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T h e  co asta l v o lcan ic  b e lt o f  th e  n o rth eas te rn  U n ited  S ta te s an d  N ew  B ru n sw ick  co n sis ts  o f  a  b im o d a l se q u en ce  o f  m arin e  

to  su b aeria l S ilu rian  and  E arly  D ev o n ian  v o lcan ic  and  a ssoc ia te d  sed im en ta ry  rocks. T h e  M asca ren e  lith o stra tig rap h ic  te rrane  

o f  N ew  B ru n sw ick  is  p ro b ab ly  th e  n o rth e rn  ex ten sio n  o f  th is  belt. T h is  p ap e r describ es th e  v o lcan ic  stra tig rap h y , e ru p tiv e  and 

d e p o s itio n a l s ty les, p a leo g eo g rap h y  an d  tecto n ic  se ttin g  o f  a  125 k m 2 area  o f  th e  M asca ren e  te rrane  lo c a te d  a long  th e  co as t o f  

P assam aq u o d d y  B ay . T h e  a rea  m ap p ed  inc lu des a  ~  3.5 k m  th ic k  b im oda l an d  suba lk a lin e  v o lcan ic  seq u en ce  o f  in te rb ed d ed  

rh y o litic  an d  b asa ltic  flo w s an d  p y ro c la stic  ro ck s and  te n ig en e o u s  sh a le  an d  sandsto ne . T h e se  ro ck s  w ere  in tru d e d  b y  th e  St. 

G eo rg e  B a th o lith  an d  o v erla in  u n co n fo rm ab ly  b y  th e  L ate  D ev o n ia n  P erry  F o rm ation . T h e  area  is d iv id e d  in to  53  lith o lo g ic  un its 

w h ich  are  m ap p ab le  a t a sc a le  o f  1:10,000. R h y o litic  ro ck s a re  vo lu m etrica lly  m o st im portan t.

H aw aiian , S tro m b o lian , P lin ian  an d  V u lcan ian  e rup tive  sy stem s are  rep resen ted . T h e  m afic  u n its  fo rm  flo w , sc o ria  co ne, 

p h rea to m ag m atic  tu ff  co n e , an d  p ep eritic  b recc ia  deposits . T h e  fe ls ic  u n its  w ere  em p laced  as w e ld ed  and  n o n w e ld e d  air-fall, 

ash  c lo u d , g ro u n d  an d  b ase  surge, and  p y ro c la stic  flo w  deposits , as w ell as lav a  flo w s and  dom es. T h e re  a re  th ree  cyc le s o f  m a fic / 

fe ls ic  vo lcan ism . T h e  sha le , sand sto n e  an d  m u d sto n e  un its in  th e  lo w er p a r t o f  th e  sec tio n  are  litto ra l d eposits . T h e  u p p erm o st 

sed im en ta ry  ro c k  u n it is  a  flu v ia l deposit. T h e  v o lcan ic las tic  u n its  p rim arily  con tain  a ir-fa ll vo lcan ic  frag m en ts w ith in  th e  litto ral 

sed im en ts . R ew o rk ed  v o lcan ic  ro ck s a re  rare . A ll th e  sed im en ta ry  u n its  co n ta in  w e ll-p rese rv ed  cu sp a te  an d  sco ria ceo u s b asaltic  

and  rh y o litic  g lass  sh ard s, in d ica tin g  d ep o s itio n  in  a  lo w -en erg y  en v iro n m en t w ith  rap id  sed im en ta tio n  ra tes . S ed im en ta tio n  w as 

co n co m ittan t w ith  v o lcan ism  an d  th e re  w ere  n o  m ark ed  perio d s o f  v o lcan ic  q u ie scence . F acies an a ly sis  an d  u n it m o rp h o lo g y  

in d ica te  e ru p tio n s  fro m  m u ltip le  sm all v o lcan ic  cen tres. T h e  basa ltic  flow s, ho w ev er, c o n s is ten tly  f lo w ed  fro m  th e  n o rth  and  

n o rth e a s t to  th e  so u th  su ggesting  eru p tio n  fro m  a s ing le  r if t sy stem . S evera l dep o s itio n a l se ttin g s  w ere  con s id ered , b u t 

co n s id erin g  co n s tra in ts  b ased  o n  (1 ) co m p o sitio n  o f  th e  v o lc an ic  rocks, (2 ) n a tu re  o f  vo lcan ic  cy c les , (3 ) th ic k n ess  o f  th e  se quence  

and  th e  su b s id en ce  h is to ry , (4 ) ra te s o f  sed im enta tion , (5) facies re la tionsh ips, an d  (6) sy n v o lcan ic  s tru c tu res , th e  m o s t likely  

se ttin g  is  a  v o lcan ic  p la tea u  lack in g  la rg e  ca ld eras lo ca ted  w ith in  a  con tin en ta l rift.

L a  ce in tu re  v o lcan iq u e  c o h e re  d u  N o u v eau -B ru n sw ick  e t d u  n o rd -o u est des E ta ts-U n is  co m p ren d  une se rie  b im o d a le  de 

v o lcan ite s  m arin es  a  subaerien n es, d ’ag e  silu rie n  a  eodevon ien , e t les ro ch es  sed im en ta ires q u i leu r so n t asso ciees. L a  L an iere  

lith o s tra tig rap h iq u e  de  M asca ren e  rep resen te  p ro b ab lem en t l ’ex ten sio n  sep ten trio na le  de  ce tte  ce in tu re  au  N o u v eau -B runsw ic k . 

C e t a rtic le  d ec r it la  s tra tig rap h ie  v o lc an iq u e , les sty les  erup tifs  e t d e  d epo t, la  pa l6 o g eo g rap h ie  e t l ’en v iro n n em en t tecto n ique 

d ’u n e  r6 g io n  d e  125 k m 2 au  se in  d e  la  L an iere  d e  M ascarene , s ise  le  long  du  litto ra l d e  la  ba ie  d e  P assam aq u o d d y . L a  reg io n  levee 

ren fe rm e  u n e  se rie  v o lcan iq u e  b im o d a le  e t su b a lca lin e  d ’en v iro n  3 .5  k m  d ’ep a isseu r fo rm 6 d ’u n  in te rlitag e  d ’epanchem en ts  

rh y o litiq u es  e t b asa ltiq u es , d e  py roc lastites , sha les e t g res . C es roches fu ren t reco u p ees p a r  le  B a th o lite  d e  St. G eo rg e  e t 

reco u v ertes  e n  d isco rd an ce  p a r  la  F o rm atio n  d e  P erry  (D 6von ien  ta rd if) . O n  d iv ise  la  reg io n  e n  53  u n ite s  lith o lo g iq u es  q u i son t 

ca rto g rap h iq u es  a  u n e  e ch e lle  d e  1 :10,000. L es ro ch es  rh y o litiq u es  d o m in en t en  te rm e d e  v o lu m e.

l^es  sy stem es d rup tifs haw ai'en, strom bo lien , p lin ie n e t vu lc an ie n  so n t p resen ts . L es un ite s  m afiq u es  c o m p re n n en td e s  depo ts 

d e  co u lee , de  co n e  d e  sco ries , d e  co n e  d e  tufs p h rea to m ag m atiq u e  e t d e  b rec h e  d e  p eperite . L es u n ite s  fe ls iques se  so n t m ises  

e n  p la ce  sous fo rm e  de  re to m b ees  aeriennes (soudees o u  non ), d e  nu6es c ineritiq ues, d e  de fe rlan te s  basa les  e t d e  co u lees 

p y ro c la stiq u es , avec  au ssi des co u lees  e t des d om es lav iq ues . O n  reco n n a it tro is  cyc le s v o lcan iq u es  m afiq u es  a  fe ls iques. L es
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u n ite s  d e  sh a le , g res e t  m u d sto n e  p reserv es d ans la  partie  in ferieu re  de  la  sec tio n  so n t des d epo ts litto raux . L ’u n ite  sed im en ta ire  

so m m itta le  e s t u n  d ep o t flu v ia l. L es u n ite s vo lcan ic las tiq u es  ren ferm en t su rto u t des re to m b ees aeriennes d e  fragm en ts su r les 

sed im en ts  litto rau x . L es v o lcan ites  rem an iees  so n t rares . T o u tes  les un ite s  se d im en ta ires co n tien n en t des ec la ts  d e  verre  

rh y o litiq u e  e t  basalt ique cu sp id es e t  scoriaces b ien  p reserv es, tem oin s d ’un  d ep o t en  con tex te  d e  fa ib le  en e rg ie  e t fo rt taux  de 

sed im en ta tio n . L a  sed im en ta tio n  e ta it sy n ch ro n e  d u  vo lcan ism e e t il n ’y a aucune  perio d e  p ro n o n cee  de  q u ie scen ce  vo lcan iq ue . 

U n e  an a ly se  d es  fac ies e t d e  la m o rp h o lo g ie  des u n ite s in d iq ue  des Eruptions em anan t de  p lu sieu rs cen tres d ’em issio n  v o lcan iq ues 

p u n c tifo rm es. P ar con tre , le s  co u lees  b asa ltiq ues s ’ep ancheren t de fa fo n  cons is ten te  du  n o rd  e t du  n o rd -e s t v e rs  le  sud , ce  qu i 

su g g e re  u n e  e ru p tio n  a  p a rtir  d ’u n  sy stem e de r if t un iq ue . O n  a env isage  p lu sieu rs en v ironnem en ts d e  depo t, cep en d an t le  p lu s 

p ro b ab le  e s t u n  p la teau  v o lcan iq u e  d ep o u rv u  de  g randes ca ld e iras e t s itue au  se in  d ’u n  r if t co n tin en tal, v u  les con tra in tes  im posees 

p a r (1) la  co m p o sitio n  des v o lc an ites, (2 ) la n a tu re  des cyc le s vo lcan iq ues, (3) l ’ep a is se u rd e  l ’assise  e t 1’h is to ire  d e la  subsidence , 

(4) le s ta ux  d e  sed im en ta tio n , (5 ) les re la tio n s  de fac ies e t (6) les structu res sy nvo lcan iques.

[T radu it p a r  le  jo u rna l]

IN T R O D U C T IO N

T h e coasta l v o lcan ic  b e lt o f  the  no rtheaste rn  U n ited  S tates 

and  N ew  B ru n sw ick  co m p rises  m arin e  to subaeria l S ilu rian  and 

E arly  D ev o n ian  v o lcan ic  an d  sed im en tary  rocks. T h e  M ascarene 

lithostra ti g raph ic  te rran e  o f  N ew  B ru n sw ick  as d efin ed  by  F yffe  

and  F rick er (1987) p ro b ab ly  fo rm s the n o rth easte rn  ex ten sio n  o f 

the coastal vo lcan ic b e lt as it  com prises sim ilar rocks (M cC utcheon 

and  R u iten b erg , 1987) (F ig . 1). E arly  w orkers (B ird  and  D ew ey , 

1970; D ew ey  an d  K id d , 1974; an d  W ilson , 1966) su g g ested  that 

the co asta l v o lcan ic  b e lt is  an  an c ien t v o lcan ic  arc re la ted  to the 

c lo sin g  o f  Iap etu s  O cean , b u t G a tes  and  M o en ch  (1981) stud ied  

the coasta l v o lcan ic  b e lt in the M ach ias-E astp o rt a rea  in M aine, 

d o cu m en ted  a b im o d al v o lcan ic  sequence , and  suggested  an 

ex tensiona l tec to n ic  setting . T h e  co rrec t in terp re tatio n  o f  the 

coasta l v o lcan ic  b e lt has im p o rtan t im p lica tio n s fo r in terp re tin g  

the n a tu re  o f  th e  A cad ian  o rogeny . T h is  p ap e r d escribes the 

stra tig rap h y , e ru p tiv e  and  d ep o sitio n a l sty les, paleogeography  

and tecton ic  se ttin g  o f  p a rt o f  the  M ascaren e  terrane b ased  upon 

d eta iled  m ap p in g  an d  s tra tig rap h ic  stud ies. T h is  type  o f  study is 

im portan t b ec au se  the ph y sica l vo lcan o lo g y  o f  v o lcan ic  se 

quences is in d ica tiv e  o f  tec ton ic  setting.

T h e  stu d y  a rea  co m p rises  th e  easte rn  p art o f  the coasta l 

v o lcan ic  b e lt sou th  o f  th e  S t. G eo rg e  B atho lith . T h is po rtion  o f  

the b e lt is  ex p o sed  a lo n g  the co a s t o f  P assam aquoddy  B ay  and 

covers an  area  o f  ab o u t 125 k m 2 (Fig. 2 ). R o ck s in the s tudy  area 

have been  co rre la ted  w ith  vo lcan ic  fo rm ations in M ain e  rang in g  

in age  from  W en lo ck ian  to  G ed in n ian  (C um m in g , 1967; H ay 

1967; R u iten b erg , 1 9 6 8 ;P ic k e rilla n d P a ja r i, 1976). P ic k e rillan d  

P ajari (1976) co rre la ted  th e  ro ck s w ith  the E arly  D evonian  

E astp o rt F o rm atio n  o f  M ain e , and  p ro p o sed  tha t the N ew  B ru n 

sw ick  ro ck s a lso  be  te rm ed  E astp o rt F o rm ation . H ow ever, a 

recen t U -P b  (z ircon) ag e  o f  431 M a fo r the  U to p ia  g ran ite  (M ary  

Lou B ev ier, p e rso n a l com m u n ica tio n , 1988), a  p a r t o f  the St. 

