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lntroduction

Although sedirnentar,r '  rocks are fair ly rr idespread

along thc [1anks of thr rorth and cenlral Cascadc

\lountains of Washington, the latcral relat ion-

ships bctrveen geographical l , l  separate deposits

are not lrel l  understood. Correiat ions are dif f icult

to establ ish, bccause of a l i rck of either prorni '

nent nrarker bcds or obvious guide fossi ls uithin

these l i thological l .v similar units. Thc sedirnen-

tarr rocks are predominantl !  composed of

arko-qic sandstones whic'h are l8- '18 percent

fcldspar (mostl-"- plagioclase) and 40-7B percent

q u a r l z  ( F r i / r P l l  l a i q t .  P l a l t  l  ' " i l  r ,  r r r a i r r .  i n  i n -

tercalatcd shales suggest thal most of thc

sedirnentarr rocL bodies arc Eocene to Palcocene
(?) in age (Nervnran l98l).  Radiometric dates of

volcanic rocks interbeclclecl * i th thc sedimentarl

rocks arc general l l  Eocene in age, but the resul ls

var,v rvidel. ' '  due to alterat ion of the volcanic

ma tc r i a l  a f t e r  depos i t i on  ( l r i z ze l l  1979 ,  Tabo r

et al. l9B4).
Recent studics hare shc,n'n that the nineral

compo-. i t ion of sand changcs r i th grain size and

that this rclat ionship rrral |e usclul in solving

problerns in the Manaslash ! 'ormalirrn crrnctr l t_

ing lhc soLlrce rocks, cl irnate, dcposit ional cn'

vironmrrtt ,  or agc rclat ion-rhips between sedimen'

tar,r rock bodies (Flores I96?, Davis and Ehrl ich

19i,1, Basu l9if i ) .  lhis studv ut i l izcs similar

melhc-rds in ordcr to resolve a problem of origin

arrd age relat ionshi l)s of hro sela.alc, but })rox-
imal, bori ies of Tert iar! sedincntarl  rocks in cen_

t ra l  s . ash ing to r t .
The  s tud l  a rea  i s  l oca te ( l  abou t  8  k rn  sou th

o f  C l c  I l l u rn ,  \Vash i rg ton .  vhe rc  1 .6  t o  3  km o l

vounger volcanic f lows, tuffs, and volr:aniclast ic

rocks separate t1f ir  - .edinentarv roc'k bodies of

the Eocene'age N{anastash Fcrrmation (stc areas

A and B on Figure l) .  SedirnentatJ rocks ix arci l

A have a thickness of approxirnatelv 1,000 rn,

rh i l t  t he  rock -  i r r  a rea  B  l r i r r e  a  n r : , r i r nu r r r

thickness of i50 m. Both areas unconformabi)

overl ie cr;-stal l ine rocks composcd of -.chist.

phvl l i te, and quartz-diori le gneiss (Stout 1962),

and both are unconformabh orerlain [rv Eocene_

age volcanic f lows, luffs, and lolcaniclast i tr  rocks

Both rock bodies are corr lposed mostlY of arkosic

sandstone wilh rninor amou ts of shale, si l tstone,

conglomeratc, and coal. I Iowever, arca B rocks

are substantial l"v coar-qer grai ed and more

quartzose than area A rocks, $hich are compitra-

t irel,r  leldspar-r ich. PrevioLrs stut l ies ir tdicate that

these rocks were deposi lcd b1 fLuvial processe-.

(Lewellcn l9B3)n' i thin a *arm, tel lperate to -sub-

tropical cl irnate (Stour 19.5?), alrd that area B

rocks mal be olcler thar area A rocks (Nervman

l98 l ) .
Differences in the lrcnds of grarrt sl le ver_

sus mineral composit ion of the sedimerltar! rocks

of area A and B werc alalvzed in an effort to

resolr,e thr problern-. of dcposit ional and age rela-

t ionships. 
' I  

hc presently disjulrc' t  bodie-. mir l  be

rornnants of a olce larger sedinlentarl  url i t ,  i f

cl i f fcrcrces in mineral contenls are a rel lccl ion

o f  d i l f e r i ng  g ra in  s i zes  t : auscd  b r  c l epos i t i ona l

processes. Conr.ersclr,  nl inelalogical cl i i fcrcnces

g rea te r  l han  t hosc  assoc ia ted  n i t h  g ra rn_s l ze

r ariat ions rrar- indir:arc that the -.andsl()nes repre_

scn t  d i f f e r cn t  ages !  sou rce  a reas ,  o r  o the r

un re la ted  dcpos i t i ona l  f ac l o r s .
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Methods

Fourteen sandstone samples fronr area A and
thirteen fronr area B ucrc col lectcd at si tes that
r " f l " ,  1  l h ' . : r r c r l  r n , l  . t r r l i g r r p h i , ' r r r i u t i o n .  i n

the two rock bodies (Figure l) .  Thin sections were
prepared arrd stained for potassium feir ispar and
plagioclase according to the tcchniqucs of Lainz
e r  a l .  ( l qo4 )  an , l  \ u rm . rn  (1q74 ) .  Th .  epp ru r ima re
grain sizc of each sample $as cxprcsse{i accorct-

Figrr .  L Lo.ar i .n dal  o l  th.  s tud) ar .n and thc sa.dstonc sadpl .s.

