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1.0 INTROD TIO 
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Hanford Site a tivitie ince lhe end of the l 0' have foc.u ed on cnvironmenlal re toration. An 
integral part of lhi as , ell a any remedi ti n effort, h accurate charactcril'-3tion or site 
geohydrologic c nditions . Titi documelll addres the geologic characteristics of lhc Ringold 
Formation and presents a compiJation of Ringold Formation cologi infonn:ttion for the Hanford Site 
and much of che surrounding rea. 

F u.r main aquifer systems exist within the rocks and ediments underlying the Hanford ite 
(DO 1988, Delaney et al. 1991). Th three lowest systems are simated within the basalts of the 

olumbia Ri er 8 1t roup (CRB ). The uppermo I quife system, co,ru .nly referred t as the 
praba alt or unconfined aquifer (D .E 19 : Connelly et al. 1992a, 1992b: Reidel et al . 1992; 

Lindsey et al. 19943), occu in th edim n overlying the CRBG. llt princip I tratigrapbk unit 
within the supr basalt aquifer i the Ringold ormatiort. At most loc:ations on the Hanford Sile, th 
top of the unconfined aquifer Ii at or near the top of the Ringold formation. 0th r units 
comprising tlle uppermost parts of th unconfined aquifer arc Lhe redefined Plio-Pleistoccne unit and 
the Han ord formation (DOE 1988; Connelly et al . 1992a, 1992 ; incise et al . 1994a. 1994b). 

2.0 ETTJNG 

The Hanford Sit i iruated in part of south-central Washington referred 10 a the olumbia Basin. 
The Columbia Ba in i an intermontane basin iruated bet een 1he Ca cade Range on 1he w t, 
O , .nog n Highlands to the north, Rocky Mountains 10 tht east, and th Blue Mountain nticlinorium 
to the south (DO 1988) Fig1 r 1). The ph siograph of the Hanford Site i dominated by th 
low-rcljcf plain f the ntral Plains ph}' io raphi region and anticlinal ridg of th Yakima Folds 
physiographic region (DOE 1988). Surfac.c topography at the Hanford Site is lh r suit of 
(1 Neogene-aged uplift of anticlinal ridge (DOB 1988, Reidel et al . 1994), (2) Pleistocene 
cataclysmic floodln (Baker ct al . 1991), (3) Holocene eolian activity, and (4) land liding. 

2.1 STRUCT GEOLO 

The Columbia Ba in is divided into three geologic subpro ince , the Ya ·im Fold Bell, Palouse 
lope, and Blue Mountain (Figure I) {DOE 198 ). The Hanford ite · igure 2 is localed in the 

tenl Yakima • Id Bclr, within th Pa co Basin Gr llie and Bin h m 1978, Myer et al. 1979. 
Fccl:tt ct al. 1987. Smjlh et I. 1989, Tolan et al . 1989). The Y kima Fold BeJt i. cbaraclerized b a 
series of segmented, narro\ , asymmetric., e t-we t trending anti Jin that have wa el ng1h between 
5 and 32 km (3 .1 and 19.9 mi) and amplitud commonly Jes than I km (0.62 mi) (Reid l 1984; 
Reidel et al. J9 9, 1994). The northern limbs of Lhe e anticlin generall dip tccply to the north. 
are erticaJ, r even overturned. The ouihem limb generally dip at relatively hallo angles 10 the 
outh. Thrust and hi h-angle re erse faull ,v ith fault plane th t gen rally parallel fold axial trends 

commonly are found on the norlh 5idcs of these anticlines . 



i 
12,t" 122" 120" 11 .. 

.,, r llla,vln of ~· theCR80 Idaho 
(I) ;; 

48" 0 -=· Washington ':3' 
' XI Q~ 

'.::I - · - 0 ~.,.. ;;J ::, 
- e. 
:Eo 
"' 8 ::r-- • O ::, °" 
~ -· 

47" - (') • g"' c:a Pllot1$• i;I .. a. C: Slo,e - · ::, Q, Q, • t?..zo ct: 
ic ~ 'S 
oc ::T"O 

'° ti -•~ ~-
0 ;z ~ 
.. il :: 

w ::, - -· 
I!,~::, 

!!.~ 0 • ::r 
- s· s---Co,, n 
00 -,oO ':-' = 0 

a[ 
~~ 
::::11 

45• B. u:, 
~ 

a111m1 lflKllUeel la llll SINct1.lr. dlac:ualll la Slid as· 
9 D1 QB • QalcyBnh FH • "'-hmanttla 
-l 5. 08 • OIM!to BHin SM • Sadclt MountalM 
£. ::c PB •PHco8uln UR • UnDNlm Rldg,e 
~ .. 

:> ua - Ufflltlle Basin TYR ........ ,,.,.. .. 0 RH • RlltUNnalaa H• ::, a. ~ t:::, .a.a Q, HHH • Ho1WH.- .. h 
~ 

(') :i::: 
< .... SG • Sentinel G•p CH • ColUMiltHlh 

;; ·o SNO•&l~Gap H~R • Hot Raftcft.Hlneum Aldge 
0 WG •W11w! Gap ....,u 
~ SP •S.IU• P ... 

• e . 



-

-

BHl-001 4 
Rev . 

igure 2. G graphic Selling of the Pa o B in nd Hanford Site, In luding Study ite .a1io1 

0 20 kllom•ters 

0 10MII .. 

• IA.IR 1:11 3 



BHl.00184 
Rev . 00 

The anti liruil rid are cparated by broad n tin or basin that, in many case . . contain eoicnc- A 
to Quaternary-age ediments (Fcchl et al. 19 7 DOE 1988, Smith et al. .19 9, olan and Reid I W 
19 9). A in le major norlh- uth stru ture. the Hog Ranch- aneum Ridge uplift occurs in the 
we tern old belc (DO · 198 , Tolan and Reidcl 1 9). Defonnation in lh Yakima Fold Bell an 
be ore the: emplacemenr o th CR8G (beginning appr xim I ly 17 Ma), o curred tnrough t 

Columbia River b alt olcanism ( hich ended appro im Lely 6. M ), n 11tinu t a (Reidel 
ct I. 199 ). TI1e Pa o B in i on o the I r er tru cura] b io in the Y ima Fold Bell . 

The P o Basin i bounded on the north by seri of anticline ormin the addle 1ount in · n 
the we t by the Hog Ranch aneum Ridgo ami line. and on the ulh by anliclincs mpri ing 
Ratti nake Mount in and the Horse Hea en Hil Fi ur I and 3 (T:illman et 3.1 . 19 I, DO 19 , 

olan and Reidel 19 9). The J kas monocltne , tru tun: on the western edge of the P I us 
lope bounds the Pasco 8 lu on thee t (Fi ure I and 3). The Pa co Basin I divided into a cri 

of smaller ynclin by east-w I anti Jin that project into th wtstem Pa co B in. From north to 
. outh, the yn lines are the Wahluke yn Linc, Cold Creek S}rncline, and Bensen Ran h • yncHne 
Figur J nd 3). Each of these ynclin i asymme ric and relati ely Oat b ttomed with the north 

lim dippin gentJ (appro imate.ly S 0 ) to the outh and che outh limb dipping teeply to the oortl1 
(Rei el and Fecl\t I 981). 

2.2 D POSJTIO 'AL FRAMEWORK 

Through ut the arl 10 middl Mi c.ene ( for Rin Id depo idon), ch tum i River wa itua1ed 
along the wes1em margin or the lumbia Basin dja em to voka.ni terran of the ancc:straJ Ca de 

i umai (Fechr et al. 19 7. mith 988). Columbia River ru forced into thi position b the 
wes1-dipping pal lope of the Basin nd wes1-flowin flood hru alts. A flood basalt vokani m 
dee ed in the middle to late Mfoce e, continued uplift in the tern in centered on the Hog 
Ranch- an um Ridg anti line, relarive to ubsiden e in the P sco B in, nd n 1 displace the 
river lo the east (W. ter 1955. Pecht cl I. l987, milb 1988 . Near the end of flood a alt 
volcanism in the late ·fioceoc 10.5 t 8. 11a). the olumbia Ri er began to et ·roa on the e tral 
Pasco Basin, and Ringold depo iii n began. 

