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RINGOLD FORMATION OF PLEISTOCENE AGE 11\ 
TYPE LOCALITY, THE WHITE BLUFFS, WASHINGTO 1,:, 

R. C. 1EWCOMB 

ABSTRACT The type sec tion of. the ~ingold formation in the W hi te Bluff, of th,, 
Columbia River consists of a strat1graph1 c th ickness of about 620 feet of horizontally 
hedded continen tal sediments lying between r iver level and the tops of the bluff, , fr0111 
about 340 to 960 feet in altitude. The beds are of middle to late Pleistocene age. 

T he uppermost 505 fee t of the type section, between 455 and 960 feet in alt itu <l,· i, 
composed largely of lacustrine sand and silt. The lower part , ext endin g upward fr~ 111 
river level al 340 feet to the base of the lacustrine deposit s, at 455 feet, is cump1>st•d .,f 
a weakly indurated conglomerate member that was deposited by ri ver c urren t, . Th, , 
conglomera te member ex tends also below ri ver level, down to an altitude of al1ou1 29() 
feet. It is underlain by 100 to 290 fee t of lacustrine silt , clay, and sand, and sum,· "ral'cl 
beds. This lower lacustrine composite, a part of the Ringold, is commonl y ca llc:I Ill!• 
" blue clays" sect ion and lies, in turn, upon the basalt bedrock , whose surface is ,omc
what irregular but is near sea level in the central part of a broad syncl ine. 

The succession of l ithologic types is believed to indicate two stages in th e rcla ti n• 
uplift of the dra inage rim, the Horse Heaven Ridge, in a total amount of about 1.000 
feet. The Horse Heaven Ridge is believed to have been a part of the impoundin~ rim. 
Its main uplift must have been more or less contemporaneous with the deposition uf the 
lower part of the Ringold formation and must have preceded the deposi tion of the upper 
part in middle to la te P leistocene time. 

INTROD UCTION 

Purpose of the Paper 

Cer-tain aspects of the history and character of the Ringold fo rmation 
have been the subject of intermittent stud y dur-ing the last 80 years. However, 
p ublished rep orts on the formation differ as to what types of material com
pose the fo rmation and as to the significance of these types in the geologic 
histo ry -of the region. This paper was prepa-red in an effort to clarify some of 
the previous work and to assist in reaching more acceptable concepts rega rd
ing the Ringold. I t contains informati on derived fr om work done duri ng 
1950 and 1951 by the Geological Survey for the Hanfo rd Operati ons Office 
of the Atomic Energy Commission. 

General Composition and Relations of the R ingold F onnation 

Overlying the basalt bedrock of the Pasco Basin are various unconsoli
dated sedimentary deposits consisting largely of silt, sand, gravel, cla~·- and 
volcanic ash. An important part of that sedimentary cover is the Rin gold 
formati on (Merr,iam and Buwalda, 1917) . 

The t ype section of the Ringold formation crops out between altitudes 
of 340 and 960 feet in the White Bluffs of the Columbia River. Those are the 
only strata to which the name Ringold formatio n has been form ally applied 
(Merriam and Buwalda, 1917) . In this paper the Ringold formati on is ex
tended to -i nclude the subsurface continuation of that material- in places com

pletely down to the underlying basalt bedrock which occurs at abo ut sea Jerri 
beneath the White Bluffs; The Ringold formation crops out also to the north 
a nd east of the White Bluffs. There the slightly eroded upper surfa ce of the 
R ingold underlies, or closely approaches the plateau surface for man y mil ~ 

"' P ublicat ion a uthorized by U. S. Geological Survey and Atomic Energy Comm i,sion. 

328 

t, 1. ;111rj 

~u rf ac\ 

... --

EX PL AN A 

C 
ll 1e9old lor tj 

ovrcropp 

e.
~0109 1c •r 
auent>r.:I ,,. 

o2 
Watu "' 

lo~ 91vrnl 

~dTflt DOSC 

-:cnlOl1(:ol t 

"'' Pa 1eo 
.... . __ 11,c~ 

,......_ ._ tf~-c,I 

MAP or 

In 
C.,luml 
I w th ~ 
tit , Hi1 
l5U fe~ 
underli 
district1 
ar a U] 

~laciofl 



,.,., 

, .... 

H. C . . Ye1ccomb 329 

1 ,. :111J in places bey~nd, the µlace ll'here the basalt bedrock emerges at the 
, 11 ri,wc 10 miles north and east of the \Vhitc Bluff (fig. 1). 
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MAP OF THE PASCO BASIN, WASHINGTON SHOWING THE OUTCROP OF THE RINGOLD FORMATION 
AT AND NEAR THE TYPE LOCALITY 

Fig. 1. Map showing outcrop of the Ringold formation in the type area. 

In a broad lowland strath west and south of the White Bluffs, the 
Columbia River has removed a part of the beds of the Ringold to a level be
low that of the present surface. In this strath, the eroded surface cut across 
ll~c Ringold formation has been covered, up to a maximum depth of about 
150 feet, by water-laid glaciofluviatile and fluviatile deposits. These deposi ts 
underlie the terraces of the Hanford, Richland, Pasco, and · Kennewick 
d,_tr icts. Except for the surface bared by erosion in Recent times, the whole 
area up to an altitude of 1,150 feet, carries a highly irregular veneer of 
• 1ac· fl · ·1 
.,. 10 unat1 e and rafted erratic material. 
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STRATIGHAPHJ C FEATURES OF THE RINGOLD FORl\IATION 

Character and Extent of the Strata in the T ype Locality 

The Ringold fo rmation in the southern par t of i ts type locality consists 
of two main lithologic units : the conglomerate member having an exposed 
thickness of about 115 feet, and an overlying unit of fine-grained sediments 
about 505 feet in thickness. This upper unit of fine-grained deposits consists 
mostly of beds of coherent silt, sand, gravel, clay, and volcanic ash. The mo t 
prevalent type of material is a weak siltstone containing some interbeddecl 
layers of fine sand. Layers of semicompact fine sand make up large secti on~ 
of the bluffs. The thickness of the individual beds of sand and silt range~ 
from less than an inch to 10 feet or more. The ash layers range fro m mere 
laminar partings to beds 3 or 4 fee t thick. 

