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F O R EW O R D  

T h e  Sup l ee- l zee area i s  a rather l oose ly  defi ned reg ion  cover i ng approx i mate l y  500 square mi l es i n  east­
centra l Oregon . It is known to the c i t izens of th e s tate as fi ne  catt l e  cou ntry and i t  affords them exce l ­
l en t  deer hun ti ng .  To the geo l og i s t  i t  i s  one of the  most i n tr igu i ng regions i n  the sta te , because i t  is a 
"wi ndow " in a vast area covered by re la t ive ly  you ng vo l can ics  th rough wh i ch he can exam ine  mari ne rocks , 
some o f  wh i ch  are the o l dest known  i n  Oregon . These mar i ne roc ks range i n  age from Devon ian (350 m i l ­
l ion years o l d )  through Cretaceous {100 m i l l ion years o l d ) ,  and th ey  have u ndergone many disrupting earth 
movements wh ich  have  comp l i cated th e geo l ogy to a h igh  degree . The i r  exposure a l lows the geo logist  to 
l ook  at  the type of roc ks and struc tures that m ight  occur at  depth under the wi despread Tert iary vo l can i c  
mater i a l  i n  th e sou theastern part o f  t h e  s tate . Economica l l y ,  these o l d  roc ks o r  the i r  equ iva l en ts may 
conta i n  deposi ts of oi l and gas , bu t tryi ng to eva l uate th e i r  commerc i a l  possi bi l i t i es through the b lanket 
of d i ffi c u l t-to-penetra te l avas has d i s -couraged '  dr i l l i ng and exp lorat i on . 

The "w indow "  of anc ien t  rocks i n  east-centra l  Oregon h as been know n s ince 1865,  when a cava l ry 
exped i t ion under Capta i n  Drake co l l ected foss i l s  from the Crooked River and  gave them to Dr. Thomas 
Condon (Oregon's (i rst State Geo l og i st) . Dr . E .  L .  Pac kard , former Head of the Departmen t of Geology 
di"Oregon State Un ivers i ty ,  was th e fi rs t to recogn ize  th e tremendous geo l og i ca l  possi bi l i t i es of the area, 
and , i n  add i t ion to be i ng a p ioneer worker there , encouraged further studi es . 

In the ear l y  years of geo l og i c  work ,  remoteness of the area , l ack  of base maps , and absence of 
pa l eonto l og ic  control l i m i ted g eo log ic  mapping . In more recent years easi er access i n to the area , ava i l ­
abi l i ty of aer ia l  photographs ,  and better understandi ng of fauna l  sequ ences has made i t  possi b l e  to map 
th i s  comp l ex reg ion i n  much greater detai l .  Th i s  present pub l icat ion, a joi l!t report by Drs . D i cki nson 
and Vi grass , who chose the area . for the i r doc tora l di sser tat ions , is certa i n l y  the mos t compl ete and defi ni ­
t ive p i ece  of work done  to date on th e Mesozoi c  roc ks i n  the pre-Tertiary "wi ndow. " 

The Depar tment consi ders th i s  " wi n dow " of such i mportance tha t  over the past s ix years i t  has had a 
h ig h l y  exper i enced geo log i s t  worki ng in some of the same area covered by th i s  bu l l e tin ,  but wi th more 
emphasis be ing p l aced on th e Pa l eozo i c  roc ks and the i r  s tructures tha t  occur to the sou th and west. It i s  
hoped tha t  the presen t bu l l e t in  and th e work now i n  progress w i l l  br i ng forth th e type of geologi ca l  i nfor­
mation that the reg ion requ i res i n  order to  promote fu rth er exp l orati ons for o i  I and gas  in  cen tral Oregon.  

Even though th i s  pub l i cat ion and th e work i n  progress w i  I I be a tremendous advan cemen t of our 
know l edge on the area , much mare s tu dy w i l l  be requ ired if th e extrapo l at ion of the information is  to be 
carr i ed w i th confi dence beneath the l ava cover of centra l Oreg on . Perhaps the pub l ications of the De­
partment  w i l l  encou rage i ndustry to do some o f  th e needed work.  

Oc tober 29,  1965 

i i i  

Ho l l i s M .  Do l e  
State Geo log ist  
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G E O LOGY OF  TH E S U P LE E - I Z E E  AREA 

CROO K ,  GRA NT , AND H AR NEY COU NT I E S , OREGON 
By 

Wi  I I  i am R .  D i c k i nson and Laurence W. V i  grass 

A B S T R A C T  

Deta i l ed stra t igrap h i c  and  struc tura l mappi ng, suppor ted by appropr i ate l abora tory i nves t igat i ons, has  great l y  ad­
vanced know l edge of t he  pre-Ter t i a ry geo logic  h i s tory of the Sup l ee- l zee d i s tr i c t  o f  250' square m i l es i n  Crook, Gran t, 
and Harney Count i es of cen tra l Oregon. Bes i des afford i ng a key to the geo l og i c  h i story of the region, the pre­
Tertia ry rocks exposed are a mo ng the l east  metamorphosed and  most foss i l i ferou s o n  the Pac i fi c  margi n of North 
Amer i c a. · Geograph i ca l l y, the distr i c t  l ies o n  the d i vide between the John Day, Crooked, and S i l v ies dra i nages; 
geo l �gica l ly, i t  l i es w i th i n  the B l u e  Mou nta ins  system, where i n i t  occup ie s  the  southwesternmost of severa l eros iona l 
in l i ers of pre -Ter t i a ry roc ks surrou nded by Cenozoic sed i men tary and  vo l ca n i c  roc ks. 

The composi te stra t igraph i c  sequ ence i ncludes at l ea s t  35,000 feet of Pa l eozo i c, Mesozoi c,  and  Cenozo i c  
s trata . Bo th th e pre-Cenozo i c  mar i n e  strata a n d  the Cenozo i c  cont inen ta l  stra ta i n c lude a h igh propor tion o f  vo l ­
can i c  mater i a l ,  l a rge l y  pyroc l a st i c i n  t h e  Mesozo i c  beds . Tw e l v e  unconform i t i es break t h e  con t inu i ty of t h e  sequence  
and  l oca l  fac i esthanges a re  prom i nen t  i n  the mar i ne s tra ta. Repeated  d i as trophi sm, w h i ch was  stronges t  i n  t he  Perm ian­
Trias s ic, Ear l y  J urass i c,  and  J u rass i c -Creta c eous t i m es, has  produced  a comp l ex l y  fo l ded  and  fau l ted  terrane i n  which 
the degree of deformat ion  i s  rough l y  p ropor t iona l  to age, 

Under l y i ng a western u p l and  of ro l l i ng h i l l s  near Sup l ee are u n di fferent i a ted Pa l eozo ic  s t rata con s i st i ng  domi ­
nant l y  of f l i n ty fe l s i t e  inc l u d i ng both l ava and  tuff, w i th su bord i nate chert, vo l canic sandstone, a n d  l enses of ca l­
caren i t i c  l imestone  con ta i n i ng l ower  Perm i an fusu l i n i ds .  O n  Frenchy Bu tte north of lzee, greens tones of probab l e  
Pa l eozo i c  age are  i ntruded by Perm i a n -Tr i ass i c serpen t i n e; both a re over l a i n  u nconformab l y  by foss i l i ferous U pper 
Triass i c  beds . 

Occupyi ng th e core of the  sou thweste r l y  p l u ng i ng Mow i ch upwarp and  a para l l e l  u pwarp to the nor thw est  i s  a 
t igh t l y  fo l ded  l ower  Upper T r iass ic (Kar n i a n )  sequence that  has  been su bd iv i ded  i n to two gradat iona l l y conformab l e 
u n i ts, w h i c h  together under l i e  1 00 square mi l es . Begg Format ion  {n ew name)  rests unconformab ly  o n  Pa l eozo ic  roc ks 
and cons i s ts of at l east  7,500 feet of  stra ta, dom i nan t l y  dark l u t i tes but i n c l u d i ng res i stan t members  of  chert -gra in  
sandstone and  c h er t -pebb l e  congl omerate; vo l ca n ic l a st i c  r ock  and  l ava; po l ym ic t i c  congl o merate and  sed i mentary 
brecc i a; and rare, th i n  l i mestone  l enses . B r i sbo i s  Forma t ion  {new name) is abou t 5,000 feet thick, and is of  dom i­
nan t l y  dark  l uti te in whi ch bed s  of  ca l careous sandstone and  sandy  c a l ca re n i te a re  i nterca l a ted; a vo l can i c  member 
of  spi l i te l ava , fe l s i te tu ff, and  tuffac eous vol can i c  graywacke reaches a thi c kn ess of  2 , 000 feet l oca l l y. 

Res t ing uncon formab ly· on the Kar n i an stra ta i n  the Vester Creek sync l i ne are  1 , 000 feet of thi n-bedded, dar k, 
s i l i ceous argi l l ite and  argi l l aceous tuff referred to the Rai l Cab i n Argi l l i te (new name) . I n terbeds of bi oc la s t ic  
l imestone  conta i n  Nor i an (U pper Tr i ass i c )  foss i l s .  The  Ra i l Cab in i s  over l a i n  w i th apparen t  conformi ty by  the Gray­
l o c k  Formation (new name) , wh ich conta i n s  Hettangi an (Lower Jurass ic)  foss i l s .  The Gray l ock  i s  at l east 400 feet 
th i c k, and  is dominan t l y  dark s i l ts ton e, a l though th i n  beds of b l ack l . i mes tone are interca l a ted in the basa l 15 to 
75 feet . Li tho l ogica l l y  s i m i l ar a nd  poss i b l y  corre l a t i ve s tra ta, here descr i bed i n forma l l y  as the "Caps Creek beds , "  
may b e  a s  young a s  S i nemu r i a n . 

The upper Lower  Ju rass ic Mowich Group, exposed a l ong th e f l anks  o f  Mow i ch upwarp , is redefi ned to i nclude 
Hyde Format ion, as w e l l  as the underlying Robertson , Suplee ,  and Ni c e l y  Forma t ions. The group is abou t 1 ,  500 feet 
thi c k  and rests unconformab l y  an  a l l  the o l der Mesozoic units in the area . The Robertson Forma t ion  (0-350 feet )  of 
basa l conglomerate, andes i t i c  sandstone, and b ios troma l l i mestone l enses  i s  confi ned to the western part  of the area. 
Abu ndan t  ammo n i tes from th e over l y i ng Sup l ee Forma t ion (25-75 feet) of fo ss i l i ferous ca l careous san ds ton e and Nice­
l y  Format ion  (75-300 fee t)  of concret ionary ca lcareous sha l e  a re  Toarci an  (Low er Jurass ic). The Hyde Formation 
(1 ,000 - 1 ,200 feet), wh i ch  accoun ts for mos t of the group, i s  formed of marine andesitic tuff and vo l ca n ic sand­
stone, l arge l y  u nfossi l i ferou s . Det r i t u s  from under l y i ng Mesozo ic  strata forms +he basa l cong l om erate of the Robert­
son Forma tion i n  t he  wes t  and the Sup l e e  Format ion  in the east w her."O the Robertson is absent . 

The  M i dd l e  Jurass i c  Snow shoe Formation, as he'rein rev i sed , rests conformab l y  on the Mowich Group in the 
eas tern part of  the area near lzee ,  but over l aps w estward  onto ol der s tra ta of Tr i ass i c  a n d  Pa l eozoic age in the Pine­
Creek dow nwarp near Sup l ee. Near l zee the type Snow shoe Format ion includes three members: (a ) a l ower member 
(600 feet )  of dar k, ca l careous, and  rad io l a r i a n  l ut i te of uppermost Toarc ian  (Lower J urassic) and lower Bajocian  
{Mi dd l e  J urass i c )  age; (b ) a midd l e member  (1 , 000 feet )  of  i n terlaminated dark luti te a n d  green i sh volcan iclastic 
s i l tstone  and  fi ne-gra i ned sa ndstone i n  graded l ayers, the wha l e  of Bajoci an  (Mi dd l e Ju rass ic) age; and  (c) an upper 
member {1 ,250 feet) o f  th i n -bedded, dark l u t i te w i th th ick i n terca l a ted beds of gray calcareous sandstone ,  in part of 
l ower Ca l l ov i an ( lowermost Upper Jurass ic) age. The m i dd l e member of the type sect ion grades eastward i n to the 
S i l v i es Member (new name) , a vo lcan ic l as t ic  w edge 1 , 500 feet th ick at i ts type l oca l i ty and character i zed by thick 
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i n tercala t ion s  ofres i s tant  andes i t ic  grayw acke and  cong l omerate i n  graded beds. N ear  Sup l ee, wh ere th e base i s  an  
u nconform i ty, the S nowshoe Forma t ion  i s  en t i rely Bajoc ian  (M i ddle J u rass ic) and  i nc l u des fou r  members :  ( a )  th e 
Weberg Member (former l y  Formati o n )  of abunda n t l y  foss i l i ferou s  ca l careou s san dstone, l ocal l y  pebb l y, and  sandy 
l i mes tone  fro m 0 to 1 50 feet th ick; (b ) the Warm Spr i ngs  Member (former l y  Forma t ion )  of  dark lu t i te 250 feet th i ck; 
(c) the Basey Member (new n ame) composed of andes i t ic  vo l can ic l as t ic  rocks w i th m i nor l ava and  hav i ng a t h i ckness 
of  I , 500 feet in i ts type  l oca l i ty; and  (d) the S haw Member (new.  name) of gray sha l e  that co n ta i ns m i nor l imestone 
and san ds tone i n terca l a t ions  and has a tota l th i ckness of l ess than I, 000 feet  w i th a n  eros i ona l  top . The three mem­
bers of th e " l zee bas i n" on the  east  a re  fac i es equ i va l ent s  o f  the  fou r  members of the "Sup l ee p l a tfo rm" on the  w est . 

Res t i ng  u ncon formab ly  on th e S nowshoe  Format ion  i n  the Lo n�some sync I i n e  are 1 2 , 500 fee t  of n ea r l y  u nfoss i  1-
i ferous lower Ca l l ov i a n  (Upper J u rass ic)  strata . Trow br i dge Forma t io n ,  as redefi n ed, i s  2 , 250 to 3 , 250 feet  th i ck a n d  
i s  dominan t l y b l ack  l u t i te w i th penci l fractu re. T h r e e  members a re  recogn ize d :  (a) t h e  basa l Rosebud Member (new 
name)  of mass ive b l ack and  green mu dstone  0 to 500 feet th ick; (b) Off icer Member (new name) of mu dstone w i th i n ­
terca l a ted re s i s tant  sequences o f  v i trocl as t ic  fe l s i te tuff i n  moss ive  a n d  l a m i nated beds a n d  o f  dac i t i c  g raywacke i n  
graded a n d  l a m inated beds, the who l e  from I 0 0  t o  500 feet th i c k; a n d  (c) Mag i l l  Member (new name)  o f  mass i ve b l ack 
mu dstone 2 , 000 fee t  th ick w i th th i n  i n tercala ted beds of ca l careous sandstone and  l i mestone . T h e  basa l beds of 
Trow br i dge  Format i o11 transgress westward from the upper to th e m i dd l e  member of  type Snowshoe Forma ti o n, and the  
Offi cer Member over l aps th e Rosebud Member i n  the same d i r ect i on . The  Lonesome Format ion , approx i ma te l yiO,OOO 
fee t  of i n tercalated dark l u t i te and  l i th i c  (vo l can ic) graywacke i n  graded beds, rests  conforma b l y  o n  th e Trow br i dge 
Formation and  appare n t l y  represen ts the  f i  I I i ng of a tecton ic  bas i n w i th turb i d i te s tra ta . 

Bernard Format ion  (new name) of l ower  U pper  Cre taceou s age  rests u nconforma b l y  o n  Pa l eozo ic, T r i ass i c, and  
J u rass i c  rocks and  i s  over l a i n  u nco nformably by  Ter t i a ry vo l ca n ic rocks . I t  con s i s ts dom i n a n t l y  o f  pebb l y  foss i l i ferous  
mar i ne san dstone that i s  l oca l l y  cross-bedded and  con g l omerat ic, and  i s  1 , 500 feet  th ick . 

Ter t ia ry vo l can i c  s t rata cropp i ng  out  o n  per i ph era l l a va p l a teaus and  as res idua l bu t te cappi ngs have a n  aggre­
gate th ickness o f  more tha n  1 , 000 fee t . F i ve  u n i ts have been recogn ized, each con t i n ental and  bou nded above and 
be l ow by u ncon form i t i es. Abou t  200 feet of  Eocene (?) mu df low brecc ia  and amygda l o i da l  basa l t  crop ou t o n  Morgan 
Mou n ta i n. P icture Gorge Basa l t  o f  the  Co l umb ia  R i ver Group i s  porphyr i t i c  and  aphan i t ic, reaches  1 , 500 feet  in  
th ickness , a n d  i s  over l a i n  ou ts i de the map a rea by pa l e  tuffs proba b l y  correla t i ve  w i th the Mascall Forma t ion; do l er ­
i te feeders form severa l d i ke swarms a n d  i so l ated p i pes  cu t t i ng Mesozo ic  strata. About  200 feet  o f  var i egated lacu s­
tr i n e  tu ffs and  c l aystones  on Buck Mou nta i n  may be corr e l a t i ve  w i th the Masca l l  Format io n. A d i ktytaxi t i c  o l i v i ne 
basa l t  f l ow from 50 to 1 00 feet t h ick  i n  Howard Va l l ey i s  proba b l y  P l iocene and  thus  older tha n  the  Ochoco Lavas. 
We l ded soda -rhyo l i te tuff-brecc ia  (0-1  00 feet)  i s  cor re l a t i ve  w i th welded sheets i n  the Ratt l esnake and  D anfo rth For­
mat ions  o f  the John  Day Va l ley a n d  Harney Bas i n; the presence of sodic amph i bo l es and pyroxenes as crysta l fragments  
i s  ev i dence o f  a n  a l ka l i n e  parent  magma. 

Qu aternary s tream a l l u v i u m  and mass movement depos its on h i l l s ides mask many exposu res o f  the bedrock u n i ts .  
The  major  structura l u n i ts of th e S u p l e e - l zee d i st r ict are : (I) m i l d l y  warped and  fau l ted  mar i n e  Cre taceous  

and  con t i nenta l  Tert i a ry s tra ta; (2) strong l y  fo l ded  and  fau l ted  Mesozo ic  s t rata  i nc l u d i n g  (a) mai n l y  Ju rass ic vo l can ­
ic la s t ic  strata deformed o n l y  dur i ng  a Ju rass ic-Cretaceous  o rogeny, and  (b) ma i n l y  T r ia s s ic  ep ic la s t ic  s trata deformed 
a l so du r i ng  an Ear l y  Ju rass ic  orogeny here named the Ochoco Orogeny; and (3) m i l d l y  me tamorphosed Pa l eozo i c  ma ­
r i n e  s trata f i rst deformed and a l so i n t ruded by serpen t i ne du r i ng a Per m i a n -Tr ias s ic  orogeny . 

The  fo l ds formed i n  Upper T r i assic stra ta du r i ng the Ochoco Orogeny had nor th er l y  t rends; they w ere near l y  
i soc l i na l  i n  the wes t ,  bu t were more open toward  the eas t .  Act ive  dur i n g  the orogeny were  three major reverse fau l ts 
of a copara l l e l  set trend i ng north-northeast  and  d i pp i ng to th e nor thw est , ·  s tee p l y  i n  most areas but  at l ow angles 
l oca l l y. Both fo l ds and fau l ts d i verged to drape themse l ve s  abou t a bu ttress o f  Pa l eozo ic greenstones  i n t ruded by 
serpen t i ne  on  Frenchy Bu tte nor th of  l zee. Movemen t  on the major fau l ts may have begu n in the La te Tr i ass i c  dur i ng 
the deposi tion of th e Upper Tr i ass ic strata cu t by the fau l ts .  

The Ju rass ic s trata were strong l y  fo l ded  and  d iagenet ica l l y a l tered to zeo l i t ic- assemb l ages i n  La te J urass ic 
and/or Early Cretaceous  t ime before the depos i t i on  o f  Bernard Format ion . The fo l ds fo rmed have easte r l y  tre n ds . 
They are ope n ,  c lo sely spaced, and  have only modera te re l i ef i n  the west. I n  th e east, however , the Lonesome syn­
c l i n e  is a great ,  overturned, nearly i soc l ina l dow n buck l e; mi nor transverse corrugat ions  on  i ts l i mb may be pre­
orogen ic  g rav i ta ti o na l  s l ump fo l ds tha t have been t i pped on end. Upper Tr ias s ic  strata tha t  w ere  f i rst folded about 
northerly axes dur i ng the Ochoco Orogeny w ere  re fo l  c(ed abou t  easter l y  axes . In the w est, w h ere the d i vergence i n  
trend  was mos t  marked, fo l ds o f  comp l ex con fi g ura t ion  w ere produced du r i n g  the refold i ng. Fo l l ow i ng th e J u ras s ic­
Cre taceous  orogeny or  du r i n g  i ts lates t  phase, broad warp i n g  abo u t  northeaster l y  axes gave r i se to the  sou thw este r l y  
p l u ng i ng  Mow ich upwarp and  P i ne Creek downwarp, which con tro l t h e  g ross ou tcrop pattern o f  T r i assi c and  J urass ic 
rocks w i th i n  the area . 

I n  the ea rly Ter t i a ry ,  the Cretaceous Bernard Format ion  was  t i l ted  a n d  a n  i rreg u l a r  eros ion  su r face o f  l oca l l y 
h i gh r e l ief was formed before the erup t ion  of th e P icture Gorge Basa l t. Renew ed t ilt i n g  a n d  eros ion  preceded erup ­
t ion of the P l iocene basalt and  w e l ded tuff . F i na l l y,  t i lti n g  a n d  deep eros ion  of P l i ocene strata accompa n i ed P l e i s­
tocene deformat ion. 
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INTRODUCTION 

P u r p o s e  a n d  S c ope o f  R e p o r t  

Most o f  Oregon east o f  the  Cascade Range i s  u nder l a i n  by Cenozo i c  con ti nenta l  vo l can i c  and ,ed imentary 
roc ks . Pa l eozo i c  and Mesozoi c  strati fi ed rocks are exposed o n l y  i n  i so l ated i n l i ers surrou nded by th e 
you nger deposi ts . I n  genera l ,  these o l der stra ta are i n tens i ve ly  deformed,  extens ive l y  metamorphosed , 
and i nvaded l oca l l y  by i gneous i n trus ions . An except ion is the a rea of th i s  report . Th e stud i es u po n wh i c h  
t he  report i s  based were u ndertaken w i th the hope , now amp ly  confi rmed , that the  resu l ts wou l d  f i l l  some 
of  the gaps in our know l edge of  the pre-Tert iary geo l og i c  h i story of eastern Oregon . The area was at­
trac t ive for three reasons: ( 1 ) I t  had not prev iou s l y  been mapped or stu d i ed in  deta i l ;  (2 )  Metamorph i sm i s  
s l i gh t  and igneous i ntrus ions a re  a l most who l ly  l ack i ng ,  hence ,  the ori g i na l  characters of the roc ks and 
the detai l s  o f  the i r  deformat ion are_ preserved; and (3) The foss i l i ferous Mesozo ic  sequence perm i ts de­
tai l ed corre l a tions w i th o ther strata i n  the Pac i fi c  Coast reg ion , prec ise dati ng  of  l oca l  d i as troph i c  events , 
and an i n terpretat ion o f  fac i es re l at ionsh i ps .  The pr i nc i pa l  know l edge gai ned from the stu dy can be d i ­
v i ded i nto three genera l categor ies :  ( 1 ) refi nemen t  and rev i s ion  of the stra t igraphy ou t !  i ned  by prev ious 
workers i nvo l v i ng n ew corre l at ions ,  re -defi n ed forma t ion bounda r i es ,  and  the de l i n eat ion of severa l new l y  
recogn i zed format ions a n d  mappab l e  members; (2) ev i dence for t h e  vo l can i c  der i vat ion o f  many o f  the Pa ­
l eozo i c  and Mesozo ic c l asti c strata and descript ion of the  petro l ogy of these roc ks; and (3) i n terpretat ion 
of  the h i story uf sed imentat io n ,  vo lcan i sm , and tecton i sm w i th apprec iab l y more detai l and accuracy than 
has been poss ib l e  prev iou s l y . 
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4 G E O LO GY O F  T H E  S U P LE E-I Z E E  AREA 

L o c a t i o n  a n d  A c c e s s  

The Sup l ee- l zee area embraces approx imate l y  2 50 square m i l es of graz i ng and t i mber l ands i n  Crook ,  
Gran t ,  and  Harney Coun t i es of east-cen tra l Oregon (fi gure 1 ) .  Al l -weath er cou nty roads l ead  i nto 'the 
area from Pr i nev i l l e  on  the west , v i a  Pau l i na ,  and from U . S .  H i ghway 395 between Bu rns and John  Day on  
the  east, v i a  Bear Va l l ey Ranger Stat ion . I n  dry weather ,  one can trave l  to  most parts of the area a l ong 
numerous ranch i ng and l ogg i ng roads . 

G e o g r a p h y  

The area l i es astr i de a mu l t i p l e  dra inage div i de capped by Snow Mou nta i n  (7, 1 35 feet) at the sou th ­
ern edge of the area . South Fork of Beaver Creek dra i n s  the Sup l ee di stri c t  westward to C rooked R i ver; 
Sou th Fork of  John  Day R iver dra i ns the l zee d i str i c t  northward to John Day Va l l ey . The sou thern and 
eastern extremi t i es of the area dra i n  sou thward i n to Harney Bas i n  through S i l ver Creek and S i l v i es R iver . 
Most  of the a rea i s  an in t r i cate l y  d i ssected up l and l y i ng at e l eva t ions of 5 , 000 to 6 , 000 feet , bu t Sou th 
Fork of  John Day R iver has trenched as l ow as 4 , 000 feet, c reati ng  loca l re l i ef as great as 1 , 500 feet i n  
i ts dra i nage bas i n  (see fi gures 2 and 3) . 

The vegetat ion i s  typi ca l  of coo l , sem iar i d  cont inenta l  c l i mes . Sagebrush , bu nch grass , and scat­
tered j u n i pers dom i nate the l ow l ands ,  whereas s tands of ponderosa p i ne abound on  su mmi ts and northern 
s l opes of many up l ands . Aspen groves and w i l l ow th i c kets l i ne  the watercourses , and meadows carpet the 
a l l uv i a l  f l ats . 

R e g i o n a l  G e o l o g i c  S e t t i n g  

The Sup l ee- l zee area i s  s i tua ted near th e sou thwestern extremi ty of the B l u e  Mou nta i ns provi nce ,  a 
comp l ex system of h i g h l a nds and i n termontane  bas i ns i n  northeastern Oregon bou nded on the  north by the 
Co l umb ia  R iver P l a teau of  basa l t i c  l avas and on  the south by th e sou theastern Oregon vo l can i c  prov inces 
of l ava p l ateaus ,  a l l uv iated bas i n s ,  and fau l t-b lock  mou nta i ns .  The northwestern part of  th e B l u e  Mountain 
prov i n ce ,  i n c l u d i ng the B l u e  Moun ta i ns proper and the Ochoco Range of centra l Oregon ,  i s  u nder l a i n  for 
the most part by warped Cenozo ic  con t i nenta l  vo l can i c  and sed imentary roc ks . Pre -Cenozo i c  rocks are 
most extensi ve ly  exposed in the eastern - and southernmost parts of  the B l u e  Moun ta i ns prov i nce  as i n l i ers 
surrou nded by younger roc ks. The Sup l ee - l zee area l i es w i th i n the most sou thwestern of these i n l i ers ,  as 
shown by f igure 4 .  

P r e v i o u s  W ork 

Dr . E .  L .  Packard and h i s  students at th e U n iversi ty of Oregon were the fi rst to exp l ore systemat i ­
ca l l y  the pre -C enozo i c  rocks near Su p l ee and l zee and the fi rst to apprec ia te the great areal exten t of  
these exposu res (Packard, 1 928 ) .  Packard ( 1 932) descr i bed i n  a genera l way the Pa l eozo i c  rocks and  
Schenk ( 1 934) the  Tr ia ss i c rocks . Lupher ( 1 94 1 ) f i rs t  took  stock  of the  J urass i c  rocks i n  a de tai l ed and 
h ig h l y  i n formative stra tigraph i c  repor t . S i nce that date , as base maps have become avai l a ble , severa l 
geo log i sts have mapped areas of vary i ng s ize w i th i n  and near the ground descr i bed i n  th i s  report (see fi g ­
u re  5) . 

M e t h o d s o f  I n v e s t i g a t i o n  

Geo logy was p l otted on  1 : 20 , 000 a i r  photos du r i ng 1 5  man-months o f  fi e l d  work and comp i led  at  
1 : 24 , 000 on U . S .  Forest Servi ce  p l a n i me tr i c  base maps . Vi grass mapped 1 1 0 square m i l es surrou ndi ng 
Sup l ee . D i c ki nson mapped 1 40 square m i l es surround i ng l zee . V igrass exam i ned approxi mate l y  75 th i n  
sec t ions and D i c ki nson , approx imate l y  250 . 



INTRODUCTION 

Figure 2. View from Morgan Mountain southwest across volley of 
South Fork of John Day River to Snow Mountain on skyl ine; 
visible relief is 3, 000 feet. 

Figure 3. View east across vol l ey of South Fork of Beaver Creek to 
Mowich Mountain copped by Columbia River Basalt; angular 
unconformity between Upper Triassic Begg Formation (left) 
and Lower Jurassic Mowich Group (right) in center. 
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EXPLANATION 
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F i gure 4 .  Pre-Cenozoic i n  I i ers o f  northeastern Oregon . 

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

We take p l easu re i n  ca l l i ng the reader's attent ion to the many i nd iv i dua l s  and organ i za t ions  whose 
ass i stance and su pport have made th i s  report possi b l e . The work u pon  wh i c h  it is based was begu n in 1 9.56 
as research i n  part i a l  fu l f i l l m en t  of the requ i remen ts for our doctora l degrees a t  S tanford Un i vers i ty . I t  
was un dertaken a t  the suggest ion o f  Pro f .  S .  W .  Mu I I  e r ,  who superv i sed the fi e l d  work for most o f  the 1 9.56 
season , and was cont i nued w i th th e adv i ce  o f  Dr . Mu l l er and of P rof . R .  R .  Compton . 

F i e l d ,  l a bora tory, and off i ce  expenses were borne i n  part by severa l organ izat ions ,  bu t pr i nc i pa l l y 
by Hu mb l e  O i l  & Refi n i ng Co . (fo r D i ck i nson ,  1 956; fo r V i grass , 1 9.56 -57) . Add i t iona l  fi e l d  work by 
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F i gure 5 .  Ava i l ab l e geo l og i c  mapp i ng in Su p l ee - l zee area and vi c i n i ty .  
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D i c kinson was su pported by the Nationa l Sc i ence Fou ndat ion i n  1 957 and  by a G u l f  Oi l Co . Ai d to Educa ­
t ion Grant  i n  1 960 . Labora tory and  o ffi c e  expenses were borne  i n  part by a grant from the She l l O i l Co . 
Fund for Fundamen ta l  Research a t  S tan ford . F e l l owsh i p  awa rds from the Nationa l S c i ence  Foundat ion 
(Di c k i nso n ,  1 956-57) , S tandard O i l Co . of Ca l i forn i a  (Vi grass ,  1 954-56) , and  She l l O i l  Co . (Vigras s ,  
1 956-57) made our research as g radua te s tuden ts poss i b l e .  

Mr . J . H .  Beeson of  Humb l e part i c i pa ted i n  the f i e l d work of the 1 956 season , and gave generous !  y 
of know l edge and  exper ience  ga i ned  by previous work i n  the area w i th Mr . D .  L .  Morg r i dg e  o f  Humb l e .  
Mr . E . E .  Larson of  Hu mb l e  ab ly  ass isted Vi grass dur i ng the 1 957 season . D r .  R . M .  Tou r i ng  o f  Humb l e 
has been an i nterested and encourag i ng observer of the  work s i n ce  i ts i ncepti on . 

We were extreme ly  for tu nate to have had the a i d  and advi c e  o f  severa l ou tstand i ng  pa l eon to l og i s ts 
who iden t i fi ed the mater i a l s  i n  our co l l ec ti ons . The i r  op i n i ons  of the s i gn i fi cance  o f  th e foss i l s  form the 
bas i s  for our i n terpreta tions o f  age re l at ionsh i ps .  These gent l emen and  the co l l ec t ions they stu d i ed i n ­
c l u de :  D rs .  J . W .  Sk inner  a n d  G . L . W i l de of Hu mb l e  Oi l & Refi ni ng Co . ,  Perm ian  fu su l i n i ds; Dr . D .  F .  
Squ i res o f  the Amer ican  Museum o f  Natura l  H i s tory ,  Triassi c coe l en tera tes; D r . N . J .  S i l ber l i ng o f  the 
U . S .  Geo log i c a l  Survey ,  most Tr i assi c co l l ect ions; Dr . S . W .  Mu l l er  o f  Stanford Un i versi ty ,  uppermost 
Tri assi c and l owermost J u rass i c  co l l ec t ions; Dr . R . W .  I m l ay o f  the U . S .  Nat iona l Museum and G eo log i ca l  
Survey , most J u rass i c  co l l ect ions; a nd  Dr . D . L . Jone s  of the  U . S .  G eo log i ca l  Survey , Cretaceous co l ­
l ec t ions . 

We a l so benefi ted grea t l y  from fi e l d  conferenc es and d i scuss ions o f prob l ems i n  th e a rea w i th a num ­
ber of geo log is ts who had worked i n  or n ear th e area prev ious l y ,  or were work i ng concurrent l y  i n  n earby 
areas . These i n c l ude Dr . E . L . Pac kard ,  Dr . R . L .  Lupher ,  Dr . R . E .  Wa l l ace , Dr . T . P .  Thayer , D r . C . E .  
Brow n ,  Dr . J . W .  Harbaugh , Mr . W . P .  K l eweno , Mr . T . P .  Hughes ,  Mr . R . L .  Batema n ,  Mr . C . l . Tran ­
tham,  and Mr . M . O .  Beeson . Ac t ive co l l a borat ion w i th D r . R . W .  I m l ay ,  who spen t  severa l weeks co l ­
l ec t i ng i n  the v i c i n i ty du r i ng  the 1 956 and  1 957 f i e l d  seasons ,  was espec i a l ly  benefi c i a l . 

The ki ndness of the ranchers of the Sup l ee  and l zee commu n i t i es was essen t i a l  to the progress of our 
work ,  and was u nfa i l i ng .  

Mr . Ru perto Lan i z ,  S tanford Un ivers i ty ,  prepared a l l photographs of th i n  sect ions . 
F i na l l y ,  w e  mus t  state ou r debt to Ho l l i s  M .  Do l e ,  S tate G eo l og i s t  and  D i rec tor of the S ta te of 

Oregon Department o f  Geo l ogy and  Mi nera l I ndu str i es .  To h i s  pat i ent  u rg i ng and enthus iast i c  cooperation  
must go  the  c red i t  for t he  preparat ion of th i s  j o i n t  report . 

F o s s i l C o l l e c t i o n s  a n d  L o c a l i t i e s 

A number of geo log i s ts and  pa l eon to l ogi sts assi s ted u s  i n  th e co l l ect i on  of foss i l s  from n ear l y  250 
l oca l i t i es . A l though  about  1 50 of the more importan t  l oca l i ti es are shown on the geo log i c  map (p l a te 1 ) , 
space  prevents a deta i l ed desc r i pt ion of each l oca l i ty or proper c red i t  to each co l l eagu e .  Th e i n terested 
reader can f i nd  th i s  i nforma t ion in ou r doc tora l d i ssertat ions :  " Geo l ogy of the l zee Area , Grant Coun ty ,  
Oregon , "  by D i c kinson ( 1 958) a n d  " G eo l ogy of  th e S u p  I e e  Area , Crook ,  Grant ,  a n d  Harney Coun t i es ,  
Orego n , " by Vigrass ( 1 96 1 ) ,  obta i na b l e  from Un i vers i ty Mi crofi l ms ,  I nc . ,  Ann Arbor ,  Mi c h i gan . 

G e o l o g i c  T e r m i n o l o g y  

For the genera l  reader , an  exp l ana tory g l ossary of tec h n i ca l  geo l og i c  terms i s  i n c l u ded at the back  
of th i s  bu l l e t i n .  

P e t r o l o g i c  T e r m i n o l o g y  

A few random comments conc ern i n g  spec ia l , and  perhaps co ntroversi a l ,  aspects of  th e term ino logy 
of sed i mentary and  vo l can i c  roc ks are i n c l u ded here to c l ar ify th e u sage in th e text : 

a )  Th e terms quartz keratophyre ,  keratophyre ,  and  spi l i te a r e  u sed for soda-r i c h  a l ­
b i ti c  ana logues o f  dac i te ,  andes i te ,  and basa l t , respec t ive l y .  
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b )  Ca l c i rud i t e , ca l caren i t e ,  and ca l c i l u t i te are textu ra l  terms app l i ed to  ca l c i c l as ti c  
rocks (fragmenta l  l i mestones) a n d  are ana l ogous to cong l omerate , sandstone , and  
mu dstone; sandy c a l caren i tes , etc . ,  conta i n  admixtures o f  terri genous si l i c i c l a s tic 
detr i tus . 

c )  Lu ti tes: sha l e  i s  fissi l e  l u t i te ,  mudstone  i s  non -f i ss i l e  l u t i te ,  arg i l l i te i s  strong l y  
i n du rated luti te ana l ogous to s l ate except tha t i t  breaks i n to b l ocky angu l ar frag ­
ments . Si I tstone  is e i th er we l l -sorted roc k composed of  s i  I t  gra i ns or poor l y  sor ted 
rock  w i th med ian s ize  in the s i l t  range bu t co nta i n i ng both sand and c l ay .  

d) For petrograph i c  desc r i pt ions o f  sandstones ,  th e term i no logy of  G i l bert  ( 1 954s p .  
289-297) has  been adopted . 

e)  For megascopi c desc r i pt ions of sandstones,  the sort i ng term ino logy of Compton  ( 1 96 1 , 
p .  2 1 4) has been adopted . 

f) For d i scuss ions of fragmenta l roc ks o f  vo l can i c  der ivat ion (c l asti c vo l can i c  o r  vo l ­
cani c l as t i c  roc ks) , the gra i n  s i ze l i m i ts proposed by F i sher ( 1 96 1 , p .  1 41 1 ) have 
been adopted . Moreover ,  as regards c l ast i c  mater i a l s  and  rocks  i n  the stra t i fi ed  
co l umn :  

1 .  " Pyroc l as t i c " refers to ma ter i a l s  forc i b l y  expe l l ed from vo l can ic. vents as 
fragmenta l e j ec ta ,  set i n  mo tion  i n i t i a l l y  by exp l os ive  erup tion ,  and  
ow i ng the i r  g ra i n  morpho l ogy to  processes of  erup t ive d i s i n tegrat ion  
(most typ i ca lly,  ves i cu l a t ion ) .  

2 .  " Ep i c l ast i c "  refers to mater i a l s ,  o f  e i ther vo l c an i c  o r  nonvo l can i c  
der i va t io n ,  wh i c h  owe the i r  parti c u l a te nature , t h e i r  gra i n  shapes ,  a nd  
the i r  movement t o  processes of surf i cia l w ea ther i ng , eros ion , a nd  
aqueous transpor t . 

3 .  " Vokani c l ast i c " refers to mater ia l s  o f  vo l can i c  der ivat i on ,  whatever 
the i r h i sto ry , w i th no con notat ion as to the i r  pyroc l ast i c or  ep i c l ast i c 
or ig i n; wh i ch  means vo l can i c l astic. beds may be e i ther tu ff or sand ­
stone ,  etc . 

4 .  " Vi troc l asti c " refers to vo l can i c l as t i c  ma ter i a l s  hav ing  the d i s ti n c ti ve  
curv i l i near gra i n  marg i ns and bran c h i n g ,  arcuate shapes of  g l ass shards . 

5 .  " Tu ff, " l ap i l l i -tuff , " " tu ff-brecc i a , " etc . ,  refer to vo l can i c l as t i c  roc ks 
composed of pyroc l as t i c  debris so l i tt l e  modi fi ed by sedi mentary processes 
o f  sor t i ng or rou nd i ng that th e o ri g i na l  compos i t ion  and texture of the 
e j ec ta are preserved esse n ti a l l y  unchanged . 

6 .  "Vo l can i c  sandstone , " " vo l can i c  cong lomerate , "  etc . refer  to vo l can i ­
c lasti c roc ks whose composi t ion , texture , or struc ture g ive  c l ear  i nd i cat ion 
o f  surfi c i a l  reworki ng suff ic i en t  to apprec i ab l y  modi f y  the  ori g i n a l  vo l ­
can i c  c ha rac ter of the sou rce mater ia l s .  

7 .  " Sandy tuffr'' " tuffaceou s sandstone , " e tc . ,  refer to roc ks composed of 
m ixed pyroc l as t i c  and  ep i c l ast i c  debr i s  in wh i c h  the former or the l a tter 
is respec t ive l y  the more abundan t . 

9 
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PART ONE 

STRATIGRAPHY 1 PETROLOGY 1 AND SEDIMENTATION 

· I n th i s  sec ti on  of th e report , i n format ion is assemb l ed on the strat i graph i c  r e l a t ions ,  the sedi men ­
tary and  vo l ca n i c  petro l ogy , and  the h i s tory of sed imen tat ion  o f  the roc k u ni ts of th e area . P l ate I shows 
the ou tcrop pattern of the var ious u n i ts .  Referenc e  to P l ate I l l , " Geo l og i c  H i story of the Sup l ee- l zee 
Area , " w i l l  c l ar i fy the posi t ion  occup i ed  by each roc k  u n i t  w i th respec t to the  s tru c tu ra l  evo l u t ion  and 
tec ton i c  h i s tory of the area . Referenc e  to f igure 6 w i l l  f ix th e ma jor  struc tura l subd iv i s ions of th e a rea in  
the reader ' s  mi n d .  I n  Part O ne ,  u nconform i ti es are noted where presen t ,  but are descr i bed  more fu l l y i n  
Part Two . 

G E N E RA L  STATEME N T  

S trat i fi ed roc ks o f  t h e  Su p l ee - l zee area have an  aggrega te th i c kn ess o f  at l east 35, 000 feet  (see 
figure 7) , a l though suc h  a th i c k  prism of s trata may not be  present benea th a ny one p l ace . Li tho log i c  var i ­
a tions and struc tura l re l a ti ons record a comp l ex h i s tory of d iversi fied sed imentati o n ,  recurrent vo l can i sm,  
and near l y  cont i nuous d i astroph i sm from the Perm ian  to  the P l e i stocene . Act ive vo l can i sm contri bu ted to 
depos i t ion dur ing  each geo l og i c  per iod except the Cretaceous . Pre-Cenozo ic  strata are domi nant l y c l ast i c  
sed i mentary roc ks and are probab ly  en t i re ly  of mar i ne  o r i gi n .  Cenozo i c  strata are of cont i nenta l  o r ig i n 
and  are dom i nan t l y  l avas and tu ffs . Twe l ve unconform i t i es that d i ffer grea t l y  i n  the i r  respec t ive angu l ar ­
i ty and strat i graph i c  h i atus have been  recogn i zed i n  the sequ ence  (see  Part Two) . On  the bas i s  of stru c ­
tura l re l a t ions ,  peak per iods o f  orogen i c  deformat ion are i n ferred for Perm ian -Tr i ass ic  t ime , the S i n emur ian  
Age (Ear l y  J urassi c ) ,  and Late J u rass i c  and/or Ear l y  Cretaceous  t ime (see Part Two) . Wi th loca l excep ­
t ions ,  the degree o f  stru c tura l deformat ion i s  proport iona l to age ,  the o l dest strata bei ng the  most  com­
p l ex l y  fo l ded and  fau l ted , wh i l e  you nger and  you nger rocks  are progress ive ly l ess deformed .  Desp i te the 
l ong h i story of repeated orogen i c  deformati on ,  metamorph i sm o f  the roc ks is s l i gh t .  Mesozo i c  rocks of 
vo l can i c  parentage were affec ted most by d i agenet ic  a l tera t ions ,  bu t even in these roc ks or i g i na l  textures 
are preserved a l most i n ta c t  and metamorp h i c  sch i s tosi ty is absent . Apprec i ab l e  m ine ra l og i c  recons t i tu t ion 
of pre -Cretaceous vo l can i c  and vo l can i c l as t ic  roc ks has led to assemb l ages character i s t i c  of the "zeo lite 
fac i es "  of Coombs and others (J959) or  the " zeo l i t i c  fac i es "  of Turner (i958, p .  2 1 5 -2 1 7; Turner and Ver ­
hoogen , 1 960,  p .  532) . 

I n  the fo l l ow i ng accou n t ,  the  g reatest emphas i s  i s  p l aced on the Mesozo ic  stra ta , part i cularly the 
Jurass i c  rocks , wh i c h  have been stud i ed  i n  the most deta i l .  Deta i l ed descr i pt ions of key strat i graph i c  sec ­
t ions of J u rassi c strata are g i ven i n  the  Append i x ,  pages 90 to 96 . 
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SCALE 5 

MILES 

LE G END 
Peripheral plateaus mainly 

Cenozoic volcanics 

(]] Mainly Jurassic marl'he 

� Mainly Triossac marine 

Q western upland m ainly 
Paleozoic 

F i gure 6 .  Major struc tura l d iv i s ions o f  th e Sup l ee -lzee area: 

The  w estern Pa l eozo i c  u p l and i s  a be l t  of u p-fau l ted Pa l eozo i c  roc ks a long the western 
edge of  the area . 

P i n e  Creek downwarp i s  a sync l i nori um of down -fo l ded J urass i c  strata l yi ng mai n l y  east 
of  th e western Pa l eozo i c  u p l and  and f l anked on  the northwest and sou theast by exposures 
of Upper Tr iass i c  roc ks . 

Mow i ch upwarp i s  a n  an ti c l i nori u m ,  cored by Upper T r i assi c roc ks and fl a nked by J urassic 
stra ta , that trends from sou thwest to north east across th e heart  of th e a rea , and i s  thu s 
the dom i nan t  stru c tura l  feature o f  the area . An u nnamed compan ion  upwarp of fo l ded 
Tr i ass i c  roc ks I ies  a l ong th e northwestern edge of  the a rea . 

Lonesome sync l i n e  i s  a deep stru c tu ra l  trou gh of J u rass i c  s trata l yi ng sou th east  o f  Mow ich  
upwarp a long t he  sou th eastern edge of t he  area . 

The per i phera l lava p l a teau s  are d i scont i nuous u p l ands of gen t l y  d ipp i ng Tert iary basa l t  
and  tuff tha t  r i ng the area o n  the north , east , and  sou th . 
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Period Symbol Name Approx. Ft. General Lithology Data on Age 

Twt,Tdb,Tib, Tertiary rhyolitic welded tuff, no fossils, continuous and/or 
TERTIARY Tpg, Tmb volcanic 2,000 olivine basalt, lacustrine correlative with nearby Pliocene, 

rocks beds, basa It, mudflow Miocene & Eocene(?) 
breccia 

��ETA- Kb Bernard 1,500 pebbly I ithic sandstone ammonites and pelecypods 
'-EOUS Fm. of Cenomanian Stage 

Jlo Lonesome 10,000 intercalated gray lithic ammonites of Callovian Stage 
Fm. (volcanic) sandstone in 

graded beds and black 
mudstone 

Jt Trowbridge 3,000 black mudstone with ammonites of Callovian Stage 
Fm. intercalated volcani-

clastic rocks. 

� 
Snowshoe 1,000 intercalated andesitic ammonites of Callovian, II) Jsn II) <1: Fm. to volcaniclastic rocks with Bajocian, and uppermost "" 

::::> 4,000 minor lava and I ami- Toa�cian Stages .., 
noted argillaceous rocks 

Jm Mowich 1,500 andesitic tuff and sand- ammonites of Toarcian Stage 
Group stone with minor shale, 

limestone, conglomerate 

Jg Gray lock 500 dark si I tstone with ammonites of Hettangian Stage 
Fm. minor limestone 

lRrc Rail Cabin 1,000 black to green argillite· ammonites of Norian Stage 
Argillite and felsitic tuff 

lRbr Brisbois black, gray, and green pelecypods, coelenterates, 
Fm. 5,000 mudstone with intercalated ammonites of Karnian Stage 

sandy ls.,calcareous ss., 
u and volcaniclastic rocks 
II) 

and lava II) 
!f 
"" 
1-

Begg gray to green lutite with mollusks and coelenterates of 
lRbg Fm. 7,500 intercal. chert-grain ss. Karnian(?) Stage 

and chert-pebble cg., 
polymictic breccia & cg., 
volcaniclastic rocks and 
minor lava, & rare bio-
clastic limestone. 

Paleozoic varicolored flinty felsite, Permian fusulinids; contiguous 
PERMIAN Psv Rocks ? limestone, and chert exposures include Devonian, 

Mississippian, & Pennsylvanian. 

F i gure 7 .  Genera l i zed co l umnar sec t ion , Sup l ee - l zee area . 
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PALEOZO I C  ROC KS (Psv ) 

Poor ly  exposed Pa l eozoi c  roc ks of comp l ex struc ture c rop out i n  gen t l y  ro l l i ng up l ands a long  the 
western edge of the mapped area n ear Sup I ee and on Frenchy Butte north of l zee . In ne i t her area i s  the 
base of th i s  Pa l eozo i c  sequence exposed . In both areas , the strata are over l a i n  w i th angu l ar unconform i ty 
by coarse c l ast i c  rocks ass ig ned to the U pper Tr iass ic Begg Format ion . The  exposures near Sup l e e  conta i n  
Perm ian  fusu l i n i ds a n d  a r e  cont i nuous w i th t h e  extens i ve exposures of  Devoni a n ,  Carbon i ferous,  a n d  Per­
mian carbona te roc ks , vo l ca n i c  roc ks ,  c h erts,  and c l as t i c  sed i men tary rocks in th e Gr i n ds tone  Creek­
Twe l vemi  l e  Creek d i s tr i c t  to the west stud i ed  by Merr iam and Berth i aume ( 1 943) , K l eweno and J effords 
( 1 96 1 ) ,  and Dr . J . W .  1-brbaugh (ora l commun i cat ion , 1 958) . The unfossi l i fe rous exposures on  Frenchy 
Butte w ere mapped as " basement  comp l ex "  by Wa l l ac e  and Ca l ki ns ( 1 956) and are cont i nuous w i th the 
" Permian metavo l can i c  rocks"  o f  Thayer ( 1 956a) in  t he  Aldr ich Mounta i ns to the north . The two terranes 
of Pa l eozo i c  roc ks presumab l y  j o i n beneath the Mesozo i c  exposures o f  the  Sup l ee -l zee area . N ei th er th e 
ori g i n a l  stra t i graph i c  th i c kness nor the ac tua l tec ton i c  th i c kness of the  Pa l eozo i c  sequence can  be est i ­
mated w i th conf i dence  from any work to date . Gross struc tura l a nd  stra t ig raph i c  unc er ta i n ti es are  com ­
pounded by i ntr i ca te sma l l -sca l e  brec c ia t ion  found  i n  near l y  a l l  exposures . 

L i tho l og i c  desc r i pt ion 

I n  appprent order of abundance ,  the Pa l eozo i c  roc ks near Sup l ee i n c lude fe l s i te ,  l i m es tone ,  chert ,  
and vo l can i c l as t i c  sed i mentary roc ks . 

Craggy outc rops of var ico l ored , brecc iated,  f l i nty fe l si te l oca l ly vei ned by w h i te c h a l c edony and 
quartz account for the bu l k  of  the Pa l eozo i c  exposures . The fe l s i tes are m i croporphyri t i c quar tz kerato ­
phyres i n  wh i c h  embayed a l b i te and  quar tz m i c rophenocrysts are set w i thout  preferred o r i en tat ion  i n  a 
fe l ted groundmass o f  a l bi te and quartz . The aphan i ti c  groundmass , wh i c h  l oca l l y d i sp l ays sph eru l i t i c  and 
flux ion struc tures i n  th i n  sec t ion , assumes var ious shades of cream ,  g ray , tan ,  brow n ,  g reen ,  and purp l e  
i n  hand spec i men . P r i mary struc tures v i si b l e  i n  th i n  sec t io n ,  but usua l l y  not d iscern i b l e i n  the  f i e l d ,  i n ­
d icate that t h e  fe l s i tes i n c lude f low -banded l avas , f l ow -brecc ia s ,  and  l am i nated , strong l y  compac ted tuffs . 

The l imestones c rop out as i so l a ted pa tch es o r  d i scon t i nuous bands and are apparent l y  l enses i n ter ­
bedded w i th fel s i te  fl ows a n d  tuffs . Most  outc rops a r e  subdued ,  but some  form prom i nent  rounded or c raggy 
knobs . Th ere are two common l i tho log i c  subtypes : l) Most abundant i s  gray , mass ive or i nd i st i n c t l y  bed­
ded fragmenta l  l imestone rang i ng from ca l caren i te  to ca l c i rudi te . Terr i genous debr i s  in the form of san d  
gra i ns o r  pebb l es  of  quartz , cher t ,  and  fe l s i te i s  common , and  there i s  l oca l g radati on  to subfe l dspath i c  
l i th i c  a re n i te cemented by ca l c i te .  T h e  ca l caren i te genera l l y consi sts o f  c r i noi da l  debris set i n  a matr ix  
of  ca l c i lut i te . The l ess abundant  ca l c i rudi te cons i sts of subrounded to  subangu l a r  pebb l es and cobb l es o f  
calcaren i te se t  i n  a matr i x  of  c a l ca ren i t e  or  ca l c i lut i te . Fusu l i n i ds and  encrust i ng  bryozoa occur spar i ng ­
ly  i n  t h e  ca l caren i te a n d  w i th i n  the coarse fragments i n  the ca l c i rud i te . 2 )  Cons i derab l y  l ess abundant i s  
th i n-bedded ca l c i lu ti te conta i n i ng sparse brach iopods a n d  rugose cora l s . 

Lami nated red and green chert occurs spari ng l y  i n  the Pa l eozo i c  sequence . T he  cher t  bears some re­
semb lance  to  the f l i n ty fe l s i te ,  bu t i n  hand spec imen  the c h er t  i s  more trans luc ent ,  ha s  a more g l assy luster, 
breaks on more perfec t ly  concho ida l  frac tures, has a l ess gra iny appearance  under the l en s ,  and l ac ks the 
t i ny quartz and fe l dspar phenocrysts c haracter i sti c of th e fe l si te . I n  th i n  sect ion , the c hert  i s  seen to be 
l am i nated cha l cedony conta i n i ng  re l i c t  ghosts of monax i a l  and tr iax i a l  sp i cu l es, sphero i da l  radio l a r i ans , 
and cha l c edony pseudomorphs  o f  chambered foram i n i fera l tests . 