G eo rg e  B atho lith  w h ich  in tru d ed  the easte rn  p art o f  the  study 

area, su g g ests  th a t th e  v o lcan ic  ro ck s m ay  be as o ld  as L lan - 

do verian .

F ie ld  w ork  w as co n d u c ted  d u ring  the 1 9 8 4 ,1 9 8 6 , an d  1987 

fie ld  seaso n s. M ap p in g  w as d o n e on  a ir p h o to g rap h s a t 1:10,000 

scale . S tra tig rap h ic  sec tio n s w ere  describ ed  on  a  b ed  by  bed  

basis. T h e  m o s t d e ta iled  p rev io u s m aps o f  the  coasta l sec tion  o f  

the  M ascaren e  te rran e  a re  by  H ay  (1967), W haley  (1981) and 

V an W ag o n er and  F ay  (1988). O th e r in v estiga tions include 

G esn er (1839), M atth ew  (1 8 6 5 ), B ailey  and  M atthew  (1872,

1876), M acK en zie  (1 940), M acK en zie  and  A lco ck  (1960), P erry  

and A lcock  (1960), C u m m in g  (1967) and  R u iten b erg  (1968).

G E N E R A L  G E O L O G Y

T he study  area  consists  o f  a  seq u en ce  o f  in te rb ed d ed  rh y 

o litic  and  basa ltic  flow s an d  py ro c la stic  ro ck s an d  re d  and  green - 

g rey  shale  an d  sandstone. T h ese  un its  are  in truded  to the north 

by  the St. G eorge  B atho lith  and  o v erla in  u n co n fo rm ab ly  to the 

south  by  the U p p er D evon ian  P erry  F o rm atio n . T h e  m ap  area has 

been  d iv ided  in to  53 lith o log ic  un its  (F ig . 3a) an d  the litho logy  

and d epositional sty le  has been  de te rm in ed  fo r each  u n it (Fig. 3b) 

(V an W ag o n er an d  F ay , 1988; V an W ag o n er e ta l . ,  1987, 1988; 

V an W agoner, 1984, 1986). T h e  you n g in g  d irec tio n  is to the 

south and  w est an d  the units d ip  to the sou th  an d  w est defin ing  a 

b road  fold. T he  finer sed im en tary  ro ck s ex h ib it a  consisten tly  

east- trend ing  cleavage. T h e  v o lcan ic  ro ck s are  b im o d al (m afic / 

fe lsic) and  su balkaline, and  the b asa ltic  ro ck s have  a  w ith in -p la te  

g eochem ical affin ity  (V an  W ag o n er e t a l., 1988; V an W agoner 

and M cN eil, in p repara tion ). T h e  ex tru siv e  seq u en ce  is cu t by 

basa ltic  sills and  dy k es and  ra re  rh yo litic  in trusions. S ills and 

d ikes are  n o t show n on  th e  m ap  an d  are  p a r t o f  a  sep ara te  study.

P E T R O G R A P H Y  A N D  T H E  IN T E R P R E T A T IO N  O F  

E R U P T IV E  A N D  D E P O S IT IO N A L  S T Y L E S

T h e  area is ch a rac te rized  by  a  varie ty  o f  e ru p tiv e  sty les, from 

m ultip le  v en t areas. T h e  term in o lo g y  used  to d esc rib e  the 

py roc la stic  ro ck s is a f te r  F ish e r (1966) an d  S ch m id  (1981). The 

usage  o f  the  term  ‘pep eritic  b re c c ia ’ is from  C as  an d  W rig h t 

(1987). T h e  term ino logy  o f  Ingram  (1954) is  used  to  d escribe  

b edd ing  th ickness. A lthough  th e  ro ck s are  h y dro therm ally  

a ltered , p rim ary  vo lcan ic  s truc tu res and  tex tu res are  w ell p re 

served  and  the co m bination  o f  ou tcro p  an d  thin  sec tion  o b serv a 

tions a llow s in terp re ta tio n  o f  eru p tiv e  an d  depositio n al sty le.

B a sa ltic  R o ck s

B asalt flow s (un its  D e m f l.  2. an d  3 and  D w m f3 k  T h ese  

un its  are  p e tro g rap h ica lly  s im ila r th ro u g h o u t th e  m ap  a rea  and 

com p rise  variab le  am oun ts o f  in terbedded  h ig h ly  to sparse ly  

am ygdalo idal flow s an d  in som e cases very  shallo w -lev e l in tru 

s ions, peperitic  b reccias  and  rare  len ses  o f  m u d sto n e  and  silts tone 

(Fig. 4 ). T he units ran g e  in th ick n ess  from  70  to  4 6 0  m . A ll o f
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New  B ru n sw ic k  T e c to n o s tra tig ra p h ic  T e rra n e s

m  E lm tree

Fig. 1. M ap  o f  N ew  E n g lan d  an d  th e  M a ritim e  P rov in ces sh ow in g  the lo ca tion  o f  the S ilu rian  to L ow er D ev o n ia n  coasta l v o lc an ic  b e lt (m odified  

afte r G ates  and  M o en ch , 1981) and  th e  tecto n o s tra tig rap h ic  te rranes o f  N ew  B runsw ic k  (from  F y ffe  and  F ric ker, 1987).

the  b asa lt un its  th ick en  to the no rth  o r  n o rth east (F igs. 3 a , 5) an d  

ch an g e la te ra lly  from  b eing  re la tiv e ly  m assiv e  in the north  to 

co m p ris in g  p ah o eh o e  toes in  the sou th . T h ese  charac te ristic s 

ind ica te  a  n o rth erly  o r  n o rth eastly  sou rce  area, perhaps from  the 

sam e o r  re la ted  rif t sys tem s.

T h e  b asa lt flo w s a re  ex ten siv e  sh ee t flow s tha t ran g e  in 

th ick n ess  from  1-12 m . W h e re  flow  co n tac ts  are  ob serv ed  they 

are  iron  s ta in ed  an d  h av e  und u la to ry  ch ill m arg ins 2-3  cm  thick. 

G ro u n d m ass is  tachy litic  an d  m ostly  a lte red  to  ch lo rite , quartz , 

ep id o te , an d  ac tin o lite . P lag io c lase  m icro lites  a re  co m m o n ly  50- 

60%  o f  th e  flo w s, flow  a lig n ed , an d  a ltered  to  seric ite , ca lc ite  and  

ep id o te . O th e r m icro lites  a re  ra re  c lin o p y ro x en e (up to 0.1 m m  

an d  20%  o f  th e  m icro lites , an d  m ostly  a lte red  to  ep id o te  and 

ac tin o lite ), an d  o p aq u e  m in era ls  (up  to 0 .05  m m  and  5%  o f  

m icro lites). P la g io c la se  p h en o cry s ts  a re  ra re . A m ygdules 

co m m o n ly  fo rm  5 -15% , an d  a re  m ostly  0 .1 -0 .5  cm  in d iam eter 

an d  ro u n d ed  o r e lo n g a te  to  irreg u la r in shape. In u n it D w m f3

am y g d u les  fo rm  up  to 85% , an d  are  up  to 1.5 cm  in size . R are  gas 

cav ities  up  to  4 0  x 15 cm  in s ize  o cc u r in un its  D w m f3  and  D em f2 . 

T h e  am ygdu les are  filled  w ith ca lc ite , q uartz , ep ido te , ch lo rite  

and  ra re ly  ac tin o lite  and  p u m pelly ite .

T h e  pep eritic  b recc ias  are  flu id ized  m ix tu res o f  quench- 

frag m en ted  vo lcan ic  d eb ris  an d  sed im en t (P ich ler, 1965; H on- 

norez and  K irst, 1975). T h e  frag m en ta tio n  o ccu rs  e ith er w hen 

m agm a in trudes th rough  (P ich ler, 1965; K o k elaar, 1982) or 

w hen lav a  flow s o v e r (W aters , 1960; S ch m in ck e, 1967) w et 

sed im ent. B ecause  o f  th e  lim ited  la tera l co n tro l in th is case, it is 

u sually  im possib le  to  te ll w h ich  h appened . T h ese  b reccia  b eds 

are  2 -14  m  th ick  an d  co n ta in  30  to  90%  m afic  vo lcan ic  clasts  in 

a v e ry  f in e 'c h e r ty ’ m u d sto n e  m atrix  (F ig . 4). M afic  c lasts  are the 

sam e as the flow s d esc rib ed  ab o v e , ex cep t th a t vesic les contain 

m udstone. C lasts  a re  2 m m -0 .5  m  in s ize , an d  p illo w -lik e  to 

an g u la r in shape. P illo w -lik e  frag m en ts  h av e  d e lica te  ap p en d 

ag es  o f  se lv ag e  th a t p ro tru d e  in to  su rro u n d in g  sed im en t, indicat-
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F ig . 2. In d e x  m a p  o f  th e  s tu d y  a rea  (sh ad ed ) sh o w in g  the g eneral 

geo logy  afte r P ick erill an d  P aja ri (1976 ) an d  R u itenberg  an d M cC u tch eo n  

(1980). D g  =  D ev o n ia n  g ran ito id  ro ck s  o f  th e  St. G eo rg e  B a tho lith , D vs 

=  D ev o n ian  v o lc an ic  an d  sed im en ta ry  rocks, D p = u p p er D ev o n ia n  Perry 

F o rm atio n . T h e  St. G eo rg e  B a th o lith  is app ro x im ate ly  lo c a te d  o n  the 

u p p er m ap .

ing  th a t seco n d ary  tran sp o rt w a s  m in im al. M o st p illo w -lik e  

c lasts  h av e  p a rtia l ch ill m arg in s  (in d ica tin g  b reak ag e  a f te r  ch ill 

ing), b u t ra re  c la s ts  h av e  c o m p le te  ch ill m arg ins. In  so m e cases, 

the  m arg in s  o f  c la s ts  o r  e n tire  c la s ts  a re  b ro k en  in  a  jig -sa w  p u zz le  

fa sh io n  in d ica tin g  q u en c h  shatterin g . B reak ag e  o f  c la s ts  by  

th erm al q u en c h in g  ra th e r th an  ex p an sio n  o f  vo la tiles  is a lso  

in d ica ted  b y  th e  lack  o f  v esic le -co n tro lled  b o undarie s.

T h e  m atrix  o f  th e  p ep e ritic  b recc ias  is  h ig h ly  flu id ized  

m u d sto n e  co n ta in in g  15 -50%  silt-  to  f in e  san d -sized  frag m en ts  in 

a  c lay  m atrix . F rag m en ts  in c lu d e  q u artz , fe ld sp a r an d  m ica , an d  

ra re  a lte red  m afic  m in e ra ls , c h e rt an d  b asa lt. T h e  m udstone 

co n ta in s  ra re  irre g u la rly  sh ap ed  v esicles. T h e  q u artz  ex h ib its  

w avy  ex tin c tio n  su g g es tin g  th a t i t  is  d eriv ed  from  vein  fillin g s in 

the m afic  flo w s o r su rro u n d in g  ro ck s. P lag io c lase  o ccurs as 

tab u la r la th s  u p  to  0.1 m m  in  size . I t  p ro b ab ly  o rig in a ted  from  th e  

a sso c ia ted  m afic  flow s. T h e  v esic le s  fo rm ed  from  v ap oriza tion  

o f  in te rs titia l flu id  h ea te d  u p o n  c o n tac t w ith  m ag m a o r  lava. 

F lu id iza tio n  o f  th e  sed im en t is  in d ica ted  b y  so ft-sed im en t 

d efo rm atio n  s tru c tu res , b e s t  o b se rv ed  in  th e  b ed s  o f  sed im en t

describ ed  b e lo w  an d  b y  pen e tra tio n  o f  th e  m u d sto n e  in to  vesicles 

o f  th e  lava. E u h ed ra l p y rite  c ry sta ls  a re  d issem in a ted  th ro u g h o u t 

th e  u n it b u t co n cen tra ted  in  b recc ia ted , pep e ritic  an d  vesicu la ted  

zones.

M u d sto n e  an d  s ilts to n e  lay ers  in te rb ed d ed  w ith  th e  pep e ritic  

b reccias  are  1-5 m  th ick . T h ese  sed im en ta ry  lay ers  a re  com posi- 

tionally  th e  sam e as  th e  m atrix  o f  the  p ep e ritic  b reccias. B ed s are 

1 m m -1 cm  th ick  an d  m assive , n o rm ally  g rad ed , in te rn a lly  finely  

lam inated , o r  ra re ly  cro ss-lam in a ted . S o ft-sed im en t defo rm ation  

s truc tu res a re  co m m o n  an d  cau sed  by  a  co m b in a tio n  o f  density  

in vers ion  an d  in terac tio n  o f  sed im en t w ith  la v a  o r  m agm a. T he 

sed im en ts m ay  b e  m u d fla t d ep o sits  s im ila r  to  u n it D w s6 .