Few of the thin beds extend la terally more than 4,00 or 500 feet, but 
some ,of the thick layers are continu,ous for several miles. Also, some of the 
gross layers, in which much the same type of materi al has a thi ckness of 
many tens of feet, can be fo llowed horizontally fo r miles along the bluffs. That 
extensive character is especiall y apparent in the more coherent materials, such 
as the main conglomerate layer and some of the compact silt layers. The 
main conglomerate layer extends both above and below river level, in the 
general altitude range -of 290 to 4.55 feet, along the southern part of the Whi te 
Bluffs, but only the upper 115 feet has heretofore been included in the Ringold 
fo rmation . 

As previously noted by Culver (1937, p. 60) and other workers, the up
permost part of the Ringold forma tion in the White Bluffs is heavily calcified 
and silicified to a depth of at least 15 fee t. This calcified and sili cified caprock 
is commonly called "caliche," though it lacks the nitrate constituents inherent 
in true caliche. The indurated cali che underlies the 900- to 1,000-foot plateau 
that extends east and north from the White Bluffs. The caliche forms a re
sistant caprock to the secti on exposed in the White Bluffs, but is absent 
beneath the surfaces cut in the Ringold by glacial melt water during the 
Wisconsin glacial stage and by post-glacial erosion. 

The Ringold formation contains the fossilized bones of many types of 
vertebrate animals and some scattered carbonized wood and other plant 
matter. On the bash of the vertebrate fossils, the age of the beds was deter
mined as Pleistocene by Merriam and Buwalda (1917 ), and the fossils were 
further determined as of middle to late Pleistocene age h y Jean Hough 
(Strand and Hough, 1952 ) . 

Material similar in lithology to the type Ringold formation extends 
downward to the basalt bedrock-or to a thin transitional deposit that ma)· 

be a pre-Ringold weathering, or soil, zone at the top of the basalt. Although 
no paleontologic evidence has been secured to prove the material below ri ver 
level as an extension of the type Ringold formati on, the lithologic similarity 
and the stratigraphic continuity of those "below-river-level beds" are believed 
to establi sh them definitely as a downward extension of the Ringold fo rmat ion 
of the type locality. 



. . 

-

111 Tipe LucnlitJ . the W hite Blufjs, Washington 331 

Sratip:raJJliic Sec1io11 s of the Ringold Formation in the White Bluffs 

Geolof!i c sectio11;; tha t 11·erc exam ined vertically across the stra ta ex
puscd in the \Vhite Blufh are descr ibed below ; each section was measured 

11 ith a spi ri t leYel from a datum established by con trolled barometric level
in:.?: fro m benrh ma rk s. Th t' geologic sections are numbered A, B, C, and D, 
ilf. on th e map. figure l. 

A. Geo logic secti on west ward down the bluffs at a point north of Pasco 
Fnrms pumping plan L a nd near the west quarter-comer of sec. 1, T. 10 N., 
IL W E. Section downward from leveled mark at top of escarpment at altitude 
of rn:2 feet: 

Col'ered, soil, an<l reworked rubbl e as of 694-629-ft zone .... .. ........ ..... .............. ... .. ... . 
Col'ercd, Lan , silt y soil .. ........ .. .................. .. ....... ......... ... ...... ................................. ... ...... .. . 
Col'crcd, reworked rubbl e eroded from caliche caprock ............ ......... .. ....... .... ......... . 
Sillstonc, sandy and clayey, Lan, massive at base and progressively more fin ely 

laminated toward top ; thin sandy layers contain a few pebbles and cobbles 
Sand. medium an1:I fin e gra ined, progressively more silty upward and indurat ed 

i'u sandstone al top, some reworked fragments of siltstone of the Ringold 
incl uded .... ... .... .............. ... .. ............ ............ .... ........... ..... ........ ........ ... ....... ................. . 

Altitude 
(feet) 

882-714 
714.694 
694.629 

629.623 

623.615 
Oay, sandy and silly, massive, buff-green at base and darkening to brown.green 

al top .... .... .. .. ......... ....... ....... ... .... .. .'.......... ................. .............. ...... .... ... .............. ..... ...... 615-601 
Sandstone, indurated, fin e and medium grained, composed mainly of sand-size 

ash, has minut e cross bedding laminae, a strong bed ext ending horizontally 
for several miles ................ ............. .. ..... .... .......... ::.............. .. .. .......... .. .. ...... ..... ......... 601-595 

Volcanic ash, clayey, white, dense, massive with conchoidal fracture near base 
and finely laminated; top part is made up of loose sil t-sized shards ............ .. 

Oay, silty, brown, massive at base but more laminar toward top, in places con-
tains a 2-ft bed of fine sand that is weakly coherent in the center .. ....... ..... .. 

Oaystone, dark brown, crumbly, massive ........................ ............... .... ....................... .. 
Silt, clayey, ~rading to silty clay in upper parL, tan , massive, top foot is cal-

careous clay ..... ..................... .... ..... ............. ...... ..... ..... .. ................ ................ ........... .. . 
andstonc. simil ar Lo 550.542 zone but of whitish.Lan color ...... ..... ....................... .. 

Sandstone, finc•g:raincd, weakly indurated, silty and clayey, massive but with 
high ly uniform size of sand grains; top 5 inches is hard cement ed layer .... 

Clay and silt, brown, compact, serniplasti c when wel; sandy beds irregularly 
distributed ... .... .... ... ... ..... ........ .... ... .. .................. .......... ...... ..... .. ......................... .... .... . 

~iltstonc, mass ive, gray, partly induraled .................................................................. .. 
Silstonc, clayey, massive, yellowish al base and gray above; upper 6 ft has 

many round concretions up to IQ.inch diameter; has calcified zone of 1 to 
2 fl thickness at top .......................................... .... ................................. .. ............. .. 

Sand, fine, and sitly sand, fine, laminar bedding; material is gray and contains 
much mica on bedding planes ......................... ........... ................................ .. ......... . 

