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The Enterprise Gravel: The Ancestral Wallowa River and Neotectonism
in Northeastern Oregon.

Abstract
'1h.i 

lnterpri-.e Cralel includes silt. sand. grarrl. diamict. tuo paleosols. and rhi, Chi(il Jos.iph tephra. It includes t irell prscnrl

assemblage ofrerrebrare {bssi!s in crfosur.s nr the Joseph Uplunrl north o1 \\allora LaLe. norrhedtern Oreson. Ra$l on lission-

t rack !geandmugn. | i ( j I } r r1ar i t1 ' theEnterpr iseGr .o !e l i s la | .P | jo l t 'n ( ] t ( ld idd le I ,1e is tocene inoge 'Se{ l im( ]n ) l )g i j ( ' i k j r ias [gge$
rhrr crpos,r.s ol th. ilrrerprile Crarel represi,nr ,l1r,siLs oi the ancesbal S alol€ Riler forving n,,rLhrard across the Joseph Lp

land- t l r rd r : r r rd ra i iagepat te rns i f l i ca le |ha | th . ( .g i l ' l u r r1 r r rve l tde format iona1 ier r !epos iL i r rn

rausrtl drainage rerersal and realisnnrcnr ol Ll!, rorrrse ofthe I alloiva Rirer.

The Enterpr isc  Gr r r r t  i s  unnpe iD  tha t  i t  p resen ls  thc  p r r ious l l  rnknoru i  ( lh ie f  Joseph tephru .  ud  onc , ) l  l .$  lenehra te

foss i l semblageso l la rc | ' lnx r r l ' t r r tnn ] . I , le is toceneoge in thcPac i l i tNor th \ | . s t 'S tud-o f thed

adds lo  lhe  e \ i s t ing  knor lcdgc  o f  the  reo tec ton ic  h is lo r l  o l  th r :  r 'g i r r r .

lntroduction

Locat on and Previous Work

The stuclv area extencling lrom a rnoraine compler

at Wallo\!a Lake to the r.tllc,v olTrout CreeL some
l5 km north ol Enterprisc. along the northeasl face
ofthe S'allot a Mountains (Figrrre 1) includes sedi-
ments that ovelLie thc NTiocene Columbia Rir.er Ba-
salt Croup. Thesr sediments comprise a scquoncc
of Quaternary flLrvial ancl glaciollur.ial sancl, silt,
and grn\.el (Clandell ,  1967). Net 'comb (1969)

brief\ describcd the geology and physiographv of
the region north of Enterprise. *'hich he termccl
the Joseph Llpland.

' lhc 
bcdrock and sediment cover ofthc rcgion

nas mapped by Wa.lker (1977, 1979); hc inclLded

thc Entelprise Clavel of this report with the Pl io-

cene McKa,v gravels, the bulk of rthich arc cxposerJ
to the north\,r'cst in the Pendleton region (Baldwin,

r9B6).

S g nif icance of Study

Tn this studr- \ ' !e define and characLerize the
Flnterprise Cravel. and proposr mechanisms bv
rqhich i t  was deposited. ' fhc inlcfpretat ion {)1 the
oligin. age. and significanc,c of the Enterprise
Cravel involvcd jntegral;on of geomorphology.
sedimcntologl,  paleontolog!, and st luctural gcr) l-
ogy, plus vaious methods of agc-{ letermrnatron.
This interdisciplinary approach Lo problem solv-
ing resuited in a bctter understanding of thc latc
(ienozoic gcologic history of the Wallola T.akc

re€tro11,
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The Enterprise Gravel

Definition and Type Localty

Thc linterprise Crar.el is here defincd as a sc-
quence oI si l t ,  sand. t l iamict, and Sravel e)iposed
bttrvccn the to$ n oi Joseph and the drainagc di-
vide betlecn thc Crande Ronde a.nd Wallorva Val-
leys (Figure l) . ' fhe name is clcr ivcd lrom the town
of Flnterprise, O|egon, and a t_ypc local i ty ( indi-

cated as site 5 on Figure l) is designated at out-
crops along Hight'a,v 82 $'est of Entcrprisc. The
type locality is in thc NW I /4 of sec. 2 and the
NE I / ,1 oIsec. 3, T.25.. R.,X4E. Benvecn thc Chir: f

J " . e f l r  Vonu rn ,  n t  . r ' r J  d , , $ ' r l n \ \ r r  E r r t " r p r i - " , r r "
about 0.5 Lm oi outcrops ofthc Fintcrprisc Cravel
on thc north side oi Hight 'a,v 82.