-

-
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Figure 3. General Geology of the Yakima Fold Belt , Pa.~co Ba in, and Hanford Site. 
Map how major structural elements in the area (modified from Reidel et al. 1989). 
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uprabasalt terrigenou elastic edimen assigned 10 the Ringold Formation re present throu hout 
much of the cemral Columbia Ba in uth-central \Va hingto11 (Warren 1941; Water 1955; Grollier 
and Bingham 1971. 1978: Myers et al. 1979: Tallman ct Ill. 1979, 1981; Fecht et al. 1987; Smith et 
al. 1989). Regionally. the Ringold onnation co~lsts of interbcdded, unconsolidated to cemented 
clay, Ht. and, and granule 10 cobble gravel (Newcomb 1958, Bjornst.1d 1985, Fecht ct al. 1987, 
Smith et al. 1989). Expo urcs of the Ringold F rmation are present in (1) the White Bluffi adjacent 
to the Columbia Ri er (Figt1rcs 2 and 4): (2) ravines and coulces between Wallula Gap and Moses 
Lake; and (3) ben he and lop djacent to basalt uplifts uch as Rattle.snake Mountain, the Saddle 
Mountains. and the Frenclunan Hill . At and near the Hanford it.e, the Ringold Formation largely is 
restricted to the subsurface ilh outcrops limited to the flank.,; of anticlinal ridge , the White 'Bluffs, 
and Eureka Flat (Figures 2 and 4) . 

3.2 PREVIO S STUDIES 

-

All po t•Columbia River B alt cdimerus (including strata now asi;igned to the Ringold that occur on 
the central Columbia Plateau and in the eastern foothills of the southern Washington Cascades were 
originally as igncd to the Ellensburg Fonnation b)1 Smith (1901 . mith's stratigraphy was later 
modified by erriam and Buwalda (1917). wbo a igncd the fine-grained terrigenous elastic 
sediments expo ed near Pasco, Washington and on the White Bluff 10 a new unit, the Ringold -
Formation. Culver (1937) later mapped the Ringold Fomution across th central Columbia Plateau. 
Both Merriam and Buwalda (1917) and Culver (1937) re 1ricted their definition of the Ringold 
Formation 10 tr ra exposed at rhe smface. 

With the iabli hment o the Hanford Site and increased gricultural aciivil in the early 1940' , 
numerous we11s were drilled for water production, groundwater analysis, and geologic inv tigations . 
Data from the e well. revealed thick equen e (up 10 IT m} of clay, silt, sand, and conglomerate 
overlying the Colurnbia River B alt throughout th Pas o Ba~in. Drilling also indicated that these 
sub urface sediment were contiguous ith R1n old expo ures qi the White Bluffs (Newcomb 1958). 

sing ub urface data and surficlal exposures, 'ewcomb (1958) redefined the Ringold ormation to 
include alt sediments in the Pasco Basin that overlie Columbia Ri e Basalt and underlie Plei tocenc 
glaciofluv1al depo itS. 

3.3 ACE 

The Ringold Formation originally was thought to e Plei 10ceoe aged (Merr am and Buwalda 1917 
Newcomb 195 • Grollier and Bingham 197J. · ewcomb et al . 1972), However. detailed 
pale mologi inve tig ti ns by Gustaf on (1973. 19 ) est blished that upper Ringold mata cx1>osed 
on the White Bluff arc Pliocene aged. Paleomagnetlc studie of core samples and upper Ringold 
exposure indicate a Miocene- to Pliocene- ge range for the Ringold Fonnation (Packer and John on 
1979). The Ringold Formation disconformably overli Miocene-aged basalt dated at 8.5 to 10.5 Ma 
( echt et al. 198 ). WebSter and Crosby (1981) indicate Miocene pollen is present near the base of A 
1he Ringold. -

1111 1'4 6 
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Figure , Gene lized Ge logi Map of the Hanford Site. Ringold out rops are mapped in the: 
bl ck-a cl-white m 11led rauern . ot : ign, 1 :m1 Ringold out p ar not preseru 

on che I lanford en fr m Reidel et al. 1992). 

GENERAL IZED GEOLOGIC MAP 
OF THE PASCO BASI N 

I.Alt CDIOZOM: SE !IT'S 
jSUiRFICIAL OUATl.!INAIIY UDIIIE.H'T'li) 

Ill U) fOIIMATION 

[:J U.DDl.£>40UlffA11'lilASALT 

~ WAH.lfflM U.SAL'I' 

0 

0 

5 10 IC ~ITUIS 

_I ____ .llfflCLJME 

' 
--· SYNCLINE 

7 



BHI-001 4 
Re . 

Ba n the e data, echt et al. (1985) t te th t the Ringold Fom,ation i no older than .5 Ma nd A 
no younger than . Ma. or lat Miocen 10 mlddle-Pliocene ed. W 

3.4 TRATIGRAPHY 

The Ringold Formation ( igure 5), a currently nlllpp , i found thr ugbou-1 the 'Pasco Basin, 
between th Saddle M untai and Mo es Lake. W hington, and locally on the outh ide of the 
Hone Hea en Hill . Strata correlative to the Rin old Formation are fi und over 3 wide area between 
the Pasco Basin and Port] nd, Ore n Smith ct al . 1989). The most cxtensiv of th e unit are the 
Snipes Mountain Conglomerate lo ted between the Pasco Ba in and Hood River Oregon {Schmlnke 
1964, Baker et al . 1987, F chi et al. 19 7, Anderson 19 7, Smith 1988, mith el al. 1989} and the 
Troutdale Formation bcrwcen Hood Rl er nd Portland, reg n (Tolan and Bee on 1984; Toi net I. 
l 8 a, 1984 ). 

Tradj1io11ally, the Ringold onnation in the P co B in h b n di ided into e eral informal units . 
The c units are I ) gravel. nd, and paJcosol of the ba.saJ unit; (2) eta and ilt of the lo er unit; 
(3) gravel of the middl unit; (4) mud and lesser sand of the upper unit; and (5) b alti detritus of 
the fanglomerate unil ( ew omb 1958, Newcomb et al . 1972, Myers et .ii. 1979, Talbn n et al. 
1979 Bjorn tad 19 5 DOE 1988). Ringold trata also have been di ided on the bas· f i i iyp 

allman et al. 1981) and finin upward equences P, PL 1982 . All of th e stratigraphi di i ions 
are of limiled use because the are defined over I rge areas ba ed on limited information or d fined in 
detail for rela1ively small areas (Lindsey nd Gaylord 1990). 

3.5 METHOD 

began to dct rmine tratigraphi relation hip within tll llingold Fonnation ocro the 
ile nd I' o 8:lS"in. The initial result or th tudie indi 1ed that the Ringold 

Formation i t d cti ed and subdivided on the basi of sedim t facie iati n and their 
distri ution (Lind 3nd G ylord 1990; Lindsey 1991a, J99Jb) . Later studies nfinned :ind re med 
the e inierpre1ations for locatioru. a1;ro the Hanford it Lindsey et al. I 9 I, 1992, J 994b· Liod ey 
and Jaeger 19 3). hi report presents a complt 1ion of Rlng Id Fo nation geologic information for 
th Hanford Sit nd mu h or the surrounding area. 

e data and interpr ations presented in the remainder o lhi rep n Are based largely on 
nv ti alions carried out sin January 19 9. The primary cuta ource are(!) 29 measured ection 

fr m the White Dluf1i Appendix A), (2) det iled tr: tigraphi re tru tio ba ed on th . ~ 
measured sections, (3) detail d lithologi logging of core from 28 borehole on the Hanford itc 
(Appendix 13), and (4) cutting-b ed borehole geologic logs and cutLing amplcs from hundred of 
borehol on and near the Hanford Site. Th ' cuia et i u ed to esta Ii h the basic gcologi 
characteristic of the Ring Id Formation, identify in detail th imeotary faci comprising th 
Ringold Fomta1io11, and de1em1ine physic.ii propeni or Ringold ediment . Jn addition, the 
measured sections and core u ed to e tablish control point for stratigr phi interpretation and 
de me analogues to u e where: oort Id out rops are lacking. 

Th a ic function of the analogues · t pro idea b i of compari on fo drill cuuin and cuttin -
based borehole log 10 :valuated against in ord r to deterrnine probabl sub urfacc geologic 
condition . Conditions typically ime,prered from cuttings with the aid of analogues in tude fa i 
type. probable mud content. extent of interstrati 1ed lithologic , cementatlon and comp clion. and 
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Figure 5. Late Neogene traligraphy of th Pasco Ba in mpha i~iog the Ringold Formation 
(column n t t caJe). 
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grain siz range. Analo u ·, spe i II ft m outcrops, re u ed to better interpr t lateral and crtical A 
continuity of bedding and cemcntali n in th sub utfact . Use of analogues al o allow identificati n W 
of geologic propcrtie fundam nial to hydrologl lntcrpretatjons that are therwise Incorrectly 
identified, or not identified a all, from borch le log , cutting , and lhe de tructiv sampling typical of 
Hanford ite drilling projects. The analoguel> a] aid in detennining ample n:present.tlivenes in 
un ored boreholes. This i of critical irnponance because of ch mm nly u ed sampling 
technique at the Hanford ite, dri en split spoons. 