Covered , soft material .......... .... ................... ... .. .... ...................... ... ......... ......................... . 
Coni:lomcrate, cobble and pebble gravel with some boulders up to 8•inch 

diameter and with a matrix of quartzose and arkosic medium-grained, well-
~orted sand that compri·ses about one-half of the material; the exotic 
µcLhlcs and cobbles are mostly quartzite and dense porphyry, granitic 
types are rare; exotic rock types and Columbia River basalt about equal; 
1,,cally, beds up to 6 inches thick are entirely sand, fim1ly cemented, and 
stand out as resistant ledges; in 435-415.foot zone many pieces of water-
rounded and reworked siltstone of the Ringold are present; pebbles are 
mostly fresh and clean but those of Col umbia River basalt have 1/16.inch 

Co,c~ ~t i.sl1 .'~~~.t.'.'.~'.:i11~ .. ~i~~ .. ~~~ .. ~.~.~.~ .. ~.r~~i·t·i~ .. ~e.~~'..~.~ .. ~.~~ .. ~.~·u·~~.~~~ .. ::::·.:::·.·.::::·.·.·.·.·.: 

595-589 

589-580 
580-575 

575.557 
557.550 

550-542 

542-504 
504-494 

494-480 

480-475 
475-470 

470-415 
415-349 
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B. Westward do1rn th t> bluff~ at power line in sec. 12, T. 11 ' ., R. 2:l E. 
from altitude of 71 6 feet: 

Covered, soil .... .. .... ..... ... ... .............................. ........ ........... ........ .. ....... .... ........ ......... .... ... .. . 
Clay, progressively more si lty upward, massive, vertical dikes of sand from the 

sand layer below ........................... ........... ......... ..... ............. ...... ... ............. ............ .. . 
and, fine-grained. angular. micaceous, with horizontal and crossbedding, loose

ly compacted in upper 5 ft: silt y sa nd layers int ermixed, ba al 3 inches is 
strongly cemented and contain s sca ll cred pebbles .... ........ ........ .. .. ....... ..... .... ... . 

Clay, silty, tan ..... .... ..... .... .. .... ..... ... ... .. ... .... ... .... ... ..... .... .. .. ............ .... ........... .......... ........... . 
Clay, greenish ... .... ... ...... .... ... .. ..................... ...... .. .......... .... .......... ........................ ..... ...... . .. 
Clay, tan .. .. ................. .... ...... ...... ....................... ........... ......... ............ ........ ........ .... ..... .. ...... . 
Clay, pla ti c, greenish-brown .. ... .............. ........... ..... .... ...... ... ............ .. .. .... ... ... .. .. .... ....... . 
Clay, plastic, tan , iron-stre:iked ................. ..... .. ... ...... ................ ....... .. .... ..... ............. ..... . 
Silt, massive. tan and yello\1- handed. becomes more clayey upward ... ... .. .. ......... . 
Sand , silty, fin e to medium gra in ed. compact. angular, cros bedded, with con-

cre tionary lump and nodules : upper 10 ft is finer grained, silt y, and con-
tain no concretions ...... ............. ................. ........ ........ .............. ......... ....... ......... ...... . 

Clay, plastic, jointed, greeni , l1-brow11 ...... ............ .. ...... ........ .. .... ... ... ..... .. .... ............. ... . 
Sand, silty, angular, medium-grained. becomin g more silty upward; a 6-inch 

bed at base is iron-stained Aaggy sa ndstone containing a few pebbles and 
cobbles up to 4 inches in diameter ............................ ....... .... ........ .. .. ... .............. . . 

Sand , silty, generally loose but compact in places, crossbedded, micaceous, be-
coming more silty and clayey toward top ; light gray ............. .. .... .... .. ... ......... . 

Clay, silty, tan in lower part grading upward into light brown, pla , tic. relatively 
pure clay .. ............................... .. ... .. .. .. .... ....... .. ............ .. ................. ... .................. ........ . 

Clay, silty, massive, gradin g: upward into clayey white volcanic ash .............. .. ... . 
Clay, massive, light tan but brown in lower 4 ft ............................ .... ....... ........ ...... . 
Clay, plastic, dark brown ................ .... .. ....... .... ...... .. ... ..... ........... .. ... .. .. ..... ....... ... ... ........ . 
Clay, silty, massive, tan ... ... ...... ........... ........... ..... ............... ...... ........ ... ............................ . 
Sand, clayey, well compacted, rudely tratified and progressively more massive 

toward top; tan colored; has thin laminae of gray clay and iron-stained 
bedding planes .......... ..... .. ............................... ........ .... .... ... ............... ... ....... ..... ... ...... . . 

Sand, medium-grained, angular, micaceous, tan colored; loose in lower part hut 
compact and well bedded in upper part; upper surface shows channel ero-
sion with 2 to 4 ft of rel ief ................... .. ... .... .. ................... .. .. ... ...... ....... ....... .... ... .. . 

Conglomerate. well-rounded pebbles and cobbles with a few boulders in a matrix 
of medium-grained, indurat ed, clean , angular, quartz sand ; rude fore$Cl 
bedding stratifications are present and the upper 20 ft contains several 6-
inch beds of sand that are cemen led to hard r esistant rock; pebbl es and 
cobbles consist of 70 percent exotic rock types (45 percent quartzit e and 
25 percent porphyries and granitics) and 30 percent basalt; the basalt parti-
cles have a whitish weathering rind up to 1/ 8 inch thick ... ............. .. ... .......... . 

Altitude 
( feet) 

716-65() 

650-639 

f,39-GOf, 
u0<1-c.u.1 
(i().J.. (1()(1 

(100-59, 
597-591 
591-588 
588-5(,i 

567-532 
532-52•1 

529-503 

503-490 

490-471! 
478--175 
475-<Uii 
467-%5 
465-462 

462-454 

4;;4.433 

433-34(, 

C. Southward down bluffs to j unction of a farm Jane with "River Road .. 
m 1E¼ SE¼ sec. 33, T . 13 N., R. 28 E., from altitude of 908 feet : 

Covered; soil with erratic cobbles and pebbles near base ... ..... .......... ... .... ......... .. . . 
Caliche ; a calcareous and siliceous lumpy horizontal "caprock" ................ .... .. .... . . 
Claystone, silty, and clayey siltstone; well laminated in 1/ 4-inch to 2-inch 

bands, lower half silty and upper half silty claystone; whitish huff color .... 
Siltstone, sandy, clayey, irregular in firmness and size of grains; a cen tral red-

dish concretionary -zone i a prominent cliff former ............ .... ... ............. ........ . . 
Claystone, silty, and clayey siltstone, massive, bluish color ......................... ..... ..... . 
Sand, fine and medium grained, loose, micaceou in the partings, intricately 

crossbedded, top is an erosional surface with 5 ft of rel ief in 50 ft distan ce 
but of a general even altitude ...... .. ............. .... ................. .... ...... .. ................... ...... . 