A i m  th ick  b ed  o f  p lag io c lase -a rk o sic  m u d sto n e  to  m edium - 

g ra in ed  san d sto n e  o ccu rs  n ea r th e  b ase  o f  u n it D em f2 . G ra in  size 

ran g es from  0 .0 5 -0 .3  m m . T h e  lay e r co n ta in s  74%  ro c k  and 

m in era l fragm en ts in  a  c la y  m atrix . R o ck  a n d  m in era l fragm en ts 

are  92 %  fresh  p lag io c lase  (0 .1 -0 .5  m m ), 3%  su b an g u la r vo lcan ic  

q u artz  (0 .1 -0 .5  m m ), 3%  eu h ed ra l au th ig en ic  o r  seco n d ary  p y rite  

a lte red  to  hem atite  (1-3 m m ), ra re  ep id o te  an d  au th ig en ic  zircon , 

an d  2%  ro ck  frag m en ts  o f  ro u n d ed  to  su b ro u n d e d  b asa lt, chert, 

an d  m udstone. T h e  c lay  m atrix  is  m ostly  a lte red  to  ch lo rite  an d  

seric ite . B ed s a re  1-3 cm  th ick , d isco n tin u o u s, an d  m assive  o r 

g raded . C o arse r m in era l frag m en ts  fo rm  ‘p eb b le  tra in s ’ a t the  

b ase  o f  co a rse r beds. L ith ic  frag m en ts  a re  co n cen tra ted  a t the  

b a se  o f  co a rse r an d  th ick e r b ed s. A u th ig en ic  p y rite  o ccurs a t 

b o u n d aries  be tw een  co a rse r an d  fin er b ed s. L o ad  s tru c tu res  are  

com m on a long  b ed d in g  p lanes. B asaltic  v o lcan ic  m ateria l is 

in terp re ted  to  b e  th e  so u rce  o f  th is  sed im en t a long  w ith  dilu tion  

from  o th e r te rrig en o u s sources co n trib u tin g  th e  qu artz , ch e rt an d  

m udstone. R ap id  depo sitio n  an d  b u ria l w e re  req u ired  to  p reserv e  

th e  fe ld sp a r gra ins.

T h is  seq u en ce  o f  pep e ritic  b recc ias  a n d  flu id ized  sed im en ts 

fo rm ed  by  th e  in terac tio n  o f  lav a  o r  m ag m a w ith  co ld , w et 

se d im e n t Q u en ch  frag m en ta tio n  o ccu rred  a ro u n d  th e  m arg in  o f  

the  flo w s o r sh a llow -leve l sills  p ro d u c in g  the p ep e ritic  breccias. 

In trusion  o f  m ag m a  o r  m ix in g  o f  lav a  w ith  sed im en t re su lted  in 

the so ft-sed im en t d efo rm ation . T h e  em p lac em en t o f  m afic  lava 

ab o v e  unco n so lid a ted , un co m p ac ted , w e t sed im en t co u ld  crea te  

a  den sity  in stab ility  a llo w in g  lav a  to  m o v e  d o w n  in to  th e  u n d e r 

ly in g  s e d im e n t

T h ese  un its  a re  in terp re ted  to  b e  su b ae ria l to  litto ra l pahoe- 

h o e  flo w s a n d  pep eritic  b recc ias  th a t o rig in a ted  from  a  r if t in  the 

no rthern  o r  no rth easte rn  p a rt o f  th e  m ap  area . S uch  flo w s are  

charac te ris tic  o f  a  H aw aiian  s ty le  o f  vo lcan ism . T h e  in te rp re ta 

tion  o f  th e  flo w s is  b ased  on  th e  m orp h o lo g y  o f  flow  m arg in s  and  

th e ir in tim ate  asso c ia tio n  w ith  litto ra l sed im en ts . A lthough  

p ah o eh o e  flo w s fo rm  in d eep  w a te r (e .g ., B a lla rd  e t a l . , 1979), the 

g re a t v esicu la rity  o f  th ese  flo w s, an d  th e  lack  o f  hyalo clastite , 

re lic t pa lag o n ite , o r  o th e r sub aq u eo u s ro c k  a sso c ia tio n s in d icates 

th a t th ese  a re  su b aeria l flow s.

M afic pyroclastic rocks: (units Dwms, D wtb2, Dwtb3)

U n itD w m s: U n it D w m s is  a  m afic  sco ria . T h e  u n it is  th ickest 

in  the v icin ity  o f  sec tion  B -B ’ an d  th ins to  th e  n o rth  an d  sou th  

(F igs. 3, 5). M ax im um  th ick n ess  is ab o u t 82  m . B asaltic 

fragm en ts are  ash - to  b o m b -s ized  (u p  to  1 m  in  lo ng  d im en sio n ),



F ig . 3 (a )  G e o lo g ic  m a p  o f  a  p o r tio n  o f  th e  D ev o n ia n  v o lc an ic  a n d  se d im e n ta ry  ro c k  se q u e n c e  o f  th e  P a ssa m a q u o d d y  B a y  area , so u th w e s t N ew  B ru n sw ic k , (b )  E x p la n a tio n  

fo r  g e o lo g ic  m ap .
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E X P L A N A T IO N

DP*

-u rtcon /o rm rfK -

D p i-P e rr y  F o rm a tion

C hw c2 -G re y . v o ica n ida s tie  sands tone  w i th  m a l ic  lap iili

O w t t •• R hyo litic . How banded  v i tr ic  to ll

D w rn fa -Am yg da lo ida l, b a sa l tic  lava  Hows and  m ino r p epe r it ic  b re cc ia

D w s 8 -R e d  s l ts to n e  and  l in e  to  m ed ium -g ra ined  s ands tone  w i th  g reen 

s an ds ton e  a t ba se

D w rc -R e d  con g lom e ra te , s it ts to n e a n d  m udstone 

D w s s 7 -R e d  s i ls to n e  an d  g ra y  m udstone  

D w ff2 -B a n d e d  le ls c  lava  Hows and  How b recc ias  

D w x5 4 -F e ls ie  c rys ta l  tu tt a nd  he te ro l itn ic  lapHli tun 

Dw w t2 -W eW ed  le ls ic  py ro c la s tic  flow s

D w > lt3 -F e S ic  c rys ta l  tu ff a nd  c rys taM nh ic lap iili tu ft 

D w ib S -M a l ic h e te roH th ic tuH  b re cc ia

O w ft2 -F e ts ic  i it hie-lapiH i tu t l  and  c rys ta l  tu fi 

Dwm !3~H igh fy  am ygda io ida l  m a l ic  lava  Hows

D w tb2~M a fic  he le ro l ith ic  tu tt b re cc ia

D w m s -M a fc  sco ria

D w v c -R e d  s ilts tone  and  he te ro l itn ic  v o ica n ida s tie  (lap i ll is ione ) le n ses  and  laye rs

D tb i-H e te r o l i ih ie  le ls ic  tu ft b r e c tia

D w j l t2- F e ls ic  c rys ta l  tu ff .c rys ta l  Mh'tc iuH and la p f t  tu tt

O w tl -W e ld e d  le ls ic  p y r o d a s tic  flow s  

D w t tt - B a n d e d  le b k  lava  flow s

C X v i ftt -F e ls ic  c ry s ta l  fu t l  a n d c ry s ta l -lnh ic  tu ff w i th  ra re  

inte rbedded  re d  and  g re en  s ies ione  and  m uds tone

D w f t l - A c t  retro na ry  and  IHhic la p i l i lu f t

D w s 6 -R e d  s i lts tone . m uds tone  and  l in e  s ands tone  w ith  r a re  g reen  san ds to n e  n e a r : 

seduence

/ Ovrc 
Dw ss7  /

~Dw>H3
Dw lP3

< ^T o vH2
vml3̂ s>sŝ

Des4

DesS

DeffS

Deacft

D e it3

Dextt3

-unconlormtf-

D esS -G 'e e n 's h - g r ey  s itis tone

D e v c a -V o ica n ida s tie  con g lom e ra te  w i th  m os tly  sub rounded  m a l ic  bou ld e rs  

O e tl6 - F io w  ba nd ed  r hyo lite

D e xM -C o a r s e  to  l in e  c r y s ia l -l th ie  tapiHi tu tt, How lo l ia ted  in  p laces

D e l lS -F low  fo lia te d  rhyo lite , in ie rse ty  a l te red  in p laces

DoacH -Bedded, lam ina ted , a n d  c r oss -bedded  le ls ic  acc re n ion a ry  

lapiitr lu l l , l ith ic  tu t l  and  lu l l

O e ltS -W eakJy  to  m ode ra te ly w e lded  le ls ic  li th ic  lu l l  to  l ith ic  lap iili 

tu tt w i th  la rge  o rien te d  p um ice  and  m in o r m uds tone , s i lts tone  and 

c ong lom e ra te  a t th e  ba se

0 e s4 - in te r b e d d e d  g re en ish -g rey  th in ly  b e dd ed , lam ina ted  a n d  c ross  

bedded  s i lts tone , sha le  and  m udstone

D ex l t3 --P u rp ie How lo l ia te d  le ls ic  i th ic - c r y s ta l  tu ff

D e l t2 -M o d e ra te ly  w e lded  f lo w  lo l ia ted  le ts ic  h e te ro i ith ic  tu t l  t o  lapM i lu l l  

O e s3 --i .am m a ted  lossB ife rous  g re y  s i lts tone  w i th  

a  v o lca n c la s tic  b e d  n ea r th e  ba se

D em fS -S p a rs e ly  to  h igh ly  am ygda to tda f m a fic  How 

D e tU -M a s s iv e  p o r ph y r i te  rhyo lse  a nd  le l s c  p e pe r it ic  b re c c ia

D e f f l \  D efd

^ " 'o e x i l

D em f2 -S pa rs e ty  to  h igh ly  am ygda io ida l m a l ic  Hows o r sha l low

leve l s il ls  w i th  b re cc ia te d  m arg ins , p e pe r it ic  b re cc ia , m uds tone  and  s i lts tone

D e v cS -M a ss ive  m a l ic  v o ica n ida s tie  rocks 

D et13--F low  ba nd ed  to  m ass ive  r hyo lite

D eH 2 -F low  ba nd ed  rhyo lite

D e l l t-M o n o li th ic ,  m ode ra te ly w e lded  le ls ic  lap iili tu ff

D e l l -G r a y  fe ls c  v i tr ic  lu l l  a nd  m ino r a c c re iiona ry  lap i il i lu l l  

D e v c 2 -M a s s iv e to  be dd ed  m a l ic  v o ica n id a s tie  r o c k s  and  m ino r sed im en ta ry

D e i t2 --Fe *s ie  p in k  c ry s ta l  tu ff

D e td --M ass ive  p ink  rhyo ti te  w i th  la rge  g a s  cav i ties

D e l l 1 - F lo w  ba nd ed  to  m ass ive  rh yo li te  and  rhyo li tic  b re cc ia

D ex lt t a -H ig h ly  s i tia f ie d  le ls ic  fu l l

D e i l t l -W e a k  to  m o d e la te ly  w e lded  le ls ic  W hic-crysta f tu tl

O e tl -D a cF e  w i th  tr ach y tic  te x tu re

D e s 2 --& e e n is h - g r ay  in te rb edded  m uds tone  and s i ts to n e  

D e r r i  1 -B a s a l ic  p e pe r it ic  b re c c ia  a n d  m ass ive  Hows

O e m -F e b ic  c ry s ta l  lu l l

O e v c !-G r a y  m a fic  v o ica n id a s i ic  rocks  a nd  s ed im en ta ry  rocks  

D es s /u nd iv ."U n d rv ide d  fine -g ra ined  sed im e n ta ry  rocks 

D e s l-R e d  to  g r een  m uds tone , s i lts tone , and  sands tone

Oi

D sg

D i--O the r in tru s io ns , p r im a r ily  m a fic , w i th  m ino r in te rm ed ia te  and te ls ic  in tru s io ns

O sg -D e vo n ia n  g ran i to id  rocks  o f  th e  S a int G e o rg e  ba iho lith

b

Fig. 3 Corn.
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iP R E S E N T A T IV E  S E C T IO N  O F  U N IT  D e m f2

Modera te ly  ves icu la r mafic flow.

Sparse ly  ves icu la r mafic flow .

Peperitic  b reccia .

M odera te ly -sparse ly  ves icu la r m afic  flows.

Peperitic  b reccia .

M odera te ly  ves icu la r mafic flow .

Sparse ly  ves icu la r mafic flow  w ith  m inor brecc ia tion  at flow  marg ins. 

Ves icu la r m afic  flow .

Peperitic  b recc ia  compris ing p illow -like  lobes in m udstone matrix .

Ves icu la r and non-vesicu la r mafic flows w ith  m inor b recc ia tion at flow  

marg ins.

Peperitic  b recc ia  com pris ing  p illow -like  lobes in m udstone matrix .

M assive m afic  flow .

H igh ly  ves icu la r mafic flows w ith  b recc ia ted margins.

Bedded and cross-lam ina ted  p lag ioc lase -a rkos ic  m udstone to medium  

sandstone .

Peperitic  breccia .

Th in ly  bedded  and lam inated mudstone.

