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CHAPi!R 2 - SUPRABASALT SE:OIME.'ITS 
OF THE COLD C~EE!< SYNCLINE AAEA 

A. M. Ta 11man 
J. T. Li11ie 
K. R. Fecht 

INTROOUCT!ON 

,; )011575 

This c::,aoter describes the general stratigrapny of the sediments 
overlying the Jasalt bedrock in the Cold Cl"!!!< syncline. Included ~s ! 

bl"ief disCJssion of their' distribution, lithology, stratigrachy, and age 
~lationships in the Pasco 3asin and a :nore detailed discussion for the 
..estern Cold Ct"'!ek syncline area across the RRL. 

The study of these se-;1iments is 1111>ortant to the ider,tificat1on and 
~valuation of candidate sites for a repository because: (1) Plio--Pleis
tocene geologic histor-1 of the Cold Cr!!k syncline ar"'?a is 1"1!Corded in 
these sediments; (2) physical pMperties of these sediments, ~speciall: 
:heir l ateral variations, affect the ability of seismic ref1ec~~on sur• 
·,eys to ~solve details of bedrock structure in the underlying basalt; 
( 3) shaf ::s constructed in t!'le AAL •-,; 11 penetrate these sediments and 
reQuil"'! <nowle-:ige of t!'leir ct,aracter; and (4) surface facilities con-
strx-;ed :n or in ':hese sedimer,ts ·111111 require information :n their 
engineer'ng :,roperties. 

The post~olumoia ~iver aasalt Group sediments of tr:e Cole C~k 
sync1ine are ~mposed of t~ major units (Fig. 2-1): (1) Ringold Fonna
tion, a ~1ccene--?1iocene f1uvial unit with some lacustrine facies; and 
(2) Pleistocene glac1of1uvial sediments, 1nfonna11y ter.ned the Hanfora 
for.nation. Oepos1t1on of the Ringold Fonnat1on by ancestr~l streams 
f1owing througn the Pasco Basin started shortly after cessation of basalt 
flows. ialus and a11uvitJIII deposited on the flanks of basaltic ridges 
during Ringold time are aiso included in the Ringold Fonnation. The 
Hanford formation was deposited by catastrophic f1oodwaters which inun-
dated the ?asco Basin wnen ice dams impounding glacial lakes failed in 
1'1ontana, ~daho, no~hern Washington, and southern British Columbia. ~inor 
units include the ?leistocene and Holocene talus, colluvium, a_lluvium, 
1anas1~~e cebris and loess, and Holocene dune sand. 

?RE'IIOUS ',1QRJ< 

::west~c;ations of t!ie sed4ments in the Cold Ct"!e!< syncline lrea began 
CUl".;ng -::1e 19JCs during -::nst:-•Jcticn of the :-ianf:)rtj Site f3cil ities in the 
ZOO :!st ~c 200 'iJest Ar=as ana nave continued since tr.en ·111ith ongoing 
constr•x-:~cn ?na ground·~ater-rncnitor~ng i nvestigaticns ( ~ewcomb and St-:-?nd, 
1353; 3Mwn, ~959; Newc:mo and others, ~972; i ve!"'.Tlan, 19iS; Routson and 
:=e-::it, ~3i9; T!11man and others, ~9i9). Add~tfonal ·11or'< ',!/as comp1ete1 ":.y 
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',,lashington Public Power Supply System, Inc. (•,.poss, 19n, 1981) ¼nd 
recently by Northwest Energy Ser'lices Comoany. ~ sumnary of ~11ona 1 
and Pasco 8as1n oost-Colu1T101a River basalt geoiogy fs oresented in 
~yers, ?r1ce and others (1979). 

METHOOOLOG'f 

Reconnaissance field macping (1:62,5C0) of se-= ~ments 1n the Cold 
Creek sync 11 ne ·..-as como 1 et~ f n 1978 ( U 11 f ! ¼nd others, l 978; ~yer1, 
Price and others, 1979) and more deta1ied field :naooing (l:24,000) 1s 
cur ·ent 1 y be 1 ng done t>y ~ock we 11. · 

Investigations of sucsurlace sediments in Uie :o ld Creek syncline 
ut~lize pr~marily driller's logs and saJT1J le~ from ~oreholes. These ~ore
holes •i;ere drilled us1ng cable-tool, :nud and aii- rotary, and diamond
coring ar1111ng methods (Fec,t and Lillie, i n p~ss; aiso s~ Aopendix A). 
The quality of dr111er's logs and sediment sazroles is ·,ar1abie and is 
considered in the inte,,retations oresented in th is ~ort. Granulcmetr1c 
analyses and calcium carbonate (CaC03) determinations ·..ere corroleted on 
sediments frem selected boreholes to aid in delineati on and cor~lation of 
major facies d'langes within the Hanford and ~1ngo ld For.nations. Geoohys
ical logs are available for some borehOles, and scme ~reas are covered jy 
geochysical sur,eys (s~ Aool!ndfx 8). 

?a 1 ecmagnetic analyses of sediments f:-cm the ~; ngo ld F',:,r,nati on ·.,ere 
-:o~ 1 eted for exposures a 1 ong the Col Ufll) fa ~ her and for th~e core ,o 1 !S 
on :he Hanford Site ('-4oodwanl-Cl:,,de Consui tants, 1978; Pac'<er- and 
Johnston, 1979). rnese data are being used to del f ne¼te t1me-stratigr¼oh ic 
units and, in c~junct1on wi~h foss~ls, can ,e used hr dating and 
con-elating the Ringold ror.nation. 

G£NE.~PL mAT:GrtA?HI C SETTING 

R!NGOLD r'CRMAT!Cli 

rne Ringold Forma-:ion overlies :he Co luiroia ~1.,er 3asalt Gr:iuo ..,;thin 
most of the Pasco Basin , exceot ·,,.her!: (l) basalt CMOS out, (2} glac1o
f1uv • a1 Hanfor1 for~ation onlaps r i dges aoove the mar11n of the Ringo ld 
F'~r.nation, and (3) ft has been eroded and Hanford sed iments ·.-e~ de?ositP.a 
1 i r'!c t 1 y on bas a i t . 

The Ringold r'or.nat 1on ·,,.ithin t~e ,>asco aas i n .,as b!"!!'I jiv1ded ·,er-:. j 
ca 1l y inw three text:.ira l facies, gener1 1~:, fo11o-..,,ng :he 11 ·11s1ons of 
~ewcorm (1953 ) : (l) lower Ri ngoid, the "b lue clay" facies consis":ing ot 
s il t, clay, sand, and gravei extending 1JO •,,a~ 1:-cm ':he ~asal':; (2) 'lliddle 
~i ngold, c::nglomerate or grave i fac~es; ¼M (3) ·Jooe!" ~: ngo ld, -:lay, silt , 
and sand, . ..,i : h scme :ninor gr1v'! 1 l enses (3rown, 1353). ~e-:ent · ... or-< 
~~outson and r~-:ht, 1979; allman ana ot.,er1, 1979; :•yers, ?r i ce and 
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others, 1979; 3M-wn, l9al) has distinguished a basal unit, the Pn!domi• 
nantly gravel facies i n the bottom ;,ol'"'";icn of lower ~ingold, as described 
by Newcorrb (lg5S ) and 3rown ( .959 ). 