D str ioLr  o ' r  d1d Topograpl^ ic  t .press ior
'lhe 

Enterprisc (ira,'el is exposed in terrace seg-
ments north ofJoseph and also f lanking the val ley
of l'rout Crcck north of Enterprise (['igure l). The
best exposures arc in a roadcut west of Enterprise
ancl in aboul a dozen gravel pits scatlcrcd across
thc studv area.

The Entcrprisc Cravel is easily distinguishable
on thc basis of topographic eriplession, from the
gravel. sand. and silt ofthe voungesL outtash pLrins
antl thc rnoclern floodplains trlong Hurricanc Cr.:ek
and thc Wallolra River. Figure 2a (section A-Ai,
Figure I) shot's a topographic cr-oss-set:tion from
moraines at Wallo$'a Lake north to EntcrJrrise; Fig-
ure 2b (Section B-B', Figure l) is lrom Sheep llidge
in thc S-allowa l!.ountains northeash{ard to Flntcr-
prise. The out$ash plain is gradcd ftom lhe outlet



x
Study

OREGON

l -5 Pobble Count

i A-G Pa leo cu r r6nt
Indox ContouG in rn

Dlst. ibutlon of
Entcapris.
GraYel

a

l"

f igur '  l .  ln r lex  n rap  o i the  \ i  a l lo ra  L rke  Joseph t lp land rcg io , ,  sh , )$ ins  r | r ,n , \ in re r , i  { l i s r r ibur ion  o f the  Enrerp f ise
( ; ra l i l  ( sha , l {  ,1  r ) r r t . rn ) ;  f .bb le  counr  locar ions  ( l  5 ) i  pa leo .uuenr  ld rar i , rs  (A- ( ; i  r r ro \L \  in ( l (  r r .  uppfo l i
ma l .  ! r . rdg , i  l ,a l , ! x r , .n ,n t  lo r  .o { ih  s i l f |  u { l  ( ross  sec l ion  ] i l res .

T l r .  l i r r r . r  p r i *  f j r . r r t l  L ' l



fcrr Wallorr'a Lake to the modcrn lloodplains of
Hurricane Crcck and the Wallowa Rir.cr'. Alluvial
fans of Alcler Slope l lanking thc studv area to thc
rrcst and ,eouthwest ilrc also graded to the rnrxlcrn
rivers. Terracc scliments ancl outc.r'ops of the En-
terprisr Cravel stand Lopoglaphicaliv above the
n rude r r r  11n , , d1 'h i n  s r r r  l nce .  and  a l ' l ' F r r  t u  hc  c ro
sional rcmnants of a rnorc ancient topogfaphic
sLlIl;ce.

Measurements tith a sun'eying ahimctcr ofsur-
face altitudc of terraces rnmposcd of Enterprise
Cravcl show thal the uppel suri i :rce of the Enter-
prise ()rarel at lhc tvpe localit,y is iJO mctcrs above
Hurricanc Creek (Figufe 2a). Bcti leen Joseph and
Enterprise thc upper surface of thc Enterprise
Cravcl decleases in elevation in:r northwestcrly
d edion. consistrnt t ' i th the gradicnt ofthe Holo-
cenc f loodplain ancl defining the slope of thc an-
cicnt topolpaphi(, srrrfact. ln the Trout Creck r.allcv
the surface ofthe Enternrise Gravcl increases iiom
II7.1 meter-s al the lvpc local i ty (Lor:.  5. Figurc
1) to a rnaximum ol 1250 nrctcrs at a point 15
km north ofEnterprisc. The soutlr-sloping gradicnt
is,->.6 rn/km.