F low  breccia .

sec tio n  o f  u n it D em f2 . S ee  F ig u re  3 a  fo r lo ca tio n  o f  section . S ca le  is in  m eters .
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i  th e  u p p e r p a r t o f  th e  sec tion . A rro w s in d ica te  d irec tio n  to  th e  so u rce  o f  so m e o f  th e  t

in  m ete rs.
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and  co m m o n ly  sco riaceous. T h e  u n it co n ta ins rare  acciden tal 

s ilts tone  fragm en ts. T h ere  is no  m atrix. It is cem en ted  by  

ag g lu tin a tio n  o f  flu id  c lasts  and  secondary  calcite.

T h is  un it is in te rp re ted  to  b e  a m afic  sco ria  cone, ch a rac te r 

istic  o f  th e  S tro m b o lian  s ty le  o f  vo lcan ism . P rox im ity  to the ven t 

is  su g g ested  by  the la rg e  s ize  o f  so m e o f  the bom bs. The 

acciden tal s ilts to n e  fragm en ts suggest that the  vo lcano  erup ted  

th ro u g h  tidal fla t dep o sits . S co ria  cones are  poorly  indura ted  and  

h ig h ly  su scep tib le  to  w eath erin g  an d  erosio n  (e .g ., W ood , 1980), 

so th e  th ickness o f  th e  u n it m ay  rep resen t an erosio nal rem n an t 

ra th er than  the o rig in a l fo rm . B ecause  erosion  o f  a  sco ria  cone 

tends to fo llow  th e  o rig in al p ro file  o f  th e  co ne , it is suggested  that 

the  so u rce  o f  the  co n e  w as tow ard  the cen te r o f  the unit. T he unit 

is no t sy m m etrica l a round  its  th ick est part, suggesting  a w ind 

d irec tio n  tow ard  the p re sen t sou th  d u ring  erup tion .

U n its  D w tb2  and D w tb 3 : U nits  D tb2  and D tb3 a re  m assive 

to vaguely  b ed d ed  h etero lith ic  basa ltic  tu ff b reccia , w ith a 

m ax im um  th ick n ess  o f  ab o u t 35 and 15 m , respective ly . B oth 

un its  th in  rap id ly  aw ay  from  the source (F igs. 3 ,5 ) . B eds a re -30 

cm  to 6 m  th ick. C lasts  form  up to 60%  and  are  up  to 1 m, 

averag ing  1-2 cm  in size . T hey  include silts tone, am ygdalo idal 

and n o n am y g d alo id a l b asa lt, gabbro , and  ra re  cored  bom bs o f  

lith ic  clasts  rim m ed  by basa lt. C lasts a re  m ostly  angu lar to 

subangu lar, b u t so m e o f  the basa ltic  clasts  are  bom b shaped. T he 

m atrix  is non w eld ed  basa ltic  v itric  tu ff com prising  an g u la r and 

bub b le  w all g lass  shards, a lte red  to ch lo rite .

F rag m en ted  co u n try  ro ck  is rep resen ted  by the clasts  o f  

s ilts tone , g ab b ro , and  an g u la r acciden tal vo lcan ic fragm en ts. 

G lass shards  in the m atrix  an d  som e o f  the b asa ltic  vo lcan ic  clasts  

co m p rise  the m ag m atic  m ateria l. T he co m bination  o f blocky 

n o n v esicu la r shards  an d  v esicu la r shards suggests fo rm ation  by 

a  co m b in a tio n  o f  v esicu la tin g  m agm a and  steam  quenching . 

L ack  o f  w eld in g  in d ica tes  tha t tem pera tu res w ere  re la tiv e ly  low  

in the eru p tio n  system . O n  the basis  o f  shard  type, c las t type and  

shape , vesicu la rity  o f  c las ts  and  shards and lack  o f  w eld ing , the 

tu ff b recc ias  are  in te rp re ted  to b e  p h rea to m ag m atic  exp losion  

breccias. T h e  la rg e  c la s t s ize  in d ica tes a high energy  erup tion . 

L ack o f  p rim ary  d ep o sitio n a l in ternal s tru ctu res suggests orig in  

as an a ir-fa ll d ep o sit, p ro b ab ly  a round  a tu ff  cone. B ecause these 

units w o u ld  b e  p o o rly  ind u ra ted  w hen  deposited , the  shape  o f  the 

d ep o sit m ay  re flec t an e rosio na l rem nant.

R h y o litic  R o ck s

R h y o litic  flo w s and dom es units D e f f l . D eff2 . D eff3 . D eff4 , 

D eff5 . D eff6 . D efd . D etf. D w ff l .  an d  D w ff2 : T here are  th ree 

types o f  rh y o litic  flow s: p in k  ap h y ric  flow s (un its D e f f l ,2,3,5 

and  6, D efd , D w ff l  and  D w ff2 ), p in k  p o rphyritic  flow s (D eff6), 

and a  g rey  trach y tic  flo w -b an d ed  rh y o lite  do m e (Detf)- T hese 

units ap p a ren tly  o cc u r as d o m es (D e ff l ,  D eff5 , D eft and  D efd) 

and  flow s (D eff2 , D eff3 , D eff4 , D eff6 , D w ff l ,  and  D w ff2). 

A u to b reccia tio n  w as o b serv ed  at the m arg ins o f  som e o f  these  

units. P ep eritic  b recc ias  are  asso c ia ted  w ith  D eff4  and D eff5. 

In ferred  flo w  d irec tio n s a re  b ased  on v aria tio ns in th ickness. T he 

un its  ran g e  in th ick n ess  from  60  to 350  m  and  have variable  

la teral ex ten ts  (F ig . 3a).

T h e  p in k  ap h y ric  flo w s an d  dom es a re  banded  to m assive.

F lo w  bands are  up to 1 cm  th ick , p lan ar to undu la ting , and  defined  

by  varia tio ns in co lo u r (from  dark  p in k  to buff) an d  g ra in  size. 

T he rocks co m m o n ly  have m icro g ran o p h y ric  tex ture , w ith pla- 

g ioc lase  m icro lites ra re ly  form ing a felty tex tu re . P lag ioclase , 

and  less co m m only  san id ine, ra re ly  o cc u r as g lom erophyric  

phenocrysts. P rim ary  s truc tu res inc lu d e  sph eru lites  co n cen 

tra ted along flow  bands an d  p erlitic  cracks n ea r the  tops o f  flow s. 

S econdary  phases include ep ido te , q uartz , an d  ra re  fluorite.

T he p o rphyritic  rh y o lite  flow  (D eff4) con ta in s  up  to 20%  

co m m only  g lom ero p h y ric  p lag io c lase  an d  rare  san id in e  p h en o c 

ry sts in a  fine-g rained  m icrogranophyric  to felty o r pilo tax itic 

g roundm ass. Q uartz  p h en o cry sts  a re  very  rare . T h e  fe ldspar 

phenocrysts are  com m only  zoned  an d  a ltered  to c lay  m inerals. 

M afic xenoliths are  less than  3% , m ostly  a  few  cen tim etres, bu t 

up to 20  cm  in size and  rounded . C o lu m n ar jo in ts , perpend icu lar 

to flow  m argins, are  poorly  d eve lo ped  th ro ughou t the unit. F low  

fo liation is w eakly d eve lo ped  in p laces and  d efin ed  by  d iffe ren 

tia l w eathering .

U nit D e tf  is len se-shaped  in ou tcrop , ban ded , and  con tains 

up to 70%  m icro lites o f  a lkali fe ld spar in a rec rysta llized  silic ic 

g roundm ass. B ands are  ligh t g rey  and d ark  g rey , 1 m m  to 1 cm 

th ick , and  defin ed  by  changes in ab u n d an ce  o f  m icro lites. T he 

fe ld spar m icro lites  are  flow  aligned  g iv ing  the rock  a trachy tic  

tex tu re.

W e s te rn  S ec tio n  (D w ) P y ro c la s tic  R o ck s  

Bedded  tu ffs

U n it D w l t l : U n it D w ltl is o liv e  to b ro w n  accre tionary  and 

lith ic  lap illi tuff. I th a sa m a x im u m  th ickness o f  abou tS O m . B eds 

are  up to 0.5  m th ick , an d  in terna lly  m assive, c ross lam inated , and 

no rm ally  and  rev erse ly  g raded  from  fine to m edium  ash. C lim b 

ing ripp les o ccu r locally .

V itric clasts  are  sub ro unded  pum ice , up  to 1 cm  in size , and 

form  up to 40%  o f  som e layers. A ccre tionary  lap illi are  in layers 

1-2 cm  th ick , are  3 m m  to 1 cm  in d iam eter, an d  fo rm  up to 60%  

o f  the beds that con tain  them . M atrix  is fine-ash  tuff.

T h e  occu rren ce  o f  accre tionary  lap illi a long  w ith ju v en ile  

pu m ice  fragm ents suggests tha t th is un it o rig ina ted  by p h rea to 

m agm atic  erup tion  (F isher and  S chm inke, 1984). M ost o f  the 

bedding  structures are  co n sis tan t w ith  an air-fa ll dep osit. H o w 

ever, th e  cross-stra tifica tion  an d  c lim b in g  rip p les  req u ire  d ep o 

s ition  by  a cu rren t, and  likely  rep resen t in terbedded  su rg e and air- 

fall deposits  (C as and  W rig h t, 1987).

U nit D w x lt l : U n it D w x ltl is in terb ed d ed  crysta l tu ff and 

c rysta l- lith ic  tu ff w ith  ra re  red  an d  g reen  silts to n e  and  m udstone . 

M axim um  to ta l th ickness is abo u t 100 m , bu t ind iv idual tu ff units 

are  5 to 15 m  th ick  an d  rep resen t a sequence o f  flow  and  surge 

deposits  w ith  m in o r a ir-fa ll and silts tone sed im en ta tion  (Fig. 6). 

O nly  the ash-flow  tu ff  a t the  top o f  the sec tion  ex h ib its  w elding. 

T he ab sen se  o f  w eld ing  in m ost cases a lo n g  w ith  the th inness o f 

m ost tu ff beds suggests th a t th is seq u en ce  w as deposited  re la 

tively  d ista l to source.

U nits  D w xlt2  and  D w tb l : U nit D w x lt2  is  in terb edded  red  to 

b u ff  crysta l tu ff, cry sta l-lith ic  tu ff  an d  lap illi tu ff, w ith rare 

in terbeds o f  red  silts tone. T h e  u n it fines to th e  north  w here  tu ff
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E P R E S E N T A T IV E  S E C T IO N  O F  U N IT  D w x ltl

Bedded and banded crysta l and lith ic lapilli tu ff w ith  fiame. 

In te rp re ta tion -w e lded  ash flow  tu ff

Bedded red and green s ilts tone and mudstone w ith  herring bone  

cross lam ination and worm  burrows.

In te rp re ta tion—silic las tic  sed im entation during period of vo lcan ic  

qu iescence

C ross-lam inated  lith ic  lapilli tuff.

In te rp re ta tio n -su rge  depos it  

/M a s s iv e  fine-ash tuff.

 ̂ In te rp re ta tio n -a ir  fa ll deposit

"F in in g  upward sequence o f banded and bedded c rys ta l-lith ic  lapilli 

tu ff to fine-ash tuff. Beds are rarely graded and cross-lam inated . 

In te rp re ta tio n -F low  and surge depos it from  s ing le  pulse of subsid ing  

^e rup tion  cloud

Fining upward sequence of crysta l-lith ic  tu ff b recc ia  to fine-ash tuff. 

In te rp re ta tio n -A ir fa ll tu ff deposited during s ing le  phase of co llaps ing  

eruption  c loud

Vague ly bedded fine tuff, hetero lith ic lapilli tu ff and breccia ted tuff. 

In te rp re ta tion -A sh  flow  of a lternating eruptive pulses, breccia tion  

caused by vapour-phase fracturing

✓
Vaguely banded crysta l-lith ic  tu ff w ith  c lasts  and crysta ls  e longate  

para lle l to  bedding. C rysta ls are 7%  and are fe ldspar. L ithic  

fragm en ts  are fe ls ic  clasts. Bedding is de fined by changes in grain  

size  and concentra tion of crysta l and lith ic fragments. 

In te rp re ta tion -ash  flow  tu ff

C rysta l lith ic -lith ic  lapilli tuff. C rysta ls are ~3%  and are prim arily  

quartz  and fe ldspar. Lapilli are -5% , < 1cm in size, and mostly  

fla ttened pum ice fragments. Matrix is fine red ash. Unit is vague ly  

bedded, 0.5-1 m th ick. Unit conta ins tubu la r gas escape structures  

which  have concentra ted  la rger partic les and exh ib it vapour-phase  

crys ta lliza tion .

In te rp re ta tion -ash  flow  tuff

section  o f  u n it D w x ltl .  L o ca tio n  o f  section  is show n  o n  F ig u re  3 a. S cale  is in m ete rs.
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units ap p ear cherty . T h ere  is som e ev id en ce  o f  w eld ing  in the 

sou th . M ax im u m  th ick n ess  is ab o u t 534 m . T he un it is in terbed- 

d e d w ith D w tb l  in the sou thern  p a rt o f  th e  m ap  area. U n itD w tb l 

co m p rises  he te ro lith ic  tu f f  breccias. M axim um  th ickness is 

ab o u t 115 m . T h is  tu ff  b recc ia  un it is in terp re ted  to be  a  coarser 

facies o f  D w xlt2 .