( c  l .  E l u m ,  w o 3 h ,  s  L m  n o r r h )

r r . ,r  ss Somple locotion
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TABI .E  l  Cra in  s ize  and re la r i re  perccn l  , luan t i t ies  o f

quar tz  and fc ldspar  n , .asu . .d  in  each sanp le .

Fe ldspar  Gram S ize

test results, determined at a 95 perccnt con-
f idence lerel,  for the comparison of the slope and
intercepts of the l inear rcgression equations from
th .  r " c l  L " t l i e '  i r J i ca le  rha l  d i f l ,  r " n , , .  i n
m ine r r r l  con ten t  a re  a l l r i hu loh l , '  t u  g r . r i n - s i ze

trends. Signif icant t- test results for thc slopc, in'

tercept, or bolh indicate dif ferences greater than
those assoc;ated with grain size varial ions and
require other explanal ions.

Results and Discussion

The orineral composit ion and the grain'size

mcasurernerts for each sample arc givcn in Table

l.  In general,  sandstone samplcs are vert-f ine
grained in area A and coarsc grained in area B.
The average conrposit ion of the samples in area
A is 40 pcrccnt quartz,58 percent feldspar, and
3 percenl rock fragments, whcrcas area B
samplcs alerage 67 percent quartz,20 percent

feldspar, and 13 percent rock fragments. fhese

sets of ave.ages arc very similar to those of the
sandstonc units derived fron upl i f tcd bl,rcks of
Holocene to I trecambrian age granit ic rocks
studied by Dickinson and Suczek (1979).

Figurc 2 gives the l inear-regression data of
grain size on quartz and ieidspar content for each
r r ca .  Th " .e  da ta  i nd i r  J l e  1111  3c  g rs i n  . i ze

decreases, feldspar content increases, and quartz

content decreases. T-tests indicate that the slopes
of l ikc regression equations from cach area are
not signif icantl l  di f fercnt. However, t- tests of the
in l c r l ' cp l s  o f  s im i l a r  r es ress iun  l . qua l i o  s  a re
signif icantly dif ferent. Although some of the
variat ions in mineral composit ion are at-
tr ibutable to grain size, addit ional conrposit ional
dif ferences not related to grain size exist between
the rocks of areas A and B (Table 2).

'l AflLE 2- Results of t tesls of the slorrc (h) and the inter.epts
(.r)ofrhe res.e$ion equarions lrom arcas A and B.

l i ne

f ine

ing lo the Went orth scale (ver1-f inc, f ine,
medium, or coarse-grained sandstone) bascd on
average measurement of t l rc lortg axis of l0 to
15 feldspar or quartz grains randomly sclectcd
through the use of a randorn digit  table. Detr i tal
componpn ts  r r e r r .  d r t e r rn i r r ed  h r  po in t  euun t i ng

an average of 800 points per sample (Chales

l9 l a ) .  Ca tego r i . s  u f  r " '  ugn i zcd  de t r i l u '  r . . r e
monocrlstal l ine quartz, polycrystal l ine quarlz,
plagioclase, potassium feldspar, volcanic l i thics,
sed imen ta ry  l i t h i cs ,  me tamorph i c  l i t h i cs ,
microgranular l i thics, micas, clav-sized material,
and a nriscel laneous categorv for those grains

l h a l  d i d  n o l  f i l  i n l , '  a n 1  r , I  r h c . , t h e r  c a t e g o r i e s .
ln order to dctcrnine the grain size and

mineral composit ion relat ionship of thc sirnd-
s tone .  r .  i t h i n  ' . r ,  h  r r ,  r .  l i n ru r - r cg rp ' s i on  t squo -

t ions i{ere derivcd for grain size fersus feldspar
and quartz contents.