The di'lision of the Ririgold F:,rmat~cn 1nt.J a (1) basal, (2) lower, 
(3) :niddle, and (4) 'JDPer fac ~es, :iasad ;,rimari1y on textur'!, fs approori
ate for :nuch f the centnl ?asco 3asin. On t.'ie edges of the basin, the 
c~ari!Cter of the ~ingold Fer.nation differs ~?Caise of derivation frcm 
1 oca 1 sources. 

In general, three !"'!Oresentat~ve str1t i graoh i c section types can be 
used to desc:-ibe the lateral ·,ariations of the ~ingo ld Formation in the 
'asco aasin {Fig. 2-2). The :entral oorticn cf :he Co'.d Cre!~ syTicline 
and muc:, of the central ?asco 3asin ar<? ~or'!sentative of section type I 
( tne four facies listed above) and illustrated i n DH-12 (Fig. 2-3). How
ever, all four :e.xtural fac i es are not ;,~sent thr-:,ughcut all the section 
:ype ! area. ~ch of the uoce- ~ingold i s er:,ded ?nd t.'ie lower ~inqold 
pinches out on !J'lticlinal ri cges, and i n some ar'!as, the oasal grave; unit 
i s not present or cannot be d i st i nguished from :niddle Ringold ·#here the 
t'A10 are in contact. The late,-al distribution is shown in Figun! 2-2. 
~ more deta il ed discussion of t:·•s section type is oresented l ater in 
the disCJssion of the RRL str1t i gra0hy. 

Sec<:ion type II of the ~ i ngold Fori:1ation is found north and ust of 
Gaole 14cunta i n ( Fig. 2-2) and i s co~osed p,-edominantly of silt, sand, and 
clay ~s l""!pr'!sented in OH-19 (Fig. 2-3). ~inor gravel lenses are present, 
~ostly north of Gable :-lountain. Se-:ii:nP.nts of this section an! inte~reted 
as floodplain overbank depos i :s throughout Ringold t ime. ~rosional uncon
hr.ni:i:s and ;,aleosols are :,resent. ::ut t!"!er! is r.o :'lidenca of tiigh
:nergy, main-c.'iannel, sed ime.r,tat ~on charac<:er i stics of :he middle and 
~asa l R~ngo'~ facies in the :entr? l ~asin. 

Section -::,,:e III, the fanglomerata fac i es (G,-.,lier, 1965), occu~ 
on the flanks of anticlina1 ridges and includP.s the talus. slope wash, 
and si:e stream facies 'Nhich i nter-finger 'Nith the central basin ~ePosits 
of se,;t i on types I and II (F i g. 2-2 and 2-3). 7his facies of the ~1ngold 
Fornaticn i s c:rrcosed diiefly of basalt :lasts n a ~atrix of quartz and 
'e l ds;iar or basalt sand. Locally, some ooenwork, angular, ~asalt debris 
is ;,resent. !<: i s generally comcactad ':O cementad 'Nith silica and/or 
CaC03. i'ne unit 1s the resui': of mass wastage and r•Jnoff on th! emerging 
-- i dges during the dePosit icn :)f t!'le ot!i '!r ~ingold se,;<; i on types i n ':~e 
l e-we!"' elevat : ons of the ?asco 3as in . 

Section t:'i'eS ! and !! "#!re ce,osi':ed by a '1'1ajor river system ·,wnich 
flcwe1 thMucn :he Pasco 3as ir. . T~e middle ~inoold oravel of section 
::,,, e r i s present frJm Sent i ne 1 ·3co :.:i ':he ·..est · side· of Gab 1 e :-1ount a· n anc: 
:!"!rougnout the central ?asc:i 3as i n :o '-'allula Gd.D, 0 xc~Pt ·wlier'! it is 
: cc.a l ly eroded south of :he C'.ty :f ??sco (r;g. 2 -~). ihe main c'ianne l. 
'1'1eancered ¼Cross ':he ?asco 3as~n, :epos i ': i ng ': !"le time-transgr'!ssive ~idd1e 
~i ngold gravels md the ?.;sJc i ated fine •· gra fned sed iments. Several flu
·, ial cycles ?r<? .. ecogn i :ed .., ; 9:~in sce:ion :yp~ :, but ,ave not been corr~-
1ated acr,,ss tr. e basin. i n'! : 1ne-grained se-:i iments of 5ec':ion :ypes l 
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and ! wen! deoos i ted as lat"-ral eauivale!its of the main-stream facies • 
.Mter the ceposit~on of the upper ~ingo ' d of section type I and befo~ the 
de::,osition of the Hanford formation, there -..,as a :11ajor period of fluvial 
inc i sicn and as ~ud'I as 150 m of ~ingc ld sediments . ..,el'"'! eroded across t!ie 
c?ntral por~ i on of the Pasco 3asin. 7he nature ~f these missing sediments 
is :iot '<nown, but -:~.e l aural equivalent, the uooer ~ingold of the ·..ih 1te 
3 uffs, is a fine fac i es similar to t!ie sand ana silt of sect i on type II. 
~rosional remnants of the upper ~ingold are present fn the west-cent:--al 
;:,ar-: of the !lasin. ihese fine-grained sed ime,,ts ar! either the floodolain 
over'Jank equiva l en~ of a now eroded c!iannel ce::,osit, or they represent a 
low-energy, fluvial-lacustrine envir:,nme,,t throughout the basin for all of 
upper ~ingo ld t 1me. 

ihe ?aso aas i n ,..,as ·,undatad !ly multiple ?1eist::icene f1oods · .. hen jce 
jams failed along the glac i er marg in !n nort!iern Montana, !daho, 'iiashing
ton, and sout!'ler.i ~ritish Columoia (31""!tz, 1923, 1925; Saker, 1973 ) . ,l,n 
est imated 2,000 ~ of -..,ater from Glac ial !..alee :-.1ssoula su1"9ed ac~ss 
:!Ster., 'iiash i ng~n (?ardee, 1942), deeply scouri ng bc1sal t and aggrading 
-::i i c!< sequences ,::if subfl uvi.il i:t de?osited sed imerits. rne floodwaters ·...er~ 
:1 1·,er:ed into n:.znerous anastomos ing channels ·lthic.'I debouched Into the ?as.::, 
3as in (3al<er, ~?73 ; 3aker and ~umnedal, 1978). '..lat~r 'liklS temporarily im
:,ounae-J beh ~nd t!-.e •Jnaerfit water gap at 1..lallula, with the resultant tem
;;orary 1c1ke reac!': :ng ~ e1evat i cn of ...,355 m i n ~he Pasco 3as1n. 