Sedimentology and Fac es

The Enterpl ise Cravel comprises a scqucnce o1
rndssivc to well-stratified silt. sand. diamict. ancl
gravel t i th complex facies associat ions. In addi-
t ion, a tcphra hor-izon is prcscrrred. along with a
B-horizon paleosol. At the tvpe loeal i ty, thc facies
used to definc the Enterprise Cruvcl are well-
delelopcd. Exposures at othcr localities are less
variable. but can bc linked to the tvpe localitv
based on criteria such as terracc-surface elelation"
soi ls, clasL l iLholog,"-,  sedimenlary slructures. and
sed;mcntan tertures. Figurc 3 shows ideal ized fa-
cies relat ionships in a compositc strat ippaphic
co lu rnn .

Focies Unitt

Si l t  Facics: At the type se(,t ion si l t  facies general l !
occur as localized lenscs bounded bv erosionul sur'-
faces. Si l ts are massi le, modcratelv well-sor-terl .
and poorl,v indrrrated. This ii:rcies also contains
caliche-coated root casts. At otheI localities, silts
occur as np-up clasts.

Sand Facics: Sand occurs prirnari lv as lenses
l , r ' r n , l . , l  l , r  e r , * i un r l  l o r re l  cnn ta ,  t -  unJ  r  i t he r
erosional or ppadational uppcr contacts. This

iicies displavs poor so ing, wilh signficant propor-
t ions of si l t  and f ine gravcl in most lenses- I ' lanar
and trc,ugh cross-stratilication is common.

Cravel l'ar:ie-": Cravcl is abundanL al lhc type
localitv and is thc dominant textrrral component oI
other localities. Nearly all of thc gravel is santlv.
clast supportcd, and si l t ,poor. T,owcr-contacts arc
erosional and r:ommonll  trough shaped; thc scale
of t lorrghs is about 0.5 metcr and thev displa,v
cross-strrtilicalion. flpper contacts are erosional or
gradational rvith sandy intelvals.

Diamict Facies: In adclition to the silt. sand, and
gravel, the Entcrprise Cravel includes massive.
vc4' poorlv sortecl diamict exposed at the tvpc and
other localitics. I)iamicts are matrix-supported and
contain angular clasts.

Palcosol !acies: A wcl l-dcveloped. purpl ish.
cla,ve,v B horizon palcosol is persistent across the
er.posed section at the tvpe local i ty. ' l 'his unir is
prcscnt at other ouLcrops ofthe Enterprisc Cravel
as r ip-up clasts but has not bccn recoEpized in
place.

Additionally. thc lintcrprise Cravel is cappcd
by a l'e11-developcd pcdocal. This lacics is not ex-
posed at thc typc localily, but is plcscnt at the top
of most of the rernnant tcrr-ace segrnents in thc
studv area. The stagc o{ developmcnt of this soil
suggcsts that it is associatcd with the Entcrprise
Gravel rathcr than Iith the Holoccne soil, and that
iL reprcsents a period ofsoil development prccccd
inpl dissection of thc ancient -curlacc of the Enter-
prise Craltl.

Tephra Far:ies: Associated witlr the ll-horizon
soi l  is a tcphra, her-e named the Chief Joseph
tephla (CJt).  Thc CJt is discontinuous at the type
localitv, and has not been rccognized at any othcr
e\posure of thc Enterprise Cravcl. It ranges in
Lhickncss from one to ab()ut tcn ceDtimeters and
is prcserved as a horizon in the si l t  facics.

Vertebratc l'ossil Facies: Ncar the top of thc
type sedion r 'ertobratc fossi ls cornprisc a diverse.
uel1-prcstred sui le of largc and small  rnarnmals.
including a Pclissoclacwl (holse). a suiid (wild pig).
a canid (n'olI or covote), ancl at least one bird. Fos-
sils have been recovcrcd in other parts ofthe tvpe
localit,v and at other localities. but these are rar:
and in poor condii ion. Spcncer and Barnoskv
(1986) studied somc ofthe taphonomic aspects ol
the launa and proposed scvcral explanations for
the excellent pr-cser\.ation.
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Sedimeniary Structures