Rare vo l c an i c las t ic  strata s im i l ar i n  many respects to those of the over l y i ng Begg Format ion appear 
to be i n terca l ated w i th undoubted Pa l eozo i c  strata a t  severa l l oca l i t i es ,  most notab l y  be low the Begg 
strata h a l f  a m i l e  south of Sup l ee in the S E� sec . 26 , T .  1 7  S . , R .  25 E .  These Pa l eozoi c  roc ks i nc lude 
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moderate l y  sorted vol can i c  sandstones ,  sedi mentary brec c i as o f  fe l s i te and argi l l i te fragments and o l ive ­
green mudstones . The gra i n s  of th e sandstones are domi nan t l y  fe l s i te  and g reenstone accompan ied  by var ­
y ing amounts of ch ert , a rgi l l i t e ,  and vo l can ic  p l ag ioc l ase . 

The  Pa l eozo i c  rocks on Frenchy Bu tte nor th of l zee are  dom i nant l y  mass ive , dark-green aphan i t i c  
l avas,  fl ow -brec c i as ,  and agg l omerates or  p i  I I  ow  brecc i as best desc r i bed in  t h e  fi e I d as greenstones . Ca l ­
c i te and c ha l cedony amygdu l es ,  ve in l ets , and i rregu l ar rep l acement  nodu l es are abundant . The l avas are 
m i c roporphyr i ti c  kera tophyres containing w i de l y  spaced m i c rophenoc rysts of  dusty a l bi te set  in a pi l otax­
i t i c  groundmass of a l b i te m i c ro l i tes and i nterst i t ia l m i crocrysta l l ine c h l or i t e ,  the l a tter probab l y  pseudo­
morphous after poo l s  o f  g l ass . A fine -gra i ned  var io l i t i c  fabr i c i s  l oca-lly deve l oped and f l u xi on s tru ctu re 
defined by th e preferred or i entat ion of  a l bi te l a th s and e l onga te amygdu l es i s  prom inen t l y  d i sp l ayed . .The 
brecc ia s  a re composed of angu l a r  and su bangu l ar fragments of m i c roporphyr i ti c  quartz kera tophyre fe l s i te 
set in a murky ,  arg i l l aceous matr i x .  I n th i s  rock ,  scarce resorbed quartz m i c rophenocrysts and scattered 
dus ty a l b i te m i c rophenocr-ysts are set in a fe l s i t i c  g roundmass of poor l y  formed a l b i te l a ths ,  anhedra l quartz , 
and m i nor c l o ts of g ranu l ar epi dote . 

The sporad ic , but  w i despread ,  interca l a t i ons o f  mar ine I i mestone and  c h er t  suggest tha t the en tire 
exposed Pa l eozo i c  sequence i s  of  mar ine or ig i n .  The ca l caren i tes are composed dom inan t l y o f  th e d i s i n ­
tegrated ske l eta l debr i s  o f  sessi l e  organi sms tha t  probab l y  dwe l t  i n  sha l l ow ,  aerated waters . The l i tho l ogy 
of  the ca l c i rud i tes suggests that the i r  const i tuen t  fragments were der ived from an area where wave ac t ion 
was su ffi c i ent to d i saggregate new l y  conso l i dated b ioc l ast i c l i mestone and to redi str i bu te the coarse detri ­
tus formed i n  tha t  manner . The assoc i ated fusu l in i ds are form; consi dered to have l i ved i n  she l f  sea s ,  rath ­
er than in open oceans (Dunbar , 1 957} . The poor sor t i ng  and  rounding o f  the fragmenta l c a l c areou s debr i s  
ind i cate that work ing and w innow ing before depos i t ion were s l igh t .  Th i s  fact  might b e  he l d  t o  d i sc red i t  
a n  interpretat ion of  sha l l ow water depos i t ion , were i t  not for the fac t that many modern carbonate bank 
depos i ts , su'c h  as some types i n  the Bahama Is l ands , are equa l l y  poor l y  sorted a l though  depos i ted i n  sha l ­
l ow wa ters . The assoc ia t ion of a l b i t i c  soda -ri c h  vo l ca n i c  roc ks and rad io l a ri a n  che rts has long  been r e­
garded a s  character i s t i c o f  deposi t ion  i n  eugeosync l ina l be l ts, often w i th connotat ion of deep waters a t  
t h e  s i te o f  accumu l at ion . There  i s  no ev i dence that t h e  ca l careous  debr i s  o f  sha l l ow water  der i vat ion  was 
subsequ ent ly  transported into deep wa ter . The ava i l a b l e  data suggest that the Pa l eozo i c  sequ ence n ea r  
Sup l ee accu mu l a ted in waters o f  sha l l ow to moderate depth s  du r i ng  a ti me  o f  cont inu i ng i n termi ttent vo l ­
can i sm w i th in and near the s i te of depos i t ion . 

Age and corr e l a t ion 

Undesc r i bed fusu l i n i d  spec i es o f  the genera Bou l toni a ,  Pseu dofusu l ine l l a ,  and Schwager ina were 
co l l ec ted from the ca l caren i tes and from c l asts in the ca l c i rud i tes at fi ve  l o ca l i t i es near Sup l ee  (see 
tab l e  1 ) .  Schwager ina ranges through most of the Perm i an ,  Pseudofusu l ine l l a is abundant in l ower  Perm ian  
roc ks o f  the western Uni ted S ta tes , and Bou l tonia i s  known on l y  from rocks of  l ate Wo l fcamp ian  to  ear l y  
Leonard ian age , a l though informa t ion on i ts range i s  l i m i ted (Thompson , 1 954 , p .  33} . .  These data suggest 
tha t  the foss i l i ferous  Perm ian l i mes tones near Sup l ee are corre l at ive  in who l e  o r  i _n part w i th the fo l l ow i ng 
u n i ts a l ong the west coast : Coyote Bu tte Forma tion of  the n earby Gr indstone  Creek-Twe l vem i l e  Creek 
d i str i c t  (see Bostw i c k  and Koch , 1 962 ,  p .  420}; l i mestones of E l khorn R i dge  Arg i l l i te near . Su mp ter in 
nor theastern Oregon (Taubenec k ,  1 955b} , Mc loud L i mestone of Sh asta Cou n ty ,  Ca l i forn i a  (Thompson and 
o th ers , 1 946}; Hava l l ah Format i on of nor th -centr a l  Nevada (Roberts and others ,  1 958}; and Cach e Creek 
Group of  Br i t i sh Co l u mb ia  (Armstrong , 1 949} . These u n i ts form parts of a vast eugeosync l i na l  terrane of  
upper Pa l eozo i c  sed i mentary and vo l can i c  rocks depos i ted a long the Pac i f i c  marg in of  Nor th  Amer ica 
w i th in th e Fraser Be l t  of Kay ( 1 95 1 } .  
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TABLE 1 .  Fusu l i n i d  co l l ect ions  from Pa l eozoi c l i mestones . 
( I dent i fi cat ions by J .  W .  Sk i nner and  G .  L .  
Wi l de  o f  Humb l e  Oi l & Refi n i ng Co . )  

Loca l i ty 1 V 1 85 V 1 88 V 1 92 V 1 93 V41 5 

Locat ion2 

--� of s w  NE N E  N E  NW 
--� of N E  s w  N E  s w  NW 
Sect ior  1 0  34 1 2  6 7 
Townsh i p  (S) 1 8  1 7  1 7  1 7  1 7  
Range (E) 25 25 25 26 26 

Forms 

Bou l to n i a  sp . X X 
Pseudofusu l i ne l l a  sp . X X X 
Schwager i na sp . X X X X X 

1 
See P l a te I for map l ocat ion . 

2 A l l l oca l i t i es are sma l l l i mestone knobs . 

TABLE 2 .  T h i c kn ess data for Begg Formati on (see text for discu ssio n ) .  

L i tt l e  Bear Anti c l i ne D i v i de Anti c l i n e  Frenchy Butte-Peewee Creek 
(type l oca l i ty) (sec . 35, T .  1 7 S . , R . 26 E . ) (sees . 25-28 , 33-34, T .  1 6  S . , R .  27 E . )  

S trata est . 4, 700 ft . est . 4, 200 ft . est . 2 ,  500+ ft . 
above (fau l ted) 
argi I I i  te 
u n i t  

Arg i l l i te est . 800+ ft . est . 2, 000+ ft . est . 500+ ft . 
un i t base not exposed base not exposed (fau l ted)  

Strata est . 2, 000+ ft . 
be low 0 0 (fau l ted) 
argi l l i te (not exposed) (not exposed) 
u n i t  

Tota l 
strata est . 5 , 500 ft . est . 6 ,  200 ft . est . 5, 000+ ft . 
exposed 
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S E R PE NT I N E  (Trsp) 

S l i c kens i ded green serpen ti ne  i n tru des the Perm ian  (? ) greenstones on  Frenchy Bu tte and i s  over l a i n  
u nconformab l y  b y  sandstones a n d  cong lomera tes o f  th e Upper Tr iassi c Begg Format ion . Th e rock i s  s i mi l ar 
to numerous serpen t i ne  bod i es of vary i ng si zes and shapes wh i c h  i n tru de the Perm ian  (? ) metavo l can i c  and 
metased imentary rocks  i n  the A l dr i ch and S trawberry Moun tai ns  to the  north east (Thayer , 1 956a , b , c ) . 
The serpen ti n es there are assoc i ated w i th du n i te ,  per i do t i te , pyroxen i t e ,  gabbro , and  m i no r  quartz d ior i te . 
F rom i ts gross stru c tura l r e l a t ions ,  the who l e  p l u ton i c  comp l ex appears to have i n truded deformed Pa l eozo i c  
roc ks dur i ng a Perm ian -Tr iassi c orogen i c  ep i sode pr ior  to Late Tr i a ss i c deposi t ion . 

B EGG and B R I S BO I S  FORMAT I O N S  

A t igh t l y  fo l ded , conformab l e  sequence o f  Upper Tri ass i c  strata ,  domi nan t ly  c l ast i c and  probab l y  
en t i re l y  of  Karn ian  age ,  i s  exposed a s  the core of  th e sou thwester ly  p l u ng i ng Mow i c h  u pwarp (see fi g .  6) 
in a be l t  5 m i l es w i de extend i ng i n  a northeaster l y  d i rec t ion  across th e cen ter of the area . Th e same rocks 
are exposed in a para l l e l  be l t  of s imi l ar s ize l y i ng to the northwest of th e adj acen t  P i ne  Creek downwarp . 
To the north eas t ,  the two be l ts of ou tcrops merge near Sou th Fork of J ohn  Day R iver and the sequ ence 
passes to  the north i nto the Deer Creek drai nage ,  where i t  h as been mapped as th e " l owest member (U n i t  1 )  
o f  the l ower d iv i s i on "  of the Upper Tr i assi c stra ta of the Al dr i c h  Mou nta in s  by Th ayer and Brow n ( 1 960) . 
The  sequence u nder l i es abou t  1 00 square mi l es of the Su p l e e - l zee  area , i s  abou t 1 2 , 500 feet th i c k ,  and 
has been d iv i ded i n to two gradat iona l l y conformab l e  new formations ,  Begg and Br i sbo i s . Th ayer and Brown 
{wr i tten commu n i ca ti o n ,  1 963) i n tend to desc r i be equ i va l ent  and l i tho l og i ca l l y  s im i la r  strata i n  th e A l d­
r i ch  Mou n ta i ns as Vester Format ion , i n  wh ich  case  th e u n i ts here named Begg and Br i sbo is  can proper l y  be  
regarded as members o f  the Vester . 

B e g g  F o r m a t i o n  ( T r b g )  

The new name " Begg Format ion " i s  here app l i ed  to the o l dest recogn i zed Tr iassi c strata th at u nco n­
formab l y  over l i e  Pa l eozo i c  rocks i n  t h e  area . Th e base o f  t h e  forma tion i s  exposed i n  o n l y  two p l aces :  
on Frenchy Butte a t  the north ern edge of th e area , and n ear the wester n edge of the area . The Begg 
Format ion  i s  charac ter i zed by resi s tant  l ayers of sandstone ,  co ng l omerate , sed i mentary brecc i a ,  pyroc l as ­
t i c  roc ks ,  and l ava tha t  a r e  i nterc a l a ted w i th more abu ndan t  and  more easi l y  eroded mu dstone and  s i l tstone .  
The res istant l edge -form ing u n i ts range i n d iv i dua l l y  from a few feet to severa l hu ndred feet i n  th i c kness . 
The th i c ker o nes form dis t i n c t ive s tri ke r i dges o f  c raggy outcrops wh i ch stand  above the smoo th so i l ­
covered s l opes u nder l a i n  by the l ess res i s tan t strata . 

The exposures on  th e sou th -p l u ng i ng  nose and  sou theast l i mb of Li tt l e Bear ant ic l i ne i n  th e north ­
western part of the area i n secs . 7, 8 ,  1 7, 1 8 ,  1 9 , and 20 , T .  1 7 S . ,  R .  26 E . ,  and sec . 24 , T .  1 7 S . ,  
R .  25 E . ,  are des ig nated as typ i ca l  of  the  Begg Formation . The  name i s  ta ken from Begg C reek ,  wh i ch  
f lows i nto South Fork o f  Beaver Creek w i th i n  th e type area . 
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Th i ckness 

Tab l e  2 presents est imated figu res for the th i ckness of di fferen t parts of Begg Format ion at (a) the 
typ� l oca l i ty ,  (b) on  the northwest f l a nk  of D i v ide an ti c l i n e  5 m i l es sou th east of the type loca l i ty ,  and 
(c ) at Frenchy Butte on  the  northern edge  of the area where th e base i s  exposed rest i ng unconformab l y  on 
Pa l eozo i c  roc ks i n truded by serpent i n e . As  th e en t i re  formation  i s  not exposed in  s i mp l e  stra t i graph i c  
sequence a t  these o r  a ny other l oca l i t i es ,  the key to a n  est ima te of  overa l l th i ckness i s  the recogn i t ion of 
a di sti nc t ive member composed a l most ent i re l y  of th i n -bedded , gray s i l i ceous arg i l l i te .  Th i s  member l acks 
the i n terca l a ted res istan t  beds so character i st i c of the rest o f  the format ion . The data out  I i ned i n  th e 
tab l e  i nd i ca te that  7, 500 feet i s  a reasonab l e  est i mate for the tota l th i c kness of Begg Formation . There 
i s  a suggest ion that th e format ion may th i n  progress i ve l y  from west to east w i th i n  the area . 

L i tho l og i c  desc r i pt ion 

From 50 to 70 percent  of Begg Format ion i s  poor l y  exposed f i ne-gra i n ed sandstone ,  s i l ts tone ,  mud ­
stone ,  a n d  argi l l i te . O f  the rema i nder,  th e fo l l ow i ng rock  types form the est i ma ted re l at ive proport ions  
i nd i ca ted:  (a ) cher t-g ra i n  sandstone  and  cher t-pebb l e  cong lomerate , 25 percen t; (b) vo l can i c l ast i c roc ks 
and mi nor l ava ,  1 0  percent; and  (c ) po l ym i c t i c  cong l omerate and sed imentary brecc i a ,  5 perc ent . Rare 
th i n  l ayers of gray b ioc l ast ic  and b i ostromal  I imestone  occur l oca l l y .  

F i n e -gra i n ed c l asti c rocks :  Th e predomi nant  f i ne -gra i ned  sed i mentary roc ks o f  Begg Format ion are 
character i st i cal ly soft , poorly sorted,  genera l l y  nonca l  careou s ,  carbonaceous si I tstones and mudstones of 
somber hue . Th e rocks are typ i ca l l y  dark gray or dark green ,  bu t weath er to gray green or o li ve brown . 
Beddi ng i s  i n di s t i nc t ,  bu t is usua l l y  v i si b l e  as i mperfec t ,  l ent i cu l ar l am i nat ion;  some l am i nae are fi ne­
gra i ned sandsto ne . 

Chert-gra i n  sandstone  and c her t-pebb l e  cong l omerate : Mos t  of the  consp i cuous  res i s ta n t  l ayers i n  
Begg Formation are we l l - i ndurated , dark -gray to gray-green sandstone  and pebb l e  cong lomerate i n  beds 
from 2 to 1 2  feet th ic k . The rocks are most common l y  nonca l c areous and w ea ther to drab o l i ve  green or 
brown . The sand gra ins  and pebb l es are common l y  subrounded and moderate ly  to we l l  sorted . Bedd i ng i s  
charac ter i st i c a l l y  i nd i s ti nc t ,  revea l ed on ly  by  s l i gh t  var ia t ions  i n  gra i n  si ze  and the cru de l y  p l a nar  or i ­
entat ion o f  tabu l ar roc k  fragments . Cross-bedding and  so l e  marki ngs were seen l oca l ly and some beds are 
graded (see  figu re 8) . 

The roc ks are su bfe l dspath i c  l i th i c  aren i tes composed of the fo l low ing g ra i n  types , most typ i ca l l y  
i n  the approxima te proport ions c i ted :  c her t ,  6 0  percent; argi l l aceou s rock  fragments rang i ng from pe l i t i c  
s l a te to  s i l i c eous argi l l i te , 1 2 . 5  percent;  fe l s i te ,  i nc l u d ing  both keratophyre and quartz keratophyre ,  1 0  
percent; quartz and quartz i t e ,  1 0  percent; mafi c c h l or i t i c  metavo l can i c  roc ks (sp i l i te? ) ,  5 percen t; c l oudy 
a l b i te ,  2 . 5  perc ent ;  and trac es of detr i ta l  l i mestone . 

Upon cursory exam i nat ion i n  hand spec i men , most of the rocks convey th e i mpress ion of poor l y  
sor ted graywackes . Pa l e  gray and green chert ,  fe l si te , and qu artz gra i n s  appear to  be i mbedded i n  a n  a ­
bundan t  dark detr i ta l  ma tri x . The appearance i s  i l l u sory , how ever ,  for the " matr ix " i s  i n  rea l i ty a mass 
of deformed arg i l l aceous and metavo l can i c  g ra i ns of the same  detr i ta l  s i ze and shape as th e other grai ns . 
The unusua l· texture i s  a resu l t  of extreme compac t ion , dur i ng wh i ch the l ess competent gra in s  were mashed 
and squeezed between the more competen t  c her t  and fe l s i te  gra i n s . The weaker thus came to occupy 
spaces in tersti t i a l  to the s tronger , u ndeformed gra i ns ,  much as cement  or matr ix  m i gh t ,  and the  marg i ns 
of the arg i l l aceous and metavo l ca n i c  gra i ns are now mo l ded to th e confi nes of the " d iagenet ic  i n tersti c es "  
bou nded by the more competen t  gra i n s . The i rregu l a r ,  a ttenua ted  ou t l i nes o f  the deformed gra i n s ,  the 
drap ing  of  deformed gra i n s  abou t r i g i d  ones ,  and  the penetrat ion  of weaker gra in s  by u ndeformed ones 
are a l l str i k i n g  aspects of the d i st i nc t i ve textu re produced  by compac tion  (see fi gure 9) . 
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Figure 8. Graded conglomerate and sandstone bed of Begg Formation, 
South Fork of Beaver Creek; view al ong strike, upright bed 
dips para l l el to hammer handle. 

Figure 9. D iagenetic "matrix" of  soft l i thic groins (dark) deformed by 
compaction to conform to interstices between hard chert 
grains (pale) i n  chert-grain sandstone of Begg Formation 
(plain l ight; about 1 5  X) . 

1 9  
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Vo l can i c l as t i c  rocks: Vo l can i c l as t i c  rocks of vary i ng gra i n  s ize occu r sporadi ca l l y  in most Begg se­
quences . They are parti c u l a r l y  abundant and overshadow o ther resi s tan t  types i n  th e upper thousand feet 
of  the forma t ion in th e most sou theaste r l y  exposu res,  as on  Big F l a t  and a l o ng the Po i so n  Creek - Dry Soda 
Creek di v i de . Two l i tho l og i c  subtypes can be recogn i zed :  (l) coarse tuff and l api l l i  tuff i n terpreted as 
the produ c t  o f  submar i ne erupt io n ,  and (2) fi ne  fe l s i t i c  tu ff i n terpreted as  the produc t  of  su baeri a l  erupt io n . 
The r9c ks are cons i dered to be of pyro c l ast i c  der ivation , part l y  because of the i r  assoc i a t ion  w i th m i nor 
l avas bu t ma i n l y  because th ey occur  as th i n  sheets (2 to 200 feet th i c k) of essent ia l l y  pure vo l can i c  debr i s  
i n terstrat i fi ed w i th roc ks composed en t i re l y  o f  epi c l asti c detr i tus . Very l i tt l e  m ix i ng o f  vo l c a n i c  a nd  non ­
vo l ca n i c  debr is  was no ted , bu t s l i g h t  round i ng of some  g ra i n s  and  fa i r  to good sor t i ng  of the  g ra i ns  suggest 
l oca l  work i ng , w i n now i ng ,  and redistr i bu t ion  of  the pyroc l ast i c  mater i a l s  befo re fi n a l  bur i a l . 

The coarse tu ffs and  l ap i l l i  tuffs are massi ve l y  bedded strata that are b l a ck  to l ig h t  green o n  fresh l y  
broken su r faces bu·t tha t  w ea the r  to c rumb l y  tan o r  brown ou tcrops . Sand-s i zed c rysta l s  of wh i te p l ag io ­
c l ase , l oca l l y  concen tra ted i n to fe l dspath i c  lam i nae , are consp i cuous i n  hand  spec i mens  and form as much  
as a th i rd of the roc k .  The  fragmenta l character of  many  of  the rocks i s  no t read i ly  apparent  i n  hand spec i ­
men , because th e vo l ca n i c  roc k fragments maki ng up  the bu l k  o f  the roc k  are much deformed by compac­
t i o n  s i m i l ar to t h a t  wh i c h  has  affec ted the l ess competen t  g ra i ns  i n  th e cher t-gra i n  sandstones . I t  appears 
that the mesostas i s  of the vo l can i c  roc k  fragmen ts has behaved i ncompeten t l y  du r i ng compact ion , so tha t  
most o f  th ese fragments a r e  deformed a nd  t igh t l y  pressed aga i ns t  one anoth er  (see figure 1 0) . I n  add i t i on 
to th i s  deformat ion effec t ,  there has been su ch ·  a s trong d iagenet i c recrysta l l i zat ion of g lassy ma teri a l s  that  
many roc ks megascopi ca l l y  resemb l e  porphyro -aphan i t i c  l avas . Upon  t h i n -sec t ion exam i nati o n ,  however , 
the coarse tu ffs are fou nd to be reasonab l y  we l l sor ted ,  fragmenta l rocks conta i n i ng 5 to 1 0  percen t  ma ­
ter i a l  of " c l ay "  and " fi n e  s i  I t " s i ze . Petro l og i ca l l y ,  most are keratophyre and quartz kera tophyre I i th i c ­
c rysta l tu ffs conta i n ing 2 5  to 3 5  percen t  c l oudy a l b i t e ,  0 to 1 5  perc ent  quartz wh i c h  i s  common l y  resorbe d ,  
a n d  5 5  to 75 percen t  p i l o tax i ti c  to hya lop i l i t i c  l i th i c  fragmen ts composed o f  c l ou dy a l b i te l a ths  set i n  the 
d iageneti c recrysta l l i zat ion produc ts o f  a n  or i g i na l l y  g l assy groundmass . A few tuffs conta i n i ng una l tered 
p l ag ioc l ase suggest that  the roc ks were dac i t i c  and andes i t i c  at th e t i me o f  depos i ti o n . Some of  the l i th i c  
fragments i n  the coarse tu ffs a n d  l ap i l l i  tu ffs have re l i c t  i n terna l stru c tu res suggest ive o f  t h e  forms common 
i n  curdy ,  amygdu l a r pa l ago n i te formed dur i ng su bma r i ne  eru pt ion . 

The fi n e  fe l s i ti c  tu ffs are pa l e  tan or green ,  th i n -bedded ,  h ar d ,  tough  roc ks w ith su bconcho ida l  
fra c tu re . They are aphan i t i c  quartz kera tophyre tu ffs composed of  a l bi te and quartz crysta l fragments set 
in a c l oudy m i c roc rysta l l i ne aggregate o f  a l bi te ,  c h l or i te (? ) ,  and quartz recrysta l l i zed from g l ass shards 
and arg i l l ac eous i mpu r i t i e s .  Re l i c t  v i tro c l ast i c textu res i n  t h e  fi n e  fe l s i ti c  tu ffs suggest su baeri a l  erupt ion 
and de l ivery to the si te o f  depos i t ion  in  c louds of a i rborne  ash . 

Lavas : Mi nor l avas assoc i a ted w i th the vo l can i c l as t i c  rocks are stubby f l ows  of porphyro -aphan i t i c  
pyroxene keratophy re . Abundant  a l b i te ( 1 0 to 25  percen t) a nd  sparse aug i te ( 5  percent )  phenocrysts are 
set in  a hya l opi l i t i c to p i l otaxi t i c  groundmass o f  a l bi te l aths and  i nters t i ti a l  c h lo r i te . The f l ows crop out  
as tan , gree n , and gray u n i ts 1 0  to 75 feet  t h i c k .  

Po lymi c t i c  cong lomera te and sedi mentary brec c i a :  Mass ive  beds of  po l ym i c t i c  rud i te composed of  
poo r l y  sor ted , angu la r  to su brounded grave l  fl oat i ng free ly  i n  a poor l y  sorted sandy matr ix occur sporad i ­
ca l l y ,  bu t are especi a l l y  abundant i n  th e more nor thwester l y  exposu res . The  rocks occu r  i n  l en t i cu l ar 
u n i ts 1 0  to 1 00 feet th i c k  w i th i n  wh i c h  bedd i n g  i s  shown on l y  by weak o r i en ta t ion  o f  f l a t  cobb l es and  s l a b ­
by  b l ocks (see  f igure 1 1 ) .  Lam i nat ion  and cross bedd ing  a r e  rarei gradi ng i s  i ncons i stent . Where t h e  beds 
are abundan t ,  a cyc l i c  stra t i fi cat ion  is seen to cons i s t  o f  a brecc i a  l ayer sharp l y  over l a i n  and loca l l y  chan ­
ne l ed by massive ,  coarse -gra i ned  sandstone  wh i ch  grades u pward to f l aggy or p l a ty fi n e -grai ned sand­
sto ne ,  wh i ch i s  i n  tu rn over l a i n  by  mu dstone and  s i l ts tone . The fac t  that  brec c i a  bodi es can  se l dom be 
traced i nd iv i du a l l y  a l o ng s tr i ke for more tha n  a m i l e  suggests pronou nced l en t i cu l a r i ty .  

The sand  fra c ti on  o f  th e po l ym i c t i c  rud i tes resemb l es the cher t-gra i n  sandstones i n  composi t ion . The  
grave l  frac t ion  i s  mos t l y  fragments of chert , l i mestone , sandsto ne ,  and  cong l omerate or  brecc i a ,  bu t frag ­
ments of fe l s i te ,  porphyry , quartz i te ,  s l a te ,  sc h i s t ,  marb l e ,  serpent i n e ,  and  g ra n i to i d  roc ks a l so occu r . 
The l argest bou I ders are sandsto ne and I i mestone .  B l ocks and  s l a bs o f  th ese that are 2 to 3 feet  across are 
common and I i mestone b l ocks 1 0  to 20 feet across are encou ntered oc cas iona l l y .  Some of the I i m estone 
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Figure 1 0 .  Andesitic volcaniclastic rock (submarine tuff? ) of Begg 
Formation showing deformation of l i thic grains (plain l ight; 
about 1 0  X ) .  

Figure 1 1 .  Polymictic sedimentary breccia of Begg Formation near 
Clear Creek; bedded sandstone (right) f i l l s  channel cut in  
top of vertical ly dipping breccia; scale stick five feet long. 

21 
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TAB LE 3 .  Foss i l s  from Begg Formation 
{Mo l l uscan i dent ifi cat ions by N . J .  S i l ber l i ng ,  March 26 , 1 958; 

coe l en terate ident i fi cat ions by D .  F .  Squ i res . )  

Loca l i ty 1 '  2 

Locat ion3 

--� of 
--� of 
Sect ion 
Townsh ip  (S) 
Range {E) 

Forms 

Pro c lydonau t i l us sp . 
Myophor i a  sp . 
Sp i r i fer ina c f .  �· 

corey i Smi th 
Sp i r i feri na sp . 
Spongiomorpha c f .  s .  

dendri formi s 
Heptastyl i s  c f . H .  

stromatoporoi des Frech 
Spon�iomoq�h i ds 

V42 1  

s w  
s w  
21  
1 8  
26 

X 

V238 V 1 3 7  V41 8  

sw N E S E  
sw s w  SE 
2 1  21 1 0  
1 8  1 8  1 7  
26 26 26 

X 

X 
X X 

X 

X X 

V1 24 

NW 
N E 

9 
1 8  
26 

X 

1 See P l a te I for map l ocation . 
2 Loca l i ti es V42 1 , V238 , V1 37 l i e  a long same l i mestone  band an est imated 2 , 000-

3 , 000 feet  be low upper contact; V41 8 an est imated 1 , 000 fee t  be l ow upper contact; 

3 
V 1 24 an esti mated 250 feet be l ow upper con tac t .  
A l l l oca l i ti es are smal l l i mestone outcrops . 

fragments con ta i r,�  Perm ian fusu l i n i ds a nd oth ers conta i n  the Mi ssi ssi ppian brach iopod Str iat i fera . One 
conta i ned fi ne ly  r i bbed pel ecypods resemb l i ng the Upper Tr i ass ic genus Ha l ob i a . 

The sporad ic  occurrence of bioc l ast ic  and b iostromal l imestones wh i ch  contai n rare be l emno ids ,  
brach i opods, spongiomorph id  coe l entera tes ,  pe l ecypods , and  nau t i l o i d  cepha l opods , a l l  suggest that  Begg 
Format ion is  of mar i ne ori gi n {tab l e 3) . Evi dence beari ng on depth of water is i nconc l u si ve; dur i ng th e 
deposi t ion of such a th i ck  sequenc e ,  water depth may we l l  have been vari ab l e .  The nature of th e po l y ­
mic t ic  brecc ias suggests a prox i ma l  source area o f  rugged re l i ef  for a t  l east some o f  the detri tu s .  Su bma­
r i ne l a nds l ides ana l ogous to subaer i a l  mudf lows may we l l have moved some of th i s  coarse debr i s  to i ts fi na l 
s i te of bur ia l . The nature of the more abundan t cher t-gra i n  sandstones ,  however , suggests movemen t and 
deposi t ion by tract ive bottom currents capab l e  of w i nnow i ng sand c l ean of fi nes . A I  though loca l and near ­
by vo l can i sm contr i bu ted some  debr is to the bas in  of deposi t ion , most of the format ion i s  composed of  de­
tr i tus whose roc k fragments of  chert ,  greenstone,  fe l s i te ,  and  l imestone can be matched w i th exposu res of 
upper Pa l eozoi c  sed imentary and vo l can ic  rocks or  Perm ian -Tr iass i c  i ntrus ive and metamorph i c  rocks ex­
posed i n  adjo i n i ng areas {Merr iam a�d Berth i aume,  1 943; Thayer , 1 956 a , b , c; Wa l l ace and Ca l k ins , 1 956) . 
I t  i s  our tenta tive  suggestion that Begg Format ion was deposi ted rapi d l y  i n  the sha l l ow waters of a su bsi d­
i ng bas i n  of tec ton i c  or ig i n .  The  debr i s  was shed i n to th i s  basi n from erodi ng tec ton ic  h igh l ands wh i ch 
were r i s i ng nearby and w h ich  were composed of Pa l eozo ic  strata and Perm ian-Tri assi c i n trus ive rocks l i ke 
those one now sees exposed i n  the v i c i n i ty .  
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B r i s b o i s F o r m a t i o n  ( Tr b r )  

The new name " Br i sbo i s  (Br iz -bo) Format ion " i s  here proposed for the sequence of  dark  mu dstone and 
s i l tsto ne ,  w i th i nterca l ated beds o f  c a l careous sandstone  and  ca l caren i te ,  tha t conformab ly  over l i es Begg 
Format ion in the Sup  I ee- l zee area . Ow i ng to extreme s tru c tu ra l  comp l ex i ty ,  no cont i nuous sec t ion i s  
exposed . Th e exposu res a long Sou th Fork o f  John  Day R iver between t h e  mou ths of Morgan and Dry Soda 
Creeks , a d i s tance of 3 m i l es ,  are des ignated the type area . The name is taken from the h i stor i c  Br i sbo i s  
ranch  a t  Dry Soda Creek . I n tr i cate  deforma t ion makes a th i c kness determi nat ion d i ff i cu l t ,  bu t an  est i ­
mated 5 , 000 fee t  o f  Br i sboi s Forma t ion i s  be l i eved to be presen t  i n  the a rea . The l ower contac t  w i th Begg 
Forma t ion i s  gradat iona l  and di ffi cu l t  to defi ne . I n  th e f ie l d  i t  was p l ac ed arb i trar i l y  a t  a hor izon such 
tha t  a l l c l ose l y  spaced , res i s tan t ,  nonca l careous coarse c l ast i c  beds were be l ow i t ,  and su ch tha t  o n l y  
w i de l y  spaced c a l c areous sands tone or  c a l caren i te  beds were i n terca l ated i n  th e mudstones a nd  s i l tstones 
above i t .  

L i tho l og i c  desc r i pt ion 

Br i sbo i s  Formati on is composed dom i nan t l y  of  b l ac k ,  g ray , and green mu dstones that  crop out poor l y 
on subdued s l opes . Fresh roadcut s ,  su ch as that at the  Br i sboi s ra nch , revea l tha t  th i n ,  tu ffaceous  l ayers 
now a l tered to pu n ky ,  wh i te or tan zeo l i tes are · i n ti mate l y  i nterstrat i fi ed  w i th th e c l ayey roc ks .  Gray 
ca l careous sandstone  beds that weather tan or brow n and gray,  sandy ca l caren i te beds tha t weather gray 
or brow n are i n terca l ated w i th the fi r:�er gra i ned roc ks . Sandstones are the more abu ndant of the two i n ter ­
ca l ated l i tho l og i es in the type area and  v i c i n i ty ,  bu t th e l i mestone  beds are the more abu ndan t  i n  th e 
northwestern part of t he  map area . S trata composed of m ixed terr i genous detr i ta l  mater i a l  and  ca l care ­
n i t i  c debr i s  are common . Both sandstone and I i mestone  beds c rop ou t as angu l ar ,  res is tant l edges w i th 
gr i t ty surfaces . 

The sandstones of the Br i sbo i s  Format ion are composi t iona l l y s im i  l or to th e chert-gra i n  sandstones of 
the under l yi ng Begg Formati o n ,  except that. vo l can i c  fe l dspars and roc k  fragments seem somewhat  more 
common . The rocks are c emented by abundant ca l c i te and show none o f  the compac t iona l  deformat ion of 
gra i ns that i s  so charac ter i sti c o f  the Begg rocks . Many of the Br i sbo i s  sandstone  beds are marked l y  graded 
throughou t th e i r  thi ckness , common l y  1 to 5 feet , from pebb l e cong l omerate or  coarse sandstone at the 
base progress i ve l y  upward to s i l ts tone  at the top (see figure 1 2) .  The sandsto nes a l so g rade l a teral l y  i n  
a few p l aces to l en t i cu l a r  u n i ts o f  ca l careous cong lomera te . 

The ca l caren i te beds (see figure 1 3) cons ist  l arge l y  of b i oc l as.t i c  debr i s ,  ch i ef l y  of fragmenta l brac h ­
iopod ,  pe l ecypod ,  gastropod ,  and c r i no i d  she l l s .  T h e  ca l caren i tes grade l atera l l y  i n  a few p l a ces to 
mass ive bodi es of coqu ino id  or reefo i d  l i mestone ,  wh i c h  are most abu ndant i n  the exposures northwest o f  
P i n e  Cree k .  I n  th e northernmost o f  th e exposu res a l ong Camp Creek , poor l y  sorted ca l c i rud i te submar i ne 
s l i de (? ) brecc i as recu r  w i th i n  a sequ enc e 75 feet th i c k .  

Vo l can i c  member 

I so l ated exposu res a long  fo l d  axes and fau l ts in th e north -centra l part  o f  the area show that a huge 
l ens of vo l ca n i c l as t ic  roc ks and sp i l i te l avas occurs in the med i a l  part of  th e Br i sboi s Forma ti o n . Th e 
spi l i tes a t ta i n  an aggregate th i c kness of 600 feet  and the en ti r e  vo l c an i c  member reaches  nea r l y  2 , 000 feet 
l oca l l y . The assemb l age of stra ta i nc l u des the fo l low ing types , wh i c h  vary i ri  proport ion from p l ace  to 
p l ace :  

( 1 ) Hard , dark-green , aphan i t i c  to d iabasi c sp i l i te l ava : typ ica l l y massive but l oca l l y  
p i l l owed; typ i ca l l y  i ntergranu l ar to i n terserta l bu t l oca l l y  var io l i t i c ;  30  to 4 0  percent  
c l oudy a l b i te in  s l ender , common l y  ske l eta l , l a ths w i th p l umose marg i ns; 25 to 35 
percen t  fresh t i tanaug i te in  co l u mna r ,  l oca l l y feath ery , sh eaves of e l onga te , l o ca l l y 
ac i cu l a r ,  pr i sms; 1 5  to 25 percent  c h l or i te i n  i n terst i t ia l poo l s; 5 to 1 0  percen t  
t i tan i ferous o re  i n  branch i ng co l u mns and barbed need l es; 2 to  3 percent granu l ar 
sphene; l oca l  re l i c t  p l ag ioc l ase i n  the cores o f  l a th s; l oca l  ana l c i te  from a l tera t ion 
of marg i ns o f  l aths . 
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F igure  1 2 . Graded c a l careous bed o f  Br i sbo i s  Format ion on Dry Soda 
Creek; d i p  n ear l y  vert i ca l  w i th mass i ve pebb l e  cong l omerate 
base to r i gh t ,  f l aggy coarse - to medi u m -grai n ed san dstone 
c enter beneath h ammer , and  p l a ty f i n e-gra i ned  sandstone  
top t o  l eft .  

F i gure 1 3 .  Sandy ca l car e n i te from Br i sbo i s  Format ion  on .Pi ne Creek 
(p l a i n l i gh t; abou t 25 X ) . 
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(2) Pa l e -green aphan i ti c  quartz-bear ing fe l si c  kera tophyre l ava . 

(3) A l bi te do l er i te and  a l b i te g ranophyre s i l l s ,  probab l y  feeders for sp i l i te and  
kera toph ere l avas . 

(4) Pa l e  tan and green fe l s i t i c  quartz keratophyre tu ff . 

(5) Mass i ve beds o f  tu ffaceous vo l can i c  graywacke (ch l or i t i c  detr i ta l matr ix  1 0  to 1 5  
percent)  in  wh i ch keratophyr i c  vo l c a n i c  debr i s  i s  m ixed i n  vary i ng proport ions w i th 
ep ic l as t i c  l i th i c  debr is  of the type common i n  the rema i nder of Begg and Br i s bo i s  
Format ions (see f igure 1 4) .  

(6) I n terc a l a ted dark mudstone . 

F i gure 1 4 .  Graywacke of m ixed c her t-gra i n  and vo l can i c  detr i tu s ,  vo l can i c  member 
of  Br i sbois  Format ion on Morgan Creek . (P l a i n  l i gh t; abou t 25x) 
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T A B L E  4 .  Foss i l s  fro m  Br isbo i s  Format i o n  ( I dent i f icat ions  by N . J .  S i l v er l i ng o f  U . S .  G eo l og i c a l  S u rvey March 26 , 1 958 , except c s  noted) . 

Loca l i ty 1 '  2 
---

Strati graph i c  posi t ion 
(est . ft . above base of fm . )  

Locat ions  
---::ror 

--i of 
Sect ion  
Tow nsh i p  (S . )  
Range (E . )  

Ammo n i tes : 

Arcestes sp . 
D i scotropi tes sp . 
D i scotropil'es cf . Q .  senge l i  Moj s i sov i c s  
D i scotropi tes off . Q.. theron D i ttmar 

, Gymnotropi tes sp . 
Homer i tes sem i g l obosus (Hauer)  
J uvavi tes sp . 
J uvavi  tes (Anatomi  tes) i n termi ttens 

Mojs isovics  
Pcrahcueri tes ash l ey i  (Hyatt  & Smith )  
Paratro p i tes a n t i se l l i  Smi th 
Tra p i tes sp . 
Tro p i ti d 

Pe l ecypods : 

Cardi t i ds 
Ccss iane l l a  sp . 
Chlamys sp . 
Hc l ob i a  sp . 
l sognomo n i ds 
Mys i d i optera sp . 
Ostrei ds 
T r i gon i i ds 

Brach iopods : 

Rhyncho n e l l i ds 
S p i r i fe r i ds 
Terebratu l i ds 

Coel enterates: 

S c l erac t i n i a n  c o l o n i a l  cora l s  
Spo n g i omorphs 

0 1 43 
--

500 

N E  
sw 
29 
1 7  
27 

- ---
-- - -

- - --

----
--- -

- - --

----
- - --
----
----
- - - -

----

- - - -

- - - -

- - - -

-- --

- - --

- - --
- ---
----

----
X 

----

- - - -
-- - -

03 -0fl 08 - 0 1 1 5 V427 V1 44 --- --- -- --

? 750 750 800 

S E  sw S E  
S E  NW NE  SW 

8 8 8 34 
1 8  1 8  1 7  1 7  
27 27 27 26 

X ---- - - - - ----

- --- - --- ---- ? 
--- - -- - - ---- ----

- - - - - - - - - - - - ----
- - - - - - - - - - - - - ---

---- ---- - - -- ----
- - - - - - - - ---- ----

---- - - - - - - - - - - - -

---- - -- - ---- -- - -

--- - --- - ---- ----
---- - -- - ---- ----

X - - - - - - - - - - - -

X --- - -- -- - - - -

---- ---- -- -- -- - -

---- - --- ---- --- -

- - - - --- - -- -- X 
X X - - -- --- -

- --- X - - - - - -- -

? X - --- - - - -
X ---- ---- --- -

- - - - ---- -- -- ----
- - - - X X --- -

--- - X - - - - - - - -

--- - ---- ---- - -- -

---- X X - -- -

V232 V4 1 7  V23 1 , V247 V422 V246 V 1 33 V1 75 V 1 32 
-- -- -v2486- -

800 900 1 000 1 500 1 600 1 750 1 750 1 800 

S E  S E  - S E  S E  N E sw NW 
N E  N E  S E  N E  N E  N E S E  NW 
1 1  23 1 1  7 7 2 36 1 
1 7  1 7  1 7  1 7  1 7  1 8  1 7  1 8  
26 25 26 27 27 25 25 25 

---- ---- X - - -- -- - - -- -- X ----

- - -- ---- ? 
- - -- ---- ---- - --- X 
-- -- --- - ---- ---- --- - -- -- --- - - - - -

---- - -- - ---- ---- --- - -- -- X - - - -

- - - - - -- - X - --- - --- - --- - --- --- -

- - -- - -- - X - - - - - - - - - - -- - - - - ----

- - -- - --- ---- - - -- - -- - ---- ---- -- --
- - - - - - - - X ---- - --- -- -- ---- - ---
---- --- - - - -- - - - - - - - - - --- ---- ----
-- -- --- - X ---- -- - - X X - - - -

--- - ---- - - u - ---- ---- -- -- --- - --- -

- - - - - -- - X ---- ---- -- -- ---- - - --
- - - - - - - - - - -- - - - - --- - ---- - -- - -- --

? ---- ? - - -- - - - - - - - - ---- - - - -

---- ---- ---- - - -- ---- - - - - --- - - - --

-- -- ---- ---- - - - - --- - - - -- ---- ----
- --- ---- - - -- -- -- ---- - - -- - --- ----
-- - - - - - - - - -- -- -- - --- - - - - ---- - ---
---- --- - - - - - -- -- - - - - ---- ---- ----

-- - - ---- X ---- ---- -- -- - - - - - - - -

X X X X X ? - - - - -- - -

- --- - - - - X 

- - - - - - - - ---- ---- --- - X ---- X 

-- -- - - - - X X 

1 See P l ate 1 for map l ocat io n .  2 See e l sa S c h e n k  ( 1 935) for loca l i ty about 250 feet a bove bose o f forma ti o n  i n  SW! SWa sec . 29,  T .  1 7  S . ,  R .  27 E .  

V1 77 
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S E  
sw 
36 
1 7  
25 
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-- - -

X 

-- --
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X 
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X 
- - - -
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- - --
- ---

X 
X 

- ---

- - - -
- ---

- - - -

- - - -

V 2 1 5 V224 

2000 2750 

SE NW 
N E  SW 
26 36 
1 7  1 7  
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X X 
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-- -- -- - -
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- - -- X 
- - - - - - - -
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- - -- - - - -

-- - - X 
? ? 
X X 
X --- -
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- - -- ? 
-- - - X 

---

X 

3 F i e l d  ident i f icat ion  by D i c k i nson; other mater i a l  ava i l ab l e  in ou tcrop . 
4 Loca l i ti es extend for about 2 , 000 feet a lo n g  str>ke of a fo l ded l i mesto n e  bed on B ig  F l at; th e ammo n i tes were col l ected from th e bo l d  ou tcrop known vario u s l y  to previous workers 

as 1 1 Fort Roc k , 1 1  ' 'Cast l e  Roc k , 1 1  or ' ' L i mesto n e  Knob, 1 1  and erroneou s l y  reported to be o f  Pa l eo zo i c  age by Pac kard (1 932) on th e basis of  l i mesto n e  cobb l es conta i n i n g  Pal eozoi c  
foss i l s  weath er ing  from nearby Upper Triass i c  c l ast ics . B iva lves i de n t i f i ed i n  fi e l d  by S .  W .  Mu l l er of Stanford U n i versity . 

5 Loca l i ties  extend for about 2, 000 feet a long stri ke of a s i n g l e  l i mestone h or i zon . B iva lves i dent i f ied  in fie l d  by S .  W .  Mu l l er of Sta n ford U n iversity . 
6 Loca l i ti es in same l i mesto n e  bed t igh t l y  fo l ded i n  comp l ex syn c l i n e  a l ong J a c kass Cree k .  
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The foss i l i ferou s mari ne l i mesto nes of Br i sbo i s  Format ion suggest depos i t i on  i n  sha l l ow waters of  th e 
ner i t i c  zo ne . Spec i f i c  i n d i ca tors i nc l ude :  th i c k-she l l ed oysters i n  some beds , a l ga l  and  cora l l i n e  qio ­
stroma l frameworks i n  some beds , the w i despread occurrenc e o f  m i nor oo l i tes i n  ca l caren i tes ,  and the 
presence ,  i n  the assoc iated mudstones ,  of  the brach i opod L i ngu l a ,  a typ i ca l  t i da l -fl at genus i n  presen t­
day seas . The  scarc i ty of l i mestone east of Sou th Fork o f  John  Day R iver and t he  character i s t i c graded 
beddi ng show n  by the sandstones of that area may i nd i cate that waters were deeper there and she l ved to 
the northwest . The sources of sedi ment  cont i nu ed to be the same l a te Pa l eozo i c  terrane  wh i ch  contr ibu ted 
to Begg Formati o n ,  augmented by l oca l  vo l can i c  erup tions . 

F o s s i l s  a n d  A g e  o f  B e g g  a n d  B r i s b o i s  F o r m a t i o n s  

As reference to tab l e  4 w i l l  i nd i ca te ,  severa l ammon i te co l l ec t ions  a t  w i de strat i graph i c  spac i ngs 
i n  B r i sbo i s  Format ion are a l l i n d i ca ti ve  of  the Tropi tes su bbu l l a tu s  Zone , u ppermost Karni a n  S tage of th e 
l ower Upper Tr iassi c .  No  ammon i tes co l l e c ted suggest a d i fferent  age for any part of the format ion and  
a l l oth er foss i l s  co l l ec ted a re  cons i stent w i th th i s  age  ass ignment . The  sparse fau na co l l ec ted from the 
u nder l y i ng Begg Forma t ion {tab I e 3)  does not perm i t  prec ise dat i ng . The  nau t i l o i d  Proc lydonau t i l u s  i s  
known on l y  from U pper Tr iass ic  rocks , t h e  sp i r i fer i n i d  brach iopods and  spong iomorph i d  coe l en terates o f  
Begg Format ion are comparab l e to those of Bri sboi s Formati o n ,  and  the  two u n i ts a r e  co nformab l e .  
Accord i ng l y ,  Begg Format ion i s  prov i s iona l l y a ss i gned to the Karn ian  S tage be low th e zone o f  L su bbu l ­
latu s ,  w i th the know l edge that some  basa l part of the u n i t  cou l d  extend down i n to the Mi dd l e T r i ass i c . 
I f the 1 2 , 500 feet of Begg and Br i sbo i s  Format ions  a re ,  i n deed , en t i re l y  of Karn i a n  age ,  the sequence  
i s  one  of  t he  th i c kest and coarsest known from  the west coast reg i on . 

RAI L CAB I N  ARG I L L I T E  and G RAY LO C K  FO RMAT I O N  

Eros iona l  remnan ts o f  an  apparent l y  conformab l e  sequence  o f  dom i nan t l y  f i ne-gra i ned c l as t ic  roc ks 
tha t spans th e Tr iass i c -J u rass i c  system i c  bou ndary crop ou t  i n  the nor thern part of th e area . The exposu res 
l i e in a crenu l a ted sync l i na l trough of north -north easter l y  trend that extends from Morgan Mountai n ac ross 
Morgan Creek to Gray l ock  Butte . As di scu ssed be l ow , the sequence over l i es l ower Upper Tr i ass i c  roc ks 
w i th angu l ar unconformi ty and ,  in tur n ,  i s  over l a i n  w i th angu l ar u nconform i ty by upper Lower J u rassi c 
s tra ta . T he  sequ ence has been d i v i ded i n to two new forma t ions , Rai l Cabi n Arg i l l i te and  Gray lock  For ­
ma t ion , on  pure ly  l i tho l og i c  grou nds . 

R a i l  C a b i n  A r g i l l i t e { Tr r c )  

The new name " Ra i l  Cab i n  Arg i l l i t e "  i s  h ere proposed for a sequence of th i n -bedded arg i l l i tes and  
arg i l l aceous  fe l s i t i c  tu ffs that• i s  approxi mate ly  1 ,  000 feet  t h i c k  and rests u pon  Br i sbo i s  Forma t ion th rou gh ­
out  i ts ou tcrop be l t .  The .name is taken from Ra i l  Cab i n  Creek in sec . 3 1 , T .  1 6  S . , R .  28 E . ,  bu t th e 
exposu res on the upper s l opes of Morgan Moun tai n ,  whose pea k  i s  i n  th e S E;k  sec . 1 1 ,  T .  1 7  S . , R .  2 7  
E . ,  a re  h ere des ig nated the type l oca l i ty .  Strata typ i ca l  o f  th e un i t  a re  we l l exposed i n  the b i g  s teep 
gu l c h  on  the -sou thwest s ide o f  the mou nta i n  i n  the NW-.k sec . 1 4 , T .  1 7  S . , R .  27 E .  The basa l conta c t  
i s  nowh ere we l l exposed,  bu t appears to be  a sharp l i tho l og i c  brea k between comparat i v e l y  so ft mu dsto n e s  
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of the under l y i ng B r i sboi s Formati o n  and  hard arg i l l i tes and  tu ffs above . T he  con tac t i s  i n terpreted here 
as a n  ang u l a r u n conform i ty for th ree reasons :  ( l ) Beddi ng  a tt i tudes i n  B r i sboi s Formati o n  a nd Rai l Cab i n  
Arg i l l i te are marked ly  d i verg en t  i n  ou tc rops near t h e  troughs  of  sy nc l i ne s ,  for examp l e ,  a rou n d  Gray l ock 
Bu tte and  on the sou th s lope of  Mo rga n Mou nta i n; (2 )  from p l ace  to p l a c e ,  vary i ng s tra ti g raph i c  th i c k ­
nesses o f  B r i sbo i s  Format i on  m e  exposed between Begg Format i o n ,  w h i c h  u n der l i es B r i sboi s Fo rmat ion  i n  
gradat iona l conform i ty ,  and  t h e  over l y i ng Ra i l  Ca bi n Arg i l l i te ;  a nd  (3) Ra i l  Cab i n  Arg i l l i te o n  G ray lock  
But te has been  mapped  as a pa r t  of  th e " m i dd l e d i v i s ion  (u n i t  I V) "  o f  the U pper T r ia ss i c ro c ks of the  Al d­
r i ch  Mou n ta i ns by Thayer  and  Brow n ( 1 960); corre l at i ve  roc ks 1 0  m i l es to  th e northeast  are separa ted from 
corre l a ti ves of Br i s bo i s or  Begg Format ions  by 1 5 , 000 to  25 , 000 fee t of  i n terve n i n g  s trata (Thayer and  
Brow n ,  1 960) . 

L i tho log i c  desc r i pt ion 

Ra i l Cab i n Argi l l i te i s  character ized by hard green and b l a c k  s i l i c eous a rg i l l i te in  mass i ve  beds 
typ i ca l l y from 1 to 3 i nc h es th i c k . The  roc k breaks and  weath ers to angu l a r  fragments bou nded by f l a t ,  
r e c t i  I i n e a r  j o i n t  sets a l ong w h i c h  f i  I ms of  i ro n  and  manganese oxi des a r e  common l y  presen t .  Exposu res 
are mos t l y  rubb l y  co l l uv i u m  of these sma l l b l o cks . A typ i c a l  roc k m igh t  be composed of 70 perc ent  tu rb i d 
a rg i l l aceous  mater i a l  r i c h  i n  dark-brown organ i c  matter , 5 percen t  angu la r  quartz a n d  fe l dspar  s i l t ,  and  
25 percen t  tests of  s i l i ceous m i c ro -organ i sms . Most  o f  the  l a tter have the  subsph eri c a l  a nd  h e l me t  shapes 
typ i c a l  of rad io l ar i ans , but  are now most l y  recrysta l l i zed  to dense orb i c u l a r  bod i es of cha l cedony 0 . 003 
to 0 . 0 1 0  mm in d i ame ter . Some tests appear to have been f i l l ed w i th fi ne mu d that  has rec rysta l l i zed to 
m i c roc rysta l l i ne brown ch lo r i t i c  (? ) c l ay .  Var i ed types of s i l i ceous sponge (? ) spi c u l es occu r  as w e l l ,  
but are l ess a bu ndan t . 