Siltstone, sandy with many sand partings (cemented) and many concrclions; 
upper and weaker part of a strong siltstone cl iff-forming zone who e ma-
terial is a gradat ional phase between claystone below and sand above ....... . 

Ahiwdr 
(feet I 

908-891 
891-AA-1 

RR+RO~ 

802-i !II• 
78(i. j (,I 

761-i•II 

w:;o: 

Si 

CJ 

Sil 

Cl 

ii 

J 

Cl 
Cl 

CI. 

Sa 

Si l 
ii 

a 
Co 

qt 
Tl 

Sil 
CL 
\'o 
CI 
Sil 
CI 
ii 

CI 

a 

ii 

fo 
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:::; 11-1nn,·. bedded in laminae 1/ 2 inch to 2 inchc- thil'J... ,o rn e clay silt and very 
· tin, · sand laminae. lowest -l ft and top part a,L. !!r.1<.iational to material he• 

1,, ,, and a hove ....... ... ...... .......... ...... ....... ..... .. ........... ... ...... ..... .. ...................... ..... ...... . 
t.1.n -ton c. laminated , ,ery finely at baof" and pro!!r1:,- i,el ,· coarser above; 

· , 0 1,.,.1h . novaculit el ikc mat eria l. whiti sh buff .... ..... .... ........ ..... ...... .... ................. . 

: ;'i'i' d,;,/,'i":~~;:ii~1~~~r1::::~fi'eaJ" .a.~~ .. ~.~~:::'. '. .. :::::::::::::::::::::::::::::: ::: ::::::::::::::::::::::::::::::::::: 
~., n,I. ,iltY. medium. to fin e•grained. rather loose ex.cept. fo r 2. to 6•inch cemented I," er at base; finely crossbedded, gray sand ,nt h silty lamrnae ... .................. . 
..; ;Jt,to;1e. laminated in bands, each 1/ 4. to l/8•inch thick. whitish buff, similar 
· 1, , underl ying claystone ................. .... ......... ............................ .. ..... .. ... ............ .. ... ... . . 
Cl.,r- tone. banded in yellow and gray.buff laminae 1/ 4 to 1/ 2 inch thick; a 

· , trn n!! cliff formn and distinct marker zone of consid erabl e lateral ex tent .. 
c; ;I Hmll'. ·claver, mas ive, buff toward base and bluish above. has much nodular 
· r,,nc ret ionary matter ........................ .. ................. ........ ..... .... .... ........ ...... ... ............. .. . . 
_Jnd, medium.grained, wi th silt interlayered in 3. to 12-inch beds at base but 

l''"i!rrssi ,·ely more silty toward top ; th e sand is finel y crossbedded in water-
laid (lake-current ) type of deposition ........ .. ... ....... ..................... ... .................... . 

and. medium-grained, loose, clean, crossbedded, micaceous ............ ..... ............. .. .. 
Clavstone. si lty. dark, damp, with much nodular concretionarr matter ..... ... ... .... . 
ciai·. silty, and clayey silt, blocky and massive, whitish buff in lower 30 ft and 

dark hrown-green toward top; fossil bone of peccary Platagonus at 525-ft 
lrvel .... ...... ............ .. ............ ........... .. .... ........ ....... ...... ... ..... .. .. ........ .. ... ... ... ... .. ............... . 

Cla\'. silty, dark green and brown but whiter toward top: contains much second-
. ary :rypsum, iron oxide, amber and carbonized wood .................. .... ............ .. ... . 

San<l. medium- to fine-grained , whitish, with secondary gypsum crystals common 
al the base ..... ........................ ........... ......... ...... .... .......... ... .. ....... ...... ...... .. ........ ... ... .. .. . 

Silt , partly indurated , whi tish .................. ...... .. ....... .... ..... .... .... ...... .. ..... .... ..... .... ........... . 
ilt, sandy toward base but more clayey and more compact upward; top 10 ft 

is a green-drab claystone that is hard and "flinty" ' ............................ .. .. ...... .... . . 
and , medium and fine-grained, fairly loose, brown; base not exposed .... ...... ..... . 

Covered .. ........ .... ........ .. ............ ............ ... ...... ...... ......... .. ..... ..... ..... ..... .. ..... ..... ....... .............. . 
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702-673 

673-662 
662-649 
649-640 

640-616 

616-602 

602.589 

589-582 

582.570 
570-543 
543-526 

526-471 

471-461 

461-458 
458-454 

454-428 
428-426 
426-410 

. D. Westward down the bluffs to river's edge just east of the north 
quarter-corner of sec. 17, T. 14 N., R. 27 E., from an altitude of 584 feet. 
The top is an eroded surface overlain by glaciofluvia tile deposits. 

Siltstone, massive, blocky with interlayers of sandy sil t laminae and sand ....... . 
Clay, silty, like 533-518-ft zone but with more siliceous nodules ................ ... .... .. .. . 
Volcanic ash, white, glass shards of silt and sand (minor ) size ... ........ ...... ... .... ... . 
Oay, cream colored; contains silica nodul es up to 4, inches in diameter ... .......... . 

iltstone, clayey, cream to white color, iron-stained ........... ......... .. ..... ..... .. .... ........ ... . 
Oaystone, silty, brownish-buff color ........................... ... ......... ... ................. .. .... ............ . 

iltstone, slightl y micaceous, massive, gray to whi te; erodes to a coarse badland-
type topography ............................... .. ........................................................ ............... . . 

Oay, massive, jointed in blocks; contains whit e calcareous nodules; gray lo 
brown in color .. ..... ..................... .. ...... ................... ....... .... ...... ... ....... ............ ... .. .. .... . 

Oar, silty; in lowest 6 ft has pods and streaks of calcareous deposit but grades 
upward into darker greenish and blue-gray colored pure clay; upper most 

.
1 

l % ft are a silty resistant bed .................. .............. .... ...... ............... .................. .... . 
~ 1 l~tone. similar to underlying zone but of darker color and finer grain; joint 

plant>, conta in calcareous and siliceous impregnation that surround globu. 
I lar masses of the siltstone .. ... .......... ... ............... ............. .. ....... ....... ...... ................. .. . 
t; tonc. sl ii!htly sandy, brown; upper 10 ft is rendered resistant by siliceous 

impregnation; base not exposed ................. .. ...................... .. ............ ....... ." .... ........ . 

