9 . 6  
• -------

Day Day # 2  

7 4 . 2 1 7 5 . 9 4 7 7 . 5 6  

. 5 3  . 1 7 . 1 9 

1 3 . 6 4 1 3 . 7 5 1 1 . 9  8 

l .  0 2  l .  3 7  l .  7 9  

. 2 4 . 2 7  . 8 9  

. 2 0 . 1 3 . l l 

l .  0 2  l .  0 3  . 8 2  

2 . 5 4 2 . 4 3  2 . 3 1 

5 . 6 0 5 .  2 9  5 . 0 4  

. 1 2 . 0 1  . 0 2  

. 0 6 . 0 3 . 0 5 

9 9 . 1 8  1 0 0 . 4 2 1 0 0 . 7 6 

3 6  3 9  4 3  
3 4  3 1  3 0  
2 2  2 0  1 9  

5 . 1  5 . 0  4 . 2  
1 . 5 2 . 2 l . l 

- - -
. 5 . 3 . 3 
- - -
- . 5 2 . 3  

l . O  . 2 
. 5 . 3 . 3 
. 3 - -

1 0 0 . 9  9 8 .  3 1 0 0 . 4  
--� -

!1 Sw an s on and Rob i ns on ( 19 6 8 )  re c a l c u l at e d  t o  dry wt . 
2 1  P e ck ( 1 9 6 1 )  r e c a l c u l at e d  t o  dry w t . 

# 3  # l  Mas c a l l- Mi t ch e l l  

7 6 . 1 0 7 5 . 1 2 7 1 . 0  0 7 4 . 5 6 7 8 . 8 0 

. 1 7 . 3 8 . 4 8 . 2 3 . 2 1 

1 2 . 0 2  1 3 . 0 5  1 3 . 4 0 1 3 . 1 3 l l . 7 l  

l .  4 8  2 . l l 2 . 2 0  . 8 0 . 3 7  

. 7 0  . 0 9 2 . 8 0 l .  7 0  

. 3 5 . 2 4 . 3 0 . 2 7 . 2 1 

. 6 5 . 6 7 l .  5 0 . 7 5 . 1 3 

3 . 0 6  3 .  9 7 4 . 3 5 3 . 7 1 4 . 2 1 

3 . 5 8 3 .  9 4 3 .  9 6 4 . 4 5 4 .  2 l  

. 0 1 . 1 0 - . 0 6 . 0 1 

. 0 9 - - - . 0 1 

9 8 .  2 1  9 9 . 6  7 9 9 . 9 9  1 0 0 . 6 6 9 9 . 8 7 

4 3  3 5  2 6  3 3  3 6  
2 1  2 3  2 3  2 6  2 6  
2 6  3 4  3 6  3 1  3 6  

3 . 3  3 .  3 5 . 2  3 . 4  . 5 
1 . 9  l . O  - . 9  -

- - 2 . 2  - -
. 9 . 6 . 8 . 7 . 5 
- - 2 .  5 2 . 1 -

1 . 9  - 3 .  2 1 . 2 . 2 
. 2 2 . 1 - - -
. 3 - . 9 . 5 - · 

- . 4 - - -

9 8 .  5 9 9 . 4  9 9 . 8  9 8 .  8 : 9 9 . 0  

�I H ay ( 1 9 6 2 )  re c al cu l at e d  t o  dry w t . 
4 / D av enport ( 1 9 7 1 )  average o f  t h r e e  analy s e s . 
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F i gure 26 . P lo t  o f  normat i ve qua rtz , orthoc l ase a n d  a l bi te 
for centra l Oregon i gn imbri tes ta ken from Ta b l e  4 and  
reca l c u la ted to 1 00% . 
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F i gure 27 . P lo t  of norma t i ve quartz , a l bi te a nd anorth i te 
for centra l O regon i gn i mbri tes ta ken from Tab l e  4 and 
reca l c u la ted to 1 00% . 
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Pec k ( 1 96 1 )  descr i bes three ash f low tuffs i n  th e Ashwood a nd Wi l l owda l e  area o f  north -centra l 
Oregon wh i c h  are fou nd nea r  th e m idd l e  of the John Day sequenc e .  A l l conta i n  o l i goc la se ,  qua rtz , a nd 
a northoc l ase (Or3cf-b70) .  Chemica l a na lyses a nd norms are g i ven  i n  Tab l e 4 .  Midd l e John  Day ash 
f low tuffs are fou nd in th e Pa i n ted H i l l s a short di sta nce to the north of the C l arno outcrop . Accord ing 
to Hay ( 1 962) th ey conta i n  but 0 . 5  perc ent l i th i c s ,  0 . 7  percent  p l ag ioc l ase (A n l 0- 1 2) and  1 . 1 percent  
a l tered pyroxene .  The  predomi na n t  grou ndmass i s  a l tered to a l pha c ri stoba l i te a nd a l ka l i  fe l dspar . For 
chemi ca l  contrast see Ta b l e  4 .  The m i dd l e John Day i gn i mbr i te fou nd in th e Mitch e l l q uadra n g l e  is 
descr i bed on page 37 . 

The Masca l l  i g n i mbri te member descr i bed by Davenport ( 1 97 1 )  i n  the Pau l i na Bas i n  a nd ad jacent 
area s cons ists of :  

92 . 7  percent  g l a ss shards , bu bb l e  wa l i s ,  pu m ice  a nd dust ;  
2 .  74 percent  obs i d ia n  c hunks up  to 1 em  in d iameter w i th an  odd textu re a s  i f  i n fla ted , then 

co l l a psed in the w e l d i ng proc ess; 
1 . 74 percent  phenoc rysts , la rge l y  a northoc lase (Or 1 cf b

90
) ,  spa rse qua rtz , z i rcon , magnet i te ,  

a nd c l i nopyroxene; 
2 . 82 percent  l i th i c  fragments . 

1 00 . 00 percent 
A chem ica l a na l ys i s  of th e Masca l l i g n i mbri te member i s  shown in Ta b l e 4 .  
The Ra tt l esna ke ign imbr i te i n  th e M i tche l l  quadra n g l e  i s  descr i bed o n  page 43 a n d  th e chem ica l 

a na l ys i s  i s  i n c l uded i n  Ta bl e 4 .  
The  d i spar i ty i n  composi t ion between th e C l arno ign imbr i te a nd oth er centra l O regon i g n i mbri tes 

is we l l shown in F i gu res 26 and  27, tr iangu l a r  d iagrams i l l ustra t i ng th e q uar tz-orthoc lase-a l b i te and  
th e q uartz-a l b i te-a north i te ra t ios obta i ned from th e norma t ive a na l yses of Ta b l e 4 .  

J o h n  D a y  F o r m a t i o n  ( T j d ) 

The most co l orfu l a nd  one of th e mast w idesprea d of the Tert iary u n i ts i n  th e Mitche l l  q uadra ng l e  
i s  the Joh n  Day Forma tion (F ig ure 28) o f  O l i gocene-Miocene age . Less res ista n t  tha n  the under l y i ng a nd 
over l y i ng forma t ions ,  the John Day rocks c rop out ma i n l y  i n  a n  arcua te b e l t  be l ow th e c l i ff-form i ng 
basa l t  f lows of the Co l u mbia R i ver Grou p preserved i n  th e S u tton Moun ta i n  sync l i ne .  As  a l ess res i s ta n t  
u n i t  th e Jo h n  Day  Format ion i s  a s l ope - ,  pedi ment-, a nd  va l l ey-former a t  most l oca l i t i es . I n  add i t ion 
to the extens i ve outcrops in the l ower Br i dge Creek va l l ey ,  a l ong th e J oh n  Day R iver , and  f la nki ng the 
Su tton Moun ta i n  sync l i ne , th ere a l so i s  a th i n  sect ion of John Day sed i ments u nder l y i ng  th e Thorn Ho l l ow 
syn c l i n e  i n  th e sou theasternmost pa rt of the q uadra ng l e .  

A t  most p l aces the Joh n Day roc ks rest w i th angu l a r  d i scordance  o n  a much -weathered ,  rego l i th ­
ma n t l ed ,  o l der terra i n  of Lower C l a rno l a va fl ows . The co l orfu l , du sky red , a nc i en t  rego l i th deve l oped 
on the o l der l ava f l ows is genera l l y  over l a i n  by a modera te reddish brown to dar k  reddi sh brow n tuffaceou s 
c laystone and  si l tstone u n i t  of th e Joh n Day . Because of the s imi l ar i t i es i n  co lor of th e rego l i th and  th e 
over ly i ng Joh n Day roc ks th e contac t  between th e two i s  d i ffi cu l t  to defi ne  prec i se l y; i t  i s  best draw n on 
a n  a brupt topograph i c  brea k i n  s l ope between the o l der more resistan t  l a va fl ows and  th e over l y i ng soft 
sedi ments . E l sewh ere , Lower C la rno roc ks wh i ch once  were h i l l tops or mou nta ins  ca n be seen l a pped a nd 
enc l osed by Joh n Day sed iments . Recent u p l i ft a nd exposu re of these topogra ph i c  h i ghs l eave the o l der 
roc ks as i so l a ted knobs comp l ete l y  enc l osed in Joh n  Day roc ks . T h i s  i s  part i c u l a r l y  tru e a l ong Br idge 
Creek in sees . 8 and 9 ,  T .  1 1  S . ,  R .  2 1  E .  

I n  add i t ion  to th e a nc i en t  rego l i th ,  wh i c h  represen ts a n  i nterva l of deep weather i ng of Lower C l arno 
roc ks , a h i l l y  to mou nta i nous topography deve l oped on the C l arno rocks w i th a re l i ef wh i c h  migh t have 
exceeded 3000 feet . O bserva t ion of the ma p a nd of th e ou tcrop pa ttern emphas izes th i s  re l i e f .  From th e 
w i de outcrop areas of Joh n Day roc ks i n  th e northwest a l ong th e Joh n  Day Ri ver a nd Br i dge Cree k,  th e 
outcrop w i dth s l i ms ma rked l y  to a very na rrow ba nd  beneath th e sou th ea ster nmost pea k of S u tton Moun ta i n  
i n  sec . 1 ,  T .  1 1  S . ,  R .  2 1  E .  T h i s  na rrow ba nd pers i s ts to the northeast ac ross G i rds Creek . From G i rds 
Creek in sec . 30, T .  1 0  S . ,  R .  22 E . ,  th e Joh n  Day ou tcrop w idens apprec ia b l y  to the nor th east . Th i s  
p i nch i ng a nd swe l l i ng o f  t he  John  Day  outcrop be l t  i s  consi dered to  be a fu nct ion ne i th er of c ha ng ing  d i p  
nor o f  repeti t ion o r  suppress ion a t  fa u l ts .  F i e l d  ma ppi ng , cou p l ed w i th ca l cu l a t i ons based on ou tcrop w idth 
a nd average di p ,  i nd i ca tes mar ked va r ia t ions i n  forma t ion th i c kness w i th i n th e quadra ng l e . I n  th e 
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P i ct u r e  G o r g e  B a s a l t 

F i gu re 28 . Su tton Mounta i n  on s ky l i n e  w i th bo l d  escarpments of P i c ture Gorge basa l t  f l ows  
r i s i ng above l i gh t-toned John  Day roc ks tru nca ted by  pedi ments . B r idge  Creek .  
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F i g ure 29 . Lower red member , J oh n  Day  tu ffaceous c l aystones . NWt sec . 9,  T .  1 1  5 . ,  
R .  2 1  E . , i mmed ia te l y  north of Pa i n ted H i l l s road . 

F i gure 30 . Mu d-crac ked John Day tuffaceous sed i ments . The  surfaces when  wet assume a 
gu mbo- l i ke consi stency . 
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west-cen tra l pa rt of th e q uadra ng l e ,  a l ong a l i ne of sect ion ac ross Br idge Creek in sees . 29 and 32 , 
T .  l O S . ,  and  sees . 5 and 6 ,  T .  1 1  S . ,  R .  2 1  E . ,  the J oh n  Day roc ks exceed 3, 500 feet . I n  th e B l u e  
Ban ks a rea t o  t h e  nor th east  i n  sec . 2 2 ,  T .  1 0  S . ,  R .  2 2  E . , on th e sou theast  f l a nk  of H orse Mou n ta i n ,  
the th i ckness exceeds 2 , 800 feet; but i n  sec . I ,  T .  1 1  S . ,  R .  2 1  E . ,  d i rec t ly  u nder "The  Prow " o f  Sutton 
Mou nta i n ,  th e th i c kness is proba b l y  l i tt l e  more tha n 1 00 feet . A nd in the sou theast corner of sec . 7 ,  
T .  1 2  S . ,  R .  23  E . ,  over l a i n  by  a Ra tt l esna ke i gn i mbr i te caproc k ,  th e remnan t  of J oh n  Day i s  no more 
than 20 feet  th i c k .  Th i s  d i spa r i ty in th i c knesses ca n be exp l a i ned in a va r i ety of ways; th e best exp l a n ­
a t i o n  i nvo l ves a combi na t ion  o f  J oh n  Day depos i t ion aga i nst ma t ure topography deve l oped on the Lower 
C larno roc ks, coup l ed w i th l a ter wa rpi ng a nd erosi on of th e J oh n  Day pr ior to Co l u mbia R i ver vol can i sm . 