In u n it D w x lt2 , c ry sta ls  form  up to 15% , and  are  m ostly  

fe ld spar. L ith ic  and  v itric  lap illi a re  1 m m  -1  cm , subro unded  to 

an g u lar, form  up  to 9 0%  o f  so m e layers, and  include pum ice, 

rhyo lite , b asa lt, an d  ra re  m udstone . W eld ed  beds con tain  fiam m e. 

T h e  p u m ice  an d  fiam m e are  ju v en ile  fragm en ts; the  o ther lithic 

fragm en ts are  acc id en ta l c lasts , a lthough  th e  rh yo litic  c lasts m ay 

be  co g n a te  e jec ta . A ccre tio n ary  lap illi o ccu r locally w here  they 

co m p rise  up  to  9 0%  o f  rev erse ly  g rad ed  layers. T hey  are  up to 1 

cm  in d iam eter b u t m o stly  2 -3  m m . T h e  m atrix is fine to coarse 

ash. D ev itrifica tio n  tex tures are  com m on and  in clude spher- 

u lite s, lith o p h y sae , an d  g ranophyric  recry stallization .

B ed s a re  up  to  2  m  th ick , in tern a lly  m assive, th in ly  lam i 

nated , no rm ally  g rad ed , rev erse ly  g raded , and  m ultip ly  g raded . 

S om e o f  the w eld ed  tu ffs ex h ib it co n v o lu te  lam ination , possib ly  

d u e  to rh eo m o rp h ism  (S ch m in ck e  and S w anson , 1967; C hapin  

and  L o w ell, 1979; W o lff  an d  W rig h t, 1981).

T h is  u n it is in terp re ted  to  be  a  series o f  m ostly  m agm atic  

py ro c lastic  fa ll an d  flo w  dep osits . T h e  increase  in the degree o f 

w eld ing  and  g ra in  s ize  to  the sou th  suggests a  sou thern  source. 

T he  rev erse ly  g rad ed  accre tio n a ry  lap illi lay er ind icates local 

hy d ro c lastic  a ir-fa ll ac tiv ity .

T h e  tu ff  b recc ias  (u n it D w tb l)  con tain  30-80%  p u m ice  and  

rh y o lite  b o m b s, rh y o litic  b lo ck s, s ilts tone  and  basa ltic  lap illi, and 

locally  fiam m e. T h e  p u m ice  and  rh yo lite  bom bs and fiam m e are 

p ro b ab ly  ju v e n ile  fragm en ts. T h e  o th er clast types are  co g n a te  o r 

acc iden ta l clasts. T h e  b recc ias  are  m assiv e  o r  vaguely  m edium  

to th ick ly  bed ded . B ed s are  very  rarely  finely  lam inated  and  cross 

lam inated . R are  b ed d in g  sags o ccu r beneath  larger pum ice 

clasts.

U n it D w tb l is  in terp re ted  to  be  n ear-v en t py roc la stic  air-fa ll 

and ra re  g ro u n d  su rg e  dep o sits . T h e  su rg e  d ep o sits  are  re p re 

sen ted  b y  th e  lam in ated  and  cro ss-lam in a ted  beds. Such beds are 

thin (< 3 0  cm ), ty p ica l o f  g round  su rg e  depo sits  tha t occu r w ithin  

a ir-fa ll d ep o sits  (R o o b o l and  Sm ith , 1976). T he o th er bedding  

s truc tu res are  m o re  typ ical o f  air-fa ll d eposits , p ro b ab ly  from  a 

m agm atic  p lin ian  o r  u ltra -p lin ian  erup tion  (e .g ., C as and  W righ t, 

1987). T h e  co a rse r p y ro c la s tic  a ir-fa ll deposits  to the south and 

o ccu rren ce  o f  w e ld in g  in d ica te  p ro x im ity  to a ven t area.

U n its  D w lt2 . D w x lt3 . an d  D w x lt4 : T h ese  units are  w ell 

bedded  lith ic  lap illi tu ff, cry sta l-lith ic  lap illi tuff, and  crysta l tuff. 

T hey  ran g e  in th ick n ess  from  30 to 65 m. T h e  un its  a re  th in ly  to 

th ick ly  bed d ed . B ed s a re  in terna lly  m assive, finely  lam inated , 

n o rm ally , rev erse ly  and  sy m m etrica lly  g raded , locally  flow  

banded  an d  ra re ly  cross lam inated . B eds are  d iscon tinuous in 

p laces. B ed d in g  sag s o cc u r locally .

T he lith ic  lap illi tu f f  layers co n ta in  up  to 90%  an g u la r to 

ro u n d ed  co g n a te  c la s ts  o f  m afic  v o lcan ics, fe ld sp a r crysta ls  and 

accid en ta l s ilts to n e  fragm en ts. T h e  m atrix  is v itric  and  largely  

recrysta llized .

T h e  crysta l tu ffs  form  in tern a lly  m assive thin  beds w ith  up 

to 10% alkali fe ld sp a r c ry s ta ls , an d  locally  p u m ice  fragm ents.

T h e  cry sta l-lith ic  lap illi tu ff layers co n ta in  up  to  10% alkali 

fe ld spar crysta ls , and  up  to 70%  m afic  and  felsic  ang u lar to 

sub ro unded  lith ic  fragm en ts up to  3 cm  in  s ize  and  locally 

fla ttened  p ara lle l to bedd ing  su g gesting  w eld ing . T h e  m atrix  is 

pum ice , ra re  bu b b le  w all g lass shards, and  recry sta llized  vitric 

m ateria l. T he ju v en ile  frag m en ts  a re  ash , p u m ice  an d  alkali 

fe ldspar. T he co g n a te  fragm en ts a re  th e  m afic  an d  felsic  lithic  

clasts . T h ick e r layers a re  w elded  an d  co n tain  3-5%  fiam m e.

T he th icker beds o f  units D w xlt3  and  D w xlt4  are  in terp re ted  

to be  near-ven t deposits  o f  w elded  ash -flow  tu ffs. A  m agm atic  

erup tion  is in d ica ted  fo r un it D w xlt3  by the v esicu la rity  o f  the 

g lass shards and  the p resen ce  o f  pum ice. T h e  lam inated  tops o f 

som e o f  these th ick er bed s in un it D w x lt4  are  p robab ly  ash cloud  

su rge dep osits , w hereas the c ro ss-b ed d ed  layer n ea r the  top  o f 

unit D w xlt3  is in terp re ted  to be  a  g ro u n d  su rg e d ep o sit (e .g ., C as 

and  W rig h t, 1987). T he in terbedded  thin m assive tu ff  beds are 

p robab ly  air-fall deposits.

B a nd ed  a n d  D en se ly  W eld ed  T u f fs

U n it D w w tl and  D w w t2 : U nits  D w w tl and  D w w t2  co m 

p rise  banded  and w eld ed  ash  flow  tu ffs w ith m inor densely  

w elded  hetero litic  tu ff  b reccias. M axim um  th ickness o f  D w w tl 

is abo u t 2 70  m . U n it D w w t2  is ab o u t 1,130* m th ick .

T he tuffs co n tain  m in o r fe ld sp ar and  ra re  m afic  phenocrysts, 

and rare  acciden tal an g u la r basa ltic  lap illi. T h e  g roundm ass is 

m ain ly  m icro c ry sta llin e  quartz  and  fe ld spar p roduced  by g ran o 

phyric  recrystallization  o f  the org inal g lassy  g roundm ass (Lofgren, 

1971). O ther dev itrifica tio n  s tru ctu res in c lude  local spheru lites  

and  lithophysae. E m p lacem en t s tru ctu res in c lude  flow  banding , 

m inor flow  top b reccia tion , and  local co lu m n ar jo in ts . T he flow  

banding  is d efin ed  by ex trem ely  stre tched  p u m ice  in m any  cases. 

B ands are  <1 m m -15 cm  th ick , d iscon tin u o u s, and  u n d u la ting  to 

com plex ly  fo lded , p o ssib ly  d u e  to rheom orph ism .

T he tu ff b reccias co n ta in  ab u n d an t clasts  o f  basa lt, rhyolite, 

and  ra re  gabbro . C lasts  a re  up  to  4 0  cm  in size , an d  m ostly 

subangular. S om e o f  the rh yo litic  clasts  a re  s ligh tly  stre tched  due 

to flow age. M atrix  is fine-g rained  banded  rh y o lite  sim ilar to the 

g roundm ass o f  the py ro c la stic  flow s. T h e  b reccias  genera lly  fine 

upw ard  by  loss o f  la rg e  clasts.

T h ese  units a re  in terp re ted  to be  dense ly  w elded rhyolitic 

py roc la stic  flow s. T h e  d en se  w eld ing  o f  the tu ffs and  coarseness 

o f  the  tu ff b recc ias  suggests tha t th ese  are  re la tiv e ly  near-ven t 

deposits.

E a s te rn  (L o w e r)  S e c tio n  P y ro c la s tic  R o c k s  

M ass iv e  P yroc la stic  F low s

U nits D e x tl .  D e x lt l .  D e lt l .  D elt2 . D elt3 . D ex lt3 . D exlt4 

and D ex t2 : T h e  py ro c lastic  ro ck s o f  the  easte rn  p a r t o f  the m ap 

a rea  m ake up  th e  lo w er p a rt o f  th e  sec tion  (Fig. 3). T hey  are 

typ ically  w eak ly  to strong ly  w eld ed , m assiv e  py ro c la stic  flow s, 

rang in g  in th ickness from  45  to 575 m . T hey  vary  from  lap illi- 

tu ff to  tu ff, and  v itric p artic les  d o m in a te  o v e r lith ic  and crysta l 

fragm ents. T he v itric  p artic le s  a re  p u m ice  an d  g lass  shards. T he 

pu m ice  varies from  3 to 40 %  o f  the ro ck s and  is  com m only
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elongate , co n to rted  an d  fla tten ed  d u e  to  flow age. T h e  g lass 

shards fo rm  up to 80%  an d  a re  com m only  p latey  bubb le-w all 

shards re su ltin g  from  frag m en ta tio n  o f  pum ice. T h e  lithic  

fragm ents are  ash  to  b lo ck  s ize  and  com p o sed  m ostly  o f  non- 

vesicu la r m afic  and  fe ls ic  vo lcan ic  co g n a te  e jec ta , w ith sed im en 

tary c lasts . A  w ell d ev e lo p ed  a lig n m en t b ed d in g  is d efin ed  by 

e longation  an d  fla tten in g  o f  p u m ice  an d  locally  lith ic  clasts . 

F low  d irec tio n s w e re  d e te rm in ed  by  the m orpho logy  o f  the units 

and la teral v aria tio n  in g ra in  s ize  an d  d eg ree  o f  w eld ing. U nit 

D exlt4  fines to  th e  so u thw est, w ith  the fin ing  defin ed  by  loss o f 

large, b o u ld er-s ized  co g n a te  ejec ta . T h e  m atrix  is prim arily  

rec ry sta llized  v itric  m ateria l. U n it D e x ltl  a lso  fines to the 

so u thw est, w ith  the fin ing  d efin ed  b y  a  d ecrease  in the size  o f  the 

pum ice. In un it D elt3  the d eg ree  o f  w eld ing  dec reases  to  th e  w est. 

T he ab u n d an ce  o f  vesicu la ted  v itric  partic les  suggests that the 

py ro c la stic  flow s o rig in a ted  b y  co lum n co llap se  (W righ t et a l., 

1980).

Bedd ed  P yro c la s tic  U n its

U n it D e ft: T h is  u n it is  a  m assiv e  to ra re ly  lam inated  grey- 

g reen  rh y o litic  tu ff  w ith  m in o r accre tionary  lap illi tu ff near the 

w estern  ex ten sio n  o f  th e  un it. L am in ae  are  in ternally  g raded  by 

loss o f  la rg e r v itric  fragm en ts. T h e  u n it has a  m axim um  th ickness 

o f  2 30  m  an d  th in s  to the w est.

I t co n sis ts  o f  up  to  80%  p la tey  and  tricu sp ate  g lass shards. 

T he fab ric  o f  the  shards is  iso tro p ic , lack ing  any  flow  a lignm en t 

o r p re ferred  o rien ta tio n . P u m ice  on ly  o ccu rs  in the m idd le  and 

upper p a rt o f  the  u n it w h e re  it  fo rm s up  to 15% , ranges from  0.5 

to 5 cm  in len g th , h as  a  w ispy  sh ap e  an d  is e lo n g ate  p ara lle l to 

bedding  d efin in g  a  flow  fo lia tio n . L ith ic  and  crysta l fragm en ts 

are ra re  (< 2% ) and  in c lu d e  b asa lt, s ilts to n e , an d  b roken  frag 

m en ts o f  p lag io clase . A ccre tio n ary  lap illi o ccu r in the w estern 

part o f  the  un it, fo rm  up  to  5% , a re  up  to  1 cm  in size , o vo id  and  

com m only  broken .