T-tests {ere used to compare thr 'slopes and
intercepts of sini lar regression equations of thc
di lTerent rock bodies so that mineral composi-
t ion {ariat ions not attr ibul irblc to grain size
changcs could be ascertained. Nonsignif icalt  t-

a . r : . 0 ; . t = 2 . 0 6 9
b i t i f ferenccs are nonsigni f i .ant
c d i f fererces ! .e s igni l icant

Hlpothesis
'I 

test"

Ho:trq -  t r3

H 1 : b 1  +  b g

Hu:a,1 = ag

H1:a,q + ag

I  = 0.87?b ( l l  = 23

t  = 3.021'  df  23
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The data indicate that the rocks of areas A
and B probably represent two separate deposi '
t ional events, probably of dif fering ages. Such
a conclusion is consistent with the fossi l  plant

evidence of Newman (l98l).

Disregarding grain-size trends, the higher
quartz contents of area B sandstone may ref lect

cl imatical ly induced dif ferences in the degree of
r leathering and soi l  formation processes in the
source rocks. For example, sand samples col-
lected in modern streams draining granitic rocks,

not more than 19 km from the source rock, in
the warm moist cl imate of the southern Ap-
palachians, contain less feldspar and more quartz

for a given grain size than those from the cool
dry northern Rocky Mountains (Basu 1976).
Linear'regression equations for the Appalachian

data are similar to those of area B, whereas equa-
t ions for the modern Rocky Mountain data are

nearly identical to those of area A (Table 3).

TABLE 3. Conparison of lin e ar-regress ion equations 1.om
this study and fron Basu's (19?6) stud).

source region appears to be small .
A more l ikely explanation is that composi-

t ional dif ferences in quartz and feldspar content
reflect different source rocks. Suitable source ter'
ranes include a wide variety of crystal l ine rocks
extending from central Washington to central
l daho .  A l t hough  mo" t  o f  t he "e  ro , " ks  a re  g ran i t i c
or gneissic, which would yield sedirnents similar
to the composit ion of the rocks in area A, others
are lov' to medium-grade metamorphic rocks cut
by numerous quartz veins. These quartz"r ich
rocks could presumably provide substantial
qua r t z  de t r i t us .  and  t he  accompan l i ng  m icaceous
minerals of the metamorphic rocks could be
broken down during transport and carr ied
beyond the area of deposition as fine-silt and clay
part icles. A mixed source terrane of granit ic and
low- to medium-grade metamorphic rocks could
provide the detr i tus represented in the
Manastash Formation by the rocks of area B,
*hich are nearly 70 percent quartz.

Different source rocks most likely account for
the mineralogical dif ferences bet*een the rocks
of areas A and B. As such the detr i tus was either
derived frorn two geographically separate source
terranes or from erosion of the same site through
time. In the latter case, the older rocks of area
B were derived from low- to medium-grade,
quarlz'r ich metamorphic rocks, whereas area A
rece i ved  dc t r i t us  f r om an  unde r l l i ng  i n l r us i ve
g ran i l i ' "  p l u ton  o r  gne i ss  e rposed  a f t " r  e ro " i on
of the overlying rocks.

Conclusions

Analysis of mineral composition and grain size
of two geographically adjacent bodies of early
Tertiary arkosic sedimentary rocks separated by
younger volcanic rocks in central Washington in-
dicate that the two rock bodies are mineralogi-
cally distinct after grain size effects are taken into
account. The rock bodies are therefore inferred
to be of different ages; a conclusion that is in
accord with previously reported paleobotanical
findings. Differences in mineral composition of
the two bodies can be attribuled to differences
in climate or petrographic characteristics of the
source terrane from which the sediments were
derived. However, the most l ikely explanation is
that petrographic differences in the source rock
are related to an unroofing sequence caused by

Source Quartz Conienr Feldspar Content
Regressed on Rcgressed or
Crain Size Grain Sizr

Basu (1976)

Area B

Rocl ies

BasL, (1976)

Y = 77.83 6.33!

Y = 86.62 9.75x

Y = 2 2 . 1 ? + 6 . 3 3 *

Y = 1 3 - 3 8 + 9 . 7 5 x

i  : 1 8 . 1 7  3 . 6 ? r  i = 5 1 . 8 3 +  3 . 6 7 x

i : 52 .56  4 .59 r  Y  =  4? . . 14  + , t . 59x

Paleobotanical data from the Manastash rocks

indicate a warm, &et cl imate at the site of deposi-
tion, thus the observed compositional differences
between areas A and B could ref lect cl imatic dif-
ferences in the source terranes, particularly if an
age difference exists between the two areas. Con-
sidering the short distances between the secllment
source and the site of deposit ion, however, the
chances of radical ly dif ferent cl imates seem

remote. Basu's sediments were col lected within
l9 km of their source and the l ikel ihood ofrapid
cl imatic changes within l9 km in the Manastash
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upli f t  and erosion lhat exposed rocks of dif fer-
i ng  conpos l t on .
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