A l though th e J oh n  Day Forma t ion ca n be descr i bed i n  broad terms as a s l ope- and  va l l ey-former , 
severa l th i ngs are si g n i fi ca nt a bout th e forma t ion . F i rs t ,  i n  the northwest quadran t  of th e quadra ng l e on 
the sou th and  southwest f la n ks of Su tton Mou nta i n  th ere are deve l oped sweep i ng ,  m i l es- l ong ped iments . 
A l though not stud ied  i n  deta i l ,  a t  l east three ped i ment  l eve l s  are recogn i za b l e ,  each w i th expa nsi ve ,  
concave upward surfa c es wh i ch trunca te t he  d i pp i ng  J oh n  Day  sed i ments a n d  a re  ma nt l ed w i th sa nds a n d  
grave l s . Th ese ped iments ,  now bei ng deep l y  d i ssected a nd destroyed ,  a r e  among t h e  more nota bl e  geo­
morph i c  features of th i s  part of the quadra ng l e . 

I n  add i t ion  to i ts nota b l e  scu l pture i n to ped i ments , J ohn  Day tuffaceous sed imen ts are i nvo l ved i n  
extens i ve l a nds l i des . I t  i s  probab le  tha t the sedi ments,  heav i l y  l oaded w i th wa ter-expa nd i b l e  montmo­
r i l l o n i te ,  have been the l ubr i ca t i ng  a nd g l i d i ng  veh i c l e  for th e downs l ope tra nsfer of  h eav i er ,  more res i s­
tan t  and more competent over l y i ng u n i ts .  O ne ma jor l ands l i de area l y i ng in  sees . 7 ,  1 8 , 1 9 , and  30,  
T .  1 0  S . ,  R .  23 E . ,  a nd sees . 1 2, 1 3 , a nd 24 , T .  1 0  S . ,  R .  22 E .  a nd extend ing  beyond i nto th e next 
quadra ng l e ,  has a chaos of Co l umbia R i ver basa l t  b l ocks and knobs grav i ta tive l y  mov ing  dow ns l ope i n ter ­
mixed w i th a nd g l i d i ng on  John Day tuffaceous sed iments . 

A second promi nent  examp l e of l ands l i d i n g  descends from "The  Prow " of Su tton Mou nta i n  i n  sec . 1 ,  
T .  1 1  S . ,  R .  2 1  E .  Grav i tr-moved mater ia l s  have swept down i n  si n uous tongues or lobes from the tower ­
i ng c l i ffs o f  t h e  Co l umbia R i ver Grou p ,  both to th e sou thwest a nd to th e northeast . The  heav i er basa l t i c  
ta l u s  a nd s l u mp debr i s  a re  i n t i ma te l y  mixed w i th J ohn  Day tuffs a nd tuffaceous c l aystones , th e a pparent 
l ubr i ca t ing  veh i c l e  for th i s  mass -wast i ng movemen t .  Th e tongues have f lowed around  i so l a ted hogba c ks 
of Lower C l a rno f l ows and  a t  some p l a ces have broken through the f l ows , presu ma b l y  fo l low i ng prior 
dra i nage  cha nne l s ,  to spi l l  out  as p i edmont l obes onto roc ks of th e J ohn  Da y Format ion . 

W i th i n  th e Mi tche l l q uadra ng l e  th e J ohn Day roc ks cons i st of two ma ppa bl e  u n i ts . The  l ower a nd 
th i n ner u n i t  i s  modera te redd ish brown to dusky redd i sh  brown tuffaceous c l aystones a nd si l tstones ( F i gure 
29) . The th i c ker u pper un i t  i s  very l i gh t  gray to very pa l e  ora nge tuffa ceous c laystones a nd si l tstones . 
The  green member , so prom i nen t l y  exposed farther ea st near  Pi cture Gorge , i s  presen t  on l y  i n  th e B l u e  
Ba n ks a rea i n  t h e  north eas t ,  where i t  l i es between th e l ower red a nd upper pa l e  ora nge u n i ts .  T he  sed i ­
ments a re we l l -bedded w i th ba nds of vary ing  co l or accentua t i ng  the beddi n g ,  as do l oca l l y  more resistan t  
l ayers wh i ch sta nd ou t as r i bs a n d  th i n  l edges . Th e w ea thered surfaces of most of the sed i ments have  a 
popcorn a ppeara nce (F igure 30) --a swo l l en ,  h i gh l y  porous , much mud-cra c ked man t l e--the resu l t  of epi ­
sod i c  wett ing and  swe l l i ng fo l l owed by dess i ca t ion  a nd  shr i n kage of the montmor i l l o n i t i c  c lays i n  the tu ffs . 
When wet , a s  dur i ng h eavy ra i ns ,  these surfaces  become gumbo -l i ke in consi stency and a l most i mposs i b l e  
of traverse b y  e i th er foot o r  veh i c I e .  

I n  the nor thwesternmost part of the quadra ng l e ,  be low th e c l i ffs of Co l u mbia R iver basa l t , a key 
bed is mapped w i th dashed l i nes a nd the symbo l i .  T h i s  mar ker bed is one  of th e i g n i mbri te l a yers so we l l ­
exposed fa rth er sou th a nd west out of the quadrang l e  i n  the Pa i nted H i l l s (F igure 1 ) . I t  is recogn i za b l e  
h ere a nd i s  mapped i n  th e l a nds l ide b l ocks s o  common t o  th i s  par t  o f  the quadrang l e . T h i s  u n i t  i s  corre l a ­
t ive t o  Ha y ' s  ( 1 962) i g n i mbr i te u n i t  o f  th e m idd l e  member o f  th e J oh n  Day Forma t ion . 

The ign i mbr i te i s  approxi mate l y 50 feet  th i c k  a nd consi sts ch i ef ly  of an apha n i t i c  very l igh t gray  
(N 8) to  very pa l e  orange ( 1 0 YR 8/2) ma tr ix wh ich  conta i ns a n  occas iona l fe l dspar phenocrys t ,  l i th i c  
fragment, or recogn i za b l e  co l la psed pum ice  fragment . A grea t  ma ny pa l e  ye l l ow i sh brown ( l OYR 6/2) , 
a ngu l a r  to rounded , stony i n c l us ions are fou nd to be large ax io l i tes or compou nd spheru l i tes of a l pha 
cr i s toba l i te a nd a l ka l i  fe l dspar  wh i ch have devel oped i n  the matr ix  as a resu l t  of dev i tr i fi ca t ion . Some 
of the sph eru l i tes a re  rou nd (F i gure 3 l a ,  3 1  b) a nd have destroyed th e v i troc las ti c  textu re of th e ma tr ix in 
wh i ch they a ppa ren t l y  grew; some ax io l i tes have obv ious l y  deve loped from shards and bubb l e  wa l l s (F i g ­
u r e  32a , 32b) . O ther l a rge ( u p  t o  7 mm i n  l e ngth o r  d iameter) i rregu l a r  axi o l i tes o r  spheru l i tes have 
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1 mm 

Figure 3 l a. Middle John Day ignimbrite: axiolites , a large simple 
spherulite and a compound spherulite partially replaced by calcite. 
Nicols parallel. 

1 mm 

Figure 3 l b. Same as Figure 3 l a  but with nicols crossed; spherulitic 
needles are cristobalite and sanidine , the irregular anisotropic 
masses are calcite. 
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1 mm 

F i gure 32a . Midd l e  Joh n  Day i g n imbr i te: ax io l i tes a nd  sph eru l i tes , 
both compou nd a nd si mp l ei some grow i n  shards a nd  bubb l e  wa l l s ,  
some have expa nded i n to th e ma tr ix  o f  sma l l er shards a nd  dust . 
N i co l s  pa ra II e l . 

l mm 

F i gure 32b . Same as  F i gure 32a bu t w i th n i c o l s  crossedi the need l es 
of the sph eru l i tes a nd ax io l i tes are a l pha cr i stoba l i te and  sa n i d ine i  
th e sma l l  equan t  a n i sotrop ic  pa tches are ca l c i te gra i ns rep la c i ng 
the g l a ss of the ma tri x .  

39 
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star ted w i th a shard , bubb l e  wa l l  or pum ice  fragment  as a n uc l eu s  bu t have grown enormou s l y  (F i gu re  32a , 
32b) , expand i ng  i n to the ad jacent  ma trix of fi ne  shards a nd g l a ss dust a nd l os i ng muc h  of the i r  or i g ina l 
sha pe . A ra ther poor eutax i t i c  texture i s  v i s i b l e  i n  the more f i rm l y  we l ded parts of the roc k .  T he  ma tr ix 
surrou ndi ng the ax io l i tes a nd spher u l i tes i s  common l y  part ia l l y g l a ssy and in part rep l a ced by ca l c i te . 
A l ter i ng maf ic  l i th i cs supp l y  th e ferr i c  ox ide a n d  hydrox i de wh ich  g i ve the roc k  i ts pa l e  orange  to ye l l ow ­
i sh brown ti n t . 

The fo l l ow ing  i s  th e composi te of severa l moda l a na l yses on th e m i dd l e  J oh n  Day i g n imbri te: 
95 percent g la ssy matr ix , now part ia l l y dev i tr i fi ed or rep la ced by ca l c i te 

4 percent  l i th i cs 
1 percent  o l igoc l a se 

Tr  anorthoc lase 
Tr  q uartz 

1 00 percent  
Chem ica l a na l yses of two samp l es of th e m i dd l e  J oh n  Day i gn i mbr i te i n  the Mitche l l q uadra ng l e  

a n d  the no rmat ive m i nera l s  der ived therefrom are g i ven i n  Ta b l e 4 .  
I f  fi tted i n to th e J ohannsen c l ass i fi ca t ion  on  th e ba s i s  o f  normat ive ra ther tha n  moda l m i nera l com­

posi t ion , th e Joh n  Day i gn i mbr i te fi ts best  i n to C l ass 2 ,  Order 2 ,  Fa mi l y  7 rhyodac i te ,  or poss i b l y  
C l ass 2 ,  O rder 1 ,  Fami l y  7 soda c lase rhyodac i te . 

H i gh i n  the sequence , i n  sect ion 34 , T .  1 0  S . ,  R .  2 1  E . , benea th the c l i ffs of Co l umb ia  R i ver 
basa l t  a nd  at the hea d of an extens ive ped iment , th e tu ffaceous c l aystones a nd tuffs a re  succeeded by f l u ­
v i a l  sa nds a nd grave l s  more tha n  200 feet th i c k .  T h e  grave l s ,  genera l l y  not we l l e nough i ndura ted to be 
ca l l ed cong l omera tes ,  are we l l -bedded,  th e bedd i ng be i ng  emphas ized by sor t i ng , by norma l grad i ng , by 
sharp scou r-a nd -fi l l  contacts w i th under l yi n g  tuffs , a nd by l oca l cross-bedd i ng . The l a rger  c lasts ,  ma i n l y  
subrou nded fi ne pebbl es to bou l ders , a re enc l osed i n  a ma tr ix  o f  tuffaceou s ma ter ia l s  a nd l i th i c  a n d  m i n ­
era l fragments . Most of the l a rger fragments a re  composed of o l der C la rno andesi te , bu t some l i gh t green 
chert  suggests a contr i bu t ion from an o l der terra i n . The th i n-bedded , fi ne- to medi um-gra i ned sardstones 
conta i n  fe l dspa r  and  g lass fragments ,  gra i n -supported i n  a tuffa ceou s ma tr ix . Th ere are ra re fragments of 
opa l i zed bone . The beds ra nge from l am i na ted to 1 8  i n ches th i c k ,  but most are l ess than 1 2  i n ches . 
Wi th i n  th i s  u pper f l uv ia l seq uence are two d i screte l ayers u p  to 6 i n ches th i c k ,  fu l l  of g la ss shards, b l ebs 
a nd bu bb l es ,  some sa nd-s i zed gra i ns of quar tz ,  a nd some pum i ce . Whether th ese two th i n  l ayers are 
extens i ons  of i g n i mbri tes has not been ascerta i ned . 