Tiie sed :men~ ~::,osited in the .Jase:, 3as~n dur~ng these f 1 ood events 
!re i -: iol"'1Tl a lly refer:-ei:l to as the Hanford for.nation. The Hanforo for.na
-: " --n 1s-d i vided i nt:) tw0 textural facies: (1) Pasco Gravels (3rown, . 975) 
!nJ ( 2 To ucnet 3ei:ls (i='11nt, 1938). 7he ?asco Gravels (f' i g. 2-4 ) range !n 
:ex~ure from bou laers to fine sand and ~present varied energy e!'lvir;nments 
::uring f1ooaing. The Touchet 3eds (Fig. 2-5) are made up of rhythm1ca 11 y 
:>edaed, fine-grained sc?1iments deposited in l ow-.energy, slacli:·o11ater 
en vi ronmeri ts. 

i='loodwaters ~tered the Pasco 3asin ~Y thre2 :"Outes: (1) through 
Sent~nel Gap, (2 ) across the northeasten, flanks of the ?asco Basin 1n 
se•,er1l ·..e ll -de'le loped c;oulees, and (3} d0'1«1 the Snake River (Fig. 2-6 }. 
7he :extur-e of the Hanford format;on varies throughout the ?as,., 3as i n. 
:~ genera l , t~ ?asc::i Grav'!ls dl'e coarsest irnned1aU?ly south of Sent inel 
~ao !r.d south of :he Gaole Mountain-;aole autte constrict ion, whel""! coarse 
ceor is ..,as de:,os i :ei:l ·1then the flcodwater:; spr!ad out i nto the ?asc:, 3as in 
and ce~osi-:ed a s·#ath of gravels to ''°'a i1 ula Ga:,. Coarse gravels are al so 
~~se!'lt in trie southern ?asc::i aasin, ... hen! flooawaters antere1 the basin 
, : a the Snake .~iv er (3rown, :981; '- i ~dberg and 3rown, 1981). The iouchet 
:er.JS !re gene!"a~ ~l restr i ctea ~ highe!" elevations on the flanks of r i dges 
!r.a I.J) :r bu:.1r:, ,a 1eys of ': he ?!sc::i 3as1n a·..,ay frJm the higher ~ner;y, 
na in-cha~ne l fl:w. 

7he numoer :f ?1 e is:ocene f~coas i n eastern '/Jashingtan and t:ie '?sc:, 
3asin is ., ot c1cwn. Stratigraon ·c e•, aence for as many as 12 '! ood s is 
""!oor-:e~ i n ::-,e S;ck~e ar~a ~Y St:--aa i1ng and ot~er1 (1980 ). t:i ·.-or'< ~one 
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for Rock'M!ll, L. G. Hansen :--ep~rted st~atigraohic ~vidence for at least 
seven fioods in the Colwnoia ~iver Valley in the northwesterr, Columbia 
?lateau. The Touchet Seas in the '.,/al1a 1,ola~la 'la1ley are interpreted to 
represent •about .10• individual floods (~aitt, 1980) based on the assump
ticn that each major sedimentary cycle reoresents cne flood. 3jornstad 
(l;a:)) concluded that · <;hese cycles represented e!1eqy pulses in one major 
flood. !:lut he did find evicence for at least t·...o separate floods. :.11thin 
the ?asco 3asin, multiole, graded seQuences of ?asco Gravels and Touchet 
3eds have been observed in boreholes and out:::-op. ',lhether each sequence 
represents an individual flood or merely changes i n the environment during 
~eposition is not (nown. 

~ocaliy, three sedimentary sequences ~dentifie-1 ~n boreholes 1n the 
? asc:l 3asi n (Brown, 1 ga1) are i nte!"'? reted to !:le th r~ sep ara ta flood 
events. !n a, excavatioo in the south-centra 1 basin, three :nain sequences 
'Jf Hanford sediment are i nter;,r-eted to repres~nt multiple flood events in 
the 1atc Pleistocene (:.lisC:lnsinan, ~a.coo to 10,000 yr before present). 
Older g:-avels in Sadger Coul~ contain a petrocalcic horizon and are inter
;,re~ as pre-Wisonsinan flood sediments. ~re detailed analysis of bore
l"lo 1 e samp 1 es and e~osu res is needea to r!fi ne the flood hi story of the 
?aso oasi n. 

Clastic dikes (rig. 2-7) comnonly occur in the Touchet 3eds and ?asc:l 
Gnvezs. ihey are also found in the iUngold and Ellensburg Fo'l'fflations and 
i n basalt. The dikes an! generally vertical- to irregular-dipping fissure 
fil~ings ~n t~ hoS! sa<iiments that are filled •ith clay-to-gravel sedi-
11eits. The mechanism for the formation of tr.e r:1astic d~kes is not i<nown, 
out they have bee, intcr,,~ted not to be r-elated to :>ermafrost, desicca
~icn, er 5eis.nic activity (81acx, 1979). Most dikes observed appear to be 
f~l~ed from above and display intricate ~1uvial bedding ·..,ith evidence for 
:nui-;iple; fllling events. The mechanism for open i ng of the fissur! may be 
~ l at~ :::, loading and de..atering during ?leistocene catastrophic flooding 
' a 1 lCx, 1979; aaxer 1973). 

SURFLCi,:J,. DE?IJSITS 

~elati·,ely crtnor aoounts of all u'lium, cune sand, 1oess, talus, 
C:l ii ~vium, and landslide debris occur in the ?1sco 3asin. Most of these 
ceposits ~ Holoe!ne, !Jut some may ce as old as the ?leistoce.'1e (Lillie 
ana otheM, 1978; MyeM, ?rice and otheM, 1979). 

~;1:.iv ·um oc::.i~ in :he f:oodolains of the Yakima ~d Columbia ~ivers 
!r.a ~n :~e :o'1 ':ree!< 311d Dry C:"'~!< Va11eys. A~~uv ~um ~elow the ~levation 
of 11a,:or P e istocene catast!""Jph i c flood~ng is ~olocene, but ranges from 
?~eis~c~ne to p~sent above flood le'lei. S-0:ne Pleistocene alluvitJn may 
:e over .a ~n :y t."'le iianfor1 for.nation. 

Jur,e sand : s present thro~ghout much of tr.e ?asco 3asin and consists 
:if -nea ·, t...'11- ~ fi :ie-gr?i ned sand ·..iith :ni nor ~rr.ounts of si1 t. .\c:ive cunes 
~ :Jr!!sc!: int~ cent:-11 ??sc::i 3asin ana -;o :~e r.orth and e?st along :he 
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Clas:ic Dike in Tcuc.,et S~s. ?asco aasin. 

