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BASALT STRATIGRAPHY - PASCO BASIN 

PASCO BASIN 

The Yakima Basalt,  a subgroup o f  t he  Columbia River Basalt,  under- 
l i e s  most o f  the  200,000-square-kilometer Columbia Plateau o f  southeastern 
Washington, northeastern Oregon, and the  western margin o f  cen t ra l  Idaho. 
The 5,500-square-kilometer Pasco Basin i s  1 of 4 l a rge  s t r u c t u r a l  and 
topographic basins c lus te red  near, bu t  skewed southwest o f ,  the center o f  
t he  plateau. These a l l u v i a t e d  basins are p a r t l y  surrounded by numerous 
a n t i c l i n a l  r idges  formed by deformation i n  Miocene and Pliocene t ime o f  
t he  basa l t  flows t h a t  occupy thebweztern h a l f  o f  the  platcau. The basins, 
an t i c l i nes ,  and sync l ines are superposed upon a broad downwarp t h a t  en- 
compasses t h e  e n t i  r e  p l  ateau. Th is  downwarp s ta r t ed  whi 1 e the Columbia 
R iver  Basal ts were being extruded, and continued u n t i l  a t  the 1 ~ i 1 z t  l a t e  

- 

= A Pliocerie-Pleistocene time. The Pasco Basin i s  the s t ruc tu ra l  basin t h a t  

,* i , - , l i e s  c l oses t  t o  t h e  center  o f  t h i s  downwarp and probably i s  the one t h a t  
received the  t h i c k e s t  f i l l  o f  basa l t  f lows. 

. Boreholes es tab l i sh  t h a t  the accumulation o f  Yakima Basal t  f lows 
beneath the cen t ra l  Pasco Basin t o t a l s  more than 1,500 meters. From 
0 t o  200 meters of g l a c i o f l u v i a l  f l ood  deposits and o lder  f l u v i a l  t o  
l a c u s t r i n e  sediments are penetrated by the  boreholes before they reach 
basal t ,  and several t h i n  " interbeds" o f  f l  u v i a l  and vo l can i c l as t i c  sedi- 
mentary rock occur between many o f  the  basa l t  f lows i n  the upper 300 
meters o f  t h e  basa l t  section. These sediments and a l l  bu t  the deepest 
b a s a l t  f lows cored from t h e  d r i l l  holes can be examined i n  surface out- 
crops i n  and around the margin of the Pasco Basin, The best  o f  the 
surface exposures o f  b a s a l t  a re  i n  the prec ip i tous-wal led water gaps 
t h a t  antecedent Columbia and Yakima Rivers sawed through the  a n t i c l i n a l  
r idges  as they rose. 

It became necessary t o  determine the  de ta i l ed  s t ra t ig raphy  and 
s t r u c t u r e  o f  the  basa l t  beneath t he  Pasco Basin. Many organizat ions 
and hundreds o f  i nd i v i dua l s  are, o r  have been, involved i n  t h i s  work. 
It i s  s t i l l  an on-going p ro jec t .  

STRATIGRAPHY 

It has been poss ib le  t o  character ize and describe a near ly  complete 
f low-by- f l  ow s t r a t i  graphic column conta in ing more than 50 flows, and t o  
make v a l i d ' c o r r e l a t i o n s  from borehole t o  borehole and from cores t o  out- 
crops. The methods found most usefu l  i n  charac te r i z ing  and d i  scr imi  nat- 
i n g  between flows (and l a r g e r  s t r a t i y r a p h i c  u n i t s )  o f  basa l t  are  the we l l -  
establ ished ones o f  de ta i  1 ed geologic mapping (ass is ted by petrography 
and chemistry) and o f  subsurface geology der ived from d r i  11 cores and 
borehole geophysical logs. The data gained from these a c t i v i t i e s  are 



then  i n t e r p r e t e d  i n  t h e  framework o f  stud' ies g e n e r a l l y  c a l l e d  "Bas in 
Ana l ys i s . "  But ,  because b a s a l t s  a re  d i f f e r e n t  k i nds  o f  accumulat ions 
than  t h e  rocks  found i n  sedimentary bas ins,  t h e  o r d i n a r y  techniques o f  
Bas in  Ana l ys i s  must be modi f ied.  Two b a s i c  procedures o f  Bas in  Ana l ys i s ,  
however, a r e  s t i l l  fundamental : 

A. D e t a i l e d  Geologic Map,ping o f  Sur face  Exposures 
(The Pasco Bas in  i s  now comple te ly  mapped a t  sca les  of 1 :24,003 and 
and 1:62,530.) 