Abu nda n t ,  f i ne l y  l a m i na ted , th i n  beds o f  g ray or pa l e  g reen a rg i l l a ceous  quartz keratophyre tu ff 
and tu ffaceous  a rg i l l i te  are i n terbedded w i th th e darker s i l i ceous arg i l l i tes . Such  roc ks are tougher a n d  
break a l o ng subconcho ida l arcuate fractu res . The  pyroc l as t i c  debr i s  i n  t h e  roc ks co ns i sts o f  quar tz and 
a l b i te crysta l fragmen ts ,  s im i l a r  to th e s i l t  in  t he  non tuffaceous rocks ,  and  abu ndant  dev i tr i f i ed shards w i th 
cu rv i l i near bou n dar i es tha t  con tra st st rong l y  w i th assoc i a ted sp i cu l a r  rods . 

Two types of l i mestone occu r  as m i nor i n terc a l a ti ons i n  th e u n i t .  Th e most abu ndan t  type occurs  as 
massi ve ,  gray , b ioc l asti c beds , of knobby appearance i n  ou tcrop ,  common l y  brecc i a ted , and l oca l l y  grades 
to a coqu i n i te of  brac h iopod she l l s . I nd i v i d ua l  beds se l dom pers i s t  more than a few hu ndred yards , a l ­
though they are commo n l y  2 to 8 feet  th i ck and  l o ca l l y  a tta i n  th i c kn esses o f  5 0  feet or more . Some con­
ta i n  o8 l i t i c  l ayers . I n  t he  u pper par t of  the forma t ion , rare beds of dense , b l ack  ca l c i l u t i te l ess th an  a 
foo t  th i c k  occu r at w i d e  i n terva l s . T h ey can  be recogn i zed  by th e i r  brow n ,  w ea th ered su rfaces . 

The  pods of b ioc l as t i c  l i mestone  i n  Ra i l  Cabi n Arg i l l i te may w e l l have been bank l i ke accumu l a t ions 
that bu i l t  up  as sma l l  kno l l s  and  shoa l s  above the genera l l ev e l  o f  a sha l l ow mud bot tom . The  m i xtu re of 
f ine terr i g enous detr i t u s ,  pe l ag i c  orga n i c  debr i s ,  and  a i rborne  sha rds i n d i c a tes a s i te o f  depos i ti o n  sh e l ­
tered from t he  i n fl ux  of coarse detr i tu s . Wheth er the u n i t  accumu l a ted far from shore or i n  a pro tec ted 
embayment  cannot  be determ i ned from ava i l ab l e  evi denc e .  

Foss i l s  a nd  ag e 

The  fo l l ow i ng  assemb l age of Upper· T r i ass i c  Nor ian  S tage fossi l s  was co l l ec ted a nd  i den t i fi e d  by Dr . 
S .  W .  Mu l l er from the u pper ha l f  of Ra i  I Cabi n Arg i l l i te  on the w est s l ope  of E l khorn  Creek canyon 
( Joe . D 1 5 , N E :l: NW� sec . 1 3 , T .  1 7 S . , R .  27 E . ) :  Arces tes sp . ,  D i s t i c h i tes (? ) sp . ,  Ha lo re l l a sp . ,  
Metas i bi r i tes sp . ,  Monot i s  sp . ,  P l acer i tes sp . ,  S i r en i tes (? ) sp . ,  and S te i n mann i tes (? ) sp . Ac co rd i ng  
to  D r . N . J .  S i l ber l i ng ,  the Ha lo re l l a  i s  c f .  H .  amph i toma Bron n . Th e Ra i l  Cab i n  Arg i l l i te appea rs to 
be conformab l y  over l a i n  by the low ermost J u rass i c Gray l ock  Format ion  and  may i nc l ude  u n foss i l i femus  
beds  of  the Rhaet ian  S tage (u ppermost T r i ass i c )  as we l l as the  foss i l i ferous  beds  assi gned  to  th e Nor i a n  Stage . 
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G r a y l o c k  F o r m a t i o n  ( J g }  

The new name " Gray l ock  Forma tion "  i s  h ere proposed for the sequ enc e  of th i n -bedded, dark  gray 
to b l a ck  s i l tstone that con ta i ns i nterca l a ted th i n  beds of b l a ck  arg i l l aceous l i mestone i n  i ts l ower part and 
rests w i th apparent  conform i ty o n  Ra i l  Cabi n Arg i l l i te . Th e name i s  taken from Gray lock  Bu tte, a h i l l 
u nderl a i n  by Ra i l  Cab i n  Arg i l l i te i n  the  N E �  sec . 36 , T .  1 6  5 . ,  R .  27 E . ,  and  exposu res of Gray l ock  
Format ion occur near  a - l ogg i ng road l ess tha n  a m i l e  northeast of the su mm i t .  The better exposu res on the  
E l khorn Creek-Morgan Creek d iv i de i n  sec . 1 2 , T .  1 7  5 . ,  R .  27 E . , a re ,  how ever , des ignated the  type 
l oca l i ty (both "Morgan "  and " E l khorn " are preoccup i ed as  s tra t ig raph i c  names) . Th e l ower con tac t i s  
p l aced a t  the bottom of a basa l member o f  i n terbedded I i mestone  and  si I tstone tha t ranges from 1 5  to 75 
fee t i n  th i ckness . The contac t  is everywhere sharp but apparent l y  conformab l e ,  for l enses of mass ive ,  
reef- l i ke b ioc l as t ic  l i mestone l i ke those i n  the under l y i ng Rai l Cabi n Argi l l i te  are l oca l ly i Rc l u ded w i th ­
i n  th i s  basa l l imestone and s i l ts tone member . Approx ima te l y  400 feet o f  Gray l o ck  Format ion are prese n t  
i n  the type l o ca l i ty beneath an  angu l a r  u nconform i ty w i th rocks of  Mow ich  Group . T h e  d i scordance o f  
t he  upper contac t  i s  c l ea r l y  shown by  the fac t  tha t Mow ich  Grou p rests d i rect l y  on  Rai l Cabi n Argi l l i te on 
Morgan  Mou n ta i n  l ess than  a m i l e  from the type l oca l i ty of  Gray lock  Forma tion ,  and  trun cates Gray lock  
Forma t ion i n  the exposures nor theast o f  Gray lock  Bu tte . 

Li tho log i c  desc r i pt ion 

The si l tstones of Gray l oc k  Format ion are fi rm ,  dark ,  poor l y  sorted rocks-. The strata are l am i nated, 
c ross- l am i na ted , and chann e l ed on  a f ine  sca l e ,  a l though the bedd i ng  i s  i n di s t i n c t  in most exposures . Th e 
roc ks are ne i ther as hard nor as tough as the u nder l yi ng Ra i l  Cabi n Argi l l i te ,  and the i r  frac tu re  i s  hack l y  
rather tha n  b l o cky o r  subconcho i da l . Typ i ca l  s i l tstone ,  w h i ch coarsens loca l l y  t o  very fi n e-gra i ned vo l ­
can i c  graywacke , i s  composed o f  the fo l l owing const i tu en ts :  par t l y  c h l or i t i zed fe l s i c  vo l can i c  rock  frag ­
ments (keratophyre ? ) , 50 percent;  a l bi te gra i n s ,  2 0  percen t; quartz gra i n s ,  5 percent; m i ca f lakes ,  2 
percent; sphene ,  1 percen t; and an  argi l l ac eous detr i ta l  matr ix conta i n i ng dark-brown organ i c  matter, 20 
to 25 perc en t . Many of the s i l tsto nes have a spo tted or mott l ed appearance  caused by the presence of 
sma l l ,  tan ovo i d  a reas abou t 1 mm i n  d iameter that coa l esce l o ca l l y to form i rregu l ar sca l l oped b lotches . 
These pa l e  spots and  b l otches s tand ou t megascopi ca l l y  i n  th e o th erw i se dark roc k and  are abu ndant e ­
nough to form a charac ter i s t i c a n d  d i s t i n c tive  l i tho l og i c  fea tu re of  t h e  formati on . T h e  pa l e  spots are 
po l ycrysta l l i ne ,  di agene t i c  s i eved porphyrob l asts of  anhedra l l au mont i te that has grown at the expense of 
the abundant fe l si te rock  fragments ,  apparen t l y  expe l l i ng dark organ i c  and c l ayey su bstances to the su r ­
rou nd i ng una l tered roc k  a s  i t  grew . 

The basa l 50 to 75 feet  o f  th e format ion at_ the type l oca l i ty ,  25 to 30 feet  on Morgan  Creek , and  
1 5  to  20 feet near Gray lock  Bu tte , i s  60 to 75 percen t  th i n -bedded l i mestone tha t  i s  i n terc a l a ted w i th 
s i l tstone  s im i l ar to tha t i n  the monotonous sequ ence above . The  l i mestone i s  dark gray , even -textured,  
fi n e l y  l am i nated ca l c i l u t i te tha t  occurs i n  l ayers 6 i nches to  2 feet th i c k .  I n  th i n  sec t ion , the roc k  i s  
seen t o  be somewhat  argi l l ac eou s ,  c l ear-l y fragmenta l  I i me -s i l  tstone  tha t i s  l am i na ted ,  c ross - l am i na ted , 
and channe l ed on a fi ne  sca l e ,  mu ch i n  the same manner  as the over l yi ng s i l tstones . The  sort i ng � s  a l so 
s im i l ar to tha t  o f  the s i l ts tones , and  dark -brow n organ i c  matter i s  si m i l ar l y  concentrated i n  a mar l y  matri x .  

The de l i ca te depos i ti ona l  struc tures of Gray lock  Format ion i nd i ca te that  i t  was depos i ted i n  gen t l y  
ag i tated water that d i s tu rbed o n l y  a th i n  l ayer of bottom sedi m en t .  Th e l am i na ted s tru c tu res i n d i cat ive 
of some w i n now ing and  the  dom i nant  s i l t  s i ze of the detr i tus do suggest, however , that the u n i t  was  
depos i ted i n  an  area of  more effec t ive cu rrent act ion tha n  was the u nder l y i ng ,  fi ner gra i ned Roi l Cabi n 
Arg i l l i te .  The presence  of the inart i c u l ate brach iopod D i s c i na  i n  the b l a ck  s i l tstones above the basa l 
c a l c areous member suggests that the waters may have been brac kish . Th e format ion may we l l have been 
depos i ted i n  a sha l l ow i ng embayment trans i t iona l  to a n  estuar i n e  env i ronment . 
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Foss i l s  and age 

The fo l low ing ammon i tes charac ter i sti c of  the Hettang ian  Stage (l owermost Lower Ju rassi c )  were co l ­
l ec ted by Dr . S .  W .  Mu l l er from the basa l l i mestone and  si l tstone  member i n  th e type loca l i ty and i n  
Morgan Creek canyon ( Joe . D 1 8 , NE�SW� sec . 1 2 , T .  1 7  S . , R .  2 7  E . ; a n d  loc . D 20 , SW�NW� sec . 
6 ,  T .  1 7  S . , R .  28 E . ) : _Paraca l oceras sp . ,  Phyl l oc eras sp . ,  Ps i  l oc eras sp . ,  and Waehneroceras sp . 
Th i s  ammoni te faur.�a i s  s im i l ar to that reported from the basa l 75 feet of Su nr i se Formati on i n  western N e ­
vada (Mu l l er and Ferguso n ,  1 939) . N o  you nger foss i l s  were found i n  t h e  Gray lock  Forma tion of th e 
Sup l ee -l zee area, bu t i t  i s  worth noti ng that the " upper d iv i s ion  (u n i t  V) " of the "Upper Tr iassi c "  rocks 
of the A l dr i ch  Mou nta i ns (Thayer and Brow n ,  1 960) i s  be l i eved to i nc l u de s trata corre l a tive  w i th Gray l oc k  
Format ion a n d  a l so i nc l u des beds of  probab l e S i nemur ian  age (Thayer a n d  Brow n ,  wr i tten commun i ca tions ,  
1 96 1 , 1 962) . Thus , some upper part of the type Gray l ock  Format ion may be Si nemur i an  and some of the 
stra ta desc r i bed be l ow as Caps Creek beds may be corre l a t ive w i th part of Gray lock Forma t ion . 

C a p s Cr e e k  B e d s ( J Tr c )  

A long Po i son and Caps Creeks and i n  the headwaters of Rosebu d  C reek {con ti guous g round i n  the 
northeastern par t  of  th e areaL approx ima te l y  5 square m i l es are u nder l a i n  by poor ly  exposed s trata whose 
s tra t igraph i c  re l at ions are u ncerta i n .  These "Caps Creek beds " are i n  contact w i th Begg and Br i sbo i s  For ­
mat ions a l ong a fau l t  wh i c h  pre -dates the Lower J urass i c  Mow i c h  Grou p . The strata u nder l i e  the Sup l ee 
Format ion of l ate Ear l y  J u rassi c age w i th apparen t angu l ar u nconform i ty .  The rocks are domi nan t ly  th i n ­
bedded c a l c areous sandstone ,  s i l tstone , a n d  mu dstone of somber hue . D i sconti nuous ca l c i rud i te beds com ­
posed pri n c i pa l l y  o f  reworked Upper Tr iass i c  and Pa l eozo i c  detr i tus  are exposed l oca l l y . Abundant re ­
worked Karn i an foss i l s  have been i dent i fi ed by Dr . N . J .  S i l ber l i ng from a l oca l i ty near the Smi th ranch 
on Poi son Creek {J oe . D 1 , N E�NE� sec . 1 9 , T .  1 7 S . ,  R. 28 E . ) .  Thayer (w r i tten commu n i cation , 1 961 ) 
has rec en t l y  co l l ec ted Lower J u rass i c  ammon i tes o f  probab l e S i nemur ian  age from road cu ts a l ong a new 
l ogg i ng road i n  the headwaters of Rosebud Creek .  

From the i r  l i tho l ogy , geograph i c  pos i t ion , and geo log i c  re l at ions , the Caps Creek beds are be l i eved 
to be the same u n i t  as the " upper d iv i s ion {u ni t V) "  of  th e " Upper Tr i assi c "  roc ks of the Al dr i c h  Mou nta i ns 
as mapped by Thayer and Brown {1 960) . As such , they probab l y  i nc l u de no beds o l der than  Nor ian and 
are probab l y  i n  par t  corre l a t i ve w i th Gray l ock  Forma tion but ,  .as the i r  l i tho logy i s  di fferen t ,  they are 
mapped separate l y . They are not forma l l y named here,  i n  the be l i ef that  th i s  s tep shou l d  awa i t  th e reso­
l u tion of the stra ti graph i c  re l a t ions of th e i r  more extens ive exposu res i n  th e W i ck iup  Creek-Ke l l er Creek 
d is tr i c t  northeast of th e mapped area . 

MOW I C H  G RO U P  (J m)  

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

Mow i c h  Group  of u pper Lower J urass i c  s trata was or i g i na l l y defi ned by Lupher { 1 94 1 , p .  235-242) 
as cons i st i ng ,  i n  ascendi ng order, of the conformab l e Robertso n ,  Sup l ee ,  and N i ce l y  Format ions . The 
type l oca l i ty of these three un i ts i s  in  see s .  26 , 27, 28 , and 29, T .  18  S . , R .  26 E . ,  a rou nd th e j u nc tion 
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of Freema n Creek w i th South Fork of Beaver Creek (see  Append ix A for measu red sec tion } . Mowi ch Group 
i s  here redefi ned to i n c l u de Hyde Formati on , whose type loca l i ty is 1 2  m i l es to th e northeast at Sou th Fork 
Bridge on South Fork  of John  Day R iver in sec . 30,  T .  1 7  S . ,  R .  28 E .  Hyde Formation  was or ig i na l l y  
defi ned b y  Lupher ( 1 941 , p .  255} and ass ig ned by h i m  to h i s  " l zee  Group "  o f  Mi dd l e  J urass i c  age . Th i s  
erroneous age assi gnment  was  based o n  a m i scorre l a t ion  of  type Hyde Forma ti o n ,  i n  wh i ch he  fou nd no 
foss i l s ,  w i th foss i l i ferous Mi dd l e J u rass i c  beds of s im i l ar l i tho l ogy l y i ng h i g h  i n  the  sequ ence exposed on 
Freeman Creek ar�d separated from Mow i c h  Group by severa l h undred feet of i nterven i ng  s trata and an an ­
gu l ar u nconform i ty (see  Basey Member of Snowshoe Formation } . Mapp i ng  d isc loses , however , that type 
Hyde Format ion i s  i n  rea l i ty traceab l e a l ong str i ke i n to l i tho l og i ca l l y  s im i l ar beds that rest conformab l y  
on N i c e l y  Format ion of  Mow ich  Grou p a l ong  Freeman Cree k .  These beds , accordi n g l y  mapped h ere as 
Hyde Format ion , w ere des ignated " i nc ertae sed i s "  by Lupher  ( 1 94 1 , p .  25 1 ) ,  who correc t l y  i nferred the i r  
conforma b l e  re l a tion  w i th N i ce l y  Format ion and  regarded t h em  as " post -N i c e l y  beds of  th e Mow i ch com­
i ng i n  benea th t h e  . . .  unconform i ty . "  Ou r  i n c l us ion o f  Hyde Format ion i n  Mow i c h  Group i s  thus not 
in fundamenta l conf l i c t  w i th Lupher ' s  concept of the group ,  but p roceeds so l e l y  from a c l ar i fi cat ion of the 
stra t igraph i c  re l a t ions of Hyde Format ion . 

S t r a t i g r a p h i c  R e l a t i o n s  

The base of  Mow i c h  Group i s  a n  a ngu l a r  unconform i ty and  the group rests l oca l l y  u pon each of the 
o l der bedded Mesozo i c  map u n i ts i n  th e a rea . Mow i c h  Group is over l a i n  by S nowshoe Format ion (for re­
defi n i t ion , see be low}  of Mi dd l e  J urass i c  age a long a contact  that i s  conformab l e in  the eastern par t  of  
the a rea  but passes i n to a n  a ngu l a r  u nconformi -ty i n  th e western part . Mow i ch Group i s  progress ive l y  over­
l apped to  the w est by these you nger J urass i c  rocks and i s  absen t  northwest of  the axi s  o f  Pi n e  Creek down ­
warp . Mow i ch Group c rops ou t i n  d i scont i nuous patches beneath the u n conformi ty a lo ng the northwest 
f l ank  of  Mow i ch  upwarp and forms a th i n ,  n ear l y  cont inuou s ,  be l t  of exposures for a di s tance of 25 mi l es 
a l ong the sou thwester l y  p l ung i ng nose and the  sou theast f l a nk  of Mow i c h  upwarp . Reconna i ssance i nd i ­
cates that th i s  be l t of exposu res cont i nues  to the east a l ong a zone part l y  masked by l ava c aps for at l east 
another 5 m i l es to Wi c ki up  Creek . I so l a ted exposures occur  in downfo l ded sync l i nes w i th i n  Mow i c h  u p ­
warp, a n d  a l ong Vester Creek syn c l i n e  i n  t h e  norther.n part o f  the area . 

Robertson Formation  i s  the basa l u n i t  of Mow i c h  Group i n  the wester n  part of th e area . A l ong  the 
sou theast f lank o f  Mow i c h  upwarp , th e Robertson Format ion i s  absent  and  the Sup l ee Forma tio n  i s  the  bas­
a l  u n i t  of the grou p . The mapped re l at ions a l most c erta i n l y  represen t  fac i es change w i th i n  the basa l part 
of Mow ich  Grou p ,  ra ther tha n  over l ap  of  Robertson beds by Sup l ee Formation . The strati graph i c  re l at ions 
and th i ckness var ia t ions of Mow ic h  Group are shown by f igure 1 5 .  

R o b e r t s o n  F o r m a t i o n  ( J m r )  

Robertson Forma t ion forms the base of Mow ich  Group a l o ng th e northwest f l a nk  and  around th e south ­
wester l y  p l u ng i ng  nose of Mow i ch upwarp . The u n i t  i n c l u des th ree rock  types: basa l  po l ym i c t i c  cong lom­
erate; somber green and  brown vo l ca n i c  sandstone;  and gray l i mestone ,  l arge l y  b iostroma l . Bod i es of t he  
d i fferent  roc k types are l en t i cu l ar and i n tertongue w i th one a noth er a l o ng str i ke ,  su ch tha t  the l i tho l og i c  
sequence w i th i n  the format ion var i es marked ly  i n  deta i l .  Th e var i at ion i s  shown by  f igure 1 6 .  D escr ip tions 
of the th i c kest ,  most var iab l e ,  and most foss i l i ferous sec t ions are g iven i n  Appendixes A to D .  

Th i c kness 

Robertson Forma t ion is abou t 225 feet th i c k  on " Robertson R i dge , " a l ow spur in S E*  sec . 28, T .  1 8  
S . ,  R .  26 E . ,  w i th i n  the type area . The th i c kness var i es rap i d l y  a l ong str i ke and reaches a max imum of 
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335 feet between Swamp and P i ne Creeks i n  the SW� sec . 26 , T. 1 7  S . , R .  26 E .  The forma tion th i ns 
rap i d l y  to the east , from 225 to 1 50 feet w i t h i n  th e type area a lone ,  and is not mappab l e  east of a mer i ­
d ian  l i ne pass ing through Snow Mounta i n ,  a prom i nent  l a ndmark on the sou th edge of th e a rea . On the 
nose of Mow i ch upwarp , the ra te of th i n ni ng i s  abou t 50 feet per mi l e .  I n terca l at ions of g reen vo l can i c  
sandstone o f  Rober tson Forma ti on I i tho logy do  occu r ,  however , i n  t h e  l ower 20  feet o f  Su p l ee Format ion 
as far  east  as B ig  F I at .  

Li tho log i c  desc r i pt ion 

Cong lomerate:  A basa l member of massi ve ,  resi stan t ,  sandy pebb l e  cong lomerate , l oca l l y imbr i ­
cated and cross -bedded, conta i n i ng l ayers of cobb l es and rare bou l ders , and  rang ing from 1 0  to 1 00 feet 
i n  th i c kness occ urs wherever Rober tson Format ion rests u nco nformab ly  on Begg Forma tion . Only at the 
northern end of the exposures where Robertson Forma t ion rests u nconformab l y  on Br i sbo i s  Format ion is the 
basa l cong lomerate absent . The grave l  fract ion consi sts of rou nded and subrounded fragments of green and 
gray cher t ,  green and b lack fe l sophyre ,  dark  argi l l i t e ,  gray l i mestone ,  and gray ch ert-gra i n  sandstone in  
vary i ng  proport ions . The sand  fracti o n  cons ists of  gra i ns of a l b i te ,  cher t ,  fe l s i te ,  argi l l i te , maf ic andes­
i te or basa l t ,  a nd quartz . A l though the gross compos i t i on  of the basa l cong l omerate i s  si m i l ar to that of  
many cong lomerate beds i n  the under l yi ng Begg Formatio n ,  the Robertson cong lomerate is consisten t l y  bet­
ter  rou nded and i ts bedd i ng i s  better defi ned . Thu s ,  i n  mapp i ng th e basa l contact o f  Robertson Forma ­
tion , re i  i ance  need not be p l aced on angu l a r  d i scordanc e ,  a l though such is readi l y  apparent  i n  most areas 
and approaches 90° in parts of the type area . 

The basa l co ng l omerate accou nts for 20 to 40 percent of Robertson Formation .  I n addi t ion , fi ne­
gra i ned pebb l e  cong lomerate and  pebb ly  chert -gra i n  sandstone of si m i l ar compos i t ion are i nterca l ated a t  
var ious hor i zons w i th i n  the over l y i ng ,  domi nant ly  vo l can i c , sandstones . These beds ac cou nt for an est i ­
ma ted addi t iona l 5 to 1 0  percent of the formati on . 

Vo l can i c  sandstone : The domi nant sandstones of Robertson Formation , account ing  fo r 45 to 65 per­
cent of  the format ion ,  are mass ive , l oca l l y  cross- l am i na ted , we l l -sorted vo l can i c  aren i tes composed domi ­
nan t l y  of subangu l a r  to su brounded gra in s  of vo l can i c  p l agioc l ase , or i g i na l ly g l assy vo l can i c  roc k frag ­
ments of hya l op i l i t i c  to p i l otax i ti c  texture , and mi nor vol can i c  aug i te . Typi ca l l y l ess than 5 percen t ,  
and common l y  none , of th e detr i ta l  gra i ns are quartz , l i mestone ,  fe l s i te ,  and ch ert . The roc ks a re  ce­
mented by  ca l c i te or ,  more common ly , by  c h l or i te and  ce l adon i te (see figu re 1 7) .  Ca l careous roc ks a re  
gray and weather brown; those w i th i ron -bear i ng  phy l los i  l i cate cement a re  green and fo rm th e typi ca l  green 
beds of  aphan i t i c  appearance  that serve to d i s t i ngu ish Robertson sandstones from conformab ly  over l y i ng 
Sup l ee Forma tio n ,  from u nconformab ly  over l y i ng  Weberg Member of Snowshoe Forma tion ,  and , a long P i ne  
Creek , from gray ca l careous si l tstones and  f i ne-gra i n ed sandstones of  the u nconformab l y  u nder l y i ng Br i s ­
bo i s  Formation . 

Some vo l can i c  sandstones of Robertson Formation  are una l tered andes i te areni tes . Mos t ,  however , 
have been thorough ly  a l bi ti zed and m igh t  better be termed keratophyre aren i tes . S i eved porphyrob l asts 
of preh n i te and anastomos ing webs of d iagenet ic  l aumont i te have g iven r i se l oca l l y  to spo tted and mott l ed 
tan and green rocks ,  espec i a l l y  i n  th e norther l y  exposu res . I n severa l sec t ion ed spec imens , a n  appre­
c i ab l e  percentage of the vo l can i c  rock  fragments appear to be abraded andes i t i c  shards . These gra i ns are 
gross l y  equant ,  bu t have smooth ly rou nded re-entrants suggest ive of vesi c l e  wa l l s and smoo th l y  rounded 
protuberances that are best i nterpre ted as the resu l t  of abras ion of  attenuated fi l aments . 

L i mestone :  Lenses of gray , biostroma l  and  mass ive b ioc l as t i c  l imestone ,  loca l l y as  th i c k  as 30 feet 
i nd iv i dua l l y ,  are a di sti nct ive feature o f  Rober tson Formation .  T h e  poor ly  bedded l enses appear to grade 
l a tera l l y  i nto th i nner sequences of ca l c i l u t i te . A l though th e l i mestones form l ess tha n  5 percent  of th e 
format ion i n  the sou th ern part of the exposu res, i n c l u d i ng  the type area , th ey accou nt for 1 0  to 40 percent  
of the formation i n  the north . 

The bi ostroma l beds of reefo i  d I i mestone are composed a l most exc l us ive l y  of c l ose ly pac ked, e longate 
l ower va l ves of th e aberrant  sessi l e  pe l ecypod P l i ca tos ty l u s  gregar iu s  Lupher and Packard , 1 930, i n  up­
r igh t grow th pos i ti on (see fi gure 1 8 ) .  As many a s  f i ve  separate bi ostromes of p l i catosty l i d  l i mestone occur 
i n  sec t ions of Rober tson Formation exposed  a long the nor thw est fl ank of Mowich  Upwarp . Body chambers 
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F i gure 1 7 . D iagenet i ca l l y  a l b i t ized andes i t e  aren i t e  of  Robertson 
Format ion; we l l -sorted and subrounded framework gra i n s  
a r e  vo l can i c  p l ag ioc l ase and  andes i t i c  roc k fragments ,  
c ement i s  c l ear  ch l or i te and ce l adon i te (p l a i n  l i gh t; abou t 
25 X) . 

F igure 1 8 .  B iostroma l  reef I i mestone of Robertson Format ion near 
Swamp Creek; composed mai n l y  o f  l ower va l ves of the 
aberrant  sessi l e  p e l ecypod P I  i catosty l u s . 
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of p l i catosty l i d she l l s  and i n tersti c es between va lves in the reefo i d  l i mestones are fi l l ed w i th san dy ca l ­
caren i te or  ca l careou s sandstone . Th e mass ive reefo i d  rocks grade l a tera l l y  to beds of sandy ca l caren i te 
and ca l c i l u t i te conta i n i ng scattered p i  i ca tostY I i d  she l l s  strewn para l l e l to bedd ing . Some of th i s  layered 
l i mestone conta i ns she l l s  of the gastropod N er i n ea ,  pe l ecypods other than P l i ca tosty l u s ,  a nd  terebra tu l i d 
brach iopods . Thi n -bedded, loca l l y  nodu l a r ,  dark gray , argi l l ac eous ca l c i l u t i te  l ayers a foo t or two th i c k  
a l so occu r  w i th i n  vo l can i c  sandstones o f  Robertson Format ion . A l though c l ear  ev i dence of  th e r e l a t ion ­
sh i p  of th ese unfoss i l i ferous l i mestones to the reefo i d  bod i es was not obta ined ,  th ey occu r  a t  the same  
hor i zons and probab ly  represent ye t  more d i s ta l  equ iva l ents of t he  reefo i d  l enses than do  t he  foss i l i ferous  
ca l caren i tes . 

Foss i l s  and age 

The abundant pe l ecypod P l i ca tosty l us gregar i u s  Lupher and Pac kard a nd the abundant gastropod 
Ner inea sp . do not prov i de a basis for c l ose l y  dati ng Robertson  Forma tion .  The l ower  part of the forma ­
tion on Cow Creek i n  the northern part of the area conta i ns Wey l a  quest ionab l y  referrab l e to W .  � , 
wh ich  has a known range extend i ng  through th e S i nemur ian and P l i ensbach i an Stages of the Lower J urassi c 
(S . W .  Mu l l e r ,  ora l commu n i ca tion ,  1 958) .  The pe l ecypod  genera Ostrea , P i nna ,  Tr i gon ia , Mod io l u s ,  
l socypr i na ,  Pho l adomya,  Camptonectes,  P l euromya , Lu c i na ,  L ima , Astarte , and Coel astarte a l so occur  
i n  northern exposu res , bu t are of doubtfu l age s ig n i fi cance . 

On Si l v i es R ive r ,  25 m i l es sou theast of the area , the Donovan Format ion (Lupher , 1 94 1 ) conta in s  
upper S i nemur ian eoderocera t i d  and  ech iocera t i d  ammon i tes (R . W. I m l ay ,  wr i tten commu n ica tio n ,  1 957) 
at a hor izon about  475 feet str<;� t igraph i ca l l y  be low a l i mestone bed con tai n i ng P l i catosty l u s .  

On the basi s o f  th.e occurrence o f  Wey la  on Cow Creek, the ammoni tes from be low p l i catosty l i d 
l imestone of the Donovan Forma tio n ,  and conform i ty w i th th e over l y i ng Sup l ee Format ion ,  Robertson  For­
mat ion i s  prov i s iona l l y  ass igned to the P l i ensbach ian  Stage (Lower J u rass i c )  w i th the reservat ion that some 
upper port ion may be Toarc ian  (Lower J u rass i c ) . 

S u p l e e F o r m a t i o n  ( J m s )  

Sup l ee Forma tion  cons i sts of foss i l i ferous gray ca l c areous sandstone and sandy l imestone . Some beds 
are gray-green or tan and weath ered surfaces are common l y  ye l l ow i sh . The u n i t  rests conformab l y  on 
Robertson Format ion in the western part  of  the area bu t l i es d i rec t l y  on o l der Mesozoic  roc ks w i th a ngu la r  
u nconform i ty farther east . The chang i ng strat ig raph i c  re l a t ions a t  the base of Sup l ee Format ion are  prob­
ab ly  due i n  par t  to on l ap ,  b u t  the i n terca l at ion of nonca l c areou s green vo l can i c  sandstones w i th i n  the 
l ower part of Sup l ee Format ion on B i g  F l a t  suggests that some l ower  part of Sup l ee Format ion i n  the east  
i s  a t  l east a part ia l la tera l equ iva l en t  of Robertson  Formation  i n  the west . Th i ckness vari a tions w i th i n  Su p ­
l ee Forma t ion a r e  cons istent and  compati b l e  w i th t h i s  vi ew :  t h e  u n i t  i s  on l y  30  to 3 5  feet th i c k  above Rob ­
ertson Format ion i n  th e type loca l i ty ,  bu t th i c kens t o  50 feet  a t  B i g  F l a t  and  t o  75 feet be tween Sou th Fork 
and Po i son  Creek .  Sti I I  farther east ,  th e th i c kness decreases aga i n  to 50 feet at Caps Crejlk and to 30 fee t 
i n  the headwaters of Rosebu d C reek . The l ower contact w i th Robertson Format ion i s  p l a ced  at the top of  
the  h i ghest  p l i ca tosty l i d  l imestone or at the  top of the h i ghest nonca l careous  g reen  vo l can i c  sandstone or 
pebb l e  cong l omerate . As Sup l ee Format ion i s  a homogeneous and d i sti nc t i ve u n i t ,  the con tac t  is not hard 
to defi ne in most loca l i t i es . 

Li tho log i c  desc r i pt ion 

Sup l ee Format ion g rades frqm ca l careous vo l can i c  sandstone i n  the west wh ere i t  over l i es Robertson 
Forma t ion to ca l careous  l i th i c  sandstone in the east where it over l ies  o l der roc ks . Bedd ing  i s  everywhere 
massive and i nd i st i nc t . Gra i ns are su brounded to rou nded and i n  most exposu res are fi ne sand , a l though 
med i um  sand is  not rare and pebb ly  beds occur at the base of the  u n i t  in a few p l aces in th e eastern part 
of the area . 
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Fossi l s  and age 

Abu ndant  foss i l s  are a charac ter i s t i c l i tho l og i c  attr i bu te of Su p l ee Formation . The l arge pec ten , 
Wey l a ,  i s  most c harac ter i st i c a n d  can b e  fou nd , a t  l east a s  i n comp l ete spec imens ,  i n  v i rtua l l y every ou t­
c rop  of  the u n i t . The pe l ecypods Asta rte (Coe l astar te) sp . ,  Camptonec tes sp . , P l eu romya sp . ,  and Tr i ­
gon i a  sp . ,  as  w e l l as b i costa te rhynchone l l i d brac h iopods ,  are a l so abu ndant throughout th e a rea . Near 
Sou th For k ,  Gryphaea sp . i s  abundan t ,  form i ng l o ca l  coqu i n i te a l ong th e outc rop be l t  between Schoo l ­
house Gu l ch and Ho l e -i n -the-Grou nd ,  but  was not found  e l sewh ere . S i mi l ar l y ,  Me l eagr i ne l l a  sp . i s  v i r ­
tua l l y restr i c ted to the S now Mou n ta i n -Mow i ch  Mou n ta i n  a rea i n  th e sou thwest, wh ere i t  i s  abundan t . 
Common forms throughou t th e area i nc l ude  Gervi l l e i a  sp . ,  Homomya sp . ,  and Ostrea sp . Less common 
forms are i nc l u ded in tab l e  5 .  

Ammon i tes are rare i n  Sup l ee Format ion i n  compar i son  to the b iva l ves ,  bu t good spec i mens have 
been obta i ned i n  abou t 1 0  l o ca l i t i es (tab l e  5) spread throughou t the a rea . The ammon i te genera are char­
acter i s t ic  of the  l ower part o f  Toarc i a n  S tage (Low er J u rass i c )  (R . W .  I m l ay ,  wr i tten commun i ca t io n ,  
1 957) . O n  the othe r  hand ,  a G ryphaea resemb l i ng G .  cymbi u m  Lamarck ,  wh i ch  i s  character i st i c o f  the 
u pper P l i ensbac h i a n  S tage i n  E u rope {R . W. I m l ay ,  wr i tten commu n i cat ion , 1 957) , has been fou nd at two 
l oca l i t i es and th e Wey l a  spec i mens are most probab l y  a P l i e nsbac h i a n  assemb l age (S . W .  Mu l l er ,  o r a l  com ­
mun ica t i o n ,  1 956) . Gryphaea cf . G .  cymb i um  i s  most commo n i n  the l ower  part o f  th e u n i t  and has not  
been found  above the m i dd l e ,  but Wey l a  occu rs throughou t .  A t  n o  s i ng l e  p l a ce ,  however ,  h a s  e i ther 
Wey l a  o r  Gryphaea been co l l ec ted from beds above an  ammon i te l oca l i ty .  Avai l ab l e  data thus suggest 
that Su p l ee  Formation i s  i n  part of ea r l y  Toarc ian  Age but may i nc l u de upper P l i ensbac h ia n  beds as we l l .  

N i c e l y  F o r m a t i o n  ( J m n )  

N i c e l y  Formati on  cons i sts dom i nan t l y  of b l ack mu dstone and sha l e  w i th subord i nate i n terca l a t ions  of  
sandstone . Large concret ions  as much  as 2 fee t i n  di ameter are - abundan t  in  some exposures . The basa l 
contac t w i th Sup l ee Format ion  i s  conformab l e  and is p l ac ed at the top of th e con t i nuou s  sequ ence  o f  u n der­
l y i ng sandsto ne and sandy l i mestone ,  w h i ch i s  broken on l y  by  m i nor sha l e  o r  mudstone  part i ngs . Th e u n i t  
i s  7 5  to 1 00 feet th i c k  at the type l oca l i ty ,  bu t ranges from 1 00 to 300 feet i n  th e eastern par t  o f  the area 
(fi gure 1 5) . 

Li tho l og i c  desc r i pt ion 

In  the type  l oca l i ty ,  N i c e l y  Format ion  i s  a l most ent i r e l y  b l ac k ,  f l aky sha l e .  To th e east , mu dstone 
and th i n ,  i n terca l ated beds of ca l careou s s i l ts tone  and  sandstone  are i nc l u ded w i th i n  the u n i t .  I n  many 
exposu res , b l ac k  sphero ida l  I i mestone concret ions  tha t  weather  g ray or wh i te are abundan t . The concre­
t ions  and the l u t i tes are v i rtua l l y  mass i ve ,  w i th l i tt l e  or  no trace of l am ina ti o n . 

On  B i g  F l a t ,  a submar i n e  l ava f l ow of po rphyro -aphan i t i c  pyroxene  andesi te occu rs w i th i n  N i c e l y  
Format ion . T h e  f l ow i s  abou t 5 0  feet th i c k ,  i s  exposed for 5 m i l es a l ong s tr i ke ,  a n d  i s  composed of wh i te 
l a brador i te and  b l ack  aug i te  ph enocrysts set i n  a b l u e -gray to green groundmass that weath ers brown : I n  
sec t ion , th e groundmass i s  a turb id  hya lop i l i t i c  mass o f  par t l y  dev i tr i f ied brown i sh g l ass i n  wh i ch an desi ne 
m i c ro l i tes , c l ihopyroxene gra i n s ,  and ore are i mbedded . I n  some parts of th e f l ow ,  p l ag i oc l ase is l a rge l y  
a l b i t ized a n d  t h e  grou ndmass l a rge l y  c h l or i t i zed . A s  fa r as a m i l e  away from th e edge of t h e  f l ow a long 
str i ke,  a th i c k ,  der ived bed of moderate l y  to  poor l y  sorted andes i ti c  and kera tophyr i c  sandstone  occur s  at 
the same hor i zon  in N i ce l y  Format ion . 

Fossi I s  and age 

Vo l u m i nous  co l l ecti ons of ammon i tes have been assemb l ed  by brea k ing open th e ca l careou s concre­
t ions (tab l e  6) . The assemb l age obta i ned i s  ear l y  to m i dd l e Toarc ian (Ear l y  J urassi c )  i n  age ,  not  younger 
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TABLE 5 .  Fossi l s  from Sup l ee Formation of  Mow i ch Group . 

Loca l i ty 1 , 2, 3 

Location 

- -! of  
--! of 
Section 
Townsh i p  (S . ) 
Range (E . )  

Ammo n i tes:  

Harpoc erato i des (? ) sp . 

, Hi l dai tes sp . 
Hi l dai tes c f .  .J:i, serpent inum (Rei nec ke) 
Hi  ldai tes c£.  !:! . subserpent inum Buckman 
Orth i l d a i tes sp . 
Orth i l da i tes c f .  Q .  orthus Bu c kman 
Phyl l oceras sp . 
Whi tbyi c eras(? ) c f .  W .  pi ngue (S i mpso n )  

Pe l ecypods: 

Astarte sp . 
Astarte (Coelastarte) sp . 
Camptonec tes sp . 
Card i n i a  sp . 
Gervi l l i a sp . 
Goni omya sp . 
Gryphaea sp . 
Gryphaea cf. � .  cymbi um lamarc k  
Homomya sp . 
Li ma sp . 
Mactromya sp . 
Mel eagr i ne l l a  sp . 
Modio l u s  sp . 
Ostrea sp . 
Para l l e l o do n  sp . 
Phacoi des sp . 
Pi nna sp . 
P l euromya sp . 
Trigonia  sp . 
Wey l a  sp .  

Brachi opods: 

Rhynchone l l ids  (b i costate) 
Terebratu l i ds 

1 See P l ate I for map l ocation . 

V21 2 0 30 0 3 1  0 34  

sw sw NE N E  
sw sw SE NW 
28 28 28 36 
1 8  1 8  1 8  1 8  
26 26 26 26 

X 

X X 

X 

X 
X 

X 
X 

X 

X 
X X 
X X 

X X 

X X X 

2 Loca l i ti es y i e l di n g  o n l y  Wey l a  sp .  omitted . 
3 Loca l i ti es l isted from west to east a long south east f lank of Mow i c h  u pwarp . 

0 35 0 36  
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27 27 
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( Iden t i fi cat ions  by R .  W. I m l ay of  U .  S .  G eo l og i ca l  Su rvey; som e  p e l ecypod i d e n t i f i c a t i o n  i n  f i e l d  by W. R .  D i c k i nson )  
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TABLE 6 .  Foss i l s  from Nice ly  Formation of  Mowich Group ( I d e n t i fi c a tions  by R. W .  I m l ay of U .  S .  G eo l og i c a l  Survey) 

Loc a l i ty 1 ' 2  

Loc a t i o n :  
- - 4  of 
--� of 
Sect ion 
Townsh i p  (S  . ) 
Range (E . )  

Am mo n i tes :  -

C a tacoe l o c eras sp . 
Cota coe l oc eras c f .  � annu l i feru m (S i mpso n )  
D a c ty l i oceras cf . Q.. d i rectum (Bu c kman)  · 

Dacty l ioceras cf . Q. kane nse Mc Learn 
Dacty l i o c eras c f .  Q .  tenu i costatu m (Young & Bird)  
E l eganti ceras sp . 
E l ega n t i c eras cf  . .I: pseudoel ega ns B u c kman 
Fanni noceras cf .  [. fan n i n i  Mc Learn 
F a n n i noceras cf. F. ku noe Mc Learn 
Harpoceras cf . H � exaratu m (You ng & B i r d )  
Harpoceras (O va ti ceras) sp . 
H i l da i tes sp . 
Hi l d a i tes c f  . ..!:!: serpen,t i n u m  (Re i n e c ke )  
H i  l da i tes cf . ..!:!._. subserpen t i n u m  B u c kman 
Lyto c eras sp . 
Orth i l da i tes c f .  0 .  orthus Bu c kman 
Protogrammoc era-;f? )  � 
S u b co l l i na (? )  sp . 
Zugo da c ty l i tes c f .  � brau n i a n u m  (d ' O rbigny)  

Pe l e cypods:  

O tap i ra ( ? )  c f .  0 .  marsha l l  i (Trech m a n )  

Bra c h i opods : 

Rhyncho n e l l i ds 
--
1 

See P l a te I for map locat ion . 
2 Loca l i t i es l i sted fro m  west to eas t .  

I I L 1 1 3 

- - --
- - --

28 -29 
1 8  
26 

X 
X 

- - - -
- - - -
- - --
- - --
- - - -

X 
X 
X 
X 
X 
X 
X 

- - --
- - --
- - --
- ---

X 

X 

- - --

V 72 D 76 D 77 D 79 

S E  N W  N E  S E  
S E  s w  N E  sw 
29 35 35 25 
1 8  1 7  1 7  1 7 
26 27  27  27  

- -- - -- -- -- - - - - --
- -- - - - -- - - - - - - - -
- - - - - - - - - - - - - - - -
- - - - - - - - --- - - - --
- - - - - - - - --- - - - - -
- -- - X -- - - - - --
--- - - - -- - -- - - - - -
- - - - - - - - - - - - - - --
- -- - - - -- - - - - - - - -
--- - - - -- -- - - X 
- - - - - - - - - -- - - ---
---- - - - - - - - - X 

X - - - - X - - - -
- - - - X - - - - -- --
- - - - - - - - - - - - - - --
- -- - - - -- X -- --
- - - - - - - - - - - - - - --
- --- - - -- - -- - - - - -
- - - - - - -- - -- - - - --

X -- -- X - - --

X - - -- X 

3 C o l l ec tions  of R .  L .  Lupher i n  period 1 926 -1 937 from typ e  l o c a l i ty n ear J i m  Robertson ran c h . 

D 80 D 81  D 8 2  D 83 D 84 D 85 

SE S E  N W  - - -- NW sw 
sw N W  N� SW-NW N E  N E  
20 1 6  1 6  36 -1 1 1 4  
1 7  1 7  1 7  1 6 - 1 7 1 7  1 7 
28 28 28 28 28 27 

- - - - - - -- - - - - X - - - - - - - -
- - - - - - -- - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - -- - -
- - - - - - - - - -- - - - - - - -- - X 
- - - - - - - - - -- - - - - - --- - - - - -
- - - - -- -- - - - - -- - - - - - - -- - -
- -- - - - -- - -- - X - -- - - - - -
- -- - - -- - - -- - X - - - - - - - -
- - - - - - - - - - - - - - - - - -- - - - - -
- - - - -- -- --- - X - - - - - - - -
- --- -- - - - -- - - - -- - -- - - - - -
-- - - X X - - - - X - - --
- -- - - - - - - - - - X - - - - X 
- -- - X - - - - X - - - - - - - -
- - - - - - - - - - - - X - - - - - - - -
- -- - - - - - - -- - X - - - - - - - -
- - - - - - -- - -- - - - - - - - - - - - - -
- - - - - - - - - - - - X - - - - - - - -

X - - -- - - - - X - - - - - - - -

- -- - X - -- - X - - - - - - - -

""'" 
0 

D 86 

N E  
N E  
1 4  
1 7  
27 

? G) 
- - - - m 

X 0 
r-X 0 

X G) 
-- - - -< 
- - - - 0 
- - - - , 
- -- - -t 
- - - - I 

m 
- - - - (.I) 

X c "1:1 - - - - r-
- - - - m 

m 
- - - - .!... 
- - - - N 

m X m 
--- - )> 

X ;;o 
m 
)> 

X 



S T RAT I G RA P HY 1 PETRO LO GY 1 A N D  S ED I ME N TAT I O N 41  

than the Eu ropean zone of  H i l deroceras b i frons (R . W .  I m l ay ,  wr i tten commu n i ca ti o n ,  1 957) .  As H i l do ­
ceras i s  absen t ,  th e forma tion  may b e  en t i re l y  o l der than th i s  zone . 

H y d e F o r m a t i o n  ( J m h )  

At the type l oca l i ty on  South Fork of John  Day Ri ver and i n  cont iguous exposu res extend ing for 1 5  
m i l es a long str i ke ,  Hyde Forma t ion i s  composed domi nan t l y  of th i c k ,  mass ive beds of  b l u e -gray andes i t ic  
mar i ne tu ff and tuffaceous vo l can i c  g raywac ke and averages 1 , 000 to 1 , 200 feet i n  th i c kness . The u n i t  
i s  t h e  most resi stan t i n  th e J u rassi c sequenc e a n d  supports prom i nent hogback  r i dges . T h e  format ion rests 
conformab l y  on N i c e l y  Format ion and is  over l a i n  by S nowshoe Format ion . The u pper con tac t i s  con ­
formab l e  except a l o ng Freeman Creek i n  the southwest, where Weberg Member of Snowshoe Format ion 
over l i es Hyde Format ion  unconformab l y  a long a contact w i th mappab l e  angu l ar i ty . Th e upper and  l ower 
conformab l e  con tac ts ,  both g radat iona l through abou t  25 feet of stra ta ,  were p l aced at the top and base ,  
respec t ive l y ,  of the h i ghest and l owest mass ive andes i ti c tu ff o r  sandstone  bed  i n  a cont inuous sequenc e 
of s im i  l or strata . 

L i tho log i c  desc r i pt ion 

At the type l oca l (ty hard, tough ,  res i s tan t  vo l can i c l as t i c  beds · composed of dom i nant ly  sand-s i zed 
andes i t ic  debris accou nt  for 90 percent  of the format ion . These homogeneous roc ks are b l u e -gray where 
fresh , bu t weath er green or green i sh brown and form sph ero i da l  exfo l i a t ion nodu l es rang i ng  from 5 to 1 5  
i nches i n  di ameter . The res i stan t  beds range from 1 to 1 0  fee t i n  th i ckness and are  separa ted by i n terca ­
l ated l ayers o f  dark ,  l am i na ted vo l can i c  s i l tsto ne a n d  mudstone 1 i n c h  to 2 feet  th i c k .  The  coarse vo l ­
can i c l asti c beds are massive th roughou t most of  th e i r  th i c kness . The i r  u ppermost parts, however , grade 
i n to the over l y i ng l u t i te i nterca l at ions by a decrease in gra i n  s ize and the appearance of fa i n t  l am i na ­
tions . Some beds g rade downward i n to l u ti te i n  s im i l ar fash ion , bu t others have abrupt bo ttoms . I n  rare 
i nstances ,  l ayers of angu l ar andes i t i c  l ap i l l i  occur w i th i n  some th i c k  beds . 

The predom i nant vo l can i c l as t ic  andes i ti c  strata of Hyde Forma t ion are best desc r i bed textu ra l l y  as 
moderate l y  so rted ,  medi um-gra i ned sandstones . Most gra i ns are subangu l a r ,  but  angu l a r a nd subrou nded 
gra i ns are both represented . Some roc k  fragments are equan t  andesi t i c  shards w i th cuspate marg i ns formed 
of arcuate i n den ta tions and  po i n ted proj ect ions . Oth er fragments appear to be somewhat  abraded shards . 
The degree of so rt i n g  i s  d i ffi cu l t  to est imate , because i n tersti t i a l  areas between framework sand gra i ns 
are occup i ed j o i n t l y  by c h l or i te  and ce l a don i te formed i n  part by recrysta l l izat ion o f  detr i ta l  matr ix and  
i n  part a s  au th i gen i c  c emen t  grown i n  open pores . Apar t  from m i nor admixtu res of  nonvo l can i c  quartz , 
cher t ,  and argi l l i t e  g ra i n s  i n  amou n ts l ess than 5 perc ent  and  most common l y  l ess than  1 perc en t ,  th e pre­
dom inant  roc ks are composed enti r e l y  of c l as t ic  andes i t i c debr i s . Th i s  materia l  cons i sts of abu ndant p l agio ­
c l ase c rysta l s  that are common l y  a l b i t i zed,  common fresh aug i te ,  rare fresh hornb l e nde ,  and  abu ndant 
fi n e -gra i ned,  o r ig i na l l y  g l assy , rock fragments of hya lop i l i t i c  and v i trophyri c textu re .  The re l a t ive pro­
por t ions of th ese d i fferen t const i tuen ts are remarkab l y  constan t  and ho l d near the fo l l ow i ng va l u es i n  most 
roc ks :  p l ag i oc l ase , common l y  a l b i ti zed , 25 percent; andes i t i c rock  fragments , 55 perc ent; and aug i te 
and m i nor hornb l ende ,  4 percen t .  I n tersti t i a l  ma tr ix and Ce1]1ent accou n t  for the remai n i ng 1 5  to 20 per­
cent  (f igure 1 9) .  

The andes i ti c  strata of  Hyde Forma tion have undergone  i ntense d iagene t i c  a l tera t ions (for deta i l s ,  
see D i c ki nso n ,  1 962b) . Or ig i na l l y g l assy por t ions o f  roc k  fragments are rep l aced by zeo l i tes , c e l adon i te ,  
and c h l or i te . The p l ag ioc l ase i n  many  roc ks i s  part l y  or  en t i r e l y  a l tered to  a l b i te c lou ded w i th i nc l us ions 
of pumpe l l y i te and preh n i te .  Of the vo l can i c  materi a l s ,  o n l y  aug i te and  hornb l ende are fresh ;  on  fresh 
su rfac es, aug i te i s  readi l y  v i s i b l e  as sma l l ,  spark l i ng b l ack  crysta l s .  Loca l m igrat ion o f  l i me du r i ng  a l ­
tera t ion (see D i c k i nso n ,  1 962b) has g i ven r i se  to a var i e ty o f  segregat ions and spo tted o r  mott l ed strata : 
( 1 ) Sph ero ida l  ca l careous concretions occur  i n  some beds; (2) prehn i te porphyrob l asts appear as pa l e ovo id  
spo ts i n  some si l tstone i n terca l a t ions; (3) pa l e  prehn i te and  l au mont i te ve i n l ets transect some  mass ive vo l ­
can i c l a st i c  beds; a nd (4) anastomos i ng  webs , para l l e l  bands,  and massi ve b l ocks of pa l e  l aumon t i te after 
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F igure 1 9 .  D iagenet i ca l l y  a l b i t ized mar i ne andes i te tu ff of Hyde 
Format ion; moderate l y  sorted and subangu l ar framework 
g ra i ns are c h i efl y vo l ca n i c  p l ag ioc l ase and  andes i t i c rock 
fragments w i th  m i nor aug i te; cement  and  matr ix i s  mai n ly 
c h lor i te and  c e l a don i te (p l a i n  l i ght ;  abou t 25 X) . 

F i gure 20 . Basa l ca l car eous andes i t i c  sandstone  of Hyde Format ion  
(crossed n i co l s  to show presen ce  of ca l c i te  cement  and l a c k  
of detr i ta l  matr i x); gra i n  types same a s  F i g u r e  1 9  except 
p l ag i oc l ase una l tered (note a l bi te tw i n n i ng )  (about  25 X) . 
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p l ag i oc l ase and zeo l i t ized g l ass have g i ven r i se  l oca l l y to mo tt l ed tan and green roc ks ,  banded tan and  
g reen  roc ks,  and mass i ve  tan  roc ks . The  d iagenet i c g row th of  easi l y  weath ered l a umont i te i s  mos t  notab l e  
i n  the area arou nd Mow i ch Moun tai n and  Freeman Creek ,  hence the Hyde g raywac kes o f  th a t  area are  
softer and l ess res i s tan t than e l sewhere . 

