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Pleistocene Deformation in the Olympic Coastal Region,
Washington

By SHELDON L. GLOVER"

Recent work for the Washington State
Division of Geology on the stratigraphy
of the Pacilic Coast border ol the Olym'
pic Peninsula has shown the existence
in some places there, of marked Pleisto-
cene delormation. Evidence ol such
movement is unusual enough to be of
i n l e res t  whe reve r  i l  occu "s ,  and  l h i s  i s
particularly true of western Washing-
ton where, heretofore, folding in Pleis-
tocene strata has not been recognized.

Many writers have touched on Pleis-
tocene events in the western part ot
this state, but the most detailed ac-
counts gre Ihose by Wilus' and Breiz' .
Both investigators recognized that the
land had been uplifted and depressed
during the Glacial epochs, but conclud'
ed that folding rvas not involved in such
movements. This may be entirely cor_
rect for the areas that received almost
exclusive attention; i. e., the region ad-
jacent to Puget Sound. nxcellent ex-
posures there that permit detailed ex-
aminations to be made in countless
places demonstrate the horizontal atti_
tude of the sediments. It must be re-
membered, however, that these expo-
sures ale predominantly of Vashon
beds, and that the scarcity oi Admiralty
sediments (using Willis' delineation ol
slrch material) permits only generaliza-

tions to be made on the structure of the
eerlier deposits.

On the coastal area of the Olympic
Peninsula, Pleistocene sediments form
the surfrcial deposits and, in some
places, erosion has provided excel lent
exposures- These may be studied in
the blulfs lronting the ocean and in
banks oI many ol the larger stleams. It
is evident that two series are present.
One, much older than the other and
piesumed to be early Pleistocene in age,
is here telmed the Taholah lormation;
the younger series, probably of late
Pleistocene age, is here termed the

Queets beds. FIom the available evi'

dence, they are thought to correlate
\a'ith the sediments of Admiralty and
Vashon age. respecl ively. of the Pugei
Sound region.

The Queel" bed.. as miRhl be e\pect-
ed, if they are the correlatives of the
Vashon sediments, have undergone no
known diastrophic disturbance. In some
p laces  t hcy  havc  been  i nvo l vad  i n  l a rge -
scale block landslides and so give the
appea ronce  o l  l oca l  de fo rma l j on .  A l so ,
minute but well marked faulting and
minor warping occur, but such effects
have resulted from local adjustments to
gravitational sags.

The Taholah lormation, too, is mostly
horizontal, and throughout great areas
sho$/s little, if any, inclination other
than that due to primary dip and cross
bedding, such as characterize sedi-
ments deposited from over-burdened
streams. Howeve!, there are places
!l here these beds are deformed, and
Iurther investigation will doub ess
show more evidence of such move-
nl€nt in widely separated regions. One
outstanding example is in the Taholah-
Moclips vicinity \ ihere a sedimentatio[
phase of the Taholah fot.mation occLrrs
that is quite distinct from the usual
t ) pe .  I n  t h i "  pe r l i cu la r  c l ' ea  l he  sands ,
gravels, and occasional clays were de,
posited in a subsiding basin, presum-
:,bly an estuary, and so accumulated to
a thickness far gleater than is ktrown
elsewhere on the coast. Detailed sec-
' t ions of as much as 4?5 leet have been
measur€d, and the persistent structural
att i tude of scattered exposrues indrcaLes
tl ,at the total thickness ol the lorma-
tion is in excess oi 1.500 leet. Indil,idu-
ai beds of relatively well assorted sand
many be as much as ?5 leet thick,
though moderate thicknesses are Lne
rule. The materials are unconsolidated,
as contrasted to the Tertiary strata of
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the vicinity, but the sands and gravels

are weakly to l i rmly cemenled by iron

oxide so that exposules olfer suflicient

resistance to erosion to attain vertical

laces above the cutting agent.
The strata are well exposed in places

along the Moclips River and therc have

been folded into a broad asymmetrical
anticline that trends northwestelly.
Dips on the west flank are as steep as

42 degrees; on the east flank they are

in the amount of 10 to 15 degrees. It is

of interest to note that the presence oi

this structure was doubtless lhe reason

for an oil explolation program conduct'
ed by the Standard Oil company of

Catifornia in about 1920. Two test wells
'\rere drilled in this vicinity and reach€d
a reported depth ol approximately 4,000

teet.
Another series of exposures which

provides good evidence of Taholah de
lormation and shows the relatlonship
ol that formation to the older Quinault
rock and the younger Queets beds is in
the vicinity of Wreck Creek. South ot

the creek a mile or so are occasional
poor exposures that indicate the beds
there are virtually horizontal. At 2,000

Ieet south of the creek theY have a
small but delinite easterly dipi this is

shown in an old raihoad cut that ex
poses 15 feet of Taholah sand, under'
lxin unconformably bY some J0 fect

of Quinault sandstone and overlain by
15 feet of horizontal Queets glavels.