2-12 



• RHO-BWI-ST-14 

Colwnoia R1ver. Stabilized, longit:idinal dunes occur i n the south
centra 1 port~on of the Pasco aasin. Dune sand is chiefly rewor~~ 
Hanford sediments. 

Talus and co l uvium are pr'!Sent on r~c!ge flanks. ihesa deoosits an! 
;:,r imar il y Ho1oc!ne, but are in part ?leist.oc2ne at e1evati ons ¾bove flood 
l evel. 3asalt 1andslide debr • s i s Pr'!Sent along antic1 i na 1 r i dges. !.arge, 
partly eroded landslices and landsl i de comolexes are probably Plei$t::lC!ne 
or older. Landslides in the ~1ngold Formation a1ong t.~ ~hite Bluffs ii"'? 
PM!OOminantly rtalocene; however, some large landslide complexes are over
l ai n by the Pleistocene Hanford formation. Active l andsliding on the 
'11hite 81uffs ciiefl y i s related to increas ad irrigation on top of the 
'11h i te a 1 uff s as ·..e i1 as undercutting by the Co 1 umb i a ~ i ver. 

SiRAT! GrtAPHY OF niE REFERENC~ REPOSITORY LOCAi!ON 

The Ringo1d and Hanford for.nat~ons overlie the Columbia ~i ver aasa1t 
Group in the RRL ana {Fig. 2-a and 2-9). Dune sand ven~~ the Hanford 
for.nation i n parts of the area. 

~INGOLD ~~MAi! DN 

ihe Ringold r ormation ~ithin t he RRL is composed of the basa1, :ewer, 
middle, and uope!'" un i ts (sec,;ion type I) , with scme inter-fingeri ng of the 
f!l'lg1omerne and s~ de-stream fac~es ( see ti on type II I) i n the ·..estern pa~ 
of the area ( i' i g. 2-2 and 2-3 ) . 

aasal Rinooid 

The basal Ringold un1t overlies the £leohant ~untain Member of the 
Saddle Mountains Basalt in the R.~L and is c:iiefly a silty, sandy gravel t.J 
a gravelly sand t.,at varies in t.,icxness f·rom O to >45 :n (Fig. 2-a and 
2-9). ihe beoding s:ruc:ure is not (n0"'1 from available boreno i e data. 
C1asts aM! p~dominantly basalt, but inc1ude quartzite. granitic rocks. 
metamorphic rocks. and other 1 ithologies fn:::m outside the Pasco 6asin. 
The sand fract i on is primarily quartz and feldscar. The exotic li!hol
og-:es indicate ! through drainage in the ?asco Basin dl:ring deposi ti on of 
the basal Ringo l d. The cominance of basalt reflects the i nfluence of the 
s i de-stre,?lll and fc?nglomerate cebr i s of section type III and :,rox imity to 
basalt highs. ihe un i t i s CJrrmonly wel l cement2d with sil ica and/or 
c3lc i te. It i s genera ll y th i cker i n the d~::,est oar-; of t he Co l d Cr~k 
syncline i n t he RRL area c?Tld i s fo lded ·.-i t h the basa l t, suggest i ng that 
1:!ii s un i t ·.-as ce::,cs ~ted curi ng aef or:nat i on of t he Co 1d Cr~k sync li ne 
( r1 g. 2-10 ) . P~v i ous •..or'< on t he r,or~her.i fl ank of : he Co l d c~e!< syn
c 1i ne sugges-:ed : hat the un it -.,as genen 1ly t he s2111e th idc ness thl"'Jughout 
{rt.outs~n ~d r'echt, 1979; : a11man and others , :979 ) and ~hat most defor
~ati cn oc:-.irr~ af":er ce:,osi:ion. 
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The natur-1! of t:,e contac! bet·"'e!n the '.J asal ~1ngold and the ':Jasalt 
1s :iot folly understood, but it is assumed that r-':!gional drainage was the 
dominant influence on sediment deposi t ion i n the ?asco 9asin ·1ery soon 
after the depos i t~c~ of ':he last basa ; t f 1o"' ( :ce Har~ r, r Memoer) in the 
southern ?asco 9asin. In the RRL, t t.e ~i ngo ld overl~es the Eleohant 
~ounta1n Member, ':Ju t ':he Se'.l1ments c! ffer f!"';)m :~e ':uffaceous Le.,ey 1nter
be<l Jet·"'een ':he [ ce :iarlJcr and ~l ePhant !lountlin ~n-cers in the "iouthern 
par! of the ?asco 3as ~ n ( Chaoter 3) . It is, ther9fore, assume-;i tnat :nost 
decos1t1on of the high ly basaltic ; i ngold grave~s occJrred after ceposit1on 
of the :ce Har~or ,"1e!ncer. Upon continued defo~ation, the main Channels 
·,,tef"<! confined ~r imar 1l y to synclinal areas ·,1 H h l ocal slooe wash off the 
s :,nc l 1 na 1 11 mbs. i ne unit 1 nc 1 udes grave 1 depos ' tad i n ;, 1gh-energy, 11a in
channe 1 envir-'Jnfflents ana !Ssociated fi ne Se'.l iments f'l'"':)m floodo i ain and 
1 cc a 1 1 ac:.i str i ne env ~ ronments • 

. ower ~inoold 

~ sand, silt, ?nd c l ay fac i es .,. ; -;;, some gnvel st:-1nger~ ave!"' ies 
:~e ~asal ~ingo ld gravels throughout the AAL ar~a ( ~ i g. 2-a and 2-9 }. 
7h is r"!Pr"1!Se'"ts a ow~ner-;y, fluvial un i t ·.-tith some l acustr i r.e fac i es; 
t:ie Jnit ·,~i es ·n tliic<ness from 5 to 35 :n. T'rie ~it is thic!<est · n ':!ie 
dee::,est parts of ,;he syncline, generally t h i n· ucdip, and pinches out on 
.¼ntic~inal r-idges ( r i g. 2-10). Fining, uoward, se11mentary cycles a~ 
ooserv'!<i ·n grao saincies f"'Om ·..e ~ls, :iut the low ...ell density p~cludes 
cor~iating ::iese cycles bet·.o1een we l ls. rn car'!, the silt-clay f.-1c: i on 
i s ~inely l aminated to massive (rig. 2-11 ) . 

i he sand !no s i :: a~ :on,;,osed of quartz, feldscar, and mica .,.;t~ 
. ! :hie fragmen~s J f Co l u1Ti>1a ~iver basalt and !"'OC'.<s from outs i ce :he ?asc:, 
3as i :i. ihe se-J ~ments ar<! general l y compac-:ed ·.-,ith var i able 1nduntion. 