B. D r i l l i n g  and Geophysical Logging 
(Twelve deep boreholes [I ,000 meters o r  g r e a t e r ]  and 12 of  i n t e r -  
mediate depth [ app rox ima te l y  303 meters ]  were d r i l l e d .  'Geophysical 
l ogs  and analyses o f  co re  f rom these ho les  f u r n i s h  t he  da ta  base 
used f o r  t h e  Pasco Basin. )  

I n  t h e  course o f  mapping and d r i l l i n g ,  much a i d  i n  g u i d i n g  t h e  
progress o f  t h e  work, and p a r t i c u l a r l y  i n  i d e n t i f y i n g  s p e c i f i c  b a s a l t  
f l ows  and c o r r e l a t i n g  them f rom boreho le  t o  ou tc rop ,  has come f rom a 
v a r i e t y  o f  techniques and methods n o t  no rma l l y  used f o r  sedimentary 
bas ins .  The more impo r tan t  ones a r e  descr ibed  below. 

MAJOR ELEMENT CHEMISTRY 

Chemical analyses o f  samples by X-ray f luo rescence  have been t h e  
most use fu l  s i n g l e  t o o l  t o  check t r a c i n g  o f  f l o w s  i n  t h e  f i e l d ,  o r  t o  
c o r r e l a t e  them between boreholes.  Some f l ows  have a v i r t u a l l y  un ique 
chemist ry .  Many groups composed o f  2  t o  5  f l ows  can be separated f rom 
s i m i l a r  appear ing groups by s i g n i f i c a n t  changes i n  MgO, T i02,  o r  va r ious  
r a t i o s  o f  o t h e r  ox ides.  These changes a r e  r e a d i l y  de tec ted  u s i n g  v a r i a -  
t i o n  diagrams and- - fo r  b o r e h o l e s - - s t r i p  p l o t s  o f  ox i de  c o n c e n t r a t i o n  
versus d r i l l e d  depth. We can a l s o  make s i c i i l a r  d i s c r i m i n a t i o n s  f rom 
t r a c e  elements. 

Wi th  s u f f i c i e n t  number o f  s u p e r i o r  chemical  analyses o f  specimens 
f rom t h e  cores and f rom measured f i e l d  sec t i ons ,  a  "chemical s t;rna.l;i- 
g raph ic  column" can be s e t  up f o r  t h e  cores and matched w i t h  t he  
l i t h o l o g i c  s t r a t i g r a p h i c  u n i t s  used i n  f i e l d  mapping. Th i s  serves t o  
cross-check 'and r e f i n e  each column. 

PALEOMAGNETIC INVESTIGATIONS 

Paleomagnetic p o l a r i t y  was determined i n  t h e  f i e l d  w i t h  a  f l u x g a t e  
magnetornet.er w h i l e  t h e  f i e l d  maps were be ing  prepared. Paleomagnetic 
p o l a r i t y  and v a r i a t i o n s  i n  i n c l i n a t i o n  can be ob ta ined  f rom cure, even 
i f  t h e  core  i s  uno r i en ted  by az imuth ( b u t  i t  must be r i g h t - s i d e - u p  i n  
t h e  core  box) .  Magne tos t ra t i g raph i c  c o r r e l a t i o n s  can be made us ing  
p o l a r i t y  changes and i n c l i n a t i o n  v a r i a t i o n s .  T h i s  magnetos t ra t ig raphy  , 
can be superposed on t h e  l i t h o l o g i c  and chemical  s t r a t i g r a p h i c  c o r r e l a -  
t i o n s  t o  f u r t h e r  c o n f i r m  and r e f i n e  t h e  s t r a t i g r a p h i c  framework. 