L i tho l o g i c  var i ants 

East o f  Bi g F l at w i t h i n  th e mapped area , Hyde Forma t ion i s  l i tho l og i ca l l y  homogeneous , a l though 
the th i ckness var i es from 700 to 1 , 500 feet (fi gu re  1 5) .  West of Bi g F l a t ,  th e propor t ion  of  l u t i te in  the  
un i t  i n crease s ,  and on Freeman Creek th e forma t ion cons ists o f  a l ternati ng members , each  50 to  1 00 feet 
th i c k ,  of tu ffaceous  vo l ca n i c  g raywacke  and poo r l y  sorted vo l c a n i c  s i l tstone or  mu dstone .  S i m i l a r l y , 
l u t i te i n terc a l a t ions i ncrease i n  abun dance  toward Bear Va l l ey ou ts ide  the mapped area to th e east . 

I n  the dra i nage of Sou th Fork o f  John  Day R iver , the l ow er 25 to 1 00 feet of Hyde Format ion (fig ­
u re 1 5) ,  and  the u pper 1 0  to 25 fee t ,  are dom i nan t l y  we l l -sorted ca l careous  vo l can i c  sandstone  (andes i te 
are n i te )  composed a l so of su bangu l ar gra i ns (see fi gu re  20) . These beds are a l so mass ive ,  l i ke the non ­
ca l careou s beds ,  bu t outc rops weather typ i ca l l y  to g r i tty , brown ,  angu l ar surfaces that con trast w i th the 
nodu l a r ,  dark green su rfaces typi c a l l y  formed on the nonca l careous beds  in  the  bu l k  o f  th e forma tion . 
Moreover , th e re l a t ive proport ion  of p l ag ioc l ase gra i ns and  andes i ti c  rock fragments appears to vary more 
in the ca l careous rocks , perhaps refl ec t i ng a g rea ter degree of  hydrau l i c sort i ng of the vo l can i c  debri s . 
The ca l careous  are n i tes appear to grade l oca l l y to sequences  of dark mu dstone w i th i n terca l a ted ca l careous  
sandstone  beds mapped as upper  N i c e l y  Format ion . 

I n  p l ac es ,  l enses of vo l c a n i c  pebb l e  cong lomerate occu r i n  the basa l beds of the format ion . 

Foss i l s  and  age 

No di agnost i c  fossi I s  have been fou nd i n  Hyde Format ion . W i th th e except ion of b icostate rhyncho­
ne l l i d brach iopods near  l zee ( l oc . D87) and poor l y  preserved h i l docera t i d  (? ) ammon i tes from Freeman 
Creek and the  type l oca l i ty ,  t he  u n i t  has proved bar ren . Ear l y  to m i dd l e  Toarc i a n  ammon i tes from the 
conformab l y  under l yi ng N i c e l y  Forma t ion  and  a n  assemb l age  of l a te Toarc ian  (Ly toceras j u rense Zon e) 
ammon i tes from the basa l part of the conformab l y  over l y i ng Snowshoe Format ion  i nd i cate ,  however , tha t  
Hyde  Format ion i s  Toarc i a n  and , desp i te i ts th i ckness , may  we l l  represent on ly  th e H i l doce ras b i frons  
Zone  of  that stage . 

O r i g i n o f  M o w i c h  G r o u p 

Mow i c h  G ro u p  was depos i ted i n  a transg ress i ng sea that i nu ndated a n  eros i ona l su rface of l ow re l i ef 
dur i ng the l a te Ear l y  J urass i c .  Ammon i tes from the g roup and  from the over l y i ng Snowshoe Format ion i n ­
d i ca te tha t  depos i t ion oc cup i ed a geo log i ca l l y br i ef per iod from l ate P l i ensbach ian  to m i dd l e or l a te To­
arc ian  t ime . I n  Rober tson and  Sup l ee Forma t ions ,  there are abu ndant eco log ic  i n d i cators of sha l l ow mar i ne 
waters . Ch i ef among these are (a) bi ostromes o f  the aberra n t  sessi l e  pe l ecypod P l i ca tostyl u s  i n  Robertson 
Format ion ;  (b) G ryphaea coqu i n i tes i n  Su p l ee Format ion;  (c ) t he  presence  of other  mass i ve ,  th i c k -sh e l l ed 
pe l ecypods su ch as Wey l a ,  Ostrea , and  Tr igon i a; and (d) t he  presence  of rhyncone l l i d and  terebratu l i d  
brach iopods , known to b e  abundan t  i n  ne r i t i c depos i ts e l sewhere ( I m l ay ,  1 957,  p .  498) . Th ese forms ,  as 
w e l l as t he  c l ea n  textu re and  coarse gra i n  s ize  of the roc ks ,  suggest tha t Rober tson and  Sup l ee Format ions 
were depos i ted i n  sha l l ow , wave-ag i tated wa ters . The  restr i c ti o n  o f  the Rober tson Format ion  reefo i d  
l im esto nes  t o  th e western part of  t h e  area may possi b l y  i nd i ca te shoa l i ng i n  that d i rec t io n . T h e  fi ner 
gra i n  s i ze of N i ce l y  Format ion suggests depos i t ion i n  qu i ete r ,  bu t no t necessa r i l y  notab l y  deeper , waters 
farther offshore . The foss i l s  of Hyde Forma t ion  are too sparse and  fragmen tary to perm i t va l i d  eco l og i c  
i n terpreta t ions ,  bu t the th i c kness o f  the u n i t  requ i res pr ior  or concur rent  subs i dence i n  excess of 1 ,  000 
feet . 

The basa l cong l omerate o f  Robertso n Format ion i s  probab l y  composed l arge l y  o f  detr i tus reworked 
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from d i rec t ly  u n der l y i ng Upper Tr iass i c cong l omerates of Begg Format ion . The supposi t ion is s trengthened 
by the fac t  that the basa l cong l omerate i s  absen t  where Robertson Format ion rests on fi ner gra i ned strata 
of Br i sbo i s  Formation . L i kew ise , the nonvo l can i c  sand  of Sup l ee Format ion i n  th e eastern part of t he  a rea 
was l i ke l y  der i ved from u nder l y i ng strata . 

Andesi t i c  debr i s  of si m i l a r  m i croscop ic  appearance i s  overwhe l m i ng l y  predom i nant  i n  Mow i ch Grou p 
as a who l e .  Convergent l i nes of ev i dence suggest tha t  the debr i s  was der ived from con temporaneou s pyro ­
c l ast i c depos i ts :  (a) I t  i s  a l most who l l y absen t from the basa l Rober tson Forma t ion and from the eastern 
exposu res of Sup l ee Forma t ion for wh i c h  an ep i c l asti c sou rce  from the su bstrate can be postu l a ted w i th 
confi dence; (b) i t  i s  m i c roscop i ca l l y  u n l i ke Pa l eozo i c  and Tr i assi c vo l c a n i c  rocks exposed nearby; (c) i t  
c l ose l y  resemb l es you nger J u rass i c  andes i te debr i s  present  h igher i n  the co l umn ;  (d) aug i te andes i te l ava 
of s i mi l ar grou ndmass textu re is i n terca l a ted w i th i n  N i c e l y  Forma t ion on  B i g  F l at and prov i des posi t ive 
evi dence  of con temporaneous erupt ion of s i m i l a r andes i te  magma; (e)  fresh sha rds and abraded shards i n  
Robertson and Hyde Format ions provi de d i rec t  evi dence  o f  some  pyro c l as t ic  ac t iv i ty; and (f) th e remarkab l e  
homogene i ty of Hyde Format ion and , to a somewhat  l esser degree , o f  the vol can i c  sandstones of Robertson 
Forma t ion , su ggests der ivat ion  from homogeneous ash w i th o n l y  s l i g h t  rewo rki ng .  

The  locat i ons of th e pyroc l ast i c vents are u n known . Andes i t i c  debr i s  appeared f i rst i n  the west , 
where i t  i s  i n terstra ti f i ed w i th nonvo l can i c  l i th i c  sandstone  and l i mestone  of Robertson Format ion . I n ter ­
ca l at ions  of andes i ti c  sands tone i n  basa l Su p l ee Formati on  on B i g  F l a t ,  but  no t eastward ,  suggest not o n l y  
that Rober tson Format ion to t h e  west i s  a l a tera l equ i va l ent  of l ower Sup l ee Format ion  t o  t h e  eas t , but 
a l so that andes i t i c  debr i s  from the west was i ntertongu ing  w i th nonvo l can i c  detr i tus bei ng depos i ted to the 
east . Hyde Format ion represen ts a l a ter f lood of  s l i g h t l y  reworked pyroc l as t ic  debri s ,  much of w h i ch  may 
we l l have been erupted i n i t i a l l y  i n to the sea and red i str i bu ted on l y  by bottom cu rren ts . T he  genera l th i c k ­
en i ng  of Hyde Format ion toward the nor theast  may poss i b l y  ref l ec t  a sou rce  i n  tha t  d i rect i o n ,  a l though 
vagar i es of  bottom topography cou I d equ a l l y  we l l accou n t  for th i c kness changes . 

S NOWSHOE  FO RMAT I O N  (J s) 

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

S nowshoe Format ion i s  a h eterogeneou s ,  conformab l e  assemb l age of Mi dd l e J u rass i c  s trata . I t  rests 
conformab ly  on Hyde Format ion a l ong th e sou theast f l ank  of Mow i ch upwarp,  u nconformab l y  on  Hyde 
Format ion and o l der u n i ts of Mow i ch Group near the ax i s  of Mow i ch upwarp ,  u nconformab ly  on U pper 
Tr iass i c strata in Pi ne Creek downwarp where Mow i ch Grou p is over l apped , and u nconformab l y ,  fi na l l y  
on Pa l eozo i c  roc ks near t h e  western edge of  th e area . I n  t h e  l zee  d i s tr i c t ,  th e u n i t  i s  over l a i n  uncon ­
formab l y  by Trowbr i dge  Format ion . I n  th e S up l ee d i s tr i c t ,  no you nger  J urass i c  rocks are present above 
i t , bu t l oca l l y  th e format ion is over l a i n  u nconformab l y  by Upper Cretaceou s s trata . 

As h ere desc r ibed , Snowshoe Forma t ion represents a ma jo r  rev i s ion  o f  the u sage of Lu pher ( 1 941 ) ,  
i n  that severa l u n i ts h e  defi n ed as separa te format ions are i nc l u ded as members o f  Snowshoe Formati on . As 
the u n i ts i n  questi on  a re  l a tera l fac i es equ iva l ents of type Snowshoe Forma t ion and  are known to have on l y  
l i m i ted exten t ,  t h e  usage proposed he re  represents a des i ra b l e  s imp l i f i cat ion of  Lupher ' s  termi no l ogy , yet 
reta i n s  and c l ar i fi es the c r i t i c a l  l i tho l og i c  d i st i nc t ions wh i c h  h e  recogn i zed . The strat i graph i c  re l a t ions 
and th i c kness var i a t ions  of  the var ious  members of Snowshoe Formati on  are shown by fi gure  2 1 .  

S nowshoe Format ion was estab l i shed by Lupher ( 1 941 , p .  259) for the sequ ence of w e l l -bedded strata , 
dom i nan t l y l a m i nated s i l tstone  and mu dstone bu t i nc l ud i ng sandstone i n terca l a t ions ,  tha t  conformab l y  over­
l i es Hyde Forma t ion and  i s  over l a i-n by  Trowbr i dge Fo rmati on  a l ong Sou th Fo rk  of Jo hn  Day R iver  at l zee . 
Hyde and Snowshoe Forma t ions were brac keted togeth er i n  " l zee Grou p "  by Lupher ( 1 94 1 ); i n  v i ew of our  
present as s ignment  of Hyde Format ion to  Mow i c h  Group (see above) we have abandoned the te rm " l zee 
Group . "  In th e type l oca l i ty a t  l zee , three l i tho l og i ca l l y d i st i n c t ive  members have been i n forma l l y  rec ­
ogn i zed but  not mapped , w i th i n  S nowshoe Format ion : (a ) a l ower member of dark l u t i te ,  (b) a m i dd l e  
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member of i n ter l am i na ted dark l u t i te and green i sh vo l can i c l as t i c  s i l tstone  and sandstone , and (c ) on upper 
member of i n terbedded dark l u t i te and gray ca l careous  sandstone . 

To the east of the type l oca l i ty at l zee ,  the mi dd l e  part of Snowshoe Forma ti on  grades by i nter­
tongu i ng i nto a sequence of i nterbedded l u t i te and vo l can i c l as t i c  graywacke and cong l omerate . For th is 
sequence ,  the new name " S i l v i es Member of Snowshoe Format ion " is proposed be l ow . 

To the west of the type l oca l i ty at l zee ,  the conformab l e  l ower contact w i th Hyde Format ion passes 
i n to an angu l ar unconform i ty over l a i n  by gray ca l careous sandstone  tha t is a l a tera l fac i es equ iva l en t  o f  
a hor i zon somewhat  above t he  base of type Snowshoe Format ion . Th i s  transgress ive  sandstone u n i t , wh i ch 
suc cessive l y  over l aps the format ions of the u nder l y i ng Mow i ch Grou p ,  was named Weberg Forma t ion by 
Lupher (1 941 ) ,  but is here  desc r i bed as "Weberg Member of Snowshoe Format ion . "  Above Weberg Mem­
ber a r e  dark l u t i tes si m i l ar i n  l i tho l ogy a nd  par t l y  equ iva l e n t  i n  age  to those of th e l ow er member o f  type 
Snowshoe Forma t ion . Th ese stra ta were named Warm Spr ings  Format ion by Lupher  ( 1 94 1 ) ,  bu t are h ere 
desc r i bed as "Warm Spri ngs Member of  S nowshoe Format ion . "  Lu pher ( 1 94 1 ) brac keted his Weberg and 
Warm Spr i ngs " Format ions"  in " Co l p i tts Group, " a term we  have abandoned . Above Warm Spr i ngs Mem­
ber i n  the western par t  of  the  area i s  a sequ ence of andesi t i c  l avas a nd  vo l can i c l as t i c  roc ks that i n tertongue 
eastward i nto a l atera l l y equ iva l en t  part of the m i dd l e  member of type Snowshoe Forma t ion . For  th ese 
s tra ta , the new name " Basey Member of Snowshoe Forma ti o n "  is proposed be low . These strata were i n ­
correc t ly  referred to Hyde Format ion  by Lupher ( 1 94 1 ) ,  who erroneou s l y  da ted Lower  J urass ic  Hyde For ­
ma t ion as Mi dd l e  J urassi c on  the bas i s  o f  ammon i te co l l ect ions  from Basey Member (see Append ix  A for 
the re l at ive  stra t !graph i c  pos i t i on  of the two u n i ts where both are present  i n  the same verti ca l su ccession) . 
For l u t i tes that  ove r l i e  Basey Member i n  the western part o f  the area , the new name " S haw Member of 
Snowshoe Format io n "  i s  proposed be l ow . 

A l l these u n i ts of d i verse l i tho l ogy are i n c l u ded w i th i n  S nowshoe Forma t ion on the bas i s  of th e fo l ­
l ow i ng reason i ng . Th e transgress ive Weberg Member i s  l im i ted to a few square m i l es i n  the western part 
of the mapped area and cont iguous ground  to th e  wes t ,  and a good pu rpose appears to be served by ter ­
m ino l ogy tha t refl ects i ts r e l a t ion  to type Snowshoe Format ion . The vo l can i c l as t i c  Basey and  S i l v i. es 
Members i n tertongu e comp l ete l y  w i th l u t i tes o f  type Snowshoe l i tho l ogy and  appear to be the resu l t  of 
vo l can i sm contemporary w i th S nowshoe sedi mentat ion ;  s i mi l ar vo l can i c l asti c accu mu l at ions may we l l occur  
a t  var ious  hor izons i n  l u t i tes of Snowshoe I i tho l ogy eastward in  centra l  Oregon . Warm Spr ings and Shaw 
Members cou l d  not be mapped separa te ly  were i t  not for the i n terven i ng Basey Member . E ros ion  over 
Mow ich  l.Jpwarp has l a rge l y  removed the fac i es trans i t ion  from Warm Spr ings ,  Basey , and  S haw Members 
eastward to u nd i fferen t ia ted S nowshoe Formati on ,  and resort  must be made to an  " arb i trary cu t-off" 
(Wh ee l er and Mal l ory , 1 956) to de l i m i t  the eastern extent  of these members a t  Mow i ch Moun ta i n .  

S n o w s h o e  F o r m a t i o n  ( J s n )  a t  l z e e 

I n  the type  l oca l i ty a l ong South Fork of J oh n  Day R iver at l zee , Snowshoe Forma t ion i n c l u des ap ­
prox imate l y  2 ,  750 feet o f  da rk ,  th i n -bedded ,  poor ly  exposed  strata that u nder I i e smooth , sage-covered 
s l opes . Three g radat iona l  bu t  l i tho log i ca l l y d i s ti nc t ive members can be recogn i zed . 

Lower member 

The basa l 600± feet are dom i nan t l y  soft , dark-gray to b l ac k ,  th i n -bedded mu dstone , sha l e ,  and 
s i l ts tone . Upon weath er i ng ,  these fi n e -gra i ned rocks exh i b i t  a bedd i ng par ti ng that y i e l ds p l a ty s l abs . 
I n some  exposu res,  casts of ammon i tes and  of the pe l ecypod Pos i don ia  are abu n dan t  on par t ing p l anes . 

The rocks consi s t  l arge l y  of fragments of crysta l s  and groundmass of andesi t i c roc ks and of c l ays 
i nferred to have been der ived from weather i ng of andes i t i c  mater i a l s .  Occas iona l dev i tr i f i ed shards a re  
see n ,  but most  of  th e recogn i zab l e c l ast i c grai ns are angu l ar s i l t  g ra i ns of i rregu l ar shape . Sma l l quan ti ­
ti es o f  quartz s i l t  may represen t  a n  admixtu re o f  nonvo l can i c  detr i tu s . To the terr igenous detr i tu s  are 
added severa l k i nds o f  organ i c  debr i s . Vo l umetr i c a l l y  most impor tan t are tests of  rad io l ar i ans , wh i c h  com ­
pr i se 1 0 to 25 perc e nt of the rocks tha t  have been ex ami  ned i n  th i n  sec t ion . A l l the tests obs'erved have 
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been recrysta l l i zed to fi brous c ha l c edony or  rep l a ced by ca l c i te ,  w i th one or the oth er mod i fi ca tion occu r­
r i ng to  th e exc l u s ion  of  the o th er i n  any g iven sec tion . The der ivat ion o f  t he  bod i es from  rad i o l a r i a n  tests 
can be i n ferred w i th reasonab l e confi dence from the i r  ovoi d ,  be l l -shaped,  or he I met-shaped out  I i n es and 
from the i r  p i tted o r  gra iny  appeara nc e .  I n  add i t ion  to the  preserved tes ts , dark organ i c  ma ter i a l  i s  w i de l y  
and  abundan t l y  d i spersed throughou t t he  fi ne  c l ays i n tersti t i a l  t o  s i l t  gra i ns and  tests . Bedd i ng  i s  shown  i n  
th i n  sect ion b y  the a l ternat ion of th i n  l am i nae of con trasti ng  g ra i n  s i ze ,  a condi t ion that dou bt l ess g i ves • 
r i se  to the p l aty part i ng  so c haracter i s ti c  of the s trata . 

Most of th e l u t i tes of the l ower member are ca l careous  to some degree . Loca l l y ,  nodu l ar concret ions 
have formed by rep l acement . Remnan ts of more s i l ty l am i nae  are preserved in these concreti o ns qnd are  
etc hed i n to re l i ef o n  weathered su rfaces . I n  exposu res n ear  B i g  F l at ,  th i n  beds  o f  l i mestone from a few 
i n ches to a few feet i n  th i c kness are spaced a t  w i de i n terva l s  of a hundred feet or more w i th i n  the member . 
These re l a ti ve l y  competen t  l ayers have been severe ly  brecc ia ted by the deformat ion wh i ch the rocks have 
u ndergone and, fo r th i s  reaso n ,  th e i r  or i g i n  i s  d i ff icu l t  to ascerta i n . Sume appear to represen t  coa l esced 
c ha i ns of concreti o ns formed a l ong a spec i f i c  hor i zon . Others conta i n  fragmenta l c a l careous foss i l s  and  
may represent  recrysta l l i zed b ioc l as t i c  l ayers . 

The l ower member can be traced w i thout  s ign i fi can t  I i tho l og i c  change w esrward to B i g  F l a t  and  eas t­
ward  beyond the edge of the  mapped a rea to  Wick iup  Creek near  Bear  Va l l ey .  Throughou t  th i s  spa n ,  a 
d i stanc e  o f  some 20 m i l e s ,  the u n i t  ma i n ta i ns a th i ckness of 500 to 750 fee t .  The Warm Spr i ngs Member 
o f  the Sup l ee d i s tr i c t  i s  s i mi l ar in l i tho l ogy and presu mab l y  i s  a w estern tongu e  of  the u pper part of the 
l ower member o f  the l zee d i s tr i c t .  

Mi dd l e  member 

The m i dd l e  1 , 000± fee t  are dark-gray to b l ack  l u t i te ,  i n te r l am i na ted  w i th gray to green vo l can i ­
c l asti c s i l tstone and  fi ne-gra ined  sandstone , w i th the a l ternat i ng l ami nae o n  the order o f  1 to 1 0  mm th i c k . 
The dark l u t i te l ayers ,  I i ke the stra ta of the l ower member , are composed of a m ixture of terr i genou s si I t  
and  c l ay, recrysta l l ized o r  rep l aced rad io l a r ian  tests , and  d i spersed dark organ i c  ma ter i a l . The coarser 
vo l can i c l ast i c  l ayers l ac k  abundant  organ i c  matte r ,  con ta i n  no radi o l ar i an  tests , and are typ i ca l l y g raded 
from sandy or s i l ty bot toms to c l ayey tops . The coarse l ayers are composed en t i re ly  of andes i t i c  p l ag i o ­
c l ase that i s  l arge l y  a l  b i t i zed ,  a n d  rock  fragments that were or i g i na l l y  g l assy bu t a r e  now zeo l i t i zed . 
Vi troc l as t i c  texture i s  not apparent i n  th e vo l can i c l as t ic  l ayers . Common b l eached spots or patches i n  the 
s i l tstone  and  fi n e-gra i ned sandstone l ayers are the resu l t  of the porphyrob l ast i c  g row th of d iageneti c l au ­
mont i te; l oca l l y ent i re v'i troc l as t ic  l am i nae are converted to the pa l e  m i nera l . 

The m i dd l e  member can be traced w i thou t s i gn i fi can t  l i tho l og i c  change westward to B ig  F l a t  and 
eastward to  u pper Rosebu d Cree k .  Farth er west i t  grades l a tera l l y  to Basey Member o f  the Su p l ee d i str i c t ,  
and farther east i t  g rades l a tera l l y  to S i  I v i es Member near t h e  eastern edge o f  the a rea . 

Upper member 

The upper 1 , 250� feet are dom i nan t l y  th i n -bedded dark mu dstone  and s i l ts tone w i th th i c k  i nterc a ­
l a ted beds of  gray ca l careous sandstone . Th e sequ ence i s  poo r l y  exposed a n d  has been l i tt l e  s tu d i ed . 
Sparse data suggest i t  con ta i ns both vo lca!'l i c l asti c and nonvo l can i c  detr i tu s ,  but  the proport ions are u n ­
known . T o  the west, the member i s  progress ive ly  over l apped by the Trowbr idge Forma t ion a n d  doe� not 
reach to B ig  F la t . To th e east , more and more stra ta appear beneath th e su b-Trowbr i dge  u nconform i ty so 
that th i c knesses of 1 ,  500 to 2,  000 feet  are presen t where the member i s  poor l y  exposed on upper Rosebud 
and Lew i s  Creeks . A long roadcut  on  Lew i s  Creek oppos i te the mou th of J oh n i e  Creek exposes an  i nter ­
bedded sequence  i n  wh i c h  green , gray , or b l a c k  s i l tstone  a l terna tes w i th gray sandstone  a t  i n terva l s  of  1 
to 6 i n ch es . Lam i nat ion , defi n ed by co l or bandi ng of c arbonaceous l ayers ,  a l terna t i ng fe l dspath i c  and 
l i th i c  l ayers , and  a l ternat ing  gray-green and dark-gray l ayers , occu rs on  a sca l e  of 1 to 5 mm . Sandy beds 
tend to conta i n  ca l careou�  cement  and d i sp l ay sma l l -sca l e  c ross bedd i ng . The coarser beds a re th i c kest 
and tend  to be graded w i thou t l a m i na t ion , except i n  their u pper parts where fi ne l ami nae and c ross ­
l am i nae are present  i n  very fi n e -gra ined sandstone .  Weath ered su rfaces range from somber brown ish tones 
to pa l e  h ues of buff and  c ream . 



TAB LE 7 .  Fossi l s  from l ower member of Snowshoe Formation i n  Sou th Fork of  John Day Ri ver basi n .  
( I denti f icat ions by R .  W .  I m l ay of U .  S .  Geol ogi ca l  Su rvey) 
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S trat igraph i c  pos it ion 
(Feet above base of member) 

Locat ion 
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Catu l loceras c f .  C .  du mort ier i  (Tho io l l i ere)  
Grammoceras c f .  G .  str iatu l u m  (Sowerby) 
Grammoceras c f .  G .  toarcense (D ' Orbigny) 
Harpoceras cf . H .  exara tu m (You ng & Bi rd)  
Haug i a  c f .  �· variabi l i s  (D 'Orbi gny) 

Eryc i tes (? ) sp . 
Hammatoceras (? ) sp . 
Ly toceras (?) sp . 
Phymatoceras (? ) sp . 
T metoceras cf . .! . sc i ssum (Benecke) 

Stephanoceras sp . 
Wi tche l l ia sp . 

Pe l ecypod 

Pos idon i a  ornati (Quenstedt) 

1 See P l ate I for map l ocat ion . 
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Foss i l s  a n d  age 

In the dra i nage of South Fork of  John Day R iver,  foss i l  ammoni te co l l ec t ions rang i ng in age from 
l ate Toarc ian  (Ear l y  J urassi c )  to ear l y  Ca l lov i an  (Late J urassi c )  h ave been co l l ec ted from exposu res of  
S nowshoe Forma t ion cont iguous w i th the type l oca l i ty .  Th e pe l ecypod Pos i don i a  i s  assoc i a ted w i th the  
ammon i tes th roughout the  sequence . 

49 

The o l dest faunu l e  occurs in th e basa l 1 00± fee t of the l ower member (tab l e 7) a nd  has been co l ­
l ec ted from  l oca l i t i es on F l a t  Creek (D 1 04) and near Sheep Creek (D 1 1 l ) .  The  presence  of Harpoc eras 
i s  good evi dence  tha t th e fau nu l e  i s  Ear ly  J u rass i c  and th e other ammon i tes are character i s t i c  of th e 
Lytoceras jurense Zone,  the uppermost zone  of Toarc i a n  S tage (R . W . I m lay , wr i tten commu n i cat ion , 1 957) . 
Th i s  Toarc ian  port ion of the lower member may we l l cont i nue east of l zee where d i agnost ic  foss i l s  were 
not fou nd ,  but th i c ken i ng of  the u nder l y i ng Hyde Forma t ion suggests tha t  th e gradationa l basa l contact 
may r i se i n to the Ba joc ian S tage . 

Somew ha t  h i gher i n  the format ion on F l a t  Creek ,  ear l y  Ba joc i an  (Mi dd l e J urassi c )  ammon i tes prob­
ab l y  represen ta t i ve of the Tmetoceras sc i ssu m Zone  (R . W.  I m l ay ,  wr i t ten commun i cat i on ,  1 957) were 
co l i  ec ted at three l oca l i t i es (D 1 05 ,  D 1 06 ,  D 1 07) spaced from 1 25 to 200 feet above the  base of th e l ower 
member (tab l e  7) . 

Above th e basa l  200 feet ,  th e m i dd l e Baj oc i an ammoni tes Wi tche l l i a  sp . and  S tepha noceras sp . have 
been co l l ected from a number of l o ca l i t i es in the l ower member (tab l e  7) . 

The m i dd l e  member has y i e l ded few foss i l s ,  bu t m i dd l e  Baj oc i an  ammon i tes were fou nd  a t  four  lo ­
ca l i ti es (tab l e  9 ,  fo l l ow i ng page 56) . The  presence of S tephanoceras (S ki rroc eras) sp . at two loca l i ti es 
suggests th e Oto i tes sauzei Zon e .  

Abu ndant l arge concret ions i n  the upper member y i e l ded sever a l  ammon i tes a t  a l oca l i ty (D 1 1 5, 
S E�SW� sec . 1 4 , T . 1 7 S . ,  R .  28E . )  on a h i l l s l ope i n the dra inage of Rosebu d Creek . The forms are 
character i st i c ,  in Al aska n  assemb l ages ,  of the l ower part of th e Ca l l ov ian  Stage (Upper J u rass i c )  and 
i nc l ude  the fo l l ow i ng :  Ca l l iphy l l oceras sp . ,  Choffa t i a  sp . ,  Gower i c eras c f .  G .  spi nosum I m l ay , .!i!_­
l oett ia sp . ,  L i l l oett ia sp . j uv . , and  Xenocepha l i tes v ica r i u s  I m l a y .  W i th the ammoni tes a re assoc i ated 
Pos i don i a  and Ostrea (R . W .  I m l ay ,  wr i tten commun i cat ion , 1 957) . 

S i l v i e s  M e m b e r ( J s s v )  

The new name " S i l v i es Member of Snowshoe Forma tio n "  i s  h ere proposed tor th e th i c k  l ens of vo l ­
can i c l ast i c  stra ta character i zed by abundant  i n terca l a t ions of andes i t i c  sandstone and cong lomerate tha t  
crop ou t  i n  the h eadwaters of  S i l v i es R iver . Betw een th e th i c k  graywac ke and cong l omerate sequ ences , 
wh i c h  i nd i v i dua l l y  atta i n  th i c knesses i n  exc ess of 1 00 feet , are sequ ences of l am i nated vo l can i c l as t i c  s i l t ­
stone s imi l ar to the strata of th e m idd l e  member i n  th e type loca l i ty of S nowshoe Forma t ion . The type l o ­
ca l i ty des i gnated for S i l v i es Member embraces t h e  fou r  quarter -sect ions su rrou ndi ng t h e  j u nCture of sees . 
2 1 , 22 , 27, and 28 , T .  1 6  S . ,  R .  29 E . ,  where S i  I v i es Ri ver and a sma I I  t r ibu ta ry from th e wes t  have cu t  
steep-s i ded ,  we l l -exposed canyons across the str i ke of the u n i t . At the  type l oca l i ty ,  approx imate l y  
1 , 500 fee t  o f  s tra ta a r e  exposed w i t h i n  S i l v i es Member; t h e  upper a n d  l ower contacts are p l aced a t  the 
h ighest  and l owest l edges of mass ive andesi t i c  sandstone or cong l omerate (see Append ix  G for a deta i l ed 
l i tho l og i c desc r i pt ion of the type sec t ion ) .  Th e extent  o f  S i l v i es Member to the east i s  not know n; to the 
west , it grades l a tera l l y  by i n tertongu i ng  to fi ner gra i ned vo l can i c l ast i c strata compr is i ng the mi ddl e mem ­
ber of type S nowshoe Format ion . Th e fac i es change occurs i n  the h eadwaters of Lew is Creek (see p l ate 1 ) .  

Li tho log i c  desc r i pt ion 

The l u t i te i n terca l a ti ons of S i l v i es Member are ident i ca l  i n  l i tho l ogy to th e strata o f  th e m i dd l e  
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F igure 22 . D i agenet i ca l l y  a l b i ti zed andes i t i c  san dstone of S i l v i es 
Member of Snowshoe Formation; gra i ns are mai n l y  vo l ca n i c  
p l ag i oc l ase a nd  andesi t i c roc k fragments w i th m i nor aug i te  
and  ra re  quartz and  detr i t a l  carbonate; note  gra i n  deforma­
t ion  and presso lved  gra i n  contacts (p l a i n  I igh t; about  25 X) . 

member of type Snowshoe Formati on  and w i l l  not be desc r i bed separa te l y . The sandstones and cong l om ­
era tes are massi ve ,  hard,  b l u e -gray rocks that weath er green or brown . Th ey occur i n  graded depos i t ion­
a l  u n i ts that  a re  typ ica l l y 1 to  1 2  feet th i c k  and are common l y  separated by 1 to 25 feet o f  dark  vo l ca n i ­
c l asti c s i l tstone a n d  mudstone . Some o f  these depos i t iona l  u n i ts cons i s t  o f  a s i ng l e  g raded bed , b u t  others 
are composed of  two or more graded su bu n i ts or beds in vert i ca l  su ccess ion . I n  the compound u n i ts ,  th e 
base o f  each graded bed above the basa l one rests w i th scou red contact on sandstone or cong l omerate of 
the su b jacent graded subu n i t. As many as f ive graded beds , each 2 to 1 0  feet th i c k ,  have been ob­
served thus  in  a si ng l e depos i ti ona l  u n i t ,  the who l e  aggrega ti ng 25 feet or more . I n terna l  l am i nat ions 
caused by the a l ternat ion of l ayers of s l i gh t l y  d i fferen t  gra i n  s i ze or compos i t ion are common w i th i n  graded 
sandstone beds, and these l am i nat ions are espec i a l l y  abundant in the upper par ts of the beds . Th e l am­
i nae range from :! to  1 i nch  i n  th i c kness , t h e  coarser l am i nae be i ng corre l a ted w i th coarser gra i n s i ze  and  
t he  fi ner l am i nae w i th fi n er gra i n  s ize . 

The gra i n  s ize  of the  coarse vo l can i c l as t i c s trata ranges up to cobb l e cong l omerate , bu t coarse­
gra i ned sandstone  i s  perhaps most typ i ca l . The roc ks are moderate ly  sor ted and composed of subrounded 
to subangu l a r  gra i ns . They are composed predomi nant ly  of andes i ti c  debr i s  in th e form of p l ag ioc l ase 
gra i ns that are now la rge l y  a l b i t ized,  dev i tr i f ied  zeo l i t i c and ch l or i t i c  roc k fragments of ori g i na l l y hya­
lop i l i t i c  and v i trophyr i c  texture , and  mi nor aug i te and  hornb l ende grai ns . Mi nor admi xtu res of nonvo l ­
can i c  quartz and  cher t  are common . Abraded ca l c i te g ra i ns ,  many c l ea r ly  of organ i c  der i vat ion as 
v i ewed in th i n  sec t io n ,  are charac ter i st i ca l l y  presen t in amou n ts of 1 to 5 percent .  Au th i gen i c  ca l c i te 
is rare , for the roc ks were l i th i f ied pr i n c i pa l l y by compact ion  w h i ch pressed the framework sand gra i n s  
t igh t l y  together ,  deformi ng some l i th i c  g ra i ns and causi ng m i nor presso l u tion  a t  grai n contacts . The per­
centage o f  i n terst i t i a l  detr i ta l  matr ix of c l ay and f ine -s i  l t "s i ze i s  var i ab l e ,  bu t i s  genera l l y  l ess than 1 0  
percent  (see fi gure 22} . 

The strata of S i l v i es Member superfi c i a l l y  resemb l e s im i l ar mass iv e ,  andes i t i c , vo l can i c las t ic  roc ks 
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of Basey Member and  of Hyde Formation . S i l v i es Member , however 1 h a s  the fo l l ow i ng l i tho l og i c  a ttr i ­
butes that di fferen t i ate i t  from the oth er two u n i ts :  { l ) Cong l omerate beds are presen t  and pebb l y  l enses 
and l ayers are common; (2) a greater var iat ion in the proportions of fe l dspar gra i ns and l i th ic  fragments 
from bed to bed is evi den t ,  and some beds h ave more fe l dspar gra i ns than l i th i c  fragments; (3) sma l l -sca l e 
l am i nat ions ,  espec ia l l y  fe l dspa th i c  ones ,  are more common i n  the sands tones; (4) graded bedd i ng i s  char­
acter ist i c ,  espec ia l ly the compound u n i ts made up of severa l graded beds; (5) median g ra i n  s ize i s  coarser 
(coarse sand versu s  medi um sand) in the typ i ca l  th i c k  sandstone beds; and {6) weath ered su rfaces often 
d i sp l ay a speck l ed aspec t  of wh i te fe l dspar gra i ns aga i ns t  a dark backgrou nd .  

L i tho log ic  var iants 

As S i l v ies Member grades westward to th e m i dd l e  member of type Snowshoe Forma tio n ,  two separate 
cong lomerat i c  tongues extend across Tamarack Creek {see p l ate I ) ,  S ti I I  farth er wes t ,  congl omerate beds 
and str i ngers exposed a long Rosebu d Creek probab ly  represent even more d i sta l equ i va l ents . 

To the east o f  the type l oca l i ty and outs i de the area mapped,  S i l v i es Member th i c kens and ,  south 
of Seneca a l ong U . S .  H ighway 395, i n c l udes i nterca l ated andes i t ic  l avas and f low -brecc i as si m i l a r  to 
those i n  Basey Member of th e Sup l ee d i s tr ic t .  

Fossi l s  and age 

No foss i l s  were fou nd at the type l oca l i ty .  Mi dd l e  Baj oc ian  (Mi dd l e J urass i c )  ammoni tes have been 
co l l ec ted , however,  from s i mi l ar s trata near Seneca . Th i s  fac t ,  together w i th th e demonstrated l atera l 
fac i es re l a tion  to th e mi ddl e member of type Snowshoe Formation , l eaves l i tt l e doubt  that S i l v i es Member 
i s  m i dd l e  Ba j oc i an . 

W e b e r g  M e m b e r  { J s w b )  

Weberg Member i s  a th i n ,  transgress ive u n i t  of foss i l i ferous ca l careous  sandstone and sandy l i mestone 
that  appears at the base of  S nowshoe  Forma tion on l y  in the western part of the area wh ere the base of the 
format ion i s  an u ncon form i ty . Throughout most of  th e P i ne Creek downwarp the member var i es from 50 to 
200 feet i n  th i c kness, presu mab ly because of erosiona l re l i e f  on  the surface of  u nconform i ty beneath i t .  
The member th i ns eastward arou nd the nose o f  Mow i c h  upwarp and p i nches out on the west s lope of Mow ich  
Mou nta i n ,  where t he  unconform i ty between Hyde and  Snowshoe Formations a l so d i sappears . T he  member 
is on l apped by the conformab ly  over l y i ng Warm Spr i ngs Member at  th e northeastern end of Pi ne Creek dow n ­
warp and loca l l y  i n  Smi th Basi n sync l i ne a t  the western edge o f  the area . The contact w i th Warm Spr i ngs 
Member i s  gradati ona l  and was p l aced at the top of the h i ghest c a l c areous sandstone or sandy l i mestone 
bed i n  a cont inuous sequence of these roc ks and was drawn so as to exc l ude a l l but  th i n  i n terca l a tions of 
dark l u ti te .  On the sou thwester ly  p l u ng i ng nose of Mow i ch upwarp , Weberg Member rests unconformab ly  
on un i ts of Mow i ch Group ,  wh i ch i t  progress ive l y over l aps toward the west . The member rests on  Upper 
Tri ass i c  strata th roughout mu ch of P i ne  Creek dow nwarp and on Pa l eozo i c  roc ks near the western edge of 
the area . 

Weberg Member was estab l i shed {as Weberg " Format ion " )  by Lupher { 1 94 1 , p .  249) , who des i gnated 
the east s i de of Warm Spr i ngs Creek va l l ey in sees . 1 9 , 20 , 29 , and 30, T .  1 8  S . ,  R .  26 E . ,  as th e type 
l oca l i ty .  A comp l e te sec t ion of the member is exposed in the SW�S E�  sec . 1 9  on the north si de of a gu l l y 
that empti es i n to Warm Spr i ngs Creek at the north bou ndary of sec . 30 .  Th i s  exposu re i s  h ere desi gnated 
the type sec t ion of Weberg Member and is desc r i bed i n  Append ix E .  

Two l i tho l og i c  d iv i s iens can be recogn ized wi th i n  Weberg Member :  a l ower d iv i s ion composed dom ­
i nan t l y  of ca l careous sandstone and sandy pebb l e  cong l omerate , and an upper d iv i s ion composed domi nan t­
l y  of s i l ty and sandy l i mestone . Th e l ower d iv i s ion i s  th i n  or  absent where th e member rests on  Mowich  
Group ,  bu t i s  i nvar iab ly  present e l sewhere and  loca l l y  accoun ts for t he  ent i re member . At th e type loca l ­
i ty ,  the l ower d iv i s ion i s  nee� r ly  1 1 0  feet th i c k ,  th e upper d iv i s ion 90 . Th e l ower d iv i s ion th i ns to 1 5  fee t 
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where the Weberg Member over I ie s  sha l y  Br i sbo i s  s trata a m i l e  and a ha l f  northwest of  the type sect ion . 
A long the sou th east f l ank of Mow i c h  upwarp , where Weberg Member l i es u nconformab l y  o n  Mow i c h  Group ,  
the l ower div i s ion  i s  absent a nd  th e u pper d iv i s ion  ranges from 1 50 feet i n  sec . 28 , T .  1 8  S . ,  R .  26 E .  to 
about 50 feet east of  Freeman C ree k .  O n l y  th e l ower d iv i s ion  i s  present on  Ontko ant i c l i n e ,  where the 
th i c kness ranges from  60 to 1 05 feet .  The Weberg Member ranges from 60 to 1 40 feet in  th i c kness a l ong 
the sou th east f l ank  of the P i ne Creek downwarp . In th i s  v i c i n i ty ,  the l ower d iv i s ion i s  genera l l y  absen t  
or l ess than  1 0  feet th i c k  where th e Weberg over l i es Mow i c h  G rou p ,  bu t i s  a s  mu ch as 25 feet th i c k  wh ere 
Tr iass i c  rocks form the su bstrate . The upper d iv i s ion  occurs o n l y  loca l l y  in Sm i th Basi n a nd  a long the 
northwest f l ank  of the P i ne Creek downwarp . The Weberg Member is l o ca l l y 60 feet  th i c k  in Sm i th Bas i n , 
but is absent as a resu I t o f  on  l ap by Warm Spr i ngs Member i n  the NE�  sec . 33 ,  T .  1 7 S .  , R .  25 E .  About  
1 00 fee t  of  Weberg strata , probab l y  i n c l ud i ng both l ower and upper  d iv i s ions ,  i s  presen t  in  th e NE� sec . 
1 ,  T .  1 8  S . ,  R .  25 E . , but the member th i ns rapi d l y  northeastward and there i s  o n l y  25 fee t  o f  c hert­
pebb l e  cong l omera te be long i ng to the l ower d iv i s ion i n  the NW!SW! sec . 3 1 , T .  1 7  S . ,  R .  26 E .  The 
Weberg Member i s  absen t at the northeast end of the P i n e  C reek downwarp , and Warm Spr i ngs strata l i e  
d i rec t l y  u pon· Mow i ch Group o r  upon Tr i assi c rocks . 

Th i cknesses of th e upper and l ower d iv i s ions change rap i d l y ,  even where th e th i c kness o f  the ent i re 
member rema i ns fa i r ly constan t  over a loca l  area . I t  i s  a l so apparen t ,  as poi n ted ou t  ear l i er by Lupher 
( 1 94 1 , p .  248) , that the d i s tr i but ion of the two d iv i s ions i s  contro l l ed in  part  by l i tho l ogy of the rocks 
be l ow the su b -Snowshoe u nconform i ty . These observa tions strong l y  suggest th a t  the two d iv i s ions a re ,  i n  
part , fac i es equ i va l ents . 

Li tho log ic  desc r i pt ion 

Th e l ower div is ion i s  dom i nan t l y  res istant gray , ye l l ow i s h-gray , or  brown i s h-gray , med i um- to 
coarse -gra i ned ,  we l l  sor ted ca l careous  sandstone wh i ch occurs i n  beds 6 i nches to 2 feet th i c k .  Detr i ta l  
gra i ns o f  the sandstone , genera l l y  we l l sorted ,  are most l y  gray a n d  green c hert and  fe l s i te ,  bu t gra i ns o f  
quartz , a l b i te ,  a n d  b iogen i c  ca l c i te are a l so common . Th e gra i ns are genera l l y subrou nded to subangu l a r ,  
bu t the detr i tus i n  some beds near t h e  base of t h e  u n i t  i s  consp i cuous l y  angu la r . Many o f  t h e  sandstones 
are pebbl y ,  and sandy cong l omerate common l y  occurs as a massive  l ayer as much as 5 feet th i c l<:  at  the 
base of th e u n i t  or as th i n ner l ayers h i gh er i n  the l ower d iv i s ion . The cong lomerates cons i s t  l arge ly  of 
subangu l a r  to rounded pebb l es o f  chert , fe l sophyre , and l i mestone set  i n  a matr ix of ca l careous sandstone . 
Cobb l es and  s l abby bou l ders of chert and l i mestone occu r  l oca l l y i n  the basa l  beds of the l ower div i si o n . 
Th i c k-she l l ed pe l ecypods , i n c l u di ng Ostrea and fragmentary P. i nna , and abraded b ioc l ast i c  detri tus are 
abundant in parts o f  th e l ower d iv i s io n . Rhynchone l l id brach iopods a nd be l emn i te guards occur  loca l l y . 

The upper d iv i s ion i s  dom i nan t l y  gray or grayish -brow n ,  si l ty or sandy l i mestone  that common l y  
weathers to tan o r  ye l l ow i sh -bu ff, f l aggy or nodu l ar b l ocks imbedded a s  res idu a l s  i n  a man t l e  of soi l .  The 
l i mestone is  composed l arge l y  o f  fi bro -l a me l l a r  b iva l v e  fragments and monocrysta l l i n e  ech i noderm p l a tes 
w i th c l ea r ,  opt i ca l ly  conti nuous ,  au th i gen i c  overgrowths set in a matr ix  of  tu rb i d  m i c rocrysta l l i ne ca l c i te ,  
probab l y  l arge l y  der ived from l i me mu d .  The terr i genous detr i tus i n c l u des subangu l ar  quartz a nd  p l ag io ­
c l ase g ra i ns and su brou nded fragments of cher t ,  fe l s i te ,  arg i l l i te ,  and dark vo l can i c  roc k .  G l au con i te ,  
auth i gen ic  pyri te , and brown phospho r i te are present i n  amoun ts o f  1 percent o r  l ess . 

The upper d iv i s ion i s  abundant ly  foss i l i ferous and  casts of pe l ecypods i n  vary ing  states o f  preservat ion 
can be fou nd i n  a l most a l l exposu res . Rhynchone l l i d  brach iopods are common and be l emn i te guards occur 
sporad i ca l l y .  Large terebra tu l i d  brach iopods and l arge ammon i tes are loca l l y abundant i n  the upper d i ­
v i s ion . Repti l i an  vertebrae and carbon ized p l ant  remai ns occur  spa r i ng l y . 

Fossi l s  and age 

The l ower d iv is ion con ta i ns no foss i l s  di agnost i c  of age ,  bu t vo l um i nous co l l ec ti o ns have been made 
from th e upper d iv i s ion (tab l e  8) . · The ammoni tes are i ndi cat ive of l ower to m idd l e  Ba joc i an Stage (Mid ­
d l e  J u rassi c ) . Absence of re l i ab l e marker beds and suspected fac i es changes preven t th e arrangement o f  
t h e  co l l ec tions i n  a f i rm  stra tigraph i c  order . I t  i s  worthy of note , however , that Tmetoceras occurs low i n  
the d iv i s i o n ,  a n d  both Stemmatoceras a n d  S tephanoc eras occur very near the contact w i th Warm Spr i ngs 
Member . These da ta suggest that Weberg Member may i nc l ude th e Tmetoceras sc i ssu m Zone (co l l ec t ions 



TABLE 8 .  Foss i l s  from upper divis ion o f  Weberg Member of Snowshoe Formation  ( I dent if ications by R .  W .  I m l ay o f  U .  5 .  Geolog ica l  Survey ) .  

Loca l i ty 1 ' 2 , 3 

Locat ion 
-=tOT 

--� of 
Section 
Townsh ip  {S . )  
Range (E . )  

Ammo n i tes:  

Doci doceras c f .  D .  b i forme Buckman 
Ooci doceras c f . D. planulatu m  Buckman 
Euhoplaceras cf .E. acanthodes (Buckman) 
Euhoploceras cf.  E. crassispi nata (Buckman) 
Euhoploceras cf. E. dom i nans (Buc kman )  
Euhoploceras cf. E. -g i bbera (Buc kman) 
Euhoploceras cf. E. gibberosa (Bu ckman )  
Eu hoploceras cf. E. modesto (Bu c kman)  
Pap i l l i ceras(? ) sp-: ---

Phylloceros ( ? )  sp . 
Praestr i g i tes c f .  P .  del totus (Buckman) 
S tephanoceras ( ? rsp-.---

S tephanoceras (S kirroceras) sp . 
Tmetoceras sc i ssu m (Benecke) 
Witchel l ia c f .  W .  a l bi dus (Buckman) 
Wi tchefTTO cf . ij;; . zugophorus (Buckman) 
Wi tchel l ia sp . 

Pel ecypods: 4 

Astarte,  sp . 
Camptonec tes sp . 
Gervi l l i a  sp . 
Homomya sp . 
l socypr i n a  sp . 
Ostrea sp . 
P l eu ramya sp . 
Trigonia sp . 

Brachi opods: 

Rhynchonel l ids 
T erebratu I i ds 

V 1 58 
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1 7  
26 
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- -- -
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See P late I for map location .  2 O n l y  s ignif icant  o r  vo l u m i nous co l l ections l i sted . 
4 The fo l low i ng pel ecypods were col l ected i n  on ly  one l oca l i ty l i sted: 
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3 Loca l i t i es l isted from north to south . 

Anomia sp . (V20); Cardi n ia  sp . (088); Goniomya sp . (088); Mactromya sp . (V1 58); _Li ma sp . (V205); Lucina sp . (V1 20); Myti l u s  sp . {088); 
Para l l elodon sp . (OB8); Pi nna sp . (088,  092); Protocordi a sp .  (088); Ve l a.!9_ sp .  {V1 9) . 

v 1 4  0 88 0 89 

N E S E  S W  
S E  S E  s w  
3 0  28 27 
1 8  1 8  1 8  
26 26 26 

- - - - - - - - - - - -

- - - - X - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

X - - - - � - - -

- - - - - - - - - - - -

- - -- - - - - - - - -

X - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - X 
- - - - - · - - - - - - -

- - - - X - - - -

- - - - - - - - - - - -
- - - - - - - - - - - -

- - - - - - - - X 

- - - - X � - - �  

- - - - X � - - -

- - - - X - - - -

- - - - X -- - - -

- - -- ? � - - -

- - - - X - - - -

- - - - X - - - -
- - - - X - - - -

X X - - - -

- - - - X 

V205 0 90 

S E S E  
S W  NE 
2 9  34 
1 8 1 8  
26 26 

- - - - - - - -

- -- - - - - -

- - - - - - --

- - - - - - - -

� - - - - - --

- - - - - - - -

� - - �  � - - -

- - - - - - - -

- - - - - - - -

- - - - - - - -

X - - - -

- - - - - - - -

- - - ·· - - - -

- - - - - - - -

- - - - - - - -

- - - - - - --

X - - --

- - - � X 
- - - - - - - -

- - - - - - - -
- - - - - - - -

- - - - - -- - -

- - - - X 
- - - �  - - - -

- - - - X 

X 

0 92 

NE 
NE 

3 
1 9  
26 

Vl 
-i 
;;o 
)> - - - - -i 

==== G) 
;;o ---- )> 

- - - - .., 
I ---- -< - - - - ... 

- - - -
.., 

---- m 
-i X ;;o ---- 0 

·- - - - r-
---- 0 
---- G) 
---- -< 

� 

--- - )> 
z 
0 
Vl 
m X 0 

X -
�- - - ·· $: 

m X z ---- -i 
X )> 
X -i 
X 0 

z 

u-o 
w 



54 G E O LO GY O F  T H E  S U P L E E -I Z E E  AR EA 

w i th Tmetoceras a l one) , Ludwig ia  murc h i sonae and Graphoceras concavum Zones (co l l ec t ions  w i th 
Tmetoceras, Praestr igi tes , and  Doc idoceras assoc iated) , l ower Sonn i n i a  sowerbyi Zone (co l l ect ions w i th 
Euhoploceras and Witche l l i a ) , and upper Sonn i n i a  sowerbyi Zone {co l l ect ions w i th S temmatoc eras and 
S tephanoceras) (R . W. I m l ay , wr i tten commun i  cat ion , 1 957) . 

W a r m  S p r i n g s  M e m b e r  ( J s w s )  

Warm Spr i ngs Member i s  a u n i t  of dark l u ti te that presumab l y  represents a th i n  to ngue of  the  l ower  
member of type Snowshoe Format ion extendi ng westward i nto the P i ne  Creek downwarp . Th e member rests 
conformab ly  w i th gradati ona l contact on Weberg Member , or u nconformab ly  on  Mow i ch Group and U pper 
Tr iass i c  strata where Weberg Member i s  absent . The Warm Spr i ngs Member is over l a i n  conformab l y  w i th 
gradat iona l contac t by Basey Member , a re l a ti onsh ip  di scussed more fu l l y i n  the  descr ip t ion of Basey Mem­
ber . The eastern l i mi t of Warm Spr i ngs Member i s  an arb i trary vert i c a l  c u t -off (Whee l er and Ma l l ory , 
1 956) pass i ng  north -south beneath the l ava cap of Mow i c h  Mou nta i n ,  th ence northeast a l ong the ax i s  of 
Mow i c h  upwarp . The th i c kness of the member var i es from abou t 200 feet near the p l u ng i ng nose of Mow i c h  
upwarp t o  abou t 300 feet i n  t h e  north east end of  Pi ne Creek downwarp . 

Warm Spr i ngs  Member was estab l i sh ed {as Warm Spr i ngs " Formati on " )  by Lupher  ( 1 94 1 , p .  249) , 
who des ignated the east s i de of Warm Spr ings  Creek va l l ey i n  sees . 1 9 , 20 , 29 , and 30, T .  1 8  S . ,  R .  26 
E . ,  as the type l oca l i ty .  The  member i s  easi l y  eroded and occup i es topograph i c  depress ions . 