,ne th i nn 1 ng of tM lower ~ i nc;o l d un i t on the f1 anl<s of t he Co 1 d :ree!< 
syncl i ne indicates ':hat the ur.i t , .. as deoosited curing or after defor.nJt~on 
Jf the Cold Cr'!e!< syncl i ne (rig. 2-10). Ouring 1owe~ Ringold time, the AAL 
area, as ·..e l l as most of the Cold Cre2!< syncline, ·...as ¼ r"1!g1on of low
energy deoos~ticn. rloodcla1n decosi':s are dominant, with some ~latively 
thic:C se<:iuences of laOJstr1ne depos i ts. Minor gravel horizons indicate 
that there ·.-tas pericd 1c, minor, channel deoos i t1on throughout the r-egion. 
7iie c:,ntact bet;,,e~ !he basal and lower units is generally gr!dat1onal, 
i nd icating! ge!len l dec:-ease i n f1uv1a1 e!'ler'D'. rt is not '<nown whether 
th is l ow-ene!"gy environment is ~oresentat i•,e of the entire Pase:, 3asin, 
·.., i t:, subseouent a!"os i on of the l ower R~ngo la sed iments on the ant ·c: i na l 
~i sr,s, or ·s on .1 ~resent i :i the sync i na 1 areas Ni th coeval, ma j or, 
::tanne l ce:,os i : i ::n cuts i de major syncl i na l areas. 

~ic!d 1e R' ncold 

ihe midd l e -:r1ve 1 f1c i es over i es t he ewer ~inaold and is o~sent 
t?irouohout ~he ~L ( ~ i c. 2-3 !nd 2-10 ) . ! t cons i sts.of pebbie-to-c:ibb l e 
;rive i ·it i ~h a 11at:- :x of sand, :, i l ':, and some c l ay. 7he un i t is c to 
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100 .n thick 1n the RRL and c:mta1ns hor1zons of sand and s11t. The gravel 
i s composed of basalt and quartzite ·.ot1th metamorphic, 1ran1tic, and 
porphyritic-volcanic rocks. ihe sand fraction is predominantly quartz and 
feldspar, •.ot1th mica and basalt corrmonly a sign ifi cant constit:Jent. The 
s ilt and clay fraction is quartz, feldspar, ana s:ne-:-;1te. T~e conglomerate 
obser·,ed in cores from the 200 \olest ,\rea and expose<i at t!ie '..ihite aluffs, 
30 \<m iaast of the RRL, has a massi'✓e appearance ·A1 1th ~inor imbrication 
of clasts. Cross beading i s corrmon i n the sand ~~,,ses from cores and at 
the '11hite Bluffs exposure ( rig. 2-12). 

!nduration varies from essentially no cementation to we ll cemented 
by CaC03 and/or sil i ca (S102). :-luch of the ·..el1-indurated conglomer
ate facies is matrix supported (Fig. 2-13). 

0penwor~, uncemented gravel is occasiona ll y found in co~. Limi~ed 
data ,..,ittl i n the RRL oo not reveal defonnat1on of :he :n1ddle ~ingold 
( i='"g. 2-10), but a gener1l, arcuate, concave, ~,.., ·,,:~ra contact ..,ith the 
ucper ~ingold throughout much of the Cold C~k syncline suggests t!iere 
has !l~n some ceformat i on of the middle Ringold. ihe ·,ar1ations in thicl<
nes:s are generally re l ated to cnannels of middle ~~ngold into the lower 
~i ngold and enJsion of the middle Ringold by ~ost-~ingold f1uvial activ ity , 
,r imarily ?leistocene flood channels. 

Tne contact with ~he lower Ri ngold is general1y sr.ar?, i ndicating~ 
aor·Jot .::iange in fl uvi al energy e!'lvi ronment. i he conglomerate was ceoos-
· :~ in a high-energy environment and the partic l e roundness and exotic 
;i :nologies suggest trans;,o~ over considerable distance. ihe ~ingold 
F-:r:nat i on has long b~n considered to be of Coiumbia ~1ver drainage origin 
(11er.- i am and auwalda. ~917). ihe presence of modern Snake Ri ver litholog
\ es i naic.1tes an i nf1uence of the present Snake ~i-ler drainage (Tallman 
and othe~, 1979; Brown, lg81). ~ecent studies ~ndicate that iithologies 
of :he mooern ClearNater and Salmen River arainages are present in the 
mi1di e ~in go id in the southeas-:~r., ?asco Basin (~id1nan •• 981; 'Jet>ster and 
others, in press). This facies is interpretetl as :na1n-channel depos~tion, 
•Jncouotedly recording :nultiole erosional unconfor.ni~~dS and se<jimentary 
cycles. 

;J ooer Rincold 

The upper Ringo 1 d unit is present 1 n parts of ':he ~RL as an eros i ona 1 
ro..mnant overlying the conglomerata fac~es (F i g. 2-9 and 2-10). The unit 
·s comoosed of ·..ell-sorted sand and silt ,..,1th minor airounts of clay. Thin 
norizons of pebble gnvel are corrmon. ihe sana ano s 1 t frac:ion is pri
:nari1y c;uartz and felds;:iar, ·~ith locally l arge amounts of mica and basal~. 
Quartz. Sile-.:tite, anc:1 :nica rnaxe up the c 1ay fr?Ction. Caliche horizons 
a~ ccrrmon and usua liy are ~resent on the ~coer eros ional surface ·.,here 
:~ :.:nit i s :noden:e l y ';.:) ·,ie ll cemented. ":" :e 1Jn · t generally ai:pears to 
3raae fr:im tne s i :;-sandy-gn.•,el of the :nidd l e ~i ngo a facies. i'he :..;pper 
surfaca is eMsiona l throughout the RRL ( r · g. 2-·n. 
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Core samo les outside the ~L show alternat ing sand, s i l t , and clay 
horizons simi 1ar to those observed ~n t he '-'h i te 31uffs (i=ig. 2-14). Only 
the lowermost par; of the upper Ringo ld section found at the 'Jhite Sluffs 
is present in t:,e RRL. tt represe!its a low-energy, f1uvial envin)nment 
·•ith some lac.istrine facies. probaoly a floodplain of a ;71a_:or f1uv i al 
system. ?ebble gravels indicate ~uai l ~,annels or ~erhaos exte.~s i ve sheet
·•ash periodically inundated the ar~a. and paleosols reoreserrt extended 
;>eriods of slilaerial exposure. Sediments interpreted to be l oess overlie 
the f11..-vi a 1 sequenO! and are 1 r.c 1 uded i n the upper ~i ngo l d un i t. 