Drl en split- poon ampling generates disaggregated and disrupted ampl from the Ringold ra,•el, 
which i h dominant lithology in the suprabasalt aquifer. Data from such anipl caon I be 
as umed to be representative (Reynolds and Lindsey 1994). Becau of th use of inappropriate 
sampling techniques, characteriz.ation of th uprab alt aquiftt has been limited. Tiie end re ull of 
this is an inability to predict accurately flow p th ys and bydrologic conditions in Ringold gra els. 
the domiruint lithology in the supra asaH aquifer at th· Hanford it . 

Additional data used lo und r tand Ringold g logy includ previou Jy puhlished reportr (referenced 
in 1e 1), borehole geophysics, and reconnaissance studies of Ringold correlati e trata aero s the 
region. Bweh le g physi is used to verify fonnation and unit contact . Reconnaissance $tudles 
provide a ditional aoalogu for interpreting geohydrologic character" tic , 

.0 Sl!OTl\fEN FACCE ASSOClATJOt 

Ringold trata arc di ided into five facie 1auon 11 the basi of sediment facies (T ble I) ( u h 
a defin b Mi II 1977, 197 and Ru 1 197 ) o e ed in int core and outcrops. Outcrop 
studied are on the addle ountains. Y ima Ridge, \ hit Bluffs. and Eureka Flat. Fa i data 
from corcholes Appendix B and from drill cuttings and borehole geologic log are from ites acr 
the Pasco Basin. upplememal regional d ta are en from reconnaissance studies throughout the 
region and from pre iou.sl published report . The five Ring Id fa i a ociations are numbered I, 
IT, OJ. IV. and able 2). 

4.1 FACJE AS OClATfO I 

Facie assoc ation l (rable 2) dominantly consists of clast- and matrix- upponed, pebble to cobble 
gravel with a fine- to C03r e-grained sand ma1ri {Figure 6). The degree f cementation in the facic 

ociation i varfable, ranging_ from none to well developed , 111 main cement are calcium 
carbonate, iron o ides, and iii a. Individual cemented horizo observed in outcrop eneraJly are 
less than 1 m thi k and rarely e.xcend lateral! mote th n JOO m. Evidence of cemented ton s veral 
meters thick and continu u laterally over cveral hundred meters can be identified from drill uttings 
from ever I ell in the n rthcm and southeastern p:irt of the 200 West Area (notably well 
6 -4 -nA: 299-W6-3, , - , -6, •7. -9, -JO, - J l, and -12; and W299- 7-6 and . ) . Additional 
evidence f cementation al o i found in Basalt Waste Isolation 'Project core of Ringold gravel. 
Empiri al da1a gathered from the wetL cited above (e.g., col t, hardne of drill ng, \ ell constru Lion 
problcn\S) suggest cemented inte below the water table produc little or no water. 
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Sediment Facics Types in Rin old Deposit (based on MiaJI )977, J97 • 1985). 
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Figure 6. utcrop Photograph of Fa i A iatio1l l. Photograph show ariab!e cem ntation 
(the di continuou. overhanging ltd e) and rJin izc variation., from i;and to cob le rich , 

Ja ob' ·taf(i I. m hi h. The out rop i · loc:itcd on the eastern bank f the 
olumbia River opposite Wooded Island. 
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Wet ie e anal. es of ou1c p and int t cor ampl rain size di tributlons for Ringold A 
gra el u Llally are bim dal a, 3b, and c • Gent:rdll , th fat:ics as ociation contains in W 
ex of 67 by wej •ht pebble and cobbl , lt:s than 5 % b wei ht granule • and the remainder as 
medium• to me-grained sand . lld con1cnt i t picaHy less than % weigh!. Thi di tribution 
differs notably from those reported from samples aC(luired plit- po n ampling technlqu (Last et 
al . 19 9) , 

Split- poon sampl rypicall have lo er ebbl~obble and higher granule content nd contain bro en 
pebble hards. Thi i the direct result of mech nical breaking of larger clasts during the driving of 
the sampler. The presence of broken clas in plil-spoon samples directly affects measurem nt for 
analy e requiring intact arnples (e.g., hydraulic c ndue1ivity and density). B ed on !he e 
recomm nda1ion • it i recommended rhal data cquired rom analy~is of plit-spo n sample be used 

uti usl . 

Gravel clasls in the association are dominated by weathered and UilWc 1h d b all, qu niite, and 
intermediate 10 ilicic. volcanic able 4 . Les common cla t t)'p include greenstonc, vol anic and 
tect nic breccia. siHci plm nic roe · , gnei • an mud rip-up . Matrix sand lypicall is quarttcr 
feldsp thi with Ii ubordinatc basalt fraction Goodwin 1993 able 5). 

tratification rang from massive (Gms 10 plal"lllr bedded (Gm to cr:o bedded (Gp, Gr). Clas1 
imbrication I common in the trati 1ed gra el. Lo -angle cut-and-fill structures less than 1.5 m 
(4.9 ft) deep and al l l JO m (32.8 ft a ro al are found. Faci Cm generall fonns 0.5• lo 
1.5-m~ J .6• to .9-ft) thick lenses le s th:m 20 m (65.6 ft aero s 1hat are interstratified with and 
grade inm ,:ratified gra el (Gp. t, m). The e mas ive and tratified gravels common! combine 
to forrn l nticular bodi u to m (16.4 ft) thick Chai ov rlie the low-:u, le scours . Latcrall -
di cominuou . fine- to coarse-grained, cros -bedded and (Sp. St) inttrbeds up to 2 m 6.6 fl thJ 
(Figure 7 are inte aJatt:d in the gravel. The pr ·encc <lf these inter !ratified and in th subsurface 
probabl is the primary cause for gravelly sand lithologies commonl rted on b reh le I g . 
Thin usually < 2 m). intercalated silty deposits displaying some m011ting and bedding di ruption al o 
are pre ent. 

The features displa ed by facies association I are similar to tho e described by Ii.ill (197 • 19 5), 
Ru1;t (i978). Kraus 1984), Rust and Koster 1984), and Collin 011 (1986) for •ravel! • bedload--
d mina te<f flu ial sy 1e • Th :Ringold gravel depo iti nal em wa characterized by rapid 
dep -ition in shallow, hifting channels in braidplain cttings . 

4.2 F CJES AS OCIATION II 

Facies as oci tion II (Ta le 2) con i tc; o ane- LO oar e-, rai:ned (T bl 6a. 6b, and 6 ). typically 
quartzo-feldspathi and similar in co ~po ition to and found in facies association I (Goodwin 1993). 
Intercalated ilt and pebble beds may be prcsenl. The facies as ociaiioo typically is light tan to buff 
colored. Other colors include brown, red- rown and yellow-brown. Salt- rul-pepper color may be 
pr nl where basalt content i above approximaJcly 20~ . 
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- Table 3a . Grain Si1.e Distribution (wt%) for Ringold Unit E. 
Samples from core. 

Borehole,. 
%cob ~peb %gr ~hes %C$ ~ms %($ $vfs 

Oep1h (ft) 

DH-6, 178 0 74 2 0 0 9 8 5 

DH-6. 213 0 73 I I 1 12 8 4 

DH-6, 227 0 82 I 5 4 4 3 1 

DH-6 , 240 0 71 I 0 l 14 12 l 

DH-6, 270 0 64 2 1 I 8 13 11 

DH-6. 313 0 !t2 4 2 2 4 3 3 

OH-6, 316 0 13 2 4 3 12 3 l 

DH-6, 330 0 n I 2 1 12 8 4 

DH·6, 393 0 72 2 4 4 12 4 2 

DH-6, 399 0 69 3 .5 4 13 5 l 

DH-12,243 0 88 2 1 1 2 4 I 

DH-12,285 0 76 I 1 :3 12 5 J 

DH-12,342 0 75 2 2 1 9 7 2 

- DH-12,378 0 71 2 4 3 10 6 l 

DH- 12,412 0 79 I 3 4 10 2 I 

DH-13.184 0 88 0 0 l 3 6 2 

OH- JJ,330 0 84 2 0 0 9 3 2 

DH-13,347 0 87 2 2 2 2 3 2 

DH-13,389 0 77 2 3 4 9 5 0 

DH -13,J.98 0 80 l 4 5 8 2 0 

D"H -13,419 0 74 l 3 4 II s 0 

DH-13,438 0 75 I 2 2 1 7 6 

DH-28,308 0 80 6 2 2 6 2 1 

DH-28,429 0 79 2 1 1 9 5 3 

DH-28,450 0 76 s 3 3 7 '2 4 

DH-28,461 0 78 4 I 5 5 4 3 

DR-28,.543 0 78 l 2 2 13 2 2 

ME.AN 0 76.9 2.1 2 . 1 2.4 8.6 .5 . 1 2.4 

S.DEV. - 5.8 l.4 1.5 l.5 2.5 2.9 2.3 

RANGE - 64-88 0-6 0-5 0-5 2-14 2-13 0-11 -
l!HllOl!IO 

%1. 
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l 
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Table 3b. Grain Si:t.e Distributions (wt%) from Outcrops of Ringold Unit E 
at Taylor Fla1. 