The di fferences i n  th i c kness of the Joh n  Day Forma ti on  from p l ace  to p l ace  i n  th e q uadra ng l e  a n d  
the over l a p  of o l der C l arno roc ks b y  sed i ments i nd i ca te tha t h i gh re l i ef had deve l oped on  the o l der roc ks 
a nd tha t  bas i ns ,  separa ted by i n terven i ng h i gh area s ,  beca me l oc i  for J ohn  Day deposi t ion . S tra ti graph i c  
and petrograph i c  studi es by Merr ia m ( 1 90 1 ) ,  Ca l k ins  ( 1 902) , Co l ema n  ( 1 949) , Wa ters ( 1 954) , Peck ( 1 960 ,  
1 964) , F i sh er a nd  Wi  I cox ( 1 960) , and  Hay ( 1 962) , as w e l l as  by  the a u thors , c l ear l y  i nd icate tha t  th e 
J oh n  Day Forma t ion i n  the P i cture Gorg e ,  Pa i n ted H i l l s a nd  Mitche l l a rea s  cons i s ts la rg e l y  of a c i d i c  pyro­
c last i c debr i s  of  a i r -fa l l  or ig i n . The  or i g i na l  surface  l ayers of ash were common l y  moved off h i l l s a nd i n to 
bas i ns by sheetwash , r unn i ng wa ter a n d  w i n ds; m ixed w i th o l der surface  debr i s ,  large l y  C l a rno; and  
rewor ked by roots a nd burrow i ng orga n i sms . Accumu l a t i on appea rs to  have  been s l ow enough to  a l l ow 
wea theri ng  processes to a l ter much of the g l ass to c lay  (Hay 1 962) . Th i c k  ash -fa l l  deposi ts cou l d  surv i ve ,  
a t  l eas t  i n  pa rt , i f  depos i ted i n  a q u ie t  bas i n  and  occasiona l a s h  f l ows s upp l ied i g n imbr i te mar ker beds to 
the sequence . Ev idence of an occasiona l l a ke or swa mp ca n be seen in th e presence  of th i n l y  bedded c lay­
stones and l i gn i tes . 

C o l u m b i a  R i v e r  G r o u p ( T c r )  

The ma jor ou tcrop area of Co l u mbia R i ver ba sa l ts i n  the Mi tch e l l q ua dra ng l e  i s  i n  th e north th i rd  
of the map a rea where th ese i mpress ive c l i ff- a nd l edge-form ing  l ava f l ows form  a vas t  p i l e  i n  th e core  of  
the S utton  Mou nta i n  sync l i ne  (F igure 33) . R i s i ng a bove th e pedi ments a nd la nds l i des deve l oped on the 
u nder l y ing John Day roc ks , the l ava f lows form g ian t  sta ircases of na rrow benches a nd h igh c l i ffs ( F igu re  
34) , s i ng l e  exa mp l es of wh i ch exceed 200 feet i n  he i gh t . The c l i ffs and  l edges a re traversed by  deep a nd 
steep g u l l i es wh i ch , dur i ng  t i mes of ra i n  and  me l t i ng snow , d i sp lay spec ta c u l a r  waterfa l l s .  Even du r i ng 
the dry season l oca t ions of such ephemera l wa terfa l l s  are marked by ver t ica l s trea ks v i s i b l e  from great d i s­
tances ,  th e strea ks accen tua ted by  sa l ts a nd l i chen . 
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Figure 33. Looking north down Girds Creek at Picture Gorge basa l t .  
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At the top of the set of flows forming Sutton and Horse Mountains there ore sweeping dip slopes 
which form o wide and long summit bowl-shaped depression, interrupted by steep-walled box canyons, 
the results of deep dissection . Both Girds Creek and, farther to the northeast, Shoofly Creek traverse 
the flows and join the John Day River farther north after descending by numerous rapids through steep­
gradient canyons. 

Columbia River basal t  also is found in some of the major landslide areas adjacent to Sutton and 
Horse Mountains and farther to the east. Tota l l y  isolated from these major outcrops, in the southeastern 
port of the quadrangle, lies the Thorn Hollow syncline. For smaller than the Sutton Mountain structure, 
this local flexure, with o sequence of the Columbia River Group about 300 feet thick preserved in its 
core, is surrounded by landsl ides composed of John Day and Clarno rocks. In the southeosternmost port 
of the quadrangle and also along the south border there ore isolated fau l t  b l ocks surmounted by Columbia 
River basa l t .  

Al though mopped here os the Columbia River Group, these lovo flows ore probably correlative with 
those flows mopped farther east os the Picture Gorge Basalt. 

The thi ckness of the formation in this quadrangle is variab l e .  However, in the largest outcrop area, 
that of Sutton and Horse Mountains, the thickness is remarkably constant, ranging only between 900 and 
1 000 feet . The gentle di ps, the high c l i ffs formed by individual flows, and the staircase effect a l l  give 

o topographic signature of mesas, buttes, and box canyons, a topography distinctive and different from a l l  
of the ol der units i n  the quadrangle. 

From a distance the pervasive colors of the stocked flows ore pole red purple. Closer to the out­
crops, grayish red is dominant, and many of the flows ore characterized by o yellow mott l i ng, the result 
of o profuse growth of o lichen. Columnar jointing is prevalent and characteristi c .  Giant columns, com-
monly well  formed and ranging up to three feet in diameter, ore usually present. Blocks and irregular 
fragments derived from the weathered columns, plus some platy basaltic debris, l i tter steep talus slopes 
beneath the c l iffs. Light gray or whitish sal t-streaked chutes or streaks on many of the c l i ffs mark inter­
mittent streams and waterfa l l s .  On some of the steep talus slopes there ore numerous basalt  streamers sep­
arated by gross- or sagebrush-covered lobes . Much of the rubble at the foot of c l i ffs is  vesicular and 
some is c l i nker-like os in oo-type basalts. 
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Picture GorCJe 
basalt 

John Day - -

-- --t� �-- -
---- �� 

Figure 34. Picture Gorge basalt flows o f  Sutton Mountain rise above bedded John Day 
tuffs. Bridge Creek. 
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The th i c k  sta ck  of f l ows preserved in S utton and  Horse Mou nta i ns and th e th i n ner sequences of th e 
Thorn Ho l l ow sync l i ne and  sou th ern fa u l t  s l i ces , cou p l ed w i th the fa c t  tha t th e h i ghest pa rt  of the Ochoco 
Range , south of the q uadra ng l e ,  i s  su rmounted by Co l u mbia R iver f l ows,  suggest strong l y  tha t a t  one t i me 
the ent i re quadra ng l e  was covered by these f l ows . 

Where th e basa l f low ca n be seen i n  contac t  w i th the u nder l y i ng J oh n  Day roc ks the basa l t  rests w i th 
a ngu l a r  d i scorda nce on a n  eroded surface ;  however , a t  most p l a ces the contac t  i s  obscured by steep ta l us 
cones of basa l t  rubb l e  stream i ng down from the c l i ffs a bove . Ma ppi ng of the contac t  i s  best accomp l i sh ed 
by us i ng the pronounced brea k i n  s l ope between c l i ff-formi ng f low a bove a nd ta l u s-strewn John  Day be l ow . 
I n  the north ha l f  of th e quadrang l e  where Co l umbia R i ver ba sa l t  i s  th e dom i na n t  roc k type , i t  is the you ng ­
est u n i t  exposed . O n l y  i n  th e sou theasternmost pa rt o f  the ma p area , i n  sees . 1 3  a n d  24, T .  1 2  S ., R .22 E . , 
a nd sec . 1 9, T .  1 2  S . ,  R .  23 E .  i s  th e Co l u mbia R iver Group over l a i n  by a younger roc k u ni t .  I n  th ese 
sec t ions a th i n  wedge edge of the Ratt l esna ke i g n i mbr i te l a ps onto the o l d  topogra ph y .  

Petrography 

Wa ters ( 1 96 1 ) reported tha t  the P i c ture Gorge basa l ts ,  th e proba b l e  l a tera l corre l a t i ve of the Co l u m ­
bia R i ver basa l ts of  th e Mitche l l  q uadra ng l e ,  a r e  character i zed by 5 percent  o l i v i ne ,  t h e  presence of sap­
on i te (green smect i te) a fter o l i v i ne , a nd a bu nda nt ch l orophae i te .  H e  gave a n  average mode of: 

P l ag ioc lase 39 . 2  percent  
Pyroxene 37 . 5 
O l i v i ne  ( i nc l . sa pon i te) 4 .  7 
G lass 6 . 3  
Ch l orophae i te 5 . 3  
Opaques 6 . 3  
Zeo l i tes 0 . 6  

99 . 9  percent  
Co l umbia R i ver ba sa l ts in  the ma pped area c l ose l y  resemb l e  th e roc ks descr i bed by Wa ters , a l though 

g l ass is  a bsent or has been comp l ete l y  a l tered . Wh ere fresh , th ey have a n  o l ive b l a c k  co l or , the texture 
is d ia bas i c  to oph i ti c, and the roc k i s  ho l oc rysta l l i ne . Two moda l a na l yses of  typi ca l basa l ts show :  

KF0 - 1 702 KF0 - 1 702-b 
Labrador i te (A n58_64 ) 5 1  percent 48 percent  
Aug i te 3 1  39 
O l i v i n e  l l 
Magnet i te  3 6 
Ch l orophae i te  a nd green smect i te 1 4  6 

l 00 percent l 00 percent 
O l iv i ne probab l y  shou l d  be much h i gher ,  but th e crysta l s  have been pa rt l y  to tota l l y a l tered to 

green smec t i te . I t  i s  probab l e tha t  o l i v i n e  once formed a t  l ea st 5 percent  of the roc k .  A ug i te a l so i s  
a l tered,  ma ki ng i t  d i ff i cu l t  t o  determi ne th e or i g i na l  a mou nt .  

R a t t l e s n a k e  I g n i m b r i t e  ( T r )  

T he  Rat t l esna ke Forma t i on i s  represented o n l y  by i ts i g n imbr i te member , wh i ch var ious ly  l i es u pon  
C larno,  Joh n Day ,  a nd Co l u mbia R i ver roc ks i n  t he  sou theastern corner of  th e q uadra ng l e . The  i g n im­
br i te i s  a bout 25 feet  th i c k  a t  a max i mu m  (F i gure 35) . Th e basa l two t o  three feet i s  l i g h t  o l ive gray ,  
poor l y  we l ded , a nd r i ch  i n  l i th i c  fragments p i c ked up  from th e u nder l y i ng  rego l i th (F i gure 36) ; th e m i dd l e  
part i s  ye l l ow i sh gray ,  a nd i s  f i rm l y  we l ded w i th a good eutaxi t i c  stru c ture;  the u pper par t  i s  f irm l y  
w e l ded,  i s  pi n ki sh gray to pa l e  red , a nd  h a s  a we l l-deve loped eutax i t i c  structure wh i ch resu l ts i n  a 
s l a bby surfa ce . L i th i c  frag ments ca n be found  throughout th e ent i re  th i c kness , but th e c lasts a re  l arger 
a nd more numerou s a t  th e base where th ere are cobb l es u p  to 8 em  i n  d ia meter . T he  i gn i mbr i te  is made 
up l a rge l y  of g lass shards , bu bb l e wa l l s ,  a nd pu m ice  fragments . The pu m ice  fragmen ts are genera l l y under 
2 em in  l ength . 
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Figure 35. Rattlesnake ignimbrite ledge-former and coprock surmounting mesa east 
of Marsha I I  Creek. 

Petrography 

The texture of the ignimbrite is vitroclastic w i th a fair microscopic eutaxitic structure (Figure 37) . 
Glass, both brown and c l ear i n  about equal proportions, forms 93 percent of the rock; l i thic fragments, 
largely clasts of mafic volcanics, form 6 .  25 percent; and phenocrysts of euhedral to subhedral anortho­
clase, quartz, magnetite, and iron-rich augite compose the remaining 0 . 75 percent. The only abundant 
phenocrysts are anorthoclase and quartz, which occur in a ratio of 85 anorthoclase to 1 5  quartz. The 
orthoclase to albite ratio i n  the anorthoclase is Or3oA b70 · 

A chemical analysis of the ignimbrite cap rock in the S E  1/4, sec. 7, T .  1 2  S . ,  R .  23 E .  is shown 
in Table 4 along with the normative minera l s .  The analysis given is the dry weight percent recalculated 
to 100 percen t .  The total iron content is given as Fe203 and a l l  l ithic fragments were removed from the 
sample prior to analysis. 