L i tho log i c  desc r i pt ion 

In the type area , sporadi c exposures i nd i ca te the member cons i sts of gray , s i l ty ,  ca l careous sha l e  
and mu dstone w i th subord i nate i nterca l a ted gray ca l careous si l tstone and f i ne -gra ined  l i mestone . Most 
beds are f i ne l y  l am i na ted and weather to gray or brown p l a ty f l a kes and sheets . F l attened she l l s  of the  
pe l ecypod Posi don i a  are abu ndant  a l o ng beddi ng p l anes . Mass ive ,  b l ocky ca l careous s i l t s tones and mu d­
stones are abundan t  i n  the member ou tsi de of the type area . I n  th i n  sec tio n ,  the roc ks are seen to cons i s t  
of the fo l l ow i ng in varyi ng proport ions :  mu rky arg i l l aceous mater i a l , dark brown organ i c  ma.t ter , radi o ­
l ar i an (? ) tests , m i crocrysta l l i ne ca l c i te ,  a n d  subangu l ar l i th i c  s i l t  a n d  mi nor sand . Terr i g enous si l t  par­
t ic l es i n c l ude quartz , a l b i te ,  b iot i te , c h er t ,  fe l s i te ,  andes i ti c  rock  fragments ,  and arg i l l i te .  

Foss i l s  and age 

Warm Spr i ngs Member i s  abu ndan t l y  foss i l i ferous ,  bu t does not con ta i n  the var i ety - o f  forms presen t  
i n  the  under l yi ng Weberg Member (ta b l e  9) . Pos i don i a  i s  presen t i n  most exposures . Gradat iona l  re l a ­
t ions w i th the Weberg a n d  Basey Member s ,  and ammoni tes that are abu n dan t  l oca l l y ,  suggest corre l at ion  
w i th th e u pper pa r t  of the Sonn i n ia so�erbyi Zone and the l ower par t  of  the O to i tes sauze i Zone o f  th e 
m i dd l e  Ba joc i an (R . W .  I m l ay ,  wr i tten commu n i cat ion , 1 963) . Of the forms presen t ,  Euhop loceras is 
most common in the Sonn i n i a  sowerbyi  Zone ,  S tephanoceras is u nknown be l ow th e upper Sonn i ni a  sowerbyi  
Zone ,  S temmatoceras and S ki rroceras are not l i ke l y  to be o l de r  than the O toi tes sauzei Zone , and  Para ­
bigoti tes occurs in the l ower Otoi tes sauzei  Zone in Al aska . 

B a s e y  M e m b e r  ( J s b y )  

The new name, " Basey Member of Snowshoe Format io n , " i s  here proposed for the sequence of i n ter ­
stra t i fi ed andes i t i c  l ava and vo l can i c l as t i c  roc ks exposed i n  the v i c i n i ty of th e Basey ranch  at t he  h ead ot 
Camp Creek . The  member i s  typ i ca l l y  exposed in sees . 1 ,  1 2 , and 1 3 , T. 1 8  S . ,  R .  25 E .  (see Appendix 



S T RAT I G RA P HY ,  PETRO LO GY , AN D S ED I M EN TAT I O N  

F igure 23 . Ou tcrop of Basey Member 
of S nowshoe Forma t ion near Camp 
Creek show i ng sph ero i da l  weather ­
i ng forms typ i ca l  of mass ive mar i ne 
tu ff u n i ts .  

F igure 24 . Par t l y  a l b i ti zed mar i ne  andes i te tu ff o f  Basey Member of 
Snowshoe Format ion;  ma i n l y  pa l e  vo l can i c  p l ag i oc l ase 
gra i ns and dark andes i t i c rock  fragments; m i nor aug i te gra i ns 
and i ntersti ti a l  c h lor i te-ce l adon i te (p l a i n  l i gh t; about 25 X) . 
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F for deta i l ed l i tho l og i c  desc r i pt ion i n  type loca l i ty) . The member u nder l i es approx imate l y  30 square 
mi l es of th e mapped area , occupy i ng the troughs of P i ne Creek downwarp and  Sm i th Bas i n  syn c l i ne ,  and 
d ipp i ng off th e p l u ng ing  nose of  Mow i ch upwarp . East o f  Freeman Creek on  th e nose of  t he  upwarp , the  
coarse vo l can i c l as t i c  beds that  permi t th e recogn i t ion of Basey Member l ens ou t i nto th e u n i form l y  f i ne­
gra i ned rocks  of  the m i dd l e  member  of  type Snowshoe Formati on . Accord i r .g l y ,  the eastern extent of the  
member i s  an arbi trary cu toff (Wh ee l er and Ma l lory,  1 956) passi ng north -sou th beneath th e l ava cap of 
Mow i c h  Mountai n ,  th ence northeast a l o ng t he axi s of  Mow i ch upwarp . Basey Member has been traced 
i n  reconna i ssance  west of th e mapped area i nto th e Twe l vem i l e  Creek area and was noted beneath the 
l ava cap on  Wade Butte near Gr i ndstone Creek . I ts extent to the sou th i s  u nknow n .  

Basey Member i s  approxi mate ly  2, 500 feet th i c k  a t  th e type l o ca l i ty ,  bu t th i ns rap i d ly toward th e 
east and i s  o n l y  500 feet th i c k  on the Wi I son Creek ant i c I i ne  a t  th e north east end of P i n e  Creek dow nwarp . 
Mappi ng i n  P i n e  Creek downwarp and around the nose of Mow i ch upwarp i nd i ca tes eastward th i n n i ng  of  
the  member a t  the  ra te  of  250 to  500 feet per m i  I e .  

Li tho log i c  desc r i pt ion 

The most c harac ter i st i c  and abu ndant  stra ta in Basey Member are har d ,  mass ive mar i n e  vo l can i c l asti c 
roc ks , w i th median si ze i n  th e sand range , that are devo i d  of beddi ng  for th i c knesses as great as 200 feet . 
The strata are dark gray or b l u e -gray on fresh surfaces ,  but  weather gray -gree n ,  green , or rust brow n . 
Weathered ou tcrops have a nodu l a r  appearance formed by c l ose ly  spaced e l l i p so i da l  and sphero ida l  exfo-
1 ia t ion ce l l s  (see f igure 23) . Some rocks are marked by mott l es as much as a quarter  of an i nch  across , 
caused by the d i agenet ic  growth of a l tera t ion m i nera l s .  The  beds are composed of the fo l l ow i ng const i ­
tuents :  (a ) 30 to 50 perc ent p l agioc l ase gra i ns ,  c l ear  l abrado r i te or a l b i te c l ouded w i th pu mpe l l yi te i n ­
c l us ions; (b) 4 0  to 70 percent  rock  fragments o f  or ig i na l l y  hya l op i l i t i c  o r  vi trophyri c textu re  bu t now zeo ­
l i t i zed and c h l or i t i zed :  (c) 3 to 6 percent  aug i te gra i ns; (d) 1 to 3 percent  fragmenta l  ca l c i te grai ns; and 
(e) 0 to 1 percent  admixtures of  quartz gra i ns .  Most gra i n s  are su bangu l ar to subrou nded,  a l though a few 
l i th i c  fragments have the shapes of b l ocky andesi t i c  shards (see f igure 24) . Many of the s trata are prob­
ab ly  on ly  s l i g h t l y  reworked mar i ne  tu ffs , bu t th ey grade l a tera l l y to softer tuffaceous andes i t i c  sandstones ,  
some of wh i c h  conta i n  abundan t c her t ,  quartz , a n d  ca l c i te gra i n s  a n d  a l l  o f  wh i c h  d i sp l ay more d i s t i n c t  
s tra t i fi cat ion . Li ke th e s im i l a r  roc ks of Hyde Format ion , the  who l e  assemb lage can be  descr i bed textu r ­
a l l y  as  moderate ly  sor ted vo l can i c  sandstone . D i agenet ic  changes are marked . Compact ion a n d  defo r ­
mat ion o f  l i th i c  gra ins  a r e  pronounced i n  many o f  th e rocks . Some of  the  better -sor ted andes i ti c  sandstones 
conta i n  abundan t' ca l careous cemen t . I n  nonca l ca reous roc ks ,  th e d i agenet ic  growth o f  n ew m i n era l s  such 
as a l b i te ,  pu mpe l l y i te ,  c e l adon i t e ,  and zeo l i tes i s  w i despread . Some o f  the  m i n era l og i c  changes in medi um­
gra i ned vo l can i c l asti c roc ks from Freeman Creek have been descr i bed by  D i ck i nson ( 1 962b) . 

I nterca l a ted be tween the l ayers of mass ive vo l c an i c l ast i c  rock  are sequ ences of th i n -bedded,  green ­
ish vo l can i c l as t i c  s i l ts tone and mu dstone . The roc ks are b l ocky ,  con ta i n  g raded vo l can i c l as t i c  l ayers , 
and c l ose l y  resemb l e  the s tra ta of the m i dd l e mem ber of type Snowshoe Forma t ion i n to wh i c h  they pass l a t ­
era l l y arou nd th e p l ungi ng nose of Mow ich  u pwarp . The fi ner -gra i ned s tra ta a re  espec i a l l y  abu ndant  i n  
t he  l ower 500 to  1 ,  000 feet of Basey Member . 

I n  the western part of the area , two porphyro-aphan i t i c  andes i te l ava f l ows occu r w i th i n  Basey Mem ­
ber (fi gu re 2 1 ) .  O ne fl ow ,  as mu ch  as 200 feet th i c k ,  occurs at the base of the member and the other , 
up  to 1 00 fee t  th i c k ,  occurs about  1 , 000 feet  above the base . Bo th f lows are w i de l y  d i str i b,u ted , the basa l 
f low occur r i ng  i n  th e type area and i n  Sm i th Basi n ,  and the upper fl ow i n  the type area and n ear  the south 
end of th e area i n  sec . 26 , T .  1 8  S . ,  R .  25 E .  The f lows grade l oca l l y  to fl ow brecc ia  w i th a ca l careou s 
matrix . The roc ks cons i s t  of l abrador i te ph enoc rysts (20 to 30 percent) , au gi te m i c rophenocrysts (3 to 5 
percent } ,  hypersth ene m i c rophenocrysts (0 to 1 percent} , and  o l i v i n e (? ) pseu domorphs (l to 3 percent} 
set w i thou t preferred or i entat ion in a hya lop i l i t i c  groundmass (60 to 75 percen t) of  andesi n e  and c l i no­
pyroxene i mbedded i n  brown ish g l ass or dev i tr i f ied g l ass . Res i dua l  g l ass has a n  i n dex o f  1 . 53 to 1 . 56,  
suggest ing an  andes i t i c  compos i t ion . 

Beds o f  b r i gh t green or gray f l i n ty aphan i t i c  tu ff, each 5 to 20 feet th i c k ,  oc cur  sporad ica l l y  i n  
Basey Member , par t i c u l ar l y  i n  the north east part o f  P i n e  Creek downwarp . The roc ks conta i n  abou t a th i rd 
of angu l a r  p l ag ioc l ase crysta l s  (0 . 03 to 0 . 1 mm) set in a fe l s i t i c  g rou ndmass d i sp l ay i ng ghosts of shards . 
Most such l ayers are ent i r e ly  massi ve ,  but  some conta i n  l am i nat ions and c ross l am i na ti ons ha l f  an i nch to 
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an i nc h  apar t . I n  p l aces ,  th ese a l tered tu ffs have been a l most en t i re l y  rep l ac ed by pa l e  tan or  buff l au ­
mon ti te to form massi ve l ayers as much as 20 feet th i c k .  The  i n ter l oc k ing  l au mont i te  c rysta l s  are s i eved 
anh edra l i nd iv idua l s  1 to 2 mm in d iameter , each con ta i n i ng myr i ads of du sty i nc l us ions . 

Con tac ts 

The basa l con ta c t  w i th Warm Spr i ngs Member i s  p l aced  at the  base of th e l ower  andesi te l ava where 
it is present . E l sewhere ,  the contact i s  broad l y  gradati ona l and can be drawn on l y  w i th d i ffi c u l ty ,  for it 
i s  typ i ca l l y  l oca ted w i th i n  a nonresi stan t  sequence of  fi n e-gra i ned rocks . It is p l ac ed at the l ow e"s t  hori ­
zon of tough , b r i tt l e ,  green , l am i nated, fi ne-gra i ned vo l can i c l asti c strata , or rare l y  at the  l owest massi ve ,  
coarse vo l can i c l as t i c  l ayer ,  and i s  drawn so  as  to exc l u de  beds  of  those types from the u nder l y i ng so fte r ,  
darker l u t i tes of Warm Sp r i ng s  Member . The u pper contact w i th Shaw Member i s  l ocated i n  s imi l ar fash ion . 

The  coarser vo l can i c l ast i c  strata of Basey Member are remarkab l y  si m i l a r  to t he  typ i ca l  roc ks of 
Hyde Formation . The two u n i ts can  be d i st i ngu ished readi l y  in the f i e l d or i n  th i n  sect ion , because th e 
andes i t ic  debr i s  i n  Basey Member i nc l udes a few percent  of b r igh t  orange and red shards , now l arge l y  de­
v i t r i fi ed .  Th ese br igh t l y  co l ored gra i ns can be spotted as t i ny red f l ecks w i th a hand l ens and , in our ex- · 
per i ence ,  serve as an i nfa l l i b l e  fi e l d  c r i ter ion to dis t i ngu i sh Basey rocks from Hyde roc ks . I n  th i n  sec tion 
the task i s  easi e r :  most  rock fragments i r, Basey Member are co lored brown i sh , w h ereas most  roc k fragments 
i n  Hyde Format ion are par t l y  rep l aced by ch lor i te and c e l ado n i te and hence  have a green i sh cast . 

Foss i l s  and age 

Basey Member i s  o n l y  spar i ng l y  foss i l i ferou s . Co l l ec t ions from 1 0  wi de l y  spaced l oca l i t i es (tab l e  9) 
a l l  substan t ia te ass ignment  of th e u n i t  to the m i dd l e  part of th e Ba joc ian  age (Mi dd l e J u rassi c )  and suggest 
that it be l ongs to the Oto i tes sauze i  Zon e (R . W .  I m l ay ,  wr i tten commu n i cat ion , 1 963) . Of  th e fo rms 
presen t ,  Pap i I I i  c eras and Wi tch e l l ia are un known above that zone , bu t Stemmatoceras and Sk i rroceras are 
u ncommon be low that zone . 

S h a w M e m b e r  ( J s s h ) 

The new name " Shaw Member of S nowshoe Formation " i s  here proposed for the sequence of gray sha l e  
w i th m i nor l i mestone  and sandstone i n terca l at ions tha t  conformab ly  over l i es Basey Member i n  Pi ne  Creek 
downwarp . The strata crop out best at  th e north east end of the downwarp , w here they are typ i ca l l y  deve l ­
oped i n  exposures n ear the mou th of Shaw Creek i n  sec . 24, T .  1 7  S . ,  R .  26 E .  The top of the u n i t  i s  
nowhere exposed and  l ess than  1 , 000 feet a r e  present w i th i n the  a rea mapped . The  member i s  no�resi stant 
to eros ion and genera l l y  exposu res are poor . 

L i tho l og i c  desc r i pt ion 

Shaw Member cons i sts dom inan t l y  of g ray or dark  brown i sh -gray, p l a ty to fiss i l e  sha l e  that weathers 
to sma l l  g ray f l a kes and  c h i ps .  Some fi ssi l e  green sha l e  and th i n  beds of hard gray ca l c areou s mu dstone ,  
s i l tstone ,  a n d  sandstone occ u r  l oca l l y .  E l l i pso i da l  gray ca l careous concret ions ,  some foss i l i ferous ,  are 
concentrated al ong certa i n  hor izons .  Wi de l y  spaced brown or brown i sh gray sandy ca l caren i te and gray 
m i c roc rysta l l i ne l i mestone beds a foot or two th i c k  form about  5 perc ent  of th e member . Sca ttered beds 
of  green vo l c an i c l asti c sandstone  occur  i n  the l ower part of  the member . 

Foss i l s  and age 

O n l y  two loca l i t i es y i e l ded diagnost i c  foss i l s  (tab l e  9) . The  ammon i te genera Sonn i ni a ,  S temmato­
ceras,  and S tephanoceras show that  the member be longs to the  m i dd l e par t  of the Ba j oc i an Stage  (Mi dd l e  
J u rassi c ) . T h e  subgenus Sk i rroceras suggests th e Oto i tes sauze i  Zone  (R . W .  I m l ay , w r i tten commu n i c a ti on ,  
1 957) . 

--
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O r i g i n o f  S n o w s h o e  F o r m a t i o n  

The patterns of l i tho log i c  var ia t ion  i n  Snowshoe Format ion w i t h i n  the a rea po i nt to a comp l i ca ted 
deposi t iona l  h i s tory . The rock  record suggests fou r  genera l  i n terpretat ions :  ( l ) That the sequence in the 
Sup l ee d i s tr i c t  on  the west was depos i ted du r i ng  the Baj oc ian  Age on a re l a ti ve l y  sha l l ow p l a tform wh i ch 
had been emergent  du r i ng  the  l a test Toarc ian  (Ear l y  J u rass i c )  or ear l i es t  Ba joc ian  (M i dd l e  J u rass i c )  Ages; 
(2) that the sequence in the l zee area on the east was deposi ted in a r e l a t i ve l y  deeper bas i n  separa t�d 
from the " Su p l ee p l atform " by a s l op i ng " h i nge " l ocated near the presen t  axi s of Mow i c h  u pwarp; (3) 
that much of the detr i tus i n  the format ion was der i ved from con temporaneous  vo l can i c  erupt ions; and (4) 
tha t S i l v i es Membe r ,  l yi ng l arge l y  ou tsi de the area to the east , is a th i c k  vol c an i c l ast i c  wedge depos i ted 
on  a s l ope l eadi ng ou t of the " l zee basi n "  toward an eastern r i se of vo l can i c  constru c t ion . 

Lower member and Weberg and Warm Spr ings  Members 

In the l zee d i str i c t ,  the  conformab l e  l ow er contac t w i th Hyde Format ion and the l oca l  occurrence 
of l ate Toarc i an fossi l s  in  the basa l 1 00 feet of the Snowshoe Format ion suggest  cont i nuous depos i ti o n  from 
l ate Ear l y  J u rass i c  i nto Midd l e  J u rass i c  t i me . The homogeneous l ow er member  of the type Snowshoe ,  com ­
posed of 500 to 750 feet o f  dark l u t i te s ,  suggests that qu i et and probab l y  s l ow depos i ti o n  o f  su spended an ­
desi ti c s i l t ,  c l ay , a n d  pe l ag i c  organ i c  rema i ns occu rred more or  l ess cont i nuous ly  i n  the " l zee basi n "  from 
l ate Toarc ian  to mi d-Ba j oc ian  t i me . Th e who l e  trac t of cou ntry from B i g  F l at to Bear Va l l ey ,  a d is tance 
o f  20 m i l es ,  probab ly  exper i enced the same co lo r l ess h i s tory . 

Con di t i ons  were qu i te d i fferent  i n  the Sup l ee d i str i c t ,  w here the o l dest s tra ta of the Snowshoe For­
mat ion are foss i l i fe rou s sandstones and l i mestones of  the Weberg Member . The Weberg Member i s  of  Ba ­
joc ian  age and  s trata corre l a t ive  w i th th e basa l l 00 feet or so of the low er member o f  th e l zee d i str i c t  
a r e  absen t .  An  unconformab l e  l ower contac t ,  basa l cong l omerate and  coarse sandstone , good sorti ng of  
the  san ds tones and  l imestones ,  and oyster beds and vo l u m i nous rema i n s  of other  th i c k -sh e l l ed pe l ecypods 
show that the Weberg Member was depos i ted in sha l l ow ,  ner i t i c  waters o f  a transgressi ve sea . The epi ­
c l asti c detri tus i n  the Weberg suggests l o ca l  der ivat ion from o l der Mesozoi c  and  Pa l eozoi c  strata l i ke those 
u pon  wh i c h  the member rests . The Warm Spr i ngs Member,  wh i ch  rests conformab l y  on  the Weberg , i s  
corre l a tive  w i th and s im i l ar in l i tho l ogy to the upper part of  th e l owe r  member of the type Snowshoe i n  
the l zee d is t r i c t . 

The record o f  the rocks shows ,  therefore , that wh i l e  the l ow er member was depos i ted i n  th e " l zee 
bas i n , " the fo l l owing sequence of events took  p l ace on l y  a few m i l es to the w est :  ( l ) Th e " Sup l ee p l a t­
form " was  formed by  tecton i c  warp i ng and the  progressive  w estward remova l of  Mow i ch Grou p and  u nknow n  
th i c knesses o f  o l der rocks by eros ion;  (2) t h e  n er i t i c  terr igenous  a n d  ca l caren i ti c  sands o f  Weberg Member 
were spread as a n  i rregu l a r  sheet over the eros i ona l su rface by renewed transgress ion;  and (3) a reg i me of 
dark l u ti te sedi m en tat ion s i m i l ar to that wh i ch preva i l ed throughout the depos i ti o n  of  the l ow er member i n  
the " l zee bas i n "  was fi na l l y estab l i shed  near m i d -Ba joc ian  ti me  (probab l y  t ime o f  depos i t ion o f  Sonni n i a  
sowerbyi Zone) w i th th e depos i t ion o f  Warm Spr ings  Member . 

The l am i nated  f i ne-gra i ned  sed iments of the l ower  member i n  the " l zee bas i n "  and  Warm Spr i ngs 
Member on  the " Sup l ee p l a tform "  were dou bt l ess deposi ted in qu i e t water . The depth of  wate r ,  however , 
need not have been great and ,  poss i b l y ,was sti l l  w i th i n  the ner i t i c  zone . Abu ndant Pos i don ia  i n  both 
members suggest the presence  of sessi I e seaweeds to w h i c h  these sma l l pe l ecypods cou l d  have attac hed 
themse l ves w i th byssa l th reads . The  abu ndance o f  dark organ i c  matter  perhaps l ends credence to th i s  i n ­
terpretation . Occasi ona l  spec i mens  o f  Ostrea i n  c a l c areous beds and rare Li ngu l a  i n  mudstone beds of  
Warm Spr i ngs Member offer corrobora t i ng ev idence o f  sha l l ow wa ters on th e " Sup l ee p l a tfo rm , "  evi dence 
that i s  l a c ki ng in th e l ower member o f  the " l zee bas i n . "  I t  seems l i ke l y  that  Warm Spr i ngs Member may 
have been depos i ted in sha l l ower  water severa l m i l es c l oser to shore than was the lower member near l zee . 

Mi dd l e m ember and S i l v i es and Basey Members 

Mu ch  of the terr igenous detr i tu s  i n  the l u ti tes of l ower S nowshoe Format ion i s  andes i t i c  debr i s  si m i ­
l ar to that conta i ned  i n  o l der a n d  you nger J u rassi c vo l can i c l as t i c  strata . T h e  lowest Mi dd l e  J u rass i c  rocks 
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that show c l ear ev i dence of con temporaneou s vol can i c  act i v i ty ,  however, are ass i gned to the mi dd l e part 
of the Ba j oc i an Stage , poss i b l y  i n c l ud i ng on l y  the Otoi tes sau zei Zone . Th i s  suggests that  th e andesi t i c  
vo l can i sm contemporaneous w i th th e deposi t ion of th e Lower J urass i c  Mow i c h  Grou p subs ided i n  l a test 
Toarc i a n  or ear l i est Ba joc ian t i me and was not renewed u n t i l m i d -Ba joc i an ti me . The predomi nant l y  vo l ­
can i c l asti c m i dd l e  Ba j oc i an members of S nowshoe Forma t ion are Basey Member o n  the  " Su p l ee p l atform , " 
the m i ddl e member i n  the " l zee bas i n , " and S i l v i es Member farth er east . 

Basey Member i n c l udes su bmar ine l avas and  f low -brecc ia s ,  mass ive tu ffs , and  vo l can i c  sa ndstones 
and s i  I tstones . The fo l l ow i ng observat ions suggest tha t  Basey Member was depos i ted in re l a t i ve ly  sha l l ow 
waters : ( 1 ) Off the edges of su bmar i ne f lows ,  debr i s  from the f lows has been reworked as coarse c l as t i c  
tongues i n terca l ated w i th i n  f i ne r  vo l ca n i c l asti c s trata; (2) some of  th e vo l can i c  sandstones are we l l -so rted 
ca l careous andes i te aren i tes , a l i tho l ogy suggest ive of work ing  in sha l l ow water by currents of  h i gh energy; 
(3) the scattered occurrence of Pos i don i a  in l am i nated vo l can i c l ast i c s i l tstones suggests poss i b l e  sha l l ow 
wa ters; and  (4) sca ttered oysters i n  th e over ly i ng Shaw Member suggest sha l l ow waters , and  i nd i cate the 
l i ke l i hood that the vo l ca n i c  construc t ion  of Basey Member kept pace , rough l y  speak i ng ,  w i th th e gradua l  
subs idence of th e " Su p l ee p l atform , "  so  tha t  water depth s rema i ned sha l l ow to  moderate th roughout i t s  
depos i t ion . 

Basey Member l enses ou t  rap i d l y  toward the east i n to fi ner gra i ned strata of the  m i dd l e  member of 
the " l zee bas i n " ;  the be l t  of  i n tertongu i ng near the presen t  axi s of Mow i c h  u pwarp i s  i n terpreted as a 
l i m i t  i mp€>sed by deepen i ng waters on the offshore movement of coarse vo l can i c l as t ic  debri s .  J u dg i ng from 
the eastward wedg i ng -ou t o f  the member and the occurrenc e of Basey l avas and f low brec c i as i n  the west, 
the locus of Basey vol can i c  ac t iv i ty l ay to the west of  the Sup l ee d i s tr i c t .  Feeders for the l ava f lows or 
vents for pyroc l ast i c  erupt ions  have not been i dent i f ied ,  bu t a s i l l  o f  ana l c i te-bear i ng d ia base i n tru ded 
a l ong the unconformab l e  contac t between Pa l eozo i c  roc ks and Weberg Member in the S E:! sec . 25, T .  1 8  
S . ,  R .  25 E .  may be a man i festat ion of m i nor i ntru s ive  ac t i v i ty w h i c h  accompan i ed the Mi dd l e  J urass i c  
erup tions . 

S i l v i es Member , though  genera l l y s im i l a r  i n  overa l l  compos i ti o n  to both Basey Member and Hyde 
Format ion , g i ves ev idence by i ts stra t i fi cat ion of a radi ca l l y  d i fferen t  mode and  env i ronment of depos i t ion . 
The consp i cuous graded bedd ing  observed i n  beds of a l l  g ra i n  s i zes from si l t  to grave l i s  strong ly suggest ive 
of depos i t i on  by tu rbi d i ty cu rrents . A l though  the equa l l y  c haracter i st i c scour featu res and w i despread l am­
i nat ion a r e  not cons idered typ i ca l  of turb i d i ty current depos i ts by many geo log i s t s ,  Gors l i n e  and  Emery 
( 1 959 ,  p .  285-286) have reported exac t l y  ana l ogous strati f icat ion featu res in Quaternary subsea fan tu r­
b i d i tes i n  the San  Pedro and Santa Mon i ca  Basi ns off  sou thern Ca l i forn i a .  I t  seems l i ke l y  tha t scou r and  
l am i nat ion  m i gh t  we l l be common i n  depos i ts l·a i d  down by turb id i ty currents of  h i gh energy i n  s i tes wh ere 
turb i d i ty cur ren ts cou I d spread bed load as we l l as suspens ion l oad  a l ong the i r  course of trave l . The fac i es 
re l a tions o f  S i l v ies Member are su i tab l e for the i n terpretat ion  that i t  i s  a wedge-shaped apron of andes i ti c  
detr i tu s  depos i ted by turb i di ty cu rrents mov i ng downs l ope toward the " l zee bas i n " from a constru c ti o na l  
vo l can i c  p i l e  l y i ng more than 2 5  m i l es east o f  l zee beyond Seneca . The fo l l ow i ng data are o ffered i n  sup ­
port of the hypothes i s :  

( l ) S i l v i es Member th i c kens marked l y  toward the  eas t .  I t  grades l a tera l l y  to  l u t i te near  Lew i s  Creek 
w i th i n  the area mapped in deta i l ,  bu t i s  about  1 ,-500 feet  th i c k  a t  i ts type l oca l i ty on  S i l v i es Ri ver , l ess 
than 5 m i l es to the eas t .  Reconna i ssance suggests that  the member is in excess of 5 , 000 feet th i c k  near 
Seneca on  U . S .  H i ghway 395,  abou t  1 5  m i l es east of  th e type loca l i ty .  Th ese data i nd i ca te an eastward 
th i c ken i ng of the vol can i c  wedge  a t  the rate of 250 to 500 fee t per m i l e .  

(2) S i l v i es Member coarsens to the east , as cong l omera t i c  l ayers become more abundan t . 
(3) There is some ev idence tha t  scou r may be apprec i ab l y  more i n tense toward the  eas t ,  bu t no 

s ta t i st i ca l l y  s ig n i fi cant  data have been gath ered . 
(4) To th e east , n ear Seneca , andes i t i c  l avas and f low -brecc i as i nd i st i ngu i shab l e from those of 

N i ce ly  Forma tion  and Basey Member are i n terstra t i fi ed w i th andes i t i c cong l omerates and sandstones refer ­
rab l e  w i th confi dence to S i l v i es Member . 

S i l v ies Member grad�s westward by i n tertongu i ng i n to the m i dd l e  member of type Snowshoe Forma ­
t ion , a sequ ence of i n terbedded dark l u t i te and vo l can i c l as t ic  si l tstone . The vo l can i c l as t i c  s i l ts tone occurs 
i n  graded l ayers and conta i ns andes i t i c  debr i s  s im i l ar to tha t o f  S i l v i es Member , except for the fi ner aver ­
age gra i n  si ze . The g raded vo l ca n i c l as t i c  s i l ts tone l ayers o f  t h e  m i dd l e member of  type Snowshoe Forma­
t ion are i n terpre ted as the depos i ts of the d i sperse d i sta l  ends  of  tu rb i d i ty f l ows as they s lowed and s topped 
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in  the " l zee bas i n "  after travers i ng  the  area of depos i ti o n  of S i l v i es Member . The dark i n terca l a ted l u ­
t i tes i n  the m i dd l e  member and i n  S i l v i es Member are i n terpre ted as th e norma l pe l ag i c  depos i ts of sus ­
pended terr igenous detr i t u s  a n d  organ i c  rema i n s  that sett l ed to t h e  f l oor a n d  s l opes of  th e " l zee bas i n "  
du r i ng th e re l at ive l y  l ong i n terva l s  between t h e  arr i va l  of coarser vo l can i c l as t i c  sheets a s  turb i d i ty currents . 

Upper member and Shaw Member 

In compar i son  to th e u nder l y i ng members , l i t t l e i s  known of  th e u pper member and the Shaw Member 
o f  S nowshoe Forma t ion . Shaw Member of th e " Su p  I ee  p l atform "  appears I arge l y  to i n terf i nger w i th and to 
be equ iva l en t  i n  age to the u pper part of Basey Member . The upper member of  the  " l zee bas i n , " however , 
seems to be a confo rmab l e  success ion , w i th beds n ear  th e base ass i gned to the upper part of the  Baj oc ian  
S tage and beds n ear the top ass igned to  the Ca l l ov ian  S tage . Rare oysters i n  ca l careou s beds of both  mem ­
bers suggest sha l l ow -water env i ronments . 

Progressive  westward over l ap  o f  the upper member by the u n conformab ly  over l y i ng  Trow br i dge For ­
mat ion a l o ng th e south east f l a nk  o f  Mow i ch u pwarp i s  regarded a s  ev idence that renewed  u pwarp ing  o f  th e 
" Sup  I ee p l atform "  occurred after t he  depos i t ion of Snowshoe Format ion . The  r ecord of both pre-Snowshoe 
and post-Snowshoe up l i ft and eros ion of the Sup l ee d i s tr i c t  s trengthens the i nterpretat ion of  S nowshoe fa ­
c i es re l at ionsh i ps i n  terms of western she l f  deposi ts and  eastern bas i na l  deposi ts . 

T ROWB R I D G E  and LO N ESOME FO RMATI O N S  

A long Sou th For k  o f  J o h n  Day R iver  sou theast o f  l zee ,  a conformab l e sequ ence of  J u rass ic roc ks 
about  1 2 , 500 feet th i c k  rests u n conformab ly  on Snowshoe Format ion  and fo rms th e trough o f  Lonesome syn ­
c l i n e .  Th e sequence  i s  composed dom inan t l y  o f  nonca l careou s ,  modera te l y  sorted l i th i c  (vo l can i c )  san d­
stone  and dark  mudstone . Trow br i dge  Formati o n ,  dom i nan t l y  mudstone , fo rms th e l ower  20 to 25 percent  
of the sequence  and th e rema i nder i s  i n terbedded sandstone  and mu dstone of Lonesome Format ion . I n  con ­
trast  to mu ch  of th e u nder ly i ng th i n ner J u rassi c sec t ion ,  bo th u n i ts are o n l y  spar i ng l y  foss i l i fe rou s . 

T r o w b r i d g e  F o r m a t i o n  ( J t )  

The name Trowbr i dge Format ion was estab l i sh ed by Lupher  ( 1 941 , p .  263) for the th i c k  sequ ence 
dom i na ted  by b l ac k  l u t i te w i th penc i l  frac tu re that over l i es Snowshoe Format ion a long Sou th Fork o f  John 
Day R i ver . The type area i s  a l ong the va l l ey of  Sou th Fork  i n  the v i c i n i ty of Rosebu d C reek . Exposures 
form a cont i nuous band that l i es w i th i n  the comp l ex homoc l i n e  between Mow i c h  upwarp and Lonesome 
sync l i n e ,  from Snow Mou n ta i n  at  the sou th edge of  th e area north east for 1 2  m i l e s  to Off icer  Creek a t  the 
eastern edge of the area . The stra ta c rop out in barren h i l l s o f  su bdu ed re l i ef .  Reconnai ssance  i nd i ca tes 
that addi t iona l  exposu res are present in the headwaters reg ion  of S i l v i es Ri ver as far east as Bear Va l l ey ,  
5 m i l es from the edge o f  the area mapped . Wi th i n  t h e  a rea mapped, Trowbr i dge Format ion th i c kens to ­
ward the northeast at a ra te s l i g h t l y  l ess than 1 00 feet per  m i l e ,  from 2 ,  250 feet on F l a t  C reek be l ow Snow 
Mounta i n  to 2, 750 fee t  on Sou th Fork in th e type area and to 3 ,  250 fee t on Lew i s  Cree k .  The basa l con­
tac t i s  sharp between l am i na ted mu dstone , s i l tstone ,  and sandstone of the u nder l y i ng Snowshoe Formation 
and mass ive b l a ck  or  green mudstone  of  basa l Trowbr i dge  Formation . 

Members 

Trowbr i dge  Format ion i s  h ere  su bd iv i ded i n to three new ly named,  l i tho l og i ca l l y d i s t i nct iv e ,  an d 
mappa b l e  members , i n  asc endi ng order as fo l l ows :  

(a) Rosebud Member (J tr) of mass ive b l ack and green mu dstone; type l oca l i ty i n  type area o f  
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format ion on spu r  a l ong l i ne between SW� sec . 28 and S E� sec . 29, T .  1 7  S . , R .  28 E . ; th i c kness 400 to 
500 feet  except southwest of Sheep Creek,  where i t  is progress i ve ly  on l apped by ove r l y i ng member; 
name from Rosebud Creek . 

(b) Offi cer Member (J to ) ot mass ive b l ack  and green mu dstone w i th 35 to 55 perc en t i n terca l ated 
resi s tan t  vo l can i c l asti c rocks; type loca l i ty in Cottonwood Draw (tr ibu tary to Rosebu d Creek) in the NW� 
sec . 22 ,  T .  1 7  S . ,  R .  28 E .  (see Appendix H for genera l i zed sec t ion a t  the type loca l i ty); t h i ckens to the 
northeast at 50 feet per m i l e  from 1 00 feet on F l a t  Creek to 400 feet on Sou th Fork ,  then  con t i nues w i th 
but s l i gh t  change to 500 feet  on Lew i s  Creek; name from Offi c er Creek . 

(c ) Mag i l l  (Ma -gi l l ' ) Member (J tm) of mass ive b l ack mu dstone w i th sparse and th i n  i nterca l a ted beds 
of ca l careous sandstone and l imestone; type loca l i ty is type area of  format ion; abou t 2, 000 feet th i c k; 
name from Mag i I I  Creek i n  type area i n  NH sec . 32,  T .  1 7  S . ,  R .  28 E .  

The u n i ts are mapped as members because on l y  the presence of res i stant  vo l can i c l as t i c  stra ta ,  prob­
ab ly restr i c ted in  extent,  serves to d i s ti ngu i sh Offi cer  Member and to set i t  su re ly  apart from the other  two . 
Offi cer  Member th i ns rap i d l y  toward the sou thwest and  may not pers i s t  far i n  that di rec t ion . Toward the 
northeast , however , reconna i ssance i ndi cates i ts presence  as far away as Bear Va l l ey 5 mi I es beyond th e 
area mapped . 

Rosebu d Member (J tr) 

Rosebu d Member is composed domi nant ly  of hard,  fa i n t l y  l am i nated dark mu dstone w i th charac ter ­
i st i c penc i  I frac tu re . Though mass ive i n  appearanc e ,  some exposu res d i sp l ay i ndi sti ne t  beddi ng p l anes 3 
to 6 i nches apar t . The rock  is composed c h i ef l y of i l l i t i c  (? ) c l ay and s i l t  of vo l can i c  der i vat ion . The 
vo l can i c  s i l t  consi sts of  p l ag ioc l ase c rysta l fragments and t i ny dev i t r i fi ed brown i sh rock fragments , the 
l a tter i ntergrown on  their marg i ns w i th th e surround ing  c l ay .  Less abundant angu l ar quartz grai ns may be 
vo l can i c  or  an adm ixtu re of nonvo l can ic  detri tu s .  The co l ors of the roc ks vary from b l ack  to green de ­
pendi ng u pon  the propor t ion of di ssem i na ted dark organ i c  mater i a l  present . Recrysta l l i zed cha l c edon i c  
tests of  radi o l ar ians  a r e  d i spersed i n  sma l l quant i t i es throughou t the  terr igenous detr i tus . I n  the type l o ­
ca l i ty ,  a 50-foot sequence of soft , g ray -green , b iot i t ic , tu ffaceous (? ) si l tstone and  i n ter l ayered fi ne­
gra i ned sandstone  occurs i n  an i n terva l between abou t 35 and 85 feet be low the top of the member . Two 
hor i zons of e l l i pso i da l  ca l ca reous concret ions,  each  1 tO 3 feet i n  d iameter , occur  20 and 40 feet  above 
the base in the type l oca l i ty .  

Offi cer Member (J to) 

Offi cer  Member is abou t ha l f  b l ack  and  green mu dstone seem i ng l y  i den t i ca l to that i n  Rosebu d 
Member . The  o ther  h a l f  is made up of resi stant  vo l can i c las t ic  stra ta . The  two rock  types occu r  i n  a l ter­
nat ing sequences ,  each 25 to 1 00 fee t th i c k ,  that g ive  r i se to a r i dge and swa l e  topography . Wi th i n  the 
mapped area , the basa l resi s tant  sequence i s  a l edge -form ing fe l s i te tuff u n i t  (see  figure 25) i nforma l l y  
named " Buck  Creek fe l si te tu ff "  (D i ck i nson , 1 962a ) ,  tha t  mai n ta i ns a th i c kness o f  6 0  to 75 feet through­
ou t  the area east of Sh eep Creek, bu t th i ns rap i d l y  to a fea ther edge to the west . Res i s ta n t  sequences 
h igher i n  the member , of wh i ch three are prom inent  and traceab l e from Sou th Fork  to Lew i s  Creek,  are 
dominan t ly  modera te l y  sorted vo l can i c sandstone ,  bu t common l y  conta i n  fe l s i te tuff in the i r  u pper por t ions . 
The upper and l ower contacts of Offi c er Member are p l aced a t  th e top and bottom ,  respec tive l y ,  of th e 
h ighest  and the l owest sequences of hard , resi stan t vo l can i c  sandstone or fe l s i te tuff . 

The fe l s i te tu ffs of Offi cer  Member are hard , tough m i c roc rysta l l i ne roc ks of s tony or sugary aphan­
i t i c  appearance i n  hand  spec i men , and they break w i th di ffi c u l ty on su bconcho ida l  fra c tu r es .  Th i n l ayers 
of softer tu ffaceou s mu dstone are v i si b l e  as mi nor w i de l y  spaced i n terca l at ions in bo l d l y  ou tcropp ing l edges . 
Much  of the rock i s  mass ive bu t some is i nd i sti nc t l y  l am i nated , the l am i nated roc k  occurr i ng i n  sequences 
from a few i nches to 3 feet i n  th i c kness spaced at i nterva l s  of 2 to 1 0  feet i n  the massi ve rock . Cross ­
l am i nat ion is rare but i s  present loca l l y .  The tuffs were depos i ted as accumu l a tions of v i t r i c  shards i n ­
c l ud i ng m i nor quant i t i es of andesi ne ,  quartz , a n d  b iot i te c rysta l fragments . A sequ ence o f  d iagenet ic  
a l terat ions has thorough l y  changed th e or ig i na l  mi nera l ogy and chem i stry of the tuffs (fo r deta i l s ,  see 
D i c ki nson , 1 962a) . Consequen t l y ,  fou r  var ie t i es of fe l s i te represen t i ng  four  success ive stages of  a l te r­
at ion a re  now seen i n  outcrop: (1 ) Dark  green or , i f  organ i c  mater i a l  i s  abundant , b l ack  heu l andi te-r i ch  
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F igu re 25 . Bo l d  l edge ou tcrop of basa l 
fe l s i ti c  mari n e  tuff (" Buck  Creek fe l ­
s i te tu ff" ) sequence of Offi cer  Mem­
ber of Trowbr idge Format ion on Bu c k  
Creek . 

F i gure 26 . Part ry a l b i ti zed vo l ca n i c  graywacke,  Offi cer  Member of  
Trowbri dge Format ion;  subang u l ar detr i ta l  gra i ns a re  ma i n ly 
vo l ca n i c  p l ag i oc l ase and fe l s i c  dac i t i c  l i th i c  fragments; 
note presso l ved gra i n  contacts and d i storted c l ayey f i l ms o f  
matr i x  (pl a i n  l i g h t; about  25  X) . 
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rhyodac i ti c  rock resembl i ng argi l l i te and represen t i ng th e l east a l tered phase is common;  (2) soft tan or 
cream l aumont i te -r ich  rock  is rare and occurs c h i efl y as compound porphyrob l asts , sphero i da l  nodu l es ,  
and i rregu la r  concret ionary bod i es i n  the  heu l and i te-r i c h  rock; (3) hard , br i tt l e ,  a l b i t e-r i c h  quartz ker ­
atophyr ic roc k  of pa l e green , gray , tan ,  or cream hue  i s  most abu ndant; and (4) f l esh -p i n k  adu l ar ia -r i ch 
rock  i s  rare and occurs ch ief ly  as vei n l ets and i rregu l ar rep l acement bod ies i n  a l b i te -r i c h  roc k .  

Re l i c t  v i troc l as t ic  textures are we l l shown  i n  th i n  sec t ion by a l l  th e roc ks (for i l l u strat ions ,  see 
D i ck i nson , 1 962a) . Pr i mary quartz c rysta l fragments pers i s ted unchanged throughou t the a l terat ions . O ther  
consti tuents are more or l ess recrysta l l ized,  as  fo l l ows :  P l ag ioc l ase i s  fresh i n  h eu l and i ti c  roc ks ,  but  i s  
a l tered to l aumont i te i n  l aumont i ti c rocks and to a l b i te and pu mpe l l y i te i n  a l b i t i c  rocks; b i ot i te i s  fresh 
in zeo l i t i c  rocks but is a l tered to c h l or i te in fe l dspath i c  roc ks; g l ass shards and tr i tu rated g l assy dust are 
a l tered to zeo l i tes p l u s  c e l adon i te and ch l or i te  in zeo l i t i c  roc ks, and to qu artz p l us a l b i te or adu lar ia  
w i th l esser ch lo r i te i n  fe l dsf?ath i c  roc ks . The a l tered tu ffs are  of consi derab l e pe tro l og i c  i nterest i n  that 
they represent  a c l ear -cu t case of the metasomat ic  convers ion of rhyodac i t i c  ash to quartz keratophyre 
fe l s i te du r i ng  d iagenes is  (see D i ck i nson ,  1 962a ) . 

The vo l can i c  sandstones of Offi cer Member are moderate l y  sor ted , gray to b l ack ,  dac i t i c  graywackes 
conta i n i ng 1 0  to 1 5  percent dark,  c l ayey , i n ters t i ti a l  detr i ta l  matr ix  now rec rysta l l i zed to a murky ag­
gregate of l arge l y  c h l ori ti c mater i a l s  (see f igure 26) . Th e sand gra i ns a re  ch i ef ly angu l a r  and  su bangu l ar 
fragments of p l agi oc l ase crys ta l s  and fe l s i c  vo l can i c  rock  fragmen ts, ori g i na l l y vi trophyr ic  and hya lop i l i -
t ic  dac i te bu t now l arge l y  recrysta ll i zed to spheru l i t i c and fe l s i t i c  quartz keratophyre . Less abu ndant 
quartz gra i ns may have come in part from the same vo l can i c  sourc es , bu t scattered arg i l l i te and ch ert gra i ns 
represent  admixtures o f  nonvo l can i c  detri tus or acc i denta l pyroc l ast i c debr i s . Mi nor dev i t r i f ied shards , 
genera l l y sma l l er than the bu l k  of the sand gra i ns ,  g i ve ev i dence of con temporaneous vo l can i sm . More­
over , the vo l can i c  sandstone sequ ences common ly  grade to fe l s i t i c tu ff in the i r  upper port ions . The i n ter ­
penetra t ion of adj acent  gra i ns a long sutured gra i n  boundari es and th e d i s tort ion o f  th i n  c l ay f i l ms between 
gra i ns give evidence of  extens ive presso l u t ion  dur i ng compact ion . 

The nature of th e bedd i ng i n  th e vo l can i c  sandstone  sequ ences is d i s t i nct ive . The sequ ences are 
typ i ca l l y  25 to 50 feet th i ck  i nd iv i dua l l y and are l am ina ted throughou t .  A l ternat i ng l ayers a to � an 
i nch  th i c k  are composed o f  dark ,  re la t ive ly  poor ly  sorted ,  dom inan t ly  l i th i c  fragments ,  and l i gh t-co l ored , 
re l at ive l y we l l -sorted , domi nan t l y  fe l dspath i c  fragments . Despi te th e pers istent l am i nati o n ,  there i s  a 
progress ive and conti nuou s gradat ion i n  gra i n s ize from coarse , even pebb l y ,  sandstone  at the base of each 
u n i t  to fi ne-gra i ned sandstone or s i l tstone and f ina l l y to fe l s i t i c  f i ne  tu ff and dark mudstone a t  the top and 
above . As th e gra i n  s i ze l essens in an upward di rect ion , so the sca l e  of  l ami nat ion grows progressi vely 
fi ner in a sympathet ic manner ,  from l am i nae as coarse as 1 inch near the base to l am i nae as f ine  as 1/8 
of an i nch near the top . I n  many p l aces ,  the lowermost foot or two of each sequence is mass ive , w i th­
out l am i nati on ,  and on the so l es of  th ese basa l mass ive l ayers f l u te  casts , i nd icat i ng bottom currents f l ow­
i ng toward th e sou thwest, a n d  l oad casts are v i s i b l e  i n  art i fi c i a l  cuts . 

Mag i  I I  Member (J tm) 

The domi nan t rock type of Magi I I  Member is b l ack  mudstone s imi l a r  to th e dark mudstones of Rosebud 
Member . Wi th i n  the mudstones are i n terca l a ted th i n ,  graded beds of dark vo l can i c  sandstone ,  common ly  
ca l careous ,  and  knobby , l e n ti c u l a r beds of b l ack  arg i l l aceous l i mestone that loca l l y  pass l atera l l y i nto 
cha i ns of subsph er i ca l  concret ions 'a l i gned para l l e l  to bedd i ng . I so l a ted b l ack  l i mestone concret ions are 
dispersed w ide ly  in th e mudstones . The l imestones appear to have formed by d iagenet ic repl acement of 
terr igenous mudston!'!  and s i l tstone ,  as shown by res idua l  p l ag ioc l ase gra ins  and ca l careous pseudomorphs 
of radi o l ar ians common ly  v i s i b l e  in th i n  sec t ion . Th e sandstones are poor ly  sorted ,  fi ne  grai ned,  and com ­
posed dom inant ly  of dac i t i c  or andesi t i c  detr i tu s ,  ch i ef ly  quartz, b ioti te ,  p l ag ioc lase,  and brown i sh vo l ­
can i c  roc k fragments . 

Rosebu d Membe r ,  a l though f ine gra i ned, is demonstrab ly  a transgress ive u n i t : Snowshoe Formation  
beds l y i ng u nconformab ly  benea th i ts base are tru ncated at t he  rate of 250 stra tigraph i c  feet per  mi l e  be­
tween Sou th Fork and  B ig F l a t  5 m i l es to the west . I n  th e same d i stanc e ,  Rosebu d Member th i ns to  a .  
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fea ther edge as a resu l t  o f  o n l a p ,  and th e conformab l y  over l y i ng Offi cer  Member fi na l l y  l i es d i rect ly  on 
Snowshoe Format ion .  The depos i t iona l env i ronment  of  Rosebu d Member i s  not defi n i t e l y  know n ,  bu t i ts 
fi ne  gra i n  si ze ,  tra nsgress ive natu r e ,  l ack  of fossi l s , and b l ac k  co l o r  suggest that i t  was depos i ted i n  a 
l agoon or broad bay , perhaps brac kish or even eux i n i c ,  off a l ow l and  coast . 

The tu ffaceous  mudstones and sandstones and fe l s i t i c  tu ffs of Offi cer Member record a per iod of epi ­
sod i c dac i ti c  vo l can i sm . I n  ti mes of qu i escence i n  the vo l can i c  sou rces , fi ne mu ds cont i n ued to accumu ­
l ate . North eastward th i c ken i ng of th e who l e  member and ,  i n  genera l , of i ts i n d i v i dua l vo l can i c l asti c 
sequ ences ,  suggests that the vo l can i c  sou rces  l ay i n  that d i rect io n . Th e fi ne  tu ffs , suc h  as " Buck  Creek 
fe l s i te tuff, " are composed of ash so pure and so c l ea r l y  vi troc l as t i c  as to suggest depos i ti on  from succes­
s ive showers of a i rborne  ash sett l i ng from erupt ion c l ouds i n to q�i et waters . Minor red i s tr i bu t ion of ash 
by bottom cur rents is i nd i cated by fa i n t  l am i nat ion  i n  pa r ts of the depos i ts and by l oca l  cross - l am i nat ion . 

The vo l can i c  sandstones are more en i gmat i c . S l i gh t  abras ion of th e part i c l es ,  l a ck  of v i troc l asti c 
texture except  for mi nor amoun ts of adm ixed shards , admixed nonvo l ca n i c  epi c l ast i c detri tus , and the 
d i s t i nc t ive bedd i ng struc tures desc r ibed above a l l  suggest  hydrau l i c transpor t  for  an  apprec iab l e  d i stance . 
The manner  i n  wh i c h  the sandstone  l ayers common l y  grade u pward to fe l s i t i c  tu ffs su ggests tha t  the a rr i va l  
o f  vo l can i c  sand  i n  th e si te o f  depos i t ion  was  l i nked to epi sodes of  exp l os ive vo l can i sm . Ev idence  as to 
the mode of transport of the sands i s  i nconc l us i ve ,  bu t i t  seems conce ivab l e that they were depos i ted  by 
tu rb i d i ty curren ts tr iggered by the oversteepen i ng of submar i ne s l opes i n  the vo l can i c  source area du r i ng  
ma j or per iods of  erupt ive act iv i ty . I f  so , th e presenc e  of  the sandstones ,  wh ich  a re  most  abu n dant and 
coarsest eas t  of Sou th Fo rk ,  suggests deepen i ng water s  here , even though Offi cer  Member rests u nconform ­
ab l y o n  S nowshoe Format ion 5 m i l es to the w est . On F l a t  Creek,  a l l o f  the resi s tan t vo l can i c l as t i c  stra ta 
are fi ne  tu ff ,  a nd  th i s  l a c k  of  sandstone  i n  the western th i n  extrem i ty of  th e member i s  a t  l east  cons i stent 
w i th the hypothes i s of an eastern sou rce  for the san d .  

F rom  i ts l i tho logy and tha t  of  the over l y i ng Lonesome Format ion ,  Magi l l  Member appears to have 
been depos i ted in deep , o ffshore waters where qu i et sett l i ng o f  f i ne  muds was i n terru pted a t  rare i n terva l s  
by the i n f l ux  of th i n  turb i di ty f l ows carry i ng vo l can i c  sand and s i l t .  

I n  sum mat ion , Trow br i dge Formati o n  i s  i n terpre ted to have been formed by the fi n e  c l as t ic  depos i ts 
l a i d  down on an eros ion su r face of l ow re l i ef as i t  foundered rapi d l y  beneath the sea . The supp l y  o f c l as t i c  
detr i tu s  apparen t l y  d id  not keep pace w i th the s i nk i ng , so  that waters deepened dur i ng Trowbr i dge depo ­
s i t i on . Con temporaneous rhyodac i t i c  vo l can i sm contr ibu ted apprec i ab l e sed iment to the basi n ,  l arge l y  
du r i ng per iod i c  ou tbu rsts o f  exp l os ive  eru pt ion . 