Sample II ~cob %peb %gr %vcs %cs %ms %fs %vfs 

SC-I 27 44 0 2 2 21 3 I 

SC-2 14 62 0 2 2 16 3 I 

SC-4 23 63 0 0 I 8 4 I 

SC5 10 71 0 I l IS I I 

SC-6 8 82 0 0 0 7 2 1 

SC-7 0 69 1 2 3 20 4 l 

SCIO 0 81 l I I 12 3 1 

SC-I I 8 73 I 2 I 9 s 1 

SC-12 6 79 0 I l 9 3 1 

SC-15 16 74 0 0 0 6 3 l 

SC-17 26 67 I I 1 2 1 l 

SC-18 0 82 2 I I 9 3 2 

SC-20 0 87 I I I 8 I 1 

SC-21 17 70 0 1 0 9 2 l 

SC-22 33 57 I J 0 6 I l 

SC-23 8 79 I 1 I 6 3 I 

SC-24 0 86 0 t I 7 4 l 

SC-25 40 56 0 0 0 2 I l 

MEAN 13.1 71.2 0.5 J.0 0.9 9.6 2.6 LI 

S.DEV 12.4 l 1.6 0.6 0.7 0.8 ; 5.4 1.2 0.2 

RANGE 0-40 44•1l7 0-2 0-2 0-3 . 2-21 1-5 1-2 

Bllmlf.l llll'l'1ll 16 
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- Dorchole JI, 
Depth 

DH-6, 438 

OJl-6, 448 

DH-6, 455 

DH-6. 64 

DH-6, 73 

OH-6. 503 

DH-13. 83 

DH-13,498 

DH-13,52 

MEAN 

S.OEV. 

RA GE 

-
II.I l!U R I 

Table 3c. Grain Size Distribution (wt ) or RJngold nit 
Sampl~ from core. 

St.cob %peb %gr VCS %cs %m %f: 

0 77 2 5 6 6 2 

0 7 3 3 4 6 4 

0 70 s 2 2 II 7 

0 67 3 4 4 12 6 

0 76 3 4 3 9 3 

0 78 3 5 7 3 

0 71 0 3 3 18 4 

0 63 0 5 6 11 12 

0 55 2 7 9 21 4 

0 71 2.3 4. 1 4.7 11.2 5.0 

- 7.9 1.6 1.4 2.1 5.2 3.0 

. 5 78 0-5 2-7 2-9 6-21 2-12 
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Table . Per ent Di tr-ibuti n of fa I Types ill Rin old Unit E. 

LOC BLT POR GBHC srv rr, VP Q z 
PLJ2 s 9 9 10 I 1 13 20 

Pt13 21 to 11 5 6 16 

Pl-11 21 16 9 16 J 1 7 17 

PLl4 II 10 16 7 I 

PL9 30 10 s 22 8 4 18 

PL..6 30 15 10 16 7 7 14 

PL15 27 18 8 13 10 7 15 

PL16 4 IS 9 13 4 3 12 

PLlO 40 7 10 10 12 5 15 

Pl.A 44 2 10 10 12 4 15 

PLl 57 9 6 7 6 10 

PL17 32 13 11 JO 13 7 t2 

PL18 61 l 10 7 4 1 3 

PL8 75 2 5 4 l IQ 

PL5 6 5 16 13 9 5 14 

p 7 70 8 7 4 I 2 6 

PL3 70 2 4 5 0 13 

Pl2 74 1 6 2 6 2 9 

NOTE: Lin arc rrnnged in tratigraphi order ~-o ldeS1 at che ba e 
S A pendix A or lo~ion and lr31i raphic po itlon of pecifi 
sample . 

LOC - ample number/] Lion 
BSLT - 101al basaJt 
POR • porph ritic vol ani (nons1liceou ) 
GBHC- green tone brccci + h mfcl chen me1 ed 
SIV - iii ic volcani {al o flow banded wff: 
SIP • silicic plut nics 

P • vein quartz pe m tit 
QT2 - quartzites 
GNS - nci 

G S 
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TRblc 5. Whole Rock XRD Analysis oi Ringold Unit E Sands from C-Orcholcs near 
&he 100-N aod 200 West Areas. 

Sample• %qtz <Jl;kspar %pJag %carb %amph %0\ica %clay 

BH16/60 43 10 33 0 2 2 10 

BH16/70 57 0 29 0 2 2 10 

BH16/90 45 11 37 0 2 J 4 

BHJ6/97 43 13 32 0 l I 10 

8HJ1/S5 30 0 37 0 17 3 13 

BHt7/60 37 7 20 2 5 3 6 

BHnno 38 7 42 0 3 2 8 

BH17n5 43 0 41 0 5 2 9 

DH17/90 51 9 27 0 4 l 8 

BH17/200 39 7 18 6 4 6 20 

DH25/194 .S 42 5 36 NA l 2 13 

DJ:125/391 .5 55 7 18 NA ] 1 17 

DH24/ l 15.5 50 lO 27 0 1 2 10 

DH24/152.7 50 8 27 0 2 3 10 

DH24/271.5 40 9 15 26 l I 8 

DH24/366 51 9 31 0 2 I 7 

DH24/397 54 9 20 0 1 5 10 

OH24/419.S 66 0 20 4 2 ] 7 

' OH22n97 53 7 23 0 0 2 15 

l)li22/4 I 5.5 55 0 24 0 2 2 17 

073/302.5 69 I 10 0 0 t 20 

G73/323 68 5 11 0 0 2 14 
--

073/348 63 4 9 4 0 3 17 

G73!3S2 I 62 3 5 3 0 6 2 1 

MEAN 50.2 5.9 24.7 2.0 2.5 2.3 11.8 

S.DEV. 
,1 

I 10.5 4.0 10.4 5 .6 3.4 1.5 4.8 

~sec Appendix B for specilic location infonna1ion. 
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Figur 7. lme trati 1ed ·and and Grav I f F cics A sociation J. Gra ... ·cll nd reported .A 
on borehol lo probably con. i of interbedded and and gravel uch as seen h re . W 

Outcrop i · loc ted on blu along the eastern b n o the 
Columbia Ri et po ite Wooded I land. 
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Table 6a. Grain Si~e Di tribution (wt~ of a, and ilry Sand lnterb ds in 
R' Id G I (d . ed f mgo rave ta acqu1r rorn core). 

ample3 ~gr %vci %cs %ms %[ %vfs z. % 1 

DH-6, 269 0 2 4 39 42 9 4 0 

DH-6, 370 0 16 18 2 16 6 13 3 

DH-12,25 0 2 2 57 33 I 5 0 

DH-12,369 0 6 5 49 32 4 4 0 

01-1-12,405 l I 2 24 )5 11 3 

DH-13,263 0 I 1 I 4 15 16 3 

DH-13,275 0 7 7 38 36 6 3 3 

DH-13,2 0 0 6 7 74 7 I s 
DH- 13,302 0 4 4 72 14 1 2 3 

MEAN 0.1 5.0 S.6 44 0 6.4 7.0 1.7 

S.DEV. 0.3 4.7 5.1 21 15 5.6 5.0 1.6 

RANGE 0-1 1-16 1-1 l 74 7 9 1- 15 2-16 0-3 

3S c Appendi B for specific location information. 

Table 6b. Gr in ize Di 1ribution ( t %) of Sarni and ilty Sand Lntcrbe 
in Ourcrop of Ringold Gra el. 

Sample3 %gr %vs ~ms %fs %vfs %z cl 

SC-3 0 I I 63 32 3 0 0 

8 0 12 12 64 9 l 2 0 

-9 I I I 6 30 30 27 4 

SC-19 0 4 4 20 50 I 4 0 

ME 0.2 4.5 4. 38 30 13 8.2 1.0 

S.PEV. 0.5 5.2 5.2 0 17 14 13 2.0 

RANGE 0-1 1-12 1-12 6--64 9. 0 l -30 0-27 0-4 

asec Appendix A for peci 1c location mfonnation. 
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Table 6c. Grain iz Di 1rib rion WI %) or Sand and Silt Bed 
Outcrop of the Lower P r1 of the M mber or Taylor Flat. 