Drillers' Logs of Wells Through the R ingold Formation 

Altitude 
(feet) 

584-547 
547-535 
535-533 
533-518 
518-488 
488-470 

470-430 

430-418 

418-409 

409-390 

390-373 

l Tl~e logs of fo ur wells give some record of the extension of the Ringold 
ormation below river level, as it is penetrated in wells along the Columbia 
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River near the type locality (fig. 1) . The logs are 11 ell- cl ril lers· reco rd ~ i-ith 
stratigraphic designations by the writer. 

1. M. C. Waters. Located in SW¼SE¼ sec. 2--l. T. 9 l\" .. R. 2tl E .. 11 urthca 
1 

of the Richland "Wye" at an altitude of about 3-10 ft 

Materials Thic-knc°' IJr pth 
I feet I I ,~~II 

Alluvium, glaciofluviatile (?) deposits and Ringold ( ?) formation: 
Gravel and sand, gravel and clay ............ .... ... ........ ........... ......... .. ... . 50 

Ringold formation: 
Clay, blue .. ....... .... ..... ........... ... ...... .................. .. .... .......... ... ...... .... .. .. ... ...... .... .. i 2 

Columbia River basalt: 
Basalt, water-bearing ..... .... ....... ..... ....................... ........ ..... ... .. .. ....... ...... ... ... . 

; I 

122 

2. U. S. Government. Former irrigation well near old Ri ngold Scltoul. Lo. 
cated in SW¼ SW¼ sec. 2-J., T. 12 N., R. 28 E., at an altitude of ahout 
396 ft 

Alluvium: 
Sand ... ...... .......... .. ............ ..... .... ...... ....... .... ............ .. ........... .. .... .... ...... ......... .... . 12 12 

Rin gold formation: 
Gravel, - cement-ed .... ... ...... ....... ....... .. ........ ... .. ... ... ... ......... ... .. ... .... ............. .... . 
Clay .................... .................... ... ..... ..... .. .. ........ .. ...... ............ ............. .. .. ....... .. .. . 
Clay and gravel ........ ... .... ..... .... .... .. ............ ......... ...... ...... ...... ... .. ...... ............. . 

i3 85 
20 Jo,; 
22 127 

Gravel .................. ...... .. .... ................. .. ... .. ..... ..... ... ...... ...... ....... .. ....... .............. . 28 Ii.'> 
Boulders and gravel ..... ...................................... ................... ........ ....... ........ . 6 161 
Clay, blue and black .............................................. ... ....... .................. ..... ... . . 35 !'Xi 
Sand ..... .. ........ .. ..... .. ......... ........ ... ..... .... ....... ....... ......... ... ... .. ......... ...... .... .... ... ... . 9 205 

Columbia River basalt: 
Rock, black .... .. ... ...... ... ... ........ ... .... ....... ..... ....... ...... ..................................... . . 29 234 
Rock, black, and shale ................... .... ... ........... .. ... ....... ... .. .. .... ... .... ... ... .. ... ... . 6 240 
Shale ... .... ..... ....... ..... .... ........ .... ........... ..... ............... ....... .... ...... ....... ........... .. ... . li 2i7 
Basalt, dark ............... ...... ..... ... .............. .......................................... .... ..... .... . . 21-i 471 
Clay, gravel, and shale .... ...... ..... ... .. ....... .. ........ .. ..... .... .............. ...... ........... . 2:'i 4% 
Basalt ..................... .... ....... ..... ....... ...... ................ ... .. .... ..... ...... ... ............... ..... . 4-, .'i.1'1 
Shale ....... ............. ............. ......... ........... .. ... .... .... ........ ...... ...... ....... ..... ........ .... . . 25 .'il,1 
Basalt .... .. ...... ...... ........ .. ... ..... ............ .. ......... ..... .... .... .. ........ ............. ....... ......... . 128 (,'f2 

Shale and sandstone .... ...... .... .. ........... .... ....... ...... ... .... ...... .............. .... ... ... .... . 28 720 

Basalt ··· ······-····· ················· ········ ······· ······ ····· ··· ···· ··· ······ ·········· ······ ·· ··· ·· ···· ······· 35 75.~ 

3. U. S. Government. Located in SE¼NW¼ sec. 28, T. 12 N., R. 29 E.. at 
an altitude of about 914 ft 

Materials 
Thickne s Deptb 

(feet ) lfedl 

Eolian deposits and glaciofluviatile erratic material: 
Soil, sand, gravel, and boulders ................ ............ .. .. .. ... .......... .... ..... ..... . 

Glaciofluviatile erratic material and caliche-impregnated Ringold 
formation: 

Gravel and boulders .. ........... ... ...... ............. ............ .......... ..... ....... ........... .... . . 

Rin~?ld forma!_ion : 
Sandrock .. ...... .................... ... ...... ....................... ..... .... .... ... ....... ...... ... ... .... .. . 