In a rock which is both chemica l l y  simple and consists of 99 percent glass i t  is thought advisable to 
treat the norm as the mode and classify the rock according to the c lassification of Johannsen ( 1 93 1 ) .  This 
procedure places the rock in Class 1 ,  Order 1 ,  Family 7 eruptive and suggests the name leuco-sodaclase­
rhyodacite. 
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P e t r o g r a p h y o f  M a j o r  I n t r u s i o n s  

S evera l con ica l topograph i c  h ighs i n  th e Mi tch e l l quadra ng l e  are  p i ston i ntrusions or p l ugs  of com­
pact  and  resistan t  i gneous roc ks . Addi t iona l l y  th ere are large i rregu la r  i n trus ions , s i l l s ,  a nd di kes . 
Because th ese rock masses d i ffer w ide l y  i n  th e i r  c lass i fi ca t ion i t  is though t best to spec i fy each ma jor 
i n trus ive fea ture a nd name and  descr ibe  th e rock type . Chemica l a na l yses and  der i ved norma t i ve compo­
s i t ions for these i n trus ive rocks are g iven i n  Tab l e 5 .  

Ta b l e  5 .  Chem ica l a na l yses a n d  norma t ive compos i t i on of th e ma jor i n trus ions 

Wh i t e  B ut t e  T o t e - G oa t  Marsh al l B ut t e  T ony B ut t e  S argent Butte 
Comp onent An de s i t e  An de s i t e  Me l ab a s a lt Daci t e  L e u c orhy o l i t e  

S i 0 2 6 3 . 0 0 6 0 . 4 0 4 6 . 3 0  7 3 . 0 0 7 8 . 2 0  

T i 0 2 . 6 8 . 9 0 2 . 0 0  . 1 4 . 0 5 

A l 2 0 3 1 8 . 8 0  1 8 . 3 0  1 2 . 7 0 1 6 . 3 0 1 4 . 0 0 

Fe 2 o 3 l .  0 8 2 . 4 1 2 . 2 8 

F e O  3 . 2 0 3 . 1 9 6 . 8 7 l .  4 0  . 7 0 

MgO l .  7 0  2 . 3 0 1 0 . 2 0 . 8 0  

CaO 4 . 8 0 6 . 5 0 1 2 . 6 0 2 . 6 0 . 2 0 

N a 2 o 4 . 4 0 4 . 3 3  4 . 9 0 4 . 0 5  l .  7 0  

K 2 0 l .  9 0  l .  2 0  l .  6 0  l .  4 5  4 . 8 5 

N o rmat i ve C om;eo s i t i on 

Q z  1 5 . 6 6 1 3 . 2 6  3 6 . 4 2 4 8 . 6 6  

O r  1 1 . 1 2  7 . 2 3  9 . 4 5  8 . 3 4 2 8 . 9 1 

Ab 3 7 . 2 0 3 6 . 6 8 . 5 5 3 4 . 0 6 1 4 . 1 5 

An 2 3 . 9 1 2 6 . 6 9 8 . 6 2 1 2 . 7 8 1 . 1 1 

c . 7 1 3 . 4 7 5 . 5 0 

N e  2 2 . 1 5 

Di 4 . 5 4  4 3 .  0 2  

Hy 8 . 0 0 5 . 9 5  4 . 2 4 l .  3 2  

0 1  8 . 7 6 

Mt l .  6 2  3 .  4 8  3 . 4 8 

Il l .  3 7  l .  6 7  3 . 8 0 . 3 0  
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l m m 

F i gure 36 . Ra tt l esna ke i g n imbr i te from th e ca prock a l ong U . S .  26 
i n  sec . 7 ,  T .  12 5 . ,  R .  23 E .  Th e porous ,  poor l y  we l ded l ower 
two feet  of th e i g n i mbr i te sh eet: g l ass shards  a nd bubb l e  wa l l s of  
both c l ea r  and brown g lass ,  i n terst i t ia l brow n ish g lass dust , a 
reddish opaqu e  l i th i c  fragment composed of a l tered ma fi c vo l ca n i c  
roc k .  Pa ra l l e l  n i co l s . 

1 mm 

F i gure 37 . Ra tt l esna ke i g n imbri te , same l oca l i ty as F i gure 36. F i rm l y  
we l ded m i dd l e  pa rt o f  th e i g n i mbr i te sheet exh i b i t i ng good eutax­
i t i c  textu re ,  a f l a ttened pu m ice  fragmen t ,  c l ear a nd brown g l a ss 
shards and  bu bb l e  wa l l s ,  two opaque  l i th i c  frag ments of a l tered 
ma fi c vol ca n i cs . Para l l e l  n i co l s . 



STRATIGRAPHY: TERTIARY ROCKS 

Ochoco Mts. 

�------/ 
---, 

Canyon 

Figure 38. Meyers Canyon. Older a l l uvium of volley floor is being dissected, forming 
a deep box canyon . White Butte piston intrusion and Ochoco front in distance. 
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Wh i te Bu tte a ndes ite (T ia)  

Th is h uge p i ston i ntrusi on  forms th e h ighest and  l argest of the con i ca l  i ntrus ions in the area (F i gure 
38) . The  typi ca l Wh i te Bu tte a ndesi te i s  l i gh t o l ive gray (5Y 6/ 1 )  and weath ers to a dark ye l l ow i sh brow n 
( 1  0-YR 4/2) . I t  i s  porphyr i t i c  but ser i a te w i th euh edra l to su bhedra l phenocrysts of l a bra dor i te up to 2 mm 
l ong ,  g reen hornb l ende up  to 7 mm l ong , a nd sma l l er a ug i te ,  i n  a ho l ocrysta l l i n e  gra nu lar  groundmass of  
sma l l  a ndes ine or la brador i te l a th s  a nd andesi ne m ic ro l i tes w i th l ess common aug i t e ,  mag net i te , qua rtz , 
a nd  hornb l ende . The  hornb l ende i s  common l y  r immed w i th dar k  mag neti te borders and  th e p l ag i oc l ase 
a l tered to ca l c i te and green smecti te . An  average of severa l moda l a na l yses y i e l ded: 

P lag i oc la se 82 percent 
Aug i te  5 
Hornb l ende 5 
Magnet i te 4 
Quartz 4 

1 00 percent  

Andesite d i kes ,  s i l l s ,  a nd  i rregu la r  i ntrus i ons (T ia )  

I n tru d i ng both th e Creta ceous a nd  C larno sequences are a number of d i kes (F i gure  39) , s i l l s  (F i g ­
ure  40) , and  i rregu l a r  i n trus i ons (F i gure 4 1 , 42) whose texture a nd m i n  era logy a r e  s o  s im i la r  to tha t  of  th e 
C l arno f l ows tha t  th ey are consi dered comagma t i c . Ma ny of th ese i n trus ions are found  a l ong th e ax i s  of 
th e M i tche l l  a nt i c l i n e ,  thu s  ga i n i ng for th em the term "axia l i n tru s ions . "  

The  textures , co l ors , a nd m i nera l ogy d i ffer somewhat  w i th th e s i ze a nd  coo l i ng h i s tory of  the i n tru ­
s ive  masses , bu t a genera l descr i pt ion of  a more or l ess typ i ca l representa t ive of  th i s  group  can  be g i ven . 
S u ch a roc k i s  l i gh t  o l ive gray (5Y 6/1 ) ,  porphyr i t i c ,  w i th phenocrysts o f  la bra dor i te ,  a ug i te ,  a nd  rare 
hypersth ene and/or hornb l ende in an a pha n i t i c  p i l o tax i ti c  groun dmass . The groundma ss m i nera l s  cons i st 
of  a ndes i ne m ic ro l i tes a nd a nh edra , sma l l  gra i ns of a ug i te and  mag net i te ,  a nd traces of quartz or g l a ss . 
Green smec ti te a n d  ca l c i te are  common a l tera ti on  products . For th e ho l ocrysta l l i ne var i et i es th e p l ag io­
c l ase content ra nges between 72  and  85  percent . 

Tote-Goat H i l l  a ndes i te (T ia)  

The  mu l t i p l e d i kes form i ng th e bac kbone of th i s  i so l a ted h i l l  a re aphan i t i c  but  ho l ocrysta l l i ne w i th 
a pi l otaxi t i c texture . They common l y  a re da r k  ye l l ow i sh brown ( 1 0YR 4/2) , a l though a l i m i ted pa tch 
formi ng the sou th ernmost pa rt of the outcrop is gray i sh ye l l ow green (5GY 7 /2) . A ndesi n e  l a th s up to 
0 . 25 mm l ong are set i n  a f iner  ma tr i x  of fe l dspa r  m i cro l i tes a nd anhedra l gra i n s ,  q uar tz ,  magnet i te ,  and  
a brown smect i te form ing  from pyroxene a nd proba b l e  b iot i te . A modest a mount  of ca l c i te a nd kao l i n i te 
rep la ces fe l dspar , a nd ghosts of comp l ete l y  resorbed hornb l e nde are present . The mode  is :  

Basa l t  or d iaba se di kes (T i b) 

A ndes i ne  (An35 ) 75 percent  
S mect i te 1 5  
C l i nopyroxene 4 
Magnet i te  5 
Quartz 3 

fo2 percent 

Two ma j or d i kes , one of w h i ch has  been w i de l y  offset by the Mi tch e l l fau l t ,  are so s i mi l a r  i n  tex­
ture a nd mi nera l ogy tha t th ey are consi dered togeth er . The la rger of the two is fou nd in th e Keyes Creek 
a rea north of the Mi tch e l l  fau l t  a nd i n  the N e l son Creek a rea sou th of th e fa u l t . Th i s  d i ke va r i ou s l y  cu ts 
Creta ceous and  U pper C la rno roc ks . The  second d i ke ,  i mmedia te l y  west of the a i rstr i p north of Mi tche l l ,  
not o n l y  cu ts roc ks of Creta ceous age bu t ,  as a res i s ta nt u n i t ,  h o l ds u p  th e sweepi ng ped i ment deve l oped 
on th e Ma i n  Mudstone Member of th e H udspeth Forma t ion . 



STRATIGRAPHY: TERTIARY ROCKS 

Figure 39. Sma l l  Clarno andesite dike traversing Hudspeth mudstones, si ltstones, and 
thin sandstones . Johnson Creek Rood. 

Figure 40. Bose of the Nelson Creek s i l l  in sharp contact with Hudspeth mudstones . 
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Figure 4 1 .  Mitchell Rock, on irregular intrusion of Clarno andesite into Hudspeth 
mudstones. 

Figure 42. Irregular contact between Clarno andesite intrusion and Hudspeth mudstones. 
Axial intrusion, Meyers Canyon area. 
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Th ese d i ke roc ks a re medi u m  dark gray (N4) and  fi n e l y  crysta l l i ne . La bra dor i te (A n6o) and  p igeon­
i te ,  i n  gra i ns a n d  l a th s  u p  to 1 mm i n  l ength bu t averag i ng  n earer 0 . 5 m m ,  are assoc ia ted i n  a d iabas ic  
textu re . C h l orophae i te ,  g reen  smec t i te ,  o l i v i n e ,  opaques , and  a l i tt l e quartz make up  the rest of th e 
rock . Ca l c i te i s  a common a l tera t ion produc t . The  average mode i s: 

Marsha l l  Bu tte me l abasa l t  (T i b) 

Labrador i te (An60) 58 percent  
P igeon i te 26 
Ch l oropha e i te a nd  8 

green smec t i te  
Opaques 6 
O l i v i ne  2 
Quartz Tr 

1 00 percent  

The  i n trusi ve roc k of th i s  l a rge con i ca l mass (F igure 43) i s  brow n i sh b l a c k  (5YR 2/ 1 ) .  Th e rock i s  
porphyr i t i c  (F igure 44) w i th phenocrysts of  euh edra l to subhedra l a ug i te and  o l iv i n e ,  u p  to 1 mm i n  dia m­
eter , i n  a gra nu l ar ma tr ix of sma l l er pyroxene gra i ns ,  magnet i te ,  rare  o l i v i n e ,  a n d  a nh edra l i nterst i ti a l 
l a bra dor i te . The o l iv i n e  i s  part l y  a l tered to i dd i ngs i te and  a green smect i te , a nd vesi c l es a re common l y  
fi l l ed w i th green smect i te . Moda l a na l yses y i e l d : 

Aug i te 
O l i v i n e  
Labrador i te (A n59) 
Mag net i te 

7 1 perc ent 
1 2  
9 
8 

1 00 perc ent 
S ma l l i n trus ions of a si m i l a r  me t a ba sa l t  a l so have been ma pped west of Marsha l l  Bu tte i n  sec . 30, 

T .  l l  S . ,  R .  22 E .  and in sees . 1 9  and 20, T .  l l  S . ,  R .  2 1  E .  on th e West Fork o f  Br idge Creek . 