Ixposures north from there to Wrecli
Creek are fairly continuous and show
the strata striking nearly east and
steepening to a 45 degree nor.h dip in
the bank ot the creek. This general

trend continues to the axis of the fold,
approximately 2,000 leet norlh cf the
creek; beyond that the easterly trend
is maintained. but the dip is southerly
to as much as 22 degrees in the ex
posure {arthesl north. The structure
here is that oI an asymmetrical syncline,
plunging easterly at an angle of six de_
grees or so, and conlorms wilh an axis
of anticlinal folding that trends through
Point Grenville.

A third, and more spectacular, ser-ies
of exposures is in the south bank of
the Quinault River, southeast of the
Indian village of Taholah. Here ero'
sion has cut through the Queets beds
in many places, exposing well_stratified
thick beds ol iron-stained sand and
gravel for nearly two miles along the
river. One-half mile from the village
the series crops out in a high bluff
'where a stratigraphic thickness of 230
feet oI sedimenls str ike N. 5'  E., and
dip tso" S. E. tr'or 4,000 feet upstream
the exposures are poor, but such data
as are available indicate a remarkable
persistence in attitude to as far as the
sharp bend in the river near the center
ot sec. 6, T. 21 N., R, 12 W. The north-
erly course of the river in this section
appears to have str-uctural control, and
massive Taholah gravel is exposed in
the left bank. Only Quinault sediments
are exposed for the next thousand leet
or so upstream lrom this stretch. and
though the juncture of the two forma
tions is concealed, the anomalous rcla-
tions indicate thai the two series are
in fault contact.

The small area of older rocks is char-
acterized by extensive landslides, and
nothing definite is known of the struc-
ture. Prolound disturbance, however,
is indicated by the sheared and broken
condition of shale masses in the nearly
black mud that has resulted Jrom their
djsintegration, and by flexures from
0" to 45' in non'disintegrated masses
not over 30 leet across that may or may
not be in place.

The Taholah lormation is again ex-
posed for 3.000 leet upstream from the
east boundary o{ the area where the
older rocks crop out- The contact her-e
is remarkably well  exposed and shows
tbat the Quinault formation has been
lirulted up througb the thick early
Pleistocene cover. Erosion has stripped
the sheared and easily weathered shales
from the fault sulface and left the Ta-
holah series standing nearly vertically,
high above the adjacent shales. This
surface trends N. 10" W. and dips ?8.



S.  w .  The re  aae  no  i nd i ca t i ons  o l  pa ra l_

lel breaks or of the development of a
pronounced fault zone, but patches of
rnashed shales, a few inches thick, ad_
here to the lault plane.

The younger sediments, chiefly sands,
on the east side of the fault are only
weakly cemented by iron oxide, yet

l f ,ey form a cl i{ f  nearlJ 150 fpel hi8h.
These strata strike N. 60' W. and dip
?0' N. E. at the laulu this attitude grad-

[ally changes in 100 feet or so to a
strike ol N. 40" W., 40' N. E., and at the
east end of exposules, 3,000 feet be-
yond the fault, the dip has decreased
to 6' and the strike is N. 15' W., con
lorming rather closely to the regional
trend in this general vicinity. Horizoll'
tal Queets beds, undisturbed by the
movements that affected the earlier for'
mations, overlie this whole area.

The delormation along the Moclips
and Quinault rivers was described by
Lupton" in 1914, and two years later
Weaver' mentioned the conditions pre-

vailing on the Quinault River. Howev'
er, both investigators believed the fold-
ed early Pleistocene beds to belong to
the Quinault formation and variously
es r ima led  t he i r  age .  i n  consequence .  as
Miocene to Pliocene. Only the flat-
lying surficial gravels (the Queets beds)
were accounted as representing Pleisto-
cene sedimenla I ion. Presumably. Lup
ton thought the up-faulted block of QYi
n ru l t  f o rma t i on  t o  be long  l o  t he  ' sup

posed Cretaceous" series of Arnold";

while Weaver definitely places it in
that category when he describes it as
belonging to the "Hoh formation".