Clay .. ...... .. .... ......... .......... ...... ... .... .... ........ .... .................. ... .. .......... ...... ....... ..... . 
Sand, reddish ................ ........ ... ... .......... ............. .... ...... ..... ..... ..... .... ............... . 
''Sandrock" ................ .......... ... ..... .... .. ........ .... .. .... ..... ...... ..... ... ........ ..... ........... . 

~~~. ··;~;;···:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: .......... . 

:; 

9 JI 

i 6 ll) 

60 1· 
(, 151· 

.i-i 

.=;o 
IO 

L,n 

Rin 
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Cla,· .. ... ... ............. .. .... .. ... .. ......... ..... .................... ... ......... ...... ...... .. ....... .. ..... ... .. 
··:,a.ndruck· · .. .................. .. ........ ............ ....... ...... ..... ................ .. ........ ..... .... . 

6(1 320 
2'.c 342 

Clay ... ........ ...... .......... ..... .. ... ... ...... ........ ........ ..... ....... .. .......... ...... ... ... ..... .......... . H: 360 
•· androc:.:.· · b lue ... ... ... .... .. ...... .... ..... .... ......... ...... ... ...... .. ............ .... .... .......... . . 40 400 
Gravel ...... .... .... .... ...... .... .. ......... ... ....... ....... ................. ............... .. ..... ... ........... . " 405 
Clay .......... ..... ............................... .... ...... .. .. ... .... ..... ... ....... ..... ..... .. .. .. ............ .. .. 45 -150 

Columbia River basalt: 
Basalt. black and brown colored, porous 546.548 ft ...... .. .. ... .. .. .. ... ..... . .. 140 590 
]lasall, brown, '·burnt" ' ....... ... ...... ............. ..... .... ..... .. ...... ..... ..... ... ... ..... .. .... . . 11 601 
Basalt, broken .............. .. .. ... .. ......... ..... ...... .. ... ........... ... .......... .... ................... . 31 632 
llasalt, black ...... .... ......... ..... .. ..... .......•.. ...... .. ... ............ .. ....... ... ...... .............. .. 65 697 

• J. U. S. Government (at former Foster Ranch) . Located in SW¼ SW¼ sec. 
13, T. 13, N., R. 27 E., at an altitude of about 410 ft 

:\Iaterials Thickne s Depth 
(ieetJ (feet} 

Soil, silt, clay, sand ........... ........ ..... .. ....... .... ..... ... .. ....... ...... ............ ..... ... ..... . 

Landslide (la rgely materials of the Ringold) : 
Silt, sandy, with clay .. ..... ..... ...... ..... ... ....... ....... .......... .. ...... .... ........ ... ....... ... . 
Sand and silt ... ... .... ........... ..... ........ ............. .. ... ........ .... ..... ...... ......... ... .......... . 
Claystone, silty, tan ............... .. .... .. ........... .. ......... ... ........ ... ... ..... ... ........... .... . 

Ringold format ion: 
Claystone, silty and sandy, tan ............ ..... ..... .... ... ..... ...... ....... ..... .. ...... ..... . 
Sand with sil t an d clay ...... .... ...... ....... ................... . ::-... .. ...... ... ....... .... .... ..... . 
Silt with sand and some pebbl e gra vel ....... ..... .... ... ... ..... ..... ..... ..... .. .. ..... . 
Sand, mediu m and fin e.gra ined, with silt ..... ....... ........ .. .... .. .. .. ..... ........ .. . 
Silt, sandy, quartzose ... ... .......... .... ..... .............. .... ........ .......... ... ... ...... ..... ... .. . 
Siltstone and claystone, dark, wi th concretions .... .......... ..... ....... .... ..... . 
Sand, med ium to fine, gray, quartzose .... .. ... ..... ........ ....... .......... .... ......... . . 
Siltstone and clays tone, brown, quartzose, with concretions and a 

few pebbles ........ .. ... ..... ..... ... ... ....... .......... ........ ....... .... .. .... .. ..... ... .. ....... ... . 
Sand. coarse and med ium, qua rtzose ..... ............ .... ...... ... ....... ......... ... ... ... . 
Sand and gravel, quartz sand wi th basaltic pebbles ...... ......... .. ............ . 

Columbia River basalt: 
Basalt, gray, weathered ........ ........ .. ...... ................ ............ ....... .......... ..... .. ... . 
Shale, black, tuffaceous ....... ...... ............ ... ....... ... .... ......... ........ ... .... .. .. .. .... ... . 
Basalt and tu ff interlayered .... .... .....•.. . : ..... .... .. .... ..... .............. .... ... ........ .... . 

LITHOLOGIC ASP ECTS OF TH E FORMATION 

Distinctive Lithologic Units of the Ringold Formation 

4 4 

22 26 
22 48 
15 63 

57 120 
25 145 
5 150 

45 195 
10 205 
10 215 
18 233 

72 305 
5 310 
5 315 

4 319 
5 324 

283 607 

The lowest part of the extended Ringold formation commonly has been 
logl!ed by well drill ers as blue clays, and that name has come into use local
h· for the blue and green-colored silts and clayey sil ts that form the lowest 
100 lo 300 feet of the Ringold formation as herein extended. In most places 
ther extend upward fro m the basalt bedrock to an altitude of about 290 feet. 
Drill cutL ings reveal the material to be largely sil t and to contain considerable 
-and. presumably as thin interbeds. Some beds of gravel and sand are inter
hedded with in the blue clays and in some places even predominate over the 
'•clays." Apparently the most distincti ve feature is the blue or green color, 
'll•hich suggests that the material (at least at some places ) has not undergone 
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oxidation as have the other clays and silts which lie 11103tly· abO\ t' till' re;,: io11 u! 
water taLle. The zone of the blue clays is well known to driller,. e~1 •ecialh in 
the Richland area and downstream to Kennewick and Pasco. 1rlll're it o~cu. 
pies much of the saturated zone and , in places, precludes de, el11pmen t of 
ground water from the Ringold. 

Above the blue clays in the southern part of the type locali t), the con
glomerate member extends from a variable altitude of about 290 feel u11warcl 
for about 165 feet. It i s the most distinctive and the most permeabll' part of 
the Ringold formation. It occurs in a linear strip, which averages 10 miles 
wide and about 50 miles long, between Sentinel Gap and Wallula Gap. The 
northeast margin of the conglomerate member runs southeast about thruu;.di 
W ahluke and the old Ringold School, thence southeast toward Pasco. The 
base of the conglomerate is little, if any, higher near the north end of. the 
White Bluffs than ,it is at the south end. Toward its northeastern margin the 
conglomerate member becomes progressively more sandy until it is made up 
predominantly of sand in the bluff exposures in sec. 36, T. 12 N., R 28 E., 
about 5 miles north of the old Ringold School. From that locality the sand 
phases continues for several miles farther north. Merriam and Buwalda (1917, 
p. 261 ) described a section of 503 feet -of the formation in the area of this 
marginal sandy phase of the conglomerate member. Outside the area of the 
conglomerate train, in the northernmost part of the type locality of the 
Ringold, the section between altitudes of 290 and 455 feet is occupied by finer 
grained deposits { see geologic sections C and D ) such as occur above and 