Tony Bu tte da c i te (T i d) 

T h is dac i te p l u g ,  wh i ch tra nsects both the Permia n metasedimen ts a nd Creta ceous roc ks , i s  ye l l ow ­
i sh gray (5Y 7/2) a nd porphyr i t i c  w i th fe l dspa r l a th s  u p  to 4 m m  long i n  a n  a pha n i t i c  groundmass . A few 
ragged b iot i te l a th s ,  now extensi ve l y  a l tered to brown smec t i te , a n d  rare pseudomorphs of wha t  used to 
be hornb l ende bu t now are ma sses of magnet i te ,  fe l dspa r ,  a nd  green c h l or i t i c  mater ia l ,  can  be fou nd . A 
p i l otax i t i c  groundma ss of fe l dspa r  m i cro l i tes , qua rtz , a nd a nh edra l i n tersti t ia l fel dspa r  i s  so fi n e  a s  to 
ma ke di ffi cu l t  th e a ccura te i den t i fi cat ion  of th e fe l dspar . S parse hypersthene a nd magneti te ca n be seen . 
The  a pprox ima te moda l ana lys i s  i s :  

Sargent  Bu tte l eucorh yo l i te (T i r) 

A ndes i ne (A n33) 
Quartz 
B iot i te  
Rema i nder 

62 percent  
32 
6 

Tr 
1 00 percen t  

A dis t i nct ive pa l e  ora nge ( 1 0YR 8/2) roc k occ urs i n  Sargent Bu tte , a con i ca l i n trus ive ma ss ,  a nd  
i ts sma l l er ,  i rregu l a r  sa te l l i te s ,  a s  we l l as i n  Sa nd  Mou nta i n  t o  the west a nd va r ious i rregu l a r  i n trus ions 
i n  the axia l reg ion  of th e Mi tche l l a nt i c l i ne a nd a l ong th e Mitche l l  fa u l t . T h i s  a pha n i t i c  rock conta i ns 
ma ny very fi ne pores or vesi c l es a nd numerous m i nu te spec ks of l imon i te . T h e  vesi c l es average abou t 
1 mm i n  d ia meteri some are empty , oth ers are fi l l ed w i th c ha l cedonyi subh edra l quartz c rysta l s  extend 
i n to ma ny ves i c l es .  The  overa l l  texture i s  xenomorph i c  gra n u l a r  (F igure 45 a ,  b) w i th gra i ns 0 . 1 mm or 
l ess i n  d iameter . S ph eru l i t i c  masses of qua rtz near 1 mm in d iameter are common . The ma jor  m i nera l s  
a re  qua rtz a nd a n  a l ka l i  fe l dspar . L imon i te sta i ns a nd some l a th - l i ke ma sses of a c h l or i t i c  m i nera l  i nd i ­
ca te th e former presence  of some ferromag nesia n m i nera l a nd perha ps magnet i te . The  fe l dspar i s  i n  pa rt 
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Figure 43. Keyes Creek Volley: sweeping pediments, mainly carved in mudflows, 
descend from Marshall Butte, o melobosol t intrusion. 

1 mm 

Figure 44. Marshall Butte melabosolt: phenocrysts of subhedral to 
euhedrol olivine and augite and anhedral labradorite in o ground­
mass of smaller augite grains, magnetite ond some anhedral labra­
dorite. Para l lel nicols. 
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1 m m  

F i gure 45a . Sargen t Bu tte l eucorhyo l i te: confu sed mass of a nh edra l 
q uar tz a n d  m i nor anorthoc l ase w i th many vesi c l es .  N i co l s  
para l l e l . 

1 m m  

F i gure 45b . Same as F i gure 45a but  w i th n i co l s  crossed . 
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a l tered to kao l i n i te. An  X -ray d i ffra ct ion pa ttern of a po l i sh ed spec i men y ie l ded pea ks cons i s tent w i th 
a n  i dent i fi ca t ion of th e fe l dspar a s  a northoc la se . 

The  very f i ne  texture of th i s  roc k made i t  imposs i b l e  to obta i n  a re l ia b l e  moda l a na l ys i s , so i ts 
c l ass i fi cat ion  was determi ned i n  th e sa me fash ion a s  th e g lassy rocks . Us i ng th e norma t ive m i nera l  com­
posi t ion g iven i n  Ta b l e  5 a s  th e mode ,  i t  i s  best c l ass i fi ed as a l eucorh yo l i te . 

S TRU C TU R E 

I N TRODUCT I O N  

The Mi tch e l l guadra ng l e  l i es on  th e north fl a n k  o f  th e east-west trendi ng O choco Range . Immed i ­
a te l y  sou th o f  th e g uadra ng l e  a ser i es o f  ant i th eti c step fau l ts para l l e l  t o  th e mounta i n  fron t  l i fts su c cess­
ive l y  h igher b locks to th e su mm i t  of th e ra nge . W i th i n  the gua dra ng l e  some s im i l a r  bu t mi nor step fau l t i ng  
i s  fou nd i n  the sou thernmost pa rt . I n  th e Mitche l l  g ua dra ng l e  th e ma jor struc tu ra l fea tures a re  a pro­
nounced nor th east-southwest-str i ke of the forma t ions , a g i an t  sync l i ne prom inent i n  the Co l umbia R i ver 
Grou p i n  th e northern par t ,  a sma l l er sca l e  sync l i n e  i n  th e south east  corner , a n d  a comp l ex l y  fau l ted and 
i n truded an t i c l i ne i n  th e center of th e guadra ng l e  (F i gure 46) . Th e north eas t-southwest trend  i s  accen­
tuated by  th e Su tton Mounta i n  sync l i ne on th e northwest,  th e M i tch e l l a nti c l i n e  i n  th e c en tra l reg ion , 
a n d  the Thorn Ho l l ow sy nc l i ne to th e sou th east . Th i s  s imp l i fi ed overv i ew of th e struc ture does not ta ke 
i n to a ccou n t  addi t iona l fa u l t i ng , ti l t i ng ,  a nd i n trus ions wh i ch comp l i cate th e s tru c ture . 

T he  pr i n c i pa l  fau l ts a re th e l a rge-sca l e  M i tch e l l str i ke -s l i p  fau l t  trend i ng  ea st-west across the 
south ha l f  of the gua dra ng l e ,  and  th e north ea st-trend ing  Meyers Ca nyon fau l t .  Numerous  i n trus i ons , 
espec ia l l y i n  the axia l reg i ons of th e Mitch e l l a n t i c l i ne ,  have made th i s  reg ion of o l der roc ks struc tura l l y 
comp l ex . The deve l opment of th e ma j or sync l i nes ,  th e i n terven i ng an t i c l i n e ,  a nd th e su bord i na te fa u l ts 
a n d  fau l t -contro l l ed i ntrus ions  w i l l a l l  be d i scussed i n  th e seguent ia l narra t ive  of the sec t ion on G eo l og i c  
H i story . The  one ma jor struc tura l fea ture t o  b e  descr i bed i n  some deta i l  h ere i s  t h e  M i tc he l l fa u l t .  

M ITCH ELL  FA ULT 

The  ma jor frac ture of th e g ua dra ng l e  i s  th e M i tch e l l fau l t .  Th i s  promi nen t  l i nea men t ,  wh ich  shows 
u p  rema r kab l y  on aer ia l photograph s ,  i s  defi ned by i ntrus ions wh i ch sharp l y  a bu t  i t  th rough much  of  i ts 
l e ng th . Th e fa u l t  produ ces str i ki ng stra t i gra ph i c  cha nges a cross i ts zone ,  a nd  extensive  r i gh t- l a tera l 
str i ke -s l i p  d i sp lacement i s  ev i dent  i n  add i t ion to pronounced ver ti ca l movemen t .  S tra nge l y ,  th e rath er 
w i de crush zone of th e fau l t  is ra re l y  a va l l ey-former . Most common l y  the fau l t  traverses th e topogra phy 
of th e guadra ng l e  w i thout  regard to roc k type , pre-ex i stent  struc tu re ,  or topography . 

O n  a reg iona l ba s i s  th e fa u l t  con t i nues beyond the g uadra ng l e  to th e east wh ere i t  is concea l ed 
benea th th e C o l u mb ia  R i ver Group i n  th e a dj a cent  g uadra ng l e .  A pro l onga t ion of th e fa u l t  fa rther east 
is specu l a t i ve . If the fau l t  were to cont i nue i ts nea r l y  ea st trend it is conce i va bl e  tha t  it wou l d  be the 
sa me fa u l t a s  tha t a t  th e John  Day R i ver , n ea r  Goose Roc k ,  i n  T .  1 1  S . ,  R .  26 E . ,  w here i t  has been 
desc r i bed (Brown and Thayer , 1 966) a s  the Mi dd l e  Mou nta i n  fau l t .  A t  th i s  l oca l i ty th e north s i de i s  u p ,  
br i ng i ng metased i ments ,  possi b l y  o f  Perm ian  a g e ,  aga i nst you nger roc ks o n  t h e  sou th . T h i s  wou l d  b e  the 
sa me sense of vert ica l d i sp l acement as the o l der ep i sodes of ver t i ca l movement of the Mitch e l l fau l t  i n  
the Mitche l l  qua dra ng l e . On  th e other ha nd ,  i f  th e fa u l t  were to bend to th e east-south east  i t  we l l 
m igh t  be a con ti nua t ion of th e J ohn  Day fa u l t  ma pped by Brown and Thayer farther east . West of the 
Mi tche l l g uadra ng l e  th e fa u l t  bends from i ts s l igh t l y  north of west trend a nd ,  sw i ng i ng to a west-southwest 
str i ke ,  cont i nues for a t  l eas t  20 m i l es para l l e l i ng  th e stri ke of Lower C la r no roc ks . 

The  d i sp l a cement a l ong th e fa u l t  is i mperfec t l y  known . The promi nent  Keyes Creek d i ke on the 
north side of th e fa u l t , wh i ch i n tersects th e fa u l t  in sec . 4, T .  1 2  S . ,  R .  22 E . , is proba b ly  ma tch ed on 
the south s ide by the N e l son Creek di ke i n  sees . 1 ,  2 ,  a nd  1 2, T .  1 2  S . ,  R .  21 E .  Based on petrogra phy, 
a l ignment ,  and ou tcrop charac ter i st i cs i t  i s  thought  tha t the two are tecton i ca l l y  separated segmen ts of a 
s i ng l e  ma j or d i ke .  The Ne l son Cree k d i ke ,  i f  pro l o nged through a covered a nd vegetated area to an  
i n tersect ion w i th th e fa u l t ,  wou l d  demonstra te a pprox i ma te l y  22 , 000 feet of r igh t- la tera l sepa rat ion . 



STRUCTURE 

Sutton M t n .  

Figure 46. Panorama showing Bailey Butte si l l  on left, oxial region o f  Mitchell anticline 
north of Mitchell fault,  and Sutton Mountain on skyline. 
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The  f igure o f  22, 000 feet -- i n  excess of four  m i l es -- i s  supported by  th e approxi mate offset o f  
th e ax i s  o f  t he  Mi tche l l a n t ic l i ne .  North of the fa u l t  the ax i s  i s  l ost i n  a w e l ter of  i n trus ions ,  bu t a n  
approx imate pro l onga t ion to th e fau l t  g i ves o n e  p i erc i ng poi n t . O n  th e sou th s i de of the fa u l t  a n d  w est 
of th e Mitche l l  quadrang l e ,  th e ax i s  ca n be mapped through the west f la n k  of B lac k Butte , furn i sh i ng a 
second  p ierc i ng poi n t . Th i s  offset  of th e a nt i c l i na l  ax i s  g i ves a la tera l d i sp l a cement  commensurate w i th 
tha t  der i ved from the separat ion  of th e basa l t  d i ke .  

T he  crush zone of th e fa u l t  ra nges from 50 feet i n  w i dth to as  much a s  500 feet . A berra n t  a tt i tudes 
are freq uent , a nd th e roc k  has been mi l l ed to a dar k  or dusky red earthy ma ter ia l wh i c h  shows up  on 
h i l l s i des and in gu l l i es a s  a co lor fu l  ba nd . S l i c kens ides ,  brecc ia ted rocks ,  grooves , the l i n es of spr i ngs 
in some l oca l i t i es ,  a nd the d is t i nct l y  d i fferent stra t i gra phy ac ross the fau l t  combi ne  to accen tua te th i s  
ma jor feature . Zeo l i tes ,  ca l c i t e ,  cha l cedony , a nd dru sy quartz are  l o ca l ly a bu ndan t . I ntrus ions of var ­
i ous  roc k types ra ng i ng from a ndesi tes t o  rhyo l i tes ,  e l onga ted pa ra l l e l  to th e fa u l t  tra ce a nd usua l l y  
bounded o n  one s i de sharp l y  b y  the fau l t ,  de l i nea te th e zone . Where exposures a r e  good , th e beds 
immediate l y ad jacent  to the fau l t  ca n be seen steep l y  fo l ded , dragged ,  a nd crushed . Stra ta w h i ch away 
from the fa u l t  di p more or l ess gent l y ,  at the fau l t  a re pu l l ed over i nto vert i ca l  or overturned d i ps .  