L o n e s o m e  F o r m a t i o n  ( J i o )  

The name Lo nesome Forma ti on  was proposed by Lu pher  ( 1 94 1 , p .  265) for the th i c k  sequence of 
i n terbedded gray sandstone  and  b l ac k  mu ds tone at th e top of t he  J urass i c  sequ ence exposed a l ong South 
Fork of John Day R iver . The u n i t  u n der l i es abou t 20 square m i l es w i th i n  the area , en t i re l y  in the trou gh 
of Lonesome sync l i n e .  Lupher des ignated th e rugged h i l l s north o f  F l at Creek between Spoon Creek o n  tb e 
west and  South Fork of Jo hn  Day R i ver  on  th e east as the type loca l i ty .  The  we l l -exposed sec t ion a l ong 
the steep -wa l l ed  canyon of Sou th Fork i s  here  des ignated th e type  sect io n ,  for t he  grea test know n  th i c k­
ness o f  approxi mate ly  1 0 , 000 feet i s  present there , a l though th e s trat igraph i c  top is not exposed . The 
format ion rests  conformab l y  w i th gradat iona l contact on Trowbr idge  Format ion . The contac t mapped i s  not 
the same as that defi ned  by Lupher (1 941 ) ,  who chose a part i cu l a r pebb l y  san dstone bed on  South Fork in  
the north I imb  o f  Lonesome sync I i n e  as th e base of  Lonesome Format ion . Th i s  bed he erroneou s !  y cO ITe­
l ated w i th a cong l omerate bed mu ch  h ig her i n  the fo rmatio n in  the south  l i mb of Lo neso me sy nc l i n e .  Map ­
p i ng d i sc l oses that the pebb l y  sandstone  regarded as the base of the format ion by Lupher  i s  no di fferent 
from a nu mber o f  o ther s im i l a r  beds w i th i n  the u n i t .  Acco rd i ng l y ,  the basa l contact was dropped app1·ox i ­
mate l y  1 , 500 feet to a hor i zon of s i g n i f i can t  l i tho l og i c  change ,  and i s  he 1·e redef i ned  as a n  a r b i tmry ho­
r i zon  a t  th e base of  the l owest mass ive gray sa ndstone bed  i n  a cont i nuous sequ ence o f  i n terc a l a ted sand­
stone  and  mu dstone . Beneath  me the mu dstones of Tmwbddge Fo rma t ion . A ceda i n  lack of p 1·ec i s i on  i n  
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p l a c i ng the contac t i s  i nev i tab l e , ow i ng to the grada tiona l na tu re  of  the contac t ,  w h i c h  was caused by 
arr iva l  of the fi rst sheets of sand  at d i fferent t i mes in di fferent  parts of the s i te of depos i ti o n . Once  we l l 
begun ,  however , i nterm i tten t  sandstone depos i t ion  cont i nued ,  so tha t  the  s tra t ig raph i c  dou bt at the con ­
tac t  i s  n o  greater than 2 5  to 75 fee t ,  o n l y  1 to 2 �  percent  of  Trowbr i dge  Format ion a n d  l ess than 1 percent 
of Lonesome Forma t ion . 

Li tho l og i c  desc r i pt ion 

Lonesome Format ion i s  a s i ngu l ar l y  monotonous a l ternat ion of  modera te ly  sorted , graded sandstone 
beds , rang i ng  from an i n c h  or l ess to 1 0  feet or more i n  th i c kness , w i th massiv e ,  dark  mudstone  l ayers of 
about the same  range in th i c kness . The two roc k  types are about  equa l l y  abu ndan t . Except for the appea r­
ance  of pebb l e  cong lomerates i n  th e upper few hu ndred fee t of  the exposed sec ti o n ,  no systemat i c  vert i ca l  
c hanges i n  l i tho !ogy w ere  noted ,  even though t he  re l at ive proport ions  of  mudstone  and san dstone vary 
erra ti ca l l y .  Recon na i ssance of Lonesome Format ion exposu res w i th i n  an  area of 200 square m i l es sou th of 
the Sup l ee -l zee d i s tr i c t  revea l ed no systemat i c  l a tera l var ia t ions in l i tho l ogy . 

The sands tones of Lonesome Forma t ion are hard , mass i ve , g ray roc ks that form res i stant r i bs on  h i l l  
s l opes . Pa l e  b l u e -gray on  fresh su r faces and du I I  green , g ray , or  buff where weathe red , the i r  grai n s i ze  
ranges from  coarse pebb l y  sand  to  f ine s i l ty san d .  Th ey are l i th i c  (vo l c a n i c )  g raywackes i n  wh ich  th e pro ­
port ion of fi ne-gra i ned detr i ta l  matr ix i n tersti t i a l  to the sand  grai ns ranges from 1 0  to 1 7� percen t .  I n  
mos t  rocks , auth igen i c c a l c i te cement  i n  amoun ts as h i g h  as 5 percent occup ies part of the i n tersti t i a l  
a reas . One-ha l f  to  two -thi rds of t he  framework  gra i n s  a re  composed of p l ag iocl ase crysta l s , l arge l y  a l ­
b i t i zed ,  and  andes i ti c  roc k  fragments . The oth er gra i ns presen t  are c h i e fl y  quartz , cher t , fe l si te ,  and 
a rg i l l i te in  var i ab l e bu t approx ima te l y  equa l proport ions . Many o f  the softer argi l l aceous and vo l can i c 
fragments have been deformed betw een  h arder gra i ns du r i ng compact ion  (see f igure 27) . The  andes i ti c  
detr i tu s  i n  the rocks resemb l es the andes i t ic  debr i s  so common i n  o l de r  J urassi c u n i t s  w i th i n  t h e  a rea . The 
remai n i ng g ra i n s ,  i nc l ud i ng rare detr i ta l  l i mestone ,  are formed o n ly of mater i a l s  common in  th e Pa l eozo i c  
roc ks of  cent ra l  Oregon and i n  nearby Upper Tr iass i c sandstones composed o f  reworked Pa l eozo i c  d�br i s . 

N ear the top of the exposed sec t io n ,  severa l graded pebb l y graywacke and pebb l e  cong lomerate 
beds occu r .  Near l y  a l l  the pebb l es are hard , g ray o r  green c h er t  and  fe l s i te .  I n  one  th i n sec tion  that 
was exam i ned ,  the ra t io of  fe l s i te gra i ns to chert g ra i ns was 3 to 2 .  

The fi n er gra i ned rocks o f  Lonesome Format ion are dark  co l ored ,  mass ive s i l tstones ,  mu dstones , and 
c l aysto nes that con ta i n  abundan t  organ i c  matter . A l though consti tuent  c l ay f l akes d i sp l ay some degree 
of  preferred or i entati on  i n  th i n  sec tio n ,  no f iss i l i ty was noted in the f ie l d .  

Sed i menta ry s tru c tu res 

Many of  the vo l ca n i c  graywacke beds are d i st i n c t l y  g raded upward from medi um-gra i ned or coarse­
g ra i ned g raywac ke at the i r  sharp l y  defi ned bottoms to fi n er gra i ned g raywacke and l ast l y  to mudstone  (see 
f igure 28) . Wi th i n  many of the beds the gradat ion i s  d i ffi cu l t  to observe ,  becau se the abu ndance of vo l ­
can i c  roc k fragments i mparts an aphan i t i c  appearance  to roc ks of any g ra i n  s ize . A systemat i c var i a tion  
i n  g ra i n  s i ze i s  typ i ca l l y  best deve l oped and c erta i n l y  mos t  v i s i b l e  i n  t he  upper  parts o f  graywacke beds 
where they pass gradat iona l l y upward to mudstone . Gradi ng is apparen t  in beds of graywacke that are 
from 1 inch to 1 0 feet i n  th i c kness . Some very th i ck  beds o f  g raywac ke ,  a few rare ones more than 25 
fee t  th i ck ,  appear comp l e te l y  mass ive in outcrop . 

Beddi ng su rfaces w i th i n  the format ion are para l l e l ,  even , and smooth except  for the presence of 
so l e  marki ngs on  the bottoms of graywacke beds . The so l e  marki ngs are espec ia l l y  we l l d i sp l ayed a l ong 
Sou th Fork in the over turned strata of the upper part o f  the u n i t .  Cont i nuous , subpara l l e l , l i near groove 
casts form coheren t patterns over areas as l a rge as 1 0  square feet of the l ow er surfaces of beds . F l u te casts 
and i rregu la r  f l ow marki ngs are a l so common . One u nusua l group of l i neat ions has the appearance  of 
groove casts in reverse and may be l ong i tud i na l  r i pp l e marks . 

Becau se of poor exposu res ,  few measu remen ts of the a tt i tude o f  d i rec tiona l  cu rren t  l i neati ons cou l d  
be made . I n  1 0 , 000 feet o f  sec t ion exposed a l ong Ante l ope Creek and Sou th Fork ,  we l l -exposed l i near 
so l e  marki ngs cou l d  be measu red in o n l y  20 separate outcrops . The beds from wh i ch th e l i neat ions were 
recorded were g raph i ca l l y  restored to the hor izonta l  by a s i ng l e  rota t ion , us ing the stereonet tec hn i qu e . 
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F i gure 27. A l b i ti zed vo l can i c  graywacke ,  Lonesome Format ioni 
abou t two-th i rds o f  gra i ns are vo l can i c  p l ag ioc l ase and rock  
fragmen tsi r ema i nder a r e  mai n ly chert ,  fe l si te ,  and arg i l ­
l i te (p l a in l i ghti about 35 X) . 

F i gure 28 . Graded vo l can i c  graywac ke beds (upr i gh t) and b l ack  mud­
stone of Lonesome Format ion i n  roadcu t  on Ante lope Cree k .  
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The  resu l t i ng az i mu ths  of the cu rrent l i n eat ion trends were p l o tted on  a rose d i agram . The  resu l ts show 
cons iderab l e sca tter , perhaps because comp l ex fo l di ng tw i sted beds, thus d i stort i ng reference axes . How ­
ever , there i s  a strong suggest ion  that the depos i t i ng cur rents came from a northe r ly  sou rce and f l owed i n  
a south er l y  d i rec ti on . 

The eye !  i c  i n terstra ti f icat ion of dark mudstone and vo l c an i c  g raywacke i n  Lonesome Forma t ion sug ­
gests that depos i ti o n  of t h e  sequence i nvo l ved a l ternat ion o f  mud a n d  sand supp l y . Charac ter i st i c graded 
beddi ng in vo l c a n i c  g raywac ke l ayers suggests that sand reached  the site of  depos i t i on  in d iscrete pu l ses . 
The regu l ar ,  para l l e l , and even character of bedd i ng su rfaces suggests that the pu l ses of sand arr ived as 
w i despread sh eets o f  sedi ment- l aden water . Abundan t  g roove casts, fl u te casts ,  l ong i tudi na l  r i pp l es (? ) ,  
and other so l e  mark i ngs o f  c u rrent  I i n eation types suggest that the  sand- l aden sheets o f  water w ere mov i ng  
a l ong t he  bo ttom and  we re  scou r i ng the  substra tum before th ey began depos i t i ng vo l ca n i c  sand  u pon i t .  
The mud subs tra tum was f i rm enough to preserve f l ow marki ngs ,  but p l as t ic  enough to defo rm i n to sma l l 
l oad-cast stru c tu res , many of them fl u te casts mod i fi ed by sed i ment  f l owage . 

The absence of s l ump s tru ctu res and the scarc i ty o f  other ev i dence  of deformat ion of unconso l i dated 
_sed iments suggest that s l opes w�e gent !  e i n  the s i te of deposi t ion . Th i s  conc l us ion  i s  supported i nd i rec t l y  
by  t he  nature of  th e g raded beddi ng . ·  I nd iv idua l  vo l ca n i c  graywacke l ayers represent s i ng l e ,  comp l ete 
graded u n i ts whose basal contac ts w i th mudstone  are sha rp ,  bu t  w hose u pper contac ts w i th mudstone are 
gradat iona l .  Th e absence of  superposed graded u n i ts w i th i n  a ny i nd i v i dua l  vo l can i c  g raywacke l ayers 
suggests that cu rrents d i d  not scour the bottom deep l y .  The absence of l am i na tion  i n  th e g raded graywac ke 
beds , even in the i r  u ppermost por t ions ,  suggests that each graywac ke l ayer was the resu l t  o f  a si ng l e ,  
s imp l e  depos i t iona l  even t .  J u dg i ng from these deta i l s  o f  the beddi n g ,  the s i te o f  deposi t ion may have 
been a f l a t ,  deep bas i n  f l oor that extended ou tward from th e base of a su bmar i n e  s l ope u pon wh i c h  tu r ­
b i d i ty cur rents were generated to fl ow o u t  on the basi n f loor a n d  there to depos i t  the i r l oads qu i e t l y  as 
the i r  ve l o c i ty decreased . Thus , the mudstone l ayers may represent the accumu l a t ion  o f  s l ow ly sett l i ng 
c l ast i c detri tus · d i spersed i n  suspens ion t h roughou t the bas i n waters , and the sandstone  beds may denote 
the load o f  turb

·
i
-
d i ly cur rents w h i�h arr ived at i n terva l s  du r i ng th e depos i t i on  of the u n i t .  

Compos i t ion  of the format ion suggests a compou nd source area where roc ks s im i l a r  to o l der  strata 
of  the reg ion were exposed . I ndi cat ions of cur rent  d irec tio n  suggest  tha t  t he  sou rce may have l a i n  to th e 
north . Cons i de r i ng  the great th i c kness o f  th e u n i t ,  the  i mp l i ca t ions are that the  sou rc e may h ave been 
a tec to n i c  h i gh l and  wh i c h  rose as a n  erod i ng  w e l t  wh i l e  the s i te o f  deposi t ion  san k .  Th e andesi t i c  detr i ­
tus i n  the sandstones may have been der i ved from pyroc l ast i c b l a n kets mai n ta i ned by con t i nu i ng  vo l can i sm 
i n  the sou rce area . 

F o s s i l s  a n d  A g e o f  T r o w b r i d g e  a n d  L o n e s o m e  F o r m a t i o n s  

The o n l y  foss i l s  d i scovered i n  Trowbr i clge Format ion were co l l ected from  the north s l o pe of F l a t  
Creek canyon i n  sec . 1 5 , T .  1 8  S . ,  R .  27  E . ,  near t h e  mi dd l e  of Magi l l  Member . Th ey i nc l ude t h e  pe­
l ecypod Arcomya sp . ( loc . D 1 20) and the l ow er Cn l l ov i an (Upper J urassi c )  ammoni tes Gower iceras c f .  
G .  sp i nosum I m l ay ( l oc . D 1 22) a nd  L i l l oett ia buc kman i  (C r i c kmay) { loc . D 1 2 1 ) .  The  Ca l l ov ian  ammo­
n i te Xenocepha l i tes  sp . was co l l ec ted from Lonesome Format ion a t  f ive loca l i t i es (D 1 23 to D 1 27) a long 
South Fork o f  John Day R iver . One spec i men was spec i fi ca l l y i den t i fi ab l e as 2$_. v i  car i us I m l ay ( loc . 
D 1 24) . The five  l oca l i t i es are spaced s tra t i graph i ca l l y from the l ow er par t  of Lonesome Formation a l ong 
An te l ope Creek to the trough of Lonesome sync l i n e ,  i n  wh i c h  the you ngest beds known are exposed . As 
Ca l l ov i an ammoni tes w ere  ·a l so found  i n  the upper member of  type Snowshoe Formati on  be l ow ,  cons i s ten t  
though admi t ted l y  sparse data i n di cate that  the ent i re  1 2 , 500 feet  o f  Trowbri dge and Lonesome Format ions 
are of Ca l lov ian  age . 
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B E RN ARD FORMAT I O N  (Kb) 

The new name " Bernard (Ber -nard ' )  Formati o n "  is here proposed for th e Cretaceous  beds exposed 
nor thwest of Sup l ee . The name i s  taken from the Andrew Bernard ranch on Sou th Fork  of Beaver Creek i n  
t h e  S E! sec . 1 1 ,  T .  1 7  S . ,  R .  25 E .  S trata typi ca l  of  t h e  u n i t  a r e  exposed near the Andrew Bernard ranch 
hciuse , i n  Sm i th Basi n ,  and north of  Camp Creek near Soda Spr ing . The e l ongate ou tc rop be l t , wh i ch oc ­
cup i es approximate l y  4 square m i l es ,  i s  l arge l y  obscu red by so i l ,  a l l uv i um , , and  co l l uv i um . The  poor ex­
posu res prec l u de an  accu rate determ i nat ion of the th i c kness , but  geo log i c  mapp ing  i nd i cates that as  much 
as 1 , 500 feet  of  the format ion may be present  w i th i n  the area . Bernard Format ion rests w i th angu l a r  u n ­
conform i ty o n  Pa l eozo i c ,  Upper Tr i assi c ,  a n d  Mi dd l e J u rass i c  s tra ta and i s  over l a i n , a l so w i th angu l ar 
u nconform i ty ,  by Tert i ary l avas and tu ffs -

L i tho l og i c  desc r i pt ion 

Bernard Format ior1 cons i s ts dom i nan t l y  of ye l low ish -brow n ,  ca l careous  and l imon i t i c  peb b l y  sand­
s tone  tha t  grades l o ca l l y  to  sandy " roundstone " cong l omerate . Mi nor amounts of wh i te and g ray c l ayey 
sandstone ,  poor l y  conso l i da ted grave l and sand , benton i t i c  c l ay ,  gray mudstone ,  and brown sha l e  are a l so 
present i n  th e sequenc e . 

The  pebb l y  or cobb l y  sandstone most character i s t i c  of th e forma t ion occurs i n  mass ive u n i ts as much 
as 200 fee t  t h i c k .  The sand matr ix i s  fi ne  to med ium gra i ned  and genera l l y fa i r l y  we l l sorted . Many o f  
t he  sands a re  ti g h t l y  c emented by ca l c i t e ,  but  others a r e  fr i ab l e  and have  l arge porosi t i es and  h i gh per ­
meab i l i t i es .  Th e coarse fragments , common l y  pebb l es o r  cobb l es bu t grad i ng l oca l l y  to smal l bou l ders , 
are genera l l y  w e l l  rou nded and are domi nant ly  aphan i ti c  porphyry o f  i n termed ia te compos i t ion (andesi te? ) ,  
cher t ,  gra n i t i c  foc ks ,  and metaquartz i te .  I n  many o f  the sands and  sandstones these coarse fragments are 
not in contac t  but  " fl oa t "  in th e sand ma tri x .  

Petrograp h i c  exami nat ion of two sandstones ,  both l i th i c areni tes,  yi e l ded th e fo l l ow i ng est i mates 
o f  re l a t ive percentages of ma jo r  a l l ogen i c  g ra i n types : quartz (1 0 to 30); c her t  and fe l s i te (5 to 30); p l ag i ­
o c l ase (1 2 to 30); hya l op i l i t i c  andes i ti c  (? ) aphan i te (30 to 35); and arg i l l ac eous sedi men tary rocks (5 to 
1 2) .  Traces of potash fe l dspar and metaquartz i te are presen t .  Promi nen t h eavy accessory m i nera l s  i nc l ude 
ep i dote group ( 1  to 5 percen t) ,  and  traces of co l o r l ess garnet and  b l u e -green hornb l ende . 

Pri mary sedi mentary featu res and the fau na of Bernard Forma t ion suggest depos i t ion o f  detr i tu s  moved 
p r i n c i pa l l y  in trac t ion transport by cur ren ts sweep i ng a wave-wash ed sha l l ow bottom . Cross-bedd i n g ,  good 
sor t i ng and round i ng , the abundance  of  the th i c k -she l l ed  mar i n e  pe l ecypod T r igon i a  evansana , and th e 
t ransgress ive stra ti g raph i c  re l at ions of th e u n i t  are a l l suggesti ve of such an env i ronmen t . 

The  detr i tus i n  the u n i t  was der ived from a compou nd sou rce . Many of the  l i th i c  fragments were de­
r i ved from the eros ion of roc k types s im i l ar to the Pa l eozoi c ,  Tr i assi c ,  and J u rass i c  s tra ta exposed nearby . 
A number of the gra i n  types , however , are not represented i n  th e o l der sequences present i n  the area , 
and these g ive  ev idence of contr i but ions from a provenance of s i l i c i c  p l u ton i c  roc ks and assoc i a ted meta ­
morph i c  rocks . Th i s  type of sou rce contrasts strong l y  w i th th e dom i nan t l y  vo l ca n i c  parentage of t h e  pre ­
Cretac eous strata exposed i n  the area . Ch i ef among th e g ra i n  types tha t  make th e i r  f i rst appearance  i n  
any quan t i ty i n  Bernard Format ion are th e fo l l ow i ng :  (a) pebb l es and cobb l es o f  g ra n i t i c  rock; (b) meta ­
quartz i te fragments; (� ) g ra i ns of p l u ton i c  quartz conta i n i ng c rysta l i nc l u s ions ,  i nc l u d i n g  a c i c u l a r  rut i l e  
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TAB LE 1 0 .  Foss i  I s  from Bernard Formati on . 
{ I dent i fi ca t ions by D .  L .  J o nes of U . S .  G eo l og i ca l  Su rvey , exc ept as noted) 

Loca l i ty ] 

S tra t igraph i c  pos i t i on :  
(Est . ft . above base of fm . )  

Locat ion :  

--:lr of 
--£ o f  
Sect ion 
Townsh i p  (S . )  
Range (E . )  

Forms: 

Ampu l l i na c f .  A .  pseudoa l veata Pac kard 
Anthonya c u l tr i form i s  Gabb 
Ca l va var ians (Gabb) 
Denta l i u m  s tram i n eu m  Gabb 
Desmoc eras (Pseu dou h l ige l l a) sp . 
Exogyra paras i t i ca  Gabb 
Gerv i l l i a sp . 
Hem iaster c f .  � ca l i fo rn icu s  C l ark 
Homomya concentri ca  Gabb 
I noc era mus sp • 

Li near ia mu l t i costa (Gabb) 
Meekia sp . 
Ostrea ma l l e i formis  Gabb 
Per ip l omya (? ) arego nens i s  (Gabb) 
" Te l l i na "  sp . 
Tenea i n fl a te (Ga bb) ( ? ) 
T r igon i a  evansana Meek 
Tr iganoca l l i sta c f . L  regi na (Popenoe ) 
Turr i l i tes oregonens i s  Gabb 

(= l.:. acutus  Passy) 

1 
S ee P l ate I fo r map l oca tio n . 

V407 V409 Vl 7l * 

20-30 l 00-200 500-600 ? 

N W  N W  S E  
sw NW N E  
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X 
X 
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X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 

X X 
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X X 

* Col i ec t ion of Wash burne (1 903) on Char i  es B�rnard (now Andrew Bernard) 
ranch on  Sou th Fork of  Beaver Creek; i den t i fi cat ions by R .  W .  I m l ay .  
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need l es and  ha i r s ,  and l acki ng the ragged i n c l u s ions of a l tered g l ass common i n  the qua rtz gra in s  of o l der 
sequences in the area;  (d) o l i goc l ase-andesi n e  of  probab l e  p l u to n i c  o r ig i n; (e) abundant b iot i te and 
muscov i te; and  (f) detr i ta l  ep i do te and  zo i s i te . Taubeneck (l 955a) has presen ted ev idence that Late 
J u rass i c  or  Ear ly Cretaceous gra n i t i c  roc ks o f  Ba l d  Moun ta i n  ba tho l i th in the E l khorn Mou n ta i ns of  north ­
eastern Oregon were exposed to eros ion by mi d-Cretaceous t ime . Th i s  body , or some  genera l l y  corre l a ­
t ive body , o f  gran i t i c  roc k  was presu mab ly  the source fo r t h e  p l u ton i c  debr i s  i n  Bernard Formation . 
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Foss i l s  and age 

The occu rrence of Turr i l i tes and Pseu dou h l ige l l a i n  the l ower  500 to 600 feet of Bernard Formati on  
(tab l e  1 0) c l ear l y  i nd i ca tes t ha t  th i s  basa l port ion of t he  un i t  be longs to  the Cenoman ian  S tage ,  l ower­
most  Upper  C re taceou s . The fo l low i ng cons i derat ions strong l y  suggest fu rther that t h i s  part of  the un i t  be­
l ongs  to the l ower part of th e Cenoman ian  S tage :  (a) Turr i  l i tes acu tus i s  rest r ic ted to the l ower part of  
the Cenoman ian Stage i n  Eng l and  (zone  o f  Sch l oenbach i a  var i a ns); (b )  the subgenus Pseudouh l ige l l a  ranges 
from upper A l bi a n  through Cenoman ian ,  bu t the u ndescr i bed  spec i es from loca l i ty V407 occurs in southern 
Oregon i n  rocks of low er Cenoman ian  age (D . L .  Jones ,  w r i tten commu n i cat io n ,  1 958);  and (c) Anthonya 
cu l tri form i s  occurs w i th the  l ow er Cenoman ian  a . .  1mon i te Mante l l i ceras near J acksonvi l l e , Oregon (R . W .  
I m l ay ,  wr i tten commu n i catio n ,  1 958) . I n  th e absence o f  fau na l ev idence ,  the upper 1 , 000 feet o f  Bernard 
Format ion i s  ass igned prov is iona l l y to the Cenoman ian  a l so .  I t  i s worth noti ng , however ,  that Turon ian  
beds  are present above s i mi l ar Cenoman ian  s trata l ess than  25 m i l es nor th  o f  Sup l ee a long Batt l e  Creek i n  
sec . 3 ,  T .  1 3  S . ,  R .  26 E .  (R . W .  I m l ay ,  wr i tten commun i cat ion , 1 958) .  

T E RT IARY ROC KS 

Tert iary vo l can i c  s trata hav i ng an aggregate th i c kness in excess of 1 ,  000 feet u nder I ie h i gh  per i ph ­
era l p l ateaus near the marg i ns o f  the mapped area , and the i r  eros iona l remnants l oca l l y cap i so l a ted bu ttes 
in the i nter ior of the area . The base of each of f ive cont i nenta l  vo l can i c  u n i ts recogn i zed in the Sup l ee­
lzee area is  an eros iona l  unconform i ty and  each u n i t  rests l oca l l y upon Mesozoi c  strata w i th angu l a r  u n ­
conformi ty . T h e  strat i graphy and  petro l ogy o f  these rocks were n o t  studi ed i n  detai I ,  b u t  bri ef desc r ip tions 
are i nc l u ded here , hopefu l l y as a gu i de and i mpetus to the fu tu re work o f  o thers . The  th i n ,  d i sconti nuous 
vo l can i c  cover of  the Sup l ee-l zee area and the ne ighbor ing p l ateaus affords a connect i ng l i n k  between 
the th i c k  Tert iary sequences of the John Day R iver  va l l ey to the north , the Strawberry Mou nta i n s  to the 
east , Harney Bas i n to the sou th , and the Crooked R iver l ow l and  to the wes t . 

M u d f l o w B r e c c i a  ( T m b ) 

On Morgan Moun ta i n  north of l zee ,  approx ima te l y  200 fee t  of mu dfl ow brecc ias and i n terca l a ted 
amygda l o i da l  basa l ts rest unconformab ly  on Mesozo i c  strata and are over l a i n  w i th angu lar  discordance by 
f l ows of  P i c ture Gorge Basa l t .  The  brec c ias  are composed of  angu l a r  pebb l es and cobb l es of b l a ck  mafic 
vo l can i c  rocks, wh i ch weath er brown or red and wh i c h  are set in a fr iab l e ,  tan to brow n ,  c l ayey matr ix  
o f  f i ner g ra i ned debri s . Tr iass i c  mu dstone and s i l tstone  b l o cks a re  i n c l u ded i n  subord ina te amou n ts . Bed­
ding i s  i nd i st i n c t ,  marked on ly  by l ayers r i c h  in the coarser gra i ned  debris i nterspersed at 6- to 1 0-foot 
i nterva l s  i n  the depos i t .  Th e assoc iated l avas weather  read i l y  to a purp l i sh hue  and form soft , fr i ab l e  
outcrops that contrast s trong l y  w i th the l edge exposures o f  the over l y i ng and more res i s tant  P i c tu re Gorge 
Basa l t  f l ows . The mudfl ow brecc i as thus appear to be channe l  or s l ope  depos i ts o f  pre-Mi ocene age . They 
may we l l  be corre l a tive  w i th th e Eocene "vo l can i c  cong l omerate " mapped by Thayer ( 1 956a , b , c ) i n  the 
J oh n  Day R iver va l l ey to the north and nor theas t . 
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P i c t u r e G o r g e  B a s a l t  ( T p g )  

S trat i graphy 

Dark-gray to b l ack  aphan i t i c  and porphyro -aphan i t i c  basa l t  l avas under l i e  h i gh ti mbered p l a teau s 
arou nd the marg i ns of the area and crop out on the crests of a few h i l l s i n  the i n ter ior of th e a rea . These 
f lows are here assi gned to the P i c ture Gorge Basa l t  Format ion 0/Vaters , 1 96 1 ;  equa l s  Co lu mb ia  R iver Ba ­
sa l t  of Merr i am ,  1 901 ) of th e Co l u mb ia  R i ver Group (Wa ters , 1 96 1 ) .  Th e u ni t  rests w i th a ngu la r  uncon­
form i ty on vari ous Mesozo i c  format ions and at ta i ns a max i  mum exposed th i c kness approach i ng 1 ,  500 feet  
i n  the nor thwestern part of th e area . I mmed iate l y  to th e west of the mapped area , a long Camp Creek in  
sees . 1 6  and 2 1  , T .  1 7 S . ,  R .  25 E . ,  basa l t  l avas cont i nuous w i th exposures i n  the Su p !  ee- l zee area are 
over l a i n  concordan tly by semi  conso l i dated pa l e  tu ffs probab ly  corre l at ive  w i th Masca l l  Format ion of th e 
Joh n  Day R iver va l l ey (Brogan , 1 952) . As th i s  strati graph i c  re l a t ion dup l i cates th e si tuat ion i n  th e type 
area of the P i c tu re Gorge Basa l t , the f lows of the Su p l ee- l zee area are probab l y  of l ower to m idd l e  Mio­
cene age , as are those in th e type loca l i ty (Chaney ,  1 932; Downs,  1 956) . 

Petro l ogy 

Th e P i c tu re  Gorge Basa l t  fl ows range from dom i nan t l y  porphyr i t i c  roc ks in the Su p l ee a rea to pr i ma ­
r i l y  nonporphyr i t i c  o r  m ic roporphyr i ti c roc ks i n  the l zee area . Grou ndmass textu res are ch ie f ly  i nter­
granu l a r  and i n terserta l ,  in many cases rang i ng from the one to th e other w i th i n  the space of a s i ng l e  th i n  
sec t io n ,  for t he  d i s tri but ion o f  amorphous mater ia l s  i s  common l y  uneven . Some rocks a r e  oph i ti c . The 
preponderan t  mi nera l s  are l a brador i te and  c l i nopyroxene . O l i vi n e  i s  dec i ded l y  subordi nate ,  formi ng l ess 
than 5 percen t  of most f lows ,  and is common ly  par t ly  a l tered to redd i sh i dd i ngs i te or green i sh sapon i te (? ) .  
Granu l ar ore makes up  as  mu ch as 5 perc ent of typ i ca l rocks . I n tersti t i a l  amorphous mater i a l s  i nc l u de both 
g l ass and ch l orophae i te . Pa l e  brown s i l i ceous g l ass (R . I . = 1 . 50 to 1 . 52) , wh i c h  occup i es as much as  20 
percent  of some i n terserta l rocks , is heav i l y  charged w i th t i ny e l ongate c l i nopyroxene  pri sms , fe l dspar 
m i c ro l i tes , branch i ng co l umnar ore c rysta l s  (i l men i te? ) ,  or c l ouds of mi nu te granu l a r  ore dust (magnet i te? ) .  
Pa l e  green , ye l l ow ,  or red-orange c h l orophae i te (R . I .  near  1 . 55) occurs a s  i n tersti ti a l  poo l s i n  i n terserta l 
fash ion and i n  ves i c l es i n  amou nts as h igh as 5 percen t .  Chabaz i te occurs i n  ves i c l es i n  some areas . J u dg ­
i ng from the exami nat ion of 20 th i n  sect ions , four i n terca l a ted petro l og i c  types can be d i s t i ngu i shed w i th ­
i n  the sequence , a l though th e stra tigraph i c  di stri bu t ion  o f  the types i s  unknown  i n  deta i l :  

( 1 ) Porphyr i ti c  o l i v i ne-bear i ng  basa l ts :  1 0  to 25 percent l abrador i te (c h i ef ly) and 
aug i te phenocrysts , 1 to  5 percent  o l i v i ne  m ic roph enocrysts , dom i nan t l y  i n tergranu l ar but  
i n  par t  i n terserta l grou ndmass . 

(2) Equ igranu l ar o l iv i ne -beari ng ba·sa l ts :  dom i nan t l y  i n tergranu l a r  w i th on ly  m i nor 
g l ass but l oca l l y  i n terserta l  wh ere ch l orophae i te abu ndan t ,  1 to 2 percent  equant  o l iv i n e ,  
p l ag ioc l ase and c l i nopyroxene l oc a l l y su boph i t i c . 

(3) O l iv i ne basa l ts :  nonporphyri ti c ,  g l o ssy b l ack  appearance , 1 5  perc ent  o l iv i ne  
in ti ny equant  gra i ns wh i ch  par t l y  enve l op  edges of p l ag ioc l ase l a ths  i n  some p l a ces , c l i no­
pyroxene i n  sheaves o f  e l ongate ore-charged pr isms i n  a reas i n tersti t i a l  t o  p l ag ioc l ase l aths . 

(4) O l iv i ne-free basa l ts :  m i croporphyr i t i c  w i th l a brador i te and  aug i te m ic rophenoc rysts 
i n  cumu l ophyri c c l o ts , .  i n terserta l groundmass . 

Of these types ( 1 ) and (2) are most abundant; types (3) and (4) appear  to be rare . 
I n  the vi c i n i ty o f  I n d ian  and Peewee Creeks i n  the northern part of the a rea , f l uv ia l  grave l s  a re 

i n terca l a ted w i th th e l ava f l ows . 
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TAB LE 1 1 .  Compos i t ion of do l er i te feeder di kes for P i c ture Gorge Basa l t  f lows . 
(Petrography by Di cki nson) 

Perc en t Const i tuent  

40-45 

25-30 

1 2 . 5 - 22 . 5  

3-1 0 

0-1  

Labrador i te near An6o i n  l a ths 0 . 5  mm across . 

Aug i te granu l es 0 . 1 - 0 . 4  mm in d i ameter .  

*Ch l orophaei te :  ora nge o r  brown i n  th i n -sec t io n ,  red or b lack  
i n  hand speci men , R . 1 . =1 . 52 - 1 . 56 ,  l oca l l y  crys ta l l i zed to 
b i refr i ngent su bstances . 

*G l ass: tan to pa l e  brown , charged w i th fel dspar m icro l i tes , 
si l i ceous w i th R . I .  near 1 . 50 .  

O l i v i ne ,  common ly  a l tered to sapon i te (? ) pseudomorphs . 

* Proportions of g l ass and ch l orophae i te ,  both of wh ich  occupy i n tersti t ia l areas , 
are comp lementary, such that th e two tota l abou t 25 perc ent . 

Percent* 

55-65 

TABLE 1 2 . Composi ti on of di ktytaxi t ic o l i v i ne  basa l t  f l ow . 
(Petrography by D ick i nson)  

Consti tu ent 

Labrador i te ,  norma l l y  zoned,  i n  l arge (1 -5 mm . )  l a ths . 

1 2 . 5 - 1 7 . 5  Aug i te (2V=50L fa i n t ly p l eochro i c . 

1 2 . 5 - 1 5  

5 - 1 0  

2 - 2 . 5  

0 - 1 

tr 

O l iv i ne , magnesi an , part l y  a l tered to idd i ngsite . 

G l ass , pal e ta n to brown,  loca l l y  charged w i th co l umnar ore 
crysta l s  (probab ly i l men i te) and e longate c l i nopyroxene pr isms . 

Granu l ar ore (probab ly magneti te) . 

Ch lorophae i te ,  pa l e green , R .  I .  near 1 . 55 .  

Arboresc ent wh i te opa l  (R . I .  < 1 . 46)  i n  ves i c l es .  

* As much as a th i rd of the vo l ume o f  th e rock may be angu lar  ves ic u l ar vo ids 
i n tersti t ia l  to the p l agioc l ase l aths . 
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Feeders 

Frozen feeders for the Pi c tu re  Gorge Basa l t  f lows are preserved as do l er i te d i kes and  p ipes w i th 
c h i l l ed marg i ns of aphan i t i c  basa l t , some of wh i ch con ta i n  c l usters of sma l l  c a l c i te amygdu l es .  The  approx ­
i mate compos i t i on  of the do l er i tes i s  g iven i n  tab l e  1 1 .  Three d i ke swarms occur  i n  the  a rea , the most ex­
tens ive one  in sec . 1 2 , T .  1 7  S . ,  R .  28 E . ,  a second farth er east on the d i v i de between Lew i s  and Tam ­
arack  Creeks , and a sma l l one near the head o f  Morgan Creek . O n e  o f  the  d i kes  o f  th e th i rd g roup can  
be traced to  the base of a basa l t  f l ow (see p l a te 1 ) .  I so l a ted d i kes and  p i pes a re  w i de l y  d i st r i bu ted through ­
out the north eastern part of the mapped area . N ear l y  a l l  the d i kes str i ke northwest or north -northwest ,  
d ip  steep l y  to th e eas t ,  range from 20 to 50 feet  i n  th i c kness, and have a p la ty s tru c tu re  para l l e l  to  th e i r  
wa l l s .  W i th i n  1 0  feet of the wa l l s ,  the Mesozo i c  sed imentary cou n try roc ks are  hardened , b l eached ,  and 
part l y  rec rysta l l ized . 

L a c u s t r i n e  B e d s ( T i b ) 

Approx imate l y  250 fee t  of var i egated cream , tan ,  and orange l acus tr i ne  tu ffs and tu ffaceous c l ay­
stones are exposed i n  i n t r i cate l y  d i ssected " bad l a nds "  on th e sou th s l opes of  Buck Moun ta i n  i n  the sou th ­
eastern part of the area . Th e u n i t  i s poor l y  conso l i da ted and  i s  we l l exposed on l y  on  th e east s l opes of  
Green  Spr ing Draw . The beds rest u ncon formab l y  on Lonesome Forma t ion of J urass i c  age and a re  over l a i n  
unconformab l y  b y  we l ded tu ff-brecc i a  o f  probab l e P l iocene age .  The l i tho logy a n d  stra ti graph i c  posi t ion  
of the l acus tr i n e  s trata suggest a tentat ive corre l a tion w i th Masca l l  Format ion of upper Mi ocene age i n  
John  Day R iver va l l ey (Merr iam , 1 90 1 ; Merr iam and oth ers , 1 925; Thayer , 1 956 a ,  b) and i n  the Crooked 
R iver dra i nag e (Chaney, 1 927; Wi l ki nso n ,  1 939 a;  Brogan ,  1 952) . 

D i k t y t a x i t i c  O l i v i n e  B a s a l t  ( T d b )  

A d i ktytax i t i c o l iv i ne basa l t  f low from 50 to 1 00 feet th i c k  rests u nconformab l y  on  P i c tu re Gorge 
Basa l t  and i s  over l a i n  unconformab l y  by P l iocene (? ) we l ded tuff-brecc ia  in  the  sou thwes tern corner of 
the area . Th e best exposures are on  the p l a teau r i ms

.
over look i ng the o l d  A l l i son ranch  in Howard Va l l ey .  

The roc k  i s  g ray where fresh , bu t weathers to redd i sh brown . I ts m i nera l og i c  compos i t ion  i s  g i ven i n  
tab l e  1 2 . T h e  f l ow i s  petro l og i ca l l y  s im i l .a r  to the " P I  iocene-Qua ternary o l iv i n e  basa l ts "  o f  Waters (1 96 1 , 
p .  605) . I t  i s  petro logi c a l l y  d i fferent from and , j u dg i ng from i ts stra ti graph i c  pos i t ion  ben ea th we l ded 
tuff, is apparen t l y  o l der than the P l i o-P l e i s tocene "Ochoco Lava s "  (Wi l ki nson , 1 939a) wh i ch over l i e  
we l ded tu ff i n  th e Rou nd Mounta i n  quadran g l e  to the northwest . The u n i t  i s  h ere ten ta t ive ly  ass igned to 
the l ower P l iocene . 

W e l d e d  S o d a - R h y o l i t e  T u f f - B r e c c i a  ( T w t )  

The youngest conso l i dated rock  u n i t  exposed i n  th e area co ns i s ts o f  we l ded soda -rhyo l i te tuff, 
l ap i l l i -tu ff, and tu ff-brecc i a . It a tta i ns a max imum th i c kness of n ear ly  1 00 fee t ,  bu t i s  typi ca l l y  o n l y  
40  to 50  feet  th i c k . T he  exposu res a r e  i so l a ted eros iona l remnants ,  typ i ca l l y bu tte cappi ngs and r i mrocks ,  
of  a once con ti nuous sheet  or  grou p of  sh eets , of  i gn i mbr i te . Mappi ng of the remnants was u n fortu nate ly 
compl e ted on  th e prem ise tha t  o n l y  one cont i nuous sheet of  var iab l e  l i tho l ogy was represen ted . A sub ­
sequen t fi e l d  tr i p  to t h e  Em i gran t  Creek area to t h e  sou th  where R .  L .  Bateman ( 1 96 1 ) has mapped severa l 
superposed coo l i ng un i ts ,  each of d i s t i nc t ive  l i tho l ogy,  suggests by ana l ogy that more than one  d i screte 
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sheet may be presen t  i n  the Sup l ee -l zee area . 

L i tho log i c  desc r i pt ion 

: he groundmass of the roc k  is  we l ded vitr ic and v i tr i c -c rysta l tuff , l o ca l l y dev i tr i fi ed ,  i n  wh i ch th e 
content of c rysta l s  ranges as h i gh  as 25 percent  bu t i s  l ess than 5 percent  i n  most ou tcrops . Fresh rock i s  
g ray , hard , and br i tt l e ,  w i th v i treous l u s ter . Dev i tr i fi ed  rock  i s  softer ,  has a du l l  appearance , and  ranges 
from gray or cream to shades of tan and  p i n k ,  co l ors wh i ch may be due to the presence of fu maro l i c i ron 
oxi des . F l attened l ensoi d pu m i ce  l ap i l l i  and bombs, wh i c h  occu r  sporad i ca l l y i n  vary i ng proport ions ,  are 
preferent i a l l y  o r i en ted to defi ne a fo l iat ion para l l e l to the base of  the un i t .  C l ose ly  spaced jo i nts and 
wavy co lo r  band ing  para l l e l  th i s  megascop i c  fo l iat ion . I n  th i n sect ion , the we l d i ng  of th e rock is c l ear ly 
a ttested by the fo l l ow i ng fea tu res :  (a) t he  d i storted f l attened shape of  branch i ng sha rds , (b)  the drapi ng 
of  f l attened shards around i n compressi b l e c rysta l fragments ,  and (c ) the presence  of a ttenuated  co l l apsed 
pum i ceous fragments,  some  of wh i c h  are cut by per l i t i c  c racks . I n  genera l , the f inest tuffs in th e u n i t  
show the  l east  evi dence  of we l d ing  and  conta i n  the  most crysta l fragments . 

Petro l ogy 

Fresh g l ass shards have a refrac t ive i n dex of 1 . 496 to 1 . 498 , as determi ned in oi l s .  These va l u es 
suggest the g l ass i s  rhyo l i t i c , w i th a s i l i c a  conten t on the  order of 70 to 75 percent (George ,  1 924; Wi l ­
l iams ,  1 955) . I n  many exposures, much o f  the g l ass has dev i t r i fi ed who l ly or par t l y  to m i c roc rysta l l i ne 
spheru l i t i c  aggrega tes of quartz and a zeo l i te (heu l and i te ? )  w i th refrac tive i n dex near 1 . 500 . Th e most 
abu ndan t  crysta l fragmen ts are san i di n e . Quartz is a l so common and o l i go c l ase-andes i ne  i s . seen occasion­
a l l y  i n  th i n  sec t ion . The on ly  mafic crysta l s  observed ,  and they a re  rare ,  were  aeg i r i n e ,  g l aucophane ,  
and r i ebec.ki te . The i r presence const i tu tes ev i dence tha t  the  roc k i s  an a l u mi na -poor soda -rhyo l i t e ,  to 
our know l edge the f i rst i ndi c at ion that the we l ded Terti a ry pyroc l as t i c s  of cen tra l O regon are a l ka l i c  roc ks, 
a t  l east in part . Acc i denta l  l i th i c  fragmen ts of sandstone ,  s i l tsto ne ,  fe l s i te ,  p i l o tax i t i c  and hya lop i l i t i c  
andes i te ,  and i n tergra nu l ar and i n terserta l basa l t  i nd i cate that the source vents ,  wh i c h  were not  seen,  
traversed a co l u mn of roc k s im i l ar to  that wh i c h  u n der l i es the Sup l ee -l zee area , hence may not  be far 
d i s tan t .  The w i despread exten t of the remarkab ly  tabu l a r  u n i t  argues for erupt ion from a f i ssure system 
rather than  from centra l i zed vo l can i c  vents . 

Age and corre l a t ion 

The mappi ng of Thayer ( 1 956a) and Wal l ace  and Ca l k in s  { 1 956) has shown that th e we l ded rhyo l i t i c  
pyro c l asti cs o f  the Sup l ee -l zee area can be traced to th e nor th  i n to the we l ded tu ff member (Wi l ki nson , 
1 950) of the type Ratt l esnake Format ion (Merr i am ,  1 90 1 ; Merr iam and  o thers , 1 925) of PI iocene age i n  
the J o h n  Day R iver va l l ey .  Campbe l l a n d  others ( 1 958) have shown  fur th er that the u n i t  c a n  a l so be 
traced to the sou th i n to the upper Danfor th Format ion (P i pe r  and others,  1 939) of P l i oc ene age in Harney 
Basi n .  Accordi ng l y ,  the we l ded soda -rhyo l i te pyroc l as t ic  roc ks of the Sup l ee -l zee area are prov i s iona l l y 
assi gned to the P l iocene a l so .  We forego th e u se of a forma l s tra t igraph i c  name pend ing  a more certa i n  
determ i nat ion of  t h e  stra t igraph i c  re l at ions . 
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QUATERNARY DEPOS I TS  

A l l u v i u m  ( Q a l )  

Most  stream cou rses are a l l uv i a ted and outcrops are few i n  canyon bottoms . The marg i ns of the 
a l l uv i um  were mapped w i th cons i derab l e care,  l arge l y  from aer i a l  photographs .  T hese contac ts shou l d  
prove an  i nva l u ab l e  a i d  to the v i s i tor  try i ng to locate po i n ts o n  our  p l an i metr i c  map i n  the f i e l d .  The 
contac ts of a l l u v i um  w i th bedrock  l i e typ i ca l l y a l o ng abrupt c hanges i n  s l ope dec l i v i ty .  I t  shou l d  be 
noted that no d i st i n ct ion is made on  the map between canyon bottom " fl oodp l a i ns "  and the cont iguous 
a l l uv i a l  fans of s i de draws . 

L a n d s l i d e s  ( Q i s ) 

75 

S l u mps , b l oc k  g l ides ,  debr i s  f l ows , ta l u s  s l opes , and roc k-creep aprons are grou ped as " l ands l ides" 
on the map . On l y  fea tu res_ l arge enough to i n terfere w i th f i e l d i n terpretat ions are show n .  I t  w i l l  be 
noted that most l ands l i des mapped l i e  downs l ope from r im rocks of Ter t ia ry basa l t  or we l ded tu ff-brecc i a . 
Wi th few except ions ,  the l a nds l i des themse l ves are composed o f  these mater ia l s .  
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S C A L E  5 

M I L E S  

L E G E N D  

� Peripheral plateaus mai n ly 

Cenozoic volcanics 

(TI Mainly Jurassic mar ine  

[]§] Mainly T r i a & & I C  mari n e  

Q Western up land m ainly 
Paleozoic 

Major stru c tura l d i v i s ions o f  the Sup l ee - l zee area 
(fi gu re  6 repea ted from  page 1 2) 

Th e w estern Pa l eozo i c  u p l and  i s  a be l t  of up -fau l ted Pa l eozo i c  roc ks a long the western 
edge o f  the area . 

P i n e  Creek downwarp i s  a syn c l i nor i u m  of dow n-fo l ded J u rass i c  strata l yi ng ma i n l y  eas t 
o f  th e western Pa l eozoi c u p l and  and f l a nked on the nor thwest and  sou theast by exposures 
of  Upper T r i as s i c  roc ks . 

Mow i c h  upwarp i s  a n  an ticl i no r i u m ,  cored by Upper T r i as s i c  roc ks and  f l anked by J urass i c 
strata , that  trends from sou thwest  to no r th east across t he  hear t  o f  the area , and is thu s 
th e dom i nan t  stru c tu ra l  fea tu re  o f  th e area . An unnamed compan i on  u pwarp of fo l ded 
Tr i ass ic  roc ks I ies  a l o ng th e northwestern edge o f  t he  area . 

lonesome sync l i n e  i s  a deep stru c tu ra l  trou gh of J u rass i c  strata l y i n g  sou th eas t  o f  Mow i c h  
upwarp a l ong  t h e  sou th eastern edge o f  the area . 

The per i ph era l l ava  p l a teaus  are d i scon t i nuous u p l a nds of gen t l y  d i pp i ng  Ter t i ary basa l t  
and  tuff tha t  r i ng th e area on the no r th , east , and  sou th . 
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PART TWO 

STRU C TURA L  GEOLOGY AND TECTONIC HISTORY 

I n  th i s  sec t ion  of th e report , i nformat ion i s  assemb l ed on th e geo l og i c  struc tures o f  the area , the i r  
evo l u t ion through  g eo l og i c  h i story , and  the i r  r e l a t ion  t o  i n ferred tec ton i c  condi t ions . Reference to  p l a te 
I l l , " Geo log ic  H i s tory of the  Sup l ee - l zee  D i s tr i c t , " w i l l  c l ar i fy the pos i ti on oc cup i ed by the var ious 
roc k  u n i ts w i th respec t to the struc tura l e l ements and tec to n i c  events of th.e area . P l ate I I  i n c l u des sev ­
era l c ross sec tions w i th i n  th e area . I n  the fo l l ow i ng ,  struc tura l featu res are desc r i bed ,  insofar  as i s  pos­
s i b l e ,  in ch rono log ie  order of  deve lopment . As the area i s  one  o f  comp l ex struc ture , no attempt i s  made 
here to desc r i be every fo l d  and fau l t; ra ther , genet ic  group i ngs are emphas i zed and the i r  genera l featu res 
d i scu ssed . For sa ke of conven i ence ,  f igure 6 ,  " Ma j or stru ctura l d iv i s ions  o f  Sup l ee- l zee area , " i s  r e ­
peated on  page 76 . 

G E N ERAL STRUCTU RE and T ECTO N IC S  

I n  terms o f  struc tura l sty l e ,  t h e  roc ks of t h e  Su p l ee- l zee area c a n  b e  ass igned to three ma j or super ­
posed s tru ctura l  u n i ts :  (l) An u pper u n i t ,  composed of Cretaceous  mar i ne  s trata and cont i nenta l  Cenozo ic  
vo l can i c  roc ks ,  wh i ch is mi l d l y  warped and offset by  norma l fau l ts; (2) a m i dd l e  u n i t ,  composed of  Tr iassi c 
and J urass i c  mar i n e  strata that are strong l y  fo l ded and offset by both norma l and  reverse fau l ts; and (3) a 
l ower u n i t ,  the basa l  substra te o f  i ndu rated , i n truded , and mi l d l y  metamorphosed Pa l eozo i c  rocks . The 
m i ddl e u n i t  o f  strong l y  fo l ded Mesozo i c  st rata can be fu rther su bd i v i ded i n to (a)  a dom i nan t l y  J u rass ic  
sequ ence whose fo l ds s tem from one  pr inc ipa l  d i astroph i c  ep i sode , and  (b)  a dom i nan t l y  Tr i ass i c  sequence 
i n  w h i ch superposed fo l d i ng has resu l ted in  f l exures of  comp l ex geometr i c  configu rat ion . 

I n  terms of tecton i c  h i s tory , three ma j or per iods o f  tecton i c  deformat ion can be d i sc erned and cor ­
re l a ted  w i th the th ree ma j or stru c tu ra I u n i ts :  ( l ) A I i tt l e -know n per iod of Upper Pa l eozoi c  mar i n e  sed i ­
men tat ion  and vo l can i sm termi nated by Perm ian -Tr iass ic  orogeny and i gneous i ntrus ion; (2) a T r ia ss i c ­
J urass i c  per i od o f  mar i ne sed imen tat io n  and vo l ca n i sm pu nc tua ted by i n term ittent di astroph i sm recorded 
both by l i tho l og i c  types and by angu l ar u nconform i ti es; and (3) fo l l ow i ng  l ate Mesozoi c  orogenes i s ,  a 
Cretaceous-Cenozo ic per iod of sha l l ow mar i ne sed imentat ion  and  con ti nen ta l  vo l can ism punc tuated by 
i nterm i ttent  warp i ng ,  fau l t i n g ,  up l i ft ,  and  eros ion . 

As w i th the m idd l e  stru ctura l  u n i t ,  th e m i dd l e  tec ton i c  per iod can be d i v i ded ,  i n  ana l ogous  fash ion , 
i n to two h a l ves separated by an Ear l y  J u rass i c  d iastroph i c  c l imax here termed Ochoco Orogeny , a name 
f i r s t  suggested by S .  W .  Mu l l er (ora l commu ni cat ion , 1 956) . Th e ma i n l y  Tri assi c part  (a )  of the m idd l e 
per iod  was character ized by the rap i d  depos i ti on  of c l as t ic  detr i tu s  eroded from con temporaneous tec ton i c  
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h igh l ands and deposited i n  adjacent bas in s  of probab l e  tecton ic  or ig i n; con temporaneous vo l canism was 
subordi nate . The mai n l y  Jurass i c  part (b) of the m idd l e  period was characteri zed by the rapi d deposit ion 
of con temporaneous vo l cani c l ast ic debr i s  wi th subord i nate con tri butions from o l der sources . 

PERMIAN-TR IASS IC  OROGENY 

S u b - B e g g  F o r m a t i o n  U n c o n fo r m i t y 

Begg Formation is i n  con tac t w i th Pa l eozo i c  rocks on Frenchy Butte i n  the northeastern part of th e 
area and at severa l p l aces i n  the h i l l s sou thwest of Sup l ee a long the western edge of th e area . On Frenchy 
Butte, the contact i s  c l ear ly  an angu l ar u nconform i ty:  cong lomerate beds of Begg Formation l i e  para l l e l 
to the unconform i ty and conta i n  reworked cabbi es of the under l y i ng greenstone and serpen t i ne , whereas an 
i ntrus ive contac t between Permian  (? ) greenstones and serpent i ne is tru ncated by th e unconformi ty . South ­
west of Sup l ee the re l ations are not as c l ear , but the tru ncation of Perm ian beds by the contac t  and the 
para l l e l i sm of beds of Begg Formation to the contact are aga i n  suggested . Si nce no fusu l i n i d  co l l ections 
you nger than mi d-Perm ian have been fou nd in the Pa l eozo ic  rocks, and si nce Begg Formation probab ly 
be longs enti re l y  to Karn ian S tage of the Upper Tr iassi c ,  approx imate ly  ha l f of th e Perm ian and ha l f of the 
Triass i c  are apparen t ly represented by the unconformi ty .  