below the conglomerate in the southern part of the White Bluffs. 

The type conglomerate is a rather unifor-m aggregation of well-rounded 
pebbles and cobbles and some small boulders; the spaces between the pebbles 
and cobbles are almost completely filled by a matrix -of medium to fine sub
ro unded and angular siliceous sand. The pebbles and cobbles are about 65 
percent quartzite and other metamorphic, granitic, and porphyritic volcanic 
rocks of upriver, or exotic, types and 35 percent basaltic rocks similar to the 
Columbia River basalt. The sand is largely all upriver quartzose material. 
Sand lenses and beds are common in the conglomerate; lenses of sandy silt 
are rare. 

The position of the conglomerate member, lying in the 290-4-55-fuot 
altitude zone, caused it to be exposed over a large part of the surface pro· 
duced by the Colwmbia River's erosion of the Ringold formation. Thus, be
neath much of the lowland strath of the Richland-Pasco-Kennewick area the 
gravelly glaciofluviatile and fluviatile deposits lie directly upon an erosional 
surface cut in the conglomerate member of the Ringold formation. In many 
wells this circumstance makes difficult the location of the actual point of 
contact between the two gravelly units. 

The position, shape, thickness, and lithology of •the conglomerate mem· 
her indicate that it represents a river-laid train of gravel deposited acros; 8 

basin in which quiet-water sediments had been deposited previously and were 
to be deposited later. Thus, it testifies to a time in which the impounding rim 
was still low enough to allow integration of an active river current across the 
basin of deposition. 
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The upper 500 fee t or so of the Ringold formation, upward from the 
con!.!lomerale member to the caliche cap, is not a marked lithologic type. It 
con;ists of intergra<le<l layers of fine sand, silt, and clay, some zones of which 
:ittain considerable thickness. Some of the massive claystones and siltstones 
of this unit attain thicknesses of 20 to 40 feet in the northern part of the 
L,]ufis and are prominent cl iff-forming uni ts which can be followed for miles. 

In most of the beds of the finer materials, particle sizes grade progres
sil'ely toward the type of material next above and below. Thus, the successions 
of silt, fine sand, clay, and volcanic ash exhibit some rhythmic changes in a 
vertical direction, as though they resulted from deposition by the gradually 
shifting of currents in a large lake. However, certain grain sizes seem to 
dominate in the formation. In places, one particular grain size seems to be 
"enerally predominant for a considerable distance vertically and laterally, 
;ven though material of that grain size interfingers with beds of other grain 
sizes. Thick sand beds are most common in the southern half of the White 
Bluffs, massive siltstones predominate farther north, and thick claystones are 
most common at the extreme northern end of the bluffs. 

General Lithology of the Ringold Formation 

Some characteristics of the materials are summarized as follows: 
Depositional: 

Rock types 

Grain sizes 

Sorting 

Shapes of grains 

Alteration : 
Rinds 

In duration 

Cementa ti on 

Secondary products 

Exotic, or upstream, materials predominate, almost ex
clusively in particle~ below medium sand size 

Silt and fine sand predominate, many thick and con• 
tinuous silt and clay strata being present. One large 
train of cobble and pebble gravel was deposited, with 
interstitial sand of fine and medium grain sizes 

Well sorted, in thin beds mostly gradational to each 
other horizontally and vertically 

Gravel is well rounded; grains of silt and fine sand are 
angular 

Alteration rinds 1/ 32 to VB inch thick on basalt 
pebbles and cobbles of the conglomerate 

Silts and clays compact; gravels and sands compact 
and contain cemented layers; fairly resistant to wind 
erosion 

Generally lacking or weak, but there are strongly ce• 
mented thin layers in the conglomerate, concretions in 
clays, and some strongly cemented sandstone "ribs" in 
the sand beds 

Secondary gypsum; fossil bone, largely petrified; calci
fied and silicified "caliche" cap on pre-Wisconsin sur
face 

Cessation of Deposition of the Ringold 

Apparently, deposition of the fine-grained materials that make up the 
uppermost part of the Ringold formation came to a rather abrupt end. That 
conclusion •is suggested by the fact that the final depositional surface is pre
!erved almost undissected in large areas and has been destroyed only in the 
rather narrow strath in which the Ringold is still being removed by the 
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Columbia Ri ver. T he postdeposili onal erosive curren ts di d not s11 in~ 11 id ,·, 
over the top of the Ringold deposits. This observa ti on is based 011 the ali.,t•11, ., 

of curren t-transported deposits of la te Ringolrl age over broad pl ateau ar,·,1 -
that no1r represrnt the top of th e Ringold formati on. E ither a tectonic or ai 
erosional lowering of the bedrock ri m occurred, or th r re was a ('hange in tli , 
erosional capacity of the river. This rather sudden change caused the ril"n t,, 
entrench itself q uickl y in the soft mater ials and to becomP fi xed in a 11 id , 
gorge cut in the Ringold fo rmati on. It has since remai ned in th is gorge exn•pt 
for the aberrant diversions of the later glacial waters. Melt 1rn lers of tli ,· 
Wiscon in glacial stage eroded tw o m ain channels across the plateau und n
lain by the Ri ngold forma tion and scattered glacioflu viatil e deposits anrl 
erratics rather widely to a maximum alt itude of about 1,150 feet. 

That the climate was dry, at least periodi cally, is indicated h y the stronµ 
cal cium and sili ca caliche that developed during the interval between the end 
of Ringold deposition and the deposition of the glaciofl uviatile material s. 

nELATIONS OF THE nINGOLD FORMATION T O T HE STRUCT URAL DEFOn!vlATIO~ 

OF THE BASALT BEDROCK 

In the White Bluffs the Ringold formati on is not tectonical ly deformed. 
Many of its marker beds can be traced for m iles with negligible variati ons in 
altitude. The major beddi ng planes of the type secti on are generall y less than 
1 ° fr om the horizontal, though d ips a s great as 2° can be fo un d at the taper
ing ends of some beds and layers. Merriam and Buwald a 11917, p. 261) 
fo und that the stra ta in the White Bluffs lie parailel to the water surface of 
the Columbia River and stated that all recognized deformati on seemed Lo br 
due to landslides. 

The fin e-grai ned ma terials of the basal 300 feet of the formati on as ex
tended in this paper attest to an initial lake-type impound ment du ri ng which 
the basin was filled to. or slightly above, what is now the 290-fo ot al titud l' 
and what was then the level of the overflow rim. The 160-foo t-thick con
glomerate indica tes the re-in tegra ted river deposited it in a trainlike strip 
across the basin during ei ther a slow subsidence of a t ]past part of the basin. 