The  vert i ca l d i sp la cement on the fa u l t  var i es a l o ng the str i ke dependent  upon  th e l oca l e .  T he  
overa l l  sense of ver t i ca l d i sp l acement i s  down  on th e south si de , a s  exemp l i fi ed by  the younger u n i ts of 
the Cretaceous sequence be ing  preserved on l y  on  th e south s i de . Converse l y , on l y  on  th e north s i de are 
the o l dest u n i ts of the Cretaceous exposed , and on l y in th e axia l reg ion of th e Mi tch e l l a nt i c l i ne ,  north 
of the fau l t, are th e i so l a ted exposu res of th e ba sement  c rysta l l i ne roc ks of Permia n age fou nd . I n  a ddi ­
t ion to th e strat i gra ph i c  fac t  tha t  the sou th s ide of th e fau l t  i s  dow n ,  i t  is on l y  on  th e sou th s ide tha t 
such compara tiv e l y  you ng roc k u n i ts a s  th e U pper C larno Mudf lows have a th i c k  deve l opmen t ,  a s  i f  dur ­
i ng some past i n terva l a fau l t- l i ne esca rpment ex i sted a nd th ere was bas i n -fi l l i ng  sou th of th e fau l t .  I n  
th e v i c i n i ty o f  th e town o f  Mi tche l l ver ti ca l movement has j uxta posed Ga b l e  Creek tongue  3 on  th e north 
w i th Hudspeth tongue 1 0  on th e sou th ,  a stra t i gra ph i c  d i sp lacement of approx imate l y  3 , 200 feet . 

O n  the west beyond the quadrang l e ,  a nd  a t  severa l p l aces w i th i n  th e q ua dra ng l e ,  drag of  th e a dja ­
cent  Creta ceous or C la rno beds i ndi cates the l a test movement was  down on  th e north s i de . I t  i s  proba b l e  
that these l a test movements were i n  accord w i th th e north s ide down d i sp l acements o f  th e step fau l ts on 
th e north fl a n k  of the O choco Ra nge . Th i s  movement wou l d  then be at a very l a te stage in the h i story 
of th e fau l t  a nd  wou l d  be a reversa l of the vert i ca l sense of d i sp l acement . 

G E O L O G IC H I S TO R Y 

I NTRODUCT I O N  

T h e  Mi tche l l quadra ng l e  i s  one o f  cons i dera b l e  compl exi ty a nd g eo l og i c  i nterest from the s ta nd­
po i n t  tha t  i ts roc ks record a l o ng - l i ved seq uence of dia stroph i c  pu l ses . F rom th e crysta l l i ne basement  
of Permian metased imentary roc ks to the you ngest rock u n i t  in  th e a rea - - th e Rat t l esna ke i gn i mbr i te -­
every ma jor stra ti graph i c  u n i t  i s  sepa ra ted from i ts ne ighbors by angu l a r  u nconform i ti es . Ea ch  a ngu l a r  
u n conformi ty i s  representa t ive  o f  a n  ep i sode wh i ch resu l ted i n  fo l d i ng o r  t i l t i n g  a nd ea ch records 
renewed wea th er i ng and  eros ion  pr ior to depos i t ion of the next u n i t . 

T he  d i scuss ion of the Geo l og i c  H i story w i l l  be sequent ia l ,  sta rt i ng w i th th e o l dest u n i t  a nd  cu l ­
m i na t i ng w i th the modern -day events . 

O LD EST  ORO G E NY 

The  fi rst event  a bou t wh ich  we  ca n specu l a te is a mar i n e  doma i n  i n  wh i ch muds , sa nds , a nd cherts 
were depos i ted , w i th i n terca l a ted l i my sed iments . W i t h i n  th ese ca rbona tes were i ncorpora ted fusu l i n i ds 
of Permian age . Fo l l ow i ng l i th i fac t ion and  a t  some la ter da te -- post-Permian bu t pre -Cretaceous -­
a n  u nna med orogeny , of a sever i ty wh i ch i nc l u ded progressi ve regiona l meta morph i sm ,  a ffec ted th e Per ­
m i a n  sed imentary roc ks . Beca use e l sewhere i n  centra l Oregon Tr iass ic rocks have been  meta morphosed 
to some degree but J urassi c rocks show l i tt l e  penetra t ive meta morph ism , it i s  proba b l e  tha t th i s  u n named 
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orogeny occurred somet i me du r i ng the Tr iassi c or ear l i est J urass i c . Dur i ng th i s  orogeny and  th e a ccom­
pa nyi ng progress ive reg iona l meta morph i sm th e mudstones a nd  s i l tstones were converted to  phy l l i tes; the  
sa ndstones to q uar tz i t i c  roc ks; a nd  th e l i mestones ,  d i sconnected i n to tecton i c  b l oc ks ,  were tra nsformed 
i n to c rysta l l i ne  l i mestone pods . Some of th e fusu l i n i ds surv ived th e deforma t ion and can  today be used to 
da te th ese rocks . Cont i nu i ng h or i zonta l  compress ion succeeded th e meta morph ism , a nd the phy l l i tes a nd 
q uar tz i tes were very t i gh t l y-- loca l l y  i soc l i na l l y --fo l ded a l ong north ea st-sou thwest trend ing axes . 
R eg iona l up l i ft a l so presu ma b l y  accompa n i ed th i s  ep i sode . 

A s  a resu l t  of the up l i ft ,  wea ther i ng and  eros ion a ttac ked th e rocks . Mu ch  t ime e la psed a nd a 
topogra phy of cons i dera b l e  re l i ef wa s produced on the o l der roc ks . 

CR ETAC EOUS D E POS I T I O N  

As  a resu l t  of reg i ona l downwarp ing th e sea encroa c hed on  th e eroded Permi an  metasedi ments,  a nd  
tra nsgress ive mar i ne  sa ndstones a nd s i l tstones o f  Cretaceous (presumab l y  A l b ian )  age w ere depos ited . Suc ­
ceed i ng th e tra nsgress ion  a nd the depos i t ion of the Basa l Member of th e H udspeth F ormat ion , muds and  
s i l ts were deposi ted wh i ch formed the Ma i n  Mudstone Member o f  t he  Hudspeth Forma tion . Th i s  th i c k  
member , a l though pers i sten t  throughout th e ou tcrop a rea of Cretaceous roc ks i n  the quadra ng l e ,  does th i n  
ma rked l y  to the north a n d  east . Over l y i ng  these mar i ne sed iments i s  Gab l e Creek tongue 1 ,  a u n i t  of 
f l uv ia l a nd de l ta i c  sandstones and cong l omera tes . And th en i n  successio n  therea fter , dependent u pon  
posi t ion  w i th i n  the quadra ng l e ,  H udspeth a nd  Gab l e Creek  tongues succeed each  oth er .  These encompass 
pa rts of both A l b ian  a nd  Cenoma n ia n E pochs . 

The  m u l t i p l e  members of two forma ti ons , j uxtapos i ng th e mar i ne w i th f l uv i a l  a n d  de l ta ic doma i n s ,  
pose quest ions regard i ng  those condi t ions wh i c h  produced s uch  i n tertongu i ng o f  very d i fferen t l i th i c  types . 
Th e H udspeth mudstones a nd s i l tstones were depos i ted i n  q u i et mar i n e  wa ters , be l ow wave bo se . The  
Ga b l e  Creek  tongues , progra d ing  i n to t he  subs i d i ng mari ne  bas i n ,  are large l y  con t i nenta l f l uv i a l  a nd 
de l ta i c  depos i ts; they probab l y  were depos i ted by sw i ng i ng d i str i bu tar i es a t  de l tas of one or more grea t 
r i vers . Such d i str i bu ta r i es must have been su ffi c i en t l y  strong to have carr ied heavy l oa ds of coarse detr i ­
tus i n to the ma r i ne bas i n  a s  prong -shaped protrus ions; some may have been fa ns . Each Gab l e  Creek tongue  
i s  tra ns i t iona l l y su cceeded a bove by a mar i ne  tongue of th e H udspeth Forma ti o n ,  representat ive of  a 
renewed tra nsgress ion by th e sea . 

Th is i n tertongu i ng spel l s  ou t a story of cyc l i c cha nges between mar i n e  sed imenta tion  a nd cont i nen ­
ta l deposi t ion . The sequence cou l d  have been the resu l t  of ep i sod i c  su bs i dence of th e ba si n ,  a subsi dence 
wh i ch i s  noteworthy i n  tha t  i t  had to be of such  magn i tude in  tota l i ty a s  to a ccommoda te over 9 , 000 feet 
of mixed mar i ne  a nd cont i nenta l  sed iment . On the oth er ha n d ,  w i th a su bs i d i ng  mar i n e  bas i n ,  th e huge  
vo l u mes of  coa rse c last i c debr i s  of the Gab l e  Creek  Forma t ion requ i red strong l y  r i s i ng source a rea s--con ­
j ectured to have been on  th e north a nd ea st--wh i ch were be i ng ac t ive l y  wea th ered a n d  eroded by one or 
more ma j or r i ver systems . Thus ,  the Ga bl e Creek tongues m igh t  represent periodi c up l i fts of the source 
areas . A th i rd  poss i bi l i ty exi sts . G iven a strong l y  r i s i ng sou rce a rea be ing eroded a ct ive l y  by fl uv ia l 
processes , each cong l omera te and  sa ndstone  tongue  m ight  represent a sta ndst i l l  i n  bas i n  subs i dence .  Dur­
i ng each sta ndsti l l ,  u nder condi t ions of stab l e sea l eve l , a regressi o n  of th e sea cau sed by prograda t ion of 
th e de l ta front wou l d  be recorded by a more coar se l y  c las t ic  tongue . There rea l ly i s  no bas i s  for sel ect ion 
of one of th ese mecha n i sms as be i ng th e so l e  va l i d cause of the i ntertongu i ng . Consequent l y ,  there i s  th e 
fourth poss i b i l i ty tha t episod ic  su bs i dence of the ba s i n  and  per iodi c u p l i ft of the sourc e areas ,  cou p l ed 
w i th sw i ng i ng d i str i buta r i es a t  th e mou ths of ma j or r i vers, combi ned to produce th i s  comp l ex in tertongu i ng 
of f l uvia l/de l ta i c  w i th q u i et water mar i ne  sed iments . 

Th e mar i ne  bas i n  was a stra nge one i n  tha t th e term i na t ions of the cong l omera te and  sa ndstone 
tongues show a nota b l e  a bsence of w i n now i ng by wave ac t ion , of wave-cut  fea tures, a nd  of long i tud i na l 
sa nd bod ies or i en ted perpend i cu l a r  to th e reg iona l s l ope wh i ch  are i nd i ca t ive of a c tive l o ngshore currents . 
The  a bsence of these , cou p l ed w i th the preva l en t  l am i nat ion of the H u dspeth mudstones a nd si l tstones and  
a very l i mi ted fau na ,  suggests tha t th i s  bas i n  was  i so l a ted and  restr i cted i n  wave  a nd c urrent a c ti on  and  
benthon i c  ac t i v i ty a n d  was  protected from th e norma l mar i ne and l i fe processes so  common  to  open coasta l 
areas . Thus th e p i c ture i s  formed of a large , sh e l tered , sha l l ow mar i ne  embayment i n to wh ich  ma jor r i v­
ers poured huge  vo l u mes of c l a sti c debr i s . 
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LOW E R  C LA R NO EVENTS  

Fo l l ow i ng  the depos i t ion of the l a st H u dspeth and  Ga b l e  Creek tongues , t he  reg ion was sub j ec ted 
to epei rogen i c  u p l i ft a nd  on th e sedi menta ry roc ks there deve loped a th i c k  rego l i th , the resu l t  of deep 
weather i ng . Du r i ng th i s  up I i ft broa d ,  l ow -ang l e  t i  I ti ng must have occurred , a n d  on  the deep ly  weathered 
Cretaceous l a ndscape the roc ks of th e Lower C l a rno were depos i ted w i th a s l i gh t  a ngu l a r d i scorda nce . 