The attitude ol the exposutes on the
Nloclips and Quinault rivers indicates
arr axis ol folding roughly parallel to
the coast as the major strlrctural con
trol of the Taholah lormation in this
i $med ia re  a rpa .  Such  de fo rma l i on  j s  j n

ac.ord with the dominant lolding that
aflects th€ older rocks and extends far
to the north in the region adjacent to
the coast. A transverse fold, the Wreck
Creek syncline, has been impressed on
the regional structure, and it is reason-
al-.le to assume that others exist, Il ex-
posules wele available, it would prob-
ably be found that relics of the folding
that ploduced the Grenville anticline
and bordering Quinault syncline
also affecled the Taholah sediments.
This deformation, therefore, appears to
be due to recurrent movements along
certaln lines of weakness that persisted
through the early Pleistocene but which
have been inoperative since that time.
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Abstract

Addition of Feldspar to the Kettle Falls Quartzites
By CrIARLES D. CAMPBELL

State College of Washing-ton

The quartzite formation at Kettle tosity of the quartzite at right angles

I'alls is traversed by a pegmatite sill, StiU further to the west, all quartziies,

but has received tittle or no feldspar' $,hether correlatives of the Ket e Falts
A few miles to the west' in Hoodoo can- 

quartzite or not, contain substantial pro-
yon. some ten PPr cenl of i t  has been

i'Eplaced by rounded orthoclase crystals. portions of orthoclase and mica5' re'

These lie along and parallel to small flecting their nearness to the under-

healed fissures cutting across the schis' lying colviue batholith'
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Abstract

A Phosphate Pegmatite From Eastern Larah County, Idaho
By VEIiNON E. SCHEID anil R. M. ALLEN

brtization, tourmalinization, and finally
pho "pha le  m ine ra l i za t i on .  Un r i l  l he  j n -
tloduction of the phosphate minerals,
the pegmatite'was identical with many
others in the region.

The minerals of the magmatic stage
are quartz, microline, and museovite.
Through the action of ascending hydro.
tllermal solutions, they were replaced
i . r  ouccpss i ve  51ages  by :  . l /  qua r t z ,
which was, however, active throughout
the entire intrusive period, (2) albite,
(3) muscovite, i4) tourmaline, and last-
]y the phosphate minerals, (E) strengite,
/ 61  \  i v i a ,n j t e .  / ; \  l r i phy i i l e  l i l h i oph i l r t p ,
and (8) salmonsite(9),

A pegmatite dike, containing an as_
semblage of relatively rare phosphate
minerals, has been found in the Mica
Mountain region of eastern Latah Coun-
1y .  I daho .  The  pegmc t i l e  occu r ' s  i n
rocks oI the pre_Camb|: cn Bell  series
that were metamorphosed to schists and
gneisses by the intrusion jn late Cre-
taceous t ime ol the granit ic Idaho bath-
o1ith.

Intrusion of the pegmatitic material
iLto the schistose country lock involved
both .injection and replacement. Tbe
p{.gmatite, which was originally typical-
ly graphic granite, has been subjected
to periods ol intense silicification, a]-

Corretation of some "rr,ri[TJ::f Nezperce county, Idaho
By R. H. UPSON

Univcrsity of Idzho, Moscow. falah{,

A fossil flora collected from expo
" l i r ee  o l  " La lah  

bed "  re r r  Ju l ; ae t t r ,

Arrow Junction, and Fir Blulf Station,

Nezperce County, Tdaho, is simitar to

tha t  f ound  j n ' y t c  La lah  bed "  nea r  Spo

i<ane and Republic, Washington, thus
strengthening earliel corfelations. A4ost

oi the exposures of the sediments, inter-
calated with the Columbia basalts, are
ir-r place and not in tandsilde blocks.
The occurrence of crossbedd€d sand-
s tonen  i n l e -bedded  w i t h  l he  f os ! i t i t e rous
clay layers indicates that the sediments
r re  ro l  who l l y  l c cus r r i ne ,  bu l  ' n  pa f l
f luviat i le in ol igin.

Abstract

Pleistocene and Recent Normal Faulting in Southern Colorado
1 By R. H. UPSON

University of tdaho, ]}Ioscorv, Ialaho

Several smail fault scarps, or scarp' existence of recent faulr movemenrs
lets, in alluvrum have been discovered i[ the region, but also supports previous
at and more or less parallel to the west postulates of Pleistocene movement.
base of the Sangre de Cristo Range in Thus, the region appears to be related
the Southern Rocky Mountains of Colo- lectonically to the creat Basin and
rado and New Mexico. The presence of other areas of Pleistocene and Rec€nt
the scarps not only demonstrates the normal laulting.