Dll-6 I a core ample; others arc outcrop samples. 

ampJea %gr %v % %m %f. %-vf %z 

DH-6,137 0 3 26 19 10 l5 

SC-13 0 7 8 68 13 2 

SC-14 0 I I 29 50 12 5 

SC-26 0 J ] 69 25 2 2 

SC-27 I 2 3 21 48 20 7 

C-28 0 0 1 40 5J 3 

l AN 0.17 2.3 3.0 42 34 8.5 5.7 

.D 0.41 2.5 2.8 21 18 7.0 5.0 

RAG 0-t 0-7 1-8 21-69 13-51 2-20 2-15 

11 ee Appendices A and B for pecifi 1 ca1ion infonnation. 
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Fades associ tion JI d. play (I) andy bed orms con ii.ting o lenticular plan r (Sp and trou h S1) 
cross-bedded aud overlying coureo ba es e), (2) ody bedfom1 co i ting of tabuJar sheet and 
le11.5e of plane-laminated (Sh) to ripple cro -laminated (Sr s nd (3) massi e bedd d fine-grai11ed 
and nd ill and ( m}, and (4) interstrtttified plan - and ripple-lanunated silt and sand (Fl) 

(Figure ). Dep ii, compri ing the as ociation ommonly combine 10 form ch:mnel-fiJI equcnces l 
to 5 m (3.3 to 16.4 fl) 1hick and up 10 100 m (32 ft) acr . Thee channel-fill sequence usually 
are stacked together to fonn sand bodies rhot are up 10 0 m (98 fl) thick and 0.5 km (0.3 mi r 
more across (Figure 9). Typical thi kne -to-width ra1io for 1hcsc 11d bodj are ,ppro imately 
I: 100. 

acies association II i interpreted to have been deposited in a sandy bod1oad-domina1cd fluvial y 1cm 
ch outlined by Cant and Walker (1976), Walker and Cant (1984), and Collin on (1986). The 

tllickne s-to-width r11tio of the and bodies indicate lo - inuosi1y channel imilar to thos outlined 
by Galloway (1985b . Avul Jon and channel abandonment are recorded by fining upward Iran itions 
from thi fucies ociation to f3cies ialion 111 . 

4.3 F IES SS0 I TION m 

Facies a ociation ID is divided Into three end members (JU • Ulb, Ilic (f ble 2 , bich gr de into 
eact1 oth r. The coarsest (llla) consists of hects of slighdy moctled and biqturbated, brown to light 
gray Jamin I d sand and ih ( r, h, Fl). Facies association Jllc consists of gr en to bla k, 
unstratified, crumbly wt:!Lherin ill nd clay displaying angular locky peds, oil lickensides, and 
coh sive clay-rich lump • Facics association IIJb display fca1ur~ intermediate b ween ma 3nd ill . 
Calcium rbonate i rare in facies as ociation ma, while stage I and 11 calcium carbonat of 
Machette (1985 i round inf cies ociati n TII . ge Ill, f • and cca ionally V calcium 
carbonate may be found in fo i i 1ion IIJc. ilica cement I o i occa ionally fo nd in facie 

ociation Hie. Red-brown, m ivc, fine- to coarse-grained quartw-fcldspathic to lightl Ilic 
and cca ion lly i al i und in th ass ciation. 

Fac1es associatlon JD formed in floodplain-overb en ironmem wh re pedogenic alteration 
occurred . acie association Illa was depo i1cd · re a s pl y in p xlmaJ overbank rea uch 
di cu ed in Bown and Kraus l 87}, Kraus (1987). and Kraus and Bown 19 ). E iden · of 
pa]eo ols similar 10 thal d cribed b Collinson (198 ), Krau and Bo n 198 ), iall (197 , 19&5), 
and Retallick (19 6, 198 is .seen in ltlb, which ronned on 1he'Ooodplain and subaerial urfaces that 
rarely, if ever, were ubmcrgcd. Th lcium carbo1 le-rich and ilica-rich depo · ff: cies 

huion lU are calcic and ilicic paleosols. 

4.4 FA IES ASSOCIATION I 

SLr tified cl y. iJt, and nd divided into two end mem crs ([ a and I b) compri c facics a ocia1ion 
IV (Table 2). Lat rally continuou • white di I maceo cl r da1ionally overlain by gray, tan, and 
brown, laminated andy sill (A) (Figure JO) doinin te IVa. Fa i oci 1ion JVa gr d upward 
lnto gray , 1 n, and rown, plane crnss•bcdded sand ( p); ripple cross-lamina1ed and (Sr); nonn lly 
graded and (Sg); nd laminated and, ill, and clay ( I, f c) or I b ( igur 11 and 12). Locally, 
facies as ociation JVb has primary bedding dip of s• 10 10° (Figur I I). Bedding i dominated y 
heet georne1rie. minuo acr lens 10 hundreds of meters of outcrop. Overall, trat cornpri in.g 

facics a ociation IV form laterally continuou > 30 km acros ), coar enrn upward equences up to 
40 m thi k igur 11 and 12). Wh r the t ci a ocia1ion b been encountered in the u urfa c, 
gray to lue-gray color predominate. 
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Figure 9 . Facie A. ociation 11 {the Three Prominent Ledge ) lnterh<..-dded with Facic Association Ill 
(the Slopes). Eacb of th ledge consi ts of cros. -bedded sand 1ha1 fin upward and o erlics a 

basalt . cour incised into underlying strata. Jacob's taff le nln ag in t upper. and ledge 
on 1he right) is l .3 m high. The outer p Ii on the eastern b · or the Columbia Ri er 

oppo ite Wooded I land above the outcrop .h wn in Figures 6 and 7). 

25 



BHl-0018 
Rev. 00 

Fi ure 10. Cl eup f Well~ rr ri 1ed DiAtomite (A i tion rv ) at the B e f One La c- A 
Fill equence. Darker colored trara near the top o 1/le ph t graph are Jld inter ed W 
th I mar the beginning of th c arsening upw rd er ~ ition from the dia1omi1 (JV ) 

IUI l&UUXh1>1 

into eta tic I ke de it (I b). Jacob' t ff is 1.3 m high. The outcrop 
is located approximately hal ay up the White: Bluffs on the eastern side 

of the Columbia River appre>xima!ely 2 bn north of Savage I. land. 
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Figure I J. Two Lake-Fill equence· on. 1. ti of Fa ie As ociation I . The lower half of the 
lope (the darker col red area below the and of s gebrush in lhe middle of the lope) 

l IU)Q/UJ 

consist of pal ols fa , ia1ioo 111. The upper half of the l>lopc consist of 
well ·!ratified ill an and of faci s ·oci lion rv. Topographic relief 
between the II m of the ravine and kyline is approximately 450 ft. · 

llie outcrop i I ted on bluff cast of the olumbia Ri,• r and 
approximately 1 km north of Savage l land. 
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Fi ure 12, Mea ured Secti Min trata Typical of Faci As odation IV. Secti ns h w the vertical A 
trend and characcer· tic of the associati n. ee Appendix A i r locati ns f me ured ections. W 
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Facies a . ociation IV w depo i1ed in a hydrologically open lake such as described in Allen and 
ollin on (1986) with the di 1omi1es (!Va) rec rding depo iti n in clear ater. relatively distant from 

Ouvial di 1ribumi . Upward coarsening from 1Va to 1Vb reflec1 in rea ed deLrital . edimenration a 
the r ul1 or fluvi 1-<,tcltaic progradalion. 

Thi facie. a sociation, as ell a lhe other mud-rich facie ociation (Ill), occurs in the ub urfa e 
a thick ( > S m) unil as ell a 1Jlin interbcd ( ee Chapter 5 .0). Many borehole log report gravelly 
nlUd for Ulese intervals dominatc:<l by facie ia1io IJJ and JV. tittle evidence of gravelly mud 
lithologies can be fi und in intact cores or outcrops. In vie of t11i and the quality of uncored 
samples, the pr o e of gravelly mud is prob bly th ult of drilJing and i nOI typical of facie 

ociation III or IV. 

4.S .FACf OCJATION V 

Mas ivc lo poorly tratified, weathered, basaltic pebble- ble gravel Gms, Gm) fonnin heet-like 
bodies dominat i ie iation Y (Table 2) . Color is typically gray to bla k, and ma1ri vari 
from sand-5izcd basalt grains 10 clay. , tage I and 11 cclcium carbonate development can be pr ent . 

he abundance or facics G and Gm indicate dep ition domin ntly by debri flow proccs ·es such 
as described by Bull (1972) , Ru t and o ter 19 4), and Galloway (19 5a . are stratified horiion 
(Gp) were deposited by sheet flood and minor 1ream now p ce I pedogenic carbonate 
indi t that ubaerial expo.sure occurred. · Faci " otiation V as depo ited on alluvial fans that 
prograded into the Pa co Basin. 

5.0 F CIES AS IATIO DI TRIB TIO 

The Rrngold ormation i · divided iruo three infi rmaJ mem 
dif eren1 acie ociation . Data upon which the ollowin di cu -Ion i b ed are f, und in 

ppendi A (outer p mea, ured ecti n5), Appc dix B coreholc logs • and pperuJj C (basirl- ide 
cros octions) . Additional daca are found in Appendix D ( tructure contour and i opach data) and the 
tructure contour map on Plate I through 6. 