From fi ssures or from cen tra l vents a ndes i te l ava f lows pou red for th . These very th i c k ,  l a tera l l y  
extens ive f lows form the b u  I k o f  the Lower C l arno Forma t ion . T h e  sources o f  the f l ows a r e  not known . 
La rge d i kes , w i th C l arno a ffi n i t i es ,  do exi st ,  bu t nowh ere i n  th e quadra ng l e  have the f lows been  d i rect l y  
a l l i ed  to these d i kes; a n d  nowhere can centra l vents b e  demonstra ted a s  sources for roc ks of the Lower 
C l arno . H owever , as f l ow suc ceeded f l ow ,  w i th i nterven i ng i n terva l s  du r i ng  wh i ch deep wea th er i ng pro­
duced rego l i ths , a th ic k a nd  area l l y extens ive p i l e  of a ndesi te f l ows was produced . Each  rego l ith deve l ­
oped on a f l ow was subseq u en t l y  overr un  by a nother fl ow ,  and  was ba ked to the chara cter i st i c  bri c k  red 
co lor so common to f l ows  in many vo l can ic  area s . Dur i ng one i n terva l a th i c k  seq uence of Lower C l arno 
tuffa ceous sed i ments was deposi ted . These sedi ments ,  ra ng ing  from c l ays to pebb l e cong l omera tes , were 
dom i na n t ly water - la i d ,  and were proba b l y  th e resu l t  of sh eet wash tra nsporti ng to streams th e products of  
pyroc las t ic  e j  ectamenta from vol can i c  eru pt ions . The streams then tra nsported the pyroc last i c debr i s  to 
l o ca l i zed bas i n s  a nd fl oodp l a i ns . 

W h i t e B u t t e  I n t r u s i o n  

A t  a bou t th i s  t i me Wh i te Bu tte , a p i s ton i n trus ion  of a n des i te , was emp la ced forc i b l y . Over a mi l e  
i n  greatest d ia meter , th i s  roug h l y  c y l i ndr i ca l  mass rose through the Creta c eous roc ks , push i ng  them ba c k  
and  as ide ,  ca u s i ng  t h e  f la n k ing roc ks t o  b e  pee l ed bac k .  A s  a conseq uence ,  th e bu tte i s  f la nked by 
Creta ceous roc ks wh i ch d i p  away steep ly  from the mou nta i n  core i n  a l l  d i rect ions . O n  the north fl a n k  
a Ga b l e Creek u n i t  h a s  been fau l ted , l i fted a bou t  500 fee t ,  a n d  i ts d i p  reversed . 

The  da ti ng of th i s  i n trus ion i s  specu l a t i ve; however , a we l l -defi ned vo l ca n i c  brecc ia (Tcvb) l y i ng 
on  th e south s i de of Wh i te Bu tte , wh ich  d i ps steep l y  away from the mounta i n  and  i s  more or l ess concord ­
an t  w i th th e u nder l y i ng Creta ceous roc ks , a pparen t ly  part i c i pated i n  the shou l der i ng as ide  tha t accom­
pa n i ed the i ntrus ion . Th i s  o l der vo l ca n i c  brecc ia , w h i ch we l l m i gh t  b e  a l a tera l fac i es of the Lower 
C l arno tuffa ceou s sed iments fou nd  fa rth er north , i s  l a pped w i th profou nd a ngu l a r  u nconform i ty by nea r l y  
f la t -l y i ng Upper C larno mudf lows . Therefore , though  t h e  da t i ng i s  i ndeterm i na te for the i n trus ion , i t  
ca n be estab l i shed tha t Wh i te Bu tte i s  a Lower C l arno event  w h i c h  predates U pper C la rno mudf lows  
der ived from Keyes Mou nta i n  o r  some s i m i l a r  centra l ven t . 

Perha ps contemporaneous l y ,  i rregu l a r  i n trus ions a nd s i l l s w i th C l arno a ndes i te cha rac ter i s t ics  were 
emp la ced in a var iety of a rea s . In  par t icu la r ,  such i n trus ions a re  preva l en t  a l ong the ax ia l reg ions of 
the Mitche l l  a nt i c l i ne .  Some of th ese i ntrus ions have been d i s l oca ted and sepa ra ted by r i gh t- l a tera l 
movement  a l ong the Mi tch e l l fau l t--a d i sp lacement wh ich  a pparen t l y  occ urred du r i ng Upper C l arno t i me . 
Beca use th ese ax i a l  i ntrus ions genera l l y a re  seen on l y  i n  contac t  w i th Creta ceous  roc ks , a more prec i se 
da t i ng  of th e i r  emp la cement i s  not poss i b l e . 

S u cceed i ng th e ep i sodes dur i ng wh i c h  tu ffaceous sed iments were depos i te d ,  a dd i t i ona l Lower 
C l arno f l ows  were extruded . The l a test event ascr i bed to th e Lower C la rno i s  th e u ppermost a ndesi te 
f l ow preserved i n  th e sequence . 

LA RAM I D E  OROG E NY 

Fo l l ow i ng the emp l acement of th e Lower C la rno roc ks there ensued a pronou nced orogeny . Most 
proba b l y  of Eocene age , th e orogeny produced ma j or fo l d s ,  the resu l ts of hor izonta l compression . Th i s  
orogeny,  h eretofore u nna med i n  centra l Oregon , i s  proba b l y  a n  episode of the Lara mide Orogeny , so 
we l l -def ined farth er ea st i n  I daho a nd  Wyom ing . Du r i ng th i s  moun ta i n -ma ki ng ep i sode the Creta c eous 
a nd Low er C l a r no roc ks were fo l ded i n to the ma j or Mi tch e l l a nt i c l i ne . These u n i ts h ave the steepest 
d i ps in the Mitch e l l quadra ng l e  a s ide from th e t i gh t  fo l d i ng  produced by an ear l i er orogeny in the Per ­
m ian  metasedi ments . 
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Becau se of the horizonta l compress ive forces and because of th e ea r l y  Tert iary t ime th i s  orogeny 
w i l l  be referred to h ere a nd su bsequent l y  a s  part of the Laram ide Orogeny . 

KEYES MOU N TA I N  VO LCAN I C  E P I S O D E  
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Fo l l ow i ng the orogeny and  th e concom i tan t  up l i ft a nd mounta i n -ma ki n g ,  deep w ea ther ing  a nd 
d i ssec t ion occurred , form ing  a ma ture topogra phy w i th a demonstra b l e  re l i ef of ma ny hundreds of feet . 
T h i s  i nterva l was of u n know n dura tion . I n  the northwest part of th e q uadra ng l e ,  where the Lower C l a rno 
rocks are d i rec t l y  su cceeded by John  Day sed i ments , the i nterva l of wea ther i ng a nd erosi on  pers i sted 
w i thout  recogn izab l e  roc k record un t i l Joh n Day t ime . Th is suggests tha t th i s  part of the quadrang l e  was 
a topograph ica l l y h i gh  area of Lower C larno a nd Cretaceous roc ks ,  a nd wa s th e s i te of a ct ive eros ion 
rather  than deposi t ion . 

But  i n  th e sou thern a nd ea stern pa rts of th e quadra ng l e  th e next event wa s th e extrusi on  a nd depo­
s i t ion of andes i te fl ows a nd vo l ca n i c la s t i c  sed iments be l ong i ng to th e U pper C l a rno Forma tion . Th ese , i n  
the ma i n ,  had  the i r  or i g i n  i n  Keyes Moun ta i n , a n  Upper C larno vo l ca no . F rom th e Keyes Mou nta i n  cen­
ter , epi sod i ca l l y a s  th e resu l t  o f  ma ny erupt ive events ,  th ere was  emp l aced a comp l ex of l ava f lows  a nd 
mudf l ows d i ppi ng away i n  a l l  d i rect ions from the mounta i n . I t  i s  poss i b l e  tha t  some of th e mudf l ows  a ctu ­
a l l y represent eru pt ive act i v i t i es of the mou nta i n  dur i ng wh i c h  pyroc l a st i c e j ec ta ,  showered down  on th e 
d i ssec ted la ndscape ,  were moved down cha nne l s  as wa ter s l u rri es , the wa ter be i ng der ived from the torren­
t ia l ra i n storms resu l t i ng from the va st quan t i t i es of water  vapor ven ted dur i ng  exp l os ive phases . Such 
l a ha r  depos i ts are di ffi c u l t  to  ver i fy; ma ny of th e mu dfl ows  we l l m igh t  represen t fl uv ia l fa n a nd pi edmont 
depos i ts ,  th e resu l ts of more norma l runn i ng wa ter eros ion . 

M i t c h e l l F a u l t - - I n c e p t i o n  

I t  is dur i ng th i s  U pper C l arno i n terva l of  erupt ions from Keyes Mou nta i n  tha t th e fi rst va l i d evidence 
of the Mitche l l  fau l t  i s  recorded . A t  th is t ime th e fau l t  had movement of a n  essent ia l l y ver t i ca l type , the 
south s ide mov i ng down re l a t i ve l y .  As  a consequence the mudf l ows deve l op i ng on th e south a nd  sou thwest 
f l a n ks of Keyes Mou n ta i n  are r e l a tive l y  th i n  north of  the fau l t--proba b l y  no more tha n 400 feet th i c k  a t  
a n y  one loca l i ty--whereas sou th o f  the fau l t  the mudfl ow u n i ts aggrega te over 1 , 000 feet i n  u n i nterru pted 
th i c kness . Th i s  con j ures up a p i c ture of  an impress i ve ea st-west-trendi ng fa u l t  or fau l t- l i ne sca rp fac i ng 
south ; and ema na t i ng from Keyes Mounta i n  and cross i ng  th e escarpment  a ser i es of mudf l ows debouched 
i n to a basi n, formi ng th i c k  fan and  p i edmont  deposi ts . 

Dur i ng  th i s  sequence of vo l ca n ic events on  Keyes Mou nta i n  the fa ns , represe nted by the mudf l ows  
a nd  fi ner gra i n ed sed imentary u n i ts ,  progressed far th er from the mou nta in tha n  the  concomi tan t  l ava f lows . 
I n  iso la ted ba s i n s ,  some occup ied by freshwa ter l a kes , fl uv ia l -de l ta i c  and  l a cus tr i n e  vo l ca n i c l a st i c  sedi ­
ments were depos i ted . 

L a t e r a l M o v e m e n t  A l o n g  t h e M i t c h e l l F a u l t  

S ubsequ ent  to the construc t ion  of Keyes Mou n ta i n ,  movement  once aga i n  occurred a l ong th e Mi tch e l l 
fau l t .  Th i s  ep i sode resu l ted i n  r i gh t - l a tera l str i ke-s l i p  movemen t . T h i s  new sense of d isp l a cement  i s  ma i n l y  
a ttested to by the ma rked offset of  th e Keyes Creek a nd N e l son Creek d i kes a s  we l l a s  th e axi s  o f  the Mi t­
che l l an t ic l i ne . Both d i kes , probab l y  emp laced a l ong gash frac tures wh i ch a pproached  the ma i n  fau l t  a t  
a cute a ng l es ,  a n d  th e fo l d  axi s were w i de l y  sepa ra ted by recurrent str i ke-s l i p  movement a l ong th e fa u l t .  
T he  da ti ng of these ma j or movements i s  obscure; however , th e Keyes Creek d i ke does cu t  th rough Upper 
C larno mudf lows der i ved from Keyes Moun ta i n .  Rhyo l i te i ntrus ions most proba b l y  of  J oh n  Day age have 
a l so been cu t  by the fau l t .  

F o l l ow i ng e rupt ion  of Keyes Moun ta i n  vo l ca no th ere ensued a t ime o f  weather i ng and  eros i oo ,  pos­
s i b l y  accompa n i ed by  d i fferent ia l u p l i ft .  Th i s  u p l i ft i s  suggested because Keyes Mou n ta i n ,  as a vo l ca no 
w i th quaquaversa l d i ps ,  ha s much l ower d i ps on  the north f la n k  than on the other f la n ks a s  if it ha d been 
t i  I ted to th e south . Such  a t i  I ti ng to the sou th we l l may have u p l i fted th e north ern pa rts of the quadrang l e  
a nd  perm i tted eros ion to str i p  off a ny U pper C la rno roc ks tha t may have been presen t ,  rocks tha t  are nota ­
b l y  a bsent there today . 
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A l andscape o f  r i dges a n d  va l l eys w a s  produced; more o r  l ess c i rcu l ar knobs , a s  o f  anc i en t  h i l l or 
moun ta i n  tops , can  be seen i n  the o l d  topogra phy . These prom i nences , show i ng the effec ts of deep a nd 
protra cted wea th eri ng  and  accompany ing  deep d i ssect ion , were then covered progress ive l y  by the vo l ca n ­
i c last ic  sed i ments o f  th e J ohn  Day Forma t ion . Huge th i c knesses of tu ffaceous  sedi ments ,  ma i n l y c l ays , 
muds a nd s i l ts ,  were depos i ted w i th i n  i n terna l ba si ns . The  resu l tan t  var i co lored beds have been desc r i bed 
by many workers a nd form the spec tacu la r  beds of the J oh n  Day Forma t ion . W here topog ra ph i c  h i ghs  
ex isted , as benea th "The Prow " of Su tton Mou nta i n ,  the J oh n  Day beds a re  extreme l y  th i n ,  a hundred 
feet or l ess . Where the bas i na l  deeps exi sted some thousa nds of feet  of sedi ments were emp laced . H i gh 
in th e sequence there are  c ross -bedded and  - l am i na ted , scou r-and-fi I I ,  f l uv ia l l y  emp l aced s i l tstones ,  
sa ndstones , a nd cong lomera tes . A p i c ture a r i ses o f  a mature topography o f  l arge  bas i ns a nd a n  i nfi l l i ng 
w i th tuffaceous ma teria I s--th e  produc ts of recurrent vo l ca n i c  erupt ions . 