Sedimentar v- sh'Llctures ;n the Enterprisc Gra\.el are
nurnrrous and diversc, the variety rcaching a max-
imum at the typc localitv. Scour and fill features
are abundant and associatcd t,ith every deposi-
tional unit. (lross-stratification is cornmon in thc
sandv intcrvals and prescnt in sone of the grar,-
ellv units. Parallcl stratifieation is also rvcll-
developed in some oI the sandv and gravelly units.
Manv of the gravcl, diamicr, and silt beds are

At other loealities, variabilitv in the types of
struclures rcplesenled is minimal. Ccncrallv these
- r r l r pL  mer r l a r r  - , .  t i on -  d i - p l a r  mc . - i r -  t r r r . l
beds. r'ith scour and fill features rveLl-cleveloperi.
and massive diamicts. Cross-stratilication is devel
oped in thc sandv intervals. Rip-up clasts of silr
and fine sand arc present in rnost sections.

Sedimentary Textures

Crain Size and Sorting: Except for the CJr and the
paleosol, facies of the Enterprise Gravcl are poorlv
sorlcd. Cralel units range in grain size from peb-
bles to crrbbles with a coarse sandy matrir. Sandy
intcn.als range from medium sand to ppanules and
pcbbles commonlv with silt. Siltv units rangc from
medium and fine silt Lo rnedium sand. The diamitts
c , , n t r i n  1 ' e l , h l . -  . r r r J  , - " 1 ' l ' 1 . .  Jnd  a re  mr l r i \ -
supportcd.

Crain Shape: The granular facies ofthe Enter-
prise (Jravel exhibit well-rounded clasrs. lliamict
Iacies exhibit both angular and rounded clasrs.

Contacts

The Enterprise Crarel fests uncon[ormably upon
the Miocene Columbia River Basalt Croup. This
contacl can be obsen'ed at the type localitv west
oI Enterprise. At other loca]itics the basal contact
cannot be obscrved. but can be inferred by the
presence in close proximitl. of erposures of En-
Lerpl isc Cravel and Columbia River Basalt.

The upper contact, rnarkcd by a tell-devcloped
pedocal. rcpresents a pcriod of non-deposition and
soil formation. At the type ancl other loeaLities. this
soil is ovcrlain hv latc Quaternaw loess.

Clast L thology

Clast counts oI Enterprise Gravel rvere conducted
at five gra\.el pits (Pinnev et ol.. 1986.i ro detcr-
mine the provcnance. rvhcther the Wallorva Moun-

t{ins to the south$'est, or thc exposed basalt in the
Joscph flpland to the north. Ar cach pir, rnultiple
beds rverc sampled. Data are summarized in
Figure 4.

Three categorics reflect lithologic types thdt pre-
dominaLr in the region: basalt,  metamorphic and
mctasedimentan'. and inh-usive. Basalt is crposerl
north o[the studt area and capping the high peaks
ol the northcrn Wallowa Nlountains (S'nlker, 1977.
1979). Also exposed in the Wallowa Mountains arc
latc Mesozoic intrusive ror:ks. and a dilersc suite
of older Mesozoic and Palcozoic metamorphic
(mostly gleenstone and marble) and sedimentarv
r t . L  rmo . t l r  . 1n , . 1 -161 le . . i l t s t une ,  - La le -  r nJ  [ ime -
stone) (Walker, 1977. 1979: Armstrong ef al. ,
1977; Almstrong. 1978; Brooks and Vall ier,
r97 B).

Pebble count data shot 's a predominance of
ha -a l t  an , l  me ta {c , l im , .n t c r )  ,  l r s l s  i n  mo : t  F \ -
posures of lhc Enterprisc Cravel, and an
anomalouslv low propofiion of intrusi\.e rocks. Al-
though this could reflect the fact that rhe ;ntr.Lrsives
were relatir.ely recently unrooled bv flur.ial and gla-
cial processcs, it is more likelv a reflection of thc
widelv-spaced joint sets developed in the intnrsivt:
rocks, t'hich would produce clasts too largc to be
transported as out$ash-

Paleocurrent Ind cators

The azimuth ofinclination ofcross strata was meas-
ured at seven diffcrent localities in the Enterprise
Cravel (A-C, I'igure l). Localities A" B, C, and F,
representing terrace lcmnanls adjacent to lhe late
Plcistocene outt'ash plain, shot'the rnost varratron
in paleocurrent direction, and sugllcsr a oeposr-
tional mocle of constantly and randomly shilting
current d ections. Those local i t ics along the mod-
ern'Irout Creck r.alley (D, C. and E) indicate a
varialrle-direction currcnt. but prefcrentiall,v ro the
north.