' 111 maj riry r 1h I w r hal or the Ringold Formotion i igncd to the member of Wooded J land. 
The member is di idtd into five , rat igrophic uni , d ignated A, B. C, D, and E, dominated by 
Ouvial gravel (facie as o ialion I) (A pendi e B and C). 111ese unit · are eparatcd by several 
wid ,prcad O\'erbank/paleo ol facies as o i tion llJ) and I u trine (~ ci iation I ) interval 
( ppendi . The lowenn I of 1h e interval . cparatjng unit A from overlying dep it , i 
dominated by fa i a iation I and referred to as the lower mud unit . The 5eGOt'ld member, 1he 
member of Taylor Fl:it , i · domin ted by fluvial ands (faci as ciation II and overbank-pal o ol 
deposits facies as ciation Ill) {Figure 9 and Appendix A). II partially interlinger with the member 
of Wooded I land in the n rthem Pasco Basin where nuvial gravel pinch u1 (Appendix C). Strata 
domin led by lacu 1rine deposits (fa ics a · •ociation IV form the third member. rhe mem r of 
S.ivagc I land (Appen i A). 
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The member of\ ooded l. land i naincd for the gravelly !;lrata Joe ted II the e I bank of the 
Columbia River, djacem 10 Wooded Jsland. The 30- to O-f1-high cli I th" location oomain 1he 

e , expo ures of Ringold gravel to he found in the Pasco Ba in. The I wermost depo it of 1h 
member of Wooded Isl nd and the Ringold J=ormn1ion are the fluvial gravel and lesser nuvial and or 
unit A. Uni1 A fonns an elongated ti; ct ex1 nding from Sentinel Gap to the east end of Raul snak 
Mountain (Plate 1). This tra t cros the Umtanum Rid e anticline at or west of Gahlc Moumain . 
Fluvial sands dominate the lower p rt of the unit in much of the western Pasco Basin (Appendix B). 
Similar ands also are exposed in Sunnyside Gap in the southwes1 corner of the Pasco Basin. Unit A 
i younger lhan .5 Ma, the age of the youngest CRJ3G flow underlying 11le Ringold nnation (fecht 
et al. 19 7 • and older chan 6 .7 Ma. the approximat age of three tephra horiions (T ble 7) in · 
deposits verlying unit A. Quart -feldspar~lithi ternary plot for unit A show higher quaru content$ 
than the ther gravel unit (G odwin 1993). Tn addition, volcanic lithi are I abundam 
(Goodwin 1993). 

Unit A i o crlain by a b in- - ide eguence of fir eon isting of a combination of paleo ols (facies 

-

ci tlon rrn and lacu 1rine deposit (facies as ocialion IV). referred to colleai ely as the lo · er 
mud unit (Appendices B and C). PaJ sols art n l found in the unit in the central Pasco Ba in. The 
extent of interlingcring between the lacustrine and overbank depo it!; is not known. Westward 
thinning andy deposits of as oclation ]Vb arc present in the lacu trine sttata in 1he east~central Pasco 
Basin. Argon-40/argon- 9 determinations from tephra in lacu tri t: depo it in the central Pa. co 
Ba,;in yield age of 6.62±0.09 10 6.79±0. 13 a for the lower mud unit (fable 7). The lower mud 
unit underll Imo t th entire H nford ite and P..isco Ba in (Pl te 2 • The only localiti where it 
i clearly absent af the northern part of the 200 East Area, just north of the 200 West Ar . and iu -
the area between the 200 Area~ and Gable Gap. 

e lower mud unit i overlain in mo,;t are9s by rwo nuvial gravtl-dorninated (fa ies ociation l 
niis, B nd D { ppcodic B and . a d sociated o erbank/paleo ol dcposiis facie.s 

a ociation 111) . Unit B is found in the eastern to ea I-central Pasco Basia and thins to the w l 

(Plate 3 . Unit D is found locally in the ou1hw tern P co Basin (Plate 3). It may be more 
extensive than currently mapped because the paleo ols used to differentiate it from erlying gravel 
(units C and E) are di continuous. ni l3 and D are absent in the Cold Cr k yn line s uth of the 
200 Areas. In thi Area overbank depo its and l}aleo ols foci ociation TO) containing thin. 
nu ial sand (facics as oci ti n fl) erlic the lower mud unit. This corresponds to the e temmo 1 

extent of the sand-rich interval in the underlying unit A and to a thinning in underlying CRBG fl ows 
descri ed by Reidel and fecht 19 1 . 

The upperm ·t fluvial gravel-dominated unit , _and E (Appendic · B and C) , are separated in Lhe 
eastern Pase Basin by a widespread overbank-p, le ol system. In the tern Pn co Basin. thi 
intervening sequence i ab ent and the IWO units re not differentiated (Appendices Band C}. 
Com ined, the C/ • interval forms a northwe t l southeast linear tract tretching across th· P ~co 
Basin (Pla1e 4). 8 ah-rich gra e l facies association V are ound locally . Around the fringe of the 
Pas o B in, especial! to the north, str ta laterally equivalen1 10 unit and Econ ist mainl of 
muddy paleo ols (lllb) of the member f Taylor Flat. 1 he CIE imer al i older 1h .0 Ma 
appr ximate age of overlying strata} (Packer and John on 1979). Strat near th t p of unit E also 

have been assigned a late Hemphillian age (6.7 to .8 Ma) on the basis of vertebrate fauna Gustaf on 
19 ). 
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- Tobie 7. 40 Ar/39 Ar Rudiometrlc Oates for Ringold edimeru . 

8 rehole I IJeplh (ft) lsochron Age Geologic nit 
.. 

Golder-E.- 19 / 621.7 6.79,±0. IJ M Lower mud unit 

Goldcr-73 / 273.9 6.62 _0.09 Ma L wer mud unj1 

OH-18 / 504.9 6,67±0.18 Ma Lo r mud unit 

Source: 40 Art39 Ar Analysis of me enozoi h/tuff sampl 
Final report of completed work to Rockwell Hanford Operations, 
Richland, ashington. Lewi G. Hogan, Ph.D. , College or 

c~n r phy, Ore on t.ate niv rsity, Corvallis, Oreg n 97331. 
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pPr im tely 90 m f interbcdded nu ial and (facics as.socia1ion 11) and over fin (fa ie 
ociation Jll) forms the member or Taylor Flat (Append' ). The member of Taylor Flat is named 

for the outcrop found above the prominem gravel-bearing cliff: at th· north end of Taylor Flat on 
the east bank of 1he olumbia Ri er. utcr p of the member e tend the lcn th of the White Bluffs 
and are found on ·urc • flat Figure 5 • ln tbe central to ~ estern part o the Pasco Basin near lhe 
200 Wt~t re.a), most of the member has been removed b , p() I-Ringold e fon. and aJI at remal 
i a Lhin < 15 m • dis ntinuOU$ interval overlying unit (Plate ) Appendix C). Whc:re these: lhin 
e ional remnants oc.cur, the are geoeraJly re erred to the Ringold upper unil (M er ct aJ 1979, 
Tallman et 1. 1979, E 19 ). Where the member of Wooded Mand is a ent in the northern 
P _ -0 B in, paleosol of tht: member of Ta lor Flat e tend down ard t th top o b alt 
(Appc:ndix C). Con cqucntly, the two members intcrfinger in then n.hern Pa o .Ba in. The n ember 
o[ Taylor Flat fin f m outh to nonh with and being rare n rth of G ble Mountain. Ba ei.J n 
vcnebrate fau~ ( ustaf: n 1 5) and pale mag.neric da (Pa er and Johnson 1979), die member is 
approximately 5. Ma wher it overli 1he m m er of Wooded Island. In th northern Pasco Basin 
(as well el ewhere when lh mem r of W ed Island i abs nt), the mem er of aylor Flat may 
e as old 8.5 M . 

1 

5.3 GEIL 'D 

L~cu trinc deposits (fades association JV) dominate the uppenno t part of the Rin old Fonnation. tile 
mem er o v~e l land (Appendi,r A). Thi member is na.med for lhe exposure found in nd north 
of the av ge I land I lide on the ea I bank of the Columbia River. The m mber I approximate! 