or a slo·w elevat ion of the controlling rim. Finer grained materi als doubtl e~s 
were deposited under fl ood -plain conditions on the fl anks of the gravel train. 
The incl usion of some blocks of siltstone of the Ringold in the upper part of 
the conglomerate indicates that the preconglomerate ( or perhaps contemp1 •
rary) siltstone was in places suffi cientl y high to be undercut and eroded al on!! 
the fl anks of the curren t-l a id gravel train. 

T he upper 510 feet of the type section shows that fin e-grained sediment~ 
again accumulated after the controlling rim had been reestablished so a;: IP 

impound a lake again. The continuation of lake-type deposition to the top nf 
the type secti on indicates the lake probably had not been completrly fi ll r<l 
with sediment when the controll ing rim was breached, the lake was drainrd. 
and entrenchment of the river in the Ringold deposits began. T he cessati on of 
Ringold deposition was relatively sudden. It was followed by a dry cl imatr in 
which the caliche cap developed on the undissected parts of the deposit. The 

l 

(" 

(} 

l< 

a 
n 
II 

o: 
11· 

JS 

a, 
\\ 
th 
f f 

be 
~l 
P. 
de 
ro 
Ri 

Ill, 

an 
fo 
de 
pr 

th1 
th t 
fee 
no 

re1 
cl u 
the 
ten 
by 
on 

anc 
Lur 

he , 
Lia 

dr r 



l'I, 

" 
,·,1 .. 

a, 
1,, ,. 

1 .. 

rd,
.. 1'1 
1lr ,
lt· 1. 

.1 ud 

'·' 
ed. 
Ill 

la!l 

~ 
,I I 
of 

k 

.ch 
) le 

in -

lll. 

,o-:1p. 

>I: 

,! 
,n 

in Type Loca.lit ). the Wh ite nluffs. Tflashi 11.gto11 339 

r:ilirhe cap rxist ed for some time Lefore the reinYigorated dissection and 
, 0 1,.,r<]u ent depositi on of Lh e \Visconsin stage of the Pleistocene. 

One inference resulting fr om Lhe available information is that the rim 
nf the basin. the Horst· Heave11 Ridge. was uplifted in tw o stages in middle 
In lat e Pleistocene. Another is that strata of the Ringold now below river level 
a l th e type locality--the blue clays and the lower part of Lh e conglomerate 

11wmber-should have been deformed in places near the lines of displacement 
Khi ch cut the basalt bedrock along the Horse Heaven uplift and also along the 
other edges of the Pasco Basin, if the deformati on at those places coincided 
wit h that in the Horse Heaven uplift. An appropriate degree of deformation 
j ,- rn mmonl y •reported for relatively thin la yers ,of the Ringold at such places 
as the Potholes tO'Sullivan ) dam site {Jones, 1946) 24 miles north of the 
White Bluffs. at the Roberts Ranch in the Dry Creek valley 26 miles west of 
the White Bluffs, and in ravines 4 miles south of the Richland Wye. As a 
n•,;u lt of regional tilting and uplift, thin layers of the Ringold formation may 
he present at such high altitudes as 1,-lOO feet at McChasney Springs on 
Mi chigan Prairie (Lupher and Warren, 1942, p. 879 ) , and 1,200 feet in the 
Paradise Flats southeast of Othello. The literature c-ontains no description of 
deposits of .an age and lithologic type comparable to those of the Ringold 
fo rmation in the area south of Wallula Gap and the axis of the Horse Heaven 
Ridge. 

This interpretation-that the earlier Ringold deposition preceded the 
main uplift of the Horse Heaven Ridge and , possibly, that of other ridges 
and slopes farther north, and that the later (postconglomerate ) deposition 
followed the uplift-is believed to clarify man y aspects of the occurrence and 
deformation of the Ringold formation observed beyond the type locality by 
previous workers (Culver, 1937, p. 60; Jones, 194-5) . 

The reconstructed surface of the original basalt rim at W allula Gap in 
the Horse Heaven Ridge is now at an altitude of about 1,400 feet. The rim of 
the next younger gorge through the gap is now at an altitude of about 1,000 
feet, roughly the same as that of the undissected surface on the Ringold 
northeast of the White Bluffs. The rock bench at 1,000 feet altitude probably 
represents the outlet rim of the basin .at the time deposition ceased. The con
clusion ( with which the present writer agrees in general ) that the uplift of 
the Horse Heaven Ridge at Wallula Gap occurred just prior to and con
temporaneously with the deposition of the Ringold formation, was proposed 
by Warren (19-U ). It disagrees with Waters' map (1955) and the statement 
on page 680 of his paper that the Horse Heaven Ridge has 'been in existence 
and the W allula Gap has been used by the Columbia River since late Ellens
Lur~ (Pliocene) time. 

SUMMARY AND CONCLUSIO NS 

l. In addition to strata in the type section, the Ringold formation can 
ht extended downward to include similar strata below the level of the Colum
bia River at the White Bluffs. 

2. The materials of the Ringold formation in the type locality are largely 
derived from upriver sources. The grains below medium sand sizes, with the 
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exception of small amounts of Yolcanic ash, are almost entirely from upriver 
sources. 

3. The average section at the White Bluffs includes a blue clays unit of 
silt, clay, sand, and gravel which extends upward from the basalt bedrock at 
about sea level to an altitude of about 290 feet, a 160-foot thickness of weak il 
cohesive gravel and sand called the conglomerate member of the Rin;!<,];I 
formation, and an upper unit of silt, sand, clay, volcanic ash, and gra, el 
which lies in the general altitude range of 4,50 to 960 feet. A 15-foo t-thick 
layer of "caliche" caps the section. It origina ted prior to the Wisconsin glac ial 
stage. 

4. The Ringold strata in the type locality are essentially horizontal bu t 
depositional conditions imposed local dips as great as 2 degrees. The strata 
above the conglomerate member have features that indicate deposi tion b, 
shifting currents in a lake. The conglomerate member was deposited by riYr.r 
currents. 

5. The strata of the Ringold formation indicate a history which include;;. 
successively, (a) impoundment of the Columbia River during the deposition 
of the blue clays, (b ) integration of the course of the Columbia River across 
the basin and the deposition of a 160-foot-thick gravel and sand train, the 
conglomerate member, (c) reimpoundment of the river, during which time 
the upper 510 feet ·of the deposits of the type section were laid down by shift. 
ing currents, as an incomplete fill of a lake basin, ( d ) drainage of the lake 
and rapid entrenchment of the river into the Ringold formation after breach
ing of the bedrock r im at Wallula Gap, and (e) development of a caliche cap 
layer on the Ringold prior to the arrival of the glaciofluviatile and fluviatile 
deposits at the time of the Wisconsin glacial stage farther upriver. 

6. The controlling agent in the two-stage impoundment of the Columbia 
River during Ringold time was the uplift of the Horse Heaven Ridge. As the 
depositions of the Ringold formation and the uplift were contemporaneous. 
the age of the main uplifts of the Horse Heaven Ridge is interpreted as middle 
to late Pleistocene. 
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