Erosion removed an unknown amount of the upp~r ~ i ngo 1 d i n the RRL; 
that ;,;hich rema i ned •11as buried ":Jy the sed iments of the Quaternary iianfod 
formation. The timing of loess deoosit i on relati-te :o the major erosion 
of the uoper section of t h is un i t is not ~n0\tt11. ! f t he major erosion of 
the upper ~ingo ld occurred before :he eeoosition of the 1oess, as suggested 
by the caliche horizon belOlol the i cess. the loess unit may ~e considerably 
yoonge!° than the underlying f l uv i a 1 sed iments. The extensive ca i c.,e rior i -
zon or. most of the upper enlsiona l surface of the uoper ~i ngo la unit, be 
i t loess or f l uv i al sedime!lts, suggests that the surface ex i sted for some 
t ime ;,ri or to de!>osi ti on of the g 1 aciof1 uvi a 1 Hanford for.nation. a a 1 so 
suggests that very little erosion ~olc place during i'leistocene flooding 
in this area of the Pasco Basin is i t wa.s genen ll y protect~ ~n the 1~ 
of the Umtanum ~~dge-Gclble :-lounta i n strJcture. 

HANFORD FCRAATIGN 

Tne :ianford format i on, c.,iefly the ?!sec Gravels, over li es the ~i ngold 
For.nati ~ throughout the ~L (r ig. 2-9 and 2-10). ~he sediments ar! :nace 
'JO of grave l t:J sand and represent ~ i atively "'ligh-energy , suofi uv · a1 deoo
si-; i on dar i ng Pleistocene flood i ng. ~ t"'lin sequence of 7ouchet 3eds i s 
:,resent at or near the surface ma i nl y ~ the ·--est of t!"le RRL 

The surl!ce of the subfl1Jv i a l ba~ is c:Jrnnon iy ~or'?d ·#it"'I a l ag 
gr1vel, result i ng from the winnowing of fine sed iments dur i ng "lfan i ng stages 
of flooding. This !ias been fur<:her ac:e.~tuated by ~lian cefl ation during 
the Holocene. 

Clastic di kes occur ·#ith i n ';he ~RL. The surface express i on of these 
d ikes i s polygona1~atterned grou~ •i':h po l ygons uo to tens of :Tletel"> 
across. 

3er;mounds ?!"~ very c:,mnon uo t."'le. Co l d Cree!< '/a ll ey and en t!ie f1anxs 
of .~ac-tlesnaice ~untain (Fecit and 7a l ~man, 1978) . Tl',ese re l a-: ~·,e ly un ·que 
'. andfor.ns res ul :ed from ';he ;round i ng 'Jf 1arge , glac ~a1 icebeqs en : he 
surface af t!ie Hanf'Jn:l fornat i on, t::us :,rotac ti ng <: he unaer l yi ng se-J ·ments 
f:-:,m eros icn cu r i ng dra i ni ng of t!ie ficoawa t ers. 

The hsc:i Grave l s :-ange fr:J:n :cu:ce!"S :.:i f ir.e-an 'r.e1 sand :.r,d di solay 
,~ i ed Je-.Jfor.::s (~ou t scn and ot hers , :: -9 ). Tne best ex:,osures :f '; ~e 
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Pasco Gravels are 1n excavations for wasta facilities east of -;t-.e ~RL. 
:-lassively bedded. horizontally bedded (of':en ·with f1ne laminat~ons), CT"OSS· 
bedded. and graded-bed sequences have b~n observed in these excavations. 
?asco Gravels are poorly extiosed in the AAL. except for one. snall, gravel 
pit in the northern part ·•here the gravels are cross bedded (rig. 2-4). 
Becd1ng present elsewheT"'! in the Cold Cr~k syncline is asslllle-:l ~T"'!sent in 
the ~L. 

The gravel generally consists of <50% basalt, with some i ntr:.is1ve. 
igneous, metamorphic, and sed~mentary rocl<s. Source areas for the non
basal t1c rodes are the glaciated terrain to the north. Most of the sand 
is lricosic, with some horizons containing a r-elati'lely hi91 basalt content. 
;-.it, St. He lens Set S ash is locally present ~n the finer fac'les of the 
Paso Gravels. 

ihe ?!sC:J Gravels are not generally i nc:urated, but some horizons a~ 
mccerately ';O well C!!tleflted with Cd.CO~- ihese horizons are sometimes· 
diffic:.ilt to differentiate fr-..,m the R1ngoid ror:nation in ~oreho les. 

T·110 coarse- to fine-graded sequences are recognized in !:lon!ho les fT"Om 
the AAL. In areas when! the Pasco Graveis fonn or fill channels in ':he 
~ingola For:naticn, as many as four, graded sequences are pres~t. !t is 
not '(no...,, if these sequencas represent separate floods or e!'lergy varia
tions in ::he cepositional environment during a single flood. Current 
inter,,retltion honors t~ discrete floods and i s based on bon!nole data. 
·-,nich i nc~ude dril l er's logs (lithology, texture. and penetration rate). 
geopnysical logs, and stratigraphic posi':ion r-elative t!l sed iments known 
Ul represent rnul tip le floods in the south-cent:-al ;:>asco Basin. 30th 
;ndec s~uenc~s generally are col11'oseo cf a r-eiatively chin :iasal unit, 
consisting of pcorly s.,rted sil:y-sandy-gnvel wi:r, clasts rangbg from 
;:ie!lbles to >30-cn t:oulde~. r~is grades 1Jpwarct to a bet:2!"' sor-:e1. silty
sandy, cobble-gravel :.init overlain by s<?nd and snt. The lower, graded 
sequence of':en has a calcic hor i zon en the uooer sur-7ace. resu l t i ng in a 
slo-er ~r11iing rate. and aopears t!l be :enser on geaphysicai :ogs. 

iouchet 3e1s 

i'ne Touchet 3eds are compose,j of ri'lythmica1ly be-:lded sil-; :o fine 
sand with s'::"ingers of coarse sana and gnvel. A discrete horizon of 
~t. St. nelens Set Sash is ccrnnon. 

~elati'le ly -:,inor, i ~olated exposures of 7ouchet 3eds ar<? present in 
'::'le AAL. Toucnet 9eas in Co ld and Dry •:r~!< '/a li eys ccc:.ir i n ;enerally 
:H~tec:ai:: !reas :istal :o :he main f ocd c.,annel ( s ) . 

7he age of :r.e icd iments over1y~ng :~e :J l umb i a ~i ver aasa,: Gro•Jc ~n 
:::e ;:as.:::i 3asin is ext~e iy imoo~ant ·n :he jet2r.:1inati cn '.J-:' cefor.naticn 
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rates. The Ringold and Hanford fornations r-ec:,rd deforma:ion whic, may 
have taken olace since the i ast ~asalt fl~A entered the Pasco aasin. To 
establish defonnation !"' ates, i t is neces3ary to determine as precisely as 
possible the absolute age of tM sed iments. The methods 1Jse<I and M!Sult,; 
to date are discussed for both the Ri ngo l d and Hanford for.nations. 