.8 to 3.4 M on the basis of paleomagnctic studies and verteb rate pale .ntology Pack rand John on 
1979 Gustafson 1985, Fecht et al. 1987). Three successive lake- Ill equence.s are pr ent in the 
member in the White Bluff n nh of Rjn old ulee . outh of Ringold Coulee, only two scquenct 
arc: pre: ·e:nt . Each of the lake-lilt sequen ha a basal diatomaccous interval (facie.s association IVa) 
that grade up~ ard into inter tratified s[h and sand (fades ciation IVb). The member ha en 
almo t c mpletely remo ed by po I-Ringold ero ion from the cemral and 1cm Pa co B sio we t 
and s uth of the: Columbia Ri c:r (Appendix C . Small outcrops ( <'2()() m2) are found at a few 
location at the nonhweStern base of Rattlesnake Mountain. 
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Th lo\ e I lake equence is the most laterally restricted or Lhe three lake-fill sequence and i only -
found in I.he north rn 10 cenL I hile 'Bluffs north of Ringold oulee ppendix A) . Th lowest lake 
equence interfingcrs to the outheast al and outh o Ringold oulee imo nu i I and overbank 

depo it f, ie a ociations II and ID) of the mem r of T,1 I r Flat. The depo ii in turn grade 
laterally into aJm n- learwater gravel of th member of Wood d Island found on Eure Fial in 1h 
easternmost P co B in. 11)(:. b al dial mi1 for th lowest Lake sequence i O.S to l .Om thic . 

Th second lake cquence is di ·tiagui hed from che 1her by a thlck 2 10 6 m} basal dial mite (fa ies 
a sociation f a) present through ut the ea cern, c.entral, and western Pa co Ba in and b)' a c.ipping 
Ouvial-paleo ol. y tern (faci a soci tions n and UI) . The di tomite coarsen up tion imo sandy, 

ell- !ratified lacusuine depo its facies · " iati n TVb). Thi wcll-str tified lacu rine ilt and and 
i i:n turn capped by a well...de eloped fluvial-palto ·ol y tern (faci as ocialions II and LIi) 1ha1 
di play pcdogenic lcium carbonate and ilica d elopment (facie as. iaiion Ille) and ioturb lion 
extending up to 6 m into undcrlyin trata Appendi,c A). 

Th third la e sequence has a basal diatomlte ( ie a ocia1ion IVa) (<I m thick:), hich grades 
lion imo well-bedded lacustrine sand :snd silt of faci ociat.ion TVb. Po t-Ring Id stage rv 

pedo enic carbonate [o Machelle (19 5)), assigned to the in rmal Pl o•Pleistoccne unil, 
overlie nd truncat lhe third lake equence (Appendix A). Thl ca1bonate i interpreted to 
correlative to I.he Pli -Plei ne carbo te and ilt overlying rh Ringold Fonnation bene.ith th 

00 We I Area and the pre-Mis oula gra cl . which o erlic the Ringold Fonnatlon u1hea i of the 
2 t Area (Plate 6) (Appendix C). 

5.4 LAl , OG RI GOLD CORREL TIVF.S OlITSIDE OF THE P 0 B IN 

uata as igned to U1 Rin old Fonnaiion al o are found north of th Pasco B" in in 1he Quincy and 
thell B in (Reidel 19 8). These strata nsist of a altic lluviaJ fan dcpo it • paleo I , 

lacu rine de ii , and minor tluvial sand fPacki rand J hnson 1979, Reidel 1988, rnith eJ al . 19 9. 
Campbell {unpub, d l )) lb.at pro bl}' are correlativ to the member of a ge I land. La u trine 
deposits youn r than 4.7_0.3 Ma, v.•hi h make them correlative 10th a,•age Island. 
also are found near Yakima Washington (Fi ure ) milh 198 ). 

Po t-CRBO quart.zo a1~ and gr:avel imilar to Lhat fonning tbe member of Wooded ]sland, ar 
ound in a linear trait strct hing from tJ,e w tem Pa co B in 10 Hood River. Oreg n chmincke 

1964, ·echt ct al. 19 7, milh 1988). and mineralo and cl t type in tile e cla ics. d1e Snip 
ount in oogl meraie. ar . imilar t th e in unit A or the member f Wooded I I nd Good in 

1993). The nip Mount in n)omerate is younger than 10.5 Ma, Lhe age of the und rlying 
Elephant Mountain Member of the addle M untain~ Basalt. uth of atus Vas • th Snipes 

oun1ain Cong! merate i overlain by the 4.5- lO LO-Ma in e olcaru (Ander n 19 7). The 
M umain nglomerate s at lea t in part correlative to unit A of the mem of Wooded 

dditional Ringold-aged dcpo ·its arc found west of the nlpe Mount in outcrop . . Throughout the 
late iocene nd Pli cen . rhe Columbia River cut a ries of any as through Lh nee rral ascade 
Range between Th Dalles and Portland, Oregon (Tolan and Beeson 19 ; Tolan t I. 1984a, 19 4b; 
Beeson et al . 1989). The Troutdale Fonnati n ( < 12 2 Ma) fill ne of these paleocanyons (Tolan 
and Be on 19 4 : Tolan c1 al. 19 4a, 19 b). Tolan and B l>On (1984) di ide the routdale 

orma1ion into a lower member d minat by lurnbia Riv r clasti i;imilar 10 nipc ouniain 
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and Ringold and :md gravel) and an upper member dominated by 
volcaniclaslic sediments . An early Pliocene age f approximately thi com ct . 

Ringold-aged edimentary unit al o cur Jth of the P 
C nyon Form tion in th Umalill B in a.11d the rrel tive Ma a Creek ormation near Pendleton 
Oregon. The Alkala.i Cimyon Fonnation rang from 1 
Rapids Basalt) 10 Late: Hemphillian e (6.7 to 4 .8 Ma) artin 1979. ar ui e1 I. 19 I) . Locally 
derived basaltic gravel dominate the AlkaJai Canyon Formation in the e 1cm ma1illa Rasin and th 
Ma kay Cree Fom1ation (Farooqui ct al . 1981). Qwutzile•bcaring mixed lithology gravel i 
common in the Alkalai Canyon Formation in the western Umatilla B in, although lith 1 gie 
indicative of the Columbia River are not pre ent (Und ey et al . 1993). The minimum age for the 

lk.alai Canyon orma1lon (4 .8 Ma) indica1es that i1 i older th n the member of Sav e I land. 

6.0 TOP OF THE RINGOLD FORMATIO 

The n 1ure of 1he ntact bc1wcen the Ring Id nnation nd overlying strata varies from location to 
location (App ndic A. B. and . Marker trai of various kind define the contact in the icinity 
of the 200 We t Arca, between the ye Barricade and the 200 a t Area, and in parts of the 
t-00 Area~. Beneath the nonhwe tern part of the Hanford Site, in the ,,icinity of the 200 E t Area, 
and in the ·outhern Pas o B in, dis1inc1ive m ker tr t lacking. Thi chaplcr presents 
gu.idclin s .and criteria to be used to locate the top of th Ringold F-0rma1ion. 

The lop of the Ringo d ormation i easily recognized where di tincti c marker trata are 
encouruered . l11 tie vicinily of the 200 We t rea , mar er trata are p J ols and quartzo--
ftld p thic nu ial and comprising localiLod er ~ional remnant of the member o Ta )or Flat 
overlain by pcdo enic calcium carhoruue and ba altic grav l and and of the Plio-Plei tocene unit 
(Appendices Band C) ( allman et I. 1979, 1981 · DO 19 ; I.a t et al. 1989; ind ·ey et al . 1991). 
W ere the member of Tayl r ·lat i ab ent, th Plio-Plei 1ocene unit directly overlie unit E f the 
member of ·~ ooded I I nd . B use the ped enic calcium carbonate is commonly superimpo ·cd 
directly omo Ringold strat , the contact may ppear transitiolllll. Where thi. occurs, the contact 
generally is placed al the b of the low~t c rbonalc greater th,:ln to 3 cm thick. 8ecau e 
individual carbonate eds are di continuous, th contact will not be at the same hoti1.011 ar every 
locati n. 

The member of Taylor Flat al o is found in th t~encral Cold Creek yncline, between the 
200 East Area and the ', ye Barricade. H re, it i · overlain by the quanz -feld p thic and and 
granitic to gnei sic gravel of the pre-Mis oula gravel (PSP 19 2 (correlativ to the Ptio-Plei tocene 
unil Appendlce 8 and ). Near the fringes of the yncline, the mem r pin h s out and pre-
Mi uJ gra el directly o erlies tluvial- ravel-d minated deposits of Ringold unit E (Appendices B 
and C). The abundance of granitic and gnei ic cl IS , a relative decrea e in 1he percentage of ba alt. 
le scr compac1ion and umentation, and a white to very light gray col r dlstlng11i ·he pre-Mi ·oula 
gr vel from more o idiioo-appearing Ringold gra el . 

Hanford formation gravel overlie. Ringold paleosol-ovcrbank depo ' it in the vicinit}' of rhe 100-H and 
100-f Are.a {Lind ey 1992, Lind ey and Jaeger 1993, Raid! 1993, well as in the rea e t of the 
200 East Arca Lindsey et I. l 992) Appendi C). At th e locations, basali.rieh . and and gravel of 
the Hanford forma1 ion are ea ily di inguished from pedogenlcally altered ilt- and clay-rich 
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o erbank-palc ol fa ics a iat.ion JU) depo i1 of U1e Ringold Formation. North of Gable -
Mountain, this ·trati r phic relation hip per ~ts throughout the area north and ea t of Gable Gap and 

far, est as the 100-0 Area. 