These clata are consistent rvith pebble count
data suggesting a source arca in the Wallowa
Mountains, r'ith sediment spread northward lrom
Wallowa Lakc. and additional sediment from the
Wallo*as distributed ria the alluviul fans at the foot
of Sheep Ridge across the arca in various direc-
t ions. Sedimcnt lbund in the Trour Crcek val lev
'was crnlined to the valleJ' and shows norlh
paloocurrent dominance along the val ley:xis.

The paleocurrcnt data is consistent !vith mod-
ern drainage patlerns on the late Pleistoccne

'fhe 
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I r i s l r i .4 -  -qun!nar \ -  o f  pebbk  ( r ,u , , r  dd ta  (CI ' I  rh rough GP 5 ;  g rav . l  l ) i t s l .  Locat io rs  sho$n on  l igure  I  ( l  5 ) .

outwash plain and al lur. ial  lans. BLrt Trout Creek
presently drains the Joseph Llpland in a southwes!
\ ' !ard direct ion t() the $est ol Entcrprisc, wherc iL
joins the Wallota River-and f lols lortht 'cstrvard.
' fhc 

paleocurrent datd, lr i th a predoninant north-

erlv componcnt along'frout Creek, opposcs the
mrxlern draina€ic and suggests that since deposi-

tion ofthe Enterprisc Cravel. drainage in the Trout

Crcck val ley has reversccl.  This rclat ion r, ias men-

t ioned b,v Nelcomb (1969); hc altr iblrted the

reversal in clrainage direction to dortnwarping of

the syncl ine in lhich thc modern Wallowd lt ivcr

f lor,;s, rcsult ing in captulc oI thr clrainages of ibr-

merlv nolth-f lo!,r irrg streams.

Depositional Mode of the Enterprise
Gravel

Crain-size distr ibution of the secl iment of the

Enlcrprise Gravel. varying from si l t  thlough cob-
bles. suggests a dcposit ional svstem characterized

bv variable enerpry condit ions from rclat ively high
(minimum transport velocitr I m/scc)to nearly zercr

ftrr f ine-grained units. 
' fhc 

ubscnc,c of clay in the

samplcs suggests that l,hile ener!ry \{as lorr at
t imes, therc lras cnough.urrent lo keep the i inest
material in suspcnsion. The dorninance ofcoarser

sediments at most locr i t ics suggests that overal l ,

thc r lcposit ional mcchanism of the Entcrprisc
Crarel rvas characlerized by high cnergy.

Variation in paleocurrcnts suggests randomly
and eonstantly shif t ing current dircct ion: highly
variable where unconfined by topography south oI
Enterprise but less variable where confined bY
topography in the Trout Crcck val ley.

V . r " s i r e  I ' eJ - .  l r ough  ,  r , , - * - l r r l i f i ,  r l i un .  r i p -
u1 '  c l a - t - .  cnJ  rhund . r r ' t  . cou r  r r nJ  f i l l  i . c t r r r e - ' up -
gest rapitl rJr:position o{ scd;rnents as lrell as ac-
t ive erosion. Diamicts at many exposures of t l le
Enterprise Cralcl rcf lcct periodic contr ibution ol
catashophic clcnts oI rapid dcposit ion. probabl,v
mudflolrs. These could havc been introcluccd into
thc Entclprise Cravel r.ia thc alluvial fans of thc
{ l d - r  S lope .  u r , r -  ' , l i n r . r r t  J " r ' i r ,  , l  f r , , r n  mora ine
bursts or jiikulhlaups at Wallowa Lake.