T h is  u n it is in te rp re ted  to  b e  m ain ly  an  air-fa ll dep o sit on  the 

basis  o f  the  iso trop ic  fab ric  an d  the p reserv atio n  o f  the  tricuspate  

shape  o f  the  shards. A ccre tio n ary  lap illi are  a  com m on co m p o 

nen t o f  a ir-fa ll dep o sits , b e in g  agg lu tin a ted  by  m o istu re  in the 

e rup tion  c lo u d  (B raz ie r e t a l., 1982; C arey  and  S igurdsson , 

1982), and  in th is c a se  p ro b ab ly  b roke  upon im pact. T he  

p um iceous lay er n ea r the  top  o f  the  u n it m ay  b e  the rem n an t o f  a 

py ro c la stic  flow .

U n it D e ac lt: T h is  u n it co nsists  o f  in terbedded  tu ff, lap illi 

tu ff and  accre tio n a ry  lap illi tu ff  in b eds 5 cm  to 1.5 m th ick. It has 

a m ax im um  th ick n ess  o f  ab o u t 45  m.

T he lap illi tu ffs  co n ta in  3 -15%  an g u la r to su b an g u la r frag 

m en ts up  to 2  cm  in s ize  w hich  are  95%  fine-g ra ined  rh y o lite  o r 

pum ice , ra re  co a rse -g ra in ed  rh y o lite , an d  4%  p ink  o rthoclase  up 

to 4 m m  in size . T h e  frag m en ts  a re  m ain ly  fla ttened  d u e  to 

flow age an d  o rien ted  w ith  lo n g  ax es p ara lle l to bedd ing . O n 

bedd ing  su rfaces  s tre tch ed  v esic le s  in th e  pu m ice  fragm en ts 

d efin e  a  linea tion . M atrix  is d ark  g reen -g rey  fine-ash  tuff. B eds 

2 cm  to 2 0  cm  th ick  are  in tern a lly  vaguely  th in ly  bedded  or 

lam inated , lo ca lly  c ro ss  lam in ated  and  rev erse ly  an d  n orm ally  

g rad ed  w ith g rad in g  d efin ed  b y  v aria tio n  in s ize  and  co n cen tra 

tion  o f  lap illi.

A ccretionary  lap illi tu ffs  co n ta in  up  to 70%  rounded , co n 

cen tr ically  zoned accre tionary  lap illi, and  up  to  5%  flattened 

pu m ice  usually  <1 m m  th ick , b u t up to  5 cm  in leng th  and 

e longate  para lle l to b ed d ing . T h e  accre tio n ary  lap illi a re  3 mm 

to 2.5  cm  in d iam eter and ro unded  to  e lo n g ate  para lle l to bedding , 

o r b roken. M atrix  is dark  g reen -g rey , fine- to coarse-ash  tuff. 

A ccretionary  lap illi are  concen tra ted  in layers and  lenses 5 cm  to 

20  cm  th ick . W ith in  each  b ed , accre tio n ary  lap illi m ay  be 

norm ally , reversely , o r sym m etrica lly  g raded . T h ese  layers and 

lenses m ay  be in ternally  lam inated  o r lo w -an g le  cross lam inated , 

d efin ing  m egaripp le s ap prox im ate ly  4 0  cm  x 1.5 m  in size.

T he tu ffs a re  th in ly  b edded , lam inated , an d  cross lam inated . 

B eds are  co m m only  lense shaped  and  3 m m  to 3 cm  th ick , and  

<20 cm  in long. A b o u t h a lf  the lenses a re  d is tin cd y  to  vaguely  

lam inated  o r cross lam inated . T h ick e r b ed s  are  m assiv e  o r 

no rm ally  graded  (from  2 m m  to fin e  san d -sized  g ra in s) green- 

grey tuff. T h e  th inner bed s co n ta in  up  to 50%  p in k  fla ttened 

pum ice , <1 m m  th ick , b u t up  to  1 cm  in length .

T h is  u n it is qu ite  sim ilar in s tru c tu re , com p o sitio n  and 

th ickness to a  b ase  su rg e  dep o sit from  a hy d ro c lastic  erup tion  

(e .g ., F ish er and S chm incke, 1984, F ig . 9 -1 7) although  the en tire  

geom etry  o f  the  d ep o sit can n o t be  de term in ed . T h e  e rup tion  w as 

p ro bab ly  p h rea tom agm atic , w ith p u m ice  rep resen tin g  the ju v e 

n ile fragm ents. T he ab undance  o f  steam  in the erup tion  co lum n 

w ould  acco u n t for the  o ccu rren ce  o f  accre tio n ary  lap illi.

S E D IM E N T A R Y  U N IT S

N o n -v o lc a n ic la s tic  s e d im e n ta ry  ro c k s

U nits  D es 1. D es2 . D e s3 . D es4 . D e s5 . and D w s6 : T h ese  units 

com p rise  th in ly  to th ick ly  bed d ed  red silts to n e , g rey  -green 

m udstone, and  rare  g reen  to b u ff  sandstone . M ax im um  unit 

th ickness is 100 to 9 00  m , b u t the tops an d  bo tto m s o f  all units  are 

n o t seen . U n it D w s6  fines to the north.

T h e  th inner beds (1 cm  to 2 m) a re  co m m o n ly  p lanar, and 

in ternally  m assive, finely  ho rizo n ta lly  lam in ated , rip p le  cross- 

lam inated , herring  b o n e  cro ss-lam in a ted , o r  no rm ally  graded  

m udstone to silts tone. O th er sed im en tary  s tru ctu res a re  in te rfe r 

en ce  ripp les, and  len ticu la r s ilts to n e  rip p les  (up  to  5 cm  in heigh t) 

in a  m u dstone  m atrix , o sc illa tion  rip p les  and  m u d crack s, an d  rare 

co n v o lu te  lam ination  an d  load  struc tu res. L o ca l b io tu rb ation  

occurs as horizon ta l an d  vertical bu rrow s. T h e  m inera l fragm en ts 

include quartz , p lag ioclase , an d  m ica.

T he th in n er beds o f  un it D w s6  con tain  up  to 50%  fossils  o f  

lingu lo id  b rach iopods, b ilva lves, o stracods, ra re  gastropods, 

possib le  p lan t im pressions, and  vertica l n o n -b ran ch in g  tubu lar 

bu rrow s. T he fauna are  describ ed  by  P ick erill an d  P ajari (1976).

T he th ick er b eds (up to 2 m ) are  len so id -sh ap ed  deposits  o f 

silts tone to fine sandstone. L en ses  are  v ague ly  horizon ta lly  

lam inated , low  an g le  cross lam in a ted , o r  rip p le  c ro ss  lam inated . 

T hey  ra re ly  con tain  a  basa l lag  gravel o f  silts to n e  rip -u p  clasts. 

C u rren t rip p le  c ro ss  s tra tifica tion  m o d ified  b y  w av e  o sc illa tion  

o ccurs in th e  rare  sandstone  lenses in un it D w s6  in th e  sou thern  

p a rt o f  the  m ap  area. U p p er surfaces o f  co a rse r b ed s  p reserv e  

in terfe rence  cu rren t ripp les, p o ly g o n a l m ud c rack s, ra in  drop 

im pressions, an d  scratch  an d  d rag  m arks. U n it D es3 co n ta in s  a
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l .  5 m  th ick  basa l p eb b le  co n g lo m erate  w ith  up to 40%  ang u lar to 

su b an g u la r fragm en ts o f  rh yo lite  (50% ), p lag io clase  crysta ls  

(3 0% ), and  b asa lt (20% ). B edd ing  w ith in  this lay er is d efin ed  by 

severa l p oorly  n o rm ally  g rad ed  layers and  by  the concen tra tion  

o f  clasts.

T h ese  un its  a re  in terp re ted  to b e  p eritida l (supra tida l, in te r 

tida l, and  su b tida l) d ep o sits  (F riedm an  and S anders, 1979; E vans, 

1965; R u iten b erg  an d  M cC u tch eo n , 1978; P ickere ll and  P ajari, 

1976; E llio tt, 1978) b ased  on  th e  o ccu rren ce  o f shallow  m arine 

fossils , sed im en tary  stru c tu res , fine g ra in  s ize  and lack  o f  re 

w ork ing  by  w aves. T h e  san d sto n e  deposits  cou ld  be beach  o r bar 

d eposits . T h e  co a rse r len se-shaped  beds are  in terp re ted  to be 

tidal chan n el d ep o sits  in the m ud  flat.

U n it D rc : U n it D rc  co n sis ts  o f  in terbedded  red  co n g lo m er 

a te , s ilts to n e  and  m udstone . It has a  m ax im um  th ickness o f  165

m. P eb b les  an d  co b b les  o f  am ygdalo idal basa lt, d iabase , rh y 

o lite , m u d sto n e  an d  s ilts to n e  are  up  to 5 cm  in length  and  m ost 

c las ts  a re  su b an g u lar. T h e  sand-sized  p artic les  are  quartz , 

p lag io c lase , m ica , an d  fe ls ic  vo lcan ic  rock  fragm ents. T he  

m atrix is  c lay -s iz ed  m ateria l.

B eds are  0 .5  cm  to 1 m  th ick. T h e  th ick est beds tend to be 

the co a rses t, b u t fin er-g ra in ed  b ed s  form  the largest p ercen tag e  o f  

the un it. T h e  en tire  seq u en ce  co arsen s upw ard  and  the abundance 

o f  v o lcan ic  c lasts  increases upw ard . B eds are  m assive, norm ally  

g raded , cu rren t-rip p le  an d  rip p le -d rift cross lam inated  an d  p a ra l 

lel lam inated . T h ere  is ra re  p eb b le  im brication  in the co n g lo m 

e rate  beds. O th e r sed im en tary  structures are  cu rren t ripp le 

m arks, o sc illa tio n  r ip p le  m ark s, cu t and  fill fo rm ing  co n g lo m er 

a te  channels, m u dcracks, sh rin k ag e  po ly g o n s, co ncre tions up  to 

3 cm  in d iam eter, an d  ra in d ro p  im pressions.

T h e  ro ck  type and  s tru c tu res  o f  th is u n it a re  co n sis ten t w ith 

an  a lluv ia l fan  d ep o sit (R ein eck  an d  S ingh , 1975) on  the slope o f  

a  vo lcan ic  ed ifice . T h e  sco u r and  fill, cu rren t ripp le  cross bedding  

and  lam in atio n , an d  g rav el lag  deposits  a re  charac te ristic  o f 

b ra id ed  ch annels on  an  a lluv ia l fan. T h e  m assive cong lom erates 

and  those  w ith  im brica ted  clasts  are  p robab ly  m udflow  deposits. 

U pw ard  co a rsen in g  o f  the  seq u en ce  rep resen ts  e ith er p ro g rad a 

tion o f  th e  fan  o r  m ig ra tio n  o f  ch annels ac ross the fan.

V o lc a n ic la s tic  R o c k s

U n it D w v c : U n it D v c is bed d ed  b ro w nish  red siltstone  

s im ila r to  un it D w s6 , w ith  lenses and  beds o f  g reen  volcan ic  

frag m en ts  (F ig . 5). M ax im u m  th ickness is ab o u t 4 0  m . T he 

ab u n d an ce  o f  v o lcan ic lastic  lay ers  increases upw ard  to 90% , the 

un it co a rsen s u p w ard , an d  b ed  th ickness increases upw ard  from  

2  m m -3  cm  to 10-30 cm . M o st layers a re  lenso idal b u t irregu la r 

in sh ap e  d u e  to so ft-sed im en t deform ation .

R ed  s ilts to n e  layers con ta in  -1 -2 5 %  vo lcan ic  fragm en ts, 

and are  h o rizo n ta lly  lam in ated , m assive  o r  very  ra re ly  ripp le  

lam inated . C o arse  v o lcan ic lastic  layers are  m assive o r rarely  

no rm ally  g raded .

T h e  lith ic  c lasts  o f  the  silts to n e  an d  vo lcan ic lastic  layers are  

up  to  p eb b le  s ized , m ostly  su b ro u n d ed , an d  h etero lith ic . T he  

c la s t types are  silts to n e  rip -u p s, am y g d alo id al an d  non- 

am yg d alo id al m afic  v o lcan ic  frag m en ts , bub b le  w all an d  b locky  

m afic  g lass  shards, an d  ra re  arm oured  s ilts tone  lap illi m antled  by

vo lcan ic  g lass, and  rh yo litic  fragm ents.

T h is  un it is  in terp re ted  to  b e  a  tidal m ud fla t faces, like unit 

D w s6 , w hich  w as p rox im al to an in te rm itten d y  ac tiv e  m afic 

vo lcano(es). T he vo lcan ic fragm en ts are  in terp re ted  to b e  air-fall 

deposits b ecause  m o st (ex cep t the g lass shards) are  too  large to 

have  been  transported  by  w eak  tidal cu rren ts. T h e  rare  vo lcan ic  

fragm en ts w ith in  the silts to n e  bed s are  sco riaceous fragm en ts 

w hich  w ere ligh t enough  to b e  transported  b y  tidal cu rren ts. L ittle  

rew ork ing  and  rap id  buria l, d u e  to h igh  sed im en ta tion  ra tes in a 

low  energy  env ironm en t, is in d ica ted  by  the ex cellen t p re serv a 

tion  o f  the  g lass shards an d  g lass su rround ing  arm oured  frag 

m ents.