~INGOLD FOR~AT!ON 

The Ringold r'onnation ·..-as assigned a Pliocene age by Gustafson (1973, 
1978) based en vertebrate foss il s. Caliche from the surface of the Rin
gold i='l)nnat ion at White 3l uffs ·..as dated us i ng thorium/uranium methods at 
>500,000 yr oefore pr1?sent, or ~eyond the limits of the method. Attemots 
to da~e Ringo ld ash hor i zons Jsing f i ssion-trac~ methoas have proved unsuc
cessful because of the lac!< of neavy mine~als and lar~e shards suitable 
for dating. The major e!T:Jhas i s i n dating has b~n on the det~rnination of 
:he ;,aleomagn .. tic stratigrapn i es and r-elating these to oale-Jntologic data. 

The uooer Ri ngold at t.tie 'li'h i te 3l uffs c:,ntains microt i ne rodent 
fossils. 3.7 to 4.a :ni 11 ion yea~ o l d (Reoenning, in press). A Hem
phillian (>4.S million ye!.~ o d ) r-iinoceros ,,,as 1dentif1ed by Gus":afson 
(1978} in the middle ~ingola of the 'li'hite Bluffs just above r i ver l~vel. 
This indicates that the predominam: l y r-eversed magnetic secti on of t.'ie 
'itllite Bluffs (?ad<er and Johnston, 1979 ) '?.Jr<!Sents the Gilbert Reve~ed 
Epoch, or 3.i to 5.25 ~ybp. 

The uooer 9art of :.~e ~ingol d For.nation 1n the RRL is i nter'Jreted UJ 
Je stratigraphically equiva l ent to the 111'h1t~ 3luff-s sec!ion. ihe ero
siona l ~!'lfflant _of the uooer ~i ngo l d i n he R.ql is, ther'!for·e. >3.7 ~i l licn 
years and :ht: ~iddle Ringo l d i s >J.8 million years. r,e ~nderlyi ng El e
phant .~uni:a i n Ae!TCer (:0.5 :m11 · on yea~) li :nits the max·,mum age of the 
Ringold i='or-nation i n the AAL. However, in· the southern part of t!'le Pasco 
3asin. the !ce i-iar!Jor ~er ( 3.5 mil l ion yea,-.s) and i:he Levey i nterbe1 ar~ 
stritigraon i cally above !he E1e?hant ~untain Member. Based on strati
graphic position, the basa l qingold i n :.~e Pasco Basin is inter?M!te<j to be 
:,ost-ice Har!Jor 1w\e.'11ler (8.5 mi lli on yea~) ·n age. Tlier'?fOM!, the Ringold 
For.nation i n the RRL is :onc l uded to be >3.7 and <8.5 million yea~ o l d. 

!iANFORO i=CRMAT10N 

Tne number and age of ?le istocene f1ooas that inundated :he ~as~2 
aasi n is not '.<nown. but at i eas-: thr<?e events hav'! b~n dated using • C 
and thorium/uran i um ~et~ocs and :he Mt. St. ~elens Set S ash horizon. 

?~-~isconsi~an F1cod Jeoos i :s 

Grave l s :emented ·.- i : :i : ~C:)-, ~ d assumeo :o be of ? l e istocene f l ood 
or i gin a~ ,resent i n :acoe!'" ,: ~v-:in. Thr~ ::ioriumhnn i um aae datas 0n 
the :a i ~c,e -'!"':m the ;et:-;ca '.c i :- ·,or i z~ns : :hese ~rave l s yi~lded agP~ of 
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200 ,COO (-250 ,000 -70 ,COO), 220 ,COO ( •380 ,COO -70 ,000), and >210 ,000 yr 
(Tallman and others, 1978). These grlvels may be corr~lat1'1e to flood 
graveis ln the Cheney-Palouse cnanneie<i scabland tract north of the Pasco 
9asin (?at!on and aa.ker, 1978; 3aker and ~1.mnedal, 1978). The Cheney
Palouse ;ravels are inter:,r!ted to be pre-3ull Lake i n age ( l:5,000 to 
130,000 yr old) (Pierce and otheM, 1976). Gravels of this age range have 
not b~n identified in the RRL ~or-eholes to data, but ~,a '<m north~st of 
the AAL s an isolated outc~p of gravels whic.'l have s ~m11ar field charac
teristics as the Badger Canyon gravels and may be c:,rT"!lative. 

'11isconsinan Flood ecos1ts 

The oldest 14c data on :he Hanfor1 for:natior. i s in ! nor.:ial-graded 
s~uenC1! c:ntaining elast i c d i kes l ocated in the south-centrai part of the 
?asco 3asin. This sequence was erodea curing a later flood that truncated 
the . clast~c dikes and deoosited a later flood se·:l'Jence. '1100d frac,nents 
fr:im ~ ::-•Jncated elast i c dike -..ere dated at >32,000 radiocar!Jon years 
jefore present. The upper l imit of the age is not known, but .cod samples 
from f1 cod gravels near 'llanacum Dam -..e~ dated at 32,700: 900 rad iocar!Jon 
years ~efore present (Fryxell, 1965}. These may reoresent the same flood. 

The last major ?leistocene scabland flood occur.-ed ~,i.3,000 yr ago, 
based on the oc::urro_nce of .~t. St. Helens Set S ash ·111ithin ':he flood de
posits and 14c dates on or9~1c se1 ime!'lts above and below ~t. St. Helens 
S,?t Sash near the source (Mullineaux and others, 1977 ) . :-It. St. !ielens 
Set Sash is present throughout the ?asco 3asin, co1T1T10nly occ~n-i ng in the 
7ouchet 3eds, but also present i n the Pasco Gravels. In Co l d C~k and 
Ory C:i!ek '/al l eys, ,~t. St. Helens Set S ash is pr!sent ~n -ouchet sedi
-::ents uncer ber;mounds ( F ec.,t and i al iman, 1978). 

'itooa fn,m a elast i c di ke in a flood bar southeast of iJable ."1ountain 
·.-as dated at 18,7CS ( +1,515 -1,275 ) radiocarbon years. 7hese sed iments 
3.re stratigrapnically related to the most recent, major, flood deposits 
and tr.e cur:-ent interpretation is tho!.t the wood ·.-as redepos i ted from olde!" 
11a~r i al. Another factor to supper: this c:inclusion is that ev ~denca f rom 
r?diocar.ion dates i n sout~err. 3r1t i sh Columbia indicate that the last major 
·11isonsin~ advanca i n :he r.or:hern Uni!ed States began af:er ~7 ,500 to 
13,CCO r?!l i ocarbon years !Jefore present (Clague and others, 1960 ) . This 
~akes ~ :8,705 (•1,515 -1,27: ) ~adiocarton years flood in t~e ?asco 3as i n 
hignly 1Jn li lcely, if not i~oss i !:lle. 