Some workers have l ooked far a fi e l d ,  as fa r as th e Cascade Range to the west,  for sou rc es of these 
extens ive ash -fa l l s .  G ran t i ng  tha t western sources may have contr i buted to th i s  th i c k  sedi mentary p i l e ,  
one shou l d  l oo k  w i th i n  the Mi tche l l q ua dra ng l e  a nd see tha t ,  a t  tha t t i me ,  there were nu merou s i n trus ions 
of l e ucorhyol i te--e . g . ,  Sargent  Bu tte , Sa nd Moun ta i n ,  and  the l a ter genera tion  of i n trus ions  i n  th e axia l 
reg ion  of the Mitche l l a nt i c l i ne ,  and  a l so i n trus ions of dac i te ,  such a s  Tony Bu tte i n  the north eastern pa rt 
of the quadrang l e . Any of th ese i n trus ions ,  w i th condu i ts to a surface  wh i c h  cou l d  not  have l a i n  far a bove, 
cou l d  have been surmounted by centra l vents . These vents ,  l ong s i nce removed by erosio n ,  cou l d  have 
produced loca l l y th e exp l os ive erupt ive debr i s  tha t ,  carr i ed i n to l oca l ba s in s  by norma l agenc i es of ero­
s ion , produced th e p i l e  of tu ffa ceous sed i men ts of the Joh n Day Formation . 

R E N EW ED ORO G E NY 

The  J ohn  Day sed i menta tion  was fo l l owed by a renewa l of fo l d i ng i n  th e quadra ng l e , a fo l d ing  
wh ich  m i mi c ked the pr ior axes . I n  the l ower Bri dge Creek va l l ey John  Day beds have d i ps as h i gh  as 
45° ,  a l though 20° max i ma are more common . West of the quadrang l e  in the Pa i n ted H i l l s S ta te Pa r k  
some fa u l ted open fo l ds a r e  records of t h i s  orogen i c  episode . A l though John  Day sed i ments ,  i f  ever pres­
ent  on  the Mitche l l  a n t i c l i ne , have long s i nce  been str i pped away by eros ion , th e sed iments a re  preserved 
in the broa d ,  open ,  p l u ng i ng sync l i nes of Su tton Moun ta i n  to th e northwest a nd Thorn  H o l l ow to the 
south east . 

COLUMB IA R IVER GROU P 

Fo l l ow i ng th i s  deformat iona l even t  the Joh n Day and  o l der roc ks were weath ered a nd eroded exten ­
s ive l y ,  resu l t i ng i n  a p l a i n  of l ow re l i ef .  Du r i ng th i s  i nterva l of t ime  th e broa d ly  fo l ded John Day beds 
were w i de l y  truncated by the eros iona l processes . 

The  next  roc k record of a n  event  is the m idd l e  Miocene ou tpou r i ng of tha t g ia n t  sequence  of l ava 
f l ows , the Co l umbia R i ver Group ,  wh i c h  are so nota b l e  in the Pac i fi c  Northwest . From di kes a nd di ke 
swarms--the d i kes i n  sees . 2 a nd 1 1 ,  T .  1 1  S . ,  R .  21 E . ,  as we l l as th e exce l l en t  exa mp l es fa rther east 
on the J oh n  Day R iver in the Monument area - -there were extruded by fissure or p l a teau erupt ions a 
sequence of f l ows . Some f l ows are severa l h u ndred feet  th i c k; others a re much th i n ner . Th ese bo l d  c l i ff­
formers of the modern -day topography a re we l l -preserved in both th e Su tton Moun ta i n  and  Thorn H o l l ow 
sync l i nes , as we l l as i n  th e north -fac i ng escarpments of the O choco Mou n ta i ns and  Mt . P i sgah immedia te ly  
south of  the quadrang l e . 

R E N EWED FOLD I NG 

Fo l l ow i ng the emp l acement of th e Co l u mb ia  R iver f l ows ,  a renewa l of deformat ion caused refo l di ng 
a l ong th e pre-ex i sti ng  axes , a nd th e broa d Su tton Mounta i n  a nd Thorn H o l l ow syn c l i n es a ch i eved th e i r  
present day struc tura l conformat ion . A l though th e Co l u mbia R i ver basa l ts may once have been  cont i n uous 
over the quadra ng l e ,  th i s  deforma tion  l ed to a s i gn i fi ca nt erosiona l  str i pp i ng of much of the basa l t . Wh ere 
the i n terven i ng  Mitche l l  a nt ic l i ne was refo l ded a nd presu mab l y  u p l i fted ,  breach i ng occurred , a n

·
d th e 

C o l u mbia R i ver basa l ts th rough lower C l arno rocks were str i pped away ,  expos i ng th e Creta ceou s roc ks . 
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R EC E NT EV ENTS 

Fo l l ow i ng th i s  ep i sode of fo l d i ng a nd  the resu l ta n t  subaer i a l  wea th eri ng a nd eros ion th ere ha s  been 
recent l y ,  most probab l y  dur i ng th e P l i ocene E poch , consi derab l e fa u l t i ng . One  resu l t  ha s  been th e pro ­
duct ion of east-west-trend i ng step fau l ts a l ong th e north fron t of th e Ochoco Mou nta i ns .  A s  a resu l t  of 
marked up l i ft Co l umbia R iver basa l t  i s  fou nd a t  e l eva ti ons as h igh  a s  7 , 000 feet on Mt . P i sgah on the sum­
mi t  of th e mou nta i ns sou th of  the quadra ng l e .  Add i t iona l l y ,  i n  front  or north of  Mt . P i sgah there i s  a 
sequence of down-fa u l ted b loc ks ,  each conta i n i ng Co l umb ia R i ver f lows a nd each bou nded by a nt i th eti c 
step fau l ts .  I n  the Mitche l l  quadra ng l e  th ere was a s i m i l a r  fau l t ing response , a nd the l a st evi dence of 
movement  a long th e Mi tche l l  fa u l t  shows  a tota l reversa l from i ts prior h i story; the drag of a dja cent  beds 
i n di ca tes some sma l l -sca l e  down north a pparent motion . 

A ma ture topography ,  probab l y  stri ki ng l y  s im i l a r  to tha t of toda y ,  deve l oped i n  th e Mitche l l quad­
rang l e , and  i t  was  on th i s  d i ssec ted terra i n ,  i n  topogra ph i ca l l y l ow areas confi ned to  the  sou th easternmost 
pa rt of the quadra ng l e ,  tha t  th e l ast ma jor even t i s  recorded in the roc ks . The ca ta c l ysm ic  erupt ions tha t  
fa rth er east a nd sou th produced th i c k  i gn i mbri te u n i ts perm i tted a s i ng l e ,  th i n ,  wedge-edge o f  one i g n im­
br i te to "wash " i n to th e area . A s  ev i dence o f  o ne  such Pe l ea n  c l oud there a re preserved i n  topograph i ­
ca l l y  l ow a rea s a few feet ,  2 5  as  a maxi mum ,  o f  th e Ra tt l esnake i g n imbr i te . 

Fo l l ow i ng th i s  event and  presumab l y  cont i nu i ng to modern ti mes ,  th ere has  been some m inor verti ca l 
fa u l t i ng in wh i ch Ra tt l esna ke and  o l der roc ks have part i c i pa ted . 

I n  most recent t i mes , probab l y  those ascr i bed to the p l uv ia l cyc l e ,  th e va l l eys were extens ive ly  
a l l uv iated--va l l eys wh i ch ear l i er had been deep l y  d i ssec ted dur i ng th e forma t ion of a ma ture topogra phy . 
W i th i n  the va l l eys a sequence of fl uvia l a nd co l l uv ia l depos i ts ,  i n  ma ny p l aces more tha n 1 00 feet th i c k ,  
wa s  emp laced . N ea r  th e top of th i s  u nconso l i da ted sequence there i s  a t  ma ny p l a ces the we l l -defi ned 
a sh l ayer wh i ch i s  ascr i bed to th e erupt ion of Mt . Mazama 6 , 600 yea rs B . P . T h i s  i n terva l of a l l uv ia t ion 
fo l l owed a t ime of deep d i ssection . Now the a l l uv ia ted va l l eys are once aga i n  be i ng deep l y  d i ssected 
u nder condi t ions of a sem iar id  reg i me . Throughout the Mi tche l l quadrang l e  and  cont i n u i ng beyond i t  
th ere i s  rap id  downcu tt i ng , form i ng deep box ca nyons a nd gu l l i es  wh i ch  are expos i ng the o l der a l l uv i um . 
Three ped iment  l eve l s  have been deve l oped on th e Joh n  Day beds a bove Br idge Creek and  beneath S u tton 
Mou n ta i n ,  a nd  in th i s  sem iar id  cyc l e  these are bei ng  d i ssected . Th is  then is th e scene of today . Eros ion  
cont i nues ,  the ma ture topogra phy i s  once aga i n  bei ng deep l y  di ssec ted , a nd as a resu l t  of  eros ion sed i ment  
i s  be ing tra nspor ted out of the quadrang l e . Destruct iona l forces are a t  work; th e constru ct iona l wor ks of 
sedi mentat ion are pure l y  tra ns i tory s trea m depos i ts tha t ,  geo l og i ca l l y ,  are be i ng moved rap i d l y  ou t of th e 
quadrang l e . 
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EX P LA N A T I O N  

ST R AT I G R A P H I C  U N I TS 

Alluvial and Colluvial Deposits 

(only ex tensive areas mapped) 

Fan Deposits 

Landslide Deposits 

Rock Unil(s) mainly involved indicated in 
parentheses. 

U N C O N F O RM I T Y  

Rattlesnake Formation 

Thin ignimbrite - westernmost ex tension of 
unit. 

U N C O N FO RM I T Y  

Columbia River Group 

Basall flows - probably correlate with Pic­
ture Gorge Basalt. 

U NC O N F O R M I T Y  

G 
John Day Formation 

Varicolored lacus trine and fluvial tu.f[s. 

,_, __ , 

Ignimbrite within middle member. 

U N C O N F O R M I T Y  

Upper Clarno 

EJ 
Basall flows, mainly derived from Keyes 

Mtn. ; generally in tracanyon to Tern(. 

Mudflows and fanglomera tes derived {rom 
Keyes Mln. ; in lracanyon to Tct2 

B 
Ligh t-colored fluvial and lacus trine luffs; 

finer grained correlatives of Tern(. 

Ven t  agglomera te, Keyes Mln. only. 

U N C O N F O R M I T Y  

Lower Clarno 

Basalt and andesite flows. 

B 
Varicolored lacustrine and fluvial tuffs. 

I Tc v b l  
Volcanic breccicu;, While Bu tte area only. 

U N C O N F O R M I TY 

Gable Creek Formation 

Twelve num bered fluviaJ-dellaic and estuar­
ine conglomera te and sandstone units 
inlerlonguing with Hudspe th Forma· 
lion 

Hudspeth Formation 

Bcu;al sandstone mem ber (Khb) plus thirteen 
num bered marine mudstone and silt­
s tone units which in lerlongue wilh 
Gable Creek Formation. 

U NC O N F O R M I T Y  

Permian Metasediments 

Phyllites, cherts, and crystalline limes tones. 

I NT R US I O N S  

Primarily the dacite plug o f  Tony Butte 

Basalt dikes, sills, piston, and irregular intru· 
sions; some with Colum bia River basalt 
lithology, many with Clarno character­
istics. 

Rhyolite sills, dikes (rare), and irregular in­
trusions; probably of John Day age. 

Andesite and basaltic andesite sills, dikes, 
piston, and irregular in trusions, prob­
ably of Clarno age. 

d - d - d 

Tabular in trusions, sills and dikes, of limited 
ou tcrop; dikes generally occupy pre­
existing faults. 

ST R U CTU R A L SY M B O LS 

Attitudes 

Strike and dip of beds 

Appare n t  s trike and dip 

Folds 

,. 

., 
Major an ticline 

• ., 

Major syncline 
(arrows indicate plu nge of a:x is) 

Faults 

Fault of major displacemen t 

Faull of minor displacemen t; 
exposed, inferred, presumably 

concealed by Qua ternary deposits. 

(an-ows indicate strike· slip mottl'ment: 

U, indicates upthrown block, and 

D. down thrown block} 

(qu.e51ion mark ?, indicates �uggesfed 

faull  by pho to-in terpre tation, b u l  

not field �eri(i.-d) 

Contacts 

Quaternary deposits,conceaJed 

Rock units, 
exposed and inferred 