A f t e r  some expe r imen ta t i on  and t e s t i n g ,  i t  was found t h a t  geophysical  
' 

l o g g i n g  o f  boreho les  i n  b a s a l t  i s  an ex t reme ly  u s e f u l  method o f  e s t a b l i s h -  
i ng s t r a t i g r a p h i c  r e l a t i o n s h i p s  and c o r r e l a t i n g  i n d i v i d u a l  b a s a l t  f l ows  
o v e r  t h e  Pasco Bas in .  The r e s u l t s  a r e  e s p e c i a l l y  reward ing  when combined 
w i t h  r e s u l t s  f rom co re  l ogg ing ,  chemical  and pe t rog raph i c  s t u d i e s ' o f  t he  
cores ,  paleomagnet ic analyses,  and o t h e r  p h y s i c a l  and chemical  t e s t s .  
I n i t i a l l y ,  most o f  t h e  s tandard  l o g s  r o u t i n e l y  used i n  d r i l l i n g  f o r  o i l  
i n  sedimentary  bas ins  were t r i e d .  Many were i n e f f e c t i v e ,  b u t  t h e  sonic ,  
d e n s i t y ,  p o r o s i t y  ( neu t ron  l o g ) ,  and gamma-ray l ogs  have proved tn  he 

, p a r t i c u l a r l y  u s e t u l  i n  b a s a l t i c  t e r r a i n s .  The f i r s t  t h r e e  o f  these l o g s  
a r e  e f f c c t i v c  i n ' l o c a t i n g  t h e  c u h l d c t  between f lows, arid a l s o  i n  showing 
i n t r a f l o w  v a r i a t i o n s .  F i g u r e  1  shows how 5 k i nds  o f  geophys ica l  l o g s  
compare w i t h  l i t h o l o g y  o f  t h e  core  ( r i g h t  s ide),  and w i t h  a  p l o t  o f  t h e  
"chemica l  t ypes "  o f  t h e  f l ows  ob ta ined  f rom chemica l .ana lyses  of t h e  
cores  ( l e f t  s i d e ) .  The son i c  l o g  i s  e q p e c i a l l y  s e n s i t i v e  f o r  l o c a t i n g  
f l o w  c o n t a c t s  and i n t r a f l o w  v a r i a t i o n s .  

The gamma-ray l o g  measures t he  n a t u r a l  r a d i o a c t i v i t y  o f  rock  u n i t s  
and i n  b a s a l t  boreho les  i t  i s  s e n s i t i v e  t o  t h e  presence o f  4 0 ~ .  Thus, 
i t  emphasizes t h e  f l o w  w i t h  unusua l l y  low K20, and i t  a l s o  responds t o  
a  d i f f e r e n c e  i n  K 0 c o n t e n t  w i t h  t h e  high-MgO and low-Ng0 f l o w s . ,  It 
a l s o  p i c k s  up t h i i  c l a y  i n t e r b e d s  o r  weathered zones t h a t  a r e  o f t e n  
n o t  recovered d u r i n g  c o r i n g  opera t ions .  Potassium i s  concen t ra ted  i n  
t h e  c l a y  ~ i i i r i e r a l s  and muscovi te  over  t h e  amount o r d i n a r i l y  found i n '  
f r e s h  b a s a l t  f l ows .  

OTHER GEOPHYSICAL SURVFYS 

A d d i t i o n a l  geophys ica l  surveys, n o t  t i e d  d i r e c t l y  t o  boreho le  logg ing ,  
were used t o  de te rmine  t h e  dep th  t o  b a s a l t  h idden beneath a  cover  of  sed i -  
nients, t o  t r a c e  b u r i e d  s t r u c t u r a l  f ea tu res ,  and t o  l o o k  f o r  t h e  base of  
t h e  b a s a l t  p i l e .  The most reward ing  r e s u l t s  a r e  f rom m a g n e t o t e l l u r i c  
surveys, r e f 1  ec t i on -se i sm ic  surveys, and aernrnagnet.ic and su r f ace  g r a v i t y  
surveys.  

GRANDE RONDE BASALT ACCUMULATION I N  THE PASCO BASIN 

Enough b a s a l t  f l ows  have been dated by seve ra l  d i f f e r e n t  l a b o r a t o r i e s  
t o  show t h a t  t h e  maximum p e r i o d  o f  accumulat ion o f  t h e  Columbia R i v e r  Ba- 
s a l t  was about  16 t o  14 m i l l i o n  years  b e f o r e  p resen t .  Accord ing t o  
Swanson and Wr igh t  .(1.978), 99 pe rcen t  o f  t h e  f lows ,  by volume, were 
e rup ted  d u r i n g  t h i s  i n t e r v a l .  The b u l k  o f  these f l o w s  (abou t  85 pe rcen t )  
i s  t h e  Grande Ronde B a s a l t .  