!n si.:rmar:,, :here !re t~~~, jat~d, f i ood sc?Quenc2s ·n ~~ P?sc~ 
3as1n: (: ) a ;:ire-ilisconsinan fl ood or fl oods with a ·..e l -deve looed calc i c 
cement, ( 2) a '"'is.::msi :- an ever.t >22,CCO radioc?r:::on years ::ehre ;:iresent, 
~d (3 , a l ata '11isc::msi nan f 1ood ( s ) '!ssoc i ated -~it~ :-It. St. He l ens Set S 
3.Sh ~,J.3,000 ndiocar~on :,ears :efore ::iresa'1t ( r i g. 2- 1: . 
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Stlf+'ARY ANO coru:• .. us r c~s 

The post-Columbia ~ Iver Basalt Group se,j1ments of the Cold Creek syn
cline are corTQosed of t'.«J ma~or units: (1) Ringold Formation, a Miocene-
? 11 ccane fl uv 1 a 1 unit ·.--1th some 1 acustrine fac 1 es; 3ncl ( 2) ?1 e1stocene 
g1aciofluvia1 sed iments, 1nfonna1ly tanned the Hanford formation. Oeoos~
:ion of the ~1ngold Formation by ancestral streams fl'7#1ng through thP. 
?!Seo 3as1n started shortly after c~ssation of basalt flows. The Hanford 
formation was deposited by catastropnic floodwaters ·11hich inundated the 
Pa.sec Basin '"'hen glacial lee dams failed in l'lontana, Idaho, northern '"4ash-
1ngton, and southern British Columbia. .11nor units include ':he Pleistocene 
3nd Holocene talus, co11uv1um, alluvium and 1oess, landslide debris, and 
Holocene dune sa.r ts. 

The Ringold For.nation overlies the Columbia ~i ver 3asa t Graue within 
~est of the Pa.sec Basin. The division of the Ringold For.nation into a 
~a.sal, lower, middle, and uo0er fai.:1es, based primar i'! y -,n texture, ls 
aperooriate for mucn of the central Pasco aasin. The oredominant texture 
of eac~ of these four fac1es is as follows: (1) basal-sil'::1, sandy grave i 
':-' a gravelly sand; (2) lower-sand, silt, and clay; (3) :nidd1e--oebble-to
:ot::ole gravel ·.--it~ a sand, si1t, and clay matrix; and (4) uooer--sand and 
s n t. · 

!n general, three re~resentative str~t1graohic sect i ons can be used 
to describe the lateral variations of the ~ingold Formation i n the ?asco 
9a~1n. The central portion of :he Cold Creek .ync li r,e and -ruch of the 
central Pasco Basin a~ of n!?resentative section t)1Je I, the four ve!'"""; ~ca1 
f~ies listed above. Section t)1Je II of the R'19old Format i on north and 
east of ~b 1e ~untain is : om::,osed predominant l y of silt, sand, and clay. 
This section is i nter:,reted to ~oresent floodolain ove!"l;>anl( sed imentation 
:nroughout ~ingold t ime. 

Section type II! i s the fanglomerate facies on the fianks of anti
clinal ridges and incl1Jdes :he talus, slope wash, ffld side-stre!DI facies 
lffl i c:, i nterfinger ·•1th the c~ntral basin de:,osits of s~tion t,0es I and 
i:. This facies of the Ringold ~onnation 1s chiefly co,11>osed of ~asalt 
clasts 'lfith a :natrix of quartz and feldspar or basalt sand. The unit is 
~he result of mass wastage and runoff on the emer;ing ridges during :he 
je:,osition of other Ringold section types in the i owe~ elevations of ~~e 
i>!sco aasin. Se,;-;1on types I and II •.--er<! d~os i ted by a :najor river 
s yst?m ·lfh i c., fl owed through the Pasco aas 1 n. 

The sc?d iments ceoosited in the Pasco 3as1n during catastroohic f1ood 
~vents are i nforma 11 y referred :a as the Hanford for:nat ~on. Tlie Hanford 
fcntation is di •lided into t'NO textural hcies: (1) ?3sco Gravels and 
' 2 ) iouchet Beds. The Pasco Gravels r1nge i n :ext~re fr-Jm :ou lders to 
f ine sand, reori:santing ·,ar :ed energy environments during flooding. i lie 
7ouchet 3e-1s are :nade uo of rliythmi:ally :e,jded, fine-9rained se-1 iments 
i:eoos i ted i n l cw-energy, slac'.<·.--atar environments. 
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The nurrber of ?leistocene floods in eastern 'iJashington and ':he Pasco 
Basin is unknown. '-41th1n the Pasco 3as1n, mul':iple, gr!ded se<Juencu of 
Pasco Gravels and Touchet aeds have been obser•,ed in !)oreho 1es !nd out
crops. Whether each sequence represents an 4 nd1v1dud1 flood or mere1 _v 
changes in the !!lergy environment during deoosition is not ~nown. 1.ocally, 
t~ree ied imentary sequences have !)ee!l identified in t~e 0 !sco 3as1n bore
ho 1 es and are i nterpreted to oe three se::,arate flood events. 

The Ringold and Hanford fonnations record the defonnation ·...hie., lias 
taken place sirxe the last !:>asalt flow entered the Pasco aas in. In order 
to establ ish deformation rates, it is ne-:essary to deter.nine, as orecisely 
as ooss ibl e, the <ibsolute age of these sedime..,ts. 

The major aT.;,hasis for age deter.nination of the ~ingolc FoMiat~on has 
be"!n on ~,e deteninat1on of the oaleomagnet1c strat i gr?ohy, and using 
oaleon tJ logic data, assigning age ri!llges ~ the for.nation. Fossils frcm 
the uPper Ringold r on,ation i ndicate an age of 3.7 to 4.3 i,ill ion years 
and that the predominantly reveMed magnetic secti on r-et>~sents the 
Gilbert Rev 0 ~sed S~och. rne basal Ringoid is 1nter,r<!ted to ~e ~a i nly 
=,ost-Ice Har.>or i n age. 3ased on these assutTOtions, the iUngold rcr.,,a
t ion i n the AAL i s interpreted to be >3.4, but <8.5 i,i lli on yea,-.; old. 

ihe nurroer and age of ?leistocene floods to i nundate t~e ?asco 3asin 
are not '<rr•,m, out at 1 east three eve..,ts have !:>een date1. These three 
flood setJuence.5 in the Pasco aasin a~: (1) .. pre--'isconsi nan flood or 
floods, (2) a '"'iscons1nan event >!2,000 r'ld i ocarbon years before :,resent, 
and(:' a late ·,.;sc:ins1nan f1ood(s) associate,j ·,lith '1t. St. Helens Set S 
ash ~,13,COO rad iocar!)on years befcre present. 
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