U n it D e v c l : T h is un it com p rises  in terb ed d ed  green-g rey  

silts tone to fine sandstone  and  co arse  b asa ltic  vo lcan ic lastic  

rocks. T he vo lcan ic lastic  layers b eco m e d o m in an t upw ard  in the 

sec tion. M axim um  th ickness is 344 m.

T he silts tone is th in ly  lam inated  to  very  th in ly  bedded . B eds 

are in terna lly  m assive o r finely  lam inated . T h e  m inera l g ra ins are 

ang u lar to rarely  subro unded  q uartz , a lkali fe ld spar, p lag ioclase , 

and  ra re  detrital zircon , up to 0.1 m m  in s ize  and  fo rm ing  up to 

70%  o f  the rock. T he lith ic  frag m en ts  a re  ra re  an g u la r m assive 

rh yo lite  up  to 1 cm  in size . T h e  m atrix  is a m ix tu re  o f  secondary  

m inera ls  includ ing  b io tite , ac tino lite , zo isite , b io tite , and calcite.

T he v o lcan ic lastic  layers co m p rise  c lasts  o f  rew orked  v e 

s icu lar basa lt an d  basa ltic  sco ria , lam in ated  s ilts tone , and  crysta ls 

in a g rey -g reen  s ilts tone  to fine  sandstone  m atrix , as described  

above. T he volcan ic  fragm ents are  an g u la r an d  up to 10 cm  in 

size. T h ese  fragm en ts b eco m e m ore  ab u n d an t upw ard  in the 

sec tion , bu t the  vo lcan ic la stic  sequence  fines upw ard  by  loss o f  

larger c lasts  an d  an increased  p ercen tag e  o f  silts tone m atrix. 

S iltstone clasts  are  an g u la r to sub an g u lar p eb b les  an d  cobb les 

w ith rare  bou lders up  to 1 m in size. C rystal fragm en ts are m ainly  

p lag ioclase . T he  v o lcan ic lastic  layers a re  th in ly  to thick ly  

bedded. B eds a re  com m only  lens-shaped  and  d iscon tinuous. 

B edding  s tru ctu res in c lude  norm al an d  rev erse  grad ing , cross 

bedding , pebb le  tra ils, and  so ft-sed im en t load  s tru ctu res and 

faults . T he v o lcan ic la stic  layers p ro b ab ly  rep resen t fluvial 

rew ork ing  o f  a  nearb y  m afic  tu ff e ru p ted  on to  the tidal flat 

sed im en ts.

U n its  D evc2  and D ev c3 : T h ese  un its  are  m ixed  m afic and 

fe ls ic  v o lcan ic lastic  rocks. T he low er th ird  o f  the  units are  th ickly  

lam inated  to m ed ium  bedded  b u t they  a re  m assiv e  a t the top . T he  

upper co n tac ts o f  these units are  h ig h ly  ox id ized .

T he low er bedded  seq u en ces co n sis t o f  up  to  30%  su b 

ro unded  to sub an g u lar v esicu la r b asa lt (up  to  2 cm ), up to 30%  

nonv esicu la r fine-g rained  p lag io c lase  m icro -phyric  b asa lt (up  to 

0.5  m m ), up  to 30%  quartz  g ra in s, som e o f  w hich  m ay  be  silic ic 

shards o r rhyo litic  fragm ents (<0.1 m m ), 10% fragm en ts o f 

undeterm in ed  o rig in  (up  to 1 m m ) a ltered  to b ro w n  c lays, and ra re  

a ltered  p lag ioclase . G ra in  s ize  is  con tin u o u s from  2 cm  dow n to 

1 m m  w ith no  separa te  m atrix . B eds are  co m m o n ly  p lanar and 

in ternally  m assive. B ed d ing  s truc tu res include rare  channels, 

rip p le  m arks and  norm al grad ing .

T he m assive  u p p er p a r t o f  the un its  is  v ague ly  norm ally  

g raded  o v e r the en tire  th ickness. N e a r the bottom  gra in  size 

varies from  5 m m  to 30 cm  w ith  no  fine m atrix . N e ar the top  gra in  

size is com m only  l c m  to  0.1 m m  (m ax im um  6 cm ). T hese layers
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co m p rise  up  to  80%  sub ro u n d ed  to  su b an g u la r basa ltic  sco ria  (30 

cm  to  0 .2  m m ), u p  to  50%  re lic t p la tey  an d  p u m iceo u s silic ic 

shards (to 0 .3  m m ), up  to 10% rh y o litic  fragm en ts (to  0 .75  cm ), 

up to  2%  silts to n e  (1 -2  m m ), an d  ra re  p lag io clase  crysta ls  and 

fragm ents o f  w eld ed  tu ff  (to 4  m m ). T h e  ab u n d an ce  o f  silic ic 

shards an d  rh y o lite  frag m en ts  increases  upw ard  in the section.

T h ese  un its  m ay  re p resen t fluv ial rew o rk in g  o f  a  fe lsic tu ff  

co n e , b ased  on  the p re sen ce  o f  rew o rk ed  shards, vo lcan ic  frag 

m en ts d em o n stra tin g  a  v o lcan ic  p ro v en an ce , an d  sed im entary  

s truc tu res su g g es tin g  rew o rk in g  in a  fluv ial env ironm en t. Such 

a  senario  acco u n ts  fo r the  ab u n d an ce  o f  fe ls ic  g lass  shards, the 

m ixed  p o p u la tio n  o f  m afic  an d  fe ls ic  fragm en ts, an d  the sedm en- 

tary  struc tu res.

U n it D ev c4 : U n it D evc4  is  a m assiv e  m afic  v o lcan ic lastic  

rock. T h e  u n it ap p ears  ch ao tic , lack ing  bed d in g  o r sorting. It 

con ta in s  10 to  4 0%  su b ro u n d ed  to  su b an g u la r vo lcan ic  fragm ents 

in a d ark  g reen -g rey  s ilt-s ized  m atrix . T h e  clasts  are  up to 30%  

vesicu la r an d  n o n v esicu la r b asa lt up to 15 cm  in size , up  to 5%  

flow  b an d ed  an d  p o rp h y ritic  rh y o lite , and  up  to  5%  m u dstone  to 

silts to n e  up to  5 cm  in  size . T h is  u n it is  in terp re ted  to  b e  a 

m udflow  d e p o s i t

S T R A T IG R A P H Y

T h e s tra tig rap h y  is  ea s ie r  to  co n cep tu a lize  in th e  com posite  

section  (F ig . 7). T h e  seq u en ce  is ab o u t 3 .5  km  th ick  an d  covers  

a la teral e x ten t o f  ab o u t 18.5 km . C orre la tio n  is  b ased  on  the m ost 

la tera lly  ex ten s iv e  un its. C o rre la tio n  b eco m es d ifficu lt and 

so m ew hat q u es tio n ab le  be tw een  the easte rn  an d  w estern  parts  o f  

the m ap  area  ab o v e  u n it D em f2 . T h e  w estern  h a lf  o f  the m ap  area 

is co n sid ered  to in te rb ed d ed  in p a r t an d  sits confo rm ab ly  ab o v e 

the easte rn  p a rt o f  th e  m ap  area, bu t it  is  p o ssib le  th a t the  structu re  

is m ore  co m p lex . T h e  o th e r p rob lem  is co rre la tion  acro ss  the 

B ocabec R iv e r fa u lt, w h ere  co rre la tio n  is  b ased  on  con tin u ity  o f  

un it D w s6  ac ro ss  th e  f a u l t

T h e  s tra tig rap h ic  an a ly sis  p o rtray ed  in the co m p o site  sec 

tion (F ig . 7 ) sh o w s th a t the  e ru p tiv e  seq u en ce  is  b im o d al (m afic- 

fe lsic) an d  tha t th ere  a re  th ree  cy c les  o f  m afic -fe ls ic  volcan ism . 

C o n sis ten t w ith  th e  co m p o stio n a l varia tio n  severa l types o f  

eru p tiv e  sy stem s are  rep resen ted . H aw aiian  an d  S trom bolian  

vo lcan ism  is in d ica ted  b y  th e  m afic  sco ria  co n e  (D w m s) and 

m afic  flow  d ep o sits  (D e m fl ,  2 , an d  3, and  D w m f3). M ore  

ex p lo siv e  P lin ian  o r  S u b -P lin ian  eru p tio n s a re  ind ica ted  b y  som e 

o f  th e  easte rn  sec tio n  m assiv e  p y ro c la stic  flow s an d  th e  w estern  

sec tion  b ed d ed  tu ffs  an d  b an d ed  an d  dense ly  w eld ed  tuffs. 

P h rea to m ag m atic  (V u lcan ian ) vo lcan ism  is su ggested  fo r som e 

o f  the fe ls ic  lap illi- tu ff  un its  w hich  con tain  accre tionary  lap illi 

(D eaclt, D w ltl  an d  p a rts  o f  D w x lt2 ) an d  th e  m afic  tu ff  b reccias 

(D w tb 2  an d  D w tb3).

T h e re  is ev id en c e  fo r m o st types o f  p y ro c la stic  deposits  

inc lud ing  a ir-fa ll, p y ro c la stic  flo w s an d  ash  c loud  an d  g round  

su rg e  dep o sits . B o th  w eld ed  an d  n o n w eld ed  varie tie s o f  these 

d ep o sits  o c c u r an d  th ere  is  so m e ev id en ce  fo rrh eo m o rp h ism . In 

parts  o f  the  sec tio n , m afic  flo w s o r sh allow -leve l sills  show  

ev id en ce  fo r in te rac tio n  w ith  w e t sed im en t p ro d u c in g  a  sequence 

o f  pep eritic  b reccias.

T h e re  a re  n o  c le a r p erio d s  o f  v o lcan ic  q u iescen ce  m arked  by

co n tinuous sed im en tary  ho rizons, an d  th e  v o lcan ic  cy c les  are  n o t 

separa ted  b y , b u t a re  in terb ed d ed  w ith sed im en tary  rocks. T he  

sed im en tary  ro cks con tain  ab u n d an t ex cep tio n ally  w ell p re 

served  g lass  shards. T h e  ex c e llen t p re serv atio n  o f  these  shards 

in d icates tha t sed im en tation  w as rap id  in a low  en erg y  en v iro n 

m en t, b ecause  any  am o u n t o f  rew o rk in g  w o u ld  d estro y  these 

de lica te  c lasts . In  ad d ition , v o lcan ic la stic  layers such  as D w vc 

con tain  an  abundance  o f  a ir-fa ll depo sits  o f  b asa lt an d  basa ltic  

g lass shards ind icating  nearby  basa ltic  vo lcan ism .

O f  th e  vo lcan ic rocks, th e  fe lsic  ro ck s are  m o st abundant. 

F elsic  lav a  flow s are  co m m on an d  ap p a ren d y  qu ite  ex tensive , 

although  th e  na tu re  o f  th e  ex p o su re  d o es n o t p e rm it p rec ise  

in terp re tatio n  o f  the shapes and  v o lum es o f  th e  flow s.

F lo w  d irec tio n  is v ariab le  and  is ac tu a lly  m ore  co m p lex  than 

schem atically  illu stra ted  on the cross sec tio n , p ro v id in g  ev idence  

fo r severa l sm all eru p tiv e  cen tres. M afic  flow s are  consisten tly  

from  th e  no rth w est suggesting  th a t they  w ere  e ru p ted  from  a 

sing le  r if t system . O th er units such  as D w m s, D w tb2 , an d  D w tb 3 , 

have lim ited  ae ria l ex ten t an d  a re  p ro b ab ly  n ea r th e ir v en t area.

V olcan ic  ro ck s are  in te rb ed d ed  w ith  m ain ly  fine-g rained  

tidal fla t sed im entary  ro ck s o v er a lm o st the  en tire  th ickness o f  the 

sequence, although  fluv ial d ep o sits  o cc u r in th e  u p p e r p a rt o f  the 

sec tion . R ew o rk ed  v o lcan ic  ro ck s (lab e lled  vc) are  rare .

D E P O S IT IO N A L  S E T T IN G

T h ere  a re  severa l p o ssib le  depo sitio n al settings fo r the 

stra tig raphy  d o cum en ted . T h e  seq u en ce  co u ld  h av e  b een  d ep o s 

ited  (1) n ea r th e  p eak  o r  on  the flank  o f  a  s tra to v o lcan o , (2) in 

an  in traca ldera  setting , (3 ) in an ex traca ld e ra  setting , o r (4) on a 

vo lcan ic  p la teau  lack ing  larg e ca ld era  sequences. T h e  co n 

stra in ts im portan t to p ro p e r in te rp re ta tio n  o f  dep o sitio n a l se tting  

are  (1) the com positio n  o f  the  v o lcan ic  rocks, (2 ) the  na tu re  o f  

cy c les  o f  vo lcan ism , (3) th e  th ickness o f  the  seq u en ce  an d  the 

subsidence  h isto ry , (4) the  ra te s o f  sed im en ta tio n , (5 ) the  facies 

re la tio nsh ips, and  (6 ) the  synv o lcan ic  struc tu res. T h e  salien t 

aspects o f  these  con stra in ts  in the m ap  a rea  a re  a s  fo llow s:

(1 ) T h e  vo lcan ic  ro ck s a re  b im odal, su b alk alin e , an d  have  a 

w ith in  p la te  tecton ic  affin ity  (V an W ag o n er e t a l . , 1988) su g g est 

ing  an  ex tensiona l tecton ic  setting .