The Enterprisc Cravel reprcscnts a braidecl
slream complcx ussociated with a glaciol luvial en-
! ironrnent. Thc sLrbenvironmcnts represented at
the t,vpc local i ty are thosc of eoarse-grained chan-
nci bars (gravel and sand), inactive channels and
backwaters (si l t) .  and exposed jntcrchannel areas
(B-horizon soi l  and root casts). -A.t othcr local i t ics.
subenvironments rcpresented includc channels and
channcl-bars.

Wc pr-opose that the Enterprise Cravcl
rcpresents the deposits laid down by the ancostral

L I T H O T O G Y
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Wallowa River f lorving northuard from Wallowa
Lake across the Joseph Llplancl to the (lrancle

Rondc River.

Age of the Enterprise Gravel
Felat ve Age Critela

Weathcring r ind thickness *as measured on 79
clasts of bflsallic fi)mposition lrom the terrace sur-
I;ce at thc hpe localitv. 'l he rnean $,eathering rind
thicl less is 0.3 mm (sigma : + /  0.3mm). Com-
parison of this mean \ ' ! i th rcsults obtainccl by Col-
nan and Piercc (1981) suggcsts an age of20,000
to 40,000 vears. Colman and I ' ierce (1981, p. t4)
suggest thal "Lhc development of rinds is inhibited
in dn*, contincntal cl imatcs. especial ly rvhere cal-
cium carbonalc accurnulatcs lvithin thc soil." The
age ol the Enterprise Olalel is probablv greater
than indicated bv dtrta liom thc basalt weathcring
rinds.

Absolute Age Cr ter a

Xlagnetic Polain'

The CJt t'as analvzcd in the field using a portable
specimen magnelometcr. ln addition. a sample was
cxcavated ancl laboratory paleornagnctic analysis
su -  pe r l i rm . , l  rF . . r - t e r l , r , ' , k .  pe r . .  , , ,mm.y .  Bo th
ficlcl and laboratorr, analvsr:s yieldert a rcversed
magnetic -qignature (Spencer et n1.. l9B9). The
most recent r-cvcrsed polality epoch was from 2.43
to 0.7 XIa; thercfore the CJt is probablv at lea-"r
700 Ka.

lission hcLck

Thc CJt vas proccssed fbr zircon grains to obtain
a fission tlack agc. The CJt is zircon poor, but
enough grains 11ere extracted to obtain a reasonn-
ble age.

The total agc range ol'zircons frorn thc CJt ras
from )B \ ' la to about 1. lJ Ma. fhe oldest grains
lrere most likelv acc,idcntal. and r,;crc disregarclcd.
I ' ission track analvsis ofseven grains presurned to
be primarv give an agc of 3.0 N' la (+l- O.9.2
sigma). Figurc 5a, showing the individual cunes
lor seven grains. shows l to clusters of curves; ole
of thesc centers on an age of i3.65 Ma, the seconcl
on 1.9 Ma. Trro possibi l i t ies can explain these daLa:
f i " . 1 .  l hJ l  l he r .  $ r -  n  ma j , , r  r u l . . r n i .  c f , r t , l i un  c l
about 3.0 Ma: second. that therr t 'cre t$o erup-
t ions, onc at 3.65 l ! [a that provided accessor-v
grains lor a second eruption at 1.9 Ma.

The voungest cluster-oI cssential grains indi-
cates a minimum agc for the Chicf Joseph tr_'phra
and thus the Entcrprise Oravtl ,  of 1.9 NIa (+/- 1.1.
2 sigma). or late Pliocene to middlc Plcistocerre
(Spencer et al., 19{39). I'aleomagnctic data further
constlain the age to a reverscd polarity intcn'al.
most likelv the Matuvama Rer.ersecl Polaritv Ep-
och (ca.2.43-0.7 Sla) (Figurc 6).

Fauna

At thc tvpe local i tv of the Enrcrprise ( lravcl,  a di-
versc and well-prcserr'ed vcr1cbrale launa nas leen
recovercd (Spencer et al., I9Bi>\. AspecLs of its
prcsen'ation rqcre discussed bv Spenccr and Bar-
noskv  (1986 ) .