G e o l o g i c  S t r u c t u r e s  

Exami nation of the l i m i ted exposu res of Pa l eozo ic rocks w i th i n  the area suggests tha t th ey are l ess 
i ntense ly  cru mp l ed than the l ess competent over l y i ng Tr iass ic stra ta , bu t that they are more severe ly brec ­
c iated . Mappi ng by Merr iam and Ber th iaume ( 1 943) and by Thayer ( 1 956 a , b , c ) i n  more extensive ex­
posu res to the west and to the northeast i nd i cates , however, that the Pa l eozoi c  rocks are a l so strong ly  
deformed . The  i ntrus ion of u l tramafi c rocks ,  such a s  th e serpent ine on Frenchy Butte ,  prior to th e depo ­
s i t ion of Begg Formati on suggests, moreover , th at the Permian -Tri assi c diastroph i sm i n  the area was of 
orogen i c  magni tude . Th i s  j udgment is strengthened by the presence of sch i s tose metavo l can ic  roc ks and 
phy l l i t i c  metape l i tes in the Pa l eozo ic  exposures stud ied by Thayer ( 1 956 a , b, c ) .  

R e g i o n a l  R e l a t i o n s 

Dott ( 1 96 1 ) has recent l y  assemb l ed th e ev idence suggest ing " that the l a test Perm ian -ear l i er Triassi c 
i n terva l was one of comp l ex d iastroph ism , p l u ton i sm , vo l can i sm , and e l evat ion of l ands i n  much  of the 
western Cord i l l eran be l t "  (Dott ,  1 96 1 , p .  56 1 ) .  The Permian -Triassi c unconformi ty in th e Sup l ee - l zee 
area appears to be bu t a lo�a l  record of the crustal unrest no ted by Dott w i th i n  the ent ire mobi l e  be l t  
a long the conti nenta l  marg i n ,  and thus l ends support to h i s  i n terpretat ions . 
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U PP E R  T R IASS I C  D I ASTRO P H I SM 

Three convergen t  I i nes of ev i dence  po i n t  to extens ive l o ca l  d i astroph ism contemporaneous w i th the 
depos i t ion of the U pper Tr iassi c mar i n e  s trata i n  th e area . The ev idence i n c l u des :  (a) the l i tho l ogy of  
the  sed i mentary brecc ias i n  Begg Format ion , (b )  strati graph i c  u nconform i ty w i th i n  th e sequence ,  and (c ) 
th i ckness re l a t ions of fac i es equ iva l en ts i n  n earby areas s trong l y  suggest ive of l oca l  tec ton i c  bas i ns . 

S e d i m e n t a r y  B r e c c i a s 

The po l ym i c t i c  cong l omerates and brecc i as have a l ready been descr i bed . Fou r sa l i ent  features may 
now be reca l l ed :  ( 1 ) They a re composed domi nant ly  of detr i tu s  apparent l y  der ived from Pa l eozo i c  roc ks 
l i ke those exposed w i th i n  the area;  (2) th ey were apparent l y  emp l aced  by some type of submar i ne  mass 
movement; (3) they are most abundan t i n  th e more northwester l y  exposures, espec i a l ly  i n  the area north ­
west o f  P i ne Creek downwarp; and  (4) th ey loca l ly conta i n  i n dura ted l i m es tone b l oc ks wh i c h  themse l ves 
conta i n  Upper T r iassi c fossi l s .  The angu l ar i ty of the coarse debr i s  and the chem ica l  i n s tab i l i ty of some of 
the coarse rock  fragments under presen t  surface cond i t ions  s trong ly  suggest der i va tion from a nearby source 
of h igh  re l i e f  u ndergo i ng rap i d  eros ion . As the brec c ia s  are stra t igraph i ca l l y  d i s tr i buted through severa l  
thousand  feet of  strata , t h i s  suggest ion i mp l i es con ti n u i n g  or i n termi ttent d i astroph i c  up l i ft of  th e n earby 
sou rce du r i ng depos i t ion . The sou rce , l i tho logy, and d i str i bu tion  of  the brecc ias suggest der i vat ion from 
a h igh b lock  a l ong or beyond th e northwestern edge of the a rea mapped . We advance the hypothes i s  that 
the Camp Creek fau l t , desc r i bed more fu l l y in th e n ext  sec t ion o f  th e report dea l i ng w i th Ochoco Orogeny, 
may have become act ive as ear l y  as  Karn ian  ti me to form a tec to n i c  northwestern marg i n  to t he  bas i n of  
Late Tr iassi c depos i tion . Attendant  fau l t  scarps ,  perhaps i n  par t  submar i n e ,  may have been  a source for 
the sed imen tary brecc i as .  

U n c o n f o r m i t y 

Rai l Cab in  Argi l l i te o f  Nor i an  age rests w i th angu l ar u nconform i ty on  Br isboi s Format ion  o f  l a test 
Karn ian  age . I n  the sync l i nor i um  ben eath Morgan Mou n ta i n ,  where the two u n i ts are i nvo lved  in the same 
fo l ds ,  the strata of Br i sbo i s  Format ion are apprec i ab l y  more oppressed than those i n  the Ra i l Cabi n Arg i l ­
l i te .  The angu l ar d i scordance there i s  o n  th e order o f  1 0° to 300 , i nd i cati ng fo l d i ng  and  eros ion dur i ng  
the Late Tr iassi c . 

T e c t o n i c  B a s i n s  

I n  study ing  th e Tr iass i c  rocks of  the A l dr i c h  Moun ta i n s  to t he  northeast , Th ayer and Brown ( 1 960) 
have deve loped a p i c ture _of Nori an  deposi t ion  in tec ton i ca l ly defi ned basi ns whereby suc cess ive members 
of a th i c k  Nor i a n  sequ ence  rest u ncon formab ly  upon o l der members and change  t h i c kness drast i ca l l y where 
they cross fo l ds and fau l ts in o l der members . Mater i a l s  transported by mass movement  and reworked Upper 
Tr i assi c debr i s  suggest uns ta b l e  bas i n marg i ns in a fash ion  ana l ogous to the Karn i a n  sed i mentary brec c ia s  
of  the Sup l ee -l zee area . Each member o f  th e Nor ian  sequence they descr i be i s  apparen t ly  a great c l as ti c  
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wedge; one suc h  wedge th i c kens at  the rate of 1 , 000 feet  per m i l e  from west to east ac ross abou t 1 0 mi l es 
of cou ntry . Each such wedge over l aps strata of the sub jacent  wedge a l o ng ,  an angu l a r  u nconform i ty .  I t  
i s  our suggest ion that the co nformabl e Begg and B r i sbo i s  Forma t ions  o f  t he  Sup l ee - lzee area together rep­
resent su ch a c l ast i c  wedge of  s l igh t l y  o l der (Kar n i an )  age ,  a wedg� that  was somewhat deformed , u p l i fted ,  
a n d  eroded before or wh i l e  some  o f  t h e  more easter l y  Nor i an  wedges were depos i ted . T h i s  hypothes i s  i m ­
p l i es that each  wedge fi l l ed o r  par t l y  fi l l ed one  of  a re l a ted sequence of tecto n i c  basi ns  fo rmed by con ­
temporaneou s d i astroph ism . 

OC HOCO ORO G ENY 

The  basa l con tac t  of  Mow ich  Grou p of l ate Ear l y  J u rass i c  age  i s  an  angu l ar u nconform i ty .  The  
g roup rests i n  tu rn  on each  of the o l der Mesozo i c  u n i ts i n  the a rea , and the struc tures above and be l ow th e 
u nconform i ty are marked l y  d i scordant i n  many p l aces (see p l a te I I ) .  The  name "Ochoco Orogeny" i s  
h ere app l i ed to t he  d iastroph ism w h ich  gave r i s e  t o  th is w i despread su rface of unconform i ty . I nasmuch as 
the youngest stra ta beneath Mowi ch Group are the He ttang ian beds of Gray lock  Format ion and some prob­
ab l e S i nemu r i an strata of the Caps Creek beds, and cons i der i ng that  the o l dest s trata o f  Mow i ch  Grou p are 
l i ke l y  P l i ensbac h i a n ,  and certa i n l y  no younger than Toarc i a n ,  it is tempt i ng  to ass i gn  th e Ochoco Orogeny , 
w i th a l l i ts a ttendant d iastroph i sm and erosi on , to some  por t ion of the S i nemu r ian  and P l i en sbach ian Ages 
of  the Ear l y  J urassi c .  In a sense th i s  may be a va l i d conc l us io n ,  bu t the ev idence of c l ose ly  preced ing  
Late  Tr iass i c d ia stroph i sm su ggests the c l ear possi bi l i ty th at th e u n conformi ty beneath Mow i ch Group may 
be a surface compounded of th e effec ts of l ong-cont i nued  deforma tion and erosio n . Some of the stru ctu res 
in the o l dest stra ta beneath the unconformi ty may have begun  form ing  even before the you ngest strata be­
neath the un�onformi ty had  been depos i ted; i ndeed ,  so far as d i rect  evi dence can be app l i e d ,  there i s  no 
way to refu te th e suppos i ti on  that some of the o l der rocks beneath th e u nconform i ty may have been under ­
go i ng eros ion th rou ghout  the t ime  some o f  th e you nger rocks beneath the u n conformi ty were depos i ted . 
Desp i te these u ncerta i nt i es ,  there are re l ated pre -Mow i c h  Group stru ctu res that can be treated as the re­
su l ts of an  i n teg rated ep i sode of  o rogen i c  defo rmat ion , and i t  i s  to th i s  d iastroph i sm of i ntegrated s ty l e  and 
effect  that the name Ochoco Orogeny i s  app l i ed .  The  Ochoco Orogeny had cer ta i n ly termi nated as Mow i ch 
Group was depos i ted ,  bu t i ts ear l i est antecedents cannot  be dated w i th certa i n ty; t he  Late Tri ass i c  d iastro ­
ph i sm descr i bed above may we l l have been an i nseparab l e  precursor . 

S u b - M o w i c h G r o u p  U n c o n f o r m i t y 

West of B i g  F l a t ,  Mow ich  Grou p rests w i th marked angu l ar d i scordance on Kar n i a n  o r  o l der strata o f  
Begg a n d  B r i sbo i s  Formations , a n d  ch i ef l y  upon th e Begg , wh i c h  i s  th e o l der  of  t h e  two . I n  p l ac es ,  a s  near 
Freeman Creek,  the angu l ar di scordance i s  essent i a l l y  90° where Mow i ch  Group l i es across the beve l l ed 
l imbs of near l y  i soc l i na l  fo l ds i n  the u nder l y i ng  s trata . Between B ig  F l a t  and Sou th Fork of J ohn  Day River ,  
Mow i c h  G rou p a l so rests on Karn i an  strata , bu t on ly  on Br i sbo i s  Formation , and  the di scordance  is l ess . 
S t i l l  farth er eas t ,  Mow i c h  Group  rests w i th comparat ive l y  s l i gh t  angu l a r  d i scordance on  Nor i a n  and Het­
tang ian  strata of  Ra i l  Cabi n Arg i l l i te and G ray lock  Format ion in Vester Creek sync l i ne , and upon  s trata 
of the Caps Creek beds apparen t ly  as young  as S i nemu r i an  near the eastern extrem i ty of th e area . 

There is thus a p rogress ive decrease i n  th e angu l a r  di sco rdance and  the s tra t ig raph i c  h i a tus  at th e 
u nconform i ty from west to east . T h i s  fac t i s  i n d i cat ive of one of two a l ternat ive i n terpretat ions ,  or of some 
b l end  of  the two : ( 1 ) Oc hoco Orogeny was synch ronous and shor t- 1  i ved th rou ghout  the area , bu t defo r­
mat ion was more i n tense and eros ion  deeper toward  the west; or (2) Ochoco Orogeny span ned an apprec i ­
ab l e part of Late T r iass ic and Ea r ly  J u rassi c ti me ,  w i th deformati on beg i nn i ng ear l i e r  and con ti nu i ng l onger 
toward the west , where the degree of deformat ion and depth of eros ion  were thus u l t i ma te l y  g rea test ow ing  
to cumu l at ive effec ts .  
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F o l d s 

The fo l ds formed by Ochoco Orogeny have been strong l y  mod i fi ed  by refo l di n g du r i ng a J u rassi c ­
Cretaceous orogeny . They are desc r i bed here a s  th ey ex i sted before the refo l d i ng (fi gu re 29) . The reader 
who wou l d  ga i n  a c l ear  p i ctu re of t he i r  present  confi gurat i o n  must a l so read  the sec t ion dea l i ng w i th the 
l ater deforma tio n . 

West o f  l o ng 1 1 9° 30 ' , U pper Tr iassi c (Karn ian )  strata of Begg and B r i sbo is  Forma t ions were th rown 
i nto t i gh t l y  oppressed up r i gh t  or s l i g h t l y  overtu rned fo l ds w i th northe r ly  trends pr ior to the depos i ti on  of 
Mow ich  Group ,  wh ic h  was l ater fo l ded  abou t axes marked l y  d ivergen t  to the axes of  the o l der fo l ds .  A long 
Mow ich  u pwarp i n  the sou thern part of  the trac t ,  the fo l ds in the Upper Tr i ass i c  stra ta s tr i ke near l y  du e 
north and are un i form l y  i soc l i na l  or n ear l y  so; for examp l e ,  D iv i de anti c l i ne ,  Fordham an t i c l i n e ,  e tc . , 
on p l a te I .  North of P i n e  Creek downwarp , i n  the northern part of the trac t ,  the fo I ds are more open and 
have more var i ab l e nor the r l y  trends; for examp l e ,  Li t t l e Bear an t i c l i ne ,  J ackass Creek sync l i n e ,  etc . ,  
on p l ate I ;  d i ps l ess than 50° are common . 

East of l ong  1 1 9° 30 ' ,  the fo l ds of Ochoco Orogeny sw i ng abou t  to a no rth easter l y  trend . As they 
do so , the d i vergence between the i r  axes and  those of younger fo l ds in J urass i c  s trata decreases , j u s t  as 
the angu l ar d i scordance  at the base of  Mow i ch Group decreases . Th ese re l at ions suggest that th e t i gh t l y  
oppressed fo l ds to t he  west ta i l ed off i n to more open fo l ds t o  the  northeast , where t he  i n tens i ty of  the 
orogeny was I ess . 

The geometry of th e t i gh t l y  oppressed , c l ose l y  spaced fo l ds i n  Upper Tr iass i c  strata suggests that the 
compara t ive l y  r i g i d  Pa l eozo i c  substrate a t  depth did not fu l l y par t i c i pate in th e fo l d i ng . The i n ferred dif­
ference in competency suggests the I i ke I i hood of a d�co l l emen t so l e  at  the base of the Ochoco Orogeny 
fo l ds .  

I t  i s  i n terest i ng to note the depth a t  wh i c h  the fo l ds must have formed .  I n  the l zee d i s tr i c t ,  so l i tt l e  
s tra t igraph i c  h i a tu s  i s  present  a t  t h e  base o f  Mow i c h  Group  tha t  n o  great th i c kness o f  strata cou l d  have 
once been present before fo l di ng and eros ion . I f  th i s  observat ion i s  va l i d ,  t he  o l dest beds of Begg Forma ­
t ion i nvo l ved i n  the fo l ds cou l d  not have been at depths greater than abou t 1 5 , 000 feet . You nger beds 
must have been at propor t ionate ly  sha l l ower depth s .  

F a u l t s 

A c rude ly  co para I I  e l  set of north -northeaste r l y  trend i ng reverse (? ) fau I ts was apparen t l y  act ive 
du r i ng Ochoco Orogeny . There are three major  fau l ts i n  the set ,  spac ed a t  i nterva l s  of  abou t  6 m i l es 
(fi gure  29) . The th ree can  be dated as fo l l ows on the basis of the youngest rocks offse t  and  the o l dest 
roc ks wh i c h  l i e unconformab l y  across the i r  traces w i thou t o ffset : - ( 1 ) Camp Creek fau l t ,  pos t -Br i sbo i s  
Format ion (Karn i a n , Upper Tr i ass i c ) ,  pre -Weberg Member of S nowshoe Forma t ion (Baj oc i a n ,  M i dd l e  
J urass i c ) ;  (2) Keer i ns ranch fau l t (and  i ts su bs i dia ry ,  B i g  F l a t  fau l t) ,  post-Br i sbo i s  Format ion , pre-Mow ich  
Group (P l i ensbach i an o r  Toarc i a n ,  Lower  J u rass i c ) ;  and  (3) Po ison Creek fau l t , post�Caps Creek beds 
(S i nemur i an? , Lower J u rassi c ) ,  pre-Mow i c h  Grou p .  Each of the  three fau l ts ,  as can be noted on th e 
map ,  br i ngs together roc ks of g reat ly  di fferent age and  stru c tu re . Wi th few except ion s ,  s tru c tu res on op ­
pos i te s ides of th e fau l ts canno t  be ma tc h ed w i th conf idenc e ,  hence the i r  d isp l acements cannot  be c lose l y  
est i mated , a l though th ey doubt l ess tota l thousands o f  fee t  i n  each case . O n  each  fau l t ,  o l der rocks o n  
the west s i de have been brough t agai nst you nger rocks on  th e east s i de . Th e i nterpretat ion  as reverse fau l ts 
is based upon  two l i nes  o f  ev idenc e :  ( 1 ) I n  a nu mber of p l ace s ,  the strat i graph i c  th ic kness of fo l d  l imbs 
has been apparen t l y  redu ced where th e fau l ts pass a l o ng them ,  suggest i ng foreshorten i ng  rather than the 
repeti t ion of beds expected from normal fau l ti ng; and (2) i n  a few in s tances where the fau l ts pass th rough 
areas of fa i r l y  rugged topography,  the fau l t  t races i nd i ca te that  th e fau l t  p l anes d ip  to the west and hence 
have reverse movemen t .  Camp Creek f au I t  passes northward i n to a gent ly di ppi ng thrus t ,  and severa l 
k l i ppe of Pa l eozo i c  rocks of the u pper p l ate l i e  on Begg Forma t ion i n  the northwestern corner of the area . 

The struc tura l d i scordance a l ong the reverse fau l ts cou l d  be du e s i mp l y  to great d i sp l acement . I t  i s  
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l i ke l y ,  however ,  that th e c i rc umstance  of fau l t i ng  dur ing  fo l d i ng l ed i n  part to the growth of di fferent 
stru c tu res on ei ther si de o f  th e fau l ts ,  su ch  tha t few stru c tu res were ever tru l y  cont inuous  across them . 

8 3  

The cont i nu i ty of  the fau l ts i n  such a comp l ex l y  fo l ded terrane and  the i r w i de spac i ng re l a t ive to th e wave 
l ength (abou t 1 mi l e) of  the Oc hoco Orogeny fo l ds suggest tha t  the i r  pos i t i on i ng may ar i se fro m condi t ions 
i n  the under l yi ng Pa l eozo ic  substra te beneath the postu l a ted deco l l ement surfac e .  I t  i s  a l so poss i b l e tha t  
they fi rst became act ive ,  as ha s  been suggested for th e Camp  Creek fau l t , du r i ng  t he  d i astroph i sm con ­
temporaneous w i th La te Tr i assi c sedi mentat ion . I f  so , the fau l ts may ac tua l ly be somewhat  o l der struc tures 
th an th e fo l ds wh i c h  they transect and may h ave h e l ped de l i neate th e tecton i c basi n s  in wh i c h  were de­
posi ted the Tr iassi c strata th ey l ater offse t  a t  h i gh er l eve l s . 

F r e n c h y  B u t t e  B u t t r e s s  

I n  the northern part of th e a rea , - fo l ds and  fau l ts c u tt i ng Upper Tr i ass i c  strata d iverge a rou nd a but­
tress of i n truded Pa l eozo i c  rocks exposed on Frenchy Bu tte and i n  the grou nd  to the north ou ts i de th e mapped 
area (Wa l l ace  a nd Ca l ki ns ,  1 956) . Both fo l ds and reverse fau I ts thus l o ca l l y  adopt eas t-west trends at  a 
h i g h  a ng l e  to the s tru c tu res of Ochoco Orogeny to the sou th . Th ere is no pos i ti ve  evi dence o f  the i r  pre­
Mow i c h  Group  age , bu t these anoma l ou s l y  trend ing  s tru c tu res appear to be cont i nuous wi th norther l y  trend ­
i ng stru ctu res i n  Upper T r i assi c roc ks to t h e  sou th a n d  probab l y  a l so formed du r i ng Ochoco Orogeny . The i r  
anoma l ous  trend i s  attr i bu ted t o  the uparched p re-La te Tr iassi c " basement"  comp l ex of Frenchy Butte , our 
though t being that i ts presence a t  an  u nusua l l y  h i g h  s tru c tu ra l . l eve l  caused the fo l ds of Ochoco Orogeny 
to be draped sem i concordan t l y  about  i t  as a nuc l eu s  (see fi gure 29) . 

J U RASS IC  D I ASTRO P H I SM 

I n  Mi dd l e J u rass i c  t ime ,  after th e reg i me of vo l can i c l as t ic  sed i mentat ion  wh i c h  fo l l owed Ochoco 
Orogeny was we l l  estab l i shed ,  mi l d  warp ing  and l oc a l  eros ion gave rise to angu l ar u nconform i ti es w i th i n  
the J u rass i c  sequence . 

S u b - W e b e r g  M e m b e r  U n c o n f o r m i t y 

Late i n  Ea r ly  J u rass ic  or ear l y  i n  Mi dd l e  J u rass i c  t ime , u pwarp i ng  o f  th e western pa rt of th e area 
was accompan ied  by eros iona l remova l of  Mow i ch Group from the area northwest of the axis o f  Pi ne  Creek 
dow nwarp . The warpi ng estab l i shed the rai sed " S up l ee p l a tform "  as d i s t i nc t from the " l zee basi n "  to the 
eas t ,  a l oca l tec ton i c  d i s t i n c tion  w i th i mportan t  i mp l i ca t ions for the sed imenta tio n  o f  Snowshoe Forma t ion . 
The  possi b l e  i nd i cat ions of the ear l y  onset of Ochoco Orogeny i n  th e west , the restr i ct ion of p l i c atosty l i d  
reefs i n  Mow i cr Grou p to the western part o f  th e area , and th e th i n n i ng o f  Hyde Forma t ion o f  Mow i ch 
Group  toward th e west  a l l suggest tha t  the Mi dd l e J u rass i c  pos i tive s tru c tu ra l  fea ture termed the "Sup !  ee 
p l a tform "  may actua l l y  have had o l der a n tece.den ts . 

Weberg Member of Snowshoe Format ion was depos i ted on the beve l l ed edges of Mow i ch Group ,  over ­
l app ing  to the west onto Tr i ass i c  and  Pa l eozo i c  roc ks and passi ng to the east i n to a conformab l e  sequence 
of dark l u t i te on  B ig F l at .  Around th e p l u ng i ng  nose of Mow i c h  u pwarp between Mow ich Mounta i n on 
the east and the Am mon i te H i l l s  on  the west , Weberg Member tru nca tes approxi mate l y  1 , 000 feet of  Mow ­
ich  Grou p i n  a d i stance  o f  abou t  3 mi l es .  Assumi ng the beve l l ed su r face of u nconform i ty was fl a t  as We­
berg Format ion  was  depos i ted ,  the eastward d ip  of Mowi ch Group as  a resu l t  of  the warpi ng was  on th e 
order of 3�0 to 4° . The  stra t i graph i c  h i a tu s  a l o ng th e u nconformi ty probab l y  i nc l udes  two ammon i te zo nes:  
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the Lytoc eras ju rense Zone  (Toarc i a n ,  Lower J u rassi c }  and the Leioc eras opa l i nu m  Zone (Bajoc i an ,  Midd l e 
Ju rassi c } . 

S u b - T r o w b r i d g e  F o r m a t i o n  U n c o n f o r m i t y 

I n  the dra i nage of Sou th Fork o f  John  Day R i ver , Trowbr i dge  Format ion rests u nconformab ly  on Snow ­
shoe Formati on ,  progress ive l y  over l appi ng that u n i t  a s  far west  a s  B i g  F l a t .  I n  the type l oca l i ty o f  Snow ­
shoe Format ion  near l zee , the l ower  or Rosebu d Member of Trowbr idge Format ion rests u pon  approxi ma te ly  
1 , 250 feet of  t he  upper member of Snowshoe Formation . S i x  m i l es to  the wes t ,  the mi dd l e or Offi cer  Mem ­
ber o f  Trowbr idge  Format ion has o n l apped 400 feet of  the Rosebud Member . I n  th i s  d i stan ce ,  the Trowbri dge 
Format ion a l so over laps 1 , 250 feet of Snowshoe Format ion so that the Offi c er Member at F l at Creek rests 
d i rec t l y  on the m i dd l e member of S nowshoe Formation . S i x  m i  I es east of l z ee ,  as much  as 2 ,  000 fee t  of 
the upper member of  S nowshoe Forma t ion may be present  benea th the unconform i ty in  exposures of  t i gh t ly 
fo l ded stra ta near Lew i s  Creek . These data suggest warp ing  of  Snowshoe Format ion to eastward d ips on th e 
order o f  2° to 2�0 and l oca l  eros iona l remova l of more than 1 , 000 feet of sec t ion pr ior to the depos i tion 
of Trow bri dge Format ion . Because ammon i tes of  Ca l l ov ian  S tage (Upper J u rass i c }  have been  fou nd above 
and be l ow the  u nconform i ty ,  th ese even ts apparen t l y  occurred w i th i n  the span of Ca l lov ian  t i me . 

T e c t o n i c  B a s i n 

After the Ca l l ov ian  warp i ng bu t ,  j udg ing  from meager but  apparen t l y  defi n i ti v e  ammon i te co l l ec ­
tions ,  s ti l l  w i th i n  the Ca l lov ian Age ,  a t  l east 1 2 , 500 feet o f  strata w ere deposi ted i n  conformab l e  succes­
s ion to fo rm Trowbr i dge  and Lon esome Forma tions . The  rap i di ty of  sedi m en tat ion of mar i ne  s trata , c h i ef ly 
vo l can i c  sandstone  and dark mu dstone ,  i s  evidence of  downwarp i ng of major proport ions . S i nce  many of 
the strata are i n terpreted as turb i d i ty current depos i ts ,  a ma jor  tec ton i c  trough o f  reg iona l  extent is sug ­
gested . 

J U RAS S I C -C RETACEOUS  ORO G E NY 

Du r i ng La te J urass i c  (post -Ca l l ov ian }  and/or Ear l y  �retaceous ti me ,  orogen i c  deformat ion and i n tense 
d iagenet i c  a l terat ion of the J u rass i c  s tra ta i n  th e area occu rred prior to depos i ti o n  o f  the Cenoman ian  
(Upper Cretaceous} Bernard Forma t ion . 

S u b - B e r n a r d  F o r m a t i o n  U n c o n f o r m i t y 

I n  the northwestern corner of the area , a northwester l y  d ipp ing  homoc l i ne  of Bernard Format ion rests 
w i th angu l ar unconform i ty on fo l ded Pa l eozo i c , Upper Tr iassi c ,  and Mi dd l e  J u rassi c strata and affords c l ear 
evi dence of pos t-Ba joc ian , pre -Cenoman ian  deforma t ion of  orogen ic  magn i tude . Th e stru c tu ra l  accordance  
of Baj oc ian  and Ca l lov ian  rocks far th er eas t  near l zee  suggests tha t  the d iastroph i sm was en t i r e l y  post ­
Ca l l ov ian . The  possi b i l i ty o f  somewhat  o l der deformat ion i n  the west cannot ,  however , be en t i re l y  di s ­
m i ssed o n  any d i re c t  evi denc e .  
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F o l d s i n  J u r a s s i c S t r a t a 

West o f  l o ng 1 1 9° 30 '  i n  the " Sup l ee p l a tform "  area, wh ere th e J u rass ic sequence has a th i c kness of 
4 , 000 feet or l ess and be l ongs mai n l y  to the Mi dd l e  J u rass i c  Se r ie s ,  the fo l ds i n  J u rass i c  rocks are com ­
parative ly  gent l e ,  open stru c tu res w i th easter l y  or sou theaster l y  trends (fi gu re 30) . D i ps i n  th e l i mbs of  
the  fo l ds a re  common ly  l ess t han  45° and most fo l d  amp l i tu des a re  l ess t han  2 , 500 feet , for examp l e ,  
Wi l son Creek an ti c l i n e ,  Smi th Bas i n  sync l i n e ,  etc . o n  p l ate I .  

I n  the " l zee bas i n " area to the sou theas t ,  the J u rass i c  sequence i s  1 7 ,  500 feet th i c k  and has been 
arc hed downward  i n to th e easter ly  trend i ng Lonesome sync l i ne , a tremendous downfo l d  w i th many thou ­
sands o f  feet of stru ctura l  re l i ef . Mi nor fo l ds i n  th i s  area are rare and  are confi ned to wr i nk l es on the 
l i mbs o f  the great sync l i ne .  D ips throughou t the sequ ence are common l y  in excess o f  45° and th e beds in  
the upper pa r t  o f  Lonesome Format ion are steep ly  overtu rned , d ipp ing  to  the north . 

I n  the nor theastern par t  of the area , the fo l ds i n  J u rassi c s trata sw ing to north easter l y  trends and are 
t igh t ly  appressed ,  l oca l l y i soc l i na l , u pr igh t  or  s l i g h t l y  overtu r ned stru c tu res . I n  th i s  area , a pa ttern of  
d ivergent fo l ds p resents a ma jo r  puzz l e : Tamarac k an ti c l i n e  o f  east-northeas ter l y  t rend  l i es a thwart  th e 
s tr i ke of the Lew i s  sync l i ne and assoc i ated s tru c tu res (fi gure 30 ) ,  wh i ch  have a more northe r l y  trend i n  
th i s  v i c i n i ty .  To  t he  northeast ,  t he  two divergen t  sets o f  fo l ds sw i ng i n to a l ignment  wi th common north ­
easter l y  trends . To the wes t ,  however , a l ong upper Rosebu d Creek, nea r ly  i soc l i na l  fo l ds w i th norther l y  
trends and easter l y  d ipp ing  axi a l  p l anes appear to p l u nge  down t he  south f l ank of  Tamarac k anti c l i ne .  I n  
d i scu ss ion o f  th e map, T .  D .  Barrow o f  Humb l e O i l  & Ref i n i ng Co . made the suggest ion , by ana l ogy w i th 
the exper imenta I resu I ts o f  W .  H .  Buc her ( 1 956) that the anoma lous  norther ly trend ing  fo l ds may have 
o r ig i nated by westward grav i ta t iona l  c rump l i ng of part o f  th e J urass i c  sequ enc e -pr ior  to fo l di n g  abou t axes 
w i th easter l y  trends . We be l i eve the suggest ion has mer i t ,  for the anoma l ous fo l d i ng bears a s i m i l a r i ty to 
" soft sed imen t  s l umpi ng , " i n  tha t  i t  is l arge ly  conf ined to a part i c u l a r  pac kage of i ncompetent s trata o f  
Snowshoe a n d  Trowbr i dge Formations . The  u nder l y i ng and  ove r l y i ng strata o f  Hyde a n d  Lonesome Forma­
tions are not apprec iab ly  affec ted . 

F o l d s i n  T r i a s s i c S t r a t a  

The Upper T r iass ic  s tra ta fo l ded du r i ng Ochoco Orogeny were refo l ded dur i ng th e J u rass i c -Cretaceous 
orogeny . The effec ts of refo l d i ng fa l l  i n to three gen era l ca tegor ie s ,  depend ing  u pon  the i n tens i ty of  th e 
ear l i er fo l di ng and upon the ang l e  between the trends of th e two ages o f  fo l ds .  

West of  l o ng 1 1 9° 30 '  the Ochoco Orogeny fo l ds were norther l y  trend i ng  stru c tures and had steep , 
l oca l l y  i soc l i na l  l i mbs , upon the beve l l ed edges o f  wh i c h  the J u rass i c  s trata were depos i ted . The  fo l ds 
i n  J u rass i c  strata trend easter l y ,  near l y  a t  r i gh t  ang l es to th e axes o f  th e o l der  fo l ds .  I n  t h i s  area , re­
fo l d i ng produced three marked effec ts , a l l  o f  wh i c h  can be deduced from a stu dy of the geo l og i c  map 
(p l a te 1 ) :  (1 ) Some ear l i er nor the r ly  trend i ng fo l ds buc k l ed l o ng i tu d i na l l y ,  deve lop ing  a tra i n  of a l te r­
nat i ng cu l m i nat ions and  depress ions a l ong th e i r  course . Su ch long i tud i na l  buck l i ng of ant i c l i nes formed 
tra i ns o f  a l ternat i ng  domes and transverse sync l i na l sadd l es ,  whereas long i tud i na l  buck l i ng of sync l i nes 
formed tra i n s  of a l ternat i ng bas i ns and transverse anti c l i na l  sadd l es; (2) other nor ther ly  trend i ng fo l ds 
buc k l ed l a tera l l y ,  formi ng s i nuous crests or trough s ,  or form i ng steep l y  p l u ngi ng subs i d i ary fo l ds on the i r  
f l anks ,  fo r examp l e ,  Fordham ant i c l i ne; (3) numerous sma l l h i nge fau l ts deve l oped to take up , i n  m i nor  
shear d i sp l acements , some of  the stra i n  necessary for the refo l d i ng  to proceed . I n  ne t ,  th e re -or i en tat ion 
of bedd i ng  caused by the refo l d i ng has changed the s tat i st i ca l  fo l d  axi s from a hor i zonta l  pos i ti o n ,  w i th 
northe r l y  s tr i ke ,  to a ver t i ca l pos i t ion where th e or ig i na l  fo l ds were i soc l i na l  and to a near ly  ra ndom 
pos i ti on  where the or i g i na l  fo l ds were more open . 

I n  the northeastern part of the area , where the ear l i er fo l ds were more open and  the fo l ds i n  J urass i c  
s tra ta have a northeaster l y  trend more or l ess para l l e l  t o  the ear l i er fo l ds ,  the effec ts o f  refo l d i ng are 
s l i ght . Att i tu des in Tr iassi c beds are somewhat  steeper than in J u rass i c  beds, bu t s t r i kes are not d ivergen t .  

Near Sou th Fork o f  John Day R i ver , where a s l i gh t  d ivergence o f  trend i s  not i ceabl e ,  m i nor ob l i qu e  
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buc k l i ng o f  the o l der fo l ds can be seen l oca l l y .  Most  apparent i s  the separat ion of Roba a nd Abbott­
Wa l ker an ti c l i n es by the ob l i qu e l y  transverse D ry Soda sync l i n e .  A l so noti ceab l e i s  the ob l i que  crenu ­
l at ion of the trough of Vester Creek sync I i nor i u m  around  Morgan  Moun tai n .  

F a u l t s  

O n l y  i n  th e northeastern par t  o f  the  area can any bu t mi nor fau l ts be ti ed to the J urass i c -Cretaceou s 
orogen i c  fo l d ing . Near the east edge  of the area , eastward d i pp i ng long i tud i na l reverse fau l ts break and 
foreshorten the I imbs o f  John i e  an t i c !  i n e  and assoc i a ted s tr uc tu res of the anoma l ous norther l y  trendi ng set 
of  fo l ds sou th of Tamarack an ti c l i ne .  

D e p t h o f  D e f o r m o t i o n  

J udgi ng d i rec t ly  from the 1 7, 500 feet of J u rass i c  s tra ta presen t  a l ong South Fork of John  Day Ri ver , 
the refo l d i ng of the Ochoco Orogeny fo l ds i n  the Upper Tr i assi c s trata took p l ace  a t  depths defi n i t e l y  i n  
excess o f  3 m i l es .  J u dg i ng i nd i rec t l y  from the w i despread zeo l i ti zat ion and a l bi tizat ion  of  t h e  en t i re  
J u rass i c  sequ ence ,  even the  you ngest J u rass i c  s tra ta now exposed were once  depressed to  depths probab ly  
i n  excess of 3 m i l es .  I f  so , t he  Upper T r iass ic s tra ta beneath the J u rass i c  sequence may have  l a i n  a t  
depths i n  excess of 6 m i l es and some  parts o f  th e Tr iassi c terrane  may have been a t  depths approach i ng 1 0  
mi l es .  

MOW I C H  U PWARP and P I N E  C RE E K DOWNWARP 

In terms of  g ross di mensions ,  th e major  struc tura l features w i th i n  the Sup l ee -l zee area are three:  
(l) Lonesome sync l i n e ,  the easter l y  trend i ng fo l d  in the sou th east i n i t i a ted du r i ng  the J u rass i c -Cretaceous  
orogeny and descr i bed br i ef ly  i n  the preced i ng sec t ion; (2 )  Mow i c h  upwarp, a broad an t i c l i no r i um wh i c h  
trends northeaster l y t h rough the center  o f  t h e  area; a n d  (3) Pi ne  Creek downwarp , a broad sync l i no r i um  
ly i ng para l l e l  t o  Mow i ch upwarp on  the  northwest nea r  Sup l ee .  Lonesome sync l i ne i s  composed of  J urass i c  
s tra ta tha t  d i p  more steep l y  i n  t h e  north l im b  (50" to 90° ) t h a n  i n  the sou th l i mb (20° t o  60° ) . Mow i c h  
u pwarp i s  a sou thw este r l y  p l u ng i ng e l o ngate we l t  w i th comp l ex l y  fo l ded Tr i ass i c  stra ta compr.i s i ng  most o f  
t h e  core a nd  J u rass i c  s trata on  i ts f l anks . P i ne Creek downwarp i s  a doub l y  p l ung i ng  spoon of  fo l ded J u ­
rass i c  s tra ta , f l a nked by Mow i c h  u pwarp o n  the sou th east a n d  by an  u nnamed compan ion  u pwarp o f  fo l ded 
Tr iassi c roc ks a l ong the northwestern edge  of  th e a rea . Th e f l anks o f  P i ne Creek downwarp d i p  i nward at 
ang l es of 1 0° to 30° , a l though s truc tu ra l  re l at ionsh i ps are comp l i cated by sma l l er transverse a nd ob l iq ue  
fo l ds produced i n  th e J urass i c  strata by  the ear l i er (? ) J u rass ic -Cretaceous orogeny . 

On  th e tw in  bases of d ivergent trend  and contrast i ng s ty l e  o f  deforma tio n ,  Mow i c h  u pwarp and  
P i n e  Creek  downwarp appear to  have  been .  formed by  d iastroph i sm di vorced i n  ti me  from the  J urassi c ­
Cretaceous  orogeny desc r i bed i n  th e preced ing sec tion . On  th e p l u ng i ng  nose o f  Mowi ch upwarp , a com­
p l ex system o f  radi a l  and transverse fau l ts resemb l es patterns desc r i bed by Wi sser ( 1 960) for vert i ca l l y  up­
l i fted doma l warps  and noses; th e fau l ts o f  th i s  system transect fo l ds i n  J u rassi c strata i n  an u n sys temat i c  
manner ,  sugges t i ng tha t  the fo l ds are o l der than Mow i cb upwarp . I f  so , th e upwarp and the P i ne  Creek 
downwarp apparen t l y  post-date the J u rass ic -Cretaceous orogen i c  fo l di ng of  th e J urass i c  sequence .  I n  
ei th er case , the broad warps were apparent l y  out  I i ned by m i d -Cretaceous  t ime ,  for Bernard Format ion 
rests on  U pper Tr iassi c beds i n  the eroded core of the u nnamed upwarp l y i ng a long the nor thwestern edge 
of the area . 
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CENOZO I C  D IASTRO P H I S M  

E a r l y  T e r t i a r y D i a s t r o p h i s m  

I n  the northwestern part o f  the area , P i c ture Gorge Basa l t  o f  the Miocene Co l umb ia  R iver Basa l t  
Group  rests w i th s l i gh t  angu l ar unconform i ty o n  Upper C retaceous mar i n e  s trata o f  Bernard Forma t ion . Th e 
re l a ti onsh i p  i s  ev i denc e  of up l i ft and eros ion dur i ng l a test Cretaceous or ear l y  Tert i a ry t ime . I n d i rect 
corrobora t ing evidence of  ear l y  Tert iary h i g h l a nds i n  the area i s  a fforded by the absenc e ,  ow i ng to non ­
depos i t ion o r  eros io n ,  o f  the w i despr ead C l arno and John  Day Formati o ns o f  Eocene and O l i gocene age ,  
respec t ive l y . 

The P i c tu re Gorge Basa l t  sequ ence rests upon  a n  eros ion su rface w i th apprec i ab l e l oca l  re l i ef . Be­
tween B ig  F la t  and Snow Moun tai n ,  th e f lows appear to be  banked agai nst a l ong s l ope tha t  desc ended to 
the north abou t 500 feet on a 5-percent  grade . To the north and to the sou thw est o f  Keer i ns ranch at the 
mou th of P i n e  Creek, basa l t  exposu res occur  a t  unusua l l y  l ow e l evat ions . The exposures between Keer i ns 
ranch and  I ndi an  Creek c l ea r l y  represen t th e eroded fi l l  of a canyon wh i ch  had  severa l hu ndred fee t of  
re l i e f .  The f l a t -l y i ng fl ows and  i n terca l ated s tream grave l s oc cupy a V -sh aped wedge wh i ch i s  i n  steep 
contac t w i th Tr iass i c  roc ks . 

M i o c e n e - P l i o c e n e  D i a s t r o p h i s m  

The Miocene fl ows of Pi c ture Gorge Basa l t  were warped and deep l y  eroded pr ior to the eru pt ion of 
the PI iocene di ktytax i t i c  basa l t  and we i  ded soda -rhyo l i te tuff-brecc i a . Th e d i ktytaxi t i c  basa It f lowed 
northward over a s teep r i m  o f  P i c tu re Gorge Basa l t  and down i n to a va l l ey or bas i n  w i th a f loor som e 500 
feet be low th e r i m  and n ear the presen t  va l l ey of Sou th Fork of Beaver C reek .  The  we l ded  pyroc l as t ic  
roc ks l i e on  P i c ture Gorge Basa l t  arou nd the per iphery of  th e area , but  res t  on  Mesozo i c  rocks i n  th e i n ­
ter i or o f  i t .  Th e deforma t ion a n d  eros ion o f  the Miocene l avas i s  a l oca l record o f  the extens ive Miocene ­
P I  iocene d iastroph i sm d i scussed by Thayer ( 1 957) . From h i s  work , i t  i s  apparent  that th e P i c tu re Gorge  
Basa l t  of t he  Sup l ee -l zee area l i es on t he  warped ,  gen t l y  d i pp i ng sou th l i mb  o f  th e asymmetr i c  A l dr i ch  
an t i c l i ne ,  a reg iona l  s tru c tu re  w i th i ts c resta l a rea j u st sou th o f  t he  ma i n  fork of t he  John  Day  R i ver north 
of the area a nd i ts sou the r ly  f l ank extend i ng to Harney Basi n south of the area . 

P l i o c e n e - P l e i s t o c e n e  D i a s t r o p h i s m  

D i ps as h i gh as 20° i n  P l i ocene we l ded pyroc l asti c rocks and deep Qua ternary erosi on  a ttest to s i g ­
n i fi can t  deforma t ion and  up l i ft i n  P l i ocene-P l e i stocene t ime . 
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F .  Basey Member (i n type l o ca l i ty) of Snowshoe Format i on , composi te sec t ion west and 
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G .  S i l v i es Member (i n type l oca l i ty) of Snowshoe Format io n ,  conf l u ence o f  S i l v i es 
R i ver and Li tt l e  S nowshoe Creek . 95 

H .  Off icer  Member (i n type l oca l i ty) o f  Trowbr idge Formation , Cottonwood Draw , 
NWt sec . 22, T .  1 7  S . , R .  28 E .  96 
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A .  Sect ion of  Mow i ch Group and  part o f  Snowshoe Format ion on  " Rober tson R i dg e "  i n  S E�  sec , 28, 

Basey 
Mem . 
of 
Snow ­
shoe 
Fm . 

Warm 
Spr i ngs 
Mem . 
of Snow ­
shoe Fm . 

Weberg 
Mem . of 
S nowshoe 
Fm . 

Hyde 
Fm . of 
Mow i c h  
Group 

N i c e l y  
Fm . o f  
Mow i c h  
Group 

Sup l ee 
Fm . o f  
Mow i c h  
Group 

T .  1 8  S . ,  R .  26 E . ; w i th i n  type loca l i ty of  Mow i c h  G roup; di rect ion of up -sec tion  traverse 
is north to sou th; exposures rare on  rou nded,  sage-covered s l opes; the sec tio n  is a cr i ti c a l  
one ,  for th e su perposi t iona l j uxtapos i t ion  o f  u n i ts represent ing  t he  " S up l ee p l a tform "  fac i es 
and  the " l zee basi n "  fac i es is a u n i que  key to stra t ig raph i c  re l a t ions betw een th e two fac i es :  

500+ ft . 

200 ft . 

Andes i t i  c tu ff and vo l can i c  graywac ke :  ha rd ,  tough ,  b l u e  gray , weathers 
brown and sph ero i da l , bedd i n'g mass ive and i nd i s t i n c t ,  y i e l ded one 
stephanocerat i d ammon i te abou t 1 0 ft . from base . 

F i ne -gra i ned a ndesi t i c  tuff and tu ffaceous si l ty arg i l l i te :  hard,  pa l e  
green to b l a ck ,  l am i nated , b l oc ky w ea ther i n g ,  ma i n l y  non-ca l c areous . 

Conformab l e , gradat iona l  con tac t .  

( 200 ft . 
S i l tstone and  mudstone :  soft, dark g ray to b l a ck ,  th i n -bedded ,  b locky 
to p l a ty ,  c a l c areous i n  part . 

Conformab l e , gradat iona l  con tac t .  

F i n e-gra i ned  c a l c areous sandstone and sandy l imestone :  g ray , wea thers 
bu ff,  abundant pe l ecypods , l oca l ly conta i ns ammon i tes Tmetoceras 
sc i ssum (Benec ke) and  Doc i doceras c f .  Q: pl anu l a tu m  Buc kman . 

U nconformab l e contac t ,  angu l ar i ty demonstrated by progress ive westward over l ap  of 
a l ternat i ng sandstone and  mudstone-s i l tstone  sequ ences i n  under l y i ng Hyde Format ion by 
over l y i ng transgress ive Weberg Member . 

[ 1 00 ft . 

1 75 ft . 

Mudstone and si I tstone :  dark gray , massi ve . 

Andesi t i c graywac ke :  g ray -green but  wea thers brown ,  poor l y  sorted, 
mott l ed w i th buff to cream l aumont i te , th i ck-bedded . 

Conformab l e ,  sharp contac t .  

( 75 ft . 
S ha l e :  dark g ray to b l a ck ,  f iss i l e ,  ca l careou s ,  sporad i c  2- inch  in terbeds 
of fi ne-gra i ned ye l l ow i sh brow n sandstone ,  h i l docera t i d  ammon i tes co l ­
l ec ted by Lupher ( 1 94i and l oca l i ty " L " , t h i s  report) . 

Conformab l e ,  sharp contac t .  

( 30-35 ft . 
Vo l c an i c  sandstone :  gray bu t weathers buff o; green -brow n ,  ca l careou s,  
abundant Wey l a  a nd  oth er pe l ecypods,  massi ve ,  loca l l y  pebb l y .  

Conformab I e ,  gradat iona l  con tac t .  
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Rober tson 
Fm . 
of 
Mow i c h  
Group  
(to to I 
about  2 1 0 
ft . )  

40 ft . 

45-50 ft . 

5 ft . 

40 ft . 

5 ft . 

1 0 ft .  

60-65  ft . 
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I n terbedded (i n 5 to 1 0 ft .  mass ive l ayers) c her t -pebb l e  cong lomerate 
and andesi t i c  san dstone , l o ca l l y  m ixed; green , wea thers brow n i sh; 
conta i ns Ner i n ea near base . 

Andes i t i c  sandstone :  fi n e- to medi u m -gra i ned ,  gray -gree n ,  weathers 
brow n ,  mass ive ,  conta i ns Ne r i nea n ear top . 

L i mestone :  gray ,  sandy , b i oc l as t ic , abu ndan t P I i ca tosty l u s  she l l s  I i e 
para l l e l to beddi ng; i n  two beds ,  each w i th green -brown ca l careous  
vo l c a n i c  sandstone  n ear base . 

Andesi t i c  sandstone :  medi u m -gra i ned ,  gray-gree n ,  weath ers brown w i th 
sphero ida l  or nodu l a r  su r face ,  mass ive  beds 1 to 5 feet th i c k  w i th th i n  
i n terca l a t ions of dark s i l tstone  between . 

Hard , brow n ,  ca l careous  s i l ts tone  and  o l i ve-green to ye l l ow i sh mudstone . 

Andes i t i  c sandstone :  f i ne-gra i ned ,  soft , green . 

Sanrly pebb l e  and cobb l e  cong lomerate :  crude l y  strat i f ied i n  l ayers 2 to 
4 feet th i c k ,  che r t  and fe l s i te pebb l es most  abu ndan t ,  subrou nded . 

Unco nformab l e co ntact w i th Upper Tr i assi c Begg Formation , angu l a r  d i scordance s l i gh t  
l oca l l y .  

B .  Sect ion  o f  Robertson Format ion o f  Mow i c h  Group n ear the o l d  Harr i s  p l ace  J n  SE�SW� sec . 26 , 
T .  1 7  S . ,  R .  26 E . ,  wh ere the fo rma t ion i s  th i c kest (to ta l 335 ft . )  and has  the most (5) 
l i mestone hor i zons :  

D i  sconformab l e contac t  w i th over ly i ng Weberg Member  o f  Snowshoe Format ion . 

1 5 ft . 

40 ft . 

3 ft . 

40 ft . 

3 ft .  

35 ft . 

1 9 ft .  

1 5  ft . 

45 ft . 

P l i ca tosty l i d  l i mestone :  l i g h t  gray . 

Cher t-gra i n  sandstone :  gray to buff, c a l ca reous w i th Ostrea and P i nna . 

P l i ca tosty l i d  l i mestone :  l i gh t  gray . 

Vo l c an i c  sandstone :  fi ne-gra i ne d ,  green i sh to ye l l ow i sh g ray , mott l e d ,  
weath ered surfGJce spheroi do l . 

P l i ca tosty l i d  l i mestone :  gray , weathers ye l l ow .  

Sandstone :  gray to brow n ,  three 1 -ft . to 2 -ft . i n terbeds o f  I i gh t  gray 
l imestone  w i th Ner i nea and P l i ca tostyl u s .  

Ca l careous vo l ca n i c  san dstone :  dark gray , wea thers brow n ,  conta i ns 
sparse p l i ca tosty l i d  va l ves . 

Li mestone :  l i g h t  gray-brow n ,  aphan i ti c ,  con ta i n s  sparse p l i catosty l i d  
va lves . 

Sandstone :  ca l ca reous i n  part , brow n ,  con ta i ns ch ert pebb l es and Ner i nea . 
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20 ft . 

1 00 ft . 

Li mestone :  gray-brow n ,  brec c ia ted , abundan t  p l i ca tosty l i d  va l ves . • 

Cong lomerate :  sandy w i th cher t ,  fe l si te ,  and I i mestone pebb l e s ,  
cobb l es ,  and  bou l ders . 

U n conformab l e contact  w i th u nder l y i ng Begg Format ion . 

C .  Sec t ion  o f  Robertson Format ion o f  lv\ow i c h  Group  east o f  Cow Creek i n  north part of sec . 1 7, 
T .  1 7  S . ,  R .  27 E . ,  where the format ion  i s  most foss i  I i ferous and to ta"l s a bou t 220 feet :  

D i sconformab l e  contact w i th over l y i ng Warm Spr i ngs Member of  Snowshoe Forma t ion; 
sharp bu t concordan t .  

4 ft . 

5 ft . 

1 5-20 ft . 

25 ft . 

75 ft . 

3 ft . 

35-40 ft . 

8 ft . 

20 ft . 

25 ft . 

Li mestone :  gray, weath ers brown , coarse sandy; possi b l y  basa l 
Snowshoe Formation . 

Li mestone :  gray , coarse fragmenta l ;  l o ca l l y  b iostroma l  w i th p l i catosty l i d  
va lves  i n  upri g h t  growth posi t ion , bu t grades l atera l l y to mass iv e ,  coarse ­
gra i n ed sandstone . 

Vo l can i c  sandstone :  green , l o ca l l y gray and ca l careous ,  l oca l l y  mott l e d ,  
abundan t  P i nna fragments .  

L i mestone :  b iostroma l l i mestone composed o f  p l i ca tosty l i d  va l ves i n  u p­
r i gh t  growth pos i t ion;  sharp basa l contact w i th 1 to 2 ft . o f  eros iona l (? )  
r e i  i e f .  

Vo l c an i c  sandstone :  med iu m - to coarse-g ra i n ed ,  mai n ly green mott l ed 
w i th pa l e  patches bu t in part ca l careou s ,  gray , and weath ered brow n; 
sphero i da l  weath er i ng  common; th i n  i n terbeds of dark l i mestone near 
m i dd l e; conta i ns sporad i c  P l i ca tosty l us near the top and N er i nea near 
base; bed 22 ft . a bove base conta i ns l socypr i na sp . ,  Mod io l u s  sp . , 
T r igon i a sp . ,  Wey l a  sp . ,  N er i nea sp . ,  terebra tu l i d  brach iopods , a nd 
fragments o f  P l i c a tosty l u s  g regar i u s . 

L i mestone :  sandy , dark maroon ,  weath ers gray; conta i ns Coe l astarte sp . ,  
Mod i o l u s  sp . ,  Pho l adomya sp . ,  Tr i gon i a  sp . 

Vo l can i c  sandstone :  green i sh gray ,  massi ve ,  conta i ns Astar te sp . 

L i mestone :  sandy , maroon , th i n -bedded; grades to fi ne-gra i ned c a l ­
careous sandstone; conta i ns Camptonec tes sp . ,  Luc i na sp . ,  Mod io l us sp . , 
Pho l adomya sp . ,  P l eu romya sp . , Wey l a  sp . ;  probab l y  corre l a t i ve w i th 
25 feet of p l i ca tostyl i d  l i mestone  exposed 1 mi l e  farth er west . 

Mudstone :  si l ty ,  brown w i th i n terbeds of nodu l a r  gray -brown l i mestone; 
n ear base con ta i ns  Astar te sp . ,  Homomya sp . ,  I socypr i na sp . ,  Li rna sp . ,  
Pho l a domya sp . ,  Weyl a sp . 

Vo l c an i c  sandstone :  dark green , medi u m - to coar s e -g ra i n ed ,  c ross ­
bedded; sph ero i da l  wea thered su rfaces . 
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U ncon forma b l e  contact  w i th U pper Tr iass ic Br i sbo i s  Forma t ion;  no a ngu la r  d i sco rdance  
ev iden t  l oca l l y .  

D .  Sect ion  of Robertson Format ion i n  eros iona l  ou t l i er n ear head o f  Pac kwood Creek i n  SW! sec . 
6 ,  T .  1 8  S . ,  R .  27 E .  (tota l  th i c kness 1 55 ft . ,  i ncomp l e te) . 

E ros iona l  top o f  i ncomp l ete sect i o n . 