As one would expect ,  t h e  post-Grande Ronde f l ows  a r e  g e n e r a l l y  
separa ted  by i n t e r b e d s  o f  f l u v i a l  sediment, t u f f ,  n r  s a p r o l i t e .  Such 



i n t e rbeds  a r e  sparse.among the  much more r a p i d l y  accumulated Grande Ronde 
f l ows  cored  i n  t h e  Pasco Basin.  These o l d e r  f lows,  however, do show 
i n te rbeds  and ex tens i ve  p i l l o w e d  zones where t hey  tapered  o u t  a g a i n s t  t he  
b o r d e r i n g  up1 ands o f .  t h e  Cascades ,, Okanogan Hig.hl ands, .and n o r t h e r n .  Rocky 
Mountains. . I , j  . 

A t  l e a s t  two somewhat c o n t r a d i c t o r y  i m p l i c a t i o n s  may be drawn f rom 
these  data:  (A)  e i t h e r  t he  Grande Ronde f lows ( fed  f rom ven ts  t o  t he  
east ,  as g e n e r a l l y  assumed) reached t h e  c e n t e r  o f  t h e  b a s i n  so q u i c k l y  

' and, i n  such g rea t  f l oods ,  t h a t  t h e  Pasco Bas in  (assuming i t  e x i s t e d  
d u r i n g  Grande Ronde t ime )  was f i l l e d  t o  o v e r f l o w i n g  most o f  t he  t ime,  
and o n l y  a  few o f  t h e  very  l a r g e s t  (and youngest )  f lows made i t  t o  t he  
p e r i p h e r y  o f  t h e  p l a t e a u  on t h e  west, n o r t h ,  and no r theas t ,  o r  (B) t he  
Grande Ronde f l o o d s  were fed f r om elsewhere--perhaps f rom d i r e c t l y  be- 
neath t h e  Pasco Basin.  I f  t h i s  were t r u e ,  t he  westward-d ipp ing pa leo-  
s l ope  t h a t  q u i t e  d e f i n i t e l y  d i d  occupy t h e  eas te rn  p a r t  o f  t h e  b a s a l t  

' f i e l d  d u r i n g  post-Grande Ronde time--Bingham, Swanson, P r i ce ,  Re ide l ,  
and o t h e r s  have found t h e  ven t  systems f o r  many o f  these  f l ows  and 
t r a c e d  them westward i n t o  t h e  Pasco Bas in - -d id  n o t  e x i s t  i n  Grande 
Ronde t ime.  The second hypothes is  g i ves  a  s e n s i b l e  exp lana t i on  o f  why 
t h e  foreset-bedded p a l  agoni t e  t u f f s  ( F u l l  e r ,  1931 ) and t he  pseudo- 
i n t r u s i v e  r e l a t i o n  o f  b a s a l t  f l ows  t o  i n te rbeds  a r e  $ d i r e c t e d  r a d i a l l y  
outward f rom t h e  Pasco Basin; west and southwest i n  t he  Columbia Gorge, 
west a g a i n s t  t h e  ances t ra l  Cascades, nor thwes t  and n o r t h  a g a i n s t  t h e  

-Chelan area and Okanogan High lands,  and n o r t h  and n o r t h e a s t  i n  t h e  ' 

Spokane and Coeur d 'A lene  p a r t s  o f  t h e  n o r t h e r n  Rockies.  

. . . . - r  .. .. .: F u l l e r ,  R. E . ,  The Aqueous C h i l l i n g  o f  B a s a l t i c  Lava on t he  
Columbia R i v e r  P la teau:  American Journa l  o f  Science, 

" . - .  
( 5 ) ,  v.21, pp. 281-300 (1931) 

Swanson, D ;  A.  and Wr ight ,  T. L., Bedrock Geology o f  t h e  ... ... . . "  
a .  No r thern  Columbia P la teau  and Adjacent  Areas, i n  Baker, 

- I "  ., L 

V. R. and Nummendal , D, eds; The Channeled Scab1 and: 

.. . 
Wash'ington, NASA P lane ta ry  Geology Program, ' A  Guide t o  

, . , : .. . t h e  Geomorphology o f  t h e  Columbia Basin,  Washington, 
pp. 37-57, (1978).  
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