Thc fauna comprises an assemblage of large
and small vertcblates. inclucling partial remains ol
a perissodactyl (Eryrra), a suiid (wild pi$, ar lcast
one calnivore toolh (Conis?), numcrous small mam-
rnal bones. and at least onc bird bonc. Other lo-
calities in the Entelprise Grarel have not produced
fossils. exccpt for localirv G (Figurc 1) ther.e a
l a r c -  s , . r pu la  r . t -  r r - co re r . , l :  bsed  on  i t s  - i ze ,  i r
is probably a mammoth or maslodon.

The fossils, particularly the perissotlactvl. are
in exceedingly good condition. despitc the IacL that
thev *crc recolered from diamicts overlving gravel.
Manv of the individual fossi l  elements display no
e,'idence for postmortem lransport or abrasion. or
post-burial dissolution or Ieathering (Spencer ancl
Barnoskv, I9{:}6).

Thc primary significance of thc launa of thc En
terprise Gravel is that it reprcsents the first t,ell-
documented ve ebrate fauna in the region, ancl
th(rs mtv establ ish a standard lor correlat ion virh
similar-agcd deposits elsethere in the Wcst.
Fission-track ancl paleornagnctic data on the CJL
establishes the age ofthc Enlerprisc Gravel as late
Plioccne to middlc }'leistocenc; the fauna mav thus
bc assigned to the late Blancan lo early ln'ingto-
nian land mammal stagcs. Based on data in Kur-
Len and Anderson (1980). thc Enlerprisc fauna
represents the onlv l.crtebrate launa of Blancan or
Irvingtonian agc in the statc of Oregon. and onc
o f  f - r '  i n  t he  g rFJ t , . r  P rc i f i ,  \ u r t h r . e - r  r , . g i un .

Tectonic History of the Enterprise Gravel

Thc Entelprisc Gravel r,as cleposited bv the an-
cestral S'allowa Rir.cr flot'ing north along Trout
Crcekval le,v. The grarl ient of the modcm Waliowa
Rivcr is 9 m/km from Enterprise 15 km northtest

The Finterprise Cravei 67



3 .o !  . 9  26

to T,(rst ine - app rorimatelv the €!adicnt rxpcctcd

for the Enterprise Cravel betrveen the tvpe local-

i tv at Fintcrprisc and gravel pit  E (I- igure 1). The

slope of the uppcr surlacc (palcosol) of the Enter-

prisc Cravel is 5.6 m/krn southirard along' l ' rout

Crcck vallcv. The slr[)e of the contact beh\,een the

basalt and the Entcrprisc Cravcl was not observed.

11 the original grade ofthc anccstral S'allorva Rivcr
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AGE LIXI IED BY
AEVEFSED
POLAFITY

Ftsslot{  TRACK
AGE RAI{GE

fisure 6. Sunlrarr ,,1 llss;rr rrock lnd nragner;. polariLl dlrr
l fum Lhe ( :h ie fJoseph r ( iphra  !L  rh i , l l pe  locahv  o f
the Enterprise (iravcl. Agc o12..13 0 8 tr'la sugg,isr{{l
br Dininrum fission track age ard refrscrl magneric

wls 9 m/km lorthwarti, thc Enterprise Cravcl (:rnd
therel irc thc northern part of thc Joseph [JpLand)
has been tiltccl southward aliout 15 m/km sirrr:e
the late Pl ioccnc or earlv PleisLoccnc. The north-
ward paleocurrcnt indicators of the Entcrprise
Cravcl contrast u,ith thc southt'ard flow of thc' mocl-
ern Trout Creek.

There was <:onsidcrable tectonisrn in thc Wal
lo$a Mountains durirrg thc Ccnozoic. Well  to thc
north of Entcryrise the anirr. l inal upl i f t  ofthe Blue
Nlounlains occurrcd. rnd just south olFinlcrprise.

the [raliowa Nlountains rose along the S'allor,".a
Fault. The Wallol,a Fault runs alonpl the base ol
the northeast sidc of the Wallowa l lountains, and
llanks the studv area on the southwcsl. fhis lbult
is part of the Olvmpir:-tr allxva lincament (as de-
f incd b_v Raisz, 1945). thich extends northwest
lronr thc Vlallol," as ar:ross Washington.