40 ft . 

1 0 ft .  

1 2  ft . 

25 ft . 

8 ft . 

60 ft . 

Andes i t i c  sandsto ne: medi u m -gra i ned ,  green . 

Andes i t i c sandstone :  med i u m -gra i ned ,  ca l careou s ,  gray,  weath ers brown . 

Li mestone :  gray , b iostroma l ,  co n ta i ns p l i c atosty l i ds .  

Andes i t i c  sandstone :  fi n e -gra i ned ,  green . 

L i mestone :  gray sandy , b iostroma l , contai ns p i  i ca tosty l i ds .  

I n terbedded green  andes i t i c  sandstone  and cher t-pebb l e  cong lomera te; 
conta i ns N er i n ea . 

U nco nformab l e contact  w i th Upper T r i assi c Begg Forma tio n .  

E .  Sect ion  o f  Weberg Member o f  S nowshoe Forma t ion at  the type sec t ion  o f  t he  member i n  SW! and 
S E! sec . 1 9 , T .  1 8  S . ,  R .  26 E . , abou t 1 ,  800 ft . north o f  o l d  Washbu rn pl ace on the nor th 
s i de o f  a gu l l y  tr i bu tary to Warm Spr ings  Creek a t  th e nor th bou ndary of sec . 30 (tota l 
th i c kness 203 ft . ) .  

Conformab l e  g radat i ona l  contact  w i th over l y i ng Warm Spr i ngs Member of  gray ,  ca l ca r­
ous ,  p l a ty ,  s i l ty to  sandy sha l e  that  weathers to dark  c h i ps and  p l a tes . 

90 ft 

1 1 0  ft . 

3 ft . 

Dom i nant ly  gray-brown s i l ty to fi ne  sandy l i m estone  w i th i nterco l a ted 
l ayers of c a l c areous  sha l e; weath ers to ye l l ow ish bu ff or ru sty ye l l ow 
c h i ps and  b l ocks .  

Gray ca l careous sandsto ne; w eathers ru sty ye l l ow to ye l l ow i sh green; 
composed dom i nan t l y  of quartz and  c her t  g ra i ns; some  beds conta i n  
coarse b ioc l as t i c  detr i tus  a n d  grade to sandy I i mestone; pebb l y  n ea r  base . 

Pebb l y  c a l c areou s sandstone ,  crossbedded; conta i n s  Ostrea , P i n na ,  a nd  
rhynchone l l i d  brach i opods . 

Angu l ar unconformi ty w i th Upper Tr i assi c Begg Format ion  evi den t .  

F .  Compos i te sec t ion  o f  Basey Member o f  Snowshoe Format ion i n  the type  l oca l i ty o f  the  member 
south and sou thwest ·of Wi ndy Ri dge in see s . 1 ,  1 2 , and 1 3 , T .  1 8  S . ,  R .  25 E . ,  and sec . 
6 ,  T .  1 8  S . ,  R .  26 E .  (approxi mate to ta l  th i c kness is 2 , 500 ft . ) .  

Conformab l e , gradat iona l  con tac t w i th Shaw Member composed dom i nant l y  o f  dark gray 
mudstone  and sha l e  w i th sporad i c  th i n  i nterbeds of  gray l i mestone  and green i sh brown 
sandstone . 
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1 1 200 ft . 

0-90 ft . 

750 ft . 

1 0-70 ft . 

0- 1 50 ft . 
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Andes i t i c  sandstone :  gray-green , med i um- to coarse-gra i ned ,  m9ssive 
beds; l am i nated i nterbeds o f  ye l l ow i sh brown si l tstone ,  mu dstone ,  and 
sha l e .  
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Dominant ly  andes i ti c  mar i ne  tuff: b l ue -gray to gray -green ,  mediu m- to 
coarse-gra i ned ,  sph ero i da l  to b l ocky weathered surfac e ,  massi ve l ayers 
from 5 to 200 feet th i c k; tu ff grades l o ca l l y  to bedded sandston e; i nter ­
beds of green i sh brow n s i l tstone  and mudstone . 

Porphyr i ti c  andesi te l ava : massi ve ,  one-quarter to one -th i rd of roc k  i s  
p l ag ioc l ase phenocrysts of l ath -shape ,  pa l e  phenocrysts se t  w i thout pre ­
ferred or i entat ion i n  b l ue-gray or o l i ve-green aphan i ti c  groundmass; 
angu l ar b l ocks of l ava occur  i n  i mmediate l y  over l y i ng strata . A th i n  
andes i t i c  cong l omerate bed occup i es the same hor i zon where the f l ow is  
absen t .  

Dom i nan t l y  sha l e  and argi l l i te :  l am i na ted , g reen , s l i g h t l y  ca l careou s ,  
tu ffaceou s ,  hard; m i nor brown c a l careous andes i t i c  sandstone .  

Sandstone  a nd cong l omerate i n  l ayers 5 to 1 0  fee t  th i c k; sand frac t ion 
andes i ti c ;  grave l  fract ion i nc l udes rou nded pebb l es of l i mestone ,  cher t ,  
argi l l i t e ,  and quartz i te as we l l  as  porphyr i ti c  andes i te . 

Porphyr i ti c  andesi te l ava: abou t one-quarter of roc k  i s  p l ag i oc l ase ph eno ­
crysts of l a th -shape; pa l e  phenocrysts set w i thou t preferred or ien tat ion i n  
b l u e -gray to gray -green aphan i t i c  g rou ndmass; grades l oca l l y  to f l ow­
brecc i a  o f  aphan i t i c  l ava fragments i n  a ca l careous ma tr ix . 

Conformab l e contact w i th u nder l y i ng Warm Spr i ngs Member; sharp where the basa l l ava 
of the Basey is present; gradat iona l  where th e f l ow is a bsent and the over ly i ng pebb ly  
sandstone beds rest d i rec t ly  on the Warm Spr i ngs . 

G .  Sect ion o f  S i l v i es Member of Snowshoe Format ion i n  the type l oca l i ty o f  th e member a l ong Li tt l e 
Snowshoe Creek and Si l v i es R iver near the i r  conf l uence and  near th e common corner of sees . 
2 1 , 22, 27, and 28, T .  1 6 S . ,  R .  29 E .  (approx imate to ta l  th i c kness i s 1 , 500 feet) . 

Conformab l e ,  gradat iona l  contact w i th over l y i ng  part o f  Snowshoe Forma t ion . 

1 25 ft . 

550 ft . 

40 ft . 

80 ft . 

30 ft . 

Coarse-gra i ned andes i t i c graywacke and andesi t i c  pebb l e  cong lomerate 
in a l ternat i ng graded l ayers w i th scoured bottoms; b l u e -gray to gray­
green . 

I n terca l a ted fi ne- to medi um-gra i ned b l u e -gray to gray -green andesi ti c 
graywacke and dark s i l tstone . 

Mass ive andes i ti c  pebb l e  cong lomerate (basa l 1 0  fee t) and coarse-gra i ned 
andes i t i c  graywacke . 

I n terca l a ted andes i t i c  graywac ke and dark si l tstone . 

Mass ive andes i t i c  pebb l e  cong lomerate . 
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40 ft . 

200 ft . 

1 20 ft . 

30 ft . 

80 ft . 

1 75 ft . 

30 ft . 
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Mass ive  coarse-g ra i n ed an desi ti c graywacke . 

I n terca l ated andes i t i c graywacke and  dark s i l tstone . 

Coarse-gra i ned andes i t i c  graywac ke :  b l u e -gray and  w ea thers brow n; i n  
beds that a r e  1 to 5 fee t th i c k ,  graded , and  l am i na ted i n  upper par t; 
scou r common at base of each bed; l oca l convo l u te l am i na t ion . 

I n terca l a ted , th i n  -bedded , fi n e-gra i ned a ndesi ti c g raywacke and  dark 
s i  I tstone . 

Medi u m - to coarse-g ra i ned andes i t i c g raywacke ,  l i ke the 1 20 ft . se­
quence  above bu t w i th some th i n  i n terbeds of l am i na ted  vo l c a n i c  s i l tston e .  

I n terca l ated,  th i n -bedded , f i ne-gra i ned andesi t i c  g raywacke and  dark 
s i  I tstone . 

Coarse -gra i ned  andes i t i c  g raywac ke :  b l u e -g ray and  wea thers brow n .  

Conformab l e ,  sharp contac t w i th under l y i ng l ower  part o f  Snowshoe Formati o n . 

H .  S ec t ion  of O ffi c er Member of  Trowbr i dg e  Format ion a t  the type l o ca l i ty of th e member a l o ng 
Cottonwood D raw , a tr i bu tary of Rosebu d Creek , i n  NW� sec . 22,  T .  1 7  S . , R .  28 E . :  
(approx i mate tota l th i c kness i s  450 ft . ;  th e l owest  r es i s ta n t  sequ ence  and assoc i ated s trata 
are repeated by fau l t i ng  su bpara l l e l to beddi ng ) :  

Conformab l e ,  gradat iona l  contact w i th b l a c k  mu dstone of th e over l y i ng Mag i l l  Member . 

25 ft . 

75 ft . 

25 ft . 

1 00 ft .. 

50 ft . 

1 00 ft . 

75 ft . 

Dark gray and green , l am i nated dac i t i c  graywac ke grad i ng  u pward to 
f i n e -gra i ned  fe l s i te tuff . 

B l ac k  a nd  green mudstone  w i th penc i l  frac ture . 

Dark gray and  green , l a m i na ted dac i t i c  g raywac ke grad i ng  upward to 
fi ne-gra i ned fe l s i te tuff . 

B l ac k  and  green mudstone w i th penc i l  fra c tu re . 

Dark gray and green , l am i nated dac i ti c  g raywacke grad i ng upward to 
fi n e-gra i ned  fe l s i te tu ff . 

B l ac k  and  green mudsto ne  w i th penc i l  frac ture . 

Hard , green to gray fe l s i te  tu ff . 

Conformab l e ,  sharp contac t w i th b l a c k  mu dstone of the u nder l y i ng Rosebu d Member . 



G LOSSARY OF TEC H N I CAL G EO LO G I C  TERMS 



G LO S SARY 

G LOSSARY OF TECH N I CAL  G E O LOG IC TE RMS * 

A l b i t i z e d :  Conver ted i n  w ho l e  or i n  p a r t  t o  a l b i t e ,  t h e  soda e n d -member o f  t h e  p l ag ioc l a se fe l dspars ,  by 
vo l u me -fo r -vo l u me rep l a c em e n t . 

A l l u v i u m :  U nco nso l i dated stream depos i ts ,  w h e th er g rave l ,  sa nd , s i l t , o r  c l ay .  

Ammo n i te :  O n e  o f  an ex t i n c t  order o f  mo l l u sks r e l ated to t h e  l i v i ng c h a mbered nau t i l u s; most ammo n i tes 
had co i l ed , c h a mbered sh e l l s  a n d  the i r  foss i l rema i ns or i mpri n ts i n  rocks resem b l e co i l ed worms or 
sna kes; to the pa l eo n to lo g is t , ammon i tes are among the mos t  i n forma t ive  foss i l s  in the g eo l og i c  record 
a n d  th e comp l ex v a r i a t i o n s  o f  th e i r  s h e l l s  d e fi n e  sequ enc es of evo l u t ionary changes tha t are our bes t 
present gu i d e  to th e t i me -sequ e n c e  of strata depos i ted  du r i ng the Mesoz o i c  Era (see p l a te I l l ) .  

Amygdu l e :  A n  ovo i d  m i n era l g row th formed by th e fi l l i ng o f  a gas cav i ty o r  vesi c l e  i n  a vo l c a n i c  ro ck . 

Angu l a r  d i scorda n c e :  La c k  o f  para l l e l i sm betw e e n  c o nt i guous  stra ta or other  g eometr i c a l l y  l i near or  p l anar 
s tru ctura l  e l ements . 

Aph a n i ti c :  Refers to textures o f  ro cks  i n  w h i c h  th e c rysta l l i n e  const i tuents  are too sma l l to b e  seen w i th 
th e u n a i ded eye or a sma l l  poc ket l ens . 

Appressed strata : Fol ded strata c l ose l y  a n d  f l a t l y  pressed agai nst  o n e  a noth er , fa c e - to - fa c e  or so l e -to -so l e .  

Are n i te :  I n  the usage of  G i l bert  ( 1 955) , a sandsto ne co n ta i n i ng l ess th a n  1 0  percent  s i l t  a nd c l ay i mpur i t i es 
i n  the  i n ters t i ces between sand gra i ns .  

Arg i l l i te :  S tron g l y  i n du rated roc k  co mposed o f  s i l t  a n d  c l ay; breaks i n to hard , angu l a r  fragments  bou n ded 
by smooth , g e n t l y  curv i ng or  p l anar  frac ture su rfa c es . 

Au th i ge n i c :  Refers to m i n era l s  tha t  fo rmed i n  p l a c e  w i th i n  a sed i m e n t  or  sedi m e n tary rock a fter depos i t i o n . 

Be l em n i te gu a r d :  The tapere d ,  c i gar -shaped i n terna : sh e l l  of o n e  of an ex t i n c t o r d e r  o f  mo l l u sks; s i m i lar  
to  the c u t t l ebo n e  o f  modern squ i ds .  

B i o c l a s ti c :  U su a l l y r e fers to ca l careous roc ks cons i s t i ng ma i n l y  of  fragmenta l  organ i c  rema i n s . 

B i o g en i c :  Refers to rocks formed by the physio l og i c a l  grow th o f  orga n i sms , 

B iostro ma l roc k :  A mass i v e  b e d  fo rmed b y  t h e  growth i n  p l ace  of b iogen i c  roc k  w i th w h i c h  l e nses o f  b i o ­
c l as t i c  roc k  may be i n terstra ti fi ed . 

Bre c c i a :  Fragme nta l roc k whose const i t u e n t  p i ec e s  are angu l a r ,  a n d  not w a terwo rn as i n  cong l o m erate . 

* Prepa red by D i c k i nso n w i th h e l p  fro m the Department  staff a nd th e Amer i c a n  G eo l o g i c a l  I n st i tute ' s  
" G i ossmy of geo logy a n d  re l ated sc i e n c e s . "  
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Byssa l  threads :  H a i r - l i ke appendages by means  of  w h i c h so me b i v a l v e s  a tta ch  th e mse l v es  to su bmerged 
ro c ks o r  f l oa t i n g  ob j e c ts . 

C a l caren i t e :  A " l i me-sa n ds ton e "  i n  w h i c h  t h e  gra i n s are co mpos ed o f  c a l c i u m  c a r bonate  of v a r i o u s  ori g i ns;  
a k i nd of  l i m es tone . 

C a l careo u s :  Conta i n i ng c a l c i u m  c a r bo n a te , espec i a l l y  as  c em e n t  i n  sa n dstone fi l l i ng the  voi d spac es b e ­
tw een sa n d  g r a i ns . 

C a l c i l u ti te : F i n e-gra i ned  frag m e n t a l  l i mesto n e  a n a l ogous to c a l c a r e n i t e  (see above);  a l i me -mu dsto ne 
or  l i me -s h a l e .  

Ca l c i ru d i te :  Coarse-g ra i ned frag m e n ta l  l i m es to n e  a n a l ogou s to carcare n i te (see a bove);  a l i m e -co n g l o merate 
or  l i me -brec c i a . 

C e m e n t :  T h e  m i nera l s ,  u su a l l y  quartz , c a r bo n ates , o r  i ro n  ox i de s ,  depos i ted i n  the spa c e s  b e tw ee n  gra i n s  
i n  frag m e n ta l  r o c k s  b y  prec i p i ta ti o n  from so l u t i o n . 

C l as t :  G e n era l term for a s i ng l e  frag m e n t  i n  a c l as t i c  ro c k . 

C l as t i c :  Refers to tex tu res o f  ro cks  co mposed o f  separate fragm e n ts o f  mate r i a l  o f  any o r i g i n .  

Coe l en terates :  A phy l u m  o f  i n v ertebrates  w i th rad i a l  bo dy sym m e try; i n c l u des  cora l s  a n d  j e l l y fi sh . 

Co l l u v i u m :  Unconso l i da t e d ,  su r fi c i a l  mass mov e m e n t  depos i ts; i n c l u des ta l u s ,  rock creep apron s ,  s l u mped 
so i l  cones , etc . 

Compa c t i o n :  Vo l u me redu c t i o n  of sed i m e n ts u n der  th e l oad o f  over l y i ng st rata a c compa n i e d  b y  dec rease 
in  poros i ty and i nc rease in  dens i ty . 

Concho i da l  frac ture : The sh e l l - l i ke ,  fu rrow e d ,  c u rv i p l a na r  fra c t u re su r fa c e  c h a r a c t er i s t i c of su c h  h ard , 
br i t t l e ,  n o n -c l eava b l e su bsta n c es as q u a r tz , c h er t ,  obs i d ia n ,  w i n dow g l ass , etc . 

Conforma b l e :  D efi ned  as th e r e l a t ion  th a t  e x i s ts b e tw e e n  beds or s trata i n  p l a c es w h ere  each l i es i n  u n ­
broken sed i me n tary su c c e s s i o n  u po n  i ts n e i g h bor , w i th bedd i ng p l a n e s  genera l l y  para l l e l . 

Coqu i n i t e :  Fragmenta l l i mesto n e  composed of w ho l e  sh e l l s  and s l abby s h e l l fragm e n ts . 

D �c o l l e m e n t :  A t y p e  of  deformat i o n  i n  w h i c h  a s h e e t  of sed i m e n tary ro c k  brea ks loose fro m t h e  u nder ­
l y i n g for m a t i o n s  a n d  fo l ds i n dependen t l y . 

D e tr i ta l :  Refers to ma ter i a l  eroded from pre -ex i st i ng roc ks , a n d  to the c l a s t i c  ro c k s  fo rmed by t h e  depo­
s i t i o n  o f  such m a te r i a l .  

Detr i tus :  Fragmenta l  mater i a l  d er i ve d  fro m pre -ex i s t i ng roc ks by w e a th e r i ng  a n d  ero s i o n . 

D ev i tr i fi e d  roc k :  Roc k o r i g i na l l y  c o m posed i n  w h o l e  or i n  par t of vo l ca n i c  g l ass ,  w h i c h , w i th th e passage 
o f  t i me a n d  u nd e r  p roper c o n d i t i o n s , has c r y s ta l l i z ed to n ew l y  fo r m e d  m i nera l gra i n s  of m i c roscop i c  
s i z e . Th e proc ess g iv e s  the roc k  a du l l ,  sto ny appeara n c e .  

D i as troph i s m :  T h e  processes b y  w h i c h  th e earth ' s  c r u s t  i s  d e fo r m e d , and  th e e v e n ts o f  the  defo rmat i o n . 

D i ag e n e s i s :  Th e c h em i c a l  a n d  p h y s i c a l  c h a nges that  take p l ac e  i n  s t rat i fi e d  surf i c i a l  r o c k s  a fter  depo ­
s i t i o n ;  i n  th eory , not  i n c l u d i ng m e tamorph i c  e v e n t s . 
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D i k tytaxi t i c :  Refers t o  a n e t - l i ke tex tu r e  o f  l avas d i s t i ngu i sh e d  b y  t h e  abu ndance o f  j a gg e d ,  i r r egu l a r  
ves i c l e s or  ga s c av i t i es bou nded b y  c rysta l s ,  so me of  w h i c h  pro tru de i n to t h e  c av i ti es .  

E c h i noderm p l a tes :  T h e  s i ng l e -crysta l c a l c a reous p l a tes of seg m e n te d  e c h i noderm s k e l e tons , O S  in  ec h i ­
noi ds o r  c r i n o i ds . 

Eco l ogy: The s tudy of th e m u t u a l  r e l a ti o nsh i ps between organ i sms a n d  the i r  e n v i ron m e n ts . 

E ffu s i o n :  A pou r i ng o u t  o r  e j e c t i o n  a t  t h e  earth ' s  surfac e .  

Epi c l as t i c :  Refers t o  roc ks  composed o f  part i c l es der i ved from m e c ha n i c a l  d i saggreg a t i o n  o f  p r e - ex i st i n g  
roc k s ,  s h a p e d  a n d  s i z e d  by d i spersa l i n  su rfa c e  wa ters o r  w i nds , a n d  depos i ted b y  th ese a g e nc i es .  

E u tax i t i c :  A term a pp l i e d  t o  t h e  s tru c tu r e  o f  c erta i n  w e l ded pyro c l a s ti c  roc ks (se e  b e l ow )  h a v i n g  a 
streaked appeara nc e d u e  to the a l ternat i o n  of l enses of d i ffere n t  c o l o r ,  compos i t ion , or tex tu r e . 

E u g eosyn c  I i n e :  A vas t ,  e l o nga te be l t  o f  th e earth ' s  c ru s t ,  t h e  su r fac e o f  w h i c h  subs i des o v e r  l o n g  per i o ds 
of t i m e , w h i l e  p ro c esses o f  vo l c an i sm a n d  sedi m e n ta t i o n  c o n c u r re n t l y  f i l l  th e spa c e  thus  formed w i th a 
g row i ng p r i s m  of stra t i f i e d  ro c k s . 

Eux i n i c :  Refers to env i r o n m e n ts a n d  sed i me n ts o f  poo r l y  oxygenated bas i ns where  w a te r  c i r c u l at ion  i s  
restr i c ted , bottom sed i me n ts are  b l a c k ,  a n d  tox i c  gases a r e  l i berated i n to the  wa ters b y  th e a n aerob i c  
decay o f  orga n i c  debr i s . 

Fac i es : Any part i c u l a r d i st i n c t i v e  charac ter i s t i c  d i sp l ayed l o c a l l y  by s trata w hose l a te r a l  equ i va l e n ts 
are d i ffere n t . 

Fau nu l e : An assem b l age of fos s i l a n i m a l s  fou n d  together  i n  a par t i cu l ar p l a c e ,  u sua ll y  co n fi ned to a 
s i n g l e  s tr a tu m  or th i n  sequ e n c e  of s tr a ta . 

F e l sophyr e :  A n y  p a l e -co lored  vo l ca n i c  roc k composed o f  a m i no r i ty of  v i s i b l e c rysta l s ,  m a i n l y  of  quartz 
a n d  fe l dspar , s e t  i n  a s to n y  g rou ndmass w hose c rys ta l l i n e  const i t u e n ts are too sma l l to be i n d i v idu a l l y  
v i s i b l e .  

F i ss i l i ty : T h e  c l eavag e o f  sha l es ,  wh ereby the roc k  c a n  be sp l i t  i n to a r b i trar i l y  th i n  p l ates . Th e brea k ­
a g e  i s  c o n tro l l e d  b y  the  tenden c y  for t h e  m i crosco p i c  p l ates o f  th e c o ns t i tu e n t  c l ay m i nera l s  t o  b e  
a l i g ned para l l e l  to beddi n g . 

F l ow m ar k i ng s :  Any of a va r i e ty of k i nds of convex mar k i ngs  o n  the so l es of sandsto n e  beds formed as 
casts  or coun terparts of  concave mark i ngs c u t  by c u rrents  mov i ng over th e u n der l y i n g  f i ner gra i n e d  
sed i m ents  before or as th ey w ere b u r i e d  (see a l so :  so l e  mar ki ngs) . 

F l u te casts :  San dstone so l e  fea tures  of f l ow -mark type; fan -shaped i n  p l a n  v i ew ,  w i th the most r e l i ef a t  
t h e  apex , wh i c h  po i n ts i n  a n  u p -c u rr e n t  d i r e c ti o n . 

Fo l i a t i o n : G en era l term for p l a na r  or l ayered s tru c tu r a l  e l e m e n ts or pa tterns  i n  rocks  fo r m e d  by mass 
deformat ion  dur i ng me tamorph i s m ,  bu t not  i n c l u d i n g sed i m e n tary s tra t i fi ca t i on . 

Forma t i o n :  T h e  fu n da m e n ta l  u n i t  i n  roc k -strat i graph i c  c l as s i f i c a t i o n  a n d  t h e  bas i c  u n i t  for th e g eo l o g i c  
mappi ng o f  s tra t i fi ed roc ks; recog n i t i o n  based o n  i ts l i th o l o g i c  character . 

Framewor k :  App l i e d to the das ts of frag m e n ta l rocks , espec i a l l y sa n ds tones,  i n  wh i ch the sa n d  g ra i ns or 
o th e r  frag m e n ts const i tu te  a m e c h a n i c a l l y  fi r m  s tru c tu r e  capab l e  of suppor t i ng open pore spac e s ,  a l ­
though i n terst i c es may be o c c u p i e d  by c e ment  or matr i x . 

Graded beds:  I n d i v i d u a l  beds w h i c h  d i sp l ay a progr ess i v e  dec rease in  mean or  maxi mum gra i n  s ize fro m 
base to top . 

1 0 1 
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Grayw a c k e :  A mu c h -deba ted and va r iou s l y defi ned t e r m  for sedi m e n tary rocks; used h ere i n  the s e n s e  of 
G i l ber t fo r poor l y  sorted sandstones  in w h i c h  a dar k ,  i n durated matr i x  o f  s i l t  and  c l ay i n ters t i ti a l  to 
th e sa n d  gra i ns ma kes up more than 1 0  perc ent  of the roc k .  

Greensto n e :  A genera l and  i mprec i se  term for s l i g h t l y  metamorphosed mass i ve vo l ca n i c  ro c ks of green i s h  
h u e . 

G roov e casts :  San dsto ne so l e  fea tu res  of f l ow -ma r k  type; narrow l i near r i dges , the casts of grooves sc r i b e d  
i n  the u n d er l y i ng f i ner  gra i ned roc k ,  a l i g ned para l l e l  t o  th e f l ow di rec t i o n  of th e c u rr e n t  w h i c h  de ­
pos i ted th e sandsto n e . 

Grou ndmass:  T h e  f i n e -gra i ned mater i a l  betw e e n  the coarser c rysta l s  i n  a porphyr i ti c  roc k . 

Group :  Roc k -s tra t i graph i c  u n i t  co mposed o f  two o r  more asso c i a ted a n d  r e l ated for m a t i on s . 

Hac k l y :  Refers t o  a n  i rregu l ar ,  j agged frac ture surfa c e . 

Hya lopi l i t i c :  Refers t o  m i crosc o p i c  textu re i n  wh i ch t i n y  p l ag i oc l ase m i c ro l i tes  w i th h aphazard or i enta ­
t i o n  are enc l osed i n  v o l c a n i c  g l ass . 

I mbr i c a t i o n :  I n  fragmenta l roc k s ,  the current-c o n tro l l e d  arrange m e n t  o f  tabu l ar c l a s ts i n  the  manner  o f  
over l a pp i n g  s h i n g l es i n c l i ned u p -current  a t  a n  ang l e  t o  the beddi n g . 

I n terc a l a t i o n :  l nter l a m i n a t i o n  of d i ffere n t  k i nds  of rocks i n  vert i c a l  success io n ,  as o f  sands to n e  beds i n  
a sha l e  succ essi o n . 

I n tertongu i n g :  Latera l sedi men tary i n termi n g l i ng of d i fferen t  k i nds  o f  beds , as  a n  i n tertongu i n g  of  san d ­
s to n e  a n d  sh a l e  fac i es .  

I soc l i n a l : Refers to fo l ds i n  w h i c h  strata are so oppressed th at  oppos i ng l i mbs are para l l e l . 

Keratophyr e :  Soda -r i c h  a n a l ogue of a ndesi te . 

�: An i so l ated  b l o c k  o f  roc k  separated from u n der l y i n g  roc ks by a fau l t surfac e . 

Lapi l l i -tuff:  A poo r l y sorted pyroc l a s t i c  vo l ca n i c  roc k  composed of par t i c l es ran g i ng i n  s i z e  fro m th e 
f i nest  ash to c l a s ts abo u t  2� i nc h e s  i n  di a me ter . 

L i th i c :  Refers to sedi m e n tary or pyro c l as t i c  roc ks i n  w h i c h  roc k frag me n ts a re more a bu ndant  than m i n ­
�� grai n s . 

L i th i fi c a t i o n : The co nvers i o n  of u n conso l i dated sedi m e n t  to coherent  ro ck , common l y  through th e effe c ts 
o f  compa c t i o n  or c ementati o n . 

Load cast :  Any of a var i e ty of  i rregu l ar convex mar k i ngs o n  the  so l es o f  sandstone beds fo rmed as  pro ­
tru s i o n s  i n to the u n der l y i ng stratum o f  mu d or c l oy .  

Lu t i te :  Any roc k  for med b y  th e l i th i f i c a t i o n  o f  sedi m e n t  composed m a i n l y  o f  c l ay a n d/or s i l t  (th u s ,  
part i c l es l ess tha n  0 . 0625 m m  i n  d i ameter ) . 

Matr i x :  D e tr i ta l i n terst i t i a l  fi l l i ng o f  s i l t  o r  c l ay -s i zed pa rt i c l es i n  a sandsto n e  or  cong l o m era te; a l so ,  
the gro u n dmass o f  porphy r i t i c  i g n �ous  roc ks .  

Member:  Roc k -stra t igraph i c  su bdi v i s i o n  of a fo rm a t i o n , recog n i zed on the bas i s  of l i tho l o g i c  var i a t i on s .  

Mesostas i s :  T h e  i n ters t i t i a l  mater i a l , commo n l y  g l assy , betw e e n  t h e  l arger mi nera l crysta l s  o f  a vo l ca n i c  
roc k . 
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Metaso ma ti s m :  Th e processes by w h i c h  one  m i n era l or m i nera l  aggregate is rep l a ced by ano t h er of  par t l y  
o r  w ho l l y di ffer i ng c !-. e m i c a l  composi t i o n  ow i n g  to th e i n trodu c ti o n  o f  mater i a l  fro m  ext er n a l  sou rces . 

Mu dfl ow : Rapi d dow n s l o p e  f lowage of h e terogeneous debr i s  i n c l u d i ng a l arge propo r ti o n  of muddy matrix 
i n  w h i c h  var ious  o b j e c ts o f  l arge s ize may be enc l osed and tra nsported . 

Mu dsto n e :  Massi v e ,  soft roc k  formed b y  t h e  l i th i f i c a t i o n  o f  m u d ,  tha t  i s ,  m i xed c l ay a n d  s i l t; l a cks  fi s ­
s i l i ty bu t may d i sp l ay cons i s tent  nodu l ar or b l o c ky fractu re . 

N er i t i c :  Refers to the enviro n m e n t  o f  sha l l ow mar i ne w a ters exte n d i n g  i n  dep th a pprox i ma te l y  to the  
l ow er l i m i t  o f  e ffec t i v e  penetra t ion  of radi a n t  su n l i g h t  a t  a bou t 1 00 fathoms (600 fee t) . 

O n l ap :  I n creas i ng l y  grea ter area l extens ion  o f  su c c essi v e  sed i me n tary roc k u n i ts; fo rmed as a s e a  trans ­
g resses ac ross a n  eros i o n  surfac e . 

Oroge ny: Mou n ta i n  forma t i o n ,  part i c u l ar l y  th e fo l d i ng and fau l t i ng of  eug eosyn c l i na l  pr i sms of  roc k a l ong 
the i r  be l t - l i ke tren d .  

Over l ap :  Exten s i o n  o f  o n e  format ion  beyon d  o tfiers b y  cover i n g  t h e i r  eros i o n -bev e l l ed edg es . 

Pi l o ta x i t i c :  Refers to m i c rosco p i c  texture o f  vo l c a n i c  rocks i n  w h i ch t i n y ,  i n terwoven p l a g i o c l ase m i c ro ­
l i tes a r e  arrang e d  i n  su b -para l l e l  a l i g n m e n t  a s  a resu l t  o f  magma f low . 

Po l ym i c t i c :  Refers to sedi mentary roc ks , espec i a l l y  cong l o merates , composed o f  c l a s ts der i ved from a 
var i ety of source ro c k  types . 

P ipe : A c y l i nd r i c a l  i n tr u s i v e  body . 

P l u ngi ng stru c ture :  Any fo l d  w h ose a x i s  of f l exure i s  i n c l i n e d  to the hor izonta l . 

Porphyro -aph an i ti c :  Refers to the texture o f  a roc k ,  usu a l l y  vol c an i c ,  i n  wh i ch l arge v i s i b l e crysta l s ,  
c a l l ed p h e nocrysts ,  a r e  s e t  i n  a n  apha n i t i c  gro u ndmass . 

Porphyro b l asts :  Crysta l s  of metamorph i c , common l y  metaso m a ti c ,  o r i g i n that  have g row n in p l a c e  in a 
roc k to s i zes greater than th ose of th e other cry sta l s  i n  t h e  roc k . 

Presso l u t i o n  (pressure so l u ti o n ) :  S o l u t i o n  a t  t h e  con tac t su rfa c es of  gra i ns i n  fragmenta l rock; the  r esu l t ­
i ng e n l arg ement  of conta c t  su rfaces redu c es pore spa c e  a n d  t i gh t l y  w e l ds the  roc k .  

Pyroc l ast i c :  Refers to ma ter i a l s  forc i b l y  exp e l l ed fro m vol c a n i c  vents  as  fragmenta l ej e c ta . 

Provena n c e :  Th e terra ne from w h i c h  th e detr i ta l  mater i a l  w i th i n  a g iv e n  set of sed i me n tary strata. was 
der i ve d  by eros ion;  embodi es concept  o f  sou rc e rocks p l u s  mod i fi c at ions  pro du ced by w eather i ng . 

Reefo i d  roc k s :  An ac c u m u l a t i o n  of hard , u n stra t i f i ed bioge n i c  mater i a l  as a r i dg e  of ro c k  at or near  sea 
l eve l . 

Ru d i te :  Any roc k  formed by th e l i th i fi c a t i o n  of sedi m e n t  co mposed mai n l y of gra v e l  (th u s ,  part i c l es 
--g;=;a ter  than 2 m m  i n  d i a m eter) . 

Rugos e :  App l i e d  t o  foss i l s  w i th charac ter i s t i c s tro ng l y  a n d  i rregu l a r l y  w r i n k l ed surfaces . 

Sess i l e :  App l i e d  to orga n i sms
' 

that  l i v e  c l ose l y  a ttac h ed to oth er obj e c ts a n d  never o r  rare l y  move a bo u t  
u nder the i r  own power . 

S h e l f: A mar i n e  bo tto m of g en t l e  s l o p e  i n  sh a l l ow wa ters . 

1 03 
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So l e  mar k i ngs: A g enera l term for geometr i c  patterns ,  mai n l y  convex i rregu l a r i t i es of  surfa c e ,  o n  the 
so l es of sandsto n e  beds; restr i c ted to fea tures that formed abou t the t i me o f  deposi ti o n  when th e sed i -
ment  was u n conso l i dated . 

. 

Spi cu l e : Ti ny s i l i c eou s or c a l careous obj ec t ,  commo n l y  needl e -l i ke or bra nc h i n g ,  contai ned i n  the ti ssues 
of  certa i n  i nv er tebrates,  su c h  as sponges . 

S tage:  A t i m e -stra tigrap h i c  u n i t  e mp l oyed to c l ass i fy  roc ks as the record of a spec i fi c  i nterva l of t i me 
w i thou t regard to l i tho logy; recog n i t i o n  based o n  the pos i t i o n  of  i ts foss i l s  in the evo l u t ionary su ccessi o n . 

S u bstrate: A general  term to denote mater i a l  o f  type and propert i es d i fferent  from a n  over l yi n g  cover . 

Superpos i t i o n :  The order i n  w h i c h  stra t i f i ed roc ks a r e  depos i ted i n  su cc ession one a bove the o ther . 

Tec toni c :  Refers to geo l og i c  featu res and proc esses perta i n i ng to or resu l t i ng fro m deforma tion of t h e  
earth ' s  crust . 

Ter r i g enous :  I n  se d i m e n tat i o n ,  refers to detr i ta l  mater i a l  der i v e d  fro m the eros ion of l a nd areas . 

Tests:  S ma l l hard cover i ng or support i ng stru c ture of som e  i nvertebra te an i ma l s ,  espec i a l l y  o n e -ce l l ed 
forms; may be enc l osed w i th i n  l i v i ng t i ssue wh i l e  the an i ma l  l ives . 

Tong u e :  A l oca l rock -strat i grap h i c  u n i t  know n to wedg e  ou t l a tera l l y  betw ee n  strata o f  d i fferen t l i tho l ogy 
and to merge i n  th e other d i rec t ion w i th a l a rger  th i c kness o f  strata o f  I i ke l i tho l ogy , perhaps a forma­
tion o f  w h i c h  th e w edge i s  sa i d  to  be a tong u e . 

Turbi d i te :  Sed iment  or sedi mentary r o c k  i n ferred t o  have b e e n  depos i ted from a turbi di ty c u rrent . 

Tur b i d i ty cu rren t :  A turb i d  mass of m i xed sedi ment  a n d  water w h i ch ac ts as a semi -homog eneous fl u i d  and 
pou rs dow n s l ope beneath a body o f  c l ea r ,  st i l l  wa ter because of  the g reater dens i ty of  the sed i me n t ­
l aden wa ter , mu ch as wa ter w i l l  fl ow u n der o i l ;  i dea l l y  conc e ived as tu rbu l en t  f l ow of  a mu ddy su s ­
pens ion , bu t pro ba b l y  gra d i n g  i n  nature to submar i ne l an d s l i des o n  t h e  one h a n d  a n d  to san d  r u n s  or  
gra i n -dispers ion f lows on th e other . 

V i troc l as t i c :  Refers t o  rocks · whose fragmen ta l  textu re i s  do m i nated b y  t h e  abu nda nce ot g l ass shards . 

Vi trophyre:  Any vo l ca n i c rock co mposed of a m i nor i ty of v i si b l e  crysta l s  set  in a g l a ssy grou n dmass . 

Vo l ca n i c l ast i c :  Refers to fragmental  roc ks,  whatever the deta i l s  of th e i r  h i story , whose const i tu ent  
par t i c l es are compo sed of  pro du cts of vo l ca n ism . 

Wac ke : I n  the u sage of G i l bert ,  a sandstone contai n i ng mare than 1 0  perc ent si l t  a n d  c l ay i m pu r i t i es i n  
�i n tersti ces  betw een the gra i ns .  

Warp i ng: Gent l e  fo l d i ng of roc ks in the earth ' s  crust resu l t i ng in s l i g h t  c h a nges in e l evation or bendi ng 
o f  strata . 

We l ded tu ff: Pyroc l a s t i c  vo l ca n i c  roc k  w hose consti tu e n t  g l assy par t i c l es w ere so hot  a t  th e t i me of depo ­
s i t i o n  tha t the parti c l es w e l ded thems e l v e s  to one anoth er; commo n l y  th e g l assy materi a l  was hot 
enough to be p l ast i c  so that i rregu l ar shards , frothy p u m i c e  b l o c ks ,  e tc . ,  are compressed by the w e i g h t  
of  a c c u mu l a t i ng mater i a l  to for m  c haracter i st i c banded or  eu tax i t i c  s tru c tu r e . 

Zone:  I n  th i s  report synonymou s w i th fau n i zone , wh i ch may be defi ned as a su ccess ion of beds c haracter ­
--rzed b y  a n  assembl age o f  orga n i sm s ,  suc h  assemb l age be i ng recog n i z e d  b y  t h e  j o i nt occurrenc e of  c e r ­

ta i n  fo rms w i th d i fferen t ,  bu t over l ap p i ng , tota l ranges i n  the t i m e  span of t h e  geo l og i c co l u m n; thu s  
a t i m e -stra t i g rap h i c  u n i t  whose recog n i ti o n  i s  based u po n  t h e  order l y evo l u t ionary sequ ence o f  c hangi n g  
o rga n i sms;  e a c h  stage is  composed of severo I zones . 
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Folds: Upright and overturned anticline; syn.cline ; showing directkm wui arrumlU of plunge . 

.. 
Strike and dip of bedding: Upright, overturned, vertical, lwrizomal. 

J:vrerw, if included in symbo l ,  indicates direction thor beds 
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E X P L A N A T I O N  

Landslides 
Slumps, block glides, debris flows, talus. creep deposits 

masking bedrock 

� 
Alluvium 

Valley flats, fans. basin fills 

-�-�-�. UNCONFORMITY � 

Uol z Uol u 

G 
Welded Soda-Rhyolite Tuff-Breccia 

Includes welded tuff and lapilli tuff (=Ralllesnake Fm.?,= 
Danforth Fm. ? )  

Q � UNCONFORMITY ---------------

.... D. 

w 
Diktytaxitic Olivine Basalt 

-------------- UNCONFORMITY ---------------

0 
Lacustrine Beds 

Variegated soft tuffs and clays (=Mascalt Fm.?) 

--------- UNCONFORMITY -�-�-�-

- � Tpi-� 
Picture Gorge Basalt 

Black aphanitic and porphyro-aphanitic basalt Tpi, dolerite 
feeder dikes ; includes minor gravels 

� UNCONFORMITY� 
Uol z Uol u 0 Uol 

b\f&�YJ 
Mudfiow Breccia 

I nrlud�>s int�>rcalated amygdaloidal basalt 

�on z -------- UNCONFORMITY -------------­

::::> � 
o z  Uol � u :E 

Bernard Formation 
Yellowish-brown, ralcareolLs & limonite. pebbly sandstone � 0  � z  

U � -------------..UNCONFORMITY -------------

z � 
> 0 .... .... 
<( u 

G 
Lonesome Formation 

Gray volcanir sandstone and black mudstone 

r: . Jtm·: . , I 
Magill Member 

Black mudstone with minor intercalated sandstone 
and I irne stone 

l1��:��!1f�5 ;·;;;j 
Officer Member 

Black t.o green mudstone with resistant volcanic sandstone 
and vitrorlastic tuff layers 

� 
Rosebud Member 
Black to green mudston�> 

z 0 
t= � :E 
Cll:: 0 
LL 
Uol 
C) 0 
Cll:: a3 
� 0 Cll:: .... 

----------- UNCONFORMITY -------------
(Younger Jurassic units absent in west of area) 

Shaw Member 
Gray shale with minor limestone and sandstone 

Z Z 
I Jsby <:3-Jsbv 

� � Basey Member � � A ndesitic lava. tlLff. and vokaniclastic rocks with minor 

� � mudstone; ] sbv: Lava flows & flow-brecrias � � 
a3 II:ID -

Warm Springs Member 
Gray silty shale and mtulstone 

Weberg Member 
Sandy limestone and calcareous sandstone 

LL 0 
.... "' w 
� 
z 
z 0 
..... � :E 
Cll:: 0 
LL 
w 0 
:I: 
"' 

� 0 z UNCONFORMITY � 

z � 
u 
Cll:: � 
0 .... 

�­z � 
:I: u � 
II:ID 
"" z Uol 
.... D.. 

z 
� 
C) z � 
I= 
Uol 
:I: 
z � 
t= Uol � 
:I: 
Cll:: 

I z � 
Cll:: 

0 
HYDE FORMATION 

Blue-gray andesitic tuff arul sandstone 

Jmnv 
NICELY FORMATION 

Black concretionary shale with minor sandstone 
Jmnv andesite lava flow 

Jms 
SUPLEE FORMATION 

Calcareous sandstone 

ROBERTSON FORMATION 
Basal conglomerate, andesitu: sandstone, plicatostylid 

biostrnmal limestone 

��----�---- UNCONFORMITY---------------

GRAYLOCK FORMATION 
Gray to hlark sill.!lone with gray to black limestone 

in lower part 

RAIL CABIN ARGILLITE 
Black to green argillite and felsitic tuff 

0� UNCONFORMITY ------------­z lltbr <3-Rbrv 
BRISBOIS FORMATION 

Black, gray, and grPen mudstone with intercalated sandy 
limestone, calcareous sandstone, and tuff; 

'll brv Volcanic member of spilite and keratophyre lava, 
vitroclastic felsite tuff, and volcaniclastic sarulstone 

BEGG FORMATION 
Gray to grePn lutite with intercalated chert-grain 
ss. & chert-pebble cg., polymictic breccia & cg., 

volcaniclnstirs & minor lava, and rare biorlastic Is. 

--------------- UNCONFORMITY -------------

SERPENTINE 

PALEOZOIC ROCKS 
Varicolored flinty felsite, limestone, and chert 

( upper member extends into Callovian) 

SNOWSHOE FORMATION 
Lower member of gray to black lutite; 

middle member of same interbedded with green volcaniclastic 
siltstone and sandstone; 

upper member of dark lutite with intercalated calcareous sand 
stone. 

Jssv : Silvies Member 
of volcaniclastic andesitic conglomerate and sandstone ir>ter· 
bt<dded with lutite 

(lower member exter>ds into Toarcian) 

r:_: �-> �· ,<'. 1 
Caps Creek beds (see text ) 



A g e  i n  P e r i o d  E p o c h  
M i  I I  i o n s  o r  o r  
o f  Y e a r s  P o r t  o f  A g e *  

P e r i o d  

...: <{ RECENT 
::;) 

PLEI STOC E N E 0 

P L I OC E N E  

>-"" 
::; 1-"" u.J 1-
u.J 1-
<{ 
_J 

MIOC E N E  

25 
O L I GO C E N E  

>- �  --' <{  "" - EOC E N E  
<{ I-w "" u.J 1- PALEO C E N E  

63 
MAESTRICHTIAN 

V) ::;) S E N O N I A N  0 TURO N I A N  w u.J  i- U  
<{ <{  
_J 1-

u.J 1 C E N O MA N I A N  "" 
u i 

>- . A L B I A N  _j l-
APT I A N  a:: u.J 

<{ "" 
N EOCOMIAN w U  

1 35 -+----1------------+ 

l BO 

� V) V) 
<{ 0:: ::;) --. 
w 1-
<{ 
_J 

� 
V) V) 
<{ "" ::;) --. 
u.J 
_J 
0 
0 
� 

� 
V) 
V) <{ "" ::;) 
>-
_J "" <{ 
u.J 

u 
V) 
V) <{ ;;;:: 1-
u.J 1-
<{ 
_J 

PORTLA N D I A N  
K I MME R I D G I AN 
OXFO RD I A N  

CALLOVIAN 

BAT HO N I AN 

BAJ OC I A N  

TOARC IAN 

P L I E N SBAC H IAN 

S I NEMURIAN 

HETTA N G I A N  

RHAET IAN 

N O R I A N  

KARN I A N  

S T R A T I G R A P H I C  C O L U M N  
S u p l e e  A r e a  ( W e s t )  l z e e  A r e a  ( E o  s t )  

Al l u vium (Qa l )  and Lands l i des (Q i s) 

Shaw Member (Jssh) 
750 ft.  z 

Q 1-
<{ 

Basey Membe�Jsby) � "" 
0 

0-2500 ft . u... 
u.J 

0 
I 

Warm Spri ngs Mem . V) 

3: (Jsws) 200-300 ft. 0 
Weberg Member z 

V) 

(Jswb) 0-200 ft . 

Magi l l  Member (Jtm) 
2000 ft . 

Officer Member (Jto) 
1 00-500 ft . 

(Jtr) 

upper member 
2000 ( ? )  ft. 

m i dd l e  
member 

1 000 ft . 

S i l v ies 
Member 
(Jssv) 

0-1 500 ft . 

lower member 
500-750 ft . 

? ? ? 
Gray lock F m .  (Jg) 

500 ft . 

? 

� u... 
u.J 
" 
0 

z 
0 

w 

0 
I 
� 0 z 
V) 

Rail  Cabin Arg i l l ite (TRrc) 
2000 ft . 

* Note: Spac i ng of age boundaries is not proportioned to their duration . 

P L A T E  I l l .  G E O L O G I C  H I S T O R Y  O F  T H E  S U P L E E - I Z E E  A R E A  

F A U N A  

None 

Age rel ations establ ished by superposi tion and by cor ­
rel ation w ith fossi l i ferous rocks to the north (Thayer,  
1 956 a ,  b ,  c; Merr iam , 1 90 1 ;  Merriam and oth ers , 
1 925), West (Chaney, 1 927; Wi l k i nson ,  1 939 b); and 
south (Piper and others, 1 939).  

None 

Common pel ecypods, rare ammoni tes . 

None 

Rare ammoni tes . 

Rare ommonites, p e l ecypods . 

None 

Rare ammonites, pel ecypods . 

None, possi b ly  undetected h ictu s .  

Rare ammoni tes a n d  pel ecypods, probably of Otoi tes 
sauzei Zone, in Shaw Member . 

Common ammonites, probably of Otoi tes sauzei Zon e ,  
a n d  Pos idonia i n  Basey Member a n d  m i ddle member . 

Lower to middle Baiocian ammonites and pel ecypods; 
abundant in Weberg and Warm Springs Members; com­
mon i n  lower member; abundant Posidoni a .  

Common ammoni tes o f  Lytoceras i u rense Zone i n  
lower 1 00 ft . of lower member . ---

None diagnostic .  

Common lower to midd l e  Toarc ian ammonites . 

Abundant pel ecypods; common ammon i tes . 

None diagnosti c .  

None 

Ammonites col l ected by Thayer (w ritten communi ­
cation,  1 96 1 ) .  

Common ammoni tes i n  Gray lock Fm . 

None 

Rare ammoni tes . 

Common ammoni tes and pel ecypods of Tropites 
subbu l l atus Zon e .  

---

Rare pel ecypods and coel enterates of proba b l e  
Karnian Age .  

None 

Rare lower Permian fusu l i ni d . 

S E D I M E N T A T I O N  

Marine deposition o f  l i th i c  (vo l ca n i c )  graywac ke, 
probab l y  i n  deep water by turb i d i ty currents , and 
intercalated dark mudstone . 

Morine deposition of dark mudstone w i th th i n  i nter­
cal ations of volcanic sandstone; probably deep water . 

Marine deposition of dark mudston e ,  vo l canic gray­
wacke, and v i troclastic rhyodacite ash . 

Marine deposition of dark mudstone; probably i n  
sha l low water . 

Marine deposition of l am i nated dark l u ti te with 
i ntercalated thin sandstone and l i mestone beds; 
probably at sha l l ow to moderate depth s .  

Middl e member o f basinal inter laminated dark lut ite and 
graded vo l canic lastic s i l tstone at l zee; grades east to 
graded andesiti c ss .  & cg . of S i l vies Member and grades 
west to shal l ow ( ? ) water vo l cani c l astic rocks and m i ­
nor lava of Basey Member at Su p I ee . 

Lam i nated dark l utite of lower member at l zee and 
eastward probably deposi ted at moderate depth; 
passes westward to dark l utite tongue of Warm Springs 
Member, transgressive sha l l ow mar i n e  sandstone of 
Weberg Member, and hiatus at unconformity . 

Marine deposition of andesitic tuff and vo l canic 
sandstone at she I low to moderate depths . 

Mar i n e  deposition of b lack sha l e .  

Mar i n e  deposition o f  sha l l ow water sandstone w ith 
mi nor l imestone and cong lomerate . 

Mar i n e  depos ition of mai n l y  l u ti te . 

Marine deposit ion of volcanic s i l tstone and 
cal carenite . 

Marine deposition of dark argi l l i te w i th i ntercalated 
fel s i ti c tuff and minor fragmental l i mestone . 

Shal low marine deposition of fels ite l ovo and tuff, 
chert,  and l i mestone . 

V O L C A N I S M 

Possib l e  conti n u i ng eruption of andesitic pyroc lastic 
debris in nearby areas . 

Explosive pyroc lastic eruption of rhyodacit ic  ash . 

Probably no active vo l canism; andesi t ic  detritus 
common in rock sequence . 

Contemporaneous eruptions, do m i nantly pyro c l asti c ,  
of augite andesite supp l i ed nearly al l detritus i n  
rock sequence; two th i n  lava flows near Sup l e e . 

Probab ly no active vo l canism; andesi tic detritus 
abundant in rock sequenc e .  

Pyro c l astic eruptions o f  augite andesite supp l i ed a l l  
detritus to basi n .  

Augite andesite lava f low (50 ft . )  at Big F l a t .  

Pyroc lastic eruptions of augite andesite supp l i ed 
most detritu s .  

Record uncertain; poss i b l e  eruption of andesitic 
pyroc I est i cs . 

Explosive pyroc lastic eruption of s i l i c i c  ash . 

Eruption, largely pyro c l asti c ,  of s i l i c i c  vo l canic 
roc k ,  largely dac i te . 

D I A S T R O P H I S M 

Con tinu i ng u p l i ft ( ? )  and erosion . 

Gentl e fo l ding,  up l ift ( ? ) ,  and deep erosion . 

Conti n u i ng(? ) erosion . 

Gentle fo l ding,  upl ift ( ? ) ,  and erosion . 

Conti nuing ( ? )  erosion . 

Gentl e fo l di ng ,  up l ift ,  and erosion accompanied by 
normal fau l t i ng .  

Subsidence as shal l ow marine sh e l f(? ) .  

J U RAS S I C -C RETACEOUS ORO G E N Y . 
Strong fo l ding near Supl ee; i ntense fo l di ng neor 
l zee; reverse fau l t i ng east of l zee; up l ift and deep 
erosion .  

Rap i d  and deep subsidence of at l east 2� mi l es ,  
appare ntly entirely during a part o f  Cal lovian Age; 
time at end of subsidence and deposition unknown; 
probab l e  development of deep tectonic trench , 
poss i b l y  l i nked to adiacent tecton i c  and vo l canic 
is land arc , and possibl y of regiona l extent. 

Warping,  upl ift, and erosio n .  

Moderate subsidence, probably somewhat greater i n  
" l zee bas i n "  i n  the east than o n  " S u p l ee p l atform" i n  
t h e  west; active andesitic vo l canism suggests l i ke l i ­
hood o f  diastrophism i n  nearby areas . 

Warpi ng , up l i ft ,  and erosion near Suplee,  unbroken 
sedimentation near lzee . 

Subsidence of shelf  formed by i nundation of erosion 
surfac e . 

OC HOCO OROGE NY; i ntense fo l ding near Suplee 
dec l i n i ng to the east; reverse fau l ti ng . 

- ? - ? - ? - ? - ? - ? - ? - ? - ? - ? - ? - ? - ? 

Deta i l s  u n known owing to u ncertainty regarding age 
o f  Caps Creek beds . 

Subsidence of sh e l f ( ? ) ,  probably marg i n a l  to rapi d l y  
subs i d i ng tectonic basins t o  t h e  N E  (see Thayer a n d  
Brow n ,  1 961 ) .  

Gent le fo l d i n g ,  up I ift, and erosion .  

Rapid and deep subsidence of at l east 2� mi l es ,  
apparently entirely during Karnian Age; probably 
i n  local tectonic basin adiacent to tectonic 
h ig h l and of rugged rei i ef .  

PERMI A N -T R IASSIC O RO G E NY 
Moderate to strong fo l di ng ,  rock a l teratio n ,  i n ­
trusion of serpen tine,  a n d  deep erosio n .  

Subsidenc e .  
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