Gra,•elly Hanford de!)() its are I common outhwest of the 200 Ea I tea . "°here 1he ormalion i 
dominated by interstratified ill and sand . These strata, depo itcd by Plei I er • ed catacl mic 
flood, ter , ate! de ribed in r et I. (19 9), Ba e et al. (1991). and Lind cy ct al. (1992. 
1994b). Where th e illy d po ir overlie the Ringold F nnati n, they generally Lie dirtctl over 
Ringold gravel, 11'\ilking id ntifi lion of th Ringold Formation relatively easy. 

At and west of the 100-D Area and in the Gable Gap area (Lindsey 1992), as ell as in much of the 
200 ast Area and surrounding vicinity (Lind ey et al. 1992-, 1994b). Hanford gravel commonly 
overli Ringold gravel. This situation al o occurs 1hroughou1 mu h of the Hanford Sil u1h of the 
Wye Barri adc (includin Lhe 00 and I 100 Are . ~ here Ringold gravel i overlain by Hanford 
gra cl, ariety of criteria in luding mineral g • ain ize, mpaction and cementalion, and 
carbonate content, n ed to be ex:ami.oed t identify the contact. It is best to u e these criteria 
together because used alone, they may not prove to be diagnos1ic. 

Matrix and in Ringold gravel CQntains a higher proportion of qu 11z and feldspat' 
Han ord forma1i n ma1_rix . a.nd. In hand ampl , Ringold sand u ually c nt ins I 
bas.ill, i tan , brown, and reddish colored , and ir n staining can be o erved. Thi 
Hanford forrnati o m 1ri and her gra color domiruue bee.au f the high b It on1en1, 
typically gre ter than 0~ . Ho eve • e epli to thi are found in pare of the 100-B/ • 100-K, 
and IOO•F Areas wh re Hmford sand i ge 1craJI quattzo-feldspathic. yielding a strikingly Ringold
like ap arance. This mineralogy prob bly is due to the: pr ence of Ringold rip-up material. Wh re 
thi ccurs, induration i a more useful tool for differentiating the two uoiis . 

Ring Id ravel i partially 10 well indurated, while Hanford gr el u u lly i 1 1. Eviden e o thi 
common! C3.ll found in drill cutting and re orded drillin rat . Jnduratcd Ringold g vel drill 
cuttings can consi I of cemented conglomerate pi e and gravel clasts coated with and and mi 
Color cbang LO more red-browns, bro ns, and y !low-browns are commonly a ociated with 
cemented Ringold gravel. Drilling rates with cab e tool rigs usually are lowe when in Ringold 
gravel , and drillin is general! done using .a hard tool rather than a drive bart I. The opposite 
usually occur wber air rotary drill rigs are used: Calciam carbonate rind on gravel lasts are rare 
in Riniold gravel (even in cemented gra el). al1hough they can e found on H nford gra el. 

Where intact core ampl nre recovered, grain ize distribution also an u ed to dif erentia1e 
Ringold ravel tom Hanford gravel. Ringold ra I, u previou Jy di us ed , enerally has a 

imodal size di ribution (Tablt 3a, b , and 3 }, o e and (0.5 to 2 mm) nd granul (2 to 
mm) heing rare in Ring ld deposits . Examination of Hanford gravel reveal an abundan e o 

granule-siied grains . ln addi ion, the granul consist predominantly o basalt . 
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The Mioccne-Plioc ne Rio Id ormati n in the Pasco Bn in and al th Hanford itc: in south- entral 
Washington consists of a ri 1y of inter 1ra1ified allu ial -lacustrine edimen . Ringold allu ial
lacustrine s imcnl comprise lhe majority of rh suprabasah ·unc ofined" aquifer at th Hanford 

ite. Previous work io the Ringold Formation wa to generalize or l lizt 10 adequately docurncru 
the character and distribution of these edim m. aero the em ire H oford ile. Thi document 
present a tratigraphic interpret:atit>n for the Rjngold Fom1ation th t fill th I g p. The d!lla 
presented here show that Ringold sc:ditne c n be grouped into five faci o i tion which, in 
turn, comprl e three informal members . 

The Ringold faci~ oci lion , I, II, 111, 1 • and , :u-e um!Tlllfi~ as follo s. 

I. Flu ial gravel - Clast-supportc:d and lesser matrix-supported pebble to cobble ravel with 

Il . 

andy matri1t. ch racterizcs th association. Localized intercalated and and mud al o 
are found . Cl t COl'l'lposition is variable, wlth basalt, quartzite, porphyritic olcanics, 
and grcenstooc being tllc 01 1 comm n 1y~. Sand in the ocia1i n is quanzo-
f-cld palhic. Lo - ngle to planar trati tcation; ma ive bedding; wide, hallow channel ; 
and large-scale era -bedding re found in outcrop . The s oci rion wa deposited in a 
gravelly fluvial braidplain characterized by wide, sha1low, shifting channel . Calcium 
carbon te, ir n, and ilic:a .are prcseru, but highly variable. his vari3bility probabl 
account for much of the variability een in aquifer propen es , 

Fluvial wid - Quamo-feldspatbic sand t1isplayin cro -bcddin and er -I mination 
d mina1e 1hi ociation. Intercalated strata consi I of lenticular silty and and clay up 
to 3 m llu ' and thin <0. m) ravel . Fining upward sequen I than 1 m 10 

several meters lhic are common in the . sociation. traca c mpri Ing th association 
were depo itcd in wid • hallow nuvi I channels. thin an inierbedd d in gravel in the 
saturated z.onc is uncemented and ves into un ed borin . 

m. Overb -pale ol - 1iis as iation dominantly consists of laminated tom· sive ilt. 
illy fine-grained and, nd p I ols comaining variable amounts of pedogcnic calcium 

C11Tbonatc. Ovc:rb nk-p lcosol d posit occur as thi.fl ( <0.5 to 2 m) lemicular interbed 
in the fluvial grovel and nuvi I nd ciation and also a thick {up 10 to m), latcraJly 
c n1inuou tra1igraphic equenccs. These sediments record depositi n on 0oodplains and 
the fonn tion o p le ols . 

1 . Lacu crine • Plane-laminated to ma i\' J· y ith thin, ripple ro - laminated and 
nonnally graded ilt and ihy and in c:rbed.s displayin some oft sedim nt deformation 
chara terize lh a ociation. Coarsening upward pack:igcs less than I to 10 m thic are 
common. trata compri ing the as ociation were dep ited in I kes under tandin water 
1 dell.'lic coodi1ions. 

V. Bas ]tic alluvium - Massive to crudely stratified, weathere.d to unwcathcrcd basaltic 
detritu dominates this association. Th b alti dep its gene 11 are found around 
1he periphery of the asin. The ocinti n record depo ition by debris flow in alluvfal 
fan etting and io sidestream drainins imo lhe Pasco Ba in. 
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Sediments comprising the Ringold Formation re di ided into thr informal member . The JO\ t -
member, the member of Wooded island, contain five cparatc stratigraphic intervals, designated unit · 
A. 13, C, 0, and • d minated by .fluvial gravel. These uniLs are eparated y interval containing 
depo it typical o the o erbank-paleosol and lacustrine fade as ociatlon . The lowennost of the 
fine-grained equences. overlying unit A. is designated the lower mud uni1. 11,e member o Wooded 
lslar1d l overlain by thi: member of Taylor Aat, which i dominated by i.ou:rbedded nuviaJ an a.lld 
overbank-paleosol dcpo ltS. Around the periphery of cbe P o Basin and in th northem Hanford 
Site, the member of Wooded Island pinches out, interfmgering with the mcm er of Taylor Flat. The 
third member, the member of Sa age fsland, cons~tS dominantly of lacustrine depo its that are basin-
wide 1n extent. Thi lacustrine pack-age sharply overlies underlying deposit . 

The contact between the Ringold Form tj n and o erlying deposits va.ri - aero the Hanford ite . At 
many locations. especially in the 200 W L Area and around the 100,11 and 100-F Areas , marker 
11trau1 are found . Where marker strata ar absent, a variety of criteria re u ed. The e criteria 
include rnineraJogy, mpacti n and cementaiion, and carbonate distribution. 

It tannot b emphasized enough that the cl ta and interpretations presented in this docum nt are the 
result of an integrated study of outcrops, cor , and cuttings, and the available literature. Without 
uch a $!Udy. much of the data noces ary to begin to interpret the geologk haracteri tics that 

influence groundwater now in the suprob alt aquifer at the Hanford Site ould not be a allable. 
This interpretation is esp cially important in utili2ing 10 lhe greatest extent the voluminou drill 
cutting data set available or the site. 
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Sec B-21 Top Elev 820 ft (250 m) 
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