The ait i tude of the top of the ( lolumbia Rivcr.
BasalL Group atop Sheep Ridge c,omparcd to that
on thc adjacent Joseph Upland. indicates movc-
mcnt along the Wallor,a !'ault of at least 1500 m
lert icnlh since \ l iocene t ime. Brt Imnaha Basalt
l lows (c. l7 Ma) are erposcd atop the Wallo*a
\'lountains, whcreas Crande llonde Basalt flows (c.
16 Ma; strat igraphical iy above the lmnaha) crop
out in the Joscph Lpland (Steve Rcidcl.  pers.
comm.). Vert ical cl isplaccrncnt may be closer to

According rr Nerrcomb (I969), deformation of
the south part ofthe Joseph Uplancl rvas u result
of dotrrlr'arping ofa suspectod svncline. uhose axis
trends northwcst alonpJ the course of thc Wallowa
Rivcr. 

'l 
here ale, however. scvcral possible expla-

nations for thc drainage reversal of lhc ancestrat
Wallowa Rivcr.

A. Sy nclinal dol,nrvarping of thr: Wallorva Val-
lcy and anticJinal upl i fL oi thc Joseph Uplancl
(Nenco rnb .  1969 ) .

B. Crabcn dcvclopment in Lhe Wallot'a Valley.
' Ihe 

Wallowa Fault forms the southlrcsl border
of the graben. Accordinpl to Stevc Reiclel (rers.
comm.). digital photographv suggests the prcs-
cncc of an etr-sl-west trencling. down-lo-thc-south
Iault between Enlcrprise ancl thc Joseph l ,p-
iand, t'hich mav bc a splav of the Ol_vmpic
[ 'al lo*a T,incamcnt.

C. Dot'n-to-the-south slep faulting belween the
Wallona Vallev and the Joseph Upland.

D. Listr ic fault ing along the [ral lowa lault
result irrg in rot.rt ion (southward t i l t )  of the
Joscph [ lplancl.

It is unclc:u lvhich relationship crists. Anv corn-
bination o1 t i l t ing. tolding. and lault ing rcsult ing
in the relat ivc upi i l i  of the Joseph Llpland w.ould
halc rcduced the gradicnt of the ancestral V, 'al-
lora River and incrcascd the l ikel ihoo(l {)f  st.cam
captu.e and drainrgc reversal.  The canvon of the
Cranclc Ronde l l iver with i ts r,cl l-developed in-
cised rneanders indicates substantial latc Ccnozoic
Lrpl;n of the Joseph lJpland.
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Within thr: uea of the terrace segrncnts ilnd e\-
posures ol the Enterprise Cralcl there is no f ield
evidence for do$'n{o-the-south liulting. Elcvations
of the carbonate-crppcd terrace segments indicatc
doun-to{he-south t i l t ing. As thc norlh f low ofthe
ancestral Wallowa River rvas being dcfcated by

whatever mechanism, it l,;as capttrred bv a tribu-
lary of thc Crantle Ronde Rir.er locatccl in the
deprcssion just nofiheast of thc Wallorra Fault.

Once the Crandc Ronde lfibutary captured thc an-
cest|alSrallowa River. it bccame the modern WaI-
lorva Rivcr.

Summary

The Entcrprise Cravel, as net'ly defincd in this re-
port.  comprises a sequcnce of sediments includ-
ing sancl, silt, gravel, dianict. t$'o ancicnt so;ls. and
a tephra. The cnvironmenl of deposit ion o{ thcsc
sedimerrts seems to bc thdt of a braided-stream
complex dcrivcd from the glaciers rvhich once or:-

ctrpiecl the Wallova Ltkc area. and alluvial fans
on the Aldcr Slope to the south$'est of the st(rdy
area. Transport ol the scdimenls was northward.
Reversal of chainage direction was causcd by tilt-
ing that rva-s likelv rclated to farrlting associated n'ith
thc OlympieWallowa Linermcnl. The distribution
of thc Enterprise Cravel defincs thc course oI the

ancestral Walloira Rivcr" $hic'h moved to its plcs-
ent coursc probably in the Pleistocenc. resLrlting
in capture oi the predominantly northward-flowing
strenms.
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