(2) V o lcan ism  is cy c lic  w ith  b asa ltic  flow s p reced in g  rh y 

o litic  vo lcan ism .

(3 ) T h e  sequence  has a  m in im um  th ickness o f  3.5 km  

(ignoring  com pactio n  an d  an y  m issin g  sec tio n ), it is m ain ly  

assoc ia ted  w ith litto ra l facies sed im en tary  ro ck s, an d  it  lacks 

m ajo r unconfo rm ities, ind ica tin g  th a t bo th  v o lcan ism  an d  sed i 

m en tation  w ere rou g h ly  co n tin u o u s an d  tha t th e  ra te  o f  vo lcano  

constru c tion  w as equal to  an d  som etim es ex ceed ed  the ra te  o f  

subsidence .

(4) R a tes  o f  sed im en ta tion  w ere  rap id , in d ica ted  b y  the 

ex cellen t p reservation  o f  d e lica te  cu sp a te  an d  p u m iceo u s glass 

shards in the v o lcan ic la stic  sed im en tary  ro c k s , th e  fresh  fe ld sp ar 

in th e  ra re  arkosic  sandstones, an d  the ex ce llen t p re serv a tio n  o f 

the sm alle r b asa ltic  tu ff and  sco ria  cones.

(5 ) T h e  v o lcan ic  seq u en ce  in c lu d es bo th  p ro x im al an d  d ista l 

facies tha t o rig in ated  from  severa l d iffe ren t v en t a reas. R e 

w orked  v o lcan ic  ro ck s are  rare .
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F ig . 7. C o m p o s ite  s e c tio n  o f  th e  s tra tig ra p h y  o f  th e  m a p  area . T h e  th ree  c y c le s  o f  m a fic /fe ls ic  v o lc a n ism  are  in d ic a te d  o n  th e  le ft . A rro w s in d ic a te  th e  m a jo r  c o m p o n e n t o f  

flo w  d irec tio n  in  th e  p la n e  o f  th e  sec tio n . C irc led  d o ts  in d ica te  f lo w  d ire c tio n  p e rp e n d ic u la r  to th e  p ag e .
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(6) T h e  m afic  flo w s seem  to  hav e  o rig inated  from  the sam e 

rift o r v en t area , b u t feed er d ik es  w ere n o t com m only  observed . 

R hyo litic  feed er d ik es  w e re  o b serv ed  in the east side o f  the m ap  

area. M o st are  p e rp en d icu la r to  the strike o f  the  flow s and do  not 

form  rin g  stru c tu res . Z o n es  o f  vo lcan ic  m egabrecc ias w ere  not 

observed . M o st o f  the  fau lts  a re  m inor.

T he seq u en ce  is p ro b ab ly  n o t p a r t o f  a stra tovo lcano . M ost 

s tra to v o lcan o es are  an d esitic , a lth o u g h  so m e asso c ia ted  w ith rift 

valleys h av e  a lk a lic  an d  b im o d al co m p o sitio n s (e .g ., W illiam s, 

1982). T h e  in te rfin g e rin g  o f  litto ra l sed im en tary  rocks w ith 

vo lcan ic  ro ck s su g g ests  depositio n  on the flank  o f  a volcanic 

ed ifice , b u t in m an y  ca ses  these  litto ra l sed im en ts  are  in terbedded  

w ith  p ro x im al fac ies  v o lcan ic  ro ck s (w elded  tuffs and  co arser air- 

fall d ep osits). In ad d itio n , the  flanks o f  s tra tovo lcanoes co m 

m only  hav e  a b u n d a n t v o lcan o g en ic  d ebris  flow s w hich  are  

lack ing  h ere  (W illiam s an d  M c B im e y , 1979; V essell and D av ies, 

1981; V o ig h te ta / . ,  1981; J a n d a  e ta l . ,  1981). T he u pper portion  

o f  a v o lcan ic  ed ific e  w o u ld  also  b e  a likely  d epositional setting 

for these  rocks, b u t is n o t the  p re fe rred  hyp o th esis  b ecause  o f  the 

associa tion  w ith  d is ta l facies v o lcan ic  ro ck s (e .g ., fine, unw eld ed  

pyro c lastic  flo w s an d  b asa ltic  lava flo w s w ith  p ah o eh o e  toes).

It is  tem p tin g  to a sc rib e  the seq u en ce  to  an  in tracaldera  

setting , thus in te rp re tin g  the b ro ad  fo ld  as a  d epositional featu re  

around  the ed g e  o f  a larg e ca ld era . T h e  St. G eo rg e  B atholith  

w ou ld  then  b e  the rem a in s o f  the  m ag m a ch am b er beneath  the 

ca ld era . T h ere  a re , h ow ever, so m e p ro b lem s w ith this in terp re 

tation. M ega- an d  m eso -c o lla p seb rec c ia s , co m m only  associa ted  

w ith the w alls  o f  ca ld e ras  (e .g ., L ip m an , 1 9 7 6 an d  1984) w ere  not 

observed . I t co u ld  b e  that the  m ap  a rea  w as d ista l to  these 

struc tu res, b u t a lso  ab se n t a re  th e  th ick  an d  v o lum in ous p y ro c la s 

tic flow  d ep o sits  tha t a re  co m m o n  as ca ld e ra  fill sequences (B yers 

e ta l . ,  1976; S m ith , 1960; S m ith  an d  B ailey , 1969; C hristiansen , 

1979). T h e  v o lu m e o f  p y ro c la stic  flow s is, h ow ever, re la ted  to 

the size o f  the  m ag m a ch am b er an d  th e  d iam eter o f  the ca ldera , 

so a  sm alle r ca ld e ra  w o u ld  p ro d u c e  th inner, low er v o lum e flow s 

(S m ith , 1979). C y c lic  vo lcan ism  is a lso  a  com m on charac te ristic  

o f  ca ld era-fill seq u en ces c lim ax in g  w ith larg e vo lum es o f  p y ro 

c las tic  m ateria l (e .g ., C h ris tian sen , 1979). Such cycles are  no t 

o bv ious in ou r area. I f  the  m ap  a rea  is an  an c ien t sm all ca ldera  

fill seq u en ce , then  it beco m es d ifficu lt to exp lain  the g reat 

th ickness o f  the  seq u en ce , w h ich  is a t least as th ick  o r th ick er than 

m ost larg e cau ld ro n s (F isk e  an d  T o b isch , 1978; L ipm an , 1984; 

A keny  e t a l., 1986; B y ers  e t  a l., 1976). N o n e o f  o u r th icker 

py ro c la stic  flow  seq u en ces are  bou n d ed  by  boundary  faults , 

ch arac te ris tic  o f  in te rca ld era  ash  flow s assoc ia ted  w ith ca ld era  

co llap se  (L ip m an , 1984). F in a lly , in traca ld era  sed im en tary  

depo sits  a re  co m m o n ly  a sso c ia ted  w ith  p erio d s  o f  vo lcan ic 

qu iescen ce  an d  ca ld e ra  co llap se . T h e  sed im en tary  rocks include 

co arse  c lastic  d ep o sits  sh ed  from  the ca ld e ra  w alls , the  resu rg en t 

co re , o r from  v o lcan o es w ith in  the ca ld era , and  finely  bedded  

lacustrine d ep o sits  (e .g ., L ip m an , 1984; O ften d ah l, 1978; Sm ith  

and B ailey , 1968). In the m ap  area , sed im en ta tion  is co n co m itan t 

w ith vo lcan ism , fine tid a l-fla t facies d o m in ate  and  lacustrine 

deposits  w ere  n o t o b served .

It is un likely  th a t th is is an ex traca ld e ra  sequence because  if  

it w ere , the  rh y o litic  lav a  an d  p y ro c la stic  flow  units w ould  be 

expected  to  th ick en  to w ard  a  ca ld e ra  source  (B yers e t a l., 1976).

Instead, the litho log ic  units have  m u ltip le  sou rce  areas (F ig . 7). 

I f  th ere  w ere m u ltip le  sm all ca ld eras  c lo se  together, th ere  shou ld  

be  ev id en ce  fo r them , as the ven t a reas fo r som e o f  the py ro clastic  

deposits are  know n.

T he final, an d  p re ferred  in te rp re ta tio n  is  tha t th is sequence 

com prises a  vo lcan ic  p la teau  such  as the th e  E astern  S nake R iver 

P la in , o r the p lateaus o f  the E ast A frica  R ift S ystem , w hich  form  

in areas o f  co n tinen ta l ex ten sio n  (e .g ., W illiam s, 1978; Leem an, 

1982). T h is in terp re ta tio n  is co n sis ten t w ith  th e  b im odal and 

w ith in -p la te  g eochem ical affin ity  o f  th e  ro ck s (B onn ichsen , 

1982; L eem an , 1982). T h ese  m o d em  p la teau  sequences are 

equ iv alen t in th ickness (S tan ley , 1982; B ra ile  e t a l., 1982; Ek ren  

e t al. 1980; W illiam s, 1978, 1982; O ften d ah l, 1978) to  the 

com posite  section  (F ig . 7). M ajo r ca ld e ra  s tru c tu res  a re  absent 

from  m uch o f  the  E astern  S nake R iv e r P la in  (E k ren  e t al., 1982, 

1984; B onnichsen , 1982) such tha t flow  d irec tio n s a re  variab le  

and  flow s o rig inate  from  sm all ven t a reas, a lso  s im ila r to  th e  m ap 

area. T he m igra tion  o f  m afic  m ag m a in itia tes m elting  in deeper 

and sm aller m agm a cham bers. S uch vo lcan ism  p ro d u ces very 

hot, dense ly  w eld ed  pyroc la stic  flo w s tha t are  som etim es d iffi 

cu lt to d istin gu ish  from  felsic  lav a  flow s (E kren  e t a l., 1984) 

co m p arab le  to  un it D w w t2  in the w estern  p a r t o f  the m ap  area. A 

sim ilar re la tio nsh ip  b etw een  m afic  an d  fe ls ic  vo lcan ism  could  

have p roduced  the cyc le s o f  m afic /fe lsic  vo lcan ism  reco g n ized  in 

the m ap  area, w ith the basa ltic  tu ff b reccias  reco rd in g  in teraction  

o f  the  m ig ra ting  basa ltic  m agm a w ith  g ro u n d  w ater. E rup tion  

from  sm aller m agm a cham bers cou ld  a lso  ex p lain  the th innner 

and m ore  variab le  vo lcan ic  units and  the com plex  in terfingering  

o f  d ista l and  p rox im al facies. T h e  fo rm ation  o f  a p la teau , ra th er 

than  an  u n stab le  vo lcan ic ed ifice , ex p la in s  th e  lack  o f  v o lcan o 

gen ic d eb ris  flow s. T h e  o ccu ren ce  o f  a lluv ia l fan sed im ents 

h ig h er up  in th e  sec tion  m ay  rep resen t sed im en ta tio n  o ff  a  fault 

scarp , a com m on featu re  o f  in tracon tinen ta l rift b asin s  (S elley, 

19 7 6 ;N ilsen , 1982). S u b s id e n c e c a n b e q u ite ra p id in c o n tin e n ta l 

rifts  especia lly  if  assoc ia ted  w ith sig n ifican t crusta l a ttenuation  

and load ing  (e .g ., S heridan , 1978). Such rap id  su b sid en ce  and 

accom pany ing  burial w ou ld  acco u n t fo r the  superb  p reserv ation  

o f  de lica te  g lass shards in the sed im en tary  and  v o lcan ic la stic  

units, the p reservation  o f  the  easily  e ro d ab le  sco ria  and  tu ff 

co nes, and  (assum ing  no  eusta tic  sea  level ch an g es) th e  m ain- 

tance  o f  the  seq u en ce  n ea r sea  level.

S om e o f  th e  questio n s th a t rem ain  then  a re  (1) is th e  crusta l 

a ttenuation  assoc ia ted  w ith a  m an tle  h o t spo t, (2 ) is th ere  o ther 

ev id en ce  fo r d eep er and  sm alle r m ag m a ch am b ers , (3) is partia lly  

m elted  A valon b asem en t the source  o f  th e  vo lu m in o u s rh yo litic  

rocks, and  (4) w hat is th e  source  o f  the  basa ltic  flow s?

A C K N O W L E D G E M E N T S

T his w ork  w as funded  by a co n trac t from  th e  G eolog ica l 

S u rvery  o f  C an ad a  as p art o f  th e  F ed era l-P ro v in cia l M ineral 

D evelopm en t A greem en t, and  an  N S E R C  o p era tin g  g ran t to 

N .A . V an W agoner. M ichael T h ick e  p ro v id ed  v alu ab le  field 

assistance . Q uality  o f  the m an u scrip t w as g rea tly  im p ro v ed  by  

the ca refu l an d  thorough  rev iew s o f  D rs. O lco tt G ates, P .C . 

T hurs ton , an d  an an o nym ous rev iew er.
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